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Facts and truths are termed "objective/' and so are beliefs. There are three 
strands to our ordinary notion of an objective fact or truth. First, an objective 
fact is accessible from different angles. It can be repeated by the same sense (sight, 
touch, etc.) at different times, and it can be repeated by different senses of one 
observer, and by different observers. The second mark of an objective truth, 
related to the first, is that there is or can be intersubjective agreement about it. 
And the third feature concerns independence. If p is an objective truth, then it 
holds independently of people's beliefs, desires, hopes, and observations or 
measurements that p. A fourth and more fundamental characteristic of objec-
tive truths underlies and explains the first three features (to the extent that they 
hold): an objective fact is invariant under all admissible transformations. Which 
transformations are the admissible ones, for instance, Lorentz transformations, 
is discovered in the course of the history of scientific investigation.1 

A judgment or belief is objective when it is reached by a certain sort of pro-
cess, one that does not involve biasing or distorting factors that lead belief away 
from the truth. A judge in a courtroom is supposed to be objective and unbi-
ased. If she has particular ties to a party in the case, or a particular interest in 
the outcome of the case, she must remove herself from participation. For it is 
difficult to shield from the effects of such factors, and they tend to lead one away 
from the truth. 

A judgment or belief is rational, relative to certain epistemic goals, if it is 
reached or maintained by a process that is effective and efficient at achieving 
those epistemic goals. It would be too stringent to require that the process be 
optimal in achieving those goals. Perhaps another process is superior, but if this 
process is not far inferior, then a belief arrived at through it may well be ratio-
nal. The process need not even be more effective than not. Perhaps no available 
process is likely to yield true beliefs of a desired degree of specificity, but if the 
belief is arrived at by (what is close to) the most effective such process it will 
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count as rational, even if the desired result is not more likely than not (see Nozick 
1993, pp. 65-6). 

On these construals, objectivity and rationality are connected. Nonobjectiv-
ity lessens rationality. If a belief is arrived at by a process in which biasing fac-
tors that lead one away from the truth play a significant role, then that process 
will be less effective and efficient in arriving at the truth, and so, to that extent, 
less rational—at least as judged by a stringent optimizing criterion of rationality. 

Whether or not a belief is objective is determined by, and derived from, the 
nature of the process by which it arises (and is maintained). Just as in the case 
of justified belief, an objective belief can turn out to be false. What led the 
person to this false (but objective) belief will not, however, have been the 
operation of biasing factors. Also, a nonobjective belief may turn out to be 
true. Though shaped by biasing factors that tend, in general to lead away from 
the truth, in this case the person happened upon the truth despite the biasing 
factors. 

Being "biasing" is not an intrinsic feature of a factor; it depends upon the 
role that factor plays in the overall process of arriving at belief. Within one 
process, a factor may retard finding the truth, within another process that same 
factor may be neutral or even may aid in discovering the truth.2 The crucial 
question is whether the overall process is biased against discovering certain 
truths, not whether a component is. Under the American system of criminal 
justice, to convict someone of a crime all twelve jurors must unanimously agree 
upon a guilty verdict. Any potential juror whose mind is (unalterably) made 
up, or who is especially likely to favor one verdict, is open to challenge and to 
exclusion from the jury. Jurors are supposed to be unbiased. Perhaps juries would 
better arrive at the truth, however, under a system that intentionally admitted 
two biased jurors, one for each side (who are able to argue their convictions 
during the jury's deliberations), with the votes of only eleven of the twelve jurors 
being required for conviction. It is an empirical question whether under this 
alternative system, jurors would more frequently arrive at the truth than in a 
system where all jurors individually are unbiased. 

Since individual biases can be constrained and contained within systems such 
as the interpersonal system of scientific investigation and (perhaps) the jury 
system just considered, and since such biases might even perform some posi-
tive role there, when bias is unavoidable we can attempt to devise various struc-
tures to counteract biases and perhaps even to utilize them, against their own 
biased wishes, to arrive at the truth. Emotions themselves need not be biasing 
either, and do not necessarily make judgment subjective. Israel Scheffler has 
emphasized the useful role certain emotions, such as a passionate concern for 
the truth, may play in cognition. 

Consider this common argument for the claim that science should be value-
free: 

(1) Science should be objective. 

(2) Values are not objective. 
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Therefore: 

(3) Values should not be introduced into science or play a role there. 

That is to say, science should be value-free. The truth of this conclusion some-
times is contested by denying the second premiss. Science could contain values, 
and even make value assertions, and still be objective if values themselves are 
objective. The objectivity of values is a large question; here we are concerned 
with a smaller point. 

This argument for a value-free science based upon the premiss that values 
are not objective implicitly assumes the following additional premiss which we 
might call the Contamination premiss: 

When something that is not objective is introduced into a subject, or 
plays a role there, it makes the subject nonobjective. 

Yet we have seen that something nonobjective might play a role within a sub-
ject or area without making that thing itself nonobjective. It depends on what 
that role is, and what other structures limit or direct the consequences of such 
individual instances of nonobjectivity. Hence, the implicit premiss is false as it 
stands, and needs to be formulated more carefully if the common argument is 
to be at all plausible. 

In saying that an objective belief is one that arises by a process in which bias-
ing factors that tend to lead one away from the truth play no role, I have taken 
an externalist and an instrumentalist view of the objectivity of belief. Someone 
might hold that objectivity is an intrinsically valuable characteristic of belief. 
John Dewey emphasized how starting as instrumentally valuable in reaching 
end E, something can come to be held to be intrinsically valuable. We can add 
that its being held to be intrinsically valuable can itself be instrumentally valu-
able, either because holding it thus also is conducive to the particular end E or 
to some different end. Whether or not one can maintain an instrumentalist 
theory of all intrinsic value—and it is worth considering the extent to which 
one can—it is plausible to maintain this in the case of whatever intrinsic value 
is attributed to objectivity. 

