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Abstract: 
 

Explanation in High-level Theories in Physics 

 
Corey Sawkins       Advisor: 

University of Guelph, 2016      Professor Andrew Wayne 

 

Some philosophers of science, such as Harvey Brown (2005) and Margaret Morrison 

(2000), argue that in physics only low-level theories are explanatory. Low-level theories are 

those theories which refer to natural laws and describe the underlying physical mechanisms and 

nature of matter to explain and describe phenomena. Such theories are contrasted with high-level 

theories which do not make a commitment to these underlying features but refer to high-level 

regularities, assumptions and empirical observations about the behavior of objects. Using special 

relativity as a case study, I show that high-level theories are explanatory. I apply and then later 

adapt Kitcher’s unificationist account (1981 and 1989) to this specific case in order to show that 

contra Brown and Morrison high-level theories are explanatory. In chapter 2, I show that STR is 

an example of non-reductive high-level theories in physics. In chapter 3, I apply Kitcher’s 

unificationist account to the derivation of length contraction and Fizeau’s experimental result 

provided by the principle interpretation. In chapter 4, I consider Kitcher’s criteria for 

determining the degree of unification of a theory. I apply his criteria to my case study in order to 

show that the principle interpretation is more unifying than the dynamical theories of Lorentz 

and Poincaré, and Brown. I conclude that because the principle interpretation is more unifying 

than its competitors it is explanatory under Kitcher’s account. In chapter 5, I review and critique 

Michel Janssen’s defense of the explanatory value of STR (2002 and 2009), in order to show that 

my characterization of STR using Kitcher’s unificationist account is the best option available. In 

chapter 6, I move to show that Kitcher’s unificationist account, or at the very least a modification 

of it, is defensible. To do so, I consider one of the most prominent objections to his account 

(Woodward 2003). I then modify Kitcher’s account by incorporating dependency relations. I 

conclude that special relativity is explanatory and that my account of explanation can capture 

both causal and noncausal explanations in science. 
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Definitions: 

Brown’s Preferred Dynamical Theory: A hypothetical dynamical theory considered by Harvey 

Brown. This theory would be a reduction of STR using QFT or QM as a base. 

 

Dynamic Theories: Attempt to build a description of more complex phenomena out of relatively 

simple formal schemes. They use a hypothesized mechanical model built out of basic mechanical 

principles to describe and explain macro-level phenomena. Dynamical theories make a 

commitment to some underlying micro-level structure, to describe, predict and explain 

observable phenomena. Dynamical theories describe the phenomena to be explained as a product 

of the underlying natural laws provided by a theory of matter. Examples include Lorentz’s 

theory, the Lorentz-Poincaré Theory and Quantum Mechanics. 

 

Geometric Interpretation of STR: Minkowski develops this interpretation of STR in his paper 

‘Space and Time’ (1923). According to this interpretation, space and time are no longer separate, 

as they once were for Newton, but are instead one manifold called spacetime. The geometric 

interpretation of STR reinterprets this definition of simultaneity in terms of spacetime points. 

According to this interpretation, there is a definite time interval between any two points of 

spacetime. However, two spacetime points are said to have a definite spatial distance between 

them only if they are simultaneous (Hugget 1999, 193). That is spacetime assumed to be 

Minkowskian. From this assumption, the geometric interpretation is able to derive special 

relativistic phenomena, such as length contraction and time dilation. 
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Geometric Theories: Attempt to build a description of more complex phenomena out of 

relatively simple formal schemes. They use a hypothesized spacetime model to describe and 

explain macro-level phenomena. Theories that commit to a specific structure of spacetime are 

called spacetime theories. Examples include the geometric interpretation of STR and the general 

theory of relativity (GTR). 

 

High-level Theories: theories which do not make a commitment to underlying micro-level 

features but refer to high-level regularities, assumptions and empirical observations about the 

behavior of large objects. 

 

Light Postulate: The velocity of light (c) is independent of the velocity of its source and its 

observer. 

 

Lorentz’s Dynamical Theory: A dynamical theory developed by Lorentz that introduced length 

contraction in order to explain the results of certain experiments, such as the null result of the 

Michelson-Morley experiment and Fizeau’s experimental results. It was an attempt to salvage 

the electrodynamic theory based on Newtonian mechanics. 

 

Lorentz-Poincaré Theory (LPT): Poincaré’s dynamical theory which was an adaptation of 

Lorentz’s dynamical theory. He incorporated the relativity principle and adjusted Lorentz’s 

theory such that it was compatible with this principle. 

 

Low-level Theories: theories which refer to natural laws and describe the underlying physical 

mechanisms and nature of matter to explain and describe phenomena. Such theories are 

contrasted with high-level theories. 

 

Minkowski Spacetime: a spacetime in which different reference frames disagree on relative 

positions and motions and on elapsed time intervals and lengths (Hugget 1999, 264). 
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Newtonian Mechanics: A dynamical theory based upon Newton’s laws of motion in which 

mass and energy are considered as separate, conservative, mechanical properties (Dictionary of 

Physics). 

 

Principle Interpretation of STR: The special theory of relativity as originally formulated by 

Einstein in 1905. The principle interpretation assumes that the principle of relativity and the light 

postulate hold, that space is homogeneous and isotropic and that all the natural laws are Lorentz 

invariant. From these assumptions and their consequences, the principle interpretation is able to 

derive special relativistic phenomena, such as length contraction and time dilation.  

 

Principle of Relativity: the phenomena of electrodynamics and mechanics poses no properties 

corresponding to the idea of absolute rest. There is no way to differentiate between a reference 

frame moving at a constant speed and one that is at absolute rest. 

 

Principle Theories: Principle theories start with assumptions about the general characteristics of 

natural processes. As Einstein explains, these principles “give rise to mathematically formulated 

criteria which the separate processes or the theoretical representations of them have to satisfy” 

(2002 [1919], 101). Examples include the principle interpretation of STR and the general theory 

of relativity (GTR). 

 

Reference Frame: a coordinate system for the purpose of assigning position and time to events 

relative to a specific observer or object (Dictionary of Physics). 

 

Relationalism: A philosophical position on space or spacetime that denies that spacetime is a 

separate entity. Instead, relationalism maintains spacetime is simply made up of relations 

between objects (Hugget 1999, 131-133). 

 

Substantivalism: A philosophical position on space or spacetime that maintains that spacetime 

is a separate entity. Substantivalism adds spacetime to its list of ontological commitments, along 

with energy and matter (Hugget 1999, 128-129)
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Chapter 1 Motivating the Thesis 

 

1.1 Introduction:  

Some philosophers of science, such as Harvey Brown (2005) and Margaret Morrison (2000), 

argue that only low-level theories are explanatory in physics. Low-level theories are those 

theories which refer to natural laws and describe the underlying physical mechanisms and nature 

of matter to explain and describe phenomena. Such theories are contrasted with high-level 

theories which do not make a commitment to these underlying features but refer to high-level 

regularities, assumptions and empirical observations about the behavior of large objects. There 

are two types of high-level theories, those that have been reduced to a low-level theory, which I 

will call reductive high-level theories, and those that have not been reduced as of yet, which I 

will call non-reductive high-level theories. I will show that non-reductive high-level theories can 

be explanatory. 

 In order to support my thesis, I will consider a case study where both low-level and high-

level theories were used to purportedly explain the same phenomena. Focusing on a specific case 

study that both Brown and Morrison examine, I will show that contra these two influential 

philosophers the high-level theory is just as explanatory as the low-level theory. Brown and 

Morrison both argue that the special theory of relativity is non-explanatory and that the only 

theory that could explain relativistic effects is a low-level theory that describes the underlying 

physical mechanisms that are responsible for such effects. In order to argue against Brown and 

Morrison, I will focus on two relativistic effects, length contraction, and the effect that a moving 

medium has on the speed of light as determined by Fizeau’s 1850 tube experiment, that STR is 

purported to explain. I will show that contra Brown and Morrison, the principle and geometric 

interpretations of STR are explanatory. 

In 1850, Fizeau conducted an experiment to determine if the velocity of light is affected 

by the velocity of the medium through which it travels (Fizeau 1851). Fizeau’s experiment 

involved the measurement of the velocity of light as it travels through moving water. To measure 

this effect, Fizeau measured the interference fringe produced by the moving water on two beams 

of light (Darrigol 2005, 5 and Fizeau 1851, 423). An interference fringe is produced by 

superimposing two beams of light on a screen. To measure the degree of interference, Fizeau 
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first measured the position of the fringe when the water was in repose and then measured its 

position when the water was set in motion (1851, 425). He notes that a measurable amount of 

displacement occurred once the velocity of the water reached 2 meters per second. When the 

water was moving faster than 2 meters per second, Fizeau was able to calculate with precision 

the degree to which the fringe was displaced. For instance, he was able to determine that an 

interference fringe with the numerical value of 0.46 occurred when the velocity of the water was 

7.9 m/s (1851, 425). 

 According to Newtonian mechanics, the resulting velocity of light in moving water (W) 

would be equal to the velocity of light in water (s) plus the velocity of the water (v), such that: 

 

However, Fizeau’s experimental result is not consistent with this theory (Einstein 2007 [1916, 

161). If the above equation for velocity addition were correct, then the numerical value of the 

interference fringe would be 0.92, well over the detected interference fringe (Fizeau 1851, 425). 

Thus, Newtonian mechanics cannot explain the result without modification. 

Hendrik Lorentz proposed a low-level theory of electrodynamics where the velocity of 

light is only partially affected by the moving water. Using the ether theory of light as his 

background theory, Lorentz developed an explanation for Fizeau’s experimental results. In 

agreement with the ether theory of light, Lorentz assumed that an object could be at rest relative 

to the ether, absolute rest. He then hypothesized that when an object was set into motion relative 

to the rest frame, it would undergo length contraction (Eq. 2) and the object’s reference frame 

would undergo time-dilation (Eq. 3): 

 

Eq. 1. 𝑊 = 𝑠 + 𝑣 

Eq. 2. 𝑥′ =
𝑥−𝑣𝑡

√1−
𝑣2

𝑐2

       

Eq. 3. t′ =
t−(v/c2)x

√1−
v2

c2
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Where x and x' describe the endpoints of the same object as determined by different observers, t 

and t' specify instances of time as determined by these observers, v the velocity at which the 

object is traveling and c the speed of light (Pauli 1958, 3). By reference frame here is meant a 

coordinate system for the purpose of assigning position and time to events relative to a specific 

observer or object (Dictionary of Physics). For Lorentz, these two equations describe the 

difference between lengths and times as measured from a frame at absolute rest and a frame in 

motion relative to that reference frame (Keswani 1960, 51). From these two equations Lorentz is 

able to derive Fresnel’s drag coefficient (Eq. 4): 

where n is the refractive index of water. Lorentz then used Equation 4 to derive a value for the 

interference fringe of 0.40, when the velocity of the water was 7.9 m/s. This interference fringe is 

similar enough to Fizeau’s experimental results that Fizeau himself states that the difference 

could be accounted for by experimental error (Fizeau 1851, 425).  

 Einstein, and before him Laue show that Fizeau’s experimental results can be derived 

from what is called the principle interpretation of STR (2007 [1916], 159-161). The principle 

interpretation of STR is a non-reductive high-level theory, for it begins with a specific set of 

assumptions, including but not limited to the principle of relativity and the light postulate, and 

then derives the Lorentz transformation equations from these principles (equations 1.2 and 1.3). 

The principle interpretation is non-reductive because it has not been reduced by a low-level 

theory. For Einstein, these two equations describe the distance and time relations that obtain 

between two frames of reference that are in relative motion and contain the same object. From 

these equations, Einstein can derive a new equation for velocity addition where the velocity of 

light in moving water (W) is (Eq. 5) 

Where s is the velocity of light in water at rest, v is the velocity of the water when moving 

through the tube and c is the speed of light. Using this equation, he was then able to derive 

Fresnel’s drag coefficient and calculate the same interference fringe as Lorentz (0.46) when the 

water is moving at 7.9 meters per second. The derived value for the interference fringe was 

consistent with Fizeau’s experimental results. 

Eq. 4.  1 − 1/𝑛2 

Eq. 5. 𝑊 =
𝑣+𝑠

1+(
𝑣𝑠

𝑐2)
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Whether or not such a derivation counts as an explanation is another matter. Wolfgang 

Pauli asserts that it does when he states that an “important application of Einstein’s addition 

theorem for velocities consists in the explanation of the Fresnel drag coefficient” (1958. 17). 

Since Fizeau’s experimental results are explained by the Fresnel drag coefficient, STR explains 

the experimental results by explaining the coefficient. Pauli’s comments along with STR’s 

ability to derive Fresnel’s drag coefficient suggests that physicists consider some non-reductive 

high-level theories to be explanatory. 

Some philosophers of science are at odds with this sentiment concerning the explanatory 

value of STR. As stated above, Harvey Brown (2005) and Margaret Morrison (2002) for 

example argue that only low-level physical theories are explanatory. As Salmon states low-level 

theories provide bottom-up explanations and can be contrasted with high-level theories that 

provide what he calls top-down explanations According to Salmon, Bottom-up explanations 

appeal “to unobservable entities, describing the causal processes and causal interactions involved 

in the explanandum phenomenon. When we are made aware of these explanatory facts we 

understand how the phenomenon came about…By appealing to an extremely general principle, 

[a top-down explanation] shows how [a specific phenomenon] fits into the universal scheme of 

things. It does not refer to the detailed mechanisms. This explanation provides a different kind of 

understanding of the same fact” (1989, 183). Accordingly, Brown and Morrison maintain that the 

only theory that can explain relativistic effects, such as Fizeau’s experimental results, is a 

bottom-up explanation. One that shows how such phenomena are the result of the underlying 

forces and causal mechanisms responsible for that phenomenon (Brown 2005, 8). Brown calls 

this low-level theory a dynamical interpretation of STR to distinguish it from the principle 

interpretation of STR and a later interpretation called the geometric interpretation. The claims of 

Brown and Morrison are at odds with Pauli’s claim. This suggests that there is a conflict between 

some influential philosophers of science and some physicists concerning what counts as an 

explanation. Such a conflict needs to be resolved, and the best way of doing so is to show that 

contra Brown and Morrison the principle and the geometric interpretations of STR are 

explanatory.  

To show that the principle interpretation and the geometric interpretation of STR are 

explanatory, I will examine the following questions: Are any high-level non-reductive physical 

theories explanatory? If so, how do the theories which provide them produce the explanations? 
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To answer these questions, I will argue that some non-reductive high-level physical theories are 

explanatory. The high-level theories that produce explanations do so by deriving the 

explanandum (the phenomenon to be explained) from a set of approximately true basic 

principles, assumptions, and high-level laws. These high-level laws show that dependency 

relations obtain between the events in the explanans, for example, the velocity of the water in 

Fizeau’s experiment, and the event in the explanandum, or the phenomena to be explained, for 

example, that ‘the velocity of light in moving water is W, but is s in stationary water, such that 

W< s and the interference fringe is z when the velocity of the water is 𝑏’. 

By comparing STR, both the principle and the geometric interpretations, with the other 

examples of high-level theories and low-level theories I will show that it is explanatory because 

it has a broad empirical scope and is unifying. By this, I mean that STR can be applied to various 

disparate phenomena, such as length contraction, time dilation and Fizeau’s experimental results 

concerning the speed of light in water. I will then show that given these characteristics, STR 

satisfies Kitcher’s unificationist account of explanation (1981, 1989). According to Kitcher’s 

account, a derivation is an explanation if it satisfies two conditions: one local, the other global. 

Kitcher’s local condition maintains that a derivation is explanatory if it is an instantiation of a 

specific argument pattern provided by a background theory. Kitcher’s global condition maintains 

that the background theory that it cites must be unifying, that is it must satisfy Kitcher’s criteria 

for unification. Then, after considering some objections to Kitcher’s account, I will modify his 

account to embrace dependency relations, such that for a theory to be explanatory, it must be 

unifying, and provide argument patterns that identify dependency relations that obtain between 

the events in the explanans and the event in the explanandum. 

By examining the purported explanations provided by the principle interpretation and the 

geometric interpretation, and comparing these explanations to the purported explanations that 

Brown supports, I will defend and revise a unificationist account of explanation (Kitcher 1981 

and 1989). Kitcher’s unificationist account maintains that to explain a phenomenon is to produce 

an argument where the event to be explained called the explanandum can be derived from a set 

of statements called the explanans. The explanans contain statements that include a general law, 

assumptions about the world, and data about the experiment or target system (Kitcher 1989, 

431). According to this account, a putative explanation is explanatory if it is contained within the 

explanatory store E(k) and contains within it a set of statements that are endorsed by the 
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scientific community (1981, 512). The explanatory store is a set of argument patterns that are 

provided by scientific theories. A scientific theory is explanatory if it generates a large set of 

explananda from a small set of argument patterns contained within the explanatory store 

provided by the theory (Kitcher 1981, 520). By characterizing the derivations provided by the 

principle interpretation and geometric interpretation using Kitcher’s unificationist approach, I 

will show that if Kitcher’s unificationist account, or, at least, a modified version of it, is 

defensible, the derivations provided by the principle interpretation are explanatory. The 

remainder of my thesis will be a consideration of the strongest criticisms of Kitcher’s account 

(Woodward 2003). I will then modify Kitcher’s account so that these problems are resolved. 

1.2 Motivating the Thesis 

In this section, I further my distinction between non-reductive high-level theories, reductive 

high-level theories, and low-level theories. To do so, I will conduct a survey of the philosophical 

literature on explanation. I compare three different types of high-level theories within physics; (i) 

those that are non-reductive and non-explanatory, (ii) those that are reductive and explanatory, 

and (iii) those that are non-reductive and explanatory. In the next section, I then give an 

overview of each of my subsequent chapters. 

An example of (i) a theory that is non-reductive and non-explanatory is the Ptolemaic 

model of the universe. This model was a useful and successful description of the empirical data 

available at the time however it was non-reductive and non-explanatory. It was non-reductive 

because no low-level theory was produced that could explain the movement of the sun and other 

planets around the earth. It was non-explanatory because the theory was false or not empirically 

successful. It lacks empirical support to the point where the theory is not even an approximation 

or limiting case of its successor. An example of (ii) a high-level physical theory that is reductive 

and explanatory is thermodynamics. Thermodynamics is a reductive, explanatory, high-level 

theory because it explains the facts about the pressure, temperature, and volume of gas using the 

ideal gas law and that law is understood to be explanatory in light of the underlying mechanics 

provided by a low-level theory, namely the molecular-kinetic theory. The molecular-kinetic 

theory explains the ideal gas law in terms of the interaction between moving molecules. I will 

argue that the special theory of relativity is an example of (iii) a non-reductive and explanatory 

high-level theory. STR uses high-level laws to derive a variety of disparate phenomena, and 

these high-level laws have not, as of yet, been reduced by a low-level theory. 
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The scientific and philosophical literature use many different terms to distinguish 

between high-level and low-level theories. For example, Morrison (2002) distinguishes between 

low-level and high-level theories by calling low-level theories ontological theories and high-

level theories structural theories (3-4 and 236). Ontological theories show that disparate 

phenomena are the result of shared underlying mechanisms while structural theories show that 

disparate phenomena are the result of natural laws and empirically based assumptions. Einstein 

(2002 [1919]) on the other hand distinguishes between principle (high-level) and constructive 

(high-level or low-level) theories while Brown (2005) extends this distinction by distinguishing 

between two types of constructive theories, geometric theories (high-level) and dynamical (low-

level) theories. For Einstein, a constructive theory can be either a high-level or low-level theory. 

Thus, Brown introduces his distinction to differentiate between high-level and low-level theories. 

The geometric interpretation of STR is a high-level constructive theory, while the dynamical 

interpretation of STR that Brown supports, is a low-level theory. I will further discuss Einstein 

and Brown’s distinctions later on (Chapter 2). 

 Chapter 2: Explanation in the Special Theory of Relativity 

In this chapter, I move to show that STR is an example of a non-reductive high-level theory in 

physics. I then discuss how Einstein derives length contraction and Fizeau’s experimental results 

using the principle interpretation of STR. I then elaborate on Brown’s (2005) distinction between 

two types of constructive theories, geometric theories, and dynamical theories. I then discuss the 

geometric interpretation of STR and Brown’s dynamical interpretation in detail. Once the 

difference between these three interpretations has been established, I move to consider Brown’s 

argument that the dynamic interpretation of STR is explanatory and consider his argument 

against the other interpretations. I then show where Brown’s preferred interpretation fits within 

the explanatory literature. 

Einstein makes the distinction between constructive and principle theories in his 1919 

article for the New York Times entitled ‘What is the Theory of Relativity? (2002 [1919]). He 

states that constructive theories attempt to build a description of more complex phenomena out 

of relatively simple formal schemes. They use a hypothesized mechanical model built out of 

basic mechanical principles to describe and explain macro-level phenomena. His main example 

of such a theory is the kinetic theory of gasses which “seeks to reduce mechanical, thermal, and 

diffusional processes to movements of molecules – i.e., to build them up out of the hypothesis of 
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molecular motion” (Einstein 2002 [1919], 101). Principle theories, on the other hand, start with 

principles that are empirically discoverable, general characteristics of natural processes. As 

Einstein explains, these principles “give rise to mathematically formulated criteria which the 

separate processes or the theoretical representations of them have to satisfy” (2002 [1919], 101). 

As Einstein originally formulated it in 1905, the special theory of relativity was a principle 

theory. As Einstein maintains, the entirety of STR rests on a firm foundation, and that foundation 

consists of two basic well-established empirical facts that he calls the relativity principle and the 

light postulate (2002 [1919], 101). The light postulate states that the velocity of light (c) is 

independent of the velocity of its source and its observer, while the principle of relativity shows 

that, as Einstein states in his 1905 relativity paper, “the phenomena of electrodynamics as well as 

of mechanics poses no properties corresponding to the idea of absolute rest” (2007 [1905], 4). 

From these two principles, Einstein is able to derive and, therefore, explain a number of 

phenomena. 

In Physical Relativity: Space-Time Structure from a Dynamical Perspective, Brown 

(2005) first argues that a constructive interpretation of STR can be explanatory and then that 

only a dynamical interpretation of STR can explain length contraction and other relativistic 

effects. According to Brown’s preferred dynamical interpretation, relativistic effects are 

explained in terms of the underlying physical structure of the objects that is subject to such 

effects. More specifically, as Brown states, “a moving rod contracts and a moving clock dilates 

because of how it is made up and not because of the nature of its spatial-temporal environment” 

(2005, 8). To Brown, a proper explanation is one that cites the underlying causal mechanisms of 

a phenomenon, and since the principle and the geometric interpretations do not do so, they are 

not explanatory. 

By insisting upon a causal explanation, one that cites the underlying causal mechanisms, 

Brown is in good company. For example, Wesley Salmon (1984) maintains that an explanation 

traces the causal history of the explanandum back to a set of explanans. I show that the 

explanations provided by Lorentz, Fitzgerald, and Poincare’s alternative dynamical accounts fit 

Salmon’s conception of causation and explanation. I also show that Brown’s proposed 

explanation for length contraction does as well. For example, according to Salmon’s causal 

account, the explanation for length contraction provided by Lorentz and Fitzgerald can be 

characterized as a putative explanation in terms of the object’s movement through the ether by 
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noting that the object’s structure is modified by the transference of energy between it and the 

ether. 

 Chapter 3: Explanations in the Principle Interpretation: 

In chapter 3, I argue that contra Brown the principle interpretation of STR is explanatory. To 

begin with, I discuss Einstein’s writings on the issue, focusing on the material that Brown 

considers and other material as well. I discuss the fact that Einstein pursued a principle 

interpretation of STR because quantum mechanics at the turn of the twentieth century did not 

provide a firm foundation from which to base explanations for relativistic effects. The purpose of 

this historical exposition is not to argue against Brown’s interpretation of Einstein; rather it is to 

come to a better understanding of why Einstein pursued a principle interpretation of STR. Lastly, 

I agree with Brown that Einstein does not think that the principle interpretation provides 

explanations. However, I argue that Einstein, like Brown, is committed to a causal account of 

explanation. I will then discuss a Wolfgang Pauli quote that indicates that he thinks that the 

principle interpretation is explanatory because it is able to derive Fizeau’s experimental results. 

 Once I show that Pauli thinks that the principle interpretation explains relativistic effects, 

I move to characterize the explanation of length contraction and Fizeau’s experimental results 

using a noncausal approach to explanation. To begin with, I discuss an argument in favor of the 

explanatory value of the principle interpretation using the DN account provided by Balashov and 

Janssen (2003). I argue that their defense of the explanatory value of this interpretation is on the 

right track, however, Balashov and Janssen require a defensible account of explanation and 

further elaboration of the assumptions that Einstein made. Based on my discussion of the 

principle interpretation of STR, I will be in a position to fully characterize the explanation of 

length contraction using Kitcher’s unificationist account (1981 and 1989). According to 

Kitcher’s account, a derivation is an explanation if it satisfies two conditions, one local, the other 

global. Kitcher’s local condition maintains that a derivation is explanatory if it is an instantiation 

of a specific argument pattern provided by a background theory. Kitcher’s global condition 

maintains that the background theory that it cites must be unifying, that is it must satisfy 

Kitcher’s criteria for unification. I will show that the principle interpretation of STR putatively 

explains length contraction by citing a set of underlying assumptions and Lorentz’s equation for 

length contraction (Eq. 2). I will then show that the principle interpretation of STR also 

putatively explains Fizeau’s experimental results by supplementing the same argument pattern 
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that it employs for length contraction with Eq. 4 and Eq. 5 as discussed above (section 1.1). I use 

the term putatively here because all I will have shown at this point is that the principle 

interpretation of STR satisfies Kitcher’s local condition for unification that its derivations are 

examples of argument patterns provided by the principle interpretation. What will remain for me 

to consider is whether or not the principle interpretation satisfies Kitcher’s global condition for 

explanation. 

 Chapter 4: Unification and Explanation in Low-level and High-level Theories 

In this chapter, I argue that the principle interpretation satisfies Kitcher’s global criteria for 

unification (1981 and 1989). The global criteria are used for determining the degree of 

unification of a theory. These criteria can be used to determine which theory out of a set of 

competitors is the most unifying and is, as a result, explanatory. The criteria that Kitcher 

specifies are the empirical scope, the stringency of argument patterns and the paucity of 

argument patterns. The empirical scope criterion is the intuitive idea that the more phenomena 

that a theory explains, the more unifying the theory will be. The stringency criterion dictates that 

the fewer terms that can be substituted for the logical dummy letters in a derivation the more 

unifying the theory will be while the paucity criterion dictates that a more unifying theory will 

use a small number of argument patterns to derive a large number of explananda. The difference 

between a derivation and an argument pattern is that derivations are instances of a specific 

argument pattern. An argument pattern is a generalized argument or argument form that can be 

used to derive many different results given different initial conditions while a derivation is an 

instantiation of the argument pattern once those conditions have been specified. Once Kitcher’s 

criteria are fully discussed, I will further discuss my case study focusing on the dynamical theory 

of Lorentz and Poincaré (section 4.2). I will then apply Kitcher’s criteria to the principle 

interpretation and its dynamical competitors in order to show that the principle interpretation is 

more unifying than the dynamical theories of Lorentz and Poincaré, and Brown. I then conclude 

that because the principle interpretation is more unifying Kitcher’s account would determine that 

it is explanatory (section 4.4). That is to say that only the principle interpretation is explanatory, 

not that it is more explanatory than the dynamical theories. This is because, for Kitcher, 

explanation is not a matter of degree, but is instead involves a winner-takes-all competition. That 

is if a theory is more unifying than its competitors then it is explanatory. 



11 

 

 To begin my comparison between the explanations provided by the dynamical 

interpretation and the principle interpretation, I will compare Einstein’s explanation of length 

contraction to Lorentz’s explanation. It will be shown that Einstein’s explanation is far more 

unifying than that provided by Lorentz’s dynamical interpretation. For example, while Lorentz 

introduces length contraction to account for or retrodict the null result of the Michelson-Morley 

experiment and then proposes an explanation for it (Lorentz 1923), Einstein derives an 

explanation for length contraction from his principle theory. Furthermore, Einstein’s explanation 

is far more unifying than the explanation provided by his predecessors, for his principle theory 

can also explain several other relativistic phenomena using the same argument pattern as that 

employed to explain length contraction. 

 Chapter 5: Unification and Explanation 

In this chapter, I review and critique one of the most detailed defenses of the explanatory value 

of the geometric interpretation of STR provided within the philosophical literature and then 

argue that characterizing the explanations in the geometric interpretation of STR using Kitcher’s 

unificationist account is the best option available.  

Michel Janssen (2002, and 2009) defends the explanatory value of STR against Brown’s 

thesis. Janssen maintains that the geometric interpretation of STR explains relativistic 

phenomena by showing that “it is just an instance of some generic feature of the world, in this 

case, instances of default spatio-temporal behavior” (2009, 270). According to Janssen, this type 

of explanation is best characterized by what he calls the common origin inference account where 

disparate phenomena are explained by tracing them back to a common origin (Janssen 2002, 

459). Thus, according to this view, the geometric interpretation of STR explains relativistic 

phenomena by showing that they all exhibit the default behavior of Minkowski spacetime.  

The purpose of this chapter is to review and critique Janssen’s argument. In section 5.1, I 

review Janssen’s argument. In section 5.2, I will show that using the structure of spacetime to 

explain a set of phenomena is not an unusual practice in physics and that as such this type of 

explanation should not be rejected without further consideration. In section 5.2, I compare 

Kitcher’s unificationist account to Janssen’s common origins account. To further elaborate on 

this comparison, I use Kitcher’s unificationist account to characterize the explanations provided 

by the geometric interpretation and compare this characterization to Janssen’s discussion. 

Finally, in section 5.4, I conclude that Janssen is correct when he argues that the geometric 
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interpretation of STR is explanatory however the account of explanation that he uses to 

characterize the explanations provided by STR is not well developed and should be rejected in 

favor of Kitcher’s unificationist account. 

 Chapter 6: A Modified Unificationist Approach 

In this chapter, I move to show that Kitcher’s unificationist account, or a modification of it, is 

defensible. To do so, I consider one of the most prominent objections to his account. 

The major objection I address is the asymmetry problem (sections 2.5 and 5.2). I briefly 

discuss some solutions to other problems in my concluding remarks. In the first section, I discuss 

Kitcher’s solution to the asymmetry problem and then Woodward’s criticisms of Kitcher’s 

solution. Here I agree with Woodward that Kitcher’s account is unable to solve the asymmetry 

problem. I then show how Woodward’s account, one that embraces causal dependency relations, 

can block the problem. In the second section, I discuss Woodward’s reasoning for incorporating 

dependency relations (2003). In particular, I discuss his argument against the DN account that 

maintains that there is more to explanation than simply derivations. Rather, an explanation shows 

how the explanandum will change if the explanans were different. By discussing this argument, I 

also show that Woodward’s account can characterize the derivations provided by STR as 

explanatory. In the third section, I modify Kitcher’s unificationist account by incorporating 

noncausal dependency relations. In the last section, I develop my account further by 

characterizing explanations in STR. I then compare the result with Woodward’s and Kitcher’s 

account. I conclude this chapter by arguing that my account better captures explanation in 

physics than Woodward’s account. 

1.3 Summary 

This thesis argues that high-level theories in physics can be explanatory, contra philosophers 

such as Brown (2003) and Morrison (2000), by showing that the principle and the geometric 

interpretations of STR are explanatory high-level theories. In chapter 2, I discuss why Einstein 

considers STR, as it was developed in 1905, to be a principle theory. I then discuss how Einstein 

derives length contraction and Fizeau’s experimental results using the principle interpretation of 

STR. I discuss Brown’s (2005) distinction between two types of constructive theories, geometric 

theories, and dynamical theories. I then discuss the geometric interpretation of STR, Lorentz’s 

theory, and Brown’s preferred dynamical interpretation in detail and conclude with a discussion 
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of Brown’s argument in favor of his preferred dynamical interpretation and against the principle 

and geometric interpretation. In chapter 3, I argue that contra Brown the principle interpretation 

of STR is explanatory. To begin with, I discuss Einstein’s writings on the issue, focusing on the 

material that Brown considers and other material as well. The purpose of this historical 

exposition is not to argue against Brown’s interpretation of Einstein; rather it is to come to a 

better understanding of why Einstein pursued a principle interpretation of STR. I then discuss an 

argument in favor of the explanatory value of the principle interpretation provided by Balashov 

and Janssen (2003). I argue that Balashov and Janssen are on the right track in producing an 

argument for the explanatory power of the principle interpretation of STR, however, their 

argument does not fully account for how the principle interpretation explains length contraction. 

To provide such an account, I apply the local criteria of Kitcher’s unificationist account (1981, 

1989) to the derivation of length contraction and Fizeau’s experimental results provided by the 

principle interpretation. I conclude that since the principle interpretation satisfies Kitcher’s local 

criteria, it is potentially explanatory. What is left is to show that it satisfies Kitcher’s his criteria 

for unification. In chapter 4, I consider the Kitcher’s global criteria for unification and apply 

them to my case study. That is, I apply Kitcher’s criteria to the principle interpretation of STR to 

show that the principle interpretation is more unifying than its competitors, the LPT and Brown’s 

preferred dynamical theory. I argue that the principle interpretation is more unifying than its 

competitors and that as such it is explanatory.  

In chapter 5, I review and critique one of the most detailed defenses of the explanatory value 

of the geometric interpretation of STR provided within the philosophical literature. I begin by 

discussing Janssen’s defense of the explanatory value of the geometric interpretation of STR. I 

then argue that Kitcher’s account is better at characterizing the role that spacetime plays in 

explanations in the geometric interpretation than Janssen’s account. I argue that Kitcher’s 

account is more systematic than Janssen’s account because it specifies the specific laws and 

variables within those laws that explain relativistic phenomena. Based on my characterization, I 

elaborate on the role that spacetime plays in explanations in the geometric interpretation of STR. 

In chapter 6, I consider whether or not a unificationist account is a defensible account. That is, I 

need to show that Kitcher’s account, or a modification of it, can debar some of the major 

objections put to it by contemporary philosophers of science. The main problem that I address is 

the asymmetry problem. Here I agree with Woodward and Kitcher’s other critics that his 



14 

 

unificationist account is not able to block the problem of asymmetry. In order to do so, Kitcher’s 

account needs to be modified by embracing dependency relations. In the third section, I produce 

my own unificationist account by modifying Kitcher’s unificationist account by incorporating 

dependency relations. In the last section, I develop my account further by characterizing the 

explanations of relativistic phenomena provided by the principle interpretation of STR. I then 

compare the result with Woodward’s, Bokulich’s and Kitcher’s account. I conclude this chapter 

by arguing that my account better captures explanation in physics than Woodward’s account. In 

chapter 7, I conclude my dissertation by providing a detailed review of my argument. I also 

suggest that my modified unificationist account can deal with other problems that Kitcher’s 

account faces and can be applied to other areas of science. 
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Chapter 2  Explanation in the Special Theory of Relativity 

In this chapter, I move to show that STR is an example of non-reductive high-level theories in 

physics. I then show how Einstein derives length contraction and Fizeau’s experimental results 

using STR. I then elaborate on Brown’s (2005) distinction between two types of constructive 

theories, geometric theories, and dynamical theories. I then discuss the geometric interpretation 

of STR and Brown’s dynamical interpretation in detail. Once the difference between these three 

interpretations has been established, I move to consider Brown’s argument that the dynamic 

interpretation of STR is explanatory and consider his argument against the other interpretations. I 

then show where Brown’s preferred interpretation fits within the explanatory literature. 

In Physical Relativity: Space-Time Structure from a Dynamical Perspective, Brown 

defends his well-known thesis that length contraction and other effects in relativity can only be 

explained by a dynamical theory (2005, 8). Brown follows Einstein’s distinction between 

principle and constructive theories. Einstein makes this distinction in his 1919 article for the 

New York Times entitled ‘What is the Theory of Relativity?’ (Einstein 2002). He states that 

constructive theories attempt to build a description of more complex phenomena out of relatively 

simple formal schemes. They use a hypothesized mechanical model built out of basic mechanical 

principles to describe and explain macro-level phenomena. His main example of such a theory is 

the kinetic theory of gasses which “seeks to reduce mechanical, thermal, and diffusional 

processes to movements of molecules – i.e., to build them up out of the hypothesis of molecular 

motion” (Einstein 2002 [1919], 101). Principle theories, on the other hand, start with principles 

about the general characteristics of natural processes. As Einstein explains, these principles “give 

rise to mathematically formulated criteria which the separate processes or the theoretical 

representations of them have to satisfy” (2002 [1919], 101). 

Both approaches have their advantages. According to Einstein, constructive theories are 

more complete and adaptable, while principle theories are more logically perfect and more 

secure. I take this to mean that constructive theories are more adaptable because they provide a 

mechanics that can be applied to a large amount of phenomena, even phenomena that have been 

discovered after the construction of the original model. Principle theories, on the other hand, are 

deduced from general hypotheses that are motivated by empirical evidence. STR, as formulated 

in 1905, is a principle theory, for Einstein developed it by beginning with two principles, the 

principle of relativity and the light postulate. However, in 1908 Minkowski developed a 
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constructive interpretation of STR (Brown 2005, 128). Minkowski’s constructive interpretation 

cites the geometry of space-time to explain relativistic effects. This geometric interpretation is a 

constructive theory because it is constructed from macro-level properties, the geometric 

properties of spacetime, rather than basic principles. 

To review: the relevant difference between principle and constructive theories is the 

starting point of the theory. Principle theories start with assumptions or first principles about the 

behavior of macro-level objects, Newton’s laws for Newtonian Mechanics, or the principle of 

relativity, and the light postulate for STR. Constructive theories start with assumptions about 

macro-level structures, the structure of spacetime, or micro-level objects and the kinds of 

entities, the existence of particles, or atoms. The categories get a bit convoluted when we start 

discussing theories that posit a spacetime structure since such a theory has implications for the 

macro-level and global behavior of objects and so could be interpreted as a principle theory more 

than a constructive theory. Einstein was unclear on this distinction and where such theories fit. 

For my purposes, it is better to distinguish between principle theories, geometric theories, and 

dynamic theories, a micro-level reduction of STR. I will only use the term constructive when 

Einstein himself uses it. 

 

Principle theories: Principle theories start with assumptions about the general characteristics of 

natural processes. As Einstein explains, these principles “give rise to mathematically formulated 

criteria which the separate processes or the theoretical representations of them have to satisfy” 

(2002 [1919], 101). Examples include the principle interpretation of STR and the general theory 

of relativity (GTR). 

 

Geometric theories: Attempt to build a description of more complex phenomena out of relatively 

simple formal schemes. They use a hypothesized spacetime model to describe and explain 

macro-level phenomena. Theories that commit to a specific structure of spacetime are called 

spacetime theories. Examples include the geometric interpretation of STR and the general theory 

of relativity (GTR). 

 

Dynamic theories: Attempt to build a description of more complex phenomena out of relatively 

simple formal schemes. They use a hypothesized mechanical model built out of basic mechanical 
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principles to describe and explain macro-level phenomena. Dynamical theories make a 

commitment to some underlying micro-level structure, to describe, predict and explain 

observable phenomena. Dynamical theories describe the phenomena to be explained as a product 

of the underlying natural laws provided by a theory of matter. Examples include Lorentz’s 

theory, the Lorentz-Poincaré Theory and Quantum Mechanics. 

 

Throughout this work I will be discussing different interpretations of STR, actual or possible: 

 

Different Interpretations of STR: 

Principle interpretation of STR (section 2.1) 

 

Geometric Interpretation of STR (subsection 2.4.1) 

 

Lorentz’s Dynamical Theory (subsection 2.4.2 and 4.2.1) 

Lorentz-Poincaré Dynamical Theory (subsection 4.2.2) 

Brown’s Preferred Dynamical Interpretation of STR (subsection 2.4.2) 

 

 

Table 1. 

 

While some philosophers of physics, such as Craig (2001), Janssen (2002, 2009), and 

Balashov and Janssen (2003) hold that the geometric interpretation of STR is explanatory, 

Harvey Brown argues that only a dynamical interpretation of STR can be explanatory. According 

to Brown, such a dynamic interpretation would demonstrate “with an appropriate model that a 

moving rod contracts and a moving clock dilates, because of how it is made up and not because 

of its spatio-temporal environment” (2005, 8). Thus, Brown’s thesis could be reinterpreted as 

saying that only a dynamical interpretation of STR, as opposed to a geometric or principle 

interpretation, can explain relativistic effects. Within this debate, the principle interpretation of 

STR has largely been ignored. For example, Sinclair dismisses the possibility of its adequacy in 

a single sentence stating that this interpretation is not at issue and instead focuses on the 

geometric interpretation (2007, 737). The purpose of this chapter is to show how Brown argues 
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for the explanatory value of the dynamical interpretation of STR. Then following Brown (2005), 

I make a further distinction between the two types of constructive theories, geometric versus 

dynamical (Section 2.1). I then conclude this chapter with Brown’s argument that the dynamical 

interpretation of STR is explanatory and then consider his argument against the other 

interpretations.  

2.1 The Principle Interpretation of STR: 

In this section, I further elaborate on the distinction between the principle and constructive 

interpretations of STR.  

