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Hypothesis

METHODS

Integration by system

• Quantitatively, integration in the post-explore period shows a negative trend 
across most systems. Left: Peri-explore plots by system. Right: Estimated linear 
trends (AU) and 95% CI. The most reliable effects were for the visual 
(p = 0.08), somatomotor (p = 0.03), and dorsal attention (p = 0.004) systems 
(Bonferroni-Holm corrected). At an uncorrected level, frontoparietal (p = 0.048) 
and default (p = 0.04) systems also showed effects.

Integration between systems

• In an exploratory analysis of post-explore between-system integration 
(difference score), the frontoparietal system demonstrated the greatest number 
of significant drops in integration with other systems. Left: time18 – time0. 
Right: p-values, thresholded at p < 0.05, uncorrected.

• Cognitive performance appears to be supported by large-scale, dynamic changes 
in functional brain connectivity [1,2]. 

• Neuromodulatory actions of norepinephrine (NE) may help facilitate these 
changes [3,4]. 

• Both more integrated brain network states and moderate NE activity facilitate 
focused task performance (exploitation), while less integrated states and high NE 
activity lead to distraction/error (exploration) [2, 5].

Subjects 
N = 34 [20 F, Mage = 22.8 (3.6)] completed 4 fMRI runs (80 trials/run) of an isoluminant
version of the Leapfrog bandit task [7] while undergoing continuous pupillometry

Leapfrog Bandit

Network Construction

Pupil-linked Arousal
Post-choice

• Post-choice pupil dilation is reliably larger on explore trials than exploit trials 
(all ps < 0.0001, FDR corrected). Note: error bars are +/- 1 standard error of the mean 
unless otherwise noted.

Peri-explore trend analysis
• Pupil diameter decreases leading up to

exploration [β-3:-1 = -2.98, t(67) = -3.67, 
p = 0.0005], increases around exploration 
[β-1:1 = 6.66, t(67) = 6.52, p < 0.0001], and falls 
after exploration [β1:3 = -5.54, t(67) = -5.65, 
p < 0.0001].

Brain Network Integration
Global integration

• Pupil diameter (convolved with the HRF) and global brain network integration 
demonstrate qualitatively similar but inverse time courses around exploration. 

• Integration shows a nonsignificant positive trend prior to exploration [β-18:0 = 0.05, 
t(14960) = 1.83, p = 0.07] and a negative trend following exploration [β0:18 = -0.07, 
t(15239) = -2.57, p = 0.01].
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SUMMARY & CONCLUSIONS
• We replicated the pupil responses to exploratory choice found in [6].
• We confirmed our prediction that exploration would be associated with 

decreases in brain network integration, demonstrating an opposing profile to 
pupil-linked arousal.

• The prominence of integration decreases in frontoparietal and dorsal attention 
systems is suggestive of reduced top-down control facilitating exploratory 
states.

A simplified bandit task
• Two armed
• Deterministic reward
• Fixed distance between options
• Options “take turns” being the best, 

changing based on underlying Pflip
• Goal: Always choose the option that is 

currently the best. This requires 
balancing exploration and 
exploitation.

• Two Block types: Low volatility 
(Pflip = 0.05), High volatility (Pflip = 0.20)

Segregated               Integrated 

Brain network integration and pupil diameter will show opposing 
profiles around exploration: 
• pupil diameter will increase with exploratory choice [6] 
• network integration will decrease

Integration
a measure of the degree 
to which different brain 
networks are functionally 
interacting [1]
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