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ABSTRACT

EXPLORING MEANING COMPOSITION: THE EPISTEMOLOGY OF MODELING PRACTICES
IN FORMAL SEMANTICS

by

Marcia Andrea Gonzales Llanos

The University of Wisconsin-Milwaukee, 2023
Under the Supervision of Professors Joshua T. Spencer and William A. Penn

The present thesis attempts to offer an epistemological account of the modeling practices

involved in linguistic model-theoretic truth-conditional compositional semantics. That is, it tries

to answer the question of how formal semanticists can draw inferences when building and using

scientific models, so knowledge or a deeper understanding of natural language can be gained.

The methodological approach followed in this paper is to first examine case studies and then

characterize the modeling practices in question by applying relevant insights from the

contemporary philosophy of science literature which is focused in scientific practice and

scientific modeling. Accordingly, an assessment of the inferences that semanticists can draw

within models, between models, and from model to theory or model to data is provided. Finally,

the following two claims are defended: that the modeling practices involved in formal semantics

are exploratory in nature, and that the construction and application of semantic models license

hypothetical inferences which provide modal knowledge about the syntax-semantics interface.
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Chapter 1

Introduction

Linguistic semantics is the field which studies natural language meaning, with formal semantics

being the current dominant approach. This approach is usually characterized as the attempt to

apply formal devices from mathematics, logic and computer science to the analysis of meaning

composition. Hence, formal semanticists offer proposals of how the meanings of complex expres-

sions like sentences can be determined by the meanings of the sentence’s parts and the way in

which these parts are combined by the syntax.

The present thesis will be focused on what is known as compositional model-theoretic truth-

conditional semantics. That is, it will be concerned with linguistic theorizing which aims to provide

a systematic account of how the truth-conditions of natural language sentences can be composi-

tionally derived, by mainly drawing on resources from mathematical model-theory. But why does

this form of theorizing aim to pair sentences with truth-conditions if semantics is concerned with

meanings? The intuition behind this methodology is captured by the familiar slogan “to know the

meaning of a sentence is to know its truth conditions” (Heim and Kratzer, 1998, p. 1). The idea here

is that even if the notion of meaning hasn’t been properly defined yet, semanticists can still theo-

rize about it in virtue of the fact that semantic competence involves knowing what it would take

for a sentence to be true—i.e., knowing the sentence’s truth-conditions. Thus, truth-conditions

become a proxy for meaning, under this approach.

This methodology for the study of natural language meaning has led to many recent develop-

ments in the field, which have certainly not gone unnoticed by philosophers working in philoso-

phy of language and its intersections. Still, philosophers haven’t had much to say about the way
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that this theorizing is being carried out1. If the findings of linguists are being routinely used as

evidence for philosophical arguments, shouldn’t philosophers worry about the epistemic warrant

that semantic claims can provide? Moreover, regardless of whether linguistic theorizing is instru-

mentally valuable for philosophers of language, paying attention to the practices of semanticists

could be beneficial both for semanticists themselves and for philosophers of science. Philosophical

work which aims to describe, contextualize and explain the methodology and aims of semantic

theorizing could help semanticists to gain a better understanding of their own work and find-

ings, and of their discipline as a whole. For philosophers of science, being aware of the practices

involved in disciplines that go beyond traditional scientific fields would certainly provide them

with a more informed understanding of scientific practice and its epistemology.

The present project hopes to contribute to the filling of this lacuna in the literature by address-

ing issues which are mainly epistemological and methodological in nature. For that reason, some

tentative answers will be offered to the following questions (but not necessarily in that order):

(1) What is the object of study of formal semantics?

(2) What are the roles that the tools used in formal semantics play in the study of its subject-

matter?

(3) How do semanticists derive knowledge from their theorizing practices?

The method that will be followed here is to study the theorizing practices of semanticists through a

philosophy of science lens. Within philosophy, and to some extent, linguistics, the tools and prod-

ucts involved in the theorizing done by semanticists (e.g., semantic frameworks and derivations

of meaning composition) are referred to as “theories”. It will be assumed here, without offering

any explicit arguments, that it is better to think of them as scientific models. To this end, the ex-

amples that will be considered in Chapter 4 should elicit the intuition that most of the practices of

semanticists involve modeling and not theory construction.

Accordingly, an assumption that will underlie the present approach is that thinking of seman-

tic models2 as scientific models can be a fruitful enterprise for gaining a deeper understanding of

linguistic theorizing. Scientific models will be broadly conceived of here as the tools which are the

1There are some exceptions, of course—for a few examples, I refer the reader to the collections of articles edited by
Burgess and Sherman (2014) and Ball and Rabern (2018).

2Throughout the paper, the term “(linguistic/semantic) models” will be used to talk about models in the scientific
sense to be detailed below. This should not be confused with the use associated with model theory.
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product of the model-building practices of scientists3. These tools have a variety of uses, which

include (non-exhaustively) representing, explaining, intervening on, or learning about some rel-

evant aspect of the world—that is, about the models’ “target systems” (cf. Morgan & Morrison,

1999). As a consequence, one of the aims of this thesis will be to offer some reasons to start se-

riously thinking about linguistic semantics as a science, though this claim will not be argued for

directly. Hence, what is being suggested here is that we can draw some interesting lessons from

the epistemology of the modeling practices of semanticists regardless of whether one believes that

linguistics is a cognitive science or a branch of psychology, or that semantic competence can be an

object of scientific study.

The proposal to be offered here will be that the modeling practices involved in formal seman-

tics can be thought of as exploratory in nature (cf. Gelfert, 2016), and that semantic models are rem-

iniscent of the class of models that Massimi (2019) has labeled as hypothetical perspectival models. In

line with this, it will be suggested that the function of semantic models is to deliver modal knowl-

edge about a hypothetical target system—the syntax-semantics interface. That is, these models

serve to reduce the space of objective possibilities in a manner that is constrained both by working

assumptions and by linguistic data. If this is correct, their exploratory nature entails that these

models work with possible entities, which are not necessarily known to be actual. But this should

not be thought of as a disadvantage. Instead, the ability to make hypothetical inferences is what

gives semanticists the necessary knowledge to choose which commitments to include as part of

their future theories and models.

The structure of the thesis is as follows. Chapter 2 briefly reviews some of the insights from

the philosophy of science literature about scientific modeling and scientific practice which will

guide the methodology of this project. Chapter 3 offers an overview of some key concepts and

methodological commitments that are assumed in the formal semantics literature, such as truth-

conditions, semantic values and compositionality. Chapter 4 presents and assesses six case studies

of modeling practices. Chapter 5 identifies certain features of these modeling practices, and offers

an epistemological account which supports the claim that these practices involve the introduction

of exploratory posits meant to drive the development of both future theory and future empirical

study. Chapter 6 concludes and highlights some further issues for exploration and future research.

3This way of understanding scientific models is meant to stand in opposition to more traditional views which char-
acterize them as interpretations or mathematical structures which satisfy scientific theories. In this paper, a stance
on the relation between models and theories which is inspired by Cartwright’s instrumentalist view of theories (cf.
Cartwright et al., 1995; Suárez & Cartwright, 2008), and Morgan and Morrison (1999)’s autonomy approach to scientific
modeling will be assumed. More will be said about this issue in Chapter 2.
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Chapter 2

Scientific Modeling

Within the philosophy of science literature, it has been acknowledged that important aspects of

the epistemology of science cannot be accounted for if we only take into consideration the roles

that the “final” products of scientific theorizing play. That is, it has been claimed that in order to

explain how many inferences that scientists make in the context of ordinary scientific inquiry are

licensed, we need to take a closer look at the actual practices of scientists. A product of applying

this methodology is the insight that scientific models play a crucial role at enabling users to draw

inferences and learn about the world (amongst other things) by building the models or putting

them to use (Morgan & Morrison, 1999, p. 11). As a consequence, some forms of contemporary

research are driven by the metaphilosophical assumption that our understanding of science would

be better informed by focusing our attention on the practice of scientific modeling (Frigg, 2022,

p. 363).

But in what does this practice consist? Weisberg (2007) describes it as follows:

Modeling, I will argue, is the indirect theoretical investigation of a real world phe-

nomenon using a model. This happens in three stages. In the first stage, a theorist

constructs a model. In the second, she analyzes, refines, and further articulates the

properties and dynamics of the model. Finally, in the third stage, she assesses the rela-

tionship between the model and the world if such an assessment is appropriate. (2007,

p. 209).

Certainly, the above characterization is not uncontroversial, but it does serve to provide a rough

idea of what sort of practices we will be concerned with for the remainder of this thesis. Fur-

thermore, it must be clarified that it is neither the aim of this project to offer an account of what
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scientific modeling is, nor to endorse any particular proposal. All that we will need to keep in

mind for our purposes here is that scientists construct some tools (models), which are to be ma-

nipulated and applied to the study of something other than the tools themselves. This set of

activities is what will be meant by “modeling practices”.

What is uncontroversial, is that modeling involves constructing models. For that reason,

model-building is an activity to which we will pay a lot of attention in the next chapters. But

what can be tentatively said about it? An informative characterization is offered by Boumans

(1999), who suggests a useful analogy between building “first-generation mathematical models”

and baking a cake without a recipe. The latter involves some trial and error in order to figure out

which ingredients to use, their appropriate proportions, and a way of mixing them together so the

expected result can be obtained. Yet, there is always some background knowledge which can be

used as an starting point. For example, even if we haven’t baked any cakes before, it might hap-

pen that we have experience preparing other baked goods, or that we have some vague sense of

possible ingredients. This hints at the fact that model-building is an activity that aims at integrat-

ing disparate elements from different sources or domains. For this reason, any set of ingredients

for these models will require a different recipe, that is, different ways of succeeding at making the

elements fit together (1999, p. 67).

Boumans’ proposal is inspired by business-cycle models, which can involve “theoretical no-

tions, metaphors, analogies, mathematical concepts and techniques, policy views, stylised facts

and empirical data” (1999, p. 94). Accordingly, his account highlights the importance of the choice

of mathematical formalism for integrating the disparate elements of the model. The possibilities

for shaping the ingredients in a mathematical form will be determined by this choice, which is

largely independent of theory or theoretical requirements (1999, p. 94).

2.1 Scientific Models

We have been talking about scientific models for a while now, without saying what they are. This

has been done deliberately, since giving a precise characterization of models is still an on-going

enterprise within the literature on scientific modeling. Some philosophers have attempted to of-

fer a functional characterization by answering the question of what roles models perform, whereas

others have tried to provide ontological accounts which are meant to specify what kind(s) of objects

they are.
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Traditionally, it was thought that the key to functionally characterize models lies in their rep-

resentational role. For example, Hughes claimed that “[t]he characteristic—perhaps the only

characteristic—that all theoretical models have in common is that they provide representations

of parts of the world, or of the world as we describe it” (1997, S324). Likewise, Giere suggested

that our focus should be on the activity of representation, which can be conceived as a relationship

of the following form: scientists, as intentional agents, use models to represent some aspect of the

world for specific purposes (2004, pp. 743, 747). This is possible since “[w]hat is special about

models is that they are designed so that elements of the model can be identified with features of

the real world” (2004, p. 747). More recently, it has been noted that some models are not repre-

sentational in nature, or at least do not perform said role primarily. Some of these other functions

include (non-exhaustively) (cf. Bokulich, 2011), exploring (cf. Gelfert, 2016), or intervening on (cf.

Keller, 2000) some relevant aspect of the world.

On the more metaphysical side, the efforts to give a unificatory account of models have not

been successful either. By taking a look at the history of scientific practice, anyone will notice

that some models are material objects—for example, model organisms in biology, ball-and-stick

models in chemistry, Watson and Crick’s cardboard and metal models of the DNA structure, or

fluid models. Yet others, such as the Bohr model of the atom, evolutionary models in biology,

and economic models, are constituted by equations, descriptions, set-theoretic structures, abstract

entities more generally, or a combination of these. Thus, it seems unlikely that there is a distinctive

ontological category to which models belong in virtue of being models.

A different approach focuses instead on giving a characterization which is subsidiary to the

functional one by answering the question of what kind of entities models have to be in order to

perform their roles. The underlying assumption here is that any ontological account of scientific

models must start by recognizing that models are not such in virtue of belonging to a particular

ontological category. Instead, models are used by scientists in virtue of having some features

which make them suitable for performing the specific roles that scientists intend them to serve.