 The Role of the Principles 

In his 1919 paper on relativity, Einstein describes the theory of relativity as a building 

consisting of two levels; the first is STR while the second is GTR (2007 [1919], 397). Like a 

building, the entirety of the theory of relativity rests on a firm foundation, and according to 

Einstein that foundation consists of two empirically well motivated basic principles, the principle 

of relativity and the light postulate. Before Einstein began development of STR, these principles 

were already well motivated in physics (Kilmister 1970, 3-13 and Pauli 1958, 4-9). Particularly 

in the work of Hendrick A. Lorentz. In 1895 and 1905, Lorentz published a series of papers that 

showed that to a moving observer a stationary electric charge will look like a moving electrical 

charge and that a light wave will propagate at the same speed as it does to a stationary observer 

(Norton 2014, 13 and Hawking 2007, 1-3). Einstein interpreted the first of these results as 

providing support for the principle of relativity and maintains that it shows that “the phenomena 

of electrodynamics as well as of mechanics poses no properties corresponding to the idea of 

absolute rest” (2007 [1905], 4). Since there is no property that corresponds to a state that is at 

absolute rest, the velocity of a reference frame is not determined uniquely. Rather, a reference 

frame is said to be moving inertially, if it is moving uniformly and parallel to another inertial 

system (Einstein 2007 [1919], 397-8). The special principle of relativity is the generalization of 

this definition of inertia to include any natural event, such that every universal law of nature 

which is valid in relation to a coordinate system K, must also be valid as it stands, in relation to a 

coordinate system K', which is in uniform translatory motion relatively to K (Einstein 2007 

[1919], 398). The special principle of relativity shows that the same laws of electrodynamics and 

optics will hold for all inertial coordinate systems and frames of reference. Secondly, as was 
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discussed above, Einstein maintains that the electromagnetic and mechanical phenomena 

observed to date shows no evidence for the notion of absolute rest and without this notion all 

motion becomes relative. More specifically, the lack of evidence for any effects of the earth’s 

motion on physical phenomena or experimental apparatuses, such as the interferometer of the 

Michelson-Morley experiment (see section 2.4), suggests that the phenomena of a given 

reference system are independent of the state of motion of that system. According to Wolfgang 

Pauli, this lack of evidence implies that the principle of relativity is highly probable, if not 

certain (1958, 4). The light postulate states that the velocity of light (c) is independent of the 

velocity of its source and its observer, and is supported by Lorentz’s second result that showed 

that a light wave will propagate at the same speed according to both a stationary and moving 

observer (Pauli 1958, 5). What the above discussion shows then is that Einstein considered the 

principles to be assumptions or axioms of the principle interpretation of STR that were motivated 

by empirical evidence. 

Within the philosophical literature, there has been a lot of debate concerning the 

epistemic status of postulates like the principle of relativity and the light postulate (see for 

example, Brown 2011, Stump 2011 and Laudan et al. 1986). The debate has mainly focused on 

the epistemic status of Newton’s laws of motion which, like the postulates of STR, play a 

fundamental role in the theory that contains them, but they cannot be confirmed or falsified by 

any empirical evidence. For example, Newton’s first law of motion maintains that “a body free 

of impressed forces either remains at rest or continues in uniform motion in a straight line” 

(Stump 2011, 180) and as such it describes a circumstance that is unachievable since all objects 

in the universe are subject to such forces. As a result, some philosophers maintain that Newton’s 

first law of motion is not empirically verifiable. Similarly, some philosophers maintain that the 

postulates of relativity cannot be confirmed or falsified by empirical evidence. For example, the 

principle of relativity cannot be empirically verified, because we cannot put the entire universe 

into motion and then determine whether the phenomena within are thereby altered (Pauli 1958, 

5). Like Newton’s laws of motion, the principle of relativity describes the physical states of 

objects and is not empirically verifiable. One solution to this problem is to maintain that such 

postulates are a priori, for they are not empirically discoverable and cannot be empirically tested. 

These postulates simply become irrelevant when the theory that posits them is falsified (Brown 

2011, 141). Another solution to this problem is to place such postulates on a scale somewhere 
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between apriori principles and aposteriori principles (cf. Harold Brown 2011 and David Stump 

2011). Postulates within this category cannot be directly empirically tested, but that does not 

mean they are a priori. Harold Brown (2011), following Laudan et al. (1986), calls such 

postulates guiding assumptions. The truth status of these guiding assumptions is still an empirical 

matter for they can still be challenged empirically by examining the theory that assumes them 

(Brown 2011, 142). Einstein adopts the principle of relativity and the light postulate because they 

were suggested by the available empirical evidence, such as the null result of the Michelson-

Morley experiment, to be discussed later (2.4.2), and Lorentz’s work in electrodynamics. 

The main point we need to draw from the above discussion is that the epistemic basis of 

the principles is a matter of controversy, one that I do not need to resolve here. All we really 

need to understand is that based on his assumed principles, the principle of relativity and the 

light postulate, Einstein develops the principle interpretation of STR. He then shows that “these 

two postulates suffice for the attainment of a simple and consistent theory for the 

electrodynamics of moving bodies based on Maxwell’s theory for stationary bodies” (2007 

[1905], 5). 

2.2 Einstein’s Development of STR from the Principles 

In this section, I will explain how length contraction is a direct consequence of the light postulate 

and the principle of relativity. That is, length contraction can be derived from the principle 

interpretation of STR. To do so, I first discuss how the principle of relativity and the light 

postulate, at first, appear to be irreconcilable and how Einstein resolves this problem.  

 The Light Postulate and the Principle of Relativity 

Einstein attains a simple and consistent theory of electrodynamics of moving bodies by 

acknowledging that the principle of relativity and the light postulate, at first, appear to be 

irreconcilable. To see that this is the case, consider, following Wolfgang Pauli (1958, 9), a 

thought experiment involving a light source S and two observers A and B. If S is moving relative 

to A with a velocity of v, while S is at rest relative to B, A and B will see what appear to be two 

different light waves (see Figure 2.1): 
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Figure 2.1 (Norton 2015 and 2014). 

At t=1, a stationary observer A sees S' as the source while a moving observer B sees S as the source. 

 

A and B will see what appear to be two different light waves, represented by the circles in figure 

2.1, because they will each see a different center of the wave that is in motion relative to A and at 

rest relative to B. This is a contradiction because there is only one light source S and thus only 

one light wave. Einstein resolves this contradiction by first pointing out that the above result 

occurs only if we assume that A and B see the same light wave at the same time. That is if we 

assume that the light wave reaches A and B simultaneously. Einstein then resolves this problem 

by showing that the light waves do not reach A and B simultaneously for the clocks at A and B 

run at different rates (Pauli 1958, 9). Thus, even though it appears that the light wave reaches A 

and B at the same time because their clocks read the same time, what actually occurs is that B 

observes the light wave before A. This occurs because their clocks are not synchronized. 

Two clocks are said to be synchronized if and only if the ‘time’ that is required for light to 

travel from A to B equals the ‘time’ it takes to travel from B to A (2007 [1905], 7). Under this 

definition two clocks are said to be synchronized if the following equation obtains: 

where tA is the time at which the light reaches clock A and is reflected off A to B. tB is the time 

at which the light reaches clock B and is then reflected back to A, and t'A is the time at which the 

light that has been reflected off B arrives at A (see Figure 2.2). 

Eq. 6. tB − tA = t′A − tB 
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Figure 2.2 (adapted from Norton 2015 and 2014, 8). 

Synchronized Clocks A and B. 

 

This definition of simultaneity resolves the above contradiction, for it shows that the light from S 

does not reach A and B at the same time because their clocks are not synchronized. A’s reference 

frame is stationary with S moving relative to it, while B’s reference frame is moving with S 

relative to A. So rather than there being two distinct light waves with two distinct centers, they 

are instead the same light wave with two distinct interaction points (see Figure 2.3):  

 

 

Figure 2.3 (Norton 2015 and 2014, 8). 

A and B see two different light waves emitted from the same source. 
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From this definition of simultaneity, Einstein derives a definition of the time of an event. That is 

the exact time during which the event occurs. The time of an event is that which is given 

simultaneously with the event by a stationary clock relative to the event and located at or near 

the place of that event (2002 [1905], 7). 

 The Derivation of the Relativity of Length and Time 

From the principle of relativity, the light postulate, and his new definition of simultaneity, 

Einstein moves to derive the relativity of length and time. He begins by considering a stationary, 

rigid rod with a length L that can be determined by a measuring stick put along its length. He 

then images the length of the rod lying along the x-axis of a stationary coordinate system. The 

rigid rod is then put into motion along the x-axis with a velocity v. The next step is to enquire 

into the length of the moving rod by two different operations: 

(a) Observer B moves together with the rod to be measured and by superimposing a 

measuring-stick onto the moving rod she directly measures it, in exactly the same 

way she would if all three were at rest (see Figure 2.4): 

 

Figure 2.4 (Norton 2015 and 2014, 8). 

Observer B measuring the rod within her frame. 

 

(b) Observer B' stays stationary relative to the rod to be measured and measures the rod 

using stationary clocks that have been synchronized following the method discussed 

above. As the rod moves past B', she determines at what points in the stationary 

coordinate system the two ends of the rod are located by observing where each end 

point is as the rod passes her at time t. She marks these points using flags a and b. 

Then using a measuring stick B' determines the distance between these two points 

thereby determining the length of the rod in her reference frame (see Figure 2.5): 
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Figure 2.5 (Norton 2015 and 2014, 8). 

Observer B' determining the end points of the rod in her frame of reference by marking points a and b and 

then determining the length of the rod by measuring between the points. 

 

Einstein explains that “in accordance with the principle of relativity the length to be discovered 

by the operation (a)—we will call it ‘the length of the rod in the moving system’—must be equal 

to the length [L] of the stationary rod…the length to be discovered by the operation (b) we will 

call ‘the length of the (moving) rod in a stationary system’ [L']. This we shall determine on the 

basis of our two principles, and we shall find that it differs from [L]” (2007 [1905], 8). Before 

we can do so, however, we must derive the Lorentz transformation equations from the two 

principles. 

2.3 The Derivation of Length Contraction 

In this section, I discuss how Einstein derives length contraction using the principle 

interpretation. To begin with, I discuss the Lorentz transformation equations and how Einstein 

derives them from the principle of relativity and the light postulate. From here I then review how 

Einstein’s equation for length contraction follows from Lorentz’s equations. 
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 The Lorentz Transformation Equations 

Einstein derives the Lorentz transformation equations by showing how two reference 

systems K and K' that are in uniform relative motion and have the coordinates x, y, z, t and x', y', 

z', t' are connected. As in the case of the rod above, the direction of motion of K, the reference 

frame of B, as it moves relative to K', and the reference frame of B', will be in the positive x-

direction as its x-axis runs parallel with the x-axis of K'. The relation that obtains between the 

two coordinate systems must be such that the light postulate is satisfied for every light ray with 

respect to K and K' (Einstein 2007 [1920], 155). The relation that ensures that the light postulate 

is satisfied is described by the Lorentz transformations as described by the following equations: 

Where x, y, z and x', y', z' describe the endpoints of the same object as determined by different 

observers, t and t' specify instances of time as determined by these observers, v the velocity at 

which the object is traveling and c the speed of light (Pauli 1958, 5). Einstein further refines 

these equations by noting that if a light signal is sent along the positive x-axis, this light-stimulus 

will advance in accordance with the velocity of light which can be described by the following 

equation: 

He then substitutes 𝑐𝑡 for x in the first and fourth equation to obtain: 

From these equations, the expression: 

immediately follows (Einstein 2007, [1920]). From here Einstein is able to show that the length 

L' of the moving rod as measured by our stationary observer B' or in our system K' will be 

different than that obtained by our observer B who is moving with the rod or in our system K 

(subsection 2.3.2). From the point of view of B' and K' the length of the rod is contracted. 

Eq. 7. 𝐱′ =
𝐱−𝐯𝐭

√𝟏−
𝐯𝟐

𝐜𝟐

, 𝐲′ = 𝐲, 𝐳′ = 𝐳, 𝐭′ =
𝐭−(𝐯/𝐜𝟐)𝐱

√𝟏−
𝐯𝟐

𝐜𝟐

 

Eq. 8. 𝐱 = 𝐜𝐭 

Eq. 9. 𝐱′ =
(𝐜−𝐯)𝐭

√𝟏−
𝐯𝟐

𝐜𝟐

, 𝐭′ =
(𝟏−

𝐯

𝐜
)𝐭

√𝟏−
𝐯𝟐

𝐜𝟐

 

Eq. 10. 𝐱′ = 𝐜𝐭′ 
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 The derivation of Length Contraction 

As Pauli states, “the Lorentz contraction is the simplest consequence of the 

transformation formulae…and thus also of the two basic assumptions” (1958, 11). To see that 

this is the case, we need to take a closer look at the thought experiment described above. Another 

way to describe how one might determine the length L of the rod is to note that while the rod is 

at rest, it will have its ends lying at x1 and x2 such that the following equation describes the rest 

length of the rod: 

Furthermore, as we have seen the length that observer B, who is moving at the same speed as the 

rod, measures will be the same as the rest length. The measurement that our observer B' obtains, 

on the other hand, will be a function of time, for B' uses synchronized clocks to determine the 

ends of the moving rod (x1' and x2'). The distance between x1' and x2' can be described by the 

following equation: 

since x'1 and x'2 are not taken up simultaneously in the reference frame of observer B'. As a 

result, L' differs from L. Indeed, from: 

It follows that: 

Thus, as it is moving relative to observer B', the rod is therefore contracted in the ratio √1 −
𝑣2

𝑐2  

(Einstein 2007 [1920], 157 and Pauli 1958, 12). Thus, length contraction is a direct consequence 

of the light postulate and the principle of relativity, and other assumptions of STR (see sections 

2.5 and 3.2), and can therefore be derived from the principle interpretation of STR. The question 

is whether or not such a derivation of length contraction can be considered an explanation of it. 

Before I move to show that the derivation of length contraction from the principle interpretation 

Eq. 11. 𝐱𝟐 − 𝐱𝟏 = 𝐋 

Eq. 12. 𝐱′
𝟐(𝐭) − 𝐱′

𝟏(𝐭) = 𝐋′ 

Eq. 13. 𝐱′ =
(𝐜−𝐯)𝐭

√𝟏−
𝐯𝟐

𝐜𝟐

   

Eq. 14. 𝐋′ = 𝐋√𝟏 −
𝐯𝟐

𝐜𝟐
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of STR is indeed explanatory, I will first discuss the geometric interpretation and the dynamical 

interpretations of STR in more detail. 

2.4 The Constructive Interpretations of STR:  

In this section, I will discuss Brown’s thesis that a dynamical interpretation of STR, if such an 

interpretation were available, can be explanatory. To begin, I further elaborate on the distinction 

between the two constructive interpretations of STR, the geometric interpretation, and the 

dynamical interpretation. I then move to show how Brown draws support for his thesis, that the 

dynamical interpretation of STR would be explanatory, through the use of historical examples 

where physicists, before and after Einstein, sought a dynamical explanation for length 

contraction and other relativistic effects and preferred such an interpretation over the principle 

interpretation at the beginning of the twentieth century. Note that the geometric interpretation 

had not been developed at this point in history. I then discuss Brown’s discussion of Einstein’s 

writing on the issue where, according to Brown, Einstein expresses unease about the principle 

interpretation and thereby supports his preference for a dynamical interpretation. I will discuss 

Brown’s arguments against the geometric interpretation later (2.5.2). Finally, I conclude this 

section by showing that Brown does not have a specific dynamical explanation in mind, rather he 

is arguing that if a dynamical interpretation of STR were available, then that interpretation would 

be explanatory. 

At this point, there are three interpretations of STR under consideration: the principle 

interpretation, the geometric interpretation, and dynamical interpretations. The principle 

interpretation is a principle theory and begins with assumptions about the nature and behavior of 

macro-level objects. The geometric interpretation is a spacetime theory and begins with 

assumptions about the macro-level structure of spacetime. Lorentz’s theory and the Lorentz-

Poincaré theory are dynamical theories and begin with assumptions about the micro-level objects 

and forces involved. Brown favors a dynamical interpretation of STR and provides three 

arguments in favor of this view (which I discuss in this section and section 2.5): 

1) Based on the pre-Einsteinian physicists’ commitment to a dynamical theory that explains 

relativistic effects, Brown argues that only a dynamical interpretation of STR would be 

explanatory. (2.4.2 and 2.4.3) 

2) Based on Einstein’s and his peers’ misgivings about the explanatory and epistemic value 

of the principle interpretation STR, Brown argues that the principle interpretation is not 
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explanatory and that only a dynamical interpretation would be explanatory and 

satisfactory. (2.4.3) 

3) Based on an underlying commitment to a dynamical structure of nature of the principle 

interpretation, any value the principle interpretation brings, explanatory or epistemic, 

comes from this underlying commitment. Both Brown and Craig make a similar 

argument about the geometric interpretation. (2.5.1) 

Lastly, as we will see, Brown is committed to a causal account of explanation, and this 

commitment is underpinning his arguments (2.5.3). 

 

 The Geometric Interpretation 

The constructive interpretation of STR that Einstein had in mind when making the 

distinction between principle and constructive interpretations in his 1919 paper on relativity is 

the geometric interpretation of STR (Brown 2005, 128). Minkowski develops this interpretation 

of STR in his paper ‘Space and Time’ (1923). According to this interpretation, space and time 

are no longer separate, as they once were for Newton, but are instead one manifold called 

spacetime. This reformulation of space and time was a direct consequence of Einstein’s principle 

formulation of STR. As we saw above (section 1.1), under the principle interpretation of STR, 

events are said to be simultaneous only if they occur within the same reference frame. The 

geometric interpretation of STR reinterprets this definition of simultaneity in terms of spacetime 

points. According to this interpretation, there is a definite time interval between any two points 

of spacetime. However, two spacetime points are said to have a definite spatial distance between 

them only if they are simultaneous (Hugget 1999, 193) as illustrated in Figure 2.6: 

 

Figure 2.6 (as adapted from Norton 2015). 

Spacetime diagram with two dimensions of space and one dimension of time where E1, E2, E3 represent 

events occurring on specific spacetime slices (labeled t=1, t=2, t=3). 
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The distance between the two events (E2 and E3) can be determined since E2 and E3 occupy the 

same spacetime slice (t=2) while the distance between E1 and E3 cannot be determined since 

these two events do not occupy the same spacetime slice. To put these concepts in the language 

of section 1.1, a definite length between two spacetime points obtains, only if those spacetime 

points occupy the same reference frame. Thus, under the geometric interpretation, different 

reference frames are reinterpreted as different spacetime slices and so each reference frame can 

be represented by a different world line Bt and B't' (see Figure 2.7): 

 

Figure 2.7 (adapted from Minkowski 1923, 78). 

The world lines of Bt and B't'. 

 

Where t and x represent the reference frame of the rod, and tʹ and xʹ represents the reference 

frame of the moving in motion relative to B'. Each separate reference frame represents a separate 

space with its own individual coordinates and, therefore, its own geometry (Minkowski, 1923, 

79-80). Minkowski spacetime then is a spacetime “in which different [reference] frames disagree 

not only on relative positions and motions, but also on elapsed intervals and lengths” (Hugget 

1999, 264). I will discuss the geometric interpretation in more detail later (Chapter 5). At issue 

for Brown is whether or not this geometry can be used to explain relativistic effects. Before 

addressing arguments for the explanatory value of the geometric interpretation and Brown’s 

subsequent rejection of them, I will move to consider Brown’s overall argument in favor of the 

explanatory value of the dynamical interpretation of STR. 
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 The Dynamical Interpretations of STR 

According to Brown, the dynamical interpretation of STR, if one were available, would 

cite the underlying nature of the constituting matter to provide an explanation for relativistic 

phenomena. More specifically, as Brown states, “a moving rod contracts and a moving clock 

dilates because of how it is made up and not because of the nature of its spatial-temporal 

environment” (2005, 8). In other words, a proper explanation of length contraction and time 

dilation is one that shows that such effects are the result of the reaction of the forces that obtain 

between their molecules rather than the spatial-temporal characteristics of the environment in 

which they are found. 

To support this claim, Brown begins with a historical exposition that focuses on the Pre-

Einsteinian or ‘trailblazer physicists’ reaction to the Michelson-Morley experiment that showed 

that the Earth’s motion through the ether could not be detected. For example, Lorentz and 

Fitzgerald suggest that a solution to the problem was to posit length contraction and then explain 

this phenomenon based on a dynamical theory (Lorentz 1923 [1881] and Fitzgerald 1889). 

Brown then discusses the reactions of Einstein’s contemporaries to the principle interpretation of 

STR and Einstein’s response to these reactions. These historical expositions are done to show 

that a dynamical interpretation can explain length contraction. Brown constructs the specific 

argument to prepare the reader for his second argument that a dynamical interpretation is 

required to explain relativistic effects. As we will see, Brown does not have a specific 

explanation in mind. Rather he is arguing that if a dynamical interpretation of STR were 

available, that interpretation would be explanatory. 

 To begin his argument, Brown shows that the ‘trailblazer’ physicists, including Lorentz, 

Fitzgerald, Poincaré and Heaviside, all approached length contraction from a dynamical 

perspective (2005, 2-4 and 41-69). The inspiration for such a view came from the null result of 

the Michelson-Morley experiment. Newtonian (Pre-Einsteinian) physicists believed that light 

propagated through a medium called the luminous ether. They believed such a medium to be 

necessary because they assumed that anything that propagates as a wave requires a medium 

through which it propagates (Salmon, 1975, 71). The luminous ether was thought to be 

stationary, and so it was believed that the earth’s velocity could be determined in relation to it. 

According to this view, the propagation of light would be affected by the Earth’s movement 

through the ether in such a way that it could be detected by a sensitive instrument that would 
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detect the interference pattern produced by the movement of the earth through the ether as the 

instrument was rotated relative to the earth’s motion (Lorentz 1923 [1895], 3). Michelson 

developed an instrument, called an interferometer, to test this prediction (see Figure 2.8).  

 

Figure 2.8 (Adapted from Darrigol 2000, 317). 

Michelson’s Interferometer. 

The interferometer used a semi-silvered mirror (a beam splitter) that split a beam of light into 

two beams. The two beams of light were then reflected back and forth between two mirrors and 

were then shone onto a screen (viewing area) which resulted in an interference fringe as the 

instrument was rotated relative to the earth’s motion. An interference fringe is a spot of light on 

the screen that would appear to be from one light source if there were no interference from the 

ether, because as the two beams converge on the screen, they would superimpose forming one 

light spot. If there were interference from the ether, the interference fringe would show a 

deviation such that the spot of light on the screen would appear to be from two separate light 

sources. The interferometer that Michelson and Morley used was made to revolve around its 

vertical axis. This made it possible to position the interferometer in such a way that one of the 

beams of light would lay as near as possible in the direction of the earth’s movement. This would 

make the ray of light move perpendicular to the earth’s forward movement (see Figure 2.9) 

(Lorentz, 1923 [1895], 3). 
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Figure 2.9 (Adapted from Darrigol 2000, 317). 

Beam A was expected to be affected by motion. 

 

The main idea behind this experiment was that as the earth, and the laboratory with it, moved 

through the ether, the beams would be affected in such a way that the resulting interference 

fringe pattern would be unstable, i.e. it would look to be the product of two beams. The expected 

value of the interference fringe of Michelson-Morley’s 1887 experiment was 0.4. However, 

Michelson and Morley only detected displacements that were less than 0.02, a factor that could 

be accounted for by observational errors and thus could be interpreted as a displacement of 0. 

Thus, the Michelson-Morley experiment resulted in a null result, showing that the light of the 

apparatus does not experience interference effects when moving through the ether. Michelson 

explained the null result by suggesting that the earth and the ether move together and, therefore, 

his experiment did not detect any interference because none exists (Lorentz 1923 [1895], 3). 

However, Michelson’s contemporaries, Fitzgerald, and Lorentz especially, did not favor this 

explanation. They believed that a better solution was to try to resolve the contradiction between 

the ether theory and the null result of the Michelson-Morley experiment. 

Both Lorentz and Fitzgerald explained length contraction in terms of the underlying 

physical nature of the objects involved. Fitzgerald suggested that the failure to detect the earth’s 

motion through the ether could be due to the forces between the molecules of a rigid body, in this 
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case, the Michelson-Morley interferometer. More specifically, Fitzgerald suggested that as 

objects are in motion, the forces that bind their molecules together are affected such that the 

object’s dimensions are changed. This hypothesis deals with the Michelson-Morley null result 

for it shows that not only is the light affected by its motion through the ether as predicted, but the 

experimental apparatus is as well (Brown 2005, 49). As such any distortion of the light beams 

will be negated by a distortion of the apparatus (see Figure 2.10). 

 

 

Figure 2.10 (Adapted from Darrigol 2000, 317). 

The figure on the left-hand side shows the expected result (Beam A affected by motion) while the figure on 

the right-hand side shows the (exaggerated) hypothesized result (Both the beam and the apparatus are 

affected by motion making the beams closer together and the apparatus itself smaller).  

 

In 1892, Lorentz made a similar suggestion, but unlike Fitzgerald, Lorentz suggested that 

the change is a longitudinal change (Brown 2005, 52). The motivation behind Lorentz’ 

introduction of length contraction was the same as Fitzgerald’s. He was attempting to preserve 

the current electrodynamic theory by defending the existence of the ether given evidence to the 

contrary. As Michel Janssen explains, “in the final version of Lorentz’s theory, measurements 

never reveal the real quantities because all measurements are made with devices that are 

systematically distorted and improperly synchronized as a result of their and the observer’s 

movement through the ether” (2002, 429). By real quantities is meant the measurements that 

would be measured by an observer in a frame that is at absolute rest. Lorentz’s solution was 

similar to Fitzgerald’s for they both suggested that the null result of the Michelson-Morley 
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experiment was due to the mutual distortion of both the light and the experimental apparatus. 

The only difference between these two solutions was that Lorentz suggested that the distortion 

was only longitudinal while Fitzgerald suggested that it was more robust. Later we will see that 

Poincaré developed a theory based on Lorentz’s theory (Section 4.2). 

 Brown’s Arguments for a Dynamical Interpretation 

The main reason behind Brown’s historical exposition reviewed above is not to support 

the dynamical theory at root in Fitzgerald or Lorentz. Rather, Brown is attempting to draw 

support from the reasoning employed by Fitzgerald and Lorentz for his own conclusion that 

length contraction can be explained by a dynamical theory that cites the underlying physical 

makeup of the objects (cf. John Norton 2008 for a criticism of the view that STR can be 

reduced). To put it another way, Brown maintains that the fact that Fitzgerald and Lorentz 

required a dynamical explanation of length contraction, regardless of the fact that their physics 

was wrong, supports his conclusion that a dynamical interpretation of STR can be explanatory 

(2005, 2). Brown does not support the physics that Lorentz and Fitzgerald employed, rather he 

supports the way in which they attempt to explain length contraction. He supports the idea that 

length contraction is the result of the distortion of the forces that bind the objects together. 

To further support his thesis, Brown turns to a discussion of the reaction of Einstein’s 

contemporaries, such as Wolfgang Pauli and Henri Poincaré, to the principle interpretation of 

STR (2005, 4-10 and 113-127). According to Brown, Einstein’s contemporaries were all struck 

by Einstein’s principle derivation of length contraction because they, like the trailblazers, 

believed that a dynamical interpretation would provide the best explanation of length 

contraction. For example, Brown notes that in his 1921 review of relativity, Pauli asks whether 

‘one should completely abandon any attempt to explain the Lorentz contraction atomistically?’ 

and then answers in the negative (2005, 4). According to Brown, Pauli’s question “deserves 

careful attention, and [is] one that if not haunting him, then certainly gave Einstein unease in the 

years that followed the full development of his theory of relativity” (2005, 4). Brown admits a 

full dynamical treatment of length contraction was beyond the resources of 1905 and still beyond 

the resources at the time Pauli was writing in 1921. However, Brown suggests that based on the 

strength of his peers’ insistence for a dynamical interpretation of STR, Einstein felt unease 

towards or was dissatisfied with the principle interpretation (2005, 113-4). 
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According to Brown, Einstein was dissatisfied with the principle interpretation. To 

support this claim Brown considers Einstein’s 1907 letter to Sommerfeld where Einstein states 

that: 

So, first to the question of whether I consider the relativistic treatment, e.g., the 

mechanics of electrons as definitive. No certainly not. It seems to me too that a physical 

theory can be satisfactory only when it builds up its structures from elementary 

foundations. The theory of relativity is not more conclusively and absolutely satisfactory 

than, for example, classical thermodynamics was before Boltzmann…If the Michelson-

Morley experiment had not put us in the worst predicament, no one would have perceived 

the relativity theory as a (half) salvation… (as quoted in Brown 2005, 72-3).  

According to Brown, the comparison between STR and thermodynamics highlights the price to 

be paid when adopting the principle approach and Einstein’s resulting unease with that price 

(2005, 73). The price is that a principle interpretation is not as satisfactory as a dynamical 

interpretation that builds up its structures from elementary micro-level foundations. 

To further support his interpretation of Einstein, Brown moves to discuss other writings 

where Einstein expresses some unease about the principle interpretation of STR. First of all, in 

1919, Einstein states quite clearly that “when we say we have succeeded in understanding a 

group of natural processes, we invariably mean that a [dynamical] theory has been found which 

covers the processes in question” (2007 [1919], 396). From this Brown infers that Einstein is 

among those that favor or hold to a concept of understanding where understanding is only 

achieved once the underlying elementary foundations or microstructure have been discovered. 

Since the principle interpretation does not model the microstructure, it does not lead to 

understanding. Thus, Brown sees the above quotation as support for the claim that Einstein was 

unsatisfied with the principle interpretation and had more elementary foundations been available, 

Einstein would have pursued a dynamical interpretation of STR. For further support of this claim 

Brown turns to Einstein’s 1921 essay, where Einstein states that: 

It is also clear that the solid body and the clock do not in the conceptual edifice of physics 

play the part of irreducible elements, but that of composite structures, which must not 

play any independent part in theoretical physics. But it is my conviction that in the 

present stage of development of theoretical physics these concepts must still be employed 

as independent concepts; for we are still far from possessing such certain knowledge of 
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the theoretical principles of atomic structures as to be able to construct solid bodies and 

clocks theoretically from elementary concepts (2002 [1921] 212-213). 

According to Brown, this statement implies that Einstein harbored unease about the status that 

rods and clocks played in his theory, for according to STR rods and clocks are irreducible, while 

in dynamical interpretations, they are composite structures. Thus, the above quotation adds 

support for his claim that Einstein was dissatisfied with the principle interpretation and pursued it 

only because there was no dynamical theory available at the time. Lastly, Brown notes that in his 

1949 Autobiographical Notes while discussing the principle interpretation of STR, Einstein 

states that: 

One is struck [by the fact] that the theory (except for the four-dimensional space) 

introduces two kinds of physical things, i.e., (1) measuring rods and clocks, (2) all other 

things, e.g., the electro-magnetic field, the material point, etc. This, in a certain sense, is 

inconsistent; strictly speaking measuring rods and clocks would have to be represented as 

solutions of the basic equations (objects consisting of moving atomic configurations), 

not, as it were, as theoretically self-sufficient entities. However, the procedure justifies 

itself because it was clear from the very beginning that the postulates of the theory are not 

strong enough to deduce from them sufficiently complete equations for physical events 

sufficiently free from arbitrariness, in order to base upon such a foundation a theory of 

measuring rods and clocks. If one did not wish to forego a physical interpretation of the 

co-ordinates in general (something which, in itself, would be possible), it was better to 

permit such inconsistency-with the obligation, however, of eliminating it at a later stage 

of the theory. But one must not legalize the mentioned sin so far as to imagine that 

intervals are physical entities of a special type, intrinsically different from other physical 

variables (‘reducing physics to geometry,’ etc.) (2007 [1949], 365-366). 

According to Brown, Einstein is not saying that the elementary foundations were unavailable in 

1949 rather he is reminding us of the limitations that he faced in 1905 when constructing STR 

and is trying to justify the ‘sin’ of treating rods and clocks as primitive. By justifying this sin, 

Einstein seems to be suggesting that he was not satisfied with the principle interpretation because 

it was not a dynamical theory. Secondly, according to Brown, what all this means is that Einstein 

was prevented from developing a dynamical interpretation because he did not have a mechanical 

theory at his disposal. His other work in 1905 on quantum mechanics and the photoelectric effect 
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lead him to question the validity of the old (Newtonian) dynamical theory, and he did not 

develop an alternative in sufficient enough detail to explain length contraction from a dynamical 

perspective. Einstein`s apparent dissatisfaction with the principle interpretation leads Brown to 

assume that had a dynamical theory been available, Einstein would have pursued a dynamical 

interpretation of STR. This argument will be addressed in the next chapter (Chapter 3). 

From the above considerations, Brown concludes that even Einstein perceived that a 

dynamical interpretation of STR, if one were available, would be capable of explaining 

relativistic effects. Whether or not Einstein thought that the principle interpretation was 

explanatory is another question, one that Brown does not address (2005, 73). I will say more on 

Einstein’s evaluation of the explanatory value of the principle interpretation of STR in Chapter 3. 

Even so, the above discussion of Einstein’s own view of the dynamical theories, Newtonian and 

quantum mechanics, and the principle interpretation helps to support Brown`s thesis that Einstein 

was dissatisfied with the principle interpretation and had a foundational theory been available at 

the time, Einstein would have developed a dynamical theory. 

 Bell’s Dynamical Theory 

As support for a dynamical interpretation of STR, Brown discusses a dynamical 

interpretation of STR developed by J.S. Bell in order to show that we need not accept the physics 

of Lorentz and Fitzgerald to explain length contraction dynamically. In 1976, Bell developed a 

somewhat detailed dynamical explanation of length contraction. Bell began with a single atom 

composed of an electron orbiting a large nucleus (Bell [1987] 2004, 70-78). According to 

Brown, “using not much more than Maxwellian electrodynamics (taken as valid relative to the 

rest frame of the nucleus), Bell determined that the orbit undergoes the familiar relativistic 

longitudinal contraction” (2005, 5). Bell then extends this model by maintaining that given the 

electromagnetic nature of the relevant forces, a collection of atoms would also undergo 

Lorentzian transformations ([1987] 2004, 73). However, Bell’s model of the atom is not 

satisfactory because it is unstable. As Bell notes, while “an electron in a small, high frequency, 

tightly bound orbit, can follow closely a nucleus…an electron in a more remote orbit —or in 

another atom—would not follow at all” ([1987] 2004, 75). Despite this instability, Brown 

maintains that the main lesson from Bell’s model is that we need not accept Lorentz’s physics to 

explain length contraction by citing the underlying microstructure. To Brown, Bell’s discussion 

suggests that “the messier, less economical reasoning based on ‘special assumptions about the 
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composition of matter’ can lead to greater insight, in the manner that statistical mechanics can 

offer more insight than thermodynamics” (2005, 10). According to Brown, the greater insight is 

provided by the explanatory value of a dynamical account. 

Brown is not arguing that there is a dynamical interpretation of STR that explains length 

contraction but is instead arguing that a dynamical interpretation of STR, if one were available, 

can provide an explanation for length contraction and other relativistic effects. However, Brown 

does not fully describe such an interpretation. Indeed, he admits that “a quantum-theoretical 

analogue of Bell’s [dynamic] pedagogical model, involving inter-atomistic forces, would be an 

ambitious undertaking, outlandishly so if the starting point is the most fundamental theory we 

have: quantum field theory” (2005, 148 fn. 55). Such a conclusion may be somewhat 

disappointing, and as such may be a point against Brown. However, he has been pretty clear that 

the purpose of his argument is to show that a dynamical interpretation, if it were available, would 

be explanatory and on this point, I think he is successful. 

 

2.5 The Dynamical Interpretation vs. the Principle and Geometric Interpretations 

In this section, I move to discuss Brown’s arguments that only a dynamical interpretation of STR 

is explanatory by arguing that the geometric and the principle interpretations are nonexplanatory. 

I supplement Brown’s argument made against the explanatory value of the principle 

interpretation with a similar argument made by William Craig (2001).  I then show that the 

underlying account of explanation in Brown is similar to Salmon’s causal mechanical account 

(Salmon 1984). I then move to consider how by aligning Brown’s argument with a well-

developed account of explanation it is strengthened. 

 Brown’s Argument against the Principle Interpretation 

Brown’s argument against the principle interpretation begins by noting that, as was discussed in 

section 1.1, length contraction can be derived from Einstein’s two principles, the light postulate 

and the principle of relativity. However, Brown claims that in 1905, the light postulate was based 

on relatively little empirical evidence, thereby calling into question the empirical support that 

this particular postulate had (2005, 90). Brown admits that even with the lack of empirical 

evidence, both principles are not committed to any underlying microstructure of nature. As such, 

in agreement with Einstein, they cannot be considered dynamical but should be considered 



39 

 

phenomenological.  By phenomenological, Brown means that the light postulate does not depend 

on whether light is made of waves, particles, or a combination of the two, but is instead, along 

with the principle of relativity, taken to be independent of the microstructure of matter (2005, 

90). Similarly, the speed of light is not dependent on the constitution of light, and the principle of 

relativity holds regardless of the underlying structure of the world. According to Brown, the 

assumption of the “Lorentz-covariance of ‘natural laws’, of the equations that govern the 

fundamental interactions of nature, is certainly not phenomenological” (2005, 90). According to 

Brown, phenomenological means that the assumption of the Lorentz-covariance of natural laws 

does not make an ontological commitment to the direct form of the underlying structure of 

nature. Even so, Brown maintains that since the assumption of Lorentz-covariance of natural 

laws is a restricting principle, it is necessarily committed to some features of the underlying 

structure of nature. Thus, Brown maintains that STR is more dynamical than it is commonly 

thought to be. He takes this to imply that a dynamical theory is required to fully explain 

relativistic phenomena. What those features amount to Brown does not say, however, his 

argument does not require a finely detailed description, all that he needs to show is that certain 

microstructures are required by the principle interpretation. By showing that such features are 

required to develop the principle interpretation, Brown is attempting to show that the principle 

interpretation requires dynamical features. 

William Craig (2001) goes one step further than Brown and maintains that the principle 

interpretation of STR cannot derive length contraction and the Lorentz transformation equations 

from the light postulate and the principle of relativity alone. What is required is a dynamical 

model of space and time. The principle interpretation requires assumptions about homogeneity 

and isotropy of spacetime in order to establish the Einstein-Poincaré convention for 

synchronizing clocks. As we saw in section 1.1 above, two clocks, A and B are said to be 

synchronized in S if and only if the following equation obtains: 

Where t1 is the time at which a light signal reaches clock A, t2 is the time at which the light 

signal after being reflected off A gets to B and t3 is the time at which the light signal after being 

reflected off B returns to A (see figure 2.2). Craig maintains that the definition of simultaneity 

involved is dependent on Minkowski space-time in that the value for 휀 (½) in the equation can 

Eq. 15. t2 = t1 + ε(t3 − t1) 
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only be completely defined in terms of the structure of Minkowski space-time (see section 2.1) 

and the world-line (2001, 31). From this Craig claims that it follows that Einstein must have had 

some kind of dynamical model concerning the structure of the spacetime working in the 

background as he was developing the principle interpretation. Secondly, Craig adds that not only 

does the principle interpretation of STR assume a dynamical model of spacetime it is also 

committed to an ontology of three-dimensional objects with definite length, width and height. 

This leads to what Craig calls a fragmentation of reality, for these properties are frame-

dependent (2001, 104). The length, width, and height of an object will vary depending on the 

relative motion of the frame from which the object is viewed, it follows that the properties of 

length, width, and height are not definite and to assume that they are results in an inconsistency. 

Craig’s view on the principle interpretation seems justified for as we have seen (section 2.1) 

Einstein himself states that the principle interpretation “introduces two kinds of physical things, 

i.e., (1) measuring rods and clocks, (2) all other things, e.g., the electro-magnetic field, the 

material point etc.” (2007 [1949], 365-366), which implies that rods and clocks were taken as 

primitive entities. Thus, in agreement with Craig, it seems likely that the principle interpretation 

leads to a fragmented reality. 

Craig’s first objection supports Brown’s argument as discussed above, for it shows that 

the above definition of simultaneity can only be accomplished by appealing to Minkowski space-

time, or a conception of space-time that is at least sufficiently similar. Thus, like Brown, Craig 

maintains that the principle interpretation assumes an underlying model of spacetime.  

 

 Brown’s Argument against the Geometric Interpretation 

According to Brown, the geometric interpretation of STR takes the underlying structure 

of spacetime to be explanatory. Brown argues against the explanatory power of the geometric 

interpretation in a very general way and even though he is not clear on what the purported 

explanation of length contraction is under the geometric interpretation, such an account can be 

found in the literature that Brown considers. Craig (2001) offers an explanation for length 

contraction within the geometric interpretation of STR.  

According to Craig, the different measurements of the same rod in different reference 

frames are the result of looking at it from different angles or perspectives in spacetime (2001, 

94). The different perspectives in spacetime result in different coordinate systems. The 
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comparison between a moving reference frame and a stationary reference frame is construed as a 

rotation of the coordinate axes in four-dimensional spacetime represented by Minkowski in a 

two-dimensional spacetime (see Fig. 2.10). Thus the coordinates x, y, z, t of the stationary 

reference frame become x', y', z', t' in the moving reference frame and as such express different 

variables for the same events (Minkowski 1923, 77). The end point of the rod in the stationary 

reference frame will be expressed by a variable along the x-axis of that frame while the end point 

of the rod in the moving reference frame will be expressed by a different variable along the x'-

axis. According to Craig, “length contraction is…merely the result of our applying different 

coordinate systems to the unchanging, four-dimensional, [spatiotemporal] object and subtracting 

the values of the spatial [coordinates] of its endpoints” (2001, 94). Consider the following 

diagram (Figure 2.11): 

 

Figure 2.11 (Adapted from Minkowski 1923, 78) 

 

In this diagram, the stationary reference frame is represented by the t-axis and the x-axis, while 

the reference frame that is in relative motion is represented by the t'-axis and the x'-axis. The 

distance between O and C is the length of the rod in the stationary reference frame while the 

distance between O and D' is the length of the rod in the moving reference frame. As we can see 

from Figure 2.11, the lengths obtained in each frame are not equal; the length OD' is less than the 

length OC. What this shows is that the rod undergoes length contraction when in motion relative 

to the stationary reference frame. In agreement with Craig, the difference between OC and OD' is 

solely the result of the differences between the two reference frames. The different reference 

frames have different metrical properties that are definable within their individual spacetime 
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slices (Hugget 1999, 193). Each reference frame or spacetime slice has distinct metric properties. 

Thus, the reference frame of B has a metric that is distinct from B' and as such the distance 

relations between the end points of the rod are different for each observer. Thus, according to the 

geometric interpretation, the metric or the structure of spacetime explains length contraction. 

Brown argues against the geometric interpretation by stating that it relies on a spurious 

notion of explanation. In fact, according to Brown, geometry is doing no more work than 

Moliere’s dormitive virtue in opium (2005, 24). Brown maintains that “it is simply more natural 

and economical-better philosophy in short—to consider absolute spacetime structure as a 

codification of certain key aspects of the behavior of [the underlying structure of matter]” (2005, 

25). In other words, Brown’s only criticism of the geometric interpretation is that such an 

interpretation is not explanatory because it does not cite the underlying causal mechanisms. As 

we will see, Brown’s criticisms of this approach are prompted by an account of explanation, 

even though he does not discuss it, that is akin to Salmon’s causal mechanical account (1984). 

