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Abstract: Recent analyses of scientific principles often collapse them into a single category. This paper develops a pluralist classification of scientific assumptions by revisiting two classical sources that inform contemporary discussions: Kant’s system of principles and the 1920 debate on the a priori in science. A brief exploration of these sources yields two distinctions: theory-independent vs. theory-dependent assumptions and concept- vs. object-constitutive principles. Combining them produces a fourfold classification—constitutive, methodological, ontological, and physical assumptions—that offers an alternative to the monistic tendencies of contemporary accounts.
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1. Introduction
The assertion that certain presuppositions are necessary to transform mere sense data into scientific knowledge is trivial. What is not trivial, however, is the precise characterization of the status of these presuppositions and the subsequent accounting for the relationship between the constituting theory and the constituted reality.
Among contemporary philosophical accounts that disentangle the definitional aspects, roles, status, and historical development of scientific principles, several authors interpret them as conditions analogous to the Kantian a priori. Within this framework, fundamental principles of physics have been described as relativized a priori (Friedman, 2001), conditions of comprehensibility (Darrigol, 2020), metaphysical principles (Chang, 2008), or functional presuppositions (Stump, 2003). These accounts offer substantive analyses of what defines a principle, particularly in physics, and of the roles principles play within scientific theories. They are often accompanied by a productive representation of scientific knowledge as a layered structure, in which elements at different levels (experimental results, data models, laws, meta-laws, principles, and so forth) are mutually related to model, explain, and predict reality.
A limitation of these analyses, however, lies in their tendency to reduce different kinds of principles to a single category. In this paper I focus primarily on Friedman’s account, though my attempt to develop a taxonomy of principles is intended both to integrate and, in some respects, to move beyond the other proposals mentioned above. More specifically, Kant-inspired classifications of scientific assumptions, and Friedman’s in particular, emphasize their constitutive character. In these reconstructions, a constitutive principle is typically understood as a fundamental presupposition without which certain elements of a scientific theory could neither be articulated nor verified. At this point a difficulty arises: within the philosophical tradition, many different kinds of principles have been described as constitutive, often in distinct senses.
Two classical sources inform the formulation of constitutive principles: Kant’s Critique of Pure Reason and the debate between logical empiricists and neo-Kantians concerning a priori knowledge. A brief examination of these loci classici reveals two crucial distinctions among constitutive principles: between theory-dependent and theory-independent assumptions, and between concept-constitutive and object-constitutive principles. My analysis seeks (i) to clarify these distinctions, making them as independent as possible from the particular accounts or debates in which they arose, and (ii) to combine them into a fourfold classification of scientific assumptions. This classification aims to contribute to a more precise historical understanding of the notion of a “constitutive principle”, while also furthering the inquiry into the foundations of scientific knowledge through a systematic categorization of principles. The result is a pluralist model in which a priori, empirical, conventional, and methodological assumptions jointly structure scientific practice.
Section 2 briefly discusses the limitations of Friedman’s approach. Section 3 introduces the distinction between theory-dependent and theory-independent assumptions, while Section 4 develops the related differentiation between concept- and object-constitutive principles. Section 5 then combines these distinctions and presents the proposed fourfold classification.
2. Questioning Friedman’s approach
Friedman (2001) identifies a hierarchy of elements that constitute scientific theories, particularly physical theories concerning space, time, and motion — from classical mechanics to Einstein’s theory of relativity. Among these elements, Friedman distinguishes empirical laws from the relativized a priori or constitutive principles. The former “squarely and precisely face the ‘tribunal of experience’ via a rigorous process of empirical testing” (Friedman, 2001, p. 45), while the latter provide the spatiotemporal framework within which the former can be formulated.
