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研究成果の概要（和文）：人間の脳は、階層的な予測コーディング ニューロン ネットワークを保有することが
提案されています。 この理論を支持して、予測誤差のフィードフォワード信号が報告されていますが、フィー
ドバック予測信号はとらえどころのないものでした。 ここでは、定量的モデルを使用して脳波でこれらの信号
を分解し、2 つの機能階層にわたる神経サインを識別します。 私たちの調査結果は、予測信号の周波数順序
と、予測コーディング理論をサポートする予測エラー信号との階層的相互作用を明らかにしています。 上記の
結果は公開されています: Chao Z. et al. (2022)、Comms Biology、5(1)、1076。

研究成果の概要（英文）：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. 

研究分野： Neuroscience

キーワード： Predictive coding　Brain network 　Hierarchy

  ２版

令和

研究成果の学術的意義や社会的意義
科学レベルでは、予測コーディングは、脳が利用できる圧倒的な量の感覚データを理解するための解決策になる
可能性があり、その理解はニューロモルフィック エンジニアリングとニューロロボティクスのさらなる発展に
役立つ可能性があります。 臨床レベルでは、個々の予測信号と予測誤差信号を識別し、健康な個人と精神病患
者の両方でそれらの調整を監視することで、統合失調症や自閉症などの精神障害の予後および/または診断のた
めの神経マーカーの開発に役立つ可能性があります。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。



様 式 Ｃ－１９、Ｆ－１９－１、Ｚ－１９（共通） 
 

 

１．研究開始当初の背景 

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．研究の目的 

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．研究の方法 

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．研究成果 

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.  

 
 



 

In summary, we used a cortical signal 

dependence model to disentangle 

prediction and prediction-error signals 

and reveal a frequency ordering of 

prediction signals that allows different 

hierarchical levels to encode 

information at different time scales in 

the human brain. These results advance 

the physiological measurement and 

modeling of predictive coding, and 

provide a platform to examine 

predictive signaling beyond two 

hierarchical levels and among multiple 

sensory modalities in normal and 

disordered brain. 

 

 

 

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. 

 

 

Figure 1. Two levels of predictions (P1 and 

P2) and prediction errors (PE1 and PE2)  
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