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Abstract 

There has been a growing interest in constructing models and theories of internal 

representations in order to understand how the human brain represents spatial dimensions. 

Game playing is a medium which is well suited for this purpose. Of the many games 

available for research, chess is the most popular. Utilizing Eisenstadt and Kareev's 

(1975a) thesis as a starting point, this paper hypothesizes that thinking and problem 

solving is inherent in chess, which provides analogical material for the study of internal 

representations and spatial dimensions. Based on this hypothesis, this paper presents a 

model to address the following questions: (1) what is the internal representation chess,? 

(2) what is the structure of that internal representation,? and (3) how is that internal 

representation used in solving chess problems? 
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CHAPTER I 

INTRODUCTION 

LITERATURE REVIEW 

It has been hypothesized that the thinking and problem solving inherent in 

chess, provides analogical material for the study of internal representations and 

spatial dimensions (see Eisenstadt & Kareev, 1975a). If this is true, then three 

important questions need to be asked: (1) what is the internal representation of 

chess,? (2) what is the structure of that internal representation,? and (3) how is that 

internal representation used in solving chess problems? The present paper will 

utilize and adapt Eisenstadt and Kareev's hypothesis regarding thinking and 

problem solving, as a way to study unique aspects of thinking and problem 

solving.  

Internal Representation of Chess 

Eisenstadt and Kareev (197 5 a) have argued that internal representations in 

chess retain both conceptual and perceptual components. Intuitively, it is apparent 

that internal representations are involved in playing chess. Studies of memory for 

chess situations suggest that chunking and scanning are involved when thinking 

about chess. Therefore, Eisenstadt and Kareev (1975a; 1975b) assume that chess 

masters' performance in chess will correlate with a high level of chunking and 

scanning. The following memory studies will address this issue. 
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De Groot (1965; reviewed in Eisenstadt & Kareev, 1975b) and Chase and 

Simon (1973; reviewed,in Eisenstadt & Kareev, 1975b) in their studies of memory 

for chess positions, found that chess experts were better than beginners in 

reconstructing meaningful board positions from memory but were not as good at 

constructing random board configurations. De Groot, therefore, assumed that 

chess players divide the board into various chunks or configurations which 

correspond to patterns stored in long-term memory. Simon and Gilmartin (1973) 

estimated the number of these chunks to be about 50,000. De Groot believed that 

higher skilled players know more of these patterns and therefore can extract more 

chunks out of a position. De Groot also studied specific chess representations of 

master level chess players to demonstrate that they develop a 'dynamic perception' 

of chess arrangements. He found that master chess players are able to obtain 

information from a position with great speed and process it in terms of their 

knowledge and understanding. 

Based upon their research, Chase and Simon (see Eisenstadt & Kareev, 

1975b) concurred with De Groot regarding the chunking of chess pieces. Chase 

and Simon further hypothesized that since chess masters are better at chunking, 

and chunking ability depends upon memory, then masters will be better at 

chunking and remembering familiar positions. 

Eisenstadt and Kareev (1975b) examined the effects of context on memory 

for chess. In one experiment, they used a board reconstruction task to demonstrate 
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the effect of context on the subjective organization of board configurations. 

Subjects were asked to reconstruct the board after rotation and piece color 

reversal. However, instead of chess, they studied memory for configurations on 

"Go" and "Gomuko." According to Eisenstadt & Kareev, the results obtained 

supported their prediction that there would be an interaction between the problem 

posed and the type of pieces to be remembered. They concluded that individuals 

encode external elements of games in a manner similar to the way they play the 

game. 

Gobet and Simon (1996) suggest The Multiple Template Hypothesis, as an 

alternative explanation for how chunking occurs. This hypothesis states that: 

previously stored multiple templates are used to remember chess positions. 
Chess players have seen thousands of positions; and for expert players, 
most positions they see readily remind them of positions they have seen 
before. They have information about the positions that arise when the Ruy 
Lopez opening is played or the King's Indian Defense. A Grandmaster or 
Master holds in memory literally thousands of such patterns, each of which 
specifies the locations of 10 or 12 pieces, with revisable defaults for others 
(P-31). 

Consequently, they suggested that chess players are like experts in other recall 

tasks in the way they utilize long-term memory. Gobet & Simon (1996) believed 

that long-term memory structures or templates are used as a way of explaining 

chunking. Nevertheless, these studies only show that chess is represented in 

meaningful chunks, and do not demonstrate what type of representation or 

structure is utilized. Nor do these studies say anything about how the game is 

actually played. 
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Eye movement studies or scanning studies have been used to understand 

how chess is played (Fogiel, 1990). Chase and Simon (1973) noted that eye scans 

seem to chunk the board. Pieces belonging to the same chunk are likely to be 

scanned together by relations of attack and defense, whereas, pieces belonging to 

different chunks are less likely to be related in this way. However, Chase and 

Simon (1973) do admit that: 

although eye movements give us a record of how the board is scanned . . . 

they don't tell us precisely which pieces are observed (especially in 

peripheral vision) and in what order; they only tell us the general area being 

aimed at by the fovea" (pp. 56-57). 

