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ABSTRACT
Regional amplitude of low-frequency fluctuation (ALFF) abnormalities in schizophrenia are often interpreted one
region at a time, even though the implicated areas differ in effect magnitude, spatial extent, anatomical position, and
classification behavior. The present study asked whether these dimensions converge on a stable distributed
phenotype and whether that phenotype is concentrated in posterior association cortex. Resting-state functional
magnetic resonance imaging measurements from 131 adults with schizophrenia and 128 healthy participants yielded
seven regions with lower ALFF: bilateral precuneus, left angular gyrus, bilateral middle temporal gyri, left anterior
cingulate cortex, left fusiform gyrus, and right cerebellum. Acquisition, preprocessing, voxelwise comparison,
support vector classification, and receiver-operating-characteristic procedures were retained. A topology-constrained
regional evidence method was added. It combined percentile scores for attenuation magnitude, cluster extent, peak
classification accuracy, and Gaussian distance-kernel centrality. Equal-weight scores were examined together with
200,000 Dirichlet-distributed weight vectors, leave-one-criterion analyses, posterior evidence-share estimation,
summary-statistic demographic tests, and decision-balance calculations. The bilateral precuneus ranked first (score
0.875) and the left angular gyrus ranked second (0.768). The precuneus occupied rank 1 in 79.4% of weight draws,
while the angular gyrus did so in 20.0%. Posterior association regions accounted for 70.5% of equal-weight evidence;
their median share over the weight simplex was 70.8% (central 95% range 64.5–75.8%). Excluding any one criterion
preserved the ordering strongly (Spearman ρ = 0.883–0.982). The patient group was younger by 3.99 years (Hedges
g = −0.43), whereas education was comparable. Precuneus and angular-gyrus decision profiles had nearly identical
balanced accuracy (73.15% and 73.12%) despite different sensitivity–specificity combinations. Schizophrenia-related
ALFF attenuation is best characterized as a stable posterior associative pattern led by the precuneus and angular
gyrus, not as an isolated single-locus effect. Its regional ordering is robust to evidence preferences, but demographic
imbalance and modest specificity restrict individual diagnostic interpretation.
Keywords: schizophrenia; resting-state fMRI; amplitude of low-frequency fluctuation; precuneus; angular gyrus;
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1. INTRODUCTION

Schizophrenia is a severe psychiatric disorder whose clin-
ical expression encompasses psychosis, disorganization,
negative symptoms, cognitive impairment, and func-
tional decline. The syndrome is heterogeneous in onset,
course, treatment response, and disability, so a diagnos-
tic label does not identify a single neural disturbance.
Contemporary accounts therefore describe schizophre-
nia as a disorder of interacting molecular, cellular, and
systems-level processes rather than a lesion confined
to one anatomical site.1–3 Clinical diagnosis remains in-
dispensable, yet it is based on observed behavior and
reported experience. Objective measurements may com-
plement that process by clarifying mechanisms, separat-
ing sources of heterogeneity, and quantifying treatment-
related change. The long search for a stand-alone diag-
nostic marker has nevertheless produced limited clinical
translation, partly because statistical group separation is
often mistaken for reliable individual identification.4

Systems neuroscience offers several reasons to expect
distributed rather than focal alterations. Dopaminer-
gic and glutamatergic disturbances affect synaptic gain,
plasticity, and the coordination of neuronal ensembles
across multiple circuits.5 Dysconnection accounts simi-
larly propose that symptoms arise when specialized re-
gions cannot exchange or contextualize information ap-
propriately.6 Oscillatory abnormalities provide a related
temporal account: deficient synchronization can impair
the integration of local computations over the spatial and
temporal scales needed for perception, working memory,
and self-monitoring.7 These positions differ in biological
level, but each predicts that a useful imaging phenotype
should be evaluated as a pattern whose parts vary in
strength, anatomical reach, and functional role.

Resting-state functional magnetic resonance imaging (rs-
fMRI) is well suited to measuring such distributed phys-
iology because it records spontaneous blood-oxygen-
level-dependent variation without imposing a task that
may be performed differently by patients and controls.
Quantitative synthesis has identified convergent resting
abnormalities while also showing substantial regional
and analytical heterogeneity.8, 9 Work in schizophrenia
has repeatedly implicated medial prefrontal, posterior
cingulate, precuneus, lateral parietal, temporal, and fron-
toparietal territories. Altered default-network coupling
has been related to internally directed cognition and psy-
chopathology,10 while resting connectivity differences
have been associated with cognitive performance.11 The
default network is not a unitary idle system; it contains
interacting subsystems that participate in autobiograph-
ical memory, semantic construction, social cognition,
and shifts between internally and externally oriented
processing.12, 13 A posterior pattern that spans the pre-
cuneus, angular gyrus, and temporal cortex may there-
fore reflect impaired integration among complementary
operations rather than redundant manifestations of the
same abnormality.

