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Abstract. In the past, there have been numerous studies into the cognitive processes involved in human problem solving. From the start, games and game theory have played an important role in the study of human problem solving behavior. In chess, several cognitive experiments have been performed and those experiments have shown that expert chess players can memorize positions very quickly and accurately. Chase and Simon introduced the concept of chunking to explain why expert chess players perform so well in memory tasks. Chunking is the process of dividing a chess position into smaller parts that have meaning. We performed similar experiments in Shogi with a set of next move problem positions, collecting verbal protocol data and eye movement data. Even though experiments in chess indicated that expert chess players searched as wide and deep as non-expert players, our experiments show that expert Shogi players search more moves, search deeper and search faster than non-expert players. Our experiments also show that expert Shogi players can not only memorize the patterns of the positions but also recognize move sequences before and after the position. The results suggest that other than the perceptual spatial chunks introduced in chess research, there are also chunks of meaningful move sequences. We call such chunks “temporal chunk”. Our research indicates that Shogi players become stronger by acquiring these temporal chunks.

1   Introduction

Many studies of expertise derived from games have been conducted in the field of cognitive science. The study of chess by De Groot is a particularly famous example. He conducted experiments on the memory of expert chess players. His experiments revealed that an expert chess player can memorize the arrangement of pieces in a chess position accurately in a short time (time limit of 5 seconds). It also became clear that a top-class chess expert (Grandmaster) does not always look at more moves or searches deeper than a lower-class expert player[1]. 

Simon and Chase built on this work and explained the recognition ability of an expert by using the concept of “chunk”. The important idea is that chess knowledge is the ability to recognize a typical spatial arrangement of pieces on the chess board as a pattern[2]. They called this a chunk, and reported that the size and volume of the stored chunks becomes larger as the player becomes stronger. Their assumption was that a chunk is an arrangement of pieces, stored as a perceptual and spatial unit. We will call these “spatial chunks” to distinguish this type of chunking from a different type that we will discuss in this paper.

To confirm the presence of chunks in Shogi, we have repeated the memory experiments for chess in Shogi [3][4]. When the results of the experiments were examined in detail, a difference was observed between the memory ability of intermediate Shogi players (amateur Dan players) and those of advanced Shogi players (professional Shogi players). In the opening phase of the game, the intermediate Shogi players showed memory ability that was little different from those of the advanced Shogi players. However, this memory ability went down significantly in the middle game and the endgame. In contrast, the memory ability of the advanced Shogi players did not decline as the game progressed. If parts of the position are memorized as a spatial chunk like a still image, it is understandable that the opening is easier to memorize, because similar positions are encountered often. However, it is difficult to explain that middle game and endgame positions can be remembered in this way by using only spatial chunks. 

Our observation of advanced Shogi players was that they not only recognized a (partial) position, but also how this position occurred and how play would likely develop next. It seemed that they do not recognize positions as a separate entity, but the current position is part of the flow of the game.

To study this phenomenon further, we have used so called “next move problems”, where subjects need to find a good way to continue play in a certain position. These types of positions have not been used in past comparative studies, but we feel that they can be an important tool for examining both the thought processes and the memory processes of players of different playing strengths. As a tool for examination, we collected eye movement data with an eye camera and simultaneously had the subjects think aloud. We used the same set of problems to collect data from players with different playing strength. 

2   Experiments with next move problems

2.1   Objective

As pointed out by Ito [5], the decision process of a move in Shogi is composed of “recognition of the position”, “formation of candidate moves”, “look-ahead”, “evaluation” and “decision”. This process is called a player script, and it was shown that a Shogi player obtains this player script as a beginner and that improvement in playing strength is a gradual refinement of this general script.

