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Summary 

 

The aim of this chapter is to introduce some of the most basic concepts and issues in the 

broad field that has traditionally been known as ‘logic and scientific methods’, and to 

connect that field to our contemporary search for global understanding of the nature and 
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necessary conditions for the development of a sustainable life of the highest quality for 

the earth’s current and future inhabitants. 

 

1. Introduction 

 

The global movement towards sustainable development as evidenced by major Earth 

Summits of 1992 (Rio) and 2002 (Johannesburg) is based on the assumption that 

sustainable human development across the whole world is a goal worthy of pursuit by 

the human community. Unfortunately, it is not a particularly salient or compelling goal 

for many people, and many of those who do view it as salient and compelling have 

different ideas about its nature and about the best way to achieve it. Since one’s chances 

of hitting a target tend to improve as one’s view of the target is clarified, it is reasonable 

to expect that the clarification of the goal of sustainable human development will 

improve our chances of reaching that goal. This chapter is a modest contribution to the 

quest for clarification. 

 

At least since the emergence of philosophy in the fifth century BCE in ancient Greece, 

some people have appealed to reason as the instrument for solving human problems. 

Growing up in a world in which the differences between supernatural and natural 

phenomena were far from clear, and in which the ultimate determinants of life and death 

were probably more readily perceived as the result of poorly understood and 

unconstrained passions, brute force and dumb luck, ancient philosophers were rare in 

number and their outlook on life was even more rare. Perhaps the characteristic that 

most distinguished philosophers from all other people was their assumption that people 

have the capacity to reason or think critically about issues, and that it is both possible 

and worthwhile to train oneself and others in the efficient and effective exercise of this 

capacity. What is perhaps even more remarkable than the fact that such people had such 

insight was the fact that other people apparently appreciated it. Thus, the initiative of a 

few and the appreciation of many led to the social construction of principles  and 

systems of logic, and methods of critical thinking about the world and its inhabitants. In 

fact, since the earliest divisions of philosophy from the fifth century BCE included 

logic, physics and ethics, the structure of this chapter bears a family resemblance to its 

illustrious ancestors. 

 

In this chapter some of the foundational elements of logic, philosophy and science will 

be explained. Some light will be shed on the philosophers’  understanding  of good 

versus bad reasons for believing some things rather than others, or of reasonable versus 

unreasonable arguments. Once the general foundation of critical thinking is laid, some 

foundational concepts of all the sciences will be examined with a view to revealing their 

variety, strengths and limitations. It is not an exaggeration to say that the total corpus of 

accepted scientific knowledge rests on the foundations to be examined here. As well, 

our understanding and appreciation of a sort of life or quality of life that is worthy of 

pursuing, obtaining and sustaining for present and future inhabitants of planet earth rests 

on the very same foundations. 
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2. Logical Foundations 

 

Some claims, assertions, sentences or propositions are worthy of belief and some are 

not. Among those that are worthy of belief, some merit complete certainty relative to 

some other claims and assumptions, while others merit acceptance short of complete 

certainty. In both cases, one may be said to have knowledge insofar as one’s claims are 

worthy of belief. The difference between knowing that a claim is true and merely 

believing that it is true is that knowledge requires a good reason for what one believes. 

Structurally, a good reason is a good argument, and logic is the study of arguments and 

things essential to their appraisal as good or bad. 

 

An argument may be defined as a sequence of sentences divided in such a way that 

some of the sentences are supposed to be the reason, justification, guarantee, warrant or 

support for some other sentence in the sequence. The sentences that provide the reason 

or warrant are called ‘premises’. The sentence that is supposed to be warranted by the 

premise(s) is called the ‘conclusion’. 

 

An argument whose conclusion is supposed, alleged or claimed to be certain relative to 

its premises is called ‘deductive’. Even if the argument has an error in it and does not do 

what it is supposed to do, it is called ‘deductive.’ Calling it ‘deductive’ does not make it 

good or bad. It just tells everyone what is to be expected of it. More precisely, it 

specifies the appropriate rules according to which it should be evaluated. 

 

An argument whose conclusion is supposed, alleged, or claimed to be more or less 

acceptable relative to its premises is called ‘inductive’. Even if the argument has an 

error in it and does not do what it is supposed to do, it is called ‘inductive’. Calling it 

‘inductive’ does not make it good or bad. It just specifies the appropriate rules according 

to which it should be evaluated. 

 

Notice that the definition of an ‘inductive argument’ contains the word ‘acceptable’ 

rather than the ‘probable’. The former is merely more general. Usually the conclusion of 

an inductive argument is described as more or less probable relative to its premises. But 

sometimes it is described as more or less likely, well supported, well confirmed, 

reasonable, useful, sensible and so on. That is, there are many ways to characterize the 

relation that obtains between the premises and the conclusion of an inductive argument. 

The somewhat general term ‘acceptable’ is intended cover this variety. 

 

Good arguments must be truth-preserving in the sense that they never lead from true 

premises to false conclusions. They must satisfy our intuitive notion of a proof. The 

technical name for such arguments is ‘sound.’ A sound argument must satisfy three 

conditions. It must be patterned after a valid form, have only true premises and contain 

no methodological flaws. Each of these three conditions is necessary for a sound 

argument and collectively the three conditions are sufficient. Thus, an  unsound 

argument is one that fails to satisfy at least one but possibly every one of the conditions 

for soundness. The first necessary condition for a sound argument is a matter of logical 

form while the other two necessary conditions are typically (not always) matters of 

content. Each condition will be examined in turn. 
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The notion of a valid logical form is perhaps the most important concept in the study of 

logic. Every argument has a logical form (structure, pattern or skeleton) and some 

material content. For example, consider the following deductive arguments: 

 

All cats are animals. 

All tigers are cats. 

So, all tigers are animals. 

 

All humans are mortal. 

All Greeks are human 

So, all Greeks are mortal. 

 

Each of these arguments is about different things. The first is about animals, cats, and 

tigers; the second, about mortals, humans, and Greeks. Arguments that are about 

different things are said to have different contents. So, these arguments have different 

contents. But they have the very same logical form, pattern, or structure. The form of 

each of these arguments is this: 

 

All are - - - 

All . . . are    

So, all . . . are - - - 

 

The only words occurring in this skeleton are logical guides called ‘logical operators’. 

The word ‘so’ tells us that what follows is a conclusion. The words ‘all’ and ‘are’ tell us 

that everything following the former is in the same class as everything following the 

latter. Just as the whole structure is called an ‘argument form’, each line is called a 

‘sentence  form’,  e.g., ‘All are - - -’ is the form of the sentence ‘All humans are 

mortal’. 

 

An argument form or skeleton is called ‘valid’ if, and only if, it must yield a true con- 

clusion whenever its place markers (e.g., the solid, broken and dotted lines) are replaced 

in such a way that each of its premises becomes a true sentence. The ordinary argument 

obtained from a valid argument form by consistently or uniformly replacing its place 

markers appropriately is called a ‘valid argument’. Hence, the two arguments above 

(about tigers and Greeks) are valid because they are patterned after a valid argument 

form, and the argument form in those arguments may be recognized as valid because 

with the appropriate replacements of its place markers it must produce a true conclusion 

from true premises. 

 

An argument form is called ‘invalid’ if, and only if, it is possible to uniformly or 

consistently replace its place markers in such a way that each of its premises is true but 

its conclusion is false. Such an argument is clearly not truth-preserving in the required 

sense. The ordinary argument obtained from an invalid argument form by uniformly 

replacing its place markers appropriately is called an ‘invalid argument’. Any argument 

based on an invalid argument form is an unsound argument. It has a formal defect that is 

sufficient to render it unsound. On the other hand, any argument based on a valid 

argument form may be a sound argument insofar as it has satisfied the formal necessary 

condition of soundness. 
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Having passed the formal test of validity, sound arguments must pass the material tests 

of having only true premises and no methodological flaws. The phrase ‘methodological 

flaws’ is used to designate a variety of defects in arguments that usually result from 

informal or material features of arguments, with one notable exception. The notable 

exception concerns circular arguments. Structurally speaking, as the name suggests, 

circular arguments have the defect of containing one or more premises that are 

substantially equivalent to the conclusions that are supposed to be established by those 

arguments. Accordingly, such arguments are formally valid but  methodologically 

flawed because anyone in doubt about the conclusion of such arguments would have the 

same doubts about the premises. Apart from the case of circular arguments, 

methodologically flawed arguments include such errors as proving propositions that are 

entirely irrelevant to a question at issue, presenting premises that are biased for or 

against a question, presenting an oversimplified set of premises, using defective 

definitions of key terms, and using threats or emotional appeals that might lead one to 

assent to unwarranted conclusions. 

 

While much more will be said in the following sections about the pursuit truth in 

diverse forms, using diverse procedures, based on diverse assumptions and paradigms, a 

brief review of theories of truth will provide a useful resting place for this overview of 

topics in the study of logic that have a particularly important role to play in the 

philosophy of science. 

 

Very early in school students learn that there are four kinds of sentences, namely, 

questions or interrogatives (e.g., How are you?), commands or prescriptives (e.g., Close 

the door.), exclamations (e.g., Ouch!) and declaratives or assertions (e.g., Vancouver is 

in British Columbia). They also learn that by definition, only declarative sentences can 

be true or false (i.e., can have a truth-value), and only if they are cognitively or 

descriptively meaningful. Philosophers have refined the preceding sentence by 

distinguishing ordinary sentences, which have some physical form such as marks on 

paper or sounds; judgments, which have some mental form such as ideas in people’s 

heads; and propositions, which are supposed to be the meanings of declarative sentences 

and have their own special form that is regarded as metaphysical by those who draw 

these distinctions. (See Section 4 for an explanation of ‘metaphysical’.) Using these 

distinctions, it is more accurate to say that by definition only propositions can be true or 

false. Thus, for example, one would say that the two distinct sentences ‘John is taller 

than Bob’ and ‘Bob is shorter than John’ have the same meaning or are used to assert or 

affirm the same proposition. What’s more, it is the meaning or proposition that has a 

truth-value, rather than any particular sentence. Following this tradition, then, our basic 

question is: What does it mean to say that a proposition is true? Setting aside 

propositions that are true by definition (about which more is said in Section 4), four 

theories have been proposed to answer this question. 

 

According to the ‘correspondence theory of truth’, where ‘p’ is used to designate any 

proposition, ‘p is true’ means ‘p corresponds to some aspect of the world’. Thus, for 

example, if p is replaced by the simple sentence ‘Toronto is a windy city’, then the 

proposition that Toronto is a windy city is true just in case there is such a city and it 

does have the characteristic of being windy. This theory is consistent with ordinary 

usage  insofar  as  anyone  hearing  that  Toronto  is  a  windy  city  would  suppose   the 
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proposition to be true if it somehow matched the relevant features of that city. The main 

problem with the theory is that it is not clear exactly what features of propositions must 

match what features of the world, or exactly what form the matching should take. 

 

According to the ‘coherence theory of truth’, ‘p is true’ means ‘p is consistent with all 

other propositions accepted as true’. For example, if it is true that Toronto is a windy 

city, then it would be reasonable to believe that most people living there would accept 

the proposition, that residents would take special precautions carrying  opened 

umbrellas, that local news media would carry stories about the effects of winds in the 

city and so on. This theory is also consistent with ordinary usage insofar as all 

propositions imply many others that collectively form relatively consistent systems of 

beliefs or bodies of knowledge that tend to reinforce each other. The main problem with 

the theory is that it does not have any clear connection to the real world. As a result, two 

people might have self-consistent systems of beliefs about the world which systems 

happen to be mutually contradictory, but there would be no means of determining which 

system was actually true of the world in the sense of the correspondence theory. 

 

According to the ‘pragmatic theory of truth’, ‘p is true’ means ‘action in accordance 

with p leads to satisfactory results’, where ‘satisfactory results’ is understood as 

correspondence with the world and consistency with all other propositions accepted as 

true. That is, the inventors of the pragmatic theory of truth constructed the theory by 

combining the two basic features of the other two theories. As a result, this theory 

solves the problem of being able to determine which of two self-consistent but mutually 

contradictory belief systems is true of the world, but it has nothing special to offer to 

solve the problem of exactly defining ‘correspondence’. 

