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ARSTRACT
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Studies of aver 100 chese plavers at varving «liil?! levels a:d ages
show how experts and nonexperts differ in poblem solving strategies.
Important differences are found at all stages of problem solving, but
the most cignificant differences appear to be hefore and after the
evaluation of alternatives ("sizing up" the problem, generating
alternstives, and evaluating outcomes). In eddition, following the
development of young piayers with high potential gives insight 1nto
how expertise deveiops and how it can be fostered.

EXFERTISE

A comnlex society needs exper ts, but very little is known about how
expertise develops. My colleagues (Terry Horgan and David Morgan) and
1 are scidying the development aof chess expertise [1). We have
rcotlected data from over one hundred chess players, some arz experts,
some are competent plavers, some are beginrers, and some have the
potential to become experts. Euxperts are characterized hy their vast
tnowiredge and by their fost, accurate, and intuitive judgments. One
big gquestion for psychologists is how to reconcile the two: 1f one
has vast knowledge, wouldn't it take a Jong time to search through it
to find the best solution to a difficult problem™ Non—-experts do need
& lot of time to weigh all the data, but evperts carm give an 1ntuitive
angwer theal "feels" right. The e:pert medica'® diagnostician, for
example, has educated quesses which he ther carefully evaluates. He
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is able, before exhaustive search, to identify good possible

solutions. The non-expert has to attempt the exhaustive search first.

The non-expert rarely finishes the searchs instead he will stop when a

satisfactory solution is found. The euspert typically identifies a

small set of good alternatives, then chooses the best. The non-enpert
(]:) har to search harder to find the alternatives and he may miss some of
)<g>'the better ones. Euperts male better decisions in lese time.
NS

Chess is an ideal way to sludy decision-making and problem solving

hecanse it is a closed system with clearly defined rules. Unlile

‘. decisions in the real world, there are not a lot of extraneovs

7 wvariables that may affect the outcome of a decision. Because 0f the

. » extreme compleitity of rhess, it pushes human information processnors Lo

their limits. By studying how expertise develops in checs, we can

{ ;9 learn a qgreat deal about expertise in general. Anothe'- advantage or
chess as an object rf study is the existence of an accurate «kill

measurement system. The Elo system, derived from praobability theory,

is used to rate all nlayers in .S, Chess Federation tourmnaments. Our

sample of plavzrs’ ratings range from 110C (ahout 2 stanaard

deviations below the m an) to master level (above 2700, about .95

standard aeviations ab- /e the mear). Tournamente, of course, ltend to

Attract fairly serious players, so an 1100 level plaver can heat mast
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casual , non-taurnament playvears,.

Much of the chess research (see Holding [21) bas fociaod or mencrys
our interests focus on the br gader 19sucs uf how « s w g Ll s
develops. First we will describe in general terms the prablem-solv.ng
process. Then we will discuss the players and how their euxpertise
might have develaped.

STAGE 1: SIZING UF THE PROBILEM

When faced with a problem, the first step is to analy-e the problem in
a preliminary and impressionistic way: "izing up" the problem. The
manner in which this is done will influence the types of solutions
considered. This analysis involves looking for ways to characterize
the problem. 1Is it LIVE others™ Rarely will it be identical to
previous problems, so the potion of SIMILAPITY is crucial. A problem
solver whi sees similarities where others don't will have more options
for a solution. The level of similerity (e.q., abstract or
superficial) will influence the range af choices.

Let's look at this stage for a chess player. Say our plaver is
examining the hoard for & good move. The first step~—-the preliminary
analysis-—will be at several levels simultanesusly. The plaver will
no doubt see a variety of ways in which the current situation is
similar to others he has been in or games he has read. The pawn
structure may be similar, the ove. all attack strategy may be similar,
the type nf opening played may be similar, the possible next mnve may
ne similar, the sacrifice to gain position, etc. These similarities
"pop" out at the expert; the lesser plaver must cearch for them. The
lesser player sees them as separate facts; the expert sees a PATTERN.
This is one of the keys of the expert-—the ability to see complex
relations as wholes or gestaltsi. The expert can see the big picture.
The key words are SIMILARITY and PATTERN. From these will come a
global strateay for approaching the problem. The results of this
stage will guide the rest of the proress.