Newton’s law of universal gravitation and Maxwell’s equations of electromagnetism exemplify empirical laws at the surface level. The upper level of constitutive principles encompasses formal systems and physical principles. The former provide the tools for the mathematical formulation of empirical laws—such as calculus and Euclidean geometry for Newton's law of universal gravitation—while the latter mediate between the abstract mathematical formalism and empirical phenomena, as in Newton's three laws of motion for classical mechanics. Friedman’s constitutive principles represent an updated version of Reichenbach’s axioms of coordination (Reichenbach, 1920/1965), that may change and evolve over time without losing their constitutive function “of making the empirical natural knowledge thereby structured and framed by such principles first possible” (Friedman 2001, p. 175). More specifically, constitutive principles bridge the abstract formalism of a theory with the empirical facts it represents, thereby coordinating reality with our conceptualisation of reality.
One shortcoming of Friedman’s conception of ‘constitutive principles’ is that he groups together a wide variety of statements under this common label. In his account, it is not always clear why certain fundamental scientific principles are best described as constitutive rather than axioms, postulates, premises, conventions, coordinative principles or logical presuppositions. The examples he provides — from calculus to the principle of equivalence — seem to refer to different elements with different roles. Although Friedman distinguishes between mathematical and physical presuppositions, he ultimately collapses this distinction by forcing both into the Procrustean bed of the label ‘constitutive’. The image of constitution that emerges, provided by different kinds of principles, is thus monolithic: it refers solely to the role of coordinating between an abstract formalism and concrete phenomena.
How can we do justice to the plurality of fundamental assumptions underlying scientific knowledge? One possible strategy is to conduct a historical investigation into how the term ‘constitutive’ has been used. Specifically, the two classical sources that inform the formulation of constitutive principles are Kant’s Critique of Pure Reason and the debate between logical empiricists and neo-Kantians concerning a priori knowledge. The former exemplifies the very first uses of the concept of ‘constitutive principle’ in an epistemological sense, i.e. to denote general assumptions that make science possible (CPR, B221, B222, B647, B672, B692, B694, B703, B730[footnoteRef:1]). The latter involves the clash between an empiricist-conventionalist and a transcendental perspective on physical principles (Cassirer, 1921/1953; Schlick, 1921/1979; Natorp, 1910; Reichenbach, 1920/1965). [1:  All references to Kant’s Critique of Pure Reason (Kant, 1781-1787/1998) use the abbreviation “CPR” and mention the passage according to the B-edition.] 

Both cases avoid reducing the notion of the constitutive to a single level, instead opening it to a range of meanings and possible roles that a principle may assume. In the next sections, I do not aim to analyze them, but rather to extract from them a distinction that, independently of the precise sense in which it was formulated within that example, can serve within a contemporary proposal for the classification of principles. The conceptual fruitfulness of the extracted distinctions should justify the absence of a precise historical reconstruction.
3. Theory-dependent and -independent principles
Kant’s Critique of Pure Reason is the primary source for the formulation of constitutive principles. While a comprehensive analysis of this Kantian concept is beyond the scope of this section, I will focus on one specific attribute that distinguishes Kant’s principles from Michael Friedman’s characterization: their independence from specific physical theories. 
In the Transcendental Analytic, Kant explicitly distinguishes his system of principles from those of specific sciences. He notes: “One should note well that I here have in mind the principles of mathematics just as little in the one case as the principles of general (physical) dynamics in the other, but rather have in mind only the principles of the pure understanding” (CPR, B202). Scholars such as Buchdahl (1992), de Boer (2011), and Watkins (2019) have reinforced this distinction, emphasizing that Kant’s transcendental principles are not synonymous with the specific laws or empirical assumptions of classical mechanics.
Kant justifies this separation by pointing to the unique “ground” of transcendental principles: “There can really be no danger that one will regard merely empirical principles as principles of the pure understanding, or vice versa; for the necessity according to concepts that distinguishes the latter […] can easily prevent this confusion” (CPR, B198). The level of necessity that Kant ascribes to these principles can be interpreted as a form of theory-independence. To illustrate: if a principle holds only for theory T1, but fails for T2 and T3, its necessity is merely relative. Conversely, if an assumption remains valid across T1, T2 and T3—and serves as a necessary condition for articulating any future theory T4—it operates at a higher level of necessity.
This reading offers a robust alternative to the “monist” nature of Friedman’s relativized a priori. For Friedman, constitutive principles are, by definition, relative to a specific theory; their function is to coordinate a particular mathematical formalism with empirical facts. Consequently, they lack the cross-theoretical generality found in Kant’s framework.
