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This work is an attack on the standard neo-Humean con­

ception of science in philosophy of science. The following 

pillars of this conception are targets of the critique: 

(1) the claim that the role of causality in scientific 

explanation has been, or can be , superceded by scientific 

laws ; 

(2) the belief that a causal process can only be a 

disconnected, perhaps contiguous, series of events. 

In addition to attacking these explicit views , the work 

challenges the background assumption that causal explanations 

f or basic phenomena of physics have proved permanent ly impos­

sible, leaving, henceforth and forever , laws and only laws as 

material for theoretical knowledge in a fundamental domain of 

science. 

Examination of other contemporary causal realist philo­

sophers shows that their contributions to an understanding of 

unobservable causes in physics have severe limitations, due 

to their retention of key Empiricist conclusions. 
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INTRODUCTION 

The discipline of philosophy of science in the twentieth 

century has been decisively influenced in its procedural 

doctrines and conceptions of science by dramatic developments 

in physics. These developments can be ~ummarized in two 

parts: (a) the breakdown of mechanistic models (models in­

volving matter in motion) for the unobservable causal pro­

cesses presumed to underlie phenomena of electricity, magnet­

ism , and optics, together with the abandonment of the idea of 

an "ether" as a material substratum for these processes; and 

(b) a shift in the meaning of "theory , " begun in the last 

century, through which this term has come to mean some form 

of mathematical procedure for predicting the results of mea­

surement under given quantitative conditions. Such theory is 

only concerned with correlations among data of measurement, 

and is independent of any inquiry about the nature of causal 

processes underlying the correlations . 

Philosophy of science responded to these developments as 

if they meant that David Hume's views about causality and 

about science had been conf irmed and established for all 

time. Hume had concluded that "causation" could only consist 

of reliable successions in observed events plus our mental 

react i on to such regularities. He accordingly thought that 

the permanent results of science would consist of knowledge 



of these regularities--in a word , of laws. Thus recent 

physics in its actual course seemed to bear out Hume's con­

clusions. 

The position taken in this work is that the basic con­

clusions of neo-Humean philosophy of science, and the philo­

sophical projects resulting from these conclusions, are mis­

guided . 

One traditional neo- Humean project has been the effort 

2 

to show that scientific explanation of phenomena can and does 

consist purely of descriptions of observable circumstances 

and knowledge of the applicable laws. Inasmuch as the motiv­

ation for this can be traced to the influence of physics and 

the contemporary character of its theories, this effort in­

volves the suppressed premise that such theories are in fact 

explanations of phenomena . Chapter 1 of this work evaluates 

the arguments and conclusions of this law-based theory of 

scientific explanation, with attention to this suppressed 

premise , and finds the whole enterprise unconvincing. 

Chapter 2 examines some explicit arguments given for the 

adoption of the Humean analysis of causality for application 

to contemporary science . These arguments are found to be 

based on an unnecessarily constraining presupposition about 

how events forming successions (in general) can and cannot be 

described. It will be argued in the long run that the endem­

ic critical and skeptical qualms about the reality and char­

acter of causal connection result f r om the belief that sue-
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cessive events which form parts of a single process must bear 

to one another the relation of contiguity, as in side-by-side 

objects or adjacent segments of spatial length . I claim that 

contiguity is an artificial and inaccurate reduction of the 

causal relation, despite the fact that it continually inter­

poses itself in philosophical thinking. As an unerring 

alternative to contiguity between events, I propose to de­

velop an understanding of causality on the model of A.H. 

Whitehead's theory of natural "creative" process as genetic 
1 

succession . The proposal is to be devoid of the teleology 

that Whitehead thought was essential to the idea, and also 

seeks to avoid the application of biological concepts to non­

living Nature, which is a troubling feature of Whitehead's 

later work when it is considered under the aspect of physical 

explanation . The concept of causality will be developed not 

only to overcome the reduction of causal connection to conti­

guity, but also as a concept of physical process for eventual 

application in an array of causal explanations which, I 

contend, have so far radically eluded science. Chapter 2 

nourishes the beginning critical arguments for this project. 

It also examines and rejects the claim that indeterminism in 

atomic physics bolsters the neo-Hurnean position on causality. 

Chapters 3 and 4 discuss some contemporary philosophers 

of science who attempt to counteract the neo-Humean view, or 

at least its extreme tendencies, by in some way attributing 

causal reality to that which is both inherently outside the 
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category of observable events and by all appearance not 

amenable to mechanistic models , namely , what physicists des­

ignate with such terms as "field," "radiation," "subatomic 

particle." These realist attempts are found to be seriously 

hampered in different ways by a heritage of Empiricism in 

science and philosophy. 

Chapter 5 acknowledges the problems disclosed by recent 

physical investigation which appear to stand in the way of 

causal explanation for the domain of physics, and indicates 

the strategy by which the most prominent among these might be 

surmounted. 

The overall claim to be argued for is that the recent 

transformation in physics has signaled neither a change in 

the meaning of explanation in science, nor a change in the 

general aims of science and the criteria for what is scien­

tific, but has instead been a shift in the orientation of 

physics toward technological research and away from explana­

tion, and that this historical shift leaves entirely open the 

question whether causal explanations are possible for this 

domain and may legitimately be pursued . 



Notes 

l . Alfred North Whitehead, Process and Reality (New York : 
Macmillan, 1929); also Whitehead , Science and t he Modern 
World , (New York: Macmillan, 1925) 107-11~ 

5 
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CHAPTER 1 

"LAW EXPLANATION" 

The basic tenets of the recent tradition of philosophy 

of science have formed around the conclusion that scientific 

knowledge in its final form is not primarily knowledge of the 

causes in Nature for things observed. An important basis for 

this conclusion is that what is called "theory" in physics 

has come to have only the content of mathematical laws with­

out a corresponding content of causal stories (which make up, 

for instance, theories of biological evolution and geological 

transformation, or the pre-twentieth century theories of 

light). As a result it has become the standard view that 

exact predictive knowledge of correlations in the data of 

observation, as opposed to causal explanation, is the essence 

of science. 

This tradition was kicked off by the Vienna Circle of 

Positivism, which welded together two elements: (a) the 

Humean critique of causal connection in general; and (b) an 

adoption of the practical physicist's analysis of experiment­

al data--formulae for quantitative correlations--as the model 

for advanced science, consigning to a more primitive stage of 

science the sort of causal inquiry represented , e.g., by the 

older theories of light as waves in the ether. An acausal 
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view of science was forged out of these elements. 

Philipp Frank, a philosopher of science with direct ties 

to the original Vienna Circle, says the following about the 

transformation in physics which began in the late nineteenth 
1 

century : 

[The theoretical models of Maxwell and Lorentz for 
electromagnetic phenomena] were accepted only 
because the observed facts about the motion of 
bodies and the propagation of light could be 
derived ... Principles of physics were accepted if 
they could stand the test of logical consistency 
and empirical confirmation. The era of mechanistic 
physics was reaching its end, and the era of 
logico-empiricist physics was beginning . Roughly 
speaking, we may say that the mechanistic era had 
extended from 1600 to 1900, and that the twenti­
eth-century opened with the logico- empiricist 
conception of science in the making. 

What Frank means at a minimum by "mechanistic" science 

here are causal theories of light and electricity which 

involve motion of matter, such as vibrational disturbances or 

spinning vortices in the all-pervading ether. But "the log­

ico-empiricist conception of science " suggests a generaliza­

tion not only beyond this particular area of physics, but 

beyond physics to science . 

But his claim about the end of mechanistic science 

clearly cannot be generalized over all of science. Even if 

he means "mechanistic " in the strict sense of causal explana­

tions involving matter undergoing motion and stress it would 

not be correct to include, for example, geology in the new 

conception as he specifies it , since in this science such 
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explanations have in no sense met their demise . 

It cannot uncontroversially be claimed that explanation 

in biology, e.g., the theory of natural selection, is mechan­

istic in this sense. But if Frank is using "mechanistic" in 

a broader sense, to mean any causal story about~ continuous 

series of events terminating in things observed , then the 

"logico-empiricist'' conception of science must exclude biolo­

gy as well. Integral to both of these sciences are narrative 

accounts of natural processes which have brought about exist­

ing conditions, and this fact is unaffected by any changes in 

the meaning of a "theory" in physics . 

Throughout this work I will use the terms "mechanism" 

and "mechanistic" in the narrow sense, as causation which is 

reducible to the elements matter, motion, stress, and colli­

sion. To designate a broader concept of causal narrative 

explanation, a concept to be gradually developed, which may-­

and, I will be arguing, does--extend beyond mechanism, I will 

reserve the term "productionism." A "productionistic " expla­

nation is a causal explanation of which the only essential 

ingredients are continuous series of events, bringing about 

one another and arising out of one another in succession, and 

terminating in the fact which the particular story explains. 

The causal process described may or may not be mechanistic. 

The basis of Frank's claim about the passing of mechan­

istic science is merely that physics gave up on causal expla­

nations for electromagnetic phenomena . But in light of the 
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actual philosophical views of science which are represented 

in the term "logico-empiricism," Frank intends just the gen­

eralization over all of science which, I have noted, appears 

untenable. What Frank says comes from the Positivist striv­

ing to "reconstruct" the whole of science as a logically 

interconnected system of lawlike propositions--which is to 

say, of conceiving the content of the whole scientific ac­

count of the world by analogy with modern physics, whose 

theories have come to consist entirely of mathematical laws 

usefully formulating the dependence upon one another of quan­

titative variables in specified contexts of measurement. 

Positivists thought that such a single system of science , 

with its well-defined allowable content of laws , would estab­

lish the clear partitioning of scientific knowledge as 

against metaphysical speculation and superstitious or other­

wise unfounded popular beliefs, which they regarded as intel-
2 

lectual and social evils. 

Whatever the fate of this striving for a single system 

of science , there should be no disputing that Frank puts his 

finger on something important about the history of physics. 

About the two distinct eras of this science, divided roughly 

at the turn of the century, at least this much might be said 

uncontroversially: there was in the earlier era a living 

expectation among physicists that the regularities which 

their equations quantify , notably those in the context of 

experimentation with light, electricity, and magnetism , had 
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their explanations in underlying physical processes whose 

description in ordinary language might some day be completed. 

But in the new era this particular science came to have the 

whole of its progress and success in predictive equations 

developing in synchrony with experimental technology, while 

the prospect of a narrative description of the causal proces­

ses exploited in this technology floundered utterly amid 

philosophical turmoil. This was not so much a smooth and 

natural maturing of knowledge , as Frank suggests, but more 

like a difficult birth, namely, of the pragmatic renunciation 

of a traditional quest for narrative and naturalistic expla­

nation, down to its last remnants . 

Frank's " logico- empiricist" (which I will call "acausal­

ist " ) conception of science sees as genuine and permanent 

results of science only systemat ically organized, lawlike 

propositions about observed regulari t i es. From thi s point of 

view a pervasively causal - narrative approach to explanation, 

which I will in the long run be arguing for , will be seen as 

an errant nostalgia for "mechanistic " science , even though 

my aim is explicitly to conceive of causality as extendi ng 

beyond the constraints of mechanism (in the narrow sense). 

Whether explanations in physics can be furthered out­

side the mechanistic mode through a transformed conception of 

natural productive activity remains to be seen. This aside , 

the logico-empi ricist conception may pose a challenge to my 

assumption that to produce explanations in science is to 
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produce causal explanations. A consideration of this poss i ­

ble challenge is the primary concern of this chapter . 

Suppose we relieve logico-empiricism of the problematic 

aspect which I have made note of , by restricting our atten­

tion to physics and setting aside the hope for "unified 

science " on their model. Suppose further that the logico­

empiricists can produce a sense of " explanation" which can 

apply to the domain of physics in accordance with their 

position--that not causality, but applicable laws, will be 

its essence. If this meaning of "explanation" is clear and 

convincing enough, they may have a case against my view that, 

where narrative accounts of physical processes are not pro­

duced, the explanatory dimension of science is lacking. They 

could claim that it is open to question whether causal expla­

nations need to be produced here as in the rest of science in 

order for there to be genuine explanation of known phenomena. 

Perhaps physics just as it .!_! displays the real, final, and 

complete character of scientific explanation, through its 

status as a foundational science, as the one, t rue , "unified " 

explanation of Nature! 

And in fact the logico-empiri cist conception of science, 

which is to say the standard outlook of phi l osophy of s c i ­

ence , has been deeply occupied with the problem of explana­

tion , with the construction of models of explanation based on 

l a ws and the criticism of those models. I will examine a 

classic text of logico-empiricist explanation theory after 
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first providing some background discussion. 

Causal Understanding versus Mastery of the Regularity 

As I said, much of the recent tradition of philosophy of 

science is under the influence of the Positivist movement. 

Their view was that a description of the causes of observa­

tions was by itself only a crude, antecedent form of science. 

Such an explanation does not rise to the contemporary stan­

dard achieved by the paradigmatic science: physics. The 

material for genuine scientific explanations consists, on 

this view, of precisely that content of theories of physics 

which remained and continued to succeed: laws. Scientific 

laws are equations calculating the dependence, within speci­

fic contexts of measurement, of some quantitative variables 

upon other quantitative variables, or the propositional form 

of such equations. Thus, laws formulate with exactitude 

regularities , which means certain sets of measured quantities 

which are observed to vary as a function of one another. 

A classic example of the difference between laws and 

causal explanations is provided by Newton's successful formu­

lation of , and subsequent reflection upon , the law of gravi­

tation. The law states that the force of gravitational 

attraction between two bodies is directly proportional to 

their masses and inversely proportional to the square of the 

distance between them. Having established this universal law 

on the basis of observations of planetary motions , Newton 
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deemed this the limit of science on the matter , and insisted 

he would "feign no hypotheses" (the famous hypotheses non 
3 

fingo ) about the cause of gravity . Whether or not one 

thinks there is any legitimate question about the cause of 

gravitational attraction and of the functional dependence 

that the law identifies, it can be seen here that Newton 

recognized that a law organizes quantitative features of a 

class of observations (in this case of a specific force of 

attraction) without being or suggesting a causal explanation 

of these observations . 

It is a fact much commented upon by philosophers that 

precise, predictive knowledge of regular correlations among 

observed events is independent of the knowledge or lack of 

knowledge of any causal processes lying behind the correla­

tions . Inquiring into the connecting process, if any, which 

gives rise to such a regular correlation can be a concern 

wholly separate from the formulation of its law and the use 

of this law as a predictive tool, or as a template for preci­

sion design, in experimental research. That laws alone with­

out corresponding causal explanations not only can play a 

central role in the development of science , but can seem to 

embody a complete and independent knowledge of the phenomena , 

has been basic to Empiricist physics and philosophy . 

This independence of successful laws from knowledge of 

causes has traditionally harbored two related forms of epis­

temological skepticism, which I call the two forms of acaus-
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alism. 

The first, famous in David Hume, is the view that apart 

from regular succession in separate events there is nothing 
4 

in Nature which can be called causal connection. On this 

view the inscription of a regularity in the mind (or in an 

equation) is all that can be meant by saying that one event 

"causes" another. For contrast , it might be supposed that 

there are not just spatially and temporally separate events 

(in physics experiments and elsewhere) but that there are 

also real and physical causal connections. To claim, as the 

present work will, that unreduced causal narrative is essen­

tial to scientific understanding of the world, is to maintain 

the supposition that there is more to causality than observed 

regularity in events, namely, there are connections which can 

be spoken of in general as the "production" of one event by 

another and which are made clear in a causal narrative ac­

count of how something--say, a mountain range--is brought 

about. The arguments typically given in support of the 

Humean view of causality are examined in the next chapter. 

The second form of acausalism is the view that there is 

no justification for believing in the existence of the many 

kinds of unobservable causes in a special class investigated 

by modern physics--that is, what are called "particles," 

"radiation," and by some other designations, and include 

particular species such as electrons and photons--because 

they are inherently unobservable. Behind this conclusion 
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lies the view that a body of scientific knowledge is only a 

systematization of facts of observation, so that all that is 

available to comprise scientific explanations of observed 

events are the measured quantitative interdependenci es found 

in these events , rendered in lawlike propositions or conven­

ient algorithms. In other words, this conclusion is one 

result of what Frank calls "logico-empiricism," an acausal 

view of science in general which is modelled after contem­

porary physics. 

As is the case with the first form of acausalism, one 

can take a position contrary to this fictionalist view of 

unobservables, and furthermore, this position has consider­

able weight of commonsense expectation. Innocently of the 

arguments for this view, it might well be thought (and this 

is in kinship with the physics of the "mechanistic " era) that 

there are some occurrences in Nature giving rise, for ex­

ample, to forces of attraction--Newton's "cause " of gravity-­

and that there are propagations, consisting of physical 

events, intervening between what are called "emitters " and 

"detectors" of radiation. The presumption would be that 

knowledge not only of the existence, but of the nature of 

these physical processes should explain the specific features 

of what is observed and measured . 

The Humean view and the view of the antirealist about 

causal "entities " in the domain of physics might be combined 

and referred to as a "regularist" view about causality, in 
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contrast to the prephilosophical "productionist" view, which 

will not cease to expect that real causal connections pervade 

Nature and can be successfully described in all detail as 

physical events. My use of the term "acausalism " is within 

the productionist standpoint. The regularist is free, if he 

does not think that "causality" is an entirely empty concept, 

to claim that it just means regularity in observed and dis­

crete events, in which case he would not see his view as an 

acausalism. The productionist, on the other hand, claims 

that to throw out the reality of connection in the relation­

ship of production is to throw out causality. 

There is potent fuel for the view which Frank voices, 

the view that science on a modern conception does not explain 

the world in terms of causes, and it has the following ingre­

dients: First, there is the fact that what are called "theo­

ries" in twentieth-century physics , such as the theories of 

relativity and quantum mechanics, have the character of pre­

dictive models or laws, rather than being descriptions of 

sequences in natural causal events. Second, physics is taken 

as a paradigm of science, due to its dramatically impressive 

intellectual and technological successes, and there is the 

inclination to suppose that the successes of this science 

must mean that it achieves explanation of phenomena and hence 

an understanding of the domain of nature with which it is 

concerned. These ingredients combine into the conclusion 

that this fundamental science , and perhaps the whole of sci-
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ence as a unified system of knowledge, truly explains not 

by the adducement of causes, but through the successful form­

ulation of algorithms and laws providing predictive capabili­

ty. 

Clarifying this reasoning exposes a serious !!..QE_ sequi­

tur. There is an unargued assumption here that any techno­

logically successful science must be a concomitant achieve­

ment in explanation, though there is no real basis in the 

character of what physics serves up through its theoretical 

inventions that this " theory" constitutes explanation or 

understanding of Nature . Remember hypotheses non fingo : why 

think that to have discovered a law of Nature is to know the 

explanation for the phenomenon whose measureable features it 

formulates? From the productionist point of view, the very 

fact of the acausal character of contemporary theories just 

suggests that they do not themselves explain, however power­

ful their utility. The claim that such theories are arti­

fices and not explanations is quite defensible, just because 

of a well-known independence of laws from causes. An impor­

tant argument in defense of this claim is given in the next 

section. 

Instrumentalism and Antirealism: Breaking the Link 

The instrumentalist view of theories which , as I said, 

fits with the productionist view about causalit y , was part of 

the Positivist view of science , where it was associated with 
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antirealism about unobservables. The reason for this asso­

ciation was as follows. Given the assumption, characteristic 

of Empiricism, that it is theory that produces t he first 

knowledge of the unobservable , then if such theory is only an 

instrument of prediction , this would render the unobservable 

entity a construct. In a recent statement of this c onclu­

sion , Lawrence Sklar says that instrumental ism ''has conse-
5 

quences too irrealist for many to swallow ." 

Instrumentalism about theories has become unpopular , 

because this association was not broken, and philosophers 

wanted to think that what on the face of things appear to be 

real entities (where this refers, safely, to species of 

causal propagation) studied and named by physicists , of which 

specific causal properties are mastered in a variety of 

applications , are in fact such real entities. 

The claim that the electron and the photon are not known 

by science to exist but are instead useful fictions , though 

it has long had and continues to have major proponents, is 

unacceptable to many philosophers . As for Positivists, it 

was not that they necessarily bel i eved electrons were ficti­

tious, if they were to state their view of the matter " off 

the cuff . " Nor were they necessarily explicitly instrument­

alist about theories . But their Empiricism , in particular 

the focus on mathematical laws , irresistibly suggested both . 

Rudolf Carnap's Empiricist arguments provide an i l lustration. 
6 

He starts out a passage intending to show the falsity of the 
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view that mathematical theories are "' mere formalistic con-

structions , 1 •mere calculi.' " He claims a theory must have 

in addition an interpretation which is an understanding of 

Nature. But his discussion ends up with an "understanding" 

for theories in the domain of the electron which is actually 

no understanding, but only utility. This is the "kind of 

understanding which alone is essential in the field of know­

ledge and science." 

A resurgence of realism in philosophy of science helped 

to displace Positivism and along with it instrumentalism. 

But I want to raise the possiblility that instrumentalism may 

represent a clarity that was thereby lost. 

In the work of the contemporary philosophers of science 

Ian Hacking and Nancy Cartwright, important arguments have 

been put forth which tend to break the association of instru­

mentalism with antirealism. Cartwright makes the point that 

in the identification of causes, while there may be several 

incorrect causal hypotheses, there is only one correct one , 

whereas it is often the case in physics that different mathe­

matical models have equal applicability to the same phenome-
7 

non, with no one of these being the "correct" one . This 

indicates that theory in the modern sense may not be what 

identifies causes at all, and that the disclosure and naming 

of entities efficacious in experiments may actually be a 

process other than theorizing. 

And why should the electron (for instance ) be permanent-
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ly a "theoretical entity"? The atom of electric charge was 

"theoretical"--which is to say, a hypothesis--at one time in 

physics, but the subsequent history is that this hypothesis 

was experiment~lly verified by the Millikan oil-drop experi­

ment, which can be called the detection of the irreducible 

unit of charge through measurement. Should we take physi­

cist's own account of the history of their science to be 

philosophically naive? How then could it be said that the 

experiment showed anything? 

There is a perfectly good candidate other than theory 

construction for what identifies and differentiates "parti­

cles," namely, the exactly specified experimental conditions 

under which their characteristic effects are observed. This 

is how I understand Hacking's critique of antirealism. Hack­

ing presents the matter from the standpoint of the experi­

mental physicist who is making use of unobservable transmis-
8 

sion ( "particles") in his investigations. He knows the 

transmission consists of positrons because he has designed 

just the emitter that emits positrons, and what is useful to 

him is that this kind of transmission has a set of real and 

highly specific causal properties or "powers." This basis 

for the reality and specific identity of the unobservable is 

not a matter of theory construction. 

In these ways Cartwright and Hacking make a cogent case 

at least that the question of the reality of unobservables is 

separable from the question of the status of theories, so 
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that one need not reject instrumentalism about theories in 

order to avoid antirealism. If theories in physics are not 

descriptions of the world, this may simply mean (and I think 

it is quite plausibly the case) that the unobservables of 

physics remain undescribed in spite of thorough quantitative 

knowledge of the conditions of their occurrence and of their 

characteristic effects. This removes the pressure to think 

that, if the entities are real, then the theories in question 

must be some kind of explanations . 

The "Covering Law" Model 

The " logico-empiricist " conception of science, however, 

is an acausalism combining Hume with the conclusion which I 

have been critiquing, that physics establishes a standard for 

scientific knowledge by explaining acausally. This leads to 

the conclusion that an acausal theory of scientific explana­

tion in general is needed. This, as I have already remarked, 

seems strange in light of the evident fact that other branch­

es of science, such as geology and evolutionary biology, 

explain causally. There is intellectual resistance here to 

the possibility that physics may be unique among the sciences 

in that, though it treats with highly efficient mathematical 

models the regularities in detailed events which it encoun­

ters by experiment, it does not, in a sense basic to natural 

science, explain them. But there is nothing incongruous in 

this possibility. The thrust of my argument at present is to 
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set alongside standard acausalism the possibility that phys­

ics as it is today is a technological science rather than~ 

explanatory science, and that its ''theories" are simply arti-

fices of mathematical ingenuity with which practical research 

equips itself. 

The law-based model of explanation which I will present­

ly consider is one outcome of the acausalist tradition, 

transmitted through Positivism. This law-based model repre­

sents the influential view that, whatever we may think is the 

meaning of causal accounts, a genuinely scientific explana-

tion is comprised of laws--statements of correlation between 

discrete events. Philosophers who have committed themselves, 

for the reasons I have discussed, to such an acausal theory 

of scientific explanation, have endeavored to develop a mean­

ing for "explanation" by which it contrasts explicitly with 

"description," so that explanation of phenomena can be a 

matter of the laws covering them, superceding the idea that 

descriptions of causal events can themselves constitute ex­

planations which are fully scientific. Through a formal 

definition, they thought, "explanation" could be given a 

meaning confined to the citing of a law or laws specific to 

the circumstances of the thing to be explained . 

The standard account of explanation according to this 

prescription is found in a famous paper by Carl G. Hempel and 
9 

Paul Oppenheim on "The Logic of Explanation." These authors 

describe explanation as involving a kind of syllogism. Sup-
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pose we have an occurrence or fact we wish to explain. We 

take as one premise a proposition describing in adequate 

detail the circumstances surrounding the occurrence or fact; 

we take as another premise the law stating what will come 

about in those exact circumstances--namely what we are trying 

to explain; and there follows deductively a proposition stat­

ing that what we are explaining is indeed the case or does 

occur. A law of science thus becomes a conditional statement 

logically implying the phenomenon to be explained. This is 

the "covering law" model of explanation, in which a law or 

laws are the operative features . The syllogism has the form: 

Premise (1): the covering generalization or law, an 
"if, then" statement specifying a set of 
conditions and telling what happens when 
these conditions obtain; 

Premise (2): a statement asserting the occurrence or 
actuality of these " initial " or given 
conditions; 

Conclusion: a statement that the particular thing 
being explained does in fact occur. 

