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Scientific Realism and the Meanings of 
Theoretical Terms 
 
Abstract  In contemporary philosophy of science, there are many interesting 
arguments for and against scientific realism with regard to the meaningfulness 
and truthfulness of theoretical statements. Some anti-realists hold that since 
many important concepts in scientific theories have no specific referents, the 
relevant theoretical statements are therefore either false or meaningless. In this 
essay, I join the debates concerning the plausibility of scientific realism by 
focusing on two intertwined issues: first, that of how we can we explicate the 
meaningfulness of theoretical statements, especially statements pertaining to 
unobservable objects, and second, that of the meaningfulness of theoretical 
statements for our acceptance of scientific realism. 
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1  Theoretical Terms and Meaning 

In The Oxford Handbook of Contemporary Philosophy, Michael Devitt 
distinguishes between two different forms of realism: common sense realism, 
wherein tokens of current, observable, common-sense and scientific physical types 
exist objectively and independently of the mental; and scientific realism, wherein 
tokens of most current unobservable scientific physical types exist independently 
of the mental.1 James Ladyman, meanwhile, gives a more detailed account of 
scientific realism, involving three kinds of philosophical commitments: “a 
metaphysical commitment to the existence of a mind-independent world of 
observable and unobservable objects; a semantic commitment to the literal 
interpretation of scientific theories and a correspondence theory of truth; and 

                                                               
1 I follow Michael Devitt’s formulation in a simplified manner (Devitt 1997, 24). 
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finally an epistemological commitment to the claim that we can know that our best 
current theories are approximately true” (Ladyman 2002, 159).  

Many people think that scientific realism offers us the most plausible 
explanation for the success of the modern sciences, and hold that scientists are 
genuinely manipulating the objects of these sciences; some scientific realists 
have proposed the so-called “no miracle argument” to validate this viewpoint. At 
the same time, scientific realism has also encountered challenges to what 
Ladyman has identified as its three philosophical commitments. First, there are 
many theoretical terms prevalent in scientific theories that are related to 
unobservable objects. Scientists use these theoretical terms to systematize 
scientific theory and give us causal explanations of various observable 
phenomena, but the question remains: how can we make sure that the 
(unobservable) theoretical posits actually exist? How can we determine that the 
representation of these unobservable objects is accurate, and that the relevant 
scientific statements are meaningful? Those familiar with the history of analytic 
philosophy will be familiar with the verification criterion of meaning as given by 
the logical positivists. As A. J. Ayer indicated, a proposition is meaningful if it is 
either analytic or fits the principle of verification. “A proposition is said to be 
verifiable, in the strong sense of the term, if, and only if, its truth could be 
conclusively established in experience. But it is verifiable, in the weak sense, if it 
is possible for experience to render it probable” (Ayer 1949, 37). In scientific 
inquiry, there are observational sentences as well as theoretical sentences, and we 
can use the principle of verification to determine the meaningfulness of the 
former. However, scientists employ theoretical terms and concepts that cannot 
explicitly be relevant to that which can be observed directly. Therefore, with 
regard to the plausibility of those sentences pertaining to theoretical posits, we 
should either give an explanation of their meaningfulness by reduction (to the 
meaning of observable sentences), or highlight their roles in theoretical 
systemization with reference to an instrumental understanding and a pragmatic 
theory of truth. 

One of the most prominent difficulties in validating scientific realism is how to 
explicate the term “mind-independence.” As we know, the independence of the 
mental involved in the debates over realism is neither causal nor empirical but 
rather “transcendental” or “logical.” Both realists and anti-realists recognize the 
epistemological and semantic dimensions of “approaching” reality; what is at 
issue is the ontological status of reality. “Objects in the world are not logical 
constructions out of sense-data; to talk about the truth about the world is not to 
talk about what we happen to be able to verify, even in ideal circumstances, and 
so on” (Williams 2006, 79). Although Phillip Kitcher has proposed his 
naturalistic epistemological attitude (NEA) account as an alternative to Arthur 
Fine’s naturalistic ontological attitude (NOA) theory, Michael Williams has 
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found Kitcher’s argument for “real realism” unconvincing: “[Phillip] Kitcher’s 
notion of the ‘independence’ of the world is meant to imply that we can imagine 
that all our beliefs are false, or our concepts inadequate” (Williams 2006, 96). 
The radical account of mind-independence makes it hard for us to conceive the 
relation between reality and the mind’s representation. Moreover, this idea of the 
world is—as Richard Rorty once said—“the notion of something completely 
unspecified and unspecifiable—the thing in itself in fact” (Williams 2006, 96). 
Such an idea prevents us from justifying our metaphysical claims with the 
plausibility of the epistemological proceedings. But if observational knowledge 
does not constitute a semantically autonomous stratum, independent of all 
non-observational commitments, then the picture of knowledge as arranged in 
distinct levels goes by the board. Furthermore, as Wilfrid Sellars emphasized, the 
distinction between the observational and the non-observational is 
methodological rather than substantive. Therefore, it seems that a sophisticated 
and plausible explanation of the meaningfulness of theoretical statements is 
crucial for our acceptance of scientific realism. 