And this suitability could be certainly associated to belonging to a particular ontological kind

(Frigg, 2022, pp. 397–407).
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2.2 Models and Their Relation to Theories

Historically, the interest in scientific models emerged in the philosophy of science literature as a

reaction to the overtly axiomatized conception of scientific theories that “the received view” (also

known as “the syntactic view of theories”) proposed. This alternative approach, now termed “the

semantic view”, conceives of a scientific theory as the collection of its models. Models, under this

view, are interpretations (i.e., mathematical structures or non-linguistic entities) which make the

theory true (Morgan & Morrison, 1999, pp. 2–4; da Costa & French, 2000, S119).

Yet, as Cartwright et al. (1995), and Morgan and Morrison (1999) have pointed out, such an

understanding of models is still quite limited: the semantic view takes scientific models to be sub-

sidiaries to theories, but this is not reflective of scientific practice. For instance, Cartwright argues

against a “theory-dominated” view of science by offering an alternative instrumentalist concep-

tion. According to this “tool-box view”, scientific practice consists in putting to use adaptable

tools (instruments, techniques, methods) in order to pursue scientific endeavors such as interven-

ing and representing. And if we inquire about which tools are most suitable for these purposes,

we will realize that it is not theories which represent the world, but models (1995, pp. 138–139).

Furthermore, the joint work of Suárez and Shomar shows via case studies that models which

represent phenomena are neither deduced from theories, contained by the latter, nor arrived at

by de-idealization—instead, they are purposely built by scientists to represent, with theory only

playing a small role in these modeling practices (1995, pp. 140–142). Hence, they concluded that

the relationship between models and theories is more distant and complex than what the seman-

tic view originally suggested. Similarly, Morgan and Morrison argued that the fact that models

are characterized in terms of their relation to theories gives rise to an inaccurate understanding

of modeling practices (1999, pp. 10, 36). For that reason, they suggest that any account of how

models provide information about the world must acknowledge the autonomy of models from

theory (1999, pp. 7–8). In the next section, I will briefly examine how they implemented such an

approach to the study of scientific models.

2.3 Instrumentalism and The Autonomy of Models

For Morgan and Morrison, models “have a life of their own and occupy a unique place in the

production of scientific knowledge” (1999, p. 18). Under this account, models are characterized
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as autonomous agents which perform the function of being instruments of scientific investigation.

Moreover, the autonomy of models is explained by their being partially independent in many

respects from both theory and the world (1999, p. 10).

Models are autonomous partly in virtue of the way in which they are constructed. This picture

of model-building practices aligns with that of Boumans (1999)—and in fact, is inspired by it.

Accordingly, Morgan and Morrison hold that the construction of models is largely independent

from theory, even in cases in which most of the elements seem to come from a theory. They

acknowledge that models will also involve elements which come from data and/or from outside

of the domain of investigation (1999, pp. 13–14). As a result, models are not part of a theory-world

axis. That is, they are not part of a hierarchical structure between theory and world (1999, pp. 17–

18).

Another important tenet of this view is the claim that models function as tools. As any other

tool, they are independent or separate of whatever they operate on, but there must be a connection

between the two if the role is to be performed satisfactorily. The same needs to be the case with

models if they are tools for learning from both theory and world. That is, models must be some-

what independent from both, but appropriately connected to the two domains. Yet models are

not just like any other tool. For Morgan and Morrison, what distinguishes them is their represen-

tational capacities. Furthermore, models not only can represent aspect of the worlds, but also of

theories. This is how we learn from both domains, and how models are able to mediate between

them (1999, p. 11).

Recall that Morgan and Morrison’s main motivation for giving an account based on scientific

practice was to give an answer to the question of how we learn by using models. So far, we

have given an overview of certain features of scientific models that might explain how learning

is possible. But how does learning actually occur? For them, learning mainly takes place while

the models are being constructed and manipulated (1999, p. 11). Building a model is an activity

for which there are no rules, and in which modelers are trying to answer the question of what

will fit together and how. As a consequence, one learns both about the world and theory since

the practice involves interpreting and conceptualizing both evidence and theories into compatible

terms, in addition to integrating them. Moreover, even in cases where a “basic recipe” for building

models is inherited, it will occur that the models are gradually built up, since some new pieces

will need to be added and the model tweaked in an attempt to deal with perceived problems and

omissions (1999, p. 31).
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The result of these model-building practices are representative instruments which will enable

us to learn both about them and about the world. When we manipulate the models, we learn about

the situation that is depicted by them—i.e., what is often called “the model world”. This is the

starting point for learning or understanding reality, and what is physically possible or impossible

(1999, p. 33). Thus, that models serve as agents in the learning process explains a) how models

can be both a means to and a source of knowledge, and b) why they are so relevant to scientific

practice (1999, p. 35). Morgan and Morrison elaborate on these two points as follows:

A virtue of our account is that it shows how and why models function as a separate

tool amongst the arsenal of available scientific methods. The implication of our in-

vestigations is that models should no longer be treated as subordinate to theory and

data in the production of knowledge. Models join with measuring instruments, exper-

iments, theories and data as one of the essential ingredients in the practice of science.

No longer should they be seen just as ‘preliminary theories’ in physics, nor as a sign of

the impossibility of making [a discipline] a ‘proper’ science. (1999, p. 36)

The present project will be carried out under the assumption that the theorizing done in formal

semantics mostly (if not completely) involves modeling practices. Hence, the goal here will be to

offer an epistemological account of how semanticists can draw inferences and derive knowledge

by applying semantic models to the study of natural language meaning. In order to do this, some

case studies which illustrate these modeling practices will be assessed. As the reader can notice,

this approach has been inspired by Morgan and Morrison’s insight that paying attention to scien-

tific practice is essential for explaining how models help us to learn about theories and about the

world. Moreover, the proposal to be offered later will be more or less consistent with the claim that

models are autonomous agents which serve the function of being instruments of investigation.

However, it is not the aim of this thesis to defend Morgan and Morrison’s account of scientific

modeling. In fact, one aspect in which the account to be offered here will differ from theirs is

related to the role that representation plays in learning about the models themselves and about the

world. Accordingly, it will be argued later that the modeling practices in formal semantics deliver

knowledge even if the models built by semanticists do not primarily serve a representational role.

Still, the reason why Morgan and Morrison’s proposal has been presented here is because it serves

as a good starting point for understanding the spirit of the present project.
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Chapter 3

Semantic Theorizing: Preliminaries

Before examining our case studies, a few things need to be said or clarified for getting a sense of

what the modeling practices involved in formal semantics are about. To start, we can consider this

nice overview that Jacobson (2014) provides: “[semanticists ask] what a compositional semantics

might look like: how can we model the tools available (. . . unconsciously) to speakers of a language

that allow them to compute meanings of larger expressions from the meanings of the smaller ones

that make them up. What are the formal ways in which meanings combine? And what are the

types of objects that we need in order to model that?” (2014, p. 8). In the present chapter, we

will briefly review some of the theoretical notions involved in said enterprise: truth-conditions,

semantic values and compositionality.

3.1 Truth-conditions

Why are linguists interested in semantic theorizing? An important aim in this project is to reveal

something about the semantic competence of the users of a language. The underlying assump-

tion is that speakers possess some knowledge which enables them to make use of their linguistic

resources in order to convey information. Since meanings have been traditionally conceived of as

the medium for encoding information, we can speculate that communication is possible at least

in part because speakers have knowledge of the meanings of linguistic expressions. Otherwise,

how would they know which linguistic expressions to use in order to express what they intend

to express? Or how would they know what someone else wants to convey by uttering certain

expressions? The problem is that it is very difficult to say what meanings are or where to locate

them. But if meanings were to play the role of evidence for linguistic theorizing, we would need
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to find a way to manipulate them in order to test our preliminary hypotheses or findings. And

given that we don’t want this obstacle to stop us from doing semantic theorizing, we need to find

something that can actually play the appropriate role.

The interest in meanings is strongly connected to the interest in the contents that are expressed

by, for example, acts of assertion. When speakers assert something, they use a suitable linguistic

construction to convey the information that the world, or things, broadly, are in a certain way.

Hence, in order to interpret what was meant by some utterance, we need to be able to identify

what would it take for the uttered sentences to be true, regardless of whether we know if they are

in fact true. These conditions under which sentences would be true are known as truth-conditions.

Then, competent speakers should possess the knowledge which enables them to figure out what

the truth-conditions of particular sentences are. And since the knowledge of sentential meanings

is associated with the knowledge of truth-conditions, we can indirectly theorize about the former

by directly theorizing about the latter. As a result, formal semanticists will aim to give a systematic

account (via their models) of how sentences can be paired with truth-conditions1.

3.2 Semantic Values

As we have seen, semantic theorizing involves pairing sentences with posits such as truth-condi-

tions. But in the more general case, we will find that semantic modeling also involves pairing a

wider set of linguistic constructions with other elements in the semantic models. More technically,

it can be said that a semantics for a natural language pairs well-formed expressions from the object

language with model-theoretic entities such as objects, sets or functions. We will call such pairing

a semantic value assignment. This assignment is an interpretation function2 for the object language

1Certainly, it is very unlikely that truth-conditions themselves play the role of evidence or of data. When linguists
attempt to test their models, or when they find some data point they want to explain, they look around for linguis-
tic intuitions. That is, they look for the judgments of speakers regarding what sort of information can and cannot be
conveyed by using a particular linguistic construction. These intuitions are supposed to reveal something about the
semantic competence of the speaker. Consequently, linguistic data are usually associated with intuitions, and these in-
tuitions can be elicited and “manipulated” in order to confirm/disconfirm generalizations. In contrast, truth-conditions
appear to be on the more theoretical side of the spectrum—something that is processed or extracted from these intu-
itions. Still, we won’t be taking any particular stand here as to what form the actual linguistic data or evidence takes
(for example, as to whether the linguistic intuitions themselves are the evidence or some processed version of it). This
is still an open matter for discussion which goes beyond the scope of this thesis. For some tentative proposals regarding
linguistic intuitions and the role they play in linguistic/semantic theorizing, the reader is referred to Devitt (2010) and
Schindler et al. (2020) (especially, Collins, 2020).

2The semantic value assignment is assumed to be a partial function, i.e., a function that doesn’t pair every grammat-
ical linguistic expression with a semantic value. That the assignment is partial should account for why grammaticality
(being well-formed according to syntactic rules) is different than interpretability (being a meaningful expression).
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which takes linguistic expressions as inputs and delivers semantic values as outputs. A semantic

value just is whatever entity the interpretation function assigns to a particular expression.

3.2.1 Extensional and intensional semantic value assignments

Most of the modeling practices we will examine in Chapter 4 are depicted in Heim and Kratzer’s

Semantics in Generative Grammar (1998) textbook. Since the textbook offers a basic recipe for mod-

eling the semantics of a very limited set of English constructions, it will serve as a useful starting

point. Hence, some clarifications about Heim and Kratzer’s approach are in order.

First, Heim and Kratzer model and define both an extensional and an intensional semantic

value assignment. In an extensional semantics, the semantic values or denotations of linguistic

expressions are all extensions—or in more familiar terms (following Frege), their “referents” (1998,

p. 15). For instance, the denotation of proper names are the individuals to which the names apply,

the denotation of intransitive verbs are functions that go from individuals to truth-values, and the

denotation of sentences are their truth-values (either true or false). Let’s illustrate this with some

examples.

In formal notation, whenever we have a linguistic expression α from the object language en-

closed in double brackets, we are symbolizing its semantic value, as in JαK3. Here, the double

brackets (J.K) stand for the interpretation function in the metalanguage. Then, we form identity

statements to indicate what these expressions get paired with, as in:

(1) JBettyK = Betty

Any statement of the form ⌜JαK = x⌝ is supposed to be read as “the denotation (or the semantic

value) of α is x”. (1) is a statement in the metalanguage that says that the semantic value of the

proper name Betty is the individual Betty. Now, for the extensional semantic values of the verb

jumps and the sentence Betty jumps, we get:

(2) JjumpsK = the function that maps each individual from the domain to 1 iff they jump4

(3) JBetty jumpsK = 1 iff Betty jumps

3Strictly speaking, the object language expressions should be enclosed within quotation marks when they are being
mentioned. Here, Heim and Kratzer’s convention of using bold-face text when the expressions are enclosed in double
brackets will be followed (1998, pp. 22–23). Italics will be used for all other mentions.

4Alternatively, we could have the subset of individuals (from the domain) that jump in the right-hand side of the state-
ment.
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A semantic framework can also assign intensions to expressions if there is a need for more fine-

grained distinctions—for example, if there are modal operators or propositional attitude verbs

involved. Intensions (following Carnap) are what determine how extensions depend on possible

circumstances. Then, an intensional semantics is one where semantic values are functions that take

circumstances of evaluation as inputs and give appropriate extensions as outputs.

