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In October 1998, on the occasion of the first conference on design edu-
cation, Richard Buchanan, then Director of The School of Design at Carne-
gie Mellon University, envisioned doctoral education in Design as a
“neoteric enterprise”, aimed at finding novel ways of addressing the new
problems, “thereby creating a new body of learning and knowledge”.
Twenty years after, these words can still be shared: the new problems af-
fecting our globalised, bewildered and worried society are growing in num-
bers and in complexity, and novel ways of sorting them out are more
sought-after than ever.

The present book is part of a series that, since 2017, documents the pro-
duction of the Politecnico di Milano Design Programme, presenting a sum-
mary of the doctoral theses defended each year. Eleven essays are here
gathered into four sections: Design Education; Collaborative Processes; Cul-
tural and Creative Companies; Technology for Social Change. 

In the variety of the researched topics, a common trait can be found in
the continuous need of updated ways of addressing complex problems. It
is such need that drives the evolving boundaries of design research forward,
not just within our Doctoral Programme, but within all the national and in-
ternational Doctoral Programmes in Design we are acquainted with.

Lucia Rampino is an Associate Professor at Politecnico di Milano, Depar-
tment of Design. In her research activity, she explores theories of design and
the nature of design processes, in particular as they pertain to knowledge
creation and product innovation. She has taken part in various research pro-
jects and serves as reviewer for both Design Journals and Conferences. Since
2009, she is on the Design PhD Faculty of Politecnico di Milano.

Ilaria Mariani, PhD in Design, is Contract Professor at the School of Design,
and post-doc Research Fellow at the Department of Design, Politecnico di Mi-
lano. She designs and researches games (physical, digital and hybrid) and
interactive narratives as complex systems for communication, learning and
social innovation, focusing on assessing their impact on users. On such topics,
she has been taking part in national and international research projects, and
she has been often involved in organizing conferences, reviewing journal and
conference articles.
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2YHU� WKH� ODVW� IHZ�\HDUV� WKH� LQWHUQDWLRQDO�GHVLJQ�UHVHDUFK�QHWZRUN�KDV�EHFRPH�DQ�
LPSRUWDQW�UHDOLW\��ZKLFK�KDV�IDFLOLWDWHG�WKH�VKDULQJ�RI�LGHDV�DQG�RSLQLRQV��LPSURYHG�
XQGHUVWDQGLQJ�RI�WKH�VXEMHFW�DQG�LQFUHDVHG�DZDUHQHVV�RI�WKH�SRWHQWLDO�RI�GHVLJQ�LQ�
YDULRXV�VRFLR�JHRJUDSKLFDO�FRQWH[WV��
7KH� FXUUHQW� H[SDQVLRQ� RI� WKH� HGXFDWLRQDO� QHWZRUN� DOORZV� WHDFKHUV�� VWXGHQWV��
UHVHDUFKHUV�DQG�SURIHVVLRQDOV�WR�PHHW��ERWK�RQOLQH�DQG�LQ�SHUVRQ���
,W�ZRXOG�VHHP�WKHUHIRUH�WKDW�WKH�WLPH�LV�QRZ�ULJKW�WR�SURSRVH�D�QHZ�VHULHV�RI�ERRNV�
RQ� GHVLJQ�� FRQWULEXWLQJ� WKH� FRQVWUXFWLRQ� RI� WKH� LQWHUQDWLRQDO� GHVLJQ� FRPPXQLW\��
KHOSLQJ�DXWKRUV�EULQJ�WKHLU�ZRUN�RQWR�WKH�ZRUOG�VFHQH��
7KH�'HVLJQ�,QWHUQDWLRQDO�VHULHV�LV�WKXV�ERUQ�DV�D�FXOWXUDO�VHWWLQJ�IRU�WKH�VKDULQJ�RI�
LGHDV�DQG�H[SHULHQFHV�IURP�WKH�GLIIHUHQW�ILHOGV�RI�GHVLJQ��D�SODFH�LQ�ZKLFK�\RX�FDQ�
GLVFRYHU�WKH�ZHDOWK�DQG�YDULHW\�RI�GHVLJQ�UHVHDUFK��ZKHUH�GLIIHUHQW�K\SRWKHVHV�DQG�
GLIIHUHQW� DQVZHUV� SUHVHQW� WKHPVHOYHV�� LQ� DQ� DWWHPSW� WR� GUDZ� XS� D�PDS� RI� ,WDOLDQ�
GHVLJQ��WKRXJK�LQ�D�FRQWLQXRXV�FRPSDULVRQ�ZLWK�WKH�ZRUOG�VFHQH��
'LIIHUHQW�DUHDV�RI�GHVLJQ�ZLOO�EH�LQYHVWLJDWHG��VXFK�DV�IRU�H[DPSOH��IDVKLRQ��LQWHULRU�
GHVLJQ�� JUDSKLF� GHVLJQ�� FRPPXQLFDWLRQ� GHVLJQ�� SURGXFW� DQG� LQGXVWULDO� GHVLJQ��
VHUYLFH�DQG�VRFLDO�LQQRYDWLRQ�GHVLJQ��LQWHUDFWLRQ�GHVLJQ�DQG�HPRWLRQDO�GHVLJQ���
�
%RRNV�SXEOLVKHG�LQ�WKLV�VHULHV�DUH�VHOHFWHG�E\�WKH�6FLHQWLILF�%RDUG�DQG�VXEPLWWHG�WR�
WZR�UHIHUHHV�IRU�SHHU�UHYLHZ��
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&DPLOR�$\DOD�*DUFLD�DQG�9DOHQWLQD�5RJQROL
Department of Design, Politecnico di Milano 

Abstract

7KH�',<�PRYHPHQW�LV�H[SDQGLQJ�EH\RQG�SURGXFWV�WR�LQFOXGH�WKH�PDWH-
ULDOV�IURP�ZKLFK�WKH�SURGXFWV�DUH�PDGH��QDPHO\��',<�0DWHULDOV��'HVLJQHUV�
DURXQG�WKH�JOREH�DUH�HQJDJLQJ�LQ�GLIIHUHQW�H[SHULPHQWDO�MRXUQH\V�HQFLUFOLQJ�
WKH�PDWHULDOV�GHYHORSPHQW�¿HOG�EHIRUH�GHYHORSLQJ�WKHLU�SURMHFWV��6HOI�PDGH�
PDWHULDO�VRXUFHV�DUH�SURYLGLQJ�GHVLJQHUV�ZLWK�D�XQLTXH�WRRO�WR�GHYHORS�QHZ�
ODQJXDJHV�DQG�QHZ�SURGXFWV�ZLWK�RULJLQDO�DQG�IUHVK�PDWHULDOV�H[SHULHQFHV��
$V�PRUH�GHVLJQHUV� WDNH� WKLV�SDWK�� D�SURSHU� VWXG\�DURXQG� WKH�SKHQRPHQRQ�
needs to be carried out. 

This chapter presents an introduction to a doctoral study conducted to 
XQGHUVWDQG�WKH�',<�0DWHULDOV�SKHQRPHQRQ�DV�RQH�RI�WKH�HPHUJLQJ�PDWHULDOV�
H[SHULHQFHV� LQ� WKH�¿HOG�RI�GHVLJQ��7KH�KHUHLQ�SUHVHQWHG�UHVHDUFK�VWUXFWXUH�
VKRZV�WKH�IRUPXODWLRQ�RI�UHVHDUFK�TXHVWLRQV�DQG�K\SRWKHVHV��WKH�TXDOLWDWLYH�
PHWKRGV� DQG� VWUDWHJLHV� WR� FRQGXFW� WKH� GLIIHUHQW� WHVWV�� DQG� KRZ� WKH� GLIIHU-
HQW�HOHPHQWV�DUH�DWWHPSWLQJ�WR�FOHDUO\�GH¿QH�WKLV�SKHQRPHQRQ�WRJHWKHU��7KH�
FKDSWHU�GRHV�QRW�DFW�DV�D�VXPPDU\�RI�WKH�VWXG\��,QVWHDG��LW�LV�DQ�LQYLWDWLRQ�WR�
UHDG�WKH�GRFWRUDO�GLVVHUWDWLRQ��:LWKLQ��LW�LV�SRVVLEOH�WR�YLHZ�DQG�XQGHUVWDQG�
WKH�RSSRUWXQLWLHV�',<�0DWHULDOV�RIIHU�ZKHQ�FRQVLGHUHG�DV�D�SRVVLEOH�SUDFWLFH�
LQ�WKH�GHVLJQ�GRPDLQ�

Introduction

1RZDGD\V��WKH�SURGXFWV�VXUURXQGLQJ�XV�GHULYH�SULPDULO\�IURP�LQGXVWULDO�
PDWHULDOV��L�H���PDWHULDOV�WKDW�DUH�GHYHORSHG�LQ�RUGHU�WR�DQVZHU�PDVV�SURGXF-
WLRQ�UHTXLUHPHQWV�DQG�FRQVWUDLQWV��$QG�LW�GRHV�QRW�ORRN�OLNH�LW�ZLOO�EH�FKDQJ-
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LQJ�DQ\� WLPH�VRRQ��+RZHYHU�� LW� LV�REVHUYDEOH� WKDW�RYHU� WKH� ODVW� IHZ�\HDUV��
DQRWKHU�LQWHUHVWLQJ�SKHQRPHQRQ�KDV�HPHUJHG��EULQJLQJ�D�QHZ�GLPHQVLRQ�WR�
WKH�UHODWLRQVKLS�DPRQJVW�GHVLJQHUV��WHFKQRORJLHV��SURGXFWLRQ�SURFHVVHV��DQG�
PDWHULDOV�� ,W� LV�NQRZQ�DV�',<�0DWHULDOV� �GR� LW�\RXUVHOI�PDWHULDOV�� WR�KLJK-
OLJKW�WKH�SULQFLSDO�FKDUDFWHULVWLF�RI�WKLV�³QHZ�FODVV´�RI�PDWHULDOV��ZKLFK�DUH�
FRQFHLYHG�E\�WKH�GHVLJQHU�DQG�WKHLU�GHYHORSPHQW�LV�FKDUDFWHUL]HG�E\�D�WLQN-
HULQJ� DSSURDFK� DQG� D� VHOI�SURGXFWLRQ� SURFHVV� �5RJQROL�et al.�� �������7KLV�
QHZ�DSSURDFK�WR�PDWHULDOV�GHYHORSPHQW�LV�HQKDQFHG�E\�WKH�UHQDLVVDQFH�RI�
FUDIWVPDQVKLS��E\�WKH�GHPRFUDWL]DWLRQ�RI�WKH�WHFKQRORJLHV�DQG�DOO�WKH�SUDFWLF-
HV�FRPELQLQJ�PDNLQJ��FUDIWLQJ�DQG�SHUVRQDO�IDEULFDWLRQ��%HWWLRO�DQG�0LFHOOL��
������7DQHQEDXP�et al.���������

7KH�',<�PRYHPHQW� H[SDQGV�EH\RQG�SURGXFWV� WR� LQFOXGH� WKH�PDWHULDOV�
ZKLFK�PDNH�WKH�SURGXFWV��%URZQHOO���������6WDUWLQJ�IURP�WKH�',<�0DWHULDOV�
GH¿QLWLRQ�ZKLFK�GHVFULEH� WKHVH�PDWHULDOV� DV� FUHDWHG� WKURXJK� LQGLYLGXDO� RU�
FROOHFWLYH�VHOI�SURGXFWLRQ�SUDFWLFHV��RIWHQ�E\�WHFKQLTXHV�DQG�SURFHVVHV�RI�WKH�
GHVLJQHU¶V�LQYHQWLRQ��5RJQROL�et al.���������ZH�GHFLGHG�WR�DGG�WR�WKH�GRFWRUDO�
research we are presenting, the social innovation perspective, with the idea 
WR�EHWWHU�IUDPH�WKLV�UHPDUNDEOH�DQG�FRQWHPSRUDU\�SKHQRPHQRQ�

The DIY-Materials Phenomenon

',<�SUDFWLFHV�DUH�WDNLQJ�RQ�GLIIHUHQW�¿HOGV�RI�NQRZOHGJH�DQG�H[SHUWLVH��
$PRQJ�WKHVH��WKH�PDWHULDOV�IRU�GHVLJQ�GRPDLQ�LV�LQFUHDVLQJO\�ZLWQHVVLQJ�GH-
VLJQHUV�PDNLQJ�XVH�RI�WKLV�SUDFWLFHV��,Q�RXU�RSLQLRQ��LW�KDSSHQHG�IRU�VHYHUDO�
UHDVRQV�LQFOXGLQJ�WKH�LQWHUHVWV�UHODWHG�WR�PRUH�VXVWDLQDEOH�IXWXUHV�DQG�DWWHQ-
WLRQ� WR� WKH� VRFLDO� LQQRYDWLRQ� SHUVSHFWLYH�� )XUWKHUPRUH�� WKH� GHVLJQHUV�ZKR�
KDYH�HPEDUNHG�RQ�D�SDWK�RI�GHYHORSPHQW�DQG�VHOI�SURGXFWLRQ�RI�PDWHULDOV��
WKH\�DOVR�ZDQWHG�WR�GHPRQVWUDWH�WKHLU�GLVVDWLVIDFWLRQ�ZLWK�WKH�PRQRWRQRXV�
XQLIRUPLW\�RI� WKH� LQGXVWULDO�PDWHULDO� ODQGVFDSH��DQG�WKHUHIRUH�WKH\�WULHG� WR�
JHQHUDWH�RULJLQDO�PDWHULDO� H[SHULHQFHV�� HYHQ� WUDQVIRUPLQJ� WKHPVHOYHV� LQWR�
UHDO�DFWLYLVWV��5LEXO��������DJDLQVW�WKH�PDVV�SURGXFWLRQ�V\VWHP��,W�VHHPV�WKDW�
GHVLJQHUV�HQMR\�UHJDLQLQJ�FRQWURO�RI�WKH�LGHDWLRQ�DQG�SURGXFWLRQ�SURFHVVHV��
JHWWLQJ�WKHLU�KDQGV�GLUW\�E\�H[SHULPHQWLQJ�ZLWK�FRORUV��WH[WXUHV��FRQVLVWHQ-
FLHV��PL[LQJ�YDULRXV�LQJUHGLHQWV�DQG�KDYLQJ�IXQ�ORRNLQJ�IRU�DOWHUQDWLYH�DQG�
XQFRQYHQWLRQDO�VRXUFHV�DV�UDZ�PDWHULDOV��

',<�0DWHULDOV�SUDFWLFHV�SURPRWH�NQRZLQJ�LQ�DFWLRQ��6FK|Q���������L�H���
H[SHULHQWLDO�NQRZOHGJH�ZLWK�DQG�WKURXJK�PDWHULDOV��7KH�RXWFRPH�RI�WKLV�SUR-
FHVV�LV�RIWHQ�D�VHOI�SURGXFHG�PDWHULDO�DV�D�UHVXOW�RI�PDNLQJ�WKLQJV�E\�KDQG��
EXW� DOVR� E\� WKLQNLQJ� WKURXJK� WKH� KDQG�PDQLSXODWHG�PDWHULDOV� �1LPNXOUDW��
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�������7KXV��WKH�SURFHVV�RI�PDNLQJ�PDWHULDOV�E\�KDQG�FDQ�EH�LGHQWL¿HG�DV�D�
ZD\�RI�WKLQNLQJ�LQWHOOHFWXDOO\��6HQQHWW��������DQG�D�ZD\�RI�WLQNHU�PDQXDOO\�
�3DULVL�et al.���������'HVLJQHUV��IXUWKHUPRUH��UHTXLUH�D�G\QDPLF�SURFHVV�RI�
OHDUQLQJ�DQG�XQGHUVWDQGLQJ�WKURXJK�PDWHULDO�H[SHULHQFH��*UD\�DQG�%XUQHWW��
������S������IRU�GHVLJQLQJ�ZLWK�PDWHULDOV��.DUDQD�et al.��������

7KH�VWXG\�EHJDQ�E\�DVNLQJ��ZKDW�LV�WKH�RULJLQ�RI�',<�0DWHULDOV"�0RUH-
RYHU��ZKDW�FDQ�VHUYH�DV�D�PDWHULDO�VRXUFH�IRU�WKHLU�GHYHORSPHQW"�$V�WKHUH�H[-
LVWV�RQO\�D�OLPLWHG�DPRXQW�RI�OLWHUDWXUH�LQ�WKH�HPHUJLQJ�¿HOG�DQG�VHYHUDO�W\SHV�
RI�UHVHDUFK�EHLQJ�DSSOLHG�RQ�WKH�VXEMHFW�DURXQG�WKH�JOREH��LW�ZDV�FUXFLDO�WR�
SURSRVH�D�PRUH�LQ�GHSWK�FDWHJRUL]DWLRQ�DQG�WKHRU\�VWUXFWXUH��7KHUH�LV�D�KLJK�
FKDQFH� IRU� WKLV�SKHQRPHQRQ� WR�FRQWLQXH� WR�JURZ�DQG�EHFRPH�HVWDEOLVKHG��
FUHDWLQJ�EDODQFH�ZLWKLQ�WKH�PDWHULDOV�GRPDLQ�

Theoretical requirements

7KH�WKHRUHWLFDO�EDFNJURXQG�RI�WKLV�VWXG\�LV�FRPSRVHG�RI�WKUHH�PDFUR�DU-
HDV�RI�UHVHDUFK��PDWHULDOV�IRU�GHVLJQ�WKHRULHV��',<�SUDFWLFHV��DQG�GHVLJQ�IRU�
VXVWDLQDELOLW\��¿J������7KURXJK�WKHVH�WKUHH�PDFUR�DUHDV��WKHUH�LV�DQ�RSSRUWX-
QLW\�WR�FRQQHFW�RWKHU�VLJQL¿FDQW�WKHRUHWLF�FRQWULEXWLRQ�OLNH�WKH�FRQFHSWV�RI�
PDWHULDOV�H[SHULHQFH��WKH�DXWDUFKLF�DSSURDFK�WR�PDWHULDOV�DQG�WHFKQRORJLHV�
�'H�$OPHLGD�0HUR]��������%RVRQL�DQG�'H�*LRUJL���������DQG�WKH�FLUFXODU�
HFRQRP\�SULQFLSOHV�DQG�VRFLDO�LQQRYDWLRQ�UHVHDUFK�

7KH�SULQFLSDO�DLP�RI�WKLV�GLVVHUWDWLRQ�LV�WR�LOOXVWUDWH�WKH�SRVVLEOH�SDWKV�IRU�
these areas to encounter. The study underlines the three agendas and topics 
FRKHUHQWO\�EXW�GRHV�QRW� LQWHQG� WR� IRUFH� WKH�PHUJH�RI� WKH� WKUHH� WRSLFV�DV�D�
ZKLP�RU�MXVW�IRU�WKH�VDNH�LW��,QVWHDG��LW�KLJKOLJKWV�WKH�RSSRUWXQLWLHV�RFFXUULQJ�
when these topics encounter one another.

Motivations

&RQVLGHULQJ�WKH�HYLGHQW�FRQQHFWLRQV�WKDW�PD\�HPHUJH�EHWZHHQ�WKH�WKUHH�
PDFUR�DUHDV�RI�UHVHDUFK��H[DPLQLQJ�DOVR�WKH�UHODWLRQVKLS�EHWZHHQ�SHRSOH�DQG�
WKLQJV��PDWHULDO�FXOWXUH�VWXGLHV1���KRZ�KXPDQ�EHLQJV�UHODWH�WR�WKHLU�HQYLURQ-

1�0DWHULDO�&XOWXUH�	�(FRORJLFDO�$QWKURSRORJ\�DUH�GH¿QHG�E\�,QJROG�DV�UHFHQWO\�RSSRVLWH�
VFKRROV�RI� WKRXJKW��+RZHYHU�� LQ� WKLV�GLVVHUWDWLRQ� WKHUH�DUH�VHYHUDO�PRPHQWV� LQ�ZKLFK�ERWK�
¿HOGV�PHHW��,QJROG��7����������7RZDUG�DQ�(FRORJ\�RI�0DWHULDOV��Annual Review of Anthropol�
RJ\����, 427-42.
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PHQW��HFRORJLFDO�DQWKURSRORJ\���DQG�WKH�LVVXHV�RI�PDLQWHQDQFH�RI�WKH�VRFLHW\�
DQG�WKH�SODQHW��VXVWDLQDELOLW\���WKH�GRFWRUDO�VWXG\�IRFXVHV�RQ�WKH�FRQQHFWLRQV�
EHWZHHQ�WRSLFV�DQG�RSSRUWXQLWLHV�IRU�WKH�IXWXUH�RI�GHVLJQ�PDWHULDOV�

 

)LJ����±�7KH�WKUHH�PDFUR�DUHDV�WKDW�GHWHUPLQH�WKH�WKHRUHWLFDO�VXSSRUW�IRU�WKH�',<�0DWHULDOV�
phenomenon

)LJ����±�',<�0DWHULDOV�DV�DQ�DOWHUQDWLYH�WR�WUDGLWLRQDO�PDWHULDOV�GHYHORSHG�E\�VFLHQFH�
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6RFLHWLHV�QHHG�D�GULYHU�ZKLFK�DOORZV�VRFLDO� LQQRYDWLRQ�IRU� WKH�PDWHULDO�
culture. There is, and there always will be a technological innovation that is 
GULYHQ�E\�WKH�GHYHORSPHQW�RI�VFLHQFH�DQG�WHFKQRORJ\�FRQWLQXRXVO\�LQYHVWL-
JDWLQJ�LQWHOOLJHQFH�LQ�PDWHULDOV��H�J���QDQRWHFKQRORJ\��PHPRU\��VHOI�WUDQVIRU-
PDWLRQ���1HYHUWKHOHVV��PDWHULDOV�LQ�VFLHQFH�DOZD\V�KDYH�WKH�SUREOHP�RI�DF-
FHVVLELOLW\��ZKLFK�PHDQV�QHLWKHU�GHVLJQHUV�QRU�FRPPXQLWLHV�FDQ�JDLQ�TXLFNO\�
DFFHVV�WR�WKRVH�PDWHULDOV�WKDW�DUH�GHYHORSHG�LQ�WKH�ODE��8QIRUWXQDWHO\��VRPH�
GHFDGHV�ZLOO�KDYH�WR�SDVV�EHIRUH�LW�ZLOO�EH�SRVVLEOH�WR�EX\�WKHP�LQ�VWDQGDUG�
IRUPDWV�LQ�D�VWRUH��

7KLV�VWXG\�IRFXVHV�RQ�DQRWKHU�SRVVLEOH�SDWK� IRU�PDWHULDOV�GHYHORSPHQW�
DQG�DFFHVVLELOLW\��¿J������

+XPDQV�EHLQJV�PXVW�¿QG�DOWHUQDWLYH�ZD\V�QRW�RQO\�WR�SURGXFH�EXW�WR�XVH�
DQG�GLVSRVH�RI�PDWHULDOV��

'R�LW�\RXUVHOI�SUDFWLFHV��ZKLFK�DULVH�DV�D�VRFLDO�PRYHPHQW�DQG�ZKLFK�ZLOO�
SUHVXPDEO\�OHDG�WR�VRFLDO�FKDQJH��DUH�QRZ�IRFXVLQJ�RQ�PDWHULDOV��,W�LV�D�JURZ-
LQJ�WUHQG�WKDW�ZH�EHOLHYH�UHTXLUHV�DQ�HYHU�LQFUHDVLQJ�VWXG\�DQG�LQYHVWPHQW�

The research questions

7KH�UHVHDUFK�TXHVWLRQV��VXE�TXHVWLRQV�DQG�WKH�K\SRWKHVHV�JXLGHG�WKH�GLI-
IHUHQW�VWDJHV�RI� WKH�UHVHDUFK��2QH�PDLQ�TXHVWLRQ�UHPDLQHG�LQVWUXPHQWDO� LQ�
guiding the process. 

5HVHDUFK�4XHVWLRQ��54��
:KDW�FDXVHV�WKH�',<�0DWHULDOV�3KHQRPHQRQ"

$V�LW�LV�D�EURDG�TXHVWLRQ�WKDW�FDQ�EH�LQWHUSUHWHG�LQ�PDQ\�ZD\V�DQG�FDQ�
OHDG�WR�PDQ\�GLIIHUHQW�UHVXOWV��WKH�IRUPXODWLRQ�RI�WKUHH�VXE�TXHVWLRQV�SURYLGH�
D�PRUH�GHWDLOHG�IRFXV�

�D��:KR�GHFLGHV�WR�HPEDUN�LQ�D�',<�0DWHULDOV�GHYHORSPHQW"�
�E��:K\�GR�SHRSOH�GHFLGH�WR�GR�WKHLU�PDWHULDOV"
�F��:KDW�DUH�WKH�GLIIHUHQFHV�EHWZHHQ�',<�0DWHULDOV�DQG�RWKHU�PDWHULDOV"

This research question and its sub-questions helped to organize a research 
PHWKRG�DQG�ZLWK�LW��D�V\VWHPDWLF�FROOHFWLRQ�RI�FDVHV�DQG�EHVW�SUDFWLFHV�RI�WKLV�
SKHQRPHQRQ��

&RS\ULJKW��������E\�)UDQFR$QJHOL�V�U�O���0LODQR��,WDO\��,6%1���������������
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$IWHU�WKH�¿QGLQJV�REWDLQHG�E\�GHYHORSLQJ�D�FDWHJRUL]DWLRQ�RI�WKH�GLIIHUHQW�
FDVHV��$\DOD�*DUFLD��5RJQROL�DQG�.DUDQD���������D�VHFRQG�UHVHDUFK�TXHVWLRQ�
HPHUJHG��,W�ZDV�HYLGHQW�WKDW�E\�GHWHUPLQLQJ�WKH�FDXVHV�RI�WKH�SKHQRPHQRQ�
DQG� WKH� UHDVRQV�ZK\�SHRSOH� GR�PDWHULDOV�ZLOO� QRW� SURYLGH� HQRXJK� FRQWUL-
EXWLRQ�WR�WKH�¿HOG�RI�VWXG\��7KH�TXHVWLRQV�RI�³ZKDW´�DQG�³ZK\´�QHHGHG�WR�
EH� H[SDQGHG� XSRQ��7KH\� KHOSHG� WR� FUHDWH� D� EHWWHU� GHVFULSWLRQ�� DQG� VXUHO\�
WKH� FODVVL¿FDWLRQ�EHFDPH�DQ� HVVHQWLDO� HOHPHQW� IRU� D� EHWWHU� FRPSUHKHQVLRQ�
RI�WKH�SKHQRPHQRQ��1HYHUWKHOHVV��LI�WKH�SKHQRPHQRQ�FRQWLQXHV�WR�JURZ��DV�
LW�FHUWDLQO\�GLG�VLQFH�WKH�VWDUW�RI�WKH�GRFWRUDO�UHVHDUFK�WR�WKH�ZULWLQJ�RI�WKLV�
FKDSWHU��LW�ZDV�HVVHQWLDO�WR�H[SORUH�ZKHUH�LW�ZRXOG�JR��:KDW�GLIIHUHQFH�FRXOG�
LW�PDNH�FRPSDUHG�ZLWK�WUDGLWLRQDO�PDWHULDOV�GHYHORSHG�E\�67(0��VFLHQFH��
WHFKQRORJ\�HQJLQHHULQJ��DQG�PDWKHPDWLFV�VFLHQFHV�" 2 

On the evidence proved by the initial studies, where the essential knowl-
HGJH�RQ�FUDIWV�LV�D�GHWHUPLQDQW�IRU�D�GHVLJQHU�WR�HPEDUN�RQ�D�PDWHULDOV�GHYHO-
RSPHQW��WKH�VHFRQG�UHVHDUFK�TXHVWLRQ�VKDSHG�WKH�UHVW�RI�WKH�GRFWRUDO�VWXG\��

5HVHDUFK�4XHVWLRQ��54��
:KR�FDQ�JHQHUDWH�D�',<�0DWHULDO"

0DQ\� DUWLVWV�� DUFKLWHFWV�� DQG�GHVLJQHUV�ZKR�KDYH�GHYHORSHG� D�PDWHULDO�
FRPH�HLWKHU� IURP�D�IDPLO\�RI�FUDIWVPHQ��DUH� WUDLQHG� WR�DSSURDFK�PDWHULDOV�
WKURXJK�WKHLU�KLJKHU�HGXFDWLRQ�RU�DUH�',<�HQWKXVLDVWV�DQG�EHOLHYH�LQ�WKH�RSHQ�
VRXUFH�DQG�PDNHU�PRYHPHQWV��7KLV�LQVLJKW�FUHDWHV�D�QLFKH�LQVLGH�WKH�HQWLUH�
GHVLJQ�¿HOG�SXWWLQJ�WKH�ZLOOLQJQHVV�DQG�FDSDELOLWLHV�WR�FUDIW�LQ�WKH�¿UVW�SODFH��
$OO�WKRVH�ZLWK�QR�LQWHQWLRQ�WR�PDNH�ZLWK�WKHLU�KDQGV�ZLOO�EH�K\SRWKHWLFDOO\�
taken out.

Research objectives 

General Objective
'HYHORS�D�WKHRUHWLFDO�IUDPHZRUN�ZKLFK�DOORZV�WKH�SUDFWLFH�RI�',<�0DWH-

ULDOV�GHYHORSPHQW�WR�EHFRPH�DYDLODEOH�DQG�LPSOHPHQWHG�E\�D�EURDGHU�GHVLJQ�
audience. 

2 67(0�LV�D�WHUP�¿UVW�XVHG�E\�WKH�8�6��IHGHUDO�DJHQFLHV�WR�FDOO�WKH�FRUH�VFLHQFHV�LQ�WKH�
¿HOG�RI�HGXFDWLRQ�IRU�IXQGLQJ�VFLHQWL¿F�UHVHDUFK��*RQ]DOH]��+���DQG�.XHQ]L��-����������Sci�
HQFH��7HFKQRORJ\��(QJLQHHULQJ��DQ�0DWKHPDWLFV��67(0��(GXFDWLRQ��$�3ULPHU��&RQJUHVVLRQDO�
5HVHDUFK�6HUYLFH�
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6SHFL¿F�2EMHFWLYHV�
7KH�¿UVW�REMHFWLYH�LV�WR�KLJKOLJKW�WKH�SRVVLELOLWLHV�WKDW�',<�0DWHULDOV�FDQ�

SURYLGH�ZKHQ�FRQVLGHUHG�DV�D�SRVVLEOH�SUDFWLFH�LQ�WKH�¿HOG�RI�GHVLJQ��
7KH�VHFRQG�REMHFWLYH�LV�WR�¿QG�DQG�GH¿QH�D�SURSHU�VHW�RI�JXLGHOLQHV�WKDW�

FDQ�EH�XWLOL]HG�E\�D�SHUVRQ�ZKR�ZDQWV�WR�GHYHORS�D�SURMHFW�VWDUWLQJ�IURP�WKH�
PDWHULDO�

Key Words
• ',<�0DWHULDOV
• (PHUJLQJ�0DWHULDOV�([SHULHQFHV
• 7LQNHULQJ�ZLWK�0DWHULDOV
• ([SUHVVLYH�6HQVRULDO�&KDUDFWHUL]DWLRQ�RI�0DWHULDOV
• ([SHULHQWLDO�4XDOLWLHV�RI�0DWHULDOV
• 0DWHULDOV�IRU�'HVLJQ
• 'HPRFUDWL]DWLRQ�RI�0DWHULDOV

The research hypotheses

Theory building starts with propositions and hypotheses, where relation-
VKLSV�DPRQJ�YDULDEOHV�HPHUJH��$�VHULHV�RI�K\SRWKHVHV�ZHUH�SURSRVHG�WR�JXLGH�
WKH�VWXGLHV�¿QGLQJ�LQIRUPDWLRQ�WR�PHDVXUH�DQG�HQFRXQWHU�WHQGHQFLHV�WRZDUGV�
PDWHULDOV�GHYHORSPHQW�SDWWHUQV��$FFRUGLQJ�WR�.DSODQ���������WKHUH�DUH�ZRUN-
LQJ�K\SRWKHVHV�DQG�WHVW�K\SRWKHVHV��:RUNLQJ�K\SRWKHVHV�VHUYH�WR�JXLGH�DQG�
RUJDQL]H�WKH�LQYHVWLJDWLRQ�SURYLGLQJ�VRPHWKLQJ�WR�JR�RQ�ZLWK��S�������

,Q�WKLV�UHVHDUFK��WKH�VWXG\�VWDUWHG�ZLWK�WZR�ZRUNLQJ�K\SRWKHVHV�

:RUNLQJ�+\SRWKHVLV��:+��
7KH�',<�0DWHULDOV� SKHQRPHQRQ� WHQGV� WR� JURZ��7KHUH� VKRXOG�EH� D�
ZD\�WR�RUJDQL]H�LW�WR�DOORZ�D�EHWWHU�XQGHUVWDQGLQJ�

:RUNLQJ�+\SRWKHVLV��:+��
',<�0DWHULDOV�HPHUJHG�IURP�WKH�FUHDWLYH�¿HOGV�RI�KXPDQLWLHV��7KHUH�
VKRXOG�EH�D�JDS�WKDW�WUDGLWLRQDO�67(0�PDWHULDOV�DUH�XQDEOH�WR�¿OO�

7HVW�K\SRWKHVHV�RQ�WKH�RWKHU�VLGH�FRPH�DIWHU�WKH�LQYHVWLJDWLRQ�LV�DOUHDG\�RQ�
WUDFN��$�VHULHV�RI�LQTXLULHV�PD\�HPHUJH�WR�¿QG�WKH�VROXWLRQ�WR�D�SRVHG�SUREOHP��

$IWHU� EHLQJ� DEOH� WR� XQGHUVWDQG� KRZ� LQ� DOO� WKH� FDVHV� VWXGLHG�� LW�ZDV� RI�
H[WUHPH�LPSRUWDQFH�WR�JDLQ�FHUWDLQ�GHJUHH�RI�IDPLOLDULW\�DQG�DELOLW\�WR�ZRUN�

&RS\ULJKW��������E\�)UDQFR$QJHOL�V�U�O���0LODQR��,WDO\��,6%1���������������
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ZLWK�WKH�KDQGV�WR�GHYHORS�D�PDWHULDO��D�VHW�RI�WHVW�K\SRWKHVHV�HPHUJHG�SUR-
YLGLQJ�IXUWKHU�GLUHFWLRQV�IRU�WKH�UHVHDUFK��7KH�WHVW�K\SRWKHVHV�VXJJHVW��

7HVW�+\SRWKHVLV��7+��
7KHUH�LV�D�UHODWLRQVKLS�EHWZHHQ�NQRZLQJ�KRZ�WR�FUDIW�WKLQJV�DQG�PD-
WHULDOV�GHYHORSPHQW�

+DYLQJ�FRQFOXGHG�WKDW�FODVVLI\LQJ�DQG�RUJDQL]LQJ�PDWHULDOV�LQWR�GLIIHUHQW�
FDWHJRULHV�DQG�VXE�FDWHJRULHV�SURYLGHV�LQIRUPDWLRQ�DERXW�FRPPRQ�HOHPHQWV�
WKH�GLIIHUHQW�FDVHV�VKDUH��D�IXUWKHU�REVHUYDWLRQ�RQ�VLPLODU�DHVWKHWLF�SDWWHUQV��
FRPPRQ�PRWLYDWLRQV�DQG�GULYHUV�WR�REWDLQ�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�SKH-
QRPHQRQ�HPHUJHG��$�VHFRQG�WHVW�K\SRWKHVLV�WKHQ�VXJJHVWHG�

7HVW�+\SRWKHVLV��7+��
6WDUWLQJ�PDWHULDO�GHYHORSPHQW�IURP�D�SDUWLFXODU�VRXUFH�KDV�DQ�HIIHFW�
RQ�WKH�¿QDO�PDWHULDO�GHYHORSHG�

,I�DQ\�',<�0DWHULDOV�GHYHORSPHQW�VWDUWV�IURP�D�SDUWLFXODU�NLQJGRP��WKH�
GHVLJQHUV�RI�WKH�PDWHULDO�FRXOG�FDUU\�RXW�D�IRFXVHG�UHVHDUFK�JDWKHULQJ�LQIRU-
PDWLRQ�IURP�VLPLODU�FDVHV�XQGHUVWDQGLQJ�FRPPRQ�HOHPHQWV��OLPLWDWLRQV��DQG�
DGYDQWDJHV�FRQFHUQLQJ�SURSHUWLHV�DQG�TXDOLWLHV�RI�WKH�PDWHULDO�WKH\�ZDQW�WR�
GHYHORS�DV�ZHOO�DV�WKH�EHQFKPDUN�RQHV�

)LQDOO\��DQRWKHU�FULWLFDO�FRQFOXVLRQ�IURP�WKH�H[SORUDWRU\�VWXGLHV�UHYHDOHG�
WKDW�WKH�GHVLJQHUV�XQOLNH�PDWHULDO�VFLHQWLVWV�DQG�HQJLQHHUV�KDG�VRPH�GLIIHUHQW�
PRWLYDWLRQV��'HVLJQHUV� GULYHQ� E\� FRQFHUQV� DURXQG� VXVWDLQDELOLW\� DQG� QHZ�
DHVWKHWLFV��SURSRVH�DOWHUQDWLYHV�IRU�ZKDW�WKH�PDVV�PDUNHW�SURYLGHV��7KH�WKLUG�
test hypothesis suggests:

7HVW�+\SRWKHVLV��7+��
',<�0DWHULDOV�ZHUH�WKH�UHVXOW�RI�PRWLYDWLRQV�RWKHU�WKDQ�ZKDW�67(0�
PDWHULDOV�FRPPRQO\�KDYH�

7KH�UHVXOWV�ZRXOG�EH�GLIIHUHQW�IURP�ZKDW�FXUUHQWO\�H[LVWV�LQ�WKH�PDUNHW�
QRW�UHJDUGLQJ�SHUIRUPDQFH�DQG�FDSDELOLWLHV��EXW�UHJDUGLQJ�ZKDW�WKH\�KDYH�WR�
RIIHU�WR�SRWHQWLDO�XVHUV�

7KH�QHFHVVLW\�WR�SHUIRUP�D�IRXUWK�VWXG\�IROORZHG�WKH�HYLGHQFH�RI�WKH�SR-
WHQWLDO�IRU�D�',<�0DWHULDO�WR�JR�IXUWKHU��7KH�IRXUWK�UHVHDUFK�K\SRWKHVLV�DO-
ORZHG�WR�PRYH�IRUZDUG�IURP�WKH�WLQNHULQJ�DSSURDFKHV�ZKLFK�FKDUDFWHUL]HG�
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WKH�WKLUG�VWXG\�LQWR�D�PRUH�RUJDQL]HG�DQG�DFFXUDWH�SURFHGXUH��7KH�IRXUWK�WHVW�
hypothesis suggests:

7HVW�+\SRWKHVLV��7+��
',<�0DWHULDOV�FDQ�DFKLHYH�D�PDWXUH�OHYHO�RI�TXDOLWDWLYH�GHYHORSPHQW�
DQG� LW� LV�SRVVLEOH� WR�DQDO\]H�WKHP�ZLWK�VWDQGDUG�PHWKRGV�WR�UHYHDO�
TXDOLWDWLYH�GDWD�

:LWK�WKH�FRPELQDWLRQ�RI�GDWD��LW�LV�SRVVLEOH�WR�SURSRVH�SDWKV�WRZDUGV�DQ�
application. To see the relationship between the proposed research questions, 
the hypotheses and the studies addressing both questions and hypotheses 
UHIHU�WR�¿J����

The structure of the doctoral dissertation

7KH�GLVVHUWDWLRQ�FRQVLVWV�RI�IRXU�PDLQ�SDUWV��¿J������7KHUH�LV� WKH�LQLWLDO�
SDUW�ZKHUH�ZH�SURYLGH� DQ� LQWURGXFWLRQ� DQG�RYHUYLHZ�RI� WKH� UHVHDUFK� DV� D�
ZKROH��IRFXVLQJ�DWWHQWLRQ�RQ�WKH�RUJDQL]DWLRQ�DQG�GHYHORSPHQW�RI�WKH�VWXG\�

 

Fig. 3 – Structure of the Ph.D. Dissertation.

$IWHU�WKDW��ZH�LQWURGXFH�YDULRXV�WKHRUHWLFDO�EDFNJURXQGV�DQG�PDFUR�DUHDV�
RI� UHVHDUFK��PDWHULDOV� IRU�GHVLJQ��',<�SUDFWLFHV�� DQG� VXVWDLQDELOLW\�UHODWHG�
WKHRULHV��$IWHU�WKDW��ZH�SUHVHQW�WKH�H[SORUDWRU\�VWXGLHV�FRQGXFWHG�WR�EHWWHU�
XQGHUVWDQG�WKH�',<�0DWHULDOV�SKHQRPHQRQ�DQG�VWDUW� WR�GH¿QH�LW��7KLV�SDUW�
LV� FRPSRVHG�RI� WKUHH� H[SORUDWRU\� VWXGLHV�� FDVHV� VWXGLHV� DQG�EHVW�SUDFWLFHV�
FROOHFWLRQ�DQG�WKHLU�FDWHJRUL]DWLRQ��HYDOXDWLRQ�DQG�DHVWKHWLFDO�HYDOXDWLRQ�RI�
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',<�0DWHULDOV��7KH�IROORZLQJ�VHFWLRQ�SUHVHQWV�WKH�WHVW�VWXGLHV�FRQGXFWHG�WR�
YDOLGDWH�K\SRWKHVHV�DQG�JDWKHU�LQVLJKWV�IRU�GHYHORSLQJ�D�',<�0DWHULDOV�WKH-
RU\��7KLV�SDUW�LV�FRPSRVHG�RI�WZR�WHVW�VWXGLHV��',<�0DWHULDOV�GHYHORSPHQW�
OHYHO� ,� DQG�',<�0DWHULDOV�GHYHORSPHQW� OHYHO� ,,��$IWHU� WKH� WHVW� VWXGLHV��ZH�
LOOXVWUDWH�WKH�RXWSXWV�RI�WKH�GLIIHUHQW�LQYHVWLJDWLRQV��UHFRPPHQG�D�URDGPDS�
IRU�WKH�HI¿FLHQW�GHYHORSPHQW�RI�D�',<�0DWHULDO�ZLWK�D�WHVW�VWXG\�DQG�SUHVHQW�
WZR�VWUDWHJLHV�IRU�WKH�GLVVHPLQDWLRQ�RI�WKH�',<�0DWHULDOV�WKHRU\��)LQDOO\��ZH�
GLVFXVVHG�WKH�UHVHDUFK�FRQGXFWHG��KLJKOLJKWLQJ�SRWHQWLDO�RSSRUWXQLWLHV�IRU�WKH�
IXWXUH�RI�WKLV�SKHQRPHQRQ�WRJHWKHU�ZLWK�D�UHSRUW�RI�DFWLYLWLHV��GLVVHPLQDWLRQ�
work and credits to all designers who participated in the study.