The anatomy of the implicated posterior regions sharp-
ens this hypothesis. The precuneus occupies medial
parietal cortex and participates in episodic retrieval,
visuospatial imagery, self-related processing, and con-
scious representation.14 Its extensive connections al-
low it to coordinate medial temporal, lateral parietal,
frontal, and subcortical activity. The angular gyrus lies at
the convergence of visual, somatosensory, auditory, and
language-related streams. It supports semantic combina-
tion, episodic recollection, number processing, attention
reorientation, and aspects of social inference.15 Meta-
analytic evidence places the angular and middle tempo-
ral gyri within a distributed semantic system.16 Resting
disturbances across these areas are also relevant to audi-
tory verbal hallucinations, which have been linked to al-
tered intrinsic communication among temporal, parietal,
and monitoring systems.17 A joint posterior alteration
could consequently affect how internally generated con-
tent acquires meaning, certainty, and perceived external
origin.

ALFF provides a regional measure of spontaneous signal
magnitude. The procedure transforms each voxel time se-
ries to the frequency domain and summarizes the square
root of power within a low-frequency interval. Fractional
ALFF was later introduced to reduce sensitivity to phys-
iological components outside the selected band,18 and
percent-amplitude formulations have been proposed to
improve interpretability across voxels and samples.19 Al-
though ALFF does not directly measure neuronal firing,
convergent physiological work supports its value as an in-
dex of regional resting fluctuation when acquisition, mo-
tion, nuisance regression, filtering, and spatial smooth-
ing are handled carefully. Its appeal in schizophrenia is
conceptual as well as practical: it can identify regional
amplitude attenuation without first specifying a seed or
imposing a network parcellation.

Prior rs-fMRI investigations have produced several can-
didate signatures. Striatal functional abnormalities have
shown value for hypothesis-driven individual classifica-
tion.20 Regional insular volume reductions have been
observed in drug-naive first-episode patients and un-
affected siblings,21 while anterior cingulate connectiv-
ity has been associated with early treatment response.22

Meta-analysis of regional resting activity has identified
reproducible alterations in precuneus, frontal, tempo-
ral, and sensorimotor territories across first-episode
and chronic illness.23 Additional findings include abnor-
mal spontaneous activity in treatment-naive schizophre-
nia,24 altered right-precuneus connectivity related to cog-
nition and depressive status,25 disrupted angular-gyrus
asymmetry,26 and planum-temporale connectivity re-
ductions relevant to language lateralization.27 Taken to-
gether, these observations favor a distributed physiologi-
cal account but do not establish how regional findings
should be prioritized when effect magnitude, cluster size,
location, and classification behavior disagree.

That disagreement is important. The largest cluster need
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not show the strongest attenuation. A region that sep-
arates groups with high sensitivity may have low speci-
ficity, and a spatially central locus may exert integrative
importance despite a modest univariate statistic. Select-
ing a region from any one of these quantities discards
the other evidence. It also encourages unstable rankings
because each measure occupies a different scale. The in-
ferential issue is compounded by known rs-fMRI vulner-
abilities. Head motion can generate spatially structured
associations that resemble neural organization;28 alter-
native motion-control procedures vary in efficacy and re-
liability;29 and cluster-extent inference is sensitive to the
chosen voxel threshold and smoothness assumptions.30

Nonparametric spatial testing offers stronger control un-
der fewer distributional assumptions when full images
are available.31 A regional synthesis should therefore
make its weighting rules explicit and should quantify
how conclusions change when those rules change.

Classification adds another layer of uncertainty. Support
vector machines can estimate a separating boundary in
high-dimensional space and have been widely applied
to neuroimaging.32 However, apparent accuracy can be
optimistic when feature selection precedes data parti-
tioning, parameter tuning is not nested, or sample size is
limited relative to heterogeneity. Careful cross-validation
design is essential for brain decoders,33 and small sam-
ples can produce wide uncertainty even when mean
performance appears acceptable.34, 35 Predictive studies
should report sensitivity and specificity alongside accu-
racy, retain all feature-selection steps within resampling,
and evaluate transport to independent sites.36 Transpar-
ent computation and complete reporting are likewise
necessary if a regional signature is to be independently
checked.37

The present study addressed a different question from
conventional single-region discrimination: do multiple
dimensions of regional evidence converge on a stable
schizophrenia-related attenuation architecture, and is
that architecture preferentially concentrated in poste-
rior association cortex? A topology-constrained regional
evidence strategy was devised to answer that question.
Four normalized criteria were combined: absolute group
contrast, cluster extent, peak univariate classification ac-
curacy, and spatial centrality obtained from interregional
MNI distances. Weighted-sum analysis is interpretable
but can depend on the chosen weights;38 accordingly,
the full admissible weight simplex was sampled rather
than relying only on equal weights. Centrality was treated
as a local property of distance-weighted relations, con-
sistent with the principle that a node’s importance de-
pends on the flows or contacts represented by its edges.39

The study also audited demographic comparability using
effect sizes40 and decomposed posterior decision per-
formance into sensitivity, specificity, balanced accuracy,
and Youden index. The primary hypothesis was that pre-
cuneus and angular-gyrus attenuation would occupy the
most stable ranks and that posterior associative regions
would retain more than half of total evidence across plau-

sible criterion preferences.

