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Summary
�>Ûi�Þ�Õ�iÛiÀ�Ã>Ì� ���>�VÀ>�«i`�>�À«�>�i¶�-�ÌÌ��}�Ã��Õ�`iÀ�Ì��Ã��Õ�`iÀ�Ü�Ì�� ����Ìi`� �i}À����
��}�Ì���Ì�Li�>� V��v�ÀÌ>L�i�iÝ«iÀ�i�Vi�Ü���i�yÞ��}� ���>��>�À«�>�i°��Õ�>��>�Ì�À�«��iÌÀ�VÃ�
�Ã� ��«�ÀÌ>�Ì�Ì��V��Ã�`iÀ�Ü�i��`iÃ�}���}�v�À� ��ÌiÀ��ÀÃ�ÕÃi`�LÞ�>��>À}i�«�«Õ�>Ì���°�/��>VV���
modate people of all sizes, a certain minimum pitch and width are needed in an aircraft seat 
Ã��Õ�`�Li��>`i����Ì�i�«�ÌV��>�`�Ü�`Ì���v�>��>�ÀVÀ>vÌ�Ãi>Ì°���ÜiÛiÀ]���VÀi>Ã��}�«�ÌV��>�`�Ü�`Ì��
is probably not the best for airline revenues, as an increasing pitch will reduce the number of 
«>ÃÃi�}iÀÃ�>�`�Ì�iÀiLÞ�Ì�i���V��i°�/�iÀiv�Ài]��Ì�iÀ�Ã��ÕÌ���Ã�>Ài��ii`i`�>Ã�Üi��°�/��Ã�*���
ÀiÃi>ÀV��V>��Li��i�«vÕ��v�À�>�À���iÃ�Ì��w�`�Ì�i��«Ì��Õ��>Ã�L>V�}À�Õ�`���v�À�>Ì�����Ã�}>Ì�iÀi`�
>L�ÕÌ�Ì�i��iÛi���v�V��v�ÀÌ�iÝ«iÀ�i�Vi`�LÞ�«>ÃÃi�}iÀÃ����`�vviÀi�Ì�Ãi>Ì�Ã�âiÃ°�

/�i�>����v�Ì��Ã�ÀiÃi>ÀV���Ã�Ì��Õ�`iÀÃÌ>�`���Ü�Ì��«Ài`�VÌ�V��v�ÀÌ�­
®�LÞ�������}�>Ì�Ì�i�«�ÞÃ�V>��
i�Ì�Ì�iÃ�­*
®]��ÌÃ���ÌiÀ>VÌ����­�®�Ü�Ì��Ì�i��Õ�>�]�Ì�i��Õ�>��L�`Þ�ivviVÌÃ�­�®�>�`�«iÀVi�Ûi`�ivviVÌÃ�
­*®°�/�i�>««��V>Ì����>Ài>��v�Ì�i���`i���Ã�Ì�i�>�ÀVÀ>vÌ���ÌiÀ��À°�/�iÀiv�Ài]�Ì�i�ÀiÃi>ÀV���L�iVÌ�Ûi�
�v�Ì��Ã�*���Ì�iÃ�Ã��Ã�Ì����VÀi>Ãi�>�ÀVÀ>vÌ�«>ÃÃi�}iÀÃ½�V��v�ÀÌ�LÞ�VÀi>Ì��}����Ü�i`}i����Ì��Ãi�
«�ÞÃ�V>��i�Ì�Ì�iÃ�Ì�>Ì�«Ài`�VÌ�V��v�ÀÌ°�/��Ã�ÀiÃi>ÀV���Ã�Ã«��Ì���Ì��Î�«�>ÃiÃ]�iÝ«��À��}�i>V��ÃÌi«�
LiÌÜii��*
�>�`�
°�Ƃ���ÛiÀ>���>««��V>Ì�����v�Ì�iÃi�«�>ÃiÃ�Ü����Li�`�ÃVÕÃÃi`�Ì�Ü>À`Ã�Ì�i�i�`°

*�>Ãi�£�­`�ÃVÕÃÃi`����
�>«ÌiÀ�Ó®��Ã�>�ÃÌÕ`Þ����`�vviÀi�Ì�Ãi>Ì�Ã«>ViÃ��v�>��>�ÀVÀ>vÌ�­*
®°��Ì�Ü����Li�
iÝ«��Ài`�v�VÕÃ��}������ÌiÀ>VÌ����­�®�LiÌÜii��`�vviÀi�Ì�«i�«�i�>�`�Ì�i���ÌiÀ��À]�ÀiÃÕ�Ì��}����V���
v�ÀÌ�­
®°�/�i�ÃÌÕ`Þ�Ü�Ì��>�Û>À�>Ì�������Ãi>Ì�«�ÌV�iÃ�v�Õ�`�Ì�>Ì�>���}�Ì�i�Ó�{�«>ÃÃi�}iÀÃ�Ü�Ì��>�
��}�iÀ�«�«��Ìi>���i�}�Ì]�>����}iÀ�LÕÌÌ�V����ii�`i«Ì�]�>���}�iÀ�iÞi��i�}�Ì�Ã�ÌÌ��}�>�`�>���}�iÀ�
Ã�ÌÌ��}��i�}�Ì�Ã��Ü���Ài�`�ÃV��v�ÀÌ�Ü�Ì��>� Ài`ÕVi`�«�ÌV�� Ì�i��Ã��ÀÌiÀ�«>ÃÃi�}iÀÃ°�Ƃ��Ì�iÀ�
>�>�ÞÃ�Ã��v�Ì��Ã���ÌiÀ>VÌ����LiÌÜii��Ì�i��Õ�>��>�`�Ì�i�Ãi>Ì�Ã«>Vi�`i���ÃÌÀ>Ìi`�>�Ã�}��wV>�Ì�
Ài�>Ì���Ã��«�LiÌÜii��Ãi>Ì�«�ÌV��>�`�V��v�ÀÌ�>Ã�Üi���>Ã�`�ÃV��v�ÀÌ°�Ƃ``�Ì���>��Þ]��Ì�Ü>Ã�v�Õ�`�
that the mean rank of the discomfort of each pitch size for the middle seat was higher than the 
Ü��`�Ü�>�`�>�Ã�i�Ãi>Ì°����>�ÃiV��`�ÃÌÕ`Þ�Ü�Ì��Î££�«>ÃÃi�}iÀÃ]�Ì�i�Ãi>Ì�Ü�`Ì��Ü>Ã�Û>À�i`°�/�i�
>``�Ì���� ���Ãi>Ì�Ü�`Ì��Ài`ÕVi`�`�ÃV��v�ÀÌ�>Ì� Ì�i�Ã��Õ�`iÀÃ]���iiÃ]�>�`� ��ÜiÀ� �i}Ã�>�`�viiÌ°�
,i}>À`��}�Ì�i�>�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ]�«>ÀÌ�V�«>�ÌÃ�Ü�Ì��>�Ã�>��iÀ���«�LÀi>`Ì��vi�Ì���Ài�
V��v�ÀÌ>L�i�Ü���i�Ã�ÌÌ��}����Ì�i�£n���V��Ü�`i�Ãi>Ì]�Ü��V����}���}�ÌÃ�Ì�i���«�ÀÌ>�Vi��v�vÀii`���
�v���Ûi�i�Ì°�Ƃ��>À}iÀ�Ã«>Vi�ÀiÃÕ�Ìi`������Ài�V��v�ÀÌ°�/�i�ÃÌÕ`Þ�>�Ã��Ã��Üi`�Ì�>Ì�Ì��Ài>V��>�
Ã����>À��iÛi���v�V��v�ÀÌ]���VÀi>Ã��}�Ì�i�Ü�`Ì���v�>�£Ç���V��Ü�`i�Ãi>Ì�LÞ���i���V����}�Ì�Li���Ài�
ivwV�i�Ì�Ì�>����VÀi>Ã��}�Ì�i�«�ÌV��v�ÕÀ���V�iÃ°�

���«�>Ãi�Ó�­`�ÃVÕÃÃi`����
�>«ÌiÀ�Î®]�Ì�i�ÀiÃÕ�ÌÃ��v�«�>Ãi�£�>Ài�vÕÀÌ�iÀ�iÝ«��Ài`�LÞ��i>ÃÕÀ��}�Ì�i�
�Õ�>��L�`Þ�ivviVÌÃ�­�®�­i°}°��i>ÀÌ�À>Ìi�Û>À�>L���ÌÞ�­�,6®®�>�`�Ì�i�Ài�>Ì���Ã��«�Ì��V��v�ÀÌ°��,6�
Ü>Ã��i>ÃÕÀi`�v�À�«>ÃÃi�}iÀÃ�`ÕÀ��}�Ó���ÕÀÃ��v�Ã�ÌÌ��}����>��>�À«�>�i�Ãi>Ì°�Ƃ�ViÀÌ>���Ì��i���i�
Ü�Ì��`�vviÀi�Ì�Ì>Ã�Ã]�L�Ì��Ü�Ì��>�`�Ü�Ì��ÕÌ�Ì�i�ÕÃi��v�Ì�i�ÌÀ>Þ�Ì>L�i�Ü>Ã�«iÀv�À�i`�Ì��Ã��Õ�>Ìi�
>��>�ÀVÀ>vÌ�ÌÀ>Ûi����ÕÀ�iÞ°���ÌiÀiÃÌ��}�Þ]�Ì�i�Ãi>Ì�Ü�Ì��Ì�i��i>ÃÌ�Ã«>Vi�`�`���Ì�«iÀv�À��Ì�i�Ü�ÀÃÌ����
Ì��Ã�ÃÌÕ`Þ]�Ü��V����}�Ì�Li�V>ÕÃi`�LÞ�Ì�i�ÌÀ>Þ�Ì>L�i°�/��Ã�ÃÌÕ`Þ�v�Õ�`�Ì�>Ì���ÃÌ��,6�«>À>�iÌiÀÃ�
are related to comfort, but not so much to discomfort, probably because the heart rate is more 
Ài�>Ìi`�Ì��i��Ì���Ã�Ì�>��Ì��Ì�i��>V���v�«�ÞÃ�V>��Ã«>Vi°�/��Ã�V�Õ�`���`�V>Ìi�Ì�>Ì��,6�V�Õ�`�Li�
ÕÃi`�>Ã�>��Õ�>��L�`Þ�ivviVÌ���`�V>Ì�À����«Ài`�VÌ��}�V��v�ÀÌ�>Ã�V��v�ÀÌ�Ü>Ã�v�Õ�`�Ì��Li���Ài�
Ài�>Ìi`�Ì���,6�«>À>�iÌiÀÃ�Ì�>Ì�>Ài�V�ÀÀi�>Ìi`�Ì��Üi���Li��}]�i��Ì���Ã�>�`�Ì�i�«ÃÞV����}�V>��
ÃÌ>Ìi°�"Ì�iÀ�ÃÌÕ`�iÃ�Ã��Üi`�Ì�>Ì�̀ �ÃV��v�ÀÌ��Ã���Ài�Ài�>Ìi`�Ì��«�ÞÃ�V>��«>À>�iÌiÀÃ����i�«ÀiÃÃÕÀi�
`�ÃÌÀ�LÕÌ���°�Ƃ``�Ì���>��Þ]� ÃÕL�iVÌ�Ûi�`�ÃV��v�ÀÌ�Ü>Ã� v�Õ�`� Ì�� ��VÀi>Ãi��ÛiÀ� Ì��i� ��� ���i�Ü�Ì��
Ã��i��i>ÃÕÀi�i�ÌÃ��v�Ì�i��,6°�"ÛiÀ�>���«>À>�iÌiÀÃ]�Ì�i��,6�«>À>�iÌiÀÃ\�ÃÌ>�`>À`�`iÛ�>Ì����
�v�Ì�i�Ì��i���ÌiÀÛ>��LiÌÜii��ÃÕVViÃÃ�Ûi���À�>��Ì����À�>���i>ÀÌLi>ÌÃ�­-�  ®Æ���}��vÀiµÕi�VÞ�
�v�Ì�i��i>ÀÌ�À>Ìi�­��®Æ�>�`�ÃÌ>�`>À`�`iÛ�>Ì�����v�Ì�i�«À��iVÌ�����v�Ì�i�*���V>Àj�«��Ì�>���}�Ì�i�
���i��v��`i�Ì�ÌÞ�­-�Ó®�Ãii��«À���Ã��}�>Ã��Ì��>Ã�Ì�i�ÃÌÀ��}iÃÌ�Ài�>Ì���Ã��«�Ü�Ì��V��v�ÀÌ�>�`��Ì��Ã�
v>�À�Þ�i>ÃÞ�Ì��ÀiV�À`�Ü�iÀi�Ì�i�V�>�}iÃ��ÛiÀ�Ì��i�V�Õ�`�Li�`iÌiVÌi`°�

*�>Ãi�Î�­`�ÃVÕÃÃi`����
�>«ÌiÀ�{®�iÝ«��ÀiÃ�V��v�ÀÌ�µÕiÃÌ����>�ÀiÃ�>Ã�>��iÌ��`���}Þ�Ì���i>ÃÕÀi�
«iÀVi�Ûi`�ivviVÌÃ�­*®°�Ƃ���ÛiÀÛ�iÜ��v�ÃÕL�iVÌ�Ûi�>ÃÃiÃÃ�i�Ì��iÌ��`Ã��v�V��v�ÀÌ��Ã�«ÀiÃi�Ìi`����
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of the computer program had higher potential revenue by adding business class seats, and it 
also resulted in optimal use of the space and would ensure all regulations are met, though some 
y��À�«�>�Ã�V��Ì>��i`�À�Ì>Ìi`�Ãi>ÌÃ�Ü�iÀi�Ì�i�V��v�ÀÌ��iÛi���Ã�ÃÌ����Õ����Ü�°�


Ý«iÀ��i�ÌÃ�Ü�Ì��>�Û>À�iÌÞ��v�«>ÀÌ�V�«>�ÌÃ]�«À�`ÕVÌÃ]�>�`�Ì>Ã�Ã�ÜiÀi�V��`ÕVÌi`�>�`��i>ÃÕÀi�
�i�ÌÃ��v�Ì�i���ÌiÀ>VÌ���]��Õ�>��L�`Þ�ivviVÌÃ�>�`�«iÀVi�Ûi`�ivviVÌÃ�ÜiÀi�ÀiV�À`i`°�/�iÃi�ÃÌÕ`�
ies prove that indeed comfort and discomfort are a result of the interaction, human body effects 
>�`�«iÀVi�Ûi`�ivviVÌÃ]�>�`�Ì�iÃi�>Ã«iVÌÃ�V�Õ�`�Li�ÕÃi`�>Ã�>�«Ài`�VÌ�À��v�V��v�ÀÌ°�Ƃ�`�V��v�ÀÌ�
can be predicted, for instance, based on pitch and width related to anthropometry, but also 
L>Ãi`�����,6�«>À>�iÌiÀÃ°�/�i�ÀiÃÕ�ÌÃ��v�Ì�i�µÕ>�Ì�Ì>Ì�Ûi�ÀiÃÕ�ÌÃ��v�Ì�i�ÃÌÕ`�iÃ�Ã��Üi`�>�ÌÀ>��
Ã�Ì�����v�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ����ÌÜ��`�vviÀi�Ì�>ÝiÃ]�>Ã�>�Ã���i�Ì���i`����Ì�i���ÌiÀ>ÌÕÀi°�/��i�
Ü>Ã�>�v>VÌ�À�Ì�>Ì�Ü>Ã�>�Ã��>``i`����Ì�i�ÀiÃi>ÀV���v�
�>«ÌiÀ�Î°�-��Vi�Ì�iÀi��Ã�>�V�>�}i��ÛiÀ�Ì��i�
���Ì��Ã�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�À>Ì��}]�Ì�i�Ì��À`�>Ý�Ã��v�Ì��i�V�Õ�`�Li�>``i`�Ì��Ì��Ã���ÌiÀ>VÌ���°�

/��Ã� *����>Ã�L>Ã�V� ��v�À�>Ì����Ü��V�� V>��Li�ÕÃi`� ��� vÕÌÕÀi� ÃÌÕ`�iÃ�Ü�Ì�� >`Û>�Vi`� Ãi�Ã�ÀÃ�
and technology enabling researchers and manufacturers to gather more human data without 
��ÌiÀviÀ��}�Ü�Ì��Ì�i�«>ÀÌ�V�«>�Ì°�/��Ã�V>��V��ÌÀ�LÕÌi�Ì��Ài`ÕV��}�Ì�i�«À�L�i��LÞ�V��Ì��Õ�ÕÃ�Þ�
>Ã���}�v�À�«>ÀÌ�V�«>�ÌÃ�Ì��Ãi�v�>ÃÃiÃÃ�Ì�i�À�V��v�ÀÌ�Ì���i>ÃÕÀi�Ì�i�VÕÀÀi�Ì�V��v�ÀÌ�ÃÌ>ÌÕÃ°�/�i�
use of cameras for observing participants can overcome this problem which could be used in 
vÕÌÕÀi�ÃÌÕ`�iÃ°�-�>ÀÌ�>�>�ÞÃ�Ã����i�ÀiV�À`��}�Ì�i��Õ�>��w`}iÌ��}�>�`�ÃÌÕ`Þ��}��,6�«>À>�iÌiÀÃ�
are promising and could be further explored as new sensors appear bringing new possibilities 
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LÞ��ÕÃÌ�ÀiV�À`��}°��

Finally, this research proves that physical entities can predict comfort, and observing the inter�
>VÌ����>�`�ÀiV�À`��}��Õ�>��L�`Þ�ivviVÌÃ� ���i��,6�V>��«Ài`�VÌ�V��v�ÀÌ�>Ã�Üi��°�Ƃ``�Ì���>��Þ]�
Ì�iÀi�>Ài�}��`�µÕiÃÌ����>�ÀiÃ�>Û>��>L�i�v�À��>�Þ�Ã�ÌÕ>Ì���Ã�«Ài`�VÌ��}�>�`�ÀiV�À`��}�V��v�ÀÌ°�
Designers can use these methods to create a better functional aircraft interior which then in�
VÀi>ÃiÃ�«>ÃÃi�}iÀ�V��v�ÀÌ°
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�Þ>�>�>��LiÀ>`>�«>`>�̀ Õ>�ÃÕ�LÕ�Þ>�}�LiÀLi`>°�/�`>��>`>�Þ>��iÌ�`>��Þ>�>�>��Li�Õ��Ìi�ÌÕ�
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kecil bukan merupakan kursi dengan nilai terendah pada penelitian ini yang mungkin disebab�
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sioner tentang kenyamanan dipilih dan diberi peringkat oleh 55 peneliti dan praktisi dibidang 
�i�Þ>�>�>��`>�>��ÃiLÕ>��v�ÀÕ��`�Ã�ÕÃ�°�*
+�Õ�ÌÕ��«i�i��Ì�>��Ìi�Ì>�}��i�Þ>�>�>��`�LÕ>Ì�
Õ�ÌÕ�����>�L�`>�}�>«���>Ã��̀ >��i�«>Ì�v>Ãi�̀ iÃ>��°��ÕiÃ���iÀ�ÌiÀ«������i�Õ`�>��̀ ��>Ìi}�À��>���i�
dalam empat kategori: kuesioner pilihan terbaik, kuesioner yang cocok untuk digunakan tanpa/
sedikit pelatihan sebelumnya, kuesioner yang cocok untuk diselesaikan secara cepat dan kue�
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®�Þ>�}��i��
«Ài`��Ã���i�Þ>�>�>��­
®�`�L>�>Ã�`>�>��	>L�x°�*i�i��Ì�>�������i�LiÀ��>���«Ã���i«>`>�«>�>À�
interior pesawat untuk menggunakan pengetahuan tentang kenyaman yang dihasilkan pada 
L>L�L>L�ÃiLi�Õ��Þ>°�*>À>�«>�>À���ÌiÀ��À�«iÃ>Ü>Ì�`����Ì>�Õ�ÌÕ���i�LÕ>Ì�Ì>Ì>��iÌ>���ÕÀÃ��`>�
�>�� «iÃ>Ü>Ì� `i�}>�� «iÀÌ��L>�}>�� �i�Þ>�>�>�°� �>Ã��� «>À>� «>�>À� �i�Õ`�>�� `�L>�`��}�>��
dengan tata letak yang dihasilkan oleh algoritma komputer di mana rotasi diperbolehkan tanpa 
�i�«iÀÌ��L>�}�>���i�Þ>�>�>�°�-iV>À>��iÃi�ÕÀÕ�>�]�«>À>�>�����iL���L>���`>�>���i�}}Õ�>�
�>��«i�}iÌ>�Õ>��Ìi�Ì>�}��i�Þ>�>�>��`>���i�«Õ�Þ>�� �`i��`i��Ài>Ì�v�`>�>���i�LÕ>Ì� Ì>Ì>�
letak kursi untuk penerbangan dimasa depan, meskipun beberapa dari ide ini bertentangan 
`i�}>��«iÀ>ÌÕÀ>��Þ>�}�LiÀ�>�Õ�Ã>>Ì����°��>Ã���`>À��«À�}À>�����«ÕÌiÀ��i�������«�Ìi�Ã��«i�`>«�
>Ì>��Þ>�}��iL���Ì��}}��`i�}>���i�>�L>��>���ÕÀÃ���i�>Ã�L�Ã��Ã°�*i�}}Õ�>>�����«ÕÌiÀ��i�}�
hasilkan penggunaan ruang yang optimal dan akan memastikan semua peraturan terpenuhi, 
meskipun beberapa denah lantai berisi kursi diputar, dimana tingkat kenyamanan kursi tersebut 
�>Ã���Li�Õ��`��iÌ>�Õ�°

Interaksi, efek tubuh manusia dan efek yang dirasakan diukur dengan membuat eksperimen 
`i�}>��LiÀL>}>��«iÃiÀÌ>]�«À�`Õ�]�`>��ÌÕ}>Ã°�-ÌÕ`�������i�LÕ�Ì��>��L>�Ü>��i�Þ>�>�>��`>��
ketidaknyamanan adalah hasil dari interaksi, efek tubuh manusia dan efek yang dirasakan, dan 
>Ã«i��>Ã«i������`>«>Ì�`�}Õ�>�>��Õ�ÌÕ���i�«Ài`��Ã���i�Þ>�>�>���>�ÕÃ�>°��>���i�Þ>�>�>��
����L�Ã>�`�«Ài`��Ã��`i�}>��LiÀL>}>��`>Ã>À]�ÃiL>}>��V��Ì���`i�}>���i�L>�`��}�>���>À>��>�Ì>À�
kursi dan lebar kursi dengan antropometri tubuh manusia, dan bahkan parameter variabilitas 
`i�ÞÕÌ� �>�ÌÕ�}��Õ}>�L�Ã>��i��>`��`>Ã>À�«Ài`��Ã�� ���°��>Ã���«i�i��Ì�>���Õ>�Ì�Ì>Ì�v��i�Õ��Õ��>��
adanya transisi kenyamanan dan ketidaknyamanan dalam dua sumbu berbeda, sebagaimana 
�Õ}>�`�ÃiLÕÌ�>��`>�>����ÌiÀ>ÌÕÀ°�7>�ÌÕ�>`>�>��v>�Ì�À�Þ>�}��Õ}>�`�Ì>�L>��>��`>�>��«i�i��Ì�>��
«>`>�	>L�Î°��>Ài�>�>`>�«iÀÕL>�>��`>À��Ü>�ÌÕ��i�Ü>�ÌÕ�`>�>��Ì��}�>Ì��i�Þ>�>�>��`>���iÌ�`>�
��Þ>�>�>�����]�ÃÕ�LÕ��iÌ�}>�Þ>�ÌÕ�Ü>�ÌÕ�`>«>Ì�`�Ì>�L>��>���i�`>�>����ÌiÀ>�Ã�����°
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dimasa yang akan datang dengan sensor dan teknologi canggih yang memungkinkan peneliti 
dan produsen untuk mengumpulkan lebih banyak data manusia tanpa mengganggu peserta 
i�Ã«iÀ��i��­«i�Õ�«>�}®°��>������`>«>Ì�LiÀ���ÌÀ�LÕÃ��Õ�ÌÕ���i�}ÕÀ>�}���>Ã>�>��Õ�ÌÕ��ÃiV>À>�
ÌiÀÕÃ��i�iÀÕÃ��i���Ì>�«iÃiÀÌ>�i�Ã«iÀ��i��Õ�ÌÕ���i���>��Ãi�`�À��Ì��}�>Ì��i�Þ>�>�>���iÀi�>°�
�>�>��«i�i��Ì�>��«i�i��Ì�>��Ãi�>��ÕÌ�Þ>]�«i�}>�>Ì>���i�>�Õ���>�iÀ>�`>«>Ì�`�}Õ�>�>��Õ�ÌÕ��
�i�}>Ì>Ã���>Ã>�>�� ���°� Ƃ�>��Ã�Ã� ViÀ`>Ã� ÌiÀ����� `i�}>���iÀi�>��}iÀ>�� Ì>�«>� Ã>`>À��>�ÕÃ�>�
`>���i�«i�>�>À��«>À>�iÌiÀ�Û>À�>L���Ì>Ã�`i�ÞÕÌ��>�ÌÕ�}�VÕ�Õ«��i��>����>��`>��`>«>Ì�`�i�Ã«��À�
�iL����>Õ��`i�}>��>`>�Þ>�Ãi�Ã�À�Ãi�Ã�À�ÌiÀL>ÀÕ°��>�������i�Õ�}����>��V>À>�L>ÀÕ�Õ�ÌÕ���i��
}��>��`>Ì>�`>Ì>�Þ>�}�`��>Ã���>�°��iÌ�`>��Þ>�>�>���i`i«>��Þ>��Õ�}����`>«>Ì�`�Õ�ÕÀ�`i�}>��
sensor tekanan di kursi, sedangkan kenyamanan dapat diukur dengan parameter variabilitas 
`i�ÞÕÌ��>�ÌÕ�}°�
>À>�L>ÀÕ�����«>`>�>���À�Þ>��i�L>Ü>���Ì>��i«>`>��>Ã���Þ>�}��iL���`i�>Ì��i�
«Ài`��Ã���i�Þ>�>�>��`>���iÌ�`>��Þ>�>�>�]�Þ>�}�`>«>Ì�`��>�Õ�>���>�Þ>�`i�}>��«i�}>�>Ì>�°

*>`>�>���À�Þ>]�«i�i��Ì�>�������i�LÕ�Ì��>��L>�Ü>�i�Ì�Ì>Ã�wÃ���`>«>Ì��i�«Ài`��Ã���i�Þ>�>�>�]�
dan dengan mengamati interaksi serta merekam efek tubuh manusia seperti variabilitas denyut 
�>�ÌÕ�}��Õ}>�`>«>Ì��i�«Ài`��Ã���i�Þ>�>�>�°�-i�>����ÌÕ]�ÌiÀÃi`�>�«����>���ÕiÃ���iÀ�Õ�ÌÕ��LiÀL�
>}>�� Ã�ÌÕ>Ã�� Þ>�}�`>«>Ì�`�}Õ�>�>��Õ�ÌÕ���i�«Ài`��Ã��`>���i�V>Ì>Ì� �i�Þ>�>�>�°��iÃ>��iÀ�
�Õ}>�`>«>Ì��i�}}Õ�>�>���iÌ�`i�����Õ�ÌÕ���i�V�«Ì>�>����ÌiÀ��À�«iÃ>Ü>Ì�ÌiÀL>�}�Þ>�}��iL���
L>���ÃiV>À>�vÕ�}Ã���>��`i�}>��Ì��}�>Ì��i�Þ>�>�>��«i�Õ�«>�}�Þ>�}��iL���Ì��}}�°
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Nomenclature
2D Two dimensions

3D Three dimensions

Ƃ "6Ƃ Ƃ�>�ÞÃ�Ã��v�6>À�>�Vi

Ƃ-�,Ƃ
 /�i�Ƃ�iÀ�V>��-�V�iÌÞ��v��i>Ì��}]�,ivÀ�}iÀ>Ì��}�>�`�Ƃ�À�
��`�Ì�����}�
�}��iiÀÃ�

	����� Beck Depression Inventory

C 
Ý«iÀ�i�Vi`�V��v�ÀÌ]�`�ÃV��v�ÀÌ��À���Ì���}

CAN Central autonomic network


*�xä� 
>Ìi}�ÀÞ�*>ÀÌ�V�����}�xä


,�£ä 	�À}¿Ã�V>Ìi}�ÀÞ�À>Ì���ÃV>�i�£ä


,�£ää� 	�À}¿Ã�V>Ìi}�ÀÞ�À>Ì���ÃV>�i�£ää

CSI Cardiac Sympathetic Index


6� 
>À`�>V�6>}>����`iÝ

�� 
� Anthropometric data in design by Delft University of Technology



� 
�iVÌÀ�i�Vi«�>��}À>«�Þ

FAA Federal Aviation Administration 

FCC �Õ���ÃiÀÛ�Vi�V>ÀÀ�iÀ

�,- �À>«��V>��À>Ì��}�ÃV>�i

�7	- /�i��i�iÀ>��7i���	i��}�-V�i`Õ�i

� *�ÞÃ�V>��ivviVÌ����Ì�i��Õ�>��L�`Þ

�� ��}��vÀiµÕi�VÞ��v�Ì�i��i>ÀÌ�À>Ìi

�����À�  �À�>��âi`���}��vÀiµÕi�VÞ��v�Ì�i��i>ÀÌ�À>Ìi

�, �i>ÀÌ�À>Ìi

�,6 �i>ÀÌ�À>Ìi�Û>À�>L���ÌÞ

I Interaction between human and environment

�-" ��ÌiÀ�>Ì���>��"À}>��â>Ì����v�À�-Ì>�`>À`�â>Ì���

LCC ��Ü�V�ÃÌ�V>ÀÀ�iÀÃ

LF ��Ü�vÀiµÕi�VÞ��v�Ì�i��i>ÀÌ�À>Ìi

LF norm Normalized LF

��É���,>Ì�� ,>Ì����v���É��

�*� ��V>��*iÀVi�Ûi`���ÃV��v�ÀÌ

MDBF �Õ�Ì�`��i�Ã���>�����`�-Ì>Ìi�+ÕiÃÌ����>�Ài°

�i>���, �i>���i>ÀÌ�À>Ìi

Mean NN �i>����À�>��Ì����À�>����ÌiÀÛ>�

NRS Numerical Rating Scale

* *iÀVi�Ûi`�LÞ�Ì�i��Õ�>�

*x *iÀVi�Ì��i�x��v��Õ�>��Ƃ�Ì�À�«��iÌÀ�V��>Ì>

*�x *iÀVi�Ì��i��x��v��Õ�>��Ƃ�Ì�À�«��iÌÀ�V��>Ì>

*Ƃ-Ƃ/ *>Vi`�ƂÕ`�Ì�ÀÞ�-iÀ�>��Ƃ``�Ì����/>Ã�
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 *iÀVi�Ûi`�ivviVÌÃ

*��� ��VÌ�À��v�*����Ã�«�Þ�`i}Àii

*�, *À�}ÀiÃÃ�Ûi��ÕÃV�i�Ài�>Ý>Ì���

pNN10 *À�«�ÀÌ�����v��Õ�LiÀ��v���ÌiÀÛ>��`�vviÀi�ViÃ��v�ÃÕVViÃÃ�Ûi�,,���ÌiÀÛ>�Ã�}Ài>ÌiÀ�Ì�>��£ä��Ã

pNN20 *À�«�ÀÌ�����v��Õ�LiÀ��v���ÌiÀÛ>��`�vviÀi�ViÃ��v�ÃÕVViÃÃ�Ûi�,,���ÌiÀÛ>�Ã�}Ài>ÌiÀ�Ì�>��Óä��Ã�

pNN25 *À�«�ÀÌ�����v��Õ�LiÀ��v���ÌiÀÛ>��`�vviÀi�ViÃ��v�ÃÕVViÃÃ�Ûi�,,���ÌiÀÛ>�Ã�}Ài>ÌiÀ�Ì�>��Óx��Ã

«  {ä *À�«�ÀÌ�����v��Õ�LiÀ��v���ÌiÀÛ>��`�vviÀi�ViÃ��v�ÃÕVViÃÃ�Ûi�,,���ÌiÀÛ>�Ã�}Ài>ÌiÀ�Ì�>��{ä��Ã�

pNN50 *À�«�ÀÌ�����v��Õ�LiÀ��v���ÌiÀÛ>��`�vviÀi�ViÃ��v�ÃÕVViÃÃ�Ûi�,,���ÌiÀÛ>�Ã�}Ài>ÌiÀ�Ì�>��xä��Ã�

pNNxx *À�«�ÀÌ�����v��Õ�LiÀ��v���ÌiÀÛ>��`�vviÀi�ViÃ��v�ÃÕVViÃÃ�Ûi�,,���ÌiÀÛ>�Ã�}Ài>ÌiÀ�Ì�>��>�ViÀÌ>����Õ�LiÀ

* - parasympathetic nervous system

*-+ *iÀVi�Ûi`�-ÌÀiÃÃ�+ÕiÃÌ����>�Ài

,�Ƃ "6Ƃ ,i«i>Ìi`��i>ÃÕÀiÃ�Ƃ�>�ÞÃ�Ã��v�6>À�>�Vi

RMSSD ,��Ì��i>��ÃµÕ>Ài��v�ÃÕVViÃÃ�Ûi�  ���ÌiÀÛ>��`�vviÀi�ViÃ�

RR ��ÌiÀ�Li>Ì���ÌiÀÛ>���v�Ì�i��i>ÀÌ�À>Ìi

,+� ,iÃi>ÀV��µÕiÃÌ���

-Ƃ�Ƃ/ -�ÌÕ>Ì����>Ü>Ài�iÃÃ�}��L>��>ÃÃiÃÃ�i�Ì�ÌiV���µÕi�

SD1 -Ì>�`>À`�`iÛ�>Ì�����v�«À��iVÌ�����v�Ì�i�*���V>Àj�«��Ì����Ì�i����i�«iÀ«i�`�VÕ�>À�Ì��Ì�i����i��v��`i�Ì�ÌÞ

SD2 -Ì>�`>À`�`iÛ�>Ì�����v�Ì�i�«À��iVÌ�����v�Ì�i�*���V>Àj�«��Ì�>���}�Ì�i����i��v��`i�Ì�ÌÞ

SD3 -Ì>�`>À`�`iÛ�>Ì�����v�Ì�i�ÎÀ`�>Ý�Ã�ÕÃi`����Î��*���V>Àj�«��Ì�

SD2/SD1 Ratio Ratio of SD2/SD1

SDNN Standard deviation of the time interval between successive normal heart beats

SDSD -Ì>�`>À`�`iÛ�>Ì�����v�`�vviÀi�ViÃ�LiÌÜii��>`�>Vi�Ì���À�>��Ì����À�>����ÌiÀÛ>�Ã

SMFs -�>�����Ûi�i�ÌÃ�>�`�w`}iÌÃ

STAI *ÃÞV����}�V>��ÃÌÀiÃÃ�ÕÃ��}�-Ì>Ìi�/À>�Ì�Ƃ�Ý�iÌÞ���Ûi�Ì�ÀÞ

STFT -��ÀÌ�Ì��i���ÕÀ�iÀ�ÌÀ>�Ãv�À�

/,���/ Trimmel’s Index of Trait Moods 

TSST Trier Social Stress Test

//"� Taxi, take off, and landing
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3  Chapter 1 

"ÛiÀÛ�iÜ
���£�äÎ�Ì�i�7À�}�Ì�	À�Ì�iÀÃ��>`i�Ì�i�wÀÃÌ�ÃÕVViÃÃvÕ��y�}�Ì°�-��Vi�Ì�i�]�>�À«�>�iÃ�V��Ì��Õi`�
Ì����«À�Ûi�Ü�Ì���iÜ�`iÃ�}�Ã�>�`�ÌiV�����}Þ�i�>L���}�«i�«�i�Ì��ÌÀ>Ûi��i>Ã��Þ°� �Ü>`>ÞÃ]�>�À�
«�>�iÃ��>Ûi�Lii�����Ü��Ì��Li�Ì�i�µÕ�V�iÃÌ����}�`�ÃÌ>�Vi�ÌÀ>Ûi��ÌÀ>�Ã«�ÀÌ>Ì������`i°�*i�«�i�
yÞ�>����ÛiÀ�Ì�i�Ü�À�`�v�À�L�Ì��Ü�À��>�`��i�ÃÕÀi°���Þ��}�iV����Þ�Ü�Ì��>�V���iÀV�>��>�À���i��Ã�Ì�i�
V�i>«iÃÌ�>�`���ÃÌ�>VViÃÃ�L�i���`i�v�À��>�Þ�ÌÀ>Ûi��iÀÃ°�/�iÃi�>�À���iÃ��>Ûi�Lii��«À�Û�`��}�
`�vviÀi�Ì�V>L�����ÌiÀ��ÀÃ�Ì��>ÌÌÀ>VÌ�iÛi����Ài�ÌÀ>Ûi��iÀÃ����L�>À`�>Ì�>�V��«iÌ�Ì�Ûi�«À�Vi°��>Û��}�
economy class seats with minimum space would allow airlines to cram more passengers into 
>�À«�>�iÃ°

�>Ûi�Þ�Õ�iÛiÀ�Ã>Ì����>�VÀ>�«i`�>�À«�>�i¶�-�ÌÌ��}�Ã��Õ�`iÀ�Ì��Ã��Õ�`iÀ�Ü�Ì��ÀiÃÌÀ�VÌi`��i}À����
��}�Ì���Ì�Li�>�V��v�ÀÌ>L�i�iÝ«iÀ�i�Vi�Ü���i�yÞ��}� ���>��>�À«�>�i� ­Ãii���}ÕÀi�£®°�Ƃ��i>À��iÀ�
ÃÌÕ`Þ�LÞ�,�V�>À`Ã�iÌ�>�°�Q£R����£�Çn�v�Õ�`�Ì�>Ì�Ãi>Ì�V��v�ÀÌ��Ã�Ì�i���ÃÌ�V��ÌÀ�LÕÌ��}�v>VÌ�À�Ì��
Ì�i�Ü�����}�iÃÃ�Ì��yÞ�>}>��°�
��v�ÀÌ��Ã�ÃÌ����v�Õ�`���«�ÀÌ>�Ì�{ä�Þi>ÀÃ��>ÌiÀ]�Ü�iÀi�ÀiVi�Ì�ÃÌÕ`�iÃ�
ÃÌ����Ã��Ü�Ì�iÀi��Ã�>�V�ÀÀi�>Ì����Ü�Ì��V��v�ÀÌ�>�`�Ü�����}�iÃÃ�Ì��yÞ�>}>���QÓqxR°�
Ûi��Ì��Õ}��Ì�i�

"6���£��«>�`i��V��>Ã�VÀ�««�i`�}��L>��>�À�ÌÀ>Ûi��Ü�Ì���>�Þ�ÌÀ>Ûi��ÀiÃÌÀ�VÌ���Ã]�«i�«�i�>Ài�ÃÌ����
��ÌiÀiÃÌi`�>�`�Ü�����}�Ì��ÌÀ>Ûi��>}>���Ü�i��Ì�iÞ�>Ài�>���Üi`�Ì��QÈR°

��}ÕÀi�£°�-�ÌÌ��}�VÀ>�«i`����iV����Þ�V�>ÃÃ�Ãi>ÌÃ

�>�Þ�v>VÌ�ÀÃ�Ì�>Ì���yÕi�Vi�«>ÃÃi�}iÀ�V��v�ÀÌ°��Õ�>��>�Ì�À�«��iÌÀÞ��Ã�v�Õ�`�Ì��Li���i��v�
Ì�i���ÃÌ���«�ÀÌ>�Ì�v>VÌ�ÀÃ�QÇR°�/�iÃi�L�`Þ�`��i�Ã���Ã�>Ài�>����«�ÀÌ>�Ì�>Ã«iVÌ�Ì��V��Ã�`iÀ����
`iÃ�}���}�v�À��>À}i�«�«Õ�>Ì���Ã]�i°}°��>Û��}�L�Ì��Ì�i�Ã�>���­*x®�>�`��>À}i�­*�x®�«i�«�i�wÌ����Ì�i�
>�À«�>�i�Ãi>Ì�QnR°�/�i�Ãi>Ì�Ü�`Ì��>�`��i}À����>Ài�v�Õ�`�Ì��«�>Þ�>�L�}�À��i����`iÃ�}���}�V���
v�ÀÌ>L�i�>�ÀVÀ>vÌ�Ãi>ÌÃ�Q£R°�6����Q�R�v�Õ�`�Ì�>Ì�«À�Û�`��}��i}À����i�>L�iÃ�«>ÃÃi�}iÀÃ�Ì��ÃÌÀiÌV��
�i}Ã�Ü��V��ÀiÃÕ�ÌÃ����>�V�>�}��}�L�`Þ�«�ÃÌÕÀi�>Ã�>�Ü>Þ�Ì��«ÀiÛi�Ì�`�ÃV��v�ÀÌ°��>�Þ�ÃÌÕ`�iÃ�
ÀiV���i�`i`�>����VÀi>Ãi����Ì�i�`�ÃÌ>�Vi�LiÌÜii��À�ÜÃ��v�Ãi>ÌÃ�­«�ÌV�®�>�`�Ãi>Ì�Ü�`Ì��L>Ãi`�
���Ì�i�V�>�}i��v��Õ�>��>�Ì�À�«��iÌÀÞ�QÓ]�£äq£ÓR°

��ÜiÛiÀ]���VÀi>Ã��}�«�ÌV��>�`�Ü�`Ì���Ã�«À�L>L�Þ���Ì�Ì�i�LiÃÌ�v�À�>�À���i�ÀiÛi�ÕiÃ°�/�iÀiv�Ài]�
�Ì�iÀ�Ã��ÕÌ���Ã�>Ài�ÃÌÕ`�i`�>Ã�Üi��°���`iÀ���>ÌiÀ�>��>`Û>�Vi�i�ÌÃ��>Ûi�i�>L�i`�`iÃ�}�iÀÃ�Ì��
�>�i���}�ÌÜi�}�Ì�Ãi>ÌÃ�Ü�Ì��>�Ì����L>V�ÀiÃÌ�v�À�>�ÀVÀ>vÌ�Q£Îq£ÇR°�/�iÃi��iÜ�`iÃ�}�Ã�Ü�Õ�`�>���Ü�
«>ÃÃi�}iÀÃ�Ì���>Ûi���Ài�Ã«>Vi�Ü���i�Ã�ÌÌ��}����>��>�À«�>�i°�	ÕÌ�Ì��Ã�>`Û>�Vi�i�Ì�V�Õ�`�>�Ã��
�i>��Ì�>Ì�>�À���iÃ�>���Ü���Ài�«i�«�i����>��>�ÀVÀ>vÌ°�ƂÃ�Ì�i��Õ�LiÀ��v�«>ÃÃi�}iÀÃ�}ÀiÜ�Þi>À�LÞ�
Þi>À�Q£nR]��Ì��Ã�>���«Ì����v�À�>�À���iÃ�Ì����VÀi>Ãi�Ì�i��Õ�LiÀ��v�«>ÃÃi�}iÀÃ����L�>À`�LÞ�«�>V��}�
Ì�i�À�ÜÃ�V��ÃiÀ�Ì��i>V���Ì�iÀ�Q£�R°�	Þ�>``��}���Ài�«i�«�i�Ì��>�y�}�Ì]�Ì�i�Ì�V�iÌ�«À�ViÃ�V�Õ�`�Li�
��ÜiÀ�>Ã��>�Þ�«>ÃÃi�}iÀÃ�Ãii��V��v�ÀÌ�>Ì�>���Ü�«À�Vi�QÓä]�Ó£R°�

This results in a dilemma of whether to increase the seat size for passenger comfort or to in�
VÀi>Ãi�Ì�i��Õ�LiÀ��v�«>ÃÃi�}iÀÃ����L�>À`�Ì����ÜiÀ�Ì�i�Ì�V�iÌ�«À�Vi°�/�iÀi��Ã���Ì�>�V�i>À�>�ÃÜiÀ�
Ì��Ì��Ã�`��i��>°�-��i�«>ÃÃi�}iÀÃ�Ü�Õ�`�Ãii��Ì�i���ÃÌ�V��v�ÀÌ>L�i�Ãi>Ì�>Ì�Ì�i�Ã>�i�«À�Vi�QÓÓR�
>�`�Ã��i�>Ài�iÛi��Ü�����}�Ì��«>Þ�>���}�iÀ�v>Ài�v�À�V��v�ÀÌ����Ì�i�V>L���QÓÎR°����`��}�Ì�i��«Ì��
�Õ��LiÌÜii��«À�Vi�>�`�V��v�ÀÌ���}�Ì�Li�`�vwVÕ�Ì�v�À�>�À���iÃ°�/��Ã�*���ÀiÃi>ÀV��V>��Li��i�«vÕ��
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Ì��>�À���iÃ�>�`��>�Õv>VÌÕÀiÀÃ�Ì��w�`�Ì�i��«Ì��Õ��>Ã�L>V�}À�Õ�`���v�À�>Ì�����Ã�}>Ì�iÀi`�>L�ÕÌ�
Ì�i��iÛi���v�V��v�ÀÌ�iÝ«iÀ�i�Vi`�LÞ�«>ÃÃi�}iÀÃ����`�vviÀi�Ì�Ãi>Ì�Ã�âiÃ°�

Aircraft Interior Design
�>�Þ�ÃÌÕ`�iÃ��>Ûi�ÌÀ�i`�Ì����«À�Ûi�Ì�i�>�ÀVÀ>vÌ� ��ÌiÀ��À°�-��i�ÃÌÕ`�iÃ�v�VÕÃ�������Ãi�>�`�Û��
LÀ>Ì���� QÓ{qÓÈR�>�`��Ì�iÀ� ÃÌÕ`�iÃ� �����>Ì� v>VÌ�ÀÃ� ��yÕi�V��}�«>ÃÃi�}iÀ�V��v�ÀÌ� QÓÇqÎ{R°��i�

ÀiÃVi�â���iÌ�>�°�QÎxR�`iÃ�}�i`�>�Û�ÀÌÕ>��Ài>��ÌÞ�V>L���v�À�Ài}���>��>�ÀVÀ>vÌ���ÌiÀ��ÀÃ]�Ü���i�->Û�>��
QÎÈR�v�VÕÃi`����Ì�i�}i�iÀ>���>Þ�ÕÌ��v�Ì�i�V>L��°�-i>ÌÃ�>Ài�>�Ã��>�v�VÕÃ����>�ÀVÀ>vÌ���ÌiÀ��À�ÃÌÕ`�iÃ°�
<�>��iÌ�>�°�QÎÇR��i>ÃÕÀi`�Ãi>Ì�«ÀiÃÃÕÀi�`�ÃÌÀ�LÕÌ����v�À���«À�Û��}�Ãi>Ì�V��v�ÀÌ]���i�ÃÌÀ>�Û>��
�>ÃÌÀ�}Ì�iÌ�>�°�Q£xR�ÕÃi`�Î��ÃV>����}�Ì��`iÃ�}��>�Ãi>Ì�Ì��wÌ�Ì�i�L�`Þ�V��Ì�ÕÀ]�	�ÕÜi�Ã�iÌ�>�°�
QÎnR���«�i�i�Ìi`�>�����Ãi>Ì�iÝiÀV�Ãi]���Ã�iÀ�QÎ�R�>�`�,�V�i�L>V�iÀ�>�`��ÀiÞi��ÕÌ��Q{äR�ÕÃi`�
Ì�i�«�iÕ�>Ì�V�ÌiV�����}Þ�Ì��>`>«Ì�Ãi>Ì�Ã�>«i]�Ü���i�	i�iÃ�Ì��iÌ�>�°�Q{£R���«À�Ûi`�Ì�i�VÀ>Ã��
Ü�ÀÌ���iÃÃ��v�Ì�i�>�ÀVÀ>vÌ�Ãi>Ì°

/�iÀi�>Ài�ÃÌÕ`�iÃ�>Û>��>L�i� v�VÕÃ��}����Ãi>Ì�`��i�Ã���Ã°���À� ��ÃÌ>�Vi]���i�ÃÌÕ`Þ� v�Õ�`�Ì�>Ì�
there is a relationship between sitting discomfort and seat pitch, and that sitting discomfort 
>�Ã����VÀi>ÃiÃ�ÌÕÀ�>À�Õ�`�Ì��i�Q{ÓR°�Ƃ��Ì�iÀ�ÃÌÕ`Þ�Ài�>Ìi`�Ãi>Ì�«�ÌV��Ì��«>ÃÃi�}iÀ�Üi���Li��}]�
Ü��V��Ü>Ã� v�Õ�`�Ì��Li�«ÃÞV����}�V>��Þ�`À�Ûi��Ì�À�Õ}��Ã«>Vi�iÝ«iÀ�i�Vi� Q{ÎR°���iÀ�>�`� Q{{R�
�>`i�>��Þ«�Ì�iÌ�V>����`i�����Ì�i�Ài�>Ì���Ã��«�LiÌÜii��Ãi>Ì�«�ÌV�]�Ãi>Ì�Ü�`Ì��>�`�V��v�ÀÌ°�
/�iÃi���«À�Ûi�i�ÌÃ��v�>�ÀVÀ>vÌ�Ãi>ÌÃ�V�Õ�`�LÀ��}�«�Ã�Ì�Ûi�i��Ì���Ã�Ì��Ì�i�«>ÃÃi�}iÀ�Q{xR°�/�i�
goal of comfort in an aircraft interior design is not only achieved by experiencing comfort but 
>�Ã��«�i>ÃÕÀi�>�`�iÝ«iVÌ>Ì���Ã�«�>Þ�>�À��i�Q{xR°�

In this study, experiments are conducted to gather background Information on how comfort can 
Li�>V��iÛi`]�Ü��V��V��ÌÀ�LÕÌi�Ì��>�«�i>Ã>�Ì�iÝ«iÀ�i�Vi°�/��VÀi>Ìi�>�vÀ>�iÜ�À��v�À�Ì�i�ÃÌÕ`�iÃ]�
V��v�ÀÌ���`i�Ã�`iÃVÀ�Li`����Ì�i���ÌiÀ>ÌÕÀi�Ü����Li�`�ÃVÕÃÃi`°���

%QOHQTV�&GƂPKVKQPU���/QFGNU
The feeling of comfort and discomfort is not a false dilemma enabling people to experience 
L�Ì��Ã�ÌÕ>Ì���Ã�>Ì�Ì�i�Ã>�i�Ì��i�Q{ÈR°�6����>�`��>��LiV��Q{ÇR�`iw�i`�V��v�ÀÌ�>Ã�º>�«�i>Ã>�Ì�
state or relaxed feeling of a human being in reaction to its environment”, while discomfort is 
º>��Õ�«�i>Ã>�Ì�ÃÌ>Ìi��v�Ì�i��Õ�>��L�`Þ����Ài>VÌ����Ì���ÌÃ�«�ÞÃ�V>��i�Û�À���i�Ì»°�


>À�Þ�V��v�ÀÌ�ÀiÃi>ÀV��Li��iÛi`�Ì�>Ì�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�ÜiÀi�Ì�i�iÝ>VÌ��««�Ã�ÌiÃ]�Ü�iÀi�
Ì�i�`�ÃV��v�ÀÌ�>�`�V��v�ÀÌ�V�Õ�`���Ì��VVÕÀ�Ã��Õ�Ì>�i�ÕÃ�Þ�Q{nR°��i�>�`iÀ�>�`�<�>�}�Q{ÈR����
yÕi�Vi`�Ì�i�V��v�ÀÌ�ÀiÃi>ÀV��wi�`�LÞ�`�ÃÌ��}Õ�Ã���}�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�L>Ãi`����µÕiÃ�
Ì�����}�Ãi>Ì�ÕÃiÀÃ°�	>Ãi`����µÕiÃÌ����>�ÀiÃ�LÞ�<�>�}�iÌ�>�°�Q{�R�>�`��i�>�`iÀ�>�`�<�>�}�Q{ÈR�
`�ÃV��v�ÀÌ��Ã�Ài�>Ìi`�Ì��«�ÞÃ�V>��V�>À>VÌiÀ�ÃÌ�VÃ]�i°}°]�«�ÃÌÕÀi]�ÃÌ�vv�iÃÃ�>�`�v>Ì�}Õi°�/�i�>LÃi�Vi�
�v�`�ÃV��v�ÀÌ�`�iÃ���Ì�>ÕÌ��>Ì�V>��Þ� ÀiÃÕ�Ì� ���V��v�ÀÌ°�
��v�ÀÌ� �Ã�`À�Ûi��LÞ�Üi���Li��}�>�`�
«�ÕÃ��iÃÃ]�>�`�Ü����Li�vi�Ì�Ü�i��Ì�i�iÝ«iÀ�i�Vi��Ã���}�iÀ�Ì�>��Ì�i�iÝ«iVÌ>Ì����­��}ÕÀi�Ó®°�/��Ã�
��`i��Ü>Ã�vÕÀÌ�iÀ�`iÛi��«i`�LÞ�6����>�`��>��LiV��Q{ÇR°�/�iÞ��>`i�>��>``�Ì����LÞ�Ü��V���Ì��Ã�
«�ÃÃ�L�i�Ì��«Ài`�VÌ�V��v�ÀÌ��À�`�ÃV��v�ÀÌ�­��}ÕÀi�Î®°����Ì�i�À���`i�]�>�«À�ViÃÃ��Ã�Ã��Ü��ÃÌ>ÀÌ��}�
Ü�Ì��Ì�i���ÌiÀ>VÌ����LiÌÜii���Õ�>��>�`�Ì�i�«À�`ÕVÌ�Õ�Ì���Ì�i�w�>��ÃÌi«��v�vii���}�i�Ì�iÀ�V���
v�ÀÌ]�`�ÃV��v�ÀÌ��À���Ì���}�LÞ�Ì�i��Õ�>�°�

��}ÕÀi�Ó°�,i�>Ì���Ã��«��v�
��v�ÀÌ�>�`���ÃV��v�ÀÌ�Q{�R
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��}ÕÀi�Î°�
��v�ÀÌ�*Ài`�VÌ������`i��Q{ÇR

/�i���`i���v�6����>�`��>��LiV��­��}°�Ó]�Q{nR®��Ã�>««��i`�����>�Þ�V��v�ÀÌ�ÀiÃi>ÀV�°� >``i��iÌ�>�°�
Qx£R���`�wi`�Ì��Ã���`i��v�À�«�ÃÌÕÀ>��V��v�ÀÌ�iÛi��vÕÀÌ�iÀ����`iÌ>��°

Research Focus and Approach
ƂVV�À`��}�Ì��Ì�i���`i���v�6����>�`��>��LiV��Q{ÇR]�Ì�i��Õ�>�����V��L��>Ì����Ü�Ì��Ì�i�«�ÞÃ�V>��
i�Ì�Ì�iÃ�­*
®�ÀiÃÕ�ÌÃ����>����ÌiÀ>VÌ����­�®�LiÌÜii��Ì�i��Õ�>��>�`�Ì�i�«�ÞÃ�V>��i�Ì�ÌÞ]�Ü��V��ÀiÃÕ�ÌÃ�
���>�«�ÞÃ�V>��ivviVÌ����Ì�i��Õ�>��L�`Þ�­�®]�Ü��V���Ã�«iÀVi�Ûi`�­*®�LÞ�Ì�i��Õ�>��>�`�Ì�i��V���
v�ÀÌ��À�`�ÃV��v�ÀÌ��Ã�iÝ«iÀ�i�Vi`�­
®��À���Ì���}�>Ì�>��°�/�iÀi��Ã�>�}>«�������Ü�i`}i�>Ã���Ì�>���
i�i�i�ÌÃ��v�Ì�i���`i���>Ûi�Lii��ÃÌÕ`�i`°����Ì��Ã�*���ÀiÃi>ÀV�]�iÝ«iÀ��i�ÌÃ�ÜiÀi�V��`ÕVÌi`�
to gather knowledge on all elements of the model and contribute to a deeper understanding 
�v�Ì�i�Ài�>Ì���Ã��«Ã°�Ƃ``�Ì���>��Þ]��iÌ��`Ã�Ì��ÃÌÕ`Þ�Ì�i�`�vviÀi�Ì�i�i�i�ÌÃ�Ü����Li�>««��i`�>�`�
iÛ>�Õ>Ìi`°�

/�i�>����v�Ì��Ã�ÀiÃi>ÀV���Ã�Ì��Õ�`iÀÃÌ>�`���Ü�Ì��«Ài`�VÌ�V��v�ÀÌ�­
®�LÞ�������}�>Ì�Ì�i�«�ÞÃ�V>��
i�Ì�Ì�iÃ�­*
®]��ÌÃ���ÌiÀ>VÌ����­�®�Ü�Ì��Ì�i��Õ�>�]�Ì�i��Õ�>��L�`Þ�ivviVÌÃ�­�®�>�`�«iÀVi�Ûi`�ivviVÌÃ�
­*®°�/�i�>««��V>Ì����>Ài>��v�Ì�i���`i���Ã�Ì�i�>�ÀVÀ>vÌ���ÌiÀ��À°�/�iÀiv�Ài]�Ì�i�ÀiÃi>ÀV���L�iVÌ�Ûi�
�v�Ì��Ã�*���Ì�iÃ�Ã��Ã\

To increase aircraft passengers’ comfort by creating knowledge on those phys�
ical entities that predict comfort

ƂÃ�Ì��Ã� �Ã�>�LÀ�>`�ÃV�«i]�Ì�i�ÀiÃi>ÀV���L�iVÌ�Ûi� �Ã��>ÀÀ�Üi`�`�Ü����Ì��Ì�Àii�«�>ÃiÃ�>�`�Ã�Ý�
ÀiÃi>ÀV��µÕiÃÌ���Ã°�/��Ã�Ì�iÃ�Ã��Ã�ÃÌÀÕVÌÕÀi`�>VV�À`��}�Ì��Ì�iÃi�«�>ÃiÃ°�/�i�wÀÃÌ�«�>Ãi�v�VÕÃiÃ�
���«�ÞÃ�V>��i�Ì�Ì�iÃ�­*
®]�Ì�i��Ì�i���ÌiÀ>VÌ����­�®��Ã�ÃÌÕ`�i`]�v����Üi`�LÞ��Õ�>��L�`Þ�ivviVÌÃ�­�®�
>�`�w�>��Þ�«iÀVi�Ûi`�ivviVÌÃ�­*®��Ã�ÃÌÕ`�i`�­Ãii���}ÕÀi�{®°����Ì��Ã�ÀiÃi>ÀV�]�Ì�i�����Ã�>Ài�ÃÌÕ`�i`]�
LÕÌ�>�Ã���iÌ��`Ã]�Ã��iÌ��iÃ��iÜ���iÃ]�Ì���i>ÃÕÀi�Ì�i�i�i�i�ÌÃ�>Ài�>««��i`�>�`�iÛ>�Õ>Ìi`°���

  
��}ÕÀi�{°�*�ÞÃ�V>��i�Ì�Ì�iÃ�Ì�>Ì�«Ài`�VÌ�«ÃÞV����}�V>��V��v�ÀÌ



ÈIntroduction

Phase 1: ��vviÀi�Ì�Ãi>Ì�Ã«>Vi��v�>��>�ÀVÀ>vÌ�­*
®�Ü����Li�iÝ«��Ài`�v�VÕÃ��}������ÌiÀ>VÌ����­�®�Li�
ÌÜii��`�vviÀi�Ì�«i�«�i�>�`�Ì�i���ÌiÀ��À]�ÀiÃÕ�Ì��}����V��v�ÀÌ�­
®
£°�7�>Ì��Ã�Ì�i�Ài�>Ì���Ã��«�LiÌÜii��Ãi>Ì�«�ÌV��>�`�V��v�ÀÌ]�>�`�Ü�>Ì�>Ài�Ì�i�À��iÃ��v�`�vviÀ�
i�Ì�v>VÌ�ÀÃ����Ì��Ã�«À�ViÃÃ]�ÃÕV��>Ã�Ã«>Vi�iÝ«iÀ�i�Vi�>�`�>�Ì�À�«��iÌÀ�VÃ¶

Ó°�7�>Ì��Ã�Ì�i�Ài�>Ì���Ã��«�LiÌÜii��Ã«>Vi�iÝ«iÀ�i�Vi�>�`��Õ�>��>�Ì�À�«��iÌÀ�VÃ�>Ì�`�vviÀ�
i�Ì�Ãi>Ì�«�ÌV�iÃ¶

Î°�7�>Ì� �Ã�Ì�i�ivviVÌ��v�Ü�`i���}�>�Ãi>Ì�vÀ���£Ç»�Ì��£n»����V��v�ÀÌ¶�Ƃ�`��Ã�Ì�i�ivviVÌ��v�
Ü�`i���}�Ì�i�Ãi>Ì�V��«>À>L�i�Ì��Ì�i���VÀi>Ãi��v�>�ViÀÌ>���«�ÌV�¶

Phase 2: The results of phase 1 will be further explored by measuring the human body effects 
­�®�­i°}°��i>ÀÌ�À>Ìi�Û>À�>L���ÌÞ�­�,6®®��i>`��}�Ì��V��v�ÀÌ°
{°���iÃ�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�V�>�}i��ÛiÀ�Ì��i�Ài}>À`��}�`�vviÀi�Ì�ÌÞ«iÃ��v�Ãi>ÌÃ¶�ƂÀi�
Ì�iÀi�>�Þ�Ài�>Ì���Ã��«Ã�LiÌÜii��Û>À��ÕÃ��iÌÀ�VÃ��v��,6�>�`�Ì�i� vii���}��v�V��v�ÀÌÉ`�Ã�
V��v�ÀÌ��v�«>ÃÃi�}iÀÃ¶�Ƃ�`� �v� Ã�]�Ü��V��«>À>�iÌiÀÃ��v��,6�V>��Li�ÕÃi`� ���«Ài`�VÌ��}�
V��v�ÀÌÉ`�ÃV��v�ÀÌ��ÛiÀ�Ì��i¶�

Phase 3:�/��Ã�«�>Ãi�Ü����v�VÕÃ����iÝ«��À��}�Ì�i�µÕiÃÌ����>�ÀiÃ�>Ã�>��iÌ��`���}Þ�Ì���i>ÃÕÀi�
«iÀVi�Ûi`�V��v�ÀÌ�­*®°
x°�7��V��µÕiÃÌ����>�ÀiÃ�V>��Li���V�Õ`i`����Ì�i�*ÀiviÀÀi`�
��v�ÀÌ�+ÕiÃÌ����>�ÀiÃ�­*
+®���ÃÌ�
v�À�«À�`ÕVÌ�`iÃ�}�¶

Design implications:�Ƃ��>««��V>Ì�����v�Ì�i�ÀiÃÕ�ÌÃ��v�Ì�i�ÃÌÕ`Þ��v�«�ÞÃ�V>��i�Ì�Ì�iÃ�­*
®��i>`��}�
Ì��V��v�ÀÌ�­
®�Ü����Li�iÝ«��Ài`°
È°�7��V��Ãi>Ì�V��w}ÕÀ>Ì���� �Ã���Ài�«ÀiviÀÀi`�LÞ�iÝ«iÀÌÃ� v�À� Ì�i�«Ài��Õ��iV����Þ¶�Ƃ�`�
Ü��V��V���Vi��Ã���Ài�Li�iwV�>�¶

Embedding in the Institution 
/��Ã�*���«À��iVÌ�Ü>Ã�V��`ÕVÌi`�>Ì�Ì�i��>VÕ�ÌÞ��v���`ÕÃÌÀ�>���iÃ�}��
�}��iiÀ��}]��i�vÌ�1��ÛiÀ�
Ã�ÌÞ��v�/iV�����}Þ�­/1��i�vÌ®°��Ì��Ã�«>ÀÌ��v�Ì�i�Ã�V�iÌ>��V�>��i�}i�º��L���ÌÞ»�>�`�Ì�i�`�ÃV�«���>ÀÞ�
«iÀÃ«iVÌ�Ûi�º*i�«�i»��v�ÀiÃi>ÀV��Ì�i�iÃ����Ì�i�v>VÕ�ÌÞ°�

Thesis Outline
/�i�ÃÌÀÕVÌÕÀi��v�Ì��Ã�Ì�iÃ�Ã�­��}ÕÀi�x®�v����ÜÃ�Ì�i�>v�Ài�i�Ì���i`�ÀiÃi>ÀV��µÕiÃÌ���Ã°��Ì�V��Ã�ÃÌÃ�
�v�È�V�>«ÌiÀÃ\�
�>«ÌiÀ�£�­Ì��Ã�V�>«ÌiÀ®���ÌÀ�`ÕViÃ�Ì�i�Ã�V�iÌ>��Ài�iÛ>�Vi�>�`�Ì�i�vÀ>�iÜ�À���v�
Ì�i�ÀiÃi>ÀV�°�

Chapter 2 focuses on the physical entities of the airplane and anthropometrics and the effect on 
V��v�ÀÌ�«iÀVi«Ì���°�/Ü��ÃÌÕ`�iÃ�>Ài�V��`ÕVÌi`�L>Ãi`����Û>ÀÞ��}�Ì�i�«�ÌV��>�`�Ì�i�Ü�`Ì���v�>��
>�À«�>�i�Ãi>Ì°����Ì�i�wÀÃÌ�ÃÌÕ`Þ]�Ó�{�«>ÀÌ�V�«>�ÌÃ�iÝ«iÀ�i�Vi`�iV����Þ�V�>ÃÃ�Ãi>ÌÃ����>�	�i��}�
ÇÎÇ�Ü�Ì��Ón���V�]�Îä���V�]�ÎÓ���V��>�`�Î{���V��Ãi>Ì�«�ÌV�iÃ�­*
��v�Ì�i�>�À«�>�i®°�Ƃ�Ì�À�«��iÌÀ�V�
�i>ÃÕÀi�i�ÌÃ��v�Ì�i�«>ÀÌ�V�«>�ÌÃ�ÜiÀi�Ì>�i��>Ã�Üi���­«�ÞÃ�V>��V�>À>VÌiÀ�ÃÌ�VÃ��v�Ì�i��Õ�>�Ã®�>�`�
��ÌiÀ>VÌ����­�®�Ü>Ã�ÃÌÕ`�i`�LÞ�������}�Ì�i�Ãi>Ì�`��i�Ã���Ã�Ì��Ì�i�>�Ì�À�«��iÌÀ�VÃ°�*>ÀÌ�V�«>�ÌÃ�
V��«�iÌi`�>�µÕiÃÌ����>�Ài����V��v�ÀÌ�­
®�>�`�Ã«>Vi�iÝ«iÀ�i�Vi°�/�i�ÃiV��`�ÃÌÕ`Þ�ÀiVÀÕ�Ìi`�
Î££�«>ÀÌ�V�«>�ÌÃ�>�`�V��«>Ài`�Ì�i�£Ç���V��Ü�`i�>�`�£n���V��Ü�`i�Ãi>Ì�­*
®�>�`�>�Ã��ÀiV�À`i`�
Ì�i�À�>�Ì�À�«��iÌÀ�V�`>Ì>�>�`��ÌÃ���ÌiÀ>VÌ����­�®�Ü�Ì��Ã«>Vi�iÝ«iÀ�i�Vi�>�`�V��v�ÀÌ�­
®°�

Chapter 3 explores this interaction further, by studying the resulting human body effects lead�
��}�Ì��V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ°�Ƃ�ÃÌÕ`Þ�Ü>Ã�`iÃ�}�i`�Ü�Ì��£È�«>ÀÌ�V�«>�ÌÃ����ÌÜ��`�vviÀi�Ì�Ãi>Ì�
«�ÌV�iÃ�­Ón���V�iÃ�>�`�Îä���V�iÃ®�>�`�ÌÜ��`�vviÀi�Ì�Ãi>Ì�Ü�`Ì�Ã�­£Ç���V�iÃ�>�`�£n���V�iÃ®�­*
®°�
*>ÀÌ�V�«>�ÌÃ�Ã>Ì�V��Ì��Õ�ÕÃ�Þ����>��>�ÀVÀ>vÌ�Ãi>Ì�v�À�Ó���ÕÀÃ�Ü���i�`���}�`�vviÀi�Ì�Ì>Ã�Ã�­�®°�/�i�À�
�i>ÀÌ�À>Ìi�Ü>Ã�����Ì�Ài`�V��ÃÌ>�Ì�Þ�>�`�«>À>�iÌiÀÃ��v��,6�ÜiÀi�>�>�ÞÃi`�­�®°�
��v�ÀÌ�>�`�
`�ÃV��v�ÀÌ�ÜiÀi� ÀiV�À`i`�iÛiÀÞ� £x����ÕÌiÃ�LÞ�µÕiÃÌ����>�ÀiÃ� Ì�� ��ÛiÃÌ�}>Ìi� Ì�i� V�>�}i��v�
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V��v�ÀÌ�­
®��ÛiÀ�Ì��i°�


�>«ÌiÀ�{� �Ã�>��iÝ«�>�>Ì�����v�µÕiÃÌ����>�ÀiÃ� Ì���i>ÃÕÀi�«iÀVi�Ûi`�V��v�ÀÌ� ­*®� ���`�vviÀi�Ì�
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The relationship of space experience and human an�
thropometric sizes in aircraft seat pitch
Abstract
This study explores the relationship between space experience and human anthropometric siz�
iÃ����`�vviÀi�Ì�>�ÀVÀ>vÌ�Ãi>Ì�«�ÌV�°�Ó�{�«>ÀÌ�V�«>�ÌÃ�iÝ«iÀ�i�Vi`�iV����Þ�V�>ÃÃ�Ãi>ÌÃ����>�	�i��}�
ÇÎÇ�Ü�Ì��Ón���V�iÃ]�Îä���V�iÃ]�ÎÓ���V�iÃ�>�`�Î{���V�iÃ�«�ÌV�iÃ�v�À�£ä����ÕÌiÃ�i>V�°�/�i�Ã�âiÃ�
Ì>�i��ÜiÀi\�ÃÌ>ÌÕÀi]�Ã�ÌÌ��}��i�}�Ì]�iÞi��i�}�Ì�Ãi>Ìi`]�LÕÌÌ�V����ii��i�}Ì��>�`�«�«��Ìi>���i�}�Ì�
Ã�ÌÌ��}�Ü�Ì��Ã��iÃ°�Ƃ�Ã«>Vi�iÝ«iÀ�i�Vi�µÕiÃÌ����>�Ài�Ü>Ã�V��«�iÌi`�LÞ�Ì�i�Ó�{�«>ÀÌ�V�«>�ÌÃ�
Ü���i�Ã�ÌÌ��}����Ì�i�Ãi>Ì�>vÌiÀ�Ì�i�£ä����ÕÌi�«iÀ��`�}�Ûi��Ì��iÝ«��Ài�Ì�i�Ãi>Ì°�/�i�ÀiÃÕ�ÌÃ�Ã��Ü�
Ì�>Ì� «>ÃÃi�}iÀÃ�Ü�Ì�� >� ��}�iÀ� «�«��Ìi>�� �i�}�Ì]� >� ���}iÀ� LÕÌÌ�V����ii� `i«Ì�]� >� ��}�iÀ� iÞi�
height sitting and a higher sitting height show more discomfort with a reduced pitch then short�
iÀ�«>ÃÃi�}iÀÃ°�
Þi��i�}�Ì�`�`���Ì�V�ÀÀi�>Ìi�>Ã�}��`�Ü�Ì��Ã«>Vi�«iÀVi«Ì����>Ã�Ü>Ã�iÝ«iVÌi`°�

�iÞÜ�À`Ã\�-i>Ì�*�ÌV�]�
��v�ÀÌ]���ÃV��v�ÀÌ]�-«>Vi�
Ý«iÀ�i�Vi]�Ƃ�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ°

Introduction
*i�«�i�ÌÀ>Ûi������>�Þ�`�vviÀi�Ì�Ü>ÞÃ°�/�i�V���Vi��v�ÌÀ>�Ã«�ÀÌ>Ì������`iÃ�`�vviÀÃ�>���}���`��
Û�`Õ>�Ã]�`i«i�`��}����Ì�i�À�Ü�Ã�iÃ�>�`��ii`Ã°�
��v�ÀÌ��Ã���i��v�Ì�i���«�ÀÌ>�Ì�V��Ã�`iÀ>Ì���Ã�
���V���Ã��}�>�ViÀÌ>���ÌÀ>�Ã«�ÀÌ>Ì������`i�Q£R�>�`��Ì�>�Ã���>Ã�>�ÃÌÀ��}�V�ÀÀi�>Ì����Ü�Ì��Ài«iÌ�Ì�Ûi�
V���ViÃ�QÓR°�

6���]��>��LiV��QÎR�`iw�i`�V��v�ÀÌ�>Ã�>�«�i>Ã>�Ì�ÃÌ>Ìi��À�Ài�>Ýi`�vii���}��v�>��Õ�>��Li��}����
reaction to its environment, while discomfort is an unpleasant state of the human body in reac�
Ì����Ì���ÌÃ�«�ÞÃ�V>��i�Û�À���i�Ì°�/��Ã�V��v�ÀÌ�«iÀVi«Ì�����Ã�v�Õ�`����>�Ã��}�Ì�Þ�`�vviÀi�Ì�v�À�����
<�>�}�iÌ�>�°�Q{R½Ã���`i�]�Ü�iÀi�V��v�ÀÌ��Ã�`À�Ûi��LÞ�Üi���Li��}�>�`�«�ÕÃ��iÃÃ]�Ü���i�`�ÃV��v�ÀÌ�
�Ã�`Õi�Ì��«��À�L���iV�>��VÃ�>�`�Ì�Ài`�iÃÃ�­��}ÕÀi�£®°�/��Ã�ÃÌÕ`Þ�Ü����ÕÃi�Ì��Ã�`iw��Ì���°�6����
>�`��>��LiV��QÎR�vÕÀÌ�iÀ�`iÛi��«i`�Ì�i���`i��Ü��V���Ã�>L�i�Ì��«Ài`�VÌ�`�ÃV��v�ÀÌ�­��}ÕÀi�Ó®°�
The model presents how comfort is perceived as well as the factors which may contribute to 
V��v�ÀÌ�«iÀVi«Ì���°�

 

��}ÕÀi�£°�
��v�ÀÌ���`i��LÞ�<�>�}�iÌ�>�°�Q{R

/��Ã� iÝ«iÀ��i�Ì� v�VÕÃiÃ� ��� Ì�i� ����� �v� Ì�i� i�Û�À���i�Ì� Ì�� Ì�i� ��ÌiÀ>VÌ���� ­�®�Ü�Ì�� Ì�i� i�Û��
À���i�Ì� ­Ãii���}ÕÀi�Ó®�Ü��V��>Ì� Ì�i�i�`��v� Ì�i���`i��Ü���� ÀiÃÕ�Ì� ���i�Ì�iÀ�V��v�ÀÌ]���Ì���}]�
�À�`�ÃV��v�ÀÌ� Q{R°��ÕÀÌ�iÀ��Ài]� Ì��Ã� V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ� vii���}�V�Õ�`�>�Ã��Li�`À�Ûi��LÞ�
«ÃÞV����}�V>��QxR]�«�ÞÃ����}�V>��QÈR��À�i��Ì���>����yÕi�ViÃ�QÇR°�/��Ã�ÃÌÕ`Þ����Þ�v�VÕÃiÃ����Ì�i�
«ÃÞV����}�V>��>�`�«�ÞÃ����}�V>��Ài�>Ì���Ã��«�Ü�Ì��­`�Ã®V��v�ÀÌ°�
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�i}À�����Ã�v�Õ�`�Ì��Li�>��>��À�i�i�i�Ì�V��ÌÀ�LÕÌ��}�Ì��V��v�ÀÌ�Ü�i��Ã�ÌÌ��}����>��>�ÀVÀ>vÌ°�6����
QnR�v�Õ�`�Ì�>Ì�«À�Û�`��}��i}À����i�>L�iÃ�«>ÃÃi�}iÀÃ�Ì��ÃÌÀiÌV���i}Ã�Ü��V��ÀiÃÕ�ÌÃ����>�V�>�}�
��}�L�`Þ�«�ÃÌÕÀi�>Ã�>�Ü>Þ�Ì��«ÀiÛi�Ì�`�ÃV��v�ÀÌ°�
ÕÀÌ�Ã�iÌ�>�°�Q�R�>�Ã��v�Õ�`�Ì�>Ì��i}À�����Ã�>��
��«�ÀÌ>�Ì�v>VÌ�À�v�À�vÀiµÕi�Ì�yÞiÀÃ½��iÛi���v�Ã>Ì�Ãv>VÌ���°�6����iÌ�>�°�Q£äR�Ã��Üi`�Ì�>Ì��i}À����
�>Ã�>���}��V�ÀÀi�>Ì����Ü�Ì��V��v�ÀÌ°�"��Ì�i�V��ÌÀ>ÀÞ]�	����iÌ�>�°�Q££R�v�Õ�`�Ì�>Ì�Ì�i���ii�Ã«>Vi�
Ü��V���Ã�>�Ã��Ài�>Ìi`�Ì���i}À����Ü>Ã�Ì�i���ÜiÃÌ�À>Ìi`��Ìi�°����Ì�i��>ÃÌ�Îä�Þi>ÀÃ]�Ì��Ã��i}À����
`iVÀi>Ãi`�>Ã�Ì�i�`�ÃÌ>�Vi��v�Ì�i�À�ÜÃ��>Ûi�`iVÀi>Ãi`�Ó�Ì��x���V�iÃ�Q£ÓR°

 

��}ÕÀi�Ó°�
��v�ÀÌ�*Ài`�VÌ������`i��LÞ�6���]��>��LiV��QÎR

�i}À�����Ã���yÕi�Vi`�LÞ�Ì�i�`�ÃÌ>�Vi�LiÌÜii��À�ÜÃ��v�Ì�i�Ãi>ÌÃ�Ü��V���Ã����Ü��>Ã�Ãi>Ì�«�ÌV�]�
�i>ÃÕÀi`�vÀ���>�«���Ì����>�Ãi>Ì�Ì��Ì�i�iÝ>VÌ�Ã>�i�«���Ì��v�Ì�i�Ãi>Ì����vÀ��Ì��À�Li���`°�/�`>Þ½Ã�
Ãi>Ì�«�ÌV��Ã�âi�Û>ÀÞ�vÀ���Ón���V�iÃ�Ì��În���V�iÃ�v�À�iV����Þ�V�>ÃÃ�y�}�ÌÃ�Q£ÎR°�

-��i�ÃÌÕ`�iÃ�>Ài�`��i����Ì�i�Ài�>Ì���Ã��«�LiÌÜii��Ãi>Ì�«�ÌV��>�`�V��v�ÀÌ°�Ƃ��>���iÌ�>�°�Q£{R�
v�Õ�`�>�Ã�}��wV>�Ì�Ài�>Ì���Ã��«�LiÌÜii��Ãi>Ì�«�ÌV��>�`�V��v�ÀÌ�>Ã�Üi���>Ã�`�ÃV��v�ÀÌ°�Ƃ�`�vviÀ�
ent study found that there is a relationship between sitting discomfort and seat pitch, and that 
Ã�ÌÌ��}�̀ �ÃV��v�ÀÌ�>�Ã����VÀi>ÃiÃ�Ì�À�Õ}��Ì��i�Q£xR°��Ài�ÃiÀ�iÌ�>�°�Q£ÈR�v�Õ�`�>����yÕi�Vi��v�Ãi>Ì�
«�ÌV�����«>ÃÃi�}iÀ�Üi���Li��}�Ü��V��Ü>Ã�v�Õ�`�Ì��Li�«ÃÞV����}�V>��Þ�`À�Ûi��Ì�À�Õ}��Ã«>Vi�iÝ�
«iÀ�i�Vi°�Ƃ�`�vviÀi�Ì�ÃÌÕ`Þ�Ü>Ã�`��i�LÞ��i�i}���iÌ�>�°�Q£ÇR�Ü���>�Ã������i`�>Ì�«ÃÞV����}�V>��
>Ã«iVÌÃ��v�>�ÀVÀ>vÌ�Ãi>Ì�V��v�ÀÌ�LÞ�ÕÃ��}��Ìi��ÀiÃ«��Ãi�Ì�i�ÀÞ°��i�i}���iÌ�>�°�Q£ÇR�v�Õ�`�Ì�>Ì�
comfort tends to increase when aspects of the aircraft seat are improved and positive emotions 
>Ài�i��V�Ìi`°�/��Ã��>Ý��Õ��V��v�ÀÌ��Ã�>V��iÛi`�Ü�i��«�i>ÃÕÀi��Ã�iÝ«iÀ�i�Vi`�>�`�iÝ«iVÌ>Ì���Ã�
>Ài�iÝVii`i`°�

There are indications that the mismatch of human body dimensions with the environment is the 
main cause of a poor interaction which generates changes in the human body and results in 
«�ÞÃ����}�V>��­`�Ã®V��v�ÀÌ�«iÀVi«Ì���°��Ài�ÃiÀ�iÌ�>�°�Q£ÈR�v�Õ�`�Ài�>Ì���Ã��«Ã�LiÌÜii���Õ�>��
>�Ì�À�«��iÌÀÞ�>�`�Üi���Li��}�>Ì�`�vviÀi�Ì�Ãi>Ì�«�ÌV�iÃ]���`�V>Ì��}�Ì�i�iÝ�ÃÌi�Vi��v�Ì��Ã�Ài�>Ì����
Ã��«�>Ã�Üi��°�/��Ã�ÃÌÕ`Þ�iÝ«��ÀiÃ�Ì�i�Ài�>Ì���Ã��«�LiÌÜii��Ã«>Vi�iÝ«iÀ�i�Vi�Q£È]�£ÇR�>�`��Õ�>��
>�Ì�À�«��iÌÀÞ�Q£nR�>Ì�`�vviÀi�Ì�Ãi>Ì�«�ÌV�iÃ°�

/GVJQFU
2CTVKEKRCPVU�CPF�#PVJTQRQOGVTKE�/GCUWTGOGPVU
/Ü���Õ�`Ài`�>�`����iÌÞ�v�ÕÀ�«>ÀÌ�V�«>�ÌÃ�­£Îx��>�iÃ�>�`�£x��vi�>�iÃÆ�>}i`�£Ç�ÓÎ�Þi>ÀÃ®�ÜiÀi�
�i>ÃÕÀi`�>VV�À`��}�Ì��Ì�i��� 
���iÌ��`�Q£nR°�/�i�Ã�âiÃ�Ì>�i��ÜiÀi\�ÃÌ>ÌÕÀi]�Ã�ÌÌ��}��i�}�Ì]�
iÞi��i�}�Ì�Ãi>Ìi`]�LÕÌÌ�V����ii��i�}Ì��>�`�«�«��Ìi>���i�}�Ì�Ã�ÌÌ��}�Ü�Ì��Ã��iÃ���°�/�i�«�«�
liteal height included shoes because participants were asked to sit in the aircraft seat with their 
Ã��iÃ���°�/��Ã�ÀiÃi>ÀV��Ü>Ã�V��`ÕVÌi`����>ÕÌÕ���Ã��Ã��i�«>ÀÌ�V�«>�ÌÃ�Ü�Ài�Ì�����>V�iÌÃ°�Ƃ���
thick coats and baggage were asked to be put in the overhead compartment to minimize space 
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��yÕi�Vi°�/�i�«�«��Ìi>���i�}�Ì�Ã�ÌÌ��}�Ü�Ì��Ã��iÃ�ÜiÀi��i>ÃÕÀi`����Ì�i�`>Þ��v�Ì�i�iÝ«iÀ��i�Ì�
i�ÃÕÀ��}�Ì�i��i>ÃÕÀi�i�ÌÃ�ÜiÀi�V��Ã�ÃÌi�Ì�Ü�Ì��Ì�i�Ã��iÃ�Ü�À��Ì�>Ì�`>Þ°�/�i��Ì�iÀ��i>ÃÕÀi�
�i�ÌÃ�ÜiÀi�`��i����ÃiÃÃ���Ã�>vÌiÀ�Ì�i�iÝ«iÀ��i�Ì°�

Experiment Setup
To study the relationship between experience, seat pitch and anthropometrics, eight rows of 
iV����Þ�V�>ÃÃ�Ãi>ÌÃ�­Ãii���}ÕÀi�ÎÆ�/>L�i�£®����>�	�i��}�ÇÎÇ�vÕÃi�>}i�ÜiÀi�ÕÃi`�Ü�Ì��Ón���V�iÃ]�
Îä� ��V�iÃ]�ÎÓ� ��V�iÃ�>�`�Î{� ��V�iÃ�Ãi>Ì�«�ÌV�°�/�i�«�ÌV��Ã�âiÃ�ÕÃi`� ��� Ì��Ã�iÝ«iÀ��i�Ì�ÜiÀi�
L>Ãi`����Ì�i�Ã�âiÃ�VÕÀÀi�Ì�Þ��vÌi��Ãii��v�À�iV����Þ�V�>ÃÃ�y�}�ÌÃ�­Ón���V�iÃ�Ì��În���V�iÃ®�Q£ÎR°�
/�i�iÛi���Õ�LiÀÃ�ÜiÀi�Ãi�iVÌi`�i�>L���}� Ì���>ÌV�� ÀiÃÕ�ÌÃ� Ì���Ì�iÀ� ÀiviÀi�ViÃ� Q£{q£È]�£�R°�
�>�v��v�Ì�i�ÃiÌÌ��}�Ü>Ã�>ÀÀ>�}i`�Ì���>Ûi�Ì�i�«>ÀÌ�V�«>�ÌÃ�iÝ«iÀ�i�Vi�Ì�i�«�ÌV��Ã�âi�vÀ���Ã�>���
Ì���>À}i]�Ì�i��Ì�iÀ��>�v�vÀ����>À}i�Ì��Ã�>��°�/��Ã�Ü>Ã�`��i�Ì��i�����>Ìi�Ì�i��À`iÀ�ivviVÌ°�/�i�
changes were small, but participants could refer it to the previous experience and in theory, 
this would be recognisable since human sensors record differences better than absolute values 
QÓäR°�*>ÀÌ�V�«>�ÌÃ�ÜiÀi���Ì�>���Üi`�Ì��ÀiV���i�Ì�i�À�Ãi>ÌÃ�Ã��Vi�Ì��Ã���}�Ì���yÕi�Vi�Ì�i�Ã�ÌÕ>Ì����
�v�Ì�i�«>ÀÌ�V�«>�ÌÃ�Li���`�Ì�i�°

 
��}ÕÀi�Î°�-i>ÌÃ�ÕÃi`����Ì��Ã�ÃÌÕ`Þ

/>L�i�£°�-i>Ì�`��i�Ã���Ã

Dimensions 28” 30” 32” 34”

a È{�V� È��V� Ç{�V� Ç��V�

b 20 cm 25 cm 30 cm 35 cm

c Ç£�V�

d 111 cm

e {{�V�

*>ÀÌ�V�«>�ÌÃ�ÜiÀi�>Ã�i`�Ì��Ã�Ì����{�̀ �vviÀi�Ì�Ãi>Ì�ÃiÌÌ��}Ã�v�À�£ä����ÕÌiÃ�i>V��Ü�Ì��ÕÌ�>�Þ���ÃÌÀÕV�
Ì���Ã����Ü�>Ì�Ì��`��Ü���i�Ã�ÌÌ��}°�Ƃ���Ãi>ÌÃ�ÜiÀi��VVÕ«�i`�Ã��>���«>ÀÌ�V�«>�ÌÃ��>`�>��i�}�L�ÕÀ°�
ƂÃ��Ì�ÜiÀi�ÃÌÕ`i�ÌÃ�vÀ���Ì�i�Ã>�i�v>VÕ�ÌÞ�>�`�Þi>À���ÃÌ�ÜiÀi�>VµÕ>��Ìi`�Ü�Ì��i>V���Ì�iÀ°�ƂvÌiÀ�
£ä����ÕÌiÃ��v�Ã�ÌÌ��}�«>ÀÌ�V�«>�ÌÃ�ÜiÀi�>Ã�i`�Ì��V��«�iÌi�>�������i�µÕiÃÌ����>�Ài�Ü���i�Ài�>���
Ãi>Ìi`°�ƂvÌiÀ�V��«�iÌ��}�Ì�i�µÕiÃÌ����>�Ài�«>ÀÌ�V�«>�ÌÃ�ÜiÀi�>���Üi`�Ì��ÃÌ>�`�Õ«�>�`���Ûi�
Ì��>�`�vviÀi�Ì�«�ÌV��Ã�âi°�/�i�«>ÀÌ�V�«>�ÌÃ�ÜiÀi���ÃÌÀÕVÌi`�Ì��Ã�Ì����Ì�i�Ã>�i�Ãi>Ì�«�Ã�Ì�������>���{�
`�vviÀi�Ì�«�ÌV�iÃ]�i°}°�Ì�i�«iÀÃ���Ã�ÌÌ��}����>��>�Ã�i�Ãi>Ì�Ü�Õ�`�Ài�>������>��>�Ã�i�Ãi>Ì�v�À�>���Ãi>Ì�
«�ÌV�iÃ°�/�i�Ãi>ÌÃ�ÕÃi`�ÜiÀi�>�Î�Ãi>Ì�V��w}ÕÀ>Ì����v�À�>�Ã��}�i�>�Ã�i�>�ÀVÀ>vÌ°

Space experience evaluation

�}�Ì� ÃÌ>Ìi�i�ÌÃ� ­Ãii�/>L�i�Ó®�ÜiÀi�ÕÃi`� Ì��iÛ>�Õ>Ìi� Ì�i� Ã«>Vi�iÝ«iÀ�i�Vi�ÕÃ��}�>���ÃV>�i�
Likert with half using positive descriptors leading to comfort and the other half using negative 
`iÃVÀ�«Ì�ÀÃ��i>`��}�Ì��`�ÃV��v�ÀÌ�QÓ£R°�/�iÃi�`iÃVÀ�«Ì�ÀÃ�ÜiÀi�L>Ãi`����Ì�i�ÃÌÕ`Þ��v�<�>�}�iÌ�
>��Q{R�Ü�iÀi�Ã��i�Ü�À`Ã�>Ài�Ài�>Ìi`�Ì��V��v�ÀÌ�>�`��Ì�iÀÃ�Ì��`�ÃV��v�ÀÌ°�+£�Õ�Ì���+{�>Ài��>`i�
Ü�Ì���i}>Ì�Ûi�`iÃVÀ�«Ì�ÀÃ�>�`�+x�Õ�Ì���+n�Ü�Ì��«�Ã�Ì�Ûi�`iÃVÀ�«Ì�ÀÃ°�/�iÃi�ÃÌ>Ìi�i�ÌÃ�ÜiÀi�
«ÃÞV����}�V>��µÕiÃÌ���Ã����Ã«>Vi�«iÀVi«Ì����Ài�>Ìi`�Ì��Ãi>Ì�«�ÌV��Q£È]�£ÇR°�Ƃ�-«i>À�>��À>���
V�ÀÀi�>Ì����Ü>Ã�`��i�Ì��ÀiÃÕ�ÌÃ�ÕÃ��}�-*--�ÛiÀÃ����Ó{°



£ÈInteraction

/>L�i�Ó°�-«>Vi�iÝ«iÀ�i�Vi�ÃÌ>Ìi�i�ÌÃ°

Statement number Statement

+£ I feel restricted by the distance of the seating rows

+Ó I feel like sitting in front of a wall

+Î I feel lost because the distance of the seating rows

+{ I feel stressed out because of the distance of the seating rows

+x ��Ü>Ã�>L�i�Ì��ÃÌÀiÌV���Þ��i}Ã�Ü�Ì��ÕÌ�`�vwVÕ�ÌÞ

+È The backrest was able to support my needs

+Ç There was enough room to get in and out of the seat

+n I can change easily from one sitting posture to another

4GUWNVU���&KUEWUUKQP
#PVJTQRQOGVTKE�/GCUWTGOGPVU
Ƃ���«>ÀÌ�V�«>�ÌÃ����Ì��Ã�ÃÌÕ`Þ�ÜiÀi��ÕÌV��ÃÌÕ`i�ÌÃ°�/>L�i�Î�Ã��ÜÃ�Ì�>Ì���ÃÌ��i>ÃÕÀi�i�ÌÃ�ÜiÀi�
V��Ãi�Ì���ÕÌV��ÀiviÀi�Vi�̀ >Ì>°�/�i�>�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ�Ì�>Ì�ÜiÀi���Ì�V�ÀÀiVÌ�Þ��i>Ã�
ured were excluded from the results, for example when the eye height seated was longer than 
Ì�i�Ã�ÌÌ��}��i�}�Ì°

/>L�i�Î°��ƂÛiÀ>}i�>�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ�>�`�ÀiviÀi�Vi�`>Ì>�­��®°

Mean Observations in this study Male database [18] Female database [18]

Stature £ÇÈÓ £nÓ£ £È�n

Sitting height �äÈ �{� n�n


Þi��i�}�Ì�Ãi>Ìi` nä£ n{ä ÇnÇ

Buttock to knee x�È ÈÎ{ Èää

*�«��Ìi>���i�}�Ì�Ü�Ì��-��iÃ {ÈÈ - -

� �� �
Space Experience Evaluation in Different Pitch Sizes
/�i�ÀiÃÕ�ÌÃ��v�Ì�i�Ã«>Vi�iÝ«iÀ�i�Vi�µÕiÃÌ����>�ÀiÃ�>Ài�Ã��Ü�����/>L�i�{°��Ì�Ü>Ã�v�Õ�`�Ì�>Ì�Ì�i�
«�Ã�Ì�Ûi�`iÃVÀ�«Ì�ÀÃ��v�Ã«>Vi�iÝ«iÀ�i�Vi�­+x�+n®���VÀi>Ãi�Ü�Ì��Ì�i���VÀi>Ãi`�«�ÌV��Ã�âi]�Ü�Ì��
Ì�i�iÝVi«Ì�����v�+È]�Ü���i�Ì�i��i}>Ì�Ûi�­+£�+{®�`�`�`iVÀi>Ãi�Ü�Ì��Ì�i���VÀi>Ãi��v�«�ÌV��Ã�âi°�
-Ì>Ìi�i�Ì�+È�Ü��V��Ü>Ã�º/�i�L>V�ÀiÃÌ�Ü>Ã�>L�i�Ì��ÃÕ««�ÀÌ��Þ��ii`Ã»�Ü>Ã�v�Õ�`�Ì��Li���}�iÀ�
���Ì�i�Îä»�Ãi>Ì�«�ÌV��Ì�>��ÎÓ»°�/��Ã�ÀiÃÕ�Ì�V�Õ�`�Li���yÕi�Vi`�LÞ���Ì�>���Ü��}�Ì�i�«>ÀÌ�V�«>�ÌÃ�
Ì��ÀiV���i�Ì�i�Ãi>Ì�`ÕÀ��}�Ì�i�ÌiÃÌ°�Ƃ���ÀiÃÕ�ÌÃ��v�Ì�iÃi�ÃÌ>Ìi�i�ÌÃ�ÜiÀi�v�Õ�`�Ã�}��wV>�Ì�­-«i>À�
�>��À>���V�ÀÀi�>Ì���]�«�ä°ä£®°

/>L�i�{°��,iÃÕ�ÌÃ��v�Ã«>Vi�iÝ«iÀ�i�Vi�ÃÌ>Ìi�i�ÌÃ

Statement
28” 30” 32” 34”

rs
Mean SD Mean SD Mean SD Mean SD

+£ È°�Ó Ó°ää {°xÇ £°nÈ Î°£n £°xÎ £°�Ç £°x£ �°Ç£nII

+Ó È°xä Ó°än {°{� £°Ç� Î°x£ £°ÈÈ Ó°ÓÎ £°{£ �°ÈxÓII

+Î Î°{n Ó°ÎÓ Ó°Ç{ £°xÎ Ó°ÎÇ £°{{ Ó°£x £°{È �°ÓÎÎII

+{ x°xÓ Ó°£x Î°Èn £°n£ Ó°nä £°x{ £°�£ £°ÓÎ �°x�{II

+x Î°Ç{ Ó°xÈ x°ÎÇ Ó°Óx È°xÓ Ó°ÎÎ Ç°nÇ Ó°äÈ °xÈnII

+È x°xÎ £°�ä x°Ç� £°xn x°xx £°nÇ È°{Î £°Ç£ °£ÈÓII

+Ç Î°Èä £°Çx x°Óx £°Ç£ x°�ä £°Çn Ç°{n £°ÈÓ °ÈÎÓII

+n Î°È� Ó°äÈ x°ÎÇ £°ÇÇ È°£È £°nä Ç°{Ó £°x{ °x�ÇII

� � II°�
�ÀÀi�>Ì�����Ã�Ã�}��wV>�Ì�>Ì�Ì�i�ä°ä£��iÛi��­Ó�Ì>��i`®°
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4GNCVKQPUJKR�QH�#PVJTQRQOGVTKE�/GCUWTGOGPV�CPF�5RCEG�'ZRGTKGPEG�
The relationship between the anthropometric measurements and space experience is shown 
���/>L�i�x°��Ì�Ü>Ã�v�Õ�`�Ì�>Ì�Ì�i�«�«��Ìi>���i�}�Ì�Ü�Ì��Ã��iÃ�>�`�LÕÌÌ�V��Ì����ii��i�}Ì��ÜiÀi�
v�Õ�`�Ã�}��wV>�Ì�Ì��>���Ã«>Vi�iÝ«iÀ�i�Vi�ÃÌ>Ìi�i�ÌÃ°�+£]�+{]�+x]�>�`�+n�ÜiÀi�>�Ã��v�Õ�`�V�À�
Ài�>Ì��}�ÃÌÀ��}�Þ�Ü�Ì��>���>�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ°�-�]�Ì�i�>�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ�
indicating physiological comfort highly correlated with space experience, which could indicate 
that these measurements are a good predictor of space experience leading to psychological 
V��v�ÀÌ°

�Ài�ÃiÀ�iÌ�>�°�Q£ÈR�>�`���iÀ�>�`�Q£�R�«ÀiÃi�Ìi`�Ì�>Ì�Ì�i�LÕÌÌ�V��Ì����ii��i>ÃÕÀi�i�Ì�ÃÌÀ��}�Þ�
V�ÀÀi�>ÌiÃ�Ü�Ì��Ãi>Ì�«�ÌV��>�`�­`�Ã®V��v�ÀÌ]����Ì��Ã�V>Ãi]�ÕÃ��}�Ã«>Vi�iÝ«iÀ�i�Vi�ÃÌ>Ìi�i�ÌÃ°����
�ÕÀ�ÃÌÕ`Þ]�Ì�i�Ì��V��iÃÃ��v�Ì�i�L>V�ÀiÃÌÃ�Ü>Ã�iµÕ>�°�-i>Ì�«�ÌV���Ã���Ì�>�Ü>ÞÃ�`�ÀiVÌ�Þ�Ài�>Ìi`�Ì��
�i}À����>Ã�>�Ì��V�iÀ�L>V�ÀiÃÌ�VÀi>ÌiÃ��iÃÃ��i}À����QÓÓR°�/�i��iÜ�iV����Þ�V�>ÃÃ�Ãi>ÌÃ�ÕÃÕ>��Þ�
�>Ûi�>�Ì����iÀ�L>V�ÀiÃÌ�v�À�Ì��Ã�Ài>Ã��°�Ƃ���ÃÌ>Ìi�i�ÌÃ�ÜiÀi�>�Ã��v�Õ�`�Ã�}��wV>�Ì�v�À�iÞi��i�}�Ì�
Ãi>Ìi`]�Ì��Õ}��Ã��i�ÜiÀi���Ì�ÃÌÀ��}]�Ü��V���Ã�>�Ã��������i�Ü�Ì���Ì�iÀ�w�`��}Ã�Q£ÈR°�-�ÌÌ��}��i�}�Ì�
Ü��V��Ü>Ã�>ÃÃÕ�i`�Ì���>Ûi�>����yÕi�Vi�«ÃÞV����}�V>��Þ����Ã«>Vi�iÝ«iÀ�i�Vi����Þ��>`�V�ÀÀi�
�>Ì���Ã����+£]�+{]�+x�>�`�+n�Ü���i�>����Ì�iÀ��i>ÃÕÀi�i�ÌÃ�ÜiÀi�>�Ã��V�ÀÀi�>Ìi`°�/��Ã���}�Ì�
��`�V>Ìi�Ì�>Ì�Ã�ÌÌ��}��i�}�Ì��Ã���Ì�>�«Ài`�VÌ�À��v�Ã«>Vi�iÝ«iÀ�i�Vi°�/�i�ÌÜ����}�iÃÌ�V�ÀÀi�>Ì���Ã�
ÜiÀi�v�Õ�`�LiÌÜii��+x�¼��Ü>Ã�>L�i�Ì��ÃÌÀiÌV���Þ��i}Ã�Ü�Ì��ÕÌ�`�vwVÕ�ÌÞ½�>�`�«�«��Ìi>���i�}�Ì�
Ü�Ì��Ã��iÃ°½�­/��Ã��>�iÃ�Ãi�Ãi�>Ã�Ì�i����}iÀ�Ì�i���ÜiÀ��i}�Ì�i���Ài�`�vwVÕ�Ì��Ì��Ã�Ì��ÃÌÀiÌV��Ì�i�
�i}Ã®�>�`�+£�¼�� vii��ÀiÃÌÀ�VÌi`�LÞ�Ì�i�`�ÃÌ>�Vi��v�Ì�i�Ãi>Ì��}�À�ÜÃ½�>�`�«�«��Ìi>���i�}�Ì�Ü�Ì��
Ã��iÃ°�ƂÃ�Ì�i�L>V���v�Ì�i�Ãi>Ì����vÀ��Ì��v�Ì�i�«>ÃÃi�}iÀ�V��iÃ�V��ÃiÀ�>Ì�>���}�iÀ��iÛi�]��Ì�>�Ã��
�>�iÃ�Ãi�Ãi�Ì�>Ì��VVÕ«>�ÌÃ�Ü�Ì�����}iÀ���ÜiÀ��i}Ã�vii����Ài�ÀiÃÌÀ�VÌi`°�-��i�Û>�ÕiÃ�ÜiÀi���Ì�
Ã�}��wV>�Ì\�Ã�ÌÌ��}��i�}�Ì�̀ �`���Ì��>Ûi�>�ÃÌÀ��}�Ài�>Ì���Ã��«�Ü�Ì��+Ó]�+Î]�+È�>�`�+Ç]�Ü��V��>�Ã��
�>�iÃ�Ãi�Ãi�>Ã�LÕÌÌ�V����ii�`�ÃÌ>�Vi��>Ã���Ài���yÕi�Vi����Ã«>Vi�iÝ«iÀ�i�Vi�Ì�>��Ì�i��i�}�Ì�
�v�Ì�i��i>`�>Ã�Ì�iÀi�>Ài����«�ÞÃ�V>��ÀiÃÌÀ�VÌ���Ã�>L�Ûi�Ì�i��i>`°

/>L�i�x°��,i�>Ì���Ã��«��v�Ƃ�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ�>�`�-«>Vi�
Ý«iÀ�i�Vi

Statement Sitting height Eye height seated Buttock to knee Popliteal height 
with shoes

+£ �°£�ÓII �°£�ÈII �°ÓäxII �°ÓÈÎII

+Ó �°äx£ �°£ÓÈI �°£n{II �°£ÈÇII

+Î �°äxx �°£ÓÓI �°£xÎII �°£Î�II

+{ �°£x�II �°£nxII �°£ÇÇII �°£ÈnII

+x �°£�ÓII �°£�ÈII �°ÓäxII �°ÓÈÎII

+È �°äx£ �°£ÓÈI �°£n{II �°£ÈÇII

+Ç �°äxx �°£ÓÓI �°£xÎII �°£Î�II

+n �°£x�II �°£nxII �°£ÇÇII �°£ÈnII

 II°�
�ÀÀi�>Ì�����Ã�Ã�}��wV>�Ì�>Ì�Ì�i�ä°ä£��iÛi��­Ó�Ì>��i`®°
� I°�
�ÀÀi�>Ì�����Ã�Ã�}��wV>�Ì�>Ì�Ì�i�ä°äx��iÛi��­Ó�Ì>��i`®°

The limitation of this study is that the population is young and only from one area of the globe 
>�`�Ì�i�`ÕÀ>Ì�����v�Ì�i�Ãi>Ì��}�Ü>Ã�£ä����ÕÌiÃ]�Ü���i����>�Ài>��y�}�Ì�Ì�i�`ÕÀ>Ì�����Ã����}iÀ°��Ì��Ã�
iÝ«iVÌi`�Ì�>Ì�Ì�i�ivviVÌÃ�Ü����Li��>À}iÀ�v�À����}iÀ�y�}�ÌÃ�>Ã��Ì�iÀ�ÃÌÕ`�iÃ�Ã��Ü�Ì�>Ì�`�ÃV��v�ÀÌ�
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Conclusion
A relationship between space experience and human anthropometric sizes in aircraft has been 
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19  Chapter 2

The effect of aircraft seat pitch on comfort
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>�ÃÌÀ��}�V�ÀÀi�>Ì����­Àrä°ÇÎä®�LiÌÜii��V��v�ÀÌ�>�`�ºyÞ�>}>���Ü�Ì��Ì�i�Ã>�i�>�À���iÃ°»��iÃ«�Ìi�
Ì��Ã���«�ÀÌ>�Vi]�	����iÌ�>�°�QnR�v�Õ�`�>vÌiÀ�ÃÌÕ`Þ��}�Ì�i�Ó�£�«>ÃÃi�}iÀÃ½�ÌÀ�«�Ài«�ÀÌÃ�>�`���ÌiÀ�
Û�iÜ��}�£xÓ�ÃÕL�iVÌÃ�Ì�>Ì�Ì�i���ii�Ã«>Vi��Ã�Ì�i���ÜiÃÌ�À>Ì��}��Ìi�]�v����Üi`�LÞ�Ì�i�«iÀÃ��>��
space and seat width, especially knee space was seen as a problem by taller passengers for the 
���}��>Õ��y�}�Ì°�

-��i�ÀiÃi>ÀV����`�V>ÌiÃ�Ì�>Ì�V��v�ÀÌ��Ã�Ài�>Ìi`�Ì��«�ÌV�°����iÌ�>�°�Q�R�v�Õ�`�Ì�>Ì�Ì�iÀi��Ã�>�Ài�>�
Ì���Ã��«�LiÌÜii��Ãi>Ì�«�ÌV��>�`�Ã�ÌÌ��}�V��v�ÀÌ°���iÀ�>�`�Q£äR��>`i�>��Þ«�Ì�iÌ�V>����`i�����
Ì�i�Ài�>Ì���Ã��«��v�Ãi>Ì�«�ÌV�]�Ãi>Ì�Ü�`Ì��>�`�V��v�ÀÌ°��Ài�ÃiÀ�iÌ�>�°�Q££R�v�Õ�`�Ì�i���yÕi�Vi��v�
Ãi>Ì�«�ÌV��Ì��«>ÃÃi�}iÀ�Üi���Li��}°�º-«>Vi�iÝ«iÀ�i�Vi»�>�«ÃÞV����}�V>��v>VÌ�À����V��v�ÀÌ�Ài�>Ì�
i`�Ì��Ãi>Ì�`�ÃÌ>�ViÃ�Ü>Ã�v�Õ�`�Ì��Li�Ài�>Ìi`�Ì���Õ�>��>�Ì�À�«��iÌÀÞ�Q£ÓR°�/�iÀi�>Ài�`�vviÀi�Ì�
V>ÕÃiÃ��v�V��v�ÀÌ]�ÃÕV��>Ã�«ÃÞV����}�V>��Q£ÎR]�«�ÞÃ����}�V>��Q£{]�£xR�>�`�i��Ì���>��V>ÕÃiÃ�Q£ÈR°

There are indications that comfort and discomfort are two different entities rather than ex�
ÌÀi�iÃ��v���i�ÃV>�i�Q£ÇR°�<�>�}�iÌ�>�°�Q£nR��>`i�>���`i��Ü�iÀi�V��v�ÀÌ��Ã�`À�Ûi��LÞ�Üi���Li��}�
>�`�«�ÕÃ��iÃÃ]�Ü���i�`�ÃV��v�ÀÌ�V��iÃ�vÀ���«��À�L���iV�>��VÃ�>�`�Ì�Ài`�iÃÃ°�6����iÌ�>�°�Q£�R�
>�Ã��`iw�i`�V��v�ÀÌ�>Ã�>�ºvii���}�>�`�`�ÃV��v�ÀÌ�>Ã�>�ÃÌ>Ìi��v�Ì�i��Õ�>��L�`Þ»°���ÃV��v�ÀÌ��Ã�
Ài�>Ìi`�Ì��«�ÞÃ�V>��vii���}Ã��v�«>��]�Ã�Ài�iÃÃ]�>�`�Ã����°�
��v�ÀÌ��Ã�iÃÌ>L��Ã�i`�LÞ�Ì�i�vii���}�
�v�Ài�>Ý>Ì����>�`�Üi���Li��}°�	�Ì��V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�ÜiÀi���V�Õ`i`����Ì��Ã�ÃÌÕ`Þ°
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The aim of this study is to investigate the relationship between seat pitch and comfort, and 
�ÌÃ���yÕi�V��}�v>VÌ�ÀÃ]�ÃÕV��>Ã�Ã«>Vi�iÝ«iÀ�i�Vi�>�`�>�Ì�À�«��iÌÀ�VÃ°�/�i�wÀÃÌ��Þ«�Ì�iÃ�Ã��v�
Ì��Ã�ÃÌÕ`Þ��Ã�Ì�>Ì�V��v�ÀÌ� �Ã�V�ÀÀi�>Ìi`�Ã�}��wV>�Ì�Þ�Ü�Ì��«�ÌV��Ã�âi�L>Ãi`����Ì�i��Þ«�Ì�iÌ�V>��
��`i���v���iÀ�>�`�Q£äR°�-iV��`]�Ì�>Ì�Ã«>Vi�iÝ«iÀ�i�Vi�>�`�>�Ì�À�«��iÌÀ�VÃ���yÕi�Vi�V���
v�ÀÌ°� i}>Ì�Ûi�Ã«>Vi�iÝ«iÀ�i�Vi�ÃÌ>Ìi�i�ÌÃ�>Ài�>ÃÃÕ�i`�Ì���i>`�Ì��`�ÃV��v�ÀÌ]�Ü���i�«�Ã�Ì�Ûi�
ÃÌ>Ìi�i�ÌÃ��i>`�Ì��V��v�ÀÌ�Q£ÇR°�Ƃ�V�ÀÀi�>Ì�����Ã�>�Ã��>ÃÃÕ�i`�LiÌÜii��LÕÌÌ�V��Ì����ii��i�}Ì��
>�`�`�ÃV��v�ÀÌ]�>Ã�Ì�i������Õ��Ãi>Ì��Ã�L>Ãi`����Ì�i�LÕÌÌ�V��Ì����ii��i�}Ì���v�Ì�i�«�«Õ�>Ì����
QÇR°�/�i�V�ÀÀi�>Ì����LiÌÜii��iÞi��i�}�Ì�Ãi>Ìi`�>�`�V��v�ÀÌ��Ã�>�Ã��ÌiÃÌi`�>Ã�V��v�ÀÌ��Ã�`iÀ�Ûi`�
vÀ���«ÃÞV����}�V>��Üi���Li��}�Ü��V���Ã�>vviVÌi`�LÞ�Û�ÃÕ>��«iÀVi«Ì����Q£n]�ÓäR°

/GVJQF
Participants
/��ÃÌÕ`Þ�Ì��Ã�Ài�>Ì���Ã��«]�Ó�{�«>ÀÌ�V�«>�ÌÃ�­£Îx��>�iÃ]�£x��vi�>�iÃ]�>}i`�£Ç�ÓÎ�Þi>ÀÃ®�Ã>Ì����
Ì�i� ÌiÃÌi`�>�ÀVÀ>vÌ� Ãi>ÌÃ� ���n�}À�Õ«Ã��v�>««À�Ý��>Ìi�Þ�{x�«>ÀÌ�V�«>�ÌÃ°�/�i�«>ÀÌ�V�«>�ÌÃ�ÜiÀi�
wÀÃÌ�Þi>À�ÃÌÕ`i�ÌÃ�ÃÌÕ`Þ��}�>Ì�Ì�i��i�vÌ�1��ÛiÀÃ�ÌÞ��v�/iV�����}Þ°�Ƃ���«>ÀÌ�V�«>�ÌÃ�ÜiÀi�>ÃÞ�«�
Ì��>Ì�V�v�À���Ü�L>V��«>���>�`�`�`���Ì��>Ûi�>�Þ��ÕÃVÕ��Ã�i�iÌ>�����ÕÀÞ°�	iv�Ài�Ì�i�iÝ«iÀ��i�Ì]�
all participants were asked to give informed consent that we were allowed to use the data in 
ÀiÃi>ÀV�°�*>ÀÌ�V�«>�ÌÃ�Ü���`�`���Ì�}�Ûi�V��Ãi�Ì�ÜiÀi�iÝV�Õ`i`�vÀ���Ì�i�`>Ì>°�
>V��«>ÀÌ�V�«>�Ì�
Ì����>««À�Ý��>Ìi�Þ�Ó���ÕÀÃ�Ì��V��«�iÌi�Ì�i�ÃÌÕ`Þ°�

Protocol
/��Ã�ÃÌÕ`Þ�Ü>Ã�V��`ÕVÌi`����>�	�i��}�ÇÎÇ�>�À«�>�i���V>Ìi`�>Ì�Ì�i�V>�«ÕÃ��v�Ì�i��i�vÌ�1��ÛiÀÃ�ÌÞ�
�v�/iV�����}Þ°��Ì��>`�>�Î�Î�V��w}ÕÀ>Ì���]�Ì�i�Ãi>Ì�ÃiÌÕ«����Ì�i�wÀÃÌ����i�À�ÜÃ��Ã�Ã��Ü�������}ÕÀi�
£°�Ƃ���Ãi>ÌÃ��>Ûi�Ì�i�Ã>�i�v�À��Ü�Ì��`�vviÀi�Ì�«�ÌV�iÃ°���ÕÀ�«�ÌV��Ã�âiÃ�ÜiÀi�V��Ãi�\�Ón���V�iÃ]�
Îä���V�iÃ]�ÎÓ���V�iÃ�>�`�Î{���V�iÃ°�/�i�Ãi>ÌÃ�ÕÃi`�ÜiÀi�iV����Þ�V�>ÃÃ�Ãi>ÌÃ�­v�À�`��i�Ã���Ã�
Ãii���}ÕÀi�Ó®°�/�i���«�Ì����ii�Ã«>Vi� ­>®� �Ã� ÀiV�À`i`���À�â��Ì>��Þ�£ä�V��>L�Ûi�Ì�i�Ãi>Ì�«>�°�
�ÕÀ��}�Ì�i�iÝ«iÀ��i�Ì]�Ì�i�Ãi>Ì����Ì�i�wÀÃÌ�À�Ü�Ü>Ã���Ì�>���Üi`�Ì��Li��VVÕ«�i`]�Ã��Vi�Ì�i�«�ÌV��
V�Õ�`���Ì�Li�V��ÌÀ���i`°�

-�âiÃ��v�Ì�i�L�`Þ�«>ÀÌÃ�ÜiÀi��i>ÃÕÀi`�>VV�À`��}�Ì��Ì�i��� 
���iÌ��`�QÓ£R°�/�i�Ã�âiÃ�Ì>�i��
ÜiÀi\�ÃÌ>ÌÕÀi]�Ã�ÌÌ��}��i�}�Ì]�iÞi��i�}�Ì�Ãi>Ìi`]�LÕÌÌ�V����ii��i�}Ì��>�`�«�«��Ìi>���i�}�Ì�Ã�ÌÌ��}�
Ü�Ì��Ã��iÃ°�/�iÃi�Ã�âiÃ�ÜiÀi�Ì>�i��>Ã��Ài�ÃiÀ�iÌ�>�°�Q££R�v�Õ�`�Ì�>Ì�iÞi��i�}�Ì�Ãi>Ìi`�>�`�LÕÌ�
Ì�V��Ì����ii�Ü>Ã�Ài�>Ìi`�Ì��V��v�ÀÌ°�-Ì>ÌÕÀi]�Ã�ÌÌ��}��i�}�Ì]�>�`�«�«��Ìi>���i�}�Ì�Ãi>Ìi`�ÜiÀi�
>``i`�Ì��w�`��Ì�iÀ�«�ÃÃ�L�i�V�ÀÀi�>Ì���Ã°�/�iÃi��i>ÃÕÀi�i�ÌÃ�ÜiÀi�>``i`�Ì��w�`�«�ÃÃ�L�i�
Ãi>Ì�`iÃ�}��Ã��ÕÌ���Ã�L>Ãi`����>�Ì�À�«��iÌÀÞ°

��}ÕÀi�£°�-i>Ì��>Þ�ÕÌ����Ì�i�ÌiÃÌ�>�ÀVÀ>vÌ°

Before the participants entered the aircraft, they were given a verbal explanation of the re�
Ãi>ÀV��«À�Ì�V��°�
>V��«>ÀÌ�V�«>�Ì�Ü>Ã�}�Ûi��>��Õ�LiÀ]�>�`�>���`>Ì>�ÜiÀi�V�Õ«�i`�Ì��Ì�>Ì��Õ��
LiÀ°��
ÛiÀÞ�}À�Õ«��v�«>ÀÌ�V�«>�ÌÃ��ii`i`�Ì��w��Ã��v�ÕÀ�À�Õ�`Ã����Ì�i�iÝ«iÀ��i�Ì�Ì��i�>L�i�>�
Ü�Ì����ÃÕL�iVÌ�̀ iÃ�}�]�>�`�iÛiÀÞ�À�Õ�`��>ÃÌi`�£ä����ÕÌiÃ°�7�i��Ì�iÞ�wÀÃÌ�L�>À`i`�Ì�i�>�À«�>�i]�
Ì�iÞ�V>��vÀii�Þ�V���Ãi�Ì�i�Ãi>Ì�vÀ���Ì�i�ÃiV��`�À�Ü�Ì��Ì�i����Ì��À�Ü°���ÜiÛiÀ]��v�>�«>ÀÌ�V�«>�Ì�
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chose a middle, aisle or window seat, they had to take the same seat in the next rounds to 
«ÀiÛi�Ì�Ì�i�ivviVÌ��v�Ì�i�«�Ã�Ì�������Ì�i�À�Ü°���À�i>V��À�Õ�`]�Ì�iÞ�ÜiÀi���ÃÌÀÕVÌi`�Ì��Ã�Ì�`�Ü��
v�À�£ä����ÕÌiÃ�>�`�V��«�iÌi�Ì�i�µÕiÃÌ����>�Ài�>vÌiÀ�£ä����ÕÌiÃ�Ã�ÌÌ��}�Ü���i�ÃÌ����Ã�ÌÌ��}����Ì�i�
Ãi>Ì°� /�i�µÕiÃÌ����>�Ài�Ü>Ã� >�������i� ÛiÀÃ���� Ì��Li� V��«�iÌi`�ÕÃ��}� Ì�i� Ã�>ÀÌ«���i]� >�`�
«>ÀÌ�V�«>�ÌÃ�Ü�Ì��ÕÌ�Ã�>ÀÌ«���iÃ�ÜiÀi�}�Ûi��«>«iÀÃ°�*>ÀÌ�V�«>�ÌÃ�ÜiÀi�>���Üi`�Ì��Ì>���Ì��i>V��
�Ì�iÀ�>�`�Ì��V���Ãi�Ì�i�À�«�Ã�Ì����vÀii�Þ°�/�iÞ�ÜiÀi���Ì�>���Üi`�Ì��ÕÃi�Ì�i�ÌÀ>Þ�Ì>L�i�>�`���Ì�
>���Üi`�Ì��ÀiV���i�Ì�i�À�Ãi>ÌÃ°�/�i�Ãi>ÌÃ�ÜiÀi�`�Û�`i`���Ì��v�ÕÀ�ÃiVÌ���Ã�Ì��i>Ãi�«>ÀÌ�V�«>�Ì�À�Ì>�
Ì����­��}ÕÀi�£®°�7�i��>�À�Õ�`��Ã�w��Ã�i`]�«>ÀÌ�V�«>�ÌÃ���Ûi�Ì��Ì�i�Ãi>Ì�`�ÀiVÌ�Þ����vÀ��Ì��v�Ì�i�°�
7�i��Ì�iÞ�Ài>V��Ì�i�vÀ��Ì�À�Ü��v�i>V��ÃiVÌ���]�Ì�iÞ�Ü�Õ�`��ii`�Ì����Ûi�Ì��Ì�i��>ÃÌ�À�Ü��v�Ì�>Ì�
ÃiVÌ���°��/��Ã�À�Ì>Ì�����À`iÀ��Ã��>`i�Ì��i�����>Ìi�Ì�i���yÕi�Vi��v��À`iÀ����Ì��Ã�ÃÌÕ`Þ°�

Dimensions 28” 30” 32” 34”

a È{�V� È��V� Ç{�V� Ç��V�

b 20 cm 25 cm 30 cm 35 cm

c Ç£�V�

d 111 cm

e {{�V�

��}ÕÀi�Ó°����i�Ã���Ã��v�-i>Ì�1Ãi`

/GCUWTKPI�OGVJQFU
/�i�µÕiÃÌ����>�Ài�V��Ã�ÃÌÃ��v�Ì�Àii�«>ÀÌÃ\�>�V��v�ÀÌ�ÃV>�i]�`�ÃV��v�ÀÌ�ÃV>�i�>�`�Ã«>Vi�iÝ«iÀ��
i�Vi°�/���i>ÃÕÀi�Ì�i�`�ÃV��v�ÀÌ��iÛi���v�i>V��«>ÀÌ�V�«>�Ì]�>�
*�xä�ÃV>�i�­V>Ìi}�ÀÞ�«>ÀÌ�Ì�����}�
ÃV>�i®�Ü>Ã���V�Õ`i`����i>V��µÕiÃÌ����>�Ài°�/��Ã�ÃÕL�iVÌ�Ûi�À>Ì��}�ÃV>�i��Ã�v�Õ�`�Ì��Li�Ài��>L�i�
and most valid for rating perceived discomfort on sitting and also was preferred more than 
�Ì�iÀ�`�ÃV��v�ÀÌ�ÃV>�iÃ�QÓÓR°�Ƃ�£ä�«���Ì�V��v�ÀÌ�ÃV>�i�Ü>Ã�ÕÃi`�>Ã�Üi���Ì���>�i�>�V��«>À�Ã���
Ü�Ì��Ì�i�ÃÌÕ`Þ��v���iÀ�>�`�Q£äR�«�ÃÃ�L�i�­£r�i>ÃÌ�V��v�ÀÌ>L�i]�£är��ÃÌ�V��v�ÀÌ>L�i®°�+ÕiÃ�
Ì����>�Ài� �Ìi�Ã� v�À�Ã«>Vi�iÝ«iÀ�i�Vi�ÜiÀi�}>Ì�iÀi`� vÀ���ÃÌÕ`�iÃ��v��Ài�ÃiÀ�iÌ�>�°� Q££R]�>�`�
�i�i}���iÌ�>�°�QÓÎR°�/�iÃi�ÃÌ>Ìi�i�ÌÃ����Ã«>Vi�iÝ«iÀ�i�Vi�Ã��Ü�����/>L�i�£�Q£ÓR�ÜiÀi���V�Õ`i`�
Ì���i>À����Ài����Ì�i�«ÃÞV����}�V>��ivviVÌ��v�Ãi>Ì�«�ÌV�����­`�Ã®V��v�ÀÌ°�"��Þ�ÃÌ>Ìi�i�ÌÃ�Ài�>Ìi`�
Ì��Ãi>Ì�«�ÌV�iÃ�>Ài���V�Õ`i`����Ì��Ã�ÃÌÕ`Þ°��>�v��v�Ì�i�ÃÌ>Ìi�i�ÌÃ�ÜiÀi��>`i�ÕÃ��}�>�«�Ã�Ì�Ûi�`i�
scriptor leading to comfort and the other half using a negative descriptor leading to discomfort 
Ü�Ì��>���ÃV>�i����iÀÌ�­vÀ�����Ì�>Ì�>���Ì��iÝÌÀi�i�Þ®�Ì��i��>�Vi�Ì�i���Ìi�Ã�ÌÞ��v�i>V��`iÃVÀ�«Ì�À°�
/��Ã�ÃiÌÌ��}��Ã�L>Ãi`����>�ÃÌÕ`Þ��v��i�>�`iÀ�>�`�<�>�}�Q£ÇR�Ü��V��>ÃÃÕ�iÃ�Ì�>Ì�Ã�ÌÌ��}�V��v�ÀÌ�
>�`�`�ÃV��v�ÀÌ�>Ài���`i«i�`i�Ì�i�Ì�Ì�iÃ���yÕi�Vi`�LÞ�`�vviÀi�Ì�v>VÌ�ÀÃ°

Ƃ���`>Ì>�ÜiÀi���«�ÀÌi`����-*--�ÛiÀÃ����Óx�>�`�>�>�ÞÃi`�Ü�Ì��-«i>À�>��À>���V�ÀÀi�>Ì����>�`�
�ÀÕÃ�>��7>���Ã��� ÌiÃÌ°� ��«>À>�iÌÀ�V� ÃÌ>Ì�ÃÌ�V>���iÌ��`Ã�ÜiÀi� V��Ãi��LiV>ÕÃi� V��v�ÀÌ� >�`�
`�ÃV��v�ÀÌ�`>Ì>�>Ài���Ì���À�>��Þ�`�ÃÌÀ�LÕÌi`�QÓ{R°�ƂÛiÀ>}iÃ�>�`�ÃÌ>�`>À`�`iÛ�>Ì����ÜiÀi�V>�VÕ�
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�>Ìi`��ÛiÀ�«>ÀÌ�V�«>�ÌÃ°�Ƃ�-«i>À�>�½Ã�V�ÀÀi�>Ì����Ü>Ã�V>�VÕ�>Ìi`�LiÌÜii��Ã��i�L�`Þ��i>ÃÕÀi�
�i�ÌÃ�>�`�­`�Ã®V��v�ÀÌ�>�`�LiÌÜii��Ã«>Vi�iÝ«iÀ�i�Vi]�«�ÌV��>�`�­`�Ã®V��v�ÀÌ°�/�i�Ã�}��wV>�Vi�
�v�Ì�i�V�ÀÀi�>Ì����Ü>Ã�V>�VÕ�>Ìi`�>Ã�Üi��°��ÀÕÃ�>��7>���Ã���ÌiÃÌÃ�ÜiÀi�«iÀv�À�i`����V��v�ÀÌ�>�`�
`�ÃV��v�ÀÌ�LiÌÜii��«�ÌV��Ã�âiÃ�>�`�>�Ã��Ãi>Ì���V>Ì����Ì��w�`�Ü�iÌ�iÀ�Ì�iÀi�>Ài�Ã�}��wV>�Ì�iv�
viVÌÃ°�/�i�ÀiÃÕ�ÌÃ��v�Ì�i�«>ÀÌ�V�«>�ÌÃ�Ü����>Ûi���Ì�V��«�iÌi`�Ì�i�Ü���i�iÝ«iÀ��i�Ì��À�`�`���Ì�
v����Ü�Ì�i��À`iÀ��v�Ì�i�iÝ«iÀ��i�Ì�ÜiÀi�iÝV�Õ`i`�vÀ���Ì�i�>�>�ÞÃ�Ã°�/�i��Õ�LiÀ��v�ÃÕL�iVÌÃ�v�À�
i>V��>�>�ÞÃ�Ã��Ã�ÃÌ>Ìi`�Ü�Ì��Ì�i�ÀiÃÕ�ÌÃ°

/>L�i�£°�-«>Vi�
Ý«iÀ�i�Vi�-Ì>Ìi�i�ÌÃ�Q£ÓR

Statement number Statement

+£ I feel restricted by the distance of the seating rows

+Ó I feel like sitting in front of a wall

+Î I feel lost because the distance of the seating rows

+{ I feel stressed out because of the distance of the seating rows

+x ��Ü>Ã�>L�i�Ì��ÃÌÀiÌV���Þ��i}Ã�Ü�Ì��ÕÌ�`�vwVÕ�ÌÞ

+È The backrest was able to support my needs

+Ç There was enough room to get in and out of the seat

+n I can change easily from one sitting posture to another

Results and Discussion
Comfort and discomfort on seat pitch size
/�i�ÀiÃÕ�ÌÃ��v� Ì�i�µÕiÃÌ����>�ÀiÃ��v�£ÈÈ�«>ÀÌ�V�«>�ÌÃ�ÜiÀi�ÕÃi`�Ì��V>�VÕ�>Ìi� Ì�i� Ài�>Ì���Ã��«�
LiÌÜii��«�ÌV��Ã�âiÃ]�>�`��ÛiÀ>���V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ°���}ÕÀi�Î�>�`���}ÕÀi�{�Ã��ÜÃ�Ì�i�Ài�
�>Ì���Ã��«��v��i>���ÛiÀ>���V��v�ÀÌ�>�`��ÛiÀ>���`�ÃV��v�ÀÌ�v�À�Ì�i�`�vviÀi�Ì�«�ÌV�iÃ°�/��Ã�}À>«��
shows that there is a positive relationship between pitch size and the mean overall comfort and 
>��i}>Ì�Ûi�Ài�>Ì���Ã��«�LiÌÜii���ÛiÀ>���`�ÃV��v�ÀÌ�>�`�«�ÌV��Ã�âiÃ°�/�i�-«i>À�>�½Ã�V�ÀÀi�>Ì����
�v�«�ÌV��Ü�Ì���ÛiÀ>���V��v�ÀÌ��Ã�v�Õ�`�Ã�}��wV>�Ì�«rä°äää�Ü�Ì��>��Àr°Ç£�]�>�`�«�ÌV��Ü�Ì���ÛiÀ>���
`�ÃV��v�ÀÌ��Ã�>�Ã��v�Õ�`�Ã�}��wV>�Ì�«rä°äää�Ü�Ì��>��Àr�°xÓx°��Ƃ��ÀÕÃ�>��7>���Ã���ÌiÃÌ�Ü>Ã�«iÀ�
v�À�i`�Ì��Ãii�Ì�i�ivviVÌ��v�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�LiÌÜii��«�ÌV��Ã�âiÃ°�	�Ì��ÌiÃÌÃ��>`�Ã�}��v�
�V>�Ì�ÀiÃÕ�ÌÃ�Ü�Ì���­Î®rÎ{n°{{Ó]�«r°äää�v�À�V��v�ÀÌ�>�`��­Î®r£n{°Ç{]�«r°äää�v�À�`�ÃV��v�ÀÌ°

 
��}ÕÀi�Î°��i>��"ÛiÀ>���V��v�ÀÌ�­£ä�ÃV>�i®�LÞ�*�ÌV��-�âiÃ�­��V�iÃ®
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��}ÕÀi�{°��i>��"ÛiÀ>�����ÃV��v�ÀÌ�­
*�xä®�LÞ�*�ÌV��-�âiÃ�­��V�iÃ®

Ƃ���Ì�i�Ãi>ÌÃ����Ì�i�À�ÜÃ�ÌiÃÌi`�ÜiÀi�w��i`]�Ã��i>V��«>ÀÌ�V�«>�Ì��>`�>��i�}�L�ÕÀ��}�«>ÀÌ�V�«>�Ì°�
Additionally, both comfort and discomfort data were analysed by the location of the seats 
­>�Ã�i]���``�i]�Ü��`�Ü®°���}ÕÀi�x�Ã��ÜÃ�Ì�i�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ��v�`�vviÀi�Ì� ��V>Ì���Ã°�Ƃ�
�ÀÕÃ�>��7>���Ã���ÌiÃÌ�Ü>Ã�«iÀv�À�i`�Ì��Ã��Ü�Ì�i�ivviVÌ��v�Ãi>Ì���V>Ì�������V��v�ÀÌ�>�`�`�ÃV���
v�ÀÌ°�,iÃÕ�ÌÃ�Ã��Ü�Ì�>Ì��Ì�Ü>Ã�Ã�}��wV>�Ì�v�À�`�ÃV��v�ÀÌ�LiÌÜii��Ì�i�`�vviÀi�Ì�Ãi>Ì���V>Ì���Ã�Ü�Ì��
�­Ó®rÈ°£Çä]�«r°ä{È�Ü�Ì��>��i>��À>���ÃV�Ài��v�ÎÓä°xÎ�v�À�Ì�i�>�Ã�i]�ÎxÇ°ä��v�À�Ì�i���``�i�>�`�
Î£Ç°{È�v�À�Ì�i�Ü��`�Ü�Ãi>Ì°���ÜiÛiÀ]�ÀiÃÕ�ÌÃ�ÜiÀi���Ì�Ã�}��wV>�Ì�v�À�V��v�ÀÌ�LiÌÜii��`�vviÀi�Ì�
Ãi>Ì� ��V>Ì���Ã�Ü�Ì���­Ó®r°ÎnÓ]�«r°nÓÈ�Ü�Ì���i>�� À>���ÃV�Ài��v�ÎÓäÇ°£Ó� v�À�>�Ã�i]�ÎÎä°ÎÇ� v�À�
��``�i�>�`�ÎÎn°ää�v�À�Ü��`�Ü�Ãi>Ì°�/�i���``�i�Ãi>Ì��Ã�v�Õ�`�Ì���>Ûi�>���}�iÀ��i>���ÛiÀ>���̀ �Ã�
comfort in all pitches while the mean in comfort did not vary, though the effect on both comfort 
>�`�`�ÃV��v�ÀÌ����Ãi>Ì�«�ÌV��Ü>Ã�ÃÌ������}�iÀ�Ì�>��Ãi>Ì���V>Ì���°� �

    
� ­>®� ­L®

��}ÕÀi�x°�­>®�
��v�ÀÌ�>�`�­L®���ÃV��v�ÀÌ�LÞ�-i>Ì���V>Ì���

Comfort and discomfort on anthropometric measurements
/��Ã�ÃÌÕ`Þ��i>ÃÕÀi`�>�Ì�À�«��iÌÀ�V�`>Ì>��v�«>ÀÌ�V�«>�ÌÃ�­/>L�i�Ó®°�/�i�Ài�>Ì���Ã��«�LiÌÜii��
>�Ì�À�«��iÌÀ�V�̀ >Ì>]�V��v�ÀÌ�>�`�̀ �ÃV��v�ÀÌ�Ü>Ã�>�Ã��V>�VÕ�>Ìi`�­/>L�i�Î®°�/�i�̀ >Ì>�Ã��ÜÃ�Ì�>Ì�
Ì�i�V�ÀÀi�>Ì�����Ã���}�iÀ�Ì�i�Ã��ÀÌiÀ�Ì�i�«�ÌV���Ã°����Ì�i�Ón���V��Ãi>Ì�«�ÌV�]�>���>�Ì�À�«��iÌÀ�V�
�i>ÃÕÀi�i�ÌÃ�ÜiÀi� v�Õ�`� Ì��Li�Ã�}��wV>�Ì�Þ�V�ÀÀi�>Ìi`�>Ì�«rä°ä£�Ü�Ì��V��v�ÀÌ°�7���i����Þ�
sitting height, eye height seated, and popliteal height with shoes on were found to be correlat�
i`�Ü�Ì��`�ÃV��v�ÀÌ����Ì�i�Ón���V�iÃ�ÃiÌÌ��}�>Ì�«rä°ä£°�*�«��Ìi>���i�}�Ì�Ã�ÌÌ��}�Ü�Ì��Ã��iÃ�ÜiÀi�
v�Õ�`�Ì��Li�Ã�}��wV>�Ì�>Ì�ä°äx��iÛi��Àrä°�£�{�Ü�Ì���ÛiÀ>���`�ÃV��v�ÀÌ�>Ì�ÎÓ���V�iÃ�Ãi>Ì�«�ÌV�°�
/�iÀi�Ü>Ã����Ã�}��wV>�Ì�V�ÀÀi�>Ì����LiÌÜii��>�Þ�>�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ�>�`��i�Ì�iÀ�
V��v�ÀÌ���À�`�ÃV��v�ÀÌ�v�À�Ì�i�Î{���V��ÃiÌÌ��}�>�`����Þ���i�>Ì�«rä°äx�>Ì�Ì�i�ÎÓ���V�iÃ�ÃiÌÌ��}]�
�>�i�Þ� «�«��Ìi>�� �i�}�Ì°� ,iÃÕ�ÌÃ� `�`� ��Ì� Ã��Ü� V�ÀÀi�>Ì���Ã�LiÌÜii�� iÞi� �i�}�Ì� Ãi>Ìi`� >�`�
V��v�ÀÌ]�>Ã�Üi���>Ã�LÕÌÌ�V��Ì����ii�>�`�`�ÃV��v�ÀÌ����Ì�i�Î{���V��Ãi>Ì�«�ÌV�°��Ì�Ü>Ã�v�Õ�`�Ì�>Ì�



Ó{Interaction

the difference between the effect of anthropometry on comfort and discomfort is not that large, 
Ü��V����}�Ì�«iÀ�>«Ã�ÃÕ««�ÀÌ�Ì�i�ÃÌ>Ìi�i�Ì��v�Ƃ��>`«�ÕÀ�iÌ�>�°�Q£ÎR�Ì�>Ì����>�ÀVÀ>vÌ���ÌiÀ��ÀÃ�Ì�i�
comfort and discomfort could be on one axis, but further research would be needed to support 
Ì��Ã�ÃÌ>Ìi�i�Ì]�Ì��Õ}���Ì���}�Ì�>�Ã��Li�`Õi�Ì��Ì�i�Ã��ÀÌ�Ì��i�Ã�ÌÌ��}����Ì�i�Ãi>Ì°�7���i�-�Õ�`iÀÃ�
iÌ�>�°�QÓxR�>�`����iÌ�>�°�Q�R�Ã��Üi`�Ì�>Ì�`�ÃV��v�ÀÌ�`�iÃ���VÀi>Ãi��ÛiÀ�Ì��i°

The anthropometric measurements taken in this study were compared to the anthropometric 
�i>ÃÕÀi�i�ÌÃ��v�Ì�i��ÕÌV��ÃÌÕ`i�ÌÃ�QÓ£R�>�`��Ì�Ü>Ã�v�Õ�`�Ì�>Ì�L�Ì���i>ÃÕÀi�i�ÌÃ�ÜiÀi�Ã����>À�
Q£ÓR°����i�LÀ�i��iÌ�>�°�QÓ£R�v�Õ�`�Ì�i�>�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ����Ì�i��>ÃÌ�Îä�Þi>ÀÃ�̀ �`���Ì�
V�>�}i��ÕV�]�iÝVi«Ì�v�À���«�Ü�`Ì�°�/��Ã�Ã��ÜÃ�Ì�>Ì�Ì�iÃi�ÀiÃÕ�ÌÃ�Ü����Li�ÃÌ����Ài�iÛ>�Ì�v�À�`iÃ�}��
���Ì�i�vÕÌÕÀi�v�À���ÃÌ�>�Ì�À�«��iÌÀ�V�Û>�ÕiÃ°�

/>L�i�Ó°�Ƃ�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ��v�*>ÀÌ�V�«>�ÌÃ

Anthropometric Measurements n p5 p95 mean

-�ÌÌ��}��i�}�Ì�­��® nn nÎ£ 1003 �äÈ


Þi��i�}�Ì�Ãi>Ìi`�­��® nn ÇÓä n�� nä£

	ÕÌÌ�V��Ì����ii�­��® nn {ÇÓ È�x x�È

*�«��Ìi>���i�}�Ì�Ã�ÌÌ��}�Ü�Ì��Ã��iÃ�­��® 151 {ÓÎ 510 {ÈÈ

-Ì>ÌÕÀi�­��® nn £Èää £�ÎÇ £ÇÈÓ

/>L�i�Î°�-«i>À�>�½Ã�
�ÀÀi�>Ì�����v�Ƃ�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ�Ì��"ÛiÀ>���
��v�ÀÌ�>�`�"ÛiÀ>�����ÃV��v�ÀÌ°

Measurements n
28 inches 30 inches 32 inches 34 inches

Comfort Discomfort Comfort Discomfort Comfort Discomfort Comfort Discomfort

Sitting height nn �°{ääII °ÎÇ{II �°Ó£xI °ÎÇ�II �°äÈÈ °£�È °än� �°ä{£


Þi��i�}�Ì�Ãi>Ìi` nn �°ÎÓ�II °Ó�{II �°ÓÈÈI °Î{ÓII �°ä{x °äÈn °äÎx �°äÎÎ

Buttock to knee nn �°Î{ÎII °Ón�II �°ÓÇ£I °Ó£ÇI �°än� �°äÓ{ �°änx °äÓÇ

Stature nn �°x£äII °Î£nII �°Î£ÇII °ÎnÈII �°£xÎ °£n� °äÓÈ �°ä££

*�«��Ìi>���i�}�Ì�
sitting with shoes 151 �°{ÈäII °ÓnÓII �°Î£ÎII °ÓÇ£II �°££È °£�äI �°ä{Ç °äx{

� II�«�Û>�Õi���ä°ä£��iÛi��­Ó�Ì>��i`®

� I�«�Û>�Õi���ä°äx��iÛi��­Ó�Ì>��i`®

�Ài�ÃiÀ�iÌ�>�°�Q££R�Ã��Üi`�>�ÃÕÀv>Vi�«��Ì����Ì�i�Ài�>Ì���Ã��«��v�LÕÌÌ�V��Ì����ii��i�}Ì�]�Ãi>Ì�
«�ÌV��>�`�Üi���Li��}°�/��Ã�ÃÌÕ`Þ�ÌÀ�i`�Ì��Ài«��V>Ìi�Ì��Ã�}À>«���v�LÕÌÌ�V��Ì����ii� �i�}Ì�]�Ãi>Ì�
«�ÌV��>�`�V��v�ÀÌ�­£ä�ÃV>�i®�>�`�v�Õ�`�Ã����>À�ÀiÃÕ�ÌÃ�v�À�Ãi>Ì�«�ÌV��Ón�Î{���V�iÃ�­Ãii���}ÕÀi�È®°�
��ÜiÛiÀ]�Ì�i�ivviVÌ��v�>�Ì�À�«��iÌÀÞ�Ãii�Ã���}�iÀ�����ÕÀ�ÃÌÕ`Þ°�/��Ã�V�Õ�`�Li�`Õi�Ì��Ì�i�v>VÌ�
Ì�>Ì�����ÕÀ�ÃÌÕ`Þ]�>��>À}iÀ�À>�}i��v�>�Ì�À�«��iÌÀ�V�Û>À�>Ì�����Ã���V�Õ`i`°

��}ÕÀi�È°�/�i��ÛiÀ>���V��v�ÀÌ]�LÕÌÌ�V��Ì����ii�LÞ�Ãi>Ì�«�ÌV��Ã�âi�v�Õ�`����Ì��Ã�ÃÌÕ`Þ°
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Space experience and (dis)comfort
Ƃ���«�Ã�Ì�Ûi�`iÃVÀ�«Ì�ÀÃ�­�i>`��}�Ì��V��v�ÀÌ®�ÜiÀi�V�ÀÀi�>Ìi`�Ã�}��wV>�Ì�Þ�Ü�Ì���ÛiÀ>���V��v�ÀÌ]�
>�`��i}>Ì�Ûi�`iÃVÀ�«Ì�ÀÃ�­�i>`��}�Ì��`�ÃV��v�ÀÌ®�ÜiÀi�V�ÀÀi�>Ìi`�Ã�}��wV>�Ì�Þ�Ü�Ì���ÛiÀ>���`�Ã�
V��v�ÀÌ�Ã��Ü�����/>L�i�{°�/�i�V�ÀÀi�>Ì�����v�Ã«>Vi�iÝ«iÀ�i�Vi�`iÃVÀ�«Ì�ÀÃ�Ü>Ã���}�iÀ�Ì���ÛiÀ�
>��� V��v�ÀÌ°�/��Ã���}�Ì� ��`�V>Ìi� Ì�>Ì� V��v�ÀÌ�Ü>Ã� ��yÕi�Vi`���Ài�LÞ�«ÃÞV����}�V>�� >Ã«iVÌÃ�
Ài}>À`�iÃÃ��v�Ü�iÌ�iÀ�Ì�i�`iÃVÀ�«Ì�ÀÃ�ÜiÀi�«�Ã�Ì�Ûi��À��i}>Ì�Ûi�Q£nR°�/�iÃi�Ã«>Vi�iÝ«iÀ�i�Vi�
µÕiÃÌ����>�ÀiÃ�ÜiÀi�w��i`����V�ÀÀiVÌ�Þ�LÞ�£ÈÇ�«>ÀÌ�V�«>�ÌÃ°�/�i�µÕiÃÌ����>�Ài�Ü�Ì����ÃÃ��}�>��
ÃÜiÀÃ�Ü>Ã���Ì���V�Õ`i`����Ì�i�V>�VÕ�>Ì���Ã°

Ƃ�-«i>À�>�½Ã�V�ÀÀi�>Ì����Ü>Ã�«iÀv�À�i`����«�ÌV��Ã�âi�>�`�>���Ã«>Vi�iÝ«iÀ�i�Vi�ÃÌ>Ìi�i�ÌÃ°�,i�
ÃÕ�ÌÃ�Ã��Ü�>���ÜiÀi�Ã�}��wV>�Ì�Þ�V�ÀÀi�>Ìi`�Ì��«�ÌV��Ã�âi�­«�°ä£®°�/�i�ÃÌ>Ìi�i�Ì����Ì�i�L>V�ÀiÃÌ�Ü>Ã�
v�Õ�`�Ì��Li��iÃÃ�V�ÀÀi�>Ìi`�­Àr°£ÈÓ]�«r°äää®�Ì��Õ}���Ì�Ü>Ã�Ã�}��wV>�Ì°�/�i���}�iÃÌ�V�ÀÀi�>Ì����Ü>Ã�
v�Õ�`����Ì�i�vii���}��v�Li��}�ÀiÃÌÀ�VÌi`�­Àr°Ç£n]�«r°äää®°�/�iÃi�ÃÌ>Ìi�i�ÌÃ�̀ iÀ�Ûi`�vÀ���Ì�i�ÃÌÕ`Þ�
�v��Ài�ÃiÀ�iÌ�>�°�Q££R�>�`��i�i}���iÌ�>�°�QÓÎR�ÜiÀi�«Ài`�VÌi`�Ì��Li�V�ÀÀi�>Ìi`�Ü�Ì��Ãi>Ì�«�ÌV��Ã�âi�v�À�
L�Ì��V��v�ÀÌ�>�`�̀ �ÃV��v�ÀÌ°�/�i�ÀiÃÕ�ÌÃ�Ã��Ü�������}ÕÀi�Ç���`�V>Ìi�Ì�>Ì�Ì�iÃi�̀ iÃVÀ�«Ì�ÀÃ�>Ã�«ÃÞ�
V����}�V>��v>VÌ�ÀÃ��v�V��v�ÀÌ�>�`�̀ �ÃV��v�ÀÌ�̀ �`�ivviVÌ�«>ÃÃi�}iÀÃ�Ãi>Ì��}����̀ �vviÀi�Ì�«�ÌV��Ã�âi°

/�i�«>ÀÌ�V�«>�ÌÃ��v�Ì��Ã�ÃÌÕ`Þ�ÜiÀi����Þ�>Ã�i`�Ì��Ã�Ì�v�À�>�`ÕÀ>Ì�����v�£ä����ÕÌiÃ����i>V��Ãi>Ì°�
ƂÃ��Ã�Ã��Ü��LÞ�-�Õ�`iÀÃ�iÌ�>�°� QÓxR�ÃÌÕ`Þ��}�>�LÕÃ��iÃÃ�V�>ÃÃ�Ãi>Ì�>�`�->����`Ã�iÌ�>�°� QÓÈR�
studying a car seat, discomfort increases in time, and this could be the case in economy class 
Ãi>ÌÃ� >Ã�Üi��°� �ÕÌÕÀi� ÀiÃi>ÀV�� �Ã� �ii`i`� v�À� ���}� ÌiÀ�� ÃÌÕ`�iÃ� Ì�� Ãii� Ì�i�ivviVÌ� �v� Ì��i����
­`�Ã®V��v�ÀÌ°� 	�`Þ� ��Ûi�i�ÌÉw`}iÌ��}� >�`� �Ì�iÀ� �L�iVÌ�Ûi� �i>ÃÕÀi�i�ÌÃ� ���i� �,6� V�Õ�`�
Li�ÕÃi`� Ì��iÛ>�Õ>Ìi� Ì�i� ­`�Ã®V��v�ÀÌ]�>Ã�>��>``�Ì���� Ì���>Û��}�µÕiÃÌ����>�ÀiÃ� v�À� ÃÕL�iVÌ�Ûi�
�i>ÃÕÀi�i�ÌÃ�QÓÇR°�-i>Ì�Ü�`Ì��>Ã�>�v>VÌ�À��v�«iÀÃ��>��Ã«>Vi����>��>�ÀVÀ>vÌ�Ã��Õ�`�Li�ÃÌÕ`�i`�
���Ì�i�vÕÌÕÀi�>Ã�Üi��]�iÃ«iV�>��Þ�>Ã���«�Ü�`Ì�� �Ã� ��VÀi>Ã��}�QÓ£R°���iÀ�>�`�Q£äR�`iÃVÀ�LiÃ�>�Ài�
�>Ì���Ã��«�LiÌÜii��Ãi>Ì�«�ÌV��>�`� �ÌÃ�Ü�`Ì�����`�ÃV��v�ÀÌ]�Ü��V��Ã��Õ�`�Li�ÃÌÕ`�i`� vÕÀÌ�iÀ°�
�ÕÀÌ�iÀ��Ài]����iÌ�>�°�Q�R�v�Õ�`�Ì�>Ì�Ì�i�ivviVÌ����Ãi>Ì�«�ÌV���Ã��>À}iÀ����Ì��i]�>�`�	����iÌ�>�°�QnR�
v�Õ�`�Ì�>Ì�«iÀÃ��>��Ã«>Vi�>�`�Ãi>Ì�Ü�`Ì���Ã�>����«�ÀÌ>�Ì�v>VÌ�À�Ì�>Ì�À>��i`�>vÌiÀ���ii�Ã«>Vi°�

/>L�i�{°�-«i>À�>�½Ã�V�ÀÀi�>Ì�����v�Ã«>Vi�iÝ«iÀ�i�Vi�`iÃVÀ�«Ì�ÀÃ]��ÛiÀ>���V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ

Space experience descriptors Overall Discomfort (CP-50) Overall Comfort (10-scale)

£°���vii��ÀiÃÌÀ�VÌi`�LÞ�Ì�i�`�ÃÌ>�Vi��v�Ì�i�Ãi>Ì��}�À�ÜÃ °Èä£II �°Ç{ÇII

Ó°���vii�����i�Ã�ÌÌ��}����vÀ��Ì��v�>�Ü>�� °xänII �°ÈnÓII

Î°���vii����ÃÌ�LiV>ÕÃi�Ì�i�`�ÃÌ>�Vi��v�Ì�i�Ãi>Ì��}�À�ÜÃ °ÓÇxII �°ÓnäII

{°���vii��ÃÌÀiÃÃi`��ÕÌ�LiV>ÕÃi��v�Ì�i�`�ÃÌ>�Vi��v�Ì�i�Ãi>Ì��}�À�ÜÃ °{nÓII �°È{ÈII

x°���Ü>Ã�>L�i�Ì��ÃÌÀiÌV���Þ��i}Ã�Ü�Ì��ÕÌ�`�vwVÕ�ÌÞ �°x£xII °ÈÓÎII

È°�/�i�L>V�ÀiÃÌ�Ü>Ã�>L�i�Ì��ÃÕ««�ÀÌ��Þ��ii`Ã �°ÓÈ{II °ÎnÈII

Ç°�/�iÀi�Ü>Ã�i��Õ}��À����Ì��}iÌ����>�`��ÕÌ��v�Ì�i�Ãi>Ì �°xx�II °Ç£ÎII

n°���V>��V�>�}i�i>Ã��Þ�vÀ�����i�Ã�ÌÌ��}�«�ÃÌÕÀi�Ì��>��Ì�iÀ �°xÇÇII °ÇxnII

� II�«�Û>�Õi���ä°ä£��iÛi��­Ó�Ì>��i`®

�Ì��Ã�V�i>À�Ì�>Ì�>�Ì�À�«��iÌÀ�V�`>Ì>]�>Ã�Üi���>Ã�«ÃÞV����}�V>��}>Ì�iÀi`�`>Ì>]��>Ûi�>����yÕi�Vi�
��� Ì�i�`�ÃV��v�ÀÌ� >�`�V��v�ÀÌ��v� >�ÀVÀ>vÌ� Ãi>ÌÃ°�/�i� ÃÌÕ`Þ� Ã��ÜÃ� Ì�>Ì� >�Ón� ��V�iÃ�«�ÌV�� Ài�
ÃÕ�ÌÃ� ��� ÛiÀÞ� ��Ü� V��v�ÀÌ� ÃV�ÀiÃ� ­{� ��� >� ÃV>�i� vÀ��� £�£ä®]� Ü��V�� �Ã� Ì�i� >}Àii�i�Ì�Ü�Ì�� Ì�i�
ÃÌÕ`Þ� �v���iÀ�>�`� Q£äR� >�`� �Ài�ÃiÀ� iÌ� >�°� Q££R°� �Ì� �Ã� ��Ì� ���Þ� Ì�i� «�ÞÃ�V>�� ��«�Ì����ii� `�Ã�
tance of the seat which causes this discomfort but also other physical and psychological 
v>VÌ�ÀÃ�«�>Þ� >� À��i]�Ü��V����}�Ì�Li� ÛiÀÞ� Ài�iÛ>�Ì� Ì�� >�À���iÃ°�Ƃ�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ�
ÀiviÀÀ��}�Ì��Ü�`Ì��ÜiÀi���Ì� ÀiV�À`i`�>�Ì��Õ}�� �Ì���}�Ì� ��yÕi�Vi�Ì�i�«iÀVi«Ì�����v�V��v�ÀÌ]�
iÃ«iV�>��Þ� v�À� Ì�i���``�i�Ãi>Ì°�*>ÀÌ�V�«>�ÌÃ�ÜiÀi�>���Üi`�Ì��Ì>���Ì��i>V���Ì�iÀ]�Ü��V��«�Ìi��
Ì�>��Þ� ��yÕi�ViÃ� Ì�i�À� `iV�Ã���� Ì�� À>Ìi� Ì�i� Ãi>Ì°� *>ÀÌ�V�«>�ÌÃ� ��Û��Ûi`�Li���}i`� Ì�� >� Ã«iV�wV�
>}i�À>�}i�>�`��>Ì���>��ÌÞ]�Ü��V��V�Õ�`���Ì�Ài«ÀiÃi�Ì�Ì�i�Ü���i�}À�Õ«��v�>�À«�>�i�ÌÀ>Ûi��iÀÃ°�
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��}ÕÀi�Ç°�/�i�Ài�>Ì���Ã��«��v�­>®��i}>Ì�Ûi�>�`�­L®�«�Ã�Ì�Ûi�Ã«>Vi�iÝ«iÀ�i�Vi�Ì��Ãi>Ì�«�ÌV�°

Conclusion 
/�i�>����v�Ì��Ã�ÃÌÕ`Þ�Ü>Ã�Ì����ÛiÃÌ�}>Ìi�Ì�i�Ài�>Ì���Ã��«�LiÌÜii��Ãi>Ì�«�ÌV��>�`�­`�Ã®V��v�ÀÌ]�
>�`�Ü�>Ì�Ì�i���yÕi�V��}�v>VÌ�ÀÃ�>Ài]����i�Ã«>Vi�iÝ«iÀ�i�Vi�>�`�>�Ì�À�«��iÌÀ�V�`>Ì>°�/��Ã�ÃÌÕ`Þ�
�>Ã�v�Õ�`�>�Ã�}��wV>�Ì�Ài�>Ì���Ã��«�LiÌÜii��Ãi>Ì�«�ÌV��>�`�V��v�ÀÌ�>Ã�Üi���>Ã�`�ÃV��v�ÀÌ°�Ƃ��
analysis was also done on the location of the seat, where it was found that the mean discomfort 
of each pitch size for the seat was higher than the window and aisle seat, though seat pitch had 
>���}�iÀ�ivviVÌ����Ì�i�­`�Ã®V��v�ÀÌ����V��«>À�Ã���Ì��Ãi>Ì���V>Ì���°�

7i�>�Ã�� v�Õ�`� Ì�>Ì�>�Ì�À�«��iÌÀ�V� Ã�âiÃ�Ã�}��wV>�Ì�Þ�>vviVÌ� Ì�i� ­`�Ã®V��v�ÀÌ��v� Ã�>��iÀ�«�ÌV��
Ã�âiÃ°����Ì�i�Ón���V�iÃ�Ãi>Ì�«�ÌV��ÃiÌÌ��}]�Ì�i�Ã�ÌÌ��}��i�}�Ì]�iÞi��i�}�Ì�Ãi>Ìi`]�LÕÌÌ�V��Ì����ii]�
ÃÌ>ÌÕÀi�>�`�«�«��Ìi>���i�}�Ì�Ã�ÌÌ��}�Ü�Ì��Ã��iÃ�ÜiÀi�>���v�Õ�`�Ã�}��wV>�Ì�>Ì�ä°ä£��iÛi�°� ��i��v�
Ì�i�>�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ�Ü>Ã�v�Õ�`�Ã�}��wV>�Ì����Ì�i�Î{���V�iÃ�Ãi>Ì�«�ÌV�°�/��Ã�Ã��ÜÃ�
Ì�>Ì�V��v�ÀÌ�Ü����À>«�`�Þ�`iVÀi>Ãi�v�À�«i�«�i�Ü�Ì���>À}iÀ�L�`Þ�`��i�Ã���Ã����Ã��ÀÌiÀ�Ãi>Ì�«�ÌV�°

Ƃ���V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�ÃÌ>Ìi�i�ÌÃ����Ã«>Vi�iÝ«iÀ�i�Vi��>`�>�V�ÀÀi�>Ì����Ì��Ì�i�«�ÌV��Ã�âiÃ°�
/�i�ÃÌ>Ìi�i�Ì����vii���}�ÀiÃÌÀ�VÌi`��>`�Ì�i���}�iÃÌ�V�ÀÀi�>Ì����­Àr�°Ç£n®]�Ü���i�Ì�i�ÃÌ>Ìi�i�Ì�
���Ì�i�L>V�ÀiÃÌ�ÃÕ««�ÀÌ��>`�Ì�i���ÜiÃÌ�V�ÀÀi�>Ì����­Àr°£ÈÓ®°�/��Ã�Ã��ÜÃ�Ì�>Ì�Ã«>Vi�iÝ«iÀ�i�Vi�
>Ã�>�«ÃÞV����}�V>��v>VÌ�À��Ã�Ài�iÛ>�Ì�Ì��Ì�i�V��v�ÀÌ��v�«>ÃÃi�}iÀÃ°�/�i�Ã«>Vi�iÝ«iÀ�i�Vi�ÃÌ>Ìi�
�i�ÌÃ�ÜiÀi�>�Ã��Ã�}��wV>�Ì�Þ�V�ÀÀi�>Ìi`�Ì��L�Ì��V��v�ÀÌ�>�`�̀ �ÃV��v�ÀÌ°�Ƃ�ÃÌÀ��}iÀ�Ài�>Ì���Ã��«�
Ü>Ã�v�Õ�`�LiÌÜii��L�Ì���i}>Ì�Ûi�>�`�«�Ã�Ì�Ûi�Ã«>Vi�iÝ«iÀ�i�Vi�`iÃVÀ�«Ì�ÀÃ�Ì��V��v�ÀÌ°�/��Ã�
might indicate that comfort is more related to psychological aspect regardless of the positive 
>�`��i}>Ì�Ûi�Ãi�Ìi�ViÃ°

�ÕÌÕÀi�ÀiÃi>ÀV���Ã��ii`i`�v�À����}�ÌiÀ��ÃÌÕ`�iÃ�Ì��Ãii�Ì�i�ivviVÌ��v�Ì��i����­`�Ã®V��v�ÀÌ°�	�`Þ�
��Ûi�i�Ì�>�`��Ì�iÀ��L�iVÌ�Ûi��i>ÃÕÀi�i�ÌÃ�V�Õ�`�Li�>``i`�>Ã�Üi���Ì��iÛ>�Õ>Ìi�Ì�i�­`�Ã®V���
v�ÀÌ�>Ã�>��>``�Ì����Ì��µÕiÃÌ����>�ÀiÃ°�
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/�i�ivviVÌ��v�£Ç���V��Ü�`i�>�`�£n���V��Ü�`i�>�À«�>�i�
passenger seats on comfort
Abstract
/�i�«�ÌV��>�`�Ü�`Ì���v�>�À���i�Ãi>ÌÃ�>Ài�VÀÕV�>��v>VÌ�ÀÃ����Ì�i�V��v�ÀÌ��v�«>ÃÃi�}iÀÃ°�/�i�>����v�
this study is to measure the comfort feeling of passengers regarding different widths and to�
}iÌ�iÀ�Ü�Ì��`>Ì>�vÀ���>�«ÀiÛ��ÕÃ�ÃÌÕ`Þ]�Ì���vviÀ�ÃÕ}}iÃÌ���Ã����Ì�i�>�ÀVÀ>vÌ���ÌiÀ��À�`iÃ�}�°�Î££�
«>ÀÌ�V�«>�ÌÃ�ÜiÀi�ÀiVÀÕ�Ìi`�>�`�ÜiÀi�>Ã�i`�Ì��Ã�Ì����£Ç���V��Ü�`i�>�`�£n���V��Ü�`i�>�ÀVÀ>vÌ�Ãi>ÌÃ�
���>�	�i��}�ÇÎÇ�vÕÃi�>}i�v�À�£ä����ÕÌiÃ]�ÀiÃ«iVÌ�Ûi�Þ°�+ÕiÃÌ����>�ÀiÃ����«ÃÞV����}�V>��V��v�ÀÌ�
>�`��ÛiÀ>���`�ÃV��v�ÀÌ]�>Ã�Üi���>Ã�>��>``�Ì���>��µÕiÃÌ����>�Ài���� Ì�i�`�ÃV��v�ÀÌ��v�`�vviÀi�Ì�
L�`Þ�«>ÀÌÃ]�ÜiÀi�ÕÃi`�Ì��iÛ>�Õ>Ìi�Ì�i�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�iÝ«iÀ�i�Vi��v�«>ÀÌ�V�«>�ÌÃ°�
Ý�
«iÀ��i�Ì�ÀiÃÕ�ÌÃ���`�V>Ìi`�Ì�>Ì�Ì�i�V��v�ÀÌ�ÃV�ÀiÃ�ÜiÀi�Ã�}��wV>�Ì�Þ���}�iÀ]�>�`�Ì�i�`�ÃV��v�ÀÌ�
ÃV�ÀiÃ�ÜiÀi�Ã�}��wV>�Ì�Þ���ÜiÀ�v�À�Ã�ÌÌ��}����Ì�i�£n���V��Ü�`i�Ãi>ÌÃ�Ì�>��Ì�>Ì��v�Ã�ÌÌ��}����Ì�i�
£Ç���V��Ü�`i�Ãi>ÌÃ°��Ì�Ü>Ã�>�Ã��v�Õ�`�Ì�>Ì�À>Ì�iÀ�Ì�>��Ì�i�LÕÌÌ�V�]�Ì�i�Ã��Õ�`iÀÃ]���iiÃ]���ÜiÀ�
�i}Ã�>�`�viiÌ�V��ÌÀ�LÕÌi`�Ã�}��wV>�Ì�Þ�Ì��Ì�i�Ài`ÕVÌ��������ÛiÀ>���`�ÃV��v�ÀÌ�LÞ�«À�Û�`��}���Ài�
Ã«>Vi�v�À���Ûi�i�ÌÃ°�,i}>À`��}�>�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ]�«>ÀÌ�V�«>�ÌÃ�Ü�Ì��Ã�>��iÀ���«�
LÀi>`Ì��vi�Ì���Ài�V��v�ÀÌ�Ü���i�Ã�ÌÌ��}�Ì�i�£n���V��Ü�`i�Ãi>Ì]�Ü��V����}���}�ÌÃ�Ì�i���«�ÀÌ>�Vi�
�v�vÀii`����v���Ûi�i�Ì°�	Þ�ÃÞ�Ì�iÃ�â��}�Ì�i�ÀiÃÕ�ÌÃ��v�>�«ÀiÛ��ÕÃ�ÃÌÕ`Þ����Ì�i�Ài�>Ì���Ã��v�Ì�i�
Ãi>Ì�«�ÌV��>�`�V��v�ÀÌ]��Ì�Ü>Ã�v�Õ�`�Ì�>Ì�}�Ûi��Ì�i�Ã>�i�>��Õ�Ì��v�>``�Ì���>��y��À�>Ài>]�Ü�`�
i���}�Ì�i�Ãi>Ì��Ã���Ài�ivviVÌ�Ûi����V��v�ÀÌ�Ì�>����VÀi>Ã��}�Ì�i�«�ÌV�°

Relevance to industry: This discovery might be useful for the airline industry for more effective 
>�`�ivwV�i�Ì�ÕÃ>}i��v�y��À�>Ài>°

�iÞÜ�À`Ã\�
��v�ÀÌ]�Ãi>Ì]�Ü�`Ì�]�>�À«�>�i

Introduction
/�i� Ãi�iVÌ�����v� V>ÀÀ�iÀÃ� v�À� >�À� ÌÀ>Ûi��iÀÃ� >Ài� ��yÕi�Vi`�LÞ��>�Þ� v>VÌ�ÀÃ°� 	iÃ�`iÃ� Ì�i�L>Ã�V�
needs such as the convenience of the route, the departure time and the price, comfort is one 
�v�Ì�i���ÃÌ���«�ÀÌ>�Ì�VÀ�ÌiÀ�>]�iÃ«iV�>��Þ�v�À�LÕÃ��iÃÃ�ÌÀ>Ûi��iÀÃ�Q£]�ÓR°�

*>ÃÃi�}iÀÃ�iÝ«iÀ�i�Vi`�̀ �vviÀi�Ì�>VÌ�Û�Ì�iÃ�̀ ÕÀ��}�>�À�ÌÀ>Ûi�°�Ƃ���}�Ì��Ãi�>VÌ�Û�Ì�iÃ]�Ì�iÞ�Ã«i�`�
��ÃÌ��v�Ì�i�À�Ì��i�Ã�ÌÌ��}�`ÕÀ��}�Ì�i�y�}�Ì�QÎR°�"vviÀ��}�Ì�i�V��v�ÀÌ�Ãi>Ì��}�iÝ«iÀ�i�Vi��Ã�Ì�iÀi�
v�Ài�VÀÕV�>��v�À�>�À���iÃ�v�À�>ÌÌÀ>VÌ��}�VÕÃÌ��iÀÃ°�Ƃ��i>À��iÀ�ÃÌÕ`Þ��v�nÈ£�«>ÃÃi�}iÀÃ�LÞ�,�V�>À`Ã�
>�`��>V�LÃ��� Q{R� v�Õ�`�Ì�>Ì�Ãi>Ì�Ü�`Ì��Ü>Ã� ���i>À�Þ�V�ÀÀi�>Ìi`�Ì��Ì�i� �iÛi���v�Ã>Ì�Ãv>VÌ�����v�
«>ÃÃi�}iÀÃ�L>Ãi`����>�V��«>À�Ã����v�`>Ì>�V���iVÌi`�vÀ���{�`�vviÀi�Ì�>�À���iÃ°�������}��vi��
>�`�
�V�� QxR� vÕÀÌ�iÀ� �`i�Ì�wi`� Ì�>Ì� Ãi>Ì� V��v�ÀÌ�Ü>Ã�>ÃÃ�V�>Ìi`�Ü�Ì�� Ãi>Ì�«�ÌV�]� Ãi>Ì�Ü�`Ì�]�
�i}À���]�µÕ>��ÌÞ��v�Õ«���ÃÌiÀÞ]�>�`�«�ÃÃ�L�Þ]�Ì�i�>�}�i��v�ÀiV���i°�6����iÌ�>�°�QÈR�>�Ã��v�Õ�`�Ì�>Ì�
seat width was important for passenger comfort provided that bigger armrests should not re�
`ÕVi�Ì�i�Ã«>Vi�v�À�Ã�ÌÌ��}°�	iÃ�`iÃ]�Ì�i�Ü�`Ì��>�`�«�ÌV���v�Ì�i�Ãi>Ì�ÜiÀi�>�Ã��«À��>ÀÞ�v>VÌ�ÀÃ�v�À�
«>ÃÃi�}iÀÃ�Ì��Õ«}À>`i�Ì��Ì�i�«Ài��Õ��iV����Þ�V�>ÃÃ�L>Ãi`����Ì�i�À�«ÀiÛ��ÕÃ�iÝ«iÀ�i�Vi�QÇR°

	�`Þ�`��i�Ã���� �Ã� >�� ��«�ÀÌ>�Ì� >Ã«iVÌ� Ì�� V��Ã�`iÀ� ���`iÃ�}���}� v�À� �>À}i�«�«Õ�>Ì���Ã]�i°}°�
�>Û��}�L�Ì��Ì�i�Ã�>���Ü��>��­*x®�>�`�Ì�i��>À}i��>��­*�x®�wÌ����Ì�i�>�À«�>�i�Ãi>Ì�QnR°�	iÃ�`iÃ]�
the changes of anthropometric measurements of  populations over the past decades should 
>�Ã��Li�V��Ã�`iÀi`]�>Ã����i�LÀ�i��iÌ�>�°�Q�R�v�Õ�`�>�Ó¯���VÀi>Ãi�«iÀ�`iV>`i������«�LÀi>`Ì���v�
the Dutch population in 30 years and recommended a new standard for designers regarding 
Ì�i�Ü�`Ì���v�Ì�i�Ãi>Ì°�+Õ��}�iÞ�iÌ�>�É�Q£äR�>�Ã��«À�«�Ãi`�Ì�i��ii`�Ì��Õ«`>Ìi�Ì�i������Õ��Ãi>Ì�
«�ÌV��ÀiµÕ�Ài�i�ÌÃ]�>Ã�Ì�i�1��Ƃ�ÀÜ�ÀÌ���iÃÃ� �Ì�Vi�È{�ÀiµÕ�Ài�i�ÌÃ��>`i����£�n��VÕÀÀi�Ì�Þ�
���Þ�wÌÃ�*nn�	À�Ì�Ã�]�*ÇÇ�
ÕÀ�«i>��>�`�*nä�7�À�`�«�«Õ�>Ì���°�*�ÀÌ>�iÌ�>�°�Q££R��i>ÃÕÀi`�x{Ç�
participants in Spain and concluded that it is necessary to increase both the minimum seat pitch 
>�`�Ì�i�Ãi>Ì�Ü�`Ì�����Ì�i�iV����Þ�V�>ÃÃ°�/�i���VÀi�i�ÌÃ����L�Ì�Éi�Ì�iÀ�«�ÌV��>�`�Ü�`Ì��Ü�Õ�`�
ÃÕÀi�Þ�LÀ��}���Ài�V��v�ÀÌ�Ì��Ì�i�«>ÃÃi�}iÀ°���ÜiÛiÀ]�̀ Õi�Ì��Ì�i�����Ìi`�y��À�>Ài>Ã]�Ì�i�«À��À�ÌÞ�
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�v���VÀi>Ã��}�Ì�i�«�ÌV���À�Ü�`i���}�Ì�i�Ãi>Ì�Ài�>��Ã�>�µÕiÃÌ���°�

In summary, the literature study indicated that widening the seat will improve the comfort of 
«>ÃÃi�}iÀÃ°���ÜiÛiÀ]�Ã«>Vi��Ã�Û>�Õ>L�i����>��>�ÀVÀ>vÌ°�7���i�>�À���iÃ�ÌÀÞ�Ì��>VV����`>Ìi���Ài�
«>ÃÃi�}iÀÃ��v�>��>�À«�>�i�v�À�«À�wÌÃ]��vviÀ��}�V��v�ÀÌ�iÝ«iÀ�i�Vi����>�}�Ûi������Ìi`�y��À�>Ài>�
�Ã�>�Ü>ÞÃ�>�V�>��i�}i°�/��Ã��i>`Ã�Ì��Ì�i�ÀiÃi>ÀV��µÕiÃÌ���Ã��v�Ì��Ã�«>«iÀ\�£®�7�>Ì��Ã�Ì�i�V��v�ÀÌ�
iÝ«iÀ�i�Vi��v�Ü�`i���}�>�Ãi>Ì�vÀ���£Ç���V�iÃ�Ì��£n���V�iÃ����V��v�ÀÌ¶�>�`�Ó®�7�iÌ�iÀ�Ü�`�
i���}�Ì�i�Ãi>Ì��À���VÀi>Ã��}�Ì�i�«�ÌV���Ã���Ài�ivviVÌ�Ûi����y��À�«�>����}�Ài}>À`��}�Ì�i�V��v�ÀÌ�
vii���}��v�«>ÃÃi�}iÀÃ¶�

/CVGTKCNU���/GVJQF
Ƃ��iÝ«iÀ��i�Ì�Ü>Ã�`iÃ�}�i`�Ì��ÃÌÕ`Þ�Ì�i�V��v�ÀÌ��v�«>ÃÃi�}iÀÃ�Ài}>À`��}�Ì�i�Ü�`Ì�Ã��v�Ãi>ÌÃ°�
��ÕÀÌii��£Ç���V��Ü�`i�Ãi>ÌÃ�>�`�v�ÕÀÌii��£n���V��Ü�`i�Ãi>ÌÃ�ÜiÀi���ÃÌ>��i`����>�	�i��}�ÇÎÇ�vÕ�
Ãi�>}i°�/�i�«�ÌV�iÃ��v�>���Ãi>ÌÃ�ÜiÀi��i«Ì�Ì�i�Ã>�i�­Îä���V�iÃ®°�Î££�«>ÀÌ�V�«>�ÌÃ�ÜiÀi���Û�Ìi`�Ì��
Ì�i�iÝ«iÀ��i�Ì����£Ó�ÃiÃÃ���Ã]�Ü��V��ÜiÀi��i�`�V��ÃiVÕÌ�Ûi�Þ����Î�̀ >ÞÃ°�*À��À�Ì��Ì�i�iÝ«iÀ��i�Ì]�
participants measured their anthropometric data which included shoulder breadth, hip breadth, 
elbow to elbow breadth, waist breadth, sitting elbow height, sitting shoulder height, and stat�
ÕÀi��v�«>ÀÌ�V�«>�ÌÃ�v����Ü��}�Ì�i��� 
��«À�Vi`ÕÀi�Q�R°�/�i�Üi�}�Ì��v�Ì�i�«>ÀÌ�V�«>�ÌÃ�Ü>Ã�>�Ã��
�i>ÃÕÀi`�v�À�V>�VÕ�>Ì��}�Ì�i�À�	�`Þ��>ÃÃ���`iÝ�­	��®°�ƂÌ�Ì�i�Li}�����}��v�i>V��ÃiÃÃ���]�Ì�i�
protocols of the study were explained to the participants and participants were asked to sign 
Ì�i�V��Ãi�Ì�v�À�°�*>ÀÌ�V�«>�ÌÃ�Ü���`�`���Ì�Ü>�Ì�Ì��Ã�>Ài�Ì�i�À�`>Ì>�ÜiÀi�iÝV�Õ`i`�vÀ���Ì�i�
ÃÌÕ`Þ°�/�i�]��>�v��v�Ì�i��ÃÌ>ÀÌi`�LÞ�Ã�ÌÌ��}����Ì�i�£Ç���V��Ü�`i�Ãi>ÌÃ�>�`�Ì�i��Ì�iÀ��>�v�Ü�Ì��Ì�i�
£n���V��Ü�`i°�ƂvÌiÀ�£ä����ÕÌiÃ]�Ì�i�ÌÜ��}À�Õ«Ã�ÃÜ�ÌV��Ì�i�À�Ãi>ÌÃ�v�À�Ã�ÌÌ��}�>��Ì�iÀ�£ä����ÕÌiÃ°�
/�i�V��«�iÌi�ÃiÃÃ�����>ÃÌi`�>««À�Ý��>Ìi�Þ�Îä����ÕÌiÃ°����Ì�i�iÝ«iÀ��i�Ì]�Ì�i���V>Ì�����v�i>V��
«>ÀÌ�V�«>�Ì�Ü>Ã��i«Ì�Ì�i�Ã>�i����L�Ì��ÃVi�>À��Ã]�i°}°��v�>�«>ÀÌ�V�«>�Ì�wÀÃÌ�Ã>Ì����>�£Ç���V��Ü�`i�
Ü��`�Ü�Ãi>Ì�>Ì�Ì�i��ivÌ]��iÉÃ�i�>�Ã��Ã>Ì����Ì�i�£n���V��Ü�`i�Ü��`�Ü�Ãi>Ì�>Ì�Ì�i�Ã>�i�Ã�`i°�

Ƃ���Ãi>ÌÃ�ÜiÀi�>`�ÕÃÌi`�Ì��>��Õ«À�}�Ì�«�Ã�Ì���°�/�iÀiv�Ài]� Ì�i� ��V���>Ì����>�}�iÃ��v� Ì�i�Ãi>ÌÃ�
ÜiÀi�Ì�i�Ã>�i°�*>ÀÌ�V�«>�ÌÃ�ÜiÀi���ÃÌÀÕVÌi`�Ì���>��Ì>���Ì�i�Õ«À�}�Ì�«�ÃÌÕÀi]�Ì��Õ}��Ì�i�>VÌÕ>��
«�ÃÌÕÀi�Ü>Ã� vÀii�Þ�V��Ãi�°�
ÛiÀÞ� Ì��i�>vÌiÀ�£ä����ÕÌiÃ�Ã�ÌÌ��}� ��� Ì�i�Ãi>Ì]�«>ÀÌ�V�«>�ÌÃ�ÜiÀi�
>Ã�i`�Ì��V��«�iÌi�Ì�Àii�µÕiÃÌ����>�ÀiÃ]��°i°�>�µÕiÃÌ����>�Ài����«ÃÞV����}�V>��V��v�ÀÌ]�>�
*�xä�
ÃV>�i����`�ÃV��v�ÀÌ�Q£ÓR�>�`�>���V>��*iÀVi�Ûi`���ÃV��v�ÀÌ�­�*�®�L�`Þ��>«�QÎR°�/�i�Ài>Ã���v�À�
ÕÃ��}�Ì�iÃi�Ì�Àii�ÌÞ«iÃ��v�µÕiÃÌ����>�ÀiÃ��Ã�Ì�>Ì�`�ÃV��v�ÀÌ��Ã���Ài�Ài�>Ìi`�Ì��«�ÞÃ�V>��v>VÌ�ÀÃ�
and for comfort, besides physical factors, psychological and social factors should be considered 
>Ã�Üi���QÎ]�£Îq£ÈR°�


�}�Ì�ÃÌ>Ìi�i�ÌÃ�ÕÃi`����Ì�i�«ÃÞV����}�V>��V��v�ÀÌ�µÕiÃÌ����>�Ài�­��ÃÌi`����/>L�i�Ó®�ÜiÀi�`i�
À�Ûi`�vÀ���ÃÌÕ`�iÃ��v��Ài�ÃiÀ�iÌ�>�°�Q£{R]��i�i}���iÌ�>�°�Q£xR�>�`�/�i��ÕÌÕÀi��>L�Q£ÇR]�>�`�Ì�i�
«�Ã�Ì�Ûi� >�`��i}>Ì�Ûi�`iÃVÀ�«Ì�ÀÃ� ÃÕ}}iÃÌi`�LÞ��i�>�`iÀ� >�`�<�>�}� Q£nR�ÜiÀi� >`�«Ìi`°�Ƃ�
º �Ì�Ƃ««��V>L�i»��«Ì����Ü>Ã�>``i`�>Ã�>���«Ì����v�À�i>V��µÕiÃÌ����Ì��Ãii�Ü�iÌ�iÀ�>�µÕiÃÌ���­Ã®�
wÌÃ�Ì�i�V��`�Ì����Üi��°�/�i�
*�xä�`�ÃV��v�ÀÌ�ÃV>�i�Ü>Ã�Ãi�iVÌi`�>Ã�Ì��Ã�ÌÜ��ÃÌ>}i�µÕiÃÌ����>�Ài�
�Ã�>L�i�Ì��}�Ûi�>�����ÃÌ�V�Û�iÜ��v�Ì�i�`�ÃV��v�ÀÌ��v�Ì�i�ÃÕL�iVÌ�Q£ÓR]�Ü�iÀi�v�À�iÛ>�Õ>Ì��}�`�ÃV���
v�ÀÌ�Ài}>À`��}�`�vviÀi�Ì�Ài}���Ã��v�Ì�i�L�`Þ�Ü���i�Ã�ÌÌ��}]�Ì�i��*��L�`Þ��>«�Ü�Ì��Ì�i� Õ�iÀ�V>��
,>Ì��}�-V>�i�­ ,-®���ÌÀ�`ÕVi`�LÞ����iÌ�>�°�QÎR�Ü>Ã�ÕÃi`°

/�i�Û>��`�ÌÞ��v�Ì�i�>�ÃÜiÀÃ��v�Ì�i�µÕiÃÌ����>�ÀiÃ�Ü>Ã�V�iV�i`�wÀÃÌ°�/�i��Õ�LiÀ��v�Û>��`�`>Ì>�
ÃiÌÃ��Ã�Ài«�ÀÌi`����i>V��>�>�ÞÃ�Ã�Ü�iÀi���V��«�iÌi�̀ >Ì>ÃiÌÃ�ÜiÀi�iÝV�Õ`i`°�/�i�>�Ì�À�«��iÌÀ�V�
�i>ÃÕÀi�i�ÌÃ�ÜiÀi�V��«>Ài`� Ì�� Ì�i�`>Ì>L>Ãi��v��ÕÌV��«�«Õ�>Ì���Ã� Q�R�>Ã� Ì�i�«>ÀÌ�V�«>�ÌÃ�
ÜiÀi�vÀ���Ì�i�Ã>�i�«�«Õ�>Ì���°�/�iÃi�ÀiÃÕ�ÌÃ�ÜiÀi�Ì�i��V�ÀÀi�>Ìi`�Ì��Ì�i�V��v�ÀÌ�>�`�`�ÃV���
v�ÀÌ�ÀiÃÕ�ÌÃ��v�Ì�i�µÕiÃÌ����>�ÀiÃ°�Ƃ``�Ì���>��Þ]�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�ÃV�ÀiÃ��v�Ài}>À`��}�ÌÜ��
��«Ü�`Ì��}À�Õ«Ã�ÜiÀi�V��«>Ài`]�>Ã����i�LÀ�i��iÌ�>�°�Q�R���`�V>Ìi`�Ì�>Ì��Õ�>��Ü�Ì��{Î{����
��«�Ü�`Ì���À��iÃÃ��Ã�ÃÕ�Ì>L�i�v�À�£Ç°£»�Ãi>Ì�Ü�`Ì�°�

�À�i�i�ÃÌi���� Q£�R� ��`�V>Ìi`� Ì�>Ì� Ì�i� vii���}Ã��v� V��v�ÀÌ� >�`�`�ÃV��v�ÀÌ�ÜiÀi���Ì� >�Ü>ÞÃ� >�
��À�>��`�ÃÌÀ�LÕÌ����Ài}>À`��}�Ì�i�«�«Õ�>Ì���°�Ƃ�-�>«�À��7����ÌiÃÌ�Ü>Ã�V��`ÕVÌi`�Ì��Û>��`>Ìi�
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Ì�i�`>Ì>�`�ÃÌÀ�LÕÌ����v�À�Ãi�iVÌ��}�«À�«iÀ�ÃÌ>Ì�ÃÌ�V>��Ì���Ã°�/�i�7��V�Ý���-�}�i`�,>���ÌiÃÌÃ�ÜiÀi�
therefore selected to evaluate the differences in the feeling of comfort/discomfort regarding 
`�vviÀi�Ì�Ãi>Ì�Ü�`Ì�Ã�>Ã�Ì��Ã��iÌ��`��Ã�ÃÕ�Ì>L�i�v�À�>�>�ÞÃ��}�̀ >Ì>�Ì�>Ì��Ã���Ì���À�>��Þ�̀ �ÃÌÀ�LÕÌi`°�
A Spearman’s correlation was conducted to explore the relations between comfort/discomfort 
>�`�Ì�i�`��i�Ã���Ã��v�i>V��L�`Þ�`��i�Ã���Ã�Ài}>À`��}�Ì�i�Ãi>Ì�Ü�`Ì�Ã°�/�i�Ã�}��wV>�Vi�>�`�
V�ÀÀi�>Ì�����v��*��ÀiÃÕ�ÌÃ�ÜiÀi�V>�VÕ�>Ìi`���`�Û�`Õ>��Þ����i>V��L�`Þ�«>ÀÌ°��	��-*--�Óx�Ü>Ã�ÕÃi`�
v�À�>���ÃÌ>Ì�ÃÌ�V>��V>�VÕ�>Ì���Ã°��ÕÀÌ�iÀ��Ài]�Ì�i����i>À�Ài}ÀiÃÃ�����iÌ��`�Ü>Ã�ÕÃi`�Ì��>ÃÃ�V�>Ìi�
Ì�i�`�ÃV��v�ÀÌ��v�i>V��L�`Þ�«>ÀÌ� Ì��Ì�i�£ä�ÃV>�i��ÛiÀ>���V��v�ÀÌ�>�`�Ì�i�
*�xä�`�ÃV��v�ÀÌ]�
ÀiÃ«iVÌ�Ûi�Þ°�/�i�V�ivwV�i�ÌÃ��v�Ì�i�Ài}ÀiÃÃ������`i�Ã�ÜiÀi�Ì�i��>�>�ÞÃi`�Ì����}���}�Ì�Ì�i����
«�ÀÌ>�Vi��v�`�ÃV��v�ÀÌ��v�i>V��L�`Þ�«>ÀÌ�Ài}>À`��}�Ì�i��ÛiÀ>���vii���}��v�V��v�ÀÌÉ`�ÃV��v�ÀÌ°

���>��Þ]�Ì�i�ÀiÃÕ�ÌÃ��v�V��v�ÀÌ�>�`�̀ �ÃV��v�ÀÌ��v�Ì�i�ÌÜ��ÌÞ«iÃ��v�Ãi>ÌÃ�­£Ç���V��Ü�`i�>�`�£n���V��
Ü�`i®�ÜiÀi�ÃÞ�Ì�iÃ�âi`�Ü�Ì��Ì�i�ÀiÃÕ�ÌÃ��v�>�«ÀiÛ��ÕÃ�ÃÌÕ`Þ�QÓäR]�Ü��V��iÛ>�Õ>Ìi`�Ì�i�vii���}��v�
V��v�ÀÌÉ`�ÃV��v�ÀÌ��v�«>ÃÃi�}iÀÃ�Ài}>À`��}�Ì�i�«�ÌV���i�}Ì�Ã��v�Ì�i�£Ç���V��Ü�`i�Ãi>Ì����Ì�i�
Ã>�i�	�i��}�ÇÎÇ�vÕÃi�>}i�Ü�Ì��>�Ã����>À�>}i�}À�Õ«°�/�i�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�ÀiÃÕ�ÌÃ��v�>���
Ãi>Ì�>ÀÀ>�}i�i�ÌÃ�ÜiÀi���À�>��âi`�>�`�«�>Vi`���Ì��>�Ã��}�i�}À>«�°�/�i�ÃÞ�Ì�iÃ�âi`�ÀiÃÕ�ÌÃ��v�
these two experiments cast a new view on the comfort/discomfort regarding the seat pitch and 
Ü�`Ì�°

Results
Participant demographic characteristics
"ÕÌ��v�Î££�«>ÀÌ�V�«>�ÌÃ�Ì�>Ì�«>ÀÌ�V�«>Ìi`����Ì�i�ÃÌÕ`Þ]�£�«iÀÃ���`�`���Ì�Ü�Ã��Ì��Ã�>Ài�Ì�i�`>Ì>�
v�À�ÀiÃi>ÀV��>�`�Ì�i�`>Ì>�Ü>Ã�iÝV�Õ`i`����Ì�i�>�>�ÞÃ�Ã]�ÀiÃÕ�Ì��}����Î£ä�`>Ì>ÃiÌÃ°�Ƃ���}�Î£ä�
`>Ì>ÃiÌÃ]�£�Î�Û>��`�>�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ�ÜiÀi��`i�Ì�wi`�Ü�iÀi�Çn�>Ài��>�iÃ�>�`�££n�
>Ài�vi�>�iÃ°�/�i��i>��>}i��v�Ì�i�«>ÀÌ�V�«>�ÌÃ��Ã�£n°ÎÎ�Þi>ÀÃ�Ü�Ì��>�ÃÌ>�`>À`�`iÛ�>Ì�����v�ä°Ç{°�
Details of anthropometric measurements are presented in Table 1 together with the reference 
`>Ì>L>Ãi�Q�R°��Ì�V>��Li�v�Õ�`�Ì�>Ì�Ì�i��i>ÃÕÀi�i�ÌÃ��v�«>ÀÌ�V�«>�ÌÃ�>Ài�ÛiÀÞ�V��Ãi�Ì��Ì�>Ì��v�Ì�i�
ÀiviÀi�Vi�Ü�Ì��>��i>��>LÃ��ÕÌi�iÀÀ�À��v�Î°�¯°

/>L�i�£°�Ƃ�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ�>�`�V��«>À�Ã���Ì��Ì�i�ÀiviÀi�Vi�`>Ì>°

Average anthropometric 
measurements

This study Reference [9] Difference

Male (n= 78) Female (n= 115) Male Female Male Female

-��Õ�`iÀ�LÀi>`Ì��­��® {{Ó {£{ {xÇ {£n �Î°Î¯ �£°ä¯

��«�LÀi>`Ì��­��® ÎÈ{ ÎnÈ {În ÎnÓ �£È°�¯ £°ä¯


�L�Ü�Ì��i�L�Ü�LÀi>`Ì��­��®� {xÓ {Ón {În {äÓ Î°Ó¯ È°x¯

7>�ÃÌ�LÀi>`Ì��­��® {{È {£Ó � � � �

-�ÌÌ��}�i�L�Ü��i�}�Ì�­��® 250 ÓÈ£ ÓÈä 259 �Î°n¯ ä°n¯

-�ÌÌ��}�Ã��Õ�`iÀ��i�}�Ì�­��® ÈÓÈ È£Ç � � � �

-Ì>ÌÕÀi�­��® £n£n £Èxx £nÓ£ £È�n �ä°Ó¯ �Ó°x¯

	���­�}É�Ó® Ó£°�x Ó£°ÎÎ � � � �

 The effect of an increase of seat width on comfort and discomfort
/�i�ÀiÃÕ�ÌÃ��v�Ì�i�µÕiÃÌ����>�Ài� ��`�V>Ìi�Ì�>Ì�Ì�i�ÃV�ÀiÃ��v�«>ÀÌ�V�«>�ÌÃ����V��v�ÀÌ� �Ã���}�iÀ�
Ü�i��Ì�iÞ�ÜiÀi�Ã�ÌÌ��}����Ì�i�£n���V��Ü�`i�Ãi>ÌÃ�­Ç°ÇÓ)£°£Î]��rÓÈÎ®�Ì�>��Ì�>Ì�Ü�i��Ì�iÞ�ÜiÀi�
Ã�ÌÌ��}����Ì�i�£Ç���V��Ü�`i�Ãi>ÌÃ�­x°�ä)£°{n]��rÓÈÎ®°�/�i�ÀiÃÕ�ÌÃ��v�Ì�i�
*�xä�`�ÃV��v�ÀÌ�À>Ì��}�
>�Ã��Ã��Ü�Ì�>Ì�Ì�i�>ÛiÀ>}i��ÛiÀ>���`�ÃV��v�ÀÌ�v�À�«>ÀÌ�V�«>�ÌÃ�Ã�ÌÌ��}����£n���V��Ü�`i�Ãi>ÌÃ�ÜiÀi�
���Ì�i��i`�Õ��`�ÃV��v�ÀÌ�V>Ìi}�ÀÞ�­ÓÎ°ä�)�°È{]��rÓÈÎ®]�Ü���i�Ì�i�£Ç���V��Ü�`i�Ãi>ÌÃ�ÀiÃÕ�Ìi`�
���Ì�i���Ü�`�ÃV��v�ÀÌ�V>Ìi}�ÀÞ�­£{°{{)�°Çä]��rÓÈÎ®°����

Ƃ�-�>«�À��7����ÌiÃÌ�Ü>Ã�`��i�Ì��ÌiÃÌ�Ì�i���À�>��ÌÞ��v�Ì�i�`>Ì>°� �Ì�Ü>Ã�v�Õ�`�Ì�>Ì�Ì�i�ÀiÃÕ�ÌÃ�
ÜiÀi���Ì���À�>��Þ�`�ÃÌÀ�LÕÌi`�v�À�V��v�ÀÌ�­«rä°äää®�>�`�`�ÃV��v�ÀÌ�­«rä°äää®�>Ì�L�Ì��Ü�`Ì�Ã°�
�ÕÀÌ�iÀ��Ài]� >�7��V�Ý���-�}�i`�,>��� ÌiÃÌ�Ü>Ã� ÕÃi`� Ì�� �`i�Ì�vÞ� Ì�i� Ã�}��wV>�ViÃ��v� Ì�i�iv�
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viVÌ��v�Ü�`i���}�Ãi>Ì� Ài}>À`��}�V��v�ÀÌÉ`�ÃV��v�ÀÌ°� �Ì�Ü>Ã� v�Õ�`�Ì�>Ì� Ì�i�V��v�ÀÌ�ÃV�ÀiÃ��v�
ÕÃ��}� Ì�i� £n���V��Ü�`i� Ãi>ÌÃ� >Ài� Ã�}��wV>�Ì�Þ� ��}�iÀ� Ì�>��ÕÃ��}� Ì�i� £Ç���V��Ü�`i� Ãi>ÌÃ� ­<r�
£Ó°ÓÓ{]�«rä°äää]��rÓÈÎ®°�/�i�ÀiÃÕ�ÌÃ��v�Ì�i�`�ÃV��v�ÀÌ�À>Ì��}�>�Ã��Ã��Ü�>�Ã�}��wV>�Ì�`�vviÀi�Vi�
­<r£ä°£n{]�«rä°äää]��rÓÈÎ®

The psychological effect of the increase of seat width
/�i�ÀiÃÕ�ÌÃ��v�Ì�i�µÕiÃÌ����>�ÀiÃ�­�rÓÈÎ®�>Ài�Ã��Ü�����/>L�i�£°�Ƃ�7��V�Ý���-�}�i`�,>���ÌiÃÌ�
Ü>Ã�`��i�>�`�ÃÌ>Ì�ÃÌ�V>��Ã�}��wV>�Vi�Ü>Ã�v�Õ�`����>���ÃÌ>Ìi�i�ÌÃ�­«�ä°ää£®�Ài}>À`��}�Ì�i�<�Û>��
Õi� ÀiÃ«iVÌ�Ûi�Þ� ­�££°ää�]� �£ä°äÇÓ]� �££°Îxx]� �£ä°äÎÎ]� �Î°Èän]� �n°�xx]� �È°Ç{£�>�`��£ä°Çnx®°�/�i�
µÕiÃÌ����>�ÀiÃ���V�Õ`i`�>�º �Ì�Ƃ««��V>L�i»��«Ì�������Ì�i�ÃÌ>Ìi�i�ÌÃ°�/��Ã�i�>L�iÃ�«>ÀÌ�V�«>�ÌÃ�
Ì�� i�����>Ìi� ÃÌ>Ìi�i�ÌÃ� Ì�>Ì� `�� ��Ì��>ÌV�� Ì�i�À� «ÃÞV����}�V>�� V��`�Ì���°� �Ì� Ü>Ã� v�Õ�`� Ì�>Ì�
£{°�¯��v�«>ÀÌ�V�«>�ÌÃ�Ì��Õ}�Ì�Ì�>Ì�Ì�i�º/�i�Ãi>Ì�Ü>Ã�Ü�`i�i��Õ}��v�À��Þ�L�`Þ�Ì��wÌ»�Ü>Ã�º �Ì�
Ƃ««��V>L�i»����`iÌiÀ�����}�Ì�i�À�«ÃÞV����}�V>��V��v�ÀÌ]�Ü���i�v�À��Ì�iÀ�ÃÌ>Ìi�i�ÌÃ]�Ì�i�º �Ì�
Ƃ««��V>L�i»�À>ÌiÃ�ÜiÀi�Ü�Ì����Ì�i�À>�}i��v�ä°x¯HÎ°�¯°�

/>L�i�Ó°�/�i�vii���}��v�V��v�ÀÌ��v�«>ÀÌ�V�«>�ÌÃ�Ã�ÌÌ��}����£Ç���V��Ü�`i�>�`�£n���V��Ü�`i�Ãi>ÌÃ�

Psychological comfort statement 17-inch-wide 
(9-scale*)

18-inch-wide 
(9-scale*)

£°���vii��ÀiÃÌÀ�VÌi`�LÞ�Ì�i�Ãi>Ì�Ü�`Ì� {°Îx)Ó°äx Ó°ÎÈ)£°x{

Ó°���vii��ÀiÃÌÀ�VÌi`�LÞ�Ì�i�`�ÃÌ>�ViÃ��v�Ì�i�>À�ÀiÃÌÃ x°Óä)Ó°Óx Ó°��)£°n£

Î°���vii��ÀiÃÌÀ�VÌi`�LÞ��Þ�Ãi>Ì�>Ìi x°äÎ)Ó°Óx Ó°x{)£°n£

{°���vii��ÃÌÀiÃÃi`��ÕÌ�LiV>ÕÃi��v�Ì�i�Ãi>Ì�Ü�`Ì� Î°{x)Ó°än £°�Ç)£°{Ó

x°�/�i�Ãi>Ì�Ü>Ã�Ü�`i�i��Õ}��v�À��Þ�L�`Þ�Ì��wÌ Ç°ä{)Ó°ÎÓ Ç°În)Ó°x{

È°���V>��V�>�}i�i>Ã��Þ�vÀ�����i�Ã�ÌÌ��}�«�ÃÌÕÀi�Ì��>��Ì�iÀ {°��)Ó°ÎÓ È°x{)Ó°Ó{

Ç°�/�i�Ãi>Ì�Ü�`Ì��i��>�ViÃ��Þ�«À�`ÕVÌ�Û�ÌÞ {°äÇ)£°�n x°än)Ó°£x

n°�/�i�Ü�`Ì���v�Ì�i�Ãi>Ì��>�iÃ��i�Ài�>Ýi` {°Óä)Ó°ää È°{�)Ó°äÈ

� I£\�iÝÌÀi�i�Þ�`�Ã>}ÀiiÆ��\�iÝÌÀi�i�Þ�>}Àii�

The physical effect of the increase of seat width
The anthropometric measurements were correlated to the scores of comfort and discomfort 
ÕÃ��}�-«i>À�>�½Ã�V�ÀÀi�>Ì�����iÌ��`°�/>L�i�Î�«ÀiÃi�ÌÃ�Ì�i�ÀiÃÕ�ÌÃ°

/>L�i�Î°�-«i>À�>�½Ã�V�ÀÀi�>Ì�����v�>�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ�Ì��V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ°

Anthropometric  
measurements (n=194)