2  Theoretical Terms and Reality 

As the last section showed, one approach to explain the meaningfulness of 
statements pertaining to unobservable objects, and therefore to defend the 
plausibility of scientific realism in general, is to hold to a sort of reductionism. 
The term “reductionism” here means the reducibility of the meaning of 
theoretical sentences to the meaning of observational sentences given certain 
rules of correspondence. In other words, scientists can make predictions 
concerning specific phenomena with specific theoretical sentences, auxiliary 
hypotheses, and rules for the manipulation of equipment. By doing repeatable 
experiments, the truth or falsehood of theoretical sentences can be indirectly 
checked. This is, of course, a highly caricatured depiction of the reduction of the 
meaning of theoretical sentences into observational sentences, and this sort of 
reductionism, which had been defended by famous logical positivists such as 
Rudolf Carnap and Hans Reichenbach, seemed to have been ruthlessly 
overthrown after Quine’s Two Dogmas of Empiricism (1951). Logical positivists 
thought that theoretical terms could be translated into observational ones with the 
help of correspondence rules, but, in accordance with Quine’s criticism of the 
analytic-synthetic distinction, it seemed that the sentences which bridge the gap 
between observation and theory could not be analytic. Moreover, the idea of pure 
observation was also undermined by the idea of theory-ladenness. The popular 
Quine-Duhem thesis highlighted the underdetermination of scientific theory by 
empirical (or any sort of) evidence; in accordance with their holistic picture of 
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confirmation, “theories or hypotheses can only be subjected to empirical testing 
in groups or collections, never in isolation” (Stanford 2013). Thus, figuring out a 
definite translation manual for correlating a theoretical sentence to one or more 
observational sentences seems impossible. The only alternative for accounting 
for the plausibility of the theoretical sentence is considering its coherence with 
respect to the accepted web of rational beliefs, and its productivity in predicting 
future phenomena. According to James Ladyman’s formulation of the 
underdetermination argument, there might be an infinite number of strongly 
empirically equivalent but mutually incompatible rivals for every scientific 
theory. If two theories are strongly empirically equivalent, then they are 
evidentially equivalent, and since no evidence can ever support one unique 
theory among many possible alternatives, the final choice is radically 
underdetermined.  

On the one hand, one might want to rescue scientific realism by blurring the 
distinction between the observable and unobservable. “The drawing of the 
observational/theoretical line at any given point is an accident and a function of 
our physiological makeup, our current state of knowledge, and the instruments 
we happen to have available and, therefore, it has no ontological status 
whatsoever” (Maxwell 1962, 14–15). Since the distinction between the 
observable and unobservable is epistemological, it is evident that, with the 
development of new observational methods and apparatuses, observation will be 
refined and made more and more accurate. The continuum between aided and 
unaided acts of perception thus prevents us from making any sharp and eternal 
distinction between the observable and unobservable. To some degree, the 
metaphysical claims about the constituents of the world hinge upon 
epistemological premises. In response to criticisms they have received, the 
realists are committed only to the essential unobservables, and hold that most of 
the essential unobservables of well-established scientific theories exist 
mind-independently. In my opinion, many theoretical terms in outdated theories 
have no corresponding referents. The realists, in keeping with their naturalistic 
worldview, talk about individuals, properties, and relevant terms; however, their 
theoretical terms are always abbreviations of some relation rather than 
individuals or properties, and therefore do not have referents. With the 
development of scientific observational methodology, the dividing line between 
the observable and the unobservable could be shifted, and the unobservables of 
the past might become observable in the future, with the aid of refined equipment. 
The realists’ so-called essential unobservables are those which can be sustained 
over changes in theory and which exert a lasting explanatory power. 

