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Characteristics of Skilled Option Generation in Chess
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We tested the hypothesis that skilled decision makers gen-
erate satisfactory options as the first ones they consider,
thereby avoiding the need to perform extensive generation
and evaluation. A total of 16 chess players were divided into
groups of high and medium skill ratings. Four different
chess positions were presented, and the task of the subjects
was to generate the next move to be played, articulating
every move they thought of, no matter how weak. Only a
small proportion of iegal moves were worth playing, but the
majority of initiai moves that the subjects generated were
good ones, with a mean rating of 3.59 on a 5-point scale.
These results suggest that decision makers may be able to
pursue deep rather than broad searches, relying on their
ability to generate feasible options as the first ones consid-
ered. © 1995 Academic Press, Inc.

INTRODUCTION

Although option generation is a critical step in deci-
sion making and problem solving (Keller & Ho, 1988;
Serfaty, Entin, & Riedel, 1991), it is not a well-
understood phenomenon. Standard accounts of deci-
sion making rely on a filtering concept in which a large
option set is successively refined until a superior option
is identified (Janis & Mann, 1977) or a moderately
sized option set is identified and evaluated to select one
(Gettys, Pliske, Manning, & Casey, 1987). In contrast,
naturalistic modeis of decision making, such as the
Recognition-Primed Decision Making model (RPD)
(Klein, 1989), dispense with a filtering concept and
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posit that people can recognize a situation as typical,
thereby calling forth typical reactions without having
to sift through large sets of alternatives. Therefore, we
are comparing a two-stage versus a one-stage model.
The RPD model describes a decision maker using serial
generation and evaluation of options so that it is not
necessary to go through a lengthy elimination or choice
process. The model also assumes a satisficing criterion,
so that it is only necessary to generate a single feasible
option in order to accomplish a task. Support for the
model comes from retrospective protocol analyses from
more than 480 decisions in field settings such as fire-
fighting, design engineering, and military command
and control.

The purpose of this study was to build on our under-
standing of the option generation process by examin-
ing whether subjects are able to generate feasible op-
tions as the first ones considered. This prediction re-
flects the RPD model’s emphasis on the role of
experience in decision making. The prediction that ex-
perienced decision makers will be able to generate rea-
sonable options as the first ones considered is not in-
consistent with alternative decision models, hence this
is not a strong test of the RPD model. Nevertheless, the
alternative accounts have not suggested the possibility
that people can use experience in this way.

A simple means by which we can determine whether
subjects are generating reasonable options early in the
sequence is to compare the quality of these options
against the quality of a complete set of options for some
finite problem space. If these early options are better
than what might be expected by drawing randomly
from the pool of all available options, then the hypoth-
esis would be supported. We are not claiming that any
decision researchers hypothesize random option gener-
ation. However, we believe it is important to supply the
empirical evidence in support of this non-random
claim.

de Groot (1946/1965) stated about chess players that,
“Often one finds, abstracts, ‘sees,” immediately from
the structure of the situation on the board what is es-
sentially going on and, therefore, what must be done”
(p. 306). The data gathered from de Groot’s protocols
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have shown that highly experienced chess players
evaluate generated moves through progressive deepen-
ing; the mental “gaming out” of potential moves, and
discarding poor moves until an acceptable one is found.
In reviewing de Groot’s protocols for the first three
boards we found that in most cases (about 73% of the
time) highly skilled players generated just four or five
options, and investigated only a subset of these. More
important for the purposes of this study, skilled chess
players in de Groot’s study were able to generate
strong moves as the initial ones they considered.

If options are randomly generated then, on average,
the first option an individual formulates should be no
better than the tenth, or the twentieth that comes to
mind. If there is an ordered generation of options, then
the initial ones should be the strongest, and the last
ones should be the weakest. We posit that subjects will
use a serial evaluation strategy thereby limiting the
size of the set to a small number of reasonable options.
Our method of testing this idea was to use chess posi-
tions from several different games. We presented a
game position to subjects and asked them to name pos-
sible moves as they thought of them. All moves formu-
lated by the subjects were recorded. If the initial moves
were randomly generated, the quality should have
been no better than that of any of the other possible
moves the subject could have made. If the moves sup-
plied by the subjects were significantly better than
what might be expected by chance, then the hypothesis
of nonrandom, ordered option generation would be sup-
ported.