In 1969, Simon and Barenfeld (see Eisenstadt & Kareev, 1975b) designed a 

program which simulated how board positions are scanned by chess players. They 

used the relationships between pieces to direct the scanning of subjects. What they 

discovered was that they could simulate the initial eye movements of Masters 

studying chess positions for the first time. Eisenstadt and Kareev (1975b), believe 

that these board positions are composed of meaningful chunks which are based 

upon prior chess knowledge. They also suggest that scanning behavior is also 

determined by chess knowledge. According to Eisenstadt and Kareev (1975b), 

Gestalt principles of perception such as "proximity, continuity, and similarity" 

(Koffka, 1935), should play important roles in scanning. 

Eisenstadt and Kareev (1975b) tested scanning behavior in the board games 

Go and Gomoku using the Gestalt principles of proximity and continuity. They 

hypothesized that subjects would lose more games on the longer of the two 
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main axes or diagonals. For their demonstration, they used different geometrically 

shaped boards, performed forty-five degree board rotations, and removed board 

lines replacing them with dots. What they found was that proximity and 

continuity of stimuli affect the scanning behavior of subjects in all board tasks, 

not only along the diagonals. In addition, the results indicated that there was a 

higher ratio of losses incurred after proximity and continuity of goodness is 

disturbed. Thus, Eisenstadt and Kareev claim that the results of their experiment 

support their prediction. This claim is supported by experiments from Church 

(1974; 1977; reviewed in Sternberg & Frensch, 1991), which tested linear scans of 

chess players along relevant rows, diagonals, or columns. What they found was 

that scanning speeds were greatly increased when pieces were vertically or 

horizontally aligned, as opposed to aligned along a diagonal. 

In a later experiment, Eisenstadt & Kareev (1975b) studied the scanning 

behavior of players during actual games. They decided to restrict viewing of the 

board through a movable one-by-one window. This allowed them to gather verbal 

information from the subjects as well as observe what they were attending to, 

since they didn't have peripheral vision. In addition, since subjects were scanning 

their own games, observations were recorded for the influence of long-term 

memory on scanning ability. 

From the scanning behavior of subjects in these experiments, with 

particular emphasis on the last experiment, Eisenstadt and Kareev found four 
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major types of scanning behavior. The first type of scan observed was the 

'confirmatory scan.' This scan suggested that a subject has a hypothesis about 

certain pieces or squares on the board, and looked at these squares in order to test 

the hypothesis. The second type of scan recorded was the 'exploratory scan.' In 

this scan the subject did not have a specific hypothesis, but looked at various 

squares to see what they contained. This scan often created new hypotheses 

replacing the exploratory scan with a new confirmatory scan. The third type of 

scan observed by Eisenstadt and Kareev was the 'revival scan.' This time the 

individual again looked at a square which he recently examined to confirm its 

contents. This type of scan was essentially a 'rehearsal' mechanism. The 

distinction between a revival scan, and a confirmatory scan depended on the 

subject's degree of certainty regarding the existence of a particular configuration. 

The fourth type of scan used by subjects was the 'imaginary scan.' In this scan the 

subject planned a move, and pointed to any of the squares where he imagined 

placing a piece. 

According to Eisenstadt and Kareev, these four types of scanning are 

important for the development of any model of scanning and internal 

representation. Therefore, a complete model of scanning behavior must include a 

precise knowledge of the contents of the board at any given moment. Otherwise, it 

would be very difficult to differentiate between exploratory and confirmatory 

scans. 
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Utilizing their experimental results, Eisenstadt and Kareev constructed a 

model of scanning and internal representation based upon the aforementioned 

constraints and guidelines. The major components of this model consisted of three 

parts: (1) a "fovea," (2) a working memory, and (3) a long-term memory. The 

fovea referred to the focal point of attention, working memory consisted of the 

execution processes and data for future processing, while long-term memory was 

composed of pattern recognition rules. 

Execution processes in working memory were designed for either scanning 

the board, examining the contents of working memory, or adding new items to 

working memory. Eisenstadt and Kareev claimed that data processes in this 

model were analogous to descriptions of different features of board positions. 

Long-term memory, contrariwise, consisted of pattern rules which illustrated 

different board configurations, processing rules, and pattern rules for developing 

internal representations of the board in working memory. 

Processing rules in this model operate based upon either high or low 

priority. Priority is a way of representing the importance for a particular game. 

Eisenstadt and Kareev's processing rules consist of the following: a top-down 

confirmation rule, a bottom-up discovery rule, a bottom-up suggestion rule, and an 

exploration rule. Consequently, these rules are repeatedly applied to working 

memory. 

Eisenstadt and Kareev viewed their model as satisfying the aforementioned 
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constraints and guidelines for scanning and internal representation. They argue 

that internal representations are built into the model, since the pattern rules are 

specifically designed for each game. Consequently, they propose that the Gestalt 

principles of proximity, continuity and similarity, as well as the four types of scans 

are incorporated into their model. 

Recently, top-down processing models like Eisenstadt & Kareev's have 

received criticism (Weisstein & Harris, 1974; Palmer, 1975b; cited in Pinker, 

1984). Pinker (1984) questioned the kind of knowledge being used for recognition 

purposes, and has several concerns. He is concerned about the possibility of top-

down processing models doing the following: ". . . altering the order in which 

memory representations are matched against the input, searching for particular 

features or parts in expected places, lowering the goodness-of-fit threshold for 

expected objects generating and fitting templates, filling in expected parts" (pp. 3-

4). 

