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Abstract: A developed prototype of a zoo learning-support system that enables children to learn 

through body movements is presented. The zoo is an important place for children’s science 

education outside of school. However, zoo learning methods are predominantly limited to exhibits 

and placard and audio explanations. Moreover, when children desire to observe animals that are 

hiding, they can neither observe nor touch them. Therefore, a body-experience-based learning-

support system for zoo applications is proposed. The system measures the learners’ body 

movements using a sensor. It provides a sense of immersion in the environments in which the 

animals live by adapting to the surroundings based on these movements. In the first stage of this 

project, we developed a prototype that enables learners to “jump with animals” and thereby 

efficiently learn the physical animal characteristics. In this paper, we describe the results of an 

experimental evaluation conducted on the prototype at Zoo. 

 
 
Introduction 
 
Zoos around the world have hundreds of millions visitors each year. Most of them are children (Wagoner, 2010). 
For these children, the zoo is an important place for science learning outside of the classroom (National Research 
Council, 2009). Observing, touching, and playing with animals motivates children to learn more about them and 
their ecologies (Braund, 2006). However, learning methods in zoos are predominantly limited to viewing exhibits 
and reading or listening to explanations. Those exhibits and explanations constitute instruments of passive learning 
and have many interpretations. Therefore, visitors must contemplate their meanings (Lord, 2007). However, it is 



difficult for children who do not often visit the zoo to engage in voluntary observations and engender a correct 
understanding of the information with which they are presented.  

 
Furthermore, when children desire to observe animals that are hiding, they can neither observe nor touch 

them. It is difficult for children to independently imagine the ecologies of animals; thus, their motivation to study 
them may be decreased. To solve these problems, various means of learning support have been proposed, including 
use of video content, tablets, and mobile phones (Ogino, 2008; Tanaka, 2017). However, those studies are limited 
because they do not address children’s knowledge capacity and the importance of experiential learning. Moreover, 
their proposed means of learning support do not address children’s need for real experiences of touching and playing 
with animals. Consequently, the fundamental problem of fostering learning motivation has not been solved. Hence, 
the need exists for a system that enables children to acquire knowledge about animals and their ecologies by 
increasing their learning motivation through observation and playing with animals in ways that approximate real 
experiences. 

 
 Studies have revealed that children develop deep understanding during playing (Dau, 1999). When 

children use gestures and movements, the learning environment becomes more natural and children can thus retain 
more of the knowledge being taught (Edge, 2013). Therefore, in our research, we focus on children’s play activities 
that involve body movement. By using body movements, real experiences are enabled and knowledge is imparted. 
More specifically, we are developing a zoo learning-support system that enables children to learn through body 
movements.  

 
In the proposed system, body movement information is acquired by a sensor, and the content is activated 

based on this information. We attempt to provide realistic experiences of engaging with animals with which direct 
interaction is more difficult. Furthermore, by reflecting the learner body movements in a virtual environment, as an 
observation behavior, the learner feels immersed in the given environment, and their experience approaches 
authenticity. We therefore expect that sufficient learning about animal ecologies and increased learning motivation 
can thereby be achieved. By engaging in the proposed system and actually observing zoo animals, more effective 
learning is expected. 

 
In this paper, we describe our developed prototype that comprises a first step in realizing our zoo learning-

support system. We conducted an experimental evaluation at the Kobe Municipal Oji Zoo, Kobe, Japan to assess the 
effectiveness of our zoo learning-support approach. The evaluation employed a questionnaire for learners to gauge 
their sense of immersion in the system and their extent of increased motivation to obtain knowledge about the 
learning target.  

 
 
Zoo Learning-Support System  
 
System Overview 
 
In this section, we provide an overview of the developed “jump with animals” prototype component of our zoo 
learning-support system. The example presented herein involves the wildcat (Felis silvestris), which belongs to the 
Mammalia class. Wildcats are shy and do not commonly interact with people. In zoos, wildcats thus hide, making it 
difficult for children to observe and learn about them. Nevertheless, wildcats can jump high. Our proposed system 
supports learning about wildcats by using various sensors to measure the learner’s position, attitude, and movement, 
and the system operates based on these data. 
 

Figure 1 shows a concept of the system. In the space displayed on the screen, the wildcat, the object of 
learning, changes in conjunction with the learner’s body movement. The system provides the learner with the feeling 



of being in the environment in which the animal lives; the system provides this virtual environment. In addition, real 
observations of behavior—approaching animals, jumping, etc.—are incorporated to provide learners a more realistic 
experience than just viewing exhibits or videos. It is thus possible to increase the learning motivation and knowledge 
obtained. As the virtual wildcat moves according to the learner’s body movements, the learner identifies the animal 
as being realistic, rather than just a virtual creature. The most significant feature of this system is that the learner 
experiences and thereby learns the wildcat’s body characteristics using the learner’s own body. 

 

  

Figure 1. Concept of the System Figure 2. System Setup 

 
 

Figure 3. System Flow 
 
System Configuration 

 
The proposed system enables users to learn about the physical characteristics of the wildcat by projecting the person 
onto the grassland on the screen and enabling the learner to “jump” with the wildcat. When the learner stands in 
front of the system, it detects the learner and begins the experience. The learner is extracted; the whole body of only 
the learner is projected onto the grassland of the screen. The learner can then interact with the wildcat in the virtual 
environment by manipulating the contents using body movements. 

 



As shown in Figure 2, the system consists of the Kinect v2 sensor, a control personal computer, and a 
projector. The sensor is a three-dimensional range-image sensor. Although it is inexpensive, the sensor can record 
sophisticated measurements regarding the user’s location. Moreover, it can measure the location of the human body 
parts, such as the hands and legs, and identify the user’s pose or status and the location information. The functional 
details of the system that we applied and developed using Kinect v2 sensor are outlined and explained below. 

