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Classification of human thinking time using

convolutional neural network for evaluation of Shogi-board difficulty

HipeETOSsHI IKEDAY®  GENKI IcHINOSE!P)

Abstract: Shogi Als have made remarkable progress in recent years, and some studies aim to use them as
an educational support tool for beginners. However, few studies have quantified the “difference in difficulty
perceived by humans to each Shogi board”, which is important for educational support. In this study, we
regarded human thinking time as the index of board difficulty and predicted human thinking time by convo-
lutional neural networks where piece positions and pieces in hand were used as input to the neural networks.
As a result, compared to the prediction by random forest using the number of legal moves, the convolutional
neural networks well predicted human thinking time by getting characteristics such as the state that pieces
being captured, even for a slightly different situation. Thus, we find that this model effectively quantifies the

boards’ difficulty.
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