Consequently, top-down processing models such as Eisenstadt & Kareev's 

deserve close scrutiny. Despite the seeming efficiency of execution processes, 

top-down processing models do not inform us about the nature of internal 

representations of actual players in game-type situations. Nor do they tell us 

whether the internal representation is propositional or pictorial. 

The main points of this section may be summarized as follows. Regarding 

memory for chess ability, chess masters are better than novices at reconstructing 
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meaningful board positions. They accomplish this through chunking familiar  

positions that are stored as templates in long-term memory. These templates are 

specific to the game being played and the particular problem being addressed. The 

process of chunking is enacted through the use of scanning. Four major types of 

scanning were identified: (1) confirmatory scan, (2) exploratory scan, (3) revival 

scan, and (4) imaginary scan. These four types of scans were correlated with three 

Gestalt principles of perception: (1) proximity, (2) continuity, and (3) similarity. 

Furthermore, a top-down processing model constructed by Eisenstadt and Kareev 

(1975b) utilized the three Gestalt principles of perception, as well as the four types 

of scanning. Both this model's efficacy and usefulness, as well as that of top-down 

processing models in general have been criticized. These critiques suggest that 

chess players utilize and process internal representations during games, however, it 

remains unclear as to what the structure of these internal representations are. 
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CHAPTER II 

THE STRUCTURE OF INTERNAL REPRESENTATIONS 

Visual and Spatial Imagery 

Understanding the structure of an internal representation is of paramount 

interest in the study of thinking and problem solving. Researchers interested in 

internal representations believe that there is a relationship between memory and 

visual imagery (see Shepard & Cooper, 1982; Steinberg & Frensch, 1991; Kosslyn 

& Koenig, 1992; and Gobet & Simon, 1996). Recently, Stephen Kosslyn has been 

a strong advocate for the Pictorial Theory of Imagery as an explanation for the 

relationship between memory and internal representation. Kosslyn and Koenig 

(1992) have argued that imagery is a "... temporary spatial display in active 

memory that is generated form more abstract representation in long-term memory" 

(p. 132). 

Kosslyn and Koenig (1992) argued that imagery can access stored 

information in memory. They believe that "once the objects have been visualized 

and the images stored, one later can remember the information by visualizing the 

locations and associated objects again (p. 130). They further stated that "people 

often use imagery to recall information even if they did not set out to store it as 

images, and use imagery in recall when thinking about visual properties of objects 

that have been considered relatively infrequently and which cannot easily be 
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inferred from verbal material" (Kosslyn and Koenig, 1992, p. 130). For the 

purpose of the present paper, it seems reasonable to give serious consideration to 

the role of imagery in thinking about chess. 

The role of vision in imagery has been explored in the Computational 

Theory of Imagery. Recent experiments indicate that individuals use imagery for 

spatial reasoning. Glasgow & Papadias (1992) believe that techniques can be 

utilized for visual-spatial reasoning, whereby, images are generated or recalled 

from long-term memory. Once they are recalled, they can be manipulated, 

transformed, scanned, associated with comparable forms, pattern matched, 

increased or reduced in size, or distorted. Consequently, imagery utilized in this 

manner has been the underlying basis for the development of models and has 

implications for understanding spatial reasoning in chess games and problem 

solving. 

Arrays have been typically represented as structural decompositions of 

images. Their usefulness in analogical spatial reasoning has been cited by 

Glasgow & Papadias (1992). They argued that arrays may also be useful in both 

problem solving and game playing (particularly chess), ". . . which combine 

spatial and temporal reasoning" (pp. 382-386). Consequently, both spatial and 

temporal reasoning has been widely recognized to be inherently important in chess 

performance and chess problem solving (Hooper & Why Id, 1996, and Pandolfmi, 
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1995). 

It has been stated that spatial concepts and spatial relations are the 

foundation for every cognitive structure and its representation (Olson & Bialystok, 

1983). Of inclusive importance is imagery. According to Pylyshyn (1973), images 

are organized and remembered in terms of their spatial relations. Glasgow & 

Papadias (1992) suggest that we can access images by focusing attention on 

specific features. Accordingly, these features correspond to a structural 

decomposition of the object imaged. 

Structural decompositions may be described as a type of description which 

differentiates the features of the spatial array. A structural description is similar to 

a feature list, except that it is hierarchically organized, and contains information 

about relations and values (Olson & Bialystok, 1983). Furthermore, a structural 

description is a data structure or a list of propositions, whose representation of 

spatial relations set them apart from feature models (Pinker, 1984). 

Palmer (1975; cited in Olson & Bialystok, 1983) suggested that structural 

descriptions can be used either linguistically or visually. One of the main 

advantages of structural descriptions is that they can decompose information 

without losing it. In addition, they inform us as to how things are oriented 

(Pinker, 1984). More importantly, structural descriptions can generate images, 

such as prototypes (Olson & Bialystok, 1983). 
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Prototypes have been used as a way of understanding how imagery 

functions in various contexts (Reed, 1972; Rosch, Simpson & Miller, 1976; Keller 

& Kellas, 1978; and Busemeyer and Myung, 1988). Accordingly, prototypes have 

been defined in many ways. A prototype is defined here as ".. .  a cognitive 

representation of the category's meaning which emerges from the 'family 

resemblance' of the attributes shared by category members" (Rosch & Mervis, 

1975; cited in Keller & Kellas, 1978, p. 78). Rosch (1975; cited in Keller & 

Kellas) has added that prototypes are " . . .  those members of a category that most 

reflect the redundancy structure of the category as a whole" (p. 37). Further, the 

usefulness of prototypes has been examined in Perceptual Learning (Posner & 

Keele, 1968; Reed, 1972; cited in Tversky, 1977, p. 347), with some implications 

for Imagistic Theory. Prototype Learning, according to Busemeyer and Myung 

(1988), exists and is the " . . . natural ability to abstract and reproduce a single 

image from a myriad of examples . . . "  (p. 3). 

