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Abstract
Musical Intelligence (MI) is an executable architecture for developing and testing computational accounts of music listening. It com-
bines 97 named acoustic descriptors, explicit temporal operations and 84 mechanisms producing 889 output channels. Declared
inputs, equations and execution order make modelling choices accessible to inspection and intervention. Offline evaluations combine
computational audits, human comparisons, controlled birdsong transformations, and synthetic speech and song. A targeted tempo-
ral intervention changed only outputs reachable through declared dependencies. Across transformations of one blackbird phrase, a
terminal output was reconstructed from archived intermediate inputs with a maximum absolute error of 1.19 × 10−7 over 466,146
frames. Decomposition exposed opposing contributions hidden by recording averages. Human comparisons showed selected affec-
tive associations, with generally uncertain gains beyond dataset-specific controls. In an exploratory scan using one synthetic voice,
matched ridge readouts classified 26 of 27 three-tag song requests from a selected mechanism and 19 of 27 from acoustic descriptors
across held-out texts. The usefulness of combining output groups varied across tasks and readouts. Production tags denote synthesis
instructions. MI provides explicit computational predictions whose perceptual, cognitive and biological interpretations can be tested
against independent observations.
Resources: musicalintelligence.app · Live engine Engine code (request access) Results GitHub
Data and code: Zenodo v2.0.0 · 10.5281/zenodo.20457643 Archive · 10.5281/zenodo.19744623 OSF C8NE4
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Figure 1. Music as a setting for inspectable computation. The Swan Lake excerpt supplies both paths. Observation symbols denote measurement classes, not collected
participant data. R³ features enter T³ operations and C³ calculations, including direct R³ access. Depth is schematic. Curves retain their archived display scaling. The dotted
link denotes a protocol-specific comparison; model outputs and human observations have separate status.

1. Introduction
Computational accounts of music listening must specify how
acoustic information becomes a proposed perceptual or affective
quantity. Agreement with observations tests an output; inspect-
ing its calculation reveals the assumptions that produced it. Musi-
cal Intelligence (MI) connects these questions by making acoustic
inputs, temporal context and mechanism equations explicit (Fig-
ure 1).

Formal models expose theoretical assumptions and their conse-
quences (Guest and Martin, 2021); cognitive architectures organ-
ise components and their interactions (Langley et al., 2009; Laird
et al., 2017). Audio libraries provide reusable analysis algorithms
(Bogdanov et al., 2013), while probabilistic models specify mu-
sical expectation (Pearce and Wiggins, 2012). MI brings named
acoustic coordinates, explicit temporal requests and listening-
related calculations into a shared execution.

R³ describes sound; T³ supplies requested temporal operations;
C³ combines acoustic, temporal and available upstream inputs.
With inputs and configuration fixed, outputs are deterministic.
External readouts are fitted separately for the target under study.
The implemented calculation, its proposed interpretation and the
information recovered by a readout are distinct objects of evalua-
tion.

We examine this organisation through reconstruction and inter-
vention, human comparisons, controlled transformations of one
birdsong phrase, and decoding of synthetic vocal production tags.
These analyses test computational dependencies, predictive util-
ity and contributions of different output groups. Music, birdsong,
speech and song provide complementary settings for assessing
a shared computational repertoire. Together, the results identify
computations that can be revised and predictions that require in-
dependent observations.
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Figure 2. Musical Intelligence architecture. The current configuration contains 84 mechanisms, 889 output dimensions, 131 weighted readouts and eight selected recursive
classes. Surfaces group computations; depth is schematic. Solid paths show data routes, dashed arrows requests and loops local state. Two anatomical views use
representative registry coordinates; the complete regional summary is schematic. Group labels follow the implementation registry (Ins is anatomically cortical). Open
markers repeat channels shown above, keeping 26 regional readouts. Anatomical and neuromodulator labels identify model projections with proposed interpretations; these
paths are not measured neural connectivity or transmitter concentrations. R³ means and waveform retain the archived illustrative excerpt.

2. Architecture
The architecture separates acoustic description, temporal context
and listening-related calculations, with declared inputs and an ex-
plicit execution order. The current configuration has 97 acous-
tic channels and 1,337 temporal declarations that reduce to 644
unique addresses. Its 84 mechanisms yield 889 output dimen-
sions, alongside 131 weighted readouts and eight selected recur-
sive classes. These counts describe one implemented repertoire
within the shared organisation.

Configuration and observation
Evaluation requires both an engine configuration and an observa-
tion protocol. Configuration 𝜃 specifies implementations, equa-
tions, requests, initialization and execution order; protocol 𝜋 spec-
ifies outputs, observations, aggregation and comparison. Their
relationship is written as

𝑦̃𝜋 = 𝑂 𝜋 (𝐹𝜃 (𝑎), 𝑐𝜋)

where 𝑎 is audio, 𝐹𝜃 the engine,𝑂 𝜋 the observation mapping and
𝑐𝜋 a covariate. When 𝑂 𝜋 is fitted, prediction depends on engine
and readout. Regression estimates the readout weights separately;
an observation mapping need not forecast events.

Amechanism links a computational definition to a proposed inter-
pretation. Its inputs and rule specify what it calculates; an obser-
vation protocol specifies how that calculation is evaluated. Depth
roles determine processing order, while functional groups bring
related proposals together for inspection. Anatomical and neuro-
modulator links project the outputs onto separately labelled chan-
nels with their own interpretation and measurement requirements.

The executor visits each mechanism once, in processing-depth or-
der, retaining discovery order when depths coincide. A mecha-
nism can use only the upstream outputs already available at that
point; unavailable inputs invoke its implementation’s fallback. A
listed connection therefore affects the calculation only if its source
is available and its value is consumed. Both conditions depend on
the execution.

2



R³ · Acoustic representation
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Figure 3. From sound to named acoustic coordinates. (a) The preserved 8-s waveform, saved spectrum at 3.001 s and log-mel field distinguish spectral (S) and mel (M)
routes; window lengths differ from the 256-sample hop. (b) All 97 channels and 1,379 frames retain their [0,1] scale. S supplies A and C's warmth/sharpness; G derives from
B and H from F. (c) The upper triangle displays 28 pair terms from eight numbered peaks, relative to their displayed maximum. The analytic kernel and computation diagram
expose the full-pair pathways without estimating F0: raw beating 𝐷, energy-normalized dissonance 𝑟1, gated fusion 𝑟3 and their fixed pleasantness combination 𝑟4. 𝐸 is
the regularized root-sum-square of pairwise minimum amplitudes; 𝑄 is the beating-weighted, tiered ratio-eligibility score. The full computation uses all valid peaks, not this
displayed subset. (d) Three unchanged feature series share one clock; spectral flux (𝑟 = 21) continues into Figure 4. Recording-wide normalization can extend context
beyond the labelled windows.

Acoustic coordinates
R³ transforms each audio frame into 97 named channels across
nine families, including consonance, energy, timbre, change,
pitch, rhythm and harmony. The channels have no learned
parameters or cross-family state. Published computations in-
clude Sethares roughness, Plomp–Levelt critical-band integra-
tion, Krumhansl–Kessler key profiles, Zwicker–Fastl sharpness
and mel-frequency cepstral coefficients. Some channels share or
derive inputs.
Each R³ coordinate also has a normalization rule and temporal
support, ranging from an analysis frame to the full recording.

These definitions accompany both the direct inputs to C³ and the
series processed by T³.
The spectral consonance route operates on detected peaks without
estimating a fundamental frequency. Peak separation and ampli-
tude determine beating; ratio quality and a beating-dependent gate
determine fusion. Pleasantness combines dissonance and fusion
with fixed weights. The construction exposes each term and the
algebraic link between inharmonicity and fusion. These coordi-
nates cannot be interpreted as independent quantities. The route
specifies how spectral relationships enter MI; it does not establish
an advantage over pitch-based alternatives.
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T³ · Temporal addressing and operations
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Figure 4. A temporal address opens into a support geometry and a specific operation. (a) The canonical 1,337 declarations reduce to 644 unique addresses. Maps preserve
feature--horizon positions; dot area counts distinct operators at each position. Law totals count addresses. HTP and CHPI share (21, 4, 0, 0) . (b) Three-dimensional eight-
sample teaching windows show interior placement, not H8. Heights encode normalized M0/M18 weights increasing chronologically; depth separates samples. Horizons
are nonuniform, effective support is capped by recording length, and boundaries reuse the nearest complete window. R³ processing can already be recording-wide. (c) All
24 operators appear in editorial groups with schematic glyphs. M0 is a weighted mean; M2 divides sample standard deviation by 0.25 and clips to [0,1]. (d) Three saved
spectral-flux queries retain native values on a common 0--0.25 display axis, changing one address field at a time. Grey spans mark replicated boundary outputs. These
illustrative queries are supported but absent from canonical demands.

Requested temporal operations
T³ makes the temporal context of a calculation explicit. Each re-
quest names an R³ feature, horizon, operator and window orien-
tation, with no learned parameters. Each mechanism declares its
requests before extraction. Matching requests share one stored ar-
ray, while both callers remain identifiable. The current configura-
tion has 1,337 declarations and 644 unique addresses, drawn from
32 horizons and 24 operators. Horizons span milliseconds to the
scale of a long recording. Requests identify both the computed

quantity and its consumers, connecting temporal assumptions to
the equations that use them.
Window orientation selects preceding, following or surrounding
samples. Recording length and boundary handling determine the
available support. Changing an address can alter either the sam-
ples included or the operation applied. Temporal direction must
be assessed across the whole calculation: even a past-oriented T³
window can depend on later audio when its R³ inputs use normal-
ization over the complete recording.
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Named mechanisms
Each C³ mechanism specifies named output trajectories through
an implemented set of calculations. Functional families organise
proposals concerning sensory processing, prediction, attention,
memory, emotion, reward, motor processes and learning (Fig-
ure 2). Processing depth determines execution order, while local
output groups organise quantities within each mechanism. These
are distinct levels of the specification.
Figure 5 illustrates the local organisation with ICEM: four ex-
traction outputs, five integration outputs, two present outputs and
two forecast outputs. Other mechanisms retain their own declared
groupings. For each output, the equation, inputs actually con-
sumed and proposed interpretation are distinct parts of the speci-
fication. Reconstruction evaluates the implemented calculation;
comparison with observations addresses its proposed meaning.
Listener history or task context enters the engine or observation
model explicitly when required by the tested account.

