
�

Johanna Höysniemi 

Design and Evaluation of
Physically Interactive Games 

ACADEMIC DISSERTATION 
To be presented with the permission of the Faculty of Information Sciences of the 

University of Tampere, for public discussion in the Pinni auditorium B1100  
on August 19th, 2006, at noon. 

Department of Computer Sciences 
University of Tampere 

Dissertations in Interactive Technology, Number 5 
Tampere 2006 



ACADEMIC DISSERTATION IN INTERACTIVE TECHNOLOGY

Supervisor:   Professor Kari-Jouko Räihä, PhD, 
Department of Computer Sciences, 
University of Tampere,  
Finland

Opponent:   Professor Martti Mäntylä, DrSc (Eng), 
Helsinki Institute for Information Technology, 
Finland 

Reviewers:   Professor Frans Mäyrä, PhD, 
Hypermedia Laboratory, 
University of Tampere, 
Finland 

Professor Ana Paiva, PhD, 
Instituto Superior Técnico,  
Porto Salvo, Portugal 

Dissertations in Interactive Technology, Number 5 

Department of Computer Sciences 
FIN-33014 University of Tampere 
FINLAND 

ISBN 951-44-6668-3 
ISSN 1795-9489 

Tampereen yliopistopaino Oy 
Tampere 2006

Electronic dissertation
Acta Electronica Universitatis Tamperensis 544
ISBN 951-44-6694-2
ISSN 1456-954X
http://acta.uta.fi 
 



�
�

�
�

�
�

� iii

Abstract

�����	
�� ��
�� �
� 	���	������� ���	����
�� ��	�� ������
�	
�� ����	�
�
���
������
�
���	�
��	�������
����	���������	��
�����	��	�
���������
�	���	�� ��� 	�
� ���
�� ��� ��� �
�� 	�� �
�	��
� �
�	�� 
��
�	��� ����������
��
��	������	�������������
����������������	
��	��
���
���� !�"��
��
�
���
����
�����	�	
����#�
����	�����������	���	��	�����
�	�
����
��	��

$
�	� ����� ��� �
��
��� ������� ��
� ����� %���� ��� �
��
�
� 	�
� �
�	��
�
�������������
��
�	�����������������	
����
���

%�
�������� 	���� 	�
���� ��� 	��������
������
��	�����������������������
��	
��	��
���
����������
��
����
�����
���	
������������	������	��
��
����  �� ��	������� 	�
� 
������� ��� ��� ������
����� ������ �
����� ���

���	�����
	������
����	��
�������
��������
������������
���������
���
��	����	��	���������
���
��&���	�'����������������		
����
�
��
�
���(
�����
����
����)&������	�������	��������������������������
���
��*����
����

%�
� 	�
���� ������	�� ��� 	��

� ��
� �	���
�� 	�	� �����	�	
� 	�
� �����	��
� ���
	�
� #���	�� ��� 	�
� �������� ��
� ���	����� ���������� �
�������
�
����
��	��	��
�
���� ��� �������� �������	
�
���� +��	�
����
�� 	�
� �	���
��
����� 	�	� �������� ��
� ���� ��� ��	
�
�	���� ������� �������������� ���
�
	����������� ������	������ ,��
�� ������ ���	
$	�� ��� ��
�� ��������
�������	��� ��'����
$��	�����
�
��������
��������
���	�����
	�����
���� � !��� ��
� �
#���
�� ��� 	�� �
�
���� ��� 	
�	� �
����� ��� 
���	����
�
	�������	��	�
�	��
	���������

%�
�
�����
�����������	
$	�������	����������	
��	�����
	�

�����
���
���������
����	�	���������������
�����
��������
�������� �����	��	�	��
	���	������������������������	
��	��
���
����
���	����������	����
��	�� ��
�		��� ��� �
�����
�� 
$�
��
��
�� ������� �'����� �
� �
��
��
	������� ���
��	����� ��� �

�� �
������� ��� �'������� ���
��� ����	� �
�
����
����	��
	
���
��������������������������
�����
����������	�
��
���� ���
��*� ��
	��
� �������� 
$��
������ ��� ��������	���� ��� �������
�	��
��

%�
� ������������� �
�
��	�� �����	
�� ��	�� �������� ������ ������
�
������
�� ������������ ��	�
���� �����
� �	�
��	��� ��� �������	���� ���
���
�
�	��� �� �
��� �� ��	
�� �
�	���� 	��
��� ����
��
���� ����
�	�� ���

$�
����
������������
���������
�'�����	�����
���-���
�����	��
��	�	�
�
� ����'
��� 	�� ������ ��� 	���	����� �����	
�� ������� ����������
��	
��	��
� ��
�� ���� �
	��
� 	������� ��� ����
	�	���� ���
�� 	�	�
�
�
���
��
�����
�����	������������
���
����	��������������	�
���	��
�����



�
�

�
�

�
�

iv

Acknowledgements

.��� �
���
� ��
� ���	����	
�� 	�� 	�
� ��
	���� ��� 	���� 	�
����� %���� ���'�
��������	���
��

���������
���	���	�	�
������	����	��������

/�
�� 011� ������
��� 23� ��	��� �	��	��� ��� 454� ���
� ��
��� ��
�
��	����	
�� ��� 	�������'&� 	�
��� 
�	������� �����������
��� 	�� ����
�	
�
��
� �

�� �������
�� %��'�� ���	� �
� 
$	
��
�� ���� 	�� 	�
� ������
�*��
��
�	�� ��� 	
��
��� ���� �
��
�� ��� ��� �����6���� 	
�	� �
������� ���
���
�
�������
�����
���������������
���������	�
��
�
��������
�����

 ���
��

�� ���'�� 	�����'���	���������������
������
���
���	���� 	�
�
%��
�
� 7��	� ���� ����8�����	
��  �	
��	���� 	� 	�
� 7���
���	�� ���
%��
�
�� 	�
� %
�
��������	����� 9��	��
� ���.��	��
��� :���	����
	� 	�
� �
����'�� 7���
���	�� ��� %
���������� ��� 	�
� .
��� :�� 	� 	�
�
7���
���	�� ��� ;�	� ��� <
������ 9��
� �
���
� ��
� �

�� ��	��������
�����
�	������������	��
��  ��� ���
�	
�� 	���������
�	� ����
��
���
�		��
�=�=�=��
���������������	�	�����
�	������������	��
���
����������
����
	�
� �����������	� ��� ������
���
��>�	���	� 	�
� �'����� �������������%
����
?����� ��� :��� %��''��� @��@��*�� !��	� A����
� ��
������� ��	� ��
�
�

���
�����������
������� �������������'
�	��	��'�;��
�;����.�'�B='���
�����9���	����%�����
����
������9���/��'������
��
�����	�
��	���
��
�������������������	�����
�
����������	�����'��

>�	����	�
��� ��������	��� ���
���
��������
���&� �����	��������
���
�	
��	��C�
	����?
��������.�'������������9	��	�.�+���
�����
	�
���
������
�
�	������
�����������������	�����������
�
�	����

.����
�������
��������B���C��'��?=��=���
��	����
�����
�	������
����
	�� �
� 	��'
�� ���� ������� 	�
� 7� %� ����	
� ������� 	�	� ������
��
�������� �
�
����� ���� 	�
� ���'&� ���� �
��
����� 	�
� 	�
���&� ��� ����
������	���� �
� ��� ���������� 	��
�� ���
�� ��� 
������
�
�	� ��
�� 	�
�
�����-����
��� ���	�	��
$��
��������	�	��
�����	��	�
���
�
$���
������
	���� 	�
����� ����
����� ;�� ���� ��� ����
����� +���� .=��=�� ���� 	�
���
�����
�����
�	���������	���	��
����	���������

%����	�
��������
���	
��	���������������
��
������	�������������
��
��
;'������� ������'
���
� ����� ���������� �

���������� 	�� 	��� ��	�
���������
����	�	��
���

 � ������ ���� ��'
� 	�� 	��'� ��� ���
���� .�'��� :�����==� ��� .����
.�	
�
�����	�
��������
�����
�	������
������������
�����	�
�	�
�����
 �����	����� ������	��
$��
��������	�	��
�	������
����
�	����
����.�����
��������

�����
	������������	������	������������	�
�
��
�����



�
�

�
�

�
�

� v

%�
������� �

��� ����� ��
��
�	����
�� ��� �	����
����	�� ����� ��
��
�	�
���
��%�
�
D���������	���	���������������
��	������
��%��'������B
�����
��������������	�	�������������
�������������
���

�

%��
�
&�C����0E�	��0113�

C������F����
����

�



�
�

�
�

�
�

vi

Contents

1 INTRODUCTION ............................................................................ 1
E�E ���	
$	 ��������������������������������������������������������������������������������������������������������������� E
E�0 ?
�
��������
��
������������������������������������������������������������������������������������������ 0
E�G ?
�
����@�
�	����������������������������������������������������������������������������������������������� G
E�2 ����	���	��
�?
�
����;������������������������������������������������������������������������� G
E�4 9	���	��
����	�
�%�
����������������������������������������������������������������������������������������� 4

2 PHYSICALLY INTERACTIVE GAMING........................................................ 6
0�E .�	��	������������������������������������������������������������������������������������������������������������� 3
0�0 .
��������������;�	���	����������	
��!�
� ��������������������������������������� H
0�G ��������	����������������� �	
��	��
�!�
�������������������������������������������� EE
0�2 9��������������������������������������������������������������������������������������������������������������� 01

3 UNDERSTANDING THE USERS .............................................................22
G�E ������
� ����������������������������������������������������������������������������������������������������������� 0G
G�0 .�	���;�	��	� ������������������������������������������������������������������������������������������������� 0I

4 CASE I: COMPUTER VISION ADVENTURE GAME FOR CHILDREN ..........................32
2�E  �	�����	�������������������������������������������������������������������������������������������������������� G0
2�0 ���	
$	����7�
����9�	���<
������������������������������������������������������������������� GG
2�G 7�����:���:
�
���
��
�	���+
	��
���������������������������������������������������������� G2
2�2 7�
�� �	
���
�<
���� ������������������������������������������������������������������������������������� G4

5 CASE II: COMPUTER VISION MARTIAL ARTS GAME .......................................44
4�E  �	�����	�������������������������������������������������������������������������������������������������������� 22
4�0 ���	
$	����7�
����9�	���<
������������������������������������������������������������������� 24
4�G �����	
��J������K�������+�

�.��
�
�	����	�
�����9��
 ���������������� 24
4�2 7�
�� �	
���
�<
���� ������������������������������������������������������������������������������������� 25

6 CASE III: GAME CULTURE STUDY – DANCE GAMING......................................51
3�E  �	�����	�������������������������������������������������������������������������������������������������������� 4E
3�0 7�
�� �	
���
 �������������������������������������������������������������������������������������������������� 40
3�G ���	
$	����7�
 ������������������������������������������������������������������������������������������������� 42
3�2 ���
������<<?����+�����	��
 ������������������������������������������������������������������ 45

7 EVALUATION METHODS AND STUDIES ....................................................59
5�E �

��%�	�������������������������������������������������������������������������������������������������������� 31
5�0 >�6������/6����	�	����� ���������������������������������������������������������������������������� 3E
5�G 9	�����������!
�	��
����������������������������������������������������������������������������������� 30
5�2 /��
��	�����9	���
� ������������������������������������������������������������������������������������ 3G
5�4  �	
���
������@�
�	������
���������������������������������������������������������������������� 34

8 IMPLICATIONS OF PHYSICAL GAMING .....................................................67
H�E  �	
���
�?
��������K�����
��!�
����������������������������������������������������� 35
H�0 �
�	��K��
�	�������������!������������������������������������������������������������������� 51
H�G 9�����!������������������������������������������������������������������������������������������������������ 5G

9 CONCLUSIONS ............................................................................78

10REFERENCES ..............................................................................81



�
�

�
�

�
�

� vii

List of publications 

%����	�
����������	����������������	�
�������������������������	������
�
������
���
�
�����
����������

 �� �F����
���� C��� �=�=�=��
��� ���� L� %��''��� :�� �011G"�� 7����� �

��
	�	������ ��� 
���	���� 	�
� ������	�� ��� � ���������� ��	
��	��
�
�����	
�� ��
� ��	�� ������
��� ��������	�
� �	�� ����������� ���0"��
014�004��

IG�

  �� �F����
���� C����=�=�=��
�������L�%��''���:�� �0112"��>�6������/6�
���	�	��������������	
�����������
���	������
������������
��� ��
�������	�
�� ��� ��� ���� ��������	����� ����������� ��� ��������	��� ���	
��
�����	�������������� !��;�.���
����05�G2������
�
��
��
������C����
E�G��0112�����.�������

EEI�

   �� �F����
���� C�� L� �=�=�=��
��� ��� �0112"�� <
��������� ������
�D��
��	��	��
� ���
�
�	�� ��� � �
��
�	��
� ��
�	��
� ��
��  ��
�������	�
��������"��#�������$���	�������������%�$��������������
&��'	��� ���� ��� ����	�	���	��� ���� �'�����	��� ��� ����	������ 	����� ����
�������	�����������0E�02��>��'������
������.��04��0112�����:�������

E0I�

 J�� �F����
���� C��� �=�=�=��
��� ���� %��''��� :��� L� ?������ %�� �0114"��
������
�D�� ��	��	��
� �
�	��
�� ��� ������� ��
�� �	���� ��
���
������	���	����������(�$�� )�E"��22�41��

EG4�

J�� �=�=�=��
��� ����  ����
��� %��� �F����
���� C��� :��������� .��� L�
,�'=�
���;�� �0114"��.�	����	�� ����	��������
��	���  ���������	�
��
��� ��� *�+�,�� ����������� ��� ,����� -������� 	�� ������	�
� *.������
��,��/��!��(�$��������5HE�5I1������
�
��
��
������;�����0�5��0114��
������	�����/�
�����

E24�

J �� �F����
���� C�� L� �=�=�=��
��� ��� �0113"�� ������
�*�� ��� ��
�	�*�
����
�	���� ��� ���������� ��	
��	���� ��� ����
��
� ��� ���	��� �	��
��
��+(�0%�(�+(� 1������� ��� 2��	����� �������	
���.���� 5�� 0113��
+���	���
�
�	
��	�	�
�����
�
��
����<
������������7�
��
M�
��
��
�
�<7M�0114"��,��
��
��G�4��0114�����9��+����������;��

E45�

J  ���F����
���� C�� �0113"��  �	
��	����� ����
�� ��� 	�
� <��
� <��
�
?
����	���� ��
�� (�$� ���������� 	�� 3������	�������  �0"�� ;�	���
�
,���H��;�����0113��

E54�

�



�
�

�
�

�
�

viii

Division of labor 

 ��	�
��
����
�����	�
�	�
�����	�
�������	���������
�	
���	���
��������
�
�
�
��
�� 	����� 	�
��� ����
���������?�������
���� � -J  "��;������ 	�
���
��	�� 	�
�
$�
�	���������
���
�����
����	������%���� ����� �����	�������
	�
��������	��
��	��
��������	���	��
��
�
�������	�
����	�������������
�������	'
����

 ��������	�����  - J��J �� ���J  �� 	�
� �	���� ��� 	���� 	�
������� 	�
�����
���	����	���� �
�		�� �=�=�=��
�� ��� ��� � ��	�������� �
�	��� ���
� ���
�
���������������
�
�	����	�
������	
�����������
����
�����
�����
��� ���	������� 	�
� ������	������ 9	���
��  - J� �
�
� ���� ���������	���
�����
��
����������	�
���
����� 	
���
��
����:���%��''�� ���%
����
?����������	��'���	����	�
��
�����
����	�����������
���

���'����	�
�
�	���
����

%�
��	��������
�	���
�����	������	��������������	����J��%��
	�
����	��
�
�		���=�=�=��
���  ��
����
�� 	�
� 	
�	� �
	��������
����	� 	�
�
$�
���
�	�
��� ���6
�� 	�
� �	�� �
�		�� �=�=�=��
�� ��� ������ �
��������
� ����
���	���� 	�
� ��
�� ��� �
� �
����
�� 	�
� ��
� ��� �������	���� ��	�� ;���
,�'=�
�����.�''��:���������%�
��	�������
�
�����������	����J ����
����
�� ��	� ��	�� �
�		�� �=�=�=��
�� ��� ����

�
�� ����� 	�
� ��
�� ���

$�
��
��
�� ��	��
�� ��� 	�
� �	���� �����
	
�� ���� ������	���� J��
������	�����J����J �����������
�������
�����	�
�<��	����	�
��������
�		��
�=�=�=��
���

%�
� �	���� ��� 	�
� ����� ���	����	��� 	�� ������	���� J  &� ���
�
��� �
�
���
�
���
��
��
��	���
�����	�
�#�
�	������
�	�	������
�����	�
��	������

�
�



�
�

�
�

�
�

� ix

List of Figures 

Figure 1 Screenshots of Krueger’s Videoplace. Photo courtesy of Myron Krueger. 

Figure 2 Freeman: computer vision for computer games (Freeman, 1999). Photo 
courtesy of William Freeman. 

Figure 3 KidsRoom installation shown from the outside (left) and children 
interacting with the installation (right). Photo courtesy of Aaron Bobick. 

Figure 4 The MIT Media Lab’s perceptual user interfaces, clockwise from left to 
right:  ALIVE (Photo courtesy of Christopher R. Wren and the M.I.T. Media 
Laboratory), DanceSpace (Photo courtesy of Flavia Sparacino), Personal 
aerobics trainer (Photo courtesy of Sam Ogden Photography) and SURVIVE 
(Photo courtesy of Christopher R. Wren and the M.I.T. Media Laboratory). 

Figure 5 Left: AR-Soccer and the edge-tracking algorithm (Paelke et al., 2004. 
Photo courtesy of Volker Paelke); right: Mixed Reality Pong (Kallio, 2001. 
Photo courtesy of Kiia Kallio) played by two people. 

Figure 6 Children playing Nautilus together. Photo courtesy of VTT Information 
Technology. 

Figure 7 Two players playing Konami’s Dance Dance Revolution together (left; 
Photo courtesy of Positive Gaming AS). A player plays the game Taiko no 
Tatsujin (developed by Namco) by beating two drums to the beat of the 
music (right; Photo courtesy of Janet Hsu). 

Figure 8 The Foot Craz floor pad and the marketing material for the game (images 
obtained from 
http://www.atarihq.com/museum/2678/hardware/footcraz.html). 

Figure 9 Cateye Gamebike (left; Photo courtesy of Jim Stone/Cateye Fitness 
Products) and Radica Snowboarder (right; Photo courtesy of Martin 
Frain/Radica UK Ltd). 

Figure 10 Radica Madden Football (left; Photo courtesy of Martin Frain/Radica UK 
Ltd) and Breakout for Two (right; Photo courtesy of Florian Mueller). 

Figure 11 The four roles that children may have in the design of new technologies 
(Druin, 2002). 

Figure 12 A five-year-old boy plays the flying game by flapping his hands (left). 
Computer hearing is used to make the avatar shoot flames from its mouth 
when a player shouts (upper right). The game being played in a museum by
two boys; one of the boys handles the movements and the other shouts 
(lower right). 

Figure 13 Concept drawings made during game design. The anatomy and appearance 
of QuiQui (top row). One storyboard screen for the beginning of the first 
game task (bottom). These illustrations were drawn by Teppo Rouvi.   



�
�

�
�

�
�

x

Figure 14 The game’s menu screen. The player selects a game task by positioning 
QuiQui on an appropriate game task tile, moving sideways in front of the 
camera. The game is selected by jumping. 

Figure 15 Kick Ass Kung-Fu played by martial arts practitioners. Left: A typical setup 
of two projected screens and a playing field in the middle. Right: A 
screenshot of a player kicking a virtual enemy. 

Figure 16 Kick Ass Kung-Fu enables versatile and personal playing styles. Here, 
experienced martial artists carry out flamboyant movements that attract 
audiences. 

Figure 17 DDR played with a soft pad at home (left; Photo courtesy of Pete Nguyen) 
and a DDR arcade machine (right). 

Figure 18 A screenshot of Dance Dance Revolution Max 2 (left). The difficulty level is 
set to “Heavy.” A partial step chart showing the timing and the layout of 
the steps within a particular difficulty level for a song (right). 

Figure 19 A view from the audience of a Kick Ass Kung-Fu installation (top left). 
Children observing other players while waiting for their turn (top right). A 
group of people watching how an eight-year-old boy tries to make QuiQui 
escape from the spider’s web (bottom left). A cheering audience gathered 
around famous DDR freestyler DJ8Ball (bottom right; image extracted from
a freestyling video, courtesy of v00j00). 

Figure 20 Two players freestyling while playing Pump It Up (upper left; image 
extracted from a freestyling video). Two 10 year-old boys playing Kick Ass 
Kung-Fu by lying on the ground and waving the soft Styrofoam sticks (upper
right). A martial artist doing a handstand (bottom left). The Sony EyeToy 
“Groove,” with a feature that records the player’s improvised dance moves
(lower right). 





�
�

�
�

�
�

�

1

1  Introduction 
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1.2 RESEARCH CHALLENGES
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1.3 RESEARCH QUESTIONS
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Research questions Studies

1. How should one design and evaluate physical game 
interfaces in collaboration with players?  

I, II, III, V, VI 

2. What physical and vocal interaction styles are appropriate 
and intuitive for a specific target group (children, martial 
artists, and dance gamers) in a specific game context 
(perceptual and dance gaming)?  

III, IV, V, VI, VII 

3. What implications does physical gaming have in terms of the 
players’ health and socialization, and how have game 
cultures emerged around physical play? 

V, VI, VII; 
augmented with 
literature review 
in Chapter 8 
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1.4 CONSTRUCTIVE RESEARCH APPROACH
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1.5 STRUCTURE OF THE THESIS
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2 Physically Interactive Gaming  
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2.2 MERGING PHYSICAL ACTIVITY AND COMPUTER GAMES
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3 Understanding the Users 
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Child–computer interaction 
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Children’s behavior and the context of use 
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Children’s abilities that affect the game design 
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Social game play 
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Instructing children 
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Children’s role in the design of new technologies 
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Usability evaluation methods for children 
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4 Case I: Computer Vision 
Adventure Game for Children 

4.1 INTRODUCTION
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4.2 CONTEXT OF USE AND SPATIAL DESIGN
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4.3 USING LOW-LEVEL PERCEPTUAL FEATURES
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4.4 USER INTERFACE DESIGN

Audiovisual game design 
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The avatar-based interaction model 
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5 Case II: Computer Vision 
Martial Arts Game 

5.1 INTRODUCTION
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5.2 CONTEXT OF USE AND SPATIAL DESIGN
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5.3 COMPUTER VISION ENABLING FREE MOVEMENT IN THE PLAY SPACE
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5.4 USER INTERFACE DESIGN

Game interaction 
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User interface realism 
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6 Case III: Game Culture Study – 
Dance Gaming 

6.1 INTRODUCTION
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Perfect attacking v. freestyling
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Game play as public performance 
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6.4 PLAYERS OF DDR AND FAN CULTURE
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7 Evaluation Methods and 
Studies
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7.1 PEER TUTORING

Study I: Using peer tutoring in evaluating the usability of a physically interactive 
computer game with children
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7.2 WIZARD-OF-OZ PROTOTYPING

Study II: Wizard-of-Oz prototyping of computer-vision-based action games with 
children 
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7.3 STUDYING PLAY GESTURES 

Study III: Describing children’s intuitive movements in a perceptive adventure 
game
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Study IV: Children’s intuitive gestures in a vision-based action game  
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7.4 OBSERVATIONAL STUDIES

Study V: Martial arts in artificial reality 
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Study VI: Children’s and parents’ perception of full-body interaction and 
violence in a martial arts game 
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7.5 INTERVIEWS AND QUESTIONNAIRES

Study VII: International survey on the Dance Dance Revolution game 
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8 Implications of Physical 
Gaming
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8.1 INTERFACE REALISM IN EMBODIED GAME PLAY

The appeal of physically controlled peripherals 
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Realism in physically interactive games 
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8.2 HEALTH EFFECTS OF PHYSICAL GAMING

Physiological effects 

/�
� ��� 	�
��
������� ����	
���	���� ��� ���������� ��	
��	��
� ��
�� ��� 	�
�
�������� �	��	���� ��� 	�
� ���
��� %����� �	� ��� ��	� ����������� 	�	� ���
�
�
�
������������
�����
$�������	�
��������������
��
�	���������������
��	
��	��
���
���%�����
�	����������6
��	�
��	���
������
���	�����	�	�
�
��

;���������	�����	������	��
�����
�	��
����������������	�����
#���
������
	
������������� 	�
���
�������
��	����
���
��
�	��,�	���������'�����
���	�������	
��������� ����� 	�
����
������� !���
� ������
�� �������
�
���������	����	�
�����������	�
������
�����	�-���	���
��
��������9	����
J  �� ���
�
��� �
�
�
�� 	�	� ���
��� ��� ��
��� � ���
� ����	� ��� 	��
�
����������
���
���%�
��
��
������
��������	��G1�	��I1�����	
������
���
�������<��
�<��
�?
����	������������	���	����$�	��
����

'��
%�
�
�����
����
�����������
���	���
����
��	�������
������	�
���
����
�	������
���������7��9��<
��	�
�	�����
�	����������9
����
���
EII3"��9	����J  ���������
��	�	�����2EP�������
���
���	�
�����������
<��
�<��
�?
����	�����
��
����	�
�������������
$
����
���

 ����	������� 
$
����
� 
�	
�	���
�	� �����	����� 	�	� ��������	
� � ����
�����
���	�����	����������
	��
���
��
��
�
��	����
��������
��
�	��
	����
����	�
������
���	���	���
���������
�
�������������	��'
�
	�
�
$
����
����
�
�	
�	���������	������	��	
�	�
�
$
����
��	����������
���������
��	��
��

9
�
��� ���������� ��	
��	��
� ��
�� ��� ��
� �����	����� ������
�

��
�	��
� ������������ 
$
����
� ���� 	�
��� ���
����<����*�� �0112"� ��������
���
�	��	����� ����� 	�	� ������ �� ����
	���� ��
����	�������� �
���
�
�
���	
�� ��� � �
	������ �	
� 	�	� ��� ���
� 	��� �����
� 	�	� �����	
��
��	��	�
������
������	����
����������	���
���7�����������
	�����
���
�����
�	
��� 	�
� ���
�*�� ������� 
$�
���	��
� ��� ��� 
����	� �������������
�
�����
�� 
#��� 	�� 	�	� ��� ������������ 
$
����
�� � 9	���� ��� %�� 
	� ���
�0110"� �
�
��� 	�	����
������� ��� �������
� 	�� 	�
��
�������	
���	��

���������
�
$
����
��%�
��
���
�	��	
����
���������	�
�
$�
���
�	�
�
�
�EG3�A�.��������
�����EGI�A�.�������
���	�����	���%��
	�����
0110"�����

>
���
�������
���
�	��	
�����	���� 	��
���	
����
��*��
�	��	
�� ���
	���
$�
���
�	���������	����J&��F����
���
	����0112"��A�	���	���
�������
	�	� �����	
�����������
�������� ����
� ������
�
����������� 
$
����
��
 �� 9	���� J�� 	�
� �������� ��� �$����� ���
�� ���� �
�	� �	
�� ���
��
�����E51�	��011�A�.�� ��������$������
������	������
�	��	
���
�
�	�
������
�	�
���������	����
������
$
����
��
�
������E1����
�����	����EE�
��F����
���
	�����0112"����



�
�

�
�

�
�

�

71

 �� 9	����J  �� 54P� ��� 	�
� �
�����
�	�� �����	
�� 	�	� 	�
�� 	�����	� ���
�
������ ��� ������
�� 	�
��� 
������
�� 9	���� J  � ���� �
�
�
�� �	�
��
����	��
���������
��
�	�������������������
���
���	�
��	����������	�������
����� ���
�
�	��� ��� �
��
� ��� ���	���� 	�	� �
�
� 		����	
�� 	�� ���
�
�������( ������
�	������G�111��
	
����������
�*��	
�	�-��	�������	������
<<?�)�������EH��
��������
��
�����
�	����9	����J  ��

<�
�	��	�
����
����
�
�	��������
�����	�
�
$
�	�������
�	
���	��
����
���������������	�
��
�	��
��������������
��
�	���
����
��	�����
�
�	�
�����	���
����	
������	���	��������������9
�	����0�E��K$�
����
���������
���� ������ �	
�� 	�
� ����
� �
	�

�� 	������� �	�
��� ��� �
���
���� %����
����	� �
���	� ��� ��
��
������ ��� ��������� ��
��	������� ������� 	�� 	�	�

�����	
�
�� ��� ����	�� ������� L� C
�'
������� 0112"�� ������	���� J  �
�
���	�� 	�	� ���
� ��
��� ��
� 
$�
��
��
�� ������� �
�	�� �����
����
���������� ���� ��� 	�
� -���	��� ����� ��� 	�
� �

	�� ��� ��'&� ������ ��� �
��
�����
�&� �����
� ���
�
��&� ��� �
����	����� +��	�
����
�� GHP� ��� 	�
�
�
�����
�	�� ��� 9	����J  � �����	
�� 	�	� 	�
��������	� 	�
��
��
������
�
��������%����������	���	
�����
����������������	��������������������	�
�
���
��������������('�

���������)����		����	�
���������	��	�
�'�

�"��
%�
�
�����
�	����
��
���	
��������������-���
������������	�
����	��
�
�
�
�
�
����'������	���������������������'
�����
����

%�
� 
$�
��
��
�� ������	
�� ������� 9	����   � ������ 	�	� ��
���� 		
�	����
������� �
� ���� 	�� 
��������� ���� �
�	��
��� ������
�� ����
�	
�� 	�	�
��������'�����������
�
�	���'
�	�
���������
�����������	��
�����-��	�
��
������	
���%������	���������	�	�	���'�������
������	�
���
��
�	��
��
�

���
�
��	������	�
������	��

��	���
��
���������	�
����������9	���
��
J����J �����
��	�	�����������
����
���	�����
��
�������	
�	���
�����
� ��� ����
�	��� ���
��� ������ '��'� ��� ��	� 	�
� �	�
�� ���
��
����
�	�����%����� �	� ��� �����	�	� 	�� �

� 	�� �������	
� ��
	���
���
���

��
������ ��
�� �
����� ��� ����	��� �	��	�� �
� ������
��� 9	���� J  �
�
�
�
��	�	�	�
�����
�������
�	���
�
�������
��8������	����������
��
8� �
� ��	� ���	��
� ���� 
$
����
� ������
��� ��
� 	�� ����� ��� �����	��������
���'
����'�����
�	������������
��
����	�
��
�
�������������K�
�����
��
��
���	�������		�����	�	����������
���������
�	�������������
�	��
���
<��
���
�����	
����
����
��	�
������	��
�������	��
�������
��	�
���
���
� ��
� �����
�� 	�� �'
� 	�
� ��
� ���� ���
� 
�-����
�� %�����
�������� ������ ����	� ��� 	�
� ��	��
� ����� �	�� ��� 	�� ���	����� ������ ��
��	�
����
�	
��"�	�	��
		
��������	�
$
�	��
������

 �� 	�
� ��	��
�� ���������� ��	
��	��
� ��
�� ������ ��������	
� ���
�
�
��������
$
����
����
�	
�� ���	��
��� %�
�
� ������ ������
�������� ����
�	�
	������� ��� ���	���	����� ��� �
������6
�� �

���'� ��� ����
�	�
���
�
�	���



�
�

�
�

�
�

�
�

�
�

�

�

72

Physically interactive games as therapy or training aids 
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Merging the games and fitness industry 
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8.3 SOCIAL GAMING

Socialization and playing together 
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Spectator and performer experience 

���������� ��	
��	��
� ��
�� ��� ���	��	����� �
� ����
�������
���������
� ��� ������� ���
��� ���������� ���
��� 	�
	�
��� ���
�����
��������� ��� ����
� �
�	
���� �� �
��� �� 
�
�� ��� ��	�� �	�

	��� /���

$�
��
��
��� ���
��� �� 	�
� ��������� ��� �	�
�� �	���
��� 
�����6
� 	�
� ��	�
	�	� ���������� ��	
��	��
� ������ ��� ��� ����� � ����	
� ������	�� %�
�
�
�������
������
�		�����
�	����� !����������������
���
��
���
		
�	�����%�
���
� �����	��������	���6
�� 	���� ���
� ��� �	����'
	��������
������	�	�	�
�
���
���
�(����	�������������	���	��Z)�������������
��	
��������
����	��	�
����
�����	�
����
��
�	�	��	�
���	���	���	�
�
��
�����������������+����
�EI���

K�����
�� ���� ����
�� 	� �
�	� ���
� ��	� ��� 	�
� �	���	�� ��	���
� 	�
�
�����	
�������	��	�
����
�*���
�	��
������
�
�	������
�
���		
���
���
	���
��
��
��
�����
�-��
�����	�
����
��
���
��
��	�
����
���
���
���
�
�����
�� ��� 	�
� �
���
������	��� 	�
� ��
����� ��
	
� �� ���
��
�
���
$�
��
��
�	�
����
�*����	
��	������	��	�
���
�����
�
���	�
��
�
��
��� �	���	�� 	�	� ������� ��	���
� 	�
� ���	��� ��
� ��� 	'
�� ���
� �� �
���������	���	�����
���������
�� !�	��
�	��	�
��
$	���

?
�
���� ��� 	�
��� � ��
��� ��� �
�
�	��� �
���� 	�� ���
��� 	�
� #�
�	���� ���
������	
��	������	��	�
������	
����
�	����������
�	
�����	�
���
�		����
�����	�
��
�	��
�����
��������
�		������
����
����	�
���?

�
��
	����
�0114"� ��
� ��
�
�	
�� � ��
���� ���
���'� ���� ���
��	������ ����������
��	
��	��
����������	�
��
�	
����
�		���
$�
��
��
��



�
�

�
�

�
�

�

75

?

�
�� 
	� ��� �0114"� 
$	
��� 	�
� ����������� ��� ��	
��	���� ����� � �����
����	N��	��	� ���
�� 	�� ������	����� ��� 
��
�	���  �� 	�
��� ���
���'��
������	��������
��	���������
����	����	�
����������
�����	�
���	
���
��
%�
�� ������
�������	�������� ����	��
���
��� �
����
��������
	�
�� 	�
��
�
� ��		��� ��
��
�� ��� �
�	��
�� �
��
�� ��� 	�
� ��	
���
��  �� 	�
� ���	
$	� ���
���������� ��	
��	��
� ��
��� 	���� ��� �
� �

�� �� ���
� ���
�� ��	
��	����
��	��	�
���
�
�
�	��	���������
����	���������
���
���

.��	��
�
�������� !����
����	�
$	
����
�����	�����
�
���.�����	������
���
�
��� ��������	
��	�������	���
� 	�
� ��	
���
*�� �
���������
� 	�	����
��	����
�	����
���	��������	�	���	��?

�
��
	�����0114"��%�
�
��	���������
�
(�	��	�����)�������
������
���
�	
�����
��	�
$��
��������������'������
 �� ���	�����������	����� ������
� ��
��	���� ���� ��� �
���
��� ����� �
��
������ ��
� 
�
�	� ���
��� �� ����
�� ��� 
���������	�� ������
�������
�����	�
�� !�	
����������

%�
� �
����� 
�
�
�	� ��� 	�
� ���
���'� ��� ?

�
�� 
	� ��� �0114"� ��� 	�	� ���
������� %�
�
� �
� 	�
� �
���	�� ��� 	�
�������	������ ���������� 	�
� ���	
��
��	��	���	�����	�
����
�	��	�������	�
���	
���
����	�
��
�����
��8���
�

������
����������������
��	������
�	����	��	�
���	
���
���

(����
 �1�
 &
 ���
 ����
 ��
 ������
 ��
 �
 $��%
 &��
 $���'(�
 �����		�����
 0���
 	��2�

<��	���
��������
����
�	����
���	
�������
���
 ����
 ����
0���
�����2�
&
�����
��
���	
 ��������
 ���
 ��
 ����'���'�	�
 ���
 ����
 ��
 ��%
 !��!��
 ����
 ����
 ��
�����"�
 ��
 0������
 	��2�
 &
 ������
 ������
 ������
 ������
 ������
 ))�
�����	�
)I@#�		
0������
�����:
����
*������
����
�
�����	���
����2��



�
�

�
�

�
�

�
�

�
�

�

�

76

/�
� ��� 	�
� ���	� ��	
�
�	���� ��
�	�� ��� 	�
� ������	����� ��� ����������
��	
��	��
���
�� ��� 	�
�
�
��
��
�����
������6
����������	��
���9	����
J  �����
��	�	����
���
�����
	
�	�
��������	��	�������
�����������
��������
�����
����
��	��
�	
�	���	�
����
��
��?
�����
�	������	�	�
	�
�� ����	� ���� �
�� ���	��
�� 	�� 
����
� 	�
� ��
�		��� 
$�
��
��
��
+��	�
����
�� � ���
� �	��
� ���
�� ��� ��� ���
� ��
�����
�� ������
���	��� ��� ��� �
��� ��		�
� ���
������� ���
�
�	"� 	�	� ��� 
��
������
����������	�
��������?�������
����	��
�������

�	��
����	��B����*��
����������
� ���
������
��  �����	��������	��	�
�����
���
��
�
	��
���

�	����������	������
�������

B��'�;���B����+����������

����
�
�	����	�
���
���������������
����	�
����	�	�
��
	������
��
�	��
���������
��%��������
��

������	���
��J����
J �����
�
�����	����	��	���
����������
��	��
����
�
�	����������	���
�	�� 	
����#�
�� ��� ����	���� ����
� ������
�� ���
�	
�� ���
�� ���	����
�		
����������������+����
�01���

(����
.9�
���
�	����
�����	���
���	
�	�����
����
��
7�
0����
	��:
����

*������
����
�
�����	���
����2�
���
�9'���'�	�
����
�	�����
$��%
&��
$���'(�

��
	����
��
��
������
���
������
��
����
,��������
����%�
0����
�����2�
&
������	

������
�����
�
���������
0������
	��2�
��
,���
+����
G������H
����
�
�����
����

������
��
�	���"�
���������
����
����
0	���
�����2�


%�
����������
���
���	�����	�
�<<?��	���������	�	�����������
���
��
��� ��� � ���������	� 
��
�	� ��� 	�
� ���
��*� ������
��
� ��� �
��������� ���
����	� ��� �	�
���� ������	���� J  � ���� �������
�� 	�
� ���
� 
��
�	�� ��� 	�
�
�
�������
� ��
�	�� ��� ���
� ������� 9��
� ���
��� �
	� ����
�� ���



�
�

�
�

�
�

�

77


��	��	�����
�������������������������	�
�����
����;�������
�		�������
��	
��
�
���	����
���������'
��������	�
����
���/��	�
��	�
�������
���
�������
�����
�����
�	��
	
���������������		�����

%�
� �
����� ��� � !�� ������� 	'
� ��	�� �����	� 	�
� ��
�		��� ��	����	����

�
�
�	�� ��	��	����	��
�� !��������	��������������
���
��
�
��	������	�
�
���
��	����� ��� ���� :
��� 
	� ��� �011E"�� ���� ������
� 	�	� ���	��	�����
������
��
���
���	�����	���
��
�
������
���
�
�	��%�
�����������	���
�
���� �
� ���
�	��� ��	
��	���� 	�� 	���
� ��� �� ���
��	
� ������	
�� ������
���� ���
� 	�
� ��	
��	����� 	�� ���	��
��� ���� ���
��
� ����� � ���	��
��
�
����������	�������	�
��� �����	���� 	�
��� 	���� �?

�
�� 
	� ���� 0114"��
9	����J  ��
�
�
��	�	�	�
�
��
�����������
�	�����������
��	������������
-���	���
��
�������������
���������	����	���
*��	���"�� ��9	����J ��������
��
��
	
�� ���
�� ���� ����� �
�
���
�� 	����	'���� ������
��� ��� ���	���	
��
�
����
����������	���
��
�����
��
�����	�
����
��
��+��	�
����
��
�
	����� ���� 
���	���� � !�� 	�	� ������
� ��
�		��� ��	����	���� ����	�
�
�
��	� ����� 
�
�
�	�� ��� �
	��������
�� 
�����
�� ��� 
$����	���� ���
���
����
�
�����������	����
������ ���
�����
�����?

�
�� �0112"��  ��
���� 
$�
��
��
�� ������ 	
�	���� ��� 
��
������ ����	������
�� 	�
� ���
��� �
�
������
�������
�	�
���
��
��	�
������
�
�	�����	���

���	�����
�����
�
��	���
�
���
����  �����	����� 	�
�����
������	�������������
�	��������
�
��	�	������	�� ��
� ��	�
��� ��� 	�
� ��
�		���*� �	����� ��
�	� 	�
� ����
��	�	������

�

�



�
�

�
�

�
�

�
�

�
�

�

�

78

9 Conclusions
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Abstract

This paper presents a novel approach to usability evaluation with children called peer tutoring.

Peer tutoring means that children teach other children to use the software that is evaluated. The basic

philosophy behind this is to view software as a part of child’s play, so that the teaching process is

analogous to explaining the rules of a game such as hide and seek. If the software is easy to teach and

learn, it is more likely that the amount of users increases in a social setting such as a school. The peer

tutoring approach provides information about teachability and learnability of software and it also

promotes communication in the test situation, compared to a test person communicating with an

adult instructor. The approach has been applied to the development of a perceptually interactive user

interface in QuiQui’s Giant Bounce, a physically and vocally interactive computer game for 4–9

year old children. The results and experiences of using peer tutoring are promising and it has proved

to be effective in detecting usability flaws and in improving the design of the game.

q 2003 Elsevier Science B.V. All rights reserved.

