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Throughout the history have been
developed and tested many ideas
related on the physical, biological,
psychological and social
development. These ideas have
enabled later generations to
understand ever more clear and
reliable to the human species and its
environment.

Introduction



The union of science, mathematics, and
technology forms the scientific endeavor
and makes this a success. Although each
of these human enterprises has its own
character and history, are interdependent
and mutually reinforcing.

Introduction
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Concept of Science

What is Science???

Eternal question



Concept of Science

Science
(from the Latin Scientia 'Knowledge') 

Knowledge obtained through observation and reasoning, 
systematically structured and generally finished in 

principles and laws.



A theory assumes the hierarchy of a "Law"

Concept of Science

Although…

It´s not definitive



Science is known as:.

Concept of Science

In summary…

➢ the systematized knowledge

➢ developed observations, 

➢ reasoning and evidence methodically
organized



The epistemologist German Rudolf Carnap was the first to divide the science
in the following way:

Concept of Science

Scientific disciplines

Set the logical reasoning and work with ideas created by the mind. It
creates its own object of study; its method of work is the inductive logic,
with all its variants. Some examples of the formal sciences are:
mathematics, logic, science, etc.

They encompass the natural sciences which have as their purpose the
study of nature. Follow the scientific method: Astronomy - Biology -
Physical - Geology - Chemistry - Physical geography

Disciplines that deal with the aspects of the human being - Culture and
Society- the method depends on each particular discipline: Anthropology -

Political Science - Demographics- Economy -Right- History -
Psychology - Sociology - Human Geography - Social Work



A more concrete definition could be:

"The Science seeks to explain the reality of nature by laws, which allow in addition
predictions and practical applications (technology). Scientific knowledge is an objective
knowledge that is structured in verifiable systems, obtained methodically and reported in a
constructed language with precise rules and explicit where prevents ambiguity and without
senses of the expression."

Concept of Science



Another definition of science is the following:

"Science is the unified set of knowledge and research, of an objective nature, about the
relationships between the facts, that are discovered gradually and that are confirmed by
verification methods defined".

Concept of Science
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Every science has its specific method but we can find certain general
characteristics. The scientific knowledge of principles, which are based on
two fundamental activities of the science:

➢ The principles are taken from the experience, but they can be hypothesis
or postulates.

➢ On the basis of the principles science uses the demonstration, to draw
conclusions that form the scientific knowledge.

Scientific knowledge



Scientific knowledge

Unified

Verifiable

Systematic

Provisional

Critical

OrderedScientific Knowledge is…

Methodical

Objective

Communicable

Rational

Unified

Predictive

Universal



Scientific knowledge

Some of the characteristics of scientific knowledge are:

➢Scientific knowledge is critical because it seeks to distinguish the true from the false.
It is distinguished by justify their knowledge, to give evidence of their truth,
therefore it is informed, because it shows that it is true.

➢It is based through the methods of research and testing, the researcher follows
procedures, develops its task on the basis of a previous plan. Scientific research is
not erratic but planned.

➢Verification is possible through the adoption of the review of the experience. The
verification techniques evolve over time.



➢It is universal because it is valid for all people without recognizing borders or
determinations of any kind, does not vary with the different cultures.

Scientific knowledge

➢It is systematic because it is an orderly unit, new knowledge is integrated into the
system, interacting with those that already existed. It is ordained because it is an
aggregate of isolated information, but a system of ideas connected to each other.

Some of the characteristics of scientific knowledge are (continued):

➢It is a know unified because they are looking for a knowledge of the singular and
concrete, but the knowledge of the general and abstract, or of what things are
identical and permanent.



➢It is rational because science knows the things through the use of intelligence, of reason.

Scientific knowledge

➢It is objective because it is valid for all individuals and not only for one particular. It is of
value and not individual or singular value. Get to know the reality as it is, the guarantee of
objectivity are their techniques and methods of research and testing.

➢ It´s communicable through the language of science, which is precise and unambiguous,
understandable to any subject, trained personnel, who will be able to obtain the necessary
elements to check the validity of the theories in their logical aspects and verifiable.

Some of the characteristics of scientific knowledge are (continued):



➢The science explains the reality through laws, these are constant and necessary relations
between the facts. Universal propositions are set out under what conditions is determined
fact, they include particular facts. Also allow to anticipate events, predict them. The
explanations of the facts are rational, obtained through observation and experimentation.

Scientific knowledge

Some of the characteristics of scientific knowledge are (continued):

➢Scientific knowledge is provisional because the task of science does not stop, it
continues its research in order to better understand the reality. The search for truth is an
open task.



Scientific knowledge

Scientific knowledge...  

Scientific
Method

Empirical

Verifiable

Cummulative

Deterministic



Scientific Method

Definition:

The way ordered to proceed to the knowledge of the
truth, in the area of a particular scientific discipline.



Scientific Method

1. Make Observation

3. Identify variables

2. State problem

5. Design Experiment
4. Formulate Hypothesis

7. Draw a Conclusion

Scientific Method

6. Collect Data

Steps of the Scientific Method
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Other types of knowledge.

