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Abstract

Two experimental investigations of elementary chess knowledge are re-
ported. The investigations are based on an extension of the theory of
knowledge structures introduced by Doignon and Falmagne (1985). This
extension allows the construction of surmise relations with the help of the

formal principles “set inclusion” and “sequence inclusion”. In the case of
chess the basic units for problem construction are the tactical elements of
the game — the “motives”. In terms of problem solving, these motives can
also be seen as subgoals for the problems’ solutions. The results of the two
experiments show the importance of the principle of “sequence inclusion”
which states that the surmise relation depends on the sequence of motives
within a problem. The investigations also demonstrate the suitability of
the theory of knowledge structures for testing psychological theories.
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1 Introduction

Chess involves one of the most complex and demanding knowledge domains.
Not only the game of chess itself, but also the construction of problems
which are adequate for an efficient assessment of knowledge concerning the
tactical elements of chess, for example, requires a large amount of knowl-
edge and experience and — as we will show here — some special technical
principles.

Both of the reported experiments are based on the theory of “knowledge-
spaces” introduced by Doignon and Falmagne (1985). This theoretical ap-
proach provides the framework for our considerations concerning the order-
ing of a set of chess problems and the hypothetical structure of knowledge
referring to the tactical elements of chess.

The construction of the problems for Experiment I was based on the
technical principle of “set inclusion”!. The theoretical background for the
problem construction for Experiment II is more elaborate and in some re-
spects more “realistic”. In Experiment II the sequence of tactical elements
within a chess problem is taken into account. Additionally, an “order of
difficulty” on the set of tactical elements may be assumed. These concepts
will be presented in this paper.

First we will describe some basic elements of the theory of knowledge
spaces (Doignon & Falmagne, 1985 and Falmagne, Koppen, Johannesen,
Villano, Doignon, 1991). One element of this theory is the “surmise rela-
tion”. This (reflexive and transitive) relation is defined on a set of problems
which are to be solved by a population of subjects. If there is, for example,
a problem set @ which consists of problems a, b, ¢ and d, the expression
a > ¢ denotes the following:

If a subject is able to solve problem a, then this subject will
also be able to solve problem c

“>" is the surmise relation and can be depicted as a Hasse diagram (see
Figure 1). The set of problems which can be answered correctly by a
subject, is called the knowledge state of that subject. From a surmise
relation all possible knowledge states can be inferred. The set of all possible
states — with respect to a surmise relation — is called a (quasi-ordinal)
knowledge space.

A crucial problem of the theory of knowledge spaces is the establishment
of a surmise relation. This may be done in several ways. First, there is
the possibility of querying experts. Questioning procedures? have been
developed by Miiller (1988), Dowling (1991a,submitted) and Koppen and

IThis principle is also reported in Albert and Held (submitted).
?Note: These procedures are not restricted to the establishment of only quasi-ordinal

knowledge spaces.




4 Construction of Knowledge Spaces for Problem Solving in Chess

b c

Figure 1: Example of a surmise relation depicted as Hasse diagram.

Doignon (1988). Another approach is the analysis of response patterns as
proposed by Airasian and Bart (1973), Bart and Krus (1973), Bart and
Airasian (1974) and van Leeuwe (1974).

A third approach — which was used in our investigations — is the infer-
ence of the surmise relation from the systematically constructed problems
themselves, whereby the problems’ components are the constituent factors
of the surmise relation. This ordering method will be described below.

Additionally, some remarks concerning chess problems, i.e. the tactical
elements which are fundamental to our problem sets, will be made.

What types of problems are suitable for an assessment of chess knowl-
edge? For which topics within the large domain of chess playing is experi-
mental exploration feasible? Because of the extreme complexity of chess we
must restrict ourselves to problems for which a unique set of possible solu-
tions can be found. In addition we must be able to describe the knowledge
necessary for solving the problems.

Problems which are likely to fulfill these requirements are tactical chess
problems such as those found in newspapers. Two typical problems of this
kind are shown in Figure 2. The solution for example problem (a) is: 1.
Neb5+ draw. The solution for problem (b) is: 1. Qe7:+ Qe7:; 2. Bd6
Qd6:; 3. Re8 mate. The solving of such problems requires the knowledge
of tactical elements which can be used for a classification of the problems
difficulty with respect to the other elements of the problem set.

These tactical elements are commonly called “motives”. The motives
considered in our investigations are “pin”, “guidance”, “deflection”, “fork”,

“stalemate”, “elimination”, “clearing” and “promotion”.

Problem (a) of Figure 2 contains the motive “fork”, problem (b) con-
tains “deflection”, “guidance” and “pin”. Definitions and examples for all
motives are given in Appendix A.

As shown in Figure 2, a problem may contain more than one motive —
a large variety of combinations is possible. One motive can appear more
than once within a problem.

Thus chess problems can be viewed as being combinations of motives.
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(a) (b)

Figure 2: Two examples for tactical chess problems.

There are probably other factors involved in a chess problem which also
have an influence on the solution process®. Motives surely are elements of
that knowledge a person must possess if he or she is to be capable of solving
the type of problems used in our investigations.

Next we will introduce the theoretical considerations underlying our
investigations. We will show in which ways surmise relations may be es-
tablished on sets of component based chess problems. These surmise re-
lations are inferred from several psychological assumptions which will also
be outlined below. The relations, i.e. the sets of possible knowledge states
constitute the hypotheses of our investigations.

The empirical test of the hypotheses will therefore mainly consist of a
comparison between the sets of theoretically inferred possible knowledge
states and the sets of states which occur as a result of the experiments.

3These factors are not the subject of our investigation; considerations regarding these
factors can be found in the general discussion.
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2 Theory

In this section we will describe two principles for the establishment of a
surmise relation on sets of chess problems. Both principles are based on
the concept that the difficulty of a chess problem depends mainly on the
motives which a subject must know in order to find the correct solution of
the problem.

We assume a finite set M of motives. Let the problem space P(M) be
the set of all chess problems which could, in principle, be solved with only
the knowledge of the motives out of M.

PRINCIPLE 1 (set inclusion)

For a chess problem p let F(p) be the set of the motives which a subject must
know in order to find a correct solution for p. We assume that the difficulty
of a chess problem p depends only on F(p). For the establishment of a
surmise relation on P(M) we can therefore identify a problem p € P(M)
with the set F(p) C M of motives which must be known by a subject in
order for him or her to find the solution of p.

We define a surmise relation < for all problems p,¢q € P(M) through
the following condition :

p=q:& F(p) C F(q)

That means, if a person is able to solve a problem q then he or she is
also able to solve all problems which could be solved with the knowledge
of a subset of F(q). The surmise relation < on P(M) is therefore defined
through a partial order on the power set of M.

Example : Let M := {a,b,c}. Figure 3 shows the resulting surmise
relation.

