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ABSTRACT

I begin with an explication of “thought experiment”. I then clarify the role that intuitions play
in thought experiments by addressing two important issues: (1) the informativeness of thought
experiments and (2) the legitimacy of the method of thought experiments in philosophy and the
natural sciences. I defend a naturalistic account of intuitions that provides a plausible explana-
tion of the informativeness of thought experiments, which, in turn, allows thought experiments
to be reconstructed as arguments. I also specify criteria for distinguishing bad “intuition
pumps” from legitimate thought experiments. These criteria help us to avoid being seduced by
the dangerous suggestive power of misleading intuitions.

1. Introduction

Although thought experiments are completely carried out in the “laboratory
of the mind”, they are important methodological instruments for scientific in-
quiries and can give us new insights about the world. In order to do so, thought
experiments must appeal to intuitions. But what is the exact role that intuitions
play in thought experiments?

There are mainly two important problems in the philosophical discussions
of thought experiments where intuitions are involved: First, there is the prob-
lem of the informativeness of thought experiments. Thought experiments pro-
vide us with new information. But where does such information come from?
The problem of the informativeness of thought experiments is most contro-
versially discussed in the debate between James Robert Brown and John D.
Norton. Brown supports a Platonic account of thought experiments in order to
solve the informativeness problem. He holds that in some thought experiments
we gain new information through the help of intuitions which are irreducible
to and independent of empirical, inferential or any other a posteriori knowl-
edge. The intuitions that emerge in these thought experiments give us, ac-
cording to Brown, a priori access to a metaphysical realm of universals and
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the relations between them. In sharp contrast to this position, Norton argues
that thought experiments are indeed just (deductive or inductive) arguments.
We therefore gain information in thought experiments quite naturalistically
through sense experience and inference. Second, there is the problem of mis-
using thought experiments as intuition pumps. This notion comes from Daniel
Dennett who stresses that the highly imaginative scenarios of some thought
experiments can distract from a thorough examination and critical reflection
of thought experiments. By appealing to our intuitions, thought experiments
can lead us to a quick and uncritical jump to a conclusion that is not really
warranted.

In the following I will address both of these problems. First of all, I will
offer an explanation of “thought experiment” which to my judgement provides
the most philosophically fruitful understanding of this concept. After that [ will
turn to the problem of informativeness and argue for a specific naturalistic
account of intuitions. This account gives a plausible explanation for some ob-
vious characteristics of intuitions, like their fallibility, relative instability and
fragility in some areas of scientific inquiry. It can also explain the informa-
tiveness of some thought experiments without referring to a distinctively
non-empirical philosophical method of intellectual insight and without postu-
lating a Platonic ontology of universals and objective laws of nature. With Nor-
ton I will hold that thought experiments can be reconstructed as mere argu-
ments.

The main part of my paper will be devoted to the problem of the legitimacy
of the method of thought experiments. In particular, I will formulate some cri-
teria which can help us separate bad intuition pumps from those thought ex-
periments that are legitimate and rationally justified arguments and which
therefore can help us avoid the trap of the dangerous suggestive power of in-
tuitions.

2. What are thought experiments?

In a paper dated 1811 Hans Christian Qrsted was the first person who men-
tioned the term “thought experiment” as a separate source of knowledge.! But
it was Ernst Mach who coined the term “thought experiment” for the philo-
sophical discussion.? Mach uses the term in a very wide sense. According to
him, thought experiments can be almost all kinds of “thought experiences”,

I See Orsted 1811.
2 See Mach 1897.
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like dreaming, hallucinating, writing novels or imagining utopia.’ Thought ex-
periments also have the important propaedeutic function of being a necessary
precondition for planning and executing real experiments. But this very gen-
eral conception of thought experiments does not adequately reflect the fact that
a thought experiment is indeed a certain kind of experiment. Although it is an
imaginary investigation that need not or cannot be executed in the real physi-
cal world, it is nevertheless subject to certain theoretical requirements that it
shares with real experiments. For example, a “thought experimenter” also stud-
ies the functional dependency of variables by planned and controlled data
change. Furthermore, in a manner similar to real experiments, every thought
experiment depends on some background assumptions or background theo-
ries.

The main difference between thought experiments and real experiments
lies in the fact that according to the intentions of the “thought experimenter”,
the aims of the thought experiment can be achieved without needing to per-
form a real experiment. In contrast to a real experiment (or to a simulation),
the supposed outcome of a thought experiment is not open but can be “seen”
by some intuitional insight. Some thought experiments cannot be realised
since they make use of unreal situations or depend on counterfactual, fictional
or idealized assumptions — like Maxwell’s demon, Einstein’s observer travel-
ling besides a beam of light, Parfit’s teletransporter or Galileo’s bodies falling
without any air resistance. But there are also thought experiments that could
be executed by a real physical experiment (for example, Newton’s bucket or
Einstein’s train experiment) or in which a real or possible situation is imag-
ined. A lot of thought experiments in ethics are of the latter kind. Therefore,
counterfactuality is not a necessary condition of a thought experiment.* But
what are the primary aims and purposes of a thought experiment? What is its
scientific function?