Definition:

Ability to act, process and interpret information to
generate more knowledge or give a solution to a given
problem.



Other types of knowledge.

Definition:

What scientists and researchers defined in two ways: as a
mental representation of reality and how the information
that can be transmitted from one entity to another by non-
genetic



Other types of knowledge.

Scientific

Intuitive

EmpiricalReligious

Philosophical

According to these definitions and the methods used to construct or to
generate knowledge, knowledge is divided into:



Intuition is a arbitrary verdict from the cognitive experience. Intuitive knowledge is defined
as the immediate apprehension of internal or external experiences in their experimentation
or perception. In other words, there is knowledge that we acquired by nature, but that
everyone has in one degree or another.

The intuition is based on the informal sector and rapid processing of cognitive experiences
and works as a principle to the solution to a problem or situation in question.

Other types of knowledge.

Intuitive knowledge:



The empirical knowledge is the knowledge based on experience and, ultimately, in the
perception, because it tells us that it is what exists and what are its characteristics, but does
not tell us that something must necessarily be as well, and not in any other way.

The empirical knowledge has character:
Particular: When you cannot guarantee that the known is always and in all cases, as in the
case of knowledge: "In the autumn, the trees lose their leaves."

Quota: The object to which we attach a property or feature is thinkable which do not have: 
even if until now, the trees have always lost their leaves in autumn, it is conceivable that at 
a future time do not lose.

Other types of knowledge.

Empirical knowledge:



"All knowledge starts with the experience, but by no means all the proceeds
of the experience"

This tells us that the empirical knowledge comes from the observation of our
environment, but not everything we learn is by empiricism, because after the
observation of the phenomenon in question the human being tries to play it
and control it, and it follows the scientific knowledge.

Other types of knowledge.



Religion is an element of human activity that usually consist of beliefs and practices on
issues of existential type, moral and supernatural. There is talk of "religions" to refer to
specific forms of manifestation of the religious phenomenon, shared by the different human
groups. The term refers to both the personal beliefs and practices how to collective rites and
teachings.

Other types of knowledge.

Religious or traditional knowledge:



Is the knowledge that comes from the systematic and methodical reflection about ultimate
truths of human existence and of everything that surrounds us. Originally the philosophical
knowledge covered or understood the knowledge about the nature of the world and of
human beings, and of philosophical thought in such a way that although the philosophy
represents the search of true knowledge, it does great fundamental truths of life and the
universe through reflection, while the scientific knowledge refers to more specific aspects.

Other types of knowledge.

Philosophical Knowledge:



Conclusion

It has been possible to observe the nature of science, and has been seen as a
result of this the human being has accumulated and increased knowledge
through history, as well as what has been applied toward the development of
new technologies to enable you to deal with the problems of the nature.
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Introduction to Didactic of Experimental 

Sciences

What are the Experimental Sciences?

Experimental Sciences are those that use the experimentation as a 
way to inquire about the reality. 

Experimental 
Sciences

Physics

Chemistry

Biology

Geology

Traditionally…



What are the Experimental Sciences?

But the current trend of Science is…

Creation of new disciplines whose objects of study or work methods
belong to more than one of the classical disciplines, which gives us an idea
of the interdisciplinary character of the modern sciences.

Introduction to Didactic of Experimental 

Sciences



What is meant by "Didactics of Experimental Sciences"?

It´s the Science dedicated to the study of the systems of 

communication taking place in the teaching and learning

processes of the Experimental Sciences

Introduction to Didactic of Experimental 

Sciences



Foundations

➢ "Didactics of Science" is a field of study currently consolidated in the developed
countries, with a community of researchers, in which Spain occupies an increasingly
important place.

➢ Its origin as a knowledge area dates back to the 50´s in the Anglo-Saxon countries and
especially the US.

➢ It is a multidisciplinary area of knowledge including Psychology, Social Sciences,
ethics…

Introduction to Didactic of Experimental 

Sciences



➢ In the framework of Formal Education:

❖Compulsory Educations: Primary and Secondary Schools

❖Non Compulsory Educations: Childhood Education, High Secondary
Schools, Vocational Training, University Teaching and Adult
Education

Fields of Action

➢ In the framework of Non Formal Education :

▪Museums and Science Centres, Scientific Clubs…

▪Media: Internet, television, newspaper, prensa, movies,…

Introduction to Didactic of Experimental 

Sciences



Fields of Action

Establish the object of study…

Teaching and Learning of science

✓ Transmission of scientific knowledge

✓ Development of skills and attitudes

Didactics of Science: Interface between Science and Society

Science Society

Didactic of

Sciences

Introduction to Didactic of Experimental 

Sciences
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Objectives and Purposes of Science Education in 

Primary Education

Current curriculums for Primary and Secondary School are focused on…

Why to teach Science?

Development of the Key Competences



Why to teach Science?