Under Heim and Kratzer’s intensional framework, the only relevant circumstances of evalua-

tion are possible worlds, broadly understood as “ways the world could be” (1998, p. 302). Conse-

quently, the new inventory of denotations will also include (in addition to our familiar extensions)

functions from possible worlds to functions from individuals to truth-values for intransitive verbs,

and functions from possible worlds to truth-values for sentences. Now, for our toy examples (no-

tice the superscript w which indicates the point of evaluation):

(4) JBettyKw = Betty5.

(5) JjumpsKw = the function that maps each individual from the domain to 1 iff they jump in

world w

(6) JBetty jumpsKw = 1 iff Betty jumps in world w

Within formal semantics, a proposition is model-theoretically defined as a function from possible

worlds to truth-values, or alternatively, as the set of worlds which the function maps to the truth-

value 1 or true. Hence, in the Heim and Kratzer framework, propositions play the role of being

the intensional semantic values of sentences. As we have said, possible worlds are circumstances

of evaluation. And the circumstances under which a sentence is true are its truth-conditions. So,

if a proposition is the set of possible worlds in which it is true, it is also the set of circumstances

under which it is true. Hence, by pairing sentences with propositions, the intensional framework

is pairing the former with their truth-conditions.

As you may recall from earlier, to offer such a pairing was one of the main goals of semantic

theorizing. However, we won’t say much in this thesis about propositions, or about the modeling

of truth-conditions, for that matter. All of our examples will involve extensional semantic value

assignments, to keep matters simple. What must be kept in mind, though, is that semanticists care

about these extensional semantic values insofar as they can be proxies for the intensional ones.

5Within formal semantics, proper names are assumed to be rigid designators. That is, their reference is not relative
to circumstances of evaluation, or possible worlds, in this case. Thus, even in an intensional framework, proper names
are paired with extensions (Heim & Kratzer, 1998, p. 304).
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3.3 Compositionality

Within formal semantics, it is customary to work with compositional semantic value assignments.

That is, the interpretation function for a natural language fragment must adhere to the Principle of

Compositionality6:

(7) Compositionality

The semantic value of an expression is a function of the semantic contribution of its parts

and the way in which these parts are combined by the syntax.

The above principle states that complex semantic values depend on both simpler semantic val-

ues and on the syntax of the language under consideration. For that reason, when we say that a

language is compositional, what we have in mind is a formal property of its semantic value as-

signment in relation to a syntax (Pagin & Westerståhl, 2010, p. 253). If the assignment is to have

this property, then it must be compositional for every syntactic operation in the language. A com-

mon way to interpret this claim is to hold that for every syntactic operation that gives rise to a

complex expression, there will be a corresponding meaning-composition rule that is applied to

the semantic values of immediate constituents in order to derive the semantic value of the more

complex expression (Yli-Vakkuri, 2013, p. 526; Pagin & Westerståhl, 2010, p. 254).

The idea that natural languages must be compositional has been partly motivated by two con-

siderations: productivity and systematicity. On one hand, arguments which focus on productivity

point out that language users are able to grasp the meanings of complex expressions that they

have never heard before. Certainly, it would be very unlikely for them to have learned all of those

meanings from past experience. Thus, there must be some sort of “knowledge” (which doesn’t

have to correspond to knowledge-that nor knowledge-how7) that allows them to determine the mean-

ings of complex expressions. On the other hand, arguments from systematicity point out that lan-

guage users who are able to understand a complex expression can also understand other complex

expressions which have been constructed by recombining the former’s constituents (Szabó, 2012,

pp. 75–76). Then, the compositionality of natural languages appears to be the best explanation

6It must be noted that every formulation of the Principle of Compositionality talks about the compositionality of
“meaning”. Since we will be dealing in this paper with models of formal semantics and these work with semantic
values, the principle will be stated here in terms of semantic values.

7Within generative linguistics, linguistic competence is thought of as the state of cognizing one’s own language, yet
this state doesn’t have to be conscious or transparent to the language user.
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for these facts. That is, the knowledge that enables speakers to determine or construct unfamiliar

complex meanings must at least involve the knowledge of a limited number of simple meanings

(that of words, for example) and of grammatical structures.

Within the formal semantics literature, it is assumed that these “simple meanings” are stored in

the lexicon, or in the corresponding lexical entries of each linguistic item. The lexicon is, roughly, a

list of words (or any meaningful elements, but we will assume that these are words to keep matters

simple) and their properties that are part of a speaker’s knowledge of their own language. Hence,

the lexicon can be thought of as a mental dictionary. Each item from the lexicon is called a lexical

entry and should at least contain information about the pronunciation of the word, its “meaning”

(i.e., its lexical semantic value) and its syntactic category. Then, the computational component

of the language faculty, or the modules of the grammar must access this information in order to

construct, interpret and pronounce complex expressions (Carnie, 2013, pp. 236–237). We will have

a bit more to say about these modules in the next subsection.

3.3.1 The syntax-semantics interface

Recall that, according to the Principle of Compositionality (7), the semantic value of a complex

expression also depends on the way in which its constituents are syntactically combined. So, how

do semanticists go about implementing the compositionality assumption as part of their models?

Given that the principle establishes that semantic composition mirrors syntactic composition, they

need to assume some syntactic analysis for the constructions under consideration. Once the latter

is in place, semanticists can proceed to combine functions and arguments in a similar order in

which syntactic units are combined.

One way to implement this is is to assume that the input to the interpretation function are

uninterpreted syntactic structures. In other words, under this approach, the semantic value as-

signment pairs syntactic structures with semantic values. Hence, we should replace (3) with:

(8)
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= 1 iff Betty jumps
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This presupposition is consistent with how the syntactic and semantic modules of the grammar are

thought to interact within generative linguistics, according to the inverted Y-model of grammar

(cf. Carnie, 2013, ch. 13). The relevant assumption is that the grammar as a cognitive faculty

consists of subcomponents which are autonomous from one another, and which only interact

at the interfaces. For instance, the syntactic module builds a syntactic structure by applying a

set of syntactic rules. This structure is then sent to two interfaces: the Phonological Form (PF)

and the Logical Form (LF) levels of representation. In order to receive a semantic interpretation,

the syntactic structure is assigned an LF-representation at the LF-level. This representation is the

result of applying additional syntactic rules. Then, semantic composition is computed by applying

compositional rules to this LF-representation (Heim & Kratzer, 1998, p. 185).

But why should we accept the claim that the syntax is autonomous from the semantics? Al-

though the assumption has not been universally endorsed, there are certainly some data-related

and theoretical motivations for it. For instance, acceptability judgments would suggest that gram-

maticality and interpretability can come apart, viz., a structure can be well-formed but “meaning-

less”, or it can be ungrammatical yet interpretable by speakers. On the more theoretical side, the

Logical Form level of representation is necessary to account for movement operations which have

an effect on the interpretation a sentence receives (1998, p. 185), such as Quantifier Raising. More

about this will be said in Chapter 4.

3.3.2 Frege’s Conjecture

For the semantic value assignment to be compositional, sentential semantic values must be de-

rived via the application of compositional semantic rules. For this reason, a key assumption in

Heim and Kratzer’s system is the principle that they call Frege’s Conjecture: “semantic composi-

tion is functional application” (1998, p. 29). This is rooted in Frege’s belief that the meanings of

linguistic expressions can be classified either as saturated or unsaturated. Unsaturated entities

are missing something—an argument, so it is appropriate to think of them as mathematical func-

tions. Once a function is applied to an element that acts as its argument, saturation occurs (cf.

Frege, 1997). Hence, very roughly, Frege’s Conjecture states that whenever two linguistic expres-

sions combine semantically, the meaning of one is an argument for the meaning of the other. This

insight is captured by the following rule:
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(9) Functional Application (in more or less simplified English)

If α is a branching node with β and γ as its daughters, and β’s semantic value is a function

that can take the semantic value of γ as its argument, then the semantic value of α is the

result of applying the function β denotes to the argument that γ denotes (Heim & Kratzer,

1998, p. 44)8.

As way of illustration, let’s re-consider the representation in (8):

(8)
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= 1 iff Betty jumps

If we are to apply the Functional Application rule, we must start by noticing that S is a branching

node with NP and VP as its daughters. And this means that in order to determine the semantic

value of S (1 iff Betty jumps), we will need to semantically combine NP and VP by applying the

semantic value of one of them to the semantic value of the other. But how do we figure out if that

is even possible?

Semantic types

In order to keep track of how the Functional Application rule must be applied, it is customary

to include in the formal apparatus semantic types for denotations9. e and t are the basic types of

denotations, which also correspond to saturated entities: e is the type of individuals, and t is the

type of truth-values. These correspond to the extensional semantic values of proper names and

sentences, respectively.

Since unsaturated entities are functions from meanings to meanings, their semantic types are

built from other semantic types. We write the semantic types for functions as ⟨σ, τ⟩ to indicate

that they take semantic values of type σ as inputs and give semantic values of type τ as outputs.

For example, the semantic values of intransitive verbs are functions of type ⟨e, t⟩ since they take

8Notice that this isn’t the final (pedantic) version that Heim and Kratzer use. I am omitting all references to assign-
ment functions for now.

9In the formal semantics literature, this is known as type-driven interpretation (cf. Heim & Kratzer, 1998, p. 44).
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individuals as inputs and give truth-values as outputs. In other cases, we will have that some

functions can take other functions as their arguments. Hence, more generally we will say that in

order to apply Functional Application, one semantic value must be a function and the other must

be something in that function’s domain.

As was mentioned before, our examples will only involve extensional semantic value assign-

ments, so all we need to keep in mind for the remainder of this thesis is that (extensional) semantic

values can only have types e, t or some other type recursively constructed from those two.
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Chapter 4

Modeling Practices in Linguistic

Semantics

In this section, we will focus on the modeling practices involved in formal semantics. More specif-

ically, a few case studies which illustrate (some of) the kinds of inferences that formal semanticists

draw in order to model derivations of meaning composition will be presented: inferences within

models, from data to models, and between models. Semantic models should be understood here

as the tools that formal semanticists build and apply to the study of natural language meaning.

Even though issues related to the metaphysics of these models will be left aside (for the most

part), the examples should elicit the intuition that semantic models involve at least a semantic

value assignment, a set of semantic rules and a lexicon.

4.1 The Search For Tools

One of the key aims of the practices of formal semanticists is to find suitable tools for model-

ing. As some of the examples in this section will show, most of these formal tools are extracted

or “borrowed” from other disciplines and appropriately adapted so they can be applied to the

case at hand. These devices can come directly from mathematical notation or from modeling de-

vices, techniques or methods which have been found to be useful in domains such as formal logic,

probability theory, or computer science.

If, as has been vaguely gestured, semantic models contain at least three components, then

the model-building practices of semanticists will involve the search and selection of adequate

semantic values, semantic rules and lexical entries. Yet these searches are not independent of
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one another. As we will see, it is the job of the semanticist to make these essential ingredients fit

together by finding an appropriate formal notation. For that reason, any decision that semanticists

make regarding one component will constrain the possible options for modeling the other two

components. That is, the model itself, or what has been built of it so far, dictates to some degree

future choices.

4.1.1 Modeling a semantic value assignment

So, how does one model a semantic value assignment? As you may recall from Chapter 3, there

are semantic values which appear to be taken for granted given methodological commitments like

Frege’s Conjecture. For instance, the obvious choice for playing the role of an unsaturated expres-

sion which is missing an argument is a function. And functions must be applied to mathematical

objects. If this is an appropriate way of modeling, for example, instances where something is

predicated of an individual, then a reasonable choice for semantic values are functions in the case

of the linguistic expressions which serve the role of predicates, and objects of a domain (viz., the

domain of individuals of the interpretation function) in the case of proper names.

But this is not the only possible way to do so. For instance, we can think about predication in

a more intuitive way: when we attribute a property to an individual, we convey (amongst other

things) that the individual belongs to a specific group—the group of those who share the same

relevant feature. Since sets are widely used to represent groups, then it would seem that sets can

also be suitable entities for modeling verbs, common nouns, adjectives, and the like1. The issue,

though, is that working with sets would preclude a literal implementation of Frege’s Conjecture.

