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1.  Introduction:  Laws, Measurement Methods, and the MAL
In my recent book The Law-Governed Universe, I present and defend a new philosophical theory of what laws of nature are.
  I call it the Measurability Account of Laws, or the MAL for short.  In this paper I will present a sketch of the MAL and a sketch of an argument for the MAL.  In the first part of the paper I’m going to rush through the argument, leaving some claims undefended and some points unexplained.  This is so you can get a broad view of the big picture first.  Then I’ll go back and fill in some details.  I should warn you that the view I’m going to present and defend here isn’t exactly the one I present and defend in the book – I’ve simplified it in a number of ways.  The full, official version of the view has some bells and whistles that I won’t go into in this paper, which are necessary to deal with some problems that I won’t go into in this paper.  But the version I’m going to present here does contain the essential core of the official view.

The central idea of the MAL is that lawhood can be reductively analyzed in terms of the notion of a legitimate measurement method.  What exactly is a “legitimate measurement method”?  I’ll have more to say about that later on, but for now let me just say three things.  

First, a legitimate measurement method is a procedure you can use to reach a judgment about the value of an empirical variable – like the mass of a planet or the age of a tree or the magnitude of a star -- such that the judgment you reach is not only empirically justified, but also fit to play the role of a basic item of evidence in scientific reasoning.  

Second, a legitimate measurement method has to be a reliable way of reaching a true judgment, or at least an approximately true judgment.  So, for any legitimate measurement method, there has to be some true proposition of the following form:

(R)
Whenever conditions C are met, K(P, Q)

where C is the set of conditions that have to be satisfied in order for the method to have been correctly carried out, Q is the variable getting measured, P is the pointer variable which registers the result of the measurement, and K is some kind of positive correlation.  In some cases, K(P, Q) might be that P equals Q, but in other cases it might just assert a statistical correlation between the values of P and Q.  I’ll call a proposition of form (R) the reliability condition of the measurement method it is about.  (R) has the form of a universally quantified conditional – let’s understand the conditional to be a material  conditional.  So, what (R) asserts is just that, as a matter of fact, the method is reliable – whenever it is actually used, its result is correlated with the variable it is supposed to measure.  It is de facto reliable, in other words.  But de facto reliability is pretty cheap – a method can be de facto reliable just by never ever being correctly carried out, for example.

This leads us to the third thing I want to say about legitimate measurement methods:  being de facto reliable is a necessary condition for a legitimate measurement method, but it is far from a sufficient one.  Something more is required, over and above de facto reliability, to make a method a legitimate measurement method.  Exactly what else is required is a tough question that I’ll return to later.
As I said, the MAL says that lawhood can be reductively analyzed in terms of legitimate measurement methods.  More specifically, it says that what it is to be a law of nature is to be entailed (logically or mathematically) by the propositions that express the reliability of the legitimate methods of measurement.

The propositions that express the reliability of the legitimate methods of measurement are their reliability conditions – their associated instances of schema (R).  It will be helpful to introduce an abbreviation here:  When a proposition of the form of (R) is both true and expresses the reliability of some legitimate measurement method, then I’ll call it an MRC – short for “measurement reliability condition,” and pronounced “MERK.”  So the central claim of the MAL can be formulated like this:

(1):
What it is for a proposition P to be a law of nature is for P to be entailed by the set of MRCs.  

Remember that the MRCs are quantified material conditionals:  They just assert the de facto reliability of the methods they are about.  This is very important.  If we beefed up the MRCs and made them subjunctive conditionals, or nomologically necessary conditionals, or otherwise modally enhanced, then there would be a real worry about circularity here – because it would be natural to suspect that the notion of a law of nature is already built into the MRCs.  But there is no such worry, because again, the MRCs are just material conditionals.

There’s one thing I should comment on before moving on.  (1) obviously implies that the laws of nature are closed under entailment – that is, that anything that is entailed by the laws is itself a law.  So, for example, if it’s a law of nature that nothing travels faster than light, then it’s also a law of nature that my cat never travels faster than light on a Tuesday.  Not everyone will agree with this.  There are good reasons to be suspicious.  But the issues here are very complicated and it would be easy to get hung up on them for a long time, and I don’t want to do that.  It seems to me that what is most at stake here is the terminological question about how we want to use the phrase “laws of nature.”  It seems clear that there is one legitimate way to use that phrase on which everything that follows from a law is itself a law.  Let me just stipulate that that’s the way I’m going to use the phrase in this paper.  I don’t deny that there are other, more restrictive ways of using the term that are also legitimate.  And some of them are more useful for certain purposes.  But for my present purposes they would just make things more complicated.  So take it as a terminological stipulation that anything that follows from the laws of nature also gets to count as a law of nature.

Back to the MAL.  The central claim of the MAL, proposition (1), is that the totality of facts that are true as a matter of natural law is identical to the totality of facts that guarantee the de facto reliability of the good methods of measurement.  Those are the same bunch of facts.  What’s more, the fact that they are the same tells us what lawhood is.  Lawhood is nothing more or less than membership in the totality of facts that guarantee the reliability of the legitimate methods of measurement. 

2.  Sketch of an Argument for the MAL

Why should we believe this?  Well, let me sketch an argument.  

The first premise of the argument is the familiar point that laws of nature bear a special relation to counterfactuals, which distinguishes them from accidental regularities.  In particular, the laws take priority when we are deciding what to “hold constant” in counterfactual reasoning.  In other words, we tend to assume that if things had been different in various ways, then laws of nature would not be any different – they are preserved under counterfactual tinkering-around.  Let’s give this thought a name – let’s call it “NP”, which stands for “nomological preservation”:

NP (weaker):
In scientific contexts, the laws of nature would still have held under a very broad range of counterfactual suppositions.

I’ve included the qualifier “in scientific contexts” because of the notorious context-sensitivity of counterfactuals:  The very same counterfactual conditional can be true in one context and false in another, even at the same time and within the same possible world.  Some philosophers think that there may be contexts in which the laws of nature don’t play their usual role in supporting counterfactuals.  (I’m one of them – more about that below, in section 6.3.)  But in scientific contexts – that is, in contexts where the main point of the conversation is to do science, or apply science, or expound scientific knowledge – it seems that laws of nature do play their usual role.   So I’ve formulated NP in a way that restricts it to scientific contexts.  You might think this restriction is unnecessary.  If so, then for now, I have no quarrel with you – you’ll agree that NP, as I’ve formulated it, is true – it’s just that you’ll think that something more is true as well.