It should be noted that we are not adopting the
strong view of Chase and Simon (1973), who suggested
that chess skill could be explained by direct recogni-
tional matches to patterns stored in memory. Holding
(1985) has forcefully argued against this position, and
de Groot (1987) has also pointed out that simple rec-
ognitional processes are not sufficient for explaining
the way good chess moves are constructed. If this hy-
pothesis were true, we would expect to see subjects
attempting to recall moves that they had used before.
In the body of research that we have examined, there
has been no evidence to support this position. We be-
lieve that the construction of chess options is based on
pattern recognition but cannot be reduced to memory
retrieval. We do not know how much of the option-gen-
erating process is contributed by memory retrieval and
how much is constructed. It remains an open question.

A second issue in our study was the impact of skill
level on the generation of options. A naturalistic model
of decision making would posit that more experienced
decision makers should not only select moves of higher
quality but also generate options of higher quality.
Therefore, we studied chess players at two different
gkill levels.

A final component of this study examined the effects
of context on the quality of moves generated. We ma-
nipulated context to determine its effect on the quality
of options generated. In one variation a game position
was shown and the subject was asked to supply possible
moves. In the second, the subject was shown a series of
preceding moves from a particular game, giving the
subject the opportunity to observe the “flow” of the
game as it developed, before being asked to identify
moves in the game position. If context impacts option
generation, then the moves generated in this second
condition should prove significantly better than those
moves generated without context.

To summarize, our major hypothesis is that subjects
will generate options in an ordered fashion (based on
move quality), not randomly. Additional hypotheses
are; first, that subjects will generate relatively small
option sets; second, highly skilled subjects will gener-
ate better options than less skilled subjects; and third,
that context will improve the quality of options gener-
ated by both highly and less skilled subjects.

METHOD

Subjects

Sixteen subjects (all males) participated in the study.
All of the subjects were members of an area chess club
who volunteered to participate. They were divided into
two groups of skill level based on the United States
Chess Federation (USCF) rating system. Eight indi-
viduals with a rating between 1150 and 1600 were
placed in the medium skill level group. Another group
of eight individuals with a rating of 1700-2150 were
placed in the high skill level group. The average rating
of the medium skill group was 1333, hereafter, Class C
players. The average rating of the high skill group was
1884, hereafter, Class A players. While the typical
USCF categorizations of Class A and Class C players
do not include such a broad range of skill ratings, we
adopted these labels for the purposes of our study. All
subjects from each group participated in all phases of
the experiment. Subjects were paid 10 dollars each for
their participation in the experiment.

Stimulus Materials

Board preparation. To test the stated hypotheses,
four board configurations (hereafter, “Boards”) from
back issues of CHESS magazine were obtained. The
boards represented either middle games (n = 1) or end
games (n = 3). The labels “middle game” and “end
game” are commonly accepted by chess players to des-
ignate the general degree of completeness of a game.
Initially, we selected boards on the basis of presumed
equivalence. However, we discovered that subjects re-
acted to the middle game board (hereafter, Board A)
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differently than they did the other three boards. Board
equivalence was determined by a chess Master (rating
= 2400), based on (1) relative material strength, (2)
relative position strength, and (3) relative time
strength. These same criteria were used within each
board by the chess Master to determine equality of the
opposing sides.

To prepare the boards for the context condition, the
chess Master generated three moves (actually pairs of
moves or plies) leading up to the current position. The
number of prior moves to be shown (n = 3) was selected
in an effort to balance the subjects’ ability to under-
stand the “flow” of the game while not allowing too
much time for hypothesis generation to begin.

