
    

The Philosophy of Science in a European Perspective

New Challenges 
to Philosophy 
of Science

Hanne Andersen · Dennis Dieks
Wenceslao J. Gonzalez · Thomas Uebel
Gregory Wheeler Editors



NEW CHALLENGES TO PHILOSOPHY OF SCIENCE

[THE PHILOSOPHY OF SCIENCE IN A EUROPEAN PERSPECTIVE, VOL. 4]



Steering Committee

Maria Carla Galavotti, University of Bologna, Italy (Chair)
Diderik Batens, University of Ghent, Belgium

Claude Debru, École Normale Supérieure, France
Javier Echeverria, Consejo Superior de Investigaciones 

Cienti cas, Spain
Michael Esfeld, University of Lausanne, Switzerland

Jan Faye, University of Copenhagen, Denmark
Olav Gjelsvik, University of Oslo, Norway

Theo Kuipers, University of Groningen, The Netherlands
Ladislav Kvasz, Comenius University, Slovak Republic

Adrian Miroiu, National School of Political Studies and Public 
Administration, Romania

Ilkka Niiniluoto, University of Helsinki, Finland
Tomasz Placek, Jagiellonian University, Poland
Demetris Portides, University of Cyprus, Cyprus
Wlodek Rabinowicz, Lund University, Sweden

Miklós Rédei, London School of Economics, United Kingdom (Co-Chair)
Friedrich Stadler, University of Vienna and Institute Vienna Circle, Austria

Gregory Wheeler, New University of Lisbon, FCT, Portugal
Gereon Wolters, University of Konstanz, Germany (Co-Chair)

www.pse-esf.org

Proceedings of the ESF Research Networking Programme

THE PHILOSOPHY OF SCIENCE IN A
EUROPEAN PERSPECTIVE

Volume 4



Gregory Wheeler
Editors

New Challenges  
to Philosophy of Science



Editors
Hanne Andersen
Center for Science Studies
Aarhus University
Denmark

Wenceslao J. Gonzalez
Faculty of Humanities
University of A Coruña 
Ferrol, Spain

Gregory Wheeler
Centre for Artificial Intelligence 

(CENTRIA)
Department of Computer Science
New University of Lisbon
Portugal

Department of Philosophy
Carnegie Mellon University
Pittsburgh, PA, USA

Dennis Dieks
Institute for History and Foundations  

of Science
Utrecht University
The Netherlands

Thomas Uebel
Philosophy School of Social Science
The University of Manchester
United Kingdom 

ISBN 978-94-007-5844-5    ISBN 978-94-007-5845-2 (eBook)
DOI 10.1007/978-94-007-5845-2
Springer Dordrecht Heidelberg New York London

Library of Congress Control Number: 2013935949

© Springer Science+Business Media Dordrecht 2013
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, 
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission or 
information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar 
methodology now known or hereafter developed. Exempted from this legal reservation are brief 
excerpts in connection with reviews or scholarly analysis or material supplied specifically for the 
purpose of being entered and executed on a computer system, for exclusive use by the purchaser of the 
work. Duplication of this publication or parts thereof is permitted only under the provisions of the 
Copyright Law of the Publisher’s location, in its current version, and permission for use must always 
be obtained from Springer. Permissions for use may be obtained through RightsLink at the Copyright 
Clearance Center. Violations are liable to prosecution under the respective Copyright Law.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specific statement, that such names are exempt 
from the relevant protective laws and regulations and therefore free for general use.
While the advice and information in this book are believed to be true and accurate at the date of 
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for 
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with 
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)

www.springer.com


TABLE OF CONTENTS

WENCESLAO J. GONZALEZ, From the Sciences that Philosophy Has “Neglected” 
to the New Challenges  .............................................................................. 1

Teams A and  The Philosoph  of Computer Science and Arti cial 
Intelligence
JESSE ALAMA AND REINHARD KAHLE, Computing with Mathematical  

Arguments .................................................................................................. 9
DENNIS DIEKS  

versus Macro  ............................................................................................  23
LUCIANO FLORIDI, A Defence of the Principle of Information Closure 

against the Sceptical Objection  ................................................................  35
HECTOR FREYTES, ANTONIO LEDDA, GIUSEPPE SERGIOLI AND ROBERTO GIUNTINI, 

Probabilistic Logics in Quantum Computation  ........................................  49
ALEXEI GRINBAUM, Quantum Observer, Information Theory 

and Kolmogorov Complexity .................................................................... 59
LEON HORSTEN,  ..................................................... 73
ULRIKE POMPE, The Value of Computer Science for Brain Research ............... 87
SAM SANDERS, On Algorithm and Robustness in a Non-standard Sense  ......... 99
FRANCISCO C. SANTOS AND JORGE M. PACHECO, Behavioral  

Dynamics under Climate Change Dilemmas  .......................................... 113
SONJA SMETS, Reasoning about Quantum Actions:  

A Logician’s Perspective ..........................................................................  125
, Branching Space-Times and Parallel Processing ............... 135

Team B: Philosophy of Systems Biology
GABRIELE GRAMELSBERGER  ................ 151
TARJA KNUUTTILA AND ANDREA LOETTGERS, Synthetic Biology  

 
Synthetic Modeling, and Integration  ....................................................... 163

ANDERS STRAND AND GRY OFTEDAL, Causation and Counterfactual  
Dependence in Robust Biological Systems ............................................. 179

MELINDA BONNIE FAGAN, Experimenting Communities in Stem  
Cell Biology: Exemplars and Interdisciplinarity ..................................... 195

WILLIAM BECHTEL, From Molecules to Networks: Adoption of Systems 
Approaches in Circadian Rhythm Research  ........................................... 211

v



vi Table of Contents

OLAF WOLKENHAUER AND JAN-HENDRIK HOFMEYR, Interdisciplinarity as both 
Necessity and Hurdle for Progress in the Life Sciences  ........................  225

Team C: The Sciences of the Arti cial s. the Cultural  
and Social Sciences
AMPARO GÓMEZ

Interpretivism and “A Third Way”  .........................................................  239
DEMETRIS PORTIDES, Idealization in Economics Modeling  ............................  253
ILKKA NIINILUOTO, On the Philosophy of Applied Social Sciences ................  265
ARTO SIITONEN

Digitalization  ..........................................................................................  275
PAOLO GARBOLINO  ..........................  287
WENCESLAO J. GONZALEZ, The Sciences of Design as Sciences  

of Complexity: The Dynamic Trait .........................................................  299
SUBRATA DASGUPTA, Epistemic Complexity and the Sciences  

 .......................................................................................  313
MARÍA JOSÉ ARROJO, Communication Sciences as Sciences of the  

 .................  325

Team E: The Philosophy of the Sciences that Recei ed Philosophy  
of Science Neglected: Historical Perspecti e
ELISABETH NEMETH, The Philosophy of the “Other Austrian Economics” ......   339
VERONIKA HOFER, Philosophy of Biology in Early Logical Empiricism ........  351
JULIE ZAHLE, Participant Observation and Objectivity in Anthropology  .......  365
JEAN-MARC DROUIN, Three Philosophical Approaches to Entomology  .........  377
ANASTASIOS BRENNER AND FRANÇOIS HENN, Chemistry and French  

Philosophy of Science. A Comparison of Historical  
and Contemporary Views ........................................................................  387

CRISTINA CHIMISSO, The Life Sciences and French Philosophy  
of Science: Georges Canguilhem on Norms  ..........................................  399

MASSIMO FERRARI, Neglected History: Giulio Preti, the Italian  
Philosophy of Science, and the Neo-Kantian Tradition  .........................  411

THOMAS MORMANN, Topology as an Issue for History  
of Philosophy of Science  .........................................................................  423

GRAHAM STEVENS, Philosophy, Linguistics, and the  
Philosophy of Linguistics  .......................................................................  435



Table of Contents vii

PSE Symposium at EPSA 2011: New Challenges to Philosophy  
of Science

OLAV GJELSVIK, Philosophy as Interdisciplinary Research  ............................  447
THEO A. F. KUIPERS, Philosophy of Design Research  ....................................  457
RAFFAELLA CAMPANER, Philosophy of Medicine and Model Design  ..............  467
ROMAN FRIGG, SEAMUS BRADLEY, REASON L. MACHETE AND LEONARD  

A. SMITH, Probabilistic Forecasting: Why Model  
Imperfection Is a Poison Pill  ..................................................................  479

DANIEL ANDLER, Dissensus in Science as a Fact and as a Norm  ...................  493

Index of Names  .............................................................................................  507



1

WENCESLAO J. GONZALEZ

FROM THE SCIENCES THAT PHILOSOPHY HAS “NEGLECTED”
TO THE NEW CHALLENGES

This fourth volume of the Programme “The Philosophy of Science in a European 
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Teams A and D
The Philosophy of Computer Science



JESSE ALAMA AND REINHARD KAHLE

COMPUTING WITH MATHEMATICAL ARGUMENTS

ABSTRACT

Thanks to developments in the last few decades in mathematical logic and com-
puter science, it has now become possible to formalize non-trivial mathematical
proofs in essentially complete detail. We discuss the philosophical problems and
prospects for such formalization enterprises. We show how some perennial philo-
sophical topics and problems in epistemology, philosophy of science, and philoso-
phy of mathematics can be seen in the practice of formalizing mathematical proofs.

Keywords. Epistemic justification, mathematics, formal proof, inferential-
ism, philosophy of mathematics

1. INTERACTIVELY FORMALIZING MATHEMATICAL ARGUMENTS

Some of the earliest research in artificial intelligence and computer science was
on the formalization of mathematical arguments, specifically, the task of using
computers to search autonomously for formal proofs of mathematical claims, for
example, by H. Wang (Wang 1960). Wang’s groundbreaking research led to auto-
matically found proofs of many theorems of Principia Mathematica. Commenting
on this work in 1960, Wang envisions the birth of a new branch of logic:

The time is ripe for a new branch of applied logic which may be called “inferential” analysis,
which treats proofs as numerical analysis does calculations. This discipline seems capable,
in the not too remote future, of leading to machine proofs of difficult new theorems. An
easier preparatory task is to use machines to formalize proofs of known theorems.

Wang distinguishes between the automated search for genuinely new mathe-
matical results from the formalization of known theorems. The former is known
as proof search and the second as proof check. Proof search suffers from well-
known complexity and undecidability problems. On the other hand, although it
might be very hard to find a proof, to check a proof for correctness is, in gen-
eral, not as complex. In this paper we are interested in this second practice, the
formalization and verification of known results. Such work, we urge, provides a
fascinating glimpse into (a crystallized form of) mathematical practice, and offers
the philosopher of science or mathematics a variety of problems and results. We

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,
The Philosophy of Science in a European Perspective 4,
DOI 10.1007/978-94-007-5845-2 2, © Springer Science+Business Media Dordrecht 2013
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10 Jesse Alama and Reinhard Kahle

begin with a background of the relevant technology (Section 2) and then delve into
three problems raised by the contemporary practice of formalizing mathematical
proofs. Section 3 has two parts. Section 3.1 sketches a problem of indeterminacy
of content, stemming from the inferentialism to which proof-checking binds us.
Section 3.2 discusses a problem of epistemic regress: how do we check the proof
checker? Since we are either unable or unwilling to provide proofs in utterly com-
plete logical detail, we want (or need) to leave some inferences to the computer in
the sense that it autonomously searches for a deduction from the assumptions in
play to the desired conclusion. But we generally want our proofs to have explana-
tory value, so we often do not want to completely delegate to the computer the
task of filling in gaps, because it can often produce inscrutable (though logically
correct) proofs or correctly declare, without proof, that a certain non-trivial infer-
ence is correct. Which inferences, then, are obvious (safely left to a computer),
and which non-obvious? Section 4 takes up this problem in detail. Our aim is
that the reader with a sympathy towards or interest in logic and mathematics, with
philosophical sensitivities, will be interested to find some tantalizing philosophical
problems awaiting him in this field of contemporary computer science.

2. PROOF-CHECKING TECHNOLOGY

Mathematical practice raises a number of problems for those interested in argu-
mentation. One important characteristic of mathematical argumentation in its in-
principle formalizability. Every mathematical proof, it is said, could be formalized
in such a way that, starting from, say, axioms of set theory, one can develop the
required background concepts and any needed intermediate lemmas all the way to
the target theorem.

We have known since at least Frege about in-principle formalizability of math-
ematical proofs, but it is safe to say that mathematicians do not in fact carry out
their arguments formally, in the logician’s sense of the term. An obvious rejoinder
to the in-principle formalizability of mathematical arguments is that formalized
arguments are simply far too large; only for logically trivial propositions can we
give a surveyable, practical formalization. If one has some experience with any
of the major proof formalisms now available (Hilbert-style proofs, sequent calculi,
or natural deduction in various forms) is is apparent that no one would want to
actually go through with the details of formalizing, say, the proof that there are in-
finitely many primes starting from, say, the axioms of set theory, working entirely
in, say, a Fitch-style natural deduction formalism. Whatever the merits of formal-
ization, it seems that we need to rest content with in-principle formalizability.

In his Proofs and Refutations (1976), I. Lakatos puts the problem thus:

According to formalists, mathematics is identical with formalized mathematics. But what
can one discover in a formalized theory? Two sorts of things. First, one can discover the
solution to problems which a suitably programmed Turing machine could solve in a finite
time (such as: is a certain alleged proof a proof or not?). No mathematician is interested
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in following out the dreary mechanical ’method’ prescribed by such decision procedures.
Secondly, one can discover the solutions to problems (such as: is a certain formula in a
non-decidable theory a theorem or not?), where one can be guided by only by the ’method’
of ’unregimented insight and good fortune’.

Developments in mathematical logic and computer science in last 25 years or
so have, however, helped to make in-principle formalizability a reality. In-practice
formalizability is achieved not by skirting the barriers of complexity (some proofs,
if written out completely formally, are shockingly large (Orevkov 1993 and Boo-
los 1984)) or undecidability (validity of arbitrary first-order formulas is not com-
putable (Cutland 1980)), but by designing suitable proof languages to assist in the
construction of formal proofs. The idea is that we specify not all, but some steps
of a proof, and leave it to a computer to traverse for itself the gaps. Rather than
giving a complete proof, we trace or sketch a path through a proof and leave cer-
tain logical steps to a computer to fill. This is the principle activity of interactive
theorem proving. Man and machine cooperate to construct a goal that, in general,
neither could accomplish on its own.

A number of interactive theorem provers are thriving. Some of the major ones
include Coq1, Mizar2, Isabelle3, HOL44, HOL light5, HOL Zero6, and Matita7,
among numerous others. These systems take varying approaches toward repre-
senting mathematical arguments. Their underlying logics and motivations differ
(some are weak, others strong), and the formats in which proofs are written differs
as well.

A conventional distinction separates imperative from declarative proof styles.
In the imperative proof style, one proves a theorem by putting forward instructions
which, if followed, transform the statement to be proved, which is not immediately
acceptable, into other statements that are immediately acceptable. One can do this
in a forward (proceeding from the statement to be proved toward acceptable state-
ments) or backward manner (proceeding from acceptable statements toward the
thesis to be proved). In the imperative proof style, what one supplies to the inter-
active theorem prover is not, per se, a proof, but rather a program which says how
to construct a proof, without actually supplying it. In the declarative proof style,
one does in fact give a proof by writing it down and giving the proof (possibly with
gaps in it) to the interactive theorem prover to check.

No matter the style of proof, one can view a formal proof in most interactive
theorem provers as a structure that specifies how claims of the argument are justi-
fied by various moves. We begin with an initial thesis, and then make inferential

1 http://coq.inria.fr/
2 http://mizar.org
3 http://www.cl.cam.ac.uk/research/hvg/isabelle/
4 http://hol.sourceforge.net/
5 http://www.cl.cam.ac.uk/ jrh13/hol-light/
6 http://proof-technologies.com/holzero.html
7 http://matita.cs.unibo.it/
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moves from it, making in turn additional claims. Each step we make transforms the
thesis (and possibly introduces new theses) into a different claim. The argument
can be said to be successful if all our steps are the result of sound applications
of rules of inference and the thesis to be proved at the end of the argument is
acceptable.

3. PROBLEMS FOR FORMAL PROOFS

The practice of formalizing mathematical arguments, although a rather narrow ac-
tivity, nonetheless illustrates various philosophical problems. In this section we
briefly discuss two such problems. One is a problem of indeterminacy of the con-
tent of formalized mathematical propositions. The second is a epistemic regress
problem. In the next section we discuss a third problem, on the concept of obvi-
ousness, in greater detail.

3.1 Inferentialism, indeterminacy of content

One can see the practice of theorem proving as a exemplar of inferentialism. One
clearly sees this, in the development of formal theories and proofs, by the need
to prove certain claims, given others. The computer acts as an impartial judge
of the correctness of one’s purported inferences.8 In developing a formal theory
with an interactive or automated theorem prover – developing a formal language,
stating definitions, and proving theorems – the meaning of one’s statements, in this
context, consists only in their inferential relationships.

Despite the successes in automated reasoning – faster, more efficient algo-
rithms, new and improved decision procedures – and technical advances that make
computers ever more powerful, the technology still keeps us far from “computable
inferentialism”, by which we understand that a computer can simply decide,
quickly, whether statements that we’re interested are logical consequences of theo-
ries that we’re interested in. Practitioners in this kind of computational philosophy
know well the battery of problems that arise in this setting:

• Did we really get the definitions right?

It can often happen, in the course of developing a theory formally, that one
can get definitions wrong. Of course, in some sense, definitions cannot be

8 We should be clear that no computer can act as a “complete” arbiter of questions like
these in the sense that it could correctly answer arbitrary questions of the form: “Is
the sentence φ a logical consequence of the set � of assumptions?” For some notions
of logical consequence, such as classical propositional logic, the logical consequence
relation is, of course, decidable. The standard notion of first-order logical consequence,
though, is, however, undecidable. Some theories expressed in the language of first-
order logic are decidable, but most theories of foundational interest, such as Peano
Arithmetic or Zermelo-Fraenkel set theory, are themselves undecidable.
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wrong. But we can fail to express a definition correctly. Can you spot the
error in this definition of prime number in the Mizar language?9

definition
let p be Nat;
attr
p is prime

means
p > 0
& for n being Nat st n divides p holds

n = 1 or n = p;

• Are the theorems correctly expressed?

This problem is similar to the problem about definitions. Here, the prob-
lem is that we might not know what we are proving, in the sense that we
may not know the consequences of our definitions. According to the pre-
vious definition of prime number, many statements about prime numbers
are still valid, and even formally provable, such as the theorem that 2 is a
prime number, the theorem that if p and q are distinct primes, then p and
q are relatively prime (that is, share no common factor), and even the the-
orem that every natural number greater than 1 has a prime divisor, which
is a lemma toward the proof of the fundamental theorem of arithmetic. It
seems that in the formal setting, where the meaning of propositions is their
inferential relationships among one another, there are situations where what
we are proving is diverging from what we intend to prove. (One would run
into trouble with the flawed notion of prime number when it comes time to
actually the fundamental theorem of arithmetic because the statement of the
theorem is false according to the flawed definition of prime number.)

• Among multiple candidates for developing a theory/defining a concept/for-
mulating a theorem, which should we choose?

Consider, for example, the real number π . One can define it as the ratio
of the circumference of a circle to its diameter. This definition implicitly
requires that the ratio is the same, for all circles, which is not entirely triv-
ial. Alternatively, one could define π as the real number x in the interval
[0, 4] for which tan(x/4) = 1.10 In this case, one has to of course define
the tangent function. What is the tangent function? One could define it in

9 According to this definition, the number 1 is a prime number, which is not correct. We
may repair the definition by replacing the constraint that p be positive (p > 0) with
the condition that p be greater than 1 (p > 1).

10 This is in fact how it is defined in the Mizar Mathematical Library, the collec-
tion of mathematical knowledge that has been formalized in the Mizar system. See
http://mizar.org/version/current/html/sin cos.html.
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terms of circles in the real plane. Alternatively, one could define the tangent
function using complex analysis (as is done by Mizar) and use the Taylor
expansion of the exponential function. In light of these alternatives, what,
then is the real definition of π? There seems to be no definitive answer, of
course. From a certain perspective we can see that the various approaches
are “equivalent”. We may be able to reconstruct these equivalences, even in
a formalized setting. But the problem remains that one must choose an ini-
tial definition from among the various alternatives. If anything motivates the
choice of an initial definition, it is convenience, and not a “true” expression
of a concept.

We thus see various forms of indeterminacy in formal mathematics. The source
of the indeterminacy seems to be rooted in the fact that, when working with an
interactive theorem prover, the meaning of propositions consists, in general, of
their inferential roles among each other. We don’t know the meaning of our formal
assertions until we have drawn out consequences, and even then, it seems that we
lack a criterion by which we would know that we have drawn out enough conse-
quences that we can rest content that we have a full understanding of the meaning
of our definitions and theorems. For there can be derivable statements that express
unacceptable propositions, and just as well can there be underivable statements
that ought to be derivable.

For lack of space we cannot delve into the various forms of indeterminacy
manifested in the practice of formalizing arguments. In the next subsection (3.2),
we focus on the issue of regress and trust and then turn, in Section 4 to the problem
of what counts as an obvious inference.

3.2 Regress

The principle activity of interactive theorem proving is to formalize a preexisting
mathematical argument. At the end of one’s work, the result is a formalization
of the argument that is completely accepted in all detail by the interactive theorem
prover. One can view the theorem prover as a neutral third party that can sign off on
the logical correctness of an argument. Does this show that one’s argument is really
correct? In the previous section we discussed an indeterminacy that mitigates the
correctness judgment of a theorem prover.

But even if we accept that all axioms and all lemmas and all theorems are cor-
rect, there remains a further problem: how do we check the checker? It would seem
that we have on our hands a regress. We want to know that our proof is completely
correct, but it seems that we cannot accept its correctness without accepting the
correctness of the checker.

The judgment of the interactive prover is fallible. We know all too well that
most computer programs of any substance suffer from errors (bugs). Interactive
theorem provers are no exception. This is as known as it is unavoidable. One guid-
ing design principle among some (but not all) interactive theorem provers the so-
called small kernel principle, whereby the size of the interactive theorem prover
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(as a computer program) is kept as small as possible. Such an approach does not
eliminate the possibility of bugs, but it focuses the possible locations of bugs to
a small range. The foundations of the HOL light interactive theorem prover, for
example, are very small – about 500 lines, compared to millions of lines of code
for other substantial computer programs. Any error in HOL light’s foundations
would be traced to that small kernel. Hales writes (Hales 2008):

Since the kernel [of HOL light] is so small, it can be checked on many different levels. The
code has been written in a friendly programming style for the benefit of a human audience.
The source code is available for public scrutiny. Indeed, the code has been studied by emi-
nent logicians. By design, the mathematical system is spartan and clean. The computer code
has these same attributes. A powerful type-checking mechanism within the programming
language [in which HOL light is programmed] prevents a user from creating a theorem by
any means except through this small fixed kernel. Through type-checking, soundness is
ensured, even after a large community of users contributes further theorems and computer
code.

These features of HOL light by no means guarantee that all theorems proved with
it are superlatively correct, but it does give us good reason to believe in their cor-
rectness, enough that we need not be distracted by our epistemological worries.

Another way to deal with the regress is to translate the results of one interactive
theorem prover into some new context and attempt to re-verify the results there.
This has already been done in various ways. One noteworthy endeavor (Urban and
Sutcliffe 2008) has been the translation of proofs in the Mizar formalism – which
one can view as a kind of multi-sorted first-order logic with some mild extensions
– into pure, one-sorted first-order logic. The task is then to verify these translated
proofs using tools independent of Mizar. This effort was quite successful (more
than 99% of the steps of Mizar proofs can be reverified using an independent
automated theorem prover; the missing fraction of unverified steps are due not to
an error in the Mizar interactive theorem prover but rather in the translation). As
before, such translation and cross-verification successes do not prove that Mizar
proofs are wholly correct, but it does give us reason to believe in them, if we had
doubts.

4. WHAT COUNTS AS “OBVIOUS”?

In this section we discuss the problem of delimiting what proofs are acceptable
from those that are unacceptable (though logically sound).

An enduring problem of the field of interactive theorem proving is to draw
a line between inferences that are accepted without proof from those that require
further elaboration. One must balance, on the one hand, the desire for possessing
explicit argumentation against, on the other hand, the desire for not wanting to go
too deep into tedious logical details. If we insist on doing everything ourselves,
then we miss an opportunity to take advantage of the power of automated reason-
ing systems. At the other extreme, if we leave as much as possible to the auto-
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mated reasoning system, we may very well be disappointed by its results: strange,
“inhuman” patterns of reasoning, excessively long proofs, or surprising outright
judgments of validity – “yes, the desired conclusion φ is a logical consequence of
the set � of assumptions currently in play” – that are explanatorily unsatisfactory.
So we delegate some reasoning tasks to the interactive theorem prover. Despite
their limitations, theorem provers can, at times, find proofs (or disproofs) of sur-
prisingly difficult inferences. Although we might be impressed with the power of
the theorem prover, we might wish to reject such cases of “deep” mechanically dis-
covered formal proofs because they undermine the goal of understanding precisely
how an informal proof works.

To put the problem another way, what we want out of a formal proof is an ex-
planation for why the theorem of interest follows from our background knowledge.
We are happy to accept some inferences without further explanation, such as

{4 is odd, 5 is odd} � 4 is odd ∨ 5 is odd,

but other inferences, such as

ZFC � There exist infinitely many prime numbers,

ought to come with an explanation.11 Which mathematical inferences, then, re-
quire explanation, and which do not? If we identify “obviousness” with “not re-
quiring explanation”, the problem then is: which inferences are obvious?

Is the concept of obviousness clearly delimited? We may need to parameterize
it. What counts as obvious to one person at one time might not count as obvious
to the same person at a different time, and it might not be obvious to a different
person at the same time. Part of the training in mathematics (and other fields,
for that matter) is learning to judge certain things as obvious, even though they
don’t appear at first sight to be so. A teacher might insist to a student (despite his
objections) that a certain theorem is obvious, from a certain perspective, to help
acclimatize the student to a certain mathematical field.

The concept of obviousness has various dimensions–logical, rhetorical, epis-
temological, even social. Despite the vagueness of the concept of obviousness,
those who design interactive theorem provers generally need to take a stand on the
issue because of the need to delimit those inferences that they will accept from
those that they will reject as not sufficiently obvious.

Let us take one important case, the case of the Mizar interactive theorem
prover (Grabowski et al. 2010). Mizar is based on classical first-order logic and
set theory and uses a natural deduction-style proof language. The body of math-
ematical knowledge that has been formalized so far in Mizar is quite substantial:
it contains more than 50,000 theorems and 10,000 definitions covering essentially
an entire undergraduate mathematics curriculum, and more.

11 ZFC is Zermelo-Fraenkel set theory with the axiom of choice.
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The notion of “obvious” for Mizar is grounded in a proposal due to M. Davis
(Davis 1981 and Rudnicki 1987).12 Davis offered his proposal in the context of a
natural deduction project at Stanford. Natural deduction arguments à la Gentzen,
Fitch, or Suppes (as with any serious proof formalism) can be rather tedious. Davis
saw that the heart of an informal argument is often obscured or diffused if one
adheres strictly to the requirements of the formalism. In formal contexts one wants
a rule of inference that would allow one to dispense with certain tedious details.
What is wanted is a rule of inference that would allow one to draw a conclusion in
one step that, if one were to adhere strictly to the requirements of the formalism,
would take many steps (and possibly involve new subproofs). Here is Davis’s
definition (slightly reformulated):

Definition 1 A logical formula φ is an obvious logical consequence of assump-
tions � if there is a proof of φ from � that in which each quantified formula of �

is instantiated at most once.

According to this definition, to draw an obvious logical inference, it is forbidden
to use multiple instances of quantified formulas in �. One can elect to choose no
quantified formulas in � at all, so Davis’s concept of obvious inference is a gen-
eralization of arbitrary classical propositional logical consequence.13 If one does
choose a quantified formula α in �, one then chooses an instance α∗ of α by plug-
ging in terms for the outermost universally quantified formulas of α. The task is
then to formally derive φ from � and the instances α∗

n , . . . using only propositional
logic.

The notion of obvious logical inference, as defined by Davis, clearly does
not characterize how we use the vague term “obvious” in the ordinary discourse.
Still, Davis has offered a valuable proposal because of its conceptual simplicity
and practical efficiency. In general, if we have some quantified formulas � and
a conclusion φ, deciding which instances of formulas in � to choose can quickly
lead to a vast number of possibilities, if there are function symbols in the language.
Davis’s proposal limits the search for instances: choose (at most) one. When a
conclusion φ is not an obvious logical consequence of background assumptions
�, then the inference is “too complicated” to be checked by a machine, and the
human formalizer needs to supply more information.

Davis’s concept of obviousness can be parameterized. Let us call an inference
of the statement φ from premises � k-obvious if φ is propositional consequence of
� and at most k instances of universal formulas in �. Davis’s concept of obvious-
ness now coincides with the notion of 1-obviousness. The notion of 0-obvious just

12 The actual implementation of the notion of obviousness in Mizar diverges somewhat
from the definition that we are about to take up. Nonetheless, the notion we are about
to define is the main feature of the actual, implemented notion of obviousness in Mizar.

13 One might object to Davis’s proposal at this point because arbitrary classical proposi-
tional reasoning is known to be an NP-complete problem. In other words, all tautolo-
gies are deemed obvious by Davis’s notion. We do not take up the problem of whether
this fact conflicts with our ordinary notion of “obvious”.
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means that no first-order reasoning is involved (formulas starting with universal
and existential quantifiers are regarded as unanalyzed atomic formulas). What is
the difference between 1-obviousness and 2-obviousness? Consider the following
example:14

reserve X, Y, Z for set;

LemmaOne: X c= Y & Y c= Z implies X c= Z;

LemmaTwo: X c= X \/ Y;

LemmaThree: X c= Y implies X \/ Z c= Y \/ Z;

theorem
X c= Y implies X c= Z \/ Y
proof
assume X c= Y;
then A1: Z \/ X c= Z \/ Y by LemmaThree;
X c= Z \/ X by LemmaTwo;
hence X c= Z \/ Y by A1, LemmaOne;

end;

This is a piece of Mizar proof text with five parts. We will now explain each
part.

The first line says that, in what follows, the variables X, Y, and Z are to be
understood as universally quantified, and will be sets. The next three statements
are background lemmas (assigned the labels Lemma1, Lemma1, and Lemma3)
that will later be used in the final proof. Lemma 1 (LemmaOne) expresses the
transitivity of the subset relation: if X ⊆ Y (X c= Y) and Y ⊆ Z (Y c= Z), then
X ⊆ Z (X c= Z). Lemma 2 (LemmaTwo) says that X is a subset c= of the union
X ∪ Y , written X \/ Y, of X with any other set Y . Lemma 3 (LemmaThree)
says that if X is a subset of Y (X c= Y), then the union X ∪ Z is a subset of the
union Y ∪ Z (X \/ Z c= Y \/ Z).

Lemmas 1, 2 and 3 will be taken for granted, for the sake of discussion. In
other words, the text above is not wholly acceptable to Mizar as written, because,
it turns out, all three lemmas are not obvious (in the precise sense of the term) to
Mizar and therefore require proof.

Our interest is the final result (the theorem) of the Mizar text fragment,
which expresses the simple result that if X is a subset of Y (X c= Y), then X is a
subset of the union Z ∪ Y for any set Z (X c= Z \/ Y). Unlike the case for the
three lemmas, a proof of this fact is provided. Let us proceed through it.

14 I thank Artur Korniłowicz for this example, which comes from the Mizar Mathematical
Library. See http://mizar.org/version/current/html/xboole 1.html.
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We are carrying out a forward reasoning natural deduction-style proof of an
implication (X c= Y implies X c= Z \/ Y with antecedent X c= Y and
consequent X c= Z \/ Y). The first step assumes the antecedent
(assume X c= Y). From this assumption we have, by Lemma 3, the inclusion
Z \/ X c= Z \/ Y (Mizar is also implicitly using the commutativity of the
binary union operation in this inference – Lemma 3 has Z on the right-hand side
of the union, but in the conclusion just drawn it appears on the left-hand side).
The notation A1: is assigning a label to the statement just concluded; we will use
the formula later by referring to its label. The third step in the argument simply
applies Lemma 2; we have from it that X ⊆ Y ∪ X. We do not use the hypothesis
of the theorem nor the previously concluded statement to infer the result; this fol-
lows from Lemma 2 alone. The final step of the proof (followed by hence) is the
desired conclusion: we have that X ⊂ Z ∪ Y from

• X ⊆ Z ∪ X (the previous line)

• the formula labeled A1, and

• the formula labeled Lemma1.

It turns out that this argument is optimal in the sense that no step can be removed.
The Mizar proof checker rejects a compression of the argument into simply an
enumeration of all background lemmas employed in it: if one were to try to justify
the final theorem by simply declaring that it follows from the lemmas, i.e.,

X c= Y implies X c= Z \/ Y
by Lemma1, Lemma2, Lemma3;

(the proof is now taken away), one finds that the Mizar proof checker rejects
the inference. Other attempted compressions, such as removing the intermediate
statement A1,

X c= Y implies X c= Z \/ Y
proof
assume X c= Y;
hence X c= Z \/ Y by Lemma1, Lemma2, Lemma3;

end;

or dropping the application of Lemma 2,
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X c= Y implies X c= Z \/ Y
proof
assume X c= Y;
then A1: Z \/ X c= Z \/ Y by Lemma3;
hence X c= Z \/ Y by A1, Lemma1, Lemma2;

end;

are all rejected. They are rejected essentially because the proposed inferences
are not obvious, in the Davis/Mizar sense: the proposed compressions apparently
require multiple instances of background universal premises, and this is precisely
what is ruled out by the Davis/Mizar notion of obvious inference. We need to
instantiate all three lemmas, each in its own way.

But instead of using the notion of obvious/1-obvious, we use 2-obvious? That
is, what if we permitted the proof checker to pick two universal premises, rather
than one? The result is that the above proof can indeed be compressed:

X c= Y implies X c= Z \/ Y by Lemma1, Lemma2;

No proof (beyond listing two background assumptions) is needed anymore!
Our claim is a 2-obvious consequence of Lemmas 1 and 2 alone. We don’t even
need the help of Lemma 3, which was essential before when we were operating
under the constraint that all inferences must be 1-obvious.

This example shows that, by strengthening the notion of “obvious inference”,
the result is that one can get away, in general, with shorter proofs. The compression
achieved when we used 2-obviousness rather than 1-obviousness allowed us to get
away without supplying any proof at all, and we could even get away with one
fewer background assumption. But is that what we are striving for? Perhaps to
the reader the very short 2-obvious is what we are after. But we can imagine
further examples, using 3-obviousness, 4-obviousness, etc., where proofs become
increasingly compressed and inscrutable. Moreover, checking (k + 1)-obvious
inferences (or, rather, purported (k+ 1)-obvious inferences) is more complex than
checking k-obvious inferences, so we pay a price (in terms of time and space) if
what we are after is greater proof compression. We cannot settle the issue here;
it is clearly a design parameter for interactive theorem provers, and it would seem
that there is no “right” k such that the notion of k-obviousness is ideal. Mizar’s
insistence upon 1-obviousness is motivated by the need for fast proof checking.
It would seem, moreover, that the notion of 1-obviousness leads to satisfactorily
explanatory proofs.
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5. CONCLUSION

Far from a dry, unenlightening activity, formalizing mathematical arguments in-
teractively, we suggest, vividly illustrates a variety of philosophical problems, new
and old. These problems are evidently prompted by advances in computer science.
As an illustration of a new problem raised by developments in automated reason-
ing, we chose the Mizar interactive theorem prover and studied how it implements
the notion of obvious inference. Mizar is but one of many mature interactive the-
orem provers now widely available. Each one comes equipped with its own notion
of obviousness. We are thus left with a family of notions. In the notes the reader
will find further references to other interactive theorem provers and relevant liter-
ature. Calculemus!
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DENNIS DIEKS

IS THERE A UNIQUE PHYSICAL ENTROPY?
MICRO VERSUS MACRO

ABSTRACT

Entropy in thermodynamics is an extensive quantity, whereas standard methods in
statistical mechanics give rise to a non-extensive expression for the entropy. This
discrepancy is often seen as a sign that basic formulas of statistical mechanics
should be revised, either on the basis of quantum mechanics or on the basis of gen-
eral and fundamental considerations about the (in)distinguishability of particles. In
this article we argue against this response. We show that both the extensive ther-
modynamic and the non-extensive statistical entropy are perfectly alright within
their own fields of application. Changes in the statistical formulas that remove the
discrepancy must be seen as motivated by pragmatic reasons (conventions) rather
than as justified by basic arguments about particle statistics.

1. ENTROPY IN STATISTICAL PHYSICS

The concept of entropy has become common even in everyday language, in which
it rather vaguely refers to disorder, loss of “energy”, waste and dissipation. Users
of the concept generally take it for granted that in the background there is a pre-
cise scientific notion, with which one should be able to justify, at least in principle,
this informal parlance. It is therefore perhaps surprising to find that even in the
exact sciences entropy is a multi-faceted concept. It is perhaps least controversial
in probability and information theory, at least as far as its mathematical expres-
sion is concerned: S = −∑

i pi ln pi is the generally accepted formula for the
entropy S of a probability distribution {pi}. But even in the mathematical fields
of probability and information theory the exact significance of entropy, and the
role that it can play in, e.g., decision theoretical contexts, remains to some extent
controversial. One might hope that this will be different once the use of entropy
in physics is considered. After all, in physics one expects that the term “entropy”
will correspond to something that is accessible to measurement–and drastic differ-
ences of opinion about something that can be measured would be surprising. It is
this physical entropy, in statistical physics and in thermodynamics, that we shall
be concerned with in this paper.

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,
The Philosophy of Science in a European Perspective 4,
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For the case of M equiprobable events, pi = 1/M , the formula
S = −∑

i pi ln pi reduces to S = ln M . Essentially, this is the famous for-
mula S = k ln W that can be traced back to Ludwig Boltzmann’s seminal 1877
paper about the relation between the second law of thermodynamics and proba-
bility theory (Boltzmann 1877, 2001). The constant k (Boltzmann’s constant) is
merely introduced in order to fix the unit; and W is the number of microstates
corresponding to a given macrostate – it is a number of possibilities like M in the
earlier formula. The macrostate is defined by macroscopic quantities like pressure,
volume and temperature (in the case of a gas in a container); W is the number of
microscopic states, characterized by the positions and velocities of the atoms or
molecules in the gas, that each give rise to the same values of these macroscopic
quantities and in this sense belong to the same macrostate. Boltzmann’s entropy
thus is basically the earlier introduced S for the case of a probability distribution
that assigns equal probabilities to all microstates belonging to a given macrostate.
Since the microstates can be represented as points in the phase space of the phys-
ical system, the formula S = k ln W tells us that the entropy of a macrostate is
proportional to the logarithm of the volume in microscopic phase space that corre-
sponds to the macrostate.

A paradigmatic and simple application of S = k ln W is the case of N classical
particles (atoms or molecules), each of which can be in any one of X possible
states. In this case we find W = XN , and therefore S = kN ln X.

2. ENTROPY IN THERMODYNAMICS

In thermodynamics, physical systems are considered from a purely macroscopic
point of view. In the case of a gas in a container one looks at changes in macro-
scopically measurable quantities when the pressure P , volume V and temperature
T are made to vary. An essential result, at the basis of the so-called second law
of thermodynamics, is that different ways of going from one macroscopic state A

to another macroscopic state B (for example, by either first compressing and then
cooling, or doing these things in reversed order) are generally associated with dif-
ferent amounts of exchanged heat �Q. The heat content of a physical system is
therefore not a quantity fixed by its macroscopic state: it is not a state function.
However, the quantity

∫ B

A
dQ/T , i.e. the exchanged heat divided by the tempera-

ture, integrated along a path from A to B (in the macroscopic state space) that rep-
resents a reversible process, is path-independent. That means that

∫
O

dQ/T does
define a state function (the choice of the fiducial state O defines the zero of this
function; different choices of O lead to functions that differ by a constant). It is this
macroscopic state function that defines the thermodynamic entropy: S ≡ ∫

dQ/T .
Boltzmann’s seminal 1877 idea was that the statistical entropy S = k ln W

(Boltzmann himself used another notation) is the microscopic counterpart of the
thermodynamic entropy. Each macroscopic state corresponds to a volume in phase
space on the micro level, namely the volume occupied by all those microstates that
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give rise to the macrostate in question; and the logarithm of this volume represents
(apart from immaterial constants) the thermodynamic entropy of the macrostate.

3. A DISCREPANCY

If the micro and macro entropies stand for one and the same physical quantity, the
two entropies should obviously depend in exactly the same way on all variables.
As it turns out, however, this necessary requirement is not fulfilled. The macro-
entropy is extensive: if we scale up a physical system by increasing its particle
number, its energy and its volume by a factor λ, its entropy will increase by this
same factor λ. In other terms, S(λN, λV, λE) = λS(N, V,E). But the micro-
entropy as defined above is not extensive.

To see this, imagine two gas-filled chambers of the same volume, separated by
a partition. Both chambers contain equal amounts of the same gas in equilibrium,
consisting of the same number N of particles. Both parts have the same total
energy, temperature T and pressure. Now the partition is removed. What happens
to the entropy?

According to thermodynamics the entropy remains the same, because the
macroscopic properties of the gases do not change. Smooth removal of the parti-
tion is a reversible process without heat transfer; therefore SA = SB , with A and B

the macrostates before and after the removal, respectively. So the total entropy of
the double amount of gas, without the partition, is the same as the combined en-
tropy of the two original volumes, i.e. double the entropy of each of the two halves
(in this it has been taken for granted that the entropy of several isolated systems is
additive – see van Kampen 1984).

However, from the microscopic point of view, the number of available states
per particle doubles when the partition is taken out: each particle now has twice
as much phase space available to it as it had before. If the number of available
states per particle was X with the partition still in place, it becomes 2X after the
removal of the partition. This means that the number of microstates goes up, from
WA = X2N to WB = (2X)2N , which corresponds to an entropy difference SB −
SA = 2kN ln 2.

This discrepancy, known as (a version of) the Gibbs paradox, shows that al-
though the thermodynamic entropy is extensive (it doubles when the amount of gas
is doubled), the statistical mechanical entropy is not. If we think that there is one
and only one physical entropy, this difference between the two approaches signals
a problem that needs to be solved. Only one of the two expressions can be right in
this case, and since we can directly measure the thermodynamic entropy, and ver-
ify its value, it seems clear that the Boltzmann formula S = k ln W must be wrong.
There are two approaches in the literature that take this line. Both claim that fun-
damental reasoning, starting from first principles on the microscopic level, will
not lead to the expression S = k ln W , but instead to the formula S = k ln W/N!,
with N the number of particles. This modification of the expression is sufficient
to remove our discrepancy.
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Remarkably, the two approaches have diametrically opposite starting points:
the first, traditional one claims that the indistinguishability of particles of the same
kind must be taken into account and that this necessitates the insertion of 1/N!.
The second approach says that the distinguishability of classical particles has been
neglected.

4. THE STANDARD “SOLUTION”: INDISTINGUISHABILITY OF
PARTICLES OF THE SAME KIND

The traditional way of responding to the discrepancy between micro and macro
entropy is to point out that the particles (atoms or molecules) in the two gas cham-
bers are “identical”: since they are all atoms or molecules of the same gas, they
all possess the same intrinsic properties (charge, mass, etc.). Therefore, a permu-
tation of two or more of these particles should not lead to a new state: it cannot
make a difference whether particle 1 is in state a and particle 2 in state b, or the
other way around. Both cases equally represent one particle in a and one particle
of the same type in b. If we go along with this, the number of microstates W must
be adjusted: for a system of N identical particles it must be a factor N! smaller
than what we supposed above. When we now redo the calculation, the removal
of the partition between the two chambers changes W from WA = X2N/(N!)2 to
WB = (2X)2N/(2N)!. With the help of Stirling’s approximation for the factorial
it follows that, in the so-called thermodynamic limit N → ∞, WB = WA. So the
total entropy does not change when the partition is taken out: the resulting double-
volume amount of gas has double the entropy of each of the separate chambers.
This removes the discrepancy between statistical mechanics and thermodynamics.

According to several authors and textbooks, in the final analysis quantum the-
ory is needed for justifying this solution of the Gibbs paradox (see e.g. Schrödinger
1948, Huang 1963, Wannier 1966, Sommerfeld 1977, Schroeder 2000, Ben-Naim
2007). Indeed, classical particles are always distinguishable by their positions,
which are strictly correlated to their individual trajectories. These trajectories, in
other words the particles’ histories, individuate the particles: if we give the parti-
cles names on the basis of their positions at one instant, these names persist through
time. So the situation in which particle 1 is in state a at a later time is different
from the situation in which 2 is in a. It is therefore not self-evident in classical
statistical mechanics that we should divide by N!. Identical quantum particles, on
the other hand, seem indistinguishable in the required sense from the start, because
quantum states of systems of identical particles must either be symmetrical under
permutation (bosons) or anti-symmetrical (fermions): exchange of particles leaves
the state therefore invariant (apart from a global phase factor) and the multiplicity
N! never enters.

If this argument were correct, then the non-extensivity of the Boltzmann en-
tropy would show that classical physics is inconsistent and that the world must be
quantum mechanical. But obviously, it is hard to believe that simple considerations
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about doubling amounts of gases could produce such fundamental insights. Un-
surprisingly therefore, doubts have been expressed concerning the just-mentioned
traditional solution of the paradox. For example, some authors have claimed that
identical classical particles are also fully indistinguishable, and that this justifies
the factor 1/N! without any recourse to quantum mechanics (e.g., Hestenes 1970,
Fujita 1991, Nagle 2004, Saunders 2006).

In the next section we shall take a closer look at whether the permutation of
classical particles does or does not make a difference for the microstate.

5. PERMUTATIONS OF “IDENTICAL” CLASSICAL PARTICLES

We already observed that classical particles can be named and distinguished by
their different histories. A process in which two classical particles of the same kind
are interchanged can therefore certainly produce a different microstate. Indeed,
imagine a situation in which there is one particle at position x1 and one particle
at position x2, and in which at a later instant there is again one particle at x1 and
one at x2; suppose that their respective momenta are the same as before. What has
happened in the meantime? There are two possibilities: either the particle that was
first at x1 is later again at x1 and the particle that was first at x2 is later again at
x2, or the particles have exchanged their positions. The latter case would clearly
be different from the former one: it corresponds to a different physical process.
Although it is true that the two final situations cannot be distinguished on the basis
of their instantaneous properties, their different histories show that the particle
at x1 in one final situation is not the same as the particle at x1 in the other final
situation.

These remarks seem trivial; so what is behind the denial by some authors that
identical classical particles can be distinguished and that permutations give rise to
different microstates? One reason is that there is an ambiguity in the meaning of
the terms “distinguishable” and “permutation”. Consider the following statements:
“Two particles are distinguishable if they can always be selectively separated by a
filter” (Hestenes 1970); “Two particles are distinguishable if they are first identified
as 1 and 2, put into a small box, shaken up, and when removed one can identify
which particle was the original number 1” (Nagle 2004). With these definitions
of distinguishability particles of the same kind are indeed indistinguishable. The
concept of “permutation” can be interpreted in a similar way. Consider again the
microstate of two particles of the same kind, one at x1 and another at x2. If the par-
ticle at x2 were at x1 instead, and the particle at x1 were at x2, with all properties
interchanged, there would be no physical differences, neither from an observa-
tional point of view nor from the viewpoint of theory. One can therefore certainly
maintain that the two situations are only two different descriptions (using different
ways of assigning indices) for one and the same physical situation (Fujita 1991).

But this is a different kind of permutation from the physical exchange we
considered before. In our first example the particles moved from x1 to x2 and
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vice versa. Trajectories in space-time connected the initial state to the permuted
state. By contrast, in the alternative reading of “permutation” just mentioned, the
exchange is not a physical process at all. Instead, it is an instantaneous swapping
that occurs in our thought; it exchanges nothing but indices and does not need
trajectories.

A similar sense of “permutation” is employed by Saunders (Saunders 2006).
Consider one particle a that follows trajectory 1 and another particle b of the same
kind that follows trajectory 2. Now imagine the case in which particle a followed
trajectory 2 and particle b followed trajectory 1. This exchange would not make
any difference for the physical situation. As before, the states before and after a
permutation of this kind are not connected by a physical process. A permutation
in this sense swaps a supposedly existing abstract “identity” (formally represented
by the particle indices “1” and “2”, respectively) that is completely independent of
the physical characteristics of the situation.

The upshot of these considerations is that if “permutation” is understood as a
physical exchange in which trajectories in space-time connect the initial state to the
permuted state, then permutations give rise to physically different possibilities, in
the sense of different physical processes. If “permutation” is however understood
in a different way, then it may well be true that such permutations are not associated
with any physical differences and so do not lead to a new microstate.

Let us now consider which kind of permutations is relevant to statistical me-
chanics – physical exchanges, with connecting trajectories, or swapping indices?
Which kind of permutations determines the number of microstates W?

Remember our two gas-filled chambers, each containing N identical particles.
Before the removal of the partition the number of available states per particle is X.
After the partition has been removed, the number of available states has become
2X. The reason is that after the partition’s removal it has become possible for the
particles to move to the other chamber. The doubling of the number of available
microstates thus expresses a physical freedom that did not exist before the partition
was taken away: trajectories have become possible from the particles’ initial states
to states in the other chamber.

In contrast, even with the partition in place we could consider, in thought,
the permutation of “particle identities”, or indices, from the left and right sides,
respectively – but such permutations are never taken into account in the calculation
of the number of microstates. Nor do we consider permutations with particles of
the same kind outside of the container, obviously. In other words, the relevant kind
of permutations are physical exchanges, not the abstract swapping of indices or
identities.

To completely justify the answer that accessibility via a real physical process
is the determining factor in the calculation of the number of microstates, we would
have to go deeper into the foundations of statistical mechanics. Here, we only
mention that one important approach in this area is the ergodic theory, in which the
probability of a macrostate is argued to be proportional to the associated volume
in phase space on the grounds that this volume is proportional to the amount of
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time a system will actually dwell in that part of phase space that corresponds to the
macrostate in question. Clearly, this idea only makes sense if the microstates in this
part of the phase space are actually accessible via physical trajectories: microstates
that give rise to the same macrostate but cannot be reached from the initial situation
through the evolution of the system are irrelevant for the macrostate’s probability
– they do not play a role at all.

It is true that the original form of the ergodic hypothesis (according to which
all microstates are actually visited in a relatively short time) has proven to be un-
tenable, but this does not impugn the basic idea that accessibility is the criterion
for the relevance of microstates. The multiplicities that occur in more modern and
more sophisticated approaches to the foundations of statistical mechanics are the
same as those of the original ergodic theory.

We can therefore conclude that in classical statistical mechanics the relevant
number of microstates is sensitive to the number of ways this macrostate can be
reached via physical processes, i.e. different paths in phase space. Given N par-
ticles, there are generally N! different ways in which the particles that have been
numbered at some initial time can be distributed in a state at a later time. These
permutations represent different physical possibilities, corresponding to different
physical processes. Dividing by N! is therefore unjustified when we calculate
the numbers of microstates that can be realized by classical particles of the same
kind1.

6. AN ALTERNATIVE “SOLUTION”: DISTINGUISHABILITY OF
PARTICLES OF THE SAME KIND

In a number of recent publications, Swendsen has proposed an alternative line of
reasoning that leads to the entropy formula S = k ln W/N!; he claims that this
derivation, rather than the standard accounts, captures the essence of Boltzmann’s
1877 ideas (e.g., Swendsen 2002, Swendsen 2008, Swendsen 2012). Swendsen’s
strategy is to calculate the entropy of a system by considering it as a part of a
bigger, composite system; and then to look at the probabilities of microstates of
this composite system. Boltzmann’s 1877 definition is interpreted as saying that
the logarithm of this probability distribution is the entropy of the composite system
(apart from multiplicative and additive constants).

Let us illustrate Swendsen’s approach by combining a system consisting of a
gas of volume V1 and particle number N1 with a second gas of the same kind,
with volume V2 and particle number N2. Let us denote the total volume by V :
V = V1 + V2. The total number of particles, N = N1 +N2 is taken to be constant
(the composite system is isolated), whereas both N1 and N2 are variables (the two

1 A more detailed discussion should also take into account that the division by N! is
without significance anyway as long as N is constant: in this case the only effect of the
division is that the entropy is changed by a constant term ln N!, see (Versteegh 2011).
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subsystems can exchange particles). The entropies of both systems, 1 and 2, are
now determined in the same derivation.

Swendsen starts from the probability of having N1 particles in subsystem 1
and N2 = N − N1 particles in subsystem 2, which for a system of distinguishable
individual particles is given by the binomial distribution

P(N1, N2) = N!
N1!N2!

(
V1

V
)N1(

V2

V
)N2 . (1)

The entropy of the composite system is subsequently taken to be the logarithm
of this probability, plus an arbitrary constant (that only changes the zero of the
entropy scale):

S(N1, V1, N2, V2) = k ln
V1

N1

N1!
+ k ln

V2
N2

N2!
. (2)

In Eq. (2) the value of the additive constant has been set to k ln V N/N!, for reasons
of convenience. It is now clear from Eq. (2) that the entropy of the composite
system is the sum of two quantities each of which pertains to only one of the two
subsystems. This suggests introducing the function

S(N, V ) = k ln
V N

N!
(3)

as a general expression for the entropy of a system of volume V and particle num-
ber N . In the limiting situation in which Stirling’s approximation for the factori-
als applies, taking into account that in thermodynamical equilibrium we will have
V1/N1 = V2/N2 (this corresponds to the maximum of the probability distribution),
we find that

k ln
V1

N1

N1!
+ k ln

V2
N2

N2!
� k ln

V N

N!
. (4)

This leads to a nicely consistent scheme: if we were to apply the just sketched
procedure for finding the entropy to the composite system itself, by combining it
with a third system, we would find S(N, V ) = k ln V N/N! for the entropy of the
combined system 1+2. As we now see, this entropy is equal to our earlier defined
value in Eq. (2) (fixed by adding the freely chosen constant k ln V N/N! to the
logarithm of the probability). So we obtain a consistent set of extensive entropies
by taking Eq. (3) as our defining equation for entropy.

Swendsen claims that in this way the factor 1/N! in the formula for the entropy
has been demonstrated to be a necessary consequence of the distinguishability of
the gas atoms or molecules. He rejects the formula S = k ln W and maintains that
Boltzmann’s ideas, when pursued rigorously like in the just described argument,
automatically lead to the expression S = k ln W/N!.

This derivation of S = k ln W/N! is not convincing, however. First, it should
be observed that its starting point, taking the entropy as k times the logarithm of the
probability in Eq. (1), is not really different from using the standard formula S =
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k ln W . This is because the probability P(N1, N2) is equal to the volume in phase
space measuring the number of states with particle numbers N1 and N2, divided by
the (constant) total number of states. So the logarithm of the probability is, apart
from an additive constant, equal to the logarithm of the number of states with N1

and N2. Now, for the comparison with thermodynamics it suffices to replace this
number of states with the total number of states: in the thermodynamic limit the
probability is peaked, to an extreme degree, around the equilibrium value and the
number of equilibrium states is for all practical purposes equal to the total number
of states – this is explicitly used by Swendsen in his argument (e.g., Swendsen
2012). Therefore, the entropy of the composite system à la Swendsen is, apart from
an additive constant, equal to S = k ln W . Now, what Swendsen effectively does
is to fix this additive constant as 1/N!. There is no problem with this, and exactly
the same can be done in the standard approach, since N – the total number of
particles in the composite system 1+2 – is a constant. The N-dependency of S that
is introduced here is introduced by convention, by choosing a different constant in
the definition of S for different values of N .

The next step taken in Swendsen’s derivation is to require that the entropy of
the system 1+2 should have the same value, and the same N-dependency, in the
situation in which it is isolated and the situation in which N is a variable (when
1+2 is brought into contact with a system 3) – this is presented as a requirement
of consistency. However, this consistency requirement is exactly the condition
that the entropy formula should be such that there will be no change in entropy
when a partition is removed. So the derivation boils down to showing that by
introducing a N-dependent zero in the definition of the entropy, by convention,
the entropy of mixing can be eliminated. But this is what we knew all along! We
were asking for a fundamental microscopic justification of the division by N!, but
Swendsen’s argument on close inspection only tells us that the division by N! leads
to a convenient expression that makes the entropy extensive and avoids the Gibbs
paradox. The insertion of 1/N! is in this case just a convention.

This verdict should not be taken as a denial of the fact that the distinguisha-
bility of particles is responsible for the occurrence of factorials in expressions in
which particle numbers are variables, like (1) and (2). These factorials are im-
portant in statistical mechanics, for example in predicting what happens in mixing
processes. But it was already argued by Ehrenfest and Trkal (1920, 1921; see also
van Kampen 1984) that these factorials can be understood within the standard for-
malism and do not require a change in the formula S = k ln W for closed systems.
Indeed, the dependence of the total entropy in Eq. (2) on N1 and N2 is unrelated to
how N occurs in this formula (and to the choice of the zero of the total entropy).

7. THE DIFFERENCE BETWEEN THE THERMODYNAMIC AND
STATISTICAL ENTROPIES

Our original problem was the difference in behavior between the thermodynamic
and the statistical entropies: upon removal of a partition between two containers
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the entropy increases according to statistical mechanics, whereas it remains the
same in thermodynamics. From the point of view of statistical mechanics there
is really a change, in the sense that the number of accessible microstates W ob-
jectively increases. In principle we could verify this empirically, by following the
paths of individual particles; we could in this way even measure the microscopic
entropy of mixing in a laboratory (Dieks 2010). Admittedly, this would require
measurements that lead us outside the domain of thermodynamics. But from the
statistical mechanics point of view these changes in phase volume and entropy
must be deemed completely natural and objective. This already shows that at-
tempts at eliminating these changes on the basis of arguments on the microscopic
scale are doomed to failure. Our analysis of two of such attempts in the previous
sections has confirmed this.

This leaves us with the discrepancy between the thermodynamic and statistical
entropy. But is there really a problem here? Only if we think of entropy as a
Platonic concept that should be the same in all cases (compare van Kampen 1984).
If we accept that the two entropies are different, the problem evaporates. After
all, entropy is defined differently in statistical mechanics than in thermodynamics:
in statistical mechanics the fine-grained micro-description is taken into account as
a matter of principle, whereas in thermodynamics this same micro-description is
excluded from the start. This difference between the statistical mechanical and
the thermodynamical approaches by itself already makes it understandable that the
values of entropy changes according to statistical mechanics may sometimes be
different from those in thermodynamics (see for a discussion of the consequences
of this for the second law of thermodynamics: Versteegh 2011).

From a pragmatic point of view it is useful, in many circumstances, if the
two theories give us the same entropy values. We can achieve this by a “trick”,
namely by introducing a new entropy definition in statistical mechanics: replace
S = k ln W by S = k ln(W/N!). For systems in which N is constant this makes
no difference for any empirical predictions: it only adds a constant (though N-
dependent!) number to the entropy value. For situations in which N is made to
change, this new definition leads to the disappearance of the entropy of mixing
and extensivity of the statistical entropy. In this way we obtain agreement with
thermodynamics. But it is important to realize that this “reduced entropy” (as it is
called by Cheng 2009) has no microscopic foundation; rather, it may be interpreted
as the result of a pragmatic decision to erase microscopic distinctions because we
are not interested in them in thermodynamics. The division by N! is therefore a
convention, motivated by the desire to reproduce thermodynamical results, even
though the conceptual framework of thermodynamics is basically different from
that of statistical mechanics. The occurrence of 1/N! does not necessarily flow
from the nature of basic properties of particles, and attempts to prove otherwise
are based on a misconception. (Nor should we think that quantum mechanics
makes an essential difference here: identical quantum particles can behave just as
classical particles in certain circumstances, which again gives rise to the Gibbs
paradox; see Dieks and Lubberdink 2011, Versteegh 2011.)
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So the solution to our problem is simply to admit that there is a difference be-
tween the thermodynamic and the statistical entropy: the thermodynamic entropy
is extensive, the statistical entropy is not. Given the different pictures of physical
processes painted by thermodynamics and statistical mechanics, respectively, this
difference is only natural.
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LUCIANO FLORIDI

A DEFENCE OF THE PRINCIPLE OF INFORMATION CLOSURE 
AGAINST THE SCEPTICAL OBJECTION

ABSTRACT

The topic of this paper may be introduced by fast zooming in and out of the phi-
losophy of information. In recent years, philosophical interest in the nature of 
information has been increasing steadily. This has led to a focus on semantic in-
formation, and then on the logic of being informed, which has attracted analyses 
concentrating both on the statal sense in which S holds the information that p (this 
is what I mean by logic of being informed in the rest of this article) and on the 
actional sense in which S becomes informed that p. One of the consequences of 
the logic debate has been a renewed epistemological interest in the principle of 

Dretske. This is the 
topic of the paper, in which I seek to defend PIC against the sceptical objection. If 
I am successful, this means – and we are now zooming out – that the plausibility 
of PIC is not undermined by the sceptical objection, and therefore that a major 
epistemological argument against the formalization of the logic of being informed 

of distribution discriminates between normal and non-normal modal logics, this 
means that a potentially good reason to look for a formalization of the logic of 
being informed among the non-normal modal logics, which reject the axiom, is 

informed in terms of the normal modal logic B (also known as KTB

argue that the sceptical objection against PIC fails, so it is not a good reason to 
abandon the normal modal logic B as a good formalization of the logic of being 
informed.

1. INTRODUCTION

The topic of this article may be introduced by fast zooming in and out of the 
philosophy of information.1 In recent years, philosophical interest in the nature 

1 See (Floridi 2011b).
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of information has been increasing steadily.2 This has led to a focus on semantic 
information,3 and then on the logic of being informed,4 which has attracted analy-
ses concentrating both on the statal5 sense in which S holds the information that p 
(this is what I mean by “logic of being informed” in the rest of this article) and on 
the actional sense in which S becomes informed that p. One of the consequences 
of the logic debate has been a renewed epistemological interest in the principle 
of information closure (henceforth PIC

sceptical objection against its tenability. Dretske and Nozick (Dretske 1981, 1999, 

popular. The topic of this article is not a commentary on Dretske’s position and the 
debate that it has generated,6 but rather a defence of PIC against the sceptical (or, 
rather, scepticism-based) objection. If I am successful, this means – and we are 
now zooming out – that the plausibility of PIC is not undermined by the sceptical 

PIC

-
zation of the logic of being informed, based on the axiom of distribution in mo-

normal and non-normal modal logics, this means that a potentially good reason 
to look for a formalization of the logic of being informed among the non-normal 
modal logics,7

a formalization of the logic of being informed, in terms of the normal modal logic 
B
I shall argue that the sceptical objection against PIC fails, so the sceptical objection 
is not a good reason to abandon the normal modal logic B as a good formalization 
of the logic of being informed.

2011a).

5 The statal condition of being informed is that enjoyed by S once S has acquired the 
information (actional state of being informed) that p. It is the sense in which a witness, 
for example, is informed (holds the information) that the suspect was with her at the 
time when the crime was committed. The distinction is standard among grammarians, 

was shut (state) 
when I last checked it”) or “actional” (e.g. “but I don’t know when the door was shut 
(act)”).

-
-

ams et al.), which defends Dretske’s position. In two recent articles, Genia Schoen-
baumsfeld (Schoenbaumsfeld submitted-a, submitted-b) has defended the principle of 

conclusions reached in the following pages. I am grateful to her for sharing her re-
search.

7 The analysis of the logic of being informed in terms of a non-normal modal logic is 
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 The paper has the following structure. In Section 2, I formulate PIC against the 
PEC). There I argue that 

a satisfactory formulation of PIC is in terms of the straight principle of information 
closure. In Section 3, I formulate the sceptical objection against PIC. In a nutshell, 
this is a modus tollens that holds that PIC is too good to be true: if PIC were accept-

general and widely accepted principle, according to which no amount of factual 
information can actually answer sceptical questions, so PIC must be rejected. In 

blame: it is not PIC that needs to be abandoned, but the assumption that one might 

PIC, thus leading to the scepti-
cal refutation. It follows that the sceptical objection does not undermine the ten-
ability of PIC. There might be other good reasons to challenge information closure, 
but the “too good to be true” argument is not one of them. In Section 5, I consider 
a potential counter-argument, based on a different formulation of PIC in the context 
of empirical information processing and show that this too is ineffectual. In the 
conclusion, I indicate how the acceptance or rejection of PIC determines the choice 
of normal or non-normal modal logics that best model epistemic and information 

open the choice of a normal modal logic.

2. THE FORMULATION OF THE PRINCIPLE OF INFORMATION CLOSURE

Formulating the principle of closure in informational terms is not as straightfor-
ward as it might seem. This because PIC is often assumed, at least implicitly, to 

PEC), and there is 

interesting if subtle mutations.8

of knowledge and the ensuing minimalism does help to unclutter our conceptual 

 Initially, it might seem that the best way to formulate PIC would be to use the 
formulation of PEC under known entailment as a template, namely:

K If, while knowing that p, S q because S knows that p entails 
q, then S knows that q.

K looks like a good starting point because it includes, as an explicit requirement, 
the fact that S holds (epistemically, doxastically or, in our case, informationally) 

use K and SP in the way in which they are used in the epistemological literature rather 
than in modal logic one (see below).



38 Luciano Floridi

not only that p but also that p entails q -

S. 
The fact that Peter might fail to hold the information that Paris is in Europe, while 
holding the information that Paris is in France, because Peter misses the informa-
tion that France is in Europe and therefore fails to hold that if Paris is in France 

clearer in the next two sections, the argument using the sceptical objection attacks 
PIC

do, since we may be distracted, lack a crucial piece of information, be incapable to 
see what follows from the information that we do hold, run out of time to perform 
the required logical steps, etc. – but because, if we concede information about 
both premises, we seem to be able to refute the sceptic, and this, for reasons to be 
discussed, is alleged to be unacceptable.
 The good news is therefore that the requirement of known entailment is a 

K. The bad news is that, despite this, the informational transla-
tion of K

to beliefs or knowledge. The rationale for this is that we are seeking to formulate 
a principle of information closure with a broader basis of applicability: it should 

believe or know that p non-
metaphorically, for they lack the required mental states or propositional attitudes. 
In this case, K becomes the principle of known information closure:

PKIC If, while holding the information that p, S holds the information that q 
because S holds the information that p entails q, then S holds the informa-
tion that q.

Clearly, PKIC -
tion. If S holds the information that q then S holds the information that q: uncontro-

K

let us keep the known entailment clause in K
PEC, known as the straight princi-

ple of epistemic closure. This states that:
SP If S knows that p, and p entails q, then S knows that q.

SPIC If S holds the information that p, and S holds the information that p entails 
q, then S holds the information that q.
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SPIC treats p entails q as another piece of information held by S, as required by the 

 Following (Floridi 2006), we obtain what may be called the canonical princi-
ple of information closure:

PIC (Ip  I ( p q Iq
PIC PKIC

-
mationally.
 The last step concerns how we handle the entailment with the wider scope 
occurring in PIC. Mind, I do not say interpret it, for this is another matter. In the 
rest of our analysis, I suggest we simplify our task by following the common as-
sumption according to which both entailments are interpreted in terms of material 
implication. It is the main entailment in PIC

seems preferable for our current purpose.
feasibility. S could 

obtain the information that q, if only S cares enough to extract it from the infor-
mation that p and the information that p entails q, both of which are already in S’ 
possession. Consider the following example. The bank holds the information that 

-

qualify for an annual bonus. So the bank can (but might not) do something with 

fails to use or indeed decides to disregard the information at its disposal to gener-

Hin-
tikka 1962), is to handle the entailment normatively: S should obtain the informa-
tion that q. In our example, the bank should reach the conclusion that Peter no 

someone (e.g., an employer) or something (e.g., a department) may be reprimand-
ed.

suf cient procedure for in-
formation extraction (data mining): in order to obtain the information that q, it is 

S to hold the information that p entails q and the information that p. 
PIC works like an algorithm, with a rule, 

I ( p q), an input Ip and an output Iq S will, 
q. One way for the bank to obtain the information that 

Peter does not qualify for an annual bonus is to hold the information that, if he is 
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information extraction means qualifying the information that q as obtainable inde-

q
base. This is just another way of saying that the information in question is obtain-
able a priori.

3. THE SCEPTICAL OBJECTION

The sceptical objection against PIC

papers. Essentially, it is a modus tollens

that p and of the information that q such that p entails q. The reader is welcome to 
Kerr and Pritchard forthcoming), 

and use:
p :=  S is in Edinburgh
q :=  S
e :=  If S is in Edinburgh then S

Dretske’s rejection of PIC:

-

NT information alone cannot answer a sceptical doubt.
NT seems most plausible. It refers to factual information, and it is a standard as-
sumption in the literature on scepticism, from Sextus Empiricus to Descartes to 
Wittgenstein. It is explicitly proposed by Dretske himself, shared by Kerr and 
Pritchard, and I agree with them: sceptical doubts of a Cartesian nature cannot 
be answered by piling up more or different kinds of factual information. One of 
the reasons for raising them is precisely because they block such possibility. We 

the case.
 We are now ready to formulate the sceptical objection against PIC thus:

i) if PIC, p and e
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ii) then S can generate the information that q a priori;
iii) but q S to answer the sceptical doubt (in the example, S 

holds the information that S
NT;

NT seems unquestionable;
S would 

simply be unable to discriminate between being in Edinburgh or being a 

ix) and e in (i) seems innocent;
x) so the troublemaker in (i) is PIC, which needs to be rejected.

PIC has been framed, and I hope you 
will agree with me, once I show you by whom.

4. THE DEFENCE OF THE PRINCIPLE

PIC

more carefully what PIC e. The entailment certainly 

Not by itself. For e p and q are false, of course. This is exactly 
e, do not generate new information, a 

scandal ( Floridi 2009) that, for once, it is quite useful to expose. 
Not only factual information alone cannot answer a sceptical doubt, deductions 

e did generate new information, 

seems a straightforward reductio. The fact is that the only reason why we take 
e S’ actual location in 
space and time is because we also assume that p in e is true. Ex hypothesis, not 
only S is actually in Edinburgh, but S holds such information as well. So, if PIC 
works anti-sceptically, it is because q works anti-sceptically, but this is the case 
because e + p work anti-sceptically, but this is the case only if p is true. Now, p is 
true. Indeed, it should be true, and not just in the chosen example, but in general, 
or at least for Dretske and anyone else, including myself, who subscribes to the 

p p is true. 
p -

cal interpretation of (i)–(iii) comes from the truth of p as this is known to S, that is, 
it comes from assuming that S is informed that p

p to S
she knows that, if you concede p
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ipso facto
lot more. 

-
lary, if you know something, you know a lot more than just that something. This is 
why, in the end, local or circumscribed scepticism is either critical thinking under 
disguise or must escalate into global scepticism of a classic kind, e.g. Pyrrhonian 
or Cartesian. The conclusion is that it is really the initial input surreptitiously pro-

p that is the real troublemaker. PIC is only following orders, as it were. 
For PIC p (where S is located, 

q (where S is not located, 
being located where he is). This is like exchanging a twenty pounds banknote into 
many one-dollar bills. It might look like you are richer, but of course you are just 
a bit poorer, in the real life analogy because of the exchange rate and the commis-

q, – if you think that it is rather 
suspicious to end up with so many dollars coming out of nowhere – do not blame 
PIC p
pounds to begin with, using the cash analogy.
 It follows that the informational answer to the sceptical doubt, which we 

q, but by p, and this disposes of 
the objection that PIC

one holds it (one cannot assume to be informed that p), not because, if one holds 
it, it does not.

it does, but it does only in this context, and this is harmless. PIC

-

If being in Edinburgh means that I may not be sure that I am there, then we are 
talking about a scenario in which no further empirical information, no matter how 
far-reaching, complex, sophisticated or strongly supported, will manage to eradi-

-
lenge. For factual information is a matter of empirical facts, and sceptical doubts 
are based on logical possibilities that challenge the reliability of all such facts. 
So the no reference to empirical facts, or no offer of factual information can cure 

PIC

PIC
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factual information about how the world really is, namely p. It is still not guilty 
now that we are dealing with a web of information items that might turn out to be 
a complete fabrication. On the contrary, in the former case it is PIC that helps us 
to squeeze some (admittedly rather useless) further bits of information from p. In 
the latter case, it is still PIC (though of course not only PIC) that makes the coher-

PIC is to be retained in 

-
dant informationally (Floridi 2010), so it can be disregarded as harmless. Wonder-

-

information about the world when in the world. The endless game of dealing with 

5. AN OBJECTION AGAINST THE DEFENCE AND A REPLY

PIC.
of PIC that can be formulated by adapting ( Dretske, 
argues that we should reject information closure. Here it is.

PIC in cases in which the kind of information 
processing in question is empirical, as when we see or hear that such and such is 

are, as well as “remembering” and “recalling”. This is why Plato is able to argue that a 
“mnemonic logic”, which he seems to base on K4, may replace DL
foundation for EL
for example, are not: if an agent a sees (in a non metaphorical sense) or hears or experiences 

p q, it may still be false that, if a sees (hears etc.) p, then a also sees 
(hears etc.) q. (Floridi 2006, p. 441.)

reject PIC -
lowing case.
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 In the left pocket of your jacket you hold the information that, if it is Sunday, 
then the supermarket is closed. Your watch indicates that today is Sunday. Do 

answer is maybe. Perhaps, as a matter of fact, you do not, so Dretske 
with him) is right. You might fail to make the note in the pocket and the date on 

matter of logic, 
you should, that is, in terms of feasibility, normativity or suf cient procedure for 
information extraction
closed. So much so that you will feel silly when you are in front of its closed doors 
and realise that, if you had been more careful, you had all the information neces-

PIC PIC to 
a and b are coupled in 

such a way that a’s being (of type, or in state) F is correlated to b being (of type, or 
in state) G, so that F (a a) the information that G (b).9 

PIC in this case means that, if F (a G (b -
tion and so does F (a), then G (b
indicator (a F) indicates that the battery (b G -

PIC 
is always applicable to any empirical way of handling information. Consider the 

read the following e-mail, sent by the supermarket: 
read the date on your computer, 

read that the supermarket 

-

that the supermarket is closed. In more abstract terms, the agent may simply lack 

PIC is at best only a matter of logic 

-
wise and Seligman 1997).



45A Defence of the Principle of Information Closure

6. CONCLUSION: INFORMATION CLOSURE AND THE

LOGIC OF BEING INFORMED

PIC) 
against a popular objection, namely that its assumption would lead to an implau-

to epistemologists or philosophers of information, but such impression would be 
mistaken. The acceptance or rejection of the principle of closure in epistemology 
or in the philosophy of information has a wider consequence, in terms of the kind 

logics of different strengths. Quite surprisingly for a topic so well discussed and 
understood, it seems that such consequence has remained implicit so far, and yet, 

10

AOD

AOD discriminates between normal modal logics, to which the axiom applies, 
and non-normal ones, where the axiom does not apply. PIC is simply the coun-
terpart of AOD in the philosophy of information. This is because PIC can be 

easily shows. Indeed, AOD is the source of the debate on PEC in modal logic. The 
parallel is enlightening once it is realised that arguments against AOD in terms of 

-
ments against PIC

true” strategy.
 The fact that PIC and AOD are two sides of the same coin means that the ac-
ceptance or rejection of PIC determines whether one is going to consider normal 
or non-normal modal logics as more suitable to capture all the features one wants 
to include in an epistemic or information logic. There are good reasons for choos-
ing either option, but two points should now be clear. One is a matter of consist-
ency: rejecting PIC means rejecting the option that epistemic or information logics 
are normal modal logics. Such rejection is perfectly reasonable and (

and this is the second point, the refutation of the “sceptical argument” against PIC 
means that one obstacle against a normal modal logic analysis of “S is informed 
that p
the analysis of information logic in terms of the normal modal logic B remains 
unaffected in this respect.

10 See for example (Cocchiarella and Freund 2008; Hughes and Cresswell 1984). The 
axiom is also and perhaps better known as the K axiom, but such terminology would 
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PROBABILISTIC LOGICS IN QUANTUM COMPUTATION

ABSTRACT

The quantum computation process may be summarized as follows: first an initial
state of a physical system is provided as the input. Then, it evolves according to
the elementary operations (quantum gates) that are performed on it. Finally, the
access to the information content of the resulting state is possible via the measure-
ment operation that provides one of the possible results. In this note we describe
probabilistic-type semantics for propositional logics designed to describe effective
procedure based on measurement processes.

1. INTRODUCTION

Probabilistic logics are conceived to represent the fact that a valid argument is one
in which it is not possible for the probability-values of all the premises to be high,
while the probability-value of the conclusion is not. More generally, the interest
of these logics is to study the propagation of probability-values from the premises
to the conclusion of a valid argument. If the premises of a valid argument are all
certain, then so is the conclusion. Probability logics is the name that Adams [1]
proposes for the formal study of the transmission (or lack thereof) of probability-
values through valid inferences. Clearly, those basic ideas can be generalized. In
fact, alternative axiomatizations of probability defined over event structures differ-
ent from the usual Boolean σ -algebras bring out alternative logics. This is, in fact,
the case of quantum probability [21], or the investigation of states over orthostruc-
tures [8, 12, 9]. In this note we describe possible probabilistic semantics arising
from probability-values of quantum measurement. The paper is structured as fol-
lows: in Section 2, we briefly recall some required basic notions in order to make
the paper self-contained. Sections 3 and 4 describe the idea of probabilistic-type
logics for pure and mixed states, respectively. Finally, Section 5 outlines possible
connections between probabilistic semantics arising from quantum measurement
probabilities and fuzzy logic.

