Executive Control Operations for Updating of Verbal Working Memory

Adam Krawitz, Shane T. Mueller, David E. Kieras, and David E. Meyer
University of Michigan, Department of Psychology, Ann Arbor, Michigan, USA

Methods for New Rehearsal Tasks Results: CFR, RFR, CBR, and RBR

Abstract

Sub-trial Accuracy

The maintenance and updating of temporary stored information in Startup period: Bold = auditory stimuli e Sub-trial accuracy decreased

verbal working memory (VWM) has typically been studied through *n (2,3,4, or 5) words presented | Time > “Quote” = verbal response significantly with rehearsal set

popular procedures like the immediate serial recall and N-back auditorily with 100ms ISI Startup period 1st Sub-trial ond Syb-trial Letters represent words size for all four tasks. 0.8}

recognition tasks. However, these procedures are problematic * After signal, participant recites A A A used in tasks. - Approximately additive effects on .|

because they confound memory-updating operations with other the entire sequence 4 Y4 A\Y4 e sub-trial accuracy of rolling vs. 5

processes such as encoding, rehearsal, and retrieval. To help solve Sequence of sub-trials: A, B, C, beep! “A,B,C”_ D “A,B,C,D” E "A, B, C, D, E” > Cumulative forward rehearsal (CFR) cumulative and backward vs. 2°4T

this problem, we have developed new procedures that enable e On each sub-trial, one word \f / “B. C, D” “C, D, E” ~»> Rolling forward rehearsal (RFR) forward tasks. 02} |-e— CFR —e— CBR

various types of updating (e.g., appending and deleting ordered presented auditorily 100ms ISl 300ms RSl “D, A, B, C” “E, D, A, B, C” > Cumulative backward rehearsal (CBR) -Both update type and update | —— RFR —*— RBR

items In working memory) to be isolated and characterized through e Participant immediately recites location influenced accuracy. : ! :

analytical measurements of “cumulative” and “rolling” forward or updated sequence Rehearsal Set Size (words)
: : . : Sub-trial Reaction Time

backward overt rehearsal. Mean response latencies, durations and e Next sub-trial begins after a : : -

_ 1200k e Sub-trial reaction times for CBR
error rates based on these measurements reveal that simple 300ms RSI : . /' showed no effect of rehearsal
“append” operations are relatively easy and invariant with changes Trial details: Results: CFR and RFR E 000l set size, and significant constant
n nemory I(_)ad,. Whereaf merr’l,ory IO?d strorlgly affe-CtS more e Trial ends after recital when an error occurs, or when maximum Startup Period Accuracy Sub-trial Accuracy £ cost compared to CFR.
difficult combinations of “delete” and “append” operations. Our number of sub-trials are completed N - . = soof -~ o o Sub-trial reaction times for RBR

. . . . . g . . . . Vr VI g ® -
flndmgs have po.tentlally significant |mpI|ca_t|ons for theorejucal - Participants monetarily encouraged to start response promptly and 1 N = are more difficult to interpret
modeling of updating and other related executive control operations : - & —e— CER —*— CBR . e !
_ _ recite sequence quickly and accurately > 2 v with RTs significantly longer than
in verbal working memory - L - el G 06 —*~ RFR RER J y 199
' e Accuracy, RT, and articulation time recorded for startup period and = = 400 | ' ' ' RFR at small set sizes, and
) ) each sub-trial & ~ o o R 2 3 4 s 6 equivalent at larger set sizes.
Updatl ng Ope ratlons Word sets: 0.2 | DA 0.2 | e RER Rehearsal Set Size (words) RER: Origin of Incorrect Words
*Used 3 word sets (A, B, and C) of 10 short, medium, or long words oof . . . L T——, « Most incorrect words are just in Not In Current Rehearsal Set
VWM updating is the intentional modification of the current contents e Equated on mean phonological onset dissimilarity, using ? > N ° £ s 4 s 8 wrong position within the current & >Ta —

of verbal working memory. In terms of Baddeley’s (2000) model this
Involves the central executive interacting with the phonological loop.

PSIMETRICA (Mueller et al., 2003)
e Varying in mean articulatory duration, determined experimentally

Rehearsal Set Size (words)

Rehearsal Set Size (words)

e Accuracy decreased significantly with rehearsal set size.

_Incorrect Words of This Origin/
# — Total Rehearsal Opportunities

rehearsal set (not shown).

=
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e However, In RFR and RBR, some

e No effect of task on accuracy during startup period suggests incorrect words were dropped on

similar initial states before updates began.

using articulatory duration technique of Mueller et al. (2003)

Types of updating operations may include: e Task, word-set and n were blocked, within-subject

42/

% of Recall Opportunities
(@)

e Addition: “abc” - "“abcd” . . . . , past updates. These are typically 6823

. Deletion: “q b ¢ “y o e Order of tasks and word-sets counterbalanced across subjects e Significantly lower accuracy in RFR than CFR during sub-trials from the most recent update 05F » 2

- Replacement: “abc’ - “afc” indicates differential effects of different updating operations. with progressively fewer from 5509 sonz {0 1902 1000 0 [l
. - - ' 1 2 3 4 5 o6 7 8 9 X

e Reordering: “abc¢” - “acb” Results: Serial Recall and CFR e No effect on reaction time of Sub-trial Reaction Time older updates.