  The experiment described below is aimed at the problem solving process of deciding a move in a certain Shogi position. Especially, we wanted to examine the differences between players of different playing strength (from beginning Kyu players to professionals) in the “recognition of the position” and “formation of candidate moves” phases. 
2.2   Method

In the experiment, the thought processes of the subjects were examined by using both verbal data from think-aloud protocols and the data from an eye camera
 when solving next move problems. For our next move problems, we did not use problem positions that can be found in Shogi magazines. These positions usually require the discovery of a hidden tactical move, which only rarely happens in actual game play. Instead, we asked a strong player to create a number of positions satisfying the following two conditions: 1) a position that could appear in an actual game; 2) a position that has multiple reasonable candidate moves. The problem positions that we used in our experiments can be found in the appendix.
The problem positions were given to 10 subjects: two beginners (amateur 5-kyu and lower), three intermediate players (around 1-dan), two advanced players (amateur 4-dan or higher) and three top professional players (8-dan or higher). They were each asked to think aloud about the next move in the current position, which was recorded. Also, the movement of the eyes of each subject was recorded with an eye camera. We did not impose a time limit for solving the problem and gave the subjects instructions to take as much time for deciding their move as they thought necessary. The problems were given in the same order as presented in the appendix. Because the experiment as a whole could take several hours, we allowed a break after finishing a problem position. However, except for one intermediate player and one advanced player, all subjects did the full set of problem positions without taking a break.

  In the analysis, numerical data such as thinking time and the width and depth of the look-ahead are given first. Then, the results of analyzing the thought processes of players of different strength using the think-aloud protocols are given. Finally, the thought processes of players of different strength during the position recognition phase are analyzed using the combination of eye camera data and think-aloud protocols.

2.3   Result 1: Numerical data

In Table 1 the answers of all subjects to the problem positions are given. N1 and N2 are the two beginners, M1 to M3 are the intermediate players, E1 and E2 the advanced players and P1 to P3 are the three professional players. As can be seen from the table, in some problems (like problem 1 or 4) even the professional players did not agree about the best move, so the problem positions are not easy.
  In Table 2 the time for answering each problem position is given for all subjects. This is the time from the moment the problem was shown until the subject chose a move. As can be seen from the table, there are substantial differences between the subjects.

Table 1. Answers of each subject
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Table 2. Answer time of each subject in seconds
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In Figure 1 the average time for deciding the move in each position is given for the four different levels of playing strength. When looking at this data, we see that position 4 has a low average decision time for all players despite the number of different answers that are given. The reason for this is that this position resembles a standard opening position, which is known to all players, thus shortening the decision time. Position 7 is a variation of a more advanced type of standard position and advanced and professional players agree upon the best move here. Furthermore, for those who are more familiar with this type of position, the decision time is very short.

Despite these individual and position differences, it seemed that the intermediate players were thinking quite long before deciding upon their move. To confirm this, we averaged the decision time for the four levels of playing strength over all problems. The results are given in Figure 2. We see that intermediate players indeed seem to take longer than the players of other playing strengths.

Furthermore, we analyzed the think-aloud protocols to determine the look-ahead in the thought process, especially the number of candidate moves that were considered and how deeply these moves were searched. Figure 3 shows the width and depth of the look-ahead of each subject, where the width is the number of candidate moves considered in the problem position and the depth the length of the longest variation that was considered. 
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Fig. 1. Average answer time for each problem
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Fig. 2. Average answer time by playing level
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Fig. 3. Width and depth of look-ahead for different playing levels

Figure 3 shows that intermediate players search slightly wider than the other players, and that the depth of the look-ahead increases with playing strength.
We also compared the volume of the look-ahead between different levels of playing strength. To measure this volume, we used the number and the speed of the look-ahead. The “number” of the look-ahead is the total number of moves that was mentioned in the think-aloud protocol. The “speed” is acquired by dividing this number by the decision time in minutes. The results are given in Figure 4. This figure shows that both number of moves and speed of the look-ahead increase with playing strength.
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Fig. 4. Move number and speed in the look-ahead for different playing levels
2.4   Result 2: Verbal data

Now we will give some examples of think-aloud protocols and the thought patterns of subjects with different levels of playing strength. In the protocols, the comment in < > is an explanation that is not part of the verbal data and “…” indicates omitted data.