In short, to explain is to utilize known scientific laws to 

set into action some deductive machinery which yields the 

thing-to-be-explained. To be thus generated deductively from 

a covering law is to be explained. 

An initial response one might have to this claim is to 

ask, "Why does this deduction of something from a covering 

law (plus initial conditions) explain the thing? Does this 

not simply amount to saying, 'It always occurs in those cir-
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cumstances?' What is explanatory about that? " A background 

view , already alluded to, is what seems to alleviate this 

problem in the minds of the proponents: a view of science as 

a total interconnected system of lawlike propositions. With 

this picture , what explains a phenomenon is not just that one 

law. Its covering law explai ns the phenomenon with the back­

ing of the whole system of laws , once disclosed ( I will 

return to this) . 

Hempel and Oppenheim offer examples of explanati on which 

might come up in daily life and which they claim illustrate 

this "covering law " or "deductive-nomological " model. There 

i s an introductory passage in their paper intended to drive 

home the distinction between description and explanation: 

To explain the phenomena in the world of our 
experi ence, to answer the question "why? " rather 
than only the question "what? " , is one of the 
foremost objectives of all rational inquiry, and 
especially, s cientifi c research in its various 
branches strives to go beyond a mere description 
of its subject matter by providing an explana­
tion of the phenomena it investigates . 

Then the follow i ng example is supplied to illustr ate the de­

ductive model : 

A mercury thermometer is rapidly immersed in hot 
water; there occurs a temporary drop of the mer­
cury column, which is then followed by a swift 
rise . How is this phenomenon to be explained? 
The increase in temperature affects at first only 
the glass tube of the thermometer; it expands and 
thus provides a larger space for the mercury 
inside , whose sur face there fore drops . As soon as 
by heat conduction the rise in temperature reaches 
the mercury , however, t he l a tter expands , and as 
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its coefficient of expansion is considerably larger 
than that of glass , a rise of the mercury level 
results. 

The authors then attempt to identify the features of the 

deductive model which occur in this explanation. It con­

sists , they tell us, of two kinds of statements: a descrip­

tion of some antecedent or co-occurring condltions--a mercury 

thermometer is dipped in hot water--and some laws covering 

the case . Specifically, these laws "include the laws of the 

thermic expansion of mercury and of glass, and a statement 

about the small thermic conductivity of glass. " 

It is not clear that these laws--if they are laws--are 

central to the explanation presented. The "small thermic 

conductivity of glass " ls simply not mentioned in the text as 

part of the explanation. The coefficients of expansion of 

mercury and glass are mentioned. But, to start with one of 

the problems, why should these coefficients be called " laws"? 

They are quantitative properties of substances; at least in 

this sense they are "regularities "--always the same for a 

given substance. But this "regularity" is not a variation in 

quantity A as a function of some other quantity B. It seems 

unlikely that physicists would have a reason to refer to 

these quantitative properties as "laws." 

But let's try to take them as laws in the sense which 

Hempel and Oppenheim would need for their model. The model 

calls for the conditiona l, in this case, which says , "If this 

substance is mercury , then it will expand a specific amount 
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with a given rise in temperature. " Together with the corre­

sponding conditional for glass, and given the initial condi­

tions involving a thermometer , the coefficients which are in 

fact applicable to this case are deductively (trivially) 

generated. Now, the explanation under discussion does not 

say what these coefficients are. It only says that one is 

" considerably larger" than the other. What is used in the 

explanation, the authors claim , is the " considerable " differ­

ence of the two. 

These coefficients are brought up in the explanation of 

why the mercury level rises after the brief dip in the lev­

el--the original thing to be explained--occurs: " ... as its 

coefficient of expansion is considerably more than that of 

glass, a rise of the mercury level results. " The authors can 

be taken to be explaining , by this difference of coeffi­

cients , how the thermometer works , telling why the mercury 

level can be seen to change at all. 

But it seems erroneous to take this difference to be the 

principle of the thermometer, which is more like this: The 

space in which the mercury can expand is flattened, as far as 

is practical , in one of its dimensions. An increase in 

volume cannot spread in this one dimension , so that the 

expansion along the length of the space will be observable 

for a usefully small variation in temperature. The truth in 

what Hempel and Oppenheim say about the coefficients of 

expansion is that it ma kes sense to use a liquid which ex-
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pands to a relatively great degree. But for all we know 
-

given their explanation, if enough flattening of the expan-

sion space were achieved, a moderately useful thermometer 

might be made in which the coefficients of expansion were not 

"considerably" different. It is more a matter of geometry 

than of exact properties of materials. If one thinks care­

fully about it, one does not find that these numbers explain, 

but rather, to take them as the explanation only draws one 

into questions. The point is that these coefficients of 

expansion by themselves are not a very appropriate center­

piece for an explanation of the thermometer. 

And as I already mentioned, the thing-to-be-explained 

is the brief dip of the mercury, and not just its usual rise. 

Hempel and Oppenheim aim to give a scientific explana­

tion. They want to explain observations, and not merely to 

describe them as any ordinary observer could--in this way 

they seek what is both explanatory and scientific. As a 

result they take as the very heart of the explanation some 

scientific-sounding things, coefficients of expansion, 

thought of as laws in order to fit the covering law model. 

But our examination seems to have arrived at the question: 

Why should it be thought necessary at all for the explanation 

to talk about these coefficients? This talk sounds slick and 

scientific, but to try to decide whether these quantities are 

actually important to explaining either the dip, or how a 

thermometer works, is deeply confusing. This consequence 
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does not especially favor the purported explanation. 

Going back to the starting point in this text: After 

describing the mercury dip phenomenon, they ask, "How is this 

phenomenon to be explained?" Note that they do not specify 

that "explain" has any specially scientific or specially 

philosophical sense. They just ask how it is to be ex­

plained. Now, despite the problematic character of the ex­

planation and commentary together, we were given to under­

stand why it happens. So let's try to put it into our own 

words. What g the explanation? 

The heat from the water, of course , reaches the glass 

before it reaches the mercury. The expansion of the glass 

bulb slightly increases the volume for the mercury filling 

it, drawing the column down slightly. There is the explana­

tion. With it, I understand how and why this happens . It 

does not make use of any scientific laws . But then, it does 

not fill the bill for an acausal sense of explanation . It is 

simply a narrative account of the mechanism involved. 

To be fair to the Hempal and Oppenheim explanation and 

commentary, the ur..mentioned "law" about the "small thermic 

conductivity of glass" should be considered. This seems to 

get sc.,mething right. The heat tak\3s a certain interval of 

time to pass through the glass, and this is important to the 

explanation. But the exact heat conducting properties of 

glass as compared with other materials is no centrally impor­

tant fact in the explanat1on--or at least, it is not clear 
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why it should be . To take this specific quantitative compar­

ison to be the explanation would lead to some puzzlement: 

Does this mean that the dip would not occur at all if the 

thermometer had a bulb made, say, of metal? If what we were 

explaining to begin with was an observation that a dip occur­

red with glass but not with metal, then a comparison of 

conductivities would be just the thing wanted. But in the 

case at hand, the only relevant fact along these lines, and 

it is understood in the narrative explanation we came up 

with, is that conduction through the glass takes enough of an 

interval of time to produce an observable effect. The spec­

ific conductivity of glass is not really to the point in 

explaining the phenomenon . 

We are left with the simple causal story above as a 

solid version of the explanation, one which does not need any 

scientific references or lend itself to any philosophical 

theory. 

(Along the same lines as my promotion of narrative 
10 

causal explanation in physical science , William Dray re-

jects the covering law model for expl anation in history, and 

proposes instead the "model of continuous series , " according 

to which explanation is a tracing of a course of events.) 

The objection might be raised that as a commonsense 

explanation, it is not scientific , and therefore not what 

Hempel and Oppenheim are after. We could not take this to 

mean that the explanation is unscientific in the sense of 
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unsound, as if it were superstition or guesswork. It meets 

no objection or skepticism from science. What could the 

above objection, then, mean? When philosophers of science 

seek a specially scientific sense of "explanation, " what are 

they after? 

Someone who makes the above objection wants this sense 

to sharply contrast with the ordinary sense of explanation by 

causal mechanism. He or she therefore is thinking that an 

acausal theory of science is needed. If it is not needed, 

causal explanation would bridge scientific understanding and 

ordinary understanding, and not allow this sharp distinction. 

The arguments that a need for an acausal theory of science 

exists are treated elsewhere in these first two chapters. 

The present project is an innocent examination of the con­

structed theories of explanation, which historically have 

taken place once the acausalist assumption is well ingrained 

in tradition. 

The upshot of the discussion so far is that a classic 

text has (a) provided a correct , if cumbersomely expressed, 

explanation of a phenomenon, and (b) adopted a strategy for 

understanding that explanation which is quite unworkable in 

the specifics it is given. 

The same Carl G. Hempel presented a revised version of 
11 

the deductive model seventeen years later, in 1965. In 

this text he provides an example of an explanation and a 

genuine scientific law which has a closer relevance to the 
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explanation than does the above example. The new example is 
12 

described as follows (emphasis added): 

In a beaker filled to the brim with water at room 
temperature , there floats a chunk of ice which 
partly extends above the surface. As the ice 
gradually melts, one might expect the wa ter in the 
beaker to overflow. Actually the water level re­
mains unchanged. How is this to be explained? 
The key to an answer is provided~ Archimedes' 
principle , according to which a solid body float­
ing in a liquid displaces a volume of liquid which 
has the same weight as the body itself. Hence the 
chunk of ice has the same weight as the volume of 
water its submerged portion displaces. Since 
melting does not affect the weights involved, the 
water into which the ice turns has the same weight 
as the ice itself, and hence, it also has the same 
volume as the displaced water; hence the melting 
ice yields a volume of water that suffices exactly 
to fill the space initially occupied by the sub­
merged portion of the ice. Therefore , the water 
level remains unchanged. 

Let us give this example the setting of a high school 

science classroom . The teacher places a beaker full of water 

on top of a valuable textbook which, she tells the class, she 

really does not want water-stai ned. There is a chunk of ice 

floating in the water, let us say one of those irregular 

chunks that are found in ice bagged for sale . She carefully 

adds more water with an eyedropper until there is a rounded 

bulge at the edge of the water from surface cohesion. It 

appears that another drop of water , no matter how del i cately 

added , would cause it to spill over and damage the textbook. 

The chunk of ice projects an i r regular point above the water 

like a tiny iceberg. With students on the edge of their 

seats , the teacher leaves the beaker alone to deliver a 
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lecture. 

At the end of the lecture, the attention of the class is 

turned again to the forgotten beaker of water . The ice has 

melted, the edge of the water is still bulging , and the text­

book remains unharmed. In keeping with Hempel's example, 

suppose that the teacher's intent was to use this demonstra­

tion as a way of introducing Archimedes's principle of dis­

placement, which she then goes on to talk about. 

Why were the students on the edge of their seats at the 

beginning of the lecture? Why "might one expect " the water 

to spill over as the ice melts, so that when it does not, 

there is something to be explained? If we expect it to spill 

over, we have to be thinking that when ice melts it turns 

into an equal volume of water, so that whatever ice is pro­

truding above will be added, upon melting, to the volume of 

water in the beaker. We are not cognizant of the fact that 

water expands slightly when it freezes, making the ice 

slightly less dense than the water. Hempel does not talk 
l 

about this when explaining the "phenomenon" or when giving 

his predictable characterization of his explanation in terms 

of deduction from laws. But it seems that , far from intro­

ducing laws either explicitly or implicitly , the explanation 

corrects an assumption. We might well have assumed that 

water contracts when it freezes; it might not occur to us 

that it could expand. 

This case of an explanation recalls Hilary Putnam's 
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remarks: 

Explanation is interest-sensitive and context­
relative. We expect an explanation of a fact to 
cite the factors that are important (where our 
notion of importance depends on the reason for 
asking the Why-question) . 
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In this example the reason for the Why-question is an expec­

tation based on an error. 

Before she talks about Archimedes's law, the teacher 

asks a bright student, "Why did you expect it to spill over? " 

The student replies, " I assumed that the part of the ice 

which was sticking out above the water would be added to the 

volume of water in the beaker. " 

"And what would cause you to assume that? " 

"Not realizing that water expands when it freezes." 

Even with this much understanding of the experiment, to 

the point that he understands why he was wrong in his expec­

tation , the student may have yet to learn about Archimedes's 

law, and he might well not be thinking about the relationship 

between displacement and weight . 

Archimedes's principle says that a floating object dis­

places an amount of liquid with the same weight as itself. 

When I said earlier that this has a close relevance to the 

explanation , I meant that one could go about explaining why 

the beaker does not overflow by starting with a reflection on 

this principle. The teacher in the science class might in 

her follow-up lecture have said what Hempel says, that since 
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the floating ice turns into water , the principle implies that 

it will turn into the same weight and hence the same volume 

of water that , as floating ice , it displaces, necessarily 

leaving the level of water unchanged . In taking this tack of 

explanation she would at the same time be saying something 

about science. Hempel took this tack to try to establish an 

uniquely scientific sense of "explanation . " This made a 

better example of the importance of a law to an explanation 

than the thermometer example, where the " laws" about the 

exact thermal expansion and conductivity of certain materials 

seemed distinctly peripheral if not irrelevant. 

It is problematic, however, to say that in the tip-of­

the-ice-chunk example Archimedes's principle is the "key" to 

an explanation, when the reason an explanation had to be 

given (in our example) was just a natural but mistaken as­

sumption about the case which needed to be corrected. It 

seems that this remark of Hempel's came only from the pres­

sure at work to see scientific knowledge as comprised of laws 

and their logical entailments. 
14 

Another example which Hempel uses in this same work is 
15 

taken from John Dewey's book , How We Think. In his book 

Dewey relates an explanation he produced for himself after 

making an observation one day while washing dishes. He 

noticed that when he placed a tumbler, fresh from hot soapy 

water , upside down on a plate , soap bubbles would emerge from 

under the rim and expand for a short time , the n come to a 
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stop and recede. 

Dewey came up with the following explanation of this 

occurrence: When a hot glass is first set down, it traps air 

which is cooler than the glass. The air is warmed by the 

glass, so that it expands and produces the bubbles. As the 

air recools, the bubbles retract. 

Naturally , Hempel wants to construe this explanation as 

consisting of two parts: first, a detailed description of 

the case, including temperatures , materials , and so on; and 

second, laws of various kinds--gas laws (relating pressure, 

volume, and temperature) , laws about the behavior of soap 

film, and so on. Now, he does suggest in this text that he 

is offering a special, scientific kind of explanation. But 

he is also talking about Dewey's explanation. How does he 

manage to read Dewey's exp lanation as something so different 

from what it appears to be? 

The answer is that he thinks all these laws which are 

not stated in the explanation really belong to it as its 

suppressed detail. When like a blossoming thistle this de­

tail is brought forth, he thinks, the case fits a deductive 

model. He writes (emphasis added ), 

While some of these [laws] are only hinted at by 
such phrasings as ''the warming of the trapped air 
led to an increase in its pressure, " and others are 
not referred to even in this oblique fashion, they 
are clearly presupposed in the claim that certain 
stages of the process yielded others as their re­
sults. If we imagine the various explicit or 
tacit explanatory assumptions to be fully stated, 
then the explanation ma y be conceived as a deduc-
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Later in this discussion he says more specifically what it 

is he refers to as a "claim that certain stages of the pro­

cess yielded others as their results" (emphasis added): 
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... reliance on general laws is essential to a D-N 
(covering law] explanation; it is in virtue of such 
laws that the particular facts cited in the explan­
ans [the description of initial conditions] possess 
explanatory relevance to the explanandum phenomenon 
[the thing-to-be-explained]. Thus in the case of 
Dewey's soap bubbles, the gradual warming of the 
cool air trapped under the hot tumblers would con­
stitute a mere accidental antecedent rather than 
an explanatory factor for the growth of the bubbles, 
if it were not for the gas laws, which connect the 
two events. 

This is quite a startling thing to say. Consider Dew­

ey's reasoning , which was as follows: 

Why should air leave the tumbler? There was no 
substance entering to force it out. It must have 
expanded. It expands by increase of heat, or by 
increase of pressure , or both. 

He tried to think why it happens . And he came to see why, to 

realize what makes bubbles arise and recede. And that of 

which he became cognizant was precisely '' the gradual warming 

of the cool air trapped under the hot tumblers. " For Hempel, 

this process that Dewey found explanatory , these " conditions" 

of a phenomenon--the very thing he identified as a cause, and 

with which he felt satisfied that he understood what a moment 

ago he did not understand--would fail to explain, would be 

explanatorily impotent and empty , were it not for the fact 
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that the gas laws are "hinted at, " "presupposed," and/or 

"assumed." 

Hempel thinks that to realize that the air inside the 

tumblers is gradually warmed would be not relevant to under­

standing the occurrence "if it were not for the gas laws." 

Now, scientists have been able to formulate the gas laws 

because the pressure, volume , and temperature of a gas are 

functionally connected. These variables depend mechanically 

on each other according , it is found , to more-or-less precise 

quantitative rules--the gas laws. These laws might prove 

indispensable for designing equipment such as steam boilers 

and pneumatic chambers. They certainly would be essential in 

any precisely designed experiment which worked like the tum­

bler-soap bubble phenomenon. But why should we suppose that 

they have to play a role in John Dewey's thoughts while he is 

washing the dishes, that they are thus essential in this 

sense also? The gas laws might well not be in his thoughts 

at al 1. He certainly is not , simply by explaining the pheno-

menon to himself or recognizing why it occurs, necessarily 

also calculating and confirming his result with known laws . 

Hempel's claim that the explanation hinges on the gas 

laws is cogent to this extent: it is necessary to the expla­

nation that a functional interdependence among the variables 

of pressure, volume and temperature exist. However , the 

tidiness and quantitative exactitude of the law , that which 

makes it an indispensible tool for precision design, seems to 
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have no central bearing on the explanation. It is much more 

clear to say that the phenomenon, the explanation, and the 

gas laws themselves, would not be what they are but for the 

fact that these variables are mechanically connected. The 

"qualitative" description of this mechanical interconnection, 

which makes clear in what manner they are connected, telling 

which variables increase as the others decrease, is distinct­

ly more pertinent to an understanding of the phenomenon than 

the exact quantitative formula. 

Someone might follow Hempel's lead and object to my 

pitting against the deductive model simple narrative expla­

nations such as the one given for the "dip " phenomenon of 

the thermometer, or Dewey's narrative explanation of the 

expanding and receding bubbles, by saying that these narra­

tives merely fail to mention the various scientific laws 

which are " implied" in them. What could be meant by this? 

There are more detailed processes involved which could be 

unfolded in the story, such as the subatomic processes re­

sponsible for the properties of various substances. The 

"hidden laws" would then presumably be the mathematical in­

ventions by which atomic physics models its observations. 

Certainly no one or all of these equations are referred to~ 

implication in any ordinary causal account of events. 

Carnap argues that all explanations are based on laws, 
16 

whether explicitly or not. In one of his examples, someone 

seeks an explanation for why his watch is missing from the 
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table, where he left it. The explanation is that "Jones took 

it . " Carnap thinks even this is really a " law explanation in 

disguise." He says this: 

.. . "Jones took it " would not be considered a satis­
factory explanation if we did not assume the uni­
versal law: whenever someone takes a watch from a 
table , the watch is no l onger on the t a ble. 

Carnap's claim is that a "universal " regularity involving an 

action and its immediate consequence is presupposed in the 

explanation . Perhaps this is true. But there are two points 

to be made here. First , pointing out this presupposed " law" 

does not improve on the explanation as it was . Second, to 

cite this "universal law"--action X always has consequence 

Y--.QY_ itself would not satisfy the watch owner's query at 

all , and therefore cannot be the undisguised form of the 

given explanation. 

This leads to the question , What is to be gained by the 

insistent quest for laws at the heart of explanations? The 

law uncovered neither substitutes for , nor furthers , the 

given explanation. If the motivation , as I believe , is to be 

able to understand how it i s that quantitative-empirical 

physics is not only an explanatory science , but is paradigm­

atic e xplanation, then the clai m that it in fact is such is 

unargued, and , I think , without basis. Another possible 

motivation is the general aim of disclosing a formal logic 

within explanations , but this is peri pheral to the project of 

an acausal theory of science , and is outside my concern. 
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It may be the tidiness and precision of laws that leads 

a thinker to value them as against "crude " or "merely quali­

tative" causal accounts, especially if there is pressure to 

separate scientific from ordinary explanations. But let 

alone laws hidden in causal stories , is there any reason to 

think that more detailed and precise laws are referred to by 

implication in some fairly approximate laws , such as the 

laws--presu.mably, on the " covering law" view, explanations-­

of classical , "macro" mechanics? Certainly pre-twentieth 

developers and utilizers of the laws of mechanics were not, 

in this activity, referring by implication to the laws cover­

ing more detailed regularities underlying mechanical proces­

ses , such as quantum mechanics, which were yet to be discov­

ered. 

It seems highly forced to claim that an account of a 

causal process is somehow a veiled reference to a bundle of 

equations. Why not instead, if one wants to insist upon 

further analysis, say that the causal process described is 

composed of more detailed causal activity? The difference in 

intelligibility is remarkable. 

This notion that an explanation which does not mention 

laws might really be about hidden laws , helps show the way 

into a troubling thought about the deductive model, one which 

has already been remarked upon : 

The logico- empiricist writers , once they present an 

example of an explanation, seem to then need to find the laws 
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that are pertinent in order to explain or clarify the expla­

nation. The "laws" that they look for are "generalizations " 

under which what is to be explained can be, as it is often 

said, " subsumed . " To subsume under a generalization only 

means that there is to be found in our knowledge a condition­

al proposition which describes circumstances under which a 

certain thing always occurs . 

In the examples from the standard late Pos i tivist liter­

ature which we have looked at , however, the thing mentioned 

or "covered" in the generalization which is turned up, is 

(apart from Carnap's example) not the thing-to-be-explained 

itself, but some related quantitative regularity on which the 

philosopher can attempt to pin the essence of the explana­

tion , something taken from scientific knowledge of measurable 

properties of material and its interactions. 

But apart from the pressure of a search for a meaning of 

" explanation" to supercede causality, it seems unnecessary to 

look for these laws, especially since, as it appears, this 

search does not manage to pin down the essence of any one 

explanation. The troubling thought about this quest is this: 

Suppose that to find and cite an appropriate conditional 

proposition from out of a broader knowledge of such proposi­

tions really does accomplish explanation. Why not, then, 

cite the exactly appropriate one : " If a mercury thermometer 

is stuck in hot water , the mercury level will dip briefly, " 

or , "If ice which is floating in water melts , the water level 
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is sure of hitting the mark. 
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The trouble is, of course, that these are not laws which 

are put to use in any science , hence will not do for an ac­

count of "scientific explanation. " Another problem, equal-

ly obvious, is that these statements just describe the very 

thing- to-be-explained, they do not explain it. The impulse 

is therefore to seek more general facts of Nature--hopefully , 

quantitative laws in use by science--from which these speci­

fic observed phenomena can be derived. If this can be done, 

(the thinking goes) it will maintain the sense that what 

explains is something other than the thing explained , and 

also the sense that one is explaining by scientific laws. 

So one looks for the general laws which are pertinent , 

which might seem essential to the observed phenomenon . But: 

Why should one think that these general laws , conditional 

propositions "subsuming" more specific laws , are any more of 

an explanation of those specific, quantitatively precise 

regularities in Nature which they designate, than was the 

conditional proposition which was merely a description of the 

phenomenon? Does not a law , rendered in prose form, only 

amount to a conditional proposition, and not to 5!Q explana­

tion? 

Moreover , laws can readily be seen as designating facts 

to be explained. I will take Archimedes's law as an example. 

In Hempel's text , there is surprise at the discovery 
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that the water level in a beaker does not rise as the ice in 

it melts, and this leads to a recollection of Archimedes's 

principle . Suppose instead that one day an amateur scientist 

who is ignorant of Archimedes's principle is tinkering with 

floating objects and with weight and volume measurements . 

Through "blind intuition" and more-or-less random tinkering, 

he hits upon Archimedes law: a floating object displaces an 

amount of water which has the same weight as itself . He 

might shout, "Eureka!" But is this because he explained 

something? He was not trying to explain anything, only 

tinkering in his shop. He would have discovered something 

"nifty," in a certain sense a thing of beauty, a way that 

mathematics connects with the world so that the symmetry and 

clarity of the mathematics can be attributed to nature. 

He might well not feel he had discovered anything that 

needed explaining, and this may be in part because he is 

pleased with it. However, one might have in this way discov­

ered this mathematical relationship, or just heard about it 

and understood what one heard, and still not have an explana­

tion of it--that is, one could still entertain the question 

why it is the case. What would seeing why it is the case 

involve? 

One would think about floating objects, and the fact 

that some things float and some do not, and that certain 

things float in some liquids and not in others . A liquid 

will support an object if it has at least as much density as 
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the object, just as objects lighter than air will rise. In 

supporting the object the liquid resists the force of gravi­

ty. The density of the object and the density of the liquid 

are in mechanical struggle. When the object wins, it sinks; 

when there is equilibrium, the object is suspended within the 

liquid; and when the liquid wins, it floats. Among floaters 

there is variation in buoyancy--some things float high in the 

liquid and some float low, mostly underwater. Low floaters 

obviously displace more of the liquid. 

