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SUMMARY

This paper reports several studies of chess expertise in children who play competitive chess.
The first study examines {1) the relationship between experience and skill among 113 schooi-
age children (grades [ through 12):and (2) the relationship between chess skill and scores on
various spatial and logical abilities tests among the top 135 players. Improvement in skill is
related to experience. and chess players score higher than average on the Raven’s
Progressive Matrices. Also, scores on a chess-specific test, the Knight's Tour, correlate with
scores on the Raven's. The second study reports three experiments with 59 Ss invoiving
chess-specific tasks in memory. perception. and similarity judgements. The first two
experiments replicated and extended Chase and Simon (1973}, The third experiment. which
asked Ss to judge similarities of chess positions, demonstrated that similarity judgements
become more global and abstract with increased skill. The final section describes
qualitatively how children’s chess expertise compares to that of adults. Drawing upon
Anderson (1983). we focus on some distinctive features of children's chess play and on some
successful techniques in coaching young players.

Although much of recent research on decision-making and problem-solving has
stressed the limits of rationality and how far humans deviate from "good’ decisions.
chess is a situation in which humans can make unusually sound decisions. The
literature on expertise has focused on chess and chess masters partly because of
these very high-quality decisions. What is particularly striking is that children—not
normally known for their rationality—can compete with adults on an even basis in
chess tournaments. Further. chess skiil among children is not limited to a very few
extremely gifted prodigies: many children who are exposed to good chess coaching
become competent players.

The study of childhood expertise is important for several reasons. First, models
of expertise in general, and of chess skill in particular. must be able to account for
high levels of competency among young children. Also, understanding how they
acquire their skill is not oaly important theoretically, but may have important
practical implications for enhancing other types of learning.

Research on expertise {e.g. Anderson, 1985 and Dreyfus and Dreyfus, 1986),
however, has been limited to adults. It is not known whether those models of
expertise apply to children. There have been only a few studies of any kind with
child chess players. Christiaen and Verholfstadt (1978) studied fifth-graders for 2
years, during which time an experimental group studied chess after school, 1 day a
week. After the 2 years the experimental group performed better on Piagetian
tasks, significantly better on schoot tests, and better on standardized tests than did
the control group. Chi (1978) demonstrated that child players could remember
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more pieces from a chess scheme than could adult non-players, thus demonstrating
that knowledge of the domain can be more important than age when asked to recall
a complex array.

While both Christiaen and Chi used children as subjects. none of Christiaen's
subjects were officially rated by the United State Chess Federation, and only one of
Chi's had an official rating. Virtually no research exists with children who have
acquired sufficient expertise to compete with adult tournament players. In contrast,
the present research used a sample of nationally rated, competent players and also,
in more depth. analysed performance of a subsample of the very top young players.

This research represents a beginning attempt to explore child chess expertise. It
is therefore largely descriptive. The first part of the paper reports a correlational
study of 113 members of a scholastic chess club. The second part is a series of
experiments conducted at a state scholastic tournament. The third part is a
discussion of the nature of childhood expertise and chess coaching techniques.

PART 1. CORRELATIONAL STUDY

After an exhaustive review of "virtually all of the available research on chess skill',
Holding (1985) put the relative contribution of practice and abilities at the top of
his list of unsolved problems. While Anderson (1983) has claimed that master chess
players "have achieved their expertise through practice' (p. 232), Holding
questioned whether practice is sufficient, saying that it is difficult to believe that
practice alone would make anyvone a grandmaster. Indeed, the existence of 11- and
I2-year-old chess masters who have only plaved chess for several years makes it
difficult to hold the view that practice is a sufficient explanation of expertise.
(Further. there is no evidence that other kinds of experience can explain expertise.
Pfau (1933). for example. reports only a non-significant correlation of .10 between
hours of chess plaving and rating.) In addition to practice. it ~eems obvious
that spatiai ability ought to be related to chess skill. Yet Holding concluded
that “There is aimost no evidence that chessplayers excel in spatial ability’ {p. 228).
[n fact. he argued. "the dara that are now available suggest. mainly by default, that
chessplayers are almost entirely like other people” (p. 227). Along with Holding
and other chess researchers. we believe experience is a necessary. but not
sutficient. condition for expertise. and that spatial abilities are related to chess skill.
It is difficult to measure these relationships. however. since other factors (such as
talent, motivation. intelligence. opportunities) are no doubt of primary impor-
tance.

Because our sample is relatively homogeneous on many factors (all bright,
middle-class children with the same opportunities for play and coaching), it is a
good sample in which to demonstrate a relationship between experience and skill.
We hypothesized that in this homogeneous sample there would be a correlation
between experience and improvement in chess skill. Experience was measured by
the number of non-tournament games played during club hours. This measure
presumably reflects general chess activity level and not just game playing, since the
number of games played is confounded with other types of experiences such as
more feedback from coaches and other players or more study.