In contrast, Kantian transcendental principles function as broad, foundational assumptions. As Brittan (1978) argues, the mathematical principles of the understanding establish the general measurability of experience. They represent the requirement that any physical system must exhibit extensive and intensive magnitudes to be scientifically knowable. This requirement is not tethered solely to Newtonian mechanics; it remains a prerequisite for special and general relativity, as well as quantum mechanics. Without reducing the scientific method to a narrow operationalism, one can argue that the definition of any physical system involves the operations used to measure its properties.
My claim is not that Kant’s specific principle regarding measurability is universally valid, nor do I suggest that this reading exhausts the nuance of the Critique. Rather, my aim is to identify a distinction between types of principles that emerges when comparing Friedman’s account with Kant’s original formulation—a distinction that may remain philosophically relevant regardless of the details and persuasiveness of Kant’s perspective.
More specifically, the distinction in question separates theory-independent assumptions from theory-dependent ones. Theory-independent assumptions include principles such as lawfulness, general covariance, and broad forms of the principle of causality. Apel (1971), Chang (2008) and Falkenburg (2007) present other examples of such principles, among which the uniformity of nature, the existence of mind-independent facts that can be intersubjectively recognised and the principle according to which physical systems can be analysed into parts and causally relevant factors. Their validity does not depend on any particular scientific theory, since they are conditions of scientific knowledge itself. They play a stabilising role across episodes of theory change, ensuring continuity and rational intelligibility. 
To clarify, the specific application of such principles can change. Theory-independent principles only indicate a general rule, the significance of which, along with its interpretation and empirical application, may vary in cases of theory change. However, as general rules, they remain valid. Consider the assumption of lawfulness, whereby physical facts can be described through mathematical relationships. This general rule was initially interpreted as applying only to causal and continuous laws in the form of differential equations, but its mode of application changed with the advent of quantum mechanics, in which the role of statistical laws became more prominent. Nevertheless, physical systems are still described according to regularities, whether statistical or causal. Investigating nature without identifying structural regularities does not lead to a new scientific theory; rather, it abdicates the methodological core of science itself.
By contrast, theory-dependent assumptions are specific to particular theories. Examples include the light postulate in special relativity and the Euclidean nature of space in classical mechanics. These assumptions perform the specific coordinative work required to connect a theory’s formal structure to empirical phenomena within a given framework. The specificity of these assumptions refines, rather than limits, the generality of theory-independent ones. However, this specification makes them more susceptible to empirical comparison and increases the likelihood of them being discarded. These kinds of principles include also Friedman’s relativized a priori, thereby emphasizing that the present proposal does not undermine his account, but rather its monolithic and monist character.
4. Object- and concept-constitutive
The second classical source for the formulation of constitutive principles—significant also for Friedman’s proposal—is the discussion between Schlick, Reichenbach and Cassirer on the compatibility between Kant’s synthetic a priori and Einstein’s theory of relativity in the 1920s. As in Kant’s case, the details of this discussion are not necessary here. The important point is that it leads to a fruitful distinction between kinds of assumptions.
In an influential letter sent to Reichenbach in 1920, Schlick warns against the error of confusing “the concept of reality with reality itself… An illusion to which the Marburg neo-Kantians have fallen prey.” (Schlick to Reichenbach, Nov. 26, 1920, translated in Coffa, 1991, p. 202). The distinction that Schlick raises here concerns an intuitive line of separation between the map and the territory, the model and the target system, or, in other words, between theories and nature. 
Schlick’s idea that the presuppositions needed to constitute our theories do not constitute nature itself is inherited by Poincaré. Indeed, Poincaré (2018, p. 1) lists the kinds of hypotheses playing a role in scientific knowledge. Among them, freely created conventions serve as definitions of the concepts employed in a theory, like the definitions of space, time, and motion at the beginning of Newton’s Principia, or as rules to develop the formalism of a theory, like the axioms of Euclidean geometry. However, Poincaré stresses that “while these decrees apply to our science which would be impossible without them, they do not apply to nature.” (Poincaré 2018, p. 2). According to the Poincaré-Schlick view, principles concern concepts, and not the objects subsumed under those concepts, which are given independently of our conceptualisation.
