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Epistemology



Episteme, as distinguished from techne, is etymologically derived 
from the Ancient Greek word ἐπιστήμη for knowledge or science, 
which comes from the verb ἐπίσταμαι, "to know". In Plato's 
terminology episteme means knowledge, as in "justified true 
belief", in contrast to doxa, common belief or opinion. The word 
epistemology, meaning the study of knowledge, is derived from 
episteme.

Plato



Epistemology is the general study of cognitive processes and their 
outcome: knowledge. 

Knowledge is the product of cognitive operations made by an 
inquiring subject. It is not a thing or a substance, but a series of 
brain changes in the knower. Knowledge is not independent of the 
knowing subject, although we often feign it is for practical reasons. 

Knowledge is different from belief: I can know a story, for instance, 
but do not believe it. Belief implies a psychological adherence to 
some propositions. It is possible to believe something without 
understanding it, so belief is not necessary associated with neither 
truth nor justification. 



Knowledge acquisition requires a modification of the brain of the 
knower. This can be done in different ways, hence there are different 
kinds of knowledge. 

(i) Sensory-motor knowledge: the result of learning from actions. 
(ii) Perceptual knowledge: the result of perceiving events, either internal 

or external to the subject.   
(iii) Conceptual or propositional knowledge: the result of ideation, 

conjecturing, testing, correcting.

Notice that not all knowledge is beneficial: we can learn trivialities, 
falsehoods, or highly harmful habits



The three kind of knowledge are interrelated: conceptual knowledge 
can improve motor skills and perception; perception is used to 
evaluate conjectures; motor skills can help to improve perception and 
build instruments such as books, that enhance the ability to learn. 

Knowledge evolves with the knower: K=K(t, s), where t is time and s the 
knowing subject. The collection of neural processes of s changes with 
time. Knowledge, being a collection of physical processes and not a 
set, is physical, not conceptual. Hence, knowledge can be destroyed: it 
is enough to destroy the brain of s to terminate with the associated 
cognitive processes. 



As a corollary, notice that there is no knowledge in a library or in 
the internet; knowledge is only in the brains of the readers. When 
they interact with the books or the screen of a computer, they 
experience cognitive processes, that resemble those of the 
authors of the texts.  

Books and articles do 
not have knowledge. 
They are instruments 
des igned to c rea te 
knowledge. 



 The brain acts as a dense network of fiber pathways consisting of 
approximately 100 billion (1010) neurons.  The brain consists of three  
main parts – stem, cerebellum and cerebrum - . Of the three, the 
cerebrum is most important in learning, since this is where higher-
ordered functions like memory and reasoning occur. Each area of 
the cerebrum specialises in at least a function - sight, hearing, 
speech, touch, short-term memory, long-term memory, language 
and reasoning abilities are the most important for learning. 





* Frequency and recency of neuron synapses increase memory 
* Emotions strengthen memory 
* Learning causes changes to the physical structure of the brain 
* Memories are stored in multiple parts of the brain 
* Our brains are programmed to focus on new and unusual inputs 

Some recent brain research findings

Neuroplaticity



Understanding

Understanding is a congitive operation that applies to facts, symbols, 
and constructs. It consists in fitting an item into the pre-existing 
cognitive or epistemic network of knowledge, or in transforming this 
network to accommodate the new item into a consistent way.

It is a complex operation that proceeds in various ways. The main 
ways of understanding are description, subsumption, and 
explanation.



Description

A description is a characterisation of a fact or a concept. From a 
logical point of view a description is an ordered set of statements. 
Mathematical descriptions can be complete, but never factual 
ones. A description can reveal some features of a fact, but since 
none description is exhaustive, we never fully understand from 
description. 



Subsumption

Subsumption is also an ordered set of statements, but one in 
which the last statement follows from the preceding ones. A 
singular fact can be subsumed under a general pattern:

8x Px ` Pa

8x (Px ! Gx) ^ Pa ` Ga



Subsumption

Sometimes, the pattern occurring in a subsumption is merely a 
classificatory statement and not a law statement. In such a case: 

1. S = {x : Px}
2. a 2 S

3. Then, P (a)



Explanation

Explanation, as subsumption, is a case of deduction from 
regularities and circumstances, in particular law statements and 
data. Explanation, however, answers “why”-type of questions 
through the use of mechanisms. The logical form of explanation is:

8x [(Fx ! Mx) ^ (Mx ! Gx) ^ Fa] ` Ga

M  stands for mechanism. 