Even if the value of an objective belief is instrumental, some will hold that 
the objectivity of a belief is better defined by its resting upon (objective) rea-
sons, rather than by its instrumental connection to the truth. Instrumentality 
will not thereby be avoided, however, if the reason-relation itself is defined by 
an instrumental connection to the truth. It seems plausible to think that the 
fact that p is a reason for believing q if there is a general type-type factual con-
nection (which may be a statistical one) between p and q (between the truth of 
facts of some type that p falls under and the truth of statements of some type 
that q falls under), so that believing q (partly) on the basis of p is conducive to 
believing the truth. The apparent self-evidence and a priori character of the 
reason-relation might be explained by there having been evolutionary selec-
tion for a factual relation coming to seem self-evidently valid (see Nozick 1993, 
pp. 107-10). 
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The Objectivity of Science 

Let us turn now to the general question of whether science is objective. First, a 
very brief sketch of the past seventy years or so of the philosophy of science. Karl 
Popper presents an appealing picture of science as formulating sharp theories that 
are open to empirical testing and to empirical refutation. Scientific theories are 
not induced from the data, but are imaginative creations designed to explain the 
data. Writers in the logical positivist tradition (Hans Reich enbach, Carl Hemp el, 
and Ernest Nagel) elaborated the hypothetico-deductive view of scientific theoriz-
ing and testing. Call this (or a combination of these) the standard model of science.3 

In treating Popper together with the logical positivists, I leave aside his dis-
tinctive anti-inductivist position wherein the degree of corroboration of a hy-
pothesis is a purely historical description of the severity of the tests that the 
hypothesis already has undergone and survived, and no justified inference can 
be made that a better corroborated hypothesis is more likely to survive its next 
test than a worse corroborated one is, or than it was before it first was tested. It 
is worth pointing out that Popper cannot consistently combine this doctrine with 
his acceptance of the standard view that the wider the variety of circumstances 
under which a hypothesis is tested, the more severely it has been tested—re-
peating the same test over and over again does not (any longer) constitute se-
verely testing the hypothesis. We severely test a hypothesis H by checking the 
hypothesis in those circumstances where, if H is false, its falsity is most likely 
to show itself (and we assess this likelihood according to our background be-
liefs). After H has passed a test in an area, it would not be as severe a test, not 
the severest test, to check H again and again and again in that same area. Check-
ing H in another area now becomes its severest test. This can only be because 
after the initial test has been carried out and passed, the probability that H, if 
false, will show its falsity in that first area goes down. (It is not that the prob-
ability of H's showing falsity in some other area goes up.) This means that: 

prob (H passes its next test in area A / H already has passed tests in 
area A) is greater than prob (H passes its next test in area A / H 
has not already passed tests in area A). 

Otherwise, repeatedly rechecking H in area A would continue to be the sever-
est test of H. But this means that H's passing severe tests eventually provides 
some inductive support that H will pass the very next test of that sort. The as-
sessment of H's past degree of corroboration, that is, the historical assessment 
of the severity of the tests that H has passed—a central feature in Popper's 
philosophy of science—therefore involves some inductive assumption.4 

Complications of the standard model abounded. (Some of these complications 
Popper foresaw, and attempted to incorporate within his view.) Here are some 
of the complications: 

1. Isolated statements or even theories, Pierre Duhem claimed, are not sub-
ject to refutation by themselves because, by themselves, they do not imply 
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any particular observational data. Auxiliary hypotheses are needed also to 
derive observational predictions (for instance, hypotheses about the propa-
gation of light, about the functioning of our measuring instruments, and 
about how our own perceptual apparatus functions). 

2. Theories are not given up unless a better theory is available. Testing might 
best be seen as differential testing that occurs between formulated theories, 
rather than just one theory being tested alone. 

3. Theories might be rendered immune from refutation by ad hoc modifica-
tions. Popper formulated a methodological rule barring these, but there is 
no clear demarcation between a wise modification that reformulates a theory 
and an ad hoc one that merely preserves it in the face of recalcitrant evi-
dence. Imre Lakatos proposed looking at a series of theories formulated 
within a research program, and he attempted to formulate criteria to deter-
mine if this series was progressive or degenerative. 

4. The data itself is not completely solid, and not completely independent of 
theory. Sometimes it is the data that is dropped or discredited, rather than 
the theory. And data and observations are shaped by the theories held by 
the scientist, and are reported in terms of these theories. Such "theory-
laden" observations and experimental procedures are used to establish the 
facts which then are used to test theories, including the very theories they 
are laden with. 

5. There are no rules or algorithms to determine the acceptance of a scientific 
theory. There are different virtues of a theory which may conflict (fitting 
data, explanatory power, accuracy, scope, precision, simplicity, theoretical 
fruitfulness, and so on). There also are different conceptions of each of these 
virtues; moreover, different weightings can be given to these virtues. No 
explicitly formulated and accepted rules precisely resolve questions about 
the acceptance of theories, and there is much leeway for scientists to dis-
agree. Thomas Kuhn sometimes put this more colorfully: accepting a new 
theory is like a psychological gestalt switch, or (more colorfully still) like a 
religious conversion. 

6. Much scientific work takes place within a tradition of what kind of work is 
fruitful, what questions are worth asking and working on, what kinds of an-
swers are acceptable, and so on; scientists normally work within a "paradigm." 

7. Theories are underdetermined by the data. 

There have been two kinds of reactions to these complications for the standard 
model, a radical reaction and a defensive one. 

The radical reaction holds that these features undermine the objectivity of 
science.5 The theory-ladenness of observations means that theories cannot (eas-
ily?) be refuted, for the theories themselves shape the observational reports, 
and therefore make it likely that these reports will fit together with the theories. 
Work within a paradigm makes science "path dependent," in that the past history 
of science and of what theories have been accepted by scientists partly determines 
our current formulation and acceptance of theories, which therefore is not simply 
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a function of the data available to us. If different theories had been formulated 
earlier, science would have taken a different path, with different procedures being 
invoked and different observations "reported," different theories later being 
accepted, and so on. The current theories of science are path-dependent histori-
cal products. The lack of agreed-upon rules to determine theory acceptance makes 
such acceptance a matter of subjective judgment, or the product of nonrational 
social forces, or of other factors not governed by reason such as gestalt switch 
and conversion. Notice that the radical response frequently accepts the notion 
of objectivity that went with the standard model, and concludes that since this 
notion is not satisfied, there is no objectivity to science. Another response might 
be to attempt to formulate a more nuanced notion of objectivity, one according 
to which science is objective despite the complications. 

The defensive reaction follows this path.6 The theory-ladenness of observa-
tion does not guarantee that it will comport with the theory that loads it. People 
concluded that the Earth revolved around the Sun, despite having previously 
thought differently and so "observing" the Sun to rise. Proponents of different 
theories might agree about an observation, or observational report, which dif-
ferentially tests the theories, and so agree about whether or not a given theory 
is compatible with the data. 