 

Finally, according to the ‘semantic theory of truth’, all other theories are defective 

insofar as they assume that the predicate ‘is true’ has any descriptive force at all. On the 

contrary, the semantic theorist says that ‘p is true’ descriptively means nothing more 

than ‘p’ itself. For proponents of the semantic theory, the predicate ‘is true’ only has 

expressive or prescriptive force. Thus, for example, ‘p is true’ has the force of ‘Of 

course p’ or perhaps ‘Behave as if p’, i.e., “‘Toronto is a windy city’ is true” has the 

force of ‘Of course Toronto is a windy city!’ or perhaps ‘Behave as if Toronto is a 

windy city.’. According to these theorists, then, all other theorists failed  in  their 

attempts to find the descriptive force of the predicate ‘is true’ because they failed to 

realize that sentences patterned after the declarative form ‘p is true’ are functionally 

exclamations or prescriptions. This is indeed a radical departure from traditional 

approaches to the theory of truth. While it has the advantage of capturing some of the 

nondescriptive force of truth claims, it has the disadvantage of offering a theory that is 

relatively far from ordinary usage. Instead of rejecting all other theories, it seems more 

reasonable to accept the fact that truth claims perform diverse functions that are 

articulated more or less accurately by the different theories. 

 

3. Philosophy of Science 

 

While it has been the logicians’ task to explain the differences between good or sound 

arguments leading to propositions worthy of belief and bad or unsound arguments 

leading to unwarranted propositions, the  task  of  explaining appropriate methods     for 
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discovering true premises (outside of formal logic and mathematics) has been assigned 

to other specialists. As late as the middle of the twentieth century, one could still find 

some introductory logic texts with sections called ‘scientific methods’, although the 

authors of those texts knew that disciplines as different as chemistry, sociology, physics 

and psychology employed many different kinds of methods. The task of searching for 

common features among the diverse methods used in diverse disciplines fell first to 

philosophers and historians of science. Their explorations took many forms, including 

careful inspection of the actual practices of scientists working in different fields as well 

as careful and critical reflection on alleged good practices. Their aim was not merely to 

discover features of research regarded as good practice by practitioners, but to discover 

principles of good practice that would reveal or, if necessary, create some coherence or 

unity in all scientific investigation. 

 

In the following sections, we will review many of the most important conceptual 

features of scientific practice as those features have been explained by philosophers of 

science Since the 1920s. It will be shown that science and scientific knowledge is 

socially constructed on the basis of diverse assumptions, possibilities and priorities. 

Because it is socially constructed, scientists, philosophers of science and to some extent 

all members of the human community have a responsibility to ensure that science and 

scientific knowledge serve the long term interests of that community. More will be said 

about the identification and measurement of those long term interests in the final section 

of this chapter. Let us turn now, to a review of some common conceptual features of 

science and scientific knowledge. 

 

4. Scientific Significance 
 

It was a basic tenet of positivist or empiricist philosophers of science in the 1930s that 

all cognitively meaningful propositions were either logically true or false, or else in 

principle experimentally testable. Logically true propositions are often referred to as 

‘analytic’ and are characterized as having self-contradictory denials, or as being true in 

all possible worlds merely in virtue of the meanings of the terms employed in them. 

 

Nonanalytic propositions are often referred to as ‘synthetic’ or ‘empirical’, and a lot of 

philosophical ink has been shed trying to find a precise criterion of meaningfulness for 

them. One plausible suggestion was the ‘requirement of complete verifiability’: A 

sentence is empirically meaningful if and only if it is not analytic and is implied by a 

finite logically consistent set of observation sentences. ‘Observation sentences’ are 

sentences in which observable characteristics are attributed to objects: e.g., ‘This  chair 

is green’ or ‘John is taller than Frank’. 

 

The trouble with the verifiability criterion is that it makes some scientific laws 

empirically meaningless. Some laws of nature apply to more objects than anyone could 

ever observe. For example, there will never be a set of observation sentences that will 

logically imply the unrestricted generalization ‘All men are mortal’, since the sentence 

applies in a totally unrestricted way to all men, including those existing in the future 

who cannot be observed now. This means that some scientific laws (unrestricted 

generalizations that are commonly believed to be not only empirically meaningful but 

true) cannot be regarded as empirically meaningful. Since these laws are quite secure, 
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the criterion has to be abandoned. 

 

Another candidate to be the criterion of empirical meaningfulness is the ‘requirement of 

complete falsifiability’: A sentence is empirically meaningful if and only if its denial is 

not analytic and is implied by a finite logically consistent set of observation sentences. 

Unfortunately, this criterion suffers the same fate as the other. Although it allows some 

unrestricted generalizations to be empirically meaningful, it makes their denials 

meaningless. This is certainly anomalous because if a given claim is meaningful and 

therefore true or false, then anyone who denies it must be making a claim that is equally 

meaningful only false or true, depending on the status of the former. Still, that is just the 

sort of sour pickle this criterion breeds. So it too has been abandoned. 

 

Weaker criteria of confirmability and testability were suggested, but they also turned out 

to be objectionable. The criteria always excluded or included too much. Apparently 

meaningful sentences were ruled out and apparently meaningless sentences were ruled 

in. Thus, it seemed to some philosophers by the late 1940s that the only way to solve 

this problem was to design an artificial language whose vocabulary and grammar would 

prohibit all the unwanted and permit all the wanted sentences. Once again in the history 

of human affairs, what began as a philosophic sanitation problem was transformed  into 

a philosophic capital works project. Instead of a swift clean-up job, a long-drawn-out 

development project was proposed. 

 

The analytic-synthetic distinction, explained above, allows us to classify all propositions 

as follows: 
 

 

 

 

Analytic 
 

 

 

Synthetic 
 

 

 

 

In this scheme, metaphysical claims are regarded as claims about the world whose truth 

status may be investigated without experience or observation. Formal scientific claims 

are not claims about the world; their truth status may also be investigated without 

experience. Empirical scientific claims are claims about the world whose truth status 

requires experiential or observational investigation. 

 

Most philosophers of science who have labored over the problem of finding  an 

empirical meaningfulness criterion have been trying to find decisive identifying 

characteristics for empirical scientific claims, to specify the necessary and sufficient 

conditions for classifying any proposition as worthy of consideration by techniques and 

personnel  they  already  regarded  as  scientific.    Some  fields  of  study  struck    these 

A priori 

Propositions in 

formal sciences, 

such as 

logic, mathematics 

A posteriori 

none 

metaphysical 

propositions 

propositions in 

empirical sciences, 

such as 

physics, sociology, etc. 
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philosophers as intellectual and practical dead ends, e.g., theology, esthetics, ethics and, 

worst of all, metaphysics. Some philosophers even claimed that these fields were 

downright pernicious, that they gave people an unwarranted sense of security and stifled 

any inclinations toward intellectual progress or social reform. How sweet it would be, 

they thought, to have an ironclad empirical meaningfulness criterion to bash the brains 

of the merchants of soporific slush. Even today a scientist may be heard to throw down 

the gauntlet to the uninitiated: ‘That's not scientific!’ one may exclaim, as if a 

knockdown criterion had been found. Alas, it has not been found. 

 

It may be possible not only to waste one's time but to employ it in destructive ways in 

the interests of worthless fields of study. However, it is doubtful that a principle 

distinguishing empirical meaningfulness from meaninglessness, empirical science from 

nonscience, would also serve to separate out worthwhile from worthless fields of study. 

Insofar as the exclusion of worthless or dangerous investigations was dear to the hearts 

of those who labored for an empirical meaningfulness criterion, the labor has been in 

vain. No one has been able to produce such a criterion, and even if anyone had, it would 

not have been sufficient for the evaluative task. 

 

5. Theory and Observation 

 

According to the “received view” of ‘scientific theories’, they may be characterized as 

axiomatic systems consisting of a set of 

 

1. Formation rules for constructing well-formed formulas in the system 

2. Transformation rules (i.e., rules of inference) 

3. Three distinct vocabularies for logical, observational, and theoretic axioms 

4. Correspondence rules connecting observation and theoretic terms 

 

There are very few scientific theories that are cast in this form, and there are plenty of 

other views of the nature of theories. Nevertheless, this view occupied the center of the 

stage for at least thirty years in the philosophy of science. It is clearly in the positivist 

formalistic tradition; i.e., the idea is to analyze the structure of theories in syntactic and 

semantic terms. 

 

As a simple illustration of the received view, one may consider a physical theory of 

probability. (For more on this theory, see Section 9 below.) In particular, consider it  as 

a theory about the relative frequency of the occurrence of events in repetitive sequences, 

e.g., flips of a coin, rolls of a die, and so on. Then the formation and transformation 

rules would include the rules of algebra and set theory, supplemented by some special 

rules related to the use of a probability operator. The usual set of logical and 

mathematical terms would be included in the logical vocabulary, e.g., logical operators 

and place holders for variables of various sorts. The observation vocabulary would 

include terms like ‘coin’, ‘die’, and toss’. The basic theoretic term required is 

‘probability’ itself, and that would be defined and measured by the ratio of the number 

of favorable events to the total number of events in a selected sequence of repetitive 

events. Insofar as this definition functions as a correspondence rule, the definiendum 

(defined part) should have only theoretic terms and the definiens (defining part) should 

have only observational terms. The axioms of the theory might be the standard three, 
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concerning the addition and multiplication of probabilities and the constraints put on 

numerical values. Armed with this theory, then, one may crank out new postulates and 

test them in the real world of actual coin and dice tosses. 

 

Because, as explained below, there is some difficulty in maintaining a distinction 

between observation terms and theoretical terms, some people have recommended 

replacing it with a distinction between old and new terms, where what is regarded as old 

or new depends on the particular problem being investigated. 

 

Some people have rejected the axiomatic view of theories altogether. Some hold, for 

instance, that although a theory must organize or systematize a body of knowledge, this 

can be accomplished without rigorous axiomatization. Many good textbooks provide 

systematic presentations of scientific material without bundling it up in an axiomatic 

framework. Scientific theories may be thought of as organizing or  systematizing 

material in this looser sense. 

 

Alternatively, some writers seem to regard theories as nothing more than unrestricted 

universal generalizations to which people are deeply committed. For these people, there 

would seem to be no difference between theories and laws from a structural point of 

view. Perhaps, for them, only a difference in attitude separates scientific laws from 

scientific theories. 

 

Theories have also been regarded as essentially answers to why questions, again with 

structure playing no significant role. Close to this view is the idea that a theory is a 

collection of sentences that provides intuitive understanding of something for someone. 

 

An ‘instrumentalist view of theories’ has also been recommended, according to which 

theories are typically regarded as sets of inference rules, i.e., as collections of 

prescriptive sentences rather than declaratives. 

 

According to a ‘semantic view of theories’, the latter are regarded as sets of statements 

that have the logical status of definitions without empirical significance. That is, they 

define a particular sort of natural system without asserting that any given system is of 

that sort. ‘Theoretical claims’, on the other hand, assert that a given system is of this or 

that theoretical sort. Thus, theoretical claims can be true or false. For example, the 

axioms of preference theory may be said to define a coherent set of preferences, while it 

is a matter of fact whether this or that individual’s set of preferences satisfy the axioms. 

 

In spite of this fairly impressive array of alternative views of the nature of theories, 

much more has been written about particular theories in diverse sciences. Consider, for 

instance, the vast critical literature devoted to the theories of Karl Marx, Charles Darwin 

and Sigmund Freud. It would not be an exaggeration to say that the philosophy of any 

particular science is always dominated by the philosophical problems of the dominant 

theories of that science. For example, contemporary philosophy of physics is largely 

devoted to problems related to quantum theory and relativity theory. After winning their 

wings in defense of the scientific status of the synthetic theory of evolution, 

philosophers of biology have flown fearlessly into current battles over socio-biological 

theories. The theory of innate linguistic capacities, behavioral theory and practically   all 
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theories of mental illness have been the subjects of severe philosophical criticisms. 

