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The relationship between spatial features and decision 
making is readily evident in game playing. Often, the rules 
of a game provide a structure for thinking about the spatial 
relationships of the pieces on the board. For example, the 
rules for moving pieces are related to spatial features such as 
distance and contiguity. If we want to create a computer 
program that can learn the salient spatial features of a game 
playing task, we need to create a efficient concept formation 
language. This work examines the relationship between 
perceptual features and functional features in the creation of a 
spatial concept formation language. 
Studies of human problem-solving suggest that perception 

receives both stimulus input from the sensory system and 
input from internal intentions and expectations (Rogers 
1995). Rogers (1995) has suggested a cyclic system of 
interaction between the perceptual and problem-solving 
processes. Prior knowledge and functionally relevant features 
are known to influence concept formation (Wisniewski 
1995). Olson and Bialystok (1983) define a spatial concept 
as consisting of two parts: a structural description, 
consisting of features and their relations, and meaning, 
representing the intentions, purposes, and goals of the 
perceiver. The meanings are represented independently of the 
structural description, but are the criteria in terms of which 
features are selected, detected, and added to the structural 
description. 
In a learning program, a natural representation for a 

concept should reflect the reason for concept membership 
(Flann & Dietterich 1986). In game playing, although 
concepts are often naturally functional, recognition and 
performance tasks favor a structural representation. Wyl 
addresses this with a multiple representation strategy for 
chess and checkers (Rann & Dietterich 1986). Our approach 
differs from theirs because rather than converting between 
structural and functional descriptions, we integrate the two 
in forming a language to describe concepts where notions of 
space and function are closely linked. 
W e began with the general functional game playing 

concept of opportunity, i.e., access to as many states as 
possible that could lead to a win. Opportunity, as such, is 
not a spatial concept. Through a particular subgoal in a 
given game, this functional concept can generate spatial 
concepts. W e focused on the defensive component of 
opportunity to make a mill in the game of five men's 
morris, where a mill is the explicit subgoal of obtaining 
three pieces in a row. Clustering boards from actual games, 
we developed two functional subclusters: those that 
guarantee the future ability to construct a mill, and those 

that offer a strong possibility to do so. Each subcluster 
constitutes a spatial concept generalized in terms of simple 
features: line, occupy, and own, based upon the vertices of 
the board. Boards with guaranteed mills possess a line with 
all three vertices owned by the player who can make the 
mill. Boards with a strong possibility of a mill have a line 
in which one player owns two vertices while the opponent 
owns none. 
W e used this approach to construct a new spatial 

decision-making module in Hoyle, a hierarchical mixture of 
experts game-playing program (Epstein et al. 1996). The 
module supports moves that result in states that are 
members of the mill formation concepts described above. 
W e tested this augmented version of Hoyle against an expert 
program in the game of 5 men's morris. Hoyle played 200 
training contests against the expert, followed by 10 testing 
contests, in each of 5 runs. The new module was found to 
vote in a manner that was consistent with expert play. 
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