A more thorough analysis may or may rnot follow th. preliminary
analysis. This will be more analytic in nature. If the problem is
similar to familiar cnes, the person may have identified what
cagnitive psychologists call a "schema." This ig an abstract
representation of the typical events, scenes, etc. that are ausociated
with the problem type. F r example, we all have a schema abkout aning
to *he dentist. It lacks detail and every dentist experience is
somewhat different, but the cognitive reprecentation ig a fairly
stable bundle of knowledqge, expectations, beliefs, etc. In problem
solving, we can talk about a problem "schema.” After the preliminary
analysis, the person may have several schemata that represent possible
ways to think about thoe problem.

We 've found that less developed plays stip this second aralysis.
These non-experts typically go from the preliminary, holictic analysis
directly to the generation stage (discus=ed below), resulting in




overluoling crucial irformation. This suggests a satircficing bind of
strategy——if the move thalt jumps cut at the player 15 &'l right, he
won 't bhother to loo! further. In chees, prabably oven mer e otten than
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in life, zmatisfiring leads to defeat.

STAGBE T: GENERATING ALTERNATIVFR

After a more thorough analysis of the protlem, the next atep is to
generate alternatives. Thie ie a creative process that cannot ne
described with decisior trees or utility matrices since these
typically operate on specified alternatives. Very little is lnown
about this stage of problem solving. We do !'ncow, in checs, that
experts typically generate only a few alterrmatives. But they are also
the BEST alternatives. Less-than-expert plavers typically generate
the same number, and often more, alternati=2s., Many of these
alternatives, however, are weaker than those generated by the expert.

The expert has good alternatives "pop" irto his head while the lesser-
player may have to systematically cearch the board for moves. The
expert’'s "popping" phenomenon is analogous tn what we all experience
when we scan a list of names. Because aof our extreme familiarity with
our own name or those of our friends, they "pop" out. The expert
plaver has a vast store of lnowledge that can be easily accessed in a
variety of ways. That is, the expert has acquired a vast numher of
interrelated schemata. The less experienced plaver may have a lot of
facts, but he may not be ahle to retrieve that informatior. The
similarity judgments select the relevent schemats which are rich
sources of densely related information. The «<imilarity judgments are
JUDGMENTE and not the resualt of rational decision rules, Similarity
judgmerts may involve a high level of abstract reasoning, or they may
e baned an very concrate similarit: ec.

STAGE Z: EVALUATING ALTERNATIVES

Next, the problem-solver must evaluate the alternatives., This stage
has heen stidied, and it is possible to describe rational processes
for choosing among alternatives. If the problem solver rejects all
the alternatives, he must go bacht to the previous stage and generate
more (or, possibly return to the amnalvsis stage and rearalyre the
problem).

Chess players evaluate alternatives hy "calculation." Thke player
fiqures the tree of moves that could result from each of his candidate
moves. Dopending on his skill at this tasl, the calculation may qo
several to eight or ten moves ahead. This stage requires serious
concentration and memory abilities. The expert can do it in his head
with visual imagery. A lesser player (in a non—tournament situation)
may want to actually move the pieces an the board. The eupert oftien
can bypass some of the calculation by identifying or labeling a series
of moves as a standard series with which he is familiar. A player who
knows many thousand "book moves" will have an advantaqge. The eupert
has a tremendous advantage over the lesser-player at this stage




ber ause the previor stane resulted in good alternativees. It. &8 castaor
to be successful if all your alternatives are good! In fact, in speed
chess games, where each plaver is alloted two or three mirutes for all
his moves, it is very difficadt to distinguish a Lhess master 's spweed
game from his regular long game. That is, their play is almaost as
high quality whether the game tool *wu minutes or eight hours'! The
time savings comes by eliminating the secord step 1n the aralysis
stage and most of evaluation stage.

