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Memory processes among bridge players of
differing expertise
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An experiment was conducted tostudy the muemonic and perceptual abilities
of contract-bridge players of differing ability levels. Four subjects {expert, life
master, average player, and novice) were administered three rasks designed i«
explore the p 3
tournament-simulation task required subjects to play 10 hands, after which
surprise test was given for the cards in cach hand of the 10 deals. A MEMoTy
task required thatsubjects reconstruct a briefly presented stimulus containing
four bridge hands of sither structured or unstructured arrangement. The
perception task required that the subjects reconstruct stimuli similar to those
used i the memory task after brief glances at the stimulus. The results
confirm the findings of research on chess players in that performance in the
structured components of each task varied uniformly according to level
of expertise but that performance in the unstructured com ponent of each
task showed little difference in level of expertise. It was argued that bridge
players with “supranormal” memory are able (o use their prior experience
toconfigure and chunk information in more efficient wa vs than players of less
X pertise.

ible differences in performance between the players. A

We have all been amazed at one time or another by an apparently
normal individual who seems to possess remarkable abilities for rec:
and recognition. While most of us try to explain such uncommon feats
by simply stating that the individual has a “great memory,” this does
little to help us understand how this individual is any different than
the rest of us with mere “normal” human-memor capacities.

Oneapproach to the problem of individual differences in COgnitive
functioning that has paid dividends in terms of und erstanding the
rootof these differences is the study of chess and Go plavers (Reitman,
1976) of varying ability levels. De Groot (1965, 1966) and Jongman
(1968) were among the first researchers to investigate the problem-
solving abilities of chess players. They studied the : sitity of subjects to
reproduce middle and end-game positions after an exposure of only 5
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v 1 seconds. They found that the ability of a subject to remember a
chess position after brief e Xposure ¢ c%wmiw on the subject’s level of
chess t**x;'wz'iiw and the authenncity of the position.

"""" Phat is, if chess players ave presented with an actual middle or
end-game position, grandmasters and masters can zz*ef*g'z»rmhmﬁ the
positions almost without error. Below this level of expertise, the
weaker the plaver the more evrors are made. However, with random
game positions, grandmasters, masters, and ordinary players all
perform at the level ol the weakest players. These results provide
evidence that the g s;w‘n“m;mm‘mw% and masters do not have some extra-
ordinary percepiual capa bility. Rather, they are able to recode the
chess-piece configurations into fewer, !a{'%m chunks that can be more
easily remembered and then decoded to reproduce the original
u»r}hgm« 101,

Simon and Barenfeld (1969) proposed an information-processing
theoretical explanation of what occurs in human problem-solving
during the ininal attack on a problem. They showed how problem-
solving involves the use of prior experience stored in the long-term
memory to recode a complex stimulus into a smaller number of larger,
familiar chunks. Using chess playing as an example in the explanation
of their theory, they combined two computer programs (PERCEIVER
for search and £rAM for recoding) and were able to account for the
ability of chess grandrasters and masters 1o re inuxiuw chess boards
after briel’ exposure. Simon and Gilmaron (1973) developed and
implemented the Simon and Barenfeld pr <,>p(>m.d that combines
PERCEIVER and FPAM into an information-processing computer pro-
gram model. They called their version Mare, The authors com-
pared the performance of MAPP with the performance of master
chess players and found them to be very similar. Most important,
they were able to estimate the number of familiar patterns that strong
chess players hold in long-term mernory. They estmared that mas-
ters and grandmasters have astored repertoire of between 10,000 and
100,000 patterns.

Chase and Simon (1973) did a comprehensive study designed to
isolate and study the “chunks” that are perceived by chess players.
While de Groot and Jongman were able only to iwpm?u size thatchess
masters encode information about a game position in chunks, Chase
and Simon identified the chunk and defined its properties. They used
two techniques in their study: a g‘}t«‘“t“wptmm task requiring players to
reconstruct a position while it remained in plain view behind a paﬂk«
ton, and a memory task, similar to de Groot's task, requiring players
to remember a position after a brief exposure. Their results can be
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briefly summarized as follows: they confirmed the de Groot and
Jongman studies with respect to memory for structured and unstruc-
tured chess boards; they were able 1o identify the boundaries of
the ;mx’*aﬁ«égat&aﬂ chunks; they found that superior performance of
master players was due to both their ability to encode the board }mw
tions into larger chunks containing familiar configurations of chess
pieces and a tendency for them to remember slightly more chunks;
and the number of chunks retained in short-term memory after
brief exposure to chess positions is within the 72 span predicted
by Miller (1956).