LOE: “Enable young people to reach his/her personal realization, practice active
citizenship, get into the adult life successfully and be able to develop a learning
for a lifetime”

Key Competences (Definitions) 

LOMCE: http://www.mecd.gob.es/educacion-mecd/mc/lomce/el-curriculo/curriculo-
primaria-eso-bachillerato/competencias-clave/competencias-clave.html

OECD- DeSeCo, 2002 : “Capacity to respond to complex demands and perform
various tasks in an appropriate manner. Involves a combination of practical skills,
knowledge, motivation, ethical values, attitudes, emotions, and other social and
behavioral components that move together to achieve effective action”

Objectives and Purposes of Science Education in 

Primary Education

http://www.mecd.gob.es/educacion-mecd/mc/lomce/el-curriculo/curriculo-primaria-eso-bachillerato/competencias-clave/competencias-clave.html


Why to teach Science?

Scientific Competence

Ability to interact with the physical world, both in its natural aspects and 
generated by human action.

Objectives and Purposes of Science Education in 

Primary Education



What does it mean to interact with the physical world?

Why to teach Science?

Objectives and Purposes of Science Education in 

Primary Education



Objectives and Purposes of Science Education in 

Primary Education

Abilities

Physical World

interpret deal

involves

Interact with…

require

Knowlegde
Attitudes

Values



Why to teach Science?

According to the OECD (PISA 2006), it could be said that a competent person
scientifically should be able to use the scientific knowledge in everyday contexts
including the application of the way of behaviour exposed by the scientific
method itself to such situations.

What is a competent person scientifically? 

Objectives and Purposes of Science Education in 

Primary Education

They must be aware of the role of science and technology in the solution of
problems and the planning of new questions. All this determines that the person
scientifically competent shows interest in scientific and technological issues,
reflects on its importance from a personal and social perspective and is willing to
commit to them.



➢ These personal ideas are often different from those scientific ideas held by their
teachers and children are most useful for the understanding of their world.

Why is there a need for a science education in Primary School?

➢ Children know about science concepts from their own ideas and are not free to
prejudice neither willing to accept new ideas.

➢ Science lessons in secondary education can not change many times these
previous ideas and, therefore, a large part of what they are taught it doesn´t
makes any sense for them

Objectives and Purposes of Science Education in 

Primary Education



Degree IN TEACHER OF PRIMARY EDUCATION.

Subject: Didactic of Experimental Sciences

Course: 17-18

Chapter 2. Science Education. New Trends in Science Education

➢ 2.1. Introduction to Didactic of Experimental Sciences

➢ 2.2. Objectives and purposes of Science Education in Primary Education

➢ 2.3. Science for all

➢ 2.4. Scientific and technological Literacy

➢ 2.5. New trends in Science Education



➢ The term “Science for all" begins to be used at the end of the 70´s

Science for all

❖ It is not good to establish an early difference between a science for a
few and the type of science that is going to be worth to the rest.

➢The conclusions set out important starting points to renew the science
education:

❖Science should be re-examined and recognized as a source of activity
and human endeavor.



➢The principle of “Science for all” should be understood not only as the
introduction of science between the disciplines of the curriculum, but it also
implies a shift in their content and in the way it appears to be affordable,
attractive and useful.

Objectives of 
Teaching of 

Science

Acquisition of a 
level of 

knowledge

Basic Scientific

Knowledge

Awareness on 

important issues

Great Relevance 
and 

Transcendence

Science for all



Therefore it is necessary to introduce in the curriculum a series of
aspects to contribute to a meaningful learning in the students.

Science for all



The ideas mentioned above need to be given concrete to guide the work in
science classes. To carry out “Science for all", it can be understood at least
in two different ways:

Which of the two models has been chosen in Spain?

Science for all



A curriculum focused on needs, interests, aspirations and abilities

At present…

Educational 

System

Basic science
education for all

An adequate basis
to achieve the
high levels in 

Science

Science for all



The approach of "science for all" must give answers to different
needs that students may have in their daily life, taking into account

the principles of quality, equity, comprehensiveness and
diversity, so that all citizens can achieve scientific literacy
needed to understand, live, act and be able to transform
society.

In summary…

Science for all
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A century ago, literacy was raised in terms of 
learning to read and write.

Scientific and technological Literacy

New demands of our society 

and propose…

New Challenges 

make insufficient and incomplete the previous literacy



Scientific and technological Literacy

There is a need for a new type of literacy

The scientific and technological literacy

This is considered crucial to the ability of citizens to exercise an 
active participation in democracy.
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Educational System has undergone a paradigm shift…

New trends in Science Education

VALUES AND ATTITUDES IN SCIENCE

Curriculums include the promotion of certain values and attitudes, whose
acquisition will help the future citizens to think, do, act, live together and be 

in a responsible and critical.



New trends in Science Education

VALUES AND ATTITUDES IN SCIENCE

In relation to science education, the current trend is to distinguish between…



New trends in Science Education

PROMOTION OF COMPETENCES 

At the end of the 20th century, it is recognized that the significant knowledge
involves the learner as an active agent in their own learning, appearing as well the
concept of competence.

