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ABSTRACT 
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Why should anybody care about theoretical simplicity? It is pretty dear 

that simpler theories don't stand a better chance of being true, just because 

they are simpler than their competitors. Of course, simpler theories are easier 

to use in technological applications, and they are more tractable. But that is 

something engineers should be concerned about Why should the theoretical 

scientist be interested in simple theories? 

The principal virtue of simple theories is their facilitation of scientific 

understanding in virtue of their greater explanatory power. Simple theories 

are more unified, and they allow important kinds of reasoning about the 

world. If a theory yields a imified but structure-rich picture of the world, and 

thereby a high degree of imderstanding, we can design relevant experiments, 

form rational expectations, and in general are in a better position to gather 

relevant data than when we confront the world without any understanding 

whatsoever. Simple theories are therefore, in virtue of increasing our 

understanding, epistemically advantageous. Thafs why the theoretical 

scientist should be interested in simple theories. 

Of course, since the choice of simple theories does not guarantee 

getting closer to the truth, the claim that such a choice is epistemically 

advantageous presupposes that we draw a distinction between the 
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explanatory power of theories and their accuraqr. This distinction has not 

received sufficient attention in the existing literature, and thaf s why it was so 

difficult to say exactly what the virtue of simple theories is. Recognizing that 

explanatory power and accuracy are orthogonal aspects of scientific theories 

allows us to assign simplicity the role of facilitating understanding and 

thereby guiding controlled experimentation. 
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2. INTRODUCTION 

Simplicity has often been touted a virtue of some kind or other of 

scientific theories. In contrast to the intense discussion surrounding the 

correct standards for measuring simplid^, it is my contention that the 

reasons for preferring simpler theories over more complex ones have not 

been systematically explored in sufficient detail. As a consequence, the 

relevant current literature falls into just two camps, with little more than 

polemical remarks about the opponents offered by way of argument: There 

are those authors who think of simplicity as an empirical virtue, and those 

who think of it as an extra-empirical virtue. Members of the first camp often 

recommend preferring simpler theories by claiming that they get us closer to 

the truth, while for defenders of the second view, simple theories are to be 

preferred for pragmatic reasons only. In chapter one, I will discuss a variety of 

finer distinctions that can be made within those two camps. 

Chapter two is devoted to the question what the appropriate objects of 

simplicity ascriptions are and on the basis of what kind of consideration 

simplicity can be ascribed. I wiU introduce a distinction between explanatory 

and descriptive hjrpotheses, which paves the way for a clearer imderstanding 

of the possible advantages comparatively simple hypotheses can have. 

Having provided a map of the conceptual landscape concerning the 



issues of the objects, the bases, and the virtues involved in simplicity 

ascriptions in the first two chapters, I will argue in the ronaining chapters for 

my main thesis. I attempt to defend a position that lies between the two 

prevailing views on the virtue of simplicity, viz. the view that simplicity is 

an empirical virtue and the view that it is an extra-empirical virtue. This 

position is intended to do justice to the richness and variability of the actual 

reasons for preferring simple theories, while still revealing an underlying 

rationale for such preferences. I develop an account of theoretical simplicity 

that can reconcile the intuition that simple theories are somehow 

epistemically advantageous with the intuition that it would be quite 

surprising if simplidty^ turned out to be a reliable indicator of truth. 

The main conceptual resource is the introduction of a two-factor theory 

of scientific explanation. In chapter three, I defend the claim that scientific 

explanations have two independent goals, viz. knowledge and 

understanding. Even if a given explanation fails to deliver knowledge due to 

the fact that it is false, I argue that it can still provide understanding. 

My argximent is partly based on historical evidence, partly on an 

analysis of inference to the best explanation and of the process of 

confirmation. On the one hand, we do want to say that Newton achieved 

something by offering his explanation of tidal regularities, although this 

explanation is strictly speaking false. My proposal is to identify this 
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achievement as an increase in the understanding of the tides. On the other 

hand, generating candidate hypotheses for either confirmation or inference to 

the best explanation proceeds by probing their explanatoriness, which we 

judge by determining whether the hypothesis in question allows us to 

understand the explanandtun. Since many of the hypotheses thusly generated 

are mutually incompatible, not aU of them can be true. Thus, we seem to be 

able to judge explanatoriness independently 6:0m truth by determining the 

degree of tmderstanding resulting from a proposed explanation. 

This distinction between tmderstanding and knowledge as two 

independent goals of explanation allows me to re-assess the role of theoretical 

simplicity. First, the distinction serves as an important premiss in my 

argument against the strong veritistic view of simplicity, which holds that 

simple theories ought to be preferred, because the world is simple and thus 

they are more likely to be true. As a matter of fact, scientists often prefer 

simple theories despite their knowledge that those theories are false. Many 

examples of such choices can be found in the preference for linear causal 

models in the social sciences, but I will concentrate on a couple of examples 

from physics. In chapter four, I wUl show that the veritistic view runs into a 

host of problems which turn out to be insurmountable. 

As an alternative to the veritistic view, I defend an accoimt of 

theoretical simplicity that sees its virtue in the facilitation of imderstanding. 
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Expanding on proposals already found in the literature, I start, in chapter five, 

by arguing that the degree of understanding resulting from a given theory is a 

function of the unifying power of that theory. However, it turns out that not 

every increase in unification leads to a corresponding increase in 

understanding. There are examples of theories that are too unified to yield a 

satisfactory degree of understanding, as is the case with Bourbaki's attempt to 

systematize mathematics. Consequently, the degree of understanding has to 

depend on further factors which are independent from the unifying power of 

a theory. 

These further factors can be revealed by focussing on the functional 

aspects of simplicity. In contrast to a merely formal notion of simplicity, 

which is directly correlated with the degree of unification of a given theory, 

simplicity functionally understood takes into account the cognitive rationale 

of tmderstanding. Understanding the phenomena in the domain of a given 

explanatory theory allows certain forms of reasoning about those 

phenomena: If we see those phenomena as constituting a pattern whose 

different aspects are systematically related, we can formulate specific research 

questions about phenomena and interactions between phenomena thus far 

unobserved, we can form rational expectations about the outcome of specific 

experiments, and we can be genuinely surprised by those outcomes. Research 

about a world that is not understood at all relies for the most part on more or 
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less random observations, while a theory that delivers understanding opens 

thereby the doors to controlled experimentatioiu 

Thus, simplicity as a functional notion is sensitive not only to the 

degree of unification achieved by a given theory, but also to the degree to 

which such reasoning processes can be carried out within the cognitive 

constraints of human reasoners. Overly unified theories might be formally 

the simplest ones, but not functionally: Reasoning about the design of 

relevant experiments, the formation of rational expectations about the 

outcomes, etc., might become computationally very expensive. I therefore 

propose to identify simple theories as those which achieve a certain degree of 

unification without sacrificing the cogiutive rationale of understanding. 

In chapter six, my account of scientific imderstanding will finally be 

fleshed out by applying ideas from research in text-linguistics to scientific 

theories. According to most current theories of text comprehension, 

understanding a text amounts to the formation of a mental model of the 

world which is depicted by the text Such mental models go beyond a mere list 

of mental representations of the content of the individual sentences from a 

given text. They allow us to see the world the text is about as organized in 

certain ways, which in turn leads, among other things, to an ability to predict 

what, e.g., a given individual would do in certain novel situations. Similarly, 

understanding the domain of a scientific theory amounts to the formation of 
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a mental model of the world as it is depicted by that theory, which gives rise 

to the possibility^ of specific forms of reasoning as outlined above. Of course, 

all those forms of reasoning require that the basis of the reasoning, which in 

this case is a mental model formed as a result of understanding an 

explanatory theory, be activated in working memory. This fact provides the 

cognitive rationale for simplicity: Simple theories are those that are highly 

imified, but still allow reasoning about the world represented by a given 

mental model. As such, they can be activated as units in working memory, 

but retain enough structure so as to render those reasoning processes 

computationally feasible. Thus, they are epistemically advantageous by 

allowing the formation of mental models to guide controlled research, wile 

they have no special claim to being closer to the truth than their more 

complex competitors. 
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3.1 Intrcxluctioii 

This brief introductory chapter provides an overview of the different 

kinds of virtues theoretical simplicity has been said to constitute. I will 

neither address the question as to how we can measure simplicity, nor will I 

investigate, in this chapter, the different views about what the simplicity of 

theories consists in. This latter question will be taken up in the second part of 

the next chapter. Here, I will survey the different answers to the question why 

we should care about theoretical simplicity. To my knowledge, this question 

has not been systematically studied in the literature on simplicity. Of course, 

every author writing on simplicity, be it from the perspective of the question 

concerning the measurement of simplicity or from the perspective which is 

concerned with the nature of simplicity, has a certain view as to why 

simplicity matters. Indeed, as is to be expected, those views determine the 

kinds of reason one gives for preferring simple theories over more complex 

ones. This relation between views on the value of simplicity and the reasons 

for preferring simple theories will be discussed at various places throughout 

this dissertation. 

I won't offer a very detailed discussion of the aigtmients people give in 
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favor of their views on what kind of virtue simplicity is. On the one hand, 

hardly any explicit arguments concerning that issue can be found in the 

literature. It often appears as if there is not much more than a deep 

conviction that simplicity is advantageous that underlies studies on the 

measxirement of and comparisons between the respective degrees of 

simplicity characteristic of given scientific theories. On the other hand, it is 

sufficient for the purpose of defending my main thesis, viz., that 

comparatively simpler theories are epistemically advcmtageous in virtue of 

what they contribute to scientific understanding, to map out, in rough 

outline, the conceptual landscape concerning the question about what kind of 

virtue simplicity is. It is not dear that every position I'm going to briefly 

describe has been actually occupied by anybody, and it is equally unclear, in 

some cases, whether the virtue claimed for simplicity is of one rather than 

another kind, that sense, my categorization should not be viewed as an 

exact representation of the positions explicitly or implicitly taken by people 

who write on simplid^. I believe, however, that providing such a rough map 

of the conceptual distinctions that can, and partly have been, made between 

the different kinds of virtue simplidty can be said to constitute will prove 

useful for my later discussions. At the very least, this rough map will help us 

to find our way into the very complex web of the relations between simplidty, 

theory choice, theoretical accuracy, and sdentific understanding. 
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The views on what kind of virtue simpUdty is can be roughly divided 

into four types, which in turn fall into two different classes. The first class 

consists of views that treat simplicity as an empirical virtue, while the second 

class of views regards simplicity as an extra-empirical virtue. The main 

difference between these two classes lies in the epistemic status assigned to 

simplicity. According to the first class of views, simplicity has evidential 

character. To a first approximation, this means that the simplicity of 

hypotheses tells us as much about the world as samples of data do. The 

simplidty^ of hypotheses is evidence for their accuraqr, in the same way in 

which the data to be captured by a hypothesis are evidence for the claim that, 

for example, a certain regulari^, specified by that hypothesis, in fact obtains. 

Simplicity is an empirical virtue, just as empirical adequacy is. 

The second class of views is characterized by a denial of the evidential 

status of simplicity. Comparatively simpler theories might be more 

convenient, or aesthetically more pleasing, but their simplicity is not treated 

as a piece of evidence for their greater accuracy. Simplicity is a virtue, but an 

extra-empirical one. Thus, choosing comparatively simple theories can only 

satisfy cognitive desires that go beyond our desire for finding the most 

accurate description and/or explanation of the world. 
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3.2.1 Simplicity as an Empirical Virtue 

The paradigmatic view of simplicity as an empirical virtue regards 

simplicity as truth tropic Comparatively simple theories are more likely to be 

true, or have greater accuracy, than more complex theories. Theoretical 

simplicity is seen as a veritistic virtue. If it is our goal to find the most 

acctirate theory about a certain domain, this view recommends that we 

always choose the simplest theory from among a set of equally empirically 

adequate theories. 

To my knowledge, there are no explicit discussions of this view in the 

literature on simplicity, let alone detailed argimients in its favor. But many 

authors have alluded to it in one way or another. Bas van Fraassen, e.g., talks 

about "some writings on the subfect of induction [that] suggest that simple 

theories are more likely to be true." (1980, p.90) He himself finds it of course 

"absurd to think that the world is more likely to be simple than 

complicated..." (ibid.), but he apparently takes the view, or idea, important 

enough to at least react against it, even if he doesn't think it deserves any 

detailed discussion. An unlikely author expressing a more positive attitude 

towards the view that simplicity is a veritistic virtue is Quine. In Word and 

Object, he briefly mentions simplicity as a sort of guideline in the 

categorization of sensory stimuli: 
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Consciously the quest seems to be for the simplest story. Yet this 
supposed quality of simplicity is more easily sensed than explained. 
PerlUps our vaunted sense of simplicity, or of likeliest explanation, is 
in many cases just a feeling (1960, p.l9; my italics) 

Quine apparently ascribes some veritistic virtue to simplicity when he 

equates it with the likeliest explanation. But this is just about all he does, as 

no discussion of why we should believe that simplicity is truth tropic follows. 

In chapter four, I will try to improve this somewhat tmclear situation 

by discussing the most plausible argtiments that could be advanced in favor of 

the veritistic view. My starting point will be a distinction between two 

variants of the veritistic view, which I will call ontological veritism and 

epistemological veritism, respectively. Ontological veritism is based on the 

belief that the world is inherently simple. This belief leads to the 

recommendation to always choose the simplest theory or hypothesis from 

among a set of available candidates. Theoretical simplicity is clearly treated as 

a piece of evidence. Since we know, according to ontological veritism, that the 

world is inherently simple, a theory or hypothesis which postulates a 

comparatively simple world is ipso facto more likely to be accurate. 

Apparently, the belief that nature is simple has been expressed at 

various times in the past. Mary Hesse, in her article on simplicity for the 

Encyclopedia of Philosophy (1972), writes: 

The belief that nature is simple has certainly been held in various 
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fonns and at various periods in the history of science; maxims such as 
"Nature works by the shortest route" and "Nature does nothing in 
vain" have frequently been influential in the construction of theories. 
(1972, voL4, p.445) 

One famous example of such an influence of the belief that nature is simple is 

Galileo's discussion of accelerated motion. He proposes to let himself be 

guided, in the investigation of that phenomenon, 

by consideration of the custom and procedure of nature herself, in all 
her other works, [in] the performance of which she habitually employs 
the first, simplest, and easiest means, (quoted from Cohen, 1985, p.88) 

In chapter four, I will discuss the prospects of ontological veritism. In 

particular, I will argue that the belief that nature is simple cannot be 

defended. I will conclude that ontological veritism, as a view about why we 

ought to prefer comparatively simple theories and hypotheses, can in 

principle not be defended. 

The second view that regards simplicity as truth tropic is 

epistemological veritism. It is not based on the belief that the world is 

inherently simple, but instead uses considerations concerning the reliability 

of our measurement procedures and other observational processes to argue 

that we are less likely to confuse genuine observational data with errors, if we 

opt for the simplest available hypothesis. In other words, if, e.g., we want to 

find the correct curve determined by a set of observations, we are more likely 

to be successful if we choose the simplest curve available, as we are less prone 
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to count observational error as genuine data. Di chapter four, I will discuss 

this view in great detail and show how it can be defended in the context of the 

so-called curve-fitting problem. However, I will also argue that 

epistemological veritism is not a viable position in the context of a choice 

between alternative explanatory h5rpotheses.i 

The complementary view to veritism (both ontological and 

epistemological) can be found in Karl Popper's (1959) account of the virtue of 

simplicity. He claims that there is a correlation between the simplicity of a 

theory and its falsifiability. Expanding on a proposal by Jeffrey (1957), Popper 

proposes that a hypothesis the mathematical formulation of which contains a 

low number of adjustable parameters be regarded as comparatively simple. 

Such a hypothesis requires fewer data points for its falsification than an 

alternative, more complex hypothesis, hi this sense, the simpler hypothesis is 

more easily falsifiable and thus has, within the framework of Popper's theory 

of corroboration, more empirical content. 

It might not be immediately obvious that this proposal really belongs 

to the class of views that regard simplicity as an empirical virtue. On the face 

of it. Popper's treatment of simplidty^ seems to belong to the class of those 

views which regard the recommendation to choose comparatively simple 

I The difference between descriptive hypotheses, which are what we 
seek to find by fitting a curve to a set of observational data, and explanatory 
hypotheses will be discussed in chapter two. 
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hypotheses as a methodological imperative. Popper's model of scientific 

research was arguably intended as a normative account of how hypothesis 

formation and testing ought to be done. The central claim here is that since 

we can't positively confirm any hypotheses, we have to settle for the process 

of corroborating theories, which consists in the formulation of hypotheses 

that have the most empirical content and attempts to falsify them. The more 

often we fail in those attempts, the more corroborated a hypothesis becomes. 

The identification of simple with highly falsifiable hypotheses justifies, for 

Popper, the choice of the simplest firom among the available hypotheses, 

because he claims that as a matter of methodological sotmdness, we ought to 

choose theories with as much empirical content as possible. 

Of course. Popper's normative claim that we ought to choose 

empirically contentful theories is itself not justified by any appeal to the 

greater likelihood of those theories to be true. On the contrary, theories with 

much empirical content are more likely to be false. But for that reason and 

the postulated positive correlation between falsifiabilify and simplicity, I want 

to count Popper's view as one that sees simplicity as an empirical virtue. 

Theoretical simplidty^ has, on his accotmt, evidential character, although it is 

not evidence for accuracy, but for inaccuracy instead. 

A variety of objections against Popper's account have been formulated 

in the literature. For example, it has been objected that the proposed positive 



correlation between the empirical content of a hypothesis, or its generality^ 

and its simplicity breaks down in elementary cases. On the basis of a set of 

data that shows that all observed A's are B's, the generalization that all A's are 

B's and Cs is more easily falsifiable than the generalization that all A's are B's, 

which is implied by the first generalization. But the latter generalization is 

intuitively simpler than the former generalization and would in fact be 

adopted as the preferable hypothesis (see Hesse, op.cit., p.447). Since I agree 

with this and other criticisms of Popper's account of the virtue of simplicity, I 

won't discuss it any further when I evaluate the merits of the view that 

simplicity is an empirical virtue in chapter four. 
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Defenders of views belonging to this class deny that simplicity has 

evidential character. The only evidence we can have for the accuracy of 

theories is actual observational data, or indirect evidence through the 

consistency with other theories for which we do have direct observational 

evidence. Theoretical simplicity might be nice, or convenient, or aesthetically 

pleasing, but it is neither evidence for the accuracy nor for the inaccuracy of 

theories. 

The views imder this heading fall into three different groups. First, 

simplicity can be seen as a purely pragmatic virtue. Simple theories are easier 

to tise in explanation and prediction. Secondly, preferring simple theories is 

sometimes said to be methodologically soimd. Start with simple theories and 

make them more complex only to the extent to which the explananda require 

it. Finally, simplicity is a constitutive virtue. To do science is to look for 

systematidty, and the degree of systematidty is the higher, the simpler the 

theory you choose is. Let me describe those views in a little more detail. 
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3.2.2.1 Simplicity as a Pragmatic Virtue 

The first position I will discuss considers simplid^ as a purely 

pragmatic virtue. This position is usually developed through criticisms of the 

veritistic view on simplicity. Since the arguments for simplicity as a veritistic 

virtue don't make sense, or so the story goes, and since simplicity is a virtue, 

that virtue must be of a pragmatic nature. Van Fraassen (1980, pp.90ff.) argues 

that simpler theories are to be preferred over more complex ones, since they 

are easier to use. hi particular, since theories shouldn't be believed to be true 

in the first place, insofar as unobservables are involved, nothing is being lost 

by choosing the simpler of two theories, given that ifs empirically adequate. 

In contrast to his positive attitude towards the veritistic view expressed 

in Ylord and Object , Quine at other places seems to regard simplicity as a 

mere pragmatic virtue as well (see Quine, 1963). In this he might follow in 

Camap's footsteps, for whom the choice between two different conceptual 

frameworks was determined, among other pragmatic criteria, by simplicity 

considerations. Of course, nothing follows from such a choice about the truth 

of the theory chosen. Ontological commitments, and with them 

cormnitments to the truth or falsity of theoretical claims, make only sense 

from within a conceptual framework, but can't be of any guidance in 

answering the external question as to which framework should be chosen. 
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3^^.2 Simplicity as a Methodological Virtue 

Scientific practice often treats simplicity as a methodological virtue. It 

has been noted that one must be cautious not to use overly complex models, 

for such models might too easily accommodate the data. Ernest Nagel (1961), 

in a discussion of Newton's second axiom, points out that simplicity 

considerations play a vital role in the formulation of the force function. It can 

be mathematically demonstrated that 

if no restrictions are placed on the complexity of a mathematical 
function, a force-function can always be constructed whose numerical 
values are equal to the changes in the momentum of a body. (Nagel, 
1961,p.l90) 

Thus, the requirement to look for the simplest available function represents a 

methodological safeguard against making Newton's second axiom trivially 

true. It seems that this methodological safeguard shares a concern with 

Popper's view on the virtue of simplicity. In both cases, the main concern is 

that overly complex hypotheses are too easily accurate. But while Popper 

despises this feature of complex hypotheses, because they allegedly render the 

hj^potheses virtually empty^ of content, I imderstand Nagel as impljring that 

introducing unbounded complexity is close to cheating. In fact, some more 

recent writings on the subject of adjustable parameters suggest (e.g., Qymour, 

1980, pp.322ff.) that it is regarded as a methodological flaw when a hypothesis 



contains too many parameters that have to be put in "by hand". In general, 

there seems to be a consensus that those hypotheses are preferable whose 

parameter-values are determined by nature herself, so to speak. A hypothesis 

with many adjustable parameters requires a large amount of additional ad-

hoc hypotheses concerning the value of those parameters. 

A variety of attempts have been made to show why ad-hocness is an 

undesirable feature of hypotheses. Sober (1975) argued that a theory which 

contains many ad-hoc hypotheses is less informative than one with a fewer 

nimiber of such hjrpotheses. Although Sober's idea appears prima facie closely 

related to Popper's account, it seems to contain a cognitive element missing 

from the model Popper proposes. As I read Sober, he does not attempt to link 

the informativCTess of a theory to its degree of corroborability, as Popper does. 

For Popper, a theory with more empirical content can in principle be more 

corroborated than a theory with less empirical content, if we see the degree of 

corroboration as a function of the number of failed attempts to falsify it Since 

more content is defined as easier falsifiability, more content means that there 

are, in principle, more tests for a theory with much empirical content than 

there are for one with litde content Given that the degree of corroboration is 

a function of the number of failed attempts at falsification, theories with 

more empirical content can in principle be corroborated to a higher degree 

than theories with less empirical content. 
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In contrast. Sober, in 1975, appears to treat the informativeness of a 

theory as a somewhat primitive notion, something we desire from the 

theories we adopt. As such a goal of theory construction, informativeness 

puts constraints on the complexity^ of theories and hypotheses. In other 

words, it follows from the fact that we want our theories to be informative 

that we ought to choose comparatively simple hypotheses as a matter of 

methodological soundness. Given the goal of informativeness, the 

methodological rule to choose comparatively simple h3rpotheses follows, if 

we agree with Sober that simplicity, or the avoidance of ad-hocness, and 

informativeness are positively correlated. 

I believe that Nagel's recommendation to avoid overly complex 

hypotheses (see above) can be imderstood in the same way. H3rpotheses that 

are so complex as to become trivially true are as uninformative as any 

trivially true statement. Although I will not explicitly discuss the 

connections, my account of simplicity as a key factor for scientific 

tmderstanding, to be developed in the following chapters, could be seen as 

one way to further explicate the notion of informativeness. In this sense, my 

own account might be interpreted as an attempt to o^r epistemic reasons for 

choosing comparatively simple hypotheses by providing a cognitive rationale 

for the methodological rule developed by Sober and others, the rule, that is, to 

select for simplicity, if the goal is informativeness. 
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3.2.2.3 Simplicity as a Constitutive Virtue 

The third and final position holds that simplicity is a constitutive 

virtue of science. An early expression of this view can be found in the 

methodology chapter in Kanf s first Critique, where he claims that a collection 

of particular pieces of knowledge doesn't make a science. Knowledge has to be 

unified tmder one idea and thus brought into a system in order to qualify as 

scientific knowledge.2 Goodman, in a series of articles (e.g., 1958,1963) tries to 

spell out the relation between systematization and simplicity. Echoing Kant, 

he writes: 

A mere collection of particular truths does not constitute science. 
Science is systematization, and systematization is simplification. 
[...JWithout simplicity, there is no science. (Goodman, 1963, p.338) 

He claims that systematization is a constitutive goal of science, orthogonal to 

accuracy, and can best be achieved by simplifying the set of extra-logical 

predicates. If on the basis of just a handful of such predicates we can achieve 

great explanatory power, we thereby have achieved a high degree of 

systematization. Science is the enterprise of searching for systematic 

2 "Under architectonic I understand the art of systems. Because it is 
systematic unity which transforms common knowledge into science in the 
first place, that is, which makes a system out of a mere collection of 
knowledge, the architectonic is the consideration of the sdentificness in our 
knowledge in general, and thus necessarily has to be included among 
methodological considerations." Kant, 1987, p. B860; my translation. 
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connections between apparently diverse phenomena, and being able to 

explain the diversity on the basis of a simple set of undefined predicates 

brings that search to its successful completion. In Goodman's words, "We aim 

for simplicity and hope for truth." (1968, p352) 

There is an obvious connection between Goodman's claim about the 

importance of simplicity and the so-called unificationist accotmt of scientific 

xmderstanding. According to unificationism, a scientific explanation is 

successful if it leads to understanding by reducing the number of facts we 

have to accept as brute. Such a unification is obviously the same as 

Goodman's systematization by simplification. I will discuss the imificationist 

approach to scientific tmderstanding at great length in chapter five, and by 

providing some arguments as to why this approach has to take into accotmt 

empirical facts about what it is for human beings to imderstand, I will suggest 

an imderlying cognitive rational for the conviction, expressed by both Kant 

and Goodman, that scientific theorizing aims at a systematization of 

otherwise disconnected and particular truths or pieces of knowledge. 
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3.3 My Place in the Web 

My own account of scientific understandingr which I will call empirical 

unificationism, can be located in the web of views on the virtue of simplicity 

as follows. On the one hand, I wiU argue against the idea that simplicity is an 

empirical virtue, with the exception of simple descriptive hypotheses which 

can be shown to be preferable on epistemological grounds. On the other hand, 

I will show that it is possible to see simplicity as something more than a mere 

matter of pragmatic conveiuence. By providing an outline of a theory of 

scientific understanding, I will demonstrate that there are cognitive reasons 

that make comparatively simple theories epistemically advantageous. In this 

sense, empirical unificationism can be imderstood as providing a cognitive 

rationale for the methodological rule to prefer comparatively simple theories, 

as well as an explanation of why systematization, which is the result of 

simplification, has correctly been claimed to constitute a goal of scientific 

research that is independent from that of truth and constitutive of science. 
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4. CHAPTER TWO: OBJECTS AND BASES FOR SIMPUOTY ASCRIPnONS 

4.1 Introduction:Why do We call What Simple? 

While the last chapter focussed on the distinction between different 

virtues of simplicity, I wiU now concentrate on two questions: (i) What is the 

object of ascriptions of simplicity ? (ii) In terms of what is simplicity ascribed? 

Different authors, in discussing the reasons why we ought to prefer simple 

theories, seem to have different answers to these questions in mind. For 

example. Sober and Forster (1994) talk primarily about the simplicity of 

ctirves, while Thagard (1978) considers the simplicity of explanations. Smart 

(1962) assigns simplicity to theories on the basis of how parsimonious a world 

they postulate, while Fodor and Friends (1988, 1990) seem to let the simplicity 

of theories be dependent on the simplicity of the postulated mechanisms. Still 

others, like Goodman (e.g., 1958), assign simplicity strictly in terms of some 

features of the representational form of a theory. I will begin by trying to sort 

out these different issues, bi the second part of this chapter, I will consider the 

relations between one's answers to the two questions mentioned above and 

one's views on what kind of virtue simplicity is. 
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4.2.1 Theories, Hypotheses, and Explanations 

It is an interesting fact about the literature on simplicity that there is (at 

least implicit) disagreement about the objects of simplicity ascriptions. Some 

authors, like Nelson Goodman, prefer to talk about entire theories, others, 

like Sober and Forster (1994), seem to be more interested in particular 

hypotheses, while still others focus on the simplicity of explanations 

(Thagard, 1978). Nobody to my knowledge has ever tried to provide detailed 

argiiments for choosing one of those structures as the primary recipient of 

simplicity ascriptions over the others. A possible reason for this care-free 

attitude might be the belief that nothing of any importance for a theory of 

simplicity hinges on a more careful distinction between different possible 

objects of simplicity ascriptions, together with the conviction that such 

distinctions are notoriously hard to draw. I tend to agree with this attitude 

only to a certain extent. Although I do believe and will argue that a careful 

examination of the various kinds of objects to which simplicity is ascribed can 

prove fruitful, I do agree that it is not always easy to distinguish theories 6x>m 

hypotheses, h3^otheses from explanations, and explanations from theories. 

To begin with, it has often been noted that since theories can be viewed 



as one long conjiinctive hypothesis, a principled distinction between those 

two structures is unlikely to be forthcoming. Although this might be true in 

general, I think that in the context of simplicity ascriptions, such a distinction 

can and indeed has to be made. The first thing to remember is that the 

simplicity of theories is a comparative measure. Although we sometimes 

ascribe simplicity to a theory without explicitly mentioning any other theory, 

this is to be imderstood elliptically. If we judge a theory as simple, what we 

really claim is that it is simpler than any competing theory. In other words, 

simplicity ascriptions play a role only in the context of competing theories. In 

such a context, one would be ill advised to treat the competing theories as two 

long conjunctive hypotheses. Doing so makes the fact that they are 

competitors almost invisible, for competitors must at least have a common 

domain, and this and other possible commonalities, as, e.g., statements about 

data or descriptive hjrpotheses, are hard to recover &om two different 

conjunctions. Regarded as long conjunctive hypotheses, two theories hardly 

seem to compete.3 

3 One should not be deceived by the fact that the symbolic 
representation of a theory as one long conjunctive hypothesis allows easy 
recovery of the individual coiquncts. This is an artifact of the notation^ 
system chosen. The point made in the literature concerning the 
indistinguishability of theories and hypotheses must be imderstood in a 
deeper sense: Theories can't be distinguished firom conjimctive hypotheses 
only if the conjuncts can't be recovered; the theory must be an unstructured 
conjunctive hjrpothesis. But if that is true, then if s hard to see that two 
theories compete, for as unstructured representations, they have nothing in 
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Instead, what we do is look at those hypotheses that are different 

between the two theories. Thus, we can, in the context of simplicity 

ascriptions, clearly distinguish between hypotheses and theories. Hypotheses 

are those entities that distinguish between two theories which are in other 

parts the same. Of course, those distinguishing hypotheses might be regarded 

as one conjunctive hypothesis as well, but that's o.k. At the very least, the 

maneuver just outlined allows us to isolate the parts of competing theories 

which are different. You can call those parts 'theories' if you like, but thaf s 

only a verbal squabble. The important point is that when we compare 

competing theories in terms of simplicity, we look at those parts of the 

theories that differ from each other. Thus, hypotheses seem to be the primary 

objects of simplicity ascriptions. Theories are judged simpler than others if 

their relevant, i.e., distinguishing hypotheses are.4 

Thagard (1978) claims that simpUd^ should primarily be ascribed to 

explanations. The reason for this view, as far as I can see, is his conviction 

that the main function of hypotheses (and theories) is to explain phenomena. 

This explanatory task can be carried out in more or less simple ways. Briefly, 

common. 

* In fact, thaf s not quite true and should be understood as a first 
approximation only. As we v/iR see in later chapters, there do exist trade-o^ 
between the simplicity of hypotheses, when taken by themselves, and the 
simplicity of the Aeories in which these h3^otheses are embedded. 



an explanation Ei is simpler than competing explanations E, if Ei requires a 

smaller number of ad hoc hypotheses than any of the £{. Thus, for purposes of 

simplicity ascriptions, we don't have to look at hypotheses as such (let alone 

theories), but only at the explanations for which those hypotheses are 

recruited. In other words, in the context of comparing a set of hypotheses with 

respect to their simplicity, we only have to compare the complexity or 

simplicity of the explanations restdting from the choice of this or that set of 

hypotheses. 

Although this emphasis on the explanatory aspect of hypotheses is, I 

think, on the right track, it is also, as it stands, incomplete. While it is true 

that many h3rpotheses are interesting precisely because of their role in 

explanations, not all hypotheses are explanatory. The ideal pendulimi law, 

e.g., doesn't explain the behavior of pendula (as I'll argue below), but it might 

still be preferred over other laws concerning pendula on grounds of 

simplicity. Indeed, many of the early attempts to provide a measure for 

simplicity concentrated on this kind of (non-explanatory) hypotheses (see 

Rudner, 1971; Hesse, 1972), and recent results (Sober and Forster, 1994) have 

shown that simplicity considerations are indeed of vital importance for 

determining the most plausible (in a sense to be specified) hypotheses from 

among a family of competing hypotheses. Thus, substituting explanations for 

hypotheses as the objects of simplicity ascriptions throughout doesn't do 
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justice to the diversity of roles simplicity can play in scientific theories. I 

therefore propose, for the purposes of an overview of the possible objects of 

simplicity ascriptions, not to follow Thagard in his premature restriction of 

those objects to explanations. 

Finally, we do not want to equate theories with explanations. Although 

nobody explicitly defends such an identification, some accotmts of scientific 

explanation seem to be in danger of blurring the distinction. As an example, 

consider the pragmatist view of scientific explanations. On this accoimt, an 

explanation is the answer to a why-question (see van Fraassen, 1980, pp.97ff.). 

Now, if the why-question is sufficiently complex, the answer to it might start 

looking like a full-blown theory. In contrast to explanations of singular 

events (e.g., "The challenger space-shuttle exploded because it was equipped 

with faulty insulation rings."), which often succeed by identifying a salient 

contributing, but previously unknown, cause for the occurrence of the event, 

explanations of general facts often require answers that are much more 

complex. To provide a satisfactory answer to the question as to why the half-

time of U238 = 4.51 x 109 years, you will have to rehearse a good deal of atomic 

physics. Similarly, explaining why the simple pendulum law holds requires 

lengthy derivations within the firamework of Newtonian mechanics. It 

follows that on any accoimt which regards explanations as answers to why-

questions, the distinction between explanations and theories tends to become 
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bltirred in a whole range of cases. 

But is there such a distinction? Or conversely, isn't it true that all 

explanations, or at least all scientific explanations, are theories? The answer 

seems to be no. Theories are ditferent kinds of entities than explanations. 

Theories are (depending on your taste) either linguistic entities that bear 

certain descriptive and explanatory relations to the facts (the received view), 

or they are abstract mathematical entities that are claimed to have models in 

the real world (the semantic view). In neither case are theories seen as 

essentially connected with speech acts and the like. This, however, is exactly 

what explanations tjrpically are: They are illocutionary acts with the intention 

to provide information sufficient to satisfy the (scientific or other) curiosity of 

some audience (see Achinstein, 1983; Hughes, 1993). To be sure, theories are 

often referred to and enlisted by such illocutionary acts, but they are not those 

acts themselves. Theories can be used to provide explanations, but they are 

not identical with explanations. 

