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The human brain is proposed to harbor a hierarchical predictive coding
neuronal network. In support of this theory, feedforward signals for prediction error have been
reported, but feedback prediction signals has been elusive due to their causal entanglement with
prediction-error signals. Here, we use a quantitative model to decompose these signals in
electroencephalography, and identify their neural signatures across two functional hierarchies. Two
prediction signals are identified: a low-level signal representing the tone-to-tone transition in
the high beta frequency band, and a high-level signal for the multi-tone sequence structure in the
low beta band. Our findings reveal a frequency ordering of prediction signals and their hierarchical

interactions with prediction-error signals supporting predictive coding theory. The above results
are published: Chao Z. et al. (2022), Comms Biology, 5(1), 1076.
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1. WHERAR YRI5
Predictive coding is a well-known brain theory whose core tenet is that brain circuits

generate internal models based on sensory evidence to accurately predict future
contingencies, the foundation of cognition. Building these models involves dynamic
neural transmission of a diverse class of feed-forward prediction-error and feedback
prediction signals in the ascending sensory cortex. The computations are carried out by

hierarchical neuronal ensembles and transmitted in specific frequency channels.

2. WHEOHEK
Surprisingly, given the prominence of predictive coding theory, little is known about the

neural mechanisms. We recently published a paper (Chao et al. (2018), Neuron 100 (5),
1252-1266) entitled ‘Large-Scale Cortical Networks for Hierarchical Prediction and
Prediction Error in the Primate Brain’ where we characterized the hierarchical
organization of prediction-error signaling in cortex. The current study is the next major

step, and we feel it is an equally important advance.

3. WD ITE

While prediction-error signals have been reported such as in our Neuron paper, the
identification of prediction signals has remained elusive. This is because predictions are
intermingled with error signals and there is no method to cleanly separate them. To
identify and characterize hierarchical prediction signals in the human brain, we
developed a novel signal dependence model to computationally extract hierarchical

signal components from high-density human EEG data in an auditory oddball task.

4. WFIERR

We found clear evidence for distinct prediction and prediction error signals (see Figure
1). Equally important, we could reconstruct the entire hierarchical cortical predictive
coding network into spatio-spectral-temporal patterns to obtain the first comprehensive
analysis of signal flow during predictive information processing. We show that
predictions are encoded in hierarchy-specific neural oscillations, where predictions for

different behavioral responses are channeled via time/frequency-specific channels.

Our findings can be described in a concept we call “frequency ordering” that allows
different hierarchical levels to encode information at different time scales. These results
advance the physiological measurement and modeling of predictive coding for any
species, but also show how large-scale analysis of human brain data can create a cortical

signal dependence model for prediction theory.
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Figure 1. Two levels of predictions (P1 and

P2) and prediction errors (PE1 and PE2)

This work is published: Chao, Zenas C., Yiyuan Teresa Huang, and Chien-Te Wu. "A
quantitative model reveals a frequency ordering of prediction and prediction-error

signals in the human brain." Communications Biology 5.1 (2022): 1076.
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