Just now, I labeled my formulation of NP “NP (weaker).”  This is because I think a stronger and more precise version of this claim holds as well, namely: 

NP (stronger):
In scientific contexts, the laws of nature, together with the facts about which propositions are laws of nature and which are not, form a counterfactually stable set.

The notion of a counterfactually stable set is one I stole from Marc Lange; my definition is based on his, though it isn’t exactly the same.  Here is my definition:

A set of propositions is counterfactually stable in context k just in case:  Every member of the set is true, and for any counterfactual supposition A that is compossible with the entire set, it is true in k that had it been the case that A, then every member of the set would still have been true.

So if a set is counterfactually stable, then it is as resilient under counterfactual perturbations as it could possibly be.  If it were any more resilient under counterfactual perturbations, then it would have to be that every member of the set would still have been true even if something inconsistent with the set had been true.  And surely that is logically impossible.

So we have two claims here, NP (weaker) and NP (stronger).  It would make me happiest if I could convince you of NP (stronger).  But if you don’t believe it already, I don’t think I can convert you within the space of this paper.  However, it will make me happy enough for present purposes if you find NP (weaker) plausible.  When I don’t need to draw a distinction between the weaker and the stronger versions, I’ll just say NP.

On to the second premise of the argument.  It concerns legitimate measurement methods.  As I noted above, a legitimate measurement method has to be de facto reliable, but mere de facto reliability is not a sufficient condition for being a legitimate measurement method.  What else is required?  I think the answer is that a legitimate measurement method must be counterfactually reliable as well as de facto reliable.  That is to say, the reliability condition of the method would still have been true under a very broad range of counterfactual suppositions.  Let’s give that thought a name:  let’s call it “MP,” which stands for “measurement preservation.”

MP (weaker):
In scientific contexts, the MRCs would still have held under a very broad range of counterfactual suppositions.

The qualifier “in scientific contexts” is here for just the same reason it is there in NP.  And here again, as in the case of NP, I think a stronger and more precise version of this claim holds as well, namely: 

MP (stronger):
In scientific contexts, the MRCs, together with the facts about which propositions are MRCs and which are not, form a counterfactually stable set.

Once again, it would make me happiest to convince you that the stronger version is true, but I doubt that I’ll be able to do that in this paper, and it will make me happy enough for present purposes if I can convince you that the weaker version is plausible.  I’ll say more about why the weaker version is plausible below.  But for now, I want to charge ahead and get the whole argument on the table. 

Now, whether you go for the stronger versions or the weaker versions of NP and MP, they attribute very similar, very remarkable properties to the set of laws of nature and the set of MRCs, respectively.  Could this just be a coincidence?  That seems improbable.  And the most obvious explanation for it is that NP and MP really both attribute this remarkable property to the same set of propositions, differently described.  That suggests that maybe this biconditional is true:

(*)
For any proposition P:  It is a law of nature that P just in case P is entailed by the set of MRCs.

(The right-hand has “is entailed by the set of MRCs” rather than “is a MRC” because, again, I’ve stipulated that the laws of nature are closed under entailment, but the MRCs might well not be.)  What’s more, (*) is plausible for other reasons as well.  I’ll talk about why a little later.  For now, let’s take (*) as a third premise of the argument.

(*) is obviously closely related to what I called proposition (1).  But they aren’t the same claim.  (*) just asserts that a certain biconditional holds – P is a law iff it is a consequence of the MRCs.  It doesn’t say anything about why that biconditional holds.  (1) goes further:  It says that the biconditional holds because of what lawhood is.  There are other possibilities here.  For example, the biconditional might be true because of what measurement is:  That is, it might be that there is a reductive analysis of the concept of a legitimate measurement method which makes use of a law of nature, and this analysis might imply the biconditional.  

Which way we answer the question of why the biconditional (*) is true has ramifications for what other explanations we can give.  For example, if you say that (*) is true because of what measurement is – if you say that there is some analysis of measurement in terms of laws which has (*) as a consequence – then you can give a nice explanation of why measurement methods are counterfactually reliable – that is, of why MP is true.  MP follows from NP together with (*), and this argument is an explanatory one:

Explanation 1:

NP; 

(*); 

therefore, MP

You can endorse this whether you want to understand NP and MP as their stronger versions or their weaker versions.  Here’s another way to put that explanation: 

The reason why measurement methods are counterfactually reliable is that:

(i)   To be a measurement method is just to be a method whose reliability is guaranteed by the laws of nature, and 

(ii)  the laws of nature are counterfactually robust.

On the other hand, if you say that (*) is true because of what lawhood is, then you can give an explanation going in the opposite direction:

Explanation 2:

MP; 

(*); 

therefore, NP

Or:


The reason why laws of nature are counterfactually robust is that:


(i)
To be a law of nature just is to belong to the (closure of the) set of facts that collectively express the reliability of the legitimate measurement methods, and

(ii)
the legitimate measurement methods are counterfactually reliable.

Going for Explanation 2, of course, involves accepting proposition (1); it amounts to endorsing the Measurability Account of Laws.

I think Explanation 1 probably strikes most philosophers are the more plausible one.  But I think we should go with Explanation 2.  Let me explain why.

First of all, if we go with Explanation 2, then we get a lovely explanation of why the laws of nature are so counterfactually robust.  The counterfactual robustness of the laws is one of their most important distinguishing features, and one of the greatest philosophical puzzles about laws of nature is how they could have this feature – what could laws  of nature be, such that they would get preserved under counterfactual suppositions in the way they do?  I take it that this is one of the most important problems that a philosophical theory of lawhood should tackle – it might be the most important problem for a philosophical theory of laws to solve.  And Explanation 2 solves it.  This is an important advantage of Explanation 2, and so it’s an important virtue of the MAL.  

But how important is this virtue?  That depends on two things.  First, it depends on how easy it would be to explain why NP is true otherwise.  If there are other philosophical theories of what lawhood is out there that can explain why NP is true just as well as the MAL can, then it might not be that big a deal that the MAL can.

The second thing is:  How big an explanatory price do you have to pay if you accept Explanation 2?  The important thing to notice here is that if you accept Explanation 2, and so accept the MAL, then you cannot define a measurement method as a method that is nomologically reliable, and you cannot use the counterfactual robustness of the laws of nature to explain why measurement methods are counterfactually reliable.  So you’ll either have to take the counterfactual reliability of the legitimate measurement methods as an unexplained explainer, or else find some other explanation for it.