For that reason, Heim and Kratzer opt for using functions as denotations for the aforementioned

linguistic expressions. Luckily for them, functions and sets are tightly connected to one another:

each set has a characteristic function. That is, for each set, there is a function which takes entities

from the domain as arguments, and delivers the value 1 if these entities are members of the set, and

0 otherwise. By taking advantage of this fact, they can conveniently (and informally) talk about

the denotation of some expressions as sets whenever the function talk becomes too cumbersome

(Heim & Kratzer, 1998, pp. 24–26).

1The intuition becomes stronger once expressions which involve noun modifiers are considered. For example, if we
want to model the meaning of an expression such as poodles in Lake Park, we can use a set intersection operation which
would be applied to the set of poodles and the set of individuals in Lake Park. But, as we will see shortly, Heim and
Kratzer continue to use functions even when dealing with these cases.
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At this point, a choice between functions and sets appears to have been made. The next step is

to specify what kind of functions can play the roles we need them to perform: the roles of being

the semantic values of certain expressions. Now, we will consider a toy example of how the model

can provide enough information to make this decision.

Case 1: The denotation of intransitive verbs

When Heim and Kratzer are attempting to model a derivation which involves an intransitive

verb, they need to figure out what the extensional semantic value of intransitive verbs should

be. In order to do this, they need to consider other elements in addition to the rule of Functional

Application. For example, they need to take into account other semantic values (that of proper

names and sentences), and other semantic rules (the ones for non-branching nodes).

Let’s recreate their reasoning. First, if we want to predict the semantic value of an expres-

sion, we must begin by assuming that there’s some syntactic representation that we will need to

interpret. For instance, (10) corresponds to the sentence Betty jumps:

(10)
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In order to compute the extensional semantic value of jumps, Heim and Kratzer used the following

semantic value assignment and semantic rules as ingredients (cf. 1998, pp. 13–20):

(A) The (extensional) semantic value of the S node must be a truth-value such as 1 iff Betty

jumps.

(B) The semantic value of the proper name Betty is the individual Betty.

(C) A set of semantic rules:

1. Terminal Nodes: The semantic value of a terminal node is encoded in the item’s lexical

entry.
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2. Non-Branching Nodes: Nodes with one daughter inherit the semantic value of their

daughters.

3. Functional Application (see (9))

Then, the strategy they followed was to answer the question of what semantic value the lexical

entry for jumps should encode in order to obtain (A), given (B) and (C). In other words, the goal

was to accurately predict the datum that Betty jumps is true if and only if Betty jumps, and a means

to it was to come up with a semantic value (or a semantic type) that could be integrated with the

rest of elements that the model already contained.

Since S is a branching node, its semantic value should be computed by applying the Functional

Application rule. From this, it follows that its daughters NP and VP should satisfy the requirement

that one of them must have a function as its semantic value, and the other must denote something

in the domain of that function. Now, (A) tells us that the sentence’s semantic value is a truth-

value, so it must be of type t. Consequently, one of S’s daughters must have as its semantic value

a function of type ⟨x, t⟩. Our job now is to figure out what x is. Because of (B), we know that

Betty’s denotation is of type e. If we apply the Non-Branching Nodes rule, we obtain that NP

inherits Betty’s semantic value. Therefore, the semantic value of NP is of type e. This seems like

a suitable argument for a function of type ⟨x, t⟩. Hence, it can be reasonable to assign to VP a

semantic value of type ⟨e, t⟩. Finally, by applying Non-Branching Nodes again, we can obtain the

type of jumps’s semantic value: ⟨e, t⟩. If we have to specify a condition for this function, then we

can think of it as mapping entities from the domain of individuals to truth-values depending on

whether they jump or not. The denotation of jumps is then encoded in its lexical entry.

The assumption that these functions of type ⟨e, t⟩ are adequate denotations for intransitive

verbs is then extended to the treatment of adjectives, nouns and prepositions. That is, the lexical

entries for many of these expressions will encode functions from individuals to truth-values (Heim

& Kratzer, 1998, p. 62). In the literature, these functions are known as 1-place predicates.

4.1.2 Modeling semantic rules

Case 2: Predicate Modification

As Heim and Kratzer examined new syntactic constructions, they noticed that not every instance

in which two linguistic expressions semantically combine can be modeled in a straightforward

way as the application of a function to an object. For example, sometimes the meaning of complex
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expressions such as fluffy cats, which involve common nouns and their modifiers, must also be

computed. As we have just established, within the model, the semantic values of adjectives and

common nouns are 1-place predicates, or functions of type ⟨e, t⟩. Given that the semantic values of

fluffy and cats are of the same type, we cannot think that either of them is a function to be applied

to the semantic value of the other. Hence, we cannot derive the meaning of the expression by

applying Functional Application. Instead, the following rule must be applied:

(11) Predicate Modification (in more or less simplified English)

If α is a branching node with β and γ as its daughters, and the semantic values of both β

and γ are functions from individuals to truth-values, then the semantic value of α is the

characteristic function of the set that is the intersection of the sets characterized by the

semantic values of β and γ.

Still, Heim and Kratzer acknowledged that these cases could also be modeled by applying Func-

tional Application:

Predicate modification is a genuinely new semantic composition principle on our list.

It is obviously not functional application. If it is really needed, there is more to se-

mantic composition than Frege’s Conjecture. Are we forced to this conclusion?. . . By

systematically revising the entries of all adjectives and prepositions, we are able to in-

terpret all phrases containing a noun with one or more modifiers in them by means

of Functional Application alone, and so we can eliminate Predicate Modification from

the theory. (1998, pp. 66–67)

The problem, though, is that there would be an extra cost for keeping Functional Application as

the only compositional rule in the system: they would have to either posit a lexical ambiguity (i.e.,

two lexical entries) for the copula “be”, or keep “be” as before and instead posit a lexical ambiguity

for all adjectives and prepositions. In short, there was a trade-off between a literal implementation

of Frege’s Conjecture and simplicity in the lexicon, and Heim and Kratzer went for the latter.

4.2 Contrasting Models With Independent Data

The examples we just reviewed are certainly not all there is to the Heim and Kratzer model. In

fact, the model is eventually expanded to cover cases which involve quantifiers and pronouns (as
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we will see later), and also propositional attitude verbs. Ideally, models would be flexible enough

to be applicable to the study of a wide array of linguistic constructions (it would be great if we

could use the same tools for modeling the meanings of pretty much everything!). Yet in reality,

the models’ applicability will be restricted to specific “domains”, and it just won’t be possible to

extend the models as they are to cover more complex linguistic phenomena. As a consequence,

there is an effort in formal semantics to “recycle” components from previous models, especially

when it has been proven already that the latter succeed in some respect—perhaps they are simple,

elegant or have good predictive power.

But how do we go about finding out whether a model can be more or less extended or whether

specific tools can be recycled? We want to construct models which can account for the data, so

naturally, a way to figure out if this is the case is to start testing the models’ predictive capabilities.

In order to examine how models or modeling devices can interact with the data for the purpose

of extending the range of applications, we will consider the case of the predicate vs. formulas debate

in the domain of verb phrase ellipsis.

4.2.1 Case 3: The predicates vs. formulas debate

As you may recall from the time we were examining how Heim and Kratzer modeled the deno-

tation of intransitive verbs, one of the inferences we made led us to think of the semantic values

of verb phrases as functions from individuals to truth-values, or 1-place predicates. More gen-

erally, we will call this claim the predicate hypothesis. Prima facie, endorsing this hypothesis seems

like an unproblematic move for offering an account of semantic composition in simple cases like

those which Heim and Kratzer considered. Yet as Heim (1997) admits, there doesn’t seem to be

much empirical justification for this choice (1997, p. 197). After all, in our assessment of the Heim

and Kratzer model, we noted that most of the decisions in this regard seemed to already be de-

termined by working assumptions as well as other components of the model (the only datum we

invoked was that the truth-value of Betty jumps should be 1 if and only if Betty jumps). Then, this

leaves open the question of whether there is another tool which could do a better job at being the

semantic value of verb phrases2.

2A clarification is in order: in the first case study, we were focused on the choice of 1-place predicates as the semantic
values of intransitive verbs. But, as (10) reveals, a verb phrase isn’t the same as an intransitive verb—that is why VP and
V are different nodes. Then, it was just a feature of the example under consideration that the verb phrase only contained
the intransitive verb. Intransitive verbs don’t take any internal arguments, anyway. Yet, in other cases, verb phrases
also include the direct object.
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Heim (1997) also acknowledged, in light of the data presented in Kennedy (1994), that the

predicate hypothesis might be inadequate in the context of a theory of verb phrase (VP)-ellipsis.

VP-ellipsis constructions involve “missing” verb phrases, yet they are interpreted as if the verb

phrases were present. Moreover, the available interpretations (if any) are constrained by other VPs

which are in fact present in the structure—that is, which are pronounced. For example, consider:

(12) John left, and George did too.

We interpret (12) as expressing that George also left. Thus, the elided material in the construction

is assumed to be the verb phrase leave, as (13) shows:

(13) John left, and George did <leave> too.

Now, if we maintain that the denotation of these verb phrases are 1-place predicates, then we end

up making the wrong predictions about the possibility of eliding VPs in larger constructions. For

instance, whereas it is possible to elide leave and preserve the intended interpretation in (14a), it

isn’t possible in (14b):

(14) a. Every man who wants to leave should <leave>. (Heim, 1997, p. 200)

b. *Every man who wants George to leave should <leave>3.

The difficulty here is that the predicate hypothesis incorrectly takes VP ellipsis to be licensed in

(14b). Inspired by these findings, Heim explores whether an alternative yet seemingly equivalent

notation would be better suited for modeling verb phrases and other expressions such as relative

clauses, and those which compose with quantificational determiners. Under this formulas hypothe-

sis approach, VPs denote open propositions—i.e., expressions which contain free variables. It must

be noted, though, that Heim’s proposal for the denotation of VPs is more or less restricted since

it can only be integrated with accounts in the domain of ellipsis which presuppose a focus-based

semantics such as Rooth (1992)’s (1997, p. 216).

But even if Heim succeeded at accounting for some cases, matters were far from settled yet.

For instance, Jacobson (1998) argued from new data regarding quantificational binding that the

3The " * " symbol is meant to show that the sentence would be ungrammatical (i.e., that it isn’t well-formed) if it
had been constructed to express the intended reading. The intuition that the example aims to elicit is that once leave
is elided, we cannot use the construction to express that what every man who wants George to leave should do is to
leave.
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formulas hypothesis had some problems of its own. In the case of (15), it would wrongly predict

the construction to be unavailable:

(15) Every woman who John loves spoke to every woman who [BILL]F does4. (1998, p. 89)

As Jacobson points out, we seem to have a dilemma given our two hypotheses and the linguistic

data. Proposals which do not make use of variables and hence assume the denotation of VPs

to be closed expressions, have an advantage when accounting for cases such as (15). However,

these accounts struggle with Kennedy (1994)’s original cases. In contrast, Heim (1997)’s formulas

hypothesis appears to make the appropriate predictions for the latter, but not for (15) (1998, p. 90).

In order to address this challenge, Kennedy (2014) offers an account in which we incorpo-

rate both predicates and formulas to the framework. Before, the choice seemed to be between an

analysis of quantification under which quantifiers compose with two predicates or another under

which they compose with two formulas. Instead, Kennedy argues that the semantic value of the

expression that corresponds to the quantifier’s restriction (e.g., cat in every cat purrs) is a 1-place

predicate, whereas the denotation of the expression that corresponds to its scope is a formula (e.g.,

purrs in the previous example). Moreover, the particular implementation that Kennedy adopts is

one where we start with formulas and turn them into predicates as needed (2014, p. 265).

To sum up, the debate was motivated by the fact that the original view which took 1-place

predicates to be the semantic values of verb phrases could not make adequate predictions for

some instances of VP-ellipsis, when coupled with an account of ellipsis phenomena such as Rooth

(1992)’s focus semantics. And this finding was revealed when the data provided in Kennedy

(1994) were considered. As a result, any comprehensive account of how verb phrases semantically

compose with other expressions in these linguistic environments had to involve some changes.

For example, Heim’s move was to replace the denotation of verb phrases. Instead of work-

ing with 1-place predicates, she opted for using open propositions as semantic values. Still, it is

always an available alternative to give up other commitments. One of them is the account of VP-

ellipsis to be endorsed, since there could in principle be other models of VP-ellipsis that deliver

the right results when integrated with the predicates hypothesis. And in fact, Heim had already

examined this possibility by contrasting Rooth’s account and a previous one (1997, pp. 200–208).