This difference can be clearly illustrated in the context of simplicity 

ascriptions. If it were true that explanations are identical with theories, we 

would expect that the simpler a given theory, the simpler an explanation we 

have for a given phenomenon. This of course is not always the case. 

According to most philosophers of science (e.g., Schaffiier, 1970), Einstein's 

Special Theory of Relativity, or STR, is decidedly simpler than Lorentz' theory 



of the electrodynamics of moving bodies 5 At the same time, historians 

repeatedly point out that one of the reasons why Lorentz' theory seemed a 

viable option to many, particularly British physicists, for as long as it did (till 

the 1930's) is the fact that the explanation of ttie null-result of the Michelson-

Morely experiments to which Lorentz' theory gives rise appear simpler than 

the explanations of those results in terms of Einstein's STR. Using the latter 

theory in an explanation of the Michelson-Morely experiments requires one 

to also explain why assumptions about the space-time structure implicit in 

Newtonian Mechanics are better be replaced by Einstein's analysis, while 

explanations within the framework of Lorentz' theory are simpler in that 

they don't require such vast restructuring of one's physical worldview. Thus, 

it appears that a theory which is judged simpler than another, competing one 

can give rise to explanations that are more complex than those couched in 

terms of the competing theory. 

We have now canvassed some of the distinctions between theories, 

hypotheses, and explanations. I have suggested that &om among those three 

structures, hypotheses should be chosen as the primary objects of simplicity 

ascriptions. On the one hand, scientists do choose between non-explanatory 

hypotheses on the basis of their degrees of simplicity. On the other hand, 

5 For a much more detailed discussion of this episode from the history 
of science, see below. 
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when deciding between competing theories, their simplicity is, to a first 

approximation*^, measured in terms of those hypotheses that allow us to 

distinguish between the competing theories. It is now time to have a closer 

look at the different t}rpes of hypotheses that can serve as the objects of 

simplicity ascriptions. 

6 For the purpose of the present discussion. Til make the simplifying 
assimiption that the simplicity of a theory is a function of the simplicity of the 
relevant hypottieses that serve to mark the difference between two or more 
theories. Thus, I will in general assume that a theory which accotmts for 
phenomena by means of hypotheses that are simpler than another one, is to 
be judged simpler. If the hypotheses themselves are of equal simplicity, I will 
let the number of hypotheses be the deciding factor, with a smaller number of 
hypotheses leading to judging the theory simpler. 



43 

4.2.2 Explanatory and Descriptive Hypotheses 

Mature scientific theories usually contain two kinds of hypotheses: 

explanatory and descriptive. The latter, i.e., descriptive, hypotheses are 

sometimes called pkenomenological laws in the literature. In contrast to 

earlier usage in the philosophy of science literature (see Cartwright, 1983, 

chps.3, 6), they cannot, when properly imderstood, be characterized on the 

basis of an observable-imobservable distinction. For the positivists, 

phenomenological laws were those that referred to observable entities only. 

This, however, is a usage of the expression 'phenomenological law' diHerent 

from the one we find in the physics literature. There, it is not only laws like 

Boyle's (P=T/V), where the values of the all variables involved can 

prestmiably be determined by observation, but laws like the ideal pendulum 

law as well (T=2nvl/g), that count as phenomenological. Descriptive 

hypotheses in this sense might best be characterized as those that describe or 

postulate certain relations between two or more variables, be they observable 

or not. The ideal pendtilum law is a good example: It describes or postulates a 

relation between the period, the length of the string (both observable), and the 

gravitational acceleration g (where g is imobservable on at least some 

accoimts). 

Some authors concerned with theoretical simplicity focus exclusively 
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on the simplicity of descriptive hypotheses. Such investigations come under 

different names: the problem of inductive simplicity (Jeffreys, 1957; Popper, 

1959; Kemeny, 1953), or the curve fitting problem (Glymour, 1980; Sober & 

Forster, 1994). In this context, the question is whether there are any good 

reasons for preferring simpler hypotheses concerning the relations between 

the variables. Some results seem to indicate that there are: Simpler 

hypotheses are predictively more accurate (see Sober & Forster, 1994, to be 

discussed below). 

If s a little more difficult to characterize explanatory hypotheses, and 

the discussion of a number of important points has to be delayed until the 

next chapter, where explanation will be the focus of my investigation. For 

now, let me just introduce some preliminary categories. Explanatory 

hypotheses can differ with respect to their explanatory goal, and they can 

differ with respect to how they achieve that goal. First, explanatory 

hypotheses might aim at explaining descriptive h3rpotheses, or they might be 

introduced to explain singular events. An explanation of a descriptive 

h}^thesis can take two forms, which I will call explanation by deduction and 

explanation by reduction, respectively. Explanations of singular events, on 

the other hand, can be either etiological or structural. 
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4.2.2.1 Explaining Descriptive Hypotheses 

The goal of explaining descriptive hypotheses is to explain why a 

certain regularity, as expressed in a given descriptive hypothesis, holds. 

Accordingly, such explanations attempt to provide us with an understanding 

of why Boyle's law holds, or the simple (ideal) pendulum law, or Kirchhoff's 

laws, etc. bi both science textbooks and the philosophy of science literature, 

there is near unanimous agreement that the explanation of descriptive 

hypotheses is achieved by deriving them from more general theories. Thus, 

the ideal penduliun law can be explained by showing how it can be derived 

from Newton's law of universal gravitation, the explanation of Kirchhoff s 

laws proceeds by deriving them from Maxwell's field equations, etc. But there 

is hardly unanimous agreement about the sense in which such derivations 

are explanations. Hempel, who formalized this kind of explanation in his 

deductive-nomological model, did not, to my knowledge, even address the 

question as to what makes derivations (or, more precisely, deductions) 

explanatory. Indeed, he seems to simply presuppose that deductions are 

explanatory (see Hempel, 1958). 

The reactions to the well-known problems with Hempel's model fall 

into two camps, the difference between which is at the bottom a difference 

between two senses in which deductions are explanations. On the one hand. 



defenders of the ontic conception of explanation hold the view that 

explanations proceed by showing how the explanandum fits into the causal 

structure of the world (Salmon, 1984). On the other hand, the adherents of the 

unification account believe that explanations attempt to achieve a greater 

unification in our world view (e.g., Friedman, 1974; Kitcher, 1989). My own 

view on how derivations can be explanatory is much closer to the unification 

accotmt than to the ontic conception. As I will briefly discuss below and in the 

next chapter, fitting the explanandum into the causal structure of the world is 

not a necessary condition for successful scientific explanations. Concentrating 

on the question in which sense a deduction of a particular descriptive 

hypothesis from a more general theory can be explanatory, I will argue that 

regarding explanatoriness as showing causal fit is, in the case of descriptive 

hypotheses, a mistake. The main point of the argtiment is to provide, by 

saying what it is not, a preliminary characterization of my own view of the 

nature of scientific explanation. A full description and defense of my view 

will have to wait till chapter three, where I discuss the connection between 

explanation and tmderstanding. 
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As I pointed out above, the defenders of the ontic conception of 

scientific explanation view the explanatoriness of a given explanation as 

residing in the identification of the explanandum as an effect of either 

observable or unobservable, underlying caiises. We explain by locating the 

explanandum in a web of causes and effects.^ The paradigm examples of such 

explanations are provided by explanations of singular events. I will discuss 

such explanations below. For now, I want to raise the question whether the 

ontic conception is capable of shedding any light on how the deduction of 

certain descriptive hypotheses ^m more general theories is explanatory and 

leads to a scientific tmderstanding of why such hypotheses hold. 

According to the ontic conception, explaining a descriptive hypothesis 

by deducing it from more general laws amounts to identifying the causes 

behind the regular behavior of certain systems described by the hypothesis. 

On this view, then, explaining the ideal pendulum law is seen as identifying 

7 "The aim of a scientific explanation, according to the ontic 
conception, is to fit the event-to-be-explained into a discernible pattern. This 
pattern is constituted by regularities in nature... however, [the] mere 
subsimiption under laws - mere fitting of events into regular patterns - has 
little, if any, explanatory force. [...] [Thus, most defenders of the ontic 
conception believe that] to provide an explanation of a particular event is to 
identify the cause and, in many cases at least, to exhibit the causal relation 
between this cause and the event-to-be-explained." (Salmon, 1984, pp.l21f.) 



those fundamental laws of the universe, in this case Newton's law of 

universal gravitation, which are causally responsible for the regularity^ in the 

behavior of ideal pendula. 

This can't be right, however. It is not the case that the fundamental 

laws 6:0m which a given hypothesis is to be deduced describe the causes of the 

regularities in the behavior of a system that is correctly described by the 

hypothesis in question. Universal gravitation doesn't cause the period of an 

ideal pendulum to be a function of 1/g. Of course, universal gravitation plays 

a causal role in the swinging behavior of each puTticular pendulxmi. It pulls, 

so to speak, the disk back, after I caused it, by transferring momentum, to 

swing upwards. But neither my action nor gravitation cause the functional 

relation between the period and the length of the string. The fact that this 

functional relation holds is not an effect, there is nothing causally responsible 

for it. If that is true, then in what sense does a deduction of the ideal 

pendulimi law from Newton's law of universal gravitation explain the law? 

What goes on in such a deductive explanation seems to be this. When 

we deduce the ideal penduliun law from the law of universal gravitation 

(together with at least Newton's third law), we demonstrate diat in any world 

that is correctly described by Newtonian Mechanics (NM), the ideal 

pendulum law must hold. In other words, the reason why the pendultmi law 

holds is simply that it must hold in any world in which Newton's three 



axioms and the law of gravitation hold. But how is that an explanation? This 

question is the topic of later chapters, where I will argue that explanation has 

as one of its goals letting us understand the world postulated by a given 

theory. If I'm correct about this, the deduction of the ideal pendulum law 

from the law of tmiversal gravitation is an explanation in the sense that one 

can xmderstand why the law holds if one accepts that we live in a Newtonian 

world. Once you accept that our world is Newtonian, you simply see that 

pendula have to behave as described by the ideal pendulum law.s 

8 Qark Glymour, in a slightly different context, expressed the similar 
view that a good explanation of a fact needs to let us see (among other things) 
that somehow this fact obtains as a matter of necessity. See Glymottr, 1984.1 
will say more about the quasi-visual aspect of understanding in chapter five. 
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The second way of explaining descriptive hypotheses is by reduction. 

By this I do not mean that the hypothesis is somehow reduced to other, 

maybe more fundamental hypotheses (which I'm not even sxire makes 

sense), but that the regularity in a system's behavior, as identified in the 

descriptive hypothesis, can be explained by reducing the behavior of the 

system to the behavior of what constitutes the system. Such an explanation 

constitutes an answer to a slightly different why-question concerning the 

behavior of a system. Consider the following example. Why does Boyle's law 

correctly describe the behavior of an ideal gas?^ This question can be 

understood as asking for the underlying caiisal processes that are responsible 

for the relations between the variables as they are expressed in Boyle's law. It 

is important to be quite clear as to the sense in which underlying causal 

process are responsible for the macroscopic behavior of an ideal gas. In 

particular, it is important to keep in mind that the underlying processes do 

not cause the macroscopic behavior. To make this point dear, let me discuss 

Bernoulli's attempt to explain Boyle's law on the basis of a kinetic theory of 

gases (see Brush, 1983, pp.26ff). 

9 The term 'correctly' is used quite loosely here, and intended to 
acknowledge limitations and idealizations. 
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Bernoulli made two crucial assxmiptions: First, a gas was treated as a 

system of infinitely many similar particles, the diameters d of which is 

extremely small in comparison with the average distance D between the 

particles, such that in the limi^ d/D - 0. Secondly, the temperature T was 

postulated to be a function of the mean velocity of the particles. These two 

assumptions, together with the definition of pressure p as the ratio between 

force and area, p = F/ A, allowed for a derivation of Boyle's law, viz. p = T/V. 

It is intuitively not difficult to understand why Boyle's law holds, 

given these assumptions about gases. What makes p a function of T and V is, 

on the kinetic story, facts about the interaction of molecules in the gas. If the 

gas is heated, and the volume remains constant, then the velocity of the gas 

molecules increases; now p = F/A (force/area), and if the molecules move 

faster, then, on the assumption that they are distributed evenly (the gas is 

isotropic), there will be more molecules (or molecules with higher velocity) 

hitting the wall, thus leading to a greater force experienced by any given area 

of the wall. Thus the law p=T/V. Similarly, if T is kept constant, and the 

volume is decreased, the same amount of particles hit smaller areas of the 

walls of the container, and the pressure again increases. 

As I mentioned above, it is important not to confuse this kind of causal 

explanation (if indeed it can be called causal) with an explanation that 

proceeds by identifying the precipitating causes of an event. The causal 
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interactions between the particles of an ideal gas are not themselves causally 

responsible for Boyle's law. They do not cause the functional relation between 

p, T, and V. Rather, the macroscopic behavior of the ideal gas is explained by 

showing that the gas is an instance of a system of moving particles that 

behaves in accordance with Newtonian Mechanics. The most important step 

in this explanation is the postulation of a functional dependence between 

temperature and mean velocity, which later resulted in the theoretical 

identification of temperature (in a gas) with mean molectdar kinetic energy. 

Through this postulate, it becomes possible to deduce Boyle's law from the 

kinetic theory of gases. Thus, explanation by reduction turns out to be a 

special kind of explanation by deduction. The main difference lies in the 

introduction of a correlation between a macroscopic property (temperature in 

this case) and a microscopic property (mean velocity). In other words, 

explaining Boyle's law in trans of the kinetic theory of gases proceeds by first 

showing that an ideal gas is an instance of a Newtonian system of moving 

particles and then deducing its global behavior from special assumptions 

about this particular kind of system (see the assumptions Bernoulli made). 

The two important points which emerge from the discussion in the 

previous two sections are these: First, neither explanation by deduction nor 

explanation by reduction are causal explanations in the sense of identifying 

the causes that lead up to a certain event. Neither the ideal pendulum law 



nor the ideal gas law are effects of precipitating causes.io Secondly, 

explanation by reduction can be seen as a special case of explanation by 

deduction. In both cases, the explanatory force derives from the insight that if 

we live in a world that has such-and-such a fundamental structure, systems 

of this or that kind necessarily show the behavioral regularities we identify in 

certain descriptive hypotheses. Explanations by reduction require the 

additional step of showing that a certain regularity does in fact fall within the 

domain of some theory from which then the regularity can be deduced, hi 

other words, explaining the ideal pendulimi law (by deduction) is a 

straightforward case of applying Newtoiuan mechanics to a given system, 

while explaining the idea gas law (by reduction) requires first to show how 

the gas can be seen as a system to which Newtoninan mechanics can be 

applied. 

10 It might seem that there is a more direct route to the same 
conclusion. Phenomenological laws are not events, and only events can have 
a causal history. Thus, explaining such laws can't be a matter of identifying 
their causal history. Unfortunately, this is not quite right. Many (though not 
all; see footnote 8) states of affairs also admit of explanations in terms of their 
causal histories: Why are you late? Why is there a stain on the carpet? It 
might be possible to argue that descriptive hypotheses don't specify states of 
affairs, but such an argimient would certainly lead into difficult metaphysical 
problems, and I decided to avoid those wherever possible. 
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The other class of objects of scientific explanations are singular 

eventsii. Explanatory hypotheses might not refer to descriptive hypotheses at 

all, but have singular events as their target. There are many cases of 

explaining singular events familiar from everyday life. Requests for such 

explanations take the familiar form 'Why did event e happen?' or 'Why is 

such-and-such the case?' In some cases, the explanation provided might 

initially seem to be of a non-scientific kind. Consider for instance the question 

as to why there is a stain on the carpet A satisfying explanation might just 

refer to the cltmisy husband who spilled coffee. Such an explanation hardly 

seems to deserve the qualifier 'scientific', although it of course lets us 

tmderstand why there is a stain on the carpet. However, as I will argue later, 

this explanation is, when properly imderstood, genuinely scientific. 

My use of the term 'evenf is decidedly different from its standard 
use in metaphysics. There, events are understood as concrete entities that 
occur in def^te space-time regions (see Lewis, 1986, p.243). What can occur in 
such space-time regions are both processes (ttie intuitive sense of 'evenf) and 
states of affairs. However, abstract states of affairs are usually excluded from 
the class of events, as they do not occur in any space-time region. In contrast, I 
wish to include abstract states of affairs, like mathematical facts, among the 
things we call 'events'. The reason is that if concrete states of affairs, lite an 
electron's having spin up, can be legitimate objects of explanation, I don't see 
why an abstract state of affairs, like the number 3's l^ing odd, should be 
excluded from the domain of objects we can legitimately attempt to explain. 



There are examples of explanations of singular events that are clearly 

sdentific. Consider these questions: "Why did the accident at Chernobyl 

occur?", "Why did Challenger explode?", "Why did the Big Bang occur?" The 

first two questions obviously call for an account of the events leading up to 

the event to be explained. The relevant events form a causal chain which 

eventually resulted in the two catastrophes, respectively. The third question 

doesn't obviously admit of a causal answer, at least not one of the kind 

appropriate to the first two questions. If our present understanding of 

cosmology is correct, then there simply aren't any prior events leading up to 

the Big Bang, since there was no time prior to the Big Bang. Indeed, the 

question as to why the Big Bang occurred is, when understood as a request for 

its causal origins, meaningless (see Griinbaum, 1989, esp. pp. 389ff). The way 

we actually explain the Big Bang is by showing how it fits into the best 

cosmological theory we currentiy have. I want to suggest (something to be 

expanded upon later) that such a kind of explanation is best seen as a 

demonstration that this particular fact fits into our best cosmological theory. It 

is what I called earlier a structural ex-planation. As a demonstration of a fit 

between the postulated Big Bang and our current cosmology, this explanation 

is similar to explanation by deduction: A regularity is explained by showing 

how it fits into an accepted theory. 

It seems, then, that there are two ways in which to explain singular 



events or states of affiairs. One of those ways proceeds by identifying the causal 

chain leading up to a certain event (or state of affairs), the other one consists 

in showing that and how a particular a state of affairs (or event) fits into an 

accepted theory. I call the first type of explanation etiological, the second one 

structural. Correspondingly, there are at least two challenges that have to be 

faced. First, somebody might object that an explanation of a singular event in 

terms of its catisal history is not properly scientific, for it doesn't contain an 

explicit statement of relevant laws; and secondly, the Big Bang might be the 

only example of a singular event that does require an explanation that is not 

phrased in terms of a causal history. 
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Here are the details of the first objection. It is claimed that explaining, 

e.g., the explosion of the Qiallenger space shuttle by identifying the faulty 

insulation rings as the main causal factors is not a proper scientific 

explanation. Every proper scientific explanation must include at least one 

scientific law (remember Hempel's, 1965, Insistence on this), and the 

explanation provided by the panel of scientists does not satisfy this constraint. 

Thus, this explanation is much more similar to the explanation of the stain 

on the carpet mentioned above. The ^ct that it was scientists (the members of 

the panel appointed by Congress) who finally arrived at a satisfying 

explanation doesn't make the explanation scientific. 

This ol '̂ection makes an illegitimate presupposition. It presupposes 

that scientific explanations need to include aU relevant information explicitly 

(as, e.g., laws) to count as legitimate scientific explanations. This is dubious, if 

only because such a constraint would render most attempts to scientifically 

explain an event nearly impossible if the event has only a modest degree of 

complexity. If I asked you to provide the full details of the Challenger 

explosion, the account would be horribly complicated and probably 

impossible to grasp. At the very least, the congressional panel assigned to 

investigate the cause of the explosion would run out of patience. When we 
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ask for the cause of the catastrophe, we only want to be supplied with the 

salient information, with information, that is, that allows us to understand 

why the event happened. Rehearsing entire theories from physics, chemistry, 

meteorology, etc., certainly hinders tmderstanding more than it furthers it 

But what determines which information is salient? Or, more importantly, 

what determines which information is relevant? 

Peter Railton (1981) introduces the notion of an ideal explanatory text 

which does indeed include every single bit of relevant information (facts and 

laws). He suggests that when we ask for explanation, we hardly ever 

(probably never) want to be offered the ideal explanatory text bistead, we are 

satisfied by being furnished with that part of the ideal explanatory text which 

contains the salient information that allows us to understand why a certain 

event occurred. Let me call the part we ask for an elliptical explanation. Far 

from being non-scientific, elliptical explanations are probably the paradigm 

examples of scientific explanations. 

Of course, the concept of elliptical explanation introduces a pragmatic 

element into the present account of scientific explanation. What counts as the 

salient information for which one might ask depends on who's asking. It has 

been recognized for a long time now, however, that scientific explanations 

contain Lrredudbly pragmatic elements. Not only salience changes from 

audience to audience. Explanations also have to take into account the 
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knowledge background of the audience^ which determines what kind of 

&q>lanation they can be expected to grasp. For example, if one were to explain 

the fact that a hot-air balloon which is attached to a string in an airplane 

moves forward when the plane accelerates in terms of Einstein's principle of 

equivalencei2 to a ten year old, chances are good that a typical ten year old 

would not grasp that explanation. On the other hand, explaining that fact by 

pointing out that the rear wall of the cabin pushes the air forward, which in 

turn pushes the balloon forward, has a chance of being grasped by the ten year 

old. 

Railton's notion of an ideal explanatory context also serves to alleviate 

fears that by allowing pragmatic elements to play a role in scientific 

explanations, those explanations become relativized to particular audiences 

and thus somehow subjective. If that were indeed the case, then it would 

seem difficult to reconcile it with our intuition that there are facts of the 

12 According to Einstein's principle of equivalence, objects that are 
located in an accelerating environment experience the same forces they 
would experience were they located in a gravitational field. Thus, since a hot-
air balloon would rise in the gravitational field of the earth, it moves forward 
in an airplane that accelerates. In contrast, since we would fall in the 
gravitational field of the earth, we experiences being pushed back into our 
seats when the airplane takes off. 
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matter that determine whether something explains something else or noti3 

Railton's move allows for the introduction of pragmatic elements without 

leading to explanatory subjectivism. As long as the salient information 

furnished by a partictdar explanation is part of the ideal explanatory text, 

subjectivism can be avoided. In other words, if we assume that there is a fact 

of the matter whether the ideal explanatory text is explanatory or not, 

selecting one part of that text doesn't make the restdting explanation 

subjective. The selection process is driven by subjective Actors, like interests, 

backgrotmd knowledge, etc., but as long as the text from which we select is 

objectively explanatory, we don't have to worry about subjectivism. 

If it is correct that explaining the challenger explosion in terms of its 

13 The exact meaning of this intuition will be discussed later. In 
particular, since I will argue that explanations don't have to be true in order 
to be explanations, the notion of 'facts of the matter' has to be imderstood in a 
way that is different from Railton's realist intentions. For Railton, it is 
presumably certain relations (including relations of reference) between a text 
and the world which make the text explanatory, while I will be urging the 
view that there are psychological facts of the matter that make a text 
explanatory. How can that tmderstanding of the intuition mentioned avoid 
subjectivism? As I will argue in chapter six, it can't, at least not entirely. The 
quality of imderstanding that results from an explanatory hypotheses is partly 
determined by the background belief systems of those to whom something is 
explained. But since I do distinguish between accuracy and understanding as 
two independent goals of scientific explanations, it remains a possibility that 
the accuracy of a Aeory is not affected by the subjective factors that determine 
the quality of understanding. However, I will not investigate that issue. 

Also note that the expression 'something explains something else' is 
used ellipticaUy for 'somebody can use something (a theory, e.g.) to explain 
something else. Remember that theories are not, strictly speaking, 
explanations. 



61 

causal history is a genuine example of a scientific, albeit elliptical, 

explanation, then it seems we have to regard the explanation of the stain on 

the carpet in terms of the clumsy actions of the husband as a genuine 

scientific explanation as welL I submit that there is an ideal explanatory text 

that explains that state of affairs, complete with laws of chemistry, physics, 

etc, although I won't argue that point here. 
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4.2.2.2.2 Structural Explanations 

Let me now turn to the second objection^ which claimed, that the Big 

Bang might be the only singular event that has to be explained in ways which 

do not involve its causal history. By way of answering that objection, I want 

to first point out that I'm not sure how devastating it would be were it indeed 

true that if s only the Big Bang which needs explaining without recourse to 

causal histories. After all, we are currently engaged in drawing up a taxonomy 

of objects and ways of explaining, and if there is one singular event that can't 

be accotmted for by identifying its causal history, thaf s reason enough for 

including it in the taxonomy. Secondly, I do believe that there are many other 

states of affairs that can't be explained in terms of causal histories. The 

obvious candidates for such states of affairs are mathematical in nature. 

Let me start with very mundane mathematical states of affairs, or 

mathematical facts, as they are usually called. Some of those facts seem 

general in nature, as, e.g., the fact expressed by the four-color theorem in 

topology. It has been proven that for any map, it is sufficient to have four 

colors to be able to color the map in such a way that no two adjacent regions 

of the map have the scune color. On the other hand, there seem to be singular 

mathematical facts: the fact that the addition function is commutative, the 

fact there is exactly one three-dimensional vectorspace over R3 modulo 
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isomorphism, etc. Such singular mathematical facts can of course not be 

explained by identifying their causal history, for the simple reason that they 

haven't got one. This, however, raises the question as to how such facts can be 

explained. 

The correct answer is this: We ecplain the fact tha^ e.g., there is exactly 

one three-dimensional vectorspace over ]R3 by proving that statement as a 

theorem in vector analysis, bi other words, we show that the theorem holds, 

given the properties of vectorspaces. This answer, however, leaves open the 

question how such a proof or derivation constitutes an explanation. Of 

course, the same question arises in the context of explaining the Big Bang: 

How is it that a demonstration of the compatibility^ or fit of the Big Bang with 

our best cosmological theories explains that event? We already have 

identified the general problem, which lies in the backgrotmd here, earlier: In 

what way are derivations explanatory? In chapter three, I will discuss the 

general question of what factors determine explanatoriness. It will turn out 

that there is a common underl3dng core shared by all the different kinds of 

explanatory hypotheses we just canvassed. 

This is where we are. We started witti the question concerning the 

object of simplicity ascriptions. The object can be either a descriptive or an 

explanatory hypothesis. There are several kinds of explanatory hypotheses, 

which can be classified according to what and how they try to explain. In what 
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follows, I will call etiological hypotheses those which try to explain singxilar 

events in causal terms, and structural hypotheses those which explain 

singular events in non-causal terms. Reductionist hypotheses will be those 

that explain descriptive hypotheses by first showing, through theoretical 

identifications, that a certain system S is an instance of a type of systems T, 

and then deriving the regularities in T from an applicable theory, while pure 

deductionist hypotheses wiU be those that explain descriptive hypotheses by 

deriving them from more general theories without having to invoke 

theoretical identifications first. Before we turn our attention to question (ii) 

mentioned in the beginning, viz., in virtue of what is simplicity ascribed, lef s 

have a look at a chart: 
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objects of ascriptions 

explanatory 
lypotheses 

escriptivc 
ypotheses 

singular 

etiological compatibiiist Reductionist 

Figure 1, Varieties of Hypotheses 
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4.3 Representational versus Ontological Simplicity 

You can judge a theory as simple either in virtue of some internal 

characteristic of its representational structure, i.e, in virtue of how simple a 

representation it is, or in virtue of the ontological structure of the world 

postulated by that theory. In the former case, you tjrpically talk about the 

number of axioms, the simplicity of extra-logical predicates, and the Uke. In 

the latter case, close attention is being paid to metaphysical questions 

concerning the number of different kinds of entities, their relations and 

interactions, etc. In what follows I will provide a more detailed analysis of 

these two kinds of considerations that determine as how simple a h3rpothesis 

is judged. 
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There has been a long tradition, most prominently represented by the 

writings of Nelson Goodman, that focused on the formal characteristics of 

theories in an attempt to determine standards for simplicity ascriptions. 1 

pointed out earlier that 1 regard hypotheses as the main objects of such 

ascriptions, hence I will briefly recast this traditional discussion in terms of 

the intrinsic simplicity of hypotheses. The question to be answered within 

that tradition is this; What is it about the form of an hypothesis which makes 

it simpler than another, competing one? In other words, if we regard 

hypotheses as representational vehicles, we ask for a measure of the 

simplicity of certain representations. 

There is, however, a deeper question that has to be considered before 

the question as to the formal simplicity of hypotheses even makes sense. This 

question concerns the claim that it is formal characteristics of representations 

that provide the basis for simplicity ascriptions. Why is it, so one might 

legitimately ask, that we should judge hjrpotheses as simple in terms of their 

formal characteristics? 

Nelson Goodman (e.g., 1958) provides the following answer: Science 

aims at systematization. One theory has a higher degree of systematization 

than another one if the extra-logical predicates used in formulating its 
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hypothesis are fewer in ntunber and intrinsically simpler. The number of 

extra-logical predicates and their internal simplicity is a formal proper^ of 

hypotheses. Thus, simplicity ascriptions are done in terms of formal 

properties of h3rpotheses. This might be plausible as it stands, but seems to 

stop short of answering the question in a fully satisfying manner. When we 

ask why formal characteristics should serve as the basis of simplicity 

ascriptions, we also want to know in what way such formal simplicity 

furthers the goal of science. Goodman himself of course would claim (see 

chapter one) that since systematization is the goal of science, and since 

simplicity is constitutive of systematization, such formal simplicity furthers 

the goal of science ex hypothesis. However, why is it that systematization is 

being sought? For Goodman, the answer to this question is partly based on 

observations about the history and nature of science, viz., that science de facto 

aims at systematization, and partly on the conviction that systematization, 

and with it simplicity, is constitutive of science. 

I want to inquire into the reasons for why simplicity is possibly 

constitutive of science. In particular, I want to provide a cognitive account of 

the importance of simplicity and systematization. Thus, when discussing the 

representational simplicity of hypotheses, I will not so much talk about the 

correct standards for simplicity ascriptions, but instead discuss the rationale 

that can be given for the search for systematization. The reason is the 
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following. As I will discuss below (chapters five and six), when we look at 

systematization from the perspective of its rationale for human inquirers, 

there will turn out to be limits on the degree of systematization we should 

wish for. In particular, it will turn out that with respect to the cognitive goals 

of scientific inquiry, overly systematic sets of hypotheses can be bad news. If, 

as I wiU argue later, an important goal of inquiry is scientific understanding, 

excessive systematization might be detrimental to the achievement of that 

goal. An example of such detrimental effects may be seen in Bourbaki's 

attempt to provide the highest possible systematization of mathematics ever 

achieved. As some authors point out (Sierpinska, 1994), and many others 

doubtlessly have experienced, Bourbaki's work might be elegant and highly 

systematic, but almost impossible or at least extremely difficult to tmderstand. 

Thus, although I believe that the development of measurements for the 

formal simplicity is an important goal in the philosophy of science, ifs not 

the goal I'm primarily interested in. My question concerns the rationale for 

choosing simple theories over less simple ones, and accounts of formal 

simplicity don't answer that question. Therefore, when discussing questions 

concerning representational simplicity, my emphasis will be on those 

internal characteristics of representations which contribute to scientific 

imderstanding. In some cases, the formal simplicity of hypotheses might 

coincide with those hypotheses's contribution to scientific understanding. 
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while in other cases, this might not be true, as is the case with Bourbaki's 

system. Simplicity is more of a functional than a merely formal characteristic 

of theories. Simplicity can't be assigned in ignorance of the goals of science, or 

of systematizatioiu Thus, a detailed discussion of representational simplici^ 

has to wait xmtil we have a clearer idea about the relations between 

hypotheses, explanations, and scientific understanding. 
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4.3.2 Ontological Simplicity 

One can ascribe simplicity to theories in terms of the simplicity of the 

world postulated by theories. The world can be simple in at least two ways: It 

can be simple in the sense that it contains only a small number of different 

kinds of entities, or in the sense that the ways in which entities interact, the 

causal mechanisms at work in the world, are simple. Let me call the first 

aspect of the world's simplicity parsimony, the second one elegance. A world 

which contains only a small number of different kinds of entities is 

parsimonious, while a world in which the causal interactions (which 

imderlie observed phenomena) are simple is elegant. 

Both aspects of the world's simplicity can be, and haven been, used as a 

basis for assigning simplicity to theories. On the one hand, one can regard 

those theories as simple whose hypotheses postulate a comparatively small 

number of diffierent kinds of entities. Materialism in the philosophy of mind 

is a good example. Several people have argued (e.g., Qiurchland, 1984) that 

one advantage of materialism over dualism is the former's insistence on the 

existence of just one kind of entity. Implicit in such a judgement is the claim 

that even if dualism and materialism provided explanatory frameworks that 
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are of comparable poweri^, materialism is to be preferred because it gets the 

same explanatory job done with less metaphysical investment than dualism. 

Ockham's razor is in the background here: If you can get away explaining 

what you want to explain by postulating only one kind of entity instead of 

two or more, then do it. I will discuss later how this has to be understood and 

whether ifs well-grounded or not 

On the other hand, the world can also be simple in the ways in which it 

brings about the phenomena we want to explain. In other words, the 

underlying mechanisms might be simple rather than complex, the world 

decant rather than messy. Of cotirse, one way in which a mechanism can be 

simple is closely related to considerations concerning parsimony. If the 

mechcuiism in question requires for its performance a relatively small 

number of distinct kinds of entitiesis, then it is relatively simple. There is, 

however, another notion of simplicity here one might appeal to. A 

mechanism can be simpler than another one if it carries out its task by 

employing only the barest minimum of parts, as opposed to another 

This has been doubted by many authors, usually by pointing out that 
dualist theories raise more problems th^ they solve. 

15 For example, ifs a mechanism that does everything in virtue of 
mechanical forces only, as opposed to one that requires the existence of 
irreducible electromagnetic forces; see below on attempts to reduce 
electromagnetic forces to mechanical ones by introducing the ether. 
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mechanism that carries out the same task, but in a way that strikes us as 

overly complex (just recall Rube Goldberg's machines). Some authors, when 

recommending some explanatory h3rpothesis over another one on grotmds of 

simplicity considerations, seem to draw a close connection between the 

simplidty^ of explanatory h3rpotheses and the mechanisms postulated by such 

hypotheses: the simpler the mechanism, the simpler the hypothesis. I think 

that Fodor and Friendsi® charges of ad-hocness against connectionism rely on 

such a view of the simplicity of explanatory hypotheses. This will be discussed 

later, along with the question as to whether we should prefer explanatory 

hypotheses that are simple in this sense. To close out this chapter, here is a 

chart showing the possible groimds for assigning simplicity to hypotheses: 

elegance parsimony functional 

simplicity 

purely formal 

representational 

Figure 2, Bases of Simplicity Ascriptions 

16 Fodor & Pylyshjm, (1988); Fodor & Mclaughlin, (1990). 
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5.1 Introduction 

In this chapter, FU defend a thesis concerning the relation between 

explanation and truth: No explanation needs to be true in order to qualify as 

an actual explanation, and indeed, false explanations can even be good 

explanations. This thesis stands in explicit opposition to the views of many 

authors writing on scientific explanation, and it might also be in conflict with 

pre-theoretical intuition. My argument will be twofold. First, there is ample 

historical evidence for the claim that false explanations can still be good 

explanations. We do want to say, for example, that Newton provided an 

account of tidal regularities that actually explained them, and indeed still 

does, although we know that Newtonian mechanics, in which his 

explanation of the tides is embedded, is, strictiy speaking, false. Second, 

whenever we engage in either inference to the best explanation or the process 

of confirmation, we consider a pool of explanatory theories and look for the 

best among them. Not all of them can be true, of course, since those 

alternatives are often mutually incompatible. Thus, we seem to be able to 

judge explanatoriness in ways that are independent from questions 

concerning the truth of those explanations. 



