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Abstract. In our experiment, we studied the searching sequence of humans, i.e. 
how humans solve the game tree. We created a controlled environment of maze 
game to simulate the situation where the player is not allowed to observe the 
entire map freely. We use “fog-block” to cover the intersection of a maze. Thus, 
the maze becomes an “imperfect information maze.”  We give additional 
information to hint on the path that the player should choose. Then we observed 
the change in players’ behavior. We found that hints affect searches making it 
best fit path towards hint.  
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1 Introduction 

To solve a maze, various path-finding algorithms have been proposed [1]. In a 
computer, those algorithms manage sequence searches from memory. In general, the 
computer initially stores all the data of the maze's map which includes a path or wall 
or goal. The algorithm will explore mazes differently depending on search strategy. 
Figure 1 shows an area of search sequence between two different algorithms. ‘S’ is 
the start position and ‘G’ is the goal position. The colored area is the area involved in 
searching sequence to reach the goal position. 

If the solver knows only the initial position, it evaluates neighbor nodes. Figure 1A 
shows how the algorithm starts searching under the given condition until the “path to 
goal” is found. A Dijkstra search [2] is used in this example. This algorithm repeats 
exploring all the unknown positions on the board, from the current position to 
neighbor nodes, until reaching the goal position.  

If the solver knows both initial and goal position beforehand, A* algorithm is 
known as one of the algorithms to search more effectively [3]. Figure 1B demonstrates 
the A* algorithm. Search space is clearly reduced compared to Dijkstra search. 
Additional information enables more promising search methods as shown in our 
example. A question arises whether this information helps humans in searching or not.  

It is known that gaze interactions can reflect human strategy [4]. It has been shown 
that the addition of information provided to the player affects gaze pattern 
[5,6,7,8,9,10]. However, in a perfect information maze, the information obtained from 
human eyes often involves too large area since each gaze can provide the information 
of several intersections and relative positions, it is difficult to tell which exact pieces 
of information motivate the player to search in their specific way. 
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Fig. 1. Dijkstra search and A* search 

2 Imperfect Information Maze 

A form of game, where the player is not allowed to see the entire information 
provides a promising way to observe a player’s thinking process, e.g. blindfold chess 
[11]. Figure 2 shows how a “fog-block” works in an imperfect information maze. We 
use the “fog-block” to cover an intersection of the maze. This environment enables to 
control the sequence of how a human explores the game tree.  

 

Fig. 2. Creating an imperfect information maze 

We performed experiments on computer using Microsoft visual c#. Information 
obtained visually is limited to the interaction and interference of the “fog circle” 
controlled by user interface. To reveal information from under the “fog-block”, user 
needs to move the mouse over the “fog-block” and click it. This setup reduces the 
ambiguity of how humans prioritize searches. Recognition process requires short-term 
memory [11], which affects gaze sequence due to memory capacity. In this 
experiment, the size of the maze problem is small and requires less memory. 

3 Using Unsolvable Maze Problems for Motivation 

When humans process reasoning, they need to search from the current position to 
each sibling position (leaf nodes) until they find a possible path to the desired 
outcome (winning position) in a game tree. Each maze can be modeled as a game tree 
because it has choices (branching nodes) and an answer (goal). Figure 3 shows how a 
maze can be represented in game tree format. 

(A) (B)

Before               After Before               After

Perfect information maze Fog-block Imperfect information maze
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Fig. 3. Creating the game tree from a maze 

There are three possibilities one can get during search through a maze, namely 
branching node (A,B,C,D), dead end (E,F,G,H,I) or goal position. Players will have to 
make a choice in the maze when they face a branching node. However, making 
choices in a maze problem is not as crucial of a decision as in a competitive game. 
Making the wrong choice in a maze will just make a player waste more time in 
solving it. He/she will eventually reach the goal in any maze problem. To configure 
the situation where the player cannot find the path to the desired outcome, we mixed a 
solvable maze with an unsolvable maze which includes no from start to goal. This 
engages the player to search through the maze like they would do in an adversarial 
game. 

4 Experimental Setup 

Two graduate students consented to participate in this experiment. We had them play 
7 maze problems with a computer. During play, we captured their eye movement with 
using Tobii X60 & X120 Eye Trackers [8]. The objective of the maze problem is to 
find if there is at least one path from start to goal. We let the player play 3 different 
types of maze as shown in Figure 4. Figure 4A and Figure 4B are perfect information 
and imperfect information mazes, respectively. Figure 4C shows imperfect 
information with the goal position already revealed at the beginning.  

 

 

Fig. 4. Configurations in maze experiment 

After playing the maze, each player was requested to answer a questionnaire. We 
provide the perfect information maze to the test subjects. We ask the player to pick 
the best intersection of the maze, considering that this hint will guide other players 
when they are playing the imperfect information maze with/without goal information.  
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