Theories of rational decision-making abound in the literature. Clearly, a review of the 

philosophy of science in the twentieth century could be overwhelmed by a review of 

philosophical discussions of particular features of particular theories of particular 

sciences. 

 

Advocates of the received view of theories hold that observation terms and theoretical 

terms should be clearly distinguished. In fact, the latter should be explicitly defined by 

the former. The impossibility of constructing explicit definitions of all theoretical terms 

by observation terms is easy to demonstrate. The proof turns on the nature of 

‘disposition-designating terms’ like ‘magnetic’, ‘intelligent’, and ‘soluble’. It is 

characteristic of such terms that they refer to properties that are beyond any referred to 

by any set of observation terms. As long as one insists that observation terms must 

designate properties that are in principle observable, and that disposition-designating 

terms must designate properties that are in principle one step beyond any given 

observation, one has logically blocked the possibility of exhaustively capturing all the 

fish of the latter in a net designed by the former. The most one can hope for is a new 

net. 

 

A new net was invented in the late 1920s, namely, ‘operational definitions’. Instead of 

trying to capture the full meaning of disposition-designating terms by a set of terms 

designating observable properties, one appeals to a set of operations. For example, an 

operational definition of ‘mentally deficient’ might run as follows: One is mentally 

deficient if and only if, when one is given a Stanford-Binet IQ test, one scores below 70. 

The trouble with operational definitions in this form is that, given standard 

interpretations of the logical connectives involved, everything turns out to have the 

defined property as long as no tests are ever performed. 

 

The two logical connectives involved are the material conditional (or hypothetical) and 

the bi-conditional. Material conditionals have the form of ‘if p then q’, where ‘p’ and ‘q’ 

are place holders (or sentence variables) for any ordinary sentences like ‘the city is 

covered in smog’ and ‘it is hard to breath’. So, ‘if p then q’ might be interpreted as the 

hypothetical claim ‘if the city is covered in smog then it is hard to breath’. By 

convention going back over 2000 years, sentences patterned after ‘if p then q’ are 

regarded as false when their antecedent variables (represented by ‘p’) are replaced by 

true sentences and their consequent variables (represented by ‘q’) are replaced by false 

sentences. In ordinary English or other languages, hypothetical claims with false 

antecedents might be true or false or simply indeterminate. In the logicians’ world of 

truth-functional logic, where the truth-value of sentences patterned after ‘if p then q’ is 

merely a function of the truth-values of the component sentences replacing ‘p’ and ‘q’, 

interpretations of ‘if p then q’ are true whenever ‘p’ is replaced by a false sentence or 

‘q’ is replaced by a true one. Sentences patterned after ‘p if and only if q’ are called bi- 

conditionals, and they are true whenever the sentences replacing both variables have the 

same truth-values, i.e., if the sentences replacing ‘p’ and ‘q’ are both true or both false, 

the sentence patterned after ‘p if and only if q’ is true. 

 

There is, of course, some artificiality in the logic of truth-functional systems, in all 

logical systems for that matter. Logicians begin with some common sense intuitions 
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about what sentences logically imply others, and then try to construct systems of rules 

that allow them to justify those intuitions without forcing them to accept any counter- 

intuitive claims. Success is seldom complete. Even such apparently trivial assumption 

as the truth-functional equivalence of ‘p and q’ and ‘q and p’ is a distinct departure from 

ordinary language. In the latter, ‘Ed died and was buried’ has a significantly different 

meaning from ‘Ed was buried and died’. Anyone who failed to notice that the truth- 

functionally valid implication of the second of these sentences from the first is 

inconsistent with ordinary linguistic usage would have a very impoverished sense of 

ordinary language and logic. So, it is vitally important to make sure that such anomalies 

are noticed. The artificialities and resultant anomalies require users to be mindful of the 

limitations of such formal systems. Such systems can be very helpful in elucidating 

fundamental notions concerning the construction and evaluation of sound arguments, 

but they must be used with some care. 

 

Returning to the problem of adequately characterizing an operational definition, one 

must either give up the logicians’ conventional definitions of material conditionals and 

bi-conditionals or give up the proposed view of operational definitions. The easiest 

thing to do is to rearrange the various parts of the proposed operational definition so the 

test comes first. Then we get what is called a ‘reduction sentence’: If one is given a 

Stanford-Binet IQ test, then one is mentally deficient, by definition, if one scores  below 

70. Now whenever anyone fails to be tested, nothing follows with respect to her or his 

mental deficiency. We know a priori that one is mentally deficient if one has a score 

below 70, but this is useless information in the absence of any tests. In fact, its 

usefulness is strictly limited to testable cases. That is, the meaning of disposition- 

designating terms like ‘mentally deficient’ is specified only partially, for testable cases, 

by reduction sentences. As other tests are constructed, the meaning of such terms can be 

extended. But it can never be exhausted by such a procedure because, as intimated 

above, disposition-designating terms designate properties that are in principle one step 

beyond anything right here, right now. 

 

Insofar as the distinction between observational and theoretical terms disguised a 

hankering for certainty concerning empirical matters, it was bound to fail. Corrigibility 

is logically built into empirical claims, including those involving the simplest of 

observables. Two thousand years of epistemology should have been sufficient to alert 

philosophers of science to the total darkness at the end of that tunnel. Some people have 

tried to maintain the distinction without having any illusions about the certainty of 

observation claims. These people just wanted to have some neutral facts available now 

and then, especially when theories had to be tested. Insofar as observation claims or 

terms were burdened with theoretical overtones, they reasoned, such claims and terms 

would be biased. After all, a ‘theory-laden claim’ or ‘theory-laden term’ is literally a 

claim or a term whose very meaning is at least partially determined by some theory. 

Thus, it cannot be regarded as a neutral datum to be used in the appraisal of alternative 

theories. 

 

In the worst of all possible worlds, every term, and therefore every claim, would be 

theory-laden. So it would be impossible to administer an unbiased test of any theory. 

What is worse, people committed to diverse theories would find it difficult, and 

occasionally even impossible, to communicate with one another. Their official views  of 
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the world might be so different that they could be correctly described as living in quite 

different worlds. 

 

Given the possibility of this undesirable scenario, it is easy to appreciate the motivation 

of those who insist upon an observation term-theoretical term distinction. They would 

like to have some assurance that we are not in fact living in the worst of all possible 

worlds. Fortunately, the world is crawling with such assurances. When psychologists 

test alternative theories about the behavior of rats in various kinds of experimental 

setups, there is typically no question about the observable facts. When political 

scientists test alternative theories accounting for voter turnout, the same statistical facts 

are usually employed. The whole point of the exercise is to provide a satisfactory 

account of the facts. If the facts changed to suit every theory, the exercise would 

effectively lose its point. Similarly, demographers, epidemiologists, criminologists, and 

geographers typically have to dip into the very same pool of statistical time series, i.e., 

facts, in order to test, confirm or disconfirm their theories. Moreover, becoming a 

demographer, and so on, implies learning to interpret such common pools of facts in the 

proper ways. 

 

All the preceding problems with the observable-theoretical distinction are central to 

philosophy of science, but they represent the tip of an iceberg of problems in the 

philosophy of psychology or philosophical psychology. The problems of innate 

capacities, mental illness, behaviorism, rational action, goal-directed behavior, theories 

of the unconscious, and deterministic laws of human behavior, might all be mentioned. 

One might also mention the question of the role of inference in perception; the nature of 

mental representation; what it is to have a concept; whether mental images exist and, if 

so, how; the nature of emotion, feelings and cognition, and their relationships; the 

problem of split brains or, more generally, of personal identity; intentionality; mind- 

body relationships; consciousness; privacy and the so-called problem of the existence of 

other minds. Most of these problems are classics of epistemology and metaphysics, and 

it would be difficult to distinguish contemporary approaches to them from enlightened 

approaches taken by our predecessors, although there is, of course, a vast difference in 

the availability of a wide variety of experimental results and theories. 

 

Without a clear distinction between observation claims and theoretical claims, one road 

to an incorrigible foundation for science is closed. Moreover, if one thinks of the total 

body of scientific knowledge and beliefs along the lines of the received view of theories, 

the whole edifice may appear to be jeopardized by the elimination of suitably stable 

(i.e., incorrigible) axioms. Some people would find that prospect terrifying. 

Nevertheless, the loss of certainty is not the loss of science. 

 

To some extent the fear of flying with theory-laden terms and claims is also rooted in 

the quest for certainty of procedures. Without theory-free facts, some people believe, 

one cannot be sure that one's testing procedures are unbiased. No one imagines that the 

possession of theory-free facts is sufficient for impartiality but, as illustrated above, it is 

not obviously necessary either. Furthermore, the practice and growth of science for at 

least since 1800 must be accepted as evidence that it is not only logically possible, but 

at least highly probable. Research procedures, like observation claims, do not have to be 

infallible in order to be useful, good, reliable and/or valid. 
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6. Discovery and Growth 

 

Perhaps nothing about science captures the imagination of everyone, scientist and lay 

person, as much as the idea of a ‘scientific discovery’. Ordinary people have opinions, 

views or hunches about the way the world works, but scientists have discoveries. It 

would seem that any reasonable initiation into any scientific community would have to 

pay some attention to the logical structure of discoveries. After all, without discoveries 

there would be no growth, and without growth, the scientific enterprise would grind to a 

halt. 

 

To the casual observer it may seem as if scientific discoveries are nothing more than 

generalizations from particular observations. Indeed, this view has been held by 

observers who have been considerably more than casual. The theory is called ‘induction 

by enumeration’. One notices, for example, that a particular thief was raised in a one- 

parent household in which economic, social and personal security were in short supply. 

As time passes, one encounters, reads or hears about other thieves coming from similar 

backgrounds. Then the generalization emerges: All thieves are raised in socio- 

economically deprived households. By examining the backgrounds of many thieves, a 

scientist (sociologist, criminologist or psychologist, perhaps) discovers a regular 

relationship between deprivation and theft. He discovers something that looks as if it 

may be a law of nature. 

 

It is easy to see why one might think that induction by enumeration is practically 

sufficient to account for the logic of scientific discoveries. Just as one noticed a relation 

between deprivation and thieves, one might notice a similar  relation between 

deprivation and drug pushers, murderers, kidnappers and rapists. Thus, one moves up a 

level, conceptually, still working within the pattern of enumerative induction. That is 

 

All thieves are raised in deprived households. 

All kidnappers are raised in deprived households. 

All counterfeiters are raised in deprived households. 

Thieves, kidnappers, counterfeiters and the like are criminals. 

So, all criminals are raised in deprived households. 

 

Notice, however, that the higher-level generalization was logically mediated by the 

conceptual link between thieves and the like and criminals in the fourth premise of the 

argument. If one did not know that thieves and the like were all species of the genus 

criminal, then one could not logically have arrived at the higher-level generalization. 

Moreover, one does not discover that, say, thieves are criminals the way one discovers 

that thieves come from deprived households. The conceptual link between thieves and 

criminals is forged while one is learning to speak English. The deprivational link is, on 

the ‘enumerative inductivist view’, built up from observations. 

 

Just as one might design a conceptual link between thieves and criminals, one might 

design hypotheses that link theft not to some kind of deprivation but to rational 

calculation or illness. Such an approach might be patterned after a method known as 

‘induction by elimination’. For example, one might reason that theft may be explained 

by deprivation, illness or rational calculation, and rule out the first two possibilities   for 
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some affluent white-collar criminals. Wherever the alternative hypotheses originate, on 

the ‘eliminative inductivist view’ truth is discovered by the elimination of falsehood. 

Furthermore, it is usually the case that such inductivists do not know and do not care 

about the origin of scientific hypotheses. Their concern is the discovery of a true 

hypothesis from a set of options, whereas the enumerative inductivist was concerned 

with the discovery of lawlike generalizations (i.e., generalizations that turn out to be 

scientific laws) from lower-level generalizations or from particular claims. 