 From the above arguments, Brown concludes that only a dynamical interpretation of STR 

is explanatory. Such an interpretation explains length contraction and other relativistic 

phenomena by describing how the objects that undergo such effects are made-up. To support his 

claim Brown does not cite a fully worked out dynamical explanation, but rather discusses some 

historical cases where physicists before and after Einstein made a similar demand for such an 

explanation (section 2.4). As we have seen the closest Brown comes to describing a detailed 

dynamical explanation of any relativistic effect is his discussion of J.S. Bell’s atomic model. 

Even with this model Brown admits that we are nowhere near a dynamical explanation of length 

contraction. Indeed, he admits that given our current most fundamental theory, quantum field 

theory, the production of a more complex model than Bell’s would be an outlandishly ambitious 

undertaking (2005, 148, fn. 55). Even so, if we had the more complicated and messy description, 

it would be the most explanatory and fruitful one (2005, 5). For Brown, the length contraction of 

the rod can only be explained in terms of the forces that bind material objects together, such that 

they are affected by the object’s motion. More precisely, the best explanation for length 

contraction would be one that outlines the causes of this length contraction, namely the Lorentz 

covariance of the underlying forces that obtain between the object’s atoms. 

The discussion about assumptions of underlying micro-level behavior in both the 

principle and the geometric interpretation might suggest an alternative approach to understanding 
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the explanations provided by the principle and the geometric interpretation that would challenge 

Brown. Such an approach would maintain that the geometric and the principle interpretations 

contain terms that are placeholders for the underlying micro-level components. That is there is 

the possibility that both interpretations of STR are explanatory in the sense that the assumptions 

they contain are placeholders for the underlying low-level dynamics. However, my argument 

will show that the explanatory value of the principle and geometric interpretation of STR is 

independent of whether this is the case or not. The principle and geometric interpretations of 

STR are explanatory because they are unifying (chapters 3, 4 and 5) and because they identify 

dependency relations that obtain between the explanans and the explananda (chapter 6). 

Secondly, claiming that both interpretations are explanatory because they contain placeholders 

for the underlying low-level dynamics is complicated by the idea that special relativistic 

phenomena are emergent. For example, Michel Janssen (2002) and John Norton (2008) argues 

that STR cannot be reduced by a dynamical theory because the phenomena are emergent. I 

discuss Janssen’s view in detail later on (chapter 5) and his contention that STR is nonreducible 

in subsection 5.3.3. 

 

 Brown’s Underlying Causal Account of Explanation 

Brown favoring an explanation that traces the underlying causal mechanisms of the 

phenomena can be supported by causal accounts of scientific explanation. Causal accounts of 

explanation (Salmon 1984 and James Woodward 2003), have been developed in response to the 

problems faced by Hempel and Oppenheim’s deductive-nomological (DN) account (1965). 

According to the DN account, an explanation follows the following schematic: 

 

{
𝑪𝟏, 𝑪𝟐, … , 𝑪𝒌 
𝑳𝟏, 𝑳𝟐, … , 𝑳𝟑

}  𝑬𝒙𝒑𝒍𝒂𝒏𝒂𝒏𝒔

{𝑬}                 𝑬𝒙𝒑𝒍𝒂𝒏𝒂𝒏𝒅𝒖𝒎
 

 

where 𝐶1, 𝐶2, … , 𝐶𝑘 are the sentences describing the explanans, such as the initial conditions of 

the system and the assumptions required to construct the explanation, and 𝐿1, 𝐿2, … , 𝐿3 are the 

physical laws that obtain in the system and E is the explanandum, the phenomenon that requires 
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an explanation. As Hempel and Oppenheim state, this shows that “if E is given, i.e. if we know 

that the phenomenon described by E has occurred, and a suitable set of statements 

𝐶1, 𝐶2, … , 𝐶𝑘, 𝐿1, 𝐿2, … , 𝐿3 is provided afterwards, we speak of an explanation of the phenomenon 

in question” (1948, 249). Thus explanations in science are arguments that derive the 

explanandum, the event to be explained, from the explanans, the events and assumptions doing 

the explaining, by citing at least one general law. 

The most prominent problem faced by the DN account is the problem of asymmetry. One 

of the most often cited formulations of this problem is the flagpole problem (Salmon 1989, 47 

and van Fraassen 1980, 104). This example proceeds as follows. A vertical flagpole stands on 

flat ground standing 100 feet high and casts a shadow 75 feet long. The length of the shadow can 

be deduced by citing the height of the flagpole, the position of the sun and the law of rectilinear 

propagation of light (Salmon 1989, 47). This deduction according to the DN account is a 

legitimate explanation. The problem arises when we note that the derivation can be run in 

reverse, the law can be used to deduce the height of the flagpole given the length of the shadow. 

Since the structure of this derivation is analogous to that of the explanatory derivation, deducing 

the height of the flagpole from the length of its shadow counts as an explanation according to the 

DN account. However, the derivation of the height of the flagpole from the length of the shadow 

should not be accepted as an explanation of the height of the flagpole. The explanation is, 

therefore, asymmetrical and a proper account of explanation ought to be able to distinguish 

between the two derivations. Causal accounts of explanation have emerged to deal with this 

problem. 

According to Salmon a causal account of explanation can solve the problem of 

asymmetry by noting that “the reason for this asymmetry seems to lie in the fact that a flagpole 

of a certain height causes a shadow of a given length, and thereby explains the length of the 

shadow, whereas the shadow does not cause the flagpole, and consequently cannot explain its 

height” (Salmon 1989, 47). Prompted by this insight, Salmon constructs a causal account of 

explanation where an explanation shows that the explanans contain the cause, and the 

explanandum is the event that is caused by it. More generally, scientific explanations show how 

events fit into the causal structure of the world. 

Salmon maintains that the necessary connection between causes and their effects can be 

found if we understand causality to be a relation that occurs not between two or more events, but 
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between two or more processes. He maintains that “it has long been disputed whether causal 

relations can be said to obtain among individual events or whether statements about cause-effect 

relations implicitly involves assertions about classes of events” (Salmon 1984, 138). According 

to this approach, events are the fundamental entities, and these entities relate to each other 

through cause and effect. Salmon believes that this conception is profoundly mistaken and a new 

account, one that takes processes as fundamental entities, must be developed. The main 

difference between a process and an event is that processes have much greater duration and in 

many cases, greater spatial extent than an event. Thus, while an event is represented as a point in 

space-time, a process is represented by a world line. Salmon also notes that we need to be able to 

distinguish between a pseudo-process and causal process. 

To distinguish between causal processes and pseudo-processes Salmon introduces the 

concept of mark transmission. A causal process is capable of transmitting a mark; a pseudo-

process is not (Salmon 1984, 142). A process can transmit its own structure from one point to 

another, and this structure can be marked or changed in such a way that it becomes permanent. 

For example, a moving car is a causal process, for if it collides with a wall, it will carry the mark 

of the collision. A pseudo-process, however, does not transmit its structure. For example, the 

shadow of the car is a pseudo-process, for if it collides with a wall, it will be deformed 

momentarily, but will resume its normal shape once it is no longer cast onto the wall (Salmon 

1984, 143). Therefore, a process has regularities, its structure, that persists and can be 

significantly and permanently altered, while a pseudo-process is dependent on something else, 

such as the shadow being dependent on the car, and has a structure that cannot be altered. A 

process transmits a mark by transmitting energy. The transmission of a mark occurs when in 

traveling from point A to B the causal process appears at each and every point between A and B 

without further interactions. From this Salmon develops his principle of structure transmission 

which states that “if a process is capable of transmitting changes in structure due to marking 

interactions, then that process can be said to transmit its own structure” (Salmon 1984, 154). A 

particular structure modification need not persist for it to be able to transmit a mark; if a 

modification to the structure of a process does not persist, all that can be concluded is that the 

right modification has not been found. Lastly, Salmon introduces the principle of propagation of 

causal influence that states that “a process that transmits its own structure is capable of 

propagating a causal influence from one space-time locale to another” (Salmon 1984, 155). 
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 Salmon’s causal account can be applied to Fitzgerald and Lorentz’s explanation of length 

contraction, for according to Fitzgerald and Lorentz length contraction is caused by the object’s 

motion through the ether. As was shown above (subsection 2.4.2), this account of length 

contraction maintains that a proper explanation of length contraction and time dilation is to show 

that such effects are the result of the reaction of the forces that obtain between their molecules. 

Fitzgerald suggested that as objects are in motion, the forces that bind their molecules together 

are affected such that the object’s dimensions are changed. In Lorentz’s theory, all measurements 

are made with devices that are systematically distorted and improperly synchronized as a result 

of their and the observer’s movement through the ether. We can apply Salmon’s causal account 

to the Fitzgerald/Lorentz explanation of length contraction by noting that length contraction can 

be explained in terms of the object’s movement through the ether by noting that the object’s 

structure is modified. Furthermore, the modification is one of mark transmission, for it is 

significant and persists for a significant amount of time, namely as long as the object is moving 

relative to the ether.  Of course, the causal processes involved in the explanation of length 

contraction are not analogous to a car crashing into a wall and carrying that mark for a long 

period of time. A more apt analogy would be the movement of a malleable object, say a rubber 

rod through water at a high speed. In such a scenario the resistance that the water produces on 

the rubber rod causes the rubber rod to contract. The greater the velocity of the rubber rod the 

more significant the resistance and, therefore, the more significant the length contraction. 

Analogously, the resistance that the ether produces on all objects as they move through it causes 

them to undergo length contraction. It is in this way that length contraction, according to Lorentz 

and Fitzgerald at least, is caused by the object’s movement through the ether. 

 Brown, on the other hand, is not committed to the physics that Lorentz and Fitzgerald 

were. Rather, as we have seen, he is committed only to the idea that the underlying 

microstructure of the physical objects must be included in the explanation. As was discussed 

above, Brown maintains that a proper explanation of length contraction is one that shows that 

this effect is the result of the reaction of the forces that obtain between the molecules that make 

up the object (subsection 2.4.3). It is the result of the distortion of the forces that bind the object 

together, a distortion that is the result of the object’s state of motion. As with the Lorentz-

Fitzgerald explanation of the length contraction, a change in the structure of the object occurs 

and this change is the result of the motion of the object. It is not the motion of the object relative 
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to the ether but is instead its motion relative to something else. As was discussed earlier, Brown 

admits that a quantum-theoretical explanation of length contraction, involving inter-atomistic 

forces, would be an ambitious undertaking, and so he does not provide a full exposition of this 

explanation, however, it is clear that Brown thinks that such an explanation will be causal, it 

should be noted here that many philosophers and physicists, including Salmon (1989, 243), 

maintain that quantum mechanics is noncausal. Brown’s preferred interpretation of STR would 

provide causal explanations that would include a transference or modification of structure due to 

some kind of interaction between the objects that are being contracted and something related to 

the motion of the object. By something related to the motion of the object, I mean that something 

pertaining to the motion of the object will cause the length contraction of the object in much the 

same way as the ether causes length contraction according to Lorentz and Fitzgerald. 

 What the above discussion shows is that Brown, while insisting in a causal explanation of 

length contraction in STR, is not in poor company. Even without a detailed explanation of length 

contraction Brown’s position is strengthened by noting the similarities between his putative and 

preferred dynamical explanation and Salmon’s causal account of explanation. By aligning the 

dynamical interpretation of STR with Salmon’s causal account, we show that if a fully detailed 

causal account of length contraction were available, it would indeed be explanatory. However, 

there are noncausal accounts of explanation that do not insist that a scientific theory needs to 

provide a full description of causal mechanisms for them to be explanatory. Indeed, in Chapter 4, 

it will be shown that according to Kitcher’s unificationist account of explanation (1981 and 

1989) the principle interpretation of STR is explanatory. 
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Chapter 3 Explanation in the Principle Interpretation 

In this chapter and the next, I show that contra Brown the principle interpretation of STR is 

explanatory. To begin with, I will discuss Einstein’s writings on the issue, focusing on the 

material that Brown considers and other material as well. I will show that even though Einstein 

developed the principle interpretation of STR out of necessity, he still believes it is an 

empirically successful theory. Einstein believed that the principle interpretation was the best 

option available at the time and that it has its own advantages in comparison to any dynamical 

theory that could have been developed. The purpose of this historical exposition is not to argue 

against Brown’s interpretation of Einstein; rather it is to come to a better understanding of why 

Einstein pursued a principle interpretation of STR. I then discuss an argument in favor of the 

explanatory value of the principle interpretation provided by Balashov and Janssen (2003). I 

show that Balashov and Janssen are on the right track in producing an argument for the 

explanatory power of the principle interpretation of STR. However, their argument requires 

further articulation as to how length contraction is explained in the principle interpretation. I then 

fully articulate how the principle interpretation produces explanations. To do so, I apply 

Kitcher’s unificationist account (1981, 1989) to the derivation of length contraction and Fizeau’s 

experimental results, both of which are provided by the principle interpretation. This will 

effectively show that the principle interpretation satisfies the local conditions of Kitcher’s 

unificationist approach, thereby giving reason to believe it is explanatory. 

 

3.1 Einstein and Pauli on the Principle Interpretation 

In this section, I review Brown’s interpretation of Einstein’s commentaries on the principle 

interpretation of STR. As was stated earlier (section 2.4), Brown argues that Einstein was 

dissatisfied with the principle interpretation. For one, it was not as successful as a dynamical 

theory would have been because it did not produce understanding and treated rods and clocks as 

irreducible. Secondly, Brown argues that Einstein pursues the principle interpretation out of 

necessity because there was no constructive theory available at the time (2.4.3). As a result, 

Einstein is dissatisfied with the principle interpretation of STR. In this section, I further discuss 

the fact that Einstein developed the principle interpretation after careful consideration of the 

current situation in physics. I provide textual support from Einstein’s writings that he developed 
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the principle interpretation of STR because quantum mechanics at the turn of the twentieth 

century did not provide a firm foundation from which to base explanations for relativistic effects. 

All of Einstein’s attempts to adapt the theoretical foundations of physics to the new knowledge 

failed, and so he had to develop a theory that was not committed to any dynamical micro-

structure (1970, 45). The purpose of this historical exposition is to come to a better 

understanding of why Einstein pursued a principle interpretation of STR. Lastly, I agree with 

Brown that Einstein does not think that the principle interpretation leads to explanation. 

However, I will show that Einstein, like Brown, is committed to a causal account of explanation 

(3.1.2). I will then show that Pauli believes that the principle interpretation is explanatory 

because it is able to derive Fizeau’s experimental results. 

 Brown’s Interpretation of Einstein 

According to Brown, Einstein thinks that the principle interpretation is not as satisfactory as a 

dynamical interpretation and pursues the principle interpretation because he mistrusts quantum 

mechanics. As we have seen, Brown considers Einstein’s 1907 letter to Sommerfeld where 

Einstein states that: 

“so, first to the question of whether I consider the relativistic treatment, e.g., the mechanics 

of electrons as definitive. No certainly not… The theory of relativity is not more 

conclusively and absolutely satisfactory than, for example, classical thermodynamics was 

before Boltzmann…If the Michelson-Morley experiment had not put us in the worst 

predicament, no one would have perceived the relativity theory as a (half) salvation…” 

(Einstein 1995 [1908], 50). 

Brown takes Einstein calling the relativity theory as a half salvation to mean that Einstein is 

‘uneasy’ about the price of developing a principle theory rather than a dynamical theory (2005, 

72-73). Meaning that, Einstein thought a dynamical theory would have been more satisfactory 

than a principle theory. However, in the same letter, Einstein also states that “I believe that we 

are still far from having satisfactory elementary foundations for electrical and mechanical 

processes. I have come to this pessimistic view mainly as a result of endless, vain efforts to 

interpret the second universal constant in Planck’s radiation law in an intuitive way” (Einstein 

1995 [1908], 50). In this part of the letter, Einstein is describing his view of the current situation 

in physics. His attempts at interpreting Planck’s radiation law using the electrodynamic theory of 

the nineteenth century made him realize that the elementary foundations provided by that theory 
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were underdeveloped and could not be applied to electromagnetism. Einstein saw that the only 

way forward was to develop a principle theory, one that does not make any commitment to a 

specific underlying structure. 

 Three Crises in Nineteenth-century Physics 

In his Autobiographical Notes (1949 [1970]), Einstein further discusses his misgivings 

concerning the elementary foundations for electrical and mechanical processes. From his Notes 

and the above letter to Sommerfeld, we can see that there were three crises that nineteenth-

century physics faced. The first of these was the one created by the Michelson-Morley 

experiment that, as I discussed earlier (section 2.4), failed to detect the interference produced by 

the earth’s motion through the ether as the experimental apparatus was rotated about its axis. The 

second of these crises occurred when Maxwell’s theory transitioned from forces at a distance to 

fields as the fundamental variables (Einstein 1970, 33). This transition resulted in the expression 

of the elementary laws through differential equations and with these equations Maxwell was 

almost successful at incorporating optics into the theory of electromagnetism. However, as 

Einstein notes, difficulties arose from the fact that the ‘field intensities’ and ‘displacements’ were 

treated as elementary variables (1970, 35). According to this approach, matter was the bearer of 

the fields and so the matter that carried the field, the ether, could be in motion. Treating fields as 

fundamental variables made Maxwell’s theory incompatible with Newtonian mechanics, since 

according to Newton the ether was stationary. 

Lorentz attempted to resolve this issue by hypothesizing that fields exist only in empty 

space, and only matter has electric charge. According to Lorentz, the electromagnetic field 

occurs not in matter, but in empty space, in particular within the empty spaces between atoms. 

This reformulation of classical mechanics replaced the notion of ‘action at a distance’ that was 

prevalent in classical mechanics with the notion of ‘fields’. Einstein notes that he was struck by 

the dualism that this theory implied, where both Newton’s material point and the field as a 

continuum were used as elementary concepts. This dualism implied that kinetic energy and field 

energy were separate. Einstein finds this notion particularly unsatisfactory, because according to 

Maxwell’s theory, the magnetic field of a moving electric charge represents inertia which 

suggests to Einstein that the point mass would be merely an area of density in the field (1970, 

37). He takes this to suggest that the mass-point and their equations of motion could be deduced 

from the field equations, but, as Einstein states, “Maxwell’s equations did not permit the 
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derivations of the equilibrium of the electricity which constitutes a particle. Only other, nonlinear 

field equations could possibly accomplish such a thing” (1970, 37). However, no method existed 

that could develop such a field equation. From these considerations, Einstein concludes that the 

state of physics at the beginning of the twentieth century was such that no satisfactory dynamical 

theory was available, that is Lorentz’s theory was flawed, or could be developed. 

What the above considerations begin to make clear is that Einstein developed a principle 

theory because, given the status of physics at the beginning of the twentieth century, it was the 

only option available. It was the only option available because the current dynamical theory 

made no definite claims as to the microstructure of matter. The principle interpretation proceeds 

without any such commitments.  

Einstein also discusses in his Notes (1970) and hints at in his letter to Somerfield (1995 

[1908]) that he was also concerned with a third fundamental crisis that occurred at the beginning 

of the twentieth century. This crisis resulted from Ludwig Boltzmann and Max Planck’s 

investigations into heat radiation. According to thermodynamics, the energy density and spectral 

composition of radiation in a Hohlraum, a cylindrical device consisting of impenetrable walls, 

would be independent of the nature of the walls (Einstein 1970, 39). This means that the 

nonchromatic density of radiation 𝜌 is a universal function of the frequency 𝑣 and the 

temperature 𝑇 such that 𝜌(𝑣𝑇). Maxwell’s theory required that the radiation had to exert a 

pressure on the walls that could be determined by the total energy density (Einstein 1970, 39). 

From this consequence of Maxwell’s theory, Boltzmann concluded that the energy density of the 

radiation is proportional to the temperature T thereby theoretically justifying the law. From this 

conclusion Wien determined that the universal function 𝜌 of the two variables 𝑣 and 𝑇 could be 

expressed by the following equation: 

where 𝑓 is an unknown function. Planck sought the theoretical determination of the function (𝑓). 

Einstein notes that Planck produced a statement (Eq. 17) that rendered the function “very well”: 

Eq. 16. 𝜌 ≈ 𝑣3𝑓(
𝑣

𝑇
) 

Eq. 17. 𝜌 =
8𝜋ℎ𝑣3

𝑐3

𝐼

exp(
ℎ𝑣

𝑘𝑇
)−𝐼
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where ℎ and 𝑘 are universal constants and h leads to the development of quantum mechanics 

(1970, 39). Combined with Maxwell’s theory, Planck’s equation (Eq. 17) permitted the 

calculation of the average energy 𝐸 of an oscillator within the field of radiation using the 

following equation: 

Planck attempted to calculate the later magnitude theoretically, however, as Einstein notes, 

“thermodynamics, for the time being, proved no longer helpful, and neither did Maxwell’s 

theory” (1970, 41). Planck’s efforts yielded an equation for energy at high temperatures such 

that: 

Combining this equation with one provided by the kinetic theory of gasses Planck got the 

following equation: 

Where 𝑁 is the number of molecules per mole and 𝑅 is the constant of the equation of state of a 

gas as determined by the kinetic theory of gasses. Planck determined that the numerical value 𝑁 

agreed with the determination of 𝑁 by means of the kinetic theory (Einstein 1970, 41). The 

drawback to this result is that Planck believed it only holds for high temperatures, even though 

the same considerations from Maxwell’s theory demand that his discovered relation (Eq. 19) 

would hold for low temperatures as well. Einstein states that “from the existing theory, therefore, 

the correct conclusion would have been: the average kinetic energy of the oscillator is either 

given incorrectly by the theory of gasses, which would imply a refutation of [statistical] 

mechanics or else the average energy of the oscillatory follows incorrectly from Maxwell’s 

theory, which would imply a refutation of the latter” (1970, 43). However, had Planck drawn this 

conclusion, he would not have made his great discovery. 

The discovery that he made was a consequence of the above considerations. By applying 

Boltzmann’s principle that ‘entropy is equivalent to the logarithm of the probability of the state 

under consideration’ to a system containing resonators that have the same frequency 𝑣, Planck 

Eq. 18. 𝐸 =
ℎ𝑣

exp(
ℎ𝑣

𝑘𝑇
)−𝐼

 

Eq. 19. 𝐸 = 𝑘𝑇 

Eq. 20. 𝑁 =
𝑅

𝑘
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was able to determine how many ways a finite number of energy elements could be derived 

among the resonators. He then noted that he was able to derive his radiation-formula (Eq. 19) if 

he assumed that his energy elements (휀) were of the magnitude: 

This result contradicts the laws of mechanics and electrodynamics for it implies that energy can 

only be transferred by quanta of the magnitude ℎ𝑣 (Einstein 1970, 45). For Einstein, “all of this 

was quite clear to [him] shortly after the appearance of Planck’s fundamental work; so that, 

without having a substitute for classical mechanics, [he] could nevertheless see to what kind of 

consequences this law of temperature-radiation leads for the photo-electric effect and for other 

related phenomena” (1970, 45). All of Einstein’s attempts to adapt the theoretical foundations of 

physics to the new knowledge failed and led him to conclude that there was no firm foundation 

upon which to build an account. As a consequence, Einstein helped to develop a statistical 

mechanics and used it to develop a molecular-kinetic theory (1970, 45-7) and, in the meantime, 

he developed a principle theory (STR) that was not committed to a specific elementary theory. 

What the above considerations show is that physics at the beginning of the twentieth century 

lacked a firm foundation. Einstein determined that no dynamical theory could be developed from 

a combination of Maxwell’s electrodynamics and Plank’s experimental work and the only way 

forward, that is the only way to resolve some of the major crises in physics, was to develop a 

principle theory. Without a firm foundation upon which to base a dynamical interpretation of 

STR, Einstein had to develop a principle intepretation. 

 Thus, Einstein pursued a principle theory because the three crises in physics at the turn of 

the twentieth century showed that there was no satisfactory dynamical foundation upon which to 

base a dynamical theory. Newtonian mechanics had been undermined by the Michelson-Morley 

experiment, the development of Maxwell’s electrodynamics and Planck’s investigations into 

heat-radiation and with it went Lorentz’s dynamical theory to explain length contraction and 

other relativistic effects. As a result, Einstein constructed a principle theory rather than a 

continuing to modify the dynamical theory of Lorentz. 

 The Foundations of the Principle Interpretation 

Principle interpretations are distinct from dynamical interpretations however each type of 

theory has its own merits. According to Brown, Einstein states that the principle interpretation of 

Eq. 21. 휀 = ℎ𝑣 
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STR does not produce understanding because understanding is only achieved by a dynamical 

theory, one that identifies the underlying elementary foundations or microstructures. As we have 

seen Brown draws this conclusion from Einstein’s 1919 statement that “when we say we have 

succeeded in understanding a group of natural processes, we invariably mean that a constructive 

theory has been found…” (2007 [1919], 396). We can interpret Einstein’s statement that the 

principle interpretation does not produce understanding to mean that it does not produce 

explanations. This is because, within the philosophical literature, understanding is typically 

interpreted as a product of explanation, such that explanation leads to understanding (cf. 

Friedman 1974). Although there is some debate on this issue, see for example De Regt (2009), 

and Trout (2007), for the purposes of this project I will agree with what Brown seems to be 

implying that understanding is a consequence of explanation, so when Einstein says the principle 

interpretation does not produce understanding we can interpret this to mean that he does not 

think it is explanatory. 

In the paper quoted above (2007 [1919]), Einstein is describing how he developed the 

theory of relativity to a broad audience; the paper was originally published in The Times on 

November 28, 1919. It is here where Einstein draws the distinction between constructive and 

principle theories. The above quote clearly states what a constructive theory, and here we can 

read dynamical, can achieve. However, it says nothing about what a principle theory can achieve. 

Further on in his 1919 paper, Einstein maintains that both dynamical and principle theories have 

advantages. The advantages of principle theories are secure foundations and logical perfection 

(Einstein 2007 [1919] 397). The security of the foundations of principle theories comes from the 

fact that the base of the theory consists of general characteristics of natural processes which 

Einstein maintains are empirically well supported (Einstein 2007 [1919] 397).  

In the case of the principle interpretation of STR, the foundations are the principle of 

relativity and the light postulate. As we have seen (section 2.1), from the two postulates, the 

principle of relativity and the light postulate, and assumptions about the structure of space and 

time (see sections 3.2 and 3.3), Einstein was able to derive several relativistic phenomena, such 

as time dilation and length contraction. As Einstein states in his 1919 paper from this principle 

theory “general mathematical conditions issued to which natural laws had to conform, if the 

above mentioned two principles were really to apply. To these, physics had to be adapted. In 

particular, scientists arrived at a new law of motion for (rapidly moving) mass points, which was 
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admirably confirmed in the case of electrically charged particles” (2007 [1919], 398). Thus, from 

the principle interpretation, many different predictions were made all of which were logical 

consequences of the two principles and the assumptions about the structure of space and time. 

Furthermore, the principle interpretation suggested a different principle called the general 

principle of relativity. As Einstein states, “if it is necessary for the purpose of describing nature, 

to make use of a [coordinate] system arbitrarily introduced by us, then the choice of its state of 

motion ought to be subject to no restriction…the laws ought to be entirely independent of this 

choice” (2007 [1919], 399). From this general principle, stating that the laws of nature ought to 

be entirely independent of the choice of coordinate systems, Einstein was eventually, after a lot 

of work and deliberation, able to derive the general theory of relativity (GTR) which, unlike 

STR, supplies the laws of gravitation. This new theory of gravitation diverges from Newton’s 

theory, and from GTR physicists were able to develop experiments that would decide between 

the two theories, falsifying one while vindicating the other. Arthur Eddington’s 1919 eclipse 

experiment is a prime example (Einstein 2007 [1919], 396 and Hawking 2007, 126). Even 

though Einstein admits that understanding a group of natural processes invariably means that a 

dynamical theory has been developed, he has high praise for the principle interpretation and the 

many consequences that he and other physicists were able to derive from it. Indeed, GTR is also 

a principle theory. It begins with Einstein’s field equations, which describe the relationship 

between matter and spacetime and from there is able to derive the gravitational behavior of 

objects (D’Inverno 1992, 113). 

 The Explanatory Value of the Principle Interpretation STR? 

Whether or not a principle theory is explanatory is another question. Einstein for one 

seems to think that the principle interpretation is nonexplanatory (3.1.3). This conclusion can be 

drawn from the quote concerning understanding, as discussed above, where Einstein states that 

“when we say we have succeeded in understanding a group of natural processes, we invariably 

mean that a constructive theory has been found…” (2007 [1919], 396). The reason Einstein 

believes that only a constructive theory, again read dynamical here, can be explanatory is due to 

his underlying philosophical commitment to a causal deterministic universe. We can find 

evidence that Einstein was committed to a causal deterministic view of the universe within his 

autobiographical notes and correspondence with Born. Indeed, as Born notes, Einstein kept 

himself aloof and skeptical towards the statistical theory that he himself helped develop even 
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when ‘almost all’ physicists accepted it (1970, 163). Born attributes this skepticism to some 

principle, unknown to Born, within Einstein’s philosophy of science. It is this principle that 

prompted Einstein to move away from statistical mechanics and try to develop a general field 

theory that preserves the causality of classical mechanics (Born 1970, 176). In his 1926 letter to 

Born (cf. Einstein et al. 1971), Einstein displays his commitment to rigid causality when he states 

that ‘God does not play dice with the universe,’ meaning that nature does not operate on chance, 

but rather adheres to strict deterministic causal laws. Even though Einstein does not outright state 

his philosophy of science, we can infer from Born’s commentary and Einstein’s letter to Born 

that he was committed to a causal view of the world and by extension a deterministic causal 

account of explanation. Such a commitment would have prevented Einstein from seeing the 

explanatory value of the principle interpretation. 

Einstein’s view on the explanatory value of the principle interpretation is unproblematic 

for my overall project, for physicists, even those that are as philosophically inclined as Einstein, 

can at times misinterpret their own theories. Indeed, as the above discussion shows, Einstein’s 

commitment to a causal and deterministic ontology could have prevented him from considering 

any alternative accounts of scientific explanation than a causal account. Furthermore, there are 

other physicists who disagree with Einstein and view the principle interpretation as explanatory. 

Wolfgang Pauli (1958) asserts that the principle interpretation is explanatory. In his review 

of the theory of relativity, Pauli considers many important applications of the principle 

interpretation of STR. For one, he states that length contraction is the simplest consequence of 

the two basic assumptions (1958, 11). He adds that “it is also of great value that Einstein 

rendered the theory independent of any special assumptions about the constitution of matter” 

(1958, 15). Pauli does not mean to imply that physicists should abandon the pursuit of a 

mechanical explanation, only that the principle interpretation of STR shows that the two 

reference frames in relative motion with one another should always be kept in mind. Indeed, 

Pauli goes so far as to say that “the relative motion is the cause of the contraction” (1958, 15). It 

seems that Pauli for one believes that the principle interpretation does indeed provide an 

explanation of length contraction, for it is a consequence of the two assumptions. Furthermore, 

Pauli’s discussion of an attempt to explain length contraction atomistically implies a comparison 

to its relativistic explanation. Another important application that Pauli considers is the 

explanation of the Fresnel drag coefficient and as a consequence Fizeau’s experimental result 
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(1958, 17). His description of this explanation shows how Einstein and Laue used the principle 

interpretation of STR to derive Fizeau’s experimental result (briefly discussed in section 1.1) 

without making any special assumptions about the mechanisms involved. I will discuss the 

derivation itself later (section 3.4). The point I wish to make here is that according to Pauli, the 

principle interpretation provides many valuable results, one of which includes an explanation of 

Fizeau’s experimental results. 

 Conclusions 

In conclusion, even though Einstein states that the principle interpretation of STR is not 

explanatory, he does say that developing such a principle theory was the best option available at 

the beginning of the twentieth century. Indeed, as we have seen Einstein maintains that the 

principle interpretation is a satisfactory theory, for it is logically sound and produces many 

different logical consequences, including general mathematical conditions to which natural laws 

had to confirm, and a new theory of gravity (GTR). Secondly, Einstein misinterprets the 

explanatory value of the principle interpretation, for he believes that only a causal theory can be 

explanatory. As was shown above, this commitment to a causal account of explanation can be 

displayed by considering Einstein’s writing on quantum mechanics. However, if another account 

of explanation is adopted, for example, one that takes explanations to be arguments or 

derivations such as Kitcher’s unificationist account, the principle interpretation can be 

interpreted as explanatory. 

3.2 Balashov and Janssen on the Principle Interpretation 

In this section, I will discuss an argument put forward by Balashov and Janssen (2003) which 

claims that the principle interpretation is explanatory. I will show that they are on the right track 

in producing an argument for the explanatory value of the principle interpretation of STR, 

however, they do not fully articulate how length contraction is explained by the principle 

interpretation. In the next section, 3.3, I fill in the missing details of Balashov and Janssen’s 

account by fully articulating the argument pattern for length contraction given by the principle 

interpretation. 

 Balashov and Janssen’s Argument 

As we saw in Section 1.1, the principle interpretation of STR begins with the two 

principles, the principle of relativity and the light postulate. From these principles, it derives 
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length contraction and other relativistic effects. From this fact, Balashov and Janssen suggest that 

the explanation of length contraction provided by the principle theory appears to fit the covering 

law model or DN account of explanation (2003, 332). As was discussed above (Section 2.5), the 

DN account was originally developed by Hempel and Oppenheim (1948, Hempel 1965). 

According to this view, an explanation is a derivation that deduces a sentence describing the 

phenomenon (the explanandum) from a set of sentences (the explanans) containing, at least, one 

general law. Thus, when Balashov and Janssen suggest that the explanation provided by the 

principle interpretation fits the covering law model, they mean that given a set of explanans 

which contains a general law the principle interpretation can derive and, therefore, explain length 

contraction. This is the extent to which the authors characterize the explanation of length 

contraction provided by the principle theory of STR. Their main focus is on the geometric 

interpretation. 

 Criticisms of Balashov and Janssen’s Argument 

The problem with this characterization is that it is incomplete. First, Balashov and 

Janssen do not specify the explanans. They imply that the explanans would contain general laws, 

the principle of relativity and the light postulate, but they do not state what the general laws are 

nor do they state any further assumptions or statements that would be contained in the explanans. 

A more specific set of explanans statements is needed, we need to know what the general laws 

are and how the variables of these general laws are to be filled in. Secondly, Balashov and 

Janssen do not state an explanandum that is compatible with STR, for their explanandum 

presupposes a rest frame. Their explanandum can be derived from their why-question “why is a 

rod in motion shorter than a rod at rest rather than equally long?” (Balashov and Janssen 2003, 

340 emphasis mine), however, as the authors admit, this formulation of the explanandum 

presupposes a preferred frame of reference, thus, it is not compatible with STR. In other words, 

their explanandum does not specify the reciprocal nature of length contraction implied by STR 

but instead states that length contraction occurs only when an object is in motion relative to the 

preferred reference frame. This conception is incompatible with STR which states that the length 

of an object will appear to be contracted when the object is moving relative to the observer or 

when the observer is moving relative to the object. Lastly, Balashov and Janssen use an account 

of explanation, the DN account, that is inadequate in that it cannot resolve the asymmetry 

problem (as discussed in 2.5.3) and in that it does not identify enough details in the explanation 
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(discussed in 6.2.4). It should be noted here that Balashov and Janssen are more interested in the 

geometric interpretation rather than the principle interpretation, so the lack of detail of the 

explanans and the explanandum is intentional. I discuss Janssen’s view of explanation in the 

geometric interpretation in more detail later on (chapter 5). His view represents a more 

comprehensive treatment of explanation in the geometric interpretation than his paper with 

Balashov. 

3.3 On the Explanation of Length Contraction in the Principle Interpretation of STR: 

In this section, I move to characterize the explanation for length contraction provided by the 

principle interpretation of STR. I begin by specifying the explanans and the explanandum by 

referring to the above discussion (3.2) of Balashov and Janssen (2003, 2002). I then provide a 

summary of Kitcher’s unificationist approach and how this approach characterizes explanations. 

Finally, I characterize the explanation for length contraction provided by the principle 

interpretation of STR using Kitcher’s unificationist approach. This will effectively show that the 

principle interpretation satisfies Kitcher’s unificationist approach, thereby giving reason to 

believe it is explanatory. 

 Specifying the Explanans and Explanandum 

From the above discussion, we can specify the explanans and the explanandum of the 

explanation for length contraction provided by the principle interpretation of STR. As we have 

seen, the principle of relativity and the light postulate are assumptions of STR. Secondly, the 

principle interpretation of STR also assumes that space is homogeneous and isotropic. Since the 

three assumptions are vital to the formulation of the principle interpretation, they should be 

included in the explanans for the explanation of length contraction. Lastly, another vital explanan 

of the principle interpretation is the Lorentz invariance of natural laws. 

Whether or not the Lorentz invariance of natural laws is an assumption of the principle 

interpretation or a consequence of it is another question. Brown for one argues that it is an 

assumption and that the only way to explain it is to cite the underlying physical structure of 

matter (2005, 143-149). Pauli maintains that the Lorentz invariance of natural laws is derived 

from the principle of relativity and the light postulate, and so is a consequence of the principle 

interpretation (1958, 3-6). Whether or not such a derivation counts as an explanation is another 

question, one I will not directly address. However, by showing that length contraction and other 
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relativistic effects are explained by the principle interpretation because they are derived from it, I 

will have shown that the Lorentz invariance of natural laws is also explained by the principle 

interpretation. 

Since the three assumptions, the principle of relativity, the light postulate, and that space 

is homogeneous and isotropic, are vital to the formulation of the principle interpretation and the 

Lorentz invariance of natural laws is a consequence of these principles and is also vital for the 

formulation of the principle interpretation, they should be included in the explanans (Pauli 1958, 

3-6). All these assumptions then are vital for the derivation of relativistic effects. As such they 

should be included in the explanans for the explanation of length contraction. The general law 

that Balashov and Janssen (2003) allude to is Lorentz’s equation for length contraction (Eq. 22) 

which states that: 

Where 𝐿′ is the length as obtained from a stationary reference frame, 𝐿 is the length as obtained 

from the moving reference frame, 𝑣 is the velocity of the rod relative to the stationary reference 

frame, and 𝑐 is the speed of light. The equation also describes the reciprocal case where the rod 

is taken to be at rest relative to a moving reference frame. In this case, 𝐿′ is the length as obtained 

from a moving reference frame, 𝐿 is the length as obtained from a stationary reference frame, 𝑣 

is the velocity of the observer relative to the stationary reference frame and the rod, and 𝑐 is the 

speed of light. The explanans will also need to express the values for 𝐿 and 𝑣. The explanans will 

also contain two statements specifying which reference frame is taken to be at rest and which is 

taken to be in motion and two statements about what the values are for 𝐿 and 𝐿′. Now that we 

have a full list of the explanans provided by the principle interpretation, in order to properly 

characterize the explanation of length contraction given by the principle interpretation all that 

remains is the explanandum. 

The principle interpretation provides an explanandum wherein length contraction is 

reciprocal. The explanandum states that the length of a rod is L' when in motion at velocity v 

relative to observer B' but is L when stationary relative to observer B. This explanandum implies 

that length contraction is reciprocal for all motion is relative. Thus the length of the rod is 

contracted when in motion relative to an observer or when the observer is in motion relative to it. 

Eq. 22. 𝐿′ = 𝐿√1 −
𝑣2

𝑐2
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The explanandum also states what the values of 𝐿 and 𝐿′ are. The above explanandum is a 

regularity, for it implies that many different values can be substituted for 𝐿 and 𝑣 which, given 

the general law provided in the explanans, will result in many different values for 𝐿′.  That is, 

many different token phenomena can be plugged into the argument pattern and can be derived 

using the specific, relevant values. Now that we have a well-defined set of statements for the 

explanans and a well-defined explanandum, we can move to characterize the explanation of 

length contraction provided by the principle interpretation of STR using Kitcher’s unificationist 

account. 

 Characterizing the Explanation using Kitcher’s Unificationist Account 

Kitcher’s unificationist account agrees with the covering law model to some extent for it 

retains the idea that to explain a phenomenon is to produce an argument pattern where the 

explanandum is derived from the explanans. Indeed, Kitcher’s account follows what he calls the 

unofficial view of scientific explanation suggested by Hempel (1965), where the aim of scientific 

explanation is an objective kind of understanding achieved by a systematic unification (1981, 

508). According to this view, an explanation shows how the premises of the argument pattern 

yield the conclusion (Kitcher 1989, 431). Where the unificationist approach differs from the 

covering law model is what counts as an acceptable explanation. According to Kitcher’s account, 

a derivation is an explanation if it satisfies two conditions, one local, the other global. Kitcher’s 

local condition maintains that a derivation is an explanation if it employs an argument pattern 

that is provided by an accepted background scientific theory. Kitcher’s global condition 

maintains that the background theory must also be the most unified among a set of competing 

theories (section 4.1). Kitcher calls this view the unificationist account of explanation because a 

scientific theory explains a set of disparate phenomena by employing a set of argument patterns 

and in so doing unifies the phenomena. In the rest of this chapter, I show that the principle 

interpretation satisfies Kitcher`s local condition. As such, the derivation of length contraction 

and Fizeau`s experimental results are explanatory provided the principle interpretation satisfies 

Kitcher`s global condition for explanation (which I will discuss in chapter 4). 

Given this definition of explanation, we can characterize the explanation of length 

contraction provided by the principle interpretation of STR using an argument pattern which 

contains the explanans and the explanandum as discussed above (subsection 3.3.1). This 
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argument pattern can be used to potentially explain length contraction as depicted by the 

following diagram: 

 

Figure 3.1 (adapted from Norton 2015 and 2014, 8) 

 

The argument pattern to derive and potentially explain the length contraction as depicted by the 

above diagram proceeds as follows: 

 

The Argument Pattern for Length Contraction: 

P1/ the principle of relativity 

P2/ the light postulate 

P3/ the relativity of simultaneity 

P4/ space is homogeneous and isotropic 

P5/ the Lorentz invariance of natural laws  

P6/ B' is moving relative to the rod 

P7/ B is stationary relative to the rod 

P8/  𝐿′ = 𝐿√1 −
𝑣2

𝑐2 

P9/ 𝐿 = 𝑥 

P10/ 𝑣 = 𝑎 

C/ The length of a rod is L’ when in motion at velocity v relative to observer B’ but is L when 

stationary relative to observer B. 
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This argument pattern shows that given specific assumptions (P1-P4) about the world, the 

Lorentz invariance of natural laws and the specific facts about the reference frames (P6-P7), the 

general law as expressed by the Lorentz equation for length contraction (Eq. 22) (P8) given the 

specific values for 𝐿 (P9) and 𝑣 (P10), can be used to derive, and therefore explain, the 

explanandum (C). More specifically the explanandum that states that the length of a rod is L’ 

when in motion at velocity v relative to observer B’ but is L when stationary relative to observer 

B is the result of the fact that the light postulate and the principle of relativity hold. That is given 

the principle of relativity and the light postulate the length of the rod in Bʹ is Lʹ. 