A mechanism is a collection of processes in a material system that 
allow the system to perform some functions. 

A function is some specific activity of a system.

Accordingly, to explain is to exhibit or conjecture a lawful mechanism 
that makes the system to work the way it does.

Mechanisms, and hence explanations, can be classified in accordance 
with the underlying class of process: causal, random, or mixed. All 
mechanisms are lawful, but the law-mechanism relation is one-to-many, 
not one-to-one: the same activity can result from different mechanisms. 

Mechanisms are not universal like laws, because mechanisms are 
system-specific.



Explanation subsumes subsumption, logically, epistemologically, 
and ontologically.

Logically because given an explanation we can detach the 
corresponding subsumption:

8x [(Fx ! Mx) ^ (Mx ! Gx)] ` (Fx ! Gx)

Epistemologically because explanation requires more 
knowledge than subsumption. 

Ontologically because explanation goes deeper into the 
structure of reality than subsumption. 



An explanation is an epistemic process involving three 
components: 1. An explainer (e.g. a human being), 2. The object 
of the explanation (e.g. luminosity of a star), 3. The explanatory 
premises (e.g. nuclear fusion reactions occur at such and such 
pressures, radiations is transported in the stellar interior 
according to such and such processes, etc). 

The objects of explanation can be things, properties or states of 
things, or events. 

Not everything can be explained and not everything explainable 
is worth to be explained. The value of explanation will depend on 
our axiology.



• E1. Check the existence of the item to be explained (fact, thing, event). 

• E2. Try to explain existents by existents, and only exceptionally by non-
existents (never by fictions). 

• E3. Explain the observable by the non-observable or the unobservable 
by the observed.  

• E4. Avoid ad-hoc explanations, i.e. those which require hypotheses 
that cover only the item to be explained.  

• E5. Mistrust hypotheses and theories that purport to explain 
everything. 

Some methodological rules to explain



Model

A factual model is the conceptual representation of a mechanism.

- D is a domain or reference class of M. It is a set of factual items: 
things or processes.  

- F is the formalism of M, i.e. the set formed by the mathematical 
expressions used to represent elements of D. 

- I is the interpretation of M. The interpretation is a set of partial 
functions from F to the power set of D, that assigns formulas in F 
to factual items in D.  

- A is a set of specific assumptions and data.

M = hD,F, I, Ai



Important: a model is not an application of mathematics to reality: it is a 
mathematisation of our ideas about reality. 

Occasionally we  know sufficient mathematics as to build alternative but 
empirically equivalent models of a given process or mechanism. Every 
model is symbolic and as such has some conventional elements.

Since mathematisation involves idealisation, models are always 
defective in some aspect or another. At best, they are good 
approximations but they should not be confused with reality.



Theories

A theory is a logically organised set of statements concerning objects 
of some kind. If we introduce a set of statements P, a set of predicates 
Q, and a domain (reference class) R, a theory is defined by the 
quadruple:

T = h P, Q, R, ` i

A theory then is a context closed under deduction: every statement in 
it is either a premise or a deductive consequence of a set of 
premises. The premises are called axioms, and the consequences 
theorems. 



Theories

If R is a set of conceptual objects only, then the theory is purely formal. 
If the reference class include some factual item (material system) the 
theory is factual.  

Scientific theories 

Purely formal

Factual



Theories

Axioms

Formal: mathematical or logical relations between 
primitive terms

Semantic: fix the reference class and the 
representation relations between functions and 
properties. 

Nomological: law statements



Theories

The presentation of a theory has other components: a generating base 
of primitive concepts, a background of assumed theories, a language 
and a metalanguage, definitions, and an infinite number of theorems. 

Notice that to the contrary of models, theories contain law statements.

Sub-theories are parts of a theory that are theories in themselves. For 
instance, the theory of gravitational waves is a part of general 
relativity.  



Theories and models

In general, we obtain models through a number of theories (T1, T2, …, 
Tn)  and sets of specific assumptions (A1, A2, … , Am):

When we go from general theories to models the reference class 
shrinks.

General theories, contrary to models, are not expected to make 
predictions unless considerably enriched with special assumptions and 
data. 