Keywords: Children; Usability evaluation; Methodology; Peer tutoring; Perceptual user interface; Physical

interaction

1. Introduction

The increasing amount of time children spend with computers and video games has

raised questions about how the use of computer technology affects the lives of children.
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Some studies suggest that children’s extended computer use may be linked to an increase

in obesity, seizures and hand injuries, and displace other activities that have more

developmental value, like organized sports or other social activities, thus having an impact

on children’s physical and social well-being (Subrahmanyam et al., 2000). The design of

children’s computer products must be careful and considerate in order to prevent

computers from being physically and socially harmful to children.

Our work is part of a wider project looking at alternative ways of controlling and

interacting with computers. We wish to find out what kind of possibilities physical and

vocal interaction might offer to children in comparison with traditional interaction styles.

We believe that when used appropriately, computers can be a positive factor in the

physical and social development process of a child.

There has been little research investigating the use of perceptual control

mechanisms such as computer vision or hearing that do not attach children directly

to the computer. Such techniques enable children to use their whole body to interact

with the computer (Bobick et al, 1999; D’Hooge and Goldsmith, 2001; Pinhanez et al.,

2000; Sengupta et al., 2000). Our research is based on using inexpensive web

cameras to detect the position and movement of the user’s body, and microphones to

detect the user’s voice. This technological framework is used to develop QuiQui’s

Giant Bounce, a computer game that is aimed at developing children’s physical

abilities.

When designing a physically interactive and collaboration enabling computer game for

children, usability studies must be carried out to ensure that the game fulfils the

requirements set for physical appropriateness and social interaction. In this paper, we

introduce a new method used in children’s usability research, peer tutoring approach, that

provides us with information about how children play the game physically and vocally in

an authentic social context with their age mates. Simply put, the peer tutoring approach for

usability evaluation means that children teach other children how to use the software that

is being evaluated. Our method is based on a well known approach in children’s education,

and further developed in the process of designing QuiQui’s Giant Bounce. In addition to

peer interaction studies (Rogoff, 1990; Topping, 1988; Goodblad and Hirst, 1989) our

approach has benefited a lot from traditional usability research (Nielsen, 1993; Dumas and

Redish, 1993), and especially the studies and guidelines (Hanna et al., 1999, 1997; Druin

et al., 1999; Cassell and Ryokai, 2001) made for the design of children’s computer

products.

This paper first introduces the main features of the QuiQui’s Giant Bounce computer

game and what is required of the usability evaluation methodology. Then, the key

characteristics of the peer tutoring approach are discussed and how the approach is applied

in our research. In Section 6, our observations and results of using peer tutoring are

presented.

2. QuiQui’s giant bounce

The peer tutoring method was developed for the usability evaluation purposes of the

physically and vocally interactive computer game called QuiQui’s Giant Bounce.

J. Höysniemi et al. / Interacting with Computers 15 (2003) 203–225204
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QuiQui’s Giant Bounce is a computer game for 4–9 year old children that is controlled

through movement and voice. The user interface is designed around a series of non-violent

game tasks that each have a different theme of moving, for example, jumping, flying or

swimming. The children are not physically attached to the computer which allows free

movement in the playspace. The child controls a cartoon-like animated dragon, QuiQui, by

moving in the way described in the story. For example, upon arrival to the desert playing

field, the player needs to fly the QuiQui character in the sky by waving his or her hands and

flexing the body. A little scream makes QuiQui let out a fiery breath to drive away

distractions in the game.

2.1. Contextual movements and imitation of an avatar

The story context is an important factor in designing intuitive movements. For example,

when QuiQui needs to fly through rain clouds, most of the children start to flap their hands

as if they were wings. Using these contextual movements decreases the need for

instructions and makes the learning phase shorter. Learning the movements easily is

important, since children want to be in control of their world as quickly as possible (Druin,

1999; p. 67). It also keeps them interested in the game longer. Each game task has a set of

contextual movements that are selected according to the milestones of children’s physical

development, and through usability research.

In addition to using contextual movements, the game controls are based on avatar

imitation. In our game this means that QuiQui tries to imitate a child’s movements or use of

voicecontinuouslyasshowninFig.1.Theavataranimationsgivehints to thechildrenonwhat

kindofmovements areexpected.Thedesignof the imitationconsistsof twoparts: (1) theway

childrenfind it natural and physically appropriate to control the avatar and (2) how the avatar

responds to these movements within the limits of computer vision or hearing technology.

2.2. Two layers of the user interface

The user interface of QuiQui’s Giant Bounce consists of two layers: (1) the human–

avatar and (2) the avatar–virtual world layers. A visualization of the real world appears at

Fig. 1. An example of avatar imitation—QuiQui exhales sparkles when Eemeli shouts.

J. Höysniemi et al. / Interacting with Computers 15 (2003) 203–225 205

97



the bottom left corner of the screen (Fig. 1), where the user can see a small display of the

video the webcam sends to the computer. Using this display as a guide, adults and older

children can adjust the position of the camera so that children can see themselves during

the game play. The interaction between the avatar and the virtual world is event-based and

takes place, for example, when the avatar flies through a blue cloud and makes the cloud

rain. The child controls the movements of the avatar and tries to get the avatar to interact

with the objects in the virtual world. In the HCI field the research focus has been mainly on

the study of interaction in the virtual domain such as information design and cognitive

workload. However, our research is currently focused more on designing and evaluating

the actual physical and vocal interface between the user and the avatar.

2.3. Collaborative technology

The use of computers can have an effect not only on children’s physical health, but also

shape children’s social interactions and development. Children and especially young boys

use computers mainly to play games (Subrahmanyam et al., 2000). Also, the dominant

paradigm in computer interaction assumes one user on one computer at any time (Inkpen

et al., 1999). However, several researches (Benford et al., 2000; Inkpen et al., 1995;

Stewart et al., 1998; Stanton et al. 2001) show that children enjoy and benefit from

collaboration with other children when using computers. As Inkpen et al. (1995) suggest,

“children naturally gather in groups, especially to play games”. Collaborative computer

technologies are a thriving new field in children’s computer use and focus on teaching new

social skills to children.

QuiQui’s Giant Bounce is intended for both home and classroom use in schools and

day-care centers. The game can be played alone or with pairs as shown in Figs. 2 and 3.

Fig. 2. Oskari playing the second version of the flying game.

J. Höysniemi et al. / Interacting with Computers 15 (2003) 203–225206
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Our technology enables collaboration in the following ways: (1) children can physically

play together, (2) children can help a friend by shouting or clapping hands when a friend is

technically in charge of the game and (3) children can watch the gameplay, give

instructions and give praise to others. Our collaborative gaming technology can be defined

as a computer game that enables co-present users to collaborate on a shared computer with

a single shared display and simultaneous sharing of input devices such as a web camera

and a microphone. This is different from single display groupware (SDG) applications

(Stewart et al., 1999) where each user has their own input device such as mouse or

keyboard.

The drawback of most computer vision based collaborative experiments (Bobick

et al., 1999; Stanton et al., 2001) is that they require specialized hardware, time-

consuming installation or expensive appliances. We believe that using inexpensive web

cameras, microphones and careful product design enable the use of perceptual

interactions in every home. Crowley et al. (2000, p. 63) emphasize that the key to

perceptual interaction is usability that determines the requirements for technological

innovation. One of the main goals of our iterative usability research is to find out how

well the implemented avatar responses meet the needs of children’s physical and social

development. On the basis of the test results and the children’s opinions about the

game, the technology and avatar responses will be adjusted to the children’s way of

playing in the specified story context.

2.4. Requirements for usability research methodology

We think that both child-centered and participatory usability evaluation and design

methods are needed when designing physically interactive environments for children. In

order to find a suitable design and usability evaluation method we analyzed the unique

Fig. 3. Brothers playing together.
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characteristics of our software product to define requirements for the selection of the

method. Based on our main focus on the study of the physical interaction itself and the

social context where the computer game will be used, the usability evaluation method

must enable us to:

† observe several children and provide them with an environment where they can feel

comfortable even if they are video taped

† diminish problems caused by the child–adult relationship like authority and differences

in language or knowledge

† provide a natural social context where children would play the game as if in a real world

situation, and

† evaluate the learnability and physical appropriateness of the game tasks in the social

context.

The analysis of the requirements implied that the usability observation and evaluation

methods are more suitable approaches in our study instead of design-oriented methods like

participatory design, low-tech prototyping (Druin et al., 1999) and cooperative inquiry

(Druin, 1999). Even though several researchers (Alborzi et al., 2000; Montemayor et al.,

2002) have successfully applied different design methods like low-tech and wizard-of-oz

prototyping, and scenario walkthrougs needed for children and adults to co-design

physical interactive environments we decided to focus on developing a usability

evaluation method that addresses the special requirements set for the physically interactive

computer game. However, we do believe that these participatory design methods are

useful when designing the audio-visual story world for the game.

We felt that paper prototyping or any other low-tech prototyping methods are not

suitable for our perceptual user interface design purposes, because the physical and vocal

abilities needed to play the game are not something that can be designed or low-tech

prototyped together with children. Although there has been some research on prototyping

tools for perceptual user interfaces as of late (Sinha and Landay, 2001), we have not

identified tools for prototyping such interfaces where an avatar mimics the user’s

movements. In our opinion, the best option for designing this kind of interaction is to

implement a working prototype, test it in a real world like situation and reimplement it

according to the test results.

Section 3 discusses the peer tutoring approach that was designed to make the usability

evaluation of the physically and interactive computer game possible. The method provided

us with information about how children play the game physically and vocally in an

authentic social context with their age mates.

3. Peer tutoring approach

3.1. Usability and children

How should the concept of usability be defined when users are children? It seems that

many researchers in the field of children’s technologies agree that it is unclear whether the

J. Höysniemi et al. / Interacting with Computers 15 (2003) 203–225208
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standard definition of usability is suitable for evaluating children’s technology. Hanna et al.

(1999, p. 4) state that “the usability of a product is closely related to children’s enjoyment

of it.” Druin et al. (1999, p. 67) suggest that if a tool is easy to learn and control, then

children will quickly become immersed in the experience. This relates to Nielsen (1993, p.

27) statement that “learnability is in some sense the most fundamental usability attribute.”

We think that one definition of the usability of a children’s software application is that a

child is able and willing to teach other children how to use it. This enables the expertise in

using the software to propagate among children. In other words teachability is an

important part of learnability. The more teachable and learnable the software is, the more

potential users there will be. Using peer tutoring in usability evaluation allows us to

evaluate teachability. In addition, it also provides us with crucial knowledge on how

children use the system and how they communicate about the software: what kind of

instructions and terms they use and where their language differs from that used by the

designers of the software and other adults.

3.2. Definition of peer tutoring approach

A person entering the field of peer collaboration would be amazed by the number of

theoretical and experimental frameworks in use. The extensive research of peer relations

varies from a psychoanalytic approach to pedagogical practice to social psychology.

Though many researchers in the field of HCI for children have acknowledged that

collaborative technologies encourage peer learning and teaching (Cassell and Ryokai,

2001; Stewart et al., 1999, Stanton et al., 2001, Benford et al., 2000; Inkpen et al., 1999),

peer tutoring has not been applied as such in a children’s usability research before.

Multiple definitions for peer roles exist but they are not all consistent. Corsaro (1992)

says peers are defined as a group of children who spend time together on a daily basis. In

our research, peers are considered to be children of similar age and status, and belonging to

a same classroom. Cross-age collaboration is not part of this research.

Peer tutoring is one type of peer collaboration. Damon and Phelps (1989a) define peer

tutoring as an approach in which one child instructs another child in material in which the

first child is an expert and the second is a novice. As Goodblad and Hirst (1989) put it,

“peer tutoring is a system of instruction in which learners help each other and learn by

teaching”. The latter definition does not make any requirements of the expertise of the

tutor but emphasises the fact that tutors normally benefit from teaching. In our study both

the child who is the teacher (tutor) and the child to be taught (tutee) are not very far

removed from competence due to the short learning period. The tutors in our study had a

possibility to play the game two to three times according to their preference before they

were asked to teach the other child.

The peer tutoring approach presented in peer collaboration literature cannot be applied

as such in the context of usability testing. Thus, peer tutoring is based on several research

fields (Fig. 4).

Usability testing can be a very unnatural experience for children if they are taken to try

out an unknown computer product in an unfamiliar environment and tested by strangers

while video cameras are recording. Even though this has proved to be a suitable solution

for adults (Nielsen, 1993; Dumas and Redish, 1993), it is less fitting for usability testing
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with children. Also, children have different skills from adults and those skills develop

rapidly during childhood, which means that usability methods have to be flexible and

modified to meet the children’s needs. Thus, the research on child development must be

taken into account when designing usability testing for children.

Hanna et al. (Hanna et al., 1997) have adapted traditional usability testing for

children and give guidelines for the use of laboratory tests. Peer tutoring also has its

foundation in more traditional usability practices like co-discovery learning (Dumas

and Redish, 1993), thinking aloud (Nielsen, 1993; Boren and Ramey, 2000), co-

participation (Wilson and Blostein, 1998) and paired usability testing (Wildman, 1995).

The peer tutoring method differs from the co-discovery learning and co-participation

methods in that it is not based on the idea that two participants work collaboratively on

a given task but that the task of a tutor is teaching and the task of a tutee is to act out

according to the tutor’s instructions.

Traditional usability testing provides guidelines for organizing test sessions. However,

even child-friendly usability testing in a laboratory (Hanna et al., 1999) does not solve

problems like the lack of collaboration or natural social context, or problems due to child–

adult relationships. We have applied the peer tutoring approach to usability testing with

children because it is both collaborative and provides test results that are suitable for

evaluating a physically and vocally interactive computer game for children. The benefits

and challenges of using peer tutoring approach are real social context, equality in authority

and knowledge, children taking an active role in usability testing, making communication

easier and more lively, and getting authentic video material. These benefits and challenges

are described in the next sections.

3.3. Real social context

The notion of the usability of interactive systems depends on the social context in which

the interactive systems are used. An unfamiliar environment like a usability laboratory and

observational technology (one-way mirrors, speakers and video cameras) accentuate

children’s awareness of being judged and observed despite reassurances that it is the

software that is being tested. In the peer tutoring approach testing will be carried out in the

natural environment of the children—homes, schools and day care centers with age mates

they already know. Peers are usually so engaged with the software and with each other that

they do not even notice the testing going on. Peer tutoring allows children to be more

playful and exploratory and less goal-oriented when involved in a usability activity with a

peer. Thus, peer collaboration provides us with an insight into the patterns of activity and

the social gaming context.

Fig. 4. Fields of research that have influenced the design of peer tutoring approach.
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If a collaborative product is tested, then it needs to be tested collaboratively. For

example, as our intention is to distribute the game in Finnish day-care centers and

elementary schools, we are interested in how children would use it in these environments

and what kind of interaction takes place in a space where more than one child can use the

game. We look forward to seeing whether collaboration between children emerges and

how excited, motivated or bored they will be while playing the game, or observing

someone else play it.

3.4. Equality in authority and knowledge

In a child–adult relationship, the differences in the levels of knowledge and authority

affect the nature of the discourse between the child and the adult (Damon and Phelps,

1989a, p. 138). Thus, the challenge is to open up the communication and encourage

children to be verbal and diminish the authority. For example, Druin (1999, p. 594)

suggests that power structures can be changed by wearing informal clothing. Hanna et al.

(1999, p. 11) recommend to ‘establish a relationship with children when you first meet

them by engaging in some small talk’. However, neither of these advice can always

prevent power structures from emerging. Also shyness, the fear of giving wrong answers

and children’s need to please adults can affect the test results.

The best aspect of peer collaboration is that it provides tools for communication and

equality. ‘Children have certain advantages over adults in teaching peers. They may

more easily understand the tutee’s problems because they are cognitively closer’

(Gaustad, 1993). As Damon and Phelps (1989a, p. 138) put it, “unlike adult–child

instruction, in peer tutoring the expert party is not very far removed from the novice

party in authority or knowledge; nor has the expert party any special claims to

instructional competence. Such differences place tutee in a less passive role and make

the tutee feel freer to express opinions, ask questions, and risk untested solutions.”

Rogoff (1990, p. 172) also implies that children are likely to treat the situation

differently if they are in charge of it rather than being given a task by adults, which is

the case in traditional usability testing.

One drawback of peer tutoring is that tutees, often labeled as less capable than tutors,

tend to resist being tutored by their age mates (Gaustad, 1993). This can be prevented by

not using tutors that are much more skillful than the tutees in playing the game. For

example, all tutors in our formal tests were new to the game and only had a few minutes of

play practice. Thus, the tutors were not vastly more experienced players than their tutees.

3.5. Children taking an active role in usability testing

The first experience children have with a new system is that of learning, which is not

generally emphasized in HCI research. Peer tutoring provides us with information about

the learnability of game tasks and what kind of instructions children use when teaching

one another. In practice this means that one child teaches the other how to play the game

and thus takes an active role as an instructor in a usability testing situation. Our study is

based on a guided peer tutoring approach, meaning that researchers are still in the same

space to help and guide the tutor–tutee interaction but only if necessary. Since children are
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more active in the testing situation, researchers can stay more remote and adult

intervention is diminished.

Damon and Phelps (1989a) also mention that children can manage their own

interactions, invent their own problem-solving procedures, and discover their own

solutions. Peer tutoring approaches that focus on peer collaboration to solve a problem are

especially effective in fostering creativity, experimentation and problem-solving skills

(Damon and Phelps, 1989b, p. 151 that are highly beneficial in testing a new kind of

technology.

3.6. Making communication easier and more lively

The communication in traditional usability testing is likely to be asymmetrical between

adults and young children. One reason why peer tutoring works is the fact that peers speak

in a more similar manner than do adults and children. Also, children are more relaxed to

communicate with adults when there is a peer in the test space. The interaction between

tutor and tutee is more balanced and more lively, which is important in usability research

that aims at studying the use of a product in a real social context. The tutor–tutee

communication is highly valuable when analysing how well children have learned the

required skills needed in the game, how they perceive the interaction and how much and

what type of instructions are suitable for children.

Using peer collaboration is also useful because when children communicate with peers

they pay careful attention not only to the partner’s utterances, but to his or her intended

meaning as well. Children are also sensitive to non-verbal cues offered by another child to

show that they do not understand something (Goodblad and Hirst 1989). One of the

problems in adult–child interaction is timing. Garvey (1986) suggests that adults tend to

think that it is their responsibility to maintain a temporally coherent and constant pace in

the conversation. Adults also tend to answer more quickly and appear to think that it is

their duty to efficiently exchange turns in conversation. In talk engagements with a peer,

the child must begin to assume a greater share of that responsibility.

Young children cannot be forced to ‘think aloud’. The peer tutoring approach

encourages children to verbalize their thoughts naturally and spontaneously. Even though

Boren and Ramey (2000) strongly criticize the current practice of thinking aloud protocols

in usability research, they do not consider child related issues.

Especially younger children need help in teaching the other child, which requires some

adult intervention. Since our test situation is not completely adult-free, it is important to

make sure that the researchers behave informally and make space for the children to

interact with each other. The researcher–child communication requires some planning

before the testing. In our study we decided to allow time for praise when children

performed well and give instructions only when the children seemed to be frustrated or did

not understand what to do. Researchers also used concepts that are more natural or

imaginative to children like ‘the eye of the computer’ (web camera) or ‘magic square’ (the

taped square on the floor).
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3.7. Authentic video material

We believe that in evaluating usability of perceptual user interfaces, the recorded video

material is crucial as both a memory aid and a tool for analyzing the movements children

use to physically or vocally control the computer. For example, in evaluating QuiQui’s

Giant Bounce, we needed to observe several children to ensure that the selected

movements be physically appropriate for as many children as possible. Since we needed to

find out the ways in which children find it natural to use the game, videotaping is a key

element in storing the physical action in test situations. Also, we have to make sure that all

children in our target group are able to master the selected conceptual movements. The

more natural the children’s behavior in the video recording situation is, the more useful the

video material is for design purposes. The peer tutoring approach provides a pleasant

setting for children to act out physically and vocally in. Also, unlike Druin (1999, p. 594)

we have not found the use of video cameras restricting or affecting the children’s behavior.

4. Applying peer tutoring in practice

This study involved two usability tests using two versions of the flying game task. The

contextual movements used in the first flying game prototype were flapping both hands up

and down for flying upwards and flapping only one hand for banking to the side of the

flapping hand. To get QuiQui to fall towards the ground, the child needs to stay still. In the

second version of the game, to fly sideways, the child flaps both hands and leans his or her

body to the desired direction.

In the first test, the first prototype of the flying game task was evaluated. Our main

interest was to find out what the most natural way for children to control a flying avatar

was. After redesigning the flying game task, the second test was held. In addition to these

formal test sessions, several informal testing situations including 12 children were

organized during the redesign of the flying game task. The usability tests took place at the

Lycée franco-finlandais d’Helsinki in Helsinki, Finland. The school is bilingual—both

French and Finnish are used in teaching. As the school consists of a preschool day care

center, an elementary school and a high-school, we were able get children from the whole

target group to participate in tests without having to change location. The test was held in a

small but otherwise normal classroom.

4.1. Participants

The peer tutoring approach involves at least one tutor, a tutee, and an adult researcher

called the interactor who is guiding the collaboration. The interactor does not operate the

video camera or take notes, but teaches the tutors, guides the testing situation and asks

questions during the peer collaboration efforts.

The participants included 28 children (12 in the first test and 16 in the second) between

the ages of five to nine. Both boys and girls participated in the study, but due to the small

number of children, gender-specific issues are not analyzed in this paper. The children

were chosen by their teachers and none of the children who participated in the first session
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took part in the second session. Also, children who had played the game before were not

accepted to participate in the testing. The children’s parents were asked for permission for

their children’s participation in the tests. Parents also filled in a questionnaire with their

children to provide us with background information on the children. The background

questionnaire revealed that 75% of the children had a computer at home and 46% had a

video game console at home. Only 14% of the children did not have either a computer or a

video game console at home. Most children were familiar with computers and had played

computer games or used children’s CD-ROMs. The children used computers in average

80 min per week according to their parents’ estimates.

In the first test session, the children were divided into four groups of three children. In

the second test, four groups of four children were used. The children in a group belonged to

the same classroom, so they were familiar with working and communicating with each

other. The test sessions lasted between 1 and 2 h, depending on how long the children

wanted to explore the game freely. The children were not forced to play the game any

more times than they really wanted to. The times for single flying games for all children

were recorded to evaluate how much the change in the contextual movements affected the

playing times.

4.2. Two-on-one and each one teach one approaches

The test setup consisted of a web camera, a laptop computer with a built-in microphone,

and a video camera for recording the action for further analysis. The video recording was

used to capture the child–child communication and the movements the children used to

control the avatar. A ‘magic square’ was taped on the floor to help the children to stay in

sight of the web camera and to allow them to focus more on the game instead of having to

stare at the video capture window while playing. This prepositioning is done because the

children should see their hands in a video capture window at all times during gameplay,

whether they extended them fully to their side or whether they were on top of their head.

The magic square also helped position the video camera as we could better estimate where

the children would move in the space.

The testing was conducted with one group at a time. Two different peer tutoring

approaches were used, depending on the number of tutors. In the first test session, two-on-

one tutoringwas used to prevent the child from being left alone with the researchers during

the test. The second test was based on one-on-one tutoring where a child spends some time

alone with the researchers but only after he or she has tried out the game first with his or

her tutor. The latter approach is also based on the each one teach one method, where each

tutee acts as a tutor for the next child, and thus transfers his or her experiences and

knowledge about the game to the next child. Both the two-on-one and each one teach one

approaches have a similar introduction phase. When the children enter the test room, the

researchers introduce themselves and the interactor takes the lead and asks the children to

approach the computer.

In two-on-one tutoring, two children from a group of three are paired to participate in

the tutor training phase. The third child (tutee) stays in the classroom with the rest of the

class and is asked to join in later during the test session. The test setup is introduced to the

tutors by telling that ‘the computer’s eye (pointing simultaneously the web camera) sees
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you and you should be standing inside the magic square so the computer is able to see you

well’. The interactor then briefly explains the idea of the game and shows what the

contextual movements are by flapping hands. After the introduction, the other child is

guided to sit next to the interactor to follow the other tutor’s playing. The game is started

and the child plays the game while the interactor and the other child give further

instructions and praise. After a round of playing the game it is the other child’s turn. When

the tutors have played the game a couple of times, the interactor then asks the tutors if they

could teach their tutee how to play the game. The tutors ask the tutee to enter the test space

and starts teaching the tutee how to play the game and shows the contextual movements to

the tutee. The interactor starts the game and asks tutors to give further instructions while

the tutee plays the game.

The second test was based on the each one teach one approach, where four groups of

four children of the same age went through the each one teach one procedure. In the each

one teach one approach, an interactor teaches the first child in a group how to play the

game and allows the child to practice the game by playing a few times. The other children

in the group wait in another room. The interactor then asks the child if he or she could be a

tutor and teach the tutee how to play the game. The tutor then goes to fetch the tutee in the

test space. After one round of gameplay, the tutor is asked to exit the test space and the

tutee then has the opportunity to try to play the game alone. When a tutee has played

the game two more times, the interactor asks if the tutee wants to be a tutor and so forth.

Thus a group of four children consists of three tutors and four tutees.

4.3. Question asking protocol and guidance

The preschool aged children sometimes have problems in telling verbally what the other

child should do or what happens in the game. If the younger children did not spontaneously

teach the tutee, the interactor asked the tutors some extra questions like ‘where should yoube

when playing the game’. Normally, this opened up the communication and the children

started to explain enthusiastically “come here, come here! (went standing in the magic

square),anddosomething(flappedtheirhands),andyouhavetohit theclouds!’Especiallyfor

5–6 year olds this ‘question asking from the tutors’ proved to be a suitable option in helping

the tutorswhen theygot stuck in their teaching.Wefeel thatwith thepeer tutoringmethod, it is

important that the researchers not teach or instruct the tutees but ask questions from the tutors

if the teaching situation requires adult intervention.

The question asking protocol is valuable as it combines both interviewing the tutor and

provides help for the tutor in the teaching situation. We think that it is a good option in

gathering the ‘likes’ and ‘dislikes’ from young children. The question-asking protocol is

simple and effective. Two categories of questions were used:

† Questions that help tutors to teach a tutee. When the tutor is teaching a tutee, the

interactor does not give any instructions to tutee but asks a game or activity related

question from tutor when tutor seems to need help, or memory aid or the tutee is having

serious trouble in playing the game.

† Comment related questions. When the tutor comments on an event in the game

like ‘you turned into pink!’, the interactor asks a comment related question, for
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example, ‘what makes you turn pink?’, and the tutor replies ‘that pink jumping

apple with big teeth’.

When answering a question, the tutor provides game related information based on the

tutor’s own experiences and observations using language similar to the tutee’s. We also

believe that question asking in peer tutoring provides more spontaneous and honest

answers than formal interviewing because children do not necessary feel that they have to

please adults. The tutors’ answers give good insight into how the tutors have understood

the interaction in the game. The problem with the question-asking protocol is that the

tutors tend to direct the answers to the interactor rather than the tutee. We have noted,

however, that a tutee listens to the tutor’s answers carefully and uses the information in

these answers to understand the game better. Additionally, tutees pass the knowledge

obtained from the tutor’s answers to their own teaching and answers.

In contrast to cooperative inquiry (Druin, 1999), guided peer tutoring does not restrict

the children that are tutoring others from getting involved in the action and thus limit the

communication between the children. However, we too think that adult intervention in the

peer collaboration approach is problematic. It is difficult to be assertively passive while

guiding the interaction. It is also hard not to get carried away when the children are very

enthusiastic or to cheer them up when they are bored. The interactor in the test situation

should not interfere with or lead the collaboration between the children any more than is

actually required.

5. Results

5.1. Promoting natural communication

Peer tutoring promotes communication and natural interaction style in the test situation.

It is related to asking the user to think aloud, a method commonly used in usability testing.

However, constantly thinking aloud to the interactor can be difficult for children,

especially if they are using an application with a heavy cognitive load such as a physically

interactive game which requires constant monitoring of the game events. Boren and

Ramey (2000) warn that any outside influence, any comment or prompt from the

researcher turns subsequent verbalizations into those that require additional cognitive

processing beyond that required for the task. We have also noted that when asking

questions from a child playing the game, he or she either does not answer at all or stops

playing for a while when answering.

The benefits of peer tutoring approach in communication are:

† Children need not be asked to think aloud—the teaching process provides

communication that comes about naturally.

† The cognitive load is split—the tutees can concentrate on the task while tutors

handle the communication by teaching the tutee or by answering the interactor’s

questions.

† Tutor helps researchers to see the situation through the eyes of the other child.
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† Children are active and communicate lively. This result is based on counting the

communication events, like phrases and single comments, during the test session and

placing them in the following categories (Fig. 5): (1) asking questions, (2) answering

questions, (3) giving instructions and orders, (4) showing an example, (5) giving

feedback and praise, (6) instructing the avatar, and (7) commenting own play. In

addition to these categories, the children also modeled the tutors’ physical examples

and the tutors usually emphasized their instructions by pointing at the objects on the

screen they were talking about. Fig. 5 shows one example of how many times

children communicated and what type of communication events took place.

When analysing the communication in the each one teach one situations, the

results show that:

† Tutors are very eager to give instructions and orders and show examples to their tutees.

† Tutees tend to either instruct the avatar or comment on their own play.

† In each case the change from the role of the tutee to the role of the tutor affected the

communication. The tutees tend to be quiet during the teaching process and not ask a lot

of questions from the tutor or the interactor. When the tutees became tutors they were

more lively, talkative and made more eye contact with the people in the test space. The

difference in communication was especially noticeable with quiet children.

The children used two kinds of instructions during the test. When tutors were watching

their tutee play the game, instructions were directed to the tutee rather than the avatar. For

example, one tutor said “Drop down, you will soon get the cloud (watching that the tutee

does what is told). Good!” When children gave instructions during teaching, tutees

followed the instructions carefully. The language used differs from that used by the

interactor even though the children adopted similar concepts, like the ‘magic square’ used

by the researchers while introducing the game. The children invented their own

instructions when explaining the interaction to others like ’drop drop drop!!!’ when the

other child should not have moved for a while. Children also gave praise to each other and

Fig. 5. Number of communication events during the two phases of each one teaches one session for 6 year old

boys.
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instructed others in a friendly manner. When playing alone, most children commented on

their own play and instructed the avatar spontaneously, which reveals what the child

attempts to do and helps understand his or her mental model of the game. Even though this

behaviour is useful in analysing the usability of the game, we do not believe that it is due to

the peer tutoring approach but the children’s natural behaviour when playing a computer

game.

Fig. 6. Rasmus showing Oskar how to fly.

Fig. 7. Rasmus giving further instructions to Oskar.
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5.2. Teaching patterns and modeling

According to our experience children only teach things that they like, understand and

feel are important. Various teaching situations can be seen in Figs. 6–9. Our analysis of

the children’s teaching showed that a nearly similar pattern of teaching emerged in all

groups. The pattern was (1) ‘Go to the magic square’ (children pointed the square taped on

the floor), (2) ‘You can see yourself here’ (pointing the video capture window), (3) ‘You

have to flap your hands like this’ (children showed an example by flapping their hands), (4)

Fig. 8. Claudia telling Jemina to step into the magic square.

Fig. 9. Claudia showing Jemina how to fly sideways.
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‘There are clouds that you have to make rain. And when you have all these (pointing at rain

drop icons) you have won’. It seems that children feel that a physical location in a room

and the video capture window are very important in the game. Most children were very

amazed about the fact that they could see themselves in the video capture window. They

pointed to the window and looked at each other or the researchers and said ‘see!’.

Analysing teaching patterns is useful as it provides the researcher with insight into how

children behave and categorize information, and more importantly, what they all find

important with the product. The challenge for further developing the peer tutoring

approach will be the research and study of learning theories and social interaction theories

to better understand how teaching patterns emerge and how tutees actually learn from their

peers. Also it is interesting to see how much the interactor’s teaching procedure affects the

tutor–tutee interactions. One possible tool for analyzing the actual teaching–learning

situation later on is Vygotsky’s theory about the zone of proximal development

(Vygotsky, 1978) which he defined as “the distance between the actual developmental

level as determined by independent problem solving and the level of potential

development as determined through problem solving under adult guidance or in

collaboration with more capable peers”.

It was amazing how much observing and being shown an example affects the other

child’s play. In two-on-one tutoring, the second tutor managed to control the character as if

he or she had already played it before. This finding emphasizes how well children learn by

observing others perform tasks. Modeling is an important part in child–child tutoring. All

children showed examples and pointed at objects on the screen they were talking about.

When children model, they offer each other a behaviour model for imitation. When

showing how to control the avatar, children tend to first show only how to fly upwards, but

when they watched their tutee actually play the game, they gave further instructions on

how to control QuiQui and what the different objects in the game world meant. This

finding can be used to design and incorporate a help system in the game based on video

material demonstrating the actual use of the game rather than using auditive or static visual

feedback. We believe that the peer tutoring approach is a good method for finding design

solutions for the help system of the computer application that is being evaluated.

5.3. Capturing usability problems

The key to a successful usability evaluation of a perceptual user interface is authentic

video material. Using the peer tutoring approach provided us with video material where

children behaved naturally and did not seem to be distracted by the video camera at all.

The communication between the tutor and the tutees, and the movements children used to

control the game were analyzed using the video tapes in order to find usability flaws in the

game.

The sideways flight control in the first prototype was problematic, and obviously

frustrating for the children. The frustration manifested itself in the following ways: (1)

non-task related activity and speech like wandering around the room and asking ‘where is

the chess board?’, (2) calling the avatar names like ‘that QuiQui is a strange fellow, flying

wherever’, (3) commenting and questioning the functionality directly like ‘I just cannot
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make it fly in that direction’, and (4) trying to control the avatar in ways not anticipated by

the designers.

Several hours of video material were analyzed to find out what was wrong with the

conceptual movements of the first version of the flying game task. We saw in the

videotapes that the children leaned to the side they wanted the QuiQui character to fly to

when they could not control the game in the way they expected. Due to this observation the

contextual movements were changed so that to fly sideways, the child flaps both hands and

leans his or her body to the desired direction. This change was thus based on how children

actually tried to control the sideways flight when they did not manage to use only one hand

for flying. When using an improved version of the flying game task, the children gave less

frustrating comments and did not try to control the avatar in any other way than they were

taught. To verify that the new version was more controllable, the playing times of the two

tests were compared. The results show that the children spent on average 34% less time

playing the new version, which is a significant improvement in the game controls. Also,

some preschool aged children managed to spend less than one minute in collecting all

eight clouds, a difficult task to accomplish even for adults.

The question asking and children’s natural communication reveal the conceptual

models children have of the game. Especially the problems in the user interface design

came to our attention. We noted also that the visual feedback and the mapping between

some of the game elements and the children’s conceptual model of these elements requires

further design. For example, not all children understood that the blue clouds were ‘full of

water’ and the white clouds had already rained, even though a rain animation was played

along with a rainy sound. Because the distance between the child and the computer screen

is approximately 1.5 m, the visualization of the game world must be considered more

carefully in further designs of the game.

5.4. Emphasis on test setup

If the method will be applied in the different usability evaluation context the following

guidelines may help researchers to carry out the testing. The relationships of the

participants are relevant for the peer tutoring approach to function. In the first test, one boy

acted aggressively against his fellow male tutee, which lead to the interactor taking a more

authoritative role and raising her voice to prevent the children from hurting each other.

This kind of behaviour is in stark contrast to what the peer tutoring approach requires to be

beneficial. Due to this incident, we propose that same sex participants should have a friend

like relationship in their everyday life. Also, motivation is higher when teaching and

playing with a friend. When the tutor and the tutee are not of the same gender, they tend to

behave in a more respectful manner against one another.

Having several children in the test space worked out well since the children were

relaxed and focused on observing, and participated in giving instructions. Even though the

children were able to wait for their own turn quite well at the separate space, it is advisable

to cut the waiting time down by having a properly designed schedule. Depending on the

number of researchers participating the study the children could be in separate room

waiting for their turn but this requires some adult taking care of them. Other good solution
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is to let the other children to wait in their classroom and get the tutor to pick up the next

child.

If children are located quite near the product to be evaluated we would recommend to

use the each one teach one approach. We also recommend to locate the children so that the

tutor cannot operate the computer and take over which is one of the challenges of using the

peer tutoring method. In our case the tutor was sitting next to the interactor and gave

instructions but did not tried to go on and play the came.

5.5. Challenges and drawbacks of the method

Even though the results and experiences of using peer tutoring are promising and it has

proved to be effective in detecting usability flaws of the computer game, there are several

drawbacks that we want to discuss to give a more balanced view on the method. As with

many other usability evaluation methods the peer tutoring approach requires a lot of work

in organizing the test sessions and analyzing the video material. The research team using

the peer tutoring approach must be multidisciplinary since the approach requires expertise

in the field of usability research and especially on working with children to be beneficial—

and as we all know these people are not necessarily easy to find.

As mentioned earlier we think that a true participatory and child-centered development

of children’s physically interactive computer products would require both a suitable

design and usability evaluation methods. The experiences got from the test sessions made

us to think that the peer tutoring approach should be coupled with some participatory

design method to become even more useful for the overall game design.

The analysis of the test sessions showed that all tutors taught their tutees correctly. This

finding implies that the research challenge is not to find out what things children can teach

to each other but what they leave unsaid and why. Therefore the method needs to be

finetuned to get children to verbalize also their thoughts about design solutions that they do

not fully understand or like. One possible approach might be to use a visual walktrough or

to combine group play and interviewing to the test setup.

The usability evaluation of a physically interactive user interface is not an easy task

since it requires both the study of the physical appropriateness and the analysis of the

usability of the actual audio-visual user interface. We feel that the method was very useful

in defining the physical interaction suitable for children in the defined target group but we

hoped that it could have helped us understand children’s mental models about the game

world better than it did. This is why we aim to further study how the capturing of the

usability problems of the actual game logic and the audio-visual material could be made

easier. One of our future task is also to look deeper into the communication and learning

patterns to gain more knowledge about the phenomena mentioned earlier.

6. Conclusions and future work

We believe that the peer tutoring approach is a valid and efficient method for evaluating

the usability of a perceptual user interface with children, even though it requires time,

careful planning of logistics and willingness to work with children. We also suggest that it
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might be a good solution for testing more traditional software products. Additionally, we

propose that the method could be beneficial in the children’s computer education. The peer

tutoring approach reveals both good and bad design solutions, as well as teaches the

researchers how children could use the product in an actual social context. Peer tutoring is

a good solution when:

† The software application to be tested is designed for social settings like schools, where

it is beneficial that children can teach other children how to use the software

† A collaboration enabling computer product is being evaluated

† The software application is based on continuous interaction that has a heavy cognitive

load and thus, the thinking aloud and interacting with the interactor is difficult for

children

† Adult–child communication and power structures are sidetracking the test situation

† Children’s natural behaviour and communication is crucial

† Usability problems need to be found out by analysing communication as well as

observing behaviour

† Children’s physical and spatial abilities need to be verbalized

† The design of a help system is based on children’s views and experiences on the

computer product

† A video recording is needed but it should not distract the users.

We found the each one teach one approach to be especially beneficial as it

provided both paired and individual testing at the same time. The approach also

works well when many teaching–learning events are needed. The benefit of the two-

on-one approach is that children seemed to be a bit more relaxed and the role of the

interactor was more in balance. Also, the two-on-one approach revealed how much

children actually learn by observing other children perform a task.

Being inspired by the results and experiences obtained from the usability tests, we

plan to continue with working and further experimenting with the peer tutoring

approach. As the results of this study are still preliminary, more detailed guidelines

for applying peer tutoring in practice have yet to be published. This research has

raised a number of issues associated with age appropriateness, interactor’s role,

children’s satisfaction in being tutors and tutees, as well as other peer tutoring

approaches like peer collaboration and cross-age tutoring that we aim to study in the

future.
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ABSTRACT 
This paper describes the use of the Wizard of Oz (WOz) 
method in the design of computer vision based action 
games controlled with body movements. A WOz study was 
carried out with 34 children of ages 7 to 9 in order to find 
out the most intuitive movements for game controls and to 
evaluate the relationship between avatar and player actions. 
Our study extends the previous Wizard of Oz studies by 
showing that WOz prototyping of perceptive action games 
is feasible despite the delay caused by the wizard. The 
results also show that distinctive movement categories and 
gesture patterns can be found by observing the children 
playing games controlled by a human wizard. The approach 
minimizes the need for fully functional prototypes in the 
early stages of the design and provides video material for 
testing and developing computer vision algorithms, as well 
as guidelines for animating the game character.  

Author Keywords 
Wizard-of-Oz method, computer games, perceptual user 
interfaces, computer vision, physical interaction, children.  

ACM Classification Keywords 
H.5.2 [Information Interfaces and Presentation]: User 
Interfaces - evaluation/methodology, input devices and 
strategies, interaction styles, prototyping, user-centered 
design. 

INTRODUCTION
Computer games play an integral part in children's lives. 
According to one study, 17 percent of 2-7 year-olds and 37 
percent of 8-13 year-olds play computer games on any 
given day in the United States [24]. However, some media 
studies suggest that children’s extended computer use may 
have negative effects on their physical development [6,28].
One factor causing these effects is the traditional human-
computer interaction styles and input devices, such as 

keyboard, mouse and game pads, that promote a sedentary 
lifestyle for children. 

