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Abstract: In this paper, we will describe a CG animation for tablet computer which was utilized for 
learning dancing. It was used for high school students who practice dancing so that we could examine 
its learning effectiveness. As a result, it became clear that the use of CG animation brought a sense 
of discovery to learners by allowing them to objectively see themselves. In addition, it also became 

clear that its obvious convenience enables learners to check their own movements by using a CG 
animation. We suggested that the CG animation that we offered was effective in the cooperative 
learning for students' dance practice 

 

 

1 Introduction 
 

Dance has been a required subject in Physical Education in Japan since 2012 (MEXT 2010). In addition to 

this, there has recently been a steady increase in the number of students who begin to learn dance from childhood. 

This in turn has led to an increase in the number of middle and old ages people who have begun to learn dance.  (White 

Paper of Leisure 2014). 

On the other hand, the insufficient number of dance instructors has become an issue. For instance, there are 

many Physical Education teachers at elementary and junior high schools who had never taught dance before it became 

a required subject in 2012. There are even many teachers among them who have never studied dance. It has been 
reported that there are many instructors who feel anxiety about teaching dance under such conditions (Matsumoto 

2013, Miyamoto 2012, and Asano2011). In these circumstances, many dance learners are not taught by dance 

specialists. Instead, they learn from each other to develop their skills. The authors considered that by using motion 

capture and using the data of CG animation, new and exciting methods could be found to help people learn dance. 

There have been some studies on dance using motion capture. Hachimura, et al. (2007) quantitatively 

described dance by using motion capture and examined the possibilities of assessing proficiency levels and sensitivity. 

In addition, a series of studies related to it were conducted. Yoshimura, et al. (2004) analysed the motions of traditional 

Japanese dance. Soga, et al. (2003) developed a system supporting the choreography of creative ballet. Furukawa, et 

al. (2005) created a digital archive of Noh play. Matsumoto, et al. (2001) created a dance notation, Labanotation. 

Shibata, et al. (2014) recently constructed an interactive dance learning assisting system (iDLAS) and have been 

actually used it to study the body motions of dance learners. 

However, the studies so far on motion capture and dance, including these previously mentioned,  focus on 
technical system development but do not deeply examine the question of whether such systems might be helpful for 

those learning dance For instance, there are few studies focusing on the educational use of motion capture to improve 

the “skills” of learners. Watanabe (2007) and Sato (2010) tried to support learners in improving their dance by using 

motion capture．In Sato’s study, Sato reduced the information about expression, muscle, background, etc. by using 

motion capture so that the points to be viewed were made clear for learners. In addition, they recognized what are to 

be modified. In other words, Sato mentioned that it might be of benefit to learners of reduced ability. 



Incidentally, an issue in studies about using Information and Communication Technology (ICT) for learning, 

including but not limited to this study, is “handiness”. Although it is known that the use of ICT is effective, it cannot 

be used for ordinary learning as its size makes it inconvenient for carrying. Starting is time consuming and 

malfunctions are common. Easiness to review is important. 

However, greater “handiness” is a reality these days. The performance of popular modern smartphone models 
greatly exceeds that of older desk top computers. Now, we are in an age when people can put high-performance 

computers in their pockets and use them easily. Of course, CG animation created by motion capture can be viewed 

not only in a PC but also in tablet computer, etc. Learners using mobile devices however, can benefit from the 

advantages of speed and convenience which these devices provide. 

 

2 Methods 
2.1. Subjects 

 

The subjects of this study were twelve high school students studying Hula Dance at a school Hula club. They 

practice every day with the aim of winning a prize in the annual nation-wide high school hula competition and to 

attend various events. Although they have a club advisor, the advisor is not an expert. Thus, they essentially think for 

themselves and try to make improvements. They practice for about three hours almost every day. 

In this study, “My Sweet Pikake Lei”, which was a compulsory tune for a nation-wide high school hula 

completion was measured by using motion capture. A video of this tune for practice is available on the web. Points 

on how to dance are explained so that learners can learn and practice choreography by themselves. 

 

2.2. Xsens MVN 

 
In this study, motion capture is employed for learning dance. However, it is inadequate for learning if a device 

consumes time for measurement, has a limitation on measurement places, or inflicts a heavy physical burden on the 

subjects. Furthermore, it is also inadequate for learning if the accuracy of device is too low even if it is easily used. 

