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Some thoughts on the syntactic mind-body problem Franklin Chang NTT Communication Sciences Laboratories, NTT Corp., Kyoto Presented at the Japanese Society for the Language Sciences (2007), Sendai Japan.



The Syntactic Mind-Body Problem • The syntactic mind-body problem is the question of how the mental states that implement syntactic knowledge of a language are implemented in the neural network of the brain. The problem can be summarized with these three postulates: 1) Body: The brain is a physical neural network made up of cells that send graded activation signals. 2) Mind: Abstract syntax is thought to be supported by operations over variables. 3) It is difficult to implement abstract variables within a physical neural network, because these networks do not typically implement the code-based processing that is needed for implementing variables (Fodor, & Pylyshyn, 1988; Marcus, 1998; 2001). • These critiques argued that these artificial neural network models of language cannot represent or generalize in a way that mimics the variable-based syntactic abilities of humans. These limitations depend on the assumptions of artificial neural networks that are derived from biological neural networks. Therefore, these limitations also apply to biological neural networks, such as the human brain. Therefore it is not clear how brain implements syntactic knowledge.



Generalization depends on the network A neural network can be designed to learn a rule. For example, the network below takes a word and adds the past tense. If a word is activated on the left side, then the same word will be activated on the right side and also the past tense. This network approximates the past-tense rule X -> X+ed. But, even though it has this ability, it cannot generalize its rule to a novel verb like “google” to get “googled”.
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• Although it is possible to use smaller subsymbolic features to achieve this type of generalization, the same limitations exist at each level in a network.



The Problem of Lists ピニックでけーキとりんごとパンとおにぎりと。。。 • Coordination structures can be of any length. This suggests that they are supported by a recursive rule with variables like: NP -> NP と Y.



Neural Networks • Neurons are cells that transmit electrical signals that convey information. Unlike a computer code, which is also an electrical signal, the meaning of a neural code depends on the code’s physical location within a network of neurons (Fodor & Pylyshyn, 1988). • If you copy a computer code (e.g., code for NOUN) from one memory location to another memory location in a computer, the same code is present at both locations (i.e. NOUN). If you have a rule that makes use of this code (e.g., DET+NOUN -> NP), it can apply to this code regardless of the actual memory location that the code is stored in. • If you copy a neural code from one set of neurons to another set of neurons (e.g., neural code for NOUN), the activation pattern at the new location could mean something completely different (e.g., neural code for MILK). The function of a neural pattern comes from its physical location in a network. Rules also depend on their location in the network.



• Word-base sequencing models would not be able to distinguish which noun phrases had been produced and which were still waiting to be produced. りんご おにぎり
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• Neural network models of sentence production with thematic role type variables (Chang, 2002; Chang, Dell, & Bock, 2006) would be able to produce lists of a length that had been previously trained, but these models would not be able to go beyond that length. • Variable-based processing allows lists of any length to be produced, but implementing this in a neural network is difficult.



Conclusion Linguistic Operations • Many linguistic operations use variables. • X-bar rules use variables (e.g. X, X’, XP) to project a structure over a category (e.g., NP-N’-N, PP-P’-P, VP-V’-V). • A c-commands B if 1) A does not dominate B and B does not dominate A; and 2) the first branching node dominating A also dominates B. • Construction: CAUSE-MOVE(cause, goal, theme) -> SUBJ OBL OBJ • Variables are slots which can be bound to particular codes (e.g., N = google) • Many productive aspects of syntax depend on variables: • Lists: The man saw John, Mary, Susan, … • NP = NP, NP, NP, … • Recursion: The man saw that the girl that the boy knew … • S -> NP V REL S



Neural Network Implementations of Linguistic Operations • Artificial neural networks use networks of neuron-like elements to simulate human behavior. Networks that learn syntactic relations have been developed (Elman, 1990; Chang, 2002; Chang, Dell, & Bock, 2006). • Fodor & Pylyshyn (1988) argued that these network models cannot represent relations in an abstract way. For example, the meaning conveyed by the sentence “John loves Mary” would require the use of units for John and Mary that denote their specific roles in this relation (e.g. John is the lover, Mary is the one loved). In humans, the ability to represent “John loves Mary” automatically allows one to also represent “Mary loves John”. In networks, one would need to use a separate set of units to represent this relation (e.g., Mary is the lover, John is the one loved), and therefore there is no relationship between these meanings within a network. • Marcus (1998; 2001) found that networks that learn their internal representations cannot generalize to words or utterances that are outside of their training experience. This is because knowledge in these networks is physically tied to specific links and that restricts generalization.



• The syntactic mind-body problem presents difficulties for linking linguistic theories to the brain, because at present, neural networks do not implement the standard variable-based operations in linguistic theories. • A promising approach for dealing with this problem is to break down abstract variable/categories/operations into simpler functions that are computable by a physically constrained neural system. • Categories should be distinguished from variables. In standard theories, a noun is both a category (a list of words that are nouns) and also a variable (a position in a tree that is linked to a particular word in an utterance). Categories can be implemented in neural networks (Elman, 1990), but not variables. • Variable-based operations should be limited. • The creation of infinite sequences (e.g., lists, recursion) might be due to specialized systems rather than the standard category/variables that are used in syntactic representations. • The syntactic mind-body problem comes from the psycho-functionist approach to the general mind-body problem. In this approach, syntax is delineated in terms of its function in language as specified by our best linguistic theories and syntactic knowledge can be multiply-realized (different substrates could support the same mental entities). This approach to syntactic theorizing has led to theories of syntax that are not realizable in neural tissue. To address this issue, researchers may have to respect biological limitations more in their syntactic theorizing.



References Chang, F. (2002). Symbolically speaking: A connectionist model of sentence production. Cognitive Science, 26(5), 609-651. Chang, F., Dell, G. S., & Bock, J. K. (2006). Becoming syntactic. Psychological Review, 113(2), 234-272. Fodor, J. A., & Pylyshyn, Z. W. (1988). Connectionism and cognitive architecture: A critical analysis. Cognition, 28(1-2), 3-71. Marcus, G. F. (1998). Rethinking eliminative connectionism. Cognitive Psychology, 37(3), 243282. Marcus, G. F. (2001). The algebraic mind: Integrating connectionism and cognitive science. Cambridge, MA: The MIT Press.
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