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Things in Possible Experiments:
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for Tracing Things from Case to Case
Thomas Müller

1 Introduction
Science needs modality. Science is about finding out what the world is like and
what there is but it is also about finding out what the world could be like ancl what
there might be. While this may be controversial when taken as a metaphysically
loaded claim about some ultimate picture of reality, it is just a simple descriptive
truth when one takes actually practiced science into account. That practice is often
not just about writing down what happened where and when, but about studying
the things involved in such happenings, and fincling out what coulcl possibly happen
with them. A !arge amount of the vocabulary used in the sciences is dispositional in
nature, and while this may be more easily visible in the so-called special sciences
like biology, it is also true of fundamental physics. One does not even neecl to
focus on linguistic issues to see the importance of modality. Think of experiment,
a crucial ingredient in modern science: experiments consist in the manipulation of
the course of nature in the interest of scientific insight - in active intervention on
what is happening, in order to bring about something eise. The very notion of an
experiment presupposes an acknowledgment of different possible courses of events.
Experiments also involve the prevention of unwanted disturbances - vibrations,
electrical fields, or variations of temperature, depending on the case - and shielding
these ofT can be difficult and costly; so it is important to know which disturbances
are possible and what their effect woulcl be.
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Given that we have a need for modal notions in science, it is interesting to ask
which kinds of modality are involved, and how we can best understand them. In
this paper we will focus on one aspect of these questions: we will Iook at the
representation of things in modal contexts occurring in science. We proceed from
the assumption, not to be argued for here, that formal methods of philosophical
logic are often helpful in elucidating philosophical proble1ns arising in philosophy
of science, and consequently we approach our topic from a logical point of view.
We will, however, keep our formalism minimal.
The paper is structured as follows. We begin by describing the use of possible
experiments in science and in everyday life (Sect. 2). This will make salient the
notion of tracing a thing from a given case to other possible cases. In Sect. 3
we describe this notion in a more formal way, exhibiting some consequences for
standard systems of quantified modallogic. In Sect. 4, we introduce CIFOL, caseintensional first order logic, as a newly established formal framework that helps to
elucidate the notion of tracing. We wrap up in Sect. 5.

2 Possible Experiments
It seems best to start with an example to introduce our general topic. We will

Iook at possible experiments that could be conducted to find out an object's trait,
while we ascribe that trait in any case. We start with an object's charge. Charge
is a quantitative property of microscopic as weil as ordinary objects. Much of the
chemical behavior of atoms is explained by their being made up of charged particles,
and when you carry a sufficient amount of charge, it makes your hair stand on
end. Charge appears to be quite a fundamental property - it is surely objective,
mind-independent and categorical if anything is. Charge does not appear to be a
disposition of an object like fragility or solubility. But still, it has modal force, and
that may even be one of its defining features.
Consider Coulomb's law, which links the force F acting on a test charge of q
situated at a distance r from an object, to the charge Q ofthat object:
F = _l_Qq.

4nEo r 2

(1)