The meaning of scientific terms might vary from theory to theory, but still 
scientists might be referring to the same things in the world, and their differ-
ent predictions about these things might be comparable and intersubjectively 
agreed upon, across the competing theories. Although there are not precisely 
agreed-upon rules of theory choice, rationality does not require such explicit 
rule-following. (I can add the following point. The literature on parallel dis-
tributed processing systems shows how complicated tasks might be accom-
plished, effectively directed toward a goal, without following any explicitly 
formulated rules that are adverted to. The activity simply is the result of the 
weighted connections in the network, which themselves were shaped by some 
feedback rule.) 

Moreover, although there might not be a complete ordering of theory pref-
erability, relative to given data, there might be a partial ordering that is enough 
to decide the question scientists are facing. One theory might best another ac-
cording to all the criteria, or it might be that the vague weights that are given 
to the different criteria are within a range that is precise enough to determine 
particular theory choices. Hence, science can be rational and objective, despite 
the factors which complicate the standard model. 

It seems to me appropriate to place Hempel in this defensive camp, although 
Hempel was anything but "defensive" in his worrying over, and examination 
of, the issues raised by Kuhn. In particular, Hempel showed remarkable open-
mindedness and intellectual integrity when, already late is his career and hav-
ing stood for a certain view in the philosophy of science, he acknowledged Kuhn's 
point that the various desiderata of a scientific theory are not precisely defined 
or given precise weights in relation to each other. "I think that Kuhn's position 
on this issue is correct. A formally precise and substantively adequate rational 
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reconstruction of standards of scientific theory choice is not to he expected 
(Hempel 1984, p. 23). The school of "analytic empiricism" (as Hempel termed 
it, and of which he had been a leading member) hoped for such formally precise 
and substantively adequate rational reconstructions of "certain characteristic 
rules and standards of scientific procedure . . . including criteria for confirma-
tion, explanation and the like" (Hempel 1988, pp. 6, 8), although Hempel notes 
that the school of analytic empiricism did not attempt to provide such rules for 
overall theory choice.7 Hempel did think, however, 

that partial advances will be made, in the spirit of mathematical decision theory, 
in formulating precise principles of theory choice for more limited purposes 
and for theories of a less comprehensive kind than the paradigmatic ones Kuhn 
has in mind. (1979, p. 297) 

Hempel sees the objectivity of scientific inquiry as depending upon whether 
"scientific procedures including theory choice" are "characterized by standards 
that do not depend essentially on purely idiosyncratic individual factors" (1983, 
p. 93). In looking back upon the logical empiricist view which he no longer holds, 
Hempel writes: 

The search for methodological principles that do not refer to psychological or 
sociological considerations was prompted in part by the ideal of the objectiv-
ity of scientific procedures and claims: this would call for methodological norms 
which determine unambiguous answers to problems of critical appraisal so 
that different scientists applying them would agree in their verdicts. . . . Such 
inter-observer agreement concerning observational evidence was seen as safe-
guarding the objectivity of science at the evidential level. As a result, the meth-
odological norms for the appraisal of scientific claims would then be objective, 
i.e. intersubjectively binding, since they called for precisely characterized logical 
relations between a hypothesis under appraisal and a body of evidence sen-
tences that could be established with high intersubjective agreement by means 
of direct observation. (1988, pp. 3-4) 

In the light of criticisms of the logical empiricist view, Hempel proposes "a re-
laxed but objectivist construal of methodological principles" according to which 
"science is . . . an objectivist enterprise where claims are subject to a critical 
appraisal in terms of standards that are not simply subjective and idiosyncratic" 
(1983, p. 93). 

Because the various desiderata of a scientific theory are not precisely defined, 
or given precise weights in relation to each other, Hempel worried that science 
does not warrant being termed a rational procedure. 

I argued that a rational procedure consists in the pursuit of a specified goal in 
accordance with definite rules deliberately adopted on the ground that, in the 
light of the available information, they offer the best prospects of attaining the 
goal. I concluded that insofar as scientific procedures are constrained only by 
considerations of the kind of the desiderata, they should be viewed as arational 
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(though not as irrational), and I argued further that perhaps they might be 
qualified as latently functional practices in the sense of functionalist theories 
in the social sciences. 

But, on further thought, Hempel thought this view "does not take sufficient 
account of the considerable role that precise and rule-governed reasoning does 
play in the critical appraisal of competing theories," and the desiderata 

are typically perceived, it seems to me, as expressing not just individual taste 
or preference, but objective, if only roughly specified, traits of the competing 
theories. Thus, a less rigid construal of rationality may be indicated. (1983, 
p. 95) 

Here we should distinguish three requirements that Hempel, at one time, 
thought necessary for scientific rationality: first, that the scientific procedures 
are precise enough to dictate theory choice in all situations; second, that these 
procedures centrally include the following of explicit precise rules; and third, 
that these rules themselves are adopted or maintained because they "are judged 
to specify optimal means of advancing scientific knowledge" (1979, p. 299). If 
I understand Hempel7s "less rigid construal of rationality" correctly, it involves 
weakening the first requirement so that the scientific procedures need not dic-
tate theory choice in all situations, and they may utilize or refer to notions that 
are not themselves precisely explicated. It involves weakening the second 
requirement only in that the rules need not be precise; they still must be explicit 
and consciously followed. And—here I am less sure—the rules themselves, 
though weakened in their precision, must continue to be explicitly evaluated 
and judged as a means of advancing scientific knowledge. 

Since Hempel does not require in the case of action that it is rational only if 
some rule (such as maximizing expected utility) is explicitly followed—it is 
enough for the agent to have the disposition to behave in accordance with the 
rule, doing what the rule would call for even though the agent does not explic-
itly invoke it (1962)—it is not clear why scientific rationality must require the 
explicit invoking and following of rules. This would follow on the additional 
assumption that the only way to possess the disposition to maximize expected 
scientific or epistemic utility is to explicitly follow rules directed toward this goal 
and to adopt these rules because they are so directed. (Following Wittgenstein, 
we can ask whether rationality requires that the adopting of these rules also 
must be done as an explicit application of some other rule?) 

If science is to be rational, then on Hempel's view it must explicitly follow 
methodological rules that serve the achieving of its goals. Its rationality is in-
strumental. What then are its goals? Should one say that its goal is to discover 
true explanatory theories of (various aspects of) the world? If scientific theory 
choice is made in accordance with the (sometimes vague) desiderata, then if 
science is to be rational, there must be some connection between satisfying the 
desiderata and achieving the goal. Satisfying the desiderata must make it more 
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likely that the goal will be achieved. Hempel came to think that truth could not 
be the goal of science, because only three of the desiderata (logical consistency, 
testability, and compatibility with the test data) could be connected with truth. 
The other desiderata (such as large scope, simplicity) are not so connected. 