2. MATERIALS AND METHODS
The analysis used a cohort of 259 adults: 131 patients
who met DSM-IV criteria for schizophrenia and 128 age-
and sex-matched healthy participants. The patient group
included 76 men and 55 women; the control group in-
cluded 75 men and 53 women. Mean age was 26.34 years
(SD 10.39) in patients and 30.33 years (SD 7.90) in con-
trols. Mean education was 9.50 years (SD 2.64) and 9.30
years (SD 2.61), respectively. Patients had a mean onset
age of 19.42 years (SD 12.21), mean illness duration of
6.92 years (SD 4.86), mean Positive and Negative Syn-
drome Scale score of 89.63 (SD 17.00), and mean Repeat-
able Battery for the Assessment of Neuropsychological
Status score of 177.61 (SD 38.60). The cohort, scanning
parameters, and seven regional cluster summaries were
transcribed from the open-access report by Gao and col-
leagues;41 that article is the sole provenance citation for
these measurements.

The analytic dataset differed in unit and purpose from
an individual-image classification table. Each row rep-
resented one statistically attenuated region, and each
column encoded a distinct property of that region: MNI
peak coordinate, cluster extent, voxelwise t statistic, and
peak univariate classification accuracy. The seven rows
were right cerebellum, left middle temporal gyrus, right
middle temporal gyrus, left fusiform gyrus, left anterior
cingulate cortex, bilateral precuneus, and left angular
gyrus. This regional matrix was used to test convergence,
dominance, and robustness. Patient-level prediction was
not recomputed because individual images and fold as-
signments were not available; consequently, all new rank-
ing claims concern regional evidence rather than unseen-
person diagnosis.

2.1. Participants, acquisition, and estab-
lished signal analyses

Participants were 18–64 years old, right-handed, and free
of neurological disease, severe medical illness, substance
abuse, and electroconvulsive therapy. Schizophrenia was
diagnosed independently by two psychiatrists after a
structured Chinese MINI interview and confirmed after
three months. Symptoms and cognition were assessed
before scanning with Chinese PANSS and RBANS instru-
ments. Healthy participants had no severe medical or
neuropsychiatric history and no first-degree family his-
tory of neuropsychiatric illness. Written consent and lo-
cal ethics approval were obtained for the clinical investi-
gation.

Resting images were acquired on a Philips Ingenia 3.0 T
system using gradient-echo echo-planar imaging. The
principal parameters were repetition time 2000 ms, echo
time 30 ms, 35 slices, 64 × 64 matrix, flip angle 78◦, 22.4
cm field of view, 3.5 mm slice thickness, and 0.6 mm
interslice gap. Participants kept their eyes closed, re-
mained awake, and avoided deliberate mental activity.
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A T1-weighted anatomical volume was acquired with
1 mm thickness, no interslice gap, repetition time 8.4
ms, echo time 3.2 ms, and 256 × 256 field of view. Five
participants initially exceeded motion limits and were
rescanned on the same day.

The first ten functional volumes were discarded. Remain-
ing volumes underwent slice-time correction, rigid-body
motion correction, coregistration with T1 anatomy, nor-
malization to MNI space, resampling to 3 × 3 × 3 mm,
linear detrending, nuisance regression for white-matter
and ventricular signals, temporal filtering from 0.01 to
0.08 Hz, and 6 mm full-width-at-half-maximum Gaus-
sian smoothing. Scans had to remain within 2 mm trans-
lation and 2◦ rotation on every axis. ALFF was calculated
by Fourier-transforming each voxel time series, taking
the square root of the power spectrum, and averaging
within 0.01–0.08 Hz. Group differences were assessed
voxelwise with age, sex, education, and framewise dis-
placement as covariates. The retained regional results
passed Gaussian random-field cluster correction with a
voxel threshold of p < 0.01.

Support vector classification was implemented with LIB-
SVM after abnormal regions had been identified. Param-
eter combinations were searched by cross-validation,
and the highest cross-validated accuracy was recorded
for each region. Receiver-operating-characteristic analy-
sis was used for the bilateral precuneus and left angular
gyrus. These established procedures were retained be-
cause they supplied complementary properties for the
regional matrix. They were not treated as interchange-
able: the t statistic quantified group separation, voxel
count quantified spatial extent, and peak accuracy quan-
tified univariate classification behavior.

2.2. Topology-constrained regional evidence
method

Let region i have coordinate vector xi = (xi, yi, zi). Eu-
clidean peak-to-peak distance was

dij = ∥xi − xj∥2 . (1)

This quantity does not assert direct axonal connectiv-
ity. It supplies a reproducible anatomical proximity rela-
tion among the seven observed peaks. The median of all
nonzero pairwise distances, σ = 79.66 mm, defined the
scale of a Gaussian kernel,

Aij = exp
(

−
d2

ij

2σ2

)
, Aii = 0. (2)

The spatial centrality of region i was the mean of its six
off-diagonal kernel weights. A high value indicates that
the peak occupies a relatively central position within the
observed constellation; it does not imply causal control
or dense tract connectivity.

