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A fte r review ing the re levan t th eo ry on chess expertise , this p ape r re -exam ines

expe rim en tally the finding o f C hase and S im on (1973a ) that the d iffe rences in

ab ility o f chess p laye rs at d iffe ren t sk ill leve ls to copy and to reca ll po s itions a re

attr ibu tab le to th e expe rts ’ sto rage o f thou sand s o f chunk s (pa tte rn ed c lus te rs o f

pieces) in long-te rm m em ory . D espite im po rtan t d iffe rences in the expe rim enta l

appa ra tu s, the da ta of th e pre sent experim en ts rega rd ing la tencie s and chess

re la tions be tw een success ively p laced p ieces are highly co rre lated w ith those o f

C hase and Sim on. W e conc lude tha t th e tw o -second inte r-chunk inte rv a l u sed to

de fine chunk bounda rie s is robus t, and tha t chunk s have p sy cholog ica l rea lity . W e

discu ss th e po ssib le reasons w hy M aste rs in our new study used su b stan tia lly la rg e r

chunk s than th e M aste r o f the 1973 study , and ex tend the chunk ing theo ry to take

accoun t of the ev idence for la rg e retrieva l st ru ctu re s (tem p late s) in long -term

m em ory .

INTRODUCTION

H ow can chess M aste rs play h igh-quality gam es w hen they are a llow ed on ly five

m inutes fo r the en tire gam e? H ow can they reca ll alm ost perfec tly a position

presented fo r a few seconds? C hase and S im on (1973b) proposed tha t M aste rs

access info rm ation in long-term m em ory (LT M ) rap idly by recogn ising fam iliar

constellations of p ieces on the board , the pa tterns ac ting as cues that trigger

access to the chunks. B ecause these chunks are assoc ia ted w ith possib le m oves,

chess M asters can genera lly choose good m oves w ith on ly m odera te look-ahead
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sea rch. Because sto ring one chunk in STM gives access to a num ber of p ieces,

M asters perfo rm rem arkab ly w ell in recall tasks. A s this theory and the

consequences tha t flow from it have had considerable im pac t on the study of

expertise in num erous dom ains (C harness, 1992), its valid ity is of in terest to

cognitive psycho logy generally.

C hase and Sim on carried ou t little m ore than an exp lo ra tory experim en t.

They stud ied on ly a sing le M aster, a sing le E xpert, and a single C lass A player.
1

M oreover, the M aste r was rather inac tive in chess at the tim e of the experim en ts

and perfo rm ed substan tia lly less w ell than o ther M aste rs w ho have been tested in

the sam e or sim ilar tasks. In add ition , as the sub jec ts used actua l chess boards

and p ieces, the m axim um num ber of p ieces they could grasp in one hand cou ld

have lim ited apparen t chunk sizes. For these reasons, and because of the am ount

of a tten tion the experim ent has attrac ted , it seem ed im portan t to carry ou t a new

study , not sim ply as a replication , bu t in such a w ay as to overcom e the

lim ita tions of the orig ina l study (especia lly the tw o just m en tioned) and to re -

exam ine and illum inate som e of the issues tha t have been ra ised in the litera ture

about that experim en t and its inte rp re tation .

A fter sum m arising C hase and S im on ’ s (1973a) defin ition of chunk , w e

answ er the m ajor c ritic ism s that have been aim ed a t the chunk ing theory , and

propose a m odest refo rm ulation of the theory tha t m akes d iffe ren t p red ictions

about the size of chess M asters’ chunks , and espec ially the largest chunk , than

the orig ina l version. Com paring a copy and a recall task , we show that the tw o-

second boundary proposed by C hase and S im on is robus t. C om parisons be tween

latenc ies and frequencies o f various chess re la tions ind ica te tha t, in bo th tasks,

diffe ren t processes a re used to p lace successive p ieces w ith in a chunk than to

place the first p iece in a new chunk .

What is a Chunk?

A chunk is an LT M sym bol, hav ing arb itra ry subparts and propertie s, that can be

used as a processing un it. E ach chunk can be retrieved by a sing le ac t o f

recogn ition . C hunking has been p inpo inted as a basic phenom enon in chess

expertise a t least since D e G root (1946 /1978), who noted that chess positions

were perceived as ``large com plexes’ ’ by M asters. The concep t w as m ade m ore

prec ise by C hase and S im on ’ s (1973a) p roposed opera tiona l defin ition of chunks

in chess. C om paring the d istribu tions of la tenc ies in a m em ory task (the D e

Groo t reca ll task ) and a percep tua l task (copy ing a position on a d iffe ren t board),

they defined a chunk as a sequence of p ieces p laced w ith be tw een-p iece

in terva ls o f less than two seconds.

1
C o m pe tit io n ch e ss p laye rs a re ra nk ed b y the E L O ra ting (a n in terv a l sc a le ). Its s tan da rd d ev ia t ion

(20 0 p o in ts) is o fte n in te rp re ted a s d e lim i tin g sk ill c la sses . G ra n dm aste rs a re n o rm a lly ra ted ab ov e

25 00 , In te rna t io nal M aste rs abo ve 24 00 , M aste rs b e tw een 2 2 00 an d 24 00 , E x pe rt s be tw een 20 0 0 and

22 00 , C la ss A p laye rs b e tw een 18 00 and 2 00 0 , an d C la ss B play e rs be tw een 1 6 00 and 18 0 0 .
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A ccord ing to the theory , pairs o f pieces tha t have num erous rela tions are

m ore likely to be no ticed together, hence chunked . Chase and S im on then

ana lysed the chess re lations (attack , defence , p rox im ity, sam e co lour, and sam e

type) betw een successively p laced p ieces in the tw o tasks, the reby dem onstrat-

ing tha t the probab ilities o f these re lations betw een successive pieces belonging

to a chunk (less than tw o seconds’ in terval) a re m uch grea ter than the

probab ilitie s be tw een successive pieces no t be long ing to a chunk (an interva l o f

m ore th an tw o se co nd s) . T h e la rge a verag e d if fe re nce s ob served a dd

considerable credence to the rea lity o f chunks .

Chase and S im on (1973b) proposed that, du ring the brief p resen ta tion of a

chess position , players recogn ise already fam iliar chunks on the board and place

poin ters to these chunks in a short-te rm m em ory of lim ited size. A com puter

p rogram , M A PP (Sim on & G ilm artin , 1973), sim ula ted severa l experim en tal

find ings, inc lud ing the percentage of pieces recalled by a C lass A player, the

types of p ieces replaced , and the chess rela tions be tween successive p ieces in the

reconstruc tion . S im on and Gilm artin estim ated tha t expertise in chess w ould

requ ire be tween 10 ,000 and 100 ,000 chunks in m em ory (in the litera ture, 50 ,000

is o ften m entioned). F ina lly , C hase and Sim on ’ s theory of m em ory im plies tha t

chunks , upon recogn ition, w ould suggest good m oves to the M asters, w hich

cou ld then be furthe r eva lua ted by lim ited look-ahead search.

Experimental Evidence for the Chunking
Hypothesis

C hunk struc tu res have been iden tified experim enta lly in parad igm s other than

tha t em ployed by C hase and S im on (1973a ,b ). It has been show n tha t p resen ting

p ieces (v isua lly or verba lly ) as chunks a llow s be tter recall o f a position than

presenting p ieces by colum ns or in random order (C harness, 1974 ; F rey &

A desm an 1976). C h i (1978), using a partition ing technique, found tha t chunks

som etim es overlapped and that sub jec ts took longer, on average , to place p ieces

crossing a chunk boundary (abou t 3 s) than to p lace p ieces w ith in a chunk

(around 1 .5 s). F reyhoff, G ruber & Z ieg ler (1992) using a sim ilar partitioning

and sub-partition ing procedure , also found tha t M asters c rea ted la rger c luste rs a t

all leve ls o f partitioning than did C lass B players. In add ition, the chunks

detec ted at the basic leve l corresponded in size and interp iece rela tions to the

chunks iden tified by C hase and S im on (1973a). G old and O pwis (1992),

app lying h iera rch ica l c luste r ana lysis, found partitions sim ilar to those iden tified

by la tencies. F ina lly , the early suggestions of D e G roo t (1946) on the ro le o f

com plex know ledge in chess have been corroborated in sorting tasks (G ruber &

Ziegle r, 1990), in guessing experim ents (Gruber, 1991) and verba l retrospec tive

pro toco ls from a reca ll task (D e G roo t & G obet, 1996). In genera l, the h igher the

sk ill leve l, the m ore often the verba lisa tions refe r to abstrac t know ledge , the less

o ften to chunks sim ila r to those iden tified by C hase and S im on (1973a ,b ).
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In sum m ary , these experim ents support the psycho logica l rea lity o f chunks as

defined e ither by num bers of (chess-) m ean ingfu l re lations or latency in

placem ent. T he tw o crite ria are bound c lose ly together, theoretically and

em pirica lly , in the chess reca ll ta sks, as w ell as in verba l and pic toria l recall

tasks tha t involve sem antic c lustering (W ix ted & Rohrer, 1994).

The Template Theory

The chunk ing m ode l has spaw ned considerab le em pirical w ork (see H old ing ,

1985 , and G obe t, 1993 , for rev iews), bu t has a lso been challenged on severa l

ground s. For exam ple , H old ing (1985) criticised the recogn ition -associa tion

assum ption (chunks ac t as cues tha t, w hen recogn ised , evoke access to heuristic

sugges tions fo r good m oves)Ð but G obe t and S im on (1996d) obta ined resu lts

supporting this assum ption . H old ing (1985) also proposed tha t S im on and

Gilm artin ’ s (1973) estim ate of rough ly 50 ,000 chunks needed for expertise is

m uch too large. How ever, recen t da ta (G obet & Sim on , 1996b; Saariluom a,

1994) support th is estim ate .