More generally, she was well aware that there were a lot of moving pieces to her proposal:

4[.]F here indicates the constituent which is emphasized by way of a pitch accent in pronunciation, that is, the phrase
which is focus-marked.
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And while we search for [independent] evidence [against the predicate hypothesis],

we want to theorize about the general principles of syntax and semantics which are ul-

timately responsible for the fact that we found formulas rather than predicates where

we did. What have to be our basic assumptions about the universal inventory of se-

mantic composition operations, about possible meanings of lexical items, about the

construction of phrase structure, and about the nature of movement, so that the theory

makes available just those LF-structures which we found to be attested? (Heim, 1997,

pp. 216–217)

Hence, other possibilities involved the modification of other elements in the system or of the un-

derlying assumptions about the syntax-semantics interface, and this is the approach that Kennedy

(2014) followed. As the above quote details, the predicates vs. formulas debate is ultimately about

which kind of LF-representations are better suited to account for Kennedy (1994)’s data. That is,

whatever approach one endorses, one ends up being committed to different representations at the

LF-level for quantificational determiners and relative clauses, in addition to verb phrases. Hence,

what we are after is one of many possible implementations of the syntax-semantics interface. This

means that another commitment which could have been given up is a movement approach to

binding by quantifiers based on Quantifier Raising and/or its semantic implementation which in-

volves the Predicate Abstraction rule. To these issues we will turn our attention in the following

sections.

4.3 Integrating Models Across Sub-Fields

4.3.1 Case 4: Variable binding

Even in the case of Predicate Modification, there was a clear alternative to the introduction of the

rule—we could have kept Functional Application as the only rule in the system. But could the

same be said about more complex cases? For instance, semanticists have noted that sentences like

(16) require a special form of analysis that could go beyond Frege’s Conjecture. That is, some

expressions involving quantifiers pose a challenge to the claim that semantic composition is just

Functional Application.

(16) Marcia loves every linguistics class.
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As (17) shows, if we attempt to compose the transitive verb loves and the quantificational DP

every linguistic class, the derivation will crash due to a type mismatch. Both constituents denote

functions (we haven’t reviewed here how Heim and Kratzer reached these conclusions, so you

will have to take my word for it), yet neither semantic value can act as an argument for the other

(Heim & Kratzer, 1998, p. 179).
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So, what is Heim and Kratzer’s proposed solution? They offer a two-step approach to solving the

type mismatch: first, they adopt a movement account which was already present in the literature

in order to displace the quantificational DP. Second, they introduce a new semantic rule in order

to allow for the semantic composition of the DP and the rest of the sentence. The final result is the

following LF-representation:

(18)
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Let’s review each step carefully. Notice that in (18), every linguistics class has been moved to the

“front” of the structure and left a trace (t1) in its original position. (A trace is an unpronounced

syntactic element left by displaced elements to mark their original position.) This movement op-

eration is known as Quantifier Raising (QR). In more technical terms, quantificational object DPs

that undergo QR adjoin to S nodes (Sb in this particular case). But how is it possible that what

receives a semantic interpretation is the structure in (18), and not something like (17)?

As you may recall from Chapter 3, the syntactic module of the grammar delivers an unin-

terpreted syntactic structure to both the phonological and semantic modules. This means that

what gets pronounced (what linguists call “surface structure”) can differ greatly from the struc-

ture which ultimately receives a semantic interpretation. As we saw earlier, once the structure

reaches the Logical Form component, it might undergo additional transformations, including

“covert” movement which doesn’t have a phonetic realization. So, here Heim and Kratzer are tak-

ing advantange of the methodological commitments that were already in place within the model:

endorsing QR isn’t really problematic since it fits the story about the syntax-semantics interface

provided by the Y-model of grammar (1998, p. 185). But once they decide to implement a move-

ment approach via QR, they need to make sure that it can be integrated with the rest of the system.

This is where the second step comes in.

For instance, notice that the displacement of the DP is not the only consequence of the QR

operation. Under the movement approach, traces are treated as variables. For this reason, traces

receive a denotation of type e, as you can observe in (18). As Heim and Kratzer note, “[v]ariables

were invented precisely to be like ordinary referring phrases in the respects we want them to

be5. . . [a] variable denotes an individual, but only relative to a choice of an assignment of a value”

(1998, p. 92). However, we don’t want the truth-value of Marcia loves every linguistics class to

be relative to the semantic value that we happen to assign to the trace. Hence, we also need to

introduce a binder for the latter—in the case of (18), the index 1 which is sister to Sb. Otherwise,

the variable would remain free6.
5A nice outcome of this decision is that now the semantic values of the trace t1 and the transitive verb loves in (18)

can compose via Functional Application.
6We are skipping over some details in this explanation. For instance, the reason why the trace must bear an index is

not just because we need it to be bound by the displaced constituent. More generally, variables are interpreted relative
to variable assignments (more on this later), so they can only be interpreted in the system—i.e., assigned a denotation—
if they bear an index (Heim & Kratzer, 1998, p. 186).

29



The difficulty, though, is that we still can’t combine the relevant nodes by using Functional

Application, nor implement the binding of the variable with the system in its current state7. For

example, there would still be a type mismatch between the raised quantificational phrase and Sb in

(18) if they were to directly compose with each other. As Functional Application stated, whenever

two constituents compose, one must be an argument for the other. In our particular case, Marcia

loves t1 (Sb) is of type t. For sure, this isn’t a function. The alternative is for it to be the argument

of the quantificational DP. But the DP’s semantic type is ⟨⟨e, t⟩, t⟩, so Sb isn’t a suitable argument

either.

To solve these issues, a new rule called Predicate (or Lambda) Abstraction (1998, p. 114) is in-

troduced in the semantic framework. The rule’s key mechanism is the transformation of some

semantic value of type x into a function that takes individuals as arguments and delivers some

output of semantic type x. That is, the semantic type of the new function will be ⟨e, x⟩. In the

particular case that interests us, the rule takes the extensional semantic value of a sentence (a

truth-value) and transforms it into a function that goes from individuals to truth-values. Hence,

the name of the rule: by applying Predicate Abstraction, we create a “predicate” from a sentence

by abstracting over its actual truth-value. Moreover, the binder—the index 1—is expected to trig-

ger the application of the rule. Since the node with the binder has no meaning of its own, we call

this a syncategorematic node. Then, by applying Predicate Abstraction, we can transform Sb into a

1-place predicate with semantic type ⟨e, t⟩ that is able to compose with the semantic value of the

quantificational DP.

A few comments are in order. First, Heim and Kratzer endorsed a particular movement ap-

proach that was appropriate for the view of the syntax-semantics interface that they were already

committed to. That is, a view under which the linguistic construction which gets pronounced

doesn’t need to match the structure that ultimately receives an interpretation. But they didn’t

need to resort to movement. Hence, when evaluating how movement approaches fare against in

situ approaches, they acknowledge that there are no decisive arguments in favor of QR:

We will present some versions of these standard arguments [in favor of the movement

approach]. . . But we should note at the outset that their ultimate force is very diffi-

cult to assess. For one thing, . . . the most recent theories that [proponents of in situ

7This is just a manner of speaking. The Predicate Abstraction rule (see below) was already in place by the time Heim
and Kratzer deal with quantifiers, since binding also plays a role in the treatment of relative clauses (e.g., the book that
Marcia borrowed) (cf. Heim & Kratzer, 1998, chapter 5).
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approaches] have developed differ from the movement-based theories in so many re-

spects at once that comparison becomes a very global and difficult matter. And an

even more important difficulty is that the issue is not really an all-or-nothing choice.

It is entirely conceivable that there exist both quantifier movement and mechanisms

for in situ interpretation (of nonsubject quantifiers), and that the grammars of natural

languages employ one option in some constructions and the other in others. In fact, the

majority of scholars who have done influential work in this domain have (explicitly or implic-

itly) taken such mixed positions of one sort or another. So we could not possibly purport here

to give decisive evidence in favor of a pure movement approach. The best we can hope for is

to give you some preliminary idea of what sorts of considerations are pertinent, and

what price you have to pay for a particular decision. (Heim and Kratzer, 1998, p. 194,

my emphasis)

Second, the underlying theoretical commitments of the model didn’t completely determine how

the issue should be addressed, even if they made easier the particular implementation of the

movement approach that we just examined. Thus, there were different alternatives available

to Heim and Kratzer. For example, even after introducing Quantifier Raising, they could have

avoided the introduction of the Predicate Abstraction rule. One way to do this is by relativizing

every semantic value in the system to variable assignments, so that Functional Application could

proceed as usual (cf. Glanzberg & King, 2020, §V). Yet there were other ways to deal with quan-

tifiers in object position which avoid movement in general. Some of these approaches introduce

type-shifting rules, instead, so specific semantic values can be modified and made suitable for

composition. In the next section, we will consider a couple of cases in which modelers made this

move instead.

4.4 Foundational Issues

The examples we have examined so far assumed more or less the same set of methodological

commitments. However, not all modeling practices in formal semantics involve the same imple-

mentation of the syntax-semantics interface. Hence, we will now examine two competing propos-

als in order to compare how semantic modeling can also involve making more complex choices

regarding foundational matters.
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4.4.1 Case 5: Pronominal binding and variable-free semantics

A variable-full approach to pronominal binding

Pronouns have referential and non-referential uses. Referential uses include cases where pronouns

must pick their reference from a linguistic antecedent. For example, in the case of (19), we take the

pronoun (him) and the antecedent (Joshua) to co-refer. In other words, they share a referent, but

they can only do so insofar as each of them has a referent on its own.

(19) Joshua loves cats, and cats love him.

Yet notice that pronouns don’t have to inherit the reference from their antecedents, even if they

could. For instance, (20) has two possible readings: Willy could have played the piano he owns

or someone else’s. For the latter interpretation to be possible, the context must provide a suitable

salient individual so the pronoun can get a referent.

(20) Willy played his piano.

In contrast, non-referential uses are those in which the pronoun is bound by a linguistic antecedent

such as a quantifier, as in (21). In this case, it can’t be said that no philosopher and them co-refer,

since no philosopher lacks a referent to begin with.

(21) No philosopher likes people who don’t agree with them8.

In order to keep a uniform account that applies to all sorts of uses of pronouns, Heim and Kratzer

treat pronouns as variables. In this way, referential uses are analyzed as instances of free variables,

and non-referential uses as cases of bound variables. Hence, they claim:

The simplest assumption we can make at this point is that all pronouns have the same

internal syntax and semantics. They must all bear an index (numerical subscript) at LF

to be interpretable, and they are all interpreted by the same rule, Traces and Pronouns.

The only thing that distinguishes referring pronouns from bound-variable pronouns is

that they happen to be free variables. In other words, the difference between referential and

8Of course, there is an available reading according to which them refers to some contextually salient individual(s).
We are not concerned with such use of the pronoun here.
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bound-variable pronouns resides in the larger surrounding LF structure, not in the pronouns

themselves (1998, p. 242, my emphasis)

Let’s unpack their remarks. As we have seen, a treatment for quantifiers in terms of a movement

operation approach is already in place, so non-referential uses won’t be terribly problematic. For

instance, the LF-representation of (21) still requires the movement of the quantificational DP, re-

gardless of the fact that it was already in subject position:
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But these are not the only cases that can be analyzed in terms of movement operations. Sentences

like (20) which include possessives are amenable to a similar treatment9,10:

(23)
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9We’re assuming here the reading according to which the piano in question is Willy’s.
10Actually, Heim and Kratzer’s treatment of possessives involves definite descriptions (cf. 1998, pp. 246–248). For

instance, in this particular case, his3 piano would be semantically interpreted as Jthe he3 pianoK. But we are skipping
over these details in (23) since they are not necessary for visualizing the movement operation.
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The more interesting cases, though, are those involving the free uses of pronouns. If pronouns are

variables in the object-language, free pronouns are variables that remain free within the structure.

Then, a question arises: how are we to compose them with the rest of the structure in order to

account for the fact that their reference shifts with the context of utterance? For Heim and Kratzer,

this phenomenon can be captured by appealing to the dependence of their semantic values on

variable assignments.

Variable assignments (also called assignment functions) are partial11 functions that take indices as

arguments and deliver individuals. That is why a requirement for indices must be enforced at the

LF-level. Then, the Traces and Pronouns rule that Heim and Kratzer posit lets us assign a semantic

value to a free variable under an assignment function. In these cases, sentential semantic values

are non-constant functions from variable assignments to truth-values. Then, these semantic values

are open propositions (cf. Heim & Kratzer, 1998, ch. 9).

