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Abstract

Quantum Mechanics (QM) stands alone as a (very) successful physical
theory, but the meaning of its variables and the status of many quan-
tities in the mathematical formalism is obscure. This unique situation
prompted the need of an attribution of a physical meaning to the latter, a
procedure known as interpretation. On the other hand, the study of QM
is usually presented, even to future scientists, within the only framework
developed by Bohr and the Copenhagen researchers, known as the Copen-
hagen interpretation. As a contribution to the understanding and teaching
of Quantum Mechanics, aimed to a broader and deeper appreciation of
its fundamentals, including contemplating alternatives and updated in-
terpretations for physicists and philosophers interested in the study of
exact sciences (through Ontology, Epistemology, Logic or the Theory of
Knowledge), we present a set of Conceptual Diagrams elaborated and de-
signed to expose and facilitate the visualization of elements intervening
in any interpretation of Quantum Mechanics, and apply them to several
well-developed cases of the latter.
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1 Introduction

“Hard” sciences are commonly associated to Mathematics and formal
schemes, but they also comprise many other cognitive elements in their
fundamental constitution. For instance, the use of some sort of diagrams is
not a novelty in Science. In fact, there are many types of graphic elements
employed to visualize and understand scientific issues, widely employed
for teaching/learning in many disciplines, but which are sometimes a con-
stituent element of a discipline.

About this statement, in an article entitled Multiplying Meaning – Vi-
sual and Verbal Semiotics in Scientific Text, J.L.Lemke [1] forcefully ar-
gues for the existence and need of non-verbal resources in scientific matters
as follows:

“When scientists think, talk, work, and teach (cf. [1,2]) they do not
just use words; they gesture and move in imaginary visual spaces de-
fined by graphical representations and simulations, which in turn have
mathematical expressions that can also be integrated into speech. When
scientists communicate in print they do not produce linear verbal text;
they do not even limit their visual forms to the typographical. They do
not present and organize information only verbally; they do not construct
logical arguments in purely verbal form. They combine, interconnect, and
integrate verbal text with mathematical expressions, quantitative graphs,
information tables, abstract diagrams, maps, drawings, photographs,
and a host of unique specialized visual genres seen nowhere else.” (our
bold)

As it stands, Lemke’s statement gives a very important status to the
graphic elements in Science. Examples of the type of elements which have
become commonplace in modern science are abundant. One of the most
outstanding cases is Venn’s diagrams in set theory [3], developed during
the 19th century when the definition of the present division of disciplines
mostly took place. Venn’s diagrams are now a part of the ”disciplinary
matrix” discussed by Kuhn [4] and Set Theory would be unthinkable today
without them.

Another paradigmatic case, this time of a different type, is the use
of Feynman’s diagrams in Quantum Field Theory. Initially devised as
a tracking tool for the elementary terms of the S-matrix, their meaning
is believed to be much wider, and their use is so widespread that con-
temporary practitioners first proceed to draw the diagrams for a given
problem, and only later formalize their mathematical expressions. In the
words of Veltman and t’Hoft [5]“...diagrams form the basis from which
everything must be derived”. This deep symbiosis illustrates colorfully
Lemke’s thoughts: Feynman diagrams may be said to have become part
of the logos.

The issue of the graphic representations has been suggested to play
even a bigger role, in the very definition of Science. Latour [6] has argued
for the uniqueness of Science to be related to the use of graphical elements,
which facilitate the inscriptions and give at once a mobile, immutable and
yet changeable character (in Latour’s own definitions and words), quickly
emerging since the Scientific Revolution. Even without subscribing this
interesting thesis, there are a number of contemporary studies that contain
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an insight on graphs as semiotic resources (for example, Airey [7]) and
agree on their central, key role.

When dealing with a wide and controversial subject, these resources
can prove to be particularly important. The subject of our attention,
Quantum Mechanics (QM), is about to complete a century of existence
and currently enjoys a very special status: on the one hand it is recog-
nized as one of the greatest creations of humanity in its repeated attempts
to understand the Universe in which we live, and all its predictions have
been confirmed through experiments; but on the other hand, its theoret-
ical conceptions differ so much from the preceding traditions that QM
led to a controversy that is far from being resolved. In other words, how-
ever different their theoretical conceptions and interpretations may be, the
predictions of QM have always been confirmed when applied in experimen-
tally, sometimes in flagrant contrast with intuitive classical expectations
(see below).