Virtually all studies of skill acquisition have found the relationship between
practice and performance to be a power function, indicating that practice has
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diminishing effects (Anderson. 1985). We hypothesized that the same relationship
would be found for acquisition of chess skills.

In the first study, several tests of spatial and logical abilities were administered to
the top 15 players in the sample. We hypothesized that chess players would score
above average on these abilities.

METHOD

Subjects

Qur sample came from one chess club at a small school {700 students. grades K
through 12) outside of Memphis, Tennessee. At the time of our study. 113 students
(16 per cent of the student body) of all ages were members of the chess club and
were included in the sample. This high level of interest in chess is very unusual and
reflects an unusually supportive environment for chess players. Table 1 shows the
students’ grade levels, ratings at the beginning of the study. and gender. The
children are coached primarily by the high school mathematics teacher (rated about
2000 by the U.S. Chess Federation) with assistance from a science teacher who is a
chess master. The students play before and after school and during the lunch hour
(some only occasionally). They participate in tournaments locally, regionally and
nationally. Some of them attend a t-week summer chess camp.

Table 1. Characteristics of subjects in study |

September rating
<1000 0N0=1299  1300-1499 =>[3500 Subtorals Totals

Grade M F M F M F M F M F

-3 |7 2 3 0 l " 0 )} L3 12 33
10 9 3 3 2 " 2 0 n 12 4

7-4 i) 4 3 1 4 1) 1} ) 19 ) 24

14142 6 6 3 1 2 b 2 1} 15 7 2z

Subtorals 4331 21 3 9 H 4 0 77 36 113

Torals 74 24 Y 4 113

v

Skill ratings. The U.S. Chess Federation ranks tournament ptayers {regardless of
age) based on their wins and losses against other rated players. The ratings are
derived from probability theory and are a good measure of a plaver's skill. The
mean for all U.S. tournament plavers of all ages is 1500. and the standard deviation
is 200. Only fairly serious players participate in tournaments. 50 2 player with a
rating of 1500 is very good relative 10 chess players in general. Above 2200 is a
master. In general, a child with a rating of 1100 (two standard deviations below the
mean) can beat most recreational, non-tournament-playing aduits who consider
themselves to be fairly good chess players. An informal survey of parents of our
subjects revealed that virtually all the children can beat their parents. (The
majority of the parents do not play at all.)

Although the sample came from only one small school, it included a fairly large
proportion of the top child chess players in the nation. particularly at the younger
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end of the scale. For example. six of our primary grade children (grades 1 through
3) have been listed among the top 10 players under 8 in the United States. Most
people naively believe that any child who becomes proficient at chess must be an
extremely rare prodigy (probably with grandmasters for parents). On the contrary,
particular chess coaches consistently produce strong players, year after year—even
though the specific children move on. In fact coaches often say that, given a few
months of training. any motivated and bright 10-year-old can become a proficient
plaver. In other words. the skills discussed in this paper are not limited to a very
select few extremely gifted children; they are skills that presurmably many above-
average children can learn.

The elite subsample.  In order to learn more about the top plavers. the top 20 club
players were invited 1o participate in a special tournament where they would be
given tests between rounds. Fifteen of those children participated. Although this
group may be too small to draw unequivocal conclusions. their results provide
suggestive results.

Procedure

We ran correlations on both the whole sample and the elite subsample. For the
whole sample we examined their chess records for one academic year. These
records included national ratings in September and in May, their grade level, the
number of club games played and whether they won. lost or drew.! The elite group
was given the following tasks: (1} the Raven's Progressive Matrices (sets A~E): (2)
the Knight's Tour (a chess-specific test that is believed to be related 1o chess
aptitude): (3) a Piagetian task (the plant task designed analogously to the
‘colorless-liquids problem” to measure combinatory logic in formal operations—see
Kuhn and Brannock. 1977, for details): and {4) 2 game reconstruction task in which
Ss were asked to reconstruct a previous game from memory.

The Raven's Mutrices (Raven. Court and Raven. 1985} is a widely used test
involving perception of relationships in geometric figures and is considered a
measure of logical abilities as well as spatial abilities. Although norms for children
are limited. we felt the type of reasoning required was similar to chess reasoning.
(We have given adult plavers the test. and they concur.) We chose this test also
because it can be used for a wide range of subjects. is easilv administered and
untimed. The Knight's Tour. described by Holding (1985). requires subjects to tour
the whole board with a knight. landing on all squares except those with a pawn or
controlled by a pawn. Figure | shows the board set-up for the task. The task is
scored according to the number of moves, the number of errors. and the time
required to complete the task. The task is repeated; the first tour is believed to
measure aptitude while the improvement on the second tour measures trainability.
Holding (1985) stressed the need for normative data on the Knight's Tour since
existing data are promising, but very scarce. He reported a. non-significant
correlation of 0.30 among 25 adult club players® ratings and their Knight's Tour
scores. He also reported Radojcic’s (1971) finding that among a large sample of
Czech chess-playing children, the four boys who turned in the fastest times for their
age groups are all now prominent players.

