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1 Introduction to the Current Volume 

The advent of quantum mechanics in physics was concomitant with the 
arrival of logical empiricism on the philosophical scene. While quantum 
mechanics quickly lead to philosophical speculation among physicists 
(which many scholars felt was metaphysical), logical positivism was a 
frontal assault on the deep seated tendency towards metaphysics in 
Western philosophical thought. However, the philosophical movement 
that grew out of Logical Empiricism – sometimes going by the name 
Anglo-Saxon philosophy but better know as analytic philosophy – “was 
subverted by reactionary forces. [...] And lo, even before mid-century, 
some of its ablest adherents began to make the world safe for 
metaphysics again” (van Fraassen, 2002, p. xviii). Thus, the possibility or 
impossibility of a metaphysical development of physics – a discussion 
which has taken place mainly within the analytic domain – remains at 
stake at the beginning of the 21st century. Contrary to that other 
revolution in physics, relativity theory, quantum mechanics was 
ambiguous with respect to metaphysics from the start. So even though 
metaphysics is again relevant in any domain of physics, including 



6 C. DE RONDE 

relativity theory, quantum mechanics – exactly because of its recalcitrant 
nature with respect to any kind of interpretation – remains an even more 
interesting locus for philosophical research into the nature of a 
contemporary metaphysics of science than relativity theory. From very 
different perspectives, this special issue is an attempt to address the 
metaphysical and anti-metaphysical stances of very different proposals 
regarding the interpretation of quantum mechanics.  

 The question of metaphysics in the context of quantum mechanics has 
– implicitly or explicitly – raised many questions and problems. In 
particular, the debate which took place between Einstein and Bohr 
regarding the interpretation of quantum mechanics reveals the tension 
present not only in the 20th century physics but also philosophy between 
two contrary stances. On the one hand, Einstein analyzed the conditions 
of possibility for physical experience and worried about the problem of 
reality, on the other, Bohr conceived a pragmatic scheme based on 
language and communicability. Einstein and Bohr took different stances 
in the analysis of the meaning of quantum mechanics and physics itself. 
These discussions, as exposed in the current volume, have not only 
continued but are still an important aspect of our present day analysis of 
quantum theory.  

In the volume at hand we have the honour to bring together some of 
the most distinguished physicists and philosophers which have 
contributed to the foundational understanding of quantum theory in the 
last decades. Diederik Aerts, a disciple of Josef-Maria Jauch and 
Constantin Piron, has continued with renovated strength the quantum 
logical developments of the Geneva School. Already in his Doctoral 
dissertation Aerts provided a new understanding of the meaning of 
separability in quantum systems (Aerts, 2002). The importance of his 
research is stressed by Bas van Fraassen in his book Quantum 
Mechanics: An Empiricist View: “The three main issues in the 
philosophical foundation of quantum mechanics are measurement, the 
‘paradoxes’ and the problem of identical particles. Each of these concerns 
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the composition of several systems – sometimes interacting and 
sometimes not – which is a subtle matter in quantum mechanics. Dirk 
Aerts very aptly sums up these issues as the problem of the One and the 
Many, which has here taken on a new form of life.” Michel Bitbol is one 
of the most important proponents of the neo-Kantian approach to 
quantum mechanics and continues a long tradition which goes back to 
Carl Friedrich von Weizsäcker, Pieter Mittelstaedt and Bernard 
D’Espagnat. Through his many publications and books – Mechanique 
Quantique, une introduction philosophique and L’auveglante Proximite 
du Reel –  Bitbol has been able to build a complex and interesting bridge 
between the ideas of Niels Bohr and Ludwig Wittgenstein, ideas which 
point in the direction of a new understanding of quantum mechanics in 
particular and of science in general. Dennis Dieks has been one of the 
leading figures together with Bas van Fraassen, Simon Kochen and 
Jeffrey Bub regarding the development of modal interpretations, maybe 
one of the most interesting and fruitful developments regarding the 
interpretation of quantum mechanics in the last decades. Alexei 
Grinbaum, has published important contributions in the logical 
development of quantum information and the epistemological 
understanding of quantum theory. He is also actively involved in the 
organization of many conferences and seminars in Continental Europe. 