PRINCIPLE 2 (sequence inclusion)

In Principle 1 the order in which the motives occur in the solution of a chess
problem does not influence the resulting surmise relation. To ignore this
order, however, is problematical for chess problems, because the motives
do not occur independently.

In Principle 2 the order in which the motives occur in the solution of
a problem plays a central role in the construction of the surmise relation
on P(M). The central idea of Principle 2 is that a problem a is more
difficult than a problem b if the sequence of motives which must be found
by a subject to solve a includes the sequence of motives which must be
found to solve b. That means we assume the solution process for these
types of problems consists of two components. The first component is the




Construction of Knowledge Spaces for Problem Solving in Chess 7

{a,b,c}
/ \
{a,b} {ac) {bc)

}><{

b} {c}
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g

Figure 3: Surmise relation on the power-set of {a, b, c}, according to “Prin-
ciple 1”.

knowledge of motives and the second component is the ability to find the
correct sequence of motives which leads to the solution of the problem.
For a chess problem p € P(M) let G(p) be the ordered tupel of motives
which occur in the solution of the problem. G(p) = (my,...,m;) means
that the first motive which occurs is m;, the second is m, etc. We define:

M, = {(mil,""mik) I Mgy oo, My, € M}
My = UreIN Mi

M;, is the set of all ordered k-tupels of motives out of M and Mpy is
the set of all ordered tupels of motives out of M.

Its clear from chess experience that some motives are much easier to
detect and process than others. That means that the motives themselves
can be ordered with respect to their difficulty. Therefore we can assume
a quasi-order Cp on M. For motives m;,m; € M the interpretation of
m; Cp m; is "Every person who knows m; also knows m;”.

We assume that the difficulty of a chess problem p € P(M) depends
only on G(p). For the establishment of a surmise relation < on P(M)
we can therefore identify a problem p with the ordered tupel G(p). That
means that it is sufficient to define a relation C on the set of all ordered
tupels of elements out of M. For problems p,q € P(M) we then define as
in Principle 1 :

p=q:¢ G(p) E G(g)
We will now present two equivalent formalizations of the assumed relation
C on the set of all ordered tupels of elements out of M. We show both

formalizations because each of them provides advantages which could not be
united within one single approach. Formalization 1 (problem generation)
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consists of a number of weak assumptions which are relatively plausible
from the intuitive point of view we described above. It also describes the
concept of an inductive definition of the assumed relation. Formalization 2
(problem evaluation) has the advantage of being relatively compact and
easy to understand. Further practical advantages of the differentiation
between these two approaches can be found in the general discussion. To
distinguish between the two formalizations we named the relations which
follow from them for the moment as E; and C,.

Formalization 1 (problem generation): We establish C; in an induc-
tive way. First we make assumptions under which conditions a C; b should
hold for a pair a,b € Mpy. These conditions are purely syntactical. Then
we define the relation C; as the set of all pairs (a,b) with a,b € Mpy for
which a C; b follows from the following list of assumptions.

1. Vmy,...,mg € M (mq,...,mg) C1 (my,...,my)
reflezivity
2. le,...,mk,m;,...,m;,mé M
(my,...,m) E1 (my,...,m)) =
(ma,...,mg) Cy (m'l,...,m;,m,m;+1,...,m;)

insert rule

1 ' " n
3. Vmy,...,mp, My, My, My, ..., my €M
] ! " "
((my,... ymy) B (my, ... ymy))
! !
((ml,-- . ’mbmla'"amhmj+l,-“amk) Ca
" " .
(M, ey MGy My, ey My Mgy - -y M)
sequence insert rule (=) and sequence elimination rule (<)
4. Ymy,m; € M (mi) &1 (my;) & mi Epy my
relationship between T, and Cp

The relation C; is the set of all pairs (m;, m;) my,m; € Mpy for which we
can prove m; C; m; from our assumptions.
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Example : Let M := {a,b}. Figure 4 shows the resulting quasi-order
C, on M; U M,. We show as an example how the relation (a) C; (a,b) can

(a,2) (a,b) (b,a) (b,b)

>

(a) (b)

Figure 4: Problem structure based on the assumptions of formalization 1,
if weassume z Cpry & 2 =y (z,y € {a,b}).

be derived from the assumptions. Because of the reflexivity of Ty we have
a Ty a and using assumption 4 we can conclude (@) T, (a). Assumption 2
shows that we can insert b. So we indeed have (a) &, (a,b).

From assumption 4 it follows that the resulting partial order C; depends
largely on the relation Cpr on M. The following example shows this de-
pendency.

Example : : Let M := {a,b}. Figure b shows the resulting quasi-order
C, if we assume z Cp y if and only if (z = yV (2 = a Ay = b)) for
z,y € {a,b}.

Figure 5: Solid lines show the resulting quasi-order C,, if we assume
tCpyy e z=y(z,y € {a,b}). Dotted lines show the additional pairs, if
we assume z Ty y & 2 =y V (z = a Ay = b), whereby z,y € {a,b}.
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Formalization 2 (problem evaluation)*: We define a relation L, on

M.

Definition : Let (my,...,m),(my,. .. ,my) € Mpy. Then (my,...,mi) E2
(my, ... ,m;) if and only if there exists a function f: {1,...,k} — {1,...,1}

which fulfills the following conditions :

1. Vi,j € {1,...,k} (i<j— f@)<f())
2. Vje{l,....,k} m; Cp myy)

Now we show the equivalence of the relations L, and C,.

Theorem 1 : For all (ml,...,mk),(m'l,...,m;) € Myy the following
statements are equivalent :

1. (my,...,mg) By (my,...,my)
2. (ml,...,mk) ;2 (m’l,...,m;)

A proof of this theorem can be found in appendix B. Because of the equiv-
alence of C; and C; we set C:=Cy=0Co.

Theorem 2 : L is a quasi-order on Myy.

For a proof of the theorem see also Appendix B.

It must be pointed out that it is impossible to test our assumptions
concerning C directly. However, we can test the surmise relation =< on
P(M) which results from these assumptions. This approach is described in
Experiment II. ' '

Experiment I

Problem construction and problem ordering for this first experiment® are
based on “Principle 1” outlined above. The order on the problem space
P(M) is therefore established solely by means of set inclusion.

The set of motives M contains the four motives F', P, G and D. The
complete combination of these motives (the power set of M) yields — with-
out the “empty problem” — 15 different motive sets (see Figure 6).

We assume that if a problem p, which is constructed from the motives
F(p) is solved correctly, then all problems n which are constructed from
motive sets F(n), being subsets of F\(p), will also be solved.

4We are grateful to Mathieu Koppen from the Katholieke Universiteit Nijmegen (The
Netherlands) for his invaluable comments on an earlier draft of this paper. These comments
showed us that it also would be useful also to introduce Formalization 2.