‘Because of the similarities between chess and bridge, many of the
same questions regarding problem-solving and meriorial abilities are
also worthy of si tudy wﬂhm Hwaumwt of contract bridge. One addi-
tional point that makes b EVEN oTe ;mummm to study is that
the working memory s xm an intrinsica ls, impm tant mis m the ;" shay
of each bridge hand. 1
>k to remember the cards
“ A yed. Before one decides 1o lead a king{g it is
imperative that he or she remember whether or not the ace of that suit
has already been played.

Memory and problem-solving capabilities come together in br wdge
at the beg wmmm of a hand when the player tries to deduce the cards
held by the other players on the basis of the bidding and Ow‘mxm lead.
For example, the declarer or defender can see only two hands in full
view, his own and the dummy, and he must deduce, construct and
remember the other hands on the basis of strength of bids, bidding
c:‘"mwz'*mimm, and lead conventions. This process is called “card-

sading” by ",M}‘wm (1973), and it often requires that several tricks of
Hw hand be played before it is completed. Card-reading has two
primary objectives: dmummm% the distribution of the outstanding
cards of each suit and drawing the correct inferences about the nature
of an opponent’s high-card holdings. Having the luxury of knowing
all four hands enables the contract-bridge player to utilize his or her
reasoning, logic, and experience under optimum conditions.

Bridge, even more than chess, involves the transfer of information
from whurf term memory (STM) tolong-term memory, and the player
who can process more information has a clear advantage
Miller (1956) has clearly established that human beings are limited-
c}}}xi('“,\/ mnformation processors, and he argues that we can only retain
2 chunks of information in our short-term memory atone time. We
n, however, increase the amount of information processed by the
STM by increasing the amount of information stored within each
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chunk. Chase and Simon (1973) demonstrated that expert chess
players operated in this fashion, and it is expected that excellent
bridge players would show a similar increase in the amount of infor-
mation stored within each chunk.

This study explored the pmblz m-solving and mnemonic abilities of
contract-bridge players by using many of the same variables and
hypotheses studied by psyc mimg,gmbnwu}wd inchess research. There
were three tasks, each designed to explore the possible differences in
performanc e between bridge pLiwmof varying expertise (expert, life
master, average player, and novice). A tournament-simulaton task
zm:pm s: d subjects to play 10 actual hands and then reconstruct them
after all had n played. The task was designed 1o study the card-
‘z‘“mu‘iu‘ng “hniques and memorial abilites of the players. A memory
task similar to that used by de Groot (1965, 1966), Jongman (1968),
and Chase and Simon (1973) required subjects to reconstruct struc-
tured and unstructured hands after a 20-sec exposure. This task was
designed to discover whether the same relationship between level of
expertise and x:zmmnghmww of the position (de Groot, 1965, 1966,
Jongman, 1968) found in chess players also holds true for bridge
players. A perception task similar to that employed by Chase and
Simon required subjects to replicate structured and unstructured
hands. The subjects could view the display hands as long and as many
times as they wanted, but when writing down the hand, they were
unable to view the display hand. This task was designed to isolate,
identify, and describe the perceptual chunks “used” by bridge players.

METHOD
Subjects

Phere were tour subjects of varying bridgeskill and experience (expert, life
master, average player, and novice). Subjects were selected according to
preestablished oriteria for bridge level ol experdse. An expert was deter-
mined M the following criteria: hold m;_, Registe Player Stams (a player
who re es rernuneration for plaving br Mg,_v being 1 vearly on the McKenny
List ol p ?dw!‘ who win the most masterpoints each year, and holding more
than 2.( 000 ifetime master points and having won at least one national cham-
pionship. /,\“ average Hfe master is one who has from 300 to 1,999 lifetime
masterpoints, has won at least one regional championship, and has been
;}anm tournament bridge for at least three vears. An average player is one

who has from 50 1o 299 lifetime maste r;mihw has won sectional, local, or
»;(f«x EANE ¢ Emmpmm rps, and has been playing mn‘nmuwm bridge between
1V and 3 vears. A novice is a plaver who has between 0 and 49 Iifetime
masterpoints, has been playing bridge no longer than M} years, and may or
may not have plaved tournament bridge.
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Our expert subject (E) was a 36-year-old man who was a registered plaver,
was on the McKenny List vearly, had won a national championship and had

