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Components of expertise: looking for SEEK in sorting

HANS GRUBER and ALBERT ZIEGLER

In Chase and Simon’s (1973b) pattern recognition theory, quantitative differences in knowledge (size and
number of chunks) were considered to determine skill differences between chess experts and novices. In
addition, Holding’s (1985) SEEK (Search, EvaluatE, and Know) model also included differences in search
and evaluation. The present study dealt simultaneously with all three components of the SEEK model.
Fifty-three chess players of five different levels of expertise sorted two sets of 30 chess positions according
to their own criteria. Written descriptions of the sorting criteria used were analysed. The dynamic aspects
arising were captured as well as evaluative statements, and chess knowledge. With increasing level of ex-

pertise, an increase in relevance of all three components was shown.

Two Models of Expertise

Chessmasters are often regarded as people who
have a magic touch. This notion is most probably in-
spired by the spectacular performances éthat chessmas-
ters have demonstrated over and over again: Masters
play against fifty or more opponents simultaneously,
they are able to play blindfold chess, they show a phe-
nomenal memory for the moves of previous games,
and they have exceptional combinative power. It
seems, on the face of it, that chessmasters are extraor-
dinarily gifted individuals endowed with supernatural
aptitudes. It is not surprising that these skills have at-
tracted the attention of psychologists who have sought
to unearth the factors that underlie chess talent in
their laboratories. When first viewed, the results of
such investigations into the basis of chess skill were
rather disappointing (e.g., Djakow, Petrowski, &
Rudik, 1927). The world’s best players were not above
average in memory capacity, attention, or concentra-
tion.

The seeming independence of chess mastery from
general measures, such as intelligence tests, caused a
break in psychological chess research. De Groot’s pio-
neering work on chessmasters (De Groot, 1946, 1956,
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1965, 1966, 1978) may be considered to have laid the
groundwork for a new stream of research: research on
expertise. Here the focus is placed on domain-specific
features, especially knowledge. De Groot (1965)
sought to distinguish between chess players of different
levels of skill. The world’s best players were compared
with good club players. De Groot was thus able to con-
trol the influence of knowledge on complex perform-
ances. Using the thinking-aloud technique (cf. Ericsson
& Simon, 1993), De Groot asked his subjects to choose
a move in a presented chess position, putting into
words all thoughts that occurred to them. The results
were surprising and of great importance for the ad-
vancement of psychological research on expertise. The
observed skill groups did not differ in most respects
(depth of search, number of considered first moves,
"progressive deepening’ strategy in search). Since all
subjects took about the same time to decide on a
move, none of the quantitative measures distinguished
grandmasters from weaker players. The only striking
difference was that the grandmasters invariably ex-
plored strong moves, whereas the other players almost
never did. In most cases, the grandmasters immediately
chose the best move. De Groot concluded that the dif-
ferences between players of different skills are based
on processes that occur within the first few seconds of
viewing a new position. A task involving perceptual
and short-term memory processes should reveal differ-
ences in skill. De Groot thus presented his subjects
with chess positions for a few seconds and asked them
to reconstruct the positions on another chess board.
This memory task did indeed distinguish between chess
players of different levels of skill. Chase and Simon
(1973a, 1973b) extended these findings and proposed a
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pattern-recognition theory based on Miller’s (1956)
chunking concept. The experts’ superiority in the recall
of chess positions appears to result from the specific
perceptual structures that the experts hold in memory.
This can be explained by their ability to perceive famil-
iar patterns of pieces and to structure the positions of
these pieces very quickly into a couple of chunks.

To identify the number of chunks, Chase & Simon
(1973a, 1973b) used the two-seconds criterion: When-
ever, in the course of reconstructing the pieces, a
player paused for more than two seconds, it was as-
sumed that the previous chunk had been completed
and a new one would now be retrieved. Most chunks
detected in this way consisted of three or four chess
pieces.

