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Abstract: Experience-based learning is an effective learning model in children’s history education. 

However, there are many areas of history education that are difficult to experience, such as the life 

of early humans. An immersive history-learning support system is thus proposed that provides a 

simulated experience of early human lives. As a first step in this research, we developed a learning 

support system to provide this experience with respect to hunting for food. In this system, learners 

can perform as an early human hunter by running and throwing a spear in a virtual environment. 

This approach is expected to engender in learners the sensation of entering the early human 

environment by assuming the same movements as early hunters. An experiment was conducted to 

evaluate the immersive experience enabled by the developed system. In the experiment, elementary 

school students were tasked to employ the system.  

 

 

 

 



Introduction 
 

 History education is an important component in children’s education (Barton & Levstik, 2004). However, 

in recent years, the amount of time dedicated to history instruction has been declining (Heafner & Fitchett, 2012). 

Therefore, a method for more efficiently teaching history is needed. 

 

 Learning in areas of student interest is more efficient than in other areas (Ainley et al, 2002). To enable 

children to learn history more efficiently, it is thus necessary that the pedagogical strategy be more interesting. 

Children have shown interest in history by learning it through experiences (Yanagisawa, 2012). However, creating 

an experiential environment is not possible in various locations on account of space and financial constraints．

Therefore, the authors considered creating a learning support system for students to learn history through simulated 

experiences in a virtual environment. 

 

 Even if a virtual learning environment is created, however, children may feel that the simulated experiences 

in it are completely separate from real ones. It is thus necessary for children to experience a simulated realm in a 

way similar to real experiences. In other words, the immersion feeling must be enhanced. This objective has been 

met in gaming, in which a full-body interaction actually moves or controls aspects of the game. Accordingly, the 

feeling of immersion in the game is increased compared with engaging with the game by using a controller or other 

peripheral device (Bianchi-Berthouze, 2013). Moreover, the immersion feeling is more notably increased by playing 

the game with the same movements as the game characters (Bianchi-Berthouze, 2007). By incorporating these 

concepts into the learning support system, it is expected that the immersion sense in the virtual learning environment 

will be enhanced. 

 

 Accordingly, the authors are developing an immersive history-learning support system in which the learner 

engages with the system in a virtual environment by body interactions and performing simulated experiences of 

early human live. Toward this objective, we developed “Throw and Run,” an initial component of the proposed full 

learning support system. “Throw and Run” provides simulated early-human experiences of hunting.  We herein 

describe “Throw and Run.” In addition, we present the results of a user evaluation of the system’s performance in 

immersive sensation generation for learning. 

 

 

Virtual Hunting 
 

System configuration  

 

The system is equipped with three-dimensional (3D) computer graphics (3DCG) to align as closely as 

possible the movements of the learner and the early human in the virtual environment. The system was developed 

with the Unity game engine, which incorporates an integrated development environment and supports multiple 

platforms. Unity can readily incorporate 3DCG animation, a physics engine, collision assessment, and so on.  

 

The configuration of the developed system is shown in Figure 1, including the projector, PC, and Kinect 

sensor. The Kinect sensor from Microsoft is a three-dimensional distance image sensor for operation of home video-

game machines. It is inexpensive because it is intended for home use. The Kinect sensor is used in our system to 

obtain the position and movement of the learner in real time. Specifically, Kinect for the Windows Software 

Development Kit (SDK) enables detection of the learner and capturing of the 3D positions of the learner’s joints and 

end points (Shotton et al, 2013). This task is performed at 30 fps. Furthermore, the Unity Pro package, which can be 

downloaded from Microsoft, enables use of the Kinect sensor on Unity, as mentioned above. “Throw and Run” 

functions developed using the Kinect sensor are described further below. 

 



System workflow  

 

Figure 2 shows the system workflow. The learner first selects a hand to throw the spear, i.e., the dominant 

hand. The choice of a dominant hand is not an operation of the PC; rather, the learner selects it by raising their 

dominant hand. When the hunting experience starts, An early human is “operated” by the learner in front of the 

screen. The prey animals walk at the back of the scene.  

 

The learner first moves the simulated hunter to a position from which it is easy to target the prey. The hunter’s 

actions are performed by the learner while running. If the learner runs to the right, the hunter moves to the right; if 

the learner runs to the left, the hunter runs to the left. If the learner moves the hunter to a position where the hunter 

can easily target a prey, the learner/hunter throws a spear at the prey. The learner engages this spear-throwing action 

by using their dominant hand. By linking the learner’s movement and that of the hunter in this way, the immersive  

  

  

Figure 1.  System Setup 

 

 
 

Figure 2. Flow of Developed System 
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sensation is expected to be increased. The learner repeats the movement of running and throwing the spear within 40 

s. After that time period, a score is displayed according to the type and number of prey animals successfully hunted.  

 

 Developed system functions  

 

The functions developed using the Kinect sensor for this system are: (a) identify the learner; (b) recognize 

whether the left or right hand is raised; (c) recognize running; and (d) recognize spear throwing. Function (a) is used 

in all the scenes shown in Figure 2. In this system, we use the learner who is closest to the Kinect sensor in the 

activity space, as shown in Figure 1. Specifically, we acquire the waist positions of all people in the activity space, 

and the respective distances to the Kinect sensor for each person. The learner is the person positioned with the 

shortest distance between their waist and the sensor.  

 

 

Function (b) is used in (1) for choosing the dominant hand, as shown in Figure 2. This function uses the 

position of both hands and the position of the head acquired by the sensor. We determine whether the left or right 

hand is raised to distinguish if one hand is raised, that is, if it is higher than the head position.  