 * Problem position 1, think-aloud protocol example of a beginner (N2) 

 After rook+4d. 

 Hmm, what kind of position is this?  

 Well, there is a rook, the opponent's rook is on 4d, 

The opponent has a bishop, ..., 

 <For around 55 seconds there are attempts to understand the position>

Rook 4h? Rook 4h, …,

 The pawn will not be taken if the rook goes to 4h, but if so, here, rook 2d will attack. ..., 

pawn 4e,  Eh, where to escape. ... 

 <Some candidate moves to reply to the opponent’s previous move are given.> 

 Rook 7d, oh, it is good, too. ..., hmm, well, um?  

 Pawn 4e might be better. 

 Well, I will play pawn 4e. 

 <A move which is not obviously bad is selected by short look-ahead and elimination.> 

  The first thing that stands out in this read-aloud protocol of the beginner is that it takes quite a long time to understand the position. In total, it takes the subject around 55 seconds to get a clear idea about the positional features. On average, beginners took between 40 and 70 seconds for this stage. When combining this with the data in Figure 1 and 2, understanding the position takes around 50 seconds on average, while the average time to decide upon a move is about 150 seconds. Beginners therefore spend one third of their decision time to understand the position. 

  Also clear from the protocol is that understanding the position is characterized by the individual pieces in the position (such as “the opponent's rook is on 4d” and “the opponent has a bishop”). Understanding the position comes from examining each piece individually.

  As far as look-ahead is concerned, the protocol seems to indicate that beginners focus on single moves that are possible in the current position (such as “rook 4h” and “pawn 4e”). There are of course many of these moves, so deep look-ahead is impossible. A quick check that the move does not lead to immediate disaster is made and the move is decided upon quickly.

 * Problem position 1, think-aloud protocol example of an intermediate player (M3) 

 Well, it seems the game is a little rough. 

 I let go the bishop on 5f, 

 Yes, Hmm. It seems to be hard. ... 

 <Attempts to understand the position continue for about 30 seconds.> 

 From pawn 9e, well, 

 If it continues like pawn-9e, pawn(9e, pawn*9b, it’ll be good. 

 Will this happen? 

Well,…Will it go like “pawn-9e, pawn(9e”?

 Is it really alright if the reply is pawn-3f, pawn(3f, rook(4f, 
 ... what will happen if I drop a pawn on 4g? ... 

 <Several candidate moves are mentioned in short succession and look-ahead is performed.> 

 Let me see. 

 Rook 2e seems to be a problem, so I will first play pawn 9e. 

 <Selecting a move is done by elimination just as the beginner did.> 

  In the case of intermediate players, the time taken for position recognition is considerably shorter than for beginners. In this case, position understanding took about 30 seconds. In general position understanding takes between 20 and 40 seconds after which candidate moves are beginning to appear.

  For intermediate players, candidate moves seem to pop up one after another. However, these candidates are based on the knowledge of local tactics, not based on an understanding of the complete position. In the read-aloud protocol example, “pawn-9e, pawn(9e, pawn*9b” is a standard sequence of moves to play an edge attack. Also, the sequence “pawn-3f, pawn(3f, rook(4f” is a well-known sacrifice to activate the rook. However, there is a clear difference in the use of knowledge here when comparing this with the crude disaster check that beginners do before deciding upon their move.

 * Problem position 1, think-aloud protocol example of an advanced player (E1) 

 Hmm, It looks like an “Aigakari-formation”. 

 Black doesn't lose a pawn, or?  

 There is a pawn here. 

 Oh, Black and White are reversed. 

 After rook 4d, …,

 < There is established knowledge for understanding the position.> 

…,Gold 4g is activating the most inactive piece. ... 

 Rook 2f seems not that solid. ... 

 Well, it is gold 4g. ... 

 I would like to do opposing pawn 7g somewhere. 

 <The candidate moves with evaluation are given to conduct look-ahead.> 

 Both pawn 4e and rook 2f need to be considered, I don't want to drop there. 

 Or play gold 4g. 