As Michael Devitt has indicated, there are epistemic and apparently semantic 
definitions of scientific realism, and they do not differ in any significant way 
from straightforwardly metaphysical definitions, though some philosophers have 
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preferred the epistemic definition of scientific realism. Scientific realists have 
held that theoretical terms typically refer to something, and that theoretical 
statements are approximately true, so the truth of theoretical statements is closely 
related to the reference of those theoretical terms. However, Hilary Putnam and 
many other realists have held that, since the correspondence theory of truth 
involves many unsolvable problems, it is better to adopt a causal theory of 
reference. 

On the other hand, some realists hold that the premises of the 
underdetermination argument are implausible. As Michael Devitt has said, “if the 
underdetermination argument is to work, it needs to start from a stronger 
equivalence thesis, one that does not count any theory as a rival to T that can be 
dismissed by whatever ampliative inferences enable us to avoid extreme 
skepticism” (Devitt 2006, 113). However, Devitt thinks we have good reasons to 
believe in the plausibility of ampliative inference, and Phillip Lipton had argued 
for the plausibility of IBE (inference to the best explanation) elsewhere. 
Meanwhile, Larry Laudan has criticized the idea of empirical equivalence in his 
account of “the instability of auxiliary assumptions”: “Auxiliary information 
providing premises for the derivation of observational consequences from theory 
is unstable in two aspects: it is defeasible and it is argumentable” (Devitt 2006, 
113). As a reply to Laudan’s argument, Kukla has proposed a modified account 
of empirical equivalence: Theory T has genuine rivals, which are such that when 
T and any of the rivals are conjoined with auxiliary assumption(s) At, they entail 
the same possible observational evidence. As Michael Devitt pointed out, 
however, this account amounts to saying that T and T ’ cannot be observationally 
distinguished if conjoined with those auxiliaries. Still, this does not show that T 
and T’ cannot be distinguished when conjoined with any acceptable auxiliaries at 
any time. The distinguishability of theoretical hypotheses might be relative to the 
auxiliaries. 

Therefore, in my view, even if we admitted Quine’s account of the 
underdetermination of scientific theory by evidence, this does not rule out the 
possibility of making comparisons between different theoretical hypotheses and 
thus giving a reasonable account of scientific rationality. I think that Quine’s 
underdetermination thesis is mainly focused on the falsification of theoretical 
hypotheses rather than on their confirmation. What really interests scientists are 
true theoretical hypotheses, and the essential difference between true and false 
theoretical hypotheses is that the former represent the world (reality) in a more 
accurate way. Although we might at some point be epistemologically incapable 
of telling the difference between seemingly empirically equivalent theories, as 
Rousseau has pointed out, falsehood has an infinity of combinations but truth has 
only one mode of being. Scientists do not determine theoretical posits at random, 
while reality per se also sets some constraints on our acceptance of theoretical 
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hypotheses and helps to make sense of their predictive reliability and fruitfulness. 

3  Truth and Acceptability 

In his Reason, Truth and History (1981), Hilary Putnam gave a systematic 
critique of the correspondence theory of truth implied by metaphysical realism, 
addressing the reasons for advocating internal realism: “‘Truth,’ in an internalist 
view, is some sort of (idealized) rational acceptability—some sort of ideal 
coherence of our beliefs with each other and with our experiences as those 
experiences are themselves represented in our belief system—and not 
correspondence with mind-independent or discourse-independent ‘states of 
affairs.’” 2  Putnam thus thought that the scientific rationality involved in 
accepting some theories lies not in the correspondence relation between our 
mental presentation and mind-independent reality, but rather in the internal 
fitness of the web of beliefs. There are three major commitments of Putnam’s 
internal realism: “First, the world is in a way dependent on the human mind. 
Second, truth is not completely independent of verification. Third, the world can 
be approached through many conceptual schemes” (Forrai 2001, 8). 

According to metaphysical realism, “the structure of the world is ontologically 
independent of the human mind [and t]ruth is radically non-epistemic. If there 
are more than one adequate conceptual schemes of any given domain, they can 
type-reduce one another” (Forrai 2001, 12). This characterization of the world 
and the relationship between mind and reality has difficulties, however, in giving 
a plausible account of perception and in explaining how we can check the 
accuracy of our mental representation of the world. Therefore, as Putnam has 
emphasized, “truth and reference are intimately connected with epistemic 
notions,”3 and our characterization of the world is made through the conceptual 
scheme in a more or less accurate way. 