Comfort Discomfort

17-inch-wide 18-inch-wide 17-inch-wide 18-inch-wide

Shoulder breadth �°äÇä �°£x{I °ä{Î °ä�Ó

��«�LÀi>`Ì�� �°£ÇÓI �°ä�Ó °äxÓ °£nÎI


�L�Ü�Ì��i�L�Ü�LÀi>`Ì�� �°£ÎÎ �°£Ó£ °£ÈÇI °änÇ

7>�ÃÌ�LÀi>`Ì�� �°ä�n �°£Ó£ °ä�Î °äÇÎ

Sitting elbow height �°äÎn °äxx �°ä£� �°äÎÈ

Sitting shoulder height �°ÓÎ£II �°£nÇII °ä{{ °ä{x

Stature �°£�ÓII �°ÓÈÓII °ä{n °£nxI

BMI �°£Ó£ °£Óx °£{nI �°äÇÈ

 II
�ÀÀi�>Ì�����Ã�Ã�}��wV>�Ì�>Ì�Ì�i�ä°ä£��iÛi��­Ó�Ì>��i`®°
� I�
�ÀÀi�>Ì�����Ã�Ã�}��wV>�Ì�>Ì�Ì�i�ä°äx��iÛi��­Ó�Ì>��i`®°

�i�iÀ>��Þ]�Ì�i��i>��ÃV�ÀiÃ��v�Ì�i��*��L�`Þ��>«�ÜiÀi���Ü�v�À�i>V��L�`Þ�«>ÀÌ�L�Ì�����ÕÃ��}�Ì�i�
£Ç���V��Ü�`i�>�`�£n���V��Ü�`i�Ãi>ÌÃ�­/>L�i�{®°�7��V�Ý���-�}�i`�,>��Ã�ÌiÃÌÃ�­�rÓ�{®�ÜiÀi�V���
ducted to compare the differences between using two types of seats regarding each body part 
/iÃÌ�ÀiÃÕ�ÌÃ���`�V>Ìi�Ì�>Ì�Ì�iÀi�>Ài�Ã�}��wV>�Ì�`�vviÀi�ViÃ�LiÌÜii��ÕÃ��}�Ì�i�£n���V��Ü�`i�Ãi>ÌÃ�
>�`�ÕÃ��}�Ì�i�£Ç���V��Ü�`i�Ãi>Ì�v�À�>���L�`Þ�«>ÀÌÃ�iÝVi«Ì�v�À�Ì�i���ÜiÀ�L>V��­<r�°£ÓÇ]�«r°n��®°]�
Ü�iÀi�«>ÀÌ�V�«>�ÌÃ�vi�Ì��iÃÃ�Õ�V��v�ÀÌ>L�i�Ã�ÌÌ��}����£n���V��Ü�`i�Ãi>ÌÃ°
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 />L�i�{°���ÃV��v�ÀÌ�-V�ÀiÃ��v�Ì�i��*��L�`Þ��>«
Body part 17-inch-wide (5-scale*) 18-inch-wide (5-scale*) p-value

£°��i>`�E� iV� Ó°È{)ä°�È Ó°£n)ä°�Ó °äää

Ó°�-��Õ�`iÀÃ Ó°Î£)ä°�Ç £°��)£°äÓ °äää

Î°�ƂÀ�Ã Ó°xx)£°än £°�Î)£°äÎ °äää

{°�1««iÀ�E���``�i�	>V� Ó°Îx)£°äÈ Ó°£�)£°ä� °ä�ä

x°���ÜiÀ�	>V� Ó°{Î)£°£Î Ó°{Ó)£°£Î °n��

È°�	ÕÌÌ�V�Ã Ó°ÎÈ)£°£Ó Ó°äÇ)£°£Ó °ääÓ

Ç°�/��}�Ã Ó°££)£°äÈ £°nä)£°äÈ °äää

n°���iiÃ Ó°x{)£°ÎÎ £°��)£°Ó£ °äää

�°���ÜiÀ��i}Ã�E�viiÌ Ó°Îä)£°£È Ó°ä{)£°£{ °ääÎ

� I£\���Ì�Õ�V��v�ÀÌ>L�iÆ�x\�iÝÌÀi�i�Þ�Õ�V��v�ÀÌ>L�i

/��iÝ«��Ài�Ì�i�Ài�>Ì���Ã��v�Ì�i�ÀiÃÕ�ÌÃ�LiÌÜii��Ì�i��*��>�`�Ì�i��ÛiÀ>���V��v�ÀÌÉ`�ÃV��v�ÀÌ]�>�
���i>À�Ài}ÀiÃÃ������`i��Ü>Ã�ÕÃi`�Ì��wÌ�ÃV�ÀiÃ��v�i>V���Ìi�����Ì�i��*��Ì��Ì�i��ÛiÀ>���V��v�ÀÌ�>�`�
`�ÃV��v�ÀÌ]�ÀiÃ«iVÌ�Ûi�Þ°��iÀi�Vi�>Ài�V�ivwV�i�ÌÃ��v�V��«��i�Ì����v�Ì�i��*��>�`�V0  is the inter�
Vi«Ì��v�Ì�i�Ài}ÀiÃÃ������`i�°�/>L�i�x�«ÀiÃi�ÌÃ�>���V�ivwV�i�ÌÃ�Ài}>À`��}�Ì�i�V��v�ÀÌÉ`�ÃV���
v�ÀÌ��v�ÌÜ��ÌÞ«iÃ��v�Ãi>ÌÃ°�,i}>À`��}�V��v�ÀÌ]�v�À�Ì�i��>ÀÀ�ÜiÀ�£Ç���V��Ü�`i�Ãi>Ì]�Ì�i�>LÃ��ÕÌi�
value of c2, c5, cn, c9 are larger than the rest, which indicates the importance of discomfort of 
the shoulder, the lower back, the knee and the lower leg and foot to the overall comfort in this 
Ã�ÌÕ>Ì���°���À�Ì�i�£n���V��Ü�`i�Ãi>Ì]�Ì�i�`�ÃV��v�ÀÌ��v�Ì�i�>À�]�Ì�i�Õ««iÀ�>�`���``�i�L>V�]�Ì�i�
��ÜiÀ�L>V��>�`�Ì�i���ii�ÜiÀi�v�Õ�`�Li��v���«�ÀÌ>�Vi°����L�Ì��V>ÃiÃ]�Ì�i�Ã�}�Ã��v�Ì��Ãi��>À}i�
V�ivwV�i�ÌÃ�>Ài��i}>Ì�Ûi]�Ü��V����`�V>ÌiÃ�Ì�>Ì�`�ÃV��v�ÀÌ����Ì��Ãi�>Ài>Ã��Ã���ÛiÀÃi�Þ�V�ÀÀi�>Ìi`�
Ü�Ì��«i�«�i½Ã�«iÀVi«Ì�����v� V��v�ÀÌ°� ��À�`�ÃV��v�ÀÌ� �v� Ã�ÌÌ��}� ��� Ì�i� £Ç���V��Ü�`i� Ãi>Ì]� Ì�i�
most important factors on the overall discomfort are the discomfort of the upper and middle 
L>V�]�Ì�i���ÜiÀ�L>V�]�Ì�i�Ã��Õ�`iÀÃ�>�`�Ì�i���ÜiÀ��i}Ã�>�`�viiÌ�>�`�v�À�Ì�i�£n���V��Ü�`i�Ãi>Ì]�
Ì�iÞ�>Ài�Ì�i�>À�Ã]�Ì�i� ��ÜiÀ�L>V�]�Ì�i�LÕÌÌ�V�Ã�>�`�Ì�i�Ã��Õ�`iÀÃ°�/�i�Ã�}�Ã��v�Ì��Ãi� �>À}i�
V�ivwV�i�ÌÃ����L�Ì��Ãi>ÌÃ�>Ài�«�Ã�Ì�Ûi]�Ü��V����}���}�ÌÃ�Ì�i�«�Ã�Ì�Ûi�V�ÀÀi�>Ì���Ã�LiÌÜii����V>��
`�ÃV��v�ÀÌ�>�`��ÛiÀ>���`�ÃV��v�ÀÌ°

"ÛiÀ>���V��v�ÀÌÉ`�ÃV��v�ÀÌrV0³ā­�r£®ci��*�i

/>L�i�x°�
�ivwV�i�Ì��v�Ài}ÀiÃÃ���°

No. Body Part(s) - LPDi

Comfort Discomfort

17-inch-wide 18-inch-wide 17-inch-wide 18-inch-wide

c0 �� ä°Çnä ä°nÈä ä°£{� ä°ä£{

c1 �i>`�>�`��iV� �ä°ää£ ä°äää£ ä°ääÇ �ä°ääÓ

c2 Shoulders �ä°ä£{ �ä°ää£ ä°äÓÎ ä°äÎä

c3 Arms �ä°ää{ ä°ä£ä ä°ä£x ä°äÓ{

c{ Upper and middle back �ä°ääÈ �ä°ä£È ä°ä£Ç ä°ää£

c5 Lower Back �ä°äÓä �ä°ä£{ ä°ä£� ä°äÓx

cÈ Buttocks ä°ääx �ä°ääÇ ä°ääÇ ä°äÓÈ

cÇ Thighs ä°ä££ ä°ääÎ �ä°ääÈ ä°ääÇ

cn ��iiÃ �ä°ä£È �ä°ä£ä ä°ä£x ä°äÓÓ

c9 Lower legs and feet �ä°äÎÈ �ä°ään ä°äÎÓ ä°ää{

/�i�V�ivwV�i�ÌÃ��v�V��v�ÀÌ�Ài}>À`��}�Ã�ÌÌ��}����ÌÜ��ÌÞ«iÃ��v�Ãi>ÌÃ�ÜiÀi�v�Õ�`�Ì��Li�ÃÌÀ��}�Þ�
V�ÀÀi�>Ìi`�­Àrä°��®]�Ü��V����`�V>ÌiÃ�Ì�i�V��Ã�ÃÌi�VÞ��v�Ì�i�Ài�>Ì���Ã�LiÌÜii��Ì�i�ÃV�ÀiÃ��v�Ì�i�
�*��L�`Þ��>«�>�`�V��v�ÀÌ� ��� ÌÜ��ÃVi�>À��Ã°�,i}>À`��}� Ì�i��ÛiÀ>���`�ÃV��v�ÀÌ]�Üi�`�`���Ì�
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w�`�V�ÀÀi�>Ì���Ã�LiÌÜii��V�ivwV�i�ÌÃ��v�Ì�i�Ài}ÀiÃÃ������`i�����ÌÜ��ÃVi�>À��Ã°�/�i�V��v�ÀÌ�
>�`�`�ÃV��v�ÀÌ�ÃV�ÀiÃ�ÜiÀi�vÕÀÌ�iÀ�V>Ìi}�À�âi`���Ì��Ó�}À�Õ«Ã�L>Ãi`����Ì�i�£Ç���V��Ü�`i�Ãi>Ì�
Ü�`Ì��Ü�iÀi�{ÎÓ����Ü>Ã�ÕÃi`�>Ã�Ì�i�Ì�ÀiÃ���`�L>Ãi`����Ì�i�Ü�`Ì���v�Ì�i�Ãi>Ì�>�`�`>Ì>�vÀ���
Ì�i���ÌiÀ>ÌÕÀi�Q�R°�/�i��i>��Û>�ÕiÃ�>�`�Ì�i�ÃÌ>�`>À`�`iÛ�>Ì����ÜiÀi�V>�VÕ�>Ìi`�v�À�L�Ì��}À�Õ«Ã�
Ài}>À`��}�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ� ­/>L�i�È®�>�`�V��«>Ài`°�/�i�ÃÌ>ÌÕÀi�>�`�Ã�ÌÌ��}�Ã��Õ�`iÀ�
�i�}�Ì�Ü>Ã�v�Õ�`�Ì��Li�Ã�}��wV>�Ì�Þ�V�ÀÀi�>Ìi`�Ü�Ì��V��v�ÀÌ]���ÃÌ�«À�L>L�Þ�`Õi�Ì��Ì�i�v>VÌ�Ì�>Ì�
Ì�i�>ÛiÀ>}i��i�}�Ì��v��ÕÌV���Ã�Ì>���­£n£n����v�À��>�i�>�`�£Èxx����vi�>�i®°�/�i�}À�Õ«�Ü�Ì��>�
�>À}iÀ���«�LÀi>`Ì��Li�iwÌi`���Ài�LÞ�Ì�i�Ü�`i���}��v�Ì�i�Ãi>ÌÃ�­/>L�i�È®°�
Ûi��Ì��Õ}��Ì�i�Ãi>Ì�
�Ã�ÃÌ����Ã�>��iÀ�Ì�>��Ì�i�À���«�LÀi>`Ì�]�>``��}�>����V��`�`��>�i�>�`�vviÀi�Vi�v�À�Ì��Ã�}À�Õ«°

/>L�i�È°��i>�Ã�>�`�ÃÌ>�`>À`�`iÛ�>Ì�����v���«�LÀi>`Ì��}À�Õ«Ã°

Hip Breadth Category
Comfort (1-10 scale) Discomfort (0-50 scale)

17-inch-wide 18-inch-wide 17-inch-wide 18-inch-wide

��{ÎÓ����r�£Ç»�­�r£Çn® È°ä)£°x Ç°È)£°£ ÓÓ°Î)£ä°ä £{°�)�°n

7�{ÎÓ����r�£Ç»�­�r£x® x°È)£°x Ç°n)ä°� Óx°n)Ç°ä £Î°Ó)n°n

��{xÇ����r�£n»�­�r£�È® È°ä)£°x Ç°È)£°£ ÓÓ°Î)�°� £{°�)�°n

7�{xÇ����r�£n»�­�r£ä® {°�)£°{ Ç°n)£°ä ÓÇ°x)È°n ££°n)Ç°{

Comparison of increasing width and pitch
��� >� «ÀiÛ��ÕÃ� ÃÌÕ`Þ� QÓäR]� Ì�i� V��v�ÀÌ� >�`� `�ÃV��v�ÀÌ� �v� «>ÀÌ�V�«>�ÌÃ� Ài}>À`��}� Ã�ÌÌ��}� ��� >�
£Ç���V��Ü�`i�Ãi>Ì�Ü�Ì��`�vviÀi�Ì�«�ÌV�iÃ�ÜiÀi�ÃÌÕ`�i`����>�Ã����>À�ÃiÌÕ«�Ü�Ì��>�Ã����>À�«�«Õ�>�
Ì���°�
��«>À��}�Ì�i�ÀiÃÕ�ÌÃ��v�Ì��Ã�iÝ«iÀ��i�Ì�Ì��Ì�i�ÀiÃÕ�ÌÃ��v�Ì�i�«ÀiÛ��ÕÃ�ÃÌÕ`Þ�­��}ÕÀi�£�>�`�
��}ÕÀi�Ó®]��Ì�Ü>Ã�v�Õ�`�Ì�>Ì�Ì�i�V��v�ÀÌ�ÃV�ÀiÃ��v�Ì�i�£Ç���V��Ü�`i�Ü�`i�>�`�Îä���V��«�ÌV��ÜiÀi�
Ã����>À�­È°ää´ä°ä��ÛÃ�È°äÎ´ä°£Ó®°�/�i���i���V����VÀi�i�Ì��v�Ãi>Ì�Ü�`Ì��ÀiÃÕ�Ìi`����>����VÀi>Ãi�
���V��v�ÀÌ�ÃV�Ài��v�Ó°ä�­���>�ÃV>�i��v�£�£ä®�>�`�>�`iVÀi>Ãi����Ì�i�`�ÃV��v�ÀÌ��v�n°Ç�­���>�ÃV>�i�
�v�ä�xä®°�/��Ã�ÀiÃÕ�Ì��Ã�>���Ì���}�iÀ�V��«>Ài`�Ì����VÀi>Ã��}�Ì�i�Ãi>Ì�«�ÌV��LÞ�ÌÜ����V�iÃ]�Ü��V��
��VÀi>Ãi`�Ì�i�V��v�ÀÌ�ä°Ç�>�`�`iVÀi>Ãi`�Ì�i�`�ÃV��v�ÀÌ�{°ä°�

The overall comfort and discomfort were normalized to 1 and plotted in Figure 3 to show the 
Ài�>Ì���Ã��«�LiÌÜii��V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�Ài}>À`��}�Ì�i�«�ÌV��>�`�Ì�i�Ü�`Ì���v�Ãi>ÌÃ°�/�i�
w}ÕÀi�Ã��ÜÃ�Ì�>Ì�Ì�iÀi��Ã�>���ÛiÀ�>«�LiÌÜii��V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ��v�>���ÃVi�>À��Ã]��°i°�Ì�i�
ÃÕ���v���À�>��âi`��i>��Û>�ÕiÃ��v�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ��Ã�>�Ü>ÞÃ��>À}iÀ�Ì�>��£°�

  
� ��}ÕÀi�£°�
��v�ÀÌ�ÛÃ�Ãi>Ì�Ü�`Ì��>�`�«�ÌV�� ��}ÕÀi�Ó°���ÃV��v�ÀÌ�ÛÃ�Ãi>Ì�Ü�`Ì��>�`�«�ÌV�



Î{Interaction

��}ÕÀi�Î°� �À�>��âi`�>ÛiÀ>}i`�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�ÃV�ÀiÃ�ÛÃ�Ãi>Ì�Ü�`Ì��>�`�«�ÌV�

Discussion
/�Àii��Õ�`Ài`�i�iÛi��«>ÀÌ�V�«>�ÌÃ�����i`�Ì��Ã�ÃÌÕ`Þ]�Ü��V��v�VÕÃi`����V��«>À��}�­`�Ã®V��v�ÀÌ�
�v�«>ÀÌ�V�«>�ÌÃ�Ã�ÌÌ��}����Ãi>ÌÃ�Ü�Ì��`�vviÀi�Ì�Ü�`Ì�Ã�v�À�£ä����ÕÌiÃ°�+ÕiÃÌ����>�ÀiÃ�ÜiÀi�}�Ûi��
Ì��iÝ«��Ài� Ì�i� ��yÕi�Vi��v� Ãi>Ì�Ü�`Ì�Ã���� Ì�i��ÛiÀ>���«ÃÞV����}�V>�� >�`�«�ÞÃ�V>�� vii���}��v�
V��v�ÀÌÉ`�ÃV��v�ÀÌ�>Ã�Üi���>Ã�`�ÃV��v�ÀÌ�Ài}>À`��}�`�vviÀi�Ì�«>ÀÌÃ��v�Ì�i�L�`Þ°����>``�Ì���]�Ì�i�
ÀiÃÕ�ÌÃ�ÜiÀi�ÃÞ�Ì�iÃ�âi`�Ü�Ì��Ì�i��ÕÌV��iÃ��v�>�«ÀiÛ��ÕÃ�ÃÌÕ`Þ�Ü�iÀi�Ó�Ç�«>ÀÌ�V�«>�ÌÃ�iÝ«iÀ��
i�Vi`�Ã�ÌÌ��}��Ì�£Ç���V��Ü�`i�Ãi>ÌÃ�Ü�Ì��`�vviÀi�Ì�«�ÌV�iÃ�v�À�£ä����ÕÌiÃ�QÓäR°�

/��Ã� ÃÌÕ`Þ�V���iVÌi`�`>Ì>��v�«ÃÞV����}�V>��«iÀVi«Ì�����v� V��v�ÀÌ�ÕÃ��}�n� ÃÌ>Ìi�i�ÌÃ�Ü�Ì��>�
��ÃV>�i����iÀÌ�­Ã����>À�Ì���Ài�ÃiÀ�iÌ�>�°�Q£{R®°�,iÃ«��ÃiÃ�Ì��>���ÃÌ>Ìi�i�ÌÃ�`�vviÀi`�Ã�}��wV>�Ì�Þ�
LiÌÜii��ÕÃ��}�Ì�i�£Ç���V��Ü�`i�>�`�Ì�i�£n���V��Ü�`i�Ãi>ÌÃ°��Ì�Ü>Ã�>�Ã��v�Õ�`�Ì�>Ì���i�ÃÌ>Ìi�
�i�Ì��>`�>���}�iÀ�º �Ì�Ƃ««��V>L�i»�À>Ìi�Ì�>���Ì�iÀ�ÃÌ>Ìi�i�ÌÃ]�Ü��V��Ü>Ã�º/�i�Ãi>Ì�Ü>Ã�Ü�`i�
i��Õ}��v�À��Þ�L�`Þ�Ì��wÌ»°�/�i�Ài>Ã�����}�Ì�Li�Ì�>Ì�Ì�i���ÌiÀ«ÀiÌ>Ì�����v�Ì�i�ºwÌ»��Ã���Ì����Þ�
L>Ãi`����«�ÞÃ�V>���i>ÃÕÀiÃ]�LÕÌ�>�Ã�����«ÃÞV����}�V>��v>VÌ�ÀÃ]�i°}°�«i�«�i��ii`���Ài�Ã«>Vi�
Ì����Ûi�>À�Õ�`�>�`�V�>�}i�«�ÃÌÕÀiÃ°�

Ƃ�-�>«�À��7����ÌiÃÌ�Ü>Ã�`��i�Ì��ÌiÃÌ�Ì�i���À�>��ÌÞ��v�Ì�i�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�`>Ì>°��Ì�Ü>Ã�
found that the data for this study was not normally distributed, therefore all data were analysed 
ÕÃ��}�>�����«>À>�iÌÀ�V�ÃÌ>Ì�ÃÌ�V>��>�>�ÞÃ�Ã°�/��Ã�ÀiÃÕ�Ì�Ü>Ã�������i�Ü�Ì����ÌiÀ>ÌÕÀi���`�V>Ì��}�Ì�>Ì�
V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�`>Ì>��Ã���Ì���À�>��Þ�`�ÃÌÀ�LÕÌi`�Q£�R°

These anthropometric measurements taken are highly comparable to the data of Molenbroek 
iÌ�>�°�Q�R�­i°}°��i�>�iÉ�>�i�i�L�Ü�Ì��i�L�Ü�LÀi>`Ì��>ÛiÀ>}i�r�{Ó�É{xx����ÛÃ�{äÓÉ{În���®°�
�Ì�Ü>Ã�v�Õ�`�Ì�>Ì�v�À�Ì�i�£Ç���V��Ü�`i�Ãi>Ì]�Ì�i�Ü�`i���«�}À�Õ«Ã��>`�>���ÜiÀ�V��v�ÀÌ�ÃV�Ài�>�`�
ÃÕV��Ã�ÌÕ>Ì����`�`���«À�Ûi�LÞ�>``��}�£���V��Ì��Ì�i�Ü�`Ì�°�/��Ã���`�V>ÌiÃ�Ì�>Ì�Ì�i�L�`Þ�Ã��Õ�`�
��Ì�iÝ>VÌ�Þ�wÌ����Ì�i�V�>�À°�Ƃ�Ã«>Vi�Ì��>���Ü���Ûi�i�Ì��Ã��ii`i`°

��À�«i�«�i�Ü�Ì��>�Ü�`iÀ�i�L�Ü�Ì��i�L�Ü�LÀi>`Ì��>�`�Ã��Õ�`iÀ�LÀi>`Ì�]�Ì�i�Ü�`Ì���v�>�Ãi>Ì��Ã�
��«�ÀÌ>�Ì� Ài}>À`��}�V��v�ÀÌ� Qn]��R°�/��Ã� ÃÌÕ`Þ�`�`���Ì�w�`� Ì�i�V�ÀÀi�>Ì����LiÌÜii��V��v�ÀÌ�
>�`�`�ÃV��v�ÀÌ�ÃV�ÀiÃ��v�Ì�i�«>ÀÌ�V�«>�ÌÃ�Ì��Ì��Ãi�>�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ°�/��Ã���}�Ì�
Li�Ì�>Ì�v�À�>�Ã��ÀÌ�ÌiÀ��ÃÌÕ`Þ]�Ì�i�«ÃÞV����}�V>��v>VÌ�ÀÃ�>Ài���Ài���«�ÀÌ>�Ì°���ÜiÛiÀ]��ÃÕV��>��
��«ÀiÃÃ����V�Õ�`�Li�V�>�}i`�>vÌiÀ�iÝ«iÀ�i�V��}�«�ÞÃ�V>��v>VÌ�ÀÃ����Ì�i����}�ÀÕ��QÓ£R°

,i}>À`��}�Ì�i��*�]��Ì�Ü>Ã�v�Õ�`�Ì�>Ì�>���L�`Þ�«>ÀÌÃ�iÝVi«Ì�v�À�Ì�i�LÕÌÌ�V�Ã�ÜiÀi�Ã�}��wV>�Ì�Þ�
��yÕi�Vi`�LÞ�Ì�i�Ãi>Ì�Ü�`Ì�°�/��Ã���`�V>ÌiÃ�Ì�>Ì�LÕÌÌ�V��`�ÃV��v�ÀÌ��Ã���Ì�Ài�>Ìi`�Ì��Ãi>Ì�Ü�`Ì�]�
LÕÌ�«iÀ�>«Ã���Ài�Ì��Ì�i�µÕ>��ÌÞ��v�Ì�i�Ãi>Ì�VÕÃ����°��ÕÀÌ�iÀ��Ài]�>����i>À�Ài}ÀiÃÃ�������V���
v�ÀÌ�>�`��*��Ü>Ã��>`i�>�`�Ã��Üi`�Ì�>Ì����Ì�i�>Ài>��v�Ã��Õ�`iÀÃ]���iiÃ]�>�`���ÜiÀ��i}Ã�>�`�
viiÌ]�Ì�iÀi�ÜiÀi���VÀi�i�ÌÃ����V��v�ÀÌ�vÀ���Ã�ÌÌ��}����£Ç���V��Ü�`i�Ì��£n���V��Ü�`i�Ãi>ÌÃ°�->�i�
as the discovery before, a wide seat may facilitate the feeling of comfort and decrease the feel�
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��}��v�`�ÃV��v�ÀÌ�LÞ�«À�Û�`��}���Ài�Ã«>ViÃ�v�À���Ûi�i�Ì°�

ƂVV�À`��}�Ì�����iÌ�>�°�QÎR�º/�i��ÛiÀ>���`�ÃV��v�ÀÌ�Ü>Ã�Ì�i�>ÛiÀ>}i��v�Ì�i�>���«>ÀÌÃ½�`�ÃV��v�ÀÌ�
ratings… based on an assumption that all body parts’ discomfort have the same weight for the 
�ÛiÀ>���`�ÃV��v�ÀÌ°»� ����ÕÀ�V>Ãi]�Üi�>Ã�i`�>L�ÕÌ�`�ÃV��v�ÀÌ�«iÀ�L�`Þ�«>ÀÌ�>�`�>``�Ì���>��Þ�
Ì�i�Ì�Ì>��`�ÃV��v�ÀÌ°��Ì�Ü>Ã���ÌiÀiÃÌ��}�Ì��Ãii�Ì�>Ì�Ì�i��i>`�>�`��iV�]�Ã��Õ�`iÀÃ]�LÕÌÌ�V�]�>�`�
thighs were affected by the seat width on the total discomfort, and the total discomfort was not 
Ài�>Ìi`�Ì��Ì�i�>ÛiÀ>}i��v�Ì�i��*��ÀiÃÕ�ÌÃ°�/��Ã���`�V>ÌiÃ�Ì�>Ì�`�ÃV��v�ÀÌ��>Ã�`�vviÀi�Ì�Ài�>Ì���Ã�
Ài}>À`��}�`�vviÀi�Ì�«>ÀÌÃ��v�Ì�i�L�`Þ°�

���>�ÃÜiÀ��}�Ì�i�ÀiÃi>ÀV��µÕiÃÌ���Ã]��Ì�Ü>Ã�v�Õ�`�Ì�>Ì�Ì�iÀi��Ã�>����VÀi>Ãi`�vii���}��v�V��v�ÀÌ�
>�`�`iVÀi>Ãi`�vii���}��v�`�ÃV��v�ÀÌ�LÞ�Ü�`i���}�Ì�i�Ãi>ÌÃ�vÀ���£Ç���V�iÃ�Ì��£n���V�iÃ°���Ài�
�ÛiÀ]�Ì�i��iÛi���v�V��v�ÀÌ��v�Ã�ÌÌ��}����>��£n���V��Ü�`i�Ãi>Ì�Ü>Ã��i>À�Þ�Ì�i�Ã>�i�>Ã�Ã�ÌÌ��}����>�
£Ç���V��Ü�`i�Ãi>Ì�Ü�Ì��{���V�iÃ�iÝÌÀ>�«�ÌV�°�/�iÀiv�Ài]�Ì��>V��iÛi�Ì�i�Ã>�i��iÛi���v�V��v�ÀÌ]��Ì�
�Ã���Ài�ivwV�i�Ì�v�À�>�À���iÃ�Ì����VÀi>Ãi�Ì�i�Ü�`Ì��Ì�>��Ì�i�«�ÌV��Ài}>À`��}�>�£Ç���V��Ü�`i�Ãi>Ì]�
>Ã�Ì�i�>``�Ì���>��y��À�>Ài>�­ä°äÓ�2®��v�Ü�`i���}�£���V���v�Ì�i�Ãi>Ì��Ã�Ì�i�Ã>�i�>Ã���VÀi>Ã��}�Ì�i�
Ãi>Ì�«�ÌV��v�À�Ó���V�iÃ�­ä°äÓ�2®�>Ã�Ã��Ü�������}ÕÀi�{°�/��>V��iÛi�Ì�i�Ã>�i���VÀi>Ãi`��iÛi���v�
V��v�ÀÌ]�{���V��>``�Ì���>��«�ÌV���Ã��ii`i`]�Ü��V��Ü����V�ÃÌ�Óää¯�­ä°ä{�2�>Ã���}ÕÀi�x®�iÝÌÀ>�y��À�
>Ài>°���}ÕÀi�È�«ÀiÃi�ÌÃ�>��Þ«�Ì�iÌ�V>��Ài�>Ì���Ã��«�LiÌÜii��«�ÌV�]�Ü�`Ì��>�`�V��v�ÀÌ�QÓÓR�L>Ãi`�
�����ÌiÀ>ÌÕÀi°�,iÃÕ�ÌÃ�vÀ���Ì��Ã�«>«iÀ�>�`�Ì�i�«ÀiÛ��ÕÃ�ÃÌÕ`Þ�ÜiÀi�«��ÌÌi`����Ì�i�}À>«��>Ã�Üi��°�
/�i�iÝ«iÀ��i�Ì�ÀiÃÕ�ÌÃ��v�Ì��Ã�«>«iÀ]����Ü��V��Îä���V��Ãi>Ì�«�ÌV��Ü�Ì��£Ç���V��Ü�`i�>�`�£n���V��
Ü�`i�Ü�`Ì��ÜiÀi�ÕÃi`]�«>ÀÌ�Þ�>vwÀ�i`�Ì��Ã��Þ«�Ì�iÌ�V>��Ài�>Ì���Ã��«°�"��Ì�i��Ì�iÀ��>�`]�Ì�i�
ÀiÃÕ�ÌÃ�vÀ���Ì�i�«ÀiÛ��ÕÃ�ÃÌÕ`Þ�`�`���Ì�wÌ�Üi���Ì�i��Þ«�Ì�iÌ�V>��Ài�>Ì���Ã��«°�/��Ã���}�Ì���`�V>Ìi�
Ì�>Ì�Ì�i�Ài�>Ì���Ã��«�LiÌÜii��«�ÌV��>�`�V��v�ÀÌ��Ã���Ì����i>À°
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Results from this study

,iÃÕ�ÌÃ�vÀ���Ƃ��>���iÌ�>�°�­ÓäÓä®

��}ÕÀi�È°�
Ý«iÀ��i�Ì�ÀiÃÕ�ÌÃ�>�`�Ì�i��Þ«�Ì�iÌ�V>��Ài�>Ì���Ã��«��v�Ãi>Ì�«�ÌV��>�`�Ü�`Ì��}À>«��«À�«�Ãi`�LÞ�6����QÓÓR

Ƃ��>`«�ÕÀ�iÌ�>�°� QÓÎR� ��`�V>Ìi`�Ì�>Ì�º`�ÃV��v�ÀÌ�>�`�V��v�ÀÌ�V�Õ�`�Li�ÕÃi`������i�ÃV>�i»°�
���Ì��Ã�ÀiÃi>ÀV�]�Üi���À�>��âi`�Ì�i�ÃV�ÀiÃ��v�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�>�`�«À��iVÌi`�Ì�i��i>��



ÎÈInteraction

Û>�ÕiÃ�Ì��Ì�i�Ã«>���v�ä�>�`�£°��Ì�Ü>Ã��`i�Ì�wi`�Ì�>Ì�Ì�iÀi�>Ài�V��Ã�ÃÌi�Ì��ÛiÀ�>«Ã�LiÌÜii���i>��
ÃV�ÀiÃ��v�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ��v�i>V��«�ÌV�� ­�À�Ü�`Ì�®�Û>À�>Ì���� ­��}ÕÀi�Î®]� �°i°�V��v�ÀÌ� �Ã�
��Ì�>Ã�Ã��«�i�>Ã�£���`�ÃV��v�ÀÌ°�/��Ã���}�Ì�Li�iÝ«�>��i`�LÞ�Ì�>Ì�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�ÃV>�iÃ�
are two different factors rather than one single entity and there is a transition phase between 
V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�>Ã���}ÕÀi�Ç�­V�ÕÀÌiÃÞ��v�<�>�}�iÌ�>�°�Q£ÈR°�6����>�`��>��LiV��QÓ{R�>�Ã��
ÃÌ>Ìi`�Ì�>Ì�V��v�ÀÌ��Ã�º>�«�i>Ã>�Ì�ÃÌ>Ìi��À�Ài�>Ýi`�vii���}��v�>��Õ�>��Li��}����Ài>VÌ����Ì���ÌÃ�
i�Û�À���i�Ì»�>�`�̀ �ÃV��v�ÀÌ�>Ã�º>��Õ�«�i>Ã>�Ì�ÃÌ>Ìi��v�Ì�i��Õ�>��L�`Þ����Ài>VÌ����Ì���ÌÃ�«�ÞÃ�
ical environment”, which indicate that the feeling comfort might not only based on human body 
Ài>VÌ����LÕÌ�V��Ã�ÃÌ���Ài�«ÃÞV����}�V>��>�`�Ã�V�>��v>VÌ�ÀÃ°

��}ÕÀi�Ç°�
��v�ÀÌ���`i���v�<�>�}�iÌ�>�°�Q£ÈR

"�i��v�Ì�i�����Ì>Ì���Ã��v�Ì��Ã�ÃÌÕ`Þ��Ã�Ì�>Ì�Ì�i�iÝ«iÀ��i�Ì�Ü>Ã�V��`ÕVÌi`����>�Ài�>Ì�Ûi�Þ�Ã��ÀÌ�
«iÀ��`�­£ä����ÕÌiÃ�Ã�ÌÌ��}����i>V��ÌÞ«i��v�Ãi>ÌÃ®]�Ü��V���Ã���Ì�V��«>À>L�i�Ü�Ì��Ài}Õ�>À�y�}�ÌÃ°�
-�Õ�`iÀÃ�iÌ�>�°�QÓxR���`�V>Ìi`�Ì�>Ì�iÛi��>vÌiÀ��ä����ÕÌiÃ�Ì�>Ì�V��v�ÀÌ�V��Ì��Õ�ÕÃ�Þ�`iVÀi>ÃiÃ�
Ü���i�`�ÃV��v�ÀÌ���VÀi>ÃiÃ°�-����>À�Þ]����iÌ�>�°�QÎR�`�ÃV�ÛiÀi`�>�V��ÃÌ>�Ì���VÀi>Ãi��v�`�ÃV��v�ÀÌ�
�ÛiÀ�Î���ÕÀÃ°�-�]� �Ì���}�Ì�Li� Ì�>Ì� Ì�i�`�vviÀi�Vi�LiÌÜii�� Ì�i� ÌÜ��Ü�`Ì�Ã�Ü�Õ�`��>Ûi�Lii��
�>À}iÀ����>����}�ÌiÃÌ°��ÕÀÌ�iÀ�ÃÌÕ`�iÃ�>Ài��ii`i`�Ì��ÌiÃÌ�Ì��Ã��Þ«�Ì�iÃ�Ã°�	iÃ�`iÃ]����>����}��>Õ��
y�}�Ì]�Ã�ii«��}��Ã�>��>VÌ�Û�ÌÞ�Ì�>Ì���ÃÌ�«>ÃÃi�}iÀ�Ü����iÝ«iÀ�i�Vi°�Ƃ�ÀLÕÃ���`�V>Ìi`�Ì�>Ì�>�Ü�`iÀ�
Ãi>Ì��Ã�«ÀiviÀÀi`�v�À�LiÌÌiÀ�Ã�ii«��}�QÓÈR���ÜiÛiÀ]����Þ�È�«>ÀÌ�V�«>�ÌÃ�«>ÀÌ�V�«>Ìi`����Ì�i�iÝ«iÀ�
��i�Ì°��Ì��Ã��>À`�Ì��V��«>Ài�Ì�>Ì�Ü�Ì��Ì��Ã�ÃÌÕ`Þ�>Ã�£ä����ÕÌiÃ�V��v�ÀÌ�iÝ«iÀ�i�Vi��Ã�`�vviÀi�Ì�
vÀ���È���ÕÀÃ�Ã�ii«��}°�"��Ì�i��Ì�iÀ�Ã�`i]�Û�ÃÕ>��>Ã«iVÌÃ�Ì�>Ì�«�>Þ�>�À��i����Ã��ÀÌ�ÌiÀ���Õ`}�i�ÌÃ�
V�Õ�`���Ì�Li�i�����>Ìi`����Ì��Ã�ÃÌÕ`Þ�Ã��Vi�Ì�i�`�vviÀi�Vi����Ü�`Ì���Ã�V�i>À�Þ���Ì�Vi>L�i°�-ÕV��
Û�ÃÕ>��iÝ«iÀ�i�Vi���}�Ì�Li�Li�iwV�>��v�À�Ã��ÀÌ��>Õ��y�}�ÌÃ�Ài}>À`��}�Ì�i�vii���}��v�V��v�ÀÌ�v�À�
«>ÃÃi�}iÀÃ°��

/�i�«>ÀÌ�V�«>�ÌÃ����Ì��Ã�ÃÌÕ`Þ�ÜiÀi�Þ�Õ�}�­£Ç�Ó£�Þi>ÀÃ���`®�Ü��V��`�iÃ���Ì�Ài«ÀiÃi�Ì�>ÛiÀ>}i�
air travellers, on the other hand, these are the travellers of the future and according to Mohn 
QÓÇR]� Ì�iÞ�Ü���� ÌÀ>Ûi����Ài°�/�iÀiv�Ài]�Ì�i�V���iVÌi`�`>Ì>� �Ã�>�Ã��Ài�iÛ>�Ì� v�À�`iÃ�}���}�vÕÌÕÀi�
>�ÀVÀ>vÌ���ÌiÀ��ÀÃ�v�À��>���}�ivwV�i�Ì�ÕÃi��v�Ì�i�Ã«>Vi�Ü���i�VÀi>Ì��}�Ì�i�V��v�ÀÌ�iÝ«iÀ�i�Vi�>Ì�
Ì�i�Ã>�i�Ì��i°�

Conclusion
This study aimed to compare the comfort and discomfort feelings regarding sitting in 2 dif�
viÀi�Ì�Ãi>Ì�Ü�`Ì�Ã����>�	�i��}�ÇÎÇ�vÕÃi�>}i]�>�`�Ì����ÛiÃÌ�}>Ìi�Ì�i�«ÃÞV����}�V>��>�`�«�ÞÃ���
��}�V>��v>VÌ�ÀÃ�Ì�>Ì���yÕi�Vi�Ì��Ãi�vii���}Ã°�/�i�ÀiÃÕ�ÌÃ��v�«ÃÞV����}�V>��ÃÌ>Ìi�i�ÌÃ���`�V>Ìi`�
Ì�>Ì�«>ÀÌ�V�«>�ÌÃ�vi�Ì���Ài�V��v�ÀÌ�>�`��iÃÃ�`�ÃV��v�ÀÌ�Ü�i��Ã�ÌÌ��}����Ì�i�£n���V��Ü�`i�Ãi>ÌÃ�
Ì�>��Ì�>Ì��v�Ã�ÌÌ��}����Ì�i�£Ç���V��Ü�`i�Ãi>ÌÃ°�,i}>À`��}�Ì�i�`�ÃV��v�ÀÌ��v�`�vviÀi�Ì�«>ÀÌÃ��v�Ì�i�
L�`Þ]�Ì�i�ÀiÃÕ�ÌÃ��v��*��>�Ã����`�V>Ìi`�Ã�}��wV>�Ì�Þ�Ài`ÕVi`�`�ÃV��v�ÀÌ�Ü���i�ÕÃ��}�>��£n���V��
Ü�`i�Ãi>Ì�iÝVi«Ì�v�À�Ì�i�LÕÌÌ�V�Ã°��ÕÀÌ�iÀ�>�>�ÞÃ�Ã�ÕÃ��}����i>À�Ài}ÀiÃÃ������`i�Ã�ÀiÛi>�i`�Ì�>Ì�
the lower discomfort scores of shoulders, knees, and lower legs and feet contributed to the 
reduced discomfort, which highlighted the importance of passengers’ freedom of movement 
v>V���Ì>Ìi`�LÞ�Ì�i�iÝÌÀ>�Ü�`Ì��«À�Û�`i`�LÞ�Ì�i�£n���V��Ü�`i�Ãi>Ì°
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By synthesizing the data of a previous study on various pitch sizes, it was found that to reach 
>�Ã����>À��iÛi���v�V��v�ÀÌ]���VÀi>Ã��}�Ì�i�Ü�`Ì���v�>�£Ç���V��Ü�`i�Ãi>Ì���}�Ì�Li���Ài�ivwV�i�Ì�
Ì�>����VÀi>Ã��}�Ì�i�«�ÌV��Ài}>À`��}�Ì�i�ÕÃ>}i��v�y��À�>Ài>Ã°�/��Ã�`�ÃV�ÛiÀÞ���}�Ì�Li�ÕÃivÕ��v�À�
>�À���iÃ����`iÃ�}���}�>���Ài�ivviVÌ�Ûi�>�`�ivwV�i�Ì�y��À�«�>����}��v�vÕÌÕÀi�>�ÀVÀ>vÌ°
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Human Body Effects



This chapter is based on:
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time
Abstract
/��Ã�ÀiÃi>ÀV��>��Ã�>Ì�iÝ«��À��}�Ì�i�Ài�>Ì���Ã�LiÌÜii���i>ÀÌ�À>Ìi�Û>À�>L���ÌÞ� ­�,6®�«>À>�iÌiÀÃ�
>�`�ÃÕL�iVÌ�Ûi�vii���}Ã��v�V��v�ÀÌÉ`�ÃV��v�ÀÌ��v�«>ÃÃi�}iÀÃ�Ã�ÌÌ��}����`�vviÀi�Ì�iV����Þ�V�>ÃÃ�
>�ÀVÀ>vÌ�Ãi>ÌÃ��ÛiÀ�Ì��i°�Ƃ�Ó���ÕÀ�ÃÌÕ`Þ�Ü>Ã�`iÃ�}�i`�Ü�Ì��£È�«>ÀÌ�V�«>�ÌÃ����ÌÜ��`�vviÀi�Ì�Ãi>Ì�
«�ÌV�iÃ�­Ón���V�iÃ�>�`�Îä���V�iÃ®�>�`�ÌÜ��`�vviÀi�Ì�Ãi>Ì�Ü�`Ì�Ã�­£Ç���V�iÃ�>�`�£n���V�iÃ®�Ü�Ì��
`�vviÀi�Ì�Ì>Ã�Ã°�
��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�ÜiÀi�ÀiV�À`i`�iÛiÀÞ�£x����ÕÌiÃ�LÞ�µÕiÃÌ����>�ÀiÃ�>�`�
�i>ÀÌ�À>Ìi�Ü>Ã�����Ì�Ài`�V��ÃÌ>�Ì�Þ°�-ÕL�iVÌ�Ûi�>ÃÃiÃÃ�i�ÌÃ�Ã��Ü�Ì�>Ì�Ì�i�£n���V��Ü�`i�>�`�
Îä���V��«�ÌV��Ãi>Ì�Ü�Ì��Ì�i��>À}iÃÌ�Ãi>Ì�Ã«>Vi�«iÀv�À�i`�Ì�i�LiÃÌ����V��v�ÀÌ�>�`��>`�Ì�i���ÜiÃÌ�
`�ÃV��v�ÀÌ°�/�i�Ãi>Ì�Ü�Ì��Ì�i��i>ÃÌ�Ã«>Vi�`�`���Ì�«iÀv�À��Ì�i�Ü�ÀÃÌ]�Ü��V����}�Ì�Li�V>ÕÃi`�LÞ�
Ì�i�ÌÀ>Þ�Ì>L�i°�-ÕL�iVÌ�Ûi�>ÃÃiÃÃ�i�ÌÃ�Ã��Üi`�Ì�>Ì�`�ÃV��v�ÀÌ���VÀi>Ãi`��ÛiÀ�Ì��i]�Ü���i�V���
v�ÀÌ�Ài�>��i`�V��ÃÌ>�Ì°�������i�Ü�Ì��Ì�i�ÃÕL�iVÌ�Ûi�>ÃÃiÃÃ�i�Ì]��,6�«>À>�iÌiÀÃ�`�`���Ì�V�>�}i�
�ÕV��Ü�Ì��Ì�i���VÀi>Ãi`�Ã«>Vi°�"ÛiÀ>��]��Ì�Ü>Ã�v�Õ�`�Ì�>Ì�Ã��i��,6�«>À>�iÌiÀÃ�V>����`�V>Ìi�
Ì�i�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�iÝ«iÀ�i�Vi��v�Ì�i�«>ÀÌ�V�«>�ÌÃ��ÛiÀ�Ì��i°�
��v�ÀÌ�Ü>Ã�v�Õ�`�Ì��Li�
Ài�>Ìi`�Ì����Ài��,6�«>À>�iÌiÀÃ�Ì�>Ì�>Ài�V�ÀÀi�>Ìi`�Ì��Üi���Li��}]�i��Ì���Ã�>�`�«ÃÞV����}�V>��
ÃÌ>ÌiÃ°�/�i��,6�«>À>�iÌiÀ�-�  ]����>�`�-�Ó�Ãii��«À���Ã��}�>Ã��Ì��>Ã�Ì�i�ÃÌÀ��}iÃÌ�Ài�>Ì����
Ã��«�Ü�Ì��V��v�ÀÌ�>�`��Ã�v>�À�Þ�i>ÃÞ�Ì��ÀiV�À`�Ü�iÀi�Ì�i�V�>�}iÃ��ÛiÀ�Ì��i�V�Õ�`�Li�`iÌiVÌi`°�

Introduction
In selling tickets for a train or airplane and in selling cars, seat comfort is an important factor 
Q£R°��>�Þ�ÀiÃi>ÀV�iÀÃ��>�i�>�`�ÃÌ��VÌ����LiÌÜii��V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ°��i�>�`iÀ�>�`�<�>�}�
QÓR� v�Õ�`�Ì�>Ì�`�ÃV��v�ÀÌ� �Ã���Ài�Ài�>Ìi`�Ì��«��À�L���iV�>��VÃ�>�`�v>Ì�}Õi�Ü���i�V��v�ÀÌ� �Ã�
��Ài�V���iVÌi`�Ì��Üi���Li��}�>�`��ÕÝÕÀÞÆ�>�`�Ì�i�Ài`ÕVÌ�����v�`�ÃV��v�ÀÌ�`�iÃ���Ì��iViÃÃ>À��Þ�
��VÀi>Ãi�V��v�ÀÌ°�ƂVV�À`��}�Ì�� Ì�i�`�vviÀi�Vi� ���>ÌÌÀ�LÕÌiÃ��v�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ]��>�Þ�
ÃÕL�iVÌ�Ûi�>�`��L�iVÌ�Ûi��i>ÃÕÀiÃ�ÜiÀi�«À�«�Ãi`�LÞ�ÀiÃi>ÀV�iÀÃ����Ì�i�«>ÃÌ�`iV>`iÃ°���À����
ÃÌ>�Vi]���Ài�Ì�>��£x�ÌÞ«iÃ��v�ÃÕL�iVÌ�Ûi�µÕiÃÌ����>�ÀiÃ�ÜiÀi�`iÛi��«i`�QÎR°�"L�iVÌ�Ûi�`>Ì>����
V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�>Ài��>À`�Ì��}>Ì�iÀ�`ÕÀ��}�ÕÃi�Q{R°�*ÀiÃÃÕÀi�`�ÃÌÀ�LÕÌ���Ã��>Ûi�Ã��Ü��Ì��
�>Ûi�>�Ài�>Ì���Ã��«�Ü�Ì��`�ÃV��v�ÀÌ�Q{R°���ÜiÛiÀ]�Ã��««iÀÞ��>À}i��>ÌÃ�LiÌÜii��Ì�i��Õ�>��>�`�
Ì�i�Ãi>ÌÃ�V�Õ�`���yÕi�Vi�`�ÃV��v�ÀÌ�iÝ«iÀ�i�ViÃ°�-����V��`ÕVÌ>�Vi�QxR]�i�iVÌÀ�i�Vi«�>��}À>�
«�Þ�­

�®�QÈR]�iÌV°�ÜiÀi�>�Ã����ÌÀ�`ÕVi`�Ì��>ÃÃiÃÃ�V��v�ÀÌÉ`�ÃV��v�ÀÌ�>Ã��L�iVÌ�Ûi��i>ÃÕÀiÃ°�
Ƃ���}�Ì��Ãi��L�iVÌ�Ûi��i>ÃÕÀiÃ]�ÕÃ��}��i>ÀÌ�À>Ìi�Û>À�>L���ÌÞ�­�,6®�«>À>�iÌiÀÃ���}�Ì�Li�«À���
�Ã��}�`Õi�Ì��Ì�i�Ü�`i�>Û>��>L���ÌÞ��v�Ì�i�iµÕ�«�i�Ì�>�`�Ì�i�i>Ã��iÃÃ����Ì�i�`i«��Þ�i�Ì�QÇ]�nR°�
ƂÃ��i>ÀÌ�À>Ìi��Ã�����i`�Ì��i��Ì����Q�R��Ì���}�Ì��>Ûi�>�Ài�>Ì���Ã��«�Ü�Ì��V��v�ÀÌ°��i�>�`��>ÀÀ>Ã�
QnR�v�Õ�`�Ì�>Ì�Ì�i�ÀiV�À`��}��v��,6�Ü>Ã�`�vviÀi�Ì�v�À�i>V��Ü�À�ÃÌ>Ì���]�>�`��,6�>Ã�>����`�V>Ì�À�
�v�`�ÃV��v�ÀÌ���VÀi>Ãi`��ÛiÀ�Ì��i]�Ü���i�7iÃÌ���iÌ�>�°�Q£äR�V�Õ�`�`�vviÀi�Ì�>Ìi�Ì�i���ÌiÀ>VÌ���Ã�
LiÌÜii�� V�>�ÀÃ� >�`�`iÛ�ViÃ�Ü�Ì���,6� ÀiV�À`��}Ã°� /�iÀiv�Ài]�Üi� ÃÌÕ`�i`� Ì�i� Ài�>Ì���Ã��«��v�
V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�Ü�Ì���,6�v�À�>�À«�>�i�«>ÃÃi�}iÀÃ°

�,6�V��Ã�ÃÌÃ��v�V�>�}iÃ����Ì�i�Ì��i���ÌiÀÛ>�Ã�LiÌÜii��V��ÃiVÕÌ�Ûi��i>ÀÌLi>ÌÃ�V>��i`���ÌiÀ�Li>Ì�
��ÌiÀÛ>�Ã�Q££R°��Ì�ÀiyiVÌÃ�Ì�i��ÕÌ«ÕÌ��v�Ì�i�Vi�ÌÀ>��>ÕÌ�����V��iÌÜ�À��­
Ƃ ®�>�`]�LÞ�«À�ÝÞ]�>��
individual’s capacity to generate regulated physiological responses in the context of emotion, 
i°}°�«>��]�ÃÌÀiÃÃ�Q£ÓR°�ƂÃ�Ì��Ãi�ÀiÃ«��ÃiÃ�>Ài���«�ÀÌ>�Ì�V��ÃÌÀÕVÌÃ��v�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�
Q£ÎR]�Ã��i���ÌiÀ«ÀiÌ>Ì���Ã��v��i>ÀÌ�À>Ìi�`>Ì>]����i��,6��i>ÃÕÀiÃ�V>��Li�ÕÃi`�>Ã�V��v�ÀÌÉ`�Ã�
V��v�ÀÌ�«Ài`�VÌ�ÀÃ°�

���}i�iÀ>�]�«>À>�iÌiÀÃ��v��,6�V>��Li�V>Ìi}�À�âi`� ��Ì��Ì��i�`��>��]� vÀiµÕi�VÞ�`��>���>�`�
�������i>À�«>À>�iÌiÀÃ� ­Ãii�/>L�i�Ó®°�Ƃ���}�Ì�i� Ì��i�`��>���«>À>�iÌiÀÃ]�,�--���>Ã�Lii��
ÕÃi`�Ì���i>ÃÕÀi�>�`�ÃV��v�ÀÌ�Ài>VÌ����>�`�Ü>Ã�V��«>À>L�i�v�À�Õ�iÛi��`ÕÀ>Ì���Ã�Q£{R°�«  xä�
�Ã�>��Ì�iÀ��,6�«>À>�iÌiÀ�ÕÃi`����`iÌiVÌ��}�ÃÌÀiÃÃ�Q£xR°�,�--�]�-�-�]��i>��,,�>�`�«  Óx�
ÜiÀi�>�Ã��v�Õ�`�>Ã�«Ài`�VÌ�ÀÃ��v�Ì�iÀ�>��V��v�ÀÌ�Q£ÈR°����Ì�i�vÀiµÕi�VÞ�`��>��]�Ì�i���ÃÌ�vÀi�
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µÕi�Ì�Þ�ÕÃi`�«>À>�iÌiÀ��Ã�Ì�i���É���À>Ì��]�Ü�iÀi��Ì�V�Õ�`�`iÌiVÌ�Ì�i�«ÃÞV����}�V>��ÃÌ>Ìi��v�>��
��`�Û�`Õ>��Q£ÇR]�ÃÌÀiÃÃ��iÛi��Q£nR]�Ì�iÀ�>��V��v�ÀÌ�QÇ]�£�R�>�`�i��Ì����>�`�i�«>Ì�Þ����«�ÃÌ�ÃÌÀiÃÃ�
V���Õ��V>Ì����QÓäR°���À� ��ÃÌ>�Vi]��i�>�`��>ÀÀ>Ã�QnR�iÝ«��Ài`�Ì�i�Ài�>Ì���Ã�LiÌÜii��Ì�i�`�Ã�
V��v�ÀÌ��v�ÕÃ��}�`�vviÀi�Ì�Ü�À�ÃÌ>Ì���Ã�>�`�Ì�i���É���À>Ì����v��,6]�>�`�Ì�iÞ�v�Õ�`�Ì�>Ì�Ì�i�`�Ã�
V��v�ÀÌ��i>ÃÕÀi`�LÞ�Ì�i���É���À>Ì����Ã�������i�Ü�Ì��Ì�i�ÃÕL�iVÌ�Ûi�`�ÃV��v�ÀÌ��v�Ì�i�«>ÀÌ�V�«>�Ì°�
��À��������i>À�«>À>�iÌiÀÃ]�Ì�i�Ü�`Ì��­-�£®�>�`�Ì�i��i�}Ì��­-�Ó®��v�Ì�i�i���«Ãi�>Ài�ÌÜ��ÌÞ«�V>��
«>À>�iÌiÀÃ��v�Ì�i�Ó��*���V>Àj�*��Ì�>�`�Ì�iÞ�ÜiÀi�v�Õ�`�Ì��Li�>ÃÃ�V�>Ìi`�Ü�Ì��Ã��ÀÌ�ÌiÀ���,6�
>�`����}�ÌiÀ���,6�QÓ£]�ÓÓR]�ÀiÃ«iVÌ�Ûi�Þ°�,iÃi>ÀV�iÀÃ���`�V>Ìi`�Ì�>Ì�-�£�>�`�-�Ó�V>��Li�ÕÃi`�
Ì��«Ài`�VÌ� ÃÌÀiÃÃ� QÓÎ]�Ó{R�>�`�«�ÃÌÕÀiÃ� Ì>�i��`ÕÀ��}�iÝiÀV�Ãi� QÓxR°��>Ã�iÌ�>�°� QÓÈR� ��ÌÀ�`ÕVi`�
Ì�i�Î��*���V>Àj�*��Ì�>�`� �`i�Ì�wi`� Ì�>Ì�V�>�}iÃ� ���-�£]�-�Ó�>�`�-�Î�>Ài�>ÃÃ�V�>Ìi`�Ü�Ì��
Ì�i�Ài`ÕVÌ�����v�ÃÌÀiÃÃ�>vÌiÀ���ÃÌi���}�Ì���ÕÃ�V°���Ài�ÛiÀ]��Ì�iÀ��������i>À�«>À>�iÌiÀÃ�ÃÕV��>Ã�
Ì�i�V>À`�>V�ÃÞ�«>Ì�iÌ�V���`iÝ�­
-�®�Ü>Ã�v�Õ�`�Ì��Li�Ã�}��wV>�Ì�Þ���}�iÀ����ÃÌÀiÃÃi`�V��`�Ì���Ã�
V��«>Ài`�Ì������ÃÌÀiÃÃi`�V��`�Ì���Ã�QÓÇR°�-�£]�-�Ó]�
-��>�`�V>À`�>V�Û>}>����`iÝ�­
6�®�ÜiÀi�
v�Õ�`�Ì��Li�Ãi�Ã�Ì�Ûi�Ì��Ì�iÀ�>��V�>�}iÃ�QÓnR°�-�£]�-�Ó�>�`�
6��>�Ã���`�vviÀ�`ÕÀ��}�iÝiÀV�Ãi]�
ÀiÃÌ�>�`�ÀiV�ÛiÀÞ�«iÀ��`�v�À���`iÀ��i��̀ ���}�«À����}i`�Ü�À�����Ì�i��i>Ì�QÓ�R°���vviÀi�Ì�ÌÞ«iÃ��v�
«>À>�iÌiÀÃ�V>��Li�ÕÃi`�Ì�}iÌ�iÀ����V��v�ÀÌ�ÃÌÕ`�iÃ]�i°}°��>`i>�iÌ�>�°�QÎäR�iÝ«��Ài`�>���«>À>��
iÌiÀÃ��v�Ì�i��,6����`iÌiVÌ��}�Ãi>Ì��}�`�ÃV��v�ÀÌ�>�`��Ì�Ü>Ã�v�Õ�`�Ì�>Ì���]���]�-�  ]�,�--��
>�`�-�Ó-�£�ÜiÀi�V�ÀÀi�>Ìi`�Ü�Ì��`�ÃV��v�ÀÌ�Ì��Õ}�����i��v�Ì�iÃi�V�ÀÀi�>Ì���Ã�Ü>Ã�Ã�}��wV>�Ì°�

/��Õ}��«>À>�iÌiÀÃ�L>Ãi`�����,6�ÜiÀi�ÃÌÕ`�i`�Ài}>À`��}�`�ÃV��v�ÀÌ� ����>�Þ�V��ÌiÝÌÃ]�Ì�i�
Ài�>Ì���Ã��«Ã��v�`�vviÀi�Ì��,6�«>À>�iÌiÀÃ�>�`�V��v�ÀÌÉ`�ÃV��v�ÀÌ��ÛiÀ�Ì��i�ÜiÀi���Ì�vÕ��Þ�iÝ�
«��Ài`� ��� Ì�i� V��ÌiÝÌ��v� Ì�i�>�ÀVÀ>vÌ� Ãi>Ì��}°�/��Ã� �Ã� Ài�iÛ>�Ì� >Ã���Ài�>�`���Ài� Ãi�Ã�ÀÃ� >Ài�
>``i`����Ûi��V�iÃ�Q{R�>�`�`�ÃV��v�ÀÌ�V�Õ�`�Li�����Ì�Ài`����ÀiÃi>ÀV���À�Ài>��y�}�ÌÃ�>�`��i>Ã�
ÕÀiÃ�V�Õ�`�Li�Ì>�i��Ì��Ài`ÕVi�`�ÃV��v�ÀÌ��À���«À�Ûi�V��v�ÀÌ°�/��Ã�ÃÌÕ`Þ�>��Ã�>Ì�iÝ«��À��}�Ì�i�
Ài�>Ì���Ã��«�LiÌÜii���,6�«>À>�iÌiÀÃ�>�`�ÃÕL�iVÌ�Ûi�vii���}Ã��v�V��v�ÀÌÉ`�ÃV��v�ÀÌ��v�«>ÃÃi��
}iÀÃ�Ãi>Ì��}����`�vviÀi�Ì�>�ÀVÀ>vÌ�Ãi>ÌÃ��ÛiÀ�Ì��i�Ü�Ì��Ì�i�v����Ü��}�ÀiÃi>ÀV��µÕiÃÌ���Ã\�£®���iÃ�
V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�V�>�}i��ÛiÀ�Ì��i�Ài}>À`��}�`�vviÀi�Ì�ÌÞ«iÃ��v�Ãi>ÌÃ¶�Ó®�ƂÀi�Ì�iÀi�>�Þ�
Ài�>Ì���Ã�LiÌÜii��Û>À��ÕÃ��iÌÀ�VÃ��v��,6�>�`�Ì�i�vii���}��v�V��v�ÀÌÉ`�ÃV��v�ÀÌ��v�«>ÃÃi�}iÀÃ�
>�`�Î®��v�Ã�]�Ü��V��«>À>�iÌiÀÃ��v��,6�V>��Li�ÕÃi`����«Ài`�VÌ��}�V��v�ÀÌÉ`�ÃV��v�ÀÌ��ÛiÀ�Ì��i¶�

/CVGTKCNU���/GVJQFU
/��>�ÃÜiÀ�Ì�i�ÀiÃi>ÀV��µÕiÃÌ���Ã�Ã�ÝÌii��«>ÀÌ�V�«>�ÌÃ�­{�vi�>�iÃ�>�`�£Ó��>�iÃ®�ÜiÀi�ÃÌÕ`�i`�Ã�Ì�
Ì��}�v�À�£Óä����ÕÌiÃ����>��iV����Þ�V�>ÃÃ�Ãi>Ì����>�	�i��}�ÇÎÇ�vÕÃi�>}i�>Ì�Ì�i��i�vÌ�1��ÛiÀÃ�ÌÞ��v�
/iV�����}Þ°�ƂÃ�Ì�i�ÃÌÕ`Þ�Ü>Ã�V��`ÕVÌi`�`ÕÀ��}�Ü��ÌiÀ]��i>ÌiÀÃ�>�`�>�À�«ÕÀ�wiÀÃ�ÜiÀi�«À�Û�`i`�
Ì���>��Ì>���Ã����>À�V��`�Ì���Ã�>Ã����Ì�i�>�À«�>�i]�i°}°�«>ÀÌ�V�«>�ÌÃ�ÜiÀi�>L�i�Ì��Ã�Ì�V��v�ÀÌ>L�Þ�
Ü�Ì��ÕÌ�>�Ü>À���>V�iÌ°�/�iÀ�>��V��v�ÀÌ�Ü>Ã���Ì��LÃiÀÛi`����Ì��Ã�ÃÌÕ`Þ�iÛi��Ì��Õ}���>�Þ�ÃÌÕ`�
�iÃ�>ÃÃ�V�>Ìi�«>À>�iÌiÀÃ��v��,6�Ì��Ì�iÀ�>��V��`�Ì���Ã°�/�i�Ìi�«iÀ>ÌÕÀi�Ü>Ã��i«Ì�>Ì�Ì�i�Ã>�i�
�iÛi��>Ì�£n°{c
�´�Î°xc
�`ÕÀ��}�Ì�i�£Óä����ÕÌiÃ°

Ƃ�Ó�Ó�Ài«i>Ìi`��i>ÃÕÀiÃ�`iÃ�}��Ü>Ã�ÕÃi`�Ü�Ì��ÌÜ��`�vviÀi�Ì�Ãi>Ì�«�ÌV�iÃ�­Ón���V�iÃ�>�`�Îä�
��V�iÃ®�>�`�ÌÜ��`�vviÀi�Ì�Ãi>Ì�Ü�`Ì�Ã�­£Ç���V�iÃ�>�`�£n���V�iÃ®°�/�iÃi�v�ÕÀ�Ãi>Ì��}�V��`�Ì���Ã�
­£Ç�Ón]�£Ç�Îä]�£n�Îä]�>�`�£n�ÎÓ����Ì�i�v����Ü��}�ÌiÝÌ®�ÜiÀi�Ã«Ài>`��ÛiÀ�v�ÕÀ�`>ÞÃ]�LÕÌ�ÀiV�À`�
ings took place at the same time of the day as literature shows that comfort varies over the day 
­i°}°�	>â�iÞ�iÌ�>�°�QÎ£R®°���À�Ì�i�>ÀÀ>�}i�i�Ì��v�ÌÀi>Ì�i�ÌÃ�­�À`iÀÃ��v�`�vviÀi�Ì�Ãi>Ì�Ã�âiÃ®]�Ì�i�
�>Ì���-µÕ>Ài�`iÃ�}��Ü>Ã�>««��i`°�/�i�ÃÌÕ`Þ�«À�Ì�V���Ü>Ã�>««À�Ûi`�LÞ�Ì�i��Õ�>��,iÃi>ÀV��

Ì��VÃ�
����ÌÌii��v��i�vÌ�1��ÛiÀÃ�ÌÞ��v�/iV�����}Þ�����>ÀV���Ì��Óä£n°�

Before the start of each session of the experiment, a consent form had to be completed by the 
«>ÀÌ�V�«>�ÌÃ°�/�i�>�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ�ÃÕV��>Ã�ÃÌ>ÌÕÀi]�Ã��Õ�`iÀ�LÀi>`Ì�]�Ã��Õ�`iÀq
elbow length, elbow to elbow breadth, waist breadth, hip breadth, buttock to knee, popliteal 
height with shoes, sitting elbow height, sitting shoulder height, sitting height, and eye height 
Ã�ÌÌ��}�ÜiÀi��i>ÃÕÀi`�ÕÃ��}�>��>�Ì�À�«��iÌiÀ����>�Ü��`i��Ãi>Ì°�*>ÀÌ�V�«>�ÌÃ�ÜiÀi��i>ÃÕÀi`�
with normal indoor clothes and shoes on a measuring chair like the one used by the Institute 
v�À�
��ÃÕ�iÀ�
À}�����VÃ�­�

®�QÎÓR°�Ƃ``�Ì���>��Þ]�Ì�i�Üi�}�Ì��v�i>V��«>ÀÌ�V�«>�Ì�Ü>Ã�>�Ã��Ài�



{Î  Chapter 3

V�À`i`°�/>L�i�£�Ã��ÜÃ�Ì�i�>�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ��v�Ì�i�«>ÀÌ�V�«>�ÌÃ°����}i�iÀ>�]�Ì�i�
«>ÀÌ�V�«>�ÌÃ�ÜiÀi��v�>ÛiÀ>}i�Ã�âi�L>Ãi`����Ì�i��ÕÌV��«�«Õ�>Ì����QÎÎR°

/>L�i�£°�/�i�>ÛiÀ>}i�>�`�ÃÌ>�`>À`�`iÛ�>Ì�����v�«>ÀÌ�V�«>�ÌÃ½�>�Ì�À�«��iÌÀ�V��i>ÃÕÀi�i�ÌÃ�

Anthropometric measurements Female Male

-Ì>ÌÕÀi�­��® £È{n�´�{n £Ç�Î�´�{Î

7i�}�Ì�­�}® xx�´�x ÇÈ�´�££

BMI Óä�´�Ó Ó{�´�{

-��Õ�`iÀ�LÀi>`Ì��­��® Î�Î�´�� {xÎ�´�£Î

-��Õ�`iÀqi�L�Ü��i�}Ì��­��® Î�Î�´�xÈ {ÎÇ�´�n£


�L�Ü�Ì��i�L�Ü�LÀi>`Ì��­��® Î{n�´�£äÎ {äÈ�´�££x

7>�ÃÌ�LÀi>`Ì��­��® Ón£�´�xÎ ÎÓÇ�´�{ä

��«�LÀi>`Ì��­��® ÎÎÇ�´�£n ÎÈÓ�´�Óx

	ÕÌÌ�V��Ì����ii�­��® xÓÈ�´�£Ç xÇx�´�Ó{

*�«��Ìi>���i�}�Ì�Ü�Ì��-��iÃ�­��® {ÓÈ�´�£� {ÈÈ�´�Î�

-�ÌÌ��}�i�L�Ü��i�}�Ì�­��® ÓÓÈ�´�Î{ Óx£�´�{ä

-�ÌÌ��}�Ã��Õ�`iÀ��i�}�Ì�­��® xnx�´�ÓÎ ÈÎÈ�´�ÓÎ

-�ÌÌ��}��i�}�Ì�­��® nxx�´�În �£{�´�Ó£


Þi��i�}�Ì�Ã�ÌÌ��}�­��® Ç£Î�´�{x Çn��´�£Ç

After the measurement, the researcher explained the protocols and participants wore a smart�
Ü>ÌV�����Ü��V��>��i>ÀÌ�À>Ìi�����Ì�À�Ü>Ã�i�Li``i`°�/�i��«>ÀÌ�V�«>�ÌÃ�ÜiÀi���ÃÌÀÕVÌi`�Ì��Ã�Ì�
���Ì�i�Ã«iV�wV�>�ÀVÀ>vÌ�Ãi>Ì�v����Ü��}�Ì�i�`iÃ�}�i`��À`iÀ��v�Ì�i�iÝ«iÀ��i�Ì°��ÕÀ��}�Ì�i�iÝ«iÀ��
ment, the participants were always seated in a window seat and the neighbouring seat was kept 
i�«ÌÞ°�/�i�Ãi>Ì�Li�Ì�Ü>Ã�v>ÃÌi�i`�>�`�Ì�i�L>V�ÀiÃÌ�Ü>Ã��i«Ì�Õ«À�}�Ì�Ì�À�Õ}��ÕÌ�Ì�i�iÝ«iÀ��
�i�Ì°���}ÕÀi�£�«ÀiÃi�ÌÃ�Ì�i�ÃiÌÕ«��v�>�ÌÞ«�V>��ÃVi�>À����v�Ì�i�iÝ«iÀ��i�Ì°

��}ÕÀi�£°�Ƃ�«>ÀÌ�V�«>�Ì�`ÕÀ��}�Ì�i�iÝ«iÀ��i�Ì

Ƃ���«>ÀÌ�V�«>�ÌÃ�«>ÀÌ�V�«>Ìi`����{�ÃiÃÃ���Ã�Ü�Ì��`�vviÀi�Ì�Ãi>Ì�ÃiÌÌ��}Ã°�
>V��ÃiÃÃ�����>ÃÌi`�v�À�
>L�ÕÌ�Ó���ÕÀÃ°��ÕÀ��}�Ì�i�ÃiÃÃ���]�«>ÀÌ�V�«>�ÌÃ�ÜiÀi�>Ã�i`�Ì��«iÀv�À��>�ÃiÀ�iÃ��v�Ì>Ã�Ã�>Ì�ViÀÌ>���
Ì��i�Ã��ÌÃ�Ì��Ã��Õ�>Ìi�Ì�i�>VÌ�Û�Ì�iÃ��v�>�y�}�Ì�­��}ÕÀi�Ó®°�/��Ãi�Ì>Ã�Ã���V�Õ`i�£®�Ì>Ý��Ì>�i��vv��>�`�
��}�­//"�®]�Ó®�Ü�À���}�Ü�Ì��>�`iÃ��­ÌÀ>Þ�Ì>L�i®]�Î®�i>Ì��}�>�Ã�>V�É`À�����}]�{®�Ü�À���}�Ü�Ì��ÕÌ�>�
`iÃ��>�`�x®�>�//"��Ì>Ã��>}>���v�À�Ã��Õ�>Ì��}��>�`��}°�/�i�`ÕÀ>Ì�����v�Ì�iÃi�wÛi�Ì>Ã�Ã��Ã�£ä]�{ä]�
Óä]�{ä]�£ä����ÕÌiÃ]�ÀiÃ«iVÌ�Ûi�Þ°���À�Ì�i�Ì>Ã���v�Ü�À���}�Ü�Ì��>�̀ iÃ�]�«>ÀÌ�V�«>�ÌÃ�V�Õ�`�ÕÃi�Ì�i�À�
�Ü���>«Ì�«����Ì�i�ÌÀ>Þ�Ì>L�i°��ÕÀ��}�Ì�i�i>Ì��}�Ã�>V�É`À�����}�Ì>Ã�]�«>ÀÌ�V�«>�ÌÃ�ÜiÀi�>���Üi`�
Ì��ÕÃi�Ì�i�ÌÀ>Þ�Ì>L�i°�/�i�`À����«À�Û�`i`�Ü>Ã�>�����V>vvi��>Ìi`�`À���°���À�Ü�À���}�Ü�Ì��ÕÌ�>�
`iÃ�]�«>ÀÌ�V�«>�ÌÃ�ÜiÀi�>L�i�Ì��Ài>`�>�L���°�



{{�Õ�>��	�`Þ�
vviVÌÃ

��}ÕÀi�Ó°�/��i���i��v�Ì�i�iÝ«iÀ��i�Ì

	iv�Ài� Ì�i�wÀÃÌ�//"�� Ì>Ã�]�«>ÀÌ�V�«>�ÌÃ�ÜiÀi�>Ã�i`� Ì��V��«�iÌi�>�µÕiÃÌ����>�Ài�>vÌiÀ�Li��}�
Ãi>Ìi`°�1«���w��Ã���}� Ì�i�wÀÃÌ�µÕiÃÌ����>�Ài]� Ì�i� Ì��iÀ�Ü>Ã� ÃÌ>ÀÌi`°�*>ÀÌ�V�«>�ÌÃ�ÜiÀi� Ì�i��
>Ã�i`�Ì��w��� ��� Ì�i�Ã>�i�µÕiÃÌ����>�Ài�iÛiÀÞ�£x����ÕÌiÃ°��ÕÀ��}� Ì�i�iÝ«iÀ��i�Ì]� Ì�i�Ã�ÌÌ��}�
«�ÃÌÕÀi�Ü>Ã���Ì�V��ÃÌÀ>��i`�iÝVi«Ì�v�À�Ì�i�v>ÃÌi�i`�Ãi>Ì�Li�Ì]��°i°�«>ÀÌ�V�«>�ÌÃ�V>��Ã�Ì��>ÌÕÀ>��Þ�
Ì�À�Õ}��ÕÌ� Ì�i�Ü���i�iÝ«iÀ��i�Ì�«À�ViÃÃ�Ü�Ì�� Ì�i�Ãi>Ì�Li�Ì���°� �Ì� �Ã�Ü�ÀÌ���i�Ì�����}�Ì�>Ì�
«>ÀÌ�V�«>�ÌÃ�ÜiÀi���Ì�>���Üi`�Ì��ÃÌ>�`�Õ«����Ì�i�Ó���ÕÀ�ÃiÃÃ���°�

Ƃ�
*�xä�`�ÃV��v�ÀÌ�µÕiÃÌ����>�Ài�>�`�>�Ã��«�i�£ä�ÃV>�i��ÛiÀ>���V��v�ÀÌ�µÕiÃÌ����>�Ài�ÜiÀi�
Ãi�iVÌi`�Ì���i>ÃÕÀi�ÃÕL�iVÌ�Ûi�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ]�ÀiÃ«iVÌ�Ûi�Þ°�
*�xä�Ü>Ã�Ãi�iVÌi`�`Õi�
Ì��Ì�i�Ài��>L���ÌÞ�>�`�Û>��`�ÌÞ��v�Ì�i�ÃV>�i�v�À��i>ÃÕÀ��}�̀ �ÃV��v�ÀÌ�QÎ{R°�Ƃ�Ã��«�i�£ä�ÃV>�i��ÛiÀ>���
V��v�ÀÌ�ÃV�Ài�Ü>Ã���i��v�Ì�i�µÕiÃÌ����>�ÀiÃ�ÀiV���i�`i`�Ì��Li�ÕÃi`�v�À�iÛ>�Õ>Ì��}�Ì�i�Ì�Ì>��
i�Û�À���i�Ì��v�>��i�`�«À�`ÕVÌ�QÎ]�Îx]�ÎÈR°�

The heart rate of the participants was measured using a Mio® heart rate monitor wrist band or 
>��Ƃ««�iÁ�Ü>ÌV�]�>�`�Ì�i�`>Ì>�ÜiÀi�V���iVÌi`�Û�>�>�Ã�>ÀÌ«���i°�/�i��À�}��>��iÝ«iÀ��i�Ì�`i�
Ã�}��ÕÃi`����Þ����Á��i>ÀÌ�À>Ìi�����Ì�À�ÜÀ�ÃÌ�L>�`Ã�Ü��V��ÜiÀi�ÕÃi`�����Ì�iÀ�ÀiÃi>ÀV��QÎÇqÎ�R]�
LÕÌ�`ÕÀ��}� Ì�i�iÝ«iÀ��i�Ì]� Ã��i�`iÛ�ViÃ�`�`���Ì� vÕ�VÌ����V�ÀÀiVÌ�Þ�>�Þ��Ài°�/�iÀiv�Ài]�>��
>Û>��>L�i�Ƃ««�iÁ�Ü>ÌV��Ü>Ã�ÕÃi`�>Ã�>�ÃÕLÃÌ�ÌÕÌ����v�À�Ì�i�ÀiÃÌ��v�Ì�i�iÝ«iÀ��i�Ì°�Ƃ�Ãi�v�`iÛi��
�«i`�*ÞÌ����«À�}À>��Ü>Ã�ÕÃi`�Ì��iÝÌÀ>VÌ�̀ �vviÀi�Ì�ÌÞ«iÃ��v��,6�«>À>�iÌiÀÃ�vÀ���Ì�i�V���iVÌi`�
`>Ì>�L>Ãi`����Ì�i��,6�>�>�ÞÃ�Ã� ��LÀ>ÀÞ� Q{äR°�/�i�iÝÌÀ>VÌi`�«>À>�iÌiÀÃ� ��V�Õ`i�Ì��i�`��>��]�
vÀiµÕi�VÞ�`��>���>�`��������i>À�«>À>�iÌiÀÃ�>Ã�Ã«iV�wi`����/>L�i�£°

��� Ì�i� >�>�ÞÃ�Ã� �v� Ì�i� ÀiÃÕ�ÌÃ� �v� Ì�i� µÕiÃÌ����>�ÀiÃ]� i�«ÌÞ� >�ÃÜiÀÃ�ÜiÀi� iÝV�Õ`i`°� ��À� vÀi�
µÕi�VÞ�`��>���«>À>�iÌiÀÃ��v��,6]�Ì�i�-��ÀÌ�Ì��i���ÕÀ�iÀ�ÌÀ>�Ãv�À��­-/�/®��iÌ��`�Ü>Ã�ÕÃi`�
Ü�Ì��>�x����ÕÌi�Ü��`�Ü�QÈäR°�
Ûi��v�À����}�ÌiÀ���,6�«>À>�iÌiÀÃ�ÃÕV��>Ã�-�Ó]�Ì�i�x����ÕÌiÃ�
Ü��`�Ü� �Ã� ÃÌ���� ÀiV���i�`i`� QÓÓR°��Õi� Ì��V���iVÌ����«À�L�i�Ã]� Ã��i��i>ÀÌ� À>Ìi�`>Ì>�ÜiÀi�
��Ì�ÀiV�À`i`�LÞ�Ì�i�`iÛ�Vi°�
��«�iÌi�Þ�i�«ÌÞ��i>ÀÌ�À>Ìi�Ài«�ÀÌÃ��v�Ì�i�ÃiÃÃ����ÜiÀi�iÝV�Õ`i`�
vÀ���Ì�i�>�>�ÞÃ�Ã]�Ü���i���ÃÃ��}�«���ÌÃ����Ì�i���``�i��v�Ì�i�iÝ«iÀ��i�Ì�ÜiÀi�w��i`����Ü�Ì��Ì�i�
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Results
Subjective assessment
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Objective measurement
/�i� �,6� «>À>�iÌiÀÃ� v�À� i>V�� Ãi>Ì� Ã�âi�
>Ài�«ÀiÃi�Ìi`� ��� />L�i� Î°� -i>Ì� £Ç�Ón��>`�
the lowest mean values compared with 
the other seat sizes for parameter SDNN, 
SDSD, pNN50, pNN20, RMSSD, Mean NN, 
��]�
-�]�
6�]�-�£]�-�Ó]�>�`�-�ÓÉ-�£�,>�
Ì��°� /��Ã� ÀiÃÕ�Ì� `�vviÀÃ� vÀ��� Ì�i� ÃÕL�iVÌ�Ûi�
>ÃÃiÃÃ�i�ÌÃ� �����}ÕÀi�Î�Ü�iÀi�£Ç�Îä�Ü>Ã�
rated the lowest in comfort and highest in 
`�ÃV��v�ÀÌ°�/�i�>ÛiÀ>}i�Û>�ÕiÃ�v�À�£Ç�Îä��v�
��]���É���À>Ì���>�`������À��ÜiÀi�Ì�i���Ü�
iÃÌ� V��«>Ài`� Ì�� Ì�i��Ì�iÀ� Ãi>Ì� Ã�âiÃ°���À�
SDNN, SDSD, pNN50, RMSSD, Mean NN, 
��]� ��É��� À>Ì��]� ��� ��À�]� 
-�]� 
6�]� -�£]�
-�Ó]� >�`� -�ÓÉ-�£� ,>Ì��]� Ì�i� £n�Ón� Ãi>Ì�
�>`�Ì�i���}�iÃÌ��i>��ÃV�Ài°

/�i� ÀiV�À`i`� �,6� «>À>�iÌiÀÃ� ÜiÀi� >�Ã��
>�>�Þâi`� ��� Ì��i°� 
>V���,6��i>ÃÕÀi�Ü>Ã�
>�>�Þâi`����>�x����ÕÌi�Ü��`�Ü]�Ì�i��Ì�iÃi�
Û>�ÕiÃ�ÜiÀi�>ÛiÀ>}i`�v�À�i>V��£x����ÕÌiÃ�
Ì��i�vÀ>�i�v�À�>���«>ÀÌ�V�«>�ÌÃ°�Ƃ�*i>ÀÃ��½Ã�
correlation analysis was conducted to iden�
tify the relations between the scores of sub�
�iVÌ�Ûi� V��v�ÀÌ� >�`� `�ÃV��v�ÀÌ� �ÛiÀ� Ì��i�
was correlated to the averaged measures 
�v� Ì�i��,6�>Ì� Ì�>Ì� Ì��iÃÌ>�«� ­Ãii���}ÕÀi�
{®°�

Relations among measures
/�i��,6�«>À>�iÌiÀÃ�ÜiÀi�V��«ÕÌi`�Ü�Ì��
>� x����ÕÌi� ��ÌiÀÛ>�� >�`� >ÛiÀ>}i`� v�À� >�
£x����ÕÌi� Ü��`�Ü� Ì�� �`i�Ì�vÞ� Ì�i� V�ÀÀi�
�>Ì���Ã� LiÌÜii���,6� «>À>�iÌiÀÃ� >�`� Ì�i�
comfort/discomfort scores for the corre�
Ã«��`��}� Ì��i� >Ã� Ã��Ü�� ��� />L�i� x°� /�i�
*i>ÀÃ��½Ã� V�ÀÀi�>Ì���� V�ivwV�i�ÌÃ� ÜiÀi�
V>�VÕ�>Ìi`�LiÌÜii�� Ì�i��i>���v� Ì�i��,6�
parameters in consecutive 3 intervals (5 
���ÕÌiÃ�i>V�®�>�`�Ì�i�V�ÀÀiÃ«��`��}�V���
v�ÀÌÉ`�ÃV��v�ÀÌ� µÕiÃÌ����>�Ài� ÃV�ÀiÃ� ­£x�
���ÕÌiÃ�i>V�®°�/�i�ÀiÃÕ�ÌÃ���`�V>Ìi�Ì�>Ì�>��
��ÃÌ�>���«>À>�iÌiÀÃ��v��,6]�iÝVi«Ì��i>��
  �>�`��i>���,]�ÜiÀi�Ã�}��wV>�Ì�Þ�V�ÀÀi�
lated to the comfort ratings gathered with 
Ì�i� µÕiÃÌ����>�ÀiÃ°� /�i� `�ÃV��v�ÀÌ� �>`�
the highest correlation with the LF norm 
>�`������À��iÛi��Ì��Õ}��Ì�i�V�ÀÀi�>Ì���Ã�
ÜiÀi���Ì�ÃÌÀ��}°
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/>L�i�Î°��,6�«>À>�iÌiÀÃ�>ÛiÀ>}i`�«iÀ�Ãi>Ì�Ã�âi

HRV parameters 17-28 17-30 18-28 18-30

Time domain parameters SDNN xÈ n� 105 Çn

SDSD {Ç È{ Çx Èä

pNN50 ÓÇ {{ {È În

pNN20 È£ ÇÈ Ç£ ÈÈ

RMSSD {Ç È{ Çx Èä

Mean NN ÇÓÎ ÇÇä n££ ÇÎÓ

�i>���, nÓ Ç� ÇÈ nx

�ÀiµÕi�VÞ�`��>���«>À>�iÌiÀÃ LF £]£È� £]Ènä 5,125 Ó]{xÈ

�� ÈÎÓ £]ÓÇä £]�x{ £]{{£

��É���À>Ì�� £°x £°Î Ó°Ó £°{

LF norm 55 x{ È£ x{

�����À� {{ {È 39 {È

 ������i>À�`��>���«>À>�iÌiÀÃ CSI Ó°£ Ó°x Ó°È Ó°{


6� {°x {°� x°ä {°Ç

SD1 Î{ {È 53 {Ó

SD2 ÇÓ ££È £În 101

SD2/SD1 Ratio Ó°£ Ó°x Ó°È Ó°{

/>L�i�{°�*i>ÀÃ��½Ã�
�ÀÀi�>Ì�����v��,6�«>À>�iÌiÀÃ�>�`�Ì�i�ÃÕL�iVÌ�Ûi�V��v�ÀÌ� 
>�`�`�ÃV��v�ÀÌ�ÃV�Ài�>Ì�Ì�i�V�ÀÀiÃ«��`��}�Ì��iÃÌ>�«�­I�«�ä°äx]�II«�ä°ä£®

HRV parameters Discomfort 
over time

Comfort 
over time

Time domain parameters SDNN °nÈÎII �°n£ÇI

SDSD °�ÓÇII �°nnÇII

pNN50 °�ÎnII �°�x{II

pNN20 °�£{II �°�Ó�II

RMSSD °�ÓÇII �°nnÇII

Mean NN �°{än °xÓÈ

�i>���, �°Î{È °xäÎ

�ÀiµÕi�VÞ�`��>���«>À>�iÌiÀÃ LF °ÈÈÓ °È�Ç

�� °nxxII °n{ÈII

��É���,>Ì�� °näÎI °Çx{I

LF norm °n£ÇI °ÇnnI

�����À� °x�È °{xÇ

 ������i>À�`��>���«>À>�iÌiÀÃ CSI �°n�nII °�£nII


6� °£££ °äÎä

SD1 °�ÓnII �°nnnII

SD2 °n{ÎII �°Ç�ÇI

SD2/SD1 Ratio �°n�nII °�£nII

 Chapter 3
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/>L�i�x°�*i>ÀÃ��½Ã�V�ÀÀi�>Ì�����v��,6�«>À>�iÌiÀÃ�Ì� 
�ÃÕL�iVÌ�Ûi�V��v�ÀÌ�>�`�ÃÕL�iVÌ�Ûi�`�ÃV��v�ÀÌ�­I�«�ä°äx]�II«�ä°ä£®

HRV parameters Comfort Discomfort

Time domain parameters SDNN �°xäxII °ÓÓÎII

SDSD �°{änII °änÇ

pNN50 �°{££II °äÇ{

pNN20 �°ÎÈ{II °äÈ£

RMSSD �°{änII °änÇ

Mean NN °äÎÎ �°£n�II

�i>���, °äÎÇ °£ÈÇI

�ÀiµÕi�VÞ�`��>���«>À>�iÌiÀÃ LF �°{ÎÈII °ÓÈÇII

�� �°{�ÈII °ÓnÓII

��É���,>Ì�� �°£�ÎII °££Ó

LF norm �°ÓnÈII °£ÎÎI

�����À� °Î£äII �°£ÈäI

 ������i>À�`��>���«>À>�iÌiÀÃ CSI �°Óä�II °£xÈI


6� �°ÎnÓII °ä�£

SD1 �°{änII °änÇ

SD2 �°x£äI °ÓÎ{II

SD2/SD1 Ratio �°Óä�II °£xÈI

Discussions
Comfort/discomfort over time
/�i�ÃÕL�iVÌ�Ûi�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�iÝ«iÀ�i�ViÃ��v�«>ÃÃi�}iÀÃ�ÜiÀi��i>ÃÕÀi`��ÛiÀ�Ì��i�
`ÕÀ��}�>�Ó���ÕÀ�ÃiÃÃ����ÕÃ��}�`�vviÀi�Ì�ÌÞ«iÃ��v�Ãi>ÌÃ°��Ì�Ü>Ã�v�Õ�`�Ì�>Ì�`�ÃV��v�ÀÌ���VÀi>Ãi`�
�ÛiÀ�Ì��i]�Ü���i�V��v�ÀÌ�Ü>Ã�>���ÃÌ�V��ÃÌ>�Ì����Ì��i°�
��«>À��}�V��v�ÀÌ�>�`�̀ �ÃV��v�ÀÌ�Ì��Ì�i�
�,6�«>À>�iÌiÀÃ��ÛiÀ�Ì��i�Ã��Üi`�>�ÃÌÀ��}�V�ÀÀi�>Ì����LiÌÜii��L�Ì��V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�
�����i�Ã�`i�>�`�v�À�Ì�i��,6�«>À>�iÌiÀÃ����Ì�i��Ì�iÀ�Ã�`i°�/��Ã�Ã��ÜÃ�Ì�>Ì��i>ÀÌ�À>Ìi�«>À>�i�
ÌiÀÃ�V>��Li�ÕÃi`�>Ã�>����`�V>Ì�À��v�V��v�ÀÌ�>Ã�Üi���>Ã�`�ÃV��v�ÀÌ°�

/�i��,6�«>À>�iÌiÀÃ�Ì�>Ì�>Ài�«�Ã�Ì�Ûi�Þ�V�ÀÀi�>Ìi`�Ü�Ì��Ì�i�ÃÕL�iVÌ�Ûi�À>Ì��}Ã�>Ì�i>V��Ì��iÃÌ>�«�
ÜiÀi�-�  ]�-�-�]�«  xä]�«  Óä]�,�--�]���]���É���À>Ì��]������À�]�-�£�>�`�-�Ó°��i>��
Ü���i]�>��i}>Ì�Ûi�Ài�>Ì����Ü>Ã�v�Õ�`�v�À�
-��>�`�-�ÓÉ-�£�À>Ì��°��i>��  ]��i>���,]���]����
��À��>�`�
6��`�`���Ì�V�ÀÀi�>Ìi�Ü�Ì��Ì�i�ÃÕL�iVÌ�Ûi�À>Ì��}�>Ì�Ì�>Ì�Ì��iÃÌ>�«°

��É���À>Ì���Ü>Ã���Ì�v�Õ�`�Ì����VÀi>Ãi��ÛiÀ�Ì��i]�Ü��V��`�vviÀÃ�vÀ���Ì�i�w�`��}Ã��v��i�>�`��>À�
À>Ã�QnR]�Ü���Ài«�ÀÌi`�>����VÀi>Ã��}�ÌÀi�`����Ì�i���É���À>Ì����v�Ì�i��,6��ÛiÀ�Ì��i����>�£���ÕÀ�
ÃÌÕ`Þ]�Ì��Õ}��Ì�i�ÌÀi�`�Ü>Ã���Ü�v�À�Ãi>Ìi`�V��`�Ì���Ã°�"��Ì�i��Ì�iÀ��>�`���Õ�Q£nR�v�Õ�`����>�
£ä���ÕÀ�ÃÌÕ`Þ����>�À«�>�i�«>ÃÃi�}iÀÃ]�Ì�>Ì�Ì�i���É���À>Ì���`�`���Ì�V�>�}i��ÛiÀ�Ì��i°�
�>�}iÃ�
����,6��ÛiÀ�Ì��i�ÜiÀi�>�Ã����Ì�v�Õ�`�Ü���i�`���}����`vÕ��iÃÃ��i`�Ì>Ì����iÛi��Ì��Õ}��«>ÀÌ�V��
«>�ÌÃ�Ài«�ÀÌi`�>����VÀi>Ãi����>����i>ÃÕÀiÃ��v�Üi���Li��}�QÈ£R°�/�i�V��`�Ì���Ã����Ì��Ã�ÃÌÕ`Þ�ÜiÀi�
Ãi>Ìi`�«�Ã�Ì���Ã����>��>�À«�>�i�Ãi>Ì]�Ü��V��V�Õ�`�iÝ«�>���Ì�i�>LÃi�Vi��v���É���À>Ì���V�>�}i�
�ÛiÀ�Ì��i°�
��iLÀiV�Ì�iÌ�>�°�QÈÓR�iÝ«�>��i`�Ì�>Ì�Ì�i�Ì��i�`i«i�`i�Vi��v��,6�«>À>�iÌiÀÃ��Ã���Ì�
ÃÌÀ>�}�Ì�v�ÀÜ>À`]�LiV>ÕÃi��Ì�Ài>VÌÃ�Ã��ÜiÀ�Ì��������ÃÌ>�Ì>�i�ÕÃ���«Õ�Ãi�­i°}°�ÃÌÀiÃÃ®�Ü��V���>Þ�
V>ÕÃi�>�`i�>Þ����Ì�i�ÀiÃ«��Ãi��v�Ì�i��,6�«>À>�iÌiÀÃ°

The drop at the end of the experiment for discomfort and rise in comfort might be due to the 
ivviVÌ�Ì�>Ì�V��v�ÀÌ�ÕÃÕ>��Þ���VÀi>ÃiÃ��i>À�Ì�i�i�`°�ƂÌ�Ì�i�i�`��v�>�Ü�À���}�Üii���À�>Ì�Ì�i�i�`�
�v�>�y�}�Ì�V��v�ÀÌ���VÀi>ÃiÃ�Ü���i�Ì�i�Ã>�i�>VÌ�Û�ÌÞ��Ã�̀ ��i�̀ Õi�Ì��Ì�i�v>VÌ�Ì�>Ì�Ì�i��Õ�>������Ã�
v�ÀÜ>À`�Ì��Ì�i���Vi�«iÀ��`�Ì�>Ì��Ã�V����}�QÈÎR°�*>ÀÌ�V�«>�ÌÃ�ÜiÀi�Ì��`�Ì�>Ì�Ì�i�iÝ«iÀ��i�Ì�Ü>Ã�
Ó���ÕÀÃ�>�`�i�`i`�Ü�Ì��>��>�`��}�«�Ã�Ì����>�`�Ü>Ã�>Ü>Ài�Ì�>Ì�ÜiÀi�¼vÀii`½°
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��v�ÀÌ�>�`�̀ �ÃV��v�ÀÌ�ÀiÃÕ�ÌÃ�vÀ���Ì�i�µÕiÃÌ����>�Ài�Ã��Ü�Ì�>Ì�Ì�i�£n�Îä�Ãi>Ì��>`�Ì�i���}�iÃÌ�
V��v�ÀÌ�>�`�Ì�i� ��ÜiÃÌ�`�ÃV��v�ÀÌ°� �Ì�Ãii�Ã���}�V>��Ã��Vi�«i�«�i�Ü���� vii����Ài�V��v�ÀÌ>L�i�
Ü�Ì�� Ì�i� ��VÀi>Ãi��v� Ì�i�À�«iÀÃ��>��Ã«>Vi°�"��Ì�i��Ì�iÀ��>�`]�Üi� v�Õ�`�Ì�>Ì� Ì�i�£Ç�Ón�Ãi>Ì�
ÃV�Ài`���}�iÀ����V��v�ÀÌ�>�`���ÜiÀ����`�ÃV��v�ÀÌ�V��«>Ài`�Ì��Ì�i�£Ç�Îä�Ãi>Ì°�Ƃ��>���iÌ�>�°�QÈ{R�
found that the shorter pitch resulted in a lower comfort and higher discomfort, which differed 
vÀ���Ì�i�ÀiÃÕ�ÌÃ��v�Ì��Ã�ÃÌÕ`Þ°�/��Ã���}�Ì�Li�`Õi�Ì��Ì�i����}iÀ�`ÕÀ>Ì�����v�Ã�ÌÌ��}�>�`�Ì�i�ÕÃi��v�
>�ÌÀ>Þ�Ì>L�i�v�À�Ü�À���}����>��>«Ì�«�>�`�i>Ì��}°�/�i���À�â��Ì>��`�ÃÌ>�Vi�LiÌÜii��Ì�i�ÌÀ>Þ�Ì>L�i�
>�`�Ì�i�Ãi>Ì�Ü>Ã���Ì�>`�ÕÃÌ>L�i]�Ã��Ì�i�«>ÀÌ�V�«>�Ì���}�Ì�Li�`�v�ÀÜ>À`���Ài�`ÕÀ��}�Ì�iÃi�ÌÜ��
Ì>Ã�Ã°�/��Ã�V��V�ÕÃ�����Ã����>VV�À`>�Vi�Ü�Ì��Ì�i���ÌiÀ>ÌÕÀi�Ü��V����`�V>Ìi`�Ì�>Ì�>�����>`�ÕÃÌ>L�i�
ÌÀ>Þ�Ì>L�i�Ü����`iVÀi>Ãi�V��v�ÀÌ��v�«�>Vi`�Ì���v>À�QÈxR°���}ÕÀi�Ç�Ã��ÜÃ�Ì�i�V�>�}iÃ����`�ÃV��v�ÀÌ�
���Ì�i��>ÃÌ��>�v��v�Ì�i�iÝ«iÀ��i�Ì�Ü�iÀi�Ì�i�«>ÀÌ�V�«>�ÌÃ�ÜiÀi���Ì�>���Üi`�Ì��ÕÃi�Ì�i�ÌÀ>Þ�Ì>L�i°�
/�i��i>ÃÕÀi�i�ÌÃ��v�£Ç�Ón�>�`�£Ç�Îä�>Ài�Ã����>À� ���Ì��Ã�Ã�ÌÕ>Ì���]�Ü��V����}�Ì� ��`�V>Ìi�Ì�i�
ivviVÌ��v�Ì�i�`�ÃÌ>�Vi��v�Ì�i�ÌÀ>Þ�Ì>L�i����V��v�ÀÌ°

 
��}ÕÀi�Ç°�
�>�}iÃ��v�`�ÃV��v�ÀÌ��iÛi��Ü�Ì��ÕÌ�Ì�i�ÕÃi��v�ÌÀ>Þ�Ì>L�iÃ�

7iÃÌ���iÌ�>�°�Q£äR�Ã��Üi`�Ì�>Ì�Ì�i���É���À>Ì����v�Ì�i��,6�Ü>Ã�Ãi�Ã�Ì�Ûi�i��Õ}��Ì��`�vviÀi�Ì�>Ìi�
LiÌÜii��V�>�ÀÃ°�/��Ã�ÃÌÕ`Þ�V��«>Ài`�{�`�vviÀi�Ì�Ãi>Ì�Ã�âiÃ�>�`��i>ÃÕÀi`�Ì�i���É���À>Ì���v�À�
i>V��Ãi>Ì°���ÜiÛiÀ]�Üi�`�`���Ì�w�`�Ì�>Ì�Ì�i���É���À>Ì���V�>�}i`�Ü�Ì��`�vviÀi�Ì�Ãi>Ì�Ã�âiÃ°�/�i�
��}�iÃÌ�Û>�Õi�v�À���É���À>Ì���Ü>Ã�v�Õ�`�v�À�£Ç�Îä�>�`�Ì�i���ÜiÃÌ�v�À�£n�Ón�Ü��V���Ã���Ì�������i�
Ü�Ì��Ì�i�Ãi>Ì�Ã«>Vi�>�`�vÕÀÌ�iÀ��Ài]��Ì�Ü>Ã�>�Ã����Ì�����i`�Ì��Ì�i�ÃÕL�iVÌ�Ûi�>ÃÃiÃÃ�i�ÌÃ��>`i�
LÞ�Ì�i�«>ÀÌ�V�«>�ÌÃ°

6JG�GHHGEV�QH�UPCEM�FTKPM�
/�i�`�ÃV��v�ÀÌ��ÛiÀ� Ì��i� ­��}ÕÀi�{®� Ã��ÜÃ�>�`iVÀi>Ãi��v�`�ÃV��v�ÀÌ� >vÌiÀ� Ã�>V�É`À���� Ì��i]�
Ü��V��Ü>Ã� ��� ���i�Ü�Ì��Ì�i�w�`��}�«À�Û�`��}�v��`�Ã�}��wV>�Ì�Þ� ��ÜiÀi`�Ì�i�`�ÃV��v�ÀÌ��v�Ì�i�
«>ÃÃi�}iÀÃ�QÈÈR°���Ài�ÛiÀ]�«À�Û�`��}�Ã�>V�Ã�>�`�`À���Ã�ÌÀ�}}iÀi`�«�Ã�Ì�Ûi�i��Ì���Ã]�>�`�>�Ã��
`�ÃÌÀ>VÌÃ�«>ÃÃi�}iÀÃ�vÀ���L�Ài`���>�`�Ì�i�`�ÃV��v�ÀÌ��v��>V���v��i}À����QÈÇR°�/��Ã���}�Ì�Ã��Ü�
the need for having service interruptions to slightly decrease passenger comfort during a long 
��ÕÀ�iÞ°� �Ì� �Ã�Ü�ÀÌ����Ì��}� Ì�>Ì� Ì�i�`À����«À�Û�`i`�Ü>Ã�����V>vvi��>Ìi`� Ã��Vi� Ã��i� ÀiÃi>ÀV��
��`�V>Ìi`�Ì�>Ì�V>vvi��i�V>��V�>�}i��i>ÀÌ�À�ÞÌ���QÈnR°��`i>��Þ]��Ì�Ü�Õ�`�Li�LiÌÌiÀ��v����`À���Ã�>Ài�
ÃiÀÛi`�`ÕÀ��}�Ì��Ã�iÝ«iÀ��i�Ì�Ì��«ÀiÛi�Ì�`�ÃÌÕÀL>�Vi°���ÜiÛiÀ]�Üi�>Ã�i`�«>ÀÌ�V�«>�ÌÃ�v�À�v�ÕÀ�
Ì��iÃ�Ó���ÕÀ�Ã�ÌÌ��}�>�`�Ì�i�Ü���i�iÝ«iÀ��i�Ì�Ì������Ài�Ì��i�LiV>ÕÃi��v�«Ài«>À>Ì���Ã°�
Ì���
V>��Þ]�Üi�Ì��Õ}�Ì��Ì�Ü>Ã�LiÌÌiÀ�Ì��ÃiÀÛi�`À���Ã°�

Parameters of HRV 
Ƃ���«>À>�iÌiÀÃ��v�Ì�i��,6�ÜiÀi�iÝÌÀ>VÌi`�>�`�V�ÀÀi�>Ìi`�Ü�Ì��Ì�i�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�`>Ì>�
vÀ���Ì�i�µÕiÃÌ����>�Ài°�Ƃ���ÃÌ�>���«>À>�iÌiÀÃ]�iÝVi«Ì��i>��  ]�>�`��i>���,�Ü>Ã�V�ÀÀi�>Ìi`�
Ã�}��wV>�Ì�Þ�Ü�Ì��V��v�ÀÌ°��i>�Ü���i]�Ì�iÀi�ÜiÀi�viÜiÀ�V�ÀÀi�>Ì���Ã�LiÌÜii���,6�«>À>�iÌiÀÃ�
>�`�`�ÃV��v�ÀÌ°�



x{�Õ�>��	�`Þ�
vviVÌÃ

/��i�`��>���«>À>�iÌiÀÃ
,iÃÕ�ÌÃ��v�Ì��Ã�ÃÌÕ`Þ�Ã��Ü�Ì�>Ì���ÃÌ��v�Ì�i�Ì��i�`��>���«>À>�iÌiÀÃ��v�Ì�i��,6�>Ài�V�ÀÀi�>Ìi`�
Ü�Ì��V��v�ÀÌ°�-�  �Ü>Ã�v�Õ�`�Ì��Li��i}>Ì�Ûi�Þ�V�ÀÀi�>Ìi`�Ü�Ì��V��v�ÀÌ�­Àr�°xäx]�«�ä°ä£®�>�`�
Üi>��Þ�V�ÀÀi�>Ìi`�Ü�Ì��`�ÃV��v�ÀÌ�Ài«�ÀÌi`�­Àr°ÓÓÎ]�«�ä°ä£®°�Ƃ��Ì�iÀ�ÃÌÕ`Þ�Ài«�ÀÌÃ�Ì�>Ì�-�  �
Ü>Ã�>vviVÌi`�LÞ�Ì�i��iÛi�Ã��v�ÃÌÀiÃÃ�QÓÇ]�{£R]�Ü��V����}�Ì�V���iVÌ�Ì��Ì�i�À>Ì�iÀ���}���i}>Ì�Ûi�
V�ÀÀi�>Ì����Ü�Ì��V��v�ÀÌ°�/Ü��ÃÌÕ`�iÃ��i�Ì���i`�Ì�>Ì�-�  ���Ã���Ì�V�ÀÀi�>Ìi`�Ì��v>Ì�}Õi��À�«>���
Q{x]�{ÈR]�Ü��V����}�Ì�iÝ«�>���Ì�i�Üi>��V�ÀÀi�>Ì����LiÌÜii��-�  �>�`�`�ÃV��v�ÀÌ°

-�-��Ü>Ã�v�Õ�`�Ì��Li�V�ÀÀi�>Ìi`�Ü�Ì��V��v�ÀÌ�­Àr°{än]�«�ä°ä£®°�-�-��Ü>Ã�v�Õ�`�«ÀiÛ��ÕÃ�Þ�
>Ã�>����`�V>Ì�À�v�À�Ì�i��iÛi�Ã��v�ÃÌÀiÃÃ�Q{Ç]�{nR°�*iÀ�>«Ã�Ì�iÀi��Ã�>�Ài�>Ì���Ã��«�LiÌÜii��V��v�ÀÌ�
>�`�ÃÌÀiÃÃ°� �ÕÀ��ÞiÞiâÕ�Q£ÈR��i�Ì���i`�Ì�>Ì�-�-��V�Õ�`�«Ài`�VÌ�Ì�iÀ�>��V��v�ÀÌ]�Ü��V���Ã����
���i�Ü�Ì��Ì��Ã�ÃÌÕ`Þ°�-�-��Ü>Ã�>�Ã��ÕÃi`�>Ã�>����`�V>Ì�À��v�v>Ì�}Õi�LÞ�ÌÀ>��i`�ÃÜ���iÀÃ�Q{ÓR°�
/��Ã�ÃÌÕ`Þ�`�`���Ì�w�`�>�Ài�>Ì����LiÌÜii��`�ÃV��v�ÀÌ�>�`�-�-�]�Ü��V����}�Ì�Li�V>ÕÃi`�LÞ�Ì�i�
>LÃi�Vi��v�«�ÞÃ�V>��iÝiÀV�Ãi°

«  xä��Ã�>�«>À>�iÌiÀ��v�Ì�i��,6�Ì�>Ì��Ã�ÕÃi`�Ì����`�V>Ìi�ÃÌÀiÃÃ�Q£xR]�Ü��V���Ã�«À�Ûi`�LÞ�ÃiÛiÀ>��
ÃÌÀiÃÃ��i>ÃÕÀi�i�ÌÃ����`�vviÀi�Ì�V��`�Ì���Ã�ÕÃ��}�Ì�i�-ÌÀ��«�ÌiÃÌ]�-Ì>Ìi�ÌÀ>�Ì�>�Ý�iÌÞ���Ûi�Ì�ÀÞ�
­-/Ƃ�®]�Ü�À�� ÃÌÀiÃÃ�À� ��`iÝ� ­��L�ÃÌÀiÃÃ�µÕiÃÌ����>�Ài®]��i`�V>�� ÃÌÕ`i�ÌÃ½� ÃÌÀiÃÃ�µÕiÃÌ����>�Ài]�
Ài«�ÀÌi`�ÃÌÀiÃÃ��v�V���`Ài�]�«iÀVi�Ûi`�ÃÌÀiÃÃ�µÕiÃÌ����>�Ài�>�`�«�ÞÃ�V>���i�Ì>��Ì>Ã��QÓÇ]�{�qxÓ]�
È�qÇ{R°�/��Ã�ÃÌÕ`Þ�Ã��Üi`�>�V�ÀÀi�>Ì����LiÌÜii��«  xä�>�`�ÃÕL�iVÌ�Ûi�V��v�ÀÌ]�LÕÌ���Ì�Ì��
`�ÃV��v�ÀÌ]�Ü��V����}�Ì�>}>�����`�V>Ìi�Ì�>Ì�ÃÌÀiÃÃ�>�`�V��v�ÀÌ�>Ài�Ài�>Ìi`°�

/À���i��QxÓR�Ã��Üi`�Ì�>Ì�«  £ä���«  {ä�V�ÀÀi�>Ìi��i}>Ì�Ûi�Þ�Ü�Ì��ÃÌÀiÃÃ�>�`�`i«ÀiÃÃ����>�`�
«�Ã�Ì�Ûi�Þ�Ü�Ì��Üi���Li��}°�«  Óä�V�Õ�`�>�Ã��`�vviÀi�Ì�>Ìi�LiÌÜii��ÃÌÀiÃÃi`�>�`�����ÃÌÀiÃÃi`�
V��`�Ì���Ã�Q{£R°�/��Ã�ÃÌÕ`Þ�v�Õ�`�>��i}>Ì�Ûi�V�ÀÀi�>Ì����LiÌÜii��«  xä�­Àr�°{£]�«�ä°ä£®�>�`�
«  Óä°� ­Àr�°ÎÈ{]�«�ä°ä£®�Ü�Ì��V��v�ÀÌ�LÕÌ���Ì�Ü�Ì��`�ÃV��v�ÀÌ°�/��Ã�>}>�����}�Ì� ��`�V>Ìi�>�
V���iVÌ����LiÌÜii��ÃÌÀiÃÃ�>�`�V��v�ÀÌ°�Ƃ�ÃÌÕ`Þ�`��i�LÞ���>�}�iÌ��>�°�QxÈR�Ã��Üi`�Ì�>Ì�«  Óä�
Ü>Ã�>ÃÃ�V�>Ìi`�Ü�Ì��Ì�i���Ìi�Ã�ÌÞ��v�i�iVÌÀ�V>��«>���Ü��V���>ÃÌi`�v�À�Î�x�ÃiV��`Ã]�LÕÌ�ÀiV�ÛiÀi`�
`ÕÀ��}�Ì�i���}���}�ÃÌ��Õ�ÕÃ°�/��Ã�ÃÌÕ`Þ��Ã�>�Ó���ÕÀ�ÃÌÕ`Þ�Ü�Ì��ÕÌ�>�Þ���Ì�Vi>L�i�«>���ÃÌ��Õ�ÕÃ�
­i°}°�`iw�i`�«ÀiÃÃÕÀi�«���ÌÃ]�iÝÌi�Ã�Ûi�iÝiÀV�Ãi]�iÌV°®]�Ã��Ì�i�ivviVÌÃ��v�`�ÃV��v�ÀÌ���}�Ì���Ì�
Li�`�ÃÌ��VÌ°

,�--���Ã�>���vÌi��ÕÃi`�«>À>�iÌiÀ��v��,6�Ì�>Ì��Ã��iÃÃ�>vviVÌi`�LÞ�ÀiÃ«�À>Ì����>�`��Ã���yÕi�Vi`�
LÞ�Ì�i�«>À>ÃÞ�«>Ì�iÌ�V��iÀÛ�ÕÃ�ÃÞÃÌi��­* -®�Q££R°�,�--���Ã�>�Ã��ÀiV���i�`i`�>Ã�>�«Ài`�V�
Ì�À��v�Ã��ÀÌ�ÌiÀ��«>À>�iÌiÀÃ��v��,6�QÈäR°�/�i�«ÀiÃi�Ì�ÃÌÕ`Þ�v�Õ�`�Ì�>Ì�Ì�i�,�--��V�ÀÀi�>ÌiÃ�
Ã�}��wV>�Ì�Þ�Ì��V��v�ÀÌ� ­Àr�°{än]�«�ä°ä£®]�LÕÌ���Ì�Ì��`�ÃV��v�ÀÌ� ­Àr°änÇ]���Ì�Ã�}��wV>�Ì®°�/�i�
ÃÌÕ`Þ��v�	i}}�>Ì��iÌ�>�°�Q£{R�Ã��Üi`�Ì�>Ì�Ì��Ã�«>À>�iÌiÀ�V�Õ�`��i>ÃÕÀi���Ü�«>ÀÌ�V�«>�ÌÃ�Ài>VÌ�
Ì��>��Õ�V��v�ÀÌ>L�i�Ãi�Ã>Ì������`ÕVi`�LÞ�Ì�i�iÝ«iÀ��i�Ì°�-ÌÀiÃÃ��Ã�>�Ã��>�v>VÌ�À�Ì�>Ì��Ã�v�Õ�`�Ì��
V�>�}i�Ì�i�Û>�ÕiÃ��v�,�--��QÓÇ]�{�R°�,�--��Ü>Ã�>�Ã��v�Õ�`�Ì��Li�Ã�}��wV>�Ì�Þ���Ài�Ãi�Ã�Ì�Ûi�
Ì��Ì�i�`iVÀi>Ãi����Ìi�«iÀ>ÌÕÀi�QÇxR°�

/�i�ÀiÃÕ�ÌÃ��v�Ì��Ã�ÃÌÕ`Þ�Ã��Üi`�Ì�>Ì��i>��  ��>`�>�Ã�}��wV>�Ì��i}>Ì�Ûi�V�ÀÀi�>Ì����Ü�Ì��ÃÕL�
�iVÌ�Ûi�`�ÃV��v�ÀÌ]�Ì��Õ}���Ì�Ü>Ã�Üi>��­Àr�°£n�]�«�ä°ä£®°�/iÀ�i�Ãi��iÌ�>�°� Q{ÈR� v�Õ�`�Ì�>Ì�Ì�i�
�i>��  �Ã�}��wV>�Ì�Þ�`iVÀi>Ãi`�`ÕÀ��}�i�iVÌÀ�V�«>���ÃÌ��Õ�>Ì���]�>ÌÌi�Ì����Ì��«>��]�>Ã�Üi���>Ã�
�i�Ì>��ÃÌÀiÃÃ°���Ài�ÛiÀ]��Ì�iÀ�ÀiÃi>ÀV��v�Õ�`�Ì�>Ì��i>��  �Ü>Ã�Ài�>Ìi`�Ì��«�ÞÃ����}�V>��ÃÌÀiÃÃ�
LÕÌ���Ì�Ì��«ÃÞV����}�V>��ÃÌÀiÃÃ�QÓÇ]�{£R]�Ì�i�Ài�>Ì���Ã��«�Ì��V��v�ÀÌ����Ì��Ã�ÃÌÕ`Þ�Ü>Ã�>�Ã����Ì�
«ÀiÃi�Ì°�/��Ã�V�Õ�`���`�V>Ìi�Ì�>Ì��i>��  ��Ã���Ài�Ài�>Ìi`�Ì��«�ÞÃ����}�V>��ÃÌÀiÃÃ��À�«>��]�L�Ì��
��}�Ì�Li�Ì�i�V��ÃÌÀÕVÌÃ��v�`�ÃV��v�ÀÌ°

�i>���,�`�`���Ì�V�ÀÀi�>Ìi�ÃÌÀ��}�Þ�Ì��L�Ì��V��v�ÀÌ�­Àr°äÎÇ]���Ì�Ã�}��wV>�Ì®�>�`�`�ÃV��v�ÀÌ°�
­Àr°£ÈÇ]�«�ä°äx®°�/�i�Û>�ÕiÃ�`�`���Ì�V�>�}i��ÛiÀ�Ì��i�>�`�`�`���Ì�V�ÀÀi�>Ìi�Ü�Ì��Ì�i�>ÃÃiÃÃ�
�i�ÌÃ��ÛiÀ�Ì��i°�/��Õ}��Ã��i���ÌiÀ>ÌÕÀi���`�V>Ìi`�Ì�>Ì�Ì�i��i>���,�V>��`�vviÀi�Ì�>Ìi��iÛi�Ã��v�
ÃÌÀiÃÃ�QÓÇR°

�ÀiµÕi�VÞ�`��>���«>À>�iÌiÀÃ
�ÀiµÕi�VÞ�`��>����i>ÃÕÀi�i�ÌÃ��v� Ì�i��,6�`�Û�`iÃ�Ì�i�V��«��i�ÌÃ�L>Ãi`���� �ÌÃ� À�ÞÌ��Ã�
Ì�>Ì��«iÀ>Ìi�Ü�Ì����`�vviÀi�Ì�vÀiµÕi�VÞ�À>�}iÃ�Q££R°�/�i���]���]���É���,>Ì��]���À�>��âi`����>�`�
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��À�>��âi`����ÜiÀi�V>�VÕ�>Ìi`����Ì�i�«ÀiÃi�Ì�ÃÌÕ`Þ°�6���Ü>Ã���Ì���V�Õ`i`�LiV>ÕÃi�Ì��Ã�ÃÌÕ`Þ�
ÕÃi`�Ã��ÀÌ�ÌiÀ��ÀiV�À`��}Ã�QÈäR°

���Ü>Ã�v�Õ�`�Ì���>Ûi�>��i}>Ì�Ûi�V�ÀÀi�>Ì����Ì��V��v�ÀÌ�­Àr�°{ÎÈ]�«�ä°ä£®�>�`�«�Ã�Ì�Ûi�Þ�Ì��`�Ã�
V��v�ÀÌ�­Àr°ÓÈÇ]�«�ä°ä£®°�Ƃ�ÃÌÕ`Þ�LÞ�/iÀ�i�Ãi��iÌ�>�°�Q{ÈR�v�Õ�`�Ì�>Ì������VÀi>Ãi`�̀ ÕÀ��}�i�iVÌÀ�V�
«>���ÃÌ��Õ�>Ì����>�`�>�Ã��̀ iVÀi>Ãi`�̀ ÕÀ��}��i�Ì>��ÃÌÀiÃÃ�ÃÌ��Õ�>Ì���°�/��Ã��i}>Ì�Ûi�Ài�>Ì����Ü>Ã�
v�Õ�`����V��v�ÀÌ]�Ü��V���Ã�«À�L>L�Þ�Ài�>Ìi`�Ì��ÃÌÀiÃÃ°�����Ã�«À�L>L�Þ���Ài�V���iVÌi`�Ì��Ì�i�
>VÌ�Û�ÌÞ��v�Ì�i�«>À>ÃÞ�«>Ì�iÌ�V��iÀÛ�ÕÃ�ÃÞÃÌi��­* -®°�/�iÀiv�Ài]�>���ÜiÀ����«�ÜiÀ��Ã�V�ÀÀi�>Ì�
i`�Ü�Ì��ÃÌÀiÃÃ]�«>��V]�>�Ý�iÌÞ]��À�Ü�ÀÀÞ�Q££]�{�R°����Ü>Ã�v�Õ�`�Ì��Li��i}>Ì�Ûi�Þ�V�ÀÀi�>Ìi`�Ì��
V��v�ÀÌ�­Àr�]{�È]�«�ä°ä£®�>�`�>�Ã��V�ÀÀi�>Ìi`�Üi>��Þ�Ì��ÃÕL�iVÌ�Ûi�`�ÃV��v�ÀÌ�­Àr°ÓnÓ]�«�ä°ä£®°�
Ƃ}>��]�ÃÌÀiÃÃ���}�Ì�Li���Ài�V���iVÌi`�Ì��V��v�ÀÌ�iÝ«�>����}�Ì�i�`�vviÀi�Vi°

/�i���É���À>Ì����Ã��vÌi��ÕÃi`����V��v�ÀÌ�Ài�>Ìi`�ÀiÃi>ÀV�°�/��Ã�ÃÌÕ`Þ�v�Õ�`�Ì�>Ì�Ì�i���É���À>Ì���
V�ÀÀi�>Ìi`�Üi>��Þ�Ü�Ì��V��v�ÀÌ�­Àr�°£�Î]�«�ä°ä£®]�LÕÌ���Ì�Ü�Ì��`�ÃV��v�ÀÌ�­Àr°££Î]���Ì�Ã�}��w�
V>�Ì®°�����Ì�iÀ�ÃÌÕ`�iÃ]�`�vviÀi�Ì�ÀiÃÕ�ÌÃ�ÜiÀi�Ài«�ÀÌi`�Ài}>À`��}�Ì��Ã�«>À>�iÌiÀ°�/�i���É���À>Ì���
Ü>Ã�Ã�}��wV>�Ì�Þ�`�vviÀi�Ì�LiÌÜii��ÃÌ>�`��}�>�`�«iÀV���}����>`Õ�ÌÃ�>�`�V���`Ài�]�Ü���i��Ì�Ü>Ã�
��Ü��À���Ì�Ã�}��wV>�Ì����Ãi>Ìi`�V��`�Ì���Ã�Qn]�{xR°�7iÃÌ���iÌ�>�°�Q£äR�Ã��Üi`�Ì�>Ì�Ì�i��,6�V>��
Li�ÕÃi`�Ì��`�vviÀi�Ì�>Ìi�LiÌÜii��V�>�ÀÃ]�Ì��Õ}��Ì��Ã�ÃÌÕ`Þ�`�`���Ì�w�`�>�Ã�}��wV>�Ì�`�vviÀi�Vi�
LiÌÜii��Ãi>ÌÃ°�
��ViÀ���}�Üi>À��}�V��«ÀiÃÃ����ÃÌ�V���}Ã��Ì�Ü>Ã�v�Õ�`�Ì�>Ì�Ì�i��i>ÀÌ�À>Ìi�Ü>Ã�
Ã�}��wV>�Ì�Þ�}Ài>ÌiÀ�Ü�Ì��ÕÌ�Ì�>��Ü�Ì��ÃÌ�V���}Ã����>�«À����}i`�Ã�ÌÌ��}�QxÇR°�/�iÀ�>��V�>�}iÃ�
V�Õ�`�>�Ã��Li�̀ iÌiVÌi`�Ì�À�Õ}������Ì�À��}�Ì�i���É���À>Ì��]�Ì��Õ}���Ì�Ü>Ã���Ì�����i`��Ì��Ì�iÀ�>��
V��v�ÀÌ�QÇ]�£�]�ÇxR°���Ài�ÛiÀ]�*�}��>ÕÌ��i�iÌ�>�°�QÇÈR�v�Õ�`�Ì�>Ì��Ì�Ü>Ã�LiÌÌiÀ�Ì��ÃÌÕ`Þ��Ì�iÀ��,6�
«>À>�iÌiÀÃ�Ì�>��Ì�i���É���À>Ì���Ì��`iÌiÀ���i��Õ�>��Ì�iÀ�>��V��v�ÀÌ°�-��i�ÃÌÕ`�iÃ�Ã��Üi`�
Ì�>Ì�Ì�i���É���À>Ì���Ü>Ã���Ì�>�}��`���`�V>Ì�À��v�ÃÌÀiÃÃ]�LÕÌ��Ì�V�Õ�`�`�vviÀi�Ì�>Ìi�LiÌÜii��i���
Ì���Ã�>�`�i�«>Ì�Þ�Q£n]�ÓäR°����Ì�i�«ÀiÃi�Ì�ÃÌÕ`Þ]�V��v�ÀÌ�Ü>Ã�V�ÀÀi�>Ìi`�Ü�Ì��Ì�i���É���À>Ì��]�
which might be driven by emotion and empathy, as in the experiment the temperature was kept 
V��ÃÌ>�Ì�>�`�«>ÀÌ�V�«>�ÌÃ�ÜiÀi�>Ã�i`�Ì��ÃÌ>Þ�Ãi>Ìi`�`ÕÀ��}�Ì�i�Ó���ÕÀ�ÃiÃÃ���°

Ƃ���À�>��âi`����>�`����ÜiÀi�>�Ã��>�>�Þâi`����Ì��Ã�ÃÌÕ`Þ°�/��Ã��Ã�`��i�LiV>ÕÃi���À�>��â>Ì����
Ài��ÛiÃ���ÃÌ��v�Ì�i��>À}i�>VÀ�ÃÃ�ÃÕL�iVÌ�Û>À�>L���ÌÞ����Ì�i�Ì�Ì>��À>Ü��,6�Ã«iVÌÀÕ��QÇÇR°��Ì�Ü>Ã�
v�Õ�`� Ì�>Ì� Ì�i� �����À��Ü>Ã�Üi>��Þ� V�ÀÀi�>Ìi`� Ì�� ÃÕL�iVÌ�Ûi� V��v�ÀÌ� ­Àr�°ÓnÈ]�«�ä°ä£®]� >�`�
ÃÕL�iVÌ�Ûi�`�ÃV��v�ÀÌ�­Àr°£ÎÎ]�«�ä°äx®°�7���i������À��Ü>Ã����Þ�v�Õ�`�Ì��Li�V�ÀÀi�>Ìi`�Üi>��Þ�
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Conclusion
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>�`�`�ÃV��v�ÀÌ��ÛiÀ�Ì��i°�*>ÀÌ�V�«>�ÌÃ�Ã>Ì����ÌÜ��`�vviÀi�Ì�Ãi>Ì�«�ÌV�iÃ�­Ón���V�iÃ�>�`�Îä���V�iÃ®�
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iÛiÀÞ�£x����ÕÌiÃ°�,iÃÕ�ÌÃ�Ã��Ü�Ì�>Ì�Ì�i�£n���V��Ü�`i�>�`�Îä���V��«�ÌV��Ãi>Ì�Ü�Ì��Ì�i��>À}iÃÌ�
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the least space did not perform the worst, probably the presence of a tray table might have 
�>`�>��ivviVÌ����V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ°�-����>À�Ì��Ì�i�ÃÕL�iVÌ�Ûi�>ÃÃiÃÃ�i�Ì]��,6�«>À>�iÌiÀÃ�
`�`���Ì�V�>�}i�Ü�Ì��Ì�i���VÀi>Ãi��v�Ãi>Ì�Ã�âi°��Ì�Ã��ÜÃ�Ì�>Ì�Ã�>���`�vviÀi�ViÃ����Ã�âi�`����Ì��>Ûi�
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Perceived Effects
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>�`�Ì�i�«�ÞÃ����}�V>�]�«�ÞÃ�V>�]��i�Ì>�]�i��Ì���>��>�`�Ã�V�>��ÃÌ>Ìi��v�Ì�i�«iÀÃ����ÛiÀ�Ì��i°�/��Ã�
��`�Û�`Õ>��>�`�ÃÕL�iVÌ�Ûi�V��Vi«Ì��v�V��v�ÀÌ�>Ài���«�ÀÌ>�Ì����«À�`ÕVÌ�`iÃ�}�°����i�Ã���Ã��v�
product design, such as the user, the product and the context will interact with each other over 
Ì��i�>�`�V��ÌÀ�LÕÌi�Ì��Ì�i�«iÀVi«Ì�����v�V��v�ÀÌ°

6����>�`��>��LiV��QÓR�`iw�i`�V��v�ÀÌ�>Ã�º>�«�i>Ã>�Ì�ÃÌ>Ìi��À�Ài�>Ýi`�vii���}��v�>��Õ�>��Li��}�
���Ài>VÌ����Ì���ÌÃ�i�Û�À���i�Ì»�>�`�`�ÃV��v�ÀÌ�>Ã�º>��Õ�«�i>Ã>�Ì�ÃÌ>Ìi��v�Ì�i��Õ�>��L�`Þ����
Ài>VÌ����Ì���ÌÃ�«�ÞÃ�V>��i�Û�À���i�Ì»°�/�iÃi�`iw��Ì���Ã�V�>À�wi`�Ì�i�`�vviÀi�Vi�LiÌÜii��V���
v�ÀÌ�>�`�`�ÃV��v�ÀÌ]�>�`�>�Ã����}���}�Ìi`�Ì�i���«�ÀÌ>�Vi��v�Ì�i�ÃÕL�iVÌ�Ûi�>Ã«iVÌÃ��v�V��v�ÀÌ°�
Therefore, in the evaluation of users’ feeling of comfort/discomfort over time, in addition to 
�L�iVÌ�Ûi��i>ÃÕÀiÃ� ÃÕV��>Ã�«�ÃÌÕÀi� ­V�>�}iÃ®]� Ì�i�«ÀiÃÃÕÀi�`�ÃÌÀ�LÕÌ�����v�`�vviÀi�Ì�«>ÀÌÃ��v�
Ì�i�L�`Þ�>�`É�À�«�ÞÃ����}�V>���i>ÃÕÀiÃ]�µÕiÃÌ����>�ÀiÃ��>Ûi�Lii�]�>�`�Ü����V��Ì��Õi�Ì�]�Li�
��«�ÀÌ>�Ì�ÀiÃi>ÀV����ÃÌÀÕ�i�ÌÃ°�

���Ì�i�«>ÃÌ�`iV>`iÃ]�ÀiÃi>ÀV�iÀÃ�`iÛi��«i`��>�Þ�ÌÞ«iÃ��v�µÕiÃÌ����>�ÀiÃ]�>�`�Ì�iÞ�ÜiÀi�«À�Û�
i��Ì��Li�ÕÃivÕ�� ��ÃÌÀÕ�i�ÌÃ����iÛ>�Õ>Ì��}�Ì�i�ÃÕL�iVÌ�Ûi�vii���}��v�«i�«�i����V��v�ÀÌ�ÃÌÕ`�iÃ�
>««��i`�Ì��`�ÛiÀÃi�wi�`Ã°�
Ý>�«�iÃ��v�Ì��Ãi�µÕiÃÌ����>�ÀiÃ�>Ài��>�`��>«�`�ÃV��v�ÀÌ�QÎR]�
*xä�
Q{R]���V>��Ãi`�*�ÃÌÕÀ>����ÃV��v�ÀÌ� ­�*�®� QxR]�iÌV°� iÜ�>««��V>Ì����wi�`Ã�V��Ì��Õ�ÕÃ�Þ�i�iÀ}i�
>�`�Ì�i�ÀiµÕ�Ài�i�ÌÃÉV��ÃÌÀ>��ÌÃ�>Ài�`�vviÀi�Ì� ���i>V��>««��V>Ì���°�+ÕiÃÌ���Ã�ÃÕV��>Ã�º7�>Ì�
�Ã�Ì�i�V�ÃÌ��v�i>V��µÕiÃÌ����>�Ài�Ài}>À`��}�Ì��i�>�`�Ì�i�ivv�ÀÌ��v�Ì�i�«>ÀÌ�V�«>�ÌÃ¶»]�º7��V��
��i��Ã���Ài�ÃÕ�Ì>L�i�v�À�>�}�Ûi��`iÃ�}��«�>Ãi¶»]�º7�>Ì��Ã�Ì�i���ÃÌ�ÃÕ�Ì>L�i�µÕiÃÌ����>�Ài�v�À�
iÛ>�Õ>Ì��}�Ì�i�ÕÃi��v�>�«>ÀÌ�VÕ�>À�«À�`ÕVÌ¶»��vÌi��>««i>À����Ì�i�«�>����}��v�V��v�ÀÌ�ÀiÃi>ÀV�°�
�����ÃÌ�V>ÃiÃ]�Ì�i�Ãi�iVÌ�����v�Ì�i�µÕiÃÌ����>�Ài­Ã®��Ã�ÃÌÀ��}�Þ�L>Ãi`����Ì�i�iÝ«iÀ�i�Vi��v�Ì�i�
ÀiÃi>ÀV�iÀÃ°

��� Ì�i�-iV��`� ��ÌiÀ�>Ì���>��
��v�ÀÌ�
��}ÀiÃÃ�Óä£�� ­�

�Óä£�� QÈR®]�V��v�ÀÌ� ÀiÃi>ÀV�iÀÃ�>�`�
«À>VÌ�Ì���iÀÃ� vÀ���>À�Õ�`� Ì�i�Ü�À�`� ����i`� Ì�}iÌ�iÀ� ��� >�Ü�À�Ã��«� Ì�� VÀi>Ìi� >�� ��ÃÌÀÕ�i�Ì�



È{*iÀVi�Ûi`�
vviVÌÃ

v�À�µÕiÃÌ����>�Ài�Ãi�iVÌ���°�/�i��ÕÌV��i��v�Ì�i�Ü�À�Ã��«��Ã�Ì�i���ÃÌ��v�*
+�­*ÀiviÀÀi`�
���
v�ÀÌ�+ÕiÃÌ����>�ÀiÃ®�v�À�*À�`ÕVÌ��iÃ�}�°��Ì��Ã�iÝ«iVÌi`�Ì�>Ì�Ì��Ã���ÃÌ�Ü����v>V���Ì>Ìi�ÀiÃi>ÀV�iÀÃ����
Ãi�iVÌ��}�Ì�i���ÃÌ�ÃÕ�Ì>L�i�µÕiÃÌ����>�Ài­Ã®�V��Ã�`iÀ��}�`�vviÀi�Ì� ÀiµÕ�Ài�i�ÌÃÉV��ÃÌÀ>��ÌÃ� ���
V��v�ÀÌ�ÃÌÕ`�iÃ]�iÃ«iV�>��Þ�>Ì�Ì�i�ÀiÃi>ÀV��«�>����}�ÃÌ>}i°�

���Ì��Ã�«>«iÀ]�Üi�`iÃVÀ�Li�Ì�i�Ãi�iVÌi`�V>�`�`>Ìi�µÕiÃÌ����>�ÀiÃ]�Ì�i�ÃiÌÕ«��v�Ì�i�Ü�À�Ã��«]�
>�`�Ì�i�`>Ì>�«À�ViÃÃ��}��iÌ��`����Ì�i��>ÌiÀ�>�Ã�E��iÌ��`Ã�ÃiVÌ���°�/�i�Ü�À�Ã��«�ÀiÃÕ�ÌÃ�>Ài�
«ÀiÃi�Ìi`�Ài}>À`��}�Ì�i�«iÀVi�Ûi`�V�>À>VÌiÀ�ÃÌ�VÃ��v�i>V��µÕiÃÌ����>�Ài]�Ì�i�«ÀiviÀÀi`�>««��V>�
Ì����wi�`]�>�`�Ì�i���ÃÌ�>««À�«À�>Ìi�ÃÌ>}i��v�Ì�i�«À�`ÕVÌ�`iÃ�}��«À�}ÀiÃÃ°�
�>À>VÌiÀ�ÃÌ�VÃ�>�`�
V>Ìi}�À�â>Ì���Ã��v�Ì�i�µÕiÃÌ����>�ÀiÃ�>�`�Ì�i�ÕÃ>}i��v�Ì�i��>Ài�`�ÃVÕÃÃi`°����>��Þ]�L>Ãi`����
Ì�i�ÃÞ�Ì�iÃ�Ã��v�Ì�i�ÀiÃÕ�ÌÃ]�Üi�«À�«�Ãi�Ì�i���ÃÌ��v�*
+�v�À�«À�`ÕVÌ�`iÃ�}�°

/CVGTKCNU���/GVJQFU
Based on a review of the literature on the topic of comfort in product design, and with the ad�
Û�Vi��v�iÝ«iÀÌÃ����L�Ì��`iÃ�}��ÀiÃi>ÀV��>�`�`iÃ�}��>««��V>Ì���Ã]�£x�V>�`�`>Ìi�µÕiÃÌ����>�ÀiÃ�
ÜiÀi��`i�Ì�wi`�>�`�ÕÃi`�>Ã�Ì�i�L>Ã�Ã��v�Ì�i�ÀiÃi>ÀV�°�/>L�i�£���ÃÌÃ�Ì�i�ÌÞ«i��v�µÕiÃÌ����>�Ài�>�`�
Ì�i�V�>À>VÌiÀ�ÃÌ�VÃ��v�i>V��µÕiÃÌ����>�Ài�Ài}>À`��}�Û�ÃÕ>��Ài«ÀiÃi�Ì>Ì���Ã]��Õ�LiÀ��v�µÕiÃÌ���Ã]�
ÌÞ«i��v�ÃV>�iÃ]�ÃV>�i�À>�}i]�>�`�ÃÌ>Ì�ÃÌ�V>�É>�>�ÞÃ�Ã��iÌ��`°�

/�i�ÕÃi��v�ÃV>�iÃ����v�À�Õ�>Ì��}�Ì�i�µÕiÃÌ����>�ÀiÃ�Û>À�iÃ�>���}�µÕiÃÌ����>�ÀiÃ°�-��i��«Ì�v�À�
>��Õ�iÀ�V�À>Ì��}�ÃV>�i�­ ,-®]��Ì�iÀÃ�V��Ãi�>�}À>«��V>��À>Ì��}�ÃV>�i�­�,-®��À�>�ÛiÀL>��`iÃVÀ�«Ì�À�
ÃV>�i�­6�-®�Ü�Ì��ÌiÝÌ°�Ƃ�� ,-��Ã�`iw�i`�>Ã�>�ÃiÌ��v��Õ�LiÀÃ�>�`�>��>�V��Ài`�i�`«���Ì]�Ü�iÀi�
Ì�iÃi�>�V��ÀÃ�ÃiÀÛi�>Ã�ÀiviÀi�Vi�«���ÌÃ� v�À�Ì�i�«>ÀÌ�V�«>�ÌÃ� QÓÎR°�Ƃ��,-��Ã�>�Û�ÃÕ>��>�>��}Õi�
ÃV>�i�­6Ƃ-®�Ü�Ì��ÛiÀL>��>�V��ÀÃ�«�Ã�Ì���i`����Ì�i����i°�/�i�ÕÃiÀ�V>��ÕÃi��,-�Ì��Ài«�ÀÌ�L�`Þ�
Ãi�Ã>Ì���Ã�Ü��V���Ã��>À`iÀ�Ì��`iÃVÀ�Li�LÞ�ÕÃ��}�>�L>Ã�V�6Ƃ-�QÓ{R°�6�-��Ã�>�ÃV>�i�V��«À�Ã��}�ÛiÀ�
bal descriptors which have been found to be capable of, for example, capturing the intensity 
�v�«>���>�`�Ü>Ã�«ÀiviÀÀi`�LÞ���`iÀ�«>ÀÌ�V�«>�ÌÃ�QÓxR°�/�i�ÃV>�i�À>�}i�>�Ã��`�vviÀÃ�>���}�µÕiÃ�
Ì����>�ÀiÃ°�*ÀiÃÌ���>�`�
���>��QÓÈR�ÀiV���i�`i`�Ì�i�ÕÃi��v�Ç]��]��À�£ä�ÀiÃ«��Ãi�V>Ìi}�À�iÃ�
v�À�µÕiÃÌ����>�ÀiÃ]�>Ã�viÜiÀ�V>Ìi}�À�iÃ�ÀiÃÕ�Ì������ÜiÀ�Ài��>L���ÌÞ�­ÃÌ>L���ÌÞ®]���ÌiÀ�>��V��Ã�ÃÌi�VÞ]�
Û>��`�ÌÞ]�`�ÃVÀ����>Ì��}�«�ÜiÀ�>�`�ÀiÃ«��`i�Ì½Ã�«ÀiviÀi�Vi°���Ài�ÛiÀ]� Ì�i� Ài��>L���ÌÞ�>�Ã��`i�
VÀi>ÃiÃ�v�À�ÃV>�iÃ�ÕÃ��}���Ài�Ì�>��£ä�V>Ìi}�À�iÃ°�,iÃi>ÀV�iÀÃ��>Þ�V��Ã�`iÀ�Ì�i�Ì>À}iÌ�}À�Õ«�
especially the context, the grading system and the mother language when specifying the type 
>�`�À>�}i��v�ÃV>�iÃ��v�Ì�i�µÕiÃÌ����>�Ài°

��ÃÌ��v�Ì�i�V>�`�`>Ìi�µÕiÃÌ����>�ÀiÃ�>Ài�£�ÃÌ>}i�µÕiÃÌ����>�ÀiÃ�iÝVi«Ì�+ÕiÃÌ����>�Ài�Î�­
*xä®]�
£{�­�>�Ãwi�`½Ã�ÌÜ��ÃÌ>}i��iÌ��`®�>�`�£x�­ƂÕ`�Ì�ÀÞ�V��v�ÀÌ®]�Ü��V���>Ûi�ÌÜ��ÃÌ>}iÃ�>�`�Ì�i�
wÀÃÌ�µÕiÃÌ�����Ã��vÌi��ÕÃi`�>Ã�>�«À����}�µÕiÃÌ���°�/Õ�Û��}�>�`�-V�>VÌiÀ�QÓÇR�`iw�i`�«À����}�>Ã�
>�º���V��ÃV��ÕÃ�v�À���v��Õ�>���i��ÀÞ]�Ü��V���Ã�V��ViÀ�i`�Ü�Ì��«iÀVi«ÌÕ>���`i�Ì�wV>Ì�����v�
Ü�À`Ã�>�`��L�iVÌÃ�>�`�Ü��V���>Ã����Þ�ÀiVi�Ì�Þ�Lii��ÀiV�}��âi`�>Ã�Ãi«>À>Ìi�vÀ����Ì�iÀ�v�À�Ã��v�
�i��ÀÞ��À��i��ÀÞ�ÃÞÃÌi�Ã°»�/�i�«À����}�ivviVÌ���VÀi>ÃiÃ�Ì�i�>VViÃÃ�L���ÌÞ��v�Ì�i���v�À�>Ì����
Ài�iÛ>�Ì�Ì��Ì�i�µÕiÃÌ����QÓnR]�>�`�Ì�iÀiv�Ài���yÕi�ViÃ�Ì�i�V���Vi��v�ÀiÃ«��Ãi�>�ÌiÀ�>Ì�ÛiÃ�v�À�
Ì�i�Õ«V����}�µÕiÃÌ����QÓ�R°�+ÕiÃÌ���Ã�Ü�Ì��«À����}�>ÌÌi�«Ì�Ì��ÃÌiiÀ�Ì�i�V�}��Ì�Ûi�«À�ViÃÃiÃ�
«À��À�Ì��Ì�i��>���µÕiÃÌ�������>��>ÌÌi�«Ì�Ì����«À�Ûi�Ài«i>Ì>L���ÌÞ]�>�`�Ì��������âi�Ì�i�V�}��Ì�Ûi�
«À�ViÃÃ��}��ii`i`�Ì��>�ÃÜiÀ��Ì�QÓ�R°

��vÌÞ�wÛi�«>ÀÌ�V�«>�ÌÃ��v��

�Óä£��V��viÀi�Vi�����i`�Ì�i�Ü�À�Ã��«�>�`�Ì�iÞ�ÜiÀi�À>�`���Þ�>Ã�
Ã�}�i`�Ì����i��v�Î�ÃÌÕ`��Ã°���À�i>V��ÃÌÕ`��]�«>ÀÌ�V�«>�ÌÃ�ÜiÀi�V�ÕÃÌiÀi`���Ì��Î��À�{�}À�Õ«Ã�Ü�Ì��
x��À�È��i�LiÀÃ]�`i«i�`��}����Ì�i�>VÌÕ>���Õ�LiÀ��v�«>ÀÌ�V�«>�ÌÃ°�/�i�Ü�À�Ã��«�Ü>Ã�iÝiVÕÌi`�
in two phases: an individual evaluation phase and a group discussion phase, each approxi�
�>Ìi�Þ�{ä����ÕÌiÃ����}°����Ì�i���`�Û�`Õ>��iÛ>�Õ>Ì����«�>Ãi]�i>V��}À�Õ«�`�Û�`i`�£x�µÕiÃÌ����
�>�ÀiÃ�>���}�Ì�i�}À�Õ«��i�LiÀÃ]�Ã��i>V��«>ÀÌ�V�«>�Ì�>�>�Þâi`�Î�µÕiÃÌ����>�ÀiÃ�Ài}>À`��}�£®�

Ý«iÀ�i�Vi�Ü�Ì��Ì�i�µÕiÃÌ����>�Ài]�Ó®�
>Ã��iÃÃ�Ì��>�ÃÜiÀ]�Î®�
>Ã��iÃÃ�v�À�`>Ì>���ÌiÀ«ÀiÌ>Ì���]�{®�

ÃÌ��>Ìi��v�Ì�i�Ì��i��ii`i`�Ì��V��«�iÌi�Ì�i�µÕiÃÌ����>�Ài]�x®����Ü��V��ÃÌ>}i��v�Ì�i�iÝ«iÀ��i��
Ì>��ÃÌÕ`Þ�Ì�i�µÕiÃÌ����>�Ài��Ã�ÀiV���i�`i`]�È®�/�i��ii`�v�À�«>ÀÌ�V�«>�Ì�ÌÀ>����}�«À��À�Ì��Ì�i�
iÝ«iÀ��i�Ì]�>�`�Ç®�7��V��`iÃ�}��«�>Ãi�Ì�i�µÕiÃÌ����>�Ài�Li���}Ã�Ì�°�*>ÀÌ�V�«>�ÌÃ�ÜiÀi�>�Ã��



Èx �
�>«ÌiÀ�{

>L�i�Ì��>``�iÝÌÀ>�V���i�ÌÃ�>�`�Ì�iÞ�ÜiÀi�i�V�ÕÀ>}i`�Ì��«À�«�Ãi�Ài�iÛ>�Ì�µÕiÃÌ����>�ÀiÃ�Ì�>Ì�
ÜiÀi���Ì����Ì�i���ÃÌ°

/>L�i�£°�
>�`�`>Ìi�µÕiÃÌ����>�ÀiÃ�>�`�Ì�i�À�V�>À>VÌiÀ�ÃÌ�VÃ

No. Name Visual rep-
resentations

Number of 
questions Type of scales Scale range Analysis 

method

1 �>�`��>«�`�ÃV��v�ÀÌ�QÎ]�ÇR Image 13  ,-�vÕ��Þ�>�V��Ài` ä�­���`�ÃV��v�ÀÌ®���x�­iÝÌÀi�i�
`�ÃV��v�ÀÌ®

Ƃ "6ƂÆ�-«i>À�
�>�Æ��À�i`�>�

2 -i>Ì�i�i�i�ÌÃ�µÕiÃÌ����
�>�Ài�QnR

Text 11  ,-��i�`�>�V��Ài` ä�­`�Ã���i®�����­���i®� 7��V�Ý���ÌiÃÌ

3 
*xä�Q{R Text £�­Ó�ÃÌ>}iÃ® -Ì>}i�£Æ��,-Æ�-Ì>}i�
2: NRS

ä�­ÛiÀÞ���}�Ì�`�ÃV��v�ÀÌ®�xÓ�­iÝVii`�
��}�ÛiÀÞ�ÃiÛiÀi�`�ÃV��v�ÀÌ®

���i>À�r�Ì�ÌiÃÌÆ�
µÕ>`À>Ì�V�r�
��ÌiÃÌ

{ ��V>��Ãi`�*�ÃÌÕÀ>����ÃV��v�ÀÌ�
­�*�®�QxR

Image 19  ,-�vÕ��Þ�>�V��Ài` ä�­���`�ÃV��v�ÀÌ®���£ä�­iÝÌÀi�i�
`�ÃV��v�ÀÌ®

7��V�Ý��

5 �Àii��Ài`�L�`Þ��>«�Q�R Image 22 
���ÀÃ�­Ài`�}Àii�® red= discomfort, green= comfort

È />Ã��Ã«iV�wV�V��v�ÀÌ�Q£ä]�££R Text 25  ,-�vÕ��Þ�>�V��Ài` 6>À�iÃ *i>ÀÃ��

Ç -��«�i�V��v�ÀÌ�ÃV�Ài�Q£Ó]�£ÎR° Text 2  ,-�i�`�>�V��Ài` ä�­���`�ÃV��v�ÀÌ®���£ä�­iÝÌÀi�i�
`�ÃV��v�ÀÌ®�>�`�ä�­���V��v�ÀÌ®���£ä�
­iÝÌÀi�i�V��v�ÀÌ®

7��V�Ý��Æ�Ì�ÌiÃÌ

n *�ÃÌÕÀ>��V��v�ÀÌ�­����Ì�>�`�
Ãi}�i�ÌÃ®�Q£{R

Text 1  ,-��i�`�>�V��Ài` �£���£ä�­V��v�ÀÌ® Statistical distri�
bution

9 	�`Þ�Ài}����`�ÃV��v�ÀÌ��QÇR Image 12  ,-�i�`�>�V��Ài` £�­iÝÌÀi�i�Þ�V��v�ÀÌ>L�i®���Ç�
­iÝÌÀi�i�Þ�Õ�V��v�ÀÌ>L�i®

10 ��`�wi`�Ƃ-�,Ƃ
�Ì�iÀ�>��
V��v�ÀÌ�Q£x]�£ÈR

Text £{  ,-�vÕ��Þ�>�V��Ài` 0 (very hot with excessive dis�
V��v�ÀÌ®���Î�­�i�Ì�iÀ���Ì���À�V��`�
V��v�ÀÌ®���ä�­V��`�Ü�Ì��iÝViÃÃ�Ûi�
`�ÃV��v�ÀÌ®

*i>ÀÃ���

11 ��`�wi`�-Ƃ
�v�À�Ài>V�>L���ÌÞ�
Q£ÇR

Text 1 6�- £�­��}�®���£ä�­���i® Correlation 
index

12 ��`�wi`�	�`Þ�Ài}������Ã�
V��v�ÀÌ�Q£nR

Image 25  ,-�i�`�>�V��Ài` £�­���`�ÃV��v�ÀÌ®�£ä�­iÝÌÀi�i�
`�ÃV��v�ÀÌ®

/�ÌiÃÌ

13 �Õ�Ì��v>VÌ�À�>���iÌ��`Ã�q�
VÀ�ÃÃ���`>���>ÌV���}��-"�
ÓännÓ�Q£�R

Text 19 �,-

£{ �>�Ãwi�`½Ã�ÌÜ��ÃÌ>}i��iÌ��`��
QÓä]�Ó£R

Image  �°�£\�xÆ�
 �°�Ó\�
£­Ó�ÃÌ>}iÃ®

 �°�£\� ,-�vÕ��Þ�
>�V��Ài`Æ� �°�Ó\�
ÃÌ>}i�£\��,-Æ�ÃÌ>}i�
2: NRS

 �°£\�£�­��Ì�Õ�V��v�ÀÌ>L�i®���È�
­iÝÌÀi�i�Þ�Õ�V��v�ÀÌ>L�i®Æ�
 �°�Ó\�ä�­���`�ÃV��v�ÀÌ�>Ì�>��®���
>120 absolute maximum

/�ÌiÃÌ

15 ƂÕ`�Ì�ÀÞ�V��v�ÀÌ�QÓÓR Text £�­Ó�ÃÌ>}iÃ® -Ì>}i�£\�6�- -Ì>}i�Ó\� ,-�i�`�>�V��Ài` ä�­��Ì�>Ì�>��®���£ä�
­iÝÌÀi�i�Þ®

ƂvÌiÀ� Ì�i� ��`�Û�`Õ>�� «�>Ãi]� «>ÀÌ�V�«>�ÌÃ� `�ÃVÕÃÃi`� Ü�Ì�� Ì�i�À� }À�Õ«� Ì�i� «ÀiviÀÀi`� µÕiÃÌ����
�>�Ài­Ã®�Ài}>À`��}�`iÃ�}��«�>ÃiÃ�>�`�`�vviÀi�Ì�>««��V>Ì����wi�`Ã°�/�i�`iÃ�}��«�>ÃiÃ���V�Õ`i`\�
£®�
>À�Þ�`iÃ�}��«�>ÃiÆ�Ó®�-ÌÕ`Þ��}�«À�Ì�ÌÞ«iÃÆ�Î®�
��«>À��}�ÌÜ��«À�`ÕVÌÃÉ«À�Ì�ÌÞ«iÃÆ�>�`�{®�

Û>�Õ>Ì��}�Ì�i�w�>��«À�`ÕVÌÆ�>�`�Ì�i�>««��V>Ì����wi�`Ã�ÜiÀi\�£®��>�`�Ì����>�`��>�`�iÆ�Ó®��iiÌÉ
�i}�ÃÌÕ`ÞÆ�Î®�-i>Ì�ÃÌÕ`ÞÆ�{®�/�Ì>��i�Û�À���i�Ì�>�`�x®�Ƃ���Ã�ÀÌÃ��v�«À�`ÕVÌÃ°

£Èx���`�Û�`Õ>��ÀiÃ«��ÃiÃ�ÜiÀi�V���iVÌi`Æ���i�ÀiV�À`�Ü>Ã�iÝV�Õ`i`�`Õi�Ì����V�ÀÀiVÌ��>Li����}��v�
>�V>�`�`>Ìi�µÕiÃÌ����>�Ài°�
�iÛi��}À�Õ«�ÀiÃ«��ÃiÃ�ÜiÀi�V���iVÌi`°����Ì�i�«À�ViÃÃ��}��v���`�Û�`�
Õ>��ÀiÃ«��ÃiÃ]�Ì�i�iÝ«iÀ�i�Vi��v�Ì�i�«>ÀÌ�V�«>�Ì�Ü>Ã�ÕÃi`�>Ã�>�Üi�}�Ì�v>VÌ�À��v�Ì�i�ÃV�ÀiÃ]��°i°�
for a given item, its score was normalized as  

, 
where k is the index of items and n� �Ã� Ì�i� �Õ�LiÀ� �v� «>ÀÌ�V�«>�ÌÃ°� ��À� 
experiencek, it was set as 3 for participants who used it before, 2 for participants who knew it 
>�`�£�v�À�«>ÀÌ�V�«>�ÌÃ�Ü����>`����iÝ«iÀ�i�Vi�Ü�Ì���Ì°�Ƃ���Üi�}�Ìi`�ÃV�ÀiÃ�>Ài�Ì�i����À�>��âi`�
LiÌÜii��ä�>�`�£�ÕÃ��}�Ì�i�����>Ý-V>�iÀ�QÎäR�iÝVi«Ì�ÌÜ���Ìi�Ã\�º/��i�Ì��V��«�iÌi�Ì�i�µÕiÃ�
Ì����>�Ài¶»�>�`�º�Ã�ÌÀ>����}�«À��À�Ì��Ì�i�iÝ«iÀ��i�Ì�ÀiµÕ�Ài`¶»]�>Ã�Ì�i�>�ÃÜiÀÃ�Ì��Ì��Ãi�µÕiÃ�



ÈÈ*iÀVi�Ûi`�
vviVÌÃ

Ì���Ã�ÜiÀi�Ì�i�iÃÌ��>Ì�����v�>�Ì��i�ÃV>�i�>�`�	���i>��Û>�ÕiÃ]�ÀiÃ«iVÌ�Ûi�Þ°

��À�Ì�i���`�Û�`Õ>��«�>Ãi]�i>V��«>ÀÌ�V�«>�Ì�Ü>Ã�}�Ûi��>�«À��Ìi`�L����iÌ�Ü�Ì��>���£x�µÕiÃÌ����>�ÀiÃ�
>�`�>��Ì�iÀ�L����iÌ�Ì��V��«�iÌi�Ì�i�ÃÕÀÛiÞ��v�Ì�i�>ÃÃ�}�i`�µÕiÃÌ����>�Ài�>�`�Ì��ÃÕ}}iÃÌ��Ì�iÀ�
ÀiV���i�`i`�µÕiÃÌ����>�ÀiÃ°�/�i�ÕÃ>}i�V��ÌiÝÌ�>�`�ÀiviÀi�ViÃ�ÜiÀi���V�Õ`i`����Ì�i�`iÃVÀ�«�
Ì����>VV��«>�Þ��}�i>V��µÕiÃÌ����>�Ài°�*>ÀÌ�V�«>�ÌÃ�ÜiÀi�>�Ã��ÃÕ««��i`�Ü�Ì��Ì�i�vÕ���ÀiviÀi�Vi�
���>������«À�Û�`i`�v�À�Ì�i�Ü�À�Ã��«°��ÕÀ��}�Ì�i�}À�Õ«�«�>Ãi]�>�Ã�iiÌ�Ü�Ì��>�L�>���Ì>L�i�Ü>Ã�
«À�Û�`i`�>�`�}À�Õ«Ã�ÜiÀi���ÃÌÀÕVÌi`�Ì��ÜÀ�Ìi�Ì�i���`iÝ��v�Ì�i�Ì�«�Î�µÕiÃÌ����>�ÀiÃ�Ài}>À`��}�
Ì�i�ÃÕ�Ì>L�i�`iÃ�}��«�>ÃiÃ����`�vviÀi�Ì�>««��V>Ì����wi�`Ã°

The collected data was digitalized and where necessary, two researchers discussed the answers 
Ì��>Û��`���Ã��ÌiÀ«ÀiÌ>Ì�����v�Ì�i��>�`ÜÀ�Ì��}°�/Ü��ÀiÃi>ÀV�iÀÃ���`i«i�`i�Ì�Þ�>�>�ÞÃi`�Ì�i�̀ >Ì>�
ÕÃ��}� `�vviÀi�Ì� Ì���Ã]� �°i°���VÀ�Ã�vÌ� 
ÝVi�� >�`� >� Ãi�v�`iÛi��«i`� *ÞÌ����«À�}À>�°�Ƃ� *i>ÀÃ���
V�ÀÀi�>Ì����ÕÃ��}�-*--�ÛiÀÃ����Óx�Ü>Ã�V��`ÕVÌi`� Ì�� �`i�Ì�vÞ�>�«�ÃÃ�L�i�V�ÀÀi�>Ì����LiÌÜii��
º
>Ã��iÃÃ�v�À�`>Ì>���ÌiÀ«ÀiÌ>Ì���»�>�`�º/�i�Ì��i��ii`i`�v�À�w��Ã���}�Ì�i�µÕiÃÌ����>�Ài»°�ƂvÌiÀ�
w��Ã���}�Ì�i���`�Û�`Õ>��>�>�ÞÃ�Ã]�ÌÜ��ÀiÃi>ÀV�iÀÃ�V��«>Ài`�Ì�i�ÀiÃÕ�ÌÃ�>}>��ÃÌ�i>V���Ì�iÀ�>�`����
Ì�i�V>Ãi��v�`�ÃVÀi«>�VÞ�LiÌÜii��Ì�i���ÌiÀ�i`�>Ìi�ÀiÃÕ�ÌÃ]�i°}°�>�LÕ}����Ì�i�V�`i]�Ì�iÞ�>�>�Þâi`�
>�`�Õ�`iÀÃÌ��`�Ì�i�`�vviÀi�ViÃ�>�`�ÜiÀi�>L�i�Ì��Ài>V��>�V��Ãi�ÃÕÃ°�

Results
Experience of participants
/�i�«>ÀÌ�V�«>�ÌÃ��v�Ì��Ã�ÃÌÕ`Þ�ÜiÀi�>�Ài>`Þ�Ü�À���}����Ì�i�wi�`��v�V��v�ÀÌ�ÀiÃi>ÀV��>�`�>««���
V>Ì���]�Ã����ÃÌ��v�Ì�i����iÜ�Ã��i��v�Ì�i�µÕiÃÌ����>�ÀiÃ�Üi��°���À���ÃÌ>�Vi]���ÃÌ�«>ÀÌ�V�«>�ÌÃ�
>ÃÃ�}�i`�Ì��+ÕiÃÌ����>�Ài�����iÜ�Ì�i�µÕiÃÌ����>�Ài�>�`�Ì�i��>��À�ÌÞ��>`�ÕÃi`�Ì��Ã�Liv�Ài°�Ƃ��
iÝVi«Ì����Ü>Ã�+ÕiÃÌ����>�Ài�n�>�`�£x]� ���Ü��V�����«>ÀÌ�V�«>�ÌÃ��>`�Ì�i�iÝ«iÀ�i�Vi�Ì��Õ}��
Ã��i�«>ÀÌ�V�«>�ÌÃ���iÜ��v��Ì�­��}ÕÀi�£®°�

Usage of questionnaires 

��Ã�`iÀ��}�Ì�i�ÀiÃÕ�ÌÃ��v�º
>Ã��iÃÃ�Ì��>�ÃÜiÀ»�>�`�º
>Ã��iÃÃ�v�À�`>Ì>���ÌiÀ«ÀiÌ>Ì���»�µÕiÃ�
Ì���Ã��Ì�Ü>Ã�v�Õ�`�Ì�>Ì�+ÕiÃÌ����>�Ài�x]�Ç]�n]�£Î�>�`�£x�ÜiÀi�>���}�Ì�i�i>Ã�iÃÌ�µÕiÃÌ����>�ÀiÃ�
Ì��Li�>�ÃÜiÀi`�Ü�iÀi�+ÕiÃÌ����>�Ài�Î�>�`�£Ó�ÜiÀi�Ài�>Ì�Ûi�Þ�`�vwVÕ�Ì�­��}ÕÀi�Ó®°�*>ÀÌ�V�«>�ÌÃ��v�
Ì�i�Ü�À�Ã��«�>�Ã����`�V>Ìi`�Ì�>Ì�+ÕiÃÌ����>�Ài�£{�Ü>Ã�i>ÃÞ�Ì����ÌiÀ«ÀiÌ�Ü�iÀi�+ÕiÃÌ����>�Ài�
£ä�>�`�££�ÜiÀi�Ài�>Ì�Ûi�Þ�`�vwVÕ�Ì°

��}ÕÀi�£°�
Ý«iÀ�i�Vi��v�«>ÀÌ�V�«>�ÌÃ����ÕÃ��}�Ì�i�µÕiÃÌ����>�ÀiÃ
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�>«ÌiÀ�{

��}ÕÀi�Ó°���`�Û�`Õ>��iÛ>�Õ>Ì�����v�µÕiÃÌ����>�ÀiÃ�Ài}>À`��}�i>Ã��iÃÃ��v�>�ÃÜiÀ�>�`�i>Ã��iÃÃ��v���ÌiÀ«ÀiÌ>Ì���


��Ã�`iÀ��}�Ì�i�ÀiÃÕ�ÌÃ��v�º/�i�Ì��i��ii`i`�v�À�V��«�iÌ��}�Ì�i�µÕiÃÌ����>�Ài»�>�`�º�Ã�«À��À�
ÌÀ>����}��ii`i`¶»�µÕiÃÌ���Ã� �Ì�Ü>Ã� v�Õ�`�Ì�>Ì�+ÕiÃÌ����>�Ài�Ç]�££]�£{�>�`�£x�ÀiµÕ�Ài`� �iÃÃ�
V��«�iÌ����Ì��i�Ì�>���Ì�iÀÃ�­��}ÕÀi�Î®°�"��Ì�i�V��ÌÀ>ÀÞ]�+ÕiÃÌ����>�Ài�£]�È�>�`�£Î�Ì������Ài�
Ì��i°�,i}>À`��}�Ì�i�µÕiÃÌ����º�Ã�«À��À�ÌÀ>����}��ii`i`¶»]�«>ÀÌ�V�«>�ÌÃ�ÃÌÀ��}�Þ�ÃÕ}}iÃÌi`�Ì�>Ì�
«À��À�ÌÀ>����}�Ü>Ã��ii`i`�v�À�+ÕiÃÌ����>�Ài�£]�Ó]�Ç�>�`�£x]�LÕÌ��iÃÃ�v�À�+ÕiÃÌ����>�Ài�{]�££�>�`�
£Ó°�
/>L�i�Ó°�,iÃÕ�ÌÃ��v�Ì�i�V���Vi��v�}À�Õ«Ã�Ài}>À`��}�`�vviÀi�Ì�`iÃ�}��ÃÌ>}iÃ�>�`�`�vviÀi�Ì�>««��V>Ì���Ã�­Ã�>`i`�r��xä¯®

Phase Rank Hand tool and handle Feet/leg study Seat study Total environment All products

Question-
naire No.

Per-
centage

Question-
naire No.

Percent-
age

Question-
naire No.

Percent-
age

Question-
naire No.

Percent-
age

Question-
naire No.

Percent-
age


>À�Þ�
design 
phase

1 1 ÎÈ¯ n {x¯ 2 xx¯ Ç]�£x {x¯ Ç xx¯

2 Ç]�n]�££ £n¯ 1 £n¯ È ÓÇ¯ 13 ÎÈ¯ 3, 5, 15 £n¯

3 x]�£Î]�£{ �¯ Ó]�Î]�{]�x]�È]�
Ç]�££]�£{

�¯ Î]�{]�x]�
Ç]�£{

£n¯ 2 £n¯ Ó]�{]�È �¯

Studying 
prototypes

1 1 nÓ¯ 9 ÓÇ¯ 2 È{¯ 13 È{¯ 3 È{¯

2 n]�££ £n¯ Î]�{]�£ä]�£{ £n¯ 9 xx¯ Î]�Ç]�£ä]�£x ÎÈ¯ Ç]�� ÎÈ¯

3 Ó]�Î]�È]�£ä]�
£Î]�£{

�¯ £]�Ó]�È]�n �¯ £{ {x¯ {]�È £n¯ 5, 10 £n¯

Comparing 
two 
products

1 1 nÓ¯ n]�� ÓÇ¯ Ó]�£{ È{¯ 13 È{¯ 3 {x¯

2 3 £n¯ Ó]�Î]�{]�
È]�£{

£n¯ 9 xx¯ Î]�Ç ÎÈ¯ Ç]�� ÎÈ¯

3 Ó]�{]�x]�Ç]�
n]��°�£ä]�
££]�£{

�¯ 5, 10 �¯ È {x¯ 10, 15 ÓÇ¯ x]�È ÓÇ¯


Û>�Õ>Ì��}�
an end 
product

1 1 nÓ¯ 3 ÎÈ¯ Ó]�£{ xx¯ 13 È{¯ Ç xx¯

2 Î]�È]�££ £n¯ 9 ÓÇ¯ 9 {x¯ Ç {x¯ 3 {x¯

3 Ó]�{]�Ç]��]�
£ä]�£{

�¯ {]�x]�È]�£{ £n¯ Î]�È ÎÈ¯ 3, 10, 15 ÓÇ¯ 9, 10 ÓÇ¯

#RRNKECVKQP�ƂGNFU�KP�RTQFWEV�FGUKIP�
/�i�µÕiÃÌ����>�ÀiÃ�Ì�>Ì�ÜiÀi�«ÀiviÀÀi`�LÞ�Ì�i�}À�Õ«Ã�Ã��Üi`�Û>À�>Ì����>VÀ�ÃÃ�`�vviÀi�Ì�`iÃ�}��
ÃÌ>}iÃ�>�`�̀ �vviÀi�Ì�>««��V>Ì����wi�`Ã�­/>L�i�Ó®°����/>L�i�Ó]��v�>�µÕiÃÌ����>�Ài�Ü>Ã�ÀiV���i�`i`�
LÞ���Ài�Ì�>��xä¯��v�Ì�i�«>ÀÌ�V�«>Ì��}�}À�Õ«Ã]��Ì��Ã���}���}�Ìi`°��Ì�V>��Li��LÃiÀÛi`�Ì�>Ì\�£®���À�
Ì�i�¼�>�`�Ì����>�`��>�`�i½]�¼Ãi>Ì�ÃÌÕ`Þ½]�>�`�¼Ì�Ì>��i�Û�À���i�Ì½]�Ì�i�«>ÀÌ�V�«>Ì��}�}À�Õ«Ã½�ÀiV�
���i�`>Ì���Ã�V��ÛiÀ}i`�Ì�Ü>À`Ã���i��À�ÌÜ��µÕiÃÌ����>�ÀiÃÆ�Ó®�Ì�i�ÀiV���i�`>Ì���Ã�ÜiÀi�
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Ài�>Ì�Ûi�Þ�`�ÛiÀÃi�>�`�Ã��Üi`��iÃÃ�V��Ãi�ÃÕÃ�Ài}>À`��}�Ì�i�¼viiÌÉ�i}�ÃÌÕ`Þ½°�

Other recommendations
	iÃ�`iÃ�Ì�i�Ãi�iVÌi`�£x�V>�`�`>Ìi�µÕiÃÌ����>�ÀiÃ]�«>ÀÌ�V�«>�ÌÃ�>�Ã��ÀiV���i�`i`��Ì�iÀ�µÕiÃ�
Ì����>�ÀiÃ�Ü��V����}�Ì�Li�ÕÃivÕ��v�À�V��v�ÀÌ�ÀiÃi>ÀV�°�/�iÞ�>Ài\�£®�-��i���VÀ�V���>Ìi�iÛ>�Õ�
>Ì����µÕiÃÌ����>�Ài�QÎ£RÆ�Ó®�-�ÌÕ>Ì����>Ü>Ài�iÃÃ�}��L>��>ÃÃiÃÃ�i�Ì�ÌiV���µÕi�­-Ƃ�Ƃ/®�QÎÓRÆ�Î®�
�iÌ��`���}�iÃ�v�À�ÃÕL�iVÌ�Ûi�iÛ>�Õ>Ì���Ã��v�Ì�i���`��À�i�Û�À���i�Ì�����-"�£xÓx£�QÎÎRÆ�{®�/�i�
ÃV>�i�ÕÃi`����
-��Û�ÀÌÕ>��Ãi>Ì�Ã��ÕÌ���Ã�­*Ƃ��V��v�ÀÌ®�QÎ{RÆ�x®�Ì�i��>�����`i��QÎxR�>�`�È®��Õ��
Ì�v>VÌ�À�>��>ÃÃiÃÃ�i�Ì��v�V��v�ÀÌ��v�V��Ì���}�QÎÈR°� �Ì� �Ã���Ìi`�Ì�>Ì�Ü���ÃÌ� Ì�iÃi�µÕiÃÌ����>�ÀiÃ�
�>Þ�Li�ÛiÀÞ�ÕÃivÕ��v�À�Ì�i�À�Ì>À}iÌi`�>««��V>Ì���Ã]�Ì�iÞ�>Ài�`�vwVÕ�Ì�Ì��>««�Þ��ÕÌÃ�`i��v�Ì�i�À�
>««��V>Ì����>Ài>�v�VÕÃ°�

Discussion
The validity of the study
��vÌÞ�wÛi�«>ÀÌ�V�«>�ÌÃ�����i`�Ì�i�Ü�À�Ã��«]�i>V���v�Ü����Ü>Ã�Ü�À���}����Ì�i�wi�`��v�V��v�ÀÌ�
ÀiÃi>ÀV���À�>««��V>Ì���Æ�Ì�i�iÝ«iÀÌ�Ãi��v�Ì�i�«>ÀÌ�V�«>�ÌÃ�V>��Li�ÀiyiVÌi`����Ì�>Ì�>Ì��i>ÃÌ���i�
«iÀÃ�����iÜ�i>V��µÕiÃÌ����>�Ài�­��}ÕÀi�£®]�`iÃ«�Ìi�Ì�i�v>VÌ�Ì�>Ì�Ì�i�µÕiÃÌ����>�ÀiÃ�ÜiÀi�À>��
`���Þ�>ÃÃ�}�i`�Ì��i>V��«>ÀÌ�V�«>�Ì°�*ÀiÛ��ÕÃ�ÃÌÕ`�iÃ�ÌÀ�i`�Ì��V��«>Ài�Ì�i��L�iVÌ�Û�ÌÞ�LiÌÜii��
µÕiÃÌ����>�ÀiÃ�Ü�Ì��ÕÌ�Ì�i�ÕÃi��v�iÝ«iÀÌÃ�Q{]�ÎÇR]���ÜiÛiÀ]�"�Ã���QÎnR�v�Õ�`�Ì�>Ì�iÝ«iÀÌÃ�V>��
LiÌÌiÀ�«Ài`�VÌ�µÕiÃÌ���Ã�Ü�Ì��`>Ì>�µÕ>��ÌÞ�«À�L�i�Ã�>�`�µÕiÃÌ���Ã��i>`��}�Ì����>VVÕÀ>Ìi�Ài«�ÀÌ�
��}�V��«>Ài`� Ì��>�V��«ÕÌiÀ�âi`�µÕiÃÌ����iÛ>�Õ>Ì���� Ì���°�,iÃi>ÀV���>Ã�>�Ã�� ��`�V>Ìi`� Ì�>Ì�
«i�«�i�Ü�Ì��Ã����>À�L>V�}À�Õ�`Ã�Ü�Õ�`�À>Ìi�Ì�i�v>Vi�Û>��`�ÌÞ�Ã����>À�Þ�QÎ�R]�iÝ«iÀÌ��Õ`}i�i�Ì�
could also determine the face validity which makes sure that a test would not only be valid but 
>�Ã��>««i>À�Û>��`�Q{äR°�/�iÀiv�Ài]�Ì�i�xx�iÝ«iÀÌÃ½��«�����Ã�V>��Li�ÕÃi`�>Ã�>�µÕ>��ÌÞ�>ÃÃÕÀ>�Vi�
�v�Ì�i��ÕÌV��iÃ��v�Ì��Ã�ÃÌÕ`Þ°

Characteristics of questionnaires 

�>À>VÌiÀ�ÃÌ�VÃ��v�>�µÕiÃÌ����>�Ài��>Þ���yÕi�Vi��ÌÃ�̀ i«��Þ�i�Ì����V��v�ÀÌ�ÃÌÕ`�iÃ°���À���ÃÌ>�Vi]�
�v�>�µÕiÃÌ����>�Ài�Ì>�iÃ�>����}�Ì��i�Ì��V��«�iÌi]��Ì��>Þ�Li���Ì�ÃÕ�Ì>L�i�v�À�V��v�ÀÌ�ÃÌÕ`�iÃ����
Ì�i�`iÛi��«�i�Ì��v�V��v�ÀÌÉ`�ÃV��v�ÀÌ��ÛiÀ�Ì��i�Ü�iÀi��Ì��ii`Ã�Ì��Li�>««��i`��Õ�Ì�«�i�Ì��iÃ°�
/À>����}�ÕÃiÀÃ���}�Ì�>�Ã��Li�>�«À�L�i��v�À��>À}i�ÃV>�i�ÃÌÕ`�iÃ]�i°}°����>��iÝ«iÀ��i�Ì��v�ÃÌÕ`Þ��}�
the comfort of a product based on visitors in an exhibition, prior training of the participants can 
Li�`�vwVÕ�Ì°�

	>Ãi`����Ì�i�ÀiÃÕ�ÌÃ]��Ì�Ü>Ã�v�Õ�`�Ì�>Ì�Ài}>À`��}�}i�iÀ>��V��v�ÀÌ]�+ÕiÃÌ����>�Ài�Ç�-��«�i�V���
fort score was easy to answer and takes less time to complete for participants with prior train�
��}°�/�iÀiv�Ài]��Ì��Ã�ÃÕ�Ì>L�i�v�À�ÃÌÕ`Þ��}�V��v�ÀÌ��ÛiÀ�Ì��i����>�V��ÌÀ���i`�iÝ«iÀ��i�Ì�Ü�iÀi�
«À��À�ÌÀ>����}�V>��Li�`i«��Þi`°�+ÕiÃÌ����>�Ài�x��Àii��Ài`�L�`Þ��>«�>�`�+ÕiÃÌ����>�Ài�£x�
ƂÕ`�Ì�ÀÞ�V��v�ÀÌ��>Ûi�Ã����>À�V�>À>VÌiÀÃÆ���ÜiÛiÀ]�Ì�iÞ�Ü����Ì>�i�>�L�Ì���Ài�Ì��i�Ì��V��«�iÌi�>Ã�
Ì�i��Õ�LiÀ��v�µÕiÃÌ���Ã��Ã���Ài°�+ÕiÃÌ����>�Ài�{��*��Ü>Ã���}���}�Ìi`�>Ã�Li��}�Ài�>Ì�Ûi�Þ�i>ÃÞ�
Ì��>�ÃÜiÀ�>�`�Ì�>Ì���ÌÌ�i�«À��À�ÌÀ>����}��Ã��ii`i`]�Ì��Ã��>�iÃ��Ì�ÃÕ�Ì>L�i�v�À��>À}i�ÃV>�i����Ã�Ìi�
iÝ«iÀ��i�ÌÃ�Ü�iÀi�Ì�i�«>ÀÌ�V�«>�ÌÃ�V>���ÕÃÌ�ºÜ>�����»�v�À�Ì�i�iÝ«iÀ��i�Ì°

-Ì>Ì�ÃÌ�VÃ� Ã��Ü� Ì�>Ì�º/�i� Ì��i��ii`i`� v�À�w��Ã���}� Ì�i�µÕiÃÌ����>�Ài»�Ü>Ã� Ã�}��wV>�Ì�Þ� V�À�
Ài�>Ìi`�­«r°ääÈ®�Ü�Ì��Ì�i��Õ�LiÀ��v�µÕiÃÌ���Ã��v�i>V��µÕiÃÌ����>�Ài]�LÕÌ��>Ã����ÃÌ>Ì�ÃÌ�V>��Þ�
Ã�}��wV>�Ì� V�ÀÀi�>Ì���Ã�Ü�Ì�� º
>Ã��iÃÃ� Ì��>�ÃÜiÀ»°�/��Ã� Ã��ÜÃ� Ì�>Ì� ÀiÃ«��`i�ÌÃ�Ü�Õ�`��ii`�
��Ài�«À�ViÃÃ��}�Ì��i�Ì��>�ÃÜiÀ��>�Þ�µÕiÃÌ���Ã]�iÛi��v�À�µÕiÃÌ���Ã�Ü�Ì��>���Ü�`�vwVÕ�ÌÞ��iÛi�°�

&GUKIP�RJCUGU���#RRNKECVKQP�ƂGNFU
�i�iÀ>��Þ]�Ì�i��>ÀÀ�ÜiÀ�Ì�i�>««��V>Ì����wi�`Ã�>Ài]�Ì�i���Ài�Ã«iV�wV�Ì�i�ÀiV���i�`i`�µÕiÃ�
Ì����>�ÀiÃ�>Ài°���À���ÃÌ>�Vi]�+ÕiÃÌ����>�Ài�£��>�`��>«�`�ÃV��v�ÀÌ�Ü>Ã�ÃÌÀ��}�Þ�ÀiV���i�`i`�
v�À�Ì�i�>««��V>Ì����wi�`��>�`�Ì����>�`��>�`�i°���ÜiÛiÀ]��Ì�Ü>Ã�v�Õ�`�Ì�>Ì�v�À�>««��V>Ì����wi�`Ã�
All sorts of products, the recommendations of all groups converged towards several candidate 



È� �
�>«ÌiÀ�{

µÕiÃÌ����>�ÀiÃ�­Î�>�`�Ç����Ì��Ã�V>Ãi®°�/��Ã� ��`�V>ÌiÃ�Ì�>Ì�+ÕiÃÌ����>�Ài�Î�
*xä�>�`�Ç�-��«�i�
V��v�ÀÌ�ÃV�Ài�>Ài�ºÕ��ÛiÀÃ>�»�µÕiÃÌ����>�ÀiÃ�>�`��Ì�V>��>�Ü>ÞÃ�Li�>�­ÃiV��`>ÀÞ®�V���Vi�v�À�`�v�
viÀi�Ì�ÌÞ«iÃ��v�V��v�ÀÌ�ÃÌÕ`�iÃ°

,i}>À`��}�`�vviÀi�Ì�`iÃ�}��«�>ÃiÃ]�«>ÀÌ�V�«>�ÌÃ�v�Õ�`�viÜiÀ�µÕiÃÌ����>�ÀiÃ�ÜiÀi�ÃÕ�Ì>L�i�v�À�
Ì�i�
>À�Þ�`iÃ�}��«�>ÃiÃ�Ü�iÀi�+ÕiÃÌ����>�Ài�Ç�Ü>Ã�ÃÌÀ��}�Þ�ÀiV���i�`i`�>Ã�>����ÃÌÀÕ�i�Ì�Ì��
}iÌ�>�����ÃÌ�V�Û�iÜ��v�V��v�ÀÌ]�Ì��Õ}��Ì�i�V�ivwV�i�Ì��v�Û>À�>Ì����Ü>Ã��>À}iÀ�Ã��Ü��}�Ì�i�«>À�
Ì�V�«>�ÌÃ½��«�����Ã�`�vviÀ���Ài°���À�Ì�i�Ài�>����}�`iÃ�}��«�>ÃiÃ]�Ì�i��Õ�LiÀ��v�ÀiV���i�`i`�
µÕiÃÌ����>�ÀiÃ�ÜiÀi���Ài�>�`�Ì�i��«�����Ã�V��ÛiÀ}i���Ài]�Ü��V��ÜiÀi�Ài«ÀiÃi�Ìi`�LÞ�Ã�>��iÀ�
V�ivwV�i�ÌÃ� �v� Û>À�>Ì���°� *>ÀÌ�V�«>�ÌÃ� ÃÕ}}iÃÌi`� Ì�>Ì� `ÕÀ��}� Ì�i� ÃÌÕ`Þ� �v� Ì�i�«À�Ì�ÌÞ«i� >�`�
while comparing two products, more detailed examination of comfort was needed, therefore 
+ÕiÃÌ����>�ÀiÃ�Î]�{]�x�>�`�È�ÜiÀi��vÌi��ÀiV���i�`i`°���ÜiÛiÀ]����Ì�i�w�>��iÝ>���>Ì�����v�
«À�`ÕVÌÃ]�+ÕiÃÌ����>�Ài�Ç�-��«�i�V��v�ÀÌ�ÃV�Ài�Ü>Ã�ÀiV���i�`i`�>}>���Ì���LÌ>���>�����ÃÌ�V�
Û�iÜ��v�V��v�ÀÌ°�/��Ã�����ÃÌ�V�Û�iÜ�q�`iÌ>���iÝ>���>Ì����q�����ÃÌ�V�Û�iÜ�>««À�>V���Ã����>VV�À`>�Vi�
Ü�Ì��Ì�i�`�ÛiÀ}��}�V��ÛiÀ}��}�«À�`ÕVÌ�`iÃ�}��«À�ViÃÃ�Q{£R°

Language of questionnaires
�>�}Õ>}i�>�`��ÌÃ�V��«Ài�i�Ã����>Ài���«�ÀÌ>�Ì�v>VÌ�ÀÃ�Ì��V��Ã�`iÀ�̀ ÕÀ��}�µÕiÃÌ����>�Ài�̀ iÃ�}��
����À`iÀ�Ì��������âi�µÕiÀ�iÃ]�Õ�>�ÃÜiÀi`�µÕiÃÌ���Ã�>�`���Ã��ÌiÀ«ÀiÌ>Ì���Ã�Ì��ÀiÃ��Ûi�Q{ÓR°�Ƃ���
µÕiÃÌ����>�ÀiÃ�`�ÃVÕÃÃi`����Ì��Ã�ÃÌÕ`Þ�ÜiÀi����
�}��Ã���À��>`�Lii��«ÀiÛ��ÕÃ�Þ�ÌÀ>�Ã�>Ìi`�Ì��
�}�
��Ã�]�v�À�iÝ>�«�i]�Ì�i���`�wi`�	�`Þ�,i}������ÃV��v�ÀÌ�µÕiÃÌ����>�Ài�Ü>Ã��À�}��>��Þ�̀ iÛi��«i`�
����iÀ�>�� >�`� Ì�i� *�ÃÌÕÀ>�� 
��v�ÀÌ� µÕiÃÌ����>�Ài�Ü>Ã� �À�}��>��Þ� ��� �Ì>��>�°� /��Ã� ÌÀ>�Ã�>Ì����
could cause a different understanding, as people from different regions consider the same 
Ü�À`�>Ì�`�vviÀi�Ì��iÛi�Ã��v�ÃÌÀi�}Ì�]�i°}°���i�`Ã�iÌ�>�°�QÓÓR�V��«>Ài`�Ü�À`��}����Ì�Àii�
�}��Ã��
Ã«i>���}�V�Õ�ÌÀ�iÃ�­ƂÕÃÌÀ>��>]�1-Ƃ�>�`�1�®�>�`�Ì�iÞ�V��V�Õ`i`�Ì�>Ì�Ì�i�«iÀVi�Ûi`���Ìi�Ã�ÌÞ��v�
Ã��i�Ü�À`Ã�Û>À�iÃ�Ü�Ì��Ài}�����v�̀ ���V��i°�/�i�«>ÀÌ�V�«>�ÌÃ��v�Ì��Ã�Ü�À�Ã��«�V>�i�vÀ���>����ÛiÀ�
the world too, which could have resulted in a different understanding, though none of the par�
Ì�V�«>�ÌÃ�Ài«�ÀÌi`�>���ÃÕ�`iÀÃÌ>�`��}��v�Ì�i�µÕiÃÌ����>�ÀiÃ�«À�Û�`i`����Ì�i�Ü�À�Ã��«°���ÀiV��
Q{ÎR�ÀiV���i�`i`�Ì�>Ì�Ì�i�ÌÀ>�Ã�>Ì�����Ã�LiÃÌ�`��i�LÞ�Ã��i��i�Üi���>Ü>Ài��v�Ì�i���Ìi�Ì�v�i>V��
µÕiÃÌ���]���Ài�ÛiÀ]�Ì�i�ÀiÃÕ�ÌÃ�V�Õ�`�Ì�i��Li�V�iV��LÞ�ÕÃ��}�iÝ«iÀÌ�iÛ>�Õ>Ì�ÀÃ�Ì��iÛ>�Õ>Ìi��ÌÃ�
V��Ìi�Ì]��i>���}]�V�>À�ÌÞ��v�iÝ«ÀiÃÃ����>�`�V��«>À>L���ÌÞ�Ì��Ì�i��À�}��>���Ìi�Æ�L>V��ÌÀ>�Ã�>Ì���Æ�
>�`É�À�VÀ�ÃÃ��>�}Õ>}i�iµÕ�Û>�i�Vi°

Scales used in questionnaires
/�i�Ãi�iVÌ�����v�ÃV>�i�v�À�i>V��µÕiÃÌ����Ã��Õ�`�>�Ã��Li�V��Ã�`iÀi`�LÞ�ÀiÃi>ÀV�iÀÃ°�Ƃ��iÌÌ�Q{{R�
�i�Ì���i`�Ì�>Ì�ÃÕL�iVÌ�Ûi�À>Ì��}�ÃV>�iÃ�ÕÃi`����µÕiÃÌ����>�ÀiÃ�>Ài�L>Ãi`����Ì�i�>ÃÃÕ�«Ì����
Ì�>Ì�Ì�i��Õ�>��«>ÀÌ�V�«>�Ì���À�>��Þ�ÀiÃ«��`Ã�µÕ>�Ì�Ì>Ì�Ûi�Þ�Ì��Û>À�>Ì���Ã����Ì�i�Ã«iV�wi`�Ãi��
Ã�ÀÞ�>ÌÌÀ�LÕÌi��v�Ì�i�ÃÌ��Õ�ÕÃ��L�iVÌ��À�Ã�ÌÕ>Ì���]�Ì�iÀiv�Ài�Ì�i�`iÃ�}���v�Ì�iÃi�ÃÕL�iVÌ�Ûi�À>Ì��}�
ÃV>�iÃ����Ì�i�wi�`��v�V��v�ÀÌ�Û>À�iÃ����ÌiÀ�Ã��v�Ì�i�ÃÌ��Õ���Ì�>Ì�Ì�i�V��Ìi�Ì��v�Ì�i�µÕiÃÌ���Ã��>Þ�
ÌÀ�}}iÀ°�
>�iÀ���Q{xR�V��Vi«ÌÕ>��âi`�Ì�i�ÌÀ>`i�vvÃ�LiÌÜii��i>Ãi��v�ÕÃi�>�`�«ÀiV�Ã�����v��i>Ã�
ÕÀi�i�Ì����Ü�À��Ài�>Ìi`�L�`Þ�«>ÀÌ�V��v�ÀÌ�µÕiÃÌ����>�ÀiÃ°�/��Ã�ÃÌÕ`Þ�Ã��ÜÃ�Ì�>Ì�L��>ÀÞ�ÞiÃÉ���
options and scales with verbal categories are easy to use with a lower precision, while numerical 
ÃV>�iÃ�­i°}°�
,�£ä®��Ã��>À`iÀ�v�À�«>ÀÌ�V�«>�ÌÃ]�LÕÌ�Ü�Ì����}�iÀ�«ÀiV�Ã���°����Ì��Ã�ÃÌÕ`Þ]��Ì�Ü>Ã�>�Ã��
v�Õ�`�Ì�>Ì�+ÕiÃÌ����>�Ài�x�Ü��V��ÕÃiÃ�Ì�i�L��>ÀÞ�ÃV>�i�>�`�+ÕiÃÌ����>�Ài�£x�Ü��V��ÕÌ���âiÃ�Ì�i�
ÛiÀL>��ÃV>�i�>Ài�Ì�i�i>Ã�iÃÌ�ÌÜ�°�"��Ì�i��Ì�iÀ��>�`]�+ÕiÃÌ����>�Ài�Ç�Ü��V��ÕÃiÃ�>�
,�£ä�>�Ã��
Ü>Ã�>�Ã��À>Ìi`�>Ã�>��i>ÃÞ�Ì��>�ÃÜiÀ�µÕiÃÌ����>�Ài°�

��ÃÌ�V��v�ÀÌ�µÕiÃÌ����>�ÀiÃ�ÕÌ���âi�ÃÌ>�`>À`�ÃV>�iÃ��À�Û>À�>Ì���Ã�Ì�iÀi�v�i°}°����iÀÌ�­+ÕiÃÌ����
�>�Ài�Ó�>�`�Ç®]�	�À}�­+ÕiÃÌ����>�Ài�{]�Ç�>�`�£{®]��-"�­+ÕiÃÌ����>�Ài�Ó]�£ä]�£Î�>�`�£{®�>�`�-Ƃ
�
­+ÕiÃÌ����>�Ài�££®°�+ÕiÃÌ����>�Ài�{�>�`�Ç��«Ì�v�À�Ì�i�	�À}�
,�£ä�ÃV>�i]�+ÕiÃÌ����>�Ài�£{�ÕÃiÃ�
Ì�i�	�À}�
,�£ää�ÃV>�i°�/�i�ivviVÌ�Ûi�iÃÃ�>�`�ivwV�i�VÞ��v�Ì�i�ÕÃi`�ÃV>�iÃ��>Ûi�Lii��`�ÃVÕÃÃi`�
���Ì�i���ÌiÀ>ÌÕÀi]�i°}°���i�`Ã�iÌ�>�°�QÓÓR�V��«>Ài`�`�vviÀi�Ì��«Ì���Ã��v�ÃV>�iÃ�v�À�>Õ`�Ì�ÀÞ�V��v�ÀÌ�
>�`�Ì�iÞ��«Ìi`�v�À�>�x�«���Ì�ÛiÀL>��ÃV>�i�>�`�>�ä�Ì��£ä��Õ�iÀ�V>��ÃV>�i�v�À�+ÕiÃÌ����>�Ài�£x°�
-V>�iÃ����
*�xä�ÜiÀi�>�Ã��Ãi�iVÌi`�L>Ãi`����>�V��«>À�Ã���Ü�Ì��Ì�i�	�À}�
,�£ä�ÃV>�i]�Ì�i�
�À�



Çä*iÀVi�Ûi`�
vviVÌÃ

�iÌÌ�`�ÃV��v�ÀÌ�ÃV>�i]�>��n�«���Ì��À`��>��ÃV>�i]�>���`�wi`���Ìi�Ã�ÌÞ�>�`�`�ÃV��v�ÀÌ�ÃV>�i]�>�`�>�
Ó£�«���Ì�À>Ì���Ài}>À`��}�Ì�i��ÛiÀ>���Ài��>L���ÌÞ�>�`�Û>��`�ÌÞ�v�À�«ÀiÃÃÕÀi���Ìi�Ã�ÌÞ�>�`�`�ÃV��v�ÀÌ�
À>Ì��}Ã�Q{R°�

7���i���ÃÌ� µÕiÃÌ����>�ÀiÃ� �«Ì� v�À� >�� ,-�Ü��V�� �>Ã� µÕ>�Ì�w>L�i� �Õ�LiÀÃ� Ì�� `iÃVÀ�Li� Ì�i�
Ãi�Ãi��v�V��v�ÀÌ]�+ÕiÃÌ����>�Ài�£]�{]��]�£Ó�>�`�£{�ÕÃi`�>����>}i�Ì��Ã��Ü�Ì�i���V>Ì���Ã��v�Ì�i�
L�`Þ�«>ÀÌ�v�À�Ã«iV�vÞ��}�Ì�i���V>Ì�����v�Ì�i�ÃÌ��Õ��°�"��Ì�i��Ì�iÀ��>�`]�µÕiÃÌ����>�ÀiÃ�Ì�>Ì�>Ài�
��Ì�`�ÀiVÌ�Þ�����i`�Ì��Ã«iV�wV�«>ÀÌÃ��v�Ì�i�L�`Þ�i°}°�+ÕiÃÌ����>�Ài�Ó]�Î]�È]�Ç]�£ä�>�`�£x�V��Ãi�Ì��
ÕÃi�>�ÌiÝÌÕ>��Ài«ÀiÃi�Ì>Ì����«>�Ài`�Ü�Ì��>�� ,-°�Ƃ��Ì�iÀ�>Ã«iVÌ�Ì��V��Ã�`iÀ�Ü�i��V���Ã��}�>�
ÃV>�i��Ã�Ì�i�Ì�«�V�>�`�V�>À>VÌiÀ�ÃÌ�V��v�ÀiÃ«��`i�ÌÃ°�7�i��Ì�i�Ì�«�V��Ã�Ài�iÛ>�Ì�Ì��Ì�i�ÀiÃ«��`�
ents’ context, providing more points may improve the accuracy, but it will cost more time for the 
ÕÃiÀÃ�`Õi�Ì��Ì�i��ii`Ã�v�À���Ài�`iÌ>��i`��Õ`}i�i�Ì�Q{ÈR°�"��Ì�i��Ì�iÀ��>�`]��>Û��}�i��Õ}��
«���ÌÃ�Ì��Ã��Ü�Ì�i�Ãi�Ã�Ì�Û�ÌÞ��v�Ì�i�`>Ì>��Ã�>�Ã����«�ÀÌ>�Ì]�i°}°�+ÕiÃÌ����>�Ài�È���ÃÌ�Þ�ÕÃi`�
>�È�«���Ì�ÃV>�i]�Ü���ÃÌ�Ì�i�>ÕÌ��À�`iL>Ìi`�Ü�iÌ�iÀ�Ì��Ã�ÃV>�i�Ü>Ã����}�i��Õ}��Ì��V>«ÌÕÀi�Ì�i�
ÀiÃÕ�ÌÃ�Q£äR°

Limitations
/��Ã�ÀiÃi>ÀV��>�>�Þâi`�`�ÃVÕÃÃ����>�`�V��«>À�Ã����v�`�vviÀi�Ì�ÌÞ«iÃ��v�V��v�ÀÌ�µÕiÃÌ����>�ÀiÃ�
���>�Ü�À�Ã��«�ÕÃ��}�>�����Ìi`��Õ�LiÀ��v�«>ÀÌ�V�«>�ÌÃ°�/�i�µÕiÃÌ����>�ÀiÃ���V�Õ`i`�ÜiÀi��`i�Ì��
wi`�LÞ���ÌiÀ>ÌÕÀi�ÃÌÕ`Þ�>�`�ÀiV���i�`i`�LÞ�iÝ«iÀÌÃ����Ì�i�wi�`°�	iÃ�`iÃ��Ì�iÀ�µÕiÃÌ����>�ÀiÃ�
recommended by participants, which will be further investigated, there is still a small chance 
Ì�>Ì� Ã��i�>�ÌiÀ�>Ì�Ûi�µÕiÃÌ����>�ÀiÃ�>Ài� ÃÌ������ÃÃ��}°� ��� Ì�i� vÕÌÕÀi]��iÜ�µÕiÃÌ����>�ÀiÃ��>Þ�
V��i�Õ«�>�`�Ì�i�*
+�Ü�Õ�`��ii`�Ì��Li�Õ«`>Ìi`°

�ÕÀ��}�Ì�i�Ü�À�Ã��«]� �Ì�Ü>Ã�v�Õ�`�Ì�>Ì� ���Ì�i�«Ài�«Ài«>Ài`�`�VÕ�i�Ì]�+ÕiÃÌ����>�Ài�Î��>`�
>����V�ÀÀiVÌ���>}i]�>�`�+ÕiÃÌ����>�Ài�Ç��>`�>����>}i��v�Ì�i�Õ«`>Ìi`�µÕiÃÌ����>�Ài���ÃÌi>`�
�v�Ì�i��À�}��>��ÛiÀÃ���°�/��Õ}����ÃÌ�«>ÀÌ�V�«>�ÌÃ�Ài«�ÀÌi`�>�`�V�ÀÀiVÌi`�Ì�i���ÃÌ>�i�`ÕÀ��}�
the workshop based on their own expertise, this might lead to a different understanding of the 
«>ÀÌ�V�«>�ÌÃ����Ì�i���`�Û�`Õ>��iÛ>�Õ>Ì���°�

/>L�i�Î°�*
+�v�À�*À�`ÕVÌ��iÃ�}�

Hand tool 
and handle 

Feet/leg 
study 

Seat study Total envi-
ronment 

All sorts of 
products

Early design 
phase

*ÀiviÀÀi` 1 n 2 Ç]�£x Ç

Less prior training 11 Î]�{]�££ Î]�{ N/A Î]�{

Fast completion Ç]�n]�££]�£{ n]�Ç]�££]�£{ Ç]�£{ Ç]�£x Ç]�£x

�i�iÀ>��Þ�>««��V>L�i� 5, 13 £]�Ó]�x]�È x]�È 2, 13 Ó]�x]�È

Studying 
prototypes

*ÀiviÀÀi` 1 9 2, 9 13 3

Less prior training 3 Î]�{]�££ £{ Î]�{ 3

Fast completion n]�££]�£{ n]�£{ 9 Ç]�£x Ç]��

�i�iÀ>��Þ�>««��V>L�i� Ó]�È]�£ä]�£Î� �£]�Ó]�È]�£ä N/A È]�£ä 5, 10

Comparing 
two products

*ÀiviÀÀi` 1 n]�� Ó]�£{]�� 13 3

Less prior training Î]�{ Î]�{ N/A 3 3

Fast completion Ç]�n]��]�££]�£{� n]�£{ �]�£{ Ç]�£x Ç]��

�i�iÀ>��Þ�>««��V>L�i� 2, 5, 10 £]�Ó]�È]�x]�£ä È N/A x]�È

Evaluating an 
end product

*ÀiviÀÀi` 1 3 Ó]�£{� 13 Ç

Less prior training Î]�{]� Î]�{ 3 3, 15 3

Fast completion Ç]��]�£{ �]�£{ �]�£{ Ç Ç

�i�iÀ>��Þ�>««��V>L�i Ó]�È]�££]�£ä� x]�È È 10 9, 10
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Application
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ÇÇ  Chapter 5