According to Sorensen, thought experiments are to be regarded as “alethic
refuters” whose main function consists in the proof of paradoxes: “Picture
thought experiments as expeditions to possible worlds. The mission is to re-
fute a source statement that has an implication about the constituents of these
worlds.” (Sorensen 1992, 135) Thomas Kuhn also stresses this destructive el-
ement of thought experiments. With the help of thought experiments, we can

3 See Mach 1905, 183.

4 My usage of the term “counterfactuality” is restricted to situations that are physically
impossible, 1.e., situations that contradict the laws of nature. In a “counterfactual assumption”
it is thus assumed that a physically impossible situation holds. A mere physically possible situ-
ation that is not (or not yet) actual is — according to this strict sense of “counterfactuality” — not
counterfactual.
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track down hidden contradictions. In particular, these contradictions arise
when we imagine new or unusual situations in which the criteria that govern
the use of concepts in familiar areas break down and lead to paradoxical re-
sults.> The uncovering of those inconsistencies is important for the rational
progress of scientific theories, and it is surely one of the main functions of
thought experiments. But there are also other purposes of thought experiments.
Thought experiments can be used to provide evidence in support of a ques-
tionable theory. Newton’s bucket experiment, for example, was intended to
show the existence of absolute space. Furthermore, thought experiments can
have the pedagogical function of illustrating an otherwise complex and ab-
stract position. John Locke’s “prince and cobbler” thought experiment, for ex-
ample, was intended to illustrate his view that psychological continuity is a
necessary condition for personal identity since the identity of a person means
“sameness of a rational being”.® Other thought experiments detect vagueness
or the borderline cases of concepts, as for example those thought experiments
that show that we don’t have stable intuitions concerning the concept of the
identity of objects or persons or the concept of life. By this means, a thought
experiment can help to explicate a concept and its area of application more
precisely.

To sum up the explication of the concept “thought experiment” I have pro-
vided so far:

» Thought experiments are intended to achieve their aims without the need of their
execution in a real physical experiment.
» Thought experiments are experiments insofar as they share certain minimal theo-
retical requirements with real experiments, like
a) the planned and controlled change of data,
b) showing in an artificial situation how variables are functionally dependent on
each other, and
¢) their dependency on some background hypotheses or background theories in
order to analyse and evaluate the experiment.
» Thought experiments have the following functions and purposes:
a) to prove that certain theories or concepts involve contradictions,
b) to give supporting evidence for a theory or a concept,
¢) to illustrate a complex or abstract position, and/or
d) to detect vagueness or the borderline cases of a concept.

Given this explication of “thought experiment”, we can now turn to the prob-
lem of informativeness.

5 See Kuhn 1977.
6 See Locke 1690, book II, ch. 27.
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3. The problem of the informativeness of thought experiments

How can thought experiments fulfil the functions mentioned above? How can
we learn something new about theories and concepts, if a thought experiment
clearly involves no empirical input? Where does the information provided by
the thought experiment come from? In his bold answer to these questions
James Robert Brown assumes that a certain class of thought experiments ap-
peals to a special intuitive faculty which functions as a vehicle for direct ac-
cess to universals and laws of nature. This certain class consists of so-called
“Platonic” thought experiments which Brown describes as follows:

A Platonic thought experiment is a single thought experiment which destroys an old
or existing theory and simultaneously generates a new one; it is a priori in that it is
not based on new empirical evidence nor is it merely logically derived from old data;
and it is an advance in that the resulting theory is better than the predecessor theory.
(Brown 1991a, 77)

According to Brown, there are various examples of such astonishing thought
experiments, but “the greatest example of all” (Brown 1991b, 125) is Galileo’s
famous thought experiment to show that regardless of their weights all bodies
fall at the same speed. In the Discorsi Galileo first states Aristotle’s view that
different bodies in a given medium fall in proportion to their weights with dif-
ferent speed. For example, a body A which is 10 times heavier than a body B
falls ten times faster than B.” But this assumption leads to an absurd conse-
quence: If we combine a heavier body A with a lighter body B, B will decel-
erate A, and therefore, the combined system A + B will fall more slowly than
A alone. But on the other hand, A + B is heavier than A alone and should con-
sequently fall faster than A alone. So we have the inconsistent result that A +
B falls both faster and slower than A alone. Therefore, the Aristotelian view
of falling bodies has been destroyed, and, as Brown remarks, it is now “plain
as day” that we have to resolve the paradox by embracing the new theory in
which all bodies fall (in a given medium) at the same speed.®

According to Brown, this wonderful thought experiment is destructive and
constructive at the same time: It destroys the old Aristotelian theory and si-
multaneously jumps immediately to the new theory. This immediate jump is,
as Brown puts it, “a case of a priori science” (Brown 1991b, 125). The step
from the contradiction to the conclusion that all bodies fall at the same speed
cannot, according to Brown, be considered as any kind of argumentation since