The doctoral dissertation is structured in such a way that it can be read 
FRQWLQXRXVO\�RU�VHSDUDWHO\�DFFRUGLQJ� WR� WKH� UHDGHU¶V� LQWHUHVW��(DFK�VHFWLRQ�
VWDQGV�E\� LWVHOI�DQG�FRQWDLQV� UHIHUHQFHV� WR�FRQQHFW�DQG�VHDUFK� IRU� VSHFL¿F�
EDFNJURXQG�WRSLFV�LQ�WKH�RWKHU�VHFWLRQV�LI�QHHGHG��5HJDUGLQJ�WKH�WKHRUHWLFDO�
EDFNJURXQG�DQG�LQWURGXFWLRQ��WKH�HQWLUH�OLWHUDWXUH�UHYLHZ�LV�VXPPDUL]HG�DQG�
IRFXVHV�RQ�WKH�GLIIHUHQW�PDFUR�DUHDV�RI�UHVHDUFK�WR�EHWWHU�FRQQHFW�ZLWK�WKH�
whole investigation. 

7KH�GLVVHUWDWLRQ�FRQWDLQV�D�VHULHV�RI�¿JXUHV�DQG�WDEOHV�GHYHORSHG�WR�IDFLO-
LWDWH�WKH�UHDGHU¶V�XQGHUVWDQGLQJ�RI�WKH�ZKROH�PDQXVFULSW��VXSSRUW�WKH�LQWUR-
GXFWLRQ�RI�FRQFHSWV�DQG�HQULFK�WKH�UHVHDUFK�ZLWK�YLVXDO�DLGV��7KH�QXPHURXV�
FDVHV�VWXGLHG��WKH�GLIIHUHQW�HYDOXDWLRQV�DQG�VRPH�RI�WKH�ZRUN�E\�WKH�SDUWLFL-
SDQWV�DUH�PDGH�YLVLEOH�LQ�D�VHULHV�RI�FRPSRVHG�ERDUGV��%\�GRLQJ�VR��WKH�IRFXV�
RI�WKH�YLVXDO�DLGV�JRHV�WR�WKH�PDWHULDOV�DQG�QRW�WR�WKH�SURGXFW�RU�D�VSHFL¿F�
DSSOLFDWLRQ��$Q�DSSHQGL[�ZLWK�YDULRXV�DGGLWLRQDO�LQIRUPDWLRQ��D�QXPEHU�RI�
H[DPSOHV�RI�GDWD�FROOHFWLRQ��TXHVWLRQQDLUHV�DQG�PDWHULDOV�VDPSOHV�PDUN�WKH�
¿QDO�VHFWLRQV�RI�WKH�GRFWRUDO�UHVHDUFK�

Research Methodology

7KH�ZKROH�3K'�GLVVHUWDWLRQ� LV� FRPSRVHG�RI� DQ� H[SORUDWLYH�SKDVH� DQG�
D�WHVW�SKDVH��,W�EXLOGV�XSRQ�VHYHUDO�HPSLULFDO�VWXGLHV�DLPLQJ�WR�SURGXFH�D�
EHWWHU�XQGHUVWDQGLQJ�RI�WKH�',<�0DWHULDOV�SKHQRPHQRQ��6XSSRUW�IURP�WKH�
GLIIHUHQW�VWXGLHV�FRPHV�IURP�WKH�FRQFHSWV�RI�SURMHFW�EDVHG�UHVHDUFK��=LP-
PHUPDQQ��)RUOL]]L�DQG�(YDQVRQ���������:KHQ�VWXG\LQJ�D�PDWHULDO�IURP�D�
GHVLJQHU¶V�SHUVSHFWLYH�WKH�PHDQV�E\�ZKLFK�WR�GR�LW�QRW�RQO\�VHUYH�WR�H[SORUH�
WKH�SURSRVHG� WKHRULHV�SK\VLFDOO\�EXW�DOVR�DOORZ�IRU� WKH�GHVFULSWLRQ�RI� WKH�
ZKROH�GHYHORSPHQW�DIWHUZDUGV��7KLV�PHWKRG�LV�NQRZQ�DV�GHVLJQ�SUDFWLFH��
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$V�',<�0DWHULDO�SUDFWLFHV�SURPRWH�NQRZLQJ�LQ�DFWLRQ��6FK|Q���������ZKLFK�
LV�D�FRQWHPSRUDU\�ZD\�RI�GRLQJ�UHVHDUFK��0lNNHOD��������DUWLVWV�DQG�GH-
VLJQHUV�FRQQHFW� WKHPVHOYHV�ZLWK� WKH�¿HOG�RI� UHVHDUFK�HVWDEOLVKLQJ�D�SUDF-
WLFH�OHG� LQYHVWLJDWLRQ��%\� ORRNLQJ�DW� WKH�GLIIHUHQW�SURFHVVHV�DQG� WKH�ZRUN�
SURGXFHG�WKURXJK�WKHP��LW�LV�SRVVLEOH�WR�DFTXLUH�QRW�RQO\�WKH�VNLOOV�EXW�DOVR�
WKH�NQRZOHGJH�RI�WKH�SUDFWLFH��7KLV�IRFXV�LV� WKH�FHQWUDO�FRQVWLWXHQW�RI�WKH�
',<�0DWHULDOV�WKHRU\�

Building blocks for a possible DIY-Materials Theory

0DWHULDOV�NQRZOHGJH�LV�D�FUXFLDO�HOHPHQW�LQ�WKH�¿HOG�RI�GHVLJQ��'HVLJQ-
HUV�XQGHUVWDQG�SK\VLFDO�SURSHUWLHV�DQG�LQWHUDFW�ZLWK�TXDOLWDWLYH�DWWULEXWHV�RI�
PDWHULDOV�DOO�WKH�WLPH�ZKHQ�GHYHORSLQJ�SURGXFWV��6RPH�GHVLJQHUV�DUH�PRUH�
DZDUH�WKDQ�RWKHUV�DERXW�WKH�UROH�RI�D�PDWHULDO�LQ�WKH�SURGXFWV�DQG�FDQ�FUHDWH�
PHDQLQJIXO�H[SHULHQFHV�FRPELQLQJ�DWWULEXWHV�RI� WKH�SURGXFW�ZLWK� WKH�DWWUL-
EXWHV�RI�WKH�PDWHULDOV�WKDW�PDNH�LW�SRVVLEOH��(]LR�0DQ]LQL�SURYLGHV�DQ�LP-
SRUWDQW�GH¿QLWLRQ�WR�WKLV�PDWWHU�E\�VD\LQJ�³0DWWHU�EHFRPHV�PDWHULDO�ZKHQ�LW�
LV�LQFOXGHG�LQ�D�GHVLJQ�SURMHFW�DQG�EHFRPHV�SDUW�RI�WKH�SURGXFW´��0DQ]LQL��
������ S�� �����7KLV� GH¿QLWLRQ� FDQ�EH� FRQVLGHUHG� D� SLOODU� LQ�ZKDW� LV� NQRZQ�
WRGD\�DV�PDWHULDOV�IRU�GHVLJQ��D�VHFWLRQ�LQ�WKH�PDWHULDOV�GRPDLQ�WKDW�PRYHV�
DZD\�IURP�WKH�WHFKQLFDO�DQG�FRPSOH[�XQGHUVWDQGLQJ�RI�PDWHULDOV�LQ�67(0�
�6FLHQFH��7HFKQRORJ\��(QJLQHHULQJ�DQG�0DWKHPDWLFV��GLVFLSOLQHV�DQG�FRQ-
FHQWUDWHV� RQ� WKH� H[SHULHQWLDO� DQG� EHKDYLRUDO� LQWHUDFWLRQV� EHWZHHQ� SHRSOH�
DQG� WKH�SURGXFWV��5HFHQWO\� LQ� WKLV� VHFWLRQ�RI� WKH�PDWHULDOV� GRPDLQ� D� FRQ-
FHSW�NQRZQ�DV�WKH�PDWHULDO�H[SHULHQFH�DSSHDUHG�ZKLFK�GH¿QHV�WKH�³H[SHUL-
HQFH�WKDW�SHRSOH�KDYH�ZLWK�DQG�WKURXJK�WKH�PDWHULDOV�RI�D�SURGXFW´��.DUDQD��
3HGJOH\�DQG�5RJQROL���������7KLV�PDWHULDOV�H[SHULHQFH�LV�URRWHG�LQ�D�EURDGHU�
FRQFHSW�NQRZQ�DV�WKH�SURGXFW�H[SHULHQFH��6FKRODUV�SURSRVHG�D�IUDPHZRUN�
WR�KLJKOLJKW�KRZ�WKH�UHODWLRQVKLS�EHWZHHQ�XVHU�DQG�SURGXFW�LV�PHGLDWHG�E\�
WKUHH� OHYHOV�RI�H[SHULHQFH��VHQVRULDO��HPRWLRQDO�DQG�PHDQLQJ��'HVPHW�DQG�
+HNNHUW���������7KH�FRQFHSW�RI�PDWHULDOV�H[SHULHQFH�LQFRUSRUDWHV�WKHVH�WKUHH�
OHYHOV�DQG�DGGV�D�IRXUWK�RQH��WKH�SHUIRUPDWLYH�OHYHO��*LDFFDUGL�DQG�.DUDQD��
�������7KH�IRXU�OHYHOV�DIIHFW�HDFK�RWKHU�DQG�GH¿QH�WKH�GLIIHUHQW�H[SHULHQFHV�
SHRSOH�REWDLQ�ZKHQ�LQWHUDFWLQJ�ZLWK�D�PDWHULDO��¿J������7KH�PDWHULDOV�H[SH-
ULHQFH�FRQFHSW�DQG�IUDPHZRUN�DUH�TXLWH�EURDG�DQG�REVHUYDEOH�IURP�GLIIHU-
HQW�SHUVSHFWLYHV��2QH�SDUWLFXODU�VLGH�RI�WKH�PDWHULDOV�H[SHULHQFH��RQH�WKDW�LV�
UHOHYDQW�WR�WKLV�VWXG\��GHDOV�ZLWK�WKH�REVHUYDWLRQ�DQG�XQGHUVWDQGLQJ�RI�WKUHH�
FRQWHPSRUDU\�VLWXDWLRQV�FRQFHUQLQJ�PDWHULDOV�WKDW�DUH�LPSDFWLQJ�WKH�¿HOG�RI�
GHVLJQ��G\QDPLVP��LPSHUIHFWLRQ��DQG�VHOI�SURGXFWLRQ�
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Fig. 4 – Four experiential levels how materials are experienced. Interpretation from the ma�
WHULDOV�H[SHULHQFH�IUDPHZRUN��*LDFFDUGL�DQG�.DUDQD��������

Research strategies

$V�PHQWLRQHG�DERYH��WKHUH�LV�DQ�RSSRUWXQLW\�WR�FRQQHFW�0DWHULDOV�([SH-
ULHQFHV�UHVHDUFK��'R�LW�<RXUVHOI�SUDFWLFHV�DQG�DXWDUFKLF�SURFHVVHV�UHVHDUFK�
ZLWK�6XVWDLQDELOLW\�LVVXHV�UHODWHG�WR�FLUFXODU�HFRQRP\�SULQFLSOHV�DQG�VRFLDO�
LQQRYDWLRQ�UHVHDUFK��7KHVH�WKUHH�WRSLFV�EHFDPH�WKH�WKUHH�PDFUR�DUHDV��DQG�
WKH�LQWHUVHFWLRQ�EHWZHHQ�WKHP�JXLGHG�WKH�LQYHVWLJDWLRQ�WKURXJKRXW�WKH�GRF-
toral studies. 7R�FRQQHFW� WKH� WKUHH�PDFUR�DUHDV�RI� UHVHDUFK�DQG�GHULYH�DQ�
RULJLQDO�DQG�ZHOO�IXQGHG� WKHRU\��D� VHOHFWLRQ�RI� WZR�VWUDWHJLHV� IRU� WKH�¿UVW�
SDUW�DQG�¿YH�VWUDWHJLHV�IRU�WKH�VHFRQG�SDUW�RI�WKH�VWXG\�LPSURYHG�DV�D�FUXFLDO�
HOHPHQW��¿J�����

7KH�¿UVW�SDUW�DGGUHVVHV�WKH�XQGHUVWDQGLQJ�RI�WKH�SKHQRPHQD�RI�',<�0D-
WHULDOV�WKDW�KDYH�HPHUJHG�LQ�WKH�SDVW�GHFDGH�DQG�DUH�JURZLQJ�H[SRQHQWLDOO\��
,W�ZDV�HVVHQWLDO�WR�XQGHUVWDQG�ZK\�GHVLJQHUV�KDYH�HPEDUNHG�RQ�WKLV�SDUWLF-
XODU�ZD\�RI�FUHDWLQJ�PDWHULDOV�LQVWHDG�RI�VHOHFWLQJ�H[LVWLQJ�RQHV�DQG��PRVW�
LPSRUWDQWO\��KRZ�WKH\�GR�LW��&DVHV�6WXGLHV��6WDNH��������KHOSHG�WR�FUHDWH�D�
SURSHU�FDWHJRUL]DWLRQ�RI�',<�0DWHULDOV�LQWR�.LQJGRPV�DQG�6HFRQGDU\�5H-
VHDUFK� �%RRWK�et al.�� ������ S�� ���� DOORZLQJ� WR� DQDO\]H� WKH�GLIIHUHQW� FDVHV�
LQVLGH�HDFK�NLQJGRP�ZKLOH�JDLQLQJ�TXDOLWDWLYH�GDWD�IURP�HDFK�PDWHULDO��

The second part was devoted to testing the initial categorization work-
LQJ�DV�D�JXLGHOLQH�WR�WUDLQ�GHVLJQHUV�WR�GHYHORS�',<�0DWHULDOV��7KH�FRXUVH�
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HQWLWOHG�³'HVLJQLQJ�0DWHULDOV�([SHULHQFHV´3 was created to test the theories 
DQG�K\SRWKHVHV�RI�WKLV�GRFWRUDO�VWXG\�QRW�ZLWK�DQ�DFDGHPLF�IRFXV��EXW�ZLWK�
D�SUDFWLFDO�RQH��DV� LW�ZDV� LPSRUWDQW�IRU� WKLV�VWXG\�WR�FROOHFW�PRUH�VDPSOHV�
GHYHORSHG�ZLWKLQ�D�FRQWUROOHG�HQYLURQPHQW�DQG�FRPSDUH�WKHP�ZLWK�WKH�RQHV�
IURP�SUHYLRXV�VWXGLHV��:LWK�D�WRWDO�RI����SDUWLFLSDQWV�IURP����FRXQWULHV�LQ�
WKH�¿UVW�HGLWLRQ�DQG����SDUWLFLSDQWV�IURP����FRXQWULHV�LQ�WKH�VHFRQG�HGLWLRQ��
LW�ZDV�SRVVLEOH�WR�GHYHORS�D�UREXVW�VWXG\��7KH�PHWKRGRORJLHV�DSSOLHG�LQ�WKLV�
VHFRQG�SDUW�LQFOXGH�&UHDWLYH�7RRONLWV��6DQGHUV�DQG�&ROLQ���������3URWRW\S-
LQJ��0DUWLQ�DQG�+DQQLQJWRQ��������S��������DQG�6WRU\WHOOLQJ��%HFNPDQ�DQG�
%DUU\��������6DORPRQ��������*LRYDJQROL��������
 
 

)LJ����±�0HWKRGRORJ\�RI�UHVHDUFK�DQG�WKH�VWUDWHJLHV�SHUIRUPHG�GXULQJ�WKH�VWXGLHV

 

3�(OHFWLYH�FRXUVH�DW�PDVWHU�OHYHO�KHOG�DW�3ROLWHFQLFR�GL�0LODQR�DFDGHPLF�\HDU�����������
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Exploratory method

)RU�WKH�H[SORUDWRU\�VWXGLHV��WKH�WZR�VHOHFWHG�VWUDWHJLHV�DUH�

Cases studies
&DVH�VWXGLHV�DUH�RQH�RI�WKH�PRVW�FRPPRQ�ZD\V�WR�FDUU\�RXW�TXDOLWDWLYH�

UHVHDUFK��$FFRUGLQJ�WR�5REHUW�6WDNH��������S��������WKHUH�DUH�WKUHH�W\SHV�RI�
FDVH�VWXGLHV��LQWULQVLF��LQVWUXPHQWDO�DQG�FROOHFWLYH��)RU�WKLV�LQYHVWLJDWLRQ��WKH�
FROOHFWLYH�FDVH�VWXG\�VWUDWHJ\�ZDV�PRUH�VXLWDEOH��DV�LW�LV�D�ZD\�WR�XQGHUVWDQG�
LQGLYLGXDO�FDVHV�DQG�UHFRJQLVH�KRZ�VRPH�FRPPRQ�FKDUDFWHULVWLFV�PDQLIHVW��
6WXG\LQJ�D�FROOHFWLRQ�RI�FDVHV�LV�EHOLHYHG�WR�SURYLGH�D�EHWWHU�XQGHUVWDQGLQJ�
RI�D�SKHQRPHQRQ��SRSXODWLRQ�RU�JHQHUDO�FRQGLWLRQ��,W�OHG�WR�D�EHWWHU�WKHRUL]D-
WLRQ�RI�WKH�UHVHDUFK�

Secondary Research 
6HFRQGDU\�UHVHDUFK�DOORZHG�IRU�WKH�DQDO\VLV�RI�WKH�GLIIHUHQW�FDVHV�LQVLGH�

HDFK�NLQJGRP�JUDVSLQJ�TXDOLWDWLYH�GDWD�RI�HDFK�PDWHULDO��'LIIHUHQW�IURP�SUL-
PDU\�UHVHDUFK�ZKLFK�LPSOLHV�D�FORVHU�FRQWDFW�ZLWK�WKH�VWXG\�VXEMHFWV��VHF-
RQGDU\�UHVHDUFK�DOORZV�IRU� WKH�FROOHFWLRQ�RI� LQIRUPDWLRQ�IURP�D�YDULHW\�RI�
VRXUFHV��%RRWK�et al.��������S�������7KLV�VWUDWHJ\�� WRJHWKHU�ZLWK�WKH�LQVWUX-
PHQWV�IRU�JDWKHULQJ�LQIRUPDWLRQ��DOVR�KHOSV�WR�VXJJHVW�UHVHDUFK�GLUHFWLRQV�WR�
IROORZ�GXULQJ�WKH�VWXG\�

Test method

For the test studies, the three chosen strategies are:

Creative toolkits
8QGHUVWRRG�DV�FROOHFWLRQV�RI�SK\VLFDO�HOHPHQWV�FRQYHQLHQWO\�RUJDQL]HG�WR�

LQIRUP�DQG�LQVSLUH�GHVLJQ�DQG�EXVLQHVV�WHDPV��6DQGHUV�DQG�&ROLQ���������WKLV�
PHWKRG�DOORZHG�SDUWLFLSDQWV�WR�JDLQ�IDPLOLDULW\�ZLWK�PDWHULDOV��XQGHUVWDQGLQJ�
WKHP�E\�SK\VLFDO�LQWHUDFWLRQ�LQVWHDG�RI�IDFH�WR�IDFH�OHFWXUHV��W\SLFDO�LQ�PDWH-
ULDOV�VFLHQFH��7R�WKLV�DLP��GLIIHUHQW�HOHPHQWV�ZHUH�LQWURGXFHG�GXULQJ�WKH�WKLUG�
DQG�IRXUWK�VWXG\��DV�D�FROOHFWLRQ�RI�PDWHULDO�VDPSOHV�IURP�WKH�³0DWHULRWHFD´�WKH�
PDWHULDO�OLEUDU\�RI�WKH�3ROLWHFQLFR�GL�0LODQR��VKDSHV�WR�VXJJHVW�WULGLPHQVLRQDO�
H[SHULPHQWDWLRQ�IRU�PDWHULDOV��DQG�WKH�([SUHVVLYH�6HQVRULDO�$WODV�RI�0DWHULDOV�
�5RJQROL��������±�DQ�HGXFDWLRQDO� WRRO�DLPHG�DW�KHOSLQJ�GHVLJQHUV� VWXG\� WKH�
VHQVRULDO�TXDOLWLHV�RI�PDWHULDOV�DV�D�WUDQVODWLRQ�RI�HQJLQHHULQJ�SURSHUWLHV�
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Prototyping
3URWRW\SLQJ�LV�WKH�SK\VLFDO�FUHDWLRQ�RI�DUWHIDFWV�DW�YDULRXV�OHYHOV�RI�UHV-

ROXWLRQ��IRU�GHYHORSPHQW�DQG�WHVWLQJ�RI�LGHDV�ZLWKLQ�GHVLJQ�WHDPV�DQG�XVHUV�
�0DUWLQ�DQG�+DQLQJWRQ��������S��������$�SURWRW\SH�DOORZV�WHVWLQJ�SK\VLFDOO\�
GLIIHUHQW�DWWULEXWHV�RI�WKH�GHVLJQHG�HOHPHQW��LQ�WKLV�FDVH��WKH�PDWHULDO��7UDQV-
IRUPLQJ�WKH�PDWHULDO�VDPSOH�LQWR�D�SURWRW\SH�PHDQV�WKDW�VRPH�VKDSHV��WH[-
WXUHV��¿QLVKHV��DQG�YROXPHV�EHFRPH�VXEMHFW�RI�VWXG\��7KLV�W\SH�RI�VDPSOHV�LV�
FULWLFDO�QRW�RQO\�WR�WKH�GHVLJQHU�EXW�DOVR�IRU�XVHUV�WR�XQGHUVWDQG�WKH�LQWHQWLRQV�
DQG�IHDWXUHV�RI�D�PDWHULDO��

'HVLJQ�SURWRW\SHV�DUH�GH¿QHG�E\�WKHLU�OHYHO�RI�¿GHOLW\�RU�UHVROYHG�¿QLVK��
/RZ�¿GHOLW\�SURWRW\SHV�DSSHDU�LQ�WKH�¿UVW�VWDJHV�RI�WLQNHULQJ�DFFRPSDQLHG�
E\�VNHWFKHV�DQG�PDWHULDO�ERDUGV��+LJK�¿GHOLW\�SURWRW\SHV�DUH�PRUH�UH¿QHG��
RIWHQ�UHSUHVHQWLQJ�WKH�DSSHDUDQFH�RI�WKH�¿QDO�PDWHULDO�ZLWK�D�GHVLJQHG�DQG�
GH¿QHG�VKDSH��7KH�SDUWLFLSDQWV�DUH�HQFRXUDJHG�WR�PRYH�DZD\�IURP�WKH�VWDQ-
GDUG�ÀDW�� WZR�GLPHQVLRQDO�IRUP�RI�D�PDWHULDO�VDPSOH�DQG�WHVW� WKH�PDWHULDO�
WKURXJK�SURWRW\SLQJ�LQ�WKUHH�GLPHQVLRQDO�VKDSHV�ZLWK�PXOWLSOH�WH[WXUHV�DQG�
FRORXUV��&RQWUDU\�WR�ZKDW�VFLHQWLVWV�XVXDOO\�GR��WU\LQJ�WR�PLQLPL]H�YDULDEOHV��
here designers test any possible skill acquired in their career, achieving 
XQLTXH�UHVXOWV�LQ�HYHU\�VLQJOH�SURWRW\SH��7KH�SRUWIROLR�RI�PDWHULDO�VDPSOHV�
EHFRPHV�LQFUHPHQWDO��DQG�WKH�WRROV�IRU�VWRU\WHOOLQJ�DQG�HQYLVLRQLQJ�EHFRPH�
PRUH�SURGXFWLYH�DQG�PRUH�VWLPXODWLQJ�

Storytelling
6WRU\WHOOLQJ�LV�DW� WKH�YHU\�KHDUW�RI�KXPDQ�FRJQLWLRQ��RI�WKH�LQWHUDFWLRQV�

RI�LQGLYLGXDOV�ZLWK�RQH�DQRWKHU�DQG�RI�WKH�GHYHORSPHQW�RI�FXOWXUHV�LQ�ZKLFK�
KXPDQV�WKULYH��%HFNPDQ�DQG�%DUU\���������7KH�¿HOG�RI�GHVLJQ�XVHV�VWRU\-
WHOOLQJ�DV�D�WRRO�WR�GHVFULEH�WKH�HQWLUH�GHVLJQ�SURFHVV��,W�LV�XVHG�WR�LQIRUP�WKH�
FXUUHQW�VWDJH�RI�WKH�SURMHFW��RU�LW�LV�XVHG�WR�WHOO�D�QHZ�VWRU\��LQVSLULQJ�SHRSOH�
E\�VKRZLQJ�WKH�SRWHQWLDO�RI�WKH�LQWHQGHG�SURSRVDO��:KHQ�LW�FRPHV�WR�PDWH-
ULDOV� GHYHORSPHQW�� ERWK� W\SHV� RI� VWRULHV� FDQ� EHFRPH� KDQG\� LQ� LOOXVWUDWLQJ�
WKH�GLIIHUHQW�TXDOLWLHV�DQG�DWWULEXWHV��7KURXJK�WKH�GLVVHUWDWLRQ��LW�LV�SRVVLEOH�
WR�VHH�GLIIHUHQW�FDVH�VWXGLHV�ZLWK�WKH�GHVLJQHUV�WHOOLQJ�WKH�VWRU\�RI�KRZ�WKH\�
DFKLHYH�D�SDUWLFXODU�PDWHULDO� DQG� WKH�ZKROH�PHDQLQJ�RI� WKLV� DFKLHYHPHQW��
2WKHUV� IRFXV�RQ�KRZ�WKLV�PDWHULDO�FDQ�RSHQ�GRRUV� WR�QHZ�SRVVLELOLWLHV� IRU�
SDUDOOHO�DSSOLFDWLRQV�WR�FRQWUDVW�WKH�FXUUHQW�VWDWH�RI�SURGXFW�GHYHORSPHQW�DQG�
PDVV�FRQVXPSWLRQ��

'XULQJ�WKH�VWXG\��WKH�SDUWLFLSDQWV�UHFHLYHG�WUDLQLQJ�LQ�WKH�GLIIHUHQW�SRVVL-
ELOLWLHV�RI�ZKDW�D�VWRU\�EHKLQG�PDWHULDO�GHYHORSPHQW�FDQ�GR��7KLV�PHWKRG�DO-
ORZHG�DOO�WHDPV�WR�FROOHFW�YDULRXV�GDWD�IURP�WKH�YHU\�EHJLQQLQJ�DQG�RUJDQL]H�
LW�DFFRUGLQJ�WR�ZKDW�WKH�PDWHULDO�YLVLRQ�SURSRVHG�
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Research plan

Fig. 6 – Graphical visualization of the research path.

Structure

7KH� LQYHVWLJDWLRQ�ZDV� FRQGXFWHG�¿UVW� E\� XQGHUVWDQGLQJ� WKH� WKHRUHWLFDO�
EDFNJURXQG�ZKLFK�ZDV�GLYLGHG�LQWR�WKH�WKUHH�PDFUR�DUHDV�RI�UHVHDUFK��7KH�
DQDO\VLV� RI� WKH� GLIIHUHQW� HOHPHQWV� RI� WKLV� WKHRUHWLFDO� EDFNJURXQG� DQG� WKH�
SRLQWV�RI�FRQYHUJHQFH�UHVXOWHG�LQ�WKH�IRUPXODWLRQ�RI�WKH�¿UVW�UHVHDUFK�TXHV-
WLRQ��54����7R�DQVZHU�WKLV�TXHVWLRQ�DQ�H[WHQVLYH�FROOHFWLRQ�RI�FDVHV�DQG�DQ�
LQ�GHSWK�DQDO\VLV�RI�WKHP�EHJDQ�WR�JLYH�WKH�UHVHDUFK�D�VHQVH�RI�RUGHU��

'LIIHUHQW�FODVVL¿FDWLRQV�DQG�HYDOXDWLRQV�RI�WKH�YDULRXV�FDVHV�VWXGLHV�FRO-
OHFWHG�EHFDPH�WKHVH�H[SORUDWRU\�VWXGLHV�

• 3UH�6WXG\��&ROOHFWLRQ�DQG�DQDO\VLV�RI�����FDVHV�RI�',<�0DWHULDOV��7KLV�
VWXG\� UHVXOWHG� LQ� WKH�FODVVL¿FDWLRQ�RI� FDVHV�E\�NLQJGRPV�DQG� LV�SXE-
OLVKHG�XQGHU��ZZZ�GL\PDWHULDOV�LW���7KH�FDVHV�VWXGLHV�DUH�FRQWLQXRXVO\�
XSGDWHG�LQ�WKH�RSHQ�VRXUFH�GDWDEDVH�DQG�DQDO\]HG�WR�H[WUDFW�TXDOLWDWLYH�
GDWD��%\�UHVHDUFKLQJ�FDVH�VWXGLHV�LQ�MRXUQDOV��EORJV��ZHEVLWHV��DUWLFOHV�
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)LJ����±�&DWHJRUL]DWLRQ�RI�',<�0DWHULDOV�LQWR�.LQJGRPV�
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DQG�H[KLELWLRQV��ZH�EHJDQ�WR�WKLQN�RI�WKHVH�H[DPSOHV�DQG�WKHLU�XQLTXH�
TXDOLWLHV��:H�VWDUWHG�WR�FUHDWH�JURXSV�RI�VLPLODU�LWHPV��6LQFH�WKH�FODVVL¿-
FDWLRQ�RI�REMHFWV�PHDQV�WR�FRPELQH�WKHP�LQWR�FDWHJRULHV�EDVHG�RQ�FRP-
PRQ�HOHPHQWV��ZH�GURYH�WKH�IRFXV�RQ�D�SRVVLEOH�FDWHJRUL]DWLRQ�IRU�WKH�
',<�0DWHULDOV��:H�ORRN�IRU�LQVSLUDWLRQ�LQ�WKH�¿UVW�ELRORJLFDO�FODVVL¿FD-
WLRQV�RI�WKH�;9,,�FHQWXU\��H�J��WKH�ZRUN�RI�WKH�6ZHGLVK�ERWDQLVW��]RROR-
JLVW�DQG�SK\VLFLDQ�&DUROXV�/LQQDHXV�FDOOHG�6\VWHPD�1DWXUDH��/LQQDHXV��
�������/LQQDHXV�SXEOLVKHG�ZKDW�EHFDPH�IRU�PDQ\�\HDUV� WKH�VWDQGDUG�
ELRORJLFDO�FODVVL¿FDWLRQ�RI�HOHPHQWV�RI�HDUWK��NQRZQ�DV� WKH�/LQQDHDQ�
WD[RQRP\��7KLV�ODQGPDUN�SXEOLFDWLRQ�HVWDEOLVKHG�D�KLHUDUFKLFDO�FODVVL¿-
FDWLRQ�RI�WKH�QDWXUDO�ZRUOG��GLYLGLQJ�LW�LQWR�WKUHH�PDLQ�NLQJGRPV��SODQW��
DQLPDO�DQG�PLQHUDO��+RZHYHU��WKH�RULJLQDO�WD[RQRP\�SURYLGHG�E\�/LQ-
QDHXV�LQVSLUHG�XV�DOVR�LQ�QDPLQJ�WKH�',<�0DWHULDOV�FDWHJRULHV��¿J�����

��� Kingdom Vegetabile��:KHQ�WKH�SULPDU\�VRXUFH�IRU�D�',<�0DWHULDO�
GHULYHV�IURP�SODQWV�DQG�IXQJL��ZH�FDWHJRUL]H�WKH�PDWHULDO�XQGHU�WKH�
.LQJGRP�9HJHWDELOH��

��� Kingdom Animale:� ,W� UHIHUV� WR�DOO�PDWHULDO�VRXUFHV�GHULYHG�IURP�
DQLPDOV�DQG�EDFWHULD��7KRVH�PDWHULDOV�FDQ�EH�GHYHORSHG�HLWKHU�E\�
FROODERUDWLQJ�ZLWK� OLYLQJ�RUJDQLVPV�RU�E\�XVLQJ�SDUWV�RI� WKH�DQL-
PDOV��OLNH�KDLU�RU�ERQHV��

��� Kingdom Lapideum: ,W� FRQWDLQV� DOO� ',<�0DWHULDOV�� ZKLFK� FRPH�
IURP�PLQHUDOV��VWRQHV��VDQG��FHUDPLFV��FOD\��HWF��6RPH�FXUUHQW�FDVHV�
FRPELQH�VRXUFHV�IURP�RWKHU�NLQJGRPV��VXFK�DV�ZRRO�RU�FRWWRQ�IDE-
ULFV��EXW�LQ�D�ORZHU�SHUFHQWDJH�FRPSDUHG�ZLWK�WKH�PDLQ�FRQVWLWXHQW��

��� Kingdom Recuperavit: FRPSULVH� DOO� VRXUFHV� VRFLHW\� FRQVLGHU� DV�
ZDVWH�EXW�KDYH�WKH�SRVVLELOLW\�WR�WUDQVIRUP�LQWR�D�YDOXDEOH�UHVRXUFH��
7KH\�RIWHQ�FRPH�IURP�SODVWLF��PHWDO�RU�RUJDQLF�ZDVWH��VRPHWLPHV�
DV�VLGH�SURGXFWV�RI�LQGXVWULDO�SURGXFWLRQ�

��� Kingdom Mutantis:�LQFOXGHV�WKH�',<�0DWHULDOV�FUHDWHG�IURP�GLI-
IHUHQW�WHFKQRORJLFDO�PL[HV�DQG�K\EULGL]DWLRQ�RI�LQGXVWULDO��LQWHUDF-
WLYH�RU�VPDUW�VRXUFHV��

• 6WXG\�2QH��(YDOXDWLRQ�RI�WKH�GLIIHUHQW�FDVHV�VWXGLHG�ZLWK�VSHFL¿F�LQ-
VWUXPHQWV�DOORZHG� LQIRUPDWLRQ� WR�EH�JDWKHUHG� UHJDUGLQJ� WKH�YDULRXV�
PRWLYDWLRQV�EHKLQG�WKH�FUHDWLRQ�RI�VXFK�W\SHV�RI�PDWHULDOV�
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215

• 6WXG\�7ZR��%DVLF�UHVHDUFK�RQ�DHVWKHWLF�TXDOLWLHV�RI�WKH�',<�0DWHULDOV�
FODVVL¿HG�E\�NLQJGRPV��%\�JDWKHULQJ�GLIIHUHQW�TXDOLWDWLYH� WRROV� DQG�
WKHRULHV�IURP�YDULRXV�VFKRODUV��LW�ZDV�SRVVLEOH�WR�HVWDEOLVK�DQ�LQLWLDO�
HYDOXDWLRQ�RI�WKH�DHVWKHWLF�DQG�VHQVRULDO�FKDUDFWHULVWLFV�RI�WKHVH�PD-
WHULDOV��7KLV�HYDOXDWLRQ�DOORZHG�IRU�D�EHWWHU�XQGHUVWDQGLQJ�RI�SRVVLEOH�
VLPLODULWLHV�DQG�JHQHUDO�FKDUDFWHULVWLFV�RI�D�NLQJGRP�

:LWK�WKH�H[SORUDWRU\�VWXGLHV�FRQFOXGHG��WKH�IRUPXODWLRQ�RI�D�VHFRQG�UH-
VHDUFK�TXHVWLRQ��54���JXLGHG�WKH�VHFRQG�JURXS�RI�VWXGLHV��7ZR�FRXUVHV�DW�
WKH�0�6F��OHYHO�DQG�¿YH�PDVWHU�WKHVLV�SURMHFWV�GHYHORSHG�XQGHU�VWULFW�JXLGH-
OLQHV�SURYLGHG� WKH�QHFHVVDU\�GDWD� WR�PRYH�IRUZDUG� LQ� WKH�SURSRVLWLRQ�RI�D�
',<�0DWHULDO� WKHRU\��$Q� DGGLWLRQDO� UHVHDUFK� TXHVWLRQ� �54��� HPHUJHG� EH-
WZHHQ� VWXGLHV� DLPLQJ� WR�¿QG�DGGLWLRQDO� LQVLJKWV� DQG�RUJDQL]H� WKH�¿QGLQJV�
LQWR�ZKDW�FRXOG�EH�WKH�SULPDU\�RXWFRPH�RI�WKH�UHVHDUFK��7KLV�VHFRQG�JURXS�
RI�VWXGLHV�EHFDPH�WKH�IROORZLQJ�WHVW�VWXGLHV��

• 6WXG\�7KUHH� $�FRXUVH�GHYHORSHG�VSHFL¿FDOO\�WR�WHVW�WKH�WKHRULHV�DQG�
PHWKRGV�JDWKHUHG�WR�FUHDWH�D�PDWHULDO�XQGHU�JXLGDQFH��7ZR�HGLWLRQV�RI�
the proposed study happened during the research plan and provided 
insights to validate hypotheses.

• 6WXG\�)RXU��$GGHG�DQRWKHU�OD\HU�LQWR�WKH�GHYHORSPHQW�SURFHVV�FUHDW-
LQJ�D�VHULHV�RI�LQFUHPHQWDO�VWHSV�IRU�DGYDQFHG�',<�0DWHULDOV�GHYHORS-
PHQW��)LYH�SDUWLFLSDQWV�IURP�WKH�SUHYLRXV�VWXG\�ZLWK�WKH�SRWHQWLDO�WR�
GHYHORS�DQ�0�6F��WKHVLV�RQ�',<�0DWHULDOV�ZHUH�VHOHFWHG��7KHLU�WRSLFV�
IRU�WKHVLV�ZRUN�DQG�WKHLU�LQYHVWLJDWLRQ�ZHUH�JXLGHG�WR�SURYH�K\SRWK-
HVHV�DQG�SURYLGH�DGGLWLRQDO�LQIRUPDWLRQ�IRU�WKH�',<�PDWHULDOV�WKHRU\�

7KH�GLIIHUHQW� UHVHDUFK�TXHVWLRQV�� K\SRWKHVHV� DQG� WKH� UHODWHG� VWXGLHV� LQ�
FRUUHVSRQGHQFH�ZLWK�WKH�FKDSWHUV�RI�WKLV�GLVVHUWDWLRQ�DUH�YLVLEOH�LQ�¿J����

Context

7KH�RYHUDOO�UHVHDUFK�ZDV�FRQGXFWHG�LQ�DQ�DFDGHPLF�FRQWH[W�¿UVW�E\�DQ-
DO\]LQJ�WKH�SKHQRPHQRQ�RI�',<�0DWHULDOV�ZLWKLQ�WKH�GHVLJQ�¿HOG�DQG�ZLWK�
HPSLULFDO�UHVHDUFK�WRROV�NQRZQ�LQ�WKH�GHVLJQ�GRPDLQ��6XEVHTXHQWO\��WKH�WHVW�
VWXGLHV�WRRN�SODFH�ZLWKLQ�WKH�GHVLJQ�GHSDUWPHQW�RI�WKH�3ROLWHFQLFR�GL�0LODQR��
DQG�DOO�SDUWLFLSDQWV�ZHUH�0DVWHU�VWXGHQWV��7KH\�DFFHSWHG�WR�EH�VXEMHFWV�RI�
UHVHDUFK�DQG�DJUHHG�WR�VKDUH�WKHLU�¿QGLQJV�DQG�FRQWULEXWH�WR�WKH�WKHRU\¶V�IRU-
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PXODWLRQ�DV�SUHVHQWHG�LQ�WKLV�GLVVHUWDWLRQ��$OWKRXJK�WKH�ZKROH�LQYHVWLJDWLRQ�
ZDV�FRQGXFWHG�DQG�DQDO\]HG�ZLWKLQ�DFDGHPLD��WKH�GLIIHUHQW�RXWFRPHV�RI�WKLV�
GLVVHUWDWLRQ�KDYH�WKH�SRWHQWLDO�WR�EH�H[SORUHG�RXWVLGH�DQ�DFDGHPLF�HQYLURQ-
PHQW�WKURXJK�WKH�YDULRXV�VWUHDPV�SURSRVHG��

Intended Outcomes

7KH�GLVVHUWDWLRQ�SUHVHQWV�WKH�GLIIHUHQW�DFKLHYHPHQWV�RI�WKH�GRFWRUDO�VWXG\��
DLPLQJ�WR�EHWWHU�XQGHUVWDQG�WKH�SKHQRPHQRQ�NQRZQ�DV�',<�0DWHULDOV��$�WKH-
RUHWLFDO�EDFNJURXQG�EDVHG�RQ�D�WD[RQRP\�RI�WKH�GLIIHUHQW�PDWHULDOV�FROOHFWHG�
DOORZV� IRU� WKH� LQWHUSUHWDWLRQ� RI� WKH�PRWLYDWLRQV� EHKLQG� WKH� GHVLJQHUV�ZKR�
FUHDWH�WKRVH�PDWHULDOV�DQG�ZLOO�VHHN�WR�HVWDEOLVK�GLUHFWLRQV�IRU� WKLV� W\SH�RI�
GHYHORSPHQWV��

$�SUDFWLFDO�PHWKRG�FRPSRVHG�RI�D�VHULHV�RI�VWHSV�ZKLFK�DOORZV�IRU� WKH�
GHYHORSPHQW�RI�',<�0DWHULDOV�ZLWK�D�KLJK�OHYHO�RI�TXDOLW\�LV�FRQVLGHUHG�DV�
DQ�RXWFRPH�RI�WKLV�LQYHVWLJDWLRQ��7KH�VHFRQG�SDUW�RI�WKLV�GLVVHUWDWLRQ�ZKLFK�LV�
FDOOHG�WKH�WHVW�SKDVH�VKRZV�DQ�LQ�GHSWK�H[SODQDWLRQ�RI�KRZ�WKH�GLIIHUHQW�VXE-
MHFWV�RI�WKH�VWXG\�H[SHULHQFHG�D�',<�0DWHULDOV�GHYHORSPHQW�SURFHVV��'XULQJ�
WKLV�SURFHVV��SDUWLFLSDQWV�SURGXFHG�D� VHULHV�RI� VDPSOHV� IROORZLQJ�GLIIHUHQW�
GLUHFWLRQV�DQG�PHWKRGV�

$Q�RSHQ�VRXUFH�GDWDEDVH�ZLWK�WKH�UHVXOWV�RI�ERWK�H[SORUDWLYH�DQG�WHVW�SKDVHV�
LV�DYDLODEOH�WR�DQ\RQH�ZKR�GHFLGHV�WR�UHSOLFDWH�D�PDWHULDO��SURSRVH�D�QHZ�DOWHU-
QDWLYH�RU�FRQWLQXH�WKH�GHYHORSPHQW�RI�PDWHULDO�JLYHQ�D�VSHFL¿F�DSSOLFDWLRQ��7KH�
3K'�VWDUWHG�E\�FROOHFWLQJ�FDVHV�DQG�PRYHG�WRZDUGV�WKH�FUHDWLRQ�RI�QHZ�RQHV��
%\�EXLOGLQJ�D�GDWDEDVH�RUJDQL]LQJ�SUHYLRXV�FDVHV�DQG�QHZO\�GHYHORSHG�RQHV�
WRJHWKHU�DQG�LQ�D�YLVLEOH�PDQQHU��WKH�LQYHVWLJDWLRQ�ZLOO�RSHQ�WKH�GRRUV�IRU�PRUH�
GHVLJQHUV�WR�SHUIRUP�DQG�GHYHORS�WKHVH�QHZ�HPHUJLQJ�PDWHULDOV�H[SHULHQFHV�
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