There are various ways to read this equation. One sensible way to read it is as a
criterion of when the object we are interested in, Iet us call it a, has acharge of Q.
Read in that way, the equation explains our epistemic access to an object's chargevia
an experiment, and we actually conduct such experiments in some cases: if we put
a test eh arge of known charge q at a distance r from a, we can use Coulomb' s law
to determine a's charge. (Of course, in an actual application of this recipe, we will
need to make sure there are no unwanted interferences- that is what laboratories are
for. Read as a law, (1) has the familiar feature of holding only ceteris paribus. Also,
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there will have to be some way of determining the resulting force F from its effect,
e.g., via the acceleration of a particle of known mass. We willleave theseadditional
complications out of consideration.)
It seems sensible to say that for any charged object a, there should be some
way of conducting an experiment of the mentioned type that will reveal a's
charge. (Call this "modal verificationism" if you like. We will not argue for
this doctrine's universal validity here, which would probably get us entangled in
problems involving masking and similar effects. Never mind that for the time
being - it seems sensible to work out the base case first.) Now, what is the link
between a situation before us, in which we have identified an object a that we are
interested in, and the mentioned merely possible experiment? It seems reasonable
to spell out this link in terms of a counterfactual: if a, the thing before us, were
tested in an experiment, the outcome would be such-and-such. (Again, leaving
well-known problems aside.) In discussions of this approach, the focus is mostly
on identifyingthe correct counterfactual case (or set of counterfactual cases) that
needs to be considered. Certainly it will have to be one in which, contrary to what
is happening to a in the case at hand, a is being subjected to an experiment of the
mentioned type; the question then is what else also needs to change. (For example,
I am in fact now writing this paper in a cafe. In a counterfactual situation in which I
am now conducting the experiment, it must be assumed that I went to the !ab instead
of going to the cafe.)
In the identification of such a counterfactual case, one often invokes a notion
of similarity of cases (or "possible worlds"), e.g., via a similarity ordering among
cases. While many interesting issues are involved in developing the notion of
similarity, we will not follow this line of investigation here. Rather, we will treat the
more basic question of what we mean by re-identifying the object a, which we can
identify directly (e.g., by pointing) in the case at hand, in some other possible case.
It is certainly crucial that in another case such as the one involving the mentioned
experiment, we keep our focus on the object, a, and do not switch to something eise,
since it is a's charge that we are interested in. It is also crucial that in following a,
we treat it as a charged body, so that we incorporate equality of charge somehow
into the adequacy condition for reidentification, and thereby make sure that we do
not end up with an object that we may identify as a in some sense, but which will
not do for identifying a's current charge.
Here is a more concrete example that brings out what is at stake. Consider my
daughter's cat, Hannibal. I am interested in finding out his present mass, since I
suspect that he is becoming a little chubby lately. Finding out his mass involves
subjecting him to a sort of experiment, e.g., putting him on scales. 1 Now if it's
really his exact present mass that I am interested in (suppose that I bet with my

1
Mach's definition of mass via a possible experiment, which does not involve a detour via an
object's weight in a gravitational field, is analyzed by Bressan (1972), whose formal investigations
are a main source of inspiration for the work presented here - see Sect. 4. Mach's definition is
based on an experiment in which the object under consideration bumps into the unit mass at some
specified speed. My daughter surely won't Iet that happen to her cat.
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daughter that he isover 6 kg, and precision is required), I need to make sure that his
mass does not change between the present case and a case in which he is put on the
scales. Hannibal 's present mass is not simply he mass of the cat, Hannibal, in a case
in which he is put on scales. He was actually put on scales when he was a kitten,
and weighed less than 2 kg then, but this obviously contributes nothing towards an
answer to our question. Even starting out now, he might be put on scales after he has
had some extra food, or shed some of his fur or otherwise lost some weight, which
would Iead to an incorrect answer. In order to get the right answer, it will not do to
just follow the cat between the case at hand and some case with the cat on scales.
Rather, I need to make sure that I am fo!lowing the massive object that is identical
to the cat right now, and subject it to the weighing experiment. What needs to be
traced is the cat as a massive object, not the cat as a biological individual, since the
property under consideration, mass, is one of massive objects and only derivatively
one of biological individuals.
It is the same with charge. When we see the cat's hair stand on end and become
interested in his current charge, it won' t do to take him to the Iab and bring some test
particle close to h im- chances are that in that case, hischargewill already be quite
different from what it was in the situation that is of interest. Some more elaborate
scheme of tracing the charged object that is identical to the cat before me will have
to be found.
Note that all of this does not mean that properlies of the cat are "really nothing
but" properties of the cat's matter. First, even in identifying the cat's mass or eh arge
now, we do not need to trace the cat's current matter - that woulcl be highly
impractical, since a living cat constantly exchanges matter with his environment,
and that matter quickly disperses all over the place, e.g., by diffusion. In the case
of mass. it will be enough if we can trace the living cat and just make sure that the
input/output mass balance is neutral, 2 and similarly for charge. Second, if we are
interested in whether the cat has the property of responding to his name, we arguably
need to trace the biological individual, the cat, to a case in which the appropriate
expetiment is conducted, i.e., in which he is called and responds- or doesn't.
It seems, then, that for various scientific ancl everyday purposes, it is important
to understand how an object identified in a case at hand can be traced to other cases
in which that object is involved in a possible experiment. In the remainder of this
paper, we will Iook at formal means for the representat.ion of such tracing.