The relationship of prototypes to Gestalt configurations such as dot patterns 

has been cited and studied by several researchers (Peterson, 1973; Posner, 1967; 

and Rosch, 1976; cited in Rosch et al., 1976). These studies are particularly useful 

in research on thinking and problem solving, since Gestalt principles of perception 

have been implicated in the scanning of chess configurations. Furthermore, 

Kosslyn (1978), in reference to thinking and problem solving, has suggested that a 
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relationship between prototypes and memory exists, whereby, composite images 

from memory should be equivalent to a prototype. Consequently, composite 

images could be used to investigate and test "... a newly encountered exemplar of 

that kind of object" (p. 254). 

A subsidiary concept of Prototype Theory is Feature Matching. It has been 

used to examine exemplars of prototypes for various categories. Feature matching 

was conceived by Tversky (1977) as a means for measuring and explaining 

similarity between multiple ". . . empirical phenomena, such as the role of 

common and distinctive features, the relations between judgements of similarity 

and difference, the presence of asymmetric similarities, and the effects of context 

on similarity" (p. 329). More specifically, features of similarity ". . . may 

represent concrete properties such as size or color; and they may reflect abstract 

attributes such as quality or complexity" (p. 329). These characteristic features 

have been applied by Neisser (1967; cited in Tversky, 1977) in pattern 

recognition. Moreover, they were later adapted by Eisenstadt & Kareev (1975b) 

as templates in a summary explanation of their board reconstruction experiments 

in Go and Gomuko. Gobet & Simon (1996) also used features of similarity as an 

underlying basis for their Multiple Template Hypothesis. 

Goldin (1978a; cited in Sternberg & Frensch, 1991) studied the effects of 

prototypicality on chess memory. By comparing typical and atypical chess 
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positions, she measured less experienced chess players' recall and recognition. In 

one of her experiments, half of the chess diagrams were taken from games studied 

before by the subjects, while the other half were from games not studied. In 

addition, half of each of these sets of diagrams were typical positions, while the 

other half were atypical positions. Goldin found that there was "... a big 

difference in recall between positions taken from studied versus nonstudied games 

(a difference of 26%), and a slight advantage for typical versus nontypical 

positions (72% correct recalled for typical positions against 62% correctly recalled 

for the atypical positions)" (p. 353). Therefore, Goldin concluded that recall for 

prototypical chess positions was dependent on relevant chess specific knowledge. 

In another of Goldin's experiments, she gave subjects a set of cue pieces to aid 

their performance. One of the results that she found was that subjects were better 

at opening positions than for middlegame or endgame positions. Goldin therefore 

concluded that prototypicality does appear to affect performance in recall and 

recognition of meaningful chess positions. Hence, Goldin's results have 

implications for developing chess prototypes with opening-like features when 

testing recall and recognition. However, Goldin did not find a difference between 

middlegame and endgame type prototypical positions. Nor did she explain why 

opening prototypical positions were better suited for recall. Furthermore, Goldin 

did not suggest that her results could be generalized beyond 
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simple recall and recognition of prototypical positions particularly with regard to 

problem solving domains. 

Besides the problems cited for Goldin's studies, there are some other 

concerns for prototype and exemplar based models as explanations for category 

descriptions. Murphy & Medin (1985; cited in Finke, Ward, & Smith, 1992) and 

Finke et al., have argued that prototype and exemplar based models may not 

capture some important information, such as why specific features are necessary for 

describing categories. In addition, categories that include exemplars, feature 

values, prototypic members, and other representations are part of extensive 

knowledge structures that provide explanations for featural regularities (Murphy & 

Medin, 1985; Keil, 1989; cited in Finke et al.). 

As stated earlier, structural descriptions may be presented either 

linguistically or visually as prototypical members of a category, such as chess 

problems. These prototypes as well as their exemplars, may be manipulated and 

transformed rotationally. According to Eisenstadt & Kareev (1975a), Roger 

Shepard's research (Cooper & Shepard, 1973; Shepard & Metzler, 1971; cited in 

Farah & Hammond, 1988) findings concurring mental rotation of objects is strong 

evidence for how internal representations can be manipulated. They suggest that 

internal representations are analogical and can be modified through cognitive 

processes such as problem solving. 
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Thus far, the debate about the nature of internal representations has focused 

on whether problems are represented as structural descriptions or as spatial 

images. Paivio (1975a, 1978; cited in Kolers & Smythe, 1979) suggested that 

subjects responses to pictorial stimuli involve visual analogue representations in 

long term memory. He argued that mental images do not only represent 

knowledge, they exemplify the knowledge represented. Paivio found that subjects 

response times were much faster to pictures than to words, while pictorial size 

influenced reaction times. Consequently, he surmised that incongruent pictures 

facilitate performance because of the inverse relation between retinal size and 

distance. Further, he maintains in accord with Eisenstadt & Kareev (1975a), that 

visual imagery is isomorphic with perception and that images are the preferred 

form of internal representation when trying to solve problems. Problem Solving 

and Chess 

Many studies and experiments have been done in chess. Some studies have 

focused on chess performance either during or simulating actual game play. 