To explain the experts’ superior performance in
the task of choosing moves, Chase and Simon started
from the assumption that the chunks are combined
with standard move proposals. Several chunks indicat-
ing the same move give some degree of certainty that
the move is a good move. However, this chunking the-
ory, with its emphasis on short-term memory processes,
was called into question by some empirical counter-evi-
dence (Charness, 1976; Frey & Adesman, 1976). Nota-
bly, recall performance was neither impaired by pres-
entation of distractor tasks nor by increasing memory
load when two positions had to be remembered simul-
taneously. These findings suggest that chess informa-
tion is directly fixed in a long-term store.

On the basis of this evidence search processes and
evaluation were considered to play a more important
role in problem solving. Holding (1979, 1985, 1989,
1992a; Holding & Reynolds, 1982) returned to the idea
that the search and evaluation components play a pre-
eminent role in chess expertise. In his SEEK (Search,
EvaluatE, and Know) model, Holding (1985) stated
that choosing between alternative moves is the basic
process in chess skill. The expert uses his knowledge to
guide his search and to evaluate chess positions accu-
rately. Contrary to perception-recognition-association
theory, Holding’s SEEK theory emphasizes the role of
forward search and of evaluating the search tree’s
nodes; knowledge only supports the search and evalu-
ation functions.

However, Holding introduced the three compo-
nents of SEEK not as psychological concepts but as
measurable parameters of chess skill (cf. Gruber,
1994). So far, differences between expert and novice
chess players have typically been determined by chess-
game-specific tasks, for example, by the capability of
planning ahead. Such findings provide information
about quantitative differences of playing performance
between chess players of different levels of skill.
Looked at more closely, such results are not really con-
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vincing: Is it not trivial to discover that more skilled
chess players as a rule have more effective chess
knowledge, can make more reliable evaluations of
chess positions, and are able to plan ahead more effec-
tively? Therefore, a central concern is research that
helps us to establish the psychological dimensions of
chess skill in order to identify the relevant psychologi-
cal processes.

The approach on which the present study is based
attempts to scrutinize directly the three components of
the SEEK model in terms of psychological concepts.
More specifically, we start from the assumption that
the three components should be traceable in the ex-
pert’s knowledge base. Evidence establishing the pres-
ence of search and evaluation within the knowledge
base might enable us better to explain chess skill and
why expert players excel. The standard task for the
study of knowledge representation is the recall task.
However, we consider the recall task as inappropriate
for our purpose, because it sheds light mainly on the
quantitative aspects of knowledge and disregards the
qualitative ones. We would argue that the recall task is
not a suitable instrument for study of the organization
of knowledge (Gold & Opwis, 1992).

An alternative would appear to be sorting tasks in
which the basic procedure is the subjects’ sorting of
cards into piles by their own criteria. So we were look-
ing for SEEK in sorting. Categorization experiments
have repeatedly been used in expertise research to
good purpose (Chi, Feltovich, & Glaser, 1981; Chj,
Glaser, & Rees, 1982; Reitman, 1991; Schiano, Coo-
per, Glaser, & Zhang, 1989; Schneider, Gruber, Gold,
& Opwis, 1993; Williamson & McGuinness, 1990).
They revealed qualitative differences in the categories
of knowledge formed by subjects of differing levels of
expertise.

Thus, for example, novices categorise physics prob-
lems by surface structure. This is in contrast to experts
who group problems by the underlying physics laws ap-
plicable to them, that is, by deep structure. The simi-
larity categories (sorting problems into groups based
on similarities of solutions) provide information about
the qualitative-structural aspects of the representations
of a chess position.

Hypotheses

Knowledge

Complexity of sorting labels. Miller (1956) intro-
duced the concept of chunking denoting the process of
organizing single items into greater groups. According
to Chase & Simon (1973a, 1973b), chunking processes
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are most important for explaining expertise in chess.
Expert chess players possess a large store of well-or-
ganized chess patterns in their knowledge base, so that
expert chess players’ labels will presumably comprise
more complex configurations.