The revolutionary developments of nineteenth-century mathematics and twentieth-century physics confirm Poincaré’s and Schlick’s intuition, as they multiplied the ways in which the same reality—for example, the same data—can be arranged and explained. The object ‘triangle’ can be interpreted according to either Euclidean or non-Euclidean geometrical concepts. The interactions between celestial bodies in our solar system can be described using either the classical concept of ‘force’ or the relativistic concept of ‘spacetime curvature’. Crucially, this multiplication of conceptual frameworks does not imply that they are all equally correct. On the contrary, both empirical evidence and extra-empirical considerations can incline us towards a more adequate concept instantiated by objects. The point remains that, in the twentieth century, the conceptual and objectual sides of the epistemic process underwent a split.
Nevertheless, the issue is not that simple. Schlick’s example of a principle that turns perceptions into scientific data—which is his understanding of the role of a constitutive principle – is that stipulating the conventional choice of clocks over the Dalai Lama’s heartbeat to define time (Schlick 1974, p. 72). Such a choice concerns how to measure time better, and not what time itself is. However, not all choices took by scientists are of this kind. Not all principles represent conventional decisions between alternatives. Take the assumption mentioned in the previous section, i.e. that nature can be described objectively through mathematical laws. It is not that within physics we can decide whether this assumption holds or not, in a conventional way. On the contrary, we need to presuppose it to make physics. Once we investigate reality while refuting this “stipulation”—in the same sense in which we can refute to measure time with Dalai Lama’s heartbeat—we are moving away from the method of modern physics alltogether. This means, some assumptions are not conventional stipulations between alternatives, but rather conditions without which nature could not be analysed scientifically.
This argument is exactly what the Marburg neo-Kantians raised against Schlick. Contrary to his criticism, they wanted to show that they did not confuse concepts and objects, but only merged them as integral parts of a single constituting process. According to this view, reality itself is inextricably bound to the principles at the basis of scientific knowledge, hence principles do refer directly to nature. Now, I do not believe that the neo-Kantian account can be easily defended. Conversely, Schlick may have further reasons to insist that the mathematical description of nature concerns our conceptualisation, and not nature itself, which might well not be mathematical in character. And yet, their debate opens at least to a potential distinction between two kinds of constitutive principles: object- and concept-constitutive. 
A principle is concept-constitutive when it enables a description of reality without directly referring to reality itself. In this sense, differential calculus is concept-constitutive of the concept of acceleration in Newton's laws of motion, as it provides the tools necessary to define acceleration as the second derivative of position with respect to time. Another example is Einstein’s convention regarding the two-way speed of light, which is concept-constitutive for the notion of simultaneity (Falkenburg, 2007, p. 32). Einstein’s definition of simultaneity (Einstein, 1905) can be realised in practice by sending light signals between clocks or mirrors and back again, on the assumption that light travels at the same speed in both directions. A third example is the assumption that the Big Bang represents the ‘time-zero’ event for defining the age of the universe. This principle does not dictate that the universe must have begun with the Big Bang, but it is necessary in order to give meaning to the concept of the ‘age of the universe’ in cosmology.
Conversely, principles are object-constitutive when they prescribe how nature itself must behave. Examples include the assumption of the mathematisation of nature, whereby physical events, systems and empirical properties must be amenable to mathematical description; the principle of uniformity, which states that future events must resemble past ones; the strong law of large numbers, which stipulates that future research data will converge towards a specific value; and the principle of genidentity, which prescribes that “the same thing remains identical to itself over time” (Reichenbach, 1920/1965, p. 53). Although these principles form part of scientific theories and consequently involve concepts, they also define reality and stipulate how nature must behave—at least according to advocates of this kind of constitutive principle à la Kant. 
