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&	e,-�e��	��	�in!e�e��	�h�n.�	��	�����	S�een��n	�n�	����gh	 ��ne�	��

�he�i�	���i�����	#��	��--���ing	�e	/hen	&	/��	��!.	�#	�e����!e�

!h���enging	�e	/hen	&	/��	�e��!��n�	��	!h���enge	���e�#�	g�i�ing	�e

/hen	&	/��	�n���e	#��	�he	ne,�	��e-��	in�-i�ing	�e	/hen	&	��n	���	�#	i�e��0

Wi�h���	�he��	&	/����	ne�e�	�!hie�e	��	��!h	#��	��	�he�i�0	���e

i�-����n����	�hei�	-���i�n�	.n�/�e�ge�	�n�	in�igh�#��ne��	�e�	�e	�	g�e��

���e	���e�	#��	��	#����e	!��ee�	�n�	.ee-�	-���-�ing	�e	��	����	h��"�e

�n�	!��i���0

&	/�n�	��	�h�n.	��	/i#e�	1�n	1i�n/en0	She	i�	��/���	/i��ing	��	�en�	he�	e���

�n�	�h��e	he�	�-ini�n��	���h��gh	/e	/e�e	e,-e�ien!ing	�	��ng2�i���n!e

�e���i�n�hi-	�h���gh���	�he	�/�	�e���	�#	��	�����0	3��	�e�	�he	i�	���e

�h�n	�	�i#e	-���ne��	"��	����	�	g�e��	�en���0	She	!�n	��/���	-�in�	���

�hing�	�h��	&	neg�e!�	�n�	he�-	�e	��	�hin.	���	�#	�he	"�,	/hen	��.ing	"ig

�e!i�i�n�0	

&	����	/�n�	��	�h�n.	��	-��en��	#��	��--���ing	�e	��	-����e	�	����e�

�eg�ee	in	�he	%ni�e�	S���e�0	Wi�h���	�he��	&	/����	n��	h��e	�he

�--����ni��	��	#���he�	��	�����	�n�	4ni�h	�hi�	�e�e��!h0	1hei�

�n!�n�i�i�n��	���e	��.e�	�e	!�n4�en�	�n�	"���e	en��gh	��	e�"��!e	���

.in��	�#	!h���enge�	in	��	�i�e�0

&n	���i�i�n�	&5�	����	�i.e	��	�h�n.	���	�he	-e�-�e	/h�	-���i!i-��e	in	��

�e�e��!h	�n�	�h��e	�hei�	�����"�e	�-ini�n�	��	he�-	�e	"e��e�	i�e���e	��

�e�ign0	���e��e��	&	/�n�	��	�h�n.	 ��!e	6�ning��n	�n�	�he	S!h���	�#

�e�ign	#��	-��!h��ing	�	7e�	�ini	!��e���	/hi!h	����/e�	�e	��	4ni�h

high24�e�i��	-������-e�	#��	��	�e�e��!h0	�����	&5�	���e	��	�h�n.	$h�i�	8��i�

�n�	S�e�e���"�	#��	��n��ing	�e	�n��he�	7e�	�ini	��	��--���	��	#����e

�9	�e�e��!h0	
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1hi�	�he�i�	�e�e��!h	i�	�ee.ing	��	e,-���e	�9	ge������	in�e�#�!e	�e�ign	#��

����i2�e�i!e	 !�n�����	 @e0g0�	 �����	 �igh���	 �����	 �-e�.e���	 !��-��e�

�i�-�����	 ��"�e���	 e�!0A	1hi�	�e�ign	-��"�e�	en!��n�e��	 �h�ee	 �igni4!�n�

!h���enge�0	 3i����	 �9	 ge������	 in�e�#�!e	 �e�ign	 i�	 ��i��	 �n	 e�e�ging

�e!hn���g��	/i�h	/hi!h	����	��e��	��e	n��	#��i�i���	i��	�he�e#��e�	�eB�i�e�

�he	 �e�ign	����	 !����ni!��e	 i��e�#	 in��i�i�e��	 e�en	 /i�h	 n��i!e	 ��e��0

Se!�n��	-e�-�e	h��e	���i���	�en���	���e��	�#	in�e��!�ing	/i�h	�i##e�en�

�e�i!e��	 ��	/e	 nee�	 ��	 .ee-	 �hei�	�en���	 !�n�i��en�	 "�	 �e��!ing	 �hei�

!�gni�i�e	����0	1hi���	ge������	in�e�#�!e�	ini�i����	h���	���i���	!�n����in���

��!h	 ��	 e���	 ��	 !���e	 ��e�	 #��ig�e�	 ��!.	 �#	 ��!�i�e	 #ee�"�!.�	 in�!!����e

���!.ing�	e�!0

	

1�	 ����e��	 ���	 �h��e	-��"�e���	 �hi�	 �he�i�	 �e�e��!h	 ���e�-��	 ��	 e�-���

�he	 �he���	 �#	 �##����n!e�	 in��	 �9	 in�e��!�i�n	 �e�ign	 �n�	 e,-���e�	 �he

ne/	 #e��i"�e	 �e�ign	 -����ig��	 �#	 �he	 #����e	 �9	 ge������	 in�e�#�!e

�e�ign0	 1he	 �����	 ��in��	 ��.e�	 �he	 �--���!h	 �#	 �i���	 ������	 ��-i�

-������-ing�	��e�	�e��ing	�n�	i�e���ing�	���i���e��	-��-��e�	�h�ee	�e�ign

-����ig��	�#	in�e��!�i�n�	�h��	!�n	in�-i�e	�he	#����e	����in	/��.�0
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�ntroduction

�9	he�-�	��	��	�ee	in#�����i�n	�h��	i�	-�e�i�����	�i��ing�	hi��en	��	n�n2

e,i��en�0	 ;�/������	 /e	 !�n	 ��e	 �	 �����-h�ne	 ��	 !�n����	 ��n�	 �����

�e�i!e�	 �h���gh	 �--��	 "��	 i�C�	 �#�en	 B�i�e	 !��"e����e	 ��	 ��e0

;e�e��he�e���	in	�he	#����e	/he�e	�9	he���e��	��e	!��#����"�e	�n�	�igh�

en��gh	 ��	/e���	 &	"e�ie�e	 �h��	�9	/i��	"e!��e	�	ne/	�e�i��	 �h��	!�n

in�eg���e	/i�h	 e�e��	 ��-e	 �#	 �e�i!e�	 �e���e����0	We	 �h����	 "e	 �"�e	 ��

�i�e!���	 ��e	 ���	 h�n�	ge����e�	 ��	 in�e��!�	/i�h	����i-�e	 �e�i!e�	 @e0g0	 �

�����	�-e�.e��	�	��"�e��	!��-��e�	�i�-�����	�n�	�����	�igh��A	�h���gh	�he

�en�	�#	�90	S�	�he	B�e��i�n	i�D	

how	might	we	design	gestural	interactions	in	A�	to	control	multi�le

de�ices�

1�	 e,-���e	 �he�e	 -���i"�e	 �e�ign	 -����ig���	 &	 �����e�	 /i�h	 �i�e�����e

�e�ie/�	 �n�	 in������	 �e�e��!h�	 �i�ing	 ��	 �e��n	 �he	 e,i��ing	 ����in2

/��.�E	�hen	�	-h���	�i���	�����	he�-�	�e	��	�n�e����n�	-e�-�eC�	�en���

���e��	 �#	 �##����n!e�	 #���	 �he	 -h��i!��	 /�����	 /hi!h	 /����	 ����	 "e

�--�i!�"�e	 in	�9	 in�e��!�i�n	�e�ign0	 &n	���i�i�n�	 �hi�	�e�e��!h	h��ne��e�

�he	 �e�h��	 �#	 F�e��ning	 �h���gh	 ��.ing�F	 �n�	 &	 ��i�ize	 -������-ing�

i�e���ing	 �n�	 �e��ing	 ��	 �he	 ��G��	 �e�h��	 ��	 e,-���e	 �he	 �e�ign

!�n!e-��0	 Wi�h	 �/�	 �e��	 �#	 e,-e�i�en��	 @"��i!	 in�e��!�i�n��	 �n�

!�n�e,����iz��i�n	H	�--�i!��i�nA�	 &	 ���i���e��	 ��n�he�i�	 �n�	-��-��e	4�e

�e�ign	�e!���en���i�n��	/hi!h�	&	"e�ie�e�	!�n	"ene4�	#����e	/��.	in	�hi�

����in0
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�iterature	revie/

1he	#����/ing	�e!�i�n	�e�ie/�	�he	�h�ee	-�i����	��e��	�#	�i�e���u�e	"ehin�

�he	 �e�e��!h,	 /hi!h	 in!�u�e�	 �he	 #���ing	 �#	 A9,	 �he	 �he��ie�	 �#

�##����n!e�,	�n�	�he	�e�ign	�#	�he	ge��u���	in�e�#�!e0		

%ra�ing	of	aug�ented	realit�

�hat	��	means	in	this	thesis

Aug�en�e�	 �e��i��	 @A9A	 h��	 e,i��e�	 #��	 �e!��e�0	 &n	 1))(,	  �eing

�e�e��!he�	1��	$�u�e��	@$�u�e��,	10	�0,	H	�ize��,	�0	W0,	1))2A	4���	!�ine�

�he	�e��	F�ug�en�e�	�e��i��F	��	�e�!�i"e	�	�i�-���	�h��	!�n	"�en�	�i��u��

g��-hi!�	 �n��	 -h��i!��	 �e��i��0	 1hen	 in	 1))4,	 ��u�	 �i�g���	 �n�	 3u�i�

:i�hin�	 @�i�g���,	 �0,	 H	 :i�hin�,	 30,1))4A	 u�e�	 �	 �i##e�en�	 �e��,	 F�i,e�

�e��i��	@�9A,F	/hi!h	���e�-��	��	!��eg��ize	�i##e�en�	��-e�	�#	�i�-����	�h��

in����e�	�he	�e�ging	�#	�e��	�n�	�i��u��	/�����0	1he�	����	in����u!e�	�he

!�n!e-�	�#	�i��u��i��	!�n�inuu�	@I$A	��	�e�!�i"e	�he	�-e!��u�	#���	�e��

en�i��n�en�	 ��	 �	 �i��u��	 en�i��n�en�0	 &n	�i�g���	 �n�	 :i�hin�C�	 @1))4A

!����i4!��i�n,	�9	i�	�he	/h��e	�-e!��u�	�#	I$	e,!e-�	�he	�e��	�n�	�i��u��

en�i��n�en�0	&n	�hei�	�e4ni�i�n	�n�	��	�e-i!�e�	in	3igu�e	,,	A9	"e!��e�

�	�u"!��eg���	�#	�i,e�	�e��i��0	

Figure	1.1:	�arl�	��	headset

39A�&;>		H		<&1=9A1%9=	9=I&=W

1����,	 �he	-�i����	�i��in!�i�n	�#	�i,e�	�e��i��	�n�	�ug�en�e�	�e��i��	 i�

����	 un�e������	 ��	 �i##e�en�	 �i�-���	 �e!hniBue�	 #��	 he���e��0	 �i,e�

�e��i��	 i�	 u�u����	 �e#e��e�	 ��	 ��	 �	 !��e��	 -����h��ugh	 ���u�i�n	 #��	 I9

he���e��0	3��	e,��-�e,	S�e�e���"�	#���e�	�hei�	-���u!�	��	�i,e�	�e��i��,

/hi!h	 i�	 �	 7e�2�ini	 !��e��	�n	�	I9	he���e�	 �h��	 !�n	-���	 �he	 !��e��

#ee�	in��	u�e��C	e�e�0	8n	�he	��he�	h�n�,	�n	A9	he���e�	u�u����	�ugge���

he���e��	�i.e	�i!����#�	6����en�,	��	��gi!	<e�-	8ne,	/he�e	�he	�en�	�#

�he	he���e�	 i�	 ���n�-��en�,	 �n�	 �	 u�e�	 !�n	 �ee	 �he	 �!�u��	 en�i��n�en�0

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAA

Figure	1.3:	�ed	�ini	�ass�through	��	�amera

Figure	1.2:	mi�ed	realit�	s�e�trum	��	�ilgram	and	�umio
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Figure	1.4:	�agic	 ea�	!ne	A�	headset

1hi�	 �e4ni�i�n	 i�	 �e��	 !�n#��ing	 /hen	 ��ng�e�	 /i�h	 �i�g���	 �n�

:i�hin�C�	 @1))4A	 !�n!e-�	 �#	 �i,e�	 �e��i���	 �n�	 i�	 #�i��	 ��	 ��gge��	 �n�

e��en�i��	�i##e�en!e�	"e�/een	�he	�/�	!�n!e-��0

&n	 �hi�	 �he�i��	��g�en�e�	�e��i��	 i�	�e4ne�	���e	"������	 �h�n	�	�i�-���

�e!hn���g��	 "��	 �n	 ��e���!hing	 �e��	�#	 �e!hn���gi!��	 ��g�en���i�n	 �#

���	 �e��i��0	We	����	 �e��ize	 �he	 !�n!e-�	 �#	 �9	 �����	 g�e�	 #��	 "e��n�

�i����	 �i�-�����	 �n�	 i�	 ����	 in!���e�	 �-��i��	 ���n��	 en�i��n�en�

��!��iz��i�n�	 ��!�i�e	�n�	��#�!����	��g�en���i�n�	e�!0	1he�e#��e�	 �he	 �e��

�9	 "e��	 �e�!�i"e�	 �he	 ��g�en���i�n	 /e	 -����!e�	 �n	 ���	 �e��i���

/he�he�	i�	i�	�i�����	������	��#�!�����	��!�i�e�	��	g��������0	���i�i�n�����	&	/i��

!�n!en����e	�n	6e��	���n�e�	�i�-����	@6��A	�9�	/hi!h	i�	-���i�e�	��

-���i�e	�he	"e��	�9	e,-e�ien!e0	�n�	�hi�	�he�i�	/i��	n��	e,-���e	"e��n�

�i����	�n�	���i�	��g�en���i�n0

A00l�in�	t1eories	of	affordances
"ridging	the	ga�s	�etween	�h�sical	�roduct	and	A�	design

��g�en�e�	�e��i��	e,i���	��	�	-�����e�	�#	���	�!����	�e��i���	�n�	i�	�e�ge�

i��e�#	in��	���	-h��i!��	en�i��n�en�0	1hi�	�he�i�	h�-��he�ize�	�h��	�he��ie�

�#	 �##����n!e�	 �h��	 ��e	 -�e�i�����	 /i�e��	 ��e�	 in	 -h��i!��	 -����!�

�e�ign�	�n�	h���n2!��-��e�	in�e��!�i�n	@6$&A	!����	����	"e	�--�ie�	��

�9	 �e�ign0	  �	 �n�e����n�ing	 �he	 -h��i!��	 �##����n!e�	 �n�	 "�i�ging

in�igh��	in��	�9	�e�ign�	/e	!����	e,��ine	�he	!����n�	�n�	�i��in!�i�n�

in	"e�/een�	�n�	 i�	he�-�	��	 ��	"e��e�	�n�e����n�	��e��C	�en���	���e��0

@"e��e�	�e�ign	n��	�n�e����n�

1he	 �e��	 4���	 !�n!e-�	 �#	 �##����n!e�	 /��	 -��	 #��/���	 	 "�	 J��e�	 J0

>i"��n	@>i"��n�	J0	J0�1)+)A	in	hi�	"��.	#he	�cological	A��roach	to	$isual

%erce�tion	@1)+)A�	�n�	i�	�e#e��	�he	F�!�i�n�"�e	-��-e��ie�	�#	"e�/een	�he

/����	�n�	�n	�!���	@�	-e���n	��	�ni���A0F	Whi�e	��n���	;����nC�	@1)??A

"��.	 #he	 %s�cholog�	 o&	 ��er�da�	 #hings	 in�����!e�	 �he	 �e��

�##����n!e�	 in��	 �he	 ��!�"�����	 �#	 �e�ign	 �n�	 h���n2!��-��e�

in�e��!�i�n�	 �n�i.e	 >i"��nC�	 �##����n!e��	 ;����n	 -��-��e�	 �h��

�##����n!e	 i�	 �he	 �e�ign	 ��-e!�	 �#	 �n	 �"Ge!�	 /hi!h	 ��gge���	 h�/	 �he

�"Ge!�	�h����	"e	��e�	@1))?A0	1hi�	�e4ni�i�n	/��	���n	��.en	�-	"�	�he

�e�ign	 �n�	 6$&	 !����ni�ie��	 /hi�e	 �he	 ��"ig�i��	 �#	 �he	 �e4ni�i�n

�i�����ne�����	 !���e�	 ��n�	 !�n#��i�n	 �n�	 �i���e�0	 <��e��	 ;����n

@2((?A	 �e��ize�	 �he	 �i��e��ing	 n����e	 	 �#	 hi�	 ��igin��	 �e4ni�i�n�	 �n�

!���i4e�	 �he	 �e��	 F�##����n!e�F	 ��	 F-e�!ei�e�	 �##����n!e��F	 ��	 i�

e�-h��ize�	�he	�igni4!�n!e	�#	-e�-�eC�	-e�!e-�i�n	���he�	�"Ge!�C�	�!����

�##����n!e��	 �n�	he	 ���e�	 FWh��	 �he	�e�igne�	 !��e�	 �"���	 i�	/he�he�

�he	��e�	-e�!ei�e�	�h��	���e	�!�i�n	i�	-���i"�eF0	@;����n�	2((?�	-0	3A�	��

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

�����������������
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	1?	

�hi�	 �he�i�	/i��	��in��	u�e	;����nC�	�e4ni�i�n	�#	-e�!ei�e�	�##����n!e�

��	�e#e�en!e	#��	�i�!u��i�n0

1hi�	!���i4!��i�n	�e���	��	���e	�--��en�	�i##e�en!e�	"e�/een	;����nC�

�n�	 >i"��nC�	 n��i�n�	 �#	 �##����n!e�0	 A�	 �e�e��!he��	 ���e�	 /���e,

F;����n	���.�	�#	"��h	-e�!ei�e�	�n�	�!�u��	-��-e��ie�	�n�	i�-�ie�	�h��	�

-e�!ei�e�	 -��-e���	 ���	 ��	 ���	 n��	 "e	 �n	 �!�u��	 -��-e���,	 "u�

�eg����e��,	 i�	 i�	 �n	 �##����n!e0F	 @�!>�ene�e	 H	 6�,	 2(((A	 A��h�ugh

;����nC�	 -e�!ei�e�	 �##����n!e�	 �e�i�e�	 #���	 >i"��nC�	 ��igin��

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAA

'(e�arating	a&&ordan�es	&rom	the

in&ormation	a�aila�le	a�out	them	allows

the	distin�tion	among	�orre�t	re)e�tions

and	�er�ei�ed*	hidden	and	&alse

a&&odan�es+	,-a�er*	.//.0	
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!�n!e-�,	 �he	!�e��	�i��in!�i�n	 i�	 �h��	-e�!ei�e�	�##����n!e�	���	��	���

n��	e,i��,	�n�	 i�	-u�e��	�e�e��ine�	"�	 �he	-e�-�e	 @u�e��A	/h�	-e�!ei�e

�he�0	A�	 �u!h,	 -e�-�eC�	 -e�!ei�e�	 �##����n!e�	���	 ����	 ������	 �ue	 ��

�hei�	.n�/�e�ge,	!u��u�e,	�"i�i��	��	-e�!ei�e	�n�	e,-e�ien!e0	

&n	���i�i�n,	Wi��i��	>��e�C�	@1))1A	#���e/��.	����e��e�	�he	�e���i�n�hi-

"e�/een	 -e�!e-�u��	 in#�����i�n	 �n�	 �##����n!e�	 e,-�i!i���0

�i��ingui�hing	 �he	 �e���i�n�hi-	 "e�/een	 �##����n!e�	 �n�	 -e�!e-�u��

in#�����i�n	!�n	"e	Bui�e	he�-#u�	#��	�e�igne��	�n�	!���i#�	�hei�	g����0	A�

>��e�	-�in��	�u�,	�he	!����n��	�e#e��e�	�##����n!e�	��e	�he	F-e�!e-�u��

in#�����i�n	���i��"�e	#��	�n	e,i��ing	�##����n!e,F@>��e�,	1))1,	-0	?(A	�n�

he	 n��e�	 i�	 ��	 -e�!e-�i"�e	 �##����n!e�0	 8n	 �he	 !�n�����,	 �he	 #���e

�##����n!e�	 in�i!��e	 �h��	 Fin#�����i�n	 �ugge���	 �	 n�ne,i��en�

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAA

Figure	1.5:		-a�er1s	diagram	o&	a&&ordan�es	



	1)	

�##����n!e0F	Whi�e	 in	����	!��e�	�#	�e�ign	�n�	6$&�	/e	/����	/�n�	 ��

�e��!e	�he	#���e	�##����n!e	�n�	-���i�e	!�e��	g�i��n!e	��	enh�n!e	�he

��2!���e�	 -e�!e-�i"�e	 �##����n!e0	 ���e��e��	 >��e�C�	 #���e/��.	 ����

����e��e�	 �he	 �i����i�n�	 /he�e	 Fn�	 in#�����i�n	 ���i��"�e	 #��	 e,i��ing

�##����n!e��F	@1))1A	�n�	i�C�	#���e�	��	�	hi��en	�##����n!e0	

1he	B�e��i�n	�#	�##����n!e�	 in	�9	 �e��e�	��	�	 #�n���en���	B�e��i�n	 in

�hi�	�he�i��	�n�	���e	�#	�he	�"��e2�en�i�ne�	�he��ie�	/i��	"e	�--�ie�	��

�i�!���e�	in	�he	���e�	�e��i�n�0	

�estural	�nterface	 esi�n	

>e������	 in�e�#�!e	 h��	 ���/n	 in!�e��ing	 ���en�i�n	 in	 �e!en�	 �e����

e�-e!i����	���ng	/i�h	�he	-�-����i��	�#	�i�����	�n�	��g�en�e�	�e��i���	�n�

i�	 h����	 �he	 -���i�e	 �#	 �##e�ing	 n������	 �n�	 in��i�i�e	 h���n2!��-��e�

in�e��!�i�n�0	

1�	 ����e��	 ge����e	 !�n����	 #��	 "��h	 ���ge	 �!��e	 �n�	 �����	 �!��e	 h�n�

in�e��!�i�n��	  ���e��	 =n�	 e�	 ��0	 @2(1+A	 !��e	 �-	 /i�h	 �	 n��e�	 ���e�	 �#

����i2�!��e	 ge������	 in�e��!�i�n	 #��	 ��g�en�e�	 �e��i���	 in	 /hi!h	 �he�

!��"ine�	>��g�e	S��i	 #��	-�e!i�e	�i!��2�!��e	ge����e	 �e!�gni�i�n�	�n�

��i�ize�	 <e�-	���i�n	 #��	��!��2�!��e	 �e!�gni�i�n0	 ��	 ��!h�	 �he	 ge����e

!�n����	!�n	"��h	-���i�e	�!!����e	in-��	�n�	����e��	�he	-��"�e��	�#	�he

�/./���ne��	�n�	#��ig�e	!���e�	"�	�i�e!�	��ni-����i�n0	;e�e��he�e���	&

����	 ���i�	 �h��	 !��"ining	 �he	 >��g�e	 S��i	 /i�h	 <e�-	 ���i�n	 i�	 �n

e,��e�e��	!��"e����e	�e��-�	�n�	��i��	 #��	 #���	-��!�i!��	���ge	����i�e

�he	�e�e��!h	��"0	1hi�	���ge2�!��e	�n�	�����2�!��e	in�e��!�i�n	i�	�e���e�	��

�he	!�n!e-�	�#	hand�s�ace	�n�	world�s�ace�	/hi!h	/i��	"e	�i�!���e�	 in

���e�	!h�-�e��0

1he	�e�e��!h	�#	ge����e	!�n�����	��e�	n��	�n��	!��e	#���	�he	�!��e�i!