I want to claim that most of these desiderata are not logically relevant to the 
search for true theories. If we regard scientific research as instrumentally 
rational in a logical way, then its aim cannot solely be seen as the formulation 
of true theories. We could say instead that pure scientific research aims at the 
construction of epistemically optimal pictures of the world, i.e. at the most com-
prehensive, simple and systematically organized theories that are precisely for-
mulated and logically consistent, and are such that their consequences agree 
well with experimental findings and that they provide the most precise expla-
nations and predictions of empirical events. (Hempel n.d. (2), n.p.) 

So, if scientific inquiry is to be viewed as a systematically goal-directed enter-
prise, its goal surely is not the attainment of true theories. Our considerations 
about theory choice in the light of the desiderata rather present scientific theo-
rizing as directed towards the construction of well-integrated world pictures 
that optimally incorporate our experimental data available at the time in to a 
simply and smoothly cohering and far-reaching conceptual scheme. Scientific 
theorizing is oriented, we might say, not at the ontological goal of truth, but 
at the epistemological one of optimal epistemic integration, or at epistemic 
optimality, of the belief system we hold at any time. (Hempel n.d. (1), n.p.) 

On Hempel's view, "the fullest satisfaction of all desiderata is instrumentally 
rational in the search of [epistemically] optimal pictures of the world," while 
only two of the desiderata are also instrumentally rational "in the search for 
true pictures of the world" (n.d. (2), n.p.). 

We might see Hempel here as employing some version of a principle of char-
ity, holding that (so far as this is possible) a goal be attributed to an activity so 
that it comes out as instrumentally rational. It would be clearer, however, that 
truth is not the goal of science, if there were another, better way, different from 
science, to pursue the goal of true theories of the various aspects of the world. 
But if there is no better way than science, then perhaps true theories are the 
goal of science. To be sure, a theory of wide scope, a bold theory in Popper's 
sense, is less likely to be true, is less probable, than a narrower theory. But this 
does not show that our goal in doing science is not truth, for how else are we to 
more effectively pursue the truth about the whole world? Perhaps rationality 
requires that we pursue the most effective means to our goal (although I said 
earlier that this is too stringent a requirement), but it does not require that we 
always pursue a goal for which our means are quite effective. A shipwrecked 
passenger swimming toward a distant shore does not have the goal of exercise, 
which he is sure to achieve, rather than the goal of saving his life, which he is 
unlikely to achieve yet is more likely to achieve in this way than by any other 
means available to him. 
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The Functional View 

Thus ends my sketch of recent philosophy of science, and of Hempel's views in 
particular. If I had to choose one of these responses—the radical or the defen-
sive—to the complications to the standard model, I would choose the defensive 
one. However, there is another response that is possible: that science is rational 
and objective, not despite the complicating factors but (in part) because of them. 
The complicating factors play a role in the advance of science, they contribute 
to the progress of science, to science's rationality and objectivity. (Note that 
these are different notions which the literature tends to jumble together. A factor 
that aids the progress of science might make its objectivity more difficult; there 
might be trade-offs among these notions, etc.) Let me explain. 

It would not be rational to start science from scratch at every moment. Things 
that have been learned can be built upon, not just to save time and effort but to 
enable us to get farther, to learn more. This point is not restricted to science 
but concerns human activities and endeavors in general. In building a brick wall 
we do not support each layer independently; we let each be supported by what 
comes below it. In teaching a subject, we do not teach it in a new language 
unknown to the students, which they must learn; we teach it in a language they 
already know. We do not start from scratch unless we have to. It would be irra-
tional to always begin at the very beginning. 

We can make more, and deeper, empirical predictions by utilizing several 
theories and assumptions rather than just one. Thereby we learn more things, 
and also subject our theories to a more severe test, for their inaccurate conse-
quences might be apparent to us only when they are wielded jointly. 

Using our already supported theories to make and to report observations, 
enables us to look farther, at further and deeper consequences. Perhaps only an 
experimental physicist will see a certain particle in the trail in a Wilson cloud 
chamber, but given the existence of an evidentially supported theory that tells 
us this, it would be foolish to report only bare phenomenal seeings, even if such 
were possible. Only by standing upon our existing theories can we reach to 
predictions yielded by theories still further from "bare" observations. Similarly, 
it is rational to work within an existing paradigm that has some successes to its 
credit. Thereby we build upon its resources as we elaborate it further, and we 
learn from its further applications in new domains. 

We should notice that the notion of observation uncontaminated by theory 
is, in any case, a pre-evolutionary notion. Consider how we see egg-shaped fig-
ures as convex or concave, depending upon the pattern of bright light and shadow 
(see Churchland and Sejnowski 1992, p. 146). No inference or conscious inter-
pretation takes place. Rather, we see these three-dimensional facts in accordance 
with the (default) assumption that light comes from above. This is a longstanding 
and general enough fact (light comes from the sun or from the moon; fires on 
the ground are a late and relatively infrequent phenomenon) for the evolution-
ary process to have built it into our very mode of observation, structuring it. If 
light does come from above, then for a convex figure, the light will be at the 
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top, the shadow at the bottom, while for a concave figure, the darker portion 
will be at the top, the lighter one at the bottom. When those shading patterns 
obtain, we automatically see the three-dimensional structure of the object 
accordingly. 

Another way of putting the matter is that evolution has built the equivalent 
of certain inferences into our observations, selecting for structures in our vi-
sual system (the pattern of excitations and inhibitions in our neuronal wiring) 
so that, given certain stimulation of sensory receptors, things are seen a certain 
way. Those wiring patterns which led our ancestors to see the world (roughly) 
the way it was, were selected for. We don't need to infer from the sensory stimu-
lation that things in the world are a certain way; evolution has made the infer-
ence for us. Try as we might, we cannot bring the theoretical content of our 
observations down to zero, for evolution itself, even if it has not maximized 
the accurate theoretical content of the observations, has placed it at a level much 
above zero. 