Competences

Ways in which a person uses all your personal resources (knowledge, skills, 
attitudes and experiences) to resolve in an adequate and satisfactory a task in a 

context



New trends in Science Education

PROMOTION OF COMPETENCES 

It´s important to remark…

LOMCE did not relate every competence with an area or particular material, 
but they all contribute to the development of different competences

and, at the same time…

Each one of the key competences will be achieved as a consequence of 
working in different areas or subjects



➢ These key competences are one of the most important elements of
the teachings in the obligatory stage, perhaps the most important
since the purpose, the current trend of education, is to ensure that
our students learn to become truly competent in the challenges they
have to face.

New trends in Science Education

PROMOTION OF COMPETENCES 

➢ These key competences show a clear transversal character

In summary…



Blanco, A. (2007). Class Documents. The teaching of the natural
sciences. 2007-2008.

Prieto, T. (2010). Class Documents. The evaluation.

References
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Scientific Thought

The human being since its origins has felt the need to understand the world, 
its entities generating knowledge

Based on the human capacity to reason, to look for causes and laws that 
explain the world and what happens in it.

Rational Explanation 

Scientific community builds rational explanations of the world

How…

Who…

Therefore…

Science as a human activity that tries to exercise rationality to 
reveal the mysteries of the world.
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Scientific knowledge

At present…

When we refer to something as “a fact”, it is something sufficiently verified, 
which occurs in nature

Scientific knowledge is presented as a set of facts, concepts, laws, theories 
and models related to each other trying to explain and interpret the aspects of 

the world

Scientific Facts

“Scientific Facts" constitute the fixed, permanent and independent 
knowledge of the subjective opinion of scientists

Discovering a new fact is the most solid contribution that can be made to the 
progress of science.



Qualifiers: Refer to a particular group of objects or events with something in
common. In ordinary language, nouns and adjectives correspond to classify
concepts. In science, concepts are classified in sets called classifications (ways
of ordering knowledge)

Comparative: Serve to establish comparisons. In natural language, they 
correspond to the comparative degree of the adjectives. These  allow to 
differentiate more finely and represent a first step for the introduction of 
metric concepts. A typical example is the hardness used in mineralogy.

Metrics: (also called quantitative concepts or magnitudes): Used to measure a
certain entity, so include a unit to measure assigning real numbers (scalar
magnitudes, mass or time) or vectors(vector magnitudes, force or velocity) to
objects or events.

First link used by scientists trying to explain and interpret the world.
The world is structured and organized by us projecting our concepts on it.

Scientific knowledge

Scientific concepts 

Types of Concepts
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Scientific law 

It can be defined as…

Proposition that expresses a regularity found in an accepted 
natural phenomena and has a wide field of application.

Express relations of 
dependence between facts or 

phenomena

Total confidence in an 
accepted law

Abstractions of reality in 
which only the relevant 
factors of situations or 

phenomena appear

They can be represented by 
mathematical and verbal 

expressions relating variables

A law is an advanced stage in scientific development, since it 
relates concepts previously studied and established



Scientific  theories

According to Bunge (1985)…

Theories are very compact systems of ideas (concepts, laws, 
hypotheses, logical relations, etc.).

.
Partial as only deal with 
certain aspects of reality

They are valued for their 
ability to explain and predict 
phenomena in a given field.

Approximate, in the sense that 
they are not error-free

They are complex structures, 
not easily refuted by simple 

observations

The greater the field of application of a theory, the more it will be 
valued, as well as the simplicity in its formulation



In many cases, even in the field of science, the words "model" 
and "theory" are used as synonyms.

Scientific models

Bunge says (1985) “theories are not models, but include models.”

In the field of empirical sciences the term "model" is used in two senses:

Model as "a system in which 
what the theory says" 

(Mosterín, 1987)

Model as "representation of 
something" (Estany, 1993)
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How is the scientific knowledge produced?

It is a more open term and gives idea of general processes rather than very 
concrete steps or stages used by the scientific method

Scientific research

Scientific methodology 

To describe some of the procedures related to the scientific methodology, 
we will analyze the parts of a scientific research process

Process to generate new scientific knowledge



B. Once the problems or research questions have been raised, the research
phases are:
❖ Formulation of hypotheses (verified predictions based on theoretical and/or

experimental foundations)
❖ Strategies for testing hypotheses (design and realization of experiments).
❖ Interpretation of the results of the research (contrast the results with the

hypotheses).
❖ Communication of results and exchange with other research teams.

A. Identification and definition of problems (research questions).
Presentation of clear and precise problems starting from initially more open
and confused situations.
The formulation of precise questions and/or problems is based on the
knowledge available at that time or problems generated in previous research.

Aspects of the Scientific Research 



C. Conclusions of the research process.

They may simply contribute to falsify or verify the hypotheses raised or, more 
profoundly, modify beliefs and attitudes of the scientific community.

They can also enable technical applications and generate new problems.

Aspects of the Scientific Research 

A good research is the one that answers a question and raises 
some new ones

In definitive…



Degree IN TEACHER OF PRIMARY EDUCATION.

Subject: Didactic of Experimental Sciences

Course: 17-18

Chapter 4. Construction of Scientific Knowledge

➢ 4.5. Scholar Science. Didactic Transposition



This science is different 
compared to the science of 
scientists and to everyday 

knowledge.