4e���	�����!�e�	"�	�he	-��en�i��	!���e�!i��	��e	!��e��	�n�	�	#e/	�e��ing

!��-�nie�	 ����	 ��.e	 �he	 ini�i��i�e	 �#	 �e�igning	 "e��e�	 �n�	 in��i�i�e

ge����e	 !�n����	 �!he�e�0	�i!����#�	 6����en�	 in�eg���e�	 �	 #e/	 ge����e�

in��	 i��	 �i,e�	 9e��i��	 1���.i��	 ��!h	 ��	 �i�	 ��-�	 "�����	 /hi!h	 ��e	 B�i�e

�i�i�e�E	 �hen�	 �he	 �e!en�	 �e�e��e�	 6����en�	 2	 ��--����	 ���e	 ge������

in�e��!�i�n��	��!h	��	-in!h�	g��"�	e�!0	6�/e�e��	<e�-	���i�n�	�ne	�#	�he

����	�e��ing	ge����e	�e!�gni�i�n	�����i�n	-���i�e��	!�n��!�e�	���e	in2

�e-�h	�e�e��!h	in	�he	-��"�e�	�-�!e0	&��	�e�igne��	=�gene	:�i����!h.�

�n�	:eii!hi	�������C�	@2(1?A	-��Ge!�	$��	=,-���e�	h��	�	�ee-	�h��gh�	�n

in2�i�	 h�n�2ge����e	 in�e��!�i�n�0	 1hei�	 ���i!�e	 F�e�igning	 $��	 =,-���e�F

-�in�e�	 ���	 �he	 !h���enge�	 �#	 �he	 ��!.	 �#	 ��!�i�e	 #ee�"�!.	 /hen

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

�����������������

Figure	1.�:	-oogle	(oli	%ro)ect

Figure	1.�:	 ea�	�otion	23at	���lorer2
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�e�igning	 in2�i�	 h�n�2ge��u�e	 !�n����,	 �n�	 i�	 ����	 ��i�e�	 -��"�e��	 �#

e����i!	���i�n�0	1he	���i!�e	-�in��	�u�	 �he	 i�-����n!e	�#	 �##����n!e�	 in

ge��u���	 in�e��!�i�n�,	 �n�	 �ugge���	 ��	 u�e	 -in!h	 ge��u�e	 "e!�u�e

F��n��i!	h�n�2�/��e	�##����n!e�	"��e�	�n	-in!h	ge��u�e	h��	����/e�

.ee-ing	�he	in�e�#�!e	e�e�en��	�i�u����	�u"��e	/i�h�u�	���ing	�he	e��e	�#

u�e	�n�	-�e!i�i�n	�#	 !�n����0F	 @-0	11A	 &n	���i�i�n,	 �he�	����	-��-��e�	�

h�n��e"��	%&	!��"ine�	/i�h	�he	-in!h	ge��u�e	#��	!h�nging	�!��e�,	�n�

i�	�##e��	���"�e	!�n�����	�n�	in�ui�i�e	�##����n!e�0	

#u��ar�

1he	�e4ni�i�n	�#	�ug�en�e�	�e��i��	 in	 �hi�	 �he�i�	 i�	��igh���	�-���	 #���	�

-���i!u���	 �i�-���	 -�e�en���i�n	 ��	 �e!hniBue,	 "u�	 ��	 �	 �e��	 ��	 �e�!�i"e

�he	 ��e���!hing	 �e!hn���gi!��	 �ug�en���i�n	 �n	 �u�	 �e��i��0	Wi�hin	 �hi�

!�n�e,�,	&	���i�e	��	�--��	�he	�he��ie�	�#	�##����n!e�	in��	�he	A9	in�e�#�!e

�e�ign,	 "�i�ging	 �he	 g�-	 "e�/een	 �he	 .n�/�e�ge	 /e	 �!!u�u���e	 in

-���u!�	�e�ign	�n�	>%&	�e�ign	in��	�he	e�e�ging	4e��	�#	A9	in�e��!�i�n

�e�ign0	 %�ing	 �he	 �he���	 �#	 �##����n!e�	 in	 A9	 ge��u���	 in�e�#�!e,	 /e

�h�u��	 enh�n!e	 �he	 !���e!�	 -e�!ei�e�	 �##����n!e�	 ��	 !���uni!��e

in�ui�i�e	 in�e��!�i�n�,	 /hi�e	 ���i�ing	 �he	 hi��en	 ��	 #���e	 �##����n!e�0

���e��e�,	 ��n�	 !�n�i�e���i�n�	 !�u��	 ���/	 #���	 �he	 -�e!e�en��	 �#

ge��u���	in�e�#�!e	�e�ign,	�u!h	��	�he	��!.	�#	��!�i�e	#ee�"�!.	�n�	e����i!

���i�n�0	

1he	 #����/ing	 !h�-�e�	 /i��	 �i��	 �e�e���	 -�i����	 �e�ign	 !h���enge�	 �n�

!�n�i�e���i�n�	 ��	 �he	 ini�i��	 �e�e��!h	 ���ge0	 1h��e	 !�n�i�e���i�n�	 ����

-���i����	�e�i�e�	#���	�he	�i�e���u�e	�e�ie/�	�n�	/i��	"e	u�e�	��	gui�e	�he

��e����	 �e�ign	 �e�e��!h0	 A���,	 �he	 �e!hn���gie�	 �h��	 ��e	 u�e�	 #��

-������-ing	/i��	����	"e	"�ieL�	�i�!u��e�	in	�he	ne,�	!h�-�e�0
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 �#���	 �(A������#)	 ���#� ��A!���#)	 A� 

!��(�������#

&n	 �he	 -��"�e�	 �-�!e	 �#	 �9	 ge������	 in�e��!�i�n�	 �n�	 ����i2�e�i!e

!�n������	 �he�e	 ��e	 ��n�	 e,i��ing	 �e�ign	 !h���enge�	 ��	 �!.n�/�e�ge0

1h��e	 !h���enge�	"e!��e	 ���e�	 �e�ign	 !�n�i�e���i�n�	 in	 �hi�	 �he�i�0	 1�

����e��	 �he�e	 -��"�e���	 ��	��G��	 �--���!h	 /��	 ��	 �e�e��!h	 �h���gh

�e�ign�	 �n�	�e�ign	 �h���gh	-������-ing0	��	 ��!h�	 in	 �hi�	 !h�-�e��	 &	/i��

����	 �i�!���	 �e!hn���gie�	 in����e�	 �h���gh���	 �he	 -��!e���	 �n�	 �he�

�igh�	 �n	 �he	 �e!���en���i�n�	 �#	 -������-ing	 �e!hniB�e�	 #��	 #����e	�9

�e�igne��0

�1allen�es	and	�onsiderations

���ing	 ��	 ini�i��	 �e�e��!h�	 &	 �i��e�	 �	 #e/	 !�i�i!��	 high2�e�e�	 �e�ign

!h���enge�	 �n�	�e�ign	 !�n�i�e���i�n�	 �h��	 ei�he�	 &	 ��	en!��n�e�ing	��

/i��	 "e	 en!��n�e�ing�	 ����	-��"�e��	 �h��	 -�e!e�en��	 �i�!���e�	 in	 �hei�

�e�e��!h0	 &	nee�e�	��	"e	�/��e	�#	�he�e	!h���enge�	�n�	!�n�i�e���i�n��

�n�	 �e�i�����	 !�n�i�e�	 ��	 e�eg�n���	 ����e��	 �he�	 �h���gh���	 ��

�e�e��!h0	1he�e	�e�ign	!�n�i�e���i�n	-���-�e�	�n�	g�i�e�	�he	-��Ge!�0	

23	!ransfer	t1e	screen�4ased	e50erience	into	i��ersi�e	co�0utin�	

$�n�i�e�ing	�he	���n�i�i�n	�#	2�	�!�een2"��e�	in�e�#�!e	��	3�	i��e��i�e

!��-��ing	 !�n	 "e	 �	 ���"�e2e�ge�	 �/���0	 8n	 �he	 �ne	 h�n��	 ��i�izing

-e�-�eC�	e,i��ing	�en���	���e��	�#	�!�een2"��e�	in�e��!�i�n	!�n	"�i��	�

�e���i�n	 ��	 �hei�	 e,i��ing	 #��i�i��i��	 �n�	 �e��!e	 �he	 !�gni�i�e	 ����	 #��

��n�	n��i!e	��e��0	8n	�he	��he�	h�n��	�i�e!���	-��!ing	2�	e�e�en��	in��

�he	 i��e��i�e	 !��-��ing	 �-�!e	 ���	 neg�e!�	 ��n�	 �����"�e

�--����ni�ie�	 ��	 �e�e��ge	 ��e��C	 e�"��i�en�	 �n�	 �h�ee2�i�en�i�n��

�-�!e	��#4!ien���0	

	

63	&ser7s	co�fort	and	er�ono�ics

>e������	in�e��!�i�n�	in	�!ien!e	4!�i�n	���ie��	�i.e	in	�he	���ie	�in��i��

9e-���	@S-ie�"e�g�	S0	e�	��0�	2((3A�	���.�	#��!in��ing�	"��	i�	#�i��	��	!�n�i�e�

e�g�n��i!�	 �n�	 -��	 �	 ��e�	 in	 �he	 !en�e�	 �#	 �he	 �e�ign0	 We	 nee�	 ��

�e��ize	 �h��	 -e�-�e	 �������	 ge�	 #��ig�e�	 �e��	 B�i!.��	 /hen	 h���ing	 �-

�hei�	 h�n��	 in	 �he	 �i��	 �he�e#��e	 /hen	 �e�igning	 h�n�2ge������

in�e��!�i�n��	/e	����	!�n�i�e�	��e��C	!��#���	�e�e��	�n�	�he	e�g�n��i!�

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

�����������������

%i�ure	632$		ge������	!�n�����	in	���ie	�inorit�	�e�ort

%i�ure	636$		&�e��	ge������	in�e��!�i�n	heigh�

��nge	#��	�i��ing

�=S&>;	$6�<<=;>=S�	$8;S&�=9�1&8;S�	�;�	1=$6;8<8>&=S
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�#	�hei�	h�n��,	e�-e!i����	!e���in	ge��u�e�	��e	���e	#��iguing	�h�n	��he��0

1he	-��i�i�n	�n�	��ien���i�n	�#	 �he	 in�e��!�i�e	e�e�en��	�h�u��	����	"e

!��e#u���	 !�n�i�e�e�	 ��	 ��.e	 �he�	 e���	 ��	 �!!e��0	 =�g�n��i!�	 �n�

u�e�C�	!��#���	��enC�	�	ne/	Bue��i�n,	<e�-	���i�n	���i!�e	F=�g�n��i!�	in

I9	 �e�ignF	 @<e�-	 ���i�n,	 2(1*A	 �i�!u��e�	 ��n�	 !����n	 i��ue�	 �n�

�e!���en���i�n�	#��	h�/	��	����e��	�he�	,	�u!h	��	i�e��	heigh�	��nge,

�e���i!�	u�e��C	���i�n�	��	�e�u!e	�hei�	���i�n	�i!.ne��0		

83	!1e	lac9	of	tactile	feed4ac9

A	�igni4!�n�	!h���enge	in	�e�igning	#�eeh�n�2ge��u���	in�e��!�i�n�	i�	�he

��!.	 �#	 ��!�i�e	 #ee�"�!.0	 �e�igne��	 =ugene	 :�i���u!h.�	 �n�	 :eii!hi

����u��	@2(1?A,	/h�	!�e��e�	<e�-	���i�n	$��	=,-���e�,	�ugge��	�he	��!.

�#	��!�i�e	-e�!e-�i�n	�n�	���e�i��	�u--���	��	�he	����	!�u!i��	i��ue0	&n	�he

��ngi"�e	in�e��!�i�n�,	in�e��!�ing	/i�h	-h��i!��	�"Ge!��,	�u!h	��	�	"u���n,

�	�i��	��	�	��i�e�,	��/���	����!i��e	/i�h	��!�i�e	#ee�"�!.0	=�en	�e��	�u"��e

��!�i�e	 #ee�"�!.	 !�n	 ��i��	 -���i�e	 �	 ����ng	 �ign��,	 ��.ing	 �	 u�e�	 #ee�

!�n4�en�	�n�	!�n!�e�e	�"�u�	 �he	�!�i�n�	he	��	 �he	-e�#����0	A�	 �u!h,

��he�	 ���i�i�n��	 #ee�"�!.�,	 �u!h	��	 �i�u��,	 �u�i�,	 nee�	"e	-���i�e�	 ��

!��-en���e	#��	i�0

:3	�rratic	�otion	and	accidental	trigger

Sin!e	 ge��u�e	 �e!�gni�i�n	 �e!hn���g�	 i�	 ��i��	 #��	 #���	 -e�#e!�,	 /hi�e

�e�igning	 �he	 ge��u�e	 !�n�����,	 �e�igne��	 h��e	 ��	 !�n�i�e�	 �h��	 �he

ge��u�e�	nee�	��	"e	n��	�n��	in�ui�i�e	#��	�	u�e�	��	un�e����n�,	"u�	����

�!!u���e	 #��	 �	 ��!hine	 ��	 �e!�gnize	 !���e!���0	 A��i�i�n����,	 �e�igne��

nee�	 ��	 ���i�	 ge��u�e�	 �h��	 ���	 "e	 ��igge�e�	 �!!i�en�����	 ��

unin�en�i�n����0	 	 3u��he����e,	 hu��nC�	 h�n��	 ��e	 inhe�en���	 e����i!,

e�-e!i����	/hen	/e	h��e	�u�	h�n��	in	�he	�i�E	�he�e#��e	�he	��/	ge��u�e

�e!�gni�i�n	 ����	 �igh�	 "e	 Gi��e��	 �n�	 -i!.	 u-	 e����i!	 ���i�n�0	 1hu�,

�ini�izing	u�e��C	�/��ene��	�#	�he	e����i!	���i�n	in	�he	in�e��!�i�n�	����

"e!��e�	�n	in�e�e��ing	�e�ign	!h���enge0

;3	!1e	intuitiveness	of	t1e	1and-gesture

6�n�2ge��u�e�	h��e	"een	u�e�	 #��	 �h�u��n��	�#	�e���	��	�	�i���	-���	�#

"���	 ��ngu�ge0	 1he�	 ���e���	 #���	 !e���in	 !�n�en�i�n�	 in	 �e��	 �#	 �he

�e�ning�	�#	�i##e�en�	ge��u�e�E	 �hu�	�e�igne��	�h�u��	"e	�/��e	�#	 �h��

�he	 �e��n�i!	 �#	 ge��u�e�	 ���	 ����	 in	 �i##e�en�	 !�un��ie�	 �n�	 !u��u�e�0

3u��he����e,	 /e	 nee�	 ��	 �hin.	 �"�u�	 �he	 �##����n!e�	 �#	 ge��u�e�,

un�e����n�	h�/	-e�-�e	in�e��!�	/i�h	-h��i!��	�"Ge!��,	�n�	!�n�i�e�	h�/

��	"�ing	-e�-�eC�	e,i��ing	�en���	���e��	�#	ge��u�e�	in��	�he	�e�ign	�#

A9	in�e�#�!e�0

�=S&>;	$6A<<=;>=S,	$8;S&�=9A1&8;S,	A;�	1=$6;8<8>&=S
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<3	#ea�less	transition	4et/een	de�ices

W��.ing	 /i�h	 ����i-�e	 �e�i!e�	 !�n	 "e	 !��"e����e�	 �n�	 /i��	 "���en

��e��C	�en���	�n�	!�gni�i�e	����	/hen	�/i�!hing	#���	�ne	�e�i!e	��	�he

��he�0	When	�e�igning	�	��e�C�	e,-e�ien!e	�#	��ing	����i-�e	�e�i!e��	/e

�h����	 ���	 ��	 ��.e	 �he	 �e!hn���g�	 i��e�#	 "�en�	 in��	 �he	 "�!.g���n��

-��!ing	�he	���.	��	�he	!en�e�	�#	�he	#�!��	in��e��	�#	�he	�����0	1he�e#��e

�he	 in�e��!�i�n	 �h����	 "e	 �"�e	 ��	 e��e	 �he	 ���n�i�i�n	 �n�	 .ee-	 ��e��C

�en���	 ���e��	 !�n�i��en�	 #���	 �ne	 -���#���	 ��	 �n��he�	 ��	 ��.e	 �he

e,-e�ien!e	�e���e����0	

1he	 �"��e2�en�i�ne�	 -�in��	 ��e	 �he	 ini�i��	 !h���enge�	 �n�

!�n�i�e���i�n��	 �n�	 �h��e	 high2�e�e�	 !�n�i�e���i�n�	 /i��	 g�i�e	 �he

-��Ge!�	 �h���gh���	 �he	/h��e	 -��!e��0	Whi�e	 �n	 �he	 ��he�	 h�n��	 ��he�

!�n�i�e���i�n�	��	e,i���	 ��!h	��	����e��ing	�!!e��i"i�i��	 i���e�	 #��	"��h

�igh�2h�n�	�n�	�e#�2h�n�	��e���	��	�h��e	/h�	��e	n��	�"�e	��	��e	h�n��	in

�	#����	#�n!�i�n��	��nne��	�n�	�he	��!i��	�/./���ne��	/hen	��ing	i�	in	�

-�"�i!	 �-�!e0	 6�/e�e��	 �h��e	 ���e�	 �en�i�ne�	 !�n�i�e���i�n�	 ��e	 n��

-��!e�	��	�	-�i����	#�!��	#��	�hi�	-���i!����	-��Ge!�0	

%i�ure	638$		#���	���ge�	�#	-������-ing

�=S&>;	$6�<<=;>=S�	$8;S&�=9�1&8;S�	�;�	1=$6;8<8>&=S

+rotot�0in�	!ec1ni=ues

1he	-������-ing	-��!e��	!�n��in�	#���	��G��	���ge��	/hi!h	��e	h�n�2he��

��"i�e	�9�	6����en�	M	<e�-	���i�n�	8!����	9i#�	M	<e�-	���i�n	�n�	�he

4n��	���ge	/i�h	9i#��	<e�-		���i�n�	7e�	�ini	�n�	8-en$I0
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23	(and-1eld	�o4ile	A�

&n	 �he	 4���	 ���ge,	 &	 ��in��	 e,��ine�	 h�n�2he��	 ��"i�e	 A9	 -���#����,

u�ing	 	 >��g�e	 A9$��e,	 A--�e	 A9:i�,	 �n�	 Iu#��i�	 i��ge	 ���.e�	 #��

��"i�e	 -������-ing0	 1he	 ��"i�e	 A9	 S�:	 i�	 �he	 ����	 �--���!h�"�e

�--���!h,	 �n�	 i�	 ���i���	 �e�igne��	 ��	 ge�	 #��i�i��	 /i�h	 !u��en�	 A9

�e!hn���g�	 Bui!.��0	 Whi�e	 �he	 ��"i�e	 A9	 h����	 ��n�	 ���/"�!.�,	 #��

e,��-�e,	i�	�eBui�e�	u�e��	��	�-��e	�ne	h�n�	��	h���	�he	�e�i!e�,	/hi!h

�igni4!�n���	 e�i�in��e	���e	 !��-�e,	 �n�	 i��e��i�e	 in�e��!�i�n�0	 Sin!e

�hi�	�he�i�	��in��	�e�e��!he�	ge��u���	in�e��!�i�n�,	��	i�	�n��	#�!u�e�	���e

�n	he��2��un�e�	�i�-���	@6��A	A90

63	(ololens	>	�ea0	Motion

&n	 �he	�e!�n�	���ge,	 &	���e�	 #��/���	 ��	�	6��	A9	/i�h	6����en�,	�n�

-��!ing	<e�-	���i�n	�n	��-	�#	�he	6����en�	��	�!!e��	�he	ge��u�e	in-u�0

6�/e�e�,	 �he	 �i�i�e�	 4e��	 �#	 �ie/	 @3�IA	 �n�	 �he	 #�eBuen���	 �!!u��e�

%ni��	 !���h	 -��"�e�	 i�-e�e	 �e	 #���	 #u��he�	 e,-�����i�n0	 =�-e!i����

�in!e	 &	u�e�	6����en�	9e���ing	��	���e��	�he	!��e��	 in-u�	"�!.	��	��

!��-u�e�	�h��ugh	Wi4	ne�/��.,	i�	"e!��e�	!h���enging	��	h��e	�	���"�e

���!.ing	�n�	�e!���	�he	�e��	�i�e�0	1hi�	-��"�e�	i�	-�e�u�e�	��	"e	�

%ni��	 !��-��i"i�i��	 i��ue	 ��	 ���/	 Wi24	 "�n�/i��h,	 �n�	 i�	 ���	 "e

����e��e�	/i�h	�	�i##e�en�	�e��i�n	�#	%ni��	��	/i�h	�	"e��e�	�ign��0	

83	�culus	�ift	>	�ea0	Motion

&	�hen	�����e�	��	u�e	8!u�u�	9i#�	��un�e�	/i�h	<e�-	���i�n	��	-������-e

�he	�e�ign	!�n!e-�0	Sin!e	<e�-	���i�n	���e���	-���i�e�	#u���	#un!�i�n��

e,��-�e	!��e,	��!u�en���i�n,	�n�	�he	!��-��i"�e	S�:,	�he	-������-ing

-��!e��	"e!��e�	�u!h	�����he�	�n�	 #���e�0	1he	 ����e�##	�#	u�ing	 �hi�

-i-e�ine	i�	�h��	&	h��e	��	�!!e-�	�he	#�!�	�h��	���	�he	-������-e�	e,i��	in	�

�i��u��	 �e��i��	en�i��n�en�	 ���he�	 �h�n	 in	�ug�en�e�	�e��i��0	A��i��e���,

�i��u��	 �e��i��	 ��	 �ne	 �--���!h	 �#	 �-��i��	 !��-u�ing	 �h��e�	 �	 ���	 �#

!����n	in�e��!�i�n�	/i�h	�ug�en�e�	�e��i��E	�he�e#��e	i�	i�	��i��	-���i"�e

��	g�in	���e	in�igh��	#���	-������-ing	�he	!�n!e-��	in	I90

:3	�culus	�ift	>	�ea0	Motion	>	-ed	Mini	>	�0en�'

A�	�he	4n��	���ge,	 &	!��"ine�	8!u�u�	9i#�,	<e�-	���i�n	�n�	7e�	�ini	 @�

-����h��ugh	 A9	 !��e��A,	 �n�	 e�en�u����	 �e�!h	 �he	 �e�u��	 �#	 ���"�e

���!.ing	 in	 A90	 1hi�	 i�	 �	 high��	 �e!���en��"�e	 -i-e�ine	 #��	 �e�igne��

/h�	/�n�	��	e,e!u�e	high	4�e�i��	��-i�	-������-ing0	6�/e�e�,	Iu#��i�	i�

n��	 !��-��i"�e	 /i�h	 �hi�	 -i-e�ineE	 �hu�	 in	 ���e�	 ��	 �!hie�e	 �"Ge!�

���!.ing,	 &	 en�e�	 u-	 u�ing	 8-en$I	 �n�	 A9%!�	 #��	 i��ge	 ���.e�

���!.ing0	 8�he�	 !����n��	 u�e�	 �e!hn���gie�	 ��e	 ����	 he�-#u�	 in	 �hi�

�e�e��-�en�	 en�i��n�en�,	 �u!h	 ��	 8-en	 S�un�	 $�n����	 @8S$A	 �n�

%ni��	;e�/��.	 #��	!���uni!��ing	 in#�����i�n	"e�/een	 i##e�en�	�e�i!e�,

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAA

%igure	63;$		8!u�u�	9i#�	M	<e�-	���i�n	M	7e�

�ini	�e�u-

�=S&>;	$6A<<=;>=S,	$8;S&�=9A1&8;S,	A;�	1=$6;8<8>&=S

%igure	63:D	>��g�e	A9$��e	�n�	A--�e	A9:i�		#��

��"i�e	A9	-���#����
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�hi�i-�	6�e	��	�����	�igh�	�e�i!e��	�n�	>��g�e	6��e	��	�	�����	�-e�.e�0	

�e?ection

�e�igning	ge������	in�e��!�i�n�	in	�9	�eB�i�e�	�e�igne��	��	-��	h���n	in

�he	!en�e�	�#	�he	�e�ign�	"�	�hin.ing	�"���	�he	in��i�i�ene��	�#	ge����e��

��e��5	!��#����	�n�	e�g�n��i!�	��	�	-�e�i�e0	���e��e��	��e	��	�he	��!.

�#	 ���e�i��	 ��--����	 ge����e�	 in	 �he	 �i�	 !�nn��	 �e-��	 �n	 �n�	 ��!�i�e

#ee�"�!.�	/hi!h	/i��	�i.e��	!���e	e����i!	���i�n�	�n�	in�!!����e	���!.ing0

Wh��5�	 ���e�	 !�n�����ing	 ����i-�e	 �e�i!e�	 ����	 �n��he�	 ���e�	 �#

!��-�e,i��	 �n	 ��e��5	 !�gni�i�n0	 $e���in���	 �he�e5�e	 ���e	 i���e�	 in	 �hi�

����in�	 "��	 �he�e	 �#��e�en�i�ne�	 i���e�	 ��e	 �i�e!���	 �e���e�	 ��	 �he

��-i!�	 �#	 �hi�	 �he�i�	 �n�	 /i��	 "e	 ����e��e�	 �n�	 �i�!���e�	 in	 ���e�

!h�-�e��0

�����	 �in!e	 �hi�	 �e�e��!h	 ��i�ize�	 -������-ing	 �n�	 i�e���ing	 ��	 ��in

�e�h���	 #��	 �e�ign	 �e�e��!h�	 ��	 &	 e,-���e�	 �n�	 !��-��e�	 ���i���

���i��"�e	�e!hn���gie�0	Wi�h	�h��e	-������-ing	�e!hniB�e��	 &	!�e��e�	24

/��.ing	 -������-e�	 /i�h	 ��e�	 1(�(((	 �ine�	 �#	 $N	 !��e�	 ��	 e,-e�i�en�

�n�	�e��	�i##e�en�	�e�ign	!�n!e-��0

�=S&>;	$6�<<=;>=S�	$8;S&�=9�1&8;S�	�;�	1=$6;8<8>&=S
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���!�A�	 ��#�A��($	 +(�!�	  �A�*	 #!& *	 A� 

�� &#!�*	��#�A��(

1he	ini�i��	�e�e��!h	����/e�	�e	��	g�in	�	#�n���en���	�n�e����n�ing	�#

�he	-��"�e�	 �-�!e0	 &	 !�n��!�e�	�	-h���	�i���	 �����	 ��	��e�	 inB�i��	 ��

g�in	 in�igh��	 �n	 -e�-�e5�	 �en���	 ���e��	 �#	 �##����n!e��	 �n�	 ����

�e�e��!he�	�he	e,i��ing	�e�ign	-����ig��	�#	�9	ge������	 in�e�#�!e	#���

in������0	 1he	 in�igh��	 �#	 "��h	 he�-	 �e	 ��	 i�en�i#�	 �	 #���e/��.	 �#	 4�e

!�i�i!��	 e�e�en��	 �h��	 �##e!�	 �	 ��e�5�	 -e�!ei�e�	 �##����n!e��	 �n�	 �he

#���e/��.	����	�	#��n���i�n	#��	���e�	�e�ign	!�n!e-��0

+1oto	 iar�	#tud�

&��e��i�e	 !��-��ing	 @��!h	 ��	 �9	 �n�	 I9A	 ini�i����	 �h��e�	 ��n�

!����n�	 in�e��!�i�n	 -���e�n�	 /i�h	 �he	 -h��i!��	 /�����	 �n�	 �he�	 "��h

�e��	 /i�h	 3�	 �-�!e	 �n�	 ��"���n�i����	 �e�e��ge	 ���	 "���	 �n�	 ���!�e

�e���ie�	 ��	 eng�ge	 /i�h	 ���	 en�i��n�en�0	 1h��	 i�	 i�	 -��"�"��

�e���n�"�e	 ��	 �����e	 �h��	 /e	 !����	 g�in	 �	 "e��e�	 �n�e����n�ing	 �#

��e��5	 �en���	 ���e��	 �n�	 �he	 -e�!ei�e�	 �##����n!e�	 #��	 ��g�en�e�

�e��i��	"�	�igging	in��	�he	-h��i!��	in�e��!�i�n�0	1he�e#��e�	&	!�n��!�e�	�

-h���	 �i���	 �����	 ��	 �n�e����n�	 -e�-�e5�	 �en���	 ���e��	 �n	 -h��i!��

-����!��	in	���	��i��	�i�e�0	

1he	-h���	�i���	 �����	 �e!��i�e�	�i,	-���i!i-�n��	�n�	-���-�e�	 �he�	 ��

�e!���	-h����	�#	 �he	-����!��	 �n�	�"Ge!��	 in	 �hei�	 e�e������	-���i!����

�he	 -����!��	 �n�	 �"Ge!��	 �h��	 �ee�	 in��i�i�e	 ��	 ��e�	 ��	 �h��e	 �h��	 ��e

!�n#��ing	 ��	 ��e0	 1he	 g���	 /��	 ��	 e,���!�	 �he	 !����n	 -���e�n�	 �#

�##����n!e�	#���	!���e!�e�	-h����0	

1he	 -���i!i-�n��	 !�n�i��	 �#	 ����en��	 #���	 �he	 S!h���	 �#	 �e�ign�

=n�e���in�en�	1e!hn���g�	$en�e�	 @=1$A	�n�	6einz	$���ege	�#	$��negie

�e���n	 %ni�e��i��0	 1he	 �e�e!�e�	 -���i!i-�n��	 ��e	 !��-��e�	 �#	 eB�����

#e���e	 �n�	 ���e�	 �n�	 ��"Ge!��	 /e�e	 n��	 �eB�i�e�	 ��	 h��e	 �	 �e�ign

"�!.g���n�	��	.n�/�e�ge0

�#�e�	��ing	�#4ni��	�i�g����ing	��	��-	���	�he	�i�i���	!�n!e-��	#���	*(

-h����	!���e!�e�	"�	�he	-���i!i-�n��	/i�hin	�h�ee	/ee.��	&	!�n!���e�	�he

#����/ing	.e�	in�igh��	#���	�he	�!�i�i��D

O		�rgonomic	sha�e	re�eals	the	a&&ordances	to	users4	�or	instance*	a

mouse	in	�igure	54.	can	6t	a	�erson7s	hand	�er�	well*	and	it	in�ites	him

to	�ut	his	hand	on	it4
Figure	3.1:		�rgonomic	sha�e	re�eals	the

a&&ordances

&;&1&�<	9=S=�9$6
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O		(igni6er	,te�t*	i�on	e4g40	�an	am�li&�	the	�er�ei�ed	a&&ordan�es*

es�e�iall�	indi�ating	�rodu�ts7	&un�tionalities4	�or	e�am�le*	a

mi�ro�hone	i�on	with	a	�rossing	line	�learl�	�ommuni�ates	its

&un�tion4

O		%ositi�e	and	negati�e	sha�es	that	mat�h	ea�h	other	dis�lose	their

�onne�tions*	ma8ing	the	a&&ordan�es	�er�ei�ed	to	�e	�lear4

						

O		 ights	�an	indi�ate	the	status	o&	the	s�stem*	also	�ro�ide	dire�tional

guidan�e4

1he	 .e�	 in�igh��	 ���e�	 in#���e�	 �he	 �e�ign	 !�n!e-��	 �n�	 �e!i�i�n�,

e�-e!i����	 in	�--��ing	�he	-h��i!��	�##����n!e�	 in��	A9	 in�e��!�i�n�0	1he

i�-�e�en���i�n	/i��	"e	�i�!u��e�	in	$h�-�e��	4	H	50

Industr�	researc1

1he	�ug�en�e�	�e��i��	in�u����	i�	e����ing	��-i���E	�he�e#��e	&	���.e�	��

�he	A9	 in�e��!�i�n	�n�	 in�e�#�!e	�e�ign	 #���	e,i��ing	-���u!��,	 �u!h	��

P$��	 =,-���e�Q	 #���	 <e�-	 ���i�n,	 6����en�	 ge��u�e2"��e�	 g��e

9�"�9�i�	 �n�	 ��	 �n0	 A��i�i�n����,	 &	 �e��	 �he	 �e�ign	 gui�e�ine�	 #���

��gi!	<e�-,	>��g�e,	A--�e,	�n�	Win��/�	�i,e�	�e��i��,	�n�	 i�	en�"�e�

�e	��	un�e����n�	�he	e,i��ing	�e�ign	-����ig��	#���	�he	��G��	-���e��

in	�he	in�u����0

���e��e�,	 &	 ����	 e,��ine�	 �he	 �e��	 -������-e�	 �h��	 �e�igne��	 �n�

�e�e��-e��	 -���e�	 �n�ine	 ��	 .ee-	 �he	 ��en�	 /i�h	 �he	 ��-i�2���ing

in�u����0	3��	e,��-�e,	A9RI9	�e�e��-e�	SuGin	A�iz�	�n�	hi�	�e��	��	=1$

!�e��e�	���Ge!�	�u-i�,	/hi!h	u�e�	h�n�	ge��u�e�	��	�he	-�i����	in-u�	#��	�

�u��i2-e���n	�e��ning	e,-e�ien!e0	&	����	���.e�	/i�h	����in	S!hu"e��,	/h�

i�	#�������	�	�e�igne�	��	<e�-	���i�n,	n�/	��	8!u�u�,	�n�	�i�!u��e�	hi�

-��Ge!�	�#	ge��u�e	�h���!u�E	���i�i�n��,	 &	����	�e�	;��h	7u!.e�,	/h�	�i�

��n�	in�-i�ing	e,-�����i�n�	in	I9	ge��u�e�	!�n�����	�n�	-���e�	�he�	�n

1/i��e�0	1h��e	��e	�n��	�	�in�	-���	�#	�he	e,��-�e�	&	in�-e!�e�	�u�ing	�he

in�u����	 �e�e��!h0	 &	 -���e�	 /i�h	 ��e�	 4(	 �i##e�en�	 A9RI9	 -���u!��	 �n�

�ee-��	 in�e��ig��e�	 �"�u�	 35	 e,��-�e	 �e���	 �n�ine	 ��	 g�in	 �	 �ee-

un�e����n�ing	�#	�he	in�u����0

 ��e�	�n	 �he	 in�u����	 �e�e��!h	�n�	�i���	 ��u��,	 &	�e�e��-e�	�n	�#4ni��

�i�g���	 /i�h	 �he	 -�in!i-��	 e�e�en��,	 �n�	 !����n	 -���e�n�	 �--e��,

/hi!h	����/�	�e	��	��-	�he�	in��	4�e	.e�	!��eg��ie�,	 in!�u�ing	�h�-e,

�igh�ing,	 !����	 H	 �h��ing,	 h�-�i!	 H	 �!�u��i!,	 �n�	 ���i�n0	 An	 e,��-�e

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAA

Figure		3.2:		%ositi�e	and	negati�e	sha�es	dis�lose

their	�onne�ts

Figure		3.3:		 ight	is	used	to	�ro�ide	dire�tional

guidan�e4

Figure		3.4:		 ea�	�otion	2%ro)e�t	9orth	(tar2
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���	 he�-	 ��	 i��������e	 �he	 -���e�n�0	 &n	 �he	 <e�-	 ���i�n	 P$��	 =,-���e�Q

@2(1?A�	�	!i�!����	�h�-e	�#	�he	"��e	in�i!��e�	i��	�##����n!e�	�#	�����i�n0

Whi�e	 �	 ��e�5�	 h�n�	 �--���!he�	 i��	 �he	 -���	 �h��	 i�	 !���e	 ��	 hi�	 h�n�

"�igh�ene��	�n�	 i�	��e�	!����	�n�	 �igh�ing	 ��	-���i�e	�	-��,i�i��	�i����

#ee�"�!.E	 �hen	/hen	�	��e�	 ���!he�	 i��	 �	 ��"��e	 ���n�	e##e!�	"�i���	�-

�he	e,-e�ien!eE	e�en������	/hen	�	��e�	���e�	hi�	h�n�	�!!���ing���	�he

"��e	 ���e�	 ���ng	 /i�h	 i�	 �i�����ne�����0	 &n	 �hi�	 �����	 e,��-�e�	 !�����

�igh��	���n��	�n�	���i�n	!��"ine	#��	!����ni!��ing	!�e��	�##����n!e�0

Si�i���	 -���e�n�	 �!!��	 �e-e��e����	 �n�	 ���e	 ��e	 �ne	 ��	 �/�	 �#	 �he��

��he��	���	��e	���e	��	�he	���e	�i�e0	1h��e	4�e	e�e�en��	�igni4!�n���

�##e!�	h�/	/e	-e�!ei�e	 in�e��!�i�e	!�n�en��	��	/e��	��	 �he	�##����n!e�	 i�

!����ni!��e�0	 <��e�	 /i�h	 ��	 �he�i�	 �e�e��!h�	 &	 ��e	 �hi�	 #���e/��.	 ��

g�i�e	�n	h�/	��	�e�i�e�	!���e!�	�##����n!e�	in	�9	in�e�#�!e�0

Figure		3.5:	�artin	(chu�ert1s	�ro)ect	2(hortcuts2	at

 ea�	�otion

Figure		3.�:		A&6nit�	diagram	o&	the	8e�	com�onents	&rom	diar�	stud�	and	industr�	research*	and	the

6nal	result	leads	to	a	6�e�element	&ramewor84
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A	fra�e/or9	of	�ani0ulating	0erceived	affordance

A�	 �i�!u��e�	 e���ie�,	 !����n	 -���e�n�	 �#	 �he	 �i���	 ��u��	 �n�	 in�u����

�e�e��!h	 �i�!���e	 4�e	 .e�	 e�e�en��	 �h��	 �##e!�	 -e�-�e5�	 -e�!ei�e�

�##����n!e�D	 �h�-e,	 �igh�ing,	 ���i�n,	 !����	 �n�	 �h��ing,	 �n�	 �!�u��i!

�n�	h�-�i!0	 �	��ni-u���ing	�he	����i"u�e�	�#	�h��e	4�e	e�e�en��,	/e	!�n

enh�n!e	 �	 u�e�C�	 -e�!ei�e�	 �##����n!e�,	 ei�he�	 �e�e��ing	 �he	 hi��en

�##����n!e�	 ��	 enh�n!e	 �he	 e,i��ing	 -e�!ei�e�	 �##����n!e�	 �n�	 gi�e

u�e��	���e	���i�	#ee�"�!.0

�ig1ting

<igh�ing	i��e�#	i�	n��	�"�i�u���	�i�i"�e	in	��n�	�i�u��i�n�,	"u�	i�	�h�-e�	�he

�--e���n!e	 �#	 �n	 �"Ge!�0	 A�igning	 �he	 �i��u��	 �igh�ing	 in	 A9	 /i�h	 �he

�!�u��	 en�i��n�en���	 �igh�ing	 !�e��e�	 �	 �e��i��i!	 �n�	"e�ie��"�e	 i��u�i�n,

�e�	 �igh�ing	 !�n	��	���e0	 &n	 �he	 ����i�i�n��	>%&	 ����e�,	 �he	 !h�nge�	 in

�igh�ing	 u�u����	 �e�e��	 ��	 �	 ���i4!��i�n	 �#	 !����,	 �u!h	 ��	 !h�nging

"�igh�ne��	 ��	 �-�!i��	 �#	 �	 !����0	Whi�e	 in	 A9	 in�e�#�!e�,	 �igh�ing	 !�u��

/��.	/i�h	!����	�n�	�h��ing	��ge�he�	��	�ign��	�	����e�	����u�	��	�!�i�n�,

�u!h	��	-���i�ing	-��,i�i��	#ee�"�!.0	A���,	�igh�	���e�i�e�	i�	u�e�	��	�

���u�e��i!	 ���	 ��	 -�in�	 ��	 �-e!i4!	 �i�e!�i�n�,	 ��	 �he	 �i���	 ��u��	 �h�/�

�h��	�igh�	!�n	-���i�e	�i�e!�i�n��	gui��n!e0	���e��e�,	�igh�ing	����	he�-�

��	 !�e��e	 �	 hie���!h�	 ���ng	 �u��i-�e	 �"Ge!��,	 high�igh�ing	 �	 �-e!i4!