Crucially, object-constitutive principles need not be fixed. Following the development of Bohr’s atomic model (1913) and Heisenberg’s uncertainty principle (1927/1983), the discontinuous behavior of electronic states came to be widely accepted, thereby undermining Reichenbach’s principle of genidentity. Even so, a principle of this kind—concerning the identity of objects over time—does not merely pertain to our conceptual or representational framework; it also prescribes how physical systems are required to behave. The fact that such a requirement may ultimately be disconfirmed does not negate its status as a principle directed at the objects themselves rather than merely at our concepts. In other words, its possible failure does not show that it concerns only our way of describing reality; rather, it shows that it makes a substantive claim about the world, one that may turn out not to be borne out by the facts.
While the specific debate between Schlick and the neo-Kantians might be assessed in favour of the former, and the specific examples that I have provided for both categories may be criticised as not thoroughly characterised, it remains that the general distinction could be fruitful for both understanding the historical evolution of ‘constitutive principles’ and differentiate their various roles in contemporary accounts. 
5. The fourfold classification
The brief raid into Kant’s original formulation of constitutive principles and the twentieth century debate on the a priori revealed two key distinctions: the difference between theory-dependent and independent assumptions, and the difference between concept-constitutive and object-constitutive principles. The combination of them yields a fourfold taxonomy of scientific assumptions, aimed at broadening the non-pluralist frameworks mentioned in the Introduction:
1. The first category encompasses theory-independent and object-constitutive principles, which are paradigmatically Kantian constitutive principles that specify the general conditions under which objects of experience are possible.
2. The second category comprises theory-independent and concept-constitutive principles, which are broad metaphysical, heuristic or regulative requirements such as simplicity, systematic unity or parsimony. These principles constrain theory construction without fixing a specific ontology, and they sometimes involve conventional elements.
3. The third category includes theory-dependent and object-constitutive principles, which are ontological commitments and classifications internal to a given theory that identify the specific bearers of properties that exist. Examples include the assumptions concerning the existence of fields and spacetime structures, the classification of particles in the standard model, and the taxonomy of organisms in biology.
4. The fourth category includes theory-dependent and concept-constitutive principles, which are relativized a priori principles in the sense developed by Reichenbach and Friedman. These coordinative principles—among which Newton’s laws of motion, the light principle in special relativity, and the fact that any observable is represented by a linear operator in quantum mechanics—mediate between the abstract formalism of a theoretical framework and the empirical phenomena that it seeks to represent.
I suggest maintaining the narrow, specific Kantian meaning of ‘constitutive’ only for the first level of theory-independent, object-constitutive presuppositions, and characterising the principles at the second level as regulative or methodological, at the third level as ontological and classifying assumptions and at the fourth level as the specific axioms and physical principles of a theory. However, all levels present assumptions that could be (and have historically been) considered constitutive in different specified senses according to the aforementioned distinctions. My framework is thus compatible with the claim that they all exhibit some constitutive uses in a broad, non-Kantian sense which, however, needs to be specified on a case-by-case basis. This taxonomy clarifies that principles which are often presented in the literature as mutually exclusive alternatives, such as conventions, coordinative principles or metaphysical commitments, occupy different functional levels within scientific theorising. These principles are not competitors, but rather distinct forms of assumptions that typically coexist.
The four levels can be further distinguished along three dimensions: status, justification and revisability.
With respect to status, only the fourth level straightforwardly includes physical principles, while the others comprise methodological, metaphysical or transcendental presuppositions. However, this distinction is fluid. For example, a metaphysical assumption such as determinism may acquire the status of a physical principle following a theoretical revolution, while a physical principle such as the principle of least action or the principle of relativity may become so general that it no longer appears tied to any specific theory.
In terms of justification, relativized a priori principles are justified instrumentally by the role they play in enabling theory construction and empirical coordination. By contrast, theory-independent assumptions are usually backed up by transcendental arguments or methodological considerations rather than direct empirical success (Chang, 2008).
In terms of revisability, all four levels exhibit some degree of flexibility. Theory-independent principles can be revised in their empirical articulation while retaining their general validity, thereby supporting the rational continuity of science. On the other hand, theory-dependent principles can be entirely replaced as theories change, making them more easily revisable. 
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