5We would like to thank B. Hierholz, who both constructed the problems and conducted

the experiment.
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The main purpose of this experiment is to test the assumed relation
on the problem space by a comparison of the theoretical and the empir-
ical knowledge states. The hypothetical relation on the problem space is
depicted in Figure 6 as a Hasse diagram.

{D.G,P,F}

[ (DGP) ] [ (D.G.F) | { (D.PF) | | (GPF) |

T )

I
\ I ==

(D)

Figure 6: Hypothetical problem structure of Experiment 1.

METHOD

Problems The motives used for the problems are fork (F'), pin (P), guid-
ance (G) and deflection (D). For each of the 15 motive sets one possible
realization as problem was chosen. Four of the problems were taken from
literature (see Appendix C.1), all other problems were constructed specif-
ically for the investigation. A complete list of the problems (including the
' solutions) can be found in Appendix C.1.

Generally two different types of solution to the problems are possible:
(a) White has to achieve a “mate in three moves” and (b) White has to
reach a winning position within three moves.

Subjects Thirteen male subjects, ranging in age from 19 — 54 years took
part in the investigation. All subjects were members of chess-clubs and
therefore familiar with the rules of the game. Nevertheless their chess
playing ability varied widely.

Procedure The experiment was conducted at the Chess-Club Laden-
burg, Fed. Rep. of Germany. It was announced as a club competition
and took place on a usual meeting date of the club. The experiment was
conducted in one room in a setting familiar to the subjects.

First, the subjects were given written instructions for the experimental
procedure. The subjects were asked to solve the problems “as accurately
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and quickly as possible.” Additionally, they were instructed on how to
write down the solutions (as three consecutive moves).

Each problem is printed on a single card as a diagram (see Figure 2).
Information about the type of problem is printed (“mate in three moves” or
“winning position in three moves”) below the diagram. The time, needed
for the solution is controlled by the subjects themselves with the aid of a
chess clock. The subjects were asked to note this time on each problem
card.

The problems were presented in the order of their hypothesized diffi-
culty, so the problem with four motives was the first and the problems with
one motive were the last to be presented. This sequence of presentation
was chosen on the basis of assumptions regarding “warming up effects” and
fatigue. The possibility that the subjects “learn” to recognize the motives
during the investigation by solving the simpler problems first was to be kept
to & minimum. It was also assumed that fatigue would not severely influ-
ence the solving of the simple (one motive) problems, which were presented
last.

After finishing a problem the subjects returned the diagram to the ex-
perimentator; the next problem was then handed to them.

RESULTS

Table 1 shows the results for the 13 subjects, where “4” denotes a cor-
rect and “—” an incorrect answer. Subjects with a response pattern which
is consistent with our hypothesized knowledge space are marked with an
asterisk. -

Sub- Problem
ject | d | DGPF | GPF | DGP | DPF | DGF GP I|DF|GF|lDP|PF|IDG|F|P]G]|D
1 6 + - + + + - + + + - + + | - - -
2% 0 + + + + + + + + + <+ + + 14+ |+ +
3 0 - + + + + + + + + + + + 1+ ]+ +
4% 0 + + + + -+ + + + + + -+ + |+t + |+
5% 0 + + -+ + + + + + + + + + |+ 4+ +
6 3 + + + + + -+ + + + - + =+ +] -
7 1 - + -+ - + + + + - + + + |+ + ]+
8 3 - + <+ + - + + + + - - + 1+ +7 -
9 2 - - - + - + - - - - - + 1 -1+ |+
10 1 - + + + + + + + + - + + |+ +1+
11 3 + - + + -+ + + + + - + + |+ |+ -
12 4 - + + - + - + - + + =i+ + ]
13 4 + + - -+ + + - - - + 14+ -1+

Table 1: Results Experiment I: correct and incorrect answers

We see that the response patterns of only four subjects (2, 3, 4, 5) agree
with our hypothesis. Subjects 7 and 10 each provide inconsistencies for only
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one problem. Column “d” shows the symmetric difference® of each person’s
response pattern from the closest hypothetical state. Figure 7 (shaded
nodes denote incorrect answers) shows the results for both an inconsistent
(top) and a consistent subject (bottom). In Appendix D a summary of

[(D.G.P] ] [(DGF] [(DPF}] [(GPF)]

P.F)

Figure 7: Examples for results of Experiment I. Problems which were an-
swered incorrectly are marked by shaded nodes. The structure on the top
shows a result which does not coincide with our hypothesis. The lower
structure demonstrates a result which is consistent with respect to our hy-
pothesis.

all solution times is provided. We can see that the total time needed by
the subjects for solving the problems ranges from 38.5 minutes to 3 hours.
A large variation within the times that were needed for solving the single
problems can also be observed.

5The symmetric difference d between two sets A and B is defined as follows:

d(A, B) =| AAB |, where AAB = (A\B) U (B\A).




14 Construction of Knowledge Spaces for Problem Solving in Chess

DISCUSSION

For summary the results of Experiment I are not satisfactory, since only four
of the observered response patterns are elements of the predicted knowledge
space. The reasons for this result may both be found in the experimental
design and the theoretical approach of “Principle 1”.

First we will discuss the problems concerning the experimental design.
The main problems here may be the experimental setting as a group ex-
periment and the missing limit on solution times. As a consequence, some
subjects had already completed all of the problems, while others were still
working on them. This may have caused motivational difficulties. As we
can see from the table in Appendix D, subject 10 finished the investigation
about two and a half hours later than subject 2.

The order of problem presentation (in order of decreasing difficulty),
obviously did not have the intended effects because especially for the sub-
jects with very long solving times, motivational decrease and fatigue may
have prevented the correct solution of the simple problems.

Another critical item is the inhomogeneity of the problem set. Some of
the problems are typical representatives of “problem chess”, some of them
are “endgame studies” and others are similar to the positions of practical
chess games. Because average chess players are usually not as familiar
with “problem chess” and “endgame studies”, this inhomogeneity may have
influenced solving behavior.

As we have already mentioned (see “Principle 2” above), ignoring the
sequence of the motives within the problems seems to be problematic for
chess problems.

Experiment II

The second experiment makes use of the extended ordering method of
“Principle 2”. Therefore, not only the existence of the motives, but also
their sequence within the problem is considered. Six different motives were
used for problem construction. They are designated as F, S, E, C, G and
T, so the set of motives is M = {F,S,E,C,G,T}. Each problem contains
four motives at the most.

We distinguish between two different types of hypothetical problem
structures. If we assume that none of the motives can be detected or be
processed more easily than other motives (i.e. m; Cy m; & ¢ =7 ), the
resulting structure consists of two non-connected structures as shown in
Figure 8. Both the entire structure and the single sub-structures may be
tested empirically, because they are both compatible with our theoretical
assumptions of “Principle 2”.
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If we assume that Motive F' can be detected and dealt with more easily
than motives S, E, C, Gand T (i.e. m; Cym;j & i=j3V(m;=FAm; €
{S,E,C,G,T})), a hypothetical order as shown in Figure 9 results. This
further assumption adds some additional pairs of problems to the surmise

relation (e.g. (G,S) = (G, F)).