2 The Contributed Papers 

Diederik Aerts advances in his paper beyond the Aristotelian based 
interpretation of Constantin Piron (1973; 1983) and into his own original 
metaphysical scheme for interpreting quantum mechanics. This attempt 
provides an interpretation based on the notion of potentiality and 
conceptuality. “The main hypothesis of this new interpretation is that 
quantum particles are entities interacting with matter conceptually, which 
means that pieces of matter function as interfaces for the conceptual 
content carried by the quantum particles.” Aerts also provides his own 
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interpretation of potentiality which is explained in terms of his well 
known example of “the vessels of water experiment” (Aerts, 1982; see 
also Christiaens et al., 2010). In this paper Aerts goes deeper into his own 
attempts (Aerts, 1983; 1985; 1993; 1998) to provide a metaphyscal 
account of physical reality based on a non-space like description of the 
quantum realm. This realistic interpretation is based on the notions of 
abstract concepts and concrete particles, giving rise to a new twist to the 
possible understanding of the relation between classical and quantum 
physics. Aerts provides an original interpretation turning upsideown the 
problem exposed through the linguistic turn, putting forward an 
ontological scheme for concepts and language itself. This scheme allows 
him to account for certain paradigmatic problems such as ‘measurement’, 
Schrödinger’s cat and ‘individuality’ of quantum particles. Aerts argues 
that: “There are various reasons why we believe we should try and look 
for new interpretations of quantum mechanics with the aim of finding 
explanations, including for such fundamental questions as ‘What is a 
quantum particle?’ ” And stresses the fact that: “young physicists and 
philosophers should be encouraged to do so.” In this sense Aerts 
continues a long tradition which goes back to Wolfgang Pauli, who 
considered “the most important and extremely difficult task of our time to 
work on the elaboration of a new idea of reality.”  

 Michel Bitbol presents in his paper “Reflective Metaphysics: 
Understanding Quantum Mechanics from a Kantian Standpoint” an 
attempt to engage the question of metaphysics within the neo-Kantian 
scheme. Already in the introduction we find the very interesting remark 
which shows the, sometimes unaknowledged, importance of metaphysics 
for the Kantian architectonic. Bitbol stresses that, according to Kant, 
metaphysics is the discipline of the boundaries of human knowledge and, 
although was clearly against dogmatic metaphysics, – which attempts to 
provide access to some suprasensible realm and finds its best exposure in 
the philosophy of Leibniz and Wolff – he was able to recognize at the 
same time the function of the metaphysical quest within human 
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knowledge itself – and  the regulative aspect of metaphysical notions. 
From this standpoint, in which metaphysics is understood as “reflective”, 
Bitbol discusses in this paper the possibility that “quantum mechanics 
might well require from us a complete redefinition of the nature and task 
of metaphysics”. Another interesting point addressed by Bitbol regards 
the clarification of “why it looks culturally so difficult to accept a 
reflective and non-ontological standpoint on physical theories.” Already 
in the introduction Bitbol presents a critical position towards the 
“necessity” of an ontological scheme for understanding quantum theory, 
and characterizes “the current state of philosophical research about 
quantum mechanics [as] a combination of (i) urgent need for pictures of 
what is allegedly ‘beyond’ the empirical domain, and (ii) persistent 
failure to gain general agreement about any such picture.” The strategy 
proposed by Bitbol is then to recall on Kant’s understanding of reflective 
metaphysics, in order to advance towrds the nature and task of quantum 
metaphysics itself and at the same time “dispel some alleged ‘paradoxes’ 
of quantum mechanics”. At this point Bitbol goes beyond Kant and 
adopts a pragmatic redefinition of the a priori – instead of the “purely 
intelectual” notion used by Kant in his Critique of Pure Reason. With 
these tools at hand Bitbol goes back to quantum mechanics and provides 
an analysis of some of the main interpretations together with their 
problems.  