(T1 ^ T2 ^ ... ^ Tn) [ (A1 ^A2 ^ ... ^Am) ` M.



Validation

We put theories to the test through consistency analysis 
(both internal and with the total network of theories) and by 
empirical evaluation of models obtained from the theories 
with specific assumptions and data on applications to specific 
cases.  



Data

Theories are tested through the comparison of model predictions 
(statements) with data. An empirical datum is not a fact but a proposition 
reporting a fact. We always compare propositions with propositions. 
Since propositions are conceptual objects, the are theory-laden. The fact 
themselves, of course, are theory independent. 

An empirical datum is a simple proposition referring to a factual state 
acquired with the help of empirical operations. 



Evidence

An empirical datum e constitutes empirical evidence for or against 
a proposition p iff: 

1. e has been acquired with the help of empirical operations 
accesible to public scrutiny. 

2. e and p share referents. 
3. e has been interpreted in some theoretical framework. 
4. Some regular association between the properties represented 

by predicates in e and p is assumed.  

The mentioned empirical operations involve several theories and 
data manipulation to evaluate errors. 



Science

Science is the result of a human activity which aims at acquiring true 
knowledge about the world. It is a complex activity and hence 
difficult to characterise. It is not the only way of getting human 
knowledge. Science differentiate from other knowledge acquiring 
operations in that it is systematic and its results are subjected to a 
variety of controls. In addition, it is a progressive activity in the 
sense that scientific knowledge increases with research. There are 
several indicators of scientific progress including improvement of 
predictability and augmentation of human capability to manipulate the 
environment (science-based technology).   

Science produce conceptual representations of the world, articulated 
in theories and models. 



Science

Science can be defined as a set of fields of research. Each field of 
research R is characterised by the following items:

C: A community of researchers.  
S: A society that hosts the activities of those individuals in C 
D: A domain of items to be researched and studied.  
G: A general philosophy shared by the members of C. 
F: A set of formal languages used by the researchers. 
B: A background of previous scientific  knowledge. 
P: A collection of problems.  
A: A collection of goals of the members of C respecto to D.  
M: A specific methodology that is used to answer the problems in P. 
E: An ethics common to the members of C.  



Science

Then, the research field R is represented by: 

R=<C, S, D, G, F, B, P, A, M, E>

The elements of each component change with time, hence these 
components are collections and not set. The research field evolves 
according the evolution of its components. 

Science, then, can de defined as the set of all research fields: 

Sci={R1, R2, …, Rn}



Notice that science is not equivalent to scientific knowledge. The 
latter is total knowledge of the members of C. These knowledge 
can be learned by different individuals by different ways. 

Since science has no brain, it cannot be responsible for the actions 
of members of C or the application of scientific knowledge. Only 
human beings can be responsible for the actions they do. 



Technology

Technology is related to our capacity to manipulate our environment. Not 
necessarily all technology is based on science. Technology is older than 
science. Science-based technology can be characterised as a human 
activity that aims at designing, developing, constructing, and controlling 
artifacts using knowledge obtained through science. 

An artifact is an artificial thing that can be controlled and used to specific 
goals. Artifacts are not only mechanic. They can be electronic, 
thermodynamic, biologic, or cultural.   

Technology also deals with the planning of human actions with the aim of 
controlling various processes, always on the basis of scientific 
knowledge. 



Technology

Ci: Community of technologists.  
S: A society that host Ci. 
Di: Set of things that Ti deals with. 
Fi: Set of formal theories used by the members of Ci. 
Ei: Set of scientific theories and data used by the members of Ci. 
Pi: Specific problematic.  
A: Total technological knowledge available to the members of Ci. 
Oi: Set of final goals of the members of Ci. 
Mi: Methodological rules and instructions used by the members of Ci. 
V: Value system adopted by the members of Ci.

Notice that scientific technology includes not only the many engineerings 
but also medics, didactic, normative epidemiology, regulative economy, 
law, and all disciplines of social planning.  



Technology

The concept of a specific scientific technology can be defined as: 
Ti=<Ci, S, Di, Fi, Ei, Pi, A, Oi, Mi, V>

So, the technology of a given society is the collection of all 
specific scientific technologies: 

T={T1, T2,…, Tn}



Pseudo-science and pseudo-technology

Science and technology can be faked: there are activities and artifacts 
presented or offered as scientific or technological which actually are 
not. Being modern science and technology quite complex, it is not a 
simple task to identify impostures. 