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,
The Philosophy of Science in a European Perspective 4,
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2. PRELIMINARY NOTIONS

The notion of state of a physical system is familiar in classical mechanics, where
it is related to the initial conditions (the initial values of position and momentum)
which determine the solutions of the equation of motion of the system. For any
value of time, the state is represented by a point in the phase space. In the quantum
framework, the description of a state is substantially modified.

Before giving the definition of quantum state, we introduce the concept of
maximal quantum test. Suppose that we want to observe the properties of a quan-
tum system that can possibly take n different values. If the test you devise allows
to distinguish among n possibilities, we say that it is a maximal test. A n-outcome
measurement of those properties implements a maximal test. A test that gives only
partial information is said to be a partial test. If a quantum system is prepared in
such a way that one can devise a maximal test yielding with certainty a particular
outcome, then we say that the quantum system is in a pure state. The pure state
of a quantum system is described by a unit vector in a Hilbert space, and it is
denoted by |ϕ〉 in Dirac notation. If the maximal test for a pure state has n pos-
sible outcomes, the state is described by a vector |ϕ〉 in a n-dimensional Hilbert
space. Any orthornormal basis represents a realisable maximal test. Suppose that
we have a large number of similarly prepared systems, called an ensemble, and we
test for the values of different measurable quantities like, e.g., spin etc. In gen-
eral, we postulate that, for an ensemble in an arbitrary state, it is always possible
to devise a test that yields the n outcomes corresponding to an orthonormal basis
with definite probabilities. If the system is prepared in a state |ϕ〉, and a maximal
test corresponding to a basis {|e1〉, . . . , |en〉} is performed, the probability that the
outcome will correspond to |ei〉 is given by pi(|ϕ〉) = |〈ei |ϕ〉|2.

The idea of quantum computation was introduced in 1982 by Richard Feyn-
mann and remained primarily of theoretical interest until developments such as,
e.g., Shor’s factorization algorithm, that triggered a vast domain of research. In
a classical computer, the information is encoded in a series of bits, that are ma-
nipulated by logical gates, arranged in a suitable sequence to produce the output.
Standard quantum computing is based on quantum systems described by finite
dimensional Hilbert spaces, specially C

2, the two-dimensional space of the qbit.
Similarly to the classical computing case, we can introduce and study the behavior
of a number of quantum logical gates (hereafter quantum gates for short) acting
on qbits. Quantum computing can simulate any computation perfomed by a clas-
sical system; however, one of the main advantages of quantum computation and
quantum algorithms is that they can speed up the processes.

The standard orthonormal basis {|0〉, |1〉} of C2 (where |0〉 = (1, 0) and |1〉 =
(0, 1)) is called the logical (or computational) basis. Thus, pure states |ϕ〉 in C2 are
coherent superpositions of the basis vectors with complex coefficients following
the Born rule.

Any qbit |ψ〉 = c0|0〉 + c1|1〉 may be regarded as a piece of information,
where the number |c0|2 corresponds to the probability-value that the information
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described by the basic state |0〉 is false; while |c1|2 corresponds to the probability-
value that the information described by the basic state |1〉 is true. The two basis-
elements |0〉 and |1〉 are usually taken as encoding the classical bit-values 0 and 1,
respectively. By these means, a probability value is assigned to a qbit as follows:

Definition 0.0.1 Let |ψ〉 = c0|0〉 + c1|1〉 be a qbit. Then its probability value is
p(|ψ〉) = |c1|2

Generalizing for a positive integer n, n-qbits are represented by unit vectors in
the 2n-dimensional complex Hilbert space ⊗nC2. A special basis, called the 2n-
computational basis, is chosen for ⊗nC2. More precisely, it consists of the 2n

orthogonal states |ι〉, with 0 ≤ ι ≤ 2n, where ι is in binary representation, and
|ι〉 can be seen as the tensor product of the states |ι1〉 ⊗ |ι2〉 ⊗ . . . ⊗ |ιn〉, with
ιj ∈ {0, 1}. In this case ⊗n|1〉 = (0, 0 . . . 0, 1) is the n-qbit, in the computational
basis, encoding the classical bit 1 in ⊗nC2.

A n-qbit |ψ〉 ∈ ⊗n
C

2 is a superposition of the basis vectors |ψ〉 = ∑2n

ι=1 cι|ι〉,
with

∑2n

ι=1 |cι|2 = 1, and the probability assigned to |ψ〉 is |c0,0...0,1|2.
In the usual representation of quantum computational processes, a quantum

circuit is identified with an appropriate composition of quantum gates, i.e. unitary
operators acting on pure states of a convenient Hilbert space ⊗nC2 [20]. Conse-
quently, quantum gates represent time reversible evolutions of pure states of the
system.

3. PROBABILISTIC-TYPE LOGIC FOR QBITS

Let X be a nonempty set, whose elements are referred as propositional variables,
and F be a set of connectives each of them with its respective arity. Let LF be
the propositional language from X and F. A probabilistic logic for qbits may be
introduced as a logic 〈LF, |�〉, where the propositional variables are interpreted as
n-qbits in a given Hilbert space⊗nC2, and the connectives are naturally interpreted
as unitary operators acting on pure states in ⊗n

C
2. More precisely, let Q(n) be the

set of n-qbits in ⊗nC2 and, if f ∈ F, let Uf denote the unitary operator associated
to f in ⊗nC2.

An interpretation of LF in Q(n) is any function e : LF → Q(n) such that, for
each f ∈ F with arity k,

e(f (x1, . . . xk)) = Uf (e(x1) . . . e(xk)).

To define a semantic consequence relation |� from the probability assignment,
another step is required: the notion of evaluation. An evaluation is any function
v : LF → [0, 1] such that f factors out as follows:
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�

� �
��≡

LF [0, 1]

Q(n)

v

e

p

where p is the probability function in Definition 0.0.1. Hence, the semantic con-
sequence relation |� related to Q(n) is given by:

α |� β iff (v(α), v(β)) ∈ R

with R ⊆ [0, 1]2. Since interpretations determine each possible evaluation, for
each interpretation e, we denote by ep the evaluation associated to e.
Hence, a natural extension of the classical logical consequence can be formulated
as follows:

α |� β iff (ep(α) = 1 implies ep(β) = 1). (1)

A probabilistic logic based on the consequence relation in Condition 1 was devel-
oped in [7]. Finally, let us remark that, in [6, 4], the following interesting extension
of such a consequence relation was investigated:

α |� β iff ep(α) ≤ ep(β). (2)

4. PROBABILISTIC-TYPE LOGIC FOR MIXED STATES

In general, a quantum system is not in a pure state. This may be caused, for exam-
ple, by an inefficiency in the preparation procedure of the system, or else because,
in practice, systems cannot be completely isolated from the environment, undergo-
ing decoherence of their states. On the other hand, there are interesting processes
that cannot be represented as unitary evolutions. A prototypical example of this
phenomenon is what happens at the end of a computation process, when a non-
unitary operation, a measurement, is applied, and the state becomes a probability
distribution over pure states: a mixed state.

In view of these facts, several authors [2, 22] paid some attention to a more
general model of quantum computational processes, where pure states are replaced
by mixed states. This model is known as quantum computation with mixed states.
Let us briefly describe it.

Let H be a complex Hilbert space. We denote by L(H) the dual space of
linear operators on H . In the framework of quantum computation with mixed
states, we regard a quantum state in a Hilbert space H as a density operator i.e.,
an Hermitian operator ρ ∈ L(H) that is positive semidefinite (ρ ≥ 0) and has unit
trace (tr(ρ) = 1). We indicate by D(H) the set of all density operators in H .
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A quantum operation is a linear operator from density operators to density
operators such that ∀ρ ∈ D(H) : E(ρ) = ∑

i AiρA
†
i , where Ai are operators

satisfying
∑

i A
†
i Ai = I and A

†
i is the adjoint of Ai . In the representation of quan-

tum computational processes based on mixed states, a quantum circuit is a circuit
whose inputs and outputs are labeled by density operators, and whose gates are la-
beled by quantum operations. In terms of density operators, an n-qbit |ψ〉 ∈ ⊗nC2

can be represented as a matrix product |ψ〉〈ψ|. Moreover, we can associate to any
unitary operator U on a Hilbert space ⊗mC2 a quantum operation OU , such that,
for each ρ ∈ D(H), OU (ρ) = UρU†. Apparently, quantum computation with
mixed states generalises the standard model based on qbits and unitary transfor-
mations. We would like to stress that the measurement process itself can be also
described by a quantum operation, an important fact that strengthnes the choice of
quantum operations as representatives of quantum gates. We refer to [2, 20, 22],
for more details and motivations about quantum operations. In this powerful model
we can naturally extend the logical basis and the notion of probability assignment
defined in the qbit case. In fact, we may relate to each vector of the logical basis
of C2 one of the distinguished density operators P0 = |0〉〈0| and P1 = |1〉〈1|, that
represent the falsity-property and the truth-property, respectively. The falsity and
truth-properties can be generalised to any finite dimension n in the following way:

P
(n)

0 = 1
tr(I n−1 ⊗ P0)

In−1 ⊗ P0 and P
(n)

1 = 1
tr(I n−1 ⊗ P1)

In−1 ⊗ P1,

where n ≥ 2. By the Born rule, the probability to obtain the truth-property P
(n)

1
for a system in the state ρ is given by the following definition:

Definition 0.0.2 Let ρ ∈ D(⊗n
C

2).
Then, its probability value is p(ρ) = tr(P

(n)
1 ρ).

Note that, in the particular case in which ρ = |ψ〉〈ψ| where |ψ〉 = c0|0〉 +
c1|1〉, we obtain that p(ρ) = |c1|2. Similarly to the case of qbits, we can define a
probabilistic logic based on mixed states. Consider the propositional language LF

introduced in Section 3. Here, propositional variables are interpreted as density
operators in D(⊗n

C
2), whilst connectives are naturally interpreted as quantum

operations acting on D(⊗nC2). If f is a connective in F, we denote by Ef the
quantum operation associated to f in L(C2). An interpretation of LF in D(⊗nC2)

is any function e : LF → D(⊗nC2) such that for each f ∈ F with arity k,

e(f (x1, . . . xk)) = Ef (e(x1) . . . e(xk)).

To define a semantic consequence relation |�, we also consider a natural adaptation
of the notion of evaluation. Accordingly, in this setting an evaluation will be any
function v : LF → [0, 1] that makes our diagram commutative:
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�

� �
��≡

LF [0, 1]

D(⊗nC2)

v

e

p

where p is the probability function in Definition 0.0.2. Hence, the semantic con-
sequence |� related to D(⊗nC2) will be:

α |� β iff (v(α), v(β)) ∈ R, (3)

with R ⊆ [0, 1]2.

5. CONNECTIONS WITH FUZZY LOGIC

Since the Eighties, the interest in many-valued logics enormously increased. In
particular, the so called fuzzy logics, with their truth values in the real interval
[0, 1], emerged as a consequence of the 1965 proposal, by L. Zadeh, of a fuzzy
set theory [23]. A fundamental system of fuzzy logic, introduced by P. Hájek in
[13], is known as basic fuzzy logic. A relevant feature of those logics is the notion
of conjunction whose natural interpretation is a real valued function in [0, 1], that
goes under the name of continuous t-norm. More precisely, a t-norm is a continu-
ous binary function � : [0, 1]2 → [0, 1] that satisfies the following conditions:

1. x � 1 = x;

2. if x1 ≤ x2 and y1 ≤ y2, then x1 � y1 ≤ x2 � y2;

3. x � y = y � x;

4. x � (y � z) = (x � y)� z.

In [16], K. Menger used the idea of t-norm in the framework of the probabilistic
metric spaces. In such spaces, t-norms allow us to generalise the triangle inequal-
ity for probability distribution valued metrics. In basic fuzzy logic a genuine re-
lationship between conjunction and implication can be established. In this system
the continuity of the t-norm plays an important role. The following are the three
basic continuous t-norms:

• x �P y = x · y, (Product t-norm);

• x �Ł y = max{x + y − 1, 0}, (Łukasiewicz t-norm);

• x �G y = min{x, y}, (Gödel t-norm).

These t-norms are remarkably basic, in that each possible continuous t-norm can
be obtained as an adequate combination of them [15]. Further it is interesting to
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notice that these three t-norms always represent irreversible functions. In [11] is
introduced a special type of quantum operations called polynomial quantum op-
eration. These quantum operations can probabilistically represent any polynomial
function g such that:

(1) each coefficent of g lives in [0, 1];

(2) the restriction g �[0,1]n lives in [0, 1].

Further, in [11] is shown that any continuous function (not necessarily polynomial)
that satisfy conditions (1) and (2) can be approximately represented by means of a
polynomial quantum operation. Not surprisingly, the accuracy of the approxima-
tion is arbitrary (the higher is the accuracy of the approximation, the higher is the
quantum operation complexity degree). The three t-norms previously introduced
are continuous functions that satisfy conditions (1) and (2). Accordingly by the
results mentioned above, for each of the three t-norms there exists a polynomial
quantum operation that represents it. Further, in case of Product t-norm this rep-
resentation is exact (since Product t-norm is polynomial), while in the other two
cases is approximated.

The representation of continuous t-norms as quantum operations motivated
the investigation of a logical system in the framework of probabilistic-type logic
for mixed states.

Let us recall the following definition first. The standard PMV-algebra (stan-
dard product multi-valued algebra) [10, 19] is the algebra

[0, 1]PMV = 〈[0, 1],⊕,�P ,¬, 0, 1〉,
where [0, 1] is the real unit segment, x ⊕ y = min(1, x + y), the operation �P

is the real product (corresponding to the Product t-norm introduced above), and
¬x = 1 − x. A slight weakening of this structure (called quasi PMV-algebra)
plays a notable role in quantum computing, in that it describes, in a probabilistic
way, a relevant quantum gates in the framework of Poincarè irreversible quantum
computational algebras [5, 7].

As is well known, fuzzy logics (and infinite-valued Łukasiewicz logic in par-
ticular) play a relevant role in game theory and theoretical physics as shown in [17,
18], where it is investigated the deep connection between infinite-valued Łukasie-
wicz logic with Ulam games and AF−C∗-algebras. It would be desirable to extend
this connection, by means of quasi-PMV algebras, to the investigation of quantum
games and to error-correction codes in the context of quantum computation.
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ALEXEI GRINBAUM

QUANTUM OBSERVER, INFORMATION THEORY AND

KOLMOGOROV COMPLEXITY

ABSTRACT

The theory itself does not tell us which properties are sufficient for a system to
count as a quantum mechanical observer. Thus, it remains an open problem to find
a suitable language for characterizing observation. We propose an information-
theoretic definition of observer, leading to a mathematical criterion of objectivity
using the formalism of Kolmogorov complexity. We also suggest an experimental
test of the hypothesis that any system, even much smaller than a human being, can
be a quantum mechanical observer.

1. INTRODUCTION

A few years after Carlo Rovelli proposed a relational interpretation of quantum
mechanics (Rovelli 1996), it received a sharp rebuke from Asher Peres. The issue
that Peres addressed was Rovelli’s claim to the universality of the quantum me-
chanical observer. According to Rovelli, all systems should be seen as observers
insofar as their degrees of freedom are correlated with the degrees of freedom of
some other system. Information contained in such a correlation is the information
possessed by the observer about the observed system. Nothing else is needed, not
even a limit on the size of systems or the number of their degrees of freedom.
This is where Peres objected: “The two electrons in the ground state of the he-
lium atom are correlated, but no one in his right mind would say that each electron
‘measures’ its partner” (Peres 1986). The controversy is still unresolved: Is the
capacity to serve as quantum mechanical observer universal and extends to all sys-
tems? Or is it true that only some systems, but not others, can be observers, and if
there is a limitation, then what is it precisely?

I will argue that in order to give an answer to this question, we need to revolu-
tionize our idea of physical observation. For this, I’ll first briefly review the history
of thinking on quantum mechanical observers and then I’ll propose a new concep-
tual toolkit with which to approach this question. This toolkit will involve the
notion of information and the Kolmogorov complexity as its quantitative measure.
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2. OBSERVER IN THE INTERPRETATIONS OF QUANTUM MECHANICS

2.1 Observer in the Copenhagen orthodoxy

Bohr’s lecture at Como in 1927 was a foundation of what later came to be known as
the Copenhagen interpretation of quantum mechanics. Despite being a common
reference among physicists, this interpretation has a variety of slightly different
formulations. Its main point, however, is clearly stated by Bohr:

Only with the help of classical ideas is it possible to ascribe an unambiguous meaning to
the results of observation.. . . It lies in the nature of physical observation, that all experience
must ultimately be expressed in terms of classical concepts. (Bohr 1934, p. 94)

Two different readings of this statement are possible, divided by what exactly
is meant by “classical”. The first reading is a straightforward sine qua non claim
about quantum and classical mechanics:

It is in principle impossible to formulate the basic concepts of quantum mechanics without
using classical mechanics. (Landau and Lifschitz 1977, p. 2)

The second reading is that quantum mechanical experiments can only be de-
scribed by classical language. Even if classical language later leads us to classical
mechanics, it is the language – not any form of mechanics – that becomes a crucial
ingredient:

Bohr went on to say that the terms of discussion of the experimental conditions and of the
experimental results are necessarily those of ‘everyday language’, suitably ‘refined’ where
necessary, so as to take the form of classical dynamics. It was apparently Bohr’s belief that
this was the only possible language for the unambiguous communication of the results of an
experiment. (Bohm 1971, p. 38)

The first reading implies that the world consists of mechanical systems only,
whether quantum or classical, and no observer external to physical theory is nec-
essary. Contrary to this, the second reading assumes that the formulation of the
problem includes an agent possessing classical language: the experimenter. The
latter prepares and measures the quantum system, thereby acting as a quantum
mechanical observer.

2.2 London and Bauer

First published in 1932, John von Neumann’s magisterial book on quantum me-
chanics offered what were to become a standard theory of quantum measurement
(von Neumann 1932). But von Neumann’s musings about the place of the observer
during measurement were not entirely satisfactory. The mathematics worked per-
fectly, however its meaning required further clarification. Writing as early as 1939,
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London and Bauer set the tone of the conceptual debate. They noted that quantum
mechanics didn’t ascribe properties to the quantum system in itself, only in con-
nection to an observer. For London and Bauer such an observer had to be human:
“it seems that the result of measurement is intimately linked to the consciousness
of the person making it” (London and Bauer 1939, p. 48). The cut between the ob-
server and the observed system introduced by von Neumann and Dirac was pushed
to the extreme, leaving all physical systems – even the human eye and the visual
nerve – on one side, and only leaving the observer’s ‘organ’ of awareness, namely
consciousness, on the other.

If this were true, why would objectivity be possible at all and why have physi-
cists not yet become solipsists? Why do two physicists agree on what consti-
tutes the object of their observation and on its properties? According to London
and Bauer, the reason is the existence of something like a “community of sci-
entific consciousness, an agreement on what constitutes the object of the inves-
tigation”(London and Bauer 1939, p. 49). The exact meaning of this assertion
remained a mystery.

2.3 Wigner

Bohr emphasized that a linguistic faculty is necessary for observers because they
must communicate unambiguously. This was further developed by Eugene Wigner.
The consciousness of the observer “enters the theory unavoidably and unalterably”
and corresponds to an impression produced by the measured system on the ob-
server. The wave function “exists” only in the sense that “the information given by
the wave function is communicable”:

The communicability of information means that if someone else looks at time t and tells
us whether he saw a flash, we can look at time t + 1 and observe a flash with the same
probabilities as if we had seen or not seen the flash at time t ourselves. (Wigner 1961)

The observer “tells us” the result of his measurement: like for Bohr, com-
munication for Wigner is therefore linguistic. But do observers actually have to
communicate or is it enough to require that they simply could communicate? On
the one hand, Wigner says, “If someone else somehow determines the wave func-
tion of a system, he can tell me about it. . . ”, which requires a mere possibility
of communication but no sending of actual information. On the other hand, he
famously analyzes the following ‘Wigner’s friend’ situation:

It is natural to inquire about the situation if one does not make the observation oneself but
lets someone else carry it out. What is the wave function if my friend looked at the place
where the flash might show at time t? The answer is that the information available about
the object cannot be described by a wave function. One could attribute a wave function to
the joint system: friend plus object, and this joint system would have a wave function also
after the interaction, that is, after my friend has looked. I can then enter into interaction with
this joint system by asking my friend whether he saw a flash. . . . The typical change in the
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wave function occurred only when some information (the yes or no of my friend) entered
my consciousness. (Wigner 1961)

Although he calls this situation natural, Wigner is the only one among the
founding fathers of quantum theory to have addressed it explicitly. Here Wigner’s
agreement with his friend is clearly possible thanks to the linguistic communica-
tion between them, but this communication itself is not a quantum measurement:
whatever the situation, Wigner always knows the question he should put to his
friend and fully trusts the answer, always yes or no. Communication from the
friend must actually occur before the wave function could be known by Wigner; it
is not enough that this communication be merely possible. The question remains
open as for the exact mechanism, whether a human convention or a physical given,
of the agreement between observers.

Wigner also touches on the question of belief and trust in his discussion of
repeatability of experiments in physics. To explore the statistical nature of the
predictions of quantum mechanics, it is necessary to be able to produce many
quantum systems in the same state; subsequently these systems will be measured.
One can never be absolutely sure, as Wigner stipulates, that one has produced the
same state of the system. We usually “believe that this is the case” and we are “fully
convinced of all this”(Wigner 1976, p. 267), even if we have not tried to establish
experimentally the validity of the repeated preparation of the same state. What is
at work here is again a convention shared by all physicists. How do they know that
repeated preparations produce the same state if they do not measure each and every
specimen in order to verify it? The answer is that they have common experience
and a convention on what a ‘controlled experiment’ amounts to, and their respect
of this commonly shared and empirically validated rules enables them to postulate
the existence of repeated states even in the situations which had never been tested
before. This is how physical theory with its laws and a precise methodology arises
by way of abstraction (‘elevation’, as Einstein or Poincaré would say (Friedman
2001, p. 88)) from the physicist’s empirical findings and the heuristics of his work.

2.4 Everett

The need to refer to consciousness exists insofar as only consciousness can distin-
guish a mere physical correlation, e.g. of an external system with the observer’s
eye, from the information actually available to the observer, i.e. the observer’s
knowledge on which he can act at future times. Other characteristics are irrele-
vant: jokingly, London and Bauer tell us that “there is little chance of making a big
mistake if one does not know [the observer’s] age” (London and Bauer 1939, p.
43). Treating the observer as an informational agent requires that we say precisely
what property authorizes different systems possessing information to be treated as
observers. In other words, what is the nature of a convention shared by all ob-
servers? Brillouin was among the first to believe that information in physics must
be defined with the exclusion of all human element (George 1953, p. 360). This



Quantum Observer, Information Theory and Kolmogorov Complexity 63

was continued by Hugh Everett (1957), for whom observers are physical systems
that possess memory. Memory is defined as “parts... whose states are in corre-
spondence with past experience of the observers”. Thus observers do not have to
be human: they could be “automatically functioning machines, possessing sensory
apparatus and coupled to recording devices”.

Everett was the first to explicitly consider the problem of several observers.
The “interrelationship between several observers” is an act of communication be-
tween them, which Everett treats as establishing a correlation between their mem-
ory configurations. He listed several principles to be respected in such settings:

1. When several observers have separately observed the same quantity in the object
system and then communicated the results to one another they find that they are in
agreement. This agreement persists even when an observer performs his observa-
tion after the result has been communicated to him by another observer who has
performed the observation.

2. Let one observer perform an observation of a quantity A in the object system, then
let a second perform an observation of a quantity B in this object system which does
not commute with A, and finally let the first observer repeat his observation of A.
Then the memory system of the first observer will not in general show the same
result for both observations. . . .

3. Consider the case when the states of two object systems are correlated, but where the
two systems do not interact. Let one observer perform a specified observation on the
first system, then let another observer perform an observation on the second system,
and finally let the first observer repeat his observation. Then it is found that the first
observer always gets the same result both times, and the observation by the second
observer has no effect whatsoever on the outcome of the first’s observations. (Everett
1957)

As we shall see, the problem of agreement between different observers and the
need for memory as a defining characteristics of observation are intimately con-
nected.

3. INFORMATION-THEORETIC DEFINITION OF OBSERVER

3.1 Observer as a system identification algorithm

What characterizes an observer is that it has information about some physical sys-
tem. This information fully or partially describes the state of the system. The
observer then measures the system, obtains further information and updates his
description accordingly. Physical processes listed here: the measurement, updat-
ing of the information, ascribing a state, happen in many ways depending on the
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physical constituency of the observer. The memory of a computer acting as an ob-
server, for instance, is not the same as human memory, and measurement devices
vary in their design and functioning. Still one feature unites all observers: that
whatever they do, they do it to a system. In quantum mechanics, defining an ob-
server goes hand in hand with defining a system under observation. An observer
without a system is a meaningless nametag, a system without an observer who
measures it is a mathematical abstraction.

Quantum systems aren’t like sweets: they don’t melt. Take a general ther-
modynamic system interacting with other systems. Such a system can dissipate,
diffuse, or dissolve, and thus stop being a system. If at first a cube of ice gurgling
into tepid water is definitely a thermodynamic system, it makes no sense to speak
about it being a system after it has dissolved: the degrees of freedom that previ-
ously formed the ice cube have been irreparably lost or converted into physically
non-equivalent degrees of freedom of liquid water. Quantum systems aren’t like
this. The state of a quantum system may evolve, but the observer knows how to
tell the system he observes from the environment. An electron in a certain spin
state remains an electron after measurement even if its state has changed, i.e., it
remains a system with a particular set of the degrees of freedom which we call an
“electron”. Generally speaking, the observer maintains system identity through a
sequence of changes in its state. Hence, whatever the physical description of such
‘maintaining’ may be, and independently of the memory structure of a particular
physical observer, first of all every observer is abstractly characterized as a system
identification machine. Different observers having different features (clock hands,
eyes, optical memory devices, internal cavities, etc.) all share this central feature.

Definition 1. An observer is a system identification algorithm (SIA).

Particular observers can be made of flesh or, perhaps, of silicon. ‘Hardware’
and ‘low-level programming’ are different for such observers, yet they all perform
the task of system identification. This task can be defined as an algorithm on a
universal computer, e.g., the Turing machine: take a tape containing the list of
all degrees of freedom, send a Turing machine along this tape so that it puts a
mark against the degrees of freedom that belong to the quantum system under
consideration. Any concrete SIA may proceed in a very different manner, yet all
can be modelled with the help of this abstract construction.

The SIAs with possibly different physical realization share one property that
does not depend on the hardware: their algorithmic, or Kolmogorov, complexity.
Any SIA can be reconstructed from a binary string of some minimal length (which
is a function of this SIA) by a universal machine. As shown by Kolmogorov, this
minimal compression length defines the amount of information in the SIA and does
not depend (up to a constant) on the realization of the SIA on particular hardware
(Kolmogorov 1965).
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3.2 Quantum and classical systems

Each quantum system has a certain number of degrees of freedom: independent
parameters needed in order to characterize the state of the system. For example,
a system with only two states (spin-up and spin-down) has one degree of freedom
and can be described by one parameter σ = ±1. If we write these parameters as
a binary string, the Kolmogorov complexity of this string is at least the number
of the degrees of freedom of the system. Consequently, for any system S and the
Kolmogorov complexity of the binary string s representing its parameters

K(s) ≥ dS, (1)

where dS is the number of the degrees of freedom in S. In what follows the notation
K(s) and K(S) will be used interchangeably.

When we say that observer X observes quantum system S, it is usually the
case that K(S) � K(X). In this case the observer will have no trouble keeping
track of all the degrees of freedom of the system; in other words, the system will
not ‘dissolve’ or ‘melt’ in the course of dynamics. However, it is also possible that
X identifies a system with K(S) > K(X). For such an observer, the identity of
system S cannot be maintained and some degrees of freedom will fall out from the
description that X makes of S.

Definition 2. System S is called quantum with respect to observer X if K(S) <

K(X), meaning that X will be able to maintain a complete list of all its degrees of
freedom. Otherwise S is called classical with respect to X.

Suppose that X observes a quantum system, S, and another observer Y ob-
serves both S and X. If K(Y ) is greater than both K(X) and K(S), observer Y

will identify both systems as quantum systems. In this case Y will typically treat
the interaction between X and S as an interaction between two quantum systems.
If, however, K(X) and K(Y ) are close, K(X) � K(S) and K(Y ) � K(S) but
K(X) � K(Y ), then Y will see S as a quantum system but the other observer,
X, as a classical system. An interaction with a classical system, which we usually
call ‘observation’, is a process of decoherence that occurs when the Kolmogorov
complexity of at least one of the involved systems approaches the Kolmogorov
complexity of the external observer. In this case Y cannot maintain a complete de-
scription of X interacting with S and must discard some of the degrees of freedom.
If we assume that all human observers acting in their SIA capacity have approxi-
mately the same Kolmogorov complexity, this situation will provide an explanation
of the fact that we never see a human observer (or, say, a cat) as a quantum system.
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4. ELEMENTS OF REALITY

4.1 Entropic criterion of objectivity

Ever since the Einstein-Podolsky-Rosen article (1935), the question of what is real
in the quantum world has been at the forefront of all conceptual discussions about
quantum theory. The original formulation of this question involved physical prop-
erties: e.g., are position or momentum real? This is however not the only problem
of reality that appears when many observers enter the game. Imagine a sequence
of observers Xi, i = 1, 2, . . ., each identifying systems Sn, n = 1, 2, . . .. System
identifications of each Sn do not have to coincide as some observers may have their
Kolmogorov complexity K(Xi) below, or close to, K(Sn), and others much bigger
than K(Sn). If there is disagreement, is it possible to say that the systems are real,
or objects of quantum mechanical investigation, in some sense? We can encode
the binary identification string produced by each observer in his SIA capacity as
some random variable ξi ∈ �, where � is the space of such binary identification
strings, possibly of infinite length. Index i is the number of the observer, and the
values taken by random variable ξi bear index n corresponding to “i-th observer
having identified system Sn”. Adding more observers, and in the limit i → ∞ in-
finitely many observers, provides us with additional identification strings. Putting
them together gives a stochastic process {ξi}, which is an observation process by
many observers. If systems Sn are to have a meaning as “elements of reality”, it is
reasonable to require that no uncertainty be added with the appearance of further
observers, i.e., that this stochastic process have entropy rate equal to zero:

H({ξi}) = 0. (2)

We also take this process to be stationary and ergodic so as to justify the use of
Shannon entropy.

Let us illustrate the significance of condition (2) on a simplified example. Sup-
pose that θ1, θ2, . . . is a sequence of independent identically distributed random
variables taking their values among binary strings of length r with probabilities
qk, k ≤ 2r . These θk can be seen as identifications, by different SIAs, of different
physical systems, i.e., a special case of the ξi-type sequences having fixed length
and identical distributions. For instance, we may imagine that a finite-length string,
θ1, is a binary encoding of the first observer seeing an electron and θ2 is a binary
string corresponding to the second observer having identified a physical system
such as an elephant; and so forth. Then entropy is written simply as:

H = −
∑

k

qk log qk. (3)

Condition (2) applied to entropy (3) means that all observers output one and the
same identification string of length r , i.e., all SIAs are identical. This determin-
istic system identification, of course, obtains only under the assumption that the
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string length is fixed for all observers and their random variables are identically
distributed, both of which are not plausible in the case of actual quantum mechan-
ical observers. So, rather than requiring identical strings, we impose condition (2)
as a criterion of the system being identified in the same way by all observers, i.e.,
it becomes a candidate quantum mechanical “object of investigation”.

4.2 Relativity of observation

Let us explore the consequences of condition (2). Define a binary sequence αi
n

as a concatenation of the system identifications strings of systems Sn by different
observers:

αi
n = (ξ1)n (ξ2)n . . . (ξi)n, (4)

where index i numbers observers and the upper bar corresponds to “string con-
catenation” (for a detailed definition see Zvonkin and Levin 1970). Of course, this
concatenation is only a logical operation and not a physical process. A theorem
by Brudno (1978, 1983) conjectured by Zvonkin and Levin (1970) affirms that the
Kolmogorov complexities of strings αi

n converge towards entropy:

lim
n→∞ lim

i→∞
K(αi

n)

i
= H({ξi}). (5)

For a fixed i and the observer Xi who observes systems Sn that are quantum in the
sense of Definition 2, variation of K(αi

n) in n is bounded by the observer’s own
complexity in his SIA capacity:

K(αi
n) < K(Xi) ∀n, i fixed. (6)

Hence eqs. (2) and (5) require that

lim
i→∞

K(αi
n)

i
= 0. (7)

This entails that the growth of K(αi
n) in i must be slower than linear. Therefore

the following:

Proposition 3. An element of reality that may become an object of quantum me-
chanical investigation can be defined only with respect to a class of not very dif-
ferent observers.

To give an intuitive illustration, imagine adding a new observer Xi+1 to a
group of observers X1, . . . , Xi who identify systems Sn. This adds a new iden-
tification string that we glue at the end of concatenated string αi

n consisting of
all Xi’s identifications of Sn, thus obtaining a new string αi+1

n . The Kolmogorov
complexity of αi+1

n does not have to be the same as the Kolmogorov complexity
of αi

n; it can grow, but not too fast. Adding a new observation may effectively
add some new non-compressible bits, but not too many such bits. If this is so,
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Source Photons

Calorimeter trap

Fullerene
molecule

Figure 1: Experiment leading to heat production when observer’s memory be-
comes saturated.

then H = 0 still obtains. Although observers X1, . . . , Xi,Xi+1 produce slightly
different identification strings, they will agree, simply speaking, that an atom is an
atom and not something that looks more like an elephant.

The above reasoning applies only to quantum systems Sn in the sense of Defi-
nition 2. This is because, in the case of non-quantum systems, different observers
may operate their own coarse-graining, each keeping only some degrees of free-
dom. System identification strings may then differ dramatically, and one cannot
expect K(αi

n) to grow moderately.

5. EXPERIMENTAL TEST

A previously suggested experimental connection between thermodynamics and
theories based on Kolmogorov complexity is based on observing the consequences
of a change in the system’s state (Zurek 1989, 1998; Erez et al. 2008). Zurek
(1989) introduced the notion of physical entropy S = H + K , where H is the
thermodynamic entropy and K the Kolmogorov entropy. If the observer with a
finite memory has to record the changing states of the quantum system, then there
will be a change in S and it will lead to heat production that can be observed
experimentally. We propose here a test independent of the change of state.

An individual fullerene molecule is placed in a highly sensitive calorimeter
and bombarded with photons, which play the role of quantum systems with low
K(S) (Figure 1). The fullerene is a SIA, or a quantum mechanical observer, with
K(X) > K(S). Thus the absorption of the photon by the fullerene can be de-
scribed as measurement: the fullerene identifies a quantum system, i.e. the pho-
ton, and observes it, obtaining new information. Physically, this process amounts
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to establishing a correlation between the photon variables (its energy) and the vi-
brational degrees of freedom of the fullerene. From the point of view of an ob-
server external to the whole setting, the disappearance of the photon implies that
the act of observation by the fullerene has occurred, although the external observer
of course remains unaware of its exact content.

Informationally speaking, the same process can be described at storing infor-
mation in the fullerene’s memory. If measurement is repeated on several photons,
more such information is stored, so that at some point total Kolmogorov complex-
ity of concatenated identification strings will approach K(X). When it reaches
K(X), the fullerene will stop identifying incoming photons as quantum systems.
Any further physical process will lead to heat production due to memory erasure,
as prescribed by Landauer’s principle (Landauer 1961). Physically, this process
will correspond to a change of state of the carbon atoms that make up the fullerene
molecule: the calorimeter will register a sudden increase in heat when C60 cannot
store more information, thereby ending its observer function.

Actual experiments with fullerenes show that this scenario is realistic. A
fullerene molecule “contains so many degrees of freedom that conversion of elec-
tronic excitation to vibrational excitation is extremely rapid”. Thus, the fullerene is
a good candidate for a quantum mechanical observer, for “the molecule can store
large amounts of excitation for extended periods of time before degradation of the
molecule (ionization or fragmentation) is observed” (Lykke and Wurz 1992). The
experiments in which fullerenes are bombarded with photons demonstrate that “the
energy of the electronic excitation as a result of absorption of a laser photon by a
molecule is rapidly converted into the energy of molecular vibrations, which be-
comes distributed in a statistical manner between a large number of the degrees of
freedom of the molecule. . . The fullerene may absorb up to 10 photons at λ = 308
nm wavelength before the dissociation of the molecule into smaller carbon com-
pounds” (Eletskii and Smirnov 1995). We read these results as a suggestion that
there should be one order of magnitude difference between K(S) and K(X) and
that this allows the fullerene to act as a quantum mechanical observer for up to
10 photons at 308 nm wavelength. What needs to be tested experimentally in this
setting is heat production: we conjecture that if the same process occurs inside a
calorimeter, the latter will register a sudden increase in heat after the fullerene will
have observed 10 photons (Figure 2). What we predict here isn’t new physics, but
an explanation of a physical process on a new level: that of information. We sug-
gest that heat production deserves special attention as a signature of the fullerene’s
role as quantum mechanical observer.

As a side remark, imagine that the photon’s polarization state in some basis
were fully mixed:

1
2
(|0〉 + |1〉).

While only the energy of the photon matters during absorption, the external ob-
server records von Neumann entropy H = log 2 corresponding to this mixture (the
initial state of the fullerene is assumed fully known). After absorption, it is manda-
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t

Figure 2: Conjectured time dependence of heat production in the calorimeter (ver-
tical axis). A sharp increase occurs when the fullerene’s memory is erased as it
stops ‘observing’ photons quantum mechanically.

tory that this entropy be converted into Shannon entropy of the new fullerene state,
corresponding nicely to the uncertainty of the external observer in describing the
“statistical manner” of the distribution over a large number of the degrees of free-
dom. From the internal point of view, we may assume perfect ‘self-knowledge’
of the observer, which puts his Shannon entropy equal to zero. However, his Kol-
mogorov entropy will increase as a result of recording the measurement informa-
tion (Zurek 1998). Heat produced during the erasure of measurement information
is at least equal to the Kolmogorov complexity of the string that was stored in ob-
server’s memory; but, according to quantum mechanics, this heat will not reveal to
the external observer any information about the precise photon state observed by
the fullerene.

6. CONCLUDING REMARKS

Information-theoretic treatment of quantum mechanical observer provides a for-
mal result that encapsulates the Einstein-Podolsky-Rosen notion of “element of
reality”. We have shown how to make sense of a system existing independently
of observation, with respect to a class of observers whose Kolmogorov complex-
ities may differ, even if slightly. Equation (7) provides a mathematical criterion.
It remains an open problem to find out whether the information-theoretic defini-
tion of observer will yield useful insights in other areas of quantum mechanics.
We are currently pursuing this research program for studying quantum mechanical
non-locality.
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LEON HORSTEN

MATHEMATICAL PHILOSOPHY?1

ABSTRACT

This article reflects on the scope and limits of mathematical methods in philosophy.

1. INTRODUCTION

Open a journal in chemistry at an arbitrary page, and you will see formulae. And it
is the same for almost every other scientific subject. These formulae indicate that
the article draws upon mathematics. It is like that if you open an issue of a journal
that has just come out. But it is also like that if you open an issue of a journal
that has appeared 50 years ago. Now open a general journal in philosophy at an
arbitrary page. Chances are that you will see no formulae, but just text. This tells
you that the article you are looking at does not draw on mathematical techniques
or theories: it is written in a discursive style. This will certainly be the case if
you open an an issue of a general philosophy journal that appeared 50 years ago.
It is very likely also to be the case if you open a recent issue. Thus a discipline
like chemistry is said to be a technical subject, whereas philosophy is said to be a
non-technical subject.

This situation is currently changing rapidly. Until fairly recently, mathemat-
ical methods were used only in certain relatively specialised areas of philosophy
such as philosophy of mathematics and philosophy of science. But in the last two
decades, mathematical methods have become increasingly used in traditional areas
of philosophy (such as epistemology and metaphysics).

It is time for a methodological reflection on this evolution. Until now, such
a methodological investigation has not been carried out as far as I know. There
has been some discussion on the use of mathematical models and methods in the
philosophy of science ((van Benthem 1982), (Horsten and Douven 2008), (Muller
t.a.), (Leitgeb t.a.), (Wheeler t.a.)). But there has been almost no systematic dis-
cussion of the use of mathematical methods in core areas of philosophy such as

1 This article is based on my inaugural lecture, which I gave in Bristol in December 2010.
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metaphysics and epistemology. Moreover, the methodological debate has focussed
mainly on the use of logical methods.

This article is a systematic philosophical investigation into the role of math-
ematical methods in core areas of philosophy. I want to reflect on the scope and
limits of mathematical methods in philosophy. I will argue that, while there are
limits to what we can expect of mathematical methods in philosophy, mathemati-
cal methods can make a contribution to philosophy. I will not try to prove my case
by giving you an annotated list of success stories and telling you what is so great
about them. Instead, I want to look behind the examples. How is it that mathemat-
ical methods can contribute to philosophy? Which parts of philosophical inquiry
necessarily have to be carried out in the discursive style?

I will not offer concrete methodological advice here: the concrete dangers and
pitfalls of bringing mathematical methods to bear on philosophical problems have
been discussed elsewhere ((Rota 1988), (Hansson 2000), (Horsten and Douven
2008)). And I also don’t want to spend much time on the history of the use of
mathematical methods in philosophy: a brief overview of this can be found in
(Horsten and Pettigrew 2011).

2. LOGICAL ANALYSIS AND LOGICAL EXPLICATION

Over the centuries it has occasionally been suggested that philosophy and math-
ematics are intimately related. Think of Plato’s admonition “let no one destitute
of geometry enter my gates”, Spinoza’s ideal of conducting philosophical research
more geometrico, Leibniz’ slogan “sedeamus et calculemus”, etc. These senti-
ments were mainly fuelled by a craving for absolute certainty in philosophy. But
in practice, philosophy has for most of its history been a discursive practice. This
only slowly started to change in the beginning of the 20th century. Ironically, this
change happened at the time when the search for apodictic certainty started to lose
its grip on philosophy.

In their logical investigations of mathematics, Frege and Russell recognised
that the logical form of certain sentences differs in important ways from their sur-
face grammatical form ((Frege 1879), (Russell 1905)). Russell and the early logi-
cal positivists emphasised that this was in particular the case for many philosoph-
ical propositions. By bringing out the logical form of philosophical propositions,
certain supposedly deep philosophical problems could be unmasked as pseudo-
problems. For a while the opinion held sway in some circles that in this manner, all
philosophical propositions will, after logical analysis, turn out to be either trivially
true, or trivially false, or empirical. In other words, it was thought that after logical
analysis, there would be no deep philosophical questions left.

This turned out not to be the case. Most of the age-old central philosophical
problems turned out to be impossible to dismiss as pseudo-problems, even after
logical analysis. Only philosophical problems that were somewhat suspect in the
first place – they sounded a bit silly – could be dissolved by logical analysis. So
the ambitions of logical analysis had to be scaled back.
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Carnap thought that logic nonetheless had an important role to play every-
where in philosophy. In his view, philosophers should strive at giving logical ex-
plications of philosophical concepts (Carnap 1950). When presented with a philo-
sophical proposition, the philosopher should first of all uncover its logical form (as
in the method of logical analysis). This logical form will relate certain predicates,
and is given in a formal language. Next, Carnap says, plausible basic rules of use
should be spelled out. The aim is to decide the philosophical proposition by deriv-
ing it or its negation from the rules of use using the rules of logic alone. Of course
there is absolutely no guarantee that we will be able to solve the problem in this
way: our basic principles may be controversial, or they may simply be too weak to
decide the philosophical question we are interested in.

The method of logical explication has been criticised by the ordinary language
philosophers on various grounds. One of their critiques rests on the fact that we
cannot jump outside natural language. They argue that it is an illusion to think
that appeal to formal languages can be a decisive step forward if one wants to
address a philosophical question. Suppose that we are indeed able to derive the
philosophical proposition we were interested in from correct rules of use. Then
this whole derivation can be translated back to natural language, and one would
not have had to make the detour via formal languages in the first place (Strawson
1963).

This much is true: there is no formal substitute for philosophical thinking.
By working meticulously in formal languages invalid argumentative leaps can be
excluded, and the possibility of tacit assumptions that remain under the radar is
eliminated. But if one is careful enough, this can also be achieved in ordinary
language. In any case, the philosophical argumentation will centre around the
question of the basic rules of use that will be proposed. And this is a discussion
that will take place in informal English. In sum, for all that has been said so far,
while methodologically useful, semi-mathematical tools such as formal languages
do not touch the heart of philosophy: they are dispensable in principle.

3. THE DAWN OF MATHEMATICS IN PHILOSOPHY

In the late 1920s, Carnap started using mathematical models in philosophy. His
ambitions were high: he wanted to construct the whole world (!) in terms of
elementary sensory data and a similarity relation between those data. His models
were set-theoretic in nature. In this programme, the colour red, for instance would
turn out to be something like a set of sets of . . . sensory data. And even physical
space would turn out to be some such set. There is no need to go into the details
of Carnap’s “logical construction of the world” (Carnap 1928), because it was
ultimately unsuccessful. Instead, let us look at a use of models that is generally
regarded as at least somewhat successful.

The first kind of non-set-theoretical models that were used in philosophy are
probabilistic models. Probabilistic models were the first examples of quantitative
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models in philosophy. Such models were used to shed light on the problem of
confirmation in the philosophy of science. Suppose you have a scientific theory,
and suppose you obtain a new piece of observational evidence. Then this piece
of evidence can confirm or disconfirm the theory. Philosophers of science wanted
to articulate a satisfactory philosophical theory of this support-relation between
theories and evidence.

It turned out to be very hard for philosophers to find tenable basic principles
of confirmation using Carnap’s method of logical explication. The reason why the
method of logical explication did not produce satisfactory results is that our intu-
itions about the confirmation relation are unreliable. By the beginning of the 1950s
it had become clear that whenever we list principles concerning the confirmation
relation that agree with our intuitions, they are invariably met with counterexam-
ples. Somehow it seemed that a theoretical idea was needed.

In the late 1950s, philosophers of science took up the idea of modelling con-
firmation as probability-raising: evidence confirms a hypothesis if it raises the
hypothesis’ probability. This was the start of developing probabilistic models for
studying the confirmation relation. Note that this development does not fit well
with Carnap’s method of logical explication: it is hard to imagine that the concept
of probability somehow belongs to the logical form of all propositions involving
the confirmation relation.

A whole machinery (known as Bayesian confirmation theory) has since then
been developed to tackle problems in confirmation theory. And whatever one may
think of it, this research programme was more successful than the approach to
confirmation that came before, which was a version of Carnap’s method of logical
explication.

The probabilistic models contributed to our understanding of the confirmation
relation by giving us an understanding of our intuitions concerning confirmation
(Earman 1992). Before the advent of probabilistic models, we knew that our in-
tuitions in this area are unreliable. But we did not really understand why. Prob-
abilistic models provide compelling and integrated stories of why and in which
situations our confirmation intuitions go astray. They show how our intuitions are
shaped and sometimes deceived by our experience. The probabilistic models re-
integrate and organise our intuitions.

For a model construction programme such as Carnap’s (Carnap 1928), the
ideal aim could be to find the unique correct model: the way the world actually is
built up from experience. But the subjective probability-approach to confirmation
never really aimed at uniqueness. From the start, the prior assignments of proba-
bility values were taken to be somewhat arbitrary, and were taken to irredeemably
vary from person to person. Thus their theory was fundamentally a large ensemble
of models rather than a unique intended model. This is very much in consonance
with the model-theoretic or semantic view of theories in the natural sciences.
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4. RECENT USES OF MATHEMATICAL METHODS IN PHILOSOPHY

So probabilistic modelling plays an important role in the sub-discipline of philos-
ophy of science that is called confirmation theory, whereas, at least until its very
recent revival (Leitgeb 2007), the idea of set-theoretically constructing the world
from experience was seen as a lost cause. There were a few other areas in phi-
losophy where mathematical modelling played some role (such as philosophy of
mathematics). But these are all somewhat specialised and relatively new areas of
philosophy. Philosophy of science, for instance, came to its own in the first decades
of the 20th century. In the core and more traditional areas of philosophy, such as
general epistemology, metaphysics, and ethics, mathematical modelling was not
done at all. And the mathematical methods used were in some sense ‘logical’.
Set theory is a part of mathematical logic, and some say that probability theory is
somehow a ‘generalised’ form of logic.

This situation has begun to change in the past two decades. To an ever larger
extent, mathematical modelling, as well as other mathematical techniques, are used
even within traditional, core areas of philosophy. And the techniques and models
that are used draw upon a large variety of mathematical fields (graph theory, math-
ematical analysis, algebra,. . . ).

Let me mention some examples from epistemology and metaphysics. A funda-
mental epistemological question is: why should our credences satisfy the standard
laws of probability? In recent work starting with (Joyce 1998), techniques and re-
sults of mathematical analysis have been used in the formulation and exploration
of proposed answers to this question that involve distance-minimalisation. (De
Clercq and Horsten 2005) have invoked techniques of graph theory to formulate
identity conditions for secondary qualities such as colour shades. More examples
could be listed, but instead I want to discuss one example (from metaphysics) in
some more detail – of course this will be a highly simplified account.

Nominalists believe that the world, absolutely all there is, consists of concrete
objects that stand in a part-whole relation to each other. Abstract objects do not
exist, according to nominalism.

Nominalism is a philosophical theory if there ever was one. It is a metaphysi-
cal doctrine, dating back at least to the Middle Ages. But modern-day nominalists
are enough of a naturalist to want their theory to be compatible with empirical
science. The theories of the modern natural sciences use mathematics. So nom-
inalism somehow has to find a way of recognising the truth of key principles of
mathematics. Let us concentrate on the theory of the natural numbers: that is
surely a key and basic mathematical theory.

There are two obstacles for the nominalist here. First, number theory seems
at first blush about abstract entities. After all, in which museum is the number 7
held? Secondly, there is the question whether the world of the nominalist is large
enough to accommodate the natural numbers. There are infinitely many numbers:
who knows if there are infinitely many concrete objects?
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In response to the first problem, it seems that the nominalist has to let con-
crete objects somehow play the role of the natural numbers: concrete objects is
all she’s got!2 In response to the second problem, the nominalist has to bite a bul-
let, and assume the existence of infinitely many concrete objects. This is perhaps
not completely hopeless if space-time is infinite in some dimension – perhaps the
time-dimension in the future direction.

From the 1950s onwards, nominalists (such as Nelson Goodman) have thought
about precise principles governing the part-whole relation. In the 1960s, a minimal
theory was gradually settled on, together with a list of possible extra principles
that might also be true, but that are not universally accepted in the nominalist
community (Niebergall 2011).

Now the following question emerges. Given that there are enough concrete
objects to stand proxy for the natural numbers, can the basic axioms that govern the
natural numbers somehow be validated? Roughly, this means the following: can
the language of arithmetic somehow be translated into the nominalistic language of
concrete objects and the part-whole relation, in such a way, that the basic principles
of arithmetic are validated? In the light of the foregoing, it should be clear that
from the present-day nominalist point of view, this is an elementary question that
is of utmost importance. If it can be done, then a nominalist understanding and
recognition of the laws of elementary arithmetic is possible.

Somewhat surprisingly, the answer turns out to be ‘no’ (Niebergall 2011). It
has been shown in the past two decades that the nominalistic theories, minimal
or extended by further principles that have been advocated, cannot validate even
‘minimal’ arithmetical theories. For the cognoscendi: they cannot even interpret
the arithmetical system known as Robinson arithmetic, which is standard arith-
metic without the axiom of mathematical induction. The proofs of this are in
fact not really difficult: they only involve some relatively elementary facts about
Boolean algebras.

Has the philosophical question of the viability of nominalism thereby been
settled in the negative? Has a philosophical problem been laid to rest? No. For it
is open to the nominalist to change her position and to say that not just the part-
whole relation, but other, more complicated relations between concrete objects are
nominalistically acceptable as belonging to the basic fabric of the world. When
that is done, we have moved to the next round in the debate about nominalism.

But the point is that we will have advanced: we have made progress in this
philosophical debate. We have not solved the question of nominalism; but we have
shed light on it. And, coming back to the ordinary language philosophers, it is
hard to see how this insight could have been obtained using the discursive method-
ology of ordinary language philosophy. In principle, Niebergall’s proofs about the
noninterpretability of Robinson Arithmetic in standard mereological theories can

2 An alternative for the nominalist is to develop a fictionalist position concerning math-
ematical objects. (Thanks to Neil Coleman for pointing that out.) But here I assume
that indispensability arguments justify adopting a realist line on the question of the
existence of mathematical objects.
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be spelled out in ordinary English, just like any mathematical proof can. But it
is unreasonable to think that Niebergall’s arguments could have been produced in
practice using the methods of ordinary language philosophy.

5. LIMITATIONS?

In the debate between ordinary language philosophy and ‘formal’ philosophy, ob-
jections against the methodology of logical explication have crystallised only grad-
ually. The application of a wide variety of mathematical methods to central prob-
lems in philosophy is a very recent phenomenon. The opposition hasn’t had time
yet to get organised. In the years to come, that will probably happen. What follows
is a glimpse of what their arguments might look like.

5.1 Philosophy and our conceptual world

One objection of the ordinary language philosophers that will undoubtedly re-
emerge, is naturalistic in spirit. On the one hand there are the objects, properties,
and relations in the world. It is the business of the sciences to describe what is
out there in the world; philosophy had better not try to compete with them. On
the other hand, there are our everyday concepts and conceptions, which latch im-
perfectly onto the world. It is the business of philosophy to describe our concepts:
this is called conceptual geography. Our concepts are a fairly loose and gerryman-
dered lot. Now you can, using the process of logical explication, find substitutes
for these concepts that are more structured, in the sense that they satisfy a small
set of highly coherent and general basic principles. But when you have arrived at
these substitutes, you have lost contact with our concepts as we live them in our
experience. In Rota’s words:

The concepts of philosophy are among the least precise. The mind, perception, memory,
cognition, are words that do not have any fixed or clear meaning. Yet they do have meaning.
We misunderstand these concepts when we force them to be precise. (Rota 1988, p. 170)

This is not to say that there is anything wrong with trying to find mathematical
structure in our conceptual world.3 But it is somewhat unlikely that our conceptual
world is mathematically structured in the way in which the physical world mirac-
ulously has turned out to be. And if it isn’t, then it’s no use pretending that it is.
This is what Wittgenstein had in mind when he said that as soon as philosophy has
produced a theory, you can bet on it that it is wrong (Wittgenstein 1956).

This is a deep and important point. The relation between ordinary language
philosophy and phenomenology, on the one hand, and our concepts and our expe-
rience on the other hand, is somewhat like the relation between literary criticism

3 My former colleague Hannes Leitgeb emphasises that this is a valid objective of math-
ematical philosophy.
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and literature. Literary criticism is somehow continuous with literature; discursive
philosophy is continuous with our conceptual world. All of it belongs to our cul-
ture and will do so in the future. Moreover, discursive philosophy is not just an
epiphenomenon of the culture and society we live in. It changes our conceptual
world and our lived experience.

Mathematical philosophy has more in common with the particular part of our
culture that we call science, which is much less continuous with our everyday
conceptual world. Mathematical philosophy wants to play with the hard-hitting
girls. Its ambition is not just to describe our concepts, but to capture properties
and relations in the world. That is a tough proposition, but it seems to me that
there is no way around it.

This is also where Carnap’s insistence that the concepts that play a role in the
logical explication must be fruitful is relevant. Carnap emphasised that the rule of
use-principles need not be a completely faithful representation of the way in which
the concepts involved are used in ordinary language. But, Carnap says, these for-
mal substitutes for our ordinary concepts somehow have to be theoretically useful.
And it is in this context that we should understand Strawson’s critique of Carnap,
when he says that Carnap’s method is like offering someone a book on physiol-
ogy when she asks (with a sigh): “who understands the human heart?” (Strawson
1963).

The hard-headed position that I am advocating here does not exclude that
some of the properties that the mathematical philosopher wants to investigate, are
subject-relative in some way. To take an example, consider confirmation again. As
we have seen, many philosophers of science now think that the confirmation re-
lation contains a subjective component. Nonetheless, the philosophers of science
aim at more than describing our concept or concepts of confirmation; they aim at
describing what it means for evidence to confirm a hypothesis.

It may be that in some areas, attempts to go beyond the geography of our
everyday concepts are doomed to fail. Suppose, for instance, that not only all
attempts to ‘uncover the grounds of morality’ turn out to be futile, but that even all
attempts to derive most accepted moral maxims from a small and coherent number
of principles fail. (This may, in so far as I can see, actually be the case.) This would
then be an area where mathematical methods could never be applied fruitfully in
the way that Carnap envisaged.

5.2 Models and instrumentalism

The following is often seen as an obstacle to playing with the big girls. In the
natural sciences, sensory experience (observation and experimentation) is our ulti-
mate touchstone. Theories are tested on the basis of their empirical consequences.
Philosophical theories are also connected with sensory experience, but in a much
less definite way, and their connection with the outcome of scientific experiments
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is even less clear.4 How do we refute a philosophical theory, even if it is precisely
formulated (as a class of models, say)?

It is often said that our common sense intuitions form the touchstone of philo-
sophical theories.5 The value of this depends on what the philosopher’s aims are.
If she wants to be faithful to our concepts and the relations between them, then
our intuitions indeed occupy a privileged position. But if her aim is to latch on to
an ‘objective’ relation or property, then our intuitions may well be unreliable – al-
though they are unlikely to be even then massively mistaken: there is often deeper
truth hidden behind intuitive falsehoods.

Indeed, success of a philosophical way of picturing the phenomena is not easy
to define. It is a matter of shedding light on a subject, of providing insight, of
showing how it all hangs together. The paucity of precise empirical predictions
does not bar philosophy from obtaining objective knowledge. As Alonzo Church
once said: the preference of seeing over understanding as a method of observation
seems capricious (Church 1951). In other words, there may well be situations in
which philosophers have good reasons to believe in the objective correctness of
models that they produce: the key factor will be explanatory power.

This takes us to a fundamental difference between the role of models in the
natural sciences and in philosophy. In the natural sciences, models can be valuable
even if they are fundamentally unrealistic, not in the sense of making idealisations
(such as the absence of friction), but in the sense of intentionally making funda-
mentally false incorrect assumptions (as is done for instance in modelling traffic
as a fluid passing through a system of connected tubes). Even though such models
do not really explain anything, they serve an important goal: they are connected to
observational and experimental predictions. Even models that do not describe the
world anywhere near correctly can be extremely powerful as a source of empiri-
cal predictions. Indeed, even an empiricist such as van Fraassen who is agnostic
about the existence of unobservable entities, properties, and relations, is happy to
acknowledge the value of models that postulate sub-atomic particles. An instru-
mentalist stance to models is always possible in science.

Philosophical theories do not typically make precise empirical predictions.
Thus if one does not believe in the objective correctness of a class of models in
philosophy (even granting the idealisations involved), then its value is much less
clear. As intimated earlier, the way in which one can bring oneself to believing
in the objective correctness of a class of models is in philosophy basically the
same as in the sciences. It consists in success arguments. Ultimately, they are
variants of Inference to the Best Explanation. Nonetheless, even classes of models
in philosophy that are perhaps difficult to take seriously, such as the part-whole
models discussed earlier, may have their value. They function as a conceptual

4 This point is emphasized in (Hansson 2000).
5 There is also the question who is meant with ‘our’ in this sentence. Experimental

philosophers hold that many of the ‘intuitions’ on which analytical philosophy is built
are generated by a quite unrepresentative sample of the population, and therefore sus-
pect. I will leave this discussion aside here.



82 Leon Horsten

laboratory (van Benthem 1982). They give us insight in what metaphysically might
have been, in a way in which theories of magnetic monopoles give us insight in
what physically might have been.

5.3 Informal concepts and the discursive style

Classes of mathematical models are built using very precise concepts. This causes
classes of mathematical models to have a certain rigidity: it is difficult to adapt
classes of mathematically defined models to phenomena that they were not in-
tended to describe in the first place. Classes of models that are generated by
a mathematical technique are also very stubborn. Once a certain mathematical
modelling technique has firmly taken hold of a field, it is very difficult to replace
it with a new mathematical modelling technique or just to get rid of it if it doesn’t
work well. Genuinely new classes of mathematical models that are suitable for
describing phenomena in a given field are very difficult to find.

Even though he was a great advocate of the use of models, Boltzmann pointed
out that everyday concepts possess a plasticity that scientific concepts to a large
extent lack (Boltzmann 1902).6 Everyday concepts are in a sense like stem cells:
they can become virtually anything. This is definitely a virtue when we are working
in an area where we are still groping for clues, when we are still feeling our way
around. In such a situation, the discursive method is the only way, for we still have
to shape our concepts. And, as we know from medical science, it is important that
we always keep a healthy supply of stem cells. You never know when you will
need them. At some point, we may have to look for a new class of models, and
then we simply have to start with our everyday concepts.

In some situations, stem cells take on a sharply defined shape: they commit
themselves to a specific task and agree to a division of labour. This corresponds to
the emergence of sharply defined models in science and in philosophy. At its best,
models can have the effect of ‘switching on the light’; at their worst they merely
serve as the intellectual equivalent of wearing blinders. In any case, they are a
prerequisite for having a theory that can really be tested. Precisely because models
are precise, and somehow rigid, and somehow narrow-minded, they cannot easily
dodge attempts at refutation.

Nonetheless, here again a difference with the use of models in the natural sci-
ences emerges. Let us return for a moment to the example of nominalism. We
have seen that the decision to take only the part-whole relation as fundamental can
be and has been challenged. The debate about the correctness of taking the part-
whole relation as the only basic relation is conducted in the discursive style. And
this is in large part where the philosophical action is. More in general, philosophi-
cal disputes about the form and basic ingredients of the models must be conducted
in the discursive style. There is no other way: conducting the discussion in the
language of the model would beg the question. In this way, the discursive style

6 Frege also made this point (Frege 1879, introduction).
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necessarily forms a constitutive part of any philosophical investigation. In the nat-
ural sciences, discussion about the basic ingredients of the models are less central.
Again, this has to do with the fact that observational evidence forms the ultimate
touchstone. Many scientists believe that as long as a class of models yields the
right empirical predictions, there can be no legitimate cause for concern or criti-
cism. Even if one does not believe that, there is much less at stake. As I have said
before, even unrealistic models can be of utmost importance in science.

5.4 The bounded scope of mathematical methods

In the light of all this, we may ask: what then are the virtues of using logico-
mathematical methods? Where is the pay-off?

Carnap’s method of logical explication forces one to make the grammar and
the structure of philosophical argumentation explicit. This is obviously a good
thing: it is a question of intellectual hygiene. But its instances do not import an
essential use of mathematical methods in philosophy. Rota puts it too harshly,
perhaps, when he writes:

Confusing mathematics with the axiomatic method for its presentation is as preposterous as
confusing the music of Johann Sebastian Bach with the techniques for counterpoint in the
Baroque age. (Rota 1988, p. 171)

In the case of nominalism, we have seen how mathematical methods can really
enter into it. They can be used to prove limitative results, or impossibility results
as they are sometimes called. In the case of part-whole nominalism, the principles
turn out too be too weak to do significant mathematics.

But there are also situations where the principles we come up with are too
strong. Think about the case of the theory of truth, where the liar paradox teaches
us that intuitive basic truth principles lead to a contradiction. As a response to this,
philosophers have tried to weaken the truth principles in such a way that the basic
intuition behind them is still preserved as much as possible. In order to show that
these weakened principles are at least consistent, one has to produce a model in
which they are true. In this way, models can yield possibility results. Of course
when one has produced a model, one has only a mathematical possibility result,
and this falls far short of showing that the theory under investigation is a serious
philosophical contender. Again, to substantiate the latter claim, a discursive story
has to be told.

Mathematical models, such as probabilistic models in the case of confirma-
tion, can unify a seemingly disparate array of intuitions. Carnap’s method of log-
ical explication can do this to some extent, but use of mathematical models and
techniques are much more powerful in this respect. One reason for this is that
a class of models can show what binds a collection of basic principles together,
more so than a list of axioms can. A mathematical class of models gives us a way
of looking at a class of phenomena in a unified way.
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Models are ways of looking at something. Sometimes one can look at a phe-
nomenon in different ways that are in some sense equally fruitful. Take the case of
subjunctive conditional sentences: sentences of the form

If A were the case, then B would be the case.

One can look at subjunctive conditionals in a probabilistic way. That is, one can
say (roughly) that a conditional sentence of that type are true (or acceptable) if and
only if Pr(B | A) is high. But one can also look at them in a ‘topological’ way.
That is, one can say (roughly) that a conditional sentence of that type is true if and
only if the situations in which A is true that are ‘close’ to the way things actually
are, are also situations in which B is true. Now there are representation theorems
which show (roughly) that for every ‘probabilistic’ model for subjunctive condi-
tionals, there exists a ‘topological’ model that is equivalent to it, and, conversely,
that for every ‘topological model’, there is a ‘probabilistic’ model that is equiva-
lent to it (Leitgeb unpubl.). With equivalence is meant here that they classify the
same subjunctive sentences as true. In other words, mathematical theorems can
sometimes tell us that there is a sense in which two different ways of looking at
something nevertheless in some sense yield the same results.

So the picture I want to suggest is the following. At the beginning, we have
a philosophical hypothesis, informally expressed. In this form, its content is to a
degree fluid and indeterminate. In order to understand the hypothesis, and even-
tually to assess it, we have to make it more definite and more precise. This can
be achieved by associating with it a class of mathematical models. (This can of
course be done in more than one way.) Only then mathematical techniques and
results come into play. They allow us to understand the content of the models.
They increase our insight into an interpretation of the philosophical hypothesis
with which we started.

Nonetheless, there are limits to the power of mathematical methods in philos-
ophy. As an essential but proper part of a philosophical account, mathematical
models and methods can help shed light on philosophical problems. But even sup-
posing that deep philosophical problems can in principle be solved: what mathe-
matical methods can never ever do, is to single-handedly solve philosophical prob-
lems. This can never happen. For the reasons that I have given, philosophical
theories will always remain more closely connected to our informal concepts and
to our informal way of arguing than theories from the natural sciences. It would
be folly to think that the discursive style of informal philosophy can ever be elim-
inated in any branch of philosophy. Use of mathematical methods will never be a
substitute for philosophical thought.
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ULRIKE POMPE

THE VALUE OF COMPUTER SCIENCE FOR BRAIN RESEARCH

ABSTRACT

The intrinsic relationship between computer science and brain research fuels a 
number of philosophically interesting questions. The present essay focuses on 
two major aspects of this relationship: the enabling role of computer science for 
brain research on the one hand and the use of computational means to simulate or 
re-build the brain on the other hand. Even though these two streams of thought 
are distinct their combination helps to elucidate a deeper problem (or so I hope), 

1. INTRODUCTION

The intrinsic relationship between computer science and brain research is not only 
long standing and widely acknowledged, it is as well interesting from a philo-

an historically interesting example of the importance of suitable analogies for the 
-

ogy itself interesting since the way research is conducted from the perspective of 
the brain-computer comparison provides new insights into the scopes and limits 

present essay focuses on two major aspects of the brain-computer relationship: 
the enabling role of computer science for brain research on the one hand and the 
use of computational means to simulate or re-build the brain on the other hand. In 
order to be able to appreciate the role of computer science for the examination of 
the brain, namely in its role of providing a new and utile analogy for how the brain 
works, I will present a (very) brief walk through the history of brain research, 
thereby supporting the thesis that the computer and the principles of information 
processing served as an essential metaphorical analogy to the brain’s function-
ing. Concerning the second aspect, I will introduce a recently started large-scale 
research project, the so-called Blue Brain Project, and comment on its advertised 
goals. Even though these are two quite distinct lines of thought, combining them 
helps us to elucidate a deeper problem (or so I hope), namely the question what it 

it. I believe that some expectations concerning the results of reverse-engineering 
approaches, so-called whole-brain simulations, as announced by the founders of 
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the Blue Brain Project, will probably not be met – the support for my skepticism is 
not derived from general skepticism concerning the technical realization but from 
an already older debate in the philosophy of mind, namely the debate about cog-
nitivism vs. the so-called 4-E movement which proposes that the restricted focus 
on the brain without consideration of the periphery, such as the body, the environ-
ment, societal and behavioral motivations and constraints, will fail to explain the 

use of simulations within brain research, sketching thus an alternative to (or fur-
ther development of) the described whole-brain simulations. This part, I’m afraid, 

2. BRAIN RESEARCH AND ITS NEED FOR ANALOGIES

Most (his)stories1 about the beginning of modern brain research start with Des-
cartes. Descartes, inspired by the mechanical inventions of his contemporaries, 
compared the human body with a mechanical machine,2 all parts of which are 

which the so-called spiritus animalis, small particles which transmit the driving 

pineal gland and push from there through the liquid in the nerve tubes to those 
parts of the body that are to be activated, e.g. to the arm when it is supposed to 
be raised. The pushing of the liquid in the muscles and the nerve tubes is thus a 
hydraulic-mechanical force. In this sense, the machine “body” was thus thought to 
be governed by the immaterial soul and the interface between body and soul was 
placed in the pineal gland, because it is the only part in the brain which does not 
exist in lateralized, i.e. twofold, form.
 Under this premise, namely that the brain is the ultimate seat of the soul, the 
brain moved to the center of interest in science and philosophy. What followed 
was an increase in anatomical and physiological studies of the human and animal 
brain. During this early period of brain research, throughout the 17th and 18th cen-
tury, a great number of anatomical and physiological studies were more or less 

are irritable but not sensitive themselves; that tendons are neither sensitive nor ir-
ritable, therefore that they are not nerves; that there is grey and white matter; that 

stem regulates breathing and heart rate and that the brain itself is insensitive.3 

1 See for example: a) Erhard Oeser, Geschichte der Hirnforschung. Darmstadt: Wis-
senschaftliche Buchgesellschaft 2002. b) Michael Hagner, Homo Cerebralis – Der 
Wandel vom Seelenorgan zum Gehirn. Frankfurt/Main und Leipzig: Insel Verlag 2000.

2 Compare René Descartes, de Homine (1622); Traité de l’homme (1664).
3 Compare Oeser, Geschichte der Hirnforschung, op.cit., pp. 58-101.
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slowly to an end as, despite the vast efforts in anatomical and physiological study, 
it remained a deep puzzle how the interaction between a non-material entity like 
the soul and material entities like the brain and the body came about. Silently, this 
research endeavor went out of steam.
 The next note-worthy development in brain research, though taking a different 
approach, was Gall’s program called “Organologie”.4 Gall was interested in hu-
man character traits and how they might be visible by means of outward features. 
He believed to have found certain correlations between the form of the skull and 
the strength or weakness of certain character traits in individuals. His student, 
Spurzheim, took this program onto the next level, claiming that every character 
trait, like love for one’s children, sense for beauty, truthfulness, humor, sense of 
justice, etc. occupied a certain part of the brain, the brain itself being just a collec-
tion of these different kinds of “organs” (hence: Organology or Phrenology) and 
that careful measuring of the skull could provide insight into the underlying brain 
structure and therefore, the character of the person. As doubtful as this program 

-
tions and thereby cleared the path for a very promising research agenda, namely 
the localization of distinct cognitive abilities as functions of circumscribed corti-
cal areas. Parallel to Gall, and already way before, physicians had observed that 
head injuries could cause the impairment of cognitive abilities like speaking and 

-
atic observations were made by Paul Broca and Carl Wernicke5 in the 19th cen-
tury, who both studied patients suffering from speech loss or speech disorder. The 
posthumous autopsies revealed brain lesions in distinct neocortical areas; further 

(Wernicke-Area) of speech are correlated with the well-functioning of these areas. 
Once the idea that certain areas of the neocortex, the outer and most voluminous 
part of the brain, perform or realize mental and cognitive ability had found accept-
ance, the puzzle of how the brain actually did this had arisen and began to domi-
nate research. The research had thereby moved from describing the brain in physi-

the ultimate constituents of the brain and how do they perform? At the beginning 
of the 20th century, answering these questions seemed so far out of reach – possibly 
due to the lack of a suitable analogy with the brain in nature and technology – that 
psychologists restricted their work to what was observable, namely behavior. The 
aim of behaviorism6 was thus to study the stable patterns of stimulation by envi-
ronmental cues and the resulting behavior. A human mind – just like that of most 
other animals – was considered to be an input-output device, the inner workings 
of which were not important. This “black box” of the mind was the big challenge 

4 Compare Oeser, Geschichte der Hirnforschung, op.cit., pp. 110-130.
5 Compare Oeser, Geschichte der Hirnforschung, op.cit., pp. 157-165; also: Brian Kolb 

and Ian Q. Wishaw, Neuropsychologie. Heidelberg: Spektrum Verlag 1996.
6 Burrhus Frederic Skinner, About Behaviorism. Vintage 1974.
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for brain research – a challenge science was not able to tackle until the rise of a 
suitable analogy. It is here where the rise of computer science helped the progress 
of psychology and added a new dimension to brain research.

3. COMPUTER SCIENCE AS THE WAY OUT OF THE BLACK BOX

When Alan -
tion machines, the “toolkit” for understanding neuronal activity was created. The 
mathematical foundation of an information processing machine which could be 
programmed in multiple ways provided a simple and elegant model with which 
the brain, at that time still conceived an input-output device, could be compared. 
A further enabling discovery for the new brain sciences was the major discovery 
of the synapse, by Donald Hebb in 1949,7 which accounted for the functioning 

wires together”, indicating that neural activity strengthens the connection between 
the involved neurons, whereas the lack of activity between neurons disassembles 
them. With these discoveries (or developments), the basic principles of informa-
tion processing and learning had been established, and not only on the behavioral 

Already in 1943, McCulloch and Pitts8 -
ron: it consisted in a kind of logical element which had a threshold mechanism 
and several entries leading to one single exit. This exit can enter the states TRUE 
or FALSE. The TRUE state is achieved when the sum of the entry signals exceeds 
the threshold; if not, the element remains in the FALSE state. These properties 
are analogous to those of an action potential of a neural cell. Further properties 
of neural cells have been modeled this way. In 1952, for example, the so-called 
Hodgkin-Huxley Model9 of a neuron has been presented. It describes the electri-
cal properties of the cell membrane, thereby allowing to model action potentials 
of nerve cells. Finally, only a couple of years between Turing’s seminal paper in 
193610 -

7 Richard E. Brown and Peter M. Milner, “The legacy of Donald O. Hebb: More than the 
Hebb Synapse”, in: Nature Reviews Neuroscience, 4, 2003, pp. 1013-1019.

8 Warren S. McCulloch and Walter H. Pitts, “A logical calculus of the ideas immanent in 
nervous activity”, in: Bulletin of Mathematical Biophysics, 5, 1943, pp. 115-133.

9 Alan L. Hodgkin and Andrew F. Huxley, “A Quantitative Description of Membrane 
Current and its Application to Conduction and Excitation in Nerve”, in: Journal of 
Physiology, 117, 1952, pp. 500-544.

10 Alan Turing, “On Computable Numbers, With an Application to the Entscheidungs-
problem”, in: Proceedings of the London Mathematical Society, Series 2, 42, 1936; 
reprinted in M. David (Ed.), The Undecidable, Hewlett, NY: Raven Press 1965.
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tron by Rosenblatt in 1958.11 It combined a small number of “digital” neurons and 
-

pute” simple functions like AND, NOT, and OR, thus covering a range of dissocia-
tive, associative and inhibiting functions.
 These developments in mathematics and computer sciences provided a break-

neurons, which is so hard to observe in the living system, could now be replaced 
by on and off states of simple neuronal nods, the combination of which produced 
a set of states which was able to represent a variety of informational states of 
the overall system. What followed in the decades after was a veritable explosion 

psychological research paradigms such as behavioral and psychophysical stud-
ies, psychopathological and post-mortem studies, a couple of invasive recording 
techniques evolved, such as single cell and cluster recordings of neural activity, 

Diverse methods and research paradigms have led to a patchwork-like research 

missing. A vital part in the creation of testable models in which at least a few of 
the heterogeneous data sources can be recombined can be achieved by the use of 

to evolve since the early 1980ies, sets its goal on providing a platform for “the 
theoretical study of the brain used to uncover the principles and mechanism that 
guide the development, organization, information processing and mental abilities 
of the nervous system”,12 thereby representing a methodological bridge between 
the different kinds of physiological, anatomical, and behavioral knowledge. Out 
of the same spirit, namely in order to unify the existing yet diverse research results 

4. SIMULATING THE BRAIN: THE BLUE BRAIN PROJECT

The above sketched problem concerning the patchwork-like knowledge of the 
brain that we gain from the multiplicity of research approaches and methods might 

This is the core idea of the so-called reverse engineering approach which charac-
terizes the Blue Brain Project.13

11 Frank Rosenblatt, “The Perceptron: A Probabilistic Model for Information Storage and 
Organization in the Brain”, in: Psychological Review, 65, 1958, pp. 386-408.