 

A third analysis of the logical structure of discovery proceeds from analogy. Freud 

argued, for example, that since people often daydream about events they would like to 

see happen, and night dreams are similar to daydreams, night dreams probably have a 

similar source, namely, wish fulfillment. Interestingly enough, an analogical argument 

based on physiological rather than psychological considerations led to a quite different 

hypothesis concerning the origin of dreams. It has been argued that since a certain 

amount of muscle tension remains after strenuous exercise, and mental exercise is 

similar to physical exercise, (night) dreams are probably caused by a delayed shutdown 

of conscious processes. Instead of having one's mental faculties stop altogether when 

one falls asleep, some of the machinery continues to operate in a disjointed way, 

producing more or less coherent dreams. For our purposes it does not matter whether 

the psychological or physiological hypothesis is nearer to the truth. The point is that 

occasionally scientific hypotheses are discovered by means of analogical arguments. 

 

It has also been argued that some discoveries consist in seeing familiar things in 

unfamiliar or new ways. For example, although people were familiar with shadows and 

with the phenomenon of straight sticks appearing bent when submerged in water, the 

idea of explaining such things by thinking of light traveling in straight lines was quite 

novel. In order to conceive of the Principle of the Rectilinear Propagation of Light, one 

had to begin to think of shadows and optical illusions as the effects of something. Once 

this discovery was made, additional questions concerning the source,  direction and 

speed of light were bound to emerge. If light travels in straight lines, then one would 

expect to see shadows bend in predictable ways depending on the source of the light, its 

angle of direction and speed. 

 

A similar view has been advocated by stressing the social aspect of scientific 

investigation and discovery. In this view discoveries do not usually arise at particular 

points of time as a result of a single scientist’s efforts. Discoveries or innovations are 

essentially social phenomena with vague spatial and temporal identities. Moreover, and 

more importantly, they are not usually the result of bold new flights of fantasy. On the 

contrary, they are supposed to result from extremely constrained, tradition-bound puzzle 

solving that is concentrated on generally accepted theories and procedures. The paradox 

of discovery is that a community of severely indoctrinated scientists whose basic aim is 

to extend their pet theories as far as possible (rather than to seek new ones) finds itself 

dragged willy nilly to new and incompatible theories. 

 

Just as eliminative inductivists tend to bypass the question of discovering hypotheses 

and focus on the question of discovering a true hypothesis in a set of plausible 

alternatives, some philosophers have focused on the question of discovering growth- 

ensuring hypotheses. They have been quite opposed to the idea of a logic of discovery 
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along the lines of enumerative induction and quite content to leave the question of the 

ultimate source of discoveries to psychologists. Their problem has been to explain the 

growth of science in the absence of enumerative induction. Their solution is essentially 

an appeal to trial and error. Scientists make conjectures and submit them to tests. If a 

conjecture fails to pass its tests, it is rejected. If it passes, it is provisionally accepted. 

 

This trial-and-error procedure, often referred to as the ‘hypothetico-deductive method’, 

has been recommended by several philosophers of science.  Schematically, the 

procedure runs like this. 

 

Given hypothesis H and initial conditions C, phenomenon P should occur. 

If P occurs, the conjunction ‘H and C’ is provisionally acceptable. 

If P does not occur, ‘H and C’ is falsified. 

If ‘H and C’ is false, then either H or C is false, or both are false. 

So, either H or C, or both are false. 

 

Four points should be emphasized about this procedure. First, it is basically patterned 

after a valid deductive argument form known as modus tollendo tollens, meaning ‘the 

mood which denies by denying’. Schematically, the form is 

 

If p then q 

Not q 

Therefore, not p. 

 

Second, it is not asserted that the hypothesis is true when it passes its test. Such an 

assertion would be tantamount to the Fallacy of Affirming the Consequent, i.e., 

schematically, 

 

If p then q 

q 

Therefore, p. 

 

It is merely asserted that because it passed its test, we have no good reason to reject it. 

 

Third, strictly speaking, the hypothesis and its initial test conditions stand or fall 

together following a test. Following a passed test, no one is interested in the fact that the 

initial conditions were as they were supposed to be. However, following a failed test, 

proponents of the hypothesis may have serious doubts about the conditions. Since a 

faulty setup may have been the cause of the unsuccessful prediction, the setup must be 

inspected. If it is clean, then the hypothesis has to bear the brunt of the failure. For the 

time being at least, it is provisionally rejected or at least regarded as doubtful. 

 

This third point about the hypothetico-deductive method has received an extraordinary 

amount of attention in the since the 1920s. Pierre Duhem’s thesis (sometimes called the 

“D-thesis”) was that since hypotheses can only be tested in combination with some sort 

of appropriate experimental conditions, and a single test cannot identify  which 

statement (H or C) in an experiment is false, there can be no crucial experiments of any 

hypothesis. Proponents of a hypothesis can always insist that there is some defect in the 
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experimental conditions of the test, just as opponents can insist that the hypothesis itself 

is defective. So, all hypothesis testing must lead to inconclusive results. 

 

As has already been suggested, if one is practically certain that an experimental setup is 

not defective then a hypothesis can be seriously undermined, if not completely falsified. 

The facts that the sympathetic theory of gravity, the phlogiston theory of combustion, 

the pangenetic theory of inheritance and many others have been thoroughly discredited 

and abandoned leaves no doubt about that point. Although empirical hypotheses are, 

from a logical point of view, always subject to reappraisal, it is not always rational or 

wise to do so. Just as one may have very good reasons to believe that a particular 

prediction has been successful or not, one may have good reasons to believe that a 

particular initial condition or hypothesis has been faulty. Thus, the D-thesis is 

unwarranted. 

 

The fourth point to be noticed about the hypothetico-deductive method is that there is 

nothing in the procedure described so far that ensures the growth of science. What has 

to be insisted upon in this scenario is the inverse relationship between empirical content 

and logical improbability. If one wants bold new scientific hypotheses with an 

abundance of explanatory power, then one’s conjectures must be highly improbable 

from a logical point of view. As explained more fully in Section 9, from the point of 

view of the logical interpretation of ‘probability’, security can be bought only at the 

price of timidity. Highly probable hypotheses are highly probable only because they 

depart minimally from already accepted evidence and beliefs. The hypothetico- 

deductive method, supplemented by the requirement of testing only  logically 

improbable hypotheses (though not hypotheses that are totally discredited or regarded as 

false), ensures the continued growth of science. 

 
Another contemporary view of discovery and growth in science has roots that date back 

to the middle of the 19
th 

century. According to this view, in the process of becoming a 

scientist one is exposed to certain models or exemplars of good practice. One recreates 

standard experiments in order to develop an appreciation of the scientific enterprise as it 

is practiced by physicists, anthropologists or whatever. Little by little one is brought to 

the frontiers of one's discipline and one develops an appreciation of one’s ignorance. In 

short, one is socialized into a scientific community that may be roughly characterized as 

a set of individuals committed to what is called a ‘paradigm’. A ‘scientific paradigm’ 

consists of a set of accepted models of good practice, hypotheses, laws, theories and 

rules of behavior or regulative principles. 

 

Scientific discoveries and growth, in this view, may be looked at in two ways. Normal 

or evolutionary discoveries are essentially mopping-up exercises undertaken without 

any threatened assault on a paradigm. They have the effect of enriching a paradigm by 

adding to its stock of models, laws and so on. Revolutionary discoveries are paradigm- 

testing and, hence, threatening. Such discoveries are supposed to be brought about by a 

steady accumulation of anomalies within an accepted paradigm. So, new ones are 

sought. For example, the abandonment of the Ptolemaic geocentric view of the universe 

in favor of the less cumbersome Copernican heliocentric view was a revolutionary 

change, a change in scientific paradigms. On the other hand, within the geocentric 

paradigm, the addition or subtraction of epicycles to the constructed orbits of planets 
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would be regarded as evolutionary changes. 

 

Induction by enumeration has enjoyed enormous popularity as a rough (but  very 

serious) account of what many textbook authors have described as ‘the scientific 

method’. A scientist is supposed to observe, form a generalization, test, observe again, 

and so on. Whether or not such sequences ever occurred in science as it is actually 

practiced, a lot of students have been taught that they ought to occur.  Thus, this 

particular view of the path to scientific discoveries has served as a model or exemplar 

for budding scientists. It has provided the uninitiated with an alleged behavior pattern 

that is proper, reasonable and accepted by the scientific community. It has given visible 

form to a scientist’s way of pursuing the truth. In a world where appearance, form and 

style are often as important as reality, the possession of codified institutions cannot be 

underestimated. Scientists do not proceed by consulting a holy book, by going to court, 

by a public election, by breaking bread, rolling dice, dealing cards or reading the stars. 

They have their own method (so the story has gone) the scientific method. 

 

If this approach sounds plausible, then it ought to be easy to appreciate the resistance 

one encounters from scientists when someone tries to introduce new methods into 

science. For more than a hundred years, those who have recommended the hypothetico- 

deductive method or defended induction by enumeration have been engaged in a 

struggle over scientific credentials. Although the players and procedures have changed 

today, the principle is the same. To a significant extent, science is a set of accepted 

procedures. To be a good scientist is, in the first place, to master these procedures. 

Moreover, since a good scientist is a person with high status in the social hierarchy of 

the scientific community, and since high status is generally preferable to low status, 

from a purely personal or ego-enhancing point of view, most scientists would like to be 

regarded as good scientists. Hence, scientists have personal as well as professional 

motives for trying to articulate proper procedures. 

 

7. Explanation 
 

Just as some procedures leading to scientific discoveries and growth are supposed to 

have a privileged status within the scientific community, some patterns of explanation 

are supposed to be similarly regarded. The pattern that has occupied the center of the 

academic stage for at least since the 1930s is called the ‘covering law model’. 

 

Every explanation may be divided into two parts, an explaining part (explanans) and a 

part to be explained (explanandum). In the ‘deductive nomological form’ of  the 

covering law model, the explanans consists of a set of premises that imply the 

explanandum. Ideally these premises would be true and would contain some general 

scientific laws. In other words, the model or exemplar for this form of the covering law 

model is a sound argument. From a logical or structural point of view, explaining 

something scientifically in this view means providing a sound argument whose 

conclusion is whatever needed explaining. 

 

To illustrate this type of explanation, we can consider a scientific explanation of the 

bursting of a water pipe in the winter: 
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C1 Last winter the temperature fell below 32°F. 

C2 An outdoor water pipe contained water. 

C3 If water expands sufficiently in a pipe then it bursts. 

L1 Water freezes at temperatures below 32°F. 

L2 Water expands when it freezes. 

E Hence, the pipe burst. 

 
All the conditions for a deductive nomological explanation are satisfied. The argument 

form is deductive and valid. The premises are true. Three of the premises state initial 

conditions (C1 – C3) and two state general laws (Ll and L2). Both laws, as is typically 

the case in explanations of this sort, are causal, i.e., in Ll freezing water is supposed to 

be the effect of the temperature’s falling below 32°F, and in L2 expanding water is 

supposed to be the effect of its freezing. Hence, the whole account may be regarded as a 

‘causal explanation’ of the bursting of a water pipe. 

 

When the model was first proposed, it was claimed that the only difference between an 

explanation and a prediction is where one begins. If one has only the premises, they may 

be used to predict the bursting of the pipe. If one has only the concluding statement of 

fact, it may be explained by producing the premises. Logically or structurally, 

explanations and predictions were supposed to be symmetric. The trouble is that it is 

easy to think of premises that would be excellent for predictive but worthless for 

explanatory purposes. For example, if we had known nothing about water pipes except 

that one bursts every winter, then we would have been able to predict the bursting of the 

pipe last winter. However, once the pipe burst, it would have explained nothing to point 

out that it bursts every winter. The fact that it bursts every winter is merely a summary 

of precisely the sort of fact that requires explanation, namely, that it burst last winter. 

 

For reasons of this sort, the symmetry thesis was abandoned early, but that was only the 

beginning. Regardless of anyone’s commitment to scientific laws, it remains logically 

possible that as empirical propositions any of them will be false. Besides, some laws are 

accepted not because they are believed to be true, but just because they have a lot of 

support or, perhaps, merely more support than any alternative. So, there was some 

sympathy for the idea of requiring premises of acceptable scientific explanations to be 

merely well supported instead of true. This was the thin end of the wedge. 