As we know, a conceptual scheme is a relatively self-contained group of words 
or concepts. The referents of the words that make up conceptual schemes are 
determined by the justificatory conditions of certain simple sentences in which 
they occur. “[T]he adequacy of a conceptual scheme consists in mirroring the 
real boundaries, i.e., the joints of reality. […] Reality has a given structure. If 
adequacy means mirroring that structure, all adequate schemes must mirror it” 
(Forrai 2001, 19−20). For the realists, then, adequacy is the most important virtue 
in evaluating a conceptual scheme. I think adequacy is closely related to 
simplicity, coherence, and fruitfulness, among other criteria. Besides that, “there 
                                                               
2 In order to avoid the drawbacks of the correspondence theory, Hilary Putnam gave his 
internalist account as an alternative (Putnam 1981, 49−50). 
3 Putnam thought that any theories of reference and truth are intertwined with philosophy of 
mind to some extent (Putnam 1991, 120). 
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are external constraints on the construction of conceptual schemes, and these 
constraints are afforded by the inherent structure of reality” (Forrai 2001, 24). 
For internal realists, the real structures are those that can be identified by our 
recognition abilities and justificatory conditions. As Gábor Forrai suggests, the 
metaphysical claim that the structure of world is constituted by conceptual 
schemes cannot be put in terms of meanings, and not all conceptual schemes are 
adequate. It might be obvious that conceptual schemes might differ in accuracy 
with regard to their characterization of reality. Some of the inadequate conceptual 
schemes include many theoretical terms which do not refer at all, and which 
therefore cannot be meaningful. 

Many realists, including Hilary Putnam, have taken the “success argument” or 
“non-miracle argument” to support their views. The success argument for 
scientific realism is mainly concerned with the approximate truthfulness of the 
scientific explanation of natural phenomena and their theoretical predictive 
power. For these realists, the success of scientific theories would be miraculous if 
they were not approximately true. Larry Laudan believes that realists must offer 
some explanation for the success of the sciences that does not depend on the 
rightness of their theories: As Michael Devitt summarizes, “Insofar as we have 
reason to believe that the success of a current theory is to be explained by some 
as yet unknown future theory, that success provides no reason to believe in the 
current theory’s entities or approximate truth” (Devitt 2006, 106).4 Laudan 
moreover proposed the notorious “pessimistic meta-induction” against scientific 
realism in his landmark paper “A Confutation of Convergent Realism” (1981). 
After a review of the failure of many scientific theories, he held that we have 
good inductive reason not to believe in the existence of the theoretical entities 
described by our best current theories. This is because many theoretical 
terms—such as “phlogiston,” “ether,” and “caloric”—which were previously 
supposed to refer to unobservables, actually—according to modern science—fail 
to refer anything at all. Thus, the realists had to either admit that “there can be 
[…] highly successful theories some central terms of which are non-referring” 
(Laudan 1981, 27), or explicate the success of the sciences in other ways. The 
realists believed that they could “find an epistemic account of [the] pragmatic 
success [of earlier theories] by assuming such theories to be ‘approximately 
true’” (Laudan 1981, 30). However, Laudan held a fallible view on theoretical 
change in science, believing we have no principled reason to believe in the 
approximate truth or the successful reference of theoretical terms. The very term 
“approximately true” creates many difficulties as well. Meanwhile, other 
anti-realists such as Arthur Fine have used instrumental reliability to explain the 

                                                               
4 Devitt has held that the success of a scientific theory or its predicting power is independent 
of its truth value (Devitt 2006, 106). 
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success of scientific theories. Fine holds that the world has a “deep structure” 
which is not experientially accessible, and that the actual structure of the world 
operates at the experimental level as if theory represents it correctly. 

As a reply to pessimistic meta-induction, the realists distinguish between 
essential and inessential theoretical posits, deeming the latter dismissible as 
theory changes while keeping the former. Michael Devitt has held that 
pessimistic meta-induction is established on a description theory of meaning, 
since the antirealists have argued that the theoretical term F does not refer, and 
hence that there is no corresponding object F. There is nothing that fits well with 
related descriptions of F, but this does not imply that there is no F. Devitt has 
argued that we cannot claim the existence of something only with regard to our 
epistemic ignorance at a specific time and location, and also that the premises of 
pessimistic meta-induction are overstated: “The rational procedure is to let our 
view of what exists guide our theory of reference rather than let our theory of 
reference determine what exists” (Devitt 2006, 118−19). Therefore, he 
recommended taking a causal theory of reference in support of scientific realism. 
In Language and Reality (1999), he writes, “[a]t a dubbing, a name is introduced 
by grounding it in an object. There is a causal chain linking the ability gained at 
the dubbing to the object.”5 However, as he admits, the problem with the 
theoretical terms is that their referent cannot be (directly) perceived. He therefore 
suggests that “what we seek here is a relation consisting of an instrument 
‘perceiving’ the referent and our ‘reading’ of the instrument: we are perceiving 
the referent through the instrument.”6 The ultimate method for distinguishing the 
essential unobservables from the inessential ones, therefore, is scientific inquiry 
into reality per se. 