The study of the modal character of quantum mechanics was explicitly 
formalized in the seventies and eighties by a group of physicists and 
philosophers of science. Bas van Fraassen was the first one to formally 
include the reasoning of modal logic in quantum mechanics. He presented 
a modal interpretation of quantum logic in terms of its semantic analysis 
(1973). Dennis Dieks was one of the leading reserachers in this field and 
provided a general scheme based on the bi-orthogonal (also called 
Schmidt) decomposition (Dieks, 1988a; 1988b; 1989). Regarless of its 
long history of now several decades, the meaning of possibility remains a 
controversial issue within the different proposals of the modal 
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interpretation (de Ronde, 2010). In this paper Dieks analyzes different 
metaphysical and anti-metaphysical possitions regarding the 
interpretation of modality. Although Dieks does not close completely the 
door to the development of a coherent metaphysical scheme which would 
allow us to understand possibility in “intuitive terms”, – as some kind of 
propensity or objective chance – he argues that “quantum mechanics 
gives us no special reason to believe in the actual existence of 
modalities”. Instead of an ontological interpretation of possibility, in this 
paper Dieks develops arguments in favor of a Humean interpretation of 
quantum mechanics which, he argues, has many advantages over 
metaphysically based schemes; e.g. propensity interpretations and modal 
realism. In particular, Dieks analyzes the physical interpretation of 
quantum superpositions and shows how a Humean scheme can also 
provide a coherent account of the quantum mechanical formalism. Dieks 
concludes that “The Humean view is a sober one: it recognizes only one 
world, namely our actual one. According to this view laws are 
descriptions of regularities exhibited by the events in the actual history of 
our universe.” And continues: “Modalities, like possibility and necessity, 
and counterfactual statements, are accordingly introduced a posteriori, as 
conceptual tools that enable us to deal theoretically with the actual world; 
they do not have an independent life of their own.”  

In his paper entitled On epistemological modesty, Alexei Grinbaum 
argues “against the claims that physical theories, e.g. quantum mechanics, 
favor any ontological statements on the nature of reality.” The 
methodological precept which guides this anti-ontological scheme in the 
reconstruction of physical theories from axioms runs as follows: “If the 
theory itself does not tell you that the states of the system (or any other 
variables) are ontic, then do not take them to be ontic.” In other words: 
“Epistemological modesty requires that one brackets his or her personal 
motives for the choice of first principles, which merely become axiomatic 
statements in the reconstruction of a given theory.” Grinbaum then 
advances into the discussion of the structural relationship between 
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physical entities and the theoretical assumptions involved within a 
physical theory. Recalling on the epistemological lesson of quantum 
mechanics regarding the necessity of the cut between the observer and the 
observed he provides a loop scheme in which “any particular theory is 
represented by cutting the loop at some point and thus separating the 
target object of the theory from the theory’s presuppositions. Due to the 
necessity of the cut, it is impossible to give a theoretical description of 
the loop as a whole. Now, when the position of the cut is fixed, some 
elements of the loop are treated as objects of the theory, while other 
elements fall into the domain of meta-theory.” In this way Grinbaum is 
able to account for the relation between physical theories. “Different 
theories do not form a pyramid which is reduced to yet more and more 
fundamental theories with ‘stronger postulates’; on the contrary, for the 
purposes of each theory, a part of the loop must be taken as a given, and 
the relation between theories is the one of mutual illumination rather than 
that of reduction.” Einstein’s plea for “stronger postulates” becomes then 
a mere epistemological illusion. 

The number of interpretations of quantum mechanics has kept 
growing in the last decades with many different attempts to “make sense” 
of the theory. In such schemes the questions related to the possibility of 
providing a “metaphysically tenable interpretation” have been extensively 
discussed. In the realm of the quantum, we could summarize this 
discussion in two main groups of interpretations, those which begin “right 
from the start” from metaphysical presuppositions and those which tend 
to begin “right from the start” with the analysis of the orthodox quantum 
formalism itself, its symmetries and invariances. Also, within the modal 
interpretation, this question has been addressed on many occasions and 
while some versions take metaphysical presuppositions as the very 
starting point of departure of their analysis others present a much more 
agnostic position regarding metaphysical principles (Dieks, 1988b; van 
Fraassen, 1991; Bub, 1992; Clifton, 1996; Bacciagaluppi and Dickson, 
1997; Vermaas, 1999). In my own contribution to this volume I discuss 
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and analyze some of these positions within the modal interpretation and 
provide arguments for a stance regarding the metaphysical possibilities of 
the modal interpretation. 

We hope that this volume contributes to the ongoing discussion 
regarding the interpretation of quantum mechanics and its relation to 
metaphysics. 
  

Center Leo Apostel and Foundations of  the Exact Sciences  
Brussels Free University 

Email: cderonde@vub.ac.be 

 

REFERENCES 

Aerts, D., 1982, “Example of a macroscopical situation that violates Bell 
inequalities”, Letters Nuovo Cimento, 34, 107-111. 