' Note that the national ratings are not computed using the club games so these numbers are not
confounded.
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Figure t. Board set-up for the Kaight's tour

Subjects were also asked to reconstruct their most recent game from memory.
indicating their best and worst moves. how far ahead they looked before each. and
how many alternatives they considered at that point. For comparison purposes. a
group of adult plavers at another tournament were asked to do the same task. A
chess master was given both sets of protocois and the corresponding score sheets
from the actual games. The master analysed the reconstructions and described the
ditferences he saw between child and adult reconstructions.

To test whether the power law of practice held for our subjects. national ratings
were plotted as a function of the number of ¢club games played over a 21-month
period. both measured on a logarithmic scale.

Results and discussion p

Statistics for the groups are given in Tabie 2. As can be seen. aithough the groups
are very similar in terms of grade, they differ in terms of their ratings. the number
of games played in the previous academic year. and in the number of rating points
earned. But the within-group differences are also large: in the elite sample the
range for number of rating points gained was from 6 to 922; the range for number of
games played was from 20 to 231.

Results from the entire sample

Age. Age, as measured by grade, is significantly related to rating (r=.468,
p<.001) but only weakly and non-significantly related to games played {(r=.120).
Older subjects tend to have higher ratings. but do not play significantly more
games. Since the subjects in our sample varied tremendously in terms of their ages
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Table 2. Characteristics of sample. Means and standard deviations

Group

Measures Enure sample® Elite subsample®

M sD M sD
September rating 1004 307 1380 191}
Grade 6 3.3 3.9 29
Number uf games plaved 4.6 49.3 101.4 66.5
Number of rating points gained 142.0 2040.3 1836 2933
N=lEL
“n=13.

and starting poinis in September. it is useful to consider the partial correfation
between number of games played and the initial rating in September. with the
effects of grade removed (pr=.251, p<.01}. This significant correlation means that
the players rated higher in September played more games as the school vear
progressed independently of age.

Experience.  Since it is possible that these good players improve independentlv of
number of additional games plaved. partialling out both grade and September’s
rating vields a clearer picture of the relationship between experience and
improvement. Table 3 shows the partial correlations of games plaved. wins. and
ratings in May.

Table 3. Parvial correlations hetween games and rating with
erade and September rating partialled

Gumes plaved May ranng
MWins MlsT A91 "
Games plaved — 452
M ruting —
p<l

Wins and games playved are. of course. trivially related since number of wins is a
proportion of games plaved. Holding age and September’s ratings constans. there is
a significant relationship between experience in terms of games plaved. and May
rating (pr = 432, p < U01). Again since wins are related 1o games plaved. wins are
also related to new rating (pr=.491. p<.001). In sum. the more improved plavers
plaved more and won more. This does not, of course. demonstrate that more
experience ieads to more improvement and hence more wins: plavers mav be
motivated to play more when they are winning. .

The eliic subsample

Although our limited test battery and sample size does not ailow us to draw firm
conclusions, as an exploratory measure, subjects were given a standard Piagetian
task. a spatial abilities tests. and the Knight's Tour.

Age results front the elire subsample.  Table 4 shows the relationships between the
various measures and grade. As in any sample of children of different ages. the
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Table 4. Correlations between abilities measures and grade for elite subsample?

Raven’s Kmght's Tour Piaget
Grade g2t AO4 563"
Raven's - 619° 578"
Knight's —_— -85
Piaget . —_—
Hn=13)
g5

Raven’s Progressive Matrices scores and the Piagetian scores correlate with grade
and with each other. The Knight's Tour correlates with the Raven's scores,
suggesting that it measures similar spatial reasoning abilities. The negative
correlation between the Knight's Tour and the Piagetian task suggests that the
Knight's Tour does not measure logical abilities similar to those necessary for the
Piagetian task. The Knight's Tour is not significantly related to grade.

In this more elite group there was no relationship between grade and rating (r=
039), but there was a non-significant. negative relationship between grade and
number of games plaved (r=—345). This may result from the fact that the younger
children play faster. and hence may play more games in the same amount of time as
the older players. Age may act as a suppressor variable. So here. too, to clarify
results, the results are presented with grade partialled out (Table 3).

Table 3. Partal correlations between abilities measures and ratings for the elite subsample
with grade partialled out®

Raven’s Knight Piaget Improve

Raung 333 380 —.044 340
Raven'y — S8 298 2
Knight's — —.076 212
Piaget — —~.330
fmprove —_—
=i

p<LbE,

Experience results from the efite subsample. Controlling for age. there was 2
significant relationship between the number of games played and rating {(pr=.311,.
p<.03). {For the whole sample, pr=.251, p<.01). There is a moderate relationship
between number of games played and improvement (improvement = the
difference between May and September's rating), (pr=.402). The correlation
between number of games played and rating may show only that better players
play more—not that higher ratings result from more practice. Similarly. the
correlation between experience and improvement may show only that winning
motivates mare play. While the results are not unequivocal, they represent, as of
now, the first documented relationship between experience and skill in chess.
Figure 2 shows the relationship between number of games played and
performance for four subjects. For this figure we choose four subjects from the elite
subsample who were top-rated for their age groups and who had been active
players for the 21 months for which club records were available. The age of each
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subject at the beginning of the 2{-month period is shown. Although there are wide
individual differences in both number of games played and rating, all four subjects
show a straight-line function when both number of games and performance are
piotted on a logarithmic scale.