Parallel readouts
The ICEM output vector also supplies belief updates, regional
projections and neuromodulator-inspired readouts in parallel
(Figure 5d–f). Each branch has its own input selection, weights
and, where applicable, state update. Their execution is specified
by the configuration used in each evaluation. The birdsong assay
retains the 131 weighted readouts but does not execute the eight
separate recursive classes. Regional and neuromodulator labels
identify model projections; independent neural or physiological
observations are required to evaluate their proposed biological
meanings.

A worked mechanism
ICEM receives nine acoustic channels and eighteen temporal re-
quests. Its E0 calculation combines three temporal quantities with
direct spectral flux and entropy; E3 includes a product of ICEM
outputs; P0 combines temporal quantities with intermediate out-
puts. Figure 5c exposes the corresponding weights, interactions
and clipping steps. This provides a concrete target for numerical
reconstruction and controlled revision.
The following architectural evaluation reconstructs E0 from re-
tained inputs and changes one temporal request, allowing its ef-
fects to propagate through the execution. Later output-group com-
parisons select stored channels and refit an external reader. They
assess which output combinations support prediction under that
readout, using the retained trajectories from the original engine
execution.

3. Architectural evaluation
The Swan Lake example examines whether a selected calcula-
tion can be reconstructed from retained inputs and whether a local
modelling change has traceable consequences. Figure 5 supplies
the computational map; Supplement S1 records the execution and
intervention protocol. These checks establish properties of the
implemented computation that can subsequently be related to ob-
servations.

Reconstruction from retained inputs
For the 182.597-s recording, ICEM.E0 combines three temporal
quantities with direct spectral flux and spectral entropy:

𝐸0 (𝑡) = clip[0,1]
[
0.25𝑢3 (𝑡) + 0.25𝑢1 (𝑡)
+ 0.20𝑢4 (𝑡) + 0.15𝑟21 (𝑡) + 0.15𝑟22 (𝑡)

]
.

(1)

Here, 𝑢𝑖 denotes the evaluated temporal request labelled 𝑞𝑖 in
Figure 5, and 𝑟21 and 𝑟22 are the direct acoustic channels. The
recorded example at 40.0022 s gives 𝐸0 = 0.25011. Evaluating
this expression from the retained quantities makes the contribu-
tion of each input explicit. The numerical check concerns this

defined computation; its relation to experienced surprise requires
a corresponding human observation.

A targeted temporal intervention
The intervention changes ICEM’s centred spectral-flux weighted-
mean request from four to eight frames, approximately 23.2 to
46.4 ms. All other terms in E0 are held fixed, and downstream
computation receives the modified output. The 30–50-s interval
was selected before inspecting intervention effects.
Over this interval, the maximum absolute E0 difference is
0.003632 and the root-mean-square difference is 0.000643. In
the audit of the output inventory, 17 of 889 channels satisfy the
recorded numerical change criterion. All 805 channels outside
the declared reachable set remain exactly equal. Of eight reach-
able mechanisms, changed outputs occur in ICEM, PWUP and
CHPI. Observer-only and identity-adapter controls reproduce the
reference values under their recorded protocols.
The changed term also gives a local analytical bound. With 𝑢
denoting the temporal quantity entering E0 with coefficient 0.25,
and the other terms fixed,

|Δ𝐸0 (𝑡) | ≤ 0.25 |Δ𝑢(𝑡) | . (2)

Clipping cannot increase the difference between its inputs. This
bound applies to the specified E0 modification; downstream ef-
fects depend on the equations and inputs consumed along each
executed route. The intervention therefore connects a concrete
temporal assumption to numerical changes in the resulting trajec-
tories.

Computational definitions guide empirical tests
Inspection identifies the additional evidence needed to evaluate a
proposed interpretation. The inspected MMP.P2 pathway com-
bines past warmth stability, a rhythmic quantity and centred loud-
ness. A familiarity account requires listener exposure or history
to enter the engine or observation model, together with an appro-
priate recognition or recall target.
AAC.F1 includes acoustic intermediates and a 15-s forward am-
plitude context. Its four-term restatement agrees with the 38 saved
TenseMusic excerpts to a maximum absolute error of 3.46×10−8,
conditional on the cached reconstruction inputs. Evaluating its
proposed forecast interpretation requires an explicitly defined fu-
ture target and an execution restricted to information available at
prediction time.
These examples turn mechanism labels into specific computa-
tional and empirical questions. Reconstruction tests the stated
equations, intervention tests the consequences of changing a de-
fined input, and observation models test the outputs against se-
lected targets. The following empirical comparisons examine pre-
dictive utility and the information accessible from different output
combinations.

4. Empirical case studies
Readouts, observations and controlled inputs
The case studies examine three connected questions: whether a
readout corresponds to an observation, which distinctions are re-
tained across its channels, and which implemented operations de-
termine a response. Human-rating datasets address the first ques-
tion; natural-sound transformations and speech instructions ex-
tend the second and third. A scalar score, a fitted multichannel
prediction and a distance between response patterns are different
outcomes. Keeping their observation rules explicit allows a posi-
tive result at one level to coexist with a limitation at another.
The comparisons retain their original units: interval and excerpt
ratings, within-piece trajectories, chord rows and participant-
level encoding. Birdsong samples transformations of one phrase;
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plate Original-6. Supplements S2, S3 and S7 retain full tables and protocols.

speech varies instructions across three texts and one synthetic
voice. These sources are not pooled into a common accuracy or
sample size. Figures 6–10 connect their complementary uses of
the architecture.

Film tension
Fifteen C³ means supported prediction of held-out soundtrack
tension. On 110 excerpts, grouped ridge cross-validation gave
Pearson 𝑟 = 0.671, 𝑅2 = 0.431 and RMSE 1.472; the fixed
15-descriptor acoustic subset gave 𝑟 = 0.653 and RMSE 1.485.
Generic 970-descriptor models gave 𝑟 = 0.619. C³ had lower
error on three of five folds against either comparator, a descrip-
tive ordering. Appending C³ to generic descriptors did not reduce
pooled error, leaving its incremental predictive value unresolved.
The compact tension result establishes that an explicit set of
listening-related computations can support a fitted observation
mapping. It does not require treating each component as an inde-
pendently validated process. Conversely, closeness to the acous-
tic comparator does not establish equivalence: the paired fold es-
timates are descriptive, and the comparison was not designed as

an equivalence test. The held-out predictions, their full range and
all five folds remain visible in Figure 6. This separates the ca-
pacity to construct a useful mapping from a claim that the entire
mechanism repertoire is necessary.

Excerpt emotion
Across 110 film excerpts, all eight emotion pools had Bonferroni-
significant associations. Acoustic residualization changed lead-
ing correlations: sadness +0.741 to +0.430, tenderness +0.722 to
+0.447, tension −0.683 to −0.504. Seven of eight leading read-
outs retained |𝜌 | ≥ 0.10; every pool had one. This residual analy-
sis does not test incremental prediction. Three channels recurred
in the overlapping 360-excerpt pilot, documenting cross-set cor-
respondence rather than independent replication.
The emotion analysis already treats affect as a collection of re-
sponse coordinates. Pool-leading correlations select a channel
for a specified target; they do not define eight mutually exclu-
sive emotion probabilities. Residualization asks how much asso-
ciation remains after the specified acoustic adjustment, whereas
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prediction asks whether an added representation improves un-
seen outcomes. These operations need not agree. The speech–
song study extends this distinction bymeasuring eachmechanism,
layer and channel separately: a complete-vector score can obscure
strong distinctions available within a specific computation.

Arousal transfer
After the MUSIFEAST pilot, channels selected from film ratings
were evaluated without test-subset reselection. AAC.F1 arousal
correlations were +0.652 across 360 film excerpts, +0.691 across
356 MUSIFEAST excerpts and +0.770 in its nested 65-excerpt
subset; PUPF.U0 gave +0.698, +0.676 and +0.735. These over-
lapping rank comparisons show cross-corpus correspondence.
Valence associations weakened: SRP.P1 declined from +0.622
to +0.231, and CMAT.S0 from +0.653 to +0.172.
The transferred channels retain their identities, but the observation
protocols and engine snapshots differ. Their agreement is there-
fore evidence about particular ranks under those protocols. The
updated speech–song study examines all registered mechanisms
and channels using the metadata of its own frozen engine. It does
not select candidates from arousal-related names or import a his-
torical affect pool as the definition of the available representation.
Human-rating correspondence and production-tag agreement re-
tain their separate targets.

From correspondence to experimental contrasts
Birdsong transformations identify four shared mechanisms across
five routes and opposite TAR stress-reduction predictions for flute
and piano from one transcription. Speech and song identify indi-
vidual mechanisms that recover production tags more accurately
than conventional acoustic descriptors under the same held-out-
text procedure. Both assays make the observation mapping part
of the question alongside the acoustic representation and temporal
computation.
This approach connects MI to established auditory modelling
methods. Sound-texture synthesis tests which statistics preserve
recognizable structure (McDermott and Simoncelli, 2011); rep-
resentational similarity analysis compares patterns of distinctions
across models and observations (Kriegeskorte et al., 2008). MI
adds explicit access to the selected coordinates, temporal requests
and downstream equations. One can therefore compare a response
pattern, reconstruct its readout and intervene on an input without
changing the interpretation after each result. The current assays
exercise these operations; perceptual comparison is a subsequent,
separately specified test.
The temporal and perceptual comparisons that follow retain the
same distinction. An excerpt average can correspond to a rating
while losing within-phrase changes. A physiological label can
organize a proposed comparison without itself supplying a physi-
ological measurement. Figures 7 and 8 preserve both the positive
associations and the conditions that limit their interpretation.