[(EEG,S)] [(GES)][(G.C.S)] [(T.9)] [(GGFEPR|I(TFEF)]

E5 |

(F)

Figure 8: Hypothetical problem structure of Experiment II, based on the
assumption that none of the motives is more difficult to detect or process
than any other motive out of our motive set.

METHOD

Problems The problem set consists of 17 problems” constructed from the
motives fork (F'), stalemate (.5), elimination (E), clearing (C'), guidance (G)
and promotion (7). The number of moves necessary for the solution of the
problems ranges from one to four, whereby one move does not necessarily
represent one motive.

In all problems, White moves first, whereby the optimal moves do not
necessarily lead to a mate. Forcing a stalemate or reaching a winning
position can also be optimal solutions. A complete list of the problems is
provided in Appendix C.2.

Subjects The experiment was conducted with 37 male and 9 female sub-
jects recruited through an announcement in the local newspaper. Their
ages ranged from 14 to 71 years. All of them were familiar with the basic
rules of chess. For taking part in this investigation each subject was paid
DM 12.-

"Due to an error in the presentation of the problem containing motives £ and S, we

cannot use problem (E,S) for further analysis. So only 16 problems remain — as shown
in Figures 8 and 9 for the results.
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[EEGS| [CEDH|[GLSH] [T [CCFER][TER]

Assumption

Figure 9: Hypothetical problem structure of Experiment II, based on the
assumption that motive F' is to detect and process easier than all other
motives out of our motive set.

Apparatus The experiment was run on SUN-3 Workstations with mono-
chrome 19” monitors. The problems were presented on the screen -and
the subjects are required to make their moves using an optical mouse.
The graphical chess surface is provided by the public-domain, program
“nchess”® The entire experimental procedure is running under control of
the hypermedia-system “KMS” (see Scribe Systems, 1988 and Akscyn, Mc-
Cracken & Yoder, 1988). A KMS Action-Language program invokes nchess,
presents the problems in a randomized order and produces protocols of the
subjects’ answers and the times, needed for solving the problems. Also all
instruction texts are presented in KMS.

For “playing against the subjects”, a small chess program has been
written, which is able to communicate with the nchess surface®.

Procedure The subject is asked to sit down at the computer screen, then
she or he is told that the mouse is the only device, which he or she is allowed

8¢nchess” was written by T. Anderson in 1988. It is available via ftp at

“comp.sources.games” .
9The software was written by J. Unnewehr, M. Kadijk, S. Fries and R. St6kl at the

University of Heidelberg in 1990.
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to handle during the experiment. The subject is also asked to use only the
left mouse button.

A run of the experiment consists of two main phases: a training phase
and an experimental phase. The training phase allows the subjects to learn
and practise moving the pieces on the computer’s chess board. During
this procedure, the subject is required — while playing the white pieces —
to capture a black piece. There are five different training tasks are to be
solved. If the subject makes only one mistake while solving the training
tasks, a new sequence of the same tasks is started. The training phase
is terminated as soon as a sequence of all five problems has been solved
correctly. If the subject fails three runs of the training phase, the whole
experimental run is terminated.

Upon completion of the training phase, the instructions for the experi-
mental phase are presented on the screen. In the following we will provide
the most important parts of the instructions'®. The complete text can be
found in Appendix E.

“l...] For every problem a chess board will be displayed on the
right side of the screen. You will always play the white pieces,
which move from ‘the bottom to the top of the screen’. White

moves first.

Instially the position will be presented for 90 seconds without
providing the opportunity to move. During this time, please
think about the move or the combination of moves which lead
— with as few moves as possible — to the best result for White.

After these 90 seconds [...] you can make your move. Please
move within 30 seconds. If more than one move s necessary,
the computer will immediately answer with Black’s move. [...]

As soon as the problem is finished, the chess program will be
terminated and a new problem will be started. Altogether there
are 20 problems.

Tllegal moves will not be accepted by the chess program. In case
of a pawn promotion, you will be asked to which figure the pawn
i3 to be promoted. [...] Please select the appropriate piece with
the mouse. [...]”

After the subject has read the instructions, the experimentator starts
the run. The first problem is displayed. Every experimental run starts with
three very simple “dummy problems” (see Appendix C.3), which are not

10The original instructions are written in German. The translation is as close as possible
to the original text.
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relevant for further analysis. After these initial problems the 17 relevant
problems are presented in random order.

The subject now has 90 seconds to work out a solution to the problem.
The remaining time is indicated in the upper left-hand corner of the screen.
As soon as the 90 seconds are over, a short “beep” is sounded and the chess
surface is activated. The subject is now required to make the moves.

As the subjects were told in the instructions, each move must be made
within 30 seconds. If this time is exceeded, a message is displayed requesting
the subject to draw faster. The time limitation (90 seconds for thinking
and 30 seconds to make a move was chosen because of two possible subjects
responses: (1) we wanted to avoid that the subjects start moving too early
— without having sufficiently thought about the problem’s solution and
(2) the subjects should not be given the opportunity to solve the problems
while the moving phase is running, because strong variations in thinking
times should be avoided.

When a pawn reaches the eighth row, the nchess program automatically
displays a Queen on the chess-board. Since this cannot be avoided the
program is terminated immediately and a choice menu appears offering the
four possible pieces (Queen, Rook, Bishop and Knight); the subject has to
select one of them with a mouse-click. If the choice was correct, the game
is continued with the selected piece, otherwise it is terminated.

After each of the subjects’ moves, the computer will either make a
suitable answer move (if the subject’s move was correct), or the game will
be ended (if the problem is finished or the subject’s move was wrong). At
no time do subjects receive feedback concerning the correctness of their

answers.

RESULTS

Figures 10 and 11 show examples for individual results marked within the
hypothetical problem structures, whereby shaded nodes denote incorrect
answers. In each figure we show a response pattern which matches our hy-
pothesis and a response pattern which does not match. First we determine
how well the data fit our hypothetical knowledge spaces. The knowledge
spaces, which are derived from the hypothetical surmise relations, are la-
beled K, K2, K2y and K3. Spaces Ky and K, correspond to the single
sub-structures shown in Figure 8, K3 is the space for the problem struc-
ture, which is based on the assumed order on the set of motives (Figures 9
and 11). K(12) is derived from the surmise relation of Figure 8 as a whole.
This structure is especially important for a comparison with K3, which may
provide information regarding the effects of the assumption, that motive F
is to detect and process easier than all other motives.