 It can’t be helped, so gold 4g?  

 <The move is determined by evaluation of the piece activity based on look-ahead.> 

  The position recognition of advanced players is quite quick, generally taking about 10 seconds. There is no verbal data indicating that the position recognition is also done after this initial position recognition phase. Also, the protocol has a reference to the strategic features of the whole position (the “Aigakari-formation” is one of the general opening strategies in Shogi). Also, the comment “Black and White are reversed” shows that previous knowledge about the full position is being used.

 In the phase of forming candidate moves, the influence of a candidate move upon the whole position is given (“Gold 4g is activating the most inactive piece”) and there is also verbalization of how the candidate move fits into the flow of the position (“Rook 2f seems not that solid”). These references show that the position is recognized considering subsequent developments.

 * Problem position 1, think-aloud protocol example of a professional player (P1) 

 I think I played this pattern before. 

 Uh, well ... 

 <The understanding of the position is immediate, and it is checked with existing knowledge instantly.> 

 Hmm, my first impression is to sacrifice a pawn on 9e. 

 But, yes, this move is good. 

 Retreating silver 6d against pawn 9e can be used. 

 Pawn 3f, pawn(3f, rook(4f against pawn 9e can also be used. 

 Well, if I push the pawn to 4e, the rook moves sideways to 3d. 

 Although I think this rook is less active. ... 

 There is pawn-3f, pawn(3f, bishop 4f, 

 So pawn 4e is a little difficult to play. ... 

 <Subsequent moves are mentioned as well as the candidate moves.> 

 * Problem position 1, think-aloud protocol example of a professional player (P2) 

 Well. I think I have seen this pattern before. 

 It is a position with experience. 

 <The understanding of the position is immediate, and it is checked with existing knowledge instantly.> 

 Uh, well, Black's front side is a little defensive,

so pawn 4f seems to be taken, 
 But it is impossible to defend with gold 4g or rook 4h,

and moving the pawn to 4e might be a little unpleasant. 

 <The move that might be bad is not read from the beginning.> 

 Well, silver 8h forms a wall-silver, so how about the opposing pawn 7g, is it possible?  

 Uh, this, Do I have to read ahead only after pawn 7g and rook 4f?  

 If then pawn 7g and rook(4f, take pawn 7f and pawn 7g,

  pawn(7g+, silver(7g and rook(4f, 

hum, such a development is possible. 

 <Candidate moves come up immediately, and look-ahead is conducted with a clear objective.> 

When analyzing the verbal data connected to the position recognition phase of professional players, there are a high number of references to past experience. This not only concerns the current position, but also about how this position came about and how this position is likely to develop. In this position, comments like “I think I have seen this pattern before” and “I think I played this pattern before” are examples of this use of past experience. Adding comments about how the position came about seems to indicate that positions are not recognized separately, but are embedded in a context of related knowledge.

 As for look-ahead, the characteristic feature of the look-ahead protocols of professional players is that moves are evaluated as having good or bad prospects without any look-ahead. Look-ahead in most cases is only used to confirm that the initial judgment was correct. Adding evaluation to candidate moves during the move generation phase requires knowledge about the context of the position and knowledge about the prospects from the current position. 

2.5   Result 3: Eye camera data

The results given in the previous section show that thought processes concerning position recognition and candidate move generation are present in the think-aloud protocols and that this whole process takes at most 60 seconds after the initial presentation of the problem position. Here, we will look at how position recognition leads to candidate move generation more closely by combining data from an eye camera with the verbal data given in the previous section.

In Figure 5, the combination of eye camera data and verbal data of a beginner is presented for problem position 1. The eye camera traces how long the eyes focus on a certain point. Whenever the eye stops moving for more than 0.2 seconds, this is recorded and represented with a ○. The size of the ○ is relative to the time of fixation.
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Fig. 5. Eye tracking diagrams and verbal data of beginning player (N2) : left side

Fig. 6. Eye tracking diagrams and verbal data of intermediate player (M3) : right side
The eye camera data shows that beginners recognize the position by looking at a wide area of the board. The destination square of the previous move (rook to 4d) is focused on for a long time. That this is important for the beginner is also clear from the verbal data. To understand the position, looking at many pieces on the board and understanding the move that lead to this position is important for the beginner.