As for the second thing:  I think it turns out that the price to be paid for accepting the MAL is not really that great.  This is because proposition (1) can be fleshed out into a larger view that includes a satisfying explanation of why measurements are counterfactually reliable – that is, of why MP is true – that doesn’t appeal to laws or lawhood at all.  

As for the first thing:  The MAL’s ability to explain why NP is true turns out to be a tremendous advantage, because there is not another philosophical theory of laws available that can explain this at all.  The MAL, and Explanation 2, offer the only successful explanation of the counterfactual robustness of laws that we have seen so far.  That’s a very strong claim:  There are a lot of philosophical theories of lawhood out there, and their friends all think that they offer great explanations of why laws are related to counterfactuals in the way they are.  But, I claim, they’re mistaken:  None of the putative explanations on offer so far really works.  The MAL stands alone; it’s the unique extant theory of lawhood that can give a satisfying explanation of why NP is true.  Of course, I’m going to have to do a lot of work to defend that claim.  We’ll get to that soon.

So, to recap, the argument for the MAL that I’m giving here goes like this:  NP is true.  MP is true.  The biconditional (*) is true.  It’s not plausible that there is no explanatory relation among these three truths.  The two obvious possible explanatory connections are the Explanation 1, which says that (*) shows how measurement-hood reduces to lawhood and that NP together with (*) explains why MP is true, and Explanation 2, which says that (*) shows how lawhood reduces to measurement-hood and that MP together with (*) explains why NP is true.  Accepting Explanation 2 amounts to accepting the MAL, and it has the virtue that it can be fleshed out into a view on which both MP and NP have satisfying explanations.  If we reject the MAL however, then the prospects are very dim for our being able to give any good explanation of NP at all.  So the MAL is a very attractive view – it can explain a very important and very puzzling feature of laws, and it is very hard to see how we could explain that feature otherwise.  This is a good reason to take the MAL seriously.

That concludes the sketch of the argument.  Obviously, I left a lot of gaps.  Now that we’ve got the overall structure of the argument on the table, I’ll go back and try to fill in some of those gaps.  

3.  Legitimate Measurement Methods and MP
It would be very reasonable and natural at this point to ask me what I think a “legitimate measurement method” is, and why I think that MP is true, and what I think the explanation of MP’s truth is.  If I don’t have good answers for these questions, then my claim to have explained NP might seem kind of hollow. 

I said before that a legitimate measurement method is a procedure we can use to reach a judgment about the value of some variable, such that judgments made via this procedure are not only empirically justified, but also are fit to play the role of basic evidence statements in scientific practice.  This means that they must be at least de facto reliable.

But de facto reliability is not enough.  There are many methods of finding out the value of some empirical variable that are perfectly reliable de facto, but obviously don’t count as legitimate measurement methods.  For example, suppose that you want to find out what the mass of Mars is.  One method you might employ involves getting some astronomical equipment and making some painstaking observations and then doing some difficult calculations.  If you carry out that method, then it would be fair to say that you have measured the mass of Mars using astronomical techniques.  However, there’s an easier way to find out the mass of Mars:  You can just Google it, or look it up in your favorite encyclopedia.  Or you can ask your neighbor, if she happens to be an astronomer.  All of those methods are extremely reliable ways of finding out the mass of Mars.  In fact, for almost all of us, employing one of those methods would be a much more reliable way of finding out the mass of Mars then trying to measure it ourselves would be.

What disqualifies all these methods from counting as legitimate measurement methods, in spite of their great reliability, seems to be that they don’t involve getting any fresh empirical justification for the judgment we make.  They all involve piggybacking on some determination of the mass of Mars that was made earlier, and they derive whatever justification they possess from the justification of that earlier determination.

There are also other, less obvious ways of cooking up a method that is de facto reliable but doesn’t count as a legitimate measurement method for the reason that it piggybacks inappropriately on some earlier measurement.  Consider the example of measuring the mass of a stone on the surface of the earth.  Here is one perfectly good way of doing that:  First of all, use a spring scale to measure the weight of the stone.  Then, drop a heavy object from a tall tower and time its descent, and thereby measure the local acceleration due to gravity.  Then divide the result of your weight measurement by the result of your measurement of the local gravitational acceleration, and the result you get is your pointer variable:  It’s the result of your measurement of the mass of your stone.  I take it that is a perfectly fine way of measuring the mass of a terrestrial object.  Let’s call it the longer scale method.

But there’s a quicker way to do it.  Use your spring scale to measure the weight of the stone, skip the step where you drop the heavy object from the tower, and just go ahead and divide your result by 9.8 meters per second per second.  And you’re done.  Lets call this method the shorter scale method.  The shorter scale method is just as reliable as the longer scale method – in fact if anything, it’s more reliable, since it precludes the possibility of screwing up the acceleration measurement.  But the shorter scale method is not really a method of measuring the mass of the stone.  And this is because, like the method of asking your neighbor or Googling the mass of Mars, this method piggyback’s on the result of an earlier measurement.  The shorter scale method is many things;  it is a very reliable method of finding out the mass of a stone, and it is a legitimate method of measuring the weight of a stone, as well as a good method of measuring the weight of a stone divided by 9.8.  But it isn’t a way of measuring the mass of a stone.

However:  Whenever somebody correctly carries out the shorter scale method, the longer scale method has also been carried out.  Suppose that Chris carries out the shorter scale method, but he never bothers measuring the local gravitational acceleration for himself – well then, Chris and Galileo collaboratively carried out the longer scale method – for Galileo measured the local acceleration due to gravity, and Chris did the rest.  This was a collaboration that took place over a very long interval of time, and Galileo wasn’t aware that he was collaborating with Chris.  But he was.  Betwixt the two of them, they have correctly carried out the longer scale method, and so betwixt the two of them they have carried out a legitimate measurement of the mass of Chris’s stone.  The part that Chris did by himself can be regarded in either of two different ways:  We can regard it as a proper part of a larger collaborative activity, in which case it is a part of a complete, proper measurement of the mass of the stone.  Or we can consider it in isolation, as a complete act of finding out the mass of the stone by itself – in which case it is not a complete measurement of the mass of the stone, but rather a shortcut that piggybacks on a measurement made earlier by Galileo. 