In the foundations of these controversies, we can identify several ele-
ments that contradict the usual way that physics dealt with the objects of
the world so far. In fact, the nature of microphysical reality and the way
in which we apprehend the microphysical world were much questioned
and led to alternative formulations which kept almost all of the original
formalism, but gave a whole different meaning to the mathematical and
physical elements, hence they are known as QM interpretations.

The existence of different interpretations on the most varied issues is
quite peculiar in contemporary physics. Classical physics has a unique
and exclusive interpretation of its own, since its formalism is unambigu-
ous to physical reality. It should be added that an objective realism is
also assumed, in the sense of admitting that physical objects exist inde-
pendently of the observer. However, this is not so with QM, even within
the widely accepted Copenhagen interpretation and other works seeking
for a consistent meaning of the quantum formalism (see, for instance,
de la Peña [8]). Because of the deep meaning of the elements discussed
in them, sometimes these interpretations are perceived as too broad and
difficult, leading both scientists and teachers/students to misleading and
many conceptually blocked paths.

According to the multirepresentation view [7, 9], an attempt to im-
prove QM understanding must go beyond the grammatical language, math-
ematics and Aristotelian logic. We believe that the use of abstract dia-
grams can be converted into an effective tool to understand its interpre-
tations and clarify the interconnection of the elements constituting the
whole theory.

Therefore, the goal of this article is to propose a discussion bringing to
light the main interpretations of QM, through conceptual diagrams that
facilitate the understanding for future physicists and philosophers ded-
icated to the study of the quantum world.This article is organized and
presented as follows: In Section 2, the conception of classical physics is
presented and contrasted with Bohr´s Quantum Mechanics and the fully
developed conception of QM as proposed by the Copenhagen researchers,
the current “orthodox” version, highlighting some of its most important
points.Section 3 is dedicated to a discussion of the constituent elements
of QM, followed in the next Section 4 by the introduction of Conceptual
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Diagrams designed explicitly to facilitate the understanding of each inter-
pretation of QM. The Conclusions and recommendations for the possible
use of diagrams in the study and teaching in the classroom are given in
Section 5.

2 Classical Physics and Quantum Mechan-
ics

2.1 Classical Physics vs. QM

It is true that Classical Physics, starting with Mechanics as initially pro-
posed by Sir Isaac Newton, has in modern times a unique and exclusive
interpretation, attributed to its mathematical formalism. As stated above,
Classical Physics also implicitly contemplates objective realism by admit-
ting that physical objects exist independently of the observer and that
all experiments will obtain the same results as long as the same condi-
tions are observed, that is, whenever the conditions of the experiment are
compatible and analogous, however, the same does not happen with QM.
It is true that the state-of-the-art of Classical Physics is the result of a
long history of debates on the nature of space, the character of ”forces”
and other issues, but these have been sorted out and there is little or no
trouble today.

Unlike Classical Physics, the conception of QM as a physical theory
led from the very beginning to a series of issues that are quite deep and
unsolved. In fact we can identify several elements in it that contradict the
usual way that Classical Physics deals with the objects of the world, and
even the nature of QM’s own formulation seems different. This led to a
variety of ways of dealing with the nature of Reality in the microphysics
realm, and also the way in which we apprehend the microphysical world
have been and still are much questioned. While retaining almost all of
the original formalism, these formulations give different meanings to the
mathematical and physical elements of QM, which is why they are known
as “QM interpretations”.

Consequently, a presentation of the foundations of QM, as initially con-
ceived and developed by Niels Bohr and the Copenhagen School, as well
as their subsequent interpretations are extremely relevant for the training
and updating of the future professional physicists and future philosophers
as well.

2.2 Quantum Mechanics and its Postulates (brief
overview)

In the early 20th century, the pioneers of QM faced the challenge of build-
ing a physical theory for the micro world that presented major conceptual
and formal problems. Indeed, the notions deriving from classical physics
were not sufficient for this task. Grammatical language, mathematics and
Aristotelian logic were also suggested to be insufficient for understanding
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QM. “Our words do not fit”, a famous quotation expressed by Heisenberg
[10] about their use in QM illustrates this very keenly.

QM was initially developed by Niels Bohr and the so-called Copen-
hagen School and it must be considered that with its later definitive re-
formulation, QM was given a probabilistic nature, resulting in debatable
and controversial issues (notably by Einstein, Schrödinger and others) and
prompting a continuous search for a more adequate interpretation. Be-
cause of the well-known excellent sources on QM (i.e. Ismael [11]) our
presentation of the subject will be very brief and essential.