During my discussion, I will introduce a concept which serves as the 

cornerstone of my account of the role of theoretical simplicity, viz. the 

concept of imderstanding. The way in which I use this concept in the present 

chapter is pret^ informal and not entirely precise. I intend to rely on some 

intuitive understanding of 'understanding' on part of the audience. However, 

I will also indicate, at places where it is appropriate, what shape my final 

analysis of 'understanding' will take. The role the concept plays in the 

arguments to be discussed shortly hopefully helps to highlight some of the 

features of understanding I deem importjmt. The two most prominent 

features are its distinctness from knowledge and its role as an independent 

goal of explanations, a goal explanations can achieve even if they don't 

deliver knowledge of what really brings about the phenomena to be 

explained. Although much of what I assume here about the nature of 

understanding is not entirely uncontroversial, I believe that all of it can be 

made independenfly plausible. 

As I mentioned, above, the daim that explanations need, not be true 

stands in opposition to the views of a number of authors, dating back to at 

least the work of Hempel and Oppenheim. In their seminal paper on 

scientific explanation (1948), they list as one of the adequacy conditions for 

scientific explanations that the statements of the explanans have to be true. 

Together with the condition that the explanation has to be deductively valid. 



this amounts to daiming that the explanation has to be true (see below). If the 

explanans statements are not true, Hempel and Oppenheim speak of mere 

potential explanations. This distinction between potential and actual 

explanations is echoed in Peter Lipton's book on Inference to the best 

explanation, where he claims that actual explanations have to be "(at least 

approximately) true" (1992, p.59), and Wesley Salmon's remark that pressure 

is explained by the dynamics of colliding particles only if there are such 

particles (Le., only if sentences referring to such particles are true; 1984, p.6) 

expresses the same sentiment 

Outside the realm of science we seem to find good reasons for drawing 

a similar distinction between potential and actual explanations. If I ask you 

why you didn't attend my party last night, I might not be satisfied when you 

tell me that you had a splitting headache, for I might happen to know that the 

real reason for your absence was your belief that you had a bad hair day. I 

know that you are quite vain, and I know that headaches usually don't stop 

you from eiqoying a beer with Mends. Although the explanation you offered, 

viz. that you had a headache, is a good potential explanation, it is not the 

actual explanation, because it doesn't identify the real reason for your absence. 

That is, it could even have been true that you had a headache, but still false 

that that was the reason for staying home. Thus, as similar examples are 

undoubtedly plenty, there seems to exist a clear intuitive sense of both the 



difference between potential and actual explanations and the claim that only 

true explanations are actual. Intuition has it that both the sentences 

identifying a reason for an event and the daim that the reason so identified is 

the actual reason of the event have to be true. 

I believe that the insistence on the truth of actual scientific 

explanations rests in part on this sort of pre-theoretical intuition about what 

sort of explanation is acceptable for certain events of everyday life. Thus, my 

claim that scientific explanations need not be true will have to be 

supplemented by an analysis of what really goes on in those mundane 

explanations. I will tackle that problem after a discussion of my two main 

arguments against the necessary truth of scientific explanations. 
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5.2.1 Ifistorical Evidence 

Let me begin, with a familiar example, the Newtonian explanation of 

the tides. It had been known long before Newton that there is a correlation, 

and maybe even a causal relationship, between the phases and position of the 

moon and the tides. Greek astronomy was in part concerned with the 

influence of stellar events on terrestrial phenomena. Ptolemy wrote about the 

predictions one can make concerning the weather on the basis of knowledge 

about ''the passages of the fixed stars and the planets through the sl^" 

(Tetrabiblos, quoted in Undberg, 1992, p.276). Such knowledge of correlations 

between celestial and terrestrial events was passed on, and Augustine (354-

430) wrote: "And with the waxing and waning of the moon we see certain 

kinds of things grow and shrink, such as sea-urchins and oysters, and the 

marvelous tides of the ocean." (quoted from Lindberg, op.dt., p.277) Kepler, 

who believed that the planetary motions in our solar system are due to a force 

emanating from the sun in the plane of the ecliptic, was maybe the first 

astronomer to explicitly attempt to explain the tides in terms of a force 

excerted by the moon. For this, he was chastised by Galileo, who wrote that 

despite Kepler's "open and acute mind [...] he has nevertheless lent his ear 



and assent to the moon's dominion over the waters, and to occult properties, 

and to such puerilities." (quoted from Cohen, 1985, p.l45). Galileo himself 

tried to explain the tides by reference to "forces created by the lateral and 

rotary movements of the earth." (Toulmin & Goodfield, 1961, p.237) It was 

only with Newton's successful introduction of the law of universal 

gravitation that an explanation of the tides in terms of a Itmar influence 

became viable. 

The historical development of our imderstanding of the phenomena 

of the tides can be seen as an example of one specific kind of scientific 

theorizing. One starts with the observation of a regularity in nature. There 

exist detailed records of tidal regularities developed by the Babylonians, which 

they used to predict the height and time of future tides. Such predictions were 

possible on the basis of a ntmierical analysis of the record of past tides alone -

the so-ccdled tide-tables - and did not require an explanation of why the tides 

exhibit the observed regularities.i^ Naturally, one might start wondering as to 

what the reasons for such regularities might be. The initial puzzlement over 

why such a regularity^ is observed is partly resolved as soon as that regularity 

can be correlated with another regularity. Of course, the other, correlated 

Indeed, tide-tables are still used to predict the future occurrence and 
height of tides. Making such predictions on the basis of computations 
involving the gravitational effects of the moon and the sim on the oceans 
would be far too complicated. See Toulmin, op.dt, p.35ff. 



regxilarity has to be less puzzling than the original one for such partial 

resolution to take place. This condition was satisfied in the case of the tides. 

At least since Plato's Timaeus, and probably for much longer, it was a kind of 

metaphysical axiom that heavenly events follow strict regularities. Thus, a 

correlation of a terrestrial event with a particular regularity in the heavens 

went a long way towards helping to remove the original puzzlement Still, 

one wants to say that the reasons why the tides occur were not fully 

understood until Newton's theory, and in particular his introduction of the 

law of universal gravitation, identified a causal mechanism that underlies 

the correlation between the moon's phases and position and the tides. Indeed, 

some defenders of the ontic conception of scientific explanation use the 

Newtonian account of the tides as a standard example in the defense of their 

position (see Salmon, 1984, p. 121f.). Only after we can identify the causal 

mechanism underlying certain correlations, or so they claim, are we entitled 

to say that we understand why a certain phenomenon occurs. 

I'm prepared to go along with the idea that in some cases, identifying a 

causal mechanism results in an understanding of certain phenomena. For 

reasons rehearsed in chapter two, I do not think this is the whole story. 

However, I now want to concentrate on the question as to whether an 

understanding of why a given phenomenon occurred or why a certain 

regularity holds can only result from true explanations. I will argue that the 



answer is no. 

The first question I want to discuss is, what makes an explanation true? 

There are two criteria that have to be satisfied by a true explanation. First, the 

explanans statements have to be true, and secondly, the statement that the 

explanandum has the characteristics it has in virtue of the fact that the world 

is as described by the explanans statements must be true as well. Maybe Tm 

beating a dead horse here, but I believe it is important to distinguish these 

two criteria for the truth of an explanation. For it can be the case that the first 

criterion is fulfilled, while the second one is not. That is to say that it is 

possible to have a set of true statements without having a true explanation. 

This is obviously the case when the true statements are explanatorily 

irrelevant to the explanandum. '2+2=4' doesn't count as an explanation of the 

tides. What does explanatory relevance consist in? 

On the DN-model, the answer was relatively easy: The explanandum 

must be dedudble fix>m the explanans. This identification of the explanation-

relation with a deductive relation made it easy to spot at least some pseudo-

explanations, for we have independent means for identifying deductive 

relations. Of course there is the problem that ifs not true that all deductive 

relations are explanation relations. If T stands for the correlation between the 

phases and positions of the moon and the tides, then "(T & 'I'm in Tucson 

right now') ^ T" allows me to deduce T, but nobody would seriously claim 
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that I thereby have explained T. Hempei and Oppenheim were fully aware of 

that problem, but confessed to have no idea as to how to get around it Others 

took that problem and a host of additional ones as their reason for 

abandoning the DN-model. 

This of course raises the question as to what the explanation relation 

consists in anew. I'll postpone the discussion of this question and focus 

instead on the first criterion for true explanations. To this end, lef s go back to 

the example of explaining the tides and ask ourselves whether the 

Newtonian explanans is in fact true (and assume that the second criterion, 

viz. actual relevance^s, is satisfied). Schematically, the explanans consists of a 

statement of Newton's law of universal gravitation, F = Gmimi/r^, 

statements about what values the variables mi, ma, and r take in the case of 

the earth and the moon, and statements concerning the relative position of 

the moon and its phase (we can disregard the influence of the stm for the 

purposes of my argument). 

There is an obvious way in which the Newtonian explanans is false. 

Both the original values of the masses of earth and the moon and their 

distance, as well as the contemporary ones, are most likely not correct But 

18 The modifier 'actual' is intended to cover cases like the one 
involving your absence from my party. The headache you mention as yotir 
reason for yotir absence is potentially relevant but not actually, since if s your 
vanity, and not your bad health, that is the real reason for your no-show. 
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judging the explanation as false on grounds like this strikes me as overly 

picky and certainly against the spirit of the claim that the explanation is true. 

If s true in the sense that we have values that approximate the true ones 

sufficiently closely. Almost no explanation would be true if such very strict 

standards were to be applied. Thus, a more promising, and indeed much 

used, argument against the truth of the Newtonian explanation is to point 

out that the explanation is part of a theory which is strictly speaking false. 

Newtonian mechanics can be applied neither when high velocities are 

involved nor when the domain of explanation concerns quantum 

phenomena. 

Of course, for all practical purposes, Newtonian mechanics is quite 

useful. Explaining the tides can proceed without taking quantum ejects into 

accotmt, and the velocities involved are sufficiently small. Taking this route, 

however, amounts to conceding my point. An explanation can be useful 

without actually being true. It can be useful by ignoring certain truths, by 

abstracting away 6:0m aspects of a phenomenon that can either be controlled 

for, are beyond the scope of our measurement possibilities, or have negligible 

effects. 

However, there is some room for maneuvering left for somebody who 

wants to deny my claim that explanations needn't be true. First, one coxild 

deny that Newton's explanation is an actual explanation. Secondly, one could 
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daim that Newtonian mechanics is at least approximately true. And finally, 

conceding both that Newtonian mechanics is false and that the Newtonian 

explanation of the tides is a legitimate explanation, one could maintain that 

taken in isolation, the Newtonian explanation is true. 1 will start by 

considering the second objection. 



5.2.1.1 The Truth of Newtonian Mechanics 
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Some people might hold the view that Newtonian mechanics (NM 

from here on) is (approximately) true, and thafs why the Newtonian 

explanation of the tides still works. Such a view would most likely be backed 

by the claim that NM is true for a subset of the phenomena that fall within 

the domain of physics, viz. those that only involve velocities much smaller 

than the speed of light and with respect to which any quantum effects are 

negligible. NM, on this view, is dedudble &om (to focus on one restriction) 

the special theory of relativity by putting in the constraint of only small 

velocities. 

But is it true that NM is just a special case of more general theories, like 

the special and general theory of relativity? Consider, e.g., the Newtonian 

concept of gravitation. Newton's theory of gravitation consisted in the 

postulation of a gravitational field, which was supposed to be a /brce field the 

strength of which decreases with the square of the distance from the mass 

which is at the center of that force field. In the General Theory of Relativity 

(GTR), the gravitational field is identified with the metric structure of space-

time itself. While Newton explained gravitational effects by postulating a 

certain force, GTR explains those very effects (and some others) by postulating 

a particular metric of space-time. If one ignores a difference of such 



magnitude and claims that GTR is simply a better theory of Newtonian 

gravitation, one could also argue, in analogous ^hion, that parts of current 

chemistry constitute a theory of phlogiston. After all, phlogiston was an 

explanatory construct introduced to accotmt for combustion phenomena, and 

its later replacement by oxygen just changed the name of this explanatory 

construct along with a variety of beliefs about it. 

I do not want to aigue that it is impossible to view matters in this way. 

I do believe, however, that such a perspective doesn't do justice to our 

scientific practice. Scientists do claim that there is of course no phlogiston, 

and bringing it back into existence by some semantic wizardry would righdy 

be regarded as beside the point. The phlogiston theory of combustion was 

false, and the same goes for the Newtonian theory of gravitation, and with it 

his accoimt of the tides. Both the phlogiston theory and Newton's 

explanation of tidal regularities rely on postulated entities that do not exist. 

Thus, since NM is incompatible with both STRi' and GTR, and since we 

accept the latter theories as accurate, we have to conclude that NM is false. 

19 The incompatibility of NM and STR derives from the fact that the 
gravitational force postulated by Newton was supposed to act instantaneously 
across any distance. This is built into the inverse square law: At the very same 
moment at which one mass is removed from or brought closer to another 
mass, the force experienced by the two masses changes. Such instantaneous 
action at a distance was an embarrassment for any corpuscularian theorist 
(like Newton), and is incompatible with the centr^ constraint of STR, viz., 
that no signal that can trsmsmit information can be faster than the speed of 
light (see Wald, 1984, p.8; Sklar, 1992, p.41). 
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5.2.1.2 The Isolation Strategy 

Not many people still try to defend the truth of NM; that s why the last 

section could be kept relatively short. More people, however, would claim 

that although NM is false, Newton's accotmt of the tides is true. The fact that 

his explanation is based on a false theory, or so the story goes, doesn't show by 

itself that this explanation is false as well. While Newton's theory of 

gravitation is concededly false, his explanation of the tides in terms of 

gravitational attraction is nevertheless true. It is the moon's gravitational 

attraction that is causally responsible for the tidal regularities we observe (we 

can again ignore, for the purposes of my argtmient, the contributions from 

the sun). 

The general idea behind this objection to my claim that Newton's 

explanation is false is that the falsity of a backgroimd theory doesn't imply the 

falsity of each and every explanation involving some of the terms of the 

backgrotmd theory. In other words, it is not generally the case that every 

explanation stands or falls with the theory in which it is embedded. As an 

example, consider Darwin's accotmt of evolutionary processes in terms of 

natural selection. He claimed that the mechanisms responsible for spedation 

events, extinctions, and the evolution of new characteristics are selectional 

processes. Heritable traits that contribute to the fitness of a species can vary. 
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and those traits that result in a higher degree of fitness are favored by natural 

selection (see Sober, 1993, p.9). We still believe this account of evolutionary 

processes to be true. However, Darwin's explanation was embed.ded in a 

theory that is false. Most importantly, the mechanism Darwin postulated as 

underl3dng heredity, viz. pangenesi^o^ had. to be replaced by mechanisms 

defined over genes. Thus, it seems that there are cases in which an 

explanatory construct (natural selection in this case) can survive the fall of 

the theory in which it was embedded. 

I take it that the objection under consideration has a similar strategy in 

mind. Instead of burdening Newton's explanation of the tides with 

everything else Newton stated in his theory, we can, it is proposed, isolate his 

explanation and. claim that considered, in isolation, Newton's accotmt is true, 

just as Darwin was right about natural selection being the mechanism 

underlying the evolution of species. According to this isolation strategy, 

Newton's account can be taken to say simply that the reason for the 

occurrence and height of the tides is the gravitational pull exerted by the 

moon on the waters of the earth. Thus, only two crude claims need be true: 

20 Pangenesis is a kind of blending account of heredity. Darwin 
assumed that there are so-called gemmules for each anatomical part of the 
body, which are transmitted into ttie fertilized egg, where they combine with 
gemmules of the female, thereby (somehow) determining the phenot3^ical 
characteristics of the off-spring. For the reasons why t^ idea had to be 
abandoned, see Bowler, 1989, p.210. 
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The moon exerts a gravitational piill, and ifs due to that ptiU that the tides 

exhibit the regularities th^ in fact do. The £act that the story gets much more 

complicated when high velocities or quantum effects are involved is 

irrelevant, in the same sense that quantum effects are irrelevant for an 

explanation of why an aircraft experiences an uplift under the right 

circumstances. 

However, the claim that the tidal regularities are due to a gravitational 

pull excerted by the moon doesn't hold up under closer scrutiny. Let me start 

my argument by reminding you what type of explanation the Newtonian 

accoimt actually constitutes. As I described earlier, the fact that there is a 

correlation between the phases and position of the moon and the height and 

time of occurrence of the tides had been known long before Newton. I also 

claimed, as do many other authors, that an understanding of the tidal 

regularities was only achieved when Newton postulated a causal mechanism 

that explained the observed correlation. The causal mechanism postulated 

was that of gravitational attraction, i.e., a force which is experienced by any 

mass in the presence of any other mass. 

It is important to be dear about what exactly the achievement of 

Newton was .  His  ach ievement  d id  no t  cons i s t  i n  the  c la im tha t  the re  i s  somc 

mechanism that imderlies the observed correlation between the moon's 

position and phase and the tidal regularities; such a mechanism was at least 
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suspected as early as Kepler. Newton's achievement consisted in the 

postulation of a particular causal mechanism , viz. the existence of a force 

acting between any two masses. This force was not only responsible for the 

tidal regularities, but also for &ee fall here on earth and for the orbits of the 

planets of the solar system. According to Newton's account, the tides have 

their observed regularities because of the gravitational attraction exerted by 

the moon on the waters of the earth. This is were he went wrong. 

On any reasonable accoxmt of what 'attraction' means, or 'gravitational 

ptill', it is clear that Newton's explanation treated the tidal regularities as an 

effect of some force, a force he called 'gravity'. For Newton, the preferred way 

of specif5iing the effect of any force is in terms of changes in the state of 

motion of a body which experiences that force. In the presence of a force, a 

body either accelerates or decelerates. In the absence of any force, the state of 

motion of the body remains unchanged. 

The claim that the tides occur because of the gravitational pull of the 

moon has therefore to be understood as the claim that the moon exerts a force 

on the waters of the earth which changes the state of motion of the water 

particles. If we ignore centrifugal forces that act on the surface waters of the 

earth due to its rotation, the tides occur because ttieir otherwise uniform state 

of motion is aHected by the gravitational pull from the moon. Conversely, if 

there were no sources of gravity in the vicinity of the earth, the tidal 
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regularities we in foct observe would not occur. 

Cast into contemporary terminology, the situation is this. Each water 

particle is assigned a certain worldline, which describes its career in spacetime. 

In the Newtonian picture, spacetime is flat, so the geodesies along which a 

body travels if unaffected by any force are straight lines. If we make the 

assumption, for purposes of exposition, that the earth doesn't rotate and 

furthennore doesn't orbit the stm, the worldline of each water particle would 

follow a geodesic, provided that there are no gravitational sources in the 

vicinity other than the earth itself. The fact that we do observe tides can, in 

this picture, only be explained by the presence of another source of gravity. 

Tides are formed by a deviation of the worldlines of some water particles 

from their geodesies. They are the effect of a force, since only the action of a 

force on a given particle can change its state of motion, i.e., the character of its 

worldline. 

The same picture underlies Newton's explanation of the planetary 

orbits. If there were no sun, and no other sources of gravity, each planet 

would travel along a geodesic i.e., along a straight line (assuming, incorrectly 

of course, tiiat tiie planets are sufficiently far apart and suffidentiy similar in 

mass). The foct that the planets don't follow straight lines through the flat 

spacetime is to be explained by the gravitational force exerted by the sun on 

the planets. This force is responsible for the deviation of each planefs 
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worldline from a geodesic. 

According to the General Theory of Relativity, this is the wrong 

picture. Although the predictions of GTR about the planetary orbits agree 

with Mewton's predictions in our solar system (since spacetime is nearly flat, 

and the velocities involved are much smaller than c), 

the tmderlying viewpoint is radically different. In the Newtonian 
viewpoint, the Sun creates a gravitational field that exerts a force upon 
the Earth, which, in turn, causes it to orbit the Sun rather than move 
in a straight line. In the general relativistic viewpoint, the mass-energy 
of the Sun produces a curvature of the spacetime geometry. The Earth 
is in free motion (no forces act upon it) and it travels on a geodesic of 
the spacetime metric^ but because spacetime is curved, it orbits the Stm. 
From the Newtonian viewpoint, the Earth undergoes acceleration; 
from the general relativistic viewpoint, it is the inertial observers of 
the flat metric, Tiab/ who must accelerate." (Wald, 1984, p.77) 

In other words, while for Newton, gravity- effects a deviation from the 

straightest path of a body travelling through spacetime, in GTR, this is no 

longer the case: The straightest path in a gravity field (curved spacetime) is a 

curved one (see Sklar, 1992, p.48). This is what idtimately explains the tides. 

The water particles travel on geodesies through spacetime, but due to the 

presence of "sources" of gravity, spacetime itself is curved, which in turn 

renders its geodesies curved as well. Any particle travelling along a geodesic is 

ipso facto free from the influences of any force. While Newton's account 

essentially involves changes in the states of motion (or, equivalently, 

deviances from geodesies), which have to be attributed to a force, GTR denies 



such changes, thus eliminating the need for postulating a force, and 

postulates a curvature of spacetime instead. Since we have good reasons for 

preferring GTR over MM, and since the mechanism postulated by Newton's 

account of the tides is incompatible with GTR, we have to conclude that the 

Newtonian explanation is false. 

The last move left for my opponent is, as far as I can see, to attack a 

premiss of my argtiment I briefly mentioned in the beginning. One might say 

that it is, on the Newtonian view, not necessary to regard the expression 

'gravitational attraction' as involving the concept of a force essentially. 

Instead of my characterization of the Newtonian accotmt as explaining the 

tides as an effect of a force, it might be contended that it is better to regard 

Newton's accotmt as claiming the tides are the effects of the presence of the 

moon. Such a lose understanding of "gravitational attraction" is indeed 

compatible with GTR, as it is of course the presence of the moon which is 

responsible, through its "effect" on the curvature of spacetime, for the 

occurrence of the tides. Although Newton was wrong about the details of the 

effect of the presence of the moon, or so my opponent could say, he was right 

about the fact that the presence of the moon is the crucial factor in explaining 

the tides. Just as Darwin had a ^dse theory about the mechanisms imderlying 

heredity, Newton had a false theory about how exactly the moon afiects the 

water, but his explanation is, taken in this wider sense, nevertheless true. 



This attempt to recondliate Newton's account of the tides with GTR, in 

the spirit of how we salvage Darwin's account of evolutionary processes in 

terms of natural selection, ultimately fails as well. The main reason is this: If 

we tmderstand Newton's explanation loosely as sajring that ifs something 

about the presence of the moon that explains the tides, we deny him any 

progress over early Babylonian astronomers. For as I have said earlier, 

knowledge about the correlation between the position and phases of the 

moon and tidal regularities dates bade to at least Babylon. The achievement of 

Newton was to postulate a mechanism that lets tis tmderstand the correlation 

as being based on a causal connectiotL hi order to identify Newton's progress 

over Babylonian accounts, we have to take his postulation of the particular 

causal mechanism he in fact postulated seriously. Stripping his explanation of 

this ingredient would leave it as a statement of a mere correlation. 

But maybe we can salvage Newton's explanation by pointing out that 

in contrast to the Babylonian astronomers, he at least succeeded in providing 

the right sort of a causal story. Since correlations can also be explained in 

terms of a common cause (maybe a kind of Leibnizian pre-established 

harmony in this case), the fact that Newton postulated that the moon was 

causally responsible for the tidal regularities shows that he got something 

important right. We still believe that the presence of the moon is responsible 

for the tides. Thus, although Newton got the details wrong, he was, according 



to this idea, on the right track. Newton's explanation is approximately true, 

and it is only his view of what gravitational attraction is that has to be 

abandoned. 

If we accept the claim that Newton's explanation was approximately 

true in virtue of identifying the right sort of a causal story, we would also 

have to accept the claim, that one of the main competitor explanations of tidal 

regularities, viz. the one offered by the French Cartesian physicist Rohoult, 

was equally approximately true. In 1671, Rohoult published a Trait de 

Physique, in which he offered the following explanation of the tides. Both the 

moon and the earth are carried by an elliptical vortex of heavenly matter. 

This causes the heavenly matter to be squeezed between the moon and the 

earth, pushing the earth away from the moon. That push is counteracted by 

the presstire of the heavenly matter on the other side of the earth, which 

results in the earth being squeezed along a line that goes through the centers 

of the earth and the moon. "This causes the oceans to flow away from the 

main pressure points towards the poles, and this explains the tides." (Oark, 

1989,p.l87) 

Rohoulf s explanation is the same sort of causal story that Newton 

offered. Although it gets the details wrong, it too treats the moon as being 

somehow causally responsible for the tides. Thus, if we grotmd the claim that 

Newton's explanation is approximately true in the fact that he got the right 
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sort of a causal story, it follows that Rohoulfs explanation is also 

approximately true. 

I think there are two problems with this conclusion. On the one hand, 

it is hard to see how two incompatible stories can both be approximately true. 

It is dear that they can't both be true. At the very least, then, the notion of 

'approximate truth' must be very di^rent from our ordinary notion of 'truth' 

to aUow for incompatible stories to be both approximately true. However, it is 

tmclear whether a notion so dlHerent from ordinary truth is useful for the 

defenders of the view that all actual explanations have to be "(at least 

approximately) true" (Upton, 1992, p.59). They wotdd have to concede that 

there might be, for any given explanandum, two or more actual, but 

incompatible, explanations. But this is exactiy what the defenders of the 

necessary truth of actual explanations try to avoid. The distinction between 

actual and potential explanations (see section 5.2.2 below) is specifically 

designed to ensure that there is only one true, and thereby actual, explanation 

for any given explanandum. Thus, the idea that Newton's explanation is 

approximately true in the sense discussed provides no comfort for my 

opponents, and indeed undermines their entire agenda. 

Secondly, even people who don't share this agenda, but nevertheless 

believe that Newton's explanation is true, will most likely be disturbed by the 

conclusion that Rohoulfs explanation has to be regarded as true, if Newton's 
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is. After all, what makes diose two explanations equally approximately true is 

the fact that they provide the right sort of causal explanatioiu They both claim 

that the moon is somehow causally responsible for the tides. However, it 

doesn't require a lot of ingenuity to cook up an indefinitely large number of 

stories that can be substituted for the place-holder 'somehow'. But this means 

that an indefinitely large number of explanations of the tides have to be 

accepted as true, if Newton's accotmt is. 

I don't believe that this implication would be very welcome. The only 

reason I can see that somebody might have to regard Newton's explanation as 

true is the belief that Newton's explanation was on the right track, and that it 

was the only one on the right track. If we have to regard all those indefinitely 

many competitor explanations as equally true, the point of calling the 

Newtonian explanation true seems to be lost. I believe if s much less 

confusing to adhere to our earlier conclusion, viz., that Newton's account of 

the tides was false, and with it all the other competitors that share with 

Newton's accotmt the feature of postulating a causal responsibility of the 

moon, than to try to save one's belief that Newton was correct at the expense 

of rendering all of the other (actual and possible) theories correct as well. If s 

easier to xmderstand how indefinitely many mutually incompatible theories 

can all be false than to make sense of the claim that all those theories are 

approximately true. 
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Obviotisly, the foregoing discussion rests on an important assumption, 

viz. that the Newtonian explanation is in fact an explanation. The way I set 

up the dialectic between me and my opponent was such that she granted the 

truth of that assumption. But she could of course reject that assumption. My 

opponent could take refuge in a negation of the purported explanatoriness of 

the Newtoiuan "explanation". In effect, that move amotmts to claiming that 

my example is a bad one, for it is not an example of a genuine or legitimate 

explanatioiL Thus, I have to either give up my claim that false explanations 

can be genuine explanations or else look for a better example. 

I have two problems with this line of response. First, I suspect that 

somebody willing to deny that Newton's account of the tides is explanatory 

would deny that any of the false explanations offered in the past are 

explanatory. This comes close to being question-begging. If my opponents 

claim that all actual explanations must be true is supposed to be immune 

from revision, as is revealed by the insistence that the Newtonian 

explanation is not an actual explanation, because it is not true, we have 

nothing left to argue about No matter how many examples of actual but false 

explanations I can come up with, my opponent would just shrug her 

shoulders and say that those examples do not constitute counterexamples to 
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her claim, because they are examples of false explanations. Thus, if only for 

the sake of continued discussion, I would like to see some independent 

reasons for denying that Newton's account is an actual ecplanation. 

Secondly, the claim that all actual explanations must be true, 6rom 

which it follows that Newton's account of the tides is not an actual 

explanation, has some unfortimate consequences. The most important of 

these consequences is that there have been no actual explanations provided of 

anything in the history of science. Moreover, given the track-record of our 

scientific theorizing (viz. that most, if not all, past scientific theories were 

false), it is extremely unlikely that any of the mathematical or linguistic 

constructs now in the offing under the name of 'explanation' in fact qtialify as 

explanations. Thus, contrary to all appearances, we have (almost) no actual 

explanations. In other words, our understanding of the world, which is 

arguably in part based on scientific explanations, is in no way better than that 

of pre-babylonian spectators of the tides, comets, lightiung, and what have 

you. 

My main reason for regarding the Newtonian explanation of the tides 

and countlessly many other, similarly false ones as actual explanations is the 

very strong intuition that we do have a better imderstanding of the world 

than those pre-babylonian spectators. That increase in the quality of 

imderstanding doubtlessly derives fiom the explanations that have been 
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offered throughout the history of science. Of course I'm willing to grant that 

we might not have more knowledge about our surroundings, at least when it 

comes to the reasons for why certain events occur, but this doesn't constitute 

a problem for me. As I will argue later, I regard understanding as independent 

and different from knowledge. Should a particular explanation happen to be 

true, then we are in the ludgr position of acquiring knowledge (lucky, if you 

are inclined to place great value on knowledge). But it is, on my view, a 

mistake to dismiss each and every false explanation as a pseudo-explanation 

just because it doesn't deliver knowledge. What false explanations can deliver 

is understanding. 

My answer to the opponent who claims that the Newtonian 

explanation of the tides is not explanatory can thus be summarized as follows. 

If my opponent's claim is based on the belief that (maybe by definition) all 

actual explanations must be true, she has to come to grips with the 

consequence that our understanding of the world is in no way superior to 

that of our ancestors. On the other hand, introducing understanding as a goal 

of explanation that is independent from knowledge and which can residt 

from false explanations seems to me to account better for the intuition that 

something was achieved by Newton's explanation of the tides, Lavoisier's 
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explanation of combustion, and Bernoulli's explanation of Boyle's law.21 

This concludes the first part of my argument against the claim that 

actual explanations have to be true. I relied on one important example from 

the history of science and showed that although being a false explanation, 

Newton's accoimt for the tides is still a pretty good explanation. However, 

there are many other excunples which could be used to make the same point: 

Newton's explanation of the rainbow (see Hughes, 1993, pp.l39ff), Bernoulli's 

explanation of Boyle's law, Lavoisier's explanation of combustion 

phenomena. Maxwell's explanation of electrodynamic and electrostatic 

phenomena, using the model of an ideal fliiid, Rutherford's explanation of 

scattering effects in crystals in terms of his model of the atom, etc. All of those 

explanations are strictly speaking false; indeed, James Qerk Maxwell himself 

stated explicitly that his explanation ought not be regarded as a physical 

hypothesis about the underlying causes of electrical phenomena (see Hendry, 

1986, pp.l45ff). Nevertheless, I believe all of them provide us with some 

degree of tmderstanding their respective explananda. 

21 Both Lavoisier's and Bernoulli's theories were false: Lavoisier's 
oxygen was thought to be the principle of acidity, and Bernoulli failed to take 
into accoimt the fundamental statistical character of the emerging kinetic 
theory of gases. 
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5^.2 Generating Explanatory Hypotheses 

Cases which most clearly call for an inference to the best explanation 

are those in which we are confronted with two theories that explain the same 

data, or, as it is sometimes put, accommodate the same data-set Although it 

has been doubted lately that the once popular view that there is an 

empirically indistinguishable alternative for every explanatory theory is true 

(see Laudan and Leplin, 1991), I believe that enough examples of actual stale

mates between theories vis-a-vis a given data-set can be found to make 

considering ttie question of choice worthwhile. By way of illustration, let me 

briefly remind you of the current discussion between orthodox 

computationalism and connectionism in the philosophy of mind. 

According to some of the main players on the orthodox team (e.g., 

Fodor and Pylyshyn, 1990), both connectionism and orthodox 

computationalism are in principle capable of accounting for the central data 

which can be used as the evidential basis for a proposal about the nature of 

the human cognitive architecture. In particular, it is conceded that a 

Smolenslqr-type connectionism can even explain facts about the systematidty 

of thinking. But, so the argument goes, connectionism is explanatory only by 

introducing a variety of ad-hoc hypotheses, and this fact makes 

connectionism in the eyes of the orthodox beholders a vastly inferior theory. 
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The most important thing to notice is that none of the participants in 

the discussion surrounding the human cognitive architecture have ever 

claimed that the criticized explanation is not an explanation. Both sides seem 

to agree that the account offered by the other side actually explains the 

relevant data. The disagreement is only about who has the better explanation. 

Of course, both sides believe that their story is the correct one, but since 

neither side denies explanatoriness to the constructs of the other side, they 

apparently do not accept the claim that only true explanations are actual 

explanations. 

Of course, they could all be just confused about the issues involved. 

Peter lipton, e.g., would probably argue that ttie disputants are not suffidently 

aware of the distinction between potential and actual explanations. Once this 

distinction is in place, one is simply forced to deny the status of being an 

explanation to the theoretical constructs of the opposing side. Lefs have a 

closer look at that distinction. 

As I mentioned in the beginning of this chapter, Lipton holds (in the 

tradition of Hempel and Oppenheim) that all actual explanations are (at least 

approximately) true. Potential explanations, in contrast, are those which are at 

least compatible with the data. In some sense, they are constructs which 

satisfy all the constraints on actual explanations except that of truth (see 

Lipton, 1991, p.60). Another characterization is that potential explanations are 
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those constructs that, if true, actually explain the explanandum. These 

characterizations obviously entail that mere potential explanations do not 

actually explain their explananda. Thus the recommendation to the orthodox 

computationalist who believes her account to be true to regard the accoxmt of 

thinking offered by the connectionists as no ^cplanation at aU. 