Table 2 provides an overview of the numbers of possible states (car-
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Figure 10: Examples for results of Experiment II. Problems which have
been answered incorrectly, are marked by shaded nodes. The upper diagram
shows a result, which doesn’t agree with our hypothesis; the lower diagram
shows a result, which does agree.

dinality of the knowledge spaces) and the number of matching and non
matching states within the data; “negative states” are subsets of the prob-
lem set which do not belong to a hypothetical knowledge space. In this
table, we show the number of subjects with a positive response pattern, a
negative response pattern as well as the number of different positive and
negative response patterns within the data.

The table in Appendix F gives a complete overview of the subjects’
individual results, including the symmetric differences between observed
and hypothetical states. Table 3 shows the total solution frequencies for
each problem. Problem (E,S) is in brackets, because it was not used in
the analysis.
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Figure 11: Examples for results of Experiment II. Problems which have
been answered incorrectly, are marked by shaded nodes. The upper diagram
shows a result, which doesn’t agree with our hypothesis; the lower diagram
shows a result, which does agree.

DISCUSSION

As a whole this experiment can be termed a success. There are, however,
a number of violations of our deterministic hypothetical assumptions. In
addition the influences of “lucky guesses” and “careless errors” (see Fal-
magne & Doignon, 1988), which may occur during every diagnostic pro-
cedure, must be taken into account. Because of this fact, the assumption
that every subject’s response pattern will be an element of the hypothetical
knowledge space is unrealistic!l

Furthermore, we can see from the table in Appendix F that the symmet-

1 Example: if we assume that the probability of both careless errors and lucky guesses is
0.05, then the probability that the response pattern of the subject is equal to the subject’s
knowledge state is 0.95'6 ~ 0.44.
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Knowl.- Number of Number of Obs. number of Obs. number of Obs. number  Obs. number
Space pos. states  neg. states subjects with subjects with of different of different
pos. patterns neg. patterns pos., patterns neg. patterns
Ky 41 215 35 11 14 4
K2 25 231 37 9 13 7
K(12) 1025 64511 28 18 20 16
K3 368 65168 23 23 15 21

Table 2: Possible states and matching response patterns for Exp. 11

Problem Solution frequency Problem Solution frequency

S 31 F 41
GS 15 GF 18
EGS 13 GFF 13
EEGS 13 GGFF 9
CS 21 GGF 10
GCS 9 FF 33
TS 21 TF 32
GES 11 TFF 17
(ES 42)

Table 3: Solution frequencies for Exp. 1I

ric differences between the response patterns which do not fit our hypothesis
and the closest theoretical states is in almost all cases rather small (< 2).

While analyzing the results, we should pay special attention to the pro-
portions between the hypothetical number of positive states and the hypo-
thetical number of negative states on the one side and the proportions be-
tween the observed number of positive response patterns and the observed
number of negative response patterns on the other (see Appendix F). We
see that our assumptions seem to be adequate for chess problems. The ad-
ditional assumption that the motive “fork” is to detect and process easier
than all other motives makes the problem structure stricter. It therefore
comes as no surprise that this assumption leads to a larger number of re-
sponse patterns which are not consistent with the hypothetical knowledge
structure.

In peneral, we can state that the proposed surmise relations which follow
from the assumptions of “Principle 2” have proven suitable for our set of
chess problems.

GENERAL DISCUSSION

The two experiments we presented — though they refer to the same knowl-
edge domain — differ in the underlying theory, the experimental setting
and the “quality” of the results.

The results of Experiment I lead to the assumption that pure set inclu-
sion as introduced in “Principle 1”7, seems to be — at least with respect
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to our experimental conditions — inappropriate for the ordering of com-
ponent based chess problems. To confirm this assumption, we established
an order on the problems of Experiment II by means of “Principle 1”. The
resulting order is shown in Figure 12 as a Hasse diagram. The correspond-

[EEGS) EGS) (GES)| [GCI)]

G3)] [C9] [@S

N
2
-

E

[GGFF GGH GEH GH] [(TFD D)

FF) (F)

Figure 12: Problems of Experiment II ordered by set inclusion (Principle 1)

ing knowledge space consists of 85 states, the number of negative states
is 6545212, The response patterns of only seven subjects (out of 46) are
elements of this knowledge space. Four different positive response patterns
and 32 different negative response patterns are observed. It was also shown
that for the problems of Experiment II an ordering based on Principle 1
did lead to particularly negative results. Nevertheless, the improved exper-
imental setting and the greater homogeneity of the problem set may also
be responsible for the positive results of Experiment II.

Another item which should be discussed, is the suitability of motives for
the characterization of chess problems. First, motives may only be adequate
as “exclusive” components of simple problems as used in our investigations.
However we are aware of the fact that other elements of the problems may
also influence their difficulty. In Experiment II we endeavored to minimize

12For a comparison of the respective number of positive and negative states to the other
hypothetical knowledge spaces, see Table 2
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these influences striving for maximal homogeneity of the problem set. Sec-
ondly, for more complex problems, motives will also belong to the set of
relevant problem components, but other factors which are indispensable for
the knowledge of a good chess player will become more important. More
information concerning these factors can be gained from the investigations
of de Groot (1965).

Our considerations are based on the theory of Doignon and Falmagne
(1985). But the theoretical approach, we introduced here, is also an exten-
sion of this theory. We provide methods for the establishment of surmise
relations which are primarily dependent on problem components. The con-
struction of problems is an important aspect of our approach. In contrast
to Doignon and Falmagne (1985), who do not consider the properties of
the problems themselves, we are particularly interested in those elements
of problems which may be fundamental to the surmise relation.

It is evident that on the one hand problems may be constructed from
a set of components and on the other hand a given set of problems can be
ordered according to an analysis of the components which appear in their
solution. Formalization 1 can be considered a construction rule, whereas
formalization 2 provides a suitable instrument for the ordering of given
problems.

In our investigation, we were able to show that the theory of Doignon
and Falmagne (1985) can be used for testing psychological theories. Es-
pecially in the area of Psychology of Knowledge, many theoretical consid-
erations can be formulated in terms of this theory. The advantage of this
approach is that hypotheses can — with the help of the introduced set
theoretic concepts — be stated clearly and tested easily. '
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APPENDIX




Construction of Knowledge Spaces for Problem Solving in Chess 27

A Definitions and Examples for the motives
used in the investigations

Overview
Motive | Name Description

F Fork One piece simultaneously attacks two
opposing pieces of higher value.

P Pin A piece prevents an opposing piece
from moving.

G Guidance An opposing piece is forced to a disadvantageous
square.

D Deflection | An opposing piece is forced to leave an important
line or square.

E Elimination | For provoking a stalemate, for example, the elimination
of an own piece is forced.

C Clearing For provoking a stalemate, for example, an important
line or square is left.

T Promotion | Having moved to the 8th line, a pawn has to be promoted
to the most suitable piece (Rook, Knight or Bishop, but
not Queen)

S Stalemate A possible stalemate has to be detected and has either to
be provoked or avoided.