T he m ain weakness of the chunking m ode l is its assum ption of encod ing on ly

in to ST M during a typ ical five -second reca ll task , w ith no new info rm ation

be ing added to L TM . H owever, stud ies using in terfe ring m ateria l after one or

several positions have been presen ted (C harness, 1974 ; Cooke, A tlas, Lane, &

Berger, 1993 ; F rey & A desm an , 1976 , G obe t & Sim on , 1996a) have show n tha t

th is m ateria l does no t inte rfe re m uch w ith chess m em ory, thus im ply ing tha t

m ost of the reta ined info rm ation has been transferred rap id ly to LT M .

G obe t and S im on (1996a) p ropose a m odified m ode l tha t accoun ts fo r these

find ings and is in accord w ith o ther recen t m ode ls o f expert m em ory (e .g .

R ichm an, S taszew ski & Sim on , 1995). (For a sim ilar, bu t less spec ific, p roposa l

for rap id storage in ex isting L TM structu res, see S im on , 1976 .) T he m odified

theory con tinues to assert tha t chunks are accessed th rough a disc rim in ation ne t.

In add ition , chunks tha t recur often in M asters’ prac tice and study evo lve in to

larger and m ore com plex data struc tu res, ca lled tem pla tes , typ ica lly represen ting

a dozen or so p ieces as they are p laced in a particu la r chess ``open ing ’ ’ .

T em plates, besides con tain ing info rm ation abou t a pattern of pieces, as

chunks do , possess slo ts (va riab les tha t can be instantia ted ) in w hich som e new

info rm ation can be stored in a m atte r o f seconds. In particula r, info rm ation abou t

piece loca tion or abou t chunks can be (recursive ly) encoded in to tem pla te slots.

S lo ts a re crea ted a t board loca tions w here there is substan tial va ria tion in p ieces

or g roups of p ieces am ong positions in the class represen ted by the tem pla te.

Th is rap id LT M storage uses the sam e basic m echan ism as the re trieva l struc ture

m echan ism proposed by Chase and E ricsson (1982) to accoun t fo r expert d ig it

m em ory . (E ricsson and K in tsch ’ s, 1995 , a lterna tive proposal o f a sing le

hie rarch ical retrieval struc ture to sto re any type of chess position is no t p rec ise ly

enough specified to be tested aga inst em pirical data.)
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A lthough slo ts in tem plates can be filled rap idly , and hence augm ent STM in

the dom ain of expertise, the tem pla tes them se lves are bu ilt up slow ly , from

chess experience , a t norm al LT M learn ing ra tes. F ina lly , tem plates con tain

poin ters to sym bols represen ting plans, m oves, stra teg ica l and tactica l concep ts,

as w ell as o ther tem plates. These po inters a re a lso acqu ired at norm al lea rning

rates (i.e . 5 to 10 seconds per chunk).

The tem pla te idea is com patible w ith the find ings of D e G roo t (1946 /1978),

w ho em phasised tha t h is G randm asters and M asters were able to in teg rate

rap idly the differen t parts o f the positions (C hase & Sim on’ s chunks) in to a

w holeÐ som eth ing w eaker players cou ld no t do. The integ ra ted representa tion

can dep ict a typical open ing or m idd le gam e position . It is by this m eans tha t

strong p layers are able to access rap idly descrip tions of the position tha t are

larger than four or five p ieces.

The tem plate hypo thesis predic ts that strong p layers should rep lace positions

in chunks (tem plate) la rger than the ones iden tified by C hase and S im on

(1973a). Th is is o f course a t variance w ith the ir find ings (w hich , w e have no ted,

w ere based on the perform ance of only a sing le M aster). In order to eva lua te th is

d isc repancy in pred ic ted chunk sizes, w e m ust consider the criticism s of the use

of in ter-p iece response la tenc ies to iden tify chunks.

The Operationalisation of Chunks

Several au thors (F reyhoff et a l. 1992; Gold & Opw is, 1992 ; H old ing, 1985 ;

R eitm an , 1976) have seen d ifficulties in Chase and S im on’ s m ethod for defining

chunks , am ong the m ost im portan t o f them : (a ) difficu lty in identifying chunks

by reac tion tim es, (b ) im possib ility of cap tu ring overlapp ing or nested chunks,

(c) d ifficulty in assigning pieces e rroneously rep laced , and (d) the assum ption

tha t each chunk is reca lled in a sing le burst o f ac tiv ity during board

reconstruc tion . T hese ob jec tions w ould be serious if the goa l w ere to cu t a

chess position in to prec ise chunks, bu t a re no t fundam ental for relating chunks

to the d istribu tions of re lations be tw een p ieces, as in Chase and S im on ’ s (1973a)

study and the presen t one. M oreover, as w e have seen , various a lterna tive

techn iques (partition ing, so rting ) p rov ide converging evidence that supports the

orig ina l resu lts o f Chase and S im on .

Tw o other m ethodo log ica l concerns m ay be m entioned . F irst, sim ple latency

criteria m ay no t p rov ide unam biguous chunk boundaries because, as W ixted and

R ohrer (1994) show ed, in reca ll bo th from STM and L TM , latenc ies genera lly

becom e longer as successive item s are recalled . Successive p ieces placed early

in recall w ou ld be assigned to the sam e chunk w hile those placed la ter in reca ll,

w ith longer la tenc ies, wou ld be assigned to separate chunks. T his cou ld accoun t

for the observed larger average size of the early than of the la te chunks. W e w ill

take up this question in the experim enta l part o f our paper.
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Second , sub jec ts in the original study rep laced p ieces m anually . H and

capac ity w ill lim it the num ber of p ieces tha t can be grasped , hence the estim ated

size of chunks. In the sam e line, sub jec ts m ight g rasp pieces m ore or less

random ly , and then look for app ropria te loca tions fo r them . O ur new

experim en tal p rocedure elim ina tes these two po ten tia l prob lem s.

OVERVIEW OF THE EXPERIMENT

M ost of the criticism s we have rev iew ed e ithe r m isin te rpre ted the chunk ing

theory, o r sugges ted the necessity fo r postu lating som e kind of rap id encoding

into L TM , a requ irem ent tha t is now m et in the tem plate theory (G obe t &

Sim on, 1996a). S till, the re is w arran t for testing fu rther the validity of C hase and

S im on’ s m ethod for iden tify ing chunks: in felicities in the orig ina l study ;

critic ism s of the techn ique used ; evidence tha t M aste rs perceive a position a t a

higher level than 4±5-p iece chunks ; a d ifferen t p redic tion of the tem pla te theory

about the size of chunks; the sm all num ber of sub jec ts. In add ition, if the c lose

re lation betw een the num ber of rela tions join ing a pair o f p ieces and the

likelihood of the pa ir be ing perce ived in rap id succession w ere confirm ed , then

num bers of rela tions, on the one hand, and la tencies, on the other, p rovide

converg ing evidence abou t the num bers, sizes, and charac te r o f the chunks tha t

experts perceive .

C hase and S im on (1973a ; see also Tulv ing , 1962 , and B ow er & Springston ,

1970) used tw o experim en tal parad igm s in order to iso la te and define chunks. In

the copy task , sub jec ts reconstructed a chess position w hile keep ing the stim ulus

position in p lain v iew . Successive g lances at the stim ulus position w ere used to

de tect chunk ing , on the assum ption that one chunk is encoded per glance . In the

reca ll task , sub jec ts reconstruc ted a position presen ted fo r five seconds. The

tim e be tw een the replacem ent of successive p ieces w as used to segm ent the

ou tpu t in to chunks. C hase and S im on found that pa irs of pieces w ith in chunks

iden tified by the copy and reca ll m ethods show ed the sam e pattern of re lations,

bu t a d iffe ren t pa tte rn from tha t show n by pa irs o f p ieces be long ing to d iffe ren t

chunks .

T he data supporting the tw o-second boundary fo r de lim iting chunks have

never been rep lica ted . For reasons a lready d iscussed w e are m ore inte rested in

an ex tension and c larification of the earlier resu lts than an exact rep lica tion . The

m ost im portan t d iffe rence be tw een our experim ent here and the earlier study is

tha t we use a com puter d isp lay instead of physical chess pieces and board ,

rem oving the possib le artifact in C hase and S im on ’ s exper im en ts tha t chunks

m ay have been lim ited by the hand ’ s capacity to grasp pieces. W e w ill show tha t

the change in apparatus prov ides converg ing ev idence supporting the standard

m ethod of iden tify ing chunks.

W e first ana lyse the latenc ies in rep lac ing p ieces in the copy task and discuss

stra teg ies em ployed by the sub jec ts. W e then com pare these resu lts w ith those
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obta ined in the reca ll ta sk, focusing on the latenc ies and the chess rela tions

betw een successive p ieces. D ata on the size of chunks w ill be exam ined nex t.

F ina lly , w e consider the im plications of our resu lts for the chunk ing theory.

METHOD

The copying and reca ll tasks w ere g iven as part o f a la rger design to the sub jects

o f E xperim en t 1 of Gobe t and S im on (1996a) and to ha lf o f the sub jec ts o f

Experim en t 2 of G obe t and S im on (1996b ). A ll sub jec ts carried out the copying

task (w ith the sam e m ate ria l and ins truc tions) a t the beg inn ing of the

experim en tal session , a fter they w ere introduced to the com pute r p rogram used

to run the experim en ts and before the m ain experim enta l m anipu la tion of the

session . The random positions of the reca ll task w ere presen ted im m edia tely

afte r the copy ing task . The gam e positions in the recall ta sk w ere then g iven as

the in itial stage of an experim ent on the reca ll o f m ultip le boards (Exper im en t 1 )

and as the con trol cond ition o f an experim en t on the effec t o f m irro r- im age

m odification of positions (Experim en t 2). A s there w as no d ifference betw een

the two experim en ta l g roups nor any in teraction of experim en tal g roup w ith the

variab les d iscussed here , w e pooled the da ta from the two experim ents.