3 Tracing in Standard Quantified Modal Logic
Wehave argued for the importance of the notion of tracing a thing between possible
cases, or reidentifying a thing in another, merely possible case. From the formalJogical point ofview that we are taking in this paper, this notion of tracing should be

2This will obviously involve keeping the cat away from his food; depending on the precision

required, ambient humidity and other factors may also have tobe taken into account.
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connected with the handling of variables and terms in a predicate logical framework
that also allows one to talk about different possibilities. That is, we are entering the
realm of quantified modallogic.
The construction of systems of quantified modal logic was approached syntactically by Barc~m (1946), and later also semantically, most notably by Kripke
( 1959). Despite several refinements and much discussion, that latter framework
can still serve to lay out the general idea behind most currently available systems
of quantified modal logic. There are two main components. On the one hand,
there is the handling of modality: the most common image is that of a set W
of different possible worlds as modal alternatives - perhaps with an accessibility
relation between them that grounds relational modal semantics, as in Kripke ( 1963 ).
These possible worlds w E W proviele a global view on modality; they correspond
to complete alternative ways our world could be. 3 On the other hand, there is the
handling of individuals: Theseare conceived of as inhabitants of the various possible
worlds, so that each world w comes with its own domain of quantification, Dw.
While therc are important differences in the treatment of quantification in different
systems, the common idea is that at a world w, a variable should havc as its value
somc d E Dw. (Arguments then arise, e.g., about the interrelation of the different
Dw, or about the handling of reference failure.)
Based on this background, there are two main ideas for expressing the notion
of tracing, or reidentifying, an object across different possible worlds. One idea,
propounded by Kripke (1980), is that variables function as rigid designators,
i.e., that they have the same value at each world. Another idea is to deny that
different worlds can host thc same individual, i.e., to deny so-called trans-world
identity. On that approach, due to Lewis (1968), the worlds and domains need to be
supplemented by a (perhaps context-dependent) counterpart relation that associates
an inhabitant of a world w with its counterpatt (or counterparts) in any given other
world w'. 4 On both approaches, a metaphysical conviction settles details of the
logical handling of variables.
In our view, both of these approaches are inadequate for capturing the phcnomenon of tracing. Both either have a hard time handling the temporal aspect of
modal alternatives in our examples, or make it difficult to represent the different,
yet objectively grounded tracing principles of physics vs. biology that the examples
point out.
The first problern is due to the image of possible worlds itself. In describing our
examples, we were using the normal English idiom of possible cases, according
to which necessity is truth in any case. Now "case" is not a technical term, and
there are certainly useful applications of modal notions in which we consider
world-spanning global possibilities, or possible worlds - e.g., when it comes to

3 Lewis

(1986) famously proclaims that according to bis doctrine of modal realism, every such way
our world could be, is a way some world actually is. The theory of possible worlds is, however,
independent ofthat doctrine.

4

See Kracht and Kutz (2007) for a detailed exposition of the formal aspects.
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models of cosmology. But cosmology is not a typical science: it has to do without
experiments and to rely on observation instead. In everyday life andin sciences such
as chemistry, biology and many branches of physics, we are much more interested
in what is possible locally rather than globally. This is to be expected if science
appeals to experiment, since we, the experimenters, bring about effects in the world
locally, manipulating one thing (or a few things) at a time.
So, it seems necessary to allow for a more local notion of modality when trying to
capture the notion of tracing- we do not normally trace objects from possible wor!d
to possible world, but from (local) case to (local) case. Such tracing has a temporal
aspect. But the notion of rigid designation makes little sense when temporal cases
are allowed. Certainly it needs to be possible to represent things as changing but
then, what does it mean that the value of a variable stays the same through different
temporal cases, as rigid designation would demand? lt seems that the image of a
thing behind this approach is that of a bare particular, a mere peg to hang properlies
on that is devoid of any structure. We are not saying that it is not possible to build
a quantified modal logic with rigid designator variables that handles the issue of
temporal cases in some way- e.g., by representing change exclusively on the side
of properties. But such a move seems awkward at best.
Counterpart theory seems to be better suited for tracing changing objects over
time. After a!l, the counterpart relation can be anything. But that is exactly the
problern with that framework. We would like to have a logic that, while allowing
some sensible variation in tracing principles (as in the cat/massive object example
of Sect. 2), also embodies at least some clear formal constraints on what can be a
counterpatt of what when moving from case to case.
We are not claiming that these problems provide decisive arguments against
attempts of building quantified modal logic on a quantification theory involving
rigid designation or counterpart theory. What we will do in the following, is rather
to sketch an alternative, such that those interested in the issue may judge for
themselves. This alternative, case-intensional first order logic (Belnap and Müller
20 13a), based on Bressan (1972), avoids taking sides in metaphysical issues such as
trans-world identity, and instead offers a metaphysically neutral framework that, on
our view, real!y helps to elucidate the notion of tracing a thing from case to case.