7 Galileo 1638, 334.
8 See Brown 1991b, 123.
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the transition from the old to the new theory is driven neither by empirical
input nor by logical deduction from old data, nor by “making the simplest over-
all adjustment to the old theory” (Brown 1991Db, 125). Instead, we obtain a pri-
ori knowledge by intuitive perception of the relevant laws of nature (in this
given example, by the laws that govern falling bodies). Brown obviously sup-
ports Platonism and a realist account of laws of nature. He believes that there
is a special faculty of intuition that reveals itself in Platonic thought experi-
ments. Therefore, Platonic thought experiments provide us with a distinctive
method — different from the empirical or inferential methods of scientific en-
terprises. Nevertheless, Brown’s Platonism allows for the fallibility of a pri-
ori knowledge. The intuition that emerges in Platonic thought experiments can
at times be misleading and unreliable as a method of gaining access to the Pla-
tonic world. He writes:

Unlike Plato, Descartes, or Leibniz, etc., a priori knowledge on my view is neither
certain nor innate. It is not put there by God; it is not remembered; nor is it infalli-
ble. But like the traditional rationalists, I hold that the abstract realm is perfectly real
and that we can know something about it. (Brown 1991b, 127)

I find Brown’s Platonic account of thought experiments highly implausible. I
will respond in agreement with Norton’s claim that thought experiments can
always be reconstructed as arguments and that there is no immediate grasp of
the relevant laws of nature in the realm of universals, i.e., there is no conclu-
sion of a thought experiment undermined by the premises of the argument.’
As far as Galileo’s thought experiment is concerned, the supposedly intu-
itive grasp of the conclusion that all bodies fall at the same speed does not at
all follow immediately and with no help of other premises from the demon-
strated contradiction. The consequence is, for example, only conclusive, if we
make the further assumption that we can ignore the other components of the
falling bodies — like their shape, their material etc. — and that it is only the
weight that is responsible for the speed of the falling bodies. But this addi-
tional assumption is for arbitrary media false, as Salviati in the Discorsi had
already remarked.!® That all bodies fall at the same speed if one completely
neutralizes the air resistance was nothing more than a conjecture in Galileo’s
day. The controversial dispute about the interpretation of this thought experi-
ment in the Discorsi shows that no one had an immediate grasp of the real law
of falling bodies involved. When we in the modern era — and Brown in par-

® Cf. Norton’s “reconstruction thesis”, in Norton 1996, 339.
10 See Galileo 1638, 65.
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ticular — look at this thought experiment from an historically distant perspec-
tive and with the knowledge of modern physics concerning falling bodies in a
vacuum, the inference from the contradiction to the “right” conclusion just
seems to be immediate and untutored by any empirical or logical reasoning,
since we implicitly assume that the experiment must be executed in a medium
where we can ignore air resistance. So the intuition that leads us to the con-
clusion that all bodies fall at the same speed is dependent on and controlled
by our empirical and scientific knowledge.

I also find Brown’s fallible Platonism unintelligible because it remains en-
tirely unclear when and why an intuitive grasp of the abstract realm can go
wrong. On the other hand, the question of whether a thought experiment is le-
gitimate or not can be answered much more adequately if we treat the thought
experiment as a reconstructed argument. The justification of a thought exper-
iment depends on this account on the justification of the premises involved
and the conclusiveness of the inferential steps.

These considerations show first of all that Brown’s favourite example of a
Platonic thought experiment can be reconstructed as a reductio ad absurdum
argument by uncovering its hidden premises.!! That is why there is really no
argumentative gap in the thought experiment needing to be surmounted by an
intuitive leap. Second, we have shown that this intuitive leap cannot be con-
strued as a specific a priori method of gaining insight into the realm of a Pla-
tonic world, a world in which the laws of nature somehow exist independently
of us. Instead, the intuitions that lead to the deduction that all bodies fall at the
same speed have to be justified in an a posteriori way by appealing to our for-
mer knowledge about falling bodies. Therefore, we should reject the view that
we gain new information from thought experiments by a special epistemic ca-
pacity for intuitively perceiving the laws of nature in a Platonic realm. Instead,
in thought experiments we gain new information by rearranging or reorganiz-
ing already known empirical data in a new way and drawing new inferences
from them or by looking at these data from a different and unusual perspec-
tive. In Galileo’s thought experiment, for example, the rearrangement of em-
pirical experience consists in the original idea of combining bodies of differ-
ent weight. In order to explain the informativeness of thought experiments, no
mysterious access to the Platonic realm needs to be postulated. The way that
we get new information through a thought experiment can be modelled en-
tirely as a logical argument.

! For details of reconstructing this thought experiment as an argument see Norton 1996.
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Although thought experiments can be reconstructed as arguments, I do not
want to go as far as Norton and claim that all thought experiments really are
explicit arguments, i.e. that “the actual conduct of a thought experiment con-
sists of the execution of an argument” (Norton 1996, 354). If there is in fact
always a complex kind of argumentation going on in our minds while we con-
duct a thought experiment, the effortless, quick and very often commonly
shared conclusions drawn from thought experiments would be difficult to ex-
plain. I think it is more plausible to assume that some hidden premises func-
tion as background knowledge, and that they need not be explicitly activated
when we conduct a thought experiment.