Hypothesis la: The novices’ similarity categories
(labels categorizing the sorting into piles) include only
single chess pieces or single groups of chess pieces
("Complexity 1"). In contrast, the experts’ labels in-
clude configural representations, that is, several groups
of pieces or even the complete board position ("Com-
plexity 2"). Complexity is expected to increase with in-
creasing skill level.

Degree of specification of knowledge. The chunking
theory regards experts’ and novices’ knowledge as in
principle the same, differing only in the size of the
knowledge base and in the absolute number of chunks
present in it. Nevertheless, qualitative differences in
the knowledge base are assumed to be important fac-
tors that can explain chess expertise (Freyhof, Gruber,
& Ziegler, 1992). Experts select, process, and store dif-
ferent parts of the presented information from novices.
Novices and casual players have great difficulty in
matching already formed position representations with
the information presented by a new position. Good
players, for example, appear not to perceive irrelevant
information (e.g., visual similarity to chessgame exter-
nal features) in their representations of chess positions.
During the sorting task in our experiment, one element
from the representation of a chess position is selected
as being similar to an element from the representation
of another chess position with which the first one is be-
ing compared (cf. Saariluoma, 1994). It is assumed that
expert players use knowledge highly specific to chess,
whereas weak players apply general heuristics which
can be employed independently from the presented
position. The analysis category involved is "position un-
related structure”.

Hypothesis 1b: 1t is expected that novices and cas-
ual players will more often fall into the "position unre-
lated structure" analysis category than groups of club
players.

Search

A meaningful feature of expertise is that experts
not only perceive relevant information but also trans-
form it so that it becomes useful for their own pur-
poses. It is unlikely that an expert’s representation of a
chess position is a purely visual reproduction. A good
player’s representation presumably contains dynamic
ideas about the future course of the game and is there-
fore largely influenced by search processes. Search
processes deal with the dynamics of the game, with
strategic planning, and with tactical manoeuvres. The

analysis category referred to is "search (dynamic as-
pects)".

Hypothesis 2: Stronger players are expected to fall
more often into this analysis category than weaker
players. Search and dynamic aspects are relevant for all
club players, but not for less skilled players such as cas-
ual players and novices. Thus it is expected that casual
players and novices will not fall into the "search (dy-
namic aspects)” analysis category.

Evaluation

It is assumed that an expert’s knowledge is more
elaborated than a novice’s. Evaluation occurring as an
automatically activated part of perception is a highly
characteristic feature of elaboration. The analysis cate-
gory referred to is "evaluation”.

Hypothesis 3: Masters are usually expected to fall
into the "evaluation" analysis category; in this they dif-
fer most clearly from other groups.

METHOD

Participants

Comparing participants of several distinguished
performance levels allows for more detailed analyses of
the specific processing procedures (cf. Hatano,
Amaiwa, & Shimizu, 1987). For empirical reasons it is
important that the samples are sufficiently large, which
is particularly difficult because of the scarcity of highly
skilled players, namely chess masters. Our samples sat-
isfied both requirements sufficiently; the sample of
masters is one of the most expert ones ever studied in
psychological research.

We not only compared experts with novices (as is
the common practice), but we also set up five groups
of participants comprising different levels of chess skill.
(1) Novices (n=10) have at best an elementary knowl-
edge of chess; they are able to distinguish between the
different chess pieces and the pieces’ different moves.
(2) Casual players (n=15) play chess about once or
twice a month. (3) Class C players' (n=8) are relatively
poor experts (Elo rating? about 1650). They constitute

! The group labels used are not the German classification but an
analogue of the one given by Holding (1985), p. 11.