Our research project focuses on the design of perceptive 
children’s computer games that are played using body 
movements and voice, and designed to support children's 
physical development. The user interface is perceptual and 
multimodal: the user controls a dragon character that 
mimics the user's body movements and breathes fire when 
the user shouts. The game works on a Windows PC 
equipped with a low-cost web camera and a microphone. 
The prototypes used in the study were single-player action 
games where the player controls an avatar that runs, jumps, 
swims, and tries to escape from the spiders as shown in 
Figure 1.  

The main challenge in the interaction design of perceptual 
action games is to ensure the usability and playability of the 
game controls. These qualities are, on the other hand, 
highly dependent on the intuitiveness and physical 
appropriateness of the movements used to control the game 
character. The Wizard of Oz study was carried out for two 
main reasons: (1) to find out whether perceptive action 
games could be prototyped and evaluated using a wizard 
that observes the children and controls the game using 
traditional input devices, such as a mouse and a keyboard, 
and (2) to discover what movements and gesture patterns 
emerge when children control the game prototypes without 
any instructions given (by the researchers) and only relying 
on the visual cues in the game.  

Our study extends the previous Wizard of Oz studies and 
shows that the WOz approach can successfully be used to 
prototype perceptually interactive action games in the field 
together with children. The results also show the versatility 
of the gathered data which can be used in later design 
phases to test the computer vision algorithms and to 
animate the game character’s responses according to the 
players’ movements. 

The paper has the following structure: first the related work 
and the concepts behind our perceptual user interface are 
reviewed, then the prototypes and the methodology are 
described, and finally the results and findings are discussed. 

Permission to make digital or hard copies of all or part of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage, and that 
copies bear this notice and the full citation on the first page. To copy 
otherwise, to republish, to post on servers or to redistribute to lists, 
requires prior specific permission and/or a fee. 
IDC 2004, June 1-3, 2004, College Park, Maryland, USA 

© 2004 ACM 1-58113-791-5/04/0006…$5.00. 
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BACKGROUND 
Perceptive Computer Games for Children 
We chose computer vision and hearing as the interaction 
technologies because we wanted to design a natural and 
unobtrusive user interface that would also be physically 
motivating. We did not want to use any sensors attached to 
the user's body, as such sensors are easily breakable and 
also awkward to use if several children want to play the 
game together or take turns playing.   

Our work is closely related to KidsRoom and other 
physically interactive story environments [4,23,26,29]. 
These include several applications where one or multiple 
humans are tracked and the sensory data is used to control a 
graphical representation of the user or the reactions of other 
characters. Computer vision as a technology has been 
extensively studied, as seen, for example, in Moeslund's 
survey of more than 130 related papers [20]. Computer 
vision for games in particular has been examined by, for 
example, Freeman et al. [12]. There are also some 
commercial computer vision based games by Intel, Mattel 
[10], and Sony (EyeToy). According to our knowledge, our 
QuiQui’s Giant Bounce game is the world's first computer 
vision and hearing based action game that is based on child-
centered design and research on children's physical 
development. In addition, compared to previous work, our 
games add voice as a second modality for controlling the 
game character. This study, however, focuses only on the 
physical modality of the game. 

As the previous research has mainly dealt with 
technological issues, there is still a lot to explore in 
computer vision from the point of view usability [8] and 
applicability. Furthermore, the methods for designing and 
evaluating the perceptual user interfaces have to be studied 
more closely. Our goal is to make the games usable by 
children of ages 4 to 9 without adult guidance, which calls 
for robust technology that works in an unpredictable and 
changing environment. The design challenge is even more 
difficult because of the variety and unpredictability of 
children's movements and the low image quality produced 
by many webcams. 

Intuitive movements for game controls 
The controls of computer games should be intuitive, easy to 
adopt and responsive in order to provide a pleasant play 

experience. This also holds true with perceptive action 
games that are not based on predefined key presses or 
joystick manouvering, but instead on the player’s gestures 
that are always individual to some extent.  

The narrative context plays an important part in designing 
intuitive movements for controlling the game. For example, 
in the sea the avatar needs to swim and thus the player is 
expected to make swimming strokes to control the 
character. Using these contextual movements decreases the 
need for instructions and makes the learning phase shorter, 
which is important in interactive products intended for 
children [11]. Each of the games has a set of contextual 
movements that are selected according to the milestones of 
children’s physical development. In addition to using these 
movements, the game controls are based on avatar 
imitation which means that the cartoon avatar tries to 
continuously imitate the player’s movements or use of 
voice. The animation of the game character gives hints to 
the children on what kind of movements are expected. 

An obvious and direct mapping exists between the user's 
and the avatar's movements only when the avatar acts as a 
mirror image of the user, and the real and virtual 
environments are similar. The user's movements become 
restricted or ambiguous if the perspective or orientation is 
presented differently in the virtual world or the avatar is, for 
example, flying in the air or swimming in water. Since 
games should allow the player to adventure into worlds 
different and unknown, the intuitive and feasible ways of 
moving in them have to be found through iterative design 
and test sessions with children. 

Wizard of Oz approach 
Previously, we have used functional prototypes in the 
usability tests. Action games require immediate feedback 
from the system, thus making it difficult to use prototyping 
tools, such as paper prototyping or the CrossWeaver 
multimodal storyboarding tool by Sinha et al. [27]. 
Although game prototypes are easy to implement using 
commercial multimedia authoring tools, developing 
computer vision technology is laborious and time-
consuming. One of the reasons for this study was to 
evaluate the user interfaces before putting extensive effort 
in building functional computer vision based prototypes.  

For the prototypes presented in this paper, we decided to 
experiment with a Wizard of Oz (WOz) approach. We 

Figure 1. The four game prototypes  - spider game, jumping game, swimming game and running game
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replaced the computer vision technology with a human 
wizard who observes the users and controls the prototypes 
with a mouse and a keyboard. The approach was first used 
by Gould et al. [13] in prototyping speech user interfaces, 
although the term Wizard of Oz, (or originally the Oz 
paradigm,) was coined by Kelley [17,18]. The WOz method 
has been widely used to design and collect language 
corpora in speech-based systems [9]. We were also 
interested in collecting a corpus, but based on the children’s 
body language and the intuitive gestures. The Wizard of Oz 
method has also been employed in some projects involving 
children [14,22,25], however, these studies have 
concentrated on applying the method in the context of 
participatory design or the evaluation of interface agents.  

Although the Wizard of Oz approach is widely reported in 
HCI literature, the papers contain little ethical discussion 
related to the method. Organizations like ACM and APA do 
provide ethical codes [1,2] but there are only a few 
examples of how these ethical principles can be applied in 
practice [5,21]. We decided to use the Wizard of Oz method 
for the following reasons:  

The method provides us with invaluable information on 
the intuitiveness of the movements. It also allows us to 
collect a “movement corpus” that we could not find in 
any previous research. There is no existing research on 
what movements children prefer in different game 
contexts.  
Using a wizard ensures that the experience is not 
unpleasant, frustrating or discriminating for the 
children, since the wizard is more likely to be able to 
interpret their movements than a computer vision 
system developed with no prior usability tests. 
Based on our earlier experience in developing 
perceptive games, we deemed that we could apply the 
results in practice, possibly benefiting children's 
physical health and activity. 
We assumed that children would have behaved 
differently if they had known that the game was 
controlled by the wizard.  

Wizard of Oz has also been used in prototyping and 
evaluating perceptual user interfaces and an affective game 
control device [3] but not fast-moving action games that 
have to react with a low latency. We reasoned that although 
using a wizard would increase latency, the users would be 
able to adapt to it. The wizard would also be able to 
empathize with the users, guess what they were attempting 
to do, and try to control the game accordingly, which would 
not constrain the children’s possible physical expressions.  

WIZARD OF OZ STUDY 
Interactive prototypes 
During the tests we evaluated four game prototypes: the (1) 
spider, (2) running, (3) swimming and (4) jumping games. 
The animations and game controls were designed so that 
they provided the wizard with flexible control over the 

game events and enabled consistent behavior between the 
participants. A simplified set of movements of the main 
character are presented in Figure 2. The point of view 
varies between the game prototypes. In the jumping and 
swimming games, the avatar is portrayed sideways. The 
running and spider games have semi three-dimensional 
views from the behind and front of the avatar. The 
prototypes were programmed using the Macromedia Flash 
multimedia authoring tool. The view of the webcam 
connected to the computer was placed in the bottom left 
corner as shown in Figure 1. However, the prototypes were 
controlled entirely by mouse and keyboard. 

Figure 2. A simplified set of the main character’s movements 
(1&2: moving sideways, 3: jumping up, 4: struggling, 5: 

running and moving sideways, 6: jump up, 7: stopping, 8&9: 
swimming left/right, 10: diving left/right, 11: rising towards 
the surface left/right, 12: turning right/left, 13: crouching 

before the jump, 14: jumping to the right/left)

Test setup 
The tests were held in a local primary school during four 
days in February 2003. The test space was an ordinary 
classroom reserved for the testing purposes and the wizard 
was located in the same space to facilitate the test 
arrangements. Our WOz approach involved a wizard, a pair 
of children, and an adult researcher called the interactor
who introduced the test setup, guided the testing and 
interviewed the children between the tests. The wizard 
controlled the games, operated the video cameras and took 
notes during the interviews. The test was carried out as pair 
testing in order to discourage shyness and to balance the 
ratio between the adults and the children. According to our 
previous experiences, young children are more relaxed to 
communicate with adults when there is another child in the 
test space. We had two wizards – one with extensive 
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computer gaming experience and another who was a novice 
computer game player. Before the tests, the wizards agreed 
on the common rules on how to control the games. Both 
interactors had previous experience in children’s usability 
testing. 

Participants
The participants included 34 children between the ages of 7 
to 9. The testing was carried out as a pair testing of 17 pairs 
(11 pairs of 1st grade students and 6 pairs of 2nd grade 
students). Both 14 boys and 20 girls participated in the 
study. Children who had played the QuiQui’s Giant Bounce 
game before were not accepted to participate in the testing. 
Both the children and their parents were asked for 
permission for the children’s participation in the tests. The 
parents also filled in a questionnaire with their children to 
provide us with background information on the children.  

The nature of the participants’ relationship affects the 
results and the test setup [16]. Thus, the children were 
asked to name two to three classmates they wanted to test 
the prototypes with. The pairs were formed according to the 
children’s wishes. The test sessions for each pair lasted 
between 15 to 30 minutes, depending on how much the 
children wanted to comment on the game. The children 
were not forced to play the game more times than they 
wanted to, but it turned out that almost all children wanted 
to play all of the game prototypes as much as they were 
allowed to.   

Test space design 
The layout of the test space is shown in Figure 3. The test 
setup consisted of two DV cameras, a laptop computer, a 
mouse and a cordless keyboard, and a web camera. The DV 
camera marked as number 1 in Figure 3 was placed so that 
the recorded material could be used as such in the design 
and evaluation of the computer vision algorithms. Camera 2 
recorded material also for the purposes of movement 
analysis. The furniture in the classroom was moved around 
so that the wizard could easily see both the computer screen 
and the player’s movements. Since the game allows free 
movement in the gaming space, we used a “magic square” 
marked on the floor to show the children the optimal 
playing area in front of the screen.   

Procedure 
Before the actual testing commenced, the interactor 
presented herself and the project in front of the classroom, 
and explained the overall testing procedure to the children. 
The pairs participated in the test according to a schedule 
agreed with the teacher. When the children entered the test 
space, the video recording was started. The actual test 
session was divided into three phases: (1) the introduction 
of the test setup, (2) the play session, and (3) the interview. 

The wizard was introduced briefly and the test setup was 
presented to the children by the interactor. The wizard then 
started the actual WOz procedure with a randomized 
selection of game prototypes. The first child stepped into 

the magic square and the other child sat in a chair until they 
changed turns. In the beginning of each game prototype 
there was a spoken introduction that explained the idea of 
the selected game briefly, but did not give any information 
about the movements expected. When the game began the 
wizard started to control the game attempting to match the 
child’s movements. Once the first child had completed a 
game task, it was the other child’s turn to play the next 
game. This procedure continued until both children had 
played all of the four game prototypes. After the play 
session the children were interviewed. 

Figure 3. The layout of the test setup.

Analysis methodology  
We will use the swimming game as an example of how 
movements were analyzed since swimming movements 
provided more versatile and unexpected movement 
categories than jumping and running. The analysis of the 
swimming game is also important since the relationship 
between the avatar and the user is indirect – the avatar is 
represented sideways and is moving horizontally while 
player is standing and faces the screen.  

As the game character could either swim, dive or rise 
towards the surface, the children’s movements were divided 
into these categories. All the movements within these main 
categories were listed by adding a new movement item each 
time a new type of movement appeared in the video. In the 
swimming category, for example, a total of 17 different 
movement types were found. After listing all movement 
types, the types were further analyzed and compared to find 
the patterns and similarities between the types. Finally, the 
types were summarized into four main movement styles as 
shown in the Figures 5, 6, and 7. In addition, the movement 
types were analyzed based on their popularity. There were 
three popularity attributes for each movement type i.e. 1) 
was it the first movement type a child tried, 2) was it the 
main movement type in that category for that child, and 3) 
how many children actually tried to move this way.
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RESULTS
Based on the analysis of video data, it is clear that children 
have their own unique ways of moving. However, the 
movements can be categorized and compared between the 
children. The movement styles found by using the WOz 
method help us choose the most suitable design paths for 
the computer vision technology and character responses. 
The following describes the intuitive movements related to 
the swimming game.  

Intuitive movements for the swimming game 
The analysis of the swimming game revealed four main 
swimming stroke categories illustrated in Figure 4: 1) dog 
stroke (a child moves his hands exactly as a dog does when 
swimming, the arms stay in front of the body and move in a 
circular pattern by alternately thrusting them forward and 
pulling them back), 2) breast stroke (a stroke in which a 
child extends the arms in front of the chest, then sweeps 
them both back laterally), 3) crawl (i.e. freestyle), and 4) 
“mole” stroke (similar to dog stroke but both hands move 
together). Two styles, dog stroke (which children in Finland 
often learn as their first swimming stroke) and breast stroke, 
were dominant, as seen in Figure 5.  

Figure 4. Four different ways to swim - mole stroke (Up, left), 
crawl, dog stroke and breast stroke.  

The popularity of the breast stroke surprised us since the 
children who participated in our study were 1st and 2nd

graders and Finnish children usually learn this swimming 
style in their 3rd or 4th grade. It was also interesting to see 
that so many children used breast stroke even though the 
avatar animations would have suggested them to try out 
crawl only. Thus the Wizard of Oz study revealed 
swimming styles that were not anticipated by us due to the 

designed avatar animations or current swimming education 
practices in Finland. The results also show that finding the 
intuitive movements is not restricted to the avatar responses 
since children were not afraid to try out other movements 
besides the ones proposed by the avatar animations.  

Figure 5. The swimming styles

Our goal is to implement the dog stroke and breast stroke 
game controls using the actual computer vision technology. 
The need to implement the crawl into the system will be 
further studied with children since using it as a game 
control poses usability and ergonomic problems compared 
to styles where the player’s hands do not sweep in front of 
the face and styles that do not require tiring motions above 
the shoulder level. 

In the swimming game, the children tried to dive in many 
different ways. However, during the analysis of these 
diving movements, three clear categories were found as 
shown in Figure 6: the children either dived by (1) 
swimming “downwards” or (2) “imitating the diving” by 
flexing the hands in the diving position, or (3) bending their 
upper body and/or knees and simultaneously making 
swimming strokes with their hands. In addition, crouching 
was a very popular style, but it is not very robust or usable 
for controlling the game since children tend to go out of the 
camera view and lose focus on the screen.  

Figure 6. Diving styles
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One of the most interesting aspects of studying children’s 
swimming styles is to see how they try to make the 
horizontal avatar to rise towards the surface or how they 
make it dive. The results show that the most intuitive way 
to control the swimming game character to rise vertically is 
to swim upwards. This means that children continue with 
swimming but their hands rise up and the direction of the 
movement of the hands is up to downwards (Figure 7). 

Figure 7. Rising towards the surface styles

Learning effect 
In order to minimize the effects of the within-subjects 
study, the order of the games were randomized. In our tests 
each child played all of the four games, but she/he was also 
able to watch the other child play the games. It is obvious 
that the games a child had already played or observed the 
other child playing affected the movements used in the 
swimming game. However, it is important to notice that this 
is also the case in a real gaming situation.  

The skill transfer from one child to another in pair testing 
also showed that the styles a child mostly copied from his 
or her peer were dog stroke (6 pairs) and breast stroke (5 
pairs), which made these styles even more significant. The 
children also helped each other in finding the movements to 
control the character and also instructed one another and 
gave us hints on where and how the children were trying 
control the main character. For example, in the spider game 
children negotiated how to be able to free themselves from 
the spider’s net by saying “you should wave your arms” and 
showing example. 

Collecting a video library 
From a technological perspective the most important result 
is the video footage that can be used for teaching and 
testing the computer vision algorithms. The collected video 
library contains samples of all movement styles categorized 
by game type. The results and experiences of applying the 
video footage in the design and evaluation of the computer 
vision algorithms will be reported on in the future. The 
videos can also be used as a design tool for animating the 
responses of the game character in order to provide a higher 
level of imitation.     

DISCUSSION
Next, we will discuss the findings and experiences in 
applying the method in practice from the point of view of 
the goals of our study, which were 1) to evaluate whether 
the WOz method is usable in the design of a fast paced and 
computer vision based action game with children, and 2) to 
find out the movements to design computer vision based 
game controls.     

USING WIZARD OF OZ TO PROTOTYPE PERCEPTIVE 
ACTION GAME
There is no prior research done on how the Wizard of Oz 
method could be applied in the context of evaluating a fast-
paced action game. Therefore, we were interested in seeing 
whether a human wizard could both observe the children 
and simultaneously control an action game that requires 
immediate feedback. We were surprised how well the 
wizard was able to adapt to the children’s movements and 
rapid gesture changes. In some movement types, for 
example jumping, the wizard’s reaction times were 
relatively short because the wizard was able to anticipate 
when the child was about to jump since each child crouched 
a little before they took off. These pre-action cues helped us 
react quickly and might be used in the design of the 
computer vision algorithms.  

The wizard’s presence in the same room made it easier for 
the wizard to respond accurately due to the children’s 
spontaneous comments during game play. After the test 
sessions the children often hugged the interactor and asked 
when they could play the game again. This made us believe 
that the children actually had an enjoyable playing 
experience, which was one of the premises of the study. 

Intuitive movements  
The previous section showed that distinctive movement 
categories can be found to further design the game controls 
for a swimming game character. The analysis of the other 
games mentioned was more straightforward and provided 
more obvious movement categories, i.e. children usually 
jumped and ran as the avatar did. In addition, the Wizard of 
Oz method helped us to analyze other aspects of children’s 
physical activity such as the maximum and minimum 
jumping heights, the frequency of steps while running, the 
ability to coordinate movements in a given space and the 
ability to change from one movement to another. The 
movement data not presented here will be reported later in 
more detail. We acknowledge that the quality of the 
movements is largely dependent on the children’s motor 
skills and sport related hobbies and free-time activities. To 
get an idea of how these attributes affected our study, we 
asked parents to give us information on their children’s 
physical development and their indoor and outdoor 
activities. In further research we intend to take these factors 
more into account.

The relationship between avatar and player actions 
The design of the main character’s actions is based on the 
idea of imitation where the player mimics the movements 
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of the game character and vice versa. With the video data 
gathered using the Wizard of Oz method, it was easy to see 
how the game character’s orientation affected the children’s 
own behavior. For example, in the jumping game the 
children turned in the same direction as the main character 
to control the jump direction. We could observe a similar 
phenomenon in the swimming game where the children first 
faced the screen while the avatar was swimming to the right 
(Up, left in Figure 4). When the avatar needed to swim to 
the left, the children started to face in the same direction as 
the avatar as shown in the lower right corner image in 
Figure 4. The children did not seem to mind that they had to 
turn their head to see what was happening on the screen. 
However, the maximum turning angle must be studied more 
closely in the future from the point of view of the 
ergonomics. The findings in this study let us assume that 
perceptual game controls need not be based only on the first 
person point of view or the third person point of view 
(shown directly from behind or front of the character). 

Test setup 
The tests showed that the wizard can be present in the same 
space with the participants, which makes it easier to 
organize the tests especially in schools or day care centers. 
However, a few children paid attention to the wizard’s 
actions, apparently because the mouse clicks were audible. 
Every time the child jumped a clicking sound soon 
followed as the wizard reacted. We propose that the control 
devices should be as inconspicuous as possible. The 
keyboard and mouse controls should also be designed so 
that the wizard’s hand movements are small and fast. 

Pair testing proved to be a good choice since the children 
were talkative and provided us with valuable information 
about their mental model of the games. For example, some 
children did not understand that in the swimming game the 
main character was under water in the beginning of the 
game and thus tried to control the character in ways not 
anticipated by the “swimming character”. As a result, the 
story leading to the swimming game and the audio-visual 
cues in the game must be redesigned and evaluated with 
children.  

Problematic issues with the WOz method 
There are two main problems with the method. The 
wizard’s cognitive and motor skills restrict the interaction 
pace and the level of complexity of the system under 
analysis. Even though our game is based on multimodal 
interaction, we only focused on one modality since the 
sound input was already considered functional. On the other 
hand, had we wanted to try out more complex interaction 
based on sound input, we could have used separate wizards 
for each input modality [7]. The multi-wizard approach, 
however, would affect the test setup. If there are more 
adults than children in the test space, the balance between 
adults and children can be distorted. 

The collected movement corpus is context dependent and is 
influenced by the wizard’s abilities to adapt to the user’s 
actions. To decrease the wizard’s effect on the test data, it is 
advisable to use several wizards. This, on the other hand, 
leads to more time-consuming tests and data analysis.  

SUMMARY AND FUTURE WORK 
Compared to our earlier work [15], the Wizard of Oz 
method removes at least one iteration of implementing and 
evaluating the computer vision technology. With Wizard of 
Oz prototyping the design of the computer vision 
algorithms can now be based on the versatile movement 
corpus gathered from children’s movements in a real 
environment. The general finding of this study is that 
Wizard of Oz tests are easy to arrange as field tests and the 
method is an invaluable tool for designing computer vision 
based action games.  

As mentioned earlier, the development of computer vision 
based refined prototypes will be reported on later. Inspired 
by the experiences and information obtained with the 
Wizard of Oz method, we plan to continue with working 
and further experimenting with the approach. The research 
this far has raised a number of issues dealing with the 
wizard’s hidden role, and how game character’s physical 
attributes and body movements affect the children’s 
intuitive movements. We also intend to study the users’ 
tendency to adapt to the system’s rather limited set of 
commands and feedback, as mentioned in other Wizard of 
Oz studies [9,19].  
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ABSTRACT 
The controls of computer vision based action games need 
to be intuitive and physically appropriate in order to 
provide a pleasant gaming experience. The current 
research, however, does not provide enough data on what 
movements children find natural in specific game contexts. 
We have used the Wizard of Oz methodology to gather 
children’s movements and experimented with different 
ways to study and describe these gestures. Labanotation 
was used to notate the movements, but as the method 
turned out to be time-consuming, more easily applicable 
methods were employed to inform the design of the 
computer vision algorithms as well as game character 
animations. 

Keywords 
Human movement, notation, intuitive movements, wizard 
of oz prototyping, computer games, children 

INTRODUCTION
In the recent years physically more activating control 
mechanisms such as dance mats and video cameras have 
entered the market [5,13]. Our work [8,14] focuses on the 
design of perceptive children's action games that are played 
using body movements and voice, and designed to support 
children's physical development. The game is both 
perceptual and multimodal: the user controls an animated 
2D character that mimics the user's movements and use of 
voice. The game works on a Windows PC equipped with a 
low-cost web camera and a microphone. This study, how-
ever, focuses only on the physical modality of the game.  
The key requirements for computer vision based game 
controls are robustness, responsiveness, intuitiveness and 
physical appropriateness; the last two in particular since 
they make the learning phase shorter and also facilitate an 
enjoyable playing experience. However, there is not 
enough research on what movements children find intuitive 
in different game contexts. Moreover, the development of 

computer vision is laborious, and thus the game concepts 
need to be evaluated with children before putting extensive 
effort into building functional prototypes. Due to the lack 
of usable prototyping tools, we have used the Wizard of Oz 
(WOz) methodology to gather children’s movements 
during simulated game playing sessions as shown in Figure 
1. The WOz study was carried out with 34 children of ages 
7 to 9 in a local elementary school and several hours of 
video material were recorded during the children’s play 
activities.  

Figure 1. The wizard controls the game prototypes with 
keyboard and mouse according to the player's actions. 
The gathered video data needs to be studied carefully to 
facilitate the design process later on. Unfortunately, there 
are no generalized standards for analyzing and annotating 
human movements in HCI, possibly due to the high 
variation in gestures used with different systems and input 
techniques. These discrepancies also make it difficult to 
use and employ existing coding schemes fully and 
effectively. The fast-paced and iterative nature of computer 
game development also sets requirements for selecting an 
appropriate method and level of detail in describing the 
gestures. Moreover, the building of extensive human 
movement databases or the employment of motion tracking 
tools presented in the literature is time-consuming and 
labor intensive. As the main challenge of the study is to 
find the appropriate movements for a large number of 
players, the categorization and comparison between 
children’s movements is crucial. Even though inexpensive 
annotation tools such as Anvil [9] do exist, we also needed 
tools that allow the presenting of each child’s movement 
sequences simultaneously and the grouping and 
maneuvering of these sequences. Another requirement for 
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the analysis process is to be able to quickly build the video 
library for computer vision design purposes and to provide 
descriptions for the game character design. The main 
challenges in describing the movements and composing the 
video corpora were the following:  

What characteristics do children’s game control 
gestures have and how do these affect the applied 
methodology?   
How to describe time-dependent and multidimensional 
movement data with sufficient accuracy even with 
“semi low-tech” tools and in reasonable time? 

This paper discusses how preliminary video analysis 
influenced the applied methodology and what experiences 
we obtained using two different and atypical approaches to 
describe children’s movements. 

HUMAN MOVEMENT ANALYSIS 
The disciplines that study human movement vary from 
psychology to sport sciences to choreography to human-
computer interaction. Human motion analysis and 
representation has drawn the interest of the HCI 
community already since the 1970’s [2], especially in the 
fields of computer vision and animation [1,6,12]. The 
visualization techniques of human movement, for example 
3D animation, have made significant progress in the recent 
years. Nevertheless, there is still a lot to study in how to 
notate, describe and analyze human movement and how 
that data can be applied in the design of perceptual user 
interfaces.

Wizard of Oz approach 
The Wizard of Oz method has been widely used to design 
and collect language corpora in speech-based systems [4]. 
We also were interested in collecting a corpus, but based 
on 7 to 9 year old children’s body language and their 
intuitive game controlling gestures. In our WOz setup the 
wizard controlled action game prototypes with keyboard 
and mouse according to the player’s movements as shown 
in Figure 1. The game prototypes were swimming, 
jumping, running and ‘scaring the spiders’ games. The 
children were not given any hints on what movements were 
expected because that could have constrained their physical 
expressions. The test setup was designed to be as 
unrestrictive and natural as possible, for instance, no 
markers were attached to the children’s bodies. No 
measuring rods or tapes were used either since we did not 
want the children to feel that they would have to 
“perform”, even though this would have facilitated more 
accurate movement descriptions. Two video cameras were 
used: camera 1 was positioned diagonally behind the 
player, and camera 2 was right in front of the player (same 
location as the web camera in a real playing situation). The 
footage of camera 2 can be used directly to evaluate the 
computer vision algorithms.      

PRELIMINARY VIDEO ANALYSIS 
Human movements can be represented in a digital form in 
various ways [2,3,7]; videotapes, notation systems and 
movement databases. The difficulty in analyzing and 
representing human motion is often caused by the large 
size of the collected time-based data and a very specialized 
application area. Due to the nature of our WOz setup, we 
could only anticipate what kind of data we would obtain, 
and thus it was difficult to make any pre-test decisions on 
what tools and methods should be used to describe the data. 
Therefore, the recorded and digitized video material was 
first analyzed to find the requirements and means to 
simplify the description process, and then two different 
description approaches were tried out in order to find a 
suitable, yet time-saving way to define the movement data. 
After preliminary video analysis, we were able to define 
the characteristics that affect the selection of description 
methods described in the following:  
The control of a fast-paced physically interactive action 
game usually involves both control movements and rapid 
transitions from one type of movement to another in order 
for the game to be challenging and balanced. The physical 
game “commands” can be divided into three categories by 
their nature: 1) continuous (e.g. swimming, running), 2) 
sporadic (e.g. jumping), and 3) transitional (e.g. from 
running to jumping).
Additionally, the movements appearing in the videos could 
be divided into two other categories; obvious and non-
obvious movements, according to how easily most 
participants adopted the movement style and whether it 
could have been anticipated beforehand, for example, 
because of the game character animations. Running is an 
example of an obvious movement: most of the children ran 
when the game character was running. However, in the 
swimming game children adopted various swimming 
styles, such as dog stroke or crawl that both belong to the 
“swimming” category but are very different movements 
from the perspective of computer vision design. The 
analysis process of obvious and non-obvious movements is 
different. The main emphasis in the definition of obvious 
movements is to find accurate descriptions that define, for 
example, how participants run when they control the game 
character, and then collect a set of video sequences that 
illustrate how most of the children performed that type of 
movement. The analysis of the non-obvious movements is 
slightly different; the focus is on categorizing the 
children’s movements and finding the underlying patterns 
in order to define guidelines for further computer vision 
and animation design. Additionally, the video corpora 
based on the non-obvious movements are more versatile; 
even one child can change his or her movement from one 
style to another during game play.  
Another characteristic of movement description is 
accuracy/ambiguity. These qualities are closely related to 
the specific needs of the computer vision design. The level 
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of accuracy is dependent on input device technology, for 
example, whether the developed system is based on one or 
two cameras, and what body parts are influencing the 
visual input. It is also important to define what parts of the 
data can be described in a more ambiguous manner in order 
to save time, for example, in cases where the computer 
vision design is still open to big changes and alternative 
options are available. As mentioned by Badler et al. [2], 
“natural language descriptions are subject to ambiguity and 
unavoidable imprecision in specifying positions, dynamics, 
styles and other aspects of the movement”. However, in 
categorizing the non-obvious movements, natural language 
can prove to be a valuable tool for preliminary analysis as 
long as a systematic categorization is maintained.  
The videos of the 34 children playing the game contained a 
substantial amount of data. One means to simplify the 
description process is sampling, i.e. only selected 
sequences of a child’s movements are described. This is 
especially useful in situations where a child’s movement 
pattern remains similar for longer periods of time. The 
sampling rate was defined to cover all variations in the 
children’s movements.    

MOVEMENT DESCRIPTION METHODS 
After the preliminary data analysis two approaches that 
allow visual comparisons between children’s movements 
were tried out: 1) using Labanotation to notate the 
movements, and 2) describing the movements using 
simplified logging techniques and visualizations.    

Labanotation 
Labanotation, developed by Rudolf Laban [2,10], is a 
symbol system for representing movement of the human 
body in space and time. Similar to music notation, 
Labanotation uses a staff which consists of columns for 
indicating the body part that moves, as shown in Figure 2. 
Time runs vertically from bottom to top, and the duration 
of a gesture is represented by the length of the symbol. 
Labanotation can be described as a skeletal model where 
all descriptions may be formulated in terms of positions of 
the joints, coupled with an understanding of how these 
joints are inter-connected [2].

Figure 2. An example of a Labanotation staff. The cen-
ter column represents the center of weight. The other 
columns (left and right side of the body) indicate the 
movement of the body parts that do not carry weight
(www.rz.uni-frankfurt.de/~griesbec/LABANE.HTML). 
The benefits of Labanotation are evident: it allows visual 
comparisons between the participants’ movements. The 
symmetry and asymmetry of the movements as well as the 

rhythm and the length of the motion can easily be seen. 
However, the notation system could not inform us on how 
much power, tension or space children use while 
performing the movements. Laban’s effort and shape 
theory [11] could have provided us with valuable 
parameters for the qualitative aspects of movements. 
However, that would have engaged us in an even more 
time-consuming description process. 
The Labanotation staffs were also too detailed compared to 
the design needs of the system being developed. 
Labanotation describes movements in three dimensions, 
but this is often unnecessary for perceptual game user 
interfaces. We have previously designed interfaces based 
on two-dimensional motion analysis, using the game 
context to simplify the technology [8], e.g. in some games 
the center of mass of detected motion can be interpreted as 
the position of the user. This is a computationally simple 
and robust method even with a single web camera. The 
biggest drawback of the method is not the laborious nature 
of Labanotation, but to master the notation system, a lot of 
practice is needed. It is also difficult to use the staffs as a 
communication tool in the design process, if all team 
members do not fully understand the notation.     

Low-level description techniques  
As using Labanotation required such an extensive effort, 
we decided to experiment with less complicated description 
and visualization methods. The tools used were image and 
video editors, spreadsheets, and pen and paper. First, all the 
events appearing in the videos were listed, and then the 
appropriate movement sequences were sampled (such as a 
child’s running movements in the beginning, middle and/or 
end of the game in addition to the places where there were 
distinctive variations in the running pattern). However, for 
non-obvious movements one preceding step was required 
to find all variations of these movement types. For 
example, in the swimming game shown in Figure 3 all 
swimming stroke variations were first listed (in all 17 
different stroke types were found) before they could be 
further examined and compared to find patterns and 
similarities between them. Finally, the swimming types 
were summarized into four main movement styles; breast 
stroke, dog stroke, crawl and “mole” stroke. In addition, 
each non-obvious movement type was analyzed based on 
its popularity, i.e. whether it was the first movement type a 
child tried, if it was the main movement type for that child, 
and how many children actually used the style in question. 
We acknowledge that swimming styles may be culturally 
dependent. However, the study helped us find styles that 
we did not anticipate beforehand due to Finnish swimming 
education practices. 
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Figure 3. Three different swimming styles. 
The coding schemes were further defined according to the 
requirements of the computer vision design. It was impor-
tant to describe the movement on a 2D plane and focus on 
the speed and amount of the movement, with particular 
focus on the movement of the upper body (since children 
varied their distance from the display and web camera, 
which hid their legs partially). The computer vision 
algorithms that, for example, detect a child’s running can 
be based mainly on physical cues appearing above the 
waist level. Additionally, all anomalous happenings, such 
as rapidly moving braids of hair and clothing, knees raised 
high and so forth needed to be reported. The challenges for 
defining the coding schemes were to define the codes for 
each different movement and to measure and often 
approximate the numeric values such as the angles of the 
joints and the child’s vertical movement during the 
movement cycle. For example, we used the proportions of 
the head as a measuring unit for comparing vertical 
movement along the running cycle. Fortunately, precise 
values are not necessary from the point of view of 
computer vision design which in the end mainly relies on 
the video sequences produced during the description 
process.
The detailed analysis of the movements was mainly based 
on image sequences of the videos which are typically only 
5 to 20 PAL video frames, i.e. 200 to 800 milliseconds in 
length (such as one running or jump cycle). The sequences 
are usually easier to analyze by having all the frames 
visible side by side compared to the frame-by-frame 
manipulation of video editors or annotation tools. Also, 
preliminary comparison and grouping of the children’s 
movements was more straightforward when all movement 
cycles printed and categorized manually. Another benefit 
of having the movement cycle visible in its entirety was 
that the frequency of steps, different phases in the 
movement cycle and their duration were relatively easy to 
measure. Additionally, the sequences can be used more 
easily than the Labanotation staffs to inform the game 
character design later on.

SUMMARY 
This paper focused on the preliminary analysis of the video 
data obtained during simulated physically interactive game 
play and the experiences of trying out two approaches that 
allow the visual comparison of children’s movements. We 
admit that the results of our study are context dependent 
and possibly not applicable in other game contexts. The 
detailed descriptions of the movements and the experiences 

obtained when applying the video libraries and movement 
descriptions in the design of the computer vision 
algorithms and game character animations will be reported 
in the future.  
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Children’s Intuitive Gestures in
VISION-BASED 
ACTION GAMES

Video and computer games play an integral part in
the lives of many children. However, some studies
suggest that extended computer use may have 

negative effects on a child’s
physical development [3].
One factor causing these
effects is the use of 
traditional human-computer

interaction styles and input devices, such as a 
keyboard, mouse, or game pad
that promote a sedentary
lifestyle.

Our work is part of a
wider project that aims to pro-
vide an immersive and physically engaging alternative
to traditional computer games by making use of 
computer vision and hearing technology. Compared 

Novel computer vision-based game technologies
aim to give players more immersive and physically
challenging gaming experiences. 

By JOHANNA HÖYSNIEMI,
PERTTU HÄMÄLÄINEN, 
LAURA TURKKI, and
TEPPO ROUVI
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to other games based
on sensory devices,
such as dance mats or
skateboard con-
trollers, our perceptive
user interface is wire-
less and does not
require any contact
with the input devices
during game play. 

Due to the novelty
of vision-based game
interfaces, there are
few established play-
ing conventions, for
example, for control-
ling a flying or swim-
ming game character.
This calls for careful
consideration of the
playability of game
controls as well as the
evaluations of the con-
trols with the target
group. The key
requirements for com-
puter vision-based
games are robustness,
responsiveness, intu-
itiveness, and physical
appropriateness; par-
ticularly the last two
since they play a cen-
tral role in providing a
pleasant playing expe-
rience and in making
the learning phase
shorter—an impor-
tant factor in chil-
dren’s interactive
products [5, 6]. Cur-
rent research, how-
ever, does not provide
enough data on what
gestures children find
natural and intuitive
in different game con-
texts.

In this article we discuss how children have helped
us define and develop the control gestures for our
game, QuiQui’s Giant Bounce (www.webcamgames.
com), through traditional usability tests and Wizard
of Oz (WOz) prototyping sessions. We focus on pre-
senting the movement styles children preferred for the

different game contexts
and how these findings
have affected the game
design.

The game is aimed
at children ages 4–9
and uses simple sets of
movements that vary
according to the game
task. It closely resem-
bles KidsRoom [2] and
other physically inter-
active story environ-
ments. However, our
game has three unique
characteristics: it uses a
2D computer-ani-
mated dragon as an
avatar that mimics the
player’s movements
instead of a video
avatar (video image of
the user with or with-
out background sub-
traction) as seen in
many systems [5, 10,
11]. The user interface
also adds voice as a sec-
ond input modality:
when the user shouts,
QuiQui the dragon
breathes fire to scare
mean game characters
away (as illustrated in
Figure 1). And, in con-
trast to commercial
games using custom-
made cameras, QuiQui’s
Giant Bounce works on
a Windows computer
equipped with a low-
end USB camera and
microphone. To help

children stay in the camera’s view, a Web cam image of
the user appears at the bottom-left corner of the screen
as seen Figure 1 (middle, right).

Studying Children’s Intuitive Gestures
Intuitive game controls are largely dependent on a
child’s previous experience, the distinctiveness of the
game world, and a child’s conception of movements
that could be carried out in the game environment.
Thus, the narrative context as well as game charac-
ter’s animation play an important part in defining

Figure 1. A child flaps his hands 
to make QuiQui fly (top). When the
player shouts, QuiQui breathes fire

(middle). The game has 
also been on display at various

exhibitions (bottom).

139



the gestures for control-
ling the game. For
example, when QuiQui
needs to fly and is
depicted holding two
leaves in his hands, the
player most likely tries to flap his or her hands to
control the character.

Intuitiveness also relates to having natural map-
pings between the avatar and player movements even
in cases where the avatar does not act as a mirror
image of the user, or the perspective or orientation of
the virtual world differs from the real world. For
example, when QuiQui is flying in the air, there is no
obvious mapping for the user to move sideways. Since
games should allow the player to explore unknown
worlds, the natural interaction style between an avatar
and a player must be found through iterative design
and testing with children. 

Usability testing with functional prototypes. We
initially used fully functional prototypes in traditional
usability tests with 28 children ages 5–9 to evaluate
how they controlled an avatar [7, 9] flying in different
directions. However, this approach required time-
consuming reiteration of the vision algorithms due to
incorrect assumptions of intuitive control gestures. In
the first prototype, children could make QuiQui fly

upward by flapping both hands up and down. Steer-
ing QuiQui to the left or right was achieved by flap-
ping only one hand. 

Flying upward was an easy task for most children,
but controlling sideways movement proved to be dif-
ficult and frustrating. When analyzing the videos we
found the gesture most frequently attempted by the
children was to lean to the side while flapping their
hands as shown in Figure 1. The next version of the
game implemented this manner to control QuiQui.
In a subsequent test children gave less frustrated com-
ments and spent on average 34% less time completing
the game level, indicating a significant improvement.

Wizard of Oz prototyping. From our experiences,
we found testing the intuitiveness of game controls
does not necessarily require functional prototypes. We
have used WOz methodology to first gather children’s
movements during simulated playing sessions and
only then applied that data in refining the vision tech-
nology [8]. 

We carried out the WOz study with 34 children
(14 boys and 20 girls) ages 7–9 at a local elementary
school. The evaluated prototypes were single-player
games where the player controls QuiQui, who swims,
runs, jumps, and tries to escape from spiders. The
study was conducted as a form of pair-testing to make
the situation more relaxed for the children. 
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INTUITIVENESS RELATES TO HAVING NATURAL MAPPINGS BETWEEN
THE AVATAR AND PLAYER MOVEMENTS EVEN IN CASES WHERE THE
AVATAR DOES NOT ACT AS A MIRROR IMAGE OF THE USER, OR 
the perspective or orientation of the virtual world differs from the real world.