Part of this background knowledge consists of intuitions. Intuitions are to
my mind best regarded as mental propositional attitudes which are accompa-
nied by a strong feeling of certainty. In thought experiments they can be part
of the background knowledge and therefore may at times unconsciously de-
termine our interpretation. But, as said above, they do not provide a special
method of a priori access to the Platonic realm. Some intuitions are relatively
stable and commonly shared, which is due to the fact that we belong to the
same biological species and to cultural and scientific communities with some
shared knowledge. Nevertheless, intuitions are neither intrasubjectively nor in-
tersubjectively absolutely stable, since they also depend on our changing ex-
perience and knowledge. This explains why the conclusion that all bodies fall
at the same speed in Galileo’s thought experiment seems to us (and to Brown)
to be immediately clear, whereas Salviati in Galileo’s Discorsi had a hard time
getting Simplicio to reach this conclusion.

In the account I have sketched so far, we do not have to postulate a myste-
rious Platonic realm in which we “see” the right laws of nature and which is in-
accessible to argumentation. On the other hand, we need not fly to the opposite
extreme, according to which we actually execute argumentative reasoning
processes while conducting thought experiments. Instead, there are some a pos-
teriori acquired “truths” that function as implicit background knowledge, en-
abling us to come to a relatively quick decision in the evaluation of a thought
experiment. But we can always make these premises explicit by reconstructing
the thought experiment as an argument. This is useful, for example, when we
are sceptical about the plausibility of a thought experiment. An argumentative
reconstruction of a thought experiment can uncover implausible or false prem-
ises. It can show that important premises were overlooked and it can detect in-
valid inferences. By doing this we can critically reflect on those intuitions that
emerge in the thought experiment and analyse whether they really represent jus-
tified beliefs or whether they lead us to wrong conclusions.
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Like sense perception, introspection and memory, intuitions are an in-
evitable but fallible and sometimes unreliable source of evidence. Without
trusting any of our intuitions, we would not be able to understand each other
or the world. In a philosophical discussion about the legitimacy of thought ex-
periments as a method of knowledge acquisition, we should not consequently
reject all intuitions, but we should try to differentiate between classes of
thought experiments which are legitimate and those in which misleading in-
tuitions are involved.

4. The legitimacy of the method of thought experiments

Since, as we have seen, thought experiments can be construed as arguments,
they can suffer from the same defects as unsound or unjustified arguments.
Thought experiments can be dismissed because they are based on implausible,
incoherent or inconsistent premises or because they involve inconclusive
judgements, illogical inferences or other kinds of argumentative shortcomings
like a petitio principii. However, thought experiments manifest those argu-
mentative faults in characteristic ways. They often employ highly suggestive
imaginary scenarios that appeal to intuitions and coerce them in certain di-
rections. That is why some thought experiments give rise to particular intuitive
conclusions where no rational and critical examination seems to be necessary.
Dennett calls such thought experiments “intuition pumps” and describes them
as follows:

A popular strategy in philosophy is to construct a certain sort of thought experiment
I call an intuition pump [...]. Such thought experiments [...] are not supposed to
clothe strict arguments that prove conclusions from premises. Rather, their point is
to entrain a family of imaginative reflections in the reader that ultimately yields not
a formal conclusion but a dictate of “intuition”. (Dennett 1984, 12)

In the following, I will try to single out some features that are typical of intu-
ition pumps.

Even if thought experiments evoke imaginary scenarios, it is necessary that
they still fulfil the theoretical requirements of an experiment. As mentioned
above, these requirements involve the study and evaluation of a situation in
which data is changed, modified or reorganized in a planned and controlled
way with the help of specific background hypotheses or theories. What does
this mean for the proper use of thought experiments? First of all, the imagi-
nary scenario should not be under-determined in relevant aspects. In particu-
lar, this means that if we invent a scenario in which we manipulate or change
data in an unfamiliar way, the effects of these manipulations or changes should
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always be under control, i.e., we should understand how they can affect other
implicit assumptions of the thought experiment and whether these effects can
still justify the intended conclusion of the thought experiment. Many thought
experiments in philosophy suffer from such under-determination, which
makes it hard to draw a conclusion since some relevant premises are unclear.
Such thought experiments turn into illegitimate “intuition pumps” if the under-
determination is cleverly disguised and the scenario is outlined in a way that
leads intuitively to a conclusion which is not (or not completely) supported by
the premises.

