
©Filodiritto Editore – New Perspectives in Science Education Conference Proceedings491

Study of Tuned Mass Damper for Attenuating 
Skyscraper Oscillations Through Project-Based 
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Abstract

7KH�LQWHQWLRQ�RI�WKH�SURMHFW�ZDV�WR�LQWURGXFH�D�FRPSOH[�UHDO�OLIH�HQJLQHHULQJ�SUREOHP�
LQ�DQ�HDV\�PDQQHU�WR�VRSKRPRUH�VWXGHQWV��QDPHO\��WKH�WRSLF�RI�D�WXQHG�PDVV�GDPSHU�
�70'���(YHQ�WKRXJK�70'�LV�D�PXOWLSOH�GHJUHH�RI�IUHHGRP�YLEUDWLRQ�SUREOHP�VHHQ�RQO\�
LQ�DGYDQFHG�XQLYHUVLW\�FRXUVHV��WKH�SKHQRPHQRQ�RI�HDUWKTXDNH�HIIHFWV�RQ�EXLOGLQJV�
LV�HDV\�WR�XQGHUVWDQG��,Q�RUGHU�WR�HDVH�WKH�FRPSOH[LW\��WKH�PXOWL�GHJUHH�RI�IUHHGRP�
PDWKHPDWLFDO�SUREOHP�ZDV�FRQYHUWHG� LQWR�D�VLQJOH�GHJUHH�RI� IUHHGRP��VXFK�DV�WKH�
EHKDYLRU�RI�D�YHUWLFDO�VLQJOH�PDVV�FDQWLOHYHU�EHDP��7KURXJK�D�GR�LW�\RXUVHOI�SURMHFW�
WR�EH�GRQH� LQ�KRPH�FRQGLWLRQV��VWXGHQWV�DUH� LQWURGXFHG� WR� WKH� WRSLF�RI�PHFKDQLFDO�
YLEUDWLRQV� YLD� VHLVPLF� DFWLRQ� RQ� WDOO� EXLOGLQJV�� 7ZR� VHFWLRQV� RI� WKH� ³(QJLQHHULQJ�
0HFKDQLFV��'\QDPLFV´�FRXUVH��ZLWK�DQ�RYHUDOO�QXPEHU�RI����VWXGHQWV��SDUWLFLSDWHG�LQ�
WKH�SURMHFW��7KH�SURMHFW�GHYHORSV�FULWLFDO�WKLQNLQJ�DQG�LQTXLU\�VNLOOV�E\�GHVLJQLQJ�DQG�
FRQVWUXFWLQJ�WKH�SK\VLFDO�SURWRW\SH�RI�D�EXLOGLQJ�OLNH�VWUXFWXUH�DQG�LWV�FRUUHVSRQGLQJ�
WXQHG�PDVV�GDPSHU��FRQGXFWLQJ�DQ�H[SHULPHQW�XQGHU�FHUWDLQ�UHVWULFWLRQV�WR�WHVW�WKH�
VWDELOL]LQJ�HIIHFW�RI�WKH�GDPSHU�DIWHU�DQ�LQLWLDO�GLVSODFHPHQW��OHDUQLQJ�D�SURSHU�VRIWZDUH�
DSSOLFDWLRQ�WR�JUDSK�DQG�PHDVXUH�XQGHUGDPSHG�RVFLOODWLRQV��FDOFXODWLQJ�FRUUHVSRQGLQJ�
YLEUDWLRQ� SDUDPHWHUV�� DV� ZHOO� DV� DQDO\]LQJ� DQG� GLVFXVVLQJ� H[SHULPHQWDO� UHVXOWV��
6WXGHQWV�DSSURDFK�WKH�SUREOHP�RI�PDVV�GDPSHU�WXQLQJ�E\�PHDQV�RI�WULDO�DQG�HUURU��
DQ�RQ�SXUSRVH�VWUDWHJ\�WR�DGG�IXQ�DQG�JDPEOLQJ�WR�WKH�SURFHVV�� WR�HQWKXVLDVWLFDOO\�
FRPSHWH� IRU� WKH�EHVW�SHUIRUPDQFH� LQ� WHUPV�RI�HI¿FLHQF\�RI�DWWHQXDWLRQ��'DWD�ZHUH�
FROOHFWHG� IURP� GLUHFW� REVHUYDWLRQ�� VXUYH\V�� UHSRUWV� DQG� SUHVHQWDWLRQV�� 7KH� UHVXOWV�
VKRZHG�WKDW�VWXGHQWV�SRVLWLYHO\�DQG�HQWKXVLDVWLFDOO\�UHVSRQGHG�DW�DOO�SURMHFW�VWDJHV�
DQG�ZLWK�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�SKHQRPHQRQ�DQG�HQJDJHPHQW�LQ�FRPSDULVRQ�
ZLWK�SUHYLRXV�VWXGHQWV�RI�WKH�VDPH�FRXUVH�ZLWKRXW�SURMHFW��7KH�LPSDFW�RI�WKH�SURMHFW�
RQ�VWXGHQWV¶�HQJDJHPHQW�DQG�LPSOLFDWLRQV�IRU�HQJLQHHULQJ�HGXFDWLRQ�DUH�GLVFXVVHG�

.H\ZRUGV��67(0�HGXFDWLRQ��WXQHG�PDVV�GDPSHU��VLQJOH�PDVV�FDQWLOHYHU

1. Introduction

7KH�SXUSRVH�RI�WKH�SUHVHQW�DUWLFOH�LV�WR�SURYLGH�D�SURMHFW�ZKHUH�VWXGHQWV�FDQ�OHDUQ�
QHZ� HQJLQHHULQJ� NQRZOHGJH� RQ� YLEUDWLRQV�� UHODWH� WKH� WRSLF� WR� D� UHDO�OLIH� VLWXDWLRQ��
VXFK�DV�WKH�HIIHFW�RI�HDUWKTXDNHV�RQ�WDOO�EXLOGLQJV��DSSO\�WKLV�NQRZOHGJH�WR�D�GR�LW�
\RXUVHOI�DFWLYLW\�DW�KRPH�ZKHUH�VWXGHQWV�GHVLJQ�DQG�FRQVWUXFW�WKH�SK\VLFDO�SURWRW\SH�
RI�D�EXLOGLQJ�OLNH�VWUXFWXUH��FRQGXFW�DQ�H[SHULPHQW�XQGHU�FHUWDLQ�UHVWULFWLRQV� WR� WHVW�
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WKH�HIIHFW�RI�D�GDPSHU�WR�VWDELOL]H�WKH�VWUXFWXUH�IURP�DQ�LQLWLDO�GLVSODFHPHQW��OHDUQ�D�
VRIWZDUH�WR�PHDVXUH�RVFLOODWLRQV��DQG�¿QDOO\��FDOFXODWH�PDLQ�SDUDPHWHUV��7KH�SURMHFW�
DLPV� DW� GHYHORSLQJ� FULWLFDO� WKLQNLQJ� DQG� LQTXLU\� VNLOOV�� 7KLV� NLQG� RI� SURMHFW� GLUHFWO\�
DGGUHVVHV�DOO�VHYHQ�VWXGHQW�RXWFRPHV�UHFRPPHQGHG�E\�WKH�$FFUHGLWDWLRQ�%RDUG�RI�
(QJLQHHULQJ�DQG�7HFKQRORJ\��$%(7���ZKLFK�DUH�LQWHQGHG�WR�SUHSDUH�VWXGHQWV�WR�HQWHU�
WKH�SURIHVVLRQDO�SUDFWLFH�RI�HQJLQHHULQJ�>�@�

3URMHFW�EDVHG�OHDUQLQJ��3%/��LV�D�ZLGHO\�XVHG�WHFKQLTXH�LQ�HQJLQHHULQJ��KRZHYHU��
WKHUH�DUH�VWLOO�LVVXHV�LQ�LWV�LPSOHPHQWDWLRQ��VXFK�DV�>�@�

�y ODFN� RI� FRQ¿GHQFH� DPRQJ� HQJLQHHULQJ� IDFXOW\� PHPEHUV� EHVLGHV� LWV� KHDY\�
EXUGHQ�RQ�LWV�LPSOHPHQWDWLRQ�

�y LVVXHV�RQ� WKH�VXVWDLQDELOLW\�RI�HQJLQHHULQJ�3%/�H[SHULHQFHV��VLQFH�PRVW�RI�
WKHVH� DFWLYLWLHV� DUH� FDUULHG� RXW� E\� D� VLQJOH� ³FKDPSLRQ´� ZRUNLQJ� LQ� UHODWLYH�
LVRODWLRQ��2QO\�IHZ�XQLYHUVLWLHV�LQ�WKH�ZRUOG�KDYH�D�PRUH�VWUXFWXUHG�DSSURDFK�
WR�LPSOHPHQWLQJ�3%/�WKURXJKRXW�WKH�HQJLQHHULQJ�FXUULFXOXP�

�y &RQFHUQV�DERXW�IXQGLQJ�PHFKDQLVPV�IRU�VXSSRUWLQJ�VXFK�DFWLYLWLHV�
7KHUHIRUH��LW� LV�XVHIXO�WR�SUHVHQW�FDVHV�RI�3%/�GHVLJQ�DQG�LPSOHPHQWDWLRQ�WR�EH�

VKDUHG�ZLWK�WKH�HQJLQHHULQJ�DQG�VFLHQFH�FRPPXQLW\�
%HVLGHV� WKH� WHFKQLFDO� PHULW� RI� LQYHVWLJDWLQJ�� GHVLJQLQJ� DQG� LPSOHPHQWLQJ� WKH�

SUHVHQW� HQJLQHHULQJ� SURMHFW�� WKH� IROORZLQJ� UHVHDUFK� TXHVWLRQV� PRWLYDWHG� DXWKRUV�
WR�PDNH� FKDQJHV� LQ� WKH� WHDFKLQJ� SUDFWLFH��+RZ�GR� VWXGHQWV� GHDO�ZLWK� D� UHODWLYHO\�
FRPSOH[� GR�LW�\RXUVHOI�DW�KRPH� HQJLQHHULQJ� SUREOHP� ZLWKLQ� IRXU� ZHHNV"� +RZ� GR�
VWXGHQWV¶�HQJDJHPHQW�LQ�D�VWDJH�ZLVH�ZHHNO\�SURMHFW�GHOLYHU\�LQÀXHQFH�WKHLU�DQ[LHW\�
DQG�PRWLYDWLRQ"�+RZ�GRHV�3%/�GHYHORS�VWXGHQWV¶�FULWLFDO�WKLQNLQJ�DQG�LQTXLU\�VNLOOV"

2. Methodology

7KLV�SURMHFW�ZDV�LPSOHPHQWHG�DW�0()�8QLYHUVLW\��ZKLFK�LV�IDPRXV�IRU�EHLQJ�WKH�¿UVW�
XQLYHUVLW\�LQ�WKH�ZRUOG�WR�IXOO\�LPSOHPHQW�ÀLSSHG�OHDUQLQJ�WKURXJKRXW�DOO�WKH�XQLYHUVLW\�
FXUULFXOD�>�@��$GGLWLRQDOO\��WKH�SURMHFW�ZDV�LPSOHPHQWHG�XVLQJ�SURMHFW�EDVHG�OHDUQLQJ��
D� ZLGHO\� DFFHSWHG� NH\� FRPSRQHQW� RI� HQJLQHHULQJ� SURJUDPV�� ZKLFK� LV� JHQHUDOO\�
ZHOFRPHG�E\�VWXGHQWV��LQGXVWU\�DQG�DFFUHGLWRUV�>����@�

7KURXJK� D� GR�LW�\RXUVHOI� SURMHFW� WR� EH� GRQH� LQ� KRPH� FRQGLWLRQV�� VWXGHQWV� DUH�
LQWURGXFHG�WR�WKH�WRSLF�RI�PHFKDQLFDO�YLEUDWLRQV�YLD�WKH�HIIHFW�RI�HDUWKTXDNHV�RQ�WDOO�
EXLOGLQJV��7ZR�VHFWLRQV�RI�WKH�'<1�����³(QJLQHHULQJ�0HFKDQLFV��'\QDPLFV´�FRXUVH��
ZLWK�DQ�RYHUDOO�QXPEHU�RI����VWXGHQWV��SDUWLFLSDWHG�LQ�WKH�SURMHFW��7KH�WHDFKLQJ�SUDFWLFH�
RI�WKH�SURMHFW�FRQVLVWV�RI�GHOLYHULQJ�IRXU�SURMHFW�VWDJHV�HYHU\�ZHHN��VR�WR�QRW�LQWHUIHUH�
ZLWK� WKH�VWDUW�RI� WKH�¿UVW�PLGWHUP�SHULRG���7KLV� LV�EHFDXVH� WKH�FRXUVH� LV�D���(&76�
FRPSXOVRU\�WKHRUHWLFDO�FRXUVH�IRU�ERWK�0HFKDQLFDO�(QJLQHHULQJ�DQG�&LYLO�(QJLQHHULQJ�
VWXGHQWV�ZLWK�QR�DGGLWLRQDO�WLPH�IRU�ODERUDWRU\��VR�WKH�SURMHFW�ZDV�WR�EH�GRQH�DW�KRPH�
FRQGLWLRQV�LQ�WHDPV�RI�XS�WR���PHPEHUV��)RU�WKLV�SXUSRVH��ÀLSSHG�KRPH�YLGHRV�ZHUH�
UHGXFHG�GXULQJ�WKDW�WLPH�WR�JLYH�SULRULW\�WR�SURMHFW�DFWLYLWLHV��:LWKLQ�WKH�SURMHFW�SHULRG��
RQO\� ��� PLQ� HDFK� ZHHN� ZHUH� GHYRWHG� WR� H[SODQDWLRQV� DQG� LQVWUXFWLRQV� DERXW� WKH�
SURMHFW��7KH�SURMHFW�UHTXLUHPHQWV�ZHUH�GHVLJQHG�WR�EH�DV�VLPSOH�DV�SRVVLEOH�WR�XVH�
RQO\�VLPSOH�DQG�LQH[SHQVLYH�PDWHULDOV�WKDQ�FDQ�EH�IRXQG�DW�KRPH�RU�EH�SXUFKDVHG�
IURP�VWDWLRQHU\�RU�KDUGZDUH�VWRUHV�

(YHQ�WKRXJK�D�WXQHG�PDVV�GDPSHU��70'��LV�D�GLI¿FXOW�PXOWLSOH�GHJUHH�RI�IUHHGRP�
YLEUDWLRQ�WRSLF�VHHQ�LQ�DGYDQFHG�RU�HOHFWLYH�XQLYHUVLW\�FRXUVHV�>�@��WKH�SKHQRPHQRQ�
RI� HDUWKTXDNH� HIIHFW� RQ� EXLOGLQJV� LV� HDV\� WR� XQGHUVWDQG�� 2Q� WKH� RWKHU� KDQG�� LWV�
PDWKHPDWLFDO�IRUPXODWLRQ�FDQ�EH�DSSUR[LPDWHG�WR�D�VLQJOH�GHJUHH�RI�IUHHGRP�IRU�D�
YHUWLFDO�VLQJOH�PDVV�FDQWLOHYHU�EHDP�>�@�WR�DYRLG�FXPEHUVRPH�WKHRUHWLFDO�FDOFXODWLRQV�

6WXGHQWV�ZHUH�DVNHG�WR�GHVLJQ�DQG�FRQVWUXFW�WKH�SK\VLFDO�SURWRW\SH�RI�D�EXLOGLQJ�
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OLNH� VWUXFWXUH� DQG� LWV� FRUUHVSRQGLQJ� WXQHG� PDVV� GDPSHU�� FRQGXFW� DQ� H[SHULPHQW�
XQGHU� FHUWDLQ� UHVWULFWLRQV� WR� WHVW� WKH� VWDELOL]LQJ�HIIHFW� RI� WKH�GDPSHU�DIWHU�DQ� LQLWLDO�
GLVSODFHPHQW�� OHDUQLQJ� D� SURSHU� VRIWZDUH� DSSOLFDWLRQ� WR� JUDSK� DQG� PHDVXUH�
XQGHUGDPSHG�RVFLOODWLRQV��FDOFXODWH�FRUUHVSRQGLQJ�YLEUDWLRQ�SDUDPHWHUV��DV�ZHOO�DV�
DQDO\]H�DQG�GLVFXVV�H[SHULPHQWDO�UHVXOWV��6WXGHQWV�DSSURDFK�WKH�SUREOHP�RI�PDVV�
GDPSHU�WXQLQJ�E\�PHDQV�RI�WULDO�DQG�HUURU��DQG�DV�D�FRPSHWLWLRQ�DPRQJ�WHDPV�WR�JHW�
WKH�EHVW�SHUIRUPDQFH�LQ�WHUPV�RI�HI¿FLHQF\�RI�DWWHQXDWLRQ�WR�DGG�IXQ�DQG�JDPEOLQJ�WR�
WKH�SURFHVV�

$�VKRUW�VXPPDU\�RI�WKH�LQVWUXFWLRQV�JLYHQ�DW�HDFK�SURMHFW�VWDJH�ZHUH�WKH�IROORZLQJ�
x� Stage 1. Construction of building-like frame �ZHHN�����&RQVWUXFW�D���������P�

KHLJKW�ZRRG�RU�SODVWLF�PDGH�SODQH�RU�SULVPDWLF�IUDPH��6WXGHQWV�DUH�JLYHQ�HQRXJK�
IUHHGRP�WR�PDNH�WKHLU�RZQ�GHVLJQV��8VH�2FNKDP¶V�5D]RU�SULQFLSOH�RI�VLPSOLFLW\�LQ�
GHVLJQ��ZKHUH�WKH�VLPSOHVW�VROXWLRQ�LV�WKH�EHVW��&UHDWLYH�GHVLJQV�DUH�HQFRXUDJHG��
2VFLOODWLRQV�FDQ�EH�JHQHUDWHG�PDQXDOO\�E\�MXVW�KRUL]RQWDOO\�GLVSODFLQJ�WKH�IUDPH�
WRS�DERXW����FP��DQG�WKHQ�UHOHDVLQJ�LW��6XSSRUWLYH�YLGHRV�HYHQ�ZLWK�OLWWOH�FKLOGUHQ�
PDNLQJ�D�VKDNLQJ�WDEOH�ZHUH�SURYLGHG�>����@�WR�JLYH�FRQ¿GHQFH�WR�VWXGHQWV��7KH�
OLVW� RI� WKH� WHDP�PHPEHUV� VKRXOG� EH� GHOLYHUHG� E\� HPDLO� WKH� QH[W� GD\� DIWHU� WKH�
LQVWUXFWLRQ�GD\��'HOLYHUDEOHV�IRU�WKH�IROORZLQJ�ZHHN��SKRWR�RI�WKH�IUDPH�WRJHWKHU�
ZLWK�WHDPPDWHV��DQG�UHVSRQG�D�VXUYH\��(YHU\�ZHHN�GHOLYHU\�RI�VWDJHV������DQG���
UHSUHVHQWV�����RI�WKH�SURMHFW�HYDOXDWLRQ�

x� Stage 2. Design of the tuned mass damper� �ZHHN� ���� 7KH� 70'�PD\� EH� D�
FRPSRXQG�SHQGXOXP�RU�D�YLVFRXV�GDPSHU�F\OLQGHU�LQ�WKH�WRS�RI�WKH�IUDPH��7XQLQJ�
D�GDPSHU�PHDQV�HLWKHU�DGMXVWLQJ�WKH� ORFDWLRQ�RI� WKH�PDVV�DORQJ�WKH�SHQGXOXP�
VWULQJ��RU�FKDQJLQJ�WKH�YLVFRVLW\�RI�WKH�GDPSHU�OLTXLG�RU�WKH�VKDSH�RI�WKH�PRYDEOH�
REMHFW� LQVLGH� WKH� F\OLQGHU��&UHDWLYH� GHVLJQV� DUH� HQFRXUDJHG�� HYHQ� XVLQJ� HJJV�
DV�GDPSHUV��7ULDO�DQG�HUURU�VKRXOG�EH�XVHG�WR�WXQH�WKH�70'��'HOLYHUDEOHV��7ZR�
YLGHRV�RI� WKH�V\VWHP��RQH�ZLWKRXW�70'��DQG�WKH�RWKHU�ZLWK�70'��VWXGHQWV�DUH�
ZDUQHG�WKDW�DGMXVWLQJ�WKH�70'�LV�D�YHU\�WLPH�FRQVXPLQJ�SURFHGXUH���DQG�UHVSRQG�
D�VXUYH\�

x� Stage 3. Tracking the motion of a point within the frame top��ZHHN�����7LJKWO\�
KROG� WKH� IUDPH� EDVH� ZKLOH� DQRWKHU� VWXGHQW� PDQXDOO\� GLVSODFHV� WKH� IUDPH� WRS�
KRUL]RQWDOO\�DERXW����FP��DQG�WKHQ�UHOHDVH�WKH� IUDPH�WR� IUHHO\�JHQHUDWH� IDGLQJ�
RVFLOODWLRQV��$����FP�UXOHU�LQ�D�KRUL]RQWDO�SRVLWLRQ�FORVH�WR�WKH�IUDPH�ZLOO�EH�QHHGHG�
WR�FDOLEUDWH�WKH�RVFLOODWLRQ�DPSOLWXGHV��6KRRW�WZR�YLGHRV�RI�WKH�V\VWHP��RQH�ZLWKRXW�
70'� �FDOOHG�9���� WKH� VHFRQG�ZLWK�70'� �9����7KH� ³7UDFNHU´� IUHHZDUH�PXVW� EH�
XVHG�>��������@�WR�DXWRPDWLFDOO\�WUDFN�WKH�SL[HOV�RI�D�PDUNHG�GRW�RU�HGJH�LQ�WKH�
IUDPH�WRS��$SSO\�WKH�VRIWZDUH�WR�ERWK�YLGHRV�9��DQG�9��WR�WUDFN�WKH�PDUN�LQ�WKH�
IUDPH�WRS��DQG�REWDLQ�WKH�JUDSK�RI�LWV�KRUL]RQWDO�SRVLWLRQ�LQ�WKH�[�D[LV�YHUVXV�WLPH��
7KH�UHVXOW�VKRXOG�ORRN�DV�D�GHFD\LQJ�RU�IDGLQJ�H[SRQHQWLDO��)LJ�����ZKLFK�VKRXOG�
EH�PRUH�DWWHQXDWHG�IRU�9���7DNH�D�VFUHHQVKRW�RI�ERWK�GHFD\LQJ�H[SRQHQWLDO�JUDSK�
IRU�9��DQG�9���'HOLYHUDEOHV��7ZR�YLGHRV�9��DQG�9��� WZR�VFUHHQVKRWV�RI� ERWK�
GHFD\LQJ�H[SRQHQWLDO�JUDSKV��[�YV�WLPH��IRU�9��DQG�9���DQG�UHVSRQG�D�VXUYH\��

x� Stage 4. Calculations, report and presentation video��ZHHN�����7KH�IUDPH�KDV�
EHHQ�DSSUR[LPDWHG�WR�EHKDYH�DV�D�FDQWLOHYHU�EHDP�ZLWK�VLJQL¿FDQW�PDVVHV�RI�WKH�
EHDP�DQG�WKH�HQG�PDVV�PRGHOHG�DV�D�VLQJOH�GHJUHH�RI�IUHHGRP�V\VWHP�>��@�ZLWK�D�
WRWDO�PDVV�RI�  
ZKHUH�  LV�IUDPH¶V�PDWHULDO�OLQHDU�PDVV�GHQVLW\��DQG�  LV�IUDPH¶V�KHLJKW��8VLQJ�
WKH� ORJDULWKPLF� GHFUHPHQW� PHWKRG� >�����@�� REWDLQ� WKH� GDPSHG� SHULRG�  DQG�
WZR�FRQVHFXWLYH�DPSOLWXGHV�;��DQG�;�� IURP�WKH�H[SRQHQWLDO�GHFD\�JUDSKV��)LJ��
����&DOFXODWH�WKH�IROORZLQJ�IRU�ERWK�ZLWK�ZLWKRXW�70'��GDPSLQJ�UDWLRߞ�G��GDPSHG�
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QDWXUDO�IUHTXHQF\� ��GDPSHG�VWLIIQHVV� ��DQG�GDPSLQJ�FRHI¿FLHQW� ��2EWDLQ�WKH�
SHUIRUPDQFH�RI�WKH�70'�FDOFXODWLQJ�WKH�UHODWLYH�HI¿FLHQF\�RI�WKH�YLVFRXV�GDPSLQJ�
UDWLR�H� ��GDPSLQJ�UDWLR�ZLWK�70'�±�GDPSLQJ�UDWLR�ZLWKRXW�70'��GDPSLQJ�UDWLR�
ZLWKRXW�70'�� 7KLQN� FULWLFDOO\� WR� SURYLGH�DQ�H[SODQDWLRQ�DERXW� WKH�GLIIHUHQFH� LQ�
WKH�YDOXHV�LQ�WHUPV�RI�WKH�LQÀXHQFH�RI�WKH�GDPSHU�DQG�LWV�WXQLQJ��'LVFXVV�DERXW�
WKH�HI¿FLHQF\�RI�WKH�GDPSHU�LQ�DWWHQXDWLQJ�WKH�RVFLOODWLRQ��3URYLGH�LGHDV�KRZ�\RX�
FRXOG� LPSURYH� WKH�GDPSLQJ�HIIHFW�RI� WKH�GDPSHU� LQ�RUGHU� WR�JHW�EHWWHU� UHVXOWV��
:ULWH�D�¿QDO�FRPSOHWH�ZULWWHQ�UHSRUW�IROORZLQJ�WKH�VWUXFWXUH�RI�D�WHPSODWH�SURYLGHG��
:LWKLQ�WKH�UHSRUW�FRQFOXVLRQV��GHVFULEH�\RXU�LPSUHVVLRQV�DERXW�WKH�SURMHFW��KRZ�
WKH�H[SHULPHQW�JDYH�\RX�DQ� LGHD�DERXW�XVLQJ�HQJLQHHULQJ� WR�VROYH�D�FRQFUHWH�
UHDO�OLIH� SUREOHP� WR� DWWHQXDWH� RVFLOODWLRQV�� DQG� KRZ� WKH� SURMHFW� LPSDFWHG� RQ�
\RXU�LQWHUHVW�LQ�HQJLQHHULQJ��)URP�WKH�DQDO\VLV�RI�WKH�UHVXOWV��GLVFXVV�DQG�ZULWH�
FRQFOXVLRQV�DERXW�WKH�¿QGLQJV��)LQDOO\��ZULWH�ZKDW�ZHUH�WKH�VNLOOV�\RX�GHYHORSHG�
GXULQJ�WKH�UHDOL]DWLRQ�RI�WKLV�SURMHFW��3UHSDUH�DQG�HGLW�D�¿QDO�SURMHFW�SUHVHQWDWLRQ�
YLGHR�LQFOXGLQJ�WKH�YLGHRV�FDSWXUHG�IURP�WKH�7UDFNHU�VRIWZDUH�VFUHHQ�VKRZLQJ�WKH�
RVFLOODWLQJ�IUDPH�ZLWK�WUDFNLQJ�SRLQW�DQG�LWV�JUDSK�IRU�ERWK�FDVHV��ZLWK�DQG�ZLWKRXW�
70'���DQG�FDOFXODWLRQV�REWDLQHG��'HOLYHUDEOHV��)LQDO�ZULWWHQ�UHSRUW� �����RI� WKH�
SURMHFW�HYDOXDWLRQ���DQG�¿QDO�SURMHFW�SUHVHQWDWLRQ�YLGHR��RWKHU������

 

)LJ�����6FUHHQVKRW�RI�IUDPH�PRWLRQ�WUDFNLQJ�XVLQJ�IUHVK�HJJV�DV�GDPSHUV�
DQG�JUDSK�DPSOLWXGHV

3. Results

'DWD�ZHUH�FROOHFWHG�IURP�GLUHFW�REVHUYDWLRQ��VXUYH\V�DW�HDFK�VWDJH��UHSRUWV�DQG�
SUHVHQWDWLRQ�YLGHRV�

(DFK�VXUYH\�LQFOXGHG�WKH�IROORZLQJ�TXHVWLRQV�VXFK�DV��:KLOH�GRLQJ�WKH�SURMHFW�VR�
IDU��ZKDW�KDV�EHHQ�QHZ�IRU�\RX�RU�\RXU�WHDPPDWHV"�,V�WKLV�SURMHFW�VSDUNLQJ�FXULRVLW\�
RU�DQ\�LQWHUHVW�WRZDUG�HQJLQHHULQJ"�$UH�\RX�HQMR\LQJ�DQG�KDYLQJ�IXQ�ZLWK�\RXU�IULHQGV�
ZKLOH�GRLQJ�WKH�SURMHFW"�:KDW�QHZ�VNLOOV�KDYH�\RX�OHDUQW�GXULQJ�WKLV�SURMHFW�VWDJH"�
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:ULWH�DQ\�RWKHU�FRPPHQW�RU�VXJJHVWLRQ�WKDW�\RX�ZRXOG�OLNH�WR�VKDUH��LI�DQ\��%HVLGHV��
WKH�UHSRUWV�FRQWDLQHG�H[WHQVLYH�DQVZHUV�DQG�GLVFXVVLRQV�WR�WKH�TXHVWLRQV�LQTXLUHG�LQ�
VWDJH���

)LQGLQJV�IURP�GDWD�DQDO\VLV�
1. 6XUYH\V� DW� HDFK� VWDJH�� ¿QDO� UHSRUW� FRQFOXVLRQV�� DQG� ¿QDO� SUHVHQWDWLRQ� YLGHRV�

VKRZHG�WKDW�
�y VWXGHQWV�SRVLWLYHO\�DQG�HQWKXVLDVWLFDOO\�UHVSRQGHG�DW�DOO�SURMHFW�VWDJHV�ZLWK�D�

EHWWHU�XQGHUVWDQGLQJ�RI�WKH�SKHQRPHQRQ�DQG�ZLWK�HQJDJHPHQW��7KLV�ZDV�D�
FKDQJH�LQ�VWXGHQWV¶�IHHGEDFN�LQ�FRPSDULVRQ�ZLWK�VWXGHQWV�RI�WKH�VDPH�FRXUVH�
IURP�SUHYLRXV�\HDUV�ZLWKRXW�SURMHFW�

�y 6WXGHQWV� ZHUH� HYHQ� VKRFNHG� DERXW� WKH� IDFW� WKDW� D� VLPSOH� SHQGXOXP� ZLWK�
GDPSHUV�DV�VXFK�XVHG� LQ� WKH�7DLSHL�����VN\VFUDSHU�FDQ�DWWHQXDWH�VHLVPLF�
RVFLOODWLRQV��DQG�WKDW�VWXGHQWV�DUH�DEOH�WR�XQGHUVWDQG�DQG�PDNH�DQG�VWXG\�RI�
VXFK�PHFKDQLVP�

�y )RU� WKH� ¿UVW� WLPH�� VWXGHQWV� OHDUQHG� LQ� SUDFWLFH� VXFK� FRQFHSWV� DV� VWLIIQHVV��
YLVFRXV�GDPSLQJ��GDPSLQJ�UDWLR��QDWXUDO�IUHTXHQF\��IUHH�RVFLOODWLRQV��GHJUHH�
RI�IUHHGRP�

�y 6WXGHQWV�OHDUQHG�WKDW�WKH�SULQFLSOH�RI�WKH�70'�FRQVLVWV�RI� MXVW�HTXDWLQJ�WKH�
SHULRG�RI�RVFLOODWLRQ�RI�WKH�GDPSHU�ZLWK�WKH�SHULRG�RI�RVFLOODWLRQ�RI�WKH�VWUXFWXUH�

�y 6WXGHQWV�OHDUQHG�WKDW�D�GDPSHG�IUHH�UHVSRQVH�GXH�WR�DQ�LQLWLDO�FRQGLWLRQ�RI�
GLVSODFHPHQW� LQ� WKH� IUDPH� WRS� UHSUHVHQWV� WKH�VDPH�UHVSRQVH�DV�RI�D� IRUFH�
LPSXOVH�DSSOLHG�WR�WKH�EDVH�

�y 6WXGHQWV�OHDUQHG�KRZ�WR�XVH�HQJLQHHULQJ�DSSUR[LPDWLRQV�LQ�D�UHDO�OLIH�FDVH�
�y 6WXGHQWV�ZHUH�HDJHU�WR�VKDUH�WKHLU�H[SHULHQFHV�DQG�KRZ�WKH\�JRW�IXQ�LQ�WKH�

SURFHVV�
�y 6WXGHQWV� DFNQRZOHGJHG� WKH� DFTXLVLWLRQ� RI� VNLOOV�� VXFK� DV� FDUSHQWU\�� XVLQJ�

GULOOLQJ� WRROV�� XQH[SHFWHG� WRROV�DQG�PDWHULDOV�� LQGHSHQGHQW� OHDUQLQJ�RI� QHZ�
VRIWZDUH�WR�WUDFN�PRWLRQ�IURP�YLGHR�SL[HOV�WKURXJK�YLGHR�WXWRULDOV��7KLV�WDXJKW�
WKHP�OLIHORQJ�OHDUQLQJ�VNLOOV��DQG�PDGH�WKHP�PRUH�FRQ¿GHQW�WR�IDFH�WHFKQLFDO�
FKDOOHQJHV�

�y 7KH�SURMHFW� WRSLF�ZDV� LQWHUHVWLQJ�IRU�ERWK�0HFKDQLFDO�DQG�&LYLO�(QJLQHHULQJ�
VWXGHQWV�

�y 6WXGHQWV� DFNQRZOHGJHG� D� JUHDWHU� WUXH� LQWHUHVW� DQG� PRWLYDWLRQ� WRZDUG�
HQJLQHHULQJ�

�y 7KH�DYHUDJH�JUDGH�IRU�DOO�WKH�SURMHFWV�ZDV��������ZKLFK�LV�TXLWH�VDWLVIDFWRU\�
2. )URP�GLUHFW�REVHUYDWLRQ�RQ�VWXGHQWV¶�SHUIRUPDQFH��GLUHFW� LQWHUYLHZV��DQG�RI¿FH�

KRXUV�
�y 7KH� GRVDJH� RI� WKH� SURMHFW� LQ� VHYHUDO� VWDJHV�� LWV� JUDGXDO� SUHVHQWDWLRQ�� DQG�

WKH� FRUUHVSRQGLQJ�ZHHNO\� GHOLYHUDEOHV� GLGQ¶W� RYHUZKHOP� RU� VFDUH� ZLWK� ORWV�
RI� LQVWUXFWLRQV�RU�DERXW� WKH�FRPSOH[LW\�RI� WKH�DFWLYLWLHV��EXW� LQVWHDG��KHOSHG�
VWXGHQWV��GRVHG�WKHLU�HIIRUWV��DQG�WKHLU�HQWKXVLDVP�FRPSHQVDWHG�WKH�DGGLWLRQDO�
ORDG�

�y 6WXGHQW�ZHUH�MXVW�LQ�WKH�WKLUG�VHPHVWHU��DQG�WKH\�VWDUWHG�LQ�WKH�WKLUG�ZHHN�RI�
FODVVHV��VR� WKH\�GLGQ¶W�NQRZ�DQ\WKLQJ�DERXW�ULJLG�ERGLHV��QRU�DERXW�SDUWLFOH�
NLQHWLFV��QRU�DERXW�YLEUDWLRQV�DW�DOO�

�y 6WXGHQWV�ZHUH�DOORZHG�WR�FRPSDUH�D�PDVVLYH�GDPSHU�IUDPH�ZLWK�WKHLU�IUDPH�
ZLWK�QR�GDPSHU��WKLV�ZDV�WR�GUDPDWL]H�WKH�LPSURYHPHQW�RI�WKH�70'�ZLWK�HYHQ�
D�KHDYLHU�VWUXFWXUH�

�y 6WXGHQWV� DFNQRZOHGJHG�GHYHORSLQJ� FULWLFDO� WKLQNLQJ�DQG� LQTXLU\� VNLOOV� HYHU\�
WLPH�WKH\�DVNHG�TXHVWLRQV�GXULQJ�FODVV�RU�RI¿FH�KRXUV�

�y 0RVW�RI�VWXGHQW�WHDPV�XVHG�D�SHQGXOXP�70'��EXW�VRPH�XVHG�D�ELJ�VFRWFK�WDSH�
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UROOLQJ�LQ�WKH�WRS��DQG�RWKHUV�HYHQ�IUHVK�HJJV��(YHU\�WLPH�D�WHDP�SUHVHQWHG�
D�FUHDWLYH�GHVLJQ��WKH�LQVWUXFWRU�VKRZHG�WR�WKH�ZKROH�FODVV�WR�DFNQRZOHGJH�
FUHDWLYHQHVV�DQG�EHVW� LGHDV�� WKLV�DFNQRZOHGJPHQW� LQ�SXEOLF�JUHZ� WKHLU�HJR�
DQG�FRQ¿GHQFH��&UHDWLYLW\�DQG�IXQ�ZHQW�WRJHWKHU�

�y ,W� ZDV� IRXQG� WKDW� LW� LV� SRVVLEOH� WR�PHDVXUH� WKH� SHUIRUPDQFH� RI� FRPSOHWHO\�
GLIIHUHQW�IUDPHV�DQG�70'¶V�WKURXJK�RQH�VLQJOH�FULWHULRQ��WKH�UHODWLYH�HI¿FLHQF\�
RI�WKH�YLVFRXV�GDPSLQJ�UDWLR��RU�LQ�RWKHU�ZRUGV��WKH�HI¿FLHQF\�RI�DWWHQXDWLRQ�

�y 7KH�JDPEOLQJ�IHHOLQJ�RI�FRPSHWLWLRQ�WR�JHW�WKH�EHVW�SHUIRUPDQFH�LQ�WHUPV�RI�
HI¿FLHQF\� RI� DWWHQXDWLRQ� ERRVWHG� VWXGHQW� FRPSHWLWLYHQHVV�� 7KH\�ZHUH� DEOH�
WR�DWWDLQ�YHU\�KLJK�DWWHQXDWLRQ�HI¿FLHQFLHV�XS�WR�������$FNQRZOHGJLQJ�EHVW�
WHDPV�LQ�SXEOLF�JUHZ�WKHLU�HJR�DQG�FRQ¿GHQFH�

�y 1RW�DOO�VWXGHQW�WHDPV�REWDLQHG�JRRG�UHVXOWV��WKHUH�ZHUH�HI¿FLHQFLHV�RI�������
�����������������������������������EXW�DOVR�ZRUVHQLQJ�WKH�SHUIRUPDQFH�
ZLWK�QHJDWLYH� YDOXHV�� �����DQG� ������ ,QGHHG�� LW�ZDV�QRW� HDV\� WR� WXQH� WKH�
GDPSHU�E\�WULDO�DQG�HUURU��EXW�VWXGHQWV�UHDOO\�KDG�ELJ�IXQ�DQG�DSSUHFLDWHG�WKH�
UHDO�OLIH�OHDUQLQJ�H[SHULHQFH��(YHQ�QHJDWLYH�DWWHQXDWLRQV�ZHUH�XVHIXO�WR�OHDUQ�
QHZ�NQRZOHGJH�DQG�VNLOOV�

�y 7KHUH� ZHUH� QR� FRPPHQWV� RU� FRPSODLQV� DERXW� H[SHQVHV� RU� GLI¿FXOWLHV� LQ�
JHWWLQJ�PDWHULDOV��VR�ZH�FDQ�VD\� WKDW� WKH�VXVWDLQDELOLW\�RI� WKH�DFWLYLWLHV�ZDV�
QRW�DQ�LVVXH��7KH�DYHUDJH�FRVW�RI�PDWHULDOV�LQ�HYHU\�WHDP�ZDV�DERXW����(XUR�

2WKHU�FRPPHQWV�DQG�UHFRPPHQGDWLRQV�
1. 7KH�PHDVXULQJ� WHFKQRORJ\�ZDV� IUHH� RI� FKDUJH� MXVW� XVLQJ� IUHHZDUH�� LQVWHDG� RI�

H[SHQVLYH�DFFHOHURPHWHUV�DQG�$UGXLQR�ERDUGV�SUHVHQWHG�E\�H[SHUWV�LQ�<RX7XEH�
YLGHRV�VXFK�DV�LQ�>�@�

2. 6WXGHQWV�PDGH�WKHLU�SURMHFW�DW�KRPH��WKH� LQVWUXFWRUV�HYHQ�GLGQ¶W�SK\VLFDOO\�VHH�
PDQ\�RI� WKHLU�SURMHFWV�� WKH\�DOVR�GLGQ¶W�QHHG� ODERUDWRU\� IRU� WKHLU�FRQVWUXFWLRQ�� LW�
ZDV�D�GR�LW�\RXUVHOI�KRPH�SURMHFW��DQG�WKLV�LV�D�FKDQJH�LQ�WKH�WHDFKLQJ�SUDFWLFH�

3. %HVLGHV�VRPH�YLGHRV� LQ�<RX7XEH�� WKHUH� LV�QRW�VR�PXFK� LQIRUPDWLRQ�DERXW� WKLV�
WRSLF�LQ�LQWHUQHW��VR�LW�UHTXLUHG�WKH�DXWKRUV�WR�EH�FUHDWLYH�DQG�EUDYH�ZKHQ�GH¿QLQJ�
WKH�VFRSH�DQG�VSHFL¿FDWLRQV�RI�HDFK�SURMHFW�VWHS�

4. :ULWLQJ� SURMHFW� LQVWUXFWLRQV� LV� FKDOOHQJLQJ�� VLQFH� WKH� GHVFULSWLRQ� VKRXOG� EH�
FRPSOHWH�HQRXJK��EXW�DW�WKH�VDPH�WLPH��HDV\�WR�XQGHUVWDQG�DQG�VXFFLQFW�

5. ,QVWUXFWRUV�UHFRPPHQG�WR�DVN�TXHVWLRQV�GXULQJ�HYHU\�FODVV�DERXW�WKH�DGYDQFHV�
DQG�WKHLU�H[SHULHQFHV��JLYH�UHFRPPHQGDWLRQV��DQG�HQFRXUDJH�WKHP�WR�FRPH�WR�
RI¿FH�KRXUV�WR�DVN�PRUH�TXHVWLRQV�RU�FODULI\�WKHLU�GRXEWV�
'XH� WR� DOO� WKH� DIRUHPHQWLRQHG� ¿QGLQJV� DQG� UHDVRQV�� WKH� LPSDFW� RI� WKH� SURMHFW�

RQ�VWXGHQWV¶�HQJDJHPHQW�ZDV�VLJQL¿FDQW��7KH�SURMHFW�LV�HDV\�HQRXJK�WKDW�LW�FDQ�EH�
FRQGXFWHG� HYHQ�ZLWK� KLJK�VFKRRO� VWXGHQWV�� 7R� WKLV� UHVSHFW�� WKH� EHVW� IUDPHV�ZHUH�
GRQDWHG�E\�WKH�WHDPV�WR�XVH�WKHP�GXULQJ�RSHQ�GD\V�ZLWK�KLJK�VFKRRO�VWXGHQWV�

Conclusions

7KH�DUWLFOH�DLPHG�DW�VSDUNLQJ�FXULRVLW\�DQG�LQWHUHVW�WRZDUG�HQJLQHHULQJ��OHDUQLQJ�
VRIWZDUH� WXWRULDOV� IRU� WUDFNLQJ� PRWLRQ� IURP� YLGHR� SL[HOV�� OHDUQ� WR� DSSUR[LPDWH�
FRPSOLFDWHG�VWUXFWXUHV�ZLWK�PXOWLSOH�GHJUHHV�RI�IUHHGRP�WR�D�VLQJOH�PDVV�FDQWLOHYHU�
EHDP�ZLWK� HQG�PDVV�� ERWK�ZLWK� VLJQL¿FDQW�PDVVHV�� OHDUQ� KRZ� WR� XVH� HQJLQHHULQJ�
DSSUR[LPDWLRQV� LQ� UHDO�OLIH� FDVHV�� DQG� GHYHORS� OLIHORQJ� OHDUQLQJ� VNLOOV�� 7KURXJK� WKH�
LPSOHPHQWDWLRQ�RI�WKLV�SURMHFW��DXWKRUV�ZHUH�DEOH�WR�UHDOL]H�WKDW�VRSKRPRUH�VWXGHQWV�
ZHUH�DEOH�WR�GHDO�ZLWK�D�FRPSOH[�GR�LW�\RXUVHOI�DW�KRPH�HQJLQHHULQJ�SUREOHP�XQGHU�
VWXGHQW�EDFNJURXQG�FRQVWUDLQWV��DQG�DFFRPSOLVK� LW�ZLWKLQ� IRXU�ZHHNV��)RFXVLQJ�RQ�
D�VLQJOH�SURMHFW�VWDJH�HYHU\�ZHHN�LW�LV�SRVVLEOH�WR�FUHDWH�DQG�VXVWDLQ�PRWLYDWLRQ�DQG�
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HQWKXVLDVP� OHYHOV�� GHYHORSLQJ� QRW� RQO\� FULWLFDO� WKLQNLQJ� DQG� LQTXLU\� VNLOOV�� EXW� DOVR�
HQFRXUDJH�FUHDWLYLW\�

7KH� SURMHFW� VXFFHVVIXOO\� VSDUNHG� LQWHUHVW� LQ� HQJLQHHULQJ� HGXFDWLRQ� LQ� VWXGHQWV��
VKRZLQJ�WKDW�WKH�FKDQJH�LQ�WKH�WHDFKLQJ�SUDFWLFH�ZDV�ZRUWKZKLOH��7KH�SURMHFW�LV�HDV\�
HQRXJK�WR�EH�FRQGXFWHG�HYHQ�ZLWK�KLJK�VFKRRO�VWXGHQWV��)XWXUH�UHVHDUFK�ZLOO�FRQWLQXH�
RQ�WKH�LPSOHPHQWDWLRQ�RI�GLIIHUHQW�FRPSOH[�HQJLQHHULQJ�SURMHFWV�

7KH�SUHVHQW�DUWLFOH�DQG�SDUWLFLSDWLRQ�ZHUH� IXQGHG�E\�0()�8QLYHUVLW\¶V� UHVHDUFK�
IXQG�
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