PRINCETON Alternating study and retrieval practice leads to neural and Princeton

Computational

oERIDEY behavioral differentiation of competing memory representations Memory Lak

Justin C. Hulbert’, Kenneth A. Norman'~
'Princeton Neuroscience Institute; *Department ot Psychology, Princeton University

names: Landin Lester Linton Luka Oakley Olaf Orrin  Osgood Parrish Paxton Percy Prescott 0.1 - :
D . . . : o o . : Leroy Levar Lonnie Luther Odin Omar Orson Oxley Patrice Pearson Perry Pryor :
set the stage for competition ® comacton | scivanon | Pattern similarity o
strengt strength - . . . ] )
Activation from selective ||/ DTSN/ — é benchmarking - Retrieval Practice Round /
retrieval practice spreads to — Tniti
nitial stud :
3 — Y i =T e ) oFinal Recall Test

i £ () X ( FaYel F U N\
.Dgig;-é,i Julld 11 NDNCOULILS N

Retrieval-Induced Forgetting (RIF)! Nrp'ed, Stimuli . . . =\
| — Practiced Category  Baseline Category | | Behavioral Results Neuroimaging Results -
Selectively retrieving target PETS POSTDOCS 6 animal categories —
memories inhibits subsequent Retrieval status oRetrieval Practice Success oPattern Similarity Analysis of Learning ==
memory for related competitors ; . . . =
Y d comp V \ / \ counterbalanced oFeedback retrieval trials (for Rp OAssessed the correlation (similarity) of |
RIF . o e——
= = o - - 8 exemplars/category + items) .proved more | BOLP activity patterns across —
Study Practice Test 8% 8% | 50% 509% Randomly assioned challenging than the other trial conditions and time points ==
Pets — Mand Pets-M____ — - dnaomiliy aSSIgne : . ——
pets der | pets-m__ postdocs—d Mandy Jerri Justin Jordan o condition types, as per design oDetermined whether the neural ==
Costdocs—dordan/ Postdocs = — Rp-+ Ro-  Nrp Nrp Randormle oaired w/ oRetrieval practice success for Rp differentiation advantage for Rp'ed |
. = vy | o lo:;f;mu};fcalfemwer j = Apes Elephants Giraffes + items increased across rounds items predicted the size of the =
Previously inhibited competitors o o bq cney p f/’ : PZZANSNEZZAN 7NN behavioral revRIF effect within « —
: : S w0 | name beginninge w kit _ | b Competitive Retrieval SR e——
beneﬁt dlsp rop Orthnately from &J 40% 1 VA - )g ST g g fnlames: Abne;dde: mInAmo:nguZnto: rlenAsher Edb(-:‘rltEfrenEganEIdeﬁmmeEtnnisEtonEwan GlarreCtiifforccd3| Ig?enwszgw(lanorggswgIl?nther PraCtice SUCCGSS p rlorl hlp p Ocamp al ROIS —-—____
additional restudy opportunities? 5 | /A \E/A category's 1** letter S 1 - e —
.g - ( Cl:l-) EIpF- Relearned Subjects % 0.8 - 28 :_—
9 1:'3-;.25% © revRIF § > 0.7 gg ——
n*c_' Rp, Re Rp, Re, Rp, Re . o categories: Lions Otters Pigs c 06 =0 —T
We propose that>*: T e mmemre N=24 g 8 04 | —
: . Retrieval Practice/Relearning Condition Desi n "g_ € 2/{/ 4/ \5\>\7 A 1 2/{/ 4/ \5\>\7 . 1 2/{/ 4/ \5\>\7 o < 0.3 A | :
Overlapping representations s e g 0.2 - =

