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The Language of Thought Hypothesis

The language of thought hypothesis is a thesis about the structure of mental representations. It is an example of the computational–representational theory of mind, according to which much of cognition consists in formal computations over mental representations. What distinguishes the language of thought hypothesis from other such theories is the idea that mental representations share core features with formal languages. The language of thought hypothesis states that thinking is the transformation of mental representations in a language of thought, in which most of what we call “thinking” is in fact inferences performed over sentences in the language. The language of thought is not a natural language, such as Spanish or Haitian Creole. It is a formal language, comparable to the machine language of a computer or formal languages of logic. The language of thought is often claimed to be innate, universal, and pivotal in learning, and it is implicated in processes such as natural language acquisition. However, it is also compatible with learning and reasoning in nonlinguistic creatures as well as in mental processes seemingly unconnected to language such as perception and motor control.




History

Predecessors of the language of thought hypothesis (LoTH) can be found as early as in Plato ((n.d.-a)) and Aristotle ((n.d.-b)), continuing through the medieval period, most elaborately in the work of William of Ockam ((n.d.-c)). The idea rearose in the later 20th century via philosophers such as Gilbert (n.d.-d) and Wilfred (n.d.-e). The LoTH as a hypothesis in cognitive science truly took shape with Jerry Fodor, who gave the first book length treatment of the topic, as its most prominent proponent ((n.d.-f)). Since then, it has been expanded and evolved with numerous proponents of the view, in philosophy ((n.d.-g); (n.d.-h)), computational cognitive science ((n.d.-i); (n.d.-j)), neuroscience ((n.d.-k); (n.d.-l)), and experimental psychology ((n.d.-m); (n.d.-n)). 

The 20th century resurgence of the idea that thought occurs in a mental language can be seen as part of a broader shift away from behaviorism. In the 1950s and 1960s, subdisciplines of psychology began positing mental representations in all manner of psychological explanation. There was thus a need for a better understanding of the core features of mental representations. The LoTH can be seen as a response to this need. 

Early proponents of LoT, specifically Gilbert Harman and Jerry Fodor, were inspired by some of Noam Chomsky’s arguments for universal grammar. The arguments Chomsky was making for language, Fodor applied to thought: just as people would infer that language was compositional (i.e., the meaning of a linguistic expression is derived from the meaning of its parts and the way they are combined, cf. (n.d.-o)) from the fact that it was productive and systematic, so too one might infer that thought was compositional because it was productive and systematic (see the section Chomskian-inspired LoTH arguments).

Fodor saw the LoTH as rendering explicit what was tacit in the work of cognitive scientists at the time. To understand research that was being done in vision (e.g., feature extraction), concept learning (via hypothesis testing and confirmation), or language (acquisition, production, and understanding) [see Visual Cognitive Neuroscience; Concepts; Language Acquisition; Language Production], one needed to appeal to LoT representations. Therefore, to even make sense of recent scientific progress, the thought went, researchers needed to posit a LoT. 

Many alternatives to LoTH have targeted this conception of cognitive science. This includes other (non-LoT) variants of the computational–representational theory of mind. For example, some have argued that perceptual representations are iconic ((n.d.-p)), that concept learning does not require hypothesis testing and confirmation ((n.d.-q)), or that computation generally is dissociable from linguistic computation ((n.d.-r)). Each undermines the idea that the LoTH is the only viable account of the structure of mental representations. Contemporary defenses of the LoTH have thus tended to treat it as a “working hypothesis,” one of many possible competing views of cognitive architecture rather than as the only possible explanation. 




Core concepts


Basic ingredients

All languages, including LoT, have simple and complex expressions. An atomic concept is a simple expression in a LoT. For instance, the expressions “wave” and “beach” are plausibly simple in English, as is “crash.” The expression, “The wave crashed on the beach,” is complex.

A constituent is a part of a complex expression. The thought, the candidate from Trenton has a toupee, is composed of constituents the candidate from Trentonand has a toupee.1 The expression has a toupee is in turn composed of has and a toupee. Not any arbitrary part is a constituent; Trenton has, for example, is not a constituent of that thought. That is because there is a canonical way that sentences are broken down: Trenton is a constituent of the candidate from Trenton, and has is a constituent of has a toupee, and it is only these larger strings that are the constituents of the full expression. 