Now that we have a clearer focus on the kinds of procedures that I have in mind when I speak about “legitimate measurement methods,” it seems that there is one thing that stands out as setting apart the real measurement methods from the empirical procedures that are merely de facto reliable:  namely, their greater counterfactual reliability.  In order for a method to be de facto reliable, all it takes is for its reliability condition—the instance of schema (R) that applies to it – to be true in actual world; in order for the method to be counterfactually reliable, its reliability condition must not only be true in the actual situation; it must be such that it would have been true under a great range of counterfactual suppositions.  And meeting this stronger requirement seems to be what sets apart the real measurement methods.

For example, the method of finding out the mass of Mars by asking your neighbor, or by looking it up in your favorite encyclopedia, may be reliable in the actual situation, but neither would have been reliable had certain individuals been dishonest or corrupt or insane.   But the method of actually making the astronomical observations and doing the calculations yourself is not like this:  No matter who had been insane, or corrupt, or dishonest, that method would still have been just as reliable as it actually is.

Now, you might say that the astronomical method of measuring the mass of Mars would not have been reliable if the person doing the measurement had been incompetent or incapacitated.  But that would be a mistake.  In a case like that, it is likely that the person carrying out the method would have failed to reach a correct judgment – but that is because it is likely that they would have failed to carry out the method correctly.  And that doesn’t show that there is anything wrong with the method itself.  By contrast, if my favorite encyclopedia had been, counterfactually, an elaborate hoax, then even if I carried out the method of looking up the mass of Mars perfectly, I would not be likely to arrive at a correct judgment.  In that case, it would be the method that was not reliable, not me.  Thus, the merely de facto reliable method is counterfactually vulnerable in a way that the real measurement method is not.

Again, in the case of the two scale methods, the real measurement method is the one that is more counterfactually robust, and the merely de facto reliable method is the one that is more counterfactually fragile.  For example, if the earth had had a different mass than it does, or a different radius, or both, then the shorter scale method would not have been reliable – because the local gravitational acceleration would have been something other than 9.8 meters per second per second.  However, the longer scale method would still have been correct under those same counterfactual conditions.

These examples motivate MP.  Before the end of this paper, I’ll mention another reason to think MP plausible.  First let’s turn to the question of why we should believe the biconditional (*).
4.  Why the Biconditional (*) is Plausible
Here is one argument for (*):  To begin with, suppose that some proposition – call it P –  is a MRC.  Well then, P had better not just be accidentally true.  A real measurement method can’t just happen to be reliable, on account of the way that the course of natural history happens to take.  There had better be some robust guarantee of its reliability – it had better be necessarily reliable, in some sense of “necessarily.”  But which sense of “necessarily” is the important one?  Surely logical necessity is not the kind of necessity we want here – we can easily conceive of possibilities under which all of our legitimate methods of measurement are unreliable.  So the obvious think to think of here is nomological necessity – which suggests that if P is a MRC, then P had better be among the laws of nature.

Someone might object that it’s possible for the reliability of a method to depend on some nomologically contingent fact – for example, the reliability of using measuring rods to measure lengths depends on the nomologically contingent fact that around here, the measuring rods are all one meter long.  More generally, the reliability of a measuring method might depend on the nomologically contingent fact that the equipment is properly calibrated, or that some defeating condition is absent.  But we can build those nomologically contingent facts right into the description of the method itself, by including them in the set-up conditions C in the method’s reliability condition.   So even if those conditions don’t hold, it doesn’t mean that the method is unreliable; it just means that the method’s set-up condition isn’t satisfied, so that it isn’t properly carried out.  For example, if the method of measuring lengths in meters by using measuring rods depends on having measuring rods that really are one meter in length, then it isn’t that the method will be unreliable if your measuring rods don’t happen to be one meter long – it’s that you won’t even be able to properly carry that method out unless you’ve got measuring rods that are one meter long.  

So, it’s plausible that if a proposition P is a MRC, then it’s among the laws of nature.

Now I need to argue for the converse claim – that it’s plausible that if some proposition is a law of nature, then it’s also a MRC, or a logical consequence of the MRCs.  (For recall, what MAL says is that the laws are the propositions that are consequences of the MRCs.)

Suppose that L is a law of nature.  Most examples of putative laws of nature that we are familiar take the form of equations, or else can be wrestled into the forms of equations – or else are derivable as special cases of laws that take the form of equations.  Not all laws take the form of equations that hold no matter what; many of them are associated with conditions that must be met in order for the equation to hold.  For example, a conservation law can be written in the form of an equation that sets a time-derivative equal to zero, but this equation will hold only for an isolated system; Coulomb’s law asserts an equation relating the electrostatic force to a number of other variables, but it holds only when the bodies exerting the forces have been at rest for a long time; etc.  In all cases of laws that we know about, at least one of the terms in the equation is a variable that is in principle empirically detectable or measurable.  Are all laws like this?  Well, I am going to take it as a premise that they are.  We certainly have no good reason to believe that there are any laws that take the form of equations in which none of the terms are in principle observable, and it is hard to imagine what might be a good reason to think that there are such things.

All of this make it plausible that each law either can be wrestled into this logical form, or else is a consequence of laws that can be wrestled into this form:

(L) 
If conditions C hold, then … a … = Q

where a is some term that refers to an observable variable.  If we rewrite that equation by isolating the a:


If conditions C hold, then a = Q’

then we have a proposition of the form of (R):  This tells us that a certain empirical procedure for finding the value of Q is a reliable one:  See to it that, or wait until, conditions C hold, and then detect the value of a; from this, read off the value of Q’.  That procedure is not only de facto reliable – it is nomologically necessary that it is reliable.  Under these circumstances, we ought to be willing to count this procedure as a legitimate measurement method, and L is equivalent to this procedure’s MRC.  This, I submit, makes it plausible that every law of nature is a MRC.  And this completes the argument for the biconditional (*).

5.  Explaining MP:  The Bigger Picture

So far, I’ve said a bit about why I think that (MP) and (*) are both plausible.  But there’s a different sort of gap in my argument so far that I also need to fill in.  According to the view I’m proposing, we can understand what lawhood is in terms of the notion of a legitimate measurement method – but how should we understand what a legitimate measurement method is?  Also, I’ve suggested that we can explain why laws are counterfactually robust by appealing to the fact that legitimate measurement methods are counterfactually reliable – but how can we explain why legitimate measurement methods are counterfactually reliable?