Four criteria were oriented so that a larger value repre-
sented stronger evidence: absolute t magnitude, log(1 +
voxel count), peak classification accuracy, and kernel

centrality. Each criterion was converted to a percentile
rank among seven regions. Ties received their average
rank. This transformation preserved within-criterion or-
der while preventing a quantity measured in voxels from
dominating another measured in percentage points. For
criterion percentile qik and nonnegative weight wk, the
regional evidence score was

Ri(w) =
4∑

k=1

wkqik,

4∑
k=1

wk = 1. (3)

The primary score used wk = 0.25 for all criteria. This
equal-weight estimate is deliberately transparent: each
dimension contributes one quarter, and no fitted co-
efficient is interpreted as biological truth. Because a
weighted sum can conceal preference dependence, equal
weighting was treated as a reference point rather than
the only admissible choice.

2.3. Preference uncertainty and criterion ab-
lation

Uncertainty about criterion importance was represented
by 200,000 weight vectors drawn from a symmetric
Dirichlet distribution, w ∼ Dirichlet(1, 1, 1, 1). This dis-
tribution samples the interior of the four-dimensional
simplex uniformly and allows every criterion to range
from negligible to dominant. For every draw, the seven
regions were sorted by Ri(w). Win probability was the
proportion of draws at rank 1; top-three probability was
the proportion at ranks 1–3; and mean rank summarized
the entire ordering distribution. A fixed random seed of
20260814 makes the computation exactly repeatable.

Criterion ablation removed one of the four evidence di-
mensions, recomputed the mean of the remaining three,
and compared the resulting rank order with the com-
plete equal-weight order using Spearman correlation.
Four correlations therefore quantified the consequence
of omitting attenuation, extent, classification, or central-
ity. Values close to one indicate that the ordering is not
carried by a single criterion.

The posterior associative subset comprised bilateral pre-
cuneus, left angular gyrus, and bilateral middle temporal
gyri. For each weight vector, its evidence share was

P (w) =
∑

i∈P Ri(w)∑7
i=1 Ri(w)

, (4)

where P denotes the four posterior regions. The equal-
weight share, median over random weights, and central
95% interval were recorded. The interval describes pref-
erence sensitivity rather than sampling error; it asks how
much the posterior conclusion changes when an analyst
values the four evidence dimensions differently.

2.4. Demographic audit and decision balance
Welch tests were reconstructed from the reported sample
sizes, means, and standard deviations for age and edu-
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cation. Mean differences, 95% confidence intervals, two-
sided p values, and Hedges g were calculated. Hedges cor-
rection was used because it removes small-sample bias
from Cohen’s standardized mean difference, although
the correction is minor at this cohort size. The sex dis-
tributions were inspected descriptively because the pro-
portions were nearly identical.

For the two posterior candidate regions with re-
ported sensitivity and specificity, balanced accuracy
was (sensitivity + specificity)/2, and Youden J was
sensitivity + specificity − 100 when quantities were ex-
pressed as percentages. These measures prevent a high
true-positive rate from obscuring a weak true-negative
rate. No threshold was declared clinically acceptable
because the consequences of false-positive and false-
negative decisions depend on the intended use and clin-
ical setting.

3. RESULTS
The cohort contained 259 participants with nearly identi-
cal sex distributions: men represented 58.0% of patients
and 58.6% of controls. Education differed by only 0.20
years. Patients were younger on average, a contrast ex-
amined formally below. Clinical scores indicated a symp-
tomatic patient sample with substantial cognitive bur-
den, although the absence of control PANSS and RBANS
values precluded between-group comparison on those
instruments. The cohort characteristics are given in ta-
ble 1.

The values in table 1 establish two boundaries for infer-
ence. First, findings pertain to relatively young adults
with an average illness duration of approximately seven
years rather than to late-life or prodromal populations.
Second, the age separation is large enough to require
explicit qualification even though age was included as a
voxelwise covariate. Covariate adjustment reduces linear
age-related group bias in the ALFF comparison, but it
cannot demonstrate that nonlinear aging effects, age-
by-diagnosis interactions, or unequal age variance were
absent.

All seven significant clusters showed lower ALFF in pa-
tients; no region showed an increase. Absolute t values
ranged from 7.38 in right cerebellum to 8.75 in bilat-
eral precuneus, and extents ranged from 41 voxels in left
fusiform gyrus to 460 voxels in left angular gyrus. Peak
accuracy ranged from 69.11% to 73.36%. The coordinates
cover medial posterior, lateral posterior, temporal, ven-
tral temporal, anterior medial, and cerebellar positions,
making the finding anatomically distributed despite its
posterior concentration.

The acquisition view in figure 1a provides the physical
context for an eyes-closed resting examination, while
figure 1b displays the observed MNI peaks without re-
producing a thresholded slice mosaic. The coordinate
field shows that angular-gyrus, precuneus, and temporal
peaks occupy distinct locations rather than one contigu-
ous posterior mass. Marker-size differences also reveal

why extent alone would favor the angular gyrus, whereas
marker color shows that attenuation magnitude favors
the precuneus. The anterior cingulate lies apart along the
anterior–posterior axis, and the cerebellar peak is sep-
arated inferiorly. These relations motivate the distance
term used in the regional score.