4 Tracing in CIFOL: Case-Intensional First Order Logic
We will now introduce our preferred logical framework for tracing things across
possible cases: case-intensional first order logic (CIFOL), described in detail in
Belnap and Müller (2013a). 5 As mentioned, that system takes its main inspiration
from the work of Bressan (1972), an ltalian physicist who developed his complex

5
See also Belnap and Müller (2013b) for an extension to a system explicitly based on branching
histories, which puts the generat CIFOL machinery to work for a discussion of indeterminism.
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modal-logical system ML" in order to better understand the modality involved in
positing possible experiments in mechanics. 6 CIFOL is a first-order system of modal
logic. Unlike Bressan's system, it does not allow for higher-order quantification over
properties, relations or entities of higher types; its quantifiers are restricted to firstorder entities, i.e., objects.
CIFOL's modality is based on a set r of cases, which do not have tobe possible
worlds, but may be temporal as weil. For the basic system, nothing about r is
assumed (except that it should not be trivial, i.e., it needs to have more than one
member). Necessity is truth in all cases; formally:
y

I=

Dlj> iff for all y'

E

f, y'

I= lj>.

Generally speaking, CIFOL is built on Carnap's method of extension and intension
(Carnap 1947), which is applied universally to all parts of speech. Thus, each
expression has an extension in each case, and an intension, which is the function
from cases to the respective extensions. Formally:
exty~

= (int 0(y);

int ~ = A.y(exty~).

Fora sentence, lj>, the extension in a case y is a truth-value, TorF, so that instead of
the "y satisfies lj>" locution, "y I= lj>", we can also write "extyl/> = T". Theintension
of a sentence (a propositional intension) is then a function from the cases to truth
values, representing the pattern of the extension of 4> in case y as y is varied.
So much is standard in modallogic generally (even though it is often expressed
differently). There are two features that set CIFOL apart and that allow for a useful
analysis of tracing. First, the extension/intension method is applied to alt terms,
including variables (and even definite descriptions, but we will not go into that here).
That is, a variable x has an intension, int x, and in each case y, an extension, extyx,
that is a member of the extensional domain, D. Second, predication is generally
intensional: whether a predication G(a) is true or false in a case y, need not be
settled by the extension of a in y alone. A predicate e therefore indicates, for each
case y, which individual intensions fall under it in that case. In contrast, standardly
variables have just one constant extension (rigid designation), and predicates are
extensional. There is another feature that strengthens CIFOL's expressive power:
identity is extensional, i.e., whether two terms a and ß are identical in a given
case y, only depends on these terms' extensions in that case, extya and extyß· The
semantic clause for identity Statements is therefore:
y

