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Background
●Cognitive control is a framework for 
understanding the processes that underpin 
goal-directed behavior.1

●Within this domain, recent efforts focus on 
reward contributions to control allocation.2

●However, little is known about the way intrinsic 
reward motivates control.3

●Theoretical & empirical evidence4 suggests that 
a balance between task difficulty & individual 
ability results in:

●High levels of intrinsic reward.
●Functional connectivity between cognitive 
control & reward networks.

●Here, we (1) behaviorally validate a procedure 
for manipulating & measuring intrinsic reward & 
(2) examine the degree to which intrinsic 
reward modulates brain network connectivity. 

Stimulus & Procedure
●Asteroid Impact requires subjects to collect 
targets while avoiding asteroids.

●Conditions:
●Ability > Difficulty
●Ability < Difficulty
●Ability ≈ Difficulty

●Four experiments
●E1: n = 122
●E2: n = 110
●E3: n = 87
●fMRI: n = 18

●Behavioral (STRT) &
self-report measures 

Behavioral Validation

fMRI Results

PPI Results

Discussion
●High intrinsic-reward (balanced-difficulty) 
condition corresponds to increased connectivity 
between cognitive control & reward networks.

●Ability/difficulty mismatch results in default 
mode network activation.

●Download & contribute to Asteroid Impact: 
http://github.com/richardhuskey/asteroid_impact
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Self-Reported Intrinsic Reward

Secondary Task Reaction Times
Harmonic means & standard 
errors for secondary task 
reaction time data for each 
experimental condition.

E1 V: Wilks’ λ = .654, F(2,113) = 29.842, p < .001
E2 V: Wilks’ λ = .868, F(2,101) = 7.684, p < .001
E2 A: Wilks’ λ = .822, F(2,101) = 10.937, p < .001
E3 V: Wilks’ λ = .310, F(2,78) = 86.698, p < .001
E4 V: Wilks’ λ = .095, F(2,9) = 42.96, p < .001

Means & standard errors for self-
reported intrinsic reward data for 
experimental conditions.

E1: Wilks’ λ = .511, F(2,115) = 54.964, p < .001
E2: Wilks’ λ = .710, F(2,103) = 21.027, p < .001
E3: Wilks’ λ = .406, F(2,80) = 58.432, p < .001

Neural activations for each experimental condition. (A) Balanced 
Difficulty > Low-Difficulty & High Difficulty contrast, (B) Low-Difficulty > 
Balanced-Difficulty contrast, (C) High-Difficulty > Balanced-Difficulty 
contrast. Cluster corrected Z = 3.1, p < .0001.
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PPI results when seeding from (A) the dorsolateral prefrontal cortex & 
(B) the nucleus accumbens in the balanced difficulty > low-difficulty & 
high difficulty contrasts. Cluster Corrected Z = 2.3, p < .05.
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Schematic of the experimental paradigm. 
The subject’s goal was to use their 
mouse to collect targets while avoiding 
asteroids & responding to secondary 
task reaction time (STRT) trials. For the 
behavioral experiments (A) visual STRT 
trials appeared in one of five different 
locations on a second screen. For the 
fMRI experiment (B) STRT trials 
appeared on the same screen in one of 
four different locations. 
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