�"Ge!�	��	in#�����i�n0

Motion

���i�n	"�ing�	���en�i�n	 ��	�	-���i!u���	�"Ge!�,	�n�	 i�	 �e��e�	�	���ie��	�#

-u�-��e�0	A�i.e	�he	h��e�	����e	in	>%&,	���i�n�,	�u!h	��	!h�nging	�!��e�

��	-��i�i�n�,	!�n	�ign��	�	-���i!u���	in�e��!�i�e	�"Ge!�	��e�	��he��,	��.ing

�he	%&	#ee�	�e�-�n�i�e0	A���,	���i�n	!�u��	�i�u���e	�e��2/����	-h��i!�	in

�he	�i��u��	�-�!e0	=�-e!i����	�he	i��u�i�n	�#	-h��i!�	in	�he	�i��u��	�-�!e	!�n

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAA
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Figure		3.�:		�i,�n	<�C�	�e�e��!h	��e�	�h���/	��	�in.	�	%S 	��i�e	in��	�	��"�e	��

in�i!��e	�he	����n�	�#	����	in	i�0

he�-	�	��e�	��ign	�n#��i�i��	�9	in�e��!�i�n�	/i�h	hi�	-h��i!��	e,-e�ien!e0

��	 �����	 ���i�n	 !�n	 #�!i�i���e	 �����h	 ���n�i�i�n��	 �n�	 he�-	 �	 ��e�	 ��

�n�e����n�	�he	!h�nge�	#���	�ne	����e	��	�he	��he�0

<igh�	!�n	#�n!�i�n	��	�	���	#��	�i�e!�i�n��	g�i��n!e

�olor	.	#1adin�

$����	 �n�	 �h��ing	 �������	 /��.	 /i�h	 �igh�ing��	 �n�	 ��ge�he�	 �he�

�e�e��ine	h�/	�n	�"Ge!�	 ���.�	�n�	!����ni!��e	�	-���i!����	������	�#

�n	 �"Ge!�0	 Si�i���	 ��	 >%&	 �e�ign�	 /e	 !�n	 ��.e	 ����n��ge	 �#	 �he	 !�2

�e���i�n�hi-�	"e�/een	!�����	�n�	�e�ning�	�h��	���e���	e,i��	in	-e�-�e5�

�en���	���e��0	3��	e,��-�e�	�	�e�	!����	�������	!�n�e��	�he	�e�ning	�#

/��ning�	��nge��	���en�i�n�	e�!0	

Sh��ing	 in	 �9	 !����	 ���i#�	 ��e��5	 -e�!e-�i�n	 ��	 /e��0	 Wi�h	 -��-e�

�h��ing	 �n�	 �h���/ing�	 �he	 -e�!ei�e�	 �h�-e	 �#	 �n	 �"Ge!�	 !�n	 e�en

!h�nge0	 �i,�n	 <�	 e�	 ��5�	 @2(1?A	 �e�e��!h	 �h�/�	 h�/	 -e�!ei�e�

�##����n!e�	 �n�	 �he	 �e�ning�	 �#	 �n	 �"Ge!�	 ��e	 ���i4e�	 �h���gh	 �he

��ni-����i�n	 �#	 �h��ing	 �n�	 �h���/ing0	 3��	 e,��-�e�	 ��ing	 �h��ing

�n�	 �h���/�	 ��	 �in.	 �	%S 	��i�e	 in��	 �	 ��"�e	���	 in�i!��e	 �he	/eigh�

�n�	�he	����n�	�#	����	in�i�e	�he	��i�e0

(a0tic	.	Acoustic

6�-�i!	 #ee�"�!.	 ��e�	 n��	 �������	 e,i��	 in	 ge������	 in�e��!�i�n�	/i�h���

e,���	 �!!e����ie��	 �i.e	 h�-�i!	 g���e��	 "��	 i�	 in�ee�	 -����	 �n	 i�-����n�

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

�����������������
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���e	"��h	 in	�u�	-h��i!��	 in�e��!�i�n�	�n�	 in	A90	1�!�i�e	 #ee�"�!.	����/�

u�	��	g��"	�"Ge!��	/i�h�u�	���.ing	��	�he�,	�n�	/e	!�u��	e�en	�en�e	�he

�h�-e	 �#	 �n	 �"Ge!�	 "�	 �e�e��	 ��u!hing	 i�0	 A��i��e���,	 �he	 �"�en!e	 �#

h�-�i!	 ���e�i�e�	 ��"���ge�	 �he	 i��e��i�n	 in	 A9,	 "u�	 i�	 ��e�	 n��

ne!e����i��	 �e�n	 /e	 �h�u��	 ��e����.	 i�0	 <��e�	 �e�e��!h	 �h�/�	 �h��

en!�u��ging	 �	 u�e�5�	 4nge��	 ��	 ��-	�n	 e�!h	��he�	 !�n	-���i����	 �e����e

�he	i��ue,	�n�	���e	�i�!u��i�n	/i��	��.e	-��!e	in	�he	���e�	!h�-�e��0	

A��i�i�n����,	 �!�u��i!	 #ee�"�!.,	 �u!h	 ��	 ��un�	 e##e!��,	 ���	 he�-	 ��

!��-en���e	#��	�he	�e4!ien!�	�#	�he	��!.	�#	��!�i�e	�n�	h�-�i!	#ee�"�!.0

We	 !�u��	 �hin.	 �"�u�	 h�/	 �	 h�-�i!	 #ee�ing	 !�n	 "e	 ���n�#e��e�	 in��	 �

��un�	e##e!�	 �h��	 ��i��	 �e��in�	 i��	Bu��i��0	1�	 �e��in	 �he	Bu��i��,	/e	��	n��

nee�	 ��	 !�e��e	 -�e!i�e��	 �!!u���e	 ��un��0	 3��	 in���n!e,	 /e	 !�n	 "��e��

he��	�n�	��un�	/hen	/e	g��"	�	-h��i!��	�"Ge!�	"u�	 ��igge�ing	�	�u"��e

��-	��un�	in	A9	��	g��""ing	#ee�"�!.	!�u��	��i��	gene���e	�	"e�ie��"�e

i��u�i�n0

3u��he����e,	3�	�-��i��	�u�i�	!�n	en�i!h	�he	A9	e,-e�ien!e	�igni4!�n���0

&�	!�n	���/	���en�i�n	��	�	�i�e!�i�n	��	�n	�"Ge!�	�u��i�e	�	u�e�5�	4e��	�#

�ie/,	-���i�ing	�n��he�	���e�	�#	 in#�����i�n	�h��	 i�	�u"��e	�n�	nu�n!e�0

%��i���e��,	/hen	�e�igning	 �he	��un�	e##e!�	 i��e�#,	/e	nee�	 ��	!�n�i�e�

h�/	i�	!�n	4�	in��	���i�u�	.in��	�#	en�i��n�en��0	3��	e,��-�e,	���--ing

A9	#u�ni�u�e	�n	�i##e�en�	.in��	�#	�u�#�!e�	���	��un�	�i##e�en�0	1he�e#��e

�i��eg���ing	 u�e��5	 un-�e�i!��"�e	 en�i��n�en��,	 /e	 !�u��	 ��i��	 ���	 ��

�e�ign	 �	 ��un�	 e##e!�	 �h��	 i�	 gene�����	 �--�i!�"�e	 #��	 ����	 �#	 �he

�i�u��i�n�0	6�/e�e�,	��un�	�n�	�!�u��i!	/i��	n��	"e	�he	��in	#�!u�	�#	�hi�

�e�e��

#1a0e

1he	 �h�-e	 �#	 �n	 �"Ge!�	 �e�e��ine�	 �he	 /��	 �#	 h�/	 �	 u�e�	 ini�i����

-e�!ei�e�	i�0	&�	/��.�	�i�i�����	/i�h	�he	�##����n!e�	in	�u�	-h��i!��	/����,

�in!e	�i��u��	!�n�en�	�n�	�e��2/����	�"Ge!��	������	���.	Bui�e	�i�i���0	&�	i�

�e���n�"�e	 ��	 ���u�e	 �h��	 u�e��	 ���e���	 "ui��	 �en���	 ���e��	 �#

in�e��!�ing	 /i�h	 -h��i!��	 �"Ge!��,	 �n�	 �h��e	 �en���	 ���e��,	 �i.e	 �u�

�u�!�e	�e���ie�,	 i��e�i��e��	 �e���	 u�	/h��	 i�	 �##����	 "�	 i��	 �h�-e0	A�

#�un�	 in	 �he	 �i���	 ��u��,	 e�g�n��i!	 �h�-e	 �e�e���	 i��	 �##����n!e�	 ��

u�e��,	��	/hen	�e�igning	#��	ge��u�e	in�e��!�i�n,	/e	�u��	!�n�i�e�	h�/

�he	 �h�-e	 �##����	 �	 u�e�5�	 h�n�	 ��	 in�e��!�	 /i�h	 i�0	 3��	 e,��-�e,	 �	 "ig

�h�-e	"u���n	u�u����	in�i�e�	-e�-�e	��	-u�h	/i�h	�	#u��	-���,	�n�	i�	�igh�

#ee�	 he���E	/hi�e	 �	 �����	 "u���n	 u�u����	 en!�u��ge�	 �	 u�e�	 ��	 u�e	 �n��

�ne	4nge�	��	-�e��	i�	�igh���0

Figure		3.�:		�	"ig	�h�-e	"u���n	u�u����	in�i�e�	-e�-�e

��	-u�h	/i�h	�	#u��	-���

Figure		3.�:		�	�����	"u���n	u�u����	en!�u��ge�	�	u�e�

��	u�e	�n��	�ne	4nge�	��	-�e��	i�	�igh���
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�onclusion$

&n	 �hi�	 !h�-�e��	 &	 -��-��e�	 �	 #���e/��.	 ��	 �e��n�����e	 h�/	 4�e

e�e�en��	 �##e!�	 �	 ��e�5�	 -e�!ei�e�	 �##����n!e��	 �n�	 ����	 �#	 �he	 �i�e

�e�igne��	nee�	��	!�n�i�e�	�he�	��ge�he�0	&�	i�	�he	!��"in��i�n	�#	�he��

���he�	 �h�n	 �n	 in�i�i����	 e�e�en��	�e4ne�	h�/	�	��e�	-e�!ei�e�	 i�0	1he

ne,�	 !h�-�e��	 /i��	 i�-�e�en�	 �he�e	 e�e�en��	 in��	 !�n�e,��	 �n�

in�e��!�i�n��	�n�	�i�!���	/hen	�n�	h�/	e�!h	�#	�he�	/����	"e	��e#��0
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+rotot�0in�	and	�teratin�	�$	"asic	�nteractions

1he	 ini�i��	 -������-ing	 -��!e��	 ������	 #���	 e,-���ing	 "��i!	 in�e��!�i�n��

in!���ing	-�in��	-�e���	-���	�n�	��i�e01he�	��e	�he	����	!����n��	��e�

in�e��!�i�n�	 �h��	 &	 i�en�i4e�	 �h���gh	 ��	 in������	 �e�e��!h	 �n�	 �i���

�����0	 1he	 in�igh��	 �#	 �he�e	 "��i!	 in�e��!�i�n�	 /i��	 ���	 �	 #��n���i�n	 #��

���e	 !��-�e,	 ge����e	 in�e��!�i�n�	 in	 �he	 #����e	 �����	 ��	 �##���

�--�i!��i�n�	in	���i���	!�n�e,��0	&n	�hi�	!h�-�e��	&	/i��	�i�!���	�he	-��!e���

i�e���i�n��	 �n�	 �h��gh��	 "ehin�	 e�!h	 in�e��!�i�n	 �e�ign0	 ;��	 ���	 �#	 �he

in�e��!�i�n�	 ��e	 ��!!e��#���	 "��	 i�	 i�	 �h��e	 #�i���e�	 �h��	 ��e	 e�en	 ���e

�����"�e	#��	g�ining	in2�e-�h	in�igh���	/hi!h	/i��	���e�	���n	in��	high2�e�e�

�e�ign	�e!���en���i�n�	��i�ing	#����e	�e�e��!h0

�nteraction	2

+oint	/it1	an	inde5	@n�er

��in�ing	 /i�h	 �	 �h��"	 i�	 �ne	 �#	 �he	 ����	 n������	 �n�	 #�eB�en�2��e�

ge����e�	 in	 ���	 ��i��	 �i�e�0	 1hi�	 !�n!e-�	 "�ig�	 �he	 -�in�ing	 in�e��!�i�n

in��	�90	���h��gh	�he	ge����e	 i�	-���e�	��	"e	 in��i�i�e	 ��	����	��e���	 i�

����	h��	�	#e/	���/"�!.�	hin�e�ing	i�	#���	"eing	�n	e##e!�i�e	in�e��!�i�n

#��	�9	ge������	in�e�#�!e0

3i����	 �	 �i���e	 �in��	 in�!!���!�	 �#	 �he	 h�n�	 ���!.ing	 /����	 ��.e	 �he

-�in�ing	 #ee��	�n���i�#�ing0	 e!���e	 �he	-�in�ing	�i�e!�i�n	 i�	 !��!����e�

/i�h	�he	!�nne!�i�n	#	in�e,	4nge�	G�in���	��	/hen	�h���ing	�	����	�	�����

�e�i��i�n	/i��	en���ge	��e�	�he	��ng	�i���n!e0	��	�	�e�����	�	�i���e	Gi��e�ing

�#	h�n�	��!.ing	!�n	!���e	������i!��	e����i!	���i�n�	/hen	i�	�e�!he�	��

�	���ge�	�"Ge!�0	

Se!�n��	�hi�	ge����e	 i�	��e#��	/hen	!��"ining	/i�h	�n��he�	ge����e	#��

�e�e!�i�n�	"��	/hi�e	�	��e�	 i�	-e�#���ing	�hi�	ge����e�	�n�	���e�en�	�#

��he�	 4nge��	 /i��	 �##e!�	 �he	 ��ien���i�n	 �#	 ���	 in�e,	 4nge��	 �n�	 i�

"e!��e�	 #�������e�	 ��	 �e�e!�	 �	 ���ge�	 �!!����e��0	 1h��	 "eing	 ��i��	 �hi�

i���e	 ���	 "e	 ����e��e�	 /i�h	 ����i2�����	 in�e��!�i�n�	 ��!h	 ��	 ��ing

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

�����������������
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Figure		4.1:		�rotot��e	o&	�ointing	with	an	inde�	6nger

in	$�
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��i!e	�n�	�he	-�in�ing	ge��u�e	��ge�he�0

3in����,	/e	�u��	�e��ize	�h��	�hi�	ge��u�e	!�n	e��i��	!�u�e	�	u�e�5�	h�n�	��

"e!��e	#��igue�	��e�	�i�e,	/hi!h	i�	�	��G��	���/"�!.	�n�	��.e	i�	�e��

u��"�e	#��	#�eBuen�	��	��ng2�i�e	in�e��!�i�n�0	1hi�	4n�ing	���/�	���en�i�n

��	 �he	 i��ue	 �#	 u�e��5	 !��#���	 in	 ge��u���	 in�e�#�!e	 �e�ign0	 &�	 i�	 e���	 ��

neg�e!�	 �he	 #�!�	 �h��	 !e���in	 ge��u�e�	 n��u�����	 ��e	���e	 #��iguing	 �h�n

��he��0	 1h��	 i�	 n��	 ��	 ���	 /e	 h��e	 ��	 gi�e	 u-	 �h��e	 ge��u�e�,	 "u�	 ��

e���u��e	�he	u��ge	#�eBuen!�,	in�ui�i�ene��	�n�	�i�e�ne��	�#	�he	ge��u�e

"e#��e	��.ing	�	�e�ign	�e!i�i�n0

Interaction	6	

+ress

��e��	i�	!����n��	u�e�	#��	"u���n�	��	��he�	��-e�	�#	�e�e!�i�n�0	We	!�n

������	 �eu�e	 �he	 -�in!i-�e�	/e	 �e��ne�	 #���	>%&	 �e�ign	 #��	 �e�igning

�hi�	in�e��!�i�n0	8ne	�#	�he	�i##e�en!e�	in	A9	in�e��!�i�n	i�	�h��	�he	��u�e

h��e��	����e	 ��igge�	/i��	"e	 �e-��!e�	��	h�n�R4nge�	-��,i�i��0	1hen	/e

!�n	 �--��	 �he	 P4�e	 e�e�en��	 #���e/��.Q	 ��	 ���i#�	 e�!h	 ����i"u�e�	 ��

!���uni!��e	 �i�u��	 ��	 �u�i�	 !ue�	 #��	 �he	 -��,i�i��	 #ee�"�!.,	 �u!h	 ��

!h�nging	!����	��	�h��ing0	

An��he�	 �igni4!�n�	 �i��in!�i�n	 i�	 �he	 �"�en!e	 �#	 ��!�i�e	 �n�	 h�-�i!

#ee�"�!.0	A	u�e�	-�e��e�	�	�i��u��	"u���n	 in	�he	�i�0	 &n	�hi�	!��e,	�e��i��i!

���i�n	 @e0g0	 �	 "u���n	 -u�he�	 ��/n	 /hen	 -�e��e�	 �n�	 -�-2u-	 /hi�e

�e�e��e�A	�n�	�u�i�	e##e!�	!�n	en�i!h	�he	e,-e�ien!e	g�e����0	���e��e�,

/e	!�n	-��!e	�	�i��u��	"u���n	�n	��-	�#	���i�	�u�#�!e�,	��	�h��	�he	��-	�n

�he	�u�#�!e	/i��	!�e��e	��!�i�e	#ee�"�!.	��	�e!ei�e	�	u�e�5�	-e�!e-�i�n0Figure	4.3:	�ress	�rotot��e
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Figure	4.2:		�ointing	with	an	inde�	6nger	is	one	o&	the	most	natural	and

&re;uent�used	gestures
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�nteraction	8

+ull

1he	 -���	 in�e��!�i�n	 ini�i����	 !��e�	 #���	 �	 -h��i!��	 !he��	 �#	 ���/e��0	�

h�n��e	��	�	n��!h	!����ni!��e�	!�e��	�##����n!e�	�#	-���ing0	8#�en�	�he

�h�-e	 i�	 e�g�n��i!����	�e�igne�	 #��	���	h�n���	 �n�	��	��	�i���	 �����

�h�/�	 �h��	 �he	 e�g�n��i!	 �h�-e	 �e�e���	 �he	 �##����n!e�0	We	 !�n	 ����

�e�e��ge	i�	in��	�n	�9	in�e�#�!e	�e�ign0

&n	 �he	�e�n�i�e�	 �he	 h�n��e	 ����	 e����e�	 i��	 �igi���	 #����	 in	>%&0	8ne

#����i�e	e,��-�e	i�	�he	�en�	"��	��	�he	"�����	�#	i�h�ne	T0	 �	���gging

��	-���ing	 i�	�-/�����	 i�	 ��.e�	��e��	"�!.	 ��	 �he	h��e	�en�0	We	!����

��i��	�e�e��ge	�he	�##����n!e�	�h��	-e�-�e	�e��n	�h���gh	�	�igi���	in�e�#�!e

��	in#���	�9	in�e��!�i�n	�e�ign0

1he	 ini�i��	 �e�ign	 !�n!e-�	 h��ne��e�	 �he	 #��i�i��i��	 #���	 -���ing	 �

"��.���.0	3��	-��,i�i��	#ee�"�!.�	�he	�eng�h	�#	�he	h�n��e"��	e,�en��

/hen	 �	 ��e�5�	 h�n�	 ge��	 !���e0	 Se�	 in	 �n��he�	 i�e���i�n�	 ��	 ��.e	 �he

h�n��e"��	�i������	��"��e	�n�	�e��	�"����i�e�	&	�e�igne�	�	�����	�e!��ng�e

"��	�i��ing	���ng	/i�h	�he	in�e��!�i�e	�"Ge!��	G���	�i.e	�he	h�n��e"��	��	�he

"�����	�#	�he	i�h�ne	T0

Figure	4.4:	�ro�imit�	&eed�ac8	o&	�ull	interaction

Figure	4.5:	�ulling	out	content
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�n	 in�e�e��ing	 4n�ing	 #���	 �hi�	 in�e��!�i�n	 i�	 �h��	 �he	 �ize	 �#	 �he

h�n��e"��	 �##e!��	 h�/	 �	 ��e�	 g���-�	 i�0	 %�e��	 �������	 !�n�i�e�	 �	���e

e,�en�i�e	 ��	 ��nge�	 h�n��e"��	 �eB�i�e�	 �	 #���	 h�n�	 ��	 g���-�	 /hi�e	 �

�h���e�	�ne	4��	"e��e�	/i�h	 �	 4nge�	 �ize�	/hi!h	����/�	 �he�	 ��	g��"	"�

�h��"	�n�	in�e,	4nge�	/i�h	�	-in!h	ge����e0	Whi�e	�e!hni!����	�-e�.ing�

�	-in!h	ge����e	i�	e��ie�	��	"e	�e�e!�e�	�!!����e���	��	en!����ging	��e��

��	 ��e	 �	 -in!h	 ge����e	 ��	 g��"	 �n�	 -���	 �igh�	 "e	 �n��he�	 �e�ign

!�n�i�e���i�n0

Figure	4.�:	the	si<e	o&	the	handle�ar	a&&ects	how	a	user	gra�	it
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Interaction	:

#lide

S�i�ing	�##����	��Gu��ing	�he	���u�e,	�u!h	��	���i#�ing	�he	"�igh�ne��	�#

�	 �igh�0	 1he	 4���	 in�ui�i�n	 i�	 ��	�i�i!	 �	 -h��i!��	 ��i�e�	 in��	 A9	 �i�e!���0