This entire formulation is usually taught, generation after generation,
without touching on the numerous problems that arise as a result of its
further interpretations. Indeed, as a initial problem, we know that in any
physical theory, the experimenter measures some quantity and compares
it with the prediction. In QM, however, it is said that the experiment will
measure predefined values (eigenvalues). In fact, in QM we are obliged
to accept statements such as: “If the system is in an eigenstate of its
observable A, corresponding to the eigenvalues, an observer measuring
A will certainly obtain the value a”. Objectively seen, the prescriptive
dogmatic character of this type of framework is overwhelming, but it
is presented as “natural” and inherent to QM without further discussion
about it (at least within the orthodox Copenhagen interpretation), leaving
much to be desired for those who need or want to go deeper into the issue
[12].

The type of information desired for the quantum description required
the formulation of the n-dimensional space of states (also called Hilbert
space). It is postulated that all possible system states are contained in
the state vector | Ψ〉 representing the system.

For each measurable quantity there is an Hermitian operator Q̂, the
mathematical character of these operators that act on the states guaran-
tees the consistency of the results (for example, they eliminate imaginary
probabilities).

The results of the physical measurements correspond to the q eigenval-
ues of the operator Q̂ with probabilities computed using the inner product
in the Hilbert space. The dynamical evolution of the wavefunction/state
vector | Ψ〉 in the so-called Schrödinger picture is

Ĥ | Ψ〉 = ih̄
∂

∂t
| Ψ〉 (1)

Once the solutions of eq.(1) are found,| Ψ〉 can be decomposed in a
complete mathematical basis, formed by the solutions, and its temporal
evolution is just

| Ψ〉 =
∑
n

an | Ψn〉 exp
(
−iEnt/h̄

)
(2)

where En are the eigenvalues of the Hamiltonian operator. According
to the (postulated) structure pointed out above, a single measurement can
only give as a result one of the eigenvalues of the system.

With the probabilistic character of the description, quantum phenom-
ena are the true objects of description of the theory, independently of the
existence of a quantum Reality (see below). In fact, a central foundation
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of Copenhagen QM version is that, if a measurement is taken, the wave-
function | Ψ〉 collapses as a result of system-device interaction. There is a
quantum “leap” that is not accessible to human understanding, and is not
described by the formalism. It is further postulated that the measurement
results are expressible only in classical terms. Niels Bohr insisted a lot
on this point (and gave it the name of correspondence), for him the mea-
surement results would not make sense without the existence of Classical
Physics.

Another fundamental difference of QM with other theories results from
the fact that operators do not always commute, and although much has
been discussed about the experimental situation related to statistical dis-
persion, this property stems directly from the mathematical structure of
the Hilbert space. The commutator of two operators [p̂, q̂] called conjugate
quantities is proportional to the reduced quantum of action.

[p̂, q̂] = ih̄. (3)

That is, the conjugate quantities simultaneously measured in QM can-
not have definite values whose errors → 0 under any circumstances, as
they emerge from a set of probabilities of eigenvalues of operators with
an irreducible dispersion due to their quantum nature. The measurement
process is considered the source of irreversibility, but it never enters into
the calculation. Not even the observer “itself” nor the measuring appara-
tus appear anywhere in the formalism.

These features, among others, was never accepted by Einstein and
other physicists, who supported the incomplete character of QM, that is,
the determination of physical quantities with infinite precision when in-
corporated into a more comprehensive and complete theory. Criticisms of
QM by Einstein, Schrödinger, and others referred to these obscure aspects
of its formalism and also to the very idea of the quantum object. The fa-
mous case of Schrodinger’s cat, for example, was enunciated through a
reductio ad absurdum in which QM allows the display of a half-alive and
half-dead cat simultaneously inside a closed box in which a poison bot-
tle is activated through a quantum process. Schrödinger considered the
quantum description of this situation as absurd.