3.1. Regional evidence ordering
The equal-weight method ranked bilateral precuneus
first with a score of 0.875 and left angular gyrus second
with 0.768. Left middle temporal gyrus ranked third at
0.625, followed by right middle temporal gyrus at 0.554,
left anterior cingulate at 0.500, left fusiform at 0.429, and
right cerebellum at 0.250. Thus, three of the four highest
positions belonged to posterior association cortex, and
all four posterior regions lay above the cerebellum. The
complete values appear in table 2.

The pattern in table 2 explains why the top two re-
gions are not interchangeable. The angular gyrus has
the largest cluster and ties for the greatest peak accuracy,
but its attenuation magnitude is lower than that of the
precuneus. The precuneus combines the strongest at-
tenuation, a large cluster, maximal accuracy, and high
spatial centrality. Its leading score therefore reflects con-
cordance across evidence dimensions. By contrast, the
cerebellar region is small, has the weakest attenuation,
and has the lowest classification accuracy; anatomical re-
moteness further lowers its centrality. The method does
not erase cerebellar involvement, but it distinguishes
presence of an abnormality from priority within the ob-
served constellation.

The scatter in figure 2a places precuneus and angular
gyrus at the high-accuracy edge but separates them by
attenuation magnitude and extent. Middle temporal re-
gions occupy intermediate positions, while fusiform and
cerebellar clusters show lower joint evidence. The profile
display in figure 2b reveals the source of each combined
score. Precuneus is consistently high; angular gyrus is
strong in extent and classification but weaker in central-
ity; left fusiform has low attenuation, extent, and classifi-
cation ranks yet unusually high centrality. That fusiform
configuration is important because it shows how a re-
gion can become competitive under a preference that
strongly favors spatial position, a possibility quantified
by the weight experiment.

3.2. Weight uncertainty and criterion abla-
tion

Across 200,000 random weight vectors, bilateral pre-
cuneus ranked first in 79.37% of draws and remained
in the top three in every draw. Left angular gyrus ranked
first in 20.02% and appeared in the top three in 92.69%.
Left fusiform won 0.61% of draws when centrality re-
ceived extreme weight; no other region won. Left middle
temporal gyrus entered the top three in 59.36% of draws,
right middle temporal gyrus in 23.47%, anterior cingu-
late in 13.63%, and right cerebellum in none. Mean ranks
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Table 1. Participant characteristics.

Characteristic Schizophrenia (n = 131) Control (n = 128)

Male/female 76/55 75/53
Age, years 26.34 ± 10.39 30.33 ± 7.90
Education, years 9.50 ± 2.64 9.30 ± 2.61
Age at onset, years 19.42 ± 12.21 –
Illness duration, years 6.92 ± 4.86 –
PANSS total 89.63 ± 17.00 –
RBANS total 177.61 ± 38.60 –

(a) Illustrative acquisition context. (b) Regional coordinate distribution.

Figure 1. Acquisition and spatial distribution.

Table 2. Regional attenuation and topology scores.

Region x y z Voxels t Accuracy (%) Evidence score

Right cerebellum 18 -81 -27 58 -7.38 69.11 0.250
Left middle temporal -51 -24 -15 399 -7.91 70.27 0.625
Right middle temporal 60 -39 -3 246 -8.25 70.27 0.554
Left fusiform -30 -33 -21 41 -7.41 69.88 0.429
Left anterior cingulate 0 33 12 148 -8.20 70.66 0.500
Bilateral precuneus -6 -72 18 273 -8.75 73.36 0.875
Left angular -51 -54 24 460 -8.15 73.36 0.768
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(a) Joint evidence plane. (b) Criterion profiles.

Figure 2. Regional evidence structure.

were 1.23 for precuneus, 2.04 for angular gyrus, 3.58 for
left middle temporal gyrus, 4.12 for right middle tempo-
ral gyrus, 4.91 for anterior cingulate, 5.26 for fusiform,
and 6.86 for cerebellum.

The probabilities in table 3 show that the primary conclu-
sion is not an artifact of equal weights. The only conse-
quential exchange occurs between the leading posterior
regions, with a small corner of weight space favoring
fusiform centrality. Excluding extent produced the high-
est agreement with the complete ranking (ρ = 0.982),
indicating that extent added little unique ordering in-
formation. Excluding classification also preserved the
ranks closely (ρ = 0.964). Attenuation and centrality had
larger, though still modest, effects on ordering (ρ = 0.883
and 0.893). No omission reversed the broad posterior
dominance.

The rank matrix in figure 3a makes the distinction be-
tween uncertainty and instability visible. Precuneus
probability is concentrated at rank 1, angular-gyrus prob-
ability at ranks 1–3, and cerebellar probability at ranks 6–
7. Middle temporal and anterior cingulate regions have
broader distributions because their relative positions
depend on which evidence dimension receives empha-
sis. The ablation display in figure 3b confirms that every
three-criterion score remains strongly concordant with
the complete ordering. This agreement supports inter-
pretation of a regional hierarchy while discouraging fine
distinctions among the middle-ranked regions.