12 Thomas P. Trappenberg, Fundamentals of Computational Neuroscience. Oxford: Ox-
ford University Press 2005, p. 7.

13 Henry Markram, “The Blue Brain Project”, in: Nature Reviews Neuroscience, 7, 2006, 
pp. 153-160.
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 The Blue Brain Project was founded in 2005 by Henry Markram at the École 
Polytechnique Fédérale de Lausanne (Brain Mind Institute) with the idea of build-
ing a virtual brain with the ultimate aim to understand how the brain functions:

… the aims of this ambitious initiative are to simulate the brains of mammals with a high 
level of biological accuracy and, ultimately, to study the steps involved in the emergence 
of biological intelligence.14

The project has two distinct aims, it seems: it shall provide a powerful tool for a 
computational simulation of the biological organ and furthermore, it also targets 
to explain the organ’s biological function: the realization of (intelligent) behavior. 

to come back to the second aim or target because it is here that I see a conceptual 
problem.
 Concerning the realization of the project, Markram builds on already exist-
ing models of neurons and neuronal circuits, such as the Hodgkin-Huxley model 
of a neuron, together with Wilfred Rall’s detailed model of dendritic and axonal 
arborizations of neurons15. These fundamental properties of individual neural cells 

processing mechanisms between neural cells, like lateral inhibition and feedback. 
The next step is to model different cell types (e.g. pyramidal cells) and build great-
er and greater compartments with an increasing degree of complexity. 16

-
cal column. These columns are the basic building blocks of the neocortex. In the 
rat’s neocortex, which serves as the model and data source for the project, these 
columns are usually composed of approximately 10,000 neocortical neurons. A 
column measures about 0.5 mm in diameter and about 1.5 mm in height. The data 
concerning the number, kind and connectivity of the neurons in a typical neocorti-
cal column is derived from recordings of neural cells in the somatosensory cortex 
of 14 to 16 day old rats. These columns are at that time not overly specialized so 
that they can still be generalized to other parts of the cortex, allowing a certain 

the young sensory column, which is evolutionarily one of the simplest and is also highly 
accessible, is an ideal starting point from which the column can be ‘matured’ to study de-
velopment, ‘transformed’ to study regional specialization and ‘evolved’ to study evolution 
of the neocortex.17

14 Markram, “The Blue Brain Project”, op.cit., p. 153.
15 Wilfrid Rall, “Branching Dendritic Trees and Motoneuron Membrane Resistivity”, in: 

Experimental Neurology, 1, 1959, pp. 491-527.
16 Compare Markram, “The Blue Brain Project”, op.cit., Ref. 14-32.
17 Markram, “The Blue Brain Project”, op.cit., p. 156.
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This way, a template column is created – the so-called Blue Column which, just 
like a biological entity, will include different types of neurons in the distinct layers 
that the cortex consists of (six in sum).
 As nicely as the technical details of implementation and data generation 
are laid out, the following statements give rise to some philosophical concerns. 
Markram writes: “Blue Brain will allow us to challenge the foundations of our 
understanding of intelligence and generate new theories of consciousness”.18 In 
a BBC World Service interview, Markram even goes so far as to commit to the 
statement that “if we build it correctly it should speak and have an intelligence 
and behave very much as a human does.”19 These statements bring us back to the 
second and to my notion more problematic envisioned goal of the project.
 The sort of intelligence Markram is interested in is described as a qualitatively 
new element which emerges from the dynamical interaction of electrical “mol-
ecules”. Markram compares the emergence of a new qualitative level of mental 
properties to a number of similar phenomena in which complex structures emerge 
from the regular combination of simpler base entities. The observed “qualitative 
leaps”20 arise from the increasing complexity and can only be understood if the 
rules according to which they emerge out of the properties of the base entities are 
understood. Molecules, for example, can be described by investigating their spe-
cial anatomical layout. A chain of increasingly complex “phenomena” or entities 
could thus look like this: atoms – molecules – DNA molecules – genes – proteines 

the complexity of the higher scale, which induces Markram to claim that the next 
higher scale possesses a different kind of quality. This reasoning leads him to 
believe that once we understand how the essential building blocks of the brain 

the next scale:

The brain seems to make the next quantum leap in the quality of intelligence, beyond the 
physical structures to form dynamic electrical ‘molecules’. The ultimate question, there-
fore, is whether the interaction between neurons drives a series of qualitative leaps in the 
manner in which information is embodied to represent an organism and its world.21

The proposed multi-scaling approach to biological complexity as proposed here 
is not critical; it is a reasonable approach to describing multiple levels of organic 
life. The question is whether the phenomenon of intelligence can be easily includ-

to exclusively capture information processing, then we would have to subsume a 

18 Markram, “The Blue Brain Project”, op.cit., p. 159.
19

news.bbc.co.uk/2/hi/8164060.stm.
20 Compare Markram, “The Blue Brain Project”, op.cit., p. 153.
21 Markram, “The Blue Brain Project”, op.cit., p. 153.
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great number of computational operations under it, which do not meet our intui-
tive requirements for ascribing intelligence. If it is meant to capture information 

and purposeful behavior, then, however, the notion of information processing does 
-

tion, decision, deliberation, and other factors that mark intelligent behavior. This 
is concern number one: behavior ranges on a much larger scale in temporal and 
spatial dimensions than information processing. Simulating information process-
ing, even if it is captured in all its complexity, might not elucidate what intelli-

the concept of intelligence might not range in the class of phenomena that can be 
reduced to information processing alone.22 This point leads to the second concern, 

mental, but this will be discussed further below. For the moment it is worth having 
a look at the proposed reverse-engineering approach and its expected merits: the 
immanent thesis is that consciousness and intelligent behavior (thus intelligence?) 
is a function of complexity. If we reverse-engineer the component parts and learn 
to understand their interaction then we learn something about behavior and con-
sciousness and intelligence. We thus consider the building blocks and let them 
interact as if they were placed in a natural environment. However, when Markram 
claims that the elucidation of human intelligence will be made possible by the 
reverse engineering approach, he does not tell us how he will make the system 
“behave”. The ensemble of neocortical columns would have to be embedded into a 

of body, which will lead the system to have a “self”, a bounded extension, which 
allows it to distinguish between itself and the environment. Without this, how 
could it act on and react towards external stimuli? A further point: a system does 
not act if it doesn’t have a purpose, goal, aim, whatever you want to call it. These 
motivational factors are provided by elementary needs, such as for food, warmth, 
energy, etc. Where will these be derived from? How can we expect anything from 
a purely passive system? There will have to be an interface to make the system do 
something. How is the sensory environment going to be connected to and imple-

 These might be technical issues, seen from the surface, but I believe there 
is something deeper to it. The data we use to model this environment cannot be 

22

as well”, in: Synthese, 185, 2012, pp. 145-164. My view is compatible with Machery’s, 
-

argument pleads for a categorical difference between kinds of behavior (e.g. intelligent 

and organized units of these basic entities such as cells and organs.
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derived from measurement – what is required is a theoretical model of the world 
we live in and we need an understanding or at least a hypothesis about how a hu-
man being is part of and is interacting with its physical and social environment. 
Simulations as such and the possibility to simulate whole brains provide a new 
tool that reopens an old theoretical debate. The issue centers around the question 
of whether we can explain “the mental” solely on the basis of modeling neural 
and core cognitive processes like the underlying neural mechanisms involved in 
perception, motor behavior, speech, memory, and ultimately – and this is the tricky 
part – thought. Some opponents to this restrictive cognitivist approach to the 

-
tal properties, such as their contents, never be able to understand behavior if we 
do not consider the relevant motivational factors which trigger it; never be able to 
understand the constituents of cognitive acts if we don’t consider the environmen-
tal vehicles on which cognitive acts rely and onto which they are externalized. 
The proponents of these claims23 advocate for a view of the mind which emphasizes 
its embeddedness, its extendedness, embodiedness and also its enactive nature. 
The view they wish to challenge – in a nutshell – is that cognition is not all inside 
the skull. This so-called 4E movement (Embedded, Extended, Embodied, Enactive) is 
not essentially opposed to the classical cognitivist account – in fact, as Adams and 
Aizawa24 point out, these positions are easily reconcilable. The general problem 

are exactly constituting certain mental events; the cognitivist approach also never 
denied that the brain is an embedded organ and that it persons who act and behave, 
not just the brain. However, to project this issue onto the Markram project, 
I believe there is a point here in raising these concerns.
 What is it that we want to know when we are investigating the “big picture”? 
Certainly, the coming of existence of such a thing as consciousness is an inter-

foundation of consciousness, then it would be a welcome contribution. However 
– and this objection has been brought forth in recent debates in the philosophy 
of mind as stated above25 – it is questionable whether “consciousness” (both its 
quality and its mere existence) can be explained by examining (or simulating) the 
organic structure of the brain. The brain does not do things unless it is stimulated. 
Stimulation can only occur if the organ is embedded in a periphery consisting of 

23 See among others: a) Susan Hurley, Consciousness in Action. Cambridge MA: Harvard 
University Press 1998. b) Shaun Gallagher, How the Body Shapes the Mind. Oxford: 
Oxford University Press 2006. c) Alva Noë, Action in Perception. Cambridge (Mass.): 
The MIT Press 2006. d) Andy Clark and David Chalmers, “The Extended Mind”, in: 
Analysis, 58, 1, 1998, pp. 7-19.

24 Kevin Adams and Ken Aizawa, “Embodied Cognition and the Extended Mind”, in: P. 
Garzon and J. Symons, (Eds.), Routledge Companion to the Philosophy of Psychology. 
New York: Routledge 2009, pp. 193-213.

25 Compare footnote 22.
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sense organs and a body and perhaps even a social and worldly environment. The 
explanative power of a purely bottom-up driven simulation approach might not 
reach beyond the boundaries of already known properties of cells and their inter-
action on the physiological level. It would take a complementary approach which 
includes behavioral data to allow a real explanation of why and when brain states 
and neural processes result in certain behavioral patterns.

5. BOTTOM-UP VS. TOP-DOWN SIMULATIONS:
FUNCTION BEFORE STRUCTURE

The alternative I would like to sketch here is to complement the bottom-up simula-
tion approach by an agent-driven approach. Behavioral data can be used to model 
a tentative underlying cognitive architecture (as it is practiced in cognitive science 
anyway), and if such a model could be implemented in a simulation of a virtual 
agent, where certain external and internal constraint factors can be varied inde-
pendently of each other, then this simulation device would allow us to predict an 
agent’s behavior under certain conditions, composed of external as well as internal 
constraints. The agent’s behavior could be read out through reaction times and 
error rates, just as in classical behavioral experiments, the difference being total 
control over the parameters and a completely transparent agent. The internal con-
straints which might be implemented in the system could be e.g. global manipula-
tions of neural activity like those prompted by sleep-deprivation or depression, 
or local manipulations like those resulting from small lesions. External variants 
might be stimulus strength and number, a set of tasks, etc. A detailed and biologi-
cally accurate model of the processes and constraints on the neural level – just as 
the Blue Brain Project provides – would then complete the picture. One would be 
able to explain observable behavioral patterns by the underlying neural constraints 
in dependence of external stimulation and internal information processing and in-
formation validation.

6. CONCLUSION

In the introduction to a special issue on Computation and Cognitive Science, Mark 
Sprevak states that

the computational framework has rendered theorizing about inner processes respectable, 
-

chological models, and it provides the tantalizing possibility of accurately simulating and 
reproducing psychological processes. There is almost universal agreement that the mind is 
in some sense like a computer. But consensus quickly ends once we ask how.26

26 Mark Sprevak, “Introduction to the Special Issue Computation and Cognitive Sci-
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With the short review of the history of brain research I intended to show that there 
are multiple facets of research aims which lead to investigating the brain and that 

question, namely what it is that accounts for the mental. Understanding the brain 
alone on the basis of its anatomical and physiological structures cannot account 
for any of its functions; neither does the pure observation of behavioral patterns 
provide a satisfactory account of the mental. The possibility to model simple neu-

new level of explanation of mental events and their constituents: the exploitation 
of this analogy provided a deep and sound understanding of neural connectivity 
and its virtues for cognition. However, philosophers raised the objection that the 

more global puzzle. This global puzzle of the mental demands not only a thorough 
description of the organic structures but also a functional account as to why and 
when certain processes occur while also taking into account peripheral constraints 
such as the social and bodily environment.
 It may be senseless to ask after the ultimate goal of brain research since we are 

meaning of this term and secondly, empirical disciplines, which investigate the 
physiology of the brain on the one hand, but, importantly, its functional embed-
ding in a human being under the perspective of its behavioral, social, and cognitive 
demands. If large and multi-scale simulations can be employed to do so, then they 
provide a valuable contribution. It is doubtful, however, that these means – in a 
purely bottom-up sense – will qualitatively supersede the more classic experimen-
tal approaches and be able to replace them in the long run.

Philosophy of Simulation
Institute of Philosophy
University of Stuttgart
Seidenstrasse 36
70174, Stuttgart
Germany
Ulrike.Pompe@philo.uni-stuttgart.de

ence”, in: Studies in the History and Philosophy of Science , 41, 2010, pp. 223-226, 
here cited p. 223.



SAM SANDERS

ON ALGORITHM AND ROBUSTNESS

IN A NON-STANDARD SENSE

ABSTRACT

In this paper, we investigate the invariance properties, i.e. robustness, of phenom-
ena related to the notions of algorithm, finite procedure and explicit construction.
First of all, we provide two examples of objects for which small changes com-
pletely change their (non)computational behavior. We then isolate robust phenom-
ena in two disciplines related to computability.

1. INTRODUCTION

The object -or better concept- of study in Computer Science is unsurprisingly com-
putation. The notions of algorithm, finite procedure and explicit computation are
central. The present paper investigates the robustness of these notions, i.e. we are
interested in phenomena regarding computation which are reasonably stable un-
der variations of parameters. Let us first consider two illuminating examples of
non-robust phenomena in Computer Science.

Example 1. Recently1 the following remarkable mathematical object was devel-
oped: a pair of computable2 random variables (X,Y ) for which the conditional
distribution P [Y ∣X] is non-computable??, as it codes the Halting Problem??. Let
CAM be the statement that such (X,Y ) exists. Before trotting out all sorts of
indispensability claims based on CAM, one should bear in mind that the condi-
tional distribution P [Y ∣X] becomes computable again3, after the addition to Y of
some kind of generic noise E. Let CAME be the statement that P [Y + E,X]
is computable, for computable (X,Y ) and generic noise E. Evidently, we may
see CAME as a variation of CAM involving an error parameter. However, the
(non)computational content of CAM is completely different from that of CAME .
Indeed, the addition of the noise E dramatically changes the non-computability of
P [Y,X], and hence the computational content of CAME , compared to CAM. In
short, the computational behavior of P [Y ∣X] is sensitive to minor perturbations
and CAM is non-robust with regard to the addition of error parameters.

1 See (Freer et al. 2011).
2 The words in italics have precise technical definitions to be found in e.g. (Soare 1987).
3 This explains why, in any real-world scenario invariably involving noise, the non-

computability of P [Y ∣X] never manifests itself.

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,
The Philosophy of Science in a European Perspective 4,
DOI 10.1007/978-94-007-5845-2 9, © Springer Science+Business Media Dordrecht 2013
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Example 2. In Constructive Analysis4, the notion of finite procedure is central.
An object only exists after it has been constructed (in finitely many steps). The
following is a well-known negative result of the constructive school: Given a uni-
formly continuous function on [0,1] such that f (1) < 0 and f (0) > 0, we cannot
in general construct x0 ∈ [0,1] such that f (x0) = 0. In other words, the interme-
diate value theorem, INT for short, cannot be proved in Constructive Analysis. By
contrast, we have the following positive result, called INTE: Given ε ∈ R and given
a uniformly continuous function on [0,1] such that f (1) < 0 and f (0) > 0, we
can construct x0 such that ∣f (x0)∣ < ε. Again, we may see INTE as a variation of
INT involving an error parameter. Analogous to the previous example, the compu-
tational behavior of the intermediate value is sensitive to minor perturbations: the
addition of an error term makes the former computable (in the sense of Construc-
tive Analysis). In other words, INT also exhibits computational non-robustness
with regard to the addition of error parameters.

The previous examples provide phenomena regarding computation that are
destroyed by a minor variation. In this paper, we intend to identify phenomena
regarding computation that are not affected by certain variations (like perturbation
of parameters). In other words, we are looking for robust behavior in topics related
to Computer Science. The importance of robustness cannot be overestimated, as
our scientific models of reality are only approximations and tend to incorporate
imprecise assumptions, often for valid reasons such as workability, elegance or
simplicity. Thus, if a phenomenon X occurs in a robust model, we are reasonably
certain that X cannot be ascribed to an artifact of the model, but corresponds to a
real-world phenomenon X′.

A similar point has been made in the past by Ian Hacking and Wesley Salmon.
In particular, the numerous independent ways of deriving Avogadro’s constant
(with negligible errors) are taken by Hacking and Salmon to be sufficient evi-
dence for the real-world existence of molecules and atoms.5 Another example from
Hacking is concerned with the photo-electric effect.

The simple inference argument says it would be an absolute miracle if for example the
photoelectric effect went on working while there were no photons. The explanation of the
persistence of this phenomenon [. . . ] is that photons do exist. As J. J. C. Smart expresses
the idea: ‘One would have to suppose that there were innumerable lucky accidents about the
behavior mentioned in the observational vocabulary, so that they behaved miraculously as if
they were brought about by the non-existent things ostensibly talked about in the theoretical
vocabulary.’ The realist then infers that photons are real [. . . ] (Hacking 1983, pp. 54-55).

In general, numerous independent derivations of the same phenomenon make
it implausible that the latter is an artifact of a particular framework or modeling

4 See (Bishop 1967) and (Bridges and Vı̂ţă 2006).
5 See (Hacking1983, pp. 54-55), (Salmon 1984, pp. 214-220) and (Salmon 1998, pp.

87-88).
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assumption, i.e. the phenomenon in question is about something real6. Hence,
by seeking out the robust phenomena involving computation, we may get a better
understanding of the real core of computation, while at the same time develop a
better theory of what exactly constitutes robustness.

We begin our search in two disciplines related to computability, Reverse Math-
ematics and Constructive Analysis, both introduced below. First, in Section 2, we
study the invariance properties present in Reverse Mathematics, a discipline inti-
mately connected to computability. Secondly, we do the same for Errett Bishop’s
constructive notion of algorithm from Constructive Analysis in Section 3.

2. REVERSE MATHEMATICS

In this section, we identify certain invariance properties in Reverse Mathemat-
ics. The latter is closely related to Recursion Theory, a classical framework for
studying (non)computability. A central object in Recursion Theory is the Turing
machine7, introduced next.

2.1. Alan Turing’s machine and Recursion Theory

In 1928, the famous mathematician David Hilbert posed the Entscheidungsprob-
lem. In modern language, the Entscheidungsproblem (or ‘decision problem’) asks
for no less than the construction of an algorithm that decides the truth or falsity
of a mathematical statement. In other words, such an algorithm takes as input a
mathematical statement (in a suitable formal language) and outputs ‘true’ or ‘false’
after a finite period of time.

Before the Entscheidungsproblem could be solved, a formal definition of al-
gorithm was necessary. Both Alonzo Church and Alan Turing provided such a
formalism,7 being the λ-calculus and the Turing machine, respectively. Church
showed that, if the notion algorithm is formalized using the λ-calculus, then the
construction required to solve the Entscheidungsproblem is impossible. Indepen-
dently, Turing showed that the Entscheidungsproblem can be reduced to the Halt-
ing Problem, which is known to have no algorithmic solution, assuming ‘algo-
rithm’ is identified with ‘computation on a Turing Machine’. In time, it was shown
that both formalisms, though quite different in nature, enable the computation of
the same class of functions, now called the recursive functions. The latter class
was intended to formalize the notion of recursion, later giving rise to Recursion
Theory.

6 In light of Examples 1 and 2, we may rest assured that intermediate values and con-
ditional probabilities will always be computable in practice, as actual computational
practice suggests.

7 See (Church 1936) and (Turing 1937). Intuitively, a Turing machine is an idealized
computer with no limits on storage and meomory.
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Because of the correspondence between these three formalisms, it is generally
accepted that we should identify the (informal and vague) class of algorithmically
computable functions with the class of function computable by a Turing machine.
This identification hypothesis is called the Church-Turing thesis. However, as sug-
gested by Example 1, not all computability phenomena are robust. In the next
section, we identify a phenomenon in Reverse Mathematics which is.

2.2. Reverse Mathematics and robustness

Reverse Mathematics is a program in the Foundations of Mathematics founded8 in
the Seventies by Harvey Friedman. Stephen Simpson’s famous monograph Sub-
systems of Second-order Arithmetic is the standard reference.9 The goal of Reverse
Mathematics is to determine the minimal axiom system necessary to prove a partic-
ular theorem of ordinary mathematics. Classifying theorems according to logical
strength reveals the following striking phenomenon.9

It turns out that, in many particular cases, if a mathematical theorem is proved from ap-
propriately weak set existence axioms, then the axioms will be logically equivalent to the
theorem.

This phenomenon is dubbed the ‘Main theme’ of Reverse Mathematics. A
good instance of the latter may be found in the Reverse Mathematics of WKL0

10.
An example of the Main Theme is that the logical principle WKL is equivalent
to Peano’s existence theorems for ordinary differential equations y′ = f (x, y),
the equivalence being provable in RCA0. Some explanation might be in order:
the system RCA0 may be viewed as the logical formalization of the notion Turing
machine, which in turn formalizes the notion of algorithm.11 The principle WKL
(or Weak König’s Lemma) states the existence of certain non-computable objects.12

We now consider the system13 ERNA which has no a priori connection to
RCA0, or Reverse Mathematics, or computability14. We will show that a version
of the Main Theme of Reverse Mathematics is also valid in ERNA, but with the
predicate ‘=’ replaced by ‘≈’, i.e. equality up to infinitesimals from Nonstandard

8 See (Friedman 1975; 1976).
9 See (Simpson 2009) for an introduction to Reverse Mathematics and p. xiv for the

quote.
10 See (Simpson 2009, Theorem I.10.3).
11 Thus, Reverse Mathematics is intimately tied to Recursion Theory and computability.
12 In particular, Weak König’s Lemma states the existence of an infinite path through an

infinite binary tree. Even for computable infinite binary trees, the infinite path need not
be computable. In other words, WKL is false for the recursive/computable sets. See
(Simpson 2009).

13 See (Sanders 2011) for an introduction to ERNA and a proof of Theorem 3.
14 In particular, ERNA was introduced around 1995 by Sommer and Suppes to formalize

mathematics in physics. See (Sommer and Suppes 1996; 1997).
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Analysis.15 Indeed, the following theorem contains several statements, translated
from (Simpson 2009, IV) into ERNA’s language, while preserving equivalence.

Theorem 3 (Reverse Mathematics for ERNA + �1-TRANS). The theory ERNA
proves the equivalence between �1-TRANS and each of the following theorems
concerning near-standard functions:

1. Every S-continuous function on [0,1] is bounded.

2. Every S-continuous function on [0,1] is continuous there.

3. Every S-continuous function on [0,1] is Riemann integrable16.

4. Weierstrass’ theorem: every S-continuous function on [0,1] has, or attains
a supremum, up to infinitesimals.

5. The strong Brouwer fixed point theorem: every S-continuous function φ ∶
[0,1] → [0,1] has a fixed point up to infinitesimals of arbitrary depth.

6. The first fundamental theorem of calculus: ( ∫
x

0 f (t) dt)′ ≈ f (x).

7. The Peano existence theorem for differential equations y′ ≈ f (x, y).

8. The Cauchy completeness, up to infinitesimals, of ERNA’s field.

9. Every S-continuous function on [0,1] has a modulus of uniform continuity.

10. The Weierstrass approximation theorem.

A common feature of the items in the previous theorem is that strict equality
has been replaced with ≈, i.e. equality up to infinitesimals. This seems the price to
be paid for ‘pushing down’ into ERNA the theorems equivalent to Weak König’s
lemma. For instance, item (7) from Theorem 3 guarantees the existence of a func-
tion φ(x) such that φ′(x) ≈ f (x,φ(x)), i.e. a solution, up to infinitesimals, of the
differential equation y′ = f (x, y). However, in general, there is no function ψ(x)
such that ψ ′(x) = f (x,ψ(x)) in ERNA + �1-TRANS. In this way, we say that
the Reverse Mathematics of ERNA + �1-TRANS is a copy up to infinitesimals of
the Reverse Mathematics of WKL0, suggesting the following general principle17.

Principle 4. Let T (=) be a theorem of ordinary mathematics, involving equality.
If RCA0 proves T (=) ⇔ WKL, then ERNA proves T (≈) ⇔ �1-TRANS.

Furthermore, there are more results of this nature. In a forthcoming paper, we
show examples of the following general principle18.

15 For an introduction to Nonstandard Analysis, we refer to (Kanovei and Reeken 2004).
16 In ERNA, the Riemann integral is only defined up to infinitesimals.
17 A similar (and equally valid) principle is If RCA0 ⊢ T (=), then ERNA ⊢ T (≈).
18 A similar principle is If RCA0 ⊢ T (=), then ERNA + �2-TRANS ⊢ T (≋).
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Principle 5. Let T (=) be a theorem of ordinary mathematics, involving equal-
ity. If RCA0 proves T (=) ⇔ WKL, then ERNA + �2-TRANS proves T (≋) ⇔
�3-TRANS.

Here, the predicate ‘≋’ is best described as ‘equality up to arbitrarily small
infinitesimals’. At least two more variations19 are possible and in each instance,
we obtain a similar principle concerning equivalences.

We conclude that the equivalences proved in Reverse Mathematics display a
certain degree of robust behavior: First of all, we observe similar series of equiv-
alences in different frameworks. In other words, the equivalences observed in
classical Reverse Mathematics are not an artifact of the framework, as they oc-
cur elsewhere in similar forms. Secondly, the equivalences in classical Reverse
Mathematics remain valid when we consider different error predicates, i.e. replace
equality by ‘≈’ or ‘≋’. Thus, small perturbations in the form of error predicates do
not destroy the observed equivalences.

3. REUNITING THE ANTIPODES

In this section20, we show that the notion of algorithm in Constructive Analysis is
endowed with a degree of robustness. This is achieved indirectly by defining a new
notion called ‘�-invariance’ inside Nonstandard Analysis, and showing that it is
close to the constructive notion of algorithm, as it gives rise to the same kind of Re-
verse Mathematics results. In other words, there are two different notions of finite
procedure, i.e. the constructive notion of algorithm and �-invariance, which both
give rise to the same kind of equivalences in (Constructive) Reverse Mathematics.
Again, we observe that the latter are not affected by some change of framework.

3.1. The notion of finite procedure in Nonstandard Analysis

Here, we define �-invariance, a central notion, inside (classical) Nonstandard
Analysis. We show that �-invariance is quite close to the notion of finite pro-
cedure.

With regard to notation, we take N = {0,1,2, . . . } to denote the set of natural
numbers, which is extended to ∗N = {0,1,2, . . . ,ω,ω + 1, . . . }, the set of hyper-
natural numbers, with ω /∈ N. The set � = ∗N∖N consists of the infinite numbers,
whereas the natural numbers are finite. Finally, a formula is bounded or ‘�0’, if all
the quantifiers are bounded by terms and no infinite numbers occur.

19 The first one is the removing of parameters in �1-TRANS and the second one is the
assumption of a greatest relevant infinite element.

20 The title of this section is explained in Remark 16 below. The italicized concepts are
introduced in Section 3.2.
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Definition 6 (�-invariance). Let ψ(n,m) be �0 and fix ω ∈ �.
The formula ψ(n,ω) is �-invariant if

(∀n ∈ N)(∀ω′ ∈ �)(ψ(n,ω) ↔ ψ(n,ω′)). (1)

For f ∶ N × N → N, the function f (n,ω) is called �-invariant, if

(∀n ∈ N)(∀ω′ ∈ �)(f (n,ω) = f (n,ω′)). (2)

Now, any object ϕ(ω) defined using an infinite number ω is potentially non-
computable, as infinite numbers can code (non-recursive) sets of natural numbers.21

Hence, it is not clear how an �-invariant object might be computable or construc-
tive in any sense. However, although an �-invariant object clearly involves an
infinite number, the object does not depend on the choice of the infinite number,
by definition. Furthermore, by the following theorem, the truth value of ψ(n,ω)
and the value of f (n,ω) is already determined at some finite number.

Theorem 7 (Modulus lemma). For every �-invariant formula ψ(n,ω),

(∀n ∈ N)(∃m0 ∈ N)(∀m,m′ ∈ ∗N)[m,m′ ≥ m0 → ψ(n,m) ↔ ψ(n,m′)].

For every �-invariant function f (n,ω), we have

(∀n ∈ N)(∃m0 ∈ N)(∀m,m′ ∈ ∗N)[m,m′ ≥ m0 → f (n,m) = f (n,m′)].

In each case, the number m0 is computed by an �-invariant function.

Proof. Although the proof of this lemma is outside of the scope of this paper, it is
worth mentioning that it makes essential use of the fact that an �-invariant object
does not depend on the choice of infinite number.

The previous theorem is called ‘modulus lemma’ as it bears a resemblance
to the modulus lemma from Recursion Theory.22 Intuitively, our modulus lemma
states that the properties of an �-invariant object are already determined at some
finite number. This observation suggests that the notion of �-invariance models
the notion of finite procedure quite well.

Another way of interpreting �-invariance is as follows: central to any version
of constructivism is that there are basic objects (e.g. the natural numbers) and there
are certain basic operations on these objects (e.g. recursive functions or construc-
tive algorithms). All other objects are non-basic (aka ‘non-constructive’ or ‘ideal’),
and are to be avoided, as they fall outside the constructive world. It goes without
saying that infinite numbers in ∗N are ideals objects par excellence. Nonetheless,
our modulus lemma suggests that if an object does not depend on the choice of
ideal element in its definition, it is not ideal, but actually basic. This is the idea
behind �-invariance: ideal objects can be basic if their definition does not really

21 See (Kreisler 2006).
22 See (Soare 1987, Lemma 3.2.)
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depend on the choice of any particular ideal element. In this way, �-invariance ap-
proaches the notion of finite procedure from above, while the usual methods work
from the ground up by defining a set of basic constructive operations and a method
for combining/iterating these.

We now consider two examples of �-invariant objects.

Remark 8. First of all, assume we have (∃n ∈ N)ϕ(n), with ϕ ∈ �0. Then the
function23 (μn ≤ ω)ϕ(n) is �-invariant. Hence, there is an �-invariant function
providing a witness n0 for ϕ(n0) (Compare item (5) in Definition 10).

Secondly, we show that a �1-formula is �-invariant. To this end, assume
ψ ∈ �1, i.e. for some ϕ1, ϕ2 ∈ �0, we have that

ψ(m) ↔ (∃n1 ∈ N)ϕ1(n1,m) ↔ (∀n2 ∈ N)ϕ2(n2,m), (3)

for all m ∈ N. Now fix some ω′ ∈ �. Let pψ (m) be the least n1 ≤ ω′ such that
ϕ1(n1,m), if such exists and ω′ otherwise. Let qψ(m) be the least n2 ≤ ω′ such
that ¬ϕ2(n2,m) if such exists and ω′ otherwise. For m ∈ N, if ψ(m) holds, then
pψ (m) is finite and qψ(m) is infinite. In particular, we have pψ(m) < qψ(m).
Now suppose there is some m0 ∈ N such that pψ(m0) < qψ(m0) and ¬ψ(m0).
By (3), we have (∀n1 ∈ N)¬ϕ1(n1,m0) and, by definition, the number pψ(m)
must be infinite. Similarly, the number qψ(m0) must be finite. However, this
implies pψ(m0) ≥ qψ(m0), which yields a contradiction. Thus, we have ψ(m) ↔
pψ (m) < qψ(m), for all m ∈ N. It is clear that we obtain the same result for a
different choice of ω′ ∈ �, implying that ψ is �-invariant.

Care should be taken to choose the right axiom system to formalize the above
informal derivation. Indeed, in certain axiom systems, not all �1-formulas are
�-invariant.

Finally, we consider the transfer principle from Nonstandard Analysis.

Principle 9. For all ϕ in �0, we have

(∀n ∈ N)ϕ(n) → (∀n ∈ ∗N)ϕ(n). (4)

The previous principle is called ‘�1-TRANS’ or ‘�1-transfer’. Note that �1-
transfer expresses that N and ∗N have the same properties. In other words, the
properties of N are transferred to ∗N. In what follows, we do not assume that this
principle is given.

3.2. Constructive Analysis and Constructive Reverse Mathematics

In this section, we sketch an overview of the discipline Constructive Reverse Math-
ematics (CRM). In order to describe CRM, we first need to briefly consider Errett
Bishop’s Constructive Analysis.

23 The function (μk ≤ m)ψ(k) computes the least k ≤ m such that ψ(k), for ψ in �0. It
is available in most logical systems.
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Inspired by L. E. J. Brouwer’s famous foundational program of intuitionism,24

Bishop initiated the redevelopment of classical mathematics with an emphasis on
algorithmic and computational results. In his famous monograph24 Foundations
of Constructive Analysis, he lays the groundwork for this enterprise. In honour
of Bishop, the informal system of Constructive Analysis is now called ‘BISH’. In
time, it became clear to the practitioners of Constructive Analysis that intuitionistic
logic provides a suitable formalization25 for BISH.

Definition 10 (Connectives in BISH).

1. The disjunction P ∨ Q: we have an algorithm that outputs either P or Q,
together with a proof of the chosen disjunct.

2. The conjunction P ∧ Q: we have a proof of P and of Q.

3. The implication P → Q: by means of an algorithm we can convert any proof
of P into a proof of Q.

4. The negation ¬P : assuming P , we can derive a contradiction (such as 0 = 1);
equivalently, we can prove P → (0 = 1).

5. The formula (∃x)P (x): we have (i) an algorithm that computes a certain
object x, and (ii) an algorithm that, using the information supplied by the
application of algorithm (i), demonstrates that P (x) holds.

6. The formula (∀x ∈ A)P (x): we have an algorithm that, applied to an object
x and a proof that x ∈ A, demonstrates that P (x) holds.

Having sketched Bishop’s Constructive Analysis, we now introduce Construc-
tive Reverse Mathematics. In effect, Constructive Reverse Mathematics (CRM) is
a spin-off from the Reverse Mathematics program introduced in Section 3.2. In
CRM, the base theory is (inspired by) BISH and the aim is to find the minimal
axioms that prove a certain non-constructive theorem. As in Friedman-Simpson
style Reverse Mathematics, we also observe many equivalences between theorems
and the associated minimal axioms.

We now provide two important CRM results.26 First of all, we consider the
limited principle of omniscience (LPO).

Theorem 11. In BISH, the following are equivalent.

1. LPO: P ∨ ¬P (P ∈ �1).

2. LPR: (∀x ∈ R)(x > 0 ∨ ¬(x > 0)).

3. MCT: (The monotone convergence theorem) Every monotone bounded se-
quence of real numbers converges to a limit.

24 See (van Heijenoort 1967) and (Bishop 1967).
25 See (Bridges 1999, p. 96) and (Richman 1990).
26 These results are taken from (Ishihara 2006).
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4. CIT: (The Cantor intersection theorem).

For MCT (resp. CIT), an algorithm computes the limit (resp. real in the inter-
section). Next, we list some equivalences of LLPO, the lesser limited principle of
omniscience. Note that LLPO is an instance of De Morgan’s law.

Theorem 12. In BISH, the following are equivalent.

1. LLPO: ¬(P ∧ Q) → ¬P ∨ ¬Q (P,Q ∈ �1).

2. LLPR: (∀x ∈ R)[¬(x > 0) ∨ ¬(x < 0)].

3. NIL: (∀x, y ∈ R)(xy = 0 → x = 0 ∨ y = 0).

4. CLO: For all x, y ∈ R with ¬(x < y), {x, y} is a closed set.

5. IVT: a version of the intermediate value theorem.

6. WEI: a version of the Weierstraß extremum theorem.

For IVT (resp. WEI), an algorithm computes the interm. value (resp. max.).
It should be noted that any result proved in BISH is compatible27 with classi-

cal, intuitionistic and recursive mathematics.

3.3. Reverse-engineering Reverse Mathematics

In this section, we sketch a translation28 of results from Constructive Reverse
Mathematics to Nonstandard Analysis. We translate28 Bishop’s primitive notion
of algorithm and finite procedure as the notion of �-invariance in Nonstandard
Analysis. Following Definition 10, the intuitionistic disjunction translates28 to the
following in Nonstandard Analysis.

Definition 13. [Hyperdisjunction] For formulas ϕ1 and ϕ2, the formula ϕ1(n)
Vϕ2(n) is the statement: There is an �-invariant formula ψ such that

(∀n ∈ N)(ψ(n,ω) → ϕ1(n) ∧ ¬ψ(n,ω) → ϕ2(n). (5)

Note that ϕ1(n)Vϕ2(n) indeed implies ϕ1(n) ∨ ϕ2(n). Furthermore,
given the formula ϕ1(n)Vϕ2(n), there is an �-invariant procedure (provided by
ψ(n,ω)) to determine which disjunct of ϕ1(n)∨ϕ2(n) makes it true. Thus, we ob-
serve that the meaning of the hyperdisjunction ‘V’ is quite close to its intuitionistic
counterpart ‘∨’ from Definition 10.

The other intuitionistic connectives may be translated analogously. The trans-
lation of → (resp. ¬) will be denoted ⇛ (resp. ∼). As for disjunction, the meaning

27 See (Bishop 1967) or (Ishihara 2006).
28 Note that we use the word ‘translation’ informally: The definition of V is inspired by

the intuitionistic disjunction, but that is the only connection.
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of the intuitionistic connectives is quite close to that of the hyperconnectives. Fur-
thermore, as suggested by the following theorems, the equivalences from CRM
remain valid after the translation. In particular, we have the following theorems, to
be compared to Theorems 11 and 12.

Theorem 14. In Nonstandard Analysis, the following are equivalent.

1. �1-TRANS.

2. LPO: P V∼P (P ∈ �1).

3. LPR: (∀x ∈ R)(x > 0V∼(x > 0)).

4. MCT: (The monotone convergence theorem) Every monotone bounded se-
quence of real numbers converges to a limit.

5. CIT: (The Cantor intersection theorem).

Analogous to the context of CRM, in MCT (resp. CIT), the limit (resp. real
in the intersection) is computed by an �-invariant function.

Theorem 15. In NSA, the following are equivalent.

1. LLPO: ∼(P ∧ Q) ⇛ ∼P V∼Q (P,Q ∈ �1).

2. LLPR: (∀x ∈ R)[∼(x > 0)V∼(x < 0)].

3. NIL: (∀x, y ∈ R)(xy = 0 ⇛ x = 0Vy = 0).

4. CLO: For all x, y ∈ R with ∼(x < y), {x, y} is a closed set.

5. IVT: a version of the intermediate value theorem.

6. WEI: a version of the Weierstraß extremum theorem.

Analogous to the context of CRM, in IVT (resp. WEI), the intermediate value
(resp. maximum) is computed by an �-invariant function.

The previous theorems only constitute an example of a general theme. In
particular, it is possible to translate most29 theorems (and corresponding equiva-
lences) from CRM to Nonstandard Analysis in the same way as above. Comparing
Theorems 11 and 12 to Theorems 14 and 15, we conclude that the equivalences
observed in CRM remain intact after changing the underlying framework (based
on algorithm and intuitionistic logic, by Definition 10) to Nonstandard Analysis
(based on �-invariance and the hyperconnectives, by Definition 13). Hence, we
observe the robustness phenomenon described at the beginning of this section.

In conclusion, we discuss just how far the analogy between Constructive Anal-
ysis and Nonstandard Analysis takes us. For instance, on the level of intuition, the

29 See (Sanders 2012) for a list of thirty translated theorems.
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formula ¬(x ≤ 0) does not imply x > 0, as the former expresses that it is impossi-
ble that x ∈ R is below zero (but might still be very close to zero), while the latter
expresses that x is bounded away from zero by some rational q we may construct.
In Nonstandard Analysis, ∼(x ≤ 0) only states that for some (possible infinite)
k ∈ ∗N, we have 0 < 1

k
< x. Hence, ∼(x ≤ 0) is consistent with x ≈ 0, while

x > 0 has the same interpretation as in BISH. Thus, we observe a correspondence
between the latter and Nonstandard Analysis, even on the level of intuitions. A
similar conclusion follows from comparing the meaning of IVT and IVT, as is
done after Theorem 15.

Secondly, another interesting correspondence is provided by the equivalence
between items (1) and (2) in Theorem 12. Indeed, to prove this equivalence, one re-
quires the axiom ¬(x > 0 ∧ x < 0) of the constructive continuum.30 As it turns out,
to establish the equivalence between items (1) and (2) in Theorem 15, the formula
∼(x > 0 ∧ x < 0) is needed in Nonstandard Analysis. Hence, the correspondence
between BISH and the latter goes deeper than merely superficial resemblance.

Thirdly, we discuss the above result in the light of the so-called Brouwer-
Heyting-Kolmogorov (BHK) interpretation, given by Definition 10. While the
equivalences in Theorems 14 and 15 are proved in classical logic, they carry a
lot more information. For instance, to show that LPR implies LPO, a formula
ψ(x⃗, n,ω) is defined29 such that ψ(x⃗, ⌜ψ1⌝,ω) is an �-invariant formula which
decides between P and ∼P (P ∈ �1), for every �-invariant formula ψ1(x⃗,ω)
which decides between x > 0 and ∼(x > 0). Hence, we do not only have LPR →
LPO, but also an implication akin to the BHK interpretation, i.e. that an �-
invariant decision procedure is converted, by an �-invariant procedure, to another
�-invariant decision procedure.

We finish this section with the following remark.

Remark 16 (Reuniting the antipodes). The title of this section refers to a con-
ference with the same name held in 1999 in Venice. Following Bishop’s strong
criticism31 of Nonstandard Analysis, this conference was part of a reconcilia-
tory attempts between the communities of Nonstandard Analysis and Constructive
Analysis. Little work32 has indeed taken place in the intersection of these disci-
plines, but Theorems 14 and 15 can be interpreted as an attempt at reuniting the
antipodes that are Nonstandard and Constructive Analysis. Nonetheless, it has
been noted in the past33 that Nonstandard Analysis has a constructive dimension.
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Keisler, H. J., 2006, “Nonstandard arithmetic and Reverse Mathematics”, in: Bull.
Symbolic Logic 12, 1, pp. 100-125.

Palmgren, E., 2001, “Unifying Constructive and Nonstandard Analysis” (Venice,
1999), in: Synthese Lib., Vol. 306, Dordrecht: Kluwer, pp. 167-183.

Kanovei, V., and Reeken, M., 2004, Nonstandard Analysis, Axiomatically. Springer.



112 Sam Sanders

Richman, F., 1990, “Intuitionism as a Generalization”, in: Philosophia Math. 5,
pp. 124-128.

Sanders, S., 2011, “ERNA and Friedman’s Reverse Mathematics”, in: Journal of
Symbolic Logic 76, pp. 637-664.

Sanders, S., 2012, On the Notion of Algorithm in Nonstandard Analysis, Submit-
ted.

Salmon, W. C., 1984, Scientific Explanation and the Causal Structure of the World.
Princeton: Princeton University Press.

Salmon, W. C., 1998, Causality and Explanation. Oxford: Oxford University
Press.

Simpson, S. G., 2009, Subsystems of Second Order Arithmetic (Perspectives in
Logic), 2nd ed., Cambridge: Cambridge University Press.

Soare, R. I., 1987, Recursively Enumerable Sets and Degrees. Perspectives in
Mathematical Logic. Berlin: Springer-Verlag.

Sommer, R. and Suppes P., 1996. “Finite Models of Elementary Recursive Non-
standard Analysis”, in: Notas de la Sociedad Mathematica de Chile 15, pp.
73-95.

Sommer, R. and Suppes P., 1997, “Dispensing with the Continuum”, in: Journal
of Mathematical Psychology 41, pp. 3-10.

Turing, A., 1937, “On Computable Numbers, with an Application to the Entschei-
dungsproblem”, in: Proceedings of the London Mathematical Society 42, pp.
230-265.

van Heijenoort, J., 1967, From Frege to Gödel. A Source Book in Mathematical
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FRANCISCO C. SANTOS AND JORGE M. PACHECO

BEHAVIORAL DYNAMICS UNDER CLIMATE CHANGE DILEMMAS

ABSTRACT

Preventing global warming is a public good requiring overall cooperation. Con-
tributions will depend on the risk of future losses, which plays a key role in de-
cision-making. Here, we discuss a theoretical model grounded on game theory 
and large-scale population dynamics. We show how decisions within small groups 

chances of coordinating to save the planet’s climate, thus escaping the tragedy of 
the commons. In addition, our model predicts that, if one takes into consideration 
that groups of different sizes will be interwoven in complex networks of contacts, 
the chances for global coordination into an overall cooperating state are further 
enhanced.

1. INTRODUCTION

expectations every time a new International Environmental Summit is settled. Un-

challenging our current understanding and models on decision-making, such that 
more effective levels of discussion, agreements and coordination become acces-
sible. From Montreal and Kyoto to Copenhagen and Durban summits, it is by now 

1 Often, individuals, regions or nations 
opt to be free riders
not to make any effort themselves. Cooperation problems faced by humans often 
share this setting, in which the immediate advantage of free riding drives the popu-
lation into the Hardin’s tragedy of the commons , the ultimate limit of widespread 
defection.2

 To address this and other cooperation conundrums ubiquitous at all scales and 
levels of complexity, the last decades have witnessed the discovery of several core 
mechanisms responsible to promote and maintain cooperation at different levels of 
organization. Most of these key principles have been studied within the framework 
of two-person dilemmas such as the Prisoner’s Dilemma, which constitute a pow-

and social sciences. Many real-life situations, however, are associated with col-

1 See (Barrett 2005, 2007).
2 See (Hardin 1968).

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
DOI 10.1007/978-94-007-5845-2_10, © Springer Science+Business Media Dordrecht 2013
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lective action based on joint decisions made by a group often involving more than 
two individuals. These types of problems are best dealt-with in the framework of 
N-person dilemmas and Public Goods games, involving a much larger complexity 
that only recently started to be unveiled. Arguably, the welfare of our planet ac-
counts for the most important and paradigmatic example of a public good: a global 

 One of the most distinctive features of this complex problem, only recently 
3, is the role played by the 

perception of risk that accrues to all actors involved when taking a decision. In-

a central role in dealing with climate change. Up to now, the role of risk has re-
mained elusive. Additionally, it is also unclear what is the ideal scale or size of the 
population engaging in climate summits – whether game participants are world 
citizens, regions or country leaders – such that the chances of cooperation are 
maximized. Here we address these two issues in the context of game theory and 
population dynamics.
 The conventional public goods game – the so-called N-person Prisoner’s Di-
lemma – involve a group of N individuals, who can be either Cooperators (C) or 
Defectors (D). Cs contribute a cost “c” to the public good, whereas Ds refuse to 
do so. The accumulated contribution is multiplied by an enhancement factor the 
returns equally shared among all individuals of the group. This implies a collective 
return which increases linearly with the number of contributors, a situation that 
contrasts with many real situations in which performing a given task requires the 
cooperation of a minimum number of individuals of that group.4 This is the case in 
international environmental agreements which demand a minimum number of rat-

of individuals, which does not necessarily equal the entire group, must simultane-
ously cooperate before any outcome (or public good) is produced. Furthermore, it 
is by now clear that the N-person Prisoner’s Dilemma fails short to encompass the 
role of risk, as much as the non-linear nature of most collective phenomena.
 Here we address these problems resorting to a simple mathematical model, 
adopting unusual concepts within political and sustainability science research, 

several of the key elements stated before regarding the climate change conundrum 
in a single dynamical model.
 In the following we show how small groups under high risk and stringent 

-
dinating to save the planet’s climate, thus escaping the tragedy of the commons. 
In other words, global cooperation is dependent on how aware individuals are 

3 See (Milinski et al. 2008, 2011).
4 E.g., see Alvard, Boesch, Creel, Stander and others.
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to accomplish a climate agreement. Moreover, we will show that to achieve stable 
levels of cooperation, an initial critical mass of cooperators is needed, which will 
then be seen as role models and foster cooperation.
 We will start by presenting the model in Section 2. In Section 3 we discuss the 
situation in which evolution is deterministic and proceeds in very large popula-
tions. In Section 4 we analyze the evolutionary dynamics of the same dilemma in 

provide a summary and concluding remarks.

2. MODEL

Let us consider a population of size Z, in which individuals engage in a N-person 
dilemma, where each individual is able to contribute or not to a common good, 
i.e., to cooperate or to defect, respectively. Game participants have each an initial 
endowment b. Cooperators (Cs) contribute a fraction c of their endowment, while 
defectors (Ds) do not contribute. As previously stated, irrespectively of the scale 
at which agreements are tried, most demand a minimum number of contributors to 

minimum of contributions, they may fail to achieve the goals of such agreement 
b”), being this outcome, in the worst 

possible case, associated with an appalling doomsday scenario.
 To encompass this feature in the model we require a minimum collective in-
vestment to ensure success: if the group of size N does not contain at least M Cs 
(or, equivalently, a collective effort of Mcb), all members will lose their remaining 
endowments with a probability r (the risk); otherwise everyone will keep whatever 
they have. Hence, M<N represents a coordination threshold, necessary to achieve 

 As a result, the payoff of a D in a group of size N and k Cs can be written as 
D (k) = b {  (k – M) + (1 – r) [1 –  (k – M)]}, where  (x) is the Heaviside step func-

tion (  (x < 0) = 0 and  (x C C (k) = 
D (k) – cb. The risk r is here introduced as a probability, such that with probability 

(1-r)
group.

in the experiments performed by Milinski et al. (2008) on the issue of the miti-
gation of the effects of climate change, a framework which is by no means the 
standard approach to deal with International Environmental Agreements and other 
problems of the same kind. The present formalism has the virtue of depicting 
black on white the importance of risk and its assessment in dealing with climate 
change, something that Heal et al. have been conjecturing for quite a while. At 
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the same time, and unlike Milinski’s experiments, our analysis is general and not 
restricted to a given group size.
 Additionally, and unlike most of the canonical treatments, our analysis will 
not rely on individual or collective rationality. Instead, our model relies on evolu-
tionary game theory combined with one-shot public goods games, in which errors 
are allowed. In fact, our model includes what we believe are key factors in any real 
setting, such as bounded rational individual behavior and the importance of risk 

 We assume that individuals tend to copy others whenever these appear to be 

argued by McGinty before, are unlikely to be maintained for a long time scale, 
this social learning (or evolutionary) approach allows policies to change as time 

-
ments) of others, as previously shown in the context of donations to public goods. 
This also accounts to the fact that agreements may be vulnerable to renegotiation, 
as individuals may agree on intermediate goals or assess actual and future conse-
quences of their choices to revise their position.

3. BEHAVIORAL DYNAMICS IN LARGE POPULATIONS

In the framework of evolutionary game theory, the evolution or social learning 
dynamics of the fraction x of Cs (and 1-x of Ds) in a large population (Z
governed by the gradient of selection g(x) associated with the replicator dynamics 
equation g (x x.  = x (1 – x) (fC – fD ), which characterizes the behavioral dynamics 
of the population, where fC ( fD Cs (Ds), here associated with the 
game payoffs. According to the replicator equation, Cs (Ds) will increase in the 
population whenever g(x)>0 (g(x)>0). If one assumes an unstructured population, 

social success) of each individual can be obtained from a random sampling of 
groups. The latter leads to groups whose composition follows a binomial distri-
bution.5

5 For details, see (Santos and Pacheco, 2011).

 Figure 1 shows the behavior of g(x) as a function of the fraction of coopera-
tors (x) for different risk intensities. In the absence of risk (r = 0.0),  x.   is always 
negative, leading to the extinction of Cs (x = 0) irrespectively of the initial fraction 
of cooperators. The presence of risk, in turn, leads to the emergence of two mixed 
internal equilibria, r, both Cs (below 
xL ) and Ds (above xR ) become disadvantageous when rare. Co-existence between 
Cs and Ds becomes stable at a fraction xR which increases with r. Hence, collective 
coordination becomes easier to achieve under high-risk, and once the coordination 
barrier is overcome (xL), high levels of cooperation will be reached.
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Figure 1. For each fraction of Cs, if the gradient g(x) is positive (negative) the 
fraction of Cs will increase (decrease). Increasing risk (r -
tion dynamics rendering cooperation viable depending on the initial fraction of Cs 
(N=6, M=3 and c=0.1).
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Figure 2. a)
Cs and Ds as a function of g, M and N. A fraction x 

C; the remaining fraction 1-x 
adopts D. The replicator equation describes the evolution of x over time. Solid 
(open) circles represent stable (unstable) equilibria of the evolutionary dynamics; 
arrows indicate the direction of selection. b) Internal roots x* of g(x) for different 
values of the cost-to-risk ratio  = c/r N = 6) and different 
coordination thresholds (M). For each value of  one draws a horizontal line; the 
intersection of this line with each curve gives the value(s) of x* -
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nal equilibria of the replicator dynamics. The empty circle represents an unstable 
xL xR) (M = 4 and  = 0.15 in 

example).

The appearance of two internal equilibria under risk can be studied analytical-
ly.6 In a nutshell (see also Figure 2a), it can be shown that the location of these 
equilibria can be written down as a function of the cost-to-risk ratio 
=c/r, and coordination threshold M. Scenarios with none, one and two interior 

 is smaller, larger or equal, respectively, to 
a critical value . Hence, the cost-to-risk ratio  plays a central role in dictating the 
viability of an overall cooperative state:
 Intuitively, the smaller the contribution required, the easier it will be to reach 
such a globally cooperative state. Moreover, the higher the perception of the risk at 
stake, the more likely individuals react to overcome such a cooperation dilemma.
 Figure 2b also shows the role played by the threshold M , 
increasing M will maximize cooperation (increase of xR) at the expense of making 

xL).

4. BEHAVIORAL DYNAMICS IN SMALL POPULATIONS

many collective endeavors, from animal group hunting and warfare, to numerous 
Human affairs, such as small community collective projects, macroeconomic rela-
tions and the famous world summits on climate change, where group and popula-
tion sizes are comparable and of the order of the hundreds. For such population 

the presence of errors of different sorts (inducing behavioral “mutations”, includ-
ing errors of imitation). Consequently, they may play an important role in the col-
lective behavior at a population level.
 Formally, the population dynamics becomes discrete, whereas the replicator 
dynamics is no longer valid. Alternatively, we adopt a stochastic process where 
each individual i imitates the strategy of a randomly selected member of the pop-
ulation j

gradient of selection G (k/Z -
crease and decrease the number k of Cs in the population by one individual – and 
by the respective stationary distribution of the population, which characterizes 
the (average) pervasiveness in time of a given fraction of cooperators (k/Z) of the 
population. Additionally, we consider that, with a small (“mutation”) probability, 
an individual may explore a randomly chosen strategy.

6 For details, see (Santos and Pacheco, 2011).
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Figure 3. a) Stationary distribution describing the prevalence of each fraction (k/Z) 
Z = 50 in the presence of mutations and imi-

tation errors). Whenever risk is high, stochastic effects i) turn collective coopera-
tion into a pervasive behavior and ii) favor the overcome of coordination barriers, 

N = 6, M = 3 
and c = 0.1). b) Stationary distributions for different group sizes and constant 
threshold M = 2. Cooperation will be maximized when risk is high and groups are 
small (small N), as goal achievement involves stringent requirements.

In Figure 3a we show the stationary distributions for different values of risk, for a 
population of size Z = 50 where N = 2M 
selection G (k/Z) exhibits a behavior qualitatively similar to x.  in Figure 1, Figure 

Cs prevail, irrespectively of the initial condition. This is a direct consequence of 
stochastic effects, which allow the “tunneling” through the coordination barrier 
associated with xL, rendering such coordination barrier (xL) irrelevant and turning 
cooperation into the prevalent strategy. In short, stochastic effects are able to pro-
mote cooperation under collective-risk dilemmas.
 Besides perception of risk, group size must also be considered when maxi- 

which global warming should be tackled. Cooperation for climate control can be 
achieved at different scales, from regional to global agreements. Hence, even if 
the problem is certainly global, its solution may be achieved via the combination 
of several local agreements. So far, attempts have concentrated in a single, global 
group, although it remains unclear at which scale collective agreements are more 
easily achieved, as also discussed by Ascheim et al. As shown by the stationary 
distributions of Figure 3b, cooperation is better dealt with within small groups, 
even if, for higher M/N values, coordination is harder to attain (see Figure 2).

in both scenarios. Given that current policies favor world summits, the present 
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results suggest a reappraisal of such policies regarding the promotion of public 
endeavors: instead of world summits, decentralized agreements between smaller 
groups (small N
and goal achievement involves tough requirements (large relative M), are prone to 

climate.

5. BEHAVIORAL DYNAMICS IN STRUCTURED POPULATIONS

The success in self-organizing cooperative behavior within small groups when 
compared with global dilemmas, naturally begs the question of how these groups 
should be organized to maximize the chances of cooperation. So far, all groups and 
individuals have been assumed as identical. Yet, socio-political dynamics is often 
grounded on a strong diversity in roles and positions. As previously discussed in 
the context of international agreements, countries are part of intricate networks 
of overlapping and interrelated alliances or agreements, many of regional nature, 
involving also geographical neighbors, and others with a global character which 
transcends geography (see randomly assembled example in Figure 4a). Similarly, 

that some players may play a pivotal role in a global outcome, as they may partici-
pate in a larger number of ‘collective dilemmas’ than others.

Figure 4. Evolutionary dynamics in heterogeneous populations. a) Given an 
interaction network of size Z and average degree < >, where nodes represent in-
dividuals, and links represent exchanges or shared goals, collective-risk dilem-
mas may be associated with neighborhoods in this network. As an example, the 
central individual participates in 6 groups, hence participating in 6 public goods 
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off accumulated from all games she/he participates. a) Gradients of selection G 
for a homogeneous (well-mixed) population (dashed lines) and for heterogeneous 
(scale-free) networks (solid lines), for different values of risk, a population size 
of Z = 500 and an average group size of <N> =  = < > 1. In the heterogeneous 
cases, both size and number of the N-person games each individual participates 
follow a power-law distribution.

The overall number and size of the dilemmas faced by each individual may be 
seen as a result of a complex interaction network, where nodes represent individu-
als, and links represent exchanges, collective investments or shared interests. As 

group with a size given, e.g., by the connectivity of the focal individual. In Fig-
ure 4b we show the effect of such heterogeneity or diversity of group sizes in the 

setting – taking the well-mixed population as reference – with a heterogeneous 
case. For the latter, we adopt the ubiquitous power law distribution of connectivi-
ties, resulting from a scale-free interaction network and a constant M. This leads to 
distributions of group sizes and number of games played by each player that also 
follow a power-law.
 As shown in Figure 4b, a heterogeneous contact network changes the location 
of the internal equilibria, without changing either the nature of the effective game 
or the nature of the internal equilibria. However, the impact of such a diversity on 
the type of game played in each local group is sizeable: in large groups coordina-
tion is easier to achieve (M/N is small) but co-existence occurs for a lower fraction 
of cooperators; in small groups, coordination faces stern requirements (M/N in-
creases) but, once surpassed, most group members will actually cooperate. When-
ever the risk of failure is high, introducing group diversity primarily enlarges the 
stable fraction xR at equilibrium, also determining a slight increase of the size 
of the cooperative basin of attraction. Because coordination is easily achieved in 

-
ness. Whenever such hubs -
ence the participants of small groups (the majority) to cooperate, hence enabling 
small groups to overcome their stringent coordination requirements. Overall, this 
will act to reduce the average xL of the population. Once this coordination barrier 
is surpassed, co-existence will be determined by the small size of the majority of 
the groups, leading to the dominance of cooperators at xR .

6. CONCLUSION

Dealing with environmental sustainability cannot overlook the uncertainty associ-
ated with a collective investment. Here we propose a simple form to describe this 
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problem and study its impact in behavioral evolution, obtaining an unambiguous 
agreement with recent experiments together with several concrete predictions. We 
do so in the framework of non-cooperative N-person evolutionary game theory, an 
unusual theoretical tool within the framework of modeling of political decision-
making. We propose a new N-person game where the risk of collective failure is 
explicitly introduced by means of a simple collective dilemma. Moreover, instead 
of resorting to complex and rational planning or rules, individuals revise their 

-
ary systems. This framework allowed us to address the impact of risk in several 

behavioral dynamics.
 Overall, we have shown how the emerging behavioral dynamics depends 
heavily on the perception of risk. The impact of risk is enhanced in the presence 
of small behavioral mutations and errors and whenever global coordination is at-
tempted in a majority of small groups under stringent requirements to meet coac-
tive goals. This result calls for a reassessment of policies towards the promotion 
of public endeavors: instead of world summits, decentralized agreements between 
smaller groups (small N
is high and goal achievement involves tough requirements (large relative M), are 

planet’s climate. Our model provides a “bottom-up” approach to the problem, in 
which collective cooperation is easier to achieve in a distributed way, eventually 
involving regions, cities, NGOs and, ultimately, all citizens. Moreover, by promot-
ing regional or sectorial agreements, we are opening the door to the diversity of 

to cooperation.
 Naturally, we are aware of the many limitations of a bare model such as ours, 
in which the complexity of Human interactions has been overlooked. From higher 
levels of information, to non-binary investments, additional layers of realism can 
be introduced in the model. On the other hand, the simplicity of the dilemma intro-
duced here, makes it generally applicable to other problems of collective cooper-
ative action, which will emerge when the risks for the community are high, some-
thing that repeatedly happened throughout Human history, from ancient group 
hunting to voluntary adoption of public health measures. Similarly, other cooper-
ation mechanisms, known to encourage collective action, may further enlarge the 
window of opportunity for cooperation to thrive. The existence of collective risks 
is pervasive in nature, in particular in many dilemmas faced by Humans. Hence, 
we believe the impact of these results go well beyond decision-making towards 
global warming.
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SONJA SMETS

REASONING ABOUT QUANTUM ACTIONS:
A LOGICIAN’S PERSPECTIVE

ABSTRACT

In this paper I give an overview of how the work on quantum dynamic logic for
single systems (as developed in [2]) builds on the concepts of (dynamic) modal
logic and incorporates the methodology of logical dynamics and action based rea-
soning into its setting. I show in particular how one can start by modeling quantum
actions (i.e. measurements and unitary evolutions) in a dynamic logic framework
and obtain a setting that improves on the known theorems in traditional quantum
logic (stated in the context of orthomodular lattices).

1. INTRODUCTION

The traditional methods of “static” propositional (and first-order) logic dating back
to the first part of the last century are limited with respect to their ability to handle
physical systems, especially if we focus on their dynamic, spatial and temporal
properties, aspects of uncertainty or probabilistic features. In the meantime sev-
eral new logical methods have been developed, such as modal logics, in particular
propositional dynamic logic (PDL) and temporal logic, dynamic epistemic log-
ics, resource-sensitive logics, game-logics and (in)dependence friendly logics to
name just a few. In this paper I follow the dynamic modal logic tradition, which
ties in nicely with the work on action logics used in computer science. My aim is
to show explicitly how a dynamic modal logic approach can provide the adequate
tools to deal with quantum physical systems and moreover, I will point out how
this setting provides us with a new methodology to talk about quantum behavior.
The methodology fits in line with the dynamic view on logic (as it’s practiced by
the “Amsterdam school in logic”, see e.g. [7, 8]) by focusing, not so much on the
‘static’ features such as propositions, theories or properties, but on dynamic ones
such as: theory change, evaluations, processes, actions, interactions, knowledge
updates, communication and observations.

From a more general point of view, the approach adopted in this paper brings
together two lines of work: 1) the traditional work on operational quantum logic
and 2) a specific information theoretic perspective on quantum systems. As with
respect to the first direction, the work on operational quantum logic within the
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Geneva School on quantum logic originated with [27, 18, 19, 20, 29, 28, 25]. In
this work one interprets the logical structure of quantum (and classical) proposi-
tions of a physical system by relating it directly to experimental situations. Quan-
tum logic is here not conceived as a “merely” abstract theory (as in [21]) but is
provided with an operational dimension which explicitly incorporates features be-
longing to the realm of “actions and physical dynamics”. The second direction
refers to the information theoretic part which lines up with the older tradition in
computer science of thinking about information systems in a dynamic manner. In
this view, a “state” of a system is being identified with the actions that can be (suc-
cessfully) performed on that state. In theoretical computer science this has given
rise to the study of various semantic (classical) notions of “process” (such as e.g.
labeled transition systems, automata and coalgebras). Bringing these two lines of
work together, I show in the following sections how one can proceed by analogy
with the work on labeled transition systems and present a quantum variant of it.

I start in the next section by introducing the necessary background knowledge
on labelled transition systems, which is the standard method used in modal logic
and in the applications of computer science to represent processes. To reason
about these processes in Section 3, I go over the standard setting of PDL. In
Section 4, I give a quantum interpretation to the language of PDL and show how
the setting of quantum transition systems can improve on the known theorems in
traditional quantum logic. Note that in this paper no new technical results are
being introduced, this paper serves the purpose of highlighting how the classical
techniques of modal logics and labeled transitions systems can be adapted and
applied to obtain a quantum setting.

2. LABELED TRANSITION SYSTEMS

Similar as in [16], I take a process to refer to “some object or system whose state
changes in time”. Note that the logicians’ use of process does not necessarily fit
in line with the so-called school on process philosophy. Broadly viewed, process
philosophy relates to the works of Leibniz and Whitehead and is mainly concerned
with the ontological nature of processes in the study of metaphysics. One might
of course subscribe to the supremacy of processes over other ontological entities,
but this is typically not a logician’s first concern. Our concern is to reason about
processes, in the sense of modeling their behavior.

In modal logic and its applications in computer science, there is a tradition
to represent processes by means of Labeled Transition Systems (LTS for short),
also known as multi-modal Kripke models. A LTS is a structure (S, { a→}a∈A, V )

consisting of a set of states or possible worlds S, a family of binary relations
labeled by letters from a given set a ∈ A and a valuation V assigning truth values
to atomic sentences (see e.g. [7]). The set A standardly refers to actions, although
other interpretations are possible. In a given LTS, defined over a set of actions,
the relation s

a→ t indicates that the process can evolve from input state s to
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output state t by the execution of action a. As an example, consider the process of
getting some money from an ATM modeled as a LTS with basic actions such as
“enter your card”; “enter your pin code”; “withdraw 10 euro”, etc. Other standard
examples of LTS’s are e.g. those that encode the process of getting a coffee out of
a vending machine, making a zerox-copy or performing a specific calculation on
a pocket calculator. In the latter case the arrows are labeled by input-actions such
as “c,+,−,×,=, 0, ...9” and states will satisfy strings of input symbols (see e.g.
[13]).

It is customary to think of actions as simple, “basic” programs having an in-
put state and an output state. These input and output states represent the internal
states of the process. Note that external observers (who push buttons on a pocket
calculator) might have no access at all to the internal states that are not visible
from the outset. The best picture here is that of a “black box” of which we (the
observers/users) only experience its behavior in response to our available actions
(see [17, 26]). As explained in [26], the black box picture encodes the difference
between an LTS and a finite state automaton. In a finite state automaton one first
has to provide an input list and then one lets the automaton run to decide if it ac-
cepts or rejects the input. Contrary to an LTS, in an automaton one does not see
immediately whether each action (that provides an input-item) is rejected or not,
one has to wait until the automaton eventually stops running. Further, LTS’s can
have an infinite amount of states and hence they differ in an obvious way from
finite state automata.

Several types of processes can be represented by the formalism of LTS. Non-
deterministic processes can be captured by using branching relations to represent
“arbitrary choice”. Similarly, the LTS-formalism can capture the concatenation
and iteration of processes by using the composition of transition relations.

Stochastic processes are essentially probabilistic and can be represented by
probabilistic versions of labeled transition systems. In the case of a discrete state
space, the study of probabilistic transition systems was initiated by Larsen and
Skou in [23]. They define a probabilistic transition system (S, {μs,a}) as a structure
consisting of a set of states S and a family of probability distributions μs,a , one for
each action a ∈ A and each input-state s ∈ S. Here, μs,a : S �→ [0, 1] gives the
possible next states (and their probabilities) after action a is performed on input-
state s. Informally, μs,a(s

′) = x says that action a can be performed in state s and
with probability x reaches the state s′ afterwards [23]. Note that the probabilities
have to add up:

∑
s ′ μs,a(s

′) = 1.
Larsen and Skou’s investigation was first extended to the case of continuous

state spaces in [10]. As explained in [11], this means that “we cannot ask for the
transition probability [from an input-state] to any [specific output-state, or some
arbitrary] set of states - we need to restrict ourselves to measurable sets”. In such a
setting, one can model the complex continuous real-time stochastic systems such
as the flight management system of an aircraft or the Brownian motion of some
molecules [12].



128 Sonja Smets

I briefly note here the existence of a general abstract mathematical framework
encompassing and unifying all the above-mentioned types of processes and many
others: the theory of coalgebras (see e.g. [17, 22]). Coalgebra is a rather new
domain of research, drawing mainly upon the mathematical language of Category
Theory. A coalgebra, in its most rudimentary form, consists of a state space S

endowed with a transition map S → F(S), where F is a functor. By varying the
functor, one can accommodate many possible notions of processes: transition sys-
tems, deterministic systems, discrete probabilistic systems, continuous stochastic
systems etc. For the purpose of this paper, I will not go further into the general
framework of coalgebras, restricting myself to the simplest example above (non-
probabilistic labeled transition systems). But it is important to stress that, from
a general coalgebraic perspective, the above discussion can be extended to other
types of processes.

3. PROPOSITIONAL DYNAMIC LOGIC

One of the logical systems that provides an axiomatic proof theory to reason about
the actions in a LTS is Propositional Dynamic Logic (PDL). PDL and its frag-
ment the Hoare Logic (see e.g. [15]) have been mainly used in the context of pro-
gram verification in computer science, i.e. when verifying that a given (classical)
action or program meets a required specification. In its syntax, PDL uses dy-
namic formulas to express these actions or programs. Besides the basic actions
that were introduced in the previous section, PDL also considers some special
kind of actions, called “tests”. Each classical property P ∈ P(S) gives rise to a
“test” denoted as P ?. Hence, the actions of PDL could be classified in two types:
tests P ? and basic actions A. Semantically this means that I slightly generalize the
above given semantic setting to incorporate the two types of actions as follows:

A dynamic frame is a structure F = (S, {P ?→}P∈L, { a→}a∈A), consisting of a set

S of states; a family of binary “transition” relations
P ?→⊆ S × S, which are labeled

by “test” actions P ?; a family of binary “transition” relations
a→⊆ S × S, labeled

by basic “actions” a ∈ A. Note that the labels for the tests come from a given
family L ⊆ P(S) of subsets P ⊆ S, which are called testable properties.

As noted in [1, 2, 3], Kripke frames for standard PDL are a special case of
dynamic frames, namely those in which one takes L =: P(S), and the transition

relation for a test to be given by s
P→t iff s = t ∈ P . Semantically this is encodes

as the diagonal {(w,w) : w ∈ P } of the set P . As noted in [2], intuitively P ? can
be thought of as a “purely epistemic” action by a (external) observer who “tests”
property P , without affecting the state of the system. The transitions

a→ are binary
relations on S.

The logical language of standard (star-free) PDL consists of two levels: a
level of propositional sentences ϕ (expressing properties) and a level of programs
or actions π which are defined by mutual induction:
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ϕ ::= p| ¬ϕ| ϕ ∧ ϕ| [π]ϕ
π ::= a| ϕ?| π ∪ π | π;π

Here I take p ∈ � and � to be a given set of basic (elementary) propositions.
The set of basic action labels A is given with a ∈ A. I use ¬ to denote classical
negation and ∧ for classical conjunction. The modal operators [π] are labeled by
actions π and in this I allow for complex action or program constructions such as
the non-deterministic choice of actions π ∪ π and relational composition π;π . I
use labeled modal operators to build a particular type of formulas [π]ϕ, which con-
struct a new formula from a given program π and formula ϕ. Here [π]ϕ is used to
express weakest preconditions, which means that if program π would be performed
on the current state of the system then the output state will necessarily satisfy ϕ.
The PDL test ϕ? denotes the action of testing for ϕ in the way as is defined in the
above semantics for standard PDL. Hence the test action ϕ? is successful if and
only if ϕ is true and testing for ϕ leaves the state of the system unchanged, in all
other cases the test fails. In line with [6], we note that all these complex program
constructors make PDL particularly well fit for the task of program verification
as it becomes easy in this setting to express programming constructs such as “if
then else” or “do while”-loops (see [15]). In a way this indicates the importance of
lifting this setting to a quantum framework, precisely because of the contributions
it can offer to the work on quantum program (or quantum protocol) verification (as
in [1, 3]).

4. DYNAMIC QUANTUM LOGIC

In this section, I show how the ideas presented in the previous sections can be
extended to a quantum framework. I don’t present new technical results here but
provide an overview of the main ideas of Dynamic Quantum Logic as presented in
a series of papers [2, 1, 3, 4, 5, 6, 30].

In [2] it was first shown how Hilbert spaces can be structured as non-classical
relational models. These models are a quantum version of the LTS’s introduced

above. I call a Quantum Transition Systems (or QTS) a dynamic frame (S, {P ?→
}P∈L, { a→}a∈A) satisfying a set of ten abstract semantic conditions. In this case the
states in S are meant to represent the possible states of a quantum physical system
and the transition relations describe the changes of state induced by the possible ac-
tions that may be performed on that quantum system. As before I use the notation
L to denote the set of testable properties. Any such QTS can be equipped with
a so-called measurement relation, which allows for the existential quantification

over tests as follows: s→t iff s
P ?→ t for some P ∈ L. The negation of the mea-

surement relation gives rise to an orthogonality relation, so I write s ⊥ t iff s �→ t .
For any set P ⊆ S, I write t ⊥ P iff t ⊥ s for all s ∈ P and the orthogonal (or
orthocomplement) of the set P is defined as follows: ∼ P := {t ∈ S : t ⊥ P }. The
biorthogonal closure of a set P is given by the set ∼∼ P = ∼ (∼ P).
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In the following list of semantic frame conditions in a QTS, I take the variables
P,Q to range over testable properties in L, the variables s, t, s′, t ′, v,w range
over states in S and a ranges over basic actions (which are also called “unitary
evolutions”) [2]:

Frame Conditions

1. Closure under arbitrary conjunctions: if L′ ⊆ L then
⋂L′ ∈ L

2. Atomicity. States are testable, i.e. {s} ∈ L.
This is equivalent to requiring that “states can be distinguished by tests”, i.e.
if s �= t then ∃P ∈ L : s ⊥ P, t �⊥ P

3. Adequacy. Testing a true property does not change the state:

if s ∈ P then s
P ?→ s

4. Repeatability. Any property holds after it has been successfully tested:

if s
P ?→ t then t ∈ P

5. “Covering Law”. If s
P→w �= t ∈ P , then there exists some v ∈ P such that

t → v �→ s.

6. Self-Adjointness Axiom: if s
P ?→ w→t then there exists some element v ∈ S

such that t
P ?→ v→s

7. Proper Superposition Axiom. Every two states of a quantum system can be
properly superposed into a new state: ∀s, t ∈ S ∃w ∈ S s→w→t

8. Reversibility and Totality Axioms. Basic unitary evolutions are total bijective
functions: ∀t ∈ S ∃!s s

a→ t and ∀s ∈ S ∃!t s
a→ t

9. Orthogonality Preservation. Basic unitary evolutions preserve (non) orthog-
onality: Let s, t, s′, t ′ ∈ S be such that s

a→ s ′and t
a→ t ′.

Then: s → t iff s′ → t ′.

10. Mayet’s Condition: Orthogonal Fixed Points. There exists some unitary
evolution a ∈ A and some property P ∈ L,such that a maps P into a proper
subset of itself; and moreover the set of fixed-point states of a has dimension
≥ 2. In other words:
∃a ∈ A∃P ∈ L∃t, w ∈ S∀s ∈∼∼ {t, w} : a(P ) ⊆ P , a(P ) �= P , t ⊥ w,
a(s) = s.

As shown in [2], these 10 conditions imply that L, with set-inclusion as partial
order, forms an orthomodular lattice of infinite height satisfying all the necessary
conditions for the representation theorem of Piron, Solèr and Mayet to hold (see
[28, 24, 31]). To understand this result, let us first call a concrete QTS a QTS
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which is given by an infinite-dimensional Hilbert space H . In the concrete case,
the “states” in S are taken to the one-dimensional closed linear subspaces of H ,
L is then given by the family of closed linear subspaces of H and the relations

that are labeled by testable properties
P ?→ will correspond to (successful) quantum

tests (given by the projectors onto the closed linear subspace corresponding to
property P ). The relations

a→ correspond to linear maps (expressing the so-called
“quantum gates”) a on H . The important result for this setting, proved in [2],
shows an “Abstract Soundness and Completeness” theorem for the Hilbert-space
semantics. In particular, the results in [2] show how every (abstract) QTS can be
canonically embedded in the concrete QTS associated to an infinite-dimensional
Hilbert space, i.e. every concrete QTS is a QTS and every QTS is isomorphic to a
concrete QTS.

We argued in [2, 4, 5, 6] for the importance of these results. By moving to the
QTS setting it is possible to solve some of the main problems posed in the tradi-
tional quantum logic work on orthoframes, such as the problem that orthomodu-
larity could not be captured by a first-order frame condition (as shown in [14]). In
contrast, in a QTS this problem is solved: orthomodularity now does correspond
to a first-order frame condition and receives a natural dynamic interpretation. In
a similar fashion we refrased the “Mayet condition”, which previously could only
be stated using the second-order notion of a lattice isomorphism. The “Mayet con-
dition” has now been “internalized” in the setting via the use of quantum actions.
Hence from a logical perspective, the QTS formalism yields an improvement of
the traditional quantum logic setting.

The QTS structures provide us with the models for a propositional logical sys-
tem that is different but still close to traditional PDL. The logic is called the Logic
of Quantum Actions (LQA) in [2, 4, 5, 6] and has the same syntactic language as
(star-free) PDL. Let us restrict our quantum setting to the language without clas-
sical negation¬ in this paper. This (star-free and classical negation-free) language
of PDL can be interpreted in a QTS. All the actions are now interpreted as quan-
tum actions, in particular the test operation will correspond to a quantum test and
a basic action is interpreted as a quantum gate. The complex program expressions
can now be interpreted as quantum programs.1

Note that traditional orthomodular quantum logic (in the tradition of work by
[9]) can be re-interpreted inside LQA. This can be done by defining the orthocom-
plement of a property as the impossibility of a successful test, i.e. ∼ ϕ := [ϕ?]⊥.
Note that the operation of “quantum join” is definable via de Morgan law as
ϕ � ψ :=∼ (∼ ϕ∧ ∼ ψ) and the traditional “quantum implication” (or so-called
Sasaki hook) is given by the weakest precondition ϕ → ψ := [ϕ?]ψ . This re-
interpretation provides us with a dynamic and operational characterization of all
the non-classical connectives of traditional quantum logic.