Putnam’s famous twin earth thought experiment is a typical example of
such an intuition pump. Putnam describes the twin earth as a planet which is
exactly identical to the earth we live in except for the fact that the liquid in the
rivers, lakes and seas of twin earth has the chemical structure XYZ which is
different from H,O. But nevertheless, in its surface structure this liquid can-
not be distinguished from water on earth. It is further assumed that every per-
son on earth has an exact “molecular copy” on twin earth. Our “twin earth
Doppelgéngers” also use the word “water” to refer to the liquid in their rivers,
lakes etc. But they do not have any knowledge of the concept of H,O. Putnam
now argues that although there is no relevant difference between the mental
states of our “twin earth Doppelgingers” and our own, the reference of the
word “water” is different. Therefore, reference is not determined by psycho-
logical states. “Meanings are not in our heads”.!? I do not want to go into the
details of the long discussion of this thought experiment and the question of
whether semantic externalism is plausible or not. I just want to point out that
by varying one particular factor of our world in his imagination (water is no
longer H,O but XYZ), Putnam fails to pay attention to the drastic effects this
variation has for twin earth and its inhabitants. He merely, and illegitimately,
stipulates that everything else remains the same. But of course, if the liquid on
twin earth is not H,O our “twin earth Doppelgidngers” cannot be molecularly
identical to us. About 70 % of a human being consists of H,O molecules. If
we exchange an important chemical substance with something else, the so-
called twin earth will be completely different from the world we live in and —
contrary to what Putnam will have us believe — we will have not the slightest
idea of what this strange world and the psychological states of its inhabitants
(if they have any) will be like. I know that similar objections to Putnam’s
thought experiment are frequently raised in the literature, but they are mostly
considered as irrelevant or “beside the point”. Maybe Putnam could make up

12 See Putnam 1975.
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another thought experiment with no such shortcomings. But nevertheless, his
“twin earth” example is an illegitimate intuition pump. It does not fulfil the
necessary requirement of a controlled change of data and the side-effects of
this change remain completely under-determined. The implicit premise in this
thought experiment, namely, that the mental states of the human beings and
their “twin earth Doppelgingers” are identical even when the chemical or mo-
lecular composition of the two worlds are different, is not justified. It is merely
stipulated without a supporting argument that such dramatic changes of the
molecular structure will not cause any differences on the surface structure.
That is why the conclusion drawn from this thought experiment rests on an il-
legitimate intuition pump.

David Ward coined the term “black box scenarios” to characterize thought
experiments in which relevant background conditions are under-determined in
such a way that we are unable to uncover a plausible explanation (for exam-
ple by extrapolating principles we are already familiar with) of how the imag-
inary scenario could possibly be conceived.'3 So we can also analyse Putnam’s
twin earth example as a kind of a black box scenario since Putnam does not
give us any explanation as to why the twin earth is not radically different from
our world.

There is another reason why our intuitions can be misdirected. By contrast
to the above mentioned under-determination, this kind of thought experiment
involves an imaginary scenario that can be specifically described and embel-
lished. Such thought experiments turn into intuition pumps, if we become dis-
tracted by embellishments in such a manner that we do not realize that the gen-
eral conclusions drawn from the thought experiment are not justified by this
single and specific example. Intuition pumps of this sort can be revealed by
asking the question: “Does a structurally analogous example have the same in-
tuitive plausibility and lead to the same consequences?”

A famous example of an intuition pump of this kind is Leibniz’s thought
experiment to refute a mechanistic approach of perception. In the Monadol-
ogy he provides the following reductio argument:'* Suppose perceptions (like
thinking, feeling, perceiving) can be produced by a machine. Now imagine that
this machine is enlarged in a way that one might enter it “as if it were a mill”.
For Leibniz it is quite obvious that if we were to enter this “mill” and look
around, we would only observe mechanical processes (“parts which push and
move each other”), but we would never observe anything that explains per-

13 See Ward 1995.
14 Leibniz 1714, Sec. 17.
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ception. Consequently, perceptions cannot be explained in a mechanistic way,
and the mind must be conceived as immaterial. This thought experiment (and
similar thought experiments in the philosophy of mind in the 20th century aimed
against a mere physicalist or functionalist explanation of mental states or qualia
or against a mere formal, syntactic or computational explanation of meaning and
understanding — like John Searle’s Chinese room) faces the problem of its own
strong persuasive power. We can easily imagine being in such a situation, and it
seems intuitively clear that we cannot find anything that explains perceptions
(or mental states or qualia) inside our imagined perception-producing mill (or
inside a brain). In spite of its persuasiveness, this thought experiment is a ques-
tion-begging intuition pump. It exploits the fact that when we are examining a
complex phenomenon, we often find it intuitively implausible to account for
properties observed at the subsystem level at the level of the whole system. This
is particularly the case when the phenomenon in question is complex, abstract,
and has not yet been completely explained by scientific inquiry. That is why we
are inclined to reject the whole approach of explaining a system’s phenomena
by means of a subsystem’s properties or at least to claim that there might be an
explanatory gap. The concrete description of the imaginary scenario (“parts
which push and move each other”) helps to reinforce this inclination.

But we can easily find an example in which the explanation of a system’s
phenomenon by properties of the subsystem is much less problematic. Take,
for example, the following argument given by David Cole:

Imagine a drop of water expanded in size until each molecule is the size of a grind-
stone in a mill. If you walked through such a now mill-sized drop of water, you might
see wondrous things but you would see nothing wet. But this hardly shows that water
does not consist solely of H,0. (Cole 1984, 432)

As long as we have no good reason — independent of the mere intuition-pump-
ing scenario of Leibniz’s thought experiment — for thinking that there is a fun-
damental structural difference between this argument and the original thought
experiment, the conclusion Leibniz draws from his thought experiment is not
legitimate and his thought experiment tends to be question-begging.