In general, a simple demarcation criterion fails because a simple rule 
cannot take into account the complexity and systemic character of 
science and technology. A case by case study is necessary.



Pseudo-science and pseudo-technology

It is also important to differentiate pseudo-science from porto-science, 
i.e. science in the making. 

Examples of porto-sciences are most of the social sciences, whereas 
notorious pseudo-sciences are astrology, psychoanalysis, 
parapsychology, ufology. Among pseudo-technologies we can mention 
neoliberal economy, homeopathy, psychoanalytic therapies, and the 
many health impostures related with the New Age movement.  







Academic nonsense 





Escándalo Bogdanov

El Escándalo Bogdanov es un debate abierto sobre el 
valor de una serie de artículos sobre física teórica 
escritos por los hermanos gemelos franceses Igor y 
Grichka Bogdanov. Sobre la base de esos artículos los 
hermanos obtuvieron dos doctorados en Francia.  

El affair demostró la permeabilidad del sistema 
científico a la publicación de jerga sin sentido. Y como 
la búsqueda de fama puede ser un móvil para simular 
una carrera científica. 



Escándalo Bogdanov



Peter Woit: "El trabajo de los Bogdanoff resulta 
significativamente más incoherente que cualquier otra 
cosa publicada. Pero el creciente bajo nivel de coherencia 
en todo el campo les permitió pensar que habían hecho 
algo sensato y publicarlo.” 

Jacques Distler: "Los artículos de los Bogdanov 
consisten en jerga técnica de varios campos de la física 
matemática, la teoría de cuerdas y la gravedad cuántica 
dispuesta en frases sintácticamente correctas pero 
semánticamente sin sentido."



Anti-ciencia: Gurúes, mediáticos, profetas en vez de científicos. El caso de 
Hawking. 





“If we do discover a complete theory, it should in time be 
understandable in broad principle by everyone, not just a few 
scientists. Then we shall all, philosophers, scientists, and just 
ordinary people, be able to take part in the discussion of the 
question of why it is that we and the universe exist. If we find the 
answer to that, it would be the ultimate triumph of human reason — 
for then we would know the mind of God.” 

Brief History of Time, last lines.  

Hawking later wrote: "In the proof stage I nearly cut the last 
sentence in the book... Had I done so, the sales might have been 
halved. 

From Black Holes and Baby Universes and Other Essays (1993)



“Because there is a law such as gravity, the universe 
can and will create itself from nothing. Spontaneous 
creation is the reason there is something rather than 
nothing, why the universe exists, why we exist.” 

From The Grand Design



1. Honestidad   intelectual 

2. Independencia de juicio 

3. Coraje intelectual 

4. Respeto por la libertad intelectual 

5. Sentido de la justicia

Algunas virtudes deseables en el científico



CARTA DE LOS DERECHOS Y DEBERES DEL PROFESOR (Mario Bunge) 

1. Todo profesor tiene el derecho de buscar la verdad y el deber de enseñarla. 

2. Todo profesor tiene tanto el derecho como el deber de cuestionar cuanto le interese, siempre que 
lo haga de manera racional. 

3. Todo profesor tiene el derecho de cometer errores y el deber de corregirlos si los advierte. 

4. Todo profesor tiene el deber de denunciar la charlatanería, sea popular o académica. 
… 



Summing up:  Knowledge is the result of the process of learning by 
some biological system.  It is not related to belief and it is not necessarily 
true. Actually, not all knowledge is propositional: there is motor-sensitive 
knowledge and perceptual knowledge, in addition to conceptual. 
Understanding is a cognitive operation that consists in the 
accommodation of data about the world into our conceptual view. There 
are three ways of understanding: description, subsumption, and 
explanation. The latter is the deeper one, and consists in exposing the 
mechanism that produce the activity to be explained. The conceptual 
representation of a mechanism is a model. Theories are hypothetical-
deductive systems of propositions close under deduction that include law 
statements. With the help of specific conditions, theories are used to 
construct models, and these used to validate theories. Our network of 
theories is the result of science, a complex human activity designed to 
systematically increase our knowledge. Technology based on science 
allows to manipulate and control our environment and create artefacts. 