Compare the representation and the observation rule
The grouped film analysis illustrates why both parts of the com-
parisonmatter. Its target is a continuous human tension rating; the
speech–song targets comprise three or five production tags. The
former uses nested regression and soundtrack groups, while the
latter evaluates external readouts with texts held out. Numerical
improvements belong to their own tasks and denominators. What
transfers is the method of comparison: freeze the representation,
specify the target, keep related observations together and estimate
the observation mapping only from the remaining groups.

Selected channels do not define the entire representation. The up-
dated speech–song analysis enumerates the complete engine in-
ventory before highlighting informative outputs. Layer exclusions
then ask which components add information to the same exter-
nal readout. The architecture itself remains fixed throughout. Its
889-channel comparator concatenates outputs; it is not an arith-
metic average across mechanisms. This preserves the difference
between a comprehensive response map and a separate procedure
for automatically selecting a predictor.

Time-resolved and perceptual comparisons
Figures 7 and 8, together with supporting plates Original-7 and
Original-8, retain the experimental displays. Their panels address
different observation scales, so their correlations, rank-biserial ef-
fects and encoding scores are reported under their own protocols.
The aim is to locate correspondence and computational depen-
dence rather than rank heterogeneous datasets on a single scale.

Within-piece tension
Across 38 pieces rated by 30 listeners, historical AAC.F1 anal-
ysis gave Fisher-𝑧 mean Spearman 𝜌 = +0.421 with consen-
sus tension, positive on 34 pieces. All 15 pool channels met the
archived Bonferroni criterion. Physical clock alignment remains
unresolved after normalized-time interpolation and lag selection.
The listener-agreement value, +0.386, follows a different proto-
col and cannot rank performance. Reconstruction agreed across
38 cached excerpts to 3.46×10−8, verifying arithmetic, with tem-
poral alignment and autonomic forecasting untested.

Chills
Within ±5 s of chills, MMP.P2 (familiarity label) rose in all seven
stimuli: rank-biserial 𝑟 = +0.231, Bonferroni 𝑝 = 0.007; its nine-
stimulus and alternative seven-stimulus results were nonsignifi-
cant (S7).
These timing results motivate direct checks of what an aggrega-
tion retains. A lag-selected correlation describes association af-
ter alignment choices, while a native-frame contrast describes a
change in the model itself. The birdsong TAR audit below pro-
vides a concrete example: opposing roughness-trend and energy-
change terms nearly cancel in the phrase mean despite substantial
framewise differences. It supplies a computational reason to pre-
serve trajectories alongside excerpt averages, without retrospec-
tively resolving the physical clock uncertainty in the older tension
analysis.

Consonance
The fixed pleasantness score, 0.6(1 − Sethares dissonance) +
0.4(Stumpf fusion), correlated with human ratings at Spearman
𝜌 = 0.890 across 13 harmonic-dyad means and 𝜌 = 0.518 across
617 chord rows. On the dyads, fusion reached +0.813 and rough-
ness −0.835. Primary channels carried the expected sign on all
nine references. Magnitude criteria were met in full on six and in
part on three. Interval-subset ranking above 0.85 passed on four.
The same coefficients, applied to synthesized bell spectra, kept fu-
sion positive across twelve register and synthesis conditions, from
+0.319 to +0.830, highest for sustained tones at 880 Hz.
The acoustic comparison demonstrates correspondence for spec-
ified spectral constructions and rating targets. It also supplies a
benchmark for interpreting other outputs built from related cues.
In the speech–song study, the SDED:P0 channel separates five
song tags at 91.1% (41/45 correct) under a nearest-centroid read-
out. That channel result identifies a precise spectral computation
for controlled follow-up; it does not substitute for a human disso-
nance or emotion rating. The existing consonance comparisons
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Control → +MI

MUSIFEAST · fixed holdout · n=65

Valence · leaders 0.301 → 0.341

Arousal · leaders 0.586 → 0.569

Enjoyment · top 3 0.700 → 0.703

Pleasure · native 0.700 → 0.698

Lucerne · grouped OOF · n=426

Pleasure · native 0.237 → 0.254

Enjoyment · top 3 0.237 → 0.230

Energy · arousal leaders 0.612 → 0.611

Movement · F7 0.486 → 0.493

Regularity · F7 0.372 → 0.361

Intensity · F7 0.295 → 0.296

MEET · grouped OOF · n=30

Valence · leaders -0.475 → -0.432

Arousal · leaders -7.839 → -7.791

Intervals: source-group bootstrap of stored predictions; not repeated model fitting.

b Tension correspondence · aligned channel means and all 38 pieces

Mean Channel × piece

Lag selected within ±5 s. Historical arousal, valence and chills panels are preserved in supporting material.

Figure 7. Incremental prediction and time-resolved tension address different questions. (a) All twelve primary S6b comparisons, with absolute control and combined R²
alongside their differences. Intervals are the recorded 95% source-group bootstrap intervals from 2,000 resamples of fixed saved predictions; models are not refitted within
these resamples and listener uncertainty is not represented. MUSIFEAST uses a fixed 65-excerpt holdout and acoustics, MIR33, genre and familiarity controls. Lucerne
uses grouped out-of-fold predictions for 426 excerpts and rhythm, acoustic, genre and familiarity controls. MEET uses grouped out-of-fold predictions for 30 released eligible
excerpts with acoustic-four plus R³ controls. The protocol includes exploratory output families and does not establish new-listener generalisation. (b) All 15 saved Fisher-z
mean tension associations and 570 channel--piece correlations, on common aligned rows; pieces are alphabetical and lags were selected within ±5 s. Historical pilot arousal
(19 channels), valence (15) and chills (22, three overlapping processing conditions), including negative and non-significant results, remain complete in supporting plate
Original-7. Their effect scales and inference protocols remain separate.

and the vocal result therefore support distinct, testable uses of the
same inspectable architecture.

Pleasure
On matched song-grouped folds, mean held-out 𝑟 was +0.457 for
controls including human valence/arousal ratings, +0.462 with
audio-native predictors and +0.543 with symbolic predictors. An
additive-score regression reached +0.615 with preprocessing be-
fore splitting; the +0.565 ridge reference used different inputs,
preventing a matched added-value claim. The proxy interaction
was −0.158, with published −0.124 inside its interval; the audio-
native interaction was −0.060, with a chord-row bootstrap inter-
val excluding zero. Across rhythmic versions, HTP and ICEM
had median 𝑟 = +0.993 and +0.828. The last two values concern
model stability; they do not measure pleasure in listeners.

Cross-corpus and template transfer
Across seven chord-rating corpora, consonance correlations av-
eraged 𝜌 = +0.408, positive on six; the harmonic-timbre read-
out reached +0.404 across 25 intervals. Agreement with seven
Hindustani raga pitch-class templates averaged 𝜌 = +0.565, all
positive. The raga comparison assesses template agreement, not
listener responses or classification accuracy.

Regional encoding
In 17 participants, 16 of 22 mechanism–region pairs met their
BH criterion, versus 11 of 22 random controls; medians were
+0.162 and +0.058. Separate BH families do not test this differ-
ence. Four-participant voxel encoding gave top-voxel means of
+0.165 for MI and +0.138 for CLAP, using evaluation-selected
voxels and encoder-specific folds that preclude a matched superi-
ority claim. Direct-correlation shuffles passed in 4/4 participants
for MI, 1/4 for routing-off and 0/4 for random controls; they do
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Figure 8. Acoustic representations and perceptual correspondence. (a) The original 160-s Mendelssohn display pixels share one recording clock. Historical T³ horizon
bands contain 228, 180, 230 and 19 tuples (657 total), distinct from the current 644-address configuration. RAM retains all 26 rows; their names and complete archived
display legends are in supporting plate Original-8. (b) All sixteen original fMRI/MI images at eight times retain their pixels, common crop and aspect ratio. Matched original
mesh/map and exporter provenance were not recovered; no new anatomical rendering or image-level validation is claimed. (c) All 63 signed correlations across seven
rating references and two analytical anchors; n counts intervals/bins and * denotes target inversion. Rating conditions do not denote reconstructed recordings. Columns are
roughness, Sethares dissonance, Helmholtz--Kang, Stumpf fusion, sensory pleasantness, inharmonicity and harmonic deviation. (d) Three acoustic coordinates across 617
chord rows. (e) All 13 harmonic-dyad means labelled in semitones. (f) All 12 Carillon register/synthesis effects. Scales and analysis units remain distinct. Supplement S4
and Source Data S4.1 retain protocols and values.

not validate ridge scores. The model-magnitude profiles corre-
lated across audio collections at 𝑟 = 0.998; assigned coordinates
were within 10 mm of 28/31 published peaks; 52/56 tracks placed
the caudate-labelled channel first when the preceding-peak rule
was used. These model configuration and timing checks cannot
establish biological mechanisms.