2 A reliable and empirically validated method is available to assess
chess playing strength. Beside the international rating system
(ELO system) there exist some older, largely compatible na-
tional rating systems. The ELO system is described in Elo
(1978).
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the largest group of organized players and differ from
casual players principally in that they play regularly in
tournaments. (4) Candidate masters (n=9) are semi-
professional players with an Elo rating of about 2100.
(5) International Masters and Grandmasters (n=11)
hold titles that are awarded by the World Chess Fed-
eration (FIDE). The best player taking part in our
study was a British International Grandmaster who was
fourth on the world ranking list at the time. The aver-
age Elo rating in this group was about 2400. Control
variables were assessed on the basis of a biographical
questionnaire. The five groups did not differ signifi-
cantly in respects of age (M=29.4 yrs; SD=10.1 yrs;
F(4,48)=2.06, ns). The same holds for education.
Nearly all the players had reached university level
Pairwise median tests yielded no significant differ-
ences, with the exception of the novices who had a
higher level of education than class C players. Not
even the length of chess experience was an appropriate
group differentiation variable, disregarding the novices
who by definition did not have such experience. The
other four groups did not differ significantly
(F(3,33)=2.66, ns). Even the casual players had on av-
erage played chess for over 10 years. The only bio-
graphical distinguishing variable was the intensity of
actual chess playing, measured by the number of hours
played per week in the last three months
(F(4,42)=34.88, p<.001). Each pairwise group com-
parison was significant at the 5 per cent level, with the
exceptions of the comparisons of novices against casual
players and of class C players against candidate mas-
ters. Novices and casual players play less than 1 hour a
week, class C players and candidate masters play be-
tween 1 and 10 hours a week, masters play more than
10 hours a week.

Of course, the three groups of club players differed
significantly in respect of their actual (F(2,20)=77.41,
p<.001) and their highest past chess rating
(F(2,19)=66.87, p<.001).

Table 1
Group means, standard deviations of actual and best past Elo rating

Group Actual rating Best past rating
M SD M SD
Clas C players 1642.3 113.6 1682.7 187.3
Candidate masters 2113.8 113.7 2168.0 67.3
Masters 2407.3 117.6 24451 977
Materials

One hundred and twenty chess diagrams were cho-
sen from chess periodicals published from the 1960s to
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the 1980s. The diagrams showed positions after Black’s
twentieth move from games played by skilled players.
This guaranteed that the chess positions were plausible
for all participants, including the masters. No famous
games were selected, nor were games which could be
completed shortly after the diagrammed position:
There were no positions which included a tactical com-
bination. Sixty diagrams weighted according to the
openings were chosen out of the pool of 120 diagrams.
The diagrams were printed on post-card size sheets of
paper. Then two sets of 30 diagrams were composed,
each of which was numbered on the reverse side. The
order of presentation was identical for all participants.

A pretest showed that the order of presentation of
the two sets was irrelevant. However, subjects were
more comfortable working with two sets containing 30
diagrams each than with three sets containing 20 dia-
grams each. It does not matter whether 20 or 30 dia-
grams have to be sorted, but motivation and engage-
ment decrease rapidly if the same task has to be com-
pleted three times instead of twice.

Procedure 4

The sorting task required that participants sort into
piles two sets of 30 chess diagrams by their own crite-
ria. As neither number nor content of the similarity
categories was prescribed, and no time limit was set,
participants were able to elaborate deeply and to ad-
vance to their maximal processing depth (cf. Craik &
Jacoby, 1975; Craik & Lockhart, 1972).

The participants were sent the test material by post
together with written instructions. They were asked
first to answer a biographical questionnaire placed in
an envelope marked "A". On completing the question-
naire, participants were asked to continue with enve-
lope "B" which contained 30 diagrams. The instruction
specified that participants should sort the diagrams by
their own criteria. Neither the number of piles nor the
size of the piles was prescribed, but piles were not al-
lowed to overlap. The participants then wrote down
the numbers of the diagrams and the corresponding
pile numbers. Then they had to describe verbally the
principles of classification they had used in the sorting,
thus supplying a kind of label for each similarity cate-
gory. The same procedure was repeated with thirty
more diagrams from envelope "C".

It was suggested to the participants that they spend
about 20 minutes sorting the diagrams. Twenty minutes
appeared suitable from pretests. All participants were
able to sort within 20 minutes without difficulty. The
pretests showed that if any, only the masters felt the
limit to be restrictive. Therefore, any such error would
lead only to an underestimation of the differences be-
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tween the participant groups. Any error occurring as a
result of this time restriction is therefore a conservative
one.

