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How to improve neuroscience for ACT-R?

• Model-based multi-voxel 
pattern analysis,
‘mind-reading’

• Dynamic Causal Modeling 
(DCM)

• EEG/MEG?
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How to give ACT-R a brain?
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Jelmer Borst
What Did We Learn from EEG and MEG?



Studies

• EEG 1: Fan
Borst, Schneider, Walsh, & Anderson, JOCN, 2013; Borst & Anderson, 
NeuroImage, 2015; Anderson, Zhang, Borst, & Walsh, Psych Review, 2016

• MEG: Fan
Borst & Anderson, NeuroImage, accepted

• EEG 2: Complex Fan
Zhang, Walsh, & Anderson, draft
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Associative Recognition Task
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Behavioral Results
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Theories of Associative Recognition

Global Matching

Dual-process

ACT-R

Encoding Matching Response

Encoding ResponseFamiliarity Recollection

Encoding ResponseAssociative retrieval

Decision
(e.g., Anderson, 2007; 

Anderson & Reder, 1999; 
Schneider & Anderson, 2012)

(e.g., Gillund & Shiffrin, 1984; 
Hintzman, 1988; Murdock, 1993; 

Wixted & Stretch, 2004)

(e.g., Diana et al., 2006; 
Malmberg, 2008;  Rugg & 

Curran, 2007; Yonelinas, 2002)



EEG 1: Fan
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Stages 1 & 2
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EEG 1: Conclusions

• Two memory stages: familiarity and 
associative retrieval

• More involved decision process, that feeds on 
retrieved information

Familiarity

Associative retrievalEncoding ResponseDecision

FN400 effect
Parietal 

old/new effect

unfamiliar

1 2 3 5 6HSMM state



MEG: Fan

Borst, Ghuman, & Anderson, NeuroImage, 2016
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Probe Type
(target > foil)
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MEG Model
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EEG & MEG conclusions

• Encoding (occipital)

• Three memory stages:

– familiarity (perirhinal cortex)

– associative retrieval (hippocampus)

– representation (prefrontal, neural activation depends on 
activation of facts)

• More involved decision process in parietal cortex, input 
from prefrontal representation

• Motor (precentral)



EEG 2: 
Complex Fan

Zhang, Walsh, & Anderson, submitted



EEG 2: Complex Fan

Zhang, Walsh, & Anderson, submitted

Actor Verb Location

Queen Sing Office

Sheriff Laugh Kitchen

Musician Sing Kitchen

Target (similar 3) Musician Sing Kitchen

Dissimilar (similar 0) Musician Sleep Studio

Similar 1 Queen Laugh Kitchen

Similar 2 Musician Sing Office



HSMM Model

5. Response stage: The time from the fourth bump to the response reflecting response 

execution. 

Figure 6 illustrates the durations of the five processing stages and the scalp topologies of the four 

bumps identified using the HSMM-MVPA method. Each of the bumps is modeled as a 50 ms 

half-sine multidimensional peak that can be projected back to the scalp given the known PCA 

projection weights. The Pre-attention, Encoding, and Response stages were relatively brief 

compared to the Retrieval and Comparison stages. The bump profiles and durations are similar to 

those in Anderson et al. (in press), with the exception of the comparison stage which is 

considerably longer here. The longer comparison stage reflects the greater number of words that 

participants needed to compare and the demanding similarity manipulation used in this 

experiment. 

 

Figure 6. Mean electrode activity reconstructed for the four bumps by projecting the bump 

magnitudes back to the PCA weights (top). Mean durations of five stages interleaved by four 50-

ms bumps (bottom). 
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HSMM-MVPA

foils (which receive one source of spreading activation), followed by similar 1 foils and similar 2 

foils. We will return to this point in the general discussion. 

Probe similarity also affected the duration of Stage 4. In contrast to the Stage 3 pattern, 

durations were longest for targets and similar 2 foils, followed by similar 1 foils, and finally by 

dissimilar foils. This is consistent with a model in which comparisons are carried out serially, 

and the process terminates once a mismatch is detected. 

 

 

Figure 7. Condition-specific stage durations when localizing the effect of fan to Stage 3, and 

allowing probe type to vary across all stages. 
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The bumps obtained from the HSMM can be used to align EEG data, as they reflect 

points of significant change in information processing and mark the onset of distinct cognitive 

stages. We anchored the EEG data from each trial according to stimulus onset, response, and the 

Stage
1 2 3 4 5

D
ur

at
io

n 
(m

s)

0

100

200

300

400

500 fan 1
fan 2

Stage
1 2 3 4 5

D
ur

at
io

n 
(m

s)

0

100

200

300

400

500 target
dis
sim1
sim2

Retrieval Decision Retrieval Decision



EEG 2: Conclusions

• Associative retrieval followed by separate 
decision

• Decision process is serial, not evidence 
accumulation



Summary

• Encoding (occipital)

• Three memory stages:

– familiarity (perirhinal cortex)

– associative retrieval (hippocampus)

– representation (prefrontal, neural activation depends 
on activation of facts)

• Serial decision process in parietal cortex, input 
from prefrontal representation

• Motor (precentral)



Psych Review Model
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Anderson, Zhang, Borst, & Walsh, Psych Review, 2016

Familiarity



Discussion

• Familiarity process:
– Psych Review Model: slower retrieval. How to measure this? 

Temporal module? (cf. Fechner et al., in revision)
– Other theories: summed similarity to all items in memory (no 

recollection of content)
– Do we need a separate familiarity process, i.e. estimate of 

memory activation without retrieval?

• Prefrontal representation of retrieved facts, maintaining 
their activation
– Activation can be used as a proxy for retrieval time
– Is this useful for other models? Arguments in favor, against?



Thank you!

Jelmer Borst

j.p.borst@rug.nl
www.jelmerborst.nl