 According to Kitcher’s unificationist account, the above argument pattern is potentially 

explanatory, because it cites a set of explanans that is provided by the principle interpretation of 

STR, thereby satisfying Kitcher’s local condition for explanation. It remains to be shown that the 

principle interpretation satisfies Kitcher’s global condition for explanation. (see section 4.3). As 

we have seen, this argument pattern cites the principle of relativity, the light postulate, and the 

assumptions that space is homogeneous and isotropic, and that the natural laws are Lorentz 

invariant. These assumptions are all provided by the principle interpretation of STR. The 

resulting argument pattern can be used to derive many different instances of length contraction. 

For example, if we substitute the following values for the following variables, 𝐿 = 30 𝑚, 𝑣 =

0.8𝑐, using the above argument pattern we can derive the following specific explanandum: 

the length of a rod is 𝐿′ = 10.8 𝑚 when in motion relative to observer B', but is 𝐿 =

30 𝑚 when stationary relative to observer B 

Indeed, we can use the above argument pattern to derive many different values for 𝐿′ given 

specific values for 𝐿. Furthermore, by modifying the above argument pattern, a wide range of 

explananda, other relativistic phenomena, can be derived. Such modifications include adding 

additional premises, natural laws and the relevant descriptions of the system, such as Lorentz’s 

equation for time dilation, or replacing the above natural law, Lorentz’s equation for length 

contraction, with another law. In the next section, I show how the principle interpretation 

potentially explains Fizeau’s experimental results and compare the argument pattern to the one 

discussed above. 
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3.4 On the Explanation of Fizeau’s Experimental Results in the Principle 

Interpretation  

In this section, I show how the principle interpretation potentially explains Fizeau’s experimental 

results. That is, the derivation of Fizeau’s experimental results provided by the principle 

interpretation satisfies Kitcher’s local condition for explanation. To being with, I discuss the 

experimental results of Fizeau’s tube experiment (Fizeau 1851). I then discuss, following 

Einstein (2007 [1916]) and Pauli (1958), how the principle interpretation explains these results. I 

will then characterize this explanation using the unificationist approach. 

 Fizeau’s Tube Experiment 

In 1850, Fizeau conducted an experiment to determine if the velocity of light is affected 

by the velocity of the medium through which it travels (Fizeau 1851). Fizeau’s experiment 

involved the measurement of the velocity of light as it travels through moving water. The upper 

beam of light traveled against the flow of water along the path from A' to B'. It then crossed the 

lens L', was reflected off the mirror M back through L', traveled against the flow of water 

through the lower half of the apparatus B to A and was projected onto a screen at O (see figure 

3.1). The lower beam followed the symmetrical path of the upper beam traveling with the flow of 

water on the bottom path and on the top path and then was projected onto the screen at O 

(Darrigol 2005, 5 and Fizeau 1851, 423). 

 

Figure 3.2 (Darrigol 2005, 5). 

 Fizeau’s Experimental Apparatus. 

 

The resulting pattern produced by the two beams is called an interference fringe. An interference 

fringe is a spot of light that is projected on the screen. If there was interference from the water, 

then the resulting pattern would be displaced from the position of the fringe of the control 
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experiment when the experiment was conducted without setting the water in motion. As Fizeau 

observers “when the water is set in motion its fringes are displaced, and according to the 

direction in which the water moves, the displacement takes place to the right or to the left” 

(1851, 425). Fizeau was able to calculate with precision the degree to which the fringe was 

displaced. Fizeau’s results showed an interference fringe with the numerical value of 0.46 when 

the velocity of the water was 7.9 m/s (1851, 425). This result is very close to the value predicted 

by Fresnel’s drag coefficient, which gives 0.40. According to Fizeau, this discrepancy could be 

explained by problems with the experimental apparatus including the unequal velocity of the 

different liquid filaments (1851, 425). Even though Fresnel’s drag coefficient could explain 

Fizeau’s experimental results, an explanation of Fresnel’s drag coefficient itself was required. 

 Fresnel developed a theory to explain his drag coefficient and thus, as a consequence 

explain Fizeau’s experimental results. Indeed, Fizeau states that “according to the theory of 

Fresnel, the calculation gives 0.40, that is to say, a number very approximately that which has 

been found by observation” (1851, 425). According to Fresnel’s theory, a moving medium only 

partially drags light such that the light is only imparted with a fraction of the velocity of the 

medium (Stachel 2005, 3). This mechanical theory was meant to explain Fresnel’s drag 

coefficient which states that if the refraction of the medium is 𝑛, then the drag (𝑓) on the light 

within that medium is: 

and the light as it is propagated in the medium is dragged along at a velocity (𝑣𝑑𝑟𝑎𝑔): 

The drag coefficient (Eq. 23) is explained by Fresnel using a dynamical theory of light wherein 

light is propagated through an elastic ether which is partially dragged by a moving object or 

medium, such as water. As Fresnel (1818) explains, “it is only a part of this medium which is 

carried along by our earth, namely that portion which constitutes the excess of its density over 

that of the surrounding ether” (translated by Stachel 2005, 4). The density of the ether itself is 

affected by the moving object or medium which then affects the speed at which light propagates.   

Many other mechanical explanations that cite the elastic ether were modified or developed 

to account for Fizeau’s experimental results by showing that these mechanical theories can also 

Eq. 23. 𝑓 = (1 − 1/𝑛2) 

Eq. 24. 𝑣𝑑𝑟𝑎𝑔 = 𝑓𝑣𝑚𝑒𝑑 
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lead to Fresnel’s drag coefficient. However, these theories faced a major problem, for it was later 

observed that different wavelengths or colors of light have different refraction indexes. Thus, 

these mechanical theories had to be adjusted so that different substances would drag the ether at 

different fractions of their velocity for every color of light. For Fresnel’s theory, for example, 

different amounts of the ether had to be dragged by the medium for different colors (Janssen  

2008, 29). Secondly, these theories could not account for the phenomenon of anomalous 

dispersion where the refraction index for light decreases rather than increases with frequency. As 

a result, many of Fresnel’s contemporaries, including Fizeau, Poincaré and Lorentz drew a 

distinction between the empirically successful drag coefficient and the mechanical explanations 

based on the partial drag of the ether (Stachel 2005, 6). 

 Lorentz’s Mechanical Explanation 

In response to the above problems, Lorentz also developed a dynamical theory that 

attempts to explain Fresnel’s drag coefficient. Lorentz’s theory, unlike Fresnel’s, does not 

involve any ether-drag (Janssen 2008, 31). Instead, Lorentz developed a theory that described the 

structure of the medium through which the light traveled and that of the light itself. According to 

Lorentz’s theory, the behavior of light within a medium is explained in terms of the interaction 

of light waves and electrically charged particles (Janssen 2008, 29). Lorentz’s explanation still 

assumes the existence of the ether, however, in his theory, the ether is immobile and mainly 

serves as a reference frame. The explanation begins by deriving the equations governing the 

propagation of light in a medium at rest relative to the ether and shows that light travels at a 

velocity (𝑣) such that: 

where 𝑐 is the speed of light in the vacuum and 𝑛 is the refraction index of the medium and can 

be described, according to Lorentz’s theory, in terms of the interaction between the electrically 

charged particles of the medium and the light. Lorentz then shows that the velocity (𝑤) of the 

light in the direction of a moving medium relative to that medium can be determined using the 

following equation: 

and the velocity of the light in the direction of a moving medium relative to the ether (𝑊) is: 

Eq. 25. 𝑣 = 𝑐/𝑛 

Eq. 26. 𝑠 = (𝑐/𝑛) − (𝑣/𝑛2) 
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which is in accordance with Fresnel’s drag coefficient (Eq. 23). By abandoning a commitment to 

a form of the ether that could be dragged along by a medium, Lorentz’s purported explanation 

avoids the problem that other mechanical accounts, such as Fresnel’s partial drag account, faced. 

However, as was shown above (section 3.1), Lorentz’s theory was eventually undermined when 

Maxwell’s theory transitioned from forces at a distance to fields as the fundamental variables. 

For this transition resulted in the abandonment of the ether as a physical possibility. 

 The Principle Interpretation’s Explanation of Fizeau’s Experimental Result 

The principle interpretation of STR provides a non-dynamic, it does not make any 

commitment to the underlying microstructure of light or any matter involved, putative 

explanation of Fizeau’s experimental result and, therefore, avoids the complications and 

problems faced by the ether theory of light. As was shown above (section 2.2), Einstein’s insight 

was to begin with some basic principles and assumptions and then derive further principles and 

insights, including predictions and explanations, from them. The original derivation of Fizeau’s 

experimental results was conducted by Max von Laue (1907) and is discussed at length by 

Einstein (2007 [1916], 159-161). 

As with the derivation of length contraction, the derivation of Fizeau’s experimental results 

provided by the principle interpretation begins with the two basic principles, the light postulate 

and the principle of relativity. From these two principles, the assumption that space is 

homogeneous and isotropic, and the Lorentz invariance of natural laws Einstein was able to 

derive the equations for length contraction and time dilation (Eq. 7). From these equations, Laue 

was then able to derive Fizeau’s experimental results. 

To obtain the speed of light in stationary water (s), Laue employed the following equation: 

Where c is the speed of light in the vacuum and n is the refractive index of the medium. From 

this equation plus the equations for length contraction and time dilation, Laue was then able to 

derive the following equation for the speed of light within a moving medium: 

Eq. 27. 𝑊 = (𝑐/𝑛) + (1 − 1/𝑛2) 

Eq. 28. 𝑠 = 𝑐/𝑛 
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Where W is the speed of light in a moving medium, v is the speed of the medium, and s is the 

speed of light in a stationary medium as determine by Eq. 28. From Eq. 29, given the specific 

details about Fizeau’s experiment, such as the velocity (v) at which the medium is traveling, we 

can derive the speed at which light travels relative to the tube compared to the speed at which it 

travels relative to the moving medium. The explanandum then is ‘the velocity of light in moving 

water is W, but is s in stationary water, such that W< s and the interference fringe is z when the 

velocity of the water is 𝑏’. From here we can derive the following argument pattern: 

 

The Argument Pattern for Fizeau’s experimental 

1/ the principle of relativity 

P2/ the light postulate 

P3/ the relativity of simultaneity 

P4/ space is homogeneous and isotropic 

P5/ the Lorentz invariance of natural laws  

P6/ 𝑥′ =
𝑥−𝑣𝑡

√1−
𝑣2

𝑐2

 

P7/  𝑡′ =
𝑡−(𝑣/𝑐2)𝑥

√1−
𝑣2

𝑐2

 

P8/ 𝑠 = 𝑥′𝑡′ = 𝑐/𝑛 

P9/ 𝑊 =
𝑣+𝑠

1+(
𝑣𝑠

𝑐2)
 

P10/ the light is moving relative to the water and the tube 

P11/ the water is moving relative to the light and the tube 

P12/ The velocity of the moving medium (v) is b 

C/ ‘the velocity of light in moving water is W, but is s in stationary water, such that W< s and the 

interference fringe is z when the velocity of the water is 𝑏’ 

 

This argument pattern shows that given specific assumptions (P1-P4), the Lorentz invariance of 

natural laws (P4), natural laws expressed by equations (P6-P8), and specifics about the 

Eq. 29. 𝑊 =
𝑣+𝑠

1+(
𝑣𝑠

𝑐2)
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experiment, the above explanandum (C) can be derived and, therefore, putatively explained 

(Einstein 2007 [1905] and 2002 [1919]). Premises 6 and 7 are the first and fourth equations of 

the Lorentz transformation equations (Eq. 7). Premise 8 shows that the speed of light in water (s) 

can be determined based on the distance (x) that the light travels in water over a specific amount 

of time (t) or as a function of the velocity of light in vacuo (c) divided by the refractive index of 

water (n). Premise 9 is the equation that describes the velocity of light relative to the tube and as 

was noted above is derived from the Lorentz transformation equations (P6 and P7). Both of these 

resulting equations are consistent with Fresnel’s drag coefficient. Premises 10 through 12 

describe the particulars of an experiment similar to Fizeau’s experiment.  The conclusion (C) is 

the result of that experiment. The derivation shows that if we assume the first five premises as 

the principle interpretation of STR does, then we can derive the result of an experiment Fizeau’s 

experiment and experiments that are similar to Fizeau’s experiment, for it shows that given 

specific assumptions (P1-P5) and specific facts regarding the experiment (P10-12), the general 

laws (P6, P7, and P8) can be used to produce the equation (P9) which can be used to derive the 

explanandum (C).  

As with the argument pattern for length contraction as discussed above (section 3.3), the 

argument pattern for Fizeau’s experiment can be used to derive the end results of many different 

experimental set-ups similar to Fizeau’s original experiment. We can, for instance, apply to it to 

Fizeau’s 1851 experiment. To do so, we need only fill in the specific variables provided by 

Fizeau. In particular, we need to know the velocity at which the water was traveling. From the 

refraction index of water n=1.3330 and Eq. 25 we can determine the speed of light in stationary 

water to be the speed of light over the refractive index of water which is: 

𝑠 =
𝑐

𝑛
=

299,792,458𝑚/𝑠

1.3330
= 224,900,568.64 

From here we can input this value and the speed at which the medium was traveling in Fizeau’s 

experiment into Eq. 27 to determine the value of the speed of light in the moving water. As was 

noted above, in Fizeau’s experiment the water was moving through the apparatus at 7.9 m/s. The 

calculations proceed as follows: 
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𝑊 =
𝑣 + 𝑠

1 + (
𝑣𝑠
𝑐2)

=
7.9𝑚/𝑠 + 224,900,568.64𝑚/𝑠

1 +
(7.9𝑚/𝑠)(224,900,568.64𝑚/𝑠)

299,792,458𝑚/𝑠2

=  
224,900,576.54

1 +
1,776,714,492.256

89,875,517,873,681,764

=  
224,900,576.54

1.000000019
= 224,900,572.27𝑚/𝑠 

In other words, using the above argument pattern, we can derive the following explanandum: 

C/ ‘the velocity of light in moving water W is 224,900,572.27𝑚/𝑠 but is s 

(s=224,900,568.64𝑚/𝑠) in stationary water, such that W < s when the interference 

fringe is 0.43, and the velocity of the water is 7.9 m/s’ 

 

As with the argument pattern for length contraction, we can use the above argument pattern to 

derive many different values for W and s, given specific value for 𝑣 and z. The above derivation 

employs the same set of assumptions that the derivation for length contraction does. Indeed, the 

main difference between these two patterns is that the argument for Fizeau’s experimental results 

has additional premises. More specifically, the pattern for Fizeau’s experimental results adds 

Lorentz’s equation for time-dilation (P7), the equation for determining the velocity of light 

relative to the medium (P8), the equation for determining the velocity of light relative to the 

apparatus (P9) and specifics about the experiment (P10 and P11), such as whether or not the 

water is moving relative to the apparatus and at what velocity (v) the water is moving relative to 

the apparatus (P12). Therefore, the above argument pattern meets Kitcher’s local criteria and is 

potentially explanatory provided the principle interpretation of STR satisfies Kitcher`s global 

condition for explanation. 

Therefore, the principle interpretation potentially explains length contraction and 

Fizeau’s experimental results by showing that these relativistic effects can be derived from an 

argument pattern provided by the principle interpretation. What remains to be shown is that the 

principle interpretation satisfies Kitcher’s global criteria, which will be discussed in section 4.1. 

What has been shown is that both length contraction and Fizeau’s experimental results are 

derivable from the principle of relativity, the light postulate, the assumption that space is 

homogeneous and isotropic and from the result that the natural laws are Lorentz invariant. That 

is both length contraction and Fizeau’s experimental results are derivable from the principle 

interpretation of STR and so they satisfy Kitcher’s local condition. What needs to be shown is 
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that the principle interpretation satisfies Kitcher’s global condition, that it is more unifying than 

its competitors. 

 Conclusions 

In conclusion, in section 3.1 I discussed that Einstein pursued the principle interpretation of 

STR because a principle approach was the best option available during the beginning of the 

twentieth century. Section 3.2 discussed Balashov and Janssen’s defense of the explanatory value 

of the principle interpretation. It was shown that the authors were on the right track but lacked a 

detailed account of explanation and because of this they did not spell out the explanation of 

length contraction provided by the principle interpretation in full. In the last sections 3.3 and 3.4 

concrete examples were provided that show that the principle interpretation can be used to derive 

phenomena such as length contraction and Fizeau’s experimental results of 1851. These 

derivations were characterized as potential explanations using Kitcher’s unificationist account of 

explanation. It was shown that the principle interpretation putatively explains length contraction 

and Fizeau’s experimental results by showing that these relativistic effects can be derived from 

the assumptions of the principle interpretation. By applying Kitcher’s unificationist account to 

these derivations, these sections show that if the principle interpretation of STR is unifying, then 

these derivations are good scientific explanations. The goal of the rest of this dissertation will be 

to show that the principle interpretation and the geometric interpretation satisfy Kitcher’s global 

criteria account and that a modified version of Kitcher’s account is defensible. 
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Chapter 4 Unification and Explanation in Low-level and High-level Theories 

In chapter three, I argued that the principle interpretation of STR is explanatory by showing that 

according to Kitcher’s unificationist account, the derivations of length contraction and Fizeau’s 

experimental results provided by the principle interpretation are potentially explanatory. That is, 

they are explanatory, if the theory also satisfies Kitcher`s global condition for explanation. The 

global condition is provided by Kitcher`s criteria for unification. In this chapter, I consider these 

further criteria and show that the principle interpretation of STR comes out explanatory for 

Kitcher’s account. The criteria I consider are Kitcher’s criteria for determining the degree of 

unification of a theory. These criteria are used to determine which theory out of a set of 

competitors is the most unifying and is, as a result, explanatory. When comparing theories using 

the criteria, each theory under consideration has a distinct explanatory store. The explanatory 

store contains argument patterns provided by the theory that can be used to derive accepted 

explanandum statements. I will discuss this in more detail before I discuss the criteria (section 

4.1). For simplicity sake, I will refer to theories, rather than explanatory stores, when discussing 

Kitcher’s criteria. The criteria that Kitcher specifies are the empirical scope of the theory, the 

stringency of argument patterns and the paucity of argument patterns. The empirical scope 

criterion is the intuitive idea that the more phenomena that a theory explains, the more unifying 

the theory will be. The stringency criterion dictates that the fewer terms that can be substituted 

for the logical dummy letters in a derivation, the more unifying the theory will be. The paucity 

criterion dictates that a more unifying theory will use a small number of argument patterns to 

derive a large number of explananda.  

The difference between a derivation and an argument pattern is that derivations are 

instances of a specific argument pattern. For example, as was discussed in section 3.3 the 

derivation of a length of 10.8 meters using the principle interpretation is an instantiation of the 

argument pattern for length contraction provided by the principle interpretation. Thus, an 

argument pattern is a generalized argument or argument form that can be used to derive many 

different results given different initial conditions, while a derivation is an instantiation of the 

argument pattern once those conditions have been specified.  

Once Kitcher’s criteria are fully discussed, I will further discuss my case study focusing on 

the dynamical theories of Lorentz and Poincaré (section 4.2). I will then apply Kitcher’s criteria 

to the principle interpretation and its dynamical competitors in order to show that the principle 
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interpretation is more unifying than the dynamical theories of Lorentz, Poincaré, and Brown. I 

will then conclude that since the principle interpretation is more unifying than either dynamical 

theory, Kitcher’s account would determine that it is explanatory (section 4.4). That is to say that 

only the principle interpretation is explanatory, not that it is more explanatory than the dynamical 

theories. This is because, for Kitcher, if a theory is more unifying than its competitors then it is 

explanatory and its competitor theories are not explanatory at all. This is called the winner-takes-

all conception of explanation (Kitcher 1989, and Woodward 2003, 367). As I will discuss in 

section 4.4, given this characteristic of Kitcher’s account, a dynamical theory, such as the one 

proposed by Brown, if it were available and were able to derive everything that the principle 

interpretation was able to, would be more unifying than the principle interpretation and therefore 

would be explanatory, while the principle interpretation would be no longer explanatory. This 

winner-takes-all conception of unification that is advocated by Kitcher’s account results in a 

major objection to the unificationist account (Woodward 2003, 367). I will not discuss this 

objection in this chapter, but will do so in a later chapter (chapter 7, subsection 7.1.1). It is worth 

noting that the comparison between the unifying power of the Lorentz-Poincaré theory vs STR 

will be closely related to a major discussion in the history and philosophy of the theory of 

relativity concerning whether or not Lorentz or Poincaré discovered relativity before Einstein 

(Goldberg 1967 and 1970, Darrigol 2000 Galison 2003, Stachel 2005, and Staley 2008). 

Although my discussion will contribute to this debate, it will do so indirectly. 

4.1 Kitcher’s Criteria 

In this section, I discuss Kitcher’s criteria for determining the degree of unification of a theory. 

As was stated above, the three criteria that Kitcher introduces are the criterion of the empirical 

scope, the criterion of the stringency of argument patterns and the criterion of the paucity of 

argument patterns. These three criteria all play a role in establishing whether or not a theory is 

more unifying than its competitors and is, therefore, explanatory. The way in which these criteria 

interact is complex and requires a narrative argument that specifies how each criterion decides 

for or against the theory in question (Kitcher 1989, 491). Another way of putting this is that the 

criteria pull in different directions, meaning that one criterion might pull in favor of one theory 

while the other two pull in favor of another (Kitcher 1989, 435). 
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 Kitcher’s Criteria for Determining the Degree of Unification 

In “Explanatory Unification” and “Explanatory Unification and the Causal Structure of the 

World”, Philip Kitcher (1981 and 1989 respectively) develops his unificationist account of 

explanation. As we have seen (section 3.3), this account maintains that a theory explains a set of 

disparate phenomena by showing that these phenomena are derivable from a small set of 

argument patterns (Kitcher 1989, 434). In chapter 3, I have shown that the principle 

interpretation derives length contraction and Fizeau’s experimental results using two similar 

argument patterns that begin with the principle of relativity and the light postulate. I concluded 

that if the principle interpretation is explanatory and the principle interpretation satisfies 

Kitcher’s criteria, then the arguments it provides are bonafide scientific explanations. Kitcher’s 

account is comparative, so to establish that the principle interpretation is explanatory, I need to 

compare it to its competitors, the Lorentz-Poincaré theory (LPT) and Brown’s preferred 

dynamical interpretation.  

Kitcher’s account provides us with three criteria for deciding between competing theories 

or establishing the explanatory store. As was discussed in Section 1.1, the explanatory store is a 

set of argument patterns that are accepted as explanations by the scientific community. For an 

argument pattern to be accepted by the community, it must be able to generate as many 

conclusions as possible with as few patterns as possible (Kitcher 1989, 434). The explanatory 

store then is the set of argument patterns that best unifies the set of accepted conclusions 

(explananda) within science. It is a set of explanatory argument patterns that can be tapped when 

an explanation is required (Kitcher 1981, 512). In order to be accepted into the explanatory store, 

an argument pattern must satisfy Kitcher’s three criteria. Thus, when faced with many theories, 

the three criteria are used to determine which theory out of that set of candidates is explanatory. 

In order to further my argument that, contra Brown, the principle interpretation of STR is 

explanatory, I will employ Kitcher’s criteria and show that the principle interpretation is far more 

unifying than its competitors and by being more unifying than its competitors, it is explanatory. 

Kitcher (1981 and 1989) establishes three criteria for determining the degree of unification of a 

theory. These criteria are the broadness of the empirical scope of the theory, the stringency of the 

argument patterns and the paucity of the argument patterns. 

According to the criterion of the broadness of the empirical scope, the more disparate 

phenomena (explananda) that can be derived from the theory the more unifying and, therefore, 
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the more explanatory the theory will be (Kitcher 1981, 514). The particular explananda which 

are derivable from the theory describe phenomena that according to the scientific community 

need to be explained. As Kitcher states “a theory unifies our beliefs when it provides one (or 

more generally, a few) pattern(s) of argument which can be used in the derivation of a large 

number of sentences which we accept” (1981, 514). The broader the scope, the more unifying the 

theory will be, and if the theory is more unifying than its competitors or predecessors, it is 

explanatory. Thus, according to this criterion, unification is achieved by generating as many 

conclusions as possible using one theory (1989, 434). 

 Kitcher does not mean that the scientific community first agrees upon a set of acceptable 

sentences and then seeks out a theory with a set of argument patterns that covers all the accepted 

sentences (1981, 519). Kitcher allows for instances where a new theory is developed that derives 

new sentences, i.e. sentences which were not accepted previously by the scientific community, 

describing phenomena which have yet to be discovered or were thought not to require an 

explanation. In such a case, a theory may lead to a refinement of the set of accepted explananda. 

Kitcher states that the new explananda will be adopted on the basis of the promise of explanatory 

power that the new theory has to offer (1981, 519). In other words, the acceptance of new 

explananda is dependent on the explanatory power of the theory proposing the new explananda 

and this explanatory power is determined using the three criteria. 

The second criterion for determining the degree of unification is the stringency of 

argument patterns. The stringency of an argument pattern is determined by two constraints: (1) 

the conditions on how the dummy letters, such as L, v and L' in the equation for Length-

contraction (Eq. 14), are to be replaced with specific values, which are imposed by the presence 

of nonlogical expressions in the argument pattern and by the filling instructions themselves, and 

(2) the conditions on the logical structure of the pattern itself which is imposed by the 

classification of the argument pattern (Kitcher 1981, 518). The classification of an argument 

pattern separates the argument into premises and their consequences, thereby displaying the 

logical structure of the pattern. As was discussed in the introduction to this chapter, an argument 

pattern is a generalized form that can be used to derive many different results given different 

initial conditions. Thus, the argument pattern for length contraction provided by the principle 

interpretation can be used to determine many different instances of length contraction due to an 
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increase or a decrease in the rest length of an object or the velocity at which the object is moving 

(see section 3.3). 

In order to illustrate these constraints on stringency, Kitcher refers to a basic Newtonian 

argument pattern that can be used in explaining the behavior of a one body system where the 

argument can be represented schematically as follows (1981, 517): 

 

Argument Pattern for a One Body System: 

P1/ The force on 𝛼 is 𝛽 

P2/ The acceleration of 𝛼 is 𝛾 

P3/ 𝐹𝑜𝑟𝑐𝑒 = 𝑀𝑎𝑠𝑠 × 𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

P4/ 𝑚𝑎𝑠𝑠 𝑜𝑓 (𝛼) × (𝛾) = 𝛽 

P5/ 𝛿 = 𝜃 

 

As implied by P1 the filling instructions tell us that 𝛼 is to be replaced by an expression referring 

to the body that is being investigated, while 𝛽 is to be replaced by an algebraic expression 

referring to force as a function of mass and acceleration. P2 implies that 𝛾  is to be replaced by 

an expression which gives the acceleration of the body as a function of its coordinates and their 

time-derivatives. P5 combined with the background theory, in this case Newtonian mechanics 

and the rules of algebra imply that 𝛿 is the absolute position of the body and is to be replaced by 

an expression referring to the variable coordinates of the body and 𝜃 is the time it takes for the 

object to move to the position described in the explanandum and is to replaced by an explicit 

function of time (1981, 517). The above argument pattern is classified as follows: P1-P3 are 

premises, P4 is a consequence of P1-P3 for it is obtained by substituting the values defined by 

P1-P3 into the variables of P4, and P5 follows from P4 using algebraic manipulation and the 

techniques of calculus (Kitcher 1981, 517). The fact that P4 is a consequence of P1-P3, and P5 is 

a consequence of P4 imposes restrictions on the logical structure of any derivation which 

instantiates the argument pattern (constraint 2), in that it necessitates that P1-P3 must come 

before P4-P5 and any other premises that are consequences of P1-P5. Lastly, the above argument 

pattern does not use only dummy letters as would be the case in logic, but also uses nonlogical 

expressions and by having these nonlogical expressions in the pattern the argument pattern 

dictates how each dummy letter is to be filled (constraint 1). According to Kitcher, “although 
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arguments instantiating [the above] pattern do not have exactly the same logical structure, the 

classification imposes conditions which ensure that there will be similarities in logical structure 

among such arguments” (1981, 518). Thus, stringency concerns the structure of an argument 

pattern and the similarities among instantiations (derivations) using the argument pattern. If the 

argument pattern allows for a large number of derivations, then it is not stringent. For example, 

the following argument pattern is not stringent: 

 

Argument Pattern from Newton’s Laws: 

P1/ Newton’s laws predict that object 𝛼 will do x 

C/ Object 𝛼 does x 

 

This argument pattern is not stringent because we can substitute many different objects in for 𝛼. 

The argument pattern for a one body system on the other hand restricts the number of objects 

that we can substitute for 𝛼. Thus, the stringency of argument patterns criterion then is 

determined by the logical structure of the pattern. The logical structure along with the filling 

instructions and nonlogical vocabulary dictate how the specific argument pattern should be used 

and ensures that each instantiation of this pattern will be similar. 

The third and final criterion for establishing the explanatory store is the paucity of 

argument patterns. This criterion maintains that the fewer argument patterns that are required by 

a theory in order to derive all of the phenomena in the scope of the theory, the more unifying the 

theory will be. Kitcher caches this out by stating that the theory that is able to generate as many 

explananda as possible using as few argument patterns as possible will be the most unifying 

(1989, 434).  Paucity then is simply a matter of counting the number of argument patterns for 

each theory under consideration, which at times may be complicated by the sheer number of 

argument patterns. One way to determine whether or not a theory satisfies the paucity criterion 

better than its competitors is to see if it uses fewer argument patterns to derive the number of 

explanandum than its competitors. If a theory uses only one argument pattern to derive an 

explanandum, and its competitors use two or more, then the first theory satisfies the criterion 

better than its competitors. 
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 Kitcher’s Proviso 

Kitcher’s account of unification is complicated, and the implementation of the criteria 

when establishing the explanatory store is complicated by the fact that one or more of his criteria 

may favor one theory and its explanatory store while the remaining criterion or criteria may 

favor another. For example, the broadness of the empirical scope may pull in the direction of a 

previous theory, if the new theory introduces new explananda while rejecting more of the 

explananda of the old theory. However, the new theory may be more unifying because it might 

satisfy the other criteria more. In particular, the new theory might satisfy the paucity of argument 

pattern criteria by using a smaller number of argument patterns to derive its explananda. In such 

a case even if the set of explananda contain sentences that are not as of yet accepted or do not 

contain all of the accepted explananda, the paucity of argument patterns criteria will rule in favor 

of the new theory. The new theory might also contain more stringent argument patterns by 

placing more conditions on the substitution of the dummy letters and of the logical structures of 

the patterns. When deciding between two theories an appeal to the explanatory power by the 

higher degree of unification of one theory must be supplemented with a narrative showing that a 

specific proviso is satisfied (Kitcher 1989, 490). 

 The proviso that Kitcher stipulates is that the adoption of one theory over another must be 

defensible. In order for the shift to be defensible, there cannot be any strong arguments against it. 

If the new theory adds statements that were precluded from the previous theory due to lack of 

evidence, or due to an argument in support of precluding them, the new theory must be able to 

justify this addition. Justification can take the form of evidence for or an argument in favor of the 

addition or change in beliefs as well as showing that such a modification leads to greater 

unification. By doing so, the new theory shows that the reasons for rejecting this change can be 

rebutted (1989, 491). The above discussion, of course, does not begin to cover the intricate 

relationship between the three criteria. The goal of the rest of this chapter is to show how 

Kitcher’s criteria can be used to decide between the principle interpretation and its competitors. I 

will show that even without spelling out all the trade-offs or the vague proviso provided by 

Kitcher, we can use explanatory unification to get solid results about the explanatory value of the 

principle interpretation. 
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4.2 Explanation in Pre-Einsteinian Electrodynamics 

In this section, I further discuss two of the most successful dynamical accounts developed by the 

pre-Einsteinian physicists to explain length contraction and other relativistic effects. To begin 

with, I elaborate on my previous discussion (Section 2.4) of Lorentz’s dynamical theory and the 

problems that it faced. I then move to discuss Poincaré’s modification of Lorentz’s theory to 

accommodate these problems. 

 Lorentz’s Dynamical Theory 

 As was discussed in section 2.4 and section 1.1, Lorentz developed his dynamical theory 

of length contraction in order to explain the results of certain experiments, such as the null result 

of the Michelson-Morley experiment and Fizeau’s experimental results and thereby salvage the 

electrodynamic theory based on Newtonian mechanics. This electrodynamic theory assumed the 

existence of an elastic stationary ether, which should have produced interference as the earth and 

the experimental apparatuses moved through it. To explain the absence of this interference, he 

introduced his transformation equations (Eq. 7) and explained these in terms of distortion due to 

the motion of the earth, interferometer, and their observer through the ether. Thus for Lorentz, 

the length contraction of an object and the dilation of a clock is due to the effects of the object’s 

motion through the ether. More specifically, the object’s motion relative to the ether affects the 

underlying microstructure of the object, such that the object undergoes a dynamic change, 

meaning the object actually contracts. 

 Furthermore, Lorentz was able to use his equations for length contraction and time 

dilation to explain Fizeau’s experimental results. More specifically, in 1895, Lorentz was able to 

derive Fresnel’s drag coefficient by subjecting Maxwell’s equations to a Galilean transformation. 

Lorentz begins with a reference frame with coordinates 𝑥0, 𝑦0, 𝑧0 at rest relative to the ether and 

then transforms it to a moving frame with the coordinates 𝑥, 𝑦, 𝑧 at a velocity (𝑣) relative to the 

ether. He then replaces the electric and magnetic fields described by Maxwell’s equation with 

auxiliary quantities such that the equations in the moving frame have the same form as 

Maxwell’s equations at rest provided that quantities of the order 𝑣2/𝑐2 or less are ignored 

(Janssen  2008, 30). The time for the moving frame (𝑡) is dependent on position and is what 

Lorentz called the local time. For the moving frame, the local time is given by the equation for 

time dilation (Eq. 3):  
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Fresnel’s drag coefficient is a consequence of this expression for local time. Lorentz showed that 

the components of the electric and magnetic fields of a light wave traveling in the x-direction in 

the rest frame depend on 𝑡0 and 𝑥0 such that: 

while for the same medium moving at a velocity relative to the ether the components of the fields 

all depend on 𝑡 and 𝑥 such that: 

From these equations and Lorentz’s equation for time dilation Eq. 3, it follows that all the 

components of the real fields depend on 𝑡 and 𝑥 via: 

Thus, the velocity of the light wave relative to the medium in the x-direction is given by the 

following equation: 

The velocity of the light wave with respect to the ether is: 

in the x-direction which is in accordance with Fresnel’s drag coefficient (Janssen, 2008). Thus, 

Lorentz was able to use his dynamical account to purportedly explain Fresnel’s drag coefficient 

by first introducing his transformation equations (Eq. 7 or Eq. 2 and Eq. 3) and then using these 

equations to show how Fresnel’s drag coefficient is produced by these dynamical effects. 

t′ =
t − (v/c2)x

√1 −
v2

c2

 

Eq. 30. 𝑡0 = (𝑥0/(𝑐/𝑛)) 

Eq. 31. 𝑡′ − (𝑥/(𝑐/𝑛)) 

Eq. 32. 𝑡 − (
𝑣

𝑐2
+

𝑛

𝑐
) 𝑥 
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 Poincaré’s Dynamical Theory  

Henri Poincaré found some major flaws with Lorentz’s theory. Lorentz’s theory 

contradicted the relativity principle, a principle which Poincaré believed to hold generally 

(Darrigol 2000, 351). According to Darrigol, Poincaré believed that a movement toward a 

physics of principles, which included principles of mechanics, such as the principles of least 

action and relative motion and those of thermodynamics and electrodynamics, was inevitable 

(2000, 354). Poincaré believed that these principles were irrefutable and acted as conventions. As 

a consequence, he used them to judge the various theories of electrodynamics. Using the 

principles to judge the various theories, Poincaré judged Lorentz’s theory to be the most 

promising, however, he was dissatisfied with the fact that Lorentz’s theory contradicted the 

principle of relativity (Darrigol  2000, 355). According to Poincaré’s relativity principle, an 

observer could never detect the absolute velocity of an object, only its relative velocity. This 

implied that the motion of an object with respect to the ether was undetectable. According to 

Poincaré, any theory that was developed had to embrace the principle of relativity (Galison  

2003, 219). 

Poincaré realized that despite these flaws in Lorentz’s theory, it did show promise; for 

instance, it was able to derive the correct drag for Fizeau’s experimental results. As a result, 

Poincaré did not abandon Lorentz’s theory entirely. Instead, he reformulated it, focusing on and 

revising the parts of the theory that were problematic, while maintaining those parts that worked 

(Darrigol 2000, 355). One element of Lorentz’s theory that Poincaré revised was Lorentz’s 

notion of local time. According to Lorentz, the time of a reference frame that is moving relative 

to the ether is a fiction. For Poincaré local time was not a fiction but was instead what people 

within the frame would actually detect. Even so, local time was still separate from absolute or 

true time and was the result of the motion of a reference frame relative to the ether (Galison 

2003, 280). As such he called these reference frames apparent reference frames (Darrigol 2005, 

15). According to Poincaré, a light signal moving from A to B against the ether would 

experience a headwind such that its velocity would equal 𝑐 − 𝑣, while a signal moving back to A 

from B would experience a tail wind producing a velocity equal to 𝑐 + 𝑣. The offset correction to 

account for 𝑐 + 𝑣 would produce the local time correction (−𝑣𝑥/𝑐2) that Lorentz suggested 

using his equation for time dilation (Eq. 3) (Galison 2003, 208). As such the two phenomena, the 

reflection of the light by each clock, would appear to be simultaneous even though they were not. 
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Thus, by reformulating Lorentz’s theory of time, Poincaré was able to derive Lorentz’s equation 

for time-dilation. Based on this derivation, he was also able to show that no amount of evidence 

would allow observers to determine whether or not their individual clocks would be offset. 

To derive length contraction, Poincaré begins by noting that Lorentz’s theory of length 

contraction is compatible with his relativity principle only if a force is introduced that explains 

the contraction of one axis, the axis in which the object is moving while explaining the constancy 

of the other axes. Poincaré then states that this force “may be assimilated to a constant external 

pressure or the deformable and compressible electron, whose work is proportional to the 

electron’s charge volume” (Poincaré 2001 [1906], 2). This may sound odd to the modern reader, 

for this implies that the length of the electron, now seen as a point mass, undergoes contraction, 

however, this was indeed Poincaré’s view as well as the view of other pre-Einsteinian physicists 

(Darrigol 2000, 365). This pressure is produced by the motion of the electron through the ether 

and results in the length contraction of the object which the electrons comprise. The mechanical 

force responsible for this transformation has components which are derived from the following 

equation: 

where 𝜌 is the charge density of the electron, 𝑛 and  are velocity components and 𝛽 and 𝛾 are 

arbitrary constants. From here Poincaré is able to derive the Lorentz transformation equations 

that he formulates as: 

where 𝑏 and 휀 are two arbitrary constants, such that: 

(Poincaré 2001 [1906], 4). From these equations Poincaré is able to show that in a reference 

frame moving along the x-axis, the length along the x-axis (X') of the electron will be altered 

such that: 

Eq. 35. 𝑋 =  𝜌𝑓 + 𝜌(𝑛𝛾 − 𝛽) 

Eq. 36. 𝑡′ = 𝑘𝑙(𝑡 + 휀𝑥), 𝑥′ = 𝑘𝑙(𝑥 + 휀𝑡),    𝑦′ = b𝑦, 𝑧′ = 𝑏𝑧 

Eq. 37. 𝑘 = 1/√1 − 휀2  

Eq. 38. 𝑋′ =
𝑘

𝑏5

𝜌

𝜌′
(𝑋1 + 휀 ∑ 𝑋1) 
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while its width along the z-axis (Z') and its height along the y-axis (Y') will remain unaltered 

such that: 

and 

Based on these equations Poincaré concludes that “if the electron inertia is exclusively of 

electromagnetic origin, and if electrons are subject only to forces of electromagnetic origin, then 

the conditions of equilibrium require that: 

inside the electrons [and according to Eq. 38, Eq. 39 and Eq. 40] these relationships are 

equivalent to 

𝑋′ = 𝑌′ = 𝑍′ = 0 

The electron’s equilibrium conditions are therefore unaltered by the transformation” (Poincaré  

2001 [1906], 7-8). As a result, motion relative to the ether is in principle undetectable, and so 

even the higher order experiments would not be able to detect the effects. Thus, Poincaré’s 

theory could derive the same results as Lorentz’s, for example, the first-order null result of the 

MM experiment and Fizeau’s experimental results, but it was also able to purportedly explain the 

null results of experiments that were more sensitive than the MM experiment. 

Poincaré, however, was not fully satisfied with the above derivation for he believed that 

electrons are subjected to non-electromagnetic forces or bonds and as such, the conditions that 

these forces must satisfy in order for electron equilibrium to be undisturbed by the 

transformation must be identified (2001 [1906], 8). The main force or bond that Poincaré was 

concerned with here was gravity. As a result, Poincaré developed a theory of gravity that 

diverged from Newtonian mechanics. To extend his theory, Poincaré notes that “we can no 

longer suppose that [the force of gravity] depends only on the relative position of the attracting 

and attracted bodies at the instant considered. The force should also depend on the velocities of 

the two bodies” (2001 [1906], 8). In order to do so, gravity had to propagate at a specific speed 

rather than instantaneously, for the force acting on the attracted body at time t depends on its 

Eq. 39. 𝑍′ =
𝑘

𝑏5

𝜌

𝜌′
𝑍1 

Eq. 40. 𝑌′ =
𝑘

𝑏5

𝜌

𝜌′
𝑌1 

Eq. 41. 𝑋 = 𝑌 = 𝑍 = 0 
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position and velocity at t and will also depend on the position and velocity of the attracting body 

at an instant in time before t. 