I think this is the wrong recommendation, and I also think that the 

disputants involved are ^ from being confused about the explanatoriness of 

their competitor's accounts of thinking. Thus, I will argue, contra Lipton and 

his peers, for the following daim: Whenever we are confronted with a choice 

between two or more explanatory hypotheses, we have to assimie that all 

competitors really do explain their explanandum. Of course, since the 

competitors are often mutually incompatible, th^ can't be all true. But truth, 

as I already noted and will argue in some detail, is not the primary goal of 

scientific theorizing. What we seek is tmderstanding, and in a situation of 

choice, the best explanation will be ttie one which provides the highest degree 

of tmderstanding. Thus, inference to the best explanation is not an inference 

to the explanation which is true, but instead an inference to the explanation 

which best explains, i.e., which yields the best tmderstanding. What "best 

tmderstanding' amotmts to will be discussed in later chapters. For now, 1 will 

focus on the reasons for my claim that theory-choice forces us to treat all 

competitors as actual explanations. 
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5.2^.1. Explanatoriness 

When, we see ourselves confronted with a choice between a number of 

competitor hypotheses concerning the same phenomena, we already have 

ruled out a much greater number of other hypotheses, viz- all those we judge 

as non-explanatory in the relevant context. What is the basis for this initial 

classification of available hypotheses into explanatory and non-explanatory 

ones? Suppose we consider hypothesis Hi. The question we ask is whether Hi 

lets us imderstand the explanandum at hand. If the answer is yes, we classify 

it as explanatory, if not. Hi is dumped as non-explanatory. Of course, in actual 

practice, we don't go through the entire sequence of possible hypotheses. 

Fortunately, we seem to be able to generate explanatory hypotheses pretty 

quickly (not in all cases, though; see the history of quantum mechanics), so 

that we don't waste a lot of time considering non-explanatory hypotheses. Be 

this as it may, I believe nevertheless that the explanatoriness of a hypothesis 

is determined by probing its capadfy to yield tmderstanding. 

The same point can be made when we consider the process of theory 

confirmation. During that process, we try to determine which of a set of 

candidate hypotheses stands the biggest chance of being true. But it is clear 

that the truth of a hypothesis is not the only thing we are interested in. 

Otherwise it wouldn't make sense to throw out all those h3rpotheses the truth 
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of which is beyond any doubt when we generate candidates for confirmation. 

We can only understand that practice, if we introduce explanatoriness as a 

dimension of hypotheses that is independent of ttieir truth. The process of 

theory confirmation relies on such an independent notion of explanatoriness. 

We first generate explanatory hypotheses, throwing out all the true "non-

starters", and then try to find firom among those candidates the one best 

confirmed by the data. Again, I submit that for the process of theory 

confirmation to get started, we must generate h3rpotheses that let us 

understand the explananda under consideration. 

Now it is dear that at this point, i.e., the point of the initial generation 

of explanatory hypotheses, we do not know which one of tiiose hypotheses is 

true, if any. Nievertheless, they are all explanatory, for explanatoriness was the 

reason for them being generated as candidates for an explanation to be 

adopted. But are they all actual explanations? Lipton would say no and call 

them potential explanations only. If he is correct, we need to draw a 

distinction between the fact that a hypothesis explains its explanandum and 

the fact that the same hypothesis is explanatory. For if my brief remarks about 

the generation of potential explanations (to use Upton's terminology) are on 

the right track, all potential explanations are explanatory, but, since only one, 

if any, of them is an actual explanation, not all explanatory h3rpotheses are 

explanations. Thus, there are many hypotheses which are explanatory but 
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don't explain. That result strikes me as odd. 

There are two ways in which Lipton, or somebody of similar 

persuasion, could respond. On the one hand, he could say that the hypotheses 

under consideration are only potentially explanatory and that they let us 

understand the phenomena only potentially. On the other hand, he could 

agree that all hypotheses under consideration are actually explanatory, but 

only the one which is also true actually explains. In what follows, I will try to 

show that both ways are dead ends. The arguments I develop here are 

structurally identical to those which I will employ in chapters five and six to 

support my claim that understanding the world postulated by a theory 

precedes any attempts to test the theory's accuracy. Thus, the somewhat 

lengthy discussion of Lipton's position is justified by its applicability to a 

central issue of my accotmt of scientific understanding. 
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The second response mentioned above concedes the actual 

explanatoriness of all potential explanations, but insists that only the true 

explanation actually explains. In order to actually explain the phenomena 

under consideration, you have to add truth to mere explanatoriness. The 

question is what truth does when added to mere explanatoriness. Obviously, 

the addition of truth can't enhance explanatoriness. The response conceded 

that the potential explanations are actually explanatory. Th\is, the difference 

between a true and a false hypothesis has, in the context of this response, no 

effect on the explanatoriness of the respective hypotheses. Adding truth to an 

actually explanatory hypothesis adds as little to the explanatoriness as the 

addition of falsity detracts, namely nothing. Thus, true explanatory 

hypotheses are not more explanatory than false ones, provided that potential 

explanations are actually explanatory. 

However, Lipton wants to claim that something important is added 

with the addition of truth, something that converts a mere potential 

explanation into an actual one. Of course, there is one obvious candidate for 

what the effect of adding truth is: True explanations provide, next to 

understanding, knowledge as well, provided that further epistemic 

constraints on knowledge are satisfied. It would seem, then, that the 
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identification, of actual witii true explanations is driven by the intuition that 

good explanations have to give us knowledge of why something happened. 

False explanations do not actually explain phenomena, because they don't 

yield knowledge concerning the reasons for why certain phenomena occur. 

I agree that false explanations don't deliver knowledge. But I believe it 

is advisable not to infer firom this that false &cplanations are not actual 

explanations. For it was conceded, by the response we are now considering, 

that all candidate explanations are actually explanatory. If truth was required 

for their capacity to actually explain, we'd be back to square one and required 

to make the dubious distinction between actually explanatory hypotheses and 

hypotheses that actually explain. 

In other words, we will be better off if we distingtiish between 

understanding and knowledge as two separate goals of explanation. This 

distinction allows us to by-pass the dubious distinction between actually 

explanatory hypotheses and hypottieses that actually explain and still reserve 

a role for truth. We can hold that actual explanations are those that are 

actually explanatory, and still see a difference between true and false 

explanations: True ones achieve the further goal of knowledge, while false 

explanations "only" yield understanding, hi addition, the distinction between 

imderstanding and knowledge allows us to identify the achievement of false 

theories like Newtonian Mechanics; They delivered understanding. 



522.12 Potentially Explanatory Candidate Hypotheses 

110 

At this point, Lipton might resort to the second available response. He 

coiild claim that potential explanations are only potentially explcmatory and 

thtis avoid the commitment to a distinction between explanatoriness and the 

capacity to explain in a way more congenial to his view. However, I think that 

this response ultimately fails as well. If it is conceded that the explanatoriness 

of a hypothesis is a function of that hypothesis' capacity to deliver 

understanding, a potentially explanatory hypothesis will presumably only 

lead to potential xmderstanding. Thus, on this view, we generate potential 

explanations on the basis of probing a hypothesis for its capacity to deliver 

potential understanding. Here's what I believe is wrong with this picture. 

Basically, the distinction between potential imderstanding and actual 

understanding, which appears to be presupposed by talking about potential 

explanatoriness, is misleading in that it suggests that potential understanding 

is not full-fledged or real understanding. It seems wrong, however, to say that 

I judge a h3rpothesis as potentially explanatory and thus as leading to potential 

understanding only if adding truth to it were to give me real imderstanding. I 

need to really imderstand the explanandum on the basis of a proposed 

hypothesis in order to judge that hypottiesis explanatory. Upton's "potential" 

imderstanding is actual \mderstanding, achieved on the assumption that a 
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given hypothesis is correct. I£ I assume d\e truth of a hypothesis for the sake 

of fudging its explanatoriness, I can determine whether 1 do or do not actually 

understand on the basis of that hypothesis. The fact that I don't know 

whether the hypothesis is true or not doesn't make the understanding 

resulting 6:0m assuming the hypothesis' truth merely potential. 

An analogy with 'belief should clear things up a bit. Suppose I believe 

that the universe came into existence through a process called the Big Bang. 

Although I hold that belief on the asstimption that most parts of our current 

cosmology are correct, that fact doesn't make my belief a mere potential belief. 

If it turns out that our cosmology is false, then my actual belief that (here was 

a Big Bang turns out to be false as weU. But it doesn't turn out to not have 

been an actual belief. Similarly, if our cosmology is in fact true, my belief is 

true as well and might actually constitute knowledge. But the belief itself is 

not transformed from a mere potential to an actual belief, if our cosmology is 

correct. If that were the case, then only beliefs that amotmt to knowledge 

would be actual beliefs, and those that are not knowledge would be mere 

potential beliefs. Sure, one can talk that way, but that way of talking is 

extremely confusing. At the very least, it would suggest a replacement of the 

difference between knowledge and belief by a difference between actual and 

potential belief, since loiowledge' turns out co-extensive with 'justified actual 

belief. 
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Instead of calling beliefe that are held on the basis of assuming other 

beliefs to be correct potential beliefs, if s much less misleading, and actually 

long-standing practice, to call ttiem hypothetical beliefs. Similarly, I believe it 

is better to talk about hypothetical instead of potential understanding. The 

\mderstanding that is based on a hypottiesis that turns out to be false is not 

less of an imderstanding than the one based on a true hypothesis. During the 

process of generating explanatory hypothesis, we assess the hypothetical 

understanding yielded by di^erent hypothesis (thaf s why they are called 

hypotheses in the first place). Such h3^othetical imderstanding is actual 

understanding, i.e., actual understanding based on the assumption that a 

given hypothesis is true, and the hypotheses which yield such actual 

understanding do so in virtue of being actually explanatory. Thus, we end up 

with the result that what Lipton calls potential explanations are actual 

explanations; they are explanations that actually explain. Given that the only 

other way in which we can deny that those so-called potential explanations 

are actually explanatory, viz. by claiming that there are some explanatory 

hypotheses which do not explain, was ruled out earlier, it follows that in a 

situation of choice, we have to treat aU candidate hypotheses as actual 

explanations. 
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5.3 Mundane Explanations 

I will close with some brief remarks about the example of a false 

mimdane explanation I introduced at tiie beginning of tiiis chapter. Let me 

first remind you of the original example. My Mend explained his absence 

from yesterday's party by referring to his strong headaches. I am dissatisfied 

with that explanation, for I do know that he had a bad hair day (he told me 

so), and I know, from peist experience, that his vanity is the reason for almost 

all his actions. Thus, I confront him and demand to give me the actual 

explanation and not feed me a lie. hnplidt in that demand seems to be the 

intuition under consideration, viz. that the false explanation he offered is no 

real explanation after all. It doesn't coimt as an actual explanation, since it is 

false; he failed to actually explain his absence. 

I believe that what really imderlies our intuition that in this case, the 

explanation offered by my friend was not an actual explanation, is a hidden 

presupposition of our demand for an explanation. Asking my friend why he 

didn't come is less of an attempt to understand why he didn't come, than it is 

a demand to know why he stayed home. This demand is not satisfied by what 

my friend says, given the circumstances of the example. I want to know why 

he didn't come, not simply understand his absence. His explanation doesn't 

deliver that knowledge, and thaf s why I judge his explanation as a bad 
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ecplanation, or as not being the real explanation. 

What we have to keep in mind is the distinction between 

explanatoriness and accuracy, or truth. Although my friend's explanation is 

explanatory by delivering hypothetical understanding (in the sense of the last 

section), it is not accurate. As we have seen earlier, during my discussion of 

the process of generating candidate hypotheses for either an inference to the 

best explanation or theory confirmation, accuracy (or truth) and 

explanatoriness have to be treated as two independent dimensions of 

explanations. The same point applies in the case of the present example. 

Suppose I don't know, at the time he offers me his explanation, that he did 

have a bad hair day. In ttiis case, my friend's explanation is a good candidate 

for the accurate explanation. If I assume it is true, I can understand why he 

didn't come. Suppose further that somebody else reminds me that my friend 

usually stays home whenever he has a bad hair day. This might lead me to 

entertain an alternative explanatory hypothesis, viz. that he didn't come, 

because he had a bad hair day. S I assume that he did, I can also tmderstand 

why he didn't show up. Thus, I now have, as in all other cases of theory 

choice, a set of equally explanatory hypotheses, and it is my task to find out 

which one, if any, is true. 

The only reason why this example initially seemed to carry some 

weight as evidence for the claim that false mimdane explanations are to be 
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regarded as non-actual explanations is that I knew, from the beginning, that 

he stayed home, because he had a bad hair day. I also knew that headaches 

never stop him from going out. Thus, in the original example, it is the 

knowledge of the falsity of his headache explanation that led me to throw it 

out. This holds for any situation of theory choice. If we generate a hypothesis 

which is explanatory but known to be false, we throw it out, as long as there 

are other explanatory hypotheses in the offing.22 However, in those cases in 

which we don't know that a proposed explanation is false, we do have to 

regard it, for reasons rehearsed earlier, as actually explanatory. I therefore 

conclude that even mundane explanations that are false are actually 

explanatory, despite their lack of accuracy. Only if we know, on the basis of 

independent reasons, that they are false, are we in a position to perhaps 

dismiss them (but see footnote 22). The distinction between two independent 

aspects of explanations, viz. explanatoriness and accuracy, holds, I conclude, 

for scientific as well as mundane explanations, and it is this distinction which 

underlies my central claim that explanations need not be true in order to be 

good or actual explanations. 

22 If a hypothesis that is known to be false is the only game in town, as 
it were, we usually don't dismiss it immediately. As I argue elsewhere, even 
hypotheses that are known to be false can still be useful by suggesting a 
direction for further research. For a variety of examples of theories that were 
known to be false, but kept in stock anyway, see Kuhn, 1%2. 



6. CHAPTER FOUR SIMPUOTY AND TRUTH 

116 

6.1 Introduction. 

bi chapter two, I distinguished between several different objects of 

simplicity ascriptions as well as between different bases of those ascriptions. 

Chapter three was devoted to argue for the claim that false explanations can 

lead to tmderstanding. It is now time to pull those different strands together 

into an argument against the veritistic view of simplicity. My thesis in the 

present chapter is this: No matter what the object and basis of simplicity 

ascriptions, the reasons for preferring simpler theories over more complex 

ones cannot be groimded in claims about the simplicity of the world. 

Let me remind you of the doctrine I intend to refute. In chapter one, I 

called this doctrine ontological veritism, and it says that simpler hypotheses 

are more likely to be accurate in virtue of the fact that the world is inherently 

simple. It thus makes two crucial claims: (i) The world is ontologically simple, 

and (ii) simple h3rpotheses, that is, hypotheses which represent the world as 

simple, are (ttierefore) more likely to be accurate. I regard these claims as in 

fact independent, because one can hold the view that simple hypotheses are 

more likely to be accurate, but be agnostic about the question whether the 

world is ontologically simple or not. In other words, one can believe that 
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simple hypotheses have a better chance of being true without believing that 

the world is simple. I call this second position epistemological veritism due to 

tJie fact that the only arguments in its favor are based on epistemological 

considerations. Briefly, it can be shown that simpler hypotheses have an 

epistemic advantage over more complex ones by reducing the influence of 

observational errors in the formulation of certain hypotheses. Such a 

reduction in the amount of error in the formulation of a given hypothesis 

obviously contributes to its accuracy, thereby making it more likely to be true. 

My discussion will first focus on descriptive hypotheses. I will argue 

against ontological veritism by drawing attention to two problems. First, there 

are difficult epistemological problems concerning the reasons we might have 

for believing the world to be simple, a belief which is essential to ontological 

veritism. Secondly, I will show that some of the prescriptions of ontological 

veritism concerning the choice between different hypotheses have 

imacceptable results when we take into accotmt that the degree to which the 

world is represented as simple by a given hypotheses can be a function of the 

representational format chosen. 

My discussion of epistemological veritism will lead to the conclxision 

that it is indeed a viable view concerning the advantages of comparatively 

simple descriptive hypotheses. I will discuss Sober and Forster's (1994) 

argtiment for that position and take this as an opporttmity to clarify the 



118 

nature of the main premiss of their argument 

In the second part of this chapter, I will first raise the question as to 

whether epistemological veritism can be defended as a viable position 

concerning the simplicity of explanatory hypotheses. I will show that the 

argument that made epistemological veritism plausible for descriptive 

h3rpotheses do not carry over to the case of explanatory hypotheses. Next, 

ontological veritism will be discussed. There are arguments against this 

position concerning the virtue of simple explanatory h3rpotheses that parallel 

the argtmients discussed in the first part. Moreover, ontological veritism with 

respect to explanatory hypotheses suffers from additional shortcomings. Most 

importantly, if the belief in a simple world is based on what past theories say 

about the world, that belief is uiqustified, since most of our past explanatory 

theories turned out to be inaccurate. 
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62.1 The Promise of Ontological Veritism 

Let's briefly rehearse what I said earlier about descriptive 

hypotheses. Most importantly, descriptive hjrpotheses represent claims about 

the functional relationship between two or more parameters of certain 

phenomena. The simple pendulum law (T » 2«e.g., specifies a 

regularity of the behavior of pendula by claiming that there is a certain 

fimctional relation between the length of the string of any given pendulum 

and its period. The form of the corresponding curve is this: 

Figure 3 , Two Curves and the Ideal Pendulum Law 
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Q is the curve that corresponds to the simple pendulum law, while C2 

is a possible alternative, which in this case cov^ each and every one of the 

actual data points. Intuitively, we judge Ci to be simpler than C2, and in fact 

we take Q to represent die actual state of affairs, while C2 is dismissed as 

inaccurate. We believe that the period of the pendulvim is indeed a simple 

parabolic function of the length of its string. This raises two questions. One, in 

what sense do we judge Ci simpler than C2? Second, why do we believe Ci to 

be more accurate than C2? 

The judgement that Q is simpler than C2 is based on an intuitive 

simplicity ordering of families of functions. The algebraic expression 

generating Ci is simpler in virtue of containing fewer parameters than the 

algebraic eqpression generating C2, whatever that expression might look like. 

The fact that the first expression is simpler than the second one can be readily 

read off the shape of the corresponding curves. Smooth curves are usually 

regarded simpler than bumpy ones. This is a fairly standard way of assessing 

the comparative simplicity of two (or more) curves (see, e.g., Glymour, 1980, 

pp.322ff.). 

Now suppose we are faced with a choice between those two curves. 

What reasons can we give in favor of choosing Q over C2? Both Ci and C2 

are intended to specify a certain regularity in nature. We certainly also intend 

to pick out the correct regularity, or, in other words, the most accurate 
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representation, of the functional relationships between parameters that are 

responsible for the observed data. What we want is to pick the true curve. 

Thus, if we choose Ci over C2 in virtue of the fact tf\at Q is simpler than C2, 

we have to have reasons for believing that the simpler curve is more accurate 

than the more complex one, given our goal of picking the more accurate 

representation. This leads us to the second question mentioned above: What 

kinds of reasons could we have for the belief that Q is more accurate than C2? 

The doctrine of ontological veritism provides a seductively simple 

answer. It says that the world is inherently simple, and thus representations 

that represent the world as comparatively simple are more likely to be 

accurate. Ci, representing the world as simpler than C2, is, in virtue of the 

inherent simplicity of the world, the correct choice. 

Despite its iiutial attractiveness, ontological veritism faces two sets of 

problems. I wiU argue that on the one hand, it is of dubious epistemological 

status, and that on the other hand, it faces serious methodological problems 

with respect to cases in which the degree of simplicity of a given hypothesis is 

dependent on the way in which we choose to express that hypothesis. 
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The principal concern I want to voice pertains to the reasons we can 

have for believing that the world is inherently simple, and for believing that 

therefore, selecting the most simple descriptive hypothesis available will 

increase the probability of that hypothesis to be accurate. Remember that 

ontological veritism is committed to the following pair of claims: First, the 

world is inherently simple. Second, tfie reason for our belief that choosing a 

comparatively simpler hypothesis will restdt in the adoption of a 

comparatively more accurate hypothesis is the belief that the first claim is 

true. It is important to keep in mind what this second claim amounts to. 

Ontological veritism not only holds that simple descriptive hypotheses are 

more likely to be accurate (a belief shared with epistemological veritism), but 

tha t  compara t ive ly  s imple r  hypo theses  a re  more  l ike ly  t o  be  accura te  in  

virtue of their comparative simplicity. It is that simplidty^ which makes them 

more likely to be accurate than other, more complex competitors which are 

equally empirically adequate. Simplicity has that truth-making characteristic 

because the world is inherently simple, according to ontological veritism. It is 

for that reason that the ontological veritist thinks we are justified in always 

choosing the simplest available hypothesis from among those compatible 

with the data. Because the world is inherently simple, a hypothesis' simplicity 
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can be seen as an indicator of its accuracy. Thus, if we want accurate 

hypotheses, we need to select simple hypotheses. Simplicity indicates 

accuraqr, just as the number of rings in a tree indicates the age of that tree. 

Tree rings indicate the age of a tree because there is a nomologically necessary 

connection between the number of rings and the number of years of a tree. 

Similarly, the ontological veritist must hold that there is a nomologically 

necessary connection between the degree of simplicity of a hypothesis and its 

degree of accuracy. 

Thus, to support ontological veritism, we need two sorts of reasons: 

We need to have good reasons for believing the world is inherently simple, 

and we need reasons for believing that there is a nomologically necessary 

connection between the simplicity and ttie accuracy of hypotheses. I will argue 

that we have neither sorts of reasons. First, even if we had reasons for 

believing that the world is simple, those reasons would not be strong enough 

to justify the claim that there is a nomologically necessary connection 

between simplicity and accuracy of hypotheses. Secondly, the kind of reasons 

we can have for believing that the world is simple are themselves beliefe 

about particular domains of the world and can therefore not justify a belief in 

a thoroughgoing simplidty of the world. 
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Reasons for believing the world to be simple most plausibly take the 

form of beliefs which are based on our theories about the world. 23 By this I 

mean that when we look at the best available physical, or chemical, or 

biological, or what-have-you, theories, we might be justified in inferring that 

the world is inherently simple. If we ask ourselves what the world is like, 

provided that our best theories are accurate, it might turn out that one of its 

central features is ontological simplicity. If, for example, it turns out that a 

imified field theory is acceptable as the best account of the underlying 

structure responsible for physical phenomena on both the quantum- and the 

cosmological levels, we can infer from this that the world is, given that we 

accept such a unified field theory as accurate, inherently simple. 

Generally speaking, the ontological veritist could defend her crucial 

premiss about the inherent simplidty^ of the world by arguing that in light of 

23 Obviously, I disregard two possibilities: One, we have some sort of 
direct access to the ontological structure of the world, and to the degree of its 
ontological simplicity in particular. Second, we can argue for the simplicity of 
the world on purely conceptual and thus a priori grounds. I do not b^eve we 
have such pri^eg^ access to any aspect of the world, nor do I believe that an 
empirical matter, like the simplidty^ or complexity^ of the world, can be settled 
by conceptual considerations. In any case, even if someone were to come up 
with a promising looking way to defend her belief that the world is 
ontologically simple on the basis of either of these sorts of considerations, she 
would still have to find a way arotmd the methodological problems discussed 
below. 
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our best current theories, it is most plausible to assume the world to be 

simple. In other words, the ontological veritist might argue for her claim by 

showing that our most accurate theories postulate a simple world. If this is 

correct, however, then ifs no longer clear that the belief that the world is 

simple can serve as a reason for selecting the simpler of two hypotheses as the 

more accurate one. Since the belief in the simplicity of the world is itself 

derived from theories about the world, invoking simplicity consideration in 

cases of theory choice can easily lead us into a vicious circle. There is a way to 

avoid that circle, but, as I will argue, that way turns out to come at too high a 

cost It deprives the ontological veritist of any reasons for believing that there 

is a nomologically necessary connection between the simplicity and the 

accuracy of descriptive hypotheses. As we have seen, this claim is at the heart 

of ontological veritism. 

Let me start by describing a situation of theory choice that makes the 

threat of circularity painfully obvious, so obvious in fact, that the example 

itself seems a mere mockery. Suppose we have two hypotheses. Hi and H2, 

both of which are equally empirically adequate. Let Hi represent the world as 

simpler than H^. Suppose further that we select Hi as the more accurate 

hypothesis, and that we justify that selection by claiming that Hi is simpler. 

Hi, being the simpler hypothesis, gives us reasons for believing that the 

world (insofar as the domain of Hi is concerned) is comparatively simple. 
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provided we have reasons for believing that Hi is comparatively more 

accurate. The only reason, in this situation, for believing that Hi is more 

accurate than Hi was the belief that the world is simple, which in turn was 

justified by appealing to what the more accurate hypothesis, i.e.. Hi, says 

about the world, viz. that it is simple. The circularity of this argument is 

blatant. 

Of course, nobody in their right mind would want to be caught in such 

an argximent. My description of ttie justification of selecting a comparatively 

simple hypothesis, or so it might be objected, is mere mockery. In fact, nobody 

relies on what a hypothesis under consideration says about the simplicity of 

the world to justify ones choice of that hypothesis as the more accurate one. It 

is what other hypotheses say about the world that are used in justifjring the 

particular selection. 

Lef s have a look at this more sophisticated proposaL Hi and H2 are our 

two original h3rpotheses. H3 be another hjrpothesis which we already have 

accepted as the most accurate one firom among another set of descriptive 

hypotheses concerning some other domain. H3 tells us the world is simple. 

Now it is claimed that our belief in the simplidty^ of the world that is based on 

H3 provides the basis for justifying the selection of Hi over H2. 

The problem with this move is that it leads us to having to abandon 

the idea that there is a nomologiccdly necessary connection between the 
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simplicity and the accuracy of hypotheses. Here is how. First, it is clear that H3 

could not have been selected by appeal to its simplicity, since otherwise, the 

sophisticated view would collapse into the one ridiculed earlier. Thus, if we 

want to use what H3 says about the simplicity of the world as grounds for 

justifying the selection of (the comparatively simpler hypothesis) Hi, H3 

couldn't have been selected on the basis of its simplicity. In foct, it must be 

possible that H3 was more complex than some of its competitors.24 This 

implies that the selection for accuracy possibly deviates &om the selection for 

simplicity in at least some cases. That, however, is bad news for ontological 

veritism. 

Remember first that the ontological veritist holds that simpler 

hypotheses are more accurate in virtue of their simplicity. This claim is 

stronger than the claim that all hypotheses we accept as the most accurate 

ones are simpler than their respective competitors. The latter claim does not 

nile out the possibility that all of our most accurate hypotheses are simple by 

mere coincidence. In particular, it is silent about the question as to what the 

relation between accuracy and simplicity is, and indeed allows for a 

divergence of simplicity and accuracy. 

24 This argument obviously generalizes to cases in which it is more 
than one hypotheses that suggest tiiat the world is simple. At least one of 
them could not have been chosen on the basis of simplicity considerations, 
on pain of circularity. This is enough to show what I need, viz. that simplicity 
and accuracy possibly diverge. 



128 

The claim that simpler h3rpotheses are more accurate in virtue of their 

simplicity does not allow for the possibility of such divergences. If we claim 

about a particular entity E that it has property P in virtue of having property 

G, we assume that it is impossible for E to have P without having G, 

everything else being equal. In other words, we assume there is a 

nomologically necessary connection between having P and having G. Of 

course, other entities E', E", etc. might have P without having G, but in those 

cases, the entities do not have P in virtue of having G. For example, if we 

claim that rubies are red in virtue of certain transition metal impurities that 

lead to Ligand field effects (see Hardin, 1988, p.2), we thereby claim that rubies 

without that kind of impurities wouldn't be redzs. of course, other things can 

be red without such impurities. Simsets, e.g., are red in virtue of certain 

scattering e^cts. But they are not red in virtue of transition metal impurities. 

The way I characterized ontological veritism makes it clear that it is 

committed to the claim that there is a nomologically necessary connection 

between the accuracy of descriptive hypotheses and their simplicity. The 

reason why comparatively simpler hypotheses are more accurate is, according 

to ontological veritism, constituted by the fact that the world is inherently 

simple. It is this inherent simplicity of the world which makes comparatively 

Of course, the ruby could have been painted red. This is why claims 
of nomologically necessary connections between two properties of ttie same 
entity need to be hedged by a ceteris paribus clause. 
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simpler hypotheses more likely to be accurate. Thus, a descriptive hypothesis 

that is comparatively complex couldn't be more likely to be accurate, 

everything else being equal. This is where ontological veritism runs into 

troubles. The fact that it must be possible that some of the h3rpotheses we 

accepted as the most accurate ones in the past are comparatively more 

complex than their alternatives undermines the commitment to a 

nomologically necessary connection between simplicity and accuracy. If it is 

true that some accurate hypotheses were possibly more complex than their 

less accurate competitors, the claim that all accurate hypotheses are, by 

nomological necessity, comparatively simple is simply false. The mere 

possibility of a divergence between accuracy and simplicity, which we have to 

concede, shows that the connection between simplicity and accuracy is not 

nomologically necessary. Similarly, if we had to concede the possibility that 

some rubies are red without having the mentioned transition metal 

impurities, we can no longer claim that it is in virtue of these impurities that 

rubies are red. In that case, we are no longer justified in claiming that having 

those impurities is nomologically necessary in order for a ruby to be red. 

Let me summarize my argument. Ontological veritism needs to 

provide reasons for believing that simplicity is a truth-maker. It needs to 

establish, that is, that there is a nomologically necessary connection between 

simplicity and accuracy, for only such a connection can give us good reasons 
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for choosing the simpler of alternative hypotheses, given that we want to 

select the more accurate hypothesis. If the connection is not nomologically 

necessary, but a matter of mere coincidence, we have no reason for believing 

that selecting for simplid^ will amount to selecting for accuracy. However, 

the most we can infer 6rom past correlations of accuracy and simplicity is that, 

for some reason, they go hand in hand. But we cannot infer that simplicity is 

a truth-maker, that simple hypotheses are accurate in virtue of their 

simplicity. It must be possible that some comparatively accurate hypotheses 

we selected in the past were selected despite their comparative complexity. 

Thus, we cannot infer that it is in virtue of the inherent simplicity of the 

world that comparatively simpler hypotheses are more accurate. Therefore, 

we cannot, even if we have good reasons for believing that the world is 

simple, use that belief as a reason for always selecting comparatively simple 

hypotheses. 
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Now to the second problem. It is not entirely clear that even if all our 

past successful hypotheses have been simple and tiius suggest that their 

domains are simple, we are justified in inferring that a new domain is more 

likely to be simple as well. Even if all accurate descriptive hypotheses about, 

say, aerodynamic phenomena are comparatively simple, it doesn't follow that 

the most accurate descriptive hypothesis about quantum phenomena will be 

simpler than its competitors. It follows that we are not justified in believing 

that the simplest hypothesis about, say, the Compton effect is most likely to be 

accurate, for we are not justified in believing that the world of quantum 

mechanics is as simple as the world of aerodynamics. Or, to put it more 

precisely, we are not justified in believing that simpler quantum mechaiucal 

hypotheses will be more accurate on the basis of the belief that the most 

accurate aerodynamical hypotheses paint a simple (aerodynamical) world. To 

be siire, successful simple hypotheses might provide us with heuristic reasons 

for selecting a simple hypothesis in an unrelated domain, but their success 

doesn't license the inference to the claim that the simpler of two hypotheses 

in an tmrelated domain is more likely to be accurate, for the simple reason 

that they don't license the inference that any domain is inherently as simple 

as other domains which turned out to be simple. 
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These considerations show, I believe, that even a perfect correlation 

between accuracy and simplidly in those hypotheses we accepted in the past 

doesn't provide good reasons for believing such a correlation will hold for 

future descriptive hypotheses. This claim is of course a special form of 

inductive skepticism, and indeed rests clearly on a skepticism about the 

imiformity of nature. In the present context, the case for that kind of 

skepticism seems particularly strong. We know that diHerent domains vary 

immensely in all kinds of respects. Why, then, should we believe, or even 

suspect, that the degree of ontological simplicity remains the same across 

different domains in the sense that it will always be the simpler hypotheses 

which turn out to be more accurate? We might have been lucky so far and 

only encountered domains the regularities of which can be most accurately 

captured in the most simple hypotheses available. But we just might nm out 

of luck. 

In fact, we already ran out of luck quite a while ago. There are many 

examples of descriptive hypotheses we employ in specifying certain effects 

despite our knowledge that they are not the most accurate ones. In those 

cases, we opt for the simpler alternative, not because ifs most likely to be 

accurate, but because if s the only one that allows us to grasp whaf s going on 

and to make the regularities amenable to mathematical treatment. Nancy 

Cartwright discusses a variety of examples from quantum mechanics (see, e.g.. 
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1983, pp.l28ff)/ but the troubles go back further. Since the middle of the 

nineteenth century, researchers in hydrod3mamics have been using a method 

called 'renormalization' to describe the dynamics of a heavy body moving 

slowly through a viscous liquid. This method essentially treats the particles of 

the fluid that are dragged along by the moving body as particles of that body 

itself, thereby increasing the actual mass of the body to its new renormalized 

value. The reason for employing this procedure is that otherwise, the 

calculations employed in figuring out the dynamical behavior of the body 

would be far too complex to be carried out without risking to commit too 

many errors. Thus, although descriptive hypotheses based on the method of 

renormalization are less accurate than the ones which do not tamper with the 

value assigned to the mass of the moving body Gess accurate in the sense that 

they represent the world as simpler as it actually is), we select them for their 

greater simplicity. In this case, simplicity clearly is not positively correlated 

with accuracy (see Nelson, 1991, pp.l060ff). 

What the foregoing discussion shows is that we have good reasons for 

believing that the world might not turn out as simple as we would like it to 

be. First, it is not true that there is a perfect positive correlation between 

acoiracy and simplicity in the descriptive hjrpotheses we accept. Secondly, 

even if there was such a correlation, we would still not be justified in 

believing that it will also hold for future hjrpotheses, or for hypotheses we 
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consider for selection at the present time. The case presently at hand might be 

one where our past luck fails us and where accuracy diverges from simplicity. 

I conclude that the belief that the world is simple, when based on what other 

hypotheses about other domains say about the world, gives us no reason for 

believing that in any novel case, ifs a safe bet, or our best bet, to go with the 

simplest available hypothesis. And if we were to choose the simplest 

hypothesis, the reason for doing so would be one unacceptable for the 

ontological veritist. 
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Let me start by reminding you of another important feature of 

ontological veritism that was discussed in chapter one. In that chapter, I 

classified ontological veritism as a view that treats simplid^ as an empirical 

virtue of hypotheses. This means foremost that simplicity is not merely a 

pragmatic or methodological virtue, but instead has evidential character. As 

such, the simplicity of hypotheses tells us as much about the world as scimples 

of data. The simplicity of hypotheses is evidence for their accuracy, in the 

same way in which data to be captured by a descriptive hypothesis are 

evidence for the claim that a certain regularity, specified by that hypothesis, in 

fact obtains. According to ontological veritism, simplicity has this evidential 

character, because the world itself is ontologically simple. 