Thinking about this struggle of forces, with density as 

the deciding factor, could lead not only to understanding why 

Archimedes's law holds, but possibly even to the first intui­

tion, formulation, and testing of it. If an object floats, 

there is an exact equality between two forces: the weight of 

the object, and the upward pressure of the liquid upon it. 

What might be the relation between this upward force and the 

amount of liquid giving way to the object? Could the force 

be equal to this amount by weight? 

The equality of weights is a fact about certain condi­

tions, something one can either reason toward, or discover 

and subsequently come to understand why it is so. Thus the 

law itself is not something that explains, unless an artifi­

cial sense of "to explain" can be derived from its intrinsic 

interest as a precise piece of knowledge, its tidiness, or 

even its utility. Much less problematically, the law signi­

fies a fact with a causal-mechanical explanation. 
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The Primitivity of the Non-Initiate 

The drive toward a model of explanation which is both 

specially scientific and acausal, leads this tradition of 

thought to another kind of extreme. Acausalism in philosophy 

of science ( which calls itself logical empiricism or logico­

empiricism) will readily assert that a commonsense or pre­

scientific understanding is no understanding at all. Ernest 

Nagel, in a comprehensive work having much to do with the 
17 

deductive model of explanation , says , 

A marked feature of much information acquired in 
the course of ordinary experience is that, al­
though this information may be accurate enough 
within certain limits, it is seldom accompanied by 
any explanation as to why the facts are as alleged. 
Thus societies which have discovered the use of the 
wheel usually know nothing of frictional forces, 
nor of any reasons why goods loaded on vehicles 
with wheels are easier to move than goods dragged 
on the ground. 

Prescientific people who use wheels, Nagel seems to be 

saying , are lacking an explanation why wheels make things 

easier to move. What is it about their experience or "infor­

mation '' that they do not understand? Do they attribute the 

success of the wheel, prescientifically , to spiritual agen­

cies? It is hard to imagine anyone at any stage of culture 

saying, "I can see that you are having an easier time pulling 

your cart with wheels than I am dragging my load on the 

ground. Perhaps some day I will learn why this is." From 

earlier examples we can recognize the idiosyncratic claim 
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that directly understanding such a simple mechanism is not 

"scientific explanation" and hence is not really understand­

ing at all, is devoid of the unique illumination that science 

provides. True scientific kowledge is enshrined away from 

any straightforward description of events. 

It also seems wrong to say that the prescientific wheel­

using people have no knowledge of frictional forces. Surely 

the designers and builders of carts and chariots would have 

had a fairly good knowledge of frictional forces. They would 

be able to explain to an apprentice why a wheel and axle 

should be constructed in such and such a way and out of such 

and such materials, to make it work smoothly and efficiently 

and wear longer. If one wanted to say that if they have a 

notion of "force" it is necessarily primitive and obscure, it 

could be retorted that this is notoriously true of the scien­

tific use of the term as well. 

What we can grant Nagel is that these people might not 

have at their disposal the principles regarding frictional 

force which modern science makes use of. For example, they 

might not know that the amount of friction is a function of 

the pressure between the surfaces, but is independent of the 

area of surface contact. And they would most likely have no 

formulae for these relationships. This means they have lim­

its to their sophistication, both in methods of inquiry and 

in technology. But it in no way suggests that they do not 

understand why a wheel makes their lives easier. 
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Arthur Pap gives an example in which someone finds that 

the milk in the refrigerator has gone sour. The person is at 

first puzzled, then remembers that she defrosted the refri­

gerator that morning and forgot to turn it on again. Thus 

she has an explanation for why the milk has gone sour. Pap 

then says, "This explanation is, to be sure, superficial , 

since it is based on observation of an event sequence that 

the nonscientist just accepts as an empirical regularity but 
18 

does not really understand." 

But her explanation was just that she left the refriger­

ator turned off. Scientific knowledge or the lack thereof 

had no direct bearing on the effectiveness of the explana­

tion . Nor should we slight it for being impoverished com­

pared with the depth of science. 

This example of an explanation could be connected with 

"sc ientific explanation" in the following way: the experi­

ence could occasion the person to ask, "Why does milk go sour 

when it is not kept cold?" She could then research the 

matter in biochemistry textbooks, or ask a specialist (or 

someone who happens to know). She might '' not understand" the 

episode in the sense that she seeks an explanation of this 

sort (though "not understand" does not quite fit the case; it 

is just a curiosity about some specifics) . 

But what Pap says, that the person only recognizes an 

empirical regularity which she does not really understand, 

seems to ascribe to her a peculiar blankness of mind about 
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it. (Actually, it may well be that the person has accumu­

lated few if any observational instances of this regularity.) 

It seems clear, however, that the person knows and under­

stands something quite definite here , namely a causal rela­

tions hip. Upon hearing the chemical explanation, it would 

satisfy her curiosity, but would most likely not elicit any 

surprise about the kind of thing this explanation involves. 

The knowledge that she gains might only be of specific sub­

stances and specific chemical reactions. She knew it was 

something like what she learns in specifics . 

Pap explains that by "really understand " he means not 

only that one knows about a well-confirmed regulari ty, "milk 

turns sour if you leave the refrigerator off , " but that one 

knows why this regularity exists. This means one has an 

explanation for the facts cited in this explanation, and so 

forth, until ultimately one has in one's mind the whole 

system of science. So here is the rub for the "nonscien­

tist " : she has not been initiated into the special world of 

understanding of the scientist. 

Unfortunately for this claim, we have seen that she not 

only understands the fitting scientific explanation, but also 

understands, apart from this, why her milk went sour . 

Summary of the Critique 

From the examples we have looked at, the following 

summary of logico- empiricism on explanation can be given. 
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First, by deciding to pursue an acausality about explanation, 

involving a description/explanation contrast, it ·sees expla­

nation as both specially scientific and as the first dawning 

of any understanding, as the first illumination of mere 

disconnected (merely described) facts. This leads to a gen­

eral devaluation of causal understandings. Second, it grasps 

unsuccessfully at the possibility that explanation can be so 

construed if it is tied to some cognitive equipment of sci­

ence in the form of quantitative formulae, which are only 

about observations, and which fall under the heading of 

"laws. " In the next chapter I will examine the historical 

origins of this kind of philosophical commitment. 

My concern has been to test this view of explanation 

against examples of explanation which were taken from the 

logico-empiricist philosophers themselves. In the course of 

the discussion I have shown how a law-based theory of expla­

nation fares philosophically from a standpoint that has not 

acquired, or has set aside, any predisposition to think that 

an understanding of modern scientific knowledge in terms of 

causal ity is outdated and mistaken. The result: from this 

standpoint, acausal explanation theory appears implausible 

and fairly pointless. To reach this conclusion, this chapter 

began with an exposition of the fact that laws can be formu­

lated independently of causal explanations, a fact that gives 

acausal theory of explanation, focussing on laws, a possible 

constructive course . Laws are statements of facts of obser-
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vation refined into quantitative terms. From the standpoint 

that explanation of natural phenomena through science is 

causal explanation (and it is important to maintain a critic­

al perspective on any reasons why it should not be), these 

facts of observation, in either their crude or their refined 

form, are "explananda," things which might well call for 

explanation. 

Arguments for logico-empiricism as a general theory of 

the whole of science have two major drawbacks. 

The first of these I have already mentioned. To attempt 

a formal model of explanation which does not involve descrip­

tion or adducement of causes in a way reflects the character 

of physics, in which branch of science, peculiarly, there 

come to be exclusively mathematical treatments of certain 

observations. But other branches of science are certainly 

not acausal. Consider geology. Plate tectonics is a very 

contemporary scientific achievement. It explains by telling, 

for example, about pieces of the Earth's crust grinding past 

each other, building up local stresses that are suddenly 

released in violent jolts. Geology is a mechanistic (and 

entirely scientific) science. 

The literature of philosophy of science does not take 

examples exclusively from physics, but tries to cover all 

branches of science, in keeping with its name. Nevertheless, 

what is called the "standard" view holds that to explain 

some natural occurrence is not to talk about its causes, but 
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rather to cite a proposition stating that the occurrence has 

always been observed under similar conditions, or some re­

lated lawlike propositions. To the innocent ear, this seems 

patently absurd as a characterization of scientific know­

ledge. Science explains what stars and galaxies are, while 

ordinary experience and speculation, it might be said , could 

not. Here is some specially scientific explanation. What 

could any conditional propositions have to do with it? Cer­

tainly none would come into play in an actual explanation of 

what is seen in the night sky to someone who for some reason 

was ignorant about it . 

There is one explanation for this odd generalization of 

the image of specialized physics over science per se. It is 

an idea which is sometimes called "theory reduction ," and it 

is related to the Positivist picture of science as a single, 

complete system or structure. It is thought that since, for 

example, the deeper explanation of biology is chemistry, and 

the deeper explanation of chemistry is physics, all scientif-
19 

ic knowledge reduces to physics. If physics is acausal, 

then in the last analysis, so is science in general. 

But for this conclusion to follow, it must at least be 

shown that physics is permanently an acausal science, that 

is, that there can be no causal interpretation of its ulti­

mate observations. My arguments aim to show in the long run 

that this is not demonstrated , but rather, that it is per­

fectly possible and cogent to simply say that physics is 



anomalous among the sciences in not providing naturalistic 

explanations for its domain, which is not even to say that 

such explanations are impossible. 
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A second major problem with logico-empiricisrn as a gen­

eral theory of science has also come to light in the discus­

sion. In point of fact it seems to have been clear to some 

extent even to the proponents of the covering law model that 

an individual law covering a phenomenon does not by itself 

explain it. What answers this problem for the logico-empiri­

cist is that the explanation by covering law refers and 

defers to more general laws which cover these laws by or-

ganizing them together with other "phenomenological" laws, 

and so on through higher orders of inclusion until the whole 

superstructure of science comes into view. Nancy Cartwright 
20 

calls this the "generic-specific" account , and it is well 

developed in Ernest Nagel's book, The Structure of Science. 

It is supposed to put the weight of the whole of science 

behind each individual explanation. 

21 

But the more general laws work exactly the same way as 

the phenomenological laws , with the latter taking the place 

of the specifics of observation , such as particular measured 

quantities , which are correlated in each phenomenological 

law. So again these more general laws can only signify 

highly integrated facts of observation. Therefore there is 

nothing in this kind of a c count which can finally come to an 

explanation where the specific law could not , unless perhaps 
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we can in following out each case get a glimpse of the whole 

structure. And what could even this be on the acausal model 

except an ultimately inclusive law? 

The major conclusion for the purpose of the present work 

is that the demand for productionistic explanation throughout 

science is undiminished by the logico-empiricist objection to 

this demand . A law-based model of explanation does not have 

the kind of independent success in supplying a meaning to 

" explanation " which can be a challenge to the preeminence of 

causality for the explanation of phenomena, let alone sup­

planting the causal format thought to be a thing of the past . 

Moreover, the regularities signified by laws easily seem 

themselves to call for explanation in terms of the action of 

causes. Therefore, even if knowledge in the domain of phys­

ics were permanently confined to mastery of regularities, it 

is doubtful that a Humean view, either of science in general 

or of specific scientific explanations, is supportable. 
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CHAPTER 2 

PHILOSOPHICAL SOURCES OF ACAUSALISM 

The last chapter examined a late Positivi s t and very 

influential constructive strategy for supplying a meaning to 

"scientific explanation" when causal stori es have been con­

signed to a pre-scientific and dependent status as explana­

tion. An important preparation for this traditional project 

is the adoption of the Hwnean analysis of causality . This 

chapter will seek out some of the direct argwnents in earlier 

Positivism for the appropriation of this analysis. 

"The Hwnean analysis of causality" designates what I 

regard as a kind of disease of thinking , one which , as I 

mentioned in the Introduction , would characterize events in a 

series as having contiguous relations . This analysis pre­

establishes for itself the event and the process of which it 

is a part as blank extension in space and time . In this way 

an event or series of events is reduced (usually beneath 

awareness) to the occupation of a region of four- dimensional 

space, with time rendered as a dimension of space . This mode 

of analysis and its destructive consequences is investigated 

in this chapter and also in Chapter 4 as part of the discus­

sion of Wesley Salmon. 

The result of the Hwnean analysis is actually to col-
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lapse the very character that any event has, if it is to be 

extended spatially or temporally or in any combined sense. 

Such an event has not only continuity, but shape, the differ­

entiation of its beginning, middle , and ending stages. There 

is only continuous occurrence where there is continuous de­

velopment. This means that there is continuous differentiat­

ing transition both internally to an event and throughout its 

production of a successor event. Thus , even before the 

genetic succession model of causality provides any novel 

successes at understanding , it already proves to follow from 

the decision to preserve both causal connection (against the 

contiguity picture) and what is in any case meant by an 

"event" for purposes of causal explanation. 

This chapter examines arguments leading to the position 

that causality can only mean the regular succession of dis­

crete events, at most contiguous. The critique of these 

arguments has the short-term aim of defending, as a general 

possibility , serial relations which involve neither contigui­

ty nor separation, and this serves the broader aim of sup­

porting the reality of causal connections. 

The Positivist Doctrine About Causes 

I will not attempt to provide a comprehensive history of 

the Empiricist/skeptical/acausal tradition. The primary aim 

is to test those arguments which occur in the contemporary 

period of science , which sometimes make use of recent devel-
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opments in physics, and which might be operating to support 

the predominance of an acausal (neo-Humean) view of science . 

But some tracing of the more recent ideas studied in the 

previous chapter into their Positivist origin is in order. 

Around the time that the famous paper of Hempel and 

Oppenheim appeared, philosophers of science were setting the 

stage for making laws the centerpiece of explanation, by 

reinforcing the idea of a sharp distinction between descrip­

tion and explanation which came from earlier Positivism. 

That distinction grew out of a complex philosophical aim, 

that of "reconstructing" scientific knowledge . This meant 

displaying and clarifying science as a complete or complet-

able system of empirical propositions. Herbert Feigl argued 

in 1948 , the year of the Hempel-Oppenheim paper, that an 

explicit description/explanation distinction was needed as a 
1 

way of furthering the Positivist program. Description would 

be about observed phenomena, while explanation of these phe­

nomena would not be description of natural events bringing 

them about, but a situating of the "observation sentences " 

about them within a superstructure of such observation sen­

tences , this superstructure being, once fully realized, the 

"unified " system of science. 

The background rationale for this was that philosophers 

of this tradition wanted to display science as knowledge 

which is in their sense indubitable, that is, free of any 

reality claims for what is outside observation. This meant 



59 

that science, properly purified, had to be an organized 

system of propositions, all of which were such that they were 

subject to verification at any time by simply making an 

observation. The propositions to be retained as genuine 

science had to describe these observations and nothing more. 

A philosophical standard of "certainty" for knowledge, in 

keeping with a long tradition, was to be tied to observed 

events , and should not allow inference to causal entities 

which they regarded as both conjectured and in the nature of 

the case hidden from the confirmatory glance . 

An additional impetus for this project was the influence 

of Copenhagenism in atomic physics, new and dramatic at the 

time of Positivism, which said, in essence, that physical 

theory in this area could only be about the observable , a 

kind of Empiricism adopted as a research philosophy in phy­

sics itself. 

What the Positivists were faced with in their program 

was the fact that modern physics is, despite Copenhagenism, 

substantially concerned with "unobservable entities." To 

reject claims about the actuality of whatever is named by 

"electron," "photon," "magnetic field, " etc., on the grounds 

that such claims are not verifiable by seeing the thing 

named, meant casting out of genuine knowledge the whole of 

what is on the face of it a fundamental category of natural 

occurrences encountered in the course of science , virtually 

the whole natural domain of contemporary physics. 
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Nevertheless the Positivist program amounted to just 

such an intellectual housecleaning, or, as they called it, a 

"clarification of scientific concepts ." They did after all 

have some important thinkers of the past supporting them. 

Hume had concluded that the very idea of "causation" could 

only be a purely mental construct which we form on the basis 

of the " constant conjunction" of pairs of individual inputs 

through the senses, the " cause " and the "effect, " when these 

same pairs of data occur in the same successive order on 

repeated occasions. Causal connection , on this account, only 

means the "determination of the mind" such that, when a 

cause-event is perceived or thought , the mind will "pass from 

the idea of [this] object to that of its usual attendant ," 
2 

the effect-event. On this view there can be nothing in our 

knowledge of the world ( independent of mind) corresponding to 

the idea of the production or bringing about of one event by 

another event. 

The Positivist appropriati on of Hume's view for a theory 

of science combined this view with an existing tradition of 

scientific antirealism. Experimental observations had a role 

analogous to the Humean " sense impressions. " For Hume , caus­

al connections--which for him would have to occur between 

separate inputs of perception which always occur in immediate 

succession--cannot be a part of our knowledge of nature . In 

Positivist antirealism , any unobservable entities supposed to 

transmit a connection from prepared and precise experi mental 
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conditions to their precisely measured outcomes--namely , some 

variety or other of causal transmissions which now are most 

predominantly given the term "particles"--do not have a place 

in the final form of unified science. 

In this way the critique of causal ' connection could be 

alloyed with antirealism about unobservables. This chapter 

is concerned with the Hurnean component of this acausalist 

alloy . But a brief survey of the sources of antirealism will 

help to establish a critical perspective on Positivism and 

prepare for the next chapter. 

In adopting scientific antirealism Positivists claimed 

descendancy from the physicist/philosopher Ernst Mach, whose 

rejection of Newtonian absolute space and time (another kind 

of "unobservables") seemed to be born out in Einstein's 

theories. Mach had argued that explanations in terms of 

fields and atoms implicated physics in beliefs about an 

occult world of events, and that no one such explanation of a 

set of phenomena had more claim to truth than others had for 
3 

the same set of phenomena. 

A comparison of the cases of two antirealist physicists , 

Mach and Wilhelm Ostwald , is instructive. Ostwald held out 

staunchly against the theory that material substances consist 

of ultimate , discrete parts: the "atomic-molecular hypothe­

sis. " Eventually Jean Perrin conducted a long series of 

experiments, all using independent procedures , which were 

specifically designed, it might be said, to detect atoms. 
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The results of this experimentation , amounting to a consider-
4 

able quantity of independent bits of evidence, won out over 

this skeptical view, so that Ostwald finally admitted that 

there are atoms and molecules. 

Especially if it serves as a goad for this kind of 

brilliant experimentation , this skeptical reservation about 

causal explanations can be seen as a healthy influence, even 

though in this case it meant someone had to admit to a life­

long error . But if in this case the skepticism was defeated 

not~ learning how to see atoms , but through the detection 

of their effects, it would seem that a certain prejudice 

about the perceptual basis of knowledge had also been de­

feated. It might also be said that the physicist in Ostwald 

finally won out over the Empiricist philosopher . Mach, how­

ever, remained stubbornly antirealist about atoms. And it 

was Mach who , because of these very views, was made a hero of 

Positivist philosophy of science. 

As I indicated in the previous chapter, the grounds for 

general antirealism about the unobservable can have little to 

do with the reasons why hypotheses in science are considered 

as yet unconfirmed, where this is a matter of the process of 

scientific discovery in textbook accounts. 

Schlick's Humean Arguments 

A connection can be made from the later formal model of 

explanation based on the lawlike proposition, to some origin-
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al acausalist arguments of Positivism, through a text of 

Herbert Feigl's. As I mentioned, Feigl helped to prepare for 

law-based explanation theory by promoting a description/ex­

planation contrast. He can also be credited with a remark 

summarizing the Positivist treatment of causality. It occurs 
5 

at the beginning of his essay "Notes on Causality": 

"The clarified (purified) concept of causation is 
defined in terms of predictability according to 
a law (or, more adequately, according to a set 
oflaws), II 

Feigl's subsequent discussion of the matter tends to be 

ragged, and there is scarcely an argument for this position . 

The attitude in the writing is one of, "By now (in the Posi­

tivist tradition) we have it right about causality . Let's go 

on." But he does provide references to writings from the 

works of the earlier Positivists, which he takes to represent 

the reasoning by which this view was settled upon. 

One of the works which Feigl claims for his antecedence 

in his pronouncement about causality is Moritz Schlick's 
6 

"Causality in Everyday Life and in Recent Science." It is 

worth treating at length. Schlick raises the problem of the 

"propter hoc/post hoc " distinction, that is, how we tell 

whether an event is the cause of another or just happens to 

precede it. He claims that this distinction marks our causal 

judgements , for example, when we consider which among several 

preceding f actors is the cause of our state of depression , or 

when we try to determine whether a certain medicine is effec-
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tive against a disease. 

The first part of his article, the "everyday life " part, 

is concerned with how in fact one would ordinarily go about 

establishing that a causal connection exists. In his lan­

guage , he is considering how a causal judgement is "veri­

fied ." This term should be understood in light of what was 

outlined above , that it was a thesis of the Positivism of his 

time--for which he was importantly responsible--that meaning­

fulness depends on verifiability, so that in seeking the 

meaning of a word such as "causes " we have to look for how 

propositions containing it have their truth ascertained by an 

observation. 

Schlick is seeking to explicate how talk of causes 

touches down , so to speak, to our observations. He presents 

some examples meant to illustrate the process of looking for 

and determining causes and establishing causal connections 

through observation; but in addition, in accordance with his 

philosophical bent, these examples are intended to show how 

from these observations we gain a meaning for the very con­

cept of "cause. " What he calls the "causal judgement" is not 

only a determination about a particular cause of something ; 

he thinks that the causal mode of understanding itself, its 

first possibility, springs from these and similar sets of 

observations. 

Schlick tries a few different possibilities for sources 

of our concept of "cause . " The first condition that he comes 



up with for a source of the concept is one which is closely 

related to Feigl's "predictability according to a law , " and 

one associated with Hume: that of observed regularity of 

sequence. Schlick says about this , "If C is regularly fol-
7 
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lowed by E, then C is the cause of E ." To take his example, 

if in a sufficient number of observations the use of a par­

ticular medicine is followed by the recovery from a particu­

lar disease, one will, he says, speak of cause and effect. 

He will end up claiming, in an echo of Hume, that such regu­

larity in observation is the sole source of the notion of a 

"cause." 

About this sketch of an example, the treatment of dis­

ease by a drug, he claims emphatically that, 

since ... the observation of the regularity was, 
in this case, the only thing that was done,it 
was necessarily the only reason for speaking 
of cause and effect, it was the sufficient reason. 
The word cause, as used in everyday life , implies 
nothing but regularity of sequence, because 
nothing else is used to verify the proposition 
in which it occurs . 

But there seems to be sparse basis in this example for 

these impassioned claims. 

The truth in what Schlick says is that given only this 

much of a case, we might well have sufficient reason (in the 

sense of quite good reason) for thinking a causal connection 

exists between administration of the drug and remission of 

the disease. And the regularity could indeed be the only 

reason for so thinking, apart from a basic background of 
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medical knowledge. Suppose, for example, that a spontaneous 

recovery often occurred, but it had gone unnoticed for a time 

that the recovery was always preceded by the administration 

of a certain substance (for some other reason). "Come to 

think of it," the doctor might say , "these patients were 

always given this substance before recovery. " It could be 

said about this that the idea of a causal connection was 

brought upon the doctor by a regular succession (and a subse­

quent realization). 

But actually it may well be that a medical researcher 

looking for a cure has not built up his causal judgement by 

accumulating observations of a specific regularity at all. 

Normally, in fact, it would go like this: there would be 

some substantial reason to think that a certain drug will 

produce a beneficia l result, and trials would confirm that it 

does. Because of this background support that the causal 

connection already has, one such success could support a 

specific causal judgement well enough to commit time and 

money to confirmatory tests . 

To say that the word "cause" as it would be used in 

connection with his example, let alone in general use , "im­

plies nothing but regularity of sequence," is surely not 

warranted on the basis of an example of this kind. This is 

not to say that it "implies'' anything else that is not al­

ready clear in its unanalysed meaning. But if what Schlick 

is after is what is meant by saying there is a causal connec-
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tion, one might well want to say that more is meant than 

regularity of succession, especially since one might even 

quite reasonably think after only one observation that a 

certain drug has a curative effect. There is certainly room 

for more to be meant by "causes, " at this point in the argu­

ment. 

But we soon learn from Schlick's discussion why he 

thinks it is impossible that causation could mean anything 

more than regularity of succession. It seems to him that if 

we say it is more than mere chance that E follows upon C, we 

must be saying that E will always follow upon C. The alter­

native to chance succession must be necessary succession, so 

that an instance of E not following upon C would force one to 

revoke the causal connection. But , he reasons, this "always" 

is unverifiable, because only a finite number of instances of 

E following C can ever be observed. Therefore , according to 

the verifiability requirement for meaning, there can be no 

meaning for "cause" beyond the fact that there is a regulari­

ty in past experience which can be extrapolated into one's 

fulfillable expectations, if one assumes that this additional 

or alternative meaning would be necessary connection, which 

means, the absolutely inevitable succession off~~-

Schlick reminds the reader of the case in which E does 

not follow upon C due to an intervening cause. There one 

does not revoke the causal connection, though there is an 

exception to the regular succession. If in one out of a 



hundred cases the cure fails , the physician will not decide 

the other ninety-nine cures were coincidences; rather , he 

will think that in this one case , there was a counteracting 

cause. This kind of case helps Schlick dispose of the idea 

of a "necessary connection. " 
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But , thinks Schlick, the situation is the same with this 

intervening cause as it is with the original cause . One must 

be able to first discover, then veri fy , the intervening cause 

in order for a causal judgement about i t to have mea n i ng. It 

would seem that on the regularity view, one has to be able to 

accumulate some observations of the medicine failing to cure 

under repeated circumstances , in order to have aquired a 

"causal judgement." But then this example does not fulfill 

the basic need of the regularity view, that there be a speci­

fic, repeatedly observed succession , since in this observa­

tion the counteracting cause , the first member of this par­

ticular succession, i s not observed. Its existence is, how­

ever , strongly surmised , which means the concept of cause is 

applied. 