Discrete constituents are typical of language-like representations, but some kinds of representation, such as icons, lack them. The complex phrase “a red dog” represents a red dog, as does a picture of a red dog. However, although the word “red” can be easily removed from the linguistic expression, the red cannot so easily be removed from the picture of the dog ((n.d.-s)). The part of the picture that instantiates redness is the same one that instantiates the dog shape. 

Syntax is the set of rules governing combinations of constituents. It determines which combinations are well formed and which are not. According to the LoTH, thought is governed by syntactic rules, like language. The syntactic rules of thought explain why people can think the wave crashed on the beach but not beach on crashed the wave the. They also explain why Louise called Abdel means something different from Abdel called Louise, although they share the same constituents. 

Natural languages are compositional. The meaning of a string in natural language is (in many cases) determined by the meanings of its parts and the way those parts are combined. According to the LoTH, thought shares this important feature with language. To illustrate, consider the thought the wave crashed on the beach. It is similar to, but not that same as, the thought the wave receded on the beach. They are similar in that they share the same syntactic structure. However, they differ in their constituents and have different meanings. Similarly, Abdel and Louise went rock climbing differs from both of the sentences above. It has a different syntactic structure and also has distinct constituents (went, rock climbing).



Chomskian-inspired LoTH arguments

Historically, arguments for the LoTH focused on properties of a LoT that were similar to those postulated by Chomsky for natural language. 

The argument from productivity ((n.d.-t), pp. 31-32) starts from the observation that people can, in principle, think an infinite number of novel thoughts of arbitrary length despite having a finite number of concepts. This supports the existence of a mental language because the only way to build an infinite set of representations out of a finite base of representations is via recursively defined rules for combining discrete constituents. 

Given that computing time and resources are bounded, the argument from productivity relies on a claim about what the mind is capable of in principle, not what any particular human actually computes. That is, the argument from productivity invokes a performance/competence distinction. The performance of thinking is limited by computing constraints such as the length of a person’s life. But the underlying machinery, or competence, of thinking is not limited in these ways. One reason for supposing that people’s ability to think is unbounded in principle is that rules for building thoughts look to be repeatable. If a person can think that Jo went to the store, and that Jo went to the park, they can think that Jo went to the store, then to the park, then to the store again, then to the park again, and so on, it would seem, ad infinitum. Another piece of evidence is that people can think completely novel thoughts. Consider: How many kilograms of fresh citrus are shipped to Antarctic research stations annually? 

A key piece of evidence for these claims about thought stems from natural language: people can produce and understand arbitrarily long sentences and sentences they have never heard before, and both processes appear to implicate thought. Independent arguments in favor of productivity in the absence of natural language have focused on specific animal behaviors such as the caching behavior of Western scrub jays ((n.d.-u)) or baboons’ tracking of social dominance relations (cf. (n.d.-v); (n.d.-w)). Although controversial, this evidence suggests some animals can iterate their representations of relations productively. As a baboon sets up its hierarchical tree of which members and families constitute which place in the social hierarchy, members and layers of the social hierarchy can be added ad infinitum so that each new member has a space in the animal’s representation of its troop’s social hierarchy.

One problem for productivity arguments is that cognition is in fact bounded by time and resources, such as working memory and organism lifespan, so there is no direct evidence for productivity. Those who deny that thought has a language-like structure can reject that it is in-principle productive, citing the lack of direct evidence for infinitely complex thoughts. Some have denied that natural language is productive ((n.d.-x)) and have also raised doubts about productivity in nonhuman thought ((n.d.-y)).

The argument from systematicity ((n.d.-z)) is similar to the argument from productivity, but it does not rely on speculations about in-principle boundlessness and so is less susceptible to the objections concerning the use of the performance/competence distinction. It takes as its starting point the semantic relatedness of thoughts with similar syntactic structure. Consider the following pair of thoughts: Louise called Abdel, and Abdel called Louise. They appear to have the same structure and the same parts, but the parts are arranged differently. Similarly, they have almost the same meaning. The argument from systematicity claims that this parallelism, which arises for virtually any relation one can think of, is not a coincidence: thoughts have real syntactic structure, and changes in that structure cause changes in meaning.