What the studies jointly establish
The architecture supports distinct forms of evidence: reconstruc-
tion identifies a computation; a controlled intervention tests its de-
pendence on selected inputs; a fitted readout assesses recoverable
information; and a comparison with human observations evalu-
ates an interpretation. The completed studies instantiate all four
operations, with different strengths and limits. The birdsong assay
extends these checks to controlled sound trajectories; the vocal
inventory identifies named mechanisms that outperform the spec-
ified acoustic baseline in original speech and song. They make

these choices experimentally accessible rather than leaving them
implicit in a single score.
The complete comparisons also retain failures to transfer. The
dynamic-emotion pilot has no Bonferroni-significant arousal
channel among the 19 retained in supporting plate Original-7; an
excerpt-level association therefore does not establish a temporally
aligned prediction. The additional MUSIFEAST arousal family
gives Δ𝑅2 = −0.016 beyond its specified controls, with an in-
terval spanning zero (S6). These findings locate the limits of the
observation mappings actually tested. They do not erase the pos-
itive excerpt associations, just as the latter cannot substitute for
incremental prediction.
For anatomical outputs, the birdsong source audit adds a specific
computational control to this reasoning. A region with many in-
coming weighted links can accumulate a larger raw change than a
sparsely connected region. Dividing by its incoming weight sum

10



changes the cross-region comparison while leaving that region’s
within-contrast sign intact. Themodel’s regional pattern therefore
depends on an explicit mapping in addition to its upstream repre-
sentation. Human encoding analyses and model-weight audits an-
swer different questions; reporting both makes the bridge between
them testable. The following natural-sound and vocal plates ex-
tend this principle through shared mechanism profiles, traceable
affective predictions and systematic comparisons of stored out-
puts.

Natural sound: shared mechanisms and directional predic-
tions
The birdsong study processed one 2.45-s blackbird phrase through
five paths linking the source, a synthetic pitch-and-onset tran-
scription, and fixed sample-derived flute and piano endpoints (Er-
dem, 2026a). Operator, level and resolution controls yielded
1,146 complete-phrase renderings. Each waveform began from
fresh model state. The analysis covers all 84 mechanisms and
889 dimensions alongside the earlier 202-dimensional present-
state assay.

Reference and endpoint Path RMS End RMS
Transcription → flute 0.09816 0.12373
Transcription → piano 0.13615 0.17155
Bird → flute 0.06488 0.13306
Bird → piano 0.05172 0.09191
Table 1. Common-RMS audio; 202 equally weighted P-layer dimensions. Dis-
tances are in model units.

Four mechanisms remain in the upper response quartile (top
21 of 84) across all five paths: Brainstem Consonance Hier-
archy (BCH), Pitch Salience in Cortical Lateralization (PSCL),
Inharmonicity-Attention Capture Model (IACM) and Therapeu-
tic Affective Resonance (TAR; Figure 9a). This set survives
native/equal-RMS audio, full/trimmed windows and 97/49/25-
anchor grids. Endpoint-based channel rescaling removes this
raw-unit common set. Forecast outputs carry 54.7–70.3% of
PSCL’s squared response on the sequential routes, illustrating
what present-only observation omits.
TAR supplies a directional hypothesis. Its mean stress-reduction
prediction is 0.48203 for bird, 0.47503 for flute, 0.42577 for tran-
scription and 0.37838 for piano. The transcription-to-flute change
is +0.04926; transcription-to-piano is −0.04739 (Figure 9b). The
endpoint order survives all four level/window conditions. Iso-
lated timing lowers the output (−0.12100), whereas spectral re-
placement raises it (+0.13526). Interior paths are non-monotonic.
These bounded scores propose a contrast for independent per-
ceptual and stress-regulation tests; no human stress response was
measured.
Exact terminal decomposition explains the prediction rather than
assigning importance after fitting (Figure 9c,d). From bird to
flute, the roughness-trend term changes by −0.09694 and energy-
change stability by +0.08731. State, present-reward and clipping
terms complete a net mean change of −0.00699, despite frame-
wise RMS 0.35086. An audit of 466,146 frames reconstructs
TAR’s terminal output with maximum absolute error 1.19×10−7.
Similar averages can therefore arise from different, inspectable
computations.
Joint outputs also have a selective readout benefit. SDNPS’s com-
plete profile reduces blocked bird-to-score coordinate MAE from
0.28546 to 0.16709, but loses to its best single layer on the instru-
ment routes. No mechanism beats its best single layer across all
three primary routes and every control. This is conditional com-
plementarity, not universal superiority from adding outputs.

Reference-dependent geometry remains a complementary result
(Table 1). Across all outputs, endpoint ordering reverses in 69 of
84 mechanisms and 274 of 326 layer groups. Earlier present-state
rank and interpolation controls are retained in the companion.
They describe numerical sensitivity independently of the shared
set and TAR’s signed hypothesis.

Speech and song: gains over an acoustic baseline
Individual MI mechanisms recover speech and song production
tags more accurately than the same readout of 15 acoustic de-
scriptors (Figure 10). The baseline summarizes duration, level,
pitch, spectral shape and envelope rhythm. Both representations
use identical request units, held-out texts and fixed ridge read-
outs; MI itself is not fitted to tags. The companion inventories all
84 mechanisms, 326 layers and 889 channels across 342 original
ElevenLabs recordings from 172 requests. Its matched core con-
tains 90 requests and 179 alternatives across three texts, two de-
livery modes and five intended-production tags (Erdem, 2026b).
For three tags—excited, sad and untagged—RASN reaches 100%
in speech (27/27 correct), compared with the acoustic baseline’s
77.8% (21/27): six additional correct requests, or +22.2 percent-
age points. In song, CSSL reaches 96.3% (26/27) against 70.4%
(19/27): seven additional correct requests, or +25.9 points. These
comparisons directly identify the mechanism, its achieved perfor-
mance and its gain over acoustics (Figure 10b).
With mad and peaceful added, IACM leads five-tag speech at
82.2% (37/45), comparedwith 57.8% (26/45) for acoustics: +24.4
points and 11 additional correct requests. MMP follows at 80.0%
(36/45). In five-tag song, PWUP, CSSL and OII each reach 66.7%
(30/45), versus 51.1% (23/45): +15.6 points and seven additional
correct requests (Figure 10b). PWUP identifies excited, mad and
sad at 100% each (9/9), but peaceful at 22.2% (2/9) and untagged
at 11.1% (1/9). The four task-specific gains are observed differ-
ences, not a pooled emotion-recognition rate.

Which outputs support those gains?
Output exclusions then localize the information supporting these
mechanism-level results. In CSSL and IACM, the four output
groups are called Extraction, Memory, Present and Forecast (E,
M, P and F). CSSL’s complete output achieves 96.3% (26/27) in
three-tag song. Removing those groups in turn reduces agree-
ment to 70.4% (19/27), 81.5% (22/27), 88.9% (24/27) and 74.1%
(20/27); every proper subset falls below the full output. In five-
tag speech, adding IACM’s Present outputs raises 64.4% (29/45)
to 82.2% (37/45), although that group alone reaches only 40.0%
(18/45). These tests explain a mechanism’s success after its
acoustic-baseline advantage has been established.
The contribution is selective. RASN retains 100% (27/27) with-
out Extraction outputs; PWUP’s Memory+Present subset reaches
75.6% (34/45) in five-tag song, above its complete 66.7% (30/45).
Across the inventory, 1,304 output-group exclusions and 1,152
detailed subset/readout combinations document these effects.
They remove stored outputs and refit the external readout, without
disabling upstream computation. Full-mechanism scaling con-
trols preserve the principal IACM and CSSL losses; the compan-
ion supplies complete tables.
A separate nearest-centroid control recovers five song tags from
SDED:P0 alone at 91.1% (41/45). It uses a different reader
and is not included in Figure 10’s matched ridge comparisons.
Candidate-wide permutations support tag-related structure under
their stated assumptions; they do not establish significance for
every mechanism–baseline difference. The highlighted mecha-
nisms are discoveries from the exhaustive exploratory map. One
synthetic voice and three texts limit generalization. Within this
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Figure 9. Shared responses and opposing computational contributions. (a) Full-profile response ranks among 84 mechanisms, in original model units; BCH, PSCL, IACM
and TAR rank in the top 21 across all five paths. The overlap survives level, window and anchor-sampling controls but disappears with endpoint-based channel rescaling.
(b) TAR model outputs at four endpoints under all four level/window controls. Printed values and directed contrasts use equal-RMS audio and the full phrase. (c) All 97
saved anchors per path in literal terminal-term coordinates. Terms, including the product, are computed frame by frame before averaging; solid paths are sequential and
dotted paths directly connect bird to the instrument endpoints. (d) Signed contributions, including final clipping, and their net sum (diamonds), verified against unrounded
source values. For bird--flute, roughness and energy-stability contributions change by −0.09694 and +0.08731, while the net mean changes by −0.00699 and trajectory
RMS difference is 0.35086. B, bird; S, synthetic transcription; F, flute; P, piano. These are dependent variants of one phrase and model outputs, not measured affect or
therapeutic efficacy. The experimental pitch--timing--spectrum cube is retained in supporting plate Birdsong-context (Erdem, 2026a).

corpus and protocol, however, the result is concrete: specific MI
computations improve discrimination over the specified acoustic
descriptors.

Literature origin and mechanism evidence
The repertoire grew from the Cognitive Consonance Circuit
literature-synthesis and exploratory meta-analysis programme.
Published findings, extracted claims and theoretical proposals
provided starting points for the design. Turning those ideas into
computations required further choices about inputs, coefficients
and temporal support. Figure 11 and Supplement S5 make that
translation inspectable by connecting mechanisms to literature
anchors, implemented operations and evaluation roles. Worked
examples follow a proposal through its source observation to a
specified test. The original quantitative synthesis motivates hy-
potheses; it supplies neither validated equation coefficients nor
performance estimates. Its extraction and dependence limitations
remain documented in S5. Unresolved translations identify hy-
potheses for further adjudication.
Stable mechanism names link the implementation to its de-
sign history. Supplement S5b distinguishes topic motivation,

component-level background and unsupported extensions of a la-
bel. The source-role review examined primary abstracts and ac-
cessible full texts, recording access limits and preserving histori-
cal anchors. This separates what a source establishes from what a
computation proposes. Brainstem, synaptic, memory and transfer
interpretations require corresponding measurements; the stored
falsification criteria describe tests still to be performed.