Ratings of move quality. To evaluate the quality of
the possible moves for each of the boards, a 5-point
rating scale was constructed with the assistance of our
chess Master. The possible ratings that could be given
a move were: 5—best possible move; 4—a good, strong
move; 3—average move, better moves available;
2—poor move, many better moves available; and 1—a
blunder. This scaie was developed to allow the partic-
ipants in the study to provide their subjective ratings
of the moves. In addition, an objective source of move
ratings was obtained for each of the four boards. These
ratings were established by several groups of Grand
Masters (size of the groups ranging from four to six
members) who considered each of the boards and then
discussed the reiative merits of each of the promising
moves. The Grand Master ratings, taken from CHESS
magazine, were based on a point award system ranging
from 10 points for the best possible move to zero points
for moves unworthy of consideration.

Experimental Design

The design was a 2 x 2 X 2 fixed complete factorial
design with the foliowing factors: skill level (high, me-
dium); board (A, B, €, D); context (present, absent). We
manipulated. skill level as a between-subjects factor;
the latter two were within-subjects factors. The depen-
dent variables were the order of the generated moves,
the number of moves generated, and the subjects’ rat-
ings of the moves.

Procedure and Materials

Prior to the experiment, each subject was asked to
bring his own chess board, pieces, and timer. This was
done to take advantage of the subject’s higher famil-
iarity with his own equipment and thus reduce piece
identification errors. There was one case in which a
subject was unable to supply his own equipment. For
this individual, materials were provided that were
comparable to the subject’s. Moves generated and move
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ratings were recorded using paper and pencil. In addi-
tion, the experimental sessions were audio taped as a
means to resolve any discrepancies in the recording of
moves generated. There were two occasions for which
the audio recordings were used to clarify a generated
move.

The experiment consisted of two sessions. Prior to
beginning the first session, the experimenter described
phase one of the experiment by reading a prepared text
to a group of subjects (size ranging from 2 to 4). After
the instructions were given, each of the subjects was
led to a quiet area to begin the experiment. Subjects
were told that in the first phase, they would be shown
four boards, two with contextual moves leading up to
the actual position and two without context. Then the
subjects viewed the first board. At this time the exper-
imenter indicated which side (white or black) the sub-
ject would be playing from and whether moves would
be shown leading up to a position. If prior moves were
to be shown, the experimenter announced the move,
waited briefly (about one second), and then moved the
piece. The experimenter repeated the process until the
board was configured for the subject to generate the
next move himself. At this point, the subject was asked
to provide the experimenter with an ongoing verbal
protocol of the moves he was considering, even those
moves the subject would immediately reject. When the
subject had selected a move from among the options
being considered, he was to inform the experimenter so
the next board position could be set up. The subjects
were told that they would be given a 15-min time limit
in which to select a move. Once all four of the boards
had been tested the second phase of the experiment
began.

In the second phase, a new set of instructions was
read to the subject. In this phase, subjects were again
shown each of the four boards. This time, however, the
experimenter asked the subject to provide a rating, us-
ing the 5-point scale described above, for each of the
legal moves from the current board position. No time
limit was imposed on the subject to provide ratings. An
average of approximately 30 legal moves was possible
for each of the four boards yielding a total of 124 moves
to be rated.

The subjects were given the opportunity to end the
experiment at any time. None of the subjects exercised
this option.

RESULTS

H1: Random versus Ordered Option Generation

First move generated. The primary hypothesis was
that experienced chess players would generate feasible
and acceptable moves as the first ones considered,



66

rather than generating options randomly. This hypoth-
esis was strongly supported by the data. Figure 1
shows the distribution of all possible legal moves (n =
124), as rated by the subjects themselves, and also the
distribution of the self-ratings of the first moves gen-
erated (n = 64). Inspection of Fig. 1 reveals that the
distribution of all legal moves is largely comprised of
moves rated 1 and 2. The distribution for the actual
first moves generated is clearly different. If subjects
were randomly sampling from the legal moves, they
would have shown a high number of moves rated 1 and
2, and a low number of moves rated 5. The actual dis-
tribution was just the reverse. A Chi-Square analysis
of the observed and expected frequencies of these rat-
ings was computed, using the ratio of all legal moves to
generate the expected frequencies of quality ratings for
the 64 first moves. The xZ was significant, x% =
211.145, p < .0001, which demonstrates that the sub-
jects were not randomly sampling from the pool of
available moves. Furthermore, only 16 of the 64 first
moves were given a rating of less than 3, showing that
the subjects were fairly satisfied with the initial moves
they considered.