Aerts, D., 1983, “The description of one and many physical systems”, In 
Foundations of Quantum Mechanics, 63-148, C. Gruber (Ed.), Lau-
sanne. 

Aerts, D., 1985, “The physical origin of the Einstein Podolsky Rosen 
paradox”, In Open Questions in Quantum Physics: Invited Papers on 
the Foundations of Microphysics, 33-50, G. Tarozzi and A. van der 
Merwe (Eds.), Kluwer Academic, Dordrecht. 

Aerts, D., 1993, De Muze van het Leven: quantum mechanica en de aard 
van de werkelijkheid, Pelckman, Kapellen. 

Aerts, D., 1998, “The entity and modern physics: the creation-discovery 
view of reality”, In Interpreting Bodies: Classical and Quantum Ob-
jects in Modern Physics, E. Castellani (Ed.), Princeton University 
Press, Princeton. 

Bacciagaluppi, G. and Dickson, W.M., 1997, “Dynamics for Density 
Operator Interpretations of Quantum Theory”, Archive ref and link: 
quantph/9711048. 

Bitbol, M., 1997, Mechanique Quantique, une introduction 
philosophique, Champs Flamarion, Paris. 



METAPHYSICAL ISSUES IN QUANTUM MECHANICS 13 

Bitbol, M., 1998, “Some steps towards a trascendental deduction of quan-
tum mechanics”, Philosophia Naturalis, 35, 253-280.  

Bitbol, M., 1998, L’auveglante Proximite du Reel, Champs Flamarion, 
Paris. 

Bub, J., 1992, “Quantum Mechanics Without the Projection Postulate”, 
Foundations of Physics, 22, 737-754. 

Christiaens, W., de Ronde, C., D’Hooghe, B. and Holik, F., 2010, “Some 
Remarks on the Notion of Separability within the Creation Discovery 
View”, International Journal of Theoretical Physics, in press. 

Clifton, R. K., 1996, “The Properties of Modal Interpretations of Quan-
tum Mechanics”, British Journal for the Philosophy of Science, 47, 
371-398. 

Grinbaum, A., 2003, “Elements of information-theoretic derivation of the 
formalism of quantum theory”, International Journal of Quantum In-
formation, 1, 289–300. 

Grinbaum, A., 2005, “Information-theoretic principle entails orthomodu-
larity of a lattice”, Foundations of Physics Letters, 18,  573-592. 

Grinbaum, A., 2007, “Reconstructing instead of interpreting quantum 
theory”, Philosophy of Science, 74, 761-774. 

Dieks, D., 1988a, “The Formalism of Quantum Theory: An Objective 
description of reality”, Annalen der Physik, 7, 174-190. 

Dieks, D., 1988b, “Quantum Mechanics and Realism”, Conceptus XXII, 
57, 31-47. 

Dieks, D., 1989, “Quantum Mechanics Without the Projection Postulate 
and Its Realistic Interpretation”, Foundations of Physics, 19, 1397-
1423. 

Dieks, D., 2007, “Probability in the modal interpretations of quantum 
mechanics”, Studies in History and Philosophy of Modern Physics, 
38, 292-310.  

Piron, C., 1976, Foundations of Quantum Physics, W.A. Benjamin Inc., 
Massachusetts. 

Piron, C., 1983, “Le realisme en physique quantique: une approche selon 
Aristote”, In The concept of physical reality: Proceedings of a con-
ference organized by the Interdisciplinary Research Group, Universi-
ty of Athens. 

de Ronde, C., 2010, The Contextual and Modal Character of Quantum 
Mechanics, Doctoral disertation. 



14 C. DE RONDE 

Van Fraassen, B. C., 1973, “Semantic Analysis of Quantum Logic”, In 
Contemporary Research in the Foundations and Philosophy of Quan-
tum Theory, 80-113, C. A. Hooker (Ed.), Reidel, Dordrecht. 

Van Fraassen, B., 1991, Quantum Mechanics: An Empiricist View, Clar-
endon Press, Oxford. 

Van Fraassen, B., 2002, The Empirical Stance, Yale, Yale University 
Press. 

Vermaas, P. E., 1999, A Philosophers Understanding of Quantum Me-
chanics, Cambridge University Press, Cambridge. 

 
 
 
 