My complete answer to these questions takes up a very large part of The Law-Governed Universe.  I’m just going to give a very brief sketch of it here.  Here goes:

I propose that we take the concept of a legitimate measurement method to be fundamental, rock-bottom; there is no way to analyze or reduce it in terms of anything more basic.  But just because we cannot analyze it or reduce it, that doesn’t mean there isn’t a lot we can say about it.  Two things I think we can say about it are that it is normative and that it is contextual.

It is normative in that classifying some procedure as a legitimate measurement method implies that it is appropriate to allow it to play a certain role within science – the role of a source of items of basic evidence.  (By basic here I mean, roughly, non-inferential and non-testimonial:  A basic item of evidence is something that provides fresh empirical justification for a judgment, rather than justification that is borrowed from some other particular item of evidence).  

The concept of a legitimate measurement method is contextual in that there is no such thing as the one true set of all legitimate measurement methods; different procedures count as legitimate method measurements relative to different contexts of discourse.  What makes a procedure count as a legitimate measurement method relative to a given context is not just that the speakers in that context treat it as a legitimate measurement method.  For one thing, I assume that a method has to be at least de facto reliable in order to be a legitimate measurement method.  (So for example, if a certain method is not a reliable way of estimating somebody’s cholesterol level, then that method does not count as a legitimate measurement method in any context, regardless of what the speakers who inhabit this or that context might believe about it.  To this extent, the view I’m proposing is externalist about evidence.)   If a method is de facto reliable and the speakers in the context treat it in practice as if it were fit to play the role of a measurement method, then it is a legitimate measurement method in that context.  (So for example, if a certain method of using mercury thermometers to measure temperature is as a matter of fact reliable, and in our present context we all treat uses of this method as legitimate basic evidence, then this method counts as a legitimate measurement method in our present context; nothing more is needed.)  However, this is not a necessary condition:  Another way for a method to count as a legitimate measurement method relative to a context is for its legitimacy to follow from things that are presupposed in that context.  (So for example, suppose that we accept a body of theory which implies that whenever a device is built according to certain specifications, it will function as a reliable voltmeter when connected to a circuit in a certain way.  Well, then, in our present context, building and using such a voltmeter counts as a legitimate measurement method, even if none of us have ever thought of this way of measuring voltage before.)  if we have available to us some method of measuring the position of a pointer needle – which of course we do, since we can always just eyeball it – and we presuppose a body of theory which implies that as a matter of fact, whenever a device is designed in such –and-such a way and hooked up to an electric circuit in such-and-such a way, then the position of a pointer needle will be reliably correlated with the current in the circuit – then there is a method of measuring current that is legitimate in our present context, whether or not it has ever occurred to any of us to try to measure current in this way.)

So, which procedures get to count as legitimate measurement methods in a given context of discourse depends on three things:  (i) which procedures are de facto reliable (this is the same across all contexts, within the same possible world); (ii) what background knowledge is presupposed in the context; and (iii) which procedures are treated by the speakers in the context as if they were fit to play the roles of measurement methods.  Fix those three things, and you’ve fixed which procedures are legitimate measurement methods relative to a given context.  That in turn determines which propositions express the reliability of legitimate measurement methods – that is, it fixes which propositions are the MRCs.  And if the MAL is correct, that in turn determines which propositions are laws of nature relative to the context.  Thus, the MAL embraces a kind of contextualism about laws of nature:  Since lawhood is reducible to legitimate methods of measurement, and legitimate methods of measurement are relative to context, lawhood is relative to context as well.

Now we can turn to the question of why measurement methods are counterfactually reliable.  Suppose that in our present context, some set of methods count as legitimate measurement methods.  (Note that we won’t in general know what all these methods are, since we won’t have figured out all the possible ways of measuring things whose legitimacy follows from what we have presupposed.)  Well then, in our present context, anyone who relies on a correct carrying-out of one of those methods to reach a judgment about the value of some quantity has done so in a responsible manner.  So, if they got the right result, then they didn’t get the right result just as a matter of good epistemic luck.  This lack of luck-dependence requires more than mere de facto reliability of the method:  and what more it requires is something that we can express by saying that whatever the facts might have been,. so long as you had carried out this method correctly, you would have gotten the right result.   So, the responsibility of using a legitimate measurement method, amounts to the fact that someone who correctly uses this method doesn’t have to depend on luck to get the right answer, and that in turn can be expressed in counterfactual terms:  The method would still have been a reliable one, however things might have been different otherwise.  

So, let’s survey the big picture now:

Consider any given scientific context you like – let’s call it k,  Relative to k, a bunch of methods are going to have the status of legitimate measurement methods.  So it’s going to be true in k that those methods have a certain epistemic status.  One aspect of that status is that when people use those methods to reach judgments about the values of quantities, and they carry out the methods correctly, then they count as having reached their judgments responsibly – that is, in a way that is not beholden to the helping hand of epistemic good luck.  Since that is true in k, certain counterfactuals are also true in k – namely, counterfactuals asserting that the method would still have been reliable even if the facts had been very different otherwise.  The truth of these counterfactuals in k is an expression of the epistemic status of the legitimate measurement methods in k.  The truth of those counterfactuals in turn, is what makes the MRCs counterfactually stable in k.  And by the Measurability Account of Laws, that just amounts to the counterfactual stability in k of the propositions that are laws of nature relative to k.  Thus, we’ve explained how all the counterfactuals in the picture get grounded, in terms of the epistemic role played by legitimate measurement methods.  

On this view, we have an explanation not only of what laws of nature are, but also of why they are related to counterfactuals in the way they seem to be.  What price have we had to pay in order to get this explanation?  Well, ontologically speaking at least, the price is pretty minimal.  We had to take for granted the notion of a legitimate measurement method, and we had to take it for granted that legitimate measurement methods play a certain privileged epistemic role in scientific contexts.  But those things are all context-relative, and they are constituted by pragmatic and normative features of particular contexts.  In order to talk about them, we don’t have to take for granted anything about universals, or essences, or natural kinds, or necessary connections in nature.  Fix all the facts about what actually happens when and where, and fix the pragmatic features of a given context, and you’ve thereby fixed the laws of nature relative to that context.  So this is a view of laws that should appeal to those who love desert landscapes.  Indeed (though I won’t try to defend this here) the whole picture is compatible with the thesis of Humean Supervenience.  