4.3 Lorentz and Poincare’s Theories versus the Special Theory of Relativity 

This section further elaborates on the historical progression from Lorentz’s theory to Poincaré’s 

theory to the development of STR. It provides the necessary background for a comparison 

between STR and its predecessors using Kitcher’s criteria for establishing the explanatory store. 

 The Michelson-Morley Experiment 

As we have seen (section 2.4 and 4.2) Lorentz’s goal was to explain the null results of 

experiments such as the MM experiment. In order to do so, he had to show that there is no 

difference between the interference patterns of the light waves of a state at rest relative to the 

ether and one in motion relative to the ether (Janssen 2002, 425). He used length contraction and 

time dilation to do this, for if the length of a rigid body, such as Michelson-Morley’s 

interferometer, is contracted when it is in motion relative to the ether and all time measurements 

are distorted when clocks are in motion relative to the ether, then there would be no observable 

difference between the two states. As Janssen explains, “in the final version of Lorentz’s theory, 

measurements never reveal the real quantities because all measurements are made with devices 

that are systematically distorted and improperly synchronized as a result of their and the 

observer’s movement through the ether” (2002, 429). Lorentz then provides an explanation for 

length contraction using his dynamical theory where length contraction occurs on the micro-

level, and so his explanation for length contraction is a dynamical one. If we ignore the temporal 

order of development and focus on Lorentz’s finished theory, we see that his explanation for the 

null result of the MM experiment is an extension of his purported explanations for length 

contraction and time dilation. From his dynamical theory of molecular forces and interactions, 

Lorentz is able to derive his equations from length contraction and time dilation (Eq. 2 and Eq. 

3) and from these equations he purportedly explains the null result of the MM experiment and 

Fizeau’s experimental results. 

Poincaré like Lorentz thought that the null result of the MM experiment and those like it 

needed to be explained using a dynamical theory. The main defining difference between the two 

theories is that Poincaré’s theory could explain the more accurate experiments. It did so by citing 

the relativity principle and adjusting Lorentz’s theory such that it was compatible with this 
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principle. By doing so, Poincaré was able to derive time dilation from his formulation of the 

relativity principle, which states that any moving reference frame would be in principle 

indistinguishable from any other moving reference frame and a reference frame at absolute rest 

(Poincaré 2001 [1906], 1). His putative explanation of length contraction introduces a constant 

external pressure produced by an object’s motion through the ether that combined with a 

compressible electron causes the contraction of the electron in the direction of motion (Galison 

2003, 280).  The result of this electron length contraction is the contraction of all objects, 

including experimental apparatuses and their observers, as they move through the ether. As a 

result, the interference produced by the motion of objects through the ether is in principle 

undetectable and even the null results of the more sensitive experiments that preceded the MM 

experiment were covered by Poincaré’s theory. Since Poincaré’s theory is a modification of 

Lorentz’s theory, I will call the resulting theory the Lorentz-Poincaré theory (LPT). 

 The Development of the Principle Interpretation of STR 

What this discussion demonstrates is that Lorentz and Poincaré pursued a dynamical 

explanation of various phenomena, such as Fizeau’s experimental results and the null result of 

the Michelson-Morley experiment, all of which required an explanation according to the 

scientific community at the time. The principle interpretation, as developed by Einstein in 1905, 

also explains these phenomena. However, it will be shown that the principle interpretation is far 

more unifying than the LPT (4.4). As was stated above, a common discussion within the history 

and philosophy of science, related to this issue, concerns whether or not Lorentz and Poincaré 

pre-empted Einstein’s development of STR Einstein (Goldberg 1967 and 1970, Darrigol 2000 

Galison 2003, Stachel 2005, and Staley 2008). This debate focuses on the conceptual, rather than 

the explanatory differences of each theory. John Stachel, for instance, notes that while Lorentz 

and Poincaré continued to maintain the ontological existence of the ether, Einstein dropped all 

reference to a privileged ether frame (2005, 217). Einstein also abandoned absolute time in favor 

of a ‘real’ local time, rather than the apparent local time of Lorentz and Poincaré (Laue 1950, 73, 

Galison 2003, 210-254 and Stachel 2005, 217). As Stachel goes on to note: 

Poincaré had interpreted the local time as that given by clocks at rest in a 

frame moving through the ether when synchronized as if—contrary to the 

basic assumptions of Newtonian [mechanics]—the speed of light were the 

same in all inertial frames. Einstein dropped the ether and the ‘as if’: one 
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simply synchronized clocks by the Poincaré convention in each inertial frame 

and accepted that the speed of light really is the same in all inertial frames 

when measured with clocks so synchronized (2005, 217). 

Lorentz and Poincaré did not recognize that the reconciliation of time would undermine their 

conception of the ether, electrons and moving bodies. They also did not recognize that length 

contraction and time dilation would be a result of this redefinition of time (Galison 2003, 242). 

As Peter Galison notes, Poincaré’s description of the world resembles Einstein’s 

description. The only difference is the way in which their theories were constructed and the 

strategy for explanation that they employed (2003, 274). Einstein pursued a principle rather than 

a dynamical theory (see also Staley 2008, 304 and Stachel 2005, 217). Even though this gets us 

closer to the issue of explanation in either theory, it does not allow us to distinguish the 

explanations provided by the theories in a way that allows us to rule out one or the other using 

Kitcher’s account. Indeed, all that this serves to do is to show that the premises of the principle 

interpretation will be distinct from those of the dynamical interpretations developed by Poincaré 

and Lorentz as was discussed at length in section 4.2. That is, the explanans are different, but the 

explananda are the same. What needs to be shown is that the principle interpretation is more 

unifying than the theory provided by Lorentz and Poincaré. To do so, I will apply Kitcher’s 

criteria for determining the degree of unification and show that the change from the LPT to the 

principle interpretation of STR satisfies Kitcher’s proviso (4.1). 

 

4.4 The Dynamical Explanations vs. the Principle Explanations in STR 

In this section I use Kitcher’s three criteria for determining the explanatory store to show that the 

principle interpretation of STR is explanatory while the dynamical theories discussed above are 

not. By using Kitcher’s criteria, I show that the principle interpretation is more unifying than the 

LPT and therefore according to Kitcher’s account the principle interpretation and not the LPT is 

explanatory. Lastly, I discuss Brown’s preferred dynamical theory and show that if such a theory 

were available, it might be more unifying than the principle interpretation, but as it stands it is 

not available. If it were available, such a dynamical theory would be explanatory, making the 

principle interpretation, according to Kitcher’s account, unexplanatory. I say unexplanatory here 

because Kitcher’s account is committed to the winner-takes-all conception of explanation, 

wherein the most unified theory is explanatory, while its less unified competitors are not 
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explanatory at all. I take issue with this particular conception, but will not fully address it in this 

work (cf. 7.1.1). 

 Unification: The Lorentz-Poincaré Theory versus STR 

The argument in favor of the principle interpretation of STR rather than the LPT is not 

contained in one text but is spread across many different texts over many years as more 

consequences of the principle interpretation of STR were discovered and as experimental tests 

were conducted. As a result, the transition from the dynamical LPT to the principle interpretation 

of STR is a very complex case. However, the development of STR over the subsequent years 

after 1905 shows that modifying certain beliefs, for example abandoning the ether, at least as 

developed by Lorentz and Poincaré, and positing the principle of relativity and the light postulate 

as fundamental leads to greater unification. That is the transition from the LPT to the principle 

interpretation of STR satisfies Kitcher’s proviso that shifts from one theory to another must be 

defensible (1989, 491). 

Einstein begins his 1905 paper by stating that experiments such as the MM experiment 

and experiments involving the electromotive force produced by a stationary magnet and a 

moving conductor to that of a stationary conductor and a moving magnet suggest that “the 

phenomena of electrodynamics, as well as that of mechanics, possess no properties 

corresponding to the idea of absolute rest. They suggest rather that…the same laws of 

electrodynamics and optics will be valid for all frames of reference for which the equations of 

mechanics hold” (2007 [1905], 5). What this shows is that Einstein begins his argument for the 

principle interpretation of STR by calling into question the fundamental assumptions of Lorentz 

and Poincaré. These fundamental assumptions are the ether and the concept of absolute rest, and 

the very theory that proposes the existence of both, Newtonian mechanics. The arguments for 

rejecting these assumptions are related and based on the fact that physics at the beginning of the 

twentieth century faced three separate crises (as discussed above subsection 3.1.2). 

Einstein’s abandonment of Lorentz and Poincaré’s conception of the ether was prompted 

by the null result of the MM experiment and other related experiments. By abandoning this 

conception of the ether, Einstein is able to construct a simpler theory of electrodynamics. As he 

states the principle of relativity and the light postulate “suffice for the attainment of a simple and 

consistent theory of the electrodynamics of moving bodies based on Maxwell’s theory of 

stationary bodies” (2007 [1905], 5). By ‘simpler’ here, Einstein means that there are many cases 
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where the principle interpretation provides one argument pattern to explain disparate phenomena 

that were explained by its dynamical predecessors using two separate argument patterns. For 

example, Einstein notes that he is able to explain induction by a moving magnet and induction by 

a moving conductor using the same argument pattern, while the LPT “draws a sharp distinction 

between the two cases in which either the one or the other of these bodies is in motion” (2007 

[1905], 5). Another example is Einstein’s derivation of his famous equation: 

Where E stands for energy, m for mass and c for the speed of light. This equation unified the 

laws of conservation of mass and energy into one law. Another example is discussed by Pauli, 

who states that the principle interpretation produces an intrinsic simplification for the Doppler 

Effect, where two cases, the wave source at rest relative to a moving observer and the observer at 

rest relative to the moving wave source are explained using the same argument pattern (1958, 

20). This particular argument pattern cites the following equation for the Doppler effect: 

where 𝑣′ and 𝑣 can be substituted with either the velocity of the wave source or the velocity of 

the observer depending on the specific case the equation and the argument pattern are used to 

explain. What this shows is that Einstein’s principle theory is more economical than its 

dynamical counterpart, the LPT, for it avoids physical distinctions involving motion and rest, 

implied by the existence of the ether, that have no empirical equivalent (Darrigol 2004, 

616).What this also shows is that the principle interpretation is more unifying, in terms of 

paucity, than the LPT, because it uses fewer argument patterns and does not add other argument 

patterns to derive explananda that were thought to require separate explanations or explananda 

(new phenomena) that were overlooked by the electrodynamic theories. 

Comparing the empirical scope of the principle interpretation and the LPT is a difficult 

task. From the perspective of Lorentz, Poincaré and others who favored a dynamical theory, the 

principle interpretation of STR would have been seen to cover a smaller number of phenomena 

that were explained by Lorentz and Poincaré’s theories (Goldberg 1970, 84). However, as the 

discussion (section 3.1) concerning Einstein’s misgivings of the elementary foundations of the 

physical theories due to the crises that physics faced at the beginning of the twentieth century 

Eq. 42. 𝐸 = 𝑚𝑐2 

Eq. 43. 𝑣′ = 𝑣
1−𝛽 cos 𝛼

√(1−𝛽2)
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implies, some of the phenomena explained by the LPT were not acceptable as explananda within 

the newly developing physics. For example, in order to continue to maintain Newtonian 

mechanics as the foundation of physics, Maxwell’s equations had to be explained mechanically 

(Einstein 1970, 25). However, as Einstein notes “one got used to operating with these fields as 

independent substances without finding it necessary to give one’s self an account of their 

mechanical nature” (1970, 26-27). As physics continued to develop, the fields described by 

Maxwell’s equations required no explanation and were instead accepted as basic fundamental 

units. Thus, Einstein did not need to construct a theory that would explain these equations as 

Lorentz and Poincaré did. Instead, he only needed to assume that these equations described 

independent fields. 

Relatedly, the principle interpretation of STR also rejects some explananda that the 

theories of Lorentz and Poincaré accepted because it rejects the ether and the resulting preferred 

reference frame. The ether is a part of the explanans of LPT and by rejecting its existence, STR 

rejects some of the explananda that LPT accepted. By assuming the existence of the ether and a 

preferred reference frame, LPT distinguishes between a moving magnet and a moving conductor 

and as a result, it treats these two phenomena as separate explananda and uses two argument 

patterns for each phenomenon. STR does not distinguish between them and can explain them 

using one argument pattern. This reduces the number of argument patterns that STR requires, 

and so STR satisfies Kitcher’s criteria for the paucity of argument patterns more so than LPT. 

The rejection of the ether, as conceived by Lorentz and Poincaré, and a preferred reference frame 

is justified by Einstein based on the null result of the MM experiment and shows that the 

background assumptions and the explananda that follow from it were incorrect. The principle 

interpretation also did not distinguish between the ‘real’ length contraction of an object as it 

moves through the ether and the ‘apparent’ length contraction of an object in the preferred 

reference frame as the observer moves relative to it (Poincaré 2001 [1906], 3).  

Thus, the fact that the principle interpretation covers a smaller number of phenomena 

explained by the LPT is justified by the fact that the background theory upon which the LPT was 

based was incorrect. Any argument in favor of the LPT based on its broad empirical scope could 

be met with an argument against its background assumptions which would show that its scope 

covers some phenomena that were no longer accepted by the scientists at the time. The fact that 

the principle interpretation covers a smaller number of explananda is justified by the fact that 
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physics at the time was in crisis and that it covers all of the explananda that it could since there 

was no fully developed mechanics at the time. 

Concerning Kitcher’s stringency criteria, it is difficult to compare the two theories, since 

their explananda and explanans are distinct. When they do match up, as is the case with their 

explanations for length contraction, the LPT is more stringent than the principle interpretation of 

STR, because STR allows for the substitution of the length of an object that is at rest relative to a 

moving observer for L' in equation for length contraction (Eq. 14) as well as the substitution of 

the length of an object moving relative to a stationary observer in the same equation, whereas the 

LPT allows only for the substitution of the length of a moving object. To further compare the 

two theories would not be very fruitful because it has been shown that the principle interpretation 

satisfies the other two criteria plus Kitcher’s proviso more so than the LPT. So even if the 

principle interpretation ends up being less stringent than its predecessor, it still comes out as 

more unifying. 

 Therefore, the transition from the LPT to the principle interpretation of STR satisfies 

Kitcher’s proviso that shifts from one theory to another must be defensible (1989, 491). As I 

have argued, even though the principle interpretation covers a smaller number of explananda 

than the LPT, the explananda that it does not cover were rejected by the physics at the time. The 

shift from the LPT to STR was justified by the fact that physics was in a time of crisis and by 

abandoning Lorentz and Poincaré’s conception of the ether, Einstein was able to resolve this 

crisis and allow physics to move forward. Secondly, the principle interpretation uses fewer 

argument patterns to derive explananda that were either overlooked by LPT or were explained 

using two argument patterns. Thus the principle interpretation is more unifying, in terms of 

paucity, than the LPT. 

 Unification: Brown’s Preferred Dynamical Interpretation versus STR 

Concerning Brown’s favored dynamical interpretation, it is difficult to determine whether 

or not it is more explanatory than the principle interpretation since the former interpretation is 

not available. However, if the dynamical interpretation was based on quantum mechanics or 

quantum field theory, as Brown suggests (2005, 67, and 148 fn. 55), and these theories are 

explanatory, which is a point of contention among philosophers (cf. Woodward 1989 and 

Bokulich 2008), then we could justifiably assume that such an interpretation would be more 

unifying than the principle interpretation of STR. It would be more unifying because its 
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empirical scope would be broader. This is because its scope would potentially encompass all of 

the consequences of the principle interpretation and the consequences of the base theory, making 

it larger than the principle interpretation alone. The high degree of difference between the 

empirical scope of such a dynamical theory and the principle interpretation would make any 

other considerations regarding Kitcher’s criteria unnecessary. The principle interpretation would 

certainly use fewer argument patterns; however, since it would derive fewer accepted explananda 

than Brown’s dynamical theory, this particular feature would not make the principle 

interpretation more unifying than the dynamical theory. Thus, according to Kitcher’s account, 

Brown’s favored dynamical interpretation of STR, one based on QM or QFT, if such a theory 

were available, would be more unifying than the principle interpretation and therefore, would be 

explanatory. Again it would be more unifying because it would be able to explain everything that 

STR explains as well as everything that QM or QFT explains. In other words, according to 

Kitcher’s unificationist account, the development of such a dynamical interpretation would 

render the principle interpretation nonexplanatory. 

 Conclusions 

 In conclusion, in section 4.4 it was shown that based on Kitcher’s criteria for establishing 

the explanatory store (as discussed in section 4.1), the principle interpretation is more unifying 

than LPT and Brown’s preferred dynamical account. Since it is more unifying than its 

competitors, it is explanatory. Based on the arguments provided in the last three chapters, the 

principle interpretation of STR is explanatory, because it is unifying. From this, it follows that if 

Kitcher’s unificationist account is acceptable, then the principle interpretation of STR is 

explanatory. What remains to be shown is that Kitcher’s unificationist account, or at the very 

least one like it, is acceptable. Before I move to consider the strength of Kitcher’s account, I need 

to consider the geometric interpretation of STR. That is, I need to show that the geometric 

interpretation can also be characterized by Kitcher’s unificationist account and as such should be 

considered explanatory. 
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Chapter 5 Unification and Explanation 

In the last two chapters, I have argued that the principle interpretation of STR is explanatory by 

showing that according to Kitcher’s unificationist account, the argument pattern for length 

contraction and Fizeau’s experimental results in the principle interpretation provide derivations 

that are explanatory and that the principle interpretation is more unifying than its competitors. In 

this chapter, I review and critique one of the most detailed defenses of the explanatory value of 

STR provided within the philosophical literature, in order to show that my characterization of 

STR using Kitcher’s unificationist account is the best option available. Michel Janssen (2002, 

and 2009) defends the explanatory value of STR against Brown’s thesis.  

Janssen argues that STR explains relativistic phenomena by showing that relativistic 

phenomena are “just an instance of some generic feature of the world, in this case, instances of 

default spatiotemporal behavior” (2009, 270). According to Janssen, this type of explanation is 

best characterized by what he calls the common origin inference account where disparate 

phenomena are explained by tracing them back to a common origin (Janssen 2002, 459). Thus, 

according to this view, STR explains relativistic phenomena by showing that they all exhibit the 

default behavior of Minkowski spacetime.  

The purpose of this chapter is to review and critique Janssen’s argument. In the first 

section (5.1) I review Janssen’s argument. In section 5.2, I will show that using the structure of 

spacetime to explain a set of phenomena is not an unusual practice in physics and that as such 

this type of explanation should not be rejected without further consideration. I then argue that the 

distinction between the geometric interpretation and the principle interpretation of STR can still 

be maintained despite Janssen’s reservations. In section 5.4, I compare Kitcher’s unificationist 

account to Janssen’s common origins account. To further elaborate on this comparison, I use 

Kitcher’s unificationist account to characterize the explanations provided by the geometric 

interpretation and compare this characterization to Janssen’s discussion. Lastly, I conclude that 

Janssen is correct when he argues that STR is explanatory. However, the account of explanation 

that he uses to characterize the explanations provided by STR is not well developed and should 

be rejected in favor of Kitcher’s unificationist account. 



93 

 

5.1 Janssen on the Geometric Interpretation of STR 

In this section, I review Michel Janssen’s argument in favor of the explanatory value of the 

geometric interpretation of STR. I discuss Janssen’s defense of the explanatory value of the 

geometric interpretation of STR. 

 Janssen’s Defense of the Explanatory Value of the Geometric Interpretation 

 Janssen argues that the geometric interpretation of STR explains relativistic phenomena 

by showing that “Minkowski spacetime encodes the default spatiotemporal behavior of all 

physical systems in a world in accordance with the laws of special relativity” (2009, 49). This 

default spatiotemporal behavior is described by relativity. Objects contract and clocks dilate 

because this is their default behavior within Minkowski spacetime. In order to support this view, 

Janssen argues that the geometric interpretation of STR provides an explanatory gain over 

Lorentz’s theory and Brown’s preferred dynamical interpretation. 

According to Janssen, an explanatory advantage of the geometric interpretation of STR 

over the dynamical theory of Lorentz is that STR explains relativistic phenomena more 

economically and accurately than Lorentz’s theory. For example, Janssen maintains that while 

Lorentz’s theory does not have the resources to explain why physical systems are all governed 

by Lorentz-invariant laws, the geometric interpretation does so by tracing Lorentz invariance to a 

common origin, the Minkowskian structure of spacetime (2002, 501). Secondly, Lorentz’s theory 

distinguishes between a moving magnet and a moving conductor, while the geometric 

interpretation does not. Instead, the geometric interpretation of STR traces these two phenomena 

back to the structure of spacetime. In short, Janssen is arguing that the geometric interpretation 

of STR explains a smaller set of phenomena more efficiently and is more explanatory than 

Lorentz’s theory. Thirdly, the fact that moving systems contract in the direction of motion 

regardless of their material composition is explained by the geometric interpretation, but remains 

a ‘miracle’ in Lorentz’s theory (Janssen 2009, 49). The geometric interpretation of STR explains 

this ‘miracle’ by showing that each case of length contraction regardless of its material 

composition can be traced back to the structure of Minkowski spacetime. According to Janssen, 

the universality of this effect is no more miraculous than the fact that right-angled triangles can 

be cut out of flat sheets of paper, plastic, and cardboard and that each triangle satisfies the 

Pythagorean Theorem of Euclidean geometry (2009, 49). The explanations provided by the 

geometric interpretation are more economical than Lorentz’s theory, for the geometric 
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interpretation explains the connections between disparate phenomena by tracing those 

phenomena back to a common origin. 

This type of explanation is what Janssen calls a common origin inference. Common 

origin inferences according to Janssen “trace striking similarities back to common origins. This 

then provides an explanation for those coincidences, which is counted as evidence for the 

explanation” (emphasis his 2002, 459). In the case of the geometric interpretation, the common 

origin that is doing the explaining is the structure of spacetime, specifically Minkowski 

spacetime. By assigning relativistic phenomena to a specific class, the geometric interpretation of 

STR shows that they are simply examples of the default spatiotemporal behavior posited by the 

theory (Janssen 2009, 49). That is, relativistic phenomena simply instantiate the properties 

described by the structure of spacetime while dynamical phenomena instantiate the properties 

described by the matter fields. According to Janssen, “length contraction and time dilation…turn 

on comparisons of the lengths of certain line segments in the chronogeometry of Minkowski 

spacetime” (2009, 27). A dynamical system is required to measure these effects however the 

resulting measurements are explained by reference to Minkowski spacetime. So the geometric 

interpretation of STR explains relativistic phenomena by identifying their default spatiotemporal 

behavior (2009, 28). It shows that all relativistic phenomena exhibit the default spatial-temporal 

behavior of all physical systems. 

 Examples of Common Origin Inferences in the Geometric Interpretation 

A specific example of relativistic phenomena that Janssen discusses is universal Lorentz 

invariance. According to Janssen, the geometric interpretation of STR is able to explain universal 

Lorentz invariance by showing that it is a consequence of the specific structure of Minkowski 

spacetime. This is because, as Janssen explains, “in Minkowski spacetime, the spatiotemporal 

coordinates of different observers are related by Lorentz transformations rather than Galilean 

transformations. Any laws for systems in Minkowski space-time must accordingly be Lorentz 

invariant” (2002, 499). By explaining universal Lorentz invariance, the geometric interpretation 

explains relativistic phenomena, because relativistic phenomena are consequences of the Lorentz 

invariance of natural laws (Janssen 2009, 50). Another relativistic phenomenon that Janssen 

mentions in a prior paper is the fact that a moving conductor and moving magnet both create the 

same current. According to Janssen, the geometric interpretation of STR explains these 

phenomena by tracing this coincidence to a common origin: the structure of spacetime. It 
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explains the phenomena by showing that the two cases are really one and the same situation, 

looked at from different points of view which can be characterized as two different spacetimes 

(Janssen 2002, 504). 

To further elaborate on how the structure of spacetime encodes the behavior of objects, 

Janssen focuses on a criticism of such an interpretation provided by Brown. According to Brown, 

such a claim amounts to the idea that rods and clocks sense the fabric of spacetime as a 

waywiser, a wheel device used to measure distance, senses the surface of a country road (2005, 

8). Janssen begins his argument against Brown by noting that both a substantivalist and 

relationalist approach to spacetime is compatible with STR (2009, 28). Janssen notes that STR is 

agnostic about the ontological status of spacetime and that given this fact and that he is mainly 

interested in methodological issues rather than ontology, he maintains that his account of the role 

that spacetime plays in explanations in the geometric interpretation of STR ought to be 

independent of any relationalist or substantivalist commitments (2009, 28). Even so, Janssen 

agrees with Brown that spacetime cannot be causally efficacious and states that “the challenge is 

to produce an argument that works for the relationist” (sic 2009, 28). According to Janssen, the 

substantivalist can make the account work by reifying the relevant relations. Janssen for one 

adopts a relationalist interpretation and notes that a relationalist interpretation of spacetime 

implies that in the geometric interpretation of STR, rods and clocks do not sense the fabric of 

spacetime as a waywiser senses the surface of a country road instead they exhibit the default 

spatiotemporal behavior of all physical systems (2009, 28). Minkowski spacetime encodes the 

spatiotemporal behavior of all physical systems in a world in accordance with the physical laws 

specified by STR. To make this account compatible with relationalism, Janssen notes that the 

geometric interpretation of “STR is agnostic about what inhabits or…carries Minkowski 

spacetime. All the theory has to say about systems inhabiting/carrying Minkowski spacetime is 

that their spatiotemporal behavior must be in accordance with the rules it encodes. Special 

relativity thus imposes the…constraint that all dynamical laws must be Lorentz invariant” (2009, 

28, emphasis his). This implies that the objects themselves instantiate or carry the structure of 

spacetime, and that structure then affects their behavior. Whether or not this interpretation is, in 

fact, a relationalist position is an entirely different question, one which I will address in the next 

section (5.2). To clarify how this type of explanation works, Janssen discusses several cases 

where the geometric interpretation of STR provides explanations. 
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One of these cases is the explanation of Fizeau’s experimental results. Janssen’s 

discussion and characterization of this explanation in STR are analogous to my discussion above 

(3.4). The derivation of Fizeau’s experimental results that Janssen discusses begins with the 

principle of relativity and the light postulate. From these principles, Janssen notes that Laue was 

able to derive the relativity of simultaneity and then from there derive the velocity of light (W) 

relative to a moving medium Eq. 29 restated here: 

𝑊 =
𝑣 + 𝑤

1 + (
𝑣𝑤
𝑐2 )

 

 

According to Janssen, these results demonstrate that Fizeau’s result “is an example of standard 

spatiotemporal behavior” (2009, 28). This is because the geometric interpretation of STR shows 

that Fresnel’s drag coefficient contains no information about the physics of light in transparent 

media other than that it is in accordance with the general rules of the spatiotemporal behavior of 

systems instantiating Minkowski space-time (Janssen 2009, 32). As such, Janssen concludes that 

the geometric interpretation of STR explains Fizeau’s experimental results by tracing them to the 

structure of spacetime. 

More generally Janssen argues that the geometric interpretation explains relativistic 

phenomena by referring to some features of the system at rest with respect to some arbitrary 

inertial frame (2009, 47). The geometric interpretation of STR then appeals to the Lorentz 

invariance of natural laws and the structure of spacetime to account for any associated features of 

the same system in uniform motion. From here the relativist can look upon the system in uniform 

motion as a redescription of the same situation from the perspective of the observer at rest 

relative to the moving frame. Thus, the moving system is just exhibiting the default 

spatiotemporal behavior of Minkowski spacetime. 

   

5.2 A Unificationist Account of Explanation in the Geometric Interpretation 

In this section, I show how Kitcher’s unificationist account is better at characterizing the role of 

spacetime in explanations in the geometric interpretation of STR than Janssen’s account. To 

begin, I discuss Janssen’s common origin inference account in more detail. I then argue that 

Kitcher’s unificationist account is better developed and shows why the geometric interpretation 

of STR is explanatory better than Janssen’s account. I argue that Kitcher’s account is more 
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systematic than Janssen’s account because it specifies the specific laws and variables within 

those laws that explain relativistic phenomena. I use Kitcher’s account to characterize the 

explanations of relativistic phenomena provided by the geometric interpretation. I argue that the 

geometric interpretation explains relativistic effects by assuming that spacetime has a 

Minkowskian structure and then using this spacetime structure to derive relativistic laws which 

are then used to derive relativistic effects. 

 Janssen’s Common Origin Inference Account 

Janssen’s common origin inference account maintains that in general, an explanation is 

the tracing of a set of disparate phenomena back to a common origin, which in turn counts as 

evidence for the explanation (2002b, 459). According to Janssen, common origin explanations 

may be provided by anything from an embryonic theory to a mature theory. What he means by 

an embryonic theory is a theory that purports that the explananda are due to some specified 

structure or mechanism that is not well understood. In such cases what the structure or 

mechanism is might not be fully understood at the time (Janssen 2002b, 465). Even though 

embryonic theories can provide explanations, Janssen suspects that the most interesting and 

fruitful common origin inferences will be those that trace a set of disparate phenomena back to a 

common cause. Furthermore, Janssen maintains that common origin inferences seek to find 

‘natural kinds’ or what he calls, following Laura Snyder, ‘phenomena kinds’ (2002b, 465). 

Phenomena kinds classify a range of phenomena under a specific common origin inference. 

Lastly, according to Janssen, a common origin inference is particularly fruitful if the 

classification it provides allows more and more phenomena to fall under this common origin 

inference (2002b, 466). Thus, the goal of a common origin inferences is best achieved if the 

common origin to which it refers is at best well defined and at most causal. 

According to Janssen, Salmon’s ontic conception of explanation provides the best 

framework from which to erect his common origin inference account. Salmon’s ontic conception 

“sees explanations as exhibitions of the ways in which what is to be explained fits into natural 

patterns or regularities. This view…usually takes the patterns and regularities to be causal” 

(Salmon, 1985, 293). Janssen notes that he differs with Salmon over how well the phenomena 

must fit into the natural patterns and regularities for the common origin explanation to be 

convincing. This is because he wants to allow for the existence of explanatory embryonic 

theories while Salmon wants the theories to be well developed (Janssen 2002b, 467). He also 
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notes that Salmon’s conception of causation is too narrow and states that for common cause 

inferences, the cause can be anything from an event or substance with causal efficacy or some 

causal structure, network, or mechanism (2002b, 468). Of course, not all common origin 

inferences are causal, and so these structures need not be causally efficacious. So the main idea 

that he is getting from Salmon is that common origin inferences explain a set of disparate 

phenomena by showing how they fit into a common natural pattern or regularity, but unlike 

Salmon, this common pattern or regularity need not be causal. 

To elaborate on his common origin inference account, Janssen considers a number of 

common origin inference ‘stories’ from the history of science. One of the most fruitful stories 

that Janssen discusses, for present purposes, is his discussion of Darwin’s argument for evolution 

through natural selection. According to Janssen, Darwin’s theory provides a common origin 

explanation for the striking coincidences that “Galapagos finches all look like finches from the 

mainland with their beaks carefully tailored to their specific niche in the ecosystem…[and]…that 

the flipper of a seal has the same bone structure as the wing of a bat” (2002b, 490). More 

specifically Janssen maintains that Darwin’s theory provides a common origin explanation for 

the distinct beak shapes of the finches in each niche, a separate common origin explanation for 

the structural similarities between the flipper of the seal and the wing of the bat, and another 

common origin explanation, what Janssen calls a meta-common origin, for these specific 

common origin inferences. The common origin for the finches’ beaks is natural selection based 

on the environment of each group of finches, the common origin for the structural similarities of 

the flipper and the wing is a common ancestor while the meta-common origin of these is the 

evolution of species by natural selection. According to Janssen, this meta-common origin 

inference provides strong evidence for Darwin’s theory, because it can trace widely different 

classes of facts to a common origin and was used by Darwin in his argument in favor of his 

theory (2002b, 490). It should be noted here that Janssen’s discussion of Darwin’s theory is 

problematic. The principle of selection is distinct from the claim that all life has a common 

origin. Darwin used different evidence to support these components of his theory. Secondly, the 

common origin of the finches’ beak is that they share a common ancestor. (I am indebted to 

Stefan Linquist for pointing out these difficulties). 

Thus, Janssen’s common origin inference account maintains that in general, an 

explanation is the tracing of a set of disparate phenomena back to a common origin, which in 
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turn counts as evidence for the explanation (2002b, 459). What this means for the geometric 

interpretation of STR, as we have seen (5.1), is that the common origin for relativistic 

phenomena is the default spatiotemporal behavior of all objects as described by Minkowski 

spacetime. 

 

 A Defense of Kitcher’s Unificationist Account 

 Kitcher’s account is better developed than Janssen’s common origins account. Janssen’s 

account does not adequately capture how scientific theories explain. Simply showing that a 

specific set of phenomena have a common origin is not enough for explanation. What is needed 

is a more systematic account of why these phenomena behave as they do. That is, an account of 

explanation needs to specify which features are explanatorily relevant and why. This would 

involve specifying the specific variables and features of the system that play a role in the 

explanation. In the case of the geometric interpretation of STR the variables that play a role in 

the explanation of length contraction, for instance, are the specific lengths as obtained by each 

observer (L and L'), the relative velocity of the object that is being measured (v), and the speed 

of light (c). These variables are all specified by Lorentz’s equation for length contraction, which 

plays a role in the derivation of many distinct instances of length contraction provided by both 

the principle interpretation and the geometric interpretation. Janssen’s approach does not specify 

these variables. Instead, it merely points to the underlying structure of spacetime as the common 

origin which is only one feature that is used in the explanation of length contraction. 

 Kitcher’s account is a more systematic account than Janssen’s, for it specifies the 

variables that play a role in the explanations provided by the geometric interpretation of STR. As 

we have seen (section 3.3), Kitcher’s account characterizes the explanation of length contraction 

provided by the geometric interpretation as a derivation from not only the specific features of the 

system, the structure of spacetime, but also from the specific laws, the principle of relativity and 

the light postulate, and the equations that result from them. As a result, Kitcher’s account 

specifies the variables that are relevant to the explanation and by doing so, it shows how 

different instances of length contraction can be derived from the same argument pattern. In 

chapter 6, I will show that the degree to which Kitcher’s account specifies these features of the 

explanation is actually not enough for explanation and will modify Kitcher’s account so that it 

adequately captures all the features involved in the explanation. Even so, Kitcher’s account, as it 
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stands, provides more detail than Janssen’s common origin inference account. Therefore, 

Kitcher’s account is more systematic than Janssen’s account and as a result, it captures how the 

geometric interpretation of STR explains better than Janssen’s account. 

 Explanation by Unification in the Geometric Interpretation 

To further illustrate this point, I will now move to characterize fully the explanation of 

Fizeau’s experimental result provided by the geometric interpretation using Kitcher’s account. 

Each explanation provided by the geometric interpretation follows an argument pattern that 

begins with the same basic premises that illustrate the relevant features of Minkowski spacetime. 

The argument patterns begin by representing the phenomena in a two-dimensional spacetime 

diagram, where the world-line of each observer, A and B, are represented as two-dimensional 

lines, one dimension being spatial, the other being temporal (Fig. 5.1):  

 

Figure 5.1 (D’Inverno 1992, Fig 2.6, 20). 

The world line of A and B; where B is represented as a straight line at an angle to A’s world-line, showing 

that B is traveling at a specific velocity relative to A. 

The next step is to derive the k-factor which is a characteristic of the motion of B relative to A 

that describes the time relations between the two observers’ reference frames as obtained by both 

observers sending out a series of light signals (Fig. 5.2). 
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Figure 5.2 (D’Inverno 1992, Fig 2.7, 20). 

The reciprocal nature of the K-factor  

 

The light signals in the diagram are denoted by a straight line with an arrow making an angle of 

1

4
𝜋 when the speed of light is taken to be 1 (D'Inverno 1992, 20). If A sends out a series of 

signals to B, where the intervals between signals by A’s clock is denoted by T, then the intervals 

of reception obtained by B are proportional to T and this proportionality can be represented by 

kT. The quantity of this factor, called the k-factor, is clearly a characteristic of the motion of B 

relative to A. The next step is to assume that A and B are inertial observers making k a constant 

in time. The principle of special relativity requires that the relationship between A and B be 

reciprocal, such that if B emits two light signals with a time lapse of T according to her clock, 

then A will receive them after a time lapse of kT according to her clock as shown in figure 5.2 

(D'Inverno 1992, 21). 

 From here we derive the k-calculus, an equation which is used to determine the 

coordinates of the events in the world-line of B as T varies and is used to derive the many 

consequences of the geometric interpretation of STR. To do so, we first establish an equation 

that describes how A determines the coordinate of an event P by bouncing a light signal off of it. 

If A sends out a light signal at time 𝑡1 and then receives that light signal at 𝑡2 (Fig. 4.3), then the 

coordinates of P (t, x) are given by: 
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when the velocity of light is 1 (D’Inverno 1992, 21). To derive the k-calculus, we then introduce 

the world-line of B to the spacetime diagram of Figure 5.3, such that B intersects with P at a 

specific point along her world-line.  

 

Figure 5.3 (D’Inverno 1992, Fig 2.9, 21) 

Relating the K-factor to the relative speed of separation. 

 

If A and B synchronize their clocks to zero when they cross at event O as depicted in figure 4.3, 

then when A sends a signal to B, which is reflected back at event P, from the point of view of B a 

light signal is sent back to A after a time lapse of kT according to the clock of B. While from the 

point of view of A, the light signal is sent back at T (D’Inverno 1992, 21). Using Eq. 44 with 

𝑡1 = 𝑇 and 𝑡2 = 𝑘2𝑇, we can determine the coordinates of P according to A’s clock using the 

following equation: 

As time (T) passes this equation gives the coordinates of the events which constitute the world-

line of B (D’Inverno 1992, 21). If v is the velocity of B relative to A, we find that the following 

equation obtains: 

Eq. 44. (𝑡, 𝑥) = [
1

2
(𝑡1 + 𝑡2),

1

2
(𝑡2 − 𝑡2)] 

Eq. 45. (𝑡, 𝑥) = (
1

2
(𝑘2 + 1)𝑇,

1

2
(𝑘2 − 1)𝑇) 
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Solving for 𝑘 in terms of 𝑣 the k-calculus is given by: 

This equation gives us the value of k as a function of the velocity (v) at which B is traveling 

relative to A, such that if A sends a light signal at time T, B will receive it at kT. Using this 

equation, we can derive many relativistic phenomena, such as Fizeau’s experimental results and 

length contraction. 

The geometric interpretation considers a spacetime diagram of Fizeau’s experiment to 

derive Fizeau’s experimental results (figure 5.5) where 𝑘𝐴𝐵 denotes the k-factor between A and 

B, 𝑘𝐵𝐶 the k-factor between B and C and 𝑘𝐴𝐶 the k-factor between A and C. 

 

Figure 5.4 (D’Inverno 1992, Fig 2.11, 22). 

The composition of k-factors. 

From this it follows that: 

which when combined with the k-calculus (Eq. 47) derives the corresponding composition law 

for velocities: 

Eq. 46. 𝑣 =
𝑥

𝑡
= (

𝑘2−1

𝑘2+1
) 

Eq. 47. 𝑘 = (
1+𝑣

1−𝑣
)

1

2 

Eq. 48. 𝑘𝐴𝐶 =  𝑘𝐴𝐵𝑘𝐵𝐶    
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where 𝑣𝐴𝐶  is the speed of light relative to the experimenter taken to be at rest, 𝑣𝐴𝐵 is the speed of 

the medium, and 𝑣𝐵𝐶  is the speed of light relative to the moving medium. This formula describes 

Fizeau’s experimental result, and is comparable to Eq. 29 discussed in section 3.4. 

 Characterizing the Explanation 

To finalize the characterization of the explanation of Fizeau’s experimental result given 

by the geometric interpretation, we can standardize the argument pattern as follows: 

 

The Geometric Argument Pattern for Fizeau’s Experimental Result 

P1/ The world-lines of A and B can be represented as separate lines on a Minkowskian spacetime 

diagram as depicted in figure 5.1 

P2/ A measures the time between light pulses given off by A as T while B measures it as kT 

P3/ 𝑃(𝑡, 𝑥) = [
1

2
(𝑡1 + 𝑡2),

1

2
(𝑡2 − 𝑡2)] 

P4/ Fizeau’s experiment can be represented using the spacetime diagram figure 5.4 

P5/ As depicted in figure 5.4, A measures the time between light pulses given off by A as T, B as 

𝑘𝐴𝐵𝑇, C as 𝑘𝐴𝐶𝑇, while B measures the time between light pulses given off by C as 𝑘𝐵𝐶𝑇 

P6/ 𝑘𝐴𝐶 =  𝑘𝐴𝐵𝑘𝐵𝐶 

P7/ 𝑘 = (
1+𝑣

1−𝑣
)

1

2  

P8/  𝑣𝐴𝐶 =
𝑣𝐴𝐵+𝑣𝐵𝐶

1+𝑣𝐴𝐵𝑣𝐵𝐶
 = 𝑊 =

𝑣+𝑤

1+𝑣𝑤
 

P9/ the light is moving relative to the water and the tube 

P10/ the water is moving relative to the light and the tube 

P11/ 𝑣𝐴𝐵 = 𝑏 

C/ ‘the velocity of light in moving water is 𝑣𝐴𝐶  relative to the tube, but is 𝑣𝐵𝐶  in stationary water, 

such that 𝑣𝐴𝐵 < 𝑣𝐵𝐶  and the interference fringe is z when the velocity of the water is 𝑏’ 

 

As with the argument patterns provided by the principle interpretation, we can use the above 

argument pattern to derive many different values for 𝑣𝐴𝐶  and 𝑣𝐵𝐶  and the interference fringe 

Eq. 49. 𝑣𝐴𝐶 =
𝑣𝐴𝐵+𝑣𝐵𝐶

1+𝑣𝐴𝐵𝑣𝐵𝐶
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given specific values for 𝑣𝐴𝐵.  The argument pattern shows that given specific features about the 

spacetime that each reference frame occupies (P4 and P5), the way in which each reference 

frame relates to one another (P5 and P6) and the k-factor (P7) which itself is derived from P1, P2 

and P3, we can derive an equation describing the composition law for velocities (P8). From this 

equation and given certain characteristics about the particular experiment (P9-P11), we can 

derive Fizeau’s experimental result. Therefore, according to Kitcher’s unificationist account the 

above argument pattern meets Kitcher’s local criteria, and therefore the geometric interpretation 

of STR and is potentially explanatory. What needs to be shown is that the geometric 

interpretation is more unifying than its competitors. 