The counterfactual, fictional, or idealized assumptions made in many
thought experiments can also be a source of fallacies. As Kathleen Wilkes has
pointed out, it is necessary that the “impossibilities” involved in a thought ex-
periment are irrelevant, i.e. that they are merely used in a heuristic way and do
not nullify the intended goal of the thought experiment.!* In order to recognize

15 See Wilkes 1988, 9.
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whether there are some relevant counterfactual assumptions involved, we have
to specify the implicit background conditions of a thought experiment very
carefully, and we have to check whether the set-up of the thought experiment
is impossible according to those background conditions. For example, in one
of Einstein’s famous thought experiments, there is the counterfactual assump-
tion that a person travels besides a beam of light. The aim of this thought ex-
periment is to refute Maxwell’s theory of electrodynamics. According to this
theory, light is considered as an electromagnetic wave which spreads by the
transformation from electric into magnetic field energy and from magnetic
into electric field energy. If we suppose that someone travels besides a beam
of light, the strength of the electric field for such a moving observer would be
constant. The observer would be faced by the impossibility of a stationary os-
cillatory field. But this result contradicts Maxwell’s theory according to which
only a changing electric field could cause a magnetic field. So a necessary
condition for the spreading of light would not be fulfilled.

Now compare this thought experiment with another that Einstein invented in
order to refute Heisenberg’s uncertainty principle in quantum mechanics. Ac-
cording to this principle, the energy of a photon and the exact time of the en-
ergy measurement of this photon cannot be measured simultaneously. Einstein
imagined a box containing a clock. The box is fixed to a spring balance with a
pointer that registers the movement of the box. The clock inside the box is con-
nected to a shutter that opens or closes a small hole in the box. At an exact mo-
ment the shutter opens to release one single photon inside the box. We can there-
fore measure exactly the time when the photon is released. But, as Einstein
argues, we can also measure exactly the energy of the photon. The difference
between the weight of the box before and after the photon was released will pro-
vide us with the mass of the photon — and therefore by using the famous for-
mula E=mc? we will get the energy of the photon. Contrary to the uncertainty
principle, it seems that we can measure the exact time and energy of a photon
simultaneously. Niels Bohr was not impressed by this thought experiment. In-
stead he defeated Einstein with his own weapons by pointing out that such a
thought experiment contradicts principles of the general relativity theory. Ac-
cording to Einstein’s theory of general relativity, the tempo of the clock is af-
fected by its movements in the gravitational field. When the photon escapes, the
spring balance will cause a minimal change of the clock in the gravitational
field. Hence, the tempo of the clock involves a minimal uncertainty — which is
predicted by Heisenberg’s principle that Einstein actually wanted to refute.

Both of the above mentioned thought experiments involve counterfactual
assumptions. In the first thought experiment it is assumed that travelling at the
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speed of light is possible. In the “clock in the box™ thought experiment it is
assumed that the measuring device for measuring simultaneously the time and
energy of a photon is possible. This assumption is counterfactual when the the-
ory of general relativity is taken into account. Now the following question
arises: Why do we judge that Einstein’s first thought experiment was success-
ful, but the second one failed? In the first thought experiment the counterfac-
tual assumption is irrelevant since the possibility of a moving frame of refer-
ence at the speed of light is not excluded in Maxwell’s theory. Maxwell’s theory
was intended as a general theory about the spreading of electromagnetic
waves. Therefore, it is legitimate to ask what consequences Maxwell’s theory
will have from the perspective of an observer moving at the speed of light. A
“speed of light traveller” is neither explicitly excluded in Maxwell’s theory nor
in any other background theory that is relevant for the execution of the thought
experiment. In the second thought experiment, however, the counterfactual as-
sumption is not irrelevant. The theory of general relativity functions as a back-
ground theory which renders the entire thought experiment inconceivable. The
lesson to be learned from this is that we should try to make all the relevant
background assumptions in a thought experiment explicit in order to be able
to avoid the illegitimate employment of relevant counterfactual assumptions.

