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Abstract 

The question of whether scientific theories give us the literal truth, or are they merely useful instruments 

for making predictions remains unanswered and is likely never to be adequately described. Between 

problems of language and the fundamental differences in scientific theory, discovering a fundamental 

external truth may be little more than finding a series of better equations that replace one after the next 

in a series of turtles all the way down. However, it is impossible to create an experimental design that 

acts outside of the universe at all points. Hence, at best, we have an approximation of causation that is 

constantly superseded. Moreover, even where fundamental theories are understood, and the equations 

are agreed upon, the explanations around these may vary so fundamentally incompatible. 
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Do scientific theories give us the literal truth, or are they merely useful 

instruments for making predictions?  

 To ask and answer whether scientific theories provide the literal truth or whether 

these merely act to provide predictions requires an understanding of both scientific realism 

and instrumentalism. These opposing positions see science as explaining reality on the one 

hand and, conversely, merely being a tool that can be used pragmatically in solving problems. 

Further, there are further schisms between these philosophies, with the experimentalist and 

realist positions understanding pragmatism differently. 

 While British empiricists, including Berkely and Locke, have argued that an object’s 

presumed characteristics are limited and yet inconceivable without less tangible value such as 

colour, Locke extended speculation into positing that matter itself could be capable of 

thought. For Berkely, a question of whether the object can exist independent of any 

perceptional thought posed an additional problem. Through this, these early empiricists held 

that scientific theory merely distinguishes objects and traces common uniformities. 

What Is Scientific Realism? 

 Scientific realism is an alternative to approaches including constructive empiricism. 

In answering the question of how the success of science is to be explained, the realist will 

assert that valid claims concerning the former nature of reality can exist. Likewise, theories 

concerning unobservable aspects of reality may be asserted as observable truth. There are two 

primary positions held in realism. Firstly, scientific realism produces a set of claims 

structured on an ideal scientific theory. Next, there is a deep commitment to science, noting 

that this method will continue advancing and producing theories closer to an ideal theory. 

 An ideal scientific theory produces either true or false outputs depending on whether 

the entity associated with the theory exists and is correctly described. Next, those entities 
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described in a scientific theory must exist objectively and independently from the human 

mind. Finally, reasons must exist to believe at least a significant component of the theory. 

There is a progressive attitude to scientific realism that holds that ideas within science and the 

theories proceed towards a positive and definitive end. 

 The scientific realist believes that scientific theories go beyond providing useful 

predictions and describing reality. Nevertheless, scientific realism claims that the theories are 

at least partially true. Moreover, theories produce predictive results that improve as the 

approximation against the ideal theory progresses. Consequently, a scientific theory can make 

authentic existential assertions concerning reality. 

 Giere provides three presumptions to consider when investigating scientific realism 

and the alternatives.1 Firstly, these include the presumption between the “empirical” and the 

“theoretical”. Next, a genuine scientific realism can relate to a literal story that defines the 

world. Finally, there is a presumption that methodologies can justify a belief in the empirical 

adequacy of a hypothesis or theory, which allows this to be represented as truth.2 A common 

argument for realism presents this philosophy as “the only philosophy that doesn’t make the 

success of science a miracle”3. 

Scientific instrumentalism 

 Scientific instrumentalist takes a different approach from scientific realism. In this 

philosophy of science, supporters note that scientific theories and explanations hold value not 

because they are literally true but only because they help provide accurate predictions. This 

argument extends to either providing empirical measurements with predictive value or 

 

 

1 Giere, ‘Scientific Realism’. 
2 Giere. 
3 Putnam and Putnam, Mathematics, Matter, and Method. p 75. 
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providing explanations that have conceptual importance. Instrumentalism is thus argued to be 

a position where scientific theories are primarily tools. Therefore, the instrumentalist would 

argue that it is not meaningful to think of descriptions of the real world or that theoretical 

terms correlate with external reality. 

 Instrumentalism has been referred to as a form of philosophical pragmatism.4 It has 

been argued that no level of empirical evidence can remove the alternate explanations for an 

observed phenomenon. Moreover, unknowns, including “Black Swans”, provide alternative 

but unknown explanations. Adherence to this philosophy believes that no amount of evidence 

can conclusively demonstrate the truth of a theory instead of demonstrating that something is 

predictably successful. While instrumentalists will accept that some theories are better than 

others, it is held that no scientific theory can be claimed as true or false outside of its ability 

to solve scientific problems. 