It is an evolutionary process trying to establish bridges between 
scientific knowledge, as expressed by scientists, and the 

knowledge that students can build, initially from their everyday 
knowledge

School Science

It is referred to the science which is taught in the context of 
formal education

School science is a social 
product whose main 

objective is to promote the 
scientific education of 

students



Because…

Didactic Transposition

Process of selection of the school contents

It is not simply a simplification of scientific knowledge to make it 
available to students

But…

It  implies a complex process of restructuration of scientific knowledge including 
several factors that can be highlighted:

Science of scientists Characteristics of the students Social requirements

It can be considered a process of delimitation of a set of knowledge considered 
basic in Science and, at the same time, useful to students to explain and interpret 

the world

In addition, school science curricula often reflect those aspects that are 
considered socially relevant and not only strictly scientific 
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process
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iguales

BUP 10,1

COU 5,0

UNI 1,3

GRA 0,0

BUP 7,2

COU 5,0

UNI 1,3

GRA 5,6

BUP 0,0

COU 5,0

UNI 6,2

GRA 9,4

BUP 81,4

COU 83,7

UNI 90,2

GRA 84,9

BUP 2,9

COU 0,0

UNI 1,3

GRA 0,0

A person throws upwards a ball. The arrows in the drawings are supposed to
show the forces on the ball when it is rising. When the ball is rising, which
picture do you think best represents the force on the ball?

Fuerza y movimiento: la interpretación de los estudiantes
Sebastiá, José M. Enseñanza de las ciencias, pp. 161-169, 1984
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iguales

A person throws upwards a ball. The arrows in the drawings are supposed to
show the forces on the ball when it is rising. When the ball is rising, which
picture do you think best represents the force on the ball?

Results in 2 High Schools in 2012. Master in Teaching of Secondary School

HS1 8% 13% 0% 79% 0%

HS2 8% 13% 0% 79% 0%



The figures are supposed to show the Moon rotating around the Earth in a
circular orbit with a velocity of constant magnitude. The arrows in the
drawings are supposed to show the forces on the Moon. Which pictures do
you think best represents the forces on the Moon?

BUP 26,0

COU 21,2

UNI 14,4

GRA 13,4

BUP 5,7

COU 5,0

UNI 1,4

GRA 0,0

BUP 0,0

COU 7,5

UNI 5,0

GRA 1,9

BUP 60,8

COU 51,2

UNI 57,9

GRA 59,6

BUP 5,7

COU 12,5

UNI 21,0

GRA 25,0

1 5432

Fuerza y movimiento: la interpretación de los estudiantes
Sebastiá, José M. Enseñanza de las ciencias, pp. 161-169, 1984



Results in 2 High Schools in 2012. Master in Teaching of Secondary School

HS1 8% 13% 0% 79% 0%

HS2 44% 0% 4% 26% 7%

The figures are supposed to show the Moon rotating around the Earth in a
circular orbit with a velocity of constant magnitude. The arrows in the
drawings are supposed to show the forces on the Moon. Which pictures do
you think best represents the forces on the Moon?

1 5432



The figures show a person spinning, in a vertical plane, a stone tied to the
end of a thread. The arrows are supposed to show the forces on the stone.
Which of the drawings do you think best represents the forces on the stone?

BUP 5,7

COU 5,0

UNI 6,6

GRA 12,2

BUP 0,0

COU 6,2

UNI 5,9

GRA 0,0

BUP 72,4

COU 55,0

UNI 53,3

GRA 61,2

BUP 17,3

COU 30,0

UNI 27,4

GRA 22,4

BUP 4,3

COU 1,2

UNI 6,6

GRA 4,0

1 5432



Important aspect of Learning of Science

Nowadays according to…

The main features of constructivist vision (Driver, 1986; Driver, 1988) are:

Students are responsible for 
their own learning

Whoever learns actively 
constructs meanings

What's in the brain of the learner 
is important

Finding meaning involves establishing 
relationships



Analyze what lies behind answers as…

What's in the brain of the learner is important

Previous Ideas

“To move a body you have to push it with a force greater than its weight...”

“A battery is worn out when the charges run out…”

What are the reasons for these responses?

“It does not happen to my students, 
there are "other teachers" who can not 

explain.”

“Students do not study”

“There is very little time to teach Science”



Characteristics of Students´ Previous Ideas

❖ They are not scientifically correct

❖ They are domain specific and frequently depend on the task used to
identify them.

❖Most of these ideas are not easy to identify because they are part of the
subject's implicit knowledge.

❖Many of them are guided by the student's perception and experience in
their daily lives.



Characteristics of Students´ Previous Ideas

❖ The degree of coherence and solidity is variable, it may be diffuse
representations more or less isolated to form a more complete mental
model even with some capacity for prediction.

❖ They correspond to personal constructions

❖ They do not all have the same level of specificity and generality,
therefore the difficulties they generate are not of equal importance.

❖ Often they are very resistant ideas and, consequently, difficult to modify.