6.  The Terrible Difficulty of Explaining why NP is True Otherwise

So, that’s the way the MAL explains where the laws of nature got their remarkable counterfactual robustness.  But I made a strong claim earlier:  I claimed that the MAL is the only extant account of laws that can give a satisfying explanation of the relation between laws and counterfactuals.  This is a surprising thing to say:   Every theory of laws out there has friends arguing that it can give a great explanation of why laws support counterfactuals.  If I’m right, then they must all be wrong.  This is the last gap I’ll try to fill in in this paper:  I’ll try to say why I don’t think the other accounts of laws really can explain why laws support counterfactuals.  Since space is limited, though, I’ll just talk about three of the competing views.

6a.  A Humean Best-System Explanation
Most contemporary Humeans
 about laws favor some version of David Lewis’s best-system analysis, according to which the laws of nature are just the true generalizations that belong to the best system.  The best system is the deductively integrated system of truths that provides the most economical compact summary of the four-dimensional scenery.  Since scientists are extremely interested in the large-scale structural features of the world, the generalizations that make it into the best system are extremely salient for scientific purposes.  And, as we all know, in any given context, when we engage in counterfactual reasoning, we tend to hold constant those features of the actual situation that are most salient for us.  Therefore, in scientific contexts, we should tend to hold constant the actual laws of nature – since in scientific contexts, they are supremely salient features of the actual situation.  Thus, NP is explained. Let’s call this “the Salience Explanation.”

Unfortunately, the Salience Explanation doesn’t work.  Here is one reason why it doesn’t:  It sometimes happens in the course of science that attention is called to certain facts of great generality, which are extremely important for our purposes, and which explain many the phenomena that we are interested in, and that are explanatorily connected to lots of important features of the world – but these facts are nevertheless not considered to be laws of nature and are in fact considered to be very counterfactually fragile.  This shouldn’t happen if the Salience Explanation is correct.  (And it shouldn’t happen if the best-system analysis is right, either.)  But it does happen.  

For example, consider the fact that the visible matter in the universe is mostly organized into galaxies and stars – rather than, for example, making up a homogeneous pea soup, or mostly taking the form of black holes.  Let’s call this fact GS.  GS is a generalization, and it is of extremely high salience for our scientific purposes.  It is directly salient for purposes of astronomy.  And it lies in the causal-explanatory background of pretty much every phenomenon that we know about and have any scientific interest in.  So it is hard to imagine any feature of the actual world that could be more salient for scientific purposes than GS.  Yet, nobody considers GS to be a law of nature – rather, it is a consequence of the initial conditions.  And many contemporary physicists claim that it is extremely counterfactually sensitive, since they depend on the initial condition’s having been in a very narrow range:  If the initial distribution of matter had been even slightly more or less smooth than it actually was, then there would have been no stars or galaxies.  If those physicists are right, then despite its tremendous salience for scientific purposes, GS lacks the counterfactual resilience characteristic of the laws of nature.  

Of course, those physicists might not be right.  It doesn’t matter.  The universe that they falsely believe that we live in poses a counterexample to the key idea that the Salience Explanation is based on.  The mere fact that some fact is a general feature of the actual world that is extremely salient for us is evidently not sufficient to endow it with the counterfactual stability characteristic of laws of nature.  Whatever it is about the laws that gives them their counterfactual stability, it must be something else.

6b.  The Scientific Essentialist Explanation

You might say that the reason why NP holds in all scientific contexts is that the laws of nature themselves are metaphysically necessary truths.  This is the position of “scientific essentialists” such as Brian Ellis and Alexander Bird.
  They hold that natural properties have essential features and that these essential features include their nomological relations to other properties.  So, if two natural properties like mass and force are related by a law, then they have to be related by that same law in all possible worlds – for any pair of properties in any possible world that failed to be related by that law just would not be force and mass.  It follows that if A is a counterfactual supposition that is consistent with all the laws of nature, then there is no possible world where A is true but any actual law of nature is false.  That is why the laws of nature are so stable under counterfactual perturbations.

This looks like it gives the scientific essentialist a decisive advantage over anybody who thinks that the laws of nature are metaphysically contingent truths – let’s call someone like that a contingentist.  For consider any law-supported counterfactual – that is, any counterfactual that is implied by NP.  For example:

If this desk had been positive charged, then it would have exerted a repulsive force on other positively charged bodies.

The contingentist is going to have to allow that there are possible worlds where the antecedent of the conditional is true, and the consequent is false.  So, if the antecedent had been true, the consequent could have been false.  So why wouldn’t it have been false?  This is a tough question.  It’s a question that any contingentist has to face sooner or later.  But it’s a question that a scientific essentialist can deftly avoid.  Because, according to scientific essentialism, there are no possible worlds where the antecedent is true and the consequent is false.  Had the antecedent been true, the consequent would have to have been true – and that’s why it would have been true.  The lesson here seems to be that scientific essentialists are in a unique position to give a great explanation of why laws are related to counterfactuals in the way they are.

But this explanation is not as impressive as it seems at first.  On the most plausible version of the scientific essentialist view, there are other possible worlds where things instantiate different properties than they do in this world, so that different laws of nature are in play.  So for example, there is a possible world where instead of mass, bodies have schmass, which is a lot like mass except that it is governed by a gravitation law in which the constant has a slightly different value than the constant in the actual law has.  (I say this is the most plausible version of scientific essentialism because it doesn’t have to simply throw out the powerful intuition that the gravitation constant could have had a slightly different value; on this version of the view, there really is a possible situation corresponding to this intuition, it’s just that there isn’t any mass in that situation; there’s schmass instead.)  Now, consider the following counterfactual, which I’ll call the Statues Counterfactual:

The Statues Counterfactual:  
Had there been two statues in this room, they would have attracted one another by a force inversely proportional to the square of the distance between them.

(Assuming that our world is Newtonian), the Statues Counterfactual is surely true.  And it is surely one of the counterfactuals that gets to be true on account of the special relation between laws and counterfactuals; it is a law-supported counterfactual, in other words.  But how can the scientific essentialist explain why it is true?  There are, after all, possible worlds where its antecedent is true and its consequent is false.  For there are possible worlds where this room contains two statues have schmass instead of mass.