The argument in schematic form is as follows: for any thought of the form aRb that one can think, there is another thought of the form bRa that one can also think that is semantically related to the first. On the argument from systematicity, what explains this generalization is the fact that thought, like language, has canonical parts ((n.d.-aa); (n.d.-ab)) that can be combined and rearranged.

Evidence for systematicity comes from patterns in natural language production and understanding, which are plausibly systematic (cf. (n.d.-ac)), as well as from introspection. People have an ability to produce and understand sentences that show this pattern, such as “Louise called Abdel,” and “Abdel called Louise.” To explain this, researchers infer back to the kinds of thoughts people can think, which would also have to be systematic. One limitation for this argument is that it does not show systematicity of thought for prelinguistic humans or animals, since researchers lack introspective access to their thoughts, and they lack natural language. A parallel argument for systematicity to cover these cases uses learning rather than language use ((n.d.-ad)): for any relation R, a creature that can learn aRb relations can also learn bRa relations. Therefore, representation of relations is systematic. 



Argument from cognitive science

The LoTH is not the only computationalist account of cognition, and its ability to explain the results and data of cognitive science offers another argument for adopting it over those rival views. Since early in the history of cognitive science, researchers have proposed alternative, nonlinguistic representational formats in thought, including icons ((n.d.-ae); (n.d.-af)), maps ((n.d.-ag); (n.d.-ah)), vector representations ((n.d.-ai)), associations ((n.d.-aj), (n.d.-ak)), and analog magnitudes ((n.d.-al)), among others. Partly for this reason, many proponents of the LoTH (including Fodor) are pluralists about kinds of mental representation, allowing that LoTs and nonlinguistic representations may coexist. This style of argument is similar in spirit to other arguments for the LoTH but differs in important ways. Unlike other arguments, it does not require that LoT is the only possible explanation for human cognitive capacities. Rather, for each piece of evidence advanced for LoT, it relies on comparing LoT-style explanations directly to others available in the literature. Contemporary proponents have developed the argument from cognitive science by relying on discussions of large bodies of data, rather than in-principle arguments, to argue for the centrality of the LoT to cognitive science ((n.d.-am); see the section Questions, controversies, and new developments).
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Questions, controversies, and new developments


A new argument from cognitive science

Early iterations of the LoTH said little about the fundamental properties of LoT. The more recent approach identifies a cluster of language-like features that form a natural kind, one whose properties can be identified through experimental methods. Similarly, most early accounts did not specify which LoT symbols were most likely to be atomic, and which derived, or specify the most basic principles of composition. LoT was typically discussed in the singular, suggesting that it might be a unique language shared across biological cognition. Recent research has instead broadened the focus, wondering how many LoTs there might be ((n.d.-an)). For example, if the LoTH is true of adult humans, it is almost certainly true of infants and other species, and it likely applies to more than one cognitive system within the adult mind. Each of these languages could potentially have a different evolutionary history and function(s), with different resulting computational needs and constraints. African gray parrots might use a different LoT in reasoning than a human 12 month old, and the adult human visual system might operate on yet another LoT, each with different atomic concepts, syntactic rules, or working memory constraints.

One example of this new argument from cognitive science in action comes from the domain of computational cognitive science, particularly Bayesian models of cognition. These accounts marry LoT-style sentences with a probabilistic inductive engine to explain human abilities in a wide variety of cases, including the acquisition of numerical concepts, Boolean concepts, intuitive theories, normative rules, taxonomies, and programs. Probabilistic languages of thought (PLoTs) have also been fruitful in modeling causality judgments, analogical reasoning, and mapping sentences to logical form (see (n.d.-ao)). Specific PLoT models of learning can also be tested against developmental data ((n.d.-ap)).