3.3. Posterior concentration and anatomical
spacing

Under equal weights, precuneus, angular gyrus, and bi-
lateral middle temporal gyri accounted for 70.54% of
summed regional evidence. Across random weights, the
median posterior share was 70.79%, and the central 95%

interval was 64.47–75.76%. The lower bound remained
well above 50%, satisfying the primary concentration hy-
pothesis even when preference weights varied widely.
The interval width of 11.29 percentage points indicates
some dependence on how the four properties are valued,
but no admissible region ordering implied an evenly dis-
tributed pattern.

The distribution in figure 4a is unimodal and centered
near 0.71, so the posterior conclusion does not arise from
two incompatible regions of preference space. The dis-
tance matrix in figure 4b adds anatomical context. Angu-
lar gyrus is relatively close to left middle temporal cortex
and precuneus, whereas the two middle temporal peaks
are far apart across hemispheres. Anterior cingulate is
distant from the posterior and cerebellar peaks, and right
cerebellum is remote from several cortical loci. These
distances explain why centrality contributes informa-
tion that neither effect magnitude nor extent contains.
They also prevent the term “posterior core” from being
interpreted as a single contiguous cluster: it denotes a
distributed set of regions with convergent evidence.

3.4. Demographic and decision-balance anal-
yses

The reconstructed Welch test showed that patients were
3.99 years younger than controls (95% CI −6.25 to −1.73),
t(242.46) = −3.484, p = 0.000586. The standardized
difference was Hedges g = −0.430 (95% CI −0.677 to
−0.184). Education differed by 0.20 years (95% CI −0.44
to 0.84), t(256.96) = 0.613, p = 0.540, with g = 0.076 (95%
CI −0.168 to 0.320). Thus, education was well balanced
but age was not. The age result differs from an interpre-
tation based solely on the printed group-comparison
probability and is internally consistent with the reported
means, standard deviations, and sample sizes.
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Table 3. Weight and ablation robustness.

Region Win (%) Top three (%) Mean rank

Precuneus 79.37 100.00 1.23
Angular-L 20.02 92.69 2.04
Middle temporal-L 0.00 59.36 3.58
Middle temporal-R 0.00 23.47 4.12
Anterior cingulate 0.00 13.63 4.91
Fusiform-L 0.61 10.86 5.26
Cerebellum-R 0.00 0.00 6.86

Excluded criterion Spearman ρ

Attenuation 0.883
Extent 0.982
Classification 0.964
Centrality 0.893

(a) Rank probabilities. (b) Criterion ablation.

Figure 3. Robustness of regional ordering.

(a) Posterior evidence share. (b) Peak-to-peak distance.

Figure 4. Posterior concentration and spatial relations.
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Precuneus sensitivity was 91.60% and specificity 54.69%,
yielding balanced accuracy of 73.145% and Youden J =
46.29 percentage points. Angular-gyrus sensitivity was
93.89% and specificity 52.34%, yielding balanced accu-
racy of 73.115% and Youden J = 46.23. Differences in
balanced accuracy and Youden index were only 0.03 and
0.06 percentage points. The two regions therefore have
virtually equal decision balance even though angular
gyrus favors sensitivity more strongly and precuneus pre-
serves slightly better specificity.

The confidence intervals in figure 5a separate the age
and education conclusions clearly: only age excludes
a negligible difference. The decision dots in figure 5b
show why reporting accuracy alone is insufficient. Both
posterior candidates identify most patients, but each
labels many controls as patients. In a screening context,
such a profile may be useful only as one component
of a broader assessment; in a confirmatory diagnostic
context, specificity near 53–55% would be inadequate.
This asymmetry limits clinical claims even though the
regional ordering itself is robust.

4. DISCUSSION
The study asked whether regional ALFF findings con-
verge on a stable distributed phenotype and whether that
phenotype is concentrated in posterior association cor-
tex. Both parts were supported. Bilateral precuneus and
left angular gyrus occupied the first two equal-weight
positions, captured 99.4% of all rank-1 outcomes across
200,000 weight draws, and were joined by bilateral mid-
dle temporal regions in a posterior subset that retained
roughly 65–76% of total evidence under widely varying
preferences. The conclusion is therefore more specific
than a list of attenuated regions: spontaneous signal re-
duction is organized around posterior systems that con-
tribute to internally directed representation, semantic
construction, memory, and the attribution of meaning.

The precuneus led because it combined four favorable
properties rather than excelling on only one. Its |t| value
was greatest, its cluster was large, its peak accuracy tied
for greatest, and its position was central within the seven-
peak constellation. This convergence distinguishes re-
gional salience from voxelwise significance. A cluster can
be statistically strong yet spatially isolated, or extensive
yet weak in decision balance. The precuneus was nei-
ther. Its anatomical role provides a plausible interpreta-
tion. Medial parietal cortex participates in constructing
self-referential and episodic content and in coordinating
shifts between internally and externally oriented cogni-
tion. Reduced resting amplitude may indicate a narrower
dynamic range or altered local synchrony, either of which
could constrain communication with lateral parietal and
temporal association cortex. ALFF alone cannot identify
the cellular mechanism, but the topology result shows
where multimodal follow-up would be most efficient.