What is being called a counteracting or intervening 

cause here might be, for instance , that the disease symptoms 

in this case have a different cause , or that the disease­

causing organism has a resistant strain, or that there is 

something about this patient ' s physiology that prevents the 

drug from working efficiently. Three things should be noted 

about this case . First, a judgement was made that there was 
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a counteracting cause after only one observation, that of the 

medicine not curing the patient in this highly exceptional 

case . Some amount of research might have been launched on 

the basis of this alone to f i nd out just what the cause of 

failure was. Second, there was no observation of the coun­

teracting cause , but only of its effect: no cure. Third, no 

number of occurrences of merely this same observation--fail­

ure of cure succeeding administration of the drug--would add 

to or support a general causal understanding, or help identi­

fy a specific cause . It was in fact the exceptionalness of 

the case , far from an accumulation of like cases , that made 

a causal intuition about it so strong. 

But what Schlick specifies as the observations which on 

his account are what give rise to our knowing and speaking of 

an intervening cause, are not the observed successions: med­

icine administered--no cure. He refers, rather, to the ob­

servations which go on " in the laboratory ," rather than in 

the clinic , in the investigation of the intervening cause. 

Let us look carefully at the consequences of this for the 

regularity view . 

Some research into the counteracting cause is carried 

out. It is found to be a resistant strain of the agent of 

the disease. The microorganism taken from the body of the 

one hundredth patient is not destroyed by the chemical in 

petri dishes (let's say). This "regularly occurs ," i.e., a 

few experiments are done to make sure. This allows the 
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cause. 
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However, if causal connection arises purely from ob­

served succession, the observed successions which take place 

in these experiments could not be the source of a causal 

judgement about the action of this cause preventing the 

action of the medicine in curing the disease in the patient. 

It would only give us cases of the microorganism surviving 

the drug, giving rise at most to a causal judgement about a 

process in a petri dish. The succession: medicine given--no 

cure, which is the one about which there is a judgement of a 

counteracting cause , takes place in a different setting, and 

has quite different antecedents and consequents. So far 

there is no observed regularity which could give rise to the 

causal judgement about the clinical observation that there is 

an obstructive action of one cause upon another . 

In order to confirm the finding about the cause, disease 

organisms are taken from the body of the one hundredth pa­

tient and injected into rats, and after they become diseased, 

the drug is tried out on them. Cure does not result. The 

judgement of a particular cause is confirmed and supported. 

Does this arise from an observed succession, say, those 

observations which are made in the course of this complex 

series of actions? But this is not a causal process, only a 

deliberate order in experimentation. How on the regularity 

view would we make the connection between this experiment and 
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the clinical observations? What possible regular succession 

could supply this connection? So far this view is leaving 

out some important judgements of causal connection. 

In fact, causal understanding permeated such clinical 

and laboratory activity from start to finish. The view that 

causal judgment comes exclusively from regularity seems out 

of touch with these examples . Surely the judgement of an 

intervening cause in this one hundredth case is not only such 

that "cause " already has meaning, but is also a judgment of 

considerable su.bstance, prior to the launching of an investi­

gation to establish it. Perhaps there is a more resistent 

form of the disease; here there is certainly something to 

research, and probably something to discover. 

What actually would be the case in this example is that 

one would make a fairly well-founded judgement that a cause 

has intervened, without the need even arising for repeated 

observations. And another observation of the failure of the 

medicine to cure, or any number of such observations, would 

not help establish the first as something with a cause, or 

help establish what the intervening cause is, or engender the 

concept of cause. 

It is wrong to think that in this research activity 

causal understandings originate even in part from individual 

observed successions which one happens somehow to accumulate. 

Rather , causality forms a background to the who le activity, 

and experiments which are deliberately designed on the basis 
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specific causes. 
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To summarize the case, Schlick admits that a cause is 

recognized where it is unobserved , and his theory cannot 

account for this recognition. As will be shown in succeeding 

chapters, the failure (in different ways) to account for 

interacting causes is a benchmark of acausalism in philosophy 

of science. 

There is an important assumption, which I have already 

alluded to in Schlick's article, which is traditionally put 

to use in arguing for the regularist view about causes. This 

is the assumption that any other meaning of " cause " beyond 

consistent regularity would have to be the invariable occur­

rence of the specific effect, given the cause. On the Posi­

tivist view, to say that a certain effect will always occur 

barring intervention, is shattered against the demand for 

verifiability. "Will always " cannot be tested. Setting 

aside the question whether in general causes have to, or can, 

necessitate their effects, the traditional claim, also found 

in Hume , seems to be that this is the only alternative as a 

possible meaning for "cause," supposing that one were to try 

dropping the claim that regularity in observations is the 

only meaning. 

There are some reasons apart from the verifiability 

criterion of the Positivists for rejecting the necessitation 

view of causality. Immediately there is the question of what 
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exactly it means. Is it logical, or somehow physical, neces­

sitation? What could this "physical necessitation" mean 

other than "bringing about," or in other words, causing? If 

it were really necessitation, it might have to be some mon­

strous, unchallengable cause, the unstoppable force. And 

there cannot be any logical necessity connecting one event 

with a separate event. To imagine them occurring indepen­

dently in some possible world refutes the idea of a logical 

implication from one event to a different event. 

Allowing that necessitation is not workable as the al­

ternative to observed regularity for an analysis of causali­

ty, the question remains: might there be some other alterna­

tive? Schlick is aware of this possibility. He considers 

and rejects the logical entailment of the effect in the 

cause, and then presses on to test further possibilities for 

a basis for causal judgements. 

path in his considerations. 

8 
I will retrace this whole 

Schlick gives an example that he thinks will show the 

source of the view that causation is more than regularity, 
9 

whether logical entailment or something else: 

If a surgeon amputates a man's leg, he will know 
beforehand that the man will be one-legged after­
wards . Nobody thinks that we have to wait for a 
long series of experiments in order to know that 
amputation results in the loss of a limb. We feel 
we "understand" the whole process and therefore 
know its result without having experienced it. 

Schlick spots where the idea that causation is logical 
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claims, the logic has "nothing to do with causation," but 
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only with what we mean by "amputation." The tautology in the 

statement "amputation causes the loss of a limb," he says, 

creates the illusion that here "cause" means logical entail­

ment. 

Then Schlick says something more, and something very 

curious, about this example. He generously tries to trace 

this causal understanding to something different than regu­

larity, something called our "comprehension of the process" 

(emphasis added): 

We usually believe we understand this connection, 
because we think we comprehend the process, say, 
of a saw cutting through a bone; the hard particles 
of the steel are in immediate contact with the soft 
particles of the bone, and the latter somehow must 
give way to the former. Here again we have conti­
guity in space and time, which appears to flatter 
our imagination, but apart from that we have again 
nothing but a sequence of events which we have 
often observed to happen in a similar way and which 
we therefore expect to happen again. 

Here Schlick is again exploring possible alternatives to 

his view by considering the possibility that "we comprehend 

[causally] a process," apart from a claim about logical en­

tailment. His description of the process here is a strange 

microanalysis that I cannot imagine anyone giving as an ex­

pression of their understanding of it, and which it seems 

doubtful that even a scientist would give, for all their 

concern with mini-micro dimensions. The point is to show the 
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throwing us back on the regular succession analysis. 

75 

He claims to understand the psychology of the opposition 

here: because we have this fineness of detail, so that seem­

ingly all the gaps in the causal process are filled in, we 

think we have a special comprehension of causality. But in 

fact, he claims, the events in the causal chain are at most 

merely contiguous and no more show connections than would any 

other regular succession. His argument is flawed by his 

strange treatment of the example; this sequence of events , 

particles making contact with particles, does not appear to 

constitute our understanding of the process. 

Schlick did not live up very satisfactorily to his 

intention of considering, through this example, a possible 

understanding of a causal process which is neither a matter 

of logical entailment nor one of accumulated regularity in 

observations. Should we not, by way of expressing such an 

understanding, say something like : "A sharp saw wielded by a 

strong human arm will cut through flesh and bone "? But 

Schlick will want to say, as he does after the very passage 

quoted, that this assertion would merely be a summation of 

past experience, whether or not we had ever witnessed or 

undergone the operation : "For aught we know we might some 

day come across a bone that would resist any saw and that no 

human power would be able to cut in two." 

This is the verification criterion at its best. He 
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able to verify the "will always." Here it serves not only, 
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as a logical possibility , to ward off the logical entailment 

view of causality. It is also, apparently, supposed to speak 

against our "comprehension of the process" as a basis for 

knowledge of causality. But if I were to say I understand 

the mechanism involved here, this imaginary logical possibil­

ity does not speak against me at all , since I understand it 

mechanically as well: in this imaginary case the bone is too 

hard for the saw, so that the usual mechanism cannot proceed. 

Schlick is trying to make the claim that any such under­

standing of a mechanism is really only our belief that we 

have arrived at a series of events which has its full detail 

unfolded, but that in such a series of events we nevertheless 

can never find anything but regularity of sequence. It was 

seen that the event sequence he spoke of was a strange con­

trivance. Can his case be made with a more recognizable 

event sequence? The cutting action of each tooth of the saw 

might be a more appropriate microanalysis. But this shows no 

more capability to decide between the regularist or the 

productionist view than does any other mechanistic descrip­

tion. So far it might be about discrete and separate events, 

or it might be about connected events. 

He does at this point bring in another example to sup­

port the regularist claim, the old case of the drug curing 

the disease. He portrays his philosophical opponent as 
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thinking that there is a difference in the concept of "cause" 

between an understanding based merely on having observed that 

cures follow upon the use of the drug , and understanding the 

whole physiological process by which the drug has its effect, 

where the latter is a genuine causal understanding . His 

opponent may not want to accept this portrayal; coming to 

know just how the treatment works should not have much bear­

ing on what we mean by " causes " in this case. In a scientif­

ic context, it would be known fairly well what a detailed 

understanding of the process would look like before it was 

known just what it is. But we are interested in what Schlick 

has to say about our understanding of the detai led process. 

He provides a physiological sketch of a cure process , 

with the aim of showing it to be a mere sequence of contig­

uous events , and he therefore carefully leaves out any mech­

anistic terms such as "affects ," "acts on, " "pr oduces change 

in , " etc., which might be found in such an account if it were 

informally given. This caution in language makes his story 
10 

sound sl i ghtly peculiar ( emphases added): 

The drug, e . g., is injected into the veins , we know 
it comes into immediate contact with the blood -- --particles , we know that these will then undergo 
a certain chemical change, they will travel through 
the body, they will come into contact with a 
certain organ , this organ will be changed in a 
particular way, and so on. 

And from this series of events, perhaps cont i guous , but 

in any case mer ely successive as Schlick describes it , we can 
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derive no different meaning for "causality" than we could 

from observing numerous instances of use of the drug followed 

by recovery of the patient; the detailing of the process just 

gives us more cases of regularity of succession which are 

known from "experiences in the laboratory" (presumably exper­

iments with tissue samples, etc.). 

It is important to see what Schlick is trying to get us 

to think when he describes this causal process as a series of 

distinct events, simply following upon one another. On the 

one hand he is suggesting that there is an illusion here that 

we understand causality in a way which is something more than 

regularity of succession , and that this illusion comes from 

the contiguity, or at least the nearness, of the events in 

space and time. But, he wants to argue, even if the events 

are in fact contiguous, this implies no more of a connection 

between them than their side-by-side succession, i . e., his 

claim is that any connection between them that we might speak 

of is entirely based on observing them (in the laboratory) 

follwing a certain succession. Thus if we were to speak, as 

we well might, of the drug infusing some tissue and acting on 

it in such a way as to change its chemistry, we would only 

mean that the drug moved into the tissue and that the tissue 

subsequently changed. "To act on" designates an illusion of 

connection which cannot actually be found in an analysis of a 

process. 

A causal "chain" as he sees it is like some bricks lined 
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up end to end, perhaps actually in contact, but capable of no 

interconnection. Each event in the "chain," like a brick, is 

a quite discrete particular. "Connection" between them might 

at most mean that they are touching, contiguous. Either 

there is only one event, as when there is one long, unbroken 

brick, or if there are more than one, then the closest possi­

ble intimacy between them which can hold up to analysis is 

that of contiguity, being directly adjacent to one another. 
11 

If some of the events ... 

... are still separated, we have to look for new 
events between them, and so on, until all the gaps 
are filled out and the chain has become perfectly 
continuous in space and time. But evidently we can 
g_Q_ no further, and it would be nonsense to expect 
more of us. If we look for the causal link that 
links two events together, we cannot find anything 
but another event (or perhaps several). Whatever 
can be observed and shown in the causal chain will 
be the links, but it would be nonsense to look for 
the linkage. 

I do not dispute with Schlick that whatever we find to 

fill in the causal chain will be events. What I want to do 

is examine whether there is any reason to conclude that our 

understanding of successive events (in general) and their 

relations in space and time is constrained to picturing them 

as like bricks, so that the farthest analysis of a causal 

process can only find them lying end to end, contiguous. I 

will name this the "mosaic theory of events." It says that 

events can only compose into a more extended process the way 

objects combine into larger objects, e.g., the way bricks 
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compose a house. It can also be called an object-picture of 

events. (Interestingly, Schlick's own metaphor is unfortu-

nate for his argument. Links do not compose a length of 

chain contiguously, but overlappingly.) 

The consequence of the object or mosaic theory of events 

and their relations is that in talking about a process such 

as the physiological action of a medicine against a disease, 

terms as "affects," "brings about a change in, " "acts on," 

etc., have as their meaning only a chimera which dissipates 

with correct thinking. These mechanistic terms, taken in an 

ordinary sense, speak of event-connections . My concern is 

that the philosophical attack upon the connectedness under­

stood in this language may involve an uncritically accepted 

theory about events . 

Hume generally refers to the members of the cause-effect 

relation as "objects," and to their relation as one of conti­

guity in space and time. The following passage summarizes 

his analysis of causation and contains his concluding defini-
12 

tion of "cause": 

When I examine with the utmost accuracy those 
objects, which are commonly denominated causes and 
effects, I find, in considering a single instance, 
that the one object is precedent and contiguous to 
the other; and in inlarging my view to consider 
several instances, I find only , that like objects 
are constantly plac'd in like relations of succes­
sion and contiguity. 

In view of Hume's fateful language of "objects," the 

mosaic theory seems well embedded in the empiricist tradi-
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causal process into its constituent events will ultimately 

come to a stop at a mosaic of (at best) contiguous parts. 
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That we are not bound to this assumption might be shown if we 

can apply a genuinely alternative picture of event relations. 

If we are trying to conceive how in general events might 

compose into a causal process , and we want to supply these 

composing parts with genuine connections, we might try think­

ing that a causal process is analogous to a spectrum of 

colors, with distinct regions of color representing its con­

stituent event-parts . Different colors in the spectrum are 

connected by continuous transitions . This analogy would 

support the supposition that language such as "brings about" 

means the genuine connection of one event with another. It 

shows that connected difference is a possibility . 

Suppose we make use of the analogy and try to analyze a 

spectrum further, just as Schlick suggests we analyze further 

the causal process of a drug remedying a disease. A spectrum 

has the obvious analysis into a series of distinct colors, so 

that further analysis will be interested in the transitional 

regions joining these successively ordered regions. Though 

it would normally not be the case in an actual spectrum of 

colors, these transitional regions might, in some case of 

spectral variation, be themselves organized spectrally. 

Therefore what the further analysis will find will be either 

(a) more distinct and connected regions (a more detailed 
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spectrum) hence more transition points for further analysis, 

or (b) if the analysis has proceeded to the level at which 

there are no longer more or less unvarying segments {particu­

lar colors), there will be regions of continuous variation. 

Clearly, there can be no ultimate analysis of a spectrum into 

contiguous, mosaic-like parts. 

How might it be decided whether one or the other mode of 

analysis of a causal process, into discrete parts or into 

connected parts, is correct? On the side of the former, it 

seems one can speak about the causal examples in terms of 

separate, successive events , as in Schlick's description of 

the disease treatment process, without using causal language 

such as "makes, " "produces, " "acts on, " etc. We can, in 

other words, leave out any mention of causal connections and 

still have a detailed description. But this is the case with 

a spectrum of colors just as it is with a mosaic of objects; 

one can speak of the ordered succession of distinct colors 

without mentioning the transitions connecting them. Thus the 

analogy with a spectrum would allow the discrete treatment 

without the connections being undiscoverable. It would allow 

causal connections to belong to events and still show why the 

traditional empiricist or phenomenalist treatment is a possi­

bility: simply because in spite of genuine connectedness , 

what are connected are distinct and separately identifiable 

things, and so can be treated as discrete by ignoring part of 

the example. 
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It would be helpful to have an example of two events 

with their connection clearly displayed, rather than relying 

solely on the color spectrum analogy . A hammer driving a 

nail is a case of a productive process which is given by 

Salmon (cited in Chapter 4). Suppose we analyze a single 

hammer blow into two events: the motion of the hammer and 

the penetration of the wood by the nail --two distinct object­

motions. The first can be said to bring about the second . 

Is the productive connection on display in the example? Pre­

reflectively, one would certainly attribute "making" and 

" causing" to this case . 

It is clear that if the hammer blow is so analyzed, the 

two events are not merely contiguous . The motion of the 

hammer is the only one that even occurs independently of the 

other; when the nail moves into the wood, the hammer moves 

along with it. Thus there is a region of overlap or inter­

section of these events in space and time, which includes the 

whole of the nail motion, but is only a part of the hammer 

motion. 

This terminal penetration of the wood by the nail with 

the hammer following it can be seen as the product of the 

antecedent hammer motion. This account of overlapping events 

is compatible with saying, "the impact of the hammer makes 

the nail penetrate the wood." This language is also compati­

ble with describing the hammer blow as a single event, pro­

cess and product. 
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But instead of either speaking about it with the ordin­

ary causal language, or talking about connected events , 

Schlick or Hume might want to give this analysis: there are 

two merely contiguous events , first, the hammer proceeds up 

to the head of the nail , then, as a separate event , nail and 

hammer proceed together beyond this point- i nstant of contact 

with the nail penetrating the wood. Thus no productive 

connection is actually to be found in the example. So far as 

this complete analysis is concerned, there are only these two 

side-by-side events ; causation, the bringing-about of one by 
' 

the other, is only our mental contribution , from experience 

and expectation, to this bare succession. 

If this traditionally empiricist analysis of causal 

process, making use of the mosaic picture of event relations, 

is possible in this causal example , then surely it could be 

opted for as an analysis of any succession of events, with 

some minor forcing of the description. But what is important 

to recognize here is that it does involve deciding upon one 

of two alternatives . One option has individual events which 

merely lie there in the spat i o - temporal segment which they 

occupy , with at most a common boundary . The other option is 

that of a connected process , with one part bringing about the 

other . Both are possible, and both make use of an analysis 

into event-parts. 

What comparative strengths do these possibilities have? 

One allows us to talk about something produced, the embedding 
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of a nail, by an antecedent process, the swing of a hammer--a 

case of perfectly real, connected events in productive rela­

tion. This is what makes sense in turn of the carpenter's 

action of making and building. The mosaic view excludes this 

and makes the origin and sense of the causal language as a 

language of connections mysterious, perhaps placing it in the 

mind rather than in the physical events , as Hume did. 

On the side of the mosaic view one can say that it gives 

in a sense a clearer picture in tha t the events have a dis­

tinct boundary. This view might say of the other possibili­

ty , "Connection is supposed to be represented in this de­

scription by overlap of events. But what does overlap of 

events mean? Why should it mean causal connection? It looks 

like just an indistinctness in this particular analysis , so 

that the parts blur into one another ." This indistinctness 

of boundary is precisely what is needed, according to analogy 

with the parts of a color spectrum, for connection between 

differentiated things. But it seems one can provide no 

proof , against this objection , that the overlap or intercon­

nection between hammer motion and nail motion represents 

causal bringing about. Perhaps this just shows that our 

understanding of production here is solidly pre-reflective, 

so that the connection which is more than contiguity is 

renderable in the abstract only as a pair of events having a 

sort of Venn diagram description of overlapp ing regions. But 

even this mode of analysis thwarts the claim that nothing 
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that can be specifically designated " connection" is to be be 

found in such cases . 

The clarity (or rather, tidiness) which comes from pic­

turing events as if they were discrete objects seems to have 

no advantage here in terms of accuracy or completeness in 

description . And it is bought at the expense of the ordinary 

way of talking about the example. Furthermore , the analysis 

into hammer motion event--nail motion event, though rough, 

gives a more natural description of the case than that which 

would divide the parts at an instantaneous slice of space and 

time. 

I will now offer an example of different events which 

are indisputably connected though not causally . Most sym­

phonic compositions have major sections, movements , which are 

separated by silence. Some symphonies, however , have move­

ments which are joined by segue, in which the music does not 

stop. A chord or a note sustains a transition into a differ­

ent mood , and perhaps a different key . This serves as a 

counterexample to the claim that different events can only be 

either separated by a gap or contiguous. 

Positivists On Indeterminism 

In the second part of Schlick's article, dealing with 

causality in "recent science ," he makes use of some develop­

ments in physics which were new in his time, to make a dif­

ferent argument for the regularist view about causality. He 
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served in detailed experiments with light and other radia­

tion. 
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This feature of experiments concerns the specific atomic 

locations at which radiation interacts with matter, or the 

exact timing of such interactions. There are only equations 

which yield probabilities for specific sites or times of 

interactions, given the antecedent conditions; there are not 

equations which predict determinate sites or times for the 

events. As a result of extended investigation and analysis, 

it is generally accepted by physicists that this is a genuine 

indeterminism, unlike the randomness in the outcomes of a 

deterministic process such as coin tossing, in which the 

randomness is due to limitations in knowledge of details 

about the particular occurrence. I will limit my discusgion 

to indeterminism about atomic locations of interactions . 

Schlick's analysis of the everyday notion of causality 

had reached the conclusion that all this notion could mean is 

that certain regularities are observed which can be formu­

lated into laws expressing our expectations and our applic­

able knowledge . In the second part of his article he claims 

to find "striking confirmation" of this view in quantum 

theory (in which the probabilistic equations occur). Here is 
13 

how he begins his discussion of this. 

As is well known , the quantum theory in its present 
form asserts that a strictly deterministic descrip­
tion of nature is impossible; in other words, that 
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physics has to abandon the Principle of Causality. 

The Principle of Causality is just the principle of determin­

ism, that everything that happens has an antecedent cause. 

Insofar as this principle is taken to be something that leads 

a scientist to look for a cause for why an individual inter­

action in a radiation experiment occurred , e . g . , just where 

it did and not at any other place , it is indeed true that 

physics has abandoned the principle . Giving up determinism 

in just such points of detail in scientifically studied and 

measured events is what Schlick can cogently mean in saying 

that a "strictly" deterministic science is no longer possi­

ble . 

But then it seems rhetorically heavy-handed to call this 

the abandonment of determinism by physics . Schlick seems to 

realize this: 

... for all ordinary purposes of science and every­
day life the deterministic attitude not only re­
mains justified but is the only one compatible with 
our knowledge of nature. 

In spite of this recognition on his part, in order to 

make his case that the discovery of indeterminism in atomic 

experiments has impact on the general meaning of "causality" 

in such a way as to support his analysis of the concept, he 

does need to be making the claim that because of this discov­

ery, physics abandons "causality" as it is normally applied 

in science, that is , unaffected by the Hurnean critique. His 
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words immediately following the last quotation are these: 

"What does physics mean when it thus denies causality?" The 

Principle of Causality--determinism--is identified by Schlick 

with causality. When physics gives up on the expectation of 

"strict" determinism it "abandons " determinism, and further­

more, "denies" causality. This is a very fast slide of 

logic. It needs slowing down and examining. 

It has already been noted what Schlick himself seemed to 

admit, that the highly specific unpredictability in experi­

ments easily allows that for nearly all practical and explan­

atory purposes the world is deterministic. What therefore 

could be meant by saying that because of this indeterminism 

causality should be "denied"? 

If there were some kind of general indeterminism, that 

is, if to some degree regularities were not reliable or there 

were no regularities in the world, it might be said that to 

get things right would be to deny causality. But one can 

avoid this murky imagining, because there is a concrete case 

of indeterminism at hand (if one adopts the generally accept­

ed view in physics). What does indeterminism as a feature of 

certain effects say about causality as applied specifically 

to those observed events bearing this indeterministic detail? 

Supposing that a realist view about the unobservables of 

physics is sustained, then these effects are produced by the 

kind of transmission that is called radiation. The effects 

are individual localized interactions whose sites in detec-
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tion material appear to be outside all possibility of predic­

tion. "Denying causality" here could only mean determining 

that there is no discoverable cause for why the radiation 

produces an effect at one specific site rather than another. 

But a summary description of this case would be that 

within a certain context of the causal production of events 

there are specific features of the events which appear to 

have no cause: their exact locations. "Denying causality" 

is thus a wildly inappropriate characterization . What is 

appropriate is to say that a certain presupposition about 

causality is being challenged: the presupposition that it 
14 

must always involve a thorough determinism. 

