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Low-frequency neural parsing of 
hierarchical linguistic structures

When a person is listening to 
speech, their cortical dynamics 
can track multiword linguistic 
structures1. Kazanina and Tavano 

provide an in-depth discussion about the 
interpretation of this phenomenon in a recent 
Perspective article (Kazanina, N. & Tavano, A.  
What neural oscillations can and cannot do 
for syntactic structure building. Nat. Rev. 
 Neurosci. 24, 113–128; 2023)2.

In the literature, two hypotheses have been 
raised about how cortical dynamics track 
linguistic structures, leading to two lines of 
experimentation.

In the multiscale envelope tracking (MET) 
hypothesis, natural speech is parsed into dis-
crete levels of units — for example, syllables, 
words and phrases — and each level relates to a 
unique frequency band in the speech envelope 
and the envelope-tracking neural response3 
(such relationships, however, have recently 
been questioned4). In particular, delta-band 
neural activity encodes spoken phrases.

In the hierarchical structure building (HSB) 
hypothesis, any incrementally constructed lin-
guistic structure is tracked by a neural popula-
tion in the following sense: when a new word is 
added to the structure or the unit closes, there 
is a corresponding change in the activity of 
the neural population1,5. Studies driven by this 
hypothesis generally use frequency-tagging 
to separate the neural responses to different 
linguistic units1.

Kazanina and Tavano base their discussion 
on the MET hypothesis and argue that the 
delta-band neural oscillation (1–4 Hz) cannot 
possibly contribute to the parsing of hierar-
chical phrasal structures, as it can only seg-
ment a sequence into non-overlapping chunks 
and cannot encode phrases longer than 1 s. 
The HSB hypothesis, however, provides 
 straightforward solutions to these issues.

First, nested structures are well encoded 
under the HSB hypothesis. For example, if 
the smaller structure ‘new plans’ is nested in  

the bigger structure ‘new plans give hope’, 
each level of structure is separately encoded 
by neural activity corresponding to the time 
scale of the structure1.

Second, whether structure-tracking neu-
ral activity is bounded in frequency is an 
empirical question that can be experimentally 
studied, for example, by presenting phrases 
of different durations. There is no obvious 
reason to restrict the response frequency to 
be above 1 Hz (ref. 2), and many studies have 
already observed structure-tracking activity 
below 1 Hz (ref. 1).

Kazanina and Tavano propose that structure- 
tracking neural activity indicates sequence 
integration instead of sequence chunking, to 
allow the time scale of neural activity to be 
dissociated from the time scale of linguistic 
units2. For example, phrases presented at 
0.5 Hz can be represented by neural activity 
at an arbitrary frequency of, for example, 
2.1 Hz. The integration and chunking hypoth-
eses, however, have equal power in explain-
ing the neural responses that match the time 
scale of linguistic input, such as the responses 
observed in refs. 1,6–9.

In summary, Kazanina and Tavano’s Perspec-
tive article starts from a neurophysiological 
concept — the delta oscillation — and analyses 
how the properties of delta oscillation con-
strain speech processing mechanisms. This 
approach is challenging since the properties of 
delta oscillations, such as the frequency range, 
that underlie neural networks and biophysical 
mechanisms remain elusive. A more feasible 
approach is to use the computational demand 
of linguistic structure building to constrain 
possible neural mechanisms10, and to optimize 
the experimental design and analysis methods 
to dissociate linguistic structure building from 
related processes such as attention6, word 
encoding7,8 and prosodic processing9.

There is a reply to this letter by Kazanina, N.  
& Tavano, A. Nat. Rev. Neurosci. https://doi.org/ 
10.1038/s41583-023-00750-5 (2023).
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