We also examined the objective quality of the moves
generated, using the Grand Master ratings. For this
analysis, we designated all moves receiving any Grand
Master points as acceptable (n = 20), and moves re-
ceiving no Grand Master points as unacceptable (n =
104). A total of 41 of the 64 first moves qualified as
acceptable. Using the Grand Master ratings for all the
legal moves as the criterion, we generated proportions
for the expected frequencies of moves with and without
Grand Master points, and compared these to the ob-
served frequencies (see Table 1). The result, x* =
113.9, p < .0001, again suggests that the subjects were
not randomly sampling from the pool of all possible
options.
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FIG. 1. (—) All legal moves; (——-) first move generated.
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TABLE 1

Frequency of Subjects’ First Generated Move vs All Legal Moves
by Acceptability Level

First move generated

by the subjects All legal moves

Acceptable moves (Grahd

41 moves 20 moves
Master points were
awarded)
Unacceptable moves (No 23 moves 104 moves

Grand Master points
were awarded)

All moves generated. Inspection of all the moves
generated by subjects reveals a trend similar to that
seen with the first move. Using the subjective ratings,
the percentage of inferior moves (i.e., ratings of 1 or 2)
was 75.8% for the legal moves, compared to 38.7% for
the actual moves generated. Using the Grand Master
ratings of move quality, Table 2 shows the trend for all
the moves generated by the subjects, compared to all
the legal moves. A x? analysis of the observed and ex-
pected frequencies was significant, x2 = 189.60, p <
.0001. These data support the prediction generated by
the RPD model that experienced chess players would
generate acceptable rather than random moves to con-
sider. The findings are also consistent with the protocol
data collected by de Groot (1946/1965).

In watching the subjects, it became clear that even if
the first move considered was weak, subjects would
quickly dismiss it and generate another, so that there
was not a great penalty for generating a poor move as
the first one. This point is significant because persons
acting in this way still appeared to be using a more
efficient approach than generating a large or moder-
ately-sized set of potential moves and evaluating these
by comparing their strengths and weaknesses.

It is possible that the data collection procedure
masked the actual move generation process, since sub-
jects may have hesitated about reporting moves that
they quickly realized were inadequate. We do not be-

TABLE 2

Frequency of Subjects’ Generated Moves vs All Legal Moves by
Acceptability Level

Moves generated

by subjects All legal moves
Acceptable moves (Grand 139 moves 20 moves
Master points were
awarded)
Unacceptable moves (No 145 moves 104 moves

Grand Master points
were awarded)
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lieve this happened since the subjects were carefully
instructed to provide stream-of-consciousness reports,
and since they did not appear to be inhibiting poor
moves. Furthermore, subjects occasionally generated
illegal moves, providing additional evidence against
masking of the option generation process. (The illegal
moves were usually of the type whereby a piece that
was protecting a King was moved before the subject
realized this was not allowed.) Finally, there were oc-
casions where subjects generated inferior moves and
immediately reacted to the blunder, showing no trace
of inhibiting the move report.

H2: Size of the Option Set

Our second hypothesis was that the players would
generate a relatively small number of options. The
data appear to confirm this hypothesis: the subjects
generated an average of 4.63 moves for each board
shown (n = 64 cases). The mean number of moves
available for each board was 31. This suggests that the
subjects were able to find a satisfactory move without
widely sampling the range of available options. These
data are also consistent with those reported by de
Groot (1946/1965).

We also examined the data for differences across skill
level. The Class A players generated fewer moves than
the Class C players prior to choosing one they would
play, x = 4.5 versus x = 4.75, and they chose a move
generated earlier in the option generation sequence, x
= 2.06 versus x.-= 2.25, but these differences were not
significant.