Finally, I would like to mention another important but problematic use of
thought experiments where we also have to take care, in order not to be led
astray by an illegitimate intuition pump. Sometimes philosophical thought ex-
periments are used for conceptual analyses. These thought experiments con-
front us with situations in which we have to decide intuitively whether the
given situation can be treated as a case of correct application of the concept
in question. On my naturalistic account of intuitions outlined above, intuitions
are to be viewed as mental propositional attitudes accompanied by a feeling
of certainty. Although they seem to be spontaneous and non-inferential in char-
acter, they are not a priori in the sense of being irreducible or independent to
empirically gained knowledge. Intuitions are shaped by our causal interactions
with the environment. That is the reason why some intuitions concerning com-
mon concepts applied in familiar situations are relatively stable and why our
intuitions diverge or fail when concepts are applied in a novel or unfamiliar
setting. It also explains why intuitions can alter due to our changing experi-
ences and knowledge. When we employ thought experiments in order to set-
tle questions about the correct analyses of a concept, we have to take into con-
sideration the fact that our intuitions may not help us in improbable and
unfamiliar situations and that our judgements about the right application of the
concept may well be distorted.
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An example of a successful thought experiment that helps us to clear up
the nature of a concept is the famous Gettier case.'® Almost everybody agrees
immediately that the situations Gettier presents are not cases of knowledge,
although the person has a true and justified belief that p. For, in Gettier’s ex-
amples, the justification of p rests on a false assumption, and p turns out to be
true just by pure luck. Gettier’s examples do not imagine fictional or unusual
situations. We obviously have the very strong and stable intuition that knowl-
edge is not mere justified belief that happens to be true by chance. So Gettier’s
thought experiments are not at all question-begging. They show how thought
experiments can be legitimately employed in order to clarify an important
philosophical concept. Through the help of some imaginary scenarios, Gettier
showed successfully that the traditional definition of knowledge as true and
justified belief is inadequate since truth and (a certain understanding of) jus-
tification are not sufficient for knowledge. His thought experiments also sug-
gest how future analyses of knowledge could proceed: One could try to find
a further condition for knowledge, one could try to specify the notion of jus-
tification in such a way that the Gettier-cases no longer count as justified be-
liefs, or one could give up the whole project of defining knowledge and in-
stead restrict oneself to the analyses of important necessary conditions of
knowledge.

In other thought experiments in philosophy where concepts are used in un-
familiar settings we are sometimes uncertain as to whether the application of
a concept is legitimate or not. In particular, such thought experiments are
widely used in the debate concerning the concept of personal identity when,
for example, teletransportation, fission processes, brain transplantation or
other mysterious methods from science fiction are involved. In such fictional
situations our intuitions are of no great help, because it is very hard to decide
in a non-question-begging way what the real criteria for personal identity are.
That is why a lot of philosophers are very critical about the method of thought
experiments in such applications. Wiggins, for example, points out that by “de-
naturing the human subject” in these thought experiments, we do not learn any-
thing about the nature of personal identity because the decision whether the
concept of identity is legitimately applied is more a question of stipulation and
not a matter of discovery.!” Another problematic case in such thought experi-
ments is the frequently made implicit assumption that there exists one single,
coherent concept of personal identity which adequately represents the real na-
ture of identity. Different positions are therefore considered as competing

16 See Gettier 1963.
17 See Wiggins 1980, 178.
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views about the unique correct understanding of identity. But if we disrupt a
concept by applying it in unnatural situations, we may destroy the inner struc-
ture of the concept. So, if we take those unnatural situations seriously, it might
be more plausible to conclude that there are two or more different concepts of
identity.

For example, the long and sometimes fruitless debate in epistemology be-
tween internalist and externalist approaches to knowledge could indicate that
there is not just one single concept of knowledge but at least two different con-
cepts, each of which reflects different features of knowledge. One concept
takes our externalist intuitions into account — for example, when we apply
knowledge to small children or animals or when we use knowledge in situa-
tions where we gain a true belief by a spontaneous and reliable sense percep-
tion in normal circumstances. And the other concept of knowledge reflects our
internalist intuitions — for example, when knowledge requires fulfilling our
epistemic duty by intellectually reflecting on the justificational grounds of the
belief. With the help of thought experiments these divergent, but legitimate
concepts of knowledge can be clarified.!® Furthermore, if an analysis or a def-
inition of a concept is regarded as universally valid, then far-fetched imagi-
nary scenarios that cast doubt on this general validity are legitimate. For ex-
ample, this is very often the case in thought experiments in ethics where the
universality of an ethical theory is rejected by counter-examples that normally
do not occur in our everyday life (like Bernard Williams’ “poor Jim” example
in his Critique of Utilitarianism)."”

Instead of condemning thought experiments as question-begging in situa-
tions where concepts are applied in unnatural novel settings (as, for example,
Wiggins, Quine and Wittgenstein suggest), thought experiments may well be
used in these situations in a theoretically useful way. They may help us to un-
cover borderline cases of the concept in question, or they may provide reasons
for distinguishing between two different concepts.

Since intuitions are formed by interaction and adaptation to our environ-
ment and since they give the appearance of addressing abstract and general
things or states of affairs, there always remains the risk of having fallible or
oversimplified intuitions. They may be able to function as reasonably adequate
“rules of thumb” for the application of concepts in normal cases but fail in
specific unusual situations we have never thought about before. For example,

18 Internalists and extermalists also seem to be employing different concepts of epistemic
justification. See Engel 1992, for a discussion of several thought experiments that highlight
these differences.