Subjects

Tw enty-six m ale sub jec ts participa ted in the experim en t, recru ited from players

partic ipa ting in the N ova Park Z uÈ rich tournam ent and from the Fribourg

(Switze rland) C hess C lub , and w ere pa id SFr 10 . ± (SFr 20 . ± for the p layers

hav ing a FIDE title). T he ir Sw iss EL O ra tings ranged from 1680 to 2510 , w ith a

m ean of 2078 and a standard dev iation of 233 (see Foo tno te 1). Sub jec ts w ere

grouped in th ree skill leve ls : M aste rs (n = 5 ; m ean EL O = 2453), E xperts (n = 9 ;

m ean EL O = 2148), and C lass A players (n = 12 ; m ean E LO = 1869). T he m ean

age w as 29 .7 years (sd = 8 .5). T he youngest sub jec t w as 18 years, the oldest 49

years.

Materials and Procedure

Copy Task . Experim en ts w ere run with a M acin tosh SE , hav ing a high

reso lution n ine-inch d iagonal screen (512 ´ 342 p ixe ls). T he positions w ere

presented on the sc reen w ith a 9 ´ 9cm chessboard . Indiv idua l squares w ere

11.25 ´ 11.25m m . P ieces of standard shape w ere used . The background w as

b lack during the presenta tion of the board . B etw een the presen ta tion of one

stim ulus b oard and the presen tation of the reconstruc tion d isp lay , the sc reen w as

b lack .

The reconstruc tion d isplay con tained: an em pty 9 .5 ´ 9 .5 cm board (lower

left co rner o f the board 1 .35cm from the low er left co rner o f the sc reen); a

rec tangu lar box (2.4 ´ 7 .1 cm , 2 .2 cm from the righ t side of the sc reen)

CHUNKS IN EXPERT CHESS MEMORY 231



d isp la y in g the s ix d i f fe re n t k in d s o f p ie ce s o f W h ite an d B la c k ; a

11 .9 ´ 11.9m m box be low the prev ious box w here the se lec ted p iece w as

disp layed; an ``O K ’ ’ box near the upper left co rner o f the screen , perm itting the

sub ject to choose w hen to rece ive the nex t stim ulus. To p lace a piece , the sub jec t

first se lec ted the desired k ind in the ``p ieces box ’ ’ by click ing the m ouse , and

then clicked it on the appropriate square , p roduc ing an icon of the p iece on th is

square. Each successive p iece had to be se lec ted independen tly w ith the m ouse

from the rec tangula r box disp lay ing the k inds of p ieces. O nly the m ouse w as

used by the sub jec ts (no t the keyboard).

T w o num bered boxes w ere disp layed near the top of the sc reen for sw itching

the d isp lay be tw een the position to be cop ied and the reconstruction board . The

tw o positions (the m ode l and the position be ing reconstructed) were slightly

shifted and of a d iffe ren t size , in o rder to avoid sub jec ts using icon ic m em ory to

superim pose one on the o ther.

L og files recorded the fo llow ing data: tim e be tw een the se lec tion of a p iece

and its p lacem ent; tim e be tw een the placem ent o f two p ieces (in terp iece

la tency); type of p iece placed and its loca tion ; rem ova ls o f p ieces and

placem ents ou tside the board .

F ive positions w ere used, th ree taken from m aste r gam es (w ith 24 , 30, and 26

pieces) and tw o random positions (w ith 25 and 28 pieces). R andom positions

were created by random ly reassign ing to new squares the p ieces of a gam e

position . T he five positions and their o rder o f p resen tation (gam e ±random ) were

the sam e for all sub jec ts . T he concern in th is experim en t w as no t in

dem onstrating the , a lready estab lished, superio r m em ory for the gam e as

com pared w ith random cond itions, but in exp lo ring the re la tion be tw een the tw o

defin itions of chunking , the one based on la tencies, the o ther on chess rela tions

be tween successive p ieces. H ence, the confound ing caused by presen ting the

gam e positions befo re the random positions w as of m inor im portance fo r the

purposes of the experim en t. The first gam e position was used for prac tice and is

no t inc luded in our ana lyses.

A fter sub jec ts were in troduced to the com pute r p rogram and the use of the

m ouse, they w ere g iven the copy task. A position was presen ted on the screen ,

and sub jects had to reconstruc t (copy) it on ano ther board , w hich they cou ld

access by click ing a particu lar box on the screen . O nly one board w as visib le at a

tim e . Sub jec ts cou ld sw itch from the stim ulus position to the copy as often as

they w ished . They w ere encouraged to do the task as fast as possib le .

R eca ll Task. The reca ll experim en ts w ere carried ou t in the sam e w ay as

the copy experim ents, excep t that after the stim ulus position w as presented fo r

five seconds, it w as no longer ava ilab le to the sub jec ts, w ho had to rep lace the

pieces on the board from m em ory .

T he positions used in the reca ll task w ere taken from m aster gam es afte r

about 20 m oves w ith W hite to m ove , from various chess sources. T he positions

232 GOBET AND SIMON



w ere ``qu iet’ ’ (i.e . w ere no t in the m idd le of a sequence of exchanges). A

com pute r p rogram genera ted random positions by random ly reassign ing to new

squares the p ieces from gam e positions. For the reca ll o f gam e positions,

subjects’ re sults a re based on four positions for the sub jec ts w ho partic ipa ted in

Experim en t 2 of G obe t and Sim on (1996b) and on five positions fo r those w ho

partic ipa ted in Experim en t 1 of Gobe t and S im on (1996a). T he gam e positions

w ere random ly selec ted from a poo l of 16 positions for the fo rm er subjects and

of 26 positions fo r the latter. For all subjects, data on random positions are based

on three positions. The m ean num ber of p ieces per position (random or gam e)

w as 25 .

The random positions w ere presen ted before the gam e positions (the la tter

being a lso used as the initia l task of ano ther experim en t). For the sam e reasons

as in the case of the copy task, w e judged the confound ing due to the non-

random order of p resenta tion to be accep tab le. (A ll positions used in th is

experim en t can be obta ined in a com puter fo rm at from the first au thor.)

RESULTS AND DISCUSSION

First, w e ana lyse the copy task, to estab lish the re la tion of w ith in -glance to

betw een-g lance latenc ies. Second, w e exam ine the percen tage of correc t recall

in the recall task . T h ird , w e com pare the copy and reca ll ta sks w ith respect to the

latenc ies be tw een pa irs o f p ieces and the num ber of re la tions betw een pa irs o f

p ieces. W e use these find ings to estab lish converging definitions of chunks by

(1) a la tency criterion and (2) a c rite rion of num ber of relations betw een

successive p ieces. Fou rth , w e exam ine the size d istribu tion of chunks and

num bers of chunks.

O ur da ta genera lly agree w ell w ith the da ta from Chase and S im on (1973a,

b ), w ith som e diffe rences in sizes and num bers of chunks tha t a re m ore

com patible w ith the rev ised tem plate theory than w ith the chunk ing theory in its

o rig ina l form . In the th ird sec tion , w e exh ibit converg ing evidence tha t la tencies

and re la tions be tw e en p ieces prov ide a lte rna tive , independen t bu t qu ite

consisten t w ays of defin ing chunks. (A s age d id no t correla te sign ifican tly w ith

sk ill, inte rp iece latency , tim e to m ove the m ouse, or reca ll pe rcentage , w e om it it

from our ana lyses.)

Copy task

A ll sub jec ts bu t one (an Expert) were profic ien t in handling the m ouse . The

rem ain ing sub jec t dic ta ted (in algebra ic chess no ta tion) the p iece loca tions to the

experim en ter, who p laced the pieces on the board w ith the m ouse . In genera l, the

tim e to m ove the m ouse once a p iece is selected is independen t of p layers’ sk ill

(r = .05 for gam e positions and r = .01 for random positions).

There w as an im portan t d iffe rence in the behav iour o f our subjects from those

of C hase and S im on (1973a) in the copy task . T he ir sub jec ts stud ied the stim ulus

CHUNKS IN EXPERT CHESS MEMORY 233



position fo r a few seconds, then rep laced a few pieces on the copy board ,

repeating this cycle until all p ieces had been rep laced . O ur subjects (especially

the M aste rs) stud ied the stim ulus position fo r som e dozens of seconds befo re

plac ing the first p iece ; la ter, they ra rely rev isited the stim ulus. Th is m ay be due

to the differences in the w ays in w hich stim uli w ere presented and responses

m ade in the tw o se ts of experim ents. None the less, m ost of our resu lts accord

close ly w ith Chase and S im on ’ s.

Latenc ies B etw een Successive P ieces. L ike Chase and S im on , w e were

in terested in tw o m odes of placem ent: (a) w ithin -g lance placem ent (W G P), p iece

placed w ithou t sw itch ing back to the stim ulus position; and (b) be tween-g lance

placem ent (B GP), piece p laced afte r sw itch ing back to the stim ulus position .

T he la tenc ies be tw een successive pieces w ill be ana lysed using a 3 ´ 2 ´ 2

(Sk i ll leve l ´ T ype o f pos ition ´ P lacem ent m ode) fac to ria l design , w ith

repeated m easurem ents on the tw o last va riables. B ecause of the skew ness of

the d istribu tions, m ed ians are used as the m easures of cen tra l tendency . The

first p iece p laced in each position w as om itted from the ana lysis. F igure 1

show s, fo r each sk ill leve l, type of position and type of p lacem ent, the m ean of

the m edians.