Over time these criticisms led Bohr’s conception to further extreme
positions: Reality came to be considered ultimately “metaphysical”, in the
sense that it does not have a demonstrable existence, but it was stated that
it is even dangerous to think about it. The Copenhagen group formulated
a kind of “No-go” interpretation about QM, completely differentiating it
from all the preceding theories. Thus, the most obvious path resulted
in the evolution of plain Idealism (subjectivism) into an Operationalism
position (see below). In the latter philosophical approach, there is no
concern for the nature of Reality and related problems. Late QM, in
turn, has been reduced by some to the idea of a set of rules of calculations,
and, without denying that there is a Reality, does not refer to it. Nothing
could upset Einstein more than this ab initio resignation, since he strongly
believed that Physics needs to address the behavior of real objects in a
objective world.
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3 Elements constituting QM interpreta-
tions

We will show below that through abstract diagrams it will be possible
to distinguish all the elements that enter the interpretation, and thus
point out that in QM not only the nature and existence (Ontology) of
a Quantum Reality is questioned, but also the ideas of “observer” and
“phenomenon”, which may be different in each case.

As a first example of this problem, it must be considered the very
separation between the subject (observer S) who experiences the world
and a Reality object (R) to be apprehended by the subject through the
analysis and observation of phenomena, which is central to QM (and all
physical theories in fact).

For Western science, in the classical realm, this separation is so evi-
dent that it is not even discussed or mentioned anywhere. However, for
other ways of thinking (essentially in Eastern philosophies, but also many
native Americans), this separation between subject S and the Reality ob-
ject R being studied becomes impossible. We will see that some of the
interpretations of QM identify this separation as a source of fundamental
discrepancy between experiments and “reasonable” expectations.

The so-called interface (Epistemology) with quantum phenomena is
many times pointed out as a possible source of problems in QM. In general,
any physical theory needs at least three fundamental elements to deal with
the object of study (system). These are:

(1) a Logic based on syllogisms or other tools. As with the concept of
“observer-subject” and supposedly separable from the system, there is the
implicit hypothesis that the Logic of the world is Boolean (Aristotelian).
Von Neumann was one of those who insisted on the possible non-human
Logic of QM, in parallel with the case of non-Euclidean geometries. For
example, in the class of statements like “if p, then p or q” quantum version
“if Schrödinger’s equation is valid, then the system evolves according to
it and a measurement will give one of the eigenvalues” is constantly for-
mulated without its listeners noticing its inconsistency within a Boolean
logic.

(2) a consistent Algebra to manipulate basic objects (| Ψ〉, etc.) and
obtain quantitative predictions. This is of course different from the under-
lying Logic in general, and is fundamental when obtaining concrete results
(for example, the inner product in Hilbert space allows to calculate the
probabilities of each eigenvalue in a single measurement).

(3) Finally, a Language (formal or informal), which brings as a corol-
lary a semantics-semiology, not always properly scrutinized. Besides the
remarkable quotation of Heisenberg (in Heisenberg [10]) “our words do
not fit”, this issue within a wider context (in the sense of the adequacy
of human languages to formulate scientific statements) has been explored
by Wittgenstein [13, 14] and others, and remains a major issue in the
philosophy of Science, taking a dramatic turn for the interpretations of
QM.

Finally, and at the risk of sounding absurd, the very idea of a physical
object to be studied is not guaranteed in QM. We have pointed out that
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in a late Copenhagen interpretation, Bohr even stated that QM is not
about Reality, but about what can be said about phenomena [15], plainly
stating that the late Copenhagen version of QM was an epistemological
theory. Furthermore, in various versions of QM one can find a certain
philosophical Idealism, namely that the physical world is actually a prod-
uct of the mind. Thus, the question of the empirical content of QM takes
dramatic dimensions, a question that should not be ignored.

4 Diagrams and QM Interpretations

For a complete visualization of each interpretation of QM, a series of
illustrative conceptual diagrams that explain the basic elements and their
role in them are here created and presented.

In the diagrams, the Subject (observer) is represented in the diagrams
with a triangle with the letter S, and it would be ultimately important
to distinguish whether it has a “consciousness” or otherwise, for example,
being a simple measuring device (although we will not attempt to develop
this issue, well beyond the scope of this article).

Epistemology (horizontal thick arrows) is the set of empirical (expe-
riences) and formal (Algebra and Language) tools for an assumed Logic,
with which it is intended to apprehend the quantum phenomena QP (rep-
resented by an asterisk), which in turn are supposed to be produced by a
QR object(s), if existing (we stress again that some representations deny
the very existence of a deeper quantum reality). The human physiologi-
cal/linguistic limitation discussed by Wittgenstein [13, 14] and other au-
thors gives rise to a buffer we called W filter, always explicitly indicated,
that shapes and limits the subject’s S perception and understanding. We
will call the procedures of this epistemological connection generically as
measurements. A phenomenon is marked with an asterisk in all cases.