The answer seems obvious:  Even though there are metaphysically possible worlds where there are statues that are made of schmatter instead of matter, those worlds are very different from the actual world.  And none of those is the world we would have been in if there had been two statues in this room.  This seems to be exactly the right thing to say.  And since there’s nothing really special about mass and schmass here, the point generalizes:  

IP
The actual facts about which properties are instantiated and which are preserved under a very great range of counterfactual suppositions.

(IP stands for “Instantiation Preservation” – you could give it both a weaker version and a stronger version, the way I did for NP and MP, but I won’t bother doing that.)  But now look at what has emerged.  We wanted to explain why NP is true (in a large range of contexts).  The scientific essentialist seemed to be uniquely well-placed to offer such an explanation, since on her view, every counterfactual that follows from NP has to be true, since its consequent is true at every metaphysically possible world where its antecedent is true.  But on closer look, it seems that if scientific essentialism is right, then there are some law-supported counterfactuals whose truth cannot be explained in this way.  The Statues Counterfactual is an example.  In order to explain why counterfactuals like The Statues Counterfactual are true, the scientific essentialist needs to appeal to a principle like IP.  But IP has exactly the same form as NP – the only difference is that facts about which properties have instances have been substituted for facts about which propositions are laws.  If the truth of NP cries out for explanation, so does that of IP.  (“Had there been two statues in this room, they could have had schmass instead of mass – so why wouldn’t they have?”)  And the scientific essentialist cannot offer the same kind of explanation for IP that she did for NP – for even by the scientific essentialist’s lights, there are possible worlds where the antecedent of the Statues Counterfactual is true but its consequent is false.  So we see that in the end, the scientific essentialist has to face an explanatory problem that parallels the one faced by contingentists who want to explain why NP is true.  So the apparently decisive advantage that the scientific essentialist seemed to enjoy turns out to be illusory.  The tough question that the scientific essentialist deftly avoided has come back get her in the end.

6c.  Cutting the Gordian Knot? – Lange’s Solution
Recently, Marc Lange
 has developed a new view of laws of nature which is tailor-made to explain why laws are related to counterfactuals in the way they are.  According to Lange, what it is to be a law of nature is to be a member of a set that is counterfactually stable in the way that NP (stronger) says the laws are.  It follows at once that the laws from a counterfactually stable set – and there is nothing left to say by way of explaining why this is so.  Any set of propositions that wasn’t counterfactually stable couldn’t be the laws, because lawhood just is membership in a counterfactually stable set.  So there’s no way for NP (stronger) to fail to be true, and there’s nothing to wonder at here or to ask for an explanation about.  

On Lange’s view, it’s a mistake to think that the law-supported counterfactuals are true in virtue of the laws – rather, the laws of nature are the laws of nature in virtue of which counterfactuals are true – counterfactuals make the laws hold, not the other way around.  For Lange, the counterfactuals themselves are ontological rock bottom:  The furniture of reality just includes subjunctive, counterfactual facts right alongside the actual facts.  To accept this seems a high price to pay, ontologically speaking.  But the returns are very good:  You get a very neat explanation of something that is otherwise very hard to explain, namely why the laws are counterfactually stable.

Unfortunately, I don’t think this lovely scheme is going to work.  The reason why is that Lange’s scheme proves too much.  If Lange is right that lawhood just is  membership in a counterfactually stable set, then it is a necessary truth that the laws form a stable set.  It isn’t possible for the laws to fail to from a counterfactually stable set.  It would seem to follow that the laws must form a counterfactually stable set in every possible context of discourse.
  And indeed, this is Lange’s view:  He thinks that the although many counterfactuals can shift in truth value as you move from context to context, the ones that are supported by the laws are not like this:  the laws of nature are counterfactually stable no matter what context of discourse you are in.

The trouble is, I think we have compelling reasons to think that this couldn’t’ be right.  There are many contexts in which NP is true – I think that all scientific contexts are like this.  But I also think it is clear that there are some possible contexts in which NP is false.  What this shows is that what we need to explain is not just that NP is true, full-stop – what we need to do is explain why NP is true in the contexts where it is true, in a way that does not entail that NP is true in all possible contexts whatsoever.  Lange’s account of lawhood successfully explains why NP is true in the contexts where it is true – but it does so in a way that does entail that NP is true in all contexts.  But that’s false.  So there must be something wrong with Lange’s account; its explanation for the counterfactual stability of the laws of nature explains too much.

What it remains for me to do now is convince you that there are some possible contexts in which NP is false.  That’s the last thing I’ll do in this paper. 

Here is an example, which I’ll call ‘the God Case’:  In a certain possible world, the physical universe was created by an intelligent being whose purpose was to provide a suitable habitat for living organisms.  In this world, the laws of nature don’t allow life to exist in any place where the temperature is greater than 500 degrees Kelvin.  The laws of nature permit the entire universe to be always hotter than 500 degrees Kelvin, and in that case there would have been no life.  But that’s not how it is:  The designer set up the universe in an initial state that evolved into a state in which there were lots of regions of moderate temperature, and life flourishes in some of those regions.  Now, in this world, there is a planet very much like earth, supporting a species very much like us, and on this planet, a seminar on Natural Theology takes place.  The participants in the seminar all know, or at least believe, everything I just stipulated about their world.  One of the participants, named Bert, comments that we are very lucky that the designer endowed the universe with lots of regions of moderate temperature.  For if the designer hadn’t done that, then the universe might have been everywhere always hotter than 500 degrees, and if the universe had been everywhere always hotter than 500 degrees, then there would have been no life.  Let’s focus on that last claim – I’ll call it Bert’s counterfactual:

Bert’s counterfactual:
If the universe had been everywhere always hotter than 500 K, then there would have been no life.

Another one of the participants in the seminar is named Ernie.  Ernie objects to Bert’s claim.  “No Bert, he says.  “You’re right that we’re lucky to have been so well provided for.  But the way you made the point underestimates the designer.  If the universe had been everywhere always hotter than 500 degrees, then that would have been because the designer made it so.  But the designer’s whole purpose in creating a physical universe was to provide a suitable habitat for life.  And the laws of nature, as well as the initial conditions, were completely up to the designer.  So if the universe had been everywhere always hotter than 500 K, then the laws of nature would have been different (in such a way as to permit life to flourish at those very high temperatures.”  Let’s focus on that last claim – I’ll call it Ernie’s counterfactual:

Ernie’s counterfactual: If the universe had been everywhere always hotter than 500 K, then the laws of nature would have been different.