Causes of Previous Ideas 

Influence of everyday life
experience

Daily language of meaning different 
from the scientific

Not taking these ideas into account 
in teaching planning

Existence of errors in textbooks

The gases hardly weigh

A balloon falls more slowly than a stone

Close the window that enters the cold 
(or the heat goes out)

Turns off the lamp that loads a lot of current

The textbook does not take them into account

The teacher is not aware of its existence

The methodology used is not adequate

The force of friction is always contrary to 
the movement or opposes it.

The moles are passed to grams 
using the molecular mass.



Existence of errors in textbooks

The friction force is always contrary to the movement or opposes it

The friction force is contrary to the relative movement 
between the two contacting surfaces.



Existence of errors in textbooks

The planets describe elliptical orbits around the Sun that is in a focus of 
the ellipse.

The eccentricity of the ellipse is greatly exaggerated. 
Generally, this is not noticed in the pictures.



Existence of errors in textbooks

Explanation of a high jump
When the feet are not in contact with the ground there is no force drawn up.

In all three situations there is only the attraction of the earth on the jumper, 
which in drawing is called the force of gravity.



Previous Ideas

they do not understand the 
meaning of the scientific concepts

the students do not know 
how to solve the  scientific 

problems 

Conceptual Errors

Attention to the problem that occurred in conceptual learning

They are the ones that have the students, very different from the 
scientific ones that we want to teach them 



Conceptual Errors

What common characteristics can we find in the mistakes students make?

❖They are repeated throughout the different levels of education despite the 
teaching of scientific knowledge that contradicts them.

❖They are associated with an interpretation of different concepts (force, gravity, 
photosynthesis, ...) different from the interpretation that scientists make.

❖They are quick answers and without hesitation, convinced that they are well.

❖They are given by students from different countries, including some professors

Constitute a serious obstacle to the Learning of Science.
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A falling ball "wants" to go to the ground, while a bicycle 
stops when the cyclist stops pedaling because the bicycle 

wants to stop

Persons and some animals have strenght

A person is strong enough to hold a book, but the table 
does not need to be strong so that the book does not fall.

Why we need a conceptual change?

To change expressions such as…



Is the force needed to support the car greater, equal or less in position I 
than in position II?

I

II

Students think position I because it is higher

Why we need a conceptual change?



A B C

Initial

Which of the three positions, A, B or C, would adopt the initial system 
after leaving it free?

Most choose option B because the system tends to balance. 

Why we need a conceptual change?



Force as a measure of the interaction between two bodies

Make students aware of their own thinking

Didactic Treatment

Important problem: Force as property of isolated bodies

We have to change in…



Force as a measure of the interaction between two bodies

Make students aware of their own thinking

Didactic Treatment

Important problem: Force as property of isolated bodies

We have to change in…



Avoid appearing figures like the one on the left and replace 
by figures like the one on the right

40 N 40 N

Force as a measure of the interaction between two bodies

Didactic Treatment

Important problem: Force as property of isolated bodies

We have to change in…



The Conceptual Change Model

Why the general concepts change and are incompatible?

The philosophy of science is focused on how concepts change under the
impact of new ideas or new information.

A model of conceptual change

Learning is a rational activity Learning is concerned with ideas, 
their structure and the evidence for

them

Learning is viewed as a process of 
conceptual change



The Conceptual Change Model

The Epistemological Base

1º Phase: Scientific work uses the background of a organized research
(define problems, indicate strategies and results). Thomas Kuhn called them
“paradigms”, and paradigm-dominated research “normal science”.

2º Phase: All research stages require modification. Scientist is faced with a
challenge to his basic assumptions and must acquire new concepts and a new
way of seeing the world. Kuhn called it as “scientific revolution”.

Philosophy of science suggest two phases of conceptual change in science…



The Conceptual Change Model

Students’ concepts are 
inadequate to understand new 

phenomena and must be 
replaced or reorganized

The Epistemological Base

We can consider analogous patterns of conceptual change in learning…

Students use existing concepts
to deal with new phenomena

Assimilation
Similar to the “normal science” of Thomas 

Kuhn

Accommodation
Similar to the “scientific revolution” of 

Thomas Kuhn



The Conceptual Change Model

Why and How…

There must be dissatisfaction with existing conceptions

Before an accommodation will occur, it is reasonable to suppose the need to
collect a sort of unsolved anomalies and the capacity to solve these
problems

A new conception must be intelligible

Knowing what it means. The importance of analogies and metaphors in
lending initial meaning and intelligibility to new concepts



The Conceptual Change Model

Learning a new conception means that its status rises, i.e., the
learner understands it, accepts it, sees that it is useful

New conception conflicts with an existing conception. This only happens if
the learner holding the conception has reason to be dissatisfied with it.

A new conception must appear initially plausible
Believing it to be true

A new concept should suggest the possibility of a fruitful research
program

Finding it useful



The Conceptual Change Model

The purposes of conceptual change teaching of science are…



The Conceptual Change Model

There are different stages in Conceptual Change Teaching

Does the teacher use any diagnostic techniques to check
students’ existing conceptions and reasons why they are
held?