6 The

I= a

= ß iff extya = extyß·

expressive resources of ML" are comparable to those of Montague's more well-known IL
(Montague 1973). One important advantage of Bressan's system is uniformity: ML" does not
require explicit type conversions, in contradistinction to IL.
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These technical choices allow for an interpretation of the formalism that is helpful
for understanding tracing. The main idea is to effect a Gestalt switch with respect to
the intensions of tenns (individual intensions). In standard quantified modallogic,
the extension of a term in a case is taken to indicate which object is designated by the
term in that case. In CIFOL, on the other hand, the idea is that the object designated
by a term corresponds to the term's intension. 7 A term's extension in a case is
therefore not an object; in fact, no metaphysical interpretation of the extensions is
needed at all. lt is enough if they are there to do the technical work of grounding the
truth or falsity of identity statements. 8 lt is therefore a simple and metaphysically
innocent thing to say, e.g., that the cat, Hannibal, is identical, in the case before us,
to a lump of matter, without that being necessarily so. In fact, if the cat is identical
to some lump of matter in one case, he will not be identical to that lump of matter
once he has taken another breath and thereby exchanged some of his matter with
his environment. No fancy doctrine of contingent identity is needed to model what
is going on here: we simply have (extensional) identity in one case, but not in other
cases.
lt should now be clear that the tracing of an object across possible cases in
CIFOL is effected, quite simply, by the intension of the term, which represents the
object. (Or: which represents the object's extension varying from case to case.) This
is already enough to show how CIFOL overcomes the problems that are caused
by taking variables to be rigid designators in standard quantified modal logic: in
CIFOL, variables have intensions, which may be regular object-intensions, and a
change in an object from case to case can simply be modeled by a change of the
corresponding extensions from case to case.
Now it may seem that by allowing for more generality in the notion of a case
and in the handling of variables, we have in fact succumbed to the doctrine of
Counterpartsafterall isn't the variation of extensions from case to case pretty much
the same as a counterpart relation between the extensions? If there were no further
constraints on the intensions representing objects, the two systems would indeed
show some similarity (even though there would still be the important dissimilarity
that CIFOL extensions do not represent things). CIFOL, however, provieles crucial
extra resources to help Iimit allowable means of tracing in a formally lucid way.
These extra resources come as non-creative definitions that can be formulated
within CIFOL, not as changes to CIFOL's logical system. (In our view, this counts

7

As variables are just terms, this interpretation accords with Quine's famous slogan that "to be is
tobe the value of a variable": the value of a variable is an intension, which represents an object.

8

There is one special extension, denoted *, that is used to signal non-existence, as in failed definite
descriptions; it is also useful to treat * as a term always denoting *· In a temporal interpretation
of CIFOL cases, it may be useful to think of the extensions as stages of objects, or as tropes. No
matter which way; the important thing is not to think of these extensions as objects themselves.
Technically, all that matters is the cardinality of the extensional domain D. It doesn't even matter
whether the domains are taken to be case-relative or not. We work with the simpler choice of just
one global extensional domain, D.

II
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towards the usefulness of CIFOL as a logic.) The two main definitions are due to
Bressan ( 1972), but CIFOL allows for some simplifications. The idea is to formulate
constraints on those properties that can sensibly be taken to correspond to natural
sm'tal properlies (or substance sortals), by singling out certain first-order definable
conditions on those properties. 9
The first definition describes modal constancy: a property is modally constant iff
an intension that falls under it in some case, falls under it in all cases. (Only a cat can
be a cat; if something is possibly a cat, it is necessarily a cat.) This can be expressed
as a condition on a predicate, e, as follows
0Vx[OC0x-+ DC0x].

The second condition is modal separation: it prescribes individual intensions falling
under a sortal to be properly individuated, so that overlap of things of the same sort
is precluded. (No two cats in exactly the same place.) Since we are dealing with
sortals whose instances are contingent beings that can fail to exist in a case, we
need to add a clause involving the existence predicate, E, so as not to forbid that
two different things falling under the same sortal should fail to exist in the same
case. 10 As a condition on a predicate, 8, modal separation reads as follows:
OVxVy [(8x !\Gy!\ Ex!\ Ey !\ x = y)-+ O(x = y)J

Putting these two definitions together, we can define a tracing property, or a C/FOL
sortal, to be any predicate C0 that is both modally constant and modally separated. 11
With all of this machinery in place, we can now explain CIFOL's approach to
tracing things from case to case. As shown in detail in Belnap and Müller (2013a),
a CIFOL sortal allows one to identify a thing falling under it, from the sortal and
an extension in just one case. And typical natural sortals, such as "cat" or "lump
of matter", which specify persistence conditions and a modal profile for the things
falling under them, have the formal properlies of CIFOL sortals.
Let us Iook at an example. No matter how you identify him in the case at hand
(e.g., as my favourite pet, the black thing on the couch, or the best hunter on the
block- all of which are case-relative descriptions), you can trace the cat, Hannibal,
through all possible cases just by following the intension falling under the sortal,
cat, that is identical to the extension of the identifying term in the given case. There