1 The setting can be extended with a classical negation, which then means that not all
“sets of states” P ⊆ S will correspond to “quantum testable properties”. In [4, 5] we
showed how this enriches the setting and gives us more expressive power than tradi-
tional Quantum Logic.
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LESZEK WROŃSKI

BRANCHING SPACE-TIMES AND PARALLEL PROCESSING1

ABSTRACT

There is a remarkable similarity between some mathematical objects used in the
Branching Space-Times framework and those appearing in computer science in
the fields of event structures for concurrent processing and Chu spaces. This pa-
per introduces the similarities and formulates a few open questions for further
research, hoping that both BST theorists and computer scientists can benefit from
the project.

1. INTRODUCTION

The goal of this short paper is to put forward a few open questions regarding the
connections between two areas, one mainly of interest to philosophers, the other
to computer scientists: the theory of Branching Space-Times (BST) and the field
of modelling parallel processing. The hope is that establishing these connections
will eventually help to solve some fundamental technical difficulties of the BST
approach, while allowing some types of structures from the realm of computer
science to have a spatiotemporal representation.

Why should a theory which, judging by its name, concerns branching space-
times, be in any way connected to parallel processing? Consider first the well
known theory of Branching Time (BT): any BT structure can be viewed as mod-
elling the way a certain indeterministic process could go. It would seem that a
theory which allows modelling of bundles of (possibly) indeterministic processes
is just a step away, requiring only the modification of the representation of maxi-
mal possible courses of events: they should no longer be linear, but should have a
spatial dimension. This, however, would still not be enough to capture the idea of
independent choices (or indeterministic events), and thus the relationship between
BT and BST is a bit more complicated. In the next section we introduce the two
approaches and state the first open problem about BST. In the two sections that
follow we sketch two approaches to parallel processing in computer science: that

1 This paper stems from a joint project with Thomas Müller (Universiteit Utrecht), who
told me of the idea, triggered by a remark by Hu Liu, of connecting the Branching
Space-Times theory to the approaches to parallel processing found in computer sci-
ence.

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,
The Philosophy of Science in a European Perspective 4,
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of “event structures” (ES) and that of Chu spaces. The results we have in mind
concern the methods of generating structures of a given type given a structure of
another type so that some important “structural” infomation is preserved; for ex-
ample, how to construct a Chu space given a BST model and vice versa. A method
for generating an event structure on the basis of a Chu Space is sketched at the end
of Section 4.

2. BRANCHING TIME AND BRANCHING SPACE-TIMES

2.1 Branching Time (BT) structures

Definition 1 A BT structure is a pair 〈W,�〉 such that:

• W �= ∅;

• � is a partial order on W;

• � is backward-linear.

A history is a maximal chain in 〈W,�〉.

One intended interpretation of the above considers W to be the set of possi-
ble events understood as time-slices through the whole universe and � to be the
“earlier-possibly later” relation. Each history represents one complete way the
world could unfold.

In philosophy, BT has been widely used, especially in discussions of agency
and future contingents. Unfortunately, for some goals the approach is unwieldy: in
any history any two events are ordered. This is not convenient if one has in mind
portraying independent choices of two agents or modelling experiments which take
part in spatiotemporally separated regions.

To overcome this difficulty, a natural first step is to make events “smaller” –
they should represent the action in bounded spatiotemporal regions or even, ideally,
point events.2 If so, then histories can no longer be chains. The guiding idea of the
BST approach is that histories should represent space-times.

2 For the discussion of point events see the founding paper for the BST theory: Nuel
Belnap, 1992, “Branching Space-Time”, in: Synthese 92, 3, pp. 385-434.
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2.2 Branching Space-Times structures

In the words of its creator, the goal of the BST theory is to “combine relativity and
indeterminism in a rigorous theory”.3 The indeterministic aspect is carried over
from the BT approach, and the relativistic aspect is to be achieved by re-imagining
the notion of history. However, BST is not a straightforward generalization of BT:
it will become evident after the definition of a BST structure is given that not all
BT structures are BST structures.

The definition of a BST structure is significantly more complicated than that
of a BT structure; it refers to the “new” notion of history and the notion of a choice
point, which we will now define.

Definition 2 A BST history is a maximal upward directed set. (A set is upward
directed iff for any two its elements e1, e2 it contains an element e such that e1 � e

and e2 � e.)
A choice point between two histories h1 and h2 is a point e maximal in the

intersection h1 ∩ h2.
We say that points e and f are space-time related (SLR) if there is a history h

such that e, f ∈ h but neither e � f nor f � e.

In BST, we have two types of “forward branching”: modal (think of a real
choice, an event having two possible futures) and non-modal (e.g. emission of
particles from a source). In contrast, there is no modal backward branching: every
event has a fixed past. This is because events are to be thought of as tokens, not
types.

Definition 3 A BST structure is a tuple 〈W,�〉, where:

• W �= ∅;

• � is a partial order on W ;

• � is dense in W ;

• W has no maximal elements w.r.t. �;

• every lower bounded chain in W has an infimum in W ;

• every upper bounded chain in W has a supremum in every history it is a
subset of;

• (Prior choice principle (‘PCP’)) for any lower bounded chain O ⊆ h1 − h2

there exists a choice point e ∈ W for h1 and h2 such that ∀e′ ∈ O e < e
′
.

We do not have space here to present a detailed motivation of the conditions; they
mostly stem from the two ideas of histories representing space-times (for which the

3 Ibid., p. 385.
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conditions are still not enough; see below) and events being understood as token
entities.

In BST W is interpreted as containing all possible point events (ideally, each
event is located in a single space-time point). � is to be read as the ordering of
possible causal influence, frequently interpreted as the light cone ordering: e � f

iff f is in the future light cone of e.
There have been two main areas of applying BST. Some researchers used the

approach to model the various experiments connected with the Bell theorem. Per-
haps the non-probabilistic GHZ setup proved to be the most tractable by means
of BST, but the probabilistic setups have also been the topic of discussion among
BST theorists.4 The second area to which BST has been recently applied is that of
agency.5

We will soon define the so called “transition structures” of BST structures; a
transition structure will be a “skeleton” of the given BST structure, containing all
the important information about branching. The current project aims to explore
the remarkable similarity of these transition structures to some structures found in
computer science – most notably the “event structures for concurrent processes”
and Chu spaces. In the process we hope to answer some open problems about BST
and provide a new, spatiotemporal reading to the aforementioned structures.

First, though, a disclaimer is in order. We said above that in BST histories
are to represent space-times. The definition of a BST structure is, unfortunately,
not enough for this. There are BST structures which cannot be provided with a
useful notion of a space-time point.6 Still, there is a class of BST structures, called
“Minkowskian Branching Structures” (MBSs), in which all histories are isomor-
phic to the Minkowski space-time.7 Since relativistic aspects are not relevant for
the task at hand, we will assume that all considered BST structures are MBSs and
thus we can think of histories as of copies of the Minkowski space-time.

For example, the following picture represents a BST structure with four histo-
ries and two binary choice points:

4 See e.g. Nuel Belnap and László Szabó, 1992, “Branching Space-Time Analysis of the
GHZ Theorem”, in: Foundations of Physics 26, 8, pp. 989-1002; and Tomasz Placek,
2010, “On Propensity-Frequentist Models for Stochastic Phenomena with Applications
to Bell’s Theorem”, in: Tadeusz Czarnecki, Katarzyna Kijania-Placek, Olga Poller and
Jan Woleński (Eds.), The Analytical Way, London: College Publications, pp. 105-140.

5 See e.g. Nuel Belnap, 2011, “Prolegomenon to Norms in Branching Space-Times”, in:
Journal of Applied Logic 9, pp. 83-94.

6 See Thomas Müller, 2005, “Probability Theory and Causation: A Branching Space-
Times Analysis”, in: British Journal for the Philosophy of Science 56, 3, pp. 487-520.

7 See Thomas Müller, 2002, “Branching Space-Time, Modal Logic and the Counterfac-
tual Conditional”, in: Tomasz Placek and Jeremy Butterfield (Eds.), Non-locality and
Modality, Dordrecht: Kluwer, pp. 273-291 and Leszek Wroński and Tomasz Placek,
2009, “On Minkowskian Branching Structures”, in: Studies in History and Philosophy
of Science Part B: Studies in History and Philosophy of Modern Physics 40, 3, pp.
251-258.



Branching Space-Times and Parallel Processing 139

where the shaded sections denote the regions of intersection of the particular his-
tory with h1.

2.3 Where the action is: transitions

BST structures are “big” in the sense that they encompass whole space-times; it
would seem however that in some cases – like the simple 4-history structure above
– it should be possible to distill the information about “what really happens” in the
model and store it in some discrete format. According to the way of thinking about
what happens in BST structures established in the literature any action goes on at
a choice point, in which an “immediate possibility” is chosen. What happens in a
BST structure are “transitions”. In the following assume Hist to be the set of all
histories in the model and H(e) to be the set of histories containing the point e.

Definition 4 We say that histories h1 and h2 do not divide at e (h1 ≡e h2) iff
∃e∗>e e∗ ∈ h1 ∩ h2 (the two histories share a point above e).

Since ≡e is an equivalence relation on H(e), we can, for any e, partition the
H(e) into the equivalence classes of≡e, to be thought of as “immediate possibilities
(open) at e”.

Definition 5 A transition is a pair

〈 a choice point e, an immediate possibility open at e 〉.

We will assume the usual practice of denoting transitions using arrows. For
example, in the picture above, we can label the two immediate possibilities open at
the binary choice point e as “+e” and “−e” and consider two transitions e � +e

and e � −e.
The set T R(OW) of all transitions in a BST structure OW 8 can be given a

natural partial order �T by taking the reflexive closure of <T , defined as follows,
for ti = ei � Hi :

ti <T tj iff ei < ej and H(ej ) ⊆ Hi.

8 This is an abbreviation dating back to the 1992 paper by Belnap (op. cit.), denoting
“Our World”.
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One could expect that, given a BST structure, its transition structure together
with the information about the location of branching should be enough to store all
the “relevant” information about the initial structure in a discrete format; relevant
in the sense that (a structure isomorphic to) the initial structure should be recover-
able from the discrete data. It turns out that this is not true: as we will see in the
next subsection, there are different BST structures which share the same transition
structure.

2.4 Consistency and modal unsaturation

We will call a set of transitions “consistent” if, colloquially, they can all happen
together, or – in other words – there is a history in which all of them are realised.
Formally, a set of transitions {ti � Hi | i ∈ I } is consistent if ∃h ∈ Hist h ∈⋂

i∈I Hi ; it is inconsistent otherwise. Two different transitions from the same event
e are called blatantly inconsistent. Histories correspond to maximal consistent sets
of transitions.

We now come to an interesting feature of some BST structures (in fact, it
may be the feature which makes them useful for modelling quantum experiments):
that of modal unsaturation. (Usually called “funny business” in the literature; we
will sometimes also use this term.) The essence is this: it might happen that some
“combinatorically possible” history is missing from the structure – for example we
can have two SLR binary choice points e and f , four transitions e � +e, e � −e,
f � +f and f � −f , such that the only two pairs of consistent transitions are
{e � +e, f � +f } and {e � −e, f � −f }! In other words, if you deleted the
histories h2 and h3 from the structure depicted on p. 139, you would end up with a
perfectly fine BST structure, with exactly the same transition structure.

To sum up: the goal is to give a discrete representation of a given BST struc-
ture OW using the structure of its transitions, T R(OW), and the information
about the location of branching. An isomorphic BST structure should be recov-
erable from the discrete representation. This goal has been achieved by Thomas
Müller in 2010,9 but only for modally saturated BST structures. It would seem that
the discrete format for BST structure representation should simply contain another
“module” – apart from the transition structure and the spatiotemporal information
– whose purpose would be to code which of the combinatorically possible histories
are there in the structure. However, so far all attempts at providing such a coding
have been inadequate. This points us to the first problem we want to put forward
in the current paper:

Problem 1 Create a format for discrete representation of arbitrary BST struc-
tures, such that a structure isomorphic to the original one may be recovered on

9 See Thomas Müller, 2010, “Towards a Theory of Limited Indeterminism in Branching
Space-Times”, in: Journal of Philosophical Logic 39, pp. 395-423.
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the basis of the representation. This would generalise Müller’s 2010 theorem to
arbitrary BST structures.

Again, in this short paper we cannot introduce Müller’s approach.10 Let us just
note that we believe the above problem belongs to an interesting type: it looks
really easy,11 but has so far proven to be resistant to the attempts at solving it. Per-
haps this points out that we still do not understand some basic facts about transition
structures in BST.

To recapitulate, in the move from a BST structure to its transition structure
there is a loss of information which prevents the move in the opposite direction:
two non-isomorphic BST structures may have identical transition structures. Solv-
ing problem 1 requires a rigorous description of that loss. It is possible that using
the tools from modal logic, and more specifically the notion of bisimulation, will
be fruitful in that regard.12

Suppose a propositional language is given with a single modal operator. Each
BST structure 〈W,�〉 may be regarded as a modal frame, with � being the ac-
cessibility relation. A BST model is a triple 〈W,�, V 〉, where 〈W,�〉 is a BST
structure, and V is a valuation on W which in a sense does justice to the split-
ting inherent in the structure.13 The following defines the notion of a bisimulation
between two BST models:14

Definition 6 Suppose M = 〈W,�, V 〉 and M′ = 〈W ′,�′, V ′〉 are two BST
models. A non-empty relation Z ⊆ W ×W ′ is a bisimulation between M and M′
when it satisfies the following three conditions, for any w ∈ W , w′ ∈ W ′:

• if wZw′, then w and w′ satisfy the same propositional letters;

• for any v ∈ W , if wZw′ and w � v, then there exists a v′ ∈ W ′ such that
vZv′ and w′ �′ v′;

• for any v′ ∈ W ′, if wZw′ and w′ �′ v′, then there exists a v ∈ W such that
vZv′ and w � v.

Z is called a total bisimulation if for any w ∈ W there exists a w′ ∈ W ′ such that
wZw′, and for any w′ ∈ W ′ there exists a w ∈ W such that wZw′.

10 Building the formal machinery needed for this required many pages in ibid.
11 This opinion is based on conversations with other people accustomed with the BST

framework.
12 We are very grateful to the Reviewer for suggesting this.
13 For details, see e.g. Tomasz Placek and Nuel Belnap, 2010, “Indeterminism is a

Modal Notion: Branching Spacetimes and Earman’s Pruning”, in: Synthese, DOI
10.1007/s11229-010-9846-8.

14 For a description of the notion in the general context of modal logic, see e.g. Patrick
Blackburn, Maarten de Rijke and Yde Venema, 2001, Modal Logic, Cambridge: Cam-
bridge University Press.
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Remember that in this paper all points in BST structures have space-time lo-
cations and all histories in all BST structures are isomorphic to the Minkowski
space-time.

Conjecture 1 Suppose OW = 〈W,�〉 and OW ′ = 〈W ′,�′〉 are two BST struc-
tures. Then T R(OW) = T R(OW ′) iff there exist two BST models M =
〈W,�, V 〉 and M′ = 〈W ′,�′, V ′〉 with a total bisimulation Z between them such
that for any w ∈ W , w′ ∈ W ′, if wZw′, then w and w′ have the same space-time
location.

Solving problem 1 would go a long way towards establishing the connection
between BST and computer science. We aim to show this in the next two sections.
Computer science contains numerous approaches to concurrent behaviour.15 Of
these we choose two: event structures and Chu spaces.

3. EVENT STRUCTURES (FOR CONCURRENT PROCESSES)

We will follow the presentation of the event structures framework from a paper by
Varacca, Völzer and Winskel.16

Definition 7 An event structure (ES) is a triple E = 〈E,�, #〉 such that:

• E is countable;

• � is a backward-finite partial order on E;

• # is an irreflexive and symmetric relation (the conflict relation) such that for
every e1, e2, e3 ∈ E, if e1 � e2 and e1#e3, then e2#e3.

The authors speak of E as the set of events and of � as the causal order.

Notice the similarity of the conflict relation from ES with the modal branching
of BST: if two events are in conflict, their descendants are also in conflict; if two
BST histories branch, they never converge again.

If not for the requirement of backward-finitude, all BST structures 〈OW, �〉
and also their transition structures 〈T R(OW),�T 〉 would be ESs:

• for two BST events e, f , we put e#f iff ¬∃h∈Hist e, f ∈ h;

• for two transitions t1, t2 we put t1#t2 iff {t1, t2} is inconsistent.

15 For an overview see Vaughan Pratt, 2003, “Transition and Cancellation in Concurrency
and Branching Time”, in: Mathematical Structures in Computer Science 13, 4, pp.
485-529.

16 Daniele Varacca, Hagen Völzer, and Glynn Winskel, 2006, “Probabilistic Event Struc-
tures and Domains”, in: Theoretical Computer Science 358, 2-3, pp. 173-199.
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The BST structures we are dealing with are all uncountable (even if they have
just a single history, it is isomorphic to the Minkowski space-time), but their tran-
sition structures may well be countable and backward finite. In general, it is clear
that any BST structure OW whose T R(OW) is countable and backward finite
determines an ES. This prompts a question about the other direction.

Problem 2 What are the conditions for an event structure to be isomorphic to a
transition structure T R(OW) for some BST structure OW?

Notice that definitely not all ESs are “suitable”, because in BST we do not have
“trivial” transitions, i.e. transitions whose first element would be an event which is
not a choice point. And so consider an ES consisting of just a single event with
the empty conflict relation: it lacks a natural BST reading, since there is no BST
structure with just a single transition.17

3.1 Funny business causes confusion

It is interesting that the framework of event structures has a notion, called confu-
sion, which seems to be similar to the BST notion of modal unsaturation (or “funny
business”).

In the following assume that a configuration of an ES E is a conflict-free down-
ward closed subset of E. (And so maximal configurations in ESs correspond to
the BST histories.) Also, define [e] := {x|x � e} and [e) := [e] \ {e}.
Definition 8 Events e1 and e2 are in immediate conflict (e1#μe2) when e1#e2 and
both [e1) ∪ [e2] and [e1] ∪ [e2) are configurations.

A set of events C is a partial cell if for any distinct e, e′ ∈ C e#μe′ and
[e) = [e′). A cell is a maximal partial cell.

We hope the reader will share the intuition that the ES notion of immediate
conflict is similar in spirit to the BST notion of blatant inconsistency. It would also
seem that all transitions from a single choice point to its immediate possibilities
should, after the move from BST to ES, form a cell. This however may not be true
if the BST structure exhibits modal unsaturation. The following table depicts the
simple example of two BST structures having two binary choice points (and so
the corresponding event structures are just four-element anti-chains), such that the
first is exactly the modally saturated one depicted on p. 139, and the second one
lacks one history. Notice that since the ESs are anti-chains, immediate conflict is
just the “regular” conflict in this example.

In the first case the conflict relation joins only the elements corresponding
to the transitions which are blatantly inconsistent in BST, and so the cells in the
ES correspond to the sets of all transitions from a given choice point in the BST
structure.

17 As a side-note, the following is a problem stated only once the connection between BST
and ES has been noticed, but which relates to the current lack of deeper understanding
of some fundamental aspects of BST: what are the sufficient and necessary conditions
for a set of transitions to be the set of all transitions for some BST history?
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BST:

Two SLR binary choice points
e, f ; 4 transitions
modal saturation

modal unsaturation:
the “++” history excluded

ES:

the anti-chain {e+, e−, f +, f −}

e+#e−, f +#f −
2 cells: {e+, e−},{f+, f −}.
3 cells: {e+, e−},{f+, f −},
and {e+, f +}.

However, when modal unsaturation enters the picture, the cells are no longer
disjoint and closed under #μ, thus losing their intuitive BST interpretation! It turns
out that the ES framework has a notion pertaining to such cases:

Definition 9 An ES is confusion free if all its cells are closed under immediate
conflict.

The above discussion prompts the following conjecture:

Conjecture 2 Suppose OW is a BST structure such that T R(OW) is countable
and backward finite. Then OW is modally saturated iff T R(OW) understood as
an ES is confusion-free.

If the conjecture is true, we will have a mathematical link between intuitively
different concepts of “lack of a combinatorically possible option” (BST) and “weird
choice structure” (ES).

To conclude this section: while it is easy how (if the cardinality requirements
are met) to generate an ES isomorphic to the transition structure of a given BST
structure, we are searching for a general method of proceeding in the other direc-
tion.

4. CHU SPACES

The last framework to be considered is that of Chu spaces, for which our main ref-
erence is a paper by Pratt.18 The Chu spaces are objects which are simple to define,
but possess some great mathematical properties. To quote Pratt:19 they form a “re-
markably well-endowed category, concrete and coconcrete, self-dual, bicomplete,
and symmetric monoidal closed”, serving as “a process algebra representation of
linear logic”, “unifying relational structures, topology, and duality into a unified
framework”, providing a “process interpretation of wavefunctions” and (!) “a so-
lution to Descartes’ problem of the mechanism by which the mind interacts with

18 Vaughan Pratt, 1995, “Chu Spaces and Their Interpretation as Concurrent Objects”, in:
Computer Science Today 1000, pp. 392-405 (2005 version from the Author’s home-
page, http://boole.stanford.edu/pub/chuconc.pdf ).

19 Ibid., p. 3
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the body” (emphasis added). Despite all this richness, for our goals it will suffice
to think of Chu spaces as two-dimensional matrices.20

Definition 10 A Chu space over a set K is an A × X matrix whose elements are
drawn from K .

In all the Chu spaces we will consider the set K is equal to {0, 1}.
Despite the apparent simplicity, the framework carries with itself robust inter-

pretations of rows and columns of the matrices. If we view a given space by rows,
then A is the “carrier of structure”;21 a row labeled e is the complete description
of the element e. If we view it by columns, A is a set of “locations” (variables)
and each column is a permitted assignment of values from K to them.22 In our
case rows will be labeled by transitions, and the “permitted assignments” will cor-
respond to the characteristic functions of consistent sets of transitions (and the
empty set).

Formally, the following is a method of representing BST structures by means
of Chu spaces (notice the lack of cardinality requirements):

• there is a 1 − 1 correspondence between the rows of the space and the tran-
sitions of the BST structures, which serve as labels for the rows;

• each column codes a possible past of an event in the BST structure, with “1”
at all and only the rows whose corresponding transitions already happened
from the perspective of the given point.

4.1 BST structures and “their” Chu spaces

The above will hopefully be made clearer by a few examples. We will always omit
column labels. The Chu space corresponding to a BST structure with a single
binary choice point (and so two transitions, labelled e+ and e−) is the following:

e+ 0 1 0
e− 0 0 1

There are three columns because each event in the BST structure has one of the
three possible pasts: it may be so that from its perspective e+ already happened,
or that e− did, or none of those happened (yet). Since it is impossible for an event
to have both e+ and e− in its past, as the two transitions are blatantly inconsistent,
there is no column with two 1’s.

A modally saturated BST structure with two binary choice points e and f (e.g.
the one depicted on p. 139) gives rise to the following Chu space:

20 The mathematical value of Chu spaces seems to stem from the so called “Chu trans-
forms”, not introduced in this paper.

21 Ibid.
22 Perhaps the Reader will find the following quote illuminating: “The rows present the

physical, concrete, conjunctive, or yang aspects of the space, while the columns present
the mental, coconcrete, disjunctive, or yin aspects” (ibid., p. 4).
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e+ 0 1 0 0 0 1 1 0 0
e− 0 0 1 0 0 0 0 1 1
f+ 0 0 0 1 0 1 0 1 0
f− 0 0 0 0 1 0 1 0 1

The double line after the fifth column serves just to mark the point behind which
each the columns determine which combinatorically possible histories are there
in the model. Since the structure is modally saturated, all 4 possible histories are
there.

The simplest case of modal unsaturation, with just a single history (“++”)
excluded, amounts just to the deletion of one column:

e+ 0 1 0 0 0 1 0 0
e− 0 0 1 0 0 0 1 1
f + 0 0 0 1 0 0 1 0
f − 0 0 0 0 1 1 0 1

Notice that if we deleted all the columns in which two transitions happened,
we would get the following:

e+ 0 1 0 0 0
e− 0 0 1 0 0
f+ 0 0 0 1 0
f− 0 0 0 0 1

which naturally represents a BST structure with just a single choice point with 4
immediate possibilities.

The last example should suggest that the relationship between BST structures
and Chu spaces is not entirely straightforward. To reinforce this point, notice that
not all Chu spaces over {0, 1} have a natural BST reading. Consider the following:

e+ 0 1 0 0 0 1
e− 0 0 1 0 0 0
f + 0 0 0 1 0 0
f − 0 0 0 0 1 1

It cannot represent a structure with a single choice point, because the last column
indicates that it is possible to have two transitions in the past. But there seems to
be no way of looking at this space as representing a BST structure with two or any
other number of choice points.

Notice that the above examples show that sometimes, starting from a Chu
space representing a modally saturated BST structure, one can, just by deleting
columns which seemingly correspond to combinatorically possible histories, intro-
duce modal unsaturation, then lose the natural BST reading altogether, and even-
tually end up with a space representing a BST structure with a different number
of choice points. Contrast this with the process of removing histories from the
modally saturated BST structure depicted on p. 139: if we remove one history (say
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h2), we introduce modal unsaturation, if we remove two histories (say h2 and h3;
notice that not all choices are permissible), we again have a structure with modal
unsaturation, if we remove three histories we get a structure with no choice points
at all, and if we remove all four histories we end up with the empty set. Perhaps
a general theorem on the relationship between BST structures and Chu spaces re-
quires a deeper understanding of the connection between columns representing
the “latest possible pasts” (i.e. the right-most columns in our examples) and the
combinatorically possible histories in BST structures.

We can, however, provide a procedure which given a Chu space A′ × X′ over
{0, 1} (with A′ countable) creates an event structure 〈E,�, #〉 (whenever � turns
out to be backward-finite):

1. Delete any repeated rows from A′ and columns from X′ (save for a single
copy in each case), arriving at A and X.

2. Set E to be A.

3. For the ordering �, take the bit-wise ordering of rows, given by the inverse
of the “left residual” of A × X and itself: namely, the set of pairs 〈b, a〉 of
elements of A such that for any column x ∈ X, if there’s a 1 at row a and
column x, then there is a 1 at row b and column x (in such a case we want
to say that b � a).

4. Set e#f for any and all e, f ∈ A such that no column contains 1’s at both
rows e and f .

Were we able to prove the theorem about discrete representations of BST
structures in full generality (see Problem 1), we could move all the way from
Chu spaces, via event structures, to BST structures. As things stand, the known
method23 of constructing a BST structure on the basis of a given transition struc-
ture always generates a modally saturated BST structure.

We are left with a similar problem as in the case of event structures:

Problem 3 What are the conditions for a Chu space over {0, 1} to generate a
transition structure T R(OW) for some BST structure OW?

5. CONCLUSION

In this paper we put forward two conjectures and three problems regarding the
relationship of BST structures, event structures for concurrent processing and Chu
spaces. It seems to be relatively easy to generate the latter objects given BST
structures (preserving what we believe to be important: the shape of the transition
structure), and more difficult to move in the other direction.

23 See Müller, “Towards a Theory of Limited Indeterminism in Branching Space-Times”,
op. cit.
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We hope that in the process of investigating these problems we will gain some
insight into the relationship between concepts from seemingly unrelated fields
of philosophy and computer science, between which nonetheless there definitely
seems to be a mathematical connection: as an example, take the notion of modal
unsaturation (BST) and confusion (ES), the topic of Section 3.1.

The investigation so far suggests that there is much to gain in this for BST
theorists – using the tools from computer science may offer a new look at some
BST problems and provide a better understanding of transition structures. Still,
perhaps some computer scientists will also be interested in spatiotemporal readings
of their structures.
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GABRIELE GRAMELSBERGER

SIMULATION AND SYSTEM UNDERSTANDING

ABSTRACT

Systems biology is based on a mathematized understanding of molecular biologi-
cal processes. Because genetic networks are so complex, a system understanding 
is required that allows for the appropriate modelling of these complex networks 
and its products up to the whole-cell scale. Since 2000 standardizations in model-
ling and simulation techniques have been established to support the communi-
ty-wide endeavors for whole-cell simulations. The development of the Systems 
Biology Markup Language (SBML), in particular, has helped systems biologists 
achieve their goal. This paper explores the current developments of modelling and 
simulation in systems biology. It discusses the question as to whether an appropri-
ate system understanding has been developed yet, or whether advanced software 
machineries of whole-cell simulations can compensate for the lack of system un-
derstanding.

1. TOWARDS A SIMULATION-ORIENTATED BIOLOGY

In a 2002 Nature -
cepts […] to illuminate the principles underlying biology at a genetic, molecular, 
cellular and even organismal level.”1 During the past years these mathematical 
concepts have become ‘whole-cell simulations’ in order to observe, and hopefully 

minimal cell was created in-silico, called the ‘virtual self-surviving cell (SSC)’, 
consisting of 120 in-silico synthesized genes of the 480 genes of M. genitalium and 
7 genes from other species.2 The virtual self-surviving cell absorbs up and metabo-
lizes glucose, and generates ATP as an energy source for protein and membrane 
synthesis. As degradation is programmed into the SSC, it has to produce proteins 
and lipids constantly to survive. All the activities result from 495 reaction rules 
for enzymatic reactions, complex formations, transportations, and stochastic proc-
esses, which are executed in parallel telling the SSC what to do at each millisecond 
time step. The aims of this whole-cell simulation are to observe the changes in the 

Nature 420, 
2002, 205-250, here p. 205.

st Century”, 
TRENDS in Biotechnology 19, 6, 2001, pp. 205-210.

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
DOI 10.1007/978-94-007-5845-2_13, © Springer Science+Business Media Dordrecht 2013
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amount of substances inside the cell as well as the gene expression resulting from 

experiments with the SSC, e.g. real-time gene knock-out experiments. Thus,

[t]his simple cell model sometimes shows unpredictable behavior and has delivered bio-

confusing. Because ATP is synthesized only by the glycolysis pathway, it was assumed 
that ATP would decrease when the glucose, the only source of energy, becomes zero. After 
months of checking the simulation program and the cell model for errors, the conclusion is 
that this observation is correct and a rapid deprivation of glucose supplement can lead to the 
same phenomenon in living cells.3

The motivation of making use of simulation in biology is the desire to predict ef-
fects of changes in cell behavior and guide further research in the lab. As metabolic 
networks are extremely complex systems involving dozens and hundreds of genes, 

Therefore, in-silico studies are increasingly expanding the wet lab studies, but this 
requires the full range of strategies necessary to establish a simulation-orientated 

-
poral information about processes and parameters, creation of advanced software 
machineries, and, last but not least, a coherent system understanding.

2. STANDARDIZATION

The situation of modeling and simulation in cell biology is characterized by a wide 
variety of modeling practices and methods. There are thousands of simple mod-
els around, an increasing amount of simulations for more complex models, and 
various computational tools to ease modeling. Each institute, each researcher cre-
ates his or her own model with slightly different concepts and meanings. Most of 

different modeling environment (and model representation language), [therefore] 
4 

However, in 2000 this situation led to an effort to create an open and standardized 
framework for modeling – the Systems Biology Markup Language (SBML). The 

-
rent inability to exchange models between different simulation and analysis tools 
[which] has its roots in the lack of a common format for describing models.”5 

3 Tomita 2001, loc. cit., here p. 208.

Bioinformat-
ics 19, 2003, pp. 524–531, here p. 525.

5 Hucka et al. 2003, loc. cit., here p. 524. SBML is organized as a community-wide open 
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Therefore, SBML is based on the Extensible Markup Language (XML), a set of 
rules for encoding documents in machine-readable form, developed in 1996 by the 

from the community, in particular from teams developing simulation and analysis 
packages for systems biology, SBML level 1 was released in 2003. As is the na-
ture of software development, level 2 was tackled immediately after the release of 
level 1 containing more features; since 2010, with level 3, SBML has practically 
become a lingua franca of model description in biology – according to Nature’s 

many journals now suggest it as a format for submitting supplementary data.”6

-
ceptual elements of chemical reactions. These elements are compartments, spe-

-
cal single-gene oscillatory circuit can be modeled with SBML as a simple, two 

cell cytoplasm.7

by its ‘name’, by its ‘initialAmount’, and optionally by ‘boundaryCondition’ and 
‘charge’. The species produced result from the eight reactions which the hypo-

rate laws.”8

the ‘species’ involved as reactants or products, by the attribute ‘reversible’, which 
can have the values false or true, and by the optional attribute ‘fast’. If the attribute 

-
formation to reduce the number of [ordinary differential equations] ODEs required 
and thereby optimize such computations.”9

variables and parameters. However, SBML is solely a format to describe a model. 

support SBML. In 2003 nine simulation tools have supported SBML (Cellera-
tor, DBsolve, E-CELL, Gepasi, Jarnac, NetBuilder, ProMoT/DIVA, StochSim, and 
Virtual Cell), while today more than two hundred packages do. Based on the suc-

developed – and released in 2009 – as a community-wide open graphical standard 
-

standard based on open workshops and an editorial team for updates, which is elected 

The Systems Biology Markup Language (SBML) Collection, (ac-
-

other description language for modeling is CellML.
7 The example, and its notations, is taken from the initial SBML paper. Cf. Hucka et al., 

2003, loc. cit., p. 526 ff.
8 Ibid., p. 528.
9 Ibid., p. 528.
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CellDesigner and CellPublisher, are 

3. QUANTITATIVE DATA

Another important basis of preparing the stage for a simulation-orientated biology 
is the acquisition of quantitative data as most simulation methods in biology are 
based on differential equations, which describe the temporal development of a sys-
tem’s behavior. However, most data available in biology are qualitative data rep-

simulation quantitative data (such as concentrations of metabolites and enzymes, 
-

lenge is to develop high-throughput technologies for measurement of inner-cellu-
lar metabolites.”10

interval are essential in addition to traditional sampling points.”11 However, quan-
titative measurements of inner-cellular metabolites, protein synthesis, gene ex-

chemical structure has been unambiguously assigned in only 20–30% of the ana-
lytes detected.”12

-
-

portant for understanding metabolic networks, as it is necessary for the calculation 
of atomic balances or for using kinetic properties of enzymes to develop predictive 
models.”13

10 Tomita 2001, loc. cit -
Foundations of Systems Biology. Cambridge 

11
op. cit., pp. 1-38, here p. 6.

12 -
Nature Reviews Molecular Cell Biology 5, 2004, pp. 763-769, here p. 764.

13
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the same sample […] to assess connectivity across different molecular entities.”14

biology. The answers to this challenge are manifold. One approach is to address 

orientated biology, [… which] consists of three centers for metabolome research, 
bioinformatics, and genome engineering, respectively.”15 Or alternatively, other 

 16

not require dynamic data as it analyzes the capabilities of a reconstructed meta-
bolic network on basis of systemic mass-balance and reaction capacity constraints. 

– only an optimal distribution can be inferred.17 Another alternative could be the 
estimation of unmeasurable parameters and variables by models. So-called non-
linear state-space models have been developed recently for the indirect determina-
tion of unknown parameters from measurements of other quantities. These models 
take advantage of knowledge that is hidden in the system, by training the models 
to learn more about themselves.

4. WHOLE-CELL SIMULATIONS

-
lation-orientated biology, whole-cell simulations show great promise. On the one 
hand they are needed for data integration,18

14 Ibid., p. 768.
15 Tomita 2001, loc. cit., here p. 210.
16

Nature Biotechnol-
ogy 19, 2001, pp. 125–130, here p. 125.

17

-

-

programming (LP).” (Edwards, Ibarra, Palsson, 2001, loc cit., here p. 125).
18

complex, details can explain the cellular process under investigation. The ideal way 
to meet this challenge is to integrate and organize the data into a predictive model.” 

TRENDS in Cell Biology
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[…] is to construct a whole-cell model in silico […] and then to design a novel 
genome based on the computer simulation and create real cells with the novel ge-
nome by means of genome engineering;”19

design (CAD) of useful microorganisms.”20 Projects like E-Cell or Virtual Cell – 
-

forms necessary for whole-cell-scale modeling, simulation, and analysis.”21 E-Cell 
and Virtual Cell differ in their conception as well as organization. Development of 
the E-Cell software in C++ started in 1996 at the Laboratory for Bioinformatics at 

Tomita. In 1997 the 1.0beta version was used 
to program the ‘virtual self-surviving cell’, which was accepted as an OpenSource 
project by the Bioinformatics.org in 2000. The software development led to the 
establishment of the Institute for Advanced Biosciences for metabolome research, 
bioinformatics, and genome engineering in 2001 and by 2005 the Molecular Sci-
ences Institute, Berkeley, and the Mitsubishi Space Co. Ltd, Amagasaki Japan, had 
joined the project. E-Cell is used internationally by various research groups to re-
alize in-silico projects, e.g. on the dynamics of mitochondrial metabolism, on the 
energy metabolism of E. coli, on glycolysis, etc.22 The software as well as the al-
ready programmed models can be downloaded from the web page. Unlike E-Cell, 
Virtual Cell is a freely accessible software platform by the Center for Cell Analysis 
& Modeling of the University of Connecticut for building complex models with a 

the complete mathematical description of the model, bypassing the schematic 
interface.”23 Virtual Cell is conceived as an open community platform, providing 
software releases and programmed models. Thus, the increasing availability of an 
open community cyberinfrastructure for a simulation-orientated biology can be 
observed as is already common for other disciplines like meteorology.24

-
ments at various levels and associated with the ‘omics family’ of technologies.” (Olaf 

-
BIOforum Europe 4, 2004, pp. 22-23, here p. 22).

19 Tomita 2001, loc. cit., here p. 210.
20 -

Bioinformatics 17, 12, 2001a, pp. 1091-1092.
21

IEEE Intelligent Systems 5, 2002, pp. 64-71, here p. 64.
22

ecell.
23

24 -
Climate Change and Policy. The Cal-

culability of Climate Change and the Challenge of Uncertainty
2011, p. 44 ff.
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 However, the aim of this simulation approach is the creation and distribu-
tion of complex models. These collaboratively advanced software machineries are 
‘synthesizers’ for interconnecting all kinds of computational schemes and strat-
egies. Thus, complex systems are built in a bottom-up process by innumerous 
computational schemes. E-Cell, for example, combines object-oriented modeling 

-
sion, differential-algebraic equations (DAEs)25

SDEs and ODEs for other cellular processes (see Tab. 1).26 These advanced inte-
grative cell simulations provide in-silico experimental devices for hypothesis test-
ing and predictions, but also for data integration and the engineering of de-novo 
cells. In such an in-silico experimental device genes can be turned on and off, sub-
stance concentrations and metabolites can be changed, etc. Observing the behavior 
of the in-silico cell yields comparative insights and can lead to the discovery of 

in analyzing these systems, and many biologists are turning to the keyboard.”27 
Researchers involved in the development of the whole-cell simulator E-Cell have 
outlined a ‘computational cell biology research cycle’ from wet experiments form-
ing cellular data and hypotheses, to qualitative and quantitative modeling, to pro-
gramming and simulation runs, to analysis and interpretation of the results, and 
back to wet experiments for evaluation purposes.28 However, this is still a vision as 

to build quantitative models, [therefore] modeling has been largely the purview of 
theoreticians who have the appropriate training but little experience in the labora-
tory. This disconnection to the laboratory has limited the impact of mathematical 
modeling in cell biology and, in some quarters, has even given modeling a poor 
reputation.”29 In particular Virtual Cell tries to overcome this by offering an intui-

physical operations involved in constructing models and generating simulations 
from them.”30

25 A DAE combines one ordinary differential equation (ODE) for each enzyme reaction, 
a stochimetric matrix, and algebraic equations for constraining the system.

26 Cf. Takahashi et al., 2002, loc. cit., p. 66 ff.
27 Ibid., p. 64.
28 Cf. Ibid., p. 64 ff.
29 Systems Biomedicine, 2010, pp. 

273-288, here p. 274.
30 Loew, et al., 2010, loc. cit., here p. 274.
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Tab.1 Cellular processes and typical computational approaches (replotted from 
Takahashi et al., 2002, p. 66)
Process type Dominant phenomena Typical computation schemes
Metabolism Enzymatic reaction
Signal transduction Molecular binding DAE, stochastic algorithms (e.g. 

reaction
Molecular binding, 
polymerization, degradation

OOM, S-Systems, DAE, 
Boolean networks, stochastic 
algorithms

Molecular binding, 
polymerization

OOM, DAE

Cytoskeletal Polymerization, 
depolymerization

DAE, particle dynamics

Cytoplasmic streaming Streaming 
method

Membrane transport Osmotic pressure, membrane 
potential

DAE, electrophysiology

5. SYSTEM UNDERSTANDING

However, the core of systems biology is a proper system understanding, which can 
be articulated mathematically and modeled algorithmically. As the systems biolo-
gist Hiroaki 
biological systems at system level,”31

and Ludwig von -
plex of interacting elements.”32 However, as biology uses mathematical tools and 
concepts developed in physics, it has to be asked whether the applied computa-
tional schemes suit biological systems. The problem with the concept of ‘complex 
systems’ resulting from physics is twofold. On the one hand physical complex 

complex; they may therefore be obtained by means of summation of characteris-
tics and behavior of elements as known in isolation” (summative characteristic).33 
On the other hand their concept of interaction exhibits an unorganized complexity, 
while the main characteristic of biological systems is their organized complexity. 

31 op cit Cybernetics or Control 
and Communication in the Animal and the Machine
1948 and Ludwig von Bertalanffy, General System Theory. Foundations, Develop-
ment, Applications

32 von Bertalanffy, 1968, op. cit., here p. 55.
33 Nature 420, 2002, pp. 206-210, 

here p. 54.
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Therefore, -

It is often said that biological systems, such as cells, are ‘complex systems’. A popular 
notion of complex systems is of very large numbers of simple and identical elements in-
teracting to produce ‘complex’ behaviours. The reality of biological systems is somewhat 
different. Here large numbers of functionally diverse, and frequently multifunctional, sets 
of elements interact selectively and nonlinearly to produce coherent rather than complex 
behaviours.

Unlike complex systems of simple elements, in which functions emerge from the properties 

this way, biological systems might be better characterized as symbiotic systems.34

In contrast to physics, biological elements are innumerous, functionally diverse, 
and interact selectively in coupled and feedbacked sub-networks, thus character-

how to conceive biological complexity? In retrospect, the basic question of sys-
tem understanding was already discussed in the 19th century’s mechanism-vitalism 
debate.35 In the 20th century the idea of self-regulating systems emerged and two 
different concepts have been developed against the complex system approach of 

-
tem concept by Bertalanffy and the feedback regulation concept of -

Cannon’s biological concept of homeostasis.36 Bertalanffy aptly 

-
tems. Both are

‘open’ with respect to incoming information, but ‘closed’ with respect to matter. The con-
cepts of information theory–particularly in the equivalence of information and negative 
entropy–correspond therefore to ‘closed’ thermodynamics (thermostatics) rather than irre-
versible thermodynamics of open systems. However, the latter is presupposed if the system 
(like the living organism) is to be ‘self-organizing’. […]

Thus dynamics in open systems and feedback mechanisms are two different model con-
cepts, each right in its proper sphere. The open-system model is basically nonmechanistic, 
and transcends not only conventional thermodynamics, but also one-way causality as is ba-
sic in conventional physical theory. The cybernetic approach retains the Cartesian machine 

34 loc cit., here p. 206.
35 Philosophie der Biologie -

kamp 2005.
36 Cf. Ludwig von Bertalanffy, Theoretische Biologie

von Bertalanffy, Biophysik des Fließgleichgewichts
op. cit -

Physiological Review The Wisdom of the 
Body
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model of the organism, unidirectional causality and closed systems; its novelty lies in the 
introduction of concepts transcending conventional physics, especially those of information 
theory. Ultimately, the pair is a modern expression of the ancient antithesis of ‘process’ and 
‘structure’; it will eventually have to be solved dialectically in some new synthesis.37

or machine like structure consisting of more or less permanent ‘building materi-
als’ […, but] an ‘open system’.”38

as closed ones, sometimes expanded by additional terms for energy exchange 
with their environment, biological systems are open in regard to energy and mat-
ter. Therefore biological systems show characteristic principles of behavior like 

composition of the system remains constant in spite of continuous exchange of 
components. Steady states or Fliessgleichgewicht
time-independent state may be reached from different initial conditions and in dif-
ferent ways – much in contrast to conventional physical systems where the equi-
librium state is determined by initial conditions.”39 This can lead to ‘overshoots’ 
and ‘false starts’ as a response to unstable states and external stimuli (adaptation), 
because biological systems tend towards a steady state. Based on this concept the 
overshoot of intercellular ATP as exhibited by the virtual self-surviving cell (see 
Sect. 1) can be easily explained, while for a physicist it sounds mysteriously.

-
derstanding beyond the physical concept of complex systems? Can biological sys-
tems modeled based on non-summative characteristics, meaning that a complex 

relations within the complex; for understanding such characteristics we therefore 
must know not only the parts, but also their relations.”40 The brief overview of 
modeling practices with SBML has shown that each part (species, reaction, etc.) 
has to be described explicitly. However, the important aspect is the interaction 

-
actions and feedbacks to be organized, e.g. feedbacks, loops, alternatives (jumps), 
etc. Thus, the software machineries of whole-cell simulations function as ‘synthe-

41

37 von Bertalanffy 1986, op. cit., here p. 163.
38 Ibid., p. 158.
39 Ibid., p. 159.
40 Ibid., pp. 67 and 55.
41

Col-
lected Work -
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various sequences of calculations as well as routines that have to be repeated. The 

of the coded instructions to the mathematically conceived procedures of (numeri-
cal) solutions is not a statical one, that of a translation, but highly dynamical.”42 
The dynamics of the actual path of computing through the instructions (simulation 
run), which 
ambitious choreography of possibilities and alternatives expressed by ‘if, then, 
else, end if’-decisions, loops, and calls of other subroutines within each singular 

properties for varying contexts, imitating selectivity and functional diversity.43 

from physics, haven’t changed, advanced software machineries allow their ‘organ-
ized complexity’. Thus, the simulation approach not just supports, but enables the 
new system understanding for biology. One can ask, if it only bypasses the core 
challenge of biological complexity by mimicking organized complexity. However, 
if this is the case, biology has to inspire a new mathematics, just as physics did 
four centuries ago by developing the calculus for describing the kinetics of spatio-
temporal systems.

Habelschwerdter Allee 30
D-14195, Berlin

gab@zedat.fu-berlin.de

-

From Science to Computational Sciences. Studies in the 
History of Computing and its In uence on Today’s Sciences
131-142.

42 loc. cit., here pp. 81-82.
43 Interestingly, the object-oriented programming paradigm – introduced in 1967 with 

Simula 67 for physical simulations – was advanced for the programming language 
C++, which originated in the telecommunication industry (Bell labs) in response to the 

Simulation: Pragmatic 
Construction of Reality
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TARJA KNUUTTILA AND ANDREA LOETTGERS

SYNTHETIC BIOLOGY AS AN ENGINEERING SCIENCE?
ANALOGICAL REASONING, SYNTHETIC MODELING,

AND INTEGRATION

ABSTRACT

Synthetic biology has typically been understood as a kind of engineering science 
in which engineering principles are applied to biology. The engineering orientation 
of synthetic biology has also received a fair deal of criticism. This paper presents 
an alternative reading of synthetic biology focusing on the basic science oriented 
branch of synthetic biology. We discuss the practice of synthetic modeling and 
how it has made synthetic biologists more aware of some fundamental differences 
between the functioning of engineered artifacts and biological organisms. As the 
recent work on the concepts of noise and modularity shows, synthetic biology is 
in the process of becoming more “biology inspired”.

1. INTRODUCTION

sharing largely the same analytic tools. What sets them apart is the focus of syn-
thetic biology on the design and construction of novel biological functions and 
systems. Synthetic biology is often understood in terms of the pursuit for well–
characterized biological parts to create synthetic wholes,1 and as such has typically 
been understood as a kind of engineering science in which engineering principles 
are applied to biology. This view is shared by the public understanding of syn-
thetic biology as well as the practitioners themselves. According to Jim Collins2, 

synthetic biology was born with the broad goal of engineering or ‘wiring’ biologi-
cal circuitry – be it genetic, protein, viral, pathway or genomic – for manifesting 
logical forms of cellular control.”
 The engineering orientation of synthetic biology has received a fair deal of 
criticism. In a recently published article on systems and synthetic biology Calvert 

Molecular Systems 
Biology

Nature Reviews Genetics 

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
DOI 10.1007/978-94-007-5845-2_14, © Springer Science+Business Media Dordrecht 2013
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and Fujimura -
synthetic 

biology”. Furthermore, they posit that “synthetic biology aims at construction, 
-

tems” (ibid.). We wish to present an alternative reading of synthetic biology that 
pays attention to the epistemic dimension of the material practice of the disci-
pline. Taking into account the impressive array of interview and other data on 
which 
neither recognize the basic science oriented approach of synthetic biology nor 

biology. Namely, a more basic science oriented branch of synthetic biology has 
developed alongside the more engineering and application oriented approaches. 
This basic science oriented branch of synthetic biology targets our understanding 
of biological organization by probing the basic “design principles” of life. The 

of approach. Interestingly, this kind of study has directly affected synthetic biol-

engineering notions on which synthetic biology has been grounded, such as noise 
and modularity, have been reinterpreted and some analogies drawn to engineering 
have been questioned. In the following we will study some aspects of this develop-
ment through consideration of work at the Elowitz lab, which is one of the leading 
synthetic biology laboratories.

2. ANALOGICAL REASONING AND COMBINATORIAL MODELING

2.1 Physicists advertising the use of engineering concepts in biology

approach and a basic science approach. The engineering approach, which aims 
to design novel biological parts or organisms for the production of, for instance, 

-
Studies in History and Philosophy of Biological and Bio-

medical Sciences, 

Technology observing the daily research practice in this lab.
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vaccines,  biofuels,  and cancer-killing bacteria,  is often construed as comprising 

the basic science approach, which uses synthetic biology, especially synthetically 
designed biological parts, as a tool for investigating the basic design principles of 
gene-regulatory networks.

-
son for this strategy was not necessarily due to the reductive vision of the scientists 
in question but rather their aim of studying some aspects of biological organization 
in isolation. This was deemed indispensable for the purposes of testing various 

-
niques imported to systems and synthetic biology from other disciplines, notably 
from engineering and physics.

-

-
pact on theoretical work in biology. Yet, during the emergence of synthetic biology 

their own labs and started working at the bench. This movement of physicists into 
molecular biology labs was largely enabled by the standardized molecular biol-
ogy kits, which became available by that time. With these kits, no longer was it 

-
ogy was suddenly much easier. Another peculiar feature of synthetic biology is 

many of the central concepts come from engineering. This raises the question of 
what triggered this use of engineering concepts by physicists. Why does one not 

 Interestingly, physicists themselves have argued against the use of concepts 

Nature 
-

Nature Chemi-
cal Biology

-
Journal of Molecular 

Biology
-

Nature
Nature 
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began discussions about the appropriateness of transferring concepts from phys-

Murray.  All four 

argue for turning away from the prevailing reductionist approaches in molecular 
biology that “reduce biological phenomena to the behavior of molecules”.  Ac-
cording to the authors, these approaches fail to take into consideration that biol-

biological functions arise from the interaction among many components”.11 To 
describe biological functions, they go on to claim, “we need a vocabulary that 

correction, and coincidence detection”.12

 paint a too reductionist picture of molecular bi-
ology and they seem to ignore early attempts to apply engineering concepts to 
biology – often side-by-side with concepts adapted from physics.  But the key 

-
con. Analogies to engineered artifacts were considered appropriate as such items 

function – like the parts of biological 
organisms. This stance helped to create a collective identity for physicists entering 
into synthetic biology and shape the research practice of this emerging research 

not long before researchers began to question the validity of these engineering 
concepts, and subtly the meanings of the concepts began to change when applied 

 From a philosophical perspective, it can be argued that the synthetic biologists 
who undertook a basic science approach did not adopt the engineering concepts 

to study, apart from the fundamental organization of biological systems, also the 
engineering concepts used in this endeavor. Thus there is an interesting re exive 

Nature

Nature
11 Ibid.
12 Ibid.

 Ibid.
-

Journal of Molecular Biology
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twist to this endeavor, which is enabled by a new type of model – the synthetic 
and the characteristic way in which it is used. 

Synthetic models are typically triangulated in a combinatorial fashion with mathe-

how the practice of combinatorial modeling has lead scientists to discover im-
portant differences between the control mechanisms of biological and engineered 
things.

2.2 Providing control in engineered and biological systems

Control is of central importance in engineered as well as in biological systems. 

between controlling the behavior of biological systems and that of engineered ar-
-

the heater is changed in such a way that the room temperature is adjusted to the 
reference temperature. The biological solution is more elegant and makes use of 
internal oscillating cycles that interact and harmonize the behavior of the parts 
of biological organisms by coupled oscillations. Biological systems need cyclic 
organization, since they use the matter and energy of their environments to recon-
struct and organize themselves.  In this biological systems differ crucially from 

Goodwin was an early mathematical modeler of oscillatory feedback mechanisms 

-

“The appearance of such oscillations is very common in feedback control systems. 
Engineers call them parasitic oscillations because they use up a lot of energy. 
They are usually regarded as undesirable and the control system is nearly always 
designed, if possible, to eliminate them”.  Thus decades before the emergence 
of synthetic biology, it was already clear that biological organisms organize their 
behavior differently than the engineered artefacts.

-
er models of oscillatory behavior, including the circadian clock (see Bechtel this 
volume). Instead of one clock it actually consists of a large orchestra of “clocks” 

-

also rely on such decoupled controllers as genes (see Bechtel, W. and Abrahamsen, 

Philosophy of Complex Systems. Handbook of the Philosophy of Sci-
ence
role of different oscillations in biological systems).

 Goodwin, B., Temporal Organization in Cells.
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that on the basis of oscillations on a molecular level synchronize the functions of 
the organs in a biological organism.  Although in comparison to circadian clocks 
the humanly engineered control systems, such as thermostats, appear rather sim-

control in biological systems is that they make use of feedback mechanisms. Such 
feedback mechanisms are typically modeled using non-linear equations, which 
give rise to oscillations. Yet up until recently, researchers have been uncertain 
whether the kinds of feedback systems depicted by the various mathematical mod-
els proposed are really realizable in biological systems. Namely, that the well-es-
tablished ways of mathematically creating feedback systems used by physicists  
may not represent the way naturally evolved organisms organize themselves. But 
with the advent of synthetic biology, synthetic models could be created and then it 
was possible to demonstrate that feedback mechanisms in biological systems can 

2.3 Synthetic models and the combinatorial strategy

-

synthetic models. The basic idea of this combinatorial modeling strategy is shown 
in Figure 1, which is taken from a review article on synthetic biology by Sprinzak 
and Elowitz.  As the upper part (a) of the diagram suggests, in combinatorial 
modeling the results gained from the three different epistemic activities inform 
each other.

-

Studies in History and Philosophy of Science
-

Philosophy of Complex Systems. Handbook of the 
Philosophy of Science

 See e.g. Strogatz, S., Nonlinear Dynamics and Chaos: With Applications to Physics, 
Biology, Chemistry, and Engineering

Nature
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Figure 1. Combinatorial modeling according to Sprinzak and 

Why do researches make use of such a combinatorial modeling strategy in study-

part (b) of the diagram. The left hand side of the diagram depicts our present un-
derstanding of the “natural gene regulatory circuit” of the circadian clock of Dro-
sophila
side a synthetic model of the circadian clock, the Repressilator, to be introduced 

synthetic system.
2. The synthetic circuit has been designed by using different genes and pro-

teins.

they are of the same materiality as biological systems (although the Repressila-
tor was constructed from different genetic material than the naturally occurring 
circadian clocks, a point to which we will return below). This fact of being of the 
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same materiality as natural systems is crucial for the epistemic value of synthetic 

same way as biological systems. This very materiality of synthetic models has 
led researchers to discover new features of the functioning of biological systems, 

with model organisms.

2.4 The  and the emergence of the functional meaning of noise

The Repressilator
Elowitz 

and Stanislas Repressilator consisted in 
-
-

simulations on the basis of it. They showed that there were two possible types of 

state may become unstable, leading to sustained limit-cycle oscillations”.21 Fur-

parameters relevant for constructing the synthetic model and helped in choosing 
the three genes used in the design of the network.
 The structure of the Repressilator 

Repressilator

pSC101
origin

ampR

kanR

λ cl-lite

λ cl
λPR

lacl-lite

tetR-lite

TetR TetR

GFP

ColE1

gfp-aav

Lacl

PLtet01

PLtet01

PLlac01

Reporter

Figure 2. The main components of the Repressilator (left hand side) and the Re-
porter

Nature
21 Ibid., 



Synthetic Biology as an Engineering Science?

In the diagram the synthetic genetic regulatory network, the Repressilator, is 
shown on the left hand side and it consists of two parts. The outer part is an il-
lustration of the plasmid constructed by Elowitz and 

 Repressila-
tor

Repressilator, -
mid into E. coli bacteria. The inner part of the illustration represents the dynamics 
between the three genes, TetR, Lacl and cl. The three genes are connected by a 
negative feedback loop. The right hand side of the diagram shows the Reporter 

to one of the three genes of the Repressilator
level made visible the behavior of transformed cells allowing researchers to study 

 The construction of the Repressilator was enabled by the development of new 

has so far been limited to simple networks such as the Repressilator whose con-
struction components (and their number) had to be chosen in view of what would 
be optimal for the behavior under study.22 This means that such networks need not 

Re-
pressilator do not occur in such a combination in any biological system but were 
chosen and tuned on the basis of the simulations of the underlying mathematical 
model and other background knowledge in such a way that the resulting mecha-
nism would allow for (stable) oscillations.

the construction of novel engineered genetic networks specially designed for an-
swering certain kinds of theoretical questions. Mathematical models were unable 
to settle the question of whether the various network designs proposed, e.g. in 

-
isms. This problem was aggravated by the fact that the model templates, methods 
and concepts used were not originally devised with biological organisms in mind. 
Neither could this problem of the generality and foreignness of the theoretical 

organisms as E. coli.

has progressed considerably over recent decades with respect to studying the 

22 In the case of the Repressilator the order in which the genes are connected to each 
other, turned out to be crucial, too.
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results are often inconclusive. Synthetic models, like the Repressilator are partly 

organisms by offering a tool for identifying possible network design principles, 
and showing whether they might be realizable in biological organisms. Moreover, 

further constraints of natural biological systems, thus providing insight into the 
modularity of the circadian mechanism. Interestingly, the Repressilator sparked 
a new line of research as a direct result of its limited success. In contrast to the 
mathematical model underlying it, the Repressilator -

-

engineered artefacts and biological systems. Whereas in engineering noise is usu-
ally regarded as a disturbance, the recent research in synthetic biology indicates 
that in biological organisms noise also plays a functional role. Biological systems 
appear to make good use of noise in diverse processes, including development,  
differentiation (e.g. genetic competence ), and evolution.  Apart from internal 
noise, there remained the possibility that the noisy behavior could also have been 

that the Repressilator was probably not so modular as it was supposed to be, that 

apart from noise, modularity is another engineering concept whose limits have 
been questioned by recent research in synthetic biology.

3. THE SECOND WAVE OF SYNTHETIC BIOLOGY: AIMING FOR INTEGRATION

3.1 Investigating the modularity assumption

Modular organization is among the most basic and important assumptions of 
synthetic biology, but also one of the most contested ones. Since its beginning 
synthetic biology has faced the following dilemma regarding the assumption of 

-
tion of modular organization in view of its aim to design autonomous modules of 

Differentiation

-
-

cuits”, in: Cell

Nature
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the other hand, each synthetic biological system also functions as a test to which 

-
thetic biologists, forced by the insights they have gained from designing and con-
structing synthetic systems, have begun to reconsider the assumption of modular-
ity. They have left behind the strictly modular organization and allowed for some 
interaction between the components of a module and the other constituent parts of 
the cell in which it is embedded. This more close integration of synthetic systems 
with the host cell means a loss of control over the performance of the synthetic 
system but it also opens up new possibilities for the design of synthetic systems. 
This situation is very similar to the case of noise. Noise in biological systems also 

over the performance of a synthetic system, but, on the other hand, noise also has 
a functional component that improves the performances of an organism. Thus for 
synthetic biology the critical point is how to make use of noise in the design and 
engineering of synthetic systems, or in the case of modular organization, how to 
integrate the components of synthetic systems with those of the host cell to sup-
port the performance of the synthetic system. Nagarajan Nandagopal and Michael 
Elowitz
mean by integration on the systems level by referring to a work by Stricker et 
al.  on a transcriptional oscillator. The design of this oscillator is even simpler 
than that of the Repressilator – 

and blocked by the repressor protein. Both proteins function as transcription fac-
tors for both genes. Concerning the dynamic of their model system, Stricker et 
al. made the interesting observation that unintended interactions of the synthetic 
system with the host cell actually improved the oscillatory behavior of the system 
by making the oscillations more precise.
 Consequently, and in contrast with the traditional aim of designing isolated 
modules, the interactions between synthetic systems and the host cell need not 

out, Nandagopal and Elowitz proceed to call for synthetic systems “that integrate 
more closely with endogenous cellular processes”.  With this step, they suggest, 

-
netic circuits that could function as independently as possible from endogenous 

Science

Nature 

Science
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cellular circuits or even functionally replace endogenous circuits”.  Nandagopal 
and 

require work across a range of synthetic levels, from rewiring to building autono-
mous and integrated circuits de novo”.

a c

b f

d e

Wild type

Stimulus

Behavior/output

Rewired Integrated Replaced

Fully autonomousPartially autonomous

More synthetic

call the “continuum of synthetic biology”. In this continuum one moves from the 
wild type towards fully autonomous synthetic systems increasing the degree of the 

an assumedly modular genetic circuit and introducing it into the wild type. As the 
Stricker et al. nevertheless showed, unintended interactions can occur 

-

wild type and then in a second step implementing a synthetic circuit into the re-

a possibility of using these insights to avoid unintended interactions with the host 
cell. As has been shown in a number of studies in which the strategy of rewiring 

 Ibid.
 Ibid
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has been used, the actual biological design principles often are counter-intuitive.  
Nature appears to have used solutions which differ from those of engineers.
 As a consequence of the rewiring strategy the resulting engineered circuit is 

-
larity as possible is usually sought because of its controllability. In order, then, 
to get an independent circuit that would be based on the insights gained from the 

circuit design into an autonomous genetic circuit. This strategy allows for sup-
pressing unwanted interactions with the host cell but also implementing interac-
tions which support the function in question. In more general terms, the proposed 
strategy tries to balance the need for control and the possibility of taking advan-
tage of the interactions with the host cell. In such a way the engineering of syn-
thetic systems becomes increasingly inspired by biological systems – a point that 
has recently been stressed by several synthetic biology research programs.

3.2 The call for disciplinary integration

-
-

thetic biologists working in the basic science branch are moving forward towards 

-
neers, physicists, and computer scientists whose backgrounds dictated the early directions 

integrated with clinicians.

design principles of biological organization is accompanied with the call for inte-
gration also on the disciplinary level.
for instance in medicine, synthetic biologists feel that they need the support and 
know-how of clinical researchers. Combining the integration efforts on these two 

Circuits”, in: Cell

Science

of the various kinds of integrative pursuits taking place in contemporary science, see 
-

Studies in History and Philosophy of Biological and Biomedical Sciences, 
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-

The long list of possible clinical applications includes the treatment of infectious 
diseases and cancer, as well as vaccine development, microbiome engineering, 
cell therapy, and regenerative medicine.
 For instance, in cancer research synthetic biology could design and produce 
special bacteria, which would be able to identify and kill cancer cells. The pos-
sibility of targeting only cancer cells would have the advantage of avoiding the 
side effects of traditional cancer therapies, such as the damage of healthy tissue. 

Collins  argue that for these developments to take off, synthetic 
biologists have to integrate their research and engineering efforts into the research 

accumulated in the manipulation of synthetic biological systems empower them to 
offer clinical practice biologically inspired and hopefully also practically imple-
mentable solutions.

4. CONCLUSION

Above we have argued that in contrast to the popular image of synthetic biology 
as a discipline attempting to force biological systems into an engineering mold, the 

the central foci of the basic science approach to synthetic biology. The materiality 
of synthetic biological systems and the possibility of directly manipulating bio-
logical components has provided many valuable insights into biological organiza-
tion as well as pointed towards the limitations of any single-minded engineering 
approach. What seems in our opinion to be too easily glossed over by the critics 
of synthetic biology is the fact that in engineering synthetic biological things syn-

time, made synthetic biologists aware of some fundamental differences between 
the functioning of engineered artifacts and biological organisms. As the recent 
work on the concepts of noise and modularity show, synthetic biology is in the 
process of becoming more “biology inspired”. These new insights do not make the 
engineering of synthetic biological systems an easier task – rather, they increase 

ibid.
 Ibid.
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ANDERS STRAND AND GRY OFTEDAL

CAUSATION AND COUNTERFACTUAL DEPENDENCE IN
ROBUST BIOLOGICAL SYSTEMS1

ABSTRACT

In many biological experiments, due to gene-redundancy or distributed backup 
mechanisms, there are no visible effects on the functionality of the organism when 
a gene is knocked out or down. In such cases there is apparently no counterfactual 
dependence between the gene and the phenotype in question, although intuitively 
the gene is causally relevant. Due to relativity of causal relations to causal models, 
we suggest that such cases can be handled by changing the resolution of the causal 
model that represents the system. By decreasing the resolution of our causal mod-
el, counterfactual dependencies can be established at a higher level of abstraction. 
By increasing the resolution, stepwise causal dependencies of the right kind can 

-
ducing a temporal dimension in causal models can account for causation in cases 
of non-modular systems dynamics.

1. INTRODUCTION

Counterfactual dependence accounts of causation have several problems ac-
counting for causation in complex biological systems (Mitchell 2009, Strand and 
Oftedal 2009). Often perturbations on such systems do not have any clear-cut 
phenotypic effects, and consequently there is no direct counterfactual dependence 

-
ple, many gene knockouts and knockdowns have no detectable effect on relevant 
functionality, even though the genes in question are considered causally relevant 
in non-perturbed systems (Shastry 1994, Wagner 2005).
 Two different mechanisms give rise to such stability: (1) gene redundancy; the 
workings of backup-genes explain the lack of counterfactual dependence between 
the effect and the preempting cause, and (2) distributed robustness; the system 
readjusts functional dependencies among other parts of the system rather than 
invoking backup genes. The latter cases challenge not only the necessity of coun-

-
versity, for helpful comments and suggestions.

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
DOI 10.1007/978-94-007-5845-2_15, © Springer Science+Business Media Dordrecht 2013
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terfactual dependence for causation, but also our thinking about truth conditions 
for the relevant counterfactuals. We suggest that such cases can be handled by a 
counterfactual dependence account of causation by changing the resolution of the 
causal model.
 There is a related problem concerning non-modularity of complex systems. 
Modularity is by some seen as a requirement for making adequate causal infer-
ences (Woodward 2003). The intuitive idea is that different mechanisms compos-
ing a system are separable and in principle independently disruptable (Hausman 
and Woodward 1999). However, research indicates that compensatory changes 
in response to disruptions in biological systems can change functional relations 
between relevant variables and thereby violate modularity.

-
pendence based philosophical analysis of causation. Then we present gene redun-
dancy and distributed robustness using biological examples and argue that chang-
ing representational resolution helps understand causal dependence in these cases. 

a grip on non-modular systems dynamics.

2. SKETCH OF AN ANALYSIS OF CAUSATION

Causes typically make a difference to their effects, and many philosophers argue 
that this idea should be at the core of the philosophical analysis of causation (e.g. 
Lewis 1973, 2004, Woodward 2003, Menzies 2004). We agree and suggest the 

causal model, i.e. a set of variables and functional relations between them:

Causal Relevance: 

causation viewing causal relata as variables (e.g. Menzies and Woodward). Such 
views capture the idea that causal relations are exploitable for purposes of manipu-
lation and control.
 The requirements of some some values 

in the broadest sense, and that different explications of the relevant subset of vari-
ables and their relevant values give different kinds of causal relevance. Letting the 
subset be empty, for example, gives the notion of a total cause:
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Total Cause

Direct cause
 other vari-

Causal paths are understood as chains of relations of direct causation. Using this 
idea, we can cash out the notion of a contributing cause:

Contributing Cause

The existence of a mediating chain of direct causal relationships is not itself suf-

 These distinctions, which mirror Woodward’s 2003 distinctions, are not ex-
haustive. We add two additional notions here, tentatively called Restricted Causal 
Relevance and Dynamic Causal Relevance (Section 5). The idea behind restricted 
causal relevance is to capture causal understanding often implicit in actual sci-

assumed normal or expected values. This is restricted causal relevance because 
it requires counterfactual dependence under a limited range of values of the vari-

Restricted Causal Relevance: 

values.

There will be a variety of different notions of restricted causal relevance. The one 

the core idea.
 Counterexamples to the claim that counterfactual dependence is necessary for 
causation feature a redundancy of cause candidates: preemption (a cause preempts 

trumping (a cause trumps another cause candidate). Moreover, distributed robust-
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ness found in biological systems presents yet another counterexample, one that 

interesting and perhaps surprising philosophical consequences.
 It is important to be aware that preemption cases are only problematic for the 

1 and C2 must be causally relevant 

which of C1 and C2
asymmetry intuitively should arise for these more demanding notions. It is only if 
C2 is causally relevant in the broad sense that it can be a preempted backup cause 
in actual or normal circumstances where it is not an actual or restricted cause itself. 

of the notion of restricted causal relevance in this paper.

3. GENETIC REDUNDANCY AND DISTRIBUTED ROBUSTNESS

-
sis-driven experiments of this sort often involve causal reasoning of the form that 
if the procedures make a difference to a particular phenotypic trait, then the gene 
in question is causally relevant for that trait. However, due to system robustness, 
very often gene perturbations do not have any apparent effect on the functionality 
of the system at hand (Shastry 1994, Wagner 2005).
 Robustness is a ubiquitous property of living systems and allows systems to 
maintain their biological functioning despite perturbations (Kitano 2004, 826). 
Mutational robustness can be described as functional stability against genetic 
perturbations (Strand and Oftedal 2009), and two types are recognized in the lit-

redundancy involves multiple copies of a gene or genes with similar functionality 
(so-called duplicate genes) that can take the role of the perturbed gene. Distrib-
uted robustness is more complex and involves organizational changes of multiple 
causal pathways in such a way that the system manages to compensate for the 
genetic disturbance (Hanada et al. 2011).

Kuznicki et al. (2000), where du-
plicate genes were found to contribute to robustness in the nematode C. elegans. 

family in C. elegans
of egg cells (oogenesis). Still, no effect on oogenesis could be detected either from 
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97% sterility due to lack of egg cells and defective sperm. The results indicate that 

one or the other is lacking. We return to this example in Section 4.
 Distributed robustness was investigated in 
2000b where chemical reactions in E. coli were perturbed. Rather than knocking 
out or knocking down genes, chemical reactions in the process of glycolysis (the 
metabolic process of converting glucose into pyrovate and thereby produce the en-

any of the reactions were essential to cell growth. Only seven of the 48 reactions 
were found to be essential, and of the 41 remaining, 32 reduced cell growth by 

in growth at almost normal levels. However, the elimination of this reaction had 
major systemic consequences (Wagner 2005). Instead of producing two-thirds of 

was still produced, but through different pathways. We return to this example in 
Section 5.

4. DEALING WITH REDUNDANCY

When a duplicate gene takes the role of a silenced gene, there is typically no phe-
notypic change that indicates causal relevance of the silenced gene2. Consider a 

C1

E

C2

-
cies. This could be cashed out in terms of a change of causal model or different restric-
tions on the values of the variables.
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are causally relevant, but only C1 is actual cause. Type level preemption cases 
can be formulated in terms of restricted causal relevance. C1 and C2 may both be 
broadly causally relevant, while both should not be restricted causes. Suppose that 
normal values of C1 and C2 are that both are present. Then we should be able to say 
that in normal cases, C1 is a restricted cause, while C2 is not, even though C2 would 
be a cause in abnormal knockout cases where C1 is not present.
 One might think that this asymmetry could be accounted for in terms of spe-

Lewis 2004, 92). The idea is 
that there is an asymmetry between the preempting cause and the preempted back-
up, because the relation between the preempting cause and the effect is such that 
one can make minor changes to the cause that are followed by minor changes in 
the effect, while there is no analogue for the preempted backup. Intervening to 
slightly alter the preempted backup will not change the effect at all. This strategy 
is promising, and can cover several cases, but it does not work in full generality. 

the preempting cause either changes the effect from occurring to not occurring, or 
makes no difference at all.

Menzies’ (2004), causal 
relations obtain relative to a causal model. On this background, we see how causal 
dependencies can be masked and/or revealed by changing the resolution of the 
causal model, for example by invoking a more coarse-grained model. Consider 

v1, v2, and v3 
represent the presence or absence of three functionally similar genes. Consider 
another representation involving only one binary variable, v4, that takes the value 
present when at least one of v1, v2, or v3, take the value present, and the value ab-
sent when all of v1, v2, and v3 take the value absent.

v1 v2 v3 v4

Interventions changing the value of v4 will directly affect the effect variable in this 
setup, and the counterfactual dependence of the effect on v4 is straightforward. 
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-
ence of the individual genes. Whether higher-level representations like these have, 
or should have, realist interpretations in terms of e.g. modally robust entities is a 
further question (see Strand and 

5. DEALING WITH DISTRIBUTED ROBUSTNESS

In systems exhibiting distributed robustness, organization and causal paths can be 
rewired under perturbations. Such systems can retain their biological functions by 
changing their causal structure compared to the structure they would have had in 
the absence of that perturbation. Systems with such behavior can be non-modular 
in the sense that the intervention on one causal factor, for example a gene, changes 
causal relations between other factors in the system.3 Prima facie, the perturbed 
gene is a cause in the normal case even if there is a distributed back-up mechanism 
at play in the perturbed case. The causal analysis should account for the gene be-
ing causally linked to the relevant phenotypic trait in the normal case, even in the 
absence of the right kind of direct counterfactual dependence.
  We consider two options. One is to decrease the representational resolution by 
abstracting away from details, and thereby in effect treating systems with distrib-
uted robustness as modules that are not internally modular. Interventions on such 
systems will be radical; wipe out the whole module. The other is to increase the 
representational resolution, in the sense that one zooms in on the relevant gene 
and the causal paths leading from that gene to the effect in question. This is done 
by introducing causal intermediaries and tracking stepwise causal dependencies. 
If one could establish stepwise counterfactual dependence, one could for example 
take the ancestral relation of counterfactual dependence, and thus establish the 
causal status among distant nodes that are not related directly by counterfactual 
dependence.4 We elaborate on the second option in the following.

4 The idea in David Lewis’ original account is that whenever you have a chain c1, c2, …, 
cn and each cm and cm+1 are related by counterfactual dependence, any two distant ele-

secure transitivity for Lewis, but transitivity is questioned in the contemporary debate 
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v1

v4 v5 v6

v2

v3

c

e

Imagine a knockout on v1 that changes the functional dependencies between some 
of the other parts. The point is not exactly what changes are being induced, rather 
that such changes indeed occur. In the redundancy case, no such changes occur, it 
is simply a backup gene performing the function of the knocked out gene.
  v1, v2, v5, to e. If this is a causal path, there will be 
causal interventions on v1 that change the value of v2, causal interventions on v2 
that change the value of v5, and causal interventions on v5 that change the value 
of e. However, the changes in v2 brought about by changes of v1 may not be such 
that they induce changes in v5. Rather, it may be that the interventions on v2 that 
do change v5 cannot be induced by intervening on v1. In such a case, there will be 
no direct counterfactual dependence, but there will still be a path between v1 and 
e. The question is whether v1 qualify as a cause of e? If we straightforwardly take 
causation to be the ancestral of counterfactual dependence, v1 will qualify as a 
cause of e. However, this is too weak and deems some non-causal relations causal.
 On the other hand, one might think that causal relevance between v1 and e 
is mediated via a causal path if and only if there is a causal intervention on v1 
that changes the value of e (Woodward 2003 requires this). This, however, is too 
strong. In a case of distributed robustness, changes of v1 that brings about certain 
changes in v2 might also trigger distributed backup mechanisms that affect wheth-
er v2 and/or v5 can bring about changes in e. If the system is non-modular, it will be 

requiring direct counterfactual dependence which is too strong.

changes of v1 that result in changes of v2, changes within the range of changes that 
can be brought about on v2 by changing v1 that result in a range of changes in v5, 

v5 and e. If there is such a series of ranges of changes, then 
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v1 is a cause of e even if there are no changes of v1 that would result directly in 
changes of e. Let’s label this the relevance requirement.

E. coli presented previously. The dis-
tributed robustness of these reactions makes sure that practically the same amount 

-

-

-
hydrogenation) and DC (decarboxylation). Black arrows represent the main causal 

of glucose metabolism in E. coli 
produced through the pentose phosphate pathway (in black).