Does the teacher use strategies designed to help
students lower the status of existing, problematic
knowledge, and raise the status of other, competing
ideas? Are there other application sites where the
new conception can be used?

Is there evidence that students’
learning results are based, in part,
on an explicit consideration of
their prior knowledge?

Diagnosis or
Elicitation

Status Change

Evidence of results



Are students encouraged or able to “step back” from one or more ideas
held by themselves or others in order to think about them and express an
opinion about them?

The Conceptual Change Model

There are particular features present during different stages in Conceptual 
Change Teaching

Metacognition

Is there an attitude of respect between teacher and students for the ideas of
others, even when they are contradictory?

Classroom climate



The Conceptual Change Model

There are particular features present during different stages in Conceptual 
Change Teaching

Is the teacher able to provide opportunities for students to express
themselves without fear of ridicule, and to ensure that he or she is not the
sole arbiter of what counts as an acceptable idea in the classroom?

Role of Teacher

Are students willing to take responsibility for ther own learning, to
acknowledge others’ ideas, and to change ther views when another seems
more viable to them? Can students monitor their own learning?

Role of Learner



The Conceptual Change Model

❖ Know the phenomena, the methods, and the concepts, principles, and theories
that constitute the science they are teaching

Learning how to Teach Science

The science teachers should…

❖Know what conceptions their students hold about the units to be taught, and the
extent to which they are scientifically acceptable

❖Be aware of the role played by students’ existing knowledge in understanding
new material

❖Be convinced of the need to use conceptual change teaching strategies
particularly when students’ existing conceptions conflict with those being taught

❖Be able to plan and perform teaching actions than give effect to these strategies



Accommodation of a Scientific Conception: Toward a Theory of Conceptual
Change. Posner, G. J., Strike, K. A., Hewson, P. W. and Gertzog, W. A.
Science Education, 1982, 211-227

Conceptual Change in Science Teaching and Teacher Education Hewson, P.
W. 1992. National Center for Educational Research, Documentation, and
Assessment, Madrid
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Importance of evaluation

To learn

Learning and teaching involves evaluation

It must not only measure the
results as it must include what is
taught and what and how the
students learn

It is necessary to identify errors
and difficulties, understand their
causes and make decisions about
the best way to overcome them

It is necessary to consider evaluation
as part of the teaching-learning
process

It is necessary to self-evaluate

Remember this sentence…

“from the mistakes it is learned (de los errores se aprende)”



Evaluation concept

Evaluation “is the process of obtaining and using information to help 
make decisions or make judgments.” (Harlen, 1998)

It is not an objective process, in 
which values are not put into play

Understanding the nature and 
limitations of evaluation is 
essential for its usefulness

It involves making value 
judgments about what 

information is relevant to make 
the decision and what criteria 
should be used to obtain and 

judge the information obtained

The selection of the criteria used, the 
type of information collected and their 
relation influence the judgment made



What is the
OBJECTIVE?

How the information 
will be used? 

What criteria will be 
applied to judge the 

information? 

What information is 
needed to achieve the 

objective?

INFORMATION

Which methods can be used to 
obtain information?

CRITERIA

RESULT OF THE EVALUATION

Judgment of the information in light 
of the criteria

It involves posing a series of questions and taking a series of decisions …

The evaluation process



The exercise reproduced below corresponds, as you can see, to a
brilliant student. What comments would you make (if you deem it
convenient) to help him improve his understanding? It also indicates the
rating (between 0 and 10) that you think corresponds to this exercise.

Note: this grade is not intended to be communicated to the student, but
to be discussed with other teachers.

Question proposed to the student: Explains the characteristics of a living
being.
Student's response: "Living beings have an autonomous movement, they
fulfill a biological cycle with properties and activities close to human
qualities, they have structure with organs and they develop biological
functions such as nutrition, respiration, reproduction, circulation and
digestion."

EXAMPLE 1



The exercise reproduced below corresponds, as you can see, to a student
who is not doing very well. What comments would you make (if you think
it appropriate) to help him improve his understanding? It also indicates the
rating (between 0 and 10) that you think corresponds to this exercise.

Note: this grade is not intended to be communicated to the student, but to
be discussed with other teachers.

Question proposed to the student: Explains the characteristics of a living
being.
Student's response: "Living beings have an autonomous movement, they
fulfill a biological cycle with properties and activities close to human
qualities, they have structure with organs and they develop biological
functions such as nutrition, respiration, reproduction, circulation and
digestion."

EXAMPLE 2



Interpretation of 2 Examples

The only difference is the description of the student

…as you can see, to a brilliant student… (Example 1)

…as you can see, to a student who is not doing very well... (Example 2) 

Student Calification Previous Calification

Example 1

Example 2

8.1

5.5



Evaluative Models

Evaluation is a complex process conceived in different ways…

Traditional
Pursues the quantitative control 
of student learning, valuing the 

final product, ignoring the 
process

School Research Didactic Model
It proposes an evaluation that 
regulates the teaching-learning 

process and allows to adjust it.  A 
learning tool and an element that 
allows proposing improvements 

during the process

In that sense, there are 2 ways to evaluate:



Traditional Evaluation

In relation to the students and the evaluation:

❖The evaluation is necessary, fundamentally, to decide on the
promotion of the student

❖Students, when they are able to respond correctly to the
questions raised by the teacher in the evaluation, show that they
have learned

❖The level that students must reach at the time of the evaluation is
set in the teacher's program.