Figure 2. The wizard observes
player’s actions and controls the

games accordingly. The 
swimming and running games

are presented on the left.
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In these sessions, the
children thought they
were interacting directly
with the games, but
instead, an adult (the
wizard) interpreted their
gestures and controlled
the action using a key-

board and mouse (as shown in Figure 2). To study
what gesture patterns would emerge, the children
were not given any hints other than the visual cues of
the game. The video material was shot to design and
test computer-vision algorithms, and to facilitate fur-
ther game character design. 

Analyzing children’s gestures. Although no single
practice for analyzing and annotating human move-
ments in HCI has yet established itself as the preva-
lent method (possibly due to the high variation in
gestures used with different systems and input tech-
niques), research on nonverbal communication and
gesture recognition [1, 12] can provide valuable
guidelines also in the study of children’s game con-
trolling movements and their phases.

The analysis of children’s intuitive game-control-
ling gestures is twofold. First, we must determine
what movements children prefer in a particular game
context. Second, we must study the properties and
individual differences in the children’s movements
such as the components of the gesture that are
repeated, range of motion, symmetry, pace, space
used, and transitions from one movement to another. 

The movements were analyzed using video anno-
tation techniques. Here, we present the most com-
mon types of intuitive gestures gathered during the
WOz prototyping sessions (see Figure 3 for refer-
ence). Detailed observations, movement descriptions,
and children’s interviews are beyond the scope of this
article. 

Swimming and diving are movements containing
various styles that could not be anticipated in
advance, for example, due to QuiQui’s animations. In
the swimming game, QuiQui was portrayed moving
sideways and he had to collect pearls by swimming or
diving on top of them. The study of children’s swim-
ming movements showed that children most easily
adopted the dog paddle (main style for 38% of chil-
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Figure 3. The examples of the
most common movement styles
for children when QuiQui is
swimming, diving, riding toward
the sea surface, or running. The
jumping column shows how one
girl crouches (a) before taking off
(b) and how she lands (c).
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dren), breast stroke (35%), and crawl (12%) as shown
in Figure 3. 

Surprisingly, the avatar animations (QuiQui’s
crawl) did not seem to restrict or direct the children’s
movements. Even though QuiQui moved from left to
right, the children did not turn in the direction of the
character until they were forced to change QuiQui’s
route in order to continue. This also means that
QuiQui’s animations had to be redesigned to better
match the children’s movements. Additionally, any
earlier swimming training did not seem to fully corre-
spond with their movements either, as could be seen
in the popularity of the breast stroke, which Finnish
children do not usually learn until they are 10 or 11
years old. 

Although the children could easily imitate realistic
swimming gestures with their hands, making a char-
acter dive up or down was more
confusing for them. Here, the
direction of the movement was
key. To dive downward, the chil-
dren continued swimming, but
directed the movement toward
the floor and accentuated that by
bending their knees or upper
body. To get QuiQui to rise to
the surface, the children contin-
ued swimming, but with their
arms above shoulder level. Some
even jumped or rose on their
toes.   

In the running game we
tested how children controlled
QuiQui’s running, passing trees,
and collecting butterflies by
jumping. As opposed to various
swimming and diving styles, the children’s jumping
was most similar across all participants. The duration
and height values in the different phases of the jumps
are shown in the table here. The preparation phase
(crouching before taking off ) could be used as a pre-
action cue to make vision algorithms react quicker
when the actual jump begins. 

Additionally, the game would behave more realisti-

cally if QuiQui crouched as well. The recovery phase
gives a cue of when the next movement can begin,
which in turn affects the pacing of the game. In gen-
eral, if the game does not tolerate a long enough
recovery period after a movement, children can
become frustrated if they are not able to succeed due
to their physical performance. However, the avatar
doesn’t necessarily need to follow the player’s exact
jump height (as long as the player knows how high
the avatar jumps), but it is important that QuiQui
responds fast enough when a child takes off.

The study of the video material also revealed some
design issues to be studied further. Improper system
latency leads to redundant actions and oscillation [4],
which breaks the illusion of tightly coupled interac-
tion. This could also be seen as the successive jumps
by the player if QuiQui did not respond fast enough.

When QuiQui was running in a
field presented in a semi-3D per-
spective, the children were not
sure when a butterfly was close
enough to be caught. Thus, the
avatar’s range and distance from
platforms or objects to be reached
should be clear enough; otherwise
children might accentuate their

own movements unnecessarily or approach the
objects repeatedly.

To make QuiQui run, the children used both sub-
dued (minor vertical alteration of the head level due to
small leg movements) and lively movements. Surpris-
ingly, there was a gender difference in the preference of
these movements. Nine of the 11 boys favored subdued
styles such as marching, strutting, or walking as shown
in Figure 3. However, girls seemed to prefer more
dynamic styles; 18 of the 25 styles the girls used were
either running or swinging the feet from side to side.
The problem with the subdued styles is they are diffi-
cult for the vision algorithms to recognize if the camera’s
field of view is only capturing the player’s upper body
and most of the movement is appearing below the
waist. Thus, in the process of building a running game,
the designers must pay attention to clear instructions
and the presentation of the running avatar. 
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Phase Mean 
duration
(in ms)

Post-phase height 
in relation to the 

children’s head length.

Preparing

Taking off

Landing

Recovery

212.3

308.0

287.4

342.8

-0.65

0.84

-0.41

The duration and height
values of 130 jump

samples. The height
values represent how

high or low the children
moved in relation to the
length of their heads at
the end of each phase
shown in Figure 3. The

length of the head is
one unit.

Even though there are individual characteristics in children’s movements, patterns do

exist AND THIS INFORMATION CAN BE USED TO FURTHER IMPLEMENT
BOTH COMPUTER-VISION ALGORITHMS AND AVATAR ANIMATIONS. 
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Changing the direction of a movement (for exam-
ple, running left to right or altering hand levels when
swimming), does not generally cause problems for
children. They did, however, have trouble in some
transitions. For example, a direct transition from run-
ning to jumping was challenging even for some seven
year olds as it requires being able to enter the prepa-
ration phase of the jump while having only one foot
on the floor at the end of the running cycle. 

One-third of the transitions from jumping to run-
ning or halting consisted of a so-called secondary
jump the children used to dampen the previous jump.
This behavior, however, can cause problems if this
type of jump is tracked like a real one. In addition,
transitions that cause children to lose visual contact
with QuiQui, such as diving by crouching, are cum-
bersome. Visual contact with the avatar must be
regained before being able to continue. 

Young children, in particular, should be given
enough time between exiting one movement and
entering another. Generally, halting between move-
ments should be allowed but children should be
encouraged to practice more fluent transitions, for
example, by rewarding them with extra points. 

Children can play action games for longer periods
of time when they use traditional game-control
devices as opposed to vision-based games that require
gross motor skills, continuous broad movements, and
rapid shifts from one movement to another. Extended
physical play might result in a lowered game experi-
ence, less easily detected movements (for example,
running turns into walking), or even injuries due to
tiredness. According to our experiences, resting
should be provided at approximately four-minute
intervals for children 5–6 when they flap their hands
to control a flying game character. Thus, effective
game design takes into account resting and other
non-play time, and also varies the movements to pre-
vent children from straining themselves. 

Conclusion
Controls for vision-based action games must be
intuitive and physically appropriate. These qualities
can be studied most reliably by involving children in
an actual play situation. Although we have previ-
ously adopted traditional usability testing with func-
tional prototypes, we believe that game concepts and
controls can be evaluated and redesigned less labori-
ously using WOz simulations. We have found the
system latency introduced by the wizard is tolerable
even in action games. Our study also shows that
even though there are individual characteristics in
children’s movements, patterns do exist and this
information can be used to further implement both

computer-vision algorithms and avatar animations. 
Current computer vision-based game development

tends to focus on the upper body (that is, hand, head,
and torso movements) due to technological con-
straints. Nonetheless, future game design should aim
for more holistic movements such as jumping, run-
ning, and even richer combinations for the benefit of
children’s physical development.
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ABSTRACT 
This paper presents Kick Ass Kung-Fu, a martial arts game 
installation where the player fights virtual enemies with 
kicks and punches as well as acrobatic moves such as 
cartwheels. Using real-time image processing and computer 
vision, the video image of the user is embedded inside 3D 
graphics. Compared to previous work, our system uses a 
profile view and two displays, which allows an improved 
view of many martial arts techniques. We also explore 
exaggerated motion and dynamic slow-motion effects to 
transform the aesthetic of kung-fu movies into an 
interactive, embodied experience. The system is described 
and analyzed based on results from testing the game in a 
theater, in a television show, and in a user study with 46 
martial arts practitioners. 

Author Keywords 
Martial arts, kung-fu, artificial reality, computer vision 

ACM Classification Keywords 
H.5.2 [Information Interfaces and Presentation]: User 
Interfaces---input devices and strategies, interaction styles.  

INTRODUCTION
Mirrors and video analysis are used in many sports to spot 
errors in pose and motion. In research literature, several 
computer assisted motion and biomechanics analysis 
systems are described. Various approaches include user-
assisted video analysis, tracking devices, and computer 
vision [5,16,20,26]. Previously, we have investigated the 
use of interactive video mirrors for real-time motion 
analysis [13], using a setup shown in Figure 1. The basic 
idea was to combine the benefits of mirrors and video in 
repeated performing and evaluation of acrobatic and martial 
arts moves, for example, by delaying the camera view by a 
few seconds so that you can perform a spin kick and see it 

repeated on the screen immediately, in contrast to a 
traditional mirror where you cannot see yourself when 
spinning around.  

This paper continues our previous work to motivate training 
through playful entertainment. We describe the design and 
evaluation of Kick Ass Kung-Fu, a martial arts game 
installation where you fight virtual enemies with kicks, 
punches, and acrobatic moves such as cartwheels. The 
game is shown in action in Figures 2-3.  

With real-time image processing and computer vision, the 
video image of the user is embedded inside 3D graphics on 
a virtual playfield facing virtual opponents. Your 
movements are exaggerated so that you can dodge your 
opponent's attacks by jumping five meters in the air and 
landing behind his back. Using the dual projected screens, 
one at each end of the playfield, you can also continue by 
counter-attacking the enemy from behind. 

Compared to previous work, we describe and evaluate an 
artificial reality system with two screens and the user 
shown in profile view with the camera on the side. 
Although users may need some time adapting to the setup, 
we show that it works well and we hope that our study 
encourages others to try out new display and camera 
configurations. 

Movie style exaggerated motion and slow-motion have also 

Figure 1. A video mirror test setup, showing camera (1), 
camera view projected on a screen (2), user (3) and test 

instructor (4). 
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copies bear this notice and the full citation on the first page. To copy 
otherwise, or republish, to post on servers or to redistribute to lists, 
requires prior specific permission and/or a fee. 
CHI 2005, April 2–7, 2005, Portland, Oregon, USA.                    
Copyright 2005 ACM 1-58113-998-5/05/0004…$5.00.
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not been researched in the context of embodied interaction, 
although during the past few years, they have become 
common in traditional video games such as Max Payne and 
Prince of Persia Sands of Time.  

In addition to the conceptual developments, we present the 
results of a user study with 46 martial arts practitioners, 
discussing the use of the game as part of training and the 
navigation and mapping problems related to the profile 
view. 

RELATED WORK 
Interactive video mirrors and processed video of the user 
have been used in games and art installations starting from 
VideoPlace by Krueger et al. [17], where the two-
dimensional video image of the user interacts with 
computer generated animated characters. Krueger calls the 
approach artificial reality, but it can also be considered as 
augmented reality, especially if the background of the user 

is not removed and graphics are only overlaid in the camera 
view. There are also commercial applications of the 
approach, such as the Eye-Toy camera and games for the 
PlayStation 2 [2]. The MIT Media Lab Alive system is an 
example of a more sophisticated, 3D interactive video 
mirror where you can interact with computer generated 
characters with gestures [28].  

There are many examples of previous human-computer 
interfaces that require physical effort. In the wake of 
Konami’s Dance Dance Revolution released in 1998 [1], 
arcades all over the world feature dancing games where you 
have to perform combinations of steps in rhythm with 
music. Ishii et al. presented an “athletic-tangible interface”, 
a ping-pong table that augments the sport with dynamic 
graphics and sound [12]. Mueller et al. discuss social 
aspects of computerized sports over distance, based on a 
game setup with a regular soccer ball and life-size 
videoconference screen [18]. In the context of martial arts 
and computers, Chua et al. describe a wireless virtual 
reality system with a head-mounted display for tai chi 
training [8]. Chi et al. present a wearable sensor system that 
registers impacts in taekwondo competitions [7].  

In a broader perspective, our work is related to research on 
perceptive user interfaces (see, e.g., Crowley et al. [9] or 
Wren et al. [28]). In vision based games, an alternative to 
using the video input as an avatar is to use a computer 
generated avatar, such as in the QuiQui’s Giant Bounce 
game, where a dragon flies when you flap your hands and 
breathes fire when you shout [14].  

SYSTEM DESIGN 
Figure 2 shows a typical Kick Ass Kung-Fu setup. You 
move on a 5x1m cushioned playfield, facing either of the 
two screens. The screens can be tilted slightly to provide a 
better view for the audience. The playfield is large enough 
for you to perform a combination of three kicks or a 
combination of a cartwheel and a kick. In general, the larger 
the playfield, the better, but the installation space soon 
becomes a problem. 

The Profile View 
As shown in Figure 3, you see yourself in a third-person 
profile view that is traditional in martial arts games. The 
visual design extends previous artificial reality systems 
with a 3D look and drop shadows generated from the user’s 
video image. The shadows are important for a 3D feel and 
without them it is impossible to tell whether you are on the 
ground or in the air. 

Both screens show the same view, except that one of the 
screens may be mirrored horizontally, the effects of which 
are discussed later in this paper. This is not a CAVE-style 
multiple screen virtual reality setup, where each screen 
shows a different part of a first-person view [10]. The two 
screens are used to let you fight multiple enemies that 
attack you from both sides. 

Figure 2. Kick Ass Kung-Fu on stage in a theater. The player 
moves on a cushioned mat, facing either one of the projected 
screens. The player sees himself or herself on the screen in a 

profile view familiar from traditional martial arts games. 

Figure 3. A screenshot of the game, showing the player on 
the left, embedded in the game with a drop shadow.  
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There’s a 90 degree rotation between the world and screen 
coordinates, which can cause problems similar to when you 
try to cut your hair using a mirror so that you need to remap 
the directions and visual feedback. In our earlier video 
mirror study, people sometimes reached to their right when 
reaching for onscreen user-interface widgets that actually 
were in front of them [13]. When designing the system, the 
first idea was to have only one screen and the user facing a 
camera placed under the screen. However, the approach 
was abandoned since the authors knew from their own 
martial arts experience that your technique suffers when 
practicing kicks and punches if you are not facing in the 
direction of your opponent. The profile view shows most 
kicking techniques optimally so that you can see how your 
legs extend and how far you reach. 

Sound Effects in World Coordinates 
In relation to the profile view, game sound effects are 
localized in world coordinates instead of screen 
coordinates. Speakers are placed at each end of the 
playfield and enemy sounds come from the direction the 
user should move to reach the enemy. This was requested 
by a martial arts teacher when testing a Kick Ass Kung-Fu 
prototype so that the sounds were rendered mostly for the 
audience with loudspeakers near the ceiling. 

Education vs. Fun: Exaggerated Motion 
Our design goal was to create a physically interactive game 
that would be both fun and useful as an augmenting form of 
martial arts training. Combining education and fun is 
generally not easy, but it has been noted that you can learn 
from realistic game elements, e.g., the weapon systems of 
war games, even if the game is designed purely for fun [4]. 
In our case, an important concept is user interface realism – 
learning can be facilitated with a realistic interface, such as 
the controls and displays of a flight simulator. The user 
interface of Kick Ass Kung-Fu is realistic in that you 
actually perform martial arts moves and get visual feedback 
of your performance.  

On the other hand, Oblinger talks about a tradeoff between 
realism and fun [19]. A major attraction of computer games 
is that you can try out things not possible in the real world. 
The same applies to action movies, which would be quite 
dull if there were no unrealistic stunts.  

Exaggerated jumps and slow-motion mid-air acrobatics are 
an important aspect of the aesthetic of martial arts movies. 
We wanted Kick Ass Kung-Fu to provide an embodied 
movie-style martial arts experience, enabled by real-time 
computer vision and image processing technology. Similar 
to movie post-production, the user is embedded in a virtual 
set. The difference to movies is that motion is exaggerated 
only visually instead of the user hanging from wires like 
kung-fu actors, which is dangerous without proper training. 

Dynamic Slow Motion 
In our previous work with video mirrors, we found slow 
motion playback to be useful in inspecting martial arts 

techniques. Slow motion is also used in kung-fu movies to 
vary the rhythm of the action and let the viewer appreciate 
the acrobatic skills of the actors. On the other hand, movies 
also use accelerated shots, for example to make a series of 
punches appear more lethal. 

In a traditional game played with a gamepad, slow-motion 
is not problematic since you can press buttons to control the 
avatar even if it moves at different speeds. In a physically 
interactive system with a one-to-one mapping between the 
user and the avatar, slowing down the avatar makes it go 
out of sync with the user. Kick Ass Kung-Fu employs slow 
motion dynamically so that when you jump high enough, 
the camera feed is slowed down, and when you land, the 
feed is fast forwarded back to real time. You can first fight 
with normal speed on the ground, then perform a 
flamboyant slow-motion jump kick and continue with a 
series of punches that get shown at faster than normal 
speed.  

Technology 
The game runs on a 2.8GHz Pentium 4 laptop computer 
equipped with a USB webcam. The software uses OpenGL 
for graphics and the OpenCV library for computer vision 
and image processing [3].  

Computer vision: Background Subtraction and Optical Flow 
Computer vision was selected as the technology instead of 
floor sensors and wearable devices because it enables full-
body unencumbered movements with low hardware cost, 
there are no breakable parts, and it is easy to switch the 
player and enable multiplayer gaming. We use a 
combination of background subtraction and optical flow 
computation, which enables any number of players to 
collaboratively fight the virtual enemies. You can also 
wield practically any weapon.   

The player is transferred into the game using background 
subtraction, of which a good review is given by Toyama et
al. [25]. We use a basic form of background subtraction. A 
sample of the static background is captured when the game 
starts. The pixelwise color difference between each video 
frame and the background is computed and pixels with 
large enough differences are considered as part of the user. 
An OpenGL texture is generated of each frame with other 
than user pixels as transparent. To render the player inside 
the 3D graphics, the texture is mapped onto a rectangle. The 
drop shadows are easy to add by drawing a semitransparent 
black shadow rectangle with the same texture.  

Collisions are detected between enemies and the outline 
pixels of the user. The velocity of the outline pixels is 
estimated using the OpenCV implementation of pyramidal 
Lucas-Kanade optical flow. A hit is registered if a colliding 
outline pixel moves fast enough, so that damage is caused 
only by actual attack techniques and not by just touching 
the enemy. Note that the user interface is pseudo-3D in that 
the optical flow only registers 2D motion and the user is 
treated as a 2D plane within the 3D scene.   
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It is practically impossible to measure how much force 
there actually is behind a punch, but measuring speed is 
more realistic than, e.g., the Eye-Toy Kung Foo game, 
where you only need to brush the enemies with your fingers 
to cause the same amount of damage as with a full punch. 
The enemies can easily be made to fly in the direction of 
the attack so that you can first kick an enemy from below, 
launching it up in the air, and continue with another 
technique as the enemy falls back down. The velocity of the 
mass center of the user pixels is subtracted from the optical 
flow so that if you just walk and bump against your 
opponent, the effective strike force is zero. The optical flow 
and mass center are visualized in Figure 4 .  

In order to not register hits constantly when moving your 
hands or feet inside enemy area, the corresponding outline 
pixels are found in the previous frame and a hit is registered 
only if they were not colliding already.  

Horizontal Motion: Simple Scaling 
Horizontal motion is exaggerated simply by scaling the 
motion of the user’s mass center. The camera texture is 
placed at  

wxcx mx )1( ,              (1) 

where xm is the horizontal position of the user’s mass 
center, w is the width of the texture and cx >1 is the scaling 
factor. If cx=1, the texture does not move horizontally so 
that the user’s motion in the camera view is shown as such. 

In addition to making motion faster, the scaling has the 
benefit that the virtual playfield can be larger than the real 
one. However, too much boost makes it difficult to estimate 
the reach of your attacks. The scaling also makes the avatar 
appear to slide on the ground when walking or kicking. 
Fortunately, the sliding becomes clearly visible only with 
high scale values so that slightly exaggerated motion still 
looks natural. 

While being intuitive, this kind of direct mapping between 
the user’s and the avatar’s horizontal position prevents the 
avatar from reacting to enemy hits. If the avatar was flown 
back by punches, the mapping would break and the user 
would eventually end up walking out of the camera view 
just trying to maintain a fixed position on the virtual 
playfield. The differences between virtual and real worlds 
are a problematic issue when designing physical user 

interfaces, as noted previously in a case where the avatar 
flies so that you wave your hands and bend your body in the 
direction you want to go [14]. Since the user’s horizontal 
location was not mapped to the avatar, the players could 
unintentionally move out of the camera view. 

Vertical Motion: A Hybrid Velocity/Acceleration Mapping 
Exaggerating vertical motion was not found as trivial as 
horizontal motion. The main reason for this is that in the 
single camera 2D motion analysis, vertical motion is 
ambiguous with motion towards or away from the camera. 
If the user steps farther away, he or she is perceived as 
moving upwards. Thus, simply scaling vertical motion 
similar to horizontal motion can lead to the avatar floating 
in the air. Multiple cameras could be used to estimate the 
distance and height of user pixels more accurately, but we 
wanted to keep the hardware setup as simple as possible.  

We first tried a straightforward system where the user’s 
vertical position was obtained as the scaled vertical position 
of the mass center, from which the ground level was 
subtracted, estimated as a moving average of the vertical 
position. However, the motion did not appear natural, since 
you could pump yourself up and down, for example, by 
lifting your knees to your chest when jumping. Other 
reference points, such as head and feet were also tried, but 
similar anomalies still manifested, for example, when doing 
cartwheels.

In games, natural motion is often created by simulating 
physics, for example, the effects of gravity on a jumping 
character. In its most basic form, this can be done using 
Euler’s method to solve the differential equation ay=dvy/dt, 
that is, by replacing dt with the simulation timestep and dvy
with the change in vertical velocity at each simulation step 
[23]. If no external forces are applied, acceleration ay equals 
gravity. At the beginning of a jump, vy is initialized to a 
suitable value, after which gravity takes care of bringing the 
character back down. 

In our system, the velocity and acceleration of the mass 
center of the user pixels is measured at each video input 
frame. Basically, the avatar can be made to jump naturally 
by applying the measured acceleration to it if the user is 
launching upwards. If the user is falling down or just 
standing, gravity is applied so that the avatar falls down 
until it touches the ground. However, the measured 
acceleration is sensitive to noise and errors due to the 
camera driver dropping frames or the user moving away 
from the camera. When testing an early version of the 
system, spurious jumps were caused by the user dashing 
back and forth on the playfield. This was corrected by 
mapping the measured velocity directly to avatar velocity 
when the avatar is near ground. Note that although the 
direct velocity mapping is more robust to noise, the 
acceleration is still needed because using the velocity 
mapping when the avatar is in the air causes unnatural mid-
air jumps if the user is already moving on the ground after a 
jump.  

Figure 4. Camera view (left) and computer vision debug view 
of a jump kick. The crosshair shows the mass center of the 
user pixels and the lines show the optical flow computed. 
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Near the ground, there is a non-exaggerated region to 
further eliminate noise and spurious jumps. The avatar’s 
vertical position is obtained as 

          ),,min(),0max( 00 hyhycy ppy              (2) 
where cy is the vertical motion scaling factor that controls 
the amount of exaggeration, h0 is the threshold of the non-
exaggerated region and yp is the vertical position given by 
the physics. 

Note that the vertical motion of the avatar is not completely 
realistic even when cy=1. The virtual gravity can be chosen 
arbitrarily and we only have an approximation of the user’s 
real mass center. When computing the mass center of the 
user pixels in the profile view, your legs and arms weight 
relatively more than in real life and can thus throw you 
upwards even while airborne.  

INFORMAL TESTING: THEATER AND TELEVISION 
Kick Ass Kung-Fu has been used in the theater setup in 
Figure 2, in a television show and at several smaller events. 
In the television show, Finnish celebrities played the game 
against cartoon-animated virtual celebrities.  

According to our experiences, Kick Ass Kung-Fu works 
well as entertainment, both for the player and for the 
audience. In the theater, the stage was open for everyone. 
The installation attracted audience and people were not 
timid but queued up to try out the game. In the television 
show, the game worked well for people with no martial arts 
background, for example, with football-style kicks. The 
game has also been popular at parties, even with people in 
their thirties or forties wearing suits, especially after a few 
drinks.  

Whether people have the courage to go on stage depends a 
lot on the previous player. We have usually had a host who 
at times shows some nice moves, but also fools around so 
that people don’t feel too self-conscious. Beginners also 
feel more confident with some kind of a weapon or playing 
together with a friend. It has been popular to play the game 
together with a friend, back to back, each player fending off 

the enemies at his or her side with a styrofoam sword that 
doesn’t hurt if you accidentally slash at the other player. 

The enemies in the game have a simple artificial 
intelligence, but they can also be controlled by a person in 
Wizard of Oz manner using a keyboard. When using the 
game in a special event like the television show, it is easier 
to have a human act out the enemies than to implement an 
artificial intelligence system with a certain character.  

USER STUDY: ENTERTAINMENT OR EDUCATION? 
To find out whether the game has other than entertainment 
value, we organized a user study with 46 martial arts 
practitioners. The test setup is shown in Figure 5. One 
researcher used the computer and directed the test. Another 
researcher took notes and operated a DVD recorder that 
recorded the test via a camera positioned so that both the 
playfield and one screen were visible.  

Participants
46 martial arts practitioners participated in the study, 
recruited by sending email to local martial arts clubs. 35 
participants were male and 11 female. The ages ranged 
from 18 to 35 years with a mean of 26. 21 of the 
participants had a background in taido, 13 in capoeira, 12 in 
karate and 8 in acrobatics. In addition to that, there were 
participants with experience in taekwondo, aikido, ju-jutsu, 
judo, kickboxing, hapkido, parkour, kungfu, krav maga, 
mixed martial arts, kali and kendo. The amount of 
experience in a single sport ranged from 1 to 16 years with 
a mean of 3.3. Many participants practiced more than one 
sport.

The participants were asked to sign in as groups of 2-3 
persons. Group testing was used to stimulate discussion 
[27]. In order to find out how the game differs from various 
martial arts, it was also considered useful to have people 
who train together analyze each other’s performance in the 
game.  

Procedure 
The test was divided into three parts: introduction, playing 
the game and an interview.  

Figure 5. The user study setup, shown from the point of view of the webcam used for the computer vision. 
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In the introduction, the participants filled in a background 
survey, including permissions to use video and photo 
material taken during the test. The participants were also 
shown an introductory video of the game to ensure an equal 
level of prior knowledge. A link to the video was 
distributed in the recruiting email to promote the test.  

After the introduction, the participants took turns in 
playing, divided into the following phases: 

1. The player was told to try moving on the playfield. 
Horizontal motion scaling values 1, 1.5 and 2 were 
tried in random order. We wanted to measure 
whether and how much people wanted their motion 
to be exaggerated.  

2. The player was told to jump and try out techniques 
involving jumping. Three settings for vertical motion 
were tried in random order. The first 34 subjects 
tried an exaggerated but realistically fast jump 
setting and two slower jump settings, one with 
smaller gravity and one with slow motion at 0.75 
times normal speed. For the last 12 subjects, the 
setup was changed. They tried a setting where the 
camera texture’s vertical position was constant so 
that motion was completely realistic, and two 
exaggerated settings with cy values 2.5 and 5. The 
test instructor could jump two and four times his own 
height with the exaggerated settings, respectively. 

3. Two rounds to death (running out of energy) were 
fought, with one of the screens showing the same or 
a horizontally mirrored view compared to the other 
screen, changed between the rounds. One round took 
approximately 1-2 minutes. Heart rate was measured 
after each round. The player was also asked which 
screen setting felt more natural and why. This was 
done because in the theater show, players often felt 
lost for a moment after changing the screen they 
were facing. The authors themselves tried out both 
normal and mirrored screens and had differing 
preferences. The enemy was controlled so that it 
jumped over the player, making him or her change 
the attack direction.  

After the two rounds, the player was changed. After all 
participants had played two rounds, everyone had one more 
round with a flying enemy. 

We gave a heart rate monitor to one person in each group 
and some participants also brought their own ones. The 
participants with a monitor played last so that an estimate of 
their resting heart rate could be measured when sitting 
down and relaxing while the others played. It should be 
noted that the estimate is not very accurate due to stress 
caused by the test situation and possible physical exercise 
preceding the test.  

Finally, the participants were interviewed, discussing the 
following topics in free order: 

Good and bad sides of virtual training in a Kick 
Ass Kung-Fu style setting. 

User interface – the screens, the playfield, any 
difficulties or anomalies detected. 

Moving and technique – how the game differs 
from the martial arts the participants practiced, for 
example, in terms of use of force, pose and 
movements, and applicable techniques. 

Future improvements – what should be done to 
make the game a viable training environment for a 
longer time.  

After the interview, there was an informal playing and 
experimenting session, if there was time before the next 
group. Each group was allocated two hours of time. 

RESULTS AND DISCUSSION 
In the following, we summarize the results, observations 
and interview data, discussing various aspects of the game.  

Motion Exaggeration
The distributions for the motion exaggeration parameters 
are shown in Figures 6-8.   

The distributions indicate that the majority of the subjects 
liked to have their motion exaggerated. Considering the 
vertical acceleration, the subjects made such remarks as 
“Jumping is always fun.”, “That backflip looked really cool 
on the screen.” and “This is how I would like to see 
myself.” Often, when trying out realistic jump settings after 
exaggerated ones, the subjects burst out laughing at how 
feeble they looked on the screen. It was commented that 
that “You start to believe in what you see.”

Too much horizontal exaggeration can make estimating 
distances difficult. In particular, taido techniques usually 
consist of a combination of moving and attacking, such as 
first stepping towards the opponent and spinning around 
before kicking or punching. With cx=2, taidokas often 
ended moving past the enemy when attacking. 

In general, the more athletic the player, the less 
exaggeration was preferred. Two of the first 34 participants 
had so much thrust that they practically flew into orbit 
when performing backflips or other air acrobatics. For this 
reason, realistic vertical motion was given as an option for 
the last 12 subjects. Currently, an additional nonlinearity 
has been added to the physics so that jump height saturates 
at a reasonable level. This also prevents vertical 
exaggeration problems when attacking enemies on the 
ground with jump kicks. If the jump takes much more time 
than in reality, the kick gets executed too early, after which 
the avatar just falls on the enemy. 

An acrobatics instructor felt that the motion exaggeration 
“does the same visually as a springy gymnastics floor does 
physically”. The metal springs under such a floor make it 
easier to launch up high in the air. However, the instructor 
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preferred our floor made of two centimeters of styrofoam 
with vinyl coating. He has a black belt in taekwondo and he 
thought that it would be easy to sprain an ankle when doing 
a jump kick on too springy a floor. 

To summarize our experiences, making motion exaggerated 
yet natural can require a lot of fine-tuning even when using 
a minimal subset of game physics. However, the presented 
control system creates good results even without a real 3D 
tracking system with multiple cameras. The jump system 
adds airiness to leaps and easy acrobatic moves, such as a 
cartwheel where you start from a crouching position and 
throw your legs upwards. The system encourages you to use 
your whole body dynamically when jumping, since pulling 
your legs up after launching gives you extra height. This is 
important in real-life jump kicks, because pulling your 
supporting leg up during the kick makes you less vulnerable 
to a countering leg sweep. 

Slow Motion 
Slow motion can be used to achieve a similar visual effect 
as with low gravity, but with the exception that the timing 
of jump kicks is easier since the kicks get slowed down in 
addition to the jump trajectory. 11 out of 34 subjects 
preferred the slow motion jumps.  

We found too much slow motion to be problematic in 
combat, since people feel that they should wait for the 
avatar when it lags behind in a jump. However, the heavy 
slow motion was considered useful in free training. Two 
groups stayed after the test to practice movie-style jump 

kicks at targets placed high in the air. They found it both 
fun and useful, since the slow motion allowed them to 
inspect their technique in more detail. 

Heart Rates: Intensive Training 
Heart rate data was gathered from a total of 20 subjects. 
Table 1 summarizes the heart rates in rest and after fighting 
one round with the ground based and flying enemies. The 
last column of the table shows the median of heart rates as a 
percentage of maximum heart rate HRmax, estimated as 220 
minus each person’s age [22]. This percentage is often used 
to express intensity level of physical training. The results 
show that the game can be regarded as intensive physical 
training, as intensities above 70% are recommended for 
fitness training for people who exercise regularly [22].  

Median
(BPM) 

Max
(BPM) 

 Min 
(BPM) 

Median     
% HRMax 

Resting 72 87 43 37% 

Enemy on the 
ground

171 191 157 90% 

Enemy flying 179 200 165 93% 

Table 1. Summary of the heart rates measured in rest and 
after one round with a ground-based and flying enemy. 

Fighting a flying enemy requires more jumping, which can 
increase the intensity level. The highest heart rate of the 
study, 200 BPM, was also measured with the flying enemy. 
Statistically, there appears to be no significant difference in 
the heart rates against the different enemies.    

In the interviews, 19 subjects considered the game more 
exhausting than combat in the martial arts they practiced. 
The reasons mentioned were that you get more enthusiastic 
and carried away, the virtual enemies do not get tired and in 
real combat there is more lurking and waiting for openings. 

Screens and the Profile View 
The preferences regarding mirroring one of the screens 
horizontally were divided quite equally. The effect of the 
mirroring was not always clear and 9 users out of 46 did not 
have an opinion. Of the 37 users who had an opinion, 21 
preferred the mirrored setting. However, the opinions show 
no statistical significance, since they could have been 
obtained randomly with a probability p=0.09 from a 
binomial distribution Bin(37,0.5).  

Although statistics gives no results, we find the users’ 
comments on the mirroring interesting. Most of the subjects 
felt that they could adapt to both configurations, but some 
had strong opinions. It was found that some people think of 
directions in terms of screen coordinates, along the lines of 
“The enemy is on my right on the screen. Thus, I must move 
forward.” This kind of right-to-forward mapping is 
consistent between the screens only if one screen is 
mirrored. On the other hand, some people think in real-
world coordinates, such as “I thought that since the enemy 
was in the direction of that wall (points at a wall in the test 
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Figure 6. Vertical motion preferences of the first 34 
subjects, comparing different exaggerated settings. 

Figure 7. Vertical motion preferences of the last 12 
subjects, comparing different jump heights. 

Figure 8. Horizontal motion exaggeration preferences 
of all subjects. cx=1 corresponds to realistic motion. 
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space), I must move forward”. This kind of mapping 
between real and virtual directions is consistent only if both 
screens are the same. 

Despite the differences in perceiving directions, many users 
commented that the profile view helps in spotting errors in 
pose and technique. Only one out of the 46 users got 
momentarily confused so that she started attacking in screen 
coordinates, kicking towards the camera instead of in the 
direction of the playfield. 

The subjects often felt confused when switching their gaze 
from one screen to another, after which a moment of 
reorientation was needed, especially in the beginning. It 
was commented that if your opponent jumps over you in 
real life, you can follow him or her with your eyes. If you 
don’t follow, you lose him or her from sight, which signals 
that you should turn around. In the game, you can still see 
the enemies on the screen even if they are behind you. 

Many participants felt that the screens were too high, so 
that it was difficult to keep your eyes at your opponent 
when doing cartwheels or other moves where it is difficult 
to look up. As a capoeirista remarked, you see at least your 
opponent’s feet when doing a cartwheel in real life. It 
appears that the screens should be placed as close to the 
floor as possible and the virtual camera should be pointed 
so that the ground level is near the bottom of the screen.  

Observations on Moving and Technique 
In the interviews, the most often repeated observation 
related to moving and technique was that you tend to move 
carelessly in the game, which has its good and bad sides. 
For example, the virtual opponent cannot grab a hold of 
your foot so that it is easy to forget to return your foot 
properly after a kick. A karateka noted that he lunged 
forward more than usual when punching, which would 
make him open for counterattacks in real life.  

On the other hand, many users remarked that it is good that 
the techniques are quick and relaxed, and that you get to do 
a lot of repetitions.  Basically, you don’t have to worry 
about hurting yourself or the opponent, which allows you to 
try out acrobatic and hard-to-control techniques. However, 
you should be careful not to overextend your knees or other 
joints, which applies to all training without a physical 
target. 

The biggest drawback of the game seems to be that you 
can’t dodge to the sides or move otherwise three 
dimensionally, which is integral to some martial arts, such 
as taido. For people inexperienced in martial arts, the usual 
reflex is to dodge by stepping back, but dodging to the side 
or front is much more useful if you want to get to a good 
position for a counterattack. Dodging is also made difficult 
by the delay caused by camera drivers and display double 
buffering. One user remarked that the delay is visible in 
sharp punches. The delay also appeared to cause many 
users crouch down too late when trying to dodge bullets 
fired by the flying enemy. 

The 2D playing field seems to be more suitable for less 
three- dimensional martial arts, such as taekwondo and 
kendo. In kendo, a form of Japanese sword training, you 
often move on a line and you only rarely slash sideways 
with the sword. In taekwondo, you dodge to the sides, but 
you also practice a lot of combinations of kicks on a line. 

An obvious difference between the game and real martial 
arts is the lack of physical contact. You cannot grab or 
throw the opponent. It was suggested that computer vision 
could be augmented with wearable grabbing sensors, which 
could be implemented quite easily, but the real challenge is 
to provide realistic force feedback so that you cannot just 
grab your virtual 200 pound opponent and shake him or her 
in the air like a rag doll.  

Model Based vs. Low Level Computer Vision 
In addition to dodging and grabbing, the game also 
currently lacks the possibility of blocking attacks, for which 
a more sophisticated computer vision system discerning 
body parts would be needed. In the interviews, it was noted 
that the lack of blocking makes you forget to keep your 
hands in a guarding position. 

There are two basic approaches to designing computer 
vision for a game like Kick Ass Kung-Fu. You can control 
the game with the parameters of a model that is fitted to the 
image. A variety of models have been proposed, such as 
skeletons [21], deformable contour templates [6], color 
blobs [29], and probabilistic models [24]. Instead of a 
model, you can also interpret low-level image features 
using application-specific prior knowledge and assumptions 
[11][14].  

In our case, the low-level features are the location of the 
mass center and optical flow. We abandoned the model-
based approach in order to allow the player use any 
technique with no limitations, including a variety of 
weapons. In model-based vision, the model would have to 
contain information of the weapons as well as the user. 
Generic low-level vision also simplifies the hardware setup. 
For correctly fitting a several degree of freedom 3D 
skeleton to a player that kicks, crouches, spins and crawls 
on the floor, you need considerably more processing power 
than for the simple optical flow and probably also 
additional hardware, such as wearable markers and multiple 
cameras. 

In the theater setting, people spontaneously used weapons, 
such as chairs and scarves. The optical flow registered the 
motion of the weapons well, although the weight and thus 
the impact of the weapons could not be analyzed 
realistically. A fast-moving scarf was therefore a fun and 
effective weapon. In the user study, the game was 
successfully played with a kendo practice sword and variety 
of wooden sticks. Perhaps the most fun weapon was a 10cm 
wide mini-frisbee. One user kept a pile of such frisbees in 
his hand and threw them at the opponents like throwing- 
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stars. The frisbees were big enough for the camera to detect 
them and light enough not to damage the screens.  

CONCLUSIONS AND FUTURE WORK 
We have presented the design of Kick Ass Kung-Fu, an 
artificial reality martial arts game installation, together with 
the results and observations from testing the game. In its 
current state, the game seems to work well for 
entertainment and fitness applications, based on the 
reactions of the users and the high heart rates measured. 
The dual screen profile was found to work and only one of 
the 46 user study participants had problems with the 90 
degree rotation between world and screen coordinates. The 
motion exaggeration and dynamic slow-motion methods 
were found to add excitement to the game. The methods 
could also be applied to other game genres, such as 
platform jumping games. 

Kick Ass Kung-Fu can be seen as part of an emerging 
phenomenon of computer games as performances. Previous 
examples include dancing games, such as Dance Dance 
Revolution [1], and more recently, games played by singing 
[15]. The common factor is that playing a game can 
actually be great entertainment not only for the player, but 
also for people around, which can have interesting social 
implications. If playing a game requires and develops 
athletic or musical skills, skilled players can obtain an idol 
status similar to pop stars or athletes, appealing to a much 
larger audience than, say, first person shooter gurus. In the 
future, we will try to promote the forming of user 
communities, for example, by having videos of best players 
automatically uploaded to the Internet. 