Positions taken from these studies represent hypothetical but theoretically 

probable positions (De Groot, 1965; Chase & Simon, 1973, 1973a; Frey & 

Adesman, 1976; Goldin, 1978; and Saariluoma, 1989). Other studies have focused 

on random board positions (Newell & Simon, 1972; and Gobet & Simon, 1994b), 

while another study has compared probable versus improbable-like positions 
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(Lane & Robertson, 1979). Still other experiments have categorically represented 

simple types of problems (Charness, 1976; Ericsson & Oliver; cited in Ericsson and 

Staszewski, 1989); and Saariluoma, 1992; cited in Steinberg & Frensch, 1991). 

However, experiments with complex chess problems or studies are virtually non-

existent. Thus, it is unclear how chess is actually played. 

Before someone can solve a problem, in chess it is necessary to first find or 

define the problem. A problem is defined here as "... a situation in which one has 

a goal but does not know how to reach it" (Duncker, 1945; cited in Finke et al., p. 

167). Chess players often have goals, but are undecided on how to achieve them. 

Czikszentmihalyi (1988; De Bono,1988; cited in Avni, 1997) claimed that in order 

to solve problems, one must be able to ask the right questions. For chess players 

this means creating schemes or methods for obtaining the correct definition of a 

problem or a position. According to Avni (1997), chess players must not begin to 

solve problems until there has been adequate time to define problems. If the 

problem is not solved, Avni recommends ". .. that it be redefined from a different 

angle; thus the prospects of spotting new and promising ideas are improved" (p. 

120). If this is true, then the ability to manipulate, transform, rotate, and change 

alignments will be of importance in chess. Thus, In chess problem solving, 

attempts to incorporate or suggest changes or modifications could lead to increased 

efficiency. Further, the internal environment of the subject (see Newell 
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& Simon, 1972; cited in Sternberg & Frensch, 1991) has been identified as 

important for identifying internal problem representations. It may be that carrying 

out such "redefinition" is at the heart of creativity or creative cognition. Creativity 

is defined here as a process resulting in new and original ideas that aid in solving 

problems (Fogiel, 1990). Mednick (1962; cited in Avni, 1997), believes that 

creative thinking is a reprocessing of existing ideas and thoughts that are 

regrouped in a way that is helpful for making connections. 

Many recent experiments and studies support the belief that creativity is 

highly correlated with imagery (Finke & Slayton, 1988; Finke & Slayton, 1988; 

cited in Glasgow & Pappadias, 1992). Sternberg & Frensch (1991) have stated 

that the search for an internal representation may begin before a problem situation 

has been defined. If so, then it is reasonable to assume that with regard to chess 

players and chess problem solving, the manipulation of prototypical and 

exemplar-based problems could aid in the development of creative search 

techniques. Once the game or problem begins, the ability to manipulate images 

should be correlated with creative problem solving and, more specifically, problem 

definition. Laundau (1973) has suggested stages for creative problem solving in 

chess (see Table 1). 

The main points of this section may be summarized as follows. Regarding 

the structure of internal representations, the relationship between memory and 
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Table 1 

Landau's Stages of Creativity 

Stage of 

Creativity 

Stage Stage 

Number     Description 
  

  

Preparation Raw material is 

gathered 
  

  

Incubation 2 Material is 
examined and ideas 
generated 

  

  

Enlightenment Insight occurs as a 

solution 
  

  

Verification Idea's value 
examined and 
transposed from 
theory to reality 

  

Note. From Creative Chess (p. 2), by A. Avni, 1997,  

(exp. ed.) (S. Kay, Trans.). New York: Cardogan Books. Adapted 

without permission. 
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spatial/temporal reasoning was implicated in chess situations (i.e., game playing  

and problem solving). The importance of object orientation was identified, as was 

the role of feature matching and prototypicality for understanding problem 

solving. Specific chess situations were identified as prototypical representations 

and were subsequently examined in relationship to memory retrieval and 

recognition structures. These studies replicated previously cited studies by De 

Groot (1965), Chase & Simon (1973), and Eisenstadt & Kareev (1975a; 1975b), 

regarding the importance of non-random or meaningful chess positions in board 

recall and recognition tasks. However, the prototypical studies suggest that recall 

and recognition is more than just meaningfulness, it is knowledge-specific. Other 

aspects of prototypes discussed were, rotation and transformation, and 

prepositional versus pictorial representations as measures of function. Functions 

of problem solving in chess were discussed. Some of these included rotations and 

transformations as problem finding methods. The relationship between problem 

finding and prototypes was suggested as a basis for the relationship between 

creativity and imagery. 
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CHAPTER III 

THE DEVELOPMENT OF A PROTOTYPICAL MODEL 

TO ACCOUNT FOR PERFORMANCE ON 

CHESS PROBLEM SOLVING TASKS 

The remainder of this thesis will present a hypothetical model illustrating 

the role of imagery in defining and solving chess problems. Certain specific chess 

problems require the use of visual imagery because of the importance of spatial 

information. Knowledge, memory, as well as brute force algorithmic searches are 

not sufficient to adequately solve such problems. The effects of imagery on 

problem solving in chess could be examined by way of a series of studies in which 

problems are presented to players at various levels under the following conditions: 