❖Students must not intervene directly in the evaluation of their
class activity

❖The correction of an exam must be done by the teacher without
knowing the author to avoid influences in the qualification.

In relation to the meaning of the evaluation:



In relation to what is evaluated:

Traditional Evaluation

In relation to evaluation instruments:

❖The evaluation of the students must focus on the essential
scientific learning, and these are those related to the
understanding of the concepts

❖The evaluation should focus on measuring the level reached by
the students with respect to the intended objectives.

❖The basic and most reliable instrument for the evaluation of
learning is the written exam



School Research Didactic Model

❖Students must be evaluated positively if there is a significant
evolution of their own ideas even if they do not reach the most
appropriate formulation

❖The evaluation should concern both learning and teaching
❖The evaluation is a basic instrument to understand and improve

the teaching-learning processes

In relation to the students and the evaluation:

In relation to the meaning of the evaluation:



School research didactic model

❖The evaluation should use the maximum possible number
of instruments (class notebooks, participation records,
laboratory work, self-evaluation reports, etc ...)

❖Evaluation instruments should be prepared to evaluate the
students, the teacher, and the teaching

❖When students are evaluated, the learning of procedures
and attitudes as well as concepts must be considered.

In relation to what is evaluated:

In relation to evaluation instruments:



There are different types of evaluation depending on:

The moment of the evaluation 

.

Types of evaluation of student learning 

Initial evaluation (also called diagnostic): It is understood that it is carried out at the
beginning of the educational process to detect the initial ideas of the students

Formative evaluation (also called procedural): It is developed throughout the
teaching and learning process and functions as a regulating element of the process,
favoring the construction of knowledge by the students, and it becomes an
important element of learning help

Summative and final evaluation: It is usually carried out at the end of the process
and what is usually done is an average of the data obtained from the students
through the instruments that have been used



Types of evaluation of student learning 

Reasons and contents to be evaluated

Initial or Diagnostic Evaluation

What is evaluated? what is it evaluated for?

➢ Ideas or previous knowledge

➢ Reasoning and spontaneous
strategies of the students

➢ How they elaborate and
construct the proposed tasks

❖Adapt the teaching proposal
to the ideas and interests of
the students

❖Students become aware of
their starting point



Types of evaluation of student learning 

Reasons and contents to be evaluated

Formative or Procedural Evaluation 

➢ Reasoning and strategies of
the students

➢ Difficulties and obstacles in
learning knowledge

➢ Evolution of the ideas of the
students

❖As positive reinforcement for
student learning

❖As a follow-up of the student
learning process

❖As a regulating element of
the teaching-learning process

❖To adjust the teaching
process to the learning
process

What is evaluated? what is it evaluated for?



Types of evaluation of student learning 

Reasons and contents to be evaluated

Summative and final Evaluation

➢ Knowledge acquisition

➢ Acquisition of strategies and
processes

❖Take stock of the various
results obtained by students

❖ Integrate all available
information about the
learning process of students

❖Support decision making in
the face of student
orientation

What is evaluated? what is it evaluated for?



Evaluation Criteria

Criteria of Evaluation 

Degree of acquisition of 
the competences 

Achievement of the objectives 

They define…

what is wanted 
to value

what the student must 
achieve

what is intended to 
achieve with the 

subject

Evaluable learning standards

Concretions of the evaluation 
criteria 

Allow to define the results of the 
learning 

To be observable, 
measurable and 

evaluable 

Contribute and facilitate 
the design of standardized 

and comparable tests

Allow to grade the 
performance or 

achievement achieved

They have to…



❖Any learning activity requires self-regulation, which involves overcoming
difficulties and correcting errors. But for this it is necessary to understand the
causes that cause them.

Evaluation as a regulation of learning

❖A class journal can be a good evaluation-regulation activity. It allows students
to reflect on their successes and difficulties and teachers to obtain useful
information to help them in their learning.

❖Students who are able to recognize where their obstacles are and know how to
find ways to overcome them are those who are successful learning.

❖ In order to recognize their obstacles, they must become aware of what they do
not know and reflect on it.



➢ The evaluation also has the purpose of knowing what the learning has been for

The evaluation for the verification of learning

➢ Check if the objectives have been reached and identify what is still to be
learned

➢ Evaluate the quality of the applied teaching process and identify the aspects to
be improved when it is put back into practice.

➢ Qualify and credit the results.



Evaluation Instruments

They are used to apply the evaluation criteria and to provide information on the
process of construction of the knowledge of the students and the progress of the
teaching process

Written Tests
(exams)

Elaboration of 
Works (individual 

or group)

Observation Diary

Rubric
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