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In time domain, we reduce the Robinson ODE to 

The Laplace-transformed equation is 

The real part of the inverse transform of the above equation is then of the form 

For γ =α (double pole),  the Ae-γτ RHS forcing function yields a steady state solution  
with a Real part: 

The near-resonant “fuzzy-pole” expansion for β or γ  = α + ε (ε small),  
yields a transfer function kernel 

, so that 
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Problem solving via Sudden-Insight has several qualities, notably the 
feeling of ‘Aha!’ and the seemingly instantaneous occurrence of fully 
formed solutions, which distinguish it from more incremental, 
methodological approaches.  This corresponds to neural activity and 
dynamics with properties different than other types of problem 
solving, as shown by recent studies using fMRI and EEG (Kounios et 
al., 2008; Sandkühler and Bhattacharya, 2008; Low and Makeig, 
2008).  However, attempts to describe or predict high-level cognitive 
behaviors such as ‘Aha!’ problem solving with quantitative models 
have been lacking.   

We hypothesize that a spatiotemporal resonance of cortical 
potentials generated by interacting neural populations supports a 
rapid rise of activity toward a threshold of conscious access (Del Cul 
et al., 2007), the crossing of which signifies the availability of an 
insight solution.  We attempted to model the mechanism for 
achieving an ‘Aha!’ via resonance using P.A. Robinson’s “continuum” 
model for EEG as a simple, archetype of distributed population 
behaviors which directly link neurophysiology to behavior (Robinson 
et al., 2005).  Supporting preliminary data from high-resolution EEG 
in a semantic, phrase completion task suggests that activity in the 
theta and alpha bands reflects activity corresponding to sudden-
insight solutions and consistent with the theoretical work. 

“The sudden appearance in conscious awareness of a really big new 
and useful relationship among previously known information.” 

Stickgold, R., 2008 
Insights into Insights UCSD/

Rancho Santa Fe 

“…the clearest defining characteristic of insight problem solving is the 
subjective ‘Aha!’ or ‘Eureka!’ experience that follows insight 
solutions…” Jung-Beeman, M. et al., 2004  

Neural Activity When People Solve  
Verbal Problems with Insight 

PLoS Biology 

Necessary Conditions 
Rapid all-or-none solution – feeling of immediacy and fully formed solution, although 
not necessarily correct 
Emotional response/appreciation – neuromodulators help determine the 
strength of the post-event ‘Aha!’ “feeling”  
Impasse – a ‘logical gap’ exists at the final stage of solution processing…how 
close is the answer in emerging from ‘tip-of-tongue’ to ‘top-of-mind’? 
Accumulation process (over time), multiple areas (across space) – 
confluence of working memory and problem solving circuits (PFC, LIP, basal 
ganglia, ACC, aSTG/MTL, etc…)  
Motivation and/or incentive – neuromodulation (e.g., DA, 5-HT) from start-to-
finish of problem solving process 
Noise dependence – minimal distraction or noise 
Invariance – neural dynamics conserved across insights (mini- to macro-‘Aha!’) 
Triggered by ‘well-formed’ stimulus – an endogenous or exogenous trigger 
stimulates a rapid rise-to-threshold with sufficient energy to drive the consequent 
‘Aha!-pop’ 
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Mathematical Model 

(space-clamped, linearized form) 

Robinson’s ‘continuum’ model of population dynamics 
(full, nonlinear) 

Piecewise Continuous Approximation 

“Fuzzy” Pole Resonance 
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Consider the anecdote of 
a cryptic crossword 
puzzle.  Prior to working 
on the puzzle, the correct 
answer to a clue 
(“Standard cut vegetable 
(7)”) was observed in a 
market and forgotten.  
Several weeks later and 
after unsuccessful 
attempts, the correct 
answer (“parsnip”) was 
revealed in a flash of 
insight. 

Information relevant to problem solving may originate from either the external world 
or within the brain.  The use of such particularly relevant stimuli can be achieved both 
consciously and/or nonconsciously.  It is the selective triggering of well-formed stimuli 
with the system kernel which leads to a resonance that rapidly brings the solution 
from “tip-of-tongue” to “top-of-mind”. 

Depending on the magnitude of ε, the activity of a population rises toward and, in some 
cases (ε <<1), exceeds the threshold for conscious access.  The shape of the activity 
envelope suggest potential hallmark features in EEG. 
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Increased lateral coupling (νL) tends to increase coherence in the theta band.  
Furthermore, a brief sinusoidal pulse at a resonant frequency in one population 
leads to increased coherence between other populations in the network.  

(See poster 682.5 RR78 11/18/08 1:00PM R. Low & S. Makeig) 

A phrase completion paradigm was 
used to study ‘Aha!’/insight problem 
solving using hi-res EEG. 

Significant differences in both the theta and alpha bands are evident 
in successful vs. unsuccessful trials several seconds prior to 
reporting solutions by subjects. 

Dipole source localization suggests 
involvement of temporal areas (also see 
Kounios et al., 2008  and Jung-Beeman et 
al., 2004.     

Conclusion 
• Spatiotemporal resonance is a candidate dynamical mechanism that explains the 
phenomenon of insight/‘Aha!’ solutions and may be derived mathematically from 
neural population models. 
• The concept of a “fuzzy” pole or “closeness” to an ideal clue suggests characteristic 
waveforms in neuroelectric fields. 
•  Piecewise approximations of Robinson’s model support the hypothesis of “fuzzy” 
pole resonance for an ‘Aha!’.   
•  Pilot studies of a semantic task (Phrase Completion) confirm a role of frontal and 
temporal lobe structures in ‘Aha!’ problem solving including relevant activity in the 
alpha and theta bands. 

Please visit http://www.theswartzfoundation.org/SFN-2008/JSwartz-SFN-2008.pdf for 
a copy of our poster. 
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Conscious and Nonconscious Processing of Solved Problems w/r Time-to-Solution (T) 

D
eg

re
e 

of
 

C
on

sc
io

us
ne

ss
 

dc=1 

dc=½ 

dc=0 

T-problem sets: 

Archimedes’  
Eureka! 

Snake/ 
spider 
(reflex) 

Danger- 
related 

'Sleep- 
on-it' 

Group Problem 
Solving 

(Brainstorming) 

Face processing 

"1+1=2" 
(simple 

arithmetic) 

Visual 
priming 

(jokes/cartoons) 

1D word puzzles/ 
anagrams 

Sudoku 

Math/physics problems 'tip-of-tongue' / 
'top-of-mind' 

Pattern 
Recognition 

2 D puzzles 
(xword /jigsaw) Einstein’s 

Relativity 
Poincaré 's  
Conjecture 

Existence 
Theorems 

dc 
(c/c+n) 

Log10 T 

‘Tip of tongue’ 

‘Top of M
ind’ 

Unconscious 

Time Courses of Insight Problem Solving & Button Press Dynamics (Conceptual Model)  
… Relating ‘NCP/Aha!-pop’ with Readiness Potential & Reports of Awareness 

…spatiotemporal “confluence”/coordination 
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