6�/e�e�,	���n	�#�e�	-������-ing,	i�	i�	�e��	n��i!e�"�e	�h��	�he	in�e��!�i�n

��e�	 n��	 #ee�	 ���i�#�ing	 �ue	 ��	 �he	 ��!.	 �#	 h�-�i!	 #ee�"�!.0	When	 /e

in�e��!�	/i�h	�	-h��i!��	��i�e�,	�he	��i�e�	"u���n	�##e��	�	-��!e	��	�u--���	�

u�e�5�	4nge��,	�n�	�	�e�i��ing	#��!e	e��e�	�he	4nge��	���e�en�	����/ing

�!!u���e	 ���i4!��i�n0	 8n	 �he	 ��he�	 h�n�,	 �i�u���ing	 �he	 e,�!�	 ���e

in�e��!�i�n	in	A9	�e�n�	�h��	�	u�e�	 i�	h���ing	u-	hi�	��	he�	h�n�	in	�he

�i�0	Wi�h�u�	 �	-��!e	 ��	 �e��	hi�	��	he�	h�n�,	���e	e����i!	���i�n	�#	 �he

h�n�	 ��.e�	 i�	 ��ugh	 ��	 !�n����	 -�e!i�e��0	 A��i�i�n����,	 u�e��	 #ee�	 �e��

���u�e�	�"�u�	�he	in�e��!�i�n	�ue	��	�he	��!.	�#	��!�i�e	#ee�"�!.0

A�	 �	 �e�u��,	 �he	 ��i�e	 in�e��!�i�n	 i�	 �hen	 in�-i�e�	 "�	 <e�-	���i�n	 F$��

=,-���e�F	 @2(1?A	 �n�	 u�e�	 �	 -in!h	 ��i�e�	 ��	 ����e��	 �h��e	 i��ue�0	 1he

-in!h	 ��i�e�	 4�����	 �##e��	 -��,i�i��	 #ee�"�!.	 ��	 �	 u�e�C�	 4nge�

�--���!he�,	�n�	�	�����	�-he�e	@h�n��eA	/i��	�--e��	"e�/een	hi�	�hu�"

�n�	in�e,	4nge�	��	en!�u��ge	�he�	��--ing	�n	e�!h	��he�	�n�	�Bueeze

i�0	8n!e	 �	 u�e�	 e,e!u�e�	 �	 -in!h	 ge��u�e,	 �he	 ��i�e�	 "��	/i��	 #����/	 �he

u�e�C�	 -in!h	 -�in�	 in	 �	 �ing�e	 �,i�	 @u�u����	 S2�,i�A	 /i�h	 �he	 e��e2in

���n�i�i�n	 un�i�	 �he	 -in!h	 i�	 �e�e��e�0	 1he	 -in!h	 in�e��!�i�n	 -���i�e�

���i�i�n��	h�-�i!	#ee�"�!.	"�	en!�u��ging	�	u�e�C�	4nge�	��	��-	�n	e�!h

��he�,	�n�	i�	��.e�	�he	in�e��!�i�n	#ee�	���e	���i�	�n�	!�n!�e�e0	A���,	�he

e��e2in	���n�i�i�n	�e�u!e�	�he	e##e!�	�#	4nge��C	e����i!	���i�n,	��.ing	i�

���e	-�e!i�e	�n�	e���	��	!�n����0	

Interaction	;

!ransition	fro�	1and	vie/	to	/orld	vie/

&n	 A9	 in�e��!�i�n�,	 ���e�i�e�	 �	 u�e�	 /�u��	 �i.e	 ��	 h��e	 �	 �h���!u�	 ��

�!!e��	 #�eBuen���	u�e�	 #un!�i�n�,	 �u!h	��	n��ig��ing	"�!.	 ��	 �he	h��e

�enu	��	-���ing	�n�	-�u�ing	�	-ie!e	�#	�u�i!	��	�i�e�0	Whi�e	 in	��he�

�i�u��i�n�,	�he	in�e��!�i�e	%&	nee��	��	4,	��	�	�-e!i4!	-��!e	in	�he	����0	&�

ei�he�	 "ui���	 �he	 �e���i�n�hi-	 /i�h	 �	 -���i!u���	 -h��i!��	 �e�i!e	 �n�

en�i��n�en�,	 ��	 i�	 he�-�	 �	 u�e�	 ��	 �e�e�"e�	 /he�e	 i�	 i�0	 1he�e#��e,

����/ing	 �he	 %&	 -�ne�	 ��	 �/i�!h	 "e�/een	 h�n�	 �ie/	 ��	 /����2�ie/	 !�n

!�e��e	�	�e���e��	���n�i�i�n	"e�/een	�he	�/�	���e�0	

1hi�	 !�n!e-�	 en�"�e�	 �he	���e	 �/i�!h	 "e�/een	/����2�ie/	 �n�	 h�n�2

�ie/0	When	�	u�e�5�	h�n�	ge��	!���e	��	�	�u�#�!e,	�u!h	��	�	��"�e,	�	"u���n

�n	 �he	 "�!.	 �#	 hi�	 h�n�	/i��	 �--e��	 ��	 in�i!��e	 �he	 ���i��"�e	 ����e0	  �

u�ing	 �he	��he�	h�n�	 ��	 ��-	�n	 �he	"u���n,	�	u�e�	!�n	�/i�!h	 �he	�ie/�

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAA

Figure	4.�:	�in�h	slider	uses	a	small	handle	in	�etween

inde�	6nger	and	thum�	&or	�ro�imit�	&eed�a�8

Figure	4.�:	se;uen�e	o&	transitioning	hand	�iew	to

world	�iew
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Figure	4.�:	a	�irtual	slider	that	mimi�s	real�world

�h�si�al	slider



	41	

"�!.	�n�	#���h0	8ne	�	�����eg�	��	-��!e	�he	%&	-�ne�	i�	��	4n�	�he	!���e��

-�in�	#���	�	��e�5�	h�n�	��	�he	���i��"�e	���#�!e0

1hi�	�e�ign	e����e�	�	ne/	!�n!e-�	�#	/����2�ie/	�n�	h�n�2�ie/�	��	/e

!����	 ����	 !���	 i�	 /����2��!.e�	 �n�	 h�n�2��!.e�0	 6�n�2��!.	 �e�n�

��!.ing	���e�hing	 ��	���	h�n��	 �i.e	�	/��!h�	��	�	 �ing	/e	��e	/e��ingE

/he�e��	 /����2��!.e�	 i�	 �he	 �--��i�e�	 �e!��ing	 i�	 ��	 �he	 �!����

en�i��n�en�	 ������n�	 ��0	 &n	 �he	 ����	 !h�-�e��	 �he�e	 i�	 �	 �e��i�e�

�e�!�i-�i�n	�#	�he	�/�	�e��in���gie�0	

3��	�he	/����2�ie/�	 i�	he�-�	�	��e�	��	�en�����	"�i��	�e���i�n�hi-�	�#	 �he

%&	 �n�	 i��	 -h��i!��	 en�i��n�en�	 ��	 �e�i!e�0	 3i���5�	 <�/	 !�n	 -�����	 "e

�--�ie�	he�e�	/he�e	�	!���e�	�i���n!e	"e�/een	�	�i�����	%&	e�e�en�	�n�	�

-h��i!��	�e�i!e	�e�e���	�hei�	�e���i�n�hi-�	�n�	i�	i�	�e���n�"�e	��	�����e

�h��	�he�	��e	!�nne!�e�0	8n	�he	!�n������	-��!ing	�	%&	-�ne�	#��	#���	i��

!�n�����e�	�e�i!e	���	!���e	���e	!�n#��i�n0	

6�n�2�ie/	 ����/�	 �	 ���e	 !���e2�-	 in�e��!�i�n�	 �n�	 i�	 /i��	 ���e	 ���ng

/i�h	���	h�n���	#����/ing	��	/he�e�e�	/e	g�0	Sin!e	i�	"e!��e�	�	-���	�#

���	"��ie��	 ��	 i�	 i�	�������	e���	�n�	B�i!.	 ��	�!!e��0	 ��	 i�	 �h����	�n��

�i�-���	 /hen	 ne!e�����0	 3��	 e,��-�e�	 /e	 !����	 �h�/	 i�	 /hen	 �	 ��e�5�

-���	 i�	 #�!ing	 hi�	 he��0	 1�	 "e��e�	 �n�e����n�	 �he�e	 �/�	 !�n!e-���	 /e

!����	��e	��	�n	�n���g�	�he	h�n�2��!.	��	�he	��!.	�n	�	�e�.��-	����e�0

;�	����e�	h�/	/e	���e	�--�i!��i�n	/in��/��	 �he	��!.	��/���	�����	��

�he	"�����	 @�e-en��	�n	 �	 ��e�5�	 -�e#e�en!eA	 ����/ing	B�i!.	 �!!e��0	 &n

�he	 ���e�	 !h�-�e��	 �he�e	/i��	"e	���e	�i�!���i�n	�n�	!�n�e,�	�#	 �he	 �/�

���e�	�#	in�e��!�i�n�0

�nteraction	<

!ransition	o�er	distance

1he	 ge������	 ��e�	 in�e�#�!e	 i�	 �������	 �e�igne�	 #��	 ���2�e�!h�"�e

�i���n!e�	�h��	/e	nee�	��	!�n�i�e�	�he	�!!e��i"i�i��	/hen	�	��e�	in�en��

��	 !�n����	 �	 �e�i!e	 in	 �	 �i���n!e0	 �	 ����igh�#��/���	 �����i�n	 i�	 ��

���n�i�i�n	�he	in�e��!�i�e	%&	!���e	��	�he	��e�	/hen	i�5�	nee�e�0

$��"ining	�he	e�e	g�ze	/i�h	�he	h�n�	��ien���i�n	�igh�	"e	�	�����i�n0

Whi�e	�	��e�	i�	 ���.ing	��	�	-���i!����	�e�i!e�	�n�	hi�	h�n�	i�	#�!ing	�he

���e	�i�e!�i�n�	�he	%&	/i��	���n�i�i�n	�igh�	in	#��n�	�#	�he	��e�5�	h�n�0	1he

in�e��!�i�e	%&	 �����	�n�i�	 ei�he�	 �he	��e�	 ���.�	��	 �	�i##e�en�	�i�e!�i�n	��

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

�����������������

Figure	4.1�:	transition	an	=>	�anel	o�er	distance	&or

eas�	access
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-u��	��/n	hi�	h�n�	#�!ing	��he�	��ien���i�n�0	

8ne	�#	�he	!h���enge�	in	�hi�	!�n!e-�	 i�	��	�"��in	e�e	g�ze	in#�����i�n

-�e!i�e��0	 $u��en���,	 �he	 -������-e	 ��e�	 n��	 in!�u�e	 e�e2���!.ing

�e!hn���g�,	��	i�	�n��	u�e�	�	���!���ing	#���	�	u�e�5�	he��	��ien���i�n	��

�e�e!�	 �he	 e�e	 g�zing,	 /hi!h	 i�	 n��	 en�i�e��	 �!!u���e0	 8ne	 �e�h��	 ��

!��-en���e	 /i�h	 �he	 in�!!u��!�	 i�	 /hen	 �	 u�e�5�	 e�e	 g�ze	 i�	 !���e

en�ugh	 ��	 �n	 in�e��!�i�e	 �"Ge!�,	 ���u�ing	 �h��	 �	 u�e�	 i�	 ���e�-�ing	 ��

in�e��!�	 /i�h	 i�0	 6�/e�e�,	 �hi�	 -��"�e�	 �igh�	 "e	 �e����e�	 /i�h	 �he

i�-�e�en���i�n	�#	e�e2���!.ing0

A��i�i�n��,	���i�ing	��igge�ing	�he	���n�i�i�n	�!!i�en�����	i�	e��en�i��0	We

!�u��	 -���i�e	 �i�u��	 !ue�	 #��	 �	 u�e�	 /hen	 �he	 ����e�	 �e�e!��	 he	 i�

���.ing	 ��	 �n	 in�e��!�i�e	 �"Ge!�0	 3��	 e,��-�e,	 -�--ing2u-	 �	 �����

in#�����i�n	 %&	 /i�h	 �u"��e	 �ni���i�n	 ��	 ���/	 �	 u�e�5�	 ���en�i�n	 i�	 �n

e##e!�i�e	�--���!h0

3u��he����e,	 �hi�	 in�e��!�i�n	�igh�	 #ee�	 !u�"e����e	 i#	 �	 u�e�	 in�e��!��

/i�h	�e�e���	�e�i!e�	!���e	��	e�!h	��he�,	e�-e!i����	 i#	�u��i-�e	%&	-�ne��

L�ing	��	�	u�e�	��ge�he�0	 e�i�e�,	�hi�	!�n!e-�	!�n	�##e�	�	u�e�	��	h��e	�

!���e2u-	 e,��in��i�n	 �#	 �he	 �e��i�	 in#�����i�n	 �n�	 !��-�i!��e�

in�e��!�i�n�0	

%indings	and	Insig1ts

1h��ugh	 �he	4���	 ��un�	�#	-������-ing	�n�	 �e��ing,	 &	 ��n�he�ize�	�	 #e/

high2�e�e�	in�igh��	�h��	in#���e�	��	���e�	�e�ign	-��!e��,	�n�	�igh�	����

"e	gene�����	�--�i!�"�e	��	��he�	��-e�	�#	ge��u���	in�e��!�i�n	�e�ign0

O	 	-estural	 intera�tion	design	should	�onsider	not	onl�	 the	 intuiti�eness

o&	the	gesture*	�ut	also	the	�om&ort	le�el	o&	the	gesture*	and	tr�	to	a�oid	a

gesture	that	is	li8el�	to	�ause	&atigue	o�er	time4	

O	 	%ro�imit�	 &eed�a�8	 ,e4g4*	 �hanging	 s�ale*	 �olor0	 are	 �er�ei�ed	 as	 the

analog	 to	 the	 ho�er	 state	 in	 -=>*	 and	 it	 �an	 �ro�ide	 users	 with	 �isual

,sound0	�ues	&or	ne�t	a&&orda�le	a�tions4

O		�n�ouraging	user7s	6ngers	to	ta�	on	ea�h	other*	or	tou�h	on	a	�h�si�al

sur&a�e	�an	�ro�ide	additional	ha�ti�	&eed�a�8*	and	ma8e	the	intera�tion

&eel	more	�on�rete	and	solid4

Figure	4.11:	when	a	user7s	e�e	ga<e	is	�lose	enough	to

an	intera�ti�e	o�)e�t*	assuming	that	a	user	is	attem�ting

to	intera�t	with	it
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O	 	 #he	 lac8	 o&	 tactile	 &eed�ac8s	 ma�	 cause	 some	 erratic	 motion*	 �ut

adding	a	mediator	,	li8e	a	handle�ar0	could	ease	the	trac8ing	inaccurac�

and	hand	 )ittering*	ma8ing	 the	 interaction	 &eel	more	natural	and	eas�	 to

control4

O	 	 ?and	 interaction	 is	 usuall�	 designed	 &or	 arms	 reached	 close�range

interaction*	 thus	 transitioning	 the	 interacti�e	=>	 to	arm�reached	s�ace	 in

time	can	ma8e	the	=>	more	accessi�le4
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���!�,!&A��-A!���	A� 	A++���A!���

1he	 4���	 ���n�	 �#	 in�e��!�i�n�	 ��in��	 !�n!en����e�	 �n	 �he	 "��i!

in�e��!�i�n��	/hi�e	 �he	�e!�n�	���n�	���e�-��	 ��	eng�ge	/i�h	�e��n�i!

!�n�e,��	 �n�	 -���	 �he	 "��i!	 in�e��!�i�n�	 in��	 �--�i!��i�n�0	 1hi�	 !h�-�e�

/i��	 �i�!���	 ���e	 �he	 �--����ni�ie�	 �n�	 !�n����in��	 �#	 in�e��!�ing	 /i�h

����i-�e	 �e�i!e��	 in!���ing	 �	 �����	 �-e�.e��	 �����	 �igh���	 !��-��e�

�i�-�����	 �n�	 ��"�e��0	 1he	 in�e��!�i�n�	 ��e	 ei�he�	 �e�e��-e�	 #���

-�e�i���	!�n!e-��	��	ne/	�e�ign	-����ig��	�h��	����e��	�he	-��"�e��

�i##e�en���0	

�nteraction	A

�ra4	.	+lace

>��""ing	�n�	-��!ing	�	�i�����	�"Ge!�	 i�	 in��i�i�e�	"��	�n�i.e	g��""ing	�

�e��	 �"Ge!��	 g��""ing	�	 �i�����	 �"Ge!�	��e�	n��	�##e�	 �n�	 �e��	 #ee�"�!.�

e0g0�	 #��!e�	 h�-�i!	 ��	 ��!�i�e�	 ��	 ��he�	 e�e�en��	 #���	 �he	 -�e�i�����

-��-��e�	 P4�e	e�e�en��	 #���e/��.Q	 !�n	 ��	"e	 �	 h�n�#��	 ��	 en�i!h	 �he

e,-e�ien!e�	��!h	��	��ing	���n�	��	!��-en���e	#��	��!�i�e	#ee�"�!.0

��	ini�i��	�e�ign	��e�	�	"��n�ing	"�,	#��	-��,i�i��	#ee�"�!.�	"��	����

��e��	!��-��in	�"���	i��	�i����	�i����!�i�n�	/hi!h	��"���ge�	�he	-�in!i-�e

�#	 in�i�i"i�i��	 �i�!���e�	 in	 �he	 4���	 !h�-�e�0	 ��	 ��!h�	 �he	 ���e�	 i�e���i�n

-i����	��	�	���e	��"��e	g��/ing	����ine�	"��	��i��	.ee-�	�he	!��ne�	�#	�he

"��n�ing	 "�,	 ��	 �he	 g��""ing	 ����e�	 �n�	 i�	 i�	 -���e�	 ��	 "e	 B�i�e

e##e!�i�e	#��	!����ni!��ing	�he	���e�"i�i��	�#	�he	g���-e�	�"Ge!�0	

>��""ing	 �n�	 -��!ing	 !�n	 n��	 �n��	 �--��	 ��	 �i�����	 �"Ge!��	 "��	 ����

en�"�e	��e#��	in�e��!�i�n�	#��	-h��i!��	�e�i!e�0	8ne	e,��-�e	i�	��	-��!e	�

�i�����	 3�	 ���i!	 i!�n	 �n��	 �	 �����	 h��e	 �-e�.e�	 ��	 -���	 �	 -ie!e	 �#

���i!0	 &	����!he�	�	-�e�e4ne�	 i��ge	���.e�	�n	�	$�	!��e��	��	 �he	�9

!��e��	 !�n	 �e!�gnize	 �he	 !��e��	 �n�	 �i�-���e�	 �	 �e���e�	 3�	 i!�n0

���!ing	 �	 3�	���i!	 i!�n	 �n��	 �	 �����	 �-e�.e�	 he�-�	 �	 ��e�	 ��	 "�i��	 �

!�n!e-����	�e���i�n�hi-	�#	h�/	�	-h��i!��	�"Ge!�	@�	$�	!��e�A	���n�	in��

i��	�igi���	�e-�e�en���i�e	@�	3�	���i!	i!�nA�	�hen	i�	��igge��	�	�igi���	e�en�

@	 -���ing	 �	 -ie!e	 �#	 ���i!A	 #���	 �	 -h��i!��	 �e�i!e	 @�	 �����	 �-e�.e�A0

���h��gh	 i�	 i�	�e��	 �e!h	he���	�n�e�ne��h�	 �he	�e��-h��	�#	g��""ing	�

$�	�n�	-��!ing	in��	�	$�	-���e�	he�-�	�	��e�	��	!�n�e,����ize	i�	-��-e���0

���i��e����	 ��n�	 �e��e�	 ��e��	 ��	 n��	 �i�!��e�	 �he	 in�e��!�i�n	 ini�i�����

"��	i�	"e!��e�	�e�#2e,-��n�����	�#�e�	�he	4���	��i��	��	�	�h���	in����!�i�n0	

1hi�	 �--���!h	 ��.e�	 �	 �e��2�i#e	 -h��i!��	 e,-e�ien!e	 ��	 �	�e��-h��	 �n�

��e�	i�	�igi�����	��	in#���	�n	�!�i�n	�h��	�n���g�	i��	-h��i!��	!��n�e�-���0

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

�����������������

Figure	5.1:	initial	design	uses	a	�ounding	�o�	&or

�ro�imit�	&eed�ac8

Figure	5.2:	a	su�tle	glowing	outline	then	re�laces	the

�ounding	�o�	to	ma8e	it	less	distracting
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1hi�	 -����ig�	���	 �-en	 u-	��n�	 ne/	 /���	 �#	 h�/	 /e	 in�e��!�	 /i�h

