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Statistical Parametric Maps
In a Statistical Parametric Map (SPM), each
voxel is indexing how closely associated the
BOLD signal is with the task of interest.

Bootstrap-based weighted 𝑡 test
We develop a bootstrap-based weighted 𝒕 test that
utilizes the estimated weights. The weights are
determined by neighborhood of the voxel being tested.
We use parametric bootstrap sampling to construct the
null distribution.

Real fMRI data were collected from healthy
participants. Based on an antisaccade task, two
groups (“high / low cognitive control group”) were
generated. We create a resampled group that consists
of 17 subjects from the high cognitive control group
and 3 from the low cognitive control group.

Simulation Study
Group analyses in fMRI studies involve
combining individual SPMs. Our main question
is how to combine these individual maps to
produce accurate and robust group maps.

Regularized Unsupervised Learning
To aggregate the estimated regression
coefficients at voxel 𝑣 for 𝑁 participants is:
where 𝛽መ𝑣𝑖 is the estimated
regression coefficient at voxel 𝑣
for the 𝑖 th subject.
To determine 𝒘, we consider the following
objective function:

Real Data Analysis

Based on 20 subjects we repeat each simulation 100 times. Also we compare the results from the
proposed approach (RA) with those from the random effect (RE) model.
In the homogeneous case, the RA and RE
successfully produces weights close to the
simple average weight (0.05), while RA
estimates the weights more stably.
In the three outlying case, both RA and RE
detect the difference among outlying subjects
Homogeneous Case
and produce small weights (RA=0.015-0.016
and RE=0.001) for such subjects.
In the multiple clusters, 20 subjects are divided
into three clusters with 10, 7, 3 subjects. The RA
assigns different weights on different clusters, while
the RE mainly assigns the weights only to the first
cluster (0.094–0.107). This results in producing a
map that only reflects the majority cluster.

The RA provides larger and well-formed clusters
than the classical t test. On the contrary, the RE
model shows too many activated regions.
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