We've observed adults and children plaving sped games and find that
children seem to have an advantage under such conditions. Children,
in their rormal play, tend to minimize the second step in the analysis
stage and most of the evaluation stage. The cognitive skills required
to operate within those stages well are typically not well developed
until Piaget’'s formal operations stage. We believe that players who
learn the game during childhond will maintair strength ir the first
step of the analysis stage--sizing up the problem--while developing
deeper or mare abnotract bases for judgments of similarity. During a
player ‘s development (chess and general development), he will
naturally strengthen the other stages. Flavers whe learn chess after
childhood probably will remain weak in the siring up stage unless
explicit treining is received. Kraogius [T] reports that grandmasters
wha l'earned chess hefore their tenth birthday made fewer blunders in
tournament play. He attributes this tn the fact that chess is for the
early lzarners a "native lanqguage." We believe this native lanquage
amounts to strong intuitive similarity judaments. Just as we can
judce grammaticality by whether or rot "it sounds right," players who
have developed stage one early in life can sense ways in which game
situations are similiar.

Children may also rely more heavily on heuristics and short cuts than
do adults. These heuristics are ways of simplifying complex inputs.
Children must constantly simplify input because their schemata are
less well developed. Pushing these schemata to their limits and
subjecting them to evaluation may speed up the process of develaping
mor ¢ elaborate schemata. In Piagetian terms. assimilation and
accomadation nccur cyclically as schemata evolve. The rapid testing
and retesting of a«chemata may accelerate development.

S5TAGE 4: EVALUATING THE OUTCOME

Evaluating the outcome of his solution will increase the leve! of
expertise. This stage has been studied, although less than the
pvaluation of alternatives stage. Einhorn and Hoqgarth (41, for
ezample, discuss the reason why humans have undeservedly high
estimates of their own judgment abilities. Fart of *he reason is that
we only evaluate the outcome of the chosen alternative. We do not ask
whether any of the rejected alternatives might have been better. We
propose, based on our chess research, that those pecople who tecome
experts are better at objectively evaluating their decisions. But
more importantly, they often replay games using rejected moves. This
gives them information on "false negatives"—--those alternatives that
were falsely classified as no good. Experts and potential experts




want to know, sven when they are successful, if there waz a hetter
alternative availahle to them. Non-exrerts, after a gane, roll ur
their hoard and go home.

Einhorn and Hogarth alsn stress the importance of receiving feedbar!
on the process of a decision as well as on the cutiome of a decisian.
Experts and potential experts ovaluate their strategy as well as the
outcomes of partirular moves. They alsao evaluate their computation
and other details of their decicion making processes. This multi-
level feedbacl and evaluation i1s necessary for improvement. Experts
and potential experts are often -snsumed with the need for self-
evaluation and feedbacl. We believe this is a ley to their succecs.

WHO ARE THE EXFERTS AND THE PUOTENTIAL EXPERTS™

Our potential experts are all active, popular children. All six of
our youngest, most precocicus players (ranted in the top ten in the
country for their age) have other interests outside of chess ranging
from soccer and basketball to music, poetry, and art. They are all
intelligent and good students. All six can be characterized as well
adjusted. They all come from well educated, upper middle class
parents (no single parents) and all are male. We suspect that the
environment for upper middle class males is more conducive to hiqgh
levels of competition and achievement. Other environments can support
this level (an inner city elementary school in Indianapolis won the
national elementary school chess title several vears ago) , but males
from upper middle class environments seem to have an advantage.

All si:t are extremely competitive and are driven to win. None of them
wants a superior player to "go easy" on them. After losing Lo a
superior plaver, they are more determined to continte. This seems 0
result fram hiah levels of self confidence. Any of these players can
lose ten times in & row to @ superior plaver and beep going. They
don’'t see themselves as "little kida" playing against adults. Being
seven years old deoes not count as an excuse when they Inge to a 30
vear old. Wher asked why they lpst a game, they will usually--
arcurately-—-hlame themselves.

These characteristics are evident in non-chess hehaviors., One child,
at age four, had ridden the Gilley’'s mechanical bull of lIrban Cowbay
fame. He knew the correct posture: back straight, head up. and one
hand in the air. He held that posture even though he was frightened
and crying and would nave liked to hald on with two hands. Parents of
all these children tell similiar stories of early persistence. These
children actively put themselves in highly stressful, highly
competitive situations. They play in adult tournaments, even though
they know they will lose most games.