O ne M aste r subject d id not p roduce any B G P w hen copy ing gam e positions

(he v iew ed the board on ly once befo re copy ing it), hence h is da ta were not used

when com puting the follow ing A N O V A s. W G P latenc ies a re m uch shorter than

B G P [F (1 , 22 ) = 9 0 .7 4 , M S e = 10 .3 , P < .00 1] . N o m ain e ffec t o f S k i ll

[F (2 ,2 2 ) = 0 .3 2 , M S e = 1 3 .5 ] o r o f T y p e o f p o s i t io n [F ( 1 , 2 2 ) = 1 .6 3 ,

M S e = 2 .15] a re found. A m arginally sign ifican t in teraction is signa led fo r Skill

´ T ype of position [F (2 , 22) = 3 .17 , M S e = 2 .15 , p = .062]. There are no o ther

sign ifican t tw o-w ay or th ree -way interactions: T ype of position ´ Placem ent

m ode [F (1, 22) = 1 .25 , M S e = 2 .0 ]; Sk ill ´ Placem ent m ode [F (2, 22) = 0.37 ,

M S e = 10 .3 ]; Sk ill leve l ´ T ype of position ´ Placem ent m ode [F (2 , 22) = 2.58 ,

M S e = 2 .02].

P lacem ent m ode is thus sign ificant at the .001 level. B esides, M aste rs show

an inte resting pattern: in con trast w ith the o ther players, the ir BG Ps are m uch

slow er w ith random positions than w ith gam e positions. T h is d ifference

accoun ts fo r alm ost the whole of the (m arginal) in teraction effec t o f Type of

position ´ Skill: Experts and C lass A players keep a lm ost the sam e rhythm for

the BG Ps in bo th gam e and random positions.

T he W G P la tenc ies a re longer than those in C hase and S im on (1973a). In

the ir da ta, 80% of the W G P latenc ies were less than 2 s, w ith a m edian around 1

s and a m ode around 0.5 s (estim ated from the ir g raph). For our sub jects, the

m edian is 2 .63 s and the m ode is about 2 .37 s. Th is d ifference can be expla ined

by the tim e needed to m ove the m ouse , w hich is greate r than the tim e needed to

pick up a p iece from one’ s hand or from the side of the board . W e therefo re used

a correc ted latency , sub trac ting from our tim es the tim e needed to m ove the
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m ouse to the destina tion square once a p iece w as se lec ted . F igure 2 reproduces,

for a ll of our sub jects, the correc ted B G P latenc ies (180 observations) and W G P

latenc ies (1283 observa tions) in gam e positions. A bou t 79.5% of the corrected

W G P latenc ies are now below 2 s, w ith a m edian of 1.37 s and a m ode of 1 .13 s,

in reasonab le agreem ent w ith C hase and S im on ’ s da ta.

FIG. 1. M ed ian lat ency b e tw een th e p lac em en t o f succe ss ive p ie ce s , a s a fu n c tio n o f sk il l leve l ,

ty pe o f p o si tio n , an d typ e o f p lac em en t (w ith in-g lan ce [W G P] or b e tw een-g lance [B G P] p la ce m en ts).

CHUNKS IN EXPERT CHESS MEMORY 235



A s this correc tion m ay appear a b it ad hoc , we also exam ined latenc ies afte r

sub tracting the m ouse m ove tim e estim ated from Fitts ’ L aw , corrected for erro rs

(W elfo rd , 1968).
2

The corrected d istribution of W G P latenc ies now has a

m edian of 1 .49 and a m ode of 1 .25 . W e obta ined sim ilar resu lts w hen we fitted

these param eters ind ividua lly for each sub jec t. N one of the resu lts w e report is

changed if we use the correc tion based on Fitts’ Law instead of the correc tion

based on the tim e to m ove the m ouse once a piece has been se lected .

A s in Chase and S im on (1973a), the W G P and B G P distribu tions are qu ite

diffe ren t. In the presen t experim ent, 79.5% of the W G P latenc ies (aga inst on ly

1.11% of the BG P la tencies) are less than 2 s, and 89.3% (against 4 .4% ) are

be low 2.5 s. The tim es, consistent fo r our three sk ill leve ls, are c lose to C hase

2
W e em p lo yed the p a ram e ter s p rop o sed by C a rd , M o ra n , an d N ew e ll (1 9 83 , p p .24 1±2 42 ):

T p o s = K 0 + IM log 2 (D /S + .5 ), w h e re T p o s i s th e p o si tio n ing t im e , I M = 1 20 m sec /b it, D = d is tan ce o f

th e ta rge t , an d S = size o f the ta rge t. F or K O , th e in te rc ep t , w e u sed 40 0 m sec , o b ta ined b y co m p uting

th e tim e to c lick and un c lick th e bu tto n of the m o use (4 ´ 1 0 0m sec ).

FIG. 2. F re qu ency h is to g ra m of w ith in -g lan ce la ten c ie s an d b etw een -g lance la tenc ies (c orre c ted

la ten c ie s fo r g am e p os i tio ns).
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and S im on ’ s, although a little slower even after the correc tion for the m ouse.

The c lose agreem ent adds considerable c red ibility to the tw o-second boundary

as a basis for defin ing chunks in rep lacem ent experim en ts.

The be tw een-g lance la tency d istribu tion has sm all peaks a t 3 .75 and 5 .75 s

and a m edian at 7 .3 s. BG P latenc ies are longer than those found by C hase and

S im on (m eans around 3 s), w hich m ay reflec t d iffe rences in stra teg ies used by

our subjec ts. A lso , because of the program design, it was d ifficu lt to access the

stim ulus position and re turn to the reconstruction board in less than one second,

w hich m ay have prov ided a m otiv e fo r fewer and longer refe rences to the

stim ulus.

Tota l S tudy T im e, R eferences to Stim ulus, and Sub jec ts’ S tra teg ies. T otal

tim e studying the stim ulus position is no t iden tical w ith the sum of betw een-

g lance latenc ies, fo r (a) subjects, having chosen a p iece , need tim e to m ove it;

(b) som e sub jects exam ined the stim ulus position afte r the reconstruc tion to

check for correctness. T he A N O V A shows a m ain effec t of Sk ill [F (2,23) = 5.85,

M S e = 1265 .5 , P < .01] and Type of position [F (1 ,23) = 109.72 , M Se = 33 2.8 ,

P < .001]. In the gam e positions, tim e to study the stim ulus position seem s to be

a linear function of chess sk ill (28 .6 , 48 .5 , and 76.9 s from higher to low er skill).

In the random positions, M aste rs are faste r than the others (97 .0 , 98 .8 , 128 .4 s),

but slow er than would be pred ic ted from the ir tim es in gam e positions.

H ow eve r, th e in te ra c t ion is no t sta t is tic a l ly s ign if ic an t [F (2 ,2 3) = 0 .8 9 ,

M S e = 332 .8 , ns].

For the m ean num ber of tim es subjects refe rred back to the stim ulus position,

the A N OV A show s a m ain effect o f Sk ill [F (2,23) = 8 .31, M S e = 10 .29 , P = .002]

and Type of position [F (1 ,23) = 176 .36 , M Se = 1.62, P < .001]. N o interaction is

found [F (2,23) = 1 .65 , M S e = 1.62 , ns]. The m ean num ber of refe rences to the

stim ulus decreases w ith chess sk ill, and gam e positions requ ire few er re ferences

(2.5 , 4 .9 , 7 .2 ) than random positions (6 .8 , 10 .8 , 12 .0 ).

V erbal com m ents ind ica te tha t M asters tend to study random positions in

longer g lances than those of weaker p layers, bu t to retu rn less o ften to look at the

stim ulus positio n. T hey try to m em orise the position as if it w ere a gam e

position . T he w eaker p layers use a less expensive m em ory stra tegy: they cu t up

the position , genera lly by co lum ns and row s, and copy these chunks.

Percentage Correct in the Recall Task

W ith gam e positions, the percentages of p ieces correctly reca lled are 92 .0 , 57 .1 ,

and 32 .2 fo r M aste rs, E xperts, and C lass A players, respec tive ly . T he

correspond ing percen tages for random positions a re 19 .0 , 13.8 , and 12.4 . The

m ain effec ts o f Sk ill [F (2 ,23) = 44 .41 , M S e = 89 .17], of T ype of positions

[F (1 ,23) = 309 .20 , M Se = 75 .92] and the in terac tion te rm [F (2 ,23) = 34 .17 ,

M S e = 75 .92] a re all sign ificant a t the 10
±6

leve l. In particula r, M asters reca lled
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nearly three tim es as m any pieces as C lass A players in gam e positions, bu t on ly

1 Ý tim es as m any in random positions. H ow ever, con tra ry to C hase and S im on

(1973a), the reca ll of random chess positions varied som ew hat w ith skill in our

experim en t, a lthoug h the effect is no t statistically sign ificant [F (2,23) = 2.27 ,

M Se = 34 .10 , ns]. W e show elsew here (G obe t & Sim on , 1996c) that a sm all

effect o f sk ill on recall in random positions is observed consisten tly in o ther

stud ies.

T he leve ls o f reca ll for bo th gam e and random positions, and for all leve ls o f

skill, a re sim ilar to those that have been observed in the prev ious stud ies o f these

phenom ena . The confounding of cond ition (gam e±random ) w ith order o f

presenta tion d id no t have any d iscern ib le effects on reca ll levels w hen this study

is com pared w ith prev ious stud ies.

Comparison between Copy and Recall Tasks

The theory pred ic ts the sam e pa ttern of re la tions fo r p ieces w ithin chunks in

bo th the copy and reca ll ta sks. C om paring the latenc ies be tween consecu tive

pieces w ith the rela tions be tween these sam e pieces, w e show that the chunks

cou ld be defined by num bers of re la tions instead of by latenc ies, and estim ate

how w ell num bers of re la tions predic t the la tencies. W e then com pare the ac tua l

pa ttern of re la tions in the data w ith a random patte rn of relations .