Evolution has not produced completely accurate observations though, for 
interesting reasons. Consider Mach bands, which are lighter and brighter bands 
seen at the border of a dark and a light surface, or around a dark object against 
a light background. The gradient of perceived brightness is not proportional to 
the actual brightness (the intensity of the light reaching the retina), and this 
difference can be explained in terms of the pattern of neuronal wiring, includ-
ing adjacent inhibitory connections. Our perceptual experience is not linear with 
the physical phenomenon, but this "distortion" serves the function of accentu-
ating and making more salient the boundaries of an object, which is a useful 
thing to quickly notice. The particular pattern of neuronal wiring that produces 
Mach bands leads to an increase of accuracy in one respect, and an inaccuracy in 
another; there presumably was evolutionary selection for this wiring because 
the benefits of perceiving boundaries outweighed the costs of the inaccuracy. 
Evolution seeks to give us a useful picture of the world, in preference to a fully 
accurate one. A similar point applies to the adaptation of sensory receptors, 
where receptor potential declines with a sustained stimulus. 

What would observations with zero theoretical content be like? Would there 
be no internal wiring that recorded things one way rather than another—in the 
stream of processing of stimulation patterns, would none be taken, automati-
cally in the wiring, as indicating the presence of certain physical phenomenon? 
Even if we could imagine and state what this would be like, would it be at all 
desirable? Would it be better to start at (evolutionary) scratch, having learned 
nothing from the long experiences of our ancestors about what facts typically 
produce certain stimuli? If so, there is no reason to stop at our human ancestors. 
How far down the evolutionary scale, and how far back in our origins, should we 
proceed in search of observations that are uncontaminated by any instilled facts 
or factual framework? Must uncontaminated science be done only by amoebae? 
When, or if, we find such primitive organisms, we will not have discovered or-
ganisms that know more, and more accurately, about the world than we do. The 
more evolution has laden our observations with accurate theory, the better. 
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What of the path-dependence involved in building our current science upon 
past advances in knowledge? Had we not built upon particular earlier theories 
and research traditions, and followed the path they most easily led to, we might 
be accepting very different theories now. (We could not be accepting any very 
powerful theories unless we had built upon some theories or other—a differ-
ent path but nonetheless path-dependence.) 

However, the existence of Kuhnian revolutions shows that scientists are not 
stuck upon those paths they find themselves upon. They can shift to another 
very different theory, one different enough in its viewpoint to lead some 
philosophers to hold that the theories (or theorists) cannot even speak to or 
understand each other. We can leave a previous path for a new one. There may 
not be precise rules for doing this. (Or there may be rules which are agreed to 
by proponents of both of the competing theories—a point from the defensive 
response.) But even if Max Planck is correct that the older generation dies out 
before it unanimously accepts a theory, the younger generation of new scien-
tists does move almost uniformly in one direction. Presumably they do this 
because, unburdened by an investment in the old theory, they can more neu-
trally compare the virtues of the new and the old. (Another explanation, though, 
is that their incentive is to concentrate upon the new, for it is here that the largest 
contribution remains to be made.) And individual differences in times of being 
convinced of a new theory can have positive functions for the institution of 
science, as Kuhn points out. We can add that gestalt switches may be needed to 
understand a new theory, but that does not show that they play any further 
role in the decision to accept that theory. And if such switches, or even conver-
sions, play a role in individual decisions to accept and work further upon theories, 
deriving new predictions from them and subjecting them to new tests, still, being 
impressed and convinced by such results may not be dependent upon any switches 
or conversions. Perhaps such agreement and conviction comes years later, after 
all of the interesting choices have been individually made by those willing to run 
theoretical risks. But who said that the objectively correct choice must be imme-
diately evident? If the owl of objectivity flies only at night, so be it. 

If, contrary to fact, all choices about acceptance were made according to given 
fixed rules, wouldn't this raise the worry that science is strongly path-dependent, 
dependent upon the particular path these particular rules are a part of? That 
there are not always such rules, and that there is a way of hurtling oneself over 
to a very different place, one that can rationally be evaluated later, removes some 
of the sting from the charge of path-dependence. The lack of such fixed and fully 
determinate rules of acceptance, then, is a virtue, not a defect. 

The replacement of an old paradigm by a new one might occur as follows. 
The old paradigm accepts certain criteria C (e.g., successful precise predictions) 
for judging a theory, and the theory component of the new paradigm surpasses 
the theory part of the old paradigm by these very criteria, or by the most im-
portant one of them (as judged by the old paradigm). So the old paradigm judges 
that the new theory is a better theory than the theory associated with the old 
paradigm itself. Notice that the new paradigm need not give the criteria C as 
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much weight as the old paradigm gave them. It might compliment itself accord-
ing to different criteria D. Still, the move will be made to the new theory. Once 
at the new theory, one tends to accept the new paradigm associated with it, and 
also to accept D, the new criteria for a good theory which are part of the new 
paradigm, and which that paradigm's new theory satisfies very well (and better 
than the old theory did).8 These new criteria D are accepted because the new 
theory satisfies them. Accepting D is part of the move to a new paradigm. The 
new criteria D come to seem important when the new theory satisfies them, 
and the paradigm associated with the new theory, the new paradigm, gives these 
criteria D importance. An example is the move to the special theory of relativ-
ity. This theory satisfies various invariance and symmetry principles, and so 
criteria giving these great weight in assessing a theory come to seem like good 
criteria. They emphasize the kinds of features the new theory has, that other 
theories to be developed also might have. Scientists direct their activities toward 
searching for new theories that also satisfy these new criteria. A sequence of 
such changes, each one seen locally as progress, might, bit by bit, alter or even 
reject all of the initial criteria. By the (perhaps temporary) criteria of the latest 
stage, its current theory would be superior to each preceding one. 

Underdetermination of Theory 

The underdetermination of theory seems a different matter, however, serving 
no apparent function while raising uncertainty about the truth of any theory 
we accept. Let us look first at whether theories are underdetermined by the data, 
and second at what the implications of this underdetermination might be. To 
say that theories are underdetermined by the data is to say that more than 
one theory can explain the data. But we do not yet have an adequate account 
of explanation, of the explanatory relation £, that enables us to confidently 
assert such underdetermination. What further conditions, in addition to being 
Hempelian in form, must our explanations satisfy? Might not these conditions 
drastically narrow down the range of acceptable explanations, perhaps to just 
one? Hempel requires that explanations be given in terms of laws. We can add 
that these laws must satisfy various invariance conditions (or be derivable, via 
broken symmetries, from statements that satisfy these conditions). Following 
Wigner's lead, we can add a further requirement, namely, that we formulate a 
mathematical representation of our fundamental physical theory, and find a set 
of transformations such that the fundamental properties of entities are the 
invariants under those transformations of the fundamental theory as so repre-
sented. A theory that meets this further desideratum is to be preferred, as is a 
fundamental theory that is invariant under the widest range of admissible trans-
formations and so itself exhibits a high degree of objectiveness. And if these 
additional constraints (or desiderata) alone do not reduce the range of theoreti-
cal explanations to unity, then perhaps they will do so in combination with 
further conditions still to be discovered. 
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We cannot say that theories must be underdetermined by the data (or more 
strongly, by all possible data), for the conditions that an acceptable theory or 
explanation must meet are not given a priori but are things that we learn as we 
go along. There is no reason to believe we know all such conditions already. 