H3: The Effect of Skill Level

Move selected. We found only a small impact of skill
level on our dependent measures. The Class A players
tended to show higher scores, but these were not
greatly different from the scores for the Class C play-
ers. The self-ratings are of little interest here, since
weaker players would be likely to see mediocre moves
as strong. Therefore, we looked only at the objective
Grand Master ratings. The Class A players selected
stronger moves than the Class C players,x = 6.25 (n =
32 cases) versus x = 5.125(n = 32 cases), but this was
only marginally significant, F = 3.182, p = .09.

First move generated. The average Grand Master
ratings on the first move were also higher for the Class
A players, x = 3.75 (n- = 32) versusx = 3.53 (n = 32),
but the difference was not significant. It is possible that
the positions used did not challenge the players enough
to expose differences between the two groups. However,
we believe that these were challenging positions since
only 6/32 times or in 19% of the cases did a Class A
player generate a move rated 10 as the first move, and

for the Class C players, there were only two initial
moves with a rating of 10 out of 32 possibilities (6% of
the cases).

All moves generated. For all moves generated,
there was a trend toward higher rated moves for the
Class A players. The average move generated by the
Class A players was awarded x = 3.46 Grand Master
points (n = 32) versus x = 2.75 points for the Class C
players (n = 32), but again, these differences were not
significant. It should be noted here, that while this
difference is not statistically significant, it may be
enough to win a game. It is possible that small, cumu-
lative differences can add up, so that a rated difference
of just .25 per move can become a 2.5 point difference
over the course of 10 moves, and perhaps a 10 point
difference over the course of a game, the impact of one
outstanding move versus an unacceptable move. This
might be enough to decide many games, but it is not
large enough to be detected in a study such as this.

Despite the difficulty in demonstrating a difference
between the two groups, we believe that a difference
does exist. For example, the highly skilled group was
clearly better able to recognize superior moves during
the move rating phase of the experiment. The Class C
players rated all moves higher regardless of quality
(1.83 vs 1.96, n = 992 observations). However, when
the Class A players did rate a move higher than the
Class C players, it was often a move that had been
awarded Grand Master Points (12/23 or 52%). For
those moves where the Class C players had a higher
average rating, GM points were awarded much less
frequently (8/66 or 12%). A differences between propor-
tions test was significant, z = 3.93, p < .01 (Freund—
Modern Elementary Statistics, p. 317).

H4: The Effect of Context

First move generated. In order to understand con-
text effects, some features of the boards must be de-
scribed. Board A (the only configuration from a middle
game position) was fairly deceptive in that there was a
clear focus on the board, and a clear move to be exam-
ined, but only after some study did the move turn out
to be inadequate. Therefore, for the first move gener-
ated, none of the Class A players received any Grand
Master points on this board, and only one of the eight
Class C players received any points.

Context was defined as the prior familiarization with
a board by beginning several moves in advance of the
test position. For the self-ratings, there was a trend
showing the importance of context, with the average
first move generated in the context condition rated
3.81, compared to 3.31 for the no-context condition, but
this difference was not significant, F = 2.420, p = .13.
As would be expected, Board A, with its deceptive dy-
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namics, accounted for most of this trend. For the other
three boards, there was no familiarization effect. When
the Grand Master ratings are contrasted for the con-
text and no-context conditions, there was a trend to-
wards higher ratings with prior familiarization, x =
4.03 (n = 32) versusx = 3.25 (n = 32), but this was not
significant.

DISCUSSION

The results provide clear support for the hypothesis
that decision makers can generate reasonable options
initially, making use of their experience to guide the
option generation process. The data indicate that hy-
pothesis generation takes place in an ordered, not ran-
dom, fashion. There was no evidence that the subjects
were randomly selecting options from the pool of legal
moves. Moreover, both the subjective and objective
move ratings showed that the initial moves generated
were acceptable. In addition, the results indicate that
the subjects did not need to generate a large number of
options before finding one they would play.