C o r re la t io n B e tw e en L a te n c ie s a n d C h es s R e la tio n s o f S u cc e ss iv e

P ieces. T o dem onstrate the psychologica l rea lity o f the chunks defined by

latenc ies, C hase and S im on (1973a) m easured the m ean ingfu l re la tions be tween

pa irs of p ieces that w ere p laced on the board successive ly in copy ing or

rep lac ing positions. The chunking hypo thesis, w hich pred icts m any m ore

re lations of attack , defence , p rox im ity , shared co lour, and shared type of p iece

be tween successive p ieces w ith in the sam e chunk than betw een p ieces on

opposite sides of a chunk boundary , w as strong ly supported by their data. W e

now check the find ings, using the in terp iece latenc ies corrected fo r the tim e to

m ove the m ouse once a p iece has been se lec ted . (W e obta ined essen tia lly the

sam e resu lts w hen w e ad justed the latenc ies using F itts’ co rrection.)

If chunk boundaries are ind ica ted by la tencies > 2 s, then the rela tions

be tween successive pieces should be d ifferent w ith short than w ith long

la tenc ies. In add ition , if the sam e processes determ ine the latenc ies in bo th the

copy and reca ll tasks, then the rela tions fo r w ith in-g lance placem ents in the

copying experim ents shou ld correla te w ith those fo r rap id placem ents ( ø 2 s) in

the recall exper im en ts, and the re la tions for be tw een-g lance p lacem ents in the

form er shou ld corre la te w ith those for slow placem ents (> 2 s), in the la tter.

W e use , as d id C hase and S im on (1973a), the fo llow ing prim itive re la tions:

attack (A ), defence (D ), sam e co lour (C), sam e piece (S), and proxim ity (P ).

Pairs of successively p laced p ieces are assigned to exclusive categories
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accord ing to the re la tions each pair shares. A ll pieces placed by the sub jects are

used in our ana lysis, w hether o r no t they are placed correc tly .

Tab le 1 co lum ns 2±3 and 5±6 show , averaged over a ll sub jec ts (the re w as

little d iffe rence be tween skill leve ls), the m edian latenc ies betw een the

p lacem ent of two successive pieces fo r each com bination of re lations, fo r the

copy task in random and gam e positions, w ith in and betw een g lances. W e do no t

show the sta tistics fo r the reca ll task , as the separa tion of w ith in -chunk from

betw een-chunk p lacem ents in that task on the basis o f latency w ould confound

independen t w ith dependen t variables. W e w ill late r d iscuss how latenc ies re late

to num ber of chess re la tions betw een successive p ieces in the recall task w ith

data fo r all la tenc ies com bined .

Chase and S im on had found that sm all la tencies in the copy task corre late

w ith num erous re lations betw een successive p ieces, while la rge la tencies

correla te w ith few re la tions. In our da ta , also , all four corre lations of la tencies

w ith num bers of re la tions a re negative , a lthough som e are no t sta tistica lly

s ign if ica n t . F or th e w ith in -g la nce c opy p lac em en ts in g am e po s ition s,

Spearm an ’ s rho correla tion is ±.77 , and in the random positions the correla tion

is ±.84 . The shortest tim es are ob tained w ith the PCS and D PC S re lations, w hich

TABLE 1
Copy Experiments

G a m es R an do m

R e lat io ns

(1 )

ra tio
a

(2 )

W ith in

(3 )

B e tw een

(4 )

ra t io
a

(5 )

W ith in

(6 )

B e tw een

± 1 .53 3 1 .7 83 8 .7 17 1 .9 09 1 .8 17 7 .05 8

A 5 .94 0 3 .6 17 6 .0 50 1 .6 44 1 .5 92 5 .16 7

P 0 .00 0 . 4 .7 83 1 .7 96 1 .3 83 7 .25 0

C 3 .79 5 1 .6 08 7 .1 42 2 .1 44 1 .6 17 7 .28 3

S 2 .03 7 1 .7 67 10 .6 75 2 .3 38 1 .6 67 1 0 .21 7

A P . . . 2 .3 24 1 .4 42 6 .86 7

A S . . . 1 .7 18 1 .3 33 9 .29 2

D C 5 .57 4 1 .5 17 6 .6 83 2 .6 78 1 .4 83 6 .41 7

PC 8 .93 6 1 .5 75 5 .9 42 3 .6 73 1 .2 33 6 .27 5

PS 2 .37 6 1 .5 08 5 .7 33 1 .9 69 1 .5 67 5 .43 3

C S 8 .72 0 1 .2 00 6 .7 33 3 .6 82 1 .2 50 8 .01 7

A PS . . . 2 .8 64 1 .3 17 9 .78 3

D PC 9 .96 1 1 .5 67 6 .5 83 5 .5 04 1 .4 33 6 .73 3

D C S 2 0 .1 25 1 .3 17 5 .6 33 . . .

PC S 1 5 .8 22 1 .2 00 11 .2 50 9 .3 26 1 .1 33 8 .45 0

D PC S 1 9 .5 30 1 .1 92 7 .5 00 2 .8 64 1 .1 33 1 0 .48 3

A ve ra g e la ten c ie s (in se con d s) fo r th e cop y exp e rim ents fo r co m bin a tio ns o f th e fiv e ch es s

re la tion s : A ttack (A ), D e fe n ce (D ) , Sp a tia l P rox im ity (P ), S am e C olou r (C ), an d S am e P iec e (S ).
a

T h e rat io of the n um b e r o f w ith in -g lance la ten c ie s to nu m be r o f be tw een -g lan ce la tenc ie s.
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m ainly appear w ith pawn form ations. In con trast, co rre lations for be tw een -

glance conditions in gam e and random positions a re insign ifican t (±.26 and ±

.02). F ina lly , all but one of the latencies in the w ithin -g lance cond ition of the

copying task are be low tw o seconds, the excep tion be ing the case w here there is

on ly a rela tion of attack w ith gam e positions (th is case occurs on ly in 0.5% of

the observations).

T able 1 co lum ns 1 and 4 show , fo r bo th gam e and random positions in the

copy task , tha t the ratio of w ith in-g lance sequences to be tw een-glance sequences

increases rap idly as the num bers of re lations be tween the p ieces increase. For

exam ple, in gam e positions, the re are 19 .5 cases of DPC S relations fo r w ith in -

glance sequences for every betw een-glance sequence, w hile the ratio is on ly 1.5

for no relations . The sam e pa ttern appears in the reca ll ta sk, w here the

correspond ing figures a re 18.6 and 1.3 for pa irs w ith la tencies o f less than tw o

seconds and m ore than tw o seconds, respective ly .

F igure 3 , w hich plo ts latency as a function of the num ber of rela tions in the

reca ll task , for bo th short and long latenc ies com bined (sk ill leve ls and types of

FIG. 3. R e la tion b e tw een in te rp iec e la ten c ie s an d the nu m b er o f re lat io ns sh a re d b y tw o piec e s

su cce ss ive ly p la ce d (da ta fro m th e re ca l l ta sk p o oled o ve r ty pe o f p os it io n and sk i ll le ve ls).
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positions a re pooled), show s a c lea r negative corre lation betw een num ber of

rela tions and latenc ies, sim ila rly to F ig . 5 of Chase and S im on (1973a). O ur

gen tler slope m ay be due to the fac t tha t w e have used m edians w hile C hase and

S im on used m eans of the la tenc ies, and the fac t tha t our sam ple of players is in

genera l stronger than theirs: F ig . 10 of Chase and S im on (1973b) show s clea rly

tha t the increase in la tency as a function of the num ber of rela tions is inversely

proportional to the sk ill leve l.

Pred icting La tency From Types o f R e la tions. W hich rela tions largely

accoun t fo r the d ifferences in latenc ies? For the w ith in-chunk da ta (aga in poo led

over tasks and types of positions) stepw ise regression rem oves D efence and

A ttack from the equa tion as insign ificant. The m ultip le regression w ith the

rem ain ing re la tions yie lds the fo llow ing equa tion :

La tency = 1 .754 ± 0 .266* Sam e_Type ± 0 .287* C olor ± 0.180 * Prox im ity

The equa tion accoun ts fo r 63 .2% (P < .01) of the variance. For the betw een-

chunk da ta , stepw ise regress ion rem oves a ll re lations but Sam e Type as

insignifican t. The regression ob tained w ith Sam e Type as predicto r is no t

statistically sign ifican t. T hese resu lts ind icate that the g lue betw een successive

p ieces is w eak for p ieces be long ing to diffe ren t chunks. In sum m ary , the

rela tions of Sam e Type, C olour and Prox im ity p lay a m ajor ro le in predic ting the

latency w hen successive p lacem ents be long to the sam e chunk , but no t when

they be long to tw o different chunks.

The lack of im portance of A ttack and D efence re la tions is m ore easily

understood w hen we note , in the gam e positions, tha t w hile 48% of a ll pa irs o f

p ieces, selected at random , have the sam e co lour, 28% are the sam e kind of

p iece , 11% are in proxim ity , just 10% have a defence re lation betw een them , and

only 2 .3% an a ttack rela tion . The im portance of re lations fo r sequence of

p lacem ents is closely re lated to the frequency of their occurrence , although

prox im ity has a larger ro le than its frequency w ould pred ic t. Th is does no t

necessa rily im ply , how ever, that chess chunks are shaped only by basic Gestalt

o rgan isa tiona l p rinc ip les, fo r p rox im ity, colour, and k ind p lay an im portan t ro le

in the sem antics of chess.