 The instrumentalist often refers to historical events and science to support this 

supposition. However, many theories have been held as true but ended up being 

comprehensively rejected as further evidence came to light. The realist alternative would 

form a position that theories change to accommodate the growing evidence and, as such, 

more closely approximate reality. This position differs significantly from an instrumentalist 

position that holds that no present-day theory needs to apply to reality and may be discarded 

as with many historical concepts. 

 Some of the versions of Instrumentalism that have developed include British 

empiricism, transcendental idealism, logical empiricism and constructive empiricism as a 

form of Instrumentalism. Instrumentalism is closely connected to pragmatism, and the stance 

 

 

4 Hookway in: Stone and Wolff, The Proper Ambition of Science. P. 103-121. 
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that the practical outcomes of a theory may form the basis of establishing values and truth can 

be seen to intersect in these positions. 

The Dichotomy between Scientific Realism and Instrumentalism 

 While realists and instrumentalist physicians differ, clear overlaps exist between each 

position. In part, the inability to define the distinction separating the mere acceptance of a  

theory and the belief that it is true pose a conceptual problem. As a result, the positions may 

differ only on semantic emphasis and definitions of truth and usefulness. Hendry provided an 

argument noting that even if realism provides explanations with suitable explanatory power, 

this does not mean that they provide truth.5 Moreover, scientific practice is not monolithic, 

and no single form of scientific process exists.6 

 Psillos presents an extended set of arguments based on the premise that scientific 

realism is an optimistic view that science must be on the correct path and that we are 

correctly describing the world.7 This analysis provides an intuitive understanding of a 

multiplicity of philosophical positions taking reductive empiricism through to sceptical 

empiricism and building a set of arguments that the author believes must demonstrate the 

truth of science due to its empirical success. However, as with the argument presented by 

Psillos, the mere correlation of outcomes does not guarantee the truth of a condition.8 

 Feyerabend notes that Bohr’s position demonstrates that detection necessarily makes a 

knowledgeable definite.9 As with reasoning on motion during the Middle Ages and through 

Aristotelian philosophy, creating a better empirical formula does not necessarily guarantee 

 

 

5 Hendry, ‘Are Realism and Instrumentalism Methodologically Indifferent?’, S25. 
6 Hendry, S35. 
7 Psillos, Scientific Realism. 
8 Psillos, ‘Scientific Realism and the “Pessimistic Induction”’. 
9 Feyerabend, ‘Realism and Instrumentalism: Comments on the Logic of Factual Support’. 
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more than correlation. Humphreys uses an argument of probabilistic causality concerning the 

social sciences.10 However, the complexity of such systems effectively guarantees that no 

definitive outcome can currently be scientifically created with predictive certainty. As 

Humphreys notes, the majority of “social phenomena are not amenable to investigation by 

lavatory experimentation”.11 

 Mäki provides an Austrian approach to economics and related social sciences.12 In this 

analysis, the author notes that “realist-essentialist explanations be analysed in terms of redescription, 

reduction, ontological identification, and unification”.13 At times, it may be seen that even in complex 

empirical investigations, the role of subjective interpretation enters into any description of scientific 

outcomes. Psillos extends such arguments investigating the development of the anti-

metaphysical commitments of logical positivism into a form of conformational holism.14 

Such an approach develops from neo-humeanism into neo-Aristotelianism and looks at the 

argument as to whether it is philosophy’s job to revise the description of the world offered 

through scientific theories or to merely interpret such an approach.15 

The No Miracle Argument 

 Psillos places the debate concerning scientific realism in the ‘no miracle’ versus 

‘pessimistic induction’ dichotomy that “pull in contrary directions”.16 The argument against 

miracles is premised on the success of science requiring a structure of the universe that is 

approximately true. In arguing that there is at least some type of “explanatory connection” 

between the predictive success of scientific theory and the connection to what such a theory 

 

 

10 Humphreys, ‘Quantitative Probabilistic Causality and Structural Scientific Realism’. 
11 Humphreys, 329. 
12 Mäki, ‘Scientific Realism and Austrian Explanation ∗’. 
13 Mäki. 
14 Psillos, ‘Scientific Realism with a Humean Face’, 75–77. 
15 Psillos, 90. 
16 Psillos, ‘Scientific Realism and the “Pessimistic Induction”’, S306. 
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refers to in explaining the “unobservable aspects of the world”, the no miracle debate relies 

on intuition concerning the continuing ability for science to make explanatory predictions.17 

So far, this approach has been incredibly successful. 