According to our experience, Kick Ass Kung-Fu can 
augment and motivate martial arts and acrobatics training, 
at least at beginner and intermediate levels. For more 
advanced technique and combat training, the users wanted 
the game to be more realistic. Our low-level computer 
vision system allows multiple players and practically all 
weapons, but in the future, we will consider model based 
computer vision for increased realism. Using a skeleton 
model would enable you to block attacks and interact more 
realistically with the virtual environment. However, realism 
poses challenges in interaction design as well as 
technology, since it is nontrivial to control an avatar that 
reacts to the environment. Currently, the mapping between 
the user and the avatar is one-to-one, except with respect to 
vertical position. The mapping breaks if the avatar can trip 
over virtual obstacles without real-world counterparts, or if 
impact forces are applied to the avatar. 

Although motion exaggeration was found fun in the game, 
many experienced martial artists requested a training mode 
with realistic motion and enemies. Related to this, many 
participants suggested a two-player mode as a fun and 
motivating addition to the game. Each player should have 
his or her own playfield to avoid real contact. Playing 
against another human could also make the game 

interesting for a longer time, since your opponents develop 
and learn with you.  

In the interviews, the game setup was considered promising 
for practicing predetermined sequences of techniques (kata 
in karate). Kata training often focuses on fluidity and 
rhythm, for which it could be useful to have a group of 
enemies appear in a predetermined order, possibly in 
rhythm with music.  

A group of experienced taido practitioners suggested that it 
would be useful to train your reactions and timing against a 
pre-recorded video opponent. For example, in dodging and 
counter-attacks, it is important not to act too late or early. 
The video playback speed could be adjusted so that you 
start practicing at a slow tempo and then increase speed as 
you start to master the moves. However, camera and 
display delays can be a problem for this kind of training.  

Many users complained that the game encourages you to 
use only an effective and fast subset of techniques. The 
same applies to real combat, but for example taido 
competition combat rules prohibit straight kicks and 
punches without certain preceding motion patterns, which 
makes the combat more jazzy and dynamic. Creative 
playing could also be encouraged by a style based a scoring 
and rewarding system. Such systems exist in traditional 
video games, such as the Lord of the Rings Two Towers 
game, where successful combinations of attacks produce 
higher scores. For a game with a video avatar, it could be 
natural to have model choreographies performed by an 
expert, showing an optimal way of demolishing a horde of 
attackers.

The Kick Ass Kung-Fu user interface can be considered to 
develop motor skills and fitness, but from an educational 
point of view, this is only part of the experience. Martial 
arts are about both mind and body, about harmony and 
respecting your fellow trainees. In the future, the 
philosophical aspects should be incorporated into the game, 
for example, in the form of narrative.  

Information and audiovisual material about Kick Ass Kung-
Fu can be found at http://kickasskungfu.net. 
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d
 e

n
te

rt
ai

n
m

e
n
t.

 P
re

vi
ou

sl
y,

 w
e

h
av

e 
cr

e
at

ed
 “

m
ag

ic
 m

ir
ro

r”
 v

is
u
al

iz
at

io
n
 s

y
st

em
s 

fo
r

m
ar

ti
al

 a
rt

s 
tr

a
in

in
g
, 

a
im

in
g
 t

o 
op

ti
m

iz
e
 t

h
e
 l
ea

rn
in

g
p
ro

ce
ss

 w
it
h
 n

ov
el

 v
is

u
a
l 
fe

e
d
b
ac

k
 [

1
4
].

 W
e
 h

av
e 

al
so

d
es

ig
n
ed

 K
ic

k
 A

ss
 K

u
n
g
-F

u
, 

a
 f
u
ll-

b
od

y
 f

ig
h
ti
n
g
 g

a
m

e
th

a
t 

ca
n
 p

ro
v
id

e 
in

te
n
si

ve
 p

h
y
si

ca
l e

x
er

ci
se

 a
n
d

m
ot

iv
at

e
 m

or
e
 s

er
io

u
s 

tr
a
in

in
g
 [

1
5
].

 I
n
 t

h
e 

K
ic

k 
A

ss
K
u
n
g
-F

u
 g

a
m

e
, 
a
n
y
 n

u
m

b
er

 o
f 
p
la

ye
rs

 c
a
n
 f

ig
h
t

co
lla

b
o
ra

ti
ve

ly
 a

g
a
in

st
 v

ir
tu

a
l 
e
n
e
m

ie
s 

u
si

n
g
 k

ic
k
s 

a
n
d

p
u
n
ch

es
 a

s 
w

e
ll 

a
s 

a
cr

ob
at

ic
 m

ov
es

 s
u
ch

 a
s 

ca
rt

w
h
ee

ls
.

T
h
e
 g

a
m

e
 u

se
s 

a
 v

id
e
o 

ca
m

e
ra

, 
re

a
l-

ti
m

e
 i
m

a
g
e

p
ro

ce
ss

in
g
 a

n
d
 c

om
p
u
te

r 
v
is

io
n
 t

o 
em

b
e
d
 t

h
e
 i
m

ag
e
 o

f
th

e
 p

la
ye

r 
in

si
d
e
 3

D
 g

ra
p
h
ic

s.
 T

h
is

 i
s 

sh
o
w

n
 i
n
 F

ig
u
re

s
1
-4

.

In
 t

h
is

 s
tu

d
y,

 w
e 

a
im

 f
or

 a
 b

et
te

r 
u
n
d
er

st
an

d
in

g
 o

f 
th

e
d
es

ig
n
 i
ss

u
e
s 

an
d
 e

ff
ec

ts
 o

f 
fu

ll-
b
od

y
 i
n
te

ra
ct

io
n
 i
n

d
ig

it
al

 g
a
m

e
s 

fo
r 

ch
ild

re
n
. 

W
e 

re
p
or

t 
ob

se
rv

at
io

n
s 

a
n
d

in
te

rv
ie

w
s 

o
f 

ch
ild

re
n
 a

n
d
 p

a
re

n
ts

 p
la

yi
n
g
 K

ic
k 

A
ss

K
u
n
g
-F

u
 i
n
 a

n
 a

rt
 g

al
le

ry
 w

h
er

e
 t

h
e
 g

a
m

e
 w

as
ex

h
ib

it
ed

 f
o
r 

tw
o
 w

ee
ks

 i
n
 F

eb
ru

ar
y 

2
0
0
5
. 

A
lt
h
ou

g
h
 t

h
e

g
a
m

e
 w

a
s 

or
ig

in
a
lly

 d
e
si

g
n
ed

 f
or

 t
e
en

a
g
e
rs

 a
n
d
 a

d
u
lt
s,

it
 b

e
ca

m
e 

a
 h

it
 a

m
o
n
g
 c

h
ild

re
n
 a

n
d
 p

ar
e
n
ts

, 
an

d
ch

ild
re

n
 c

a
m

e
 t

o 
p
la

y 
th

e
 g

a
m

e
 d

ai
ly

. 
H

ow
ev

er
, 

on
ob

se
rv

in
g
 t

h
e
 c

h
ild

re
n
, 

w
e
 n

ot
ic

ed
 c

og
n
it
iv

e 
a
n
d
 m

ot
or

co
n
tr

o
l 
p
ro

b
le

m
s 

a
n
d
 p

la
y
in

g
 p

a
tt

er
n
s 

th
at

 d
if
fe

re
d

fr
om

 t
h
os

e
 r

e
p
or

te
d
 i
n
 o

u
r 

p
re

v
io

u
s 

st
u
d
y 

w
it
h
 a

d
u
lt

m
a
rt

ia
l 
ar

ti
st

s 
[1

5
].

 W
e
 w

er
e 

al
so

 c
on

ce
rn

ed
 a

b
ou

t 
th

e
co

m
b
in

ed
 e

ff
e
ct

s 
o
f 
th

e
 f

u
ll-

b
od

y
 i
n
te

ra
ct

io
n
 a

n
d

vi
o
le

n
ce

, 
fo

r 
ex

a
m

p
le

, 
w

h
et

h
er

 t
h
e 

v
io

le
n
t 

p
h
y
si

ca
l

b
eh

av
io

r 
g
et

s 
tr

a
n
sf

e
rr

ed
 o

u
ts

id
e
 t

h
e
 g

a
m

e.

F
ig

u
re

 3
. 
P
la

yi
n
g
 t

o
g
et

h
er

.

F
ig

u
re

 2
. 
A
 s

p
lit

 k
ic

k 
in

 t
h
e 

a
ir.

F
ig

u
re

 4
. 
A
n
 a

cr
ob

a
ti
c 

ki
ck
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B
a
ck

g
ro

u
n

d
V
id

e
o 

g
a
m

e
s 

an
d
 m

ov
ie

s 
su

ch
 a

s 
“K

ar
at

e
 K

id
” 

h
av

e
d
em

o
n
st

ra
te

d
 m

ar
ti

a
l a

rt
s 

in
 f

as
ci

n
at

in
g
 w

ay
s 

w
h
ic

h
 a

re
im

it
a
te

d
 b

y 
yo

u
n
g
 c

h
ild

re
n
 o

n
 p

la
yg

ro
u
n
d
s,

 s
ch

o
o
ly

a
rd

s
or

 a
t 

h
om

e
 w

it
h
 s

ib
lin

g
s 

[1
2
].

 V
is

u
al

ly
, 

m
ar

ti
a
l a

rt
s

a
p
p
ea

r 
v
io

le
n
t,

 b
u
t 

th
ey

 a
re

 g
en

e
ra

lly
 i
n
te

n
d
ed

 t
o

p
ro

m
ot

e
 r

e
sp

e
ct

 b
e
tw

ee
n
 o

p
p
on

en
ts

 a
n
d
 u

n
n
e
ce

ss
ar

y
h
ar

m
 i
s 

d
is

co
u
ra

g
e
d
. 

It
 i
s 

ar
g
u
ed

 t
h
a
t 

th
e
 b

e
n
e
fi
ts

 o
f

m
ar

ti
al

 a
rt

s 
tr

a
in

in
g
 i
n
cl

u
d
e
 i
n
cr

ea
se

d
 s

el
f-

e
st

ee
m

,
in

cr
ea

se
d
 s

e
lf-

d
is

ci
p
lin

e
 a

n
d
 i
m

p
ro

v
ed

 a
b
ili

ty
 t

o 
d
ea

l
w

it
h
 c

o
n
fl
ic

ti
n
g
 s

it
u
at

io
n
s 

[2
2
] 

in
 a

d
d
it
io

n
 t

o 
m

an
y

p
o
si

ti
ve

 p
h
ys

io
lo

g
ic

a
l 
e
ff
e
ct

s.

D
ig

it
a
l 
fig

h
ti
n
g
 g

am
e
s 

a
re

 e
it
h
e
r 

d
ir
ec

tl
y 

or
 r

em
ot

el
y

ro
ot

ed
 i
n
 r

e
al

 l
if
e 

m
ar

ti
a
l 
a
rt

s 
p
ra

ct
ic

es
. 

T
h
e 

g
en

re
ar

os
e
 i
n
 t

h
e
 m

id
-1

9
8
0
s 

w
it
h
 t

h
e 

re
le

a
se

 o
f 

S
tr

e
et

Fi
g
h
te

r 
II

. 
T
h
e 

re
ce

n
t 

b
e
st

 s
e
lli

n
g
 t

it
le

s 
in

cl
u
d
e
, 

fo
r

ex
am

p
le

, 
D

e
ad

 o
r 

A
liv

e
, 

S
ou

l 
C
a
lib

u
r 

an
d
 T

ek
ke

n
, 

w
h
ic

h
ar

e 
m

os
tl
y 

ra
te

d
 s

u
it
a
b
le

 f
or

 t
ee

n
s 

(“
T
”,

 1
3
+

) 
[1

0
].

Fi
g
h
ti
n
g
 g

a
m

e
s 

u
su

a
lly

 p
or

tr
ay

 m
a
rt

ia
l 
ar

ts
 i
n
 a

d
ra

m
a
ti
c 

se
tt

in
g
 a

n
d
 o

ff
er

 a
 r

a
n
g
e
 o

f 
im

p
o
ss

ib
le

 a
ct

io
n
s

–
 t

h
e
se

 s
p
ec

ia
l 
a
ct

io
n
s 

ty
p
ic

a
lly

 i
n
cl

u
d
e 

ch
i-

en
e
rg

y
b
la

st
s 

an
d
 p

h
y
si

ca
lly

 i
m

p
o
ss

ib
le

 m
id

-a
ir
 a

cr
ob

at
ic

s.
M

an
y
 g

a
m

e
s 

e
m

p
h
as

iz
e
 t

h
e
 v

io
le

n
ce

 b
y 

in
vo

lv
in

g
 b

lo
od

,
d
e
at

h
 a

n
d
 s

cr
ea

m
s.

 M
o
st

 f
ig

h
ti
n
g
 g

am
e
s 

d
is

ca
rd

 t
h
e

p
h
ilo

so
p
h
ic

a
l 
as

p
e
ct

s 
o
f 
m

ar
ti
al

 a
rt

s 
so

 t
h
at

 t
h
e 

g
oa

l 
of

th
e
 p

la
ye

r 
is

 s
im

p
ly

 t
o 

ca
u
se

 a
s 

m
u
ch

 d
a
m

ag
e 

to
 t

h
e

op
p
o
n
en

t 
as

 p
o
ss

ib
le

.

In
 m

os
t 

d
ig

it
a
l 
fi
g
h
ti
n
g
 g

am
es

, 
th

e
 p

la
ye

r 
co

n
tr

o
ls

 a
n

av
at

ar
 w

it
h
 s

eq
u
en

ce
s 

o
f 
b
u
tt

o
n
 p

re
ss

e
s,

 w
h
ic

h
 r

es
u
lt
s

in
 a

 u
se

r 
ex

p
e
ri

en
ce

 t
h
at

 i
s 

fa
r 

re
m

ov
ed

 f
ro

m
 t

h
e

ki
n
e
st

h
et

ic
 j
oy

 a
n
d
 p

h
y
si

ca
l 
ex

er
ci

se
 o

f 
p
ra

ct
ic

in
g

m
ar

ti
al

 a
rt

s 
m

o
ve

m
e
n
ts

 i
n
 r

ea
l 
lif

e.
 F

o
rt

u
n
at

e
ly

, 
th

a
n
ks

to
 n

o
ve

l i
n
p
u
t 

d
ev

ic
es

, 
su

ch
 a

s 
d
a
n
ce

 m
a
ts

 t
h
at

 r
e
g
is

te
r

fo
ot

st
ep

s 
[1

9
],

 a
n
d
 c

a
m

e
ra

s 
th

at
 c

a
n
 b

e
 u

se
d
 t

o 
tr

ac
k

th
e
 u

se
r’
s 

b
o
d
y
 m

ov
e
m

e
n
ts

 [
4
, 

1
6
, 

2
4
],

 p
h
ys

ic
al

ly
in

te
ra

ct
iv

e
 d

ig
it
a
l 
g
am

e
s 

ar
e
 a

 g
ro

w
in

g
 p

h
e
n
o
m

e
n
on

.
Fo

r 
ex

am
p
le

, 
in

 o
u
r 

p
re

v
io

u
s 

g
am

e
, 
Q

u
iQ

u
i’s

 G
ia

n
t

B
ou

n
ce

, 
a 

d
ra

g
on

 c
a
n
 b

e
 m

a
d
e
 t

o
 f

ly
 a

s 
a 

re
su

lt
 o

f 
th

e
p
la

ye
r 

m
ov

in
g
 h

is
 o

r 
h
er

 h
a
n
d
s 

lik
e
 w

in
g
s 

[1
6
].

 T
h
e

d
ra

g
o
n
 a

ls
o
 b

re
a
th

es
 f

ir
e 

w
h
en

 t
h
e
 p

la
y
er

 s
h
ou

ts
 w

it
h

th
e 

so
u
n
d
s 

b
e
in

g
 d

et
ec

te
d
 u

si
n
g
 a

 m
ic

ro
p
h
on

e.
Ph

ys
ic

a
lly

 i
n
te

ra
ct

iv
e 

d
ig

it
a
l g

am
e
s 

ca
n
 p

ro
v
id

e 
n
o
ve

l
fo

rm
s 

of
 p

h
ys

ic
al

 e
x
er

ci
se

 a
n
d
 s

u
p
p
or

t 
th

e 
d
ev

e
lo

p
m

e
n
t

of
 c

h
ild

re
n
’s

 m
ot

or
 s

k
ill

s.

In
 a

d
d
it
io

n
 t

o
 o

u
r 

p
as

t 
re

se
a
rc

h
 [

1
4
, 

1
5
],

 p
re

v
io

u
s

ex
p
er

im
en

ts
 w

it
h
 d

ig
it
a
lly

 e
n
h
a
n
ce

d
 m

ar
ti
a
l 
a
rt

s 
in

cl
u
d
e

Ta
i 
C
h
i t

ra
in

in
g
 i
n
 v

ir
tu

a
l r

e
al

it
y 

[5
] 

an
d
 i
m

p
ac

t-
re

g
is

te
ri

n
g
 b

o
d
y 

p
ro

te
ct

o
rs

 f
o
r 

Ta
e
K
w

o
n
D

o
 s

p
a
rr

in
g
 [

2
].

T
h
er

e
 a

re
 a

ls
o 

si
m

p
le

 f
ig

h
ti
n
g
 g

a
m

e
s 

fo
r 

th
e
 E

ye
-T

oy
ca

m
e
ra

 f
o
r 

P
la

yS
ta

ti
on

 2
 c

o
n
so

le
 [

2
4
] 

an
d
 C

re
at

iv
e

W
eb

C
a
m

 G
am

e 
S
ta

r 
fo

r 
P
C
 w

h
ic

h
 i
n
cl

u
d
e
s 

tw
o 

K
ar

at
e

g
am

es
 [

4
].

C
h

a
ll
e
n

g
e

A
lt
h
ou

g
h
 t

h
e 

e
ar

lie
st

 c
om

p
u
te

r 
v
is

io
n
 b

a
se

d
 g

a
m

e
s

d
a
te

 b
a
ck

 t
o
 t

h
e
 1

9
8
0
’s

 [
2
0
] 

th
er

e
 i
s 

st
ill

 a
 l
ot

 t
o
 s

tu
d
y

in
 t

er
m

s 
of

 c
h
al

le
n
g
es

 t
h
at

 t
h
e
 b

o
d
y
 m

ov
em

e
n
ts

 p
o
se

fo
r 

g
am

e
 d

es
ig

n
, 

n
at

u
ra

l 
in

te
ra

ct
io

n
 s

ty
le

s 
a
n
d
 p

la
y
in

g
p
a
tt

er
n
s.

 A
s 

p
la

yi
n
g
 c

on
ve

n
ti
o
n
s 

fo
r 

th
es

e
 g

am
es

 h
av

e
n
ot

 y
et

 b
e
en

 e
st

ab
lis

h
e
d
, 

th
e
re

 i
s 

fu
rt

h
e
r 

re
se

ar
ch

re
q
u
ir

ed
 i
n
 t

h
e
 f

ie
ld

s 
o
f 

p
la

ya
b
ili

ty
, 

in
te

ra
ct

io
n
 d

es
ig

n
an

d
 e

va
lu

at
io

n
 m

e
th

od
s 

fo
r 

th
es

e
 i
n
te

rf
ac

e
s 

w
it
h

sp
ec

if
ic

 t
ar

g
e
t 

au
d
ie

n
ce

s.
 S

tu
d
ie

s 
to

 d
at

e 
in

 t
h
is

 a
re

a
h
av

e 
d
ea

lt
 w

it
h
 i
ss

u
es

 s
u
ch

 a
s 

in
tu

it
iv

e
 g

a
m

e
 g

es
tu

re
s

[1
7
],

 p
ri

n
ci

p
le

s 
o
f 
g
a
m

e
 d

e
si

g
n
 f
ro

m
 t

h
e
 p

o
in

t 
o
f 
v
ie

w
of

 c
h
ild

 u
se

rs
 [

7
] 

an
d
 g

u
id

e
lin

e
s 

fo
r 

u
sa

b
le

 p
e
rc

e
p
tu

a
l

u
se

r 
in

te
rf

ac
e
s 

[6
].
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T
h
er

e 
is

 a
 l
ar

g
e
 b

o
d
y
 o

f 
re

se
a
rc

h
 i
n
to

 t
h
e
 e

ff
ec

ts
 o

f
vi

o
le

n
ce

 i
n
 v

id
eo

 g
am

es
, 

p
ar

ti
cu

la
rl

y
 f

oc
u
si

n
g
 o

n
 t

h
e

re
la

ti
o
n
sh

ip
 b

et
w

ee
n
 v

io
le

n
ce

 a
n
d
 a

g
g
re

ss
io

n
 [

1
].

H
ow

ev
er

, 
th

is
 r

es
e
ar

ch
 h

a
s 

m
a
in

ly
 f

o
cu

se
d
 o

n
 t

h
e

am
o
u
n
t 

of
 p

la
y 

ti
m

e
 a

n
d
 t

h
e
 c

on
te

n
t 

o
f 
th

e 
g
am

e
s

[1
1
],

 t
h
er

e
 i
s 

n
o
 p

re
v
io

u
s 

re
se

ar
ch

 o
n
 t

h
e 

co
m

b
in

ed
ef

fe
ct

s 
of

 t
h
e
 f

u
ll 

b
od

y 
in

te
ra

ct
io

n
 a

n
d
 v

io
le

n
ce

.

V
io

le
n
ce

 h
a
s 

a
lw

ay
s 

h
ad

 a
n
 i
m

p
or

ta
n
t 

ro
le

 i
n
 c

o
m

p
u
te

r
g
a
m

es
 a

n
d
 f

ig
h
ti
n
g
 g

a
m

es
 a

re
 n

o
 e

xc
e
p
ti
o
n
. 

A
lt
h
o
u
g
h

th
er

e 
a
re

 m
a
n
y 

ch
a
lle

n
g
in

g
 n

o
n
-v

io
le

n
t 

g
a
m

e
s,

 t
h
er

e
ar

e 
a
ls

o 
a 

lo
t 

o
f 
g
a
m

e
s 

av
a
ila

b
le

 f
or

 c
h
ild

re
n
 a

n
d

te
en

a
g
e
rs

 w
h
e
re

 v
io

le
n
ce

 i
s 

e
it
h
e
r 

th
e
 s

o
le

 p
u
rp

o
se

 o
f

th
e
 g

a
m

e 
or

 i
s 

a
 s

ig
n
if
ic

a
n
t 

p
ar

t 
o
f 

it
. 

R
ec

e
n
t 

a
n
a
ly

si
s

sh
ow

s 
th

at
 u

p
 t

o 
8
9
%

 o
f 
g
a
m

e
s 

co
n
ta

in
 s

om
e
 v

io
le

n
t

co
n
te

n
t 

[3
],

 h
ow

ev
er

, 
th

e 
fo

rm
 o

f 
vi

ol
en

ce
 v

ar
ie

s
h
u
g
e
ly

 -
 f
ro

m
 S

u
p
e
r 

M
ar

io
’s

 f
a
ir

ly
 h

ar
m

le
ss

 c
om

ic
m

is
ch

ie
f 
a
n
d
 c

ar
to

o
n
 v

io
le

n
ce

 t
o 

g
am

e
s 

w
it
h
 b

lo
od

 a
n
d

g
o
re

; 
M

or
ta

l 
C
o
m

b
at

 D
e
ce

p
ti
on

 a
n
d
 R

es
id

e
n
t 

E
v
il 

a
re

ex
am

p
le

s 
of

 t
h
e
se

 g
am

e
 t

yp
e
s.

T
h
e 

vi
o
le

n
ce

 i
n
 v

id
eo

 g
a
m

e
s 

is
 c

on
si

d
er

ed
 t

o 
h
av

e 
m

or
e

im
p
a
ct

 o
n
 c

h
ild

re
n
 a

n
d
 a

d
o
le

sc
en

ts
 t

h
an

 o
th

er
 m

ed
ia

fo
rm

s 
fo

r 
th

e
 f

ol
lo

w
in

g
 r

e
as

on
s:

 (
a
) 

th
e
 v

io
le

n
t

b
e
h
av

io
r 

of
 t

h
e
 p

la
ye

r 
is

 s
im

u
lt
a
n
eo

u
sl

y 
re

h
ea

rs
ed

,
re

w
ar

d
e
d
 a

n
d
 r

e
in

fo
rc

ed
 i
n
 v

ar
io

u
s 

w
ay

s 
in

cl
u
d
in

g
 t

h
e

a
d
d
it
io

n
 o

f 
ex

tr
a
 p

o
in

ts
, 

so
u
n
d
s 

a
n
d
 g

a
m

e 
le

ve
ls

 [
8
],

(b
) 

v
id

eo
 g

a
m

e
s 

d
o 

n
ot

 c
re

at
e
 r

e
a
lis

ti
c 

co
n
se

q
u
e
n
ce

s
fo

r 
th

e 
a
g
g
re

ss
o
r 

[1
1
],

 (
c)

 t
h
ey

 s
u
p
p
o
rt

 n
eg

a
ti
ve

st
e
re

ot
y
p
e
s,

 f
or

 e
x
am

p
le

 p
or

tr
ay

in
g
 m

in
or

it
ie

s 
an

d
w

om
e
n
 a

s 
h
el

p
le

ss
 v

ic
ti
m

s 
[2

3
],

 (
d
) 

th
e
 p

la
ye

r 
is

ac
ti
ve

ly
 m

ak
in

g
 a

g
g
re

ss
iv

e 
b
e
h
av

io
ra

l 
ch

o
ic

e
s 

a
n
d

ca
rr

y
in

g
 t

h
e
m

 o
u
t 

[8
],

 (
e
) 

re
a
lis

m
 o

f 
vi

ol
en

ce
 a

n
d
 t

h
e

id
e
n
ti
fi
ca

ti
on

 w
it
h
 t

h
e
 g

am
e
 c

h
ar

a
ct

er
 m

a
ke

 t
h
e

ex
p
e
ri
e
n
ce

 m
o
re

 r
e
al

 [
1
1
],

 a
n
d
 (

f)
 p

ar
en

ts
 d

o 
n
ot

 p
la

y

w
it
h
 t

h
e
ir
 c

h
ild

re
n
, 

th
is

 m
a
k
in

g
 i
t 

h
ar

d
 f

or
 t

h
e
m

 t
o

m
on

it
o
r 

th
e 

g
a
m

e 
co

n
te

n
ts

 [
8
].

B
as

ed
 o

n
 o

ff
ic

ia
l 
vi

d
e
o 

g
am

e
 r

a
ti
n
g
 s

ys
te

m
s 

[1
0
, 

2
1
],

K
ic

k 
A

ss
 K

u
n
g
-F

u
 c

o
u
ld

 b
e
 c

on
si

d
e
re

d
 s

u
it
a
b
le

 f
or

 7
ye

ar
s 

ol
d
 c

h
ild

re
n
, 

th
an

k
s 

to
 t

h
e
 c

a
rt

oo
n
 v

is
u
a
ls

 w
it
h
 n

o
b
lo

o
d
. 

C
o
n
si

d
er

in
g
 c

o
m

m
er

ci
a
l 
ca

m
er

a
-b

a
se

d
 g

a
m

es
,

E
y
e 

To
y:

 P
la

y
 [

2
4
] 

h
a
s 

a
 l
ow

er
 r

at
in

g
 (

3
+

 a
cc

or
d
in

g
 t

o
[2

1
])

 a
n
d
 C

re
at

iv
e
 G

am
e
 S

ta
r 

[4
] 

h
a
s 

n
o
 o

ff
ic

ia
l 
g
am

e
ra

ti
n
g
 a

t 
a
ll 

ev
e
n
 t

h
ou

g
h
 b

ot
h
 t

h
e 

ti
tl
es

 f
ea

tu
re

 v
io

le
n
t

m
in

i 
g
a
m

es
.

T
h
e 

g
a
m

e
 r

at
in

g
s 

ar
e
 m

os
tl
y 

b
as

e
d
 o

n
 t

h
e
 l
ev

el
 o

f
re

al
is

m
 o

f 
h
ar

m
fu

l 
co

n
te

n
t.

 H
ow

ev
er

, 
th

ey
 s

ee
m

 t
o

n
eg

le
ct

 t
h
at

 t
h
er

e 
ar

e
 m

or
e
 d

im
e
n
si

o
n
s 

to
 r

e
a
lis

m
 t

h
a
n

au
d
io

vi
su

a
l 
o
u
tp

u
t.

 I
n
 i
n
te

ra
ct

iv
e 

m
ed

ia
, 

b
ot

h
 t

h
e 

u
se

r’
s

ac
ti
on

s 
a
n
d
 t

h
e 

sy
st

e
m

 o
u
tp

u
t 

co
n
tr

ib
u
te

 t
o
 t

h
e
 u

se
r

ex
p
e
ri
e
n
ce

. 
T
h
u
s,

 a
 c

e
n
tr

a
l 
co

n
ce

p
t 

o
f 
th

is
 p

a
p
er

 i
s

u
se

r
in

te
rf

a
ce

 r
ea

lis
m

 o
r

a
ct

io
n
 r

e
a
lis

m
. 

W
it
h
 c

om
p
u
te

r
vi

si
on

 a
n
d
 o

th
e
r 

m
od

e
rn

 i
n
p
u
t 

te
ch

n
ol

og
ie

s,
 r

ea
lis

ti
c

em
b
od

ie
d
 i
n
te

ra
ct

io
n
 i
s 

n
o
 l
on

g
er

 l
im

it
ed

 t
o 

si
m

u
la

to
rs

w
it
h
 d

ed
ic

a
te

d
 c

o
n
tr

o
l 
d
ev

ic
es

.

S
tu

d
y
 s

e
tu

p
 a

n
d
 p

ro
ce

d
u

re
T
h
is

 c
h
ap

te
r 

d
es

cr
ib

es
 t

h
e 

te
st

 s
ys

te
m

 a
n
d
 t

h
e 

st
u
d
y

p
ro

ce
d
u
re

. 
N

ot
e
 t

h
at

 w
e 

on
ly

 g
iv

e 
a 

b
ri
ef

 o
v
er

v
ie

w
 o

f
th

e 
K

ic
k 

A
ss

 K
u
n
g
-F

u
 s

ys
te

m
. 

A
 d

e
ta

ile
d
 d

e
sc

ri
p
ti
o
n
 o

f
th

e
 g

a
m

e
, 

a
n
d
 a

 u
se

r 
st

u
d
y
 w

it
h
 m

a
rt

ia
l 
ar

ti
st

s,
 c

a
n
 b

e
fo

u
n
d
 i
n
 H

äm
ä
lä

in
en

e
t 

a
l.

[1
5
].

T
es

t 
sy

st
e
m

W
e 

u
se

d
 a

 t
yp

ic
a
l 
K

ic
k
 A

ss
 K

u
n
g
-F

u
 s

et
u
p
 f

or
 t

h
e
 s

tu
d
y

as
 s

h
ow

n
 i
n
 F

ig
u
re

s 
1
-5

 a
n
d
 7

. 
T
h
e
 g

a
m

e
 u

se
s 

a
 v

id
e
o

ca
m

e
ra

 t
o 

e
m

b
ed

 t
h
e
 p

la
ye

r 
in

si
d
e
 t

h
e
 g

am
e
 g

ra
p
h
ic

s
so

 t
h
at

 t
h
e
 p

la
ye

r 
ca

n
 f

ig
h
t 

v
ir
tu

a
l 
en

e
m

ie
s 

w
it
h
 k

ic
ks

an
d
 p

u
n
ch

e
s,

 a
s 

w
e
ll 

a
s 

ca
rr

y
 o

u
t 

ac
ro

b
at

ic
 t

e
ch

n
iq

u
es
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6

in
cl

u
d
in

g
 c

ar
tw

h
e
el

s.
 T

h
e 

ca
m

e
ra

 i
s 

at
 t

h
e
 p

la
ye

r’
s 

si
d
e
,

p
ro

v
id

in
g
 a

 p
ro

fi
le

 v
ie

w
 s

u
it
ab

le
 f

or
 v

ie
w

in
g
 m

an
y

m
ar

ti
al

 a
rt

s 
te

ch
n
iq

u
es

. 
T
h
e 

tw
o 

p
ro

je
ct

e
d
 s

cr
e
e
n
s 

le
t

th
e
 p

la
ye

r 
fi
g
h
t 

m
u
lt
ip

le
 e

n
e
m

ie
s 

th
at

 a
tt

ac
k
 h

im
 f
ro

m
b
o
th

 s
id

es
.
T
h
e 

g
am

e
 a

n
al

y
ze

s 
th

e 
im

p
ac

ts
 o

f 
ki

ck
s 

an
d

p
u
n
ch

es
 a

n
d
 t

h
e
 v

ir
tu

a
l 
e
n
em

ie
s 

re
ac

t 
ac

co
rd

in
g
ly

. 
A
n
y

n
u
m

b
e
r 

o
f 
p
la

ye
rs

 c
an

 p
la

y
 c

ol
la

b
or

at
iv

e
ly

 a
g
ai

n
st

 t
h
e

vi
rt

u
a
l 
en

e
m

ie
s 

an
d
 c

a
n
 a

ls
o 

u
se

 w
e
ap

on
s,

 s
u
ch

 a
s

sw
or

d
s 

a
n
d
 n

u
n
ch

ak
u
s 

(a
 p

a
ir
 o

f 
st

ic
k
s 

jo
in

ed
 b

y
 a

ch
a
in

 o
r 

co
rd

).
 T

o 
p
re

ve
n
t 

in
ju

ri
es

 i
n
 c

o
lla

b
o
ra

ti
ve

 p
la

y,
w

e 
le

t 
p
e
op

le
 u

se
 o

n
ly

 s
o
ft

 w
ea

p
on

s,
 s

u
ch

 a
s 

th
e

st
yr

of
oa

m
 b

a
to

n
s 

sh
ow

n
 i
n
 F

ig
u
re

 5
.

T
h
e 

vi
su

al
 s

ty
le

 i
n
 K

ic
k
 A

ss
 K

u
n
g
-F

u
 i
s 

p
se

u
d
o
-3

D
 i
n

th
at

 t
h
e
 p

la
ye

r’
s 

v
id

e
o 

av
at

ar
 i
s 

a
 2

D
 p

la
n
e
 i
n
si

d
e
 a

 3
D

ar
e
n
a.

 S
in

ce
 t

h
e
re

 i
s 

n
o
 d

e
p
th

 i
n
fo

rm
at

io
n
, 

th
e
 p

la
y
er

ca
n
 o

n
ly

 m
ov

e 
si

d
ew

ay
s 

an
d
 n

ot
 b

a
ck

 a
n
d
 f

or
th

.
H

ow
ev

er
, 

th
e
 v

ie
w

 z
o
om

s 
a
n
d
 t

ilt
s 

d
y
n
a
m

ic
a
lly

, 
w

h
ic

h
g
iv

es
 a

 c
on

v
in

ci
n
g
 3

D
 l
oo

k
 a

n
d
 f
ee

l.
 V

id
e
o
s 

a
n
d
 i
m

ag
es

of
 t

h
e 

g
am

e
 c

a
n
 b

e
 f

ou
n
d
 a

t 
th

e
 w

eb
si

te
w

w
w

.k
ic

ka
ss

ku
n
g
fu

.n
et

.

T
h
e 

in
te

ra
ct

io
n
 d

e
si

g
n
 o

f 
K

ic
k 

A
ss

 K
u
n
g
-F

u
 a

im
e
d
 f

or
th

e 
g
a
m

e
 t

o 
b
e
 b

ot
h
 e

d
u
ca

ti
on

a
l 
an

d
 f
u
n
, 

a
n
d
 c

an
 b

e
ch

a
ra

ct
er

iz
ed

 a
s

a
ct

io
n
 h

yp
er

re
al

is
m

. 
A

 g
a
m

e
 c

an
 b

e
co

n
si

d
e
re

d
 e

d
u
ca

ti
on

al
 i
f 

it
 d

ev
el

op
s 

sk
ill

s 
th

at
 a

re
u
sa

b
le

 i
n
 r

e
a
l 
lif

e,
 o

u
ts

id
e
 t

h
e
 g

a
m

e
 c

on
te

x
t.

 T
h
is

 i
s

of
te

n
 r

e
la

te
d
 t

o 
th

e
 l
ev

e
l 
of

 r
e
a
lis

m
. 

K
ic

k
 A

ss
 K

u
n
g
-F

u
is

 r
e
a
lis

ti
c 

in
 t

h
at

 y
o
u
 p

er
fo

rm
 k

ic
k
s 

an
d
 p

u
n
ch

e
s 

fo
r

re
al

 a
n
d
 g

e
t 

v
is

u
a
l 
fe

e
d
b
a
ck

 o
f 

yo
u
r 

te
ch

n
iq

u
e
, 

fo
r

ex
am

p
le

, 
in

 t
h
e 

fo
rm

 o
f 

sl
ow

-m
ot

io
n
 r

ep
la

y
s 

o
f

su
cc

es
sf

u
l 
te

ch
n
iq

u
e
s.

 O
n
 t

h
e
 o

th
er

 h
an

d
, 

th
e

ex
p
e
ri
e
n
ce

 i
s 

p
u
sh

ed
 b

e
yo

n
d
 r

ea
lis

m
 t

o 
m

ot
iv

at
e 

th
e

p
la

ye
r 

–
 m

o
ti
o
n
 i
s 

ex
a
g
g
e
ra

te
d
 s

o
 t

h
at

 y
ou

 j
u
m

p
 h

ig
h
er

an
d
 m

ov
e 

fa
st

er
 o

n
-s

cr
e
en

. 
B
e
ca

u
se

 c
o
lli

si
on

s 
w

it
h

vi
rt

u
a
l 
ob

je
ct

s 
d
o
n
’t
 h

u
rt

, 
yo

u
 c

a
n
 a

p
p
ly

 f
la

m
b
oy

a
n
t,

ac
ro

b
at

ic
 f

ig
h
ti
n
g
 t

e
ch

n
iq

u
es

 t
h
at

 w
o
u
ld

 b
e
 o

th
e
rw

is
e

to
o 

d
an

g
er

ou
s.

In
 a

d
d
it
io

n
 t

o
 a

 c
a
m

e
ra

 t
h
at

 c
ap

tu
re

s 
th

e 
u
se

r’
s

m
ov

em
e
n
ts

, 
K
ic

k 
A

ss
 K

u
n
g
-F

u
 u

se
s 

a 
m

ic
ro

p
h
o
n
e 

to
d
e
te

ct
 s

h
o
u
ti
n
g
. 

S
h
o
u
ti
n
g
 (

k
ia

i)
 i
s 

an
 i
m

p
or

ta
n
t 

p
ar

t 
of

va
ri

ou
s 

m
ar

ti
a
l a

rt
s.

 I
t 

is
 u

se
d
 t

o 
in

ti
m

id
at

e 
th

e
op

p
o
n
e
n
t,

 s
h
ow

 g
oo

d
 f

ig
h
ti

n
g
 s

p
ir

it
 a

n
d
 a

ls
o
 t

o
 p

re
p
a
re

yo
u
r 

b
od

y 
fo

r 
im

p
a
ct

 w
h
e
n
 y

o
u
 g

et
 k

ic
ke

d
 o

r 
p
u
n
ch

e
d
.

In
 t

h
e
 g

a
m

e,
 y

ou
 c

an
 p

os
e 

a
n
d
 s

h
ou

t 
to

 g
at

h
er

 c
h
i

en
e
rg

y 
fo

r 
a 

d
ev

a
st

a
ti
n
g
 s

p
e
ci

a
l 
at

ta
ck

. 
W

h
e
n
 y

o
u

sh
o
u
t,

 y
o
u
 b

e
g
in

 t
o
 g

lo
w

 w
it
h
 t

h
e
 e

n
e
rg

y,
 w

h
ic

h
 t

h
e
n

ex
p
lo

d
e
s 

aw
ay

 w
it
h
 y

o
u
r 

n
ex

t 
a
tt

a
ck

, 
fl
in

g
in

g
 t

h
e 

ta
rg

et
fa

r 
aw

ay
.

Pr
o
ce

d
u
re

T
h
e 

st
u
d
y
 w

as
 c

ar
ri

ed
 o

u
t 

d
u
ri

n
g
 o

n
e 

w
ee

k
 i
n
 F

eb
ru

ar
y

2
0
0
5
 i
n
 a

n
 a

rt
 g

a
lle

ry
 w

h
er

e 
th

e 
g
am

e
 w

as
 d

is
p
la

ye
d
.

T
h
e 

re
se

ar
ch

 m
et

h
od

s 
in

cl
u
d
ed

 b
ot

h
 o

b
se

rv
at

io
n
s 

of

F
ig

u
re

 5
. 
Fi

ve
 2

 t
o
 6

 y
ea

r 
o
ld

s 
p
la

yi
n
g
 t

h
e 

g
a
m

e 
to

g
et

h
er

.
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ch
ild

re
n
’s

 g
a
m

e
 p

la
y
 a

n
d
 s

e
m

i-
st

ru
ct

u
re

d
 i
n
te

rv
ie

w
s 

of
b
o
th

 c
h
ild

re
n
 a

n
d
 t

h
e
ir

 p
ar

e
n
ts

 a
b
o
u
t 

va
ri

o
u
s 

a
sp

ec
ts

 o
f

th
e 

g
a
m

e.
 T

h
e
 f

ie
ld

 s
tu

d
y
 w

as
 a

ls
o
 a

cc
o
m

p
a
n
ie

d
 b

y 
a
n

em
a
il 

fo
llo

w
-u

p
 s

tu
d
y 

to
 e

va
lu

at
e
 w

h
et

h
er

 t
h
e 

v
io

le
n
ce

in
 t

h
e
 g

a
m

e
 g

ot
 t

ra
n
sf

er
re

d
 o

u
ts

id
e 

th
e 

g
am

e
 a

n
d
 i
n
to

ch
ild

re
n
’s

 b
e
h
a
vi

or
 i
n
 r

e
al

-l
ife

 s
et

ti
n
g
s.