 

Once one begins to think of the role of inductive logic in relation to scientific 

explanations, the attraction of an inductive analogue of deductive nomological 

explanation becomes irresistible. This is especially true when one considers the fact that 

so-called ‘statistical laws’ are inescapable in science. Thus, in the ‘inductive-statistical 

form’ of the covering law model, statistical laws are substituted for universal 

generalizations, inductive validity is substituted for deductive validity, and inductive 

support of some sort is substituted for the truth of premises. An example of this form of 

explanation might run as follows. 

 

L1 All plants have a pair of factors controlling their height. 

L2 The offspring of sexual parents receive one factor from each parent in a random 
fashion. 

C Jones planted seeds that were the offspring of plants having an equal share of both 
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factors. 

E Hence, Jones probably had a crop of plants with 3/4 displaying the effects of one of 

these factors and ¼ displaying the effects of the other. 

 
Here we have an explanation with two laws (Ll and L2) and one statement of initial 

conditions (C). The first law (L1) is an unrestricted generalization. The second (L2) is a 

version of Mendel’s First Law. Since it refers to a random distribution of factors in 

plants, it is essentially statistical. Hence, this feature of the explanans is transmitted to 

the explanandum. Thus, if one knew that Jones had produced a crop described as in the 

conclusion (E), then one could use the premises of this argument as a probabilistic 

explanation of that crop. On the other hand, if one had only the premises of this 

argument, then one could use them to make a probabilistic prediction of the crop 

distribution described in the conclusion. 

 

The 3:1 ratio mentioned in the conclusion arises from several unstated assumptions, 

namely, that the seeds Jones planted carried genes from each of its parents, that each 

parent carried a pure line of some sort, say, tall and short, and that the tall sort would be 

dominant while the short sort would be recessive. Thus, three of the four options in the 

offsprings’ inheritance would be biased in favor of tallness. That is, a tall parent 

combines with a short parent to produce an offspring with genes for tallness and 

shortness. When these offspring combine at random with each other, there are four 

possible results. 
 

Offspring 1 Offspring 2 Jones’ crop 
Tall Tall Tall 

Tall Short Tall 

Short Tall Tall 

Short Short Short 
 

The second form of the covering law model seems perfectly plausible to most 

philosophers of science, but some people with special interests in social sciences still 

think it is too rigid. Since there is still no general agreement about the criteria that must 

be satisfied for a proposition to count as a scientific law and there is a tendency for 

contemporary scientists to avoid the term altogether, little would be lost by abandoning 

the requirement that one of the premises should be a law. Then arguments like the 

following could be regarded as acceptable scientific explanations. 

 

Political views are normally distributed (i.e., in bell-shaped distribution curves) in any 

large population. 

Politicians try to maximize votes. 

Most people are favorably inclined toward people they perceive to be like themselves. 

Most people will vote for people toward whom they are favorably inclined. 

Hence, most politicians will try to appear as middle-of-the-roaders whether or not they 

are. 

 

This is a fairly standard explanation of the usual bland or ambiguous type of speech that 

often flows out of politicians in western democracies. All the premises are well 

supported by empirical evidence, but none of them has been honored by the title of 
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‘law’. The normal distribution of views mentioned in the first premise implies that about 

68% of voters have political views that may be described as centrist rather than 

extremist. Bland-speaking politicians are aiming to identify with and capture the support 

of that central core of voters. Moreover, this example from political science of an 

explanation involving premises citing statistical distributions but no laws is typical of 

explanatory accounts in the social sciences. Thus, again one either has to weaken one's 

criteria to accommodate widespread practice or to justify one’s criteria on a priori 

grounds. No one doubts that such explanations are logically weaker than the original 

deductive nomological type, but some people regard them as acceptable models of 

scientific explanations while others regard them as mere ‘sketches’ or truncated versions 

of acceptable models. 

 

Explanations in the biological sciences have also raised special problems.  These 

sciences are supposed to employ ‘teleological explanations’ that in one way or another 

are supposed to account for phenomena in terms of purposes or functions. Teleological 

explanations may be conveniently divided into two types, namely, goal-directed and 

functional explanations. In ‘goal-directed explanations’ the explanandum is some sort of 

goal-directed behavior, e.g., the pecking of woodpeckers is explained by reference to 

the aim of the activity, namely, finding larvae of insects. In a ‘rational action’ species  of 

this sort of explanation, human action is explained by reference to the aim of 

maximizing estimated utility. In ‘functional explanations’ the explanandum is some 

feature of a physical system that is explained in terms of its function in the system, e.g., 

the presence of gills in fish is explained in terms of their respiratory function. 

 

Alternative accounts of both types of teleological explanations may be found in the 

literature, but there seems to be general agreement that goal-directed explanations are 

easily interpreted as special sorts of causal explanations. Functional explanations, 

however, seem to be a distinct type. So a fuller analysis of these explanations is 

warranted. Consider the following example of a functional explanation. 

 

Cows are well adapted (i.e., they have a good chance of surviving and reproducing). 

Cows are well adapted only if they have the means to feed their very young. 

Cows can feed their very young only if they have udders. 

Therefore, cows have udders. 

 

In this example, the presence of udders on cows is explained in terms of their function 

of supplying food for their very young. Although the presence of udders is in a sense the 

cause of cows being able to feed their young, it is the presence of udders that is 

explained in this explanation. Typically, however, it is some effect that is explained in a 

causal explanation. For example, the bursting of a water pipe was the effect of the water 

freezing and the other phenomena mentioned in the explanans of our first illustration. 

Thus, insofar as the roles of cause and effect are structurally reversed in functional 

explanations, they are logically distinguishable from causal explanations. 

 

For all the types of explanations reviewed so far it is assumed that an explanation is 

essentially an argument. This assumption is explicitly rejected in the ‘statistical 

relevance model’. According to this view, a statistical explanation of an event is a 

probability claim or assertion concerning that event, rather than an argument with a 
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statement of the event as its conclusion. Perhaps the easiest way to appreciate the idea 

behind this model is to compare it with that of the inductive-statistical form of the 

covering law model. According to the latter, we were able to argue to the conclusion 

(explain the explanandum) with some probability that Jones would have a crop 

displaying a particular distribution of effects. According to the statistical relevance 

model, we would be able to assert that the explanandum was probable to a certain 

degree relative to the explanans. The formal methods used in both models could be 

identical. The difference is in the way one describes what one is doing when one 

explains an event, namely, arguing or making a probability claim. The statistical 

relevance model effectively eliminates the possibility of misunderstanding, although the 

rejection of the idea of an inductive explanation as a kind of reasoned argument seems 

to be a high price to pay for such instruction. 

 

Some philosophers think that the attempt to specify syntactic and semantic conditions of 

adequacy for scientific explanations is fundamentally misguided. The crucial feature of 

any explanation, they claim, is its capacity to convey understanding. Indeed, some 

philosophers have held that the fundamental difference between social and physical 

sciences is that the former aim at an empathic understanding (Verstehen) of human 

action while the latter aim at causal explanations. For Verstehen theorists, the syntactic 

and semantic structures of the sentences that serve as the vehicle for empathic 

understanding are beside the point. According to these people, an explanation that does 

not enlighten anyone is as worthless as an argument that does not convince anyone, and 

social science without Verstehen is as worthless as physical science without causal 

explanations. 

 

What has been presented in the preceding paragraph may be regarded as an extreme 

softline view of explanation in stark form, in contrast to the relatively extreme hardline 

view of deductive-nomological explanation. The summary makes it easier to appreciate 

the relevance of these issues to value questions in science. It is clear that rigorous 

codification of the structure of scientific explanations would serve the same social 

purposes as rigorous codification of the logic of scientific discovery. The more the 

community is able to articulate its accepted models or exemplars, the easier it is to 

distinguish good science and scientists from everything else, and to distribute rewards 

and punishments accordingly. Insofar as the view of the extreme softliners can be 

sustained, the line between the scientific approach toward human understanding and any 

other approach tends to turn extremely blurred. 

 

Discussions of the structure of explanation have been regarded as having fundamental 

significance for the ethical neutrality of science. Insofar as human behavior may be 

explained in accordance with the deductive nomological form of the covering law 

model, it would appear that such behavior is completely determined. That is, insofar as 

the model is satisfiable in its strong form, human freedom of choice is supposed to be 

eliminated. Furthermore, since such freedom (i.e., personal autonomy) is a necessary 

condition of the ability to hold anyone responsible for his or her actions, it is  a 

necessary condition of morality. Thus, the satisfiability of the strong form of the 

covering law model with respect to the explanation of human behavior has been 

regarded as having devastating consequences for morality. Those who assume,  or 

merely  hypothesize  and  try  to  prove,  that  human  behavior  can  be  explained  in   a 
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deductive nomological form are engaged in the devil's own work. If they succeed, the 

argument runs, the moral fabric of all societies will be irreparably torn. Thus, at the very 

least, no one who adopts the hardline position should assume that his or her research is 

morally neutral. 

 

It is perhaps also worth mentioning here that one has a moral obligation to pursue the 

truth and avoid falsehood. Without it, the obligation to speak the truth is at best silly and 

at worst virtually impossible to satisfy. Honesty requires a reasonable attempt to find 

out just what sort of world one lives in (i.e., due diligence in the pursuit of truth). If one 

happens to be engaged in research as a more or less primary activity, then the obligation 

is even clearer. Thus, no matter what position one adopts with respect to the structure of 

explanations, one’s scientific research is not morally neutral. 

 

Finally, some philosophers have argued that the irreducibility of teleological 

explanations to causal explanations tends to make biological organisms unique sorts of 

physical entities. However, as indicated above, there now seems to be  general 

agreement that goal-directed explanations, including rational action explanations as an 

important special case, can be analyzed as causal explanations. Even if it is granted that 

functional explanations do not admit of such analysis, it is not clear what sort of 

uniqueness that confers on living things. More precisely, it is not clear what evaluative 

or ethical implications would follow from the fact that, say, some features of planaria, 

pigs, people and potted plants all require functional explanations. This is not the place to 

undertake a discussion of the moral relevance of various attributes of distinct species. 

However, as technology advances and it becomes possible to sustain life forms in 

diverse qualitative states for various lengths of time, the need for clearer lines of 

demarcation among species and greater appreciation of the moral obligations of humans 

to their own kind (including borderline cases) as well as other kinds becomes more 

pressing. 

 

8. Induction 
 

The concepts of induction and deduction were introduced in Section 1. After problems 

of explanation, problems of induction are the most popular subjects for university 

courses in the philosophy of science. The fundamental problem of induction is known as 

‘Hume’s Problem’, named after the eighteenth century Scottish philosopher David 

Hume. It arises as follows. The premises of valid deductive arguments imply their 

conclusion. That is, one is guilty of self-contradiction to accept the premises but not the 

conclusion. On the other hand, valid inductive arguments do not provide such a warrant. 

There is no self-contradiction in accepting the premises while rejecting the conclusion. 

But we do accept the conclusions of inductive arguments. So, what is our warrant for 

doing so? This is Hume’s problem. 

 

There are several ways to attack the problem. First, it may be said that the warrants for 

accepting the conclusions of valid inductive and deductive arguments are exactly the 

same. There are rules of inference that warrant conclusions either certainly or with a 

certain degree of probability, confirmation, etc. To use these rules and then turn around 

and reject either the certain conclusions or the conclusions with some degree of 

probability  is  equally  inappropriate.  Warranted  inferences  are  inferences  made    in 
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accordance with accepted rules. Whether the rules permit inductive or deductive 

inferences, the warranting game is the same. 

 

Some philosophers have objected to this view on the ground that there are really two 

ways to warrant an inference, namely, by showing that it is permitted by an accepted 

rule (as above), and by showing that it is at least as good as any other in an appropriate 

sense of ‘good’. Moreover, formally correct inductive inferences may be shown to be at 

least as good as any others. This is a good warrant for inductive procedures generally 

and, although it is significantly different from the preceding solution to Hume’s 

problem, it is certainly compatible with that solution. Neither precludes the other 

logically. This ‘pragmatic approach’ has been recommended by several authors. 