Finally, the Ontology is represented by an ellipse that includes the
existing objects according to each interpretation. This can be classical
(having defined values of physical quantities at all times) or quantum
(without defined values for any time) or displaying a non-classical feature
(such as entanglement of phases), in which case we have written “classical”
within quotation marks. Finally, quantum objects may be non-existing
within the interpretation, or at least sometimes not having an explicit
characterization.

4.1 The Classical Physics case

The Classical Physics case is a benchmark to grasp what a conceptual di-
agram can deliver. Few objections against the classical picture have been
raised, and this is why there are no current discussion on the “interpre-
tations” of Classical Physics (except for some specific issues). In terms of
our definitions above, the diagram describing the classical situation (Fig.
1) can presented as follows

• The “Reality” (Classical Reality, or CR here), the objects and their
properties, the measured phenomena (asterisk) and the Subject S itself
are causally separated, when measured, the properties are well defined for
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any time and are local (they do not depend on the distant environment,
and they exist even if not measured by hypothesis). The phenomena are
manifestations of existing CR object(s) and the task of Physics is to know
the latter through the measurements and formulation of compelling the-
ories. This complies with the Realism of A. Einstein and most physicists,
although a group of putative Idealists may challenge the statements even
within the classical realm.

• As stated, there is no need for any “interpretation” because classical
theory defines objects with definite values of their physical quantities un-
ambiguously for all times (hence the circle in “CR”, which will be replaced
by a “cloud” in “QR.” Wittgenstein’s filter W has here a secondary role,
at least not as central as the one it will play in Quantum Mechanics.

Figure 1.The Classical Physics diagram, in which the elements are
well-defined with little or no dispute.

5 Conceptual diagrams for QM interpre-
tations

5.1 The Copenhagen interpretation

Figure 2. The Copenhagen interpretation. The existence of a QR is
denied (or at least not deemed necessary), although quantum phenomena
exist and are the subject of QM. Their study, according to Bohr, would
be impossible without the subject S, the measurement apparatus and the
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calculation rules belonging to the classical realm (Principle of Comple-
mentarity), all of them inside the large white ellipse.

As discussed above, the late statements by Bohr (see Petersen [15])
about the Copenhagen interpretation are truly remarkable: it is said that
there is no concrete Quantum Reality, objects and their properties do not
have defined values (they do not exist!) before being measured. The act
of measuring is what ”creates the Reality”, that is, it defines the type of
phenomenon measured. The subject, measuring devices and results are
expressible only in classical terms (Bohr insisted that this complementar-
ity is crucial to be able to say something about the quantum phenomena).
It is granted by the Copenhagen interpretation that the Logic of QM is
Aristotelian (Boolean), but the results show the probabilistic nature of
the phenomenon, because this is all we can get for them as a result: a
set of probabilities. QM is therefore a theory that says how much we can
say about objects (epistemological) and does not describe any true Quan-
tum Reality (these points were absurd to Einstein, who claimed that they
were enough to think that QM is incomplete and would be surpassed by
a better approach to a realistic physical world, as advocated by him).

These unusual features have been largely debated and rejected by
many physicists and philosophers, and praised by the majority of the
scientist’s community. Among the former, Bunge [16] was emphatic to
declare the Copenhagen Interpretation plainly false, and advocated its
substitution by a form based on (non-classical) realism. In any case, and
even in its earlier form in which a Reality was not denied, it is clear that
the latter was never a main object of worry by their creators, and this
justifies the question mark on the gray zone in Fig. 2.

5.2 The non-local Reality (de Broglie-Bohm et
al.)

Figure 3. The non-local interpretation of Bohm and de Broglie, sup-
ported by many experimental results. The main ingredient is the so-called
phase entanglement of the wavefunctions, a feature that does not exist in
Classical Physics, although ultimately the nature of the quantum objects
is not that different from the classical ones.
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In this version of the theory, it is postulated that the “Quantum Real-
ity”, objects and their properties, measured phenomena and the subject
itself (S) cannot be separated. When measured, objects keep memory
of their space and time history (a feature described as phase entangle-
ment, Fig. 3). The entire Universe is an indivisible Whole (i.e., extremely
non-local.) Particles ride the wave functions but remain hidden (hidden
variables) without influencing them (it is not clear if they are ultimately
superfluous). We have employed quotation marks for the word “classical”
because entanglement is not a classical feature strictly speaking.