Suppose, however, that our theories are underdetermined by the data. What 
are the implications of this? Would we be better off if our theory were not 
underdetermined? This would mean either that our theory did not go beyond 
our data at all (but then at best it would give us only a compendious repetition 
of the data) or that it did not step far enough beyond our data to also allow in, 
as an alternative, another theory. 

In that case, for our theory to be a powerful description of the world, 

(a) our data itself would have to be quite robust, matching the 
robustness of the actual world, 

or 

(b) the world itself would have to be quite thin, matching the thinness 
of our actual data, 

or 

(c) theories would have to be quite sparse in the space of possible 
theories, so that there was only one between our thin data and the 
robust world. 

Our actual data, however, is not robust enough to reach almost all of the way 
to a powerful theory of a thick world. Our observational data is one small con-
sequence of the laws that hold, sometimes quite distant from the most basic 
processes. For things to be different, our observations and data would have to 
be "in the round" and deep. In that case, although we could not get very far 
beyond our observations, we would not need to, for those observations would 
reach all the way to the basic structure of the world; they would be observa-
tions of the basic structure of the world, a direct experience of underlying laws, 
of elementary particles, of the structure of space and time. In that case, science 
would not exist—it would be unnecessary. We would know its results already, 
by observation. (And we are fortunate that our ancestors did not face such strong 
selective pressures against observing merely particular aspects of surface mani-
festations, for then those ancestors would not have survived to successfully give 
rise to us.) 

On the other hand, it the world were (less robust than it is, but) as thin as the 
observations we actually make, we would not need to risk reaching far beyond 
our observations, for there would exist nothing robust to reach toward. I shall 
not pause to discuss what such a thin world might be like—would it be an ob-
jective world?—or what of value would be absent in it. 

The first two alternatives (a) and (b) collapse the distance between our data 
and the world. The third alternative maintains that distance but leaves the 
(closed) interval between data and the world underpopulated. lust one possible 
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theory can live there. Strong constraints on what a theory or adequate expla-
nation is could keep that population down to one, as I have noted. If those con-
straints stem from the nature of our limited powers of understanding, how-
ever, they are an uncertain guide to the truth. But suppose that the constraints 
do reflect a fact F about the actual world, about what in the world is capable of 
giving rise to (and hence of explaining) what. Still, we might ask whether that 
fact F is entailed by our data or underdetermined by it. There will be epistemic 
underdetermination of theories, even if there is ontological determination, if, 
so far as we can know, facts incompatible with F also will be compatible with 
our data and will not necessitate those particular F-based constraints. Even if, 
in fact, only F is compatible with our data, because F does hold and so gives rise 
to the very constraints which make F the unique choice from our data, and hence, 
because of F, in general only one theoretical explanation is compatible with any 
given data (and so ontological underdetermination of theory by data is false), 
still, perhaps we cannot know all this on the basis of our data (without already 
knowing F), and so epistemic underdetermination holds sway. Over time per-
haps we can learn that fact F, but at the present time, data epistemically under-
determine theory. 

Epistemic or ontological underdetermination may indeed be an unavoidable 
fact of life for creatures with thin data in a robust world, but does either have a 
role or function in propelling scientific progress? They do propel the existence 
of science; we would not need an organized activity of science if our observa-
tions reached all the way to basic processes. They do propel the gathering of 
more data, in an attempt to decide between particular theories, or to test one 
theory in the area where we believe it is most likely to go wrong. 

Perhaps data gathering might go on even without underdetermination of 
theory. Even if, given data D, only one theory T could explain D, there still would 
be the possibility that the D are brute facts having no explanation, so that fur-
ther data would have to be gathered to determine if T were true. (And the falsity 
of T might continue to be a possibility, even though its replacement by another 
theory was not possible.) So continued gathering of data might be spurred, even 
without underdetermination of theory in the sense of two alternative theories 
being compatible with the data. Still, there would remain a certain under-
determination, in that compatible with any data D would be the one explana-
tory theory compatible with that data and also the statement (incompatible with 
the truth of that theory T) that the data D have no correct theoretical explana-
tion. (This will hold if the truth of "everything has some correct theoretical 
explanation" is itself underdetermined by our data.) Some gap between data 
and theory spurs the gathering of further data, and thus the gaining of new 
knowledge about the world. 

The fact that our theories reach farther than our data shows how far extended 
the reach of our theories is—a cause for celebration rather than for lament. To 
be sure, the further we reach the more our theories become susceptible to 
being wrong, or overthrown. (Recall, though, that even the observational data 
presuppose the regularities and incorporate the theories that evolution has 
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instilled.) However, also, the further we reach, the deeper our understanding 
goes. And this deeper understanding also points toward new obtainable data 
which, when gathered, make less shaky some previous moves beyond the then 
existing data. 

It might be granted that the complicating factors on the list do perform some 
positive function in the progress and rationality of science, but cannot they, at 
the same time, also be biasing factors that interfere with science's objectivity? 
Whether a factor is biasing—we already have seen—is not an intrinsic quality 
of that factor. It depends upon the nature of the overall system within which 
that factor operates. Do other factors within the system of science control or 
counteract (what otherwise would be) the bias of the factor in question? Can 
some factors on this very list control or counteract other factors on the list? 

The theory-ladenness of observation might be counterbalanced by using 
several distinct theories to derive predictions so that no one theory determines 
or dominates our observation; by the personal bias of scientists who favor their 
own new theory, and so do not see the world through the lens of the old theory; 
and by requiring increasingly greater precision of prediction, a precision beyond 
what uninstrumented observation can bring. The underdetermination of theory 
might be counterbalanced by having to construct a theory that can be inte-
grated with (modifications of) past successful theories; also, working within 
a paradigm will provide additional criteria (beyond compatibility with the data) 
that constrain new theories. However, the tendency to work within a para-
digm also is counterbalanced by the incentive structure that rewards scien-
tists for new breakthroughs, by an insistence on explaining all relevant rep-
licable data so that anomalies cannot persistently be ignored, and by pressing 
for new integrations of existing theories (e.g. of the four fundamental physi-
cal forces), which cannot be done within the existing paradigm. To be sure, 
that these factors oppose each other does not show that they exactly counter-
balance, but such exactness is not necessary to insure that over time no one 
factor predominates over all the others to push science in the direction of its 
own particular bias. 