(1) partial or complete visualization of board/pieces, (2) movement of pieces, (3) 

contextual board information (color or color reversal of board/pieces, size of 

board/pieces, shape of board/pieces, orientation or rotation of board/pieces, and 

piece inversion), (4) auditory presentation of board position, and (5) timing of the 

problem. Such studies would allow an examination of problem solving while the 

conditions for using imagery was limited. Furthermore, these experiments could 

be designed to compare subjects performance on either two dimensional or three-

dimensional media. A two-dimensional medium refers here to a personal 
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computer with a chess program that can incorporate chess problems as part of its 

software and display it on a monitor. Three-dimensional medium (or dimensions of 

depth) refers to a chess board and pieces, whereby, the board is either two or three-

dimensional, but the pieces must be three-dimensional. These options would be 

consistent with the suggestion by Pinker (1988; cited in Glasgow & Papadias, 

1992) that"... image scanning can be performed in two- and three-dimensional 

space" and would reinforce Kosslyn's belief that ". .. mental images capture the 

spatial characteristics of an actual display" (p. 358).  

Presentation of Chess Problems 

The following are two chess problems which seem to be uniquely suited to 

illustrate the role of imagery in defining and solving chess problems. In the 

following problems, chess piece color, chess piece inversion, chess board rotation, 

and the inclusion of additional chess pieces, are all factors that affect performance. 

Table 2 shows Landau's Stages of Creativity (1973; see Avni, 1997). Stage 

1 is the Preparation Stage. In this stage raw material of the problem is gathered. 

This means that any relevant information is included in the initial appraisal of the 

problem. Stage 2 is the Incubation Stage. It is characterized by an examination and 

generation of ideas as an initial approach toward solving the problem. Stage 3 is 

the Enlightenment Stage. Players who reach this stage will experience insight as a 

solution to the problem. Finally, in Stage 4, the  
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Table 2 

Landau's Stages of Creativity 

Stage of 

Creativity 

Stage Stage 

Number        Description 
  

  

Preparation 1 Raw material is 

gathered 
  

  

Incubation Material is 

examined and ideas 

generated 
  

  

Enlightenment Insight occurs as a 
solution 

  

  

Verification Idea's value 

examined and 

transposed from 

theory to reality 
  

Note. From Creative Chess (p. 2), by A. Avni, 1997, 

(exp. ed.) (S. Kay, Trans.). New York: Cardogan Books. 

Adapted without permission. 
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Verification Stage, the problem idea's value is examined and transposed from 

theory back to reality. 

Table 3 "Stages and Concepts for Measuring Imagery Utilization in Chess 

Problem Solving Tasks of Creativity" describes stages and concepts hypothesized 

to be present in Chess Problem 2. It is presented as an illustration of concepts and 

stages previously discussed and inherent within this problem. These concepts and 

stages are the different types of scanning discussed earlier in this paper (see 

Eisenstadt and Kareev,1975b), and the Stages of Creativity (Landau, 1973; cited 

in Avni, 1997) illustrated previously in Table 1 and Table 2. Column 1 lists the 

stages where scanning, chess concepts, and moves played during chess problem 

finding and solving are hypothesized to occur. Column 2 illustrates the different 

types of scans hypothesized to occur during that stage. Column 3 depicts the chess 

concepts or stratagems utilized during the stage. Column 4 is the chess move 

number for each move played by White and Black during the stage. Column 5 is 

the moves played by White which are correlated with both the move number and 

the stage in which the move occurs. Column 6 is the moves played by Black 

which are correlated with both the move number and the stage in which the move 

occurs. This Table illustrates the relationship between scanning, creativity, and 

chess concepts or stratagems, within a chess problem solving situation utilizing an 

exemplar-based model. Of particular importance is that the 
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Table 3 

Stages and Concepts for Measuring Imagery Utilization in Chess Problem Solving 

Tasks of Creativity 

 

Problem 2 - White to Play and Win   

Variation 1   

Stage            Scanning/           Chess                Move White Black 

Creativity           Concept             Number   

1                CS, IS,                                                 1 Kdl-c2 Nbl-a3 

P                                                         2 Kc2-cl Na3-bl 
3 Nd6-b5   a2-a3 

4 Kcl-c2 Kal-a2 

2               CS, ES,                                              5 Nb5-d6 Ka2-al 

IS, I                                                     6 Nd6-e4 Kal-a2 

7 Ne4-f2 Ka2-al 
8 Nf2-dl Kal-a2 

3                CS, IS,                Triangulation           9 Kc2-d3 Ka2-al 

E                         of King                   10 Kd3-el Kal-a2 

position                  1 1 Ke3-e2 Ka2-al 
12 Ke2-d3 Kal-a2 

13 Kd3-c2 Ka2-al 

4               ES, CS,              Zugzwang               14 Ndl-f2 Kal-a2 

IS,V                                                  15 Nf2-e4 Ka2-al 
16 Ne4-f4 Kal-a2 

17 Nf4-b3 — ------ 

 RS = Revival Scan   ES = Exploratory Scan   
I = Incubation Stage    V = Verification Stage   
E = Enlightenment Stage 

Note. CS = Confirmatory Scan 
IS = Imaginary Scan P 
P = Preparation Stage 
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Enlightenment Stage is hypothesized to correlate with the chess stratagem of 

Triangulation. Further, the Triangulation sequence of moves is suggested to be the 

result of an imaginary scan, whereby, the Triangle picture is depicted and used for 

problem solving. 