approximately 3,600 Ufetime masterpoints. Our life-master sub
L

ject (L) was a
29-year-old woman who had approximately 1,300 lifetime masterpoints, had
won several regional championships, and had been playing tournament
bridge for § ve Cur average player (A) was a 27-vear-old female who had
approximately 65 liferime masterpoints, had won several local and sid E-gAmEe
championships, and had been playing tournament bridge for about 2 years
(had played socially for 6 years). Our novice (N) wasa 27-year-old woman who
had been playing bridge for approximately 1% years, had not plaved tourna-
ment bridge and therefore, had no lifetime MASLerpoints.

Tournament-simulation task

Apparatus

The materials used in this task consisted of 10 pre-dealt bridge
the cards in the Fast hand numbered 1-19 on the face. The suits were
arranged in the following order: spades, hearts, clubs, and diamonds, and
from highest 10 lowest ranking in each suit. The assistant plaving the East
hand was not a bridge plaver, and the cards in the East hands w ol
1% s0 that the experimenter (LHB), who was playing the West hand, could
hand signal the card 1o be played for each trick. The experimenter, a life
master and tournament bridge player himself, provided the subject (South
hand) with optimum and uniform defensive play on each hand. The hands
were selected from written accounts of the 1956 World Bridge Champion-
ships. This dated and obscure source was chosen to insure that none of the
hands would be recognized by the more expert players. The choice of hands

also constrained by the need to be challenging and to provide the declarer
several interesting lines of play by which she or he could Fulfill the contract,

Hand-reconsiruction sheets consistir r of the leters NSE LW in a
diamond-shaped arrangement with the letters S H D C arranged under each
were used. The subject was to write the correct cards under the appropriate
suit letters for the appropriare hands.

p—

Procedure

Subjects were inidally given the following instructions: “This is a simulated
matchpoint duplicate bridge garme. You will be asked to play 10 interesting
hands to the best of your ability. We will attempt o put up the best defense
possible on each hand and you will be limited to a maximum time of 5 minutes
per deal. My assistant is a non-bridge player and therefore will be following
my handsignals as to what to play for each trick. Do you have any questions?”

From this pointon the procedure was as follows: The duplicate board with
Deal 1 contained within it was placed on the table. The experimenter laid
out the dummy and provided the dedarer (the subject) with any significant
bidding that mightinfluence the play of the hand. When the declarer and the
assistant were ready, the experimenter made the best opening tead (which was
the same on each hand for all subjects). Throughout the play of the hand the
experimenter atterpted to provide the best possible defense (minor varia-
tions in the line of play). The assistant was givert hand signals as to which card
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to play. When the declarer fnished plaving the hand the vesult was recorded.
Afrer the rﬁmim 2y owas done with all 10 he . he or she was then asked w
reconstruct all 10 hands. This recall task came as a surprise vo the subjects, The
deal number, contract, and result (e.g., Deal 2, four hearts, contract made)
were given to the sulject o facilitate verrieval, The subject was instructed th
he or she could designate any card below a 10 as an “X” but ﬂn LA, Ks,
Ts.and 10s should be re Th ject could complete the
tion of deals in any order desired after being given the deal numbers
tracts and results. Upon task completion the subjects were asked the following
questions about card-reading rechnigues: (1) Do you use card-reading tech-
nigues? {2) Hyou do, whatis vour specific card-reading style? (3) 1 not, do you
know what card-reading 187 (4) Have you attempted to card-read?

-

Memory task

Apparatus

The materials used in this sk were as follows: a stop watch, hand-
reconstruction sheets identical to the tournament simulation task, and 20
poster boards with a bridge deal fixed to each one. A new deck of mim Was
completely shuflled 20 tmes before dealing into 4 hands of 13 ¢
were then glued to the pasteboard na Nor 15 . south, Kast *Wm! Configura-
tion, Ten of the deals, the Structured deals, were pres wd as they would be
seen in a bridge column or book, the cards grouped according w hand, with
each hand grouped by suitand with the cards arranged from highest iolowest
rank within each suit. The poster thus had 4 hands, North, "mmﬁ East and
West, with four columns of cards in each (fewer in the case wf id suits). The
ten Unsiructured de o in a similar manner but were placed on
the board in the same order in which they had been dealt. Each Unstructured
deal was yoked to a Structured deal such that, for a given Structured deal, an
Unstructured deal had the cards placed in the same number of colummns in
each harnd with the same number of cards in each column. For example, if {'%w
North hand of a given Brructured deal had Sspades, 4 hearts, 3 diam
b club, an Unstractured hand wmﬁd have the first B cards dealt {nzwp
of suitand rank) being placed in the first column, with the nexi 4 being p laced
in the second column, etc. See Fi I for an example of a & ructured and
Unstructured deal.