We therefore can see the possibility of a third response to the complications 
of the standard model, a response that is neither radical nor defensive but one 
that delineates the role of these factors in contributing to the rationality and 
the objectivity of the scientific endeavor, thereby giving us a better understand-
ing of precisely how science is rational. Call this third response the functional 
response. 

It is not, of course, necessary to uniformly offer this third functional response 
for each of the complicating features (theory-ladenness, underdetermination 
of theory, working within a paradigm, etc.). It is possible to hold a mixed view 
that combines the second and the third responses. On this mixed view, some 
features on the list do play a positive role, contributing to scientific progress, 
and other features, while not playing such a role, still do not prevent scientific 
objectivity. Such a mixed view, nevertheless, might hold that on balance the 
complicating features do play a positive role in effecting scientific progress. 



The Objectivity and the Rationality of Science 303 

Rationality, Progress, Objectivity, and Veridicality 

We now can sort out and summarize, at least roughly, and keep distinct the 
notions of the rationality of science, of the progress of science, and of the 
objectivity of science. Science is rational when its processes effectively and effi-
ciently achieve its goals: discovering truths, rejecting falsehoods, uncovering 
explanations, making precise and accurate predictions, and so forth. (Perhaps 
we also should add: and its goals themselves also are rational or reasonable.) 
Science progresses when it increasingly achieves its goals, by discovering more 
truths, accepting fewer falsehoods, uncovering deeper explanations, extending 
the domain of things that can be explained scientifically, unifying the explana-
tions it offers, making more precise and more accurate predictions, and so forth. 
Science is objective when (differential) human factors do not systematically and 
irremediably point it away from certain kinds of truths or toward certain kinds 
of falsehoods. And, we can add, science is veridical to the extent that it presents 
an unadorned description of the world and its processes—nothing but the truth— 
or (more leniently) to the extent that the adornments of its theories eventually 
will drop away. 

Each of the factors on the complicating list (Duhemian considerations, theory-
ladenness of observation, underdetermination of theory, working within a para-
digm, etc.) might differently affect the distinct goals of scientific rationality, 
scientific progress, scientific objectivity, and scientific veridicality. It is worth 
investigating this in detail. For now, I simply can say that theorists who think 
the list of complicating factors impugns the objectivity of science owe us an 
account of objectivity, one that does not demand that science be infallible or 
omniscient and that does not impugn the objectivity of a system because of the 
apparent nonobjectivity of one of its component parts, yet according to which 
such objectivity does stumble before the complicating factors. 

Since my argument for the functionalist view thus far has tended to focus 
upon the progress of science and also, assuming it is rational to organize sci-
ence so that it does progress effectively, upon the rationality of science, let us 
say something more about scientific objectivity. 

Science will be objective when no extraneous factor diverts it from accurately 
finding out the truth. It might seem that the complicating features on the list 
do divert it, but we have seen that we cannot determine that a factor is biasing 
without knowing the role it plays in an overall process. How it strikes us on its 
face is not enough. Still, doesn't the list of complicating features show that which 
scientific theories are accepted (at any given time) must depend upon some fac-
tors in addition to what the world is like. And doesn't that, all by itself, indicate 
nonobjectivity? 

What root idea of objectivity would this conclusion involve?9 There are two 
ways science can deviate from stating all and only the truths, corresponding to 
the type 1 and type 2 errors discussed by statisticians. Science can accept some 
false statements, or it can fail to accept some true ones. Since at any time, sci-
ence is incomplete and nonomniscient, it cannot be that simply failing to accept 
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any particular truth counts as making science nonobjective. Science would be 
nonobjective if there are some particular truths that must forever be beyond 
its ken, or if some truths are much harder to discover than others, and not 
merely because of their greater depth. In such a case, let us say that science is 
blinkered. 

Similarly, since science is fallible it will accept some statements that are false; 
but, again, this alone does not suffice to make it nonobjective. Science will be 
nonobjective if there are certain false statements that it must accept, or if its 
falsehoods fit a pattern, if there are certain topics it is more likely to accept false-
hoods about, or certain kinds of falsehoods it is more likely to accept, and these 
fall into a pattern of being due to human biases or cognitive limitations. 

Since science is not infallible or complete, an objective science cannot be 
required to make its theories a function only of the world. However, its theo-
ries should not be a function also of systematically biasing factors. Science might 
be (in the phrase of C. S. Peirce) "self-correcting" in overcoming particular bi-
ases for particular theories. But if some particular biasing factor continues to 
operate, now favoring one inadequate theory and next favoring another, or if 
science continues to maintain some theory because one biasing factor after 
another favors it, then biasing factors would have more than a temporary 
influence, and so would interfere significantly with the objectivity of science. 
Perhaps science is objective when its theories are a function only of the world, 
of random factors, and (perhaps) also of temporarily biasing factors that do not 
systematically blind it to certain types of truths or predispose it to certain types 
of falsehoods. It is far from evident that the list of admitted complicating factors 
shows that science is biased and so is nonobjective in this sense. 

In its broadest form, the question of veridicality asks to what extent our view 
of the world contains features that are due to our method of knowing or repre-
senting the world. Can we disentangle these artifacts from the way the world 
itself is? 

Color phenomena present an illuminating example. There is an objective 
physical phenomenon, surface reflectance, whose detection is biologically im-
portant because of its correlation with other phenomena. Our biological appa-
ratus detects surface reflectance in a particular way that imposes some struc-
tural organization upon the information about reflectance that is received. 
Wavelengths are continuous yet color is psychologically experienced as orga-
nized into bands. There is a psychological discontinuity where there is a physical 
continuity, an experienced psychological categorization where there is a physical 
continuum. 

We have been able, however, to discover this nonisomorphism between the 
physical continuity of wavelengths and the psychological phenomenon of color 
bands. By using our senses and our accompanying reasoning power, we have 
discovered that our sensory organization imposes additional structure. We have 
thus been able to disentangle the objective nature of what is perceived from the 
additional structure due to our perceptual apparatus by independently investi-
gating the physical reality, and investigating our perceptual capacities (includ-
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ing their neurophysiological basis), and discovering some lack of isomorphic 
structure. We could have used different senses (vision, hearing, touch), each 
with their own special structuring, to discover the special and distinctive struc-
turing of any one sense. And to the objection that this would only identify a 
sense's distinctive structuring, and not any structuring that was commonly 
imposed by all the senses, we can point out that even using the same one sense 
to investigate itself can yield the conclusion that it imposes its own structur-
ing, and also some information about what that imposition is. 