T
h
e 

th
e
m

e
s 

o
f 
th

e 
in

te
rv

ie
w

s 
o
f 
b
ot

h
 t

h
e
 c

h
ild

re
n
 a

n
d

p
a
re

n
ts

 c
ov

er
ed

 t
h
e
 f

o
llo

w
in

g
 t

op
ic

s:
 (

a)
 t

h
e
 p

h
ys

ic
al

in
te

ra
ct

io
n
 i
n
 t

h
e
 g

a
m

e
 a

n
d
 p

la
y
 p

a
tt

er
n
s,

 (
b
) 

th
e

vi
o
le

n
ce

 i
n
 t

h
e
 g

a
m

e
, 

a
n
d
 (

c)
 d

e
si

g
n
 s

u
g
g
e
st

io
n
s 

on
h
ow

 t
o 

m
a
ke

 t
h
e 

g
a
m

e
 m

or
e
 c

h
ild

-a
p
p
ro

p
ri

at
e
 i
n
 t

h
e

fu
tu

re
. 

A
s 

th
e
 g

a
m

e
 c

on
ta

in
s 

vi
o
le

n
ce

, 
a
ll 

p
a
rt

ic
ip

at
io

n
in

 t
h
e
 s

tu
d
y
 w

a
s 

vo
lu

n
ta

ry
; 

p
ar

en
ts

 b
ro

u
g
h
t 

th
e
ir

ch
ild

re
n
 t

o 
th

e 
g
al

le
ry

 a
n
d
 o

b
se

rv
ed

 t
h
e 

si
tu

at
io

n
. 

T
h
e

g
al

le
ry

 m
an

ag
e
m

e
n
t 

m
ad

e
 t

h
e 

d
e
ci

si
o
n
 t

h
at

 t
h
e

in
st

a
lla

ti
on

 w
as

 o
p
e
n
 t

o
 e

v
er

yo
n
e
. 

It
 i
s 

im
p
or

ta
n
t 

to
n
ot

e 
th

at
 w

e 
d
id

 n
ot

 i
n
v
it
e 

th
e 

ch
ild

re
n
 t

o
 p

la
y 

a
n
d
 w

e
al

so
 e

xp
la

in
e
d
 t

h
e
 b

a
ck

g
ro

u
n
d
 o

f 
th

e
 g

a
m

e
 t

o 
p
ar

en
ts

.
C
h
ild

re
n
 a

n
d
 t

h
e
ir

 p
a
re

n
ts

 w
e
re

 a
ls

o
 a

sk
ed

 f
o
r

p
e
rm

is
si

on
 t

o 
re

co
rd

 t
h
e 

g
a
m

e
 p

la
y
in

g
 o

n
 v

id
eo

. 
T
h
e

in
fo

rm
at

io
n
 a

b
ou

t 
th

e
 i
n
st

a
lla

ti
o
n
 i
n
 t

h
e
 g

al
le

ry
 w

as
q
u
ic

kl
y
 p

as
se

d
 a

ro
u
n
d
 t

h
e
 l
oc

al
 c

h
ild

re
n
 a

n
d
 m

an
y

as
k
ed

 t
h
e
ir

 f
ri

en
d
s 

to
 j

o
in

 t
h
e
m

 t
o
 p

la
y 

to
g
et

h
e
r.
 T

h
e

p
a
re

n
ts

 a
ls

o
 i
n
fo

rm
ed

 o
n
e
 a

n
ot

h
e
r 

a
n
d
 m

a
d
e

a
rr

a
n
g
em

e
n
ts

 t
o 

m
ee

t 
in

 t
h
e
 g

a
lle

ry
.

Fo
r 

d
a
ta

 a
n
a
ly

si
s,

 t
h
e 

in
te

rv
ie

w
s 

w
er

e
 f

ir
st

 t
ra

n
sc

ri
b
e
d

u
si

n
g
 T

ra
n
sa

n
a
 t

o
o
l 
[2

5
].

 T
h
e 

tr
an

sc
ri

b
ed

 i
n
te

rv
ie

w
s

w
er

e 
th

e
n
 s

tu
d
ie

d
 t

o 
fi
n
d
 i
m

p
or

ta
n
t 

th
em

e
s 

a
n
d
, 
a
ft

e
r

m
a
rk

in
g
 t

h
e
 t

h
e
m

e
s,

 t
h
e 

th
e
m

e
s 

w
er

e
 c

ol
le

ct
ed

 f
ro

m
 a

ll
p
a
rt

ic
ip

an
ts

 a
n
d
 t

h
e 

d
if
fe

re
n
ce

s 
an

d
 s

im
ila

ri
ti
es

 w
er

e
an

a
ly

ze
d
. 

O
b
se

rv
at

io
n
s 

w
er

e
 s

tu
d
ie

d
 b

y
 u

si
n
g
 t

h
e

vi
d
eo

s 
a
n
d
 n

ot
e
s 

g
at

h
er

ed
 f
ro

m
 c

h
ild

re
n
’s

 p
la

y
se

ss
io

n
s.

P
ar

ti
ci

p
an

ts
In

 t
ot

a
l 
3
8
 c

h
ild

re
n
 a

n
d
 y

ou
n
g
 a

d
u
lt
s 

of
 a

g
e
s 

2
 t

o 
2
5

w
er

e 
o
b
se

rv
ed

 p
la

y
in

g
 t

h
e
 g

a
m

e
. 

A
d
d
it
io

n
al

ly
, 

2
3

ch
ild

re
n
 (

ag
es

 3
 t

o
 1

4
, 
d
is

tr
ib

u
te

d
 a

s 
sh

ow
n
 i
n
 F

ig
u
re

6
.)

 a
n
d
 4

 y
o
u
n
g
 a

d
u
lt
s 

(a
g
e
s 

1
9
 t

o
 2

5
) 

w
er

e
in

te
rv

ie
w

ed
 u

si
n
g
 q

u
e
st

io
n
s 

d
es

ig
n
ed

 f
or

 c
h
ild

 p
la

ye
rs

.
In

 a
d
d
it
io

n
, 

1
5
 a

d
u
lt
s 

w
e
re

 i
n
te

rv
ie

w
e
d
 u

si
n
g
 q

u
es

ti
on

s
d
e
si

g
n
ed

 f
or

 p
a
re

n
ts

 w
h
o 

b
ro

u
g
h
t 

th
e
ir

 c
h
ild

re
n
 t

o 
p
la

y
th

e 
g
a
m

e
. 
In

 a
d
d
it
io

n
 t

o
 o

n
-s

it
e
 i
n
te

rv
ie

w
in

g
, 

9
 p

a
re

n
ts

w
it
h
 1

4
 c

h
ild

 p
la

ye
rs

 (
of

 a
g
e
s 

2
 t

o 
1
2
) 

vo
lu

n
te

e
re

d
 t

o
ta

k
e 

p
ar

t 
in

 a
 f
o
llo

w
-u

p
 s

tu
d
y 

b
y
 a

n
sw

er
in

g
 q

u
e
st

io
n
s

d
e
liv

e
re

d
 b

y 
em

a
il 

fe
w

 d
a
y
s 

a
ft

er
 t

h
e
 p

la
y 

se
ss

io
n
 t

o
ok

p
la

ce
.

012345

3
4

5
6

7
8

9
10

11
12

13
14

A
ge

Number of participants

Gi
rls

Bo
ys

F
ig

u
re

 6
. 
T
h
e 

a
g
es

 o
f 

ch
ild

re
n
 w

h
o
 w

er
e 

b
o
th

 o
b
se

rv
ed

 a
n
d

in
te

rv
ie

w
e
d
.

R
e
su

lt
s

In
 g

en
e
ra

l,
 c

h
ild

re
n
’s

 a
n
sw

e
rs

 a
n
d
 s

p
on

ta
n
eo

u
s

co
m

m
e
n
ts

 d
u
ri

n
g
 t

h
e
 g

am
e
 p

la
y
 i
n
d
ic

at
e
 t

h
at

 c
h
ild

re
n

en
jo

ye
d
 t

h
e 

fu
ll 

b
od

y
 i
n
te

ra
ct

io
n
 o

f 
th

e
 g

a
m

e
. 

T
h
e

in
te

rv
ie

w
s 

a
ls

o 
su

g
g
e
st

 t
h
at

 b
ot

h
 t

h
e
 c

h
ild

re
n
 a

n
d
 t

h
e

ad
u
lt
s 

fo
u
n
d
 t

h
e 

g
am

e
 v

e
rs

at
ile

 i
n
 t

er
m

s 
of

 a
llo

w
in

g
va

ri
et

y
 o

f 
m

ov
em

en
t 

an
d
 t

h
ey

 l
ik

ed
 h

av
in

g
 t

h
e

p
os

si
b
ili

ty
 t

o 
al

so
 l
ea

rn
 n

ew
 m

ov
e
m

en
t 

sk
ill

s.
A
d
d
it
io

n
a
lly

, 
ch

ild
re

n
 l
ik

ed
 t

h
a
t 

th
e
y 

co
u
ld

 s
e
e

“Y
o
u
 g

et
 t

o
 w

o
rk

 u
p

qu
it
e 

a
 s

w
ea

t.
”

G
ir

l,
 1

0

“Y
o
u
 c

a
n
 j

u
m

p
 a

n
d 

tw
ir

l 
a
n
d
 h

o
p

a
ro

u
n
d
 –

 y
o
u
 c

a
n
 r

ea
lly

 d
o
 a

ll 
ki

n
d
s

o
f 

st
u
ff
.”

 G
ir

l,
 1

0

“I
f 

yo
u
 k

n
e
w

 s
o
m

e 
ka

ra
te

, 
yo

u
 c

o
u
ld

b
e 

g
o
o
d
 r

ig
h
t 

fr
o
m

 t
h
e 

b
eg

in
n
in

g
.”

G
ir

l,
 8

“Y
o
u
 d

o
n
’t
 n

ee
d
 t

o
 s

ta
re

 a
t 

a
 t

in
y

sc
re

en
 a

n
d
 i
t’
s 

a
ls

o
 a

 s
p
o
rt

s 
g
a
m

e 
o
f

a
 s

o
rt

.”
 B

o
y,

 1
0

“I
t 

w
a
s 

re
a
lly

 f
u
n
 w

h
en

 y
o
u
 g

o
t 

to
ki

ck
 s

tu
ff

 f
o
r 

re
a
l 
a
n
d
 n

o
t 

ju
st

 c
lic

k
w

it
h
 a

 m
o
u
se

.”
 G

ir
l,
 1

0

”I
t 

w
a
s 

a
w

es
o
m

e 
to

 s
ee

 a
re

p
re

se
n
ta

ti
o
n
 o

f 
yo

u
rs

el
f 

fi
g
h
t…

 I
m

ea
n
, 

o
n
 t

h
e 

sc
re

en
. 

It
 i
m

m
ed

ia
te

ly
g
o
t 

m
e 

th
in

ki
n
g
 w

h
a
t 

ki
n
d
s 

o
f

cl
o
th

in
g
 y

o
u
 c

o
u
ld

 d
ev

el
o
p
.”
 M

a
n
, 

2
5

“I
t 

fe
el

s 
g
re

a
t 

to
 s

ee
, 

w
h
en

 y
o
u

ju
m

p
, 

to
 s

ee
 t

h
e 

ch
a
ra

ct
er

 j
u
m

p
 u

p
re

a
lly

 h
ig

h
. 

A
n
d
 w

h
en

 y
o
u
’r

e 
u
p
 i
n

th
e 

a
ir,

 y
o
u
 c

a
n
 d

o
 a

ll 
ki

n
d
s 

o
f 

st
u
ff
,

ev
en

 i
f 

yo
u
’r

e 
re

a
lly

 o
n
 t

h
e 

g
ro

u
n
d

a
lr

ea
d
y.

” 
B
o
y,

 1
4

164



8

th
e
m

se
lv

es
 i
n
 t

h
e 

g
am

e
 w

or
ld

 a
n
d
 t

h
a
t 

th
e
re

 w
e
re

 n
o

tr
ad

it
io

n
a
l 
g
a
m

e
 c

on
tr

ol
lin

g
 d

e
v
ic

e
s 

or
 s

m
a
ll 

d
is

p
la

y
s.

E
sp

ec
ia

lly
 y

o
u
n
g
 a

d
u
lt
s 

co
m

m
e
n
te

d
 t

h
at

 t
h
e
ir

m
ov

em
en

ts
 l
o
o
ke

d
 b

et
te

r 
b
ec

a
u
se

 o
f 

th
e 

ex
a
g
g
er

a
te

d
m

ot
io

n
.

A
ll 

p
a
re

n
ts

 t
h
ou

g
h
t 

th
at

 t
h
e 

b
e
st

 p
a
rt

 o
f 
th

e
 g

a
m

e
 w

a
s

it
s 

sp
or

ti
ve

 n
at

u
re

. 
T
h
ey

 l
ik

ed
 t

h
e
 f

a
ct

 t
h
at

 t
h
e
 g

a
m

e
m

ad
e 

ch
ild

re
n
 m

ov
e,

 s
w

ea
t,

 a
n
d
 t

ry
 o

u
t 

ve
rs

at
ile

 a
n
d

en
er

g
et

ic
 m

ov
em

e
n
ts

. 
Pa

re
n
ts

 c
o
m

m
en

te
d
 t

h
at

,
th

ro
u
g
h
 m

o
ve

m
e
n
t,

 t
h
e
 g

a
m

e 
su

p
p
o
rt

ed
 t

h
ei

r 
ch

ild
re

n
’s

n
a
tu

ra
l e

xp
lo

ra
ti
o
n
 o

f 
th

e
ir
 o

w
n
 b

od
ie

s 
a
n
d
 t

h
e
ir

w
o
rl
d
s,

 a
n
d
 t

h
ey

 b
e
lie

ve
d
 t

h
a
t 

th
e 

fu
ll-

b
o
d
y 

in
te

ra
ct

io
n

co
u
ld

 r
e
lie

v
e
 t

h
e
 t

e
n
si

on
 t

h
at

 i
s 

b
u
ilt

 u
p
 w

h
en

 p
la

y
in

g
ac

ti
on

 g
a
m

e
s.

 T
h
e 

in
te

ra
ct

io
n
 s

ty
le

 w
as

 a
ls

o 
co

n
si

d
er

e
d

to
 m

ak
e 

th
e
 g

a
m

e 
fe

e
l 
m

or
e
 r

ea
l,
 a

lt
h
ou

g
h
 i
t 

w
a
s

co
n
si

d
er

ed
 i
m

p
or

ta
n
t 

th
at

 t
h
e 

p
la

ye
rs

 o
n
ly

 f
ou

g
h
t 

a
ir

 i
n

or
d
er

 t
h
at

 n
ob

od
y 

w
ou

ld
 g

et
 h

u
rt

 i
n
 t

h
e
 r

e
a
l 
w

or
ld

.

In
 t

h
e
 f

ol
lo

w
in

g
 s

ec
ti

o
n
, 

w
e
 g

o
 t

h
ro

u
g
h
 t

h
e
 f

in
d
in

g
s 

in
m

or
e
 d

et
a
il.

 T
h
e
 r

es
u
lt
s 

a
re

 d
iv

id
ed

 i
n
to

 t
h
re

e 
m

a
in

to
p
ic

s:
 (

1
) 

ch
a
lle

n
g
es

 a
n
d
 p

ro
b
le

m
s 

re
la

te
d
 t

o
 f
u
ll-

b
od

y
in

te
ra

ct
io

n
, 

(2
) 

so
ci

al
 g

a
m

ep
la

y,
 a

n
d
 (

3
) 

v
io

le
n
ce

.

Fu
ll-

b
od

y 
in

te
ra

ct
io

n
 c

h
a
lle

n
g
e
s

S
u
cc

es
sf

u
l 
p
la

y
in

g
 o

f 
K

ic
k 

A
ss

 K
u
n
g
-f

u
 r

e
q
u
ir
e
s 

se
v
er

a
l

fu
n
d
am

e
n
ta

l 
m

ot
or

 a
n
d
 c

og
n
it
iv

e
 s

k
ill

s 
of

 w
h
ic

h
 t

h
e

m
os

t 
im

p
or

ta
n
t 

o
n
es

 a
re

 l
is

te
d
 i
n
 t

h
e 

fo
llo

w
in

g
:

(1
) 

Lo
co

m
ot

or
 s

ki
lls

 (
th

at
 m

ov
e
 t

h
e
 b

o
d
y
 f
ro

m
 p

o
in

t 
A

to
 B

) 
ar

e
 n

ee
d
e
d
 t

o
 m

ov
e
 f

or
w

ar
d
 a

n
d
 b

ac
k
w

ar
d
 o

n
 t

h
e

p
la

y
fi
e
ld

, 
(2

) 
N

o
n
-l

oc
om

ot
or

 s
k
ill

s 
(e

.g
. 

b
a
la

n
ce

 a
n
d

b
od

y 
st

ab
ili

ty
) 

su
ch

 a
s 

tu
rn

in
g
 a

n
d
 r

ot
at

in
g
 t

h
e
 w

h
o
le

b
od

y 
to

w
ar

d
s 

th
e 

m
o
st

 a
p
p
ro

p
ri

at
e
 s

cr
e
en

, 
fo

r
ex

am
p
le

, 
w

h
e
n
 t

h
e 

op
p
o
n
en

t 
ap

p
e
a
rs

 i
n
 t

h
e
 b

a
ck

 o
f 
th

e
av

at
ar

, 
(3

) 
M

a
n
ip

u
la

ti
ve

 s
k
ill

s 
(i

.e
. 

co
n
tr

o
lli

n
g
 o

b
je

ct
s

u
si

n
g
 t

h
e 

lim
b
s)

 w
h
ic

h
 i
n
cl

u
d
e 

h
an

d
lin

g
 t

h
e
 w

ea
p
o
n
s

su
ch

 a
s 

th
e 

b
at

on
s,

 (
4
) 

M
ov

e
m

e
n
t 

aw
ar

e
n
e
ss

 (
th

e
ab

ili
ty

 t
o
 c

on
ce

p
tu

a
liz

e
 t

h
e
n
 r

e
sp

o
n
d
 t

o
 a

 s
ti
m

u
lu

s)
, 

fo
r

ex
am

p
le

 t
h
e 

a
b
ili

ty
 t

o
 m

ov
e 

fo
rw

ar
d
 i
n
 o

rd
er

 t
o
 p

o
si

ti
on

on
e
’s

 s
el

f 
to

 d
e
liv

e
r 

a
 k

ic
k 

fr
o
m

 t
h
e 

ri
g
h
t 

d
is

ta
n
ce

 a
t 

a
ri
g
h
t 

ti
m

e
, 

(5
) 

B
od

y
 a

w
ar

en
e
ss

 (
k
n
ow

le
d
g
e
 o

f 
on

e
’s

b
o
d
y 

a
n
d
 i
t’
s 

p
a
rt

s 
an

d
 t

h
e
ir

 m
o
ve

m
en

t 
ca

p
a
b
ili

ti
e
s)

 i
s

n
ee

d
e
d
 t

o 
e
st

im
at

e
 h

ow
 f

ar
 k

ic
k
s 

a
n
d
 p

u
n
ch

e
s 

re
ac

h
,

ki
ck

in
g
 b

a
ck

w
ar

d
s 

of
 t

h
e
 b

o
d
y
 (

6
) 

S
p
at

ia
l 
aw

ar
en

e
ss

(b
ei

n
g
 a

w
ar

e
 o

f 
o
n
e’

s 
b
od

y
 a

n
d
 i
t’
s 

m
ov

em
e
n
t 

an
d

or
ie

n
ta

ti
on

 i
n
 s

p
a
ce

) 
h
ow

 t
h
e
 p

la
ye

r 
is

 l
oc

at
e
d
 i
n
 t

h
e

p
la

yf
ie

ld
, 

(7
) 

Fo
cu

si
n
g
 a

tt
e
n
ti
on

 a
n
d
 d

is
ti
n
g
u
is

h
in

g
on

e
’s

 o
w

n
 a

va
ta

r 
fr

om
 t

h
e
 r

e
st

 o
f 
th

e 
v
is

u
a
l

in
fo

rm
at

io
n
, 

(8
) 

O
b
se

rv
in

g
 t

h
e 

v
is

u
a
l 
fe

e
d
b
ac

k
 o

f 
th

e
g
a
m

e
 a

n
d
 p

la
n
n
in

g
 a

ct
io

n
s,

 (
9
) 

A
b
ili

ty
 t

o
 d

o
 9

0
 d

eg
re

es
re

m
a
p
p
in

g
 o

f 
on

e
’s

 m
ov

em
e
n
ts

, 
i.
e
.,
 m

ov
in

g
 f

or
w

ar
d
 t

o
m

ov
e 

th
e
 a

va
ta

r 
to

 t
h
e
 r

ig
h
t.

Yo
u
n
g
 c

h
ild

re
n
 a

re
 s

ti
ll 

in
 t

h
e 

p
ro

ce
ss

 o
f 
d
e
ve

lo
p
in

g
 t

h
e

ab
ov

em
e
n
ti
on

e
d
 s

k
ill

s 
w

h
ic

h
 c

o
u
ld

 b
e 

se
e
n
 i
n
 t

h
e 

g
am

e
p
la

y.
 I

n
st

ea
d
 o

f 
u
si

n
g
 a

rt
ic

u
la

te
d
 m

a
rt

ia
l 
a
rt

s
m

ov
em

en
ts

, 
ch

ild
re

n
 u

se
d
 g

e
n
er

ic
 k

ic
k
s 

su
ch

 a
s

sw
in

g
in

g
 t

h
e 

fe
e
t 

fo
rw

ar
d
, 

an
d
 l
o
os

e
 b

u
t 

q
u
ic

k 
p
u
n
ch

e
s

th
at

 s
om

ew
h
at

 r
e
se

m
b
le

d
 b

ox
in

g
 t

ec
h
n
iq

u
es

.

E
S
T
IM

A
T
IN

G
 A

N
D

 F
IN

D
IN

G
 T

H
E
 R

IG
H

T
 D

IS
TA

N
C
E

C
h
ild

re
n
’s

 l
im

b
s 

ar
e 

re
la

ti
ve

ly
 s

h
o
rt

 m
e
an

in
g
 t

h
a
t 

k
ic

k
s

an
d
 p

u
n
ch

es
 h

av
e
 t

o 
b
e 

d
e
liv

e
re

d
 w

it
h
in

 c
lo

se
 r

a
n
g
e 

of
th

ei
r 

o
p
p
o
n
e
n
ts

. 
T
h
is

 m
ay

 m
ak

e
 t

h
e
 g

a
m

e 
p
la

y 
m

o
re

fr
ig

h
te

n
in

g
 a

n
d
 p

ro
m

ot
e
s 

u
si

n
g
 w

ea
p
on

s 
th

at
 a

llo
w

 t
h
e

p
la

y
er

 t
o 

st
ay

 f
a
rt

h
er

 a
w

ay
 f
ro

m
 t

h
e
 e

n
e
m

ie
s.

A
d
d
it
io

n
a
lly

, 
w

h
en

 t
h
e
 p

la
y
er

 i
s 

cl
os

e
 t

o
 t

h
e
 e

n
e
m

y,
sm

a
ll 

m
ov

em
en

ts
 c

an
 c

au
se

 t
h
e
 v

id
eo

 f
ig

u
re

 a
n
d
 t

h
e

en
e
m

y
 t

o 
ov

e
rl

a
p,

 w
h
ic

h
 u

se
rs

 g
e
n
er

al
ly

 f
ou

n
d

co
n
fu

si
n
g
.

“I
f

yo
u

g
e
t 

st
u
ck

 i
n
si

d
e 

th
e 

g
u
y,

yo
u

ca
n
’t
 h

it
 h

im
.”
 B

o
y,

 1
0

“I
t’
s 

so
m

et
im

es
 k

in
d
 o

f 
d
if
fi
cu

lt
 t

o
ju

d
g
e 

d
is

ta
n
ce

s…
 T

h
e 

sw
o
rd

 c
o
m

e
s 

in
re

a
lly

 h
a
n
d
y,

 b
ec

a
u
se

 i
t’
s 

so
 l
o
n
g
.

Ju
st

 s
w

in
g
 i
t 

a
ro

u
n
d
, 

a
n
d
 y

o
u
 c

a
n
 g

et
[t

h
em

] 
re

a
lly

 e
a
si

ly
.”

 G
ir

l,
 1

0

“I
t 

w
a
s 

h
a
rd

 t
o
 s

ta
y 

in
 t

h
e 

ri
g
h
t

p
la

ce
. 

If
 y

o
u
 s

it
 d

o
w

n
, 

th
ey

 c
a
n
’t
 h

it
yo

u
, 

bu
t 

yo
u
 c

a
n
 g

et
 t

h
em

 u
si

n
g
 t

h
e

re
d
 s

w
im

m
in

g
 a

id
s.

” 
B
o
y,

 7

“A
t 

fi
rs

t 
[i

t 
w

a
s 

d
if
fi
cu

lt
] 

to
 f

ig
u
re

 o
u
t

w
h
a
t 

ki
n
d
 o

f 
a
n
g
le

 a
n
d
 w

h
a
t 

ki
n
d
 o

f
ki

ck
 o

r 
ju

m
p
 w

o
u
ld

 g
iv

e 
th

e 
b
e
st

re
su

lt
s.

” 
G

ir
l,
 1

2

“I
t’
s 

re
a
lly

 k
in

d
 o

f 
tw

o
-d

im
en

si
o
n
a
l 
a
t

th
e 

m
o
m

en
t 

–
 y

o
u
 c

a
n
’t
 g

o
 a

ro
u
n
d

th
e 

o
p
p
on

en
t,

 j
u
st

 s
tr

a
ig

h
t 

th
ro

u
g
h
.”

M
a
le

, 
2
5

“S
om

et
im

es
 y

ou
 g

et
 a

 l
it
tl
e

d
is

or
ie

n
te

d,
 w

h
en

 y
o
u
 n

e
ed

 t
o
 m

o
v
e

fo
rw

a
rd

, 
ev

en
 t

h
o
u
g
h
 i
t’
s 

ri
g
h
t 

b
es

id
e

yo
u
.”

 G
ir

l,
 1

0

“I
t 

w
a
s 

fu
n
n
y 

w
it
h
 t

h
e 

ca
m

e
ra

, 
w

h
en

yo
u
 m

o
ve

 f
o
rw

a
rd

, 
b
ec

a
u
se

 t
h
en

 y
o
u

re
a
lly

 m
o
ve

 t
o
 t

h
e 

si
d
e 

–
 b

u
t 

it
 w

a
s

q
u
it
e 

ea
sy

 t
o
 f

ig
u
re

 i
t 

o
u
t.
” 

G
ir

l,
 5

“I
 h

a
d
 g

re
a
t 

d
if
fi
cu

lt
ie

s 
in

 f
ig

u
ri

n
g
 o

u
t

m
y 

o
ri

en
ta

ti
o
n
…

 I
t 

fe
lt
 l
ik

e 
I 

w
a
s

ki
ck

in
g
 i
n
 t

h
e 

w
ro

n
g 

di
re

ct
io

n
 a

ll 
th

e
ti
m

e.
” 

M
a
le

, 
2
5

“S
o
m

et
im

es
 t

h
e 

g
u
y 

d
is

a
p
p
ea

rs
 a

n
d

yo
u
 c

a
n
’t
 s

ee
 w

h
e
re

 h
e 

is
 o

r 
w

h
a
t

h
e’

s 
d
o
in

g
.”

 G
ir

l,
 8

“I
t’
s 

re
a
lly

 s
tu

p
id

 w
h
en

 t
h
e 

en
e
m

ie
s

le
a
ve

 –
 I

 c
a
n
’t
 h

it
 t

h
em

 i
f 

th
ey

 r
u
n

a
w

a
y.

” 
B
o
y,

 6
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9

A
s 

ch
ild

re
n
’s

 l
im

b
s 

ar
e 

g
ro

w
in

g
, 

a
n
d
 t

h
e
ir
 b

od
y

aw
ar

e
n
es

s 
is

 c
on

st
an

tl
y 

d
ev

e
lo

p
in

g
, 

es
ti

m
at

in
g
 t

h
e

ri
g
h
t 

d
is

ta
n
ce

 b
et

w
ee

n
 t

h
e
 a

va
ta

r 
a
n
d
 m

ov
in

g
op

p
o
n
en

ts
 i
s 

a
 c

h
a
lle

n
g
in

g
 t

a
sk

. 
W

h
e
n
 c

h
ild

re
n
’s

 k
ic

ks
an

d
 p

u
n
ch

es
 d

id
 n

ot
 h

it
 t

h
e
 t

a
rg

et
, 

th
e
y
 m

ov
ed

 f
o
rw

ar
d

a
 b

it
 a

n
d
 t

ri
ed

 a
g
a
in

. 
S
o
m

e 
ch

ild
re

n
 c

o
m

m
en

te
d
 t

h
a
t

es
ti
m

a
ti
n
g
 t

h
e
 s

p
ee

d
 o

f 
th

e
 o

p
p
o
n
en

ts
 w

as
 s

om
e
w

h
at

d
if
fi
cu

lt
 a

n
d
 t

h
u
s,

 p
os

it
io

n
in

g
 t

h
e
 a

va
ta

r 
is

 c
h
a
lle

n
g
in

g
.

C
h
ild

re
n
 a

ls
o
 s

a
id

 t
h
a
t 

d
o
d
g
in

g
 t

h
e 

o
p
p
o
n
en

t’
s 

h
it
s 

is
tr

ic
k
y
 a

n
d
 t

h
at

 i
t 

w
as

 d
if
fi
cu

lt
 t

o 
ci

rc
le

 a
ro

u
n
d
 t

h
e

op
p
o
n
en

ts
 d

u
e
 t

o
 t

h
e
 2

D
 n

at
u
re

 o
f 
th

e
 g

a
m

e
. 
T
h
e
se

p
ro

b
le

m
s 

es
ca

la
te

d
 w

h
e
n
 p

la
ye

rs
 f
a
ce

d
 m

or
e
 t

h
an

 o
n
e

o
p
p
o
n
en

t 
a
t 

th
e 

sa
m

e
 t

im
e.

PR
O

FI
LE

 V
IE

W

Pr
e
vi

ou
sl

y,
 w

e
 h

av
e 

fo
u
n
d
 t

h
a
t 

th
e
 p

ro
fi
le

 v
ie

w
 o

f 
th

e
g
am

e 
h
e
lp

s 
in

 s
p
ot

ti
n
g
 e

rr
o
rs

 i
n
 p

os
e
 a

n
d
 t

ec
h
n
iq

u
e

[1
5
].

 C
om

p
ar

ed
 t

o 
p
ra

ct
ic

in
g
 w

it
h
 a

 m
ir
ro

r,
 t

h
e
 p

la
y
er

ca
n
 s

ee
 h

is
 k

ic
ks

 f
ro

m
 t

h
e
 s

id
e
 w

h
ile

 b
e
in

g
 a

b
le

 t
o

m
ai

n
ta

in
 f

oc
u
s 

in
 t

h
e
 a

tt
a
ck

 d
ir
e
ct

io
n
. 

H
ow

ev
er

, 
th

is
cr

e
at

es
 c

og
n
it
iv

e
 c

h
a
lle

n
g
e
s 

si
n
ce

 o
n
e 

h
as

 t
o 

re
m

a
p

on
e’

s 
d
ir
e
ct

io
n
s.

 T
h
e
 p

la
ye

r 
h
as

 t
o 

k
ic

k
 f

or
w

ar
d
 o

r
b
a
ck

w
ar

d
 e

ve
n
 t

h
ou

g
h
 t

h
e 

e
n
e
m

y
 a

p
p
e
ar

s 
at

 h
is

 s
id

e
on

 t
h
e 

sc
re

e
n
. 

T
h
e 

co
n
ce

p
t 

of
 r

e
m

ap
p
in

g
 t

h
e 

d
ir
e
ct

io
n
s

w
as

 c
le

ar
 t

o
 c

h
ild

re
n
, 

b
u
t 

co
m

p
ar

ed
 t

o 
ad

u
lt
s,

 i
t 

ta
k
es

th
e
m

 l
on

g
er

 t
o
 l
e
ar

n
 t

o
 m

ov
e 

ac
co

rd
in

g
ly

. 
A

ft
er

 a
 f

ew
g
a
m

es
, 

m
o
st

 c
h
ild

re
n
 w

er
e
 f

lu
e
n
t 

in
 k

ic
ki

n
g
 t

o
w

a
rd

s 
th

e
sc

re
e
n
 a

n
d
 m

ov
in

g
 i
n
 l
in

e 
b
e
tw

ee
n
 t

h
e
 s

cr
e
en

s,
 b

u
t

so
m

e
 s

ti
ll 

o
cc

as
io

n
a
lly

 k
ic

ke
d
 t

ow
ar

d
s 

th
e 

ca
m

e
ra

.

W
e 

n
ot

e
d
 t

h
at

 w
h
en

 a
tt

a
ck

in
g
 o

p
p
o
n
en

ts
 w

it
h
 s

p
in

n
in

g
ki

ck
s 

a
n
d
 o

th
er

 c
ir
cu

la
r 

m
ot

io
n
s,

 t
h
e
 v

is
u
a
l 
fe

e
d
b
ac

k
co

u
ld

 b
e
 a

m
b
ig

u
ou

s,
 t

h
at

 i
s,

 e
ve

n
 i
f 

th
e
 a

tt
ac

k
 i
s

in
it
ia

lly
 t

ar
g
et

ed
 i
n
 a

 w
ro

n
g
 d

ir
e
ct

io
n
, 

it
 w

ill
 b

e 
p
ic

k
ed

u
p
 b

y
 t

h
e 

ca
m

e
ra

 a
t 

so
m

e
 p

h
as

e 
o
f 
th

e 
m

ov
em

e
n
t.

Fo
r 

in
st

a
n
ce

, 
o
n
e 

ch
ild

 s
u
cc

es
sf

u
lly

 b
e
at

 t
h
e 

e
n
em

ie
s,

sl
a
sh

in
g
 a

ro
u
n
d
 w

it
h
 a

 p
la

st
ic

 b
at

o
n
, 

b
u
t 

st
ill

 t
ri

ed
 i
n

va
in

 t
o 

k
ic

k
 s

tr
ai

g
h
t 

to
w

ar
d
s 

th
e
 c

a
m

e
ra

.

C
H

A
N

G
IN

G
 A

TT
A

C
K
 D

IR
E
C
T
IO

N

To
 m

ak
e 

th
e
 g

a
m

e
 m

or
e
 i
m

m
er

si
ve

 a
n
d
 v

ar
ie

d
, 

th
e
 K

ic
k

A
ss

 K
u
n
g
-F

u
 u

se
s 

tw
o 

p
ro

je
ct

e
d
 s

cr
e
e
n
s 

fa
ci

n
g
 e

ac
h

ot
h
e
r.
 I

f 
th

e
 o

p
p
o
n
e
n
t 

ap
p
e
ar

s 
b
e
h
in

d
 y

ou
r 

b
a
ck

, 
yo

u
ca

n
 t

u
rn

 t
ow

ar
d
s 

th
e 

ot
h
e
r 

sc
re

en
, 

or
 c

a
n
 u

se
m

o
ve

m
en

ts
 t

h
at

 a
re

 d
ir
e
ct

ed
 b

a
ck

w
ar

d
s.

 C
o
m

p
ar

ed
w

it
h
 a

d
u
lt
s,

 c
h
ild

re
n
 h

a
ve

 m
or

e 
p
ro

b
le

m
s 

w
it
h

u
n
d
er

st
a
n
d
in

g
 t

h
e
 l
oc

at
io

n
 a

n
d
 o

ri
e
n
ta

ti
o
n
 o

f 
th

e
op

p
o
n
en

ts
 a

n
d
 i
n
 k

n
ow

in
g
 w

h
en

 t
o 

tu
rn

 t
ow

ar
d
s 

th
e

ot
h
e
r 

sc
re

e
n
. 

S
o
m

e 
ch

ild
re

n
 c

o
m

m
e
n
te

d
 t

h
at

 t
h
ey

“f
or

g
et

 t
o
 w

at
ch

 t
h
e
 o

th
er

 s
cr

e
en

”,
 a

lt
h
ou

g
h
 i
t

co
n
ta

in
ed

 t
h
e 

sa
m

e
 i
n
fo

rm
at

io
n
 a

s 
th

e
 s

cr
e
e
n
 t

h
e
y

w
er

e 
a
lr
ea

d
y
 l
oo

k
in

g
 a

t.
 I

n
 a

d
d
it
io

n
, 

ch
ild

re
n
 d

id
 n

o
t

u
se

 m
ov

em
e
n
ts

 t
h
at

 w
er

e 
d
ir
e
ct

ed
 b

ac
k
w

ar
d
s;

 t
h
is

 i
s 

a
cl

e
ar

 d
if
fe

re
n
ce

 t
o 

b
eh

av
io

r 
n
ot

ic
ed

 w
it
h
 m

a
rt

ia
l 
ar

ti
st

s.

Tu
rn

in
g
 a

ro
u
n
d
 i
n
 t

h
e
 g

a
m

e
 n

e
ed

s 
ti

m
e
 g

e
tt

in
g
 u

se
d
 t

o,
as

 w
h
en

 t
h
e
 p

la
ye

r 
lo

se
s 

v
is

u
a
l 
co

n
ta

ct
 w

it
h
 o

n
e

sc
re

e
n
, 

h
e
 n

ee
d
s 

to
 r

ef
o
cu

s 
h
is

 g
az

e
 o

n
 t

h
e
 o

th
er

sc
re

e
n
 a

n
d
 r

e
ev

a
lu

at
e 

th
e
 g

a
m

e
 e

v
en

ts
. 

Pa
rt

ly
 b

e
ca

u
se

of
 t

h
is

, 
ch

ild
re

n
 p

re
fe

rr
ed

 p
la

y
in

g
 t

og
et

h
e
r 

w
it
h
 a

fr
ie

n
d
, 

h
av

in
g
 t

h
ei

r 
b
a
ck

s 
fa

ci
n
g
 e

ac
h
 o

th
e
r,
 a

n
d
 w

it
h

ea
ch

 h
a
n
d
lin

g
 t

h
e 

e
n
em

ie
s 

at
 t

h
e
ir
 s

id
e.

 T
h
is

 i
s 

sh
ow

n
in

 F
ig

u
re

 7
.
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U
N

D
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S
TA

N
D

IN
G

 T
H

E
 L

IM
IT

S
 O

F 
T
H

E
 C

A
M

E
R
A

 V
IE

W

W
h
e
n
 y

ou
 m

ov
e 

to
o
 f
ar

, 
th

e
 p

a
rt

s 
o
f 
th

e
 p

la
ye

r 
th

at
 g

et
ou

ts
id

e
 t

h
e
 c

a
m

e
ra

 v
ie

w
 d

is
ap

p
e
ar

 i
n
 t

h
e
 g

am
e
 w

or
ld

.
T
h
is

 i
s 

a 
co

m
m

o
n
 p

ro
b
le

m
 i
n
 c

o
m

p
u
te

r 
v
is

io
n
 b

a
se

d
g
a
m

e
s 

w
h
e
re

 t
h
e
 p

la
ye

r 
ca

n
 f

ly
 o

r 
ot

h
e
rw

is
e
 m

ov
e

d
if
fe

re
n
tl
y 

th
a
n
 i
s 

p
o
ss

ib
le

 i
n
 t

h
e
 p

h
y
si

ca
l 
sp

a
ce

 [
1
6
].

In
 K

ic
k
 A

ss
 K

u
n
g
-F

u
, 

th
e 

p
h
y
si

ca
l 
sp

a
ce

 i
s 

d
e
fi
n
ed

 b
y

th
e 

sc
re

e
n
s,

 b
u
t 

th
e 

sc
re

e
n
s 

m
u
st

 b
e
 f

ra
m

e
d
 o

u
t 

of
 t

h
e

ca
m

e
ra

 v
ie

w
, 

si
n
ce

 t
h
e
 c

om
p
u
te

r 
v
is

io
n
 r

e
q
u
ir
e
s 

a
st

at
ic

 b
ac

k
g
ro

u
n
d
. 

A
ft

er
 a

 f
ew

 f
ai

le
d
 a

tt
ac

k
s,

 a
d
u
lt
s

u
su

al
ly

 l
ea

rn
 t

o 
st

ay
 i
n
 t

h
e
 v

is
ib

le
 a

re
a,

 b
u
t 

ch
ild

re
n

se
e
m

 t
o 

h
av

e 
m

or
e
 p

ro
b
le

m
s.

 I
n
 c

h
a
ot

ic
 s

it
u
at

io
n
s 

as
sh

ow
n
 i
n
 F

ig
u
re

 5
, 

p
re

-s
ch

oo
l 
ch

ild
re

n
 a

p
p
ar

en
tl
y 

d
id

n
ot

 n
ec

e
ss

ar
ily

 c
o
n
n
e
ct

 w
it
h
 t

h
e
ir
 v

id
e
o

re
p
re

se
n
ta

ti
on

s,
 a

n
d
 t

h
e
y 

co
u
ld

 p
la

y
 a

lo
n
g
 h

ap
p
ily

 e
v
en

th
ou

g
h
 t

h
ey

 w
e
re

 n
ot

 v
is

ib
le

 o
n
 t

h
e
 s

cr
e
en

s.