%
linked competitor features Retricval . o5 | i‘
etrieval practice St | S 143 La, 4+2 548
Weights linking target and eo o Mandy ” . h . Fl) - § c?) Abner the Ape Olaf the Otter Odin the Otter ORP"‘ I'CCall ShOW@d d Standafd
. J; the Cat the Cat o/ Wlt lnter eaVCd b P 6 P 6 P ] 0 H 0 Neural Learnina Score: (N N ) _ (R R )
mbetitor ar kened t . s s s s s y facilitation effect above baseline U g Score: (N2 - 1) - (Rz- Ry
CO p e O a e Wea e e O b) During RP of r€StUdy ( Feedback Trial for Rp+ items W (Feedforward Trial for Rp- & Nrp itemsw : '
reduce fllture COmpetlthn ‘ P : .l : y (Competitive Retrieval + Restudy) (Restudy + Noncompetitive Retrieval) ORP— recall WS alSO Signiﬁcantly i Both Hippocampi Left Hippocampus Right H L
attern simi arlty Irc- o & | Jw> 5 . - - L
[f tested now: g8 | 588 @ i + above baseline, replicatin - E . o .
. . valliSitiOn § E‘i E % 5 . Abner the Ape Odfﬁﬁ:‘e&gtter S l b (,ZOOI)S . :gi — ————;‘—: E S / .. :' o
Competitor restudy activates Pace q O P e e S O e T <€ rasbon® =
— : assive restudy > ' — | S : .
surviving representational ® ( = — 30w | | - .
. . f— . ve | X s X o » Final Test Perf e = .34~ — 43" —
features) activation Spreads to c) Weights After RP — Flnal Cued—recall test 3% ,S g 8+9 k 5+3 - N ndl lest Feriormance @550 le2) = .34 r22)  43 re2) = .26
— . 1 T —— -2 |0 Olaf the Otter Abner the Ape | | 0.75 - . 060-0.30 0 030 0.60 -060 -0.30 0 O
other distinguishing features ® T - TR : : e ind
JN1 4CQQULS 1 e 7 \_ 2s 6s 2s 6s 2s ) e > 0.65 - . * . -
IHhibitOI’Y interneurons (0] RSN 0 BN e — - f - “ - @ A — g o reviir Nrp’ed Differentiation :
enforce “set point~ of neural A EERN =< + + N < S 0% e .
.« o . h k = § §§ _M:t‘he Otter _the Otter ___ theApe T“; 045 1 g % 0.30 I ’ & °e
- Q = ® : °
aCtIVlty 1IN the networ % 8 s os s os s T § g ) ‘Y s
2 5 . Ce
T g
£ 3
3l

Naming
Practice

- Weights between these features d) . During Re:'dv of — - | | 3 020 - .
e — _ . rio2) = -0.09 ro = 58"
- are strengthened, stabilizing Rp Nrp RP o0 A= 22
——— O . - =t RPO RP3 RP4 Condition -0.60 -0.30 0
“"‘“"i;_;';::ﬁﬂ;#ﬁ%i‘--- = 10 \ , Neural Differentia

eights After Restudy _

revRIE

N o As predicted by a neural network model of memory3*: enc
Predictions: saniurs

. . . o Interleaved competitive retrieval practice and restudy led to improved recall of
Interleaved competitive retrieval practice and

. References & Acknowledgements
restudy should lead to: competitors 5
. . . o . . . . 1. Levy & Anderson (2002, TiCS)
revRIF for recall of picture-name pairs o Differentiation in the left hippocampus predicted the magnitude of revRIF 2. Storm, Bjork & Bjork (2008, JEP:LMC)
Difterentiation of hippocampal representations : : — : . 3. Norman et al. (2006, Newral Computation)
- o Without differentiation, learning would be a zero-sum process whereby strengthenin 4. Norman, Newman & Detre (2007, Psych Review)
Of tar g€t§ and (:«Ompetlt().f& dS measured bY : : g . p y g g 5. Kiriegeskorte (2009, Front. Neurosci.)
pattern similarity analysis>° onc memory necessarlly hurts COmpcetitors 6. LaRocque etal. (2013, JoN)
. : ) S ) . . 7. MaclLeod & Hulbert (2011, Chapter)
Across participants, the amount of hippocampal o Differentiation contributes to a truly adaptive memory system’ by allowing once-

differentiation should pI’GdiCt the amount of f bl . . bl Fundling for this research was provided by:
revRIF conrusablie memories to COo-€xXi1St 1N an accessible state NIMH grant R0O1 MHO069456 to KAN




