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' Predicting learning plateau of working memory from

whole-brain intrinsic network connectivity patterns
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Learning is a biologically essential process that acquire or modify behavior through brain plasticity.
In a cognitive training, humans learn by trial and error, in which they exhibit different learning
effects. Such individual differences in learning performance is critical to understand which
biological factors contribute to shape and limit individual behavior. Previous studies have linked
individual learning performance with functional connections of brain networks. Specifically,
individual learning performance has been correlated with functional connectivity within
‘task-activated’ brain regions where activities increase during the corresponding tasks. On the
other hand, since any brain region is intrinsically connected with some other regions and
brain-wide networks, learning is characterized by modulations in connectivity between differently
functioning networks. Therefore, we hypothesized that individual learning performance is
determined by functional connections among intrinsic networks that include both task-activated
and less-activated networks. Subjects underwent resting state functional magnetic resonance
imaging and a short period (80—90 min) of training in a working memory task on separate days.
We calculated functional connectivity patterns of whole-brain intrinsic connectivity networks that
were identified previously in a meta-analysis of a large-scale brain activation map database
(BrainMap). We examined whether a sparse linear regression model predicts a learning plateau
from the individual functional connectivity patterns. Consequently, the model resulted in highly
accurate predictions (R* = 0.73, p = 0.003). Positive connections within task-activated networks,
including left fronto-parietal network, showed nearly half (48%) of the contribution ratio to the
prediction. Moreover, consistent with our hypothesis, connections between the task-activated
networks and less-activated networks showed a comparable contribution (44%). Our findings
suggest that individual learning performance is potentially constrained by system-level interactions
within task-activated networks as well as those between task-activated and less-activated networks.
Such interactions are represented in functional connectivities at rest formed by both genetic factors

and experiences.
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