Abilities results from the more elite subsample. A stepwise regression. with
improvement as the dependent variable, shows that September’s rating accounts
for the most variance (R*=.652). R? changes to 770 with the addition of the
Raven's test. and to .873 with the addition of number of games plaved. Although
the sample size is small, this suggests that abilities of the kind measured by the
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Figure 2. The relationship between number of games plaved and skill leve! for four
top-performing subjects.
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Raven's and number of games played contribute significantly to improvement.
Grade does not make a significant contribution.

While spatial and logical ability of the type measured by the Raven's may not
differentiate very much among the elite subsample because of the restricted range,
it may differentiate good players from non-players. The mean for our elementary
players (N=8, mean grade = 4.25) on the Raven’s was 37.7; the 75th percentile for
fifth-grade children is 39. The older students (mean grade = 8.3) averaged 33.3 on
the Raven's: 54 is at the 90th percentile for 20-year-oids. Clearly the elite playersin
our sample score above average on the Raven's.” The Piagetian task showed no
significant correlation with chess skill; in fact, among the seventh- through twelfth-
graders, the two highest-rated players had the lowest scores on the Piagetian task.
Overail, however, the elite players scored above average. Typically formal
operational thought does not begin until adolescence. The task is scored from 0
(concrete thought) to 5 (complete mastery of combinatory logic), with scores in
between representing levels of transition. Ss in grades 1 through 6 averaged .89 and
those in grades 7 through 12 averaged 4.0. Thus, the elite group appears to be
above average in terms of attainment of formal operations as well as on the
Raven’s.

Results from the game reconstruction task for the elite subsample. According to the
analysis of the chess master. the children typically did not look ahead more than
one move (even those with ratings above 1500). Adults, on the other hand, often
looked ahead five moves. Children as well as adults tended to describe their best
moves as those that followed their opponent’s weakest moves. [n general. pauses 4
reconstruction corresponded to big decision points in the game and places where
players indicated having considered the most alternative moves. Winners knew
exactly the turning point in their games. while losers were not as specific in defining
the turning point. Children were much worse at reconstructing their games than
were adults. They very rapidly recomstructed their game through the opening (the
book moves). but slowed down and made many reconstruction errors after that
point,

[n general, the chess master reported that memory for games reflected some of
the chess knowledge of players, but that children seemed to remember less than
adults. not look ahead. and not consider as many alternatives. These outcomes
suggest that child players rely on deliberate analytic abilities less than do adult
players. Child players may develop other skiils to compensate for their lower level
of analyticity.

PART 2. MEMORY, PERCEPTION, AND SIMILARITY

The second study presents results from three experiments conducted at a state
scholastic chess championship. Experiments 1 and 2 are replications and extensions

I We have tested seven adult masters and experts on the Raven's Advanced Matrices with interesting
results. Six of the seven subjects (including one 66-year-old) had scores at the 99th percentile. With age,
scores on the Raven's typically drop dramatically. We suspect that chess-playing may help maintain
spatial skill. The one subject who did not perform well on the test {he onty got four correct) is known for
his calculative. analytic style. While the other players describe their play with spatial and fluid
metaphors, he typically describes series of moves.
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of the classic memory and board reconstruction studies of DeGroot {1946) and
Chase and Simon (1973), which showed a relationship between skill level and the
number of pieces that can be recalled from briefly presented scenes from real
games. In experiment 1, on half the trials, contextual information was added before
presentation of the boards to explore whether this would enhance performance.
Experiment 3 follows a similar line. [n this experiment we were interested in the
extent to which similarity judgements become more abstract as skill increases.

Our hypotheses for the second part of the paper are listed below. Each will be
discussed tn an introductory section for each experiment.

L. For children, as with adults, better players have better memories for chess
boards. In particular, there will be a correlation between skill tevel and the
aumber of pieces recalled from a chess scene,

2. Because better players’ reconstructions wili reflact better chess knowledge. a
chess master will be able to estimate skill ievel from the reconstructed boards.

3. Recall of chess scenes will be enhanced by providing a contextual framework
to help the subject organize the scene. This contextual framework will consist
of non-piece-specific information about the strategic/tactical considerations
inherent in the scene.

4. In the similarity judgement task. with increasing skill and age, judgements
will be based more on abstract similarity and less on superficial, piece-specific
similarity.