Procedure

Subjects were given the following instructions: “This second part of the
M{i(i\« willa wzmmiw the reconstruction of hands. However, this time you will
be pzm( nted bridge hands for a brief 1;(11{3&«;1"‘” sconds. When {say go, you
will flip up w;mmr board in front of vou and will be allowed to study it until
Isaystop. Atthat tme vou will put down the poster board and reconstruct the
bridge hands as best vou can, We ar a‘ unh interested in having you remember
the distribution and high cards (A, K, Q, ], and 10) on each hand Spot cards
an be designated as Xs unless vou want to represent them as numbers.
unt for as much of all four bridge hands as possible. Are there any
questions?”

Within the 20 de
tured deals wa

als the order of presentaton of Structured and Unstrue-
determined from a random number table with all subjects
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Figure 1. Example of a Spuctured (top) and Unstructured (bottom) deal
wsed i the memory and perception rasks

recel nm;f the mmw ordering of Suuctured and Unstructured deals. Upon
completon of all 20 deals 1?)«* subjects were «iwkad about the techmique they
used to remermber zhfr deals,

Perception task
Apparatus

The following materials were used in this task: a stop watch, hand-
recomstruction sheets, and 20 cardboard bridge deal presentarion beards.
These 20 deals were arvived atin the same manner as the memory sk, Deals

once gzxwem were prese nted in Structur *ai and Unstructured formats with
matching distributions.
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Procedure

The subjects were given the following instructions: " This last task will
involve the 4:&11;’:»3ixt‘;xt’ium of bridge hands. Once again vou will be flipping the
poster board up to view the deal and down when Wi“ﬂ'iﬂ}.; down the deal.
However, this time you will be allowed to look at a bridge deal for as hamg, 4s
you wantand as many times as you want. My assistant will be timing how long
you look mx’h im;(* at the poster board. I will be recording what you write
; ach look. Once again distribution and high-card poings (A, K, (),
most imporiant. Spots can be designated as Xs or as themselves.
Work as quickly and efficiently as possible. Are there any questions?”
Once again the Structured and Unstructured deals were presented in a
random order. After completion of all the deals, subjects were questioned
about the strategies they used o performing the duplication task.

RESULTS AND DISCUSSION

Tournament-simulation task

At the end of wurnament simulation the subjects were given a
surprise request to recall the hands from each deal and were given
the deal number and the contract and results of the deal as a cue for
recall. The data from this task are shown in Table 1. While ¥

recalled 6

Table 1. Tournament-simulation task dara

Life Average
Expert master player Novice
Deals with perfect recall 4] 3 0 0
) i : 0 O 0 6
Hands without recs O 0 & 24
Suits without recall { { 44 96
Cavd-reading Yes, Yes, Just My,

many years  many vears  beginning  never
Number of deals

played correctly 6 4 0
Spots recalled 53 8 5
Mean errors 1.8 i3.6 316

per deal® ("i ‘M) (2.12y
Honor cards 1947200 1817200 327200

recalled correcty W‘i 5 /( 97.0% 65.5% 16.0%
Correct distributions 148/160 100/160 19160

92.5% 62.5% 11.8%
Buits given L4 1/200 &f‘w,’iﬁ(\\{) 16/200
perfect recall 88.1% A3.1% 10.0%

*Standard error is given in parentheses.
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of the 10 deals pertectly and L recalled only 3 perfectly, the other
indices of performance show these two subjects to be comy eand,
as a group, to perform better than the two poorer players. The mean
errors per deal, for example, are roughly equivalent for E and L, while
tncreasing systematically for A and N where an error is defined as
either omitting a correct card from a given hand and suit or recording
a card in the incorrect suit and hand. Similar patterns are observed for
the number of honor cards {10-A) correctly recalled in their respective
suit, the number of times the subject recalled the correct number of
cards in a given suit mdtﬁp@m ent of memory for the particular cards
{Correct Distribution), and the number of suits givern pﬂimi recall.