19 See Williams 1973, ch. 3.
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we normally have the strong intuition that the so-called “naive” comprehen-
sion axiom or the T-schema (“p” is true iff p) holds in “naive” semantics with
a semantically closed language. But these intuitions are developed against the
background of “normal” applications of set theory or semantics. A precise and
deeper analysis of these principles has nevertheless shown that, when certain
self-referential, i.e., “unusual” applications are taken into account, the princi-
ples lead to paradox. For mathematicians or philosophers who study the set-
theoretic or semantic paradoxes intensively, these self-referential applications
become quite normal, and therefore, their intuitions concerning these princi-
ples can change. Let us consider a philosopher working vigorously every day
on the liar paradox, who as a result of her studies becomes convinced that
Tarski’s approach of dividing between an object- and a meta-language and re-
jecting the assumption of a semantically closed language is the correct solu-
tion to this paradox. When she is then confronted with the “naive” T-schema,
she will no longer have the intellectual disposition that this schema could be
correct. Her intensive study of the liar paradox will indeed have an effect on
her intuitions. So she will immediately intuit that the principle is wrong, since
the self-referential applications leading to the paradox will automatically be-
come apparent to her. Therefore, intuitions can be modified, changed or com-
pletely destroyed by our experiences.

Of course, there might also be other reactions to the liar paradox. For Gra-
ham Priest and other defenders of the so-called “dialethism”, Tarski’s approach
is simply a technical and artificial solution to the liar paradox that is intuitively
unconvincing. For Priest, the “naive” T-schema is so deeply entrenched in our
beliefs about truth that he will never be inclined to accept solutions in which
the liar paradox might be explained away by technical dirty tricks. Instead, by
insisting on his intuition that the “naive” T-schema is correct, he is willing to
believe that there are “true contradictions”.?’ And the longer Priest works on
the defence of his “dialethism”, the more convinced he becomes about his po-
sition — and the more his intuitions concerning these facts become reinforced.
So intuitions can vary from person to person as well as during the lifetime of
a single person due to different experiences. Thought experiments by imagin-
ing situations in which our intuitions might go astray can reveal unstable, in-
coherent or even inconsistent intuitions and can therefore help to change or
modify our intuitions about a concept. But they can also help to sharpen or
strengthen our intuitions.

Let’s take stock of what has been said about the legitimacy of thought ex-
periments. Thought experiments are an indispensable method of argumenta-

20 See, for example, Priest 1987 or Priest 1998.
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tion in order to change, develop or strengthen theories or concepts. Therefore,
we cannot manage without thought experiments. But they can be misleading
in various ways. In particular, they can misuse intuitions and lead us to believe
in an unjustified conclusion. Borrowing a term from Dennett, I called such
cases “intuition pumps”. I have tried to specify different ways in which a
thought experiment can become an intuition pump.

In order to avoid intuition pumps, we must first of all pay attention to the
fact that no relevant aspects of the thought experiment are under-determined,
i.e., if we change data in an imaginary scenario, we have to know how they ef-
fect other things assumed in the thought experiment. and we have to be sure
that these effects do not undermine the intended result of the thought experi-
ment. In other words, we ought to avoid using “black box” explanations.

Second, the single case imagined in a thought experiment should justify the
general conclusion that is the intended result of the thought experiment. The
specific description of the scenario should not distract our intuitions in such a
way that we fail to realize that a structurally analogous example will not have
the same intuitive plausibility and will not lead to an analogous conclusion.

Third, counterfactual, fictional or idealized assumptions made in a thought
experiment should always be irrelevant, i.e., the counterfactual, fictional or
idealized assumptions should never be already excluded as impossible situa-
tions by the theory (or the background theories on which it relies on) that the
thought experiment wants to investigate.

Fourth, thought experiments in which we are asked to apply a concept in
an unfamiliar situation can also be problematic, since in far-fetched science-
fiction cases, for example, we often have no stable intuitions that could guide
us in finding a justified answer. So, as Wiggins has pointed out, it could be-
come “a matter not of discovery but of interpretation (or even stipulation)”.
But the imagination of far-fetched situations in thought experiments should
not be rejected wholesale, since they might cast light on borderline cases of a
concept and unstable, incoherent or inconsistent intuitions and therefore help
to clarify our intuitions and show different ways of finding an adequate analy-
sis of a concept.

5. Conclusion

Although intuitions seem to be immediate and spontaneous propositional at-
titudes with a strong feeling of certainty, they are shaped by our experiences
and by our adaptations to the environment. They are, like sense perceptions,
fallible and unstable and run the risk of being systematically misleading (as
some famous results of cognitive psychologists show). Nevertheless, they pro-
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vide a definite source of evidence that we need in order to understand the world
and to interact successfully with our environment. In particular, intuitions play
an important role in the execution and interpretation of thought experiments
which are, for their part, necessary tools for scientific inquiry. Contrary to
Brown’s opinion, there are no “Platonic” thought experiments in which intu-
itions provide us with a priori insights into a realm of abstract entities and uni-
versals. Instead, thought experiments can be entirely reconstructed as argu-
ments, whereas intuitions are a kind of evidence that function as background
knowledge which can be made explicit as premises in a thought experiment.
Intuitions in thought experiments can be misdirected. The scenario imagined
in a thought experiment can appeal to our intuitions in a way that illegitimately
makes us believe in conclusions that are not really justified by the premises.
So we have to employ thought experiments carefully. The criteria for a proper
use of thought experiments explicated above will hopefully help us to be more
aware of the pitfalls of intuition pumps and how to avoid them.
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