-h��i!��	�n�	�igi���	in#�����i�n	��ge�he�	in	A90		

Interaction	B

Mirror	1and

8--��e�	 ��	 �he	 P���n�i�i�n	 %&	 -�ne�Q	 in�e��!�i�n	 �i�!u��e�	 in	 �he

-�e�i�u�	!h�-�e�,	�n��he�	/��	��	in�e��!�	/i�h	�	�e�i!e	in	�	�i���n!e	i�	��

!�e��e	 �	 �i����	 h�n�	 ��	 �he	 ���ge�	 �e�i!e0	 Ie��	 �i�i�����	 ��igge�

!�n�i�i�n�,	 !��"ining	/i�h	 �he	e�e	g�ze	�n�	h�n�	�i�e!�i�n,	/e	!�u��

4���	�i�-���	�n	in�e��!�i�e	%&	ne,�	��	�he	���ge�	�e�i!e,	�n�	���n�i�i�n	�u�

�i����	h�n�	��	i�0	Sin!e	�he	�i����	h�n�	���e�	�n�	"eh��e�	�!!���ing��

��	�	u�e�5�	�!�u��	h�n�	�i�u���ne�u���,	i�	������	#ee��	�i.e	�n	e,�en�i�n	�#

�u�	h�n�	�n�	/��.�	�e��	in�ui�i�e��0	

1hi�	!�n!e-�	!�n	!���	"�!.	��	�he	u��ge	�#	�	��u�e0	A��h�ugh	�	��u�e

!u����	�n�	�	u�e�5�	h�n�	���e�	in	�i##e�en�	�-�!e	e�en	in	�i##e�en�	�,e�,

�he	!�n����	i�	��i��	-e�!ei�e�	��	"e	�e�-�n�i�e0	1h��	"eing	��i�,	�he	�i����

h�n�	��e�	n��	/��.	/e��	 i#	 �he	 ���ge�	�e�i!e	 i�	 ���	 #��	�/��,	"e!�u�e	 i�

�igh�	"e	!h���enging	��	�ee	�he	%&	-�ne�	!�e����	��	��.e	-�e!i�e	�e-�h

Gu�g�en�	in	�u!h	�	��ng	�i���n!e0

Interaction	C

+ulling	a	�odel	out	of	a	co�0uter	dis0la�

�u��ing	 �	 �hing�	 �u�	 !�n	 �e��-h��	 �	 !h�nge	 �#	 ����u�0	 3��	 in���n!e,

-u��ing	�	���/e�	�u�	�e�n�	�n	 i�e��	-�e�i�u���	hi��en	 in�i�e	��e	n�/

���i��"�e	#��	g��"�0	�u��ing	�	����	�-en	����/�	u�	��	�!!e��	�	����,	�n�

�he	����u�	�#	�	����	!h�nge�	��	/e	-u��	 i�0	S�	 �he	 in�e��!�i�n	�#	-u��ing

��ign�	/i�h	�u�	e,i��ing	�en���	���e��	�#	�/i�!hing	����u�	"e�/een	�/�

���e�	 2	 in�i�eR�u��i�e	 ��	 �-enR!���e0	 1he�e#��e,	 �hi�	 !�n!e-�	 u�i�ize�

�hi�	�e��-h��	��	�##���	�/i�!hing	���e�	"e�/een	�!�een	�-�!e	@in�i�e	�

�i�-���A	�n�	�u�	-h��i!��	en�i��n�en�@�u��i�e	�	�i�-���A0

A	 u�e�	 !�n	 -u��	 �u�	 �	 3�	 ���e�	 #���	 �	 !��-u�e�	 �i�-���	 �h��	 he	 i�

!u��en���	/��.ing	�n,	�n�	-��!e	i�	in	�he	�e��	en�i��n�en�	��	�ie/	i�	�h�ee2

�i�en�i�n����0	 �u��ing	 �!�i�n	 !�n	 !���uni!��e	 �he	 ���e	 !h�nge�

"e�/een	 �i##e�en�	 �e�i!e�,	 �n�	 i�	 #�!i�i���e�	 ��	 e��e	 �he	�en���	 ����	 �#

/��.ing	/i�h	�u��i-�e	����e��0	

;��e	�h��	 in	 �hi�	 in�e��!�i�n,	 in�i!��ing	�he	���e	!h�nge�	 i�	!�i�i!��0	��

�--���!h	i�	��	!h�nge	�he	�h��ing	�n�	!����	�#	�he	3�	���e�	in�i�e	�he

�!�een	/hi�e	�	u�e�	i�	-u��ing	i�0	 �	��.ing	�he	���e�	in�i�e	���n�-��en�,

�he	�i�-���	!�n�e��	�	�e�ning	�#	����	��	�i��"�e�,	�n�	i�	he�-�	�	u�e�	��

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAA

%igure		;38$		mirror	hand	intera�tion	allows	a

user	to	�ontrol	a	de�i�e	o�er	distan�e

%igure		;3:$		se;uen�e	o&	�ulling	a	@A	model

out	o&	s�reen	to	real�world	en�ironment

$8;1=T1%A<&7A1&8;	H	A��<&$A1&8;



	4+	

"�i��	�	�en���	 !�nne!�i�n	�#	hi�	�!�i�n	�n�	 �he	 �e����0	 �	h��ne��ing	�

-h��i!��	 �##����n!e	 �#	 -���ing	 �n�	 i��	 �e��-h��i!	 �e�ning�	 /e	 !����

he�-	�	��e�	��	�n�e����n�	�hi�	�n#��i�i��	/��	�#	�/i�!hing	���e	#���	�

!��-��e�	�i�-���	��	�9	�-�!e0

�nteraction	2D

+ullin�	stic9�	notes	out	of	a	ta4let	

<i.e/i�e	-���ing	�	���e�	#���	�	�i�-����	�	�i�i���	�--���!h	!�n	�--��	��

�/i�!h	���e�	"e�/een	�	��"�e�	@e0g0�	�n	i���A	�n�	�he	�9	�-�!e	��	/e��0	

���/ing	 ��	 /�i�ing	 �	 ��i!.�	 n��e	 in	�9	/i�h	 ge����e�	 i�	 �i#4!���E	 �h��	 �

��"�e�	 !�n	 !��-en���e	 #��	 i��	 �i�i���i�n�	 �n�	 !�e��e	 �	 ���e	 ���i�#�ing

�.e�!hing	 e,-e�ien!e0	 8n	 �he	 !�n������	 -��!ing	 �n�	 ����nging	 ��i!.�

n��e�	#��	�en�e	��.ing�	�i.e	�#4ni��	�i�g����ing�	�n	�	2�	�!�een	i�	B�i�e

�i�i�ing�	 "��	 !�n��!�ing	 i�	 in	 3�	 �-�!e	 i�	 ��!h	 ���e	 �ige��i"�e	 �n�

����/�	 �e�e��-ing	 �e���i�n�hi-�	 �!����	 ���i���	 -ie!e�	 �#	 in#�����i�n

e��i��0	 $��"ining	 �he�	 �ee��	 �n	 �"�i���	 !h�i!e�	 "��	 �he	 B�e��i�n	 i�

h�/	��	��.e	�he	in�e��!�i�n	�n�	���n�i�i�n	�e���e����U

&n	�hi�	in�e��!�i�n�	�	�����	h�n��e"��	�i��	��i�e	�#	�	��"�e��	�n�	�	��e�	!�n

g��"	�n�	-���	 i�	���	�#	 �he	 ��"�e��	 G���	 �i.e	/e	-���	�	"��.���.	���	�#	�

"��.0	���e��e��	�he	��i!.�	n��e	in�i�e	�he	��"�e�	����	���e�	�!!���ing	��

�he	-���ing	�!�i�n0	 &n	 �hi�	/���	 �he	�/�	������	�i##e�en�	����e��	2	�	 ��"�e�

�n�	 �he	�9	 �-�!e	 2	 ��e	 "eing	 !�nne!�e�	 �e���e����	 �h���gh	 �	 �i�-�e

ge����e0	  �	 h��ne��ing	 �he	 �e��	 /����	 �##����n!e�	 �h��	 /e	 ��e	 ���e���

#��i�i��	/i�h�	 i�	"�i��	�n	���	e,i��ing	e,-e�ien!e�	��	 i#	/e	��e	 in�e��!�ing

/i�h	�	�e��2/����	�"Ge!�	��	�--��e�	��	�igi���	in#�����i�n0

�A#�	#!& *

�nteraction	22

#lur0in�	di�ital	content	/it1	a	�irtual	e�edro00er

%n�i.e	���	in�e��!�i�n�	�en�i�ne�	�"��e�	����-	��.e�	�	�i##e�en�	�--���!h

�h��	 ��e�	 �e��-h��	 ��	 !�e��e	 ���i�i�n��	 �##����n!e�	 #��	 ge������

in�e��!�i�n�0	1hi�	!�n!e-�	 i�	 in�-i�e�	"�	 �he	-��Ge!�	 PS���-Q	 @7ige�"����

J0�	e�	��0�	2((?A	#���	�&1	�e�i�	<�"	1�ngi"�e	�e�i�	>���-	in	2((+�	�n�

-��Ge!�	PS���-Q	!�e��e�	�	��ngi"�e	e�e���--e�	�h��	����/�	!����ni!��i�n

�#	 �igi���	 in#�����i�n	 "e�/een	 �i##e�en�	 �e�i!e�0	 Si�i������	 �hi�	 !�n!e-�

h��ne��e�	 �he	�e��-h��	�#	 P����-ingQ	 �n�	 !�e��e�	 �	 �i�����	 e�e���--e�

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

�����������������

%i�ure		;3;$		se;uence	o&	�ulling	a	stic8�	note

out	o&	an	i%ad	to	real�world	en�ironment	&or

a&6nit�	diagramming	

%i�ure		;3<$			slur�	�ro)ect	&rom	�>#	�edia	 a�

#angi�le	�edia	-rou�	
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/i�h	ge��u���	!�n�����	 ��	 in�e��!�	/i�h	�igi���	!�n�en�	��	/e��	��	-h��i!��

�e�i!e�,	�u!h	��	�	�����	�igh�0

1he	 �e��-h��	 �--���!h	 i�	 "eing	 u�e�	 #�eBuen���	 in	 !�e��ing	 ��ngi"�e

in�e��!�i�n�,	e�-e!i����	#���	6i���hi	 &�hii5�	-��Ge!�	P1�ngi"�e	 i��Q	@&�hii	H

%���e�,	1))+A	�n�	hi�	#����/e��0	1he	#un���en���	Bue��i�n	�#	�e��-h��i!

�e-�e�en���i�n	i�	�he	�e�e�	�#	P-e�!e-�u��	!�u-�ingQ,	��	&�hii	-�in��	�u�	in

P1�ngi"�e	 i��D	 e��n�	�i,e��Q	@2((?A,	�n�	he	�ugge���	�h��	P�he	�u!!e��

�#	 �	 1%&	 �#�en	 �e�ie�	 �n	 �	 "���n!e	 �n�	 ����ng	 -e�!e-�u��	 !�u-�ing

"e�/een	 �he	 ��ngi"�e	 �n�	 in��ngi"�e	 �e-�e�en���i�n�0Q	 @-,	 ,�iiA	 1he

-e�!e-�u��	!�u-�ing	!�n	����	�--��	��	�he	A9	 in�e��!�i�n�E	 �he	Bue��i�n

�#	h�/	!���e	�	�e��-h��	��	i��	�"����!�	�e-�e�en���i�n	!��e�	��	�he	.e�

��	i��	�u!!e��0

���e��e�,	�e��-h��i!��	 �e-�e�en���i�n	 h��	 ��ng	 e,i��e�	 in	 �he	 4e��	 �#

g��-hi!	u�e�	in�e�#�!e	@>%&A	�e�ign0	&n	�he	1)+(�,	A��n	:��	�n�	hi�	�e��

�e�e��-e�	�he	P�e�.��-	�e��-h��Q	��	Te��,	�A9$,	/hi!h	!�n�i�e��	�he

!��-u�e�	 in�e�#�!e	 ��	 �	 �i��u��	 �e�.��-,	 i��gining	 �igi���	 in#�����i�n

"eing	 4�e�,	 #���e��	 �i.e	 �hei�	 -h��i!��	 �n���g�	 �i��ing	�n	�u�	�e�.�0	1he

�e�.��-	 �e��-h��	 �#�en	 !�u-�e�	 /i�h	 �he	 -�-e�	 -����ig�,	 /hi!h

i��gine�	�he	�igi���	in�e�#�!e	��	�	-ie!e	�#	-�-e�	�h��	!�n	"e	���.e�	�n0

1he	 �e�.��-	 �e��-h��	 �n�	 -�-e�	 -����ig�	 �--���!h,	 ��	 :e�	 ��i�,

P�e�!�i"e	�	!���e�-�n�en!e	"e�/een	/h��	 �he	u�e��	�ee	�n	�he	�!�een

�n�	h�/	 �he�	 �h�u��	 �hin.	�"�u�	/h��	 �he�	��e	��ni-u���ing0Q	1h����

=�i!.��n,	 �ne	 �#	 �he	 e��en�i��	 "��in�	 "ehin�	 A--�e	 e����	 ��!in���h

�e�ign,	-��-��e�	�h��	P�e��-h���	�e��e	��	n��u���	���e��E	�he�	����/	u�

��	��.e	�u�	.n�/�e�ge	�#	 #��i�i��	�"Ge!��	�n�	e�en��	�n�	u�e	 i�	 ��	gi�e

���u!�u�e	 ��	 �"����!�,	 �e��	 /e��2un�e������	 !�n!e-��0Q	 ���e��e�,	 �hi�

�e�ign	 -hi����-h�	 ��i��	 e,i���	 �����	 in	 ��n�	 �i##e�en�	 #����,	 �u!h	 ��

�.eu����-hi��,	>��g�e	���e�i��	�e�ign0

&ni�i����	 in�-i�e�	 "�	 �h��e	 -��Ge!��	 �n�	 �he��ie�,	 &	 4���	 !�e��e�	 �	 �i��u��

e�e���--e�	 �h��	 !�n	 ��u�-	 �i��u��	 �"Ge!��,	 �u!h	 ��	 3�	 ���e��0	 1he

�h�ugh�	"ehin�	 i�	 i�	 ��	e,�en�	 �he	�"i�i��	�#	�n	e�e���--e�	 #���	"eing

�"�e	��	��u�-	�iBui�,	��	��u�-ing	���i�	�u"���n!e�0	1he	in�e��!�i�n	����/�	�

u�e�	��	��u�-	�n�	-��!e	�"Ge!��	in	�	�i���n!e0	&�	i�	�	"ig	-�u�	#��	ge��u���

in�e��!�i�n,	 "e!�u�e	 ge��u�e	 u�u����	 �n��	 �e���	 /i�h	 ���2�e�!h�"�e

in�e��!�i�n�0	  e�i�e�	 3�	 ���e��,	 i�	 !�n	 ����	 ��u�-	 �n�	 -��!e	 �	 �i��u��

�!�een,	�n�	i�	!�u��	"e	u�e#u�	i#	�	u�e�	/�n��	��	�e�	�	�i�e�	��	"��/�e�	��

�	-��!e	�/��	#���	hi�	��	he�0

�i�-���ing	�n	in�en����	�#	�he	��u�-e�	�"Ge!�	��!.e�	��	�	u�e�5�	h�n�	!�n

he�-	�e���ize	�he	!�n�en�,	�n�	i�	����	����/�	��	��u�-	in	�u��i-�e	�"Ge!��0

6�/e�e�,	 ��u�-ing	 in	 ���i�u�	 �"Ge!��	 in!�e��e�	 �	 u�e�5�	 !�gni�i�e	 ����,

�n�	i�	i�	-���i!u�����	#�u�����ing	i#	�he�e	i�	n��	�n	in�ui�i�e	/��	#��	�	u�e�	��

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAA

%igure		;3A$			use	o�ening	�ottles	as

meta�hors	to	trigger	di&&erent	�ie�es	o&	musi�

in	�ro)e�t	#angi�le	"its

%igure		;3B$			des8to�	meta�hor	de�elo�ed	��

�lan	Ba�	at	Cero�	%��3	in	./DEs

%igure		;3C$			slur�ing	a	@A	model

$8;1=T1%A<&7A1&8;	H	A��<&$A1&8;
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�e�e!�	 /hi!h	 ��	 ����-	 ���	 �he	 ne,�0	 6en!e	 ����/ing	 ����-ing	 ����i-�e

�"Ge!��	����	�	/h��e	���e�	�#	!��-�e,i��	#��	�	��e�	��	�ige��0	1he�e#��e�

�h���gh���	 ���e�	 �e�e��!h�	 &	 ��in��	 ����/	 �	 ��e�	 ��	 ����-	 �ne	 -ie!e	 �#

in#�����i�n	��	�	�i�e0

3���he����e�	�	�i����	in�i!����	i�	����	ne!e�����	#��	-���i�ing	!�e��	�i����

!�e�	�#	�e�e!�e�	�"Ge!��0	�	�i�-�e	�ine	i�	4�����	in�����!e�	��	�i����ize	�he

-�in�ing	 �i�e!�i�n0	 ;e�e��he�e���	 �	 �i�i���	 -��"�e�	 �#	 �he	 -�in�ing

in�e��!�i�n	 @$h�-�e�	 3�	 in�e��!�i�n	 1A	 �!!���	 �g�in	 �h��	 �he	 in�!!����e

h�n�	 ���!.ing	�n�	e����i!	���i�n	!���e�	 �he	-��Ge!�e�	 ���	 Gi��e�ing0	 ��

�in!e	 �he	����-ing	�i�e!�i�n	 i�	!��!����e�	/i�h	 �he	��e����	h�n�	���!.ing�

/hi!h	i�	���e	���"�e	�h�n	�he	4nge�	G�in��	���!.ing0	&n	�hi�	!��e�	�	�i�-�e

e��e2in	 ���n�i�i�n	 !�n	 "e	 �#	 �	 ���	 �#	 he�-0	 ���i�i�n�����	 &	 ���e�	 �

!��!����e�	"ezie�	 !���e	 ��	 �i�����e	 �	 4�hing	-��e	 �n�--ing	 in	 �	 ���ge�

�"Ge!��	 /hi!h	 ��.e�	 i�	 #ee�	 �	 ���	 ���e	 �e�-�n�i�e	 �n�	 in��i�i�e0	 <������

�in!e	 �he	 ����-	 in	 �n�	���	 ��.e�	 �he	 ���e	ge����e	 in�e��!�i�n	 2	 -in!h�	 &

e�-���	 �	 �-e!i��	 �h��e�	 e##e!�	 /i�h	 �ni���i�n	 �n	 �he	 �ine	 ��	 �i����ize

���ing	in	��	����	"��	i�	���n�	���	��	"e	"��e��	n��i!e�"�e	#��	����	��e��0

����/ing	�he	�i�����	e�e���--e�	��	in�e��!�	/i�h	�"����!�	in#�����i�n	�n�

�����	�e�i!e�	!�n	"e	e�en	���e	��gi!��0	��	�n	e�e���--e�	i�	�#�en	��e�

��	�	�e��-h��	#��	!����2-i!.e�	in	�	���	�#	�e�ign	�����	@e0g0�	�h����h�-A�

��	i�	����e	�e	��	e,-���e	�	ne/	!�n!e-�	�#	-i!.ing	�-	�	!����	#���	���

-h��i!��	en�i��n�en�	�n�	�--��	i�	��	�	�����	�igh�0	1hi�	�"����!�	!�n!e-�

i�	����	in�-i�e�	"�	�he	�e���in����	in	�he	6����	����e�	���ie�0	=�-���ing

�n	�ni���e�	-���i!�e	e##e!�	�#	!����	"eing	����-e�	in	�n�	����	i�	he�-�	��

�n	e�"��i�en�	�hi�	 in��ngi"�e	-��!e��	 in��	�	�i����ize�	��"���n!e�	�h��

i�	"��h	in��i�i�e	�n�	���-�i�ing0

1he	�e��-h��	e,-�n��	�he	"��n���ie�	�#	/h��	h�n�	ge����e�	!�n	�##���0

&�	/��.�	��	�	�e�i����	��	��	�	����	�h��	e,�en��	���	h�n�	!�-�"i�i��0	 ��

�e�igne��	nee�	��	"e	�/��e	�h��	��e��	h��e	�i##e�en�	�en���	���e��	�#

����-ing	�n	�"Ge!�	�e����	�n	����i"��e	�#	�n	�"Ge!��	�n�	i�	�e�n�	i�	/����

"e	!�n#��ing	/hen	"��h	��e	en�"�e�	�i�����ne�����0

���	 in	 ����	 #��	 in��ngi"�e�	 �"����!�	 ��	 !��-�e,	 �igi���	 in�e��!�i�n��

e�"��i�en�	 �n�	 ���e�i��iz��i�n	 ���e�i�e�	 !�n	 "e	 �ne,-e!�e���

e##e!�i�e0	 &�	 "�i�ge�	 �he	 g�-	 "e�/een	 �he	 -h��i!��	 �n�	 �igi���	 "�

�e�i��ing	 �he	 in�e��!�i�n�0	 ���h��gh	 �he	 �e��-h��	 ��e�	 n��	 ��/���

g����n�ee	�he	in��i�i�ene��	#��	�	��e�	��	�n�e����n�	/i�h���	�n�	�e��ning

in	 ����n!e�	 i�	 ��e�	 in�ee�	 !�e��e	 �	 �����he�	 �e��ning	 !���e	 �h��

��--����	��e��	��	"�i��	#���	e,i��ing	.n�/�e�ge	��	e,-e�ien!e	�h��	�he�

��e	���e���	#��i�i��	/i�h0

%i�ure		;32D$			dis�la�	an	in�entor�	o&	slur�ed

o�)ect	loc8ed	to	a	user1s	hand

%i�ure		;322$			�ic8	u�	color	&rom	real�world*

and	slur�	it	to	a	smart	light

$8;1=T1%�<&7�1&8;	H	���<&$�1&8;
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�e�	Insig1ts$

 �	 ��n�he�izing	 �he	 �e!�n�	 ��un�	 �#	 -������-ing	 �n�	 i�e���ing,	 &

�u����ize	�	 #e/	high2�e�e�	 in�igh��	 �h��	�igh�	gene�����	"e	�--�i!�"�e

#��	A9	in�e��!�i�n	�e�ign	�n�	#u�u�e	�e�e��!h0	

O	�i�i!.ing	 �e��2/����	-h��i!�	 #��	 �i��u��	 !�n�en�	 !�n	he�-	 ��ign	u�e��C

�en���	 ���e��	 �#	 A9	 in�e��!�i�n�	 /i�h	 �hei�	 �e��2/����	 e,-e�ien!e�,

��.ing	i�	#ee�	in�ui�i�e	�n�	���i�#�ing0

O	  e�i�e�	 �i�e!�	 ge��u�e	 �##����n!e�,	 �e��-h���	 @e0g0,	 �	 �i��u��

e�e���--e�A	 !�n	 e,�en�	 �he	 �##����n!e�	 �#	 ge��u���	 in�e��!�i�n�,	 e�en

!�e��ing	��gi!��	in�e��!�i�n�	�n�	en!�u��ge	���e	-���#u�	e,-�����i�n	in

�n	A9	/����0	

O	 When	 u�ing	 �he	 ��u�-	 �e��-h��,	 �e�igne��	 nee�	 ��	 "e	 �/��e	 �h��

-e�-�e	h��e	�i##e�en�	�en���	���e��	�#	 ��u�-ing	�n	�"Ge!�	 i��e�#	 �e��u�

�n	����i"u�e	�#	�n	�"Ge!�0	&�C�	!�n#u�ing	/hen	"��h	�#	�he�	��e	en�"�e�	��

�he	���e	�i�e0

O	 6�n�	 �ie/	 ����/�	 ��ni-u���ing	 ����i"u�e�	 ��	 ��Gu��ing	 �e��i��	 �#	 �n

�"Ge!�E	/����	�ie/	����/�	�e�e��-ing	 �e���i�n�hi-�	�!����	�"Ge!��	 @e0g0,

g��u-ing,	 ��g�niz��i�n,	 �en�e2��.ingA0	 We	 !�u��	 �e�e��ge	 "��h	 ��

�u--���	�i##e�en�	-u�-��e�0

O	 �h��i!��	 �##����n!e�	 u�e	 u�e��C	 e,i��ing	�en���	���e��	 �#	 in�e��!�ing

/i�h	 �"Ge!��,	 �n�	 i�	 !�n	 he�-	 ��	 e��e	 �hei�	 �en���	 ���n�i�i�n	 #���	 �ne

�e�i!e	��	�he	��he�	/hen	in�e��!�ing	/i�h	�u��i-�e	�e�i!e�0

%igure		;326$			drawing	a	�ur�ed	line	to	mimi�

the	�h�si�s	o&	a	6shing	�ole	�an	hel�	align

users1	mental	models	o&	��	intera�tions	with

real�world	e��erien�e

$8;1=T1%A<&7A1&8;	H	A��<&$A1&8;
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 �#���	����MM�� A!���#	.