This of course implies that the degree of the simplicity of the world is 

supposed to be an objective fact about the world's ontological structure, bi 

particular, it would be an embarrassment for the ontological veritist should 

there be cases in which the world looks very simple under one description, 

but more complex under another, logically eqiuvalent, description. In such 

cases, the simplicity of a given hypothesis can no longer be treated as an 

indicator of its accuracy. The ontological veritist presumably holds that which 

hypothesis is the most accurate one must be independent from the way in 
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which we formulate it Whether a given hypothesis is accurate or not is a 

matter of fit between what the hypothesis says and the way the world is, and 

that relation of fit ought not depend on how we racpress that hypothesis. In 

other words, the ontological veritist is not a relativist about accuracy. If it is 

the case, theiv that the degree of simplicity of a given hypothesis can vary 

with how we formulate that hypothesis, simplicity can no longer be treated as 

an indicator of accuracy, when accuracy is understocxl as a characteristic of 

hypotheses they have independently £rom the way they are formulated. 

Situations of choices between alternative descriptive hypotheses 

provide a dramatic illustration of this (possible) problem. Suppose we select a 

particnilar hypothesis H, expressed in a particular representational format F, 

because it represents the world as simpler than all its competitors, and thus is, 

according to ontologicral veritism, more likely to be true. Ontological veritism, 

due to the insistence of the format-independence of accuracy, is committed to 

saying that we should select the same hypothesis H, now expressed in a 

different format F*, from among its competitors, even if in that format, H 

represents the world as more complex than some of its competitors. If H is 

selected as the most accurate hypothesis, because it is the simplest one in F, 

then H has to be treated as the most accurate hypothesis, no matter what 

format we use for its expression. This fact can be the source of a serious 

problem for the ontological veritist. Suppose we had started to formulate a 
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descriptive hjrpothesis based on F*. Since H is, formulated in F*, more 

complex than some of its competitors, ontological veritism would have led 

us to choose a different hypotfiesis H* as the most accurate one. Switching 

back to F, we now would also have to select H* over H, in virtue of the 

format-independence of accuracy. Thus, depending on how we choose to 

formulate our descriptive hypothesis, we end up regarding different, and 

probably incompatible, hypotheses as the most accurate ones. It follows that, if 

there are indeed such cases of reversed simplicity orderings for equivalent, 

but differently formulated hypotheses, ontological veritism renders the 

choice of hypotheses relative to the representational format selected for 

expressing a certain hypothesis. Thus, in such cases, regarding simplicity as an 

indicator of accuraqr leads to a relativist view of accuracy. 

Such relativism is certainly against the spirit of ontological veritism, 

and of course violates the commitment I discussed above. If the simplicity 

ordering of empirically equivalent hypotheses is a function of the 

representational format used to express a given hypothesis, the choice of a 

particular format determines what we believe to be the most accurate 

hypothesis in the sense that choosing another format would have led to the 

belief that another, and probably incompatible, hypothesis is the most 

accurate one. This certainly undermines the central claim of ontological 

veritism, viz. that simple h3rpotheses are more likely to be accurate because 
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the world is simple. Which hypotheses is most accurate should be 

independent from our way of representing the world, but if simplicity is 

taken to be an indicator of accuraqr, and if simplicity orderings are dependent 

on the representational format, the accuracy of hypotheses becomes 

dependent on those formats as well. 

In fact, there is a weaker variant of this problem, and it has the 

advantage that it can be illustrated by a real example. This variant is weaker 

in the sense that the simplidty-orderings of eqmvalent hypotheses are not 

reversed when those hypotheses are expressed in two different ways, but 

instead it is the case that one format induces a simplicity ordering, while the 

other one does not. 

Suppose we choose a particular format to represent the regularities 

observed in the data. Suppose further that in this format, we cannot decide 

between two competing hypotheses, because the data are not telling enough 

and although those hypotheses are incompatible, they don't diHer with 

respect to their degree of simplid^. In such a situation, the ontological 

veritist cannot recommend the selection of one over the other on grounds of 

simplicity. Mow lef s assume that we can also select a different format for 

representing two equivalent hypotheses, and suppose that in this new format, 

there is a difference in simplicity. With respect to this new format, the 

ontological veritist wants to claim that we ought to choose the simpler one. 
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because the world is simple. The problem, then, is that when we switch back 

to the original format, we also have to choose that hypothesis, although in 

that format, we have no reason for doing so, at least not a veritistic reason. 

Before discussing the ramifications of such a situation for ontological 

veritism, let me provide a somewhat detailed example which shows that we 

might indeed encounter such instances of the weaker variant of the 

methodological problem. To set up the example, I want to remind you of the 

following general characteristics of the problem of curve-fitting (which is the 

problem of selecting one hypothesis over its alternatives, given a sample of 

data). 

First, curve-fitting proceeds in two stages. Given a sample of data, we 

need first decide on a family of curves. Different families are distinguished by 

the number of parameters that go into their formulation, and it is usually 

assumed that this number determines the degree of simplicity for a given 

family of curves (see Qymour, 1980, p.324). For example, linear functions are 

regarded as simpler than curvilinear functions, which in turn are simpler 

than quadratic functions, etc. 

After deciding on a family of curves, we have to estimate the best 

values for each parameter involved, those values, that is, which make one 

member of the chosen family of curves approximate best the data points we 

have collected. If, for example, we decided that a given set of data can be 
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described by a linear function, say, y = Kx, we have to find that value of K 

which renders the curve closest to the actual data-points. 

Most of ttie techniques developed in statistical analysis deal with the 

estimation of the values of the parameters. The question about the simplicity 

of curves enters when we try to select a family of curves. It is in this context 

where the ontological veritist recommends the choice of the simplest 

hypothesis. 

Now lefs look at a concrete example. Suppose, for the sake of 

simplicity of exposition, we have four data points about which we know that 

they lie on a closed trajectory. Due to noise in the data or observational error, 

those data points do not fall on a unique smooth curve. If we defined a 

function which captured each of those points, the result would be a btimpy 

curve. Moreover, suppose the points are such that in principle, within 

allowable limits of error, they are compatible with both the family of circles 

and the family of ellipses. The general form of the algebraic expression 

generating either curve is 

Ax2 + By2 = K. 

If A = B, the expression generates a drde, and if A ^ B, it generates an ellipse. 

The difference between those two curves does, therefore, not reside in a 

difference in their degree of simplicity, but instead has to do with the 

estimated values of the two parameters A and B. Botti functions are quadratic 
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in nature, and it is easily possible to imagine the data-point distribution to be 

such that estimating the values of A and B does not result in the selection of 

either a circle or an ellipse as the most accurate representation of the 

regularity^ instantiated by our data. In this case, the ontological veritist would 

have no reason for selecting one hypothesis over the other. Both the circle 

and the ellipse are equally compatible with the data, and the expressions 

generating either are of equal degree of simplicity. 

Things look different, however, when we choose to express the two 

rival hypotheses, not in the Cartesian Coordinate system, but in a polar 

coordinate system instead. In this system, the expression generating the 

family of circles is a constant function, viz. r = K. On the other hand, the 

expression generating the family of ellipses is much more complex: 

r - K/^Acos&'Bsia&'. It follows, according to ontological veritism, that we 

ought to select the circle as representing the more accurate h3rpothesis over 

the ellipse. Thus, since accuracy is independent from the representationcd 

format chosen, we also ought to select the circle as the more accurate 

hypothesis when it is expressed in the Cartesian coordinate system. However, 

as noted in the last paragraph, there are no veritistic reasons to do so within 

the Cartesian coordinate system. Thaf s where the problem for the ontological 

veritist originates. 
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Let me daiify the nature of the problem by addressing an objection that 

immediately comes to mind. One might say that the fact that a simplicity-

ordering only becomes apparent in one particular representational format 

need not worry the ontological veritist After all, she is free to try different 

formats in order to resolve ambiguities that arise in the format origirudly 

chosen for representing a set of hypotheses. She ought to be allowed, so to 

speak, to look at the world through different pairs of glasses, if the original 

pair turns out to be too weak for detecting everything of relevance. Thus, 

representing descriptive hypotheses in different formats is just another tool 

for determining which of a set of hypotheses is the most accurate one. 

However, the idea behind this objection actually concedes too much for 

ontological veritism to be still intact. First, remember that simplicity is 

supposed to have evidential character and thus be on a par with other pieces 

of evidence, like the actual data-points. It seems, however, that the claim that 

simplicity has such evidential character is undermined when we come across 

situations in which differences in the simplicity between hypotheses only 

show up in one representational format, but not in another one. As evidence, 

simplicity should not be visible only in one representational format. An 

analogy with spurioxis data can make the point quite dear. 

la. microscopy, one of the problems is to determine which of the things 

that can be seen through a microscope are actual properties of the specimen 
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examined and which ones are not. Microscopes have a tendency to produce 

artifacts that can, to the untrained observer^ look like actual properties of a 

specimen. One important way to overcome this difficulty is to view the same 

specimen through different microscopes, preferably microscopes that work on 

the basis of different physical principles (see Hacking, 1983, pp.l86ff). If it turns 

out that a particular speck seen through one type of microscope can not be 

seen through another tjrpe of microscope, it is usually inferred that that speck 

was just an artifact of the first type of microscope. Similarly, it would seem 

that the prudent conclusion from the observation that a simplicity-ordering 

of two hypotheses only appears in one representational format, but not in 

another, is the claim that the simplicity-ordering is an artifact of the particular 

representational format. From this it follows that in this case, the degree of 

simplicity cannot be treated as evidence for the degree of accxiracy of a given 

hypothesis. 

There are other examples of representational artifacts. In a recent paper. 

Redhead and Teller (1992) argue that the proper treatment of quantum 

phenomena requires abandoning both the assumption that quantum entities 

liave an attribute transcending identity" (op.dt, p.218), and that the labeled 

tensor product Hilbert space formalism (HSF, for short) is the correct 

representational framework for such phenomena. The reason they give is 

that LTI (Label Transcendental Individuality), which is the principle 
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underlying an individual's attribute transcending identity 26, together with 

HSF, commits us to the existence of quantum states and properties that 

"never occur and [are] in principle beyond experimental detection" (op.cit., 

p.209). Such a commitment provides a violation of a methodological maxim 

in physics: "What is possible happens." {op.dt, p.216). Since states descnbable 

by HSF never occur in nature, HSF has a "real formal surplus structure" 

(op.cit, p.217) and should be abandoned if there is an alternative aroimd. Fock 

space is such an alternative formalism, which accounts for all the observable 

facts described in IKF but does not have any stirplus structure (op.dt., p.217). 

Therefore, 1^ should be traded in for the Fock space formalism. 

This recommendation of the authors relies on the conviction that the 

labelability of individual particles is an artifact of ttie Hilbert space formalism. 

In the Fock space formalism, individual particles are can no longer be 

labelled, and their attribute transcending individuality, which depends, 

according to Redhead and Teller, on the fact that we can label them, 

disappears and thus turns out to be an artifact of HSF. 

I want to draw the same conclusion with respect to the simplicity of 

hypotheses. The fact that simplidty-orderings between two hypotheses might 

26 LTI is a term referring to "an individual's attribute transcending 
prindple of individuation, that in virtue of which the individual can bear a 
label, and that in virtue of which the individual can be thought of a persisting 
through time as one individual." (p.203) 
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only be visible in one representational format suggests that it is an artifact of 

that format. As an artifact, it certainly cannot be used as an indicator of 

accuracy, which is supposed to be a characteristic hypotheses have 

independently from the way they are formulated. 

Here, then, is my first answer to the objection. If it is conceded that 

simpUdty-orderings might be visible only imder one description of the world, 

the simplicity of hypotheses loses its evidential character. Genuine evidence 

ought to be independent from the way in which we describe data. If alleged 

evidence is not independent in the required way, it is more plausible to 

assume that it is an artifact of the format chosen. But as artifact, it can no 

longer be regarded as an indicator of sometiiing else, viz. accuracy, which is 

supposed to be independent from the representational format used to express 

a given hypothesis. 

The second problem with the idea behind the objection is that the 

choice of hypotheses is no longer determined by purely empirical 

considerations. It is not an empirical question whether to choose format F or 

format F' to represent a given set of hypotheses. There is nothing in the data 

that can tell us how we ought to formulate the relevant descriptive 

hypotheses. Thus, choosing a h3rpothesis because it is the simplest alternative 

in one of the available representational formats is not the result of purely 

empirical considerations, because empirical considerations do not enter into 
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the choice of format. This fact is bad news for ontological veritism. 

Recall first that the accuracy of hypotheses is a matter of fit between 

what hypotheses say and the way the world is. As such, the question whether 

a given h3rpothesis is accurate or not is of course an empirical question. Thus, 

determining which hypothesis is most accurate ought to depend on empirical 

considerations. The choice between competing hypotheses should be 

determined by the data, or more generally, by what we know about the world. 

The ontological veritist holds that we know that the world is ontologically 

simple. It is because of this claim that the ontological veritist can treat 

simplicity as a piece of empirical evidence for deciding the question which 

hypothesis we ought to select as the most accurate one. Since the simplicity of 

a given hypothesis reflects a property of the world we know it has on 

independent grounds, selecting it as the most accurate one is grotmded in 

purely empirical consideratians. In other words, it is precisely because we can 

regard the assessment of Uie degree of simplid^ of a given hypothesis as part 

of our empirical considerations that enter into the determination of the most 

accurate hypothesis that the ontological veritist believes simplicity to be an 

empirical indicator of accuracy. It follows that if the determination of the 

simplicity of a given hypothesis involves non-empirical considerations as 

well, the ontological veritist no longer has a good reason for believing that 

simplicity is such an empirical indicator. 
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The example discussed above shows that there are cases in which the 

assessment of simplicity involves non-empirical considerations. In the 

Cartesian coordinate system, no simplicity ordering was visible. Only when 

we express our two competing hypotheses in the polar coordinate system can 

we assess which hypothesis is simpler. However, the choice between 

alternative representational frameworks itself is not grounded in empirical 

considerations. It foUows that non-empirical considerations enter into the 

assessment of the simplicity of our two hypotheses, thereby depriving the 

ontological veritist of any good reasons for believing that simplicity indicates 

accuracy. Thus, at least in a case like the one illustrated in the example, 

ontological veritism can't be right 

This concludes my arguments against ontological veritism about 

descriptive hypotheses. I have tried to show that there are serious 

epistemological and methodological problems for the view that simpler 

hypotheses are more likely to be accurate because the world is ontologically 

simple. First, I argued that we have no good reasons for believing that the 

world is simple in the way required to make simplicity an indicator of 

accuracy. Secondly, I showed that there are cases in which the simplicity-

ordering of competing hypotheses is dependent on how we choose to 

formulate those hypotheses, and that therefore simplicity cannot be used as 

an indicator of accuracy, since the accuracy of hypotheses is supposed to be 
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independent from the way in which they are expressed. In the next section, I 

will discuss the merits of epistemological veritism about descriptive 

hypotheses. 
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6.3 Descriptive Hypotheses and Epistemological Veritism 

Epistemological veritism is the view that simpler descriptive 

hypotheses are more likely to be accurate in virtue of the fact that they are less 

prone to confuse genuine data with noise and observational error. In what 

follows I will provide an outline of the main argimient given in favor of this 

position. The emphasis of my discussion will be on the central premiss of that 

argument, namely the unavoidability of observational error during the 

process of collecting data. It is the occurrence of observational errors which 

provides the main reason for preferring comparatively simple hypotheses, 

given that we aim at finding the most accurate hypothesis. I focus on that 

premise in order to set up an argtunent against epistemological veritism as a 

viable position concerning the advantages of comparatively simple 

explanatory hypotheses. Briefly, since the formulation of explanatory 

h3rpotheses does not involve new observations, there is no possibility of 

observational error, and thus there is no reason for preferring simple 

explanatory hypotheses on the basis that they avoid confusing genuine data 

with noise. 

Lef s go back to the ideal pendultmi law discussed at the begiiming of 

this chapter. I raised the question as to why we should prefer Ci over C2 in 

fig.l. At a first glance, it would seem that Ci is more accurate than Ci, becaiise 
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it covers all Uie data-points exactly. Thus, given that we aim at selecting the 

most accurate hypothesis, it would seem we should prefer C2. 

In an article from 1994, Sober and Forster develop an argument, based 

on a theorem in statistical analysis proven by Akaike in 1973, that shows that 

it is indeed better to prefer Q over C2, despite initial appearances to the 

contrary. The starting point of their argument is the observation that 

descriptive hypotheses shoiild not only be accurate in the sense that they 

cover all the data already collected, but that they are supposed to be accurate 

with respect to all the possibly available data, including those that have not 

been collected yet. After ciU, in the case of the ideal pendulum law, our 

descriptive hypothesis is supposed to specify a regularity that holds for all 

pendula, and not only for those we happen to have observed. It follows that 

an important measure of the accuracy of a given hypothesis is its capacity to 

cover new data, or, in other words, its predictive accuracy. A hypothesis that 

covers only those data that have already been collected but fails to cover those 

that have not been is obviously a bad candidate for specifying a general 

regularity. Or at least, it specifies the wrong general regularity. 

Although it is of course impossible to prove that a given hypothesis 

will cover all future data, it is possible to show that some candidate 

hjrpotheses are more likely to do so than others. In particular, it can be shown 

that Ci of our example is more likely to be predictively accurate thein C2, thus 
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demonstrating that Q is more likely to correctly specify a regularify that holds 

for all pendtila than Cz- The argument used in this demonstration provides 

us with a good reason for preferring comparatively simple hypotheses over 

more complex ones in at least some cases, because it is Q's comparative 

simplicity which makes it more likely to be predictively accurate. 

The main premise of the relevant argtmient is the claim that collecting 

data is subject to observational error and physical noise27. in the case of the 

ideal pendulum law, the determination of the values for both T and 1 is not 

entirely exact. Moreover, for each real pendulum we observe, the influence of 

physical noise like friction, air resistance, the elasticity of the string, etc will 

be different from case to case. Both those kinds of factors result in a 

distribution of the actually observed correlations between T and 1 (the data-

points in our graph) arotmd the curve Q which is supposed to specify the real 

relation between those two parameters. 

From the fact that the actual data distribution is influenced by both 

observational error and physical noise, we can infer that a curve going exacdy 

through each one of the data points would ignore that influence. Such a 

curve would treat noise as genuine data and thus fail to specify the statistical 

27 In fact. Sober & Forster do not take into accotmt the possibility of 
physical noise. It is difficult to determine exactly what the relation between 
physical noise and observational error is. Fortunately, my argument against 
the viability of epistemological veritism for explanatory hypotheses will not 
depend on an answer to this question, and so I choose to ignore it. 
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trend in the data. In other words, defining a function that yields each of the 

actual data-points as the value of T for the corresponding value of 1 would 

not differentiate between the influence of 1 on T and the influence of various 

noise and error factors. It is easy to see that such a function would yield a 

value for an unobserved pendulum with length 1 that is probably inaccurate. 

The reason is that this function represents a generalization of the data that 

takes into account not only the real (as opposed to the actual) data, but noise 

and error as well. This function would, so to speak, not only generalize the 

data, but also noise and error. Since we can of course not be certain that the 

influence of noise and error remains constant across observations of different 

pendula, it is highly unlikely that this function will yield a value for T that is 

even close to the value that would actually be observed. In short, the 

predictive accuracy of a function which is designed to yield aU the actually 

observed values of T for the corresponding values of 1 is very low. Thus, since 

the predictive accuracy of descriptive hypotheses is an integral part of their 

accuracy (see above), a descriptive hypothesis that corresponds to such a 

function has a very low degree of accuracy. 

In contrast, the function which yields Q in our example can be shown 

to have a high degree of predictive accuracy. In fact, on ttie basis of Akaike's 

theorem, one can demonstrate that in all those cases in which we know that 

there is a sigiuficant amoimt of observational error (and maybe physical 
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noise), functions with a lower degree of complexity than those which capture 

all the actual data exactly have a higher degree of predictive accuraqr and are 

thus more likely to be accurate. Of course, it is not the case that the simplest 

function will always be the predictively most accurate one. The simplest 

fimction is always a constant function, but it is not often the case that a 

constant function gets even close to capturing the available data. Remember 

that in choosing a function which specifies a regularity, we first have to select 

a family of functions. Selecting the appropriate family must of course aim at 

getting 'reasonably dose' to ttie actual data. Thus, in our example of the 

pendulum, a straight line is excluded as a candidate for the correct curve, as it 

is not at all close to the data. It follows that even during the process of 

selecting the appropriate family of curves, some estimate of allowable 

deviations has to play a role. But, and that is the morale of Akaike's theorem, 

getting too close to the data is also a mistake. Thus, what the theorem shows 

is that it is neither the simplest possible function which is the most accurate 

one, nor the function with the closest fit The predictively most accurate 

function is one that generates a curve 'reasonably close' to the data, while it is 

always of considerable less complexity than a snugly fitting function. 

It is important to keep in mind that this kind of argument in favor of 

simple hypotheses does not rely on any considerations of how simple the 

world is. It doesn't constitute a metaphysical argument for the greater 
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probability of simpler hypotheses to be accurate, but is an epistemological 

argument instead, based on the likelihood of errors in measurement and 

observation. It doesn't represent an inference from claims about the probable 

ontological complexify of the world to a methodological recommendation in 

favor of simple hypotheses, but instead amounts to a methodological 

imperative: 'Tf you form a descriptive hypotheses, always be aware of the 

errors that creep into your data-set." It is the fact that errors and noise are 

unavoidable which makes comparatively simpler hypotheses more accurate. 

It is them which are better at finding the statistical trends in the data, thereby 

specifying the correct regularities. And ifs the data themselves that tell us 

how simple or complex the world is, not some metaphysical argument. 

This concludes the first part of the present chapter. I have argued in 

great detail that ontological veritism faces serious problems as a position 

concerning the reasons for why we should prefer comparatively simple 

hypotheses. Unless the problems I posed for this position can be overcome 

(something I seriously doubt), I conclude that the alleged simplicity of the 

world provides no good reason for selecting simple hypotheses. On the other 

hand, I agree that epistemological veritism constitutes a viable view about the 

advantages of such hypotheses. The next task is first to inquire whether 

epistemological veritism can also be defended as a plausible view about the 
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advantages of simple explanatory hypotheses, and secondly to complete the 

criticism of ontological veritism by showing that with respect to explanatory 

hypotheses, it faces problems in addition to those I already discussed. 
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6 A Explanatory Hypotheses 

In chapter two, I introduced the following distinction between 

descriptive and explanatory hypotheses. While descriptive hypotheses are 

designed to specify certain regularities in nature, explanatory hypotheses are 

supposed to explain those regtdarities. As such, they should provide answers 

to questions like "Why does this regularity hold and not another?" or, "How 

is this regidarity brought about?" For example, in the case of the ideal 

pendulum law, we want an explanation of the fact that the value of T varies 

with the value of 1 in the manner specified by the law. 

As I discussed in the first chapter, many people hold the opinion that 

comparatively simple explanatory hypotheses have some sort of advantage 

over their more complex competitors. I also emphasized that there are 

different views as to what the nature of that advantage is. The present chapter 

is an attempt to show that the advantage cannot be of a veritistic nature. I 

want to argue that neither epistemological nor ontological veritism are 

defensible positions concerning the advantage of comparatively simple 

explanatory hypotheses. We have no reasons for believing that simple 

explanatory hjrpotheses are more likely to be accurate. More precisely, I will 

show that on ttie one hand, the crucial premise on which the argument in 

favor of epistemological veritism vis-a-vis descriptive hypotheses relied 
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cannot be made plausible in the contact of explanatory hypotheses, and that 

on the other hand, ontological veritism faces problems in addition to those 

already discussed. Before I can go into the details of my arguments, however, 

some preliminary remarks about the nature of simplicity and accuracy of 

explanatory hypotheses are in order. 

(i) simplicity 

As I pointed out in chapter two, there is a considerable technical 

literature on the question as to how we best assess the degree of simplicity of 

explanatory theories. Most of that literature is based on the investigations of 

Nelson Goodman, who developed, during the fifties and sixties, formal 

models for determining the degree of simplicity for any given theory. The 

main idea behind his attempts (and, to my knowledge, behind most of the 

rest of the literature on this topic) is to identify the simplicity of a theory with 

a low number of independent assumptions about the ontological ingredients 

of the world. A theory that postulates comparatively few types of entities and 

independent kinds of interactions is, according to this idea, simpler than one 

which postulates more tjrpes of entities and interactions, hx the terminology I 

introduced in chapter two, a theory T is simpler than a theory T' if the world 

postulated by T is either more parsimonious, or more elegant, or both, than 
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the world postulated by T'.28 

(ii) accuracy 

Explanatory h3rpotheses are accurate if the entities and processes 

postulated by the explanation of a descriptive hypothesis are in fact part of the 

furniture of the world. This means at least two things. First, the number of 

diHerent types of entities and interactions postulated should not be higher or 

lower than the actual number of tjrpes of entities and interactions in the 

world. Secondly, even if a given explanatory hjrpothesis gets the numbers 

right, it also has to be correct about the nature of those entities and 

interactions in order to be accurate. 

Examples of failures to satisfy the first condition on accuracy are 

provided by pre-Newtonian explanations of various physical phenomena. If 

we assume for a moment that Newtonian mechanics is correct in claiming 

that both free-fall and tidal regxdarities can be explained in terms of 

gravitational attraction, a conjxmction of pre-Newtonian theories which 

attribute the tides to a force emanating from the moon (as Kepler did; see 

chapter three) on the one hand, and which explain on the other hand free ^ 

28 OF course, there might be trade-ofiis between parsimony and elegance 
which make comparisons of two theories with respect to their simplicity 
complicated and d^cult. But since nothing of what I'm going to say depenc^ 
on having something like an cdgorithm for ordering theories along a 
simplicity scale, I will ignore this complication. 
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within the framework of Aristotelian physics as the result of heavy bodies 

seeking to get to rest at the center of the universe, gets the numbers wrong. 

Such a conjunctive theory postulates two independent "forces" as explanatory 

principles for firee fall and tidal regularities respectively, while the correct 

theory only postulates one such force. 

Examples of explanatory hypotheses that fail to satisfy the second 

requirement on accuracy are of course plenty. The history of science is full of 

inaccurate explanatory hypotheses which might get the numbers right, as it 

were, but which are certainly wrong about the nature of the entities and 

interactions involved. In the seventeenth century, the Belgium scientist 

Frandscus Lingus challenged Robert Boyle's explanation of the fact that the 

mercury in a glass tube which is closed at one end only falls to a certain height 

when the tube is inserted into a mercury bath. Boyle was one of the first to 

postulate air-partides the movements of which produce pressure on the 

surface of the mercury bath, thereby counteracting the pressure produced by 

the weight of the mercury in the tube. He effectively postulated one type of 

entity, viz. invisible air-partides, and one kind of interaction, viz. presstire-

produdng collisions between those partides and the surface of the mercury. 

Lingus, in his challenge, postulated the same number of t3^pes of entities and 

interactions, but assigned a very different nature to both. He daimed that 

when the mercury begins to fall in the tube, an invisible string, called 
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funiculus, begins to form, which resists being stretched by pulling all the 

objects aroimd it toward itself and thus grabs the mercury and prevents it 

from falling any further (see Brush, 1983, p.l6f). Again, we have one type of 

entity, the funiculus, and one type of interaction, viz. a pulling of some sort 

We now know that Lingus' explanatory hypothesis was inaccurate, but not 

because it posttilated too many or too few entities and interactions. The 

numbers are the same in both Boyle's and Linus' model. The reason why 

Linus' account is inaccurate is that it postulates the wrong entities and 

interactions. 

The fact that explanatory hypotheses that postulate the correct number 

of types of entities and interactions can fail to be accurate because they 

postulate the wrong types of entities and interaction is important for an 

assessment of ontological veritism. For even if the world is simple, 

comparatively simple explanatory hypotheses are only more likely to be 

accurate if there is no danger that a gain in simplicity does not incur a loss of 

accuracy with respect to the types of entities and interactions postulated. I will 

not argue this point, but it appears Uiat ontological veritism has an additional 

liability. It not only has to be shown that the world is inherently simple, but 

also that decreasing the number of postulated types of entities and 

interactions doesn't result in an increased probability of postulating the 

wrong tjrpes of entities and interactions. From the fact alone, if it is one, that 
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the world is simple, it doesn't follow that we will also postulate the right 

tjrpes of entities and interactions, when we decrease the number of different 

types postulated. Unfortunately, I cannot offer an argument to show 

convincingly that such cases of bad trade-off exist. Thus, I'm content pointing 

out that the ontological veritist needs to fill a gap in her justification of the 

view that comparatively simple explanatory hypotheses are more likely to be 

accurate. 

However, I do have some arguments that are intended to directly 

refute the claim that ontological veritism is a viable view about the 

advantages of ejcplanatory hypotheses. I also have an argument against the 

claim that epistemological veritism can be defended in the context of 

explanatory h3^otheses. This argument is the focus of the next section. 
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6.4.1 Explanatory Hypotheses and Epistemological Veritism 

Recall first that the main premise of the argument in favor of 

epistemological veritism was the claim that the process of collecting data is 

subject to observational errors. It is those errors that render a function which 

captures exactly all of the available data points less predictively accurate than 

a function which describes the statistical trend in the data. Fimctions of the 

latter sort are in general simpler than those of the first sort. 

When we formulate an explanatory hypothesis, we do not gather any 

more data. What we want to explain is t3rpically a certain regularity in nature, 

one that has been specified by a descriptive hypothesis. Observational errors 

which influence the process of data collection have already been eliminated 

during the process of curve fitting. More precisely, the fact that the 

distribution of our actual data is influenced by observational error (and maybe 

physical noise) can be ignored when we try to explain why a given regularity 

holds or how it is brought about. We daim, e.g., that the behavior of pendula 

is correctly specified by the ideal pendulimi law, and when we try to explain 

why this law holds, we look for ways to show how it fits into the framework 

of Newtonian mechanics (see chapter two). 

This process of explaining a general regularity is obviously immime 

from observational error. We therefore have no reasons for preferring 
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comparatively simple explanatory hypotheses that are analogous to the 

reasons we had for preferring comparatively simple descriptive hypotheses. 

Explanation is in this way importantiy different from curve-fitting. Although 

we often speak as though we are trying to explain a set of data, what really 

goes on is that we try to explain why the regularity ediibited by the data holds. 

Thtis, an explanation of why the period of a pendulum is a parabolic function 

of its length does not attempt to explain why T of this particular pendulimi 

with length 1 has the value we actually observe. We do not try to explain the 

actual data-set. It follows that an explanatory hypothesis designed to explain a 

regularity is not subject to observational error. There is no danger of 

confusing genuine data with, noise and error. Since that danger was the 

central premise for the argument in favor of epistemological veritism with 

respect to descriptive hypotheses, an analogous argiiment doesn't even get off 

the ground in the context of explanatory hypotheses. I therefore conclude that 

we have no epistemologically veritistic reasons for preferring comparatively 

simple explanatory hypotheses. 

However, there is one residual problem I need to address. Somebody 

might object that I only showed that the argument of epistemological 

veritism does not work in the context of hypotheses that are designed to 

explain regularities in nature. As I pointed out above, such hypotheses do not 

explain why we observe the data we actually do observe. But we can of course 
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attempt to explain why, for example, T has a particular value for a particular 

pendulum. That explanation is different from explaining why the ideal 

pendulum law holds. Explaining why we observe a particular value of T (as 

opposed to the value predicted by the law) in the case of a particular 

pendulimi presumably involves a story about the particular conditions tmder 

which we observed that pendulum, and if we are luci^, we can, on the basis 

of a detailed description of those conditions, explain the deviation of the 

observed from the predicted value. This latter explanation is an explanation 

of a singular fact, and has to be imderstood in the way I discussed in chapter 

two. 

Now it is entirely possible that competing explanations of singular facts 

differ in their degree of simplicity. This raises the question as to whether the 

argtiment the epistemological veritist used earlier is applicable in this context. 

After all, when we try to explain singular facts, we do rely on observations of 

the conditions under which a singular fact obtains, and such observations are 

subject to possible error. For example, the explanation of the challenger 

explosion relied on a host of observations and reports about the conditions of 

the spacecraft and its surrotmdings just before take-off. Mistakes in those 

reports or observations will of course jeopardize the accuracy of the 

explanation. 

Although I agree with this, it is important to realize that the role error 
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plays is different in this context from the role it had in the curve-fitting 

problem. It is different in a way that doesn't allow to minimize the damaging 

influence of error by choosing a comparatively simple hypottiesis. Remember 

that the reason why comparatively simple descriptive hypotheses are more 

likely to be accurate is that they are predictively more accurate. They are better 

candidates for specifying the correct general regularity in virtue of the fact that 

they do not generalize noise and error. In the context of explaining singular 

facts, there is no general regularity to be specified. A successful explanation of 

the Cheillenger explosion does not have to be predictively acciirate in the 

same sense in which the ideal pendulum law has to be. Of course, it must be 

the case that the successful explanation correctly predicts that when the 

conditions blamed for the explosion obtain again, another explosion will 

occur. But this is a different sense of prediction than that involved when we 

call the ideal pendulum law predictively accurate, hi the latter case, we claim 

that different and so far imobserved pendula will have a period that is a 

certain parabolic function of the length of the string, while in the former case, 

we daim that if the same conditions obtain, the same outcome will result. 

The ideal pendulum law describes a regularity determining the behavior of a 

dass of tilings, while the explanation of the Challenger explosion tells us 

what happens under certain very specific circumstances. 

The difference between the two cases can also be described as follows. In 
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formulating a law specifying the behavior of pendtila, we try to define a 

function which yields a particular value for T for each possible value for L If 

the function captures all actual data exactly, we generalize error and noise, 

which leads to predictive inaccuracy. On the other hand, explaining the 

Challenger explosion is not an attempt to define a function which relates two 

or more parameters characteristic of the behavior of a class of things. 

Explaining singtdar facts is not an attempt to find the correct statistical trend 

in a set of data and is therefore not subfect to the danger of over-fitting the 

data. Thus, since the only basis for recommending the selection of 

comparatively simple descriptive hjrpotheses was that it avoids over-fitting, 

and since there is no danger of over-fitting in the context of explanatory 

hypothesis aimed at explaining singular facts, we have no reasons in this 

context to be epistemological veritists. 
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In the first part of this chapter,. I argued that ontological veritism fails 

with respect to descriptive hypotheses for mainly two reasons. First, the 

central claim of ontological veritism, namely that it is the simplicity of a 

hypothesis which makes them more likely to be accurate than more complex 

alternatives, cannot be supported. Since some of those hypotheses we selected 

in the past as the most accurate ones might have been more complex than 

their competitors, we have no reasons for believing that there is a 

nomologically necessary connection between simplicity and accuracy. Thus, 

we are not justified in claiming that comparatively simple h)rpotheses are 

more likely to be accurate in virtue of their comparative simplicity. 

Secondly, I argued that we do not even have good reasons for believing 

that the world is inherently simple. Even if all of those hypotheses we 

selected in the past as the most accurate one painted a simple world, we 

cannot infer from this that with respect to a new domain, it will be the 

simplest available h3rpothesis again which turns out to be the most accurate 

one. Moreover, we already know that it is often the case that comparatively 

simple h3rpotheses are less accurate than their more complex coimterparts 

(see my discussion of the method of renormalization in hydrodynamics). 

