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ABSTRACT

This article examines central debates in the philosophy of science, focusing on scientific explanation, confirmation,
demarcation, and realism. It traces the limitations of logical positivism and Popper’s falsificationism, then discusses
Kuhn’s account of paradigms, normal science, scientific revolutions, and incommensurability. The article also explores
scientific realism and its challenges, including the pessimistic meta-induction and constructive empiricism, before
reviewing major models of scientific explanation such as deductive-nomological, causal-mechanical, unificationist, and
interventionist approaches. Overall, it argues that science is both a rational and historically situated practice, and that
emerging data-driven methods such as machine learning invite renewed philosophical reflection on explanation, theory,
and scientific understanding.
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1. INTRODUCTION

Philosophy of science—the philosophical investigation of scientific methodology, explanation, confirmation, and the
metaphysical commitments of scientific theories—addresses fundamental questions about what science is, how it works,
and what its theories tell us about reality. Logical positivism (the Vienna Circle, 1920s-30s) proposed that scientific
statements are meaningful only if empirically verifiable—reducing science to observation statements and their logical
combinations while dismissing metaphysics as meaningless. This demarcation criterion proved too restrictive (many
scientific statements are not directly verifiable) and too permissive (some metaphysical statements pass the verification
test), motivating subsequent demarcation proposals.

Popper’s (1934/1959) ‘Logic of Scientific Discovery’ proposed falsifiability as the criterion of scientific demarcation:
scientific theories make bold empirical predictions that could in principle be falsified by observation. Science progresses
not by confirming theories (Hume’s problem of induction makes confirmation impossible) but by bold conjecture and
rigorous refutation—the asymmetry between confirmation (a thousand observations cannot prove a theory) and
falsification (one disconfirming observation can refute it) makes falsification the proper scientific method. Popper’s
falsificationism has been enormously influential despite facing serious challenges: the Duhem-Quine thesis shows that
theories are not falsifiable in isolation because auxiliary hypotheses are always involved in deriving predictions.

2. KUHN’S PARADIGMS AND SCIENTIFIC REVOLUTIONS
2.1 Normal Science and Paradigms

Kuhn’s (1962) ‘The Structure of Scientific Revolutions’ proposed a historical account of science that challenged both
logical empiricist and Popperian methodologies by demonstrating that actual scientific practice differs from the idealized
images of science these methodologies project. Kuhn’s central concept—the paradigm—refers to the exemplary problem-
solutions, theoretical commitments, and methodological standards that define a scientific community’s ‘normal science’:
the routine puzzle-solving activity through which scientists extend and apply the paradigm rather than testing or
questioning it. Normal science is convergent rather than revolutionary: scientists work within the paradigm, not against it.

2.2 Scientific Revolutions

Scientific revolutions occur when accumulated anomalies—results that the paradigm cannot assimilate—generate a crisis
that leads to a paradigm shift: a fundamental reconceptualization of the field’s basic theoretical framework. The Copernican,
Newtonian, Darwinian, Einsteinian, and quantum mechanical revolutions are Kuhn’s paradigm cases of paradigm shifts.
Kuhn controversially argued that competing paradigms are ‘incommensurable’—they cannot be directly compared because
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they frame different problems, employ different concepts, and interpret observations differently. This incommensurability
thesis threatened scientific rationality (if paradigms cannot be objectively compared, how are paradigm choices rational?)
and generated extensive philosophical debate about scientific relativism.

Table 1. Methodological accounts in philosophy of science.

Account Scientific Method Key Challenge

Logical positivism Verificationism; theory as observation Carnap’s problem; theoretical terms;
shorthand meaningfulness

Popperian Bold conjecture and rigorous refutation Duhem-Quine; unfalsifiable science;

falsificationism dogmatism

Kuhnian paradigms Normal science within paradigms; Incommensurability; relativism; rationality
revolutionary shifts of choice

Bayesian confirmation  Degrees of belief updated by evidence via Priors problem; old evidence problem;
Bayes’s theorem complexity

3. SCIENTIFIC REALISM

Scientific realism—the view that our best scientific theories are approximately true and that the theoretical entities they
postulate (electrons, genes, quarks) really exist—faces the challenge of the pessimistic meta-induction: if past successful
scientific theories (phlogiston theory, caloric theory, ether theory) have been abandoned as false, why should we believe
our current theories are approximately true? Van Fraassen’s (1980) constructive empiricism proposes that science aims
only at empirical adequacy (correct predictions about observable phenomena), not at truth about unobservables—accepting
scientific theories as empirically adequate without believing in unobservable entities. Structural realism (Worrall, 1989)
responds by arguing that what is preserved across theory change is mathematical structure, not ontological content.

4. EXPLANATION AND REDUCTION

Hempel and Oppenheim’s (1948) Deductive-Nomological (DN) model of explanation proposed that scientific explanations
subsume explanandum under a covering law: to explain an event is to show that given the relevant initial conditions and
laws of nature, the event was to be expected. This model has been criticized for allowing irrelevant factors in explanations
(explaining the length of a flagpole shadow by deriving the pole height from shadow length and sun angle), for failing to
capture causal explanations (laws that don’t specify causal mechanisms), and for being too weak for statistical explanations.
Salmon (1984) proposed a causal-mechanical account of explanation; Kitcher (1989) proposed a unificationist account;
Woodward (2003) developed an interventionist account. The plurality of explanation models reflects the genuine diversity
of explanatory practices across scientific disciplines.

5. CONCLUSION

Philosophy of science has developed sophisticated accounts of scientific method, explanation, confirmation, and the
metaphysical commitments of scientific theories. The Kuhnian revolution demonstrated that actual science is a social
practice embedded in historical traditions and community paradigms—not the idealized sequence of conjecture and
refutation that logical empiricism and Popperianism portrayed. Scientific realism debates have crystallized around the
question of whether success in prediction and manipulation of unobservable entities provides evidence for their real
existence or merely for their empirical adequacy. Future research should examine how the emergence of data-driven
machine learning challenges philosophy of science’s conceptual frameworks—particularly the concepts of explanation,
model, and theory—since ML models predict successfully without providing traditional scientific explanations.

REFERENCES

[1] Kuhn, T.S. (1962). The structure of scientific revolutions. University of Chicago Press.



VOLUME: 03 ISSUE: 02 Journal of Philosophy and Social Science

[2] Popper, K. R. (1959). The logic of scientific discovery. Hutchinson. (Original work published 1934)

[3] Salmon, W. C. (1984). Scientific explanation and the causal structure of the world. Princeton University Press.
[4] Van Fraassen, B. C. (1980). The scientific image. Oxford University Press.

[5] Woodward, J. (2003). Making things happen: A theory of causal explanation. Oxford University Press.