General method

Subjects and procedurese

Participants in the Tennessee State Scholastic Chess Tournament with national’
ratings over {100 were invited to do experimental tasks between rounds. Their
teams were given one dollar for each plaver who participated, and individuals were
given raffle tickets with a chance to win prizes for each task in which they
participated. Subjects first performed the memory/recall task, then the similarity
judgement task. and finally the board reconstruction task. Because of time
constraints, aot every subject completed all three tasks, Table 6 shows the ages and
ratings of the 59 subjects who participated. Subjects are divided into primary
(grades 1-3). elementary (grades 4-6). junior high (grades 7-9) and high school
{grades 10-12). These are the divisions used in scholastic chess. Players may piay in
the division corresponding to their age or in any higher division. In this sample {as
in the sample in study 1). age and rating were significantly correlated (r=.480,
p<0.01).

Table 6. Number of subjects at each grade and skili level

- Rating
Grade 11-1299  13-1499  15-1799  18-2099 2100+ Total
1-3 4 4 0 0 0 6
+6 12 5 1 0 0 I8
7-9 8 6 4 0 0 19
10-12 5 4 4 2 ! 16
Tortals 28 18 9 3 | 39
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Experiment 1: Context and memory

Chase and Simon (1973) claimed that 'chess skill depends in large part upen a vast,
organized long-term memory of specific information about chessboard patterns’ (p.
279). Highly skilled players supposedly have vast numbers of chunks stored in long-
term memory, whereas less skillful players have fewer and smaller chunks.
Examples of chunks inciude specific configurations such as *flanchettoed bishops’.
Chase and Simon’s view, sometimes called the ‘recognition-association model ot
chess skill' has been criticized by more recent researchers (e.g. Charness. 1976
Frey and Adesman. 1976; Craik and Lockhart, 1972, Goldin. 1978; Lane and
Robertson, 1979; Holding and Reynolds, 1982; see Holding, [985 for a review of the
debate). Holding, for example, argues that the focus of the recognition-association
model de-emphasizes the importance of the search for possible moves. Since which
move is best depends on the whole configuration of the board, and not simply on
familiar configurations of a few specific pieces, the search for the best move is likely
to be guided by chess knowledge that is of a more general and abstract nature.
Thus. while research conducted within the recognition-association framework has
been instrumental in identifying many of the structural components from which
whole board configurations are constructed, further research needs to be
conducted in which the more global and abstract properties of the resulting chess
positions are emphasized. Selecting moves is the key task in chess, and this can only
pe done well by considering global properties of the game.

Consistent with Holding, we have observed that much of chess coaching consists
of giving children a general, non-piece-specific conceptual framework which they
can use to understand chess positions. These frameworks often contain dynamic,
sirategic information. We hypothesized that if superior memory eftects result from
some kind of global or non-piece-specific chess knowledge (as Holding and other
critics of the recognition-association model believe). then memory for chess scenes
can be improved by providing a non-piece-<pecific contextual framework to help
the subject organize the scene. This contextual information should facilitate the
player's taking a more "process-oriented’ perspective on the board.

Method
We replicated the non-random board part of the Chase and Simon study, but with
one task modification. On half the trials, before seeing the board. a “context’ was
introduced: the child was given a brief general comment mentioning the strategic/
tactical considerations. but not mentioning any specific piece. Examples include:
‘It's white's move. Black has just captured one of white's pieces, and white will
probably capture back’, and 'It's white's move. and white is ready to attack’.
Sixteen diagrams were presented of games in progress: eight middle-games and
eight end-games. In half the middle-game positions an exchange was in progress;
this tends to make it more difficult to determine the meaning of the configurations.
The other half of the middle-game positions (called ‘quiet’ positions) had no
exchanges in progress and are easier to ‘understand’ even without the benefit of
having seen the progression of the game. Half of the end-game positions were from
actual games, and half were positions prepared by Fischer, Margulies and
Mosennfelder (1966) to illustrate particular principles. Thus the positions represen-

ted a wide range of situations. All were realistic, but some were more difficult to
understand than others.
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Subjects were shown two practice items followed by 16 stimulus items. Forty-
eight different orders were presented; each subject saw eight positions preceded by
context (two regular middle-games, two middle-changes with an exchange in
progress, two regular end-games, and two Fischer end-games) and eight similar
positions with no context. For context items, subjects were read the context
statement. Subjects then studied each position for 10 seconds. The diagram was
removed and subjects were asked 1o reconstruct the board from memory. A
photographer photographed each reconstructed board to aflow later scoring.

In addition, a chess master was asked to analyse the photographs of
reconstructed boards for information about error patterns. and to determine
whether he could estimate skill leve! from the reconstructed boards.

Resulis and discussion

Overail, performance was significantly correlated with both age (r=.272, p<.05)
and with rating (r=.266, p<.05). Also, there was an overall effect for context;
players correctly placed more pieces when given a context statement (((47) = 2.04,
p<.05). When boards were presented withour the context, performance was
significantly correlated with both age (r=.377. p<.01) and with rating (r=.301,
p<.03). When boards were presented with the context manipulation, age and
rating were less important. The context “levelled’ the performance. resulting in
lower and non-significant correlations, {r=.167 for age and r=.230 for rating). This
result means that, with the context, there were fewer age differences and skill-level
differences. Context apparently allowed lower-rated and younger players to
compensate.