 What this discussion demonstrates is that the geometric interpretation derives relativistic 

phenomena from the geometric structure of Minkowski spacetime. More specifically, by 

assuming that spacetime is Minkowskian, the geometric interpretation is able to represent the 

phenomena using spacetime diagrams and then use the properties discerned from the diagrams 

representing this spacetime to explain relativistic effects. In particular, the argument pattern used 

by the geometric interpretation to explain Fizeau’s experimental results employs two spacetime 

diagrams to represent the phenomena involved. The first diagram shows how the k-factor is 

derived from Minkowski spacetime while the second diagram represents Fizeau’s experiment in 

Minkowski spacetime. More specifically, the second diagram depicts the three reference frames 

involved, A being the reference frame of the observer, B the reference frame of the water, and C 

being the reference frame of the light and how they relate to each other both spatially and 

temporally. Using this diagram combined with the k-factor, we are able to derive the 

composition law for velocities which then allows us to derive the explanandum (C). 

This characterization of the explanations provided by the geometric interpretation shows 

that Kitcher’s unificationist account better characterizes the role of spacetime in explanations of 

relativistic phenomena in STR than Janssen’s common origin inference account. Unlike 

Janssen’s characterization, the above characterization shows why these phenomena behave as 

they do by citing the specific variables and features that play a role in the explanation. Rather 

than simply stating the fact that this phenomenon has a common origin with other relativistic 

effects, Kitcher’s account shows that it can be derived from the fact that spacetime is 

Minkowskian and a specific description of how they relate to one another (the k-factor) and the 

composition law for velocities. 
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 Conclusions 

Therefore, Kitcher’s unificationist account is better at characterizing the role of spacetime 

in explanations in the geometric interpretation of STR than Janssen’s account because it is more 

systematic. Janssen’s common origins account is not well developed while Kitcher’s account is 

more developed and more defensible. Kitcher’s account is better at showing why the geometric 

interpretation of STR is explanatory because it cites the various features and variables that are 

derived from Minkowski spacetime as being responsible for relativistic phenomena, rather than 

just stating that these phenomena can be traced back to Minkowski spacetime. Therefore, 

Kitcher’s unificationist account is better than Janssen’s common origin inference account at 

characterizing explanations. 

5.3 The Role of Space and Spacetime in Explanations in Physics 

In this section, I further elaborate on the role of spacetime in explanations in the geometric 

interpretation of STR. To begin with, I note that the way in which STR uses spacetime to explain 

relativistic phenomena is similar to the way in which Newtonian mechanics uses space to explain 

certain effects such as inertial forces. From this, it follows that STR is not a special case of 

explanation. Instead, it follows a long tradition within physics. Secondly, I argue that if the 

structure of spacetime is the main explanatory component, then the way in which STR uses 

spacetime in its explanations is compatible only with substantivalism. Indeed, the relationalism 

that Janssen purports implies the existence of the structure of spacetime and is, therefore, 

substantival. Furthermore, even though it is the structure of spacetime that is explanatory, contra 

Janssen and Brown, a substantivalist view of spacetime does not imply that spacetime is causally 

efficacious.  

 The Role of Absolute Space in Newtonian Mechanics 

The use of the structure of spacetime to explain certain phenomena is not an approach 

specific only to STR. Newtonian mechanics employs this same approach to explain certain 

phenomena. For instance, in his discussion of the bucket experiment, Newton cites the structure 

of absolute space to explain the inertial forces inflicted upon the water. The bucket experiment is 

an experiment where a bucket filled with water is hung on a strongly twisted cord (Newton 1966 

[1729], 10-12). Newton notes that if the bucket is suddenly released it will be whirled about the 

contrary direction to which the cord was twisted by a force caused by the cord untwisting itself. 
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While the bucket whirls about its center axis, the surface of the water will, at first, be flat as it 

was when the whole system was stationary. However, after some time, Newton notes that the 

bucket will gradually communicate its motion to the water, and the water will eventually 

sensibly revolve around the same axis. When this happens the water will slowly begin to recede 

from the center, until its surface becomes concave. The swifter the bucket spins, the higher the 

water will rise until its revolutions match that of the bucket itself in which case the water will be 

at rest relative to the bucket. The force that produces this effect, i.e. the slower acceleration of 

the water relative to the fast acceleration of the bucket, and explains it is inertia, and it is this 

force that requires an explanation. To explain this force Newton argues that: 

“This endeavor does not depend upon any translation of the water in respect to the 

ambient bodies, nor can true circular motion be defended by such translation. 

There is only one real circular motion of any one revolving body, corresponding 

to only one power of endeavoring to recede from its axis of motion…relative 

motions, in one and the same body, are innumerable, according to the various 

relations it bears to external bodies, and, like other relations, are altogether 

destitute of any real effect, any otherwise than they may perhaps partake of that 

one only true motion” (1966 [1792], 11). 

What he means here is that the slow acceleration of the water is explained by inertia which is 

explained by noting that such a force occurs when the object exhibiting the force is accelerating 

relative to absolute space. Newton argues that this is the best explanation of the inertial force that 

is exhibited by the water, because if it is explained based on its relative acceleration to the 

surrounding objects, then the acceleration of those objects around a bucket of water at rest 

relative to it would have to produce the same effect on the water (1966 [1792], 11). For example, 

if it is explained based on its relative acceleration to the observer, the observer running around 

the bucket would have to cause the same effect. There is no suitable interaction between the 

surrounding objects and the water to explain the curvature of the water which implies the 

presence of inertia (Hugget 1999, 138). So according to Newton, it is the acceleration of the 

water relative to absolute space, what he calls absolute acceleration, that explains the curvature 

of the water and the presence of inertia. 

Similarly, Newton uses absolute space to explain a thought experiment involving a pair 

of spheres joined together by a rod. When these spheres are set spinning around the center axis of 



108 

 

the sphere and rod system, they will exert a central force through the rod and on each other 

toward the axis of rotation (Hugget 1999, 139). Newton notes that this force would be present 

and measurable as tension in the rod even if they were the only material objects that existed 

(1966 [1792], 12). As with the presence of inertia in the bucket experiment, the way in which he 

explains the presence of this force is by citing absolute space. According to Newton, the sphere 

and rod system exhibit this force even in empty space, because it is moving relative to absolute 

space. It is the system’s rotation relative to absolute space that is causing the force. Absolute 

space for Newton then is causally efficacious. It is this specific characteristic of space that 

Newton uses to explain certain effects such as inertia and absolute motion. 

 The Role of Spacetime in the Geometric Interpretation of STR 

The way in which the geometric interpretation of STR uses spacetime to explain 

relativistic phenomena is similar to the way in which Newtonian mechanics uses space to explain 

certain effects such as inertial force in that it cites a particular characteristic of spacetime, its 

Minkowskian structure, to explain a large set of phenomena. The geometric interpretation of 

STR shows that relativistic phenomena are the result of the objects involved behaving as any 

objects would within a world that has a Minkowski spacetime structure. So while Newtonian 

mechanics explains the behavior of the water in the bucket by deriving the effect from 

acceleration with respect to absolute space, STR explains the interaction of water and light in 

Fizeau’s experiment by deriving the results from specific features of spacetime. These features 

are either the geometry, as in the geometric interpretation, or the specific laws derived from it, as 

in the principle interpretation. Thus, in general, both Newtonian mechanics and STR explain a 

set of phenomena by citing a specific characteristic of space or spacetime. 

 Relationalism versus Substantivalism about Spacetime 

As was noted above, Janssen claims that both a substantivalist and relationalist approach 

to spacetime is compatible with the geometric interpretation of STR (2009, 28). For the present 

purposes, we can define relationalism and substantivalism in terms of ontological commitments. 

Substantivalism maintains that spacetime is a separate entity and so adds spacetime to its list of 

ontological commitments, along with energy and matter (Hugget 1999, 128-129). Relationalism, 

on the other hand, denies that spacetime is a separate entity. Instead, relationalism maintains 

spacetime is the relations that obtain between objects (Hugget 1999, 131-133). Janssen for one 
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takes a relationalist approach. He takes this approach, because he agrees with Brown that 

“Minkowski spacetime is not a substance with causal efficacy” and instead adopts the view that 

“Minkowski spacetime encodes the default spatiotemporal behavior of all physical systems in a 

world in accordance with the laws of special relativity” (2009, 49). Thus, spacetime does not 

cause length contraction. Rather length contraction occurs because the object undergoing length 

contraction exists in a world that acts in accordance with the laws of special relativity which are 

in turn encoded by Minkowski spacetime. Spacetime structure then, according to Janssen, is 

instantiated by the objects that exist within it and that structure is the common origin to which 

STR refers in order to explain relativistic phenomena. 

Contrary to Janssen, his understanding of the role of spacetime in explanations is not 

compatible with a relationalist interpretation of spacetime. Janssen’s position is dependent on the 

structure of spacetime being a substance. In order for the structure of spacetime to be a common 

origin, it must exist because for a structure to define or encode the default spatiotemporal 

behavior of objects, it must be a substance. 

One could argue that a structure that encodes the default spatiotemporal behavior is not a 

substance but still plays an explanatory role in much the same way as the center of gravity of a 

planet is not a substance but still plays an explanatory role in celestial mechanics. (Thanks to 

Stefan Linquist for suggesting this counterexample). However, such an objection misses the 

mark, for these two cases are not analogous. Especially, as we will see, given Janssen’s 

interpretation of STR. The center of gravity in an explanation for the behavior of a planet around 

its host star stands in for the forces that are acting on the celestial bodies. We use the center of 

gravity in the explanation to simplify it and make it tractable. This is analogous to the way in 

which point masses are used in explanations of the behavior of celestial objects as well. The 

point mass stands in for the object or objects being examined and is used to make the explanation 

less complicated. Explanations for the behavior of celestial bodies are complicated by the fact 

that Celestial bodies are of finite size and are not spherical. Very lumpy, nonspherical bodies, 

such as comets or asteroids, will undergo gyrational motion, which makes their orbits irregular 

and difficult to describe, predict and explain (Collins 1989, 71). According to Janssen, in the 

geometric interpretation case, the structure of spacetime in the geometric interpretation does not 

stand in for any underlying mechanisms or dynamical description of the world. Indeed, part of 

Janssen’s argument in favor of the geometric interpretation concerns the non-reducibility of 
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spacetime concepts to dynamical concepts. According to Janssen, STR is a nonreducible high-

level theory, one that describes relativistic phenomena, such as length contraction and Fizeau’s 

experimental results, as instances of the spatiotemporal behavior of the world and as such it need 

not and indeed cannot be explained or reduced by a dynamical theory (2009, 38). No possible 

dynamical theory, according to Janssen, could ever explain length contraction due to velocity, 

because this type of length contraction is purely a high-level effect. STR is simply not reducible. 

(See Norton 2008 for a similar argument against such a reduction.). Since the geometric 

interpretation is nonreducible in this sense, that is the Minkowski structure of spacetime is not 

standing in for anything, there simply are no forces that can be used to explain the 

spatiotemporal behavior of objects. To put it another way, according to Janssen, the behavior of 

an object given a specific spacetime needs no further reduction or explanation. Minkowski 

spacetime is the common origin of the relativistic phenomena. Minkowski spacetime cannot be 

reduced, and therefore it is not standing in for any forces or dynamical theory about matter that 

we are currently missing. Thus, according to Janssen’s interpretation, spacetime is a substance, 

and his account is not compatible with relationalism. 

STR is agnostic about the status of spacetime. As we have seen (sections 3.3 and 3.4), the 

principle interpretation assumes a specific structure of spacetime, i.e. that it is homogenous and 

isotropic, and combined with the principle of relativity and the light postulate is then able to 

derive relativistic phenomena. Similarly, the geometric interpretation presupposes Minkowski 

spacetime and is then able to derive specific geometric features which are then used to derive 

relativistic phenomena (see Section 5.2). Neither interpretation says anything about ontological 

commitments to spacetime. In other words, Minkowski spacetime and the assumptions of the 

principle interpretation could be standing in for the underlying forces or relations that obtain 

between objects. As a result, both interpretations of STR could be reduced by a dynamical 

interpretation. The features specified by either interpretation of STR are noncausal. Both 

interpretations of STR remain agnostic about the ontological status of spacetime. The best way 

forward then is to provide an account of explanation in both interpretations that does not make 

any commitment to spacetime one way or another. As we have seen (sections 3.3, 3.4 and 5.2), 

Kitcher’s unificationist account offers such an account. 
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5.4 Unificationism versus Common Origin Inferences 

In this section, I compare Kitcher’s unificationist account to Janssen’s common origin inference 

account. To do so, I argue that much of what Janssen says in support of his account is captured 

by Kitcher’s account. I then argue that Janssen’s reasons for rejecting Kitcher’s account are ill-

founded. Janssen misapplies Kitcher’s account, focusing only on the explanatory scope criterion 

when determining the degree of unification. Next, I show that the reasons that Janssen gives to 

support his common origin inference account of explanations in STR can be applied to the 

unificationist account. 

 Unificationism versus Common Origin Inferences 

Much of what Janssen says in support of his account is captured by Kitcher’s account. To 

show this, I will discuss Kitcher’s discussion of Darwin’s theory of evolution by natural 

selection. According to Kitcher, Darwin’s theory of evolution is often unable to provide any 

complete derivation of biological phenomena, in Janssen’s terms the theory is an embryonic 

theory, and yet Darwin argues his theory is explanatory. According to Kitcher, the theory is 

explanatory because it promises to unify a host of biological phenomena (1981, 514). To unify 

biological phenomena the theory provides derivations of these phenomena from a set of 

argument patterns. Each derivation follows an argument pattern that cites the principle of natural 

selection, premises describing the ancestors of the organisms involved, the nature of their 

environment, and the laws of variation and inheritance (Kitcher 1981, 515). For example, 

Darwin would explain the distinct beaks of the Galapagos finches by deriving their 

characteristics using an argument pattern that employs premises about their common ancestor, 

the nature of the environment in which each beak type is found and the laws of variation and 

inheritance. The argument pattern could be applied to each distinct beak shape and features with 

only slight variations for each type. The ability of Darwin’s theory of evolution to provide us 

with these argument patterns, in turn, acts as support for the theory itself. 

 Based on the above discussion we can see parallels between Kitcher’s account and 

Janssen’s account. Indeed, the only major difference between the two is that Kitcher describes a 

theory as explanatory if it unifies a set of disparate phenomena using a small number of 

argument patterns while Janssen describes a theory as explanatory if it traces disparate 

phenomena back to a common origin. The similarities are best displayed if we compare 

Janssen’s discussion of Darwin’s theory of evolution by natural selection to Kitcher’s discussion. 
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As was noted above, Janssen maintains that Darwin’s theory explains the development of distinct 

beak structures in Galapagos Finches by citing the common origin for the finches’ beaks as being 

natural selection based on the environment of each group of finches. Kitcher maintains that 

Darwin’s theory explains the distinct beak structure of the Galapagos finches by deriving their 

characteristics from an argument pattern that employs premises about their common ancestor, the 

nature of the environment in which each beak type is found and the laws of natural selection. So 

for both accounts of explanation, Darwin’s theory explains this phenomenon by citing natural 

selection and specific features of the finches’ natural environment. The only difference between 

the two accounts is the way in which they describe how the explanation works. Janssen says that 

the phenomenon is traced back to a common origin, whereas Kitcher says that the phenomenon 

is derived from a common argument pattern. Lastly, like Janssen, Kitcher maintains that the 

ability of a theory to unify a set of disparate phenomena not only explains the phenomena but 

gives support for that theory’s acceptance (1981, 514). This is analogous to Janssen’s claim that 

a common origin inference not only provides an explanation of the phenomena but also provides 

support for the theory that specifies this common origin inference. Given these similarities 

between the two theories, one might ask why Janssen rejects Kitcher’s account in favor of his 

own. 

 One reason why Janssen avoids characterizing explanations in STR using unificationism 

is that he misapplies Kitcher’s account. Janssen criticizes Kitcher’s account by stating that “if 

unification were all that matters, it is unclear why Lorentz’s theory does not provide a perfectly 

adequate explanation of length contraction” (2002, 501). This is because, according to Janssen, 

Lorentz’s claim that all laws are Lorentz invariant has tremendous unifying power, because, 

from this one claim, Lorentz is able to account for all of the results that STR is able to. It is clear 

that the type of unification that Janssen has in mind here is concerned with the explanatory scope 

of the theory. Janssen’s argument hinges on the assumption that if a theory can account for all of 

the same phenomena that another theory can, then it is just as unifying and, therefore, would be 

counted as explanatory according to Kitcher’s account. However, the empirical scope of a theory 

is only one of the criteria that Kitcher provides for establishing the explanatory store. As we have 

seen (section 4.4), the paucity of argument patterns criterion rules in favor of STR over Lorentz’s 

theory, because STR provides fewer argument patterns than Lorentz’s theory does. Furthermore, 

the transition from Lorentz’s theory to STR satisfies Kitcher’s proviso that such transitions must 
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be defensible. The transition to STR was justified by the fact that at the turn of the twentieth 

century, physics was in a time of crisis. Therefore, Janssen is incorrect when he rejects Kitcher’s 

account on the basis that it would count Lorentz’s theory as more unifying and, therefore, 

explanatory. 

Furthermore, Kitcher’s account captures all of the features of STR that Janssen cites as 

providing evidence that STR is explanatory. The main reason why Janssen argues that STR is 

explanatory is that it is able to trace relativistic phenomena back to a common origin, the 

structure of Minkowski spacetime. However, Kitcher’s account is also able to embrace this 

particular feature of STR. The only difference is that according to Kitcher’s account, relativistic 

phenomena are derived from the structure of spacetime rather than traced back to it. From the 

structure of spacetime, we are able to derive and, therefore, explain many disparate relativistic 

phenomena using either the geometric interpretation or the principle interpretation. This is 

compatible with the reason that Janssen gives in support of the explanatory value of STR that of 

tracing relativistic phenomena back to a common origin. 

Another reason Janssen gives for the explanatory value of STR is that it provides a single 

explanation for coincidences, which in turn is counted as evidence for the explanation. In 

particular, Janssen notes that in STR, a moving magnet and a moving conductor are treated as the 

same type of phenomena and explains these phenomena by tracing them back to a common 

origin (2002, 504). This act of explaining these two disparate phenomena by tracing them back 

to a common origin provides support for the adoption of STR (2002, 459). Kitcher’s 

unificationist account also embraces this feature, for as we have seen (section 4.1) the paucity of 

argument patterns criterion implies that a theory is more unifying and, therefore, explanatory if it 

is able to derive a set of disparate phenomena using the same argument pattern. This, in turn, 

supports the theory, for it shows the unifying and explanatory power of the theory.  

Therefore, Kitcher’s unificationist account captures all of the positive features that 

Janssen cites in support of the explanatory value of STR. So contrary to what Janssen argues, 

Kitcher’s account does indeed capture the common origin inferences of STR and counts STR as 

explanatory. Secondly, the reasons that Janssen gives in support of his common origins inference 

account can be captured by Kitcher’s unificationist account. Contrary to Janssen, Kitcher’s 

account would count STR as explanatory and is also able to embrace the same features of STR 

that Janssen argues supports his thesis that STR is explanatory. Secondly, Kitcher’s unificationist 
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account captures all of the positive features that Janssen cites in support of the explanatory value 

of STR. 

 Conclusions 

In conclusion, using the structure of spacetime to explain a set of phenomena is not an 

unusual practice in physics and as such STR is not a special case and its explanations that cite the 

structure of spacetime should be considered legitimate. Secondly, the reasons why Janssen 

rejects Kitcher’s unificationist account are based on a misunderstanding of that account. 

Contrary to Janssen, Kitcher’s unificationist account is able to rule out Lorentz’s theory as a 

competitor and is also able to capture all of the features of STR that Janssen argues are relevant 

to the explanatory value of the theory. Finally, Kitcher’s unificationist account is better than 

Janssen’s common origin inference account at characterizing explanations. Furthermore, 

Kitcher’s account is better at showing why both interpretations of STR are explanatory than 

Janssen’s account because it cites the various features and variables that are derived from 

spacetime as being responsible for relativistic phenomena while Janssen’s account simply states 

that these phenomena can be traced back to Minkowski spacetime. 
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Chapter 6 A Modified Unificationist Approach 

Now that I have shown that Kitcher’s unificationist account can characterize the derivations 

provided by the principle interpretation and the geometric interpretation of STR as explanatory 

and that such an account is better than its most promising competitor, Janssen’s common origin 

inference account, I need to show that Kitcher’s unificationist account is defensible. That is, I 

need to show that Kitcher’s account, or at the very least a modification of it, can debar some of 

the major objections put to it by contemporary philosophers of science. The major objection I 

will address is the asymmetry problem (sections 2.5 and 5.2). I will briefly discuss some 

solutions to other problems in my concluding remarks. In the first section, I discuss Kitcher’s 

solution to the asymmetry problem and then Woodward’s criticisms of Kitcher’s solution. Here I 

agree with Woodward that Kitcher’s account is unable to solve the asymmetry problem. I then 

show how Woodward’s account, one that embraces causal dependency relations, can block the 

problem. In the second section, I discuss Woodward’s reasoning for incorporating dependency 

relations (2003). I discuss his argument, which maintains that there is more to explanation than 

simply derivations, against the DN account. Rather an explanation shows how the explananda 

will change if the explanans were different. By discussing this argument, I also show that 

Woodward’s account can characterize the derivations provided by STR as explanatory. In the 

third section, I modify Kitcher’s unificationist account by incorporating dependency relations. In 

the last section, I develop my account further by characterizing explanations in STR. I then 

compare the result with Woodward’s and Kitcher’s account. I conclude this chapter by arguing 

that my account better captures explanation in physics than Woodward’s account. 

 

6.1 The Asymmetry Problem Revisited 

In this section, I show that Kitcher attempts to disbar the asymmetry problem by arguing that an 

explanatory store that includes the nonexplanatory argument pattern will be less unifying than 

one that does not (1981, 525). As I discussed in early chapters (see Chapter 2 and 5), the 

asymmetry problem comes about when we note that a general law that enables us to derive an 

explanandum from a set of explanans can be used in reverse. That is, we can use the same 

general law to derive one of the explanans from the explanandum and the other explanans. The 

problem is that the reverse derivation should not count as an explanation. A proper account of 
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explanation ought to be able to distinguish between the two explanations. The common solution 

to this problem is to propose a causal account of explanation. These accounts state that only 

putative explanations that trace the causal history of the explanandum are explanatory. As such, 

running the derivation in reverse is not an explanation because the explanandum is not a cause of 

the explanans (see the end of section 2.5). Kitcher provides an alternative solution to the 

asymmetry problem (section 4.1). In this section, I will further elaborate on his solution and then 

discuss an objection posed by Woodward against Kitcher’s solution. Lastly, I will modify the 

argument pattern for length contraction to get a case of asymmetry where both argument patterns 

are noncausal. 

 Kitcher’s Solution to the Asymmetry Problem 

Kitcher’s unificationist account attempts to provide a noncausal solution to the 

asymmetry problem. Prompted by empiricist concerns about causation and the legacy of Hume 

concerning the epistemic status of causal judgments, Kitcher’s intention is to avoid a 

commitment to causal realism (Kitcher 1989, 419-420). To do so, he requires an account of 

explanation that can capture the ordinary judgments about asymmetries without committing to 

causal realism.  

Kitcher is also trying to capture the practices of science. According to Kitcher, one of the 

main goals of science is unification. As we have seen (section 3.3), Kitcher’s account follows 

what he calls the unofficial view of scientific explanation suggested by Hempel (1965), where 

the aim of scientific explanation is an objective kind of understanding achieved by a systematic 

unification. The goal of this systematic unification is objective insight that is achieved by 

exhibiting a specific phenomenon as a manifestation of a common underlying structure and 

processes conforming to specific, testable and predictable basic principles (Hempel 1965, 345, 

444 and Kitcher 1981, 508). This approach is called the unificationist approach and depicts 

scientific theories as providing an explanatory store, a set of arguments for the purposes of 

explanation (Kitcher 1981, 512). The explanatory store contains all the argument patterns 

provided by the most unifying scientific theories that we can tap as needed. These argument 

patterns instantiate specific forms that are given by the theory provided they use particular 

nonlogical terms, such as ‘force’, ‘mass’ and ‘acceleration’, in a particular way (Kitcher 1981, 

516). The acceptable use of such terms is given by the theory and supplemented by filling 

instructions that tell us how we should replace the dummy letters or variables associated with the 



117 

 

terms with expressions referring to the phenomenon in question (1981, 517). For example, ‘the 

force on α is ß’ becomes ‘the force on the cannonball is 98 N’ when explaining why a cannonball 

behaves in a specific way. By introducing the notion of an explanatory store Kitcher hopes to 

capture the ordinary judgments about explanatory asymmetries in scientific practice without 

committing to causal realism and provide a strategy for debarring the asymmetry problem. 

According to this strategy, the asymmetry problem can be resolved by showing that if the 

reverse argument pattern were to be included in the explanatory store, then the explanatory store 

that contains that argument pattern will be less unifying than the one that does not. For example, 

the flagpole problem (sections 5.2 and 2.5) can be resolved by acknowledging the fact that the 

height of the flagpole is better explained not by the length of the shadow, but by first describing 

how the flagpole is made, and then showing how it has since been modified (Kitcher 1981, 525). 

This type of explanation is what Kitcher calls ‘origin and development derivations’ (1981, 525). 

Origin and development derivations explain the height of a flagpole by describing how that 

flagpole was originally made, and then how it was modified. For example, the flagpole was cut 

from a larger pole to the length of 30 feet and then buried in the ground to a depth of 5 feet 

which resulted in its height of 25 feet. Kitcher maintains that an origin and development 

argument pattern is more acceptable than the argument pattern that derives the height of the 

flagpole from the length of its shadow (call this the shadow argument pattern). The origin and 

development argument pattern is more acceptable than the shadow argument pattern because it is 

more unifying. The origin and development argument pattern can be used to explain the height of 

any object, even those left in the dark. As Kitcher explains, “we have general ways of explaining 

why bodies have the dimensions they do. Our practice is to describe the circumstances leading 

up to the formation of the object in question and then show how it has since been modified. (In 

some cases, the details of the origin of the object are more important; with other objects, features 

of its subsequent modification are crucial)” (1981, 525). To explain the height of a tree, we 

would describe the circumstances that lead up to its formation, the species of tree, whether or not 

it was crowded by other trees, the condition of the soil in which it grows, the amount of rainfall, 

and so on. An explanatory store that contains this pattern will be more unifying than the one that 

contains the shadow argument pattern. If we included the shadow argument pattern in the 

explanatory store, then we would also have to include a different style of explanation of the 

height of objects that are in the dark and cast no shadow or forego any explanation of the height 
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of objects that are left in the dark (1989, 485). Kitcher concludes that “admitting the argument 

which is intuitively less explanatory saddles us with a set of arguments which is less good at 

unifying our beliefs than the set we normally choose for explanatory purposes” (1981, 525). 

Since science aims at unification, this is an unwanted consequence. As such the derivation of the 

height of the flagpole given the length of its shadow does not count as an explanation. Note that 

Kitcher does not think that the origin and development argument pattern is explanatory because 

it is causal, rather he thinks it is explanatory because it is more unifying than the shadow 

argument pattern. The origin and development argument pattern explains more phenomena than 

the shadow pattern does because it can explain the dimensions of an object that does not cast a 

clear enough shadow, such as unilluminated objects that do not cast shadows (1989, 485).  

 Woodward’s Criticisms of Kitcher’s Solution 

James Woodward (2003), following Eric Barnes (1992), maintains that Kitcher’s 

unificationist approach is not at all successful at dealing with the asymmetry problem. To begin 

with, Woodward argues that Kitcher’s treatment of the flagpole example relies too heavily on the 

contingent truth that some objects do not cast a clear enough shadow to recover all of their 

dimensions (2003, 361). Woodward maintains that even if it were the case that all objects cast a 

clear enough shadow, the explanation of the height of the object based on the length of its 

shadow should not count as an explanation. If all objects cast a clear enough shadow such that 

the height of every object could be derived from the length of its shadow, then Kitcher could not 

debar such a derivation from the explanatory store, and this is unacceptable. In such a case, the 

derivation of the height of the object based on the length of its shadow will be just as unifying as 

the derivation of the length of the shadow based on the height of the flagpole and, therefore, 

would have to be counted as an explanation under the unificationist account. Based on these 

considerations, Woodward maintains that it is unclear how Kitcher’s account can recover the 

judgment that the derivation of the height of the object from the length of its shadow will not 

count as an explanation because the length of the shadow does not cause the height of the 

flagpole (2003, 361). 

To strengthen his argument, Woodward moves to consider a more challenging example, 

which I will call the retrodictive-predictive asymmetry problem, where “there are clearly just as 

many backward derivations from effects to causes as there are derivations from causes to effects” 

(2003, 361). I should note here that although the number of derivations is infinite, what 
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Woodward is arguing is that there are cases where for every argument pattern from cause to 

effect there is also an argument pattern from effect to cause. He notes that by applying a time-

symmetric theory, such as Newtonian mechanics, to the solar system, we can produce two types 

of argument patterns, one predictive and the other retrodictive. The predictive argument pattern 

can derive the state of motion of the planets at some future time from information about their 

present positions, masses, velocities and the laws of mechanics (Woodward 2003, 362). The 

retrodictive derivations can derive the state of motion of the planets in the past from information 

about their present positions, masses, velocities and the laws of mechanics. Woodward notes that 

both argument patterns will most likely satisfy Kitcher’s criteria for unification and explanation 

(2003, 362). As Woodward states, the problem for the unificationist approach is that: 

it looks as though there will be just as many retrodictive derivations as predictive 

derivations, and each will require premises of exactly the same general sort (information 

about positions, velocities, masses, etc.) and the same laws. Thus, the pattern or patterns 

instantiated by the retrodictive derivations look(s) exactly as unified as the pattern or 

patterns associated with the predictive derivations. However, we ordinarily think of the 

predictive derivations and not the retrodictive derivations as explanatory (2003, 362). 

Since both argument patterns are equally unified, Kitcher’s unificationist approach cannot 

capture the distinction between the retrodictive nonexplanatory derivations from the predictive 

explanatory ones. To put this objection into Kitcher’s language, an explanatory store that 

contains only the retrodictive argument pattern would be just as unified as the explanatory store 

that only contains the predictive argument patterns because the retrodictive argument pattern can 

be used to derive the same number of results that the predictive argument pattern can. 

Barnes provides a more detailed discussion of this objection. According to Barnes both 

explananda would be of the form object O in the system S has position p and velocity v at time  tʹ 

(1992, 564). In general, both sets of explanans will contain a description of the system at a 

specific time and Newton’s laws. The main general difference between these argument patterns 

according to Barnes will be “the temporal reference in the filling instructions for the schematic 

sentence in the derivation that describes the state of the system which, together with the laws, 

entails the [explanandum]” (1992, 565). We can express this difference by first indicating that 

the variable t in the explanans represents the beginning of the time frame that interests us while tʹ 

represents the end of that time frame. We then specify in the filling instructions that tʹ is to be 
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replaced with an instance in time less than t for the retrodictive argument pattern and with a time 

greater than t for the predictive argument pattern. To determine if Kitcher’s account can 

distinguish between the two explanatory stores, we need to determine if the one containing the 

predictive pattern is as equally unifying as the retrodictive pattern. 

The only difference between the two explanatory stores is in the terms that will be 

substituted for 𝑡ʹ. In the predictive case 𝑡ʹ will be substituted with a positive time, and in the 

retrodictive case 𝑡ʹ will be substituted with a negative time. In both stores, the other variables 

will be all substituted with the same values. This implies that the two explanatory stores are 

equally stringent, in that the values to be substituted in each argument pattern will have the same 

conditions imposed on them. Thus, in terms of stringency, the two explanatory stores, one 

including the retrodictive pattern and the other including the predictive pattern, will be equally 

unifying. In terms of paucity, the number of patterns will be equal and so the explanatory stores 

will be equally unifying in terms of paucity. The empirical scopes of the explanatory stores are 

the same. If each pattern has the same number of instantiations, then every explananda that can 

be derived using the predictive argument pattern can be derived using the retrodictive argument 

pattern. Thus, in terms of empirical scope, the two explanatory stores are equally unifying as 

well. Therefore, Kitcher’s unificationist account would consider both patterns as explanatory 

and, as a result, cannot debar this particular case of asymmetry. To further elaborate on this 

problem, I will now move to consider a case of asymmetry that can be developed from STR. 

 Asymmetry from STR 

The common strategy for developing restatements of the asymmetry problem is to take an 

argument pattern that is generally considered to be explanatory then manipulate the variables of 

the main equation and restate the explananda so that the general argument structure is the same, 

but the resulting argument pattern is such that it would not be considered explanatory. In the 

asymmetry case from celestial mechanics, for example, Woodward and Barnes took the 

predictive argument pattern that allows for the derivation of the future position of a planet from 

its current position and manipulated it until we had an argument that could be used to derive the 

current position of the planet from its future position. The result is that we have two explanatory 

stores that are equally unifying, so Kitcher’s account is unable to debar it. However, one is 

causal, and the other is noncausal, so Woodward’s account can debar it by rejecting the 

noncausal argument pattern. I will employ the same method for producing an asymmetry 
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problem, but will instead modify the argument pattern for length contraction to get a case of 

asymmetry where both argument patterns are noncausal. This asymmetry problem will effective 

undermine Kitcher’s account of explanation. 

As was discussed earlier (section 3.3), the explanation for length contraction in STR 

begins with the principle of relativity and the light postulate and from there derives the 

explanandum using Lorentz’s equation for length contraction. Using this argument pattern and 

the strategy for constructing an asymmetry problem we can construct an argument pattern 

wherein we can derive the velocity of an object based on the observed length contraction of an 

object by using the same explanans and solving for v in Lorentz’s length contraction equation 

(equation Eq. 50). 

 

The Contraction-Velocity argument pattern: 

P1/ the principle of relativity 

P2/ the light postulate 

P3/ the relativity of simultaneity 

P4/ space is homogeneous and isotropic 

P5/ the Lorentz invariance of natural laws  

P6/ B' is at rest relative to the rod 

P7/ B is moving with the rod 

P8/  𝑣 = √1−(
𝐿ʹ

𝐿
)2

𝑐2  

P9/ 𝐿 = 𝑥 

P10/ 𝐿′ = y 

C/ the velocity of the rod is v when the length of the rod is L according to observer B, but L' 

according to observer B.' 

 

Let’s call this pattern the contraction-velocity argument pattern. Of course, the contraction-

velocity argument pattern should not be considered explanatory. The length contraction of an 

object as viewed by an observer at rest relative to that object does not explain the velocity of that 

Eq. 50. 𝑣 = √1−(
𝐿ʹ

𝐿
)2

𝑐2
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object. As in the case of other restatements of the asymmetry problem, we will need an account 

of explanation that is able to deem this argument pattern nonexplanatory. 

 Here again, we have a case of asymmetry where there are an equal number of derivations 

from each argument pattern and as such the explanatory store that contains the length contraction 

argument pattern would be just as unifying as the explanatory store that contains the velocity-

contraction argument pattern. Arguing that an explanatory store that contains the length 

contraction argument pattern would be more unifying than the explanatory store that contains the 

contraction-velocity argument pattern would be unsuccessful because every object that is moving 

relative to an observer undergoes some degree of length contraction. So in every case that the 

length contraction argument pattern can be applied the contraction-velocity argument pattern can 

also be applied. Thus, both patterns will have the same empirical scope, the same number of 

argument patterns and the same stringency. As such the explanatory store containing the 

contraction-velocity argument pattern is as equally unifying as the explanatory store containing 

the length contraction argument pattern. As a result, Kitcher’s account fails to distinguish 

between the two explanatory stores and so is unable to debar the problem. 

 Conclusions 

According to Woodward, the only way forward for Kitcher is to either bite the bullet and 

argue that there is really no difference between the explanatory import of retrodictive and 

predictive derivations or to accept that his account is unable to capture causal judgments about 

causal asymmetries (2003, 362). Biting the bullet would involve claiming that the retrodictive 

argument pattern is just as explanatory as the predictive argument pattern, the only difference is 

that the predictive pattern is actually employed in science, while the retrodictive pattern is not. 

Even so, the retrodictive argument pattern could be employed if a situation ever arose where it 

was required. Hempel makes a similar argument. He argues that these problems raise purely 

pragmatic issues (1965, 428). The shadow-height of the flagpole argument pattern could be used 

as a legitimate explanation of the height of the flagpole given specific pragmatic concerns. These 

pragmatic concerns may not reflect those of scientific explanation because scientific 

explanations have a different audience in mind and thus have different requirements in mind 

(1965, 428). For example, Bas van Fraassen notes that if an explanation is intended to answer the 

question ‘why is the tower X feet tall rather than Y feet tall?’, then the explanation given could 

involve the length of the tower’s shadow (1980, 133-134). As Woodward notes, whatever can be 
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said in support of this position, it is not in keeping with Kitcher’s position (2003,362). Kitcher’s 

claim, according to Woodward, “is that ordinary judgments about causal asymmetries can be 

derived from the unificationist account” (2003, 362). So any response to the asymmetry problem 

that Kitcher might give must be able to embrace the same judgments that a causal account can. 

Causal accounts do not make judgments about the pragmatic aspects of explanation, so Kitcher 

would not respond by biting the bullet. However, embracing the ordinary judgments about causal 

asymmetries is not Kitcher’s main goal. His main goal is to capture the role that unification plays 

in scientific explanation. Even so, providing an account that captures the role that unification 

plays in scientific explanation must involve a means of showing why deviant argument patterns, 

like the retrodictive argument pattern and the contraction-velocity argument pattern, are not 

included in any scientific explanatory store. Excluding such deviant argument patterns is within 

the realm of ordinary science. However, as we have seen, Kitcher’s account, as it stands, is 

unable to do so. 

In conclusion, although Kitcher’s account is successful at solving the flagpole problem, he 

relies too heavily on contingent truths. As such, his solution is undesirable. Furthermore, his 

account cannot debar other asymmetry problems where there are as many nonexplanatory 

derivations as there are explanatory derivations. According to Woodward, the only way forward 

for Kitcher is to either bite the bullet and argue that there is really no difference between the 

explanatory import of retrodictive and predictive derivations or to accept that his account is 

unable to capture causal judgments about causal asymmetries (2003, 362). In the remainder of 

this chapter, I will modify Kitcher’s account by incorporating dependency relations into his 

account. Such a modification will debar the asymmetry problem and also incorporate an 

important aspect of explanation that Woodward’s account embraces. 

6.2 Counterfactuals in Explanation 

In this section, I show that Woodward’s account is able to debar the asymmetry problem by 

embracing causation. According to Woodward causal claims can be defined by counterfactuals. I 

begin with a discussion of counterfactuals, dependency relations, and causal relations and how 

they relate to one another. I then consider the motivation behind Woodward’s use of 

counterfactuals by discussing Woodward’s argument against the Deductive-Nomological (DN) 

account of explanation. According to Woodward, there is more to explanation than simply 

subsumption under regularities; rather an explanation identifies causes that show how the 
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explananda will change if the explanans were different. By discussing this argument, I also show 

that Woodward’s account can characterize the derivations provided by STR as explanatory. 

 Counterfactuals 

Counterfactuals are conditional statements where the antecedent condition is false, and 

the consequence is either true or false (Goodman 1947, 113). In both cases, the conditional 

statement is truth-functionally true. The problem with counterfactuals is that, as Goodman states, 

“this criterion of truth must be set up in the face of the fact that a counterfactual by its nature can 

never be subjected to any direct empirical test by realizing its antecedent” (emphasis mine 1947, 

114). For example, the counterfactual that states that “If the laws of physics were different, then 

life as we know it would not exist’ could never be empirically tested. However, the antecedent is 

a physical possibility. Counterfactuals about the past, such as ‘If the velocity of the rod was 

greater than 0.8c, then the observed length contraction would have been greater’, are not directly 

empirically testable. We cannot change the velocity of the rod in the past. However, we could 

conduct an experiment where the rod’s velocity was greater than 0.8c and then see what the 

results were. Goodman further specifies the problem of counterfactuals by noting that it is related 

to the problem of factual conditions because any counterfactual can be translated into a 

conditional with a true antecedent and consequent. The counterfactual ‘if the butter had been 

heated to 65 degrees Celsius, it would have melted’ can be translated into the conditional ‘since 

the butter did not melt, it was not heated to 65 degrees Celsius’. Goodman notes that the ‘since’ 

in the contrapositive conditional shows that what is in question is the connection between the 

two component sentences (1947, 114). The truth of this kind of statement, whether it is in the 

form of a counterfactual or any conditional, depends upon whether the intended connection 

obtains and not just upon the truth or falsity of the antecedent and the consequent. A solution to 

the problem must explain the connection involved irrespective of any assumption as to the truth 

or falsity of the antecedent and the consequent (1947, 114). 

 Goodman’s solution is to focus on the connection between the antecedent and the 

consequent. Goodman observes that “a counterfactual is true if a certain connection obtains 

between the antecedent and the consequent.  But…the consequent seldom follows from the 

antecedent by logic alone” (1947, 116). Counterfactuals assume that certain circumstances not 

stated in the antecedent obtain. For example, when we say that ‘if that match had been struck, it 

would have lighted’ we mean that specific conditions obtained, the match is well made, and is 
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dry, that there is a sufficient amount of oxygen, etc., that ‘match lights’ can be inferred from 

‘match is struck’. Goodman calls the set of these circumstances set S. “We do not assert that the 

counterfactual is true if the circumstances obtain; rather, in asserting the counterfactual we 

commit ourselves to the actual truth of the statements describing the requisite relevant 

conditions” (Goodman 1947, 116). Thus, we take it for granted that the circumstances obtained 

when we assert that a counterfactual is true. We can maintain that the antecedent (A) in 

conjunction with background conditions (S) allow us to infer the consequence (C), (𝐴 ∧ 𝑆) → 𝐶. 