I believe that both kinds of argtmients apply to the case of explanatory 
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hypotheses equally weU. If anything, the problems for ontological veritism 

are compounded it this contact First, it is even more difficult to see how the 

ontological veritist could establish the claim that past successful explanatory 

hypotheses were accurate in virtue of their comparative simplicity. For one 

thing, most past explanatory hypotheses have been overturned by subsequent 

theoretical developments. The phlogiston theory of combustion was quite 

simple, given the data available before the mid-eighteenth century, but 

turned out to be inaccurate after the chemical revolution of 1774/78. The 

same is true of ttie Aristotelian theory of matter, which postulated just four 

basic elements as the constituents of all matter, viz., earth, water, air, and fire. 

It has been replaced by an account of the basic constituents of matter which is 

much more complex, listing all sorts of elementary particles and ways in 

which they can interact. Again, the simpler theory turned out to be 

inaccurate. 

The fate of the Aristotelian theory of matter also puts to rest all hope 

for finding a parallel development between the accuracy and the simplicity of 

explanatory theories. It is not the case that the development of ever more 

accurate explanatory theories (if that is indeed what happens during the 

history of science) amotmts to a development of ever more simple theories. 

On the contrary, mjmy past theories have been dismissed as inaccurate 

precisely because the are overly simplistic. 
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It is important to be dear about the nature of the daim those remarks 

are supposed to support. I do not daim that, for example, the phlogiston 

theory of combustion was simpler than the oxygen theory, given all the 

relevant data. On the contrary, Lavoisier proposed his new accotmt of 

combustion because the phlogiston theory needed too many ad-hoc 

assimiptions to explain the facts that roasted metals gain weight and that 

nothing bums in a vacuimi, and was tiierefore overly complex. What I daim 

instead is that the ontological veritist cannot use the past success of 

comparatively simple hypotheses to grotmd his believe that simplidty is a 

truth maker, for the simple reason that most past theories turned out to be 

unsuccessful (or inaccurate). 

This latter fact should also make it dear that we don't have any good 

reasons for believing that the world is inherently simple. Remember that the 

ontological veritist recommends the selection of comparatively simple 

hypotheses on the basis of die belief tiiat the world is simple. With respect to 

descriptive hypotheses, that belief was supposedly supported by the 

observation that all those hypotheses we selected as the most accurate ones in 

the past painted a simple world. In the present context, the veritist faces the 

additional problem that most past explanatory theories are no longer accepted 

as accurate. Thus, whether they postulate a simple or complex world is 

immaterial, for whatever they say about the world turned out inaccurate. 
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Therefore, they can hardly be used to support the claim that the world is 

inherently simple. 

This, finally, concludes my attack against veritism, both 

epistemological and ontological. Epistemological veritism comes away with a 

partial victory, for I'm quite happy to concede that comparatively simple 

descriptive hypotheses are more likely to be accurate, as they are more likely 

to be predictively accurate. However, epistemological veritism fails in the 

context of explanatory hypotiieses. Since there are no effects, or effects of ttie 

right sort, of observational error in the formulation of explanatory 

hypotheses, the only reason for preferring comparatively simple descriptive 

hypotheses is not a reason for preferring comparatively simple explanatory 

hypotheses. 

Ontological veritism, on the other hand, fails entirely. It cannot be 

defended as the right view about the advantages of comparatively simple 

descriptive hypotheses, and it also fails in the context of explanatory 

hypotheses, and it fails for pretty much the same reasons. We have neittier a 

justification for the claim that simplicity and accuracy are nomologically 

necessarily coimected, nor are we even justified in believing that the world is 

pervasively and inherently simple. This lack of justification of the central 

claim of the ontological veritist becomes even more apparent in the context 
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of explanatory hypotiieses, as most of our past theories, which wotild have to 

provide the basis that the world is inherently simple, turned out to be grossly 

inaccurate. 

The question is, then, whether we have to view simplicity^ as a purely 

pragmatic virtue of hypotheses. Li the final chapter, I will argue that we do 

not have to settle for simplicity as a mere pragmatic virtue. I will develop an 

accoimt of scientific xmderstanding which shows why comparatively simple 

hypotheses are epistemically advantageous. 
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7. CHAPTER FIVE: UNDERSTANDING AND UNIHCATION 

7.1 Introduction 

The idea to connect the notion of scientific understanding with the 

notion of unification is not new. Indeed, ttie main opposition to the so-called 

ontic conception of scientific explanation consists of authors who view the 

principal goal of scientific explanation in a tmification of our world picture. 

Examples of successful unification through explanation can easily be found in 

the history of science. One of the most impressive achievements of Newton 

was the unification of celestial and terrestrial events, which could be 

explained on the basis of the same small number of principles. James Qerk 

Maxwell's claim to fame was based on his successful unification of 

electrostatic, electrodynamic and magnetic phenomena in the form of his 

field equations. Other examples are plenty. 

Michael Friedman, in his seminal paper from 1974, was maybe the first 

to explicitly draw a connection between scientific understanding and 

unification. He claims that the smaller the number of principles we have to 

accept as specifying brute facts, the deeper our imderstanding of the world 

(Friedman, 1974, p.6f). Although the technical aspects of his account lead to 

problems (see Kitcher, 1976), his main idea was taken up by a number of other 



173 

writers, notably Philip Kitcher in his paper Explanatory Unification and the 

Causal Structure of the World (1989). Kitcher's principal interest is in 

showing the superiority of the unification approach over the ontic 

conception. His main arguments in favor of unification are based on 

criticisms of the ontic conception, pointing out that there are a number of 

genuine scientific explanations that are not accoimted for by the ontic 

conception. In a similar vein, James Woodward (1989) has argued that it is 

not only mathematical explanations diat are beyond the reach of the ontic 

conception, but some genuinely physical explanations as well, as, e.g., 

Einstein's theory of gravitation in terms of the metric of spacetime. 

I will not concern myself here with reasons for abandoning the ontic 

conception in favor of the unification approach. I have indicated earlier (see 

chapter two) why I think the ontic conception is on the wrong track, and I 

largely agree with the critidsms already to be found in the literature. Instead, I 

will concentrate on two questions that have not received sufficient attention 

so far. First, it has been left unclear why and in what sense unification 

contributes to understanding. Aside from scattered remarks about the value 

of reducing the number of principles one has to accept, no systematic theory 

has been offered that would make the connection between unification and 

tmderstanding entirely perspicuous. Secondly, it is usually asstmied by 

defenders of the unification approach that the degree of understanding 
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resulting from a given theory is directly proportional to its degree of 

unification. In other words, nobody has, to my knowledge, worried about the 

possibility that some theories could be too unified to provide a satisfactory 

degree of tmderstanding. This oversight leads to what I will call the pure 

unificationist account which treats imderstanding as an exclusive function of 

the unifying power of theories. 

ru proceed as follows. After a brief discussion of the basic ideas of pure 

unificationism, I will argue first that pure imificationism is problematic as it 

is imclear exactly how it is to be applied to real human understanders. I will 

show that it presupposes a notion of an ideal understander that leaves us in 

the dark as to what we are supposed to idealize away from. From this I will 

conclude that it is equally xmclear how we are supposed to explain feilures of 

real himian understanders to understand what the ideal imderstander can 

understand, something I claim is necessary if pure tmificationism is to be 

useful as an account of real life scientific understanding. 

Secondly, I wiQ discuss an example of an overly unified theory, a 

theory that, according to pure tmificationism, shoiild provide the highest 

degree of understanding possible. I will address two major objections against 

my claim that this fictional, but highly unified, theory actually represents a 

coxmter example to pure unificationism. During the coxirse of this discussion, 

I will have the opportunity to indicate several features of understanding that 
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seem important but which find no place within the framework of pure 

imificationism. This will lay the groundwork for the final chapter, in which I 

wiU provide an outline of a theory of scientific tmderstanding that not only 

overcomes the problems facing pure unificationism, but also allows us to see 

the proper role and virtue of theoretical simplicity. 



176 

7.2 Unification 

There are considerably detailed technical accounts of what unification 

amounts to. In what follows, I will try to isolate the main commitments and 

assumptions of the pure unificationist approach. This will provide the basis 

for my criticism of the standard treatment of the connection between 

unification and imderstcmding. The basic idea behind pure unificationism is 

this: A theory T is more imified than another theory T*, if the nvimber of 

basic principles involved in T is smaller than the number of principles 

involved in T*, while the number of conclusions generated by the two 

theories is the same. It is perhaps easiest to see what those principles are 

when we think of them as the axioms in an axiomatic formulation of a 

theory. Those axioms in turn can be thought of as the laws characteristic of a 

given theory. 

According to Friedman's original proposal, we determine the degree of 

xmification of a theory by coimting the axioms used to generate all the 

descriptive hypotheses which specify those regiilarities in nature we want to 

explain. K the number of axioms is smaller than the mmiber of descriptive 

hypotheses, the theory has achieved a unification of our world view. Before 

the formulation of the theory, we had to accept each of the descriptive 

hypotheses as specifying a brute fact, while after its formulation, the number 
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of brute facts we have to accept has decreased^ because the number of the 

axioms is smaller than the number of the descriptive hypotheses. 

The application of this idea to the question of comparative simplicity is 

straightforward. If the number of axioms of T is smaller than the number of 

axioms of T*, and if both T and T* can be used to generate the same set of 

descriptive hypotheses, T has greater imifying power than T*. On the basis of 

T, we have to accept fewer things as brute facts than on the basis of T*. This 

account explains nicely what Newton's achievement was. Before Newton, 

theories about free fall and the tides used different "axioms" to derive the 

observed regularities.29 Explaining free fall in terms of innate tendencies of 

heavy bodies committed us to one type of brute fact, while explaining the 

tidal regularities in terms of forces emanating from the moon committed us 

to another type. Newton reduced the number of those facts we have to accept 

as brute by introducing the law of tmiversal gravitation, which allows us to 

generate descriptive hypotheses concerning both free fall and tidal 

This is of course historically incorrect It is very difficult to think of 
an Aristotelian explanation of free as being based on a set of axioms from 
which the descriptive h3rpotheses specifying the regularities characteristic of 
freely falling bodies can be derived. There were not even detailed descriptive 
hypotheses concerning free fall available before the work of Galileo. The 
situation is a little better with respect to tidal regularities. Here, we have at 
least large samples of observational data going back to the Babylonians. 
However, it wotdd still be very difficult to give, say, Kepler's explanation of 
the tides axiomatic form. However, for the sake of exposition, I propose to 
ignore those difficulties and proceed by idealizing away from the actual 
historical development. 
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regularities. 

Of course, there are some difficulties with this account of comparative 

simplicity that are immediately obvious. I wiU mention only one of them. If 

we have two axiomatized theories, both can be re-formulated in such a way 

that they share the number of axioms they use, viz. simply by joining all the 

axioms into one long conjunction. Friedman is aware of this problem and 

attempts to solve it by emphasizing ttie fact ttiat those axioms are supposed to 

represent the fundamental laws of the respective theories. For something to 

be a law, we have to have, according to his proposal, reasons for accepting it 

that are not also sufficient reasons for accepting any ottier law. In other words, 

laws must be acceptable independentiy from each other. A conjunction of the 

three Newtonian axioms and the law of universal gravitation does not satisfy 

this requirement. If we agree that each of the conjuncts is a law, because it is 

acceptable independently 6:0m the acceptability of the others, then the 

conjxmction is not a law, for we can only accept the conjunction if we accept 

each of the coiquncts and accepting each conjunct is a sufficient reason for 

accepting the conjunction. 

There are a variety of problems with this proposal. First, on many 

accotmts, we are justified in accepting a statement as a law if it proves to be 

both explanatorily and predictively accurate, or useful, for those with anti-

realist inclinations. A law must both account for aU the relevant data and 
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correctly predict the results of future observations. However, no single law 

will allow us, used in isolation, to predict and explain all we want to predict 

and explain. Usually, it is only ttie conjunction of one law with one or more 

of the others that allow us to generate the desired descriptive hypotheses. For 

example, the derivation of the ideal pendulum law does not only require 

Mewton's first axiom, but also the law of universal gravitatioiu It follows that 

hardly any explanatory laws are acceptable independently from all of the 

others, so that hardly anything counts as a law in Friedman's sense. 

Moreover, the very notion of a law is xmder heavy dispute. Indeed, as 

van Fraassen has recently argued (1994), it might be better not to talk about 

laws of nature at all, but instead replace the notion of laws witti the notion of 

symmetries. Others have doubted the usefulness of the concept 'law' as well, 

or have at least raised many difficulties for any attempt to clarify what that 

concept exactly stands for (for a discussion, see Salmon, 1994, p.20f.; pp.82^. 

Apart from those technical difiEiculties, I believe that Friedman's 

proposal is on the right track, at least insofar his idea of coimecting 

unification witii understanding is concerned. Accepting something as a brute 

tact is most certainly not a case of tmderstanding it Thus, if we can manage to 

reduce the number of facts we have to accept as brute, we can register a gain in 

understanding. It might be difficult to develop a precise account about how 

we should determine the exact imifying power of a given theory, but the 
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intuition behind the unificationist account seems right. Any theory that 

allows us to describe the world on the basis of a relatively small number of 

independent laws reduces the world's incomprehensibility. 

There is a further dimension along which theories can differ in the 

degree of their respective unifying power. Two theories might be based on the 

same number of fundamental laws, but might involve a different nimUier of 

types of derivations of the descriptive hypotheses from those fundamental 

laws. Theory T might allow us to derive a set of descriptive hypotheses from 

law 1 in the same way in which we derive another set of descriptive 

hypotheses from law 2, while theory T* might have to use two different types 

of derivations to achieve the same result. In an important sense, T is more 

unified than T*. T paints a world in which two different sets of descriptive 

hypotheses are connected in the same way with two different laws, while 

according to T*, those connections are different with respect to the two sets of 

descriptive h5rpotheses. Where T specifies a common pattern of connections 

between tinderlying fundamental laws and observed regularities, T* 

postulates two different patterns. 

This is the basic idea behind Kitcher's detailed treatment of the 

imificationist account of scientific imderstanding. It represents an extension 

of Friedman's original proposal by suggesting that we not only count the 

number of fundamental laws involved in a theory, but also the niunber of 
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different argument patterns used in the derivation of the descriptive 

hypotheses that are to be explained: 

Science advances our tmderstanding of nature by showing us how to 
derive descriptions of many phenomena, using the same patterns of 
derivations again and again, and, in demonstrating this, it teaches us 
how to reduce the number of types of facts we have to accept as 
ultimate (or brute). (1989, p.432) 

In the context of comparing the degree of tmification of two theories, 

Kitcher's proposal is roughly this. One theory is more unified than another 

one if not only the ntunber of basic principles is less for the first theory than 

the second one, but also if the nimiber of different argument patterns 

employed by the first theory is smaller than that used by the second one. 

Usually, if the number of argument patterns is smaller for one theory than 

another, we can expect that the ntmiber of basic principles that are involved 

in the first theory will also be smaller than the corresponding number in the 

second theory. But there are probably also difficult cases of trade-o^ between 

minimizing the number of argument patterns and minimizing the number 

of fundamental laws, or axioms. Fortunately, nothing that follows hinges on 

a solution of such problems. 

An argtmient pattern is, roughly, a sequence of schematic sentences, 

with dxmuny letters replacing non-logical expressions, about which it is clear 
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what the premisses are and what the condxisions, what the rules of inference 

are, and what tjrpes of individual constants can be substituted for the dummy 

letters (for examples, see Kitcher, 1989, pp.438H). The unificationisf s claim is 

that the smaller the number of such argument patterns, the more unified the 

theory in question, and the better the understanding that results from that 

theory. Thus, ideally, if we were able to design a theory that employs but one 

argument pattern sufficient to generate all the conclusions we want (i.e., 

sufficient to explain and predict all the relevant data) from just one 

fundamental law, we would thereby get a theory with the highest degree of 

unification possible and thus arrive at the deepest understanding imaginable. 

This idea sounds plausible. Surely, the quest for a tmified field theory 

can best be tmderstood in the light of such a imificationist account of scientific 

explanation. However, viewing matters this way relies on a crucial 

assumption. The assumption is that our tmderstanding improves with every 

improvement in unification. The advantage of making this assumption is 

that imderstanding can be defined in a non-subjective manner, provided that 

unification can be so defined. Since, or so the unificationist would have it, the 

degree of unification is an objective fact about a given theory, the 

understanding resulting from that theory is an equally objective fact about 

that theory. Whether a given theory leads to a certain degree of 

imderstanding or not is answered by the form of the theory itself and is 
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independent of any individual variations in comprehension. Understanding 

is rendered a non-psychological notion. 

In the next two sections, I will discuss two problems with the pure 

unificationist account. First, I will show that this account, in virtue of 

rendering understanding a non-psychological notion, has to introduce such a 

notion of an ideal understander that makes the account problematic as a 

theory of human scientific understanding. I will argue that it remains 

unclear, in a variety of cases, what exactly such a notion idealizes away from, 

and that it is therefore equally unclear how the theory is to be applied to 

actual imderstanding. Secondly, I will show that even in cases where there 

are no worries about the idealization step, there are still potential problems 

with overly unified theories. My conclusion will be that the pure 

tmificationist accotmt has to be amended by considerations concerning the 

rationale of scientific imderstanding. 
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I jiist noted the possible advantage of the pure xmificationist approach 

to iinderstanding. Understanding turns out to be an objective notion, isolated 

from the vagaries of human individual differ^ces. Of course, our concept of 

understanding often has strong psychological connotations. There are 

doubtlessly many people who understand the chemistry of alloys, but I'm 

tinfortunately not among them. The theory might be highly unified, but the 

resulting depth of understanding is unavailable to me. And the same goes for 

just about everybody with respect to at least some theories. Whenever we 

claim we don't understand a particular theory, we certainly report on the 

psychological aspect of understanding, and certainly do not pretend to pass 

judgement on the degree of imification of the theory we claim not to 

understand. 

At the very least, the unificationist has to concede that there are two 

aspects of imderstanding: a non-psychological and a psychological one. Given 

this distinction, the pure unificationist can then say that a philosopher of 

science should try to illuminate the non-psychological aspect of 

understanding, and should leave the psychological aspect to the psychologists. 

It is them who have to explain why highly unified theories don't lead to 

understanding in partictilar people, be it in terms of lack of motivation. 
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natiiral stupidity, learning disabilities, or what have you. If, so to speak, a 

person with average intellectual gifts, enough time and enough motivation 

sets herself the task of imderstanding the chemistry of aUoys, she wiU succeed 

and attain the depth of understanding offered by that particular theory. 

Although viewing matters this way seems prima fade legitimate, it is 

problematic in virtue of presupposing a notion of an ideal understander for 

whom the depth of imderstanding is a direct linear function of the unifying 

power of a theory. In order for an accoimt of understanding that relies on a 

notion of an ideal understander to be useful, it must be clarified what the 

relation between an ideal and a real imderstander is. After all, what we want 

from a theory of scientific understanding is an accoimt of what good and 

unified theories do for real life htrnian tmderstanders. 

It follows that we have to be able to explain how and why actual 

instances of scientific understanding deviate from what an ideal 

imderstander can achieve. In other words, the idea to make the degree of 

understanding a direct linear function of the degree of imification 

characteristic of a given theory is only acceptable if we can show that if we 

correct for less-than-ideal circumstances, the more imified theory will lead to 

deeper understanding. If the unificationist account of understanding is to be 

useful as a theory of the scientific understanding of humans, it has to be 

possible to explain what kind of performance limitations result in a failure to 
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achieve understanding on tiie basis of a certain highly unified theory. 

Without such an explanation, postulating an ideal understander renders the 

theory useless as a theory of human scientific understanding, as we have no 

due what the differences between the ideal and the real situation are. 

Betting on the possibility of such explanations is not unreasonable. We 

are familiar with a similar competence/performance distinction from 

psycholinguistics. In that context, it is supposed that we have the capacity to 

understand infinitely many different sentences, viz. all those that can be 

generated by the Transformational Grammar underlying all humanly 

possible languages. The fact that real life understanders have difficulties with 

understanding the larger part of those in prindple tmderstandable sentences 

is explained in terms of performance limitations. Constraints on 

computational and other resources can be referred to whenever the actual 

performance of an imderstander doesn't live up to her competence. 

A similar idea might underlie the xmificationist's strategy of 

introducing an ideal understander. If there is indeed a unified field theory 

forthcoming, and if, as it is highly likely, not everybody will imderstand what 

the world is like according to that theory, the failure to tmderstand could be 

blamed on certain performance limitations. A person who doesn't gain the 

depth of imderstanding offered by the unified field theory might lack the 

proper mathematical tools, the necessary concepts, the required attention 
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span, etc. And such an explanation of failures to understand seems extremely 

reasonable. After all, the entire idea of having an educational system is based 

on the belief that performance limitations can be overcome. 

However, there is a crucial difference between the competence-

performance distinction in psycholinguistics and what the unificationist has 

in mind. Transformational Grammar is supposed to specify the underlying 

structure of aU humanly possible languages. Psycholinguistics, insofar as it 

involves Transformational Grammar, is from the very beginning not directly 

concerned with languages that can be constructed but not possibly 

understood. The competence/performance distinction is employed to explain 

why some (or many) humans do not actually understand sentences they 

should be able to tmderstand, given their competence. Li other words, if one 

were to construct a language that cannot be understood, because humans 

don't have the competence to do so, we cannot explain the failure to 

imderstand that language in terms of performance limitations. Performance 

can only fall short of what should be possible, given a specific imderlying 

competence. Failing to understand a language because there is no competence 

to understand it is not attributable to performance limitations. 

In the context of the pure unificationisf s approach to scientific 

understanding, understanding is treated as a direct linear function of a 

theory's degree of unification. It is explicitly not relativized to some 
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underlying competence to tmderstand theories. The very insistence of 

connecting the depth of understanding with objective facts about theories, 

viz. their degree of unification, which is revealed in the nxmiber of 

fundamental laws and argument patterns, shows that any t3rpe of competence 

for imderstanding theories plays no role in this account of understanding. 

Postulating some sort of competence for imderstanding theories would make 

'understanding' a relational notion of sorts, and whether a given theory 

delivers understanding would depend on more than just the objective facts 

about that theory. It would also depend on whether the theory is in principle 

understandable, or, in other words, whether it is a theory for which humans 

have the competence to understand it. This is, in an important sense, not a 

fact about the theory in question, but a fact about human psychology. The 

insistence on treating imderstanding exclusively as a function of objective 

facts about the theory, however, leaves no room for such facts about what 

humans can understand. 

This has an important consequence. To begin with, the ideal 

understander of theories is to be distinguished the ideal imderstander of 

himianly possible languages. In the latter case, the failure to understand a 

given sentence from an understandable language can be explained in terms of 

performance limitations. An ideal understander in this context is one not 

subject to those performance limitations. Such an understander is ideal in the 
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sense that her competence is fully realized. In the case of the ideal scientific 

imderstander, the modifier 'ideal' has a different meaning. In that context, a 

failiire to achieve understanding on the basis of a certain theory might be 

attributable to performance limitations, but it also might not be. The former is 

the case if the theory in question is in principle understandable, while if it is 

not, because we have no competence for understanding it, the failure to 

understand cannot be attributed to performance limitations. The ideal 

scientific xmderstander is ideal in the sense that she not only is not subject to 

any performance limitations, but she also does not experience any 

competence Limitations, as it were. This ideal understander corresponds to an 

imderstander of sentences that has the ability to understand languages that 

are himianly impossible to imderstand. And as I have pointed out earlier, 

explaining why w e don't imderstand such languages cannot be done in terms 

of performance limitations. It follows that if there are theories that cannot be 

understood by any human being, the failure to understand Ccmnot be 

attributed to performance limitations. 

This makes it doubtful whether the pure unificationist accoimt of 

scientific understanding can deliver what we expect We want an account of 

scientific understanding to tell us what characteristics of a theory are 

responsible for letting us imderstand what the theory is about. I said earlier 

that the introduction of an ideal understander, something the pure 
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unificatiomst is committed to, is only useful if we can explain deviations 

from the ideal understander by referring to certain performance limitations. It 

turned out now, however, that the pure tmificationist account leaves open 

the possibility^ that there are theories which are in principle beyond human 

competence for imderstanding, which makes it impossible to explain oxir 

failture to imderstand those in terms of performance limitations. Thus, the 

ptire unificationist account seems on the wrong track. Making imderstanding 

an exclusive function of the unifying power of a theory loses sight of the 

importance of facts about our psychological make-up. 

I therefore will urge to take the expression 'our' in the quote from 

Kitcher (see above) more seriously. If we want to know what scientific 

understanding is, we ought not only look at the theories which are supposed 

to deliver understanding, but we also have to develop a theory about what it 

means for us to gain understanding. I will provide the outlines of such a 

theory by discussing the rationale of scientific understanding later on. In the 

next section, I will show that the pure tmificationist accotmt faces problems 

apart from the fact that it doesn't reserve a role for psychological facts about 

human in its attempt to deliver a theory of understanding. 
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7.4 Taking Unification too Far 

Even if we consider only theories that are within our competence to 

understand, there are still problems for the pure unificationist account. 

Suppose it turns out that there are inherent performance limitations on 

human scientific vmderstanding. particular, suppose, for example, that 

there is a highly unified theory which nobody can claim to understand. In 

what sense would that high degree of unification still lead to understanding? 

Even if an ideal understander (ideal in the sense now of not being subject to 

performance limitations, but having the same competence as we do) were to 

imderstand that theory, no real human being would be able to. Suppose 

further that there is an alternative, slightly less unified theory in the offing. 

In that case, it seems wise to recommend choosing the competitor theory, if it 

leads to imderstanding for actual human scientists. Thus, if we connect 

understanding directly with the degree of unification a theory ofiers, and if 

our theory choices ought to be guided by the degree of understanding 

delivered by a candidate theory, the imificationist approach gives us the 

wrong prediction about ttieory choice by real human scientists. They would be 

iU advised to choose a theory with a higher degree of imification, if a 

competitor with a lower degree of imification actually gives them 

understanding, while the first one is good only for the ideal understander. 
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All Fm urging here is to take the psychological component of the 

notion of tmderstanding seriously. A theory of imderstanding that needs to 

rely on an ideal imderstander is not a good theory about real-life scientific 

understanding. It might gain in objectivily, but it loses in applicability. A 

theory that doesn't provide understanding for anybody is certainly not a 

theory we want to choose. The acceptance of a theory in the scientific 

commtinity depends crucially on the ability for all members to imderstand 

the world on the basis of that theory. Ordy a theory that leads to 

understanding is worth selecting firom among its competitors, as I will argue 

below in the context of my discussion of the rationale of scientific 

understanding. 

It is of particular interest to realize that there are examples of theories 

that do not lead to real understanding precisely because they have ultimate 

xmifying power. To the best of my knowledge, neither Kitcher nor any other 

unificationists ever considered one very salient example of such highly 

unified theories, viz. a theory of everything based on just one law and 

involving oidy one argument pattern. Let me call the theory I have in mind 

the Divine Intervention Theory, as it is based on just this one principle: 

Whatever is the case, is the case, because the divine entity wants it to be the 

case. The argument pattern for deriving any event or regularity we want to 

explain is extremely simple. Just specify your explanandum, plug it into the 
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divine formula, and the explanandum is explained. Applications are obvious: 

The ideal pendulum law holds, because the divine entity wants it to hold; the 

Challenger space shuttle exploded, because the divine entity wanted it to; and 

so on, ad nauseam. 

I am convinced that nobody in their right mind would accept this 

theory as explanatory. It doesn't explain, for it doesn't let us imderstand why 

certain things happen or why certain regularities hold. Of course, it is possible 

for a imificationist to bite the bullet and claim that we do gain the deepest 

understanding of the world on the basis of this theory. But I doubt that 

anybody would be happy to have tfiat bullet to bite, and I will provide some 

argimients below that show that this theory indeed does not lead to any 

imderstanding. Once the proper role of scientific tmderstanding for empirical 

research is tmderstood, we will be able to see why we tend to immediately 

dismiss the divine intervention theory (or DU) as something that could yield 

the kind of tmderstanding we look for. 

Still, this "theory" provides great difficulties for pure imificationism, 

because, as I will argue, pure unificationism doesn't have the necessary 

conceptual resources for ruling out DFT as a theory that delivers the ultimate 

in imderstanding. This can be shown by closely examining two objections to 

my claim that DFT does, according to pure unificationism, deliver genuine 

imderstanding. 
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This first objection starts with the observation that I did not correctly 

describe the context in which pure unificationism is supposed to work. As 

Philip Kitcher would most likely point out, DIT is not an acceptable 

explanation of an3rthing, given what else the scientific commtmity accepts at 

the present time. He introduces the notion of a set K of statements endorsed 

by the scientific community at any given time, and calls an explanation 

acceptable only if it belongs to the explanatory store E(IC) over iC, which is the 

set of derivations that best tmifies K (see Kitcher, 1989, p.431). Although 

Kitcher himself does not address this problem, I believe the following 

objection can be constructed on the basis of his notion of an acceptable 

explanation. 

Suppose that at some time T, the set K has not only statements 

concerning observations and regularities as elements, but also statements that 

serve as the premisses for already accepted explanations of regularities and 

observations. This assumption seems very plausible, because the unification 

of a body of accepted statements hardly ever starts firom scratch. What is to be 

imified through explanation are not just sets of statements describing 

regularities, but more often entire theories which already contain a set of 

accepted explanations and thus the premisses of those explanations as well. 
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James Qerk Maxwell, for example, in his unification of electrodynamics, 

electrostatics, and the theory of magnetism, did not simply look at the list of 

all recorded regularities that hold in these (seemingly) diverse domains and 

tried to come up with a unified explanation. Instead, he also took into 

account already existing explanatory constructs: For example, tiie notion of an 

electrostatic tension had already been introduced as an explanation of the 

attraction of iron filings by charged glass rods; accounts existed that treated 

electricity as some sort of fluid in order to explain the function of a Leyden 

Jar, the precursor to our capadtator; etc. Maxwell did not throw out those and 

other explanatory constructs. Instead, he showed in his ideal fluid model of 

electricity how several of those formerly different explanatory constructs 

coiild be identified with each other, thereby unifying previously disjoint 

theories (I discuss the details in a part of my unpublished Master's Thesis; 

Griesmaier, 1988). 

We can look at this from a different angle. What Maxwell did not do 

was to replace earlier explanations with an entirely new theory in the sense 

that none of the statements accepted by the scientific community in the early 

part of the nineteenth century, except for those specifying regularities, 

survived. On the contrary, he preserved as much as possible from those 

earlier theories. What this shows is that tmification is not (always) the same 

as replacement. Although it is in principle possible that unification proceeds 
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by replacement many cases of past successful unifications are unifications of 

already existing theories, including (some of) their explanatory constructs 

through theoretical identifications.30 

We can now see what form the objection against my claim that DIT 

provides genuine understanding might take. iCitcher, along with other pure 

imificationists, might point out that DIT provides not so much a imiEication 

of oiu: world view, as it constitutes a replacement of the view which is based 

on the theories we currently accept. In our earlier terminology, the 

fundamental law of DIT is not an acceptable explanation, as it does not belong 

to the explanatory store E(K) over K, because it doesn't unify K. Lots of things 

that are accepted by the scientific community at the present time, viz. all our 

accepted explanatory constructs, are replaced rather than tmified by DIT. Thus, 

relative to what K looks like at the present time, DIT doesn't imify and 

therefore doesn't deliver understanding. 

To begin addressing this objection, I want to first emphasize that 

imification is assumed to be relative to the set K of accepted statements. 

Accepted statements are not to be identified straightforwardly with correct 

statements, as Kitcher himself notes (1989, p.431). It follows that on his 

30 Another nice example is provided by the history of thermodynamics, 
which, through a theoretic^ identification of the constituents of gases with 
Newtonian particles, became xmified with mechanics in the form of Statistical 
Mechanics. 
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accoxmt, understanding, which is achieved through unification, is possible on 

the basis of inaccurate theories, bv that respect, Kitcher apparently would 

agree witti ttie conclusion I argued for in chapter three. There, I tried to show 

that accuracy and understanding are two independent goals of scientific 

explanation. Although I emphasized the need for recognizing understanding 

as one goal of explanation, it is still the case that accuracy is an important goal 

as well. 

Now suppose it turns out that a given set K of accepted statements is 

grossly inaccurate. In such a case, the introduction of a new theory for 

explaining the specified regularities might constitute a replacement rather 

than a imification of K in Kitcher's sense, even if, on the unificationist view, 

the new theory is more unified than the ones included in K. That is to say 

that unification cannot always be seen as the unification of already existing 

theories. Sometimes, a more unified worldview replaces older paradigms 

wholesale. Often, such a radical overhaul is driven by new evidence which 

makes it clear that the existing theories are both explanatorily and 

predictively inaccurate. Sometimes, if we accept Kuhn's (1962) thesis, more 

than fust new evidence is involved in such a radical change. Whatever the 

truth in those matters is, I claim that unification does not only proceed 

conservatively, as it seems implied by Kitcher's accoimt, but also in more 

radical ways. 
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A good example of such a radical change is provided by Einstein's 

introduction of the theory of special relativity. 19»h century physics was 

embedded in a thoroughly mechanistic worldview. The goal of theory design 

was to find explanations of observed regularities in terms of mechanical 

forces only, i.e., to a first approximation, forces that do not involve action at a 

distance.3i The beginning of the 19»h century saw the development of the first 

unified theory of electromagnetic phenomena, viz. Maxwell's. Physical optics 

was also being developed in an ever more rigorous fashion, and the wave-

theory of light, abandoned by Newton and his followers, was re-introduced by 

Young and Fresnel. All this success in explaining both electromagnetic 

phenomena (in terms of Maxwell's field equations) and optical data give rise 

to an new embarrassment: How can optical and electromagnetic phenomena 

be imderstood within a thoroughly mechanistic world-picture? 

This problem explains the obsession of many physicists with 

developing theories of the ether. It was supposed to play the role of a medium 

for the propagation of basically mechanical forces which, so it was hoped, 

could be seen as tmderlying electromagnetic and optical phenomena. In short, 

theories of the ether were developed in an attempt to reduce 

electromagnetism and optics to mechanics, (see Scha^er, 1970a, 1970b; also 

31 It was a notorious embarrassment for Newtonian physics to have to 
rely so heavily on gravitational attraction. 
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Witthaker, 1953). 

Towards the end of die century, several new experimental data became 

available. Of particular importance was the null-result of the Michelson-

Morely experiment The experiment was designed to determine the velocity 

of the earth relative to the ether, which was supposed to be at absolute rest. 

However, no such velocity could be detected. The most successful explanation 

of this and other results was provided by HA.Lorentz in his theory of the 

electron. In particular, he explained the null-res\ilt of the M-M experiment in 

terms of a postulated length-contraction of moving objects, which in turn was 

explained in terms of forces excerted by the ether on electrons moving 

relative to it. 

As Schaffner (1970b) points out, Lorentz theory was successful (given 

the data available before 1910) in its explanatory efforts, but at the cost of high 

complexity in his theory. Length-contraction, e.g., had to be introduced as a 

special (ad hoc) hj^othesis to explain the result of the Michelson-Morely 

experiment.32 Lorentz account had the welcome characteristic, though, of 

keeping all the central Newtonian notions concerning kinematics and 

mechanics intact. 