5. Discussion
MI provides an executable architecture in which listening-related
calculations can be reconstructed, revised and compared across
observation scales. The combined evidence establishes more than
a repertoire of labelled outputs. A temporal intervention can
be localized; a controlled change of acoustic form can be fol-
lowed through a multichannel representation; and a readout’s be-
haviour can be attributed to explicit feature and aggregation rules.
Human-rating comparisons then ask whether the resulting vari-
ables correspond to listening observations. The bird and speech
studies extend this programme beyond conventional music and
make the relation between representation and readout an empiri-
cal property of the model.
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descriptors
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2 Text 1 Text 2 Text 3

3 Text 1 Text 2 Text 3

Test Train

Three text-held-out folds

Mechanism Complete C³ Acoustic

Speech · 3 tags

RASN

27/27
22/27
21/27

Song · 3 tags

CSSL

26/27
20/27
19/27

Speech · 5 tags

IACM

37/45
31/45
26/45

Song · 5 tags

PWUP / CSSL / OII

each mechanism

30/45
23/45
23/45

c CSSL · song, 3 tags d IACM · speech, 5 tags

26/27

19/27

22/27

24/27

20/27

18/45

29/45

37/45

37/45

E / M / P / F select stored channels; M = Memory for CSSL and IACM.

RASN: without E, 27/27 retained PWUP: M+P 34/45; all groups 30/45

One synthetic voice · three texts · request-level outcomes · exploratory inventory search

Figure 10. Production-tag agreement and information in stored output groups. (a) Identical original recordings and the same fixed ridge procedure; each of the three planes
identifies one held-out text and the other two training texts. (b) Four matched tasks compare selected mechanisms, complete C³ and 15 acoustic descriptors on a common
percentage axis; counts are correct/total requests. PWUP, CSSL and OII each reach the displayed five-tag song result. (c) CSSL group exclusions in three-tag song. (d)
IACM group combinations in five-tag speech. RASN retains 27/27 without E, while PWUP reaches 34/45 with M+P versus 30/45 with all groups. E/M/P/F denote Extraction,
Memory, Present and Forecast for CSSL and IACM; M is not ICEM's Integration label. These comparisons select stored outputs and refit the external reader, without inter-
vening inside the engine. Three tags are excited, sad and untagged; five add mad and peaceful. One synthetic voice, three texts, request-level analysis and selection from
the full 84-mechanism inventory define the exploratory scope. Production tags are not listener-measured emotion (Erdem, 2026b).

The architecture as a research contribution
Architectural research asks how a common organisation supports
the construction and evaluation of models (Langley et al., 2009;
Laird et al., 2017). For MI, the central commitment is to make
the acoustic and temporal assumptions of a listening calculation
accessible within its executed dependencies. A temporal request
can be altered while retaining the surrounding computation; in-
spection can also reveal that an input required by an interpreta-
tion is absent. This is one way formalisation can sharpen the-
oretical questions (Guest and Martin, 2021). The worked trace,
birdsong assay and speech–song inventory demonstrate this use
through temporal intervention, controlled sound transformations
and comparisons of identifiable output layers. Their shared organ-
isation makes different hypotheses comparable while preserving
the identity of each frozen execution.
The 84 mechanisms and 889 dimensions form the current reper-
toire of computational proposals. Their number records scope;
it does not establish a minimal set of human processes or a need
for every mechanism. Fifteen output means support fitted tension

prediction, but their RMSE differs from the fixed acoustic sub-
set by 0.013, and appending them to generic descriptors adds no
pooled improvement. These findings specify the evidence for that
task. Speech and song provide a distinct positive result against a
matched acoustic baseline: RASN reaches 100% (27/27) versus
77.8% (21/27) in three-tag speech, CSSL 96.3% (26/27) versus
70.4% (19/27) in three-tag song, and IACM 82.2% (37/45) versus
57.8% (26/45) in five-tag speech. These gains of 22.2–25.9 per-
centage points show that specific computations make production-
tag distinctions more accessible to the same readout. Efficiency,
upstream cost and generalization beyond the observed corpus re-
main separate questions.
The companion studies show why mechanism identity and the
readout operator belong inside the scientific account. Birdsong
reveals a four-mechanism response set and opposite TAR stress-
reduction predictions for flute and piano. Exact decomposition
traces that contrast to executed roughness, energy and state terms;
a small mean can conceal substantial temporal change. In song,
CSSL requires its complete output to attain its strongest observed

13



Figure 11. Literature origin and mechanism evidence
a Mechanisms, full names and literature anchors
F1–F4 · Sensory, Prediction, Attention, Memory

F1  Sensory
BCH
H

Brainstem Consonance Hierarchy
Bidelman 2009 · Bidelman 2013

CSG
A

Consonance-Salience Gradient
Bravo 2017 · Sarasso 2019

MIAA
U

Musical Imagery Auditory Activation
Kraemer 2005 · Halpern 2004

MPG
U

Melodic Processing Gradient
Rupp 2022 · Patterson 2002

PNH
U

Pythagorean Neural Hierarchy
Bidelman 2009 · Tabas 2019

SDNPS
U

Stimulus-Dependent Neural Pitch
Salience
Cousineau 2015 · Penagos 2004

SDED
U

Sensory Dissonance Early Detection
Crespo-Bojorque 2018 · Fishman 2001

TPIO
U

Timbre Perception-Imagery Overlap
Halpern 2004 · Zatorre 2005

TPRD
U

Tonotopy-Pitch Representation
Dissociation
Allen 2022 · Norman-Haignere 2013

PSCL
U

Pitch Salience in Cortical Lateralization
Penagos 2004 · Allen 2022

PCCR
U

Pitch Chroma Cortical Representation
Briley 2013 · Allen 2022

F2  Prediction
HTP
H

Hierarchical Temporal Prediction
Norman-Haignere 2022 · Bonetti 2024

SPH
U

Spatiotemporal Prediction Hierarchy
Bonetti 2024 · Fernandez-Rubio 2022

ICEM
CH

Information Content Emotion Model
Egermann 2013 · Cheung 2019

PWUP
C

Precision-Weighted Uncertainty
Processing
Mencke 2019 · Cheung 2019

F2  Prediction
WMED
U

Working Memory-Entrainment
Dissociation
Noboa 2025 · Yuan 2025

UDP
U

Uncertainty-Driven Pleasure
Mencke 2019 · Gold 2019b

CHPI
C

Cross-Modal Harmonic Predictive
Integration
Moller 2021 · Cheung 2019

IGFE
U

Individual Gamma Frequency
Enhancement
Yokota 2025 · Bolland 2025

MAA
U

Multifactorial Atonal Appreciation
Mencke 2019 · Gold 2019b

PSH
U

Prediction Silencing Hypothesis
Millidge 2022 · Auksztulewicz 2016

F3  Attention
SNEM
U

Sensory Novelty and Expectation Model
Nozaradan 2011 · Nozaradan 2012

IACM
U

Inharmonicity-Attention Capture Model
Basinski 2025 · Koelsch 1999

BARM
U

Brainstem Auditory Response
Modulation
Rathcke 2024 · Grahn 2007

STANM
U

Spectrotemporal Attention Network
Model
Haiduk 2024 · Zatorre 2022

AACM
U

Aesthetic-Attention Coupling Model
Sarasso 2019 · Sarasso 2021

AMSS
U

Attention-Modulated Stream
Segregation
Hausfeld 2021 · Wikman 2025

ETAM
U

Entrainment, Tempo and Attention
Modulation
Hausfeld 2021 · Doelling 2015

DGTP
U

Domain-General Temporal Processing
Rathcke 2024 · Grahn 2007

SDL
U

Salience-Dependent Lateralization
Haiduk 2024 · Zatorre 2022

F3  Attention
NEWMD
U

Neural Entrainment-Working Memory
Dissociation
Noboa 2025

PWSM
U

Precision-Weighted Salience Model
Basinski 2025 · Millidge 2022

F4  Memory
MEAMN
U

Music-Evoked Autobiographical Memory
Network
Janata 2009 · Sakakibara 2025

MMP
CH

Musical Mnemonic Preservation
Jacobsen 2015 · Fang 2017

RASN
U

Rhythmic Auditory Stimulation
Neuroplasticity
Thaut 2015 · Grahn 2007

PMIM
U

Predictive Memory Integration Model
Koelsch 2000 · Koelsch 2009

OII
U

Oscillatory Intelligence Integration
Bruzzone 2022 · Samiee 2022

HCMC
U

Hippocampal-Cortical Memory Circuit
Squire 1995 · McClelland 1995

RIRI
U

RAS-Intelligent Rehabilitation Integration
Thaut 2015 · Harrison 2025

MSPBA
U

Musical Syntax Processing in Broca's
Area
Maess 2001 · Kim 2021

VRIAP
U

VR-Integrated Analgesia Paradigm
Deng 2025

CMAPCC
U

Cross-Modal Action-Perception
Common Code
Lahav 2007 · Bangert 2006

DMMS
U

Developmental Music Memory Scaffold
Partanen 2022 · Qiu 2025

CSSL
U

Cross-Species Song Learning
Burchardt 2025

CDEM
U

Context-Dependent Emotional Memory
Sachs 2025

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Literature, implementation and evidence. (a) The complete main-text list continues on the following page. Every one of the 84 records retains its canonical code, full English
name and all associated visible author--year references, with 160 separate links to the manuscript bibliography. Family colours identify organisation. Historical codes are
nonexclusive links, not evidence grades: C, selected calculation/intervention inspected; P, selected outputs jointly evaluated in the fifteen-output tension representation; A,
selected outputs in the eight-channel direct-transfer family; H, specified historical comparison; U, no additional mechanism-specific outcome judgement assigned by this
crosswalk. U does not mean no literature, a false mechanism or unused implementation. New vocal readout results appear separately in Figure 10.

three-tag result; in speech, IACM P is useful in combination de-
spite weak standalone agreement. A different reader reveals five-
tag song structure in a single SDED channel. These demonstrated
properties locate compact and complementary information in spe-
cific computations. They supply predictions about representation
and measurement without equating mechanism names with hu-
man processes.
Reusable components and explicit graphs have precedents. Es-
sentia supports audio-analysis networks (Bogdanov et al., 2013);
the IPEM Toolbox provides perception-based analysis; AMT or-
ganises auditorymodels and reproduction experiments (Majdak et
al., 2022); PsyNeuLink connects psychological and neural com-
ponents; and ModECI specifies model structure and execution
(Gleeson et al., 2023). MI’s contribution lies in its particular or-
ganisation of named acoustic coordinates, explicit temporal re-
quests and listening-related computations with identifiable con-
sumers. The studies demonstrate uses of that organisation; com-
parative development effort, efficiency and the necessity of par-
ticular components remain open.