 

There are three other proposed solutions that merit some attention. Some people have 

thought that the way to solve Hume’s problem is to add an appropriate  universal 

premise to all inductive arguments. Examples might be ‘Nature is everywhere uniform’, 

‘The unobserved is like the observed’, or ‘The future is like the past’. But the addition 

of such premises to inductive arguments transforms them into deductive arguments. So, 

this solution is more drastic than it may seem. It really amounts to the elimination of 

inductive in favor of deductive arguments, which would not be a solution to the problem 

of finding a satisfactory warrant for inductive inferences. 

 

Another way to tackle Hume’s problem by rejecting inductive inference altogether is to 

employ the method of ‘conjectures and refutations’. Instead of trying to justify claims 

that go beyond one's evidence, one should merely try to falsify them. The idea is that if 

one seriously tests one’s claims, whether they are generalizations or not, one need not 

worry about providing a warrant for accepting them. Until they are falsified, one has no 

good reason to reject them. However, and this is the crucial point, one need not accept 

them as anything but testable hypotheses. One certainly does not have to judge the 

degree to which they are supported by any accumulated evidence. On the contrary, one 

merely accepts a commitment to continue to apply the most severe tests one can find to 

the boldest hypotheses one can find. So the body of scientific knowledge will grow on 

the corpses of discarded hypotheses. 

 

Finally, it has been suggested that the way to solve Hume’s problem is to codify current 

inductive practices. Those who hold this view believe quite simply that acceptable rules 

of inductive inference are just those that are consistent with the kinds of inductive 

inferences that are presently routinely accepted. Warranted inferences are inferences 

that are generally allowed. In fact, the more they are allowed, the more secure their 

warrants become. In other words, inductive procedures and patterns of inductive 

inference feed upon themselves. The more they are used, the more they are regarded as 

useable and, therefore, the more they are used, and so on. 

 

Just as Hume found himself embroiled in the problem of induction while attempting to 

put the institution of morality on a sound evidential basis, philosophers of science have 

suffered the same fate trying to perform the same task for science. Some philosophers 

have regarded the failure to solve this problem as “the scandal of philosophy,” while 

others have found it equally scandalous that so many mountains have been made out of 

such a molehill. If one assumes that in one way or another the scientific enterprise is 
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based on inductive procedures, then the whole edifice would be jeopardized by the 

failure to provide a rational warrant for such procedures. That is precisely the 

assumption many people have made, with fear for the life of science being an immediate 

consequence. As indicated above, however, such fears seem unnecessary. 

 

9. Probability 

 

Most of the philosophers of science who have tried to codify patterns of warranted 

inductive inferences have appealed to the ‘theory of probability’. Although rigorous 

axiomatizations of probability theory were not available until the early part of the 

twentieth century, the basic principles were well known for over a hundred years before 

that. Most philosophical work related to probability theory did not center on the 

principles. That was left to mathematicians and, later, to statisticians. Philosophers 

focused on three fundamental questions. (1) What is the meaning of the term 

‘probability’? (2) How should one obtain numerical probability values? (3) How should 

the various interpretations, principles and values be applied to the problem of 

warranting inductive inferences? We will consider each question in turn. 

 

What is the meaning of ‘probability’? Alternatively, one may ask: How should 

probability claims or statements be interpreted? Examining the possible sources, 

grounds or origins of such claims or statements, a threefold genetic classification of 

possible answers to this question may be obtained. Probability claims may arise out of 

and be based upon physical, psychological or logical considerations. If the claims are 

generated from an analysis of certain physical properties of the world, probability is 

given a ‘physical interpretation’. If the statements are generated from an analysis of 

certain psychological properties of someone (e.g., a decision maker), probability has a 

‘psychological interpretation’. If the statements are generated from an analysis  of 

certain logical properties of a set of statements in some language, probability has a 

‘logical interpretation’. 

 

Several classifications of interpretations of probability and probability statements have 

been used in the literature, usually with no criterion of demarcation being systematically 

employed. The most popular division is the dyadic one consisting of so-called 

‘objective’ and ‘subjective probability’. The interpretation referred to here as ‘physical’ 

is generally classified as objective. The psychological interpretation is always regarded 

as subjective, while the logical interpretation is sometimes regarded as objective and 

sometimes as subjective. People who adopt the logical interpretation often use the term 

‘confirmation’ instead of ‘probability’. 

 

For those who believe that probability statements are about logical relations holding 

among statements in some language, one measurement theory merits special attention. 

According to the ‘classical theory of probability’, one measures the initial probability of 

an event by determining the ratio of the number of cases that are favorable (for some 

purpose) to the total number of equally possible events of a certain kind. Since the entire 

analysis is carried out a priori, it is clear that the sort of possibility referred to in the 

phrase ‘equally possible’ must be logical and that, strictly speaking, what the classical 

theorist is basing initial probability appraisals on is not the relations among certain 

events but the logical relations among claims or statements describing those events. 
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For those who believe that probability statements are about the physical attributes of 

certain features of the world, two measurement theories merit attention. According to 

the ‘finite frequency theory of probability’, one measures the initial probability of an 

event regarded as favorable by determining the ratio of the number of such cases to the 

total number of events in an observed sequence of repetitive events of a certain kind. 

There are three fundamental differences between this theory and the classical theory. In 

the first place, the analysis is carried out a posteriori on the basis of observations. 

Second, the kinds of events involved are necessarily repetitive. An event is said to be 

‘repetitive’ if it is repeatable an unlimited number of times, e.g., drawing a card from a 

deck with replacement, rolling a six with a fair die and kicking a football. In such cases, 

strictly speaking, it is the kind, sort or type that is repeated, not any particular event; 

e.g., one may enjoy as many kicks as one pleases, but one cannot repeat, say, the first 

kick. In contrast to kicking a football as a kind of repetitive event, the first kick is 

unique. ‘Unique events’, by definition, are not repeatable. Finally, this theory differs 

from the classical theory because it requires sequences of repetitive events. 

 

According to the ‘propensity theory of probability’, one measures the initial probability 

of an event regarded as favorable by determining, on the basis of one’s experimental 

setup and scientific theories, the expected relative frequency of such cases in a sequence 

of events of a certain kind. The basic difference between this theory and the frequency 

theory just cited is that here probability statements are not reports about observed 

sequences, but reports about the tendencies of experimental setups to generate certain 

kinds of sequences. While the frequentist focuses merely on the outputs of experimental 

setups, the propensity theorist focuses on the setups themselves in combination with 

whatever scientific theories are available to account for their outputs. 

 

Finally, for those who believe that probability statements are about the psychological 

properties (attitudes, beliefs and the like) of someone, two measurement theories merit 

attention. According to what may be called a ‘simple judgment theory of probability’ 

one measures the initial probability of an event by simply assigning it a numerical value 

on the interval between zero and one, inclusive, in accordance with one's intuitive 

judgment concerning its occurrence or nonoccurrence. Alternatively, one may employ a 

‘personal odds theory of probability’ according to which, if one is willing to give odds 

of m to n in favor of some event, then the probability of that event is m/m + n. 

 

Until around the middle of the 20th century, philosophers haggled about the proper 

interpretation of probability, as if there could be only one. Since then, it is more usual to 

find people simply explaining their preference for a particular view, rather than 

explaining the alleged inadmissibility of alternatives. Although contemporary writers 

may be inclined to put constraints on probability functions that earlier writers were not 

aware of, most people seem willing to admit that it may be impossible to obtain initial 

values in one way only and especially useful to obtain them in several ways. The lesson 

here is familiar. The richer one’s stock of alternative theories, the greater one’s chances 

for success. Insofar as philosophical analyses of probability have contributed to the 

enrichment of our stock of warranted inductive procedures, such analyses  have 

increased our chances of articulating and, hence, critically evaluating inductive 

procedures in science and daily affairs. 
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10. Utility 

 

Anyone who has an ordered set of preferences that may be exhaustively measured on an 

interval scale is said to have a ‘utility function’. Interval scales are such that their basic 

units of measurement are of equal size, allowing one to say, for example, not only that 

one item is larger than another but exactly how much larger in terms of a standard unit 

of measurement. For some limited areas, provided that they do not contain more than 

half a dozen items, one may be expected to have such a utility function. However, 

given the wide variety of things that people value, it would be a rare person indeed who 

could neatly order her or his total set of preferences. Most people do not have, and 

probably do not miss, utility functions for all their preferences. 

 

Since preferences are, by anyone’s reckoning, closely related to values, it is often 

assumed that insofar as one has a utility function, one’s values are measured on an 

interval scale. Moreover, by combining utility and probability values, it is possible to 

increase substantially the variety of one’s inductive procedures. The method of 

combination is straightforward, involving a ‘Maximization of Expected Utility Rule’, 

but  not  necessary  to  explain  here. It  has  been  suggested  that  the  idea  of  utility 

considered here is too general to serve the specific interests of science. After all, the 

argument runs: the values that are of particular concern to scientists represent only a 

subset of all the values that people hold. Moral, political, aesthetic, religious, economic 

and social values, for example, are supposed to be irrelevant to the scientific enterprise. 

Hence, if one is going to use the Maximization of Expected Utility Rule to determine 

the acceptability of scientific hypotheses, one is going to have to put some constraints 

on one's utility function. More precisely, one must distinguish epistemic from pragmatic 

utility, and employ only the former in science. ‘Pragmatic utility’ may be identified with 

the broader concept. Epistemic utility requires a bit more explanation. 

 

The ‘epistemic utility’ or ‘epistemic value’ of a hypothesis is its utility or value from the 

point of view of the aims of pure or basic science. Without getting bogged down in a 

debate about the difference between pure and applied (or mission-oriented) science, one 

may safely assume that truth is near the top of the list of aims of pure science. Besides 

truth, defenders of this position claim, there are other epistemic values e.g., self- 

consistency and precision. So far as the expected utility of a scientific hypothesis is 

concerned, then, these are the only kinds of values that should be taken into account. 

 

As one might expect, there is some dispute about the matter. Some people believe that 

pragmatic values must be considered in the determination of the acceptance of scientific 

hypotheses. According to these people, the decision to accept or reject a hypothesis is 

always based, for instance and among other things, on the seriousness of making a 

mistake. One must take into account the expected utility of accepting a hypothesis that 

may turn out to be false, and the utility must be as pragmatic as the actions one is likely 

to perform under the influence of a false belief. That is, because one's scientific beliefs 

influence one's actions beyond the realm of science, one's assessment of the 

consequences of holding those beliefs must include an appraisal of the consequences 

beyond this realm. Hence, the evaluation of the expected utility of scientific hypotheses 

must be based on pragmatic as well as epistemic utility. 
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The idea of pragmatic utility has also been used to address the problem of determining 

the adequacy of rules of inference as well as courses of action. Particular inferences and 

courses of action may be justified by showing that they are warranted by more general 

rules, while the latter may be justified by showing that action in accordance with such 

rules is well-suited to achieve some specified end at a reasonable cost. The former  sort 

of justification is sometimes called ‘validation’, and the latter ‘vindication’. 

 

11. Social Responsibility 

 

The preceding section has taken us slightly beyond the threshold of a discussion of the 

social responsibilities of scientists as scientists. Although some evaluative issues in 

science have been discussed to which fundamental problems in the philosophy of 

science are relevant, the social responsibilities question has not been faced head-on. 

 

As scientists, what, if any, special social responsibilities do scientists have? Since  no 

one has been able to provide precise necessary and sufficient conditions for 

distinguishing the scientific enterprise from everything else, one should not expect a 

logically tidy answer to this question. Still, several, worthwhile points may be made. 

 

In the first place, it must be appreciated that scientists are not immune to the buck- 

passing syndrome. Most of them will almost certainly be inclined to narrow the range of 

activities for which they are prepared to accept responsibility and, at the same time, 

widen the range of activities for which they are prepared to accept authority. 

Notwithstanding the psychological theory of cognitive dissonance, most human beings 

seem to manage this particular pair of incompatible inclinations. 