In 1905, Einstein published his paper on the electrod5mamics of 

32 In fact, some authors cotmt up to eleven ad-hoc hypotheses in 
Lorentz final theory of 1903. See Schaffner, op.dt. 
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moving bodies, which presented his new theory of relativity. In that paper, 

Einstein managed to account for everything Lorentz cotdd accoimt for on the 

basis of just two principles: constancy of light and the principle of relativity, 

which, through its elimination of privileged frames of reference, denied the 

existence of an ether. In fact, Einstein was able to derive the Lorentz' 

contraction, which was an esctra assumption in Lorentz' own account, as a 

"theorem" from his two principles. 

The main point is this: Einstein's Special Theory of Relativity 

represents a radical change from the mechanistic world view of 19th century 

physics. It is arguably more imified than Lorentz' theory, but it does not unify 

conservatively. Although some aspects of already existing theories are 

preserved, in particular Maxwell's field equations, which can be given a 

relativistic treatment, most of the central explanatory assumptions are 

replaced by new ones. Einstein re-invents kinematics, i.e., the theory of how 

to measure velocities. He gets rid of the Newtonian concept of absolute 

simultaneity, he introduces new concepts of space and time, and length-

contraction is no longer a mechanical effect, but instead a result of the 

conventionality of measurement and the fact that there are no privileged 

frames of reference. 

What we can conclude from this example, and others that have been 

dubbed scientific revolutions, is the following: If Kitcher's objection against 
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the legitimaqr of DIT as a theory that 3delds genuine understanding is based 

on the claim that it does not represent a conservative unification of earlier 

theories, then he will face grave diHiculties in explaining why the more 

unified Special Theory of Relativity (STR) is supposed to yield tmderstanding. 

In other words, Kitcher, in order to sustain his objection, has to explain what 

differences between STR and DIT can account for our judgement that while 

DIT does not lead to genuine understanding, STR does. The difference 

between DIT and STR is not that one is a conservative unification, while the 

other one is a radical replacement. Kitcher must allow for the possibility of 

radical replacements that restilt in more unified theories pelding genuine 

understanding. Thus, he cannot object to DIT on the grounds that it 

represents a radical replacement of our current worldview. Therefore, DIT is 

still appears to be a coimterexample to the pure imificationisf s accoimt of 

scientific understanding. 



7.42 The Evidence" Objection 

202 

One obvious difference between STR and DIT is this. While we did 

have good reasons for abandoning Lorentz' theory of the electron in favor of 

STR, we have no such reasons for adopting DIT. The problem with DIT is that 

we have no good evidence for believing it; indeed, there is no possible 

evidence that can speak for or against it. DIT is not an example of an 

empirical theory, and the pure tmificationist can claim that he is not 

responsible for non-empirical theories. In my discussion, I will address the 

two different aspects of this objection separately. First, I will raise the question 

whether the foct (if it is one) that DIT is not an empirical theory really helps 

ttie cause of die pure unificationist. Secondly, I will propose a new view of 

the relations between tmderstanding, accuracy, and evidence and argue that 

only on the basis of a theory that leads to tmderstanding can we assess the 

evidence for or against its accuracy. Thus, even granting that it is (mostly) 

new evidence that makes it reasonable to accept a new theory that replaces an 

old one, we have to understand the new theory first before we can look for 

evidence that would make it reasonable to accept it. From this 1 will conclude 

6tat unless we understand a theory, we are in no position to decide whether it 

is reasonable to accept it Since we do not tmderstand DFT, we can't rule it out 

as a counterexample by claiming that we have no evidence for accepting it 
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DIT is prima fade not an instance of an empirical theory. Taking a hint 

from Popper, the pure iinificationist can argue that there is in principle no 

way to falsify DIT. Nothing we can possibly observe will show that DIT is 

false. Since falsifiability is a necessary property of empirical theories, DFT 

tiims out to be non-empirical in character. 

Although I will challenge this line of argument in the next section, I 

propose to accept it for present purposes and raise a different question instead. 

What the pure unificationist wants to conclude firom the fact that DIT is not 

an empirical theory is that his theory of scientific imderstanding does not 

have to accotmt for cases like DFT. The imificationist claims to be only 

responsible for explaining how imderstanding results from empirical 

theories. Thus, if we only take into consideration empirical theories, the ptire 

unificationist approach is still intact The higher the degree of tmifying power 

of an empirical theory, the deeper the understanding it delivers. 

I think it is in principle possible to draw such a conclusion, if we accept 

the line of argument described in the beginning of this section. However, if 

unificationism is developed in antithesis to the ontic conception of 

explanation, as done by Kitcher, matters are a little more complicated. One of 

Kitcher's main argtmient against the ontic conception is that it cannot 



204 

accotint for understanding based on non-empirical theories. The examples he 

uses are all drawn £rom mathematics. He argues that mathematical pioofe are 

often assessed in terms of their explanatory merits (Kitcher, 1989, pp.423ff.), 

which implies, in the context of Kitcher's account of explanation, that the 

degree of understanding they yield is an exclusive function of their unifying 

power.33 This shows that Kitcher's account is intended not to cover only 

empirical theories, but at least some non-empirical ones as well. Thus, the 

simple charge that DIT is non-empirical is not sufficient for claiming that DIT 

does not represent a genuine counter example to Kitcher's form of pure 

unificationism. 

The only retreat for Kitcher is to argue that his theory of scientific 

understanding needs only to take care of two kinds of cases; Cases that 

involve empirical theories and cases that involve mathematical theories. 

Since DIT falls in neither of those two groups, it does not pose a problem for 

his view. Looked at it &om a difierent perspective, Kitcher's position seems to 

33 This seems prima fade an extremely plausible position. The history 
of mathematics shows a tendency towards the development of ever more 
fundamental theories which can unify previously discoimected branches of 
mathematics. A milestone in this history is certainly Cantor's development of 
set theory. However, even in mathematics, unification can go too far for real 
understanders. The work by Bourbaki, a group of French mathematicians, 
provides a good example of this. They developed the most imified 
mathematical theory yet, but the work is extremely difficult to imderstand, 
and hardly anybody uses the techniques developed by Bourbaki for everyday 
mathematical purposes. 
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amotint to the following. He wants to develop a theory of scientific 

understanding, i.e., understanding based on scientific theories. Thus, the 

account he develops need only be applicable to scientific theories, from which 

it follows that DIT does not represent a counter-example to his view. DIT is 

neither a mathematical nor an empirical theory, and thus, since those two 

types exhaust the class of scientific theories, it is not a scientific theory. 

However, it also follows that Kitcher's own theory is not a theory that 

3delds genuine understanding. Kitcher's theory of scientific tmderstanding is 

neither mathematical, nor, as developed in his paper, is it empirical Thus, by 

Kitcher's own standards, his theory of scientific tmderstanding does not lead 

to a genuine tmderstanding of what understanding really is. This form of 

argument is of course familiar from the history of verificationism. 

Verificationism broke down mainly because as a theory of the demarcation 

between science and pseudo-science, it could not live up to its own standards. 

Similarly, if Kitcher's form of pure unificationism can only be rescued from 

the threat posed by DIT by ruling that DIT is not a genuine theory and thus 

cannot lead to genuine understanding, his theory of scientific tmderstanding 

proves incapable of giving us real insight into what tmderstanding is, because 

it doesn't count as a legitimate theory either. 

This is the tmderlying reason, I believe, for what I complained about in 

the beginning of this chapter. There I said that the existing imificationist 
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accounts leave it a mystery exactly why and how unification leads to 

understanding. Now we are in a position to see why there is this mystery. The 

account developed by Kitcher seems more like a stipulatory definition of 

tmderstanding than a theory that gives us any insight, even by his own 

standards which he has to adopt to avoid the counter example of DFT. In 

order to make unificationism into a genuinely explanatory theory of scientific 

understanding, we have to take into accotmt empirical facts about what it is, 

for a real agent, to understand the world on the basis of a theory. I urged such 

a change of focus already in section 7.2.1, where I argued that pure 

imificationism needs to postulate a kind of ideal tmderstander that leaves it 

unclear how the theory can be applied to real understanders. Now we have 

seen that even by Kitcher's own standards, his theory won't deliver genuine 

understanding, partly because it is not an empirical theory. Therefore, I will 

try to outline later how focts about the psychological basis of understanding 

can be used not only to transform pure unificationism into what I will call 

empirical unificationism, but also to let us see why DFT doesn't yield genuine 

understanding. 
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7.4.2^ Evidence, Accuracy, and Understanding 

Apart from the question whether the (alleged) fact that DIT is not an 

empirical theory helps the cause of the pure unificationist, there is the further 

problem as to whether we have any good reasons for accepting DIT. A pure 

imificationist might argue that whether a theory T is empirical or not, we 

need to be justified in accepting it before we can consider replacing older 

theories by T. In the case of STR, we apparently had such good reasons, while 

it is hard to see why we should accept DIT. There is no piece of either 

conceptual or empirical evidence that would make it reasonable for us to 

accept DIT. Thus, although both DIT and STR represent radical replacements, 

only the acceptance of the latter is reasonable, while the acceptance of the 

former is not 

Remember the context in which the acceptability of DIT becomes an 

issue. I introduced DIT as a counter example to pure tmificationism. In order 

to defend her position, the pure unificationist has to show that for some 

reason or other, DIT is not a good counterexample. I have argued that it is the 

most unified theory according to pure tmificationism, and thus should yield 

the deepest tmderstanding, contrary to intuition. Thus, the imificationist 

needs some independent grotmds on which to rule it out as a coimter 

example. The fact that it is not an empirical theory doesn't help, as we saw in 
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the last section. Therefore, the tinificationist now challenges the 

reasonableness of accepting DIT. 

I will start addressing this challenge by raising the question as to what 

makes it reasonable to accept a given theory. Given my distinction between 

two independent goals of scientific explanation (chapter three), there can be 

two reasons for accepting an explanatory theory. It either leads to scientific 

understanding, or it is highly accurate when compared with other theories. 

We already agreed that DIT doesn't lead to any degree of tmderstanding. 

Thus, the challenge of the pure unificationist must be that there is no reason 

for believing that DIT is accurate, and that we have therefore no reasons for 

accepting it 

The acceptability of a theory thus turns out, in the present context to be 

a function of its accuracy. We determine a theory's accuracy in terms of the 

evidence we have for that theory. This, then, is what the pure unificationist 

finds objectionable about DIT. We have no evidence that would lend 

credence to the claim that DIT is accurate, or more accurate than the 

assortment of disunified theories now accepted by the scientific community. If 

we add the extra premiss that only accepted theories can jdeld any 

imderstanding, we get the imificationisfs desired conclusion that DIT doesn't 

yield any understanding, because we have no reasons for accepting it 

It is this extra premiss that I propose to attack. My main argument 
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parallels the one I offered in the context of discussing inference to the best 

explanation and processes of confirmation (see chapter three). There, I 

showed that we have to first determine the explanatoriness of proposed 

hypotheses, before we can decide which one explains best or which one is best 

confirmed. I also argued that explanatoriness is determined by probing the 

capacity of candidate hypotheses to 3deld real tmderstanding. Only those 

hypotheses can form the pool of candidates from which we choose by either 

inference to the best explanation or confirmational processes, which lead to 

real xmderstanding. It follows that the determination of explanatoriness has 

to precede the determination of accuraqr. 

In the present context, pretty much the same is true. We cannot 

determine whether a given theory has evidence in favor of its accuracy and 

thus can be reasonably accepted, before we understand what the world is like 

according to that theory. Put slightly differently, what would even count as 

evidence for or against a proposed theory cannot be determined without 

understanding what the theory says the world is like. Thus, if we do not 

understand a given theory, we have no way to assess what types of 

observations would count as evidence for its accuracy. From this it follows 

that if a theory doesn't yield understanding, we cannot determine whether it 

is acceptable or not 

Let me back up my claim by reminding you of the discussion of 
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Newtonian mechanics in chapter three. I argued that Newtonian mechanics, 

or, more precisely, his explanation of tidal regularities, does yield some 

tmderstanding without being accurate. The very fact that we do imderstand 

what the world is like on the assumption that Newtonian mechanics is true 

enables us in the first place to determine that in fact, it is inaccurate and thus 

not acceptable. Without imderstanding what the world is like according to 

Newtonian mechanics, we would be in no position to design and carry out 

experiments the outcome of which speak, by either confirming or 

contradicting observational predictions, for or against the theory's accuracy. 

The thoroughly mechanistic worldview taking hold of physics as 

Newtonian mechanics was further developed arguably led to its own 

downfall around the turn of the century. As discussed in section 7.2.2.1 of this 

chapter, it was the attempt to integrate Newtonian mechanics with 

electromagnetism and physical optics which eventually led to the Michelson-

Morley experiments designed to determine the velocity of the earth relative 

to the ether. Designing such an experiment is done on the basis of an 

understanding of what the world should be like, given that we accept 

Newtonian mechanics as accurate. If all there is are indeed mechanical forces 

that depend on some sort of a medium for their propagation, postulating 

such a medium in the form of an ether becomes at least reasonable. Once an 

ether is postulated, the question of the velocity of the earth relative to the 
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ether makes sense, and it becomes possible to design an experiment in an 

attempt to measure that velocity. The fact that the outcome of the Michelson-

Morely experiment gave no indication whatsoever of a difference in velocity 

between the earth and the postulated ether was puzzling and suggested to 

some that there might be something fundamentally wrong with Newtonian 

mechanics. Einstein took this suggestion seriously and wrote his famous 

papers that initiated the now familiar revolution in the physics of the early 

twentieth century. 

Similarly, newly designed experiments led to the demise of the 

phlogiston theory of combustion. If we do accept the phlogiston theory as 

delivering some understanding of some part of the world, we can form 

rational expectations about what ought to happen in certain specified 

circumstances. If there is indeed a fluid that is released during combustion, 

things that are heated or burned should get lighter, and it should not make 

any difference whether we bum something in a vacuum or somewhere else. 

The ^ct that both those expectations that were based on an understanding of 

what the world is like according to the phlogiston theory were frustrated 

played a very important role for the development of the oxygen theory of 

combustion. 

Those two examples show, I believe, that understanding precedes our 

attempts to determine the accuracy of a given theory. Both cases are examples 
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of a process that starts with the provisional acceptance of a theory in virtue of 

the fact that it provides some understanding and which ends with the 

eventual refection of that theory due to the fact that it cannot be accepted on 

grotmds of its inaccuracy. The important point I want to make is that a 

determination of the accuracy of a theory is dependent on the imderstanding 

delivered by that theory. If we didn't understand what the world is like, 

given that we accept the phlogiston theory of combustion in virtue of the 

understanding it 3delds, the tact that nothing bums in a vacuum might be 

interesting, but would not constitute a reason for doubting the accuracy of 

that theory. 

In this respect, my notion of imderstanding shares some central aspects 

with Kuhn's notion of a scientific paradigm. For Kuhn, one of the central 

functions of paradigms resides in the guidance they provide for everyday 

scientific research. It is paradigms that determine what counts as evidence, 

how to go about evaliiating observations, and how to integrate conceptual 

with empirical issues. Kuhn emphasizes the difference between what 

happens during pre-paradigm periods and those times during which research 

is guided by a paradigm, hi the former cases, scientific activity doesn't look 

very scientific at all, but rather like a sequence of random observations and 

lucky coincidences. The Leyden jar was developed because some people 

thought of electricity literally as a fluid and tried to bottle it; the development 
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of statistical mechanics was furthered by noticing that particles floating on the 

surface of a still liquid stiU exhibit erratic movements (the so-called Brownian 

motion). Only with the advent of a paradigm does it become possible to 

streamline experimentation in virtue of the ability to form rational 

expectations of what will happen under certain dramistances, given that the 

current paradigm depicts the world more or less correctly. 

Understanding plays a similar role for scientific research. In a sense, 

understanding can be seen as the cognitive analogue, or maybe even 

realization, of a Kuhnian paradigm. I will develop this theme in the next and 

final chapter. For now, let me return to the question as to what this picture of 

the relation between understanding and acceptability implies for pure 

unificationism. 

The main result is that the objection of the pure unificationist based on 

the non-acceptability^ of DIT does not jdeld the desired conclusion. The pure 

unificationist attempted to exclude DIT as a genuine counter example to her 

accotmt of understanding by arguing that DIT cannot be reasonably accepted, 

because we don't even know what kinds of data would constitute evidence 

for or against it, or, at the very least, because we have no positive evidence in 

favor of its accuracy. But, as I argued, this cannot be used as a reason for 

inferring that DIT does not yield imderstanding. There are many theories that 

we now reject as inaccurate but which nevertheless lead to some degree of 
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understanding. And the fact that they lead to understanding is the very 

reason for why we can find out that they are inaccurate. Again, we first 

provisionally accept a theory in virtue of the fact that we gain some 

tmderstanding of what the world is Uke on the basis of that theory, and this 

imderstanding allows us to then engage in a variety^ of activities designed to 

determine the theory's accuracy. 

This, then, is the problem with DIT as I see it. DIT is too unified for 

delivering any xmderstanding. As a theory, DIT does not have enough 

internal structures^ that would allow us to form rational expectations about 

what would happen under such-and-such drctmistances. Thus, we cannot 

find out whether it is accurate or not. But according to the pure tuiificationist, 

DFT should deliver the highest degree of imderstanding possible, as it 

represents the most imified theory imaginable. Rejecting it on the ground 

that we have no reason for believing that it is accurate gets things the wrong 

way around. We can only have reasons for believing a theory to be accurate if 

we first understand what the world is like according to that theory. 

Conclusion: If have argued, in the present chapter, that pure 

unificationism, as an account of human scientific tmderstanding, is based on 

the right idea, but due to its insistence on treating tmderstanding as an 

341 will clarify the notion of an internal structure in the next chapter. 
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exclusive function of the degree of unification of a theory, it faces serious 

problems. First, it is not clear how it can be applied to real human 

imderstanders, as it is not clear how we could explain the failure to 

understand certain theories which should lead to understanding according to 

pure imificationism. Performance limitations, in the form familiar from 

psycholinguistics, cannot help in this explanatory task, as failures to 

understand the world on the basis of a given theory might be attributable to 

the fact that the world painted by that theory is in principle 

incomprehensible, given our psychological make-up. Secondly, I have argued 

there are theories that are too unified to jdeld any imderstanding, but which, 

according to pure imificationism, should deliver the highest degree of 

understanding. During my discussion, I indicated that what I think goes 

wrong with pure imificationism is that it does not take into account empirical 

facts about what it is for humans to understand and what role understanding 

plays in scientific research. In the final chapter, I will provide an outline of a 

theory of scientific understanding. 



216 

8. CHAPTER SIX: EMPIRICAL UNMCATIONISM AND SIMPUOTY 

8.1 Introduction 

In this final chapter I will provide an outline of a theory of scientific 

understanding. I call my account empirical unificationism to indicate that 

while I agree with the basic idea behind the pure tinificationist approach, I 

also hope to avoid its shortcomings by taking into consideration empirical 

facts about what it is for humans to imderstand. A lot of what I am going to 

say, however, wiU be speculative in nature. Understanding, as I have been 

using that term, has not been the main focus of current research in cognitive 

science35, and my principal sotirces of inspiration for developing cognitive 

models of understanding are the attempts by text-linguists to provide 

psychological accoimts for text comprehension. 

Apart from theories of text-comprehension, I will briefly discuss some 

classical theories of understanding as well as draw on some of the results of 

my discussion in earlier chapters. One of those results concerns the role 

35 There is of course a lot of research on language imderstanding; but as 
wiU become dearer below, this sense of understanding is not what scientific 
understanding is aU about. As I have emphasized throughout my discussion, 
the understanding I am interested in is the imderstanding of the world on the 
basis of scientific theories. One certainly needs to be able to understand the 
sentences of a theory, but that is not sufficient for gaining scientific 
understanding in my sense. 
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understanding plays in the whole of the scientific process. As I showed in the 

last section of chapter five, understanding is not only one important result of 

scientific explanation (see chapter three), but also provides an indispensable 

basis for further hypothesis formation and testing. I will further explore the 

nature of this aspect of scientific understanding by suggesting and discussing 

one possible cognitive rationale for understanding. In particular, since my 

account of understanding is going to be inspired by the main idea behind 

unificationism, I will discuss what advantages unified theories might have 

for scientific research carried out by real-life agents. 

The chapter will end on a promissory note. I will outline how my 

account of scientific imderstanding can plausibly be expected to shed a new 

light on the role of theoretical simplidty^. I will argue that the simplicity of 

theories, although not a veritistic virtue, is more than a merely pragmatic 

virtue. In particular, I will show that the simplicity of theories, in virtue of 

what it contributes to their unif3ang power, leads to a better and deeper 

imderstanding of the world. Since such understanding is an indispensable 

factor in further empirical research, i.e., in our attempts to find out what the 

world is like, simplicity turns out to be epistemically advantageous after all. 
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In the preceding chapter, I have argued that tmderstanding cannot be 

seen purely as a function of the degree of unification offered by a given 

theory. Unification can go too far. The divine intervention theory is perfectly 

unified, but we intuitively judge it to fail to deliver understanding. This leads 

to the question of what understanding is, if not a direct linear function of 

unification. In other words, what other factors determine the goodness of 

tmderstanding besides the degree of unification characteristic of a given 

theory? 

I propose to answer this question by discussing the rationale of 

understanding. Looking for a rationale in the sense I intend means trjdng to 

find out what something is good for. I have characterized tmderstanding as 

one important result of scientific explanations in chapter three. My main 

argument there was based on the observation that without postulating 

tmderstanding as a goal of explanation independent of acairacy, it is hard to 

make sense of what has been achieved by many explanatory theories 

throughout the history of science, and it is equally difficult to make sense of a 

variety of scientific practices, such as inference to the best explanation and 

confirmation. What I have left tmtouched is the question as to why we 

shotdd want tmderstanding, or why it is important Here are the reasons. 
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One interesting fact about understanding is its phenomenologically 

close connection with sensory and motor processes. Understanding often feels 

like seeing something, or grasping something. This is revealed clearly in the 

metaphorical expressions we often use to indicate a successful, or 

vmsuccessful, act of comprehension: Now I seel; I haven't grasped it yet; I got 

it Dennett (1991, pp.56ff) urges that those phenomenological facts about 

understanding be taken more seriously, especially on part of the AI 

community, which has neglected the quasi-visual and quasi-tactile aspects of 

what it is like to understand something. It is imfortunately far &om clear how 

those aspects could inform a theory of understanding, when that theory is 

mainly designed to capture certain input-output regularities of understanders 

(see, e.g., Schank and Abelson, 1977) and when that theory is tested mainly in 

the domain of language understanding by writing programs that can pass the 

Turing Test. From this perspective, the quasi-visual and quasi-tactile aspects 

of tmderstanding seem thoroughly epi-phenomenal. 

I believe that from the viewpoint that comiects tmderstanding with 

unification, it is easi^ to make sense of those aspects. Take, for example, the 

quasi-tactile character of tmderstanding. Throughout the history of 

philosophy, we find explicit attempts to cash out the notion of tmderstanding 
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in terms of a mental analogue to actually grasping something with one's 

hand. Indeed, the very concept of concept betrays that imderlying idea: 

'concepf derives from the latin verb 'condpere', which roughly means 'to 

take something in, to get a hold of something, to put something together'. 

Similarly, the German word for concept, Begriff, derives from the German 

verb for gripping something, getting a hold of something. 

Kant's theory of concepts, for example, is sensitive to those 

metaphorical roots: Concepts are those entities subsumption under which 

makes a tmified whole out of otherwise particular and imconnected 

impressions. Understanding, for Kant, is the very process of imifying and 

structuring a stream of impressions under a concept (see Kant, 1787, p.B93ff). 

Of course, the notion of understanding Kant was interested in is much closer 

to our notion of knowledge, and the problem he can be seen as addressing is 

the problem of how, in a declarative judgement, subject and object are related 

so as to constitute a single representation of some external state of affairs. His 

solution was the metaphysical move of introducing the notion of a 

transcendental self, whose unity of consciousness provides the basis for 

unified representations of the external states of affoirs. Whatever the exact 

details of Kanf s theory, however, it seems that the underlying strategy for 

solving the problem of declarative judgements consists in introducing some 

unifying factor which works by somehow holding together the otherwise 
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particular and unconnected impressions that are the products of sense 

perception. Understanding is the result of that process of holding, or pulling, 

together those imconnected impressions. In tmderstanding something, we 

grasp it as one unified whole in virtue of some mental operation. 

The other phenomenologically salient aspect of understanding, viz. its 

quasi-visual character, has also informed, some theories of tmderstanding. 

Historically, it might have been Plato who was most impressed by this aspect. 

His theory of knowledge36 explicitly introduces a sort of visual perception as 

its basis. As disembodied souls, we were able to directly see the eternal forms, 

and coming to know something means to remember step by step what we saw 

during that form of existence. Knowledge is, for Plato, directed at the hidden 

forms behind the appearances, and especially geometry can teach xis how to go 

beyond the mere appearances and remember what the corresponding eternal 

forms "look like". 

Descartes assigns a similarly important role to some sort of quasi-visual 

acquaintance for the process of understanding. In his Regulae at directionem 

ingenii, he distinguishes between two sources of knowledge: intuition, which 

is a sort of inner vision, and deduction as a truth-preserving inference 

process. The connection between intuition and vision is quite obvious, and 

36 I will briefly talk about the relation between understanding and 
knowledge below. 
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Descartes explicitly characterizes the object of intuition as something unified, 

as something that can be recognized, in one glance, as a whole (see Regula 7, § 

1; Regula 11, § 2). But even deduction contains some important quasi-visual 

elements which point to a connection between understanding and 

tmification in the sense of seeing a series of deductive steps as forming a 

unified whole. In Regula Ed, § 8, Descartes describes deduction as such a series 

of logical steps that allows an instant recognition of the deductive connection 

of the final conclusion with the first premiss(es), a recognition which is 

not different from the case in which we recognize the connection 
between the last link of a long chain with its first link, although our 
eyes are not aware, in one single glance, of all the intermediate links 
which bring about ttie connecte^ess, [...] (1973, p.21; my translation). 

He goes on to discuss the role of memory for the understanding that results 

from a deductive process. Because we have seen that each link is connected to 

its immediate neighbors, remembering that fact allows us to see the 

connection between the last and the first link. In other words, we understand 

how the conclusion of a long deductive process follows from the original 

premisses by remembering the connectedness of each of the individual steps 

with its immediate neighbors. 

This observation points to a further facet of tmderstanding, which 

seems closely connected to unification. Long inferential processes result in 

understanding only if they somehow can be seen as forming an 
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interconnected whole, a unity that can be stored in memory.37 A proof of a 

theorem is not really understood if we have to go back and look at each 

particular step one at a time. It is important to see the point of a proof, its 

nervtis probandi (see Sierpinska, 1994, p.60), if understanding is to be claimed. 

Grasping the point of a proof might be regarded, along the lines of Descartes' 

suggestion, as seeing the intercoimectedness of the individual steps itself, or 

as seeing the pattern instantiated by a particular proof. Instead of looking at 

each individual link in the chain, we see, in virtue of remembering the 

connections between the individual links, a chain, and thus see immediately 

that the last link is connected to the first link according to some pattern of 

connectedness. Thus, what gives us understanding of a proof is the ability to 

see the proof as forming some sort of unified pattern. 

Of course, this is all pretty vague, and I do not know, at this time, how 

to tighten it up. I believe, however, that the last paragraph indicates what 

37 The process Descartes postulates for explaining how this unity is 
produced by the mind is almost Humean in character. He starts from the 
observation that memory itself is not powerful enough to store a proof as a 
sequence of logical steps. 

"For this reason, I will run over [the sequence of steps] many times in a 
sort of continuous movement of the phantasy, wMch recognizes the 
particular through intuition and flows firom one to the next, tmtil I 
have learned to move from the first [step] to the last so quickly that I 
can view the whole in one intuition with hardly any help from 
memory." (op.dt, p.41, my translation) 

I wiU say more about memory and unification shortly. 
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kind of further research would be useful for illuminating the process of 

understanding when it comes to mathematical and logical proofs or 

derivations. One aspect that will need to be investigated is the role of 

memory in understanding the point of a proof. It is apparently not the case 

that a mere memorization of all the individual steps as individual steps is 

sufficient for "getting it". The steps have to be remembered as being 

connected according to a particular pattern^ and a recognition of the pattern 

instantiated might be what we mean by 'understanding a proof. 

Another aspect of instances of understanding proofs concerns the 

advantages of understanding mathematical proofs, or of seeing the point of 

the proof. If my suggestion that understanding a proof consists in recognizing 

a particular pattern is correct it seems plausible to asstmie that one important 

advantage of understanding lies in the greater efficiency with which 

tinderstood proofs can be stored in memory. Any proof of even moderate 

interest involves a number of steps that is too large to be held in working 

memory. Thus, trying to reproduce a proof on the basis of having memorized 

each particular step will hardly ever result in success, imless one undergoes 

the grueling task of actually memorizing the exact sequence of steps over and 

over again so as to transfer it to long term memory.38 On the other hand, 

38 This is what I think Descartes luis in mind when he talks about the 
insufficient power of memory (see footnote 37). Mere memorization of a 
proof is an inefficient means of storing it, especially compared with the ease 
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recognizing a proof as instantiating a certain pattern, and thus understanding 

it, can plausibly be ecpected to make the task of reproducing the proof easier. 

The pattern itself can be activated in working memory as (in the ideal case) 

one tmit, thus dramatically cutting down on the amount of computational 

resources required for a proof's reproduction. It would seem, then, that 

understanding as a recognition of patterns can be seen as a sort of chunckirtg, 

familiar from the cognitive science literature. I will develop this idea in some 

more detail below. 

Before closing this brief historical discussion, I want to say a little more 

about the close connection that historically has been seen between 

understanding and knowledge. As I remarked above, both Kanfs and Plato's 

accoimts of imderstanding were intended as a theory of knowledge. Plato's 

theory of the forms provides, among other things, the basis for an answer to 

the question how we can come to know something, and what it is to know 

something. Kant wrote his first Critique with the intent to delineate the 

domain of those things we can have knowledge about and distinguish it from 

the domain of the unknowable. Descartes' Regulae can also be seen as a bit of 

epistemology, although it exclusively concentrates on the methodology one 

ought to adhere to in any attempt to construct a science. All three 

of remembering a proof that has been understood, or, in other words, the 
point of which, its underlying pattern, has been grasped. 
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philosophers rely in their accounts of knowledge on the quasi-visual and 

quasi-tactile aspects of understanding. Concepts are those things that tie 

together and thereby unify particular impressions, and intuition, as a form of 

inner vision, appears to be, at least in Plato and Descartes, the central 

cognitive capacity responsible for attaining knowledge. 

I believe that it is the quasi-visual and quasi-tactile aspects of 

understanding which might have led to the asstimption that knowledge and 

understanding are closely connected, if not identical, and that this accotmts 

for the fact that the distinction between accuracy and tmderstanding as two 

independent goals of explanatory theories has, for the most part, gone 

overlooked. There seem to be two tacit assumptions imderl5dng the (near) 

identification of tmderstanding and knowledge. First, if we analyze 

imderstanding as involving some processes that are very similar to sensory 

and motor processes, we at least have some idea how understanding can 

work. If we regard Plato's and Descartes' intuition as something closely 

analogous to ordinary vision, we have some imderstanding of how intuition 

is supposed to function. We know what it is like to see something, and thus 

we can imderstand, in rough outline, how intuition is supposed to work. We 

can \mderstand intuition as a capacity very much like ordinary vision, except 

that it is maximally reliable in that it delivers certainty, something is in the 

"visual field" of intuition, we see it as a whole, a sort of tmified entity. Thus, 
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if we take the quasi-visual phenomenology of understanding seriously, we 

can assume that tmderstanding is a process very similar to ordinary vision. 

The second assumption I mentioned has to do with our pre-theoretical 

assessment of the virtues of ordinary vision. Vision is normally assumed to 

provide us with knowledge about our surroundings, and it takes a skeptical 

argument to convince us that this assumption might be pre-mature and 

naive. As long as we are not bothered by skeptical doubts, we act as if vision 

was pretty much reliable, knowing of course that we have to make sure to 

open our eyes, limit the intake of drugs, and provide for adequate viewing 

conditions. We treat vision, under the right conditions, as a reliable means 

for gathering knowledge about what our surrounding are, or at least look, 

l ike .  When  we  see  a  cow in  hx>nt  o f  us ,  i t  immedia te ly  seems  to  us  we  know 

that there is a cow in front of us, at least in ordinary life.39 

Those two assumptions together might account for the (near) 

identification of understanding and knowledge in the following way. If 

understanding is indeed like seeing something, and if seeing something is 

39 Having said this, I must of course guard against being 
misunderstood here. I do not want to claim that we token a belief that we 
know that there is a cow in front of us whenever we see a cow in front of us, 
nor that we token the belief that there is a cow in front of us. I also do not 
claim that we in fact have such knowledge. All I claim is that ordinarily (that 
is, when we don't do epistemology) we would answer the question "Do you 
know what that is in front of you?" by saying "Yes, ifs a cow.", or something 
to that effect 
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(tacitly and habitually) assumed to provide us with some sort of knowledge, 

then understanding something might feel like coming to have some sort of 

knowledge of that something. In some sense, understanding, as this form of 

"inner seeing^, seems to us to deliver knowledge just like ordinary vision 

does, with the added advantage (added by Plato, Descartes, and others) that it 

is not subject to any errors resulting from bad eye-sight, unfortuitous lighting 

conditions, and what have you. Thus, it is tempting to offer a theory of 

understanding, which assigns a central role to its quasi-visual character, as a 

theory of knowledge. Because we pre-theoretically assume that ordinary 

vision can deliver some sort of knowledge, it is tempting to rely on the quasi-

visual phenomenology of imderstanding in a theory of knowledge. In short, 

ordinary vision allows us to gather knowledge about our surroundings, and 

thus it seems plausible to assume that understanding, which shares some 

characteristics with ordinary vision, should deliver knowledge as well. If we 

imderstand the world, we see what the world is like, and since seeing leads to 

knowledge, understanding as a form of inner seeing does as weQ. 

I believe that this close connection between understanding and 

knowledge, which is mediated by the quasi-visual aspects of imderstanding, is 

responsible for the impression that if we imderstand the world on the basis of 

a theory, we know something about the world. Thus, a theory that lets us 

understand the world seems to be necessarily accurate to at least some degree. 
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provided that accuraqr is necessary for knowledge. Since imderstanding has 

this quasi-visual aspect, whenever we daim to understand the world, we feel 

as if we see what the world is like. But seeing what the world is like seems to 

be like knowing what the world is like, since ordinary vision, under most 

circumstances, allows us to know what the seen world is like. Thus the 

impression that a theory which leads to understanding must be at least 

somewhat accurate. 

Admittedly this is all highly speculative, and may even be false. What I 

suggested is that a reason for confusing knowledge with understanding lies in 

the quasi-visual aspect of tmderstanding, together with our daily reliance on 

ordinary vision to deliver knowledge of our surroundings. I did neither 

claim that ordinary vision does deliver knowledge, nor that a theory of 

knowledge ought not introduce, at some point, something like intuition in 

Descartes' or Plato's or even Kant's sense. Those questions lie beyond the 

scope of the present discussion. Instead, I tried to extract an tmderlying 

motivation for treating imderstanding emd knowledge as so closely connected 

as it has been done in the past. I further suggested that this postulated or 

assumed connection accotmts for the fact that as soon as we tmderstand the 

world on the basis of a certain theory, we often naturally assume we now 

know something about the world and thus infer that the theory must be 

accurate to at least some degree. As I have argued in chapter three. 
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understanding and accuraqr are two distinct goals of explanatory theories. It 

would appear now that this distinction has gone overlooked due to the quasi-

visual character of understanding and the natural assumption that seeing 

something results in at least some degree of knowledge, which in turn must 

reflect a similar degree of accuraqr in the theory leading to the understanding. 