NADPH

NADPH

NADPH

GA3P

DHAP

FDP

F6P

C6P

G6PD

DH 6PGA 6PG
6PGD

DC

NADP+

NADP+

Gluc

S7P

R5P

X5P
Ru5P

tricarboxylic acid cycle and
transhydrogenase reaction
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E. coli when 

phosphate pathways (now in grey). Rather, there is an increased activity in dif-
ferent pathways ultimately leading through the tricarboxylic acid cycle and the 

NADPH

NADPH

NADPH

GA3P

DHAP

FDP

F6P

C6P

G6PD

DH 6PGA 6PG
6PGD

DC

NADP+

NADP+

Gluc

S7P

R5P

X5P
Ru5P

tricarboxylic acid cycle and
transhydrogenase reaction

-

changes within that range of changes on DH that result in a range of changes in 
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 This account demonstrates a need to represent the effects of perturbations on 
the dynamic evolution of systems. Ignoring the dynamic dimension, and assuming 

confronted with more complex system behavior. Intervening at a certain point in 
the dynamic evolution of a system may change the upcoming development, and 
when intervening at a later point we have the choice of intervening on a system 
that has not been disturbed, or on a different system, namely the one that was 
disturbed at an earlier point. These will be represented by different system trajec-
tories along the dynamic dimension.
  Such systems are not modular since we cannot intervene on causal paths of 

-
losophers (e.g. 
causal. We think this response is too hasty. Moreover, eschewing this as a problem 
for dependence accounts of causation still leaves the problem of how we should 
understand counterfactual claims about non-modular functionally robust systems. 
We will therefore proceed treating it as a question about causation, trusting that it 
has philosophical value even if one should choose to label it otherwise.
 Consider the following notion of causal relevance:

Dynamic Causal Relevance

This notion allows for systemic changes over time due to earlier perturbations. We 
can represent the system in n-dimensional space, where n is the number of vari-
ables describing the system. The changes in the dynamic dimension can include 
changes of the functional relations among different parts of the system. In effect 
some system trajectories in this dimension will represent different systems than 
other trajectories. It might happen, for example in cases of distributed robustness, 
that the post-intervention system changes not only the values of the variables, 

cases, we need an account that tells which counterfactual scenarios are relevant for 
evaluating counterfactual claims about the non-perturbed system.
 Prima facie -
tem at a later point in its dynamic evolution, but this can mask causal relations 
since the system may have changed, and backups may have been triggered as a 
result of the perturbation. Second, one may intervene on a non-disturbed system 
identical to the system of interest up to the time of interest. Which choice we make 
can affect what relations come out as causal.
 Since this is a question of when we can infer mediated causal relationships 
we need to get clearer on the general question of causal transitivity. The simplest 
general form of the standard counterexamples to transitivity requires a setup like 
the following:
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v1 v2 e
{a, b} {1, 2, 3} {@, $}
(a, b) (1, 2) (@, $)
(b, a) (1, 3) ($, @)

(2, 1)
(2, 3)
(3, 1)
(3, 2)

v1 and e are binary variables, while v2
changes are represented by ordered pairs of values of the variables. In general, for 
a n-ary variable there will be n(n-1) possible changes of values. The counterexam-
ples arise when the changes that can be brought about in v2 by intervening on v1 do 
not overlap with the changes in v2 that will result in changes on e.
 
level this can be represented by a binary variable taking the values {dog bites, dog 
does not bite}. The bite causes him to push a button with his left hand rather than 
with his right hand. This intermediate cause can be represented by the triadic vari-
able {pushes with right hand, pushes with left hand, does not push}. The pushing 
of the button causes a bomb to go off, represented by the binary variable {bomb 

causes the pushing, the pushing causes the explosion, but the bite does not cause 
the explosion. When there are no changes of v1 that result in changes in e, v1 is not 
a cause of e even though there is a chain of direct causal dependencies connecting 
v1 and e. Woodward’s way of dealing with the counterexamples is to deny that the 

v1 that change the value of e when 
all variables not on the path from v1 to e
requirement, however, is too strong.
 What is needed to block the counterexamples to transitivity is a requirement of 
relevance and not of direct dependence. The changes brought about in v2 by chang-
ing v1 must be such that inducing some of those changes in v2 results in changes of 
e. This relevance requirement accounts for the problem cases of transitivity more 
surgically. In particular, it leaves open the possibility that the existence of the right 
kind
dependence. In light of our earlier discussion of non-modular systems exhibiting 

variable can be causally relevant for an effect further downstream a certain causal 

that counterbalance or nullify the effect of further changes that would have been 
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 In cases of distributed robustness there may be backup mechanisms that mask 
causal relations by ruling out counterfactual dependence between the cause and 
effect. We have suggested that such cases can be handled by establishing mediat-
ed causal relations that are not grounded directly by counterfactual dependence. 
This requires a chain of mediating causal relations of the right kind, given by the 
relevance requirement. In dynamic cases with distributed robustness, how should 
we think about the relevance requirement and about the truth conditions for the 
counterfactual dependencies?
 Our tentative suggestion is that relevant counterfactuals should be evaluated 
by looking at systems that are similar to the systems of interest at the time changes 
are induced. When inducing multiple changes at different times, the counterfac-
tual scenarios involve systems that are similar to the system of interest up to the 

-
ested in checking the causal relevance of, we should let the counterfactual target 
system evolve like the normal system up to the point of changes in downstream 
variables. In this way we avoid that distributed backups potentially triggered by 
earlier changes mask the mediated causal relationships we want to reveal. The way 
to think about truth-conditions for causal counterfactuals about systems exhibiting 
distributed robustness and non-modular behavior is to compare a normal system 
with different counterfactual systems subject to the same dynamic evolution as the 
normal system up to the time of changes of the mediating variables.

-
tems changing their dynamic evolution as a result of perturbations. It is designed 
to be a special case of the general philosophical analysis of causation that we 
started out with. There will also be dynamic analogues to restricted and actual 
causation, by restricting the relevant values to normal values and to actual values 

a task for future work, but we hope to have made a convincing case for the philo-
sophical interest of representing the dynamics of causal systems.

6. CONCLUDING REMARKS

We have used biological examples of gene-redundancy and distributed robustness 
to suggest some extensions and revisions of the philosophical understanding of 
causation. The focus has been on cases of causation where there are no direct var-
iable-on-variable counterfactual dependencies, and we have suggested that chang-
ing the resolution of the causal representation is a natural move in such cases. 
This can be done by increasing or decreasing the resolution of the causal model. 

relativization to a model puts the focus of causal investigation where it should 
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be; namely on generating good causal models, rather than establishing singular 
causal claims in isolation.
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MELINDA BONNIE FAGAN

EXPERIMENTING COMMUNITIES IN STEM CELL BIOLOGY: 
EXEMPLARS AND INTERDISCIPLINARITY

ABSTRACT

This essay uses three case studies to illustrate the importance of experimenting 
communities in stem cell biology. An experimenting community is a collection of 

Three such methods, each an exemplar for stem cell biology, reveal the structure 

colony assay, embryonic stem cell lines, and systems models. Together, these case 

-
ing community.

1. INTRODUCTION

This essay uses three case studies to illustrate the importance of experimenting 
communities in stem cell biology. An experimenting community is a collection of 

-

do not map smoothly onto traditional disciplinary divisions, issues of interdiscipli-
-

ing interdisciplinary issues, as its central research program undercuts traditional 
dualisms of science/medicine and science/technology.

colony assay, embryonic stem cell lines, and systems models. The spleen assay 

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
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-
-

expanded, experimenting community.

2. IDENTIFYING STEM CELLS

to differentiated cells. -

-

-
age, and relative to a set of traits and a temporal duration of interest, a stem cell 
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cell end-state Tn cell end-state Tm

stem cell traits Tsc

be measured, then move cells to another environmental context to measure stem 

 Organismal sources differ in species, developmental stage, and site from 
-
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-

-

capable of both
potential, a candidate stem cell must be placed in an environment conducive to dif-

must be maintained in an environment that is not conducive to differentiation, and 

Nor can differentiation potential of a single cell be experimentally demonstrated. 
-
-

ent environment. Given pure populations of identical stem cells, experiments can 

experiments. And the assumption of pure populations of identical stem cells is, at 
-

-

model systems. The next sections illustrate these abstract points in concrete detail.

3. CASE 1: SPLEEN COLONY ASSAY1

-
 -
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-

-

is to count the number of spleen colonies. Experimental results are pairs of data-

donor

“radiation rescue”

spleen colonies

continued...

bone marrow
cells

lethal
radiation
dose

 The spleen colony assay emerged from the interface of several experimenting 

Till 
and Ernest 

mouse is analogous to a tissue culture environment, and splenic nodules to bacte-

the irradiated mouse may be considered as providing the receptacle, the medium, and con-

-
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-

-

-

on the biochemistry of regulatory factors in blood cell development, still others on 
-

development.

-
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Correlations:

biophysical traits

blood stem cell capacities

morphology

and results.

-

-

in the experimenting community that developed around the spleen colony assay. 

cell traits for use in their method.
-
-

-
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experimental methods, the overall goals of each group, and their modes of partic-

direct clinical aspirations, but focused instead on contributing to the emerging 

-

collaboration and focusing experiments on immune cell development.

5 After publication, essentially 

representing its relations to other blood cell types in a branching tree of cell devel-
-

to both immunology and hematology.

-

-

they are.
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4. CASE 2: EMBRYONIC STEM CELL LINES

The same pattern is seen in the other branch of stem cell research, focused on 

-

-

-

etc. The second measurement 

Thomson and col-
-

unoriginal
-

Evans 
and 

-
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for drug 
discovery and transplantation therapies 

prevention 
and treatment of human disease ibid

-

-

cell research resulted from this merger of mammalian genetics and development 

multiple ethical dimensions involved.

counterparts, robust results about pluripotent stem cells emerge by comparing re-

-
-

tion, and highest reproductive rate. All these features are desirable in light of the 

entrenched

eliminate the epistemic core of pluripotency research, impoverishing the entire 

 Opponents of research using human embryos have repeatedly argued that 
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This argument rests on a misunderstanding of the dynamics of experimenting 

both branches of stem cell biology, past success involves coordinating diverse 
model systems, so their results can be compared and integrated. This is accom-

then adult and embryonic branches should merge into a community that can pro-
duce a more comprehensive account of cell development. As a step in this direc-

long-term eventual aim rather than a consideration that structured experiments in 
-

to therapeutic applications and drug development. The recent shared emphasis on 

-
natives.

5. CASE 3: SYSTEMS MODELS7

-
-

-

epigenetic landscape, can facilitate a productive merger of stem cell and systems 

-

-

for example.
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-

-

-

cells. 

-

-

systems biology.

-
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-
sion of Development

-

t -
-

state variable of each molecular species at a given time t

tiny paths in state space.
 The arrangement of vectors and steady-states in state space determines land-

-
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state variable of one or more elements. Given the correlation of cell state and de-
-

tems models can derive the developmental landscape of a cell from the bottom-up. 

-

articulating robust and useful explanations of cell development.

6. CONCLUSION

colony assay in mice, human embryonic stem cell lines, and mathematical systems 
-

-

the spleen colony assay and embryonic stem cell lines have a special status as 

-

-
munity, combining concrete experiments and mathematical modeling to explain 
cell development.

Acknowledgements: 
-
-

Tom Gieryn, Richard Grandy, Len and Lee -
Kondo, Hannah Lloyd, Helen 

-
dan 



Experimenting Communities in Stem Cell Biology

Andersen and other participants for helpful com-
ments and criticism.

REFERENCES

BioSocieties

Nature

Studies in History and Philoso-
phy of Biological and Biomedical Sciences

Journal of the History of Biology

Perspectives on 
Science

Biology and Philosophy

Development 

Biomedical Platforms: Realigning the Nor-
mal and the Pathological in Late-twentieth-century Medicine.

Systems Biology: A Textbook

-
Historical Stud-

ies in the Natural Sciences

Cell Stem Cell

Pro-
ceedings of the National Academy of the Sciences USA

-
Science 



Melinda Bonnie Fagan

Systems Modeling in Cell Bi-
ology: From Concepts to Nuts and Bolts

Cell 

-
Science

-
Radiation Research 

Journal of Experimental 
Medicine

The Strategy of the Genes

Rice University



211

WILLIAM BECHTEL

FROM MOLECULES TO NETWORKS:
ADOPTION OF SYSTEMS APPROACHES IN 

CIRCADIAN RHYTHM RESEARCH

ABSTRACT

In the 1990s circadian rhythm researchers made enormous progress in identifying 
the components and operations within the responsible mechanism in various spe-
cies using the tools of molecular biology. In the past decade it has proven essential 
to supplement these with the tools of systems biology both to identify additional 
components but especially to understand how the mechanism can generate circa-
dian phenomena. This has proven especially important since research has shown 
that individual neurons in the mammalian mechanism are highly variable and that 
the way they are organized in networks is crucial to generating regular circadian 
behavior.

1. INTRODUCTION

From its roots in the study of circadian rhythms observed in physiology and be-
havior, circadian rhythm research rapidly adopted and energetically pursued a mo-
lecular biological approach in the last decades of the 20th century. This research 
has been highly productive in revealing many of the components of the circadian 
mechanisms in each of the major model systems: cyanobacteria, fungi, plants, 

-
ing the mechanisms has also generated challenges in recomposing them, a crucial 

researchers to literally recompose mechanisms (e.g., by reconstituting a chemical 

imagining the interactions of the components performing their various operations 
or by constructing computational models that demonstrate how the hypothesized 
set of components would interact if they operated in the manner characterized. Im-

-
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fails. The alternative, increasingly being pursued in circadian rhythm research, is 
to turn to computational modeling and dynamical systems analysis.1
 A further challenge stems from the fact that underlying the strategy of de-
composing mechanisms is the assumption that the mechanism itself and each of 
its components operate largely in isolation from other mechanisms or components 
so that the whole system exhibits what Herbert Simon referred to as near decom-
posability.2 Assuming near decomposability is a heuristic, and a characteristic of 
heuristics is that they can fail. Increasingly biologists are learning that the mecha-
nisms they study are less decomposable then they thought, and circadian mecha-
nisms are no exceptions. The challenge is to relax the decomposability assumption 

components into one’s account without losing the ability to explain the operation 
of the mechanism in terms of its components. Once again, this is leading circadian 
researchers to turn to computational modeling, which has the resources to char-
acterize multiple interactions affecting individual components while they operate 
within a mechanism.
 My focus in this paper will be on the steps in recomposing circadian mecha-
nisms in the last decade that has led to a focus on networks at various levels 
of organization, including ones at which clock mechanisms interact with other 
biological mechanisms. This has resulted in an increased focus on networks as 
opposed to individual components and on the employment of tools from systems 

developments, though, I will set the stage by introducing circadian rhythms re-

of decomposing circadian mechanisms.

1 Mechanisms and mechanistic explanation has been the focus of considerable discus-

Discovering Complexity: Decomposition and Localization as Strategies 
in Scienti c Research.

Philosophy of Science 67, 2000, pp. 1-25. 
In recent papers I have distinguished basic mechanistic explanation, which focuses on 
recomposing mechanisms through mental simulation, and dynamic mechanistic ex-
planation, which appeals to computational models and dynamical systems theory to 

-
Philosophy of Science

-

Studies in History and Philosophy of Science Part A
Pro-

ceedings of the American Philosophical Society 106, 1962, pp. 467-482.
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2. FROM CIRCADIAN RHYTHMS TO CLOCK MECHANISMS

24 hours (hence the term circadian from circa [about] + dies
wide variety of physiological processes and behaviors. For example, human body 
temperature is lower during the night and raises during the day, varying by nearly 

entrainment cues such as daylight are lacking, they free-run and thereby reveal 
that their period is not exactly 24 hours. This was one of the crucial features of 
circadian rhythms that convinced the pioneer circadian researchers in the mid-
dle of the 20th century that these rhythms were endogenously maintained and not 
responses to external cues. The evidence presented at the 1960 Symposium on 

-
enous origin of circadian rhythms.  While the mechanistic metaphor of a clock 
was widely embraced by many researchers and employed in the title of the 1960 
symposium, the tools for actually investigating the clock mechanism were indi-
rect, relying on such approaches as varying the period of the light-dark cycle or 
restricting light exposure to pulses at different parts of the cycle to see how they 
affected the mechanism.

and began decomposing the hypothesized clock. Although in single-cell organ-
isms and in plants researchers assumed the mechanism was found in each cell, 
animal researchers assumed that the clock was localized within the brain. 
discovered that lesions to the hypothalamus disrupted circadian behavior and con-

4 
In 1972 two research groups further narrowed the locus to the suprachiasmatic 

mouse consists of approximately 20,000 neurons. It was the target of projections 
from the retina, allowing for entrainment by light,5 and lesions to it rendered ani-
mals arrhythmic.6 Inouye and Kawamura showed, using multi-electrode record-

Cold 
Spring Harbor Symposia on Quantitative Biology 25, 1960.

Biological Clocks in Medicine and Psychiatry

in: The Journal of Comparative Neurology 146, 1, 1972, pp. 1-14.

Pro-
ceedings of the National Academy of Sciences (USA)

Brain Research 42, 1972, pp. 201-
206.
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7 The case for this locus was made 
more compelling when in 1990 Foster, Menaker demonstrated 

-
sponded to those of the donor.8

 To explain how a localized mechanism could function as a clock, research-
ers needed to decompose it to identify its component parts and the operations 

same period as mammalian researchers were localizing the mammalian clock in 

inherited, a natural strategy was to try to identify responsible genes. Seymour -
zer developed a strategy for identifying genes responsible for traits by exposing 

Konopka pursued this approach 

9 He traced all 
these effects to a mutation at a common location on the X chromosome and named 
the responsible gene period (per

10 and a decade 
later in hamsters.11 Initially much of the research focused on carefully describing 
the behavior of the mutants, including their responses to light pulses. Although 
there were several attempts to infer the mechanism from the behaviors of the mu-
tants and other clues,12 these efforts were unsuccessful in providing empirically 
grounded hypotheses until cloning technology made it possible to study the tran-

Hardin, Hall, and per
-

Proceedings of the National Academy of Sciences (USA) 76, 1979, pp. 5962-5966.
-

Science 247, 4945, 
1990, pp. 975-978.

Drosophila Melanogas-
ter Proceedings of the National Academy of Sciences (USA) 89, 1971, pp. 2112-
2116.

10
Neurospora Crasa Genetics

11 -
Science 241, 1988, pp. 1225-1227.

12 Cellular and Molecular Bases of Biological Clocks: Models and 
Mechanisms for Circadian Timekeeping.
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 With appropriate delays for the various stages, 
they hypothesized that this process could generate 24-hour oscillations.

gene:

per per mRNA per mRNA PER

PER

transcription transport translation

degradation

transport

inhibition

degradation

mRNA:

nucleus cytoplasm

mRNA: protein:

Figure 1. The translation-transcription feedback mechanism proposed by Hardin 
et al.

In the early 20th century engineers discovered, often to their chagrin, that negative 
feedback can generate oscillations and mathematically inclined biologists, noting 
the frequency of oscillatory behavior in living systems, explored the potential of 
negative feedback to create sustained oscillations. -
oped a model based on the negative feedback mechanism that Monod14 
had proposed for gene regulation in bacteria.15 In simulations run on an analog 
computer, he found that he could only generate sustained oscillations when he 

employed in kinetic analyses of biochemical reactions to characterize the number 

parameters were in restricted ranges.16 To determine whether the transcription-

Drosophila 
Period Nature 

14
Journal of Molecular Biology

15 Temporal Organization in Cells  A Dynamic Theory of Cellular 
Control Processes

16

that undamped oscillations would only occur with values greater than 9, generally rec-

Journal of Theoretical Biology 20, 
2, 1968, pp. 202-208. Accordingly, he concluded that negative feedback with a single 

-
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translation feedback loop proposed by Hardin et al. would be able to generate the 
phenomenon, 

oscillatory behavior.17

 The research described so far illustrated the combination of tools for decom-
position and recomposition in generating an account of a mechanism for circadian 
rhythms. The mutant research together with cloning techniques allowed research-
ers to decompose the mechanism, identify an important part – the gene per – and 

protein, both of which oscillated on a 24-hour cycle. This enabled them to recom-
pose the mechanism by proposing a feedback process that could be represented in 
a diagram. Hardin et al. could verbally describe the behavior such a mechanism 

-
ated as Hardin et al. proposed, the mechanism would generate sustained oscilla-
tions.

were identifying a host of additional genes in which mutations resulted in altered 

For example, by pursuing a strategy similar to Konopka’s, Sehgal, Man, and 
 gene, which they called timeless (tim

mutations resulted in altered rhythms.18 In further research they revealed that TIM 

in inhibiting transcription of both per and tim.19 Adopting the same strategy with 
mice, King, Kornhauser, Tu-
rek, and Clock in which mutations resulted 
in loss of circadian rhythms.20 Homologues of Clock 

per and tim

17 Drosophila -
Proceedings of the Royal Society of London. B: Biological Sciences 

18 -
Per Drosophila Mutant Time-

less Science
19

Period Time-
less Science

20

Clock -
Science 264, 5159, 1994, pp. 719-725.
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transport into the nucleus and in their degradation.
 The discovery of these additional parts and operations led to new challenges 
in recomposing the clock. Since each component could be related in one way or 

to Figure 2 appeared to illustrate how the various components were thought to 
be related so as to generate oscillations. However, although one might mentally 
rehearse the operations portrayed in Figure 1 to show that it might oscillate, this 
proved harder to do as additional components and feedback loops were intro-
duced. This made it even more important to represent the hypothesized mecha-
nism in computational models to determine how it will behave. In collaboration 
with 

21 and the mammalian22 circadian mechanism. In addition to cap-
-

nents hypothesized to entrain the clock to light-dark cycles could indeed modify 
the phase of the oscillator in an appropriate manner and that manipulations in the 
model that correspond to altering components of the clock could generate the pat-
terns of known circadian pathologies such as delayed and advanced sleep phase 
syndromes.

21
Drosophila -

Journal of Biological Rhythms
22

Journal 
of Theoretical Biology
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Subjective Daytime

Subjective Nighttime

CLK
PER1/2 PER1/2

CRY1/2 CRY1/2

PER1/2

CRY1/2

Rev-erbα

Rev-erba

Per1/2

Cry1/2

Bmal1

Rev-erba

Per1/2

Cry1/2

Bmal1

Rev-erbα

BMAL1

CLK BMAL1

BMAL1

E-box

E-box

RORE

RORE

Figure 2. A representation of the mammalian circadian mechanism incorporating 

3. SYSTEMS BIOLOGICAL APPROACHES TO THE OSCILLATOR MECHANISM

The basic research on the circadian oscillator described in the previous section all 

already foreshadowed the application of the approach of systems biology. Over 
the last decade the term systems biology has been adopted in many domains of 
biology to signify an approach that focuses on the integration and interaction of 
large numbers of components giving raise to behaviors that are not readily traced 
to individual components.  Two aspects of systems biology have been particularly 

-

-

positive feedback loop.24 Similar screening techniques revealed numerous addi-

The Music of Life: Biology Beyond the Genome. -
Foundations of Systems Biology.

Introduction to Systems Biology. 

24 -
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-
fect amplitude and period of circadian oscillations.25 One consequence of this use 
of systems approaches has been to reveal ways in which the clock mechanism is 
linked to and affected by other cell functions.
 The second contribution is to bring the tools of dynamical systems analyses of 
mathematical models to bear in understanding mechanisms in which multiple in-
teracting non-linear processes defeat the prospect of understanding the mechanism 
by tracing out its operations sequentially. Already in his 1995 model 
pioneered this approach: to show that the model produced sustained oscillations 

-
corporating all the known constituents of the clock mechanism. While his models 
generated many features of circadian clock behavior, their very complexity made 

-
-

these models to understand what individual components contribute. Accordingly, 
Smolen, 

transport of proteins back into the nucleus (instead incorporating a delay between 
26 After establishing that their model generated appropriate 

Interestingly, recently Westermark, Wallach, Schellenberg, Kramer, and 
Herzel have reached the opposite conclusion.27 Their model is somewhat more 

-

Neuron
25

-

Cell
26 -

Journal of Neuro-
science 21, 17, 2001, pp. 6644-6656.

27

PLoS Comput Biol
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-

oscillations, and further, since the Ror  
simulation, that the inhibitor Rev-Erb
 One possible response to the divergent results of Smolen et al. and 
et al. is to dismiss all such modeling efforts as uninformative (since each explic-
itly makes simplifying assumptions and so deliberately misrepresents the mecha-

-
derstanding how the mechanism actually works. A crucial further step is to seek 
ways to link the models back to the actual mechanism and both examine carefully 
the assumptions each makes, especially in choosing parameters for the models, 
and to consider what new experiments might be suggested by the models that can 
be implemented in actual biological preparations. (Although not directly related 

regarding overexpression of Ror
preparation using a Bmal1
 I have highlighted two contributions of systems biology to understanding 
individual oscillators – identifying additional components and experimenting on 
models to understand how the operations in the mechanism produced the phenom-
ena. These pursuits support each other. One of the results of identifying additional 
cell constituents that affect clock operation is to show how clock operation is 
integrated with many other cell activities, including basic metabolism and cell 
division. Such discoveries make reliance on modeling ever more crucial to under-
standing how the mechanism will behave in the interactive context of a cell.

4. SYSTEMS PERSPECTIVES AT HIGHER LEVELS OF ORGANIZATION

At the outset I described how the circadian clock in mammals was initially local-
-

it different behavior. A basic division was observed between a core region, whose 

cells express vasopressin.28

the intracellular oscillator functioned similarly in different cells. However, when 

28 -
The Journal of Comparative Neurology 191, 4, 1980, pp. 661-702.
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that the neurons exhibited a wide variety of phases and periods. Some neurons 
generated maximal output while others were largely quiescent and their periods 

29

whole produces a regular output and the variation is eliminated even in explants 
as long as nearly all the connections are maintained, researchers recognized that 
communication between neurons is responsible for regularizing the behavior of 
the individual neurons.
 Only computational modeling can illuminate how linking individually vari-

effort, Waltermann, Kramer, and Herzel employed 
model for an oscillator and added terms for the generation of a diffusible com-

for determining the mean concentration from that generated by each cell.  They 
showed that when the parameter affecting the response to the diffusible compound 
was set to 0 the model behaved as Welsh’s preparation had, but when it was set 
to 0.5, the oscillators exhibited the synchronization Herzog had found. In their 

one of the modes of organization investigated by graph theorists in the mid-20th 
century. Two measures are widely employed in analyzing the consequences of 

-

-
ized processing can be accomplished by cooperating nodes. Short characteristic 
path lengths and higher clustering are desirable for information processing and are 
realized in fully connected networks. However, maintaining complete connectiv-
ity between all neurons in a network is metabolically very expensive and so not 
found in biological systems.

th century also explored two architectures with 

only provides one of the valuable characteristics: randomly connected networks 
exhibit short characteristic path length but low clustering, whereas regular lattices 

29
-

Neuron 14, 4, 1995, pp. 697-706.
-
-

Journal of Biological Rhythms

Bio-
physical Journal 89, 1, 2005, pp. 120-129.
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yield high clustering but long characteristic path lengths. However, in 1998 Watts 
and Strogratz directed attention to a different network architecture. In what they 

lattices, but there are a few long-distance connections.
of such networks closely approximates that of regular lattices, but the characteris-
tic path length is approximately that of a fully connected network. Watts and Stro-
gratz also showed that many real world networks, including biological networks 
such as the neural network of the nematode worm Caenorhabditis elegans, exhibit 
small-world properties and argued that they could synchronize oscillators nearly 

world. Instead Herzog, and Henson pursued the strategy of modeling the 

 They modeled each neuron using the 

was suppressed. They organized these into a small world network structure and 
showed that it would generate synchronization as effectively as a totally connected 
network. They were also able to capture three other phenomena observed 

-

eliminated.
 In these models researchers assumed each cell maintained a given oscillatory 
pattern except as synchronized with others, but Meeker, Harang, Webb, Welsh, 

-
veals that individual neurons vary in their periodicity, sometimes showing periods 
greater than 40 hours.  To understand what factors accounted for the varying be-

and degradation best accounted for the pattern they observed.
 The assumption of near decomposability in traditional mechanistic research 

-

Na-
ture

-
Journal of Biological Rhythms

Journal 
of Biological Rhythms
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ganization alters the behavior of individual parts of the mechanism. When comple-
mented by the tools of computational modeling and dynamical systems analyses, 
though, as posed in accounts of dynamic mechanistic explanation,  researchers 
can both simulate such behavior and begin to understand how the organization of 
the mechanism explains it.

5. CONCLUSIONS

In the 1990s circadian rhythm research made enormous progress in identifying the 
components of the circadian clock and the operations they performed employing 

the clock in a diagram that showed how the components were related, but to show 
that by performing the operations attributed to them the mechanism would gener-
ate sustained 24-hour oscillations required supplementing these traditional mecha-
nistic approaches with computational modeling approaches developed in systems 
biology. The need for modeling has grown in the past decade as other approaches 
from systems biology have revealed more components of cells that affect clock 
function. As I have illustrated, to begin to understand what parts of the mecha-
nism are responsible for sustained oscillations, researchers resorted to developing 

these challenges in understanding the intracellular mechanism, researchers also 
came to recognize that the oscillators are incorporated in networks and that only 
as part of the network do they generate sustained circadian oscillations. Again, to 
understand how coupling into networks alters the behaviors of the components 
and generates regular behavior requires modeling and systems analysis. This need 
to turn to systems biological approaches is itself driven by discoveries about the 
mechanism responsible for circadian rhythms.

bill@mechanism.ucsd.edu

op. cit. op. cit. 
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OLAF WOLKENHAUER AND JAN-HENDRIK HOFMEYR

INTERDISCIPLINARITY AS BOTH NECESSITY AND HURDLE FOR 
PROGRESS IN THE LIFE SCIENCES

ABSTRACT

The ability to sequence the genome of entire organisms has produced a fundamen-

-

shifted in recent years to the study of mechanisms that determine the functioning 

therefore towards cellular processes required methodologies from systems theory 

-

present text discusses the practice of systems biology with respect to the hurdles 

for progress in the life sciences but these efforts are hampered by academic struc-

1. THE EMERGENCE OF SYSTEMS BIOLOGY

The ability to sequence the genomes of organisms has produced a fundamental 
-

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
DOI 10.1007/978-94-007-5845-2_18, © Springer Science+Business Media Dordrecht 2013
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-

-

explanation for the success of physicists in the biological sciences may be seen in 

-

-

study of interactions and an understanding of mechanisms that underly cell func-

-
nal transduction pathways and metabolic networks requires techniques to model 

-

-

-

-

-

-

discusses the practice of systems biology with respect to the hurdles and opportu-
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not
-

sequence of the current academic system and how this system hinders interdisci-

2. TRUE INTERDISCIPLINARITY

-
ity understood as a means to answer questions by teams of experts from different 
disciplines and

for one and the same

-
tributes a piece to a puzzle but the search for and description of that piece is some-
thing the partner can do fairly independent of other partners and with only infre-

-
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established a large number of programmes to promote interdisciplinary collabo-

-

-

require an elaborate strategy and top-down steering to ensure that the extra effort 

-

-

-

3. APPARENT INTERDISCIPLINARITY

New funding programmes that support interdisciplinary efforts in systems biol-

-

-
-

-
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in systems biology the theory of dynamical systems is more important and hence 

broad range of problems and due to the fact that many approaches are complemen-

-

-

-

collaboration of experimentalists with modellers usually implies more costly and 

-

of dynamical systems becomes a necessity when dealing with complex dynamical 
-

-

-
-

ematical modelling thus constitute powerful tools to integrate and make sense 

-

-
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-

4. LEARNING FROM PHYSICS

-

-

-

is less than the costs to repair the particle accelerator that broke down right after 

are pretty much independent of each other – the risks and the fear of failure is per-
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-

-
linear dynamic processes means that they cannot be analysed by common sense 

-

5. SYSTEMS BIOLOGY SHOULD NOT BE A DISCIPLINE BUT AN “APPROACH”

No one will doubt that understanding any disease is less complex than the proof 
-

-

approach
tools to support common sense and the excellent intuition of an experimentalist in 

-
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engineers and computer scientists realizing a systems biology approach by their 

-

-

 – mathematical modelling being 
accepted as integral part in answering biological questions – we would not mind 

-

-

6. MISSING THE WOOD FOR THE TREES

-
-

-

-
-
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-

-

Theorem was supposed to be one of the biggest mathematical problems that could 

Delbrück are re-

-
-

tion for how we can progress in the life sciences has thus also consequences for 

7. SCIENCE EVALUATION AS A THREAT FOR INTERDISCIPLINARITY

-

 -

-

-

-
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disciplinary is necessary but also that the initiation of such collaborations has its 
-
-

-

-
-

-

-

it has become common practice to consider the number of citations a paper has 
-

-
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8. SUMMARY AND CONCLUSIONS

-
-
-

interdisciplinary orientation offers opportunities to enrich personal experience and 

 

for

interdisciplinary collaborations to generate the required critical mass for grant 

academics deciding – after years of intense specialization – to take a look beyond 

-
-

Olaf Wolkenhauer Jan-Hendrik Hofmeyr
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AMPARO GÓMEZ

ARCHAEOLOGY AND SCIENTIFIC EXPLANATION:
NATURALISM, INTERPRETIVISM AND “A THIRD WAY”1

ABSTRACT

The explanation-understanding controversy has been a main topic of archaeologi-
cal methodology since the mid 19th century. The arguments for explanation were 
dominant throughout much of the 20th century within the empiricist and post-em-
piricist approaches. However, towards the end, understanding approaches were 
widely adopted by archaeologists, due to the prevalence gained by the interpre-
tive turn in both hermeneutics and post-modern radical version. The aim of this 
paper is to review the less radical positions within the interpretive turn, that is, the 
hermeneutical thesis about understanding, and to examine the possibility of con-
vergence between them and post-empiricist approaches on explanation.

1. CONTEXTUALIZING THE EXPLANATION-UNDERSTANDING DEBATE 
IN ARCHAEOLOGY

Archaeologists have paid a strong attention to the philosophy of science in the 
search for epistemic and methodological grounds for their discipline. Archaeolo-
gists have not been limited to closely follow the debates and arguments of phi-
losophers, but they have developed an interesting epistemic and methodological 

to a large extent, the evolution of archaeological approaches is the result of the 
evolution of the philosophical perspectives in the discipline. As Wiley recalls, the 
training of young archaeologists included philosophy of science, as well as learn-

2

 How archaeologists should explain and, therefore, which is the appropriate 
model of explanation is one of the central topics of philosophical discussion in ar-
chaeology. This discussion has been posed in the context of leading philosophical 
schools: logical empiricism, structuralism, systems theory, Marxism, post-empir-
icism, hermeneutics and post-modernism. The above list gives an idea of the dif-

1 This paper has been written thanks to the support of the Spanish Ministry of Science 
and Innovation research project FFI2009-09483. I am very grateful to Wenceslao J. 
Gonzalez for his insightful comments and suggestions on earlier drafts of this paper.

2 Alison Wylie, Thinking from Things, Essays in the Philosophy of Archaeology. Berke-
ley: University of California Press 2002, p. XII.

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
DOI 10.1007/978-94-007-5845-2_19, © Springer Science+Business Media Dordrecht 2013
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is also taken into consideration that archaeology has been understood as history of 
the facts of the past, natural science and cultural history.
 The discussion about the appropriate model of archaeological explanation has 
had one of the major subjects in the explanation-understanding debate. What is at 
stake in this debate is the nature of archaeological explanation, and thus of archae-

this debate make it fundamental for assigning archaeology to one or the other of 
the perspectives indicated above. On the other hand, the arguments presented and 
their impact have considerable interest to the general philosophical discussion on 

-
tween social sciences and cultural sciences. However, surprisingly, archaeology 
has not been considered in philosophical discussions and it has been situated in a 

should be corrected, given the fertility of the philosophical discussion that takes 
place within it.
 The explanation-understanding debate in archeology has its origins in the sci-

archaeological knowledge based on empirical data and their interpretation. Ar-
chaeology was established in the mid 19th century and was understood as a history 

 This traditional approach -
chaeologists, who were persuaded that archaeology should be a science like the 

facts. This new view was developed mainly in the 60s with the work of a group of 
young archaeologists, headed by Binford.3 This approach was called New Archae-
ology and also Processual Archaeology.

processes of the past through the data found in the present excavations. In this con-

any use of interpretation and understanding of archaeological data.
-

possible to avoid the recourse to interpretation in both the explanation and the 

the case of explanation, that the connection between hypothesis and data was not 

3 See Lewis Binford, “Archaeology as Anthropology”, in: American Antiquity 28, 1962, 
New Perspectives in Archae-

ology. Chicago: Aldine 1968.
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deductive because it implied interpretation of the recorded data in accordance with 
said hypothesis. -
cepted the existence of auxiliary hypothesis connecting data with the hypothesis to 

4 because “the 
facts of the records do not have a clear and unambiguous meaning”.  In the late 

Kuhn and 
other authors of Post-empiricist Philosophy. Processualists admitted the thesis of 
the theory laden of observation, and the same Binford stated:

-
edge of the past is totally dependent upon the meanings that archaeologists give to obser-

hypothesis.6

-
-

standing, insofar as many archaeologists were increasingly pessimistic about 
processual archaeology, even in its pot-empiricist version. They denied that ar-
chaeology should be a science like the natural sciences, and turned their attention 
back to considering it as the history of the cultures of the past, and as a humanist 
discipline. This new approach was called post-processual archaeology

 This paper focuses on interpretative turn in post-processual archaeology. It 
will be centered in the efforts made by archaeologists to avoid understanding rela-

-
ditional hermeneutical resources. The aim of the analysis is to explore possible 

the purpose of exploring new perspectives on its settlement.

2. POST-PROCESSUAL ARCHAEOLOGY AND THE INTERPRETATIVE TURN

Post-processual archaeology emerged in the 80s and it was consolidated in the 
90s. This approach took its inspiration from a range of schools of thought, her-
meneutics, symbolic and structuralist trends, neo-Marxism, post-structuralist and 

4 See Binford, An Archaeological Perspective.
Nunamiut Ethnoarchaeology

6 Lewis Binford and Jeremy Sabloff, “Paradigms, Systematics and Archaeology”, in: 
Journal of Anthropological Research mine
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post-modern thought.7

in post-processual archaeology: gender, power, symbolism, ritual action, personal 
identity, nationalism, and so on.
 One of the most prominent approaches in post-processual archeology has been 
the interpretative turn. The focus of interpretative archaeology is that the past is 
made intelligible through interpretation and understanding of the actions of situ-
ated individuals who produced the material culture, whose remains are studied by 
archaeologist through the present data records. Thus, interpretative archaeologists 
do not accept that societies are made up of a series of underlying mechanisms, 
process, patterns or forces that determine human behaviour, and neither do they 
consider collective or group behaviour to be the essential. Therefore, archaeolo-

in the intentions, thoughts and reasons of people to act as they did it.

in terms of laws, generalisations, models or functions, but interpreting and under-
standing human action and activity, just what the processualists considered epi-
phenomena without any explanatory capacity.
 Understanding is considered the art of understanding meaning, of making it 
comprehensible, and data record meaning is achieved through interpretation. The 
most basic level of access to the world is the interpretive one, since what it is ob-
served means something insofar as it is interpreted it, and then can be understood. 

knowledge of the past, and “no single methodology can reveal it to us”.8
-

meneutics to archaeology: the problem from where it is made the interpretation, 

-
tics particularly Ian Hodder, Reading the Past: Currents Approaches to Interpretation 
in Archaeology. Cambridge: Cambridge University Press 1986. Hodder, “Interpreta-

American Antiquity -
alism, André Leroi-Gourhan, L’art parietal: langage de la préhistoire. Paris: Éditions 

Journal 
of Archaeological Research

Historical Archaeologies of Capitalism -
Canadian Review 

of Sociology and Anthropology -
ogy, Christopher Tilley, Material Culture and the Texts: The Art of Ambiguity. London: 

The Current State of British Archaeology”, in: Antiquity
8 Julian Thomas, “Introduction: The Polarities of Post-processual Archaeology”, in: Ju-

Interpretative Archaeology. A Reader. London: Continuum Inter-
national Publishing Group 2002, p. 3.
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-
tivism problems.
 -
dresses these problems following mainly to Collingwood, but also to 
Hodder believes that archaeology maintains close links with history and histori-

actions by individuals whose intentions must interpreted in order to understand 
this culture. If archaeologists have to understand the past, they must pay atten-

event really important is an action, it is necessary “to get at the subjective mean-
ings, at the inside of events”.9 Hodder subjectivism is an attempt to “interpret the 
evidence primarily in terms of its internal relations rather than in terms of outside 
knowledge”.10 To this end, archaeologists must explore research strategies that 

-
tive meanings. This kind of understanding involves both the past and the present 

a dialogue, but the past is interpreted in terms of the present.
 The answer given to the problem of subjectivism by Hodder, during the 80s, 

-
tive mind capable of bridging the distance between the intentional meanings of 

in the present”.11 But in two works published in the 90s Hodder takes distance 
of Collingwood and deals with Gadamer, Habermas’s hermeneutics. 
In these works Hodder does some comments on method and objectivity in or-
der to introduce a critical and political dimension in hermeneutic archaeology, 
regarding the incorporation of “other voices” in the interpretation of the past. 
From this point of view, he argues the critical role of the data, claiming that, “the 

produce ‘possible worlds’”.12 Therefore he defends certain room for objectivity 
with expressions as “a guarded objectivity of the past”,13 “the organized material 
has an independence”,14 or “material culture as excavate by archeologists is dif-

9 Hodder, Reading the Past: Currents Approaches to Interpretation in Archaeology, op. 
cit., p. 79.

10 Hodder, The Domestication of Europe. Oxford: Blackwell 1990, p. 21.
11 Harald Johnsen and Bjørnar Olsen, “Hermeneutics and Archaeology. On the Philoso-

phy of Contextual Archaeology”, in: American Antiquity
12 American Antiquity

12.
13 Hodder, Ibid. p. 10.
14 Ibid. p. 12.
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ferent from our assumptions”.  This allows him to oppose to post-structuralism 
and post-modernism relativism, since “we are not interpreting interpretations”.16 
However, his advocacy of objectivity is not easy to hold in the late hermeneutics. 
Hodder needs some method that allows him to ensure a proper interpretation of 
the past, beyond his advocacy for self-criticism and the acknowledgment of subor-

when he attaches to internal consistency and external experience an important role 
17

2.1 Other post-processual answers to Relativism and Subjectivism

-

18

Marxist central thesis is that archaeology has a major ideological-political content, 
but archaeologists must make their interests and beliefs explicit, and be politically 

This viewpoint has been important in the emergence of local archaeologies in third 
world countries insofar as neo-Marxists pay attention to the role of the cultural 
archaeological past in determining the historic identity of regions.
 The object of structuralist archaeology is the structure of the thought which 
exists in the minds of those who elaborated the artefacts and created the archaeo-

-
served in one sphere of life will appear in another: culture categories to delimit 
social relations will also be detected in other different areas, like the delimitations 
in decorating pottery. In any event, structuralist archaeologists assume that it is 

-
chaeology’s interpretations are objectivised.19

 Hodder, Ibid., p. 12.
16 Ibid.,
17 -

Theory and Practice in Archaeology. 

18
Journal of the Washington Academy of Sciences -
ism in Contemporary Western Archaeology”, in: Archaeological Method and Theory 

of Canaan, Connecticut: A Study of Transformations and Separations”, in: Artifacts 9, 
1981, pp. 1-2.

19 See Leroi-Gourhan, Lárt parietal: language de la préhistoir, op. cit., and Preucel, 



 In the 90s, post-modern theses boomed in post-processual archaeology. This 
movement was inspired by the post-modern philosophy, Critical Theory, post-
structuralism and literary criticism, and it took a radical interpretative stance. It 
opposed not only the processual approach, but also certain schools of post-proces-
sual archaeology, such as neo-Marxism or structuralism. Post-modern archaeolo-
gists insist on highly relativist and constructivist positions. They consider that any 

is a network of interpretations.20 Archaeologists simply construct their data, and 
even the facts, from their theories, their cultural present and their subjectivity. 

from different readings made by individuals with different interests, ideologies 
and beliefs. Interpretations are always presentist, contextual and circulars and all 
of them have the same right to be sustained, there is no way to establish whether 

the Modernity that must be totally deconstructed.

and epistemic criteria that allow the introduction of some degree of objectivity 

certain “third way” of the post-processual archaeology.

3. COMMON GROUND BETWEEN PROCESSUAL AND

POST-PROCESSUAL ARCHAEOLOGY

sterility of debates between processual, hermeneutics and post-modern archaeologists, 
-

tween post-processual and processual post-empericist archaeologies, despite of major 
differences between them. This common ground shapes a third way for archaeology, 
characterised by a pluralism that could accommodate both, resources from interpre-

possible that the opposite monolithic positions are starting to lose ground in favour 

to show convergence in the archaeological research.
 Concerning convergent criteria, 
evolution of the philosophy of science and the post-empiricist reformulation of the 

20 See for example: Christopher Tilley, “Interpretation and a Poetics of the Past”, in: 
Interpretative Archaeology. London: Berg 1993, pp. 1-26, and Bintliff, 

Archaeology”, pp. 274-278.
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21 
they claim:

we suggest that much of the discussion of the relationship between processual and post-
-

cuss seven recognized characteristics of science and demonstrate that processualism and 
postprocessualism both possess most of these characteristics. We therefore suggest that 

-

because of their substantive intellectual similarities.22

Hutson and 23 and Fogelin believes that 
despite the epistemological and theoretical debate that has divided the two archae-
ological approaches, “those with more interpretive leanings are actively engaging 

24

 Fogelin, is also representative of the second point indicated above, the con-
vergence in the archaeological research. He considers that “in the meantime, both 
sides borrow data from one another and continue to rely on the work of archaeolo-
gists from the early twentieth century”.  Thus, despite the different approaches, 

data and to trust the results of the research. In fact, archaeologists share a fairly 
-

temological approach they sustain. On the other hand, it is fairly widely accepted 
that, despite different points of view, archaeologists have offered a series of pow-
erful explanations of the past. It does not mean that all research was good research, 
but a set of explanations that are accepted as correct have been established. In fact, 
as Fogelin notes, many archaeologists consider they are working in a “middle 
ground” between the processual and the post-processual perspective.26

21
of Postprocessualism”, in: American Antiquity -

Comments by Hutson and Arnold and Wilkens”, in: American Antiquity 66, 2001, pp. 

22
American Antiquity 64, 1, 1999, p. 34.

23 -
American Antiquity 66, 2001, pp. 349-369. Wylie, 

Thinking from Things, Essays in the Philosophy of Archaeology, op. cit.
24

American Antiquity 72, 2007, p. 604.
 Ibid., p. 604.

26 Ibid., p. 604.
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3.1 Convergences of Explanation and Understanding

from this point of view on explanation-understanding debate in archaeology. But, 
in this area is possible to establish interesting points of convergence.

that explanation involves auxiliary interpretive hypotheses. They ended up ac-

of observation and that all facts implied theoretical-dependent interpretation. The 
Binford when he acknowledged that the data talks 

but they do not talk by themselves of the cultural processes or ways of life un-
27 -

stand, also try to explain facts. But the facts they try to explain have previously 
been interpreted, either in the context of a paradigm, a theory or a background 
of knowledge.28 Interpretation allows understanding the facts of the past which 
are made intelligible and so explainable. Without understanding the meaning of 

their explanation is not feasible. The explanation may rely on the insides of past 
actions, on contextual aspects of material cultures or on constraints to which peo-
ple were subjected, whose meaning has been established through interpretation. 

to be explained has been understood. This can be deemed in terms of Weber’s 
proposal, who maintained that social researchers should not be content with inter-
preting meanings renouncing to explanation. But, in opposition to positivists, he 
also considered that explanation needs to take in consideration the meaning and 
sense connections. Thus, in social sciences, understanding is not in opposition to 
explanation, but rather it constitutes a necessary moment of explanation.

3.2 The Role of the Evaluation

Another important area of convergence between processualism and post-proces-

the evaluation of interpretive propositions. Processual archaeologists understand 

27
New Perspectives in Archaeology, op. cit., p. 13. Hodder later admits that “both proc-
essual and hermeneutic approaches accept that every assertion can be understood in 

op. cit., p. 
12.

28

op. cit., p. 38.
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that explanatory propositions had to be empirically tested and post-processual ar-
chaeologists maintain that interpretive propositions should be empirically evalu-
ated.
 Many post-processual archaeologists admit the empirical reality of entities, 
and above all, of the archaeological records.29 As 

post-processualists do accept that the past is real and that they can know some-
thing about it”.30 Thus, although post-processualists believe that archaeological 
research is cultural, politically or value-interest basied, many of them accept that 
the archaeological records limit their interpretations. Archaeological data records 
constrain interpretations and meanings that can be established, as the same Hodder 
states, “the real world does constrain what we can say about it”.31 This enable data 

-
tion is not a case of anything goes.

-
pretations are valid. Their evaluation is what makes possible to establish which are 
considered valid and which are not. Thus, the evaluation criteria are a key resource 
of archaeological research, and one of the criteria proposed by archaeologists has 
been consistency with the archaeological records,32

33

 The criterion of consistency with the data has been understood in different 

the inter-subjectively testable data”, which entails objectivity.34 -
Pool give a strong epistemic meaning to this criterion since they consider that 
“inter-subjectively testable” has a clear Popperian label, “as 

29
and Potprocessual Archaeology”, in: Antiquity -

op. cit -
der, Reading the Past: Currents Approaches to Interpretation in Archaeology, op. cit. 

op. cit., pp. 7-18.
30 op.cit., 

-
op. cit., p. 12.

31 Hodder, Reading the Past: Currents Approaches to Interpretation in Archaeology, op. 
cit., p. 16.

32 op. cit., pp. 7-18. Preucel, “The 
-

op. cit Thinking from Things, 
Essays in the Philosophy of Archaeology, op. cit.

33 op. cit., pp. 7-18, 
-

op. cit
34 op. cit., pp. 
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-
ter-subjectively tested’ ”.
 Hodder argues for a weaker recourse to empirical. He states that, “we need 
to retain from positivist and processual archaeology a guarded ‘objectivity’ of the 

can con-
front our taken for granted ”.36 The past is objectively organized and it is different 
from our contexts, and “it is in the experience of this objective and independent 

best”.37 Of course, pre-existing beliefs inform the interpretations of the past, but, 
as Fogelin points out, “the material remains, however, are not amenable to just 
any interpretation. Some interpretations will be shown wrong through a failure to 
account for the diversity of evidence that is structured by people in the past”.38

 Arnold and Wilkens are critical of these attempts at convergence. They cast 
doubt on the analysis of -

-
mation, as noted above, is commonly assessed as a function of the independence 
between the hypothesis being evaluated, and the methods/ knowledge claims used 
to render that evaluation”.39 But interpretive hypotheses are not validated by re-

to the interpretations themselves.

-
tive hypotheses are tested in independent evidence as much as the descriptive or 
explanatory hypotheses. They reply that:

-
tural analysis, and contextual analysis to evaluate her contention that certain rooms from 

40

op. 
cit., p. 44.

36 op. cit., p. 12. 
37 Hodder, Ibid., p. 13. 
38 -

39 -
sualism”, in: American Antiquity

40
op. cit., p. 369.
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4. CONCLUDING REMARKS: A THIRD WAY FOR EXPLANATION

What the arguments in favour of a convergence between processual and post-proc-
essual archaeology show is that the differences between the two approaches, which 
initially seemed abysmal, are reduced insofar that the positions of the two parties 

and the moderate considerations of the latter make possible to build bridges at key 
points between the two perspectives. This does not mean that there do not remain 
radical postures, fundamentally by the archaeologists of the post-modern thought, 

Arnold and Wilkens who make 

 Furthermore, it is interesting to point out that the debate between Arnold and 
Wilkens, and 
its counterpart in the philosophy of science, although concerning two ways of 

-

-
phy of science.
 On the other hand, the arguments in favour of a convergence between proces-
sual and post-processual archaeology are interesting for the general philosophi-
cal debate between explanation and understanding. What the arguments examined 
bring to this debate can be synthesised in the following points:

the data have no role in the interpretation or in establishing whether an interpreta-

had to be empirically tested and post-processual archaeologists maintain that in-
terpretive propositions should be empirically evaluated.
 2. Insofar as explanation in social sciences refers, in one way or another, to 

prior to their explanation, and constitutes a necessary moment of the explanation. 
Without understanding the reasons at stake in actions, one cannot proceed to their 
explanation. This can be understood as a proposal that affects not only to social 
sciences, but also to sciences of culture, which can include some kinds of explana-

accordance with Wright’s thesis that understanding is a fundamental condition that 
comes prior to the teleological explanation of social actions.

that resort to reasons or intentions. It is true, as has been pointed out by Gonzalez, 



reasons is formulated to the actions as activity characterised by its “historicity”.41 
But, it is also true that to identify something as a cause involves interpretation and 
understanding in a relevant sense. This does not mean that both forms of explana-

both behaviour and its causes, and actions and their reasons.42 Some social proc-
esses and mechanisms have shown to be interesting to explain certain kinds of be-
haviour, and therefore social facts, but human activity and its “insides” form part 
of most explanations in social sciences. On the other hand, as Gonzalez maintains, 
“combining causal explanations and interpretive perspectives can be seen as an 
example of the unity and diversity of science: the social sciences can share com-
mon ground with the natural sciences and, at the same time, they can also present 
some differences”.43

University of La Laguna
Campus de Guajara s/n
38207 La Laguna, Sta Cruz de Tenerife
Spain
agomez@ull.es

41 Wenceslao J. Gonzalez, “Sobre la predicción en Ciencias Sociales: Análisis de la pro-
puesta de Merrilee Salmon”, in: Enrahonar

42 Amparo Gómez, “Mechanisms, Tendencies and Capacities”, in: Peruvian Journal of 
Epistemology, v. 2, forthcoming.

43 Gonzalez, “Sobre la predicción en Ciencias Sociales: Análisis de la propuesta de Mer-
rilee Salmon”, p. 188. 
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DEMETRIS PORTIDES

IDEALIZATION IN ECONOMICS MODELING

ABSTRACT

I argue that understanding idealization as a conceptual act that can be distinguished 
into three kinds: isolation, stabilization and decomposition is a promising way for 
making sense of many important characteristics of economic modeling. All three 
kinds of idealization involve the conceptual act of variable control which amounts 
to omission of information. I particularly highlight the point that in addition to 
isolations and stabilizations an implicit (and occasionally explicit) feature of ide-
alization in economics modeling is decomposition, i.e. the idea that we set apart 

behavior of the target system by abstracting from the complex natural (or social) 
convolution of things in the actual world. These features of idealization are expli-

1. INTRODUCTION

In the last few decades it has become widely accepted that idealizations enter in 
1 Idealization in 

idealizing assumptions enter in the development of models, and since the latter 
are constructed in order to represent physical systems questions about idealization 

it is important to address the character of idealization. Despite the widely shared 
view of the importance of idealization there is, however, no consensus as to how 
to construe its character and its epistemological implications.
 In this essay I shall not address any epistemological questions that arise from 
the use of idealization in science. Instead I shall focus on the character of idealiza-

1 Amongst others, this is largely due to the work of Ernan Mcmullin, “Galilean Ide-
alisation”, in: Studies in History and Philosophy of Science 16, 1985, pp. 247-273; 
Frederick Suppe, The Semantic Conception of Theories and Scienti c Realism. Ur-
bana: University of Illinois Press 1989; Leszek Nowak, The Structure of Idealization. 
Dordrecht: Reidel Publishing Company 1980; Nancy Cartwright, Nature’s Capacities 
and their Measurement. Oxford: Clarendon Press 1989.

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
DOI 10.1007/978-94-007-5845-2_20, © Springer Science+Business Media Dordrecht 2013
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analyze three different kinds of idealization which enter in economic modeling. I 

to draw attention to the fact that the same kinds of idealization are discernible in 

been the subject of inquiry of a growing number of philosophers in the last few 
decades.2 Although there is no agreement among philosophers neither regarding 
the function of models nor regarding the nature of their relation to their respective 
target systems,3

descriptions of their targets. In other words, that many of the complexities that are 
-

els.

Scientists also simplify by the use of mathematical approximations and possibly 

and neither with how these blend together with idealization in the construction of 
-

models. I defend the claim that the categorization, I suggest, can improve our 
understanding of modeling in economics as well as in other disciplines. A further 
goal of this paper is to highlight a kind of idealization that has received little atten-
tion in the literature, which I call decomposition.

2 See for instance, Ronald Giere, Explaining Science: A Cognitive Approach. Chicago: 
The University of Chicago Press 1988; Margaret Morrison, “Models as Autonomous 
Agents”, in: Mary Morgan and Margaret Morrison (Eds.), Models as Mediators: Per-
spectives on Natural and Social Science. Cambridge: Cambridge University Press 
1999, pp. 38-65; Cartwright, The Dappled World: A Study of the Boundaries of Sci-
ence. Cambridge: Cambridge University Press 1999; and Newton da Costa and Steven 
French, Science and Partial Truth. Oxford: Oxford University Press 2003.

3 The more recent attempts to explore the functions of models also allow, for example, 
older philosophical debates to be reborn albeit within a new framework and a new lan-
guage. One such instance is the debate on the methodological character of economics, 

to understanding (see Wenceslao J. Gonzalez, “From Erklären-Verstehen to Predic-
tion and Understanding: The Methodological Framework of Economics”, in: Matti 
Sintonen, Petri Ylikoski and Karlo Miller (Eds.), Realism in Action: Essays in the 
Philosophy of Social Sciences. Dordrecht: Kluwer 2003, pp. 33-50).
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2. IDEALIZING ASSUMPTIONS IN MODELING

Uskali Mäki makes use of von Thünen’s classic economic model of the isolated 
state in order to explore the notion of idealization. Von Thünen invites his reader 
to:

Imagine a very large town, at the center of a fertile plain which is crossed by no navigable 
river or canal. Throughout the plain the soil is capable of cultivation and of the same fertil-
ity. Far from the town, the plain turns into an uncultivated wilderness which cuts off all 
communication between this State and the outside world. There are no other towns on the 
plain.4

The above quote is suggestive of the characteristics of von Thünen’s economic 
model. Uskali Mäki goes on to spell out the assumptions that lie beneath it. Here 
is Mäki’s complete list of assumptions:

1) The area is a perfect plain: there are no mountains or valleys. 2) The plain is crossed by 
no navigable river or canal. 3) The soil in the area is throughout capable of cultivation. 4) 
The soil in the area is homogeneous in fertility. 5) The climate is uniform across the plain. 
6) All communication between the area and the outside world is cut off by an uncultivated 
wilderness. 7) At the center of the plain there is a town with no spatial dimensions. 8) 
There are no other towns in the area. 9) All industrial activity takes place in the town. 10) 
All markets and hence all interactions between the producers are located in the town. 11) 

there are no intermediate products and no non-market relationships between producers. 12) 
Transportation costs are directly proportional to distance and to the weight and perishability 

-
stant over space. 15) The agents are rational maximizers of their revenues. 16) The agents 
possess complete relevant information.5

Mäki asks what functions these assumptions serve, since they are obviously false 
if they are about a real economy. His answer reveals how he conceives idealiza-

neutralizing a number of causally relevant factors by eliminating them or their 
6 Thus what modelers do, according to Mäki, is completely omit some 

factors relevant to the behavior of the target system or omit some characteristics of 

a conceptual act he calls isolation. Mäki is not the only philosopher to understand 
the character of idealization along these lines.

4 From Uskali Mäki, “Models and the Locus of their Truth”, in: Synthese 180, 2011, pp. 
47-63, p. 50.

5 Ibid. p. 50.
6 Ibid. p. 51.
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 Ernan Mcmullin, for example, claims that, “every theoretical model idealizes, 

leaves out of account features deemed not to be relevant to the explanatory task 
at hand”.7 He goes on to distinguish between two different ways this is done. He 

the kind of explanation aimed by the model, formal idealization; and the case when 
material 

idealization. Mcmullin’s distinction between formal and material idealization, as 
well as what he calls subjunctive idealization, concerns the levels of language at 
which idealizations enter. In other words, material idealizations do lie beneath the 
construction of a model but are usually dictated by the theory for which the model 
is an application, i.e. they are necessary conditions for theory application within 
a particular domain that inter alia provide the theoretical underpinnings of the 
model. On the other hand, formal idealizations – and the same goes for subjunctive 
idealizations – are explicit or implicit assumptions used to set-up the model per se, 
i.e. they are contingent features of the theory application the model is meant for or 
of the problem situation the model aims to provide a solution for. In all cases (and 
in particular in formal idealization, which is the kind of idealization that is primar-
ily operative at the level of modeling) however, Mcmullin construes idealization 

features is a straight forward case, e.g. omitting frictional effects altogether from 

idealization where relevant features that are retained in the model description are 

are perceived in the target system, e.g. representing a body in a physical system 
Mäki blend 

8

 The minor differences in their views, as well as their terminological differ-
ences, can be attributed to the different perspectives they have. Mcmullin con-
ceives idealization as an act that does not change the reference of the language of 

model as relating more or less directly to its target. Whereas, Mäki sees idealiza-
tion as shifting the reference of the language of the model from the target to an 
‘imaginary’ situation which is indirectly related to the actual target (thus he calls 

7 Mcmullin, Ibid. p. 258.
8 In fact, many authors blend the two notions. For instance, Nowak, Ibid., blends them 

into his notion of ‘idealization’. Similarly, Morrison, “Models, Pragmatics and Heuris-
tics”, in: Dialektik 1, 1997, pp. 13-26, blends them into her notion of ‘computational 
idealization;’ and Steven French and James Ladyman, “Semantic Perspective on Ide-
alisation in Quantum Mechanics”, in: Niall Shanks (Ed.), Idealisation IX: Idealisation 
in Contemporary Physics, Poznan Studies. Vol. 63, Amsterdam: Rodopi 1998, pp. 51-
73, also blend them into their notion of ‘idealization’.
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the result of idealization, ‘isolation’). These differences, although interesting, are 
of no importance to my concerns in this paper. What is of importance is the fact 
that both authors conceive idealization as the act of omitting features of the target 
system from the model description. Furthermore, that the act of omission can be 
distinguished into two sorts: complete omission of a relevant factor to the target’s 

-
tor that is retained in the model description.9
 Although I do not dispute the general way by which Mcmullin and Mäki con-
ceive the methodological aspects of idealization, I do think that the picture they 

factor. To clarify these notions for the purpose of understanding the character of 
idealization I think one should address “what is involved in simplifying a feature” 

adequate answers are given to these questions we are still not led to an adequate 
conception of idealization as employed in modeling by relying solely on the above 
two sorts of omission. I shall argue that adequacy is achieved when we augment 
our conception of idealization with the idea of decomposition. I shall try to clarify 
these points with reference to the isolated state model in the next section.

3. THREE KINDS OF IDEALIZATION: ISOLATION,
STABILIZATION, DECOMPOSITION

A closer examination of the assumptions underlying von Thünen’s model reveals 
that the ways by which they differ allow various ways by which one could cat-
egorize them, depending on one’s perspective. Mäki’s idea that the underlying 
idealizing assumptions all serve the function of isolation, i.e. they enable the con-
struction of a description that refers to a situation in which some of the factors and 
characteristics of the target system are conceptually screened-off from the rest, 
may be found useful if one is interested in questions regarding what the model 
refers to and how that relates to the actual target. However, if one is interested in 
questions concerning the cognitive act involved in the introduction of idealiza-

9 Not all philosophers agree with this idea. For example Cartwright, Nature’s Capacities 
and their Measurement, claims that two distinct thought processes are involved; that 
of idealization, which she conceives as the act of distortion of the target of a model, 
and that of abstraction, which she conceives as the act of omitting causally relevant 
factors from the model description. Similarly, Suppe, Ibid., makes the same distinction 
on roughly the same grounds. Although I shall not argue for this, I side myself with 
Mcmullin and Mäki on this issue and understand idealization as the conceptual act of 
abstracting from the complexities of the target system, or purposefully eliminating fac-
tors altogether or some of their features from the model description.
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tions for the construction of models then the notion of isolation (in Mäki’s sense) 

i.e. controlling the variability of parameters.10 For example, assumption (6) is a 
straight-forward kind of omission that screens-off all communication between the 

to the economy the model aims to describe does not prohibit talk about economy. 
Assumption (7), however omits the spatial dimensions of the town. Any model 
must talk about something, in this particular case it must talk about a location in 
which all economic transactions take place, but the dimensions of the town can 
be omitted without making talk about economic relations unsound. Furthermore, 
different assumptions concern different processes of the economy. For instance, 
assumptions (3), (4) and (5) concern production, whereas assumptions (1), (2), 
(12) and (13) concern transportation, and assumptions (10), (15) and (16) concern 

assumptions, from the perspective of the thought process, into three kinds: isola-
tion, stabilization, and decomposition.
 Isolation is the act of abstracting from some relevant factors that are found in 
the target system or conceptually omitting entire characteristics of the target sys-
tem, i.e. setting the value of variable parameters to zero. In von Thünen’s model 
several assumptions involve an isolation component. For example, assumption (3) 
omits all possible obstacles of cultivation, e.g. large rocks. Similarly, assumption 
(2) omits all rivers and canals and assumption (6) omits all kinds of communica-

the component parts of the model from an outside world. Notice that, although I 
borrow the term from Mäki, what I call here ‘isolation’ is the act of conceptually 
screening-off a certain situation from some factors that are present in the actual 

as Mäki uses the term. Some authors have referred to this act as ‘abstraction’ but 
I think this will not do because abstractive analyses are much more general and 
seem to be involved in all three kinds of idealization.
 Generally, isolation consists in the omission of existence claims about the 

-
gated behavior of a phenomenon, i.e. in isolation we omit the information present 
in the claim that “there exists a factor x
y
vividly present. For example, in Piaget’s work the development of human cogni-
tive capacities and abilities is treated as a series of distinct stages from infancy to 
adolescence, i.e. from sensor motor stage to the more complex formal thinking and 
knowledge acquisition. Such treatment relies on assumptions that lead to an ideal-

10 This is not a claim that there is one perspective of analyzing idealization which is of 

thought process) behind idealizing assumptions we can learn something of interest and 
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ized model for cognitive development since cultural, historical, and geographical 
11

 Stabilization is the act of conceptually omitting some of the characteristics 
(constitutive parts) of a factor involved in the behavior of the target system while 
retaining the factor itself in the model description, albeit without the features omit-
ted.12

the naturally occurring magnitude of a characteristic or when we abstract from the 
variability of a characteristic. In von Thünen’s model several assumptions involve 
a stabilization component. For instance, assumption (1) involves the claim that the 
area is a perfect plain, in other words the variability of the angle of inclination of 
the area is omitted, i.e. the area is assumed to have constant inclination. In addi-
tion to this omission, the assumption involves a synthesis of information, namely 
a particular value is given to the angle of inclination, that of zero. Assumption (4) 
involves the claim that the soil’s fertility is homogeneous, i.e. all “impurities” that 
would otherwise disturb the fertility of the soil are omitted (or more generally, it 
abstracts away from the variability of fertility). Such assumptions do not eliminate 
the features of ‘being an area of cultivation’ or ‘having fertility’ altogether, thus al-
lowing the model to talk about them albeit not with all their actual characteristics. 
Similarly, assumptions (15) and (16) involve the claims that the agents are rational 
maximizers of their revenues and that they possess complete relevant information, 
by abstracting away from the fact that rationality (in the economic sense) and 
possession of relevant information are variable characteristics and furthermore 
attributing to these aspects of agents extremum values. These assumptions also 
do not altogether eliminate the features of an agent having ‘cognitive ability’ or 
‘informational capacity’, but they alter some of the actual characteristics of these 
features.
 Some authors view such idealizations as often involving a distortion of the 
actual characteristics of a factor.13 Although this may be the case if such idealizing 
assumptions are examined from the point of view of the conceptual construct, if 
one examines them from the perspective of the conceptual act that gives rise to the 

shaping conceptual constructs for the purposes at hand?” That which is common 
to such assumptions as the ones described is that they involve the omission of the 

11 Jean Piaget, The Origins of Intelligence in Children. International Universities Press: 
New York 1952.

12 I borrow the term ‘stabilization’ from Renata Zielinska, “A Contribution to the Char-

and Leszek Nowak (Eds.) Idealisation II: Forms and Applications, Poznan Studies. 
Vol. 17, Amsterdam: Rodopi 1990, pp. 9-22, in which it is used to express a more or 
less similar idea.

13 E.g. Cartwright, Nature’s Capacities and their Measurement, op. cit.; Michael Weis-
berg, “Three Kinds of Idealization”, in: The Journal of Philosophy CIV, 2007, pp. 
639-659.
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information that a quantity is variable synthesized with the information that the 
-

mation that there exists a natural upper or lower bound to the parameter). In other 
words, there is a limit to how small the angle of inclination of a piece of land of 

any actual piece of land found on an almost spherical surface cannot be a constant 
quantity. Similarly, there is a limit to the actual fertility of the soil being homoge-

from place to place. Finally, not all agents have the same cognitive ability and not 
all are uniformly informed; furthermore, there is a limit to the cognitive ability of 
an agent, and also there is a limit to how informed an agent can be. Removing such 
information is equivalent to abstracting from the variability of the factor and omit-
ting the information that there exists a limit to how a factor is or manifests itself 
in actual circumstances in relation to one or more of its characteristics and at the 
same time attributing to the factor a particular value. An equivalent way to express 
the kind of idealization involved in stabilizations is this: we omit the information 
present in the claim that “there exists a variable characteristic x of a factor y the 

z” 
and attribute to the characteristic a particular value (often an extremum).

instance, in cognitive psychology and in particular in Piaget’s theory of cognitive 
development, the development is assumed to occur as if it follows an invariable 
pathway through which children develop their thinking repertoire. There is enough 
evidence, however, to know that in reality much of cognitive development follows 
a far from smooth and linear course. In other words, the course of cognitive devel-
opment is variable, and the assumptions upon which Piaget’s model relies abstract 
from the variability and consider cognitive development as if it follows a linear 
course.
 So far I have analyzed idealization as isolation, which is present in both Mäki’s 
and Mcmullin’s analyses; and idealization as stabilization, which – as I suggest – 

the conception of idealization I suggest lies in the third kind of idealization, which 

extent of idealization.
 Decomposition is the conceptual act of setting apart factors, clusters of fac-
tors, processes, or mechanisms in our model descriptions; a rough way to put it, 
is that decomposition is the conceptual act of abstracting from interconnection 
and interaction. Decomposition is rarely an explicit feature of the model or of 
the idealizing assumptions that underlie the model. Most of the times they are 
implicitly present in the underlying assumptions. They are implicit features of the 
model when we separate the effects of a common cause, or when we separate the 
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causes of a particular effect, but they are also implicit features of the model when 
we construct a manifold of – frequently incompatible – models in order to investi-
gate different properties of the target by the use of different models. For instance, 
when a body performs translational motion in air and we model it by removing 
air from our description, in order to improve our representation of the target we 
reintroduce the effects of air, e.g. impedance of the motion due to air resistance, 
effects of the buoyancy in air on the motion of the body, rotational motion due to 
inhomogeneous air disturbances and so on. However, it is not possible to separate 
these effects in an experimental set-up, when air is present then all of the above 
three effects, as well as others, are present. In other words, the decomposition is 

14

 In von Thünen’s model decomposition is not explicitly stated but it is tacit in 
the underlying model assumptions. The model treats the economy of the isolated 
state as if the following processes are decomposed: production, transportation and 
distribution, exchange and consumption. To get a clear indication of the decompo-
sition of these processes in the model we must read behind the lines of each of the 
idealizing assumptions. For instance, assumption (2) that omits the presence of a 
navigable river or canal, in addition to involving an isolation, concerns the process 
of transportation and treats it as if it is independent of other processes. Similarly, 
assumption (3) that assumes uniform cultivation of the soil, in addition to involv-
ing a stabilization, concerns only the process of production and treats it as if it is 
independent of other processes. Similarly, assumption (16) that ascribes to agents 
complete relevant information, in addition to involving a stabilization, concerns 
the process of exchange and consumption and treats it as if it is independent from 
other processes. These are just examples to emphasize the tacit presence of de-
composition in the assumptions of the model. I do not mean to suggest that each 
and every assumption of the model concerns only one of these processes and sets 
it apart from the rest. Some of the assumptions of a model may concern only one 
process others may concern more than one.
 My point is that although the various assumptions used in setting up the model 
involve explicitly stated stabilizations and isolations, they also tacitly involve de-
composition. Von Thünen’s model of the ‘isolated state’ does not just isolate the 

of production, transportation and exchange within the economy it describes and 
treats them as if they are parallel and independent processes. The presence of 
decomposition can also be discerned by studying the assumptions and their con-
sequences in clusters. For example, assumptions (13) and (14) which state that 

space imply inter alia that no technological change takes place, thus no change 

14 Mcmullin, Ibid., comes close to the idea of idealization as decomposition in what he 
dubs ‘subjunctive’ idealization, by which he means conceptually setting apart causal 
lines. Decomposition, however, is much more general; and subjunctive idealization 
seems to me to be one of its particular modes.
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in production or transportation. Hence, the model implies no interaction between 
the three processes, i.e. production does not affect transportation and thus does not 

that the three processes operate parallel to each other and in tandem to produce the 
economic behavior of the isolated state.
 Idealization in its decomposition form is also present (in a rather explicit way) 
in cognitive psychology. For example, Sternberg’s theory of intelligence relies on 
the conception of intelligence as having a triarchic structure based on the follow-
ing three components: analytical, creative, and practical.15 Analytical intelligence 
is componential, that is it allows human cognition to “break down” reality into 
different parts or components. Creative intelligence involves insight, intuition, and 
generally a ‘divergent’ form of thinking. Sternberg’s third type of intelligence may 
have both analytical and creative elements, but more importantly it is contextual; 
practical intelligence leads to solutions to everyday problems. Decomposing the 
structure of intelligence as Sternberg does involves a conceptual act, the outcome 

-
ligence.

the processes we consider responsible for the observed behavior we are perform-
ing an idealization. Generally, decomposition consists in the omission of informa-
tion present in the claim that “there exists a single convolution of factors x that 
is responsible for the observed behavior y,” which in practice leads modelers to 
break down x into component parts x1,…, xn and to treat the latter as if they consist 
of disconnected modules or clusters of factors (or processes or mechanisms) act-
ing independently of each other and in tandem to produce the investigated behav-

-
tion about naturally occurring interconnections and interactions and construct de-
scriptions that purport to represent the complexity as the outcome of independent 
clusters of factors acting in tandem. So decomposition also involves analysis and 
synthesis. Clusters of factors are set apart and then placed together to construct an 
amalgam of components that purportedly produces the behavior of the target. Of 
course, interaction is often reintroduced into models as an addendum that aims to 
correct their predictions.16 In such cases the interaction term of models involves 
the interaction between the component parts of the model which are not neces-
sarily component parts of the natural or social world, but often are the conceptual 

17

15 See Robert Sternberg, Beyond IQ: A Triarchic Theory of Intelligence. Cambridge: 
Cambridge University Press 1985.

16 In Quantum Mechanics this reintroduction very often falls within the realm of pertur-
bation theory.

17 As I mentioned earlier, decomposition is usually an implicit feature of the idealizing 
assumptions of a model. Only rarely is decomposition a relatively explicit feature of a 
model. Most examples I know of such kind are to be found in physics and in particular 
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4. CONCLUSION

I have argued for understanding idealization as a conceptual act that can be dis-
tinguished into three kinds: isolation, stabilization and decomposition. All three 
kinds of idealization involve the conceptual act of variable control which amounts 
to omission of information. I have also argued that, in addition to isolations and 
stabilizations, an implicit feature of idealization in economics modeling is decom-
position, the idea that we set apart within our model descriptions clusters of factors 

the complex natural (or social) convolution of things in the actual world.
 Recognizing the presence of decomposition in idealizing assumptions in-

that decomposition is a kind of idealization that is present (whether explicitly or 
implicitly) not only in physics but also in economics, and in other sciences, leads 
us to acknowledge that not only idealization in its isolation or stabilization form 

gives rise to problems regarding the truth of the propositions that may be extracted 

purpose of this work.
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quantum mechanical modeling. I have explored one case of explicit decomposition in 
Demetris Portides, “Why the Model-Theoretic View of Theories Does Not Adequately 
Depict the Methodology of Theory Application”, in: Mauricio Suarez, Mauro Dorato, 
and Miklos Redei (Eds.), EPSA Epistemology and Methodology of Science, Volume 1. 
Dordrecht: Springer 2009, pp. 211-220.
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ON THE PHILOSOPHY OF APPLIED SOCIAL SCIENCES

ABSTRACT

The distinction between basic and applied research, widely used for the purposes 
of science policy, is notoriously vague and ambiguous. In earlier papers, I have 
argued that there is nevertheless a viable and systematic way of separating these 
two types of research.1 An important form of applied research includes design sci-

Simon.2 Applied social 

and social institutions into a desired direction, can be counted as important ex-
amples of such design sciences.

1. RESEARCH AND DEVELOPMENT

widely used within science policy. Research
development (D) is the use of results of research “to develop new 

Aristotle’s distinction 
between knowledge (Gr. episteme, Lat. scientia) and productive arts (Gr. techne). 

between science and technology: science is systematic and critical knowledge-
seeking by research, and technology is the design and use of material and social 
artifacts, the art and skill of this activity, and its products.3 In these terms, develop-
ment is the same as science-based technology.
 For pragmatists and instrumentalists, the situation is different: science is seen 
as a problem-solving activity, which uses Operations Research (OR) as its typical 
method. In my view, this blurring of R and D can be avoided if we make a proper 
distinction between cognitive and practical problems: solution of the former are 

Erkenntnis 38, 
-

ti Kuokkanen (Ed.), Idealization VII: Structuralism, Idealization and Approximation. 

The Sciences of the Arti cial

3 See Ilkka Niiniluoto, Is Science Progressive?

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
DOI 10.1007/978-94-007-5845-2_21, © Springer Science+Business Media Dordrecht 2013



Ilkka Niiniluoto

new knowledge claims, and those of the latter human decisions to act in a certain 
particular situation.

following Schumpeter, innovation means the development of technical discover-
-
5 

In this sense, innovation is a part of development (D) which is usually processed 
in industrial laboratories. In Finland, mainly due Nokia’s investments, privately 

innovation system. Cultural and social sciences may produce as their outcomes 
cultural and social innovations, if their results are developed in the public or pri-
vate sector. Examples include democracy, public school, Finnish comprehensive 
school, social security, the Nordic welfare state, child day-care, maternity pack 
and clinics, and social media.