Correspondence across observations
The observation scale helps explain the empirical pattern. Acous-
tic cues show consonance correspondence, and arousal ranks
transfer across excerpts more strongly than valence. Yet the
PMEmo dynamic pilot had no Bonferroni-significant arousal
channel among 19 (S7). Strong excerpt associations also need not
add prediction: the specified MUSIFEAST arousal family gave
Δ𝑅2 = −0.016 beyond its controls, with an interval spanning zero
(S6). Matched pleasure prediction gained about 0.005 in mean
fold 𝑟 . Excerpt means discard the timing of changes, motivat-
ing tests of temporal support and the observation mapping. These
outcomes identify where the representation is useful and where
matched alternatives remain necessary. Regional encoding tests
a further observation level; interpreting it as brain computation re-
quires evidence beyond encoding success (Kriegeskorte and Dou-
glas, 2019).

Transfer between music, natural sound and speech
The two companion studies strengthen the architecture’s experi-
mental role through different controls. Birdsong identifies shared
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Figure 11. Literature origin and mechanism evidence (continued)
a  continued Mechanisms, full names and literature anchors
F5–F8 · Emotion, Reward, Motor, Learning

F5  Emotion
SRP
PA

Striatal Reward Prediction
Salimpoor 2011 · Salimpoor 2013

AAC
CPA

Autonomic-Arousal Circuit
Egermann 2013 · Salimpoor 2011

VMM
A

Valence-Mode Mapping
Mitterschiffthaler 2007 · Koelsch 2006

PUPF
PA

Pleasure-Uncertainty Prediction
Function
Cheung 2019 · Egermann 2013

CLAM
U

Closed-Loop Affective Modulation
Ehrlich 2019 · Daly 2016

MAD
U

Musical Anhedonia Disconnection
Loui 2017 · Martinez-Molina 2016

NEMAC
U

Nostalgia-Evoked Memory-Affect Circuit
Sakakibara 2025 · Barrett 2010

STAI
U

Spectral-Temporal Aesthetic Integration
Kim 2019 · Alluri 2012

DAP
C

Developmental Affective Plasticity
Scholkmann 2024 · Trainor 2012

CMAT
A

Cross-Modal Affective Transfer
Spence 2011

TAR
U

Therapeutic Affective Resonance
Kheirkhah 2025 · Ehrlich 2019

F6  Reward
DAED
H

Dopamine Anticipation-Experience
Dissociation
Salimpoor 2011 · Gold 2023

MORMR
H

mu-Opioid Receptor Music Reward
Putkinen 2025 · Salimpoor 2011

F6  Reward
RPEM
P

Reward Prediction Error in Music
Gold 2019a · Gold 2023

IUCP
U

Inverted-U Complexity Preference
Gold 2019b · Gold 2023

MCCN
U

Musical Chills Cortical Network
Chabin 2020 · Putkinen 2025

MEAMR
U

Music-Evoked Autobiographical Memory
Reward
Janata 2009 · Salimpoor 2011

SSRI
U

Social Synchrony Reward Integration
Kokal 2011 · Bigand 2025

LDAC
U

Liking-Dependent Auditory Cortex
Gold 2023 · Cheung 2019

IOTMS
U

Individual Opioid Tone Music Sensitivity
Putkinen 2025 · Salimpoor 2011

SSPS
U

Saddle-Shaped Preference Surface
Cheung 2019 · Gold 2019b

F7  Motor
PEOM
U

Period Entrainment Optimization Model
Thaut 2015 · Thaut 1998

MSR
U

Musician Sensorimotor Reorganization
Bangert 2006 · Lahav 2007

GSSM
U

Gait-Synchronized Stimulation Model
Yamashita 2025

HMCE
U

Hierarchical Musical Context Encoding
Mischler 2025 · Norman-Haignere 2022

HGSIC
U

Hierarchical Groove State Integration
Circuit
Potes 2012 · Grahn 2007

F7  Motor
ASAP
U

Action Simulation for Auditory Prediction
Ross 2022 · Patel 2014

DDSMI
U

Dyadic Dance Social Motor Integration
Bigand 2025 · Kohler 2025

VRMSME
U

VR Music Stimulation Motor
Enhancement
Liang 2025

SPMC
U

SMA-Premotor-M1 Motor Circuit
Grahn 2007 · Hoddinott 2024

NSCP
U

Neural Synchrony Commercial
Prediction
Leeuwis 2021

CTBB
U

Cerebellar Theta-Burst Balance
Sansare 2025 · Okada 2022

STC
U

Singing Training Connectivity
Zamorano 2023 · Kleber 2013

F8  Learning
EDNR
U

Expertise-Dependent Network
Reorganization
Paraskevopoulos 2022 · Leipold 2021

TSCP
U

Temporal Synaptic Consolidation
Processor
Pantev 2001 · Bellmann 2024

CDMR
P

Context-Dependent Mismatch Response
Rupp 2022 · Crespo-Bojorque 2018

SLEE
U

Synaptic Long-term Encoding Engine
Paraskevopoulos 2022 · Porfyri 2025

ESME
U

Error-Signal Modulated Encoding
Koelsch 1999 · Vuust 2012

ECT
U

Expertise Compartmentalization
Trade-off
Paraskevopoulos 2022 · Porfyri 2025

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b Literature motivation, computation and discriminating tests

Literature motivation Implemented proposal Current evidence Discriminating test

ICEM F2

Egermann et al. (2013)
Cheung et al. (2019)
Expectation violations and uncertainty
relate to musical responses.

Acoustic context supplies an
unexpectedness-related score; this
translation is a model choice.

A recorded calculation audit and
temporal intervention (E1; S1).

Expectancy measures and matched
acoustic-change alternatives.

AAC F5

Egermann et al. (2013)
Salimpoor et al. (2011)
Expectation and pleasurable music
evoke psychophysiological arousal
responses.

A dimensionless audio-derived score is
proposed as an arousal-related readout.

Arousal: F1 ρ = 0.691; A1 ρ = 0.533
(356 excerpts).

Synchronized physiology and acoustic
controls for an autonomic claim.

PUPF F5

Cheung et al. (2019)
Egermann et al. (2013)
Uncertainty, surprise and expectation
motivate an affective proposal.

An audio-derived uncertainty-labelled
quantity is compared with human
arousal.

Arousal: U0 ρ = 0.676 (356 excerpts).
This is not a pleasure test.

Pleasure-specific targets and
alternatives for the uncertainty
interpretation.

CSG F1

Bravo et al. (2017)
Sarasso et al. (2019)
Interval acoustics relate to affective
appraisal and attention.

Consonance cues supply salience- and
affect-labelled model outputs.

Arousal: P0 ρ = 0.531 (356 excerpts).
Salience itself is not measured.

Attention/salience targets; separation
from shared acoustic cues.

MMP F4

Jacobsen et al. (2015)
Fang et al. (2017)
Preserved musical memory motivates
the proposal; Fang is a review.

The inspected familiarity-labelled path is
audio-derived, without individual history.

Inspected pathway and historical
comparison (S5/S7); recognition not
measured.

Listener history or exposure inputs, and
recognition or recall observations.

IUCP F6

Gold et al. (2019b)
Predictability and uncertainty relate
non-monotonically to liking.

A non-monotonic response is proposed;
its shape is an additional assumption.

No additional outcome judgement
assigned in the S5 crosswalk (U).

Compare alternative response shapes
and acoustic controls on held-out liking.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a, continued) All records in F5--F8 retain the same code--name--reference structure. (b) The six literature-to-test translations retain all eleven source links, including the
corrected AAC source-role wording. Literature motivates a computational proposal; the evidence and discriminating-test columns state what has been examined and what
remains to be tested. The complete original linked atlas is also preserved in supporting plate Original-11 and S5.
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full-profile sensitivity and traceable directional affective predic-
tions; speech and song locate production-tag information and
output combinations that add discrimination. IACM partici-
pates in the common birdsong set and reaches 82.2% in five-tag
speech against 57.8% for acoustics. This convergence identifies a
reusable calculation for cross-domain tests, without establishing a
common human mechanism. The studies retain their units: bird-
song ranks pool framewise changes over all outputs, while vocal
readers use full-recording summaries combined within request.
Historical P-only distances remain separately labelled.
Vocal and musical expression share acoustic cues (Juslin and
Laukka, 2003; Coutinho and Schuller, 2017), but spectral–
temporal information can support speech and melody differently
(Albouy et al., 2020). The vocal results identify concrete compar-
isons for investigating this organization: CSSL improves three-
tag song agreement by 25.9 percentage points over acoustics, and
IACM improves five-tag speech by 24.4 points. Output-group
exclusions then localize the calculations supporting these gains.
Controlled acoustic manipulations can test which cues sustain
each pattern. New voices, independently generated texts and lis-
tener ratings can test whether production-tag distinctions extend
to perceived expression.
The positive result is precise: individual MI mechanisms exceed
the matched acoustic-descriptor baseline in all four core speech
and song tasks, by 15.6–25.9 percentage points. This is the di-
rect evidence of added representational value under the specified
readout. Output-group comparisons supply the next explanation:
CSSL needs its complete output for its best three-tag song re-
sult, whereas PWUP improves with a smaller subset. Diagnos-
tic readouts expose these properties without changing MI (He-
witt and Liang, 2019). The advantage is relative to the tested 15
descriptors; it does not establish superiority over every acoustic
model. Biological interpretation requires separate observations,
as model-metamer work also emphasizes (Feather et al., 2023).