Context effects, age. and type of position.  Although the sample size is small, and
the numbers of playvers in each age group varied. the results suggest that the effect
of the context depended on both age and type of board position. Subjects may have
dealt with context in different ways. depending on whether or not they aeeded the
context. [f thev recognized and understood the position, context was nut necessary:
if the position was much too complex and subjects were not able to tuke advantage
of the context, then context did not improve performance. [t may be that context
facilitates performance only if the child is close to understanding the position. In
that case the context may cue recognition. or it may provide enough extra
information for the child to be abie to analyse the position. Overall, younger
children showed more of a context effect than did older players: performance on
context items was negatively correlated with age: r=-.290. p<0.05. This resuit
does not tell the whole story. however. The age differences can be attributed
mostly to the primary children, but junior high students also benefitted from the
context. Elementary and high school players showed no difference between context
and non-context positions. .

Interestingly, primary and junior high players benefitted from the context on
different kinds of positions. Although the differences are not significant, the pattern
is suggestive. The primary children were helped most by the context in the end-
game situations (4.16 more pieces correctly placed) and in the "quiet’ middle-game
positions (3.40 more pieces correctly piaced). In fact, on the end-games with
context, primary-age children remembered as many pieces as did high school
players! End-game positions and quiet positions are characterized by abstract.
underlying principles which were captured in the context statements. They are the
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easier of the four kinds of positions to understand. On other, more complex
positions (the middle-game positions with exchanges and the Fischer positions).
context did not help primary children. Presumably they were not sophisticated
enough 1o take advantage of the context.

Junior high players also found the context helpful. They were most improved.
however, on the positions with exchanges (3.58 more pieces) and on the Fischer
problems (2.56 more pieces}. These two types of positions are the more difficult,
Here junior high players. unlike primary players. may have been sophisticated
enough to use the contextual information. Elementary children showed no overall
context effect. High-schoolers found the context to be a hindrance or of no heip on
all tvpes of positions. The overall pattern suggests that providing a global
organizing principle in the form of a context statement may or may not be helpful,
depending on the cognitive stage of the child.

Chess master's analvsis. In reconstructing the boards. subjects paid special
attention to the centre of the board. to the positions of the kings. and to prominent
or tnusually placed pieces. Fewer errors occurred in these positions and more
correctly placed pieces were located within these parameters. The boards were set
up so that white was on the subject’s side and, not surprisingly, more correctly
ptaced pieces and fewer errors occurred with white.

The master examined boards without knowing the rating of the person who
ceconstructed the board. The master was asked to rate each subject’s set of
reconstructed boards on a three-point scale representing how well the reconstruc-
tions reflected chess knowledge. His ratings agreed closely with actual skill ratings
(r=.68. p<.01). His only misjudgements were for those subjects he rated "2": two of
those he rated as average on ability were actually two unusually high-rated third-
and fourth-graders and two were lower-rated high-school plavers. In other words.
most of his few misjudgements were for subiects whose skill deviated from what
would be expected for their uge. However. il of the subjects he rated as nighest
and lowest on ability (Is and 3s) were at the top and the bottom of the ratings. A
master can identifv a player’s skill from a reconstructed board unless the piaver’s .
skill level varies from what is expected bused on the playver's age. Although
knowledge was more important than age in the master’s ratings. knowledge or skill
level alone did not distinguish reconstruction performance. When age and skill
level deviated from expectation (high skill. young age or low skill. older age). the
master erred in judgements of skill. '

Experiment 2: Board reconstruction

The second experiment is a replication of Chase and Simon’s (1973} board
reconstruction task. This task was destgned by Chase and Simon to separate the
effects of memory versus perception. According to Chase and Simon, pieces placed
on the reconstructed board between glances represent a perceptual ‘chuak’.
Presumably players segment the board into ‘chunks’ which increase in size with skill
and, in our study, with age.

Subjects and method
Thirty-five subjects who had participated in experiment 1 participated in this
experiment. In the time between tasks. subjects had also participated in the third
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experiment and had plaved at least one round in the tournament. The tournament
ran for 2 days. and most subjects performed experiment | on the first day and
experiment 2 on the second day,

Following Chase and Simon. we asked subjects to reconstruct a chess position,
but they did not need to rely on memory since they were allowed to look back at the
target board as needed. The taks in experiment 1 relied on the subject’s memory as
well as the way the information was encoded. In an attempt to separate encoding
(the perceptual process) from memory, Chase and Simon (1973) used this
reconstruction task. Chase and Simon found that masters had larger chunks and
could reconstruct a position with fewer look-backs.