The clearest point Schlick is making with his "denial of 

causality" is just that there are no mathematical models to 

predict sites of 1nteraction, and that if the existence of 

specific causes is denied where predictive knowledge is lack­

ing, this at least fits with the claim that causality is 

nothing more than predictability, as Feigl said. Schlick 

writes: 

And later: 

What is the real reason [for rejecting determin­
ism]? None other but that it is found impossible 
to predict phenomena with perfect accuracy. 
Within certain well-defined limits it is impos­
sible to construct functions which can be used 
for extrapolation. [This] proves that the physi­
cist in his actual proceeding has adopted just 
that view of causality which we have been advo­
cating. 



We found that science confirmed the view that 
causality must be understood as "possibility of 
extrapolation," because we found that this was · 
exactly the sense in which the word is used in 
quantum physics. 
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But it was not physics which said that the discovery of 

indeterminism by quantum physics meant the denial and aban­

donment of causality (on the naive productionist understand­

ing) , but Schlick. It was noted above that a productionist 

reading of the case is possible. 

What is true of physics is the absence of the possibili­

ty of non-probabilistic prediction in certain cases. But if 

"possibility of extrapolation" means the existence of useful 

predictive mathematics, then this possibility did not fail 

quantum physics. Quantum theory is a brilliantly successful 

mathematical equipment, with many important applications, 

though its use involves merely probabilistic and not deter­

ministic prediction. So there is really no failure of the 

"possibility of extrapolation," but rather highly successful 

extrapolation which is not fully deterministic. Of course 

physics did not suddenly find itself in the midst of sense­

lessness and absence of regularity, rather, there is no lack 

of quantifiable and utilizable regularity. 

In Schlick's thinking, causality and determinism are 

inseparably wed, in contrast to my suggestion above that a 

challenge to this presupposition is present in the facts: 

Lack of determination means pure chance, random­
ness; the alternative "either determination or 
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it , no third possibility. 

The claim here implies that there is no room for a 
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causal process with certain statistical outcomes , such as our 

commonsense assumption--that the observed interactions are 

causally produced--would like to see in these cases of inde­

terminism . But it should be recalled that Schlick thinks 

that the only viable meaning for "causality" is "consistently 

observed succession ," in other words, what can be formulated 

by science into laws. And there are probabilistic laws at 

the very center of this discussion. So really Schlick should 

recognize a meaning for probabilistic or statistical causali­

ty, even on his analysis of the concept--namely, the statis­

tical regularities designated by the laws of quantum theory. 

Schlick cannot see that there may be certain causal 

processes ( however this is understood) with detailed facts 

about their outcomes following only statistical laws. He is 

oblivious to the possibility of statistical regularity within 

a causal and deterministic context. 

Once the possibility of statistical regularity is admit­

ted , there can still be two views of causality: that it 

means nothing but regularity in observation (in these cases 

statistical), or that there a r e connecting causal processes, 

with some purely statistical outcomes, underlying these regu­

larities. The existence of indeterminism does not argue for 

one or the other of these positions. There are evidently 
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such things as indeterministic regularities (the laws of 

quantum theory show this), and there may be causal production 

with indeterministic features. If there are no clear signs 

of an available description of such a process which maintains 

continuity in events, this is not already a logical con­

straint against such a description, since it may only mean a 

new stage of inquiry is in the offing. 

Philipp Frank provides more circumspect discussions of 

the relations between causation, predictive mathematics, and 
15 

indeterminism, both in a work already cited , and in a 

contribution to the ambitious Positivist tract International 
16 

Encyclopedia of Unified Science. For Frank the Positivist 

outlook, a combination of the regularity view of causation 

and antirealism about scientifically "postulated" entities , 

is taken as a matter of course. Frank defines the ''law of 

causality" in this way: If all the variables in the initial 

state of a system are known, the values of these variables in 
17 

a future state of a system can be predicted. Based on this 
18 

definition, he claims that, "the question of whether the 

law of causality has survived in twentieth-century physics 

cannot be answered by a simple 'yes' or 'no.'" 

His reasoning is based on the fact that, on the one 

hand, physicists talk about the computational devices of 

quantum mechanics as though they referred to a set of myster­

ious physical variables of a system which evolves determinis­

tically, though on the other hand, as regards observations 
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these devices predict only probability distributions and not 

site of individual interactions. The predictive mathematics, 

on a predominant interpretation by physicists, designates a 

"probability wave " which, as if it were a propagation in the 

conditions antecedent to measurement, evolves deterministic­

al 1 y. 

In the earlier work, the contribution to the Encycloped­

ia, Frank does not know what to make of what quantum physi­

cists call "state variables," since they do not appear to 

correspond to Newtonian masses. Thus, he could see no clear 

way to compare quantum mechanics with deterministic Newtonian 

mechanics in order to decide whether the "strictly" applied 

law of causality--determinism--still applies in this domain. 

In the later work he simply claims, as quoted above, that 

this question has an ambiguous answer. 

The approach of the present work is not inclined to 

ascribe any physical interpretation to "the evolution of a 

probability wave," hence will give it no voice in favor of 

"strict causality" in physical events. Instead it will view 

the equations of quantum mechanics (together with these 

"state variable" models) in the same instrumentalistic way as 

other mathematical theory. This avoids any confusion, as 

though one were hedging , about whether there is indeterminism 

in the detailed effects of radiation. The possibility is 

allowed that there is , within a context of productive physi­

cal process, indeterministic events covered by probabilistic 
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My suggestion about indeterminism could be put in the 

terms of Frank's formulation of the law of causality: the 

law would be amended to allow the possibility of an ingre­

dient of intrinsically unpredictable detail, whose causal 

traces in events do not extend all the way back into the 

given antecedent state of the system, within an otherwise 

deterministic context. 

Hobart's Defense of Hume 
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Another work whose conclusions Feigl claimed to be rep­

resenting with his pronouncement about the purification of 

the concept of causation, is R. E. Hobart's article , "Hume 
19 

Without Skepticism." This article brings up for criticism 

a view about causality which is different from its analysis 

as a "habit of mind " built up through accumulated observa­

tions, and also different from the view that causes logically 

necessitate (or otherwise necessitate) their effects. But it 

also is something beyond my prephilosophical, "productionist" 

assumption. This is the view of A. N. Whitehead that "causal 

efficacy" was something like a primitive feeling that comes 

with our organism, arising from our bodily encounter with the 

world. It is not an a priori condition of perception , but a 

form of perception, though different from sense data. 

Hobart's discussion focusses on a text of Whitehead's in 

which he disputes Hume. The expression "presentational im-
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mediacy'' is Whitehead's term of art for the usual sense data 

which, in Empiricist philosophy, are the foundation of know­

ledge. Here Whitehead presents his idea that the feeling of 

causal efficacy is a different mode of perception, one over-
20 

looked by Hume . 

In the dark, the electric light is suddenly turned 
on and the man's eyes blink ... The philosophy of 
organism [Whitehead's philosophy] accepts the man's 
statement that the flash made him blink . .. [Hume] 
first points out that in the mode of presentational 
immediacy there is no percept of the flash making 
the man blink ... Hume refuses to admit the man's 
protestation, that the compulsion to blink is just 
what he did feel. The refusal is based on the 
dogma that all percepts are in the mode of presen­
tational immediacy. 

Hobart, defending Hume and positivistic Empiricism, 

disputes Whitehead's alternative view as it is sketched in 

this example. Hobart's subsequent defense of Hume against 

Whitehead is highly turgid, but his clearer thoughts can be 

found scattered in the text. He tries to argue that 
21 

Hume ... 

. .. is not denying causation or derivation, or what 
we mean by the word "made," he is analyzing it ... 
he says that the real production of one event by 
another, in the common human sense of these words, 
may be proved to consist in what he specifies. 

We do not begin to learn what this is until the next page: 

Hume says that the flash makes us blink in that, 
given the circumstances, the blinking does ines­
capably follow upon it; that to make a thing 
happen means to occasion it, or be the occasion of 
it, unconditionally--without chance of another 
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sequel--and could not intelligibly mean anything 
else. The flash makes us blink , that is, when it 
occurs we blink forthwith as a matter of course and 
cannot help blinking ... The flash calls the blinking 
into existence; that is, when it calls, the blink­
ing comes into existence. 

This is a Herculean effort to portray both pure necessi­

ty and pure regularity of succession, and at the same time be 

claiming to explicate our ordinary idea of "to make happen. " 

Hobart is correctly representing Hume as thinking that causa­

tion in its ordinary meaning is necessitation or "necessary 

connection," and also we again see the caution about language 

which tries to eliminate causal action terms and to portray 

or suggest bare succession. Real murkiness and confusion 

results here from a complex and deliberate warping of lan­

guage . 

Hobart does not give Whitehead's example an accurate or 

adequate treatment. For one thing , Hobart ignores White­

head's point about the feeling of compulsion as a candidate 

for a "percept." Leaving aside this claim of Whitehead's, 

this example of causation, if that is what it is, is clearly 

not the necessitation of one event by another. 

In this example, when the man says, "the flash made me 

blink," or "it caused me to blink," or "I felt the compulsion 

to blink," he does not mean that it was impossible for him 

not to have blinked. Suppose a friend of his had a camera, 

and wanted to obtain a candid shot of the man groping about 

in the dark--an artistic technique, let us say. The friend 
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says, "Now the flash will surprise you, but whatever you do, 

do not blink." On Hobart's view, either the man cannot 

comply with his friend's request, or if he can, then the 

usual mechanism, producing the compulsion, is now somehow 

gone, so that there is nothing for the man to overcome . 

One might say that the flash-blink mechanism is a kind 

of reflex, or near-reflex. But even the paradigmatic knee­

tap reflex is not always something one cannot overcome. When 

the compulsion to blink is overcome, there is the flash, but 

not this particular effect of blinking. To overcome the 

impulse or compulsion to blink does not eliminate the causal 

action of the flash. That one has to exert control to pre­

vent the effect shows that something happens to one, some­

thing arising directly out of the light flash. 

It is important to notice what it is about this discus­

sion of causal examples that suggests abandoning the usual 

Empiricist approach. Notably, these reflex-like examples 

encourage the avoidance of thinking in terms of necessity . 

And the discussion shows how, though the Empiricist's de­

scription in terms of mere regular succession, at most con­

tiguous, is always possible, it also might well be leaving 

something out of these cases. Making sense of these examples 

favors the un-"purified" application of causal language and 

its implication of event connections- -for a productionist 

view of causality. 

What is conspicuous in the flash-blink example, and I 



will have occasion to make use of this again, is that a 

certain causal process could have one of its usual effects 

not happen, and still be the same particular process, the 

same otherwise causally efficacious actual occurrence, that 
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it normally is. Necessity of succession is thus ruled out, 

and causality is attributable to the case despite the absence 

of the usual succession. I do not use the example to support 

Whitehead's general theory of causality, but as an excellent 

illustration of interacting causes, which, as we have seen 

and will continue to see, are cases about which the acausal­

ist tradition is highly vulnerable. 

Is "Productionism" Anthropomorphism? 

A type of objection in the Humean tradition to my prof­

fering a "productionist" alternative to the regularist view 

must be addressed. The objection may be either that this 

word says nothing more than that something which is desig­

nated a "cause" has the power to produce something, or that 

it is derived from the "feeling" of action or muscular exer­

tion; in either case, the objection would claim, the ordinary 
22 

language of causation is anthropomorphic. 

My answer is that "production" does not necessarily 

imply an attribute of power had QY something, nor is its 

necessarily derived from human action . 

One might conceivably say that a certain drug has a 

power to cure a certain disease (as a loose figure of 
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speech). But if antecedent events are what is designated 

"causal" and adduced in explanation, namely, the mechanical 

flows and interactions of chemicals leading up to recovery, 

then neither this event-sequence as a whole nor any of its 

part-events is anything about which one would say it has a 

power: An antecedent causal event is not the kind of thing 

that can "have a power"; the relevant "attribute" is simply 

the fact of production. The causal event produces by happen­

ing. What is there here about which one can say it has a 

power to do something? Causality in events is not~ priori a 

matter of latent properties of causal objects. 

Efficacy through action by humans and animals is only a 

special sense of "production." This word is really just part 

of a complex of more or less interchangeable causal terms, 

such as "bringing about," "making happen," and "giving rise 

to." As in Hobart's usage, "production" can be used to speak 

in the indefinite case about a causal sequence of events. On 

my view, causal language just bespeaks the fact that transi­

tional connections exist joining events, so that human action 

would be only a particular context for such connections. 

"Power," on the other hand, is most likely the projection of 

human skills, capacities, and capabilities upon a cause--and 

perhaps, in a way objectionably loose for philosophical pur­

poses, for the identification and description of a cause. 

My own critique of the contemporary use of "powers" and 

similar attributions in reference to unobservables in phys-
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charge of anthropomorphism, is given in the next chapter. 

Conclusion 
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What I claim to have accomplished in this chapter is 

this: I have shown that the philosophical conclusion about 

causality formed by the tradition of Hume and Positivism is 

not without a viable alternative. The two main props of the 

Humean view are not sufficient to deny that causal connec­

tions belong to the actuality of natural events. 

One of the props is the idea that causation, if it means 

more than regularity of succession, must mean some kind of 

necessitation. This had very little support in terms of what 

can be clearly and cogently meant by "necessitation," and in 

any case, this alternative meaning of "cause" was defeated by 

counterexamples. The necessitation view seems to be tradi­

tionally used as a foil for arguments toward the regularity 

view, in that once set up as the only other option, it falls 

rather easily. 

The other prop is the assumption that the analysis of a 

process into its parts can only turn up a disconnected, at 

most contiguous, series of events. There is the alternative 

to this picture that a causal process may be analogous to a 

spectrum of variation, in which case though the process has 

distinct parts, the analysis into just these discrete, suc­

cessive parts must in the nature of the case be incomplete. 
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There are also graduated transitions. A look at the causal 

example of a hammer blow to a nail showed that an analysis 

into contiguous events, far from being the only option, 

seemed not to be the best analysis. 

The viability of productionistic explanation is upheld 

against the philosophical critique of causal connection. 
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CHAPTER 3 

THE REALITY OF UNOBSERVABLE CAUSAL EVENTS 

This chapter and the next will be concerned with a 

diverse group of contemporary philosophers who fall in the 

category of "causalists" or "causal realists," though their 

philosophical positions do not, in my terms, amount to pro­

ductionist points of view. Their goals, nevertheless, in­

clude one or more of the following: (a) to show that the 

Humean account of causality is incomplete; (b) to defend the 

reality of the unobservable causal entities of physics, such 

as forces of attraction or "particle" transmissions, against 

those who claim that these are merely useful constructs of 

science; (c) to furnish the latter entities with some kind of 

general characterization. 

My interest in these writers lies in showing how at­

tempts to speak constructively about unobservable causes in 

physics land philosophers in forms of acausalism, even when 

they take positions opposed to the traditional forms of 

acausalism, such as the Humean analysis of causality or 

antirealism about unobservable entities. This phenomenon is 

one effect of a conventional assumption about the role of 

philosophy of science. The assumption is that philosophy can 

do nothing more than serve to clarify or interpret concepts 
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and laws in application by physics. The consequence of this 

assumption here displayed is that causal realism is largely 

adrift of its proper course: the furtherance of production­

istic explanation. 

The causal realist arguments to be studied are divided 

into two categories. Those which put forward some positive 

philosophical conception of causal occurrences outside obser­

vation in an attempt to further their understanding, I will 

name "constructive realisms." Where philosophers steer clear 

of such substantive suggestions as to ways to talk about 

these occurrences, and instead give arguments limited to 

attacking antirealism in defense simply of their reality, I 

will call the arguments "critical realisms." Nancy Cart­

wright gives both kinds of arguments; her work will be 

treated under both aspects. 

One mode of constructive realism is discussed in this 

chapter: the popular "tendency" and "propensity" analysis of 

the unobservable. The final chapter will be concerned en­

tirely with constructive realism. The conclusion is that 

whatever value any of these ontological attempts may have, 

they do not speak unambiguously of real events, as is essen­

tial if the aim is to supply or clarify causal explanation. 

All contemporary realisms which intend to apply some descrip­

tive concept or other to this special class--unobservable 

causality in the domain of physics--labor under some form of 

this same limitation. They fall short of clearly attributing 
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to the "entity" causal actuality. Because of this they 

remain a sort of satellite system around acausalism, kept in 

motion by a vague yearning . 

This problem does not occur with the critical realist 
1 2 

focus in texts of Nancy Cartwright and Ian Hacking. These 

arguments claim that the life-activity of experimental and 

engineering science, working with the "entities" in question, 

involves the recognition that modern experiments and techno­

logy detect and put to use what Cartwright calls "concrete 
3 

causal processes," which are named and differentiated by the 

familiar "particle" terminology of physics. The upshot of 

critical realist arguments is simply to point out that, apart 

from any philosophical reasoning, and also apart from any 

theoretical/mathematical invention, scientists ongoingly pre­

sume that their experimental work has to do, e.g., with real 

transmissions of charge (electrons) and real electromagnetic 

transmission (photons) . Cartwright and Hacking show that 

causal attributions can belong to the context of the activi­

ty, and need not be a product of theorizing. This critical 

realism will be discussed further in the concluding portion 

of this chapter. 

A major strategy of critical realism is to keep in mind 

the activity of applied physics, rather than fixating upon 

mathematical theory (laws) in the traditional way. Cart­

wright's critique of entity-antirealisms based on considera­

tion of theories leads her into attacks on what can be called 
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"theory-realism"--roughly, the claim that the mathematical 

predictive models which physics invents and adopts not only 

"describe" the world, but are "true" as well. Her theory­

antirealism takes the form succinctly expressed by the title 

of her book, How the Laws of Physics Lie. Her claim about 

the "untruth" of certain laws turns out, at least in the case 

I will presently examine, not to be only a skepticism which 

somehow attaches to a formula, but to be an antirealism about 

the forces whose quantities certain laws specify as a func­

tion of other measured quantities. 

Whether laws are true or false, or whether this is even 

an appropriate question considering the kind of thing a law 

is, will not be a concern of this work. In the first section 

I will consider one of Cartwright's arguments for the falsity 

of certain laws, because of its significance for questions 

about causality and entity-realism. The argument of Cart­

wright's which I have chosen to examine is found in her 

discussion of the composition or interaction of causes. Her 

claims about an example of such bring on an instructive 

dispute with Rom Harre. 

Composition of Causes 

There is an inverse-square law quantifying the gravita­

tional force exerted by bodies upon each other, and there is 

a corresponding inverse-square law for the force of electric­

al attraction. In cases such as the moon's attraction toward 
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the Earth, the electrical force is negligible, and in the 

case of electrons and protons in atoms, gravity is negligi­

ble. But for the absolutely precise quantification of the 

actual force exerted by a body upon another, the two laws 

must always be applied in combination. It seems therefore 

that that one can never observe the pure forces of gravity 

and electrical attraction individually at work. 

Cartwright concludes from this that these two laws taken 
4 

separately do not designate "real, occurrent forces." For 

her a force is something that really occurs only with "the 
5 

actual behavior of objects. 11 She thus takes "force," in Rom 

Harri's words, as "an alternative term for mass accelera-
6 

tion." If an object is accelerated, there is a force. The 

precise measurement of acceleration is the precise measure­

ment of a force. Taking the observations of forces upon 

bodies to ultimate exactitude, and considering exclusively 

these observable motions, each law mentions by its term 

"force" only an ideal acceleration of a body in which only . 
this force and no other is operating. With this approach, 

what is thus mentioned or referred to in the individual law 

is non-occurrent. It is very important for understanding the 

course of Cartwright's thinking to see that, for her, observ­

able motion is the sole reality with which the concept of 

force connects. 

She expresses her claim as a difference with Lewis 

Creary. Creary thinks component forces are real as causal 



influences (transmitted, in some sense, from one object to 
7 

another) and add up to a consequent motion. Cartwright 
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thinks there is only a real resultant force, given by an 

actual motion, and quantified by the vector addition of two 

functions whose individual terms of "force" signify ... well, 

perhaps something. What might it be? 

She suggests an answer, though it is one with which she 

herself is not in the end satisfied. Perhaps the component 
8 

forces are the "causal powers that bodies have . " Here she 

attempts, for the sake of argument, to make use of a distinc­

tion which she acknowledges to have been declared illicit by 

Hume: that between power and the exercise of it. Powers 

"exercized" (she suggests) can be the "occurrent" forces 

shown in mass accelerations, whereas the forces individually 

signified by the laws of gravitational and electrical attrac­

tion are the "unexercized" powers had by bodies. 

"Unexercized" must mean that such a power is an unactu­

alized potential . But then how could it be something contri­

buting to a resultant force? Would it not be active and 

hence actual in such a role? Cartwright claims that this 

suggestion about the powers of bodies "makes sense of the 
9 

story about vector addition." But potentials which remain 

unactualized cannot be the realities represented by vectors 

which are added into an actually occurring force. What 

occurrence would their addition represent? With merely an 

unexercized power , nothing occurs; there is no individual 
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action, hence no interaction, of causes. The resultant oc-

currence would have to arise spontaneously from inactive 

potentials, rather that being produced by something. This is 

not to give a causal meaning to individual laws. It is not 

to say that, let alone how, two forces bring about a resul­

tant motion. 

This turns out to be just what Cartwright wa.nts, due to 

her zeal to show laws "lying." To say that a law "describes" 

only a power had by an object which is not put to effect is 

to say that the law "describes" no actual occurrence. The 

procedure of adding vectors to obtain a resultant force, the 

"vector addition law," however, does "describe reality," 

since the force yielded by this compound algorithm really 

occurs as the motion of a body. 

In this argument she is taking issue with Creary's 

"causal influences," which, on his view, are evidenced in the 

force of gravity and the force of electrical attraction. 

She thinks that a realist about a particular law has the 

burden of pointing to the specific "effect" that the law 

"produces," by which she means an exact, observable predic-
10 

tion derivable from it alone. She says that Creary's in-

fluences belong to 

a class of suggestions that tries to keep the sep­
arate causal laws in something like their original 
form, and simultaneously to defend their facticity 
by postulating some intermediate effect which they 
produce, such as a force due to gravity, a gravita­
tional potential, or a field. 
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Creary's idea appears to her to be an effect thought up to 
11 

fill the bill: "Creary's influences seem to me just to be 

shadow occurrences which stand in for the effect we would 

like to see but cannot in fact find." 

She thinks gravitational and electrical forces are 

stand-in hypotheses with no concrete evidence. But her anti­

realism about these influences does not arise from tradition­

al epistemology. She does not disbelieve in them because one 

could never in principle watch such an influence, whatever it 

is, happening, could never catch it in the act of transmis­

sion. In fact, for her some unobservable "intermediate in-
12 

fluences" are evidently real things: 

I see no reason to think that these intermediate 
influences can always be found. I am not opposed 
to them because of any general objection to theo­
retical entities, but rather because I think 
every new theoretical entity which is admitted 
should be grounded in experimentation, which 
shows up its causal structure in detail. 

Her position seems related to the practice in physics of 

considering gravity radiation hypothetical, strictly speak­

ing, until such time as it is experimentally detected in the 

same manner that other forms of propagating radiation ("par­

ticles") are detected. Her position is that a force should 

not be believed in merely because it is a term in a law 

quantifying it under given conditions. And in the end she 

does not seem to be happy with a realism about laws based on 

causal powers. 
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Thus she ends up with a kind of antirealism about cer­

tain individual laws, as the title of her book indicates, and 

this turns out to mean an antirealism about the unobservable 

causes giving rise to the forces mentioned in the laws. And 

from the point of view of particle physics, one might take 

her to be disbelieving in the graviton. The question remains 

open how her philosophical skepticism is related to a vestig­

al scientific agnosticism about whether such a cause would 

show itself in a different experimental context yet to be 

produced. 

Rom Harre takes on Cartwright and makes the opposite 
13 

claim about composition of causes. For him the composite 

forces are realities. He wants to say they are real in that 

they are "tendencies," "propensities," or "dispositions," 

which only manifest themselves insofar as there are no coun­

tervailing "tendencies" which nullify their effects. By 

this, he thinks, an actual effect (meaning an observed ef­

fect) can be said to be the result of interacting influ­

ences--the tendencies--yet neither influence has just the 

observable effect it would have if it acted alone, just as a 

tendency may be not manifested or only partially manifested. 

This "tendency" analysis is popular with philosophers of 
14 

science and originated with physicists themselves, but in 

fact, though "tendency" may be in some way a useful designa­

tion, it has intrinsic limitations when used in a construc­

tive realism, as I will be showing in these two chapters. 
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, 
Harre•s "tendency" description of individual forces has 

two basic flaws. First, it does not quite manage to engage 

Cartwright's argument. Either a tendency is activated or it 

is not. Cartwright's argument would apply the same way to 

tendencies as to Creary's influences: even if what is 

thought to be interacting are tendencies, her argument is 

that neither are activated in any real case. The component 

force as a tendency would still be no real occurrence. Is a 

tendency in any case a real occurrence? 

What is more important for my own claims is a point I 

will make presently and in the following chapter, that ten­

dencies, propensities, and dispositions are not what is 

needed for a causal ontology for contemporary physics. 

Ontology of Tendencies, Powers , and Capacities 

HarrJ seems to realize that a tendency by itself is not 
15 

a thing, so that a subject is needed to have the tendency: 

Tendencies are the dispositions of individuals. 
This cannonball has a tendency to fall, this 
electron has a tendency to accelerate toward an 
electrically charged plate, and so on. 

This sounds a lot like Cartwright's suggestion about causal 

powers. In the following passage, Harrtf adopts "tendencies" 

as what are "described" by laws. He does agree with Cart­

wright that individual laws do not "describe" actual events. 

But he disagrees with Cartwright in that he thinks her anti-
16 

realism about forces concluded from this 
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is the fallacy of •actualism.' It prejudges the 
way that the laws of nature engage physical 
reality. According to the arguments of this 
chapter , laws of nature do not describe sequences 
of actual events but rather the tendencies that 
produce them . Tendencies are almost never exactly 
realized because of countervailing tendencies. 

