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* A connectionist model of episodic memory captures many

. - Creates distinct Our basic theory is that internal contextual states maintained by PFC As elucidated by Kahana (1996), the Probability of First Recall (PFR) and Conditional Capturing the elderly deficit in free recall.
aspects of free recall performance in humans. , , R Probability (CRP ide all the inf ti ded to follow th . : o
| o representations for similar (Schacter, 1987) can be used to target memory traces in medial temporal The model can be used to simulate the operations undertaken by PFC to esponse Probability (CRP) provide all the information needed to follow the  Howard, Wingfield and Kahana (submitted) capture the elderly deficit with a
* The model of prefrontal cortex (PFC) implements a drifting stimuli. cortex. There have been a number of theories of the role of temporal manipulate the memory system. We use the combined PFC/MTL model to dynamic process of free recall. mathematical rT\odeI It.)y.ai\ddlng noise t(? the cqntextyal retrieval processo. |
context vector. C CA3 > CAl Binds together features of an context in memory over the last 50 years. investigate the dynamics of free recall. ' Vl/e eprgri this F;O SS']E) |.I||t); by w:jtr;)d;:: mI?Fgatlm,?hfa”ure;atg e|5t' O.?.SOI/O OftLeS; :}:{al;,
. . : y e e - retrieved information fails to update the PFC. In the graphs below, it is clear that this has
° Durlng encodlng the model of hlppocampus forms an . Probability of First Recall Conditional Response Probabilities S
L ’ : : episode. : : o z 0% no effect on the PFR curve, but significantly flattens the CRP curve.
association between an item representation and the current / % P Early theories of temporal context memory posited a context vector that z ., Simulation data (300 runs) J Y
PFC state. . i i i . i i g g 06/ £ The model was trained on a set of . .
Szl%p?ﬁf |2|atterr|1I cotmpletlon randomly drifts over time (Estes, 1955; Mensink & Raaijmakers, 1988). Encoding Mode : £ o | 20 items, and was then put into Gating failure (50%) No PFC update at test
* During recall, PFC uses hippocampus to retrieve prior DG and detalled recofiection. . . =™ £ o, - retrieval mode. Testing consisted of Probability of First Recall Conditional Response Probabilities
Contextual StateS’ PFC probes memory Wlth these states. . |nteg rates Informatlon from In more recent theOrIeS (Howard and Kahana, 2002), the eVOlutIOn Of the A ;g 0ol g 40 retrieval attempts. 08 Probabili.ty of First Recall EO(.:z%nditional Response Probabilities 0.8 .V 50-25 P
. . \ diverse brain regions: both context vector is driven by information associated with the studied items. During study, items are presented to WA oo | = oming . < g — rou | 2 o
* We explore various types of d.a.mage to.the model with an : g ; This is also true of our model. the model for encoding. g Geseleseseese0et™ O, : * 3o : Pt
eye towards capturing the deficits seen in the elderly. ECin ECout posterior and prefrontal areas. Serial Position Lag z 04 / 2 \ z 04 I8 N
o I I o I I i g 0.2 E ) / N % 0.2 / % H\HYH\
T Changes in connection | We believe that during stimulus processing PFC grabs \ ) PFC gates in features of |te'ms and =) — , The end Of.|ISt PFC state acts g . Sl A e ¥ Eo.osvj/
strength between encoding features of items and actively maintains them; this ‘ / the PFC state evolves over time. <3 ~. ——— likea Sp0t|lgh; searching o\onsossnsanssaseat® | 5 [T e o= I han—
. I . . . . . . ! . . memory. The first item recalled Serial Position Lag Serial Position Lag
I ntrOd UCt'On Input and retrieval follow those information is used to bias processing in posterior areas Z > ) , , <§> J== ¢ ®) :
, : , . - C_€ ) comes from the end of the list
investigated by Hasselmo, (Miller & Cohen, 2001) < o ® Semantic representations and PFC C D . . . :
, ¢ , , s o Bodelon & Wyble (2002) ’ - & & contextual states project to Q S because the PFC state at the < Gating failures make it hard to update the context
Er\]/ldinci rorg.nleurmmag:rlwgbancilvﬁilon studies Indcljcates ‘ o ® hippocampus beginning of test is most = ~ vector with retrieved context. This is like a rusty
t r:;m‘:;alr?srtzx Eﬁ?c?i?ntzbﬁt(e . )estglgfjtizrrise?;‘m Hippocam ous at encoding Crucially, some mfor.matlon about prior states remainsin | | o) prc states \ ‘ similar to traces that were seen @ (3— 1. (:D: spotlight that has difficulty being pushed about to
performance P y PFC upon presentation of subsequent items. This are associated ( 7 A 3 Y s Hinnocambus memorizes recently. O search for memory traces. Recall is initiated
P ' allows PFC to act as a drifting context vector. The ‘éV'ti?ot(;‘: current _—7 ¢ &) conpfnctionlz fitem and internal normally, but then the model has trouble
In this work, we present a computational neural network A A mechanisms are covered in more detail below. PISOTE: g = !% J ) ) "jumping back in time".
model of how interactions between MTL and PFC support — > context information. i - —® y After a successful recall the