Properties of a LoT 

Recent accounts of the LoTH have proposed six canonical properties that are characteristic of LoTs ((n.d.-aq)). Some LoTs may lack one or more of these properties, and some representational schemes may have just a few of these properties, making it unclear whether they are LoTs or not. However, the properties are thought to typically cluster together in a homeostatic property cluster ((n.d.-ar)): they do not always appear together, but the appearance of one increases the probability of finding the others, too. These properties allow for LoTs to be identified in experimental contexts because the features individually yield specific behavioral and neural predictions.

First, LoTs have discrete constituents (see the section Basic ingredients). 

Second, they exhibit role-filler independence. A distinctive feature of LoTs is that they maintain a separation between constituents and their syntactic roles. In Abdel drove Louise, for example, there are roles for an agent (Abdel), an action (driving), and a patient (Louise). Abdel maintains its identity across changes in role, for example, if it fills the patient role in Louise drove Abdel.

Third, a LoT has a structure in which a predicate is applied to an argument yielding a truth-evaluable expression. For example, in the sentence “pigs fly,” the predicate “fly” is applied to the argument “pigs.” The resulting string can be evaluated as false. Predicate-argument structure is typical of languages generally. Not all well-formed formulae in a LoT are truth evaluable (e.g., imperatives like shut the door may be well formed but not truth apt).

Fourth, LoTs have logical operators like not and if…then, which structure deductive inferences. Logical operators have purely functional meanings: unlike “rock,” there is no set of tangible things in the world that instantiates if…then. Evidence for the presence of such operators is evidence for linguistic elements in thought. Other types of mental representation, such as maps ((n.d.-as)) or imagistic simulation ((n.d.-at)), can approximate logical reasoning, such as when a mental model may simulate negation not with a logical operator like “not” but instead by just representing absence (compare “there is no rabbit in the park” to showing a picture of a rabbit-less park). Thus, special care must be taken to demonstrate that logical connectives, rather than these nonlinguistic representations, structure reasoning. Importantly, logical operators are separable from predicate-argument structure (such as in Louise drove Abdel); a language might allow for logical operations over representations that lack predicate-argument structure, such as maps (so that it is possible to think thoughts of the form [map 1] or [map 2], in which map 1 and map 2 are cognitive maps). It might also allow for predicate-argument structure without the ability to conjoin sentences with logical operators (so that it is possible to think it’s cold and also think there are rabbits in the park, but it is not possible to think it’s cold and there are rabbits in the park).

Fifth, if LoTs structure thought, they should structure transitions between thoughts, too. In effect, one should expect that there are automatic, structure-sensitive transitions between states in many parts of the mind ((n.d.-au)). To take a mundane example, one might effortlessly transition from the thought that there is no more coffee at home, and the thought that when there is no more coffee at home, one should stop at the store on the way back from work, to the thought that one should stop at the store on the way back from work. These transitions are determined by the formal properties of mental representations along with the basic inferential rules of reasoning ((n.d.-av)) in the same way that the transitions between states in a classical computer language are. This is sometimes referred to as inferential promiscuity. 

Sixth and finally, a LoT supports abstract content. People can think about many topics, from the swift (mis)carriage of justice to the wingspan of the chimney swift. Some things that people can think about, such as the concept of justice, are difficult to represent without the arbitrary relation of linguistic symbols (such as the word “justice”) to their referents. Evidence for representation of such categories is evidence for linguistic symbols in thought and thus for LoT(s). Imagistic and iconic modes of thought, traditionally the trade of empiricist theories of learning, have trouble representing abstraction. These theories often posit a learning trajectory that predicts sensorily grounded concepts to be semantically more primitive than abstract concepts and acquired before them. By contrast, since languages represent abstract concepts with symbols, they do not need to represent them using complexes of sensory representations. Abstract concepts can even be atomic. Thus, the more evidence there is for semantically primitive abstract concepts, the more one should expect LoT formats of representation.