If we understand the world of Newtonian mechanics, we see what ifs like, 

and thus inadvertently, but quite automatically, assume that Newtonian 

mechanics must be somewhat accurate. 
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8.2.2 More Phenomenology, some Cognitive Science, and the Origin of Geese 

Understanding something is often accompanied by an experience of 

suddenness, which has been the object of psychological investigation as the 

so-called "Aha^-experience. Such an experience is also t)rpical for the sudden 

detection of a 'gestalf in apparently random arrangements of dots. A famous 

example of this is the picture of a dalmatian buried in a seemingly chaotic 

distribution of black dots on a white background. Given sufficient attention, 

people are usually able to discover the dalmatian, and the accompanying 

experience is one of a sudden visual imderstanding. The "I see!" here seems 

as common as it is when we understand a mathematical proof, or a theory 

explaining a given effect, such as Einstein's explanation of the photoelectric 

effect. A familiar pattern is recognized, the former chaos all of the sudden 

makes sense. If I'm correct in drawing such a close connection between seeing 

a gestalt and understanding in general, understanding can be seen as a 

reduction in apparent randomness, as seeing formerly disconnected events 

and phenomena constituting a pattern. 

Patterns, and especially familiar patterns, have definite advantages 

over random distributions of events for reasoning. For one thing, th^ can be 

recalled with greater ease. Bartletf s famous experiments (Bartlett, 1932) on the 

recall accuracy for stories involving highly imfamiliar patterns of events 
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seem to show this. Altiiough his main objective was to provide evidence for 

his view that memory has constructive characteristics, it seems reasonable to 

expect, given his findings, that stories that can be readily understood are 

easier to recall than those that cannot be understood. They are certainly easier 

to recall in the sense that the accuracy of recall is greater for stories with 

familiar types of plots than for stories involving unfamiliar sequences of 

events and a-typical properties of the agents. 

The idea that recognizing (familiar) patterns constitutes a central 

element of imderstanding also allows us to see several well-known 

experimental results from cognitive science in a new light. The three cases I 

win briefly discuss involve the recall-accuracy for brief texts, the reasoning-

performance on the so-called selection task, and improvements in problem-

solving due to analogical transfer. In <ill three cases, or so I will suggest, 

observed improvements of the task-performance of subjects can be accotmted 

for in terms of positive changes in the degree of tmderstanding the subjects 

have of the domain over which the tasks are defined. If my suggestion is 

correct, it follows that there are distinct cognitive advantages vmderstanding 

can have for cognitive agents. 

(i) The first type of experimental result concerns differences between 

the recall performance for texts that constitute rather general descriptions and 

the recall-performance for more concrete stories. A central premiss of my 
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interpretation of those restilts is that concrete stories have plots that are more 

easily understood, than the structure of general descriptions is. Th^ are more 

easily understood by making more overall sense. If s been long assumed in 

cognitive science that understanding stories involves the activation of scripts 

that are stored in long term memory (e.g., Schank and Abelson, 1977). In the 

terminology of scripts, my premiss becomes the claim that scripts primarily 

represent plots of stories rather than ftie contents of general descriptions. In 

other words, one difference between a concrete story and a general description 

of a sequence of events is that we have ready-made scripts for the former, but 

not (or only rarely) for the latter. Thaf s why philosophy and other scientific 

theories can be so hard to imderstand, and why providing stories that 

exemplify certain theoretical claims can aid the understanding. 

If I am correct in claiming that concrete stories are easier to tmderstand 

than general descriptions, and if I am also correct in claiming that 

understanding has the advantage of facilitating recall, we would expect that of 

two identical texts, one which is embedded in an overall story, while the 

other is a general description of the same sequence of events, the first one 

should lead to better recall-performance than the second one. 

A restilt obtained by Owens, Bower, and Black (1979) can be seen as 

showing that this is indeed the case. A rather general description of Nancy's 

visit to a doctor was recalled less easily than the same description when it was 
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embedded in a familiar type of story. The original description contained the 

following passage (quoted &om Stillings et aL, 1995, p.105): 

Nancy stepped on the scale and the nurse recorded her weight. The 
doctor entered the room and examined the results. He smiled at Nancy 
and said, "Well, it seems my expectations have been confirmed." 

The story version was produced by adding, at the beginning, the information 

that Nancy had been seeing a college professor and thought she might be 

pregnant. Subjects who were presented with this additional information, 

which transformed the original general description into a story with a 

familiar plot, recalled 46 percent more of the story than subjects who only 

read the general description of Nancy's visit to the doctor. This result seems 

to confirm my claim that differences in the degree of the overall sense a plot 

makes result in differences in recall performance. The fact that the added 

information about Nancy's suspected pregnancy changes an abstract 

description into a story that makes immediate sense can be seen as 

responsible for the improvement in recalL 

(ii) Apart from advantages imderstanding seems to have for recall, it 

also appears to facilitate certain forms of reasoning. It has been shown that the 

correct application of rules of deductive inference is greatly facilitated in 

contexts in which a given problem makes immediate sense. In other words, if 

the description of a problem depicts a situation with which we are familiar. 
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solving that problem appears to be much easier than in those cases where the 

problem is specified in highly abstract terms. One classic experiment 

concerning this difference involves the so-called selection task, developed by 

Wason and Johnson-Laird (1972). hi one version of the task, subjects are 

presented with four cards, each of which has a letter on one side and a 

nimieral on the other side. A typical set of cards might look like this: 

O L 4 9 

The task for the subjects was to pick the exact cards they have to turn over to 

determine whetiier the conditional 'Tf a card has a vowel on one side, it has 

an even numeral on the other side" was true. The performance on this task 

was remarkably poor (see Wason and Johnson-Laird, op.dt.). However, when 

the same task was presented in a more realistic setting, performance 

improved. In a study done by IXAndrade (1982), subjects were instructed to 

imagine that they were store clerks and had to check whether the following 

rule was obeyed: 'Tf a purchase exceeds US$ 30, the receipt must have the 

manager's signature on its back." Subjects did much better on this task, many 

of them correctly claiming that they needed to check all receipts that don't 

have a signature on their backs. 

There has been considerable discussion in the literature about how to 

imderstand those performance-differences between the abstract task and the 

more concrete task (see, e.g., Stich, 1984). My suggestion is, in rough outline. 
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that those performance differences can be accounted for, at least partly, in 

terms of differences of the degree of understanding of the task-domain 

resulting from differences in the descriptions of that domain. The real-life 

situation described by ETAndrade can be more readily understood than the 

abstract choice situation specified in tiie original formulation of the selection 

task. It is of course an open question why it is easier to tmderstand the real-

life situation than the abstract choice situation, and why imderstanding in 

this case facilitates the correct application of deductive rules of inference. It 

might be the case that similar to scripts that represent story plots and thus 

make recall easier, human cognizers have inference "modules" that work 

most efficiently over domains which instantiate real-life situations and with 

which we are therefore most familiar. This question of course calls for further 

empirical research. However, if my suggestion is correct that the performance 

differences can be traced back to differences in the degrees of imderstanding of 

the task-domains, it would appear that imderstanding can also facilitate 

certain forms of reasoning. 

(iii) A similar facilitation of reasoning can be observed in some 

instances of so-called analogical transfer. In a study conducted by Gick and 

Holyoak (1983), subjects were asked to propose solutions for the following 

"radiation problem", which was originally invented by the Gestalt 

psychologist Karl Duncker in 1945 (see Holland et aL, 1986, pp.290ff). A patient 
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with a malignant tumor has to be treated. The tumor is inoperable, but there 

is a certain t3rpe of rays which, when applied with high enough intensity, 

would destroy the tumor. Unfortunately, at this high level of intensity, the 

rays would also destroy the healthy tissue through which the rays pass on 

their way to the tumor, something clearly to be avoided. The problem, then, 

is to find a way to destroy the tumor without destroying the intermediate 

tissue. 

Gick and Holyoak presented one part of the subjects with another story. 

An army is supposed to conquer a fortress. There are many roads to the 

fortress, but aU are mined, so that a large army cannot safely pass over either 

one of them, although a small group could. The entire army, however, is 

needed to conquer the fortress. The problem, then, is to find a way to conquer 

the fortress without losing the entire army. 

In their original study, Gick and Holyoak also presented one solution 

to the second problem. The general in charge divides his army into smaller 

groups and sends those groups towards the fortress to conquer it Those 

subjects in the experiment who were told the second problem together with 

its solution did much better solving the radiation problem than the control 

group who was not presented with the analogous problem. About 30% of the 

first group of subjects generated a convergence solution for the radiation 

problem, compared to only about 10% of the subjects in the control group. If 
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the subjects of the first group were also explicitly told to apply the solution to 

the fortress-problem to the radiation problem, the success rate fumped to 

about 70%. 

This result constitutes of course no direct evidence for my claim that 

differences in understanding play a role in problem solving through 

analogical transfer. After all, the subjects were not only given the analogous 

problem, but its solution and a hint to apply it to the radiation problem as 

well. It is a suggestive result, however. If my claim that tmderstanding can 

facilitate reasoning is correct, we would expect a difference between the 

performances of the test group and the control group, respectively, even in 

the absence of the information as to what the solution to the fortress problem 

looks like. Whether this is indeed the case requires further empirical studies. 

A problem with such studies is of course the elusive nature of 

familiarity. It is to be expected that what is familiar to one group of people 

might be not very familiar to other groups of people. A group of subjects 

trained in military strategy might be expected to solve the fortress problem 

more readily on their own than a group of, say, taxi-drivers. In fact, it seems 

plausible to assume that training and educational background play a major 

role in determining what tjrpe of analogy works for any given group of 

people. One might even expect that trained physicians will use the original 

radiation problem as a source analogy in their attempts to solve the fortress 
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problem. In short, since 'familiarity' seems to be a notion that is to be 

relativized to the specific background knowledge of different groups of 

people, a notion of understanding that appeals to familiarity wiU also turn 

out to be relativistic. What one group of people seems to tmderstand quite 

readily might feel utterly incomprehensible to other groups of people. 

Although this fact (if indeed it is one) concerning the relativity of 

xmderstanding might pose methodological problems for the study of effects of 

the degree of understanding on the performance on certain reasoning and 

recall tasks, it is at the same time not a surprising fact Looking at the history 

of science, we do find many theories that seem quite incomprehensible from 

a contemporary point of view. However, their one-time acceptance by the 

scientific community (and maybe even society at large) suggests that they 

must have provided some degree of tmderstanding. One extreme example is 

the Renaissance "theory" about the origin of ducks and geese, which was 

apparently accepted widely enough so that a special term was coined for 

referring to a geese-produdng property. In the 18*^ century, the Oxford English 

Dictionary still carried the following entry: 

Anatiferous - producing ducks or geese, that is producing barnacles, 
formerly supposed to grow on trees, and, dropping off into the water 
below, to turn into tree-geese, (quoted from Hacking, 1983, p.70) 

It is of course no longer dear in what ways this "accoimt" of the origin 
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of geese could have led to any understanding, especially since we know that 

people raised geese and were obviously familiar with the way the were 

actually bom. If anatiferous was in fact accepted, at one time, as referring to a 

mechanism producing geese which could be imderstood, we have to assume 

that the backgroimd beliefe of the accepting commvmity was vastly different 

from our own. In fact, if tmderstanding involves familiarity as an important 

factor, we might also have to assume that something in the background 

knowledge of those who accepted this story about the origin of geese must 

have trumped ttie importance of the familiarity with the actual process. What 

counts as a familiar pattern of events, the recognition of which leads to 

tmderstanding, might not be solely determined by the phenomenon at hand 

that we want to imderstand, but might also depend on background beliefs 

about other types of processes, or about what coimts as an acceptable 

explanation within the framework of an overall world-view, or even about 

'familiarity' itself. 

Larry Laudan (1977) has argued in great detail that the acceptance of 

new theories does not only depend on how well suited they are for solving 

what he calls empirical problems, but also on how well they fit into the 

conceptual structure of given worldview. His goal was to show that even in 

cases of a radical re-organization of the conceptual structure imderlying a 

worldview, we can still recognize, pace Kuhn, the tmderlying rationality of 
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the history of science. I neither need nor do I want to deny that the 

development of science might indeed be a largely rational process. However, 

it is clear from Laudan's analysis that there are radical differences in the 

conceptual structures of different worldviews, which are responsible for 

differences in what counts as an acceptable theory (see Laudan, op.dt, pp.61ff). 

In addition to that, I want to suggest that such differences can also account for 

differences in what various and temporally separated scientific communities 

claim is intelligible. In short, the methodological difficulties for studies 

concerning the effects of varying background beliefs on the degree of 

understanding that I talked about above appear in the context of the history of 

science as well. Understanding, in contrast to ttie conviction underlying the 

pure imificatioiust program (see chapter five), appears to be relative to the 

content of backgroimd belief systems of real understanders. 

Nevertheless, I do maintain that imderstanding has real advantages for 

a cognitive agent. Understanding, as a form of pattern recognition, in some 

cases facilitates both recall and reasoning tasks. The fact that what kinds of 

recognized patterns do result in better task performance might vary from 

group to group, or even from individual to individual, does not show that 

there is no real profit to be gained from imderstanding. What it does show, 

however, is that the pure unificationist program can't succeed, even apart 

from ttie problems I raised in chapter five. Since imderstanding turns out to 
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be relative to systems of background beliefs, the unifying power of 

explanatory theories might not lead to any degree of understanding, if those 

unified theories are at odds with the conceptual structure of a given 

worldview. A full-fledged theory of understanding will have to take into 

accotmt its relativistic aspect. 
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8.2.3 More Patterns, Kuhiuan Gestalten, and Scientific Reasoning 

Towards the end of chapter five, I argued that one of the major roles 

understanding plays in the scientific process is that of suggesting the design of 

experiments in virtue of allowing us to form rational expectations of what 

the world is lilce in diose still unobserved comers. If we understand the world 

on the basis of a given theory, we can draw inferences about future events, 

about further probable properties of postulated entities, etc. In short, the 

worldview we develop on the basis of a theory, the way in which we see the 

world, functions as an inference-generator that puts us into the position of 

being able to determine the accuracy of the theory which we provisionally 

accept as the basis of our worldview. We do want our theories to be accurate, 

but, as I argued, we first have to understand what the world is like according 

to the theory the accuracy of which we want to determine. 

I suggested that this role of scientific xmderstanding is very similar to 

the role Kuhn assigns to scientific paradigms. Conceiving of understanding as 

a process that involves the recognition of familiar patterns, I will now suggest 

ways in which this similarity between Kxihn's notion of a paradigm and my 

notion of imderstanding can be utilized in the development of a theory of 

imderstanding. 

Let's go back for a moment to the example of the picture of a dalmatian 
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that can be discovered in an apparently random distribution of black dots on a 

white surfoce. I said earlier that the recognition of the dalmatian-picture is a 

prime example for the suddenness with which patterns, and thereby a gestalt, 

can be discovered in what seemed to be pure chaos in the beginning. Kuhnian 

paradigms have the same el^ect. They allow us to see formerly disconnected 

events in a new and orderly ^hion as constituting a certain gestalt. This is 

why Kuhn talks about paradigm shifts in terms of gestalt-switches. 

The dalmatian example can also be used to illustrate, in tarms of an 

analogy, how the recognition of a gestalt might facilitate reasoning and recall. 

First, although to my knowledge, nobody ever carried out the relevant 

experimental studies, one can plausibly expect a difference in recall 

performance between truly random distributions of dots and such dots that 

constitute a gestalt. Suppose a subject is shown a series of truly random 

distributions of dots on pieces of paper. In a recognition experiment, the 

subject would be asked to identify those pictures hrom a new series that it 

already had seen in the first series. The claim that seeing a gestalt facilitates 

recall would lead us to predict that under such circumstances, the success rate 

of the subject in correctly identifying those pictures that were part of the first 

series would be very low. More precisely, the success rate would be much 

lower than that of a subject who was exposed to a series of pictures that 

contained gestalten. Indeed, everybody who has seen the dalmatian picture 
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once seems to recognize it immediately. 

Secondly, certain kinds of reasoning would seem to be facilitated by the 

discovery of the picture of the dalmatian formerly hidden in the dots as well. 

Suppose that a subject is shown the dalmatian picture for the first time, but 

this time it is partly covered. Lefs assume that the part that is occluded is 

the tail of the dalmatian. If the subject succeeds in seeing the dalmatian gestalt 

in the picture, it can be instructed to form expectations about what it will see 

if the occluding cover is removed. It can form rational expectations about the 

so far unexplored aspects of the gestalt it sees in the formerly random 

distributions of points. Those expectations can be confirmed or frustrated. A 

mischievous experimenter might have arranged things in such a way that 

were a tail was expected, a second head appears after removing the cover. At 

the very least, the subject would have to revise its belief (that it formed upon 

the experimenter's instruction to do so) that what it sees in the dots is a 

picture of a normal dalmatian. 

Call that belief the subject forms, upon being instructed to do so, about 

what is sees in the dots a mini-theory. According to that theory which was 

40 There is of course the question as to whether the dalmatian can be 
detected at all if a part of the picture is occluded. I suspect that if too much is 
hidden from sight, no gestalt discovery wiU occur. But this is an empirical 
question, which I cannot settle here. I will just assume, for the sake of the 
analogy, that the discovery of the dalmatian gestalt is possible up to a certain, 
unspedfied degree of occlusion. 
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provisionally accepted as accurate by the subject, the world of the picture is 

populated by a normal dalmatian. This can lead to the prediction that what 

hasn't been seen yet is the missing part of a normal dalmatian, viz. its tail. 

However, after the removal of the cover, it turns out that this prediction is 

false. The mini-theory turns out to be inaccurate and has to be revised. 

Contrast this with a case in which a subject is shown a truly random 

distribution of points, partly ocduded, with no gestalt to be discovered. In that 

case, it seems plausible to predict that no matter what the subject sees after the 

cover is removed, it won't be surprised. It won't be surprised, as it didn't have 

any reason to expect one arrangement of dots under the cover rather than any 

other. In the absence of a detectable gestalt, no rational expectations are 

formed, no predictions are made, and no frustration can set in. Only on the 

basis of detecting a gestalt in the dots can we reasonably form beliefs about 

what the rest of the picture looks like. 

This is what I think is correct about Kuhn's description of the role of 

paradigms. They help us, in ways that have to be explored further, to detect 

some kind of gestalt in a seemingly random assembly of entities, phenomena, 

and interactions. As such, they provide the basis for much of the controlled 

experimental research that characterizes mature scientific disciplines, as they 

allow us to form rational expectations about what the world looks like in all 

its details. My claim is that understanding, which results from explanatory 
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theories, is the cognitive vehicle for carrying out all that research. On the 

basis of a provisionally accepted ttieory, a scientist can form some sort of 

mental model of the world which allows her to predict, confirm, and refute. 

Next, I will briefly explore how understanding as the recognition of patterns 

can be regarded as the formation of such mental models. 
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In the preceding sections, I have isolated two kinds of aspects of 

iinderstanding. There is its quasi-visual and quasi-tactile phenomenology, 

and understanding seems to invohre a recognition of familiar patterns. Both 

kinds of aspects appear to be related. If imderstanding is indeed a recognition 

of patterns, or dose to seeing a familiar gestalt, it is no surprise that it has a 

quasi-visual phenomenology. Both kinds of aspects also indicate that there is 

a connection between understanding and unification. Organizing 

tmconnected and particular impressions imder one concept resiilts in some 

kind of unit which can be grasped, just as we can grasp or hold the familiar 

middle-sized objects of our environment. I can grasp the soda can next to me 

in virtue of the way in which its spatial parts are connected to form one 

entity, (relatively) stable in shape and separable from the other things in my 

surroundings. Understanding something by forming a concept seems to 

produce a similar tinified entity that can be grasped, again in virtue of the way 

in which its parts (Kanf s particular impressions) are connected to make it 

(relatively) stable and separable from other things, most likely other concepts. 

Discovering a dalmatian in a formerly random distribution of dots amotmts 

to the transformation of a subset of the dots into one unit, viz. a 

representation of a dalmatian. Similarly, imderstanding a story by recognizing 
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that it instantiates a familiar story-plot amounts to organizing formerly 

unconnected and individual sentences into a unified whole which depicts a 

certain kind of world. 

How this process of understanding a story works is the question 

driving most of the research in text-linguistics. One of the pioneers of that 

research, Walter Kintsch, proposed early on that understanding a story 

involves the construction of a certain type of mental model, which he called 

situation model (Kintsch, 1977) He started from the assumption that in order 

to tinderstand a text, 

we have to represent what it is about If we are tmable to imagine a 
situation in which certain individuals have the properties or relations 
indicated by the text, we fail to understand the text itself. (Kintsch, 1977, 
p.l42) 

This process of imderstanding proceeds in three steps, decoding the text on 

three different levels. Understanding the surface code of ttie text leads to a 

representation of the exact wording and S3mtax of the text and is present only 

for a brief time in working memory. This is followed by a representation of 

the textbase, which contains explicit text propositions that preserve the 

meaning of the sentences but no longer their exact wording. Finally, a 

situation model is constructed. This type of mental model is a representation 

of the agents, settings, actions, and events explicitly mentioned in or 

inferentially suggested by the text (see Kintsch, op. dt). 
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Kintsch's claim is that text-comprehension is the very process of 

creating the situation model. He emphasizes the activation of appropriate 

pieces of edready stored knowledge structures as a critical step in that process: 

Using knowledge in discourse comprehension means being able to 
relate the discourse to some existing knowledge-structure, which then 
provides a situation model of it The process is one of being reminded 
of past situations... (op. cit, p.l42) 

This of cotirse repeats the point I made earlier about understanding as 

involving the recognition of familiar patterns. In Kintsch's terminology, 

those familiar patterns are represented by already existing knowledge 

structures which are activated during the attempt of comprehending a given 

text In that sense, imderstanding is indeed a form of pattern recognition. The 

patterns recognized are represented by situation models which result from 

the activation of the appropriate knowledge structures. There also is some 

evidence that at least some such models are "quasi-visible", i.e., their 

construction involves mental imagery. The instruction to imagine the 

situation being depicted by a text leads, in the case of fairy tales, to better recall 

performance (Kintsdv op. dt, pp.l60ff). A pilot-study by Borduin, Borduin, 

and Manley (1994) suggests that the reading comprehension of second graders 

can be improved by imagery training. The instruction to use imagery leads 

not only to better recall, but also to better inferential reasoning about written 

text (Borduin et aL, op. dt, p.ll6). This indicates that further studies about the 
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use of mental imageiy might shed some new light onto the importance of the 

quasi-visual phenomenology of tmderstanding I talked about earlier. 

Another conclusion that can be drawn from those restilts is that 

situation models can indeed improve reasoning. In other words, what I 

claimed earlier about the usefulness of imderstanding seems to be confirmed 

by the studies just mentioned. If we regard understanding as the construction 

of situation models, then those studies seem to again show that 

understanding, especially when it is strongly quasi-visual due to attempts to 

imagine the situation depicted, has a positive effect on reasoning. 

In this context it is interesting to notice that some philosophers of 

science have also emphasized the role of models in scientific research. Mary 

Hesse (1963, pp.67ff.), for example, argues that a structure-rich model that is 

constructed on the basis of a particular explanatory theory can facilitate 

reasoning by suggesting, due to a content-surplus when compared with the 

theory itself, further research questions. As an example, consider Rutherford's 

solcir-system model of the atom. His scattering experiments led him to 

postulate a nudetis of some kind with electrons orbiting that nucleus. Those 

orbits were assumed to be stable, just like the orbits of the planets in our solar 

system. In other words, the assumption of stable orbits was suggested by the 

fact that the model was analogous to the solar system. It soon became clear, 

however, that the stability of electron orbits required some extra explanatory 
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effort, which in turn led to the postulation of the neutron and the positron as 

parts of the nucleus. Electromagnetic forces assumed the role of gravitational 

attraction and thereby explained the stability of the orbits. 

The specific model developed by Rutherford was sufficiently rich in 

structure so as to suggest, through a new explanatory task it introduced, that 

the nucleus itself must be internally structured. What this shows is that 

models can indeed aid scientific research. It also shows, I believe, that the 

model suggested by a particular theory has to have enough internal structure 

to suggest further questions and explanatory tasks. In the case of the atom, the 

model Rutherford proposed as an explanation of the results of his 

experiments showed that further assumptions have to be made in order for 

the model to work. Had he proposed a model along the lines of the Divine 

Intervention Theory introduced in chapter five, postulating the existence of 

the proton and the neutron would not have been necessary, or even 

suggested. The claim that the electrons are in definite distances 6rom the 

nucleus, as observed in Rutherford's experiments, because it was divine wiU 

that made it so would definitely not have led to the discovery of further 

particles. 

This is what I think is really wrong with the Divine Intervention 

Theory (DIT). Although superbly unified, it does not lead to the construction 

of a model which has sufficient internal structure so as to call for the 
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postulation of further entities. It appears, Oien, that there might be a lower 

limit on the internal complexity of models that are constructed on the basis of 

explanatory theories, if those models are to be useful. This may accoimt for 

the fact that the DU seems to lead to no understanding whatsoever. It doesn't 

allow us to construct a model which makes it clear what the outstanding 

research problems are. In fact DIT doesn't even acknowledge the existence of 

further research problems. On the basis of DIT, we don't really understand 

what the world is like, in the sense that we don't know what else must be true 

in order for the theory to work, and thus we don't know where to look in 

order to find the fine details of the picture of the world painted by DIT. 

Of course, there are many question still left open by the above remarks. 

For one thing, it is not entirely clear what the exact relation is between the 

kind of models Hesse talks about and the situation models postulated in text-

linguistics. I suspect that it will turn out fruitful to provisionally identify 

those to kinds of models witti each other. At the very least, such a move will 

allow us to apply results from research in text-linguistics to questions of 

scientific modelling and vice versa. The fact that with respect to both kinds of 

models, we seem to observe clear cognitive advantages gained by the 

construction of models makes such an identification look very promising. 

But carrying out that research program goes beyond the scope of the present 

discussion and will have to be left for later occasions. 
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Another interesting fact ICintsch observed about the nature of situation 

models is that they cannot be too complex, if they are to have the positive 

effects on cognitive tasks described earlier. There seems to be not only a lower, 

but also an upper botmdary to the complexity of useful situation models. This 

upper boundary appears to be determined by certain features of the working 

memoiy. We know that the storage capacity of the working memory is about 

seven items, plus or minus two. If the internal complexity of a situation 

model is of a degree that doesn't allow it to be activated in working memoiy, 

the advantages of the situation model for cognitive tasks disappear. Stories 

with extremely complex plots are harder to recall than stories the plots of 

which are less complex. Inferential reasoning on the basis of a situation 

model requires that the model be activated in working memory. If the model 

is too big, or has too rich a structure, breakdowns in the performance on 

inferential tasks are to be expected. I don't know of any studies that have been 

done to determine the exact value of the upper boundary to the internal 

complexi^ of useful situation models. This is another question that has to be 

explored in the course of the development of a full-fetched accotmt of 

scientific tmderstanding. However, the probable existence of such an upper 

botmdary suggests a cognitive reason for a certain degree of unification that 

we want from our theories. Unified theories allow for the construction of 

mental models that can be activated in working memory. Since such 
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activation is necessaty for being able to take advantage of the model in 

scientific reasoning, a certain degree of unification is desirable from a 

cognitive point of view. 

I have now outlined the general features of (scientific) understanding 

and indicated ways to further explore the exact nature of this cognitive 

process. Understanding was thought of as a form of pattern recognition that 

often is accompanied by strong quasi-visual and quasi-tactile experiences. 

There is some evidence that explicit attempts to re-enforce the quasi-visual 

aspect of understanding by using mental imagery can increase the advantage 

understanding provides for the performance on various cognitive tasks. This 

becomes especially clear when we think of vmderstanding as the construction 

of situation models which represent the agents, processes, and events 

postulated by explanatory theories or depicted by stories. Visualizing what the 

world is like according to a theory, or imagining the fictional world of a story, 

can help improve cognitive performance. It is up to further research to 

determine in what contexts visualization can be used in a helpful manner. 

However, it seems dear that understanding, with or without visualization, 

has quite definite cognitive advantages. Understanding consists in the 

recognition of ^miliar patterns which allows us to construct mental models 

of some kind. If the structure of those models strike the right balance between 

unifiedness and internal complexity, that is, if the model lies between the 
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upper and lower boundaries on useful complexity, reasoning and recall wiU 

be facilitated. In the next and final section, I will briefly discuss how 

theoretical simplicity fits into this picture. 
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The clue to understanding the role and possible importance of 

theoretical simplicity lies in the account of scientific tmderstanding I have 

outlined above. There, I already introduced the idea that a mental model with 

a high degree of internal complexity might no longer lead to improved 

performance on related cognitive tasks, like inferential reasoning about and 

recall of stories. Since those latter cognitive processes depend on the 

availability of the mental model in working memory, a theory or story that 

requires us to construct a model which is too complex to be activated as a 

whole makes it very difficult to engage in successful inferential reasoning. 

Such reasoning is, however, a central element in scientific research, or so I 

argued. In the absence of understanding the world, that is, in the absence of a 

mental model which represents the world in accordance with the theory 

which led to its constructioiv no controlled experimentation seems possible, 

as no rational expectations can be formed and no predictions can be made. All 

those cognitive activities are, however, among the things we have to engage 

in, if we want to determine the accuracy of a given theory. To repeat my claim 

from the last chapter, scientific understanding precedes any attempt to 

determine the degree of accuracy of any given theory. 

The degree of the complexity of the kind of mental model which I 
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claim constitutes scientific understanding is obviously determined by the 

degree of complexity of the theory which provides the basis for the 

construction of the model. Theories that postulate comparatively few 

independent principles, tjrpes of entities and tjrpes of interactions are like 

stories with simple plots. The mental models that can be activated on the 

basis of such theories have a relatively simple internal structure. On the 

assumption, usually made by researchers concerning mental models (e.g., 

Johnson-Laird, 1983), that ttie representation relation between mental models 

and the world they represent is an isomorphism, it becomes clear that the 

world represented by such models with a low degree of structural complexity 

is parsimonious and elegant. Putting this the other way around, we can say 

that theories that postulate a parsimonious and elegant world lead to the 

construction of mental models with a high degree of internal structural 

simplicity. As such, they can be more efficiently exploited by those cognitive 

processes that are central to scientific reasoning, like deriving observational 

predictions, than their more complex counterparts. Theories which postulate 

too messy and poptilated a world require the construction of models that are 

likely to be too complex to be held in working memory, and consequendy it 

becomes much harder to use them as the basis for further research.^! 

It is an open and important question what influence external storage 
devices, like paper and pencil, have on understanding. They certainly 
represent an increase in computational resources. They also seem to aid the 
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chapter five, I described the idea underlying the pure unificationist 

approach as the conviction that a reduction in the number of ^cts we have to 

accept as brute leads to an increase in understanding. I believe that from the 

perspective of the mental model accoimt of scientific understanding, we can 

see what is correct about this idea. What we have to accept as brute facts, that 

is, the types of irredudble entities and fundamental processes postulated by a 

given theory, are represented by representational primitives and their 

relations to each ottier in a mental model, be those primitives of a classical or 

of a connectionist nature. The degree of complexity of a model increases 

with both an increase in the number of primitives and an increase in the 

number and complexity of the relations between the primitives.43 Due to 

understanding, as can be seen firom the usefulness of mapping the logical 
structure of a complicated argument in the form of some sort of a diagram. 
My guess is that such diagrams and other visual aids help us in the process of 
chunking (in ttie sense cognitive scientists use that term), thereby allowing us 
to activate more complex theories in our working memory. But this is 
another question to be explored in further empirical studies. 

42 As of today, it is still an open question what kind of functioned 
architecture is better suited for implementing mental models. Both 
connectionist and classical (van Neuman) architectures are used in attempts 
to computationally realize the functions of mental models. The verdict as to 
who will eventufdly succeed is still out As an example, see the papers in 
Britton and Graesser, 1996. 

•3 The expression 'complexity of relations' is intended to refer to the 
number of argument places a relation has. A binary relation is less complex 
than a three-place relation. See Goodman, 1972, p.286f. 
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inherent limitations on the size of the human working memory, only 

models with a certain degree of complexity can be activated as units and then 

serve as the basis for tiie cognitive processes discussed earlier. Thus, there is a 

cognitive rationale for seeking a reduction in the complexity of a theory, for 

seeking simplicity: Simpler theories, that is, theories that postulate a 

comparatively simple world, are to be preferred over more complex theories 

because they allow us the construction of mental models which can be 

exploited by cognitive processes central to scientific research. 

It is important to be clear about the fact that from this perspective, 

simplicity is not a mere pragmatic virtue of theories. Although it is correct to 

say that comparatively simple theories postulate a world which is easier to 

understand, this "ease of understanding" plays a vital role for scientific 

research. It is necessary, or so I argued, to be able to construct a model on the 

basis of a theory which can be activated in working memory in order to 

engage in cognitive processes central to scientific research. In particular, the 

understanding restdting from an explanatory theory is a pre-condition for our 

attempts to probe the accuracy of that very theory. If we add the premiss that 

determiiung the accuracy of theories is a necessary step towards scientific 

knowledge, we can see that imderstanding has an important epistemic value. 

Thus, since imderstanding is tantamotmt to the construction of mental 

models which can be held in working memory, and since the size of the 
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human working memory puts limits on how complex a mental model that is 

to be used for reasoning can be, theoretical simplicity turns out to be not 

merely pragmatically advantageous. Comparatively simple theories postulate 

a simple world, which can be understood by constructing a mental model 

which is sufficiently simple to be held in working memory. Therefore, 

comparatively simple theories are epistemically advantageous, provided that 

we have the goal to find out more about what the world is like and to come 

up with accurate explanatory theories. 
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8.5 Epilogue 

Many question are left open. What is the relation between 

understanding as pattern recognition and understanding as the construction 

of mental models? How can we account for the fact that not all understanding 

can be seen as the process of activating already existing knowledge structures? 

In other words, how can the mental model account of scientific 

understanding be applied to the tmderstanding of a world postulated by novel 

and unfamiliar theories? To what exact degree can a model be structurally 

complex and still be useful for scientific reasoning? What are the lower 

boundaries on the structural complexity of useful models? What are the 

mechanisms that can account for historical changes in what the scientific 

commtmity regards as intelligible? And there are probably many more 

similar questions. 

However, I believe that all these questions are clear enough to prepare 

the grotmd for detailed further studies, both in the history and philosophy of 

science and the various relevant cognitive sciences. If nothing else, I hope to 

have at least disentangled some of the complex issues surrounding the 

relation between theoretical simplicity, theory choice, scientific under

standing and the accuracy of explanatory theories. 
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