2. BASIC VS. APPLIED RESEARCH

The OECD manual made a further distinction between two types of research: ba-
sic or fundamental research is systematic search of knowledge “without the aim 

applied research “pursuit of knowledge with 
-

 This distinction is not part of the classical legacy of science, since Aristotle’s 
famous division of theoretical and practical philosophy is quite different: practical 
sciences, which are concerned with the goals of good human life, include ethics, 
economy, and politics.

(technology) and applications of science (innovation), but they are stated in vague 

directed, and even mission-orientation involves some element of curiosity. There 

(Eds.), Probabilities, Laws, and Structures
5 See Evaluation of the Finnish National Innovation System: Policy Report

23.
100 Social Innovations from Finland

Centre Foundation, 
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of individual scientists, or to the goals of research sites (university vs. research 
institute) or funding institutions. It is thus no wonder that this division has been 

pragmatic division could be replaced by a systematic distinction.

3. UTILITIES

One approach might be based on utilities, understood not as variable personal or 
institutional motives but as objective standards for assessing quality or success. 

epistemic utili-
ties -
tory power, predictive power, simplicity) and practical utilities (effectivity of a 

ecological, esthetic, ethical, and social criteria). The former are relevant for the 
knowledge claims in science, the latter are principles to be used in technology 
assessment.8

 Applied research can be assessed both by epistemic utilities (it pursues knowl-
edge by usually applying the result of basic research) and practical utilities (its 
knowledge has instrumental relevance for some human activity). This can be seen 
in typical examples of natural and social applied sciences: engineering sciences, 
agricultural and forestry sciences, biotechnology, nanotechnology, clinical medi-
cine, public health, pharmacology, nursing science, didactics, pedagogy, applied 
psychology, social policy studies, social work, political science, business econom-
ics, communication studies, development studies, urban research, library science, 
peace research, military research, and futures studies.

 This idea 
was indeed the key to Francis 
allows us to control nature and “to subdue the necessities and miseries of human 

th century by new engineering 
and agricultural sciences. To elevate this model of applied science to a principle of 
all natural science is to assume the instrumentalist view of science which ignores 
the theoretical or epistemic interest of scholarly activities.

loc. cit.
8 See Isaac Levi, Gambling With Truth: An Essay on Induction and the Aims of Science. 

Philoso-
phy and Technology

Knowledge and Human Interests
 Cf. Niiniluoto, Is Science Progressive?, op. cit., p. 221.
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4. DESCRIPTIVE SCIENCE VS. DESIGN SCIENCE

Another approach is based on the logical structure of the knowledge claims in ba-
sic and applied research. Fundamental research is descriptive science in the sense 
that it describes reality (nature, mind, and society) by establishing singular facts 
about the past and the present and general laws (deterministic and probabilistic) 
about natural and social systems.11 Typical causal laws of the form

can be used for the purposes of explanation
prediction
 Examples of descriptive sciences include physics, chemistry, geology, biol-
ogy, ecology, medicine, history, ethnology, anthropology, psychology, legal dog-
matics, sociology, and social psychology.
 Predictive sciences, which develop and use methods for predicting and fore-
casting future events and phenomena, include predictive astronomy, meteorol-
ogy, social statistics, econometrics, and futurology. They are descriptive sciences 
which traditionally have been regarded as examples of applied science.

things are ought to be 12 
They can be called design sciences, in the broad sense that design is concerned 

-
sign, environmental and social planning). As attempts to seek knowledge about 
design activities, design sciences should not to be confused with science-based 
design itself. In the same way we have distinguished above science from technol-
ogy and practical problem-solving.

research and predictive science, and applied research so that it includes predictive 
science and design science.
 Design sciences usually have instrumental relevance to some professional 
practices and arts. For example, the profession of nurses practices nursing and the 
related art of caring the patients, and their activity can be studied and hopefully 
improved by nursing science. Similarly, we have the combinations politician/ad-
ministrator – politics – political science, merchant – trade – business economics, 
soldier – warfare – strategy – military science, and librarian – library work – li-
brary science.
 A profession Z, as a human or social activity, can of course be studied from 
many perspectives, among them the history of Z, the psychology of Z, the sociol-

11
Critical Sci-

enti c Realism
12 See Simon, op. cit
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ogy of Z, the economics of Z, and the ethics of Z. Some of these perspectives, 
which are usually included in the professional educational programs for Z, belong 

kernel of Z-studies which has the goal of improving the practice or art Z.
 These observations also explain the typical historical emergence of design sci-

13 First the practical 
skills are based on cumulative everyday experience and trial-and-error, then they 
are expressed by rules of thumb which are further developed into guide books. The 

with experiments.
 An example is provided by evidence-based medicine 
applies conditional commands or rules of the form

(2) If patient has symptoms S, use treatment X !

Such rules as such are not true or false, but we can gather clinical evidence for their 
validity by testing whether X cures or heals the disease with symptoms S without 
side effects. The implicit value premise of (2) that medicine wishes to maintain 

evidence-based 
practice
 A similar account can be given for evidence-based policies in society. Such 

-
ues used decisions are democratically negotiated, legitimate improvements can 
accomplished in environment, population, housing, education, health, economy, 
work, and services.

5. TECHNICAL NORMS

Already Simon hinted that design sciences are a special kind of normative science 

this idea can be expressed by formulating the knowledge claims of applied design 
sciences by conditional recommendations of the form

13
Theories and Models of 

Scienti c Processes

Kristian Klockars and Lars Lundsten (Eds.), Begrepp om hälsa. Stockholm: Liber, 
-

Nursing Inquiry
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Wright calls such statements technical norms.15 Even though uncondi-

-

it from a basic theory or law of the form (1)) or from below (by supporting the gen-
 It is important that such 

value-neutral in the sense that commitment of the researcher 
to the value A is not needed. Still, the conditional norm (3) is value-laden in the 
sense that it essentially involves a value premise as its antecedent. In von Wright’s 
terminology, a person, who accepts the value of A and believes to be in situation 

 The formulation of technical norms involves the language of actions and 
oughts. Thus, they presuppose the idea of agent causality: X is a factor or variable 
which can be manipulated by us. Design research makes sense only with respect 

 Von Wright was primarily concerned with the case where X is a necessary 

to do X). In the most general case, the end A is expressed by a utility function, the 

recommendation of doing X is relative to the conception of rationality (such as 
minimax or expected utility).
 A special issue for applied social sciences is the question whether there are 
laws about society which can serve as basis of social technical norms. The exis-
tence of such laws is often denied by noting that acting against prevailing social 
trends is always possible at least in principle, so that they are at best ideological 

-

regularities in human behavior may be enough. Still, the manipulability condition 
presupposes that such regularities are just not accidental constant conjunctions but 
are based upon propensities or some sort of generative powers of causal mecha-
nisms.

15 Norm and Action

a hidden value premise, see Ilkka Niiniluoto, “Should Technological Imperatives be 
International Studies in the Philosophy of Science

 Illustrations of both of these derivations in the case of ballistics are given in Niiniluoto, 
loc. cit.

 Theo Kuipers formulates design laws as causal regularities of the form “Functional 

-
EPSA 2011.
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6. VALUES IN APPLIED SOCIAL SCIENCES

The traditional ideal of value-free science has often been challenged in the context 
of the social sciences, where the researchers have social positions and political 
interests. Even though social scientists can empirically study the valuations of hu-
man beings in various cultures, it is not legitimate to appeal to one’s own values as 

this demand of value-freedom has been interpreted so that all axiological or nor-

design research the situation is quite different: as we have seen in Section 5, tech-
nical norms speak conditionally about values and goals, but the relation between 
means and ends can be defended in a value-neutral way.

18 Weber, who accepted the fact – value distinction, held that ul-

about instrumental value, or relations between given ends and rational means of 

 A related view was defended by Lionel Robbins in his widely read essay on 
economics.  According to Robbins, “economic is the science which studies hu-
man behavior as a relationship between ends and scarce means which have al-

-
cally are interested in socially relevant ends.
 Design sciences with technical norms of the form (3) can be used for rational 
planning and decision-making, when the end A is accepted as a basis of social 
action. The relevant value goal A may be characteristic to the design science: for 

welfare for social policy studies and social work, and peace for peace research. 

ethical, and political debates. The sources of values of technical norms may there-
by be in philosophical arguments, general morality and ethics, empirical value 

debates.
 This kind of multiplicity of values could be avoided, if moral or axiological 

or philosophical arguments. Then the antecedent A could be eliminated from the 

18 The Methodology of the Social Sciences
Aspects of Scienti c 

Explanation
 See Lionel Robbins, An Essay on the Nature and Signi cance of Economic Science. 
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such a realist position has its problems, as values are human-made social construc-
tions.  A democratic society should be open to free value discourse. In particular, 
futures studies should allow different value goals for its scenarios, including esti-
mates of the values of future generations.21

 The technocratic and conservative approach is to accept the value A uncriti-
-
-

cial conditions.22 The emancipatory approach proposes a goal A which is critical 
of the existing situation and implies radical changes in the social order.23 In this 
way, action research and critical social science can be included in the same model 
of social design science.
 The notion of technical norm illuminates also the existence of policy con icts 

A. It is important task of philosophical conceptual analysis in applied ethics to 
distinguish these different sources of disagreement.

7. EXAMPLES OF APPLIED SOCIAL SCIENCES

-
ples. The cases show what kinds of sciences have been neglected by philosophers 
of science.
 Richard 

-

to know how the population on the island could be controlled. The answer of the 
Titmuss report was clear: to reduce the need of large families with many children, 

 For a critical assessment of moral realism, see Ilkka Niiniluoto, “Facts and Values – 
Pragmatist 

Perspectives  

21 For an account of futures studies as a combination of visionary plans for improving 

Futures
which indicate paths from present situations to alternative futures, can be understood 

-

Futura 28, 1, 

22 The Poverty of Historicism
23 op. cit.
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introduce security by social policy programs. This recommendation can be for-
mulated as a technical norm: if you wish control population growth in poor coun-
tries, you should improve social security.
 Today social work examines the conditions required by people to function and 
survive day-to-day. The study of individual survival skills and strategies include 
child welfare, problems facing the youth, pressures in the family, ageing, and mar-

Waris Institute as a research and teaching clinic for urban social work.25 While 

life, the ultimate value premises of social policy studies and urban planning is the 
good of human beings, their quality of life, measured by subjective experiences 
(satisfaction, happiness) and objective social indicators (basic needs, food, hous-
ing, health, wealth, security, and education).

Allardt with three conditions: having (ma-
terial and economic resources), loving (human relations), and being -
dence, life politics).  Connections to Amartya Sen’s account of the quality of life 
in terms of a fair distribution of capacities or capabilities are obvious.  The mean 

-
tancy at birth), education (adult literacy, years of schooling), and living standards 

and costs of negative effects (crime, resource depletion, pollution, loss of wet-

development. It uses the formula: life satisfaction x life expectancy per ecologi-
cal footprint. These new measures of social progress are today actively discussed 
by governments in many countries, including the United Kingdom, France, and 
Finland, but applied research programs with these value goals still wait for their 

urban studies, and 

 Social Policies and Population Growth 
in Mauritius

25

The Quality of Life, 

 See Nussbaum and Sen, op. cit.
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research and applied design research: European metropolitan planning, urban his-
tory, social policy, urban sociology, urban economics, urban ecology, urban eco-
system, urban technological systems, and urban geography. The underlying values 
of these studies could be related to the classical ideals of urbanité (as opposed to 
rural life) – elegance, sophistication, politeness, fashion, learning, education, free 
thinking, public power, close services, interplay of work and leisure, and avoid-
ance of decadence, criminality, poverty, slums, dirt, noise, haste, and loneliness. 

world-class innovation and business centre based on the power of science, art, 

-
gistics centre, a European centre of expertise, a world-class business centre. The 

include customer-orientation, sustainable development, justice, economy, safety, 

strategic decision-making by gathering reliable information.
 Our Common Future -

sustainability 
-

cial development.28 An interesting example of a new type of research unit, which 
-

ogy and Ecology), -
-

diversity, but at the same time work for human, animal, plant and environmental 

Africa by addressing the interlinked problems of poverty, poor health, low agricul-
tural productivity and degradation of the environment.

Finland

28 See Taina Kaivola and Liisa Rohweder (Eds.), Towards Sustainable Development in 
Higher Education – Re ections

Insects and Africa’s Health: 40 
Years of ICIPE
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THE STATUS OF LIBRARY SCIENCE: FROM CLASSIFICATION
TO DIGITALIZATION

ABSTRACT

Aristotelian paradigm has made room for an interactice, technologically oriented 

-

1. INTRODUCTION

-

This information can also be recorded into computers, and into internet, an inter-

-

succeed in the profession, is much more sophisticated and demanding than it used 

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
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e-books (and e-magazines -
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paradigm change -

 The so-called digital revolution -

-

2. ON BOOKS

They contain alphabetic symbols and other signs, occasionally also pictures, pho-



-

Writing. The Story of Alphabets and Scripts,1 Jean traces 

-
ing systems are based on the idea that speech has to be co-ordinated to signs that 

th st
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Ibid
Ibid
Ibid
Ibid
Ibid
Ibid



biblion refers to a paper, 

-
Plato 

short stories (or nouvelles

-
web books

mental -

Noetically

Metro 2033 as 
dystopia 

Ibid
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3. ON LIBRARIES

them in any order or disorder at their home, whereas public libraries systemati-

-

-

librarium that indicates a place, 
libri liber

other items that their customers can loan for reading, watching or listening pur-

11 Metro 2034 www.like. .kyet/
metro 

Verktygslära f r losofer
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The Story of Jazz
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Ficciones
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gone a thorough paradigm change
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The Culture of Literacy
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6. CONCLUSION

concrete sense as artefacts and buildings, 
and also in an abstract meaning as mental and conceptual contents, or in a virtual 

-
spread techno optimism that is especially connected to computers, internet and 

-

-
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WENCESLAO J. GONZALEZ

THE SCIENCES OF DESIGN AS SCIENCES OF COMPLEXITY:
THE DYNAMIC TRAIT1

ABSTRACT

The sciences of design can be analyzed as sciences of complexity. This involves 
taking into account the twofold complexity in science: the structural and the dy-
namic. Thus, the analysis can move from structural complexity to dynamic com-
plexity. Here the focus is on the dynamic trait, which means the study of change 
in complex dynamics. In this regard, there are three main notions: process, evo-
lution, and historicity. This paper draws attention to the need for historicity in 
human-made disciplines which include the emphasis on “activity” rather than on 
“behavior”.

1. TWOFOLD COMPLEXITY IN SCIENCE: STRUCTURAL AND DYNAMIC

A central feature of many sciences is complexity,2 which affects problems, meth-
-

plexity concerns the structure and the dynamics of a given science or a set of 
sciences.3 Thus, complexity can be focused either from the structural perspective 

regard to the framework or constitutive elements present in a science or group of 
sciences, whereas in the second possibility the analysis of complexity is related to 
change over time of the motley elements involved in that science or collection of 
sciences, taking into account the forces generating the change.4

1 This research project is supported by the Spanish Ministry of Science and Innovation 
(FFI2008-05948).

2 Complexity is a topic that might be focused from quite different angles, cf. Klaus 
Mainzer, Thinking in Complexity. The Computational Dynamics of Matter, Mind, and 
Mankind. Berlin: Springer 2007, 5th ed.

3 In the case of economics, which is the discipline central to this paper, this can be seen 
in the papers collected in the three volumes of John Barkley Rosser Jr (Ed.), Complex-
ity in Economics. Cheltenham: E. Elgar 2004.

4 These categories of structural and dynamic can be used to articulate lists of kinds 
of complexity such as “multilevel organization, multicomponent causal interactions, 
plasticity in relation to context variation, and evolved contingency”, Sandra D. Mitchell, 
Unsimple Truth: Science, Complexity, and Policy. Chicago: The University of Chicago 
Press 2009, p. 21.

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
DOI 10.1007/978-94-007-5845-2_24, © Springer Science+Business Media Dordrecht 2013
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 When the point of view of the analysis is dynamic, the emphasis is on notions 

-
namic viewpoint, dynamics is not merely a type of attribute that has a relation to a 
possible potential power (“dynamis”). In principle, dynamics should also be con-
nected to something with actuality or actively existing (“energeia”) that involves 
change over time.
 These complex aspects of the world that change in different ways might be 

of dynamic complexity, is also present in the sciences of design, such as econom-
ics.5 De facto, the complex dynamics of economics receives frequent attention, 
mainly in the sphere of macroeconomics (e.g., market mechanisms, business cy-
cles, economic growth, economic development, etc.),6 where there are commonly 
more factors involved than in the realm of microeconomics.
 As a matter of fact, the sciences of design have twofold complexity: a complex-
ity in their constitutive components – the complex framework – and a complexity 
in the dynamics, which involves aims, processes, and results. In these disciplines, 

-
ments operate as a teleological procedure open to many possibilities in the future. 
Moreover, insofar as the sciences of design are developed as applied sciences, as 
happens in economics, there is a combination of prediction and prescription.7 This 
feature towards the future increases the dynamic complexity of this science.
 Here the main interest is in the dynamic trait of the sciences of design under-
stood as sciences of complexity. Thereafter, the attention shifts to the repercussion 
of the dynamic complexity for making economic predictions. Thus, this paper 
complements an earlier one on “Complexity in Economics and Prediction: The 
Role of Parsimonious Factors”,8 which was primordially oriented towards struc-

5 Cf. Herbert Simon, The Sciences of the Arti cial. 3rd ed., Cambridge (Mass.): The 
MIT Press 1996; and Simon, “Organizing and Coordinating Talk and Silence in Orga-
nizations”, in: Industrial and Corporate Change 11, 3, 2002, pp. 611-618.

6 A good example can be found in Richard Day, Complex Economic Dynamics. Vol. I, 
Cambridge (Mass.): The MIT Press 1994; and Day, Complex Economic Dynamics. 

-
cal systems and market mechanisms, whereas the second volume analyzes macroeco-
nomic dynamics.

7 On the general angle, see Simon, “Prediction and Prescription in Systems Modeling”, 
in: Operations Research
ceslao J. Gonzalez, “Prediction and Prescription in Economics: A Philosophical and 
Methodological Approach”, in: Theoria 13, 32, 1998, pp. 321-345.

8 Cf. Gonzalez, “Complexity in Economics and Prediction: The Role of Parsimonious 
Factors”, in: Dennis Dieks, Wenceslao J. Gonzalez, Stephan Hartmann, Thomas Uebel, 
and Marcel Weber (Eds.), Explanation, Prediction, and Con rmation. Dordrecht: 
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tural complexity. In this paper, the next steps are the following: (i) the relation 
between structural complexity and dynamic complexity; (ii) the change in com-
plex dynamics in terms of process, evolution and historicity; and (iii) the need for 
historicity in human-made disciplines, taking into account the differences between 
behavior and activity.

2. FROM STRUCTURAL COMPLEXITY TO DYNAMIC COMPLEXITY

complexity. This complex framework can be seen in the constitutive elements of a 

aims, and values. They can be analyzed in economics as a science in the realm of 
the human-made. On the other hand, a science of design involves a complexity in 
the dynamics, especially when it is working as an applied science. So, a science 
of design is a teleological human activity that seeks the solution of concrete prob-
lems. It uses a complex practical system organized by aims, processes, and results. 
These are very noticeable in applied economics when dealing with problems such 

 Initially, this twofold complexity, which is available in a science of design 
like economics, leads to two general philosophic-methodological issues: a) how 
the structural complexity articulates with the dynamic complexity (in this case, as 
a human-made discipline); and b) how the second evolves over time, introducing 

-
sider what the adequate concepts to grasp the changes in a complex dynamics are. 
These issues are particularly relevant for economic predictions, because they are 
commonly related to dynamic systems and need to deal with important changes, 
both in the “internal” side of economics (“economic activity”) and in the “exter-
nal” environment around economics (“economics as activity”).
 Regarding the articulation between both kinds of complexity, it seems clear 
that “structural” is interwoven with “dynamical” when a structure has a func-

the complex structure, which requires some dynamic procedures,9 and a relation 
between a multifaceted whole and its parts is not static in many cases. Nicholas 
Rescher includes several of these aspects in his characterization of complexity,10 

Springer 2011, pp. 319-330.
9 According to John Foster and Stan J. Metcalfe, in the case of economics, “complex 

systems are network structures and should be dealt with as networks, not collapsed 
into analytical functional relationships, such as the production functions that underpin 
most of conventional growth models”, Foster and Metcalfe, “Evolution and Economic 
Complexity: An Overview”, in: Economics of Innovation and New Technology 18, 7, 
2009, p. 609.

10 Cf. Nicholas Rescher, Complexity: A Philosophical Overview. New Brunswick, NJ: 
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even though his approach is mainly related to “structural complexity” rather than 
focusing on “dynamic complexity.” He distinguishes epistemic modes of com-
plexity (descriptive, generative, and computational) and ontological modes of 
complexity (compositional, structural – i.e., organizational and hierarchical –, and 
functional complexity).11

 Rescher’s characterization is open to some dynamic aspects of complexity 
that are relevant for a science of design. These dynamic aspects might be seen in 
the generative complexity, within the epistemic modes of complexity, as well as in 
the operational complexity and the nomic complexity, which belong to the group 
of ontological modes. Following this view, the complex structure of a science of 
design, such as economics, requires a development over time, either to produce 
the complex system at stake (“generative complexity”) or to make the variety of 
types of functioning (“operational complexity”) and the possible laws or norms 
governing the phenomena at issue (“nomic complexity”).
 According to this characterization of complexity, oriented towards epistemol-
ogy and ontology, Rescher criticizes Simon explicitly for being too general in his 
conception of “complexity.” This author sees a complex system mainly in struc-
tural terms based on a holological perspective. Thus, for Simon, a complex system 
is “one made up of a large number of parts that have many interactions.”12 In such 
systems, “given the properties of the parts and the laws of their interaction, it is 
not trivial matter to infer the properties of the whole.”13 Meanwhile, for Rescher, 
this description is not particularly helpful, since few things (natural, social, or 

14 He considers that the 
emphasis on complexity cannot be in “the extent to which chance, randomness, 
and the lack of lawful regularity in general is absent.”15

 Obviously, when the system follows laws or norms, these rules can be more 
or less complex. Furthermore, the changes over time might be somehow shallow 
(“evolutionary”) or clearly deep (“revolutionary”) as well as continuous or dis-
continuous. In his view, Rescher highlights that complexity might be functional 
and, therefore, it can be complex in dynamic terms. Thus, when the systems are 
goal-directed in their modus operandi, as is commonly the case in the sciences 
of design,16 they do this “generally towards a plurality of potentially competing 

Transaction Publishers 1998, pp. 1-26; especially, pp. 8-16.
11 Cf. Rescher, Complexity: A Philosophical Overview, p. 9.
12 Simon, The Sciences of the Arti cial. 3rd ed., pp. 183-184.
13 Simon, Ibid., p. 184.
14 Cf. Rescher, Complexity: A Philosophical Overview, p. 22, note 14.
15 Rescher, Ibid, p. 8.
16

as a Design Science”, in: Maria Carla Galavotti, Roberto Scazzieri, and Patrick Sup-
pes (Eds.), Reasoning, Rationality and Probability. Stanford, CA: CSLI Publications 
2008, pp. 165-186; especially, pp. 169-171.
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goals.”17 He thinks that there might be in the system a complexity operational, 
which is “displaying dynamic complexity in the temporal unfolding of its pro-
cesses”, or it can be nomic, which is “a timeless complexity in the working inter-
relationships of its elements.”18

 Certainly, Simon is not unaware of the existence of a complex dynamics, in-
sofar as he “explores the dynamic properties of hierarchically organized systems 
and shows how they can be decomposed into subsystems in order to analyze their 
behavior.”19 But his view of dynamic complexity in the science of design is re-
stricted, insofar as he is primarily oriented to the evolution of complex systems 
that are usually hierarchical. For him, “among possible forms, hierarchies are the 
ones that have time to evolve.”20 In addition, he thinks that there are systems where 
“the whole is more than the sum of the parts”,21 which seems open to the idea of 
emergent properties.22 This is the case in economics, where the complexity of eco-
nomic structures can lead to emergent properties.23

 Meanwhile Rescher has, in principle, a wider scheme of things regarding dy-
namic complexity in science than Simon, due to his pragmatic approach connected 
to a metaphysical realism.24 When Rescher analyzes complex changes in science, 
he is commonly thinking in terms of processes, whereas Simon tends to think 
of complexity as an adaptation of an evolutionary kind. But it seems to me that 

of design. Thus, besides the valuable set of possibilities that Simon and Rescher 
have presented, we need to think of enlarging the collection of options of dynamic 
complexity in order to complete the main elements of complexity.
 J. Barkley Rosser takes that direction and offers us a broader vision of the 
complexities of complex dynamics.25 His view is open to a “historicity” in the 
analysis of the dynamics of complex systems, insofar as he emphasizes the exist-

17 Rescher, Ibid, p. 15.
18 Rescher, Ibid, p. 12.
19 Simon, The Sciences of the Arti cial. 3rd ed., p. 184. Cf. Simon, “Near Decompos-

ability and the Speed of Evolution”, in: Industrial and Corporate Change 11, 3, 2002, 
pp. 587-599.

20 The Sciences of the Arti cial. 3rd ed., p. 197. See also in the same book pages 188-190.
21 Simon, Ibid, p. 184.
22 “The prospects for the emergence of an effective complex system are much greater if it 

has a nearly-decomposable architecture”, Simon, “Complex Systems: The Interplay of 
Organizations and Markets in Contemporary Society”, in: Computational and Math-
ematical Organizational Theory 7, 2001, p. 82.

23 Cf. Karl-Ernst Schenk, “Complexity of Economic Structures and Emergent Proper-
ties”, in: Journal of Evolutionary Economics 16, 2006, pp. 231-253.

24 Cf. Rescher, “Pragmatic Idealism and Metaphysical Realism”, in: John R. Shook and 
Joseph Margolis (Eds.), A Companion to Pragmatism. Oxford: Blackwell 2006, pp. 
386-397.

25 Cf. Barkley Rosser Jr, “On the Complexities of Complex Economic Dynamics”, in: 
Journal of Economic Perspectives 13, 4, 1999, pp. 169-192.
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ence of discontinuities in their changes (including catastrophes). He maintains that 
the studies of complexity in a variety of disciplines, including economics, have 
evolved out of earlier work using nonlinear dynamics. They have been used to ex-
plain such phenomena as path dependence in technological evolution and regional 
development as well as “the appearance of discontinuities, such as the crashes of 
speculative bubbles or the collapses of whole economic systems.” 26

2.1 Process, evolution, and historicity: The change in complex dynamics

Besides the articulation of structural complexity and dynamic complexity, the is-
sue of how the complex dynamics changes over time is crucial. In this regard, 
complex dynamics can be characterized at least in three terms: process, evolution 

for the analysis of complexity in a science such as economics.27 The term has a 
metaphysical basis, as Rescher has pointed out in his criticism of Peter Strawson.28 
The second term – evolution – is extremely frequent when dealing with dynamic 
complexity,29 and certainly “evolution” is not incorrect in this realm. But it seems 

related to the sciences of design, in general, or economic predictions, in particular. 
The third term – “historicity” – seems more in tune with the reality of complex 
changes in economics. Moreover, historicity might be considered as a key factor 
for understanding the problems for economic predictions.
 “Process” is a term explicitly assumed by Richard Day when he maintains 
that “complex dynamics
overlapping waves, switches in regime (…). These types of change are very dif-
ferent than the stationary states, periodic cycles, and balanced paths of growth. But 
they are ubiquitous phenomena in the economics of experience.”30 In this regard, 
concerning complex dynamics in general, Rescher is particularly keen on the no-
tion of process.31 His perspective seems useful for contextual aspects of econom-
ics (e.g., those related to technological innovations), because the key distinction 

26 Barkley Rosser Jr, Ibid, p. 169.
27 A proposal in this regard, focused on economics, can be found in Martin Shubik and 

Eric Smith, “Building Theories of Economic Process”, in: Complexity 14, 3, 2008, pp. 
77-92.

28 Cf. Rescher, Process Methaphysics. Albany: State University N. York Press 1995, pp. 
60-62.

29 A classical example is Philip W. Anderson, Keneth J. Arrow, and David Pines (Eds.), 
The Economy as an Evolving Complex System, Santa Fe Institute, Santa Fe, NM, 1988.

30 Day, Complex Economic Dynamics. Vol. I, p. 4.
31 Rescher has also developed a set of ideas regarding evolution, cf. Rescher, A Useful 

Inheritance. Evolutionary Aspects of the Theory of Knowledge. Savage, MD: Rowman 

the “Varieties of Evolutionary Process”, pp. 5-12.
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is – for him – between “product-productive processes” and “state-transformative 
processes.”

-
thing tangible, a thing or “substance” (e.g., the manufacturing processes that pro-
duces a medicine); and the second type is the process that merely transform states 
of affairs, paving the way for further processes without issuing in particular things 
or states thereof (e.g., windstorms).32 In addition, Rescher emphasized the exist-
ence of owned and unowned processes, where the former is connected with agents 
(which is frequently the case of economics), whereas the latter does not represent 

33

 Another term closely related to the change in complex dynamics is “evolu-
tion.” 34 Moreover, the idea of evolution is particularly frequent in the analysis of 
dynamic complexity in science, including sciences of design such as economics. 
Thus, it happens that, among the economists interested in complexity, a number of 

their views, such as Friedrich Hayek, Joseph Schumpeter, Herbert Simon, Rein-
hard Selten, etc.35 Undoubtedly, evolution is a term that can be understood in quite 
different ways, but the evolutionary approach to economics is de facto dominated 
by schemes that are mainly Lamarckian or Darwinian.36

 Commonly, when dynamic complexity in economics is related to evolutionary 

early biological grafting, where the economic system was understood as an organ-
ism with important similarities to biological entities; b) the conception of learning 
as an “engine of growth”, because the generation of new knowledge leads to in-

behavioral theory of economics –, where Simon has a key role with the notion of 
“bounded rationality” and the distinction between “substantive” and “procedural” 
rationality.37

 Economics, as whole, appears then as a huge evolutionary system. Its dynam-
ics as “an organism” includes knowledge as a key element, understood as a source 

32 Cf. Rescher, Process Methaphysics, p. 41.
33 Cf. Rescher, Ibid., p. 42.
34 Cf. Lawrence E. Blume, and Steven N. Durlauf (Eds.), The Economy as an Evolving 

Complex System, III: Current Perspectives and Future Directions. New York: Oxford 
University Press 2006.

35 Cf. Gonzalez, “Evolutionism from a Contemporary Viewpoint: The Philosophical-
Methodological Approach”, in: Gonzalez (Ed.), Evolutionism: Present Approaches. A 
Coruña: Netbiblo 2008, pp. 40-41.

36 Cf. Geoffrey M. Hodgson, “Is Social Evolution Lamarckian or Darwinian?”, in: John 
Laurent and John Nightingale (Eds.), Darwinian and Evolutionary Economics. Chel-
tenham: E. Elgar 2001, pp. 87-120; especially, p. 88.

37 An analysis of these elements is in Cristiano Antonelli, “The Economics of Innovation: 
From the Classical Legacies to the Economics of Complexity”, in: Economics of In-
novation and New Technology 18, 7, 2009, pp. 611–646; especially, pp. 629-633.
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of innovation. Furthermore, this huge system involves a behavior that is context–
dependent (it might frequently have plasticity in the variation). In this general 
view on evolution of a system, there is a connection between complex dynamics 
and prediction as a key methodological ingredient of economics. In this regard, for 
Bertuglia and Vaio, complexity

does not mean a confused forecasting: it simply means that it is impossible to build up 
a model which can account for the sudden and (most of all) unexpected ‘changes’ that 
sometimes take place during the evolution of a system, even though the evolutionary path 
between one change and the next can be well described by deterministic laws.38

 Changes in Simon are evolutionary insofar as the mechanisms used are adap-
tive. He insisted on the cognitive contents of the economic changes – the agents 
making decisions with bounded rationality – and he used to analyze these changes in 
terms of an evolution that is supported by the adaptive rationality of the agents.39 
Explicitly, he recommended the analysis made by Nelson and Winter in the book 
An Evolutionary Theory of Economic Change.40 Usually, Simon was more in-
terested in the architecture of complexity than in the dynamics of complex sys-
tems.41 His priority was commonly in how the sciences of complex systems can be 

42 even though he also paid attention to some aspects of the evolution of 
these systems.43 In this regard, his focus normally was on a rationality adapted to 
the context and in the “dynamic properties of hierarchically structured systems.” 44

 However, besides the notion of “process” and the idea of “evolution”, there 
are other options on the change of dynamic complexity. The third main option is 
the emphasis on the concept of “historicity.” This perspective involves a deeper 

made in order to grasp the variations in the realm of the sciences of design, in 
general, and in economics in particular. Moreover, if the aim is to tackle problems 

38 Cristoforo S. Bertuglia and Franco Vaio, Nonlinearity, Chaos and Complexity. The 
Dynamics of Natural and Social Systems. Oxford: Oxford University Press 2005, p. 
vii.

39 Cf. Simon, Reason in Human Affairs. Stanford, CA: Stanford University Press 1983. 
This does not mean “a passive” attitude regarding the future, cf. Simon, “Forecasting 
the Future or Shaping it?”, in: Industrial and Corporate Change 11, 3, 2002, pp. 601-
605.

40 Richard N. Nelson and Sidney G. Winter, An Evolutionary Theory of Economic 
Change. Cambridge (Mass.): Harvard University Press 1982. I am among those who 
received this recommendation.

41 Cf. Simon, “The Architecture of Complexity”, in: Proceedings of the American Philo-
sophical Society 106, 6, 1962, pp. 467-482.

42 Cf. Simon, “Can There Be a Science of Complex Systems?”, in: Yaneer Bar-Yam 
(Ed.), Unifying Themes in Complex Systems: Proceedings from the International Con-
ference on Complex Systems 1997. Cambridge (Mass.): Perseus Press 1999, pp. 4-14.

43 Cf. Simon, “Near Decomposability and the Speed of Evolution”, pp. 587-599.
44 Simon, The Sciences of the Arti cial. 3rd ed., p. 184.
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such as reliability of economic predictions, the analysis on dynamic complexity 
should take into account “historicity”, which in principle goes beyond “process” 
and “evolution.”
 Concerning economics as a historical science, Simon wrote a paper.45 In this 
article he “examines some of the ways in which history and economics can be 
fashioned into economic history.” 46 His main reasons for this link were related to 
human agents and their changes in representations, perceptions and motivations, 
due to their interaction with the environment. According to Simon’s viewpoint, 
1) from time to time, boundedly rational economic actors represent the economic 
scene in radically different ways; and 2) these changes in representation are con-
nected to two aspects: a) the changes occur as a function of natural and social 

of human motives by the social environment, which is itself time dependent.47

 Due to these and other reasons, which Simon sees as “bound closely to basic 
human characteristics, the dynamic movements of the economic system depend 
not only on invariant laws, but on continually changing boundary conditions as 
well.” 48 But his vision of history is here rather external, devoted mainly to con-
textual aspects, instead of being also genuinely internal, involved with legitimate 

with dated events.” 49 Moreover, his acceptance of the historical approach in eco-
nomics is merely based on a similitude with the natural sciences, because they 

50 In this regard, Barkley 
Rosser has pointed out the existence of aspects of complexity in economics that 
makes its dynamics different from physics. The additional layer of complexity 
comes from the interaction of human calculations in decision-making.51 Certainly, 
this is the case of a science of design such as economics (e.g., in urban planning).

45 Cf. Simon, “Economics as a Historical Science”, in: Theoria 13, 32, 1998, pp. 241-
260.

46 Simon, Ibid., p. 241.
47 Cf. Ibid., p. 241. See also Simon, “Bounded Rationality in Social Science: Today and 

Tomorrow”, in: Mind and Society, 1, 1, 2000, pp. 25-39.
48 Simon, “Economics as a Historical Science”, p. 241.
49 Simon, Ibid., p. 241.
50

with time derivatives should persuade us of the legitimacy of joining history with sci-
ence”, Simon, Ibid., p. 241.

51 “Although complexity is a multidisciplinary concept derived from mathematics and 
physics, the extra complications arising in economics because of the problem of in-
teracting human calculations in decision-making add a layer of complexity that may 
not exist in other disciplines”, Barkley Rosser Jr, “On the Complexities of Complex 
Economic Dynamics”, p. 171.
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2.2 The need for historicity in human-made disciplines: 
From behavior to activity

Any human-made discipline, as is the case of economics as a science of design, 
is historical, and historicity is a key factor for its dynamic complexity. On the 
one hand, there are certainly economic events to be dated according to accepted 
chronological criteria, and, on the other, as human-made undertakings, economic 
events are eo ipso historical insofar as they born with the feature of revocability 
according to internal and external criteria to the endeavor itself. Thus, factors such 
as originality in the theories suggested, creativity in the designs proposed, innova-
tion in the technology used and the like are only possible in economics on the basis 
of a historicity of the endeavor developed.52

 (i) Dynamic complexity in economics initially has its roots in the historical 
aspects that are present in any science. Every science is our science, and each 
discipline has problems, models and results that are historically conditioned, both 
in internal terms and in external terms. (ii) There is the dynamic complexity that 
is related to the features of a science of design, insofar as it is an applied science 
and, therefore, economics has aims, processes and results which are context-de-

the identical to those solutions given many years ago, because the circumstances 
are not the same. (iii) There is the dynamic complexity that comes from the agents 
themselves, those who develop a science of design such as economics as opera-
tive subjects. De facto, the decision-making of the agents is crucial many times in 
economic matters.
 Simon is aware of the existence of problems in dynamic complexity, and this 
is one of his reasons for the search of parsimonious factors in science.53 He has 
made remarks regarding the levels two and three just pointed out. Thus, his ap-
proach to economic dynamics considers some contextual elements of the complex 
dynamics of economics as a science of design, mainly those that might be con-
nected with structural components to be adjusted to a changeable environment. In 
addition, he pays attention to the historical ingredients in the decision-making of 
the agents, seeing how the behavior of the human agents uses bounded rationality 
as an instrumental rationality of an adaptive kind.
 For him, the “dynamics in economic history” includes some relevant aspects: 
a) technological change, b) the institutional context, and c) certain categories of 
exogenous institutional variables, such as changes in the utility function, in the 

52 Cf. Gonzalez (Ed.), Racionalidad, historicidad y predicción en Herbert A. Simon. A 
Coruña: Netbiblo 2003, and Gonzalez (Ed.), Las Ciencias de Diseño: Racionalidad 
limitada, predicción y prescripción. A Coruña: Netbiblo 2007.

53 Cf. Simon, “Science Seeks Parsimony, not Simplicity: Searching for Pattern in Phe-
nomena”, in: Arnold Zellner, Hugo A. Keuzenkamp, and Michael McAleer (Eds.), 
Simplicity, Inference and Modelling. Keeping it Sophisticatedly Simple. Cambridge: 
Cambridge University Press 2001, pp. 32-72.
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production function, and in the laws of property.54 Although Simon insists on ex-
ogenous elements, he also accepts an endogenous component: “we usually think 
of history as a process of continuing change, something to be captured by dynamic 
models, like differential equation models for predicting business cycles and other 
movements in economic activity.”55

 Although Simon has been critical with the neoclassical approach – the main-
stream economics –, he recognizes that “the variables considered thus far are all 
consistent with the assumptions of neoclassical theory.”56 This is the case of the 
exogenous elements pointed out here as well as the use of comparative statistics 
for historical events (urbanization, railroads, etc.), which he also accepts. His con-
tribution lies then in connecting bounded rationality and economic dynamics.
 Thus, Simon proposes adding “the variables that deal with the fact that hu-
man rationality is bounded. These additional variables are closely bound with a 
historical view of economics, for they take into account (1) continuing changes in 
knowledge and information (both knowledge about economics and other knowl-
edge about the world), (2) changes in human ability to estimate consequences of 
actions, (3) changes in the institutional setting within which economic behavior 
takes place, (4) changes in the focus of attention and related changes in beliefs and 
expectations. I will add, for they belong among the belief-dependent variables, (5) 

57

 Again, Simon is thinking of an economic behavior that takes place in a com-
plex natural and social environment, where it should be an evolutionary adaptation 
of an agent or an organism. Insofar as this environment remains exogenous, the 
“laws will continue to change with changes in social institutions and changes in the 
knowledge and beliefs of the boundedly rational people who inhabit them. The fo-
cus of individual and public attention will shift with changing events from one set 
of variables to another, with resulting shifts in individual and system behavior.”58 
Creativity, innovation and originality of the agents do not seem to have a relevant 
space here.
 Even though Simon’s conception has advantages in comparison with the neo-
classical approach, it is less complete than the perspective on economics based 
on human activity. The complexity of economic reality – especially, the complex 

54 In his view, “a partial catalogue of exogenous institutional variables (and candidates 
for endogenization) would include: (1) changes in the utility function, with consequent 
changes in demand and in savings rates; (2) changes in the production function, re-
sulting from technological change and other factors, and with consequent changes in 
supply; and (3) changes in the laws of property, with consequent effects upon positive 
and negative externalities, the appropriability of inventions and powers of government 
to redistribute income and wealth.” Simon, “Economics as a Historical Science”, pp. 
250-251.

55 Simon, Ibid., p. 248.
56 Ibid., p. 251.
57 Simon, Ibid., p. 251.
58 Ibid., p. 258.



310 Wenceslao J. Gonzalez

dynamics – is better analyzed in terms of the dual components “economic activ-
ity” and “economics as activity” than in “economic behavior.” Thus, there is an 
economic activity, something which could be understood as autonomous regarding 
other human activities. It comprises economic activity which human beings carry 
out in their interrelations involving goods and services, exchanges and commodi-
ties, innovation and plan optimizing decisions, and so. Meanwhile, economics as 
activity connects the links between economic activity and other human activities 
(political, sociological, cultural, ecological, …). In this case, economic activity 
appears integrated into the whole system of human relations; it is immersed in the 
set of activities developed by human beings in normal circumstances. Then, as an 
activity among others, economics has links with many activities (political, socio-
logical, cultural, ecological, …).59

 Both – economic activity and economics as activity – should be considered 
here, because this science explains and predicts human activities in the domain of 
a concrete sphere (i. e., exchange, commodities, …). These elements have direct 
implications for the realm of prediction. On the one hand, the normal aim of a hu-
man activity is more connected with present circumstances than with a future not 
yet observed. On the other hand, the predictability of economic activity – which 
is, in principle, autonomous – is possible, and could be reliable; whereas predict-
ability of economics as a human activity among others appears more unreliable, 
due precisely to the interdependence with other activities. Hence, prediction does 
not appear as the central aim of economics, in spite of the predictivist thesis of 
neoclassical economics,60 -
nomic activity.
 Between “human activity” and “human behavior” there are several differ-
ences. a) Activity has an immediate practical character: it includes praxis – it is 

scope, mainly when it is understood as instinctive (close to animal behavior). b) 
Activity has in itself historicity: human activity is eo ipso historical, not only in 
the sense of having time, but also in the deepest sense of occurring and develop-
ing precisely with time. This historicity affects the decision making process and it 
should be included among the elements to be studied. Behavior, on the contrary, 
has a more static constitution, because it can be considered without especial con-
cern for historicity (a very well known example is behaviorism). c) Activity has 
a very close link with language, more than behavior. So, there is no problem in 
the connection between action and language (such as in the case of “speech acts”) 
whereas there are criticisms regarding behaviour and language (e.g., with Skin-
ner’s “verbal behavior” or Quine’s proposals). d) Activity has both a descriptive 

59 Cf. Gonzalez, “Economic Prediction and Human Activity. An Analysis of Prediction in 
Economics from Action Theory”, in: Epistemologia 17, 1994, pp. 253-294.

60  Wenceslao J. Gonzalez, 
and Jesus Alcolea (Eds.), Contemporary Perspectives in Philosophy and Methodology 
of Science. A Coruña: Netbiblo 2006, pp. 83-112.
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and a normative sphere, because there are genuine social actions which require 
norms to rule it properly (either ethically or legally), whereas behavior is more 
descriptive than normative.61
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61 Cf. Gonzalez, “Racionalidad y Economía: De la racionalidad de la Economía como 
Ciencia a la racionalidad de los agentes económicos”, in: Gonzalez (Ed.), Racionali-
dad, historicidad y predicción en Herbert A. Simon, pp. 88-89.
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COMMUNICATION SCIENCES AS SCIENCES OF THE ARTIFICIAL:
THE ANALYSIS OF THE DIGITAL TERRESTRIAL TELEVISION1

ABSTRACT

One new approach to the communication sciences is to analyze them as sciences 
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ELISABETH NEMETH

THE PHILOSOPHY OF THE “OTHER AUSTRIAN ECONOMICS”

ABSTRACT

I propose to reconstruct Neurath’s early economic theory as a genuinely theoreti-
cal, academic contribution to the epistemological controversies which were going 

Neurath’s highly original theoretical approach to economics and how his concep-
tual innovations there are related to his later contributions to logical empiricism. 

these earlier debates that disappeared during the “short” 20th century.

The term “The Other Austrian Economics“ was coined by Thomas Uebel and re-

both shared certain elements.
is Otto 

with Juan 2

-
lished.3

Economic Writings. Selections 1904–1945 -

ONEW”.)
2 Juan Martinez-Alier, Ecological Economics. Energy, Environment and Society. Ox-

The Market: Ethics, Knowledge and Politics
Otto 

Neurath’s Economics in Context
ONEIC”.
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Neurath’s economic theory took its shape 
in the academic

1. CAN HISTORY HELP PHILOSOPHY OF (SOCIAL) SCIENCE?

Lennox’s view on the 
 He 

questions in the sciences, because

-

philosophical work.5

said about other disciplines, including economics. “A reasonably mature science”, 
-
6 

-

Thèmes de philosophie analytique

ONEIC
36.

História, Ciêcias, Saúde – Manguinhos
6 Ibid
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suggestive.

at a certain time in history that deserves the philosopher’s attention, but primarily 

the current theory was accepted.

Thus, the historical point which Lennox suggests tracing theories back to is the 

they consciously discussed their conceptual and methodological assumptions. 
per se more 

-

were sounder than competing ones.

2. REMARKS ON NEURATH’S BIOGRAPHY

the 20th century the debates on methods and value judgements in social science 
-

entists in the German speaking world. Neurath was not the only one who thought 

two approaches. He knew both camps rather well. He studied political economy 

Ibid.
Ibid
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topics and the manner in which he discussed them show that 

never able to regain a position in academia.

social science when their disciplinary borders were not yet established. The time 

their conceptual and methodological assumptions and tried to demonstrate that 
their approaches were sounder than the competing ones. How ambitious the young 

Hahn and Philipp 
Mach and Pierre Duhem in mind, he set out to de-

“calculation in kind”.

3. NEURATH’S EARLY ECONOMIC THEORY (1909–1917)

-



elaborated methodological and conceptual standards in economic theory. On the 
other hand, -

-

-
th century with exchange-rela-

-
sented in prices. Economic behavior under non-market-conditions became liter-

income and real income was deeply problematic and tried to give a theoretical ac-

-
spective on economics in which the central question was how people become rich 
or poor. To 

-
-

complex 
and primitive  Neurath required a terminology which does 
not 

-

-
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ing, artistic sensibility, religious contemplation, moral speculation, loving, hating, 
heroic and cowardly behaviour”.

Zeitschrift für Volkswirtschaft, Sozialpolitik und Verwaltung
reprinted in Neurath, Gesammelte ökonomische, soziologische und sozialpolitische 
Schriften 

Zeitschrift für die gesamte Staatswissenschaft -
ONEW
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Einheitswissenschaft 
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-
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 However, it is important to see that the entire 

-

order had to abolish the monetary system and replace it by a centrally planned 
-

establish.

 Ibid.,
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and pain as a whole,

It is important to see that Neurath criticized not only the way economists use the 

intention was to block any attempt to measure a complex structure by using a sin-

Marxist economists wanted to apply). His main point was not to criticize the use 

unlike elements.

results that one thereby obtains as the only possible ones, and thus into neglecting the analy-

Schriften des Vereins für Sozialpolitik
ONEW

 Ibid
op. cit
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elements; do not presume that its heterogeneity might on a deeper level be reduced 
to one single element.

a crucial role in modern development economics. In a detailed paper on the con-
Alkire lays much emphasis on 

are not present in the other, and there is no single denominator they can be com-
 This is exactly Neurath’s 

point.

4. TRACES OF MACH IN NEURATH’S ECONOMIC THOUGHT

-

I have heard with great interest about the latest developments in relativity theory which can 

this idea in your Mechanics -
enced my own intellectual development and by indirect paths even in economics. It was 

his holistic approach 

-

Mechanics

th century.

World Development 30, 

Ernst Mach’s Vienna 1895-
1930



Mechanics, he stressed that 

Mach con-
tinued, is not only to accept this critical insight but to use it in order to “give the 

20 we 

-

-
-

considered as being only one particular economic order amongst others. In such 

constructed structures.)
 which made it necessary to intro-

20 op. cit
 Ernst Mach, Die Mechanik in ihrer Entwicklung, historisch-kritisch dargestellt. Leip-

The Science of Mechanics



 Elisabeth Nemeth

22

-
ciency were not bound to be human actions. Later in the text Neurath gave some 

and important that he treated human and non-human variables on the same level.

variation”.

the method of variation.

“sponaneously” or are brought about through our “will”.23

-
-

main model.

5. WHY SHOULD WE PAY ATTENTION TO THE PHILOSOPHY OF NEURATH’S 
ECONOMIC THOUGHT?

approaches that became th century. 

-

22 ONEW
23 Ernst Mach, Erkenntnis und Irrtum Knowledge 

and Error

Image and 
Imaging in Philosophy, Science and the Arts,



portant name here is Amartya 25 -
ternational organisations, it is striking to what extent they deal with the problems 
Neurath wanted to address.26

Neurath’s economic writings, we see him actively involved in the theoretical de-

contributions to logical empiricism are already present in his early economic writ-
-

-

Neurath’s early conceptions as markers on his way to logical empiricism, i.e. to 

-
nally developed and designed with the intention to provide an epistemological 

 The third answer I would like to suggest is related to the way in which Jim 
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velopment”, op. cit., and other papers on poverty measurement by the same author.
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Hobsbawm called the “short 20th century” which 

wall. The short 20th century was politically, culturally and economically shaped by 
the tension between socialism on the one hand and liberal democracy and capital-
ism on the other. 
opposition took over the whole political and intellectual world, but the tension 

during the short 20th

and intellectual options but also our political ones.

Austria
elisabeth.nemeth@univie.ac.at
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JULIE ZAHLE

PARTICIPANT OBSERVATION AND OBJECTIVITY
IN ANTHROPOLOGY

ABSTRACT

In this paper, I examine the early history of discussions of participant observation 
and objectivity in anthropology. The discussions resolve around the question of 
whether participant observation is a reliable method for obtaining data that may 
serve as the basis for true accounts of native ways of life. I show how Malinowski 
in 1922 introduced participant observation as a straightforwardly reliable method 
and then discuss how – and why – most of the discussants in the 1940s and 1950s 
maintained that the method is reliable only if the researcher takes a whole number 
of precautionary measures. 

1. INTRODUCTION

As a distinct research technique, participant observation came into existence 
around the beginning of the 20th century. Within anthropology, its introduction 

1914 and 1918, he carried out participant observation on the Trobriand Islands, 

Argonauts of the Western Paci c which provides an account of native life at the 
islands.1 In the introduction to the book, Malinowski famously described – and 
commended – the use of participant observation. In large part, due to his example 
and promotion of it, the method began to gain ground among anthropologists. It 

 In his presentation of participant observation, Malinowski asserted that the 
application of the method allows the anthropologist to arrive at an objective ac-
count of native life. In the 1940s and early 1950s, anthropologists and other social 
scientists discussed this and other claims about objectivity. Common to these dis-
cussions of objectivity is that they revolve around the question of whether partici-
pant observation is a reliable method for obtaining data that may serve as basis for 
true accounts of native ways of life. The participants in the debate in the 1940s 
and early 1950s arrived at a slightly different result from Malinowski. Whereas 

Argonauts of the Western Paci c. London: Routledge & Ke-
gan Paul Ltd. 1922.

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
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Malinowski regarded participant observation as a rather straightforwardly reliable 
method, most of the participants in the later discussion concluded that the method 
is reliable only if the researcher takes a whole number of precautionary measures.
 The aim of the present paper is to examine the early history of discussions of 
participant observation and objectivity in anthropology. I begin by providing an 
outline of the method of participant observation and different notions of objectiv-

-
tion as a rather straightforwardly reliable method. Then I turn to the debate in the 
1940s and early 1950s and consider the various reasons advanced as to why the 
anthropologist must take a whole number of precautionary measures to ensure that 
the method reliably generates data that may serve as basis for true accounts of na-
tive life.

2. THE METHOD OF PARTICIPANT OBSERVATION

Malinowski and most of the participants in the debate in the 1940s and early 1950s 
shared the same conception of the method of participant observation: over an ex-
tended period of time, the researcher should participate in the ways of life under 
study while trying to intervene as little as possible. At the same time, the research-
er should observe what goes on around him. Various aspects of this characteriza-
tion of the method deserve further comment.
 To start with the participatory component of the method, the requirement to 
participate “over an extended period of time” may be rephrased as the demand 
to carry out participation for approximately two years. This standard was set by 
Malinowski. Over a period of four years, he spent nearly two and a half years on 
the Trobriand Islands.

sense of taking part, in the ways of life under study. In the introduction to “Ar-
gonauts”, Malinowski stressed that he participated in the sense of living among 
the natives. Also, he pointed out that he sometimes participated in the stronger 
sense of taking part in the activities of the natives.2 In general, it is possible to 
distinguish between various ways and extents to which the anthropologist may 
participate in the ways of life he studies.
 While participating in one way of another, the anthropologist should try to 

inevitably have an impact on the course of daily life when he, say, engages a na-
tive in conversation or tries to learn some craft. Also, he may accidentally cause a 
change of business as usual. Still, and this is the point, he should not actively try to 
change and interrupt the way the natives normally go about their life. The anthro-

2 Ibid., p. 22.



Participant Observation and Objectivity in Anthropology 367

about them.
 Turning to the observational component of the method, the anthropologist 
should observe, in the broad sense of taking notice of, what goes on. Above all, 

how the natives go about their life. Moreover, “noticing what goes on” is many 
times taken to include the anthropologist paying attention to, and registering, his 
own experiences as he is taught, say, how it is appropriate to behave or how to 
weave a basket.
 The whole point of applying the method was famously stated by Malinowski: 

to realise his vision of his world”.3

3. OBJECTIVITY

When Malinowski and the participants in the debate in the 1940s and early 1950s 

though perfectly compatible – senses.
 First, objectivity was predicated of the results or accounts based on data gath-
ered by use of participant observation. Here, an objective account of native life 
was equated with a true account of their life. Accordingly, in the introduction to 
Argonauts, Malinowski talked interchangeably about how participant observation 

and at “the true picture of tribal life”.4 Likewise, this understanding of objectivity 
informed a passage in Notes and Queries on Anthropology from 1951, where it is 
noticed that by living “outside village territory he [viz. the anthropologist] may be 
able to take an objective view of the community as a whole”.5
 Second, objectivity was predicated of the method of participant observation. 
To state that the method is objective was another way of saying that the method 
reliably produces data that may serve as basis for true accounts of native ways 
of life. An example of the notion of objectivity used in this sense was provided 
by Oscar Lewis. He pointed to the concern among some anthropologists with re-

greater precision and objectivity in the gathering, reporting, and interpreting of 
6

3 Ibid., p. 25.
4 Ibid., pp. 5-6.

Notes and Queries on Anthropol-
ogy, 6th ed. London: Routledge and Kegan Paul Ltd. 1951, p. 41.

6 Oscar Lewis, “Controls and Experiments in Field Work”, in: Alfred L. Kroeber (Ed.), 
Anthropology Today. Chicago: The University of Chicago Press 1953, p. 453.
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 Third, objectivity was predicated of the researcher who carried out participant 
observation. Thus used, the idea was that the anthropologist who is objective, or 
who takes an objective stance, is better able correctly to represent what goes on 
around him when making his observations. For instance, Florence R. Kluckhohn 
had this sense of objectivity in mind when she related that she had “temporary 

7 And the same goes for Siegfried 
F. -
ride the best intentions of objectivity”.8

observation, they had one important feature in common: they were invoked as 
part of examinations of whether participant observation was a reliable method for 
obtaining data that may serve as basis for true accounts of native life. This formu-
lation was not used in the discussions of participant observation themselves. Still, 

-
ticipant observation allows the anthropologist to arrive at an objective picture of 
native ways of life, what is at issue is whether the method reliably generates data 
that may serve as basis for true accounts of native life. Similarly, as noticed above, 
the preoccupation with whether the method is objective amounts to a concern 
with whether it reliably produces data that may serve as basis for a true picture 
of native life. Finally, when the objectivity of the anthropologist is in focus, the 
anthropologist being objective, or mostly so, is regarded as a precondition for the 
method reliably generating data that may serve as basis for true accounts of native 
ways of life. Accordingly, the concern with objectivity on the part of Malinowski 
and the participants in the debate in the 1940s and early 1950s may reasonably be 
summarized as being at bottom a concern with the question of whether participant 
observation is a reliable method for obtaining data that may serve as basis for true 

Malinowski and the participants in the debate in the 1940 and early 1950s had to 
say about this question.

4. MALINOWSKI ON PARTICIPANT OBSERVATION AND OBJECTIVITY

Argonauts -
thropologists used other means to gather information about native ways of life. 

7 Florence R. Kluckhohn, “The Participant-Observer Technique in Small Communi-
ties”, in: American Journal of Sociology 46, 3, 1940, p. 343.

8 Siegfried F. Nadel, The Foundations of Social Anthropology. London: Cohen and West 
Ltd. 1951, p. 48.
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periods of time.9 Only a few researchers had carried out participant observation 
prior to Malinowski and these few researchers had not published anything on their 
use of the method.10 Argonauts -

11 Against this back-
ground, Malinowski “was able to make himself the spokesman of a methodologi-
cal revolution”.12 Within anthropology at least, the constitution of participant ob-
servation as a method came, above all, to be associated with Malinowski.
 In the introduction to Argonauts Malinowski made it clear that participant 
observation, as the method was to be called, was conducive to a true picture of na-
tive life.13 In support of this point, he drew attention to several advantages of using 
participant observation.14

 Malinowski explained how he participated in the ways of life of the natives 
in the sense of living among them. As a result, he stressed, he had access to, and 
was in a position to notice, everything about native life as it unfolded in their vil-
lage. He made this point in terms of a description of how he would typically pass 
his day among the natives. Among other things, he commented that “[l]ater on in 
the day, whatever happened was within easy reach, and there was no possibility of 
its escaping my notice”.15 Participant observation allowed him to make observa-
tions covering all relevant aspects of public life in the native village. Further, Ma-
linowski tells, he insisted on getting access to the more private aspects of native 
life too. As he stayed with the natives for so long, they ended up accepting this: 
“as they knew that I would thrust my nose into everything, even where a well-

part and parcel of their life, a necessary evil or nuisance, mitigated by donations of 
tobacco”.16 In short, Malinowski maintained that he was able to make observations 
covering all aspects of native life.

9 Rosalie H. Wax, Doing Fieldwork. Warnings and Advice. Chicago: The University of 
Chicago Press 1971, p. 28ff.

10 Notice that “researchers” should not be taken to include travelers, traders, missionar-
ies, and the like. Here, I shall not address the question of the extent to which some of 
these may be said to have practiced participant observation before Malinowski did so. 

11 Participant Observation. A Guide for 
Fieldworkers

12
(Ed.). Observers Observed. Essays on Ethnographic Fieldwork. Wisconsin: The Uni-
versity of Wisconsin Press 1983, p. 5.

13
observation began to show up in the 1930s. Around 1940, it had gained wide currency 

op. cit., p. 8.
14 Malinowski may also be said to use other means, tied to his manner of presentation, 

to convince his readers that participant observation is conducive to true accounts of 
native life. For an analysis of these, see Stocking, op. cit., p. 104ff.

15 Malinowski, op. cit., p. 8.
16 Ibid., p. 8.
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 Also, Malinowski pointed to another consequence of his long term participa-
tion: after some time, the natives got used to his presence and his participation in 
their ways of life did not have any effect upon their behavior:

It must be remembered that as the natives saw me constantly every day, they ceased to be 
interested or alarmed, or made self-conscious by my presence, and I ceased to be a disturb-
ing element in the tribal life which I was to study, altering it by my very approach, as always 
happens with a new-comer to every savage community.17

Thus, Malinowski implied, he was able to observe native life as it really was, that 
is, as it took place when he was not there.
 Lastly, Malinowski related that he participated not only in the sense of liv-
ing with the natives, but also in the stronger sense of taking part in their activi-
ties. Sometimes, he accompanied the natives on their walks, joined them in their 
games, took part in their discussions, and the like. In this connection, he noticed 
that “[out] of such plunges into the life of the natives […] I have carried away 
a distinct feeling that their behavior, their manner of being, in all sorts of tribal 
transactions, became more transparent and easily understandable than it had been 
before”.18 In other words, his participation in this stronger sense enabled him to get 
a better grasp of their ways of life.
 Malinowski supplemented these points with a few pieces of general advice: 
the anthropologist should be thorough and systematic when gathering his data. 
Further, the anthropologist should remember not to let his personal convictions, 
views, and the like prevent the data from speaking for themselves: “the main en-
deavour must be to let facts speak for themselves”.19

 In this fashion, Malinowski presented the method of participant observation 
as being a rather straightforwardly reliable method for obtaining data that may 

using the method. He gives the impression that if the anthropologist keeps his 
advice in mind, the application of participant observation is plain sailing: its use 
readily results in data that may serve as basis for true accounts of native life.

5. THE DEBATE IN THE 1940S AND EARLY 1950S ON PARTICIPANT 
OBSERVATION AND OBJECTIVITY

before the method gained wide currency. Likewise, some time passed before pa-

17 Ibid., pp. 7-8.
18 Ibid., pp. 21-22.
19 Ibid., p. 20.
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published.20 Papers and chapters of this sort mainly started to appear in the 1940s 
and early 1950s. In these, anthropologists and other social scientists discuss vari-
ous threats to participant observation as a reliable method for generating data that 
may serve as basis for true accounts of native ways of life.21 In particular, they 
were concerned with six threats. Three of these are versions of the more general 
problem of missing observations, as I shall call it. The other three threats are ver-
sions of, what I shall refer to as, the problem of misleading observations. In the 
following, I examine the different versions of these two problems in turn. More-
over, as most of the participants in the debate held that the threats may be averted, 
I look at the proposed solutions to the problems. My primary focus is the method-

papers and chapters by sociologists who participated in the debate and addressed 
the issues under discussion.

5.1 The problem of missing observations

observations fail to cover all the relevant perspectives within, or aspects of, the 
ways of life under study. If observations representative of relevant perspectives, or 
aspects, are lacking, this may result in the anthropologist forming a false picture 
of the native ways of life he studies. The discussion on participant observation in 
the 1940s and early 1950s particularly focused on three versions of this problem.

5.2 Inaccessible observations

When Malinowski described how he carried out participant observation among 
the Trobriand Islanders, he conveyed that the natives allowed him to make what-
ever observations he needed for his study. In the 1940s and early 1950s, anthro-
pologists emphasized that not every researcher is in this fortunate situation. An 
anthropologist may be denied the possibility of making observations on numerous 

natives he studies, the way he has explained the purpose of his study, and the na-
-

tion to make various relevant observations.
 In the discussion of participant observation in the 1940s and early 1950s, the 
suggestion about how to respond to this predicament was the following: as far as 
possible, the anthropologist should monitor his participation so as to be allowed 

20 All along, when anthropologists made use of the method of participant observation, 
they included methodological comments in the introduction to their books on the na-
tive ways of life. In the following, these sorts of methodological remarks will not be 
examined.

21 It is worth noticing that very often these discussions are tied to concrete examples of 
threats to the reliability of the method. Less commonly, some threat is considered in 
general or in the abstract.
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to make as many relevant observations as possible. In “Notes and Queries on An-

hopes to gain a wide view of the culture of a given area must avoid mixing too 
exclusively with one group”.22 Otherwise, the other groups may not want to talk 
to the anthropologist. A little later in the same passage, the anthropologist is fur-

23

to getting access to as many relevant observations as possible, is not always ap-
plicable. For instance, there may be nothing the anthropologist can do about his 
being prevented from making certain observations due to his sex. In these cases, 
the anthropologist should take his lack of certain types of observations into ac-
count when analyzing his data. In that manner, he may try to avoid arriving at a 
false picture of native ways of life on the basis of his observations.

5.3 Observations not sought out

Another version of the problem of missing observations occurs when the anthro-
pologist fails to seek out accessible situations that put him in a position to make 
various relevant observations. For instance, Herskovits mentioned how earlier an-
thropologists wrongly paid attention to the elders only. This meant that they did 
not seek out situations in which they could have made relevant observations of 
alternative perspectives within, and aspects of, the ways of life they studied. As 

24 Other 
reasons why an anthropologist may commit this sort of mistake are his emotional 

on.
 In the debate in the 1940s and early 1950s, the solution proposed was that the 
anthropologist should always make sure to seek out all the accessible situations in 
which there are relevant observations to be made. In this spirit, Herskovits con-
tended that “[t]he best procedure is thus to talk to both men and women, young 

25 
Kluckhohn. 

She wrote: “I wished to evade the bias of viewing the culture entirely from the 

22 op. cit., p. 32.
23 Ibid.
24 Melville J. Herskovits, Man and his Works. The Science of Cultural Anthropology. 

25 Ibid.
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-
eral roles”.26

5.4 Observations not made

There is also a third version of the problem of missing observation that was men-
tioned in the debate in the 1940s and early 1950s. It can happen that even though 
an anthropologist seeks out relevant accessible situations he fails, in these situ-
ations, to make various relevant observations. That is, he fails to pick up on, or 
take notice of, various relevant goings-on within the situations. Again, there may 
be various reasons for this. One was mentioned by Seymour Miller. He pointed to 
a situation in which “the observer has become so attuned to the sentiments of the 
leaders that he is ill-attuned to the less clearly articulated feelings of the rank and 

27

 The proposal about how this problem may be avoided is simple: the anthro-
pologist should make sure to cover all relevant perspectives within, or aspects of, 
the situation in which he makes his observations. To prepare himself for this, the 
anthropologist may do various things. For instance, Lewis maintained that the 

acquiring this knowledge, he stated, “we automatically reduce the probability of 
error”.28 Further, Lewis continued, “to achieve a high degree of objectivity the 
student must know himself well, be aware of his biases, his value systems, his 
weaknesses, and his strengths”.29 The underlying idea here is that this puts the 
anthropologist in a position to prevent his biases, values, etc., from making him 
overlook relevant perspectives within, or aspects of, a situation. Still, there is al-
ways the possibility that the anthropologist does not completely succeed on this 
account. For this reason, Lewis seemed to suggest, the anthropologist should al-
ways include a statement of his interests, assumptions, and the like, in his account 
of native life. In this way, the reader may know the framework of convictions, 
assumptions, and the like within which the anthropologist made his observations.
 In this fashion, then, the participants in the debate in the 1940s and early 
1950s pointed to three versions of the problem of lacking observations. At the 
same time, they advanced propositions as to how the careful anthropologist may 
avert these threats to the reliability of the method of participant observation.

5.5 The problem of misleading observations

The other general problem discussed in the 1940s and early 1950s was the prob-
lem of misleading observations. It is the following: the anthropologist may make 

26 Kluckhohn, op. cit., p. 335.
27 American 

Sociological Review 17, 1, 1952, p. 98.
28 Lewis, “Controls and Experiments in Field Work”, p. 457.
29 Ibid.
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observations that should not be taken at face value since they are not directly in-

wrongly takes observations at face value, he may arrive at a wrong picture of the 
ways of live he studies. Within the debate on participant observation, especially 
three versions of this problem were considered.

5.6 The observer’s impact on native ways of life

According to Malinowski, his long stay among the natives had the result that his 

or private. Thus, he claimed, he was able to observe native life as it really was in-
dependently of his study. However, in the 1940s and early 1950s, anthropologists 

-
ences the event under observation, less so in the case of public and formal perfor-
mances, more so in the case of informal and private behavior”.30 Consequently, 
even after some time has passed, the anthropologist cannot assume that his obser-
vations are directly indicative of native life as it takes place when he is not there.
 The suggested response to this problem was that the anthropologist should try 
to determine to what extent, and in what ways, his presence has an effect on the 

Paul continued by exemplifying this line of approach when he 
wrote that “[c]ases of domestic quarrels that are witnessed, for instance, should 
be compared with reports of quarrels that are not witnessed by the investigator”.31 
Once the anthropologist has an idea of the extent and nature of his impact on the 

-

avoid taking the misleading observations at face value.

5.7 Natives’ incorrect accounts

When an anthropologist participates in the native ways of life, he will typically 
have conversations with the natives and he will overhear them talking to each 
other. In the debate in the 1940s and early 1950s, it is stressed that the anthropolo-

-
tentionally or nonintentionally, provide incorrect representations of their ways of 
life. An instance of this problem was reported by Nadel: “[o]ften I have been told 
by Nupe noblemen that some religious cult of the peasants was merely a ridiculous 

30
Kroeber (Ed.), Anthropology Today. Chicago: The University of Chicago Press 1953, 
p. 443.

31 Ibid.
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and nonsensical practice, not worth recording. Where my exalted informants did 
recall it, their description was full of misunderstandings and distortions.”32

 The proposal advanced as to how the anthropologist may avoid wrongly tak-

are various manners of doing so. For example, Nadel pointed out that

[i]nasmuch as these forms of bias are also sources of error, they can be checked and con-

-

must follow from the general organization by society.33

their correctness into consideration when using them as basis for a portrayal of the 
ways of life he studies.

5.8 The observer’s distortion of the situation

A third version of the problem of misleading observations, discussed in the 1940s 
and early 1950s, occurs when the anthropologist distorts what is going on in the 
situation he observes. There may be various reasons why this happens. For ex-
ample, Morris S. Schwartz and Charlotte G. Schwartz noticed that if the researcher 

-
culties in accepting authority or wielding power may prevent him from seeing the 
situation realistically”.34

are distorted, they should not be taken at face value.
 The suggested response to this problem was that the anthropologist should 
take steps to ensure that his observations will not be distorted. Among other things, 
the anthropologist should acquire a broad knowledge of anthropology, avoid de-
veloping too close emotional ties with the natives, and examine his values and 
convictions. On this basis, he may try to reduce the distorting impact of factors 
like these. In this connection, Schwartz and Schwartz commented that “discover-

the bias, the greater the possibility of minimizing its effects”.35

 Thus, the participants in the debate in the 1940s and early 1950s considered 
three versions of the problem of misleading observations. And, like in the case of 
the problem of lacking observations, they made suggestions as to how the careful 

32 Nadel, The Foundations of Social Anthropology, p. 38, italics in original.
33 Ibid., p. 39.
34 Morris S. Schwartz and Charlotte G. Schwartz, “Problems in Participant Observation”, 

in: American Journal of Sociology 60, 4, 1955, p. 351.
35 Ibid., p. 353.
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anthropologist may prevent the different versions of this problem from undermin-
ing the reliability of the method.

6. CONCLUSION

In the present paper, I have examined the early history of discussions of participant 
observation and objectivity in anthropology. These discussions revolve around the 
question of whether participant observation is a reliable method for obtaining data 
that may serve as basis for true accounts of native ways of life. First, it was shown 
how Malinowski regarded participant observation as a rather straightforwardly 
reliable method. Next, the debate on the method in the 1940s and early 1950s 
was considered. It was demonstrated how – and why – most of its participants 
maintained that only if the anthropologist takes a whole number of precautionary 
measures is participant observation a reliable method for generating data that may 
serve as basis for a true picture of native life. Of course, the debate on participant 
observation and objectivity did not end there: it carried on and it is still ongoing. 

-
jectivity and its applicability to anthropology was taken at face value, whereas this 
has been questioned with increasing frequency in more recent times. A survey of 
the further development of the discussion and an investigation of how this may be 
related to developments in the philosophy of social science generally, however, is 
the topic for another paper.
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CHEMISTRY AND FRENCH PHILOSOPHY OF SCIENCE.
A COMPARISON OF HISTORICAL AND CONTEMPORARY VIEWS

ABSTRACT

Philosophers of science have shown over the past several years a growing interest 
in chemistry. Chemistry has always held an important place in French philosophy 
of science. By confronting our respective experiences as philosopher and chemist, 

will allow us to examine afresh some philosophical problems raised by contem-
porary science: changing conceptions of matter, laboratory practice as opposed 
to mathematical representation as well as the impact of computer modeling and 
atomic microscopy on our knowledge of the behavior of matter.

1. INTRODUCTION

-
pecially devoted to chemistry. One may point to the founding of an international 
society and two journals in this area: the International Society for the Philosophy 
of Chemistry (1997), Hyle: International Journal for Philosophy of Chemistry 
(1995), Foundations of Chemistry 
neglect of chemistry in mainstream philosophy of science. Current interest in this 
science may be viewed as a late consequence of the critique of logical empiricism, 
which has led to pay greater attention to concrete, practical or technical aspects 
of science.

Now chemistry has held an important place in French philosophy of science. 
When philosophy of science was just beginning to emerge in the 18th century, 
such prominent thinkers as Jean-Jacques Rousseau and Denis Diderot wrote some 
substantial texts on chemistry. Later, in 1835, Auguste 
of his Cours de philosophie positive to what he called “Chemical philosophy”.1 In 
the aftermath several French thinkers paid attention to this science: Pierre Duhem, 
Émile Meyerson, Gaston Bachelard, Hélène Metzger, and more recently François 
Dagognet, Bernadette Bensaude-Vincent, Isabelle Stengers. We shall focus on the 
former three, because they established contemporary philosophy of chemistry. In-

1 Auguste Comte, Cours de philosophie positive (1839–1842), 2 vols., Paris: Hermann 
1998. Abridged translation H. Martineau, The Positive Philosophy of Auguste Comte, 
2 vols., Cambridge: Cambridge University Press 2009.

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
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deed, Duhem, Meyerson and 
approach. And, by examining their conceptions, we can bring out some character-
istic features of the French tradition.

We have chosen to take up our topic by drawing on our respective areas of 
competence as philosopher and chemist. Let us explain this choice.

1.1 A philosopher’s motives

As a philosopher I am sensitive to the call for a broader perspective with respect to 

should henceforth take into account the diverse results of science studies (his-
torical, sociological, philosophical, anthropological, etc.) as well as the numerous 
methods employed in the sciences.

In this respect chemistry raises questions that are of primary interest to the 
philosopher: the relations between the organic and the inorganic, the nature of the 
basic stuff of the universe, the effect of drugs on us, the promise or the fright raised 
by nanotechnology.

1.2 A scientist’s motives

As a chemist I expect from the philosopher a better understanding of what distin-
guishes chemistry from the other natural sciences, those bordering on its domain: 
physics, biology, the earth sciences, etc. It is important to grasp the philosophy that 

two problems:
 (1) Why is chemistry so often relegated to the margins of the so-called exact 
sciences? Why is it invariably given a bad reputation – both by the lay public and 
by scientists – associating it with the “dark ages” of alchemy and magic? In par-
ticular, why is it that, as society becomes more critical of techno-science, chemis-

the medical or environmental sciences, for example. And this holds regardless of 
the ever greater recourse to the methods of physics, which are well-established on 
the theoretical level. In other words, can we make clear the connections between 
chemistry – its ontology, its epistemology – and the other sciences as well as its 
connections with society?
 (2) What are the consequences of recent discoveries with which physicists and 
computer scientists have provided the chemist? I am referring to certain innova-
tions in microscopy, on the one hand, and to supercomputers, on the other. How 

-
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tal issue, which is bound to have, in my opinion, an effect on the creativity of the 
chemist, our conception of matter and the way chemistry is taught.

-
tions on chemistry for advancing our comprehension of current chemistry – a sci-
ence which claims to handle atoms and molecules at the nanoscopic level?

2. ROUSSEAU AND DIDEROT: CHEMISTRY AS AN EPISTEMOLOGICAL MODEL

Jean-Jacques Rousseau (1712–1778), following Georg Ernst Stahl, conceived of 
chemistry by analogy with mechanics and according to the general principles of 
attraction and repulsion among bodies as evidenced in his Chemical Institutions 
of 1747. At the same time, this science was clearly set apart, because chemistry 
“makes it possible to reach a true knowledge of nature, that is the bodies that com-
pose it”.2 Chemistry was then as much a science that transforms bodies as one that 
separates them, since each stage of separation can be conceived as a transforma-
tion. Analysis, understood as the transformation of bodies, is carried out by a series 
of manipulations, that is literally manual operations, before becoming a mental 
procedure. Rousseau dwelled on the concepts of “mixt” and “aggregate”3 which 
he distinguished precisely: in mixed bodies the original properties of a constitu-
ent are no longer recognizable. “Mixion” consists then in an alteration, whereas 

4

sum up, as stated by Bruno -
phy of chemistry”5, which sets chemistry apart from the other natural sciences.

2 Jean-Jacques Rousseau, Les institutions chimiques (1747), Paris: Champion 2010, I, 
ch. 1, p. 10, our translation. Cf. Bruno Bernardi, “Pourquoi la chimie? Le cas Rous-
seau”, in: Revue Dix-huitième siècle 42, 2010, pp. 433-443.