These results are consistent with the work of Gettys
(Gettys & Fisher, 1979) who found that subjects seri-
ously consider only those hypotheses that are “leading
contenders.” Gettys also found that subjects from both
student and expert populations tended to grossly over-
estimate the completeness of hypothesis sets and often
failed to generate important hypotheses (Gettys, et al.,
1987). Similarly, in the study reported here, subjects
generated the optimal move only 50% of the time (n =
64 cases). The results of the study also suggest how
Gettys’ subjects might have been able to make use of
such a strategy. In domains where subjects are able to
generate reasonable options initially, it is appropriate
to proceed with those options, particularly in domains
which include time pressure. This perspective of effec-
tive hypothesis generation is in direct conflict with the
advice of Janis and Mann (1977), who suggested that
improving decision-making performance should be ac-
complished by “thoroughly canvassing a wide range of
alternative courses of action” (p. 371). It is our view,
based on our findings, that this advice may not be gen-
erally applicable.

The final two hypotheses regarding the impact of
skill level and context did not reach significance, yet
may still warrant further study. While none of the
tests reported here reached the .05 criterion, each non-
significant trend occurred in the predicted direction.
One hypothesis that may explain the lack of a skill
level effect is that the quality of the options generated
may not be a distinguishing characteristic of skill for
players above a certain strength. Evaluative skills
may be a more important component in separating
players at higher skill levels. This hypothesis is con-
sistent with Holding’s (1985) work on the SEEK model.

A second possibility would be that the boards were not
sufficiently challenging to differentiate the skills of the
players, i.e., a ceiling effect. However, this did not ap-
pear to be the case. As we discussed earlier, subjects at
both skill levels failed to consistently generate or select
the best move which suggests that no ceiling effect was
occurring. Given the observed trend, we believe that
the most likely hypothesis is that stronger players do,
in fact, generate better moves to consider. A similar
trend was found by de Groot; in his board position A,
8/9 Grandmasters and Masters identified the best
move to consider, whereas only 2/7 Experts, Class A
and Class C players generated the move for consider-
ation.

Regarding our third hypothesis that context will im-
prove the quality of options generated; it appears that
there may be an interaction between the clarity of the
board position and the size of the context effect ob-
served. For example, Board A, taken from a middle
game, showed a strong difference in the context versus
no-context condition for players at both skill levels.
This position was the most ambiguous in terms of im-
mediately recognizable goals and patterns. The other
positions, with their more straightforward dynamics,
did not elicit strong context effects from the players.
Therefore, future studies should be able to show strong
context effects by using positions with ambiguous goals
or could diminish context effects by using positions
with less complex dynamics.

An overriding conclusion of the study is that even
moderately experienced people can generate feasible
options, and would be best served with a serial gener-
ation/evaluation strategy, whereas inexperienced peo-
ple might be better served by considering large sets of
options. However, it is not clear that novices are more
effective at performing analytical evaluations of large
option sets than at generating adequate options.
Therefore, more work needs to be done in terms of rec-
ommending option evaluation strategies for novices.

In this paper, we have distinguished between a fil-
tering model, in which a large or moderately-sized op-
tion set is trimmed down to just a few options that can
be analytically evaluated, and a generative model, in
which a decision maker can generate a plausible option
as the first one considered. Our data show that ordered
option generation can occur. What processes could re-
sult in ordered option generation; in which the first
move generated is acceptable? We suggest that a top-
down and bottom-up search may be involved, in which
goals become successively refined and increasingly
specific as the decision maker assesses the situation,
while at the same time situational features are identi-
fied and evaluated for the potential to lead to worth-
while outcomes. For example, noting that White has a
Rook that is pinned directs exploration of using this
weakness. Thus, the goal of capturing White’s pieces is
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transformed into the goal of capturing the Rook, and
then finally exchanging a Bishop (which has a lower
value) for the Rook. When the goal coincides with the
affordances of the position, a move is generated for con-
sideration. This move still needs to be evaluated, since
it may have other positive and negative consequences.
Whatever the mechanism, the finding of ordered option
generation illustrates the importance of an experience
base for efficient decision making, particularly under
time pressure. This skill in option generation suggests
that it may be useful to reevaluate the costs and ben-
efits of normative decision strategies.
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