Independent and distributed coding of

Investigating Rule Representations

* Multivariate pattern analysis of fMRI data with a new cogni-
tive paradigm (permuted rule operations (PRO)) (Cole et
al., 2010) allows us to determine whether task rules are
represented in the brain abstractly

* Classified decision rules across 64 different tasks (most
ever tested)

» Sixty completely novel tasks to assess abstract (i.e., con-
text-independent) rule representations during rapid instruct-
ed task learning (RITL)

(behavioral accuracy > 90% on first trials)

task-set decision rules within prefrontal cortex
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Are LPFC decision rule representations
consistent across novel tasks?
Lateral PFC Anatomical ROI
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Linear SVM Classification Performance in LPFC

General linear model parameter estimates, estimated for each block

* Four practiced tasks (counterbalanced) were practiced for
two hours In a prior session

* Hypothesis: Lateral prefrontal cortex (LPFC) will show con-
sistent patterns for decision rules across tasks and levels

of practice
12-16 second
delay
Sample Task’s Description:
“If the answer to ‘is it SWEET?’ is the SAME for both words,
press your LEFT INDEX finger” Parsley < Answer:
"""""""" FALSE
5 (Left middle finger)
4 practiced tasks per subject (56 across subjects)
60 novel tasks per subject (64 across subjects) 2-6 second
delay
Fur < Answer:
---------------- 5 TRUE
? (Left index finger)
Seaweed
2-6 second Decision Rule Cue Rule A
delay
SECOND __+Yes =True
__+No =False
NOT SECOND __+Yes =False
App|e < Answer: ~_+No=True
TRUE
SAME Yes + Yes =T
(Left index finger) st: st: Trun;e
Yes + No = False
2-6dS€lCOnd No + Yes = False
elay
JUST ONE Yes + Yes = False
No + No = False
8\ Yes + No = True
LEFT*INDEX*|| —= \ No + Yes = True y
— Response Rule Cue
5 LEFT INDEX, LEFT MIDDLE, RIGHT INDEX, or RIGHT MIDDLE
SWEET
"""""""""" Semantic Rule Cue
: SWEET, LOUD, SOFT, or GREEN
~€

Decision Rule Cue
SAME, JUST ONE, SECOND, or NOT SECOND

~€
Task Type Cue
Thick border = Repeated, Thin border = Non-repeated

o 4-way SAME vs. | SAME vs. | SAME vs. JUSTONE vs. | JUSTONE vs. | SEC. vs.
Decision JUSTONE | SEC. NOTSEC. SEC. NOTSEC. NOTSEC.
034~ 0517 0.584 * 0.593 ** 0573~ 0.588 * 0578 *
] 4-way GREENvs. [ GREENvs. | GREENvs. | LOUD vs. LOUD vs. SOFT vs.
Semantic LOUD SOFT SWEET SOFT SWEET SWEET
0.257 0.457 0.521 0514 0578 * 0.508 0.529
4-way L INDEX vs. | L INDEX vs. | L INDEX vs. | RINDEX vs. | RINDEXvs. | L MID vs.
Response R INDEX L MID R MID L MID R MID R MID
0.255 0.51 0.54 0.556 * 0.494 0.524 0.509

* Accurate classifications show consistency across task contexts and specific-
ity of LPFC to decision rule (vs. semantic or response rule) representations

Are LPFC decision rule representations
present during encoding?

3-6 secs after encoding onset (2 TRs averaged)

4-way SAME vs. | SAME vs. | SAME vs. JUSTONE vs. | JUSTONE vs. | SEC. vs.
Left LPFC JUSTONE | SEC. NOTSEC. SEC. NOTSEC. NOTSEC.
0.33* | 0.55" 0.59 * 0.583 ** 0.549 * 0.619 * 0.572 *
_ 4-way SAME vs. [ SAME vs. | SAME vs. JUSTONE vs. | JUSTONE vs. | SEC. vs.
Right LPFC JUSTONE | SEC. NOTSEC. | SEC. NOTSEC. NOTSEC.
0.29 | 0.555°* 0.531 0.571 * 0.514 0.576 * 0.569 **

* Decision rule representations are available early (prior to trials)

Summary & Conclusions

* Decision rules are represented abstractly within
LPFC (i.e., consistent across task & stimuli contexts)

* Decision rule representations are also consistent
across novel and practiced tasks

* This suggests abstract rule representations facilitate
transfer of practiced skill’lknowledge to novel contexts

Washington
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Are decision rule representations
widely distributed?

Searchlights each with a radius of 9.6 mm,
trained & tested on novel tasks (4-fold cross validation)

253 t 530

 LPFC is a major location of decision rule representations, but they are also
distributed across the cognitive control network

* Decision rule information can be decoded by spatially localized patches in
many brain regions (i.e., locally discriminable as well as widely distributed)

Are abstract decision rule representations
used for practiced tasks?

Bilateral LPFC, trained on novel & tested on practiced tasks

o 4-way SAME vs. | SAME vs. | SAME vs. JUSTONE vs. [ JUSTONE vs. | SEC. vs.
Decision JUSTONE | SEC. NOTSEC. SEC. NOTSEC. NOTSEC.
0.28 * 0.505 0.571* 0.552 * 0.55"* 0.571* 0.536

Searchlights each with a radius of 9.6 mm,
trained on novel & tested on practiced tasks

* The representational scheme is consistent across novel & practiced tasks
e Suggests abstract decision rule representations are used even when not nec-
essary (only four practiced tasks per subject, each with distinct rules)

* Transfer via abstract rule representations in LPFC
may explain the observed > 90% behavioral accuracy

on first novel trials (i.e., during RITL)
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