 �#�&##���#

3��	��	�e�e��!h�	&	���i���e��	��n�he�ize�	4�e	high2�e�e�	�e�ign

�e!���en���i�n�	�h��	�igh�	"e	��e#��	#��	���e�	�e�igne��	�n�

�e�e��!he��0	S��e	�#	�he	�e!���en���i�n�	��e	n��	�n��	�--�i!�"�e	#��

�9	ge������	in�e�#�!e	�e�ign	"��	!�n	"e	he�-#��	in	gene���	�9	in�e�#�!e

�e�ign0	 e�i�e�	�hi��	&	/i��	����	�i�!���	���e	!�n�i�e���i�n�	�n�

�i�i���i�n�	�#	�hi�	�e�e��!h�	/hi!h	-��en�i����	!����	"e	#����e	/��.	��

!�n�in�e	�he	�����0

Figure		�.1:		6�e�element	&ramewor8	o&

mani�ulating	�ercei�ed	a&&ordances

�=S&>;	9=$8��=;��1&8;S	H	�&S$%SS&8;S

23	�onsider	t1e	@�e	ele�ents	fra�e/or9	for

t/ea9in�	usersE	0ercei�ed	affordances

��	ini�i��	�e�e��!h	�e��n�����e�	�	4�e	e�e�en��	#���e/��.	�h��	�##e!��	�

��e�5�	-e�!ei�e�	�##����n!e�	in	�9�	�n�	�he�	��e	F�h�-e�F		F!����	�n�

�h��ingF�	F�igh�F�	Fh�-�i!	�n�	�!����i!F	�n�	F���i�nF0	1h��e	4�e

e�e�en��	��ge�he�	�h�-e	h�/	�n	�"Ge!�	��	�	%&	!��-�nen�	i�	-e�!ei�e�0
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=�!h	 e�e�en�	 #un!�i�n�	 �e��e	 �i##e�en�	 -u�-��e�,	 "u�	 �he�	 ��e	 ���

in�e�!�nne!�e�0	3��	e,��-�e,	 �igh�	!�n	"e	u�e�	 #��	e�-h��izing	��	!���

#��	 ���en�i�n,	 /hi�e	 �igh�,	 �h��ing,	 �n�	 !����	 !�u��	 ���	 !���uni!��e

hie���!hie�,	/hi!h	���e�i�e�	�!�	�	�i�i���	-u�-��e0	When	�e�igning	�n

in�e��!�i�n,	�e�igne��	nee�	 ��	!�n�i�e�	 �he�	 ��ge�he�0	1he�e	�igh�	"e

��n�	/���	 ��	 !�n�e�	 �	-���i!u���	 �##����n!e,	 �n�	 i�	 i�	�i#4!u��	 ��	 ���ue

�ne	 ��	 �he	��he��0	Wi�h	 �hi�	 #���e/��.,	�	�e�igne�	!�n	 �e�e��ge	 i�	 ��	�

gui�e	 ��	 �����	 /i�h,	 ��	 e,��ine	 /he�he�	 �he�e	 i�	 ���e	�i��ing	 �e�ign

!�n�i�e���i�n	�h��	!�n	"e	u�i�ize�	#��	hi�	�e�ign0

63	(arness	�eta01ors	to	create	additional

affordances	in	gestural	interactions

�e��-h���	 ��e	 !��-e��ing	 /hen	 �he�	 e�"���	 �n	 �"����!�	 !�n!e-�

�--��-�i��e��0	 %�ing	 �e��-h���	 /i�h	 �he	 h�n�	 !�n	 e,�en�	 �he

�##����n!e�	�n�	u�e�	!�-�"i�i�ie�,	�n�	i�	!�e��e�	��n�	ne/	�--���uni�ie�

#��	ge��u���	in�e�#�!e�0	We	!�n	i��gine	�h��e	�e��-h���	��	�����	�h��	/e

u�e	/i�h	�u�	h�n��,	�u!h	��	�	��gni#�ing	�en�,	�	n�i�	��	�	-ie!e	�#	-�-e�0

1hin.	 �"�u�	 /h��	 �he�	 !�n	 �e-�e�en�,	 �e��-h��,	 �n�	 �##����n!e�	 #��

in�e��!�i�n�0

A	u�e#u�	e,e�!i�e	#��	4n�ing	�	-��-e�	�e��-h��	i�	4���	��	un�e����n�	�he

L�/	 ��	 -u�-��e	 �#	 �he	 �"����!�	 ����e�	 #un!�i�n	 �h��	 nee��	 ��	 "e

�e-�e�en�e�0	1hen	 �-en�	 ���e	 �i�e	"��in�����ing	/h��	�"Ge!��,	 �����,

n��u���	-hen��en�n�	�h��	��e	�i�i���	��	i�,	�n�	�he	�hing�	�h�u��	"e	�e��

#��i�i��	 ��	 ��u�	 u�e��0	 1hen	 �-ee�	 ���ing	 /i�h	 ��u�	 u�e��	 ��	 ge�	 e����

#ee�"�!.	 "e#��e	 �i�ing	 in��	 i�0	 A�	 &�hii	 -�in��	 �u�	 �h��	 �he	 F-e�!e-�u��

!�u-�ingF	�#	�	�e��-h��	�n�	i��	�e-�e�en���i�n	i�	�he	����	!�i�i!��0	8n!e

�	�e��-h��	 !�n	 ��eBu��e��	 �eLe!�	 �he	-e�!e-�u��	 !�u-�ing,	 i�	 he�-�	 ��

en�igh�en	�he	�"���u�e	in��	�he	�"�i�u�0

��n�ging	 u�e��C	 e,-e!���i�n	 �#	 �	�e��-h��	 -�e!i�e��	 in	 �he	 4���	 -��!e

!�n	 �e�u!e	 u�e��C	 !�n#u�i�n0	 A	 �e��-h��	 i�	 �n	 �n���g,	 ���he�	 �h�n	 �n

�!!u���e	 �e-�e�en���i�n	�#	 �	 #un!�i�n,	 ��	 �he	 �!��e	�#	/h��	 �	�e��-h��

!�n	�e-�e�en�	i�	u�u����	��gue0	&�	�eBui�e�	u�	��	�e�	u-	u�e��C	e,-e!���i�n

!��e#u���0	 3��	 e,��-�e,	 in	 �he	 ��u�-	 in�e��!�i�n,	 �	 �i��u��	 e�e���--e�

#un!�i�n	 ��	 �	 �e��-h��	 ��	 ��u�-	 inR�u�	 in#�����i�n,	 "u�	 /h��	 .in��	 �#

in#�����i�n	��e	��u�-�"�e	i�	Bui�e	��"igu�u�0	&�,	�he�e#��e,	"e!��e�	�e��

!�n#u�ing	 /hen	 �	 u�e�	 !�n	 !h���e	 "��h	 ��u�-�	 in	 �	 �i��u��	 �"Ge!�	 �n�

!����	 #���	 �he	 en�i��n�en�0	 &�	 i�	 "e!�u�e	 �	 !����	 i�	 e��en�i����	 �n

����i"u�e	�#	�n	�"Ge!�,	�n�	�	u�e�	h��	�i##e�en�	�en���	���e��	�#	��u�-ing

in	�n	�"Ge!�	�e��u�	��u�-ing	in	�n	����i"u�e	�#	i�0	 u�	i�	�u�n�	�u�	��	"e	�e�#2

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAA

Figure		�.2:		harness	an	e�edro��er	as

meta�hor	to	e�tend	gestural	a&&ordan�es
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e,-��n�����	i#	/e	�e�	�he	e,-e!���i�n	!�e����	�-#��n�	�h��	�n��	en�"�e�	��

����-	 in	 !����0	 ��	 ��!h�	 �e��ing	 �-	 �he	 "��n����	 �#	 �	 �e��-h��	 i�

ne!e�����	#��	in��i�i�e	in�e��!�i�n0

When	�e�igning	�e��-h���	#��	ge������	in�e��!�i�n��	/e	����	nee�	��	"e

�/��e	�#	 �he	 �i�i��	�#	ge����e�0	S��e	�e��-h���	�igh�	"e	-��-e�	��	�

�e-�e�en���i�e�	 "��	 i�	 �igh�	 "e	 #��ig�ing	 ��	 -��e�	 ��	 �i#4!���	 ��	 ���!.

�!!����e��0	�n��he�	 �e!hni!��	 !�n����in�	 i�	 �h��	 h���ing	 �n	�9	�"Ge!�	 in

h�n�	 ���e�i�e�	��e�	n��	 ���.	en�i�e��	 �e��i��i!E	 e�-e!i����	/e	nee�	 ��

h���	i�	in�i�e	�he	h�n��	i�C�	h���	��	ge�	�he	�9	�!!���i�n	!���e!���0	1h��e

��e	�he	�e!hni!��	!�n����in��	�h��	!�nn��	"e	neg�e!�e�	"�	�9	�e�igne��0

83	 #/itc1	�odes	 4et/een	 1and�s0ace	 and	/orld�

s0ace	for	sea�less	interactions

6�n�2�-�!e	 �n�	 /����2�-�!e	 �e-�e�en�	 �/�	 �i##e�en�	 -����ig��	 �#

in�e��!�i�n�0	 =�!h	 �#	 �he�	 �##e��	 ���e	 ����e�	 /hi�e	 ����	 !�n��in�

����e�##�0	3��	e,��-�e�	h�n�2�-�!e	����/�	��e��	��	h��e	�	-�e!i�e	!�n����

�n�	�e��i�	 �/e�.ingE	/he�e��	/����2�-�!e	!�n	 in�i!��e	 �he	 �e���i�n�hi-

�#	 �	 �i�����	 !�n�en�	 ��	 �	 �e��2/����	 en�i��n�en�0	 &n	 gene����	 �e�igne��

�h����	 !�n�i�e�	 ��	 �e�e��ge	 �he�	 ��ge�he�	 #��	 �i##e�en�	 -��-��e��	 in

���e�	��	�!hie�e	�	�e���e��	e,-e�ien!e	in	�90	

6�n�2�-�!e	 �n�	/����2�-�!e	 4�����	 ��e	 ���ge�ing	 �i##e�en�	 �i���n!e�	 �#

in�e��!�i�n0	 6�n�2�-�!e	 i�	 !���e2�-	 in�e��!�i�n�	 �n�	 i�	 �e#e��	 ��	 �he

in�e��!�i�n�	 �h��	 ei�he�	 ��!.	 ��	 �	��e�5�	 h�n�	�i�e!���	��	 ��/���	/i�hin	 �

��e�5�	h�n�2�e�!h�"�e	�i���n!e0	&#	/e	!�n�i�e�	��e��5	e�g�n��i!��	�igi���

�"Ge!��	in	�9	nee�	��	"e	�e��	!���e	��	�	��e�5�	h�n��	�n�	�	��e�	�h����

#ee�	!��#����"�e	��	in�e��!�	/i�h	i�0	3��	e,��-�e�	�	/��!h	/��n	�n	�	��e�5�

h�n�	 !�n	 "e	 !�n�i�e�e�	 ��	 in	 h�n�2�-�!e0	 1h��e	 ��e	 4,e�	 ��	 �	 ��e�5�

h�n�	�--e���	�i.e	���e�hing	he	i�	/e��ing�	��	������	�i.e	e,i��ing	��	�n

e,�en�i�n	 �#	 ���	 "���0	 8n	 �he	 !�n������	 /����2�-�!e	 �e#e��	 ��	 !�n�en�

�h��	i�	��!.e�	��	���	en�i��n�en�E	i�	i�	�������	#��	�/��	#���	�	��e�5�	h�n�

�n�	��e�	n��	#����/	hi�	h�n�	���e�en�0	3��	in���n!e�	�	!��!.	�n	�he	/���

!����	 "e	 ��e��e�	 ��	 in	 /����2�-�!e�	 �n�	 i�	 e,i���	 ��	 �	 -���	 �#	 �he	 �e��

en�i��n�en�0

6�n�2�-�!e	�n�	/����2�-�!e	-�e�en�	�/�	�i##e�en�	�en���	���e��	#��	�

��e�	 in	�9	�-�!e0	6�n�2�-�!e	!�n�en�	 i�	�������	���e	�!!e��i"�e�	�n�	i�

#����/�	 �	 ��e��	 �##����	 �e��i�e�	 !���e2�-	 in�e��!�i�n0	 &�	 ��-i!����	 ���/�

���e	���en�i�n	#���	�	��e�	�in!e	i�	i�	��	!���e	��	�	��e�0	We	!�n	�#�en	-��

�he	!�n�en�	�eB�i�e�	!���e2�-	�e��i�	�/e�.ing�	��	B�i!.	�!!e��	in	�	h�n�2

�-�!e�	��!h	��	�	h��e	�en�	��	 #�eB�en���	��e�	�h���!��0	8n	 �he	��he�

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

�����������������

Figure		�.3:		use	mirror	hand	interaction	to

switch	�etween	hand�s�ace	and	world�s�ace

Figure		�.4:		world�s�ace	allows	a	user	to

conduct	a&6nit�	diagram	in	A�
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h�n�,	/����2�-�!e	!�n�en�	�����	in	�he	�i���n!e,	e,i���	in	�u�	-e�i-he���

�i�i�n	 �n�	 i�	 u�u����	 �e��	 n��i!e�"�e0	 &�	 "ui���	 �	 �e���i�n�hi-	 /i�h	 �u�

en�i��n�en�,	�#�en	-�e�en��	�e�ning	���un�	i�0	3��	e,��-�e,	�	"u���n	in

�he	/����2�-�!e	!���e	��	�he	�igh�	 i�	u�u����	-e�!ei�e�	��	#��	!�n�����ing

�he	 �e�i!e0	 	 6�/e�e�,	 /e	 nee�	 ��	 �e��ize	 �he�e	 �/�	 ���e�	 ��e	 ����

in�e�!h�nge�"�e0	A	 ��"�e�	 he��	 in	 �	 u�e�5�	 h�n�	 i�	 in	 h�n�2�-�!e,	/hi�e

�n!e	-��!e�	�n	�	��"�e,	i�	"e!��e�	�	/����2�-�!e	!�n�en�0	

1he	 in�e�!h�nge�"�e	 n��u�e	 �#	 �he�e	 �/�	 ���e�	 ����/�	 u�	 ��	 �/i�!h

���e�	 #��	 �i##e�en�	 in�e��!�i�n	 �!en��i��0	 3��	 e,��-�e,	 /hen	 �	 u�e�

in�en��	 ��	 !�n����	 �	 �����	 �igh�	 in	 �	 /����2�-�!e,	 /e	 !�n	 "�ing	 �he

in�e��!�i�e	%&	��	�he	u�e�5�	h�n�2�-�!e	����/ing	�n	�!!e��i"�e	in�e��!�i�n0

An��he�	!�n!e-�	�#	�i����	h�n�	g�e�	�he	��he�	/��	���un�E	 i�	���e�	�

u�e�5�	h�n�	��	/����2�-�!e	��	!�n����	�he	���ge�	�igh�,	/hi!h	����	!�e��e�

�	 n��e�	 /��	 �#	 in�e��!�ing	 #��2�i���n!e	 �e�i!e0	 3u��he����e,	 in	 �he

in�e��!�i�n	 5	 @���n�i�i�n	 %&	 -�ne�A	 �en�i�ne�	 �"��e,	 	 �	 h�n�2�-�!e	 %&

#un!�i�n�	��	�	�h���!u�	��	Bui!.	�!!e��	#��	�	u�e�,	�n�	i�	��/���	#����/�	�

u�e�5�	h�n�	�n�	"e!��e�	�n	e,�en�i�n	�#	hi�	"���0	S/i�!hing	"�!.	��	�

/����2�-�!e	"ui���	�he	�e���i�n�hi-	/i�h	�he	en�i��n�en�,	�n�	!�e��e�	�

�-��i��	�e����	#��	�	u�e�	��	�e�e�"e�0

A��i�i�n����,	�/i�!hing	���e�	"e�/een	h�n�2�-�!e	�n�	/����2�-�!e

����	�e��e	#��	�i##e�en�	-u�-��e�0	A	h�n�2�-�!e	in�e��!�i�n	����/�

��ni-u���ing	����i"u�e�	��	��Gu��ing	�e��i��,	/hi�e	�	/����2�-�!e	!�n	"e

u�e#u�	#��	�e�e��-ing	�e���i�n�hi-�	�!����	�"Ge!��,	�u!h	��	�en�e2��.ing,

g��u-ing,	�n�	��g�niz��i�n0	&n	�he	��"�e�	��i!.�	n��e�	e,��-�e,	�	u�e�

�.e�!he�	�n	�	��"�e�	in	hi�	h�n�2�-�!e,	/hi!h	en�"�e	high24�e�i��

���/ing	�n�	/�i�ingE	�hen	he	!�n	-u��	�he	��i!.�	n��e	�u�	��	-��!e	i�	in

/����2�-�!e	#��	!�n�u!�ing	�-��i��	�#4ni��	�i�g����0	1hi�	�/�2���e

�/i�!h	�e��n�����e�	h�/	"��h	�#	�he�	!�n	"e	u�e#u�	#��	���i�u�

-u�-��e�	�n�	!�u��	#�!i�i���e	�	�e���e��	e,-e�ien!e	#��	u�e��0

:3	�everage	real-/orld	01�sical	affordances	in	A�

to	align	usersE	�ental	�odels	4et/een	different

devices

�e�-�e	 n��u�����	 ���u�e	 �he	 ��/�	 �#	 -h��i!�,	 �n�	 �##����n!e�	 #���	 �he

�e��	 /����	 /i��	 ����	 #un!�i�n	 �he	 ���e	 /��	 ��	 /e	 ��e	 in	 �n	 A9

en�i��n�en�0	 1h��5�	 /h�	 /e	 ��/���	 �ee	 �	 u�e�	 i��e�i��e��	 ��u!h	 �n�

g��"	�he	�i��u��	!�n�en�	�#�e�	hi�	-u��ing	�n	�n	A9	he���e�0	 u�	�	u�e�5�

�en���	���e�	�#	in�e��!�ing	/i�h	�i##e�en�	�e�i!e�	���	����	������i!����,

�n�	�n	e##e!�i�e	�����eg�	i�	��	�e�e��ge	�he	�e��2/����	�##����n!e�	in��	A9

/����0
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Figure		�.5:		Aeluminator	in	?arr�	%otter	mo�ie

uses	animated	�arti�les	to	em�od�	the	light
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Figure		�.�:		�ulling	a	@A	model	&rom	screen	to

actual	en�ironment	

Figure		�.�:		Aeluminator	in	?arr�	%otter	mo�ie

uses	animated	�articles	to	em�od�	the	light

Figure		�.�:		a	6shing	�ole	cur�es	when	

�--��ing	 ���	 �e��2/����	 -h��i!�	 ��	 �i�����	 !�n�en�	 n��	 �n��	 !�e��e�	 �

���e	 i��e��i�e	 �n�	 �e��i��i!	 e,-e�ien!e�	 "��	 he�-�	 �ign��	 �-e!i4!

