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•Behavior and cognition arise from the dynamical 

interaction between a nervous system, body and 

environment.

•This research uses a dynamic model of response 

times (RT) to investigate cognitive processes that arise 

from the closed-loop interaction between an agent and 

its environment.

Motivation
•In clinical science, response time measures are 

rarely used to study behavior and cognition. Yet, 

these measures contain rich information about 

underlying cognitive processes.

•Traditional statistical analyses often cannot capture 

information about cognitive processes; whereas, 

dynamic cognitive models provide away to access 

this information.

This research shows how a dynamic cognitive model 

of response times can capture underlying cognitive 

processes through an application to the Go/No-Go 

Discrimination Task (GNGD) administered to subjects 

(N = 140) with substance use and antisocial disorders.

GNGD Task Structure
Repeated serial presentation
7 epochs of 4-go & 4-no-go trials, 56 total
Two-digit stimuli
Counter balanced +50; odd, & even
Self-terminating trials

1.The GNGD Task: Trial-and-error learning of two 

stimuli: one signaling 'Go' or reward responses; the other 

signaling 'No-Go' or punishment responses (Newman et 

al., 1985)

2. Semi-Structured Diagnostic Interview

Quantifies problems of substance use and antisocial 

behaviors
3. Executive Working Memory Tasks
Five memory span tasks used to determine the Working 

Memory Capacity Factor
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Task Conditions

Hit

False Alarm

Three groups based on the semi-structured diagnostic 

interview: controls with no disorders (group 1), subjects 

with one or two disorders (group 2), and subjects with three 

or more disorders (group 3).

• A two-way ANOVA showed a significant main effect of 

condition on RT (p < 0.001), no significant main effect of 

diagnostic group on RT (p = 0.09), and no interaction (p = 

0.86). The shock condition with equal reinforcement was the 

only condition with significantly different RTs (p < 0.05).

General Conclusions
• Statistical analyses failed to reveal any differences 

between diagnostic groups and few differences between 

experimental conditions based on response time measures.

•Group 3 subjects have significantly lower working memory 

capacity than group 1 and 2 subjects.

Modeled response times using a simple diffusion process 

called a Wiener process with a single absorbing boundary 

associated with responses.

Parameter Interpretation (Matzke & Wagenmakers, 2009):

Drift rate - associated with the amount of evidence a subject 

receives from a stimulus at each moment in time and 

quantifies the subject's ability and task difficulty

Boundary separation - reflects the amount of evidence 

required to make a response (i.e. response caution)

Parameter Estimation
Model parameters were fit using Bayesian parameter 

estimation with hierarchical parameters associated with 

the three diagnostic groups to capture structured 

individual differences.

Modeling Results

Correlations between model parameters and the 

working memory factor
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Drift rate
ρ = 0.17

p -value = 0.046
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Drift rate
ρ = 0.11

p-value = 0.182

Drift rate
ρ = 0.11

p-value = 0.179

Drift rate
ρ = 0.21

p-value = 0.012

Boundary
ρ = 0.26

p-value = 0.002

Boundary
ρ = 0.16

p-value = 0.055

Boundary
ρ = 0.17

p-value = 0.038

Connections with Working Memory:
•The differences between group 2 and group 3 

subjects in the monetary punishment conditions with 

reward and punishment reinforcement are likely due 

to differences in working memory.

•In conditions of monetary punishment with reward 

and punishment reinforcement, working memory is 

highly correlated with drift rates and boundaries.

•Group 2 subjects have higher working memory 

capacity than group 3 subjects.

Dynamic Cognitive Model

•Response times revealed valuable information about 

the differences between subjects with varying  

degrees of substance abuse and antisocial behavioral 

disorders when analyzed by a dynamic cognitive 

model rather than a traditional statistical model.

•The cognitive model captured information about the 

underlying cognitive processes through the drift rate 

and boundary separation parameters.
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Working Memory and Diagnostic Groups

Parameter Differences Between Groups:
•In all conditions, group 1 subjects have larger drift rates 

and boundary separation parameters than group 3 

subjects.

•In the monetary punishment conditions with reward and 

punishment reinforcement (i.e., MR and MP), group 2 

subjects have larger drift rates and boundary separation 

parameters than group 3 subjects.

•In the majority of the remaining conditions, group 2 

subjects have similar drift rates and boundary 

separation parameters to group 3 subjects.