Around 50 years ago a battery of experimental tests were devised and
performed to verify the non-locality of quantum objects (see a panoramic
account in Herbert [17]). The initial results already pointed out that
the agreement with the predictions of QM, and rejection of the locality
of the QR was obtained. Since then, every experiment confirmed the
non-locality and the idea that, to some extent at least, the idea Whole
applies, and the locality is just an approximation valid within certain
limits. It is impressive that this conclusion is not as widely known and
discussed as it should, and attempts to save the local character have not
came with a proper “solution”. However, a claim that the de Broglie-
Bohm interpretation of QM is fully confirmed by these experiments is
premature.

5.3 The interpretation of the many-worlds (or The
Garden of the Forking Paths, by J.L.Borges)

Figure 4. Everett´s many-worlds interpretation, in which each mea-
surement splits the future history.

This interpretation developed by H. Everett (see Pinto-Neto [18] for
a discussion) holds that Quantum Reality is a set of systems disjoint in
time. Quantum objects bifurcate their histories for each possible result
of a measurement, and each version continue to exist in their own par-
allel Universes (which are real!, not a Gibbs ensemble of mental copies).
Therefore, each measurement corresponds to one of the possibilities, and
therefore there is no wavefunction collapse, but rather a probability of
selecting one of the many components. The diagram of Fig. 4depicts
symbolically this hypothesis and connects all the elements discussed in
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Section 4 to it.
It is obvious that the scenario leads to an amazing conception of the

whole physical reality, at least from the philosophical point of view. A
literature piece based on this idea (but independent of Everett’s scientific
work which is several years older) was written in the form of a short story
by J.L. Borges [19], but without any explicit mention to QM, which was
not a subject of the literary piece [20], nor appears anywhere in Borges’
writings. Everett declared that he did not know Borges story either.

5.4 Quantum Logic (Birkhoff-von Neumann)

Figure 5. The Quantum Logic of Birkhoff and von Neumann, in which
the non-Boolean logic operating inside the W-filter is held responsible for
the problems encountered in QM. The Logic of humans is not the Logic
of Nature.

In the Birkhoff–von Neumann interpretation the main point is the ex-
amination of the subject S. According to them, observers are conditioned
by the reasoning structure (Language), represented by the Boolean logic.
Their postulate is simply that QM does not follow the latter, and a differ-
ent type of logic is needed. Therefore, in this interpretation, the problems
originate and restricted to what we have called the Wittgenstein filter that
connects the measurement results with the subject-observer. This does
not mean that a QR cannot exist, only that its apprehension is compli-
cated by the inherent Logic which applies to the theory. Metaphorically
we may state that QM talks to human observers in a foreign language,
unknown to us, and we are compelled to discover and learn that language
to understand the physical world (Fig.5).

12



5.5 Consciousness creates Reality (von Neumann-
Wigner-Stapp)

Figure 6. Consciousness is the ultimate entity beyond QR, according
to the Idealistic interpretation of von Neumann- Wigner- Stapp.

The interpretation of von Neumann-Wigner-Stapp is perhaps one of
the most outrageous in all Physics, and raises controversies about the
nature of reality and the existence of intelligence as well. It may be
labeled in its final form as “pure Berkeley Idealism”, because it suggests
that consciousness creates Reality. It has a strong resonance in some
oriental philosophies suggesting that the world is a kind of dream of a
superior mind [21].

The interpretation is very polemic in itself, and was suggested by two
outstanding contributors of Quantum Theory. Adopting it as true, it also
beaks the remaining objectivity of orthodox QM in the sense that for
the latter the measuring device could be an apparatus or a conscience,
whereas in the von Neumann- Wigner- Stapp version only a conscientious
observer stands, who not only measures, but also creates the observed
phenomenon with its intervention. Quantum behavior is in this sense an
attribute of Consciousness (Fig.6).

5.6 Heisenberg’s potentia

Figure 7. Heisenberg´s proposal for the understanding of where the
QP came from in the absence of a QR: the potentia concept. Note that
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we have not located a QR, from which the potentia P would extract the
values in the diagram.