In
 t

h
e
 c

u
rr

en
t 

ve
rs

io
n
 o

f 
th

e 
g
am

e
 w

e 
h
av

e 
im

p
ro

v
ed

th
e 

d
e
si

g
n
 o

f 
th

e 
en

em
y
 A

rt
if
ic

ia
l 
In

te
lli

g
en

ce
 (

A
I)

 s
o

th
at

 i
f 

th
e
 p

la
y
er

 m
ov

es
 c

lo
se

 t
o 

th
e 

lim
it
s 

o
f 
th

e
ca

m
e
ra

 v
ie

w
 i
n
 p

u
rs

u
it
 o

f 
a
n
 e

n
em

y,
 t

h
e
 e

n
em

y 
d
oe

s
n
ot

 b
ac

k
 a

w
ay

 b
u
t 

in
st

ea
d
 j
u
m

p
s 

ov
er

 t
h
e
 p

la
ye

r 
to

 l
u
re

h
im

 b
a
ck

.

M
u
lt
im

od
a
l 
in

te
ra

ct
io

n
 i
n
 a

 s
o
ci

a
l 
se

tt
in

g
T
h
e 

co
m

p
u
te

r 
v
is

io
n
 t

e
ch

n
o
lo

g
y 

in
 K

ic
k
 A

ss
 K

u
n
g
-F

u
en

ab
le

s 
co

lla
b
or

at
iv

e 
g
am

e
 p

la
y
 b

y
 s

h
ar

in
g
 a

n
 i
n
p
u
t

d
e
vi

ce
, 

a
llo

w
in

g
 e

as
y
 t

u
rn

-t
ak

in
g
 a

n
d
 e

n
a
b
lin

g
u
n
lim

it
e
d
 m

o
ve

m
en

t 
(a

s 
th

e
re

 a
re

 n
o
 c

u
m

b
er

so
m

e
se

n
so

rs
 a

tt
a
ch

ed
 t

o
 c

h
ild

re
n
’s

 b
od

ie
s)

. 
A

cc
or

d
in

g
 t

o 
ou

r
ob

se
rv

at
io

n
s,

 c
h
ild

re
n
 l
ik

ed
 h

a
vi

n
g
 t

h
e
 p

os
si

b
ili

ty
 t

o
p
la

y 
to

g
et

h
e
r 

an
d
 t

h
e
y
 c

o
lla

b
o
ra

te
d
 i
n
 t

h
e
 f

o
llo

w
in

g
w

a
ys

: 
(1

) 
p
la

y
in

g
 p

h
y
si

ca
lly

 t
og

et
h
er

, 
(2

) 
h
e
lp

in
g
 a

p
la

ye
r 

b
y
 s

h
ou

ti
n
g
 t

o
 g

a
in

 c
h
i-

e
n
e
rg

y,
 a

n
d
 (

3
) 

g
iv

in
g

in
st

ru
ct

io
n
s 

a
n
d
 p

ra
is

e.

C
h
ild

re
n
 m

os
tl
y 

p
la

ye
d
 i
n
 p

a
ir
s,

 b
u
t,

 i
n
 o

n
e 

in
st

a
n
ce

,
w

e 
co

u
n
te

d
 a

s 
m

an
y
 a

s 
se

v
en

 p
la

y
er

s 
sh

ar
in

g
 t

h
e

p
la

yf
ie

ld
. 

C
o
m

p
ar

ed
 t

o
 a

d
u
lt
s,

 c
h
ild

re
n
 c

a
n
 m

or
e 

ea
si

ly
sh

a
re

 t
h
e
 s

a
m

e
 p

la
y
fi
e
ld

 d
u
e
 t

o
 t

h
e
ir
 s

m
a
lle

r 
si

ze
s 

a
n
d

th
ei

r 
le

ss
 e

ff
ec

ti
ve

 t
e
ch

n
iq

u
es

. 
A

lt
h
o
u
g
h
 c

h
ild

re
n
 w

er
e

ca
re

fu
l 
n
ot

 t
o 

h
ar

m
 o

n
e
 a

n
o
th

e
r,
 i
t 

w
a
s 

p
os

si
b
le

 f
or

ac
ci

d
en

ts
 t

o 
h
ap

p
e
n
, 

e
sp

ec
ia

lly
 d

u
ri

n
g
 i
n
te

n
si

ve
 g

a
m

e
ev

en
ts

 w
h
en

 t
h
e 

ch
ild

re
n
 w

e
re

 e
sp

e
ci

al
ly

 b
u
sy

 i
n

p
la

yi
n
g
 t

h
e 

g
am

e.

C
h
ild

re
n
 c

re
at

ed
 f

a
ir
ly

 e
la

b
o
ra

te
 r

u
le

s 
fo

r 
th

e
 p

la
y

si
tu

at
io

n
 s

p
on

ta
n
eo

u
sl

y 
w

it
h
ou

t 
th

e
 h

e
lp

 f
ro

m
 a

d
u
lt
s.

In
 f
a
ct

, 
th

e 
in

te
rf

er
e
n
ce

 o
f 

th
e
 a

d
u
lt
s 

of
te

n
 m

ad
e 

th
e

si
tu

at
io

n
 m

or
e
 d

is
or

g
an

iz
ed

 a
n
d
 c

on
fu

si
n
g
. 

T
h
e
 r

u
le

s
ch

ild
re

n
 c

re
a
te

d
 i
n
cl

u
d
e
d
, 

fo
r 

ex
am

p
le

, 
tu

rn
-t

ak
in

g
p
o
lic

ie
s,

 h
ow

 t
o 

w
a
it
 o

n
e
’s

 t
u
rn

 i
n
 t

h
e
 l
in

e,
 s

e
le

ct
in

g
 a

p
la

y 
m

at
e,

 n
eg

ot
ia

ti
n
g
 g

a
m

e 
st

ra
te

g
ie

s 
su

ch
 a

s 
“i

n
 t

h
is

“W
h
en

 y
o
u

p
la

y 
a
lo

n
e,

 y
o
u
 d

o
n
’t

a
lw

a
ys

 r
em

em
b
er

 t
o
 l
o
o
k 

a
t 

th
e 

o
th

e
r

sc
re

en
.”

 G
ir

l,
 8

“I
t’
s 

ea
si

er
 t

o 
p
la

y 
to

g
et

h
e
r 

w
it
h

so
m

eo
n
e,

 b
ec

a
u
se

 i
f 

yo
u
 p

la
y 

a
lo

n
e

yo
u
 n

ee
d
 t

o
 t

h
in

k 
a
bo

u
t 

w
h
ic

h
o
p
po

n
en

t 
to

 t
a
ke

 f
ir

st
 i
f 

th
er

e’
s 

tw
o
.”

G
ir

l,
 8

F
ig

u
re

7
. 

Tw
o
 8

 y
ea

r 
o
ld

 g
ir

ls
 p

la
yi

n
g
 w

it
h
 t

h
ei

r 
b
a
ck

s 
fa

ci
n
g

ea
ch

 o
th

er
 a

s 
b
o
th

 h
a
n
d
le

 t
h
e 

en
em

ie
s 

a
t 

th
ei

r 
si

d
e.

167



1
1

ro
u
n
d
 w

e 
lie

 o
n
 t

h
e
 g

ro
u
n
d
 a

n
d
 o

n
ly

 u
se

 t
h
e 

b
at

on
s 

to
h
it
 t

h
e
 e

n
e
m

ie
s”

, 
an

d
 w

a
ys

 t
o 

p
re

v
en

t 
ot

h
e
r 

ch
ild

re
n

d
is

ru
p
ti
n
g
 t

h
e
 g

am
e
 p

la
y.

 T
h
e
se

 r
u
le

s 
w

er
e
 a

ls
o 

m
ad

e
cl

e
ar

 v
e
ry

 q
u
ic

k
ly

 f
or

 t
h
e 

n
ew

co
m

e
rs

.

A
 l
ar

g
e 

am
o
u
n
t 

o
f 

o
b
se

rv
at

io
n
al

 l
ea

rn
in

g
 t

ak
e
s 

p
la

ce
 i
n

si
tu

a
ti
on

s 
w

h
e
re

 c
h
ild

re
n
 p

la
y 

p
h
y
si

ca
lly

 i
n
te

ra
ct

iv
e

g
am

es
 t

og
e
th

er
. 

C
h
ild

re
n
 o

b
se

rv
e 

ot
h
e
r 

ch
ild

re
n
,

b
or

ro
w

 g
a
m

e 
st

y
le

s 
a
n
d
 r

e
fi
n
e 

th
em

 i
n
 t

h
e
ir
 o

w
n
 p

la
y.

W
h
en

 t
h
er

e 
ar

e
 l
ot

s 
of

 c
h
ild

re
n
 w

a
it
in

g
 f

o
r 

th
e
ir

 t
u
rn

s,
th

e 
le

n
g
th

 o
f 
th

e 
g
am

e
 r

o
u
n
d
 i
s 

cr
u
ci

al
. 

W
e 

es
ti

m
at

e
th

at
 t

h
re

e 
m

in
u
te

s 
is

 a
 s

u
ff

ic
ie

n
tl
y
 s

h
or

t 
ti

m
e
 p

e
ri

od
 f

or
n
ex

t 
tu

rn
-t

ak
in

g
 (

i.
e.

 c
h
ild

re
n
 f

ee
l t

h
e
ir

 t
u
rn

 i
s

ap
p
ro

a
ch

in
g
 a

s 
th

e
 l
in

e
 m

ov
es

 o
n
) 

a
n
d
 t

h
at

 t
h
re

e
m

in
u
te

s 
is

 a
 l
o
n
g
 e

n
o
u
g
h
 t

im
e
 f

or
 t

h
e
 p

la
ye

rs
 t

o 
fe

e
l

th
ey

 h
av

e 
p
la

y
ed

 e
n
o
u
g
h
 f

or
 a

 w
h
ile

 a
n
d
 a

re
 w

ill
in

g
 t

o
ta

ke
 s

o
m

e
 r

es
t.

C
h
ild

re
n
 b

e
h
av

e 
q
u
it
e 

d
if
fe

re
n
tl
y
 t

h
a
n
 a

d
u
lt
s 

w
h
en

ac
ti
va

ti
n
g
 t

h
e
 s

u
p
e
rc

h
ar

g
e 

e
ff
e
ct

 b
y
 s

h
ou

ti
n
g
. 

A
d
u
lt
s

w
er

e 
se

e
n
 t

o 
b
e
 s

h
y
 a

t 
fi
rs

t,
 b

u
t 

on
ce

 s
om

eo
n
e 

h
ad

 t
h
e

co
u
ra

g
e
 t

o
 p

o
se

 a
n
d
 s

h
ou

t,
 t

h
e 

ot
h
e
r 

ad
u
lt
s 

ch
ee

re
d

an
d
 a

p
p
la

u
d
ed

, 
an

d
 f

ol
lo

w
in

g
 t

h
is

, 
th

e 
ad

u
lt
 p

la
ye

rs
w

er
e 

se
e
n
 t

o 
u
se

 t
h
e
 f

ea
tu

re
 n

ow
 a

n
d
 t

h
e
n
 t

o 
sh

ow
 o

ff
.

C
h
ild

re
n
 w

er
e 

le
ss

 r
e
se

rv
ed

, 
ev

en
 t

o 
th

e
 e

x
te

n
t 

th
at

th
e
y 

sh
o
u
te

d
 c

o
n
st

a
n
tl
y
 t

o
 g

e
t 

h
ig

h
er

 s
co

re
s,

 a
n
n
oy

in
g

an
d
 e

m
b
a
rr

as
si

n
g
 t

h
e 

p
eo

p
le

 a
ro

u
n
d
. 

In
 t

h
e 

st
u
d
y

d
e
sc

ri
b
e
d
 h

e
re

, 
th

e
 g

a
lle

ry
 p

e
rs

on
n
e
l 
ev

en
tu

a
lly

 f
or

b
ad

th
e 

sh
o
u
ti
n
g
, 

re
su

lt
in

g
 i
n
 a

 n
ew

 m
et

h
od

 o
f 
co

lla
b
o
ra

ti
ve

p
la

y
 w

h
er

e 
ch

ild
re

n
 g

a
th

er
ed

 c
lo

se
 t

o
 t

h
e
 m

ic
ro

p
h
on

e
an

d
 h

u
m

m
ed

 t
o
 “

su
p
er

ch
ar

g
e
” 

th
e
 p

la
ye

r.

C
h
ild

re
n
’s

 a
n
d
 p

a
re

n
ts

 e
x
p
e
ri

en
ce

s 
o
f 
g
a
m

e
 v

io
le

n
ce

D
ID

 C
H

IL
D

R
E
N

 L
IK

E
 T

H
E
 V

IO
LE

N
C

E
 I

N
 A

 G
A

M
E
?

4
2
 %

 o
f 

2
 t

o 
1
8
 y

ea
r-

o
ld

 p
la

ye
rs

 p
re

fe
r 

a
ct

io
n
 o

r
co

m
b
at

 g
a
m

e
s 

ov
er

 s
p
o
rt

s 
(4

1
%

) 
or

 a
d
v
en

tu
re

 (
3
6
%

)

g
a
m

e
s 

[1
8
].

 C
h
ild

re
n
 h

av
e
 a

ls
o
 r

e
p
or

te
d
 l
ik

in
g
 t

h
e

p
le

a
su

re
s 

of
 f

ig
h
ti
n
g
 e

sp
e
ci

a
lly

 a
g
a
in

st
 a

 f
ri
e
n
d
 i
n
 a

m
u
lt
ip

la
ye

r 
m

at
ch

 [
9
].

 O
u
r 

st
u
d
y 

sh
ow

ed
 s

im
ila

r
re

su
lt
s;

 w
h
e
n
 c

h
ild

re
n
 w

er
e 

a
sk

ed
 w

h
at

 t
h
ey

 l
ik

ed
 m

os
t

ab
ou

t 
th

e
 g

a
m

e
 -

 m
or

e 
th

an
 h

a
lf
 o

f 
th

e
 p

la
ye

rs
sp

on
ta

n
e
ou

sl
y
 m

e
n
ti
on

ed
 l
ik

in
g
 t

h
e
 v

io
le

n
ce

 a
n
d
 b

e
in

g
ab

le
 t

o 
h
u
rt

 v
ir

tu
a
l e

n
em

ie
s 

w
it
h
ou

t 
g
et

ti
n
g
 h

u
rt

th
e
m

se
lv

es
.

C
h
ild

re
n
’s

 a
n
d
 p

ar
e
n
ts

’ 
a
n
sw

er
s 

w
e
re

 i
n
 l
in

e
 w

it
h
 t

h
o
se

re
p
or

te
d
 i
n
 a

 s
tu

d
y 

b
y
 E

rm
i 
an

d
 M

äy
rä

 w
h
er

e
 i
t 

is
 n

ot
ed

th
a
t 

“F
ew

 c
h
ild

re
n
 w

er
e 

in
te

re
st

ed
 i
n
 v

io
le

n
ce

 p
er

 s
e,

b
u
t 

ra
th

er
 f
e
lt
 t

h
at

 v
io

le
n
ce

 m
ad

e 
th

e
 g

a
m

e
 e

x
p
e
ri
e
n
ce

m
or

e
 e

xi
ti
n
g
. 

C
h
ild

re
n
 w

h
o
 p

la
ye

d
 v

io
le

n
t 

g
am

es
 s

ta
te

d
th

at
 e

x
ce

ss
iv

e
, 

m
in

d
le

ss
 v

io
le

n
ce

 a
g
ai

n
st

 p
e
op

le
 i
s 

n
ot

w
h
at

 t
h
ey

 w
an

t 
to

 h
av

e 
in

 g
a
m

es
, 

b
u
t 

th
ey

 r
at

h
er

 f
ac

e
va

ri
ou

s 
k
in

d
s 

of
 m

on
st

e
rs

 a
n
d
 n

on
-h

u
m

an
 c

h
ar

a
ct

e
rs

.
T
h
e 

p
lo

t 
of

 t
h
e
 g

a
m

e
 a

ls
o 

h
a
s 

a
n
 i
m

p
or

ta
n
t 

ro
le

 h
er

e
an

d
 c

h
ild

re
n
 w

an
t 

to
 s

ee
 t

h
e 

v
io

le
n
ce

 a
s 

a 
p
a
rt

 o
f 

th
e

st
ru

g
g
le

 a
n
d
 a

d
ve

n
tu

re
 o

f 
th

e 
g
am

e
, 

n
ot

 a
s 

a
 s

ep
ar

at
e

el
em

e
n
t.
” 

[9
]

H
O

W
 V

IO
LE

N
T
 W

A
S
 T

H
E
 G

A
M

E
 C

O
N

S
ID

E
R

E
D
?

C
h
ild

re
n
 c

on
si

d
er

ed
 t

h
e 

g
a
m

e
 l
e
ss

 v
io

le
n
t 

th
an

 o
th

er
g
a
m

e
s 

th
e
y
 h

ad
 p

la
ye

d
 o

r 
h
av

e 
se

e
n
 p

la
ye

d
. 

1
8
 o

u
t 

o
f

2
3
 c

h
ild

re
n
 t

h
ou

g
h
t 

th
e
 g

a
m

e
 w

a
s 

le
ss

 v
io
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International Survey on the Dance Dance 
Revolution Game 
JOHANNA HÖYSNIEMI 
University of Tampere, Tampere, Finland 
________________________________________________________________________________
Despite the growing popularity of physically interactive game-playing, no user studies have been conducted on 
dance gaming (one of the most popular forms of playing via full-body movements). An online questionnaire 
was used to study various factors related to Dance Dance Revolution (DDR) gaming. In total, 556 respondents
from 22 countries of ages 12 to 50 filled in a questionnaire which examined the players’ gaming background, 
playing styles and skills, motivational and user experience factors, social issues, and physical effects of dance 
gaming, and taking part in dance-gaming related activities. The results show that playing DDR has a positive 
effect on the social life and physical health of players, as it improves endurance, muscle strength and sense of 
rhythm, and creates a setting where new friends can be found. 

Categories and Subject Descriptors: H.5.2 [Information Interfaces and Presentation]: User Interfaces-- 
Evaluation/methodology; Input devices and strategies; Interaction styles 
General Terms: Human Factors 

Additional Key Words and Phrases: Dance gaming, Konami’s Dance Dance Revolution (DDR), music and 
rhythm games, online survey, game research 

__________________________________________________________________________________________ 

1. INTRODUCTION 
In the last couple of years, a number of physically interactive computer games that 
require physical effort to play have been developed, published, and marketed to the 
general public. Subcategories of the genre include computer vision-based games [Smith 
2004; Hämäläinen and Höysniemi 2002; Hämäläinen et al. 2005; Creative WebCam 
Game Star 2005]; rhythm and music games [Andamiro Pump It Up 2005; Konami Dance 
Dance Revolution 2005]; and sports simulators [Radica Play TV® 2005; Cateye 
GameBike Fitness; Powergrid Kilowatt 2005]. Instead of controlling the game events 
with traditional game input devices such as mouse, keyboard, or game pads, physically 
interactive games employ various novel input techniques like Web cameras, dance pads, 
and simulated sports gear such as computer-attached skateboards, exercise bikes or 
devices based on isometric exercise. As playing these games is based on large body 
movements, the game control itself is of interest not only to players but also to a possible 
audience intrigued by the player’s skilled movements. Compared to traditional game 
controls, the physical interaction style often requires (and it is claimed to develop) 
complex motor skills and endurance, in addition to providing more versatility for 
personal playing styles such as improvised dance or martial arts moves [Konami Dance 
Dance Revolution 2005; Hämäläinen et al. 2005]. In addition to engaging in physical 
exercise, players often train and compete together in a sport-like fashion, a phenomenon 
that has interesting social implications.
____________________________________________________________________________________ 

Author’s address: Tampere Unit for Human-Computer Interaction, Department of Computer Sciences, 
University of Tampere, Finland; email: johanna@cs.uta.fi 
Permission to make digital/hard copy of part of this work for personal or classroom use is granted without fee 
provided that the copies are not made or distributed for profit or commercial advantage, the copyright notice, 
the title of the publication, and its date of appear, and notice is given that copying is by permission of the ACM, 
Inc. To copy otherwise, to republish, to post on servers, or to redistribute to lists, requires prior specific 
permission and/or a fee. Permission may be requested from the Publications Dept., ACM, Inc., 1515 Broadway, 
New York, NY 10036, USA, fax:+1(212) 869-0481, permissions@acm.org
© 2005 ACM 1544-3574/05/1000-ART5B $5.00 
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The research on physically interactive games has mainly focused on the design and 
evaluation of computer vision-based games [Höysniemi et al.2005; Hämäläinen and 
Höysniemi 2002; Hämäläinen et al. 2005; D'Hooge 2001] or on the design and analysis 
of physically controlled peripherals [Johnson et al. 2002; Exertion Interfaces 2005; 
[Hämäläinen 2004; Chi et al. 2004; Chua et al. 2003]. Nevertheless, many studies 
reference dance gaming as one of the most popular forms of physical game-play, but until 
now, research related to dance gaming has been scarce. This study attempts to fill the gap 
by exploring the nature of dance gaming, focusing especially on Konami’s Dance Dance 
Revolution game (DDR, known as Dancing Stage in Europe) and on the vivid game 
culture blossoming around it. In wake of DDR’s release in 1998, arcades all over the 
world have begun offering dancing games where one has to perform combinations of 
steps in the rhythm of the music being played. Since then there have been various 
versions of the arcade cabinet, several releases of console titles and dance pads, as well as 
releases of other dance games competing with DDR for market share. In the beginning of 
2005, cumulative worldwide sales of the Dance Dance Revolution series had exceeded 
7.5 million units [Game Press 2005].  

A massive fan base has grown around DDR in Asia, USA, and lately in Europe. The 
popularity of DDR manifests itself in competitions and game events, enthusiastic 
discussions on forums dedicated to DDR, and growing press coverage. The most 
passionate players have even developed dedicated DDR simulator software, built their 
own dance pads, and composed new music to the game.  

This article addresses the following research themes: DDR players’ background and 
playing habits, motivational and learning factors related to DDR gaming, DDR gaming 
experience, and its social and physical effects on the players’ lives.  In this article, the 
concept of the Dance Dance Revolution game and the background of dance gaming is 
first introduced, followed by the details and results of the study,  and finally we give a 
summary of findings along with proposals for future research. 

2. DANCE DANCE REVOLUTION: INTERFACE AND INTERACTION 
The idea behind Dance Dance Revolution is fairly simple: it combines upbeat music, 
stepping in rhythm, and physical exercise. The DDR set-up consists of a game pad or 
platform with four arrows (up, right, down, and left), a screen, and loudspeakers as 
shown in Figure 1 (left). The arcade machines have two pads side by side to allow two-
player gaming as well as a single player using two pads – a mode called double. A home 
set-up, on the other hand, usually makes use of one or two pads attached to a gaming 
console. The arcade machines also have a bar behind the player that can be used to ease 
game-play.  

There are four stationary arrows at the top of the screen, as well as arrows that scroll 
upwards from the bottom of the screen and pass over the stationary arrows (Figure 1, 
right). The aim of the game is to step on the corresponding arrow on the dance pad when 
a scrolling arrow overlaps the stationary arrow. The more precise the timing, the better 
the rating for that step. The ratings from best to worst are: perfect, great, good, boo, and 
miss. However, the scale differs slightly among the different versions of the game. At the 
end of the song, the player is given a final score based on the number of correct steps and 
the timing accuracy of the steps. A performance of over 90% perfects will give a score of 
“AA”. If every single step has the perfect rating, the final score is “AAA,” which is the 
ultimate goal for most players.  

Each DDR version contains a selection of songs that often feature a heavy beat. The 
tempo of the songs ranges from slow to fast, and a song may even include changes in 
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Fig. 1. Two players playing the game together (left, photo courtesy of Positive Gaming AS); a part 
of the step chart of MAX 300 Maniac (top right, source: www.ddrfreak.com); and a screenshot of 
the game (bottom right).  

tempo. Arrows fall on the beat of the song (1/4 notes) or exactly in between (1/8, 1/16, 
and 1/32 notes). As the game is based on the precise timing of steps, it requires a good 
sense of rhythm, as well as the ability to coordinate the movements of one’s body in 
anticipation of rhythmic repetition and alteration. 

Each game is based on a predetermined set of steps (Figure 1, right), i.e., the arrows 
scroll at a set rate depending on the beat of the song and the level of difficulty determined 
by the step pattern of a song, with a rating ranging from 1 to 10 feet. The lowest, 1-3 foot 
patterns are meant for beginners, whereas the 9-10 footers require excellent physical 
endurance, coordination of movement, and sense of rhythm as the step patterns become 
more elaborate and faster.    

The game set-up also consists of different modifiers that affect either the visibility of 
the arrows (e.g., all arrows appear in the same color regardless of the beat); the direction 
of the arrows’ movement (e.g., arrows scroll from top to bottom); or the orientation of the 
arrows (e.g., arrows are rotated 180 degrees). Speed modifiers can be used to make sight-
reading easier by speeding up or slowing down the arrows to n-times their normal speed. 

Beginners usually stand in the middle of the pad and only use one foot at a time to 
press the arrows, or return their feet to the middle of the pad after each step. However, 
there is no penalty for pressing an arrow unnecessarily, which enables fluent movement 
across the pad. Skillful players employ special techniques such as (to name a few):  
crossovers (to hit the left-down-right arrow combination, the player does the steps left-
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right-left while simultaneously turning to the right); hand plants (player uses his hand to 
hit a panel); and jumps (player jumps and presses two arrows simultaneously).  

There are two main forms of playing DDR: (1) attacking, which aims for a perfect 
timing of steps, i.e., highest scores or number of Perfects; and (2) freestyling/improvising,
where the aim of the player is to dance as expressively as possible, i.e., perform using a 
personal style. Freestyling is based on a routine to perform during a song, while 
improvising is based on making up a routine on the spot without prior practice. 
Tournaments are held world-wide, and usually include a competition series for “Perfect 
Attackers” (PA). Freestyling tournaments are less common. In addition to playing with 
feet, many DDR players do so by tapping keyboard keys with their fingers.  

3. RELATED WORK 

3.1 The Evolution of Dance Games and Peripherals 
Dance games originated in 1998 when Konami launched the Dance Dance Revolution
cabinet in Japan, where it immediately became a big hit in arcades. However, the idea of 
controlling a video game with feet had already been applied in several games and 
peripherals including Joyboard (1983, Amiga for Atari 2600) and Roll and Rocker (1989, 
LNJ for NES), which can be considered an ancestor of modern skateboard controllers. 
Moreover, in 1987, Exus Corporation developed two games, called Jogger and Reflex for 
the Atari 2600 console. The games were sold together with the  Foot Craz Activity Pad 
(i.e. 24" x 30" foam pad that had sensors beneath five color-coded spots). The same year, 
Nintendo launched the Power Pad that was used by pressing the buttons with feet. 
Modern soft dance pads can be considered descendants of those early pads. 

Music and rhythm games have strong roots in Japan, and most of the games in this 
genre were first launched there. The music and rhythm games genre started in 1996 when 
Parappa the Rapper was launched for the Sony Playstation [Fisher 1994]. The aim of the 
game is to repeat its rhythmic pattern by pressing controller buttons to match onscreen 
cues and the rhythm of the song [Fisher 1994]. Two years later Konami released 
Beatmania in Japan as an arcade cabinet. Both DDR and Beatmania belong to Konami’s 
Bemani series where “the premise of the game is to follow scrolling cues on the screen 
and hit the button on the interface that corresponds to on-screen cues at the appropriate 
time as indicated on-screen” [Liu 2002]. The game idea in all Bemani games is similar, 
but the physical peripheral and its use differ between the games. For example, the game 
might be controlled by a combination of keyboard-like keys and a turntable (Beatmania),
a dance platform with directional arrows (DDR), a simulated guitar controller 
(GuitarFreaks), nine big buttons (Pop’n Music), or infrared sensors (Para Para 
Paradise). Further information on the history of DDR cabinets can be found in Arcade 
History Database [2005]  

Most of the dance games are first released as arcade cabinets, but then turned into 
home versions that are played either with soft or hard pads attached to a video game 
console. The number of different DDR titles, also called mixes, is vast. The game is 
available for various consoles, and even for Nintendo's Game Boy Color. There are also 
mixes that are specifically developed for particular consumer markets and segments, for 
example, DDR USA in the United States, or DDR Disney Mix, aimed at younger user 
groups. The biggest competitors of DDR are Andamiro’s Pump It Up (released in 1998) 
and Roxor Games’ In The Groove (2004). Konami has also taken legal measures against 
its competitors and sued both Roxor and Andamiro for infringing its patent rights.  

In addition to original Konami DDR titles, there are simulators such as Stepmania  
[Stepmania  2005] and Dance with Intensity [Dance with Intensity 2005] that emulate 
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DDR and other dance games on PCs. The simulators have become increasingly 
successful for several reasons: they are free of charge, they contain several modes, 
players can download a large selection of songs and step patterns, they can be played 
either with a dance pad or a keyboard, and players can edit and create new step charts.   

3.2 The DDR Phenomenon 
The popularity of DDR varies from country to country and from continent to continent. 
When DDR was released in Japan, it immediately became a big hit, but its popularity has 
declined since its glory days. David Liu has written an insightful report on how DDR 
became successful in the United States [Liu 2002], the obstacles that had to be overcome 
to bring DDR to the American market and the measures Konami took to promote the 
game to players. Although DDR is doing well in the USA, it is possible that DDR might 
experience a similar drop in popularity in Northern America as happened in Japan. 
Nevertheless, the European DDR scene is still relatively fresh and the number of players 
is growing rapidly. Unfortunately, there are no studies on how DDR game culture has 
evolved in Europe, probably due to the diverse nature of computer gaming and arcade 
cultures in the different European countries. For example, in Finland there exist only four 
DDR cabinets, two of which are located in the lobbies of movie theaters instead of 
arcades. Norway has been one of the most progressive European countries in terms of 
DDR. The game received the status of an official sport in 2003 in Norway, and the 
Norwegian fan base is strong and active. 

3.3 State of the Research on Dance Gaming  
Although there are vast numbers of Internet articles about DDR and dance gaming in 
general (as well as lively discussions in forums dedicated to DDR), systematic user 
studies of the dance gaming phenomenon have not been undertaken so far. More and 
more small polls and surveys appear in discussion forums (e.g., 
http://www.ddrfreak.com/statistics.php) when members of the DDR community are 
themselves carrying out informal research to find out more about their favorite game and 
game community. 

There is little scientific research done on any form of dance gaming. Studies to date 
have dealt with issues such as the reasons behind the success of DDR in the United States 
[Liu 2002]; a case study of the development of the DDR community [Chan 2004]; a study 
of DDR and music video game fan cultures [Smith 2004]; and genetic algorithms for 
determining optimal step patterns in DDR [Nogaj 2005]. Some studies are currently 
underway to evaluate whether DDR could be used as treatment for obesity and to 
motivate children and teenagers to exercise. For example, West Virginia University and 
West Virginia Public Employees Insurance Agency (PEIA) are carrying out a “Games for 
Health” study aimed at 7- to 12-year old obese children [PEIA 2005]. The purpose of the 
study is to determine the effects of a home-based exercise program on cardiovascular risk 
factors in children.

4. STUDY 
This section describes how the questionnaire was designed, pilot-tested, and delivered to 
the participants and how the data was collected. Moreover, the chapter contains details of 
the participants and discussion about how the participants of this study match the overall 
player population.     

4.1 Designing the Questionnaire  
The design of the questionnaire was based on extensive study of the history of music and 
rhythm games, research on dance gaming, scanning through discussions on DDR forums, 
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interviewing DDR players, and studying the effects of computer games and game 
research methods. Based on the study, a list of themes and related question sets were 
created according to guidelines for doing survey research [Kitchenham and Pfleeger 
2002a; 2002b; Babbie 1973].   

Finally, the questionnaire was pilot-tested and reiterated with three passionate Finnish 
DDR players and three researchers in HCI, to both validate the content and ensure that 
the survey would be understandable to prospective participants. Then, a system of 
gathering and storing the data was implemented and tested to ensure that there were no 
errors in handling the data.  

4.2 Final Questionnaire 
The survey contained a broad range of questions that aimed to gather reliable and 
objective data on various aspects of the DDR phenomenon. The questionnaire can be 
found on-line at: http://www.cs.uta.fi/~johanna/DDRS/questionnaire.html. This article 
focuses on reporting the results of the following themes (in parentheses) and related 
questions:  

� Where and how often do players play DDR? Are there established playing 
conventions? How much money have players spent on DDR and do they play 
other music and rhythm games as well? (Dance gaming background).

� What are the main reasons why people begin to play DDR? What aspects of the 
game keep them interested in it? What factors in game-play are the most difficult 
to learn and what learning measures are typical among players? (Motivational 
factors and learning to play).

� What factors are important in creating a pleasurable dance gaming experience? 
What can decrease it? (Positive and negative player).

� Does DDR gaming promote social relationships? What forms of socialization 
exist? What are the main DDR gaming-related activities that players take part in? 
(Social issues of dance gaming).

� How big a part does dance gaming contribute to the players’ physical exercise? 
According to players, what positive and negative physical effects does DDR 
gaming have? (Physical effects of dance gaming). 

The results are categorized by the themes listed above; throughout the treatment the 
players are given a voice through quotes. 

4.3 Call for Participation 
The questionnaire was published on April 6, 2005, and closed a month later on May 3, 
2005. A call for participation that explained the background of the study and contained 
the URL of the online questionnaire was submitted to the most popular DDR forums 
(www.aaroninjapan.com , www.ddrfreak.com ; www.bemanistyle.com ; 
www.positivegaming.com ; www.ddronline.net/world/ ) as well as several national DDR 
sites  (Finland: www.ddrfi.net ; Italy: www.ddrplanet.it ;  Norway: www.ddrnorway.no ;  
Spain: www.ddrspain.com ; Sweden: www.ddrsverige.com ; UK: www.ddruk.com ). 
Since DDR players frequently follow discussions in DDR forums, DDR forums were 
used to recruit the participants. Several respondents also replied to the call for 
participation message, and said that they had informed their friends and local players to 
take part in the study.  

4.4 Participants 
Between April 6 and May 3, there were 562 responses submitted, 6 of which had to be 
rejected due to incomplete answers. Thus, the complete responses of 556 DDR players 
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(12.6% females and 86.4% males) were analyzed. Most of the respondents live either in 
Europe (46.8%) or North America (50.1%); the distribution of the respondents’ 
nationalities is shown in Figure 2.  

Although DDR was originally released in Japan, and has been very popular in Asian 
countries, the questionnaire drew only a few responses from that region. This may be due 
to two reasons: Asian DDR players have their own forums and the call for participation
message did not reach them, or that DDR is already a passing phenomenon in many 
Asian countries, and has been replaced by other forms of dance-gaming. Thus, while 
examining the results of this study, we should keep in mind that the results are based on 
answers given mainly by European and North American DDR players. From this point 
forward, the respondents of the study are called DDR players, players, or simply 
respondents.   

Fig. 2. Respondents’ nationalities. The following countries are included in the “Others” category: 
Australia, Belgium, Switzerland, Chile, Ireland, Japan, Latvia, Peru, and Slovakia, each 
contributing less than one percent of all respondents. 
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DDR is popular mostly among teenagers and young adults, as seen in Fig. 3. The average 
age of a respondent is 18.7 years (SD = 4.15). Based on the background research, there 
are younger DDR players as well, but due to the nature of the study they could not be 
reached easily. As the game interaction and idea is fairly simple and the game content is 
suitable for everyone [Entertainment Software Rating Board 2005], even young children 
can play the easiest game levels successfully. For example, the obesity study conducted 
at West Virginia University [PEIA 2005] carries out the research with children as young 
as seven, but even five year-old children were reported to play the game.     

The respondents’ current skill levels (i.e., the level of difficulty a player can pass 
successfully) were quite high -- 80.2% reported that their skill level was 4, the highest 
game level (e.g., Maniac/SSR in DDR, Heavy in Stepmania and DDR extreme, and 
Expert in DDR USA and Euromix); 14.6% said they were on level 3 (i.e., Another/Trick, 
Standard, or Difficult, respectively); only 4.8% respondents were beginners on levels 1 or 
2.

5. RESULTS 

5.1 Dance Gaming Background 
This section lists the key details of the respondents’ playing habits, including how long 
they have been interested in DDR; how often they play the game; where the play sessions 
take place; and how long the sessions last. The most common playing styles are 
discussed, along with other music and rhythm games DDR players play, and how much 
money they spent on their hobby.  

5.1.1 Characteristics of Playing Habits. The respondents were interested in DDR for 
the following amounts of time: six months to one year (19.1%); one to two years 
(25.0%); and two to three years (21.0%). There were 13.1% beginner respondents who 
played DDR less than six months; 21.8% respondents were familiar with the game for 
more than three years. 

A majority of the respondents played the game frequently: 31.0% of the respondents 
practiced DDR two to three times a week, but “hard core” players may play the game 
four to six times a week (22.6% of respondents), or even daily (17.4%); 16.6% of players 
played the game once a week; and 12.4% once in two week or less often.  

Players also spent a considerable amount of time playing Dance Dance Revolution.
The length of an average play session, including breaks and waiting for one’s turn, 
varied, mostly between half an hour and two hours. The statistics for lengths of play 
sessions were less than 15 minutes (2.0% of respondents); 15 to 30 minutes (8.0%); 30 to 
60 minutes (22.2%); 60 to 90 minutes (19.5%); 90 minutes to two hours (16.6%); two to 
three hours (12.0%); three to four hours (10.2%); and more than four hours (9.5%).  

The game is played most often either in arcades or at home (15.2% play only in 
arcades; 66.2% play both in arcades and at home; and 8.8% play only at home), but 
increasingly also in mixed settings such as a friend’s or relative’s home, at conventions, 
LAN parties, schools, as well as churches and clubs that organize free-time activities for 
children and teenagers.  

5.1.2 Scoring with Feet. The majority of players (76.9%) are scorers who aim at 
perfect timing of steps and do not include freestyling in their play routine. However, 
13.0% of respondents are pure freestylers or improvisers whose main reason for playing 
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is to dance expressively either with or without having practiced a routine; 10.1% of 
respondents reported being both scorers and freestylers.   

In addition to stepping on the dance mat, DDR can be played by tapping the keyboard 
(e.g., to play the Stepmania simulator or by using a hand-held game device like the 
Nintendo Game Boy Color). Most of the players (91.2%) played with their feet, but 
54.1% of respondents also reported that they played with their fingers. There are also 
small numbers of players (8.8%) who did not stomp to the beat at all, but used only 
manual input to play.    

There is a set of established DDR movements that players use frequently to hit the 
panels; Table I lists those movements. A short description of the movements can be 
found in parentheses.  

Most of the freestyle players (63.6%) used common freestyle moves. Nevertheless, 
13.7% of freestylers also borrowed movements from real dance styles. One of the main 

Table I. The Most Common DDR Movements Used by Respondents

DDR movement Percentage of 
players using the 
movement 

Crossover (rotating, i.e., to hit the L-D-R arrows, the player steps L-R-L and 
turns right) 

69% 

Jumping 61% 

Double step (using the same foot to hit two different consecutive arrows, 
often considered a bad movement) 

57% 

Butterfly turn (a sequence of U-R-D-L steps, i.e., basic turning) 50% 

Slide (using one foot to press one panel and then another without lifting the 
foot off the pad) 33% 

Spinning (pivoting 360 degrees on a single foot) 23% 

Using hands to make the game play more dance-like 23% 

Hand plant (using a hand to hit the panels) 22% 

Knee drop (using a knee to hit the panel) 19% 

Left or right foot only (using only left or right foot to hit all the steps) 15% 

Using one foot at a time to press a panel while the other foot remains in the 
middle of the pad (typical for beginners) 

9% 

purposes of freestyling is to entertain and impress the audience. And many freestylers 
commented that they want to make the crowd laugh, and so made up all sorts of funny 
moves and crazy stunts. Some respondents (6.9% of them) mentioned that they liked to 
improvise and come up with new moves as they play. As the aim of this study is to take a 
broad look at the dance gaming phenomenon, an in-depth analysis of dance gaming styles 
is not the main focus of this study.    

Depends if i want to show my skills or not... If i just want to make a good score then i usually 
use common DDR movements... (Male, 16)
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I usually make funny moves and stuff like that. I love to impress the audience! (Male, 28) 

To be blunt--I make it up as I go along. I don’t really create a routine of any kind, or rehearse 
it. I get an idea of what I want to do in my head, and I do it. (Male, 20)

I use both common DDR movements and real dancing moves, with quite a bit of my own flavor. 
(Male, 14) 

5.1.3 Players and Other Rhythm and Music Games. A minority of respondents (6.3%) 
reported having played other dance and rhythm games before playing DDR. Conversely, 
the results also show that when players get involved with DDR, they tend to try other 
rhythm and dance games as well. An astonishing number of respondents (97%) reported 
trying out at least one other dance and rhythm game (the 15 most popular are shown in 
Fig. 4). In total, 59 different game titles were mentioned in the answers.  

Dance game simulators such as Stepmania and Dance with Intensity are popular; but 
the biggest competing titles to DDR are also well-liked, as almost half the players have 
tried out Pump It Up (49% of respondents) or In the Groove (32%). There are also 
musical controllers used by players such as Donkey Konga, Taiko Drum Master, and 
Taiko no Tatsujin, all of which employ drum-like controllers that need clapping to the 
rhythm of the music. The rest of the games above are other Bemani games, except 
Harmonix’s Amplitude and Frequency.
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Fig. 4. The 15 most common dance and rhythm games and simulators. 