Data Analysis

Prior to the experiment, we held discussions with
chess experts not participating in the study, undertook
intensive study of the literature, and developed several
theory-driven categories of analysis that will be pre-
sented together with the hypotheses.

Three raters independently classified all the labels
that participants gave to their groupings according to
the analysis categories described above (cf. Appendix
for examples of each analysis category). Labels could
be attached to several analysis categories. The three
ratings for each label were compared and differences
discussed. Differences occurred only five times. In
these cases an expert’s opinion was taken in addition.

RESULTS AND DISCUSSION

In respect of size and number of piles, there were
no significant differences between groups (a multivari-
ate analysis of variance yielded neither significant main
effects nor a significant interaction effect). Moreover,
no significant differences between the two sets of 30
diagrams could be detected relative to the size and
number of piles produced (e.g., the means of the num-
ber of piles for sets one and two were 5.49 and 5.34,
respectively). Consequently, the sets were combined in
further analyses.

For every participant, the percentage of piles that
could be associated with the analysis categories was
computed. Weighted fractions of each participant’s
terms were used in the subsequent computations (add-
ing to more than 100% since one label can be attached
to several categories).

Table 2 presents the group means of the percent-
age of piles that can be associated with each analysis
category.

Results are presented in three steps, each address-
ing one of the components of the SEEK model (Hold-
ing, 1985). The first step looks at two different aspects
of knowledge: the complexity of labelled configura-
tions, and the degree of specification of knowledge in-
volved. The second step captures the forward search
aspects by discussing labels containing dynamic state-
ments. In the third step, evaluative components of the
labels are analysed.

Hypothesis la: Knowledge - Complexity of sorting la-
bels. Novices produced sortings which mainly consisted

Table 2
Group means of the percentage of piles falling into five analysis cate-
gories
Analysis category
Group Compl Comp2 Unrel. Search  Eval*
Novices 60.8 342 929 0.0 9.1
Casuals 48.1 522 78.1 13.0 15.7
Class C 56.8 2.4 312 19.5 20.7
Candidates 30.2 71.5 11.1 41.0 413
Masters 124 81.5 0.0 59.0 63.1

* Full names of the analysis categories: Complexity 1, Complexity 2, Position
unrelated structure, Search (dynamic aspects), Evaluation.

of "Complexity 1" labels. In contrast, stronger players
rarely used "Complexity 1" labels. However, pairwise
group comparisons of "Complexity 1" using the one-
tailed Mann-Whitney U-Test yielded significant differ-
ences only between masters and other groups. This re-
sulted from the surprising fact that even novices and
casual players sometimes generate "Complexity 2" la-
bels.

However, these labels differ in content from those
supplied by master players. An analysis of content
showed that novices and casual players almost always
refer to visual features while masters do not; masters
prefer to use elaborate features. The fact that the fre-
quency distribution of the "Complexity 2" labels is not
linear, derives from the differences between masters
and candidate masters on the one hand, and class C
players on the other. The latter appear to have experi-
enced a degree of qualitative expertisation (cf. Lesgold,
1984) without, however, being able to visualise board
positions in the way masters do. In their labels, class C
players refer less to visual.aspects and more to elabo-
rate ones, but do not appear to be able to relate such
evaluations to board positions.