Origin of Incorrect Word (updates)

Operations can occur at the start, middle, or end of the list of items. rehearsal set size for CFR task. 12001 cpR: coch task h ¢ of distinct
. - . . Effect of W . - L . . . B 0ol Slope = 9 ms/word e Each task has a set of distinc i it i
Some operations may be primitive, while others are composite, e.g.: a gsé%O%OArSCSU?LSC;” Word ~ sets with  greater e Significant linear increase in £ pecoor A oostion funct serial Position Functions =
Replacement: “abc” - “afc” Bosf o — o0co wedoe | Measured  articulatory duration reaction time with increasing 2% * Serial POSIHON TUREHONS. = ST
versus 2 [~um T s 0o produced lesser accuracies on rehearsal set size for RFR task. e —— == 8-~ @ —--e~ "8~ *All tasks show an effect of s 1
Deletion and insertion: “abc¢” - “ac” - “afc” 3> \\\ the CFR task. e This pattern suggests constant % e e CFR rehearsal set size. T &-\. 08
Th S, - . 355l T~ *The cost In accuracy for time updating operations for & 200} siope = 151 msiwords |- RFR °CFR shows a primacy effect at § . 06
e relationship between the time taken to perform an operation g ; AS~_ increased articulatory duration CFR, and linear time updating oL R? = 0.99 the start of the list. 5 "
. . . - W Set A < y C__1 ] ] 1 ] ]
and memory load WI|! depend on both the particular operation _and S50kl 2 Word sut B NS (0.0062 words/ms) was similar operations for RFR. > 3 y 5 5 «RFR and CBR show a primacy % RER RER
gh? stora?eh mfechanlsm forI serial ordgr. dFor exalljmplde, consider E ¢+ Word Set C N to that reported for serial recall Rehearsal Set Size (words) effect (at start for RFR; at end % 11e—2 »
eletion of the first item in a list, e.q. “abcd” - “bcd”. 45y - - - - - _ _ _ 08-%/
In a ‘nointer’ model of serial order %_L of operations i tant- ° = o e w0 awo =0 (0.0057 words/ms) (Mueller et Why the difference in RT by rehearsal set size between tasks? for CBR) and a recency effect (at & '
p ’ perations IS constant. Articulatory Duration (ms) al., 2003). . . . N end for RFR; at start for CBR). X
I U e Option A — Type of operation: deletion vs. addition 04

e RBR shows a recency effect at
the start of the list.

* Perhaps, deleting any item in a list requires rebuilding the list?

1 2 3 4 5 6 7
Serial Position

Comparing Participants'

a=>Db==c=>d - a=Db=c=>d

e Participants performed both the

_ —~ Memory Span and CFR Performance - : _ : ‘A A
While in a ‘slot’ model of serial order, # of operations varies linearly serial recall task and the CFR < . . OpF;uoE B LocatlondF;f o:?era:lort]). bgglhnlng:c }/St ena _
with memorv load: task. 2751 [ @ Participant - " Perhaps, any modification to beginning of list requires
Y I_ﬁhﬁ)’\ «Memory span in serial recall Z7of o -7 manipulation of all items in the list? Future Plans
lalblcfd] | - [blcfd] | | was a sianificant oredictor of Pt “Backward” tasks provide further constraints on possible o |
9 P 3°°T o -~ et architectures: e Construct a model of the rehearsal tasks within the Executive-
accuracy in CFR. < o _-~ - : : : :
i 260} > - Update location Process Interactive Control (EPIC) architecture:
Benefits of New Rehearsal Tasks *These results suggest the 555;,/,. R ol Beginning End = Necessary to develop and test detailed theories of processes
phonological loop contributes o[ | | | T Undate operation Addition| CBR, CFR, RFR iInvolved in VWM updating operations.
e Use of chronometric analysis (RTs and articulation times) to performance on both tasks. 45 80 85 60 65 70 | | Deletion| RFR = Will simultaneously test assumptions of past work with other

d . . .
Memory Span (words) VWM tasks (e.g. serial recall) and provide independently

motivated constraints on new model.
e Adapt the rehearsal tasks for use in fMRI experiments:
» Use the methods of parametric variation and temporal isolation
to identify brain regions participating in updating operations.
e Use the rehearsal tasks in training studies and ageing studies to
gain further insight into the executive control operations involved
In the updating of verbal working memory.

» Speeded responses encouraged by performance bonuses
e Control over rehearsal strategy

» Overt rehearsal and short RSls constrain strategy
e | ocalization of errors in memory contents

= Full overt rehearsal after each memory update
e Comparison of different updating operations (See methods)

e Application of results to other VWM tasks (See memory span and
CFR results)
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