Tendencies , for Harre, are what allow one to be a real­

ist about laws of nature--that is, about the forces they 

designate . And, from the quotation preceding the last, they 

are properties of the objects which exhibit motion due to 

forces. But from his way of speaking in this last quotation 

it is as though tendencies are to be taken as active yet 

somehow non-actual productive forces which bring about "ac­

tual" events- -presumably observable motions. HarrJ wants to 

advocate a "modest" causal realism . But about these "modest­

ly" real things, the forces of attraction signified in laws: 

are they latent powers of objects, or are they actual produc­

tive events? "Modest realism" seems to designate an unre­

solved ambiva l ence. 

"This cannonball has a tendency to fall." What could 

this be saying? Well , it will fall if we let go of it. 

Should we say it has a tendency to fall when we let go of it? 

No . When we let go of it , it falls. 

It weighs quite heavy in the hand. Is its weight or 

heaviness as it is held, its tendency to fall? Weight is 
17 

mentioned by Harr, as an example of a tendency. But why 

call it a tendency? It just weighs so much in Earth's gravi­

tational field. Does it have the tendency no matter where it 
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is or what it is doing, say, if it is floating around in 

space remote from other objects? It must, if it is a proper­

ty of the cannonball that manifests itself under certain 

conditions. But now weight appears to be a manifestation, 

not a tendency. "It has a tendency" suggests that it occa­

sionally exhibits weight where there are no other objects. 

Suppose the cannonball is on display in a science exhib­

it. It is atop a slender iron pedestal. A guide explains to 

onlookers, "Here we have an illustration of the force of 

gravity, in that this cannon.bal 1 has a tendency to fal 1. " 

Some onlookers are puzzled. "Is something wrong with 

the pedestal?" "What are we supposed to be looking at?" One 

of them thinks hard and says, "Is the pedestal deliberately 

designed so that the cannonball tends to fall off and illus­

trate the force of gravity?" 

"No," the guide patiently explains, "the exhibit is that 

this cannonball, just as you see it , has a tendency down-

ward. " 

"Oh. You mean the thing weighs quite a bit," says one 

onlooker. 

"I can believe that," says another. "And you had better 

be careful standing around it if it has a tendency to fall 

off." 

Why should one say that the electron and the cannonball 

have tendencies, just because they respond to certain envi­

ronmental conditions? They do respond; they do not tend to 
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respond. 

Could one say that the cannonball on the pedestal repre­

sents a power in check? A tendency in check? The "in check" 

implies an opposing force, so that "power" and "tendency" 

become synonyms for "force." In this usage they become, in 

other words, not latent properties, but active and actual 

occurrences , "exerted" forces. 

"Tendency" (as a latent property) does not find a fit­

ting application in forces, because no one has ever known a 

case in which two masses failed to attract each other in the 

expected way according to the law of gravity (e.g.), regard­

less of other forces at work. The cannonball can fall off of 

things, or be dropped, and it has measureable weight. This 

is all that can be meant. 

Suppose then that "tendency" refers not to properties of 

objects, but to properties of unobservable causal transmis­

sion th.rough the space between objects, and thereby also of 

what is called the field, as one might hope from a ven­

turesome contemporary realism. This is the way that the 

philosophical physicists Werner Heisenberg and Henry Stapp 

have used the terms "potentia" and "tendency." Can "tenden­

cy" satisfy any or all requirements for a concept of unob­

servable causes in physics? 
I 

We have already beard Harre admit that there are not 

tendencies by themselves, but that there needs to be some­

thing which has them. The next step, then, must be to try 
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thinking of a tendency as an attribute of an unobservable 

causal event, rather than of an object. A problem with this 

is already apparent. 

Suppose there is an event or process that brings about 

something observed. What could be gained by way of an expla­

nation of the observation, by supplying this event or process 

with a tendency? Is not its causal action all that is needed 

for explanation? If it has a tendency to do just the thing 

attributed to it , then it is the activation of the tendency 

that is the causal-explanatory event. Citing this causal 

event would be what explains. What role could the tendency 

as a latent property play? 

In any case, it is difficult to conceive how a latent 

property can be attributed to an event (as opposed to an 

object) in the first place. What stage or part of the event 

is the latent property? If it is some stage or part of an 

event, then it is itself an occurrence, and not a potential 

for an occurrence. 

If a cause has or is a tendency, then (roughly) at some 

times a certain thing will be brought about, and at other 

(comparable) times it will not. This is how the concept of 

tendency seems to serve Harri: sometimes gravity is active, 

i.e., it "prevails" in producing motion, while sometimes a 

different force is responsible for the motion, and this is 

not the motion that gravity would produce in this circum­

stance. Each force, when its effect is not the significant 
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one, is thought of as lying latent, awaiting a different sort 

of circumstance in which it would be activated or manifested. 

However, if there is only an unactivated tendency, then 
I there is no causal event at all, just where Harre wanted to 

claim that in the example taken from Cartwright there are two 

real interacting causes producing a resultant force. Cart­

wright and HarrJ were both motivated to talk about powers and 

tendencies, due to consciously or unconsciously confining the 

class of real, active events to observable motions. I will 

again take up the critique of this strategy for thinking 

about interacting causes, after bringing to light a different 

source of "tendency"-type analysis. 

In a paper co-authored with John DuprJ, Cartwright makes 

a claim (this time unflinchingly) for causal "capacities," an 

idea which seems indistinguishable from causal powers, except 

that the "capacity" seems to be attributed to unobservable 
18 

events rather than objects. This paper is an earnest, 

creative, and contemporary attempt to establish the reality 

of causal unobservables in physics in a way that is directed 

against the Humean reduction of causality to regular succes­

sion. "Capacities" are what there is in addition to regu­

larity in observation: 

The Humean tradition downplays capacities, and 
conceives of them as no more than misleading ways 
of referring to lawlike regularities. We want to 
reverse this idea: it is better to think of law­
like regularities as misleading ways of referring 
to the exercize of capacities. If we try to tailor 
our causal claims to match the regularities we see 
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in nature, we will miss a good deal of the causal 
structure . 

One of these assertions calls for criticism right off. 

Lawlike regularities are occurrent facts; they are not ways 

of referring, misleading or not. A law might refer to some­

thing, namely, a regularity. But what could be misleading 

about it? It is just a formulation of a factual relationship 

found by observation. 

But the authors's aim is familiar enough: to supplement 

the account of causality with what Hume left out. It was 

seen in Chapter 2 that Whitehead tried to specify what Hume 

left out by talking about a primitive feeling. Rom Harri 

would fill in the causal picture at one level of explanation 

with causal mechanisms, and at another (beyond the observ-
19 

able) with powers, tendencies, and dispositions. The ideas 

of Cartwright and Harri in this regard are attempts at con­

tra-Humean causal realism about physics. My own analysis has 

indicated that the Humean view leaves out event-connections 

due to the unwarranted presupposition that events in succes­

sion necessarily have the character of discrete objects in a 

row. 

What is a "capacity" for Duprtf and Cartwright? Ordinar­

ily one would say that something has a capacity of some sort. 

Normally, in fact , the capacity would be attributed to a 

person. The definition of "capacity" in Webster's Dictionary 

which is relevant to these authors' usage is, "legal qualifi-
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cation, competency , power, or fitness." One might, though, 

try to think of a capacity as an attribute of material 

things ; for example, a quantity of explosive might have the 

capacity to move a certain mass of rock if skillfully placed 

(though this may stretch the term) , or an acre of forest 

might have a certain capacity for atmospheric restoration. 

This is approaching their meaning. For Dupr, and Cart­

wright, capacities are properties of properties of events. 

The authors characterize the Humean view as follows: 

Causality is supposed to be about a relation which 
holds between events , a relation which holds in 
virtue of the empirically distinguishable proper­
ties that events have; the relation consists in, 
or at least is marked by, the regular association 
of these properties. 

But this is inadequate, in their view, because it would imply 

that 

the right sort of connections between capacities 
do not exist. Capacities are carried by proper­
ties . That is, you cannot have the capacity 
without having one of the right properties. But 
the same property can carry mixed capacities, and 
so the true complexity of the problem cannot be 
revealed by the associations of properties. 

At the beginning of the article they say, 

A basic assumption of this paper is that things 
and events have causal capacities: in virtue of 
properties they possess, they have the power to 
bring about other events or states . 

As quoted before, they talk about the "exercize of 
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capacities." Apparently, then, the point is to say that a 

property of causal events may or may not exercize some parti­

cular capacity which it possesses. But this idea has the 

same philosophical problem as HarrJ•s "tendencies." If the 

exercize of a capacity is the causal event that explains an 

observation, then what is the explanatory use of the capacity 

itself? A capacity "just sits there" in whatever has it, it 

is not itself an occurrence whose adducement explains. Only 

a power or capacity put to effect can be a causal event, and 

to say it has a power or capacity cannot further the explana­

tion of what is thereby produced. And I have made the point 

above and in Chapter 2 (in the section titled "ls 'Produc­

tionism' Anthropomorphism?") that events per se do not "have 

capacities," or produce "by way of" capacities; they just do 

what they do . They happen. 

In the dispute about composition of causes, the motiva­

tion for talking about tendencies and powers was to account 

for causes interacting with one another while tacitly limit­

ing the category of actual events to observable motions. The 
, 

motivation of Dupre and Cartwright for talking about capaci-

ties a .nd powers is not this, but instead, what is mentioned 

in the title of the paper: Probability and Causality: Why 

Hume and Indeterminism Don't Mix. Their motivation is the 

apparent fact of indeterminism in experiment, where (a) laws 

make only probabilistic predictions, and (b) causal events do 

not "act like" material motions--particles or wave motions, 
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about which in any case it is hard to imagine them not being 

deterministic--and hence where, it seems, a concept of caus­

ality is needed which is (in terms derived from this kind of 

regularity and law) fundamentally probabilistic. 

The idea in talking about "probabilistic causality" in 

terms of "capacities," is that a capacity might sometimes be 

exercized and sometimes not, thus accounting for fundamental 

indeterminism in observed events (and "tendency" and "power" 

can be put to this same use). I will call this the "capri­

cious causality" interpretation of indeterminism. It is 

modelled after things about the behavior of persons, who may 

or may not activate or exercize their tendencies and capaci­

ties. Its esential claim is that there are causal agencies 

or factors which at times are active and at times lie la--- -- ---
20 

tent. One cannot predict with certainty when one or the 

other is going to act. Moreover, it is in the latent condi­

tion that they are the causal realities that underlie ob­

served phenomena. It is as though to ask about the nature of 

their actualizing activity is not to the point. But the 

question, What happens to bring about . .. ?--is not answered by 

the latent condition. 

The present work proposes a contrasting ~rovisional 

interpretation of indeterminism, one which avoids anthropo­

morphic concepts, and also does not have the fatal limitation 

as causal explanation which has been seen in tendencies and 

capacities. It is to say that within a context of causal 
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production, of transmission and interaction, there are cer­

tain attributes of terminal or interaction events, such as 

their exact location or timing, which have no specific causal 

correlate in the antecedent conditions. This implies that 

there is precisely no explanatory factor for these attributes 

present in those conditions, let alone a latent and capri­

cious one . It implies instead causeless detail in observed 

events . In one kind of case, as discussed in Chapter 2, 

these causeless features of events would be the exact sites 

among atoms of material at which individual units of radia­

tion interact. (The aggregate effects of such interactions 

are fully deterministic, so that an experimental set-up of a 

certain design will always produce a certain pattern of 

effect with an accumulation of these unit effects.) 

There is strong intellectual resistance to the idea of a 

causeless event. Does it arise out of nothing? But actually 

I have not claimed about the cases at hand that there are 

causeless events. The interaction events are caused; they 

are the products of antecedent transmissions. What are 

causeless are particular facts about these events, namely (in 

cases I have discussed) their particular locations within 

detection material. (In the case of radioactive decay, the 

timing of events is indeterministic.) 

Once the possibility of causeless features of produced 

events is accepted, the assigning of attributes of capri­

ciousness to antecedent events appears to be the introduction 



of a quasi-cause, when what is meant by "indeterminism" is 

that there is an absence of specific causes. 
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The other kind of motivation for talk of "tendencies" 

and "powers" came from cases of two causes interacting in a 

single observed event. I Cartwright's and Harre's views on 

this turned out really to be the same. Both think that if 

two causes interact to produce an effect which is not that 

which would be produced by either cause acting alone, then 

there are not these individual causes as any kind of actual 

occurrence (there are at most tendencies or powers). If a 

causal process does not bring about just what it is supposed 

to bring about or normally brings about, then (the thinking 

goes) it is not that very causal process. But then what does 

the interacting in the case of the composition of two causes 

into a single effect? 

Harrtf gives the cause a "modest" quasi-reality as a 

"tendency," but this has been shown untenable. Cartwright in 

How the Laws of Physics Lie does not care much for the "pow-

ers" interpretation of these cases. 

Their position (partially unwitting in the case of 
, 

Harre) against the actuality of the individual causes, based 

on the absence of their "pure" effects, is an unwarranted 

conclusion. Consider the example from the previous chapter. 

I felt a compulsion to blink from a bright flash, but I 

overcame it and did not blink. It certainly did have its 

usual effect on me, or else I would not have done anything in 
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effect does not negate the reality of the cause at all. 

The thinking of Cartwright and Harre is in a sense 

Empiricist, in that in the last analysis it limits real 
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events (as opposed to tendencies) either to events that can 

be observed, or to those unobservable events whose pure 

effects, unmitigated by other causes, can be observed. Apart 

from arguments toward skepticism about any unobservable pro­

cess, there is no valid argument from the non-occurrence of a 

specific terminal effect in observable phenomena to the non­

existence of antecedent causal events. If causal process A 

is a sequence of events, then the prevention of a particular 

consequent event by another cause B does not annul the 

existence of antecedent events of A, especially since both 

causes are adduced in this description. 

Henry P. Stapp is a physicist at Lawrence Berkeley 

Laboratory and a well-known figure among those physicists who 

pursue explanations in the "quantum" domain outside the main­

stream Copenhagenist positions. In personal correspondence, 

he has criticized my attacks on tendency ontology. Kr. Stapp 

feels that "tendency" appropriately characterizes cases of 

purely statistical regularity. It captures the fact that 

observed effects are not purely "helter-skelter," that there 

is regularity. At the same time it is fitting where there is 

not deterministic causation. A specific effect will not 

necessarily occur given its antecedent conditions, fully 
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specified, but it will have a tendency to occur, a tendency 

which is given an exact quantitative value by a probabilistic 

equation. He gives this example: 

Consider a device that can be described ... as a 
particle gun (accelerator): it periodically 
ejects a "particle." The gun is aimed at a set of 
three detectors, and quantum theory predicts that 
the probabilities for detection are, say, 1/10, 
2/10, and 3/10 in the three detectors, respec­
tively. In this case the "particle" is conceived 
as a "tendency" for the various alternative pos­
sible detection events. One does not say [as I 
have--D. A.] that the tendency is activated. The 
tendency is present and it either produces an 
actual event [in its assigned detector] or it does 
not produce an actual event. The law describes the 
tendency for an actual event to occur : it is the 
essence of indeterminism that there can be tenden­
cies for an event to occur without the event actu­
ally occurring. If every tendency actually pro­
duced the unique corresponding event then it would 
not be a "tendency" but rather a deterministic 
cause. 

This is a very instructive presentation of how the idea 

of "tendencies" takes hold in the minds of physicists, from 

whom it is adopted by philosophers of science. It is strik­

ingly close to what Harn{ says in a passage quoted above: 

"laws of nature do not describe sequences of actual events, 

but rather the tendencies that produce them ." 

There are two important things to notice about Stapp's 

presentation of his thinking. 

(1) He says that "the tendency is present and it either 

produces an actual event or it does not produce an actual 

event." Though the tendency is "present," something (as it 

were) embedded in the experimental circumstance, it is not, 
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or is not quite, an actual event, and hence is radically set 

apart from being an observed event. Here again actual events 

seem to be equated with observed or observable events. How­

ever, the insistence on a tendency is an insistence on some­

thing existing and present which is inherently antecedent to 

~ measurement and hence cannot be observed. Stapp is not 

skeptical about the existence of something on grounds of 

unobservability. But what the existing thing is that is not 

an actual event (or an object), is hard to conceive. 

It might be best to think of Stapp's "tendency," not 

fully occurrent but also not pure, non-actual potentiality, 

as something quasi-real. In earlier correspondence he speaks 

of the events preceding localizing interactions as "more 

tentative (or more like propensity) tha.n the terminal event, 

which seems more actual" (my emphasis). This shows the 

origin of the tendency idea in physicist's experience, physi­

cists such as the original quantum theorists with whom the 

idea originated. They are faced with an object of investi­

gation (radiation, or "particles") which does not have the 

combinations of measurable attributes that an ordinary object 

has. There is not a bit of matter in motion with a definite 

course toward a terminal site. In the words of Maurice 

Kerleau-Ponty, the causal event is apparently not "con­

strained to a unique and fixed location, to an absolute 
21 

density of being." 

Such an object of study is, in short, outside the scien-
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tific ontology in which fully localized objects and spatial 

localities are fundamental. Hence the suitability of think­

ing of it as somehow not quite fully real. The thought is 

that prior to the observable and hence fully real interaction 

is the potential for, or the becoming of, this determinate 

reality. It should be noted that this view of the matter 

does not involve an epistemological prohibition against 

claims to knowledge beyond the observable. It rather asserts 

the existence of quasi-actual or fuzzily actual things. 

Neils Bohr famously held the view that there is no reality to 

be comprehended in the "quantum" experiment apart from what 

is "described" by the mathematical models. But again, it is 

the encounter with something outside the working ontology--or 

should it rather be said, on its outer fringes--that leads to 

these conclusions, and not a general philosophical Empiri­

cism. 

(2) The idea of a tendency is directly tied to the math­

ematics of probability. The "particle" is a "set of tenden­

cies," one for each of the quantitative probabilities for an 

event in each of the detectors. "Tendency" is a direct 

interpretation of the meaning of~ probabilistic equation, 

whose solution in a given case is a quantity of probability. 

The equation (law) "describes" the tendency, something wait­

ing in the wings of actuality, its likelihood of causal 

action subject to statistical calculation--thus the tendency 

is signified and identified by a quantity. 
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"Tendency" is a usefully appropriate word for situations 

with uncertain outcomes which have a certain degree of pre­

dictability: "My car has a tendency to stall in intersec­

tions." Hence it may serve as a convenient linguistic re­

sponse to the encounter with statistical effects in experi­

ments. But the purposes served by these linguistic adoptions 

of physicists should be sharply distinguished from the aim of 

productionistic explanation in this area. This aim, as I see 

it, is that of producing accurate narrative understandings of 

natural occurrences such as radiant propagation and its pro­

duction of characteristic interactions with matter. "Tenden­

cy," where this refers to a state of affairs antecedent to an 

interaction, is not something that ca.n serve in this descrip­

tive project, because, as stated earlier, it is not itself a 

causal event; it does not have the form "such-and-such hap-

pens." 

The important distinction is between the need for a 

ready-to-hand utility of language and a concern simply for a 

genuine explanation. The goal of the latter should not be an 

apt characterization of the observed facts--statistical regu­

larity--but a description of a causal context for indetermin­

ism, one which makes its existence fully cohe~ent by giving 

it a place in our understanding of natural processes. 

Mr. Stapp has since indicated that he considers the 

concept "tendency" of transitory value and not a permanent 
22 

success at scientific description of nature. 
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The Success of Critical Realism 

The focus of realism/antirealism is usually the estab­

lished "particles" of physics, which are varieties of radiant 

transmission which connect "preparations," emitting devices, 

with detection or measurement devices. These are apparently 

the subjects of the contemporary antirealist view of Bas Van 

Fraassen . My aim in considering this important antirealist 

view is to show, using it as a foil, how Cartwright and 

Hacking support the reality of the unobservable by calling 

attention to the thoroughly causal context of experimental 

activity. 

The following passage shows how Van Fraassen's antireal­

ist arguments are framed in terms of what can and cannot be 

seen and in terms of particles ( taking this technical term of 

physics uncritically as though it referred to material ob­

jects.) He is discussing the tiny luminous streaks which can 

be seen in a device called a Wilson cloud chamber, a kind of 
23 

detection device for radiation . 

The theory says that if a charged particle tra­
verses a chamber filled with saturated vapour, some 
atoms in the neighborhood of its path are ionized . 
If this vapour is decompressed, and hence becomes 
supersaturated, it condenses in droplets on the 
ions, thus marking the path of the particle. The 
resulting silver-grey line is similar ... to the 
vapour trail left in the sky when a jet passes. 
Suppose I point to such a trail and say: 'Look, 
there is a jet• ; might you not say: 'I see the 
vapour trail , but where is the jet?' Then I would 
answer, 'Look just a bit ahead of the trail ... 
there! Do you see it?• Now, in the case of the 
cloud chamber this response is not possible. So 



while the particle is detected by means of the 
cloud chamber, and the detection is based on ob­
servation, it is clearly not a case of the 
article's being observed. 

That something is in the nature of the case unobservable 

means, for Van Fraassen, that its reality cannot be estab­

lished as a matter of scientific discovery, a Positivistic 

view. 
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The thrust of Cartwright's and Hacking's critiques of 

the observability criterion for reality is that they respond 

to its claim from the standpoint of the activities of obser­

vation and experimentation, prior to any epistemological 

reflection. 

Ian Hacking repositions our standpoint on examples from 

physics, as against Van Fraassen. He asks us to take the 

standpoint of the experimental physicist, not merely an ob­

server of phenomena but having himself a role in the a pro-
24 

duction of effects to be observed. 

Hacking supplies an example from his own experience in 

which as an experimental researcher he is trying to detect a 

certain entity which the mathematical models predict to 

exist. The procedure is to make use of a device which emits 

a certain kind of known particle. By aiming the emission at 

an object made of a certain material, he hopes to produce 

effects which would indicate the presence of the hypothetical 

entity. Given this experimental activity, if someone now 

says, about that which is emitted by his instrument and which 
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is thus itself a tool of research, "It may be nothing at 

all," this should bring on a question whether this remark 

arose from a mentally sound condition. Hacking's slogan, "If 

I can spray them [particles], they are real," despite the 

misleadingly picturesque image suggesting a shotgun barrage, 

contrasts strongly with the style of Van Fraassen's reflec­

tions about a conjectured and theoretical causal object, 

where scepticism seemed an acceptable and even likely re­

sponse. 

Hacking's experimentalist standpoint on antirealism is 

much like the case I made use of in Chapter 2, of a carpenter 

wielding a hammer. It is a.bout as cogent in either case to 

claim that the activity is not in all of its stages a case of 

causal production. An experimenter who has set up in his 

emitter just the species of radiation he needs, and directs a 

beam of it at an object to look for specific effects, can 

only insist, in the face of antirealism about unobservables, 

that he is putting to use a real causal process. 

Of course, the antirealist is likely to say about all 

this, "What stuff emitted by the instrument? To talk about 

particles being sprayed is to prejudge the whole issue." But 

the real force of Hacking's argument comes from placing the 

question of realism in the light of the relevant real life 

context, instead of supplying, as in Van Fraassen's text, 

only the simple framework of an observation plus a causal 

conjecture. I would add to Hacking's point, in keeping with 
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literally true." The suggestion in the word "unobservable" 

which Van Fraassen exploits, that of a subvisible object, 

might be counteracted by using the substitute term "pre­

observational." This says that only at special termini do 

such events interact with conditions requisite for observa­

tions, rather than suggesting that they are hidden beyond the 

range of microscopes. 

Cartwright in her anti-antirealist arguments does not go 

so far as to take the standpoint of the experimental producer 

of effects. She simply calls upon the prereflective realism 

that the scientist has about experimental observations, and 

calls attention, for instance, to some experiences with the 

designing of lasers. About the the cloud chamber example 
27 

treated by Van Fraassen, she says this: 

28 

In explaining the track by the particle, I am 
saying that the particle causes the track, and 
that explanation ... has no sense unless one is 
asserting that the particle in motion brings 
about, causes, makes, produces, that very track. 

And: " ... if there are no electrons in the cloud cham-

ber, I do not know why the tracks are there." 

Her claim is simply that for specific observed events 

u.nder closely specified conditions, there are the character­

istic causes named by the term "electron" bringing them 

about. Her language of "particle in motion" might suggest 

that she pictures this cause as a subvisible object, as does 

Van Fraassen. But her claim does not require this picture. 
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A causal realism need only involve the claim that some spe­

cific kind of process, agency, or entity, named "electron" by 

physics, produces the track. It is identified by its exact 

context: it makes this kind of track in this kind of medium 

and has this kind of preparation or emitter as its source. 

There is no need to picture the individual electron in any 

particular way whatever, and this holds not only for a causal 

realist argument but also for science exploring the causal 

possibilities of the electron and making use of them. 

The significant difference in Cartwright's treatment of 

the cloud chamber example over Van Fraassen's is that Cart­

wright keeps in view the real context of technological acti­

vity, a context of developing knowledge involving cloud cham­

bers and other equipment. As part of this scientific legacy 

there is a linguistic tradition of designating, in a technic­

al language, causal agencies and sequences of events presumed 

to lie behind the observations. 

Van Fraassen, on the other hand, takes this linguistic 

tradition designating causal events to be a product of the 

scientific imagination, a concocted world of the inherently 

imperceptible and hence unknowable. He ignores the histori­

cal experience which the various forms of invisible process-­

light waves, electricity, "particles"--came to be identified. 

