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Cognitive
Science

The Cognitive Science 
Hexagon “depicts” the 
discipline’s constitute 
fields.1

Born of the cognitive 
revolution 50s-60s, 
focused on the scientific 
study of the mind.2

1. Sloan Foundation. Cognitive Science (1978)
2. Miller, G. A. Trends in Cognitive Sciences (2003)



I’m A Cognitive 
Scientist

My research blends my 
home discipline of 
Communication with 
theories and methods 
drawn from Psychology 
and Neuroscience.3

+
Communication

3. Huskey, R. et al. Journal of Communication (2020)



How Does the 
Brain Enable 
The Mind?



“One of the great 
mysteries of the brain is 
cognitive control. How can 
interactions between 
millions of neurons result 
in behavior that is 
coordinated and appears 
willful and voluntary?”4

4. Miller, E. K. & Cohen, J. D. Annual Review of Neuroscience (2001)



Cognitive 
Control

Cognitive control is 
commonly studied using 
conflict tasks.5

Reaction times, error 
rates, and brain activity 
follow a pattern of 
congruent < neutral < 
incongruent.

5. Raz, A. & Buhle, J. Nature Reviews Neuroscience (2006)



“Picture an undergraduate student sitting in the library with the intention of studying for 
an exam. Sometimes she finds it’s going well. She is able to attend closely to the material 
and to devise and execute effective strategies for retaining it. At other junctures, she 
struggles to concentrate, feeling drawn to her email or social network accounts. 
Sometimes she yields to these impulses, feeling she really needs a rest. At others, she 
reapplies herself, compelled by the thought that if she doesn’t, the exam might not go 
well, undermining her hopes of gaining admission to a prestigious medical school.”6

6. Botvinick, M. M. & Braver, T. S. Annual Review of Psychology (2014)



The Fundamental Problem

The tasks we use to study cognitive control in 
the lab are very different from the real world 

≠



Video Games
Can Help

Video games are 
simultaneously 
naturalistic and have 
high experimental 
control.7,8

My lab is part of a team 
that develops and uses 
a game called Asteroid 
Impact.9

7. Mathiak, K. & Weber, R. Human Brain Mapping (2006)
8. Spiers, H. J. & Maguire, E. A. Trends in Cognitive Sciences (2007)
9. Huskey, R., et al. Cognitive, Affective & Behavioral Neuroscience (2018)



Can we observe indicators of
cognitive control while people
play video games?



Motivation &
Cog Control

Participants played 
Asteroid Impact in four 
experiments.9

Three conditions:
   Low-Difficulty

   Balanced-Difficulty

   High-Difficulty

DVs: 
   Self-reported intrinsic reward

   Reaction time

   Brain responses

9. Huskey, R., et al. Cognitive, Affective & Behavioral Neuroscience (2018)



Motivation & Cognitive Control

Highest self-reported reward and longest RTs   
in the balanced difficulty condition.



Motivation &
Cog Control

Neural responses in  
regions implicated in 

Cognitive control:
   DLPFC

   Superior Pareital Lobe

Reward Processing:
   Putamen

9. Huskey, R., et al. Cognitive, Affective & Behavioral Neuroscience (2018)

Balanced Difficulty > Low-Difficulty & High-Difficulty



Can brain-network analysis
tell us something about
cognitive control while 
people play video games? 



Network Responses10

10. Huskey, R. et al. Journal of Communication (2018)



Network 
Responses10

Degree is the number 
of nodes a network is 
connected to. Higher 
degree means more 
connectivity.11

Panel A shows an 
inverted-U pattern:
   Fronto-Parietal Control Network

   Ventral Attention Network

9. Huskey, R., et al. Cognitive, Affective & Behavioral Neuroscience (2018)
10. Huskey, R. et al. Journal of Communication (2018)
11. Rubinov, M. M. & Sporns, O. NeuroImage (2010)



Network 
Responses10

Global efficiency describes 
information transfer in a network. 
Higher global efficiency means 
better transfer, but also 
increased metabolic cost.12 

Paradoxically, low global 
efficiency is associated with 
increased cognitive control 
deployment.13

We see that the balanced-
difficulty condition has the lowest 
global efficiency condition.

9. Huskey, R., et al. Cognitive, Affective & Behavioral Neuroscience (2018)

10. Huskey, R. et al. Journal of Communication (2018)
12. Bullmore, E. & Sporns, O. Nature Reviews Neuroscience (2012)
13. Bassett, D. S. et al. PNAS (2009)



Can we use video games
to understand how these
brain-networks work?



Characterizing the Connectivity

● Phase-coupled: When two or more brain regions are synchronized 
(integrated) in their response patterns.

● Metastable: When two or more brain regions shift between syncrhonized 
(integretated) and unsynchronized (segregated) response patterns.

● Questions: Does phase-coupling or metastability underlies processes 
like cognitive control?14 Can video games provide some clues?

14. Tognoli, E. & Kelso, J. A. S. Neuron (2014)



Characterizing the Connectivity

Synchrony Metastability

● The brain exhibits greater synchrony than metastability during cognitive control.
● Synchrony better explains the neural data compated to metastability.

15. Huskey, R. et al. Journal of Communication (revise and resubmit)



Summarizing what we
have learned.



Summary

● We can observe behavioral markers of cognitive control 
(long RTs) when people play a video game.

● Video games elicit neural responses associated with 
cognitive control.

● These responses are metabolically efficient.
● And result from syncronization (and not metastability).
● Naturalistic stimuli, like video games can help us learn 

more about how the brain works.
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Attention 
Dynamics

Participants played 
Tactical Ops: Assault on 
Terror during fMRI.14

While playing, they 
responded to a red 
probe that appeared in 
the game’s upper left 
corner.

7. Mathiak, K. & Weber, R. Human Brain Mapping (2006)
8. Spiers, H. J. & Maguire, E. A. Trends in Cognitive Sciences (2007)
9. Huskey, R., Cognitive, Affective & Behavioral Neuroscience (2018)14. Weber, R., et al. Frontiers in Human Neuroscience (2018)



Attention Dynamics

Brain network connectivity in attention networks 
is robust to distraction10

Ip = probe presentations
Ir = participant response times

10. Weber, R., et al. Frontiers in Human Neuroscience (2018)
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