3 Following Louis-Bernard Guyton de Morveau, who wrote: “Aggregation is merely the 
union of several parts of a similar body without decomposition, and which are called 

Encyclopédie is quoted in Bernardi, La fabrique des 
concepts, Paris: Champion 2006, p. 158.

sensibility and internal correspondence of all the parts. Where this communication 
ceases, where the formal unity disappears, and the contiguous parts belong to one 
another only by juxtaposition, the man is dead, or the State is dissolved”, Discours 
sur l’économie politique, in: Oeuvres complètes, vol. 3, Paris: Gallimard 1964, p. 245. 
English translation, Constitution Society. Cf. Roger D. Masters and Christopher Kelly 
(Eds.), The Collected Works of Rousseau, vol. 3, Hanover, NH: University Press of 
New England 1993. See also Luc Vincenti, Jean-Jacques Rousseau: l’individu et la 
République, Paris: Kimé 2001, ch. 5, p. 146.

5 Bernardi, “Pourquoi la chimie?”.
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-
phers of chemistry. As emphasized by François Pépin6, he added to his transcrip-
tion of Guillaume-François 7 a lengthy introduction, in which 

-
torical perspective. Diderot viewed chemistry as a science distinguished not so 
much by its subject matter but rather its methods; these are formally very different 

activity – above all laboratory practice, which Diderot contrasts with the activity 

in the light of its relations to nature, whose secrets it seeks to reveal by transform-

You may devote yourself as much as you like to geometry and metaphysics, but I, who am 
a physicist and a chemist, I study bodies in nature and not in my mind, I see them existing, 
varied, bearing properties and actions, and moving about in the universe as in the labora-
tory, where if a spark goes off near three molecules comprising saltpeter, coal and sulfur an 
explosion will necessarily ensue.8

Rousseau and Diderot provide us with examples of a genuine endeavour to under-
stand chemistry not only in terms of its usual objects of study but also its special 
operations and practices. What we have here is undoubtedly the elaboration of a 

account its particularities. One notes the distinctive status that chemistry held in 
the minds of French philosophers of the 18th

an important role in Kant, who made use of arguments similar to those of Rous-
seau and Diderot. He conceived of experimental chemistry as more an art than a 
science and moreover as an analogy for his transcendental idealism :

So long therefore, as there is still for chemical actions of matter on one another no concept 
to be discovered that can be constructed, that is, no law of the approach or withdrawal of the 

6 François Pépin, “Diderot philosophe de la chimie: des Lumières à la science contem-
poraine”, in: Jean-Pierre Llored (Ed.), La chimie, cette inconnue? Paris: Hermann, in 
press, our translation.

7 Guillaume-François Rouelle (1703–1770) is one of the major French chemists of the 
18th century. Many renown members of the French intellectual community, including 
Lavoisier, attended his lectures on chemistry, which he held in his laboratory. He was 
associate member of the French Academy of Science. Diderot followed his courses for 
three years.

8 Denis Diderot, Principes philosophiques sur la matière et le mouvement (1770), in: 
Oeuvres philosophiques. Paris: Garnier 1964, p. 395, our translation. See Jean Staro-
binski, Action and Reaction. New York: Zone Books 2003, ch. 2. and Pépin “Diderot: 

Revue du Dix-huitième 
siècle 42, 2010, pp. 445-472.
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or the like, their motions and all the consequences thereof can be made intuitive and pre-

chemistry can be nothing more than a systematic art or experimental doctrine, but never a 
proper science.9

3. DUHEM: PHYSICAL CHEMISTRY, AXIOMATICS AND THE VIENNA CIRCLE

Let us now turn to the situation at the beginning of the 20th century. Pierre Duhem 
-

voted particular attention to chemistry. In 1902 he published Mixture and Chemi-
cal Combination, in which he explored the historical development and the philo-

10 Several other of his works touch on chemis-

consisted in closing the gap between physics and chemistry, in order to develop a 
general thermodynamics or energetics, which was supposed to include chemical 

The Aim and Structure 
of Physical Theory in order to recognize that chemistry is not in the least forgot-
ten.11 It receives no less attention than electricity, magnetism or optics. Chemistry 

-
12

He promoted the application of thermodynamics and in particular the concept of 
thermodynamic potential in the wake of Helmholtz and Gibbs. Yet Duhem re-
mained hostile to atomism. Indeed, at the time, the multiplication of hypotheses 
and disagreements between theory and experiment raised much perplexity from 

He relied mainly on the tools of thermodynamics. His presentation was modeled 
on physics and was highly mathematical in style. What we have here, however, 

maintains the autonomy of the fundamental branches of science. It is important to 
Broglie 

remarked in the foreword to the English translation of The Aim and Structure: “It 

9 Immanuel Kant, Metaphysical Foundations of Natural Science, translation M. Fried-
man, Cambridge: Cambridge University Press 2004, p. 7. See Mai Lequan, La chimie 
selon Kant. Paris: Presses universitaires de France 2000.

10 Pierre Duhem, Le mixte et la combinaison chimique. Paris: Fayard 1985. English trans-
lation P. Needham, Mixture and Chemical Combination. Dordrecht: Kluwer 2002. Cf. 

Mixture”, 
in: Foundations of Chemistry 6, 2004, pp. 203-232.

11 Duhem, La théorie physique, son objet et sa structure (1906), Paris: Vrin 1981. English 
translation P.P. Wiener, The Aim and Structure of Physical Theory. Princeton: Princ-
eton University Press 1991.

12 Ibid., pp. 25, 127, 214.
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is fair to insist on the fact that Duhem, though he was constantly preoccupied with 
the establishment of an impeccable axiomatic system in the theories he developed, 
never lost sight of the problems of applications. Notably in the domain of physical 
chemistry.”13

a large portion of 

-
lems”: arithmetic, physics, geometry, biology, psychology and the social sciences 
(including history and political economy).14 Chemistry is altogether missing. Al-
though this science is obviously considered rigorous, it does not lend itself easily 

the Encyclopedia of Uni ed Science gives no reason to change this conclusion; 
the nineteen volumes of this series, founded by Otto Neurath, which appeared 
between 1938 and 1970, deal with a large number of sciences, but one does not 

15

members of the Vienna Circle does not furnish an explanation. Reading over the 

us quote one passage, however, if only to show that there was no intention of 
-

inquiry and a mere logical study:

If we investigate whether the directions of a chemist are in logical agreement, we are not yet 
doing work in chemistry. In order to be able to do work in chemistry, we must state certain 
correlations between certain chemical processes and certain temperatures and the like.16

Here as elsewhere Neurath criticized his fellow positivists for not paying heed to 
practice. But let us note especially the slight space allotted to this science. It is 
surprising that empiricists were not more attentive to the important experimental 

procedures they elaborated. It is furthermore strange that self-proclaimed materi-
alists were not more interested in the problem of matter with which chemistry is 
inevitably involved.

13 Ibid., p. VI.
14

Empiricism and Sociology. Dordrecht: 
Reidel 1973, pp. 299-318.

15 -
pedia”, in: Philosophical Papers. Dordrecht: Reidel 1983. Cf. Friedrich Stadler, The 
Vienna Circle: Studies in the Origins, Development and In uence of Logical Empiri-
cism. Springer: Vienna 2001.

16 Neurath, “Sociology in the Framework of Physicalism”, in: Philosophical Papers, p. 80.
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4. MEYERSON: THE CRITIQUE OF POSITIVISM 
AND THE DEFENSE OF ATOMISM

-
ence, if several major thinkers had not taken up the issues he raised. It is undoubt-
edly on account of the contributions of Meyerson and Bachelard that chemistry 
came to acquire its particular place in contemporary French philosophy of sci-
ence. Émile Meyerson (1859–1933) was trained as a chemist. He was instrumental 
in spreading the methods and philosophical discussions he had acquired during 

Identity and Reality being published in 
1908.17

contrast to Duhem. He vigorously defended atomism as reassessed in the light of 
recent discoveries. He rejected the positivism of Auguste Comte and Ernst Mach 
as well as its reformulation by Duhem, and he asserted his own realism. Meyerson 
offered a different reading of history:

Neither Galileo nor Descartes are atomists in the strict sense of the term, and amongst later 
physicists, many, even those who assert that they adhere to this doctrine, formulate its prin-
ciples in a very different way, often with inexactness, and, in practice, frequently straying 
from it. Yet it is certain that one can unite all the conceptions under the term mechanical 
[conceptions mecanistes] and that their common characteristics are of considerable impor-

their birth with science and have formed one body with it during all the epochs in which it 
has really advanced.18

Rather than “mechanicist conceptions” some historians today prefer to speak of 
“kinetic corpuscularianism”.19

Meyerson did not follow Duhem and 
as freely chosen postulates. Rather laws are to be understood as the outcome of a 

-
-

diversity and, on the other, by the observation of the behavior of concrete reality 
[du réel concret].”20 Such descriptions are undoubtedly inspired by the practice of 
the chemist. And Meyerson compared, on more than one occasion, the activity of 

17 Émile Meyerson, Identité et réalité. Paris: Vrin 1951. English trans. K. Loewenberg, 
Identity and Reality. London: G. Allan & Unwin 1930.

18 Ibid., p. 88.
19 For example H. Floris Cohen, How Modern Science Came into the World. Amsterdam: 

Amsterdam University Press 2010, p. 221.
20 Meyerson, Du cheminement de la pensée (1931), 3 vols., Paris: Alcan, p. 613, our 

translation.
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metaphor is borrowed from the biologist Arthur Balfour.21 But it applies relevantly 
to all sciences dealing with complexity.
 
was continued by Bachelard, Koyré and their disciples. Positivism was receding 
in France precisely when positivism was gaining strength in Austria. Meyerson 
wrote, after becoming acquainted with the doctrine of the Vienna Circle toward 
the end of his life:

I deem it useful to summarize here these conceptions as a whole (which appear to enjoy at 
present a certain success in German-speaking lands) precisely because, on a number of es-
sential points, they go entirely against the views that I have put forth in my earlier writings 
and that represent the core of this book.22.

5. BACHELARD: CHEMISTRY AND APPLIED MATERIALISM

It is well known that Gaston Bachelard (1884–1962) distinguished himself more 
and more clearly as the years went by from Meyerson. His criticism was directed 

-

as his defense of atomism and realism. But he went on to set himself apart from 
his predecessor and reformulated these positions.
 Let us recall a passage of The Rationalist Activity of Contemporary Physics, 
which aims to bring out the consequences of the “new theory of quanta”.23 Ac-

opposed:

One is ill-prepared to follow the evolution of modern atomistics if one accepts Meyer-

ready-made phrase [formule réponse] […] which treats lightly the huge problem of modern 
atomistics. It leaves aside too hastily the prudent restrictions of a positivist mind.24

And Bachelard went on to formulate his position: “Corpuscles border on invention 
and discovery, precisely in the realm in which we believe applied rationalism to 
be active.”25 If Bachelard claimed to be realist, rationalist and even materialist, it 
should be understood that his is a constructive realism, an applied rationalism and 

21 Ibid., p. 138. Cf. p. 246.
22 Ibid., p. 790, our translation.
23 Gaston Bachelard, L’activité rationaliste de la physique contemporaine. Paris: Presses 

universitaires de France 1951.
24 Ibid., p. 86, our translation. Cf. Meyerson, Identity and Reality, ch. 9.
25 Bachelard, L’activité rationaliste, p. 87.
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realism has nothing to do with common sense realism, and Bachelard went as far 
as to speak in the same passage of a “relativism of ontology”. As is known, W. 
V. O. -
text.26

progress.
 Bachelard was led to elaborate what he called “phenomeno-technics”. Instru-
ments, experimental setups or better laboratories make it possible to create new 

-
esses. What is at issue here is an experimental realism which puts emphasis on the 
concrete context whereby proof is produced. Bachelard then formulated a philo-
sophical conception based on his experience as a school teacher in physics and 
chemistry at the beginning of his professional career, a conception that was at odds 
with that of logical positivism.

6. CONCLUSIONS

these historical elements.

6.1 The relation to matter

Following a hardline positivism, the chemist refrains, at least professionally, from 
the question of what matter is in itself. Her focus is on the formulation of concepts 
dealing with understanding chemical reactions and analyses, that is the mecha-

is the result of the reaction of A on B?” and “Why does this occur?” or conversely 
“How to obtain C from certain synthons?”27

light of the recent development of Quantitative Structure-Activity Relationship 
(QSAR).28

26 W. V. O. Quine, From a Logical Point of View. Cambridge (Mass.): Harvard University 
Press 1980, p. 45. For an attempt to combine instruments of analytic philosophy of 
science and historical epistemology, see Ian Hacking, Historical Ontology. Cambridge 
(Mass.): Harvard University Press 2002.

27 -
sible synthetic operation, the term was coined in 1967 by E. J. Corey”, in Wikipedia.

28

level, since each kind of activity, e.g. reaction ability, biotransformation ability, solu-
bility, target activity, and so on, might depend on another difference”, in Wikipedia.
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complex molecular systems and solids, and secondly, that the chemical or physi-
cal properties of matter are dependent on the nature of the atoms involved, their 
spatial arrangements and their motions. She restricts her “deep” exploration of 
matter to the atoms or more precisely to the electrons of their outermost shells, the 
so-called valency electrons which are responsible for chemical reactivity.29

Bringing together the major issues and paradigms mentioned above with re-
gard to “chemical” matter makes it possible to reformulate the problem that con-
cerns daily the contemporary chemist, that is “What are the relations between 

of a very general nature and common to all forms of chemistry, whether organic, 
inorganic or hybrid, arises in particular in the case of supra-molecular structures 
such as proteins, in which molecular self-organization plays an essential role in 
regard to their functionality.

6.2 On representations, micro-vision and macro-vision

Although physicists and chemists fully agree with regard to the issues and para-
digms mentioned, their methodologies or ways of comprehending matter are fun-
damentally different. At the molecular level the chemist “prefers” to represent di-
rectly atomic and molecular constructions, by likening atoms to balls and chemical 

-

associated with energy, and she schematizes matter and its properties with the help 
of abstract representations directly related to mathematical descriptions.

in virtue of the paradigm mentioned above by restricting herself to the molecular 

hostile to the complete mathematization of chemical reactions, which, accord-
ing to her, cannot account for all complexities and subtleties inherent in matter. 

explained, according to her, by the fact that the concrete system involves a large 
number of atoms, which corresponds to a high degree of freedom.

As the chemist moves up to higher scales, those pertaining to the physical 
continuum, the media that are conceptualized without recourse to atoms (dimen-
sions above the nanometer), she is obliged to change radically her approach, be-

mathematico-physical descriptions on the one hand or on empirical knowledge 

29 Valency electrons are those which are associated with the highest energy orbital 
and which are directly involved in chemical reactivity. For more details see the 
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tool that is used remains mathematics.
-

ecules and the mathematized representation of macroscopic media that the chem-

deductive powers of mathematics. It is in this gap that the chemist expresses her 
“art”. It seems that we return to the antagonisms between the physicists Duhem 
and Poincaré and the chemist Meyerson.

We could conclude on this issue by stating that the view of the physicist and 
that of the chemist continue to be at odds as they were in the 18th and 19th centu-
ries, and that the chemist is assigned to this in-between zone, as it were trapped 
between a science and an art.

6.3 Recent developments

It is important to acknowledge that recent developments in “numerical” chemistry, 
which make it possible to simulate structures, atomic trajectories, physical proper-
ties and even chemical reactivity of larger and larger sets of atoms could change 
irreversibly the relation between the model and the representation of reality.

which could result in a profound mutation. On the one hand, the computer is con-
ceived as a black box, which renders all but completely invisible the mathematics 
and the models with which it works. In other words, it has become a tool, which, in 
being used, requires no special ability in mathematical physics. It can be assimilat-
ed thus with the majority of analytic instruments which are used daily without any 
need to know their “deep” principles. On the other hand, the results obtained by 
numerical procedures are often translated into atomistic representations of matter; 
one can visualize the atoms and molecules in space, their movements, their rear-

to sort things out and to avoid being led to think that this representation is an en-

is furthermore enhanced by the simultaneous development of atomic microscopy, 

the instruments, because they are too sophisticated and too complex to be under-
stood by the non-specialist. Secondly, the easy and readily available pictures tend 
to diminish the hostility that the chemist consistently shows vis-à-vis a strictly 
“mechanistic” approach to matter.

It is probable that Duhem, had he lived today, would refer to atoms. But what 
would he think of the uses made of these new technologies and especially the 

Rousseau, Di-
derot, Duhem and Meyerson are still on the agenda. And 
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-
ties still inherent in our conceptions of matter. After the breakthrough of quantum 
mechanics at the beginning of the 20th

representation of molecular or atomic systems in a “classical” 3D Cartesian space 
cannot be fully suitable. Yet it remains the most used picture of matter and its use 
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CRISTINA CHIMISSO

THE LIFE SCIENCES AND FRENCH PHILOSOPHY OF SCIENCE: 
GEORGES CANGUILHEM ON NORMS

ABSTRACT

Although in the last decades philosophers have increasingly paid attention to the 
life sciences, traditionally physics has dominated general philosophy of science. 
Does a focus on the life sciences and medicine produce a different philosophy of 
science and indeed a different conception of knowledge? Here I present a case 
study focussed on Georges Canguilhem. Canguilhem continued the philosophical 
tradition of what we now call historical epistemology, and always referred very 
closely to the philosophy of Gaston Bachelard. However, whereas Bachelard pri-
marily studied the history of chemistry and physics, Canguilhem turned to the life 
sciences, medicine and psychiatry. I shall argue that some crucial differences in 
how they regarded norms, an issue seldom emphasised by Canguilhem himself or 
indeed by his critics, stem from the sciences on which they concentrated.

1. INTRODUCTION

Philosophers have traditionally regarded science as the exemplar of knowledge. 
What they have had in mind at least since Kant, however, has often been physics, 
rather than the sciences in general. The life sciences in particular, especially if we 
include as I shall do here the medical sciences, seem to have less to offer to the 
ambitious philosopher who aims at a universal model of knowledge as a perfectly 
rational enterprise, regulated by an unchanging method. Life appears to resist the 
demands of reason. As Georges Canguilhem put it ‘reason is as regular as an ac-
countant, life is as anarchic as an artist’.1 Medicine has also a rather ambiguous 

severe limitations, and human beings, with their unpredictability, often prevent the 
formation of the clear picture that some philosophers would like to obtain.
 In France, the legacy of Cartesianism did not encourage the philosophy of the 
life sciences, both for its mechanistic approach and for its search for ‘clear and 
distinct’ ideas. Nevertheless, and perhaps as a reaction to mainstream philosophy, 
the philosophy of the life sciences and of medicine, though as a minority interest, 

1 Georges Canguilhem, “Note sur la situation faite en France à la philosophie bi-
ologique”, in: Revue de métaphysique et de morale (1947), pp. 322-332; p. 326.

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
DOI 10.1007/978-94-007-5845-2_32, © Springer Science+Business Media Dordrecht 2013
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has blossomed in France at least since the nineteenth century. Has the focus on 
the life sciences produced a different philosophy of science and indeed a different 
conception of knowledge? This question of the impact of the science of reference 
on epistemology and beyond is at the core of this article. It cannot be investigated 
in full in this limited space, and indeed I believe that it is to be answered differ-
ently depending on the particular issues at stake. Rather, I shall present a case 
study focussed on Georges Canguilhem, who occupies a very central position in 
the history of French philosophy of the life sciences and medicine.
 Canguilhem always referred very closely to the philosophy of Gaston Bache-
lard, and with the latter is the main representative of the philosophical tradition 
that we now call historical epistemology. Indeed, as he put it, it ‘hardly needs 
saying’ that his close connection of epistemology and history derived from Bache-
lard’s ‘teachings’.2 Both Bachelard and Canguilhem always considered science 
in its historical development,3 although there are some differences in the role that 
history of science plays in their works. Indeed, it has been famously said that while 

description of Canguilhem’s is epistemological history.4 It is true that Bachelard 
did not produce a historical book comparable with Canguilhem’s La formation du 
concept de ré exe aux xviie et xviiie siècles, and that his interest in history was mo-
tivated by his epistemological concern. However, Canguilhem himself believed 
that in addition to being a philosopher, Bachelard was a historian if by historian of 

that is to say, if by history we mean epistemological history. On the other hand, 
in my view Canguilhem is not less of a philosopher than Bachelard, and his Le 
normal et le pathologique is a thoroughly philosophical book.5

-
poraine”, in: Georges Canguilhem, Idéologie et rationalité dans l’histoire des sciences 
de la vie. Paris: Vrin, 1993 [1977], pp. 11-29, p. 20.

3 For an excellent exposition of the role of history in Bachelard’s philosophy, see Georg-
es Canguilhem, “L’Histoire des Sciences dans l’œuvre épistémologique de Gaston 
Bachelard”, in: Annales de l’Université de Paris 33, 1 (1963), pp. 24-39; reprinted in 
Canguilhem, Etudes d’histoire et de philosophie des sciences concernant les vivants et 
la vie (Paris, Vrin, 1994 [1968]).

4 For this distinction, see Dominique Lecourt, Marxism and Epistemology. Bachelard, 
Canguilhem and Foucault. London: NLB, 1975, p. 166; Jean Gayon, “The Concept of 
Individuality in Canguilhem’s Philosophy of Biology”, in: Journal of the History of 
Biology 31 (1998), pp. 205-325; p. 307, n.8; Hans-Jörg Rheinberger, “Reassessing the 
Historical Epistemology of Georges Canguilhem”, in: Gary Gutting (Ed.), Continental 
Philosophy of Science. Oxford: Blackwell 2005, pp. 187-197. Michel Foucault applied 
the label of ‘epistemological history’ to both Bachelard and Canguilhem: Michel Fou-
cault, The Archaelogy of Knowledge. London: Tavistock, 1972 [1969], p. 190.

5 Canguilhem, “L’Histoire des Sciences dans l’œuvre épistémologique de Gaston Bach-
elard”. 
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 I will not linger on the distinction between historical epistemology and epis-
temological history. What is important here is that for both of them what counts as 
knowledge is historical. For Bachelard the mind – or the way we think – changes 

different forms in different periods.6 Epistemology, as a consequence, can only be 
historical. Canguilhem particularly focused on concepts, and investigated them in 
their historical development; he also examined how their variations impact on our 
way of regarding ourselves and our environment, as in the case of the concepts of 
the normal and pathological.7

 In the context of this strong continuity between Bachelard’s and Canguilhem’s 
philosophies, it is interesting to investigate whether they may have been taken 
along different paths by their respective benchmark sciences. Whereas Bache-
lard focused on chemistry and physics, Canguilhem focused on the life sciences, 
medicine and psychiatry. Their different focuses were rooted in their respective 
training: before studying philosophy, Bachelard obtained a degree in science, Can-
guilhem in medicine. In order to investigate whether their sciences of reference 
produced differences in their philosophies, I shall explore one particular aspect of 
their philosophies, namely their approach to norms. I shall not argue that all the 
differences between Bachelard’s and Canguilhem’s philosophies are to be attrib-
uted to their sciences of reference. This would amount to overlooking their philo-
sophical originality. However, I do think that the roots of some of their differences 
can be found in the sciences they studied. Their respective approaches to norms 
will show this.

1.1 Norms and the sciences

Some of the norms at the core of Bachelard’s and Canguilhem’s respective works 
appear not to be linked to the observation of a particular science, but rather to a 
general epistemological and historiographical outlook. An example is the epis-

theories and practices. Bachelard’s view of knowledge is strictly normative: he 
-

using current science as his norm. It is current science that dictates what counts as 

6 Gaston Bachelard, Le nouvel esprit scienti que. Paris: Presses universitaires de France, 
1991 [1934] (Engl. tr. The New Scienti c Spirit. Boston: Beacon Press 1984); Gaston 
Bachelard, La formation de l’esprit scienti que: contribution à une psychanalyse de 
la connaissance objective. Paris: Vrin, 1993 [1938] (Engl. tr. The Formation of the 
Scienti c Mind. Manchester: Clinamen Press 2002).

7 Canguilhem, Le normal et le pathologique. Paris: Presses Universitaires de France, 
1999 [1966] (Engl. tr. Canguilhem, The Normal and the Pathological (New York: 
Zone Books 1989 [1966]); Georges Canguilhem, La formation du concept de ré exe 
aux xviie et xviiie siècles. Paris: Presses Universitaires de France 1955.
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and epistemology is as a consequence historical.8 Canguilhem adopted Bache-
lard’s normative approach and used it in order to construct historical narratives, 

9 -
cations of Bachelard’s and Canguilhem’s normative approaches to history, as well 
as their differences.10 Here, however, I do not aim to look at general epistemologi-
cal and historiographical norms whose application is not connected with the spe-

and Canguilhem operate within their particular sciences. This will show whether 
be-

cause
comparison because both Bachelard and Canguilhem saw them as crucial in the 
practice and indeed theory of science. Bachelard lamented that Henri Poincaré 
could not recognize the normative character of science, and rejected the latter’s 

facts and norms.11 As far as Canguilhem was concerned, in medicine the norms 
that make us judge a state as healthy or pathological are at the very core of medical 
science and practice.
 But if Bachelard discussed norms in chemistry and physics, whereas Canguil-
hem discussed norms in medicine, is any comparison possible? In other words, is 
it not obvious that their respective representations of norms were different because 

8 Bachelard’s normative view of science permeates the whole of his epistemology. How-
ever, some of his works are more explicitly set out to defend his normative view, 
notably: Bachelard, La formation de l’esprit scienti que; Bachelard, La philosophie 
du non. Essai d’une philosophie du nouvel esprit scienti que. Paris: Presses Universi-
taires de France 1988 [1940] (Engl. tr. Bachelard, The Philosophy of No: A Philosophy 
of the New Scienti c Mind. New York: Orion Press 1968; Bachelard, Le nouvel esprit 
scienti que; Bachelard, Le matérialisme rationnel. Paris: Presses Universitaires de 
France 1972 [1953], especially the last chapter.

9 Canguilhem, La formation du concept de ré exe aux xviie et xviiie siècles.
10 Cristina Chimisso, “The Tribunal of Philosophy and its Norms: History and Philoso-

phy in Georges Canguilhem’s Historical Epistemology”, in: Studies in History and 
Philosophy of Science Part C: Studies in History and Philosophy of Biological and 
Biomedical Sciences 34, 2 (2003) pp. 297-327; Chimisso, Writing the History of the 
Mind: Philosophy and Science in France, 1900 to 1960s. Aldershot: Ashgate 2008; 
Chimisso, Gaston Bachelard: Critic of Science and the Imagination. London: Rout-
ledge 2001.

11 Bach-
elard et la culture scienti que. Paris: Presses Universitaires de France 1993 [1934]. 
Bachelard in particular lamented that a mathematician like Poincaré could not see that 
science is normative. Regarding the normativity of mathematics, see Debru’s discus-
sion of Jacques Bouveresse’s ideas; Debru writes: ‘Mathematics are the best example 
of a creative process based on rules and able to create new mental objects which may 
be used as new rules etc.’, Claude Debru, “The Concept of Normativity from Philoso-
phy to Medicine: An Overview”, in: Medicine Studies 3 (2011), pp. 1-7, p. 2.
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they were discussing norms operating in different areas? In fact, neither Bache-
lard nor Canguilhem regarded their examination of their respective sciences as an 

their examination of science was a way to learn general philosophical lessons, 
which was not restricted to the philosophy of science, let alone the philosophy 
of a particular science. Bachelard wrote not only that ‘science in effect creates 
philosophy’,12 but even that ‘reason should obey science, the most highly evolved 
science, science in the process of evolution’.13 Particular sciences for both of these 
philosophers have something to teach philosophy. Chemistry for Bachelard should 
revolutionise philosophy, and lead to the destruction of metaphysics in favour of 
‘metachemistry’.14 Canguilhem on his part declared that his study of normal and 
pathological was ‘an effort to integrate some of the methods and attainments of 
medicine into philosophical speculation’.15 In fact, the norms of particular sci-
ences for them impact not only on philosophy, but indeed on how human beings 
should live. As I shall discuss in the next section, the norms that Bachelard ob-
served in the practice of chemical and physics research were for him the norms 
that should governed our lives, both as ethical and social norms. For Canguilhem, 
the norms of medicine and psychiatry are aimed at determining what a normal and 
healthy human being is. This is why there are important aspects of their respec-
tive discussions of norms that make a comparison between their respective use 
of norms not only possible, but indeed crucial, both in order to understand their 
respective philosophies, and to investigate my initial question, namely whether a 
focus on different sciences produces different philosophical results.

2. BACHELARD: SCIENTIFIC, MORAL AND SOCIAL NORMS

Bachelard regarded science as a dialectic activity, indeed an activity that exhibits 
several types of dialectics. One type of dialectics for him takes place between 
the minds of the scientists: science cannot be carried out in isolation, because, 
according to Bachelard, it is dependent on mutual correction and indeed mutual 

in Bachelard’s view that individual scientists are not carried astray by their own 
imagination, desires and instincts, which are in fact epistemological obstacles to 
be overcome. For him, objectivity can only emerge out of social exchanges.16 Sci-

12 Bachelard, Le nouvel esprit scienti que, p. 7.
13 Bachelard, The Philosophy of No, p. 122 (original: Bachelard, La philosophie du non, 

p. 144).
14 Bachelard, La philosophie du non, p. 52.
15 Canguilhem, The Normal and the Pathological, p. 34; (original: Canguilhem, Le nor-

mal et le pathologique, p. 8).
16 Bachelard, Le rationalisme appliqué. Paris: Presses Universitaires de France 1986 

[1949].
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-
17 

rational.18 Moreover, science develops through a continuous polemical relation 
with its own past: current knowledge, in order to advance, must ‘say no’, in his 
own words, to previous knowledge, not to deny it completely, but to revise it, 
even radically, but always dialectically.19 This dialectic movement of history again 
brings about increased rationality and decreased subjectivity.

social relationships in general. Indeed, the reasons why Bachelard always cham-
Serres fa-

mously declared that Bachelard’s epistemological obstacles are in fact deadly 
sins, including sloth, lust, pride and covetousness.20 Though polemically, Serres 
has stressed the profoundly moral message of Bachelard’s philosophy of science. 

he contrasts with the ‘laziness’ of certain obsolete philosophical minds, which 
stubbornly refuse to follow the most advanced science. The new philosophy will 

-
ence, of a science which bears the mark of human action, of the well-considered, 
industrious, normalising action’.21

achieve objectivity in the knowledge of nature, but also in our social relationships. 
For Bachelard science produces the norms not only of its own practice, but also of 
moral and social behaviour.
 The model of science that Bachelard had in mind was mainly borrowed from 
chemistry and physics. The space of the laboratory is his model for the interactions 

employed shows that he regarded science as an activity that take place in des-
ignated and strictly public spaces, separated from everyday life and its concerns 
and emotions. Indeed, Bachelard illustrated the difference between chemistry 
and alchemy also in terms of space: chemistry, a science, is produced in public 
spaces, clearly distinct from the researchers’ private dwellings, whereas alchemy 
was practiced in private spaces, where the authority of the master prevailed over 

17 “Idéalisme discursive” in: Gaston Bachelard, Etudes. Paris: Vrin 1970; Bachelard, Le 
rationalisme appliqué.

18 Bachelard, La formation de l’esprit scienti que.
19 Bachelard, La philosophie du non.
20 Michel Serres, “La réforme et les sept péchés”, in: L’Arc 42 (1970), pp. 14- 28.
21 Bachelard, Le rationalisme appliqué, p. 123.



The Life Sciences and French Philosophy of Science 405

rationality and objectivity.22 The practice of chemistry for him also teaches us how 
to understand the role of analysis and synthesis in philosophy and more generally 
in our understanding of the world.23 Similarly, subatomic physics for Bachelard 
shows to the philosophers the nature of rationalism, which is always a ‘co-ration-
alism’, as it springs out of objective interactions. Physics, and the manner in which 
it reconstructs its own history, for Bachelard indicated to us the pedagogical im-
portance of what he called ‘recurrent’ history, a history that starts from the present 
and ‘discovers, in the past, the progressive formation of the truth’.24 What happens 
if we look at other sciences, which have different procedures and different social 
practices? What if, like Canguilhem, we concentrate on medicine and psychiatry? 
The model of the laboratory does not seem to be so central any more, and the prac-
tices of the medical sciences cannot be separated from every-day life, which in-

science as a whole, change when confronted with the life sciences and medicine?

3. CANGUILHEM: NORMS AND NORMAL HUMAN BEINGS

Norms are at the very core of Canguilhem’s work; indeed, one could say, as Claude 
Debru has done, that ‘[h]is philosophy is a commentary on the idea of norm’.25 Un-

use of norms in medicine. Against Auguste Comte and Claude Bernard, he argued 
that a norm is not an average but a desired state of affairs. Canguilhem’s examples 
are in the context of the life sciences and medicine. For instance, he argued that 
the dramatic increase in life expectancy that has taken place in the last century 
in Europe is due to norms of public hygiene and better living conditions. These 
norms (as states of affairs to which people aim to conform) have brought about 
what is then expressed as a number, the ‘fact’ of the average life expectancy. The 
norms of public hygiene are valued practices, and these created what we think of 
as an average. A normal life span, therefore, is not something that corresponds to 
an average, but it is an expression of norms as values, as desired state of affairs. In 
other words, norms exist because human beings are normative, that is to say they 
are able to produce new norms. As Canguilhem put it: “[i]f we can speak of the 
normal man as determined by the physiologist, it is because normative men exist 
for whom it is normal to break norms and establish new ones”.26

22 Ibid., pp. 132-133, Bachelard, La formation de l’esprit scienti que, p. 50.
23 Bachelard, Le matérialisme rationnel, p. 147; Bachelard, Le pluralisme cohérent de la 

chimie moderne. Paris: Vrin 1973 [1932], Ch. 3.
24 Bachelard, L’activité rationaliste de la physique contemporaine. Paris: Presses Uni-

versitaires de France, 1951, p. 26.
25 Claude Debru, Georges Canguilhem, science et non-science. Paris: Editions rue 

d’Ulm / Presses de l’Ecole normale supérieure 2004, p. 83.
26 Canguilhem, The Normal and the Pathological, pp. 64-65 (original: Canguilhem, Le 
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 Can Canguilhem’s view of norms only be applied to medicine and the life sci-
ences? I do not think so. In fact, it is possible to draw a parallel between Canguil-
hem and Bachelard, despite the vastly different contexts. For Bachelard norms are 

-

morally desirable behaviour and models of social relationships. So far, it seems 

differences between Bachelard’s and Canguilhem’s respective views of norms. 
However, differences are brought into relief if we ask ourselves who produces the 

activity is an eminently human activity, as scientists produce not only knowledge, 

-

and real spaces respectively for rational interactions. He was not, however, com-
pletely elitist, and also proposed schools, or at least ideal schools, as the model of 

27

 Canguilhem, on the other hand, looked at the norms of health and pathology, 
both physical and mental. He did not think that these norms could be produced by 
experts, these being medics or psychiatrists. For him it is the patient who knows if 
she suffers, and if she needs to be restored to a previous normative state. Canguil-
hem argued that both the healthy and the pathological state are normative states, 
as they both obey norms. These norms, however, are not just different, but are also 
more or less rigid. For Canguilhem, a healthy person is more able than a sick one 
to adapt to a new environment. For the sick person, changes in the environment 
can be catastrophic, as he is not able to create new norms that would allow him to 
adapt to the new situation. As Daniel Lagache put it, illness is an inferior norm be-
cause it implies a partial loss of one’s normative ability.28 For Canguilhem norms 
are constantly produced, and they are produced at many levels. The most general 
level is that of life: Canguilhem believed that vital norms dictate the preservation 
of life. These norms are not only shared by human beings, but by living beings in 
general. If human – or other – beings did not have such norms, they simply would 
have not survived, and would be extinct. Human beings, however, do not only 
live by biological norms. Their difference with other living beings is precisely 
that they creatively produce their own norms, which can vary quite remarkably. 
Social and cultural norms are crucial for their lives, and for the way in which they 
judge their wellbeing. This also explains why norms of wellbeing are historical: 

normal et le pathologique, p. 106).
27 Bachelard, La formation de l’esprit scienti que, p. 252.
28 Daniel Lagache, “Le normal et le pathologique d’après M. Georges Canguilhem”, in: 

Revue de métaphysique et de morale 51, 4 (1946), pp. 355-370, p. 364.
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because human beings continually produce them. Social and cultural norms shape 
the environment, and human beings themselves. They are central in determining 
what counts as normal. Canguilhem even conceded that cultural norms can be at 
odds with vital norms. For instance, he quoted Pascal writing that good health is a 
perilous state for human beings, as it is a danger for their souls; illness is the state 
in which human beings should spend their lives.29 In this case, the value of eternal 
wellbeing clashes with life’s principle of self-preservation. Pascal’s values on the 
whole are foreign to modern societies. However, many habits in modern societies 
go directly against preserving our health, including smoking, excessive drinking 
or unhealthy diets. Here other social and cultural norms interfere with the norms 
of struggle against disease and of the preservation of life.
 Canguilhem argued that each individual is in a unique position: no individual 
is the same as another, and indeed what counts as normal and as pathological is 
not the same for different people. It goes without saying that a twenty-year old will 
not judge her own normal state by the same norm as an eighty-year-old, and that 
the country in which an individual lives and his social class and occupation would 
have an impact on what counts as normal. But norms apply not only to groups, but 
also to individuals, not only because social norms interact differently in different 
individuals, but also because an individual’s life-style, genetic make-up, medical 
history as well as her individual choices and individual reactions to her environ-
ment all play a role. Canguilhem puts the individual at the very centre of medical 
norms. The individual is at the cross-road of vital, social, cultural and individual 
norms, and in each case their interaction will be different.30

4. CONCLUSION

For Canguilhem the object of medicine is the normative individual, who is a 
full individual who cannot be split into a ‘diurnal man’ and a ‘nocturnal man’ as 
Bachelard proposed in his own philosophical anthropology.31 Bachelard’s diurnal 
man aims to suppress his emotions and imagination in the exercise of rationality, 
as emotions and the imagination continuously create epistemological obstacles 
that have to be overcome. Bachelard did not believe that the imagination, and our 
desires and instincts should be suppressed completely. In fact, he thought that they 
should be exercised, but in a rigorously private sphere, and on an individual basis. 

29 Canguilhem, Etudes d’histoire et de philosophie des sciences concernant les vivants et 
la vie, p. 409.

30 On vital and social norms in Canguilhem, see Pierre Macherey, “Normes vitales et 
normes sociales dans l’Essai sur quelques problèmes concernant le normale et le 
pathologique”, in: F. Bing, J-F. Braunstein, and Elisabeth Roudinesco (Eds.), Actualité 
de Georges Canguilhem. Le normale et le pathologique. Paris: Synthélabo 1988, pp. 
71-84.

31 Bachelard, Le matérialisme rationnel, p. 19.
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Emotions, dreams and desires are the realm of the ‘nocturnal man’, that it to say 
each individual’s private sphere. In our private reverie, for him we can let our un-
conscious work, but not in the social sphere, where rationality should prevail. By 
contrast, in Canguilhem’s view of the creation of norms, no separation of ration-
ality and emotions can be drawn, or indeed should be drawn. François Dagognet 
has remarked that while Bachelard wanted an ‘applied rationalism’ and a ‘rational 
materialism’, Canguilhem proposed a ‘rational vitalism’. He rightly added that the 
application of medical techniques does not command the organism, and does not 
impose its own directives to it, but rather aids the organism’s self-development.32

 For all the parallels between Bachelard and Canguilhem, this shows a real 
-

ing, hopes and dreams cannot be bracketed, indeed the norms of medicine are 
the result of these emotions. Canguilhem characterized the object of medicine 
as follows: “The sick person is a Subject, capable of expression, who recognizes 
himself as a subject in all that which he does not know how to designate other than 
with possessives: his pain and the representation that he makes of it, his angst, 
his hope and his dreams.”33 For Bachelard, human beings project emotions and 
dreams onto their objects (obviously the objects of chemistry and physics do not 
have emotions independently of human beings), but in order for these objects to 

object should bear is that of rationality. As objects become rational, they become 
standardized: this can be seen as a reasonable aim for the objects of chemistry 
and physics, but it appears to be less so when we have to consider human beings. 

their differences and irregularities. As Paul Rabinow has written, ‘[I]t is suffering, 
not normative measurements and standard deviations, that establishes the state 
of disease. Normativity begins with the living being, and with that being comes 
diversity’.34 For Canguilhem the norms that are at the roots of medicine are not 
rational, or not only rational. This does not mean that rationality is not central to 
his project, and indeed to medicine. As Claude Debru has commented, for Can-
guilhem rationality plays a role of regulation of human activities.35 Medicine is no 
exception. However, Canguilhem does not insist on any clear separation between 
rationality and emotions, and both are central, in their different ways, to medicine. 
The rationalization process can only operate within the norms that are rooted in 

32 François Dagognet, “Une Oeuvre en trois temps”, in: Revue de métaphysique et de 
morale 90, 1 (1985), p. 32.

33 Canguilhem, Etudes d’histoire et de philosophie des sciences concernant les vivants et 
la vie, p. 409.

34 Paul Rabinow, “Introduction: A Vital Rationalist”, in: François Delaporte (Ed.), A Vi-
tal Rationalist: Selected Writings from Georges Canguilhem. New York: Zone Books 
1994, pp. 11-22, p. 16. See also Guillaume Le Blanc, Canguilhem et le normes. Paris: 
Presses Universitaires de France 1998, pp. 62ff.

35 Debru, Georges Canguilhem, science et non-science, p. 83. 
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emotions. In fact, Canguilhem referred to Bachelard on norms and value, but he 
referred to the valorisation of imagination, and to his work on reverie.36

 For both Bachelard and Canguilhem knowledge and its norms are historical. 

saw as historical; by contrast, the imagination, which gives science its epistemo-
logical obstacles, does not participate in the historical development of science and 
rationality. Bachelard regarded the unconscious, in which our images, instincts 
and desires are rooted, as essentially a-historical.37

this opposition between historical rationality and a-historical emotions. He be-
lieved that what counts as normal is historical. However, what counts as normal is 
not the result of rational investigation alone, but rather of a complex interaction of 
elements that include emotions and dreams, and indeed life. His science – or tech-
nique – of choice did not allow for a clear separation between rationality on the 
one hand, and emotions and dreams on the other. As a consequence, he recognized 
that all the components of medicine are historical: norms are produced by human 
beings, and are therefore subject to change, no matter how much rooted in life they 
are. Bachelard’s and Canguilhem’s respective focus on different sciences creates 
different points of view which are often downplayed in the name of the continuity 
of the tradition of historical epistemology. In fact, these differences exist, and they 
are applicable not only to the philosophy of their respective sciences, but also to 
general philosophy and indeed human life. This is because both of them regarded 
their respective sciences as showing how philosophy should develop, and how hu-
man beings should live.

Department of Philosophy
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36 Canguilhem, Le normal et le pathologique, pp. 176-177.
37 Bachelard, La psychanalyse du feu. Paris: Gallimard 1949 [1938], pp. 15-16; (Engl. tr. 

Bachelard, The Psychoanalysis of Fire, trans. Alan C. M. Ross, Boston: Beacon Press 
1964 [1938]).
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ABSTRACT

Since antiquity well into the beginnings of the 20th century geometry was a cen-
tral topic for philosophy. In contrast, most philosophers of science, if they took 
notice of topology at all, considered it as an abstruse subdiscipline of mathematics 
lacking philosophical inter est. Here it is argued that this neglect of topology may 
be conceived of as the sign of a conceptual sea-change in philosophy of science 
that expelled geometry, and, more generally, mathematics, from its central posi-
tion in philosophy of science and, instead, placed logic at center stage in the 20th 
century philosophy of science. Only in recent decades logic has begun to loose its 

tool for doing philosophy.

1. INTRODUCTION

From antiquity to the beginnings of the 20th century philosophers took ge  ometry 
-

th 
century, the privileged philosophical status of geometry seemed to be as solid as 
it always had been. For philosophers such as Russell, Cassirer or Carnap, to name 
but a few, philosophical problems posed by geometry played a central role in their 
investigations – at least at the beginnings of their careers:
 (i) Russell started his philosophical career in 1897 with the dissertation The 
Foundations of Geometry.1 The Principles of Mathematics he 
treated themes from ge o metry at great length.2 In The Analysis of Matter Russell 

time.3

1 Bertrand Russell, The Foundations of Geometry. Cambridge: Cambridge University 
Press 1897.

2 Russell, The Principles of Mathematics. Cambridge: Cambridge University Press 
1903.

3 Russell, The Analysis of Matter. London: Routledge 1927.

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
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 (ii) Throughout his life, Cassirer considered Klein’s Er lan gen Pro gramme as 

Sub-
stanzbegriff und Funk tions begriff and much later in The Philosophy of Symbolic 
Forms he dedicated cen  tral chapters to concept formation in geometry which he 
considered as a pa ra dig matic case for concept formation in science überhaupt.4

 (iii) Der Raum. 
Ein Beitrag zur Wis  sen schafts  lehre.5 There he sought to establish the topological 

synthetic a priori -
ver, the geometrical considerations of this work may be regarded as an important 
source for his later philosophy.6

 The high esteem of 20th century philosophy of science for geometry and, more 
generally, for mathematics, went well beyond the philosophical currents that in 
the following decades were to form analytic philosophy of science. For instance, 
also in phenomenology great emphasis was put on geometry as a paradigmatic 

Hus-
serl himself but also by the contributions to a phenomenological philosophy of 
mathematics by mathematicians and philosophers such as Hermann Weyl, Diet-
rich Becker.7 The same holds for some currents of Neokantian 

members, such as Hermann Cohen, Ernst Cassirer, and Paul 
the role of mathematics in many works.
 In sum, in the early decades of the last century, geometry certainly did not 

contrary, at that time geometry was one of the hot topics of received philosophy of 
science.

4 Ernst Cassirer, Substanzbegriff und Funktionsbegriff: Untersuchungen über die 
Grundfragen der Erkenntniskritik. Berlin: Bruno Cassirer 1910, trans. Substance and 
Func tion. Chicago and LaSalle: Open Court 1923; Philosophie der symbolischen 
Formen, 3 vols., Berlin: Bruno Cassirer 1923–29, trans. The Philosophy of Symbolic 
Forms. New Haven: Yale University Press 1953.

5 Rudolf Carnap, Der Raum. Ein Beitrag zur Wis  sen schafts  lehre Kantstudien Ergän-
zunghefte 56, 1922.

The Cambridge Companion to Carnap. 
Cambridge: Cambridge University Press 2007, pp. 43-64.

7 Hermann Weyl, Das Kontinuum, 1919, trans. The Continuum. New York: Dover 1994. 
-

Studies in the History 
and Philosophy of Science

-
 Jahrbuch für Philosophie und phänomenologische Forschung 4, 1923, 

pp. 385-560.
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 This was soon to change, however. While geometry as a methematical dis-
cipline experienced a golden age during the 20th century mathematics, it lost its 

-
tional geometry’s most promising offspring – topology – fell into philo sophical 
disregard. The philosopher’s traditionally high appreciation of geometry did not 
extend to topology as its modern successor. On the contrary, in the 20th century 

-

the harbinger of a fundamental sea-change in philosophy of science, namely, the 
substitution of geometry, and more generally of mathematics, as a core issue of 
philosophy of science, by logic. Painted with a broad brush the 20th century main-
stream logical empiricist 20th century philosophy of science was a logic-centered 
philosophy of science, concentrating on logical questions concerning the logical 
structure of science.8

 Since from the mathematical point of view there is no essential epistemologi-
cal, ontological, or methodological difference between geometry and topology, the 
negligible amount of attention that philosophy paid to topology in the last century 
must be attributed to a change in the way philosophers understood the aims and 
methods of philosophy of science. This renders philosophy’s neglect of topology 
an intricate problem for the history of phi losophy of science.
 For the following it is useful to distinguish between two dif ferent aspects ac-
cording to which the relations between traditional philosophy and geometry on the 
one hand, and between 20th century philosophy and topology on the other, differed 
from each other:
 First, 20th century philosophy of science showed no interest in topology as an 

the beginning of the last century). Second, traditionally geometry had also served 
as a source for inspiration and as an arsenal of conceptual tools for philosophy 

th century 
philosophy of science and topology. Ideas from topology hardly found their way 
in the conceptual tool kit of the philosopher of science.

8 During the decades the concentration of philosophy of science on the logical aspects of 

th century Car-
nap’s thesis had lost some of its appeal – to put it mildly. Van Fraassen put forward the 

linguistic tangles, which contributed nothing to the understanding of either science 
Laws and Symmetry. Oxford: Clarendon 

Press 1989, p. 221). This is not to say that the use of mathematics provides a foolproof 
method for doing substantial philosophy of science.
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-
ly, the replacement of mathematics as a guiding science for philosophy by logic. 

philosophy of science was to treat science from an exclusively logical point of 
view. The disregard of mathematical, in particular geo me  trical and topological, 
aspects of science by philosophers of science was in stark contrast to the emphasis 

2. TOPOLOGY AS A PROBLEM FOR PHILOSOPHY OF SCIENCE

What is topology? It goes without saying that a short paper like this is not the ap -
propriate place for answering this question.9

around the turn of the last century. Let us mention the names of Cantor, Poincaré, 
Frechet, and 
ideas and problems may be traced back, however, to Euler: one may 

with the relation between the vertices, edges, and faces of polygons, from which 
10

 In broadest outline, then, topology is concerned with the conceptual ana ly sis 

origin in our daily experiences with physical space but they make sense far beyond 
the original Euclidean frame.

consider general metrical spaces:

(2.1) De nition.
R (R the real numbers) satisfying the axioms:

Philosophy of Science
The Bri tish Journal for 

the Philosophy of Science 36, 1985, pp. 147-157.), or in the monographic issue of The 
Monist To-
pology for Philosophers, The Monist 79, 1, 1996). Stephen Willard, General Topology. 
New York: Dover 2004 (orig. 1970) offers a classical introduction for mathematically 
interested readers.

10 Imre Lakatos, Proofs and Refutations. Cambridge: Cambridge University Press 1976.
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(i) d(x, x) = 0.
⇒ d(x, y) = d(y, x) > 0.

The requirements (2.1) (i) and (ii) may be considered as almost analytical for any 

of the Euclidean distance function.

spaces that freed the topological, i.e. the spatial, from any vestige of a quantitative 
metric or distance function.

-

(2.2) De nition
⊆

open sets of the topological space, that satisfy the following requirements:

(ii) The union of any collection of open sets is open.
(iii) The intersection of two open sets is open.

∈

-

0 1

0 ⊆ ⊆ O1

to exploit them in a fruitful manner.
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-
Stone who obtained spectacular results by applying the new 

topological devices in many areas of mathematics, in particular in lattice theory 
and functional analysis.11 You must always topologize 12 
He con ceived of topology as a universal method or per spec tive from which every 
mathematical problem should be looked at, i.e. all objects should be considered 
as topological ones. The topological was a kind of a general a priori form, under 
which mathematical objects and relations were to be perceived in order to reveal 
their essential aspects.
 Perhaps one may say that Stone sought to conceive of topology as a general-

-
logical a priori. The fruitfulness of Stone’s topological was amply demonstrated in 
many areas of 20th century mathematics.13 Nevertheless, among philosophers his 
work has remained virtually unknown up to this day.
 Since the axioms for a topological structure are extremely general, it is not 

important task of topology is to single out appropriate special classes of topo-

Hausdorff spaces provide more general classes, among many others.14

 Studying a topological space in isolation seldom yields interesting results. 
Rather, relations between topological spaces are of crucial importance. Hence the 
second fundamental concept of topology, which has to be mentioned, is that of a 
continuous map between spaces:

(2.3) De nition.
—

∈ OY the inverse image f-1(B) 
∈

be de  scribed as the theory of topological spaces and continuous maps between 
topological spaces.

-
lems may be described as follows:

11 Trans-
actions of the American Mathematical Society 44, 1936, pp. 807-816.

12
Rivista di storia della scienza (ser. II) 4, 

1995, pp. 1-24.
13 Peter Johnstone, Stone Spaces. Cambridge: Cambridge University Press 1982.
14

Counterexamples in Topology. New York: Sprin ger 1978.
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map — ?

groups, (co-) homology theories)?

3. PHILOSOPHERS AND TOPOLOGY: SOME EXAMPLES

terms with topology. The most important example is certainly Russell but he was 
not the only philosopher who was interested in topology. For instance, Carnap 
in his dissertation Der Raum synthetic a priori 
of space by conceiving of the metrical structure of space as a mere convention 
but retaining the topological structure of Euclidean space as a core a priori. This 

himself gave it up soon after the publication of Der Raum. In the Aufbau traces 
of topology are still noticeable, but in his later work in philosophy of science 
topology and geometry does no play a role at all.15 
philosophy of science the importance of geometry for philosophy of science, but 
offered only some general, passing remarks on the role of topology.16 Compared 
with Carnap’s and Cassirer’s remarks Russell’s topological project was by far as 
the most sustained and detailed one. Russell developed his topological ideas with 
various degrees of precision and explicitness in several contributions, beginning 
with Our Knowledge of the External World, later in a more detailed way in The 
Analysis of Matter On Order in Time.17 Indeed, Russell sought to 

logical analysis.

cious or otherwise undesired entities from philo so phi cal discourse. In Our Knowl-
edge of the External World he sought to show by means of examples,

15 op. cit.
16 See Cassirer, Philosophy of Symbolic Forms, op. cit., pp. 422-423.
17 Russell, Our Knowledge of the External Worlds as a Field for Scienti c Method in 

Philosophy The Analysis of Matter, op. cit.; 
Logic and Knowledge. London: Rout ledge 1956, pp. 

347-363 (orig. 1936).
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the nature, capacity, and limitations of the logical-analytic method in philo sophy. … The 
central problem by which I have sought to illustrate method is the problem of the relation 
between the crude data of sense and the space, time and matter of mathematical physics.18

In other words, Russell proposed to apply topology as a means for the solution of 
a genuine philosophical problem, namely, the logical analysis and the elucidation 

-
tions of physics.

Russell wanted to show that the basic mathematical structures 
of physical space-time – usually conceived of as structured sets of spatial and tem-

Whitehead with the basic ideas of 
this approach:

construction rather 
than an inference. What is said on these to pics here is, in fact, a rough preliminary account 
of the more precise results which he is giving in the fourth volume of our Principia Ma-
the matica.19

Regrettably, the announced fourth volume of Principia Mathematica never saw 
the light of the day. In Process and Reality Whitehead put forward something like 

on mainstream analytic philosophy of science.
The 

Analysis of Matter; Russell’s last original work on the matters of points (more 

well as for spatial points Russell used the same con  struc  tional me thod. His paper 
opens with the fol  lo wing contention:

[I]nstants are mathematical constructions, not phy si cal entities. If, therefore, there are in-
stants, they must be classes of events having certain properties. For reasons explained in 
Our Knowledge of the External World
as a group of events having the following two properties:

(2) No event outside the group overlaps with all of them.20

Intuitively, Russell’s sketchy construction of an instant may be described as an 
-

lection of temporal intervals. In modern terms, Russell’s construction resembles a 

18 Russell, Our Knowledge of the External World, op. cit., p. 10.
19 Ibid., pp. 10-11.
20 op. cit., p. 347.
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con structions were carried out by Tarski and Stone around the same time. The cru-

Their existence can only be ensured by the axiom of choice or a similar principle 
as also Russell had noted. In other aspects, however, Russell’s constructions re-

21

 Evidence that philosophy of science had actually lost contact with topology 
was that neither Russell nor any other philosophers of science ever took notice of 

Stone who in 
the 1930s proved one the most important theorems of the 20th century mathemat-
ics, to wit, Stone’s representation theorem. This theorem established surprising 
and deep relations between logic and topology, and it could have easily been used 
to secure what Russell sought to achieve, namely the construction of (temporal 
and spatial) points from temporal intervals and spatial points from spatial regions.
 Despite his prominence as a philosopher, Russell’s excursions into topology 
did not arouse much interest among his colleagues. In the following decades philo-
so  phers now and then paid due reference to the later Russell’s talent for dealing 

long been superseded by the ongoing evolution of topology. It never occurred 
to the mainstream philosophers of science that meanwhile mathe ma ticians had 
produced much better topological tools than those that Russell had vaguely ad-
umbrated. Topological and geometrical methods in philosophy of science showed 
up again only much later, and in a context quite unrelated to Russell’s original 
project.

4. THE RETURN OF MATHEMATICAL METHODS IN PHILOSOPHY OF SCIENCE

Russell’s attempt to introduce topological methods in philosophy of science for 

Under the reign of a reductionist logical philosophy mathematics, and a fortiori, 
geometry and topology, was doomed to be considered as irrelevant as an object 
and as a tool of philosophy of science:
 (i) Being allegedly reducible in one way or other to logic, mathematics ceased 
to be an interesting object for the investigations of philosophy of science in its 
own right. Rather, from the perspective of logical philosophy of science, the only 
philosophically interesting area of mathematics was its logical foundation. The 

21 Reduc-
tion, Abstraction, Analysis, Proceedings of the 31th International Wittgenstein Sym-
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being relevant only for mathe maticians or those who were concerned with its ap-
plications of mathematics.
 (ii) From the perspective of a strictly logical philosophy of science any project 
to use mathematics as a tool for philo sophy of science made no sense. Tapping the 
conceptual sources of geometry and topology for understanding and elucidating 
the structure and the function of em pirical theories seemed pointless. Rather, the 
only legitimate tool for phi lo so phy of science was logic.
 Through the decades the conceptual limitations of a strictly logical approach 
to philosophy of science became more and more visible. Even an arch logical em-
piricist such as Carnap came to admit that that logic of science might not be every-
thing that philosophy of science had to say about science. He therefore proposed a 
kind of division of labour that proposed to complement the purely logical studies 
of science by other kind of investigations that dealt with the non-logical aspects of 
the sciences, for instance, history, sociology and psychology of science. Whether 
this plan is convincing need not be discussed here. Rather, I’d like to point out 
that also in this more liberal conception of philosophy of science the monopoly of 
logic for the study of the formal structure of science remained intact. That is to say, 

logic and logic alone.
 This contention, however, gradually lost unanimous agreement. Van Fraassen 
hails Patrick 
with the formal structure of science by questioning the basic as sum p tion of re-

as having put too much emphasis on matters linguistic:

The mistake, I think, was to confuse a theory with the formulation of a theory in a particular 
-

rect tool for philosophy of science is ma the matics, not metamathematics. This happened in 
the 1950s – be witched by the wonders of logic and the theory of meaning, few wanted to 
listen.22

gained momentum. This is not to say that it could establish itself as a new unique 
-

ematics as the basic tool of philosophy of science could be interpreted in many 
different ways – and indeed it was.
 Suppes himself preferred a set-theoretical approach that conceived of scien-

empirical theories such as mechanics or optics in terms of set-theoretical predi-
cates in an analogous way as from a set-theoretical perspective a mathematical 
theory such as the theory of groups may be described in terms of the set-theoretical 

Giere pre-

22 Van Fraassen, Laws of Symmetry, op. cit., pp. 221-222.
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ferred a more geometrical account that reconstructed empirical theories essentially 
-

metrical or topological structures, to wit, state spaces or phase spaces as the basic 
23

 Theories offer something like conceptual spaces, patterns for spatial activities, 
or maps. Having a theory is having a map that can be used to guide one’s actions. 
Topology, as a general theory of space, investigates the structure of these general-

of science are not Euclidean ones. Here topology comes to the rescue, since it 

used for this purpose.

5. CONCLUSION

become clear that the philosophical vicissitudes of topology in 20th century phi-
losophy of science offer a rich and multi-facetted agenda for history of philosophy 
of science that deserves further in-depth investigations. In particular the question 
why in the beginnings of the last century geometry lost its privileged status in phi-

quick and simplistic answer would be that topology did not appear on the radar of 
philosophy because it was too technical and inaccessible a discipline for philoso-

Philosophy of science was often prepared to invest a lot of conceptual effort to 
come to terms with the intricacies of modern formal logic – and it is not always 

of science did not shy away from considerable technical labor to come to terms 
with, say, quantum theory or relativity theory.
 In contrast, philosophy of mathematics succumbed to the vice of elementa-
rism or fundamentalism, as one may call it. Philosophers of mathematics, who 
sub scribed to this doctrine located the philosophical relevance of mathematics 
entirely in its foundations, be they be claimed to be of a logical or set-theoretical 
nature or of any other kind. Consequently, topology and other advanced areas of 
mathematics disappeared from the agenda of philosophy of science. Such an at-
titude starkly contrasted with that of philosophy of the empirical sciences.

23 Ronald Giere, Explaining Science. A Cognitive Approach. Chicago: The University of 
Chicago Press 1988, p. 20.
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words, after having overcome the neglect from classical logic-centered philo sophy 
of science the philosophical vicissitudes of topology and geometry continue to be 
an inter esting topic on the agenda of history of philosophy of science.
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GRAHAM STEVENS

PHILOSOPHY, LINGUISTICS, AND THE PHILOSOPHY
OF LINGUISTICS

ABSTRACT

In this paper I suggest that, despite the overlap between philosophy of language 
and linguistics, philosophy of science has neglected linguistics. I argue that this 
has been to the detriment of philosophy of language. I examine the philosophical 

1. PHILOSOPHY AND LINGUISTICS

The claim that Linguistics is one of those sciences that received philosophy of 

a large part of one of the core areas of contemporary analytic philosophy, namely 
philosophy of language, overlaps with theoretical linguistics to the extent that the 

the semantics and pragmatics of natural language. It is a somewhat arbitrary classi-
Kaplan’s indexical semantics, or Paul Grice’s 

many) are contributions to philosophy or to linguistics. But this overlap, which I 
-

terest in linguistics. It is evidence of a philosophical interest in linguistic phenom-
ena, and one that has regularly led to a combining of forces among linguists and 
philosophers. But this interest in linguistic phenomena is quite distinct from an 
interest in the discipline of linguistics. Philosophy of linguistics is not philosophy 
of language (though, of course, there is common ground here too); philosophy of 

philosophy of biology, economics, or physics, etc. The philosophy of linguistics, 

is in the status, nature and methodology of linguistics itself. Once the philosophy 
of linguistics is thought of in these terms, linguistics can quite understandably be 

 Furthermore, it is very important to note that the overlap between philosophy 

each that does not exhaust either. There are areas of the philosophy of language, 

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
DOI 10.1007/978-94-007-5845-2_35, © Springer Science+Business Media Dordrecht 2013
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Russellians and Fregeans over the metaphysics of propositions) that do not really 
touch on the concerns of linguistics, while only some of the concerns of linguistics 
have received the full attention of large numbers of philosophers. Philosophy of 
language has tended, even in those areas that do overlap with linguistics, to focus 
on issues concerning semantics and pragmatics. Syntax, on the other hand, has re-
ceived far less attention from philosophers of language. This is decidedly different 

linguistic theory. This difference has been exacerbated, as we will see shortly, by 
the inheritance of a notion of logical form in philosophy that is traditionally con-
strued in radically different terms to the linguistic notion of logical form suggested 
by 
 Syntax (at least the syntax of natural, as opposed to formal, languages) is a 

until recently, been largely ignored by philosophy of language. There are many 
others, however: philosophy of language has, for example, paid no heed to central 

important differences, however, there are general similarities between the two dis-
ciplines that should be mentioned. To some extent the general shape of ideological 

clash between the ordinary and ideal language philosophers (and more recently 
the contextualists versus the literalists) has its parallel in the clash between what 
are sometimes termed “essentialists” and “empiricists”. Such general similarities, 

-

term has the same force here as it does in philosophy. Whereas, in philosophy, 
-

theories, and equally clear doctrines concerning the limitations of a priori enquiry, 
in linguistics the situation is different. In linguistics the most common ideologi-
cal dispute in which the term gets employed is that concerning what counts as the 

-

a fascinating methodological debate of great philosophical interest – particularly 

between the empiricist and the rationalist in philosophy. Furthermore, actual lin-
guistic research is not compelled to engage in such ideological dispute. Thus a 
given piece of research may well bridge this ideological divide in practice, with 
researchers employing mixed methodologies drawing on both approaches. This 

same way.

and linguistics have, until very recently, been pursued largely independently of 
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one another, namely in their treatments of logical form. I will then focus on a par-

separation of the two disciplines has, in this particular case, been to the detriment 
of the philosophy of language. This will then support my overall conclusion that 
philosophy (of language in particular) has suffered as a consequence of philoso-
phy of science’s neglect of linguistics.

2. LOGICAL FORM IN PHILOSOPHY AND LINGUISTICS

Philosophers have inherited their conception of logical form from Russell. Though 

it in a logical calculus distinct from ordinary language, it was Russell who embed-
ded the concept of logical form in philosophy. Russell put a distinctly metaphysi-
cal spin on the notion of logical form. For example, in the following explanation 

worldly items (in this case facts, though in earlier writings of Russell’s they were 
construed as the forms of Russellian propositions1):

The study of logic … is concerned with the analysis of logical forms

the constituents of facts.2

among them was his conviction that the neo-Hegelian philosophy that he was 
at pains to refute at the beginning of the twentieth-century was founded on an 

Russell believed, was responsible for the idealism of the neo-Hegelians because 
it led them erroneously to the belief that it was contradictory to construe reality as 
something external to, and externally related to, the mind:

-
ble to admit the reality of relations: all relations, it maintains, must be reduced to properties 
of the apparently related terms … When once their reality is admitted, all logical grounds 
for supposing the world of sense to be illusory disappear.3

-
sive role in establishing analytical philosophy as the dominant force in Western 

1 For exegesis of Russell’s metaphysics of propositions, see Graham Stevens, The Rus-
sellian Origins of Analytical Philosophy. London: Routledge 2005.

Mysticism and 
Logic

3 Russell, Our Knowledge of the External World
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philosophy), it is not the doctrine of Russell’s that has had the greatest impact on 
our understanding of logical form. The doctrine responsible for that was his much 

grammatical role with devices of reference such as proper names.
 Russell’s denoting phrases are a subset of what linguists now call determiner 
phrases. These phrases are formed by attaching a determiner word such as “all”, 

of the Queen of England”, “present King(s) of France”, etc.

connectives. He explicitly lists “all Fs”, “every F”, “some F”, “a F”, “any F”, and 
“the F”.4 From what he says when explaining the merits of the theory, it is clear 

eldest son”, and “Russell’s theory of descriptions” among denoting phrases, on the 

“France’s present King” means the same thing as “the present King of France”. 
Other determiner phrases were not considered by him, no doubt because he was 

Other determiner phrases were excluded from the class of denoting phrases 
because Russell deemed them to be devices of reference, most notably complex 
demonstratives such as “that F”. It is relevant here to note that this contradicts 

virtue of their form.5 Complex demonstratives share the same form as Russell’s 

to be what he calls logically proper names, that is expressions whose sole seman-
tic function is to refer. Without being diverted into Russell interpretation, we can 

-

denoting phrases, despite his explicit claim that “a phrase is denoting solely in 
virtue of its form”,6 is really driven by semantic considerations. What places ‘the 
present King of France’ on the list of denoting phrases, and ‘that person in the 
corner of the room’ on the list of logically proper names is an intuition Russell 

Logic and Knowledge 
Essays 1901-1950

5 Ibid.
6 Ibid.
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In its clearest presentation, in Volume One of Whitehead and Russell’s Prin-
cipia Mathematica,8 the theory of descriptions is presented by giving the logical 

 has 
argued, it is not essential to the language that it be couched in this particular for-
mal language.10 The essence of the theory is that denoting phrases are devices of 

descriptions are simply the most controversial because the other denoting phrases 

-
ing claim:

the (in the singular) are incomplete symbols: they have 
a meaning in use but not in isolation. For “the author of Waverley” cannot mean the same 
as “Scott”, or “Scott is the author of Waverley” would mean the same as “Scott is Scott”, 
which it plainly does not; nor can “the author of Waverley” mean anything other than 
“Scott”, or “Scott is the author of Waverley” would be false. Hence “the author of Waver-
ley” means nothing.11

-
tion for sentences of the form “the F is G”:

(1) The F is G =df ∃x ((Fx y (Fy  x = y)) Gx)

In other words, “The F is G”, properly analysed, has the form “at least one thing x 
is F, everything is such that if it is F then it is identical with x, and x is G”.
 What exactly does this claim amount to? The sentence in question does not 
have the form given in (1). For example, the English sentence “The present King 

7 For further discussion of the relation between complex demonstratives and Russell’s 
denoting phrases, see Graham Stevens, The Theory of Descriptions: Russell and the 
Philosophy of Language

Principia Mathematica. Cambridge: 

Descriptions
10 -

Dialogue -
ditions”, in: G. Preyer and G. Peter, Logical Form and Language. Oxford: Clarendon 
Press 2002. See Stevens, The Theory of Descriptions, op. cit., Ch. 4 for a defence of 

11 Whitehead and Russell, Principia Mathematica, vol. 1, p. 67.
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of France is bald”, does not have the form of the (logico-) English sentence “at 
least one thing x is presently King of France, everything is such that if it is pres-
ently King of France then it is identical with x, and x is bald”. It does not even 
have the same lexical components as this sentence, let along the same structure. 
The claim meaning of 
the sentence. That meaning, according to Russell is a non-linguistic abstract entity 
called a proposition. What Russell’s theory is supposed to do therefore, is to reveal 
the proposition that is disguised in its linguistic representation. Logical forms, in 
short, are the forms of propositions.

3. THE SYNTAX OF DEFINITE DESCRIPTIONS

The English sentence “The present King of France is bald” has the same syntax, 
-

nite description, such as “Russell is bald”. Both combine a noun-phrase (hereafter 
-

nore the internal structure of the VP):

VP

VP

-

the structure that Russell attributes to the proposition expressed by (1), however. 
We can see this more clearly if we consider the negation of (1):

(4) The present King of France is not bald.

-

truth-value of this sentence. Some see it as obviously false on the grounds that 

the grounds that there is no present King of France who is bald. Russell’s theory 

between the propositions whose forms are unambiguously displayed in the follow-
ing two examples:

(5) ∃x ((Fx y (Fy  x = y)) ~ Gx)
(6) ~ ∃x ((Fx y (Fy  x = y)) Gx)
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The difference between the two is that the description has wide scope in (5), nar-
row scope in (6), with regard to the negation operator. Yet this scope interaction is 
only possible if descriptions have the degree of logical complexity that Russell’s 

-
port the distinction. Yet (5) and (6) reveal a genuine ambiguity in (4). The truth-

is its lexical components and grammatical structure.

sentence as ordinarily inscribed or uttered, there seems no choice but to follow 

-
tify the syntax of a sentence with the grammatical form it displays in ordinary 

be, is the surface structure (SS of the sentence). Information pertaining to SS is 
represented in (2) and (3). The sentence when uttered, has a phonetic form (PF) 

adequate if it yields no greater structure than what is apparent in the sentence’s SS 

level of logical form (LF). LF structures contain all of the information relevant for 

-
tions of syntactic properties of the sentence that are not encoded in its SS or PF.
 How do LF structures relate to Russellian logical forms? There has been some 
controversy surrounding this question. In his reconstruction of Russell’s theory of 
descriptions, Stephen 

his reconstruction of the theory of descriptions to a linguistic conception of logical 
form in Descriptions, he was close enough to it to draw criticism from those who 
wanted to defend a Russellian conception of logical form. Thus, Bernard 

the following grounds:
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-
logical status for Russell. In contemporary LF they are simply the primitive words of the 

I propose that it would be important to him to choose the right logical terms to be primitive, 

-
ping something incidental to his purposes. Instead, the difference between a syntactically 
primitive lexical item and an item corresponding with a genuine constituent of the world is 
a large one, and not one to be glossed over.12

Whether or not 

out theory of logical form”.13

over the exegesis of Russell. However, there is an important point to note about the 

-

of the theory of descriptions. Consider, for example, the argument given above 
for the theory. Because (4) is ambiguous between the two readings whose truth-
conditions are captured by (5) and (6), Russell argues that only if the propositions 

-

will account for the ambiguity because only it will allow for scope ambiguity. 
-

to truth-conditional data in support of its account of logical form. Furthermore, 

however, because the argument may be challenged on semantic grounds.
 Gareth Evans noted in The Varieties of Reference14 that if the semantic theory 
one adopts is that endorsed by the negative free logician, the claim that only quan-

-

highly dubious. If a proper name a carries no existential import, then the sentence 

12 op. cit., p. 404.
13

Russell and Analytic Philosophy. Toronto: To-
Descriptions: A Reader. 

14 Gareth Evans, The Varieties of Reference
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(7) a is not F
(8) ∃x (x = a  ~ Fa)

∃x (x = a  Fa)

-

-
ing names as having scope properties. We might represent these properties using 

Whitehead and Russell in Principia 
Mathematica:

a a
a a}

In (10) a has wide scope, in (11) a has narrow scope. This possibility undermines 

It shows that an alternative explanation for the competing readings of negated de-

-

and binding. Purely syntactic data are appealed to in support of the claim that 

process leaves a so-called trace which, while absent from the SS and PF is retained 

logical forms that Russell provided.

theory to its own detriment. Philosophers of language have been engaged in a 

-
phers seriously reassessing their conceptions of logical form in light of linguistic 
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4. SOME CONCLUSIONS

The neglect of linguistics is something that philosophers of language have recog-

particular example I have focused on in this paper, many philosophers of language 

now commonly encountered, for example, in consideration of the hypothesis, en-
dorsed by many philosophers of language, that LF is the interface between syntax 

rich and interesting questions about the relation between LFs and a hypothesised 
language of thought. Consideration of these sorts of issues puts linguistic theory 
at the heart of contemporary concerns in the philosophy of language. Similarly, 
the contextualist challenge to truth-conditional semantic theorising in natural lan-
guage semantics has drawn philosophers of language and linguists into a shared 

-
ciplines, however, it is unclear that the philosophy of
less neglected now than it has been over the past century. Very little has been writ-

question in the philosophy of linguistics: is linguistics a science? Yet the answer 
to this question may well shed important light on the questions that are occupying 
philosophers of language and linguists. The extent to which we should endorse 

of our answer to that question, and related questions about the proper methodol-

general, to reveal about the nature of language.

Philosophy, School of Social Sciences

Oxford Road

UK
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OLAV GJELSVIK

PHILOSOPHY AS INTERDISCIPLINARY RESEARCH

ABSTRACT

This paper raises issues about how philosophy ought to proceed. In the back-
ground are two competing approaches to the evidential grounding of philosophical 
insight. According to a widespread view, philosophical knowledge rests on a set 
of intuitions. According to another, philosophy has no special evidential ground-

separateness of philosophy that it lends support. I shall try to make plausible that 
such a picture can be harmful both for philosophy and for empirical science. We 
should replace it with a mild form of unity of science.

1. INTRODUCTION

We have recently seen a development towards a philosophy of philosophy mod-
elled on philosophy of biology, psychology and so forth. It is fair to say that the 
philosophy of science community has not contributed much to this development; it 
is rather a development by methodology-conscious philosophers with high general 

hand there is, in this development, an acknowledgement of a desire to learn from 
the way philosophy of science has fruitfully approached various disciplines when 
turning to the discipline of philosophy.
 The question of what philosophy is or ought to be is of course a hotly con-

that discussion concerns the evidential basis for philosophical knowledge (if there 

to whether philosophy as a discipline is set apart from other disciplines, by for 
instance basing itself on intuitions and having conceptual insights as its aim, or 
whether there is no such separateness, and perhaps no such aim as (pure) concep-
tual insight. Alvin  

of the sciences is its extensive and avowed reliance on intuition.” 1
 If we take the view expressed by Goldman literally, we see philosophy as very 
different from any empirical science, in that the evidential base is largely made up 

1 Alvin Goldman, “Philosophical Intuitions: Their Target, their Source and their Epis-
temic Status”, in: Grazer Philosophische Studien 4, 2007, pp. 1-26, p. 1.

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
DOI 10.1007/978-94-007-5845-2_36, © Springer Science+Business Media Dordrecht 2013
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of intuitions. Such a view raises a number of issues, not least issues about what 
intuitions are, how we know them, whether they carry their evidential status on 
the surface so to speak, in a manner not unlike Humean impressions or intuitions 
in ethics. A contrasting view would maintain that intuitions simply are theoretical 

-
ment. In that case, they have no special evidential role. A third view could be quite 
agnostic about what intuitions are, and take no reductive stance towards intuitions, 
but argue case by case that intuitions play no interesting role in establishing philo-
sophical knowledge.

separateness of philosophy that it lends support. I shall try to make plausible that 
such a picture can be harmful both for philosophy and for empirical science. We 
should replace it with a mild form of unity of science.

2. PHILOSOPHICAL EVIDENCE AND INTUITIONS

picture that gives intuitions an important role, is our limited ability to provide 
fully informative accounts of general and philosophically central concepts, i.e. the 
concepts that philosophy is typically interested in, the concepts the exploration of 

science has been the development of proper concepts/theories of explanation and 
also of cause. Take explanation as an example. Many theories/accounts of expla-
nation have been refuted by counterexamples provided in the literature. We might 
conclude that the counterexamples show that a suggested account or theory of 
explanation lets in both too much and/or too little, and we hold that this fact refutes 
that theory/account in question. Thinking about how this insight is established, 
that the theory is refuted, the ground on which the insight rests, we might think 
that the counterexample elicits an intuition, and that this intuition is to be thought 
of as an insight into the concept of explanation that the suggested theory did not 
capture. When we thus intuit that relevant fact about the concept of explanation, 
we also realize by the same token that the suggested theory or account of expla-
nation is refuted. Timothy Williamson has developed a careful alternative to this 
way of thinking in his discussion of the parallel issues in the case of knowledge. 
Still, many people here see a source for their way of thinking about intuition as 
the evidential base.
 The questions Goldman’s view gives rise to include questions about what in-
tuitions actually are, and also whether there is, as a matter of fact, extensive reli-
ance on them in actual philosophical practice. We can frame questions about the 
logic and semantics of the verb “to intuit” something in order to make progress 
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here, and do all this within the setting of seeing the core of philosophy as the 
exploration of the contents of a cluster of central concepts. Kirk Ludwig has con-
tributed interestingly towards such an understanding of intuition.2

content, i.e., in our case, the content of the concept of explanation. Whether they 

they do not necessarily have the sort of special or exceptional epistemological role 
that they are given on Goldman’s view.
 There are various grand strategies of arguing against a view like Goldman’s. 