He presents his example as though scientific observa­

tions occur without context. In the case of the cloud cham­

ber, one makes an observation out of the blue, of a peculiar 
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track within it which looks like a jet trail. About this 

distinctive datum, he thinks, one might make an ad hoc suppo­

sition, as a convenient explanation, that something moved 

through the chamber and made the track. It sure looks as 

though something did. And the account of the matter by 

physicists, "theory," certainly suggests this. But physics 

also says that it is physically impossible ever to see it. 

What gives us the warrant, then, to take this causal ac­

count--something moving through the chamber--as more than a 

convenient fiction, a parable metaphorizing the track, which 

perhaps can be used to communicate the character of the 

occurrence to others: "It looks just like ... " 

"How do I know that this particle, this individual 

causal agency, exists?" thinks Van Fraassen, "I am not as 

certain of it as I am that just now my eye fell upon one of 

those little streaks. The particle must always remain a 

fable that physics tells about the streak. " 

In the theoretical account which Van Fraassen relates, 

which sounds all the way through like a causal story, there 

is more than the existence of a moving something. There are 

the processes of ionization and condensation of which he 

informs us. But let's focus for a moment on the claim that 

antirealism is most interested in, namely that (as the skep­

tical view might put it) an imaginary object of science lies 

hidden in the occurrence, or (more cautiously) that there is 

a "moving charge" which, whatever it is, propagates indepen-
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dently of the events it brings about . ~ there any such 

entity which, arriving into and incorporating itself into the 

experiment, passes through and leaves a trace within the 

chamber? 

What Van Fraassen recounts as the theoretical story is a 

technical account, not a description of events in ordinary 

language . Certainly we do not know what "electron" or "par­

ticle" designate as matters of ordinary understanding . But 

Van Fraassen writes as if i t is completely clear what i t is 

we are to be skeptical about: an object, l ike a meteorite 

entering the atmosphere . His "unobservable in principle" 

implicitly takes the term "particle" as if it did mean what 

it does in ordinary language. " In principle" means for him 

that there is no physical means by which one could see the 

electron. But in fact , this has nothing to do with the 

physical limits of microscope technology. The very notion of 

seeing the electron in motion , as one sees a jet passing 

overhead , makes no more sense than the idea of seeing light 

waves. 

So what he is saying amounts to this: Physics tells a 

story about a n infinitesimal object, but no one can securely 

claim to know it exists. The trouble with this is that i f 

one looks closely at physics , one finds that the i mpression 

that the electron is a tiny object i s a superficial interpre­

tation of the talk of physicists , and in fact must simply be 

wrong. For one thing, as an independent causal occurrence 



it is a form of radiation with a wavelike characteristic. 

One should take this finding seriously. 
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Suppose one were to say to Van Fraassen, "Nancy Cart­

wright is convincing when she argues that something brings 

about these tracks, leaving aside any picture of the cause as 

a moving particle. Would you not be content to say that we 

do not know , perhaps cannot know , what it ..!J! , rather than 

saying that whatever it is, we do not know that it exists?" 

"It is the same with any hidden cause , in my view. " 

"Your argument , then, has not.bing to do with the seem­

ingly intrinsic obscurity of the electron's nature. You make 

no use of the fact that as a "quantum" entity, its complex 

effects seem to put it beyond the reach of any ordinary 

understanding." 

"That is correct. However it is understood or not 

understood, it belongs to a causal hypothesis constructed by 

science. I am not arguing for the abrogation of a causal 

understanding of subatomic interactions, as in Copenhagenist 

physics. " 

"I'm glad that is clear. And ionization also is an 

unobservable change in an atom, so that your skepticism must 

apply to this occurrence as well, and not only to the exis­

tence of what is called a moving charge. " 

"Yes ." 

"So your full-fledged claim is as follows: For all we 

really know , it may be that nothing (as opposed to something 
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inaccurately or incompletely understood) brings about ioniza­

tion; it may be that nothing brings about condensation of 

droplets; and ditto for anything which as you say results in 

the silver-grey line which we see, but which cannot itself be 

seen . " 

Van Fraassen says that the success of science means only 

that theories are empirically adequate, not that they are 

true. The intent of this is the usual one of Empiricism, to 

argue that one cannot infer that an explanation is correct 

when other explanations exist or may exist which explain 

equally well, unless our favored explanation can be indepen­

dently confirmed (which requires an observation). He uses 

the word "theory" to suggest that the target of his skepti­

cism is some one clear, definite hypothesis about observa­

tions--something that could be set beside other, differing 

hypotheses. He leads the reader to think the case is much 

like the discussion, currently unsettlable, over the wide­

ranging possible causes for some extraordinary features on 

the satellite Miranda of Uranus, features revealed by the 
28 

Voyager spacecraft, except that in the cloud chamber case 

one theory is settled upon for one reason such as simplicity, 

which is a reason which falls short of establishing the 

correctness of the explanation. 

But as we have seen, what there really is for Van Fraas­

sen to mean by "theory"--the identification of the electron-­

is not some one, distinct causal hypothesis, as opposed to 
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some other, about the cloud chamber track, but the working 

language and understanding, both background and immediate, of 

physicists, which is through and through causal. Cartwright 

simply insists upon this working, pre-epistemological realism 

of physicists. To say as Van Fraassen does that the electron 

is part of the "scientific image" of reality, instead of part 

of reality, is to tacitly read the physicist's term "parti­

cle" as if it were the ordinary use of this term in a con­

crete description. Causal realism about the case is in no 

way tied to the image of a particle, and in fact, as Hacking 

points out, no image of the electron exists which is any more 

than a useful model. The whole implication of a subvisible 

moving object disappears upon close scrutiny of physics. 

The realist arguments of Hacking and Cartwright are 

remedies for thinking of physics as a mythology of objects 

too small to be seen, postulated to explain particular obser­

vation-data. When physics is seen instead as a real life 

activity of technical discovery and invention, the entities 

which it designates through the various particle names are 

recognized as context-specified species of causality which 

are investigated and put to use. Apart from their differen­

tiation and technical exploitation, these causal entities 

operate incognito. They have no description in existing 

science. 

While Cartwright tries out the dubious ontology of "ca­

pacities," Hacking is in the tradition of pragmatic philoso-
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phy of physics in eschewing ontology. The upshot, then, of 

critical realism's success against antirealism is this: the 

idea of clear and unverifiable hypotheses about objects be­

hind the scenes ia replaced by the idea of perhaps permanent­

ly obscure real causes. 

Causality and Forces 

Setting aside all traces of Empiricist doctrine, either 

about the limitation of knowledge to the observable or about 

the primitive status of narrative natural science: Is a 

philosopher of Nature warranted in expecting that some real 

and perhaps comprehensible causal occurrence outside observa­

tion is designated by the terms "force" and "field"? If so, 

how would inquiry about the force or field itself be related 

to knowledge of the relevant law or laws? 

One could observe that two objects of a certain type 

attract each other when they a.re placed in proximity, without 

having a clear idea at all about how the exact quantity of 

force might depend on the exact conditions. One would never­

theless say that a force is exerted, or that something exerts 

a force, on these occasions . Now suppose one diligently 

determines the law yielding the quantity of force as a func­

tion of given conditions. How would this affect what one is 

able to say about the force? 

There would certainly be no guarantee in this determina­

tion that one had any more of an explanation of why the force 
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occurs or what produces it, though there may well be clues in 

this quantitative relationship. But it would just as cer­

tainly have no negative effect on one's ability to say that a 

force is exerted here or that something exerts a force. 

Primarily one would now have at hand a procedure for deter­

mining the exact quantity of force when other conditions are 

known. 

Now suppose a long tradition has developed of making use 

of this law, as a component of a more inclusive mathematical 

theory, for making predictions and designing technologies. 

The force is cited to explain certain facts, and the law has 

become the main focus of scientific concern with the force. 

When the force is discussed in science books and science 

classes, the law is cited and explained. The things to learn 

about this force are an equation, how it was arrived at, and 

how it is applied. Even bright students may be unlikely to 

raise the question, "But what is this force? What causes 

it?" They would be likely to fear the mockery of their peers 

for raising such a question. 

But a particularly thoughtful and independent student 

might raise this question. Indeed, there is no reason that 

the naive question about what sort of natural process could 

be at work in this force, though it may get lost in the 

constructive technology of algorithms, should be any less 

viable than it was at the time of the crude observation of a 

force of attraction. The success of mathematical treatment 
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question gets lost. 

But the question may meet another kind of obstacle. 
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Suppose our force is the force of gravity. What sort of 

thing could possibly answer the question about its cause? 

One expects an inquiry about it to have the form Cartwright 
30 

describes: 

... causes make their effects happen. We begin 
with a phenomenon which, relative to our other 
general beliefs , we think would not happen unless 
something peculiar brought it about ... An effect 
needs something to bring it about , and the peculiar 
features of the effect depend on the peculiar fea­
tures of the cause, so that--in so far (sic) as we 
think we have got it right--we are entitled to 
infer the character of the cause from the character 
of the effect . 

What mechanism, even ignoring the requirement that it be 

completely unobservable, could have the characteristics to 

draw together two object which are in proximity? To say that 

something reaches out from one object and pulls the other 

toward it is only a metaphoric elaboration on the notion of a 

"force," and only transforms the question into, What reaches 

out? The situation is a more fundamental puzzlement than 

that in such a case as, "I can't seem to find the cause of 

your car not working, and I'm not getting any ideas." In 

fact, even though there is no definite reason to say that 

gravity has no unobservable cause (indeed, physicists now 

talk about it as a form of radiation) it is not clear just 

what the question about the cause or mechanism of gravity is 
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asking after, when there is nothing to go on except the ob­

servations and a law of functional dependence. The ques­

tion is not well-oriented. We seem to lack what Cartwright 

calls a "background knowledge" for the question to have 

bearings. Our first response to the question may well be to 

throw up our hands univocally with Newton's hypotheses non 

fingo. 
31 

Harrtf says this: 

At the end of any explanatory regress we must per­
force shift from causal mechanisms to causal pow­
ers ... Gravity may ... be a referent of last resort, 
explanatorily. To explain the behaviour offal­
ling bodies by reference to gravitational poten­
tial may be to cite a basic causal power. 

How about by reference to a gravitational field? His answer 

is no doubt the same. The last stand in the explanation of 

forces is a power or "disposition." But a point I have been 

making is that a power by itself does not explain anything, 

and this is true whether it is attributed to the objects 

responding to forces, or to intervening events, or is not 

given any specific subject. If explanation in such cases 

stops at a power, then basic phenomena are permanently unex­

plained. 

There is one thing that can be said very · roughly to be 

required of any genuine answer to the question about the 

cause of gravity. It is captured in the notion in physics of 

a field. This term is normally taken--and for most purposes 

perfectly adequately--to designate a vaguely understood phys-
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ical entity signified by an equation or set of equations 

which are in use. It is today most unfamiliar to presume 

that one might ask, "What is it, apart from well-known pat­

terns of quantitative effect? How can it be described as a 

physical occurrence, active prior to any measurement, and 

independently of observable consequences?" But it is just 

the approach of the present work to take such terms as 

"field" to be terms for physical actualities, and to venture 

the beginnings of a story about Nature in which they will be 

fully and concretely comprehended. Here is one such amor­

phous beginning: "Field" means that objects are embedded in 

an environment (in some sense) of activity (of some kind) 

through which they interact with one another in different 

ways, and this causal activity is structured with the object 

as its center or focus. 

Though in textbook and practical science there is not to 

be found the "background knowledge" with which to ask after, 

in a well-oriented way, "characteristic causes" for forces of 

attraction, our intuitions--which find no adversary in what 

is known from physics--tell us that there exists natural 

activity which could be described by way of such causal 

explanations were this background to be supplied. Ky view 

that forces are actual and perhaps describable independently 

of the material objects that they observably affect is a view 

held by major scientists of the past, notably Newton and 

Michael Faraday. 
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Conclusion 

From the dispute over composition of causes, it was seen 

that when a single observed event is the result of two inter­

acting causes, this situation contains no warrant for saying 

that either cause is unreal or is inactive as a latent power 

or tendency. And it was made clear that in any case, for a 

causal explanation inactive potentialities cannot substitute 

for actual causal events. 

The critical realists supplied the insight that a spe­

cific unobservable cause does not have to be a "theoretical 

entity, " identified only as a permanently hypothetical expla­

nation. All of this speaks against the ubiquitous idea that 

because the processes which are adduced as causes for ob­

served phenomena go on in empty space or in the "subatomic 

realm" and are therefore not the sort of thing one could 

watch happening--in short , they are not object- motions or 

changes in objects--this is some reason to doubt their actu­

ality. Causal composition of physical forces, for instance, 

only makes sense if some depth of antecedence is ascribed to 

the forces as occu.rrent causal activity. Such forces bring 

about motions (if not prevented from doing so) : they are not 

identical with these motions . 

What Harrl thinks in claiming to concur with Cartwright 

that laws do not describe sequences of actual events, repre­

sents an interesting confusion . It is true that a law of 

nature does not describe a sequence of events intervening 
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between correlated observations . It is not a causal narra-

tive. HarrJ•s statement thus goes down easily. However, the 

implication in his thinking {perhaps unwitting) is that when 

a law quantifies a force as a function of other measured 

values, no real causal occurrence corresponds to this desig­

nated "force" (it is only a "tendency"). This is quite 

different from saying that a law does not tell a story about 

this causal occurrence, that is, does not say just what it 

is. In this causal/descriptive sense, we are far from know­

ing what the basic forces of Nature actually are. This does 

not mean that the law of gravity does not identify by its 

variable "force" an actual occurrence apart from a consequent 

motion. 

What I am proposing, against the grain of recent philo­

sophy of science both realist and antirealist, is an exten­

sion of an old-fashioned realism about the natural domain of 

physics, an attitude which was alive in what Frank calls the 

"mechanistic" era, in which certain unobservable transmis­

sions known about at the time were assumed to be potentially 

understandable in detail. This "realist" scientific tradi­

tion, I claim, can be extended with no definite limit into 

the domain of contemporary physics, in which unobservable 

transmission (radiation) and forces are not entities in sepa­

rate categories, but species of pre-observational causal 

process. 

The primary problem faced by the project of a produc-
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tionist understanding of these causal processes is outlined 

in the final chapter. Chapter 4 examines an effort by a 

highly regarded philosopher of science to claim reality for 

unobservable transmission and to contribute to a general 

understanding of it through the analysis and application of 

causal concepts. 
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CHAPTER 4 

WESLEY SALNOH ON CAUSAL PROCESSES 

Wesley Salmon published a major work in 1984 entitled 

Scientific Explanation and the Causal Structure of the 
1 

World. It has two major parts: (1) a theory of explanation 

in the tradition of logico-empiricism, and (2) a general 

theory covering two basic types of causal process with a 

direct bearing on physics--transmission and interaction. 

The theory of explanation purports to improve on the 

deductive theory of Hempel and Oppenheim. According to their 

"standard" doctrine (Chapter 1), an explanation is the deduc­

tion of an event from a general law. Salmon's purported im­

provement on this model is to provide a place for probabilis­

tic laws, such as those by which modern physics responds to 

the encounter with indeterministic processes, which could not 

yield certain explananda events deductively. I will not 

attempt to determine whether this project, within the locico­

empiricist designs, is successful. 

From the standpoint of the present work, ·the importance 

of Salmon is that he straddles, or tries to straddle, the 

acausalist and productionist positions. On the one hand, he 

believes the world has a "causal structure," and this means 

he thinks that in physics the gaps, so to speak, in sequences 
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of events subject to observation are filled in by inter­

vening, continuous transmissions. on the other hand, he 

strives to further and perfect the traditional acausalist 

project of a law-based model of expla.nation, on the Humean 

assumption that scientific knowledge, including knowledge of 

causal connections if there are any such things, is built up 

through the exploratory disclosure and formalization of 

regular associations in observation, and he formulates the 

logic leading from this accumulated experience to a "statis­

tical" (as opposed to a deductive) structure of explanation. 

Within the present concern the relevant part of this 

combined project is Salmon's constructive realism: how he 

proposes to talk about pre-observational processes in such a 

way as to understand them as continuous processes. I will be 

showing that, true to the tradition of Hume in which Salmon 

explicitly places himself, but contrary to his avowed aim, 

his is an account of causality which unwittingly leaves out 

the relation of production between events. To leave out this 

relation, in the final analysis, has the usual result in the 

Empiricist tradition, of reducing knowledge of the domain of 

physics to quantitative knowledge of regularity in observed 

and discrete events, which is to exile pre-observational 

causal activity from explanations. 

Salmon, then, wishes to combine two views about explana­

tion: first, his "statistical" model in the tradition of the 

law-based model; and second, what he calls the "ontic concep-
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tion" of explanation, according to which to explain a pheno­

menon, in a sense to be upheld as legitimate and important, 

is to talk about natural entities, goings-on in nature, rath­

er than, say, laws and their logical force as conditional 

propositions . 

The three sections in this chapter show, respectively, 

(a) that Salmon's attempt to affirm the reality of unobserv­

able transmission does not succeed, and in its failure pro­

vides a stark illustration of the reduction of event rela­

tions to contiguity; (b) how Salmon exemplifies the tradi­

tional view, contrary to that of the present work, that 

theories of physics explain and that the role of philosophy 

of science is to analyze the meaning that "explanation" must 

have in these cases; and (c) how Salmon's attempt to think 

about "probabilistic" process ends in a "propensity" analy­

sis , whose basic failing from a productionist point of view 

was made clear in the previous chapter. 

The Theory of Transmission 

A theory of causality with application to physics must 

take into account both transmission through space and the 

interactions between transmissions and matter . Salmon's at­

tempt to explicate the causal processes of transmission and 

interaction and their relation rests on some purported cate­

gorical distinctions. One of these grounding distinctions he 

attempts to establish is that between propagation (or trans-
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mission) and production (which he would apply exclusively to 

interaction) . The distinction appears to be taken quite 

sharply, as if propagation could not be production and vice 

versa. The other distincti on is made between "process" and 

"event," which he would apply exclusively to transmission or 

to interaction, respectively. 

What he is trying to achieve with these special distinc­

tions and usages is to form a conception of transmission as 

continuous process intervening between separate interactions. 

For Salmon (and it will be seen why this is) only a "process" 

can unproblematically be said to be continuous, while succes­

sion in "events " cannot . The propagation/production distinc­

tion apparently serves to reinforce the difference on this 

basis between transmission and interaction. 

In the following passage he tries to use the propaga­

tion/production distinction to introduce this difference in 
2 

forms of causality. 

There are, I believe, two fundamental causal con­
cepts that need to be explicated, and if that can 
be achieved, we will be in a position to deal with 
the problems of causality in general. The two 
basic concepts are propagation and production , and 
both are familiar to common sense . .. When we say 
that the blow of a hammer drives a nail, we mean 
that the impact produces penetration of the nail 
into the wood. When we say that a horse pulls a 
cart, we mean that the force exerted by the horse 
produces motion in the cart. When we say that 
lightning ingnites a forest, we mean that the elec­
trical discharge produces a fire. When we say that 
a person ' s embarrassment was due to a thoughtless 
remark, we mean that an inappropriate comment 
produced psychological discomfort. Such examples 
of causal production occur frequently in everyday 
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contexts. 

After thus identifying cases of "production" which he will 

later call "interaction," he then turns to cases of transmis­

sion. 

Causal propagation (or transmission) is equally 
familiar. Experiences that we had earlier in our 
lives affect our current behavior. By means of 
memory, the influence of these past events is 
transmitted to the present (see Rosen, 1975). A 
sonic boom makes us aware of the passage of a jet 
airplane overhead; a disturbance in the air is 
propagated from the upper atmosphere to our loca­
tion on the ground. Signals transmitted from a 
broadcasting station are received by the radio in 
our home. News or music reaches us because elec­
tromagnetic waves are propagated from the transmit­
ter to the receiver. In 1775, some Massachusetts 
farmers--in initiating the American revolutionary 
war--"fired the shot heard 'round the world" (Emer­
son, 1836). As all of these examples show, what 
happens at one place and time can have significant 
influence upon what happens at other places and 
times. This is possible because causal influence 
can be propagated through time and space. Although 
causal production and causal propagation are inti­
mately related to one another, we should, I be­
lieve, resist any temptation to reduce one to the 
other. 

There are some nice examples here, leaving aside that 

the assertion about memory as transmission is quite prob­

lematic. In these two paragraphs Salmon provides some cases 

which can be described as causal production and causal propa­

gation. But does his sorting-out of these examples really 

mark out these two as separate categories of occurrence, as 

he suggests? Not only are they "intimately related"; it 

would be hard to think. of two words that come closer to 
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meaning the same thing, or at least, that are so generally 

overlapping in their examples. Take the cases of water 

surface waves and sound waves. Why are they commonly called 

propagation? Because antecedent stages of the process give 

rise to, produce, successive stages. That is how a ripple 

intrudes upon and activates waters previously still. It 

produces a disturbance on the advance . A wave is productive 

of itself; it is reproduction or propagation. 

Or take one of Salmon's examples: electromagnetic 

waves, also commonly termed propagation. Today such "waves" 

are no longer thought of as vibration in material which is 

everywhere present. Still, their effects show frequency and 

phases, in some sense successive reiteration, despite the 

fate of the waves-in-the-ether conception. There is no rea­

son at all to suppose, just because these are not oscilla­

tions in and of material, that this successive reiteration is 

not any kind of productive cycle, so that the use here of 

both the term "propagation" and the term "production," just 

as they can be applied to ordinary waves, would be inaccurate 

or inappropriate. They are still called "waves," and accord­

ing to some basic experiments must in fact be wavelike. 

If one wanted to differentiate the usages of "propaga­

tion" and "production," one might say something like this: 

Propagation is at least a kind of production which is reiter­

ated through successive events in space and time (without 

treating the question of whether the events need all be of 
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the same type). A case of production which contrasted with 

ongoing propagation would then be one that terminated in an 

effect, which then produced nothing further (or nothing rele­

vant to the description). I will now study as a possible 

case of such a terminal effect a favorite example of Sal-
3 

mon's. 

In a darkened Astrodome a spotlight shines on the ceil­

ing. The beam of light (transmission) produces (at least as 

we would ordinarily describe it) the spot (interaction). How 

set the spotlight turning: the spot moves around. This 

process of moving around does not produce any further effect 

apart from itself , as does the light transmission process , 

which produces a spot. Because of this Salmon wants to call 
4 

this movement of the spot a "pseudo-process." This seems 

inappropriate. There is no reason not to call it a real 

process. 

"The beam is now turning figure eights on the ceiling." 

"Not really; it is just a pseudo-process . " 

I will not use this expression, but will take Salmon's intent 

to be that the movement of the spot is not a causal process, 

but a terminal effect. This seems acceptable; whether the 

spot moves or does not move , or in what manner it moves if it 

does, might make no difference to the Astrodome, or to the 

light beam, or to the spectator. Spot movement seems not to 

affect anything else. 

Salmon defines the difference between causal and non-
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causal or "pseudo" processes in general as follows. If one 

inserts a red filter into the beam, it will alter the beam, 

and the beam will pass on this alteration to the spot on the 

dome, so that it becomes red. Salmon calls this "mark trans­

mission." The beam of light is altered "structurally," and 

this new structure is transmitted to the wall. But, he 

argues, the movement of the spot is not capable of transmit­

ting a mark, since if one holds the filter up and rotates the 

beam through it and on past, the spot will momentarily change 

to red, but this change will not be passed on to successive 

positions of the spot. Since it cannot transmit such a 

change, it is a "pseudo-process." 

But since the light transmission and the movement of the 

spot are quite different kinds of process, why should it be 

assumed that the very t .hing that leaves a mark on one kind 

through portions of the process successive to the marking, 

should similarly leave a mark on the other? To be free of 

this assumption, we should ask whether there is any way in 

which the spot movement process could transmit--pass on into 

further effects--some kind of modification of itself. 

Suppose there is a computerized device in the Astrodome 

which is eqipped with a light receptor. It is designed to 

read patterns of light movement reflected from the ceiling 

and translate them into outputs specific to those patterns. 

Different ways in which the spotlight is moved--ways of 

"marking" the spot movement process--produce different re-
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sponses from the computer. This would be a kind of "mark 

transmission" appropriate to this kind of process, and within 

its capacity. 

For that matter, what about a certain cycle of movement 

of the spot leaving in our eye a retinal image of a figure 

eight? Spot movement is marked by the way the spotlight is 

moved, and it in turn marks our eye. 

Another one of Salmon's examples of a "pseudo-process" 
5 

is a moving shadow. But imagine a situation right out of 

the movies, in which the shadow of a feared assailant betrays 

the fact that he in creeping around the door with a gun in 

his hand (by holding a gun in the air, he "marks" the shadow 

in an unmistakable way). Here a moving shadow has quite an 

impact on the possible victim. The shadow of an airplane 

passing overhead might startle us, and a passing cloud will 

produce definite effects in light meters and solar cells. A 

shadow moving is a physical, causal occurrence. The truth in 

what Salmon says is that this is not a case of propagation, 

since stages of the motion do not produce succeeding stages. 

It is thus possible to view certain occurrences as 

termini of processes, without considering any further events 

to which they themselves give rise, and yet these same pro­

duct-occurrences in the cases examined can play the role of 

transmission to further effects . Thus Salmon's "pseudo-pro­

cesses" are not a category separate from causal processes, as 

he supposes. And from our discussion it looks even less 
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likely that there could be a productive process which is in 

its~ nature not propagative, or vice versa. It does not 

therefore appear likely that the propagation/production dis­

tinction as Salmon conceives it can serve to explicate trans­

mission and interaction as different kinds or aspects of 

causality. 