 

Although people in business seem to be the only group blessed with the analytic 

aphorism, ‘The business of business is business’, others certainly try to have their way 

in the same fashion, namely, by fiat. In the case of science, the inclination is to come 

down very hard on the as scientist part of our question, thereby paving the way for the 

narrowest possible purview. Scientists, after all, are not moralists, politicians or social 

workers. So, the argument runs, they need not have the concerns of  moralists, 

politicians and so on. So, according to those holding this view, the answer to our 

question is a flat no. Scientists as scientists have scientific responsibilities and nothing 

more. 

 

The trouble with this argument is that it assumes that all concerns or problems can be 

uniquely sorted into mutually exclusive pigeonholes. On the contrary, most concerns or 

problems can be regarded as species of several genera. For example, unemployment is 

an economic, moral, political and scientific, as well as a social problem. The task of 

correctly measuring the number of unemployed people in a country or region continues 

to haunt official and unofficial researchers around the world. In fact, about this problem 

there remains a considerable disparity of views from one country to the next. Officially 

unemployed people may be eligible for compensation. Hidden unemployed people are 

surely unemployed but not officially unemployed and not eligible for compensation. To 

be counted as a member of the hidden unemployed is to be counted as a person without 

hope at best and as a slacker at worst. In either case, because they are no longer trying to 

find work, they are not officially regarded as unemployed. Their official status thus 
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depends on their desires and the activities in which they engage in the interest of 

satisfying those desires. Or rather, it depends on some interviewer’s perception of those 

desires and activities. Needless to say, the self-images of the hidden unemployed are 

affected by their employment classification. Indeed, it is unlikely that the self-image of 

anyone in a work-oriented society is unaffected by her or his employment status. 

Clearly, then, the question, ‘Who ought to be regarded as unemployed?’ is as much 

moral, political, economic and social as it is scientific. Hence, anyone who sets out to 

measure unemployment scientifically must be aware of, and must make decisions 

concerning, the propriety and consequences of a number of alternatives. Anyone 

attempting to measure unemployment without regard for the presumably nonscientific 

facts of unemployment would be a poor scientist. A good scientist as a scientist would 

address the problem in all its richness. He or she may not be able to manage the problem 

in that form and may have to introduce arbitrary restrictions in order to manage it at all. 

But that is not the same as refusing to grapple with its richness on the grounds of its 

unscientific character, whatever that may be. 

 

Apart from the fact that more or less scientific and unscientific aspects of problems are 

inextricably woven together, there are independent arguments for attributing special 

social responsibilities or obligations to scientists as scientists. 

 

First, since the results of scientific investigation may be used intentionally to influence 

or control human action, investigators should at least be required to share some of the 

responsibility for aberrant uses. Although one may balk at the suggestion that Pavlov 

should be condemned for all the immoral uses to which operant conditioning has been 

put, one should not be oblivious to the unseemly side of the social impact of his 

discovery. Undesirable consequences unleashed by scientific discoveries may be as real 

as desirable consequences. 

 

Second, if allegedly scientific claims are used to legitimize socioeconomic policies, then 

the scientists making those claims in behalf of those policies should be held partly 

responsible for the consequences of the policies if they are put into effect. Whenever 

social programs are initiated on the strength of the recommendations  of scientists, 

whose recommendations would not be heeded at all if they were not made as scientific, 

the scientists must share the responsibility for the consequences of the programs. If 

scientists are not held accountable for the consequences of their scientific 

pronouncements then they will be encouraged to be irresponsible, and they will enjoy an 

unwarranted social privilege that most people cannot and should not enjoy. 

 

Finally, because scientists draw from the same limited resource pool from which the rest 

of the human race draws, they have an obligation to make their demands reasonable 

from the point of view of the public interest. The assumption behind this argument is 

that there is no invisible hand operating to allocate the world’s resources equitably or 

even efficiently. Moreover, it is demonstrably certain that if everyone attends only to 

what he or she perceives as his or her own interests, a socially self-destructive result 

may occur. It is also the message of two children in a playpen who finally tear the toys 

apart rather than share them. Scientists as scientists must look beyond their  own 

interests in order to preserve those interests. They must try to assess the total demands 

on the resource pool that they are tapping in order to avoid what one author has called 
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“the tragedy of the commons.” Here, as on our roadways, one must drive defensively. 

To assume that the ‘other guy’, an elected representative, civil servant or kind-hearted 

citizen is going to be wise enough or morally good enough to balance all interests 

equitably and efficiently is to reject the lessons of history. The public good is the 

business of everybody, scientists and nonscientists alike. 

 

12. Quality of Life 

 

At various points in this chapter on logic and the philosophy of science references have 

been made to the importance of our topics for sustaining particular views about rational 

or reasonable beliefs and behavior. The fundamental assumption of the chapter is that 

the concepts of such beliefs and behavior, including the quite magnificent bodies of 

scientific knowledge and practice, are socially constructed by human beings. 

Consequently, these beliefs and behavior proceed from human perceptions, interests and 

choices, and are subject to moral appraisal. The question is, then: What contribution do 

logic and the philosophy of science make to defining, building and sustaining a morally 

good life? Although all of the complicated and subtle issues relevant to this basic 

question cannot be considered here, some essential aspects of an answer can be 

sketched. 

 

Broadly speaking, moral philosophers may be divided into two groups, depending on 

which of the following two principles they regard as the fundamental basis of morality. 

 

1. Principle of Beneficence: One ought to act so that one’s actions tend to impartially 

improve the quality of life. 

2. No Harm Principle: One ought to act so that one’s actions tend not to harm anyone. 

 

There is no uncontroversial argument for either position. People operating on the 

Principle of Beneficence will try to produce as much good as possible, for as many 

people as possible. People operating on the No Harm Principle will try to produce as 

little harm as possible. If the production of good includes the reduction of harm, then 

the requirements of the second principle are included within those of the first principle. 

Those who believe that moral goodness ought to require more of people than a life of 

anxious inactivity mixed with pious hopes for our common future will prefer the more 

inclusive principle. Insofar as one has a choice about what sort of moral ideal one ought 

to be guided by, what sort one ought to recommend to family, friends and the rest of the 

human race, it is wise to aim high rather than low. So, from this point of view, the more 

inclusive Principle of Beneficence is a more reasonable basis for morality, and morally 

right actions may be defined (with some qualifications noted below) as those performed 

in the interest of satisfying that Principle. 

 

If one’s fundamental moral obligation is to act in accordance with the Principle of 

Beneficence as articulated above, one’s understanding of the concept of the quality of 

life has paramount importance. A few sentences beyond the famous definition of 

‘sustainable development’ in the report of the Brundtland Commission one finds the 

following, less famous but more relevant sentence for our purposes. “The essential 

needs of vast numbers of people in developing countries – for food, clothing, shelter, 

jobs – are not being met, and beyond their basic needs these people have legitimate 
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aspirations for an improved quality of life.” 

 

From ancient Greece to today, and around the globe, most people’s understanding of a 

good life or a good quality of life is very similar. It is a life lived in good health, with 

loving friends and family, an attractive and safe built and natural environment, good 

government, financial security, and freedom to pursue one’s own dreams in peace. 

 

More precisely, the quality of life of a person or a nation (or a community, city or 

region) is a function of two variables, the actual living conditions of the person or 

people in a community, and what that person or those people make of those conditions. 

What a person or community makes of those conditions is in turn a function of how the 

conditions are perceived, what the person or community thinks and feels about those 

conditions, and finally, what a person or community does. 

 

Taking the two main variables together (conditions of life and what people make of 

them), one can construct four scenarios which, with some exaggeration and over- 

simplification, may be described as different kinds of Paradise and Hell. 

 

1. If one’s living conditions are good, and one accurately perceives and thinks about 

them, feels good and acts appropriately in those conditions, we may describe that as 

‘Real Paradise’. 

2. If one’s living conditions are bad, and one accurately perceives and thinks about 

them, feels bad and acts appropriately in those conditions, we may describe that as ‘Real 

Hell’. 

3. If one’s living conditions are bad, and one inaccurately perceives and thinks about 

them, feels good and acts inappropriately, we may describe that as the classical ‘Fool’s 

Paradise’. 

4. If one’s living conditions are good, and one inaccurately perceives and thinks about 

them, feels bad and acts inappropriately, we may describe that as a ‘Fool’s Hell’. 

 

In each of these scenarios, the evaluative terms ‘good’ and ‘bad’ are used in two senses. 

In both senses, ‘good’ and ‘bad’ have the usual positive and negative connotations, 

respectively. Regarding living conditions, ‘good’ may be understood as ‘life sustaining’ 

in a broad and descriptive sense. Regarding people’s feelings, ‘good’ may be 

understood as experientially pleasant in a descriptive sense. Besides these two relatively 

descriptive senses of ‘good’ (life sustaining and experientially pleasant), there is an 

evaluative sense recognizable insofar as one grants that some lives are not only longer 

and pleasant but richly or poorly endowed with mental and physical advantages and 

disadvantages of various kinds, with relatively vast or meager opportunities to put 

endowments to work in the pursuit of noble or base purposes, courageously  or 

cowardly, and wisely or foolishly. Just as there are individuals with  developed 

characters displaying a propensity to choose morally right or just actions, for the right 

reason and with the right attitude (as Aristotle might have said), there are communities 

or societies with developed cultures that provide socio-economic and political 

environments conducive to nourishing such individuals. Clearly, then, when we speak 

of a good quality of life for individuals or societies, we are speaking about life in both 

descriptive and evaluative terms. 
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In the best of all possible worlds, Real Paradise, people would have perceptions, 

thoughts, feelings and actions consistent with each other and appropriate to their living 

conditions, given the fundamental moral obligation to act in accordance with the 

Principle of Beneficence. Given the great variety of living conditions, perceptions, 

thoughts, feelings and actions, it is impossible to make the crucial evaluative term in the 

previous sentence, ‘appropriate’ precise. In different particular circumstances, the 

specification of what is appropriate to perceive, think, feel and do in the interest of 

satisfying the requirements of the Principle of Beneficence may be different, as well as 

constructed as different by different people or even the same people in different 

circumstances. Although this is not particularly satisfying, it is an accurate description 

of the human condition. Aristotle addressed the problem by  recommending 

consultations with the best people, in the sense of the most virtuous or excellent people. 

(Somewhat analogously and at least as dissatisfying, some epistemologists suggest the 

need for “ideal observers” to provide the foundations of knowledge.) Unless one 

believes (contrary to the assumption of this chapter) that there is, finally, a naturalistic 

basis and solution to moral problems, it may not be possible to go farther than Aristotle 

at this point. In any case, this is not the place to attempt a final resolution of the problem 

of the ultimate basis of morality. Let us return, therefore, to the four scenarios. 

 

While the first two cases are uncontroversial (notwithstanding the foundational issues in 

the previous paragraph), the second two are not. In fact, what is most interesting about 

the second two cases is that some people seem very supportive of one or the other as 

ideal. This is revealed most clearly by the numbers of publications around the world in 

which the quality of people’s lives is measured on scales consisting only of ‘objective 

indicators’ (e.g., counting things like crime rates, mortality and morbidity rates, 

education achievement rates, per capita income) or only of ‘subjective indicators’ (e.g., 

people’s reported satisfaction with their jobs, health, government services, life as a 

whole or overall happiness). While there are many researchers who recommend the use 

of both kinds of indicators and there are some mixed indicator sets, there are many more 

in which one or the other sort of indicator is simply omitted from  consideration. 

Because it is impossible to make sense of the classical notion of a Fool’s Paradise 

unless both sorts of indicators are considered, a reasonable set of quality of life 

indicators should include both sorts. The good life that we should want and achieve for 

all people is not just a life in which people feel good, no matter how terrible their real 

life conditions are, but one in which they feel good with the best of all reasons, because 

the objectively measurable conditions of their lives are worthy of a positive assessment. 