These data are not very analytical since they do not give us any
indication of why the subjects differed in their memory perfor ‘
What they do tell us is that there are incredibly large differences in our
subjects’ memory for bridge hands as a function of their bridge-
playing a bility levels. This is true not just for the very important honor
cards and for the correct distributions but even for the recall of those
cards below the 10, i.e., the spots which the subjects recalled even
though instructed that they could designate all spot cards as “X”
during the recall.

Memory task

While the tournament simulation task gives no clues as to the
mechanisms underlying the differences in memory abilities as a func-
tion of bridge skill, the memory and perception tasks both were
designed so that inferences could be made about the mechanism
contributing to these differences in performance. The data from the
memory task are shownin Table 2 with mean ervors (defined as in the
tournament task) per trial depicted in Figure 2.

The data from the Structured hands are similar to those from the
tournament simulation task in showing generally better performance
for E and L with systematically poorer performance for A and N. The
Eand L subjects were able to recall atleast something from each of the
40 hands presented in this task while A was incapable of recall from 10
hands and N had no recall from 17 hands. Likewise, E had no recall
from agiven suitin a given hand on only 11 of 160 opportunities while
N failed to recall on 93 of the 160 potental suits.

While the two superior players both had more honor cards correctly
recalled and more correct distributions recalled than the two weaker
players, A and N seemed to split on their emphasis on these two
important types of information. Subject A performed better on cor-
rect distribution than she did on number of honor cards correctly
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Figure 2. Mean evvors per trial {deal) on the memory task; the brackets

detine the 95% confidence intervals

recalled. This pattern of data was opposite thatof N, who did better on
vecall of honor cards than she did on recall of correct distribution.
This different pattern in the E%’pm of informaton that were better
remembered by A and Nis probably explained byt ht“ togical progres-
ston of the Baizpwmmu of honor cards and corrvect distribution that
occurs as plavers increase in ability, When an };;(wadxmi first begins
playing br imig;t, there is a certain amount of transfer from other card
FAmes the supreme importance of the

=

5, ©.2., poker, which dictates
honor cards. One thing that must be discovered before an individual
can begin to trulv master the game of bridge is thar the distribution of

cards according to suits can be more important than which honor
cards are held ina hand.

Another pointol interestis the relative performances of the average
and novice players on the wurnament stimulation and mermory tasks.
On the ournament simulation task, A p@“t"i!‘n“‘mwﬁ considerably better
than N; imw ver on the memory task, thelr performances were quite
similar. This discrepancy may be related to Frey and Adesman’
(1976) chess research finding that kmmiuiw of the moves thatled to o
given board aided beter players in the recall of that board more
than it dird averace nlavers. Tiigr a8 Frev and Adesman noint onr the
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mmportance of the amount of “chess-specific information” acquired
prior to recall, so it appears that the amount of bridge-specific infor-
mation may also be important. Thus, the differences in performance
on the two types of tasks may be artributed to the presence or absence
of k:mwlwigt* about the play that resulted from the deals to be re-
called. The average player aj )pmm to have been able to use her more
extensive knowledge of the play-by-play process in the game in such a
s as to facilitate recall in the tournament simulation task, whereas
no such knowledge was available to her in the memory task.

The data from the Unstructured hands are shown in the bottom
half of Table 2. Obviously, eliminating the Structure from the hands
made all subjects perform at about the same level, which was xhgm y
worse than ihaf worst subject on the Structured hands. Figure 2 shows
the mean errors per trial with the 95% confidence limits for each data
point defined by brackets. This measure shows quite clearly that the
I.}!“t‘i@f;’.”i of structure aids the stronger players much more than it does

A and N. In the absence of structure the strong players perform no
better than the weaker players. Ar rmxgmg SHS mmrdmg torank (e.g.
spades, hearts, diamonds, clut bs) and order (e.g. descending order
fromace to deuce) appears to function as a mnemonic aid that is useful
to experienced players in helping them organize the hand and reduce
the amount of information that has to be remembered. Additionally,
this gives strong support to Chase and Simon’s (1973) argument that
the superior pvm)mmm e of expert players in mm such as recall of

chess positions and, in this case, recall of bridge hands, is the result of
the activation of existing cognitive structures that are much more
numerous and sophisticated in nature than those available to a novice.
Whether the presence of structure allows the skilled players to acquire
more chunks of infor mamm during the presentation interval or to
form larger chunks of a constant number is unanswerable in any
concrete manner from the present data. Chase and Simon used inter-
response times to parse the subjects’ recall into chunks, but we were
unable to measure response times for the present experiment due to
the absence of an appr np; late apparatus.