 

  Function (c) is used in the hunting scene in Figure 2. The distance is measured of the learner’s moved waist 

position between two frames. If the distance is the set threshold or more, the movement is considered running. This 

threshold prevents the system from incorrectly identifying the learner’s movement as running on account of an error 

incurred by the learner standing on the given spot. 

 

 Function (d) is also used in the hunting scene in Figure 2. This function uses the neck position and the 

position of the selected dominant hand. The system recognition of spear throwing is performed by recognizing three 

states, as shown in Figure 5. In this figure, a left-handed person is used as an example. For visual clarity, the color of 

the dominant hand is shown in a light color. First, the position of the dominant hand is located deeper than that of 

the neck with respect to the sensor. Secondly, the depth from the Kinect sensor to the neck, and the depth from the 

sensor to the dominant hand, are the same. Third, the position of the hand is lower than the position of the neck. 

When recognizing them all in order, the system recognizes that a throwing action is performed. 

 

 

Experiment 
 

Methods 

 

 We conducted experiments to verify that the full-body interaction in the simulated experience of an early-

human hunter supports the learner’s immersive system experience. The participants were 19 elementary school 

students (grades five and six; 11 males and 8 females). First, the subject experienced the system simulation of 

 
 

Figure 5.   Recognition Mechanism of Spear Throwing  

 



hunting. Using the projector, the system visual was projected onto a screen with a vertical of 2.0 [m] and a width of 

2.3 [m]. Each subject engaged with the system once. After the subjects engaged with the system, we conducted a 

questionnaire survey on immersion in the system experience. The questionnaires were prepared based on the 

Physical / Emotional / Narrative Presence Scale (PENS), which is a measure of the immersion experience. The 

question items were adjusted according to the contents of the system. The responses were based on a seven-point 

Likert scale. 

 

Results 

 

Table 1 shows the results of aggregating the number of responses in the question items. The questionnaire 

options based on the Likert scale are: “strongly agree” (7); “agree” (6); and “somewhat agree” (5), which all 

comprise positive responses, and “Neutral” (4); “somewhat disagree” (3); “Disagree” (2); and “strongly disagree” 

(1), which respectively comprise the neutral and negative responses. The response counts are shown in the table. 

To investigate the bias between the number of positive answers and the number of neutral / negative answers, an 

analysis was performed using a 1 × 2 direct probability calculation (mother-ratio inequality). For reversal items, 

reverse processing was performed and analyzed. As a result of the analysis, significance was found at the 1% level 

in the bias between the number of positive answers and the number of neutral / negative responses in eight of the 

nine items: 

 

 “When playing the game, I felt transported to another time and place.” 

 “When engaging with the game, the world feels like taking an actual trip to a new place.” 

 “When moving through the remote past, that world feels as if I am actually there.”  

 “The game is emotionally engaging.” 

 “I experience feelings as deeply in the ancient method of hunting as I have in real life.” 

 “When I receive a high score in the game, I experience genuine pride.” 

 “I have reactions to the landscape and characters in the game as if they are real.” 

 “When playing the game, I feel as if I am part of the world of the remote past.”  

 

Meanwhile, for “I am not impacted emotionally by events in the game (-),” the bias between the number of 

positive responses and that of neutral / negative answers is significant at the 5% level. Based on these experiences 

Item 7 6 5 4 3 2 1 

When playing the game, I feel transported to another time and place. ** 9 4 6 0 0 0 0 

When engaging with the game, the world feels like taking an actual trip to a 

new place. ** 9 6 3 0 0 1 0 

When moving through the remote past world, I feel as if I am actually there. ** 9 4 4 1 0 1 0 

I am not impacted emotionally by events in the game (-)* 1 2 2 1 3 0 10 

The game is emotionally engaging. ** 12 6 1 0 0 0 0 

I experience feelings as deeply in the old method of hunting as I have in real 

life. ** 10 4 4 1 0 0 0 

When I receive a high score in the game, I experience genuine pride. ** 10 5 4 0 0 0 0 

I have reactions to the landscape and characters in the game as if they are real. 

** 10 5 2 2 0 0 0 

When playing the game, I feel as if I am part of the world of the remote past. ** 9 6 3 0 1 0 0 

N=19;  p**<.01;  p*<.05 

7 Strongly Agree, 6 Agree, 5 Somewhat agree, 4 Neutral, 3 Somewhat Disagree, 2 Disagree, 1 Strongly Disagree 

Table 1. Responses of The Questionnaire about The Full-body System Experience 



using full-body interaction in a simulated hunting experience, the subjects experienced a sense of reality, a realism 

in the lives of the past world, and an early human expressed in this system. 

 

 

Conclusion 

 

In this paper, we presented a developed learning support system that operates an early human in a virtual 

environment by moving the body and performing a simulation of hunting. The user questionnaire evaluated the 

feeling of immersion in the developed learning support system. Positive results were obtained for all nine items. in 

addition, the difference between the numbers of responses was significant. From this result, it was found that the 

experiences engendered by the system, including the alignment of the learner body motions with that of the hunter in 

the virtual environment promoted the immersion experience of an early human. This finding suggests that children’s 

interest in history, specifically in early human life, can be increased through the simulated experiences in the virtual 

environment provided by the presented system. 

 

 In future work, we intend to develop system responses to many movements, such as front and rear 

movements and squatting, to increase the immersion sensation. In addition, we are planning to both improve the 

hunting component and include other content that can simulate early human life. 
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