Figure 1 is a zugzwang position by Salvio (1604) (Cited in Hooper & Why 

Id, 1996, p. 204), whose goal is 'White to Play and Draw.
1
 It is presented here as a 

prototypical representation. As a prototype, Figure 1 maintains a low relative 

chess piece distribution of only four chess pieces on the board. This will make 

scanning of the chess board easier, since there are less pieces to scan. In addition, 

there is an absence of a clustering of chess pieces found in many chess problems, 

where clustering could make it difficult to differentiate the pieces scanned. This 

problem is also believed to represent a large family of chess problems that involve a 

king trapped in a corner by both its own pieces as well as its opponents' pieces. 

Figure 2 is another illustration of the prototype. It is a one hundred percent 

inversion of Figure 1. It is used to visually depict a progression of feature 

matching adjustments of the prototype for comparative purposes with its proposed 

exemplar. The purpose of matching the prototype with its proposed exemplar is to 

suggest that the family resemblance or relationship has contextual properties that 

are similar. This figure illustrates the similarity in spatial relations between pieces 

despite their inversion. Of importance is that this inversion level is at its highest  
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Figure 1. 

Problem 1 - prototypical representation 

Initial position 

 

(A) Black to play loses 

(B) White to play draws 
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Figure 2. 

Problem 1 - prototypical representation 

Initial position 

 

 

Percentage of Piece Inversion = 100 % 

(A) Black to play loses 

(B) White to play draws 
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at one hundred percent. 

Figure 3 is also an inversion of Figure 1 and is another illustration of the 

prototype. In addition to the inversion, there is a seventy-five percent piece color 

reversal difference from both Figure 1 and Figure 2. It is a continuation of visual 

depictions, revealing a progression of feature matching adjustments to the 

prototype. The purpose of matching the prototype with this proposed exemplar is to 

suggest that the family resemblance or relationship has contextual properties that 

include color, and therefore, similarity in piece color should be included. 

Moreover, this figure also illustrates the similarity in spatial relations between 

pieces, notwithstanding their color reversal. 

Figure 4 is also another depiction of the prototype. This version maintains 

the one hundred percent piece inversions of Figure 2 and Figure 3, as well as the 

seventy-five percent piece color reversal of Figure 3. In addition, Figure 4 

maintains a thirty-three percent inclusion of additional pieces. It also visually 

depicts feature matching adjustments to the prototype. Consequently, this 

exemplar's relationship to the prototype has the additional contextual properties of 

both number and type of pieces. Further, the percentage of inclusion of new 

pieces is suggested to be low, thereby maintaining the structural integrity of the 

prototype. 

Despite the small inclusion of new pieces, there is a greater clustering of 
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Figure 3. 

Problem 1 - prototypical representation 

Initial position 

 

  

         

Percentage of Piece Inversion = 100 % 

Percentage of Piece Color Reversal = 75% 

(A) Black to play loses 

(B) White to play draws 
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Figure 4. 
Problem 1 - prototypical representation 

Initial position 

 

Percentage of Piece Inversion = 100 % 

Percentage of Piece Color Reversal = 75% 

Inclusion of Additional Pieces = 33% 

(A) Black to play loses 

(B) White to play draws 
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chess pieces in one of the corners of the board. This section of the board is where 

both the White and Black pieces will be engaged in strategical and tactical 

complications during problem solving. Chase and Simon (1973; cited in 

Eisenstadt and Kareev, 1975b), believed that pieces that are chunked are probably 

related by attack and defense.   This seems to be the situation with these 

prototypical illustrations, since as they develop a greater resemblance to the 

proposed exemplar, there is a greater clustering of pieces that are chunked. 

Figure 5 illustrates Problem 2, which is designated as the exemplar of 

Prototype Problem 1 (Figures 1-4). It is one of several possible exemplars of the 

prototype, but is included here because of its unique problem solving features. As 

an exemplar, it is similar to the prototype in terms of contextual similarities such as 

piece color and piece location (which includes the feature matching adjustments of 

Figures 2-4). As can be seen when comparing the feature matching adjustments of 

Figure 4 to Figure 5, the positions are almost identical except for the positions of 

the White Knight and White King. In addition, Problem 2 is comparably more 

difficult to solve than Problem 1. The total number of pieces on the board are 

slightly greater, thus, creating additional variations to solve. 

Figure 6 shows the initial position of Problem 2 with a one hundred percent 

piece inversion. This type of inversion is a 'mirror image.' The structural/spatial 
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Figure 5. 

Problem 2 - exemplar 

Initial position 

White to play and win 
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Figure 6. 

Problem 2 - exemplar 

Initial position 

 

  

 

Percentage of Piece Inversion = 100% 

White to play and win 
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relationships between the chess pieces remain intact, as well as strategically and 

legally consistent with common principles and laws of chess. Therefore, Figure 6 

can arguably be an extension of the class of prototypes. 

Figure 7 depicts the initial position of Problem 2 with a one hundred and 

eighty degree clockwise board rotation. In addition, there is a misalignment of 

squares based upon a lack of a 'true' board rotation, since it is only the pieces that 

have rotated. Also, there is a thirty-three percent piece inversion, whereby, the 

White King should have been placed on the square e8, and the White Pawn should 

have been placed on the square h5. 