In each of these counterfactuals, the antecedent is consistent with the laws’ being exactly what they actually are.  So both of these counterfactuals fall within the purview of NP.  What’s more, NP entails that Bert’s counterfactual is true, and that Ernie’s counterfactual is false.  But in this context, I hope it’s obvious that Bert’s counterfactual is false, and Ernie’s is true, for exactly the reasons that Ernie gave.  So in this context, NP is false.  Therefore, NP is not true in al possible contexts.

This example is not intended to show that there is a possible world at which NP is false.  What it is supposed to show is that there is a possible context in which NP is false.  In the very same possible world we have been talking about, there might be a seminar on biophysics going on right down the hall from the seminar on Natural Theology that Bert and Ernie are attending.  In that seminar, presumably, Ernie’s counterfactual is false, and Bert’s is true.  So even in the possible world where Bert and Ernie live, there might still be possible contexts where NP is true.  In particular, it seems plausible that in all scientific contexts, NP is true; it’s just in theological contexts where you find counterexamples to NP.

Still, some people find that argument hard to swallow.  A common objection is that in the example as I set it up the real laws are not what get called “the laws”:  The real laws are things like that whatever the designer says goes, and that the designer wants a universe that supports life, and so on.  The things are getting called “laws of nature” are really just nomologically contingent facts about what decisions the designer happened to make.  So there’s no counterexample to NP here:  Ernie’s counterfactual is exactly what NP requires in this case.

But this objection is not very plausible, for at least two different reasons.  The first is that it proves too much:  It makes Ernie’s counterfactual consistent with NP at the cost of making Bert’s counterfactual inconsistent with NP.  And that’s a problem, because in the biophysics seminar, Bert’s counterfactual seems to be true.  So the objection has the strange implication that NP is true in theological contexts but false in scientific ones.  It’s still true that there are some possible contexts where NP is false.

The second reason is that the objection can work only if it is impossible for the laws of nature to be the free creation of a supernatural designer.  For if the objection is right, then  if there were such a designer, then nothing that it could freely set up could possibly count as one of the laws of nature – the laws of nature would just be whatever principles accurately describe its nature and powers.  There is a long tradition, of course, of thinking that the laws of nature must be the work of a supernatural designer; the objection turns this tradition on its head and assumes that if there are any laws of nature, they could not be the work of a designer.  But if we want to respect the autonomy of science from theology, surely we should reject both the original version and the upside-down version:.  The laws of nature might be the product of a freely acting supernatural creator, but then again they might not, and science can live with either answer.  Nether answer should be written into the very concept of a law of nature.

7.  Conclusion

My conclusion is a bit ironic.  The way things typically play out in the philosophical literature on laws of nature is this:  One camp of philosophers, the Humeans, want to account for lawhood using only minimal ontological resources; a second camp, the Non-Humeans, think that in order to explain all the special features of laws, such as their counterfactual robustness, we are going to have to buy a richer ontology than the Humeans want to allow.  So we have a contest between ontological austerity on the one hand and explanatory power on the other.  If I am right, though, then this is not the way the dialectic should go.  We don’t have to choose between ontological austerity and explanatory power.  Because in fact, the view I have been proposing, the MAL, which is compatible with a very austere, Humean-friendly ontology, is the only extant view of laws that is able to give a satisfying explanation of why laws support counterfactuals.  
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� Roberts (2008).  The material in this paper is all drawn from that book, though it appears here in a very different form.


� Lewis (1973); Earman (1996); Lewis (1994); Loewer (1997), inter alia.


� This is a serious problem for the best-system approach to laws.  For it is hard to see how, on any reasonable account of what makes one system better than another, this fact about the initial smoothness of the universe could fail to make it into the best system.  And the same thing goes for all the other examples of apparently “fine-tuned” initial conditions.  So a consequence of the best-system analysis is that there cannot be fine-tuned initial conditions, really:  Any apparent case of them would really just be another law of nature.  Callender (2004) has argued that this is an unexpected benefit of the best-system analysis.  But it seems to me to be a reductio ad absurdum.  There are numerous episodes in the history of science where a case of apparent fine-tuning sets an important problem to be solved – e.g., the apparent fine-tuning sets an important problem to be solved – e.g., the apparent fine-tuning of our solar system (planetary orbits all lying pretty much in a common plane, going around the sun in the same direction, etc.), which Newton explained by appeal to God (in the “General Scholium” to Book III of the Principia) and which Laplace explained by appeal to the nebular hypothesis.  Imagine that you are Newton’s contemporary:  Even if you disagree with Newton’s design argument, do you really want to say that the phenomena he called attention to there do not set a daunting explanatory problem before us?  Do you really want to say that if the regularities are impressive and important enough, then they ipso facto get to count as laws of nature and so – just like that – the observed regularities in question receive a covering-law explanation?  To say that would be to take the wind out of the sails of Newton’s version of the design argument – but it would also take away the motive for Laplace’s research project which culminated in the nebular hypothesis.  The moral is that one important engine of scientific progress is the noticing of striking and pervasive regularities that are not consequences of the laws of nature; any philosophical theory of laws of nature that makes any regularity that is striking  and pervasive enough automatically count as a law is a threat to this engine.


� The argument of this subsection owes something to Fine (2002) and to Lange (2004).  But neither of those authors gives the argument in quite this form.


� Ellis (2001); Bird (2007).


� See Lange (2005) and (forthcoming).


� As John Carroll pointed out to me, this doesn’t follow, strictly speaking.  A statement might express a necessary truth, yet be context-relative.  E.g., “It is a prime number” expresses a necessary truth in a context where “it” picks out the number seven, but it expresses falsehoods in some contexts.  So, the fact that NP is (or expresses) a falsehood in some contexts does not entail that NP is not (or, does not express) a necessary truth in other contexts.


	But this doesn’t matter in the present context.  Lange’s view is that lawhood is the same thing as membership in a stable set – so, the only way that NP might be false in some contexts is if in some contexts, “lawhood” picks out something other than lawhood, or “stable set” picks out something other than the stable sets.  If there are such contexts, they have nothing to do with the issues at hand, so we can set them aside.


	Alternatively, someone attracted to Lange’s view might modify it by saying that lawhood is the same thing as membership in a set that is stable in scientific contexts (or, in some other special set of contexts).  That view would be immune to the objection I am about to present.