A detailed explanation of how semantic composition works for constituents that include pro-

nouns will not be offered here, but some details are worth mentioning. First, free pronouns are

able to semantically compose because our Functional Application rule gets amended to be gen-

eral enough12. Once variables get introduced to the system, rules like Functional Application are

amended so they can take variable assignments into account. Very roughly, the rule now has

to define how two constituents compose semantically, each being interpreted under a particular

variable assignment.

Second, by generalizing to the “worst-case scenario” (that is, free pronouns), we can give an

account of both referential and non-referential uses. Every pronoun starts as a free variable (that

is their lexical semantic contribution), but they can also be bound if needed. In that case, the

constituent that contains the pronoun receives an assignment-independent interpretation. This is

made possible by our Predicate Abstraction rule, which lets us bind a variable by an index13. But

as we have also seen, Heim and Kratzer’s movement approach entails that variables must be of the

same semantic type as ordinary DPs (recall that traces are of type e). A natural consequence is that

constituents that contain free pronouns are of the same semantic type as constituents that contain

11They are partial insofar as they don’t need to (and probably won’t) map every possible index to an individual. All
that is required for an utterance with free pronouns to be felicitous is that the context determines a variable assignment
that includes in its domain at least those indices that the free variables bear (Heim & Kratzer, 1998, p. 243).

12Again, this is a manner of speaking, since Functional Application had already been amended by the time Heim and
Kratzer deal with pronouns.

13More specifically, the rule can introduce new indices to the domain of the assignment function whenever it is
necessary to do so, and also stipulates the value associated with each new index. This is explained in terms of a modified
variable assignment (cf. Heim & Kratzer, 1998, pp. 112–114).
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ordinary DPs (Jacobson, 1999, pp. 124–125). All in all, it looks like uniformity and systematicity

has been achieved. But at what cost?

Jacobson’s variable free semantics

Jacobson (1999) pointed out that even sentences that don’t include free pronouns end up also being

related to assignment functions, under standard approaches to binding like Heim and Kratzer’s.

Given that these models attempt to give a uniform treatment of pronouns, the frameworks are

adjusted to operate under assignment functions. So, underlyingly, the result is that all semantic

values are relativized to variable assignments. Of course, the values that most of these functions

will deliver are constant (1999, p. 144). For example, regardless of whether the semantic value

of a proper name is a function from an assignment to an individual, said function will always

deliver the same individual as output. Similarly, the extensional semantic values of sentences

that don’t involve free uses of pronouns will be constant functions from variable assignments to

truth-values.

What Jacobson argues, then, is that a function’s being constant doesn’t make it any less of

a function. Sentential semantic values are functions from variable assignments to truth-values.

Some of these will be open propositions, and some will not. Moreover, the fact that these frame-

works are not explicit about this dependency doesn’t make the issue go away: variable assign-

ments are already part of the object language, and so are variables (1999, p. 127). Hence, a natural

question to consider is whether we are indeed forced to embrace such a complex semantic value

assignment.

Jacobson replied that we are not, so her strategy was to offer a competing model—variable-free

semantics—for the semantics of pronominal binding which makes no essential use of variables nor

variable assignments as part of the object language. Then, even if variables still appear in semantic

derivations, this is done for notational purposes only14. That is, variables are just part of the meta-

language. Jacobson avoids their introduction as part of the object language by positing a different

lexical entry for pronouns. Under the variable-free approach, all pronouns are identity functions15

from individuals to individuals. The upshot is that pronouns now have the same denotation ev-

14Hence, Jacobson says: “To verify that these are not part of the actual semantic machinery, one can note that all of the
variables in my representations are bound. (Another way to convince oneself that the use of variables is for notational
convenience only is to note that all of the formulas with variables could be reformulated without by using combina-
tors. Unfortunately, such reformulations would often be quite reader-unfriendly; hence the use of representations with
variables.)” (1999, p. 122).

15An identity function is one that takes an argument as input and delivers it as output, too.
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erywhere they occur, since their semantic values are not dependent on indices nor on assignment

functions (1999, p. 145). Furthermore, unlike the standard approach, pronouns here do not have

the same semantic type nor syntactic category as ordinary DPs (1999, p. 147). For Jacobson, that

was an unwarranted assumption to begin with (1999, pp. 124–125).

There are some trade-offs associated with embracing variable-free semantics, though16. For

instance, one of Heim and Kratzer’s key assumptions was that the interpretation function mapped

syntactic structures (or their representations, to be more exact) to compositional semantic values.

In contrast, for Jacobson, this intermediate step is not only unnecessary, but undesirable. If we get

rid of variables in the framework, we don’t need to explain the interaction between, e.g., pronouns

and their quantificational antecedents by appealing to movement (QR), as standard approaches

do. By the same token, if QR was one of the motivations for keeping the LF-level of representation,

then it seems like we have reason to get rid of this intermediate level of representation, as well.

Here, Jacobson’s reasoning is that LF isn’t required to give a story about how compositionality

works. And this is consistent with her endorsement of the Direct Compositionality thesis. Accord-

ing to Direct Compositionality, the syntactic and the semantic components of the grammar are

not autonomous. More specifically, semantic composition isn’t computed on the basis of an LF-

representation (there is no LF-level to begin with), after the syntax has delivered a full syntactic

uninterpreted representation. Instead, the syntax and the semantics work in tandem (cf. Barker

& Jacobson, 2007, pp. 1–5). Constituents receive a semantic interpretation at the time that they

combine syntactically—this claim is known as the local interpretation hypothesis (1999, p. 120).

In order to implement Direct Compositionality, Jacobson assumes a different view of the syn-

tax. Once we get rid of LF, we also dispense with the notion of hierarchical structures—a core

feature in traditional transformational approaches to syntax. Thus, Jacobson’s actual implementa-

tion will be based on what is known as (Combinatorial) Categorial Grammar syntax (CG). Accord-

ing to CG, every linguistic expression has both a semantic interpretation and a syntactic category.

Moreover, CG allows Jacobson to deal with composition in terms of immediate adjacency between

constituents. For that reason, each lexical entry must contain information about the item’s combi-

natorial possibilities. That is, every lexical entry is a triple that includes phonological information,

a meaning, and a syntactic category (under this view, semantic types can be deduced from syn-

16We will see in the next subsection that this might turn out to be an inaccurate statement in light of Charlow (2019;
2022)’s findings.
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tactic types). Then, linguistic rules operate on these triples and map them to other meaningful

linguistic expressions (Jacobson, 2000, pp. 98–100).

So far we have only covered the theoretical motivations for replacing the standard variable-full

treatment of pronouns. Then, it can be argued that one could switch to a variable-free approach

if those considerations seemed compelling enough. Nevertheless, it should be mentioned that

Jacobson (1999) also offers empirical motivations for going variable-free, at least with respect to

the domain of pronominal binding. In more recent work, Jacobson herself and other semanticists

have extended the variable-free approach in order to account for a wide array of phenomena that

includes questions and answers, gapped structures, ellipsis and scope. For more on this, the reader

is referred to Charlow (2022) and references therein.

Due to space limitations, we cannot go over the full details of how the compositional semantics

of pronouns is modeled under this approach. But the following can be said: in the more general

case, we find that the rules of the system allow for composition even when one of the semantic

values involves a missing argument because the expression includes a pronoun. Additionally,

Jacobson’s framework includes unary type-shifting rules, that is, rules that are applied to a single

linguistic expression at a time in order to change both its meaning and its syntactic category (2000,

p. 101). Some of these rules will make linguistic expressions more suitable for combination and

others will make binding possible. Let’s take (20) as an example (Willy played his piano): Here,

the expression with a missing argument—his—can combine with others (for example, piano) by

carrying the missing argument over until it is ready to be bound. For this to happen, the verb

played must undergo a type-shift operation such that its subject—Willy—can bind the missing

argument.

Now that we have presented the model, it is time to consider how it compares to Heim and

Kratzer’s treatment of pronominal binding. First, it must be noted that once we go variable-

free, instead of having open propositions play the role of semantic denotations of expressions

involving free uses pronouns, we have functions of type ⟨e, t⟩. In other words, these semantic

values will look pretty similar to the semantic values of intransitive verbs. Then, expressions with

free pronouns don’t express truth-conditional contents until the context supplies a denotation for

the pronoun. In addition to this, we can note that the introduction of type-shifting rules leaves

us with a simpler semantic value assignment. That is, we don’t need to think of, for example, the

semantic values of proper names or verbs as being (constant) functions from assignment functions

to other entities. Type-shifting rules allow for the modification of meanings as needed.
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4.5 Unifying Seemingly Incompatible Models

In the last section, we noted that there are two competing more or less successful ways of model-

ing the binding of pronouns. Moreover, it was pointed out that there were some fundamental dis-

agreements in terms of their methodological assumptions and ontological commitments. Hence,

what the case illustrated is how from the construction and application of two models (variable

full and variable free accounts of pronominal binding), we could obtain two different stories about

how the syntax-semantics interface might work. But where do we go from here? Do we just accept

the incompatibility of the models and choose one way or the other (given our purposes)?

As you might recall from the predicates vs. formulas debate that we have already examined,

Kennedy (2014) followed a different approach to problem solving. Instead of endorsing either

the predicates or the formulas hypotheses, Kennedy offered a proposal in which he synthesized

both claims in order to explain how quantificational binding occurred. And this is just an exam-

ple of how modelers can make progress in virtue of (and not in spite of) models or formal tools

being inconsistent. Going back to our pronominal binding debate, we will assess how Charlow

(2019; 2022) implements a modeling practice which also aims at unifying elements from the two

incompatible models at his disposal.

4.5.1 Case 6: A modular approach to pronominal binding

Charlow (2019; 2022) follows an interesting strategy to model-building in the domain of pronom-

inal binding. The essential idea is that some features of either approach (variable-full or variable-

free) can be abstracted out and modularized for future integration with the opposite architecture.

For instance, the model presented in his (2019) paper adds certain improvements to the variable-

full implementation: lexical entries remain simple (as opposed to relativized to assignment func-

tions), and Predicate Abstraction is implemented without syncategorematicity (i.e., nodes with no

meaning). Alternatively, his (2022) offers a way to improve the predictive capabilities of Jacobson’s

variable-free semantics by borrowing some tools from standard approaches.

We will not review the complete details of the models here. But I will highlight a few ways

in which the modular approach is implemented. For instance, his (2019) model, despite being a

variable-full one, is expected to deal with assignment functions only when needed. Since we want

to keep our lexical semantic values as simple as possible, there’s a rule in place for relativizing
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semantic values to variable assignments if necessary (Charlow, 2019, pp. 4–5). And this rule is in-

spired by the flexible type-shifting rules that were locally applied in the variable-free framework.

Furthermore, recall that Jacobson treated pronouns as identity functions from individuals to

individuals. Hence, Charlow points out that this dependency of individuals (that is, of entities

of type e) on something else mirrors the dependency of variables (also of type e) on assignment

functions. For that reason, he suggests that his rule for relativizing semantic values as needed

can also be applied in a variable-free system. And this fits with Functional Application already

being sensitive to such dependencies in Jacobson’s system. For these reasons, Charlow argues

that “variable-free semantics can be done using the exact same combinatory tools as the mod-

ular treatment of assignment-sensitivity in variable-full semantics” (2019, p. 13). What is more,

the modular approach’s generality allows the user to implement semantic composition with or

without variables.

But now that we have seen Charlow’s findings, a question remains: is there still a point to

variable-free semantics? If we can just extract (or abstract away) the features of interest and apply

them to a variable-full framework, one could think that variable-free semantics loses its appeal.

Or maybe that the choice becomes superfluous: if both frameworks can now do the same, why

would it even matter which one is endorsed? Alternatively, one who is as worried as Jacobson

was about simplifying the model’s ontology can take this to show that variable free-semantics is

still to be preferred. That is, if the unificatory approach is telling us that the same set of rules,

when applied to either the variable-full or the variable-free ontologies (that is, either set of model-

theoretic entities) can account for the data, then theoretical virtues might compel us to avoid the

introduction of variables to the object language.

In practice, however, there can be some benefits to keeping variables and assignment functions

as model-theoretical entities within the system. For example, a modeler could choose to incorpo-

rate them if they took these elements to be necessary for making the semantic rules or the lexical

entries simpler, or the whole formalization less cumbersome. But recall that Jacobson’s theoretical

argument was meant to show that standard semantics wasn’t getting these benefits from the in-

troduction of variables, either. Still, this is not to deny that there might be other reasons to prefer

the variable-full alternative. For example, as Charlow also points out, it is clearer how to extend

such an approach to cover phenomena other than pronouns, as opposed to variable-free models

(2022, p. 184).
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So, what can we say about the modular approach? This modeling practice appears to be in-

spired by the following reasoning: if models have been successful to some degree at predicting

the linguistic data, then we can try to extract some elements from each and integrate them in an

attempt to construct a better model. Such an attempt will, as a by-product, reveal how different

or incompatible the models actually are (recall that for Jacobson, the models were inconsistent in

terms of their ontologies). That is, if the elements can in fact be combined, we will discover that

there are less obstacles to integration than we thought (for example, one won’t need to commit to

Direct Compositionality in order to reap the benefits of going variable-free!).