Research use and the next tests
Further comparisons should test whether a specified composite
is sufficient for an observation under the same acoustic and tem-
poral information as its alternatives. For birdsong, the immedi-
ate prediction is whether flute and piano derived from a shared
transcription differ in perceived calming effect when pitch, tim-
ing and level are held constant. Multiple source phrases and in-
dependent listeners can test the direction, while stress measures
can separately evaluate TAR’s named interpretation. Matched R³,
log-mel and envelope alternatives, with interventions on the au-
dited terminal terms, can test whether the predicted contrast adds
explanatory value. A compact acoustic computation may suffice
for a particular observation. Interpretations predicting learning
or task-context effects for an identical probe require explicit state
inputs and controlled manipulations. Forecast tests must restrict
upstream normalization as well as T³ windows to available past
information. These proposed tests can support, restrict or replace
an interpretation while retaining inspectable computational alter-
natives.
A next step is to test whether listener-specific experience improves
prediction while the shared MI computations remain fixed. A
proposed study would compare a common MI readout, a history-
informed personal readout held fixed during the session, and an
identically initialized readout updated only from completed lis-
tening blocks. All three would predict the same continuous plea-
sure reports, with predictions committed before each block and
transfer assessed on new source recordings. Matched acoustic
predictors and simple personal-calibration baselines would test

whether any gain depends on the selected MI computations. This
design separates the contribution of listening history from that of
subsequent feedback. Model personalization would remain dis-
tinct from listener learning: a subsequent experiment could ma-
nipulate transition histories while matching sound exposure, then
measure expectation and pleasure separately for identical probes.
Such tests would motivate comparisons between adaptive read-
outs, adaptive temporal-context weighting and learned represen-
tations, using MI’s explicit component boundaries to formulate
alternatives.
Independent reconstruction is also central to an architectural con-
tribution. Implementation and reconstruction records are cur-
rently available through controlled access, and the public de-
scription does not specify all 84 mechanisms. A sufficiently de-
tailed specification and independently executable worked exam-
ple would strengthen external evaluation, as reproducible auditory
modelling and model exchange illustrate (Majdak et al., 2022;
Gleeson et al., 2023). MI provides a working basis for this re-
search programme: an organisation in which listening hypotheses
can be expressed as calculations, revised at identified points and
assessed against appropriate observations.

Data and code availability
Public results and analysis records are linked through the Musi-
cal Intelligence Results repository and the v2.0.0 archive. The
Scientific Supplement supplies the mechanism crosswalk, dataset
decisions and evaluation tables. The complete engine is avail-
able on request to amace@bu.edu under the stated research-access
terms. Detailed source, configuration and reconstruction records
require controlled access and are separate from the earlier deposit.
The trace demonstrates reconstruction from its retained inputs; it
does not establish unrestricted end-to-end reproducibility of the
full engine from public files. Raw stimuli and ratings retain their
publishers’ licences. OSF C8NE4 links protocol and analysis-
plan records; musicalintelligence.app provides the project inter-
face. Independent reruns require the matching implementation,
inputs, configuration and access permissions.
The companion studies are separately versioned research
manuscripts: birdsong, 16 October 2026 and speech and song,
16 October 2026. The updated birdsong manuscript and
Supplementary Information retain the original assay and add
shared-mechanism controls, TAR terminal decomposition and
coordinate-readout tests. The vocal companion reports its com-
plete mechanism, layer and channel inventory. This edition inte-
grates the new birdsong findings into the Abstract, evidence plate,
interpretation and Methods while retaining the other ten figures
and existing human-data and vocal results. The architectural Sci-
entific Supplement remains the historical R3 record; each com-
panion supplies its current detailed methods. Dated prior editions
remain accessible through the publication history.
Scientific Supplement
Implementation records: controlled access
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6. Methods
Computational configuration and outputs
The study uses saved executions, acoustic and mechanism ar-
rays, and existing human-rating datasets; no new participants were
recruited. Configuration records identify implementations, re-
quests, execution order and output mappings. Mechanisms run
in processing-depth order, with discovery order retained at equal
depths, and upstream values contribute only when consumed. The
Swan Lake trace records ordered sources and inputs. Earlier
caches have separate execution records; equal output counts do
not identify the code that produced them. Supplement S5 links
mechanism names to literature and evaluation roles, distinguish-
ing motivation for a label from derivation of its equation. Inde-
pendent reproduction requires implementation and reconstruction
records, available through controlled access.
At 44,100 Hz and a 256-sample hop, the inspected adapter returns
172.265625 frames per second. Individual R³ analysis windows,
longer temporal operations and recording-wide normalization de-
termine the support of each coordinate. The behavioural anal-
yses below use full-excerpt context and output means. Forward
and centred operations are part of those offline representations.
Numerical coefficients and channel names are documented with
their source definitions; fitted observation models are specified
separately.

Worked execution and intervention
The source Swan Lake recording lasts 182.597 s. Its 30–50-s dis-
play interval was selected before inspecting intervention effects.
The saved execution identifies the input, selected configuration,
outputs and observed consumption. The intervention changes one
temporal-context requirement with other computations held fixed.
A dimension is counted as changed if any common valid frame ex-
ceeds the recorded absolute tolerance of one ten-millionth plus a
relative tolerance of one millionth. Observer and identity-adapter
controls assess instrumentation. Native-frame results determine
the counts; display averaging is used only for visualization. S1
records the scope and results of these checks; the implementation
recipe remains under controlled access.

Controlled acoustic assay
The birdsong assay retained its own frozen engine and adapter
identity. Five primary paths used 97 anchors; three 25-anchor
operator paths, a 27-setting factorial grid and level controls con-
tributed to 1,146 recordings. Twenty-four diagnostic endpoint
probes were additional follow-ups. Full-phrase waveforms were
decoded to float32 arrays, averaged across stereo channels and
processed without inter-anchor state. The primary outcome used
the 202 dimensions assigned to the P layer by registry ranges;
dimension-name prefixes were not used. Path RMS pooled
squared differences from the first anchor across frames, dimen-
sions and anchors. Global pooling weighted dimensions equally;
signed endpoint means were retained separately. Original-level
and common whole-phrase RMS conditions were analysed sep-
arately. The adapter retained first-function-wins registry selec-
tion, depth-ordered execution and recording-wide mel normaliza-
tion. It saved 131 weighted readouts without clip-wise percentile
stretching and did not execute the eight separate recursive classes.
Rank correlations are descriptive, and interpolation error is dis-
tinct from rank stability. S8 records renderer settings, temporal
support, amendments, execution differences and the archived ver-
ification checks.
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Birdsong full-profile and TAR analyses
The revised assay retains all 889 declared dimensions and the
actual layer schemas, including TAR’s E/TI/P/F groups. Full-
profile path RMS pools squared changes from the first anchor
across frames, dimensions and anchors. A shared mechanism
must rank in the top 21 of 84 on all five paths; native/equal-
RMS level, full/trimmed windows and 97/49/25-anchor sampling
are checked separately. Rankings use unrescaled model units.
Endpoint-based channel rescaling is an explicit sensitivity anal-
ysis and yields no common upper-quartile set on the sequential
routes. Layer shares divide their squared change by the mecha-
nism’s full squared change; they reflect channel count and scale
rather than independent explained variance.
For TAR’s stress-reduction output, the audited terminal
rule is clip(0.20𝐸0𝑇2 + 0.20𝑃0 + 0.35(1 − 𝑟) + 0.25[1 −
clip(|𝑣 |, 0, 1)], 0, 1), where 𝑟 is the executed roughness-trend
feature and 𝑣 the amplitude-change velocity feature. Signed con-
trasts are evaluated at identical frame indices. Four additive terms
and a separate clipping residual exactly reconstruct the mean end-
point change; 466,146 frame checks givemaximum absolute error
1.19 × 10−7. Scores are computed independently for each com-
plete recording, without predicting an inter-sound therapeutic
relationship or observing clinical outcomes.
Coordinate readers use five held-out contiguous blocks with a
four-anchor buffer, training-only scaling and fixed ridge regular-
ization (𝛼 = 1). Full profiles, every permitted layer subset and
descriptive best-single comparisons are retained with alternative
scaling and level controls: 41,760 evaluations and 4,050,720 pre-
dictions. Selecting the best single layer from the observed scores
is descriptive. Output exclusion removes stored reader features;
it does not disable upstream computations or demonstrate causal
necessity. Full methods and archived numerical results are sup-
plied by the 16 October companion (Erdem, 2026a).