Quine against the very distinction between the analytic and 
the non-analytic. Timothy Williamson has argued for a view that is not different 
from Quine’s regarding the relationship between the analytic and the non-analytic, 
and in doing so committed himself to far fewer controversial assumptions that 
Quine did.3 Williamson argues both against the metaphysical version of view, 
i.e. the view that meanings or conceptual content make the analytical truths true, 
and also against the epistemological thesis that possessing or mastering a concept 
brings with it knowledge of analytical truths. If no interesting distinction between 
the analytic and the non-analytic can be upheld, then the picture of the core of 
philosophy as devoted to the exploration of conceptual truths as something very 
different from empirical truths cannot be upheld. If this is so, then there is no at-
traction in the view that the evidential ground on which philosophical knowledge 
rests is something special and very different from the ground of other kinds of 
knowledge.
 Herman Cappelen’s work on intuitions complements Williamson’s work.4 A 
main part of it consists in a careful and very valuable investigation into the ques-
tion of whether philosophers do rely extensively on intuition even when they claim 
they do. His conclusion is that they do not; they do not rely on intuition in their 

thus a mismatch between what many philosophers do, and their own understand-
ing of how they go about it.

3. HOW OUGHT PHILOSOPHY TO PROCEED?

Both Williamson and Cappelen seem to me to be basically right in their claims. 
Still there is an issue about how far they take us in the direction of any normative 
issue about how philosophy ought to be conducted. Williamson’s basic message is 
that many philosophers’ basic conception of their own activity is faulty: they are 

2 Kirk Ludwig, “Intuitions and Relativity”, in: Philosophical Psychology 23, 4, 2010, 
pp. 427-445.

3 Timothy Williamson, The Philosophy of Philosophy
4 Herman Cappelen, Philosophy without Intuitions

2012.
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trying to do something which is in fact impossible when they attempt to achieve 
insight into the conceptual side of a terrain marked by a sharp distinction between 
conceptual truths and empirical truths. That sharp distinction has been with us 
from Hume and Kant, and is a present and powerful force. Cappelen’s basic mes-
sage is that philosophers don’t do what Goldman claims they do or what they 
often claim themselves to be doing; they do not in fact rely on intuitions in their 
arguments or in the way they try to establish their philosophical theses. This is 
good news if Williamson is right; they are not trying to do the impossible after all 
even if they think they are. Still little follows directly from Williamson’s and Cap-
pelen’s writings about ‘ought’ issues: whether philosophy is in a happy state and 

in the way it is conducted. They have, however, prepared the ground for possible 
changes. As long as there is no special evidential ground that philosophical knowl-
edge rests upon, then what is good for philosophy is simply to answer its questions 
and do that in the best possible way.

results in this area can be surprisingly fruitful for a range of deep philosophical 
questions that have been with us for centuries, questions that look like conceptual 
questions. I also want to claim that philosophical engagement with the empirical 
sciences on an issue like this can be fruitful for how the empirical sciences are 
conducted, what questions they ask etc. If this is right, it provides some ground 
for an ought: philosophy ought to concern itself more directly with at least some 

-

The philosophy of science has examples of a similar sort, but let us focus on this 
one case.

4. THE SIGNIFICANCE OF ADDICTION

Addicts pop up in philosophical discussions, and the concept of addiction has 

is Harry Frankfurt’s 1971 discussion of freedom of the will.5 The addict is there 
portrayed as someone compelled to consume the addictive substance no matter 
what. There is ‘total’ absence of freedom of the will, and the compulsion is so 
conceived that compelled consumption cannot really be intentional action. Further 
research has shown that Frankfurt’s conception of an addict is much too simplistic, 
but for the moment we can ignore that point. We have two dimensions in play by 

5 Harry G. Frankfurt, “Freedom of the Will and the Concept of a Person”, in: The Jour-
nal of Philosophy 68, 1971, pp. 5-20. Reprinted many places.
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bringing addiction into the issues that Frankfurt was working on, or two clusters of 
issues, one around the concept of freedom of the will or autonomy, and the related 
concept of responsibility, and also one around the concept of intentional action. 
The issues around intentional action hook up with conceptions of weakness of the 
will (or acrasia). Let me also add that it might of course have been a mistake of 
Frankfurt to bring in the case of addiction, given his purposes. I shall maintain that 
it was not. If there was a mistake it was rather that he did not take such phenom-

is undoubtedly some impairment in freedom of the will when you are addicted to 
heroin or alcohol, even if the impairment is very different from the way Frankfurt 
conceived of it. The type of impairment throws important and unexpected light on 
what freedom of the will is.
 There is more. The case of addiction is clearly an area where different scien-

reasons, and it raises, in complex ways, questions about the relationships between 
-

sion sciences, and economics, and their ways of providing accounts of addiction, 
as rational choice in some cases, or as the result of the operation of mechanisms 
of irrationality understandable only within a choice framework, like hyperbolic 
discounting, or similar such things. People within these sciences mainly interact 
with other members of their own discipline. In the biological models of addiction 
there is a tendency to say this is addiction, and then identify some more or less 
permanent change in the mesolimbic system or in nucleus accumbens. As it turns 
out, such permanent neurophysiological changes are far from perfectly correlated 
with the behavioural patterns that the decision sciences attempt to explain with 
their approaches; some things thus seem to be better explained by the latter, and 
knowledge is lost if the whole focus is the former. The relationship between the 
neurological modelling and the decision-theoretic modelling is, therefore, delicate 
and challenging, and also marked by limited interaction between the disciplines.

-
ing of Berridge and Robinson about the structure of the motivational system.6 They 
claim to have found that motivation in mammals can be seen as two cooperating 
but dual systems, one system to be thought of as expressed by “wantings”, the oth-
er by “likings”. Likings seem to be cognitively informed, and to be stable the way 
being cognitively informed is stable. It therefore has many properties in common 

6 Kent C. Berridge, and Terry E. Robinson, “The Mind of an Addicted Brain: Neural 
Sensitization of Wanting versus Liking”, in: Current Directions in Psychological Sci-
ence 4, 1995, pp. 71-76; Kent C. Berridge, and Terry E. Robinson, “The Psychology 
and Neurobiology of Addiction: An Incentive–Sensitization View”, in: Addiction 95, 
Supplement 2, 2000, pp. S91-S117; Terry E. Robinson, and Kent C. Berridge, “The 
Neural Basis of Drug Craving: An Incentive-Sensitization Theory of Addiction”, in: 
Brain Research Reviews 18, 1993, pp. 247-291.



452

motivational elements (this is, however in need of further investigation, and seems 
somewhat undetermined by data). “Wantings” behave differently, and are directly 
motivational. The picture is, furthermore, that these two systems normally march 
in step. The important bit is that they can come apart in special cases where this 
normal working of the motivational system of the organism is suspended. In those 
more exceptional circumstances we see cases of liking something and not wanting 
it, and wanting something and not liking it, to the point of disliking it. Wantings 

things, i.e. wanting to consume a substance, even when they do not like doing it. It 
is still fair to say that a motivational monism can get pretty far in explaining many 
of the same things as the dual approach of Berridge and Robinson, and that has 
been done by introducing mechanisms like hyperbolic discounting in the fashion 
of George Ainslie.7 The fact that there seems to be neurophysiological evidence 

-

takes in very many concerns, maybe also philosophical concerns.

also something about how philosophy can contribute to the ongoing research that 
-

ting things the wrong way round.

5. BENEFITS FROM PHILOSOPHY TO ONGOING EMPIRICAL RESEARCH

a) The basic issue of whether the general approach to motivation should be monist 
or not is an old one in philosophy, and in the philosophical tradition there has been 
a number of ways the oppositions between such views have been played out. This 
background seems fruitful and important for the full assessment of the theoretical 

-
fore, in this area, be an important contributor to generate hypotheses that can be 
empirically tested in ways not conceived of in earlier days.
 b) Philosophy and philosophy of science can contribute in a number of ways 
in clarifying and resolving some of the issues around very different disciplines try-
ing to address and explain what looks like the same phenomenon. This is indeed 
one of the specialities of philosophy: to analyse and settle whether explananda 
are the same or not, and whether explanations are competing explanations or not. 

required for answering whether dual and monist approaches to motivation are in-
deed competing. There is here a three-way meeting point between neuroscience, 

7 George Ainslie, Picoeconomics
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behavioural science and philosophy. The best way forward seems to be enlighten-
ment about what the various disciplines and approaches try to do and how they do 
it.
 c) Philosophy, and the philosophy of science as well, can contribute towards 

how to think of impaired agency, and look at how such a conception matters for 

not impaired etc. That is now in the process of being done by Richard Holton and 
Kent Berridge, and of course by many others.8

repercussions for how to do philosophy of action.
 Against the background of such work one might also hope for an account 
of addiction that clearly exhibits how freedom gets impaired when the addiction 
develops, and a full theory of addiction might be getting closer. That will bring 

to think of addicts’ responsibilities for their acts, whether they are able to give 
informed consent for various types of treatments and so on.

6. BENEFITS TO PHILOSOPHY FROM EMPIRICAL RESEARCH

The possibility of a dual approach to motivation grounded in neurophysiology 
can be of great help when trying to make progress on some very deep issues in 
philosophy. Here are some examples:

motivating (internalism/externalism issues) ought to be informed by such new 

which parts of empirical science now seem to entertain, and very many of the ar-
guments put forward in philosophy will have to be reconsidered in the light of the 

-
ism and externalism in philosophy are potentially all in trouble. Let me add that 

-
actions with internalism and externalism issues might actually be a way towards 
much greater clarity in how to think about likings.
 b) How to conceive of acrasia or weakness of the will have to be discussed all 
over again. This cluster of problems makes up a very old and deep set of issues 
in philosophy. Many of the arguments against the possibility of acratic action, or 
weak willed action, from ancient time will have to be reconsidered, partly because 

8 The work Holton and Berridge are doing together is not published yet.
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-
tion between wanting and liking. There is some vague parallel between the present 

further explored as well. They might throw much light on how we should relate to 
such thoughts.
 c) We also have to reconsider philosophical accounts of compulsion that seem 
to block conceiving of compulsion as intentional action with some, albeit limited, 
sort of freedom. This brings in a full range of issues about the extension of the 
concept of doing something intentionally, what that is, and what the things are that 
we do intentionally, and the relationships between what we do intentionally and 
what we are free to do.

knowledge is all the work around the mind-body problem. The various types of 
dynamic interaction between the neurophysiological level and the intentional level 
in addictive behaviours is a rich source for new and more concrete ways of think-
ing about this age-old problem.
 e) A further area has to do with developing informed views on addiction which 
can ground both ethical and legal decisions involving addiction, responsibility of 
addicts etc. The question I raised above, about whether heroin addicts can give 
informed consent to be given free heroin in experimental treatment, is a burning 
question in today’s society, and we need, as a society, to be better informed than 
we are to be able to answer that question.
 Final thought: the background outlined seems to me to make possible new and 
constructive interactions between work in more general philosophy and more spe-

-
cus on phenomena that are being studied from different disciplines and where the 

right focus to bring about new and interesting interactions between philosophy of 
science and philosophy. To my mind that interaction has suffered lately. Here is a 

7. CONCLUDING REMARKS AND A NORMATIVE PERSPECTIVE

I set out to provide reasons for a change in the way philosophy is done towards a 
certain type of interdisciplinarity; towards learning from the empirical sciences in 
ways relevant both for making philosophical progress and for laying the ground 
for very constructive interaction between philosophy and the these other disci-

ought directs towards learning from science, and integrating that learning into the 
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way we do philosophy, instead of trying to elicit the most sophisticated intuitions 
from armchair philosophy. In many of the areas described above, philosophy pro-
ceeds in a traditional way without paying almost any attention to work in various 

are at best very scarce. The philosophical work would still mainly be conducted in 
the same armchair even after a change of ways, but not by calling up intuitions that 
are to be had in splendid isolation from knowledge of empirical science. It would 
have to be pursued by two-way interaction with a large number of other sciences 
and disciplines, with philosophy situated at the theoretical end of the mutually 
enlightening work. That provides the ground for a good way of doing both many 
parts of philosophy and some parts of science, and thus provides grounds for an 
ought-statement to the same effect. If this ought I am defending is a fact, that fact 

the other hand, it is in some clear tension with seeing intuitions as some sort of 
(independent) evidence.
 It is probably fair to say that I have picked an area which is ideal for support 
for the conclusion I am drawing about how philosophy ought to proceed. Even if 
this is so, it does not detract essentially from the point that in many areas of phi-
losophy progress is least likely to come from continued traditional efforts where 
philosophical issues are discussed in complete isolation from relevant neighbour-
ing sciences. These things will actually be somewhat different in different parts 
of philosophy, but the point here is that concepts/discussions about things like 
blameworthiness, responsibility, doing something intentionally, being free to do 
something, internalism versus externalism in approaches to motivation, evalua-
tive concepts etc, are central philosophical issues and have been so for centuries. 
There can be other parts of philosophy where gains from interdisciplinarity are 

an open issue. I believe there are many cases that support the same general type of 
conclusion as I have drawn here, but I limit myself to this one.9

CSMN
Department of Philosophy, Classics,
History of Art and Ideas
Faculty of Humanities

Box 1020 Blindern

Norway

9 I am very grateful to Nick Allott for comments.
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THEO A. F. KUIPERS

PHILOSOPHY OF DESIGN RESEARCH

ABSTRACT

The paper investigates the conceptual possibility of a threefold distinction in de-
sign research that parallels the threefold distinction of laws, theories and research 
programs in nomic research, viz. design laws, design theories, and design research 
programs. In view of a rather different picture of design or, more broadly, applied 
theories of Ilkka Niiniluoto, the paper leaves the challenge to start comparative 
case studies to evaluate the two conceptions.

1. INTRODUCTION

In his editorial introduction to Philosophy of Technology and Engineering Sci-
ences, Volume 9 of the Handbook of the Philosophy of Science, Anthonie Meijers 
wrote:

Not so very long ago most philosophers of science maintained that the subject-matter of 
this volume was uninteresting […] because technology was taken to be an applied science 
in which the application itself presented no new philosophical challenges.1

The message of Meijers is very true, even in the much wider sense of disinterest 
in applied and design sciences in general. Sure, there have been exceptions in the 
past, e.g. von Wright2, Bunge3, and Simon4. However, witness the volume referred 
to, containing 41 contributions, there is a growing interest in the last two decades, 
and rightly so.

1 Anthonie Meijers, “General Introduction”, in: Anthonie Meijers (Ed.), Philosophy of 
Technology and Engineering Sciences, Handbook of the Philosophy of Science, vol. 9. 
Series editors Dov Gabbay, Paul Thagard and John Woods. Amsterdam: Elsevier 2009, 
pp. 1-19, p. 1.

2 Georg Henrik von Wright, Norm and Action. London: Routledge and Kegan Paul 
1963.

3 Mario Bunge, “Technology as Applied Science”, in: Technology and Culture 7, 1966, 
pp. 329-349. Reprinted in Friederich Rapp (Ed.), Contributions to a Philosophy of 
Technology. Dordrecht: Reidel 1974, pp. 19-36.

4 Herbert Simon, The Sciences of the Arti cial. Cambridge (Mass.): The MIT Press 1969 
(2nd ed. 1982).

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
DOI 10.1007/978-94-007-5845-2_37, © Springer Science+Business Media Dordrecht 2013



458 Theo A. F. Kuipers

 On the question “What is technological science?” Sven Ove Hansson5 dis-

(natural) sciences:

(1) they have human-made rather than natural objects as their (ultimate) 
study objects,

(2) they include the practice of engineering design,
(3) functional terms,
(4) value statements 

(safety, health),
(5) they employ less far-reaching idealizations than the natural sciences,
(6) 

close approximation is available.

sciences are neither branches nor applications of the natural sciences, but form a 

The focus of this paper is the broad notion of science-based design research 
or, simply, design research. Note that speaking of design sciences would be mis-
leading because in modern science there is design research in almost all academic 
disciplines. Talking about descriptive and explanatory sciences is for the same 
reason misleading.

I will discuss design research on three levels, suggested by the level distinc-
tion of (nomic) laws, theories, and research programs that turns out to provide an 
illuminating viewpoint in the area of theory oriented descriptive and explanatory 

6 By analogy, three levels of design 
research can be distinguished:

1) technical norms7, 8, or, as I call my version, design laws,

3) design research programs9.

5 Sven Ove Hansson, “What is Technological Science?”, in: Studies in History and Phi-
losophy of Science 38, 2007, pp. 523–527.

6 Theo Kuipers, “Laws, Theories, and Research Programmes”, in: Theo Kuipers (Ed.), 
Philosophy of Science: Focal Issues, Handbook of the Philosophy of Science, vol 1. 
Series editors Dov Gabbay, Paul Thagard and John Woods. Amsterdam: Elsevier 2007, 
pp. 1-95.

7 Von Wright, Norm and Action, Ibid.
8 Ilkka Niiniluoto, “The Aim and Structure of Applied Research”, in: Erkenntnis 38, 1, 

1993, pp 1-21. Niiniluoto, “Approximation in Applied Science”, in: Martti Kuokkanen 
(Ed.), Idealization VII: Structuralism, Idealization and Approximation, Poznan Stud-
ies in the Philosophy of the Sciences and the Humanities, vol. 42. Amsterdam: Rodopi 
1994, pp. 127-139.

9 Theo Kuipers, Rein Vos and Hauke Sie, “Design Research Programs and the Logic of 
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view on technical norms, followed by an attempt to improve his characterization 
by introducing the distinction between structural and functional properties. In the 

the analogy with nomic research. Hence, design theories look a bit like descrip-
tive and explanatory theories. To be sure, the idea of design theories is not new. 
However, as we will see, its most clear explication in the literature I know of is that 
of Niiniluoto.10 He claims that theories in what he calls applied sciences, includ-
ing sciences in which design research is dominant, have a structure that is more 
or less the opposite of theories in basic sciences. In Section 4 I will, based upon 

similarities and differences with nomic research programs. Some conclusions and 
suggestions follow in Section 5.

2. DESIGN LAWS

Following von Wright11, Ilkka Niiniluoto12 views design research as a kind of ap-
plied research that serves epistemic and practical utilities and focuses on the es-
tablishment of technical (or practical) norms. The strongest version of such norms 
reads in the 1994-version:

“If you want A, and (you believe) you are in a situation B, then you ought to do X.”

He argues that practical norms have a truth value, which enables support by basic 
research. The norm is true if and only if the corresponding causal statement “X 
causes A in situation B” is true.
 Although all this makes much sense, it is in my opinion illuminating to intro-
duce a distinction that is also frequently used in biology, notably when functional 
claims or laws are at stake. For example: the function of heartbeats is the circula-
tion of blood in the body. I mean the distinction between structural and functional 
properties (dispositions, events, processes, etc.). In general, the distinction is a 
relative one, that is, a functional property on one level can be a structural property 
on a higher level of complexity. Moreover, both types of properties are observable, 
at least as soon as the properties are explicitly named. In the context of design 

Their Development”, in: Erkenntnis 37, 1, 1992, pp. 37-63. Theo Kuipers, Structures 
in Science. Dordrecht: Kluwer 2001. Chapter 10.

10 Niiniluoto, “Approximation in Applied Science”, loc. cit., Section 1.
11 Von Wright, Norm and Action, Ibid.
12 Niiniluoto, “The Aim and Structure of Applied Research”, loc. cit. Niiniluoto, “Ap-

proximation in Applied Science”, loc.cit.
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imposed by humans on the one hand and properties that can only indirectly be 

where in the course of evolution functional properties have indirectly been real-
ized by the arising and changing of structural properties.

From this perspective, it is as plausible to talk about design laws as about 
-

vational) law or regularity of the form:
Functional property A in situation B can be achieved by imposing structural 
property X.

Or, in the symbols and phrasing that I prefer for the general version:
Imposing structural property S in context C causes functional property F.

A typical example is:

speed (F).
Hence, a design law is a special kind of (observational) causal law.

Comparing 
structural and functional properties, they seem two compatible ways of expressing 
means – ends relations. Both explications reduce these statements to causal regu-
larities. Whereas functions can already be discussed in biological systems even 
when there is no agent making design, technical norms explicitly involve actions 
(do X) and agent causality, and design laws do so implicitly by the phrase ‘im-

remark in correspondence, design laws do not include the idea of oughts, which is 
important to von -

-
dition, terminology, also in the context of intentional and functional explanation,13 
because it tends to hide the possibility of functional equivalents.

3. DESIGN THEORIES

To represent, usually very complex, cases of design research, e.g. drug design, 
-

resentations. The aim of (complex) design research can be adequately represented 

of) the products to be made and by two, mutually orthogonal, distinctions:14

13 Kuipers, Structures in Science, loc. cit. Chapter 4.
14 Kuipers et al., “Design Research Programs and the Logic of Their Development”, Ibid. 

Kuipers, Structures in Science, loc. cit., Chapter 10.
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– 
– 

-
lects the total of functional properties of a (potential) product, thereby implying 
that it lacks the other properties in the subspace of functional properties. Similarly, 

-
uct, thereby implying that it lacks the other properties in the subspace of structural 
properties.

product, thereby implying that the other properties in the space of properties are 
-

ties of (a prototype of) a product, thereby implying that the other properties in the 
space of properties are absent.
 In combination, and assuming that there is already (a prototype of) a product, 

On this basis, design theories can be formulated, tested, and improved. A design 
theory presupposes the above distinctions and deals with claims of the following 
type, leaving a contextual reference implicit:

This type of claim has two versions, depending on whether it refers to an existing 
or an intended artefact:

formally: for all x, if S(x) then OF(x)=DF.

corresponding intentional claim, which is further on simply called the claim of 
the theory. A design theory is typically science-based when its claim is based on 
theoretical considerations, here called the underlying nomic theories, which make 
testing of the design theory, see below, also testing of these underlying theories.
 The following picture characterizes the problem state of design research at a 
certain moment, assuming that there is already a prototype (x).
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actual

intentional

S DF

A problem state of design research
Legend:
OS(x)/OF(x) operational structural/functional profile of prototype x

structural profile/desired functional profile
causal relation

S/DF

OS(x) OF(x)

-

Two possibilities should be distinguished. As the picture already suggests, the pro-
totype may or may not be such that OS(x) = S. Let us start with the second case, 

assuming the theory is true, it is plausible to try to make progress by making a 

reason or other, OF(x) turns out to be at least as attractive as DF. This opens the 
way to adapting DF in the direction of the OF(x), which occurs for example quite 
often in pharmaceutical research, as pointed out by Rein Vos in his aptly called 
book Drugs Looking for Diseases 15.

claim of the theory is true. Hence, the prototype will have to be reproduced and 
tested again. However, if the claim OF(x) = DF turns out to be false, the theory is 

S. Another option we have already met: also in this case, OF(x) may be at least as 
attractive as DF.
 In the next section we will return to the suggested moves in the context of 
design research programs, but here we will focus on similarities and differences 
between design and nomic theories.

15 Rein Vos, Drugs Looking for Diseases. Dordrecht: Kluwer 1991.
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proper theory, 
viz. that the theoretical entities and properties cause and explain such and such 
observational facts. Typical examples of explanatory causal proper theories are, 
e.g. the theories of Newton and Darwin, and utility theory. Another important sim-
ilarity16 is the following:

Design research aims at (theories about) products with certain desired func-
tional features.
Nomic research aims at theories about phenomena with certain (desired) ob-
servational features.

However, there are also important differences:

1) theoretical entities and properties are not observable,
 structural properties are, like functional properties, observable,
2) observational features are derivable from the proper theory,
 functional properties are (claimed to be) caused by structural properties.

Hence, whereas nomic proper theories explain observational features by non-ob-
servational ones, design theories are a kind of descriptive causal theories, similar 
to e.g. complex chemical reaction equations. Of course, if the causal relations are 
not transparent or not based on well-established theories, they ask for explanation 
of the working of the products. A typical example is the research around the work-
ing of aspirin.

proposal.17 He contrasts theories in applied sciences, covering predictive and de-
sign sciences, with theories in the basic sciences. Let me call them applied versus 
basic theories. In a basic theory there is one causal factor X, for example gravity, 
that is applied in a variety of situations B1, B2, … with the resulting effects A11, A12, 
…, A21

X11, X12, …, X21, … for obtaining in different situations B1, B2, … a single goal 
A. Hence, it is a collection of technical norms (design laws) united by the same 

example, health and peace. In a picture, adapted from Niiniluoto, we get:

16 Kuipers, Structures in Science, loc. cit., Chapter 9.
17 Niiniluoto, “Approximation in Applied Science”, loc.cit.
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X A

B1

A11 A21A12... X11 X12... X21 X22....A22....

B2 B2B1

A basic theory An applied theory

In my view, nomic and design theories are similar: complex entities ideally gen-
erating desired observational features and desired functional features. Of course, 
there is no reason to choose between the two explications of applied/design theo-
ries. Both may be useful. It is just important to distinguish them.
 The picture suggests perhaps a somewhat different interpretation. A basic 
theory as depicted may be conceived of as a theory-net in the structuralist sense, 

i, Aij
plausible to construe an applied theory also as a theory-net, with theory-elements. 
What remains, however, is that they have an opposite structure.
 Another possibility, suggested by Niiniluoto in correspondence, might be to 
see an applied theory as a special case of a design theory where the desired func-

kind of theory-net. Indeed, it seems that the two explications would become com-
patible in this way.

4. DESIGN RESEARCH PROGRAMS

Finally, the development of a design research program, assumed to be guided by 

18 This enables to easily indicate similarities and dif-
ferences with nomic research, notably their respective kinds of progress, to which 
we will return soon. Moreover, the cooperation between a design program and 
one or more other research programs can be described, in the apt terms of Henk 
Zandvoort, as that between a guide program and one or more supply programs.19 
On its turn, this can be seen as an explication of the main ideas of the Starnberger 
Gruppe in the 70s, e.g. about aerodynamics.
 I noted already two similarities between design and nomic research and the-
ories, viz. their aims and their claims, respectively. And I alluded already to fur-

18 Kuipers, Structures in Science, loc. cit., Chapters 1 and 10.
19 Henk Zandvoort, Models of Scienti c Development and the Case of NMR, Synthese 

Library 184. Dordrecht: Reidel 1986. 
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ther similarities in the context of research programs. The main similarity is that 
between their kinds of progress. Progress in a design research program amounts 
to: the new prototype possesses more desired functional properties and fewer un-
desired ones than the old prototype. Progress in a nomic research program can 
analogously be characterized in terms of an increase of desired features and a 
decrease of undesired features.20 Moreover, in both cases, a particular way of mak-
ing progress is by the method of idealization and concretization. One starts with a 
prototype or theory that implements the core idea of the solution of the problem, 
but that neglects a number of relevant features. In successive stages it is attempted 
to build such desired features in the prototype or theory, and similarly for the elim-
ination of undesired features.

Another similarity is that between the existence of functionally equivalent 
prototypes (and products) in design research and of observationally equivalent 
nomic theories. Such functional equivalents enable the arising of competing re-
search programs in both types of research.

But there are also important differences. I noted already some of them in terms 
of design versus nomic proper theories: observable versus non-observable proper-
ties and descriptive versus explanatory claims. Other differences that come best in 
view in terms of research programs are:

2) a design target set is known in principle, whereas the nomic target set typi-

3) prototypes can straightforwardly be compared (comparative evaluation) 
both with regard to structural and functional properties, in contrast to the nec-
essarily indirect evaluation of the theoretical part of theories, viz. by compar-

4) to revise a prototype may be expensive for material reasons, to revise a 

Despite these differences, there is in general the feeling that design and nomic 
research have much in common. This is strengthened in case the actual research is 
in fact a cooperation between a guiding design research program and one or more 
nomic programs supplying problem solutions, the paradigm case of science-based 
design research.

20 Kuipers, Structures in Science, loc. cit., Chapter 9.
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5. CONCLUSION

In this paper I have shown that it is plausible to introduce a threefold distinction 
in design research that parallels the threefold distinction of laws, theories and re-
search programs in nomic research, viz. design laws, design theories, and design 
research programs. The resulting picture of, in particular, design theories is rather 
different from that of Niiniluoto, who construes applied theories, including design 
theories, as a kind of opposite of basic theories. At face value, both constructs may 
have their value. Case studies may show either this or that the one is (much) more 
realistic and hence useful than the other. Hence, the paper leaves the challenge to 
start such comparative case studies.21

Department of Theoretical Philosophy
University of Groningen
Private address:
Platanenlaan 15
2061 TP Bloemendaal
Netherlands
www.rug.nl/staff/t.a.f.kuipers
T.A.F.Kuipers@rug.nl

21 I like to thank Ilkka Niiniluoto for his remarks on the manuscript.
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RAFFAELLA CAMPANER

PHILOSOPHY OF MEDICINE AND MODEL DESIGN

ABSTRACT

This contribution intends to show how philosophy of science and medicine have 
been increasingly interacting and are further called to interact in elaborating dif-
ferent models, in clarifying notions like explanation, mechanism and generaliza-
tion in the medical context, and in tackling the relations between explaining and 
intervening. On these and related topics conceptual and methodological investiga-
tions on diseases and medical research and practice are both asking for philosophi-

shall illustrate how philosophy of science and medicine are mutually helping and 

become a focus for philosophy of science, such as epidemiology, psychiatry and 
psychiatric epidemiology.

1. INTRODUCTION

Philosophy of medicine has taken shape as a branch of philosophy of science rela-

with an increasing number of conferences, volumes and journals devoted to phil-

on what the aims and topics of philosophy of medicine are supposed to be. Phi-
losophy of science has been approaching medical research and its applications as 
part of a more general trend aimed at addressing actual 

due to the increasing interest of researchers and practitioners in the biomedical 

Such contacts strongly stimulate philosophy of science, presenting it with new 

processes, levels of explanation, and reduction. How and to what an extent 

be “adjusted” is one of the matters on which philosophy of medicine is called to 
contribute.

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
DOI 10.1007/978-94-007-5845-2_38, © Springer Science+Business Media Dordrecht 2013
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2. DISEASES AS MULTILEVEL PHENOMENA

Diseases have long been recognized as multilevel systems: not only are they 
brought about by a number of different factors, but such factors act at a number 
of different levels (e.g. the levels of cells, molecules, tissues, organs, the whole 
organism). After a tremendous spurt of research in molecular biology, biochemistry 

of the notion of disease: such perspectives as systems biology, epigenetics, 
evolutionary and Darwinian medicine1

of diseases, suggesting possible theoretical frameworks which can in turn affect 
treatments and prevention. As far as epidemiology is concerned, recent paradigms 
have stressed how the range of causal factors to be entertained must be broadened, 
and attention has focused more and more extensively on environmental and 
socioeconomic factors as determinants of diseases. Pathologies are believed to arise 
from interactions between biomolecular and genetic factors and what are deemed 
higher level variables: not only do viruses, pathogenic bacteria, genes, etc., bear 
some responsibility in causing diseases, but place of birth, education, occupation, 
neighbourhood of residence, income status, and many other variables are also 
recognized to play a prominent role. Many investigations on the socioeconomic 
determinants of diseases have been reported in the literature, especially in so-
called “social epidemiology” and “eco-epidemiology”. To mention just a few 

socioeconomic conditions on the incidence of coronary heart disease,2 or on the 
relationships between area-level socioeconomic disadvantage and advanced breast 
cancer and cirrhosis mortality.3

 This perspective has many implications with respect to the generally 
accepted view of health and disease, and also with respect to epidemiology’s 
main goals, namely prevention, public health, and the reduction – and eventually 
the elimination – of health differences. Diseases are seen as multi-faceted and 

Pierre-Olivier Méthot, “Research Traditions and Evolutionary Explanations in Medi-
cine”, in: Theoretical Medicine and Bioethics 32, 1, 2011, pp. 75-90.

2 Ana V. Diez Roux, Sharon Stein Merkin, Donna Arnett, et al., “Neighbourhood of 
New England Journal of 

Medicine 345, 2, 2001, pp. 99-106; Susan A. Everson-Rose, Tené T. Lewis, “Psycho-
social Factors and Cardiovascular Disease”, in: Annual Review of Public Health 26, 
2005, pp. 469-500.

3 Peter D. Baade, Gavin Turrell, Joanne F. Aitken, “Geographic Remoteness, Area-
level Socioeconomic Disadvantage and Advanced Breast Cancer. A Cross-sectional 
Multilevel System”, in: Journal of Epidemiology and Community Health 65, 2011, 
pp. 1037-1043; Albret Dalmau-Bueno, Anna García-Altés, Marc Marí-Dell’Olmo, et 

Southern Europe: a Multilevel Approach”, in: Journal of Epidemiology and Commu-
nity Health 64, 2010, pp. 720-727.
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highly variable, and human beings are conceived of as deeply intertwined with 
their surrounding environment, with the society they belong to and the economic 
setting they live in. Public health prevention strategies are encouraged to devote 
much attention to improving environmental and socioeconomic conditions, and 
epidemiology therefore tends to intensify its exchanges with other disciplines. The 

distinction between the so-called natural and social sciences: given the aetiology 

the natural or the social sciences, and cannot but be involved in research activities 
and results coming from both molecular biology and economics, sociology, and 
political sciences.
 The acknowledgment of the role of socioeconomic factors has partly 
concerned psychiatry as well, and psychiatric epidemiology is also growing in 
importance. Socioeconomic determinants are being recognized as increasingly 
relevant also to mental disorders – pathologies whose origin is in most cases 

implications. On the one hand, progress in molecular biology, genetics and 
neuroscience has promised to yield deep insights into the workings of the 
human brain. Many studies have focused on the genetic-molecular components 
of mental disorders, neuro-chemical alterations and the role of genetic risk 
factors. For instance, the early-onset form of Alzheimer’s disease, which affects 

kinds of gene mutations: mutations in APPs, the gene for amyloid precursor 
proteins found on chromosome 21; in the Presenilin 1 and Presenilin 2 genes, 
found on chromosomes 14 and 1 respectively; and in the apolipoprotein E 
(ApoE) gene found on chromosome 19.4 To mention another case, studies have 
been performed on the relationship between the polymorphism in the COMT 
gene, encoding catechol-O-methyltransferase and disorders like schizophrenia 
and panic disorder.5 At the same time, a causal role is increasingly attributed 

4 ApoE has three allelic forms (E2, E3, E4), and it is ApoE4 in a double dose which acts 
to bring about the disease. The genes APP, PS1 and PS2 are regarded as deterministic 

ApoE4 is regarded as a probabilistic contributory cause, increasing the likelihood of 
the disease in some patients. See Kenneth Schaffner, “Extrapolation from Animal 
Models”, in: Peter Machamer, Rick Grush and Peter McLaughlin (Eds.), Theory and 
Method in the Neurosciences.
230, pp. 218-220. For a discussion of other genetic models accounting for psychiat-
ric disorders, see Kenneth Schaffner, “Etiological Models in Psychiatry”, in: Kenneth 
Kendler and Josef Parnas (Eds.), Philosophical Issues in Psychiatry. Baltimore: The 
Johns Hopkins Press 2008, pp. 50-90, esp. pp. 55-62.

5 Steven P. Hamilton, Susan L. Slager, Gary A. Heiman, et al., “Evidence for a Suscepti-
bility Locus for Panic Disorder Near the Cathecol-O-Methyltranferase Gene on Chro-
mosome 22”, in: Biological Psychiatry 51, 7, 2002, pp. 591-601; Michael F. Egan, 
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for instance, life events involving both genetic liability and such factors as 
childhood parental loss, a disturbed family environment, and various stressful 
life events are picked out as pathogenic factors;6 in the case of anorexia 

and the dominant attitude towards female body size in high-income countries; 
in the case of schizophrenia, a causal relation has been drawn between 
the timing and duration of exposure to urban life and the incidence of the 
pathology.7 Explanations, prevention strategies, diagnoses and treatments of 

3. DISEASES AS MECHANISMS

The elaboration of multilevel paradigms of both physical illness and mental dis-

among others, how causation can cross levels – and on models of explanation, 
prediction and control. How different level – mostly probabilistic – causes are to 
be conceived, how they mutually interact, how their organization can be grasped 
are objects of debate. Without being by any means the only one, mechanism is one 
of the notions most extensively analyzed to capture medical causation. Together 
with issues emerging in other special sciences, investigations on the aetiology and 
functioning of diseases have stimulated a revision of the notion of mechanism 
with respect to its previous uses, which mainly had physics as a key-reference dis-

of mechanism in the philosophical literature, let alone in the biomedical sciences, 
-

nistic terms. However, a mechanism can be taken roughly to be a complex system 
that produces a behaviour or an outcome by the interaction of a number of parts. 
The productive behaviour is enacted by virtue of the mutual organization of the 

-
lings of Patients with Schizophrenia”, in: American Journal of Psychiatry 157, 2000, 
pp. 1309-1316. For a discussion of studies on COMT gene, see Ezra Susser, Sharon 
Schwartz, Alfredo Morabia and Evelyn Bromet, Psychiatric Epidemiology. Oxford: 

6 Kenneth S. Kendler, Charles O. Gardner, Carol A. Prescott, “Toward a Comprehen-
sive Developmental Model for Major Depression”, in: American Journal of Psychiatry 
159, 2002, pp. 1133-1145.

Schizophrenia to a Different Level”, in: American Journal of Epidemiology 163, 11, 
2006, pp. 979-981.
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temporal order, rhythm and duration.
 What can be regarded as the main aims, actual uses and possible advantag-
es of employing a mechanistic approach in conceiving of pathologies? To start 
with, the notion of mechanism allows thinking about how disease states arise 
and develop to be rooted in productive webs of causes, representing multilevel 
structures and their organization. Mechanistic systems can also be exhibited as 
systems that can be decomposed according to structural or functional criteria, or 
both, proving very fruitful both in pursuing further biomedical research and in 
planning and delivering treatments. Mechanistic models can be drawn in different 
ways, isolating different parts of the system according to the context and purpose 

components and activities can be admitted as constituents of mechanistic systems; 

the importance attributed to the mutual organization of parts, all components of 
the mechanistic systems under investigation must be taken into account: so-called 
“internal” features of the organism and “external” – e.g. socioeconomic – factors 
cannot be investigated as separate, all being involved in generating disease. No 
level is regarded as more fundamental than another and all the relevant factors 
are considered, no matter at what level they stand, thus matching current trends 

their mutual organization and interactions is sometimes regarded as crucial for the 
very characterization and classi cation of pathologies. For instance, it has been 

-
tion of cancer.8

mechanism can be adopted in an attempt to grasp the dynamicity and development 
in time of pathologies, elucidating the processes going from causes to induction 
period, up to symptoms, and stressing relevance of the order in which different 
pathogenic factors operate. Furthermore, a mechanistic approach can be employed 
when patterns of diffusion of diseases are to be drawn: when concerned with infec-
tious diseases, epidemiology also calls for the elaboration of models representing 
disease transmission, accounting for patterns of exposure and interactions within 

performed regarding time-varying patterns of connections among individuals and 

and transmission, crucial in some mechanistic views, play a very important part.

-
nogenesis”, in: Journal of Clinical Epidemiology 49, 9, 1996, pp. 951–956.
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 A mechanistic approach can prove useful for various cognitive aims. Mecha-

cases, and serve to provide standard models of diseases not only for research pur-
poses but also for diagnosis and therapy. Although they then have to be adapted 
to individual cases, which hardly ever mirror all aspects of the model, charac-
terizations of the average course of the pathologies have often allowed a new 

9. On the one hand, a 
mechanistic representation of the pathology is provided by biomedical research 
as a description of its “usual” or “average” behaviour – or as the disruption of 
a standard healthy organism’s behaviour. On the other, the individual patient is 

clinical medicine has to deal with. Mechanisms generally also have con rmative 
power
as well as help in hypothesizing that some mechanistic relations hold in the in-
vestigation of still poorly understood phenomena. However, probably the most 
common use of mechanistic notions occurs in explanatory investigations, when a 
deeper knowledge of the phenomenon is claimed to be sought which can in turn 
lead to the development of better treatments and more effective preventive strate-

-
fying the actions and effects of pathogenic factors and exhibiting the details of the 
processes they trigger. When looking for a mechanistic explanation, we do not rest 
content with an understanding of just what the causal factors are, but aim to know 
how we get from the causes to the effect, i.e. what goes on between the causes and 
the effect. The claim that causal explanations have to make explicit how the effect 
has been brought about by the cause has been largely made in epidemiology, argu-
ing, among others, that the so-called “black box”, “risk factor – outcome” para-
digm must be overcome, displaying what mediates from the causes to the effects 

not only to identify causes, but also to explain the causal processes that lead to 
-

stream mechanisms that allow us to understand how the risk factors operates” 10. 

of plausible explanations. Some alternatives are ruled out because any explanation 
will have to account not only for the association between the causal factors and 
the outcome, but also for the explanatory power of the mechanism that has been 

Nature 
Medicine 5, 5, 1999, 477-478, p. 477.

10 Susser, Schwartz, Morabia and Bromet, ibid., p. 416.
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 Possible advantages and merits of a mechanistic view notwithstanding, limits 
and puzzling issues are present as well, concerning, amongst other, the multilevel 
character of diseases. We have already insisted on how special attention must be 
paid to interrelationships between “internal”, organismal, and “external”, socioec-
onomic and environmental, factors, which cannot just be investigated separately. 
How such different levels precisely interact with each other is a problematic topic, 
having to do also with whether, e.g., biomedical research and epidemiology are 
committed to a genuinely multilevel idea of mechanism. How are higher level 
factors actually embodied into biochemical processes? How do they enter the eti-
opathogenic mechanisms in the patient? Much remains unsettled with respect to 

-
ways. Some studies focus, for instance, on stressful working conditions, or the 
perception of having a low social condition, as contributing causes of cardiovas-
cular diseases. These factors lead to an increase in the production of cortisol and 
sympathetic hypertonus, and through them to an increase in the risk of myocardial 
infarction. Research is hence pursued on how higher level factors act by entering 
the biochemical processes and how they impact on individual disease states. At the 

standpoint and renouncing a genuinely multilevel paradigm of pathologies. Some 
non-reductionist notion of mechanism needs to be devised preserving a concep-
tion of diseases as complex systems, and accommodating interlevel integration, 

explanation as possible. The challenge is to understand how the various factors in-
volved interact and contribute to the global behaviour of the system. Though some 
theoretical progress has been made, how bridges are to be built across levels, and 
different factors integrate, still seems a largely open issue.

4. INTERVENTIONIST APPROACHES TO DISEASES

Although mechanistic notions are widely employed, most of the times no complete 
mechanistic representation is reached, and all we get are mechanism sketches with 

to be done. Moreover, mechanisms are not essential for all cognitive purposes: for 
instance, prevention and treatment can do, and very often have to do, in the ab-
sence of mechanistic knowledge, or in the presence of only sketchy or very partial 
clues about mechanisms. Building on a manipulative notion of cause and couched 
in counterfactual terms, interventionist views can prove very useful in this respect. 
While not arguing against mechanicism, the interventionist approach separates is-
sues of causation from issues to do with the underlying mechanisms. Woodward’s 
theory, in particular, grounded on the notion of invariance under intervention and 
conceiving of causes as difference-makers, has been the most widely discussed in 
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generalizations are deemed causal if they are invariant under certain interventions; 
they can be more or less invariant and admit of exceptions. The generalizations we 
are able to frame can have a narrow scope, but as long as they are relatively stable, 
they have explanatory power. To explain is to answer a “what-if-things-had-been-

factors that, if changed, would make a difference to the explanandum. Scientists’ 
capacity to explain is thus very strictly linked to their knowledge of how to manip-
ulate the phenomena to be explained, and to the related capacity of modifying the 

at stake? A counterfactual-manipulative view appears highly suitable to account 
for causal claims assessed directly for practical aims, like prevention and public 
health. What are revealed are the factors on which we can intervene, and which, 
while being mechanistically relevant, often do not belong to a detailed mecha-

-
tionist accounts see no problem in mixing causes belonging to different levels: 
high level variables can act on lower level ones, and vice versa, as long as stable 

been-different” explanations. Once determinants and outcomes at different levels 
of organization have been analyzed, decisions will be taken on what is the most 
ef cacious level to act upon, to affect concrete situations. Multilevel systems can 
thus be admitted without worrying about what their internal workings are like, 
as is done, e.g., by risk-factor epidemiology. The same high level variables (e.g. 
one’s education or occupation) might turn out to be causally involved in a number 
of diseases, and will thus have to be of primary concern for prevention campaigns 
and public health policies, but no privilege is assigned a priori to any level over 
the others. A crucial role will be assigned to some variables – in other terms – on 
pragmatic, control-oriented grounds.
 Further possible merits of a manipulative-counterfactual perspective might be 

Woodward himself suggests 
that his approach ought to be employed in psychiatry,11 a counterfactual-manipu-

and especially to psychiatry, also by Kenneth Schaffner and John Campbell.12 To 
start with, referring to just hypothetical interventions, this approach suits cases in 

11 James Woodward, “Cause and Explanation in Psychiatry” and “Comment: Levels of 
Explanation and Variable Choice”, in: Kendler and Parnas (Eds.), ibid., pp. 132-184 
and pp. 216-235.

12 Kenneth Schaffner, “Clinical and Etiological Psychiatric Diagnoses: Do Causes 
Count?”, in: John Sadler (Ed.), Descriptions and Prescriptions: Values, Mental Dis-
orders and the DSMs
John Campbell, “Causation in Psychiatry”, in: Kendler and Parnas (Eds.), ibid., pp. 
196-216.
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counterfactuals allow to identify and express those causal links we cannot actu-
ally intervene on. An interventionist view can also remain neutral with respect to 
ontological claims, and with respect to issues such as the mind-brain and mind-
body problems – and all related problematic matters – which may complicate psy-
chiatric investigations. Furthermore, in a psychiatric clinical context diagnoses 
are often formulated and therapies prescribed without a full understanding of the 
pathology’s functioning. Schaffner has pointed out how diagnoses can be made 

complex pathologies such as Alzheimer’s disease, one can isolate – he points out 
– some causal factors by holding interfering factors constant; the dominating fac-

thus have major effects on the future course of the complex system. […] Such 
factors are major leverage points that can permit interventions, as well as simpler 
etiological explanations, which focus on such factors”13. While Campbell main-
tains that the interventionist perspective contrasts with any view on causation that 
takes it to be a matter of mechanistic links, such contrast does not necessarily hold; 
interventionist accounts can admit of mechanistic models, without committing to 
a mechanistic theory.
 Diagnostic, treatment, prevention and public health aims can affect the search 

achieved, account in a given context. A what-if-things-had-been-different claim 
can yield insights into properties we would like to control, and can hence be adopt-
ed for pragmatic purposes, when an intervention, i.e. a therapy or some prevention 
strategy, is to be performed. Some preference can thus be accorded, for instance, to 
either the closest or the most remote causal factors, depending on what we might 
be able to intervene on, or on what we might want
causes have a perspectival component. At the same time, this is not to say that 
research on how more remote, or higher level, variables enter into the pathological 
processes must not be pursued any further.

5. CONCLUDING REMARKS: CHALLENGES TO PHILOSOPHY OF MEDICINE

The cases of epidemiology and that of psychiatry show how advances in both 
-
-

13 Schaffner, “Clinical and Etiological Psychiatric Diagnoses: Do Causes Count?”, loc. 
cit., p. 286.
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others, physiology and cancer research are also stimulating some re-thinking of 

put, for instance, on the need to overcome a gene-centered perspective, adopt-
ing an integrative approach to networks of interactions between genes and higher 
level functions of organisms. The integration of molecular genetic information and 
higher level components is suggested as a possible route to assess a multi-level 
viewpoint in physiology, and to reconnect physiology with developmental and 
evolutionary biology.14 With respect to cancer research, some of the latest interpre-
tative models stress how different levels of biological organization are involved in 
the aetiopathogenesis of tumours – complex and heterogeneous diseases – and in 
their progression, with major implications not only for investigation in molecular 
biology, but also, for instance, from an epidemiological and clinical standpoint. 

traditional reductionist stances are challenged, looking at the organism as a whole. 
At the same time, “ontological and epistemological motivations to continue the 

ways to think about networks where non-linearity becomes the rule of biological 
processes and functions, not the exception” 15.

-
ceptualization of diseases and can challenge some important notions in the phi-
losophy of science, contributing to their revision. With respect to the notion of 
mechanism, a largely adaptable notion is to be elaborated, with possible contribu-

-

to a given system, stochastic, contingent and admitting of exceptions. With re-
16, that 

is, “overlapping interlevel models”. They are supported by mutually reinforcing 
types of evidence, aim to explain events at different levels and to create bridges 
among such levels, refer to processes developing in time, have a limited scope and 
admit of variations. While restricted, they play a fundamental role, for instance 
with respect to the adoption of animal models, to draw analogies between different 
organisms, to extend results of investigations to new cases, and for experimental, 
predictive and control purposes.

-

14
Journal of Physiology 589, 5, 2011, pp. 1007-1015.

15
Research”, in: History and Philosophy of the Life Sciences 31, 2009, pp. 79-98, p. 90.

16 Kenneth Schaffner, Discovery and Explanation in Biology and Medicine. Chicago: 
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versial points, overcoming long-established philosophical categories. With respect 
to the reductionist-antireductionist issue, for instance, it has been suggested that 
“ ‘mixed’ models are likely to be the most useful for the foreseeable future, thus 

17. With respect 
to explanation, explanatory pluralism seems preferable to monistic explanatory 

multiple targets for which an explanation can be sought. Explanatory pluralism 
admits multiple mutually informative perspectives, focusing on different levels 
of organization and abstraction, and promotes different and complementary kinds 
of understanding of different kinds of pathologies. Adopting an explanatory plu-
ralistic stance is accompanied by much emphasis on the context, which is held to 

medical investigation (i.e. a “standard” organism, the single patient, a given popu-
lation, a given subset of the population, …) and its purpose (e.g. whether we are 
aiming to explain mechanistically, or to intervene to predict and control, …) must 
be considered, and the choice of a given model will be driven both by what it is a 
model of and by what it is a model for.
 The encounter with medicine asks philosophy of science to address new chal-

-

traditional philosophical problems and test old notions with respect to new frame-

diagnosis; the relation between general biomedical models and clinical individual 

be in many respects partial and “patchy”, philosophical analysis can contribute 

bits”. As Kenneth Kendler suggests referring to psychiatry, investigations should 
have as a goal “‘piecemeal integration’ in training to explain complex aetiological 
pathways to illness bit by bit”18.
 The adoption of certain descriptive, explanatory and predictive models and 
given sets of notions is accompanied by the shaping of different models of health 
and disease, which in turn can promote the development of certain trends in bio-
medical research, and/or enhance different aspects of medical practice and public 
health policy, and thus have a strong impact on both medicine as a science and our 

-

17 Schaffner, “Etiological Models in Psychiatry”, loc. cit., p. 51.
18 Kenneth S. Kendler, “Toward a Philosophical Structure for Psychiatry”, in: American 

Journal for Psychiatry 162, 2005, pp. 433-440, p. 433.



478 Raffaella Campaner

able to absorb further discoveries on their constitution and aetiology, and trying to 
meet the challenge of keeping together the visions of biomolecular research and of 
health care.
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PROBABILISTIC FORECASTING:
WHY MODEL IMPERFECTION IS A POISON PILL

ABSTRACT

Foretelling the future is an age-old human desire. Among the methods to pursue 
this goal mathematical modelling has gained prominence. Many mathematical 
models promise to make probabilistic forecasts. This raises the question of exactly 
what these models deliver: can they provide the results as advertised? The aim of 
this paper is to urge some caution. Using the example of the logistic map, we argue 
that if a model is non-linear and if there is only the slightest model imperfection, 
then treating model outputs as decision relevant probabilistic forecasts can be seri-
ously misleading. This casts doubt on the trustworthiness of model results. This 
is nothing short of a methodological disaster: probabilistic forecasts are used in 
many places all the time and the realisation that probabilistic forecasts cannot be 
trusted pulls the rug from underneath many modelling endeavours.

1. INTRODUCTION

Foretelling the future is an age-old human desire, and the methods to pursue this 
goal are varied. Ancient Greeks consult an oracle; the superstitious ask a fortune 

Among the methods of science, mathematical modelling has gained prominence: 

the returns of an investment, there is hardly a phenomenon that has not at one point 
or other been modelled mathematically. Many of these models make probabilistic 
forecasts: they provide us with probabilities for certain future events to occur. 

-
els are but some prominent examples of models making probabilistic predictions. 
Designing such models is aided by the availability of ever increasing computa-
tional power, which has led to a trend of building ever larger and more complex 
models which are capable of making ever more precise predictions on an ever 

 An example of the use of such a model is the recent project called United 
Kingdom Climate Projections (UKCP), which aims to make high resolution 

H. Andersen et al. (eds.), New Challenges to Philosophy of Science,  
The Philosophy of Science in a European Perspective 4,  
DOI 10.1007/978-94-007-5845-2_39, © Springer Science+Business Media Dordrecht 2013
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probability forecasts of the climate for up to 2100. Figure 1 provides an example 
of such a forecast. It shows probabilities for different changes in precipitation un-
der a medium level emission scenario.1

is a 0.5 probability for a 20–30% reduction in precipitation in London by 2080. 
One of the striking aspects of this prediction is its precision. Calculations are made 
for a high resolution grid and so the forecast is able to distinguish, for instance, 
between the effects of climate change in London and Oxford (which are only an 
hour apart by train).

Figure 1. Change in summer mean precipitation (%) for the 2080s under a medium 
emission scenario. Source: UKCP.2

Computational power does not come for free. Super-computers are expensive 
tools, and developing and operating large computational models takes up the best 
part of the working hours of an ever increasing number of scientists. This raises 
the question of exactly what these models deliver: can these models provide the 
results as advertised?

1 UKCP uses the IPCC A1B scenario. This is a kind of “optimistic” scenario of rapid 
growth and then a levelling off of the population by 2050 and a balance of renewable 
and fossil fuel energy. Total cumulative emissions amount to roughly twice what cu-
mulative emissions were in 1990.

2 http://www.ukcip.org.uk/wordpress/wp-content/UKCP09/Summ_Pmean_
med_2080s.png; retrieved on 12 October 2011.
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 The aim of this paper is to urge some caution. We argue that if a model is non-
linear and if there is only the slightest model imperfection, then treating model 
outputs as decision relevant probabilistic forecasts can be seriously misleading. 
This casts doubt on the trustworthiness of model results like the one we have just 
seen. In what follows we discuss this claim with a focus on climate modelling; we 
do so for the purpose of illustration and emphasise that the problem we describe 
crops up in all phenomena best modelled by non-linear models.
 We begin by outlining the general methodology used in producing probabilis-
tic forecasts, which we refer to as the default position (Section 2). Using computer 
simulations in a simple model we show that the default position produces serious-
ly misleading results if the dynamics of the system is non-linear (Section 3). This 
casts serious doubt on the trustworthiness of model-based probability distribu-
tions, and there is unfortunately no quick and easy way to dispel these doubts (Sec-
tion 4). This raises serious questions about how models are (and indeed should be) 
used to make informed policy decisions (Section 5).

2. THE DEFAULT POSITION

From a formal point of view, a climate model is a dynamical system, which we 
denote by (X, t, ). As the notation indicates, a dynamical system consists of 

X, is the system’s state space, which contains all 
states in which the system could be. What these are depends on the nature of the 
system. For instance, the state space of a particle moving along a straight line are 
the real numbers, and the one of a hockey puck sliding on a square ice rink the unit 
square. The second element, t , is the ow (or time evolution): if the system is in 
state  x∈X now, then it is in y = t (x) at any later time t. In other words, t , tells us 
how the system’s state changes over the course of time. The third element, , is the 
system’s Lebesgue measure: it allows us to say that parts of X have a certain size. 
In case X is the real axis,  is the length of an interval, and if X is the unit square 
the measure informs us what the area of parts of the square are. In the argument 
to follow  plays no role and we note it here merely for the sake of completeness.
 In the case of climate models X consists of relevant weather variables (such as 
air temperature, precipitation, wind speed, …), and t tell us how they change over 
time. When descibed at that level of abstraction, one could be left under the im-
pression that climate models are rather simple things. It is important to counter this 

would involve giving the air temperature, precipitation, etc. at every point in the 
atmosphere of the earth! It is not only a practical impossibility to obtain these data; 
it is also an impossibility to store them with digital technology. For this reason we 

on X and represent the state of an entire cell by one set of values for the relevant 
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variables. The grid size is the length of the sides of the cells. Typically the grid size 
used in a climate model is well over 100km. Covering the world with such a grid 
still leaves us an enormous amount of data! Yet it is important to emphasise that 
the volume of numbers notwithstanding, this is a rather coarse description. For 
instance, the weather in the entire city of London is now represented by one set 
of numbers (one number for temperature, one for precipitation, etc.). The dynam-
ics of the model raises even more issues. In order to specify t we have to make 
a number of strongly idealising assumptions: we distort important aspects of the 
topography of the surface of the earth as the resolution of these models does not al-
low for realistic mountain ranges like the Andes, does not resolve the southern half 
of the state of Florida, many islands simply don’t exist, including small volcanic 
island chains easily visible in satelite photographs due to their interaction with 

-

earth’s climate system. These equations are non-linear and we cannot solve them 
analytically. For this reason we resort to the most powerful computers available to 
compute solutions. The result of these computer simulations is t .

3

particular initial state x and then tells us into what state y = t (x) this condition 
evolves under the dynamics of the system. Unfortunately this algorithm is not very 
useful in practice because we never know in what exact state the system is (if such 
a thing exists at all). To begin with, there is no measurement device that provides 
exactly correct values and so every measurement result comes with a certain mar-
gin of error. But more importantly, there is no such thing as the true wind speed in 
a model grid point corresponding to central London! All we can truthfully say is 
something like ‘the wind speed at a particular random location within that grid cell 
is likely to lie within a certain range’. We account for some of these uncertainties 
by specifying a probability distribution p0(x) over initial states, where the subscript 
indicates that the distribution describes our uncertainty about the initial condition 
at t = 0. There is of course a legitimate question about what the correct distribution 
is; we set this issue aside and assume that in one way or another we can come by 
the correct p0(x) (in the sense that it is a correct representation of our uncertainty).4 

-
son-Sellers, A Climate Modelling Primer. 3rd ed. New Jersey: Wiley 2005; a discus-

4 For a discussion of different kinds of uncertainty and their sources see Seamus Bra-

Change Discussion Paper 56, 2011 (available at http://www2.lse.ac.uk/GranthamInsti-

aspx), and Leonard A. Smith and Nicholas Stern, “Uncertainty in Science and its Role 
in Climate Policy” Philosophical  Transactions of the Royal Society A  369, 2011, pp. 
1-24.
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The question then becomes: how does p0(x) change over the course of time? The 
t can now be used to move p0(x) forward in time: pt (x) := t [ p0(x)].5 This 

distribution is the central item of the default position, the view that we obtain the 
decision-relevant probabilities for certain events to occur by plugging the initial 

position does not make the (trivial) statement that pt (x) is a probability distribu-
tion in a formal sense (i.e. that it is a mathematical object satisfying the axioms of 
probability); it is committed to the (non-trivial) claim that these probabilities are 
the correct probabilities for outcomes in the world in the sense that a rational deci-
sion maker should adjust his/her beliefs to these probabilities and act accordingly 
(assuming that there is no other pertinent evidence). In other words, pt (x) is taken 

to place bets, set insurance policies, or make public policy decisions according to 
the probablities given to us by pt (x).6

3. THE POISON PILL

Its intuitive appeal notwithstanding, the default position is wrong: pt (x) need not 
be the correct probability distribution, and taking pt (x) as a guide to actions can 
be ruinous. Our strategy is to present a case where one can explicitly see that pt (x) 
need not be the correct probability distribution. This is enough to refute the default 
position, which has it that pt (x) always is the correct probability distribution.
 Consider the following thought experiment. McMath has a pond in his garden 

-
structs a model which allows him to predict the size of the population in his pond 

t
the pond at time t -
modate; t lies in the unit interval [0, 1]. To predict future populations he comes up 
with

5 We use square brackets to indicate that t [ p0(x)] is the propagating forward in time of 
the initial distribution p0(x
as follows: pt (x) := t [ p0(x i p0(zi ), where the sum of zi
in X which are mapped onto x t (i.e. t ( zi) = x for all i
invertible this reduces to pt (x) = p0 ( –t (x)).

6 UKCP09 probabilities are formed in a more complicated manner, combining outputs 
from multiple (imperfect) models using Bayesian methods (see http://ukclimateprojec-

-
ver, it is unclear why combining the outputs of several structurally imperfect models 
should make the problems we describe in the following section go away.
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t+1 = 4 t (1 – t ),
where time t is measured in units of weeks. So the model says that the population 
ratio in a week’s time is four times today’s ratio multiplied by one minus today’s 
ratio.7

 This allows McMath to predict the future size of his population given he 
knows today’s size. The model is a dynamical system in the above sense with the 

the measure being the “usual” length of real intervals. So McMath decides to fol-
low the prescription of the default position: he puts a probability distribution p0 (x) 
over the initial conditions – here today’s population ratio – and moves it forward 

-
ated to bet with one of his fellow villagers. The bet is “above or below 0.5”: they 
split the unit interval into two equal parts, (0, 1/2) and (1/2, 1), which they call A 
and B respectively, and bet on whether A or B occurs in two months’ time.

the bet against his mate? At this point the second part of our thought experiment 
begins: as we are pondering this question, we are incredibly lucky: heaven opens 
and God whispers the formula of the world’s true dynamics into our ear:

~  t+1 = 4 ~ t (1 – ~ t )  (1 – ) +      (~ t
2 – ~ t + 1)

where  is a parameter taken here to be 0.1. We immediately realise that this is just 
-

this equation is that it is one of the simplest non-linear maps and that it has originally 
-

tion with very Complicated Dynamics”, in: Nature 261, 1976, pp. 459-469. For the 

(1)

4
5 (2)
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The maximum error of the model is 5 10–3 at x = 0.85344, where t+1 = 0.50031 
and ~ t+1 = 0.49531. This error is really small, which would lead us to believe that 
McMath’s predictions should be accurate, and that therefore the use of the default 
position should be a winning strategy.
 But calculations are better than intuitions, and so we use our God-given in-
sider knowledge to see how well McMath will do. We move the initial distribution  
p0 (x

pm
t  (x) and pw

t  (x) for the 
model and the world respectivley. If the default position was correct, one would 

pm
t  (x) and pw

t  (x) are identical, or at least broadly overlap. This is 
because, by assumption, the initial distribution is the correct distribution and the 
dynamics of the world is the true dynamics, hence pw

t  (x) is the correct distribution 
and pm

t  (x) captures what happens in the world only to the extent that it agrees with 
pw

t  (x).
 Since we don’t know how to calculate pm

t  (x) and pw
t  (x) with pencil and paper, 

we resort to computer simulation. To this end, we divide the system’s state space 
into 49 cells (which, in this context, are usually referred to as ‘bins’). We then 
choose an initial distribution of 1024 points which is distributed according to the 
invariant measure within a radius of 7 10–3 from the true initial condition. The 
true initial condition is randomly chosen; in the concrete example to follow it hap-
pens to lie in the third bin. The true initial condition was within the same interval, 
but not necessarily at the centre. In turn we iterated forward in time 1024 points 

laws. The other graphs in Figure 3 show how many points there are in each bin 
after two, fours and eight weeks respectively. Dividing these numbers by 1024 
yields an estimate of the probability for the system’s state to be in a particular bin.
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Figure 3. The evolution of the initial probability distribution under the dynamics 

These calculations show the failure of the default position. While the two distribu-
tions overlap relatively well after two and four weeks, they are almost completely 

calculation led him to believe that after two months p (A ) ≅ 1 and p (B ) ≅ 0 (this 
is read off from the blue line in the fourth graph in Figure 3). This led him to offer 
extremely long odds on A.8

-
ure) are p (A ) ≅ 0.1 and p (B ) ≅ 0.9. So he is very likely to lose a large amount of 
money to his fellow villager!9

 The moral of this thought experiment is that if a non-linear model differs from 
the truth only by a little bit (i.e. if the model has only a slight structural imperfec-

8 We use so-called odds-for, which give the ratio of payout to stake. These are conveni-
ent because they are reciprocals of probabilities; i.e. if p(A) is the probability of A, then 
o (A) = 1/p(A) are the odds on A.

9 Notice that our argument does not trade on worries about p0 (x). We assume that the 
initial distribution gives us the correct initial probabilities and that setting ones degrees 
of belief in accordance with these probabilities would be rational. The core of our con-
cern is what happens with these probabilities under the time evolution of the system.



Probabilistic Forecasting 487

tion), then probabilistic predictions can break down. This implies that the default 
position is wrong. Simply moving forward in time an initial distribution under 
the dynamics of the model will not yield decision-relevant probabilities! But the 
break-down of the default position is nothing short of a methodological disaster: 
as we mentioned above, the default position is used in many places all the time 
and the realisation that probabilistic forecasts cannot be trusted pulls the rug from 
underneath many modelling endeavours. One can sum up the result of our story in 
the slogan that model imperfection is a poison pill.
 An immediate reply would point out that we have biased the presentation of 
the case in various ways to arrive at our conclusion and that the situation is in fact 

forecast: had we focussed on the one month forecast McMath’s forecasts would 
have been accurate enough to make both his planning and betting sustainable. 
Perhaps, perhaps not. In the real world heaven doesn’t open and no one whispers 
true dynamical laws into our ears. So we cannot simply compare the model with 

t = 4. In fact, if we knew the true 

and we know that the model is imperfect in various ways. What the above scenario 
shows is that model-probabilities and probabilities in the world can come unstuck 
dramatically, and as long as we have no means of telling when this happens, we 
better be on guard! For all we know there is no method of predicting when the 
model is accurate other than knowing the truth in advance, in which case we would 
not bother with a model anyway.
 The second alleged bias is the choice of the initial distribution. In order to run 
the calculations we have to choose a particular initial distribution (1024 points 
distributed according to the invariant measure within a radius of 7 10–3 from the 

goes, this must be a special case that we have carefully chosen in order to drive 
home our sceptical conclusion; most of the distributions do not behave in this way 
and models provide trustworthy results most of the time. Our story, so the counter 
continues, shows at most that every now and then unexpected results happen, but 
does not warrant a wholesale rejection of the default position.
 There is no denying that our calculations rely on a particular initial distribu-
tion, but that realisation does not rehabilitate the default position. We repeated that 
same calculation with a large number of randomly chosen initial distributions, 
and it turned out that about one third of these distributions showed behaviour 
similar to that seen in Figure 3; another third resulted in forecast distributions that 

are by no means as rare as those critics would have it, and as long as we have no 
systematic way of drawing a line between the good and the bad distributions, we 
had better not rely too heavily on our calculations when making provisions for the 
future.
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 Some may have started wondering what all this has to do with modelling in 
the sciences; after all, what we care about is the future climate or the stability of 

-

is tighter and more immediate than we would like it to be. The problems arise if 
-

erties. Without question, climate models have both these properties. It is not clear 
how to interpret the situation when different models agree (give indistinguishable 
probability forecasts), but in the climate case the different models give very differ-
ent distributions (cf. the last IPCC Report, WG I) and so we know that the details 

10 So when calculating, 
say, monthly precipitation in the 2080s based on climate models we may well not 

with bets.

4. ANTIDOTE WANTED

independent parameter set equal to 4, which results in the dynamics being cha-
otic;11

models will face the same predictive breakdowns we implicitly assume that the 
problems when making predictions with the logistic map are typical of non-linear 
models and will also occur in systems with completely different dynamical laws 
(as long as they are non-linear). It is fair to say that there is no hard and fast argu-

those who want to argue that the default position does not run into the problems 
we describe when used in the context of other non-linear models. Since the rise of 
chaos in the 1980s a bewildering array of non-linear systems has been studied and 
the general moral to be drawn from these studies is that random properties of sys-
tems get more dominant as (a) parameter values controlling the non-linear terms 
increase and (b) the size of the systems increases.12 Generalising from these cases 

10 See Leonard Smith, “What Might We Learn from Climate Forecasts?”, in: Proceed-
ings of the National Academy of Science USA 4, 99, 2002, pp. 2487-2492. 

11 -
ics”, loc. cit. and Leonard Smith, Chaos. A Very Short Introduction. Oxford: Oxford 
University Press 2007.

12 By ‘random properties’ we mean, for instance, properties belonging to the ergodic 
hierarchy such as being mixing or Bernoulli; for a discussion of these see Joseph 

Chaos”, in: Studies in History and Philosophy of Modern Physics 37, 2006, pp. 661-
691. An example of a system that becomes increasingly random as the perturbation pa-



Probabilistic Forecasting 489

one would expect that climate models, which are both strongly non-linear and 
huge, should display more rather than less of the problems we have seen above.
 Another set of issues concerns lead times. Three challenges can be mounted. 

the above results show that in the short term the model forecasts appear accurate 
– hence there is no cause for concern. In some cases this seems to be the right 
response. In weather forecasting, for instance, we are mainly interested in predict-
ing the immediate future and hence limiting model runs to the short term is the 
right thing to do. But this response does not work in all cases. In both weather 
and climate modelling, for instance, we also are interested in the medium or long 
term behaviour and so we cannot limit predictions to short lead times. Of course 
what counts as short-term or long-term is relative to the model and it could be the 
case that by the standards of the relevant climate models a prediction for 2080 is 
still a short term prediction. We are doubtful that this is the case. Indeed, it would 
be surprising if such predictions would turn out to be short term by the lights of a 
model used to make that prediction, in particular given that state of the art climate 
models differ even in terms of their performance over the past century. Again the 
burden of proof lies squarely with those who believe that this is the case.
 The second challenge argues for the opposite conclusion: what we are inter-
ested in is long term behaviour and so we can actually do away with detailed pre-
dictions completely and just study the invariant measure of the dynamics because 

this proposal is the assumption that the invariant measures of similar dynamical 

there is no reason to assume that adjusting beliefs according to the invariant meas-
ure is less misleading than adjusting them according to pm

t  (x
best unclear whether this is so. There is no proof that invariant measures have this 
property. Nonlinear systems are not expected to be structurally stable in general, 
which suggests that invariant measures need not be similar. And what is worse 
still, unlike McMath’s pond, the world’s climate is a transient system and as such 
it does not have an invariant measure at all.
 The third challenge is that we are playing fast and loose with the notion of 
prediction. While McMath wants to predict what happens exactly two months 
from now, the above climate prediction is an average for the 2080s. So we would 
be comparing apples and pears. Not quite. What UKCP provides are not decadal 
forecast distributions. They provide an average for every year (the claim being that 
the distribution is the same in each year of the 2080s). This is not so different from 

An Exploration of Chaos
of systems that become more random as the number of particles increases see Roman 

Philosophy of Science 78, 3, 2011, pp. 628–652.
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the forecasts for the hottest day in August of a particular year. So what UKCP 
provides are not long term averages and hence an appeal to averages does not help 

5. CONCLUSION

We have argued that the combination of non-linear dynamics and model imperfec-
tion is a poison pill in that it shows that treating model outputs as probabilistic 
predictions can be seriously misleading. Probabilistic forecasts are therefore unre-
liable and do not provide a good guide for action as such.

The model being non-linear has been an essential ingredient of our story. While 
this assumption is realistic in that many relevant models have this property, there 
is still a question whether the effects we describe are limited to non-linear models. 
Arguably, if the world was governed by linear equations, then imperfect linear 
models need not suffer from the effects we discuss so badly. One might like to 
avoid the assumption that the world is governed by any equations, of course, but 
the relevant point here is the role of model imperfections: a linear model will suf-
fer from these effects unless its imperfections are also linear. The model being 

models are rarely linear, nor are the relevant laws of physics.
 The second question is what conclusion we are to draw from the insight into 
the unreliability of model-based probabilities. An extreme reaction would be to 
simply get rid of them. But this would probably amount to throwing out the baby 
with the bathwater because, as we have seen, in about one third of the cases the 

it provides insight while guarding against damage when it does not. Finding a way 
of doing this is a challenge for future research.
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DANIEL ANDLER

DISSENSUS IN SCIENCE AS A FACT AND AS A NORM

ABSTRACT

Dissensus – incompatible theories co-existing for an extended period – has been 
traditionally viewed as a rare accident or else as a stage in the progression of 

-
ble state to which science tends. Following Miriam Solomon’s reconsideration 

of dissensus is compatible with the pull towards the resolution of inconsistency. 
While the social turn in philosophy of science goes some way towards relieving 

who face not only Nature but public science that stand in need of interpretation. 

telos of science” 
(Alan Richardson1

make sense if consensus were not the goal of science. 

-

consensus.
-

am Solomon and a few others before her have argued that dissensus is not the 
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delendum of science -

-
mate goal.

and consensus as a desirable (or ultimately inevitable) state of affairs with the 
view that dissensus is acceptable (or inevitable) in science. It involves tampering 

1. Science aims at truth.
Dissensus is normatively acceptable.

3. Relativism is false.
none needs to be discharged.

.

1. THE CURRENT VIEWS OF DISSENSUS

where two (or more) incompatible theories co-exist. Dissensus implies non-agree-

-

-

third.

Social Empiricism -
Contingency and Dis-

sent in Science Project Discussion Paper Series



i. Dissensus as short-lived accidents
As Marcello 

3 were deeply at-
tached to the idea that science is uncontroversial” 

Dissensus happens only as brief episodes–epistemic accidents at it were–

remain essentially unchanged and intelligible if dissensus disappeared from the 
history (actual processes) of science.
ii. Dissensus as the permanent state of science

-
-

-
-

ally enforced consensus’  which bears no relation to the rational convergence to 

-

and professional audiences).

iii. Dissensus as essential but transitory stages of the growth of scienti c 
knowledge

-

Scienti c Controversies. New 

PSA: Proceedings 
of the Biennial Meeting of the Philosophy of Science Association
111.
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type or pluralistic.

(i) The instrumental value of dissensus
Aristotle gives critical dialogue a crucial (in fact in some versions constitu-

-

Mill to 6 which grants dissenting 

(ii) Pluralistic consensus. 
the possibility that several theories applicable to the same realm of nature can 

-

-
sensus on the legitimacy of their co-existence. No trace of dissensus left. Now 

also 
countenance genuine dissensus – such a theory would in fact have my own 

Philosophy of Science



2. THE (MERELY) SOCIAL TURN

Fathers. It should be mentioned in this respect that individualism does not force 

anticipated some of -

-

places” .

feature F.

Nature has feature F.

-

-

and/or critical exchanges between participants can contribute to the emergence of 

-

establishes that Nature has feature F.

Pluralism: Against the Demand for 
Consensus

-
The Philosophical Quarterly
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establishes that Nature has feature F.

-

competencies and responsibilities.

where to usefully draw any sort of line depends on what issue one is trying to ad-

-

community as one to which there are good reasons to attribute beliefs of its own. 

-
ing with the dead. Do we include them or not? It’s hard to include them in concrete 

most if not all scientists rest on the shoulders of the giants who preceded them. 

-
-

Sociality and Responsibility -



in fact integrated in a set of mostly automatic behavioral patterns in such a way 

-

-

turn.
-

-

least we might not be in distinctly worse shape.
-

-

-

-

not intelligible as it stands (except of course in the metaphoric sense with which 
we are all familiar).
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3. PUBLIC SCIENTIFIC KNOWLEDGE

As  and more recently Alexander 

-
ties.11

truly social epistemic states. 
I propose to call public scienti c knowledge the set of publicly available coun-

includes an attribution to Nature of feature F.

-
and -

-

Objec-
tive Knowledge

Philosophical Perspectives
11 The British 

Journal for the Philosophy of Science



-

-

-

larger point is that Science (public science) is not delivered at the cognitive door 

-

-

situated group of people. Although Science emerges from such dynamical proc-

aims for truth and the fact that science need not aim for consensus without twid-

called the basic epistemic situation. Going social has meant locating the agency 

-
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Science (at successive stages).

-

 When two such communities inspect Nature and 

they would get from Nature
what they draw from Science (at stage 1) may be non-identical interpretations S1’ 
and S1
Nature’s answers in S1’ and S1 ’ and S ” which include 

-

-
lary of science anyway.

-

feeling any compulsion to blend (or having any way of blending) into one concrete 
community in charge of resolving their difference (of which they may not even 
be aware). So that public science contains theories that are plausibly understood 

13

-

-

existence (for example because they belong to different superordinate disciplines).
13 ibid.). 



4. THE PICTURE PICTURE OF SCIENCE ABANDONED AND THE NORMATIVE 
STATUS OF DISSENSUS ESTABLISHED

 It would be interesting to be able to actually count cases of dissensus and com-

or measurement method are slim. We must content ourselves with the converging 

-

-

the probability of solving problems and overcoming impasses.

sh-scale ef-
fect. 16

Perspec-
tives on Science

The Difference
16 -

 Interdisciplinary Re-
lationships in the Social Sciences
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 An escape from this predicament might exist if we could establish that the 

that could be done.

is inherent in its development.

-

 the coat of scales never comes close to covering 

(albeit gigantic) set of empirical facts out there that are gradually brought to light 

-

general agenda.

inherent in its development.

have hardly touched upon and those which I have tried to pin down. In both social-
-

consistency and the need for expediency (which encourages communities to adopt 

-



-

 ) 

as their sole goal the suppression of this source of discomfort.

there are structural factors which operate independently. I have not examined the 
-

ment to the effect that public science tends toward greater consensus for structural 
(e.g.

-

-

to show.
-

by 
-

are bound to come to different conclusions and (iii) there is no way of eliminating 

-
Journal for General Philosophy 

of Science
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-

as in -

standard theme in evolutionary epistemology à la Hull
of genotypes protects a population from going extinct and helps it move to a more 

-

must be completed with the public turn.

France
daniel.andler@paris-sorbonne.fr
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