Figure 6 shows eye camera data and verbal data of intermediate player M3 for problem position 1.  When compared to beginning players, the findings are that the area of examining the position becomes smaller, and the time for position recognition shortens. Although it is not clear from the data from this position, some references on tactics and castle formation can also be observed during position recognition, indicating that recognition of a chunk of pieces becomes possible. Also, moves based on tactical sequences appear during candidate move formation. The sequence of “pawn-9e, pawn(9e, pawn*9b” in this position is the tactical move sequence of an edge attack starting with the sacrifice of the edge pawn, and it can also be observed from the eye movement data (within 40 seconds) that the three move tactical combination is remembered from the combination of the edge file and the diagonal controlled by the bishop on 5f in this position.  
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Fig. 7. Eye tracking diagrams and verbal data of advanced player (E1) : left side

Fig. 8. Eye tracking diagrams and verbal data of professional player (P2) : right side
Figure 7 shows the eye camera data and verbal data of an advanced player (E3) for problem position 1. As explained, the position recognition of advanced players uses an understanding of how this position came about and about the strategic features of the position. Also, this is not a direct recognition of the piece arrangement as the comment “Black and White are reversed” shows. The eye camera data shows that during the position recognition phase the area where the eyes focus on becomes narrower and that the number of fixations becomes smaller than those observed for beginners.

When generating candidate moves, not only the direct meaning of the move for the current position, but also different meanings for future positions become important. In this problem position, the pawn push is not only considered because it can be taken on the next move, but also because it has a potential of pushing the pawn up further in a later stage of the game. The positional drawbacks of this move (weakening the square that the pawn left) are also taken into account.

An interesting observation when combining verbal data with eye camera data is that advanced players do not always focus on the area that is important in their verbal comments. For example, at the 40 second mark the advanced player watches the opponent’s king while the verbal data shows a comment about moving the pawn to 4e and then to 4d. Although not present in the verbal data, this indicates that the player was thinking of advancing this pawn in relation to an attack on the opponent king. This discrepancy between point of focus and verbalization is only found in advanced players.

Figure 8 shows the eye camera data and the verbal data of a professional player (P2) for problem position 1. A characteristic of professional players is that they recognize the position instantly and immediately add remarks about past experience and knowledge concerning the current position. There are comments like “I have seen this pattern before”, but also more specific remarks about how the position came about such as “It is a very sharp position due to the early rook exchange” (problem position 5) or “This is a standard ‘Yokofu-dori’ opening” (problem position 6). Positions are not understood by focusing on every piece, but based on castle formation and strategy and on the flow of the game. Eye camera data shows only a few points of fixation and only the central part of the board is scanned quickly.

  The verbal data indicates that future developments are vital for candidate move generation. Comments like “it is impossible to defend with gold 4g or rook 4h” and “moving the pawn to 4e might be a little unpleasant” take into account the future developments, leading to quick discarding of the mentioned moves. In the end, the attention focuses on a move (pawn 7g) that will solve a potential endgame problem.
2.6   Summary of the results

Summarizing the results of the previous sections, we get the following:

 <Result 1: From the numerical data> 

· Intermediate players think longer before a move decision than beginners. 

· Intermediate players look at more candidate moves than beginners, but look-ahead is shallow.

· Advanced players look more deeply and are better at narrowing the search.

<Result 2: From the verbal data> 

· A large part of the verbal data of beginners is concerned with position recognition.

· Beginners only look at single, unconnected moves that are possible in the current position.

· Intermediate players can do look-ahead based upon tactical and strategic combinations of moves.

· Advanced players take knowledge about how a position came about into account.

· Advanced players immediately evaluate the merits and drawbacks of the candidate moves.

<Result 3: From the eye camera data> 

· Beginners move their eyes over the whole board during position recognition.