5.1.4 Not Necessarily a Cheap Hobby. Respondents were asked to estimate how much 
money they had spent on dance games in total (including arcades, hardware, software, 
trips, etc.); the results are shown in Figure 5. Although many players preferred playing 
the game in arcades, high fares and distant locations induced some players to play at 
other locations as well.    

There were 40% of players who reported purchasing either hardware or software to 
play DDR. Typical investments for home equipment include a video game console or PC, 
one or several dance pads, an adapter for dance pads, and a selection of game titles (some 
imported). Even though home versions of the game are rather inexpensive (approximately 
$25 to $50 for a game bundle), players often wanted to purchase a higher-quality dance 
pad that might cost up to $300, as well as other accessories to enhance game-play. The 
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majority of players had at least one soft pad (88%); but hard pads were becoming 
increasingly popular, as 41% players owned at least one; 13% of respondents built their 
own pads; and 2% of respondents purchased an arcade cabinet for their own use. Players 
reported that 82% of pads had broken down; Due to the poor durability of soft pads many 
players had to buy several mats. 

5

4

7

10

22

14

15

13

11

0 5 10 15 20 25

0-20

20-50

50-100

100-200

200-400

400-600

600-1000

1000-2000

More than 2000

Percentage of respondents

US
D

Fig. 5. The estimated total amount spent on dance gaming. 

5.2 Motivational Factors and Learning to Play DDR 
This section discusses the initial reasons why the respondents began playing the game 
and how the reasons have changed over time. In addition, the learning aspects of DDR 
are discussed, along with measures that players took to improve their skills. 

5.2.1 Other People: The Number One Reason to Play DDR. More than half of the 
respondents (50.2%) reported that the game was originally recommended or introduced 
by their friends or relatives. They were invited to play by their friends either at home or 
in an arcade, or saw the game being played by other people.  

The spectator experience was emphasized explicitly in many answers; players said 
that their motivation to try the game blossomed after seeing others play and being 
intrigued by their skills. The performance of other players challenged the respondents and 
made them want to become as skilled as the fluent players.  

I watched people play it in the arcade and I liked the rhythm of the song and was amazed 
by the ability to dance to it. I played it a few times and liked it but never thought I could 
be really good. When I realized my friends had home versions of the game, and after 
playing at their houses, I had to own it. So I first tried out DDR because I saw people 
doing it and it looked like fun. I had never seen a dancing game before. I was thrilled 
with the idea. So I tried it out hoping to get a crowd. (Male, 15)

I'd heard about it but never knew where I could find one. When I saw someone play I was 
amazed that humans were capable of moving that fast, so I decided to become like that. 
(Male, 17)

I saw people who looked good and thought it'd be fun to be that good. I saw a review of 
DDR in a gaming magazine, with equipment prices and got it later that year as a "family 
Christmas present”. (Male, 17)
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The second biggest reason given for playing DDR was the novelty factor: 19.5 % of 
respondents mentioned that they were fascinated by the game concept first, one that 
mixed music and rhythmic movement and was played with one’s feet. DDR provides an 
original gaming experience, and most importantly, looks like fun. 

When I saw the game for the first time, I thought it was so unique and challenging I just 
had to give it a try. It was not like the other video games, and that was appealing to me, 
since I’m an active person (that is, always doing some sort of physical activity).  
(Male, 24) 

The concept seemed unique and interesting. (Male, 20)

Some players (7.8%) said they became interested in the game when they first heard about 
it in the media (e.g., TV, films, articles, and reviews), but the most influential motivation 
came from watching freestyling videos on the Internet. A small number of players (3.4%) 
said they had a passion for dance music, dancing, and Japanese culture, which eventually 
got them interested in DDR. The health benefits associated with DDR did not play a 
significant part in the decision to begin playing the game. Only 1.5% of respondents 
reported health as a reason to play the game, and even fewer because it helped them to 
lose weight (0.9% of the respondents). 

On many occasions the first encounter with the game was at small social events like 
birthday parties, where the game was installed because it is fun; or when a friend took a 
novice to the arcade, or let the novice borrow dance game equipment. Sometimes, the 
first play was involuntarily or a joke, but even then many players said that they very soon 
got hooked on it, even when they first thought the game ridiculous. Some respondents 
(11%) mentioned that they were introduced to the game by a friend in an arcade; in half 
of the cases they did not know what the game was when they first saw the arcade console. 
After the first play session at an arcade, many beginners purchased their own dance-
gaming equipment and practiced at home until they became comfortable enough to show 
their skills in public again. In 6.3% of the cases the players already had experience with 
other dance and rhythm games and then moved on to DDR. A background in dance and 
rhythm gaming most often involved playing DDR simulators with the fingers. In 5.9% of 
the cases, organized events such as exhibitions, tournaments, conventions, and LAN 
parties were reported as the places where players first encountered the game. 

5.2.2 Fun, Exercise, and Challenges. But once players got involved in playing Dance 
Dance Revolution, the initial reasons for playing it did not apply anymore. When players 
were asked why they played dance games, they were very specific in describing their 
main reasons. Six distinctive categories emerged from the answers:  

The entertainment factor. For 65.6% of the players, the entertainment factor (i.e., 
playing because it is fun, amusing, and cool) was one of the main reasons.  

Health benefits. Although health benefits did not play a significant part in the initial 
decision to play, the physiological benefits (e.g., feeling well and relaxed after playing 
and a sense of improved coordination and rhythm) were mentioned by 55.2% of 
respondents as reasons for continuing to play. Additionally, many players mentioned that 
DDR was their only form of exercise (discussed in more detail in Section 5.5).  

At the beginning i play DDR just for fun, but now, that i am a very good player (one of 
the best in europe) i intend DDR as a Sport, so i have to train on it, i have to improve my 
skill for compete in the tournaments. (Male, 16)
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Challenging oneself. For 23.9% of the players the personal challenge (e.g., playing a 
difficult game, improving as a player, feeling good at something, seeing results, 
possibility of competition) was the third most common category.  

I like competing against my own limitations to become more adept at it. (Male, 23)

It's also great to watch myself improve slowly but surely, getting better and better scores 
on harder songs. (Male, 19)

Socialization. As reasons for playing, interactions with people, such as making new 
friends and being part of the community, were mentioned by only 18.5% of respondents. 
This is surprising, since more than half the time the initial encounter with the game 
happened through other people. Music was mentioned by 18.7% of players; performance
(e.g., the possibility of performing, show of skill, and entertaining a crowd) was reported 
as a reason to play in 5.7% of the answers. Thus, we can already see a slight shift from 
being a spectator to becoming a performer, a phenomenon strongly associated with DDR 
game-play. (The social aspects of the game are discussed further in Sections 5.3.2 and 
5.4.) 

It’s fun and I want to get better so I can show off for people at the arcades. It's also good 
that you get better health of dancing and it helps me for my Street Dance lessons. 
(Male, 16)

 Why do I play dance games? The first thing that attracted me to dance games was the 
music.  I’ve always liked electronic music and that’s what dance games offer.  The music 
featured in a dance game is upbeat, vibrant, diverse, interesting, and fun.  You will find 
an occasional slow song, but they usually have something special about them that will 
force you to enjoy them also.  Another factor that has drawn me toward music-oriented 
games is their fun factor.  Dance games have created a fun way to past time, play a 
game, and not be on your butt the whole time.  The final, yet important factor about 
dance games is the fitness factor.  Although fitness isn’t my main focus when playing 
DDR or another dance game, I have to admit that dance games offer a fun way to 
exercise. They force you to build endurance, stamina and, create, or enhance, one's sense 
of rhythm. (Male, 16)

In addition to these main categories, there are minor ones, like the uniqueness of dance 
games (mentioned by 3.1% of respondents); killing time (2.8%); a free selection of dance 
styles (1.3%); and a break from other games, especially violent ones (1.1%). 

5.2.3 Learning to Play. Novice players easily grasp the idea of DDR; it is even 
possible to play the game successfully after a short learning period. Nevertheless, the 
game provides continuous challenges even for experienced players by offering many 
game levels and options that put the player’s physical ability to the test. Additionally, the 
large selection of songs and step patterns suits the tastes of a large player population. To 
find out what aspects of game-play are the most challenging skill-wise, players were 
asked which factors they considered the most challenging; the answers are shown in Fig. 
6.
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Fig. 6. The most challenging factors.  

The most challenging factors are related to human performance and motor skills, 
including physical endurance, perfect timing, and the ability to move one’s feet quickly. 
Playing DDR does not require complex cognitive skills or problem-solving abilities that 
are essential in many other game genres. Moreover, compared to traditional games, the 
core of dance games is to measure and score the player’s physical performance and sense 
of rhythm. The player testimonials show that dance gaming can teach valuable motor 
skills, and measure the player’s ability to score and master even more difficult game 
levels. The physiological benefits of dance gaming are discussed in detail in Section 5.5. 
It is important to note that the skills mentioned above apply mainly to tech players who 
aim to achieve a perfect score. However, players did not report on the challenges in 
learning to freestyle better.  

The motivation to become a better dance gamer manifests itself in various ways, as 
seen in Table II, where the measures players took to learn to play and enhance their skills 
are listed. In addition to the predefined categories listed above, the respondents also 
provided additional factors. The answers reveal three supplementary activities for 
becoming a better player: (1) study step charts and think about how to realize the steps; 
(2) practice with Stepmania or another DDR simulator with a keyboard or a pad; and (3) 
listen to DDR music and learn the rhythm and tempo changes in the songs.  

Checked stepcharts on different websites (www.ddrfreak.com) so I can go through the 
difficult parts of a song. (Male, 19) 

Watching really advanced step combinations and thought out in my head before I play in 
which order I would step on the arrows (and which foot to use). (Male, 18) 

Table II. Measures for Becoming Better Dance Players 

Measures taken to become a better dance gamer Percentage of 
players taken 
the measure 

Playing dance games regularly 93% 

Watching other people play 75% 

Asking for tips or instructions on DDR forums, IRC or similar sources 38% 
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Shadowing (i.e. trying to follow other players’ moves while they are playing) 25% 

Borrowing movements from other people playing dance games 23% 

Watching DDR freestyle videos 23% 

Watching music videos and adopting professional dancers' movements 12% 

Asking someone to teach  11% 

Practicing movements in front of the mirror or filming one’s own playing and analyzing it 
later 

8% 

Taking part in dance classes 2% 

5.3 Positive and Negative Player Experiences 
The gaming experience forms an integral part of game-play, and without examining it 
any investigation of the game itself would be incomplete. This section focuses on the 
factors that are important in creating a pleasurable dance gaming experience and lists the 
issues that decrease the pleasure. The results are a combination of the answers in the 
predefined categories shown in Figure 7 and the players’ opinions on both positive and 
negative aspects of the dance gaming experience.  
       

5.3.1 Technological Quality: The Dance-Gaming Equipment. The results show that 
the technological quality of the dance-gaming equipment (i.e., dance pad, loudspeakers, 
display, and the machine itself) constitute a large part of both positive and negative 
gaming experiences. The most important part of game-play is the functionality of the 
input devices, i.e., the dance pad and the system that registers steps -- even a slightly poor 
dance pad might ruin the whole experience. The most common problems with pads are 

Figure 7. The ratings of DDR gaming related factors based on how important DDR players view 
them in creating a good dance gaming experience (1= not important at all to 7 = the most important 
factor). The light blue bars denote the region between the first and third quartile (50% of
responses) and the darker blue dots are the median values. For all factors the answers ranged from
1 to 7 (thin black line).
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broken or stuck arrows (panels), nonresponsive pads, and a slipping pad. All of these 
defects make the steps either inaccurate or delayed, or only partially registered. This can 
be catastrophic, since in most cases the main aim of game-play is to have the best 
possible score for each step. The quality of the loudspeakers is vital for hearing the beat 
properly and for experiencing the song. The volume of the arcade machine should be 
adjusted so that players can hear the song properly but do not need to shout over it. The 
display should be bright enough and the room properly lit so that the arrows are clearly 
visible. Problematic issues are screen glare or dimness, both make it difficult to see the 
arrows properly. The volume of the loudspeakers was considered more important than the 
quality of the audio equipment itself.  

Good quality equipment is the single most important factor. It is incredibly frustrating to 
miss steps because the pad does. (Male, 23)

If the arrows on the machine are broken in some way. Nothing kills a game faster then 
what the machine stops registering what you're doing. (Male, 18) 

Nonresponsive gamepads are a HUGE annoyance! I don't mind the quality of the pad in 
the sense of it being a flat cheap plastic one or an arcade pad, but they have to respond 
to the hits. (Male, 22) 

5.3.2 Socialization and Behavior. DDR is a very social game that draws the attention 
of bystanders and has a strong fan base, but this also causes some side-effects, which we 
discuss next. The role of co-players and the audience divided the respondents' opinions. 
At first this appears strange, but a deeper look at the factors that constitute a negative 
experience shows that many players have experienced inappropriate behavior from the 
audience during public play sessions. However, playing with friends and making new 
friends, as well as a supportive audience, were mentioned as positive experiences by 
22.0% of players. Although the competitive aspect of the game was not very strong for 
all players, respondents mentioned that comparing scores with friends and gentle 
competition made the game-play more interesting. The players also mentioned that a 
positive attitude made the atmosphere more relaxed and encouraging.  

Playing with people who like dancing games and people who are willing to enjoy the 
dancing game. I guess the person’s attitude is important. (Male, 20)

The local DDR/In The Groove community is one reason I play in arcades exclusively, so 
that's a pretty big point of enjoyment for me. (Male, 19)

Having support. If people laugh or boo you when you make a mistake, what is the point 
of playing?  DDR is meant to be fun. (Male, 16)

Almost half of all the comments (47.3%) that dealt with negative gaming experiences 
were about how bad player and audience behaviors decreased the quality of the 
experience. A large number of players (65.3%) witnessed anti-social behavior meant to 
distract them. This might have contributed to a lower positive rating for the presence of 
an audience (Figure 7). The most frequently reported bad player and audience behaviors 
follow:
� Disturbing and interfering with play, which manifests itself in the following ways: 

jumping and stomping on the other pad or stepping on the pad where the play is 
going on; shadowing without permission; talking during play; stomping or clapping 
so loudly that the player cannot hear the beat; moving around the arcade machine in 
order to obstruct the play; standing too close to the player; and throwing things at the 
player. In many cases this kind of behavior is deliberate, and causes friction and 
arguments in joint gaming sessions. 
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� Making fun of the player is the second biggest category of anti-social behavior. 
Many respondents commented that both spectators and other players made insulting 
comments or laughed if a player made a mistake. Many players found it annoying to 
be called names by nonplayers just because they played DDR. 

� Children often made game-play less likeable because they crowd around the player 
and do not realize that it interferes with play. Children also have a tendency to run 
around the arcade and jump on the pads. Hence the players’ comments were not very 
child-tolerant.     

� A bad atmosphere was mentioned several times by players, including unsupportive 
audiences, rude arcade managers, and the space itself; troublesome environmental 
issues are discussed later on. 

� Discourteous co-players who are too egoistic and only want to show off annoyed 
many players. Some players do not wait for their turn or ask the other player about 
the song or options for the joint game. An overly competitive atmosphere at some 
locations reduced the gaming experience significantly for those players who just 
wanted to have fun.  

� The size of the audience can be either too big or too small; but it was impossible to 
define the optimal size of the audience based on the answers in the questionnaire.    

People walking/running in front of the screen, standing too close beside the pad so I can 
see them in my wide view and feel I'm gonna hit him or something, ppl shouting/making 
noise to distract... (Male, 26) 

People shadowing without permission. People trying to shadow while I play doubles. 
People who play for the sole purpose of showing people up. (Male, 19)

When people begin to laugh watching you dance. (Male, 19)

Annoying little kids running around either in front of you or behind you, having other 
people watching you and then make fun of you cause you look stupid, not enough 
ventilation in the room. (Male, 19)

Arrogant players, most often ones that brag loudly about how well they play. If a player 
is really good, he should only have to play the game and everyone else will decide how 
good the player is from there. (Male, 21) 

Playing next to someone who wants to “win”. I don't view it as a competitive sport, it's 
just about having fun and doing your best. (Female, 23)

The DDR arcade communities are highly diverse in gender and in race [Chan 2004], but 
also in that players have very different personal motivations and goals. The competitive 
aspects of the game and “egoistic” players are considered a negative issue by people who 
play the game just for the fun of it. Players have commented that the competitive 
environment degrades the atmosphere in arcades and promotes negative behavior towards 
less skillful players.  

Playing excessively in a competitive environment tends to make the player more 
competitive themselves like many other games, dance games can promote a sense of 
hostile “elitism” that discourages positive interaction. (Male, 19) 

Some people take the game too seriously, try to get over-competitive and/or develop a 
real bad ego. Also, some people worship other players almost religiously. It really looks 
bad to a 3rd person. (Male, 28)

Competitiveness gets out of hands sometimes. (Male, 14)
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5.3.3 The Game Environment. The game environment, including the atmosphere, the 
qualities of the game space, as well as available services are important for players, 
especially for those who spend a lot of time in arcades. The problem with many arcades 
is that originally they were not designed for exercise purposes. For example, the 
temperature and humidity of the play space might be too high and the quality of the air 
bad. Air-conditioning is often poor, which causes sweating and discomfort in general. To 
overcome this, some players have installed fans near the arcade machine, or at home, in 
the room where they play. Some arcades also allow smoking, which makes exercising 
more wearing and unhealthy.  

Some arcades forbid drinks in the play area, which complicates the situation, as 
players need to balance their fluid intake in order to continue playing. Thus, the 
availability of water and soda as well as restrooms are greatly valued by players.  

Opinion about the time spent waiting for a turn to play was divided: some players 
found it a good opportunity to chat with friends and watch others play, but other players 
found the long queue really annoying. Respondents also reported that properly instructed 
and customer-friendly staff and well-maintained machines made game-play more 
enjoyable.

Loud talk, noise from surrounding machines, and the overall audio environment in 
arcades make it difficult for players to concentrate and hear the songs (also, the volume 
of the DDR machine is often turned too low). At home the problems are somewhat 
different. Many players commented that the stepping causes so much noise that family 
members or neighbors complain. Also, the room where playing takes place might not be 
suitable, or may be difficult to modify to suit the needs of the player. The most typical 
modifications done at homes consist of moving the furniture, fixing a pad on the floor, 
installing a new sound system, and setting up a fan to cool the room. 

5.3.4 Content. In creating a positive gaming experience, the content of the game, 
including selection of songs and step patterns, is the second most important factor for 
players, who also want a large selection of songs, including popular tunes. Players also 
appreciate a good collection of step patterns that have character and are not repetitive. 
The home versions, especially DDR simulators, often have a larger selection of songs and 
step patterns than arcade cabinets do. The most negative aspect of songs and steps occurs 
when songs are out-of-sync. This, along with a nonresponsive input device, makes it 
almost impossible to play the game as designed. In terms of positive or negative game 
experience, the game options are rather neutral factors -- nevertheless, experienced 
players value a greater level of difficulty than novices do. In addition, for some players 
the possibility of adding new content to the game and modifying it is important.    

Hard to say... that the steps got the same character/atmosphere/feeling as the music of 
the song itself got. (Male, 22)

Good mix of songs.  The problem with DDR now is the songs are starting to sound alike, 
instead of having a unique sound like it did back in the days of 2nd mix, 2rd mix, and 4th 
mix. (Male, 19)

Poor song selection, lack of interesting stepcharts, and bad interfaces all ruin a game 
experience. (Male, 14)

Off-beat songs that is song’s footing just feels wrong when you play it… (Male, 15) 

5.3.5 Personal Achievement. According to the players, personal achievement 
contributes to a positive gaming experience to some extent. Players (7.6% of them) 
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mentioned that perfect play, learning something new, and performing a song that was 
unattainable before are some of the biggest motivational aspects of game-play. However, 
beating an opponent at a game was not very important, since in many cases the 
competition takes place while comparing scores after the game. Also, an opponent might 
hinder successful play by stomping really loudly, or a player may be so focused on his or 
her own game as to be oblivious to what the other player is doing.  

To not miss any step! It’s really something you are proud of  when you do it! Also, 
finishing a song that you weren’t able to pass before is something really nice. (Male, 22)

I think an important thing for me is to see myself progress. It’s simply a great feeling to 
suddenly be able to clear a song you couldn’t dream of clearing a month ago. (Male, 22)

5.4 Social Issues of Dance Gaming 
According to David Liu, one of the most significant aspects of DDR is the player 
community that exists both online and offline [Liu 2002]. Liu continues, saying that “The 
duality of domain in the DDR community had a self-strengthening effect as friendships in 
real life at the arcade could be further developed on the message boards, until the next 
time they met at the arcades when social bonds would be further developed, creating a 
cycle of online and offline social bonding.” Alexander Chan, on the other hand, asserts 
that “the DDR community is unique in that it was not formed through interactions within 
the game, but rather through interactions around the game at the arcades.” [Chan 2004]. 
As case studies on DDR communities already exist, this section focuses on describing the 
numbers of players who participated in DDR activities both via the Internet and face-to-
face.

5.4.1 A Socially-Activating Game Form. DDR-related social activities have many 
forms, of which the most important is people playing together. Joint game sessions take 
place at arcades and tournaments, but also at smaller events or at home. The majority of 
the respondents (92.4%) played, at least occasionally, with other people. Only 7.6% of 
respondents played the game alone. Most often play took place with a group of friends 
(64.0% of respondents) or with a friend or relative (48.9%). One third of the players 
(32.9%) belonged to a DDR team that trained together. Additionally, one third of the 
players shared a game with a stranger (34.2%), most often at public locations.

There are several reasons why DDR enables face-to-face socialization: One reason 
may be that the player’s initial, as well as continual, contact with the game occurs 
through friends or relatives. The experience of being a spectator or a performer is 
important in fostering social gatherings around the game. The set-up of the game, 
especially the physical appearance and audio-visual effects of the DDR cabinet, draws 
the attention of the audience – discussed further in Chan [2004]. He also explains why an 
arcade game with no massively multiplayer option, which is usually required for a game 
community to form, has nevertheless fostered such a game community [Chan 2004]. 
Chan suggested that the DDR community can be divided into three diverse but 
overlapping subcommunities: the arcade community, tournament community, and online 
community [Chan 2004]. He also characterized casual players as a group that does not 
belong to the mainstream DDR community, but one that plays DDR in their own homes.  

The DDR community in the United States began as an arcade community [Chan 
2004; Liu 2002]. But the numbers of casual players grew along with the release of DDR 
for home use. Although in many European countries the casual play culture has existed in 
parallel to the arcade one from the beginning. There may be several reasons for this. 
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Although DDR is becoming increasingly popular in Europe, relatively few arcade 
cabinets exist, so instead of playing in arcades, many players have taken a “shortcut” and 
play the game with home versions and simulators first. Also, with the help of online 
forums, players have better access to DDR-related information than was available when 
DDR landed in the United States. European players tend to play the game at home more 
than players in North America do, as seen in Fig. 8. However, it will be interesting to see 
how the “arcade culture” will evolve in Europe during the next few years as more and 
more cabinets appear. In addition, the players are increasingly beginning to play the game 
online via Stepmania and DDR Ultramix. On the other hand, this may reduce face-to-face 
interaction between the players. 

Fig. 8. Where the game is played in North America and Europe. 

Playing DDR also provides opportunities to get acquainted with new people. As stated by 
McKee [2000] “people who might not otherwise spend time together become friends 
through DDR.” 85.2% of respondents said that they had met new people through DDR. 
More than half the players (51.9%) meet regularly with others to play DDR. In addition, 
35.0% of respondents made arrangements to play with others, at least occasionally. 

The rush of the game makes it easier to communicate with other people, e.g., in 
competitions or other events. (Male, 21) 

I’m more social with others, I guess.  I used to be pretty shy, but when it comes to DDR, 
I’m one of the most vocal persons there is. (Male, 17)   

It’s really uplifting when you get a good score on a song, and i met several of my friends 
through ddr. it provides a great social network. (Female, 18)

Socialness has increased, more friends. (Male, 13)    

The growing number of new players may be due to the willingness of experienced 
players to teach beginners; 58.1% of respondents have taught at least one other person to 
play DDR. However, the number of pupils per instructor varied greatly, from a one 
person to more than one hundred.  

Chan [2004] mentions that participating in competitions and belonging to the 
tournament community is a big part of DDR. More than half of the respondents in this 
study (55.8%) attended at least one competition. The percentages of the number of 
competitions participated in are as follows: 38.3% participated in one to four 
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competitions; 9.9% in five to nine competitions; 4.0% in ten to fourteen; 1.5% in fifteen 
to nineteen; and 2.2% in more than twenty competitions.

In addition to actually playing DDR, players took part in various other DDR-related 
activities, as  listed in Figure 9 in order of their popularity. Most often, to seek and 
exchange game-related information, nongaming activities took place online, by 
interacting directly with other players via IRC or chat rooms, or just getting new songs 
and steps. As of today, there are almost 55,000 registered user names in 
www.ddrfreak.com and thousands more in other well-known DDR sites, including 
www.aaroninjapan.com and www.bemanistyle.com. Furthermore, regional sites are 
important in building local DDR communities and bringing people together to play and 
take part in tournaments.   

5.5 Physical Effects of Dance Gaming 
It is often claimed that computer games have a negative effect on players’ health and 
development. Studies show that excessive playing of traditional computer games 
promotes a sedentary lifestyle and causes obesity [Henry J. Kaiser Family Foundation 
2004]; repetitive stress injuries, eyestrain, and dry eyes [Cordes and Miller 2002]; video-
induced epileptic seizures [Badinand-Hubert et al.1998]; sleep disturbances, neglecting 
personal hygiene, and regular eating habits [Cordes and Miller 2002]; as well as postural, 

Figure 9. DDR related non-gaming activities. 
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muscular, and skeletal disorders such as carpal tunnel syndrome or nintenditis, an injury 
which causes severe pain in the extensor tendon of the thumb due to repeated button 
presses [Brasington 1990]. Many of these problems are related to excessive gaming, but 
also to game input techniques that require players to sit passively in front of the computer 
using hand-held game-control devices.  

However, due to the interaction style of dance gaming, its physical effects are 
different from games played with keyboards or game pads. DDR play is considered 
serious exercise by its players (this aspect has drawn a lot of attention). DDR was 
officially registered as a sport in Norway in 2003, making it the world’s first computer 
game to receive such a designation. This section takes a look at how large a part dance-
gaming contributes to the players’ physical exercise; the positive and negative 
physiological effects of DDR gaming are also discussed.  

5.5.1 Dance-Gaming as Physical Exercise. The results of this study show that DDR 
not only promotes serious exercise, but makes people who would not otherwise work out 
do so. In our study, 41% of respondents said that they do not engage in any sport other 
than DDR. Moreover, the game is not only liked by “non-exercisers” but also enjoyed by 
people who frequently engage in other sports. In this study, 33% of respondents can be 
characterized as “active exercisers,” i.e., those who play sports (not including DDR) 
either every day, four to six times a week, or two to three times a week. Fig. 10 shows 
how often DDR players practice other sports and how often they play DDR. In general, 
DDR players spend more time playing the game than engaging in other sports. The 
correlation between the amount of time spent on other sports and on DDR is an issue for 
further study. 

Fig. 10. Amount of time spent playing DDR (dark blue bars) and other sports (light blue bars). 

5.5.2 Positive Physiological Effects. The health benefits associated with DDR are one 
of the key motivations for players when deciding whether or not to continue playing the 
game, as discussed in Section 5.2.2. Most players believe that dance-gaming is good for 
their health; see Figure 11. DDR game-playing resembles endurance training, which is 
generally considered an efficient way to lose weight. The results show a positive 
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correlation between weight control and dance-gaming, as 87.5% of overweight 
respondents (23.0% of all respondents, i.e., those who self-identified as such) said they 
lost weight due to dance-gaming. Even those players who did not consider themselves 
overweight reported losing weight by playing DDR. Thus, we are justified in assuming 
that DDR could be used to benefit overweight children and teenagers, especially those 
who enjoy computer games and do not voluntarily engage in any other sport.  

Players believe that the most positive physical effects of playing DDR are increased 
endurance and leg strength, as well as an improvement in their sense of rhythm. 
Respondents also claimed that due to dance-gaming, their coordination had improved.  

I was able to run 3000 meters in Cooper’s test just by practicing DDR. (Male, 18)

During a physical my doctor noted how smoothly and clear I breathe. I attribute this to 
playing DDR. (Male, 20)

Respondents also described other positive physiological effects they attributed to playing 
DDR. Their answers revealed four distinct categories, which we list in order of their 
popularity. Playing DDR (1) relieves stress, helps players relax and sleep better, and 
makes them more energetic; (2) improves the players’ self-esteem by improving their 
“body image” and by achieving new goals; (3) improves reaction time; and (4) leads to 
improved stamina and better muscle condition.  

Exercising makes you feel good about yourself, and it reduces stress. It also helps me 
sleep better. (Female, 16)

I feel more energetic than I felt before I started to play dance games. (Male, 17)

It has made me more fit and toned as well as confident with myself. (Female, 17)

The physical feeling of accomplishment after beating a new goal is so much different than 
in regular games. It's not just in your mind, you can feel it. (Male, 19)

My reaction rate increased to a point where everyday life simply became easier. It taught 
me discipline in physical exertion. (Male, 17)

Was previously never able to keep a beat (clap or tap foot along with a song) but 
mastered it very quickly in my early days of DDR. (Male, 24)
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DDR players seldom have a background in other dance forms, and those who do are 
mostly involved in break-dancing, ballet, modern dance, or have taken lessons in classic 
dance. 84.5% of respondents did not have any formal or informal education in dance. 
Only 2% of DDR players took dance courses to improve their play. Although the game is 
about “dancing” it has little to do with real dancing, especially when aiming for perfect 
attack. This is why many players do not think that playing DDR really teaches people 
how to dance.  

5.5.3 Negative Physiological Effects of DDR. The most serious ill effects due to
playing DDR are strains to players’ leg muscles and joints as well as to their backs. As a 
form of exercise, DDR has little effect on upper-body strength, except when hands are 
used in dance moves or during hand-plants and hand-stands. The most frequently 
mentioned lower-body problems follow: 

� pain in joints, especially in the knees 
� pain in the ball of the foot 
� skin problems: the skin under the sole gets damaged, blisters and calluses appear 
� cramps in leg muscles, muscle soreness and stiffness after game-play 
� athlete’s foot, charley horses, shin splints 
� pain in the spine and back 
� dehydration 

The main causes for these problems are (1) playing on hard surfaces without proper 
cushioning; (2) .twisting the knee; (3) bad foot placement and technique; (4) insufficient 
time to warm-up; (5) excessive play; and (6) insufficient fluid intake.  

Aching leg muscles if played without warming up, or for too long, blisters/calluses on feet 
after extended sessions. (Male, 16)

Figure 11. Players’ opinions about DDR and the game’s effects on their physical condition. The
light blue bars denote the region between the first and third quartile (50% of responses) and the
darker blue dots are the median values. For all factors the answers ranged from 1 to 7 (thin black 
line). 
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My feet occasionally get sore from excessive playing, especially when I wear worn-out 
shoes. (Male, 19)

Some players also worry that playing DDR can cause serious injuries. 
I believe the movements are in some cases very forced and only few players take this into 
account. In the end, I have seen it cause sore muscles, various types of pain in the legs 
and dizziness, though I play too little to experience any myself. While they are not a 
major issue of worry, I believe there to be several potentially harmful health 
consequences of ddr. (Male, 25)

I think on the long term DDR might damage my knees. They sometimes hurt after a long 
session. (Male, 27)

In addition to general health consequences related to foot-based exercise, players reported 
several types of accidents while playing DDR. 38% of the respondents had hurt 
themselves; but the level of injury varied a lot. Table III lists the most common causes of 
DDR-related accidents and the main types of injuries linked to their causes. The most 
frequent causes of accidents are: playing too long, falling off the pad, and getting hurt 
while doing knee-drops. 

Table III. The Most Common Causes of Accidents and Related Typical Injuries 

Cause Percentage 
of accidents   

Types of injuries 

Playing too long  26% Pain in legs and joints, muscle cramps, blisters and 
calluses on feet, nausea, dizziness, loss of 
consciousness 

Falling off the pad 24% Spraining or twisting an ankle or wrist, bruises, cuts, 
broken bones, concussion 

Falling on knees  14% Bruises and cuts on knees 

Hitting the screws, bolts, or sharp 
panel of the pad  

9% Cuts on knees, soles, toes, or palms  

Slipping or slippery pad  8% Scrapes, bruises, spraining or twisting ankles or 
wrists  

A bad foot placement while playing  6% Spraining or twisting an ankle 

Hand-planting 5% Cuts, bruises, blisters, and calluses on hands, broken 
fingers 

Freestyling/ stunts 4% Cuts and bruises, broken bones, sprained back, 
sprained ankle, concussion 

Fortunately, the majority of the accidents and related injuries were not very severe. Only 
9% of injured players visited a doctor. In addition, the recess after an injury was most 
often only a few days (74% of cases); one week (12%); two weeks (6%); two to four 
weeks (3%); and over one month (2%); 2% of injured respondents have not played since 
the accident. 

Many of the negative effects could be reduced fairly easily. Taking a break every 
once in a while could prevent some accidents; good shoes could prevent foot pain and 
fatigue and dampen the hits. Warming-up, cooling-down, and stretching are as essential 
for DDR players as for athletes. Improving foot placement could help with knee-related 
problems, which are often caused by twisting the knee during rotations and jumps. 
Excessive endurance training, sweating, warm play conditions, and insufficient liquid 
intake cause dehydration; some respondents said that they had blacked out while playing. 
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Thus, more attention should be paid to play conditions and opportunities for sufficient 
liquid intake at arcades.  

5.5.4 Addiction and Negative Emotions. One quarter of responses related to the 
negative physical effects of DDR were about the players’ addiction to DDR and its role 
in their daily lives. Players commented that playing DDR obsessively displaced other 
activities and caused negative emotions. Yet some of these comments suggest that 
players were somewhat proud of their obsession with the game. 

I’ve seen many people become addicted to the game, and I honestly say that I, myself, am 
addicted. (Male, 18)

The game is really addictive. Sometimes when I’m supposed to be doing something else 
but I find myself playing DDR instead. It’s common problem with video games in my life. 
(Male, 21)

I can’t pay attention in class sometimes because I’m thinking about what I need to 
improve about myself when it comes to DDR. (Male, 14)

I’m addicted to it as in, I play every day (either on a pad or by Stepmania) and I cannot 
really stop when I’m playing unless it’s time for me to leave or I am too tired to stop 
playing (which almost never happens). (Male, 14)

There is no previous research on how many players are addicted to DDR. In our study, 
5.6% of respondents specifically criticized the addictive nature of the game or claimed 
that they were addicted to it. However, further studies are needed to investigate the 
number of players who are addicted to DDR and its affect on their lives. Research on 
game addiction suggests that most addicted players are males [Griffiths and Davies 
2005]. In this study, the comments that discuss DDR addiction are largely given by male 
players; which supports the results of other studies.     

Due to the game’s musical content and its physically active interaction style, it is 
reasonable to believe that the effects of addiction to DDR may be somewhat different 
than addiction to, e.g., violent video games or those played with manual control devices. 
It is unlikely that playing DDR will increase hostile behavior or aggression per se, factors 
that are linked to addiction to violent games [Dill and Dill 1998]. However, excessive 
DDR gaming is likely to cause stress injuries, negative feelings after failing to score as 
expected, and displacement of other activities, although not necessarily the social ones. 
DDR also shares with other computer games several characteristics said to cause 
dependency [Griffiths and Davies 2005; Fisher 1994]. These characteristics, reported in 
Griffiths and Davies [2005], include the following requirements:(1) response to 
predictable stimuli that are governed by a software loop;(2) the total concentration and 
hand-eye coordination (in DDR’s case, foot-eye coordination); (3) speedy play negotiable 
to some extent by the skill of the player; (4) visual and aural rewards for winning moves; 
(5) an incremental reward (points in DDR) for a winning move that reinforces “correct” 
behavior; (6) digitally displayed scores of  “correct behavior”; and (7) opportunity for 
peer group attention and approval via competition. The last characteristic is very 
important in DDR game-play. 

Respondents also commented that playing badly affects their emotional state. 
Personal achievement is an important positive gaming experience for DDR players. 
Playing DDR stretches players’ capabilities to the limit, but this can have a counter-
effect, in that a player who does not score well may become upset. People who mock 
players are another cause for negative feelings. Nevertheless, none of the comments 
imply that these feelings will last a long time.  
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I can get in a bad mood if I have a particularly bad DDR day. (Male, 20)

Frustration from repeating one song which I want to do better and I keep trying without 
any advance. (Male, 16)

Playing DDR may have a surprising side-effect: “seeing or dreaming about the arrows 
while not playing”. Some players also report that they tapped their feet or fingers in a 
step pattern on other (nongaming) occasions. 

Songs get stuck in my head. When I close my eyes I can sometimes see arrows going up. I 
need to tap on whatever surface I am near. (Male, 14)  

Seeing arrows scrolling when not playing. (Male, 30)

Tapping my fingers in a keyboard arrow pattern. (Male, 16)

6. SUMMARY AND FUTURE WORK 
There have been no previous user studies of the Dance Dance Revolution Game, despite 
its long-lasting and ever-growing popularity. The aim of this article is to explore the 
DDR phenomenon from the point of view of the player population, its playing habits and 
styles, motivational and user experience factors, as well as social and physical effects of 
dance gaming on players’ lives. The survey was used as a research method to gain a 
broad view on the research themes mentioned above. 556 respondents, most of them 
males, took part in the study; the percentage of female participants was only 13%. The 
questionnaire attracted most answers form North America and Europe, and the ages of 
most respondents varied between 14 and 22 years. It is important to note that the 
participants of this study were by and large skilled players, but casual home players took 
part in the study also.  

DDR playing habits can be characterized as playing frequently in both arcades and 
homes, but also increasingly in other locations like schools and youth centers. European 
players tend to play more at home than their North American fellows do, probably due to 
the small number of arcades with cabinets and the long distances between them. 
Respondents play the game frequently and play sessions usually last from half an hour to 
two hours. Most players aim at perfect scoring in their play, but some also aim at playing 
expressively. Both of these game styles have a set of established play movements, of 
which the most elaborate require complex motor skills and coordination. Once players 
get into dance gaming, they often seek out other music and rhythm games as well, which 
could help them in mastering precise movements that match the rhythm of the music.    

Novices mostly begin to play the game when they become impressed with its 
performance or the game is introduced to them by other players. The user interface and 
the novelty of the interaction style also cause people to take an interest in the game. But 
the reasons for deciding to continue to play are fun, exercise, and to have something 
challenging to do. Due to the simplicity of the idea behind it and its intuitive game 
controls, the game is easy to learn and provides continuous challenges, even for 
experienced players. The most challenging factors in becoming a better player are related 
to human performance and motor skills, as the most difficult songs require perfect 
coordination and fast reaction times. The dedicated players seek out ways to improve 
their skills, and their learning activities can be summarized as learning from observation, 
imitation, peer-learning, and teaching both online and offline, studying step patterns and 
songs, and playing regularly.   
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A positive DDR gaming experience requires good gaming devices, in particular a 
flawless game pad, a large selection of songs and step patters, and a pleasant gaming 
environment that allows physical exercise. In joint game sessions, a supportive audience 
and friendly co-players enhance the game experience even more. On the other hand, bad 
behavior by player and audience is the single biggest reason for a negative gaming 
experience. And a broken pad can ruin the game play altogether. In addition, noisy 
surroundings, an unsuitable play environment, and a small selection of songs -- especially 
if they are out-of-sync -- deteriorate the overall gaming experience. 

In contrast to most other arcade or video games, DDR promotes both face-to-face 
socialization and physical exercise. The majority of respondents played the game with 
other people at least occasionally, but more importantly, DDR provides a social setting 
where new “offline” friends can be found. Many players reported that playing DDR has 
made them more social and more confident in performing in front of other people. 
Additionally, the wide-spread DDR online community brings people who share the same 
interests together and allows them to exchange information and experiences about  DDR.  

Several studies show that traditional game-playing causes health problems and 
obesity due to sedentary game-play, whereas DDR has many positive physical effects: it 
motivates people who do not like exercise to move; it works the big muscle groups in the 
legs; it helps in losing weight because serious exertion is needed to pass the difficult 
songs; and it improves endurance, muscle strength, and sense of rhythm. DDR game-play 
has similar effects as other sports as well, for example, it helps players sleep better and 
improves their body image. Although DDR has positive physical benefits, there are 
negative aspects as well: e.g., excessive game-play, unsuitable gaming equipment, 
including bad shoes, and accidents, which may cause injuries and health problems 
requiring medical attention. In addition, this study shows that players can indeed get 
addicted to DDR; but further investigation is needed to examine DDR addiction and its 
effects.

In the course of this study it became evident that more research is needed to 
understand the complexity of the DDR gaming culture, the effects of game-play, and 
whether other dance gaming forms have similar or different characteristics as DDR. 
Further research on the following topics should be encouraged: 

� How has European DDR culture evolved and how does it differ from Japanese 
and American DDR cultures? What is the DDR lifecycle among players? 

� In-depth investigation of freestyling and tournament culture 
� Social conventions in joint game sessions 
� Experimental research on physiological effects of DDR to verify the effects 

players reported 
� DDR game addiction and how it manifests itself 
� User studies on other dance-gaming forms 
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