9 The

aim is emphatically not to provide necessary and sufficient conditions for a property tobe a
natural sortal property -- that seems hopeless, as it is a task belanging to science and metaphysics,
not to logic.
10
Existence can be defined in tenns of the special tenn, *· that signifies non-existence:
Ex B- x =/= *·See footnote 8 above; for details, see Belnap and Müller (2013a).
11 Bressan (1972) calls such predicates "quasi-absolute", the "quasi" having to do with allowing
for non-existence in a case. See also the previous note.
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can be justonesuch cat-intension (by modal separation), and the property of being
a cat applies tothat intension in any case (modal constancy).
Note that it is not the case that the term, "my favorite pet", falls under the sortal,
cat, in the present case- that term has an intension that varies from case to case in a
way that violates the persistence conditions of cats. It is true that all of my favorite
pets have been and probably will be cats - but my favorite petwas first this cat and
then that, and for a while I didn't have any favorite pet; furthermore, who knows
whether attempts of tuming me into a dog person will not be effective, or whether I
won 't settle for frogs in the end. "My favorite pet" does not designate a proper thing
of any sort, its intension is a gerrymandered mess. But still, in the present case, the
extension of "my favorite pet" is equal to the extension of "Hannibal", and the latter
is a name of a cat, falling under the sortal, "cat". No matter how I identify him, given
the sortal, I can trace the cat from case to case and find out about his properlies in
other cases.
So much for cats; the next step is to see how to link that with our discussion of
possible experiments from Sect. 2. There it appeared crucial that we could trace the
cat under different sortals as weil - e.g., we could trace him as a massive object
rather than as a biological individual. From a CIFOL point of view, we can say
the following : there are other CIFOL sortals, "massiv object" and "lump of matter"
among them, that also fulfill modal constancy and modal separation. In the case
at hand, they do not apply to the term "Hannibal", which is after all a name for
a cat: its intension falls under the sortal "cat", not "lump of matter" or such, and
these sortals prescribe vastly different persistence conditions. (See our remarks in
Sect. 2 about how hard it would be to trace the lump of matter that is a cat's matter
in one case, from one moment to the nex.t.) These other so1tals do however apply
extensionally, meaning: there isamassive object, represented by an intension falling
under the CIFOL-sortal "massive object", that is, in the case at hand, identical to
the cat before us - but that object is not identical to the cat in all cases. In fact,
these objects come apart once the cat has taken one bite from his bowl. lt is the
same with the charged object identical to the cat, or with his matter: given a case,
some identifying term gives us an extension, and that extension is enough, given
an appropriate sortal, to identify an object of the respective sort, represented by an
intension. In order to find out the cat's mass now, you have to t.race the massive
object now identical to the cat, to some case in which an experiment is clone from
which you can read off the mass; it will not do to trace the cat. Note that both objects

are readily available without any fancy stories about supervenience, metaphysical
overlap or contingent identity. It is not necessary to introduce any special extensions
for biological individuals either - the extensions can all be taken to be perfectly
physical, whatever that means. (In fact, it seems better to abstain from any verdicts
about their metaphysical character, since such a verdict is not needed in order to
explain their systematic place in the framework.) The answer to the question about
the cat's mass is provided via a possible experiment - but that expe1imerit needs
to be done on the appropriate massive object, not on the biological individual,
the cat.
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5 Conclusion
We started out by following one specific use of modality in science: the link of an
object's trait in a given case to a (merely possible) case in which an experiment
is performed that attests to that trait. Charge or mass are generally considered to
be unproblematic, categorical properties; we stuck to these in our examples so as
not to become entangled in discussions about dispositions before any useful formal
work could be done. We argued that the notion of tracing a thing from case to case
is useful for framing the issue of possible experiments and the identity of the things
involvcd in them.
In Scct. 3 we gave a brief overview of the standard approaches to tracing things,
as represented in standard systems of quantificd modallogic, and argued that they
do not provide adequate elucidation of the notion of tracing. In the main Sect. 4,
we presented, mostly informally, our own logical approach to the tracing of things,
using the resources of the recent framcwork of case-intensional first order logic
(Belnap and Müller 20 13a). In that framework, one can specify necessary conditions
for a property tobe a sortal, and such sortal properties allow for tracing a thing from
case to case. CIFOL's use of the method of extension and intension, tagether with
case-relative identity, makes it possible to explain how we can trace the thing before
us in a given case both as a cat and as a massive objects. Both means of tracing
are important for some of our scientific purposes, and both find their appropriate
formalization in the CIFOL framework.
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