Examples
Deflection:

Figure 13: Examples for motives: “deflection”
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1. Be8 .. The black Bishop is forced to leave e6 (deflection),
because else 2. ... Be6:, 3. c8Q
1. .. Bd5
2. Bf5: Bb7
3. Bed White wins, because the black Bishop is forced to
leave b7 and after Be4: White wins easily with ¢8Q).
Pin:

Figure 14: Examples for motives: “pin”

1. Qf8+ Qe8 The black Bishop cannot move away from e7 (pin)
because of Bf6+.

2. Rdl4+ RdA7

3. BeT7:+ White wins.
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Elimination, Guidance and Stalemate:

Figure 15: Examples for motives: “elimination”, “guidance” and “stale-

mate”

1. Ktds+ ... Black is forced to eliminate the Knight because
else Ktf4:
1. .. cdb:
2. Bg3 The black Queen is forced to the disadvantageous
square g3 (guidance).
2. .. Qg3:
stalemate

Promotion and Fork:

Figure 16: Examples for motives: “promotion” and “fork”

1. f8Kt+  White wins, because the black Queen is won (fork and
promotion); f8Q would be an error because White would
only achieve a draw.
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Clearing and Stalemate:

Figure 17: Examples for motives: “clearing” and “stalemate”

1. b4+ .. The second line is cleared.
1. .. ab:ep/cbiep If K arbitrary then it’s also stalemate.
stalemate
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B Proofs

B.1 Proof of theorem 1:

First we prove 2 = 1.

Let (my,...,m) Cg (my,. 3 m,). That is equivalent to the existence
of a function f : {1,.. k! — {1,...,1} with m; Ep myp) and ¢ < j —
f(@) < f(j) for all 7,5 € {1,. k} That implies immediately k < [.

We prove by induction on n that for each n € {1,...,k} the relation
(ma,...,my) E1 (my,.. mf(n)) holds.

Let n = 1. From the condition m; Cys m}(i) and our assumpt{on 4 we
can conclude (m;) T, (m}(l)). Using assumption 2 it follows easily that
(my) 1 (m, ... ,m}(l)).

Let n = h and the proposition be true for all n < h. Therefore we
have (mg,...,mu-1) £ (m;,...,m}(h_l)). From m;, Ep mlf(h) we can
conclude that (mp) T (m'f(h)) as above. Using assumption 3 it follows
(ma,...,mp) Cq (my,... ,m'f(h_l),mf(h)). With assumption 2 we can con-
clude (my,...,my) Gy (m],. .. ,m'f(h)). That means that the proposition is
true for all n € {1,...,k}.

Therefore (my,...,mi) Ey (my,... ,m'f(k)) and again using assumption
2 we can easily conclude that (my,...,m;) Ty (m],...,m;). This completes
the proof of 2 = 1.

Now we prove 1 = 2.

We must show that (mq,...,mi) &4 (m},...,m;) implies the existence
of a function f : {1,...,k} — {1,...,1} with m; Ep myu and 2 < j —
f(i) < f(4) for all 4,5 € {1,...,k}. We prove that by induction on . First
its clear from our assumptions that (mi,...,my) Ty (my,...,m;) implies
k<l

Let ! = 1. Then we have (m;) C; (m;) and therefore its clear that
my Cp my. We define f: {1} — {1} by f(1) :=

Let | = n and the proposition be true for all A < n. Because (my,...,my)
C, (my,...,m,) follows from our assumptions there are two possibilities.

The first possibility is that there ex1sts 7 € {1,...,1} with the property
that (my,...,me) 1 (My,..., My, Mipy,. .., my). That means that the
relation (ml,.. Lmg) By (ml, cymy) follows by assumption 2 from the
relations between shorter tupels. Now the second tupel has length ! —
1 < n and we can conclude the existence of a function f : {1,...,k} —
{1,...,5=1,5+1,...,1} withm; Cp myi and i < j — f(2) < f(5) for all
3,5 € {1,...k}. But then f as a function from {1,...%k} to {1,...1} fulfills
also the required properties.




32 Construction of Knowledge Spaces for Problem Solving in Chess

The second possibility is that there exists (I, ..., 1), (l;, ..., 1) with the
following properties :

1.1<p<g<k

2.1<p<r<l

3. mp=1ly...,mg=1;

4. m;zl;,...,mr= L,

5. My =mMq,...,Mpq = m;,_l,mq.l.l = m;+1,... My =M,
That means that the relation (my,...,mg) Ci (my,...,m;) follows by as-
sumption 3 from the relations between shorter tupels.

As above we can conclude the existence of f : {p,..., ¢} — {p,...,7}

with m; Cp m'f(,-) and i < 7 — f(z) < f(5). Now we define a function
g:{1,...,k} = {1,...,1} through
2 fore <p
f(@) forp<i<g
r+: forg<:

g9(i) =

We see easily that the function g fulfills the conditions i < j — ¢(z) < ¢(7)
and m; & my(;). This completes our proof of 1 = 2.

B.2 Proof of theorem 2:

Because of theorem 1 and the definition of C it is sufficient to show that
E; is a quasi-order on Mpy.

Let (my,...,mi) € Myy. The functionId : {1,...,k} — {1,...,k} with
Id(¢) = ¢ fulfills all required conditions of the definition of C,. Therefore

we have (my,...,my) 2 (my,...,my) and T, is reflexive.
ILet (ml,’ ey T), gml, . ,Im,),(ml oo ,m,:)"E Mpy with (my,...,my) By
(my,...,m;) and (my,...,m;) a2 (m,y,...,m;). From the definition of

C, follows the existence of functions f : {1,...,k} — {1,...,l} and ¢ :
{1,...,1} = {1,...,h} which fulfills the conditions of these definition.
But then clearly the function go f: {1,...,k} = {1,..., h} also fulfills
this conditions. Therefore we have (my,...,m;) Cy (my,...,m,) and C,
is also transitive.
That means C, (and also ) is reflexive and transitive and therefore a
quasi-order on Myy. This completes the proof.
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C Tables of problems