Our investigations have used scientific reasoning in addition to perceptual 
information. So one might wonder whether such reasoning introduces struc-
turing of its own. However, there seems to be no bar in principle to using one 
component of scientific reasoning to discover artifactual structure introduced 
by another component, or even to using one component to discovering its very 
own artifactual structure. For there is no guarantee that a component's artifac-
tual contribution (or that of scientific reasoning as a whole) must remain invis-
ible to itself, especially when that one component (or kind of reasoning) inves-
tigates itself from as many angles as it can. To be sure, there does remain the 
possibility that there is some structural artifactual contribution that it makes 
which it itself is never able to detect, 

"Whoever it is that discovered water, it wasn't a fish," someone once remarked. 
How can we discover that something is an artifact if it is omnipresent in all of 
our ways of investigating and representing the world, and present to an equal 
degree in each so that there are no variations in its character to make it notice-
able? What is present everywhere, the thought runs, cannot be discovered 
because it contrasts with nothing. Even if it could be detected somehow, could 
it be discovered to be an artifact that was due to the combined operation of sci-
entific method plus our (or every rational being's) cognitive apparatus, rather 
than being part of the basic fabric of reality? 

A clue might exist in its very inescapability. The feature would seem not just 
universal but necessary. Such necessity should raise the strong suspicion that 
it originates as an artifact of methods of discovery or representation. (I do not 
say that such a broadly Kantian explanation of necessity is the only possible 
one, but I do not know of another equally plausible one.) 

Once it was held that the domain of necessary statements included central 
and fundamental truths that provided a structure to which all other truths 
conformed. It is a task for another time to delineate the waning of the notion 
of metaphysical necessity in this past century and, despite some encourage-
ment that notion has received recently, to further that implosion. Philoso-
phers might decry this shrinking of (what some think to be) their domain of 
investigation. And they might mourn, in the loss of necessary statements, what 
might have seemed the most objective statements there are: statements whose 
truth is invariant across all possible worlds. However, this cloud of philosophi-
cal decline contains a silver lining, for the fewer necessities there are, the more 
veridical our beliefs can be. We shrink necessity in order to make room for 
veridicality. 
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NOTES 

1. See Nozick (1998). Substantial portions of this essay also appear in that work. 
2. Biasing factors may be only a subclass of the factors that lead one away from the 

truth. Being nearsighted, or being prone to fallacies of reasoning, may tend to make 
one's beliefs unreliable but it is not clear that it makes them nonobjective. Further 
work needs to be done in demarcating biasing factors, even among those factors that 
vary from person to person, and that tend to point away from the truth in a particular 
direction. 

3. Later literature refers to this as "the received view." When I was a graduate stu-
dent, this was thought of by us—I don't say by Hempel—simply as "the truth." In 
philosophy, something gets called "the received view" only when it is on the way 
out, by those attempting to push it out. 

4. Couldn't we then continue, in conformity with Popper's methodology, to formu-
late a general statistical hypothesis about the instance falsification of hypotheses, to 
the effect that the probability of falsification of a hypothesis H on the test in an 
area goes down in proportion to the severity of similar tests in that area that the 
hypothesis already has passed? and couldn't we then go on to severely test this sta-
tistical hypothesis (where it is most likely to show its falsity), so that it accrues its 
own degree of corroboration, with the consequence that the probability of falsify-
ing it on the next test in an area where it already has passed tests would have less-
ened? Thus the inductivist camel takes up residence in the Popperian tent. 

5. Under this rubric fall Thomas Kuhn (on the usual interpretation), Paul Feyerabend, 
Bruno Latour, Andrew Pickering, Barry Barnes, and David Bloor. Note that Hempel 
dissents from the usual reading of Kuhn. "In view of the considerations presented 
so far, I think there is no justification for charging Kuhn's account of theory choice, 
as has been done, with irrationalism and an 'appeal to mob psychology' (referring 
to the role of the scientific community in theory choice). The charge of irrational-
ism would have to be supported by showing that Kuhn's account flaunts certain well-
established and recognized standards of rationality; and I am not aware of any rule 
or standard that could be seriously held to be a binding requirement of scientific 
rationality that has been neglected or rejected by Kuhn" (1979, p. 297). 

6. Under this rubric fall Israel Scheffler, Dudley Shapere, Larry Laudan, W. H. New-
ton Smith, and Philip ICitcher. 

7. "It should also be noted here that the analytic empiricist school was not much con-
cerned with the analysis of theoretical change; Popper was a notable exception. The 
main concern of other members of the group was with such topics as induction, 
confirmation, probability, explanation, concept formation, and the structure and 
function of theories. There was no general doctrine as to how far the method of 
analytic explication might eventually reach—especially whether it would or could 
cover theory choice" (1979, p. 297). 

8. If the old theory satisfied D better than the new theory does, we would have oscil-
lation back and forth between the two theories and the two paradigms. 

9. Science will be objective, it might appear, (only) when it follows procedures that 
make its theories (T) and explanations a function of the world, and only of the world 
(W), and not of any distorting factors: T = /(W). It will not suffice, however, if its 
theories are a function of the world by providing the negation of truths about the 
world. The function / must be an accurate one. For an aspect p of the world, the theory 
about p, term this T{p), must be an accurate function of p alone, stating the way p is: 
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T(p) = "p". (This notation is, of course, strictly nonsense, since the final p with 
quotation marks around it refers to the sixteenth letter of the alphabet.) Whenever 
p is true, the theory says "p". For all p, T(p) if and only if p. So runs the function 
that the theory must be of the world. This we recognize as Tarski's truth condition, 
one of his two criteria of adequacy for a definition of truth. 

To prove that science is objective would be to prove the generalization, or to prove 
each statement of that form. This would be to offer a Tarski truth-definition. Such a 
proof cannot be given a priori; it would have to take place within science. However, 
we already know from a theorem of Tarski that this cannot be done without inconsis-
tency. We cannot prove, for each and every p, that T(p) if and only if p. So our ability 
to prove the objectivity of science must fall short, if objectivity is interpreted as above. 
The text continues by considering a more attainable notion of objectivity. 
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