 

The identification and measurement of a good life meeting the conditions just specified 

requires understanding and appreciation of the elements of logic and philosophy of 

science reviewed above as well as a vast accumulation of other theoretical knowledge 

and practical expertise in the natural, human and social sciences, humanities and arts. At 

a minimum, it requires communities of people to reach agreement on  acceptable 

answers to the following critical questions and then to follow through with appropriate 

collective action. The questions are not categorized or presented in any particular order 

of priority or importance because no single principle or set of principles seems sufficient 

to provide a single rank order of the total set. Some are clearly logically prior to others 

in the sense that answers to some must be obtained before others, e.g., one cannot select 

measures of causal interaction (#12) or benefits and costs (#8) without knowing what 
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sorts of things (#5) have been selected for possible interaction or evaluation. Other 

ordering principles would lead to different orders, e.g., one might suppose that the most 

important question in the lot is who gets to assess the adequacy of answers to all other 

questions (#18), or perhaps, who is entitled to any consideration at all (#1). As well,  it 

is unlikely that this set of questions or their answers are mutually exclusive and 

exhaustive. Nevertheless, for all their limitations, in order to identify and measure a life 

worthy of pursuit, an individual or community must decide (most likely among other 

things): 

 

1. Recipient population: Who should be included as a recipient of benefits and/or 

burdened with costs? 

2. Spatial coordinates: Across what amount of space should one look, from the actors’ 

own homes and backyards to the whole world? 

3. Temporal coordinates: Across what length of time should one look, from now into 

the future? 

4. Population composition: How should the affected individuals be characterized, if at 

all, in terms of sex, age, education, ethnic background, income and so on? 
5. Domains of life composition: What domains of life should be examined? 

6. Objective versus subjective indicators: Should one ask recipients how they feel or 

what they think (subjective indicators) about how they or others are affected by actors’ 

action, or is it enough to merely observe their behavior or other things that may be 

affected (objective indicators), e.g., what people think or feel about being unemployed 

versus unemployment rates? 

7. Input versus output indicators: Should one measure only what one invests in actions, 

what comes out of the investments, or both? 

8. Benefits and costs: What particular kinds of benefits and costs should be counted? 

9. Discount rates: How much should one discount costs and benefits delivered some 

time in the future, compared to those delivered today? 

10. Measurement scales: How should one choose the best sort of scale or measuring 

devices for the diverse measurements to be taken? 

11. Distributions: How should central tendencies and variations be measured in diverse 

fields? 

12. Interaction effects: How should one measure causal interactions in any particular 

array of phenomena? 

13. Probabilities: What interpretations of ‘probability’ should be employed and how? 

14. Confidence levels: What level of confidence should one require to accept any 

particular claim? 

15. Research procedures: What adequacy criteria should be used to assess the 

acceptability of any procedures employed? 

16. Research personnel: How should one choose one’s experts, if indeed experts are to 

be chosen at all? 

17. Aggregation function: How should all the diverse elements of the assessment be 

aggregated? 

18. Assessment assessor: Who should decide (audit) if any assessments are adequate or 

appropriate? 

19. Assessment criteria: What criteria should be used to assess (audit) the adequacy of 

assessments, the adequacy of the procedures used for the audit, indeed, the adequacy of 

the answers to all the previous 18 questions? 
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The last question reveals the threat of either an infinite regress, a circular argument or 

an arbitrary end to analysis. Clearly, none of these options is very attractive, but it is in 

the very nature of foundational work that such a point must be reached. In any event, 

long before individuals or communities reach their most basic  assumptions, 

considerable progress can be made in the interests of improving the quality of people’s 

lives. Accepting the fact that our capacity is practically always limited in matters of 

public policy-making to improve the quality of life, the most one can hope for from any 

review of critical issues or questions is that it will serve as a good heuristic device for 

calling attention to such issues. If such devices turn out to be inadequate, which is 

highly probable, our clear duty is to replace them with those that are more adequate. As 

we search for better instruments to build a better world for our own and future 

generations, we will share the accumulated wisdom of previous generations who 

pursued the same goals and, like them, we will hope that reason aided by compassion 

and hard work will bring all the earth’s inhabitants nearer to a good life. 

 

Glossary 
 

Analytic 

sentence: 

A sentence with a self-contradictory negation. 

Analogy: Things are analogous insofar as they are similar. Arguments  from 

analogy and scientific discoveries from analogies are therefore 

arguments and discoveries based on similarities. 

Antecedent: Sentences  following  “if”  and  preceding  “then”  in    conditional 

claims. 

Argument: Sequence of sentences such that some of the sentences  (premises) 
are offered as reasons for accepting another part (conclusion). 

Argument form: Logical structure, pattern or skeleton of an argument. 

Calculus of 

sentences: 

Categorical 

sentence: 

Classical theory 

of probability: 

Coherence theory 

of truth: 

System of logic containing variables representing whole sentences 

and logical operators applying to such variables. 

Sentences used in the theory of syllogism and patterned after All S 

is P, No S is P, Some S is P and Some S is not P. 

Theory designed to obtain numerical values for probability based 

on logical relations among sentences. 

‘p is true’ means ‘p is consistent with all other propositions 

accepted as true’. 

Conjunction: A truth-functional sentence formed by connecting two    sentences 

by ‘and’; such sentences are true if and only if all their component 

conjuncts are true. 

Contradictory 

sentence: 

Correspondence 

theory of truth: 

Covering law 

model of scientific 

explanation: 

The negation of a tautologous sentence. 

 

‘p is true’ means ‘p corresponds to some aspect of the (natural or 

even supernatural) world’. 

A model which assumes scientific explanations are sound 

arguments containing at least one premise that is a scientific law. 

Deduction: An argument whose premise(s) are supposed to logically imply  its 

conclusion. 
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Deductive 

nomological 

explanation: 

Type of covering law model which assumes the argument form 

required is a deductively valid one. 

Disjunction: A truth-functional sentence formed by connecting two    sentences 

by ‘or’; such sentences are true if and only if at least one of their 

component disjuncts is true. 

Disposition 

terms: 

Terms designating entities with tendencies or propensities to 

behave in certain ways, e.g., magnetic, intelligent. 

Epistemic utility: The value of scientific hypotheses (including laws and theories) 

insofar as they are, for example, true, consistent with other claims 

believed to be true and precise. 

Falsifiability 

theory: 

Formally 

fallacious 

argument: 

Hypothetico- 

deductive 

method: 

Proposed criterion of empirical meaningfulness for sentences, 

based on their falsifiability by observation sentences. 

An invalid argument. 

 

 

A method of scientific discovery based on positing hypotheses, 

deriving predictions, and testing the latter to obtain  confirmation 

or disconfirmation. 

Induction: An   argument   whose   premise(s)   are   supposed   to   make   its 

conclusion more or less acceptable or probable. 

Induction by 

elimination: 

 

Induction by 

enumeration: 

 

Inductive 

statistical 

explanation: 

Informally 

fallacious 

argument: 

A method of discovering true scientific hypotheses (including 

laws and theories) based on the elimination of false hypotheses 

from a set of relevant alternatives. 

A method of scientific discovery of universal generalizations (e.g., 

All S are P) based on the enumeration of particular claims (e.g., 

Some observed S are P). 

Type of covering law model which assumes the argument form 

required is an inductively valid one. 

 

An argument with a false premise or methodological  flaw. 

Circular arguments are informally defective but formally valid. 

Instrumentalism: (Theoretical) The theory asserting that scientific laws and theories 

are rules of inference rather than truth claims or sets of truth 

claims. 

Interpretation: Interpretations of sentence and  argument  forms  are  ordinary 

sentences and arguments patterned after the forms; interpretations 

of the term ‘probability’ are views about the meaning of 

probability claims. 

Invalid argument 

schema: 

An argument form or skeleton such that if its variables are 

appropriately replaced making all its premises true, then it is still 

possible that its conclusion may be false (assuming no 

methodological flaws in the argument). 

Hume’s problem: Because it is self-contradictory to accept the premises of a 

deductively valid argument but not the conclusion, and it is not 

self-contradictory to accept the premises of an inductively valid 

argument but not the conclusion, some other reason must be found 
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for accepting the conclusion of an inductively valid argument. 

Logic: The study of arguments and things essential to their appraisal as 

good or bad. 

Logical operator: Expressions that connect terms, sentences and variables of various 

sorts in logical systems. 

Material 

biconditional: 

 

Material 

conditional: 

A truth-functional sentence formed by connecting two sentences 

by ‘if and only if”; such sentences are true if and only if the two 

sentences connected have the same truth value. 

A truth-functional sentence formed by connecting two sentences 

by ‘if’ and ‘then’; such sentences are false if and only if they have 

true antecedents and false consequents. 

Negation: The denial of a sentence. 

No Harm 

Principle: 

Observation 

sentence: 

Operational 

definition: 

Pragmatic theory 

of truth: 

One ought to act so that one’s actions tend not to harm anyone. 

 

A sentence without theoretical content designating an observable 

phenomenon. 

A type of definition such that words are defined by describing 

some operations designed to produce observable results. 

‘p is true’ means ‘action in accordance with p leads to satisfactory 

results’. 

Pragmatic utility: The value of scientific hypotheses (including laws and theories), 

all things considered, including the moral, political and economic 

consequences of anticipated action based on those hypotheses. 

Principle of 

Beneficence: 

One ought to act so that one’s actions tend to impartially improve 

the quality of life. 

Proposition: The meaning of declarative sentences or assertions, which must 
have a truth-value of truth or falsity. 

Quality of life:        The objectively measurable and subjectively experienced   aspects 

of life. What philosophers traditionally have called a good life 

would be a life with a good quality. 

Self-contradictory 

sentence: 

Semantic theory 

of truth: 

The negation of an analytic sentence. 

 

‘p is true’ descriptively means nothing more than ‘p’ itself. 

Scientific method: Traditional name used to describe procedures for obtaining 

empirical knowledge by means of careful observation of the world 

versus a priori speculation. 

Scientific 

paradigm: 

A set of accepted models of good practice, hypotheses, laws, 

theories and rules of behavior or regulative principles. 

Scientific theory: Several alternative definitions have  been  proposed,  but  most 

people would define a scientific theory as an organized set of 

propositions designed to describe some aspect of the natural 

world, including aspects and behavior of individuals and social 

groups. 

Sentence form: The logical structure or pattern of an ordinary sentence. 

Sentence 

variable: 

A letter representing any ordinary sentences. 

Sound argument: An argument with all true premises, a valid logical schema and no 
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methodological flaws. 

Syllogism: An   argument   formed   by   some   combination   of   categorical 

sentences, containing two premises and three distinct terms, with 

one term (middle term) occurring in both premises but not in the 

conclusion. 

Tautologous 

schema: 

Theoretical 

sentence: 

Theory of 

probability: 

Truth-functional 

argument 

schema: 

Truth-functional 

sentence: 

Truth-table 

definition: 

A sentence schema such that it necessarily becomes a true 

sentence (tautology) when its variables are appropriately replaced. 

A sentence essentially containing a term whose meaning is 

embedded in a particular scientific theory. 

A theory designed to interpret the term ‘probability’ and to obtain 

initial probability values for probability claims. 

An argument schema whose validity may be determined by 

converting it to a conditional sentence schema and  testing the 

latter for tautologousness. 

Any sentence whose truth-value is a function of the values of its 

component sentences. 

A type of definition for logical operators based on an exhaustive 

listing of the truth-value of sentences formed by those operators. 

Truth-table testv A type of test for tautologousness of truth-functional sentences/ 

Unsound 

argument: 

An argument with at least one false premise, an invalid logical 

schema, a methodological flaw, or any combination of these 

defects. 

Valid argument: An interpretation of a valid argument schema. 

Valid argument 

schema: 

 

 

Validation of 

particular rules: 

Verifiability 

theory: 

Vindication of 

general rules: 

An argument form or skeleton such that if its variables are 

appropriately replaced making all its premises true, then its 

conclusion must be true (assuming no methodological flaws in the 

argument). 

Showing that the rules are warranted by more general rules. 

 

Proposed criterion of empirical meaningfulness for sentences, 

based on their complete verifiability by observation sentences. 

Showing that action in accordance with such rules is well-suited to 

achieve some specified end at a reasonable cost, i.e., that the rules 

have pragmatic utility. 
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