C.1 Experiment I'®
Number Type Position Solution Reference/motive
1 {D,G,P,F} White: Ka7 Qh3 Re5 Ktd6 1. Rg5 Qf6
Black: Kh8 Qg6 Rg8 Bf7 Ph7 2. Qc3 Qc3:
3. Ktf7 mate
2 {G,P,F} White: Kh2 Bf3 Kth5 Pg3,g7 1. g8Q+ Kg8:
Black: Kh7 Qe6 Ph3 2. Bd5 Qd5:
3. Ktf6+
3 {D,G, P} White: Kgl Qe2 Rel Bg6,h2 Pf2 1. Qe7:+ Qe7:
Black: Kf8 Qb7 Rg8 Be7,h3 Pg7,f6 2. Bdé Qdsé:
3. Re8 mate
4 {D,P,F} White: Kgl Qc2 Rf2 Bb1l Ktf8 Pb2,c6,g2 1. cb: Bb7:
Black: Kd8 Qg7 Rd6 Be4 Ktd3 Pb7,e7 2. Qd3: Rd3:
3. Kte6+
5 {D,G,F} White: Ka2 Qf4 Be3 Pb2,b3,h3,c7 1. Qb4:+ cb:
Black: Kab Qe7 Ktb6 Pa6,b5,c5,b4,h4 2. Bb6:4- Kbé:
3. c8Kt-+
6 {G, P} White: Kfl Qa6 Rel Kth3 Pg2,{2,d4 1. d5 Qd5:
Black: Ke8 Qdé Rh8 Ktc6 Pe6,{7,g7 2. Qa8+ arbitrary
3. QcB:+/Qd5:/Qh8:
7 (D,F} White: K6 Ktf5 Pe7 1. Kthé+ Kthé:
Black: KI7 Ktg4 Ph7 2. Ke2 arbitrary
3. e8Q
8 {G,F} White: Kc6 Baé Kte6 Ped 1. Be2 h1Q Maiselis &
Black: Ke8 PeT/h2 2. Bh5+ Qhs: Judowitsch (1966)
3. Ktg7+
9 {D,P} White: Kh2 Bbé Pf3,g2 1. Be7 Rg2:4
Black: Khd4 Rc2 Ph7,h5,g5 2. Kg2: arbitrary
3. Bd8/f2 mate
10 {P, F} White: K3 Rc6 Kte5 Pgb 1. Re8+ Kg7 Geisdorf, H. (1984)
Black: Kg8 Rd4 Be7 Pf4 2. Re7 Kf8
3. Ktgb+
11 {D,G} White: Kh2 Qd1 Re2 Pd7,f2,h4 1. Re8+ Re8:
Black: Kg8 QbS5 Rd8 Pa4,g7,h7 2. Qd5+ Qds:
3. deQ mate
12 {F} White: Kf2 Kte8,f7 Pd3 1. Ktc7 Rg6/c6 Chéron (1960)
Black: Kf4 Re6 Pd4 2. Ktd5+4 arbitrary
3. Kte7+/Kte5+ fork
13 {P} White: Kfl Qh6 Rel Bf6 1. Qf8+ Qe8
Black: Kd8 Qa4 Rb7 Be7 Pf7 2. Rd1+4 Rd7
3. Be7:4+ pin
14 {G} White: Kbs Qd7 Pa7 1. Kb6é Bas+/c5+ Speckmann (1958)
Black: Ka8 Bb4 Pa2,c2 2. Ka6/c6 arbitrary
3. Qb7/c6 mate guidance
15 {D} White: Kd8 Bb7 Pc7 1. Bc8 Bds
Black: Kd6 Be6 Pf5,a6 2. Bf5: Bb7
3. Bed deflection

13problems without a reference were constructed by Bernd Hierholz (Chess-Club Laden-
burg, FRG) in 1988.
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C.2 Experiment II

Number Type Position solution alternative
1 (S) White: Kal Qf5 1. Q arbitrary
Black: Kh8 Pgé except of Qg6:,Qhb
2 (G,S) White: Kh1 Bf2 1. Bg3 Qg3:
Black: Kc7 Qeb stale-mate
3 (E,G,S) White: Khl Bf2 Ktc3 1. Ktd5+4 cd5:
Black: Kc7 Qf4 Pcé 2. Bg3 Qg3:
stale-mate
4 (E,E,G,S)  White: Kal Bc2 Ktf3,d7 1. Kte5+4 de5:/fe5:
Black: Kf7 Qcd Pf6,d6 2. Ktes:4 fe5:/deb:
3. Bb3 Qb3:
stale-mate
5 (C,S) White: Ka3 Pb2 1. b4+ ab3:ep/cb3:ep
Black: Kcs Rh2 Pad4,b5,c4 stale-mate
6 (G,C,S) White: Kh3 Bg4 Pg2 1. Bfs+4 Kf5:
Black: Kg6é Rc2 Ph4,g5,f4 2. g4+ hg3:ep/fg3:ep
stale-mate
7 (T,S) White: Khs P{7 1. f8R
Black: Kh7 win
8 (E,S) White: Khl Ktd2 1. Kted+ ded:
Black: Kdé Qg3 Pd5 stale-mate
9 (G,E,S) White: Kal Bc2 Kte2 1. Bb3 Qb3:
Black: Ke6é Qcd4 Peb 2. Ktd4+ ed4:
stale-mate
10 (F) White: Kb2 Ktf3 1. Kte5+ draw
Black: Kf7 Qc6
11 (G, F) White: Khl Be3 Ktc3 1. Bf4 Qf4:
Black: Kc7 Qeb 2. Ktd5+4 draw
12 (G,F,F) White: Kgl Be6 Kted,gd 1. Bd5 Qd5:
Black: Kg8 Qe6 Pg7 2. Ktfé+ gf6:
3. Ktf6:4 draw
13 (G,G,F,F)  White: Kbl Bg3 Kthd,e7 Pf7,c2 1. f8Q(R)+ Bf8: 1. Ktg6+ hgt:
Black: Kh8 Qf6 Bg7 Ph7 2. Be5 Qeb5: 2.18Q+ Bf8:
3. Ktg6+ hgé: 3. Be5 Qe5:
4. Ktg6:+ draw 4. Ktg6:4 draw
14 (G,G,F) White: Kbl Bg3 Kthd Pf7,e2 1. f8Q(R)+ Bf8:
Black: Kh8 Qf6 Bg7 2. Be5 Qe5:
3. Ktg6+ draw
15 (F, F) White: Kb2 Kte3,c3 1. Ktd5+4 ed5:
Black: Kc7 Qf4 Pe6 2. Ktds:+ draw
16 (T,F) White: Kcl Pf7,b2 1. 8Kt+ win
Black: Kh7 Qd7
17 (T,F,F) White: Kbl Kted Pf7 1. f8Kt+ Bf8: 1.Ktf64 Bf6:
Black: Kh7 Qd7 Bg? 2. Ktf6+ draw 2{8Kt+ draw
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C.3 “Dummy Problems” of Experiment II

Number Position

Solution

D1 White: Kg3 Rhl
Black: Kb3 Qb7

D2 White: Kc6 Ral
Black: Kh8

D3 White: Kal Rg8 Pa7
Black: Kh4

1. Rbl: arbitrary
White wins

1. Rhl: mate

1. a8Q arbitrary
2. Qhl mate

35
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D Experiment I: solution times

The last row () shows the average solution times for each problem. The
Y-column contains the total solution times and the Z-column the average

solution times for each subject.

