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Why are certain tones heard as music? A possible answer is that when a person listens to music,
predictions derived from the musical representation (i.e., music predictions) are generated, but not when the
person listens to a simple environmental sound. Indeed, previous studies have considered that tones in music
are perceived with a prediction. Behavioral and neuroscientific studies have investigated music perception by
recording prediction errors when expectations are violated. Using event-related potentials (ERPS), the present
study investigated the internal workings of the predictive processes outlined by the predictive coding of
music (PCM) model (Vuust et al., 2022a) with two aims: first, to empirically examine whether musical
expectations of the tone object can be generated according to the classification of Vuust et al., and second, to
examine the multidimensional predictive processes associated with each expectation and their relationships
with each other. Six experiments were conducted to achieve these aims.

Experiment 1 compared the detection processes of music-syntactic and acoustic irregularities to
examine the predictive processes reflected in the early right anterior negativity (ERAN) and the mismatch
negativity (MMN). Nonmusicians (in the infrequent-presentation and equal-presentation groups) were asked
to listen to chord sequences with 5 four-voice chords each while watching a silent video clip. Standard,
harmonic-deviant, intensity-deviant, and double-deviant chords occurred at the final position in each
sequence. Deviant stimuli were presented infrequently (p = .10, in the infrequent-presentation group) and
equiprobably (p = .25, in the equal-presentation group). Regardless of the deviance probability, when the two
deviant types occurred simultaneously, the negativity increased additively: the amplitude of the double-
deviant event-related potential (ERP) was as large as the sum of the single-deviant ERPs. These results
suggest that the detection of music syntactic and acoustic irregularities works independently based on
different regularity representations. Therefore, dynamic and schematic expectations can be dissociable in
terms of neural prediction errors, that is, ERAN and MMN.

Experiment 2 examined the relationship between schematic and dynamic expectations when these
two expectations predicted the same note. At the final note of the melodies, the schematic expectation was
violated by presenting a note with music-syntactic irregularity (i.e., an out-of-key note), while the dynamic
expectation was violated by presenting a contour deviant based on online statistical learning of melodic
patterns. The schematic and dynamic expectations were manipulated to predict the same note. The ERPs
were recorded for the music-syntactic irregularity and the contour deviant, which occurred independently or
simultaneously. The results showed that the music-syntactic irregularity elicited an ERAN, reflecting the
prediction error in schematic expectation, whereas the contour deviant elicited an MMN, reflecting the
prediction error in dynamic expectation. The two components occurred within similar latency ranges.
Moreover, the ERP amplitude was multiplicatively increased when the irregularity and deviance occurred
simultaneously. These findings suggest that the predictive processes of schematic and dynamic expectations
function concurrently in an interactive manner when these two expectations predict the same note.

Experiment 3 examined the plasticity of two musical expectations. At the final note of the melodies,
schematic expectation was violated by presenting a note with music-syntactic irregularity (i.e., an out-of-key
note), while dynamic expectation was violated by presenting a contour deviant based on online statistical
learning of melodic patterns. The contour patterns in the first and second sessions were reversed. The ERPs
were recorded for the syntactic irregularity and the contour deviant, which occurred independently or




simultaneously. The results showed that the syntactic irregularity elicited the ERAN in both sessions,
reflecting the prediction error in schematic expectation, whereas the contour deviant elicited the MMN only
in the first session, reflecting the prediction error in dynamic expectation. These results suggest that
schematic and dynamic expectations function separately and that schematic expectations have less plasticity
than dynamic expectations.

Experiments 4 and 5 examined whether knowledge of music-syntactic regularity for schematic
expectations could be acquired through statistical learning using MMN responses elicited by chord
transitions that deviated from newly learned transition regularities. Adult nonmusicians without hearing
impairment participated in the experiments. Experiment 4 examined the MMN response during the
acquisition phase, whereas Experiment 5 examined the MMN response after two days of learning. The same
stimuli were used in both experiments. Six types of chords consisting of the tone of the 18 equal
temperament scale were concatenated to create a learning sequence in which a particular progression pattern
appeared with high probability (p = .90, standard) or low probability (p = .10, deviant). To ensure that only
the progression pattern was learned, the chords were presented with equal probabilities. In Experiment 4, the
ERPs were recorded while the participants were listening to the learning sequence and performing a timbre
change detection task as a cover task; and in Experiment 5, the ERPs were recorded while the participants
were passively listening to a sequence in which the standard and deviant progressions appeared at p = .50
each, after two days of online learning of the novel progression pattern. After the ERP recording, a
behavioral familiarity test was administered in which the participants selected the standard progression in
each of the two chord progressions. The results showed that the deviant progressions elicited an MMN
response and an ERAN-like mismatch response, reflecting online irregularity detection and deviation from
the acquired pattern representation, respectively. In Experiment 4, the participants were unable to choose the
standard chord progression except by chance, but they were able to choose it in Experiment 5, which might
reflect the longer learning period. These results suggest that the schema of chord progression patterns can be
acquired through statistical learning even by adult nonmusicians without expert musical knowledge and
skills.

Finally, Experiment 6 examined how specific the representation of the expected note was by
recording the omitted stimulus potentials (OSPs) to avoid contamination of bottom-up sensory processing
with top-down predictive processing. To manipulate predictability, melody familiarity was manipulated in
the familiar melody, in which veridical expectations based on memory were generated, and in the unfamiliar
melody, in which veridical expectations were not generated. Decoding of the omitted content was attempted
using a support vector machine, which is a type of machine learning. The ERP responses of 25 participants to
the omission of four target notes (E, F, A, and C) at the same position in familiar and unfamiliar melodies
were recorded. The results showed that the omission N1 was larger in the familiar melody condition than in
the unfamiliar melody condition and that the decoding accuracy of the four omitted notes was significantly
higher in the familiar melody condition than in the unfamiliar melody condition. These results suggest that
the OSPs contain discriminable predictive information related to veridical expectations, and the higher the
predictability of notes, the more specific the representation of the expected note is generated.

The results of Experiments 1-6 demonstrated the presence of three types of expectations (dynamic,
schematic, and veridical), and their multidimensional predictive processes were examined by recording the
ERP responses. Experiments 4 and 5 showed that music-syntactic knowledge, which is the basis of schematic
expectations, can be acquired through statistical learning of chord transition patterns. Based on these results,
the present study proposed the object-based predictive model for music perception, which assumes that the
expectation of an object has three dimensions: dynamic, schematic, and veridical. Although the present study
did not consider individual and cultural differences, these factors can be investigated by extending the object-
based predictive model to incorporate individual priors. By applying, modifying, and extending the current
model to different cultural contexts and temporal predictions in music, the model is expected to contribute to
the understanding of general processes of music perception in humans.
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