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Abstract
Focusing on the meaning of biological terms—including natural kind terms—the paper argues for a more pragmatic approach to meaning than acknowledged by previous accounts of scientific concepts. I criticize in particular two-dimensional semantics for not taking seriously semantic variation between persons and for failing to adequately account for the rationality of semantic change. To understand semantic variation and change, I suggest that the epistemic goal pursued by a term’s use is a genuinely semantic property, thereby introducing an additional component of term meaning, which is not truth-conditional. My argument is based on a discussion of the gene concept, as in addition to being a central biological concept, the term ‘gene’ exhibits rich semantic variation and historical change—despite arguably being a natural kind term.
Pragmatic factors are relevant for biological terms in two ways. First, a semantic approach such as two-dimensional semantics rightly acknowledges that in addition to reference a term has also an intension (construed truth-conditionally), but it ignores the fact that even scientific terms can exhibit between-person variation in intension and reference. I argue that context-sensitive term usage can in some cases be conducive to scientific practice, so that a semantic account has to take it into consideration. To account for communication across scientists, it is necessary to study the intentional and epistemic context that underlies individual uses of a term. Thereby even in the case of central scientific terms, utterances—rather than expression-types—become essential bearers of content, which is influenced by contextual factors.

Second, scientific concepts are used to address various explanatory and investigative goals. While usually many biological concepts are used to address a certain epistemic goal, there are cases where an epistemic goal can be tied to a single central concept, in that the rationale for the introduction and continued use of this theoretical term is to pursue the epistemic goal in question. A biological term may be used to arrive at certain types of explanations (e.g. the explanation of adaptation), or it may be used for the purpose of scientific inference of a certain kind (e.g. the establishment of phylogenetic trees). My suggestion here is that the epistemic goal (or set of goals) pursued by a scientific term’s use is a genuinely semantic property of a term (rather than merely an epistemic feature pertaining to scientific belief). For the epistemic goal pursued by a term’s use can be subject to between-person variation and historical change, like other semantic properties of terms such as intension and reference. More importantly, the notion of a concept’s epistemic goal is essential to account for the rationality of semantic variation and change (variation and change in intension and reference). Thereby this property of term use fulfills a vital semantic function, which is my reason for considering it a genuine component of meaning. Epistemic goals form an aspect of meaning that is not truth-conditional in the traditional sense for two reasons. First, while semanticists can use propositions to describe a concept’s epistemic goal, such an epistemic goal need not be an explicit propositional belief entertained by an individual scientists possessing this concept. Rather, the concept’s epistemic goal is constituted implicitly by the term’s usage in scientific practice, in fact by how an overall community uses the term. Second, the epistemic goal does not consist in beliefs about states of the world—not even in desires as to how the aspect of the world studied by science should be like. Instead, it is a goal about scientific knowledge, or a desire as to what a scientific community should achieve.

Change in belief is frequent in science, but it usually does not lead to change in meaning. In the case of semantic change, what has to be accounted for is why certain novel beliefs about a term’s referent warranted a change in the very intension of the term. The epistemic goal pursued by a term’s use sets the standards for which possible changes in the term’s intension count as rational. For instance, a concept’s epistemic goal may be to explain certain phenomena, yet presently the concept—reflecting available empirical beliefs—does not support an adequate explanation of this kind (the term’s current definition does not include the relevant notions). Once appropriate empirical insights become available, the concept’s definition (intension) is revised, and this semantic change is warranted if in virtue of the new definition the concept supports the desired explanation. In general terms, change in a term’s intension is rational if the new intension meets the term’s epistemic goal to a higher degree than the term’s prior intension. If rational change in intension leads to change in the term’s reference, the latter is also rational. Traditional semantic approaches have construed a term’s meaning in some way or another in terms of certain beliefs about the term’s referent (definitions, intensions, inferential roles). My account introduces an additional aspect of meaning with an essentially pragmatic character. For in addition to beliefs about the referent, a further philosophically significant question is what scientists attempt to achieve by using those beliefs and putting forward tentative definitions of terms. It is this latter pragmatic-epistemic aspect of meaning—which I call the epistemic goal pursued by a term’s use—that provides a handle on understanding the rationality of semantic change and variation.
I motivate, explain, and defend my semantic account based on the interpretation of a concrete case from biology—the gene concept. The paper focuses first on explaining the notion of a concept’s epistemic goal and how it accounts for the rationality of semantic change; then between-person semantic variation is discussed. In the case of the term ‘gene’, I distinguish the classical gene concept (used since the 1920s) from the molecular gene concept (used since the 60s). The epistemic goal pursued by the former is the prediction of patterns in inheritance, whereas the latter’s epistemic goal is the explanation of how genes produce their molecular products. In the transition from the classical to the molecular concept, both intension and reference changed, and I account for this being rational based on the fact that since the 40s novel facts became available that were relevant for the classical gene concept’s epistemic goal, leading to stepwise rational change in the intension of the term ‘gene’, which eventually amounted to the molecular concept growing out of the classical concept. Furthermore, since the establishment of the molecular gene concept, its intension has changed. In the 70s it was assumed that genes admit a simple structural definition—an essential part of the intension of the molecular gene concept as gene structure explains gene function, the latter being the concept’s epistemic goal. Yet it has become clear that the structural basis of gene function is much more complex than originally assumed, leading to a rational revision in the molecular gene concept’s intension and the current situation where the concept’s usage and reference may vary from context to context. 
Regarding semantic change, I criticize two-dimensional semantics for assuming that a given concept (its A-intension) entails how to revise a term’s usage for any possible scenario, leading to a deterministic vision of conceptual change and a problematic account of concept possession, as an individual cannot imagine the possible scenarios required by 2-D semantics in that relevant scenarios are beyond the individual’s current conceptual resources (which constrain what entities and properties can be imagined). Moreover, while 2-D semantics tends to assume that an A-intension as grasped by an individual determines how to revise term usage, I argue that semantic change is a communal decision and that the variation in a term’s epistemic goal within a community has to be taken into account to understand why semantic change occurred.
The current variation in the usage and reference of the gene concept results from the fact that genes form a structurally somewhat heterogeneous kind. I explain why despite this the gene concept can be considered a natural kind concept. The contemporary gene concept is one concept in that the different usages of the term ‘gene’ are united by a generic epistemic goal pursued, namely, the explanation of the production of gene products. At the same time, this generic epistemic goal can be fleshed out differently in different research contexts. For instance, as some parts of molecular biology focus on RNAs as the primary gene product while others focus on proteins as the secondary, yet significant gene product, different usages and choices as to how to individuate genes are preferred, given the known fact that the relation between genetic elements and gene products is many–many. Thus, the epistemic goal pursued by the term’s use—and the within-community variation thereof—accounts for the variation in the term’s intension and reference. I conclude with remarks as to why the context-sensitive usage and reference of the term ‘gene’ is largely conducive to biological practice and need not lead to a breakdown of communication across contexts, and why biologists still prefer to hold fast to this term rather than eliminating it in favor of several other terms.