On the whole, the similarity criteria in the sortings
supplied by the stronger players are distinguished by a
more coherent sense of a positions chess content, and
give a glimpse of the complexity of their knowledge
units. This suggests that factors other than the vast
number of chunks have to be taken into account in ex-
plaining the outstanding memory performance of ex-
pert chess players. One of the shortcomings of the
chunking theory is the chunk-by-chunk model, that is,
the assumption that the single chunks are unrelated to
each other. We would argue that, in looking at chess
positions, masters do not as a rule perceive the infor-
mation presented in terms of single pieces or groups of
pieces but as coherent overall patterns. In this sense,
feats of chess memory by master players are not gener-
ated by "magical seven" separate chunks that are unre-
lated to each other but rather by coherent meaningful
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units (Egan & Schwartz, 1979; Lesgold, 1984; William-
son & McGuinness, 1990). So an important aspect to
be considered is the internal structure of the knowl-
edge base, which is highly organized in experts. This is
confirmed by other evidence concerning unusual spe-
cific memory ability in respect of information pre-
sented shortly, for example, large lists of numbers
(Ericsson, 1985; Ericsson & Polson, 1988; Klieg],
Smith, & Baltes, 1986; Staszewski, 1990).

Hypothesis 1b: Knowledge - Degree of specification of
knowledge. The results show clearly that participants’
labels within the analysis category "position unrelated
structure” occur almost exclusively in novices’ and cas-
ual players’ sortings. Pairwise group comparisons using
the one-tailed Mann-Whitney U-Test showed that each
group of club players differed significantly from nov-
ices and from casual players. Novices did not differ sig-
nificantly from casual players, nor did any group of
club players differ significantly from another group of
club players. Novices and casual players very often use
a structure independent of chess specific contents.
They relied on general memorizing strategies, and the
information they used in sorting was not related to the
information imparted by the actual chess positions (an
interesting example presented by a novice is the one
given above: "The position of the pieces was solitary,
looking like a % symbol."). For club players, however,
this type of information is irrelevant, and they seldom
used it. Even weaker club players are able to integrate
the chess positions shown in the diagrams into their
knowledge base about chess positions, which is suffi-
cient to enable a chess-specific organization of new in-
formation. Experts are thus able to show high-level
"situated cognition" (Brown, Collins, & Duguid, 1989;
Lave, 1988). The notion of larger, more flexible, and
situation-specific knowledge units that masters possess
(cf. Gold, Gruber, Opwis, & Schneider, 1990) suggests
that the mental model approach (Johnson-Laird, 1983)
might provide an appropriate representation and infor-
mation processing model for experts.

Hypothesis 2: Search. The importance of the analy-
sis category "search (dynamic aspects)" increases with
skill level: There are clear differences between the
highest and lowest skill levels. Differences exist within
the middle range, too, but these are not as clear-cut as
expected. Pairwise group comparisons using the one-
tailed Mann-Whitney U-Test yielded significant differ-
ences between all groups other than pairs of neigh-
bouring skill level. It is a plausible assumption that
search involves a dynamic conception of the chess
game, and is indicative of deeper processing. In other
words, to predict the course of the game over the next
few moves requires consideration of all the items of in-
formation displayed on the board. This makes it neces-
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sary to generate information that goes beyond perceiv-
ing and memorizing the given position. Search is an at-
tempt to weight the information presented, emphasiz-
ing some parts and neglecting others. This suggests
that an expert’s perception of a chess position is an ac-
tive process in the sense of changing the initial mental
model of this position, which has been built up by the
visual presentation. Weighting parts of the information
allows for situationally adequate cognition. Thus, ex-
perts and novices perceive chess positions differently
because of different search activities.

Hypothesis 3: Evaluation. Of the analysis categories
used, "evaluation” is the category that is predominant
among master players. Skills associated with evaluation
emerge rather late in the evolution from novice to ex-
pert, but their importance then increases dramatically.
The increase in the number of "evaluation" labels par-
allels the increase in the number of "search" labels.
More than sixty per cent of the masters’ category labels
contained evaluations. This finding suggests deeper
processing of chess information by the masters com-
pared with all other players. Evaluation is combined
with understanding the functional values of chess
pieces and configurations. This supports the assump-
tion that masters’ knowledge chunks are of a different
nature from novices’. For example, an expert’s knowl-
edge base seems to be organized in domain-specific hi-
erarchies, in contrast to a novice’s.