Xsens MVN is used in this study as a motion capture which satisfies these requirements. The accuracy of MVN is 

relatively high. MVN has such features as easy calibration before measurement and ease of use from preparation to 

measurement. Moreover, there are fewer devices so that it can be carried anywhere irrespective of place. Thus it was 

considered that motion capturing can be conducted in a manner which is adequate for learning.  

 

2.3. Procedures 

 
Figure 1: Procedures 
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As Figure1, each hula dance of twelve students was measured by motion capture after each of them had 

danced to a compulsory tune alone and practiced to a certain extent. CG animation for practice based on the data 

measured by their motion captures was created. They are CG animations which show a simplified skeleton of human 

beings as in the figure. This is a highly acclaimed expression method for dance learner’s practice based on the past 

studies conducted by the authors. In this study, FBX Review which is a CG animation viewer for tablet computer was 
used to view CG animation on it. A total of three types of CG animations and all seventeen animations were created: 

CG animation of the solo dance was created for twelve people respectively. CG animation for the group dance of three 

people was created for four groups respectively. CG animation for the dance of all twelve people was also created. 

Those CG animations were stored in five tablet computers. An i-Pad 2 (Apple, Inc.) was used as a tablet computer in 

this study. 

Those tablet computers were used for about a one-month period of practice. Afterwards, the effectiveness of 

its use were surveyed for all twelve learners in a group interview. Moreover, in order to verify to what extent it was 

effective, the dances of the students were measured again by using motion capture. In addition, a club advisor was 

also separately interviewed concerning the changes in each student’s dance. 

 

 

3 Results 
3.1. Evaluation of Progress 

 

In group interview where every student reviewed their CG animation, they checked not only their own 

motions but also the motions of others by setting their preferred view angles (rear view or lateral view) when they 

viewed each CG animation. As a result, the following comment was made: “I recognized not only the difference in 

my own motions but also differences in the motion of others for the first time, and it was caused by ‘inappropriate 
waist position and angle and insufficient downward movement’ and ‘low hand raising’”. Moreover, there was also the 

following comment: “learners were able to point out to each other differences in the spreading width between legs, 

arm raising height, timing and waist motion and recognize what had to be modified as I did not view it alone but 

viewed it with other learners”. For instance, there was also the following comment: “I realized my habits for the first 

time by viewing CG animation; these habits and faults were usually explained to me in words”. Such comments from 

the subjects were common.  

In addition, club members were surprised with the results and became more aware of the challenges of 

dancing in harmony. There were also the following comments: “I tried to be aware of keeping my motions in step 

with others”. “I want to make my motions better” by watching CG animation.  

Some learners said that they practiced by being aware of “downward motion to lower level”, “using upper body 

widely”, “waist timing”, and “greatness in motion” during a one-month practice period with using CG animations. 

They especially recognized waist height and greatness in motion and practiced with an awareness of them. 
Moreover, they checked CG animations after practice, pointed out issues and found future tasks: “Motion 

of upper body was not changed at all although the downward motion and waist swing got better”. “Posture was not 

changed”.  

In an individual interview with the club advisor, the advisor said: “club members pointed each to other out 

on a regular basis issues concerning differences and modified motions during practice”. However, the advisor 

mentioned that an issue is that “a learner whose error was pointed out rarely recognized what had been pointed out 

and thus she could not be aware of the issue although she fully intended to modify it”. Thus, the advisor mentioned 

issues such as facial expression which could not be viewed and reviewed, and she advised the students to assess using 

mirrors and videos.  

The advisor mentioned it was an advantage to use motion capture so that learners were able to be aware of 

bad motions by viewing themselves via CG animations objectively. 
 

3.2. Change in Motion Capture Data 

 

Sometimes students became aware of their motions for the first time by viewing CG animations. Thus, 

vertical change in waist position was calculated based on motion capture data to examine the change in waist position 

(height) which students were especially aware of. 

Numeric values after practice by using CG animation were lower than those before practice in every student. 

Figures 2,3and 4, the waist heights of student A,B and C by frame. A blue line in a graph shows the motion before 

practice and a red line shows the motion after practice. While a waist height of student A was 70 cm before practice, 



it became 64 cm after one-month of practice. While the waist height of student B was 74 cm before practice, it became 

64 cm after practice. In addition, the waist height became 64 cm after practice although that of student C was 70 cm 

before practice. They came to dance in lower waist positions so that there were changes in motions. 