In the particular case under consideration, we started with two inconsistent models from

which semanticists could choose based on a mix of theoretical and data-related considerations.

Yet now that a modular approach like Charlow’s is available, it is unclear to what degree there is

an actual inconsistency between the models and what sort of motivations could lead a semanticist

to choose one over the other.
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Chapter 5

Epistemological Issues

We have already examined the cases. Is there anything left to say about them? A few lessons

about the epistemology of these modeling practices are in order, so that’s the aim of the present

chapter. First, some general features of the modeling practices or of the models themselves that

were evidenced by the case studies will be highlighted. Second, an account of how semanticists

are able to make inferences from the construction and application of the linguistic models will

be offered: it will be argued that the modeling practices of semanticists are exploratory in nature

(cf. Gelfert, 2016), and that semantic models resemble a class of models used in particle physics:

hypothetical perspectival models (cf. Massimi, 2019). Finally, a consequence of the present proposal

will be discussed: that the inferences that semanticists draw from their modeling practices are hy-

pothetical, since their modeling practices consist in assessing the plausibility of different accounts

of linguistic phenomena at the syntax-semantics interface.

5.1 Features of Modeling Practices in Semantics

5.1.1 They require inter-model interactions

A recurrent finding across our case studies is that semantic models are not built in isolation. As se-

manticists construct them, they must import some commitments or tools from other models which

are already available. This is especially relevant for deciding the intended domain of application

of the new model.

As we have seen, even a textbook model like Heim and Kratzer (1998)’s needs to interact

with other models: since it is a simplified implementation of a compositional approach (what
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they call the “Fregean program”, cf. p. 13), and Compositionality is a property of a semantics in

relation to a syntax, the model has to incorporate some elements from syntactic theory. There is

no other way to built a semantics which is relative to a syntax. Hence, when Heim and Kratzer

construct the model, they import some assumptions from the generative grammar theory such as

that phrase structure trees are syntactic representations of linguistic expressions, and the claims

from the inverted y-model of grammar (which stipulates the Logical Form level of representation).

But they also need to assume a particular syntactic analysis of the linguistic constructions. The

same can be said of other models, regardless of whether they do it more or less explicitly. Hence,

we can say that modeling practices in formal semantics involve building something on top of

syntactic models.

But modeling practices can also involve interactions between semantic models. First, a model

can be an “extension” of one which is already at use in some specific domain, especially if the

aim is to explore the suitability of a particular tool in said domain. Then, the procedure is to

integrate the tool with an already existent model. For example, part of the process that Heim

(1997) followed involved assessing whether 1-place predicates or formulas could be integrated to

Rooth (1992)’s focus semantics in order to account for Kennedy (1994)’s data. Second, one can use

other models as reference in order to construct one which omits as many elements or assumptions

as possible, in order to simplify the already existent models or give an alternative account of the

phenomena under study. For instance, Jacobson (1999)’s variable free semantics was constructed

with the aims of both simplifying the ontology of variable-full approaches, and departing as much

as possible from the original assumptions (recall that the model was a way of implementing the

Direct Compositionality thesis). Or, one can attempt to integrate elements from two seemingly

incompatible models in order to offer a new model or an improved version of the previous ones,

like both Kennedy (2014) and Charlow (2019; 2022) did.

5.1.2 Ontological worries are the exception rather than the rule

When we briefly reviewed the theoretical motivations behind Jacobson (1999)’s proposal, it was

noted that Jacobson’s main complaint was that under variable-full approaches, variables were

introduced to the object language in order to account for binding phenomena. In practice, this

meant that the semantic value assignment was more complex than it appeared at first sight—viz.,

every semantic value was relativized to assignment functions. As a consequence, the construction

of the variable-free semantics model was an attempt at figuring out whether these extra entities
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(variables and assignment functions) played any crucial role in the model, or whether they were

mere representational artefacts that the models could dispense with. So, it was very clear that the

choices that were made as the model was constructed were influenced by matters of ontological

commitment.

However, this doesn’t seem to be the case for most of the models. After all, it is a fact that most

models still rely on variables and assignment functions, even if only for pragmatic reasons. For

example, a variable-full approach can be preferred if the goal is to integrate models, given that

most modelers keep making use of variables. Moreover, recall that giving up on variables also

requires a different implementation of the syntax-semantics interface, so this doesn’t just limit

integration between semantic models—it also affects the way that semantic models integrate with

syntactic models.

Yet, this is not to say that questions about ontological commitment might not arise sporadi-

cally. For example, Heim (1997) does entertain the question of whether, assuming the formulas

hypothesis is to be endorsed, this would point to the non-existence of 1-place predicates, even

beyond the domain of VP-ellipsis: “. . . the stronger hypothesis is prima facie more interesting: the

reason why [we can’t integrate Rooth’s account with] predicates is simply that no such predicates

exist. Evidently, we would hope to eventually find confirmation for this claim from other, superfi-

cially unrelated, domains of evidence” (1997, p. 216, original emphasis). Still, the default position

appears to be that the construction and application of the models are not going to settle the matter.

In general, the modeling practices of semanticists suggest that there is an instrumentalist con-

ception of the components found in the models, such as the semantic value assignment (or the

semantic values themselves) and the semantic rules. There seems to be a preference for tools

which modelers perceive to be doing a better job at performing their intended roles. But there

isn’t an explicit consensus on what “doing a better job” might mean. Is it just a matter of getting

the right predictions? Could it be their potential for integration/achieving a uniformity across

models?

5.1.3 The choice of tools is contextual

A related regularity to be identified across the diversity of modeling practices is that, despite the

interest in recycling some elements of previous models, it still acknowledged that the tools (and

models) have a limited domain of applicability. For example, from the construction of a model for

VP-ellipsis which implements the formulas hypothesis, it doesn’t follow that we need to endorse
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a more comprehensive view of the syntax-semantics interface in which we commit to formulas or

open propositions being the semantic values of certain linguistic expressions. Formulas might do

a good job, but they only do so in the context of a model which incorporates certain assumptions or

elements, such as a particular account of VP-ellipsis. Then, the usefulness of these tools depends

on the way in which they can integrated within the model. If it is later found that formulas are

not useful for being the semantic values of verb phrases within another model, this won’t be

conclusive evidence that the former model should be rejected.

Hence, the choice of tools is contextual in two senses: first, in the context of the model itself. As

we have seen in our case studies, decisions can be more or less constrained by previous decisions

regarding commitments or other elements that are already part of the model. That is why we can’t

expect a specific device to be suitable for integration with other models, even if they are intended

to play the same role. Second, the choice is contextual regarding the domain of applicability of the

model. That is, the fact that the tool in question does a good job within a model which accounts

for some phenomenon doesn’t mean that the tool would also be useful as an element of a model

which deals with a different phenomenon.

5.1.4 Most choices are made on pragmatic grounds

Given the previous features, it can be expected that modelers will be faced with many decisions for

which linguistic data will not constitute decisive evidence in favor of some option. That is, even if

we can test the models by applying them to the analysis of a variety of linguistic constructions, it

can still occur that alternative models are as good at predicting the data. So, how do semanticists

decide?

Some of these decisions will be motivated by matters of convenience, by appeal to theoretical

virtues, or a mix of both. As an illustration, recall that Heim and Kratzer acknowledge that ap-

proaches which do not rely on movement can be well suited to solve the problem of quantifiers

in object position. However, some of them require the modeler to embrace lexical ambiguities

for quantificational determiners, or involve the introduction of additional semantic rules (type-

shifting rules). On one hand, the first option is unappealing given that it avoids giving a compo-

sitional account, and instead re-assigns the problem to the domain of lexical semantics. And, by

doing so, it over-complicates the lexicon in the model. On the other, the second option might re-

quire further changes in the system, especially in relation to the implementation of the interaction
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between the syntax and the semantics modules of grammar. Then, there is a sense in which the

choice is up to the preferences of the modeler or of the wider community.

5.2 Scientific Modeling Revisited

Our main objective for the remainder of this chapter is to find (or come up with) a tentative expla-

nation for why these modeling practices exhibit the features we just identified, and ultimately, for

how semanticists are able to make progress by building and applying models in the way they do.

In order to do so, we will consult the philosophy of science literature for inspiration, and then try

to apply some relevant insights to the assessment of the modeling practices under consideration.

5.2.1 Exploratory Modeling

As you may recall from Chapter 2, the philosophical study of scientific practices led to the identi-

fication of different functions that models (or modeling practices) could serve, such as representa-

tion, explanation, or intervention. More recently, Gelfert (2016) has noted that there is a distinctive

kind of modeling practices which is oriented toward exploration. In these cases, the exploratory

uses of models might give the impression that modeling is closer to experimentation than to the-

orizing proper (Gelfert, 2016, p. 5). Then, models can serve an exploratory function when their

design, construction and/or application allow the modeler to figure out which tools and tech-

niques are suitable for modeling. In this sense, the modeler appears to be “experimenting” with

modeling techniques in order to master and understand them (2016, p. 41). This ultimately con-

tributes to the goal of successful future model-building.

But these practices are not only useful for exploring modeling techniques. Given that explo-

ration doesn’t require full clarity about what the object of scientific research actually is, modelers

can design models which are “in search of a target system” (cf. Gelfert, 2016), or that involve

hypothetical target systems or no target system at all (cf. Massimi, 2019).

After assessing different case studies, Gelfert identifies four functions which exploratory mod-

els can serve:

(i) They can be the starting point for future inquiry that might give rise to more realistic and

complex models (2016, pp. 84–85).
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(ii) They can show that potential representations of some target phenomenon can be achieved

by adopting a particular methodology or that some modeled mechanism resembles the be-

havior found in an actual system (2016, pp. 85–86).

(iii) They can contribute potential explanations (2016, pp. 87–93).

(iv) They can help in assessing the suitability of a target (2016, pp. 93–94).

Since the contexts in which exploratory models are applicable are those where a fully-articulated

theory is missing, oftentimes models perform many of these roles at once. However, this doesn’t

mean that the models are theory-free or that they are not responsive to observation.

A possible suggestion, then, is to think of the practices of formal semanticists as involving the

construction of models which perform the roles identified by Gelfert. If this is correct, it certainly

gives us reason to think that the modeling practices of semanticists are primarily exploratory.

A further possibility that we will consider in the next section is that semantic models are not

constructed so as to represent an actual target system.

5.2.2 Hypothetical perspectival models

After examining some examples of modeling practices in the domain of the natural sciences, Mas-

simi (2019) added two more functions to Gelfert (2016)’s list:

(v) Exploratory models can deliver knowledge of causal possibilities.

(vi) Exploratory models can deliver knowledge of objective possibilities for hypothetical entities.

These functions correspond (respectively) to the two types of models that Massimi identifies: tar-

getless fictional models and hypothetical perspectival models. By using models like these, it is argued,

scientists are able to extract modal knowledge about what is possible. Hence, exploratory models

can still contribute to scientific progress despite not having a main representational function (2018,

p. 349). Here, we will focus on the second kind for the purposes of our discussion.

In virtue of being exploratory models, hypothetical perspectival models do not count as suc-

cessful in virtue of being accurate representations that map onto a specific target system. Instead,

their success depends on how useful they are for exploring and carving out the space of possibil-

ities. Since what is being modeled are objective and epistemic modalities (2018, p. 339), we can

46



still say that the models are about something, and this aboutness is enough to ground their repre-

sentational capacities (2018, p. 349). As a way of illustration, let’s consider the modeling practices

involved in Beyond Standard Model (BSM) physics.

In contemporary high-energy physics, perspectival models are routinely used to find new par-

ticles known as supersymmetric or SUSY particles. If these particles were to exist, this would

force particle physics to go beyond what is known as the Standard Model. For this reason, physi-

cists employ models—BSM models—that omit as many assumptions from the Standard Model as

possible. Their purpose is to enable the finding of entities with features that are incompatible to

those that the Standard Model ascribes. In this sense, BSM models are independent of theory. And

since SUSY particles are not known to exist by the time the models are built, these models are not

descriptions or representations of data either (Massimi, 2018, pp. 349–350).