Transmission and interaction do get clearly distingushed 

in a characteristically Empiricist conception which Salmon 

appropriates from Russell and Reichenbach and which is called 

the "at-at" theory. According to this theory there are some 

separate events--interactions--and there is their occurrence 

in succession, which is the whole meaning of "transmission." 

For example, there is an interaction at the site of a red 

filter inserted into the spotlight beam, and there is an 

interaction which is the spot on the dome, and their succes­

sion in time and space constitutes transmission. 

Within the standpoint of the present work, this should 

be recognized as an acausality about transmissions as inde­

pendent, connecting processes. It does support Salmon's 

propagation/production distinction: only the interactions 

are cases of production, and propagation just means they 

happen now at one spot--now at another. But an aproductive-­

i.e., only "propagative" according to Salmon's distinction-­

process cannot produce itself (really propagate), and it also 

cannot , as aproductive, do anything by way of what should be 

called its role in an interaction. Thus on this view there 
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can be no causal action of transmission producing an interac­

tion event; there can only be an unproduced, hence causally 

unexplained, "interaction" event. This is the same symptom 

that Cartwright and Harre had in the discussion of compo­

sition of causes: excluding from the account (in one way or 

another) the independent activity of the individual, unob­

served contributing causes. 

Interestingly, Salmon sees that, especially from the 

point of view of physics and the history of experimentation, 

there is in the spotlight example "continuous intervening 
6 

process" termed electromagnetic propagation. He holds this 

view in spite of the fact that in his philosophical treatment 

he succumbs explicitly to an acausality (more precisely an 

aproductivity) about radiation--the "at-at" theory--which 

seems built into his avowed traditional Empiricism. "Trans­

mission" designates no independent productive activity. 

What, then, allows him to speak of "continuous intervening 

process"? This is where his process/event distinction comes 

in. 

He thinks he can still claim reality for the intervening 

transmission by a special tailoring of the term "process" as 

against "event." This second basic distinction is pursued in 

the section immediately following the above lengthy quota-
7 

tion, a section entitled "Processes." 

One of the fundamental changes that I propose in 
approaching causality is to take processes rather 
than events as basic entities. I shall not attempt 
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any rigorous definition of processes; rather, I 
shall cite some examples and make some very in­
formal remarks. The main difference between events 
and processes is that events are relatively local­
ized in space and time, while processes have much 
greater temporal duration, and in many cases, much 
greater spatial extent. In space-time diagrams, 
events are represented by points, while processes 
are represented by lines. A baseball colliding 
with a window would count as an event; the baseball, 
travelling from the bat to the window, would con­
stitute a process. The activation of a photocell 
by a pulse of light would be an event; the pulse of 
light, travelling, perhaps from a distant star, 
would be a process. A sneeze is an event. The 
shadow of a cloud moving across the landscape is a 
process . .. Among the physically important processes 
are waves and material objects that persist through 
time. As I shall use these terms, even a material 
object at rest will qualify as a process. 

Salmon is trying to establish, for his own special 

purpose, that there are cases where one of these concepts-­

event or process--applies but the other definitely does not, 

and vice versa. But it seems clear that this is not estab­

lished by these examples. Why can't a baseball colliding 

with a window be called a process? If one were studying the 

shattering properties of the glass, capturing the event on 

film in order to slow it down and examine it, one would be 

likely to call it a process. 

A scientist could surely give a fairly detailed story 

about "the activation of a photocell by a pulse of light." 

The word "process" would not be inappropriate for what is 

described. 

A sneeze could be called a process if it were a subject 

of physiological or aerodynamic study. And a cloud shadow 
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under some circumstance, but as it is it makes a perfectly 

good event. 
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The way we use these words it is hard to imagine a 

happening, which as such takes up an interval of time, being 

such that one could say, "That was certainly not an event," 

or, "I would not call that a 'process.'" To apply one term 

to a particular case but exlude the other seems highly arti­

ficial. 

One can gain from these examples and discussion a sense 

for how these two words are differentiated in their usage. 

It is not something about the character of the occurrence 

itself, but depends on what aspect of it is relevant to the 

purpose at hand in talking about it. If one is viewing it as 

something that comes to pass at a particular time and place 

and is gone, one will call it an event. But if one is inter­

ested in the composition of the occurrence, what parts or 

stages it has and how it goes through them, one will refer to 

it as a process. 

The non-overlapping separation in usage of "process" and 

"event" for different kinds of occurrences, aside from these 

fatal objections to it, serves Salmon's purposes well. His 

"at-at" theory leaves transmission without any description 

independent of interaction; it is just succession in interac­

tions. It is itself no sequence of events, no productive 

activity. By separating concepts, he can nevertheless call 
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it a "process"--and thus, he thinks, have it be something, as 

an attempt toward a constructive realism. 

In pursuing the reasons for this separation of concepts 

one is also led directly to a historical reason for this 

whole peculiar view: Hume. Here is Salmon in some closing 
8 

remarks to a chapter: 

Throughout the discussion of causality, in this 
chapter and the preceding one, I have laid parti­
cular stress upon the role of causal processes, 
and I have even suggested the abandonment of the 
so-called event ontology. It might be asked 
whether it would not be possible to carry through 
the same analysis, within the framework of an event 
ontology, by considering processes as continuous 
series of events. I see no reason for supposing 
that this program could not be carried through, but 
I would be inclined to ask why we should bother to 
do so. One important source of difficulty for 
Hume, if I understand him, is that he tried to 
account for causal connections between non-conti­
guous [N.B.] events by interpolating intervening 
events. This approach seemed only to raise pre­
cisely the same questions about causal connections 
between events, for one had to ask how the causal 
influence is transmitted from one event to another 
along the chain. As I argued in Chapter 5, the 
difficulty can be circumvented if we look to pro­
cesses to provide the causal connections. 

The thought is also expressed in closing remarks to an ear-
9 

lier chapter: 

It is tempting, of course, to try to reduce causal 
processes to chains of events; indeed, people fre­
quently speak of causal chains. Such talk can be 
seriously misleading if it is taken to mean that 
causal processes are composed of discrete events 
that are serially ordered so that any given event 
has an immediate successor. If, however, the con­
tinuous character of causal processes is kept 
clearly in mind, I would not argue that it is phil­
osophically incorrect to regard processes as collec-
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tions [N.B . ] of events. At the same time, it does 
seem heuristically disadvantageous to do so , for 
this practice seems almost inevitably to lead to 
the puzzle . . . of how these events, which make up a 
given process, are causally related to one another. 
The point of the "at-at" theory, it seems to me, is 
to show that no such question about the causal 
relations among the constituents of the process 
need arise--for the same reason that , aside from 
occupying intermediate positions at the appropriate 
times, there is no further question about how the 
flying arrow [of Zeno's paradox] gets from one 
place to another. With the aid of the "at-at" 
theory, we have a complete answer to Hume's pene­
trating question about the nature of causal connec­
tion. For this heuristic reason, then, I consider 
it advisable to resist the temptation always to 
return to formulations in terms of events. 

To speak of transmissions as serially ordered events, he 

thinks, tends to make us think of them as broken up into 

discrete parts which do not have the continuity wanted from 

causal connection . To try to reestablish connections by 

means of intervening events, also discrete, is to obtain at 

most contiguity, not connection. We recognize here the mo­

saic theory of events, which says that events must compose in 

the way objects compose . 

Salmon has helped to elevate this Humean problem to a 

new height of clarity. The belief here expressed is that if 

a process has parts, it must be discontinuous and disconnect­

ed . This means that in order for causal connection to ob­

tain, the "process" must be completely uniform in space and 

time, with no differentiation into separately identifiable 

stages or parts . There is no "question about how [the trans-

mission] gets from one place to another"; this restates the 



167 

view that transmission or propagation is not to be described, 

independently of interactions, as productive activity. In 

the background, Salmon almost seems to realize that his 

"process" can only be an empty shell of space and time, since 

without any differentiation there can be no real occurrence. 

The central claim Salmon is making with all these dis­

tinctions turns out to be a stark one: there is only causal 

connection where there is complete uniformity and feature­

lessness in time and space along a route separating the 

events thought to be connected. But obviously he does not 

intend to be saying that there is nothing connecting the 

events. There is rather a real, featureless intervening 

"process." 

Being featureless allows it no independent description, 

beyond saying that it occupies, in some special sense in 

which a process can be said to occupy, all points of a space­

time interval. It can be called an object-picture of a 

process {with no event-parts), and it is easy to see how it 

is exemplified in a "material object at rest," occupying its 

space and the time of its enduring existence. 

Concerning the spotlight example, Salmon can make a 

counterfactual assertion, saying that a "mark" imprinted on 

the process will be passed on by it, and this tells him that 

it is "really there," filling the space-time region. For 

example, if a white card is placed in the beam of light at 

any point between the red filter and the wall, "we will find 
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10 

The transmission is thought of as occupying its temporal 

and spatial interval as a featureless object. Thus Salmon 

would uphold causal reality, and also attempt something like 

a description or a step towa.rd description with his i'dea of 

"process." But this success is at the cost of actually elim­

inating and exiling from the account something that is known 

about radiation. Electromagnetic transmission has frequency 

of cyclic parts; it is propagative reiteration. It is a 

process composed of a sequence of parts or events. The claim 

that in order to be causal it must have no differentiated 

parts not only ignores, but denies, the one thing that sci­

ence does know about the causal "structure" of this genus of 

transmission, denies its known physical character. 

A general remark is in order about Salmon's appropria­

tion of Hume's analysis of causality for application to pre­

observational process in physics. Hume started with an epis­

temology of sense impressions, which we can understand as the 

mental reception of the images of objects. It is one thing 

to say, given this starting point, that there are no produc­

tive relationships to be discovered among these object-im­

ages. It is quite another thing to say that given anything 

whatever that we can call events in serial order, "productive 

connection" must already be without meaning, or is unavoidably 

barred from the description . 

The appropriation of Hume seems especially injudicious 
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when what is at issue are occurrences such as light transmis­

sion, which are not subject to observation and can precisely 

never be "phenomenal," can be neither cause-events nor ef­

fect-events given a sense data epistemology. To uphold the 

reality of these causal events though unobserved and largely 

undescribed, and then to argue for a skepticism about their pro­

ductive connections, would be an epistemological joke. What 

we really cannot know is why, or indeed whether, productive 

connections per se would be a problem. 

It seems to me that the most potent criticism of the 

Empiricist view of pre-observational transmission is to 

simply point out, as I did in Chapter 2, that it is not a 

conceptual impossibility that things which are differentiated 

from one another might also be connected in any sense of the 

word one would like to see applied. The example of the color 

spectrum serves to establish the possibilty. Especially for 

causal occurrences whose unknown character is the very de­

scriptive problem that must ultimately be faced, it seems a 

serious and perhaps disastrous mistake to be ruling out con­

nected differentiation in advance. 

Explanation as a Theme: A Mark of Basic Acausalism 

In his chapter section entitled "Explanation In Quantum 

Mechanics," Salmon gives an illuminating exposition of the 

philosophical problems faced by physicists. Besides this 

valuable exposition there are some vague positive suggestions 
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about particular problems, whose evaluation would require 

that we go into those problems. But the overall result is 

that he himself does not feel he has gone far at all in the 

matter. In the closing words of the book he cites a central 
11 

unresolved mystery of quantum physics: 

In his address, "On the Present State of Quantum 
Mechanics," delivered at the 1982 meeting of the 
Philosophy of Science Association, Howard Stein 
remarked, "The problem of reduction of the wave 
packet ... remains what it has always been: baf­
fling." If he is correct-and I feel fairly con­
fident that he is--in claiming that we still do 
not understand so fundamental an aspect of quantum 
theory, it is hardly surprising that nothing ap­
proaching an adequate theory of quantum mechanical 
explanation bas yet been offered. In any case, to 
provide a satisfactory treatment of microphysical 
explanation constitutes a premier challenge to 
contemporary philosophy of science--one that lies 
beyond the scope of this book and beyond my present 
capabilities. 

I want to make note here of how Salmon's language in 

this passage situates him squarely in traditional philosophy 

of science, snd contrasts with the way I would speak of this 

same problem of understanding, namely as a problem of how to 

causally explain a phenomenon. He sees the problem as one of 

a "theory of quantum mechanical explanation" and a "treatment 

of microphysical explanation." Thus he represents the philo­

sphical need here as something like understanding~ case of 

explanation which already exists in and as~ certain achieve-

ment of science. He is continuing the traditional issue or 

theme of explanation, in which theories of scientific expla-

nation are propounded, and for which the Hempel and Oppenheim 
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paper is monumental. This tradition begins with the flat 

presumption, "Science explains," then asks the question, in 

view of contemporary acausal physics taken as a paradigm, 

"How does it do so?" 

As I have asserted throughout this work, my view does 

not go along with this thematizing of explanation. I claim 

that science , in general, explains, and it does so with 

accounts of causal activity in Nature, except for atomic 

physics, which is a technological achievement in interaction 

with a domain of Nature, and~ not in the main~ science 

which explains. 

The established results of the researches of quantum 

physics do not include what I would call explanations, but 

they do include are some quite "baffling" facts. The busi­

ness of explaining these facts has been a peripheral aspect 

of the physics community: a small and diverse group of 

"quantum" ontologists, working outside the mainstream and in 

a purely explanatory exertion, so far without effect on 

practical research. Their specialty is that of quantum mea­

surement theory . This field arose and is sustained out of 

dissatisfaction with the Copenhagenisrn associated with Neils 

Bohr, which is the most conspicuous basis in physics itself 

for the neo-Humean view of science. In other words, this 

field exists because the baffling character of the quantum 

measurement event, mentioned by Stein, is unaffected by the 

successes of quantum mechanics. 
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The absurdity of the position that the baffling result 

of physics that Stein mentions is a case of explanation which 

philosophers have the task of somehow explicating highlights 

another objection to Empiricist philosophy of science. Its 

logic would allow only Copenhagenism, which renounces de­

scription of the unobservable, as legitimate science in the 

~ of quantum mechanics. Since legitimate science is 

assumed to be legitimate explanation, the philosopher then 

thinks he must discover how it is that existing quantum 

mechanics explains what it quite plainly does not explain. 

In embracing Copenhagenism, Empiricism has already 

passed negative judgement on the attempts by major figures in 

physics, the anti-Copenhagenists, to explain what is baf­

fling. Rejected out of hand as serious science are: David 

Bohm's implicate order theory; Hugh Everett's "many worlds" 

theory; the Idealistic theories of Wigner and Wheeler; Henry 

Stapp's suggestion to adopt a Whiteheadian cosmology (com­

plete with teleology)--in short, the entire area of quantum 
12 

measurement theory. The neo-Humean picture of research in 

physics is quite impoverished compared with the reality. 

It does not appear to me that any of the quantum ontol­

ogies meets the productionist criteria for an explanation. 

Generally they are explanations involving transcendent reali­

ty, Idealism, or teleology. Exceptions are Bohm's early neo­

mechanistic theory, which is rejected by physics on solid 

grounds, and Everett's hypothesis, which redescribes the 
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problem in a manner more incomprehensible than the baffling 

observations themselves. But my view is allied with these 

attempts in holding that to supply an explanatory dimension 

to physics is the business of a pursuit which is independent 

of the mainstream technical/theoretical procedures of phys­

ics. A general strategy for a quantum ontology that produc­

tionism might adopt is suggested in Chapter 5. 

"Probabilistic" Process 

According to the above passage, Salmon does not think 

his project of constructive realism (or "ontic" explanation) 

has gotten very far with regard to the explanation problems 

of contemporary physics . However, he has offered a philo­

sophical strategy which he apparently thinks is an achieve­

ment in this matter. Quantum physics encounters what appear 

to be irreducibly indeterministic effects. Hence certain 

mathematical models in use (which only correlate observed 

interactions and cannot, I believe, be called descriptions of 

connecting transmissions) yield probabilities as solutions . 

Salmon cogently demands that a contemporary theory of causal­

ity face this ineradicable indeterminism. He aims to connect 

his "statistical" model of explanation with the idea of a 

probabilistic causal process , and thereby support the idea of 

"causal structure" even for the strange "microcosmic world" 

of contemporary physics . 

But his proposal is not only about the indeterministic 



174 

processes of physics. He wants to show that probabilistic 

processes are not something unique to this domain, but form a 

class including ordinary cases. This purports to be a gener­

al, probabilistic theory of causality. 

He gives as an example the way a pond ripple affects a 
13 

toy sailboat. He says about this, 

. . . there is a certain probability that the boat 
will capsize when the wave reaches it. The pro­
bability will , of course, vary with the distance 
between the boat and the point of entry of the 
rock. For certain distances, the probability of 
capsizing will be unity [the boat will capsize] 
and for others it will be zero for all practical 
purposes , but for intermediate distances, the 
probability can reasonably be supposed to have 
intermediate values . .. 

Ordinarily, when it is said that there is a certain 

probability that something will occur under given conditions , 

it is meant that given a number of cases of these same or 

similar conditions, the results show a variation which can be 

calculated as a statistical distribution. Though not in 

quantum mechanics , in ordinary cases such as this one it is 

assumed that this variation is due to variations in the 

conditions which were not accounted for in the description. 

Thus to give more concrete meaning to this probability 

calculus about the sailboat, something like the following 

should be added to the example: A group of boys has designed 

a toy sailboat for racing, and made it particularly slender 

and with a large sail. They wonder how well it stays upright 

in waves. They experiment by dropping rocks of various sizes 
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into the water at varying distances from the boat. 

After this they test a competing design in the same way. 

One appears to be better, by a small margin. They make a 

rough probabilistic judgement: this one is less likely to 

capsize. If one wanted to work into the example the calcula­

tion of specific probabilities for capsizing from, let's say, 

average pond ripples, one might try making the boys serious 

toy sailboat engineers with marketing ambitions. But the 

example is already fairly contrived. Calculation of proba­

bilities does not seem to suit this example all that well. 

But what Salmon wants to suggest by this probability of 

capsizing is something very different from this. For one 

thing, the probability is not something about the boat at 

all, but something about the wave. The probability is in 

fact treated by him as if it were a thing that either rides 

along with the wave, or~ the wave itself. He says about 
14 

this and some other examples, 

The basic causal mechanism, in my opinion, is a 
causal process that carries with it probability 
distributions for various types of interactions ... 
In these cases, one process is propagating through 
space-time, and it carries probabilities for dif­
ferent sorts of interactions if it intersects with 
another process of a particular sort. 

Continuing, Salmon's thinking displays the same propensity 
, 

that was found in Harre: 

It seems to me altogether appropriate to refer to 
these probabilities as propensities. 
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He uses this language to suggest some definite embedded 

content in the wave, just as HarrJ did in regard to objects. 

A subsequent remark ia quite clear: 

Causal processes transmit energy, among other 
things, but they also transmit propensities for 
various kinds of interactions under various 
specifiable circumstances. 

Energy is a measurable attribute of a wave . Salmon clearly 

intends to be saying that the propensity is, like energy, a 

property of the wave, so that inasmuch as the wave is trans­

mitted, so is the propensity. And a propensity is the same 

thing as a probability. Is a propensity something that can 

be transmitted from place to place? Is a probability such a 

thing? If we can agree that these are properties of waves, 

it would seem they could be transmitted, just as my propensi­

ty to absent-mindedness goes wherever I go. 

But a wave on the pond cannot be said to have a propen­

sity to overturn the sailboat. It either will or it will 

not, and the exact conditions obtaining determine whether it 

will or will not. To say it has a propensity would have to 

mean that identical waves under identical conditions at times 

capsize the sailboat, and at times, unpredictably, do not. 

But this is not the case. It will capsize the sailboat if it 

is large enough to do so. A certain design of sailboat, on 

the other hand, can have a tendency to fall over in waves. 

What about the claim that the wave "carries probabili­

ties"? The claim was derived from this talk: "There is a 
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certain probability that ... " This talk can only be informing 

about a statistic, computed from a compilation of cases with 

waves of varying heights. One would only assign a probabili­

ty to the event of capsizing if there were considerable 

unknowns among these conditions in the case at hand, say, if 

one threw a rock over one's shoulder into the vicinity of the 

boat. But given an actual wave under particular conditions, 

a probability for an effect is not a fact about that wave. 

Probabilities and propensities are not things that can 

ride along with waves. And it will not help support causal 

explanation in physics to talk as if causal processes were 

often, or as a rule, probabilistic in their physical charac­

ter (and not as a limitation in knowledge about them), since 

these ordinary cases outside of atomic physics are determin­

istic. 

Conclusion 

We have seen that the attempts Salmon has made toward an 

ontology of causal unobservables have basic inadequacies. 

Rom Harri, another constructive realist I have examined, is 

for his part quite clear and conscious about the limits of 

ontological possibilities as he sees tham. He sees that 

unobservable transmissions in atomic experiments, which is 

where the real difficulties of understanding arise, cannot be 

described on the basis of an ontology of particles moving 
15 

within a reference grid. At the same time he says that he 
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is far from knowing how to procede toward a different ontolo­

gy which might be adequate for these cases, and can only 

state an unargued preference for David Bohm's speculations 
16 

about them. He sees the need for a fundamental shift in 

conceptions of physical events, advancing beyond the elements 

of particles and local reference space, but cannot locate and 

specify such a shift. 

The constructive realisms of HarrJ and Salmon produce 

only some less-than-successful talk of tendencies and fea­

tureless process. We must conclude that, though what I have 

called constructive realism at least dimly recognizes that 

its objective must at some point be to produce a causal 

ontology adequate for the domain of physics, its own positive 

achievements in this regard are quite limited. 

The position of the present work is that the aims of 

constructive realism should be reformulated in a more auspi­

cious manner by adopting a radically alternative general 

point of view to that of Empiricism. Its claims would be (a) 

that contemporary physics is lacking an explanatory dimen­

sion; (b) that the missing explanations--descriptions of 

natural causal events--can be produced; and (c) that this 

requires a more adequate understanding of the · causal rela­

tion. 
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CHAPTER 5 

PROBLEMS FOR PRODUCTIONISTIC EXPLANATION 

This work has largely confined itself to the criticism 

of traditional philosophy of science. In connection with 

this criticism, it has sought to establish the possibility 

that causal narrative explanation, of the sort I have called 

"productionistic," is suitable and adequate for contemporary 

experimental knowledge. 

As will be the first thought of anyone familiar with 

quantum physics, this project immediately faces a nwnber of 

well established and notoriously perplexing results of scien­

tific investigation. Of these I will discuss the most promi­

nent, namely, that presented by Bell's Theorem and the exper­

iments of John Clauser and Alain Aspect. The most that can 

be accomplished here is to acknowledge the difficulties that 

this problem presents for explanation on a productionist 

conception . 

The productionist conception requires that observed 

correlations in events be accounted for by continuous, phys­

ical connections. This view seems to be rendered problematic 

by the "nonlocality" result of analysis and experiment based 

on quantum theory, which is illustrated by the following 

case: when two photons are paired with one another by a 
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specific procedure, then at a later time when these two 

photons have been spatially separated from one another (ap­

parently to any extent), the result of measurement performed 

on one photon is shown to depend on how a similar measurement 

is performed on the other, without requiring any time to 

elapse between the two measurements. The interdependence 

apparently ca.nnot be accounted for by the transmission of an 

influence with a finite velocity. If there is an occurrent, 

continuous, physical connection, as required on the produc­

tionist view, how could it be unaffected by spatial separa­

tion, regardless of the degree of separation? The produc­

tionist bas the burden of showing how the connecting occur­

rence might be identified and characterized in some other way 

than as local motion or other local transmission through 

space. 

I believe that nonlocal connections can eventually be 

accowited for on a productionist concept of explanation. My 

reasons for optimism are as follows. It seems to me that, 

strictly speaking, nonlocal connections are paradoxical with­

in the traditional Cartesian ontology which continues to be 

the framework of description in natural science. The produc­

tionist strategy, then, would be to supercede _this ontology 

with one more adequate for phenomena produced by radiation 

(e.g., light or photons), and thus, as a first step, to 

transform the problem of nonlocality from a paradox into a 

tractable problem for physical explanation. 
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The Cartesian ontology presupposes that any physical 

description has the setting of a reference system or "grid" 

of spatial position, and that the active elements in the 

description must consist of motions through successive posi­

tions within this system (it can be argued that the limit of 

this ontology is in any case evidenced by the breakdown in 

mechanistic causal models). An immutable connection between 

causality and locality is thus presupposed. 

Alfred North Whitehead adopted an approach to physical 

explanation, conceived prior to developed quantum theory, 

which directly challenged this traditional ontology. His 

critique of "simple location" meant the denial that locality 

and motion of matter are fundamental elements in the descrip-
1 

tion of natural events: 

Thus primarily we must not think of events as in a 
given Time, a given Space, and consisting of 
changes in given persistent material. 

Whitehead's proposal calls into question the doctrine 

that causality must consist of local transmission through 
2 

space. Both the philosopher George R. Lucas, Jr. and the 
3 

physicist Henry Stapp have proposed the "rehabilitation" 

(Lucas) of Whitehead for help with problems arising from 

modern physics--specifically, with that presented by Bell's 

Theorem and nonlocal connections. Physicist David Bohm has 

proposed accounting for nonlocality by repudiating the doc­

trine that locally transmitted causality is essential to a 
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4 
physical description (however, Bohm's theory is incompatible 

with productionism in that his new framework for description 

rejects causality altogether as a relation requiring differ­

entiation among events). 

The hope for productionistic physical explanation ap­

pears to lie with a transformation in natural ontology. The 

author regrets that the present work has the weakness that, 

as a work intended for a general philosophical audience, it 

has not penetrated further into the essential problems dis-
5 

closed by physics. 
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