· From intermediate to advanced player, the area of the board that is focused on gradually becomes smaller.

· Advanced players also sometimes focus on a part of the position unrelated to their comments. 

3   Discussion

The results indicate that intermediate players have the longest thinking time (Figure 2). This seems related to our observation that intermediate players search a wide range of candidate moves (Figure 3). In Shogi, improvement in strength is accompanied by learning more tactical and strategic moves. Without the proper knowledge of when and how to apply these tactics, there are many positions in which these moves are possible. More possible moves and a better ability to do look-ahead is the reason for longer thinking times. However, when the skills improve, knowledge about how the position came about and how it is likely to develop is taken into account. This leads to a better understanding of the merits and disadvantages of moves, narrowing the number of possible candidate moves for which look-ahead is performed. Advanced players therefore do look-ahead more narrowly and more deeply.

  Figure 4 shows that when the player’s skill improves, the number and the depth of look-ahead increases. This is based upon verbal data, so it is possible that because translating thoughts in words is slow, the actual number of moves and look-ahead is considerably larger than the numbers given in the figures. However, the difference between the speed of thought and thought verbalization seems especially present in the case of advanced players. Therefore, the increase in total move number and speed seems a significant result.

 Another result is that there are clear differences in position recognition between players with different Shogi skills. This can be concluded from both the verbal data and the eye camera data. It was observed that beginners focus on individual pieces or small groups of pieces during position recognition. Intermediate players are able to understand the position by adding “spatial chunks” about larger pieces formations such as castles. Because of this ability to recognize piece configurations, they are also able to use combinations of moves rather than single moves. Professional players have a strong ability to connect to the flow of the game, i.e. how the current position came about and what the likely development is. This seems to be a different type of knowledge from “spatial chunks” and could be called “temporal chunk”. The results indicated that temporal chunks are acquired by intermediate players in the form of tactical moves and standard move sequences. The sense of the flow of the game is then improved by learning how these move combinations influence a position. Therefore, intermediate players can only generate a limited number of candidate moves and advanced players are able to search more narrowly and deeply.

4   Conclusion

The various results in our study seem to suggest that in Shogi there are not only spatial chunks, but that time-related knowledge (temporal chunking) is also important. A different phenomenon are the comments by advanced players concerning the immediate assessment of candidate moves, which does not seem to be a result of look-ahead.

 It is hard to prove the existence of temporal chunks, but we believe that our results are a strong indication of the existence of time-related knowledge. Further experiments are needed to investigate the exact nature of this temporal knowledge. 

 We would also like to know if this way of thinking is specific to Shogi, can be found in other games or even can be considered a general feature of expertise. Similar experiments in other chess-like games or Go could answer this question.

 Also, a different way of obtaining or analyzing eye camera data might be needed. In the current setting, eye fixation is represented by a point, but humans are known to process data outside of where the eye focuses. As a future work, we would like to investigate how peripheral vision influences the information processing in Shogi and if there is a relation with Shogi skill.

  There are also reasons to reconsider the set of problem positions. From Table 1 it can be concluded that for most positions the subjects chose a wide variety of moves (except for position 2 and 10). This met our requirement that the positions needed to have multiple reasonable candidate moves, but it might also be interesting to see by which thought processes players of different skill might end up with the same solution.

Also, the number of problem positions and subjects might be considered too small to support our conclusions. Time constraints (especially for professional players) make it difficult to conduct larger experiments, but it might be possible to increase the data of all but the top players. The current set of positions is not well-balanced as far as difficulty is concerned and we also found some tactical problems in the positions that might influence the data. Increasing the problem set and having a better balance in the degree of difficulty is also a future work.

  Finally, our experiments show that even professional players disagree on many occasions. Other than general Shogi skill, there are individual differences influencing the move choice. The amount of freedom for individual differences might be an important factor for how interesting a game is. This, together with the notions of width and depth in the thought process might be an indication of how profound and interesting a game is. In future work, we would like to investigate this connection further.
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Appendix: Problems used for next move test experiments
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