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Principles & Predictions

1. End-to-end, actionable
comprehension

2. Form->Meaning mapping in small 
units called constructions

3. Incremental, chunk-and-pass 
processing

4. Immediate interpretation
5. Semi-repetitive construction cycles
6. Prediction (in process)
7. Sequence of memory accesses
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Questions for a Neural 
Implementation

1. How is linguistic knowledge 
represented?

2. How are word senses retrieved?
3. How is the dynamic comprehension 

state represented?
4. How are composite constructions 

retrieved?
5. How is the integration process 

performed?
6. How are the ontology and world model 

represented?
7. How is grounding performed?

Human/Brain Data
1. Language is used to communicate 

meaning
2. Immediate interpretation
3. Variation in reading times
4. EEG times correlate with surprisal
5. EEG shows overlapped processing
6. Prediction
7. Spatial distribution of brain activation
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Time in cognitive cycles

Each cycle 
completes 
before the 
next starts.

Words come every 
250-400 ms, 

before the 
previous is done.

A possible 
parallel 

processing 
pattern.

H7 Spatial distributionP7 Memory access sequence

pick

Pick

pick-
up1

PICK

1

up

up

PICK

2

UP

Pick
Up

PICK

3

UP

PickUp
the

the

THE

4

PickUp

green

green

THE

5

PickUp

GREEN

block

block

T

6

PU

BLOCK

G

Ref
Expr

T

7

PU G B

RefExpr
on

on

ON

8

P R

the

the

THE

9

P R O

stove

stove

10

STOVE

stove

P R O T

Ref
Expr

11

RefExpr

P R O T S

stove

Prep
Phrase

12

PrepPhrase

P R O R

On

RefExprRef
Expr

13

PU RE PP

TransCmd
Trans
Cmd

14

PU RE

op_pick-up1

Ontology World Model

Grammar Comprehension 
State

Words

Composites

Actions

Colors

Shapes

Blocks

Locations

Relations

Memory Types

H2 Immediate interpretationP2 Form->Meaning P3 Chunk-and-pass

P4 Immediate interpretation

H3 Reading time variation

World Model

o15

o11

o13

o12

On

stove pantry

sink garbage

o1o2

o3o4

On
o14

Pick up the green block on the stove.

stove pantry

sink garbage

o1o2

o3o4

Ontology

op_put-down1op_pick-up1

command(op_pick-up1, o13)

?

UPPICK THE GREEN BLOCK STOVETHEON

PickUp RefExpr RefExpr

PrepPhrase

RefExpr

TransitiveCommand

1 2

3

4 5 6

7

8 9 10

11

12

13

14

H4 Surprisal

H6 PredictionP6 Prediction

UPPICK

PickUp

1

THE GREEN ???

RefExpr

4 5
UPPICK

PickUp

2

3

1

TransitiveCommand

A model of prediction 
effects in the brain.

A sketch of a possible 
prediction function in Lucia

References
1. Bergen, B. K. (2012). Louder Than Words: The New Science of How the Mind 

Makes Meaning. New York: Basic Books.

2. Bergen, B. K., & Chang, N. C. (2013). Embodied Construction Grammar. In T. 
Hoffman & G. Trousdale (Eds.), The Oxford Handbook of Construction 
Grammar (pp. 168–190). Oxford University Press.

3. Bornkessel-Schlesewsky, I., & Schlesewsky, M. (2019). Toward a 
Neurobiologically Plausible Model of Language-Related, Negative Event-
Related Potentials. Frontiers in Psychology, 10(FEB). 
https://doi.org/10.3389/fpsyg.2019.00298

4. Brennan, J. R., & Hale, J. T. (2019). Hierarchical structure guides rapid 
linguistic predictions during naturalistic listening. PLoS ONE, 14(1). 
https://doi.org/10.1371/journal.pone.0207741

5. Christiansen, M. H., & Chater, N. (2016). The Now-or-Never bottleneck: A 
fundamental constraint on language. Behavioral and Brain Sciences, 1–72. 
https://doi.org/10.1017/S0140525X1500031X

6. Grodner, D. J., & Gibson, E. A. F. (2005). Consequences of the Serial Nature of 
Linguistic Input for Sentenial Complexity. Cognitive Science, 29, 261–291. 
https://doi.org/10.1207/s15516709cog0000_7.

7. Hale, J., Dyer, C., Kuncoro, A., & Brennan, J. R. (2018). Finding Syntax in 
Human Encephalography with Beam Search. Retrieved from 
http://arxiv.org/abs/1806.04127

8. Laird, J. E. (2012). The Soar Cognitive Architecture. Cambridge, MA: The MIT 
Press.

9. Lindes, P., & Laird, J. E. (2016). Toward Integrating Cognitive Linguistics and 
Cognitive Language Processing. Proceedings of the 14th International 
Conference on Cognitive Modeling (ICCM 2016). Retrieved from 
http://acs.ist.psu.edu/iccm2016/proceedings/lindes2016iccm.pdf

10. Lindes, P., Mininger, A., Kirk, J. R., & Laird, J. E. (2017). Grounding Language 
for Interactive Task Learning. Proceedings of the First Workshop on Language 
Grounding for Robotics, 1–9. https://doi.org/10.18653/v1/w17-2801

11. Schwartz, D., & Mitchell, T. (2019). Understanding language-elicited EEG data 
by predicting it from a fine-tuned language model. Retrieved from 
http://arxiv.org/abs/1904.01548

12. Tanenhaus, M. K., Spivey-Knowlton, M. J., Eberhard, K., & Sedivy, J. C. (1995). 
Integration of Visual and Linguistic Information in Spoken Language 
Comprehension. Science, 268(5217), 1632.

[1]

[2]

[9]

[8]

[10]

[12]

[4]

[7]

[6]

[11]

[11] [7]

[3][5][5]

mailto:plindes@umich.edu