O bserved and E xpected P robab ilities o f Sets o f R e lations. Table 6 of C hase

an d S im o n (19 73 a ) g ive s the pro ba b i li tie s o f o cc urre n ce of d i ffe re n t

com bina tions of re la tions in the various cond itions. A s the com parab le data

for our experim en ts a re very sim ilar, w e w ill sum m arise instead of reproducing

our tab le in fu ll. (W e w ill p rov ide the full tab le on request.) W e also com pare the

observed probabilitie s w ith a priori probabilitie s (fo r gam e and for random

positions) based on 100 positions and 26 ,801 pa irs of p ieces. For exam ple, in 27

cases in gam e positions, tw o opposing pieces of the sam e kind attacked each

o ther (and had no o ther re lation), g iving a probab ility o f .001 for the A S re la tion ;
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and in 8 ,978 cases a pair o f pieces had none of the five chess rela tions, g iv ing a

probability o f .335 for the nu ll rela tion .

O ur T ab le 2 g ives the correla tions of p robab ilities am ong the conditions in

our experim ent, co rresponding to the corre lations in Chase and S im on’ s (1973a)

Table 7 . B oth sets o f correla tions suggest strong ly tha t the short and long

latenc ies in the reca ll task have the sam e m eanings, respective ly , as the w ith in -

and be tw een-g lance placem ents in the copy task . O ne can see five distinc t

clusters o f corre la tions: (a ) the short-latency probab ilities in the recall task

(variab les 3 and 4) are very strong ly corre la ted (r > .89) w ith the w ith in-glance

probabilitie s in the copy gam e task (variable 2 ) and w ith each o ther; (b ) the

be tween-glance probab ilities in the copy task (5 and 6) a re very strong ly

corre la ted (r > .78) w ith long-la tency probab ilities in the reca ll ta sk (7 and 8); (c )

the be tw een-g lance and long-la tency probab ilitie s (5±8) a re very strong ly

corre la ted (r > .78) w ith the a priori (gam e and random ) probabilities (9±10); (d )

the w ith in-g lance random probab ilities a re corre lated m oderate ly (.5 < r < .75)

w ith a ll the o ther conditions; and (e ) a ll the corre lations betw een ``w ith in

chunk ’ ’ va riab les (2 )±(4) and other variab les (5)±(10) a re sm all to m oderate

(.15 < r < .54). H ence , w ith in-chunk patterns of re la tions, in e ithe r the copy or

reca ll ta sk , a re qu ite d iffe ren t fro m betw een -chu nk pa t te rns , the la tte r

resem bling m ore c losely the re la tions be tw een pa irs o f p ieces se lec ted

random ly. The structu re in Chase and S im on’ s T ab le 7 is c losely sim ila r.

O m itting the data fo r recall of random positions, w hich w ere no t com puted by

Chase and S im on, and the a priori probabilitie s, the corre lation betw een the

rem ain ing item s in our Tab le 2 and the correspond ing item s in C hase and

S im on’ s (1973a) T ab le 7 is .78, accoun ting for 61% of the variance in the

corre la tions, and dem onstrating good consistency in the patterns of chess

re lations be tw een pa irs o f successively p laced p ieces w ith in and betw een chunks

as defined.

W e also analysed the devia tions of the num ber of observed chess rela tions

from the a priori probab ilities, subtracting the a priori probabilitie s from the

observed re la tive frequenc ies of a g iven cond ition. In agreem ent w ith the theory ,

the w ithin -chunk devia tions from a priori probab ilitie s are h igh ly corre la ted

w ith the num ber of re la tions, while th is correla tion is w eaker fo r the betw een-

chunk devia tions. T he correla tions for the w ith in-chunk conditions a re: copy

gam e, w ithin -g lance , .81 ; copy random , w ith in -glance , .68 ; reca ll gam e, short

la tenc ies, .86; reca ll random , short latenc ies, .79 . T he corre lations fo r the

be tween-chunk cond itions a re: copy gam e, betw een-g lance , .61 ; copy random ,

be tween-glance , .56 ; recall gam e, long la tenc ies, .69 ; reca ll random , long

la tenc ies, .31 . T hese results a re illustrated in F ig . 4 , w here w e have poo led all

w ith in-chunk cond itions and a ll be tween-chunk cond itions. W e see that, fo r

w ith in-chunk cond itions, the placem ents hav ing few rela tions a re below chance,

while the p lacem ents hav ing several re lations a re w ell above chance . Be tw een-

chunk p lacem ents a re overa ll m uch closer to chance .
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R ela tions by T im e Interval. H ow robust is the tw o-second boundary in the

reca ll task? W e tabu la te num ber of relations for each interva l o f latenc ies in

Table 3 , w ith results poo led over types of positions and sk ill leve ls . T here is a

clear pa ttern . Be low 1.8 s, placem ents hav ing 3 or 4 re la tions dom inate over

placem ents w ith 0 or 1 rela tion . A bove 2.2 s, the pa ttern is sh ifted. In the inte rva l

1.8±2 .2 s, w hich inc ludes the value of 2 s we have se lec ted as a cut-o ff, the

num bers w ith few and m any rela tions a re a lm ost equal.

C o nv erg enc e o f D ef in it io n s o f C h un ks b y L a ten c ies or N um b er o f

R ela tions. A s the rela tions we have described show up prom inently in

chunk ing , using them to define w hether tw o successive p ieces be long to the

sam e chunk or no t should g ive resu lts sim ilar to those from using latenc ies to

FIG. 4. R e la t io n b etw een che ss re la tion pro bab il ities an d th e n um b e r of re la tio ns sha re d by tw o

piec e s succe ss ive ly p la c ed (d at a po o led o ve r ta sk s an d sk ill leve ls) .
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define chunks. W e have com puted w hether each pa ir of pieces belongs to the

sam e chunk or not in tw o ways: (a) by using the correc ted la tency , as before ; and

(b) by using the num b er of re la tions shared by the tw o pieces. In the fo rm er case,

two successive pieces belong to the sam e chunk if the latency betw een them w as

ø 2 s. In the la tte r case , tw o p ieces be long to the sam e chunk if they had tw o or

m ore re lations. T able 4 presen ts the resu lts w ith all skill leve ls poo led . In all four

cond itions, the agreem ent betw een the tw o m ethods is h igh for the less-than-

two-second cases, and a little less fo r the m ore-than-tw o-second cases. The

percen tage of p lacem ents classified consisten tly by the tw o m ethods is 72% for

the task of copying gam e positions, 64% for copy ing random positions, 74% for

recalling gam e positions, and 70% for reca lling random positions. A ll four tables

have ch i-squares w ith probab ilitie s be low .0001 .

Thus, the tw o m ethods of defin ing chunks produce qu ite sim ilar segm enta-

tions of the ou tpu t: the find ings in C hase and S im on ’ s paper and in th is paper

w ould ho ld abou t equally well if w e defined a chunk as a se t of consecutively

p laced p ieces each of w hich has tw o or m ore chess re la tions w ith the p iece

prev iously placed . T h is p rovides strong convergen t ev idence tha t chunks have

psycho log ica l rea lity as struc tures in LT M .

Latencies as a F unction o f Cum ulative P lacem en ts. W ixted and R ohrer

(1994) have show n tha t la tenc ies generally increase w ith the num ber of item s

prev iously reca lled . A re chunks an artifact o f these increasing la tencies? The

chunking theory pred ic ts tha t the in terp iece la tenc ies w ill stay m ore or less

constan t when pa irs o f pieces belong to a chunk , bu t that the in terp iece la tencies

betw een chunks m ay increase as a function of the num ber of p ieces prev iously

TABLE 4
Defining a Chunk

G am e po s it ion s R a n do m p o si tion s

# re la tio n s # re la tion s

La ten cy ù 2 < 2 La ten cy ù 2 < 2

C o py ta sk

ø 2 sec 8 61 16 7 ø 2 sec 6 40 2 4 8

> 2 sec 2 45 19 0 > 2 sec 2 86 3 2 9

R eca ll task

ø 2 sec 1 2 06 35 7 ø 2 sec 1 96 7 6

> 2 sec 1 43 18 9 > 2 sec 28 4 6

D e fin in g a chu nk (a ) us in g co rre c ted la tenc ies v er su s (b) u s ing th e nu m be r o f r el a tio n s sh ar ed by

th e p iec e s .

N um b e rs o f p ai rs o f succe ssive p ie c es w ith : [sh ort ( ø 2 sec ) and lo ng (> 2 sec ) la ten c ie s ] ´ [ ù 2

and < 2 re la tio n s] .
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placed . The constancy follow s from the fact tha t chunks are postula ted to be

stored in LT M , and speed of recovery of the ir successive e lem ents shou ld be

independen t o f the tim e w hen they are cop ied or rep laced . The slow dow n

be tween chunks w ould fo llow if the p layers first replace sa lien t chunks, then

have to search a little longer to find the less sa lien t, and there fo re less easily

recogn ised chunks.

W e have com puted the average interp iece la tenc ies for w ith in - and betw een-

chunk p lacem ents, using as c riterion fo r chunking that tw o or m ore re lations are

shared by tw o successive p ieces. F igure 5 show s, fo r the recall o f gam e

positions, that the evo lu tion over tim e of the tw o variab les fo llow s d iffe ren t

curves. W ith in-chunk latencies do show a m odest inc rease of abou t 50% over 30

pieces, bu t the be tw een-chunk latenc ies inc rease by a fac tor o f 2 over the sam e

interva l. W ix ted and Rohrer (1994) report inconc lusive resu lts on the latencies

w ith in clusters: in som e studies, la tenc ies increased w ith position , but no t in

other stud ies.