The key detail about Massimi’s example is that BSM models are meant to deliver knowledge

about objective possibilities—that is, possibilities concerning the very existence of the model’s hypo-

thetical target system. In the particular case of particle physics research, the conceivability at play

is constrained by laws of nature. These laws fix the “boundaries” within which inferences about

the hypothetical target system can take place (2019, p. 875). Hence, these models deliver a type of

how-possible inferences of the following form: If some law-bounded physically conceived scenarios were

to be possible, how could some entities (SUSY particles) be possible? As has been mentioned, the pos-

sible scenarios depart from what the Standard Model takes to be actual, so evidence must play a

role in constraining these live objective possibilities. The how-possible inferences are constantly

being refined by introducing new data, since the latter constrains the antecedent of the inference.

In practice, this means that some regions in the space of possibilities will get excluded from future

searches (2019, pp. 876–878).

Moreover, for Massimi, thinking about these models as perspectival is crucial for understand-

ing how in any scientific context we can have many models at play that are performing their

exploratory function jointly. This is possible since each model provides only a partial account of

the phenomenon at stake (2018, p. 350). Thus, despite the fact that each of them is strictly speak-

ing false, their falseness is not as problematic as it would be for models whose representational

function is essential for scientific research (Gelfert, 2016, p. 41). In the early stages of inquiry, the

question of which model is the one that accurately represents the target system seems premature.

After all, scientists might lack the resources for appropriately assessing truthfulness or empirical
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adequacy (Gelfert, 2016, p. 84). But more importantly, such a concern might not even make sense

given that it is still an open question which is the target system and whether it is actual.

5.3 An Epistemological Account

Ultimately, it will be suggested that an appropriate way to understand the modeling practices of

formal semanticists is to think of them as exploratory, given that the function of semantic models is

to deliver modal knowledge about a hypothetical target system—in this case, the syntax-semantics

interface. But first, it will be argued that the modeling practices under consideration are not at-

tempts to model the semantics of linguistic constructions by implementing theories, even if the

modelers are endorsing certain theoretical commitments.

5.3.1 Semantic models are not models of theory

Under the theory-driven view of models (cf. Cartwright et al., 1995), models are supposedly derived

from a coherent theory. For example, models which apply Newtonian mechanics to the study of

some empirical phenomenon are thought to be the perfect candidates for fitting this characteriza-

tion. The purpose of these models is to find confirmation for the theory by introducing correction

terms which de-idealize more abstract models (1995, p. 142). More generally, this view assumes

that theories provide modelers with the fundamental building blocks that are needed to construct

models. Accordingly, models must import commitments from the underlying theory1.

Yet, this doesn’t seem to be the case in formal semantics. For instance, in the case of Heim

and Kratzer’s semantic framework, there doesn’t seem to be an established theory from which

the model is derived. And for sure this isn’t a defect of the model—the history of science has

already shown that a fully-developed theory doesn’t need to be available for scientists to start

building models2. But even if there were such a theory, thinking of semantic models as theory-

driven would still be misguided. Semantic models are tools for figuring out which commitments

semanticists want to eventually include as part of their future models and theories. And, as the

debate between variable-full vs. variable-free approaches showed, matters related to foundational

commitments are far from settled yet.

1Morgan and Morrison (1999) take this approach to be exemplified by the semantic view’s understanding of theo-
retical models as “models of theory”.

2Of course, whether or not there was in fact an available fully-developed theory by the time Heim and Kratzer
devised their textbook system can be up to debate. In any case, the point made here isn’t totally dependent on this
particular claim.
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Moreover, as Morgan and Morrison have argued, “theory does not provide us with an algo-

rithm from which the model is constructed and by which all modelling decisions are determined”

(1999, p. 16). And this is what we have seen in practice. Frege’s Conjecture for sure is an important

guiding assumption for constructing semantic models, but as the case studies have evidenced, it

would not be productive for modelers to implement it in a literal way. Moreover, it can’t be denied

that Heim and Kratzer introduce rules other than Functional Application based on pragmatic con-

siderations, and this is not an illegitimate move when building models. Hence, the case of formal

semantics is consistent with the following picture of scientific modeling: models are independent

from theory in virtue of their construction (Morgan & Morrison, 1999, p. 14), because theoretical

assumptions are only tools for scientific practice (Suárez & Cartwright, 2008, p. 43).

5.3.2 Semantic models deliver modal knowledge

As we just have seen, semantic models are not built by applying a theory. Even if semanticists

rely on some theoretical assumptions such as the compositionality of meaning, an articulated and

specific notion of compositionality is still absent. This is why there are models such as Heim and

Kratzer (1998)’s and Jacobson (1998)’s which vastly differ in their implementations of the principle.

Since the compositionality of a semantic value assignment is dependent on the interaction of the

syntactic and the semantic components of the grammar, their frameworks differ in their choice

of syntax, too. While Heim and Kratzer assume a transformational grammar approach, Jacobson

adopts a categorial grammar syntax. Hence, even though semanticists are not yet sure about

what the syntax actually looks like (i.e., which particular syntactic models are representationally

accurate), they can still build models that import some presuppositions from theories of syntax.

In light of this picture, one might wonder how it is that semanticists can still make progress and

derive knowledge from their modeling practices. If the practices involved in the construction of

the aforementioned models are exploratory in nature, then they serve the purpose of figuring out

which modeling techniques to adopt. But more importantly, they serve the purpose of assessing

the suitability of the syntax-semantics interface as a target-system for their models. But how does

this occur in practice?

Hypothetical inferences appear to serve an important role in the modeling done within formal

semantics. For example, recall that Jacobson (1999) had pointed out that it is in virtue of introduc-

ing variables to the system that we end up being committed to model-theoretic entities like as-

signment functions. Hence, what the construction of the Heim and Kratzer model shows is how,
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if we were to generally treat pronouns as variables, we would be forced to adopt a subsequent

commitment. Then, the construction of Jacobson’s variable-free semantics model is an attempt

to explore whether it would be possible for the semanticist to reject the theoretical commitments

of standard variable-full approaches and adopt others instead. In a nutshell, this methodological

approach would appear to involve the alteration of the set of conceived scenarios included in the

antecedents of relevant how-possible questions. For example, the modeling practice in question

can be characterized as attempting to answer the question of how pronominal binding can be pos-

sible if Direct Compositionality and local interpretation were possible (i.e., no LF-level, and no

autonomy of the syntax), and no variables were introduced in the object language. Then, in order

to give a hypothetical account of pronominal binding, the model gives us an alternative story of

how the syntax-semantics interface works.

Still, it can always happen that given a set of assumptions about the syntax-semantics interface,

the whole space of possibilities gets ruled out. In that case, one would have reason to think that

pronominal binding just isn’t possible in these conceived scenarios. Furthermore, one can extrapo-

late from this and infer either that variables and assignment functions are necessary to explain the

phenomena under consideration or that they are not. But notice that theoretical assumptions don’t

do all of the work. Part of this exploratory process involves testing whether the predicted truth-

conditions that each model delivers match the truth-conditions that native speakers associate with

sentences. Moreover, as new data are taken into consideration, some conceived scenarios can be

ruled out. For example, once Heim and Kratzer examine the semantics of expressions involving

the modification of nouns by adjectives or prepositional phrases, we rule out scenarios in which

the syntax-semantics interface is such that Frege’s Conjecture is literally true (1998, p. 65). Some-

thing similar occurs once they take into consideration the data from quantificational DPs, since

now compositionality must be more flexible than before.

But matters can be even more complex than that. After all, Charlow’s modularity approach

reveals the following findings:

. . . both sorts of theories can readily exploit flexible compositional architectures (though

variable-full theories typically do not), and both sorts of theories can have a rule for

binding oriented around scope (though Jacobson’s does not). The status of object-

languages variables, by contrast, is definitional and, therefore, non-negotiable. Nev-

ertheless, the two kinds of theories can be stated in ways that make them seem much

more alike than we might have initially supposed. This suggests in turn that one may
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not need to be a variable-free semanticist in order to reap the empirical insights of

variable-free semantics3. (2022, p. 18)

To put it in more familiar terms, what Charlow is suggesting is that by introducing some as-

sumptions in the antecedent of their how-inferences, the variable-full and variable-free modelers

are not in fact ruling out as many scenarios as they might have initially thought. For example,

the assumptions in the variable-full system do not rule out that semantic composition is possible

when we have simple lexical entries and type-shifts are introduced only when needed. Likewise,

endorsing Direct Compositionality, Categorial Grammar syntax, and the hypothesis of local inter-

pretation doesn’t rule out scenarios where binding occurs in virtue of scope relations. But what

does get ruled out beforehand is the introduction or omission of variables in the object language,

since that was already part of the assumptions.

The lesson to be extracted here is that the usefulness of semantic models lies in that they serve

to reduce the space of objective possibilities in a manner that is constrained both by working

assumptions and linguistic data. Even though there are some theoretically motivated assumptions

involved in the modeling practices of semanticists, semantic models are not fully theoretical in

nature. There is no fully-developed theory to be applied yet. Moreover, linguistic data plays

a crucial role in that it serves to reduce the space of open possibilities: if the introduction of a

compositional rule makes the wrong predictions, then that is reason to doubt that it can capture

some mechanism by which the syntax and the semantics interact. So, all in all, semantic models

appear to also be useful tools for deciding which theoretical commitments to include in future

model-building and theorizing.

3“Flexibility” in this quote is meant to stand in opposition to the standard semantics approach’s uniformity. As we
saw before, everything is underlyingly relativized to assignment functions (the semantic values and rules) because the
model-building practice generalizes to the worst-case scenario.
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Chapter 6

Final Remarks

After assessing some examples of modeling practices involved in formal semantics, a story of how

semanticists can derive knowledge from these practices was offered. The modeling practices of

semanticists are exploratory in nature, and they can serve many purposes such as figuring out the

appropriate tools that they will incorporate in their models, being the starting point for building

more complex models, assessing the suitability of a target system such as the syntax-semantics

interface, and providing modal knowledge about what this target system might look like.

But there are many questions in the vicinity which unfortunately, we didn’t get the chance to

address. Since the account offered here is a tentative one, further refinements could be expected

once the following issues are also considered:

What is the object of study of formal semantics? Here, my account has provisionally suggested that

it is the syntax-semantics interface. After all, we have been talking about compositional semantics,

and compositionality (as we reviewed before) is a property of a semantics relative to a syntax. But

someone could be dissatisfied with this response, given that the syntax-semantics interface and

compositionality appear to be theoretical constructs. Shouldn’t formal semantics aim to study

something that is “out there in the world”? But what could this be? Semantic competence? Men-

tal/cognitive states? Regardless of whether that is what semantics should be doing, the approach

followed here has started from the assessment of the modeling practices of linguists. And there

isn’t much involved in these modeling practices which would suggest a more satisfactory answer.

Of course, this isn’t to deny that whatever semanticists are learning from building and applying

models isn’t revealing something about semantic competence, in a broad sense.
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In light of what has been said, how should we go on about interpreting the models or products of lin-

guistic theorizing? Here, we have offered some reasons to think that they should not be interpreted

as being ontologically committed to the entities that the elements of the models might appear to

designate. Yet the account presented here cannot give a more informative answer regarding this

issue either.

Are semantic models providing rough explanations of anything? Can explanation rely on hypothetical

systems/entities? Can modal accounts be explanatory? There is a sense in which they might be.

Here we have extensively reviewed different “accounts” offered by semanticists. So, semanticists

must be trying to account for something, and the claims involved in their proposals might be

explanations of that something. But it is hard to answer this question without having a stronger

intuition of what the object of study of the discipline or of the models actually is. Could they be

aiming to explain how semantic composition in fact happens? It is doubtful, since it is usually

acknowledged that compositionality is a methodological assumption. Perhaps a better way to

frame the original concern is the following: could semanticists be attempting to say something

beyond the world of the model, or are they mostly explaining what happens inside the model?

Moreover, if these models are not providing explanations of phenomena, then how else could we

characterize the findings of semanticists? Is semantics just about finding generalizations?

What are linguistic data? The present account is certainly silent about this matter, but any an-

swer to this question should presumably illuminate the aforementioned issues. If the data are

empirical, then the models could be rough attempts at explaining them. But in order to establish

this, we would need to have a stronger sense of what counts as linguistic data for the purposes of

modeling and confirmation, and whether the data are raw linguistic intuitions, processed linguis-

tic intuitions, or something else.
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