As seen in Table 1, there was a change between the average waist height of all twelve students before 

practice and that after practice. All students except one student kept lower waist positions after practice than those 

before practice. It was seen that the recognition of “making waist height lower” and “making motion greater” after 

students viewed the CG animations led to changes in their vertical waist motion. 

It can be said that CG animations certainly changed the waist heights of students made the waist height of 
every student similar to others. High school students who practiced by using these CG animations won higher ranks 

in a nation-wide high school hula tournament.  

 

 

4 Discussion 
4.1. CG Animation as Objective Evaluation on Learner’s Own Motions 

 
In group interviews when all the club members reviewed the CG animations, they commented as follows: 

“It was easy to operate”. “Results could be checked during a short break”. “My own motion could be checked even 

for a few minutes whenever I wanted to view it”. “They were used to have my club mates point out my habits”. 

Moreover, they practiced checking CG animations, dance, conduct video recording, and check it with i-Pad. 

As the students recognized their weak points by viewing CG animations, this in turn to more detailed analysis through 

video recordings. 

Although the motion capture used in this study is easier than other systems, it is not that easy to use in 

everyday practice. Video is also considered a sound method to review a learner’s own motion during that period. 

Furthermore, one tablet computer enables learners to view CG animation, conduct video recording, and view videos. 

Its easiness must have developed learning in conjunction with CG animations and videos. 

Because dance exercise is impossible to objectively comprehend as in sport, the appropriate expression effect 
cannot be created unless each part of the learner herself/himself is sensibly comprehended from the inside and the 

body is properly adjusted (Kataoka 1991). Therefore, it is considered essential to objectively view see one’s own 

motion at all times in order to improve dance. 

The following comment was made among subjects of this study: “I intended to lower my waist position more”. 

There was also this comment: “I realized I did not actually shake my hips after I viewed CG animation”. In addition, 

there were some learners who did not recognize t themselves even when they watched their own dances. Moreover, 

subjects who recognized the difference “intended to improve by themselves”. However, a different self-evaluation 

was made to make waist position higher or lower.by viewing CG animations. Thus, they recognized the difference 

between their own dance image and the CG animation dance and considered what needed to be modified not by 

comparing themselves with others but by viewing their own CG animations. 

Although it is clear this is because the motion viewing was made easier by reducing the amount of information, 

this is also because they felt as if they were viewing a motion different from themselves by using CG animation. 
Although CG animation was used in this study where the body type was adjusted based on the dancer, it was almost 

impossible to identify a person only by viewing the CG model as there is no facial expression. Thus, judgment has to 

be made only with information expressed in CG animation. If the motion of the CG animation is consistent with a 

motion image that a learner “intends to do…” it means she can dance in her own image. However, a learner might feel 

odd if the CG motion is different from her own motion and what “she intends to do…”. In other words, whether she 

was able to dance in her own image can be evaluated as if a third party is objectively evaluating herself. It seems that 

the “objectivization of herself” based on CG animation makes observation “in objective view” easier. We suggested 

that the CG animation that we offered was effective in the cooperative learning for students' dance practice 

Although the CG animation reproduces her own motion, it is not herself she is watching. Her own motions 

should be expressed accurately but a feeling of strangeness persists. However, this feeling of strangeness brings an 

awareness: “why is CG animation different although I intended to dance (should have danced) in this way”? A learner 

Students A B C D E F G H I J K M Average
Before
(cm)

70 74 70 75 70 74 75 73 73 71 70 71 72cm

After
(cm)

64 64 64 70 69 67 66 73 66 64 66 69 68cm

Table 1: Position of waist (before and after) 



can objectively view after processing into CG and objectivizing it. Thus, in an awareness of the difference between 

her own recognition and the CG motion, her own actual motion can be recognized. 

In the case of advanced learners, they know what they focus on and can recognize their own sensibility and 

actual motions even if they watch videos. However, a learner who has not reached that level may have an unclear 

focus of attention and have difficulty in noticing the difference between recognized motion and actual motion 
compared with the CG animation as it expresses her own motions. The advisor mentioned this issue and said, 

“Learners looked at other elements including face and did not look at elements I wanted them to look at although I 

gave instructions by using and showing videos and mirrors”. It says it is hard for learners to recognize as there is such 

a thing as too much information. 

Utilization of motion capture may help learners view themselves with an “objective view”. Moreover, it 

seems that it can be used to compare with a model and to “evaluate themselves objectively”.  