The realists accordingly made some significant modifications. Stathis Psillos, 
for instance, has proposed that, “the theoretical laws and mechanisms that 
generate the successes of past theories have been retained in our current scientific 
image” (Psillos 1999, 103). He has also suggested that the approximate truth of a 
theory is mainly reliant on its central theoretical terms; the advocates of the 
theory then take its successes to warrant the claim that there are natural kinds 
denoted by these terms. As for the abandoned non-central terms, Psillos would 
say that they do not refer to anything—for example, the “ether”—because “the 
derivations of the important predictions of ether theory are all independent of 
assumptions about its constitution” (Ladyman 2002, 251). From Psillos’ account, 
we can see that the acceptance of scientific theory and its success in explaining 
natural phenomena is intimately related to the referential role of theoretical terms. 
                                                               
5 For those objects we are acquainted with in our daily life, Devitt thinks the reference fixing 
proceeds through a causal-historical chain (Devitt 1999, 68). 
6 Devitt holds a naturalistic theory of reference and argues that the referents of theoretical 
terms are fixed in an indirect way (Devitt 1981, 200). 
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On the other hand, John Worrall has put forward his theory of structural realism, 
which claims that scientific theory’s structure, over and above its empirical 
content, describes the world, and that the continuity preserved in theoretical 
change is that of “form and structure.” However, while Ladyman views this 
continuity thesis as important for the account of scientific rationality and for 
avoiding relativism, he thinks we might “abandon commitment to the reference 
of theories to objects and properties, and account for the success of science in 
other terms” (Ladyman 2002, 262). 

Bas C. van Fraassen has explicated scientific rationality from a different 
perspective with his constructive empiricism. According to his view, many 
versions of scientific realism focus too much on the issue of theories’ truthfulness, 
which he thinks is wrongheaded. Besides the thorny problems this produces for 
the correspondence theory of truth, the IBE arguments in support of scientific 
realism are also confronted with many difficulties. On the one hand, the success 
of current theory in explanation and prediction does not guarantee its truthfulness, 
or that there is no competing empirically equivalent theory. On the other hand, 
from a survey of the history of science, I am inclined to agree that it is 
conceivable that today’s most successful theory might be proven wrong in the 
future. Therefore, van Fraassen gives an instrumental reading of scientific theory 
in explicating phenomena and predicting future events, and argues that scientists 
should solve the underdetermination problem with consideration of certain 
super-empirical virtues of the most promising theory. For him, “[t]he belief 
involved in accepting a scientific theory is only that it ‘saves the phenomena,’ 
that it correctly describes what is observable” (Fraassen 1980, 4). Acceptance of 
the best theories in modern science does not require us to believe in the existence 
of theoretical postulates, and both the nature and success of modern science 
relative to its aims can be understood without invoking the existence of 
unobservable entities.  

However, I think it is unnecessary for us to give up scientific realism because 
of the difficulties it involves. Since the distinction between the observable and 
unobservable is relative to our observational apparatus and its accuracy, whether 
the theoretical terms have references can be determined along with the 
methodological proceedings. Furthermore, the criterion of truthfulness will 
circumscribe the choice of theoretical posits in some substantive way—although 
I agree that a naïve correspondence theory of truth should be refuted. Those 
theoretical terms which neither refer nor play some essential role in scientific 
explanation and theory systemization should however definitely be discarded.  

4  Conclusion 

In a nutshell, I would like to tentatively conclude that the theoretical sentences in 
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the sciences are indispensable for systemizing our understanding and accounting 
of natural phenomena, though some theoretical terms do not refer and will be 
discarded with the advancement of science. These terms’ significance for 
scientific inquiry cannot however be analyzed by simply reducing their 
meaningfulness to the meaning of observational sentences, since the underlying 
correspondence theory of truth is blemished with severe problems. As an 
alternative, I think that we can, within a pragmatic theory of truth, hold an 
instrumental viewpoint on the role of theoretical sentences without giving up 
scientific realism, since reality per se sets certain constraints on the procedure for 
figuring out theoretical hypotheses and deciding whether or not to accept those 
statements.  
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