Birdsong readout and regional audit
The operational transcription maps eight events to supplied pitch
and onset targets; it does not learn musical regularities from a cor-
pus. Flute and piano resynthesis retains MIDI 91–113 (G6–F8)
without octave folding, requiring pitch-shifted samples above or-
dinary instrumental ranges. Instrument-source labels therefore do
not isolate identity from register, spectral bandwidth or envelope.
Commonwaveform RMS controls overall level, not instantaneous
envelope or perceived loudness.
The latest companion audit reconstructs terminal channels for
all 484,758 frames in the 1,146 recordings. Ordered produc-
tion writes replace earlier direct values: the final identities
are DA= 0.65 ECT[ 𝑓 04], OPI= 0.90 IOTMS[𝐸0] and 5HT=
0.30 BCH[𝑃0]. NE starts at 0.5 and undergoes nine amplifica-
tion and one inhibition updates, with clipping after each nucleus.
Earlier sources can still have indirect downstream effects. The au-
dited executor does not feed these channel values back into mech-
anisms. Phrase means, framewise RMS and signed trajectories
are retained separately. Regional projections sum fixed weighted
dimension links and rectify at zero; the weight control divides
each region by its sum of absolute incoming weights. All four
audited endpoints have positive pre-rectification sums. The com-
plete source inventory and readout checks appear in the 16 Octo-
ber birdsong companion and its supplement (Erdem, 2026a); the
original architectural S8 remains a record of the earlier assay.

Original speech and song: corpus and fixed engine
The updated vocal study retains all 342 original ElevenLabs
recordings from 172 generation requests. The matched core
crosses three intended English texts, two requested modes, five

production tags and three requests per cell, giving 90 requests
and 179 returned alternatives. The displayed interface identi-
fied Eleven v4 and Anna—Young Female Conversational Voice,
with stability 0.5 and similarity 0.75. Files, receipts, prompts and
hashes define the corpus; no recoverable synthesis seed or exact
checkpoint was supplied. Six transcript disagreements remain in-
cluded. Tags are archived generation directions, not independent
emotion classifications; untagged means no explicit emotion in-
struction. RAVDESS supplies a possible future human compar-
ison (Livingstone and Russo, 2018), not additional observations
here.
The pinned adapter processes 44.1-kHz mono float32 audio us-
ing a 2,048-sample Fourier window, a 256-sample hop, 128
mel bands, log(1+power) and per-recording normalization. Each
waveform starts with freshly instantiated mechanisms. MI is
fixed and receives no tags or tag-dependent optimization objec-
tive. Some context demands include centered or future samples,
so the analysis is offline. First-function-wins enumeration of the
registry yields 84 mechanisms, 326 declared layers and 889 chan-
nels. Layer meanings follow each mechanism’s metadata; M may
denote memory or temporal integration, and MMP uses R/P/F/C.
No semantic-name filter restricts the candidate inventory.

External readouts and comprehensive response mapping
Each channel is averaged within recording, then available alter-
natives are averaged with equal weight within generation request.
The complete-C³ comparator concatenates the 889 channel val-
ues, rather than averaging unlike mechanisms. Three-tag tasks
use excited, sad and untagged, with 27 requests per mode; five-tag
tasks add mad and peaceful, with 45 per mode. For each held-out
text, readout parameters are estimated from the other two texts.
All mechanisms enter the original fixed ridge procedure (𝛼 = 1),
with imputation, constant-channel filtering, standardization and
feature-count scaling confined to the estimation texts. The 15-
descriptor acoustic baseline covers duration, level, pitch, spectral
shape and envelope rhythm, using the same request units, held-out
texts and fixed ridge procedure. Figure 10 reports each mecha-
nism and baseline as correct/total and percentage; the gain in per-
centage points is 100(𝑐MI − 𝑐acoustic)/𝑛 within each task. Gains
are computed from the integer counts before rounding.
Nearest-centroid measurement is additionally applied to the com-
plete mechanism, layer and channel inventory. A centered scalar
linear-ridge classifier can favor extreme fitted slopes and miss in-
termediate classes; centroid distances provide a complementary
test of that geometry. Its results are labelled separately through-
out. Highlighted outputs are discoveries from the complete ex-
ploratory map, not predictors chosen before examining this cor-
pus. The companion reports candidate-wide permutation tests, re-
stricted exchangeability assumptions, full confusion matrices and
secondary automatic-selection controls. These tests address tag-
related structure; they do not establish superiority of every named
mechanism over an acoustic alternative or generalization to a pop-
ulation of voices and texts.

Layer contributions and numerical provenance
Single-layer exclusion removes a mechanism’s stored outputs for
one declared layer and refits the same external readout. The analy-
sis includes 1,304 exclusions across four core tasks and 1,152 de-
tailed subset/readout combinations for six mechanisms. All sub-
sets, single-layer measurements and a control preserving the com-
plete mechanism’s scaling denominator remain available. These
comparisons measure the contribution of accessible output infor-
mation; upstream computations are not disabled, and the results
are not causal ablations of the running engine.
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Verification reproduced hashes for all 342 originals, reconstructed
1,590 archived prediction matrices and checked 43 task splits.
Recomputing all 84 mechanisms across the four core tasks re-
produced stored scores to a maximum absolute difference of
1.14 × 10−7. Figure 10 is regenerated directly from the updated
companion’s archived primary request-level results, including its
acoustic baseline; no layer subset or alternative reader is mixed
into these four comparisons. The present architectural revision
performs no new audio synthesis, engine fitting or inference. Full
numerical provenance and measurement controls are in the 16
October manuscript and its Supplementary Information (Erdem,
2026b).

Grouped tension prediction
The film-tension comparison retains 110 cache entries grouped
into 40 source soundtracks; repeated excerpts and segments re-
main in the same group. Five outer GroupKFold splits provide
held-out predictions. Four grouped inner folds select ridge al-
pha from 0.1, 1, 10, 100, 1,000 and 10,000 by mean squared er-
ror. Mean imputation and standardization are fitted inside each
training split. Features use the supplied full clip after omission of
the first 172 cached frames. The representations comprise 97 R³
means; 970 acoustic/temporal descriptors; those 970 descriptors
plus fifteen C³ means; the fifteen C³ means alone; two training-
fold PCA15 representations; a fixed fifteen-descriptor acoustic
subset; and a training-target-mean reference. Each R³ channel
supplies its mean, standard deviation, 10th/50th/90th percentiles,
mean absolute successive difference, normalized-time slope and
autocorrelations at 0.35, 1 and 4 s for the 970-descriptor represen-
tation. The acoustic subset uses mean, variability and successive
change in roughness, pleasantness, loudness, tonalness and spec-
tral flux. The C³ set includes all channels of the existing tension
pool. PCA is fitted within each inner and outer training split to
standardized predictors, without whitening or subsequent com-
ponent rescaling.
Pooled out-of-fold RMSE is the primary score; Pearson r and R²
summarize the same predictions. R² uses squared prediction error
relative to variation around the pooled observed target mean. The
five paired folds are reported descriptively. The compact exten-
sion retained the earlier outer folds and tuning grid; its alternatives
were specified before those fits. Full columns, fold identities, pre-
dictions and tuning records accompany Supplement S2.

Arousal correspondence
MUSIFEAST-17 supplies perceived arousal and valence rat-
ings for thirty-second excerpts. Its recorded partition com-
prises seventeen previously examined pilot excerpts, 274 devel-
opment excerpts and 65 fixed test excerpts, grouping connected
artist/composer, source and identical-audio identities. The total
of 356 includes both pilot and 65-excerpt test subset. Channel
means use the released excerpt after omitting its first 172 cached
frames. Each direct Spearman correlation relates a channel mean
to a human excerpt rating, without fitting a regression or removing
acoustic contributions from the target ratings.
Four arousal and four valence channel identities were transferred
from the prior film tables after the initial pilot, without chan-
nel reselection on the test subset. Historical film energy/arousal
and valence targets, populations and engine snapshots differ from
MUSIFEAST. Normative labels had been accessed for curation
and quality control. Supplement S3 retains all eight channels and

the partition chronology. The main arousal table reports the com-
plete four-channel arousal family.

Consonance comparisons
Consonance analyses correlate model descriptors with published
interval or chord means, retaining each target convention. The
fixed pleasantness combination is stated in Results; this evaluates
established acoustic cues within MI, not the necessity of its cog-
nitive core. The harmonic-dyad comparison uses thirteen means
and the pooled-chord analysis 617 rows. The extended panel uses
recorded six-partial harmonic synthesis; flute, guitar and piano
identify human rating conditions. Two analytical references are
distinguished from seven behavioural targets.
The Carillon evaluation applies one extractor with unchanged co-
efficients to twelve combinations of four registers and three spec-
tral/decay constructions. These inputs are synthesized dyads. All
twelve correlations are retained. The spectral route, normaliza-
tion, synthesis definitions and rating references appear in Supple-
ment S4. Algebraically related coordinates are presented together
as properties of the same representation.

Public-data eligibility
A dataset was eligible for a proposed comparison when it sup-
plied the relevant human target, accessible audio or explicitly doc-
umented stimulus construction, recoverable stimulus–response
mapping and timing adequate to the observation scale. The
bounded dataset review inventoried prior use and considered ad-
ditional releases, prioritizing 2025–2026. Supplement S6 dis-
tinguishes processed, partially available, unresolved and deferred
cases with dated source records. It also reports completed com-
parisons whose increments were small or negative. Availability
alone does not establish suitability, and an available but deferred
resource is not classified as inaccessible.

Analysis scope
These evaluations are exploratory because corpus-guided devel-
opment shaped the repertoire before comparison. The film cor-
pus and tension pool were already known, and MUSIFEAST
transfer followed an inspected pilot. Training-fold preprocess-
ing and nested tuning constrain fitting within a specified model;
they cannot undo earlier representation selection (Cawley and Tal-
bot, 2010). Bonferroni and BH corrections concern specified test
families, leaving development exposure and effect-size superior-
ity unresolved. Correlated channels and overlapping samples sup-
ply dependent evidence. Supplement protocols document nega-
tive results, historical execution identities and planning after data
inspection. The narrow acoustic-comparator difference has no
significance or equivalence test, and selected-output comparisons
establish no necessity for all 84 mechanisms. Source definitions,
analysis scripts and predictions are indexed in the accompanying
record.
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