 

 

Future Tasks 
 

The subject students in the hula club practice every day. Thus, it is not accurate to say that only CG is effective. 

Although it is extremely difficult at school, it will be necessary to conduct an experiment to make the CG effect clearer 

by separating students into those who use motion capture and those who do not.  

In this study, students had a choice of using CG animation or not so that a greater flexibility was ensured. In 

future, the authors will consider examining the utilization of motion capture by a dance learner and whether the 

creation of CG animation can support dance learning. Therefore, it is necessary to develop software by which learners 

can easily process information according to their purposes. 

In addition, it should be possible for learners to see CG animation which they can imitate and learn in their 
accessible devices we should examine if a wearable display can be used in order for learners to view CG animations. 

In addition, the effectiveness of such devices will also be examined. 

 

 

Acknowledgements 
 

This research was supported by high school students and their adviser. We thank their cooperation on this 
projects. This work was supported by Grant-in-Aid for Research Activity Start-up (15H06020). 

 

 

References 
 

Asano, A., and K. Kumagai. 2011. “Development of Teaching Materials for Contemporary Rhythm Dance in Junior 

High School Compatible with the New Official Physical Education Guidelines that Designate Dancing as a Required 
Element”, Bulletin of the Educational Research and Practice, Faculty of Education, Gifu University, vol.13(pp.55-

67) 

 

Furukawa, K., C. Woong., K. Hachimura., and K. Araki. 2005. “Digital Restoration of the Historical Noh Stage and 

Its Application”, IPSJ Symposium Series, no.10 (pp173-178) 

 

Hachimura, K. 2007. “Digital Archive of the Japanese Dance by the Motion Capture”, A Report From and Information 

Processing Society, vol.1 (pp.1-8)  

 

Imai, M., and H. Nogima. 2003. “Hito Ga Manabu To Iukoto (A Person Learning)” , Hokuju Shuppan 

 
Kataoka, Y. 1991. “Buyo-Gaku Kougi (Lecture of Classical Japanese Dance)”, Taishukan  

 

Matsumoto, T., N. Nakamura., and S. Kobayasi. 2013. “Results of the In-Service Training about Teaching of Dance 

on Physical Education Teachers”, The Bulletin of Faculty of Education, Gunma University, vol.48 (pp.105-117)  

 



Matsumoto, T., K. Hachimura,. and M. Nakamura. 2001.“Generating Labanotation from Motion-Captured Human 

Body Motion Data”Proc. International Work-Shop on Recreating the Past - Visualization and  Animation of 

Cultural  Heritage, pp118-123  

 

Ministry of Education, Culture, Sports, Science and Technology. 2010: http://www.mext.go.jp/a_menu/sports/ 

jyujitsu/1294568.htm 

 

Miyamoto, K., and O. Takaoka. 2012. “A Study on the Contents of Instruction in “The Dance of Present-Day Rhythm” 
from the Side of Human Movement Theory”, Bulletin of the Educational Research and Practice, Faculty of Education, 

Kagoshima University, vol.22 (pp.19 -27)  

 

Sato, K., T. Kaiga., and S. Watabe. 2009. “Development of Application Model for Dance Education Using Motion 

Capture, Information Processing Society of Japan Sigch-Ml Computers and the Humanities, vol.2009-ch -82. no.6 

(pp.1-6) 

 

Sato, K., T. Kaiga., and S. Watabe. 2010. “The Utilization of Motion Capture to Support Proficiency of the Dancing”, 

Japan Journal of Educational Technology, 34(suppl.) (pp133-136)  

 

Shibata, T., H. Tamamoto., N. Matsumoto., T. Miura., and H. Yokoyama. “Development of User-Oriented Interactive 
Dance Learning Assistant System”, IEICE the Institute of Electronics, Information and Communication Engineers, 

vol. 197-d no.5 (pp1014-1023) 

 

Soga, A., and B. Umino.2003. “A Web-based Choreography Simulation System to Support the Composition of 

Classical Ballet”, Institute of Electronics, Information, and Communication Engineers, 102.660(pp.71-74)  

 

Yshimura, M., H. Murasato., T. Kai., A. Kuromiya., K. Yokoyama., and K. Hachimura. 2004. “Analysis of Japanese 

Dance Movements Using Infrared Tracing System”, Institute of Electronics, Information, and Communication 

Engineers, vol. j87-3(pp.779-788) 

 