The angular gyrus formed the second component of
the posterior core. It contained the largest cluster and

achieved the same peak accuracy as the precuneus, but
lower attenuation magnitude and centrality reduced its
combined score. Its 20.0% win probability is not evi-
dence against importance; rather, it quantifies the pref-
erences under which angular-gyrus extent and sensi-
tivity outweigh the stronger precuneus contrast. Func-
tionally, the left angular gyrus is positioned to integrate
semantic, episodic, auditory, and attentional informa-
tion. Schizophrenia symptoms such as loose association,
anomalous salience, and auditory hallucination may
emerge when internally generated representations are
assembled without reliable contextual constraints. The
present regional pattern is compatible with that possibil-
ity because angular-gyrus attenuation occurs together
with bilateral middle temporal and medial parietal ab-
normalities.

The middle temporal findings broaden the interpreta-
tion beyond a two-node account. Left middle temporal
gyrus ranked third and entered the top three in 59.4% of
weight draws; the right homologue ranked fourth and en-
tered the top three in 23.5%. Their bilateral presence sug-
gests that the phenotype is not simply a left-lateralized
language abnormality. At the same time, the higher left-
region score is consistent with stronger semantic and
lexical specialization in the dominant hemisphere. The
large interhemispheric distance in the MNI matrix fur-
ther shows that bilateral labeling should not be mistaken
for anatomical proximity. Future individual-level work
can test whether reduced amplitude in the two temporal
regions covaries within participants and whether that co-
variance relates to hallucination form, thought disorder,
or verbal learning.

Anterior cingulate, fusiform, and cerebellar findings re-
mained meaningful but did not define the leading pat-
tern. Anterior cingulate cortex had strong attenuation
but intermediate extent, accuracy, and centrality ranks.
Its location outside the posterior concentration may rep-
resent an anterior regulatory disturbance that interacts
with posterior representational systems. Left fusiform
gyrus was unusual: it ranked sixth under equal weights
but won 0.61% of random weight draws because its spa-
tial centrality was high. This result is a useful warning
against treating a rare win as stable dominance. Right
cerebellum ranked last and never entered the top three,
yet its attenuation can still matter biologically. Cerebel-
lar contributions to timing, prediction, and cognitive
coordination may be secondary within this regional con-
stellation or may be underestimated by a method based
on peak proximity in MNI space.

The weighting experiment is central to interpretation. Re-
gional synthesis often hides value judgments by selecting
one preferred statistic or by standardizing and averag-
ing without testing alternatives. Sampling the simplex
made those judgments visible. Precuneus dominance
persisted across most combinations, and the posterior
share never approached an even division. Criterion abla-
tion produced correlations of 0.883–0.982 with the com-
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(a) Demographic effects. (b) Posterior decision balance.

Figure 5. Inferential qualification.

plete ranking, showing that no single dimension carried
the conclusion. Extent contributed the least unique or-
dering information, whereas attenuation and centrality
altered ranks more noticeably. These observations justify
reporting both the equal-weight scores and the prefer-
ence distributions. A single ranking is convenient; the
distribution shows how strongly it should be trusted.

The method also changes the meaning of regional clas-
sification values. Peak accuracy was only one quarter of
the equal-weight score, and it was treated as a property
of a region rather than proof of a deployable test. Pre-
cuneus and angular gyrus had nearly identical balanced
accuracy and Youden index. Their high sensitivities were
paired with specificities near chance, meaning that many
healthy participants would receive a positive decision.
This imbalance may be acceptable for an early research
screen if followed by a more specific assessment, but it is
not sufficient for diagnostic substitution. Moreover, the
available accuracy values do not provide foldwise disper-
sion, calibration, decision-curve benefit, or external-site
transport. Those omissions prevent strong claims about
clinical utility.

The demographic audit revealed a second constraint.
Recalculation from the printed summaries showed a
statistically and practically meaningful age difference.
Although age was entered as a voxelwise covariate, ad-
justment does not guarantee that the regional ranking
is invariant to functional form or group-by-age interac-
tion. Resting amplitude changes across adulthood, and
different regions may have different age trajectories. If
age relates more strongly to posterior than anterior ALFF,
the observed concentration could be inflated or atten-
uated. The next decisive analysis should therefore use
participant-level age residualization fitted within each
training fold, inspect nonlinear terms, and repeat the
ranking within an age-overlap subset. The present paper
does not simulate those unavailable individual associa-
tions.