�iÃ�}���}�>�y��À�«�>��ÕÃ��}�>�ÀVÀ>vÌ�Ãi>Ì�V��v�ÀÌ�
knowledge by aircraft interior experts
Abstract
,iVi�Ì� ÀiÃi>ÀV�� ��`�V>Ìi`� Ì�>Ì� >��£n»ÝÎä»�>�ÀVÀ>vÌ� Ãi>Ì� ÀiÃÕ�Ìi`� ����i>À�Þ� Ì�i� Ã>�i� �iÛi���v�
V��v�ÀÌ�>Ã�>�£Ç»ÝÎ{»�Ãi>Ì°���ÜiÛiÀ]��Ì�Ì�����iÃÃ�Ã«>Vi����Ì�i�y��À�«�>�°�/��Ã�ÃÌÕ`Þ�iÝ«��ÀiÃ�
Ãi>Ì��>Þ�ÕÌÃ�«ÀiviÀÀi`�LÞ�iÝ«iÀÌÃ�Ài}>À`��}�`�vviÀi�Ì�VÀ�ÌiÀ�>°�/��Ãi�ÀiÃÕ�ÌÃ��v�Ì�i�iÝ«iÀÌÃ�>Ài�
later compared to layouts produced by computational algorithms to evaluate the advantages 
�v�i>V���iÌ��`°�
�}�ÌÞ�i�}�Ì�iÝ«iÀÌÃ����Ì�i�wi�`��v�>�ÀVÀ>vÌ���ÌiÀ��À�ÜiÀi���Û�Ìi`�Ì���>�i�>�y��À�
«�>���v�>�«>ÀÌ��v�>�	�i��}�ÇÇÇ�>�ÀVÀ>vÌ�Ü�iÀi�V��v�ÀÌ�Ü>Ã���i��v�Ì�i��>���}�>�Ã°�*>ÀÌ�V�«>�ÌÃ�
worked in groups of 3 and are given the freedom to design a section of the cabin between 
iV����Þ�>�`�wÀÃÌ�V�>ÃÃ�­x°nÇ��Ü�`i�>�`�Î°Ç�����}®]�Ü�iÀi�LiÃ�`iÃ�Ì�iÃi�ÌÜ��ÌÞ«iÃ��v�Ãi>ÌÃ]�
>����`�LÕÃ��iÃÃ�V�>ÃÃ�Ã�âi�Ãi>Ì��v�Óä»ÝÎÈ»�Ü>Ã���ÌÀ�`ÕVi`�>Ã�Üi���v�À���Ài�yiÝ�L���Ì�iÃ����`iÃ�}�°�
Computational algorithms were also applied with the same inputs and constraints to generate 
�>Þ�ÕÌÃ�>Ã�>�V��«>À�Ã��°����Ì�Ì>�]�Ó��y��À�«�>�Ã�ÜiÀi��>`i]�>�`�Ì�iÃi�«�>�Ã�ÜiÀi�>�>�ÞÃi`�Ì��
compare against the complexity of the operations, the number of passengers on board, the 
ÀiÛi�Õi��v�Ì�i�>�À���i]�>�`�Ì�i�Ü�`Ì���v�Ì�i�>�Ã�i°�,iÃÕ�ÌÃ�Ã��Üi`�Ì�>Ì�£{�}À�Õ«Ã��«Ìi`�v�À�Ì�i�
economy seats, while the rest utilized a hybrid setup where the business class seats were used 
���Ì�i�V��w}ÕÀ>Ì���°�/�iÃi�ÀiÃÕ�ÌÃ�>Ài�V��«>Ài`�Ì��Ì�i�£ÓÈ�V��«ÕÌiÀ�âi`��>Þ�ÕÌÃ�}i�iÀ>Ìi`°�
Ƃ���}�>��� �>Þ�ÕÌÃ�`iÃ�}�i`�LÞ�iÝ«iÀÌÃ]�>�V��L��>Ì�����v�Ón�£n»ÝÎä»�Ãi>ÌÃ�>�`�Óä�£Ç»ÝÎ{»�
Ãi>ÌÃ��>`�Ì�i���}�iÃÌ�«�Ìi�Ì�>��ÀiÛi�Õi��v�1-fÓ£]�n{°�/��Ã�y��À�«�>��wÌÃ�Ì�i�Ài}Õ�>Ì���Ã�Ü�Ì��
>��>�Ã�i�Ü�`Ì���v�ä°�Î��°�/�i�V��«ÕÌiÀ�âi`��>Þ�ÕÌ��>`�>�LiÌÌiÀ��ÕÌV��i�����>Ý���â��}�«À�wÌ��v�
1-fÓÓ]{£È�Ü�Ì��ÎÓ�£n»ÝÎä»�Ãi>ÌÃ�>�`�£È�Óä»ÝÎÈ»�Ãi>ÌÃ°���ÜiÛiÀ]�Ì�i�V��v�ÀÌ��v�ÃÕV��ÀiÃÕ�ÌÃ�
Ü>Ã�Ì��Li�iÝ«��Ài`�>Ã�Ã��i�Ãi>ÌÃ�ÜiÀi�À�Ì>Ìi`��ä�`i}ÀiiÃ°

�iÞÜ�À`Ã\�Ƃ�ÀVÀ>vÌ�-i>Ì]�*�ÌV�]�7�`Ì�]�
��v�ÀÌ]��>Þ�ÕÌ

Introduction
/�i�>�À���i���`ÕÃÌÀÞ��Ã�>�V��«iÌ�Ì�Ûi��>À�iÌ�Ü�iÀi�«>ÃÃi�}iÀÃ�`i�>�`�V��v�ÀÌ�>Ì�>���Ü�«À�Vi°�
Airlines are adding different comfort features in order to be chosen by customers, but they also 
�ii`� Ì���>��Ì>���>�ViÀÌ>��� �iÛi���v� ÀiÛi�ÕiÃ� v�À�>� ÃÕÃÌ>��>L�i�LÕÃ��iÃÃ°�/�iÀiv�Ài]�LiÌÜii��
choices of offering maximum comfort to all passengers and making this an upgrade service 
vi>ÌÕÀi]���ÃÌ�>�À���iÃ��«Ì�v�À�Ì�i��>ÌÌiÀ��«Ì���]�iÃ«iV�>��Þ�Ì�i���Ü�V�ÃÌ�V>ÀÀ�iÀÃ�­�

Ã®�>Ã�£®�Ì�i�
v>ÀiÃ�>Ài���Ü�Ài}>À`�iÃÃ��v�Ì�i�À�ÃiÀÛ�Vi�µÕ>��ÌÞÆ�>�`�Ó®�LÞ�>``��}�>``�Ì���>��vi>ÌÕÀiÃ]��

Ã�V>��
}iÌ�>�ÀiÛi�Õi�ÃÌÀi>���v�n�£Î¯�vÀ���ÃiÀÛ�Vi�vi>ÌÕÀiÃ�Q£R°��ÕÀÌ�iÀ��Ài]�Ì��Ã�Õ«}À>`i�vi>ÌÕÀi��Ã�
>�Ã��ÀiV���i�`i`�v�À�vÕ���ÃiÀÛ�Vi�V>ÀÀ�iÀÃ�­�-
Ã®]�>Ã��Ì�Ü����>vviVÌ�«>ÃÃi�}iÀ�V���Vi�LÞ�}�Û��}�>��
�«Ì����Ì����VÀi>Ãi�V��v�ÀÌ�v�À�«>ÃÃi�}iÀÃ�Ü���>Ài�Ü�����}�Ì��«>Þ���Ài�QÓR°

Ƃ``�Ì���>�� Ãi>Ì� Ã«>Vi� �Ã���i��v� Ì�i���}���}�Ìi`�Õ«}À>`i� vi>ÌÕÀiÃ� Ì�>Ì� �Ã��vviÀi`�LÞ�>�À���iÃ°�
Some airlines choose to provide longer seat pitches throughout their economy class, while 
�Ì�iÀÃ��>Ûi�>�Ã«iV�>��V�>ÃÃ����LiÌÜii��LÕÃ��iÃÃ�>�`�iV����Þ]�ÕÃÕ>��Þ�V>��i`�«Ài��Õ��iV����Þ°�
/��Ã�V�>ÃÃ��Ã�«�>Vi`����LiÌÜii��LÕÃ��iÃÃ�V�>ÃÃ�>�`�iV����Þ�Ü�Ì��Û>À��ÕÃ��>Li�Ã�i°}°�*Ài��Õ��

V����Þ]�
��Ìi�
�>ÃÃ]�
V����Þ�
��v�ÀÌ]�
V����Þ�
��v�ÀÌ]�
�ÕL�
V����Þ]��À�*Ài��Õ��QÎR°�
Ƃ�À���iÃ�>�Ã���>Ûi�Û>À��ÕÃ�`��i�Ã���Ã�v�À�Ì�i�À�Ãi>Ì�Ã«>Vi����Ì��Ã�V�>ÃÃ°��ii�>�`��Õi�}��*À>`��
Q{R�v�Õ�`�Ì�>Ì��>Û��}�>��>À}iÀ�Ãi>Ì�Ã«>Vi����Þ�v�À�Ì��Ã����LiÌÜii��V�>ÃÃ���Ài�«À�wÌ>L�i�v�À�Ì�i�
>�À���i°�/��Ã��Ã�LiV>ÕÃi���Ì�>���VÕÃÌ��iÀÃ�ÜiÀi�Ü�����}�Ì��«>Þ���Ài�v�À�Õ«}À>`i`��i}À���]�>Ã�Ì�i�
«À�Vi�Ü>Ã�Ì�i�wÀÃÌ�Ãi�iVÌ����VÀ�ÌiÀ�>�v�À���ÃÌ�>iÀ�«�>�i�«>ÃÃi�}iÀÃ�QxR°�-ÕV��«Ài��Õ��iV����Þ�
V��Vi«Ì�Ü>Ã�>�Ã��Ãii��>Ã�>��>``�Ì���>��ÀiÛi�Õi�ÃÌÀi>��v�À����}��>Õ���

Ã�Ã��Vi�{�È¯��v�«>Ã�
Ãi�}iÀÃ�ÜiÀi�Ü�����}�Ì��Õ«}À>`i�Ì�i�À�ÃÌ>�`>À`�Ãi>Ì�Ì��>�Ãi>Ì�Ü�Ì��iÝÌÀ>�Ã«>Vi�i°}°�Ãi>ÌÃ���V>Ìi`�
>Ì�iÝ�Ì�`��ÀÃ��À�LÕ���i>`Ã�v�À�åÓx�Îä�Q£R]�Ü��V���Ã�>�«À��>ÀÞ�v>VÌ�À�v�À�«>ÃÃi�}iÀÃ�Ì���«Ì�v�À�Ì�i�
«Ài��Õ��iV����Þ�QÈR°�
Ã«����iÌ�>�°�QÇR�>�Ã��v�Õ�`�Ì�>Ì�«>ÃÃi�}iÀÃ�yÞ��}�v�À�Ó°x�Î���ÕÀÃ�ÜiÀi�
iÛi��Ü�����}�Ì��«>Þ�åÎn�v�À�Ì��Ã�iÝÌÀ>�Ãi>Ì�Ã«>Vi°�/��Ã�Ü�����}�iÃÃ�Ì��Õ«}À>`i�Ì��iV����Þ�«�ÕÃ�



ÇnApplication

V�>ÃÃ���VÀi>Ãi`�v�À��i`�Õ���>Õ��y�}�ÌÃ�>�`�Ü>Ã�iÛi����}�iÀ�v�À����}��>Õ��y�}�ÌÃ�QÈR°���Ài�ÛiÀ]�
ÀiÃi>ÀV�iÀÃ�>�Ã���`i�Ì�wi`�Ì�>Ì�Ì�i�̀ i�>�`Ã�v�À�Ì�i�«Ài��Õ��iV����Þ�V�>ÃÃ��>`�}À�Ü��µÕ�V��Þ]�
V>ÕÃ��}�ÃiÛiÀ>��>�À���iÃ�iÝ«>�`��}�Ì�i�Ã�âi��v�Ì��Ã�V>L���QnR°

Ƃ��>���iÌ�>�°�Q�R�v�Õ�`�Ì�>Ì�V��v�ÀÌ���VÀi>ÃiÃ�Ü�i����VÀi>Ã��}�Ãi>Ì�«�ÌV�°�/��Ã�ÃÌÕ`Þ�Ü>Ã��>ÌiÀ�
V��«>Ài`�Ì����VÀi>Ãi`�V��v�ÀÌ�Ü�i��iÝÌi�`��}�Ãi>Ì�Ü�`Ì��LÞ�£���V��Q£äR°�
��«>À�Ã����v�Ì�i�
results indicated that increasing the width by 1 inch increases comfort more than increasing 
Ì�i�«�ÌV��LÞ�Ó���V�iÃ]�Ì��Õ}��L�Ì��ÀiµÕ�Ài�Ì�i�Ã>�i�>``�Ì���>��Ã«>Vi����Ì�i�y��À�«�>�°�Ƃ�`�v�À�
Ài>V���}�Ì�i�Ã>�i��iÛi���v�Ì�i�V��v�ÀÌ�ÃV�Ài��v�Ì��Ã�>``�Ì���>��£���V�����Ü�`Ì�]�{���V����VÀi>Ãi����
«�ÌV��`�ÀiVÌ�����Ã��ii`i`°��i>�Ü���i]�«>ÃÃi�}iÀÃ�ÜiÀi�Ü�����}�Ì��«>Þ�>��>``�Ì���>��åÓÓ�v�À�£°x�
iÝÌÀ>���V�iÃ��v�Ãi>Ì�«�ÌV��>�`�åÓ��v�À�Î�Ì��È�iÝÌÀ>���V�iÃ��v�Ãi>Ì�Ü�`Ì��vÀ���Ì�i�L>Ã�V�£Ç���V��
Ü�`i�Ón���V��«�ÌV��Ãi>Ì�v�À�>�{°x�x°x���ÕÀ�y�}�Ì]�Ì��Õ}��Ì�iÃi�>``�Ì���Ã�V�ÀÀi�>Ìi`��i}>Ì�Ûi�Þ�
�i>���}�Ì�>Ì�Ì�iÞ�ÜiÀi���Ì�Ü�����}�Ì��«>Þ�v�À�L�Ì��>``�Ì���Ã�Ã��Õ�Ì>�i�ÕÃ�Þ�Q££R°���i��>�`��ii�
Q£ÓR�>�Ã��`�`�>�Ü�����}�iÃÃ�Ì��«>Þ�ÃÌÕ`Þ�v�À�«Ài��Õ��iV����Þ�«>ÃÃi�}iÀÃ�ÌÀ>Ûi����}�vÀ�����Ài>�
>�`�v�Õ�`�Ì�>Ì�«>ÃÃi�}iÀÃ�>Ài�Ü�����}�Ì��«>Þ�1-f£x°x]�1-f{n°£�>�`�1-f££{°ä�v�À� ��VÀi>Ãi`�
Ãi>Ì�«�ÌV���À�1-fÓ{°{]�1-fÈ£°È�>�`�1-f£{{°{�v�À� ��VÀi>Ãi`�Ãi>Ì�Ü�`Ì��v�À�Ã��ÀÌ��>Õ�]��i`��
Õ���>Õ��>�`����}��>Õ��y�}�ÌÃ]�ÀiÃ«iVÌ�Ûi�Þ°��Ì��Ã�Ü�ÀÌ���i�Ì�����}�Ì�>Ì�«>ÃÃi�}iÀÃ�>�Ã��Ã>�`�Ì��Ã�
��}�Ì�`�vviÀ�vÀ���Ài>��Þ�LÕÞ��}�Ì�i�iÝÌÀ>Ã°


Ý«iÀÌÃ����Ì�i�wi�`�ÕÃÕ>��Þ�Ü�����>�i�Ì�i�`iV�Ã����Ì��V���Ãi�LiÌÜii���>Þ�ÕÌÃ°�/�i����Ü�i`}i�
>�`�iÝ«iÀ�i�Vi��v� Ì�iÃi�«i�«�i� �Ã�>�Ü�ÀÌ�Ü���i� ��«ÕÌ� v�À� Ì�i��>�>}i�i�Ì� Ìi>�½Ã�`iV�Ã���°�
	iÃ�`iÃ� Ì�i�ÃV�i�Ì�wV�`�ÃV�ÛiÀ�iÃ��i�Ì���i`]�iÝ«iÀÌÃ�Ü���`iÃ�}�� Ì�i�y��À�«�>��Ã��Õ�`�>�Ã��
consider the complexity of the operations, the number of passengers on boards, the revenue of 
Ì�i�>�À���i]�>�`�>Û�>Ì����Ài}Õ�>Ì���Ã�­i°}°�>�Ã�i�Ü�`Ì�®°�Ƃ����v�Ì�iÃi�V��ÌÀ�LÕÌi�Ì��Ì�i�V��«�iÝ�ÌÞ�
�v�`iÃ�}���}�Ì�i�y��À�«�>��>�`�Ãi�iVÌ��}�Ì�i�ÌÞ«iÃ��v�Ãi>ÌÃ�v�À�Ì�i�«Ài��Õ��iV����Þ�V�>ÃÃ°�"��
the other hand, advanced computational algorithms could optimize this layout which might be 
>�LiÌÌiÀ��«Ì���°�/��Ã��i>`Ã�Ì��Ì�i�ÀiÃi>ÀV��µÕiÃÌ���Ã��v�Ì��Ã�«>«iÀ\�£®�7��V��Ãi>Ì��>Þ�ÕÌ��Ã���Ài�
«ÀiviÀÀi`�LÞ�iÝ«iÀÌÃ�v�À�Ì�i�iV����Þ�V�>ÃÃ����Ì�i�À�Û�iÜ¶�Ó®�7��V��V���Vi��Ã���Ài�Li�iwV�>�¶�
Ƃ�`�Î®���Ü�>Ài�Ì�i�ÀiÃÕ�ÌÃ��v�Ì�i�Ãi>Ì��>Þ�ÕÌ�LÞ�iÝ«iÀÌÃ�V��«>Ài`�Ì��Ì�i��>Þ�ÕÌ�«À�`ÕVi`�LÞ�
Ì�i�V��«ÕÌ>Ì���>��>�}�À�Ì��Ã¶

Literature Review
��À�>�À���iÃ]� �Ì� �Ã� ��«�ÀÌ>�Ì�Ì��`�vviÀi�Ì�>Ìi�vÀ����Ì�iÀ�>�À���iÃ�>�Ã��Ü�Ì����Ì�i�V>L���Q£ÎR°�"�i�
Ü>Þ� �v� `�vviÀi�Ì�>Ì��}� �Ã� >``��}� >� «Ài��Õ�� iV����Þ� �À� �ÕÃÌ� >� }��`� iV����Þ� V�>ÃÃ°� ��� Ì�i�
assignment, the good economy class is described and, in this literature review, the focus is 
���«Ài��Õ��iV����Þ�V�>ÃÃ°�*Ài��Õ��iV����Þ�V�>ÃÃ�Ü>Ã���ÌÀ�`ÕVi`�Ì��«ÀiÛi�Ì�LÕÃ��iÃÃ�«>Ã�
Ãi�}iÀÃ�vÀ���`�Ü�}À>`��}�Ì����ÕV��>�`�}�Û��}�>���«Ì����Ì����}����V��i��i�ÃÕÀi�«>ÃÃi�}iÀÃ�
Ì��Õ«}À>`i�QnR°��Ì�«À�Û�`iÃ�>�V���Vi�>Ã�>��>�ÃÜiÀ�Ì����ÃÌ�«>ÃÃi�}iÀ�`�ÃÃ>Ì�Ãv>VÌ���]�Ü��V���Ã�
Ãi>Ì�V��v�ÀÌ�>�`��i}À���]��Õ}}>}iÉy�}�Ì�`�ÃÀÕ«Ì���Ã�>�`�ÃÌ>vv�Li�>Û��ÕÀÃ�Ü��V���VVÕÀ����L�Ì��
�

Ã�>�`��-
Ã�Q£{R°���Ài�ÛiÀ]�����>�`��ii�Q£xR�v�Õ�`�Ì�>Ì���Ìi�Ì����Ì��Ài«ÕÀV�>Ãi�«Ài��Õ��
economy passengers will increase when they think premium economy service is well worth ex�
«iÀ�i�V��}]�Ü�iÀi�«iÀVi�Ûi`�ÃiÀÛ�Vi�µÕ>��ÌÞ�­i°}°����y�}�Ì�ÃiÀÛ�Vi]�Ü�`i�>�`�V��v�ÀÌ>L�i�Ãi>ÌÃ]�
>�`��ÛiÀ>���ÃiÀÛ�Vi�µÕ>��ÌÞ®��>Ã�Ì�i���}�iÃÌ���«>VÌ°�/�i�̀ i�>�`�v�À�Ì�i�«Ài��Õ��iV����Þ�V�>ÃÃ�
���Óä£���>Ã� ��VÀi>Ãi`�vÀ���Óä£{�v�À�>��� ��ÌiÀ�>Ì���>���>À�iÌÃ]�Ü�iÀi�>��>�À���i�V�Õ�`�V�>À}i�
>Ì��i>ÃÌ�nä¯���Ài��v�Ì�i�V�ÃÌ��v�iV����Þ]�>�`�iÛi��v�ÕÀ�Ì��iÃ���}�iÀ�v�À�ÃiÛiÀ>��À�ÕÌiÃ�Q£ÈR°�
Furthermore, domestic airlines in the United States of America are actively adding a premium 
iV����Þ�V�>ÃÃ�Ì��Ì�i�À�yiiÌ�>vÌiÀ�`�ÃV�ÛiÀ��}��ÌÃ�ÀiÛi�Õi�}i�iÀ>Ì��}�«�Ìi�Ì�>��Q£ÇR

Ƃ``��}�>�«Ài��Õ��iV����Þ�V�>ÃÃ��ÌÃi�v�>``Ã�V��«�iÝ�ÌÞ�Ì��Ì�i��«iÀ>Ì�����v�Ì�i�>�À���iÀ°�Ƃ�`�v�
ferentiation needs to be made not only in the seats but also in other services provided by the 
>�À���i�Qn]�£nR°�/�iÃi�«�VÌÕÀiÃ��v�>�LÕÃ��iÃÃ�V�>ÃÃ�­��}ÕÀi�£®]�«Ài��Õ��iV����Þ�­��}ÕÀi�Ó®�>�`�
iV����Þ�V�>ÃÃ�­��}ÕÀi�Î®�Ãi>Ì�>Ài�iÝ>�«�iÃ��v�Ì�i�Ãi>Ì�`�vviÀi�Ì�>Ì�����v�i>V��V�>ÃÃ�v�À����}�
�>Õ��y�}�ÌÃ°�Ƃ``��}�ÌÜ��ÌÞ«iÃ��v�iV����Þ�V�>ÃÃ��«Ì���Ã�Ü������VÀi>Ãi�Ì��Ã�V��«�iÝ�ÌÞ�vÕÀÌ�iÀ�>Ã�
�Ì��ii`Ã�ÌÜ��`�vviÀi�Ì�ÌÞ«iÃ��v�Ãi>ÌÃ°�
Ûi��Ì��Õ}��	�i��}���ÌÀ�`ÕVi`��«i��>ÀV��ÌiVÌÕÀi�Ü��V��
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��}ÕÀi�Ó°�
Ý>�«�i��v�>�«Ài��Õ��iV���

��Þ�V�>ÃÃ�Ãi>Ì����>�	�i��}�ÇnÇ  
��}ÕÀi�Î°�
Ý>�«�i��v�>��iV����Þ�V�>ÃÃ�

Ãi>Ì����>��Ƃ�ÀLÕÃ�ƂÎ{ä  

�����ÕÃÃ�>�`��>�i�QÓäR�v�Õ�`�Ì�>Ì����Ì�i�1-��>À�iÌÃ]�Ì�i�Ã«>Vi�v�À�>�wÀÃÌ�V�>ÃÃ�Ãi>Ì��Ã�Î£Î¯�
L�}}iÀ�Ì�>��>��iV����Þ�Ãi>Ì]�Ü���i�>�«Ài��Õ��iV����Þ�V�>ÃÃ�Ãi>Ì����Þ��VVÕ«�iÃ�Ó�¯���Ài�
Ã«>Vi�Ì�>��>��iV����Þ�V�>ÃÃ�Ãi>Ì°�/��Ã�iÝÌÀ>�Ã«>Vi�V�Õ�`�Li�Li�iwV�>��>Ã�Ì�V�iÌ�«À�ViÃ��v�«Ài�
��Õ��iV����Þ�Ãi>ÌÃ�>Ài���}�iÀ°���ÜiÛiÀ]� �Ì�Ü>Ã�>�Ã��v�Õ�`�Ì�>Ì�Ì�i�«À�`ÕVÌ����V�ÃÌ��v�Ì�i�
Ãi>Ì��Ã�>�Ã��£°È�Ì��iÃ���Ài�iÝ«i�Ã�Ûi�Ì�>��iV����Þ�V�>ÃÃ�Ãi>ÌÃ�QnR°�"��Ì�i��Ì�iÀ��>�`]�>�À���iÃ�
also want to increase the number of seats in a cabin, as aeroplane manufactures predicted that 
>``��}�>��Ì�iÀ�À�Ü����Ì�i�>iÀ�«�>�i�V>��Ài`ÕVi�x¯��v�Ì�i�Ãi>Ì�V�ÃÌ�«iÀ�ÌÀ�«�QÓ£R°�-i>ÌÃ����Ì�i�
>iÀ�«�>�i�V�Õ�`�Li�«�>Vi`����`�vviÀi�Ì��À�i�Ì>Ì���Ã°�Ƃ�i�`�i�Ì�ÓxqÓä��v�Ì�i��i`iÀ>��ƂÛ�>Ì����
Ƃ`����ÃÌÀ>Ì����­�ƂƂ®]�`>Ìi`�Ƃ«À���ÓÎ]�£�È�]�Ì�>Ì�Ãi>ÌÃ�Ü�Ì��>��>�}�i��v�ä�£no to the centerline 
�v�Ì�i�>iÀ�«�>�i�L�Ì��v�ÀÜ>À`�>�`�L>V�Ü>À`Ã�Ü�Õ�`��>Ûi�>��>`iµÕ>Ìi��iÛi���v�Ã>viÌÞ°�-i>ÌÃ�
«�>Vi`�>Ì�>��>�}�i���Ài�Ì�>��£n�`i}ÀiiÃ�Ì��Ì�i�>iÀ�«�>�i�Vi�ÌiÀ���i��ÕÃÌ�Li�«À�ÌiVÌi`�vÀ���
�i>`����ÕÀÞ�LÞ�>�ÀL>}Ã��À�>�Ã>viÌÞ�Li�Ì�>�`�>��i�iÀ}Þ�>LÃ�ÀL��}�ÀiÃÌ�Ì�>Ì�ÃÕ««�ÀÌÃ�Ì�i�>À�Ã]�



näApplication

Ã��Õ�`iÀÃ]��i>`]�>�`�Ã«��iÆ��À�LÞ�>�Ã>viÌÞ�Li�Ì�>�`�Ã��Õ�`iÀ��>À�iÃÃ�Ì�>Ì�«ÀiÛi�ÌÃ�Ì�i��i>`�
vÀ���V��Ì>VÌ��}����ÕÀ��ÕÃ��L�iVÌÃ°��ƂƂ�>�Ã��Ài}Õ�>ÌiÃ�Ì�i�Ã�âi��v�Ì�i�>�Ã�i�Ì��Li�>������Õ���v�
£x���V�iÃ�v�À�>iÀ�«�>�iÃ�Ü�Ì����Ài�Ì�>��Óä�«>ÃÃi�}iÀÃ°�Ƃ��Ì�iÀ�Ài}Õ�>Ì����-iV°�Óx°n£Ç��v�Ì�i�
FAA states that there is a maximum of 3 seats beside each aisle per row which needs to also be 
V��Ã�`iÀi`°�Ƃ``�Ì���>��Þ]�Ã��i�>ÕÌ��ÀÃ�`�`�ÀiÃi>ÀV�����Ì�i�`iÃ�}���v�>�«Ài��Õ��iV����Þ�V�>ÃÃ�
Ãi>Ì�QÓÓ]�ÓÎR]�>�`��Ì�iÀÃ�V>�VÕ�>Ìi`�Ì�i�«À�Vi�`�Ã«iÀÃ����V�>�}iÃ�Ü�i��Ì�i�«Ài��Õ��iV����Þ�
V�>ÃÃ��Ã���ÌÀ�`ÕVi`�QÓ{R°�

/CVGTKCNU�CPF�/GVJQFU

�}�ÌÞ�i�}�Ì�iÝ«iÀÌÃ����Ì�i�wi�`��v�>�ÀVÀ>vÌ���ÌiÀ��À�ÜiÀi�>Ã�i`�Ì���>�i�>�y��À�«�>���v�>�«>ÀÌ��v�
>�	�i��}�ÇÇÇ�>�ÀVÀ>vÌ��v�x°nÇ��Ü�`i�>�`�Î°Ç�����}�­��}ÕÀi�{®°�/Üi�ÌÞ����i�}À�Õ«Ã�ÜiÀi��>`i]�
>�`���i�«iÀÃ����ivÌ�`ÕÀ��}�Ì�i�Ü�À�Ã��«°�
>V��}À�Õ«�Ü>Ã�}�Ûi��>�«À��Ìi`�ÃV>�i`�>�ÀVÀ>vÌ�y��À�
«�>��>�`�ÌÜ��ÌÞ«iÃ��v�iV����Þ�Ãi>ÌÃ�Ì��V���Ãi�vÀ���­��}ÕÀi�x®]�>�`�>``�Ì���>��LÕÃ��iÃÃ�V�>ÃÃ�
Ãi>ÌÃ�ÜiÀi�}�Ûi��>Ã�>�V���Vi��v�Ì�iÞ�Ü>�Ìi`���Ài�yiÝ�L���ÌÞ°���Õi�>�`�ÃV�ÃÃ�ÀÃ�ÜiÀi�«À�Û�`i`�Ì��
VÕÌ��ÕÌ�Ì�i�ÃV>�i`�Ãi>ÌÃ�>�`�}�Õi�Ì�i�����Ì�i�y��À�«�>�°�/�i�Ã�âiÃ��v�Ì�i�ÌÜ��ÌÞ«iÃ��v�iV����Þ�
Ãi>ÌÃ�ÜiÀi�£Ç»�Ý�Î{»�>�`�£n»�Ý�Îä»]�ÀiÃ«iVÌ�Ûi�Þ]�Ü���i�Ì�i�LÕÃ��iÃÃ�V�>ÃÃ�Ãi>ÌÃ�ÜiÀi�Óä»�Ý�ÎÈ»°�
/�iÃi�Ãi>ÌÃ�ÜiÀi�>�Ã��ÃV>�i`����«>«iÀ�v�À�Ì�i�«>ÀÌ�V�«>�ÌÃ�Ì��VÕÌ�>�`�}�Õi����Ì�i�y��À�«�>�°�
�ÕÀ��}�Ì�i�ÃiÃÃ���]�iÝ«iÀÌÃ�V�Õ�`�«ÕÌ�V��Ì�ÕÀÃ��v�Ì�i�Ì�«�Û�iÜ��v�Ì�i�Ãi>Ì�­��V�Õ`��}��i}À���®�
���Ì�«��v�Ì�i�}�Ûi��y��À�«�>��Ì���>�i�`�vviÀi�Ì�>ÀÀ>�}i�i�ÌÃ�ÕÃ��}�Ì�i�À�iÝ«iÀ�i�Vi�>�`É�À�
VÀi>Ì�Û�ÌÞ°�/�i�i�`�ÀiÃÕ�ÌÃ��v�Ì�i�Ü�À�Ã��«�ÜiÀi�«��Ì�}À>«�i`�>�`�>�>�ÞÃi`�L>Ãi`����>Û�>Ì����
Ài}Õ�>Ì���Ã�>�`�Ì�i��ÕÌV��iÃ��v�«ÀiÛ��ÕÃ�ÃÌÕ`�iÃ°�ƂÌ�Ì�i�i�`��v�Ì�i�ÃiÃÃ���]�>�}i�iÀ>��iÛ>�Õ�
>Ì����Ü>Ã��>`i]�>�`�iÝ«iÀÌÃ�ÜiÀi�>Ã�i`�Ì��}�Ûi�>�Ài>Ã����}�v�À�Ì�i�`iV�Ã���°�Ƃ���y��À�«�>�Ã�
were analyzed and compared based on their manufacturing complexity, the potential of the 
Ì�Ì>��Ì�V�iÌ�«À�Vi]�Ì�i�«iÀVi«ÌÕ>��V���Vi]�Ì�i��Õ�LiÀ��v�Ãi>ÌÃ���ÃÌ>��i`�>�`�Ì�i�Ü�`Ì���v�Ì�i�>�Ã�i°

Ƃ�*ÞÌ����«À�}À>��Ü>Ã�`iÛi��«i`� Ì��ÕÃi�-�Þ���i]��>Ý��>��,iVÌ>�}�iÃ]�>�`��Õ����Ì��i�>�}��
À�Ì��Ã�QÓxR�Ì��w�`�Ì�i��«Ì��>���>Þ�ÕÌÃ����`�vviÀi�Ì�V��w}ÕÀ>Ì���Ã°����Ì�i�ÃiÌÕ«��v�Ì�i�V��w}ÕÀ>�
tion, three blocks of seats and two aisles were set up as the general layout and the following 
}Õ�`i���iÃ�ÜiÀi�}�Ûi�\�£®�Ì�i�Ü�`Ì�Ã��v�Ì�i�L��V�Ã�>Ài�>`�ÕÃÌ>L�iÆ�Ó®�Ì�i������>��>�Ã�i�Ü�`Ì��Ü>Ã�
ÃiÌ�v����Ü��}�Ì�i�Ài}Õ�>Ì���ÃÆ�Î®�v�À�i>V��L��V�]�Ì�i�ÌÞ«i��v�Ãi>Ì��Ã�Ì�i�Ã>�iÆ�>�`�{®�Ì�i�Ãi>ÌÃ�
V�Õ�`�Li�vÀii�Þ�À�Ì>Ìi`°�/�i��L�iVÌ�Ûi�vÕ�VÌ���Ã��v�Ì�i��«Ì���â>Ì����ÜiÀi�ÃiÌ�>Ã�i�Ì�iÀ�Ì�i�y��À�
«�>��Ü�Ì��Ì�i���ÃÌ�Ãi>ÌÃ��À�Ü�Ì��Ì�i���}�iÃÌ�>``i`�Û>�Õi°�/�i��«Ì���â>Ì����ÀiÃÕ�ÌÃ�ÜiÀi�V���
«>Ài`�Ü�Ì��Ì�i�y��À�«�>�Ã��v�Ì�i�iÝ«iÀÌÃ°
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��}ÕÀi�{°�Î��`À>Ü��}��v�V>L���ÃiVÌ����LiÌÜii��wÀÃÌ�V�>ÃÃ�>�`�iV����Þ�V�>ÃÃ��v�	�i��}�ÇÇÇ� 
`�ÃVÕÃÃi`����Ì��Ã�ÃÌÕ`Þ�­Õ��Ì\���V�®°

Results and Discussions
/Üi�ÌÞ����i�y��À�«�>�Ã�ÜiÀi�V���iVÌi`�vÀ���Ì��Ã�Ü�À�Ã��«�­��}ÕÀi�È®°�Ƃ``�Ì���>��Þ]�£ÓÈ�y��À�
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based on the complexity of the operations, the number of passengers on board, the revenue 
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increase the operational complexity as it would change the process of maintenance, booking, 
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The size choice of seats placed in the premium economy will affect the revenue of the airliner, as 
adding more seats can lead to a price reduction per seat, but having an upgraded space could 
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Ü��V�����Þ�ÕÃi`�«Ài��Õ��iV����Þ�V�>ÃÃ�Ãi>ÌÃ°

No. 18”x30” 17”x34” Number of seat types Aisle width (m) Additional value Seat Count

1 0 {ä 1 £°xÇ ånnä {ä

2 0 30 1 £°xÇ åÈÈä 30

3 £È Ó{I 2 £°xÎ €992 {ä

{ {ä 0 1 £°ÓÇ å£]£Èä {ä

5 ÎnII 0 1 £°äÇ €1,102 În

È £È Ó{ 2 £°{x €992 {ä

Ç ÓÓII Ó{ 2 £°{x å£]£ÈÈ {È

n 20 Ó{ 2 £°{x å£]£än {{

9 0 {{ 1 £°£{ å�Èn {{

10 ÎÈ 0 1 £°ÇÎ å£]ä{{ ÎÈ

11 20 Ó{ 2 £°{x å£]£än {{

12 20 Ó{ 2 £°{x å£]£än {{

13 20 Ó{ 2 £°{x å£]£än {{

£{ Ón 20 2 ä°�Î €1,252 {n
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/>L�i�Ó°�*À�wÌÉ��ÃÃ�V>�VÕ�>Ì����v�À�iÛiÀÞ�y��À�«�>���>`i����Ì�i�Ü�À�Ã��«�LÞ�iÝ«iÀÌÃ°

No. Business class Premium 
Economy

Comply ** Cost (US$) Revenue (US$) 2TQƂV�.QUU�
(US$)

2 0 30 3 £ä]ÇÇä Ó{]x£ä £Î]Ç{ä

25 21 13 2 Óä]ÇxÎ ÎÈ]n�Ó £È]£Î�

£È Ç Ón 3 £x]{£{ Î£]ÈÎÎ £È]Ó£�

10 0 ÎÈ 3 £Ó]�Ó{ Ó�]{£Ó £È]{nn

Ó{ 19 £È 2 Óä]Ó�n ÎÈ]n{£ £È]x{Î

£n 12 Ó{ 3 £Ç]nän Î{]ÈÓä £È]n£Ó

ÓÇ Ó{ 12 3 ÓÓ]È�Ó Î�]nÓn £Ç]£ÎÈ

5 0 Î�I 2 £{]ää£ Î£]nÈÎ £Ç]nÈÓ

Ón ÓäI £n 2 Ó£]ÇnÓ Î�]ÇÓÈ £Ç]�{{

£Ç 9 30 3 £Ç]ÈÈ{ Îx]ÇÈ� £n]£äx

1 0 {ä 3 £{]ÎÈä ÎÓ]Ènä £n]ÎÓä

3 0 {ä 3 £{]ÎÈä ÎÓ]Ènä £n]ÎÓä

{ 0 {ä 2 £{]ÎÈä ÎÓ]Ènä £n]ÎÓä

È 0 {ä 3 £{]ÎÈä ÎÓ]Ènä £n]ÎÓä

22 £È Ó{ 3 Óä]nÇÓ Î�]ÈÓ{ £n]ÇxÓ

23 £È Ó{ 3 Óä]nÇÓ Î�]ÈÓ{ £n]ÇxÓ

ÓÈ Ó{ £È 3 Ó{]£Ón {Î]ä�È £n]�Èn

20 £È 25 3 21,231 {ä]{{£ 19,210

21 £È 25 2 21,231 {ä]{{£ 19,210

15 È ÎÈ 3 £Ç]xÓä ÎÈ]�£n £�]Î�n

Ç 0 {{I 2 £x]Ç�È Îx]�{n 20,152

n 0 {{ 3 £x]Ç�È Îx]�{n 20,152

9 0 {{ 3 £x]Ç�È Îx]�{n 20,152

11 0 {{ 3 £x]Ç�È Îx]�{n 20,152

12 0 {{ 3 £x]Ç�È Îx]�{n 20,152

13 0 {{ 3 £x]Ç�È Îx]�{n 20,152

19 12 32 2 Óä]Ènä {£]£xÈ Óä]{ÇÈ

£{ 0 {n 3 £Ç]ÓÎÓ Î�]Ó£È Ó£]�n{

29 xÓI 0 2 Î�]nÎÓ Èx]äxÓ 25,220

� I®��>Þ�ÕÌ�V��Ì>��i`�>�ÃiV��`�ÃÌ�ÀiÞ�
� II®�,i}Õ�>Ì���Ã�Ài}>À`��}�Ì�i�>�Ã�i�Ü�`Ì�]�}�Ûi��y��À�Ã«>Vi�>�`�>``�Ì���>��ÃÌ�ÀiÞ
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No.
Left Middle Right Seat 

count
2TQƂV�.QUU�
(US$)Type Count Type Count Type Count

,�Ì>Ìi�£ £ÇÝÎ{I n ÓäÝÎ{ 20 £ÇÝÎ{I n ÎÈ £Ç]äÓn

,�Ì>Ìi�Ó £ÇÝÎ{I n £ÇÝÎ{I Ó{ ÓäÝÎ{ n {ä £n]xÎÈ

,�Ì>Ìi�Î £ÇÝÎ{ 12 £ÇÝÎ{ 20 ÓäÝÎ{ n {ä £n]xÎÈ

,�Ì>Ìi�{ ÓäÝÎ{ n £ÇÝÎ{I Ó{ £ÇÝÎ{I n {ä £n]xÎÈ

,�Ì>Ìi�x ÓäÝÎ{ 12 £ÇÝÎ{I £È £ÇÝÎ{ 12 {ä £n]È{{

,�Ì>Ìi�È £ÇÝÎ{ 12 £ÇÝÎ{I £È ÓäÝÎ{ 12 {ä £n]È{{

,�Ì>Ìi�Ç ÓäÝÎ{ 12 £ÇÝÎ{I £È £ÇÝÎ{ 12 {ä £n]È{{

,�Ì>Ìi�n £ÇÝÎ{ 12 ÓäÝÎ{ £È £ÇÝÎ{ 12 {ä £n]ÇxÓ

,�Ì>Ìi�� ÓäÝÎ{ n £ÇÝÎ{I Ó{ ÓäÝÎ{ n {ä £n]ÇxÓ

,�Ì>Ìi�£ä ÓäÝÎ{ n £nÝÎäI Ó{ ÓäÝÎ{ n {ä £n]ÇxÓ

,�Ì>Ìi�££ £ÇÝÎ{ 12 ÓäÝÎ{ £È £ÇÝÎ{ 12 {ä £n]ÇxÓ

,�Ì>Ìi�£Ó ÓäÝÎ{ 12 £ÇÝÎ{I £È ÓäÝÎ{ 12 {ä £n]�Èn

,�Ì>Ìi�£Î ÓäÝÎ{ 12 £nÝÎäI £È ÓäÝÎ{ 12 {ä £n]�Èn

,�Ì>Ìi�£{ ÓäÝÎ{ 12 £ÇÝÎ{I £È ÓäÝÎ{ 12 {ä £n]�Èn

,�Ì>Ìi�£x ÓäÝÎ{ 12 £nÝÎäI £È ÓäÝÎ{ 12 {ä £n]�Èn

,�Ì>Ìi�£È £ÇÝÎ{ 12 ÓäÝÎ{ £È ÓäÝÎ{ 12 {ä £�]äÇÈ

,�Ì>Ìi�£Ç ÓäÝÎ{ 12 ÓäÝÎ{ £È £ÇÝÎ{ 12 {ä £�]äÇÈ

,�Ì>Ìi�£n £ÇÝÎ{ 12 ÓäÝÎ{ £È ÓäÝÎ{ 12 {ä £�]äÇÈ

,�Ì>Ìi�£� ÓäÝÎ{ 12 ÓäÝÎ{ £È £ÇÝÎ{ 12 {ä £�]äÇÈ

,�Ì>Ìi�Óä ÓäÝÎ{ 12 ÓäÝÎ{ £È ÓäÝÎ{ 12 {ä £�]{ää

,�Ì>Ìi�Ó£ ÓäÝÎ{ 12 ÓäÝÎ{ £È ÓäÝÎ{ 12 {ä £�]{ää

,�Ì>Ìi�ÓÓ £ÇÝÎ{ 12 £ÇÝÎ{ 20 £ÇÝÎ{ 12 {{ 20,152

,�Ì>Ìi�ÓÎ £ÇÝÎ{ 12 £ÇÝÎ{ 20 £nÝÎä 12 {{ 20,152

,�Ì>Ìi�Ó{ £nÝÎä 12 £ÇÝÎ{ 20 £ÇÝÎ{ 12 {{ 20,152

,�Ì>Ìi�Óx £nÝÎäI £È £ÇÝÎ{I £È £ÇÝÎ{ 12 {{ 20,152

,�Ì>Ìi�ÓÈ £ÇÝÎ{ 12 £ÇÝÎ{ 20 £ÇÝÎ{ 12 {{ 20,152

,�Ì>Ìi�ÓÇ £ÇÝÎ{ 12 £ÇÝÎ{I £È £nÝÎäI £È {{ 20,152

,�Ì>Ìi�Ón £nÝÎäI £È £ÇÝÎ{I £È £ÇÝÎ{ 12 {{ 20,152

,�Ì>Ìi�Ó� £ÇÝÎ{ 12 £nÝÎäI Ó{ ÓäÝÎ{ n {{ Óä]ÎÈn

,�Ì>Ìi�Îä £nÝÎä 12 £nÝÎäI Ó{ ÓäÝÎ{ n {{ Óä]ÎÈn

,�Ì>Ìi�Î£ ÓäÝÎ{ n £nÝÎäI Ó{ £ÇÝÎ{ 12 {{ Óä]ÎÈn

,�Ì>Ìi�ÎÓ ÓäÝÎ{ n £nÝÎäI Ó{ £nÝÎä 12 {{ Óä]ÎÈn

,�Ì>Ìi�ÎÎ £ÇÝÎ{ 12 £nÝÎäI Ó{ ÓäÝÎ{ n {{ Óä]ÎÈn

,�Ì>Ìi�Î{ ÓäÝÎ{ n £nÝÎäI Ó{ £ÇÝÎ{ 12 {{ Óä]ÎÈn

,�Ì>Ìi�Îx £nÝÎäI £È £ÇÝÎ{I £È ÓäÝÎ{ 12 {{ Óä]{ÇÈ

,�Ì>Ìi�ÎÈ £nÝÎäI £È £nÝÎäI £È ÓäÝÎ{ 12 {{ Óä]{ÇÈ

,�Ì>Ìi�ÎÇ ÓäÝÎ{ 12 £ÇÝÎ{I £È £nÝÎäI £È {{ Óä]{ÇÈ

,�Ì>Ìi�În ÓäÝÎ{ 12 £nÝÎäI £È £nÝÎäI £È {{ Óä]{ÇÈ

,�Ì>Ìi�Î� £nÝÎäI £È £ÇÝÎ{I £È ÓäÝÎ{ 12 {{ Óä]{ÇÈ

,�Ì>Ìi�{ä £nÝÎäI £È £nÝÎäI £È ÓäÝÎ{ 12 {{ Óä]{ÇÈ

,�Ì>Ìi�{£ ÓäÝÎ{ 12 £ÇÝÎ{I £È £nÝÎäI £È {{ Óä]{ÇÈ

,�Ì>Ìi�{Ó ÓäÝÎ{ 12 £nÝÎäI £È £nÝÎäI £È {{ Óä]{ÇÈ



nx  Chapter 5

No.
Left Middle Right Seat 

count
2TQƂV�.QUU�
(US$)Type Count Type Count Type Count

,�Ì>Ìi�{Î £ÇÝÎ{ 12 ÓäÝÎ{ £È £nÝÎäI £È {{ Óä]xn{

,�Ì>Ìi�{{ £nÝÎäI £È ÓäÝÎ{ £È £ÇÝÎ{ 12 {{ Óä]xn{

,�Ì>Ìi�{x £ÇÝÎ{ 12 ÓäÝÎ{ £È £nÝÎäI £È {{ Óä]xn{

,�Ì>Ìi�{È £nÝÎäI £È ÓäÝÎ{ £È £ÇÝÎ{ 12 {{ Óä]xn{

,�Ì>Ìi�{Ç ÓäÝÎ{ 12 ÓäÝÎ{ £È £nÝÎäI £È {{ Óä]ÈÎn

,�Ì>Ìi�{n £nÝÎäI £È ÓäÝÎ{ £È ÓäÝÎ{ 12 {{ Óä]�än

,�Ì>Ìi�{� ÓäÝÎ{ 12 ÓäÝÎ{ £È £nÝÎäI £È {{ Óä]�än

,�Ì>Ìi�xä £nÝÎäI £È ÓäÝÎ{ £È ÓäÝÎ{ 12 {{ Óä]�än

,�Ì>Ìi�x£ £ÇÝÎ{ 12 £nÝÎäI Ó{ £ÇÝÎ{ 12 {n Ó£]�n{

,�Ì>Ìi�xÓ £ÇÝÎ{ 12 £nÝÎäI Ó{ £nÝÎä 12 {n Ó£]�n{

,�Ì>Ìi�xÎ £nÝÎäI £È £ÇÝÎ{I £È £nÝÎäI £È {n Ó£]�n{

,�Ì>Ìi�x{ £nÝÎä 12 £nÝÎäI Ó{ £ÇÝÎ{ 12 {n Ó£]�n{

,�Ì>Ìi�xx £nÝÎä 12 £nÝÎäI Ó{ £nÝÎä 12 {n Ó£]�n{

,�Ì>Ìi�xÈ £nÝÎäI £È £nÝÎäI £È £nÝÎäI £È {n Ó£]�n{

,�Ì>Ìi�xÇ £ÇÝÎ{ 12 £nÝÎäI Ó{ £ÇÝÎ{ 12 {n Ó£]�n{

,�Ì>Ìi�xn £ÇÝÎ{ 12 £nÝÎäI Ó{ £nÝÎä 12 {n Ó£]�n{

,�Ì>Ìi�x� £nÝÎäI £È £ÇÝÎ{I £È £nÝÎäI £È {n Ó£]�n{

,�Ì>Ìi�Èä £nÝÎä 12 £nÝÎäI Ó{ £ÇÝÎ{ 12 {n Ó£]�n{

,�Ì>Ìi�È£ £nÝÎä 12 £nÝÎäI Ó{ £nÝÎä 12 {n Ó£]�n{

,�Ì>Ìi�ÈÓ £nÝÎäI £È £nÝÎäI £È £nÝÎäI £È {n Ó£]�n{

,�Ì>Ìi�ÈÎ £nÝÎäI £È ÓäÝÎ{ £È £nÝÎäI £È {n ÓÓ]{£È

,�Ì>Ìi�È{ £nÝÎäI £È ÓäÝÎ{ £È £nÝÎäI £È {n ÓÓ]{£È

� I®�-i>Ì�À�Ì>Ìi`��ä�`i}ÀiiÃ

In some layouts, some seats were rotated 90 degrees for maximizing the capacity towards the 
�L�iVÌ�Ûi�vÕ�VÌ���Ã°���ÜiÛiÀ]�Ü�iÌ�iÀ�Ì��Ã�V��w}ÕÀ>Ì�����Ã�V��v�ÀÌ>L�i�v�À�«>ÃÃi�}iÀÃ��Ã�ÃÌ����
Õ����Ü�°�Ƃ``��}�Ãi>ÌÃ�Ü������VÀi>Ãi�Ì�i�>``�Ì���>��ÀiÛi�Õi]�Ì��Õ}����}ÀiÃÃ�>�`�i}ÀiÃÃ���}�Ì�
V>ÕÃi�>�«À�L�i�°�/��Ã�À�Ì>Ìi`�«�Ã�Ì����V�Õ�`�>�Ã����ÌÀ�`ÕVi�iÝÌÀ>��>�Õv>VÌÕÀ��}�V�ÃÌÃ]�>Ã�ÕÃÕ�
>��Þ�Ãi>ÌÃ�>Ài��>�Õv>VÌÕÀi`����}À�Õ«Ã��v�Î��À�{����>�À�Ü°�����À`iÀ�Ì��«�>Vi�Ì�i�Ãi>ÌÃ�Ã�`iÜ>ÞÃ]�
>``�Ì���>��>�ÀL>}Ã�Ã��Õ�`�Li���ÃÌ>��i`����Ì�i�Ãi>ÌLi�Ì�>�`É�À����Ì�i�Ü>��Ã°�/�i�`��i�Ã�����v�Ì�i�
>``�Ì���>��iµÕ�«�i�Ì��Ã���Ì�V>�VÕ�>Ìi`����Ì�i��>Þ�ÕÌÃ]�>Ã�Üi���>Ã�Ì�i�>``�Ì���>���>�Õv>VÌÕÀ��}�
V�ÃÌ��v�Ì�i�Ãi>Ì°��

/�i���}�iÃÌ� Ãi>Ì� V�Õ�Ì� v�À� Ì�i�V��«ÕÌiÀ� >���Ü��}� À�Ì>Ì����Ü>Ã�{n� Ãi>ÌÃ�Ü�Ì�����Þ�«Ài��Õ��
iV����Þ�V�>ÃÃ� Ãi>ÌÃ°�/�i� v�À� �>Þ�ÕÌÃ� Ì�>Ì� ��V�Õ`i`�LÕÃ��iÃÃ� V�>ÃÃ� Ãi>ÌÃ]� Ì�i� �>Þ�ÕÌ�Ü�Ì�� Ì�i�
�>Ý��Õ��Ãi>Ì�V�Õ�Ì�V�Õ�`�L�>À`�£È�LÕÃ��iÃÃ�V�>ÃÃ�«>ÃÃi�}iÀÃ�>�`�ÎÓ�«Ài��Õ��iV����Þ�V�>ÃÃ�
«>ÃÃi�}iÀÃ����L�>À`�­��}ÕÀi�n®°

Ƃ��Ì�iÀ�V>�VÕ�>Ì����Ü>Ã�`��i�v�À�Ãi>Ì��>Þ�ÕÌÃ�Ü�Ì��>���«>ÃÃi�}iÀÃ�v>V��}�y�}�Ì�`�ÀiVÌ���°�-�Ý�
ÌÞ�ÌÜ���>Þ�ÕÌÃ�ÜiÀi�}i�iÀ>Ìi`�vÀ���Ì��Ã�>�}�À�Ì���­/>L�i�{®°�7�Ì��Ì��Ã�v>V��}�v�ÀÜ>À`�ÀiÃÌÀ�VÌ���]�
Ì�i�Ãi>Ì�V�Õ�Ì�`iVÀi>Ãi`�Ì��{{°�/�iÀi�ÜiÀi�£È��>Þ�ÕÌÃ�Ü�Ì��Ì�i�Ã>�i�Ãi>Ì�V�Õ�Ì°�/�iÃi��>Þ�ÕÌÃ�
V��Ã�ÃÌi`��v�i�Ì�iÀ��À�>���Ý��v�£n»�Ý�Îä»�>�`�£Ç»�Ý�Î{»�Ãi>ÌÃ]�iÝ>�«�iÃ�Ã��Ü�������}ÕÀi��]�
Ì��Õ}���>Û��}�V��Ãi��Ì�i�Ü�`iÀ��«Ì����V�Õ�`�>ÌÌÀ>VÌ�«>ÃÃi�}iÀÃ�Ì��«>Þ���Ài°�

/>L�i�Î°�"«Ì��>��y��À�«�>�Ã�>���Ü��}�À�Ì>Ì����VÀi>Ìi`�LÞ�V��«ÕÌiÀ�>�}�À�Ì���­V��Ì½`®



nÈApplication

��}ÕÀi�n°�����À�«�>��>���Ü��}�Ãi>Ì�À�Ì>Ì����Ü�Ì��Ì�i���}�iÃÌ�Ãi>Ì�V�Õ�Ì��v�{n�Ãi>ÌÃ�>�`
���}�iÃÌ�«�Ìi�Ì�>��ÀiÛi�Õi��v�1-fÓÓ]{£È�}i�iÀ>Ìi`�Ü�Ì��LÞ�Ì�i�V��«ÕÌiÀ�>�}�À�Ì��

/>L�i�{°�"«Ì��>��y��À�«�>�Ã�Ü�Ì��>���Ãi>ÌÃ�v>V��}�v�ÀÜ>À`�VÀi>Ìi`�LÞ�V��«ÕÌiÀ�>�}�À�Ì��°

No.
Left Middle Right Seat 

count
2TQƂV�.QUU�
(US$)Type Count Type Count Type Count

��ÀÜ>À`�£ £ÇÝÎ{ n ÓäÝÎÈ 20 £ÇÝÎ{ n ÎÈ £Ç]äÓn

��ÀÜ>À`�Ó £ÇÝÎ{ n £ÇÝÎ{ Ó{ ÓäÝÎÈ n {ä £n]xÎÈ

��ÀÜ>À`�Î £ÇÝÎ{ 12 £ÇÝÎ{ 20 ÓäÝÎÈ n {ä £n]xÎÈ

��ÀÜ>À`�{ £ÇÝÎ{ 12 £nÝÎä 20 ÓäÝÎÈ n {ä £n]xÎÈ

��ÀÜ>À`�x £nÝÎä n £ÇÝÎ{ Ó{ ÓäÝÎÈ n {ä £n]xÎÈ

��ÀÜ>À`�È £nÝÎä 12 £ÇÝÎ{ 20 ÓäÝÎÈ n {ä £n]xÎÈ

��ÀÜ>À`�Ç £nÝÎä 12 £nÝÎä 20 ÓäÝÎÈ n {ä £n]xÎÈ

��ÀÜ>À`�n ÓäÝÎÈ n £ÇÝÎ{ Ó{ £ÇÝÎ{ n {ä £n]xÎÈ

��ÀÜ>À`�� ÓäÝÎÈ n £ÇÝÎ{ Ó{ £nÝÎä n {ä £n]xÎÈ

��ÀÜ>À`�£ä ÓäÝÎÈ n £nÝÎä 20 £ÇÝÎ{ 12 {ä £n]xÎÈ

��ÀÜ>À`�££ ÓäÝÎÈ n £nÝÎä 20 £nÝÎä 12 {ä £n]xÎÈ

��ÀÜ>À`�£Ó ÓäÝÎÈ 12 £ÇÝÎ{ £È £ÇÝÎ{ 12 {ä £n]È{{

��ÀÜ>À`�£Î ÓäÝÎÈ 12 £ÇÝÎ{ £È £nÝÎä 12 {ä £n]È{{

��ÀÜ>À`�£{ ÓäÝÎÈ 12 £nÝÎä £È £ÇÝÎ{ 12 {ä £n]È{{

��ÀÜ>À`�£x ÓäÝÎÈ 12 £nÝÎä £È £nÝÎä 12 {ä £n]È{{

��ÀÜ>À`�£È £ÇÝÎ{ 12 £ÇÝÎ{ £È ÓäÝÎÈ 12 {ä £n]È{{

��ÀÜ>À`�£Ç £ÇÝÎ{ 12 £nÝÎä £È ÓäÝÎÈ 12 {ä £n]È{{

��ÀÜ>À`�£n £nÝÎä 12 £ÇÝÎ{ £È ÓäÝÎÈ 12 {ä £n]È{{

��ÀÜ>À`�£� £nÝÎä 12 £nÝÎä £È ÓäÝÎÈ 12 {ä £n]È{{

��ÀÜ>À`�Óä ÓäÝÎÈ 12 £ÇÝÎ{ £È £ÇÝÎ{ 12 {ä £n]È{{

��ÀÜ>À`�Ó£ ÓäÝÎÈ 12 £ÇÝÎ{ £È £nÝÎä 12 {ä £n]È{{

��ÀÜ>À`�ÓÓ ÓäÝÎÈ 12 £nÝÎä £È £ÇÝÎ{ 12 {ä £n]È{{

��ÀÜ>À`�ÓÎ ÓäÝÎÈ 12 £nÝÎä £È £nÝÎä 12 {ä £n]È{{

��ÀÜ>À`�Ó{ £ÇÝÎ{ 12 ÓäÝÎÈ £È £ÇÝÎ{ 12 {ä £n]ÇxÓ

��ÀÜ>À`�Óx £ÇÝÎ{ 12 ÓäÝÎÈ £È £nÝÎä 12 {ä £n]ÇxÓ

��ÀÜ>À`�ÓÈ £nÝÎä 12 ÓäÝÎÈ £È £ÇÝÎ{ 12 {ä £n]ÇxÓ

��ÀÜ>À`�ÓÇ £nÝÎä 12 ÓäÝÎÈ £È £nÝÎä 12 {ä £n]ÇxÓ

��ÀÜ>À`�Ón ÓäÝÎÈ n £ÇÝÎ{ Ó{ ÓäÝÎÈ n {ä £n]ÇxÓ

��ÀÜ>À`�Ó� £ÇÝÎ{ 12 ÓäÝÎÈ £È £ÇÝÎ{ 12 {ä £n]ÇxÓ



nÇ  Chapter 5

No.
Left Middle Right Seat 

count
2TQƂV�.QUU�
(US$)Type Count Type Count Type Count

��ÀÜ>À`�Îä £ÇÝÎ{ 12 ÓäÝÎÈ £È £nÝÎä 12 {ä £n]ÇxÓ

��ÀÜ>À`�Î£ £nÝÎä 12 ÓäÝÎÈ £È £ÇÝÎ{ 12 {ä £n]ÇxÓ

��ÀÜ>À`�ÎÓ £nÝÎä 12 ÓäÝÎÈ £È £nÝÎä 12 {ä £n]ÇxÓ

��ÀÜ>À`�ÎÎ ÓäÝÎÈ 12 £ÇÝÎ{ £È ÓäÝÎÈ 12 {ä £n]�Èn

��ÀÜ>À`�Î{ ÓäÝÎÈ 12 £nÝÎä £È ÓäÝÎÈ 12 {ä £n]�Èn

��ÀÜ>À`�Îx ÓäÝÎÈ 12 £ÇÝÎ{ £È ÓäÝÎÈ 12 {ä £n]�Èn

��ÀÜ>À`�ÎÈ ÓäÝÎÈ 12 £nÝÎä £È ÓäÝÎÈ 12 {ä £n]�Èn

��ÀÜ>À`�ÎÇ £ÇÝÎ{ 12 ÓäÝÎÈ £È ÓäÝÎÈ 12 {ä £�]äÇÈ

��ÀÜ>À`�În £nÝÎä 12 ÓäÝÎÈ £È ÓäÝÎÈ 12 {ä £�]äÇÈ

��ÀÜ>À`�Î� ÓäÝÎÈ 12 ÓäÝÎÈ £È £ÇÝÎ{ 12 {ä £�]äÇÈ

��ÀÜ>À`�{ä ÓäÝÎÈ 12 ÓäÝÎÈ £È £nÝÎä 12 {ä £�]äÇÈ

��ÀÜ>À`�{£ £ÇÝÎ{ 12 ÓäÝÎÈ £È ÓäÝÎÈ 12 {ä £�]äÇÈ

��ÀÜ>À`�{Ó £nÝÎä 12 ÓäÝÎÈ £È ÓäÝÎÈ 12 {ä £�]äÇÈ

��ÀÜ>À`�{Î ÓäÝÎÈ 12 ÓäÝÎÈ £È £ÇÝÎ{ 12 {ä £�]äÇÈ

��ÀÜ>À`�{{ ÓäÝÎÈ 12 ÓäÝÎÈ £È £nÝÎä 12 {ä £�]äÇÈ

��ÀÜ>À`�{x ÓäÝÎÈ 12 ÓäÝÎÈ £È ÓäÝÎÈ 12 {ä £�]{ää

��ÀÜ>À`�{È ÓäÝÎÈ 12 ÓäÝÎÈ £È ÓäÝÎÈ 12 {ä £�]{ää

��ÀÜ>À`�{Ç £ÇÝÎ{ 12 £ÇÝÎ{ 20 £ÇÝÎ{ 12 {{ 20,152

��ÀÜ>À`�{n £ÇÝÎ{ 12 £ÇÝÎ{ 20 £nÝÎä 12 {{ 20,152

��ÀÜ>À`�{� £ÇÝÎ{ 12 £nÝÎä 20 £ÇÝÎ{ 12 {{ 20,152

��ÀÜ>À`�xä £ÇÝÎ{ 12 £nÝÎä 20 £nÝÎä 12 {{ 20,152

��ÀÜ>À`�x£ £nÝÎä 12 £ÇÝÎ{ 20 £ÇÝÎ{ 12 {{ 20,152

��ÀÜ>À`�xÓ £nÝÎä 12 £ÇÝÎ{ 20 £nÝÎä 12 {{ 20,152

��ÀÜ>À`�xÎ £nÝÎä 12 £nÝÎä 20 £ÇÝÎ{ 12 {{ 20,152

��ÀÜ>À`�x{ £nÝÎä 12 £nÝÎä 20 £nÝÎä 12 {{ 20,152

��ÀÜ>À`�xx £ÇÝÎ{ 12 £ÇÝÎ{ 20 £ÇÝÎ{ 12 {{ 20,152

��ÀÜ>À`�xÈ £ÇÝÎ{ 12 £ÇÝÎ{ 20 £nÝÎä 12 {{ 20,152

��ÀÜ>À`�xÇ £ÇÝÎ{ 12 £nÝÎä 20 £ÇÝÎ{ 12 {{ 20,152

��ÀÜ>À`�xn £ÇÝÎ{ 12 £nÝÎä 20 £nÝÎä 12 {{ 20,152

��ÀÜ>À`�x� £nÝÎä 12 £ÇÝÎ{ 20 £ÇÝÎ{ 12 {{ 20,152

��ÀÜ>À`�Èä £nÝÎä 12 £ÇÝÎ{ 20 £nÝÎä 12 {{ 20,152

��ÀÜ>À`�È£ £nÝÎä 12 £nÝÎä 20 £ÇÝÎ{ 12 {{ 20,152

��ÀÜ>À`�ÈÓ £nÝÎä 12 £nÝÎä 20 £nÝÎä 12 {{ 20,152

"ÛiÀ>��]�L�Ì��iÝ«iÀÌÃ�>�`�V��«ÕÌiÀ�«À�}À>��Ã��Üi`�Ì�>Ì�Ì�i��>Ý��Õ��Ãi>Ì�V�Õ�Ì��Ã�{n]�>��
though experts used a mixture of only premium economy seats facing forward, while the com�
«ÕÌiÀ�«À�}À>����Ýi`�«Ài��Õ��iV����Þ�>�`�LÕÃ��iÃÃ�V�>ÃÃ�Ãi>ÌÃ�Ü�Ì��À�Ì>Ìi`�Ãi>ÌÃ°�
Ý«iÀÌÃ�
paid more attention to the comfort perceived by passengers using the information briefed 
Liv�Ài�Ì�i�}À�Õ«�`�ÃVÕÃÃ���]�Ì��Õ}��Ì�i�V��«ÕÌiÀ�«À�}À>��Ü>Ã�LiÌÌiÀ�>Ì�}iÌÌ��}�>�y��À�«�>��
Ì�>Ì�}�ÛiÃ���}�iÀ�«�Ìi�Ì�>��ÀiÛi�Õi°�
��«ÕÌiÀ�«À�}À>�Ã�>�Ã���>Ûi�>�ÃÌÀ�VÌ�ÀÕ�i��v�V��ÃÌÀ>��ÌÃ]�
so the layouts made would follow all regulations, yet the experts are more creative in making 
�`i>Ã�v�À�vÕÌÕÀi�y��À�«�>�Ã°�

/>L�i�{°�"«Ì��>��y��À�«�>�Ã�Ü�Ì��>���Ãi>ÌÃ�v>V��}�v�ÀÜ>À`�VÀi>Ìi`�LÞ�V��«ÕÌiÀ�>�}�À�Ì���­V��½`®°



nnApplication

��}ÕÀi��°�
Ý>�«�iÃ��v��«Ì��>���>Þ�ÕÌ�v>V��}�v�ÀÜ>À`�Ü�Ì��Ì�i���}�iÃÌ�Ãi>Ì�V�Õ�Ì��v�{{�Ãi>ÌÃ�>�`�
highest potential revenue of US$ 20,152 generated by the computer algorithm

/�iÀi�>Ài�ÃiÛiÀ>������Ì>Ì���Ã�Ì��Ì��Ã�ÃÌÕ`Þ°�
>V��>�À���i��>Ã�>�`�vviÀi�Ì��>Li��v�À�Ì�i�À�«Ài��Õ��
iV����Þ�V�>ÃÃ]�Ü�iÀi�Ì�i�Ãi>Ì�Ã«>Vi�`��i�Ã���Ã�>�Ã��`�vviÀ�>���}�>�À���iÃ°�
Ý«iÀÌÃ�Ì�>Ì�«>ÀÌ�V�
�«>Ìi`����Ì�i�Ü�À�Ã��«�`�`�>vwÀ��Ì�i�V��Ãi��Ãi>Ì�Ã�âiÃ����Ì��Ã�iÝ«iÀ��i�Ì°�/��Ã�ÃÌÕ`Þ�>�Ã��`�`�
��Ì�V�i>À�Þ�`iw�i�Ì�i�`ÕÀ>Ì�����v�Ì�i�y�}�Ì�v�À�Ì�i�ÃiVÌ�����v�V>L���`iÃ�}�i`°�/�iÀi��Ã�>�V�>�Vi�
Ì�>Ì�Ì�i�Ã�âi��v�Ãi>ÌÃ��ii`Ã�Ì��Li��>À}iÀ�v�À����}��>Õ��y�}�ÌÃ°���Ài�ÛiÀ]�Ì�iÀi��Ã�>�����Ìi`��Õ��
ber of available references on premium economy class, especially with the same dimensions 
ÕÃi`�`ÕÀ��}�Ì��Ã�ÃÌÕ`Þ]�����Ì��}�Ì�i�`�ÃVÕÃÃ�����v�Ì��Ã�«>«iÀ°�

%QPENWUKQP�CPF�(WVWTG�9QTM
/��Ã�ÃÌÕ`Þ�ÌÀ�iÃ�Ì��iÝ«��Ài�Ì�i�«�Ìi�Ì�>���v�Ì�i�y��À�«�>�Ã��v�Ì�i�iV����Þ�V>L���ÕÃ��}�ÌÜ��ÌÞ«iÃ�
�v�iV����Þ�V�>ÃÃ�Ãi>ÌÃ°�Ƃ�ÀVÀ>vÌ���ÌiÀ��À�iÝ«iÀÌÃ�ÜiÀi�>Ã�i`�Ì���>�i�y��À�«�>�Ã�Ü�Ì��V��v�ÀÌ�>Ã�
a consideration, which were analysed based on the complexity of the operations, the number 
�v�«>ÃÃi�}iÀÃ����L�>À`Ã]�Ì�i�ÀiÛi�Õi��v�Ì�i�>�À���i]�>�`��ÌÃ�>�Ã�i�Ü�`Ì�°���ÕÀÌii��}À�Õ«Ã��v�iÝ�
«iÀÌÃ�ÕÃi`����Þ�Ì�i�iV����Þ�V�>ÃÃ�Ãi>ÌÃ°�/�iÃi�y��À�«�>�Ã�ÜiÀi�Ì�i��«��Ì�}À>«�i`]�>�`�Ì�i�
«�Ìi�Ì�>��>``�Ì���>��ÀiÛi�ÕiÃ�ÜiÀi�V>�VÕ�>Ìi`°�/�i���ÃÌ�«À�wÌ>L�i�«�>��ÕÃ��}�«Ài��Õ��iV���
��Þ�V�>ÃÃ�Ãi>ÌÃ�Ü>Ã�ÕÃ��}�Ón�Ãi>ÌÃ��v�£n»ÝÎä»�>�`�Óä�Ãi>ÌÃ��v�£Ç»ÝÎ{»�ÀiÃÕ�Ì��}����1-fÓ£]�n{�
�v�«�Ìi�Ì�>��ÀiÛi�Õi�Ü�Ì��Ì�i���}�iÃÌ�Ãi>Ì�V�Õ�Ì��v�{n�Ãi>ÌÃ°�Ƃ``��}�Ì�i�LÕÃ��iÃÃ�V�>ÃÃ�Ãi>ÌÃ�Ì��
Ì�i�y��À�«�>��`�`���Ì���VÀi>Ãi�Ì�i�«�Ìi�Ì�>��«À�wÌ��v�Ì�i�V>L���ÃiVÌ���°

/�i�ÀiÃÕ�ÌÃ��v�Ì�i�iÝ«iÀÌÃ�>Ài�Ì�i��V��«>Ài`�Ì��Ì�i�£ÓÈ��>Þ�ÕÌÃ�}i�iÀ>Ìi`�LÞ�V��«ÕÌ>Ì���>��
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>�}�À�Ì��Ã°����Ì�iÃi��>Þ�ÕÌÃ]�>�À�Ì>Ì����Ü>Ã�>���Üi`�Ü�Ì��ÕÌ�V��Ã�`iÀ��}�V��v�ÀÌ°�/�i�ÀiÃÕ�ÌÃ�
show having a section with business class seats turned out to have a higher potential revenue 
�v�1-fÓÓ]{£È°�/��Ã�V��L��>Ì�����>Ã�ÎÓ�Ãi>ÌÃ��v�£n»ÝÎä»�À�Ì>Ìi`�>�`�£È�Ãi>ÌÃ��v�Óä»ÝÎÈ»°�/�i�
��}�iÃÌ�Ãi>Ì�V�Õ�Ì�Ü>Ã�{n]�Ì�i�Ã>�i�>Ã�Ì�i�ÀiÃÕ�ÌÃ�vÀ���iÝ«iÀÌÃ°�

"ÛiÀ>��]�iÝ«iÀÌÃ�ÜiÀi�LiÌÌiÀ�>Ì�ÕÃ��}�V��v�ÀÌ����Ü�i`}i�>�`�>Ài���Ài��ÕÌ��v�Ì�i�L�Ý�����>��
��}� vÕÌÕÀi� y��À� «�>�Ã� Ì��Õ}�� Ã��i� �`i>Ã�`�`� ��Ì� v����Ü� Ì�i� Ài}Õ�>Ì���Ã°� /�i� ÀiÃÕ�ÌÃ� �v� Ì�i�
V��«ÕÌiÀ�«À�}À>���>`���}�iÀ�«�Ìi�Ì�>��ÀiÛi�Õi�LÞ�>``��}�LÕÃ��iÃÃ�V�>ÃÃ�Ãi>ÌÃ°�/�i�ÕÃi��v�Ì�i�
computer resulted in optimal use of the space and would ensure all regulations are met, though 
Ã��i�y��À�«�>�Ã�V��Ì>��i`�À�Ì>Ìi`�Ãi>ÌÃ�Ü�iÀi�Ì�i�V��v�ÀÌ��Ã�ÃÌ����Õ����Ü�°

/��Ã�ÃÌÕ`Þ�iÝ«��ÀiÃ�Ì��Ã�Ãi>Ì�V��w}ÕÀ>Ì������`i����}�LÞ�>�ÀVÀ>vÌ���ÌiÀ��À�iÝ«iÀÌÃ]�Ü�iÀi�V��v�ÀÌ�
Ü>Ã���i��v�Ì�i��>���}�>�Ã°�	iÃ�`iÃ�Ì�i���ÃÌi`�VÀ�ÌiÀ�>]��Ì�iÀ�ÀiÃi>ÀV�iÀÃ�>�Ã����ÛiÃÌ�}>Ìi`�>�ÀVÀ>vÌ�
Ãi>Ì��}��>Þ�ÕÌ�LÞ��i>ÃÕÀ��}���>`ÉÕ���>`�Ì��i��v�«>ÃÃi�}iÀÃ�QÓÇqÎäR°�Ƃ��Ì�iÀ�ÃÌÕ`Þ�>�Ã��ÌÀ�iÃ�
Ì����`i��>��>�ÀVÀ>vÌ�Ãi>Ì�V��w}ÕÀ>Ì����LÞ��>Ý���â��}�VÕÃÌ��iÀ�Ã>Ì�Ãv>VÌ����>�`����y�}�Ì�Ã>viÌÞ�
>Ã�Üi���>Ã�Li��}�«À�wÌ>L�i�v�À�Ì�i�>�À���iÀÃ�QÎ£R°�/�iÞ�ÕÌ���âi`�Ì���Ã�ÃÕV��>Ã�`�}�Ì>���Õ�>����`�
i�Ã]��>Þ�ÕÌ��«Ì���â>Ì���]�>�`�>�«À�wÌ��>Ý���â��}�V��ÃÌÀ>��Ì�Ì��Ì�i�À���`i��v�À�>���«Ì��>��y��À�
«�>�°��ÕÀÌ�iÀ�ÃÌÕ`�iÃ�>Ài��ii`i`�Ì��Õ�`iÀÃÌ>�`�Ì�i���«>VÌ��v��>Û��}�`�vviÀi�Ì�ÌÞ«iÃ��v�Ãi>ÌÃ�
in one cabin, the effect on seat rotation, its effect on the loading and unloading process and 
�«Ì���â��}�Ì�i�y��À�«�>��L>Ãi`����Ì��Ãi�Õ�`iÀÃÌ>�`Ã°

/�iÀi�>Ài�ÃiÛiÀ>������Ì>Ì���Ã�Ì��Ì��Ã�ÃÌÕ`Þ°�
>V��>�À���i��>Ã�>�`�vviÀi�Ì��>Li��v�À�Ì�i�À�«Ài��Õ��
iV����Þ�V�>ÃÃ]�Ü�iÀi�Ì�i�Ãi>Ì�Ã«>Vi�`��i�Ã���Ã�>�Ã��`�vviÀ�>���}�>�À���iÃ°�/��Ã�ÃÌÕ`Þ�>�Ã��`�`�
��Ì�V�i>À�Þ�`iw�i�Ì�i�`ÕÀ>Ì�����v�Ì�i�y�}�Ì�v�À�Ì�i�ÃiVÌ�����v�V>L���`iÃ�}�i`°���Ài�ÛiÀ]�Ì�iÀi��Ã�
a limited number of available references on premium economy class, especially with the same 
`��i�Ã���Ã�ÕÃi`�`ÕÀ��}�Ì��Ã�ÃÌÕ`Þ]�����Ì��}�Ì�i�`�ÃVÕÃÃ�����v�Ì��Ã�«>«iÀ°�
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�i�iÀ>����ÃVÕÃÃ���
��ÃÌ�«>ÃÃi�}iÀÃ�Ãi�iVÌ�Ì�i�À�y�}�Ì�LÞ�w�`��}�Ì�i���ÃÌ�V��Ûi��i�Ì�À�ÕÌi�>�`�`i«>ÀÌÕÀi�Ì��i�>Ì�
the best price, and when the choice is similar, aspects such as comfort, service, airline reputa�
Ì����>�`��>À�iÌ��}�«À�}À>�Ã�>Ài�V��Ã�`iÀi`�Q£R°�/���vviÀ�Ì�i�LiÃÌ�«À�Vi]�>�À���iÃ��ii`�Ì��L�>À`�
as many passengers as possible, Therefore, space is valuable, and the passengers’ individual 
Ã«>Vi��Ã�Ì�i������Ìi`°�
Ûi��Ì��Õ}���iÃÃ�V�����]�Ã��i�«>ÃÃi�}iÀÃ�Ü�Õ�`�V���Ãi�>�Ã��}�Ì�Þ��iÃÃ�
V��Ûi��i�Ì�y�}�Ì��À�>�Ã��}�Ì�Þ���}�iÀ�v>Ài�Ì��yÞ�>L�>À`�Ì�i�À�v>Û�ÕÀ�Ìi�>�À���i]�Ü�iÀi�Ì�i�Ài>Ã���
�Ã�Ì�i�Û>�Õi��v�V��v�ÀÌ�Q£R°�/�iÃi�v>VÌÃ�Ã��Ü�Ì�>Ì��>Û��}�V��v�ÀÌ�>Ì�Ì�i�LiÃÌ�«À�Vi����>��>�À«�>�i�
��ÌiÀ��À�>``Ã�>�V��«iÌ�Ì�Ûi�>`Û>�Ì>}i�Ì��Ì�i�>�À���iÃ]�Ü�iÀi�����Ìi`�Ã«>Vi��Ã�>�V��ÃÌÀ>��Ì°���Ü�
iÛiÀ]�Ì�iÀi��Ã���Ì��ÕV����v�À�>Ì���������Ü�V��v�ÀÌ�iÝ«iÀ�i�Vi��Ã���yÕi�Vi`�LÞ�Ã�>���V�>�}iÃ�
���Ì�i�>�ÀVÀ>vÌ���ÌiÀ��À°

/�i�ÀiÃi>ÀV���L�iVÌ�Ûi��v�Ì��Ã�Ì�iÃ�Ã�Ü>Ã�Ì����VÀi>Ãi�>�ÀVÀ>vÌ�«>ÃÃi�}iÀÃ½�V��v�ÀÌ�LÞ�VÀi>Ì��}�
���Ü�i`}i���� Ì��Ãi�«�ÞÃ�V>�� i�Ì�Ì�iÃ� Ì�>Ì�«Ài`�VÌ� V��v�ÀÌ°�Ƃ``�Ì���>��Þ]� Ì�iÀi�Ü>Ã� >�}>«� ���
���Ü�i`}i�Õ�`iÀÃÌ>�`��}�Ì�i�i�i�i�ÌÃ����Ì�i�«À�ViÃÃ�vÀ���«�ÞÃ�V>��i�Ì�Ì�iÃ�­*
®�Ì��iÝ«iÀ�i�V�
��}�V��v�ÀÌ�­
®°�/��Ã�V�>«ÌiÀ�«À�Û�`iÃ�>���ÛiÀÛ�iÜ��v�Ì�i�ÀiÃÕ�ÌÃ�vÀ���i>V��V�>«ÌiÀ�>�`�ÀiV���
�i�`>Ì���Ã�v�À�vÕÌÕÀi�ÀiÃi>ÀV�°��

Overview of the Results 
In Chapter 1�>���ÛiÀÛ�iÜ��v�Ì�i���Ìi�`i`�ÀiÃi>ÀV���v�Ì��Ã�*���Ì�iÃ�Ã��Ã�̀ iÃVÀ�Li`°�/�i�>ÃÃÕ�i`�
V��v�ÀÌ�`iw��Ì����>�`�>««��i`���`i�Ã�>Ài�«À�Û�`i`]�>�`�Ì�i�ÃÌÀÕVÌÕÀi�>�`�V��ÌiÝÌ��v�Ì�i�Ài�
Ãi>ÀV���Ã�`iÌ>��i`°�/��Ã�*����Ã�ÃÌÀÕVÌÕÀi`�v����Ü��}�Ì�i���`i���v�6����>�`��>��LiV��QÓR����Ü��V��
Ì�i�«�ÞÃ�V>��i�Ì�Ì�iÃ�­*
®�ÀiÃÕ�Ì����>����ÌiÀ>VÌ����­�®�LiÌÜii���Õ�>��>�`�«�ÞÃ�V>��i�Ì�Ì�iÃ]�Ü��V��
ÀiÃÕ�ÌÃ����>�«�ÞÃ�V>��ivviVÌ����Ì�i��Õ�>��L�`Þ�­�®]�Ü��V���Ã�«iÀVi�Ûi`�­*®�>�`�Ì�iÀiv�Ài�`iÌiÀ�
���i�Ü�iÌ�iÀ�V��v�ÀÌ��À�`�ÃV��v�ÀÌ��Ã�iÝ«iÀ�i�Vi`�­
®�>Ã��Ã�Ã��Ü�������}ÕÀi�£°�

��}ÕÀi�£°�/�i��>���«���Ì��v�>ÌÌi�Ì�������
�>«ÌiÀ�Ó]�Î]�>�`�{�����i`�Ì�� 
Ì�i���`i�����Ü��V��ÃÌi«Ã�LiÌÜii��«�ÞÃ�V>��i�Ì�Ì�iÃ�>�`�V��v�ÀÌ�>Ài�`iÃVÀ�Li`°

Chapter 2 «ÀiÃi�ÌÃ�>����ÌiÀ>VÌ����­�®�LiÌÜii��Ì�i��Õ�>��>�`�>�ÀVÀ>vÌ�Ãi>ÌÃ��i>`��}�Ì��>�ViÀÌ>���
�iÛi���v�V��v�ÀÌ°�/�i�ÃÌÕ`�iÃ��v�Ì��Ã�V�>«ÌiÀ�>Ài�Ü�Ì����ÃÕL�iVÌ�ÃÌÕ`�iÃ�V��`ÕVÌi`����>�	�i��}�
ÇÎÇ�vÕÃi�>}i°�/�i�`��i�Ã���Ã��v�Ì�i�Ãi>Ì�Ã«>Vi�ÜiÀi�Û>À�i`�Ì��ÌiÃÌ�Ì�i�ivviVÌÃ��v�Ì��Ã�V�>�}i�
�����ÌiÀ>VÌ���°�/�i�wÀÃÌ�ÃÌÕ`Þ�iÛ>�Õ>Ìi`�Ì�i�Ài�>Ì���Ã��«�LiÌÜii���Õ�>��>�Ì�À�«��iÌÀ�VÃ�>�`�
Ì�i�Ã«>Vi�iÝ«iÀ�i�Vi�LÞ�«>ÃÃi�}iÀÃ����`�vviÀi�Ì�«�ÌV���i�}Ì�Ã�­*
®°�/��Ã�ÃÌÕ`Þ�Ã��ÜÃ�Ì�>Ì�«>Ã�
Ãi�}iÀÃ�Ü�Ì��>���}�iÀ�«�«��Ìi>���i�}�Ì]�>����}iÀ�LÕÌÌ�V����ii�`i«Ì�]�>���}�iÀ�iÞi��i�}�Ì�Ã�ÌÌ��}�
>�`�>���}�iÀ�Ã�ÌÌ��}��i�}�Ì�Ã��Ü���Ài�̀ �ÃV��v�ÀÌ�Ü�Ì��>�Ài`ÕVi`�«�ÌV��Ì�i��Ã��ÀÌiÀ�«>ÃÃi�}iÀÃ°�
�Ì�>�Ã��Ã��ÜÃ�Ì�>Ì�«�ÌV���i�}Ì�Ã��v�Ón»�V�ÀÀiÃ«��`�Ì��V��v�ÀÌ�ÃV�ÀiÃ��v�>À�Õ�`�{����>�£ä�«���Ì�
ÃV>�i]�Ü��V���Ã�ÛiÀÞ���Ü°�Ƃ��Ì�iÀ�>�>�ÞÃ�Ã�`i���ÃÌÀ>Ìi`�>�Ã�}��wV>�Ì�Ài�>Ì���Ã��«�LiÌÜii��Ãi>Ì�
«�ÌV��>�`�V��v�ÀÌ�>Ã�Üi���>Ã�`�ÃV��v�ÀÌ�­
®°�Ƃ``�Ì���>��Þ]��Ì�Ü>Ã�v�Õ�`�Ì�>Ì�Ì�i��i>��ÃV�Ài��v�
`�ÃV��v�ÀÌ�v�À�Ì�i���``�i�Ãi>Ì�Ü>Ã���}�iÀ�Ì�>��Ì�i�Ü��`�Ü�>�`�>�Ã�i�Ãi>Ì°

In the second study, the seat width was varied and effects on comfort and discomfort were re�
V�À`i`°�/��Ã�>``�Ì�������Ãi>Ì�Ü�`Ì��Ài`ÕVi`�`�ÃV��v�ÀÌ����Ì�i�Ã��Õ�`iÀÃ]���iiÃ]�>�`���ÜiÀ��i}Ã�
>�`�viiÌ°�Ƃ�Ã�]�Ài�>Ì���Ã��«Ã�Ü�Ì��>�Ì�À�«��iÌÀ�VÃ�ÜiÀi�ÃÌÕ`�i`°�/�i�«>ÀÌ�V�«>�ÌÃ�Ü�Ì��>�Ã�>���
iÀ���«�LÀi>`Ì��vi�Ì���Ài�V��v�ÀÌ�Ü���i�Ã�ÌÌ��}����Ì�i�£n���V��Ü�`i�Ãi>Ì]�Ü��V��ÀiÃÕ�ÌÃ������Ài�



�{Discussion and Conclusion

movement space for the human body which is relevant as a variation of posture is important 
Ì��«ÀiÛi�Ì�`�ÃV��v�ÀÌ°�/��Ã�Ã��ÜÃ�Ì�>Ì���ÌiÀ>VÌ����­�®�LiÌÜii��Ì�i��Õ�>��«�ÞÃ�V>��i�Ì�Ì�iÃ�>�`�
i�Û�À���i�Ì>��«�ÞÃ�V>��i�Ì�Ì�iÃ�­*
®���yÕi�ViÃ�V��v�ÀÌ�­
®°�/�i�ÃÌÕ`Þ�>�Ã��Ã��Üi`�Ì�>Ì�Ì��Ài>V��
>�Ã����>À��iÛi���v�V��v�ÀÌ]���VÀi>Ã��}�Ì�i�Ü�`Ì���v�>�£Ç���V��Ü�`i�Ãi>Ì�LÞ�£���V����}�Ì�Li���Ài�
ivwV�i�Ì�Ì�>����VÀi>Ã��}�Ì�i�«�ÌV��LÞ�{���V�iÃ]�Ü��V���Ã�>����«�ÀÌ>�Ì�w�`��}����V��Ã�`iÀ��}�Ì�i�
ÕÃ>}i��v�y��À�>Ài>Ã°

�Õ�>��L�`Þ�ivviVÌÃ�­�®�ÜiÀi�Ì�i�v�VÕÃ��v�Chapter 3°��i>ÀÌ�À>Ìi�Û>À�>L���ÌÞ�­�,6®�Ü>Ã��i>ÃÕÀi`�
v�À�«>ÃÃi�}iÀÃ�`ÕÀ��}�Ó���ÕÀÃ��v�Ã�ÌÌ��}����>��>�À«�>�i�Ãi>Ì°�Ƃ�Ã��Õ�>Ì�����v�Ì>�i��vv�>�`��>�`��}�
Ü�Ì��Ãi>Ì�Li�ÌÃ�v>ÃÌi�i`�v�À�x����ÕÌiÃ�i>V��ÜiÀi�>``i`����Ì�i�Li}�����}�>�`�i�`°�*>ÀÌ�V�«>�ÌÃ�
ÕÃi`��>�v�Ì�i�Ì��i�Ì��Ü�À��ÕÃ��}�Ì�i�ÌÀ>Þ�Ì>L�i]�>�`�Ì�i��Ì�iÀ��>�v�Ü�Ì��Ì�i�ÌÀ>Þ�Ì>L�i�v��`i`°�
Ƃ�Ã�>V��>�`�`À����ÜiÀi�«À�Û�`i`� ��� Ì�i���``�i��v� Ì�i�iÝ«iÀ��i�Ì� Ì��Ã��Õ�>Ìi� Ì�i�y�}�Ì�iÝ�
«iÀ�i�Vi°���ÌiÀ>VÌ���Ã�­�®�LiÌÜii��Ì�i��Õ�>��>�`�>�ÀVÀ>vÌ�Ãi>ÌÃ�ÜiÀi�ÕÃi`�>Ã�Ì�i�L>Ã�Ã�v�À�Ì�i�
iÝ«iÀ��i�Ì>��`iÃ�}�°���ÕÀ� Ãi>ÌÃ�Ü�Ì�� ÌÜ��`�vviÀi�Ì�«�ÌV�iÃ� ­Ón���V��>�`�Îä���V�®�>�`�Ü�`Ì�Ã�
­£Ç���V��>�`�£n���V�®�ÜiÀi�V��«>Ài`�Ü�Ì����ÃÕL�iVÌÃ����Ì��Ã�ÃÌÕ`Þ°���ÌiÀiÃÌ��}�Þ]�Ì�i�Ãi>Ì�Ü�Ì��
the least space did not perform the worst in this study, which might be caused by the use of the 
ÌÀ>Þ�Ì>L�i����Ì�i�wÀÃÌ��>�v��v�Ì�i�iÝ«iÀ��i�Ì°�/��Ã�ÃÌÕ`Þ�v�Õ�`�Ì�>Ì���ÃÌ��,6�«>À>�iÌiÀÃ�ÜiÀi�
Ài�>Ìi`�Ì��V��v�ÀÌ]�LÕÌ���Ì�Ã���ÕV��Ì��`�ÃV��v�ÀÌ�­
®]�«À�L>L�Þ�LiV>ÕÃi�Ì�i��i>ÀÌ�À>Ìi��Ã���Ài�
Ài�>Ìi`�Ì��i��Ì���Ã�Ì�>��Ì��Ì�i��>V���v�«�ÞÃ�V>��Ã«>Vi°�/��Ã�V�Õ�`���`�V>Ìi�Ì�>Ì��,6�V�Õ�`�Li�
ÕÃi`�>Ã�>��Õ�>��L�`Þ�ivviVÌ���`�V>Ì�À����«Ài`�VÌ��}�V��v�ÀÌ�>Ã�V��v�ÀÌ�Ü>Ã�v�Õ�`�Ì��Li�Ài�>Ìi`�
Ì����Ài��,6�«>À>�iÌiÀÃ�Ì�>Ì�>Ài�V�ÀÀi�>Ìi`�Ì��Üi���Li��}]�i��Ì���Ã�>�`�«ÃÞV����}�V>��ÃÌ>ÌiÃ°�
Ƃ``�Ì���>��Þ]�ÃÕL�iVÌ�Ûi�`�ÃV��v�ÀÌ�Ü>Ã�v�Õ�`�Ì����VÀi>Ãi��ÛiÀ�Ì��i�>�`�V�ÀÀiÃ«��`i`�Ì��Ã��i�
«>À>�iÌiÀÃ��v�Ì�i��,6°�"ÛiÀ�>���«>À>�iÌiÀÃ]�Ì�i��,6�«>À>�iÌiÀÃ�-�  ]����>�`�-�Ó�Ãii��
«À���Ã��}�iÃ«iV�>��Þ�Ü�i��ÀiV�À`��}�V�>�}iÃ��ÛiÀ�Ì��i°��Ì��>Ã�Ì�i�ÃÌÀ��}iÃÌ�Ài�>Ì���Ã��«�Ü�Ì��
V��v�ÀÌ�>�`��Ì��Ã�v>�À�Þ�i>ÃÞ�Ì��ÀiV�À`°��

In Chapter 4, Ì�i�«iÀVi�Ûi`�ivviVÌÃ�­*
®�>�`�V��v�ÀÌ�­
®�>Ài�Ì�i��>���Ì�«�V°�/�iÀi�>Ài��>�Þ�
µÕiÃÌ����>�ÀiÃ����V��v�ÀÌ�>Û>��>L�i�v�À�ÕÃi°���ÜiÛiÀ]��Ì��Ã�Ì�i�µÕiÃÌ�����v�Ü��V��µÕiÃÌ����>�Ài�
�Ã���ÃÌ�>««��V>L�i�v�À�Ü��V��Ã�ÌÕ>Ì���°�Ƃ���ÛiÀÛ�iÜ��v�ÃÕL�iVÌ�Ûi�>ÃÃiÃÃ�i�Ì��iÌ��`Ã��v�V���
v�ÀÌ��Ã�«ÀiÃi�Ìi`����Ì�i���ÃÌ��v�*ÀiviÀÀi`�
��v�ÀÌ�+ÕiÃÌ����>�ÀiÃ�­*
+®��v�«À�`ÕVÌ�`iÃ�}�°���v�
Ìii��V>�`�`>Ìi�µÕiÃÌ����>�ÀiÃ����V��v�ÀÌ�ÜiÀi�Ãi�iVÌi`�>�`�À>��i`�LÞ�xx�V��v�ÀÌ�ÀiÃi>ÀV�iÀÃ�
>�`�«À>VÌ�Ì���iÀÃ����>�Ü�À�Ã��«°�/�i�VÀ�ÌiÀ�>��v�À>Ì��}�>�`�À>����}���V�Õ`i`�i>Ã��iÃÃ�Ì��>�ÃÜiÀ]�
easiness for data interpretation, the time needed to complete, the need for prior training, as 
Üi���>Ã��>««��}�Ì�i�>««��V>L�i�`iÃ�}��«�>ÃiÃ�>�`�wi�`��v�>««��V>Ì���°�Ƃ�*
+�v�À�V��v�ÀÌ�Ài�
Ãi>ÀV��Ü>Ã�}i�iÀ>Ìi`�v�À�wÛi�«À�«�Ãi`�>««��V>Ì����wi�`Ã�>�`�v�ÕÀ�̀ iÃ�}��«�>ÃiÃ]�Ì�i�«ÀiviÀÀi`�
µÕiÃÌ����>�ÀiÃ�ÜiÀi���}���}�Ìi`�>�`�V>Ìi}�À�âi`���Ì��v�ÕÀ�V>Ìi}�À�iÃ\�«ÀiviÀÀi`�µÕiÃÌ����>�Ài]�
suitable for less prior training, suitable for fast completion and generally applicable, which led 
Ì��>���ÃÌ��v�*
+�v�À�*À�`ÕVÌ��iÃ�}�°�/��Ã�*
+���ÃÌ�V>��Li�ÕÃi`�>Ã�>����ÃÌÀÕ�i�Ì�Ì���i�«�ÀiÃi>ÀV��
iÀÃ����Ãi�iVÌ��}�µÕiÃÌ����>�ÀiÃ�v�À�V��v�ÀÌ�ÀiÃi>ÀV�����«À�`ÕVÌ�`iÃ�}�°

Ƃ��>««��V>Ì�����v�L>V�}À�Õ�`����Ü�i`}i���yÕi�V��}�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ��Ã�«ÀiÃi�Ìi`����
Chapter 5°�Ƃ�ÀVÀ>vÌ���ÌiÀ��À�iÝ«iÀÌÃ�ÜiÀi�}�Ûi��Ì�i�«�ÃÃ�L���ÌÞ�Ì��ÕÃi�Ì�i����Ü�i`}i�}i�iÀ>Ìi`�
���«ÀiÛ��ÕÃ�V�>«ÌiÀÃ°�/�iÃi�iÝ«iÀÌÃ�ÜiÀi�>Ã�i`�Ì���>�i�y��À�«�>�Ã�Ü�Ì��V��v�ÀÌ�>Ã�>�V��Ã�`iÀ�
>Ì���°�/�i�ÀiÃÕ�ÌÃ�ÜiÀi�Ì�i��>�>�ÞÃi`�L>Ãi`����Ì�i�V��«�iÝ�ÌÞ��v�Ì�i��«iÀ>Ì���Ã]�Ì�i��Õ�LiÀ�
�v�«>ÃÃi�}iÀÃ����L�>À`Ã]�Ì�i�ÀiÛi�Õi��v�Ì�i�>�À���i]�>�`��ÌÃ�>�Ã�i�Ü�`Ì�°�/�i���ÃÌ�«À�wÌ>L�i�«�>��
�>`i�LÞ�iÝ«iÀÌÃ�ÕÃ��}�«Ài��Õ��iV����Þ�V�>ÃÃ�Ãi>ÌÃ�V��Ã�ÃÌ��}��v�Ón�Ãi>ÌÃ��v�£n»ÝÎä»�>�`�Óä�
Ãi>ÌÃ��v�£Ç»ÝÎ{»�ÀiÃÕ�Ì��}����1-fÓ£]�n{��v�«�Ìi�Ì�>��ÀiÛi�Õi�`Õi�Ì��Ì�i���}�iÃÌ�Ãi>Ì�V�Õ�Ì��v�
{n�Ãi>ÌÃ°�Ƃ``��}�Ì�i�LÕÃ��iÃÃ�V�>ÃÃ�Ãi>ÌÃ�Ì��Ì�i�y��À�«�>��`�`���Ì���VÀi>Ãi�Ì�i�«�Ìi�Ì�>��«À�wÌ�
�v�Ì�i�V>L���ÃiVÌ���°�/�i�ÀiÃÕ�ÌÃ��v�Ì�i�iÝ«iÀÌÃ�>Ài�Ì�i��V��«>Ài`�Ì��Ì�i��>Þ�ÕÌÃ�}i�iÀ>Ìi`�LÞ�
V��«ÕÌ>Ì���>��>�}�À�Ì��Ã�Ü�iÀi�À�Ì>Ì���Ã�>Ài�>���Üi`�Ü�Ì��ÕÌ�V��Ã�`iÀ��}�V��v�ÀÌ°�/�i�ÀiÃÕ�ÌÃ�
show having a section with business class seats turned out to have a higher potential revenue 
�v�1-fÓÓ]{£È°� �Ì�V��Ã�ÃÌi`��v�>�V��L��>Ì�����v�ÎÓ�Ãi>ÌÃ��v�£n»ÝÎä»�À�Ì>Ìi`�>�`�£È�Ãi>ÌÃ��v�
Óä»ÝÎÈ»°�/�i���}�iÃÌ�Ãi>Ì�V�Õ�Ì�Ü>Ã�{n]�Ì�i�Ã>�i�>Ã�Ì�i�ÀiÃÕ�ÌÃ�vÀ���iÝ«iÀÌÃ°�"ÛiÀ>��]�iÝ«iÀÌÃ�
ÜiÀi�LiÌÌiÀ�>Ì�ÕÃ��}�V��v�ÀÌ����Ü�i`}i�>�`�>Ài���Ài��ÕÌ��v�Ì�i�L�Ý�����>���}�vÕÌÕÀi�y��À�
«�>�Ã�Ì��Õ}��Ã��i��`i>Ã�`�`���Ì�v����Ü�Ì�i�Ài}Õ�>Ì���Ã]�i°}°��>���}�>�ÃiV��`�ÃÌ�ÀiÞ�Ãi>Ì°�/�i�



95 �
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ÀiÃÕ�ÌÃ��v�Ì�i�V��«ÕÌiÀ�«À�}À>���>`���}�iÀ�«�Ìi�Ì�>��ÀiÛi�Õi�LÞ�>``��}�LÕÃ��iÃÃ�V�>ÃÃ�Ãi>ÌÃ°�
The use of the computer resulted in optimal use of the space and would ensure all regulations 
>Ài��iÌ]�Ì��Õ}��Ã��i�y��À�«�>�Ã�V��Ì>��i`�À�Ì>Ìi`�Ãi>ÌÃ�Ü�iÀi�Ì�i�V��v�ÀÌ��Ã�ÃÌ����Õ����Ü�°

"L�À�i� QÎR� ÃÌ>Ìi`� Ì�>Ì� V��v�ÀÌ� �Ã� >� ÃÕL�iVÌ�Ûi�«�i���i����>�`� �Ì� �Ã�`�vwVÕ�Ì� Ì��`iw�i�>�`�
�i>ÃÕÀi°���`i�Ã�>Ài��>`i�Ì���>Ûi�>�LiÌÌiÀ�}À>Ã«��v�Ì�i�ÃÕL�iVÌ�Ûi�vii���}��v�Ì�i�«>ÃÃi�}iÀ°�
/��Ã�Ì�iÃ�Ã�ÕÃiÃ�Ì�i�V��v�ÀÌ���`i���v�6����>�`��>��LiV��QÓR�>�`�>��>ÌÌi�«Ì��>Ã�Lii���>`i�Ì��
`iÌ>���Ì�i���`i��>�`�µÕ>�Ì�wiÃ�Ài�>Ì���Ã��«Ã�Ü�Ì����Ì�i���`i�°�/�i�ÀiÃÕ�Ì��v�Ì��Ã�*����Ã�>��>«�
on the relationship between physical entities of the environment and comfort shown in Figure 
Ó°�

��}ÕÀi�Ó°�-Õ��>ÀÞ��v�Ì�i�ÀiÃi>ÀV�\����Ü��}��]���>�`É�À�*�V��v�ÀÌ�V>��Li�«Ài`�VÌi`°


Ý«iÀ��i�ÌÃ�Ü�Ì��>�Û>À�iÌÞ��v�«>ÀÌ�V�«>�ÌÃ]�«À�`ÕVÌÃ]�>�`�Ì>Ã�Ã�ÜiÀi�V��`ÕVÌi`�>�`��i>ÃÕÀi�
�i�ÌÃ��v�Ì�i���ÌiÀ>VÌ���]��Õ�>��L�`Þ�ivviVÌÃ�>�`�«iÀVi�Ûi`�ivviVÌÃ�ÜiÀi�Ì>�i�°�/�iÃi�ÃÌÕ`�iÃ�
prove that indeed comfort and discomfort are a clear result of the interaction, the human body 
ivviVÌÃ�>�`�Ì�i�«iÀVi�Ûi`�ivviVÌÃ]�>�`�µÕ>�Ì�vÞ��}��i�«i`����«Ài`�VÌ��}�V��v�ÀÌ°�
��v�ÀÌ�V>��
be predicted, for instance, based on pitch and width knowing the anthropometrics of the oc�
VÕ«>�ÌÃ�­Ãii�
�>«ÌiÀ�Ó®]�>�`�L>Ãi`�����,6�«>À>�iÌiÀÃ�­Ãii�
�>«ÌiÀ�Î®�LÕÌ�Ì��Ã��ii`Ã�vÕÀÌ�iÀ�
iÝ«��À>Ì���°



�ÈDiscussion and Conclusion

4GƃGEVKQP
/�i�ÀiÃi>ÀV���L�iVÌ�Ûi��v� Ì��Ã� Ì�iÃ�Ã�Ü>Ã��>ÀÀ�Üi`�`�Ü�� ��Ì�� Ì�Àii�«�>ÃiÃ�>�`�Ã�Ý� ÀiÃi>ÀV��
µÕiÃÌ���Ã°�ƂÃ�>�ÀiyiVÌ���]�Üi���ÃÌi`��ÕÀ�>�ÃÜiÀÃ�Ì��Ì�iÃi�Ã�Ý�ÀiÃi>ÀV��µÕiÃÌ���Ã�>Ài\

Phase 1 - RQ 1:�7�>Ì��Ã�Ì�i�Ài�>Ì���Ã��«�LiÌÜii��Ãi>Ì�«�ÌV��>�`�V��v�ÀÌ]�>�`�Ü�>Ì�>Ài�Ì�i�À��iÃ�
�v�`�vviÀi�Ì�v>VÌ�ÀÃ����Ì��Ã�«À�ViÃÃ]�ÃÕV��>Ã�Ã«>Vi�iÝ«iÀ�i�Vi�>�`�>�Ì�À�«��iÌÀ�VÃ¶
Ƃ�Ã�}��wV>�Ì�Ài�>Ì���Ã��«�LiÌÜii��Ãi>Ì�«�ÌV��>�`�V��v�ÀÌ�>Ã�Üi���>Ã�Ì�i�`�ÃV��v�ÀÌ��>Ã�Lii��
v�Õ�`°�Ƃ���ÜiÀ�«�ÌV��Ài`ÕViÃ�V��v�ÀÌ�>�`���VÀi>ÃiÃ�`�ÃV��v�ÀÌ�Ã�}��wV>�Ì�Þ°�/�i�>�Ì�À�«��iÌ�
À�V��i>ÃÕÀi�i�ÌÃ��v�Ì�i��>À}iÀ�Ã�âi`�«>ÀÌ�V�«>�ÌÃ�Ã�}��wV>�Ì�Þ�>vviVÌ�Ì�i�­`�Ã®V��v�ÀÌ����Ã�>��iÀ�
«�ÌV��Ã�âiÃ°�Ƃ���V��v�ÀÌ�>�`�̀ �ÃV��v�ÀÌ�ÃÌ>Ìi�i�ÌÃ����Ã«>Vi�iÝ«iÀ�i�Vi�ÜiÀi�>�Ã��v�Õ�`�Ì���>Ûi�
>�V�ÀÀi�>Ì����Ì��Ì�i�«�ÌV��Ã�âiÃ°

Phase 1 - RQ2:�7�>Ì��Ã�Ì�i�Ài�>Ì���Ã��«�LiÌÜii��Ã«>Vi�iÝ«iÀ�i�Vi�>�`��Õ�>��>�Ì�À�«��iÌ�
À�VÃ�>Ì�`�vviÀi�Ì�Ãi>Ì�«�ÌV�iÃ¶
*>ÃÃi�}iÀÃ�Ü�Ì��>���}�iÀ�«�«��Ìi>���i�}�Ì�>�`�>����}iÀ�LÕÌÌ�V����ii�`i«Ì��Ã��Ü���Ài��i}>�
Ì�Ûi�ÀiÃÕ�ÌÃ����Ã«>Vi�iÝ«iÀ�i�Vi�Ü�Ì��Ài`ÕVi`�«�ÌV��V��«>Ài`�Ì��Ã��ÀÌiÀ�«>ÃÃi�}iÀÃ°�/�iÀiv�Ài]�
the taller the passenger is, the larger the problems could be expected with low seat pitches, 
«�ÞÃ����}�V>��>Ã�Üi���>Ã�«ÃÞV����}�V>�°

Phase 1 - RQ3:�7�>Ì��Ã�Ì�i�ivviVÌ��v�Ü�`i���}�>�Ãi>Ì�vÀ���£Ç»�Ì��£n»����V��v�ÀÌ¶�Ƃ�`��Ã�Ì�i�
ivviVÌ��v�Ü�`i���}�Ì�i�Ãi>Ì�V��«>À>L�i�Ì��Ì�i���VÀi>Ãi��v�>�ViÀÌ>���«�ÌV�¶
*>ÀÌ�V�«>�ÌÃ�vi�Ì���Ài�V��v�ÀÌ�>�`��iÃÃ�`�ÃV��v�ÀÌ�Ü�i��Ã�ÌÌ��}����Ì�i�£n���V��Ü�`i�Ãi>ÌÃ�V���
«>Ài`�Ü�Ì��Ã�ÌÌ��}����Ì�i�£Ç���V��Ü�`i�Ãi>ÌÃ°�/��Ã�Ü�`Ì����VÀi>Ãi�>�Ã��Ài`ÕVi`�Ì�i�`�ÃV��v�ÀÌ�
�v�>���L�`Þ�«>ÀÌÃ�iÝVi«Ì�Ì�i�LÕÌÌ�V�Ã°��Ì�Ü>Ã�>�Ã��v�Õ�`�Ì�>Ì�Ì�i��iÛi���v�V��v�ÀÌ��v���VÀi>Ã��}�
>����V���v�Ì�i�Ü�`Ì���v�>�£Ç���V��Ü�`i�Ãi>Ì��Ã�V��«>À>L�i�Ì����VÀi>Ã��}�Ì�i�«�ÌV��LÞ�{���V�iÃ°

Phase 2 - RQ4: Does comfort and discomfort change over time regarding different types of 
Ãi>ÌÃ¶�ƂÀi�Ì�iÀi�>�Þ�Ài�>Ì���Ã��«Ã�LiÌÜii��Û>À��ÕÃ��iÌÀ�VÃ��v��,6�>�`�Ì�i�vii���}��v�V��v�ÀÌÉ
`�ÃV��v�ÀÌ��v�«>ÃÃi�}iÀÃ¶�Ƃ�`��v�Ã�]�Ü��V��«>À>�iÌiÀÃ��v��,6�V>��Li�ÕÃi`����«Ài`�VÌ��}�V���
v�ÀÌÉ`�ÃV��v�ÀÌ��ÛiÀ�Ì��i¶�
/�i�`�ÃV��v�ÀÌ�`�`���VÀi>Ãi��ÛiÀ�Ì��i]�Ü���i�V��v�ÀÌ�`iVÀi>Ãi`°�/�i�ÀiÃÕ�ÌÃ���`�V>Ìi�Ì�>Ì�>��
��ÃÌ�>���«>À>�iÌiÀÃ��v��,6]�iÝVi«Ì��i>��  �>�`��i>���,]�ÜiÀi�Ã�}��wV>�Ì�Þ�V�ÀÀi�>Ìi`�Ì��
Ì�i�V��v�ÀÌ�À>Ì��}Ã�}>Ì�iÀi`�Ü�Ì��Ì�i�µÕiÃÌ����>�ÀiÃ°�/�i�`�ÃV��v�ÀÌ��>`�Ì�i���}�iÃÌ�V�ÀÀi�>�
Ì����Ü�Ì��Ì�i������À��>�`������À��iÛi��Ì��Õ}��Ì�i�V�ÀÀi�>Ì���Ã�ÜiÀi���Ì�ÃÌÀ��}°���À�vÕÌÕÀi�
ÀiÃi>ÀV�]�-�  ]����>�`�-�Ó���}�Ì�Li���ÌiÀiÃÌ��}�«>À>�iÌiÀÃ�Ì��>««�Þ]�LiV>ÕÃi�Ì�iÞ��>Ûi�Ì�i�
LiÃÌ�V�ÀÀi�>Ì����Ì��ÃÕL�iVÌ�Ûi�V��v�ÀÌ�>�`�̀ �ÃV��v�ÀÌ�>�`�V�Õ�`���`�V>Ìi�Ì�i�V�>�}iÃ��ÛiÀ�Ì��i°

Phase 3 - RQ5:�7��V��µÕiÃÌ����>�ÀiÃ�V>��Li���V�Õ`i`����Ì�i�*ÀiviÀÀi`�
��v�ÀÌ�+ÕiÃÌ����>�ÀiÃ�
­*
+®���ÃÌ�v�À�«À�`ÕVÌ�`iÃ�}�¶
/�i�ÀiÃi>ÀV��Ã��Üi`�Ì�>Ì�Ãi�iVÌ��}�Ì�i�LiÃÌ�V��v�ÀÌ��À�`�ÃV��v�ÀÌ�µÕiÃÌ����>�ÀiÃ��Ã�«�ÃÃ�L�i]�
but it is strongly dependent on the type of research and the phase in the design process of 
Ü��V��µÕiÃÌ����>�Ài� �Ã�«ÀiviÀÀi`°�Ƃ� ��ÃÌ��v�*
+� v�À�*À�`ÕVÌ��iÃ�}��Ü>Ã�«À�«�Ãi`� Ài}>À`��}�
`�vviÀi�Ì�`iÃ�}��«�>ÃiÃ�>�`�>««��V>Ì����wi�`Ã]�>�`�Üi�iÝ«iVÌi`�Ì��Ã���ÃÌ�V>��Li�ÕÃi`�>Ã�>�����
ÃÌÀÕ�i�Ì�Ì���i�«�ÀiÃi>ÀV�iÀÃ����Ãi�iVÌ��}�µÕiÃÌ����>�ÀiÃ����V��v�ÀÌ�ÀiÃi>ÀV�°

Overall- RQ6:�7��V��Ãi>Ì�V��w}ÕÀ>Ì�����Ã���Ài�«ÀiviÀÀi`�LÞ�iÝ«iÀÌÃ�v�À�Ì�i�«Ài��Õ��iV����
�Þ¶�Ƃ�`�Ü��V��V���Vi��Ã���Ài�Li�iwV�>�¶
��ÕÀÌii���ÕÌ��v�ÌÜi�ÌÞ����i�}À�Õ«Ã��v�iÝ«iÀÌÃ�V��Ãi�Ì�����Þ�ÕÃi�«Ài��Õ��iV����Þ�Ãi>ÌÃ����Ì�i�
y��À�«�>�]�Ü�iÀi�>�V��L��>Ì�����v�{n�«Ài��Õ��iV����Þ�Ãi>ÌÃ�ÀiÃÕ�Ìi`����Ì�i���}�iÃÌ�iÃÌ��>Ì�
i`�«À�wÌ°�/��Ã�ÀiÃÕ�Ì�Ü>Ã�V��«>Ài`�Ì��Ì�i�ÀiÃÕ�ÌÃ��v�>�V��«ÕÌiÀ�«À�}À>��Ü��V��v�Õ�`�Ì�>Ì�Ì�i�
��}�iÃÌ�iÝ«iVÌi`�«À�wÌ�Ü>Ã�>VµÕ�Ài`�ÕÃ��}�>�y��À�«�>��Ì�>Ì�>���ÜÃ�>�À�Ì>Ì�����v��ä�`i}ÀiiÃ�v�À�
Ì�i�Ãi>ÌÃ�>�`���V�Õ`i`�LÕÃ��iÃÃ�V�>ÃÃ�V�>�ÀÃ°



�Ç �
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/GVC�CPCN[UKU�QP�VJG�
FKU�EQOHQTV�UVWFKGU�
Comfort and Discomfort Relationship
<�>�}�iÌ�>�°� Q{R��>`i�>���`i����� Ì�i� Ài�>Ì���Ã��«�LiÌÜii��V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ°� ��� Ì��Ã�
*���Ì��Ã�Ài�>Ì���Ã��«��Ã�vÕÀÌ�iÀ�µÕ>�Ì�wi`°�<�>�}�iÌ�>�°�Q{R�Ã��Üi`�>�ÌÀ>�Ã�Ì�����v�V��v�ÀÌ�>�`�
`�ÃV��v�ÀÌ����ÌÜ��`�vviÀi�Ì�>ÝiÃ°�/��Ã�ÃÌÕ`Þ�ÕÃi`�L�Ì��V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�ÀiV�À`��}Ã�>�`�
�Ì�Ü>Ã�v�Õ�`�Ì�>Ì�Ì��Ã�Ài�>Ì���Ã��«�>�Ã��`�iÃ�iÝ�ÃÌ�L>Ãi`������Ài�µÕ>�Ì�Ì>Ì�Ûi�`>Ì>�>Ã�Ã��Ü�����
��}ÕÀi�Î°

��}ÕÀi�Î°�/�i�Ài�>Ì���Ã��«�LiÌÜii��V��v�ÀÌ�­Ý�>Ý�Ã®�>�`�`�ÃV��v�ÀÌ�­Þ�>Ý�Ã®��v�Ì�i��ÕÌV��iÃ��v�>���iÝ«iÀ��i�ÌÃ� 
���Ì��Ã�*���>Ài�«��ÌÌi`������i�}À>«�]�Ì�i�Þ�i�`�VÕÀÛi�`iÃVÀ�Li`�LÞ�<�>�}�iÌ�>�°�Q{R�V>��Li� 
v�Õ�`����Ì��Ã�*���>Ã�Üi���>�Ì��Õ}���Ì��Ã�V��ÃiÀ�Ì�����i>À�Ì�>��`iÃVÀ�Li`�LÞ�<�>�}�iÌ�>�°�Q{R°

Ƃ��iÌ>�>�>�ÞÃ�Ã��Ã�`��i����Ì�i�Ài�>Ì���Ã��«�LiÌÜii��V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�L>Ãi`����Ì�i�Ài�
ÃÕ�ÌÃ��v�>���ÃÕL�iVÌ�Ûi�µÕiÃÌ����>�ÀiÃ��v�Ì�i�Î�ÃÌÕ`�iÃ�­Ãii���}ÕÀi�Î®°�/�i�L�Õi�`�ÌÃ�>Ài�`>Ì>�vÀ���

�>«ÌiÀ�Ó°£�>�`�Ó°Ó]�Ì�i�«����`�ÌÃ�>Ài�`>Ì>�vÀ���
�>«ÌiÀ�Ó°Î�>�`�Ì�i�Þi���Ü�`�ÌÃ�>Ài�`>Ì>�vÀ���

�>«ÌiÀ�Î°�/��Ã�>�>�ÞÃ�Ã�Ã��ÜÃ�Ì�>Ì�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�V�Õ�`��VVÕÀ�>Ì�Ì�i�Ã>�i�Ì��i�L>Ãi`�
���Ì�i�Ì�i�ÀÞ��v�<�>�}�iÌ�>�°�Q{R�>�`��i�>�`iÀ�>�`�<�>�}�QxR°

��}ÕÀi�{°�
�>�}iÃ��v�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ��ÛiÀÌ��i



�nDiscussion and Conclusion

Comfort Over Time
���Ì�i�ÀiÃi>ÀV���v�6����iÌ�>�°�QÈR]�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�>Ài�v�Õ�`�Ì��Li���yÕi�Vi`�LÞ�«ÀiÛ��ÕÃ�
iÝ«iÀ�i�ViÃ�>�`�V�>�}iÃ��ÛiÀ�Ì��i°�/�i�ÀiÃ«��Ãi��v�>�«>ÃÃi�}iÀ�Ü�Õ�`�`i«i�`����Ì�i��i�}Ì��
�v�Ì�i���ÕÀ�iÞ]�>Ã�v�À����}�ÌÀ>Ûi�Ã�v>Ì�}Õi�>�`�`�ÃV��v�ÀÌ�>Ài�iÝ«iVÌi`�Ì��À�Ãi�QÎR°�/�iÀiv�Ài]�Ì�i�
time factor was studied and results showed a change in comfort and discomfort over a span of 2 
��ÕÀÃ°�"Ì�iÀ�ÃÌÕ`�iÃ�>�Ã��`iÌiVÌi`�>�V�>�}i��v�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ��ÛiÀ�Ì��i�LÞ��LÃiÀÛ��}�
Ã�>�����Ûi�i�Ì�>�`�w`}iÌÃ�QÇR�>�`��,6�QnR°�/�i��>���ivviVÌ��Ã�Ì�>Ì�V��v�ÀÌ�Ài`ÕViÃ��ÛiÀ�Ì��i�
�v�Ì�iÀi�>Ài����LÀi>�Ã�>�`�`�ÃV��v�ÀÌ���VÀi>ÃiÃ°

"ÕÀ�ÃÌÕ`�iÃ�>vwÀ�i`�Ì�>Ì�Ì�i���ÌiÀ>VÌ����LiÌÜii��V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ��Ã�ÃÌ����«ÀiÃi�Ì�>Ã����
Ì�i�Ì�i�ÀÞ��v�<�>�}�iÌ�>�°�Q{R°�-��Vi�Ì�iÀi��Ã�>�V�>�}i��ÛiÀ�Ì��i����Ì��Ã�V��v�ÀÌ�>�`�`�ÃV��v�ÀÌ�
À>Ì��}]�Ì�i�Ì��À`�>Ý�Ã��v�Ì��i�V�Õ�`�Li�>``i`�Ì��Ì��Ã���ÌiÀ>VÌ���°���}ÕÀi�{�«ÀiÃi�ÌÃ�>�}À>«��Ü�Ì��
Ì��Ã�V�>�}i��ÛiÀ�Ì��i°�

/��Ã��iÌ>�>�>�ÞÃ�Ã�vÀ���Ì�i�µÕiÃÌ����>�Ài�`>Ì>��v�
�>«ÌiÀ�Î��Ã�Ã��Ü���ÛiÀ�Ì��i�­Ãii���}ÕÀi�{®°�
/�i�`�ÃV��v�ÀÌ����i����Ì��Ã�>�>�ÞÃ�Ã�`�iÃ���VÀi>Ãi��ÛiÀ�Ì��i]�>�`�ÃÌÕ`�iÃ�LÞ�-�Õ�`iÀÃ�iÌ�>�°�Q�R�
>�`����iÌ�>�°�Q£äR�Ã��Üi`����iÜ�Ãi°

Recording discomfort and comfort
/��Ã�ÃÌÕ`Þ�Ã��ÜÃ�Ì�>Ì�V��v�ÀÌ��Ã�����i`�Ì��̀ �ÃV��v�ÀÌ����>�̀ �vviÀi�Ì�>Ý�Ã]�Ü���i��Ì�iÀ�ÃÌÕ`�iÃ�­i°}°�
���âi�iÌ�>�°�QÇR®°�ÃÌÀi�}Ì�i��Ì�i�Ài�>Ì���Ã��«�LiÌÜii��`�ÃV��v�ÀÌ�>�`�«ÀiÃÃÕÀi�`�ÃÌÀ�LÕÌ���°�/�i�
ÃÌÕ`Þ��v��ÀÕ�Ì��v�iÌ�>�°�QnR�Ã��Üi`�Ì�>Ì�«ÀiÃÃÕÀi�`�ÃÌÀ�LÕÌ�����Ã�V���iVÌi`�Ì��«�ÃÌÕÀi]�>�`��i>ÀÌ�
À>Ìi�Ì��iÝV�Ìi�i�Ì�«�>Þ��}�>�}>�i°�-�]���Ài�ÃÌÕ`�iÃ���`�V>Ìi�Ì�>Ì�V��v�ÀÌ�V>��Li�ÀiV�À`i`�LÞ�
�i>ÀÌ�À>Ìi�>�`�`�ÃV��v�ÀÌ�Ì��«ÀiÃÃÕÀi�`�ÃÌÀ�LÕÌ���]�Ü��V���Ã�Ì�i�>`Û�Vi�L>Ãi`����Ì��Ã�*��°

(WVWTG�9QTM
/�iÀi��>�Þ��v�`iw��Ì���Ã�«iÀVi�Ûi`�V��v�ÀÌ°�xÇ��>ÀÌ�V�iÃ�ÜiÀi�v�Õ�`�Ü�i��«iÀVi�Ûi`�V��v�ÀÌ�
�Ã� Ãi>ÀV�i`���� -V�«ÕÃ�Ü�Ì�� >� �>À}i� Û>À�iÌÞ� �v� «>ÀÌ�V�«>�ÌÃ]� Ì>Ã�Ã]� �L�iVÌÃ� >�`��i>ÃÕÀi�i�Ì�
�iÌ��`Ã�ÕÃi`°�"vÌi��µÕiÃÌ����>�ÀiÃ�>Ài�ÕÃi`�Ì��ÃÌÕ`Þ�V��v�ÀÌ��À�`�ÃV��v�ÀÌ°�/�i���ÃÌ���«�À�
Ì>�Ì�ÛiÀÃ���Ã��À�µÕiÃÌ����>�ÀiÃ�>Ài���V�Õ`i`����Ì�i�*
+�V�>«ÌiÀ°�Ƃ�µÕiÃÌ����>�ÀiÃ��Ã�>��iÌ��`�
Ì��iÛ>�Õ>Ìi�iÝ«iÀ�i�Vi`�V��v�ÀÌ°�/�i�>`Û>�Vi�i�Ì��v�ÌiV�����}Þ�i�>L�iÃ�ÀiÃi>ÀV�iÀÃ�Ì��}>Ì��
iÀ���Ài�`>Ì>����v>VÌ�ÀÃ���yÕi�V��}�V��v�ÀÌ�Ü�Ì��ÕÌ���ÌiÀviÀ��}�Ü�Ì��Ì�i�«>ÀÌ�V�«>�Ì°�/��Ã�V>��
V��ÌÀ�LÕÌi�Ì��>�Ã��ÕÌ����Ì���ÛiÀV��i�Ì�i�̀ �vwVÕ�Ì�Þ��v�V��Ì��Õ�ÕÃ�Þ�>Ã���}�«>ÀÌ�V�«>�ÌÃ�Ì��Ãi�v�>Ã�
ÃiÃÃ�Ì�i�À�V��v�ÀÌ�v�À��i>ÃÕÀ��}�VÕÀÀi�Ì�V��v�ÀÌ�ÃÌ>ÌÕÃ°�
��v�ÀÌ��Ã�>�«ÃÞV����}�V>��ivviVÌ�Ì�>Ì�
Ã��iÌ��iÃ��Ã���Ì���Ì�Vi>L�i°��v�«i�«�i�>Ài�>Ã�i`�>L�ÕÌ�Ì�i�À�VÕÀÀi�Ì�V��v�ÀÌ��iÛi�]�Ì�iÞ�Ü����Li�
��Ài�>Ü>Ài]�>�`�Ì��Ã��ÌÃi�v���}�Ì���yÕi�Vi�Ì�i��Õ`}�i�ÌÃ°�ƂÃ���}�µÕiÃÌ���Ã����Ì�i���``�i��v�>�
task might also disturb the actual condition in reality, while the aim of a comfort designer should 
Li�Ì����Ì���ÌÀÕ`i����Ì�i�«>ÃÃi�}iÀÃ½�>Ü>Ài�iÃÃ�QÎR°�/�i�ÕÃi��v�V>�iÀ>Ã�v�À��LÃiÀÛ��}�«>ÀÌ�V��
«>�ÌÃ�V>���ÛiÀV��i�Ì��Ã�«À�L�i��«>ÀÌ�Þ°�-ÌÕ`�iÃ��>Ûi�Ã��Ü��Ì�>Ì��LÃiÀÛ��}�Ã�>�����Ûi�i�ÌÃ�
>�`�w`}iÌÃ�­-��Ã®�V>��`iÌiVÌ�Ì�i�`�ÃV��v�ÀÌ��iÛi���v�>�`À�ÛiÀ�QÇ]�£ÎR°�/�i��Õ�LiÀ��v�-��Ã�«iÀ�
£ä����ÕÌiÃ��Ã�v�Õ�`�Ì��Li�>�}��`���`�V>Ì�À��v�>�«iÀÃ��½Ã�Ãi>Ì�`�ÃV��v�ÀÌ�À>Ì��}�Q£{R°�/�i�Ü>Þ�
«i�«�i�Ã�Ì�>�`�V���Õ��V>Ìi�V�Õ�`�>�Ã��Li��LÃiÀÛi`�Û�>�Ì�i�V>�iÀ>�Q£x]�£ÈR°�6�`i��ÀiV�À`��}�
�Ã�>�Ã��>�}��`�Ü>Þ�Ì��Ài«�ÀÌ�V��v�ÀÌ�v�À�«i�«�i�Ü����>Ûi�`�vwVÕ�Ì�iÃ����w����}�µÕiÃÌ����>�ÀiÃ�
v�À�iÝ>�«�i�V���`Ài��Q£Ç]�£nR�>�`�>ÕÌ��>Ì�V�>�>�ÞÃ��}�Ì�i�Û�`i�Ã�Ü�Ì��>ÀÌ�wV�>����Ìi���}i�Vi��Ã�
}iÌÌ��}�i>Ã�iÀ�>Ã�Üi���Q£�R°

Moreover, cameras can also record facial expressions and categorize these in emotions, which 
��}�Ì�>�Ã����`�V>Ìi�Ì�i��iÛi���v�V��v�ÀÌ°�/��Ã�v>V�>��iÝ«ÀiÃÃ�����iÌ��`��>Ã�Lii��ÕÃi`�Ì��`iÌiVÌ�
Ì�iÀ�>��V��v�ÀÌ� QÓäR]�Ì�i�V��v�ÀÌ��v�Û�`i��V>����}�QÓ£R�>�`�Û�ÃÕ>��`�ÃV��v�ÀÌ� QÓÓR°�"�i�ÃÌÕ`Þ�
>�Ã��ÕÃi`�Ì��Ã�ÌiV�����}Þ�Ì��iÛ>�Õ>Ìi�«>ÃÃi�}iÀ�Ãi>Ì�V��v�ÀÌ����>�À«�>�iÃ�QÓÎR°��ÕÌÕÀi�ÃÌÕ`�iÃ�
V�Õ�`�>�Ã��ÕÃi�������ÌiÀviÀ��}��iÌ��`Ã����i�Ì��Ã�Ì��iÛ>�Õ>Ìi�«>ÃÃi�}iÀ�V��v�ÀÌ]�Ü��V��}�ÛiÃ�Ì�i�
«�ÃÃ�L���ÌÞ�Ì��`��>����}�ÌiÀ���LÃiÀÛ>Ì�������>�Ài>����vi�ÃiÌÌ��}°

Ƃ�Ã�]� Ì�i��,6�«>À>�iÌiÀÃ�ÃÌÕ`�i`� ��� Ì��Ã�*���>Ài�«À���Ã��}�>�`�V�Õ�`�Li� vÕÀÌ�iÀ�iÝ«��Ài`°�
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/�iÀi�>Ài�V>À�Ãi>ÌÃ�ÀiV�À`��}��,�QÓ{R�LÀ�>`i���}�Ì�i�Ãi�Ã�À�«�ÃÃ�L���Ì�iÃ�>�`�Ì�iÀi�>Ài��iÜ�
Ü>ÞÃ��v�>�>�ÞÃ��}�`>Ì>��>���}�ÕÃi��v�Ì�i�Ã>�i�«>À>�iÌiÀÃ�>Ã����Ì��Ã�*��°�"««�Ãi`�Ì��ÀiV�À`�
ing methods using body posture or pressure distribution which are linked to discomfort, this 
*��½Ã�iÝ«iÀ��i�ÌÃ�`iÃVÀ�Li��,6�«>À>�iÌiÀÃ�Ì�>Ì�>Ài�Ài�>Ìi`�Ì��V��v�ÀÌ°�

To our opinion, the best way to study comfort and discomfort is a combination of measuring 
>�`�ÕÃ��}�µÕiÃÌ����>�ÀiÃ°�/�i��i>ÃÕÀ��}�V>��Li�`��i�>Ì����i�ÌÃ�Ü�i����ÌiÀviÀi�Vi����Ì�i�
ÃÌÕ`Þ��Ã���Ì�`iÃ�À>L�i]�Ì��}>���L>V�}À�Õ�`���v�À�>Ì����>�`��L�iVÌ�Ûi�Þ�V��«>Ài�Ã�ÌÕ>Ì���Ã����
`�vviÀi�ViÃ°�/�i�µÕiÃÌ����>�ÀiÃ��À� ��ÌiÀÛ�iÜÃ�>Ài��ii`i`�>Ã�V��v�ÀÌ� �Ã�LÞ� �ÌÃi�v�>� ÃÕL�iVÌ�Ûi�
«�i���i���°

Final Statement
*�ÞÃ�V>��i�Ì�Ì�iÃ�V>��«Ài`�VÌ�V��v�ÀÌ]�>�`��LÃiÀÛ��}�Ì�i���ÌiÀ>VÌ�����À��Õ�>��L�`Þ�ivviVÌÃ����i�
�,6�V>��«Ài`�VÌ�V��v�ÀÌ�>Ã�Üi��°�Ƃ``�Ì���>��Þ]�Ì�iÀi�>Ài�}��`�µÕiÃÌ����>�ÀiÃ�>Û>��>L�i�v�À��>�Þ�
Ã�ÌÕ>Ì���Ã�v�À�ÀiV�À`��}�V��v�ÀÌ°��iÃ�}�iÀÃ�V>��ÕÃi�Ì�iÃi��iÌ��`Ã�Ì��VÀi>Ìi�>�LiÌÌiÀ�vÕ�VÌ���>��
>�ÀVÀ>vÌ���ÌiÀ��À�Ü��V��Ì�i����VÀi>ÃiÃ�«>ÃÃi�}iÀ�V��v�ÀÌ°
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