 Conversely, ‘pessimistic induction’ notes how the history of science is replete with 

theories that have been overturned and yet had been demonstrated to be empirically valuable 

at one point. Laudan has developed the argument of pessimistic induction into a kind of 

reductio.18 This argument references the functional aspects of the theory noting that “many of 

the same causal and explanatory roles as the concepts of the outmoded theory”19 provide 

sufficient descriptive capabilities such that they may continue to be useful. In this process, 

theories that are at best “approximately true” may be phenomenally successful without 

necessitating a conception of reality that underlies the postulates of the theory. 

 These approaches to the ‘pessimistic induction’ postulate have been analysed by 

philosophers, including Psillos, who have noted the argument that current theories are 

approximately true can be deconstructed, such as through a divide et impera approach.20 In 

this, a methodology that identifies the various theoretical constituents that have constructed 

successful theories and a method of demonstrating that these constituents are not 

characteristically false has permeated the majority of scientific studies. 

 Saatsi puts the debate as a venerable one.21 However, the problem in this debate 

comes from a combination of scant case studies, no single form of explanatory considerations 

and a wide disparity of different methods of analysing historical evidence that lead to 

 

 

17 Psillos, S306. 
18 Laudan, ‘Realism without the Real’. 
19 Laudan, 160. 
20 Psillos, ‘Scientific Realism and the “Pessimistic Induction”’, S307. 
21 Saatsi, ‘Scientific Realism and Historical Evidence’, 1. 
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excessive over generalisations. For example, the miracles argument may be accounted for 

using Worrall’s structural realism. However, Psilos critically examines this approach as 

well.22 In part, better case studies may account for the issues of overgeneralisation and the 

disparities in explanatory considerations. However, this process needs to develop an approach 

based on the individual categories of scientific theory. 

 Pablos argues that improving the methodologies of structural realism would aid in 

formalising processes designed to determine the underlying foundational basis of scientific 

research.23 Yet, it remains that arguments for and against this position remain.24 For example, 

since Putnam developed the no miracles argument favouring scientific realism, the contention 

that the truth of scientific theories remains the only hypothesis that does not end in miracles 

has been consistently developed and improved.25 This three-step argument notes that 

predictive success continues to improve without the requirements for explanations that don’t 

describe reality. Predictive success can be understood in terms of scientific progress. The 

realist interpretation of theory explains such a success using scientific methodologies. 

 As with all developing hypotheses, the no miracle argument has been divided into two 

or more versions. Firstly, when a specific predictably successful scientific theory is 

considered, the approximate truth of that theory can itself be deployed in explaining why it is 

predictably successful. In a subsequent version, what is explained through the realist 

conjecture is the observation that theories that scientists develop tend to be predictably 

successful. Such structures can also be extended into Bayesian formulations.26 

 

 

22 Psilos, ‘Is Structural Realism the Best of Both Worlds?’ 
23 Pablos, ‘How Ontic Structural Realism Would Formalize Scientific Progress’. 
24 Gonzalez, New Approaches to Scientific Realism. 
25 Putnam and Putnam, Mathematics, Matter, and Method. 
26 Dawid and Hartmann, ‘The No Miracles Argument without the Base Rate Fallacy’. 
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What Is the Literal Truth? 

 As with all topics, defining the matter under contention is necessary before being 

debated.27 For example, before answering whether scientific theories provide literal truth, it is 

necessary to investigate what literal truth means. Tiersma argues that the nature of truth has 

occupied philosophical investigation for millennia.28 Regarding legal enquiry and issues of 

justice, the truth is determined only by the parties in the dispute and is extremely limited. 

 Drake takes a different approach noting a difference between “practical truth”, which 

is said to represent a statement which “, although not literally exact, yet enshrines a genuine 

insight, conveys a useful message”.29 The goal of truth in this form of definition removes 

ambiguity and allows for clearness of thought but does not necessitate finding the underlying 

structure of the universe. However, such an approach maintains a danger of “taking a 

practical truth for a literal truth”.30 

 Birkhead analogously approaches this, noting that in terms of the economics of 

writing, it departs from literal truth through the integration of time and cost-saving methods 

such as “approximations, metaphors and simplifications”.31 These are noted to be necessary, and 

the type of fiction they create lead to a comprehensive sense of truth.32 Zhang and Schwarz provide 

evidence that individuals choose pragmatically true statements over literally true statements.33  

 

 

27 Southerland, Sinatra, and Matthews, ‘Belief, Knowledge, and Science Education’. 
28 Tiersma, ‘The Language of Perjury: “Literal Truth,” Ambiguity, and the False Statement 