The problem with this approach is that it makes counterfactuals context dependent, and so we are 

still left with the problem of how counterfactuals are true. There are many different solutions to 

this problem in the philosophical literature. Some approaches take a more realist approach 

(Stalnaker 1968, Lowe 1995), where the truth conditions of counterfactuals are determined by 

referring to real possible worlds and are therefore objective. Other approaches take a more 

empiricist approach (van Fraassen 1980 and Morton and van Fraassen 2003), where the truth 

conditions of counterfactuals are only dependent on the context in which they are made and, 

therefore, are non-objective. 

 The realist solution to the problem of counterfactuals is to refer to possible worlds. 

According to this view, the conditional ‘if A, then B’ is true or false, if there is a possible world 

in which A is true and B is true or false in that possible world. For Robert Stalnaker, the possible 

world needs to be appropriately similar to the real world (1968, 102). More contemporary 

approaches specify restrictions on what is to be included in the set of relevant possible worlds. 

For Johnathan Lowe, what possible world we take to be appropriate is dependent on the context 

in which the conditional is made. As Lowe states, when we are concerned with conditionals that 

express a necessary connection ⊡ or a probabilistic connection ⋄, “we can give a generic reading 

of the necessity operator in terms of possible worlds by taking ‘⊡ 𝐴’ to say that ‘A’ is true in 

every possible world. Likewise we can take ‘⋄ 𝐴’ is true in some possible world. But what worlds 

we take ourselves to be quantifying over in any particular case will depend, first of all, upon 

what type of modality we have in mind-logical, causal, or deontic, for instance…” (1995, 54). 

Once we have established what type of modality we are discussing, we then need to further 

restrict our domain by imposing certain constraints on the similarity between the worlds. For 

example, according to Lowe, the statement ‘if Brown had struck one of those matches just now, 

there would have been an explosion’ “has the following possible-worlds interpretation: in every 
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possible world it is not both the case that Brown strikes one of those matches and there is not an 

explosion, and either in some possible world Brown strikes one of those matches or else in every 

possible world there is an explosion” (1995, 54). In other words, our set of possible worlds 

cannot contain contradictory consequences of the same antecedent. Even with this criterion for 

determining the set of possible worlds, we still run the risk of accepting into our set possible 

worlds that are very dissimilar to ours. For example, we could include within the set, a possible 

world where super-efficient sprinkler systems exist, such that they are capable of putting out the 

match before the gas ignites. To further restrict our set then, we need to refer to the speaker’s 

intentions. As Lowe explains, “the speaker’s intentions in asserting a counterfactual can help to 

determine the propositional content of his assertion by fixing an appropriate measure of 

similarity across possible worlds for the proper evaluation of the truth or falsity of what he 

asserts” (1995, 55). This does not mean that the truth-condition of the counterfactual is 

dependent on the whims of the speaker, but that the measurement of similarity is deemed 

appropriate when determining the set of all possible worlds is dependent on the speaker’s 

intentions. Thus, the truth-conditions of counterfactuals, according to the realist, are determined 

by the set of possible worlds that the speaker has in mind. As Lowe concludes, “counterfactuals 

are indeed highly context-sensitive, but provided this is properly recognized they can still be 

seen to obey a relatively straightforward underlying logic and to possess determinate truth-values 

in a wide range of cases” (1995, 58). 

 The empiricist solution to the problem of counterfactuals is to accept that counterfactuals 

are context dependent, but maintain that they are not true or empirically adequate. This position 

is developed by Bas van Fraassen. According to van Fraassen “science aims to give us theories 

which are empirically adequate; and acceptance of a theory involves only belief that it is 

empirically adequate’” (1980, 12). A theory is empirically adequate if and only if all observable 

phenomena are represented by the empirical substructures of a model provided by the theory 

(Monton and van Fraassen 2003, 406). According to this view, called constructive empiricism, 

counterfactuals are not empirically adequate because empirical adequacy concerns actual 

phenomena, what does happen, rather than possible phenomena, what would happen under 

different circumstances (1980, 64). Counterfactuals are not objectively true because they are 

context dependent. Since counterfactuals are context dependent, they are non-objectively true. 

As Monton and van Fraassen explain, “The sense in which counterfactuals are here held not to 
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have objective truth value is that they are in general context-dependent. The context in which 

they are asserted is one in which the speaker is holding something fixed, which together with the 

antecedent implies the consequent” (2003, 410). As we have discussed, the truth value of a 

counterfactual is dependent on the context. The context is not fixed but is dependent on the 

speaker. To show how much the truth-value is dependent on the speaker, van Fraassen considers 

a famous example from Lewis Carroll called the three barbers (1894). According to this 

scenario: 

Allen, Brown, and Carr keep a barber’s shop together; so that one of them must be in 

during working hours. Allen has lately had an illness of such a nature that, if Allen is out, 

Brown must be accompanying him. Further, if Carr is out, then, if Allen is out, Brown 

must be in for obvious business reasons (van Fraassen 1980, 116). 

Carroll then states that given that Carr is out we can infer that either (1) ‘If Allen is out, Brown is 

out’, or (2) ‘If Carr and Allen are both out, Brown is in’ (Carroll 1894, 437). However, as Carroll 

notes this is absurd, for both conditionals contradict each other (1894, 437). As van Fraassen 

states “construing ‘if A then B’ as the material conditional (‘either B or not A’) asserts that 1 and 

2 are both true if Allen is not out, and so says that we have here only a proof that if Carr is out, 

then Allen is in” (1980, 117). By noting the context-dependence of these statements, van 

Fraassen maintains that we can solve this paradox (1980, 117). “Statement 1 is true in the context 

in which we disregard business requirements and keep fixed the fact that Allen’s illness; 

statement 2 is true if we reverse what is fixed and what is variable. Now, there can exist contexts 

c and cʹ in which 1 and 2 are true respectively, only if their common antecedent is false” (1980, 

117). The truth values of the conditions then are dependent on what we hold to be fixed, the 

context. In the context of Allen’s sickness, we can assume that his sickness outweighs the 

requirements of the business, in the context of the business, we can assume that the business 

outweighs the requirements of Allen’s sickness. Bas van Fraassen gives a similar response to 

other logical puzzles involving counterfactuals. He notes that such puzzles are solved, if we 

understand that the content of the ceteris paribus clause is fixed by the sentence, the factual 

situation and the contextual factors (1980, 118).  

Concerning the role that counterfactuals play in science, van Fraassen argues that a lot of 

the context-dependence enters Lewisian-like theories of counterfactuals “through the truth 

conditions of the counterfactuals themselves. So much, in fact, that we must conclude that there 
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is nothing in science itself-nothing the objective description of nature that science purports to 

give us that corresponds to these counterfactual conditionals” (1980, 116). He notes that given 

the nature of ceteris paribus clauses, “the hope that counterfactuals might elucidate science is 

quite mistaken: scientific propositions are not context-dependent in any essential way, so if 

counterfactuals conditionals are, then science neither contains nor implies counterfactuals” 

(1980, 118). If the truth-value of a conditional is dependent on its context, and science does not 

imply that the context is one way or another, then science does not imply the truth of any 

counterfactual. The only case where van Fraassen accepts that it does is in the limiting case of a 

conditional with the same truth-value in all context (1980, 118). In such cases, the scientific 

theory and the antecedent strictly imply the truth of the consequent. 

Contra van Fraassen, counterfactuals can be derived from scientific theories. I agree that 

scientific theories are themselves not context dependent. However, they do provide the context in 

which counterfactual statements can be made. The theories themselves provide the context and 

limit the context to a specific system. More precisely, the context and the speaker’s intentions are 

limited by the information about the system in question and how the theory or model derived 

from the theory is applied to the system. The antecedent of these counterfactuals is limited by the 

theory. The theory specifies the variables, such as mass, velocity, length and so on, that could be 

expressed by the antecedent. It also assumes certain things about the world and takes them as 

given. For example, the principle interpretation of STR assumes that the principle of relativity, 

the light postulate, and their consequences are true and hold in the world. From the basic 

assumptions of the principle interpretation Einstein, and before him Laue, was able to derive 

Fizeau’s specific experimental results (Section 1.2 and 3.4). Fizeau had shown that the velocity 

of light in moving water is 224,900,573 meters per second when the water has a velocity of 7.9 

meters per second. The equation that Einstein used is the equation for velocity addition where the 

velocity of light in moving water W is described by: 

𝑊 =
𝑣 + 𝑠

1 + (
𝑣𝑠
𝑐2)

 

Where s is the velocity of light in water at rest, v is the velocity of the water when moving 

through the tube and c is the speed of light. With this equation and the principle interpretation we 

can develop counterfactual statements about Fizeau’s experiment that describe how things would 

have been different if, for example, Fizeau had set the velocity of the water higher or lower than 
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7.9 meters per second. An example of a counterfactual statement derived in such a way is, ‘if 

Fizeau had set the velocity of the water at 5.9 meters per second, then the detected velocity of 

light in the moving water would have been 224,900,578.579’.  

The antecedent is, of course false, because Fizeau did not, at least to our knowledge, set 

the velocity of the water at 5.9 meters per second, the consequence is also false because the 

detected interference fringe was not x. The counterfactual makes a prediction of how things 

would have been if they had been different. Indeed, the counterfactual statement is no different 

than a conditional predictive statement that says that ‘If I were to conduct an experiment 

tomorrow that mirrors Fizeau’s experiment, but I set the velocity of the water to 5.9 meters per 

second, then the detected velocity of light in the moving water will be 224,900,578.579 m/s’.' 

This predictive conditional contains an antecedent that is false and a consequent that is false, and 

yet the conditional statement is true. It is true because it is supported by the background theory, 

STR. STR shows that if the velocity of the water had been 5.9 m/s, then the detected velocity of 

light in the moving water would have been 224,900,578.579 m/s. Counterfactuals make 

predictions on how things would have been if things had been different.  

The counterfactual statement that ‘if Fizeau had set the velocity of the water at 5.9 m/s, 

then the detected velocity of light in the moving water would have been 224,900,578.579 m/s’ is 

context sensitive, but not in the same way as the counterfactuals traditionally considered in the 

literature. The principle interpretation sets the context of this counterfactual in such a way that 

the context is fixed by the theory. The counterfactual is stating that ‘Given that the principle 

interpretation is empirically accurate, if Fizeau had set the velocity of the water at 5.9 m/s, then 

the detected velocity of light in the moving water would have been 224,900,578.579 m/s.' To use 

Goodman’s language here, the set S in the generalized conditional form (𝐴 ∧ 𝑆) → 𝐶 contains 

only statements compatible with the principle interpretation of STR. Furthermore, the speaker’s 

intentions are not relevant to the counterfactual, for they too are restricted by the theory. In 

contrast, the counterfactual statement ‘if Brown had struck one of those matches just now, there 

would not have been an explosion’ is, as we have seen, context sensitive in such a way that the 

speaker’s intentions are also relevant. The speaker might have known that Brown, being a very 

careful individual, would not have struck the match if explosive gases were in the room. The 

counterfactual statement ‘If Fizeau had set the velocity of the water at 5.9 m/s, then the detected 

velocity of light in the moving water would have been 224,900,578.579 m/s’ is not dependent on 
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the speaker’s intention because making such a statement already implies that the speaker accepts 

the principle interpretation of STR, or another theory, the LPT for example, that shows a specific 

dependency between the velocity of the water and the detected interference fringe. 

In some cases, counterfactuals that express a false antecedent and a false consequent are 

true within the domain of the theory from which they are derived. In other cases, counterfactuals 

that express a false antecedent and a false consequent are not true within the domain of the 

theory from which they are derived. What distinguishes these two cases is whether or not the 

consequent can be derived from the antecedent given the equations provided by the theory. For 

example, the consequent that states that ‘then the detected velocity of light in the moving water 

would have been x’ follows from the antecedent that states that ‘if I were to conduct an 

experiment tomorrow that mirrors Fizeau’s experiment, but set the velocity of the water to 5.9 

meters per second’ because we can use the equation for velocity addition provided by STR to 

predict the consequent from the antecedent. On the other hand, the consequent that states that 

‘the detected velocity of light in the moving water would have been x + 0.5’ does not follow 

from the antecedent that states that ‘if I were to conduct an experiment tomorrow that mirrors 

Fizeau’s experiment, but set the velocity of the water to 5.9 meters per second’ because we 

cannot use the equation for velocity addition provided by STR to predict the consequent from the 

antecedent. Thus, some counterfactuals that express a false antecedent, and a false consequent 

are true within the context of a theory or model, while others are not. The deciding factor is 

whether or not the consequent follows from the antecedent given the context provided by the 

background theory. Therefore, scientific theories are themselves not context dependent. 

However, they do provide the context in which counterfactual statements can be made. Thus, the 

context of a counterfactual statement is fixed by the scientific theory and is true or false within 

the context of the theory. Van Fraassen is right when he states that such counterfactuals are non-

objectively true. However, he is incorrect when he states that the context is not fixed but is 

dependent on the speaker. In the case of scientific counterfactuals, the context is fixed by the 

scientific theory in question. Any counterfactual statement that does not fit the context provided 

by the theory need not and should not be taken seriously. 

 Of course, this solution does not apply to counterfactuals that are made within the context 

of more commonsensical considerations, including considerations of causation, for example, that 

do not stem from scientific theories. For example, Woodward considers a case where a doctor 



131 

 

(D) fails to administer an antibiotic to a patient that she is fully responsible for and, as a result, 

the patient dies. As Woodward states “here it seems very natural to judge that D’s failure to 

administer the antibiotic caused the patient’s death” (2003, 88). Woodward then contrasts this 

with another case where X lives at a great distance from the patient, is not responsible for the 

patient’s care and is unaware of the patient’s existence, but just happens to stop by the patient’s 

room (2003, 88). X learns that the patient has a fever, will die if it continues untreated and that 

an antibiotic will easily save the patient’s life. The patient’s survival then is counterfactually 

dependent on X’s administering the antibiotic. Even so, as Woodward states “we are not 

ordinarily inclined to think that X’s failure to do these things caused the patient’s death” 

especially if X never comes to the patient’s room and continues to be unaware of the patient’s 

existence (2003, 88). According to Woodward, the difference between these cases is concerned 

with our willingness to take seriously certain possibilities and not others (2003, 88). It is D’s 

responsibility to care for her patient while we attribute no responsibility to X. Even though it is 

logically possible for X to help the patient, we do not hold X responsible for the patient’s death 

because there is no reason to take the possibility of X helping the patient seriously. Similarly, 

there is no reason to take seriously the possible existence of sprinklers that are so efficient that 

they can put out the match that Brown lights before the gas is ignited. Woodward’s solution to 

the problem of counterfactuals being context dependent then is that we judge counterfactuals 

based on our causal judgments and “relativizing causal judgments to a set of serious possibilities 

(or, what [he takes] to be the same thing, to the choice of some system of representation that 

reflects those possibilities) does not introduce subjectivity everywhere or indiscriminately but 

rather, at most, introduces it in constrained or limited way” (2003, 90). When considering 

counterfactuals, we limit the domain of possibilities using our scientific understanding of 

causation. Thus, the truth-conditions of counterfactuals are context dependent, but the context is 

determined and limited by our scientific understanding of causation. 

 Dependency Relations and Causal Relations 

Now that I have discussed counterfactuals in some detail and shown that their truth-

conditions are context, or theory, dependent, I will now move to apply this discussion to the 

notion of dependency relations. 

 Dependency relations are non-accidental connections between events, phenomena and 

other things in the world, such that if event A occurs, its consequence C is guaranteed to occur. 
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Dependency relations are irreversible, meaning that if C is dependent on the occurrence of A, 

then A cannot be dependent on the occurrence of C, and most are time asymmetric. Dependency 

relations are not necessarily causal relations, but causal relations are a type of dependency 

relation. There are many different types of dependency relations identified and discussed in the 

philosophical literature. Jaegon Kim, for example, identifies three types of noncausal 

dependency relations: Cambridge dependencies, agency dependencies, and compositional 

dependencies (1974). Cambridge dependencies occur when “an object undergoes a change in a 

property in virtue of its being related in a prescribed way to another wholly distinct object 

undergoing a change” (Kim 1974, 48). An example of a Cambridge dependency is the 

dependency between Xantippe becoming a widow and Socrates’ death. Xantippe undergoes a 

change in a property (married-widowed) by virtue of being married to Socrates as Socrates 

undergoes a change (living-dead). Cambridge dependencies are asymmetrical, Xantippe 

becoming a widow does not result in Socrates’ death, and are noncausal, there is no identifiable 

mechanism that connects Socrates’ death with Xantippe becoming a widow (1974, 49). Agency 

dependence is “exemplified by a pair of actions of which one is done by doing the other” (1974, 

50). Compositional dependencies occur when an event is composed of other events as its 

constituents and is thereby dependent on its constituent events. According to Kim, a jump shot is 

a composition event and is dependent on its constituent events, jumping and shooting, both 

occurring at time t. In such a case, one can bring about a jump shot only by jumping and 

shooting at the same time. Unlike the other types of dependencies, compositional dependencies 

do not show a clear asymmetry (1974, 51). A jump shot is compositionally dependent on its 

constituent events. It cannot occur unless the agent jumps and shoots at the same time. 

Other dependency relations include geometric effects (Saatsi 2015 and Woodward 1989), 

and structural relations (Bokulich 2011 and Felline 2010 and 2011). The major similarity 

between the types of dependency relations is that they all identify determinative relations such 

that an event is dependent on another in any one of these ways (Kim 1974, 51). Lastly, most 

dependency relations are asymmetric. 

 Causal relations are non-accidental connections between events, phenomena and other 

things in the world. They are also determinate and irreversible. Unlike dependency relations, all 

causal relations are asymmetric. Indeed, this is one of the major reasons for adopting causal 

accounts of explanation. One view holds that causal relations involve the transference of energy. 
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As Woodward explains, “one typically thinks of causation as involving the transfer of energy 

and momentum in accordance with a conservation law” (1989, 359). According to Salmon, 

causality has three fundamental aspects (1984, 179). The most basic is a causal process. As 

Woodward explains in his review of Salmon, “a causal process is characterized by the ability to 

transmit a mark or the ability to transmit its own structure, in a spatio-temporally continuous 

way” (1989, 357, see also Salmon 1984, 142). A process can transmit its own structure from one 

point to another, and this structure can be marked or changed in such a way that it becomes 

permanent. For example, a moving car is a causal process for if it collides with a wall, it will 

carry the mark of the collision. The second aspect of causation, according to Salmon, is the 

notion of causal interactions. Causal interactions occur when one causal process intersects with 

another and produces a modification in that process’s structure (Woodward 1989, 357). A 

particular structure modification need not persist for it to be able to transmit a mark; if a 

modification to the structure of a process does not persist all that can be concluded is that the 

right modification has not been found (Salmon 1984, 154). The third aspect of causation is 

conjunctive forks which involve correlations among spatiotemporally separated effects (Salmon 

1984, 158-183). These effects are explained in terms of separate processes deriving from a 

common cause (Woodward 1989, 357). 

According to counterfactual theories of causation, causal claims can be described by or 

reduced to counterfactuals (Menzies 2014 and cf. Lewis 1973, and Woodward 2003). If C is 

caused by A, then we can say that ‘if A had not happened, then C would not have occurred.' 

According to Lewis, “we think of a cause as something that makes a difference, and the 

difference it makes must be a difference from what would have happened without it. Had it been 

absent, its effects — some of them, at least, and usually all — would have been absent as well” 

(1973, 557). In such a case we are ordinarily willing to speak of C being causally dependent on 

A (Lewis 1973, 561). For Lewis causation among events can be reduced to counterfactuals 

(Lewis 1973, 562 and cf. Weatherson 2014). There are other views of causation and 

counterfactuals that reject such a reduction. 

Woodward provides such a nonreductive account of the relationship between 

counterfactuals and causation. According to Woodward, causal relations can be described by 

counterfactuals. Woodward maintains that counterfactuals express what-if-things-had-been-
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different questions, where when we say C is caused by A, we mean ‘if A had been different, then 

C would have been different’ (2003, 204). 

Similarly, Alisa Bokulich maintains that dependency relations can also be described by 

counterfactuals that obtain between A and C (2011). If C is dependent on A, then we can say that 

‘if A had not happened, then C would not have occurred.’ More specifically, Bokulich maintains 

that the dependency relations identified by a theory show how the target system would behave if 

the elements described by the model were changed in various ways (2011, 39). I will discuss 

both Woodward and Bokulich in more detail later. The point to take away from this brief 

discussion is that counterfactuals can be used to define both causal relations and dependency 

relations. 

As we will see, the account of explanation that I will propose in this chapter takes a 

similar approach to counterfactuals that Woodward and Bokulich do. According to this approach, 

counterfactuals describe dependency relations. If a dependency relation obtains between A and 

C, then that relation can be described by a counterfactual statement, such that if A had been 

different, then C would have been different. Secondly, it is my view that scientific theories and 

models provide the context from which such counterfactuals can be interpreted and judged. A 

counterfactual is true if it describes a dependency relation between the antecedent and the 

consequent that is described by the background theory. That is, it is true if and only if it is true 

within the context of the background theory. 

 Woodward’s Solution to the Asymmetry Problem 

According to Woodward, “the information that is relevant to causally explain an outcome 

involves the identification of factors and relationships such that if (perhaps contrary to fact) 

manipulation of these factors were possible, this would be a way of manipulating or altering the 

phenomena in question” (2003, 10). Explanation provides information about dependency 

relations that shows us how the manipulation or intervention of factors in the explanans would 

thereby alter the explanandum. For Woodward, if an intervention (I) on X results in a change in 

Y, then Y is counterfactually dependent on X (2003 98-107). He defines an intervention as 

follows: 

“I’s assuming some value I = zi, is an intervention on X with respect to Y if and only if I is 

an intervention variable for X with respect to Y and I = zi is an actual cause of the value 

taken by X” (2003, 98). 
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If I satisfies four conditions, then it is an intervention on X. Those four conditions are: (1) I must 

be a cause of X. (2) I acts as a switch for all the other variables that cause X, such that when I 

attains those values, X ceases to be dependent on the other variables that cause it (2003, 98). (3) I 

does not directly cause Y. Any path that runs from I to Y goes through X. (4) The intervention 

only changes the value of X, it does not affect any other causes of Y. “I is (statistically) 

independent of any variable Z that causes Y and that is on a directed path that does not go 

through X” (2003, 98). If the intervention satisfies all these conditions, then X is said to be a 

cause of Y. The best way to show how this works is to consider Woodward’s solution to the 

asymmetry problem. 

Woodward’s strategy for debarring the asymmetry problem is to trace the asymmetry to 

the fact that there are interventions specified by the explanans that would result in a change in 

the explanandum in the explanatory cases, but no such interventions exist in the nonexplanatory 

cases (2003, 361). For example, Woodward’s strategy debars the flagpole problem because we 

can change the length of the shadow by adjusting the height of the flagpole, but we cannot 

change the height of the flagpole by adjusting the length of the shadow. Adjusting the height of 

the flagpole, by cutting a portion of it off, is an intervention that satisfies the above conditions: 

(1) Cutting the flagpole causes the height of the flagpole to change. (2) Cutting the flagpole 

changes the height of it in such a way that the other variables that define the height of the 

flagpole, for example, how deep it has been put into the ground, need not be considered at this 

moment. (3) Cutting the flagpole does not directly change the length of the shadow. (4) Cutting 

the flagpole does not change the other causes of the length of the shadow, such as the angle of 

inclination of the sun. Thus, intervening on the flagpole height indirectly changes the length of 

the shadow and so the height of the flagpole is explanatorily relevant to the length of the shadow. 

There is no such intervention available on the shadow that will result in a change in the height of 

the flagpole. Woodward’s strategy also works for the predictive-retrodictive asymmetry problem 

in that we can, in principle, modify the future position of O by changing other factors specified 

by the explanans. A change in the mass of O will result in a change in its future position. No 

such manipulations are possible for the retrodictive argument pattern. A change in the mass of O 

in the future will not change its position in the past. As such, Woodward’s account does not 

count the retrodictive argument pattern as explanatory. It should be noted that Woodward’s main 
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motivation for embracing dependency relations is not to debar the asymmetry problem rather he 

thinks that interventions and causation play a vital role in explanation. 

 The Importance of Counterfactuals in Explanation 

To show why Woodward incorporates dependency relations into his account of 

explanation, I will now move to consider his argument against the DN account of explanation. 

Woodward begins his argument against the DN account by considering two deductively valid 

arguments:  

 

Argument 6.1 

P1/ All ravens are black 

P2/ a is a raven 

C/ a is black 

 

Argument 6.2 

P1/ All emeralds are green 

P2/ c is an emerald 

C/ c is green 

 

He then asks us to assume, for the sake of his argument, that P1 in both arguments qualify as 

laws and that all the premises are true (2003, 187). As such both arguments satisfy the 

requirements for acceptable DN explanations. However, according to Woodward, these 

arguments should not be considered explanatory, for they do not identify dependency relations 

that indicate interventions that we can perform on the cause of the color of all ravens or emeralds 

that would result in a change in the color of a or c respectively. 

 To show why, Woodward considers two cases of explanation, one from physics and one 

from economics. For the sake of brevity, I will instead consider the explanation of Fizeau’s 

experimental results provided by the principle interpretation of STR. As we have seen (section 

3.4) the argument pattern for Fizeau’s experimental results runs as follows: 

 

Argument 6.3 

P1/ the principle of relativity 
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P2/ the light postulate 

P3/ the relativity of simultaneity 

P4/ space is homogeneous and isotropic 

P5/ the Lorentz invariance of natural laws  

P6/ 𝑥′ =
𝑥−𝑣𝑡

√1−
𝑣2

𝑐2

 

P7/  𝑡′ =
𝑡−(𝑣/𝑐2)𝑥

√1−
𝑣2

𝑐2

 

P8/ 𝑠 = 𝑥′𝑡′ = 𝑐/𝑛 

P9/ 𝑊 =
𝑣+𝑠

1+(
𝑣𝑠

𝑐2)
 

P10/ the light is moving relative to the water and the tube 

P11/ the water is moving relative to the light and the tube 

P12/ 𝑣 = 𝑏 

C/ ‘the velocity of light in moving water is W, but is s in stationary water, such that W< s and the 

interference fringe is z when the velocity of the water is 𝑏’ 

 

In each argument pattern, 6.1, 6.2 and 6.3, we have a deductively valid argument, where the 

conclusion follows from the premises, and a generalization of considerable scope (Woodward 

2003, 190). Despite these facts, there is an important difference between arguments 6.1 and 6.2, 

and argument 6.3. No one regards Arguments 6.1 and 6.2 as serious explanations, and the 

arguments are not advanced as such in scientific textbooks (Woodward 2003, 190). Woodward 

maintains that 6.1 and 6.2 are not taken to be explanatory because they lack some feature that 

argument 6.3 does not. 

 The feature that 6.3 has that 6.1 and 6.2 do not is that it contains systematic patterns of 

counterfactual dependencies. These patterns of counterfactual dependencies are contained within 

the generalizations, in this case, the Lorentz’s transformation equations and the equation for the 

speed of light relative to the experimenter taken to be at rest, of the explanatory argument 

pattern. All three of the generalizations show that given the initial and boundary conditions 

stated in the explanans, the explanandum was expected (Woodward 2003, 191). The defining 

characteristic of the generalization in 6.3 that sets it apart from the other two is that it can be used 

to show how the explanandum would change if the background and initial conditions had 
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changed in various ways. As Woodward states, “the generalizations cited in [6.3] are such that 

they can be used to answer a range of counterfactual questions about the conditions under which 

their explananda would have been different” (2003, 191). Argument 6.3 locates its explanandum 

within a space of alternative possibilities and shows that the explanandum that actually occurs is 

systematically dependent on the specific conditions cited in the explanans. 

The argument pattern for Fizeau’s experimental result can be used to derive many 

different instances of Fizeau-like experiments. The different results are dependent on the specific 

variables of the experiment. For example, the experimental results will be different if the speed 

at which the water is traveling is different, or if the tube through which the water and light are 

traveling is longer or shorter. In general, 6.3 shows that certain factors make a systematic 

difference to the outcome expressed by the explanandum. It also shows that various other factors 

and conditions are irrelevant to the outcome of the argument pattern. For example, 6.3 says 

nothing about the material composition of the water or the light. The explanation works 

regardless of the underlying microstructure of the objects involved. It makes no commitment to 

the composition of matter. This was especially useful for the physicists of Einstein’s generation 

since the dynamical theory of electromagnetism had been called into question by the research at 

the time (see section 3.1). Thus, the generalizations cited by the argument pattern for Fizeau’s 

experimental result and other argument patterns in STR can be used to answer a range of 

questions about the conditions under which their explananda would have been different (contrast 

this with Woodward 2003, 191). This sort of information enables us to see that the conditions 

cited in the explanans of such arguments are explanatorily relevant to their explanans while this 

information is absent in arguments like 6.1 and 6.2. 

 Woodward admits that some philosophers of science might disagree with him and still 

continue to support the DN account (2003, 203). He notes that such a response would maintain 

that to explain a phenomenon just is to fit it into a general pattern or subsume it under a 

regularity. 6.1 and 6.2 accomplish just that, and so they are explanatory. To respond to this 

objection, Woodward moves to consider an explanation-seeking why question that would be 

relevant to these arguments. 6.1, for example, seems to be attempting to answer the question 

‘why is this particular raven black.' Woodward maintains that underlying this question is the idea 

that, contrary to the DN account, what we are looking for is not just a demonstration via a law or 

generalization, but rather dependency relations that show what it is about that specific raven that 
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makes it black. What we are looking for here are the features of the raven on which its 

pigmentation depends on and the laws or generalizations that describe this dependency 

(Woodward 2003, 203). Stating that all ravens are black is not a satisfactory answer to the why 

question regarding the color of a particular raven. The unsatisfactory generalization tells us why 

all other ravens have the same feature that we find puzzling about the particular raven we are 

asking about, but it does not tell us what that feature depends on, which is what we want to 

know. 

 According to Woodward, the satisfactory explanation would “involve…an identification 

of those specific biochemical reactions that produce their distinctive pigmentation, and a 

specification of the genetic mechanisms that are responsible for those reactions” (2003, 204). 

This explanation would locate the explanandum within a set of alternatives and answer a set of 

why questions about the conditions under which the explanandum and the alternatives would 

have obtained. In the case of the raven, the explanation would state clearly how the genetics or 

biochemistry of the raven could be altered to change its color. The information conveyed by this 

explanation then is relevant to the manipulation or control of the raven’s color and is deeper and 

more illuminating than 6.1 (Woodward 2003, 204). Thus, for Woodward, for an explanation to 

be satisfactory, it must show how the explanandum would have been different had certain 

elements in the explanans been different. 

 Concerns with Woodward’s Account 

A concern with Woodward’s account is that it employs a definition of causation that ends 

up calling causal some relations that philosophers and physicists hold to be noncausal. 

Woodward’s definition is simply too loose. As we have seen (section 3.1), many physicists and 

philosophers think that the explanations provided by STR are noncausal. For example, as was 

discussed earlier, Pauli maintains that Einstein and Laue used the principle interpretation of STR 

to derive Fizeau’s experimental result without making any special assumptions about the 

mechanisms involved (3.1.4). Secondly, Einstein found the lack of causation in special relativity 

troubling which of course implies that STR is noncausal (3.1). Thirdly, as we have seen (2.4.3), 

Brown rejects the explanatory value of STR on the basis that it does not identify the underlying 

mechanisms that cause length contraction and other relativistic effects. Thus, it has been 

traditionally thought that neither the principle or the geometric interpretation of STR contain 

relations that are thought to be causal. The principle interpretation shows that relativistic 
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phenomena occur if the universe is such that the principle of relativity and the light postulate 

hold. The geometric interpretation shows that these same phenomena occur if the objects in the 

universe have a specific default spatiotemporal behavior as described by Minkowskian 

spacetime. While the argument patterns provided by each interpretation cite dependency 

relations, these relations should not and are not considered causal. They instead describe the way 

in which objects behave given specific features of the universe. However, STR does identify 

dependency relations between the explanans and the explananda. The length contraction 

argument pattern in STR shows that manipulating the velocity of the rod, say by increasing it, 

would result in a different explanandum, specifically a smaller value for Lʹ.  

The problem with Woodward’s account is that this dependency relation is causal because 

the manipulations or interventions suggested by STR satisfy Woodward’s four criteria for 

causation (2003, 98). We can intervene on the length of the rod or its velocity to change the 

observed length contraction and such interventions would satisfy Woodward’s four criteria. For 

example, (1) intervening on the length of the rod by cutting it would count as a cause of the rod’s 

length. (2) Cutting the rod acts as a switch for any other variables that would cause the length of 

the rod, such as the way in which the rod is manufactured. The act of cutting the rod would make 

the length of the rod dependent on the act of cutting it rather than the way in which it was 

manufactured. (3) Cutting the rod does not directly cause the length contraction of the rod. (4) 

Cutting the rod only changes the length of the rod, it does not affect any other causes of length 

contraction. Thus, changing the length of the rod by cutting it satisfies all of Woodward’s 

conditions and as such the length of the rod is said to be the cause of the rod’s length contraction. 

As such the explanation would be counted as causal according to Woodward’s account of 

explanation. I accept that we could manipulate the rest length of a rod or the velocity of the rod 

to change the observed length contraction, but to say that such a relation is causal because of this 

is to commit to an unorthodox account of STR, one that runs contrary to scientific opinion. STR 

does identify a dependency relation here, but it says nothing about the underlying cause of length 

contraction (section 3.1). It does not identify a force that is responsible for this effect (for a 

similar case of noncausal explanation see Saatsi 2015). It is an unorthodox view of STR because 

STR is typically thought to be noncausal. I admit that this is not a strong argument against 

Woodward, I offer it merely as motivation for my unificationist account. (See section 6.4 for 

further motivation in favor of my account). 
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Furthermore, one of Woodward’s main examples of casual explanation, gravity in 

Newtonian mechanics, is also traditionally considered noncausal (Jansson 2014). According to 

Woodward, an advantage that Newtonian mechanics had over its predecessors is that it showed 

that “celestial and terrestrial motions have broadly the same causes…” (2003, 366). Woodward’s 

solution to the problem of asymmetry involving predictive versus retrodictive argument patterns 

(6.1.2) that he derives from Newtonian mechanics implies that Newtonian mechanics is causal 

(2003, 362). However, this characterization of explanation in Newtonian mechanics imports 

causal relations into derivations that are not necessarily causal, as far as the theory itself is 

concerned (Jansson 2014, 336). Newtonian mechanics appeals to action at a distance and as a 

result when it was first proposed many physicists questioned whether or not the theory actually 

identified the physical causes of the phenomena it purported to explain (Jansson 2014, 336). This 

historical fact is best captured by the Leibniz-Clarke correspondence where Leibniz rejects the 

explanatory status of Newtonian mechanics on the grounds that it does not identify the specific 

causes of gravitational attraction, but rather invokes an unmediated action at a distance (Jansson 

2014, 336). Indeed, there is evidence that suggests Newton himself agrees with Leibniz for he 

states that “hitherto we have explained the phenomena of the heavens and of our sea by the 

power of gravity, but have not yet assigned the cause of this power… I have not been able to 

discover the cause of those properties of gravity from phenomena, and I frame no hypotheses” 

(1966 [1686], 546-7). This implies that, contra Woodward, Newtonian mechanics is agnostic 

about the causal relations involved. Any position that claims there is a causal relation employs a 

different definition of causation than Newton and other physicist do and reads causation into the 

theory. Indeed, as Lina Jansson points out, Woodward foresees this objection (2014, 337). He 

responds by noting that a debunking story is available and claims that there is no reason to take 

the requirement that causal relations are spatiotemporally continuous as an a priori constraint on 

such relations (Jansson 2014, 337 and Woodward 2003, 148). However, the possibility of 

Newton’s action at a distance implying causation contradicts the light postulate of special 

relativity. If gravity acts in such a way, the force or effect of gravity must exceed the speed of 

light. Thus, claiming that Newton’s theory of gravity is causal employs an unorthodox definition 

of causation, one that runs contrary to the opinions of physicists, including Newton, and 

philosophers of science. What the discussion of STR and Newtonian mechanics shows is that 
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Woodward is advocating a conception of causation that does not fit with other accepted theories 

of causation. 

 Conclusions 

 Woodward would accept all of the above but still maintain that STR is a causal theory. 

For Woodward, causation involves the ability to manipulate Y by intervening on X. We do not 

need to understand the underlying causal structure of the world responsible for the connection 

between X and Y. All we need to be able to do is manipulate Y by intervening on X. 

Woodward’s account is a great step forward compared to other causal accounts of explanation 

because it provides a way of counting idealized theories and models, that do not identify the 

underlying causal structure of the world, as explanatory. My worry is that Woodward’s account 

commits us to an unorthodox and counterintuitive view of causation. Since this view runs 

counter to prevailing opinions about causation and is not supported by any argument, I think that 

we should want to avoid it. Secondly it also only applies to certain kinds of explanations, where 

there is a clearly defined intervention that would change the explanandum. The account of 

explanation that I will propose in the rest of this chapter works either way. My account is not 

committed to any conception of causation and can be applied to explanations where there is no 

clear intervention that would change the explanandum. 

 In conclusion, there is more to explanation than simply subsumption under a regularity or 

expectibility. Explanation is about identifying dependency relations that show how the 

explananda will change if the explanans were different. By incorporating dependency relations 

into an account of explanation, Woodward is able to block the asymmetry problem and also 

provides great insight into how scientific theories explain; this is an insight that other accounts of 

explanation, particularly a unificationist account, should incorporate. In the next section, I 

modify Kitcher’s account to do just that. 

6.3 Explanation by Unification and Dependency Relations 

In this section, I modify Kitcher’s unificationist account by incorporating dependency relations. 

To begin with, I provide a definition of noncausal dependency relations as discussed in the 

current philosophical literature (Bokulich 2011 and Woodward 2003). Unlike Woodward, 

Bokulich uses counterfactuals to define noncausal dependency relations. This definition does not 

use manipulation and control to identify counterfactuals. Instead, Bokulich uses counterfactuals 
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that specify that if some element in the antecedent had been different, then the consequent would 

have been different (2011, 39). I then incorporate dependency relations into Kitcher’s account. 

My modification to Kitcher’s account of explanation then adds a requirement that argument 

patterns must contain dependency relations between the explanans and the explanandum in order 

for them to be considered explanatory. I then show how this modification allows a version of a 

unificationist account of explanation to debar the asymmetry problems discussed above (section 

6.1). 

 Explanations using Dependency Relations 

As we have seen, Woodward’s definition of causation involves manipulations. For 

Woodward, Y is causally dependent on X if an intervention I on X results in a change in Y (2003 

98-107). A causal explanation then provides information about dependency relations that shows 

us that an intervention on factors in the explanans would thereby alter the explanandum. It 

should be noted that this is where I, following Alisa Bokulich (2011), differ from Woodward, for 

I do not think that explanation is about manipulation and control. Bokulich and I also think that 

while all explanations involve identifying dependency relations, some explanations involve 

noncausal dependency relations. 

According to Bokulich, for a model explanation to be a good explanation, a model must 

satisfy three conditions: (i) the explanans make reference to a scientific model, (ii) the model 

explains the explanandum by showing that the structure of the model is isomorphic to the 

structure of the phenomenon and (iii) the fictional model is justified in that the explanations that 

apply it specify the domain of applicability of the model (2011, 39). Given these three 

conditions, Bokulich parts company with Woodward, for her account of explanation can be 

applied to cases where there is no causal manipulation (2011, 39). One type of explanation that 

does not involve such causal manipulations is structural model explanations. As Bokulich 

explains, “one can define structural model explanation as one in which, not only does the 

explanandum exhibit a pattern of dependence on the elements of the model cited in the 

explanans, but in addition, this dependence is a consequence of the structural features of the 

theory (or theories) employed in the model” (2011, 40). 

Bokulich’s main example of such a structural model explanation is Niels Bohr’s model of 

the hydrogen atom. According to this model, the electron of the atom can orbit the nucleus only 

in a discrete set of allowed trajectories known as stationary states (Bokulich 2011, 41). While in 
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such a state, the energy of the electron remains constant and gains or loses energy by jumping 

from one state to the another. When an electron jumps from one state to another, a single photon 

of a given frequency is emitted or absorbed (Bokulich 2011, 41). The frequency of the photon is 

given by the difference in energy between the two orbits. As Bokulich explains,  

The spectrum of hydrogen…is built up out of the photons being emitted in these jumps 

between stationary states, where only those frequencies (or wavelengths) corresponding 

to allowed quantum jumps occur, and the intensity (or brightness) of a spectral line is 

given by the probability of that jump occurring. So, for example, the red spectral line Hα, 

is the result of the electron jumping from the n = 3 orbit to n = 2 orbit, and the green 

spectral line Hβ is the result of transitions from the n = 4 to n = 2 orbit. (2011, 41). 

From this model Bohr was able to explain many different empirical results and observations. For 

example, from an analysis of the motion of the electron in a stationary state orbit, Bohr was able 

to explain why only certain quantum jumps between stationary states were allowed (2011, 41-

42). Despite the fact that Bohr’s model is a highly idealized model of atoms and that the orbits 

involved are fictions that do not match modern quantum mechanical models of electron orbits 

that are described as a cloud of probability densities around the nucleus rather than classical 

orbits, Bokulich maintains that Bohr’s model explains the spectrum of hydrogen (2011, 42). The 

explanatory value of Bohr’s model has little to do with causal manipulation. It is explanatory 

because it satisfies Bokulich’s three conditions for a model explanation. According to Bokulich, 

the structure of Bohr’s model is isomorphic to the structure of the spectral phenomena. (i) Any 

counterfactual statement expressing a dependency between the emission spectrum of hydrogen 

and the elements of Bohr’s model that is true within the domain of the model is approximately 

true within the domain of the actual phenomena. (ii) Bohr’s model also shows how the 

explanandum would have been different if certain elements of the model, expressed in the 

explanans, were different. (iii) Lastly, as Bokulich maintains, “modern semiclassical mechanics 

provides a top-down justificatory step showing that Bohr’s model—despite failing as a literal 

description—is nonetheless a legitimate guide to quantum phenomena in certain domains” (2011, 

43). Whether or not Bokulich is right about the justification and explanatory value of Bohr’s 

model is not a concern here, because the main reason for discussing this case is to show the 

differences between her account and Woodward’s. What this discussion demonstrates is that 

Bokulich’s account differs from Woodward’s account in that her account requires explanations 
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to involve more than the identification of manipulations. According to Bokulich, explanations 

must also make reference to scientific theories, and be justified by specifying the domain of 

applicability of the model that it cites. I will now move to discuss the three conditions in more 

detail. 