�!�i�n�	 �h��	 ��e	 �##���e�0	 &n	 �he	 ����-ing	 e,��-�e�	 �he	 �i����	 in�i!����

"e!��e�	e,!e-�i�n����	�igni4!�n�	��	�ign��	/hen	�	��e�	!�n	����-0	&n	�he

ini�i��	�e�ign�	 &	���e�	�	����igh�	 �ine	 ��	!�nne!�	 �he	!en�e�	-�in�	�#	 �he

����-e�	�"Ge!�	��	�he	�i�����	e�e���--e�	in	�	��e�5�	h�n��	"��	�he	����igh�

�ine	��e�n5�	!����ni!��e	�	�en�e	�#	��!.ing	�n�	�n�--ing0	&	��	in�-i�e�

"�	�he	�##����n!e�	�#	�	4�hing	-��e�	/he�e	�he	��-	�#	�he	4�hing	-��e	/i��

"�n�	/i�h	 �-�ing	 #��!e	 ��	 gi�e	 �	 �en�e	 �#	/eigh�0	 &	 �i�����e�	 �	 �i�i���

-h��i!�	 #��!e	 ��	 �he	 -�in�ing	 �ine�	 �n�	 i�	 #e��	 ��!h	 ���e	 �e�!�i�e	 �n�

���i�#�ing0

6��ne��ing	 �e��2/����	 -h��i!��	 �##����n!e	 !�n	 ��ign	 ��e��5	 �en���

���e��	 ���ng	 �i##e�en�	 �e�i!e�	 ��	 i#	 �he	 "��n���ie�	 �#	 �he�	 ��	 n��

e,i��0	�	g���	e,��-�e	i�	-���ing	�	3�	���e�	#���	�	�!�een0	 e!���e	�he

�!�i�n	"e�/een	�h��e	�/�	�e�i!e�@�	!��-��e�	�i�-����	�n�	�9	he���e�A

��ign�	 /i�h	 e�!h	 ��he��	 �n�	 i�	 i�	 ���e���	 #��i�i��	 in	 ���	 -h��i!��

in�e��!�i�n0	S�	�	��e�	!�n	�e���e����	�/i�!h	���e�	"e�/een	�	2�	�!�een�

�n�	�	3�	�9	en�i��n�en�0	�	�i�i���	�--���!h	�!!���	 in	�he	e,��-�e	�#

-���ing	�	��i!.�	n��e	���	�#	�	��"�e��	�n�	&	e�-���e�	�	�-�ing	#��!e	��	�he

��i!.�	n��e0	When	�	��e�	 i�	���gging	i��	 �he	�i�����	��i!.�	n��e	in�i�e	�he

��"�e�	���e�	���ng	/i�h	 �he	�9	 ��i!.�	n��e�	 �n�	 i�	"��n!e�	"�!.	/hen

"eing	�e�e��e�	"e#��e	#����	���gge�	����	�hi�	in�e��!�i�n	i�	��	i#	�	��e�	i�

-���ing	�	�e��	n��e	���	�#	�	"��.0	&�	��e�	���	#��i�i��	-h��i!��	�##����n!e�

��	 �e�ge	 �he	 "��n���ie�	 �#	 �he	 �/�	 �e�i!e�	 �n�	 !�e��e�	 �	 ��gi!��

e,-e�ien!e0

Sin!e	 -e�-�e	 ��e	 ���	 #��i�i��	 /i�h	 �he	 -h��i!��	 �##����n!e�	 in	 ���	 ��i��

�i�e��	 i�	 i�	e���	 ��	h��ne��	 i�	 ��	e��e	��e��C	 !�gni�i�e	 ����	�#	 in�e��!�ing

/i�h	�i##e�en�	�e�i!e�0	1hi�	 �����eg�	!�n	"e	 in�e���-�e�	��	 �n	e,�en�i�n

#���	�he	�.e�����-hi��	-hi����-h�	 #���	�he	e����	�ge	�#	>%&	�e�ignD

���he�	�h�n	�.e�����-h	�n	i!�n	#���	�	-h��i!��	�"Ge!��	 i�	�.e�����-h�

�he	-h��i!��	 in�e��!�i�n	in��	�9	/����0	 &�	 i�	B�i�e	"ene4!i��	�in!e	�he	�9

in�e�#�!e	i�	��i��	ne/	�n�	�n#��i�i��	#��	����	-e�-�e0

;3	��0o/er	t1e	a4stract	/it1	e�4odi�ent	and

�aterialiFation	

&n�e��!�ing	 /i�h	 ����i-�e	 �e�i!e�	 !�n	 "e	 !�n!e-������	 �"����!��	 "��

e�"���ing	 �n�	 ���e�i��izing	 �he	 �"����!�	 -��!e��	 !�n	 he�-	 �	 ��e�	 ��

�n�e����n�	 i�	 "e��e�0	  �	 "�inging	 ���e�hing	 in�i�i"�e�	 �"����!�	 ��	 n�n2

e,i��	in��	�	-h��i!��	��	�i����	#����	/e	!����	���n	�he	�n#��i�i��i��	�n�	�he

�"����!�	in��	�hing�	/e	!�n	-e�!ei�e	�i�e!����	��	/e	.n�/	h�/	i�	/��.�0

�=S&>;	9=$8��=;��1&8;S	H	�&S$%SS&8;S



	5?	

1he	e�"��i�en�	�n�	���e�i��iz��i�n	��	n��	h��e	��	"e	�e��	��	�!!u���e,

"u�	 �he�	 nee�	 ��	 �eLe!�	 �he	 e��en!e	�#	 �he	 �"����!�0	 &�	 i�	 "ene4!i��	 #��

�i�u��izing	 �	 !��-�i!��e�	 -��!e��	 �n�	 ��.ing	 in#�����i�n	 ���e

�ige��i"�e0	&n	�he	e,��-�e	�#	��u�-ing	�	!����	��	�	�����	�igh�,	�#	!�u��e,

�he�e	 i�	 �	 ���	�#	 �e!hni!��	�e��i�	 "ehin�	 �he	 �!ene,	"u�	 �	u�e�	��e�	n��

h��e	��	�ee	i�0	A	u�e�	�n��	nee��	��	un�e����n�	!����	 i�	-i!.e�	u-	#���

/he�e	he	��	�he	i�	-�in�ing	��,	�hen	�h��	!����	i�	��u�-ing	�u�	�i�e!���	��	�

�����	 �igh�	 ��	 in�en�e�0	 ��	 ini�i��	 �e�ign	 ��e�	 n��	 in!�u�e	 �n�

e�"��i�en�	�n�	���e�i��iz��i�nE	�he	�igh�	!h�nge�	i��e�i��e��	/hen	�

u�e�	 ��u�-�	 ��/����	 i�0	6�/e�e�,	 �he	-��!e��	 #ee��	 �i.e	 �	"��!.	"�,	 �n�

��.e�	�	 #e/	�i�e�	 #��	�	u�e�	 ��	4gu�e	�u�	/h��	 i�	e��en�i����	h�--ening0

3��	 �he	 ���e�	 i�e���i�n,	 in�-i�e�	"�	 �he	 P�e�u�in����Q	 in	 �he	?arr�	 %otter

���ie,	 &	 ���e�	 �	 �i���e	 -���i!�e	 e##e!�	 ��	 ���e�i��ize	 �n�	 e�"���	 �he

��u�-ing	 -��!e��,	 �n�	 �he	 -���i!�e	 inhe�i��	 �he	 ��u�-e�	 !����,	 �hen	 Lie�

��/����	 �he	 ���ge�	 �igh�0	 1he	 !����	 �#	 �he	 �igh�	 �n��	 !h�nge�	/hen	 �he

!����	-���i!�e	�e�!he�	i�0	Wi�h	�hi�	�i�-�e	���e�i��iz��i�n,	i�	he�-�	�	u�e�	��

un�e����n�	 �he	 �e�ning	 "ehin�	 i�	 i��e�i��e��,	 ��.ing	 i�	 #ee�	 Bui�e

��gi!��	�n�	���i�#�ing0	

We	 un�e����n�	 �u�	 -h��i!��	 /����	 "e��e�	 "e!�u�e	 /e	 !�n	 -e�!ei�e	 i�

�i�e!���,	�n�	/e	u�u����	�--��	/h��	/e	!�n	�ee,	he��,	��	#ee�	��	in�e�-�e�

�h��e	 �"����!�	 !�n!e-��,	 !��-�e,	 -��!e��e�	 ��	 ��e�/he��ing

in#�����i�n0	 =�"��i�en�	 �n�	���e�i��iz��i�n	 ��e	 �i�e�	 ��	 "�i�ge	 �he

g�-	 �n�	 he�-	 -e�-�e	 �e!i-he�	 �h��e	 �"���u�e	 in��	 ���e�hing	 /e	 !�n

�ige��	 Bui!.��0	 &n	 �u�	 �e��	 �i�e�,	 �he�e	 i�	 ��	 �u!h	 in#�����i�n	 �h��	 i�

hi��en,	�i��ing	��	n�n2e,i��,	�u!h	��	/i24	�ign���,	�he	���un�	�#	����	in	�

%S 	 ��i�e,	 ene�g�	 in	 �	 "���e��,	 ��	 �he	 ����	 L�/	 "e�/een	 �i##e�en�

�e�i!e�,	 /hi!h	 ���	 !�n	 "e	 "e��e�	 -�e�en�e�	 ��	 u�e��0	 1h��ugh

e�"��i�en�	 �n�	 ���e�i��iz��i�n	 in	 A9,	 /e	 !�n	 �ee	 i�,	 he��	 i�,	 e�en

in�e��!�	/i�h	i�	�i�e!���,	��	i#	 i�	 i�	����	�	-���	�#	�u�	-h��i!��	/����0	&�	����

he�-�	 ��	�e�ge	 �he	 "�un����	 "e�/een	 �i��u��	 �n�	 -h��i!��,	 !�e��ing	 �

�e���e��	���n�i�i�n	#���	/h��	i�	i�,	��	/h��	/e	!�n	in�e�-�e�	�n�	in�e��!�0

li�itations

1hi�	 �he�i�	 �e�e��!h	 i�	 n��	 �"�u�	 �e�igning	 #��	 !u��en���	 ���i��"�e

�e!hn���g�,	"u�	 #��	�	 #u�u�e	/he�e	�ug�en�e�	�e��i��	 i�	u"iBui��u�	�n�

�!!e��i"�e	#��	����	-e�-�e0	A��i�i�n����,	 &	���u�e	�h��	A9	he���e��	/i��

"e	�igh�/eigh�	�n�	!��#����"�e	#��	-e�-�e	��	/e��	�	��ng	�i�e0	We	!�n

���e���	 �ee	 �ign���	 in	 �he	 !u��en�	 �e!h	 in�u����	 �h��	 �-��i��	 !��-u�ing

�n�	u"iBui��u�	!��-u�ing	��e	���ing	��-i���	��/����	�hi�	#u�u�e0	1����,

�!�nn�"�e	V9	!��e�	��e	/i�e��	u�e�	 ��	�!!e��	 �he	uniBue	 i�en�i��	�n�

in#�����i�n	 #���	 �	 -���u!�,	 "u�	 in	 �hi�	 #u�u�e,	 e�e��	 �"Ge!�	 /�u��

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAA

Figure		�.�:		Aeluminator	in	?arr�	%otter	mo�ie

uses	animated	�arti�les	to	em�od�	the	light

Figure		�.1�:	#he	�i�8ed	�olor	is	materiali<ed

in	the	6nal	�rotot��e
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	5)	

#�n!�i�n	��	�	PV9	$��eQ�	����/ing	-e�-�e	��	in�e��!�	/i�h	i�	 �h���gh	�he

�en�	�#	�9�	��	:e�in	:e���	en�i�i�n�	�he	#����e	�h��	e�e��	-h��i!��	�"Ge!�

/i��	 Ph��e	 i��	 �igi���	 �/inQ�	 �n�	 in�e�!�nne!�e�	 �h���gh	 ne�/��.�0	 1hi�

en�i�i�ne�	#����e	����	�	#�n���en���	�����-�i�n	�#	�hi�	�he�i��	�n�	��n�

in�e��!�i�n�	���	�e�!h	i��	#���	-��en�i��	/hen	�hi�	#����e	!��e�	��	�e��i��0

�ulture	�ariations	for	�estures

1he	 ���e	ge����e�	���	����	 in	�i##e�en�	 !�����e��	"��	 in	 �hi�	 �e�e��!h�	 &

���e�-�	 ��	 ���i�	 �he	 inL�en!e�	 �#	 !�������	 ���i��i�n�	 in	 �e���	 �#	 �he

�e�ning�	�#	ge����e�0	&n��e���	&	���.	���e	��	�he	ge����e�	�h��	e�-���e�

#���	���	-h��i!��	in�e��!�i�n��	��!h	��	g��"�	-�e���	���g�	-����	e�!0	1h��e

ge����e�	 �h����	 "e	 �n�##e!�e�	 "�	 !�������	 !�n�e,�	 �n�	 ��e	 gene�����

�--�i!�"�e	#��	���ge�	���ien!e�0

�i�its	of	test	users

1hi�	�e�e��!h	#�!��e�	���e	�n	�he	e,-�����i�n	�#	�e!hn���g�	���e���en�

�n�	-������-ing	 in��e��	�#	��e�2!en�e�e�	e������i�n�	�n�	 �he	g���	 i�	 ��

e,-���e	 �n�	 -��-��e	 ne/	 -���i"�e	 �e�ign	 -����ig��	 #��	 �9	 ge������

in�e��!�i�n�0	1he�e#��e�	!���en�	��e�	�e���	��e	�e��	-�e�i�in����	�n�	#����e

/��.	 �h����	 in����e	 ���e	 -���i!i-�n��	 �n�	 !�n��!�	 ���e	 �n����i!��

e������i�n�0	

#lur0	data	G@les)	01otosH

&n	 �he	 ����-	 in�e��!�i�n�	 &	 -������-e�	 /��.ing	 �e���	 �h��	 !�n	 in�e��!�

/i�h	�i�����	�"Ge!��	@3�	���e��	�n�	�i�����	�!�een�A�	!�����	#���	�he	�e��

en�i��n�en�	�n�	�����	 �igh��0	 ��	 &	"e�ie�e	����-ing	/i�h	��he�	 ��-e�	�#

����	/����	 ����	"e	 �����"�e�	 #��	 e,��-�e�	 �	 4�e	 #���	�	�i�-���	 ��	%S 

��i�e0	 &n	 ���i�i�n�	 �in!e	 �he	 �9	 he���e��	 ��e	 !��e���	 ��	 !�-���e	 �he

en�i��n�en�	 in	 �e��2�i�e�	 i�	 i�	-���i"�e	 ��	 in�e��!�	/i�h	-h��i!��	-h�����

i��ge��	��	��!��en��	��	/e���	/hi!h	/����	����/	�	��e�	 ��	��ni-����e

�igi���	�n�	-h��i!��	in#�����i�n	���e	eng�ging��0
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!��M������*$

+ercei�ed	affordances

��n���	 ;����nC�	 @1)??A	 "��.	 1he	 ���!h���g�	 �#	 =�e�����	 1hing�

in�����!e�	 �he	 �e��	 �##����n!e�	 in��	 �he	 ��!�"�����	 �#	 �e�ign	 �n�

h���n2!��-��e�	 in�e��!�i�n0	 ;����n	 -��-��e�	 �h��	 �##����n!e	 i�	 �he

�e�ign	 ��-e!�	 �#	 �n	 �"Ge!�	 /hi!h	 ��gge���	 h�/	 �he	 �"Ge!�	 �h����	 "e

��e�0	<��e��	;����n	@2((?A	!���i4e�	�he	�e��	F�##����n!e�F	��	F-e�!ei�e�

�##����n!e��F	 ��	 i�	 e�-h��ize�	 �he	 �igni4!�n!e	 �#	 -e�-�eC�	 -e�!e-�i�n

���he�	 �"Ge!�C�	 �!����	 �##����n!e��	 �n�	 he	 ���e�	 FWh��	 �he	 �e�igne�

!��e�	�"���	i�	/he�he�	�he	��e�	-e�!ei�e�	�h��	���e	�!�i�n	i�	-���i"�eF0

@;����n�	2((?�	-0	3A�	��	�hi�	�he�i�	/i��	��in��	��e	;����nC�	�e4ni�i�n	�#

-e�!ei�e�	�##����n!e�	��	�e#e�en!e	#��	�i�!���i�n0

�estural	interactions

�	��-e	�#	��e�	in�e��!�i�n�	/he�e	�	��e�	in�e��!��	/i�h	!��-��e�	�e�i!e�

�h���gh	�	�e�	�#	ge����e�0	1he	ge������	in�e��!�i�n�	in	�hi�	�he�i�

-���i!������	�e#e�	��	h�n�2ge����e	in�e��!�i�n��	/hi!h	!�n	e����e	�he

�i�e!�i�n	�#	h�n��	4nge�	���e�en�	e�!0

(ead��ounted	dis0la�	G(M H

�	he��2���n�e�	�i�-���	i�	�	�i�-���	�e�i!e�	/��n	�n	�he	he��	��	��	-���

�#	�	he��e��	�h��	h��	�	�����	�i�-���	�-�i!	in	#��n�	�#	��e��5	e�e�0

Mental	�odels

&n	1)43�	/hen	:enne�h	$��i.	@1)43A	4���	-��-��e�	�he	!�n!e-�	�#	�en���

���e�0	 6e	 �i�!���e�	 �	 �e���i�n�hi-	 �#	 ���	 in�e�n��	 �e-�e�en���i�n	 �n�

e,�e�n��	 /����0	 $��i.	 ��g�e�	 �h��	 �hePin�e�n��	 ���e�	 �#	 �e��i��  W  �hi�

/��.ing	 ���e�  W	 en�"�e	 ��	 ��	 -�e�i!�	 e�en��	 /hi!h	 h��e	 n��	 �e�

�!!���e�	 in	 �he	 -h��i!��	 /����Q	 @	 -0?2A0	 6e	 ��gge���	 �h��	 �he	 -��!e��

4�����	 ���n����e�	 �he	 e,�e�n��	 in#�����i�n	 in��	/�����	 n��"e���	 ��	 ��he�

���"����	 �n�	 �hen	 �h���gh	 �he	 -��!e��	 �#	 �e���ning�	 �e��!�i�n	 �n�

in#e�en!e�	�he	���"���	��e	��"�eB�en���	�e���n����e�	��	�	"�i�ge	��	he�-

-e�-�e	 �n�e����n�	 �he	 e,�e�n��	 /����0	 @	 -0?2A	 <��e��	 �he	 ����	 /i�e��

�!!e-�e�	n��i�n	�#	�	�en���	���e�	i�	Pin�e�n��	�e-�e�en���i�n�	�#	����e�

in	 �	 -���i!����	 .n�/�e�ge	 ����in0	 1he�e	 in�e�n��	 �e-�e�en���i�n�	 ��e

#���e�	�h���gh	.n�/�e�ge	@in����!�i�nA	��	e,-e�ien!e	��	�	!��"in��i�n

�#	�he	�/�Q0	@S��gge���	1))3�	-0	*(1A	&	��e�	�hi�	�e4ni�i�n	#��	�hi�	�he�i�0
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�orld-loc9ed)4od�-loc9ed	and	1and-loc9ed

1he	!�n!e-�	�#	/����2��!.e�,	"���2��!.e�	�n�	h�n�2��!.e�	��e	u�e�	��

�e�!�i"e	 �he	 �i##e�en�	 ���e�	 �#	 �i�-���ing	 in#�����i�n	 in	 �ug�en�e�

�e��i��	�n�	�i��u��	�e��i��0	 &�	�i��ingui�he�	���i�u�	/���	�#	�h�/ing	�i��u��

in#�����i�n	�e���i�e	��	�he	u�e�5�	-�e�en�	-��i�i�n	�n�	�e��2/����	-h��i!��

�-�!e0	

�orld-loc9ed

When	 �he	 �i��u��	 in#�����i�n	 i�	 ����i!	 �e���i�e	 ��	 �	 u�e�5�	 -h��i!��

�u���un�ing�,	i�	i�	��-i!����	!�n�i�e�e�	��	"e	/����2��!.e�,	/hi!h	�e�n�

�he	 �i��u��	 !�n�en�	 i�	 ��!.e�	 ��	 �he	 �e��	 /����	 �-�!e0	 &n	 �hi�	 !��e,	 �he

in#�����i�n	 /i��	 .ee-	 ����i!	 un�i�	 �he	 u�e�	 in�en�i�n����	 ���e�	 i�0	 ���e

"������	�-e�.ing,	/e	!�n	!�n�i�e�	�n��hing	�h��	i�	-��!e�	in	�u�	-h��i!��

en�i��n�en�	��	"e	/����2��!.e�0

"od�-loc9ed

 �	un�e����n�ing	�he	!�n!e-�	�#	/����2��!.e�,	/e	!�u��	�hen	�--��	�he

���e	/��	 �#	 �e�!�i-�i�n	 ��	 �he	 i�e�	 �#	 "���2��!.e�,	 �n�	 "���2��!.e�

�e�n�	 �he	 in#�����i�n	 ��	 !�n�en�	 ��e	 ����i!	 �e���i�e	 ��	 �	 u�e�5�	 "���E

�he�e#��e	i�	!�n	"e	�h�ugh�	��	��!.e�	��	�he	u�e�5�	"���0	6�/e�e�,	�in!e	�

u�e�5�	"���	����	���e�	#���	-���	��	-���,	��	��-i!����	�he	�i��u��	!�n�en�	i�

4,e�	��	ei�he�	u�e�5�	he��,	��	�he	!en�e�	�#	�	u�e�5�	"���,	/hi!h	!�n	"e

"��h	�eg���e�	��	"���2��!.e�0	

(and-loc9ed

<i.e/i�e,	h�n�2��!.e�	�e�n�	�he	�i��u��	!�n�en�	��	in#�����i�n	��e	����i!

�e���i�e	��	�	u�e�5�	h�n�,	#��	e,��-�e,	�	�ing	/e	��e	/e��ing,	��	�	/��!h
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Figure	�.1:		�od��lo�8ed	�	digital	�ontent	is

6�ed	to	a	user1s	en�ironment

Figure	�.2:		�od��lo�8ed	�	digital	�ontent

mo�es	along	with	a	user1s	�od�

Figure	�.3:		hand�lo�8ed	�digital	�ontent	is

6�ed	to	a	user1s	hand
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