Much has been written about the personality of chess masters (e.g.,
see Fine, [3]. Perhaps the most striking similarity is the intence
devotion to chess and the vast amounts of time devoted to the game.
Many e:pert plavers are also experts in other fields, most notably
mathematics and the sciences. A few, lite Bobby Fischer, excel only




in one domain, but mast are able tn maintain several areas of
interest. The eupert and the potential expert can be character:ized as
highly intell:igent, pascicnate in their interest, and eager vo
evaiuwate their own worb.

TRAINING

From talking to chess coaches and reading some of the literature on
Russian methods of chess training, we have found technigues that may
have broader appications. Paradoxically, plavers are trained both to
play faster and to play slower. Children tend ta play fast without
much calculation, so conaches work on having them take nore time with
moves. In our studies, we found that longer analysic time was
correlated with a deeper level of analysis. Coaches also stress speed
training with children. In general, children approach the world in a
whiriwind fashion, acquiring scremata rapidly (often inaccurately).
Eviderce from chess coaching suqgests that practice in speed chess
keeps alive rapid schema acquisition. With only a quick glance, the
perspective has tn be more of a gestalt.

Children, like experts, rely heavily on intuitive judgments. Speed
chess is widely used as a training method because it forces one to
rely on intuitions and to operate at a global level. Flaying fast
develops intuitions and a global perspective; playing slow develops
the analytic thought processes and perspective. Experts need both.

If speed training is vital for developing expertice in chess, what
implications does that have for developing ex)ertise in other domains?
Perhaps MBA students, too, rather than being discouraged Yrom
"shooting from the hip"” should be given practice in making quick
decisions. Like the vyounqg chess plavers, their moves may not be as
high quality under <peed conditions, but the process may force a

di fferent, more qlaobal, perspective on the problem. Math teachers
have long used spead drills {nr math facts. Perhaps spe=d drills used
for more complex problems could be useful for develioping expertise.

Russian peychologists have found that gqrandmasters who learned chess
very early in life make fewer errors in games and are able to stay at
their chess playing peak for more years. This suggests, as does our
research, that the child’'s natural inclination to operate at a "gut"
level gives him an advantage in the preliminary analysis stage when
faced with a complex tasli. Unfortunately, without special t-aining,
most of us l=arn to shorten, or even distrust, the preliminary stage
in favar of the more analytic second stage of the analysis stage. A
rich preliminary analvysis stage may surface later as high levels of
expertise develop. But that may bs becoming an expert the hard way.
Flavers who begin early in life may be able to maintain both both
types of anaysis, increasing the lilelihood that they will becnme
2xperts.

Players can develop early slills through playing euperience, hut most
plavers musr soon attark the body of chess knowledqge. As in all caces
of expertise, a vast numher of facte and theories must b mastered.




Without this, expertise cannot develop. Top players--even those six
years old-~-do their homework. As Chase and Simon [¢] say, there is no
shortcut to becoming a master.

How likely one is to become an expert depends heavily on the
environment. One needs to be exposed to players who are hetter. Many
promising players do not become experts because they do not have
access to role models or to other players.

Looking at how players progress through the ratings shows that the
path to expertise is rot a straight line. At the ®arly stages, those
with motivation and potential progress rapidly, but when the plavyer
approaches the mean, the curve reaches a snag. Coaches say that that
is the point where study becomes essential. Amony adults, there
appear to be relatively few active tournament players with ratings in
that "low average"” range. They tend to drop back, or they pursue
excellence and go up. This appears to be a crucial (and predictable}
stage in the development of chess expertise. We suspact that
expertise in any domain has a similar hurdle. This hurdla may be
characteristic of the fair-haired young man (or woman) who is rising
fast, but hits a piateau. We see in our sample of chess players, that
some lose interest, some get distraught, and a few buckle down and
plunge ahead. Those who do plunge ahead need direct instruction,
access to lots of information, peer stimulation, a role model or
rentor, a chance to try out new strategies, high self esteem, and a
great deal of encouragement. Expertise is more than hard work. It
talkes a special kind of person and a special kind of environment.
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