performance on free recall tests. The MTL component of our L ) G ( T=a (2 ‘_% spotlight recenters on the - Even when the gating mechanism undergoes 100% failure (no PFC update at
model consists of hippocampal and perirhinal networks; this Q == - g : ! retnevec{ item. Subsequent test), the model still shows an intact PFR curve. This is because PFC initiates recall
Complementary Learning Systems model has already been 1 \ Q c . ! .recaIIs will come from the normally.
used to account for a wide range of recognition memory ) ’ g Retrieval Mode e > items studied close in time to : . . . .
findings (Norman & O'Reilly, in press). Th e PrefrOnta I MOd el the recalled item. - During study, PFC is updated by gating in fe.atures. present in the.envwonment.
_ ° ® o ® However, at test, PFC must update by gating in retrieved information that has no
;he F:FC cgmpznlentfo;theprpgdel is based on recently | . . bottom-up support. A damaged gating system might not be driven reliably in this
TEVG OPe dn?o Fe > cl)( L ow h ;ngo.rlfs cognitive .Cor;]tmI;FC ° At test, there is no external cue to situation, where the information driving updating is weak.
e.se mo e > (. rank, Lougnry, €y, 2.001). p(.)SIt t a.t o . . drive recall. 0.6 = Empirical data (Howard, Wingfield and , o , , , ,
actively maintains aspects of presented stimuli via multiple ¢ 1« - Activity in PFC projects to posterior areas _ 05— Younger Zost (ahana, submitted)  The dopamine (DA) system is intimately involved with the gating system in the
parallel “stripes” that can be updated separately. On each CIE LI and biases processing in those areas. o o é’m o : Young’er and older subjects were brain,and a number of studies have shown disturbances in the DA system in
trial, information in PFC can be maintained, or can be Eamaw ) \ * PFCis still maintaining the set of 2 fooy healthy aged humans and monkeys (as reviewed in Braver et al, 2001). Thus
) . /\ . y features that were bresent for the 5 0.3 2 run on a test of free recall. Overall, ' '
replaced by aspects of the current stimulus. Over time, the (GEEEEEEE) . PEC maintains features of item stimuli. \ . ; P . z g the older subjects recalled fewer further investigation of this component of the model is underway.
pattern of activity in PFC can be viewed as an evolving %‘:- [ L LTI '% £ — final study item (the end of list § 02 € 0.1 toms
" " CT T 1 1T I 1] (=]=)) - = .
text vector” . . & 0.1 =
e A truck full of bananas drives past. The semantic representations of === Ee \J O * PFC representations are robust to state 0 Y N .
At study, the current state of this PFC context vector is . T T . (@ LLTITT]) interference but can rapidlv undate when J 2 4 6 8 10 5-4-32-1012345 Figure reproduced with permission from M. ° o o
associaz/ed with item representations via the hippocampus. banana and truck activate a set of units in CA3. These activated CA3 ) eeded, ISy Up 2 * This information is projected to Serial Position a9 Howard. COnC| USIONS & fUtU e d | reCt|O ns
At test PFC context can cue memory for studied items. At a units strengthen connections between each other, as well as to active ) . hippocampus as a retrieval cue. o . o o
high level, this approach has much in common with more inPUt and output units via Hebbian learning' g % Since PFC state drifts sIowa,the - The Probability of First Recall (PFR) curve. Notice that elderly subjects are We extend an e)fIStmg model of medial temporél COﬂtrIF)UtIOHS to EPISOdIC
abstract models of temporal context memory (e.g., Howard & C ) end of list state is a good cue for unaffected in this measure. Thus, elderly subjects initiate recall appropriately. 'mem;).ry Ey adczlngta Ipregrontgl. Clotmponenlt: -I;_h's C‘?mb'hEd r.nocil.el is used to
Kahana, 2002). During encoding: - ) the last few items in the list investigate prefrontal and medial temporal interactions in episodic memory.
- Strong Dentate Gyrus (DG) projections promote pattern separation. In the model, each.strlpe IS an g = J % - The Conditional Response Probability (CRP) curve. In general, the CRP curve for Here, the model is used to simulate free recall performance.
DG has many units and is sparsely active; this enhances small [[ 0O00O®O000 ]) attractor system with 10 stable \ J — the elderly is flattened. Thus, elderly subjects do not transition appropriately. | | |
differences in input patterns. states. Each state can be thought of The model is successful in capturing a number of aspects of free recall
- Once the strong DG projections determine which units are active in [D.[ )OO ]} as a high-level representation of Here, the model successfully * We explore various lesions to the model that might produce this pattern of data. performance including how subjects initiate and carry out recall. This is achieved
- CA3, Hebbian weight change forms an attractor by linking together item features. . retrieves an item and its by the representation of internal context stored in the prefrontal component of
Th e pa ra d Ig m active units. associated context. The deﬁning the mOdel.