Requirement’, 373. 
29 Drake, ‘Practical versus Literal Truth’, 236. 
30 Drake, ‘Practical versus Literal Truth’. 
31 Birkhead, ‘Truth Versus Good Description’. 
32 Birkhead. 
33 Zhang and Schwarz., ‘The Pursuit of Pragmatic Truth At the Cost of Literal Truth.’, 860. 
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 Récanati examines this concept further, noting that there is indispensability in actual 

truth conditions versus literal truth and the need to approach discussions pragmatically.34 

Further, Récanati notes that the dominant position amongst philosophers of languages is held 

to allow natural language sentences to act independently of what the speaker means.35 

Moreover, it is possible to divide the argument noting that while aspects of nominalism can 

demonstrate mathematical statements to be literally true, these failed to provide a detailed 

ontology that literally describes nonmathematical objects and events.36 

 As with a study into literary truth, the significance in the understanding of thought 

across time and as it differs in cultures and people also makes the dissemination of literal 

truth and the development of misinterpretations problematic.37 Wittgenstein’s argument for 

private language becomes a necessary adjunct.38 In understanding the truth claims of another, 

it is necessary to find a manner of asserting differences in a language without 

misunderstanding or error. In this, the realist framework creates something correct or 

adequate but needs supplementation to represent the real.39 

 The increasing misunderstanding in the “post-post-truth” era increases the difficulty 

of arguing the realist position.40 The distinctions between linguistic competence and the 

ability for individuals to understand propositional knowledge limits the ability to transmit 

 

 

34 Récanati, Literal Meaning, 8. 
35 Récanati, 3. 
36 Azzouni, Deflating Existential Consequence, 4–5. 
37 Farzaneh, ‘The Literal Truth’. 
38 Baker and Hacker, ‘On Misunderstanding Wittgenstein: Kripke’s Private Language Argument’, 407–

8. 
39 Strawson, ‘II—Scruton and Wright on Anti-Realism Etc .’, 15–16. 
40 d’Agostini, ‘Misunderstandings about Truth’. 
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truth even when measured scientifically.41 This problem is further compounded when the 

concept of complexity is applied.42  

 Of note, while simple mathematical models of reality can be made that are designed 

to describe objects in physics, the increasing complexity of biological systems, including 

humanity, led to increasingly complex systems that are more and more complex and hence 

less likely to be understood or to be reflected in “truly” scientific descriptions.43 As with 

enquiring to the reality of literal truth, it now becomes necessary to define the limits and role 

of science. Scientific practice extends and defines objects and events differently between 

physics and social sciences. Yet, in each instance, we are creating an event that may be 

defined as either realistic or true in some sense. 

What is Science? 

 There are many types of scientific enquiry. Some forms of scientific enquiry are more 

mathematically focused, including those associated with fundamental physics. Others, such 

as the social sciences, are more conceptual and may be founded on a combination of 

classification and qualitative enquiry. In each instance, formal languages disseminate 

knowledge and evidence and inculcate people into the various scientific methodologies. 

 However, the philosophical theory of scientific explanation itself varies. Salmon 

presents three fundamental conceptions of scientific explanation.44 The prevailing view of the 

epistemic conception is argued to be untenable, the modal conception to be scientifically 

outdated and argues that the ontic conception is the only explanation that describes causality. 

 

 

41 Kirkham, ‘What Dummett Says About Truth and Linguistic Competence’. 
42 Maier and Fadel, ‘Understanding the Complexity of Design’.  
43 Baranger, ‘Chaos, Complexity, and Entropy’; Funtowicz and Ravetz, ‘Emergent Complex Systems’. 
44 Salmon, Scientific Explanation and the Causal Structure of the World. 
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Yet, this perspective of science differs from that presented by Woodward and Hempel.45 So, 

the difficulty in defining scientific practice extends beyond misunderstandings of language 

and into the philosophical argument concerning what science is. 