FIG. 5. In te rp iec e la ten cy a s a fu nc t ion of th e nu m b er o f p iec e s p re v io us ly r ep lac ed , fo r b e tw een -

chu nk and w ith in -c hu n k pla c em en ts .
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In sum m ary , the sta tistics of frequency of chess rela tions be tw een successive

p ieces w ith in the sam e chunk, as com pared w ith successively p laced pieces in

d iffe ren t chunks, p rovide strong support fo r the chunk ing hypo th esis. D esp ite

the d ifference in apparatus, the curren t experim en ts agree c lose ly w ith C hase

and S im on (1973a). F inally , in tw o analyses ex tend ing Chase and S im on ’ s , there

w as a considerab le agreem ent in predic ting whether a piece be longs to a chunk

using eithe r the num ber of re lations or the latenc ies, and the betw een-chunk

latenc ies leng then sign ifican tly over tim e , bu t the w ith in-chunk latenc ies on ly

sligh tly .

Size of the Largest Chunk and Number of Chunks

The tem plate theory pred ic ts tha t experts deve lop la rger chunks than are

pred ic ted by the orig inal chunk ing theory . In the reca ll task ,
3

Chase and S im on

(1973a) found a difference in chunk size be tw een their sub jec ts, their M aste r

obta in ing , fo r the first chunk replaced w ith m idd le gam e positions, a m ean of 3 .8

p ieces, the C lass A player, 2 .6 p ieces, and the beg inner 2 .4 pieces. T he m edian

largest chunk per position w as five pieces fo r the M aster w ith gam e positions. In

the follow ing ana lyses, using the two-second cu to ff to define a chunk , w e

d iscuss m ain ly the size of the la rgest chunk in a position , because the tem plate

theory m akes d irec t pred ictions abou t the size of the largest chunk, and also

because skew ness a rgues aga inst using the arithm etic m ean of chunk sizes.

O ur data d iffer strik ing ly from Chase and S im on ’ s in the sizes of chunks at all

sk ill levels. F igure 6 show s the m ean (a t each sk ill leve l) o f the m edian (over

positions) o f the largest chunk
4

as a func tion of the experim enta l cond ition.

(These da ta w ere ob ta ined by tak ing the m edian , for each sub ject in each

experim en tal cond ition , o f the largest chunk in each position . T he m eans w ere

taken across subjects at the sam e sk ill level.) For gam e positions, the size of

chunks varies w ith skill leve ls [F (2 ,23) = 11 .81 , P < .001], bu t does no t d iffe r

sign ificantly be tween the copy and recall ta sks [F (1 ,23) = 1.56, ns]. The

inte rac tion te rm is no t sta tistica lly sign ifican t. For the M asters, the m ean of the

m edian largest chunks is 16 .8 fo r the reca ll task , and 14 for the copying task . In a

few cases, the en tire reca ll consisted of a sing le chunk . In the C hase and S im on

experim en t, the largest chunk reca lled by the M aster w as seven p ieces. E xperts

and Class A players a lso produce rela tive ly large chunks in our experim en t. N ote

also tha t the m ean of the m edian largest chunks fo r random positions is constan t

ac ross sk ill leve ls (6 .3 p ieces [sd = 2.1 ] in the copy task and 4 .6 p ieces [sd = 1 .7 ] in

the recall task , for a ll sub jects poo led) and is w ell over wha t w ould be pred icted by

a theory postu lating the v isua l encod ing of ind iv idual p ieces in ST M .

3
C h ase and S im on give n o d a ta o n th e s iz e of ch un ks fo r th e co p y ing ta sk .

4
In th is en ti re se c tion , chu n ks in c lu de b o th cor rec t ly p lac ed an d inco rre c tly p lac ed p iec e s . F rom a

psy cho lo g ic a l s tan dp o in t, inco rre c t p iec e s h ave th e sam e m ean ing a s co rre c t p ie ce s , a s the su b jec t

m ay h ave d ra w n on e rro neo us in fo rm a t io n in m em ory .
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For the num ber o f chunks , Chase and S im on (1973a) found tha t the ir M aste r

reca lled m ore chunks in the reca ll task than the o ther players. T his w as one of

the m ost troub lesom e of the ir findings, for the orig ina l m ode l postu la ted tha t the

diffe rence in reca ll betw een p layers o f differen t sk ills w as to be expla ined by

chunk size d ifferences no t by d ifferences in the chunk capac ity of short-term

m em ory . By con tras t, F ig . 7 illustrates the num ber of chunksÐ groups of a t least

tw o p ieces p laced w ith an interp iece latency of less than tw o secondsÐ found in

our resu lts, both for gam e and random positions and bo th fo r the copy and recall

FIG. 6. M ean o f m edian la rg e st ch u nk as a fu nc tion of sk ill le ve l, m o d e o f re p la ce m en t, a nd ty pe o f

po s ition .
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task . For the gam e positions, there is a m ain effec t o f Sk ill [F (2,23) = 4 .35,

M S e = 1.72, P < .05], and of type of presen tation [F (1 ,23) = 7.11, M Se = 1.58,

P < .05] as w ell as an interaction [F (2,23) = 12 .92 , M S e = 1 .58 , P < .001]. The

num ber of chunks replaced is inverse ly re la ted to sk ill leve l fo r the copy task,

w hile it shows an inverted U -curve fo r the reca ll task , w ith C lass A players

recalling the least chunks. The d ifference be tw een M asters and Class A players

is sm all in the reca ll task : less than one chunk.

In sum m ary , the curren t experim en ts fit be tte r than the original C hase and

S im on experim en ts d id, the hypo thesis tha t size and no t num ber of chunks

accoun ts for the superio rity of p layers of h igher skill in recalling gam e positions

(cf. F ig. 6 and 7). The size of the largest chunks fo r M aste rs and Experts also

supports the hypo thesis tha t they frequen tly re trieve tem plates (large chunks

w ith slo ts) tha t characte rise the position as a w hole .

For the random positions, w e find aga in an inverted U -curve , bo th w ith the

copy and the reca ll tasks. The m ain effec ts o f sk ill [F (2 ,23) = 4 .84 , M Se = 1.50,

P < .05] and type of presen tation [F (1 ,23) = 240 .1 , M Se = 1 .68 , P < .001] are

sign ificant, w hile the in terac tion is on ly m arg ina lly sign ifican t [F (2,23) = 3 .23,

M S e = 1.68, P < .06]. F inally , fo r the tw o types of positions, subjects p roduce

few er chunks in the reca ll ta sk than in the copy task , w hich sim ply reflec ts the

fac t tha t m ultip le chunks do no t have to be held in ST M in the copy task.

For the reca ll task , few pieces a re p laced ind iv idua lly (on average 0 .9 fo r

random positions and 1 .5 fo r gam e positions). Thus, even if w e assum e that none

of these p ieces is guessed, w hich is p robab ly not the case , the to ta l o f chunks

p lus p ieces p laced ind iv idually (2 .0 and 4 .0 for random and gam e positions,

respectively ), ag rees reasonably w ell w ith Z hang and S im on ’ s (1985) estim ate

tha t the capac ity of v isua l STM is about three chunks.

GENERAL DISCUSSION

Five m ain reasons led us to test furthe r Chase and S im on ’ s m ethod for

iden tify ing chunks. F irst, em pirica l data suggested that M asters perce ive a

position a t a higher leve l of o rgan isation than the chunks described by C hase and

S im on. Second , the tem pla te theory , a refinem ent o f the chunk ing theory,

p red ic ts m ax im um chunk sizes larger than those predic ted by the orig inal theory.

Th ird, w e w anted to see w hether the num ber of re lations would pred ic t chunks

tha t a re consisten t w ith the chunks pred ic ted by the in ter-response latenc ies, no t

only at an aggrega ted leve l, as in C hase and S im on (1973a), but also at a de ta iled

level. Fourth , w e w anted to test w he ther chunk ing m igh t be an artifact of the

tota l tim e spent to rep lace a position (W ixted & R ohrer, 1994). F ifth , w e w anted

to check w hether a d iffe ren t appara tus (a com puter d isp lay versus ac tual chess

p ieces and board ), cou ld accou nt for d iffe rences w ith Chase and S im on in the

size and re lationa l richness of chunks , w here size of g rasp m ay have affec ted the

w ay sub jects chunked the position.
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In the resu lts sec tion w e no ted a d iffe rence , for the copy ing task, be tw een the

stra teg ic behaviour of our M asters and Chase and S im on ’ s M aster: the fo rm er

spen t m ore tim e than the la tte r in studying the position before reconstructing it.

Desp ite th is d ifference , w e cou ld rep licate the m ain resu lts o f C hase and S im on ’ s

paper. F irs t, the distribu tions of la tenc ies be tw een successive p ieces are d iffe ren t

FIG. 7. N um b e r of ch un k s a s a fu nc tion of sk ill leve l , m od e of re p lac em ent , a n d typ e of p o si tio n .
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for w ith in -and be tween-glance p lacem ents. Second , the la tency d istributions,

co rrec ted for the tim e required to m ove the m ouse , a re close to those of C hase and

S im on (1973a), desp ite the d ifferences in the apparatus and in M aste rs’ stra teg ies.

Spec ifically, m ore than three quarters o f the corrected w ith in-g lance latenc ies are

below two seconds. T h ird , in gam e positions, strong p layers m ake faste r

p lacem ents betw een glances but not w ith in g lances than am ateurs.

A lthough the two-second boundary is on ly approx im ate , it seem s to be

reasonab le, for in our copy task , 79 .5% of the latenc ies for w ith in -g lance

p lacem ents w ere less than tw o seconds (versus 1 .11% for be tw een-glance

p lacem ents). T his p rovides add itiona l ev idence that the defin ition of chunks

em ployed by C hase and S im on and used here actually reflec ts sub jects’

percep tions of the board . In agreem ent w ith o ther stud ies, the reca ll perfo rm ance

of stronger p lay ers w as c lea rly superio r w ith gam e positions. T hey w ere also

sligh tly superio r w ith random positions, a resu lt tha t did no t appear in C hase and

S im on’ s da ta .