Motion is another concern. Rescanning participants who
exceeded 2 mm or 2◦ limits removed gross movement,
and framewise displacement entered the group model.
Nevertheless, subthreshold motion can remain related
to diagnosis and age. The combination of temporal filter-
ing, nuisance regression, and spatial smoothing can also
redistribute motion-related variance. A future implemen-
tation should report group distributions of mean frame-
wise displacement, censor high-motion volumes, com-
pare several validated denoising strategies, and demon-
strate that posterior ranks survive those choices. Such
checks are especially important because precuneus and
angular-gyrus signals lie near regions susceptible to
global and physiological influences.

Spatial inference must likewise be considered. Gaussian
random-field cluster correction with a primary thresh-
old of p < 0.01 produced the seven regions. Cluster ex-
tent depends on smoothing, smoothness estimation, and
threshold selection; therefore, voxel counts are not im-
mutable anatomical quantities. The present strategy re-
duced this vulnerability by log-transforming extent, con-
verting it to a percentile, assigning it only one quarter
of equal-weight evidence, and showing that removal of
extent barely changed the ordering. The result is reas-
suring but not equivalent to recomputing the maps with
permutation testing. When statistical images are avail-
able, nonparametric cluster control and threshold-free
methods should be compared, and the regional score
should be recalculated for each inferential choice.

Several strengths distinguish the analysis. The research
question concerns distributed organization rather than
a search for one diagnostic locus. Every numerical trans-
formation is explicit, and the full code and intermediate
tables accompany the manuscript. The use of percentile
criteria prevents differences in physical units from domi-
nating. Weight uncertainty converts an arbitrary model-
ing choice into a reported distribution. Criterion ablation
identifies dimensions that matter for ordering. The de-
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mographic audit checks internal arithmetic rather than
accepting printed probability values, and the decision
analysis prevents sensitivity from being interpreted with-
out specificity. Finally, the spatial kernel is deliberately
modest: it encodes proximity among observed peaks
without claiming tractography or causal interaction.

The study also has clear limitations. Seven rows are suf-
ficient for a transparent regional comparison but not
for fitting a complex model. Percentile scores are coarse
and depend on which regions pass the initial thresh-
old. Coordinates represent cluster peaks rather than full
shapes, and Euclidean proximity does not respect corti-
cal folding, white-matter paths, or polysynaptic relations.
Peak classification accuracy may be optimistic if feature
selection and tuning were not fully nested. Medication
exposure, single-site recruitment, and diagnostic com-
position restrict generalizability. Symptom correlations
were absent in the clinical investigation, so the posterior
score cannot be assigned to a specific symptom dimen-
sion. The photorealistic acquisition panel depicts the
procedure generically and is not a participant photo-
graph; all quantitative panels are generated directly from
the included values.

These limitations define a focused validation agenda.
A preregistered multisite study should acquire harmo-
nized rs-fMRI, retain drug-naive and medicated strata,
and measure hallucinations, thought disorder, seman-
tic performance, episodic memory, and social cogni-
tion separately. The topology score should be calculated
within each training partition, including voxelwise fea-
ture definition, nuisance modeling, and weight selection.
Geodesic cortical distance, tractography-weighted dis-
tance, and functional covariance can then replace or
complement Euclidean proximity. External validation
should report calibration, balanced accuracy, predictive
values at clinically relevant prevalence, and decision con-
sequences. Longitudinal scans can test whether the pos-
terior score is stable, treatment-sensitive, or prognostic.

The biological interpretation should remain proportion-
ate to the measurement. Lower ALFF indicates reduced
amplitude of slow blood-oxygen-level-dependent fluctu-
ation within the selected frequency band. It does not by
itself demonstrate neuronal inhibition, synaptic loss, or
diminished information content. Medication, vascular
physiology, arousal, respiration, and motion may alter
the signal. Nevertheless, convergence across precuneus,
angular, and middle temporal regions is anatomically
coherent and robust to the declared analytic preferences.
That combination supports a hypothesis of impaired
posterior associative integration that is sharper than a
diffuse whole-brain account and more defensible than a
single-region diagnostic claim.

5. CONCLUSION
The paper’s research question was whether multiple re-
gional properties converge on a stable schizophrenia-
related attenuation architecture and whether that archi-

tecture is concentrated in posterior association cortex.
The answer is yes. Precuneus and left angular gyrus dom-
inate the regional ordering across nearly all evidence
preferences, and the addition of bilateral middle tem-
poral cortex raises the posterior share to approximately
71%, with a preference range that remains well above
one half. This conclusion survives omission of any one
criterion, demonstrating that it is not driven solely by
effect magnitude, cluster extent, classification accuracy,
or anatomical centrality.

The result does not establish an individual diagnostic
test. Precuneus and angular-gyrus classifiers are highly
sensitive but only modestly specific, and the patient–
control age difference remains a credible confound de-
spite covariate adjustment. The most defensible infer-
ence is therefore mechanistic and organizational: re-
duced slow resting activity in schizophrenia is preferen-
tially arranged across medial and lateral posterior associ-
ation regions that jointly support self-related represen-
tation, semantic integration, and memory. Future mul-
tisite participant-level studies should test this topology
prospectively, model age and motion within resampling,
and determine whether the posterior score explains cog-
nition, symptoms, treatment response, or course.
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