Results and discussions

Size of chunks and number of look-backs. The youngest and the lowest rated
subjects in our study averaged about 2V pieces per chunk. The highest-rated
subject (a master) was able to reconstruct the entire board with -only a single
glance, an average of 3% pieces.The average size of the first ‘chunk' was
significantly related to grade (r=.38, p<.05) and marginally to rating (r=.25). The
larger correiation with grade presumably reflects memory constraints that change
with age.

Primary and eiemeniary grade subjects needed about 104 look-backs to
complete the board. Juaior high and high school players needed about 8. Contrary
to the results for the average size of the first chunk, performance. as measured by
number of look-backs. showed only a marginal negative correlation with grade (r=
—.25) and a significant negative correlation with rating (r=—.36. p<<.03). with
more advanced sabjects needing to look back fewer times. Here the higher
correlation with rating suggests that the better plavers are able to use their chess
knowiedge to organize information more efficiently. even if they are voung and
hence have g shorter memory span. Thus the size of the first chunk nmu.y be related
more 0 memory constrants while the number of look-backs may relate more to
organization of the board based on chess knowledge.

Experiment 3: Simitaritv judgements

The third experiment examines judgements of similarity between chess positions to
determine whether subjects base those judgements on syperficial or more abstract
features. According 1o Anderson (1985) and Drevfus and Drevfus (1986). a
crucial feature of increased expertise is the move from a more concrete to a more
abstract representation of features. Thus we predicted that, as skill and age increase.
there will be a movement toward judgements based on more abstract features. In
this case superficial similarities refer to piece similarities while abstract similarities
refer to similarities in strategy.

Subjects and method

Forty-seven subjects who also participated in experimeat 1 were shown a chess
board scene for 43 seconds. the original scene was removed, and the subject was
asked to say which of two new boards was more like the original board. Both
response and latency were recorded. Each subject saw eight different sets of
boards.
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Figure 3. Examples of stimulus items fur the similanty judgement task.

Tn each set. each of the two subsequently presented boards differed only slightly
from the original board (seetFigure 3.) One (the superficially similar board)
differed from the original board in this respect: one piece from the original board
was no longer positioned on its original square. and instead was positionad on an
immediately adjacent square. The other subsequently presented board (the
abstractly similar one) also differed from the vriginal by only a piece. but was
similar in that the same brief sequence of moves led to a forced checkmate. In
contrast, the superficially similar board always altered significantly the giobal
strategic features of the board, relative to those of the original board.

Results and discussion

Better players were more likely to choose the deeply similar board {(r=.363.
p<.03), In fact. all subjects with ratings over 1700 chose the deeply similar boards

o5 et -+ it xR
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in all cases. The correlation between grade and deep simtlarity judgements,
however, did not reach significance (r=.154). Plavers who chose the deeply similar
boards took more time to reach their decisions (r=.510, p<.01). These results.
along with those from the other experiments. demonstrate that, with increasing
skill, children (like adults) move from a more concrete to a more abstract
representation of features.

PART 3. CHILDHOOD EXPERTISE AND TRAINING

According to Anderson (1985), experts are able to make better decisions because
they have learned through vast experience how to process information in their area
of expertise in ways that are more efficient. For examiple. experts learn to perceive
recurring paiterns and associate solutions with those patterns, to represent
problems in terms of abstract features, and to develop better memores for
information involved in the solution of problems. While there is more to expertise
than practice. in Anderson’s view. extensive practice is essential, If quantity of
practice is important for adult expertise, then children's much faster chess skill
acquisition must differ in some important way. Watching an adult who has spent
most of his [eisure time for 20 vears playing and studying chess struggle against a 7-
year-old who has devoted an hour or 50 a day to chess for 8 months is a convincing
argumient against the view that practice per se is the key to expertise. Another
striking example of high skill without vears of practice is with regard to lightning or
speed chess. where players are required to make lightning-fast moves. The usual
explanation for the masters’ and grandmasters” abilities to maintain good-quality
games under speed conditions is that their vast experience leads to automatic
responses which ure based on pattern recognition. While this may be correct for
adults. it does not expldin how. in 1986, a4 10-vear-old (non-masters took second
place in the Tennessee State Speed Championship against 2 number « ¢ experienced
masters, Clearly much more work is necessary to identify the specific experiences
that allow children to acquire complex chess skills within a relativelv short period of
time.

Krogius (1976) suggests that expertise gained as a child differs from expertise
acquired later in life. He offers some startling data showing that grandmasters who
learned chess as a child played at their peak for more vears. and made fewer
blunders. than grandmasters who learned chess as adults. He compares early-
acquired chess knowledge to a native language; chess was for those players a first
tanguage. Holding (1985) suggests that early activity is not oniy typical of the
strongest players but it might be necessary for the highest levels of expertise. He
says ‘the temptation is to conclude that the early programming of brain function is a
necessary prerequisite for chess mastery’ (p. 32). One can speculate whether that
early programming will affect other kinds of cognitive functioning.