characteristic of retrieval mode is

that retrieved context is used to Importantly, the model can inform us about the effects of various types of lesions.

We apply the model to free recall. g

. Hippocam pus at retrieval 3 two items ago update PFC state. LeS 1ONin g th e m Od el A set of model lesions are compared to the performance of healthy aged humans.
Given study list: ‘ C J> last item . . o . Large diffuse lesions to the hippocampus and prefrontal cortex do not produce
’ . “ e Th aved H The undamaged PFR curve in the elderly is a very constraining data point, that the correct pattern of elderly data. A dysfunctional gating system does produce
Sav the subiect s "apple. bizza b ) . . oo° J D BEC can maintain the features of e retrieved context can then cannot be captured with just any type of damage to the model. Here we investigate the brober battern of elderlv data
° currentitem . . . o
dy the subject recalls. “apple, plzza, banana ) ‘ E & f% e it - | be used to update the PFC state. two types of broad damage: a lesion of 70% of the units in areas DG, CA3 and CA1 of Properp y
That is, they recall item #3, then #2, then #4. = ) Muitiple items simultaneousty. the hippocampus, and a lesion of 70% of the units in the PFC. , , , , _ -
— By gating a few features at a - The item representation is By including a functional PFC component in our model, we gain the ability to
- Probability of First Recall (PFR) provides a measure \ Ce® . % jclme,the overall representation reactivated in semantic memory. Diffuse hippocampal damage Diffuse PFC damage lnvest.lgate a.vast arr]?y of memory taSkS( including list learning, interference
1 P M Semantic 2
Of hOW SUbJeCtS ’n’t’ate reca”' . J y Representation ( (J ) In PFC Changes SIOWIy’ os Probability of First Recall >.Oczosnditional Response Probabilities o Probability of First Recall 0Czcgnditional Response Probabilities paradlng, dlreCted Orgettlng’ recenCyJUdgementS and temporal Order.
PFC * The retrieved semantic ) : [ — bosetne
We calculate the probability that a given item will be representation can also be used A We are also exploring how medial temporal cortex contributes to more
recalled first by the subject. Since subjects tend to A stripe can maintain its current state to update PFC in a similar way as £o4 classically "frontal" tasks such as task-switching.
initiate recall with end of list items, PFR provides a or update to reflect new information at study. S oosp,_A” Moty §o2
good measure of recency. . : : : matmanenenn ™ | 3 [0 | _
Q000 0000 in the enylronment. Maintenance is %erial fosition e S B
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second class of lesions: those affecting the PFC gating system.
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