 

（a） Identification of the learner who will experience the system. 

（b） System operation using the learner’s body movements. 

（c） Immersion into the virtual environment based on the learner’s skeletal information. 

（d） Interconnection of the body movements and screen. 

（e） Teaching of the animal characteristics. 
 

Function (a) identifies the person who will experience the system and enables reaction to the movement of 
only the learner. We created a “play space” to recognize a specific learner. Only the person who is standing in the 
play space is recognized as the learner. This enables accurate body movement recognition, even in a space with a 
large number of people, such as a zoo. Function (b) enables the system to operate in accordance with the user’s hand 
movements. A learner can click a button by pushing their hand toward the screen; the learner starts the system with 
this action. Clicking the “start” button renders a screen for jumping with the wildcat. The learner can start the system 
with their body as an interface. Function (c) displays the user on the screen by recognizing the region in which the 
learner is situated. The person extraction is realized by human-body-part identification technology. Various human 
body posture patterns that were machine learned exist in the human body database. It is realized by identifying to 
which component the body part belongs from the database. Learners can immerse themselves in the world of the 
wildcat on the screen.  Function (d) enables the user to jump with the wildcat in the virtual environment on the 
screen. The wildcat in this environment mimics the height at which the learner jumps. Regarding the height of the 
jump, the coordinates of the learner’s ankles are measured in real time and reflected on the screen. Learners are 
unable to interact in this way with a real wildcat in the zoo, whereas this system enables learners to develop 
familiarity with the wildcat in an experiential way. Because the wildcat on the screen jumps while changing postures, 
it feels to the learner as if it is actually alive. Function (e) provides learners with the experience of the wildcat’s 
outstanding jumping capability. The system digitizes the actual jump heights of the learner and the wildcat. When 
the learner jumps with all their power, the wildcat is shown at its impressive jump height of approximately 2 m. The 
learner can thereby experience the wildcat’s jumping prowess. Figure 3 shows the flow of the system and the states 
of (a), (b), (c), (d), and (e), respectively. 

 
 

Evaluation Experiments 
 
Evaluation Methods 
 
Our evaluation was conducted at the Kobe Municipal Oji Zoo, Japan on October 19, 2017. The participants were 
selected from the elementary school affiliated with a national university. They were two first-graders and five 
second-graders (one boys and six girls). All subjects observed a wildcat and a bobcat in the zoo. After observation, 
they experienced the proposed system in a hall inside the zoo.  
 

After the virtual experience, we conducted a post-survey interview and provided a questionnaire. They 
involved a questionnaire survey and a word association method based on the effectiveness of experiential learning in 
the support system. Items on the questionnaire were set from two viewpoints: learning motivation and sense of 
immersion. It was prepared by adjustment according to the participants. The responses were based on the five-level 
Likert scale. In the word association method, we tasked participants to describe with words the association to a 
wildcat.  



Items SA A N D SD 

I enjoyed using the system very much. 7 0 0 0 0 

The system was fun to use. 7 0 0 0 0 
I thought the system was a boring activity. (R) 0 0 0 0 7 

I had sensations of competing with the wildcat in the system as if it was real. 6 1 0 0 0 
I felt like a real wildcat in the system. 7 0 0 0 0 

The system did not hold my attention at all. (R) 0 0 0 0 7 
When moving through the game, I felt as if I was in a real forest. 4 2 0 0 1 

When playing the game, I felt transported to another time and place. 5 1 1 0 0 
The system was emotionally engaging. 5 1 0 0 1 

Through using the system, I became interested in the wildcat. 6 0 0 0 1 

N=7. SA: Strongly Agree; A: Agree; N: Neutral; D: Disagree; SD: Strongly Disagree 

 
Table 1. Questionnaire Survey on the System Effectiveness 

 

 
 

Figure 4. Results of the Word Association Method (Before Learning) 
 

 
 

Figure 5. Results of the Word Association Method (After System Experience) 
 
Evaluation Results 
 
Table 1 summarizes the results of the questionnaire survey. For each item, “strongly agree” through “agree” were 
deemed positive answers, and “neutral” through “strongly disagree” were negative answers. The significance of the 
bias between the number of responses was examined by 1 × 2 direct probability calculation. For reversal items 
(those denoted by “R”), analysis was performed after reversal treatment. There were many positive responses in the 
questionnaires, such as “I enjoyed using the system very much.” In addition, there were many negative responses to 
the questionnaires, such as “I thought the system was a boring activity” and “the system did not hold my attention at 
all,” wherein a significant bias was detected. Figures 4 and 5 are examples of answers on the learning support effect 
of the system by investigation using the word association method. The results of the word association method survey 
before learning are shown in Figure 4; Figure 5 shows the results after experience with the system. Both involves set 



time limits and were performed under the same conditions. In Figure 4, only one out of seven subjects describes 
jumping, whereas in Figure 5, four out of seven describe jump. It is evident that the experiences from the system 
enriched the subject’s knowledge of the wildcat. 
 
 
Conclusion 
 
In this paper, as a first step in implementing a zoo learning-support system for children, we proposed a system that 
enables children to “jump with a wildcat” using a Kinect sensor in a virtual environment. We described the system 
and results of a word association and questionnaire assessment to determine whether the children were motivated by 
virtual contact with the animal and became interested in it. 

 
From our experiments, it was quantitatively evident that learners immersed in the virtual environment and 

were motivated by the proposed system experience. Furthermore, it was shown that learners could acquire 
knowledge. These results demonstrated that the proposed system effectively provides a platform for observation of a 
wildcat and learning about it. This animal is otherwise difficult for children to observe directly in a zoo. 
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