This interpretation is due to one of the founding fathers of QM, Werner
Heisenberg, suggested in a later development many years after his own
initial work and the discussion prompted by the QM in the Copenhagen
interpretation. Heisenberg suggested that there is a kind of limbo (called
potentia by him) in which objects of Quantum Reality exist, somewhat
“halfway” between the QR and the observed quantum phenomena. The
act of measuring defines the type of phenomenon, and the result stems
from the world of potentia P, not from the Quantum Reality itself. The
Fig. 7 attempts to depict Heisenberg’s interpretation which introduces
the potentia as a buffer of probabilities implied by the QM formalism.

5.7 Statistical interpretation (Born-Einstein)

Figure 8. Born-Einstein statistical interpretation, in which probabili-
ties of a measurement result stem from a quantum state constituted by a
kind of statistical ensemble.

After a vigorous discussion in the specialized literature, which also
reached the public domain, Einstein and Max Born came to the con-
clusion that the quantum description is not applicable to an individual
object, but to an ensemble of objects (not to be confused with Everett’s
interpretation). In this sense, the wavefunction contains information re-
garding the probabilities of measuring the allowable values of the physical
properties of the objects in the ensemble [11] (Fig. 8).

This way the probabilistic nature of the quantum predictions can be
understood. The interpretation is considered minimal as far as the as-
sumptions are made, and constitutes a zero-order framework for solving
the known problems of QM. In other words, it is suggested that QM is a
kind statistical theory, and there is room for a more pointed description
of the quantum Reality in the future.
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5.8 Instrumentalism

Figure 9. The Instrumentalism interpretation, in which no QR is of
concern.

In this interpretation the quantum description is a set of calculation
rules, without any ontological pretension, that is, it explicitly renounces
the logos of Quantum Reality and focuses just on the language that con-
nects the Subject S with the results of experiments. Its domain is the
Wittgenstein filter set (now strongly focused on the mathematical formal-
ism). In some sense, this interpretation is a natural evolution of the early
Copenhagen interpretation, as noted above (Fig. 9).

5.9 The Quanton interpretation

Figure 10. The Quanton interpretation assumes that quantum objects
are very different than classical ones from scratch, and the classical limit
applies to the macroworld.

This interpretation builds on the proposal of a quanton, a term coined
by Bunge [22]. The nature of objects is supposed to be different from the
classic picture: they do not have definite values (but they do exist!) for any
instant of time. The quantum formalism allows to calculate the expected
values for a measurement (Fig. 10). But there is nothing idealistic or
mystical about this, it is just the correction of the extrapolation made
since the early days from the classical to the quantum world, carried out
on the ontological level. In other words, since we only know classical
objects in a direct unambiguous fashion, we have attributed to quantum
objects similar properties which turn out to be misleading: it makes no
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sense, for example, to talk about a wave-particle duality, because these
are classical views not to be applied to the quantum world objects, which
do not possess such qualities as we know them. Electrons and not waves,
nor small balls, but quite sui generis entities.

6 Conclusions

We have argued in this work for a more open and multiple representation
of one of the most difficult issues of the 20th century Physics, Quantum
Mechanics, a revolutionary theory that still hides its true meaning for
practitioners and educators/students. The interpretation of QM issue is
a long-term one and is not likely to end soon.

The use of diagrams and graphs in Science is not new, as we pointed
out in the Introduction. However, in the form presented above, the di-
agrams are close to schemes or tools for identifying the various possible
interpretations of QM and, consequently, the specific barriers of its effec-
tive knowledge and meaning for each case.

Therefore, as a useful tool, we constructed a set of Conceptual Dia-
grams for QM Interpretations, flexible enough to be applied to any inter-
pretation of Quantum Mechanics, quite related in their essence to Venn’s
diagram of set theory. These have been shown explicitly for a (quite
trivial) Classical Physics case and nine popular interpretations of QM,
although there are many more proposals available which have not been
addressed here [23]. Although the diagrams do not immediately solve
any problem, their merging with the rest of cognitive tools may prove
important in the long run. In many senses they could be helpful as the
axiomatization of QM is (see, for example, [24], a tool to understand the
inconsistencies and fundamentals of the theory related to its many inter-
pretations put forward to make physical sense of it.

We are aware that this initial proposal must be examined in-depth,
refined and extended. Since understanding relies on diagrams as elements
entangled with mathematics, verbal language, graphics, and other tools,
we believe the issue of QM and its difficulties can be better grasped with
the aid of the presented Conceptual Diagrams. In the long run, it is hoped
that they may be merged with other aspects of QM exposition and study,
following the path of previous examples. Besides helping philosophers
and physicists, we believe that this tool would be particularly useful for
education and teaching.
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