Sub- Problem
ject.| DGPE .| GPF.|.DGP. | DPE | DGF GP | DF | GF | DP PF | DG F P G D z T
1 180 105 180 885 120 420 30 | 210 75 345 60 | 165 180 | 120 | 285 3360 | 224
2 195 105 45 465 90 255 60 75 | 120 165 | 120 | 195 75 | 240 | 105 2310 | 154
3 285 60 90 660 75 255 | 165 90 75 225 { 270 } 930 135 | 240 | 465 4020 | 268
4 360 75 120 420 75 705 75 | 105 75 285 75 | 165 75 | 105 | 120 2835 | 189
5 420 30 30 780 60 60 30 30 75 330 45 | 210 90 | 180 30 2400 | 160
6 825 135 60 1395 60 210 | 165 | 240 | 180 930 165 | 375 60 | 360 | 375 55356 | 369
7 1590 120 135 375 150 600 | 135 | 225 195 420 135 | 240 180 | 240 | 180 4920 | 328
8 300 210 150 600 540 270 75 | 210 | 240 240 | 120 | 450 330 | 315 | 660 4710 | 314
9 645 855 720 -630 660 225 | 420 | 720 | 480 600 | 600 | 615 930 | 765 | 480 9345 | 623
10 1050 480 840 1260 420 600 | 330 | 630 | 660 | 1410 | 330 | 300 | 1260 | 660 | 660 10890 | 726
11 11256 120 255 420 135 180 | 390 | 150 | 225 | 1860 | 420 | 420 180 { 210 90 6180 | 412
12 1650 465 135 600 180 | 1680 | 300 | 600 | 420 350 | 300 | 780 180 | 300 | 225 8165 | 544
13 1560 300 300 1920 360 855 | 120 | 300 | 180 800 165 | 600 525 | 360 | 645 8090 | 606
z 783 235 235 801 225 486 | 176 | 276 | 231 620 216 | 419 323 | 315 | 332 ‘
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E Experiment II: instructions for the sub-
jects

Text besides the training tasks Bitte {iben Sie zuerst das Ziehen der
Figuren auf dem Schachbrett. Sie konnen die Schachfiguren bewegen, in-
dem Sie den Pfeil mit Hilfe der “Maus” auf die Figur bewegen, mit der Sie
ziehen wollen. Dann driicken Sie die linke Taste, halten diese fest, bewegen
die Figur auf das gewiinschte Feld und lassen die Taste wieder los. Ziehen
Sie sehr sorgfiltig! Auf der rechten Seite des Bildschirms sehen Sie bereits
die erste Ubungsaufgabe. Ihre Aufgabe besteht nun darin, jeweils mit einer
weiflen Figur eine schwarze Figur zu schlagen. Nachdem der Zug ausgefihrt
ist, wird — nach einer kurzen Pause — die néchste Aufgabe dargeboten.
Bitte beginnen Sie nun mit den Ubungsaufgaben.

Text presented after the training tasks Die Ubungsphase ist nun
beendet. Es folgen die eigentlichen Schach-Aufgaben. Zu jeder Aufgabe
bekommen Sie auf der rechten Seite des Bildschirms ein Schachbrett mit
einer Figurenstellung dargeboten. Sie spielen stets die weifilen Figuren, die
von unten nach oben ziehen. Weif} ist zu Beginn am Zug.

Zunichst wird Thnen die Stellung 90 Sekunden lang gezeigt, ohne dafl
Sie die Moglichkeit haben zu ziehen. Bitte iiberlegen Sie sich wahrend
dieser Zeit, welcher Zug oder welche Zugkombination mit so wenig Zugen
wie moglich fur Weiff zum besten Ergebnis flihrt!

Nachdem die 90 Sekunden abgelaufen sind, ertont ein Signalton. Erst
jetzt konnen Sie Thren Zug durchfithren. Bitte ziehen Sie innerhalb von 30
Sekunden. Sollten mehrere Ziige notwendig sein, so fithrt der Computer
den Gegenzug von Schwarz sofort aus und Sie haben nun fiir den néachsten
Zug wiederum maximal 30 Sekunden Zeit. Falls Sie die Zeit tiberschreiten,
wird nach Beendigung der Aufgabe eine Mitteilung dariiber eingeblendet.
Sobald die Aufgabe beendet ist, wird das Spiel kommentarlos abgebrochen
und eine neue Aufgabe beginnt. Insgesamt gibt es 20 Aufgaben.

lllegale Ziige werden nicht akzeptiert. Falls es zu einem Bauerntausch
kommen sollte, muB bei der Umwandlung des Bauern angegeben werden,
welche Figur Sie eintauschen wollen. Bitte lassen Sie sich nicht dadurch
beeinflussen, dafl unser Schachprogramm nach dem Zug des Bauern auf die
achte Reihe zunichst kurz eine Dame einblendet. Es werden anschlieBend
alle Auswahlméglichkeiten dargeboten; Sie konnen dann die gewiinschte
Figur mit der "Maus” anwahlen. Falls Thnen wihrend des Versuchs ein
Fehler beim Ziehen der Figuren unterliuft, so teilen Sie dies bitte umgehend
dem Versuchsleiter mit.

Stellen Sie bitte wihrend des Versuchs keine Fragen an den Versuch-
sleiter. Falls Sie noch Fragen haben sollten, fragen Sie bitte jetzt. Um den
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Versuchsdurchgang zu starten, bewegen Sie bitte den Pfeil mit der Maus
auf "Start” und driicken die linke Taste. Wir wiinschen Ihnen viel Erfolg.

Text presented during “thinking time” Bitte nutzen Sie nun die
Bedenkzeit von 90 Sekunden, um zu iiberlegen, mit welchem Zug oder
welcher Zugkombination Sie — mit so wenig Ziigen wie moglich — das

beste Ergebnis fiir WeiB erzielen konnen.

Weifl zieht von unten nach oben. Die verbleibende Bedenkzeit wird
links oben angezeigt (siche Pfeil). Bitte betatigen Sie die Maus wéhrend
der Bedenkzeit nicht. Nach 90 Sekunden ertont ein Signalton. Anschlieflend
wird — nach einer kurzen Pause — das Spielbrett dargeboten. Sie konnen
nun IThren ersten Zug ausfiihren.

Text presented in the case of an intended pawn promotion Rechts
sehen Sie nochmals die Stellung nach dem Zug Ihres Bauern auf die achte
Reihe. Wihlen Sie bitte nun die Figur aus, die Sie gegen den Bauern ein-
tauschen wollen. Bewegen Sie dazu den Maus-Pfeil zu einem der Pfeile, die
die Figuren markieren. Driicken sie dann kurz die linke Taste. Nachdem Sie
die Figur gewahlt haben, wird bei einigen Aufgaben die Partie fortgesetzt.
Sie sind dann wieder am Zug. Sie haben fiir diesen und die nachfolgenden
Ziige wiederum jeweils 30 Sekunden Zeit.
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