 The question can be asked as to whether we can define whether science literally 

captures reality and forms a model of truth if we have not defined science in a manner that is 

universally agreed. Which version of science and hence scientific theories would we need to 

apply? Further, in acknowledging the problems with such an approach, the argument around 

scientific realism or agnostic instrumentalism leads to issues of whether either has been truly 

described in a manner that allows others to understand. Neither is an all nothing theory, and 

while realism may describe some aspects of a true state of the universe, it may also be that it 

is not possible to know if the system is truly being described.46 

Correlation and Causation 

 In creating a model of the universe, there is no way to step outside of reality and 

investigate the impact through a series of experiments designed to describe and capture the 

universe.47 While widely cited, researchers including Dekkers note that knowledge is fallible 

and further the nine viewpoints associated with Hills criteria have limitations.48 Moreover, 

Hills criteria do not provide an automatic process to generate a correct conclusion to judging 

causality and leaves a degree of uncertainty.49 

 

 

45 Woodward, ‘Explanation and Invariance in the Special Sciences’; Boyd, Gasper, and Trout, The 

Philosophy of Science, 299–316. 
46 Psilos, ‘Is Structural Realism the Best of Both Worlds?’ 
47 Wasserman, Lempert, and Hastie, ‘Hindsight and Causality’. 
48 Dekkers, ‘The Long and Winding Road to Causality’. 
49 Dekkers. 
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 Olsen and Jensen extend this concept further, noting that problems have been 

discovered regarding various methods for determining causation outside of experiments.50 For 

example, while Wells and Gavanski have presented a psychological analysis noting that 

people can imagine alternatives to reality and counterfactual is in assessing causal events, 

such an approach fails to incorporate reality and confuses correlation with causation.51 

Shut up and Calculate 

 The most fundamental aspects of scientific theory and reality remain outside of 

explanation in describing particle physics and quantum states. Multiple discursive positions 

exist within quantum physics, and each of these is incompatible.52 While each equally 

explains reality, the various factions have simply ignored the differences and contradictory 

positions describing reality and used the equations to achieve pragmatic results.53 Tegmark 

notes that “assuming an external reality exists, physics theories aim to describe how it 

works”.54 The underlying assumption is that an external physical reality exists independent of 

humanity. Yet, even that position can be argued through the Copenhagen interpretation of 

quantum physics that notes that there is no reality without observation.55 

 One argument is that reality can exist without realism.56 The nature of reality may 

exist independently of human thought and equally the outside of the ability to be represented 

in more than a series of theoretical constructs that replace each other one after another. 

Through this, it may be that reality is “turtles all the way down.”57 More problems occur 

 

 

50 Olsen and Jensen, ‘Causal Criteria’. 
51 Wells and Gavanski, ‘Mental Simulation of Causality.’ 
52 Johansson et al., ‘“Shut up and Calculate”’. 
53 Kaiser, ‘History’. 
54 Tegmark, ‘Shut up and Calculate’, 1. 
55 Stapp, ‘The Copenhagen Interpretation’. 
56 Plotnitsky and Khrennikov, ‘Reality without Realism: On the Ontological and Epistemological Architecture of 

Quantum Mechanics’. 
57 Saunders, ‘Structural Realism, Again’. 
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when we concern ourselves with describing each of the turtles that the system is built upon. If 

language is imperfect and mathematics cannot be implemented with a description outside of 

the self-referential set, problems occur in even defining mathematical or scientific systems.58 

Consequently, the most fundamental scientific systems, quantum descriptions and physics, 

become self-referential and circular.59 

Conclusion  

 The scientific method has provided an excellent foundation for describing the 

functioning of many systems and has enabled the development of new technologies and 

products. However, this approach has failed to provide a definitive explanation of causation 

or even a universally accepted explanation for even the most fundamental aspects of particle 

physics. Extending this into complexity, even the foundations of more complex social 

sciences can no longer be causally linked outside of explanation is that failed to exhibit 

replicability and external validity.60 

 Before it is possible to answer whether scientific theories provide an answer to literal 

truth, it is necessary first to determine a unified and universally accepted answer to what 

literal truth is. Next, it would be necessary to find a universally accepted version of scientific 

practice. Different approaches to science exist within different fields and even within physics. 

Different arguments exist regarding the nature of scientific formulas and the interpretation of 

basic theories such as quantum physics.61 Consequently, it is impossible to determine whether 

the path towards better scientific discoveries or the reality being measured is true or merely 

 

 

58 Prokopenko et al., ‘Self-Referential Basis of Undecidable Dynamics: From the Liar Paradox and the Halting 

Problem to the Edge of Chaos’. 
59 Prokopenko et al.; Small, ‘Why Do Quantum Systems Implement Self‐Referential Logic? A Simple Question 

With a Catastrophic Answer’. 
60 Tsang and Kwan, ‘Replication and Theory Development in Organizational Science: A Critical Realist 

Perspective’. 
61 Svozil, ‘“Shut Up and Calculate”’. 
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correlated against formulas and ideas of reality. It may be that a particular scientific theory is 

fundamentally aligned to reality. The problem is that we cannot know. 
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