The depiction of the chess master given by the
sorting task can be specified as follows: Chessmasters
not only perceive stimuli, but process stimuli in order
to produce new information, which can be used in a
functional domain-specific manner. When combining
chess pieces into meaningful clusters, they not only link
the information with their knowledge but create new
knowledge categories. Their thought processes are not
dominated by a snapshot view of the chess board. In-
stead, masters concentrate on the sense of the antici-
pated moves, that is, on things that are not yet present
on the board (cf. Hoffmann, 1990). Experts evaluate
events on the board with regard to the quality of possi-
ble continuations of the game. Masters thus change
their mental model of a chess position according to the
results of evaluation processes, whereas novices usually
pay attention only to visual features.

General Discussion.

From Novice to Expert. In recent years, a shift of
paradigm has marked research on chess expertise.
Theories that concentrated exclusively on the knowl-
edge component appeared too narrow in scope. Hold-
ing (1992b) has furnished empirical evidence docu-
menting an expert’s superiority not only in knowledge
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but also in search behaviour and the ability to make
additional evaluations. These are major components of
Holding’s (1985) SEEK model. The present study has
been "looking for SEEK in sorting". A sorting task was
used that yielded direct access to a chess player’s
knowledge representations of chess positions. Testing
chess players of five different skill levels (from novice
to International Grandmaster) made it possible to for-
mulate a "developmental profile" of skill acquisition.
Figure 1 shows the results of the search and the evalu-
ation categories presented in Table 2 from this point of
view as well as the position unrelated structure. Sorting
the bars in Figure 1 by expertise groups allows a study
of the characteristics of each skill level, thus providing
a "developmental” view.

%
100
80 o
60
40 -
20 L
0 i %
Novices Casuals Class C Candidates Masters
Expertise groups
[ Externals E Dynamics - Evaluation

Figure 1. Expertise group profiles: Group means of the percentage of
piles falling into "Position unrelated structure (externals)", "Search
(dynamics)"’, and "Evaluation” categories, respectively.

Of course, such developmental profiles, which are
yielded by cross-sectional studies cannot take the place
of longitudinal studies. With caution, they can be inter-
preted as quasi-longitudinal. Master players have suc-
cessfully traversed all the other skill levels (novice, cas-
ual player, class C player, candidate master). But this
does not allow the inference that the patterns of

knowledge that candidate masters, for example, cur-
rently possess exactly parallel those acquired by today’s
masters at the time that they themselves were candi-
date masters. If one considers how players grow to-
wards master level, such concepts as exceptional talent
should be kept in mind. Possibly, a master’s develop-
ment has contained different quality components from
that of other players. Once one has made this qualifi-
cation, the cross-sectional analysis of the five stages of
expertise specified in our study can be interpreted as
development. A clear increase in significance of the
three components of the SEEK model with increasing
skill can be observed (cf. Figure 1).

(1) The percentage of knowledge categories classi-
fied as "position unrelated structure” decreases with in-
creasing skill levels. Almost all the sortings made by
novices have a "position unrelated structure", which is
rarely present in a club player’s sortings.

(2) A dynamic view of the positions presented, ex-
pressed as search for move sequences, is observed
more frequently for skilled players than for less skilled
players.

(3) The significance of evaluations increases with
skill level. Masters use evaluations significantly more
often than other players as base criteria for the sorting
task.

These results support the SEEK model. Expertise
in chess appears to be due to an interactive collabora-
tion of the components of knowledge, search, and
evaluation. In this sense, we think that in "looking for
SEEK in sorting" we have had some success.
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APPENDIX

Examples of each analysis category

Category "Complexity 1"

Single pieces or single groups of pieces. Example: "White centered pawn on e4."

Category "Complexity 2"

Combinations of several groups of pieces, or the complete board position. Example: "Positions in which white can
draw."

Category "Position unrelated structure”

Example: "The position of the pieces was solitary, looking like a % symbol."

Category "Search (dynamic aspects)"

Example: "The positions will probably change into tactical ones very soon."

Category "Evaluation”

Example: "Drawn positions with chances for both sides."
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