In some superficial ways, children operate like Anderson's experts: they tend to
use intuition rather than careful analytic processes. and often ignore many of the
details. We have observed children and adults of about the same skill level playing
together and it is clear that children play differentty. First. and most notably.
children play much faster. Consistent with resuits from other developmental
research, child chess players tend to be less reflective and more impulsive than
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adults. Children typically do not ponder the alternatives in as much detail as do
adults. This means that although the adult and child may have similar ratings, the
child actually performs as well as the adult in much less time and with much less
deliberate analysis. One reason children piay faster is because they do not generate
long lists of alternative moves—they satisfice”. That is, they search until they find a
satisfactory move (not necessarily the best move). then cease generating alterna-
rives. Satisficing can be a very useful and efficient heuristic, but it may lead to
errors.

Training

Without training or study. few chess players play well. just learning 10 move the
pieces and playing with other novices results in verv slow progress. We visited other
schools where enthusiastic teachers who knew little about chess encouraged daily
play. Players in those schools had no sense of strategy and very little skill, One of
our 7-year-old subjects played a simultaneous match with the entire third grade and
remarked that it was difficult for him to ‘see’ what his opponents were doing
- pecause their moves made no sense. The moves. aithough legal. appeared almost
random. What these practised but unskilled players lacked was (1) teaching of
principles: (2} process feedback (they only experienced outcome feedback,
whether they had won or lost): and (3) specific chess drifls. Each of these three
topics will be considered.

Teaching of principles

Coaches do not wait for players to discover the principles. They are taught
explicitly. Opening systems are memorized and practised. Players are urged to
study chess theory. Information is presented as a systematic body of knowledge.’
When most educators think of gifted and highly motivated students. they assume
discovery learning is preferred und memurization is undesirable. What we have
found is that voung chess players are :wry adept at and enjoy memorizing
openings. tearning their names. and classitving them. This pleasure in acquiring a
large database is seen. particularly amony boys. in collecting information from
basebail cards or information about many Kinds of dinesaurs. Children’s games are
usually strongest in the opening. where the moves tend to be more book moves.
and principles are rather concrete (.. 'move hoth centre: pawns WO squares
each’). These book moves are'not specific piece configurations. They are dynamic
svstems. with variations and underlying principles and strategies. Chitdren are not
typically taught many openings. but each opening consists of several variations and
many moves.

Process feedback

Chess offers unusual opportunities fot process feedback. In tournamenis. players
write down all their moves. They then replay their games with coaches or other
players. trying rejected alternatives and testing what the outcome might have been.

' Interestingly. recorded chess games from the previous century are of lower quality than gamss
plaved today. The reason usually given is that, prior to the 2xistence of a large published bady of chess
lierature, players had to discover principles on their own. Now players have access to a wider, more
systematized knowledge base.
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Learning to analyse one’s own performance objectively provides an excellent
lesson in how to maximize skill. In chess, a player has little opportunity to
rationatize losses: children learn to be objective about their own performance. [n
addition, their improvement is readily measured by increased ratings.

Specific chess drills

Chess problems.  Chess coaches use a number of interesting training techniques.
Ore is the use of chess problems. Much like case studies constructed for business
students, these are problems designed to illustrate a specific principle. Irrelevant
detatls are omutted. Like other kinds of puzzles. they are highly motivating since
the learner knows there is a solution.

Speed play and longer analysis time. Paradoxically. players are trained both to
play faster and to play slower. Children tend to play fast without much evaluation
of alternatives. so coaches have them take more time with moves. In the simiiarity
judgement experiment, longer analysis time was correlated with a deeper level of
analysis. But coaches also stress speed training. Children may be especially able to
benefit from speed training since it fits their natural tendencies to approach the
world in a whirlwind fashion. Playing chess rapidly forces a glebal perspective.
since there is no time to consider details, and hence helps develop intuitions.

Blindfold chess. Another common training technique is to practice playing
blindfolded. This forces the plaver to rely on visualization. When evaluating
alternatives several moves ahead. the physical board and pieces can get in the way.
The player with good visualization skills can more easily ‘see’ the board as it might
look under different lines of play. Consequently, this practice results in more

flexible thinking,

GENERAL DISCUSSION

The following conclusions can be drawn from these studies and observations:

. Although practice per se is not sufficient for expertise. experience is
important. especially appropriate training and feedback. Study | demonstra-
ted a relationship between level of club activity and improvement in national
rating. Some of the characteristics of chess experience that make chess skills
learnable by children include: opportunities for process feedback as well as
outcome feedback: the opportunity to try out discarded alternatives:
unusually accurate feedback about performance; structured, systematic
presentation of principles: and special drills that force alternative modes of
thinking.

. For children, spatial and logical abilities such as those measured by the
Raven's Progressive Matrices and the Knight's Tour may be useful for
identifying chess talent,

3. For children as well as adults, skill level is correlated with the number of

pieces correctly remembered from a chess scene.

+. The suggestive age and board type differences in context effects point to the

importance of further research on the role of context. Appropriate

J
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