As we have seen, the first condition that a model explanation must satisfy is that the 

explanation must refer to a scientific model, and that model can involve a certain degree of 

idealization (Bokulich 2011, 39). The scientific model provides a context or domain of 

applicability for the model and supports the model by giving it a theoretical background. The 

idealized models are explanatory if they exhibit certain kinds of dependencies between the 

explanans and the explanandum that are consistent with the theory. The second condition is that 

for a model to be explanatory, it must show that the elements of the model correctly capture the 

pattern of structural dependencies of the target system (Bokulich 2011, 39). That is, the elements 

of the model must be able to reproduce the relevant features of the phenomena in the 

explanandum and show how the target system would behave if the elements described in the 

model were changed in specific ways (2011, 39). The relevant features, according to Bokulich, 

are structure dependencies that can be defined by counterfactual statements that show if a change 

had occurred in the explanans, the explanandum would have been different. These steps show 

that the model is not just an ad hoc fit with the empirical data (Bokulich 2011, 43). By grounding 

the model in a scientific theory, the explanation shows that the explananda are to be expected 

given the various assumptions made by the theory. Secondly, by showing how the explanandum 

is dependent on the explanans, the explanation shows that the model captures the features of the 

target system that explain the phenomena. Lastly, an adequate model explanation must satisfy a 

justificatory step. 

It must be justified because theoretical models are highly idealized descriptions of the 

target system. To be justified, an explanation based off of a highly idealized model must specify 

the domain of applicability of the model. It must also show that the explanandum falls within this 

domain and is adequately captured by the features of the model (2011, 39). The problem that this 

justificatory step is meant to solve is that highly idealized models tend not to accurately represent 

the target system. They contain a set of assumptions that do not completely match the target 

system because they leave out vital information about the system, and so it often seems unlikely 

that these models can explain the system. Bokulich notes that in general this problem is solved in 
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one of two ways: either an overarching theory is provided that specifies the domain of 

applicability of the model, or the model is justified by empirical observation (2011, 39). 

 The differences between Woodward and Bokulich’s accounts all revolve around what 

makes an explanation successful. As we have seen, Bokulich requires that the explanation 

satisfies three conditions: (i) it must explain “the explanandum by showing how the elements of 

the model correctly capture the pattern of counterfactual dependence of the target system” (2011, 

39). (ii) It must cite a model that is backed by a scientific theory and (iii) it must be justified by 

specifying the domain of applicability of the model and show that the explanandum falls within 

this domain (2011, 39). For Woodward, the explanation must identify possible interventions that 

would change the system. Relatedly, while Woodward maintains that a high-level idealized 

model need only identify an intervention for it to be causal and, therefore, explanatory, Bokulich 

has a more sophisticated account of how high-level idealized models explain. She names four 

different types of model explanations: mechanistic, covering law, causal, and structural model 

explanations. Each type of model cites distinct features of the target system as being responsible 

for the phenomenon cited by the explanandum. (2011, 40). Unlike Woodward, Bokulich 

maintains that a causal model explanation would not idealized, but would instead describe the 

underlying causal structure of the phenomena involved. This is an important distinction between 

the two accounts, for it makes Bokulich’s account applicable to more explanations in science 

than Woodward’s. 

There is an underlying similarity between Woodward’s and Bokulich’s definitions of 

causal relations and dependency relations respectively. Each definition involves a counterfactual 

with an antecedent that is derived from the scientific theory and a consequent that can be 

predicted from that antecedent and the theory. Each definition involves the target, whether it be a 

system, property, or effect, being dependent on related elements specified by the theory such that 

if those elements were any different, the target would change in a specific and predictable way. If 

the mass of the Sun had been different, then the Earth’s orbit would be different than it is. If the 

velocity of the rod had been greater, then the observed length contraction would have been more 

significant. As discussed earlier (Section 6.2), the counterfactuals used to define the relevant 

dependency relations must be compatible with the theory. If it identifies a consequence that is 

not derivable from the antecedent and the theory, then the counterfactual is false. Only 
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counterfactuals that are true within the context of the theory are true and can be used to define 

and identify dependencies. 

Woodward, Bokulich, and I all agree that an account of explanation that captures these 

dependency relations, provides a way to identify these dependency relations, and applies 

restrictions on what dependency relations count as explanatory is a more satisfactory account 

than one that does not.  

 

 Unification and Dependency Relations 

My modification of Kitcher’s unificationist account then is to add a requirement that for 

argument patterns to be explanatory, they must (i) contain dependency relations between the 

events in the explanans and the event in the explanandum and (ii) be unifying on Kitcher’s 

criteria. That is, the argument patterns must cite dependency relations that the background 

theory, the theory from which the argument patterns are drawn, allows and the background 

theory must satisfy Kitcher’s three criteria for determining the degree of unification. According 

to my account, scientific theories unify by citing model-based dependency relations that occur 

between events in the explanans and the event in the explanandum. The background scientific 

theory provides unification through dependency relations by showing that the dependency 

relations are underwritten by the initial conditions or assumptions of the model which maps the 

dependency relations within the target system (see figure 6.1). The way to identify these 

dependency relations is not to ask whether or not they allow for manipulations, but rather to ask 

if they are provided and supported by a unified background theory. 

Rather than citing the lack of possible interventions between the explanans and the 

explanandum to debar the asymmetry problem as Woodward does, my strategy is to cite 

dependency relations, or lack thereof, provided by a unified background theory. As we have 

seen, dependency relations show that given the initial conditions and the equation stated in the 

explanans, a change in one or more variable, as expressed in the general law, will result in a 

change in the explanandum. The appropriate dependency relations are specified by the 

background theory from which the relevant argument patterns are derived (see figure 6.1). For 

example, as we shall now see, the principle interpretation specifies dependency relations, 

expressed by Lorentz’s transformation equations that are used by models to explain specific 

relativistic phenomena. 
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Figure 6.1. 

The relationship between the background theory (STR), the model (the model of Fizeau’s experimental 

result) and the target system. 

 

 Explanation in STR Revisited 

In STR, the derivations of relativistic phenomena show why relativistic phenomena occur 

by specifying dependency relations between the events in the explanans and the event in the 

explananda. They answer what-if-things-had-been-different questions (cf. Woodward 2003, 11 

and 187-194). The velocity-contraction argument pattern from the principle interpretation shows 

that the explanandum which states that ‘the length of a rod is L’ when in motion at velocity v 

relative to observer B’ but is L when stationary relative to observer B’  is dependent on the 

velocity, and the rest length of the rod, which in turn is underwritten by the background theory 

(STR), due to its principles, the principle of relativity and the light postulate. The argument 

pattern shows that if the values of L, or v, or both expressed in the explanans were different, then 

the value of Lʹ in the explanandum would have been different as well. Based on the background 

theory (STR), the argument pattern shows that had the velocity of the rod or the length of the rod 

at rest or both been different, the observed length contraction would have been different as well. 

STR also shows that if the light postulate and/or the principle of relativity did not hold, then 

length contraction would not occur. That is relativistic phenomena, such as length contraction is 

dependent on the fact that the postulates of the principle interpretation hold. This dependency 
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relation does not provide any predictable results, though. It merely shows that special relativistic 

phenomena are underwritten by the fact that the principles hold. STR also shows that if the speed 

of light were less than or more than c, then the observed length contraction, when the rod was 

traveling at 0.8c, would have been greater or less respectively.  

What is doing the majority of the work in this argument pattern is the dependency 

relations that the principle interpretation of STR identifies and expresses using the law-like 

statement as expressed by Lorentz’s equation for length (equation Eq. 22). The principle 

interpretation shows that a change in the velocity or the rest length of the rod or both will result 

in a change in the observed length contraction. Thus, this dependency relation is derived from 

the principle interpretation, such that the counterfactual ‘if the velocity or the rest length of the 

rod had been different, then the observed length contraction would have been different’ is true 

within the context of the theory. 

To explain Fizeau’s experimental results, that is to derive the explanandum that ‘the 

velocity of light in moving water is W, but is s in stationary water, such that W< s and the 

interference fringe is z when the velocity of the water is 𝑣’, the principle interpretation states the 

principle of relativity and the light postulate and then shows that the explanandum is 

counterfactually dependent on the variables expressed in equation Eq. 29. The argument pattern 

states the specific values that describe the experiment, the length of the experimental apparatus, 

the velocity of the water relative to the apparatus v, the velocity of the light relative to the water 

w and the interference fringe z, and shows that if the experiment had different values than 

Fizeau’s original, then the explanandum would have been different. More specifically, the 

argument pattern identifies a dependency relation that obtains between the experimental result 

and the length of the experimental apparatus, the velocity of the water relative to the apparatus v, 

the velocity of the light relative to the water s. Such that if any of these values had been different 

than the result would have been different. It shows, for example, that if the velocity of water 

relative to the apparatus v where different than it was in Fizeau’s original experiment, then the 

velocity of the light in moving water W would be different as well. This dependency relation is 

derived from STR, such that the counterfactual ‘if the values of the length of the experimental 

apparatus, the velocity of the water relative to the apparatus v, the velocity of the light relative to 

the water s were different, then the experimental result would have been different’ is true within 

the domain of the theory. 
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As we have seen, STR employs argument patterns that specify dependency relations as 

expressed in the Lorentz transformation equations and their consequences between the events in 

the explanans and the events of the explananda to explain other phenomena as well. Furthermore, 

as has been argued (sections 3.1 and 6.2), these dependency relations are noncausal. Thus, the 

argument patterns of special relativity explain by specifying dependency relations that obtain 

between the explanans and the explanandum. These dependency relations are specified by 

special relativity itself. They are consequences of the theory’s underlying assumptions about the 

geometric nature of reality. A similar argument could be made for the geometric interpretation. 

 Dependency Relations and the Asymmetry Problem 

Given this notion of dependency relations, we can debar the various instantiations of the 

asymmetry problem by noting that the nonexplanatory argument patterns do not include or 

contain dependency relations that are supported by the background theory.  

As we have seen in the argument pattern for length contraction provided by the principle 

interpretation, a change in the velocity or the rest length of the rod will result in a change in the 

observed length contraction. There is a clear dependency relation between the explanans, the 

velocity of the rod or its rest length, and the explanandum. This dependency relation is identified 

by the background theory, STR. STR does not identify any such dependency relations between 

the event in the explanandum of the contraction-velocity argument pattern (section 6.1) and the 

events in its explanans. More specifically, the theory says nothing about forces, so it says nothing 

about the forces that objects are subjected to. Thus it does not identify any dependency relations 

between the velocity of an object and the explanans provided by the theory. As a result, the 

contraction-velocity argument pattern is not explanatory because STR does not include any 

dependency relations that obtain between the events in the explanans and the event in the 

explanandum, the velocity of an object. In other words, the contraction-velocity argument pattern 

is not explanatory because it does not cite any dependency relations that are supported by STR. 

Deriving the velocity of the rod from the principles of STR does not identify any relevant 

dependency relations cited by the theory and so the derivation is not an explanation, even though 

the counterfactual ‘if the observed length contraction had been different, then the velocity would 

have been different’ is true. More specifically, while the equation cited in the contraction-

velocity argument pattern (equation Eq. 51):  
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does identify dependency relations, it does not identify any dependency relations that are 

supported by special relativity. STR does not include dependency relations that allow for the 

derivation of the velocity of an object from the principles or spatiotemporal behavior of objects 

and the lengths of the object as measured from different reference frames. Furthermore, it does 

not define dependency relations that are supported by any the most unified theory. There is no 

unifying theory that allows for the derivation of velocity from the observed length contraction of 

an object. Newtonian mechanics and general relativity, the two most unified theories that discuss 

velocity, say nothing about length contraction causing velocity in the way described by the 

argument pattern. 

 In the retrodictive versus predictive case, the predictive argument pattern, deriving the 

current position of a planet based on its past position, is explanatory, because the counterfactual 

“had the position of the planet been different in the past, its current position would be different” 

identifies a dependency relation that is supported by a unified background theory, Newtonian 

mechanics. The retrodictive argument pattern, on the other hand, is not explanatory, because the 

counterfactual “had the current position of the planet been different, then the past position of the 

planet would have been different” does not identify a dependency relation that is supported by a 

unified background theory. Newtonian mechanics simply does not specify dependency relations 

between the current position of a planet and its past position that allows for retrodictive 

derivations. 

Therefore, the inclusion of the requirement that argument patterns must contain 

dependency relations that are supported by a background theory in order to count as explanatory 

allows my unificationist account to debar the other asymmetry problems discussed above 

(section 6.1). The shadow argument pattern does not contain any dependency relations that are 

supported by the most unified theory and, therefore, it would not be counted as an explanation 

according to my account. Secondly, the predictive argument patterns provided by Newtonian 

mechanics contain dependency relations that are identified by the theory (section 6.1). The 

retrodictive argument pattern, on the other hand, does not. There are no dependency relations 

Eq. 51. 𝑣 = √1−(
𝐿ʹ

𝐿
)2

𝑐2
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that are identified by Newtonian mechanics, or any other theory, that can be used to explain the 

past position of the object based on its current position. Finally, the argument pattern that derives 

the velocity of an object from its observed length contraction does not identify dependency 

relations that are specified by the most unified background theory, STR and so it is not 

explanatory. For an argument pattern to count as explanatory, it must cite dependency relations 

that are supported by a well-established and unified scientific theory. 

 Conclusions 

In conclusion, by incorporating the notion of dependency relations into Kitcher’s 

unificationist account, my account of explanation debars the asymmetry problem. It does so by 

noting that if the background scientific theory does not specify dependency relations that obtain 

between the explanans and the explananda of an argument pattern, then that argument pattern is 

not explanatory. Since the argument patterns that establish asymmetry problems, as discussed 

above (section 6.1), specify dependency relations that are not supported by the relevant scientific 

theory, they are not considered explanatory. Furthermore, this background theory must be the 

most unified. So rather than adding a condition that requires an argument pattern to specify ways 

in which we can manipulate the system to get a different result for it to be an explanation, my 

account contains the condition that the argument pattern must specify dependency relations that 

are supported by a background theory. What is left for me to show is that my account of 

explanation is more desirable than Woodward’s account. In the next section, I further elaborate 

on my account and then argue that my account captures explanations in physics better than 

Woodward’s account. 

6.4 Examples and Comparisons 

In this section, I show how my account of explanation characterizes an argument pattern by 

specifying not only the background assumptions and generalizations specified by the theory, but 

also by specifying a premise that states the dependency relations that obtain between the 

explanans and the explanandum. I then compare my account with Woodward’s account and 

Kitcher’s account. My account deals with the concerns about causation related to Woodward’s 

account that I discussed above (subsection 6.2.5) and yet still embraces Woodward’s insight 

concerning the role that dependency relations play in explanation. It also embraces the major 
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insights of Kitcher’s account concerning the role of unification in explanation. Finally, I consider 

an objection against my account. 

 Explanations in STR 

Now that we have a general description about how my account of explanation would 

characterize explanations. We can move to consider how it would characterize the explanations 

provided by the principle interpretation of STR. According to my account, an explanation is a 

deductive argument that cites a dependency relation that obtains between the explanans and the 

explanandum that is provided by the most unified background theory. The principle 

interpretation explains relativistic phenomena, using argument patterns that cite the background 

assumptions and generalizations, derived from Lorentz’s transformation equations, provided by 

the theory. Its argument patterns also use dependency relations, described by counterfactuals, 

that can be derived from these generalizations and are thereby supported by the principle 

interpretation of STR. 

For example, according to my unificationist account of explanation, the argument pattern 

for length contraction in the principle interpretation of STR proceeds as follows: 

 

The Argument Pattern for Length Contraction: 

P1/ the principle of relativity 

P2/ the light postulate 

P3/ the relativity of simultaneity 

P4/ space is homogeneous and isotropic 

P5/ the Lorentz invariance of natural laws  

P6/ B' is at rest relative to the rod 

P7/ B is moving with the rod 

P8/  𝐿′ = 𝐿√1 −
𝑣2

𝑐2 

P9/ 𝐿 = 𝑥 

P10/ 𝑣 = 𝑎 

C/ The length of a rod is L’ when in motion at velocity v relative to observer B’ but is L when 

stationary relative to observer B. 
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This argument pattern is identical with the argument pattern provided by Kitcher’s account 

(section 3.3). The only difference is that unlike Kitcher’s account, my account identifies a 

dependency relation that obtains between the explanans and the explanandum. In this argument 

pattern, the specific dependency relations that obtain is between 𝐿′ and the relevant variables, L 

and v, in the equation for length contraction. This dependency relation is described by the 

counterfactual ‘if the velocity or the rest length of the rod had been different, then the observed 

length contraction would have been different’ and this counterfactual is true within the domain of 

STR. The dependency relation then is specified by the background theory, the principle 

interpretation of STR, and thus the above argument pattern is explanatory under my account of 

explanation. 

In contrast, the deviant argument pattern, deriving the velocity of the rod from the 

observed length contraction, proceeds as follows: 

 

The Contraction-Velocity Argument Pattern 

P1/ the principle of relativity 

P2/ the light postulate 

P3/ the relativity of simultaneity 

P4/ space is homogeneous and isotropic 

P5/ the Lorentz invariance of natural laws  

P6/ B' is at rest relative to the rod 

P7/ B is moving with the rod 

P8/  𝑣 = √1−(
𝐿ʹ

𝐿
)2

𝑐2  

P9/ 𝐿 = 𝑥 

P10/ 𝐿′ = y 

C/ the velocity of the rod is v when the length of the rod is L according to observer B, but L' 

according to observer B'. 

 

Here again, the argument pattern is the same as the one specified by Kitcher’s account. However, 

my account identifies a dependency relation that obtains between the explanans and the 

explanandum. This dependency relation is that 𝑣 is dependent on 𝐿 and 𝐿′. However, this relation 
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is not supported by any background theory. This dependency relation is defined by the 

counterfactual ‘if the rest length of the rod had been different, or the observed length contraction 

had been different, then the velocity would have been different’ and this counterfactual is false 

within the domain of STR. Furthermore, any theory that does provide a means of explaining 

velocity does not cite length contraction as a cause. As a result, the above argument pattern is not 

explanatory under my account of explanation. 

 Woodward’s Manipulationist Account versus My Unificationist Account 

My unificationist account of explanation deals with the concerns about causation that 

Woodward’s account faces (subsection 6.2.5). Woodward’s characterization of explanation in 

Newtonian mechanics imports causal relations into derivations that are not necessarily causal, as 

far as the theory itself is concerned. Unlike Woodward’s account, my account is not committed 

to any conception of causation. Newtonian mechanics is explanatory, according to my account, 

because it provides argument patterns that can be used to derive many different phenomena. The 

argument patterns provided by Newtonian mechanics specify dependency relations, supported by 

the theory, which obtain between the explanans and the explanandum. The fact that Newtonian 

mechanics is agnostic about the underlying causes is not a problem for my account. What matters 

is that the theory identifies dependency relations that its argument patterns embrace and that 

these relations hold between its explanans, via its general laws, and the explanandum. By 

identifying these dependencies, Newtonian mechanics allows physicists to derive the explananda 

from a set of explanans unique to each argument pattern. My account also characterizes the 

explanations provided by STR as noncausal in keeping with the traditional view of STR, while 

Woodward’s would characterize it as causal. 

Unlike Woodward, I maintain that dependency relations are not only identified by the 

fact that they identify possible interventions, but also by the background theory itself. My 

account specifies a major role for background theories, while Woodward ignores the significance 

of background theories and their role in explanation. Any tentative dependency relations that are 

not specified by the background theory or contradict other argument patterns within the 

explanatory store are not explanatory dependency relations. Indeed, I think that being supported 

by a background theory is the most important criterion. The retrodictive argument pattern does 

not count as an explanation because deriving the current position of a planet based on its future 

position does not identify dependency relations that are provided by Newtonian mechanics. 
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Newtonian mechanics does not identify any dependency relations that allow us to derive the 

current position of the planet based on its future position. Similarly, the length contraction-

velocity pattern does not count as an explanation because deriving the velocity of an object from 

its observed length contraction does not identify dependency relations that are provided by 

special relativity or are compatible with another theory. STR says nothing about the causes of an 

object’s velocity and GTR does not explain an object’s velocity from the degree to which its 

length appears to be contracted, rather it cites the forces that are applied to the object. 

 Bokulich’s Model Explanation Account versus my Unificationist Account 

The major difference between my account and Bokulich’s account is that my account embraces 

unification. My account maintains that for an explanation to be successful it must cite 

dependency relations that are specified by a unified background theory. The background theory 

that provides the explanation must be unifying. The background theory must meet Kitcher’s 

criteria. Bokulich does not specify any conditions that the background theory must satisfy. As we 

have seen (subsection 6.3.1), Bokulich requires that the explanation satisfies three conditions to 

be a successful explanation: (i) it must explain “the explanandum by showing how the elements 

of the model correctly capture the pattern of counterfactual dependence of the target system” 

(2011, 39). (ii) It must cite a model that is backed by a scientific theory and (iii) it must be 

justified by specifying the domain of applicability of the model and show that the explanandum 

falls within this domain (2011, 39). For my account the background theory that identifies these 

dependency relations must be empirically successful. We know that the dependency relations 

capture the pattern of counterfactual dependence of the target system because they are identified 

by an empirically successful theory. Where Bokulich and I agree concerns the nature of 

dependency relations, I agree with Bokulich that not all dependency relations are causal. I also 

agree that explanation is not about manipulation and control. 

 

 Kitcher’s Unificationist Account versus My Unificationist Account 

By maintaining explanatory unification, my account embraces one of the major insights 

that Kitcher provides (1989). According to Kitcher, the goal of science is unification. For 

Kitcher, a unified scientific theory contains “a single pattern of derivation (or several closely 

related patterns of derivation) [that] is (are) used again and again to derive a variety of 
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conclusions” (1989, 448). For example, Kitcher maintains that Darwin’s principle achievement 

was to bring questions about characteristics of life not yet addressed by biology within the scope 

of biology, by showing, in outline, how the questions might be answered in a unified way (1989 

442). Darwin’s proposal made history central to the understanding of biological phenomena. For 

example, evolution by natural selection explains “the distribution of organisms in a particular 

group [by] tracing a history of decent with modification that charts the movements of the 

organisms in the lineage that terminates with the group in which we are interested” (Kitcher 

1989, 442). It can also be used to explain relationships among organisms or the presence of 

prevalent traits in certain species or taxa. In some cases, the explanations involve tracing the 

causal mechanisms responsible for the characteristics. In other cases, the explanations involve 

simply recording the modifications with no commitment to the mechanisms involved. In either 

case, the explanations involve tracing the history of the organism being examined. By tracing the 

history of the organism involved, the biologist is employing an argument pattern similar to the 

other argument patterns provided by Darwin’s theory of evolution by natural selection. 

As we have seen, special relativity unifies in a similar manner (Chapter 3 and Chapter 4). 

It allows physicists to employ a set of related argument patterns to explain phenomena that were 

once thought to be disparate. STR achieves unification by showing that relativistic phenomena, 

such as length contraction, time dilation, and Fizeau’s experimental results, can all be derived 

using argument patterns that begin with the same underlying assumptions. The explanans of the 

principle interpretation specify the principle of relativity and the light postulate, the appropriate 

general law and the relevant data about the case involved. The explanans of the geometric 

interpretation specify the specific spatiotemporal behavior of objects, the appropriate general 

laws, and the relevant data about the case involved. Einstein’s insight was that the principles of 

relativity and the spatiotemporal behavior of objects hold universally. From these basic 

assumptions, we can derive the Lorentz transformation equations and their consequences, and 

from these equations, we can derive a number of disparate phenomena. STR explains by 

unification. Kitcher’s account captures this feature of scientific explanation very well, and my 

account embraces this feature. 

Despite this insight, Kitcher misses one very important feature of explanation that 

Woodward (2003) and Bokulich identify (2011). That feature is that the generalizations involved 

show how the explanandum would have been different if the specific features of the case 
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involved, as defined by the variables of the generalization, had been different (section 6.2). What 

this means for my unificationist account of explanation is that the argument patterns explain by 

identifying dependency relations that hold between the explanans and the explanandum. These 

dependency relations are identified by the generalizations that are derived from the underlying 

assumptions and basic principles of the theory. The underlying assumptions and basic principles 

of the theory are the explanans common to the various argument patterns provided by the theory. 

Thus, scientific theories unify by identifying common features of the systems involved and using 

those common features to derive generalizations that show how the explanandum is 

counterfactually dependent on these common features. For example, the geometric interpretation 

of STR assumes that the default spatiotemporal behavior of objects can be described by 

Minkowskian spacetime. It then derives the Lorentz transformation equations and their 

consequences from these assumptions. The resulting argument patterns show that special 

relativistic phenomena, such as length contraction and Fizeau’s experimental results, are 

counterfactually dependent on this default spatiotemporal behavior of objects. Thus, scientific 

theories unify by providing common argument patterns that contain generalizations that identify 

the relevant dependency relations that obtain between the underlying assumptions of the theory 

and the phenomena the theory explains. 

 

 Conclusions 

 In conclusion, by characterizing an argument pattern by specifying not only the 

background assumptions and generalizations specified by the theory, but also by specifying the 

dependency relations that obtain between the explanans and the explanandum, my account of 

explanation embraces the major insights of both Kitcher and Woodward. Kitcher is correct that 

unification plays an important role in explanation in science, but he misses Woodward’s insight 

that dependency relations play just as important of a role in explanation as unification does. 
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Chapter 7 Conclusions 

In conclusion, contra Brown (2005) and Morrison (2000), non-reductive high-level theories in 

physics are explanatory. I have argued that both interpretations of STR, the principle 

interpretation and the geometric interpretation, are examples of non-reductive high-level 

theories. To do so, I considered Einstein’s distinction between principle and constructive theories 

and showed that the principle interpretation is an example of a principle theory, while the 

geometric interpretation is an example of a constructive theory (Sections 2.1-2.4). I then 

considered Harvey Brown’s argument against the explanatory value of the principle and 

geometric interpretation and his argument in favor of a dynamical interpretation of STR (2.5). 

Brown argues that the pre-Einsteinian physicists’ insistence on a dynamic theory supports his 

claim that only a dynamical theory would be explanatory. He also argues that Einstein and other 

physicists were dissatisfied with the principle interpretation and that Einstein didn’t think that it 

was explanatory and only pursued it out of necessity. Brown concludes, based on Einstein and 

his peer’s misgivings about the principle interpretation, that the principle interpretation is not 

explanatory. Lastly, based on an underlying commitment to a dynamical structure of nature of 

the principle interpretation, Brown and Craig (2001) maintain that any value the principle 

interpretation brings, explanatory or epistemic, comes from this underlying commitment. To 

respond to these arguments, I argued contra Brown that even though Einstein developed the 

principle interpretation out of necessity, he still believed that it was an empirically successful 

theory (3.1). In the same section, I also showed that Wolfgang Pauli believed that the principle 

interpretation was explanatory. I then argued that there are reasons to doubt that Einstein’s 

commitment to the Lorentz invariance of natural laws implies an underlying dynamical model 

(3.2). Based on these arguments and considerations, I concluded that Brown’s argument against 

the principle and geometric interpretations can be countered by considering Einstein’s writings 

on the subject. Whether or not these interpretations are explanatory is another matter. To show 

that the principle interpretation is explanatory, I characterized the explanation for length 

contraction and Fizeau’s experimental result using Kitcher’s unificationist account of 

explanation (3.3 and 3.4). In this section, I argued that the derivations of the length contraction 

and Fizeau’s experimental results by principle interpretation are explanatory provided they meet 

the global criteria for unification provided by Kitcher’s account. In chapter 4, I consider these 

global criteria and argue that the principle interpretation comes out explanatory according to 
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Kitcher’s account because it is more unifying than its competitors, the Lorentz-Poincaré theory 

and Brown’s preferred dynamical account. I concluded that the principle interpretation is 

explanatory provided that Kitcher’s account, or a modification of it, is defensible. In chapter 5, I 

argued that the geometric interpretation is explanatory. To do so, I considered Janssen’s 

argument in favor of the explanatory value of the geometric interpretation and argued that 

Kitcher’s account better captures the explanations provided by the theory. I argued that Kitcher’s 

account better characterizes the explanations provided by the geometric interpretation because it 

cites the various features and variables that are derived from spacetime as being responsible for 

relativistic phenomena while Janssen’s account simply states that these phenomena can be traced 

back to Minkowski spacetime. Based on these considerations, and the fact that the geometric 

interpretation is more unifying than its competitors, I concluded that the geometric interpretation 

is explanatory. In chapter 6, I argued, following Woodward, that Kitcher’s account is not 

defensible because it is unable to block the problem of asymmetry. I concluded that Kitcher’s 

account needs to be modified in order for me to continue to maintain that both interpretations of 

STR are explanatory. I considered Woodward’s manipulationist account and used his account to 

characterize the explanation of Fizeau’s experimental result according to the principle 

interpretation (6.2.4). I then discussed some concerns I have with Woodward’s account, mainly 

that his account would characterize STR as causal even though it is considered noncausal and 

that his main example from Newtonian mechanics is also noncausal. In 6.3, I modified Kitcher’s 

unificationist account to include dependency relations as defined by Woodward and Bokulich. 

My modified unificationist account maintains that in order for a derivation to be explanatory it 

needs to cite dependency relations from a unified background theory. My resulting account 

maintains that not all unifying derivations are explanatory; only those that also include 

dependency relations are explanatory. Finally, I concluded chapter 6 by applying my new 

unificationist account to the problem of explanation in STR and then compare my account to that 

of Woodward, Bokulich, and Kitcher. 

My argument and resulting account of explanation shows that, contra Brown (2005) and 

Morrison (2000), non-reductive high-level theories in physics are explanatory. They explain not 

by identifying the underlying causal mechanics, but rather by unifying disparate phenomena and 

identifying dependency relations that obtain between the phenomena that need to be explained 

and the explanans. Upper-level theories explain phenomena in much the same way as lower-level 
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theories do. They make assumptions about the target system and then use these assumptions to 

derive the desperate phenomena, the explananda, that they cover. The explananda are derived 

from the assumptions by showing that dependency relations hold between the explananda and 

the explanans. 

 

7.1 Unificationist Accounts of Explanation 

My unificationist account of explanation, as defined above, is promising, for it captures 

explanations that are noncausal and causal alike.  Both types of explanation are captured by my 

account of explanation because according to this account an explanation is a derivation that 

traces the dependency relations between the explanans and the explanandum as identified by an 

accepted unifying scientific theory. These dependency relations need not be causal. This way of 

characterizing how explanations work answers Woodward’s criticisms of deductive accounts of 

explanation. Where he states that “when causal explanations are deductive, we should see their 

deductive structure as having explanatory import only to the extent that it traces or represents an 

independently existing causal order or set of dependency relationships, as reveals in facts about 

the outcomes of hypothetical experiments” (2003, 361). According to my account, deductive 

explanations have explanatory import by identifying dependency relations specified by a 

unifying background theory. However, not all unifying derivations are explanatory; only those 

that also include dependency relations are explanatory. The background scientific theory 

provides unification through dependency relations by showing that the dependency relations are 

underwritten by the initial conditions or assumptions of the model which maps the dependency 

relations within the target system. 

My account solves a lot of the problems that Kitcher’s account faces. As we have seen, it 

solves the asymmetry problem by adding the requirement that for an argument pattern to be 

explanatory, it needs to cite dependency relations that obtain between the explanans and the 

explanandum and that are identified by a unifying background theory. Any argument pattern that 

does not cite counterfactual dependencies specified by a unified background theory is not 

explanatory. 
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 The Winner-takes-all Conception of Unificationism 

The second problem my account solves is concerned with the winner-takes-all conception 

of unificationism. According to Woodward, this problem arises because any plausible account of 

explanation must be able to yield the conclusion that theories can sometimes be explanatory with 

respect to some set of phenomena, even though more unifying explanations of these phenomena 

are known, or could potentially be discovered in the future (2003, 367). That is, according to 

Woodward, an account of explanation must be able to capture the fact that “Galileo’s law can be 

used to explain facts about the behavior of falling bodies even though it furnishes a less unifying 

explanation than the laws of Newtonian mechanics and gravitational theory; the latter are in turn 

explanatory even though the explanations they provide are less unified than those provided by 

General Relativity” (2003 367). Kitcher’s account rejects this idea and instead insists that in any 

domain, only the most unified theory is explanatory (2003, 368). This idea leads to the 

undesirable conclusion that only the most unified theory, even if it has not been developed yet or 

never will be, is the only explanatory theory there is or ever could be. This effectively renders all 

scientific theories, except the most unified theory, the theory of everything, unexplanatory. This 

is undesirable. Indeed, it renders my entire argument pointless. Under this conception, STR is not 

explanatory because it has been reduced by the general theory of relativity (GTR). GTR itself is 

not explanatory because it will be or could be reduced by an even more unifying theory similar 

to Brown`s preferred dynamical theory, such as quantum field theory.  

My account is not committed to, nor does it imply, this winner-takes-all conception of 

unification. As I said above, an argument pattern is explanatory if it identifies the dependency 

relations that are specified by a unified theory. The theory need not be the most unified theory 

available or possible. To capture this, I propose a richer conception of explanatory depth. By 

explanatory depth here I mean a scale on which explanatory theories can be placed according to 

their explanatory value. My main case study provides the perfect background from which to 

develop such a conception because STR has been replaced by a more unifying theory, the 

general theory of relativity (GTR). So to develop a conception of explanatory depth that is 

consistent with physics, I will need to examine the relationship between STR and GTR in detail. 

More specifically I need to consider if and how STR can be considered explanatory even though 

GTR is more unifying and then capture this with my account of explanation. What this 

examination may show is that STR is still explanatory because it is a limiting case of GTR. The 
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explanations that STR provides are still applicable within certain domains, i.e. when the effects 

of gravity are negligible. The relationship between STR and GTR will lead to an account of 

explanatory depth wherein the less unifying theory is still explanatory if it is a limiting case of 

the more unifying global theory. A threshold can also be established by noting that theories that 

are not limiting cases of the global theory are not explanatory. A theory is not limiting case of 

the global theory if it is inconsistent with the global theory and does not hold within any 

approximation. My account shows promise in resolving this issue, but there is more work to be 

done. 

7.2 Explanations in Upper-level Theories in Science 

In conclusion, contra Brown (2005) and Morrison (2000), non-reductive high-level theories in 

physics are explanatory. They explain not by identifying the underlying causal mechanics, but 

rather by making assumptions about the system and showing how those assumptions lead to 

greater insights. These greater insights include unifying disparate phenomena and identifying 

dependency relations that obtain between the phenomena that need to be explained and the 

explanans. Upper-level theories explain phenomena in much the same way as lower-level 

theories do. They make assumptions about the target system and then use these assumptions to 

derive the desperate phenomena, the explananda, that they cover. The explananda are derived 

from the assumptions by showing that dependency relations hold between the explananda and 

the explanans. 

 Low-level versus High-level Theories 

The comparison between the explanations provided by the principle interpretation of STR 

(high-level theories) and those provided by LPT (low-level theories) shows that both types of 

theories attempt to explain in this way. Explanations in STR are obtained through derivations 

from the explanans to the explananda much in the same way that LPT derives its explananda 

from its explanans, for as we have seen the argument patterns provided by STR employ the same 

formalism as those provided by LPT (section 4.4). That is, both theories use the same 

mathematical equations to derive relativistic phenomena. As a result, they purport to explain 

relativistic phenomena by identifying the relevant dependency relations using Lorentz’s 

transformation equations (equation Eq. 7), even though one theory is causal and the other is not. 

The difference is the way in which the theories interpret the formalism and the resulting 
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dependency relations involved. LPT starts with assumptions about the underlying physical 

structure of objects and interprets the variables of the Lorentz transformations as effects caused 

by an external pressure and interprets the dependency relations as consequences of this external 

pressure. According to LPT, changing the value of 𝐿 or 𝑣 will result in a change in the value for 

𝐿′ in the explanandum. LPT also attempted to unify a set of desperate phenomena, for example 

length contraction, time dilation and Fizeau’s experimental results, by showing that these are all 

the result of, that is can be derived from, the underlying assumptions of the theory. The theory 

uses assumptions about the underlying physical structure of objects and an external pressure that 

these objects are subjected to as they move through the ether to derive the Lorentz 

transformation equations and thereby explain relativistic phenomena, such as length contraction. 

That is, LPT shows that due to the fact that the objects are subjected to a force as they move 

through the ether the length 𝐿′ as obtained in the observer Bʹ’s reference frame is 

counterfactually dependent on the length L and the velocity v of the rod. 

STR also starts with assumptions about the nature of the world, however as we have seen 

(section 2.1), the underlying assumptions of LPT had at the time of the principle interpretation’s 

development been called into question and so Einstein did not have a lower-level theory to build 

STR upon. Instead, the assumptions Einstein used were empirically well-supported assumptions 

about the behavior of macro-objects. Einstein was then able to derive Lorentz’s transformation 

equations and then interpreted the variables involved as the result of this nature. In the principle 

interpretation, the Lorentz invariance of natural laws and the Lorentz transformation equations 

are derived from the principle of relativity and the light postulate and thereby explain relativistic 

phenomena, such as length contraction. It does so by identifying dependency relations that obtain 

between these assumptions (the explanans) and the explananda. The principle interpretation 

shows that due to the fact that the principle of relativity and the light postulate hold the length 𝐿′ 

as obtained in the observer Bʹ’s reference frame is counterfactually dependent on the length L of 

the rod at rest and its velocity v.  

Similarly, the geometric interpretation shows that there is a dependency relation between 

the spacetime intervals of Minkowskian spacetime and relativistic phenomena, such that if the 

spacetime intervals that obtain between objects are Minkowskian then relativistic phenomena, 

such as Fizeau’s experimental results, are expected to occur. More specifically, the argument 

pattern for Fizeau’s experimental result shows that given specific features about the spacetime 
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intervals obtained within each reference frame, the k-factor and the equation for the composition 

law for velocities plus the specifics of the experiment, the explanandum describing the value for 

W is counterfactually dependent on the specific values that of the experiment and described in 

the explanans. It shows that if the velocity of the water w was different, the velocity of the light 

relative to the water W would be different as well. Therefore, both theories show that if the 

velocity 𝑣 or the length 𝐿 were changed, then the observed length contraction 𝐿′ would be 

different. 

The argument patterns of both STR and LPT show how the explanandum depends on the 

explanans. In LPT, it is the causal relationship between the object and the ether and the 

underlying physical structure of matter, and the way in which these relationships are described 

by the Lorentz transformation equations. In the principle interpretation of STR, it is the 

relationship between the reference frames described by the Lorentz equations. Even though the 

principle interpretation makes no assumptions about the underlying structure of nature, the way 

in which it provides explanations is formally analogous to the way in which the LPT provides 

explanations. The principle interpretation provides explanations and an understanding of 

relativistic phenomena because it shows that the reference frames of individual observers relate 

to one another in such a way that they are counterfactual dependent on one another. This 

dependency is noncausal but still necessary. I think the underlying reasoning that supports a 

desire for causal explanations is embraced by noncausal explanations. Both types of explanation 

show what the explanandum depends on and so noncausal explanations are just as explanatory as 

causal ones and are explanatory for the same reason, the identification of dependency relations. 

 Unification in Biology 

This account of explanation can also be applied to biology. Biological models explain 

through unification by identifying dependency relations that obtain between the explanans and 

the explanandum. As we have seen (Section 5.4), Kitcher maintains that Darwin’s theory of 

evolution by natural selection unifies biological phenomena by providing derivations of these 

phenomena from a common argument pattern. The derivations follow argument patterns that cite 

the principle of natural selection, premises describing the ancestors of the organisms involved, 

the nature of their environment, and the laws of variation and inheritance (Kitcher 1981, 515). 

For example, Darwin’s theory explains “the distribution of organisms in a particular group [by] 

tracing a history of decent with modification that charts the movements of the organisms in the 
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lineage that terminates with the group in which we are interested” (Kitcher 1989, 442). The 

argument patterns also identify dependency relations in that they show how the group of 

organisms would have been different if the initial conditions, such as their natural environment 

would have been different. 

It has been pointed out to me, by Stefan Linquist, that you can get certain evolutionary 

outcomes either by selection or by drift. So, there is predictive overlap between these two types 

of derivations. Some outcomes can only be explained by selection, some only by drift, but there 

is a (arguably large) space in the middle where it is very difficult to discriminate between the 

two. So the argument pattern that solely relies on natural selection is often false. Secondly, you 

can have all of the antecedent conditions for selection but, because of chance, the expectation 

doesn’t happen. So, it isn’t really a deductive theory in the strict sense. At best it is a statistical 

theory. These points raise two interesting questions: 1. Can an argument pattern that employs 

often false premises be explanatory? 2. Can a statistical theory be characterized as providing 

argument patterns? 

Other sub-disciplines of biology also explain by identifying dependency relations. 

Ecology, for example, employs the Lotka-Volterra Model for predator-prey interactions. This 

model describes a predator’s response to prey densities depending on two types of responses. 

The first response is the functional response, which describes the feeding behavior of an 

individual predator in response to the increase or decrease in prey population density. The 

second response is the numerical response, which describes the response of the predator 

population to the increase or decrease of the prey population, through its mortality, reproduction, 

immigration and emigration rates (Sinclair et al. 2006, 165). In the numerical response, the 

model identifies dependency relations that obtain between the predator population and the prey 

population. For example, when the prey population dwindles, the predator population follows 

suit. In the functional response, the model identifies dependency relations that obtain between 

the predator and the population density of its prey. For example, when the prey population 

dwindles, the predator will switch prey. The model is also unifying for it can be applied to many 

different interactions between organisms, including predator-prey interactions, such as wolf-deer 

interactions, and consumer–resource interactions, such as red kangaroos-herbaceous plants 

interactions. 
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 Both evolutionary biology and the Lotka-Volterra model are high-level, non-reductive 

theories. They both unify by providing argument patterns that can be used again and again to 

derive different explananda. They also identify dependency relations that obtain between the 

explanans and the explananda. As such, my account of explanation should be applicable to and 

extended to other scientific disciplines that use high-level idealized models or theories to explain 

particular phenomena. There is more work to be done, but my account certainly shows promise. 
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