Evidence for the LoTH

Current empirical debates around the LoTH focus on the six features identified above (see the section Properties of a LoT), particularly the role of logical operators and inferential promiscuity. Uncovering when logical operators are present in thought is one of the most pressing questions in LoTH and nativism debates more generally. A commonly studied operator is sentential negation (not). In sentential negation, an operator combines with a sentence to produce a new sentence with the opposite truth value of the first. “The Nile is the longest river on earth” (a true sentence) can be negated, becoming “The Nile is not the longest river on earth” (a false sentence). Some hold that sentential negation may be present in thought at 12 months or younger ((n.d.-aw)) or may not arise until 17 to 19 months ((n.d.-ax)). The lower bound on negation understanding in language appears to be as early as 18 months ((n.d.-ay)), which serves as the upper bound for when negation is present in prelinguistic thought. Negation is a very stringent test for the development of operators, being a harder operator to process than others, such as conjunction (and). 


Schematic representation of test and training trials for a four-cup task with children, using sticker rewards. Adapted from Mody and Carey (2016).

Linguistic tests are not suitable for deciding when operators are present in prelinguistic human infants and animals. One area of current debate surrounds the presence of such operators in children younger than 17 months and in nonhuman animals ((n.d.-az); (n.d.-ba)). Much work focuses on disjunctive syllogistic reasoning, logical inferences of the form A or B; not A; therefore B. This is used as a test for the presence of negation (not) and disjunction (or). Although there are many ways to operationalize disjunctive syllogistic reasoning (e.g., (n.d.-bb)), perhaps the most broadly discussed paradigm is based on Josep (n.d.-bc) cups task ((n.d.-bd); see Figure 1). In a standard version of this paradigm, participants are familiarized with a setup in which a reward may be present in one of two cups. They are then shown that one of the cups is empty. Experimenters observe whether the infants and animals successfully leverage the certainty offered by reasoning by exclusion to go for the other cup, rather than the one shown empty. 

Success on the two cups tasks has been challenged as evidence of true disjunctive syllogism, as subjects may succeed via a nonlogical operator–involving strategy such as mapping unknown to unknown or avoiding empty objects ((n.d.-be)). In the four cups task, subjects see four cups, separated in two sets of two, with two rewards given, one in each subgroup. In this setup, subjects are shown that one cup of one pair is empty. Disjunctive syllogism would then imply to subjects exactly where one reward is, leaving the location of the reward in the other pair of cups uncertain. Whether the cups experiments show inference by disjunctive syllogism or just mental simulation (or similar nonlogical operator–involving strategies) is a topic of current research (see, e.g., (n.d.-bf))

Evidence for automatic inferential transitions is particularly indicative of LoT for aspects of cognition that are most remote from natural language processing and conscious control such as unconscious instantaneous reasoning. Thus, LoTs appear to be in tension with traditional dual process models of cognition that identify System 1 processing with automatic, unconscious, associative transitions in thought ((n.d.-bg)). By contrast, they are well suited to interact with inferential mechanisms, which are thought to be typical of slower, deliberative System 2 processes. Since LoT is a language, it can be used to define the formal rules of those inferences (for example, the rule modus ponens: if A, then B; A; therefore B).

Recent work in the dual processes literature suggests LoT processing even in System 1 processes. To take just one example, it has long been observed that beliefs can skew the ability to evaluate the quality of logical arguments ((n.d.-bh)). Humans are biased to accept invalid arguments that have conclusions they agree with and to reject good ones that have conclusions they disagree with—a typical System 1–type effect often called the belief bias. It appears that there is also an inverse effect of logical evaluation on belief: when asked to evaluate the truth of conclusions, participants’ responses show implicit sensitivity to whether the argument was logically valid, with them having slower reaction times (and higher error rates) on problems in which logic and belief conflict. For instance, they will be, on average, slower to identify a false conclusion when it follows from a valid argument than an invalid one. This effect is robust. It persists when researchers place participants under cognitive load (to ensure System 1 processing) and even when researchers tell participants to focus on the believability of the conclusion rather than to evaluate whether the argument is logically valid ((n.d.-bi)). This suggests that System 1 processes are at least partly logically structured, operating in a LoT.