Thelast column of Table 2 is a measure called pieces of information
(POI) recalled per d’*"i I'his 1s the wial number of correct diswibu-
tions, i.e., correct recall dh(ﬂit the length of a given suit and number of
high card points (A-10) in that suit on each deal. Looking at the POI
for the Unstructured hands, we can see that the range, 8.4 per
deal, is well within the 7+ 2 chunks estimated b by Miller (1956} 1o be the
limits of short-term memor y. Of course, as mentioned above, we do
not have the analytical power in this experiment to say definitely

3
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whether the novice is remembering 4.8 chunks per trial with each
chunk ?wm;% one piece of information or is remembering 2.4 chunks
with 2 pieces of information per chunk. In any case, the presence of
structure greatly increases the pieces of information that are recalled
on a trial but much more so for the expert and life master than for the

T layer and novice. Again, our inability to definitively parse
call into chunks prevents us from making strong assertions about

hmiwr structure aids the better players by resulting in larger chunks
or in more chunks being formed in short-term memory. Chase and
Simon's (1978) work leads us to believe that the im provement occurs
because the better players form larger more hierarchically organized
chunks in the structured situation than they do in the unstructured
situation and than the weaker players do in both situations.

Perception task

The data from the perception task are shown in Table 3. The first
thing that should be pointed out is that there appear to be systematic
trends across most of the subjects for several measures. The data for

the Hife master, however, are generally deviant from any of these
systematic trends. Unlike her generally optimal performance under
the other two tasks, she seemed to have adopted a rather maladaptive
51 ‘X";‘ifi‘;;{‘,’ in ih!:"‘ pf"!"("t‘"pl’!ﬂll tw;k i'xr ?‘)mi‘s “Sn“m“mrmi aml Vﬂ‘w mc"mwd

reconsruct | m, timi% in as iﬁ:w ¥tmkb as p(m;,hkf at zlm texpmm: ui m
mean tme for each ook, and in fact, at de briefing, L stated that she
was trying to be able 1o reconstruct a complete deal with only one
glance. Her efficiency score, i.e., the number of cards reconstructed
divided by the number of sec onds 1o {’“f‘m"lplf:‘tr“‘ the reconstruction,
reflects the imperfection of this strategy, it being the lowest for all
‘-.uh;m s. We will thus discuss the trends in the data from the percep-
tion task without making further reference to the life master's data.
Looking first at the Structured hands, Table 3 shows that the mean
number of looks required to reconstruct these hands was a function of
level of expertise with E requiring the fewest looks and N requiring
the most, The mean time for each look was also a function of ability
level—again, with E ¢ al«.mgth@iﬁm{ amount of time for each look.
The mean number of cards per look and mean pieces of informa-
ton per look include only information actually remembered from the
glance at the deal and do not include the cards or POI that were
deduced on each look, which are described below. While mean cards
ey “ulleci per look shows that A recalled more than E (11.3 as opposed
t0 9.36 cards per look), this is primarily a result of the greater number
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MEMORY IN BRIDUGE PLAYERS STy

of cards which E deduced on each look while A tried to recall an entire
hand on each look. In spite of the fact that A recalled more cards on
each look, E still recalled more pieces of information (distributions
and honor cards) than A or N.

The efficiency scores for both the cards and the POI re
second of looking are a function of ability level with E being most
efficient and N least efficient. In other words, E not only picked up
more pieces of information per look, he did itin less time than the less
competent subjects.

