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Syntactic Priming

Language allows us to communicate various meanings, including novel messages (e.g., “The engineer airdropped 24GB of prototype designs to his wife’s laptop”). This ability depends on syntactic structures in the language system, but it can be difficult to study these representations, as most people are not explicitly aware of them. One phenomenon that has been used to study them is called syntactic priming, which is a tendency for people to reuse previously experienced structures. This phenomenon allows researchers to implicitly manipulate and probe syntactic representations during normal sentence processing, providing a window into the mechanisms used in language to convey meaning.




History

Priming refers to the influence of one stimulus on another, and its application to sentence planning can be traced to Karl (n.d.-a), p. 128), who posited, “The priming of aggregates of words before a sentence is formulated from them.” Early studies found evidence for structural repetition in experiments ((n.d.-b)) and corpora ((n.d.-c)). Kathryn (n.d.-d) provided the standard production paradigm for studying syntactic priming. Typically, it is tested using sentence structures with similar meanings like “The woman gave the book to the man” (prepositional dative, PD) and “The woman gave the man the book” (double object dative, DO). When a PD prime sentence like “A dog brought a bone to a girl” is presented to a participant before they describe a target picture as in Figure 1, they will be more likely to describe the picture with the same PD structure over the alternative DO structure.


Prime-target trial for a priming study.

Initially, syntactic structures were just one of many possible explanations for priming. By controlling other possible factors like function word overlap (prepositions), prosody, and meaning ((n.d.-e)), it was possible to isolate a unique role for abstract syntactic structures (structures independent of lexical or meaning elements) in priming.




Core concepts

Early theories posited that production involved activation spreading between concepts, words, and structures [see Language Production]. If activation was left over in structures (e.g., PD in Figure 1), then this could increase their likelihood of being selected again, and this would create abstract syntactic priming. Then, if activation is used for processing other sentences with unrelated structures after the prime is processed, the residual activation for the prime should be reduced, and priming could disappear. However, empirically, priming persists even when there is a lag of 10 intervening sentences between prime and target, which suggests that abstract priming does not use an activation mechanism ((n.d.-f)).

To explain the persistence of priming, (n.d.-g) proposed that abstract priming was due to the same implicit learning mechanism used to acquire the syntactic representations in the first place. They developed a computational model that could acquire abstract syntactic representations using prediction error–based learning, which is a learning mechanism that uses the difference between the input and the predictions of the system (error). By leaving learning on during the processing of the prime sentence, the model made subtle changes to the syntactic system that created priming effects. This account suggests that priming is a side effect of the fact that the brain is constantly adapting to the input, even in adulthood.

If syntactic priming is a type of learning, then biases should accumulate with every structure that is experienced (cumulativity; Figure 2; (n.d.-h)). This cumulative bias for structures seems to influence priming, in which the mismatch between the preference and the prime structure (error or surprisal) is associated with larger priming effects ((n.d.-i)).


A schematic of the relationship between cumulativity, error, and priming.

When content words such as verbs are the same between prime and target (the verb “gave” in Figure 3), the magnitude of syntactic priming can increase, and this is called the lexical boost ((n.d.-j)). Studies have examined whether the boost and abstract priming with different verbs depend on the same mechanism by increasing the lag between prime and target by using intervening filler sentences, with the results showing that abstract priming persisted over various lags, but the boost quickly dissipated (Figure 3; (n.d.-k)). This result suggested that the boost was not due to implicit learning but rather residual activation in explicit memory, which is known to decay rapidly.


Lexical boost and abstract priming over lag.

Since most people do not have explicit awareness of the syntactic structures they use, these structures are thought to depend on implicit memory. However, because some aspects of language are available to conscious awareness (e.g., words) and could depend on explicit declarative memory, it was important to determine which memory systems are involved in priming. These memory systems can be differentiated in individuals with anterograde amnesia, who have deficits in explicit memory (e.g., newly learned facts are forgotten quickly) but retain implicit learning abilities (e.g., learning to play new piano pieces). These patients exhibit abstract syntactic priming, even though they have impaired explicit memory for the prime sentences ((n.d.-l)). This finding demonstrates that syntactic priming mostly depends on implicit memory without a substantial role for explicit memory.

Since priming has been argued to be supported by language learning mechanisms, priming has been used to examine syntactic structures in development [see Language Acquisition]. Item-based theories of language acquisition have argued that children start initially with lexically specific syntactic representations and only later develop abstract syntax (Figure 4) [see Compositionality]. However, several studies have found evidence for abstract structural priming early in development ((n.d.-m); (n.d.-n)). Priming in children exhibits persistence, cumulativity, and error sensitivity in ways that are similar to adults ((n.d.-o); (n.d.-p)), and these findings are consistent with the idea that language acquisition and syntactic priming involve the same prediction error–based learning mechanism [see Computational Models of Language Learning]. 


Priming based on item-based or abstract syntactic representations in development.




Questions, controversies, and new developments

Most priming studies use language production measures ((n.d.-q)). Syntactic priming has also been studied with comprehension measures like reading times, but abstract priming is not always found using these measures, and priming often depends on verb overlap ((n.d.-r)). Thus, there are substantial differences in priming with comprehension and production measures, and further research is needed to see if there is a shared component [see Psycholinguistics].

Syntactic priming has been mostly studied in a small set of languages (e.g., English, Dutch, German, Chinese). Because priming involves learned syntactic structures, it is possible that priming can vary greatly across typologically different languages (e.g., Tagalog; (n.d.-s)) [see Linguistic Variation].




Broader connections

Syntactic priming is an example of learning over the lifetime ((n.d.-t)). Understanding this mechanism may provide insight into similar mechanisms that support adaptation in response to various influences such as education, work, technology, sports, and social situations over the whole of development [see Neuroplasticity].

The error-based learning mechanisms used to explain priming are related to the learning algorithms used by artificial intelligence systems like ChatGPT to acquire their language representations [see Large Language Models]. Priming can be used to examine how closely these systems mirror the abstract syntactic representations used by human language users.
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