In copy and reca ll ta sks, in the rela tion of latencies to the num bers and

probab ilitie s o f chess re lations presen t, w e found, as C hase and S im on did , th ree

m ain phenom ena . F irs t, la tenc ies are shorte r w hen there are m ore re lations w ithin

a chunk. Second , num b ers of chess relations in w ithin-g lance placem ents in the

copy task and in p lacem ents w ith in tw o seconds in the recall ta sk were strong ly

correla ted , as w ere num bers of re la tions in betw een-g lance p lacem ents in the

copy task and p lacem ents over tw o seconds in the recall task. T hird , the size of

chunks increased w ith sk ill, accounting for sk illed p layers’ superio rity in the

recall task . T hese resu lts, based on a larger sam ple (26 subjects), support the

m ajor find ings of C hase and S im on (1973a) and corrobora te the ir hypothesis tha t

the sam e in fo rm ation-p rocessing m echan ism s, opera ting on chunks stored in

long-term m em ory , dete rm ine the tim e inte rvals in bo th the copy and reca ll ta sks.

The behav iour of in te rp iece latenc ies over successive p lacem ents also

strengthens the concept o f chunk . W ixted and R ohrer (1994) show ed tha t

latenc ies generally becom e longer for successive item s reca lled. Our data

show ed that the la tenc ies o f p ieces that have tw o or m ore chess re lations w ith

the ir p redecessors exhib it a sm all increase in size over tim e; the la tenc ies o f

p ieces tha t have 0±1 chess rela tions w ith their p redecessors inc rease m ore than

tw ice as rapid ly. T h is is consisten t w ith the find ings, reported by W ix ted and

R ohrer , o f c lus tering of sem antica lly re la ted item s in reca ll from sem antic

m em ory , w here c lus ters w ere also defined by inter-item latenc ies, and w here the

w ith in-c luste r tim es do no t inc rease , o r increase on ly sligh tly, over successive

clusters. T he correct in terp reta tion of W ix ted and R ohrer’ s finding is tha t in

retrieval, the la tenc ies betw een chunks w ill grow w ith tim e, bu t tha t th is does

not im ply an increase in w ithin -chunk latenc ies fo r successive chunks, nor do

our da ta show substan tial d iffe rences of th is k ind. H ence , W ix ted and R ohrer’ s

su rvey of the lite ratu re on free reca ll is w holly consisten t w ith the find ings on

chunking in the chess lite ratu re .
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In general, chunks at differen t sk ill leve ls a ll show the sam e pa ttern of

re lations. O ne rev iew er has suggested tha t th is lack of d iffe rence im plies tha t

chess in form ation is rep resen ted in the sam e w ay by p layers o f d ifferen t sk ills,

diffe ring in quan tity , rather than in organ isa tion . If so , chess expertise w ould

diffe r from physics expertise , w here it has been show n that the represen ta tion of

info rm ation d iffe rs qua lita tively w ith skill (C h i, Fe ltov ich , & G lase r, 1981).

How ever, as the largest chunks of h ighly sk illed players a re m uch m ore com plex

than those of w eaker p layers, im portan t qualita tive d iffe rences, no t reflec ted in

the pa ttern of e lem entary relations, m ay be presen t in these large tem plates.

C onsisten t w ith the ev idence rev iewed in the in troduc tion , m ax im um chunk

size w as substantially larger in the current experim ent than in the exper im en ts o f

Chase and S im on . T he sm all diffe rence in num ber of chunks in the reca ll task

be tween the strongest sk ill leve l and the w eakest supports the hypo thesis tha t

strong p layers use tem pla tes, supp lem ented by sm alle r chunks, to encode

info rm ation rap idly . T he superiority o f strong p layers fo r gam e positions is

m ainly due to the presence of a few large chunks. A lthough w e did find, as d id

Chase and S im on , som e diffe rence in the num ber of chunks be tw een skill leve ls,

the d ifferences w ere m uch sm aller in the present study tha t in the earlier one.

Th is change in chunk size m ay have been produced by the d iffe rence in

experim en tal procedure (g rasp ing p ieces by hand in the earlie r study). In all

other respec ts, our d istributions of chess rela tions are m uch the sam e as those

found by C hase and S im on. The large size of chunks w e found adds support to

the tem plate theory, in as m uch as the num ber of chunks a t all sk ill leve ls w as

w ith in the supposed capac ity of v isual STM (Zhang & Sim on, 1985).

A re the chunks the produc t o f som e artifac tua l fea ture of our m ateria l? F irst,

the positions w e used m igh t com e from very typical open ing varia tions that are

likely to have been overlea rned by skilled p layers. A lthough this is som ew hat

possib le fo r the positions of the copy task , the positions used in the recall task do

no t, as fa r w e can judge, be long to typ ica l open ings situa tions, and it is un likely

tha t the typ icality o f positions has in fla ted our estim ate of the size of chunks.

T he second featu re is the effect o f ``se rialisation ’ ’ (on ly one piece can be

rep laced at a tim e) on the structu re of chunks. W hereas C hase and S im on ’ s

appara tus forced sub jec ts a lm ost physically to chunk p ieces, it cou ld be argued

tha t our p rocedure a llow s sub jec ts to search m em ory for a new piece/chunk

while still busy rep lac ing the prev ious p iece. Such a tim e-sharing stra tegy

shou ld , how ever, level the in terp iece latenc ies and destroy chunks. (It canno t be

assum ed that M asters have superior m otor sk ills in p lac ing p ieces, for chess sk ill

leve l accoun ted fo r less than 0 .3% of the variance in speed of m oving the

m ouse.)

A rev iew er has proposed that the se ria lisa tion could ``a rtific ially concatenate

sm all chunks in to la rge ones’ ’ . It is unc lea r w hy this shou ld be the case m ore

w ith M aste rs than w ith C lass A players. The la tters’ larger chunks (at m ost 6±7

pieces) can easily be expla ined , for exam ple, by a few com m on patterns, like
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castling positions. F inally , because our sub jects w ere som ew hat slow er than

C hase and S im on ’ s even after the correc tion for m ouse m ovem ents, it cannot be

argued tha t the tw o-second boundary favoured the form er in com parison w ith

the la tte r. A ltoge ther, our resu lts on the size of chunks survive critica l ana lysis,

and we m ay sta te confiden tly tha t C hase and S im on (1973a) underestim ated the

size of chess chunks.

W hy then d id Chase and S im on ’ s subjects, and particula rly their M aster, no t

find such large chunks? W ith a physica l chessboard, the m axim um chunk size is

lim ited by the num ber of p ieces the hand can grasp. W ithou t th is lim it, la rge

chunks m ay be reca lled tha t rep resen t core in form ation of typ ica l positions. The

M aster has spen t enough tim e study ing these types of position to have acqu ired

large, w ell differen tia ted tem plates fo r them . W e rem ark aga in tha t C hase and

S im on’ s M aster w as som ew hat ou t of p rac tice , and , be ing in his m id-forties,

m ay have been slow er in replacing pieces, causing som e chunks to be d iv ided in

scoring them .

In the random positions, m ost o f the chunks seem to be bu ilt up e ithe r from

dynam ic chess relations (in particu lar, p ieces c lose to or attack ing a k ing) o r

geom etric patterns (pieces and paw ns form ing a square or loca ted on the sam e

diagona l). In these cases, subjects m ay ho ld in STM descrip tions of the pa ttern

(e.g . [S lo t #1 : black paw ns], [S lo t #2 : on the sam e diagona l], [S lo t #3: starting

from the square a2], [S lot #4 : num ber of paw ns is 4 ]) ra the r than sim ple chunks

enum era ting the p ieces (see G oldin , 1979, or G obet and S im on, 1996b, for m ore

data on recognition and reca ll o f random positions).

CONCLUSION

In the in troduction of th is paper, we presen ted m ajor critic ism s of the chunking

theory of expert m em ory in chess . New experim ents, toge ther w ith ev idence

from the litera ture , c learly establish tha t an augm ented chunk ing theoryÐ the

tem pla te theory described hereÐ m eets a ll these criticism s. Sum m arised in one

sen tence , the m essage of th is paper is tha t chunks are larger than estim ated by

C hase and S im on , bu t that, as they show ed , the pa ttern of re la tions betw een tw o

pieces p laced successive ly are rad ica lly d iffe ren t when the p ieces do or do no t

belong to the sam e chunk . O ur exp lanation is tha t the large chunks are bu ild

around tem plates tha t encode in form ation, acquired by strong players over years

o f p rac tice and study , abou t typ ical and fam ilia r positions, and tha t p rovide

rap idly fillab le slo ts fo r additiona l chunks of in form ation abou t the curren t

position .

Schem as and scrip ts have long been know n to p lay a key role in expert

perfo rm ance and m em ory , as has been docum ented , fo r exam ple, in physics (Chi

et a l. 1981), m ed ical expertise (Pate l & G roen , 1991), reading (E ricsson &

K intsch , 1995), and sc ien tific expertise (Schraagen , 1993). O ur theory bu ilds on

these concep ts by (a) add ing m echan ism s for creating and accessing tem plates,
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(b) add ing the assum ption that slots (variable positions in tem plates) m ay be

filled in rap idly , and (c) link ing these to a com putationa l m ode l o f cognition ,

based on the E PAM theory (Feigenbaum & Sim on , 1984). A task for fu ture

research w ill be to estab lish the prec ise natu re of the structu res tha t a re required

in spec ific task dom ains to a llow rap id sto rage of new info rm ation.

M anu sc rip t re c e ived 23 A ug us t 19 96

M an usc rip t a c c ep ted 1 4 Februa ry 19 97
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