The number of cards deduced per look was judged by the experi-
menter after observing the subject’s manner and pattern ofrecall, e.g.,
a long pause following the output after a look followed by the subject
counting the cards in a given suit and hand. Debriefing at the end of
each deal showed this to be a perfectly reliable manner of obtaining
the measurement since the subjects could tell you which cards they
had deduced, and in every case this ; greed with those written down by
the experimenter. OFf the three subie being discussed here, the
expert was the only one that deduced cards, and he did it regularly ina
very systematic manner as deseribed below,

The chunking technique refers to the strategy used by the subject to
configure the cards either during the look or during retrieval. It was
found that after each look the expert would try 1o reconstruct the
cards of a given suit as they belonged to the North, East, and South
hands. The cards in the West hand from that suit would be deduced
by counting the missing cards from the three hands recalled. This
strategy would allow an average of 3.25 cards deduced on each look,
i.e., one complete hand per deal, while placing a minimum burden on
the short-term memory. This strategy is very similar to the technique
of card-reading described above in which the player attempts to de-
duce the hands of his two opponents by the bid and play of certain
cards. It was thus not surprising that the expert used this strategy,
which we call chunking by suit, 93% of the time. The only deviations
occurred because of re-checks at the hoard to assure ACCUTAcy.

Neither the average player nor the novice was an ceomplishec
card-reader and their chunking technique shows they did not use the
optimal strategy of chunking by suit. The avera ge player tried to recall
a hand on each look 65% of the time while 31% of the time choosing 1o
chunk by distributions within a hand. The novice used this latrer and
least efficient strategy 92% of the time.

The first thing that should be noticed in the data from the Unstruc-
tured hands is that the pattern of results is very similar to that from the
Structured hands except that the etficiency is much reduced for all

led per
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subjects. As with the memory task, the Jack of structure seems 1o cause
the greatest decrement, at least in terms of efficiency, to the expert
and least to the novice. The number of looks required to reconstruct
the deals in the perception task give a pattern of results ditferent from
that in the memory task. With the perception task the novice required
2 looks more 1o reconstruct the Unstructured hands than she did for
the Structured hands, while the expert needed on the average only 4
more trials to complete the reconstruction of the Unstructured hands
than he did for the Structured hands,

The subjects recalled the Unstructured hands in a structured fash-
ion. Thatis, cards of a given suit were recalled together as a distribu-
tion even though they were scattered at presentation. This seemed 1o
allow the expert to restructure the Unstructured hands mentally and
then to use the same strategy he used on the Structured hands. Thus,
he needed essentally the same number of looks to be able to recon-
struct the Unstructured as structured deals and was able to recall
nearly the same number of pieces of information per look on the two
types of deals but the cost of this pr'm“li«;‘“v was a much reduced effi-
ciency rating both in cards/second and pieces of information/second.

These findings are similar to those of Chase and Simon (1973) in
that their unstructured chess boards yielded similar differences due to
ability level. We would argue that, even though Chase and Simon’s
chess boards and our bridge deals were nominally unstructured, there
existed enough inherent structure in either presentation or recall to
allow the expert subjects to use some of the efficient strategies and
unitized pe rupumi umhgumtmm that allowed them to perform at
the higher rate in the structured tas

The data from the present experiment certainly support the con-
tention of Chase and Simon that the superior pmim mance of expert
subjects in tasks of memory and perception is not the result of superior
intelligence and capacity except to the extent that intelligence and
capacity are defined in terms of the sophistication and efficiency of the
cognitive structures that the person can and will utilize in any given
situation. In fact, in a number of areas of cognitive psychology there is
support for the view that individual differences in cognitive function-
ing are frequently the result of use, by individuals with very similar
capacities, of cognitive str awg‘ =5 of differential effectiveness and effi-
ciency. For example, Flavell (Flavell, 1971; Appel, Cooper, McCarrell,
Sims-Knight, Yussen, & Flavell, 1972) has argued that younger chil-
dren remember less than older children because they have deficits in
knowing what to do to and with informadon rather than because they
have generally lower physiological or intellectual limits to their mental
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ipacity. Likewise, Ellis (1970} has argued that m‘!mizﬁm}y mentally
M d children remember less than normal children because of
| ; cgries the EMR children use rather than in
reduced memory capacity. It certainly seems to be the case with our
subyj that differenual performance on the tasks we used reflects
differer j ing information
rather than in o al capacity.

Motes

fprints may be obtained from Randall W. Engle, Hi‘;m; ment of Psychol-
ogy, University of South Carolina, Columbia, $C 29208, Thanks are extended
o our subjects, Richard Paviicek, I aura Maybin, Mary Ellen Hendrix, and
Sue Henry, who kindly and enthusiasucally gave of their time, dmi o James
Neely for his usual excellent criticisms. Thanks are also extended to Mary
Bukstel for providing able assistance in the mi ninistration of tasks o all
subjects. Received for publication Neovember 7, 1977 vevision, April 6, 1978,
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