Possible alternatives to a LoT

Connectionist networks have long been cited as an alternative to LoT architectures. Such models, also known as (artificial) neural networks, are made up of large networks of interconnected nodes and do not explicitly characterize the mind in terms of sentences in a LoT. Recent years have witnessed increasing optimism about such models with remarkable successes of deep learning, for example, in large language models, computer vision, and image- and video-generating models [see Large Language Models]. In one sense, framing things in an adversarial way is simply inaccurate, since connectionist architectures could implement a LoT ((n.d.-bj)), making room for both in a single cognitive process. In another sense, however, there is a fairly deep challenge raised by such proposals. If connectionist networks can be built to mimic the performance that is used as evidence of computationalist architectures, but without implementing such architectures, why should cognitive scientists need computational–representational theory of mind at all? Why not think the mind is simply a biologically implemented connectionist network with no intervening layers of computation? Yet, if the LoTH is correct, this objection misses the point because connectionist networks lack the kind of symbolic, formal processes that are fundamental to cognition. 

This debate has a rich history and is now primed for an exciting new chapter, as the power of computational cognitive science, including large language models and PLoTs, has increased dramatically. Current points of contention include (1) whether learning models could underlie the widespread prepared learning seen in humans and other animals and (2) whether some features of cognition that appear to be fundamental (such as feature processing in vision and compositionality in thought) can be approximated to a satisfying degree by learning models. These questions interact with questions of domain-general learning mechanisms (i.e., those that can be used to process any domain, such as attention, rather than being dedicated to just one domain, such as natural language). Current connectionist-inspired architectures are domain general, and often when one finds a connectionist architecture that can mimic human performance in a given domain, it is too brittle to port to other cognitive processes.

Putting these implementation questions to one side, the LoTH promises to be a productive area of research in coming years. In particular, the idea that there might be many languages of thought raises questions for theorists and experimentalists. One of these is how LoTs might interface with one another and with other formats. By way of example, it is possible that there are representations that figure in higher cognition but could never be computed over by the motor system, even in principle, because of their format. However, it is also possible that there are no such representations. Similarly, there is much to explore about the phylogenetic and ontogenetic origins of LoTs. One pressing question here is how much overlap there is between human and nonhuman LoTs. Another concerns which syntactic features of thought are most plausible for a given species or stage of human development. 





Broader connections

Because the LoTH is a thesis about the underlying structure of cognitive representations, it touches virtually every subdiscipline of cognitive science. One of the promising aspects of the current state of this field is its empirical tractability. There are fruitful questions concerning the implementation of LoTs in human nervous systems ((n.d.-bk)). Neuroscientists can investigate what kinds of implementation models are most plausible and well supported for the LoTH ((n.d.-bl)). Similarly, given advances in computational approaches to cognition, researchers can ask what kinds of artificial systems might be capable of implementing LoTs or what kinds of artificial systems might reliably mimic compositionality ((n.d.-bm)). 

The fact that LoTs can differ from one another raises the possibility that different systems in the mind might operate over different LoTs. Visual perception might operate in one or more LoTs, for example, while logical operations in reasoning operate over another [see Visual Cognitive Neuroscience; Causal Reasoning]. There is even more room for exploration using the LoTH framework in development and comparative cognition [see Cognitive Development; Animal Cognition]. The syntactic rules and atomic concepts in the minds of infants and nonhuman animals are largely unknown, and testing between hypotheses in such cases will require an extensive amount of careful experimentation. The LoTH allows for careful comparison of different logical operators and quantifiers. For instance, one can ask about the role of generics (statements such as “Birds are cute” as opposed to the specific “That bird is cute”) in LoTs, such as why they are processed more easily than existential and universally quantified statements. Perhaps it is because they are a default mode of thought ((n.d.-bn)).

There are questions regarding the phylogeny and ontogeny of LoTs. When, how, and how many separate times they emerged will be an area in which comparative research will be indispensable; developmental researchers can address whether and how LoTs change in grammar and expressive power through infancy and childhood and how such changes might shape development ((n.d.-bo)). A firmer grasp of the predicates of the infant mind can also elucidate which concepts are likely to be atomic and thus potentially unlearned, offering new purchase on classic debates about nativism, empiricism, and the origins of abstract content in thought.
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