Figure 7 is presented here to demonstrate that a one hundred and eighty 

degree board rotation maintains structural and spatial integrity of the chess 

position. However, the partial inversion of pieces has created a position with a 

combination of elements of meaning and elements of meaninglessness. Therefore, 

this position as a whole loses much in terms of prototypicality by virtue of random 

approximation. Consequently, both Figure 6 and Figure 7 illustrate how as 

features such as rotation and inversion are changed incidentally, then the chess 

problem changes in relation to the way imagery is utilized.  

Figure 8 represents Problem 2 - variation 1: triangulation of king position. 

It depicts the chess concept of triangulation. According to Pandolfini (1995) 

triangulation is usually considered to be "... an endgame king maneuver in which  
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Figure 7. 

Problem 2 - exemplar 

Initial position 

 

 

 

                      Percentage of Piece Inversion = 33% 

                       Degree of Board Rotation = 180 degrees clockwise 

                      White to play and win 
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Figure 8. 
Problem 2 - exemplar 

Variation 1 

Pre-Triangulation of King position 

9.Kc2-d3 

 

 

 

                                     White to play and win 
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a player 'wastes' a move to achieve the same position but with the other player to  

move" (p. 249). It is used here in this problem in the same manner. Figure 8 

illustrates the first move by White and is a pre-triangulation move. 

Triangulation here represents a critical point in the problem solving task 

procedure, in that it seems to reflect an insight into the task objective. Since the 

triangulation maneuver in this position can only be accomplished by an unusual 

patterning of the king, it is highly unlikely that it will be accomplished through an 

algorithmic search. More likely, its production will occur as a result of a "... 

familiar perceptual pattern ... representing . . .  a type of concept task that is 

called 'pattern recognition' (Hunt, 1962; cited in Posner, 1967, p. 28). 

Figure 9 shows the first move by White in the triangulation sequence. 

Figure 10 illustrates the second move by White in the triangulation sequence. 

Figure 11 shows the third move by White in the triangulation sequence. This 

completes the Triangle picture. Figure 12 illustrates the first move by White in 

Post-Triangulation. Both Pre-Triangulation and Post-Triangulation are labeled as 

such, since they do not depict the "Triangle." 
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Figure 9. 
Problem 2 - exemplar 

Variation 1 

Triangulation of King position 

10. Kd3 - e3 

                                           White to play and win 
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Figure 10. 
Problem 2 - exemplar 

Variation 1 

Triangulation of King position 

H.Ke3-e2  

  

                                       White to play and win 
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Figure 11. 
Problem 2 - exemplar 

Variation 1 

Triangulation of King position 

12. Ke2 - d3 

 
White to play and win 
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Figure 12. 
Problem 2 - exemplar 

Variation 1 

Triangulation of King position 

13. Kd3 - c2 

 

  

  

White to play and win 
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Summary 

The Prototypical model was presented for the purpose of establishing one 

of perhaps several existing categories of chess problems that would be useful for 

examining internal representations and spatial dimensions among chess players of 

various skill levels. In this paper, I have illustrated a possible prototypical model 

and an exemplar and have provided some evidence to support its family 

resemblance. Among the evidence, is the similarity that exists after board 

rotation, piece color reversal, and a proportionately small inclusion of additional 

chess pieces. 

For a more complete understanding of the role that imagery plays in chess 

problem finding and problem solving, experiments could be devised to test chess 

players' ability for visually and/or spatially reconstructing and utilizing both the 

prototypical model and the exemplar. Findings could suggest that imagery is more 

important at different stages of the problem's development, and when confronting 

chess concepts and/or stratagems that are visual and/or spatial in nature. 

Contextual factors should also be important in imagery utilization. A 

factor such as board rotation should be worth investigating to determine if it will 

aid in problem solving tasks, and if so, then to what degree is rotation maximally 

efficient?   In addition, board rotation could play a factor in identifying chess 
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prototypes. As was shown earlier, rotation can enable problems to be viewed from 

different perspectives. Once a structural relationship between a prototype and an 

exemplar is established, then problem finding and/or problem solving techniques 

utilized in one could be transferred to the other. 

Regarding the use of chess problems versus chess game positions, it may 

prove difficult to determine which provides the greater potential for imagery 

utilization. With reliable supporting empirical evidence on how much specific 

chess knowledge a player accumulates in game positions as compared to problem 

positions the role of imagery in both could be better evaluated. However, it seems 

reasonable to hypothesize that the accumulation of chess specific knowledge is 

less for chess problem solving positions than for game type situations, since most 

players simply are more exposed to games than to problems. 

In game playing, chess performance and skill is usually determined reliably 

by chess ratings. Ratings are mainly applicable for chess performance type 

situations and may have limited usefulness and applicability for chess problem 

type positions and domains. Consequently, there is no current standard or 

measure for accurately comparing chess players on problem solving ability, and 

therefore, players' or solvers' accumulation of chess problem related knowledge 

remains unknown. 

In conclusion, it seems reasonable to assume that based upon previous 
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models such as Eisenstadt and Kareev's top-down processing model, and the 

model presented in this paper, further investigations into the thinking and problem 

solving in chess should incorporate eye movement studies, prototypical-exemplar 

based models, and contextual factors such as board rotation, inversion, and color 

reversal. These investigations will continue to provide analogical material for the 

study of internal representations and spatial dimensions. 
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