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������ %DVLF�(GXFDWLRQ� ���
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7KLV� GLVVHUWDWLRQ� LV� WKH� SUHFLSLWDWLRQ� RI� UHVHDUFK� ZRUN� VSDQQLQJ� D� SHULRG� RI�

DERXW� VHYHQ� \HDUV��7KH� UHDOLVDWLRQ�RI� LW�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH�ZLWKRXW�

WKH�DVVLVWDQFH�RI�PDQ\�SHRSOH��7KH�IROORZLQJ�KDYH�EHHQ�SDUWLFXODUO\�LPSRUWDQW� �

�

��0\�WZR�SURPRWRUV�-DQ�YDQ�GHQ�$NNHU�DQG�7MHHUG�3ORPS�IRU�WKHLU�FRQWLQXHG�

JXLGDQFH�� VWLPXODWLQJ� GLVFXVVLRQV� DQG� HQFRXUDJHPHQW� WKURXJKRXW� WKH� VHYHQ�

\HDU�SHULRG��

��'LUHFWRU� DQG� VWDII� RI� WKH� ,QWHUQDWLRQDO� &RRSHUDWLRQ� &HQWUH� �&'&6�� RI� WKH�

9ULMH�8QLYHUVLWHLW�$PVWHUGDP�IRU�WKHLU�VXSSRUW��

��7KH�VWDII�RI�WKH�,167$17�3URMHFW�LQ�1DPLELD��

��7HDFKHUV�ZKR�WRRN�SDUW�LQ�WKH�ILHOG�WHVWV�DQG�DOORZHG�PH�LQ�WKH�EDFN�RI�WKHLU�

FODVVHV��

��7HDFKHUV�ZKR�WULHG�WKH�H[HPSODU\�PDWHULDOV�DW�ZRUNVKRSV� �

��7KH�VWDII�DW�WKH�WHDFKHU�UHVRXUFH�FHQWUHV�DQG�UHJLRQDO�RIILFHV�RI�WKH�0LQLVWU\�

RI�(GXFDWLRQ�DQG�&XOWXUH�LQ�WKH�.HHWPDQVKRRS�DQG �.DWLPD�0XOLOR�UHJLRQV�LQ�

1DPLELD��LQ�SDUWLFXODU�0U�DQG�0UV�0RVWHUW�LQ�WKH�.HHWPDQVKRRS�UHJLRQ�DQG�

0U�+HQULFR�GH�9LOOLHUV�LQ�WKH�.DWLPD�0XOLOR�UHJLRQ� �

��0HWD�%HQVFKRS�� 6XVDQ�0F.HQQH\�� -HDQH�%DDV� DQG�&KULV�0LFKDXG� IRU� WKHLU�

DVVLVWDQFH�LQ�GDWD�FROOHFWLRQ�DQG�DQDO\VLV��GXULQJ�ZRUNVKRSV�DQG�LQ�WKH�GHVLJQ�

RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��

��6DQGUD�6FKHOH�IRU�WKH�OD\�RXW�RI�WKH�GLVVHUWDWLRQ��

��$QQLH��6LJULG��:LOOHP��-DDS�DQG�0DUW���
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,QWURGXFWLRQ�DQG�RYHUYLHZ�RI�WKH�0D&�VWXG\�
�

�

�

�

KLV� FKDSWHU� LQWURGXFHV� WKH�0D&� VWXG\� �0DWHULDOV�DV�&DWDO\VW�� FDUULHG� RXW� LQ�

1DPLELD� LQ� WKH�SHULRG������������ LQ� WKH� FRQWH[W�RI� HGXFDWLRQDO� UHIRUPV�DIWHU�

LQGHSHQGHQFH�LQ�������,W�SURYLGHV�D�VKRUW�LQWURGXFWLRQ�WR�WKH�FRQWH[W�RI�WKH�VWXG\��

IRFXVLQJ�RQ�FXUULFXOXP�UHIRUPV�DV�ZHOO�DV�WKH�DVVLVWDQFH�JLYHQ�E\�WKH�,167$17�3URMHFW�WR�

FXUULFXOXP� LPSOHPHQWDWLRQ��SURIHVVLRQDO�GHYHORSPHQW� RI� WHDFKHUV�DQG�PDWHULDOV�GHYHORSPHQW�

�VHFWLRQ�������6HFWLRQ�����RXWOLQHV�WKH�DLPV�RI�WKH�0D&�VWXG\��ZKLOH�VHFWLRQ�����SURYLGHV�DQ�

RYHUDOO� YLHZ� RI� WKH� UHVHDUFK� GHVLJQ� RI� WKH� VWXG\��$�PRUH� GHWDLOHG� HODERUDWLRQ� RI� WKH� LVVXHV�

UDLVHG� LQ� WKLV� VKRUW� LQWURGXFWRU\� FKDSWHU� IROORZV� LQ� WKH� VXEVHTXHQW� FKDSWHUV�� 6HFWLRQ� ����

SURYLGHV�DQ�RYHUYLHZ�RI�WKHVH�FKDSWHUV���

�

�

���� ,QWURGXFWLRQ�

�

Betty Andima is a teacher in the Ondangwa region in Namibia at the northern 
border with Angola. She teaches science in a school that is built of corrugated 
iron sheets which makes temperatures soar during the hot season. When it 
rains, the noise on the roof makes communication in the classroom almost 
impossible. Just like many other teachers in Namibia she is very excited about 
the new science curriculum the Ministry is implementing. She attends all the 
workshops organised by the INSTANT Project, either in her region or in the 
capital, Windhoek, about 750 km away from her school.  

At one such workshop for science teachers in Windhoek, the facilitator had 
asked Betty's group to present - in a microteaching session, with participants as 
students - part of a science lesson on the structure of the atom to the workshop. 
During the lesson students needed to be actively involved in an activity 
illustrating the different particles in the atom, and the role each one of them 
plays. She liked the idea a lot, but she had never heard of protons and '… what 
were the other particles called again?'  

7�
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Betty's group worked for some time on the preparation of the lesson activity. 
Members of the group taught Betty about neutrons and electrons, and what they 
were doing in the atom. The lesson, presented by Betty, gave students an 
overview of the various particles. On the basis of that information, students 
were asked to show 'an atom in action' using fellow students as subatomic 
particles. Students went outside to the playground to demonstrate their 
understanding of the structure of the atom. Before long, several smaller, speedy 
students, as electrons, were whizzing around the nucleus made up of heavier 
students as protons and neutrons.  

When Betty returned to her school, she couldn't wait to introduce this activity 
to her students.  
 

Aaron Musonda is a Grade 8 science teacher in Katima Mulilo in the Caprivi 
region in the north-east of Namibia. He has attended a number of workshops 
organised by the INSTANT Project on the implementation of the new science 
curriculum. He likes the hands-on approach of the new curriculum, even though 
he has little experience with it in the classroom. His school has never had any 
science equipment to do experiments, which is why Aaron is so happy when he 
receives a science kit from the project. His headmaster is equally excited about 
the science kit when Aaron returns from the workshop.  

When the project visits Aaron in his school about six weeks later, there is no 
sign of the science kit. Aaron says that it is in the headmaster's office. There is 
no storeroom and he has no cupboard in his classroom. The headmaster 
proudly shows the science kit in the cardboard box. Some of the items are 
used; much is still in the original wrapping paper. 'Now that the kit is in my 
office, I can also keep an eye on it', says the headmaster. 'Even when the 
inspector comes, I can show him that at this school we know how to treat 
government property'.  
 

Mary Kambinda was quietly minding her own business in front of the staff 
room of her school. She had been teaching from the early morning. While the 
other teachers were in class she enjoyed her short break sitting in the pleasant 
winter morning sun. Just for a while she thought that teaching was not so bad 
after all. Although she was trained as a primary school teacher, she had ended 
up teaching in the junior secondary section of the school, teaching English 
language and geography. It was not easy but she was coping well. Life seemed 
to be smiling on her …  

By the dust in the distance she could tell the headmaster was coming back 
from the education office in town. As he got out of the car he seemed rather 
agitated. He came straight to Mary. What seemed like a pleasant morning was 
about to turn into a small nightmare. 'Mr Likando is transferred to another 



,QWURGXFWLRQ DQG RYHUYLHZ RI WKH 0D& VWXG\ �

school. You'll have to take the Grade 10 science class' the headmaster said 
without greeting her. 'I can't leave them without a teacher until their exams'. 
Mary was stunned, but still managed to utter that she wasn't a science teacher. 
The headmaster wouldn't listen. 'You start on Monday, you have the whole 
weekend to prepare'.  
�

7KHVH� HYHQWV� WRRN� SODFH� LQ� 1DPLELD� GXULQJ� WKH� HDUO\� SKDVH� RI� WKH�

LPSOHPHQWDWLRQ�RI�WKH�HGXFDWLRQDO�UHIRUPV�DIWHU�LQGHSHQGHQFH�LQ�������7KHVH��

DQG� PDQ\� RWKHUV� RI� WKLV� NLQG�� VHUYH� DV� DQ� LOOXVWUDWLRQ� RI� WKH� VWDWH� RI� WKH�

HGXFDWLRQ�V\VWHP�LQ�1DPLELD�MXVW�DIWHU�LQGHSHQGHQFH��VKRZLQJ�JUHDW�RSWLPLVP�

DQG�FRXUDJH��DQG�UHDG\�WR�WDNH�RQ�WKH�MRE��%XW� LW� LV�DOVR�DQ�LOOXVWUDWLRQ�RI�DQ�

HGXFDWLRQ� V\VWHP� ZLWK� D� WHDFKLQJ� IRUFH� WKDW� ZDV� IRU� D� ODUJH� SDUW� XQGHU�

TXDOLILHG�� VKRUW�VWDIIHG�� DQG� WDNLQJ� RQ� D� FRQWHQW�ODGHQ� FXUULFXOXP� ZLWK� D�

SRRUO\�GHYHORSHG�RUJDQLVDWLRQDO�LQIUDVWUXFWXUH���

�

7KH�0D&� VWXG\� �0DWHULDOV� DV�&DWDO\VW�� WRRN� SODFH� LQ� WKH� HDUO\� VWDJHV� RI�

PDMRU� HGXFDWLRQDO� UHIRUPV� LQWURGXFHG� LQ� 1DPLELD� LQ� WKH� \HDUV� IROORZLQJ�

LQGHSHQGHQFH�� ,W� IRFXVHG�RQ� WKH� GHVLJQ� DQG� HYDOXDWLRQ�RI� VXSSRUW�PDWHULDOV�

IRU� VFLHQFH� WHDFKHUV� LQ� MXQLRU� VHFRQGDU\� VFKRROV�� FRPSULVLQJ� WKH� ILUVW� WKUHH�

JUDGHV�LQ�VHFRQGDU\�VFKRRO���

7KH� VWXG\� LQYHVWLJDWHV� WKH� FKDUDFWHULVWLFV� RI� PDWHULDOV� WKDW� DGHTXDWHO\�

VXSSRUW�WHDFKHUV� LQ�WKHLU�HIIRUWV�WR� LPSOHPHQW�WKH�QHZ�VFLHQFH�FXUULFXOXP�LQ�

WKH�FODVVURRP���RIWHQ�LQ�YHU\�GLIILFXOW�FLUFXPVWDQFHV��)XUWKHUPRUH��WKH�VWXG\�

DLPV�WR�FRQWULEXWH�WR�PHWKRGRORJLFDO�JXLGHOLQHV�IRU�WKH�GHYHORSPHQW�RI�VXFK�

PDWHULDOV��

�

�

���� &RQWH[W�RI�VWXG\�

�

������ (GXFDWLRQDO�UHIRUP�DIWHU�LQGHSHQGHQFH�

�

$W�LQGHSHQGHQFH��1DPLELD�LQKHULWHG�DQ�HGXFDWLRQ�V\VWHP�IURP�LWV�FRORQLDO�

SRZHU�� 6RXWK� $IULFD� WKDW� ZDV� RUJDQLVHG� DORQJ� HWKQLF� OLQHV�� $� WRWDO� RI� ���

VHSDUDWH�HGXFDWLRQDO�DXWKRULWLHV�KDG�EHHQ�HVWDEOLVKHG��OHDGLQJ�WR�GXSOLFDWLRQ�RI�

DFWLYLWLHV� DQG� ZDVWHG� UHVRXUFHV�� $IWHU� LQGHSHQGHQFH�� D� PDMRU� UHVWUXFWXULQJ�

H[HUFLVH� UHVXOWHG� LQ� WKH� HVWDEOLVKPHQW� RI� RQH� 0LQLVWU\� RI� (GXFDWLRQ� DQG�

&XOWXUH��$QJXOD�	�*UDQW�/HZLV����������



� &KDSWHU �

7KH�GLVSDULW\�EHWZHHQ�WKH�GLIIHUHQW�SRSXODWLRQ�JURXSV�LQ�1DPLELD�SULRU�WR�

LQGHSHQGHQFH� LV� ZHOO� GRFXPHQWHG� �$QJXOD� 	� *UDQW� /HZLV�� ������ &RKHQ��

�������$IWHU�LQGHSHQGHQFH�LQ�������WKH�PLQLVWU\�LQWURGXFHG�D�PDVVLYH�UHIRUP�

SURJUDPPH� WR� DGGUHVV� WKH� SUREOHPV� FDXVHG� E\� WKH� SUH�LQGHSHQGHQFH�

HGXFDWLRQ� V\VWHP�� 1RW� VXUSULVLQJO\�� LQ� WKH� \HDUV� LPPHGLDWHO\� DIWHU�

LQGHSHQGHQFH��SUREOHPV�LQ�WKH�V\VWHP�UHPDLQHG��7KH�WHDFKLQJ�IRUFH�LQ�JHQHUDO�

�EXW�HVSHFLDOO\�IRU�WKH�VFLHQFHV�DQG�PDWKHPDWLFV�DW�VHFRQGDU\�OHYHO��ZDV�ODUJHO\�

XQTXDOLILHG��&RKHQ���������:LWK�LQFUHDVHG�DFFHVV�DV�RQH�RI�WKH�PDMRU�JRDOV�RI�

HGXFDWLRQDO�UHIRUP��0(&������E���WKH�V\VWHP�H[SDQGHG�UDSLGO\��7KH�LQFUHDVH�

LQ�WKH�QXPEHU�RI�VWXGHQWV�FDXVHG�D�VKRUWDJH�RI�TXDOLILHG�WHDFKHUV��ZKLFK�ZDV�

RIWHQ� UHPHGLHG� WHPSRUDULO\� E\� HPSOR\LQJ� XQTXDOLILHG� WHDFKHUV� DQG� VWXGHQWV�

ZKR�KDG�MXVW�ILQLVKHG�VHQLRU�VHFRQGDU\�VFKRRO��

6FKRRO� LQIUDVWUXFWXUH� ZDV� JHQHUDOO\� QRW� YHU\� ZHOO� GHYHORSHG� DQG� EDVLF�

HTXLSPHQW� IRU� SUDFWLFDO� ZRUN�ZDV� ODFNLQJ� LQ�PRVW� VFKRROV�� 6FKRROV� LQ� UXUDO�

DUHDV� ZHUH� RIWHQ� YHU\� LVRODWHG� DQG� ODFNHG� DFFHVV� WR� PRGHUQ� PHDQV� RI�

FRPPXQLFDWLRQ� �WHOHSKRQH� DQG� ID[��� /DUJH� GLVWDQFHV� EHWZHHQ� VFKRROV� DQG�

IURP�VFKRROV�WR�WKH�UHJLRQDO�FHQWUHV�IXUWKHU�FRQWULEXWHG�WR�WKLV�LVRODWLRQ��

�

7HDFKHU� HGXFDWLRQ� ZDV� UHIRUPHG� ZLWK� WKH� GHYHORSPHQW� RI� WKH� %DVLF�

(GXFDWLRQ� 7HDFKHU� 'LSORPD� �%(7'�� SURJUDPPH� �'DKOVWU|P�� ������0(&��

����E��� FDWHULQJ� WR� JUDGHV� ���� �SULPDU\� VFKRRO�� DQG� JUDGHV� ����� �MXQLRU�

VHFRQGDU\�VFKRRO���$QRWKHU�FRUQHUVWRQH�RI�WKH�UHIRUP�ZDV�D�PDMRU�FXUULFXOXP�

UHIRUP�LQ�ERWK�SULPDU\�DQG�VHFRQGDU\�HGXFDWLRQ��7KH�0LQLVWU\�RI�(GXFDWLRQ�

DQG�&XOWXUH�GHYHORSHG�DQG�LQWURGXFHG�WKH�QHZ�FXUULFXOXP�RYHU�D�YHU\�VKRUW�

WLPH�VSDQ��0(&���������

�

������ &XUULFXOXP�UHIRUP�

�

7KH� 0LQLVWU\� RI� (GXFDWLRQ� DQG� &XOWXUH� LQ� 1DPLELD� VWDUWHG� D� PDMRU�

SURJUDPPH�RI� FXUULFXOXP� UHIRUP� VRRQ� DIWHU� LQGHSHQGHQFH��(QJOLVK�EHFDPH�

WKH�QHZ�ODQJXDJH�RI�LQVWUXFWLRQ��ZKLFK�KDG�SUHYLRXVO\�EHHQ�$IULNDDQV�EHIRUH�

LQGHSHQGHQFH�� (GXFDWLRQDO� GHYHORSPHQW� ZDV� EDVHG� RQ� WKH� SKLORVRSK\� RI�

(GXFDWLRQ� IRU� $OO�� LWV� JRDOV� EHLQJ� UHIOHFWHG� LQ� WKH� NH\ZRUGV�� DFFHVV�� HTXLW\��

TXDOLW\��DQG�GHPRFUDF\���



,QWURGXFWLRQ DQG RYHUYLHZ RI WKH 0D& VWXG\ �

7RZDUGV�WKH�HQG�RI�������QHZ�VXEMHFW�V\OODEL�ZHUH�KDVWLO\�GHYHORSHG�IRU�DOO�

VXEMHFWV�LQ�MXQLRU�VHFRQGDU\�HGXFDWLRQ��*UDGH���*UDGH������:LWKLQ�WKH�FRXUVH�

RI� VL[� ZHHNV�� DQ� DG�KRF� FRPPLWWHH� FRQVLVWLQJ� RI� PDLQO\� DGYLVRU\� WHDFKHUV�

GHYHORSHG� D� QHZ� VFLHQFH� FXUULFXOXP�� 6LPLODU� DFWLYLWLHV� KDSSHQHG� LQ� RWKHU�

VXEMHFWV�� $W� D� ODWHU� VWDJH�� FXUULFXOXP� GHYHORSPHQW� EHFDPH� PXFK� PRUH�

VWUXFWXUHG� ZLWK� WKH� HVWDEOLVKPHQW� RI� WKH� 1DWLRQDO� ,QVWLWXWH� RI� (GXFDWLRQDO�

'HYHORSPHQW� LQ� ������ 3ROLF\� DQG� FXUULFXOXP� GRFXPHQWV� �FI�� 0(&� ����E��

0%(&��������GHPRQVWUDWHG�WKH�YHU\�KLJK�DVSLUDWLRQV�RI�1DPLELD
V�FXUULFXOXP�

UHIRUP�� 7HDFKLQJ� DQG� OHDUQLQJ� ZHUH� WR� WDNH� SODFH� LQ� D� OHDUQHU�FHQWUHG� ZD\��

6XEMHFW�PDWWHU�KDG�WR�EH�SUHVHQWHG�LQ�D�ZD\�UHODWHG�WR�WKH�VWXGHQWV
�GDLO\�OLIH�

H[SHULHQFH��ZLWK�JURXS�ZRUN�DQG�SUDFWLFDO�ZRUN�DGYRFDWHG�DV�D�QRUPDO�SDUW�RI�

WKH� FODVVURRP� SUDFWLFH�� $VVHVVPHQW� ZRXOG� EH� EDVHG� SDUWO\� RQ� FRXUVH� ZRUN�

ZLWK� VWXGHQWV� WDNLQJ� JUHDWHU� UHVSRQVLELOLW\� IRU� WKHLU� RZQ� DQG� HDFK� RWKHUV�

OHDUQLQJ�� $OWKRXJK� VXFK� FXUULFXOXP� JRDOV� DUH� LQ� OLQH� ZLWK� LQWHUQDWLRQDOO\�

FXUUHQW�VWDQGDUGV�LQ�HGXFDWLRQ��WKH\�VHHPHG�IDU�UHPRYHG�IURP�WKH�FXUULFXOXP�

WHDFKHUV�LQ�1DPLELD�ZHUH�XVHG�WR��DQG�HYHQ�IXUWKHU�UHPRYHG�IURP�ZKDW�ZDV�

KDSSHQLQJ�LQ�1DPLELDQ�FODVVURRPV���

�

������ &XUULFXOXP�LPSOHPHQWDWLRQ��

�

,Q� 1DPLELD�� WHDFKHUV� KDG� ZDUPO\� ZHOFRPHG� WKH� HGXFDWLRQDO� FKDQJHV�

LQWURGXFHG� LPPHGLDWHO\� DIWHU� LQGHSHQGHQFH�� DV� WKHVH� ZHUH� VHHQ� DV� D� PXFK�

GHVLUHG�EUHDN�ZLWK� WKH�SUH�LQGHSHQGHQFH�HGXFDWLRQDO�V\VWHP�DQG�FXUULFXOXP��

+RZHYHU�� WKH� WUDQVODWLRQ� RI� FXUULFXOXP� JRDOV� DQG� REMHFWLYHV� LQWR� FODVVURRP�

DFWLYLWLHV�DQG�EHKDYLRXUV�OHIW�PXFK�WR�EH�GHVLUHG��YDQ�GHQ�$NNHU�HW�DO����������

,Q� DGGLWLRQ�� WHDFKHU�TXDOLILFDWLRQ� DQG� H[SHULHQFH��SRRU� VFKRRO� LQIUDVWUXFWXUH��

ODFN�RI�HTXLSPHQW�IRU�SUDFWLFDO�ZRUN��ODUJH�FODVVHV�DQG�RYHUORDGHG�WLPH�WDEOHV�

DOO� FRQWULEXWHG� WR� D� ORZ� OHYHO� RI� VXFFHVV� IRU� LPSOHPHQWDWLRQ�� 0RUHRYHU��

WHDFKHUV�DW�VFKRROV�LQ�UXUDO�DUHDV�ZHUH�RIWHQ�RSHUDWLQJ�LQ�LVRODWLRQ�GXH�WR�SRRU�

PHDQV� RI� FRPPXQLFDWLRQ� DQG� ORQJ� GLVWDQFHV� EHWZHHQ� VFKRROV� DQG� WR� WKH�

UHJLRQDO� HGXFDWLRQ� FHQWUH��7KH� ODFN� RI� RSSRUWXQLW\� WR� GLVFXVV� SURJUHVV� RQ� D�

UHJXODU� EDVLV�ZLWK� FROOHDJXHV� DOVR� FRQWULEXWHG� WR� WKH� YHU\� OLPLWHG� VXFFHVV� RI�

LPSOHPHQWDWLRQ�� 7KH� PLQLVWU\
V� PRQLWRULQJ� H[HUFLVHV� DW� WKH� HQG� RI� HYHU\�

*UDGH�OHYHO��QRW�VXUSULVLQJO\��REVHUYHG�YHU\�OLWWOH�HYLGHQFH�RI�WKH�UHIRUP�JRDOV�

PDQLIHVWHG�LQ�WKH�FODVVURRPV��0(&������D������D���

�



� &KDSWHU �

,PSOHPHQWDWLRQ� RI� WKH� QHZ� VFLHQFH� DQG� PDWKHPDWLFV� FXUULFXOXP� LQ�

1DPLELD�VWDUWHG�LQ�������7KH�SKDVHG�LPSOHPHQWDWLRQ�EHJDQ�LQ�WKH�ILUVW�JUDGH�

RI�WKH�MXQLRU�VHFRQGDU\�OHYHO��*UDGH����DQG�FRQWLQXHG�XSZDUG�RQH�JUDGH�OHYHO�

HYHU\�\HDU� ��*UDGH��� LQ������DQG�VR�RQ��(QJOLVK� ODQJXDJH��PDWKHPDWLFV�DQG�

VFLHQFH�ZHUH�GHFODUHG�SULRULW\�DUHDV�LQ�ERWK�SULPDU\�DQG�VHFRQGDU\�HGXFDWLRQ��

7KH�0LQLVWU\�RI�(GXFDWLRQ�DQG�&XOWXUH� DOVR� VWDUWHG� LQ������ZLWK� ODUJH� VFDOH�

SURIHVVLRQDO� GHYHORSPHQW� SURMHFWV�� PRVWO\� H[WHUQDOO\� IXQGHG�� IRFXVLQJ� RQ�

WHDFKHUV� LQ� MXQLRU� VHFRQGDU\� VFKRROV� WR� VXSSRUW� WKH� LPSOHPHQWDWLRQ� RI� WKH�

QHZ�FXUULFXOD�LQ�WKRVH�DUHDV��2QH�VXFK�SURMHFW�ZDV�WKH�,167$17�3URMHFW���

�

&KDSWHU���IXUWKHU�HODERUDWHV�WKH�LVVXHV�UHODWHG�WR�VFLHQFH�FXUULFXOXP�UHIRUP�

LQ�1DPLELD�DIWHU�LQGHSHQGHQFH���

�

������ 7KH�,167$17�3URMHFW�

�

7KH� ,167$17� �,1�6HUYLFH� 7UDLQLQJ� DQG� $VVLVWDQFH� IRU� 1DPLELDQ�

7HDFKHUV�� 3URMHFW�� ZDV� IXQGHG� E\� WKH� (XURSHDQ� 8QLRQ� �(8�� DQG� ZDV�

DGPLQLVWHUHG� ILUVW� E\� WKH�9ULMH�8QLYHUVLWHLW�$PVWHUGDP� �98$��� DQG� ODWHU� E\�

98$�LQ�FRRSHUDWLRQ�ZLWK� WKH�%ULWLVK�&RXQFLO�RI� WKH�8.��,167$17���������

,Q�WKH�\HDUV�IROORZLQJ�LQGHSHQGHQFH��WKH�,167$17�3URMHFW�SURYLGHG�VXSSRUW�

IRU� WKH� LPSOHPHQWDWLRQ� RI� WKH� QHZ� FXUULFXOXP� WR� WHDFKHUV� LQ� VHFRQGDU\�

VFKRROV� DQG� XSSHU� SULPDU\� VFKRROV�� 7KH� PXOWLWXGH� RI� DFWLYLWLHV� FDUULHG� RXW�

GXULQJ�WKH�VL[�\HDUV�WKH�SURMHFW�ZDV�DFWLYH�������������FDQ�EH�FDWHJRULVHG�LQWR�

WKUHH�EURDG�LQWHUUHODWHG�FRPSRQHQWV��2WWHYDQJHU�	�%HQVFKRS����������

��� LQ�VHUYLFH�WUDLQLQJ�DFWLYLWLHV��ZRUNVKRSV��FOXVWHU�PHHWLQJV����

��� EXLOGLQJ�DQ�LQIUDVWUXFWXUH�IRU�VXVWDLQDEOH�SURIHVVLRQDO�GHYHORSPHQW���

��� PDWHULDOV�GHYHORSPHQW��

�

7KH�SURMHFW
V� JRDOV�ZHUH� LQLWLDOO\�GLUHFWHG� WRZDUGV� WHDFKHUV��ZLWK�HPSKDVLV�

RQ�UDLVLQJ�DZDUHQHVV�IRU�WKH�QHZ�FXUULFXOXP��LWV�JRDOV�DQG�LWV�PDQLIHVWDWLRQ�LQ�

WKH�FODVVURRP��DQG�SURYLVLRQ�RI� WUDLQLQJ� LQ�QHZ� WHDFKLQJ�PHWKRGV� IRU�DFWLYH�

OHDUQLQJ��7KH�HPSKDVLV�JUDGXDOO\�VKLIWHG�WR�WKH�GHYHORSPHQW�RI�D�VXVWDLQDEOH�

UHJLRQDO� LQIUDVWUXFWXUH� IRU� VXSSRUWLQJ� WHDFKHUV� E\� WUDLQLQJ� ORFDO� VWDII� DV�

SURIHVVLRQDO�GHYHORSHUV���



,QWURGXFWLRQ DQG RYHUYLHZ RI WKH 0D& VWXG\ �

0DWHULDOV� GHYHORSPHQW� DFWLYLWLHV� RI� WKH� ,167$17� 3URMHFW� IRFXVHG�

SULPDULO\�RQ�WHDFKHU�JXLGHV�DQG�H[HPSODU\�OHVVRQV��7KH�SURMHFW�ZDV�LQWHUHVWHG�

LQ� IRUPDWLYH� HYDOXDWLRQ� PHWKRGV� WR� LPSURYH� WKH� TXDOLW\� RI� WKHVH� PDWHULDOV��

HVSHFLDOO\�ZLWK�D�YLHZ�WR�DVVLVWLQJ�WHDFKHUV�ZLWK�SUREOHPV�LQ�WKH�LQLWLDO�SKDVH�

RI�WKH�LPSOHPHQWDWLRQ�RI�WKH�QHZ�FXUULFXOXP�LQ�WKHLU�FODVVURRPV���

�

7KH�0D&�VWXG\�XVHV�WKH�WHUP�WHDFKHU�VXSSRUW�PDWHULDOV�WR�UHIHU�WR�PDWHULDOV�WKDW�

FDQ� DVVLVW� WHDFKHUV� LQ� WKHLU� HIIRUWV� WR� LPSOHPHQW� FXUULFXOXP� UHIRUPV� LQ� WKHLU�

FODVVURRPV�� 7KHVH� PDWHULDOV� WDNH� WKH� IRUP� RI� H[HPSODU\� OHVVRQ� PDWHULDOV��

(DUOLHU� VWXGLHV� KDG� VKRZQ� WKDW� WHDFKHU� VXSSRUW� PDWHULDOV� GHVLJQHG� IURP� DQ�

LPSOHPHQWDWLRQ�SHUVSHFWLYH�� DQG� JXLGHG�E\� IRUPDWLYH� HYDOXDWLRQ�� FDQ� EH� YHU\�

HIIHFWLYH��6XFK�PDWHULDOV�SURYHG�WR�EH�HVSHFLDOO\�XVHIXO�LQ�WKH�YXOQHUDEOH�LQLWLDO�

SKDVH�RI�WKH� LPSOHPHQWDWLRQ�ZKHQ�WHDFKHUV�DUH�IDFHG�ZLWK�QHZ�SUREOHPV�DQG�

ZKHQ� SRVLWLYH� LQLWLDO� H[SHULHQFHV� FDQ� SURYLGH� WKH� QHFHVVDU\� LPSHWXV� IRU� D�

VXFFHVVIXO� LPSOHPHQWDWLRQ� �FI�� YDQ� GHQ�$NNHU�� ������ 9RRJW�� ������.HXUVWHQ��

�������

�

�

���� $LPV�RI�WKH�0D&�VWXG\�

�

7KH� ,167$17� 3URMHFW� FRQVLGHUHG� LW� HVVHQWLDO� WR� GHYHORS� PDWHULDOV� WKDW�

ZRXOG�IXQFWLRQ�DV�D�VXSSRUW� WR� WHDFKHUV�ZKRVH� WDVN� LW�ZDV� WR� LPSOHPHQW� WKH�

QHZ� FXUULFXOXP� LQ� WKH� FODVVURRP�� 7KLV� QHHGHG� WR� KDSSHQ� LQ� FLUFXPVWDQFHV�

RIWHQ�IDU�IURP�LGHDO���

7KH� FHQWUDO� DLP� RI� WKH� 0D&� VWXG\�� FRQGXFWHG� LQ� WKH� IUDPHZRUN� RI� WKH�

,167$17�3URMHFW��ZDV� WR�RSWLPLVH� WKH�TXDOLW\�RI� WKH�PDWHULDOV� WKDW�VXSSRUW�

WHDFKHUV� LQ� WKH� LPSOHPHQWDWLRQ� RI� WKH� QHZ� VFLHQFH� FXUULFXOXP� LQ� WKH�

FODVVURRP�� )XUWKHUPRUH�� WKH� VWXG\� DLPHG� WR� FRQWULEXWH� WR� PHWKRGRORJLFDO�

JXLGHOLQHV�IRU�WKH�GHYHORSPHQW�RI�VXFK�PDWHULDOV��LQ�1DPLELD�DQG�SRVVLEO\�LQ�

RWKHU�FRXQWULHV�LQ�WKH�UHJLRQ���

,I� PDWHULDOV� ZHUH� WR� VHUYH� DV� DQ� HIIHFWLYH� VXSSRUW� WR� WHDFKHUV� IRU� WKH�

LPSOHPHQWDWLRQ�RI�WKH�QHZ�FXUULFXOXP��DQ�LPSRUWDQW�HDUO\�TXHVWLRQ�ZDV�ZKDW�

VXFK� PDWHULDOV� VKRXOG� ORRN� OLNH"� 0RUH� VSHFLILFDOO\�� WKH� TXHVWLRQ� ZDV�

IRUPXODWHG�DV��

�

:KDW� DUH� WKH� FKDUDFWHULVWLFV� RI� PDWHULDOV� WKDW� DGHTXDWHO\� VXSSRUW� WHDFKHUV� LQ� WKH� LQLWLDO�

LPSOHPHQWDWLRQ�RI�VFLHQFH�FXUULFXOXP�LQQRYDWLRQ�LQ�WKH�FODVVURRP"��
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,Q� WKH�1DPLELDQ�FRQWH[W�� WHDFKHU�VXSSRUW�PDWHULDOV�ZRXOG�KDYH�D�QXPEHU�

RI� GLVWLQFW� IXQFWLRQV�� 7KH� PDWHULDOV� QHHGHG� WR� VXSSRUW� WHDFKHUV� ZLWK� WKHLU�

RULHQWDWLRQ�RQ�QHZ�VXEMHFW�PDWWHU�DQG�QHZ�WHDFKLQJ�PHWKRGV��DV�ZHOO�DV�OHQG�

JXLGDQFH�LQ�SUHSDUDWLRQ�RI�WKH�OHVVRQV��WKXV�SURYLGLQJ�WHDFKHUV�ZLWK�VXFFHVVIXO�

H[SHULHQFHV� LQ� WKH� YXOQHUDEOH� LQLWLDO� SKDVH� RI� WKH� LPSOHPHQWDWLRQ� RI� WKH�

FXUULFXOXP��7KH�ODWWHU�FDQ�DOVR�FRQWULEXWH�WR�D�FKDQJH�LQ�DWWLWXGH�WRZDUGV��DQG�

EHOLHI�LQ��WKH�QHZ�WHDFKLQJ�PHWKRGRORJ\�DGYRFDWHG�LQ�WKH�QHZ�FXUULFXOXP���

�

�

���� 5HVHDUFK�DSSURDFK��

�

������ 'HYHORSPHQW�UHVHDUFK��

�

7KH�0D&�VWXG\�IROORZHG�D�GHYHORSPHQW�UHVHDUFK�DSSURDFK��'HYHORSPHQW�

UHVHDUFK� LV� FDUULHG� RXW� 
WR� LQIRUP� WKH� GHFLVLRQ� PDNLQJ� SURFHVV� GXULQJ� WKH�

GHVLJQ��SURGXFWLRQ�DQG�LPSOHPHQWDWLRQ�����RI�DQ�HGXFDWLRQDO�SURJUDP�ZLWK�WKH�

SXUSRVH�RI�LPSURYLQJ�WKH�SURJUDP
��:DONHU��������S��������,Q�WKH�GRPDLQ�RI�

FXUULFXOXP�� YDQ� GHQ� $NNHU� DQG� 3ORPS� ������� DUJXH� WKDW� GHYHORSPHQW�

UHVHDUFK�VHUYHV�WZR�SXUSRVHV���

� RSWLPLVLQJ� WKH� GHYHORSPHQW� RI� SURWRW\SLFDO� SURGXFWV� �FXUULFXOXP�

GRFXPHQWV�DQG�PDWHULDOV���LQFOXGLQJ�HPSLULFDO�HYLGHQFH�RI�WKHLU�TXDOLW\��

� JHQHUDWLQJ�PHWKRGRORJLFDO�GLUHFWLRQV�IRU�WKH�GHVLJQ�DQG�HYDOXDWLRQ�RI�VXFK�

SURGXFWV��

�

9DQ� GHQ�$NNHU� HW� DO�� ������� H[SORUHG� VRPH� RI� WKH� SUREOHPV� KLQGHULQJ� D�

VPRRWK� LPSOHPHQWDWLRQ� RI� WKH� FXUULFXOXP� LQQRYDWLRQV� LQ� WKH� FODVVURRPV� RI�

1DPLELD�� 7KH\� DUJXHG� WKDW� PXFK� LQ� WKH� HGXFDWLRQ� V\VWHP� LQ� 1DPLELD� ZDV�

VXEMHFW�WR�FKDQJH�DQG�LPSOHPHQWDWLRQ�FRQGLWLRQV�ZHUH�JHQHUDOO\�XQIDYRXUDEOH��

'HYHORSPHQW� UHVHDUFK� JXLGLQJ� WKH� GHYHORSPHQW� RI� SURJUDPPHV� DQG�

FXUULFXOXP� PDWHULDOV� FRXOG�� LQ� VXFK� D� VLWXDWLRQ�� WDNH� DZD\� VRPH� RI� WKH�

XQFHUWDLQWLHV� RI� WKH� GHYHORSPHQW� SURFHVV� DQG� ZRXOG� SURYLGH� OHDUQLQJ�

H[SHULHQFHV� IRU� DOO� WKRVH� LQYROYHG� LQ� VXFK�D�SURFHVV�� ,Q� DGGLWLRQ� WR� WKH� WZR�

SXUSRVHV� PHQWLRQHG� LQ� WKH� SUHYLRXV� SDUDJUDSK�� SRVVLEOH� DGGLWLRQDO� UHVXOWV�

ZHUH� FRQVLGHUHG� LPSRUWDQW�� LQFOXGLQJ� UHDFKLQJ�D�EHWWHU�XQGHUVWDQGLQJ�RI� WKH�

ORFDO� LPSOHPHQWDWLRQ� FRQGLWLRQV� DQG� WKH� SUREOHPV� WHDFKHUV� DUH� IDFLQJ�� DQG�

LQFUHDVHG�H[SHUWLVH�DQG�SURIHVVLRQDO�JURZWK�RI�WKH�YDULRXV�SDUWLFLSDQWV�LQ�WKH�

GHYHORSPHQW�SURFHVV���



,QWURGXFWLRQ DQG RYHUYLHZ RI WKH 0D& VWXG\ �

������ 2YHUDOO�UHVHDUFK�GHVLJQ�

�

7KH�UHVHDUFK�GHVLJQ�RI�WKH�0D&�VWXG\�FRQVLVWV�RI�WKUHH�UHODWHG�VWDJHV��7KH�

ILUVW�VWDJH��WKH�IURQW�HQG�DQDO\VLV�LQ�WKH�0D&�VWXG\�LQFOXGHV�D�FRQWH[W�DQDO\VLV�DQG�

SUREOHP� DQDO\VLV� �GHVFULEHG� LQ� FKDSWHU� ���� DQG� D� UHYLHZ� RI� WKH� UHOHYDQW�

OLWHUDWXUH� RQ� FXUULFXOXP� LPSOHPHQWDWLRQ� LQ� WKH� 6RXWKHUQ� $IULFD� UHJLRQ�

�FKDSWHU� ���� 7KLV� VWDJH� UHVXOWHG� LQ� SUHOLPLQDU\� GHVLJQ� VSHFLILFDWLRQV� IRU�

FXUULFXOXP�PDWHULDOV�LQ�WKH�1DPLELDQ�FRQWH[W��7KH�WKUHH�VWDJHV�DUH�HODERUDWHG�

LQ�GHWDLO�LQ�FKDSWHU����

7KH�VHFRQG�VWDJH��GHVFULEHG�LQ�FKDSWHU����FRQVLVWV�RI�D�SUHOLPLQDU\�VWXG\�RQ�

WKH�GHVLJQ�DQG�HYDOXDWLRQ�RI�WHDFKHU�VXSSRUW�PDWHULDOV�IRU�6FLHQWLILF�3URFHVVHV��D�

*UDGH���WRSLF��ILUVW�\HDU�VHFRQGDU\�VFKRRO��LQ�WKH�QHZ�VFLHQFH�FXUULFXOXP�IRU�

MXQLRU� VHFRQGDU\� VFKRROV� LQ�1DPLELD�� 7KLV� WRSLF� ZDV� FKRVHQ� EHFDXVH� RI� LWV�

LQQRYDWLYH�FKDUDFWHU�LQ�WHUPV�RI�VWXGHQW�LQYROYHPHQW��DQG�WKH�ZD\�LQ�ZKLFK�LW�

GHDOV� ZLWK� WKH� WRSLF� LQ� WKH� VHWWLQJ� RI� WKH� ORFDO� FRPPXQLW\�� ,W� IRFXVHV� RQ� D�

QXPEHU� RI� EDVLF� VFLHQFH� SURFHVV� VNLOOV� VXFK� DV� PHDVXULQJ�� REVHUYLQJ��

FODVVLI\LQJ�� DV� ZHOO� DV� SUHVHQWLQJ� DQG� UHFRUGLQJ� UHVXOWV�� %HVLGHV� ILQGLQJ�

SURYLVLRQDO� DQVZHUV� WR� WKH� JHQHUDO� UHVHDUFK� TXHVWLRQ�� WKH� SLORW� VWXG\� DOVR�

DLPHG� DW� ILQGLQJ� DQVZHUV� WR� D� QXPEHU� RI� TXHVWLRQV�RI� D�PRUH�SUDFWLFDO� DQG�

PHWKRGRORJLFDO� QDWXUH�� 
'RHV� D�GHYHORSPHQW� UHVHDUFK� DSSURDFK�ZRUN� LQ� WKH�

RIWHQ� GHHSO\� HQWUHQFKHG� SUDFWLFHV� RI� GHYHORSLQJ� FRXQWULHV"
� DQG� 
$UH� WKH�

PHWKRGV�XVHG�DQG�WKH�YDULRXV�LQVWUXPHQWV�GHYHORSHG�WR�JDWKHU�GDWD�SUDFWLFDO�

DQG�HDV\�WR�XVH"
�ZHUH�W\SLFDO�TXHVWLRQV�DW�WKLV�VWDJH��

7KH�WKLUG�VWDJH��GHVFULEHG�LQ�FKDSWHU����IRUPV�WKH�PDLQ�SDUW�RI�WKH�VWXG\��,W�

IRFXVHG�RQ�WKH�GHVLJQ�DQG�IRUPDWLYH�HYDOXDWLRQ�RI� WHDFKHU�VXSSRUW�PDWHULDOV�

IRU�D�FRPSOHWHO\�QHZ�WRSLF�LQ�WKH�VFLHQFH�FXUULFXOXP�IRU�*UDGH�����ILQDO�\HDU�

RI�MXQLRU�VHFRQGDU\�HGXFDWLRQ���FDOOHG�0DWHULDOV��7KLV�WRSLF�ZDV�LQFOXGHG�LQ�WKH�

V\OODEXV� WR�SURYLGH�KDQGV�RQ�RSSRUWXQLWLHV� IRU� VWXGHQWV� LQ� UXUDO� DUHDV�ZKHUH�

VFKRROV� RIWHQ� KDG� YHU\� OLWWOH� RU� QR� VFLHQFH� HTXLSPHQW�� ,W� GHDOV� ZLWK� ORFDO�

SUDFWLFHV�VXFK�DV�PDNLQJ�EULFNV�DQG�WKDWFKLQJ�URRIV��DQG�UHTXLUHV�VWXGHQWV�WR�

WHVW���LQ�D�KDQGV�RQ�PDQQHU���WKH�VWUHQJWK�RI�EULFNV�DQG�LQVXODWLQJ�SURSHUWLHV�

RI�GLIIHUHQW�URRILQJ�PDWHULDOV�XVHG�LQ�WKHLU�ORFDO�FRPPXQLWLHV���

7KH� 0DWHULDOV� WRSLF� SURYLGHG� WKH� WHDFKHUV� ZLWK� ERWK� RSSRUWXQLWLHV� DQG�

FKDOOHQJHV� DQG�ZDV� FKRVHQ� DV� WKH� VXEMHFW� IRU� WKH�0D&� VWXG\� EHFDXVH� RI� LWV�

KLJKO\� LQQRYDWLYH�FKDUDFWHU� LQ� WKH�1DPLELDQ�FRQWH[W�� ,W� VHHPHG�IDU� UHPRYHG�

IURP� WKH� XVXDO�� PRUH� DFDGHPLF� VFLHQFH� WRSLFV�� VXFK� DV� SDUWLFOH� WKHRU\�� SHULRGLF�



�� &KDSWHU �

WDEOH��DQG�UDGLRDFWLYLW\��7HDFKHUV�KDG�LQGLFDWHG�DW�LQ�VHUYLFH�WUDLQLQJ�ZRUNVKRSV�

WKDW� WKH\� DQWLFLSDWHG� KDYLQJ� SUREOHPV� ZLWK� WKH� VSHFLILF� VXEMHFW� PDWWHU��

0RUHRYHU��PDQ\� WHDFKHUV�� HVSHFLDOO\� WKRVH� LQ� WKH� IRUPHU�%ODFN� VFKRROV�� KDG�

OLWWOH�H[SHULHQFH�ZLWK�KDQGV�RQ�DFWLYLWLHV��DQG�ZHUH�ZRUULHG�DERXW�GRLQJ�JURXS�

ZRUN��HVSHFLDOO\�ZKHQ�DFWLYLWLHV�ZHUH�WR�EH�FRQGXFWHG�RXWVLGH�WKH�FODVVURRP��

7KH� UHVHDUFK� GHVLJQ� LQ� WKLV� VWDJH� LQFOXGHG� VHYHUDO� F\FOHV� RI� GHVLJQ� DQG�

IRUPDWLYH� HYDOXDWLRQ� WR�PDNH� WKH� RULJLQDO� SURWRW\SH� LWHUDWH� WRZDUGV� D�PRUH�

GHILQLWH�SURGXFW���

�

,Q�WKH�HDUO\�\HDUV�DIWHU� LQGHSHQGHQFH��WKH�1DPLELDQ�HGXFDWLRQ�V\VWHP�ZDV�

LQ� D� VWDWH� RI� FRQWLQXRXV� GHYHORSPHQW�� /RFDO� LPSOLFDWLRQV� RI�0LQLVWU\� SROLF\�

FRXOG�QRW�DOZD\V�EH�IRUHVHHQ�DW�WKH�WLPH�WKH�UHVHDUFK�GHVLJQ�ZDV�HVWDEOLVKHG��

7KH�RUJDQLVDWLRQ�RI�WKH�YDULRXV�DFWLYLWLHV�ZDV�SUREOHPDWLF�DV�FRPPXQLFDWLRQ�

ZLWK� WHDFKHUV� DW� VFKRROV� LQ� WKH� UHJLRQV� ZDV� RIWHQ� YHU\� GLIILFXOW�� ,Q� WKLV�

VLWXDWLRQ��IOH[LELOLW\�FRXOG�EH�DFKLHYHG�E\�FRQGXFWLQJ�VHYHUDO�VPDOOHU�ILHOG�WHVWV�

LQ�GLIIHUHQW�LWHUDWLRQV�WKDW�FRXOG�UHVSRQG�WR�ORFDO�FLUFXPVWDQFHV�DW�IDLUO\�VKRUW�

QRWLFH��7KH� GHVLJQ� RI� WKH� VWXG\� HPHUJHG�RYHU� WLPH� �FRPSDUH� WKH� QRWLRQ�RI�

HPHUJHQW�GHVLJQ�E\�6PLWK���������

�

�

���� :KHQ�UHDGLQJ�WKH�IROORZLQJ�FKDSWHUV�

�

&KDSWHU���GHVFULEHV�WKH�FRQWH[W�RI�HGXFDWLRQ�LQ�1DPLELD��UHIOHFWLQJ�RQ�WKH�

\HDUV� LPPHGLDWHO\� SUHFHGLQJ� LQGHSHQGHQFH�� DV� ZHOO� DV� WKH� VLWXDWLRQ� DIWHU�

LQGHSHQGHQFH�LQ�������&KDSWHU���UHYLHZV�WKH�OLWHUDWXUH�RQ�VFLHQFH�FXUULFXOXP�

GHYHORSPHQW�DQG�WHDFKHU�GHYHORSPHQW� LQ�GHYHORSLQJ�FRXQWULHV��ZLWK�VSHFLILF�

DWWHQWLRQ� WR� 6RXWKHUQ� $IULFD�� &KDSWHU� �� RXWOLQHV� WKH� UHVHDUFK� GHVLJQ� RI� WKH�

0D&�VWXG\���

7KH� QH[W� FKDSWHUV� GHVFULEH� WKH� VHW�XS�� UHVXOWV�� DQG� FRQFOXVLRQV� RI� WZR�

VWXGLHV�RQ�WKH�GHVLJQ�DQG�HYDOXDWLRQ�RI� WHDFKHU�VXSSRUW�PDWHULDOV��&KDSWHU���

UHSRUWV�RQ�WKH�SUHOLPLQDU\�VWXG\�RQ�WKH�GHVLJQ�RI�PDWHULDOV�IRU�D�*UDGH���WRSLF�

RI�WKH�VFLHQFH�FXUULFXOXP��FDOOHG�6FLHQWLILF�3URFHVVHV��&KDSWHU���GHWDLOV�WKH�WU\�RXW��

XVHU� DSSUDLVDO� DQG� ILHOG� WHVW� RQ� WKH� GHVLJQ� DQG� IRUPDWLYH� HYDOXDWLRQ� RI� WKH�

WHDFKHU� VXSSRUW� PDWHULDOV� IRU� D� *UDGH� ��� WRSLF� FDOOHG�0DWHULDOV�� &KDSWHU� ��

GLVFXVVHV�WKH�RXWFRPHV�RI�WKH�VWXG\���

�



�

�

&KDSWHU���

(GXFDWLRQ�LQ�1DPLELD�
�

�

�

�

KLV� FKDSWHU� UHYLHZV� HGXFDWLRQ� LQ�1DPLELD��ERWK�GXULQJ� WKH�\HDUV� OHDGLQJ�XS�WR�

LQGHSHQGHQFH� LQ� ������ DV�ZHOO� DV� LQ� WKH� HDUO\� \HDUV� IROORZLQJ� LQGHSHQGHQFH�� ,W�

IRFXVHV� RQ� WKH� LQDGHTXDWH� SURYLVLRQ� RI� HGXFDWLRQ� IRU� WKH� QRQ�:KLWH� SRSXODWLRQ�

JURXSV�EHIRUH�LQGHSHQGHQFH��VHFWLRQ�������DQG�KRZ�WKH�UHVXOWV�RI�WKLV�FRXOG�VWLOO�EH�IHOW�DIWHU�

LQGHSHQGHQFH�� GHVSLWH� WKH� PDMRU� UHIRUP� SURJUDPPHV� DW� DOO� OHYHOV� RI� WKH� 0LQLVWU\� RI�

(GXFDWLRQ��VHFWLRQ�������6HFWLRQ�����SURYLGHV�D�VXPPDU\�YLHZ�RI�WKH�FRQWH[W�LQ�ZKLFK�WKH�

LPSOHPHQWDWLRQ�RI�WKH�QHZ�VFLHQFH�FXUULFXOXP�WRRN�SODFH�IROORZLQJ�LQGHSHQGHQFH��6HFWLRQ�����

ORRNV�DW�WKH�LPSOLFDWLRQV�WKH�FRQWH[W�KDV�KDG�IRU�WKH�H[HFXWLRQ�RI�WKH�0D&�VWXG\��

�

�

���� 1DPLELD���WKH�FRXQWU\�

�

1DPLELD�LV�VLWXDWHG�LQ�WKH�VRXWKZHVWHUQ�SDUW�RI�$IULFD�DQG�FRYHUV�DQ�DUHD�RI�

��������VTXDUH�NLORPHWUHV��URXJKO\�WKH�VL]H�RI�*HUPDQ\�DQG�)UDQFH�FRPELQHG�

�VHH�ILJXUH�������7KLV�VSDUVHO\�SRSXODWHG�FRXQWU\�LV�KRPH�WR�WZR�PDMRU�GHVHUWV��

WKH�1DPLE�'HVHUW� LQ� WKH�ZHVW� DQG� WKH�.DODKDUL� LQ� WKH� HDVW�� 7KH� QRUWK� DQG�

QRUWKHDVW� RI� WKH� FRXQWU\� DUH� ODUJHO\� WURSLFDO� ZLWK� SOHQW\� RI� UDLQ� DQG� OXVK�

YHJHWDWLRQ��$�VHPL�DULG�SODWHDX�RI�DERXW������PHWHU�DOWLWXGH�VHSDUDWHV�WKH�WZR�

GHVHUWV�� 7KH� FDSLWDO� :LQGKRHN� LV� RQ� WKLV� SODWHDX�� ,QKDELWDQWV� RI� 1DPLELD�

FRPSULVH�VHYHUDO�GLIIHUHQW�HWKQLF�JURXSV���

,Q� ����� 1DPLELD� KDG� D� SRSXODWLRQ� RI� ����������� 7KHUH� DUH� ��� HWKQLF�

JURXSV�� WKH� ODUJHVW� RI�ZKLFK� DUH� WKH�2ZDPERV��'DPDUDV� DQG�+HUHURV�� 7KH�

SRSXODWLRQ�JURZWK�UDWH�ZDV�������SHU�DQQXP�EHWZHHQ������DQG�������,Q������

DERXW������RI�WKH�SRSXODWLRQ�LV�XQGHU�WKH�DJH�RI����\HDUV��6HH�ILJXUH�����IRU�

IXUWKHU�GHWDLOV���

�

7�



�� &KDSWHU �

�

)LJXUH������ 1DPLELD�

�

1DPLELD�EHFDPH�D�*HUPDQ�FRORQ\�E\�������%HIRUH�WKHQ��LWV�SHRSOH�OLYHG�LQ�

UHODWLYH�DQRQ\PLW\��SURWHFWHG�E\�WKH�XQLQYLWLQJ�1DPLE�'HVHUW��DIWHU�ZKLFK�LW�LV�

QDPHG��DORQJ� LWV�$WODQWLF�FRDVWOLQH��7KH�*HUPDQ�RFFXSDWLRQ�ZDV�PDUNHG�E\�

H[SURSULDWLRQ�RI� ODQG�DQG�FDWWOH�UHVXOWLQJ� LQ�ELWWHU�DQG�XQHYHQ�VWUXJJOHV�ZLWK�

WKH� ORFDO�+HUHUR�DQG�1DPD�LQKDELWDQWV��8QGHU�*HQHUDO�YRQ�7URWWD�������RI�

WKH�FHQWUDO�DQG�VRXWKHUQ�SRSXODWLRQ�RI�1DPLELD�ZDV�H[WHUPLQDWHG��$IWHU� WKH�

)LUVW�:RUOG�:DU��DW� WKH�9HUVDLOOHV�3HDFH�&RQIHUHQFH�� WKH�/HDJXH�RI�1DWLRQV�

JDYH� WKH� PDQGDWH� WR� JRYHUQ� 1DPLELD� WR� WKH� NLQJ� RI� *UHDW� %ULWDLQ�� ZKR�

GHOHJDWHG�LW�WR�6RXWK�$IULFD��8QGHU�WKH�PDQGDWH�DJUHHPHQW�6RXWK�$IULFD�ZDV�


WR� SURPRWH� WR� WKH� XWPRVW� WKH�PDWHULDO� DQG�PRUDO�ZHOO�EHLQJ� DQG� WKH� VRFLDO�

SURJUHVV� RI� WKH� LQKDELWDQWV� RI� WKH� WHUULWRU\
� �81,1�� ������� ,QVWHDG�� 6RXWK�

$IULFD�DQQH[HG�WKH�WHUULWRU\�DQG�HIIHFWLYHO\�PDGH�LW�LWV�ILIWK�SURYLQFH��,Q�������

DIWHU� WKH�2GHQGDDO�FRPPLVVLRQ�� WKH� VR�FDOOHG�%DQWXVWDQV� �
KRPHODQGV
��ZHUH�

LQWURGXFHG��VLPLODU�WR�WKRVH�LQ�6RXWK�$IULFD���



(GXFDWLRQ LQ 1DPLELD ��

7KH�&RXQWU\� $UHD� RI� �������� NP��� &RQVLVWV� PDLQO\� RI� GHVHUW�� VHPL �GHVHUW� DQG�

VDYDQQDK�� 6RPH� DUHDV� DUH� VXLWDEOH� IRU� DJULFXOWXUH� DQG� FDWWOH �

EUHHGLQJ��,QGHSHQGHQW�VLQFH����0DUFK������� �

&DSLWDO�FLW\� :LQGKRHN���������LQKDELWDQWV�LQ�������FHQVXV�� �

*RYHUQPHQW� 1DPLELD� LV� D� UHSXEOLF�� 6DP�1XMRPD� LV� WKH� SUHVLGHQW� VLQFH� 0DUFK�

������3DUOLDPHQW� FRQVLVWV�RI� WKH�1DWLRQDO�$VVHPEO\� ����PHPEHUV��

DQG� WKH�1DWLRQDO� &RXQFLO� ����PHPEHUV��� 7KH� 6RXWK�:HVW�$IULFDQ�

3HRSOH
V�2UJDQLVDWLRQ��6:$32��LV�WKH�ELJJHVW�SROLWLFDO�SDUW\� �

7KH�3HRSOH� 1DPLELD�KDV�D�SRSXODWLRQ�RI������PLOOLRQ�������������LQKDELWDQW�SHU�

NP��� 7KHUH� DUH� ��� HWKQLF� JURXSV�� WKH� ODUJHVW� RI� ZKLFK� DUH� WKH�

2ZDPERV��'DPDUDV�DQG�+HUHURV��7KH�SRSXODWLRQ�LV�GHQVHVW�LQ�WKH�

1RUWK� DORQJ� WKH� ERUGHU� ZLWK� $QJROD� DQG� RQ� WKH� FHQWUDO� SODWHDX��

ZKHUH� WKH� UDLQIDOO� LV� KHDYLHVW��7KH� SRSXODWLRQ� JURZWK� UDWH�ZDV� ����

�SHU�DQQXP�EHWZHHQ������DQG�������/LIH�H[SHFWDQF\�������� LV����

\HDUV��IHPDOHV��������\HDUV��PDOHV�� �

5HOLJLRQ� &KULVWLDQ� ���������� RI� ZKLFK� DW� OHDVW� ���� /XWKHUDQ�� WUDGLWLRQDO�

UHOLJLRQV�����������

/DQJXDJHV� (QJOLVK� �RIILFLDO� ODQJXDJH��� 2VKLYDPER�� +HUHUR�� 1DPD�� *HUPDQ��

$IULNDDQV�LV�WKH�FRPPRQ�ODQJXDJH�RI�PRVW�RI�WKH�SRSXODWLRQ ��

(GXFDWLRQ� ,Q� ������ WKHUH� ZHUH� �������� SHRSOH� DJHG� � ���� LQ� 1DPLELD�� DQG�

�������� ���� ��� RI� WKLV� DJH� JURXS� ZHUH� HQUROOHG� DW� VFKRRO�� 7KH�

FRXQWU\�KDV�IRXU�WHDFKHU�WUDLQLQJ�FROOHJHV��&ROOHJHV�RI�(GXFDWLRQ��LQ�

.DWLPD� 0XOLOR�� 2QJZHGLYD�� 5XQGX� DQG�:LQGKRHN�� D� 3RO \WHFKQLF�

DQG�D�XQLYHUVLW\��8QLYHUVLW\�RI�1DPLELD� �

/LWHUDF\� $ERXW� ��� �� LV� OLWHUDWH� �������� $GXOW� OLWHUDF\� SURJUDPPHV� DUH� D�

JRYHUQPHQW�SULRULW\�� �

(FRQRP\� 7KH�HFRQRP\�LV�PLQHUDO�EDVHG��0LQHUDOV�SURYLGH������RI�DOO�H[SRUW�

HDUQLQJ��7KH�EDODQFH�LV�FRYHUHG�E\�ILV KLQJ��WRXULVP��DJULFXOWXUH�DQG�

PDQXIDFWXUHG�JRRGV��0RUH� WKDQ�KDOI�RI� WKH�SRSXODWLRQ�GHSHQG�RQ�

�ODUJHO\�VXEVLVWHQFH��DJULFXOWXUH�IRU�LWV�OLYHOLKRRG��(FRQRPLF�JURZWK�

LV����������������������������,Q������WKH�*'3�ZDV�86�������ELOOLRQ��

RU�86���������SHU�FDSLWD � �86�������ELOOLRQ�RU�86��������� LQ��������

7KH�ZHDOWKLHVW����� �PDLQO\�:KLWHV�� UHFHLYH������RI� WKH�FRXQWU\
V�

*'3��ZKLOH�WKH�SRRUHVW������UHFHLYH�RQO\����� �

0RQHWDU\�XQLW� ,Q������1DPLELD�LQWURGXFHG�LWV�RZQ�FXUUHQF\��WKH�1DPLELDQ�GROODU��

7KH�GROODU� LV�RQ�SDU�ZLWK�WKH�6RXWK�$IULFDQ�5DQG��1DPLELD� LV�SDUW�

RI�WKH�6RXWK�$IULFDQ�&XVWRPV�8QLRQ� �

)LJXUH������ 1DPLELD�3URILOH�



�� &KDSWHU �

$IWHU� 81� VXSHUYLVHG� HOHFWLRQV� LQ� ������1DPLELD� JDLQHG� LQGHSHQGHQFH� LQ�

����� DIWHU� D� ORQJ� DQG� EORRG\� VWUXJJOH��0RVW� RI� WKH� SHRSOH� OLYH� LQ� WKH� UXUDO�

DUHDV�ZLWK�DQ�HVWLPDWHG������RI�WKH�SRSXODWLRQ�OLYLQJ�LQ�WRZQV��:LQGKRHN�LV�

WKH� FDSLWDO� ZLWK� DERXW� �������� LQKDELWDQWV� ������ FHQVXV��� EXW� WKLV� KDV�

FRQWLQXHG� WR� LQFUHDVH� DW� TXLWH� D� KLJK� UDWH� DV�� VLPLODU� WR� RWKHU� GHYHORSLQJ�

FRXQWULHV�LQ�$IULFD�DQG�HOVHZKHUH�DURXQG�WKH�ZRUOG��SHRSOH�IORFN�WR�WKH�XUEDQ�

FHQWUHV�LQ�VHDUFK�IRU�HPSOR\PHQW��)LJXUH�����JLYHV�D�VKRUW�SURILOH�RI�1DPLELD��

�

1DPLELD
V�HGXFDWLRQ�V\VWHP�DW�LQGHSHQGHQFH�VKRZHG�DQ�HQRUPRXV�GLVSDULW\�

EHWZHHQ�:KLWHV� RQ� WKH� RQH� KDQG�� DQG� WKH� %ODFN� DQG� &RORXUHG� SRSXODWLRQ�

JURXSV� RQ� WKH� RWKHU�� ,Q� WKH� \HDUV� IROORZLQJ� LQGHSHQGHQFH�� WKH� 0LQLVWU\� RI�

(GXFDWLRQ�DQG�&XOWXUH�XQGHUWRRN�D�PDMRU�UHRUJDQLVDWLRQ�DQG�UHFRQVWUXFWLRQ�

H[HUFLVH�� DIIHFWLQJ� DOO� SDUWV� RI� WKH� HGXFDWLRQ� V\VWHP�� LQ� RUGHU� WR� DGGUHVV� WKH�

LPEDODQFHV�RI� LWV�FRORQLDO�SDVW��,W� LV�GLIILFXOW� WR�YLHZ�WKH�HGXFDWLRQ�V\VWHP�LQ�

1DPLELD� DW� WKH� WLPH� ZLWKRXW� FRQVLGHULQJ� WKH� HGXFDWLRQ� V\VWHP� SULRU� WR�

LQGHSHQGHQFH�� 6HFWLRQ� ���� WKHUHIRUH� EULHIO\� GLVFXVVHV� GHYHORSPHQWV� LQ� WKH�

HGXFDWLRQ� V\VWHP� LQ� WKH� \HDUV� OHDGLQJ� XS� WR� LQGHSHQGHQFH� LQ� ������

6XEVHTXHQWO\�� VHFWLRQ����� ORRNV� DW� WKH�GHYHORSPHQW�RI� WKH� HGXFDWLRQ� V\VWHP�

DIWHU�LQGHSHQGHQFH��

�

�

���� (GXFDWLRQ�V\VWHP�LQ�WKH�\HDUV�OHDGLQJ�XS�WR�LQGHSHQGHQFH�

�

%HIRUH�LQGHSHQGHQFH��HGXFDWLRQ�LQ�1DPLELD�ZDV�DGPLQLVWHUHG�DV�SDUW�RI�WKH�

6RXWK� $IULFDQ� V\VWHP� RI� %DQWX� HGXFDWLRQ�� 7KH� GLVSDULW\� EHWZHHQ� HGXFDWLRQ�

IRU� :KLWHV� DQG� IRU� RWKHU� HWKQLF� JURXSV� EHIRUH� LQGHSHQGHQFH� LV� ZHOO�

GRFXPHQWHG� �FI��$QJXOD�	�*UDQW� /HZLV�� ������&RKHQ�� ������81,1�� �������

)RU� H[DPSOH�� DW� LQGHSHQGHQFH� WKH� $GPLQLVWUDWLRQ� IRU� :KLWHV� VSHQW� HLJKW�

WLPHV� DV� PXFK� SHU� SXSLO� DV� WKH�2ZDPER�$GPLQLVWUDWLRQ� �$QJXOD� 	�*UDQW�

/HZLV�� ������� 7KH� GLVSDULW\� EHWZHHQ� SRSXODWLRQ� JURXSV� ZDV� QRW� RQO\� LQ�

VSHQGLQJ� SHU� SXSLO��1RQ�ZKLWH� JURXSV�ZHUH� DOVR� GLVDGYDQWDJHG� LQ� DFFHVV� WR�

VFKRROLQJ�EH\RQG�WKH�ORZHU�SULPDU\�JUDGHV��TXDOLW\�DQG�UHOHYDQF\�RI�FXUULFXOD��

WHDFKHU� WUDLQLQJ� RSSRUWXQLWLHV� DQG� WHDFKHU� TXDOLILFDWLRQV�� DV� ZHOO� DV� WKH�

GLVWULEXWLRQ�RI� VXEMHFW� DGYLVRUV�� LQVSHFWRUV� DQG�TXDOLILHG� WHDFKHUV� �$QJXOD�	�

*UDQW�/HZLV��������&RKHQ���������

�
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$QDO\VLV� RI� DYDLODEOH� GDWD� RQ� WHDFKHUV� LQ� WKH� V\VWHP� �FI�� &RKHQ�� ������

LQGLFDWHV�WKDW�LQ������WKH�VWXGHQW�WR�WHDFKHU�UDWLR�ZDV������IRU�:KLWH�VFKRROV�

DQG� ����� IRU�%ODFN� VFKRROV��0DQ\� WHDFKHUV� LQ� WKH� QRUWK� RI� WKH� FRXQWU\� KDG�

JRQH� LQWR� H[LOH�� ZKLOH� WKH� SULYDWH� VHFWRU� OXUHG� PDQ\� RI� WKH� EHWWHU� TXDOLILHG�

WHDFKHUV�DZD\�IURP�HGXFDWLRQ�E\�SD\LQJ�WKHP�EHWWHU�VDODULHV��7KH�JRYHUQPHQW�

WULHG� WR�VWHP�WKLV�H[RGXV�E\� LQFUHDVLQJ� WHDFKHUV
� VDODULHV�DQG�E\�EULQJLQJ� WKH�

VDODU\� VFDOHV� RI� %ODFN� DQG� &RORXUHG� WHDFKHUV� LQ� OLQH� ZLWK� WKRVH� RI� WKHLU�

FROOHDJXHV�LQ�WKH�:KLWH�SRSXODWLRQ�JURXS��

7KH� VKRUWDJH�RI� WHDFKHUV� UHVXOWHG� LQ�YHU\�XQIDYRXUDEOH� VWXGHQW� WR� WHDFKHU�

UDWLRV��7KHUH�ZDV�RQO\�RQH�TXDOLILHG�WHDFKHU�IRU�HYHU\�����WR�����VWXGHQWV�LQ�

WKH�2QGDQJZD�DQG�5XQGX�UHJLRQV��6XSSO\�RI�WHDFKHUV�LQ�PDWKHPDWLFV��VFLHQFH�

DQG� (QJOLVK� ZDV� HYHQ� PRUH� SUREOHPDWLF� ZLWK� VWXGHQW� WR� WHDFKHU� UDWLRV� IRU�

WKHVH� VXEMHFWV� EHLQJ� HYHQ� PRUH� GUDPDWLF� WKDQ� WKRVH� JLYHQ� DERYH�� 7HDFKHU�

WUDLQLQJ�FRXUVHV�ZHUH�JHQHUDOO\�RI�ORZ�VWDQGDUG�DQG�IRFXVHG�PRVWO\�RQ�VXEMHFW�

NQRZOHGJH�DQG�DW�SULPDU\�VFKRRO�OHYHO��/LWWOH�HIIRUW�KDG�EHHQ�PDGH�WR�SURYLGH�

VHULRXV�SURIHVVLRQDO�GHYHORSPHQW�WR�SUDFWLVLQJ�WHDFKHUV���

�

1RW� VXUSULVLQJO\�� UHODWLYHO\� IHZ� VWXGHQWV� LQ� WKH� %ODFN� DQG� &RORXUHG�

SRSXODWLRQ� JURXSV� SDVVHG� WKH� ILQDO� VHQLRU� VHFRQGDU\� VFKRRO� H[DPLQDWLRQV��

9HU\� IHZ� EODFN� VWXGHQWV� WRRN� VFLHQFH� DQG�PDWKHPDWLFV� DW� VHQLRU� VHFRQGDU\�

OHYHO�� ,Q� WKH� .DWLPD� 0XOLOR� UHJLRQ� WKH� ILUVW� VWXGHQWV� WR� ZULWH� WKH� VFKRRO�

OHDYLQJ� H[DPLQDWLRQ� IRU� SK\VLFDO� VFLHQFH� ZDV� LQ� ����� ���� LQ� WRWDO��� ,Q� WKH�

2QGDQJZD� UHJLRQ�RQO\� ���� VWXGHQWV� VDW� LQ� WKDW� \HDU� IRU�SK\VLFDO� VFLHQFH�� ,Q�

FRPSDULVRQ������VWXGHQWV�LQ�WKH�:LQGKRHN�UHJLRQ�ZURWH�VFKRRO�OHDYLQJ�H[DP�

IRU�SK\VLFDO�VFLHQFH�LQ�������3DVV�UDWH�IRU�WKH�VXEMHFW�ZHUH�PXFK�ORZHU�LQ�WKH�

QRUWKHUQ�UHJLRQV�FRPSDUHG�WR�WKH�:LQGKRHN�UHJLRQ������LQ�2QGDQJZD�����

LQ�.DWLPD�0XOLOR� UHJLRQ�� ���� LQ�:LQGKRHN� UHJLRQ� IRU� WKH� 6WDQGDUG�*UDGH�

H[DPLQDWLRQ��'LPPHQGDDO�	�9DQ�GHU�/DDQ����������

�

)RU�WKH�:KLWH�SRSXODWLRQ�JURXS��SULPDU\�WHDFKHU�WUDLQLQJ�WRRN�SODFH�DW�WKH�

:LQGKRHN� 7HDFKHU� 7UDLQLQJ� &ROOHJH�� 6HFRQGDU\� WHDFKHU� WUDLQLQJ� ZDV�

RUJDQLVHG�DW�6RXWK�$IULFDQ�XQLYHUVLWLHV��)RU�WKH�RWKHU�SRSXODWLRQ�JURXSV��WKH�

$FDGHP\� �PXOWLUDFLDO� LQVWLWXWH� IRU� WHUWLDU\�HGXFDWLRQ��RIIHUHG� WHDFKHU� WUDLQLQJ�

�SULPDU\�DQG�VHFRQGDU\��DW�LWV�PDLQ�FDPSXV�LQ�:LQGKRHN��7HDFKHU�HGXFDWLRQ�

IRU� WHDFKHUV� LQ� WKH� QRUWKHUQ� UHJLRQV� WRRN� SODFH� DW� VDWHOOLWH� FDPSXVHV� RI� WKH�

$FDGHP\� LQ�2QJZHGLYD��.DWLPD�0XOLOR�DQG�5XQGX� �&RKHQ���������$W� WKHVH�
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FDPSXVHV�� RQO\� SULPDU\� WHDFKHU� WUDLQLQJ�� WKH� (GXFDWLRQ� &HUWLILFDWH� 3ULPDU\�

�(&3���ZDV�RIIHUHG��7KLV�SURJUDPPH�IRFXVHG�PRVWO\�RQ�VXEMHFW�FRQWHQW�DW�WKH�

H[SHQVH�RI�WHDFKLQJ�PHWKRGRORJ\���

7KHUH� ZHUH� QR� VHULRXV� SURIHVVLRQDO� GHYHORSPHQW� DFWLYLWLHV� IRU� WHDFKHUV�

EHIRUH� LQGHSHQGHQFH�� 0RUHRYHU�� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 7HDFKHU�

(GXFDWLRQ� IRU� 1DPLELD� LQ� /XVDND� LQ� ����� DFNQRZOHGJHG� WKDW� WKH� VXEMHFW�

NQRZOHGJH�RI�WKH�SRRUO\�TXDOLILHG�WHDFKHUV��DERXW�����RI�WKH�WHDFKLQJ�IRUFH��

ZDV� 
LQDGHTXDWH� WR� VHUYH� DV� D�EDVLV� IRU� IXUWKHU� LQ�VHUYLFH� WUDLQLQJ� IRU� VXEMHFW�

DGYLVRUV�WR�EXLOG�RQ
��&RKHQ��������S���������

�

$V�D�UHVXOW��WKH�YLFLRXV�FLUFOH�ZDV�NHSW�LQWDFW�DW�DOO�OHYHOV�ZKHUHE\�ORZ�LQWDNH�

LQ�WHDFKHU�WUDLQLQJ�FRXUVHV�OHG�WR�D�ORZ�VWDQGDUG�RXWSXW�LQ�WHUPV�RI�QXPEHUV�

DQG� TXDOLW\� RI� WHDFKHUV��7KLV� GHDUWK� RI� TXDOLILHG� WHDFKHUV� LQ� WXUQ� UHVXOWHG� LQ�

SRRU�WHDFKLQJ�SHUIRUPDQFH�DQG�SRRU�VWXGHQW�UHVXOWV��ZKHUH�WKH�F\FOH�RI�IDLOXUH�

EHJLQV�DJDLQ��7KLV�ZDV�WKH�VLWXDWLRQ�1DPLELD�LQKHULWHG�DW�LQGHSHQGHQFH���

�

�

���� (GXFDWLRQDO�SROLF\�DIWHU�LQGHSHQGHQFH��

�

$W� LQGHSHQGHQFH�� 1DPLELD� LQKHULWHG� DQ� HGXFDWLRQDO� V\VWHP� WKDW� ZDV�

IUDJPHQWHG�DORQJ�HWKQLF�DQG�UDFLDO� OLQHV��7KH�6:$32�JRYHUQPHQW�EHJDQ�WR�

LPSOHPHQW�D�SURFHVV�RI�UHFRQVWUXFWLRQ�RI�WKH�HGXFDWLRQDO�V\VWHP�ZLWK�D�VLQJOH�

PLQLVWU\� UHVSRQVLEOH� IRU� HGXFDWLRQDO� DGPLQLVWUDWLRQ� DQG� SURYLVLRQ� RI�

HGXFDWLRQ�IRU�WKH�ZKROH�RI�1DPLELD��7KH�0LQLVWU\�RI�(GXFDWLRQ�DQG�&XOWXUH�

�0(&��KDG�LWV�KHDGTXDUWHUV�LQ�:LQGKRHN�DQG�VL[�UHJLRQDO�HGXFDWLRQ�RIILFHV�LQ�

WKH� UHJLRQV� .DWLPD� 0XOLOR�� 5XQGX�� 2QGDQJZD�� .KRUL[DV�� :LQGKRHN� DQG�

.HHWPDQVKRRS��VHH�ILJXUH�������7KLV�UHFRQVWUXFWLRQ�SURFHVV�DORQH�UHSUHVHQWHG�

FRQVLGHUDEOH� FKDQJH� VLQFH� SULRU� WR� LQGHSHQGHQFH� HGXFDWLRQDO� DGPLQLVWUDWLRQ�

ZDV� GLYLGHG� DPRQJVW� HOHYHQ� VHSDUDWH� DQG� ODUJHO\� DXWRQRPRXV� HGXFDWLRQDO�

UHJLRQV���

$V� LV� WUXH� RI�PRVW� FKDQJH� SURFHVVHV�� WKLV� WUDQVLWLRQ�ZDV� QHLWKHU� HDV\� QRU�

SDLQOHVV��$QJXOD�DQG�*UDQW�/HZLV��������GHVFULEH�WHQVLRQ�EHWZHHQ�DIILUPDWLYH�

DFWLRQ�DQG�SURWHFWLRQ�RI�H[LVWLQJ�DSSRLQWPHQWV��SUREOHPV�ZLWK�WKH�UHORFDWLRQ�

RI�FRPSHWHQW�VFKRRO� OHDGHUV� LQWR�PDQDJHPHQW�DQG�JRYHUQPHQW�EXUHDXFUDF\��

ILQDQFHV�DQG�EXGJHWDU\�SROLFLHV�DV�FRQVWUDLQWV�LQ�WKH�SURFHVV�RI�UHFRQVWUXFWLRQ��

�
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�
)LJXUH������ (GXFDWLRQDO�UHJLRQV�RI�1DPLELD �

�
6HFWLRQV� ������������ KLJKOLJKW� LPSRUWDQW� IHDWXUHV� RI� WKH� QHZ� HGXFDWLRQDO�

V\VWHP� SXW� LQ� SODFH� DIWHU� LQGHSHQGHQFH�� IRFXVLQJ� RQ� %DVLF� (GXFDWLRQ� DQG�

6HQLRU�6HFRQGDU\�(GXFDWLRQ��VFKRROV��VWXGHQW�HQUROPHQW��VXSSO\�RI� WHDFKHUV��

WHDFKHU� TXDOLILFDWLRQV�� FXUULFXOXP�GHYHORSPHQW� DQG� LPSOHPHQWDWLRQ�� DQG� WKH�

SURIHVVLRQDO�GHYHORSPHQW�RI�WHDFKHUV��

�

������ (GXFDWLRQ�IRU�$OO�

�

%HIRUH� LQGHSHQGHQFH�� HGXFDWLRQ�ZDV� WKH�SULYLOHJH� RI� D� IHZ��$OWKRXJK� WKH�

PDMRULW\� RI� %ODFN� FKLOGUHQ� ZHQW� WR� VFKRRO�� RQO\� VHOGRP� GLG� WKHLU� HGXFDWLRQ�

H[WHQG�EH\RQG� D� IHZ� \HDUV� RI� SULPDU\� VFKRRO��$IWHU� LQGHSHQGHQFH�� WKH� QHZ�

1DPLELDQ�FRQVWLWXWLRQ�VWLSXODWHG�WKDW�DOO�SHUVRQV�KDYH�WKH�ULJKW�WR�HGXFDWLRQ��

DQG�WKDW�SULPDU\�HGXFDWLRQ�ZDV�QRZ�FRPSXOVRU\�DQG�IUHH�RI�FKDUJH���

7KH�-RPWLHQ�&RQIHUHQFH�RQ�
(GXFDWLRQ�IRU�$OO
�LQ�7KDLODQG��DFNQRZOHGJLQJ�

WKH� IXQGDPHQWDO� ULJKW� WR� EDVLF� HGXFDWLRQ� IRU� DOO� FKLOGUHQ�� WRRN� SODFH� LQ� WKH�

VDPH� PRQWK� WKDW� 1DPLELD� JDLQHG� LQGHSHQGHQFH�� ¶(GXFDWLRQ� IRU� $OO·� DOVR�

EHFDPH�D�PDMRU�JRDO�RI�(GXFDWLRQ�LQ�1DPLELD��7KH�0LQLVWU\
V�SROLF\�GRFXPHQW�


7RZDUG�(GXFDWLRQ� IRU�$OO
� �0(&�� ����E�� IRUPXODWHG� IRXU� JRDOV� WR� UHPHG\�
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PDQ\�RI� WKH� LPEDODQFHV�RI� WKH�SDVW�DQG� WR�UHDFK�D�VLWXDWLRQ� LQ�ZKLFK� �EDVLF��

HGXFDWLRQ�ZRXOG�EH�DYDLODEOH�IRU�DOO�FLWL]HQV��DFFHVV��HTXLW\��TXDOLW\�DQG�GHPRFUDF\��

� $FFHVV� �� HGXFDWLRQ� LV� WR� SURYLGH� WKH�PDMRULW\� RI�1DPLELD
V� FLWL]HQV�ZLWK�

EDVLF�VNLOOV�RI�UHDGLQJ��ZULWLQJ��QXPHUDF\��DQG�WKH�VRFLR�FXOWXUDO�SURFHVVHV�

DQG�FXOWXUDO�SKHQRPHQD���

� (TXLW\���WR�RYHUFRPH�WKH�OHJDF\�RI�WKH�SDVW��(TXLW\�LQ�UHVXOWV�LV�IRUPXODWHG�

DV�D�ORQJ�WHUP�REMHFWLYH���

� 4XDOLW\� �� RI� WHDFKHUV�� WHDFKHU� WUDLQLQJ� DQG� �SK\VLFDO�� IDFLOLWLHV�� GH�

HPSKDVLVLQJ� WKH� H[DPLQDWLRQ� UHVXOWV� DV� WKH� VXSUHPH� LQGLFDWRU� RI� VXFFHVV�

DQG�D�OHDUQHU�FHQWUHG�WHDFKLQJ�DSSURDFK�WR�FDWHU�IRU�VWXGHQWV�IURP�YDU\LQJ�

EDFNJURXQGV���

� 'HPRFUDF\� �� DV� D� 
FHQWUDO� SXUSRVH
� RI� WKH� HGXFDWLRQ� V\VWHP�� LPSO\LQJ� D�

EURDG� SDUWLFLSDWLRQ� E\� DOO� WKRVH� LQYROYHG� LQ� PDNLQJ� GHFLVLRQV� RQ�

HGXFDWLRQDO�PDWWHUV��

�

������ %DVLF�(GXFDWLRQ�

�

7KH�0LQLVWU\�RI�(GXFDWLRQ�DQG�&XOWXUH�GHYHORSHG�D�WHQ�\HDU�%DVLF�(GXFDWLRQ�

3URJUDPPH�� FRQVLVWLQJ� RI� D� IRXU�\HDU� ORZHU� SULPDU\� SKDVH� �*UDGHV� ������ D�

WKUHH�\HDU�XSSHU�SULPDU\�SKDVH��*UDGHV������DQG�D�WKUHH�MXQLRU�VHFRQGDU\�SKDVH�

�*UDGHV� ������� ,QLWLDOO\�� WKH� 0LQLVWU\� KDG�

FRQVLGHUHG�D�QLQH�\HDU�FXUULFXOXP��ZLWK�D�WZR�

\HDU� MXQLRU� VHFRQGDU\� SKDVH� �&UDHOLXV�� �������

EXW� WKLV� ZDV� DEDQGRQHG� LQ� IDYRXU� RI� D� WHQ�

\HDU�%DVLF�(GXFDWLRQ�SURJUDPPH��

$Q�H[WHUQDO�H[DPLQDWLRQ�DW�WKH�HQG�RI�*UDGH�

�� LV�DQ�HYDOXDWLRQ�SRLQW� IRU�HQWU\�RI�VWXGHQWV�

LQWR�MXQLRU�VHFRQGDU\�OHYHO��%DVLF�(GXFDWLRQ�LV�

FRQFOXGHG�ZLWK�D�QDWLRQDO�H[DPLQDWLRQ�DW� WKH�

HQG�RI�*UDGH���� �VHH� ILJXUH�������7KH� UHVXOWV�

RI� WKLV� H[DPLQDWLRQ� DUH� XVHG� DV� DQ� HQWU\�

FULWHULRQ�IRU�DGPLWWLQJ�VWXGHQWV�LQWR�WKH�VHQLRU�

VHFRQGDU\�OHYHO��$�IXUWKHU�WZR�\HDUV�RI�VHQLRU�

VHFRQGDU\� HGXFDWLRQ� �*UDGHV� ��� DQG� ����

IROORZV�%DVLF�(GXFDWLRQ��

�

([DPLQDWLRQ�IRU�-XQLRU�
6HFRQGDU\�FHUWLILFDWH� �

*UDGH���� �

*UDGH��� �

*UDGH��� �

-XQLRU�
6HFRQGDU\�

� � �
([DPLQDWLRQ�IRU�SULPDU\�

FHUWLILFDWH�

*UDGH��� �

*UDGH��� �

*UDGH��� �

8SSHU�
3ULPDU\�

� � �
*UDGH��� �

*UDGH��� �

*UDGH��� �

*UDGH��� �

/RZHU�
3ULPDU\�

)LJXUH������ 6WUXFWXUH�RI�%DVLF�
(GXFDWLRQ�
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7KH� 1DWLRQDO� ,QVWLWXWH� IRU� (GXFDWLRQDO� 'HYHORSPHQW� �1,('�� KDV� WKH�

UHVSRQVLELOLW\�IRU�WKH�GHYHORSPHQW�RI�WKH�%DVLF�(GXFDWLRQ�FXUULFXOXP��1,('�

ZDV� HVWDEOLVKHG� LQ� ����� DQG� KDV� WKH� UHVSRQVLELOLW\� IRU� FXUULFXOXP�

GHYHORSPHQW�� PDWHULDOV� GHVLJQ�� SUH�VHUYLFH� DQG� LQ�VHUYLFH� WHDFKHU� WUDLQLQJ�

SURJUDPPHV�� DV� ZHOO� DV� UHVHDUFK� DQG� GHYHORSPHQW�� 7KH� JRDOV� RI� WKH� %DVLF�

(GXFDWLRQ� UHIOHFW� WKH� VSLULW� RI� D� QHZ� QDWLRQ� DQG� LWV� SROLF\� RI� QDWLRQDO�

UHFRQFLOLDWLRQ�� SURPRWLRQ� RI� QDWLRQDO� XQLW\�� OLEHUW\�� MXVWLFH�� GHPRFUDF\� DQG�

KXPDQ�ULJKWV�� UHVSHFW� IRU�RQHVHOI� DQG�RWKHUV�� WKHLU�FXOWXUHV� DQG�UHOLJLRQV�� ,Q�

DGGLWLRQ�WR�WKH�JRDOV� OLVWHG�DERYH��UHDGLQJ��ZULWLQJ��QXPHUDF\��DQG�WKH�VRFLR�

FXOWXUDO�SURFHVVHV�DQG�FXOWXUDO�SKHQRPHQD���WKH�JRDOV�HQFRPSDVV�WKH�GRPDLQV�

RI� SHUVRQDO� GHYHORSPHQW� �IRVWHU� PRUDOLW\�� LQWHJULW\�� DQG� UHVSRQVLELOLW\�� DQG�

ZRUN�HWKLFV��SHUVHYHUDQFH��UHOLDELOLW\��DQG�DFFRXQWDELOLW\����

�

&RPSHWHQFLHV�DUH�XVHG� WR�GHVFULEH�ZKDW� VWXGHQWV� VKRXOG�EH�DEOH� WR�GR�DV�

RXWFRPH� RI� WHDFKLQJ� DQG� OHDUQLQJ� �0%(&�� ����E��� /LIH� VNLOOV� FRPSHWHQFLHV�

GHVFULEH� ZKDW� VWXGHQWV� PXVW� GHYHORS� LQ� SUHSDUDWLRQ� IRU� DGXOW� OLIH� �H�J��

LQYHVWLJDWLQJ�� FRPPXQLFDWLQJ��� %DVLF� 6NLOOV� FRPSHWHQFLHV� GHVFULEH� ZKDW�

VWXGHQWV� VKRXOG� KDYH� DFKLHYHG� DW� WKH� HQG� RI� D� OHVVRQ� RU� OHVVRQV� �H�J�� �� ����

GHPRQVWUDWH� DW� OHDVW� RQH� PHWKRG� RI� ILOWHULQJ� GLUW\� ZDWHU������� &RPSHWHQFLHV�

KHOS�WHDFKHUV�WR�HYDOXDWH�WKH�VWXGHQW�DFKLHYHPHQW�DV�ZHOO�DV�WKH�HIIHFWLYHQHVV�

RI�WKHLU�RZQ�WHDFKLQJ�PHWKRGV��$VVHVVPHQW��VSHFLILHG�VHSDUDWHO\�IRU�WKH�ORZHU�

SULPDU\��XSSHU�SULPDU\�DQG�MXQLRU�VHFRQGDU\�OHYHOV��FRQVLVWV�RI�ERWK�LQIRUPDO�

DQG� IRUPDO� FRQWLQXRXV� DVVHVVPHQW� DQG� ZHOO� DV� HQG�RI�\HDU� H[DPLQDWLRQV�

�MXQLRU�VHFRQGDU\�RQO\����

�

/HDUQHU�FHQWUHG�WHDFKLQJ�DQG�OHDUQLQJ�

7KH�0LQLVWU\·V�SROLF\�GRFXPHQW�¶7RZDUG�(GXFDWLRQ�IRU�$OO·��0(&������E��

DOVR�JLYHV�D�FOHDU�GLUHFWLRQ�RI�WKH�GHVLUHG�WHDFKLQJ�PHWKRGV�WR�EH�HPSOR\HG�LQ�

WKH� %DVLF� (GXFDWLRQ� SURJUDPPHV�� 7HDFKLQJ� VKRXOG� WDNH� WKH� LQWHUHVWV� RI�

VWXGHQWV� DV� LWV� VWDUWLQJ� SRLQW�� 7KH� HPSKDVLV� QHHGV� WR� EH� RQ� TXDOLW\� DQG� RQ�

PHDQLQJIXO� OHDUQLQJ�� 7KH� DSSURDFK� WR� WHDFKLQJ� DQG� OHDUQLQJ� QHHGV� WR� EH�

OHDUQHU�FHQWUHG��ZKLFK�LQ�WKH�YLHZ�RI�WKH�0LQLVWU\�PHDQW�WKDW��

� WKH� VWDUWLQJ�SRLQW� LV� WKH� VWXGHQWV
� H[LVWLQJ�NQRZOHGJH�� VNLOOV�� LQWHUHVWV� DQG�

XQGHUVWDQGLQJ��

� QDWXUDO�FXULRVLW\�RI�VWXGHQWV��DQG�HDJHUQHVV�WR�OHDUQ��QHHGV�WR�EH�QRXULVKHG�

E\�FKDOOHQJLQJ�WDVNV��
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� VWXGHQWV� VKRXOG� EH� HPSRZHUHG� WR� WKLQN� IRU� WKHPVHOYHV� DQG� WDNH�

UHVSRQVLELOLW\�IRU�WKHLU�RZQ�DQG�RQH�DQRWKHU
V�OHDUQLQJ�DQG�GHYHORSPHQW��

� VWXGHQWV� VKRXOG� EH� LQYROYHG� DV� SDUWQHUV� LQ�� UDWKHU� WKDQ� UHFHLYHUV� RI��

HGXFDWLRQ��

�

������ 6HQLRU�6HFRQGDU\�(GXFDWLRQ��

�

7KH�VHQLRU�VHFRQGDU\�SKDVH�FRYHUV�*UDGHV����DQG�����$GPLVVLRQ�LQWR�WKLV�

SKDVH� LV�EDVHG�RQ�UHVXOWV� LQ� WKH�*UDGH����H[DPLQDWLRQ��,QLWLDOO\�� IHZ�VFKRROV�

KDG�WKH�IDFLOLWLHV�DQG�WKH�TXDOLILFDWLRQV�RI�WHDFKHUV�QHHGHG�WR�RIIHU�WKLV�SKDVH��

+RZHYHU��WKH�V\VWHP�LV�XQGHU�SUHVVXUH�WR�SURYLGH�PRUH�VSDFHV�IRU�DGGLWLRQDO�

VWXGHQWV�� 7KH� ,QWHUQDWLRQDO� *HQHUDO� &HUWLILFDWH� RI� 6HFRQGDU\� (GXFDWLRQ�

�,*&6(��DQG�LWV�KLJKHU��DGYDQFHG��YHUVLRQ��+,*&6(��IURP�WKH�8QLYHUVLW\�RI�

&DPEULGJH� /RFDO� ([DPLQDWLRQV� 6\QGLFDWH� �8&/(6�� ZHUH� DGRSWHG� DV� WKH�

FXUULFXOXP�IRU�VHQLRU�VHFRQGDU\�HGXFDWLRQ��*UDGH����DQG������7KH�0LQLVWU\�RI�

(GXFDWLRQ�DQG�&XOWXUH�SXW�WKH�3LORW�&XUULFXOXP�IRU�)RUPDO�6HQLRU�6HFRQGDU\�

(GXFDWLRQ��0(&������F�� LQ�SODFH� LQ�������7KH������FRKRUW�RI�VWXGHQWV�ZDV�

WKH� ILUVW� WDNLQJ� WKLV�FXUULFXOXP��7KH�+,*&6(�ZDV�VSHFLILFDOO\�GHYHORSHG�IRU�

1DPLELD�LQ�FRQVXOWDWLRQ�ZLWK�6RXWK�$IULFDQ�XQLYHUVLWLHV��7KH�+,*&6(�V\OODEL�

ZHUH� RIIHUHG� WR� VWXGHQWV� ZKR� ZDQWHG� WR� UHJLVWHU� ZLWK� 6RXWK� $IULFDQ�

XQLYHUVLWLHV� XSRQ� VXFFHVVIXO� FRPSOHWLRQ� RI� VHFRQGDU\� VFKRRO�� $OWKRXJK� WKH�

+,*&6(� FXUULFXOXP�ZDV� SXUSRVHO\�PDGH� IRU�1DPLELD�� WKH� VFLHQFH� V\OODEXV�

FRQWDLQHG�VXUSULVLQJO\�OLWWOH��LI�DQ\��ORFDO�1DPLELDQ�FRQWHQW���

�

������ 3URIHVVLRQDO�GHYHORSPHQW�RI�WHDFKHUV��

�

7R�UHPHG\�WKH�OHJDF\�RI�WKH�SDVW�ZLWK�UHJDUGV�WR�SRRUO\�TXDOLILHG�WHDFKHUV��

UHVXOWLQJ� LQ� SRRU� WHDFKLQJ� DQG� SRRU� VWXGHQW� DFKLHYHPHQW�� WKH� 0LQLVWU\� RI�

(GXFDWLRQ�	�&XOWXUH�JDYH�KLJK�SULRULW\�WR�WHDFKHU�HGXFDWLRQ��ERWK�LQ�VHUYLFH�

WUDLQLQJ�DQG�SUH�VHUYLFH�WUDLQLQJ��0(&������D��0(&������E��6ZDUWV���������,Q�

WKH�ILYH�\HDU�GHYHORSPHQW�SODQ�RQ� LQ�VHUYLFH� WHDFKHU� WUDLQLQJ� �0(&������E���

WKH� 0LQLVWU\� RXWOLQHG� D� PXOWL�SURQJHG� DSSURDFK� WR� WKH� LPSURYHPHQW� RI�

WHDFKLQJ� LQ� 1DPLELD�� $� SLYRWDO� UROH� ZDV� GHVLJQDWHG� IRU� WHDFKHU� VXSSRUW�

WKURXJK� WKH� HVWDEOLVKPHQW� RI� UHJLRQDO� WHDFKHU� UHVRXUFH� FHQWUHV� DQG� WKH�

WUDLQLQJ�RI�IDFLOLWDWRUV��5HVRXUFH�FHQWUHV�ZRXOG�EH�PXOWL�IXQFWLRQDO��IDFLOLWDWLQJ�

XSJUDGLQJ� DQG� LQ�VHUYLFH� WUDLQLQJ� IRU� WHDFKHUV� DW� DOO� OHYHOV�� DQG� SURYLGLQJ�
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VFKRROV� DQG� ORFDO� FRPPXQLWLHV� ZLWK� DFFHVV� WR� OLEUDU\� IDFLOLWLHV�� GLVWDQFH�

HGXFDWLRQ� DQG� DGXOW� HGXFDWLRQ�� $OO� UHJLRQV� HVWDEOLVKHG� WHDFKHU�UHVRXUFH�

FHQWUHV� LQ� WKH� UHJLRQDO� FDSLWDOV� ZLWK� VPDOOHU� VXE�FHQWUHV� LQ� RWKHU� VWUDWHJLF�

SODFHV�LQ�WKH�UHJLRQV���

$�NH\�DVSHFW�LQ�WKH�H[HFXWLRQ�RI�WKH�LQ�VHUYLFH�WUDLQLQJ�SURJUDPPHV�ZDV�WKH�

FRQFHSW� RI� 
WUDLQLQJ� WKH� WUDLQHUV
�� 7KH� 0LQLVWU\� XVHG� D� SURJUDPPH� RI�

ZRUNVKRSV�IRU�LQ�VHUYLFH�WHDFKHU�WUDLQLQJ��1DWLRQDO�ZRUNVKRSV�ZHUH�VHW�XS�IRU�

WUDLQLQJ� UHJLRQDO� WUDLQHUV�� DQG� WR�GHYHORS�SURJUDPPHV� IRU� UHJLRQDO� LQ�VHUYLFH�

WUDLQLQJ� FRQGXFWHG� E\� WKHVH� UHJLRQDO� WUDLQHUV� �FI�� ,167$17�3URMHFW�� �������

7KH�0LQLVWU\�UHFHLYHG�VXSSRUW�IURP�YDULRXV�GRQRU�FRXQWULHV�IRU�WKH�H[HFXWLRQ�

RI� WKH� LQ�VHUYLFH� WUDLQLQJ� SURJUDPPHV��$� YDULHW\� RI� SURMHFWV� DWWDFKHG� WR� WKH�

0LQLVWU\� RU� RSHUDWLQJ� DV� 1*2V� DVVLVWHG� WKH� 0LQLVWU\� FDUU\LQJ� RXW� WKH� LQ�

VHUYLFH� WUDLQLQJ� SURJUDPPHV�� 7KH� ,167$17� 3URMHFW� SURYLGHG� VXSSRUW� IRU�

WKH� LPSOHPHQWDWLRQ� RI� WKH� QHZ� VFLHQFH� DQG� PDWKHPDWLFV� FXUULFXOXP� WR�

WHDFKHUV�LQ�VHFRQGDU\�VFKRROV�DQG�XSSHU�SULPDU\�VFKRROV���

�

,Q� DGGLWLRQ� WR� VXFK� LQ�VHUYLFH� WUDLQLQJ� SURJUDPPHV�� PDQ\� WHDFKHUV� ZHUH�

DOVR� LQYROYHG� LQ�PRUH� IRUPDO� XSJUDGLQJ� FRXUVHV�� ,Q� D� VXUYH\� FDUULHG� RXW� LQ�

6HSWHPEHU� �� 'HFHPEHU� ����� DPRQJ� ���� WHDFKHUV� LQ� ���� VFKRROV� LQ� DOO� VL[�

HGXFDWLRQDO� UHJLRQV� �$XDOD�� ������� ����� RI� WKH� WHDFKHUV� LQGLFDWHG� WKDW� WKH\�

ZHUH� LQYROYHG� LQ�D�SDUW�WLPH�VWXG\��6L[W\�WZR�SHUFHQW�RI� WKHVH�ZHUH�VWXG\LQJ�

IRU� WKHLU� 6WDQGDUG� ��� �*UDGH� ���� VFKRRO�OHDYLQJ� FHUWLILFDWH�� $� ����� VXUYH\�

�,167$17��������LQGLFDWHG�WKDW�����RI�DOO�XQTXDOLILHG�VHFRQGDU\�VFLHQFH�DQG�

PDWKHPDWLFV�WHDFKHUV�KDG�EHHQ�RU�ZHUH�VWLOO�LQYROYHG�LQ�XSJUDGLQJ�FRXUVHV���

�

������ 6XSSO\�RI�WHDFKHUV�

�

7KH� %DVLF� (GXFDWLRQ� 7HDFKHU� 'LSORPD� SURJUDPPH� �%(7'�� SUHSDUHV�

WHDFKHUV�RI�DOO�VXEMHFWV�IRU�WHDFKLQJ�%DVLF�(GXFDWLRQ�FODVVHV��*UDGH��������7KH�

SURJUDPPH� VWDUWHG� LQ� ����� DQG� LV� RIIHUHG� DW� IRXU�&ROOHJHV� RI�(GXFDWLRQ� LQ�

.DWLPD�0XOLOR�� 5XQGX��2QGDQJZD�� DQG�:LQGKRHN��$� WRWDO� RI� ����� VWXGHQW�

WHDFKHUV� ZHUH� HQUROOHG� LQ� ����� LQ� WKH� IRXU� FROOHJHV�� LQFOXGLQJ� ��� VWXGHQWV�

IROORZLQJ� WKH� +LJKHU� 'LSORPD� LQ� (GXFDWLRQ� �+'(�� FRXUVH� DW� :LQGKRHN�

&ROOHJH�RI�(GXFDWLRQ��ZKLFK�ZDV�SKDVHG�RXW�DW�WKH�HQG�RI��������'DKOVWU|P��

��������
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$Q� LQ�VHUYLFH�%(7'�KDV� EHHQ� GHYHORSHG� DQG� VWDUWHG�ZLWK� WKH� KHOS� IURP�

81(6&2�ZLWK�DQ�HQUROPHQW�RI�����WHDFKHUV��,Q�������:LQGKRHN�&ROOHJH�RI�

(GXFDWLRQ�ZDV�VWLOO�RIIHULQJ�LQ�VHUYLFH�XSJUDGLQJ�FRXUVHV��ZKLFK�VWDUWHG�EHIRUH�

LQGHSHQGHQFH��WR�����WHDFKHUV���

$W� VFKRRO� OHYHO�� YROXQWHHU� WHDFKHUV� IURP�1LJHULD� DQG�(J\SW�� DQG� WKURXJK�

YROXQWHHU�RUJDQLVDWLRQV� OLNH�86�3HDFH�&RUSV�DQG�WKH�8.�9ROXQWHHU�6HUYLFHV�

2YHUVHDV��962���FRPSHQVDWHG�WR�VRPH�H[WHQW�IRU�WKH�DFXWH�QHHGV�IRU�WHDFKHUV�

LQ�MXQLRU�DQG�VHQLRU�VHFRQGDU\�VFKRROV���

�

������ 7HDFKHU�TXDOLILFDWLRQV�DQG�WHDFKHU�H[SHULHQFH��

�

7HDFKHU�WUDLQLQJ�

$�ODUJH�VFDOH�VWXG\�FDUULHG�RXW�E\�WKH�,167$17�3URMHFW�WRJHWKHU�ZLWK�WKH�

9ULMH�8QLYHUVLWHLW� LQ�$PVWHUGDP��,167$17�3URMHFW��������SURYLGHV�GDWD�RQ�

TXDOLILFDWLRQV�RI�1DPLELDQ�PDWKHPDWLFV�DQG�VFLHQFH� WHDFKHUV��$ERXW�����RI�

WKH�WHDFKLQJ�IRUFH�LQ�1DPLELD�LV�PDGH�XS�RI�IRUHLJQ�WHDFKHUV��

$FFRUGLQJ� WR� WKH� VWXG\�� ��� �� RI� WKH� 1DPLELDQ� VFLHQFH� WHDFKHUV� DW�

VHFRQGDU\� OHYHO� KDYH� FRPSOHWHG� D� WHDFKHU�WUDLQLQJ�SURJUDPPH�� �����KDYH�D�

6WDQGDUG� ��� �*UDGH� ���� RU� ORZHU� RQO\�� ZKLOH� ��� RI� WKH� WHDFKHUV� KDYH�

FRPSOHWHG� DFDGHPLF� WUDLQLQJ� EH\RQG� VHFRQGDU\� VFKRRO�� EXW� QR� WHDFKHU�

WUDLQLQJ�� 2I� WKH� MXQLRU� VHFRQGDU\� VFLHQFH� WHDFKHUV� ZKR� KDYH� D� WHDFKLQJ�

TXDOLILFDWLRQ�� ��� �� FRPSOHWHG� D� WHDFKHU�WUDLQLQJ� SURJUDPPH� IRU� SULPDU\�

VFKRRO�� ��� IRU� MXQLRU� VHFRQGDU\� OHYHO�� DQG� ���� IRU� VHQLRU� VHFRQGDU\�� 7KH�

�����VWDWLVWLFV�RI�WKH�0LQLVWU\�RI�(GXFDWLRQ�DQG�&XOWXUH��(0,6������D��VKRZV�

D� FRPSDUDEOH� ���� WHDFKHUV� �RI� WKH� ���� SK\VLFDO� VFLHQFH� WHDFKHUV�� ZKR�

SRVVHVVHV� D� IRUPDO� WHDFKLQJ� TXDOLILFDWLRQ�� EXW� QRW� QHFHVVDULO\� LQ� D� VFLHQFH�

VXEMHFW��

3ULPDU\� WUDLQHG� WHDFKHUV� KDYH� W\SLFDOO\� PRYHG� XS�� RIWHQ� LQ� DQG� WKURXJK�

&RPELQHG�6FKRROV��SULPDU\�DQG�RQH�RU�WZR�\HDUV�RI�MXQLRU�VHFRQGDU\�OHYHO�LQ�

RQH� VFKRRO��� DQG� KDYH� HQGHG� XS� WHDFKLQJ� VFLHQFH� RU� PDWKHPDWLFV� DW� MXQLRU�

VHFRQGDU\� VFKRROV��7KLV�SKHQRPHQRQ� LV� HVSHFLDOO\�SUHYDOHQW� LQ� WKH�QRUWKHUQ�

UHJLRQV�.DWLPD�0XOLOR��5XQGX�DQG�2QGDQJZD��

�
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:KLOH� WHDFKHUV
� TXDOLILFDWLRQV� DUH� SUHVHQWHG� KHUH� IRU�1DPLELD� DV� D�ZKROH��

WKHUH� DUH� FRQVLGHUDEOH� UHJLRQDO� GLIIHUHQFHV�� 7HDFKHUV� LQ� WKH� :LQGKRHN��

.HHWPDQVKRRS�DQG�.KRUL[DV�UHJLRQV�DUH�JHQHUDOO\�EHWWHU�TXDOLILHG�WKDQ�WKHLU�

FROOHDJXHV� LQ� WKH� WKUHH� QRUWKHUQ� UHJLRQV� �(0,6�� ����E��� 7HDFKHUV� ZLWK� D�

WHDFKHU� TXDOLILFDWLRQ� LQ� WKH� QRUWKHUQ� UHJLRQV� XVXDOO\� KDYH� D� SULPDU\� WHDFKHU�

WUDLQLQJ� �DERXW� ��� ��� DQG� YHU\� OLWWOH� H[SRVXUH� WR� VXEMHFW� FRQWHQW� EH\RQG�

MXQLRU�VHFRQGDU\�VFKRRO��,Q�FRQWUDVW����������RI�WHDFKHUV�ZLWK�D�TXDOLILFDWLRQ�

LQ� WKH� VRXWKHUQ� UHJLRQV� �:LQGKRHN�� .HHWPDQVKRRS� DQG� .KRUL[DV�� KDYH�

IROORZHG�D�WUDLQLQJ�SURJUDPPH�JHDUHG�WRZDUGV�VHQLRU�VHFRQGDU\�VFKRRO���

�

6XEMHFW�NQRZOHGJH�

0DWKHPDWLFV�DQG�VFLHQFH�WHDFKHUV�RIWHQ�KDYH�DQ�DFDGHPLF�TXDOLILFDWLRQ�LQ�D�

QRQ�PDWKHPDWLFV� RU� QRQ�VFLHQFH� VXEMHFW�� 7KH� ,167$17� 3URMHFW� VWXG\�

WKHUHIRUH�H[SORUHG�WKH�VXEMHFW�NQRZOHGJH�RI�WHDFKHUV�RI�OLIH�VFLHQFH��SK\VLFDO�

VFLHQFH� DQG�PDWKHPDWLFV�� ,W� WRRN� WKH� SRVLWLRQ� WKDW� D� WHDFKHU� QHHGV� WR� KDYH�

HQMR\HG�VFKRROLQJ� WKUHH�\HDUV�EH\RQG�WKH� OHYHO� WKH\�DUH� WHDFKLQJ�WKHPVHOYHV��

(�J��D�WHDFKHU�RI�D�*UDGH���FODVV�VKRXOG�KDYH�FRPSOHWHG�QR�OHVV�WKDQ�*UDGH����

LQ�WKDW�VSHFLILF�VXEMHFW��8VLQJ�WKLV�FULWHULRQ��WKH�VWXG\�VKRZHG�WKDW������RI�WKH�

SK\VLFDO� VFLHQFH� WHDFKHUV� GLG� QRW� KDYH� VXIILFLHQW� VXEMHFW� NQRZOHGJH� IRU� WKH�

OHYHO� DW� ZKLFK� WKH\� ZHUH� WHDFKLQJ�� 7KHVH� ILJXUHV� ZHUH� ���� DQG� ���� IRU�

PDWKHPDWLFV�DQG�OLIH�VFLHQFH�UHVSHFWLYHO\���

7HDFKHUV�DW�WKH�VHQLRU�VHFRQGDU\�OHYHO�DUH�PXFK�EHWWHU�TXDOLILHG�WKDQ�WKHLU�

FRXQWHUSDUWV�DW�WKH�MXQLRU�VHFRQGDU\�OHYHO��6L[W\�IRXU�SHUFHQW�RI�WKH�WHDFKHUV�DW�

WKLV� OHYHO�KDYH�FRPSOHWHG�D�WHDFKHU�WUDLQLQJ�SURJUDPPH�IRU�VHQLRU�VHFRQGDU\�

HGXFDWLRQ��$ERXW������RI� WKH� WHDFKHUV�KDYH�VXIILFLHQW� VXEMHFW�NQRZOHGJH� WR�

WHDFK�DW�WKLV�OHYHO��DFFRUGLQJ�WR�WKH�VDPH�JXLGHOLQHV�DV�RXWOLQHG�IRU�WKH�MXQLRU�

VHFRQGDU\�WHDFKHUV��7KLV�LV�VR�IRU�DOO�VFLHQFH�VXEMHFWV�DQG�PDWKHPDWLFV���

�

7HDFKHU�H[SHULHQFH�

2I�WKH�PDWKHPDWLFV�DQG�VFLHQFH�WHDFKHUV�LQ�MXQLRU�VHFRQGDU\�VFKRROV������

KDYH�WHDFKLQJ�H[SHULHQFH�RI�PRUH�WKDQ����\HDUV��$ERXW������KDYH���\HDUV�RI�

H[SHULHQFH�RU�OHVV���

�



�� &KDSWHU �

������ 6FKRROV�DQG�VWXGHQWV�

�

6FKRROV�

$FFRUGLQJ�WR�VWDWLVWLFV�IURP�WKH�0LQLVWU\�RI�(GXFDWLRQ�DQG�&XOWXUH��(0,6��

����E��� WKHUH�ZHUH�D� WRWDO�RI������ VFKRROV� LQ�1DPLELD� LQ�����������SULPDU\�

VFKRROV�� ���� VR�FDOOHG� FRPELQHG� VFKRROV� �RIIHULQJ� ERWK� SULPDU\� DQG� MXQLRU�

VHFRQGDU\� SKDVH�� DQG� ���� VHFRQGDU\� VFKRROV�� 7KHVH� VFKRROV� KDG� D� WRWDO� RI�

������ FODVVURRPV�� RI� ZKLFK� ����� DUH� SHUPDQHQW� �EULFN�� PRUWDU��� ����� SUH�

IDEULFDWHG������KLUHG�DQG������ WUDGLWLRQDO� ���������7UDGLWLRQDO� VWUXFWXUHV�DUH�

DOPRVW� H[FOXVLYHO\� IRXQG� LQ� WKH� QRUWKHUQ� UHJLRQV� RI� WKH� FRXQWU\�� ,Q� ������

VFKRROV� UHSRUWHG�D� WRWDO�RI����� ODERUDWRULHV� �RQH�RI�ZKLFK� LV� LQ�D� WUDGLWLRQDO�

VWUXFWXUH���$ERXW�WZR�WKLUGV�RI�WKHVH�DUH�LQ�VFKRROV�LQ�WKH�UHJLRQV�:LQGKRHN��

.KRUL[DV� DQG� .HHWPDQVKRRS�� 0DQ\� VFKRROV� KDYH� YHU\� OLPLWHG� VDQLWDU\�

IDFLOLWLHV�� HVSHFLDOO\� LQ� WKH�QRUWK�RI� WKH�FRXQWU\��RQO\������RI� WKH�VFKRROV� LQ�

WKH� 5XQGX� UHJLRQ� KDYH� UXQQLQJ� ZDWHU�� 2QO\� IHZ� VFKRROV� LQ� WKH� VRXWKHUQ�

UHJLRQV�DUH�ZLWKRXW�ZDWHU��%HWZHHQ���DQG������RI�WKH�VFKRROV�LQ�WKH�QRUWKHUQ�

UHJLRQV�KDYH�D� WHOHSKRQH� LQVWDOOHG��ZKLOH�PRVW�VFKRROV� LQ� WKH�:LQGKRHN�DQG�

.HHWPDQVKRRS�UHJLRQV�GR�KDYH�WKLV�IDFLOLW\��6LPLODU�GLIIHUHQFHV�H[LVW�EHWZHHQ�

WKH�QRUWK�DQG�WKH�UHVW�RI�WKH�FRXQWU\�IRU�FRQQHFWLRQ�WR�PDLQV�HOHFWULFLW\�DQG�

WKH�DYDLODELOLW\�RI�VWDII�KRXVLQJ���

�

6WXGHQWV�

(QUROPHQW�RI� VWXGHQWV�KDV� LQFUHDVHG� IURP��������� LQ� ����� WR� �������� LQ�

������ 7KLV� UHSUHVHQWV� DQ� DQQXDO� JURZWK� UDWH� RI� ����� �(0,6�� ����D��� ,Q�

FRPSDULVRQ�� �������� VWXGHQWV� ZHUH� UHJLVWHUHG� LQ� ����� �&RKHQ�� ������� 7KH�

HQUROPHQW�LQ�*UDGH���LQ������ZDV���������EXW�KDV�VLQFH�FRPH�GRZQ�WR��������

��������DQG�WR�WKH�VDPH�HQUROPHQW�DV�MXVW�EHIRUH� LQGHSHQGHQFH�ZKHQ��������

VWXGHQWV�ZHUH�HQUROOHG�LQ�*UDGH���LQ�������&RKHQ���������7KLV�LV�EHFDXVH�WKH�

EDFNORJ� RI� VWXGHQWV� ZKR� GLG� QRW� JR� WR� VFKRRO� EHIRUH� LQGHSHQGHQFH� KDV�

JUDGXDOO\�EHHQ�FOHDUHG��(QUROPHQW�SHDNHG�ZLWK���������VWXGHQWV�LQ������ZKHQ�

WKH�:DOYLV�%D\� UHMRLQHG�1DPLELD� �VHH� ILJXUH������� ,Q�FRPSDULVRQ�� HQUROPHQW�

ILJXUHV�IRU������LQGLFDWH��������VWXGHQWV�LQ�*UDGH����&RKHQ���������,Q�������

����� �� RI� WKH� FKLOGUHQ� EHWZHHQ� WKH� DJHV� RI� ����� ZHUH� DW� VFKRRO� �(0,6��

����E���)RU�WKH�DJHV�RI�������LGHDO�DJHV�IRU�VWXGHQWV�RI�JUDGH�������������ZDV�

DW�VFKRRO�LQ�������$W�WKH�WLPH��WKH�0LQLVWU\�ZDV�ZHOO�RQ�LWV�ZD\�WR�PHHWLQJ�WKH�

JRDO�RI�
(GXFDWLRQ�IRU�$OO
���
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�

�

)LJXUH������ (QUROPHQW�ILJXUHV�LQ�WKRXVDQGV����������������(0,6��������

�

3URJUHVVLRQ� ILJXUHV� WKURXJK�*UDGHV� ���� LQGLFDWH� WKDW� WKH� IHPDOH� VWXGHQWV�

DUH� SURPRWHG� DW� D� KLJKHU� UDWH� WKDQ�PDOH� VWXGHQWV� �H�J�� *UDGH� �� WR� ��� PDOH�

�������IHPDOH���������0DOH�VWXGHQWV�DUH�SURPRWHG�DW�D�KLJKHU�UDWH��KRZHYHU��

LQ�WKH�VHFRQGDU\�JUDGHV��H�J��*UDGH���WR�����PDOH��������IHPDOH�����������

'URSRXW� UDWHV�DQG�UHSHWLWLRQ� UDWHV�DW�SULPDU\� OHYHO�DUH�KLJKHVW� LQ�*UDGH���

������DQG�������UHVSHFWLYHO\��� DQG�DUH�PXFK�KLJKHU� LQ� WKH�QRUWKHUQ� UHJLRQV�

�XS� WR� ����� WKDQ� LQ� WKH� VRXWKHUQ� UHJLRQV� ������������+LJK�GURSRXW� UDWHV� LQ�

*UDGH����DUH�FDXVHG�E\�WKH�IDFW�WKDW�SURPRWLRQ�WR�VHQLRU�VHFRQGDU\�HGXFDWLRQ�

LV�QRW�DXWRPDWLF��EXW�EDVHG�RQ�*UDGH����H[WHUQDO�H[DPLQDWLRQ�UHVXOWV���

�

������ &XUULFXOXP�GHYHORSPHQW��

�

7KH�0LQLVWU\�RI�(GXFDWLRQ�DQG�&XOWXUH�LQ������WRRN�VWHSV�WR�SKDVH�RXW�WKH�

H[LVWLQJ�SUH�LQGHSHQGHQFH�FXUULFXOXP�DQG�WR�UHSODFH�LW�ZLWK�D�QHZO\�GHYHORSHG�

DOWHUQDWLYH�� &XUULFXOXP� GHYHORSPHQW� LPPHGLDWHO\� DIWHU� LQGHSHQGHQFH� ZDV�

FDUULHG�RXW� LQ�D�KDVW\�DQG�DG�KRF�PDQQHU�DQG�ZLWK�YHU\�VKRUW� WLPHOLQHV��)RU�

H[DPSOH�� D� VPDOO� FRPPLWWHH� FRQVLVWLQJ� RI� DGYLVRU\� WHDFKHUV� GHYHORSHG� WKH�

RULJLQDO�SK\VLFDO�VFLHQFH�V\OODEXV�LQ�ODWH������LQ�D�SHULRG�RI���ZHHNV��'XH�WR�D�

VKLIW�LQ�WKLQNLQJ��WKH�OHQJWK�RI�%DVLF�(GXFDWLRQ�ZDV�H[WHQGHG�IURP�QLQH�\HDUV�

WR�WHQ�\HDUV��7KH�FRPPLWWHH�ZDV�IXUWKHU�FKDUJHG�ZLWK�H[SDQGLQJ�WKH�V\OODEXV�

WR� FRYHU� DQ� DGGLWLRQDO� \HDU�� ZKLFK� WRRN� WKHP� DQRWKHU� WZR� ZHHNV�� 7KRXJK�
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SHUKDSV�IDU�IURP�LGHDO��WKLV�SURFHVV�VHQW�D�VWURQJ�VLJQDO�WKDW�WKH�0LQLVWU\�ZDV�

VHULRXV�DERXW�LWV�HGXFDWLRQDO�UHIRUPV���

6LQFH� WKHQ�� WKH� FXUULFXOXP� GHYHORSPHQW� SURFHVV� LQ� 1DPLELD� KDV� EHHQ�

IRUPDOLVHG�� 7KH�1DWLRQDO� ,QVWLWXWH� IRU�(GXFDWLRQDO�'HYHORSPHQW� �1,('�� LV�

UHVSRQVLEOH� IRU� FXUULFXOXP�GHYHORSPHQW� DQG�PDWHULDOV�GHVLJQ� �DV�ZHOO� DV� IRU�

SUH�VHUYLFH� DQG� LQ�VHUYLFH� WHDFKHU� WUDLQLQJ� SURJUDPPHV�� UHVHDUFK� DQG�

GHYHORSPHQW��� &XUULFXOXP� GHYHORSPHQW� LV� QRZ� JXLGHG� E\� WKH� 3LORW�

&XUULFXOXP�*XLGH� IRU� )RUPDO�%DVLF�(GXFDWLRQ� �0%(&�� ����D��� ,W� SURYLGHV�

LQVWUXFWLRQV�IRU�:RUNLQJ�*URXSV��ZKLFK�GUDZ�XS�WKH�VSHFLILF�VXEMHFW�V\OODEL��

7KHVH�W\SLFDOO\�FRQVLVW�RI�1,('�VXEMHFW�VSHFLDOLVWV��UHJLRQDO�DGYLVRU\�WHDFKHUV�

DQG� H[SHULHQFHG� WHDFKHUV�� 'UDIWV� RI� V\OODEL� DUH� XVXDOO\� VHQW� WR� WKH� UHJLRQDO�

RIILFHV�IRU�FRPPHQWV�IURP�UHJLRQDO�DGYLVRU\�WHDFKHUV��VFKRRO�SULQFLSDOV��DQG�

WHDFKHUV���

�

,Q�VSLWH�RI�1,('
V�HIIRUWV�WR�DFKLHYH� LQFOXVLYHQHVV� LQ�WKH�GHYHORSPHQW�RI�

FXUULFXOXP�� GHYHORSPHQW� ZDV� FDUULHG� RXW� E\� VPDOO� JURXSV� RI� GHYRWHG�

SHUVRQQHO�ZKR�XQIRUWXQDWHO\�KDG�WR�GR�WKHLU�ZRUN� LQ� LVRODWLRQ��0XFK�RI� WKH�

SURFHVV� ZDV� FDUULHG� RXW� E\� IRUHLJQ� DGYLVRUV� ZKR� PDGH� XS� IRU� WKH� ODFN� RI�

ORFDOO\�DYDLODEOH�H[SHUWLVH� LQ�WKLV�GRPDLQ��7KHLU�LQYROYHPHQW� LQHYLWDEO\� OHG�WR�

FXUULFXOD�GLIIHUHQW�IURP�WKH�
WUDGLWLRQDO
�RQHV��7KH�PLQLVWHU�RI�HGXFDWLRQ�DW�WKH�

WLPH� GHVFULEHV� KRZ� IRUHLJQ� DGYLVRUV�ZHUH� DOVR� XVHG� DV� D� QHXWUDOLVLQJ� EXIIHU�

DJDLQVW� FRQVHUYDWLYH� IRUFHV� LQ� WKH� 0LQLVWU\� �$QJXOD� 	� *UDQW� /HZLV�� �������

2ULJLQDO�VXEMHFW�V\OODEL�ZHUH�RIWHQ�XQUHDOLVWLF�GXH�WR�WKH�H[WUHPHO\�VKRUW�WLPH�

DYDLODEOH�IRU�WKHLU�GHYHORSPHQW��$OEHUWV���������5HYLVLRQV�LQWURGXFHG�LQ�������

KRZHYHU���IRXU�\HDUV�DIWHU�WKH�RULJLQDO�V\OODEL��DGGUHVVHG�PXFK�RI�WKH�FULWLFLVP�

H[SUHVVHG� E\� WHDFKHUV� GXULQJ� LQ�VHUYLFH� WUDLQLQJ� DFWLYLWLHV�� 5HYLVLRQV� ZHUH�

PDGH�HVSHFLDOO\�LQ�WKRVH�VXEMHFWV�IRU�ZKLFK�FRQWLQXHG�LQ�VHUYLFH�WUDLQLQJ�ZDV�

RIIHUHG� ZLWK� WKH� DVVLVWDQFH� RI� IRUHLJQ� GRQRU� LQSXW�� LQFOXGLQJ� VFLHQFH� DQG�

PDWKHPDWLFV��,167$17�3URMHFW�DQG�/LIH�6FLHQFH�3URMHFW���

�

�

���� &RQWH[W�IRU�FXUULFXOXP�LPSOHPHQWDWLRQ��

�

7KH� DPELWLRXV� UHIRUP� SURJUDPPH� SXW� LQ� SODFH� E\� WKH� 0LQLVWU\� RI�

(GXFDWLRQ�DQG�&XOWXUH�DGGUHVVHG�PDQ\�RI�WKH�LPEDODQFHV�WKDW�H[LVWHG�EHIRUH�

LQGHSHQGHQFH�� 7KH� 0LQLVWU\� H[HUWHG� JUHDW� HIIRUW� LQ� VHHNLQJ� LQWHUQDWLRQDO�
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DVVLVWDQFH� IRU� LWV� LPSOHPHQWDWLRQ�� 'XULQJ� ����� �DQG� WKH� \HDUV� WKHUHDIWHU���

SURJUDPPHV� ZLWK� VHYHUDO� IRUHLJQ� FRXQWULHV� KDG� EHHQ� LQLWLDWHG� RU� H[WHQGHG��

7KH� 0LQLVWU\
V� DQQXDO� UHSRUW� RI� ����� �0(&�� ����D�� OLVWV� QR� OHVV� WKDQ� ���

FRXQWULHV�� (XURSHDQ� &RPPXQLW\�� DQG� 81� RUJDQLVDWLRQV� OLNH� 81'3� DQG�

81(6&2�ZLWK�ZKLFK�FRRSHUDWLRQ�DJUHHPHQWV�KDG�EHHQ�XQGHUWDNHQ��0DQ\�RI�

WKH�SURMHFWV�LQLWLDWHG�XQGHU�WKHVH�SURJUDPPHV�ZHUH�GLUHFWO\�LQYROYHG�ZLWK�WKH�

LPSOHPHQWDWLRQ� RI� WKH� QHZ� FXUULFXOXP� LQ� WKH� VFKRROV�� ,Q� WKH� GRPDLQ� RI�

VFLHQFH� DQG�PDWKHPDWLFV�� )ORULGD� 6WDWH�8QLYHUVLW\�� /LIH� 6FLHQFH�3URMHFW�� DQG�

WKH� ,167$17� 3URMHFW� SURYLGHG� DVVLVWDQFH� WR� WKH� 0LQLVWU\� LQ� LWV�

LPSOHPHQWDWLRQ�HIIRUWV��)RUHLJQ�DGYLVHUV�LQ�WKHVH�SURMHFWV�ZRUNHG�DORQJ�ZLWK�

VWDII� RI� WKH� UHJLRQDO� DGYLVRU\� VHUYLFHV�SURYLGLQJ� DGGLWLRQDO� KXPDQ� UHVRXUFHV�

DQG�VNLOOV��DV�ZHOO�DV�SURYLGLQJ�WUDLQLQJ�IRU�WKH�RIWHQ�SRRUO\�SUHSDUHG�DGYLVRU\�

WHDFKHUV���

�

0DQ\� RI� WKH� SUH�LQGHSHQGHQFH� SUREOHPV� FRQWLQXHG� WR� KDPSHU� WKH�

LPSOHPHQWDWLRQ� RI� WKH� QHZ� FXUULFXOXP� LQ� WKH� HDUO\� \HDUV� IROORZLQJ�

LQGHSHQGHQFH���

� 7KH� WHDFKLQJ� IRUFH� LQ� JHQHUDO�� EXW� PDWKHPDWLFV� DQG� VFLHQFH� WHDFKHUV� DW�

MXQLRU�VHFRQGDU\�VFKRROV�LQ�SDUWLFXODU��UHPDLQHG�ODUJHO\�XQTXDOLILHG��7KHUH�

ZHUH�WRR�IHZ��TXDOLILHG��WHDFKHUV�IRU�WKH�H[SDQGLQJ�QXPEHU�RI�VWXGHQWV��

� 3RRU� VFKRRO� LQIUDVWUXFWXUH� DQG� ODFN� RI� EDVLF� HTXLSPHQW� UHPDLQHG�

SUREOHPDWLF�� HVSHFLDOO\� DW� MXQLRU� VHFRQGDU\� OHYHO�� DQG� LQ� WKH� GRPDLQ� RI�

VFLHQFH�WHDFKLQJ��

� 7KH�ORQJ�GLVWDQFHV�EHWZHHQ�WKH�FDSLWDO�:LQGKRHN�DQG�WKH�QRUWKHUQ�UHJLRQV�

FRQWLQXHG� WR�EH�DQ�REVWDFOH� IRU�SURSHU�FRPPXQLFDWLRQ�ZLWK� VFKRROV�DQG�

UHJLRQDO� FHQWUHV� DQG� IRU� WKH� RUJDQLVDWLRQ� RI� D� UHJLRQDO� WHDFKHU� VXSSRUW�

VWUXFWXUH��

$GGLWLRQDO� SUREOHPV� UHVXOWLQJ� IURP� WKH� PXOWLOHYHO� HGXFDWLRQDO� UHIRUPV�

H[LVWHG��0DQ\�WHDFKHUV�IHOW�WKH\�FRXOG�ORVH�FRQWURO�RYHU�WKHLU�VWXGHQWV�ZLWK�WKH�

DEROLVKPHQW�RI�FRUSRUDO�SXQLVKPHQW�FUHDWLQJ�D�VHQVH�RI�LQVHFXULW\�DPRQJ�WKH�

WHDFKLQJ� IRUFH�� 7KH� VKLIW� IURP� $IULNDDQV� WR� (QJOLVK� DV� WKH� PHGLXP� RI�

LQVWUXFWLRQ�ZDV�SUREOHPDWLF�IRU�ERWK�WHDFKHUV�DQG�VWXGHQWV���

�

7KH� VXSSRUWLYH� DWWLWXGH� RI� WHDFKHUV� WRZDUGV� WKH� QHZ� FXUULFXOXP� GLG� QRW�

QHFHVVDULO\�PHDQ�WKDW�LPSOHPHQWDWLRQ�ZDV�DXWRPDWLF�DQG�HDV\��7HDFKHUV�RIWHQ�

IHOW� XQHDV\�ZLWK� WKH�QHZ�FRQWHQW� DQG� WKH�QHZ� WHDFKLQJ�PHWKRGRORJLHV��1RW�
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VXUSULVLQJO\��PRQLWRULQJ� H[HUFLVHV� DW� WKH� HQG�RI� WKH� ILUVW� DQG� VHFRQG� \HDU�RI�

LPSOHPHQWDWLRQ� RI� WKH� MXQLRU� VHFRQGDU\� VFKRRO� FXUULFXOXP� �0(&�� ����D��

����D�� VKRZHG� OLWWOH� PDQLIHVWDWLRQ� RI� WKH� GHVLUHG� FKDQJHV� LQ� WHDFKLQJ�

PHWKRGRORJLHV��VXFK� DV� DFWLYH� SDUWLFLSDWLRQ� RI� VWXGHQWV� DQG� H[HFXWLRQ� RI�

PHDQLQJIXO� WDVNV� ZKLFK� EXLOG� XSRQ� H[LVWLQJ� VWXGHQW� H[SHULHQFHV�� 6LPLODU�

REVHUYDWLRQV�ZHUH�PDGH�E\�0NDQGDZLUH��������ZKR�VWXGLHG�WHDFKHU�SUDFWLFHV�

LQ� ���� FODVVHV� LQ�1DPLELD� DIWHU� LQGHSHQGHQFH��+H� IRXQG� WKDW� LQ�PRUH� WKDQ�

����RI�WKH�FODVVHV��WHDFKHUV�UHOLHG�RQ�
FKDON�DQG�WDON
�WHDFKLQJ�PHWKRGV���

�

�

���� ,PSOLFDWLRQV�IRU�WKH�VWXG\�

�

7KH� XQIDYRXUDEOH� FRQGLWLRQV� KLJKOLJKWHG� LQ� WKLV� FKDSWHU� REYLRXVO\�

KDPSHUHG� LPSOHPHQWDWLRQ� RI� WKH� QHZ� FXUULFXOXP�� ,Q�VHUYLFH� WUDLQLQJ�

SURJUDPPHV�IRU� WHDFKHUV�RIIHUHG�E\� WKH� ,167$17�3URMHFW� ��DOWKRXJK�UDWHG�

DV�YHU\�VXFFHVVIXO�E\�WHDFKHUV��VFKRRO�KHDGPDVWHUV��DGYLVRU\�WHDFKHUV�DQG�WKH�

0LQLVWU\��0(&������D����KDG�D�OLPLWHG�LPPHGLDWH�HIIHFW�LQ�WKH�FODVVURRP��FI��

0(&������������D���7KH�,167$17�3URMHFW�IHOW�WKDW���

� PRUH� LQIRUPDWLRQ� ZDV� UHTXLUHG� DERXW� WKH� DFWXDO� LPSOHPHQWDWLRQ�

FRQGLWLRQV�LQ�WKH�VFKRROV��

� D�PRUH�FDUHIXO�DQG�VHQVLWLYH� DSSURDFK� WR�FXUULFXOXP� LPSOHPHQWDWLRQ�ZDV�

QHHGHG��ZKLFK�WDNHV�WKH�SRRU�TXDOLILFDWLRQV�RI�WHDFKHUV�LQWR�DFFRXQW��

� PRUH� VSHFLILF� JXLGHOLQHV� ZHUH� UHTXLUHG� WR� VXSSRUW� WHDFKHUV� ZKR�

LPSOHPHQWHG�WKH�QHZ�FXUULFXOXP�LQ�YHU\�GLIILFXOW�FLUFXPVWDQFHV��

�

0DWHULDOV� GHYHORSPHQW� KDG� EHHQ� RQH� RI� WKH� ,167$17� 3URMHFW
V� FHQWUDO�

WDVNV�VLQFH�LWV�LQFHSWLRQ�LQ�������7KH�SURMHFW�XVHG�WKH�PDWHULDOV�DV�RUJDQLVLQJ�

HOHPHQWV� LQ� ZRUNVKRSV� DQG� DV� D� VXSSRUW� WR� WHDFKHUV� LPSOHPHQWLQJ� WKH�

FXUULFXOXP� LQ� WKH� FODVVURRP�� 7KH� SURMHFW� UHDOLVHG� WKDW� WKH� VXFFHVV� RI�

LPSOHPHQWDWLRQ�RI�WKH�VFLHQFH�FXUULFXOXP�LQ�WKH�FODVVURRP�ZDV�OLPLWHG�GHVSLWH�

LWV�PDVVLYH�HIIRUWV�DQG�WKRVH�RI�RWKHU�SURMHFWV��,W�UHDOLVHG�WKDW�D�PRUH�FDUHIXO�

DQDO\VLV�RI�DQG�DQWLFLSDWLRQ�RQ�WKH�LPSOHPHQWDWLRQ�FRQWH[W�ZDV�QHFHVVDU\��7KH�

FRQVHTXHQFH� RI� WKLV� IRU� WKH� PDWHULDOV� GHYHORSPHQW� ZDV� WKDW� WKH� SURMHFW�

ZRQGHUHG� ZKDW� TXDOLW\� PDWHULDOV� LQ� WKH�1DPLELDQ� FRQWH[W� VKRXOG� ORRN� OLNH��

DQG� KRZ� WKH\� VKRXOG� EH� GHYHORSHG�� 7KH� SURMHFW� IHOW� WKDW� D� NLQG� RI�

GHYHORSPHQW� UHVHDUFK� DSSURDFK� VHHPHG� SURPLVLQJ� IRU� ERWK� WKH� SURGXFW�
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TXDOLW\� DV� ZHOO� DV� IRU� LWV� FROOHFWLYH� OHDUQLQJ� DERXW� GHVLJQ�� HYDOXDWLRQ� DQG�

LPSOHPHQWDWLRQ�PHWKRGV��YDQ�GHQ�$NNHU�HW�DO����������

�

7KH� UHVXOWLQJ�0D&�VWXG\�� FDUULHG�RXW� LQ� WKH� IUDPHZRUN�RI� WKH� ,167$17�

3URMHFW�� DGRSWHG� VXFK� D� GHYHORSPHQW� UHVHDUFK� DSSURDFK�� ,W� DVNHG� WKH�

TXHVWLRQ��
:KDW�DUH�WKH�FKDUDFWHULVWLFV�RI�WHDFKHU�VXSSRUW�PDWHULDOV�WKDW�ZRXOG�

SURYLGH� DGHTXDWH� VXSSRUW� IRU� WHDFKHUV� LPSOHPHQWLQJ� WKH� QHZ� VFLHQFH�

FXUULFXOXP�LQ�WKH�XQIDYRXUDEOH�FRQWH[W�RI�WKH�1DPLELDQ�FODVVURRP"
�

�
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�

�

�



�

�
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6FLHQFH�FXUULFXOXP�UHIRUP�DQG�WHDFKHU�

GHYHORSPHQW�LQ�GHYHORSLQJ�FRXQWULHV�
�

�

�

�

KLV�FKDSWHU�SUHVHQWV�WKH�WKHRUHWLFDO�IUDPHZRUN�IRU�WKH�0D&�VWXG\��,W�XVHV�UHOHYDQW�

OLWHUDWXUH� WR� GLVFXVV� VFLHQFH� FXUULFXOXP�GHYHORSPHQW� DQG� LPSOHPHQWDWLRQ� �VHFWLRQ�

�����DQG�WHDFKHU�GHYHORSPHQW��������DQG�UHODWLRQV�EHWZHHQ�WKHP��ERWK�LQ�JHQHUDO�

DQG� LQ� WKH� FRQWH[W� RI� GHYHORSLQJ� FRXQWULHV� LQ� 6RXWKHUQ� $IULFD� �VHFWLRQ� ������ 5HVXOWV� RI�

UHOHYDQW�HPSLULFDO�VWXGLHV�LQ�WKH�GRPDLQ�RI�VFLHQFH�HGXFDWLRQ�UHIRUPV�LQ�GHYHORSLQJ�FRXQWULHV�

DUH�DQDO\VHG�IRU�WKHLU�LPSOLFDWLRQV�IRU�WKH�IRUPXODWLRQ�RI�WKH�SUREOHP�DQG�IRU�WKH�GHVLJQ�RI�WKH�

VWXG\��VHFWLRQ�������

�

�

���� ,QWURGXFWLRQ�

�

,PSOHPHQWDWLRQ� RI� FXUULFXOXP� UHIRUPV� LQ� WKH� FODVVURRP� KDV� EHHQ�

SUREOHPDWLF� HYHU� VLQFH� WKH� EHJLQQLQJ� RI� PRGHUQ� FXUULFXOXP� GHYHORSPHQW��

*RRGODG�� 7\H� DQG� .OHLQ� ������� DQG� PDQ\� RWKHUV� KDYH� UHSRUWHG� RQ� WKH�

GLVFUHSDQFLHV� EHWZHHQ� LQWHQWLRQV� RI� WKH� GHYHORSHUV� DQG� WKH� ZD\� WKH�

LQQRYDWLRQV� ZHUH� LPSOHPHQWHG� LQ� WKH� FODVVURRP�� &XEDQ� ������� SURYLGHV� XV�

ZLWK�PDQ\� H[DPSOHV� RI� FXUULFXOXP� LQQRYDWLRQV� LQ�1RUWK�$PHULFD� VLQFH� WKH�

ODVW�FHQWXU\��DOO�RI�ZKLFK�DSSHDU�WR�KDYH�PDGH�YHU\�OLWWOH�LPSDFW�RQ�OLIH�LQ�WKH�

FODVVURRP���,Q�PDWKV��VFLHQFH�DQG�VRFLDO�VWXGLHV��WKH�UHIUDLQ�LV�WKH�VDPH��
IURQWDO
�WHDFKLQJ��

WUDGLWLRQDO�LQVWUXFWLRQ��WHDFKHU�FHQWUHG�LQVWUXFWLRQ��FRQYHQWLRQDO�WHDFKLQJ���WKH�YDOXH�FKDUJHG�

FRGH�ZRUGV�GLIIHU��EXW�WKH�KDELWV�RI�WHDFKHUV�SHUVLVW����&XEDQ��������S��������:KLOH�WKH�

DERYH� H[DPSOHV� UHIOHFW� RQ� VLWXDWLRQV� LQ� WKH� GHYHORSHG� ZRUOG�� VLPLODU�

REVHUYDWLRQV�KDYH�EHHQ�PDGH�LQ�FRQWH[W�RI�FXUULFXOXP�UHIRUP�LQ�GHYHORSLQJ�

FRXQWULHV��FI��6Q\GHU�	�5DPDWVXL���������,Q�WKH�QH[W�VHFWLRQ��FHQWUDO�FRQFHSWV�

7�
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DQG�LQWHUUHODWLRQVKLSV�EHWZHHQ�WKHVH�FRQFHSWV�DUH�GLVFXVVHG��FXOPLQDWLQJ�LQ�D�

FRQFHSWXDO� IUDPHZRUN� IRU� FXUULFXOXP� LPSOHPHQWDWLRQ� DQG� WHDFKHU�

GHYHORSPHQW��

�

�

���� &XUULFXOXP�LPSOHPHQWDWLRQ�

�

������ &RQFHSW�RI�FXUULFXOXP�

�

&XUULFXOXP�FDQ�EH�GHILQHG�DV� 
WKH�FRQWHQW�DQG�SXUSRVH�RI� DQ�HGXFDWLRQDO�

SURJUDPPH�WRJHWKHU�ZLWK�WKHLU�RUJDQL]DWLRQ
��:DONHU��������S������7KH�VLPSOH�

ZRUNLQJ�GHILQLWLRQ�XVHG�KHUH�LV�WKDW�RI�FXUULFXOXP�DV�
D�SODQ�IRU�OHDUQLQJ
��YDQ�

GHQ� $NNHU�� ������� 7KH� FXUULFXOXP� LQFOXGHV� 
VRPH� QRWLRQV� RI� ZKHUH� WKH�

WUDYHOOHU�LV�JRLQJ��KRZ�WKH�WUDYHOOHU�PLJKW�JHW�WKHUH��DQG�ZKDW�OLIH�PLJKW�EH�OLNH�

QRW�RQO\�RQ�DUULYDO�EXW�DOVR�DORQJ�WKH�ZD\
��0DUVK�	�:LOOLV��������S������

)RU� WKH� GLVFXVVLRQ� RQ� FXUULFXOXP� GHYHORSPHQW� DQG� LPSOHPHQWDWLRQ� LW� LV�

RIWHQ� KHOSIXO� WR� ORRN� DW� WKH� GLIIHUHQW� UHSUHVHQWDWLRQV� RI� WKH� FXUULFXOXP� DV�

IRUPXODWHG� E\�*RRGODG� HW� DO�� ������� DQG� DGDSWHG� E\� YDQ� GHQ�$NNHU� ��������

7KHVH�LQFOXGH��

� LGHDO�FXUULFXOXP�²�DV�LW�OLYHV�LQ�WKH�PLQGV�RI�WKH�GHVLJQHUV��

� IRUPDO�FXUULFXOXP�²�WKH�ZULWWHQ�FXUULFXOXP�GRFXPHQWV��

� SHUFHLYHG�FXUULFXOXP�²�DV�WKH�FXUULFXOXP�LV�SHUFHLYHG��HVSHFLDOO\�E\�WHDFKHUV��

� RSHUDWLRQDO� FXUULFXOXP� ²� KRZ� WKH� FXUULFXOXP� PDQLIHVWV� LWVHOI� LQ� WKH�

FODVVURRP��

� H[SHULHQWLDO�FXUULFXOXP�²�KRZ�WKH�FXUULFXOXP�LV�H[SHULHQFHG�E\�VWXGHQWV� LQ�

WKH�FODVVURRP��

� DWWDLQHG�FXUULFXOXP�²�DV�PDQLIHVWHG�WKURXJK�OHDUQLQJ�RXWFRPHV��

�

7KH�LGHDO�FXUULFXOXP�DQG�IRUPDO�FXUULFXOXP�WRJHWKHU�DUH�DOVR�FDOOHG�LQWHQGHG�

FXUULFXOXP�� /LNHZLVH�� WKH� SHUFHLYHG� FXUULFXOXP� DQG� RSHUDWLRQDO� FXUULFXOXP�

WRJHWKHU��DUH�DOVR�FDOOHG�LPSOHPHQWHG�FXUULFXOXP���

&XUULFXOXP� HYDOXDWLRQ� VWXGLHV� WHQG� WR� FRPSDUH� WKH� LGHDO� �RU� IRUPDO��

FXUULFXOXP�ZLWK�WKH�H[SHULHQWLDO�DQG�DWWDLQHG�FXUULFXOXP��ZLWKRXW�KDYLQJ�FOHDU�

LQVLJKW� LQ� WKH� LQWHUPHGLDWH� FXUULFXOXP� VWDJHV��5HDOLVLQJ� WKDW� 
HGXFDWLRQDO� FKDQJH�

GHSHQGV� RQ� ZKDW� WHDFKHUV� GR� DQG� WKLQN� ²� LW
V� DV� VLPSOH� DQG� FRPSOH[� DV� WKDW
� �)XOODQ��

������ S�� ������ WKH� LPSRUWDQFH� RI� WKH� LQWHUPHGLDWH� VWDJHV� RI� WKH� FXUULFXOXP�



6FLHQFH FXUULFXOXP UHIRUP DQG WHDFKHU GHYHORSPHQW LQ GHYHORSLQJ FRXQWULHV ��

EHFRPHV� HYLGHQW�� 5DWKHU� WKDQ� WDNLQJ� QRWH� RI� WKH� IRUPDO� FXUULFXOXP� DQG�

H[SORULQJ� WKH� OHDUQLQJ�RXWFRPHV�� �DQG�RIWHQ�FRQFOXGLQJ� WKDW� LPSOHPHQWDWLRQ�

RI�WKH�FXUULFXOXP�KDV�IDLOHG���LW�LV�LPSRUWDQW�WR�H[SORUH�WKH�LQWHUPHGLDWH�OHYHOV�

RI� WKH� FXUULFXOXP�� 
:KDW�GR� WHDFKHUV� WKLQN� DERXW� WKH�FXUULFXOXP"�+RZ� LV� LW�

SXW�LQ�DFWLRQ�LQ�WKH�FODVVURRP"�+RZ�GR�VWXGHQWV�H[SHULHQFH�WKH�FXUULFXOXP�LQ�

WKH� FODVVURRP"
� DUH� W\SLFDO� TXHVWLRQV� WKDW� FDQ� JXLGH� VWXGLHV� RQ� FXUULFXOXP�

LPSOHPHQWDWLRQ���

�

������ &RQFHSW�RI�FXUULFXOXP�LPSOHPHQWDWLRQ�

�

&XUULFXOXP� LPSOHPHQWDWLRQ� FDQ� EH� GHILQHG� DV� WKH� WUDQVODWLRQ� RI� WKH�

LQWHQGHG�FXUULFXOXP�LQWR�WKH�RSHUDWLRQDO�FXUULFXOXP���WKH�FODVVURRP�SUDFWLFHV��

,PSOHPHQWDWLRQ�LV�RIWHQ�SUHVHQWHG�DV�WKH�VHFRQG�SKDVH�LQ�D�WKUHH�SKDVH�PRGHO�

RI� FKDQJH�� LQLWLDWLRQ�� LPSOHPHQWDWLRQ�� FRQWLQXDWLRQ� �RU� LQVWLWXWLRQDOLVDWLRQ��

�)XOODQ����������

,QLWLDWLRQ�LV�WKH�SURFHVV�WKDW�OHDGV�XS�WR�WKH�FKDQJH��LQ�ZKLFK�WKH�GHFLVLRQ�RI�

ZKHWKHU� RU� QRW� WR� SURFHHG� ZLWK� LPSOHPHQWDWLRQ� WDNHV� SODFH�� ,Q� GHYHORSLQJ�

FRXQWULHV��FKDQJH�SURJUDPPHV�DUH�RIWHQ�LQLWLDWHG�FHQWUDOO\��GULYHQ�E\�SROLWLFDO�

IDFWRUV�� DQG� E\� H[WHUQDO� DJHQFLHV�� HVSHFLDOO\� LI� WKHVH� DJHQFLHV� DOVR� SURYLGH�

IXQGLQJ�IRU�VXFK�FKDQJH�SURJUDPPHV��

,PSOHPHQWDWLRQ�LV�WKH�SURFHVV�RI�SXWWLQJ�D�FKDQJH�SURJUDPPH�LQWR�SUDFWLFH���

&RQWLQXDWLRQ�,QVWLWXWLRQDOLVDWLRQ� RI� D� FKDQJH� SURJUDPPH� PHDQV� WKDW� WKH�

FKDQJH� EHFRPHV� SDUW� RI� WKH� QRUPDO� SUDFWLFH� RI� DQ� LQVWLWXWH� RU� D� VFKRRO��

,QVWLWXWLRQDOLVDWLRQ� UHTXLUHV� VXFFHVVIXO� LPSOHPHQWDWLRQ� DQG� QHHGV� WR� EH�

SODQQHG�IRU�DQG�JLYHQ�DWWHQWLRQ�GXULQJ�WKH�LPSOHPHQWDWLRQ�SKDVH���

�

7KHVH� WKUHH�SKDVHV�XVXDOO\� WDNH�SODFH� LQ�FKURQRORJLFDO�RUGHU��HYHQ�WKRXJK�

WKHUH� LV� FRQVLGHUDEOH� LQWHUDFWLRQ� DQG� RYHUODS� EHWZHHQ� WKH� GLIIHUHQW� SKDVHV��

7KH� WUDQVLWLRQ� IURP� RQH� SKDVH� WR� WKH� QH[W� LV� RIWHQ� LOO� GHILQHG�� HVSHFLDOO\�

PRYLQJ� IURP� WKH� LPSOHPHQWDWLRQ� SKDVH� WR� LQVWLWXWLRQDOLVDWLRQ�� ,PSOHPHQ�

WDWLRQ� LV� FRQVLGHUHG� WR� EH� WKH� ELJJHVW� KXUGOH� LQ� WKH� FKDQJH� SURFHVV� �)XOODQ��

������� ,QLWLDWLRQ�DQG� LQVWLWXWLRQDOLVDWLRQ�DUH�QRW� OHVV� LPSRUWDQW��EXW� LQLWLDWLRQ�

ZLWKRXW� LPSOHPHQWDWLRQ� KDV� OLWWOH� YDOXH�� DQG� LPSOHPHQWDWLRQ� ZLWKRXW�

LQVWLWXWLRQDOLVDWLRQ�ZLOO� UHVXOW� LQ� OLWWOH� ORQJ�WHUP�HIIHFW�RI�D�SURSRVHG�FKDQJH��

,PSOHPHQWDWLRQ�RI�FKDQJH�FDQ�KDSSHQ�LQ�D�YDULHW\�RI�ZD\V��6HFWLRQ�������WDNHV�

D�FORVHU�ORRN�DW�LPSOHPHQWDWLRQ�LQ�SUDFWLFH���



�� &KDSWHU �

������ 3HUVSHFWLYHV�RQ�FXUULFXOXP�LPSOHPHQWDWLRQ�

�

7KUHH� GLIIHUHQW� SHUVSHFWLYHV� RQ� FXUULFXOXP� LPSOHPHQWDWLRQ� H[LVW� LQ� WKH�

OLWHUDWXUH��6Q\GHU��%ROLQ�	�=XPZDOW���������

� ILGHOLW\�� WKH� FXUULFXOXP� LV� LPSOHPHQWHG� LQ� DFFRUGDQFH� ZLWK� WKH� RULJLQDO�

LQWHQWLRQV�RI�WKH�GHYHORSHUV��

� PXWXDO� DGDSWDWLRQ�� DGDSWDWLRQV� RI� WKH� LQWHQGHG� FXUULFXOXP� DUH� PDGH� E\�

FXUULFXOXP�GHYHORSHUV�DQG�SUDFWLWLRQHUV��

� HQDFWPHQW�� WHDFKHUV� DQG� VWXGHQWV� XVH� FXUULFXOXP� PDWHULDOV� DV� WRROV� WR�

FRQVWUXFW�WKHLU�RZQ�FXUULFXOXP�LQ�WKH�FODVVURRP��

�

7KH� ILGHOLW\� SHUVSHFWLYH� LV� RIWHQ� LPSOLHG� LQ� ODUJH�VFDOH� FXUULFXOXP�

LQQRYDWLRQV�� OLNH� LQ� WKH� FRQWH[W� RI� FHQWUDOLVHG� FXUULFXOXP� GHYHORSPHQW�

V\VWHPV� LQ� $IULFDQ� FRXQWULHV�� 7HDFKHUV� DUH� VXSSRVHG� WR� LPSOHPHQW� WKH�

FXUULFXOXP�LQ�OLQH�ZLWK�WKH�GHYHORSHUV
�LQWHQWLRQV��0XWXDO�DGDSWDWLRQ�VXJJHVWV�

D� SURFHVV� RI� QHJRWLDWLRQ� EHWZHHQ� WKH� GHYHORSHUV� DQG� WHDFKHUV� LQ� VFKRROV��

(QDFWPHQW�XVXDOO\�WDNHV�SODFH�ZKHQ�VPDOO�JURXSV�RI�WHDFKHUV�DQG�VWXGHQWV�VHW�

RXW� WR�GHYHORS�DQG� LPSOHPHQW� WKHLU�RZQ�FXUULFXOXP�� UDWKHU� WKDQ� LPSOHPHQW�

DQ�H[WHUQDO�FXUULFXOXP���

0XWXDO� DGDSWDWLRQ� KDV� HPHUJHG� DV� D� SUHIHUUHG� PRGHO� E\� PDQ\� �6Q\GHU��

%ROLQ�	�=XPZDOW��������EHFDXVH�LW�SURYLGHV�RSSRUWXQLWLHV�IRU�DGMXVWPHQWV�LQ�

WKH� FXUULFXOXP� LQ� YLHZ� RI� FKDQJLQJ� QHHGV�� LQWHUHVWV�� EHOLHIV�� ORFDO�

FLUFXPVWDQFHV� DQG� VNLOOV� RI� SDUWLFLSDQWV� DQG� RUJDQLVDWLRQV�� 7KH� PXWXDO�

DGDSWDWLRQ� SHUVSHFWLYH� �DV� ZHOO� DV� WKH� HQDFWPHQW� SHUVSHFWLYH�� SXWV� WKH�

FXUULFXOXP�GHYHORSPHQW�SURFHVV�DW�WKH�FHQWUH�RI�WKH� LPSOHPHQWDWLRQ�HIIRUWV��

3URMHFWV� UHYLHZHG� E\� 6Q\GHU� HW� DO�� ������� DQG� GHHPHG� WR� KDYH� EHHQ�

VXFFHVVIXOO\� LPSOHPHQWHG� ZHUH� FKDUDFWHULVHG� E\� D� SURFHVV� RI� PXWXDO�

DGDSWDWLRQ�� +RZHYHU�� WKHUH� DUH� DOVR� XQGHVLUDEOH� VFHQDULRV� RI� PXWXDO�

DGDSWDWLRQ� �&ODQGLQLQ� 	� &RQQHOO\�� ������ VXFK� DV� QRQ�LPSOHPHQWDWLRQ� DQG�

FRRSWDWLRQ�� 1RQ�LPSOHPHQWDWLRQ� LV� VLPSO\� ZKHQ� QRWKLQJ� FKDQJHV�� VXFK� DV�

ZKHQ� WKH� SURFHVV� RI� LQWHUDFWLRQ� EHWZHHQ� D� SURMHFW� DQG� DQ� LQVWLWXWH� EUHDNV�

GRZQ��&RRSWDWLRQ�GHVFULEHV�WKH�VLWXDWLRQ�LQ�ZKLFK�WKH�LQQRYDWLRQ�LV�FKDQJHG�

WR�WKH�H[WHQW�WKDW�SURMHFW�GHVLJQ�FRQIRUPV�WR�WKH�XVXDO�ZD\�RI�RSHUDWLRQ�DW�WKH�

LQVWLWXWLRQ���
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������ &RQFHSWXDO�IUDPHZRUN��

�

&XUULFXOXP� LPSOHPHQWDWLRQ� LV� WKH� WUDQVODWLRQ� RI� WKH� LQWHQGHG� FXUULFXOXP�

LQWR� WKH� RSHUDWLRQDO� FXUULFXOXP�� $V� SRLQWHG� RXW� LQ� WKH� SUHYLRXV� SDUDJUDSK��

WKHUH� LV� XVXDOO\� QRW� D� GLUHFW� WUDQVODWLRQ�� EXW� PRUH� D� QHJRWLDWLRQ� EHWZHHQ�

LQQRYDWLRQ�SURMHFWV�RQ�RQH�VLGH��DQG�VFKRROV�DQG�WHDFKHUV�RQ�WKH�RWKHU��)XOODQ�

������� KDV� LQGLFDWHG� WKDW� VHYHUDO� IDFWRUV� LQIOXHQFH� LPSOHPHQWDWLRQ� RI� D� QHZ�

FXUULFXOXP��2QH� RI� WKHVH� IDFWRUV� FRQFHUQV� WKH� FKDUDFWHULVWLFV� RI� WKH� FKDQJH�

�WKH�QHHG��FODULW\��FRPSOH[LW\�DV�ZHOO�DV�WKH�TXDOLW\�RI�WKH�LQQRYDWLRQ���%HVLGHV�

FXUULFXOXP� LVVXHV�� WKHUH� DUH� VHYHUDO� RWKHU� IDFWRUV� WKDW� LQIOXHQFH�

LPSOHPHQWDWLRQ��(VSHFLDOO\� LPSRUWDQW� DPRQJ� WKHVH� IDFWRUV� DUH� WKH� GHJUHH� WR�

ZKLFK� GLVWULFWV� DQG� WKH� FRPPXQLW\� VXSSRUW� WKH� HGXFDWLRQDO� UHIRUPV��

)XUWKHUPRUH��WKH�VWLPXODWLQJ�UROH�RI�WKH�SULQFLSDO�DV�ZHOO�DV�WKH�RUJDQLVDWLRQDO�

VWUXFWXUH�RI�WKH�VFKRRO�LV�RI�XWPRVW�LPSRUWDQFH�LQ�WKH�LPSOHPHQWDWLRQ��-R\FH�

	�6KRZHUV���������7HDFKHUV�SOD\�WKH�FHQWUDO�UROH�LQ�WKH�LPSOHPHQWDWLRQ�RI�WKH�

QHZ� FXUULFXOXP� LQ� WKH� FODVVURRP�� LQ� GHYHORSHG� DV� ZHOO� DV� LQ� GHYHORSLQJ�

FRXQWULHV��0RQWHUR�6LHEXUWK���������7KHLU�EHOLHIV��WKHLU�YLHZV�RQ�QHZ�UROHV��EXW�

DOVR�WKH�OHYHO�RI�WUDLQLQJ���H[SHUWLVH�DQG�SURIHVVLRQDOLVP��DUH�LPSRUWDQW�IDFWRUV�

LQ�WKH�LPSOHPHQWDWLRQ��)LQDOO\��WKHUH�LV�DQ�LPSRUWDQW�UROH�IRU�H[WHUQDO�SURMHFWV�

DQG�WHDFKHU�VXSSRUW�JURXSV��-R\FH�	�6KRZHUV���������

�

7KHVH� LVVXHV� DUH� LQFRUSRUDWHG� LQ� D� IUDPHZRUN� IRU� FXUULFXOXP�

LPSOHPHQWDWLRQ�DV�SUHVHQWHG� LQ� ILJXUH������ ,W� SUHVHQWV� LPSOHPHQWDWLRQ�DV� WKH�

OLQN�EHWZHHQ�WKH�LQWHQWLRQV�RI�WKH�GHYHORSHUV�RQ�WKH�RQH�KDQG��DQG�WKH�HIIHFWV�

RI�WKH�FXUULFXOXP�RQ�WKH�RWKHU���

�

�

�

�

�

�

�

�

�

)LJXUH������ $�IUDPHZRUN�IRU�FXUULFXOXP�LPSOHPHQWDWLRQ��FI��YDQ�GHQ�$NNHU������E� �

&855,&8/80�

,03/(0(1TATION �

&XUULFXOXP�

LQWHQWLRQV�

�LGHDV��PDWHULDOV� �

&XUULFXOXP�HIIHFWV�

�H[SHULHQFHV�� �
RXWFRPHV��

�
7HDFKHU�

FKDUDFWHULVWLFV 

&RQWH[W�
�VFKRRO�SROLFLHV� �
H[WHUQDO�VXSSRUW�  



�� &KDSWHU �

7KLV� IUDPHZRUN� KDV� EHHQ� HVWDEOLVKHG� RQ� WKH� EDVLV� RI� ILQGLQJV� LQ� WKH�

GHYHORSHG�ZRUOG�� EXW� VHHPV� HTXDOO\� YDOLG� LQ� VXE�6DKDUDQ�$IULFD�� 6HFWLRQ� ����

H[SORUHV� WKH� YDULRXV� DVSHFWV� RI� FXUULFXOXP� UHIRUP� LQ� WKH� FRQWH[W� RI� VXE�

6DKDUDQ�$IULFD��

�

�

���� 6FLHQFH�FXUULFXOXP�UHIRUP�LQ�VXE�6DKDUDQ�$IULFD�

�

7KH� ILUVW�SDUW�RI� WKLV� VHFWLRQ� IRFXVHV�RQ� WKH� LQWHQGHG� VFLHQFH�FXUULFXOXP� ���

KRZ�VFLHQFH�FXUULFXOXP�KDV�GHYHORSHG�LQ�WKH�VXE�6DKDUDQ�FRQWH[W����������7KH�

VHFRQG� SDUW� ������� DQG� ������� FRQFHQWUDWHV� RQ� WKH� LPSOHPHQWHG� VFLHQFH�

FXUULFXOXP�� KRZ� LW� PDQLIHVWV� LWVHOI� LQ� WKH� FODVVURRP�� DQG� IXUWKHU� GLVFXVVHV�

FRQVWUDLQWV�DQG�IDFWRUV�FRQWULEXWLQJ�WR�VXFFHVVIXO�LPSOHPHQWDWLRQ����������

�

������ 6FLHQFH�FXUULFXOXP�GHYHORSPHQW��SROLFLHV�DQG�SUDFWLFHV�

�

2YHUYLHZ�RI�VFLHQFH�FXUULFXOXP�GHYHORSPHQW�

7KH�VFLHQFH�FXUULFXOXP�UHIRUPV��ZKLFK�WRRN�SODFH�LQ�WKH�:HVWHUQ�ZRUOG�LQ�

WKH�����V�DQG�����V���FI��9DQ�GHQ�$NNHU��������ZHUH�WR�VRPH�H[WHQW�IROORZHG�

LQ� WKH� GHYHORSLQJ� FRXQWULHV� �GH� )HLWHU�� 9RQN�� YDQ� GHQ� $NNHU�� ������ :DUH��

�������7KH� ILUVW�ZDYH� RI� FXUULFXOXP� UHIRUPV� LQ� WKH�86� DQG�8.��GXULQJ� WKH�

����V��FKDUDFWHULVHG�DV�
GHYHORSPHQW�SURMHFWV
��SULPDULO\�IRFXVHG�RQ�VFLHQFH�DV�

D�VXEMHFW�DQG�WKH�SUHSDUDWLRQ�RI�VWXGHQWV�IRU�VFLHQFH�FDUHHUV��7KH�WHDFKHU�ZDV�

D�OHFWXUHU�DQG�WKH�FODVV�ZRUNHG�DV�D�XQLW��7KH�VHFRQG�ZDYH��RQ�WKH�RWKHU�KDQG��

ZDV�GULYHQ�E\�VRFLHWDO� LVVXHV���HQYLURQPHQWDO� LVVXHV�LQ�SDUWLFXODU���DQG�DLPHG�

DW� 
VFLHQFH� OLWHUDF\� IRU� DOO
� �:DUH�� ������ IRU� VWXGHQWV�ZKR�GLG� QRW� SXUVXH� DQ�

DFDGHPLF�FDUHHU�LQ�VFLHQFH���

'HYHORSLQJ� FRXQWULHV� LQLWLDOO\� DGRSWHG� WKH� FXUULFXOXP� IURP� WKHLU� IRUPHU�

FRORQLDO� SRZHUV�� DW� WKH� WLPH� RI� WKH� ILUVW� ZDYH� RI� FXUULFXOXP� GHYHORSPHQW��

$QJORSKRQH� FRXQWULHV� DGRSWHG� WKH�%ULWLVK�*HQHUDO� &HUWLILFDWH� RI� (GXFDWLRQ�

�*&(�� FXUULFXOXP� FXUUHQW� LQ� WKH� ����V� LQ� WKH� 8.�� LQ� D� 
PLOGO\� PRGLILHG
�

�/HZLQ�� ������ S����� IRUP�� 7RZDUGV� WKH� HQG� RI� WKH� ����V�� PDQ\� PLQLVWULHV�

VWDUWHG� WR� YLHZ� FXUULFXOXP� GHYHORSPHQW� LQ� EURDGHU� WHUPV� WKDQ� MXVW� WKH�

UHDUUDQJHPHQW�RI�D�OLVW�RI�WRSLFV��,Q�WKH�����V�ODUJH�QXPEHUV�RI�GHYHORSPHQW�

SURMHFW� VDZ� WKH� OLJKW� DQG� WKHVH� XVHG� WKH� ILUVW�ZDYH�%ULWLVK� SURMHFWV�� VXFK� DV�

1XIILHOG��DV�WKHLU�VRXUFH�RI�LQVSLUDWLRQ��2JXQQL\L��������SURYLGHV�D�VXPPDU\�

RI�VXFK�SURMHFWV�LQ�WKH�$IULFDQ�FRQWH[W���
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,Q�GHYHORSLQJ�FRXQWULHV��FXUULFXOXP�UHIRUPV�LQ�WKH�WUDGLWLRQ�RI�WKH�VHFRQG�

ZDYH�KDYH�WDNHQ�SODFH�HVSHFLDOO\�DW�WKH�OHYHO�RI�SULPDU\�DQG�MXQLRU�VHFRQGDU\�

HGXFDWLRQ�� :LWK� H[SDQGHG� DFFHVV� WR� VFKRROLQJ�� DQG� WKH� VKLIW� LQ� HPSKDVLV�

WRZDUGV�%DVLF�(GXFDWLRQ�� 
VFLHQFH� OLWHUDF\�IRU�DOO
�KDV�DOVR�EHFRPH�D�FUHGR�LQ�

GHYHORSLQJ� FRXQWULHV�� $W� VHQLRU� VHFRQGDU\� OHYHO�� WKH� FXUULFXOXP� LV� VWLOO� YHU\�

PXFK�LQ�WKH�WUDGLWLRQ�RI�WKH�ILUVW�ZDYH�RI�UHIRUPV��(PSKDVLV�KDV�UHPDLQHG�RQ�

WKH� SUHSDUDWLRQ� RI� VWXGHQWV� IRU� D� VFLHQFH� FDUHHU� DW� WHUWLDU\� LQVWLWXWLRQV�� DQG�

IRFXV�RQ� �PDVWHU\�RI�� FRQWHQW��7KH� VHFRQG�ZDYH�RI� FXUULFXOXP� UHIRUPV�KDV�

SURYHQ�WR�EH�D� ORW�PRUH�GLIILFXOW� WR� LPSOHPHQW�WKDQ�WKH�ILUVW�RQH��DV�WKHUH� LV�

FRQFHUQ� WKDW� D� 
VFLHQFH� IRU� DOO
� DSSURDFK� ZLOO� QRW� VXIILFLHQWO\� SUHSDUH� WKRVH�

VWXGHQWV�ZKR�FKRRVH�D�VFLHQFH�FDUHHU�DW�WKH�XQLYHUVLW\��:DUH����������

�

/HZLQ��������SUHGLFWHG�WKH�IROORZLQJ�WUHQGV�IRU�WKH�����V�LQ�WKH�GRPDLQ�RI�

VFLHQFH�FXUULFXOXP�GHYHORSPHQW�LQ�GHYHORSLQJ�FRXQWULHV��

� 7KH�GULYH�WRZDUGV�VFLHQWLILF�OLWHUDF\�IRU�DOO�ZLOO�FRQWLQXH��

� 7HDFKLQJ� VFLHQWLILF� VNLOOV� DQG� FRJQLWLYH� SURFHVVHV� UHODWHG� WR� VFLHQWLILF�

SUREOHP� VROYLQJ�DQG� UHGXFLQJ�HPSKDVLV�RQ� WKH� UHFDOO�RI� LQIRUPDWLRQ�ZLOO�

UHPDLQ�WKH�FXUULFXOXP�GHYHORSPHQW�RUWKRGR[\��

� 7HFKQRORJ\�ZLOO� IRUP�D�QHZ�IRFXV�RI� LQWHUHVW� LQ�FXUULFXOXP�GHYHORSPHQW�

FRPSOHPHQWLQJ�RU�HYHQ�OHDGLQJ�WR�QHZ�VFLHQFH�FXUULFXOD�ZLWK�DQ�HPSKDVLV�

RQ�WKH�VNLOOV�QHHGHG�WR�VROYH�UHDO�OLIH�SUREOHPV��

� %URDGHU� GHILQLWLRQV� RI� VFLHQFH� HGXFDWLRQ�� LQFOXGLQJ� KHDOWK� HGXFDWLRQ��

QXWULWLRQ��VFLHQFH�DQG�VRFLHW\�LVVXHV�DQG�HQYLURQPHQWDO�LVVXHV�ZLOO�EHFRPH�

PRUH�LPSRUWDQW��

�

1RZ��DW�WKH�EHJLQQLQJ�RI�WKH�QH[W�GHFDGH��PRVW�RI�WKRVH�WUHQGV�DUH�LQGHHG�

YLVLEOH�� DOWKRXJK� PRVWO\� LQ� SULPDU\� DQG� MXQLRU� VHFRQGDU\� HGXFDWLRQ��

7HFKQRORJ\��KRZHYHU��KDV�QRW�KDG� WKH� LPSDFW�DV�SUHGLFWHG��SULPDULO\�GXH� WR�

WKH� ODFN� RI� UHVRXUFHV� QHFHVVDU\� IRU� WHFKQRORJ\�EDVHG� HGXFDWLRQ�� WKH� ODFN� RI�

SURSHU�SROLF\�WR�JRYHUQ�LW�DQG�WRR�OLWWOH�LQYHVWPHQWV�LQ�WHDFKHU�GHYHORSPHQW��

�

$Q� LVVXH� LQ� VFLHQFH� FXUULFXOXP� UHIRUP� LQ�$IULFD� LV� WKH� GHVLUH� WR� FRQQHFW�

VFKRRO� VFLHQFH� PRUH� FORVHO\� WR� WKH� HYHU\GD\� OLYHV� RI� VWXGHQWV� DQG� WR� ORFDO�

WUDGLWLRQDO� SUDFWLFHV�� VRPHWLPHV� FDOOHG� LQGLJHQRXV� VFLHQFH�� )ROORZLQJ� WKH�

6FLHQFH��7HFKQRORJ\�DQG�6RFLHW\��676��GULYH�LQ�WKH�:HVWHUQ�ZRUOG��.HHYHV�	�

$LNHQKHDG�� ������ FDPH� WKH� UHDOLVDWLRQ� WKDW� WKH� VFKRRO� VFLHQFH� FXUULFXOXP� LQ�
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PDQ\�GHYHORSLQJ�FRXQWULHV�ZDV�IDU� UHPRYHG� IURP�WKH�GDLO\� OLYHV�RI�VWXGHQWV�

ZKR�ZHUH�VXEMHFWHG� WR� LW�� ,W�ZDV� IHOW� WKDW�ZKDW�ZDV� WDXJKW� LQ� VFKRRO� VFLHQFH�

ZDV� GLDPHWULFDOO\� RSSRVHG� WR� WKH� FRPPRQSODFH� NQRZOHGJH� WKDW� VWXGHQWV�

DFTXLUHG�LQ�WKH�WUDGLWLRQDO�VHWWLQJ��-HJHGH���������&XUULFXOD�ZRXOG�QRW�SUHSDUH�

VWXGHQWV� IRU� WKHLU� GDLO\� OLYHV� DIWHU� VFKRRO�� ,QGLJHQRXV� WHFKQRORJLHV� VXFK� DV�

WDQQLQJ�� FUDIW�� SDLQWLQJ�� DV� ZHOO� DV� WKH� FXOWXUDO� EHOLHIV� VWXGHQWV� EULQJ� WR� WKH�

FODVVURRP��ZKLFK�DUH�RIWHQ�RSSRVHG�WR�RU�LQFRPSDWLEOH�ZLWK�PRGHUQ�VFLHQFH��

ZHUH�JLYHQ�DV�UHDVRQV�ZK\�676�FXUULFXOD�ZRXOG�EH� LPSRUWDQW�IRU�GHYHORSLQJ�

FRXQWULHV� �-HJHGH�� ������� 6FLHQFH� V\OODEL� VWDUWHG� WR� SURYLGH� RSSRUWXQLWLHV� IRU�

DFWLYLWLHV�WKDW�ZHUH�IRXQG�WR�EH�UHOHYDQW�IRU�WKH�ORFDO�FRQWH[W��/RFDO�SUDFWLFHV�

ZHUH�VFUHHQHG�IRU�WKHLU�VFLHQFH�FRQWHQW��H�J��LQ�6ZD]LODQG��.UXJHU��������DQG�

PDQ\� RI� WKHVH�ZHUH� LQFRUSRUDWHG� LQ� VFLHQFH� V\OODEL��$WWHPSWV� WR� LQIXVH� 676�

DFWLYLWLHV� LQWR�H[LVWLQJ�VFLHQFH�FXUULFXOD��RU� WR� LQWURGXFH�FRPSOHWHO\�QHZ�676�

FXUULFXOD��ZHUH�HVSHFLDOO\�DLPHG�DW� WKH� MXQLRU�VHFRQGDU\� OHYHO��7KH�,QWHJUDWHG�

6FLHQFH�FXUULFXOXP�LQ�%RWVZDQD��/HVRWKR�DQG�6ZD]LODQG��%R/H6ZD��SURYLGHG�

VFLHQFH� LQ� ORFDO� FRQWH[WV�� ,Q� WKH� %R/H6ZD� FRXQWULHV�� DV� LQ� PDQ\� RWKHU�

FRXQWULHV�� WKH� GULYH� IRU� LQGLJHQRXV� VFLHQFH� KDV� OHIW� WKH� VHQLRU� VHFRQGDU\�

FXUULFXOXP� YLUWXDOO\� XQWRXFKHG�� 7KLV� KDV� FUHDWHG� WKH� LPSUHVVLRQ� WKDW�

LQGLJHQRXV� VFLHQFH� LV� VRPHKRZ� VHFRQG�KDQG�� ¶GLOXWHG·� VFLHQFH� DQG� WKDW� WKH�

UHDO� VFLHQFH� LV� ZKDW� LV� RIIHUHG� LQ� WKH� &DPEULGJH� 2YHUVHDV� 6HFRQGDU\�

&HUWLILFDWH��&26&��VFLHQFH�FXUULFXOXP�DW�VHQLRU�VHFRQGDU\�VFKRRO�OHYHO��

�

&XUULFXOXP�GHYHORSPHQW�SUDFWLFHV�

:DONHU� ������� GHILQHV� WZR� EDVLF� GHYHORSPHQW� VWUDWHJLHV�� JHQHULF� DQG� VLWH�

VSHFLILF� FXUULFXOXP�GHYHORSPHQW��*HQHULF� FXUULFXOXP�GHYHORSPHQW� LV� W\SLFDOO\�

FDUULHG�RXW�LQ�ODUJH�VFDOH�SURMHFWV��DW�QDWLRQDO�RU�VWDWH�OHYHO��6XFK�SURMHFWV�DUH�

XVXDOO\� GRPLQDWHG� E\� FXUULFXOXP� VSHFLDOLVWV�� DOWKRXJK� WHDFKHUV� PD\� KDYH� D�

OLPLWHG� LQYROYHPHQW��6LWH�VSHFLILF�FXUULFXOXP�GHYHORSPHQW� UHIHUV� WR�DFWLYLWLHV�

WKDW�WDNH�SODFH�DW�VFKRRO�RU�GLVWULFW� OHYHO�DQG�DUH�XQGHUWDNHQ�E\�VPDOO�JURXSV�

RI� WHDFKHUV� �0DUVK� 	� :LOOLV�� ������� $OPRVW� DOO� FXUULFXOXP� GHYHORSPHQW�

DFWLYLWLHV� LQ� VXE�6DKDUDQ�$IULFD� WDNH� SODFH� DW� QDWLRQDO� OHYHO� DQG� DUH� W\SLFDOO\�

JHQHULF�DQG�WRS�GRZQ�LQ�QDWXUH��&XUULFXOXP�GHYHORSPHQW�RIWHQ�WDNHV�SODFH�DW�

VHPL�DXWRQRPRXV� FHQWUHV� �1DPLELD�� =DPELD�� 7DQ]DQLD�� RU� FXUULFXOXP� XQLWV�

ZLWKLQ� WKH� 0LQLVWU\� RI� (GXFDWLRQ� �%RWVZDQD�� =LPEDEZH��� 7KH� DFWXDO�

GHYHORSPHQW�RI� WKH�FXUULFXOXP�LV�QRUPDOO\� LQ� WKH�KDQGV�RI�D�VPDOO�JURXS�RI�

VSHFLDOLVWV�� VXSSRUWHG� DQG� GRPLQDWHG� E\� H[SDWULDWHV�� ZLWK� QR� RU� OLPLWHG�



6FLHQFH FXUULFXOXP UHIRUP DQG WHDFKHU GHYHORSPHQW LQ GHYHORSLQJ FRXQWULHV ��

LQYROYHPHQW�RI�WHDFKHUV��7HDFKHUV
�LQYROYHPHQW�LQ�WKH�GHYHORSPHQW�SURFHVV�LV�

RIWHQ�OLPLWHG�WR�VXJJHVWLRQV�IRU�FRQWHQW�LQ�WKH�VXEMHFW�V\OODEL��,Q�D�FHQWUDOLVHG�

V\VWHP�� WKH� FXUULFXOXP� WHQGV� WR� EH� YLHZHG� DV� EHLQJ� 
WRR� LPSRUWDQW� WR� EH� OHIW� WR�

WHDFKHUV
� �0HEUDWKX�LQ�0RQWHUR�6LHEXUWK���������S��������$V�3HDFRFN��������S��

����� VWDWHV�� 
,Q� WKH� FDVH� RI� VFLHQFH� FXUULFXOXP� GHYHORSPHQW� IRU� SULPDU\� VFKRROV�� WKLV� KDV�

XVXDOO\� EHHQ� LQ� WKH� KDQGV� RI� H[SDWULDWH� DGYLVHUV� FROODERUDWLQJ� ZLWK� ORFDO� HGXFDWRUV� LQ�

LQVWLWXWHV�EDVHG�LQ�FDSLWDO�FLWLHV��DQG�KDV�UHVXOWHG�LQ�FXUULFXOD�ZKLFK�GHSDUWHG�UDGLFDOO\�IURP�

WUDGLWLRQDO� YLHZV� RI� OHDUQLQJ
�� 2QFH� FXUULFXOXP� GRFXPHQWV� KDYH� EHHQ� ILQDOLVHG��

WKH\� DUH� VHQW� WR� VFKRROV� IRU� WHDFKHUV� WR� LPSOHPHQW� DV� LQGLFDWHG� LQ� WKH�

GRFXPHQWV��RIWHQ�ZLWK�OLWWOH�RU�QR�VXSSRUW�WR�WHDFKHUV���

�

������ &ODVVURRP�UHDOLWLHV�

�

(GXFDWLRQDO� UHIRUP� SURSRVDOV� LQ� $IULFD� RIWHQ� IRFXV� RQ� FKDQJLQJ� WKH�

FODVVURRP�SUDFWLFH� WR� DQ�HQYLURQPHQW� WKDW�SURPRWHV� D�PRUH� OHDUQHU�FHQWUHG�

WHDFKLQJ� PHWKRGRORJ\� ZLWK� DFWLYH� VWXGHQW�LQYROYHPHQW� LQ� WKH� FODVV��

&XUULFXOXP� FKDQJHV� KDYH� HIIHFWHG� SUDFWLFH� LQ� $IULFDQ� FODVVURRPV� RQO\� WR� D�

OLPLWHG�H[WHQW��VLPLODU�WR�ZKDW�&XEDQ��VHH������REVHUYHG�LQ�WKH�FRQWH[W�RI�WKH�

:HVWHUQ� ZRUOG�� )HZ� HPSLULFDO� VWXGLHV� RI� VHFRQGDU\� VFKRRO� FODVVURRPV� LQ�

GHYHORSLQJ�FRXQWULHV�DUH�DYDLODEOH��EXW� WKH�PHVVDJH� IURP�WKHP� LV�FRQVLVWHQW��

YHU\� IHZ� RI� WKH� �RIWHQ� XQUHDOLVWLF�� JRDOV� RI� WKH� VFLHQFH� FXUULFXOD� DUH� EHLQJ�

LPSOHPHQWHG� LQ� WKH� FODVVURRPV�� $GDPX� ������� LQ� 1LJHULD�� 3URSKHW� �����D��

������ DQG� 3URSKHW� DQG� 5RZHOO� ������� LQ� %RWVZDQD�� 0DFGRQDOG� 	� 5RJDQ�

�������LQ�6RXWK�$IULFD��6WXDUW��������LQ�/HVRWKR��DQG�5ROOQLFN�HW�DO���������LQ�

6ZD]LODQG��DOO�SURYLGH�GHWDLOV�RI�ZKDW�KDSSHQV� LQ� VFLHQFH�FODVVURRPV� LQ�VXE�

6DKDUDQ�$IULFD��5HVXOWV�FDQ�EH�VXPPHG�XS�DV�IROORZV��

� VWXGHQWV�DUH�SDVVLYH�WKURXJKRXW�WKH�OHVVRQ��

� 
FKDON�DQG�WDON
�LV�WKH�SUHIHUUHG�WHDFKLQJ�VW\OH��

� HPSKDVLV�RQ�IDFWXDO�NQRZOHGJH��

� TXHVWLRQV�UHTXLUH�RQO\�VLQJOH�ZRUGV�DV�DQVZHUV��RIWHQ�SURYLGHG�LQ�FKRUXV��

� VWXGHQWV�GR�QRW�DVN�TXHVWLRQV��

� RQO\�FRUUHFW�DQVZHUV�DUH�DFNQRZOHGJHG��

� YHU\�OLWWOH�SUDFWLFDO�ZRUN�LV�FDUULHG�RXW��
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7KH� FLUFXPVWDQFHV� LQ� ZKLFK� WHDFKLQJ� WDNHV� SODFH� LQ� VXE�6DKDUDQ� $IULFD�

PLJKW� EH� GLIIHUHQW� IURP� WKRVH� LQ� WKH� :HVWHUQ� ZRUOG�� EXW� WKH� $IULFDQ�

FODVVURRP�VHHPV�DV�UHVLVWDQW�WR�FKDQJH�DV�DQ\�RWKHU�FODVVURRP�HOVHZKHUH��7KH�

QH[W�VHFWLRQ�GLVFXVVHV�VRPH�RI�WKH�FRQVWUDLQWV�WR�LPSOHPHQWDWLRQ�DQG�IDFWRUV�

WKDW�PLJKW�SRVLWLYHO\� LQIOXHQFH� LPSOHPHQWDWLRQ�RI� VFLHQFH�FXUULFXOXP�UHIRUP�

LQ�WKH�$IULFDQ�FRQWH[W��

�

������ ,PSOHPHQWDWLRQ�RI�VFLHQFH�FXUULFXOXP�UHIRUPV�

�

&RQVWUDLQWV�WR�LPSOHPHQWDWLRQ�

6XSSRUW�WR�WHDFKHUV�IRU�WKH�LPSOHPHQWDWLRQ�RI�FXUULFXOXP�FKDQJHV�LV�RIWHQ�

YHU\� OLPLWHG�� &XUULFXOXP� UHIRUP� SURJUDPPHV� DUH� W\SLFDOO\� DFFRPSDQLHG� E\�

VKRUW� LQ�VHUYLFH� WUDLQLQJ�DFWLYLWLHV��PRVWO\� LQ� WKH�IRUP�RI�ZRUNVKRS�DFWLYLWLHV��

7KH�HQRUPLW\�RI�WKH�WDVN�LQ�FRPELQDWLRQ�ZLWK�WKH�OLPLWHG�KXPDQ�DQG�SK\VLFDO�

UHVRXUFHV�� DQG� WKH� RIWHQ� ODUJH� JHRJUDSKLFDO� DUHDV� WKDW� QHHG� WR� EH� FRYHUHG��

PDNH� VXSSRUW� WR� WHDFKHUV� DW� VFKRRO� OHYHO� SUREOHPDWLF�� ,Q�VHUYLFH� WUDLQLQJ�

DFWLYLWLHV� DUH� XVXDOO\� FDUULHG� RXW� DV� SDUW� RI� D� GRQRU�IXQGHG� SURMHFW�� ZKLFK�

W\SLFDOO\� KDV� D� OLPLWHG� OLIH� VSDQ� RI� WZR� RU� WKUHH� \HDUV�� 7KH� LQSXWV� RI� VXFK�

SURMHFWV� DUH�RIWHQ�FRQVLGHUDEOH��EXW�XQVXVWDLQDEOH�EH\RQG� WKH� �XVXDOO\� VKRUW��

OLIHVSDQ�RI� WKH�SURMHFW��$QGUHZV��+RXVHJR� DQG�7KRPDV� �������REVHUYH� WKDW�

LQ�VHUYLFH� WHDFKHU� WUDLQLQJ� SURJUDPPHV� DSSHDU� WR� KDYH� KDG� OLWWOH� LPSDFW� RQ�

FODVVURRP�SUDFWLFH��GHVSLWH�WKH�IDFW�WKDW�HGXFDWRUV�LQ�GHYHORSLQJ�FRXQWULHV�VHH�

HQVXULQJ� LPSOHPHQWDWLRQ� DV� WKH� PRVW� LPSRUWDQW� FKDUDFWHULVWLF� RI� VXFK�

SURJUDPPHV��7KH�W\SLFDOO\�VWURQJ�HPSKDVLV�RQ�VXEMHFW�FRQWHQW�NQRZOHGJH�DW�

WKH�H[SHQVH�RI�SHGDJRJLFDO�VNLOOV�LQ�LQ�VHUYLFH�WUDLQLQJ�SURJUDPPHV�LV�VHHQ�DV�D�

OLPLWLQJ� IDFWRU� LQ� LWV� HIIHFWLYHQHVV�� ,Q� DGGLWLRQ�� WKH� ODFN�RI� LQFHQWLYHV� �H�J�� LQ�

WKH�IRUP�RI�TXDOLILFDWLRQV�DQG�VDODU\�LQFUHDVH��LV�FRQVLGHUHG�WR�EH�D�UHDVRQ�IRU�

WKH� ORZ�PRWLYDWLRQ� RI� WHDFKHUV� WR� SDUWLFLSDWH� LQ� VXFK� WUDLQLQJ� SURJUDPPHV��

/HZLQ��������S������VXPV�LW�XS�DV�IROORZV��
«�LQ�VHUYLFH�VXSSRUW�DSSHDUV�RIWHQ�WR�EH�

SLHFHPHDO� DQG� XQOLNHO\� WR� H[LVW� DV� SDUW� RI� D� ORQJ�WHUP� GHYHORSPHQW� SODQ�� 5DWKHU� LW� LV�

FRQFHQWUDWHG�DURXQG�SHULRGV�ZKHQ�QHZ� FXUULFXOD� DUH� LQWURGXFHG�DQG� WHQGV� WR� EH� RQH�RII� LQ�

FKDUDFWHU� ZLWK� OLPLWHG� RU� QRQ�H[LVWHQW� IROORZ�XS�
�:DUH� ������� VHHV� WKH� DEVHQFH� RI�

ZHOO�GHYHORSHG� LQ�VHUYLFH� WUDLQLQJ� SURJUDPPHV� �DV� D� YHKLFOH� IRU� FRQWLQXHG�

SURIHVVLRQDO�GHYHORSPHQW��DV�RQH�RI� WKH�PDMRU�REVWDFOHV� WR�HIIHFWLYH�VFLHQFH�

HGXFDWLRQ� UHIRUP�� ,Q� WKLV� FRQWH[W�� WKH� VWDWHPHQW� 
7KH�GHYHORSLQJ�ZRUOG� LV� OLWWHUHG�

ZLWK� HGXFDWLRQDO� UHIRUP�SURSRVDOV� WKDW� HLWKHU� KDYH�QRW� EHHQ� VHULRXVO\� LPSOHPHQWHG� RU� WKDW�
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ZHUH� RYHUWDNHQ� E\� HYHQWV� EHIRUH� WKHLU� HIIHFWV� ZHUH� WUDQVSDUHQW
� �/HZLQ�� ������ S�� ��� LV�

LOOXVWUDWLYH��

6RPH� RIW�PHQWLRQHG� REVWDFOHV� WR� VXFFHVVIXO� LPSOHPHQWDWLRQ� DUH��

LQVXIILFLHQW�PDVWHU\�RI�ERWK�VXEMHFW�FRQWHQW�DQG�EDVLF�WHDFKLQJ�VNLOOV��ODQJXDJH�

SUREOHPV� IRU� ERWK� WHDFKHUV� DQG� VWXGHQWV�� SRRUO\� UHVRXUFHG� VFKRROV� DQG�

FODVVURRPV��DQG�D�PLVDOLJQPHQW�RI�FXUULFXOXP�JRDOV�DQG�H[DPLQDWLRQ�V\VWHP�

�YDQ� GHQ� $NNHU� HW� DO��� ������ GH� )HLWHU� HW� DO��� ������� $W� WKH� WHDFKHU� DQG�

FODVVURRP� OHYHO�� VWXGLHV� LQ� MXQLRU� VHFRQGDU\� VFKRROV� LQ�%RWVZDQD� �7DEXODZD��

������3URSKHW��������6Q\GHU�	�)XOOHU��������DQG�LQ�6RXWK�$IULFD��0DF'RQDOG�

	�5RJDQ��������VKRZ�VHYHUDO�IDFWRUV�WKDW�QHJDWLYHO\�LQIOXHQFH�LPSOHPHQWDWLRQ�

RI�OHDUQHU�FHQWUHG�WHDFKLQJ�LQ�WKH�FODVVURRP��

� WKH� H[WUD� ZRUNORDG� LQYROYHG� LQ� LPSOHPHQWLQJ� WKH� QHZ� FXUULFXOXP� ²� WKH�

LQLWLDO�FRVW�RI�WKH�LQQRYDWLRQ�LV�KLQGHULQJ�D�SURSHU�LPSOHPHQWDWLRQ��

� FRPSOH[LW\�RI�WKH�LQQRYDWLRQ�²�LI�WKH�FRPSOH[LW\�RI�WKH�WDVN�EHFRPHV�WRR�

JUHDW�� LW� LV� XQOLNHO\� WKDW� LW� ZLOO� EH� LPSOHPHQWHG� �IRU� H[DPSOH�� FXUULFXOXP�

PDWHULDOV� DUH� RIWHQ� DFWLYHO\� LQWHUSUHWHG� E\� VFLHQFH� WHDFKHUV�� FKDQJLQJ�


GLVFRYHU
�WR�PRUH�WUDGLWLRQDO�IRUPV�RI�SHGDJRJ\��3URSKHW�	�5RZHOO���������

� QHJDWLYH�YLHZV�RI�VWXGHQWV�KHOG�E\�WHDFKHUV�²�WHDFKHUV�SHUFHLYH�VWXGHQWV�DV�

KDYLQJ�OLPLWHG�DELOLW\��IURP�SRRU�DQG�XQVXSSRUWLYH�EDFNJURXQGV��DQG�ZLWK�

SRRU�DWWLWXGHV�WRZDUGV�VFKRRO��

� WHDFKHUV
�DQG�VWXGHQWV
�YLHZ�RI�WKHLU�RZQ�UROHV�²�WHDFKHUV�VHH�WKHPVHOYHV�DV�


GHOLYHULQJ�WKH�JRRGV
�WR�VWXGHQWV��VWXGHQWV�DV�UHFHLYHUV�RI�NQRZOHGJH��

� VWXGHQWV
� UHVLVWDQFH� WR�FKDQJH�²�H�J��XQZLOOLQJQHVV� WR�SDUWLFLSDWH� LQ�JURXS�

ZRUN�� LQ� IDYRXU� RI� FRYHULQJ� TXLFNO\� DQG� HIILFLHQWO\� DOO� WKH�PDWHULDO� WR� EH�

WHVWHG� LQ� WKH� UHFDOO�W\SH� RI� H[DPLQDWLRQV� �0DFGRQDOG�	� 5RJDQ�� ������ S��

������

� DXWKRULW\� VWUXFWXUH� LQ� WKH� FODVV� ²� WHDFKHU
V� RU� GRPLQDQW� VWXGHQW
V� YLHZV��

REVHUYDWLRQV� DQG� FRQFOXVLRQV� FRXQW� PRVW� DQG� GLVFRXUDJH� FRQWULEXWLRQV�

IURP�RWKHU�VWXGHQWV��IRU�H[DPSOH��WHDFKHUV�NHHS�WKHLU�DXWKRULW\�LQ�WKH�FODVV�

LQWDFW�E\�GHPRQVWUDWLQJ�H[SHUWLVH�DQG�NQRZOHGJH�RI�IDFWV��FRPSUHKHQVLRQ�

RI� ELRORJLFDO� SURFHVVHV� VHHPV� OHVV� LPSRUWDQW� WKDQ� NQRZLQJ� WKH� SURSHU�

(QJOLVK�YRFDEXODU\�IRU�SDUWV�RI�SODQWV��3URSKHW�	�5RZHOO���������

� SHUFHLYHG�TXDOLW\�RI� FXUULFXOXP�PDWHULDOV�²�PDWHULDOV�QHHG� WR�EH�RI� JRRG�

TXDOLW\��SHUFHLYHG�
FKHDSQHVV
�RI�PDWHULDOV�FDQ�KLQGHU�LPSOHPHQWDWLRQ��

�
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)DFWRUV�FRQWULEXWLQJ�WR�LPSOHPHQWDWLRQ�

7KH� OLWHUDWXUH� LV�FRQVLVWHQW� LQ� LWV�GHVFULSWLRQ�RI�ZKDW�IDFWRUV�FRQWULEXWH� WR�

VXFFHVVIXO�LPSOHPHQWDWLRQ�RI�FXUULFXOXP�LQQRYDWLRQV�LQ�GHYHORSLQJ�FRXQWULHV�

�'DOLQ�� ������ )XOODQ�� ������ /RFNKHHG�	�9HUVSRRU�� ������0RQWHUR�6LHEXUWK��

������5RJDQ�	�0DFGRQDOG��������9HUVSRRU���������6RPH�PDMRU�PHVVDJHV�DUH�

WKH�IROORZLQJ��

� (GXFDWLRQDO� FKDQJH� VKRXOG� WDNH�SODFH� LQ� D�SROLWLFDOO\� VWDEOH� HQYLURQPHQW��

,PSOHPHQWDWLRQ�LV�JUHDWO\�KHOSHG�E\�ORQJ�WHUP�VWUDWHJLHV��XVXDOO\�XS�WR����

\HDUV�� DQG� VWURQJ� VXSSRUW� IURP� DOO� IRUPDO� VWUXFWXUHV� LQ� WKH� HGXFDWLRQDO�

V\VWHP���

� ,Q�VHUYLFH� WUDLQLQJ� RI� WHDFKHUV� LV� DW� WKH� KHDUW� RI� WKH� LPSOHPHQWDWLRQ�

SURFHVV��,W�VKRXOG�EH�FRQFUHWH��ORFDOO\�DYDLODEOH��OLQNHG�WR�SUDFWLFH��IOH[LEOH�

DQG�UHVSRQVLYH�WR�WHDFKHU�QHHGV��VKRXOG�SURYLGH�RSSRUWXQLWLHV�IRU�WKHP�WR�

SUDFWLFH�QHZ�EHKDYLRXU��EXLOG�DQG�PDLQWDLQ�WKHLU�FRPPLWPHQW��DQG�IRVWHU�D�

VHQVH�RI�RZQHUVKLS�RI�WKH�UHIRUP���

� 7R�VXVWDLQ�VXFK�DFWLYLWLHV�� FDSDFLW\�EXLOGLQJ� LQ� WKLV�DUHD�VKRXOG� WDNH�SODFH�

E\�PHDQV�RI�EXLOGLQJ�D� FDGUH�RI� LQ�VHUYLFH�SURYLGHUV�ZKR�DUH�DV� FORVH� WR�

WKH� VFKRRO� DQG� FODVVURRP� DV� SRVVLEOH�� ,Q�VHUYLFH� WUDLQLQJ� SURJUDPPHV� LQ�

GHYHORSLQJ� FRXQWULHV� DUH� RIWHQ� H[HFXWHG� YLD� D� 
FDVFDGH
� V\VWHP�� LQ�ZKLFK�

TXDOLILHG�DQG�H[SHULHQFHG�WHDFKHUV�DUH�WUDLQHG�WR�UXQ�LQ�VHUYLFH�FRXUVHV�IRU�

WKHLU� OHVV� TXDOLILHG� FROOHDJXHV� �H�J�� 0DFGRQDOG�� ������� 6XFK� SURJUDPPHV�

PD\� RIWHQ� EH� WKH� RQO\� HFRQRPLFDO� ZD\� WR� SURYLGH� WUDLQLQJ� WR� WKH� YDVW�

QXPEHUV� RI� ZLGHO\� GLVSHUVHG� SUDFWLVLQJ� WHDFKHUV�� %XW� WKH� WUDLQLQJ� RI�

WUDLQHUV� LV�XVXDOO\�SRRUO\�GHYHORSHG�� WKHLU�H[SHULHQFH�DQG�H[SRVXUH� WR� WKH�

QHZ�SURJUDPPH�LV�RIWHQ�QRW�PRUH�WKDQ�WKDW�RI�WKRVH�ZKRP�WKH\�DUH�WU\LQJ�

WR�WUDLQ��/HZLQ���������1RUPDOO\��QR�LQFHQWLYHV�H[LVW�IRU�WUDLQHUV�ZKR�FDUU\�

RXW� VXFK� WDVNV� LQ� DGGLWLRQ� WR� WKHLU� QRUPDO� ZRUNORDG� DIWHU� VFKRRO� DQG� LQ�

ZHHNHQGV�� 7KLV� FDXVHV� WHDFKHUV� WR� ORVH� WKHLU�PRWLYDWLRQ� WR� FRQWULEXWH� WR�

WKH�FDVFDGH�RI�WUDLQLQJ��

�

%HVLGHV�IDYRXUDEOH�HQYLURQPHQWDO�FRQGLWLRQV�IRU�WKH�UHIRUP��WKH�QDWXUH�RI�

WKH�UHIRUP�LWVHOI�LV�DOVR�D�FUXFLDO�IDFWRU�LQ�WKH�LPSOHPHQWDWLRQ��,Q�WKLV�UHVSHFW��

)XOODQ��������OLVWV�WKH�XVH�RI�QHZ�PDWHULDOV��WHDFKLQJ�VWUDWHJLHV�DQG�EHOLHIV�DV�

WKUHH�DVSHFWV�WR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�GXULQJ�LPSOHPHQWDWLRQ��7KH�QH[W�

VHFWLRQ�WDNHV�D�FORVHU�ORRN�DW�WKHVH�WKUHH�DVSHFWV���

�



6FLHQFH FXUULFXOXP UHIRUP DQG WHDFKHU GHYHORSPHQW LQ GHYHORSLQJ FRXQWULHV ��

���� &XUULFXOXP�LPSOHPHQWDWLRQ�DV�D�OHDUQLQJ�SURFHVV�IRU�WHDFKHUV�

�

������ 7HDFKHUV�DV�VWXGHQWV�

�

,W� LV� JHQHUDOO\� DFNQRZOHGJHG� WKDW� WHDFKHUV� SOD\� D� FUXFLDO� UROH� LQ� WKH�

LPSOHPHQWDWLRQ� RI� FXUULFXOXP� UHIRUPV� LQ� WKH� FODVVURRP�� ,Q� WKH� FRQWH[W� RI�

GHYHORSLQJ� FRXQWULHV�� 0RQWHUR�6LHEXUWK� ������� FDOOV� IRU� H[DPLQLQJ� RI� WKH�

FXUULFXOXP�DV� LW� LV� LPSOHPHQWHG��EHFDXVH� 
FXUULFXOXP�FKDQJH� LQ�GHYHORSLQJ�FRXQWULHV�

ZLOO�RQO\�EH�DV�JRRG�DV�WKH�WHDFKHUV�
��S��������

7HDFKHUV�QHHG� WR� OHDUQ�QHZ� UROHV�DQG�XQOHDUQ�ROG�RQHV��7KXV�� FXUULFXOXP�

UHIRUP�FDQ�EH�VHHQ�DV�D� OHDUQLQJ�SURFHVV�IRU�WHDFKHUV��,W�UHTXLUHV�WHDFKHUV�WR�

XVH� QHZ� RU� UHYLVHG� PDWHULDOV� DQG� PDNH� XVH� RI� QHZ� WHDFKLQJ� PHWKRGV�� ,Q�

DGGLWLRQ�� LQ� PDQ\� FDVHV� LW� ZLOO� LQYROYH� D� FKDQJH� LQ� WHDFKHUV
� EHOLHIV� DERXW�

WHDFKLQJ� DQG� OHDUQLQJ�� 3URIHVVLRQDO� GHYHORSPHQW� IRU� WHDFKHUV� LQ� VXSSRUW� RI�

DQG� GXULQJ� WKH� LPSOHPHQWDWLRQ� RI� FXUULFXOXP� UHIRUPV� LV� WKHUHIRUH� FUXFLDO��

7HDFKHUV� VKRXOG� EH� SURYLGHG� ZLWK� RSSRUWXQLWLHV� WR�PDVWHU� QHZ� FRQWHQW�� WR�

OHDUQ�QHZ�VNLOOV��DQG�WR�SUDFWLFH�WKHVH�LQ�VHFXUH�VHWWLQJV�RXWVLGH�WKH�FODVVURRP�

�-R\FH� 	� 6KRZHUV�� ������� ,Q� DGGLWLRQ�� WKH\� VKRXOG� EH� DEOH� WR� UHIOHFW� ZLWK�

FROOHDJXHV�DQG�RWKHUV�RQ�ZKDW�KDSSHQV� LQ� WKH�FODVVURRP��3HHU�FRDFKLQJ�FDQ�

WKHUHE\�SOD\�DQ�LPSRUWDQW�UROH��DOVR�LQ�GHYHORSLQJ�FRXQWULHV��7KLMV���������

7KH� QH[W� VHFWLRQV� GLVFXVV� WKH� QDWXUH� RI� WKH� VFLHQFH� HGXFDWLRQ� UHIRUPV� DV�

WKH\�WDNH�SODFH�LQ�WKH�6RXWKHUQ�$IULFDQ�FRQWH[W��,W�XVHV�WKH�WKUHH�GLPHQVLRQV�

RI�FXUULFXOXP�LPSOHPHQWDWLRQ�IRUZDUGHG�E\�)XOODQ��������DV�LWV�JXLGH��

��� WKH� SRVVLEOH� FKDQJH� LQ� EHOLHIV� �H�J�� SHGDJRJLFDO� DVVXPSWLRQV� DQG� WKHRULHV�

XQGHUO\LQJ�SDUWLFXODU�QHZ�SROLFLHV�RU�SURJUDPPHV���

��� WKH� SRVVLEOH� XVH� RI� QHZ� WHDFKLQJ� DSSURDFKHV� �QHZ� WHDFKLQJ� VWUDWHJLHV��

DFWLYLWLHV�DQG�EHKDYLRXUV���DQG�

��� WKH�SRVVLEOH�XVH�RI�QHZ�RU�UHYLVHG�PDWHULDOV��H�J��FXUULFXOXP�PDWHULDOV��QHZ�

WHFKQRORJLHV���

�

������ 7HDFKHU�EHOLHIV�

�

6HULRXV� GRXEWV� KDYH� EHHQ� H[SUHVVHG� DERXW� WKH� IHDVLELOLW\� RI� D� OHDUQHU�

FHQWUHG� WHDFKLQJ� DSSURDFK� LQ� WKH� FRQWH[W� RI� GHYHORSLQJ� FRXQWULHV� �3URSKHW��

����E�� *XWKULH�� ������� 7DEXODZD� ������� SODFHV� WKH� REVHUYHG� ODFN� RI�

LPSOHPHQWDWLRQ� RI� D� OHDUQHU�FHQWUHG� WHDFKLQJ� DSSURDFK� LQ� D� VRFLR�FXOWXUDO�
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FRQWH[W�� 7KH� DXWKRULWDULDQ� QDWXUH� RI� WKH� LPSRUWHG� HGXFDWLRQDO� PRGHO� RI�

QLQHWHHQWK� FHQWXU\� %ULWDLQ�� WKH� PLVVLRQDULHV
� DQG� FRORQLDOLVWV
� EHOLHI� LQ� WKH�

VXSUHPDF\� RI� :HVWHUQ� FLYLOLVDWLRQ�� WKH� DXWKRULWDULDQLVP� LQKHUHQW� WR� WKH�

7VZDQD� VRFLHW\� DQG� WKH� KXPDQ� UHVRXUFH� GHYHORSPHQW� SROLF\� RI� SRVW�

LQGHSHQGHQFH�%RWVZDQD� KDYH� DOO� FRQWULEXWHG� WR� EDQNLQJ� HGXFDWLRQ�� NQRZOHGJH�

FDQ�EH�GHSRVLWHG�E\� WHDFKHUV� LQWR�FRQWDLQHUV� �VWXGHQWV���ZKLFK�FDQ�EH�FDOOHG�

XSRQ� ��� ZLWKGUDZQ� ��� ZKHQHYHU� QHFHVVDU\�� +H� VHHV� WKH� HGXFDWLRQ� EDQNLQJ�

SHGDJRJLFDO�SDUDGLJP�DV�FRQWUDGLFWLQJ� WKH� OHDUQHU�FHQWUHG� WHDFKLQJ�SURSRVHG�

LQ� WKH� QHZ� FXUULFXOXP�� $WWHPSWV� WR� WUDQVSODQW� OHDUQHU�FHQWUHG� WHDFKLQJ�

PHWKRGRORJLHV�ZLWKRXW� WDNLQJ� WKH� VFKRRO� DQG� FODVV� FXOWXUH� LQWR� DFFRXQW�ZLOO�

LQHYLWDEO\�OHDG�WR�
WLVVXH�UHMHFWLRQ
��7DEXODZD��������S���������

7DEXODZD�UHSRUWV�D�JUHDW�PHDVXUH�RI�FRQJUXHQFH�EHWZHHQ�WHDFKHUV
�YLHZV�RI�

WHDFKLQJ�DQG�OHDUQLQJ�DQG�WKRVH�RI�VWXGHQWV��
0\�IRUHPRVW�UHVSRQVLELOLW\�LV�WR�

LPSDUW�NQRZOHGJH�DQG� WR�PDQDJH� WKH�FODVV��PDNLQJ� VXUH� WKDW� WKHUH� LV�RUGHU
��


0\�UROH�LV�WR�GHOLYHU�WKH�JRRGV�WR�WKH�VWXGHQWV��,�KDYH�WR�PDNH�VXUH�WKDW�,�JLYH�

WKHP�QRWHV��DQG�,�KDYH�WR�WHVW�WKHLU�XQGHUVWDQGLQJ�E\�DVVHVVLQJ�WKHP
��
'RLQJ�

ZRUN� DVVLJQHG� E\� WKH� WHDFKHU
� DQG� 
IROORZLQJ� WHDFKHU� LQVWUXFWLRQV
� DUH� DOO�

LOOXVWUDWLRQV� RI� WKH� EDQNLQJ� HGXFDWLRQ� SDUDGLJP� �7DEXODZD�� ������ S�� ������

7DEXODZD
V�VWXG\�ZDV�FDUULHG�RXW� LQ�%RWVZDQD��EXW�WKHUH� LV�UHDVRQ�WR�EHOLHYH�

WKDW�WKH�FRQFHUQV�KH�UDLVHV�DUH�DOVR�YDOLG�LQ�PDQ\�RWKHU�GHYHORSLQJ�FRXQWULHV��

,PSOLFDWLRQV�DUH�WKDW�FKDQJLQJ�WR�D�OHDUQHU�FHQWUHG�WHDFKLQJ�PHWKRGRORJ\�ZLOO�

UHTXLUH�D�SDUDGLJP�VKLIW�RQ�WKH�SDUW�RI�ERWK�WHDFKHUV�DQG�VWXGHQWV��

�

*XWKULH� ������� WKHUHIRUH� DUJXHV� LQ� IDYRXU�RI� FRQVROLGDWLQJ� DQG�XSJUDGLQJ�

WKH� H[LVWLQJ� VNLOOV� WHDFKHUV� LQ� GHYHORSLQJ� FRXQWULHV� DUH� XVLQJ� LQ� D� PRUH�

FRQYHQWLRQDO� W\SH� RI� WHDFKLQJ� UDWKHU� WKDQ� LQWURGXFLQJ� PRGHUQ� :HVWHUQ�

WHDFKLQJ� VW\OHV��2WKHUV�KDYH� VXJJHVWHG�D� VLPLODU�DSSURDFK�� LQ�ZKLFK� WHDFKHUV�

DUH�FRPSHWHQW�DQG�FRQILGHQW�LQ�WKH�EDVLF�WHDFKLQJ�VNLOOV�UHTXLUHG�IRU�HIIHFWLYH�

FRQYHQWLRQDO�WHDFKLQJ��EXW�DUH�DOVR�RSHQ�WR�GHDOLQJ�ZLWK�PRUH�FRPSOH[�JRDOV�

DQG�VWXGHQW�FHQWUHG�DVSHFWV�RI�LQVWUXFWLRQ��GH�)HLWHU�HW�DO����������

�

������ 1HZ�WHDFKLQJ�DSSURDFKHV�

�

,Q� OLQH�ZLWK� GHYHORSPHQWV� LQ� WKH�:HVWHUQ�ZRUOG��PRVW� RI� WKH� FXUULFXOXP�

LQQRYDWLRQV� LQ� GHYHORSLQJ� FRXQWULHV� LQFOXGH� D� VKLIW� IURP� D� WHDFKHU�FHQWUHG�

WHDFKLQJ� PHWKRGRORJ\� WR� D� PRUH� VWXGHQW�FHQWUHG� RQH�� LQFOXGLQJ� PRUH�



6FLHQFH FXUULFXOXP UHIRUP DQG WHDFKHU GHYHORSPHQW LQ GHYHORSLQJ FRXQWULHV ��

SUDFWLFDO� DFWLYLWLHV�� LQTXLU\�� GHYHORSPHQW� RI� VNLOOV� DQG� SUREOHP� VROYLQJ�� 7KH�

SUHYDLOLQJ�PRGHO�� ZKHUHE\� WHDFKHUV� WDON� DQG� VWXGHQWV� OLVWHQ� DQG� FRS\� QRWHV�

IURP� WKH� EODFNERDUG�� VKRXOG� EH� UHSODFHG�E\� DFWLYLWLHV� LQ�ZKLFK� VWXGHQWV� DUH�

DFWLYHO\�LQYROYHG�LQ�WKH�OHDUQLQJ�SURFHVV��DUH�HQJDJHG�LQ�JURXS�ZRUN��FDUU\�RXW�

VPDOO�LQYHVWLJDWLRQV��DQG�DUH�JHQHUDOO\�UHVSRQVLEOH�IRU�WKHLU�RZQ�OHDUQLQJ��DQG�

WKDW�RI� WKHLU� IHOORZ� VWXGHQWV��0XFK�KDV�EHHQ� VDLG� DERXW� WKH� LQWURGXFWLRQ�RI�

WKHVH�:HVWHUQ�VW\OHG� WHDFKLQJ�PHWKRGRORJLHV� LQ�$IULFDQ�HGXFDWLRQDO� V\VWHPV��

�7KH�UROH�RI�¶LQWHUQDWLRQDOLVP·�LQ�HGXFDWLRQDO�FKDQJH�LV�D�SRZHUIXO�IRUFH�WKDW�WKH�PDMRULW\�RI�

$IULFDQ�QDWLRQV�KDYH�GLIILFXOW�WR�UHVLVW��6\OODEL�FRQWDLQ�WKH�FRUUHFW�WHUPLQRORJ\�IRU�WKH�VFKRROV�

RI�WKH���
V��SXSLO�FHQWUHG�OHDUQLQJ��EXLOGLQJ�RQ�WKH�SXSLOV
�RZQ�H[SHULHQFHV��ZHOO�WKRXJKW�RXW�

DLPV��VSHFLILF�EHKDYLRXUDO�REMHFWLYHV��DQG�VR�RQ����3URSKHW������D���$V�*XWKULH��������

DOVR�SRLQWV�RXW�� WKHUH� LV� WHQVLRQ�EHWZHHQ�:HVWHUQ� LQQRYDWLRQ� LGHDV�DQG�QRQ�

:HVWHUQ�FXOWXUHV��ZKLFK�SODFH�JUHDW�YDOXH�RQ�UHVSHFW� IRU�HOGHUV��ZLVGRP�DQG�

NQRZOHGJH��DV�ZHOO�DV�UHOLJLRQ��5HIOHFWLRQ��FULWLFLVP��DQG�LQTXLU\�HPSKDVLVHG�LQ�

WKH� VFKRRO�FXUULFXOXP�DUH�RIWHQ� LQ�GLVDJUHHPHQW�ZLWK�YDOXHV� DW� WKH� VWXGHQWV
�

KRPH��3URSKHW������E���

$SDUW�IURP�WKH�TXHVWLRQ�ZKHWKHU�VXFK�QHZ�WHDFKLQJ�PHWKRGV�DUH�GHVLUDEOH��

WKHUH�LV�DOVR�WKH�TXHVWLRQ�RI�KRZ�PXFK�FKDQJH�D�WHDFKHU��D�VFKRRO�RU�D�VFKRRO�

V\VWHP� FDQ� DEVRUE�� ,Q� DGGLWLRQ� WR� DGHTXDWHO\� UHVRXUFHG� VFKRROV�� WKH� QHZ�

WHDFKLQJ� PHWKRGV� UHTXLUH� ZHOO�TXDOLILHG� WHDFKHUV� ZLWK� D� ILUP� JUDVS� RI� WKH�

FRQWHQW�� DV� ZHOO� DV� WKH� SHGDJRJ\�� DQG� ZKR� DUH� DEOH� WR� H[HFXWH� LW� LQ� WKH�

FODVVURRP� �/HZLQ�� ������� +RZHYHU�� LQ� VXE�6DKDUDQ� $IULFD�� WHDFKHUV� RIWHQ�

WHDFK� FODVVHV� IRU� ZKLFK� WKH\� DUH� QRW� TXDOLILHG�� H�J�� SULPDU\� VFKRRO� WHDFKHUV�

FRQGXFWLQJ� MXQLRU� VHFRQGDU\� FODVVHV�� RU� ELRORJ\� WHDFKHUV� WHDFKLQJ� SK\VLFV�

FODVVHV��DQG�PXVW�GR�VR�LQ�SRRUO\�UHVRXUFHG�VFKRROV���

,W�PLJKW�EH�KHOSIXO�WR�ORRN�DW�WKH�
VWDJHV�RI�GHYHORSPHQW
�PRGHO��RULJLQDOO\�

LQWURGXFHG�E\�%HHE\� �������� DQG� ODWHU� DGDSWHG� E\�9HUVSRRU� DQG�:X� �������

DQG�PRUH�UHFHQWO\�E\�GH�)HLWHU�HW�DO����������7KLV�PRGHO�VXJJHVWV�IRXU�OHYHOV�RI�

GHYHORSPHQW� �XQVNLOOHG�� PHFKDQLFDO�� URXWLQH� DQG� SURIHVVLRQDO��� $W� WKH� WZR�

ORZHU� OHYHOV�� WHDFKHUV�W\SLFDOO\�KDYH� OLPLWHG�WR�PRGHUDWH�VXEMHFW�PDVWHU\��DQG�

KDYH� VRPH� SURIHVVLRQDO� FRQWDFWV� ZLWK� FROOHDJXHV�� 3RVVLEOH� FKDQJH� DW� WKRVH�

OHYHOV�ZLOO�EH�OLPLWHG�DQG�QHHGV�WR�IRFXV�RQ�WUDLQLQJ�WHDFKHUV�LQ�VXEMHFW�PDWWHU�

DQG� D� IHZ� DGGLWLRQDO� EDVLF� WHDFKLQJ� WHFKQLTXHV� WR� PDNH� WHDFKLQJ� PRUH�

HIIHFWLYH�� 7KH� PRGHO� VXJJHVWV� WKDW� WKH� LQWURGXFWLRQ� RI� D� OHDUQHU�FHQWUHG�

WHDFKLQJ�PHWKRGRORJ\�LQ�D�V\VWHP�WKDW�LV�DW�WKH�ORZHU�OHYHOV�RI�GHYHORSPHQW��

ZLOO�EH�GLIILFXOW��%RHUPD� �������� IRU� LQVWDQFH�� LQ�D�VWXG\� LQ�6ZD]LODQG�RQ� WKH�



�� &KDSWHU �

LPSOHPHQWDWLRQ�RI�DQ�DFWLYLW\�EDVHG�WHDFKLQJ�PHWKRGRORJ\��REVHUYHG�WHDFKHUV
�

ODFN�RI�PDVWHU\�RI�EDVLF�WHDFKLQJ�VNLOOV��TXHVWLRQLQJ��XVH�RI�KRPHZRUN��JHQHUDO�

FODVVURRP� PDQDJHPHQW�� DV� D� KLQGUDQFH� WR� VXFFHVVIXOO\� LPSOHPHQWLQJ� PRUH�

GHPDQGLQJ�WHDFKLQJ�VW\OHV���

�

������ &XUULFXOXP�PDWHULDOV��

�

7KH� GHYHORSPHQW� DQG� XVH� RI� FXUULFXOXP�PDWHULDOV� DUH� VHHQ� DV� LPSRUWDQW�

VWUDWHJLHV� IRU� FXUULFXOXP� LPSOHPHQWDWLRQ� �%DOO�	�&RKHQ�� ������9HUVSRRU�	�

:X�� ������� ,Q� WKH�$IULFDQ� FRQWH[W�� WH[WERRNV� DUH� RIWHQ� WKH� RQO\� FXUULFXOXP�

PDWHULDOV� DYDLODEOH� IRU� ERWK� VWXGHQWV� DQG� WHDFKHUV�� 7HDFKHUV� VHOGRP� KDYH�

DFFHVV� WR� WHDFKHU� JXLGHV�� DQG� WKH\� DUH� RIWHQ� QRW� XVHG� HYHQ� ZKHQ� WKH\� DUH�

DYDLODEOH�� 7HDFKHU� VXSSRUW� PDWHULDOV�� ZKLFK� SXW� PRUH� HPSKDVLV� RQ� ZKDW� WR�

WHDFK�DQG�KRZ�WR�WHDFK�LW��KDYH�IRXQG�WKHLU�ZD\�LQWR�VFKRROV�RQO\�LQ�LVRODWHG�

FDVHV��YDQ�GHQ�$NNHU�	�0F.HQQH\��������%RHUPD����������

�

7H[WERRNV��

7H[WERRNV�DUH�RIWHQ�WKH�RQO\�UHVRXUFH�IRU� WHDFKHUV� LQ�VXE�6DKDUDQ�$IULFD��

7KH\� RIWHQ� GHWHUPLQH� WKH� EUHDGWK� DQG� GHSWK� RI� WKH� FXUULFXOXP�� 5HYLHZ�

VWXGLHV�RQ�HGXFDWLRQDO�UHIRUPV�LQ�GHYHORSLQJ�FRXQWULHV��)XOOHU�	�&ODUN��������

)XOOHU� 	� +H\QHPDQ�� ������ /RFNKHHG�� ������ /RFNKHHG� 	� 9HUVSRRU�� ������

9HUVSRRU�	�:X��������:DOEHUJ��������VKRZ�WKDW�DQ�LQYHVWPHQW�LQ�WKH�VXSSO\�

RI� WH[WERRNV� KDV� RQH� RI� WKH� KLJKHVW� UHWXUQV��$YDLODELOLW\�RI� WH[WERRNV� KDV� D�

FRQVLVWHQWO\� SRVLWLYH� HIIHFW� RQ� VWXGHQW� OHDUQLQJ�� 7H[WERRNV� DUH� VXSSRVHG� WR�

SURYLGH�WHDFKHUV�ZLWK�D�ZLGHU�UDQJH�RI�LQVWUXFWLRQDO�DFWLYLWLHV��DQG�VDYH�WKHP�

WLPH��DV�QR� WLPH�FRQVXPLQJ�QRWHV�QHHG� WR�EH�ZULWWHQ�RQ�DQG�FRSLHG�RII� WKH�

ERDUG� GXULQJ� WKH� OHVVRQ�� 7KLV� LQFUHDVHV� WKH� LQVWUXFWLRQ� WLPH�� ZKLFK� KDV� D�

SRVLWLYH� LPSDFW� RQ� VWXGHQW� DFKLHYHPHQW� LQ� GHYHORSLQJ� FRXQWULHV� �)XOOHU� 	�

&ODUN�� �������'HVSLWH� LWV� GHPRQVWUDWHG� SRVLWLYH� LPSDFW�� VXSSO\� RI� WH[WERRNV�

KDV�EHHQ�SUREOHPDWLF��PRVWO\�GXH�WR�EXGJHWDU\�FRQVWUDLQWV��9HUVSRRU�	�:X��

������FDXVHG�E\�GHFOLQLQJ�ILQDQFLDO�UHVRXUFHV�RQ�WKH�RQH�KDQG�DQG�LQFUHDVHG�

VWXGHQW� HQUROPHQW� RQ� WKH� RWKHU� �GH� )HLWHU� HW� DO��� ������� 7H[WERRNV� LQ�

GHYHORSLQJ� FRXQWULHV� KDYH� YDU\LQJ� TXDOLW\� RI� GHVLJQ� DQG� OD\�RXW�� DUH� RIWHQ�

SRRUO\�LOOXVWUDWHG��PDNH�XVH�RI�ODQJXDJH�WKDW�LV�RIWHQ�WRR�GLIILFXOW�IRU�WKH�DJH�

JURXS�� RIWHQ� GR� QRW� UHIOHFW� WKH� FXUUHQW� SHGDJRJLFDO� DSSURDFKHV�� DQG� DUH� RI�

YDU\LQJ� SK\VLFDO� TXDOLW\�� 0RUHRYHU�� SURYLVLRQ� RI� WH[WERRNV� GRHV� QRW�



6FLHQFH FXUULFXOXP UHIRUP DQG WHDFKHU GHYHORSPHQW LQ GHYHORSLQJ FRXQWULHV ��

QHFHVVDULO\�JXDUDQWHH�WKHLU�XVH��,Q�SULPDU\�FODVVHV��WH[WERRNV�DUH�RQO\�XVHG�WR�D�

OLPLWHG�H[WHQW��/RFNKHHG����������

�

7HDFKHU�JXLGHV�DFFRPSDQ\LQJ�WH[WERRNV�RXWOLQH�ZKDW�WR�WHDFK�DQG�KRZ�WR�

WHDFK� LW�� LQFOXGLQJ� LGHDV� RQ� DVVHVVPHQW� DQG� VXJJHVWLRQV� IRU� FODVVURRP�

PDQDJHPHQW�� 7KHVH� JXLGHV� DUH� VHOGRP� DYDLODEOH� WR� WHDFKHUV� LQ� GHYHORSLQJ�

FRXQWULHV��KRZHYHU��/RFNKHHG���������7HDFKHUV�DSSHDU�WR�UHO\�PRUH�RQ�JRRG�

VWXGHQW� WH[WERRNV� IRU� WKHLU� WHDFKLQJ�� HYHQ� WKRXJK� WH[WERRNV� KDUGO\� HYHU�

SURYLGH�VXJJHVWLRQV�RQ�KRZ�WR�WHDFK��7KH\�GR�QRW�VHH�WHDFKHU�JXLGHV��EXW�LQ�

VHUYLFH� SURJUDPPHV� DV� WKH� EHVW� VRXUFH� IRU� OHDUQLQJ� DERXW� QHZ� LQVWUXFWLRQDO�

DSSURDFKHV��6KNHGL����������

�

7HDFKHU�VXSSRUW�PDWHULDOV�

7KH� WHUP� 
WHDFKHU� VXSSRUW� PDWHULDOV
� LV� XVHG� LQ� WKLV� VWXG\� WR� UHIHU� WR�

PDWHULDOV� WKDW� FDQ� DVVLVW� WHDFKHUV� ZLWK� WKH� LPSOHPHQWDWLRQ� RI� FXUULFXOXP�

UHIRUPV� LQ� WKHLU� FODVVURRPV�� 7KH� GHYHORSPHQW� DQG� XVH� RI� QHZ� FXUULFXOXP�

PDWHULDOV�LV�VHHQ�DV�DQ�DJHQW�IRU�LQVWUXFWLRQDO�FKDQJH��SURYLGHG�WKH�SUDFWLFH�RI�

WKH�FODVVURRP�LV�WDNHQ�LQWR�DFFRXQW��6XFK�D�GHYHORSPHQW�SURFHVV�ZRXOG�SODFH�

WHDFKHUV�DW�WKH�FHQWUH�RI�FXUULFXOXP�GHYHORSPHQW�DQG�VXJJHVWV�WKDW�FXUULFXOXP�

PDWHULDOV�FDQ�PDNH�WHDFKHUV
� OHDUQLQJ�FHQWUDO� WR�HIIRUWV�WR� LPSURYH�HGXFDWLRQ�

�%DOO�	�&RKHQ����������

6WXGLHV� FDUULHG�RXW� DW� WKH�)DFXOW\�RI�(GXFDWLRQDO�6FLHQFH�DQG�7HFKQRORJ\�

RI� WKH�8QLYHUVLW\�RI�7ZHQWH�KDV�IRFXVHG�RQ�FKDUDFWHULVWLFV�RI�VXFK�PDWHULDOV�

SUHFLVHO\�LQ�OLQH�ZLWK�WKH�DERYH�REVHUYDWLRQV���

�

2Q�WKH�EDVLV�RI�REVHUYHG�LPSOHPHQWDWLRQ�SUREOHPV�IDFHG�E\�WHDFKHUV��YDQ�

GHQ�$NNHU� ������� LGHQWLILHG�IRXU�VSHFLILF�DUHDV�ZKHUH�H[LVWLQJ�PDWHULDOV�QHHG�

LPSURYHPHQW�� OHVVRQ� SUHSDUDWLRQ�� VXEMHFW� FRQWHQW�� SHGDJRJ\� DQG� OHDUQLQJ�

HIIHFWV�� $� ODUJH� GHJUHH� RI� VWUXFWXUH� DQG� GHWDLO� IRU� HDFK� RI� WKHVH� DUHDV� LV�

UHTXLUHG� LI� WKH� FXUULFXOXP�PDWHULDOV� DUH� WR� ILOO� DQ� HIIHFWLYH� UROH� LQ� WKH� LQLWLDO�

LPSOHPHQWDWLRQ�RI�WKH�FXUULFXOXP��0DWHULDOV�VKRXOG�WKHUHIRUH�FRQWDLQ�D� ODUJH�

DPRXQW�RI�FRQFUHWH� LQIRUPDWLRQ�DQG�GLUHFWLRQ� IRU� WKH� UROH�RI� WKH� WHDFKHU� LQ�

WKH�H[HFXWLRQ�RI�WKH�OHVVRQ��7KH�SURYLVLRQ�RI�SURFHGXUDO�VSHFLILFDWLRQV��'R\OH�

	�3RQGHU��������ZDV�XVHG�DV�D�FHQWUDO�FRQFHSW� LQ� WKH�GHYHORSPHQW�RI� WKHVH�

PDWHULDOV�� 0DWHULDOV� WKDW� LQFRUSRUDWH� SURFHGXUDO� VSHFLILFDWLRQV� RQ� HVVHQWLDO�

DUHDV�RI�WKH� OHVVRQ�ZHUH�GHYHORSHG�DV�H[HPSODU\�OHVVRQV�� L�H��D�VPDOO�QXPEHU�
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RI� UHSUHVHQWDWLYH� OHVVRQV�ZHUH�GHYHORSHG� WR� LOOXVWUDWH� WKH�VSHFLILF�FKDQJHV� LQ�

WKH� FXUULFXOXP�� DQG� WR� SURYLGH� HIIHFWLYH� 
KRZ� WR� GR� LW
� VXSSRUW� WR� WHDFKHUV�

LPSOHPHQWLQJ�WKH�FXUULFXOXP��,Q�D�ILHOG�WHVW��H[SHULPHQWDO�PDWHULDOV�GHYHORSHG�

LQ�WKLV�ZD\�IRU�SULPDU\�VFLHQFH�ZHUH�FRPSDUHG�ZLWK�RULJLQDO�PDWHULDOV�WKDW�KDG�

EHHQ� GHYHORSHG� DW� DQ� HDUOLHU� VWDJH�� 5HVXOWV� LQGLFDWHG� WKDW� WHDFKHUV� XVLQJ� WKH�

QHZ�H[SHULPHQWDO�PDWHULDOV�H[HFXWHG�WKHLU�OHVVRQV�PXFK�PRUH�LQ�OLQH�ZLWK�WKH�

LQWHQWLRQV� RI� WKH� GHYHORSHUV�� 7HDFKHUV� DSSHDUHG� WR� EH� PRUH� VXFFHVVIXO� LQ�

DGRSWLQJ�DQ�LQTXLU\�DSSURDFK��DV�LQWHQGHG�E\�WKH�GHYHORSHUV��WKURXJKRXW�WKH�

OHVVRQV�� XQOLNH� WKHLU� FROOHDJXHV� LQ� WKH� FRQWURO� JURXS� ZKR� XVHG� WKH� RULJLQDO�

PDWHULDOV��7HDFKHUV�LQ�WKH�FRQWURO�JURXS�RIWHQ�JRW�ORVW��ZHUH�RYHUZKHOPHG�E\�

HYHQWV� LQ� WKH� FODVV�� DQG�ZHUH� EXV\�PRVW� RI� WKH� WLPH�KDQGOLQJ�RUJDQLVDWLRQDO�

SUREOHPV��0RUHRYHU�� WHDFKHUV� LQ� WKH� H[SHULPHQWDO� JURXS� UHSRUWHG� WKDW� WKH\�

VDZ�DQ�DFWLYH�UROH�IRU�WKHPVHOYHV�DV�IDFLOLWDWRUV�LQ�D�GLVFRYHU\�SURFHVV�RI�WKH�

VWXGHQWV�� DQG� ZHUH� PRVWO\� FRQFHUQHG� ZLWK� VXEMHFW� FRQWHQW� DQG� SHGDJRJ\��

7HDFKHUV�LQ�WKH�FRQWURO�JURXS��RQ�WKH�RWKHU�KDQG��RIWHQ�KDG�GHOLEHUDWHO\�WDNHQ�

RQ�D�SDVVLYH�UROH�GXULQJ�WKH�OHVVRQV�DQG�KDG�VSHQW�PRVW�RI�WKHLU�WLPH�GXULQJ�

WKH�SUHSDUDWLRQ�RQ�FROOHFWLQJ�PDWHULDOV�DQG�RWKHU�ORJLVWLFDO�SUREOHPV���

7HDFKHUV�LQ�WKH�H[SHULPHQWDO�JURXS�DOVR�UHSRUWHG�PRUH�IUHTXHQWO\�WKDW�WKH�

OHVVRQV� KDG� EHHQ� GLIIHUHQW� IURP� WKHLU� XVXDO� OHVVRQ�PDWHULDOV�� DQG� H[SUHVVHG�

VDWLVIDFWLRQ�ZLWK�WKH�OHVVRQ�PDWHULDOV��WKH�OHVVRQ�SURFHVV��SXSLOV
�SHUIRUPDQFH�

DQG�WKH�SRVVLELOLW\�WR�FRQWLQXH�ZLWK�VXFK�D�OHVVRQ�DSSURDFK���

�

6LPLODU� UHVXOWV� KDYH� EHHQ� UHSRUWHG� E\� RWKHU� VWXGLHV� FDUULHG� RXW� DW� WKH�

8QLYHUVLW\�RI�7ZHQWH��9RRJW��������GHVLJQHG�DQG�HYDOXDWHG�WHDFKHU�PDWHULDOV�

�GHYHORSHG�XVLQJ�GHVLJQ�SULQFLSOHV�VLPLODU�WR�WKRVH�LQ�WKH�YDQ�GHQ�$NNHU�VWXG\�

DERYH�� WR� VXSSRUW� WHDFKHUV� LQ� WKH� XVH� RI� FRXUVHZDUH� LQ� DQ� LQTXLU\�EDVHG�

VFLHQFH�FXUULFXOXP�LQ�'XWFK�VHQLRU�VHFRQGDU\�VFKRROV��6KH�UHSRUWHG�WKDW� WKH�

XVH�RI�SULQWHG�PDWHULDOV�E\�WHDFKHUV�NHSW�WKHLU�OHVVRQ�DSSURDFKHV�FORVHU�WR�WKH�

LQWHQWLRQV� RI� WKH� GHVLJQHUV� RI� WKH� FXUULFXOXP�� +RZHYHU�� VKH� REVHUYHG� WKDW�

WHDFKHUV� RIWHQ� XVHG� VWXGHQW�PDWHULDOV�� UDWKHU� WKDQ� WHDFKHU�PDWHULDOV�� IRU� WKH�

SUHSDUDWLRQ� RI� WKH� OHVVRQV�� 7HDFKHUV� ZKR� GLG� WKLV� SHUIRUPHG� FRQVLGHUDEO\�

SRRUHU�LQ�FODVV�WKDQ�WKHLU�FROOHDJXHV�ZKR�XVHG�WKH�WHDFKHU�PDWHULDOV��$OVR��WKH\�

ZHUH�OHVV�DFWLYHO\�LQYROYHG�LQ�WKH�VXSSRUW�RI�WKHLU�VWXGHQWV�GXULQJ�WKH�OHVVRQV�

DQG� UDQ� PRUH� RIWHQ� LQWR� WHFKQLFDO� SUREOHPV� ZLWK� WKH� FRXUVHZDUH� �WKDQ�

WHDFKHUV�ZKR�XVHG� WKH� WHDFKHU�PDWHULDOV���(IIHFWLYHQHVV�RI� WKH�PDWHULDOV�ZDV�

DOVR�VKRZQ�E\�ZD\�RI�D�VWXGHQW�WHVW��LQ�D�SUH�WHVW�DQG�SRVW�WHVW�DUUDQJHPHQW����



6FLHQFH FXUULFXOXP UHIRUP DQG WHDFKHU GHYHORSPHQW LQ GHYHORSLQJ FRXQWULHV ��

.HXUVWHQ� ������� VWXGLHG� WKH�XVH�RI� FRXUVHZDUH� LQ�JHRJUDSK\�HGXFDWLRQ� LQ�

MXQLRU� VHFRQGDU\� VFKRROV� LQ� WKH�1HWKHUODQGV�� 7KH� FHQWUDO� SDUW� RI� WKH� VWXG\�

IRFXVHG�RQ�WKH�FKDUDFWHULVWLFV�RI��SULQWHG��WHDFKHU�VXSSRUW�PDWHULDOV�DQG�WKHLU�

LQIOXHQFH� RQ� WKH� VXFFHVVIXO� LPSOHPHQWDWLRQ� RI� FRXUVHZDUH� LQ� JHRJUDSK\�

HGXFDWLRQ��$V�ZDV�WKH�FDVH�LQ�WKH�RWKHU�WZR�VWXGLHV��WHDFKHUV�LQ�WKLV�VWXG\�ZKR�

XVHG�WKH�VXSSRUW�PDWHULDOV�NHSW�WKH�OHVVRQ�DSSURDFK�PRUH�FORVHO\�DOLJQHG�ZLWK�

ZKDW� WKH� GHVLJQHUV� KDG� LQWHQGHG�� (VSHFLDOO\� WKH� VWDUW� RI� WKH� OHVVRQ� DQG� WKH�

GLVFXVVLRQ� SDUW� ZHUH� EHWWHU� H[HFXWHG� LQ� WKH� H[SHULPHQWDO� JURXS� WKDQ� LQ� WKH�

FRQWURO� JURXS�� ZKR� XVHG� RULJLQDO� WHDFKHU� PDWHULDOV�� /HDUQLQJ� UHVXOWV�� DV�

PHDVXUHG� WKURXJK� D� SUH�WHVW�SRVW�WHVW� FRQVWUXFWLRQ�� ZHUH� EHWWHU� DFURVV� WKH�

ZKROH�UDQJH�RI�OHDUQLQJ�REMHFWLYHV�IRU�VWXGHQWV�LQ�WKH�H[SHULPHQWDO�JURXS���

�

$W�D�ODWHU�VWDJH��8QLYHUVLW\�RI�7ZHQWH�VWXGLHV�E\�5RHV��������DQG�YDQ�GHQ�

%HUJ��������GHVFULEH�FXUULFXOXP�PDWHULDOV�DQG�WKHLU�XVH�DV�RUJDQLVLQJ�HOHPHQWV�

LQ�LQ�VHUYLFH�WUDLQLQJ�VFHQDULRV��DQG�VXEVHTXHQWO\�LQ�FODVVURRPV���

,Q� 6RXWKHUQ� $IULFD�� PDWHULDOV� GHYHORSPHQW� KDV� EHHQ� D� FRPSRQHQW� RI�

VHYHUDO� LQQRYDWLRQ� HIIRUWV� �VHH� YDQ� GHQ� $NNHU� 	� 0F.HQQH\�� ����� IRU�

H[DPSOHV� IURP� 6ZD]LODQG� DQG� 1DPLELD�� ZKHUH� H[HPSODU\� OHVVRQ� PDWHULDOV�

ZHUH� XVHG� ERWK� LQ� LQ�VHUYLFH� WUDLQLQJ� VFHQDULRV� DQG� E\� WHDFKHUV� LQ� WKH�

FODVVURRP���

�

�

���� ,PSOLFDWLRQV�IRU�WKH�0D&�VWXG\�

�

6HYHUDO� LVVXHV� UHVXOWLQJ� IURP� WKH� SUHYLRXV� VHFWLRQV� LQ� WKLV� FKDSWHU� VHHP�

UHOHYDQW�LQ�WKH�1DPLELDQ�FRQWH[W�DQG�KDYH�FRQVHTXHQFHV�IRU�WKH�GHILQLWLRQ�RI�

WKH�SUREOHP�DQG�GHVLJQ�RI�WKH�0D&�VWXG\��

�

��� $V� LQ� PRVW� $IULFDQ� FRXQWULHV�� FXUULFXOXP� GHYHORSPHQW� LQ� 1DPLELD� LV� D�

FHQWUDOLVHG� DFWLYLW\� �VHH� VHFWLRQ� �������� ,PSOHPHQWDWLRQ� LV� YLHZHG� IURP� D�

ILGHOLW\� SHUVSHFWLYH�� DQG� GHYHORSHUV� DVVXPH� WKDW� WKH� FXUULFXOXP� LV�

LPSOHPHQWHG� LQ� OLQH�ZLWK� WKHLU� LQWHQWLRQV��+RZHYHU�� FXUULFXOXP�JRDOV� DUH�

RIWHQ�DPELJXRXVO\�IRUPXODWHG�DQG�WRR�DPELWLRXV�WR�LPSOHPHQW��7H[WERRNV�

DUH�RIWHQ�XQDYDLODEOH�RU�GR�QRW�SURYLGH� WKH� WHDFKHU�ZLWK�HQRXJK�VXSSRUW�

GXULQJ� WKH� LPSOHPHQWDWLRQ� LQ� WKH� FODVVURRP��0RUHRYHU�� VXSSRUW� V\VWHPV�

DQG� SURYLVLRQ� RI� SURIHVVLRQDO� GHYHORSPHQW� IRU� WHDFKHUV� DUH� RIWHQ�
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XQGHUGHYHORSHG�� DQG� WHDFKHUV� DUH� LVRODWHG� LQ� WKHLU� VFKRROV�� $V� D� UHVXOW��

WHDFKHUV�KDYH�WR�LPSOHPHQW�WKH�FXUULFXOXP�DV�WKH\�WKLQN�LV�EHVW��ZLWKLQ�WKH�

FRQWH[W� DV�GHVFULEHG� LQ� FKDSWHU� WZR� DQG� DJDLQVW� WKH� EDFNJURXQG�RI� WKHLU�

EHOLHIV�� YLHZV�� QHHGV� DQG� LQWHUHVWV�� &XUULFXOXP� LPSOHPHQWDWLRQ� FDQ�

WKHUHIRUH� EH� YLHZHG� DV� FXUULFXOXP� HQDFWPHQW�� QRW� E\� FKRLFH� EXW� RXW� RI�

QHFHVVLW\���

�

��� 7KH� FRPSOH[LW\� RI� WKH� LQQRYDWLRQ� DQG� H[WUD� ZRUNORDG� LQYROYHG� LQ�

LPSOHPHQWLQJ� LW� LQ� WKH� FODVVURRP� KDYH� EHHQ� LGHQWLILHG� DV� REVWDFOHV� WR�

VXFFHVVIXO� LPSOHPHQWDWLRQ� �VHH� �������� 7HDFKHUV� RIWHQ� VXEYHUW� WKH� QHZ�

FXUULFXOXP�XQNQRZLQJO\�DQG�XQZLOOLQJO\��RIWHQ�WKH\�KDYH�SUREOHPV�FRSLQJ�

ZLWK�WKH�FKDQJH��/DFN�RI�
KRZ�WR
�LQIRUPDWLRQ�UHODWHG�WR�WKH�LQQRYDWLRQV�LQ�

FODVVURRP� SUDFWLFH� PDNH� WHDFKHUV� LQFRUSRUDWH� OHVV� GHVLUDEOH� FRPSRQHQWV�

LQWR� WKHLU� QRUPDO� WHDFKLQJ� UHSHUWRLUH�� 7KLV� VLWXDWLRQ� ZDV� FHUWDLQO\� DOVR�

UHOHYDQW�LQ�WKH�1DPLELDQ�FRQWH[W��7HDFKLQJ�VW\OHV�GLG�QRW�VHHP�WR�FKDQJH�

PXFK��GHVSLWH�WKH�WHDFKHUV
�HQWKXVLDVP�IRU�WKH�QHZ�FXUULFXOXP��&ODVVURRP�

SUDFWLFHV� ZHUH� VWLOO� YHU\� PXFK� WHDFKHU�FHQWUHG�� HYHQ� ZKLOH� WHDFKHUV�

SURIHVVHG� WKDW� WKH\� KDYH� FKDQJHG� WRZDUGV� D� OHDUQHU�FHQWUHG� DSSURDFK��

6LPLODU� REVHUYDWLRQV� KDYH� EHHQ� PDGH� LQ� WKH� IUDPHZRUN� RI� QHZ� WHDFKHU�

WUDLQLQJ�SURJUDPPHV�LQ�1DPLELD��LQGLFDWLQJ�WKDW�WKHUH�ZDV�YHU\�OLWWOH�FODULW\�

DERXW� WKH� LQQRYDWLRQ��SHUKDSV�HYHQ�RQ�WKH�SDUW�RI� WKH�SHRSOH�GHYHORSLQJ�

WKH�QHZ�FXUULFXOXP���

�

��� 7KH�1DPLELDQ� VFKRRO� V\VWHP�� DIWHU� LQGHSHQGHQFH�� IRXQG� LWVHOI� DW� YDULRXV�

VWDJHV� RI� GHYHORSPHQW� �VHH� �������� 6RPH� VFKRROV�� HVSHFLDOO\� VRPH� RI� WKH�

IRUPHU�:KLWH�VFKRROV��ZHUH�DW�D�IDLUO\�DGYDQFHG�VWDJH�RI�GHYHORSPHQW��7KH�

PDMRULW\� RI� VFKRROV�� KRZHYHU�� ZRXOG� EH� DW� WKH� ORZHVW� VWDJH�� XQGHU�

UHVRXUFHG�DQG�ZLWK�D�ZHDN�RUJDQLVDWLRQDO�LQIUDVWUXFWXUH��7HDFKHUV�LQ�WKHVH�

VFKRROV� W\SLFDOO\� KDYH� D� YHU\� SRRU� PDVWHU\� RI� VXEMHFW� FRQWHQW�� 5RWH�

OHDUQLQJ��PHPRULVDWLRQ�DQG�FRS\LQJ�QRWHV�IURP�WKH�ERDUG�DUH�WKH�QRUP�LQ�

WKH�FODVVURRP���

�



6FLHQFH FXUULFXOXP UHIRUP DQG WHDFKHU GHYHORSPHQW LQ GHYHORSLQJ FRXQWULHV ��

��� 7HDFKHUV
� DQG�VWXGHQWV
�YLHZ�RI� WHDFKLQJ�DQG� OHDUQLQJ� �VHH��������FRQILUP�

WKH� 
EDQNLQJ� HGXFDWLRQ
� SHGDJRJLFDO� VW\OH�� /HDUQHU�FHQWUHG� WHDFKLQJ�

PHWKRGV�VXFK�DV�JURXS�GLVFXVVLRQV�DQG�UROH�SOD\�DUH�VHHQ�DV�LUUHOHYDQW�IRU�

SDVVLQJ� H[DPV�� 7R� FKDQJH� VXFK� D� VW\OH� WR� D� OHDUQHU�FHQWUHG� WHDFKLQJ�

PHWKRGRORJ\� ZRXOG� LQYROYH� FKDQJLQJ� WHDFKHUV
� DQG� VWXGHQWV
� DWWLWXGHV�

WRZDUG� WHDFKLQJ� DQG� OHDUQLQJ� �7DEXODZD�� ������� 7KH� ILUVW� EHJLQQLQJV� RI�

VXFK� DQ� DWWLWXGH� FKDQJH� ZLOO� RQO\� WDNH� SODFH� DIWHU� WHDFKHUV� DQG� VWXGHQWV�

KDYH�H[SHULHQFHG�DQG�XQGHUVWRRG� WKH�FKDQJH� LQ� WKH�FODVVURRP��DQG�KDYH�

IRXQG� WKH� FKDQJH� XVHIXO� DQG� HQMR\DEOH�� 
([SHULHQFH� SUHFHGHV�

XQGHUVWDQGLQJ
� �*XQVWRQH�� ������� &RQWLQXHG� VXSSRUW� DW� VFKRRO� OHYHO� LV�

LPSRUWDQW�IRU�WKH�FKDQJH�WR�EH�LQWHJUDWHG�RQ�D�PRUH�SHUPDQHQW�EDVLV���

�

&XUULFXOXP�PDWHULDOV�DV�D�FDWDO\VW�IRU�FXUULFXOXP�LPSOHPHQWDWLRQ�

7KH�DERYH�LVVXHV�����DUH�DOO�UHOHYDQW�LQ�WKH�1DPLELDQ�VLWXDWLRQ��&RPELQHG��

WKH\� KDYH� PDGH� WKH� LPSOHPHQWDWLRQ� RI� FXUULFXOXP� FKDQJHV� VHHP� DQ�

LQVXUPRXQWDEOH� WDVN� IRU� WHDFKHUV� LQ� WKH� FODVVURRP�� 7HDFKHUV� KDYH� WR�

RYHUFRPH�DQ�HQRUPRXV�DFWLYDWLRQ�EDUULHU�EHIRUH�WKLQJV�ZRXOG�UHDOO\�ZRUN�IRU�

WKHP�LQ�WKH�FODVVURRP��L�H��ZKHQ�LPSOHPHQWLQJ�FKDQJH��WKLQJV�JHW�KDUGHU�DQG�

FRVW�PRUH�HQHUJ\�EHIRUH�WKH\�JHW�HDVLHU���,Q�D�FKHPLFDO�UHDFWLRQ��UHDFWDQWV�KDYH�

WR� JHW� DFURVV� WKH� ¶DFWLYDWLRQ� EDUULHU·� LQ� RUGHU� WR� IRUP� D� QHZ� SURGXFW� RU�

SURGXFWV��7KLV�EDUULHU�FDQ�EH�RYHUFRPH�E\�DQ�LQFUHDVHG�LQSXW�RI�HQHUJ\��RU�E\�

WKH�XVH�RI�FDWDO\VWV� WR�DFWXDOO\� ORZHU� WKH�EDUULHU� WR�EH�RYHUFRPH��7KH�XVH�RI�

FDWDO\VWV� LV� LQGLVSHQVDEOH� WR� FKHPLVWU\� DV� WKH\� DOORZ� UHDFWLRQV� WR� WDNH� SODFH�

IDVWHU� DQG� HDVLHU�ZLWKRXW� WKH�QHHG�RI� H[SHQGLQJ� DGGLWLRQDO� HQHUJ\��7HDFKHUV�

LPSOHPHQWLQJ� FXUULFXOXP�FKDQJHV� DOVR�KDYH� WR�RYHUFRPH� VXFK� DQ� DFWLYDWLRQ�

EDUULHU�� 6LPLODUO\�� D� FDWDO\VW� FDQ� EH� XVHG� LQ� WKH� VHWWLQJ� RI� FKDQJH�

LPSOHPHQWDWLRQ�WR�ORZHU�WKH�DFWLYDWLRQ�EDUULHU�VWDQGLQJ�LQ�WKH�ZD\�RI�WHDFKHUV�

�VHH�ILJ��������7KH�0D&�VWXG\�XVHV�WKH�PHWDSKRU�RI�PDWHULDOV�DV�D�FDWDO\VW�IRU�

FXUULFXOXP�LPSOHPHQWDWLRQ���
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�

)LJXUH������ 7HDFKHU�VXSSRUW�PDWHULDOV�DV�D�FDWDO\VW� �

�

)RU�D�FDWDO\VW�WR�DFW�SURSHUO\��ORFDO�FRQGLWLRQV�DQG�FLUFXPVWDQFHV�LQ�ZKLFK�LW�

KDV� WR� GR� LWV� ZRUN� QHHG� WR� EH� WDNHQ� LQWR� DFFRXQW� GXULQJ� GHYHORSPHQW��

6LPLODUO\��GHYHORSPHQW�RI� FXUULFXOXP�PDWHULDOV�QHHGV� WR� WDNH� DFFRXQW�RI� WKH�

ORFDO�FRQGLWLRQV�DQG�FLUFXPVWDQFHV�LQ�ZKLFK�WKH\�ZLOO�EH�XVHG��6SHFLILFDWLRQV�

RI� D� FDWDO\VW� DUH� HVWDEOLVKHG� RQ� WKH� EDVLV� RI� D� FOHDU� XQGHUVWDQGLQJ� RI� LWV�

LQWHQGHG�IXQFWLRQ��'HYHORSPHQW�RI�D�FDWDO\VW�UHTXLUHV�VHYHUDO�F\FOHV�RI�WHVWLQJ�

DQG� UHILQHPHQW� EHIRUH� WKH� VWDJH� RI� DQ� HIIHFWLYH� ILQDO� SURGXFW� LV� UHDFKHG��

6LPLODUO\�� GHVLJQ� VSHFLILFDWLRQV� RI� FXUULFXOXP� PDWHULDOV� ZRXOG� QHHG� WR� EH�

HVWDEOLVKHG� RQ� WKH� EDVLV� RI� WKH� IXQFWLRQ� HQYLVDJHG� IRU� WKH� PDWHULDOV��

'HYHORSPHQW�RI�WKH�PDWHULDOV�ZRXOG�KDYH�WR�KDSSHQ�LQ�DQ�LWHUDWLYH�SURFHVV�RI�

GHVLJQ�DQG�IRUPDWLYH�HYDOXDWLRQ�RI�WKH�PDWHULDOV�LQ�WKH�FODVVURRP��$OWKRXJK�D�

FDWDO\VW�LV�XVXDOO\�GHYHORSHG�IRU�D�VSHFLILF�FKHPLFDO�UHDFWLRQ��LW�PLJKW�EH�XVHIXO�

LQ�RWKHU�UHDFWLRQV�DV�ZHOO��6LPLODUO\��WKH�PDWHULDOV�DUH�GHYHORSHG�IRU�D�VSHFLILF�

WRSLF� LQ� WKH� FXUULFXOXP� �DV� LQ� WKH� FDVH� RI� H[HPSODU\� PDWHULDOV��� EXW�

WUDQVIHUDELOLW\�WR�RWKHU�WRSLFV�LV�HQYLVDJHG��

0DWHULDOV�DV�D�FDWDO\VW�IRU�FXUULFXOXP�LPSOHPHQWDWLRQ�ZRXOG�KDYH�WR�WDFNOH�

WKH� YDULRXV� SUREOHPV� LGHQWLILHG� LQ� XQGHU� SRLQWV� ��� �� DQG� �� DERYH�� 3RLQW� ��

DERYH�XQHTXLYRFDOO\�LGHQWLILHV�WKH�QHHG�IRU�VSHFLILF�VXSSRUW�IRU�WHDFKHUV�ZKR�

DUH�IDFHG�ZLWK� WKH� LPSOHPHQWDWLRQ�RI�D�QHZ��FHQWUDOO\�GHYHORSHG�FXUULFXOXP��

0DWHULDOV�DV�FDWDO\VWV�LQ�WKH�LPSOHPHQWDWLRQ�SURFHVV�ZLOO�KDYH�WR�EH�GHYHORSHG�

ZLWK�D�FOHDU�YLHZ�RI� WKH� LPSOHPHQWDWLRQ�FRQGLWLRQ��ZLWK� WKH� WHDFKHU�DQG� WKH�

FODVVURRP� LQ� PLQG� �FI�� 0RQWHUR�6LHEXUWK�� ������� 7KH� GHYHORSPHQW� RI�



6FLHQFH FXUULFXOXP UHIRUP DQG WHDFKHU GHYHORSPHQW LQ GHYHORSLQJ FRXQWULHV ��

FXUULFXOXP�PDWHULDOV�WR�VXSSRUW�WHDFKHUV�LQ�1DPLELD�ZLWK�WKH�LPSOHPHQWDWLRQ�

RI� D� OHDUQHU�FHQWUHG� WHDFKLQJ� VW\OH� ZRXOG� WKXV� KDYH� D� QXPEHU� RI� IXQFWLRQV��

LQFOXGLQJ��

� WR�UHGXFH�WKH�FRPSOH[LW\�RI�WKH�LQQRYDWLRQ��DQG�WR�UHGXFH�WKH�LQLWLDO�H[WUD�

ZRUNORDG�IRU�WHDFKHUV��

� WR�SURYLGH�WHDFKHUV�ZLWK�FOHDU�DQG�SUDFWLFDO�LGHDV�IRU�OHVVRQ�H[HFXWLRQ�DQG�

VXSSRUW��

� WR� VXSSRUW� WHDFKHUV� ZLWK� YDU\LQJ� OHYHOV� RI� FRPSHWHQFH� LQ� VFKRROV� ZLWK�

YDU\LQJ�GHJUHHV�RI�RUJDQLVDWLRQ��DQG�

� WR�SURYLGH�LQLWLDO�SRVLWLYH�H[SHULHQFHV�ZLWK�WKH�LQQRYDWLRQ�LQ�RUGHU�WR�EXLOG�

XQGHUVWDQGLQJ�DQG�VXSSRUW�LQ�FKDQJLQJ�DWWLWXGHV�DQG�EHOLHIV��

�

%DOO� 	� &RKHQ� ������� DQG� 0RQWHUR�6LHEXUWK� ������� FDOO� IRU� WHDFKHUV� DV�

FHQWUDO�ILJXUHV�LQ�WKH�GHYHORSPHQW�SURFHVV��DV�ZHOO�DV�IRU�UHVHDUFK�RQ�KRZ�WKH�

FXUULFXOXP� LV� LPSOHPHQWHG� LQ� WKH� FODVVURRP�� 7KH� 0D&� VWXG\� WDNHV� ERWK�

VXJJHVWLRQV� LQWR�DFFRXQW��7KH�0D&�VWXG\�HPSOR\V�D�GHYHORSPHQWDO� UHVHDUFK�

DSSURDFK�WR�DQVZHU�WKH�FHQWUDO�UHVHDUFK�TXHVWLRQ��%RWK�GHYHORSPHQW�UHVHDUFK�

DQG�WKH�UHVHDUFK�TXHVWLRQ�DUH�IXUWKHU�HODERUDWHG�LQ�WKH�QH[W�FKDSWHU��

�

�
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�

�

�

�
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5HVHDUFK�GHVLJQ�
�

�

�

�

KLV�FKDSWHU�IRUPXODWHV�WKH�UHVHDUFK�TXHVWLRQV�DQG�RXWOLQHV�WKH�UHVHDUFK�GHVLJQ�RI�

WKH�0D&�VWXG\�� ,W� LQWURGXFHV�GHYHORSPHQW� UHVHDUFK�DV� WKH� UHVHDUFK�DSSURDFK�

XVHG�LQ�WKH�VWXG\�DQG�LWV�SRWHQWLDO�LQ�WKH�1DPLELDQ�FRQWH[W��VHFWLRQ�������7KH�

0D&� VWXG\� GHYHORSHG� DORQJ� WKH� OLQHV� RI� GHYHORSPHQW� UHVHDUFK�� D� IURQW�HQG� DQDO\VLV�� GHVLJQ�

DQG�HYDOXDWLRQ�RI�SURWRW\SHV��DQG�WKH�HYDOXDWLRQ�RI�LWV�HIIHFWLYHQHVV��VHFWLRQ�������7ZR�VWXGLHV�

KDYH�EHHQ�XQGHUWDNHQ�LQ�WKH�IUDPHZRUN�RI�WKH�0D&�VWXG\��WKH�6FLHQWLILF�3URFHVVHV�VWXG\�DQG�

WKH� 0DWHULDOV� VWXG\� �VHFWLRQ� ������ %RWK� VWXGLHV� IRFXVHG� RQ� WKH� GHVLJQ� DQG� HYDOXDWLRQ� RI�

WHDFKHU� VXSSRUW�PDWHULDOV� IRU� WRSLFV� LQ� WKH� QHZ� VFLHQFH� FXUULFXOXP��7KH�6FLHQWLILF�3URFHVVHV�

VWXG\�ZDV�XVHG�DV�D�ILUVW�VWXG\�WR�WHVW�WKH�YDOLGLW\�DQG�SUDFWLFDOLW\�RI�WKH�SUHOLPLQDU\�GHVLJQ�

VSHFLILFDWLRQV�IRU�VXSSRUW�PDWHULDOV��VHFWLRQ���������7KH�UHVXOWV�RI�WKLV�VWXG\�ZHUH�XVHG�LQ�WKH�

VXEVHTXHQW�0DWHULDOV� VWXG\�� 7KH�0DWHULDOV� VWXG\� FRQFHQWUDWHG� RQ� GHVLJQ� VSHFLILFDWLRQV� IRU�

VXSSRUW� PDWHULDOV� IRU� WKH� WRSLF� RI�0DWHULDOV��$� YDULHW\� RI� HYDOXDWLRQ� PHWKRGV� ZHUH� XVHG��

IRFXVLQJ� RQ� WKH� SUDFWLFDOLW\� DQG� HIIHFWLYHQHVV� RI� WKH�PDWHULDOV� �VHFWLRQ� ��������0RUH� VSHFLILF�

LQIRUPDWLRQ� RQ� UHVHDUFK� SURFHGXUHV� DQG� LQVWUXPHQWV� IRU� GDWD� FROOHFWLRQ� ZLOO� EH� RIIHUHG� LQ�

FKDSWHUV���DQG���GHDOLQJ�ZLWK�WKH�6FLHQWLILF�3URFHVVHV�DQG�0DWHULDOV�VWXG\��UHVSHFWLYHO\��

�

�

���� ,QWURGXFWLRQ�

�

7KH�0D&�VWXG\�IRFXVHG�RQ�WKH�FKDUDFWHULVWLFV�RI�WHDFKHU�VXSSRUW�PDWHULDOV�

WKDW�QHHG�WR�DFW�DV�D�FDWDO\VW�IRU�LQLWLDO�FXUULFXOXP�LPSOHPHQWDWLRQ��7KH�PDLQ�

TXHVWLRQ�ZDV�IRUPXODWHG�DV���

�

:KDW�DUH� WKH� FKDUDFWHULVWLFV� RI�PDWHULDOV� WKDW�DGHTXDWHO\� VXSSRUW� WHDFKHUV�ZLWK� WKH� LQLWLDO�

LPSOHPHQWDWLRQ�RI�VFLHQFH�FXUULFXOXP�LQQRYDWLRQ�LQ�WKH�FODVVURRP"��

�

7�
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7KH�0D&�VWXG\�GHYHORSHG�LQ�WKUHH�GLIIHUHQW�VWDJHV��,Q�WKH�ILUVW�VWDJH���WKH�

IURQW�HQG� DQDO\VLV� �� LW� DQDO\VHG� WKH� FRQWH[W� RI� HGXFDWLRQ� LQ� 1DPLELD� DQG�

SUREOHPV� DVVRFLDWHG� ZLWK� LW�� DQG� FDUULHG� RXW� D� VHDUFK� IRU� UHOHYDQW� ILQGLQJV�

IURP�SUHYLRXV� UHVHDUFK�DQG� WKHRU\��7KLV� DQDO\VLV� UHVXOWHG� LQ� WHQWDWLYH�GHVLJQ�

VSHFLILFDWLRQV� DQG� JXLGHOLQHV� IRU� WKH� GHYHORSPHQW� RI� WHDFKHU� VXSSRUW�

PDWHULDOV�� 6XEVHTXHQWO\�� LQ� WKH� GHYHORSPHQW� RI� SURWRW\SHV� VWDJH�� LW� GHVLJQHG� DQG�

IRUPDWLYHO\� HYDOXDWHG� SURWRW\SH� WHDFKHU� VXSSRUW� PDWHULDOV� WKDW� FDQ� DFW� DV� D�

FDWDO\VW�IRU�LQLWLDO�FXUULFXOXP�LPSOHPHQWDWLRQ��)LQDOO\��LQ�WKH�HYDOXDWLRQ�VWDJH��LW�

HYDOXDWHG�WKH�HIIHFWLYHQHVV�RI�WKH�PDWHULDOV�LQ�WKH�FODVVURRP���

�

)URP�WKH�RQVHW��IOH[LELOLW\�ZDV�DQ�LPSRUWDQW�DVSHFW�RI�WKH�UHVHDUFK�GHVLJQ��

7KH�1DPLELDQ� HGXFDWLRQ� V\VWHP�ZDV� LQ� D� VWDWH� RI� FRQWLQXRXV� GHYHORSPHQW�

DQG�FKDQJH� LQ� WKH�HDUO\� \HDUV�DIWHU� LQGHSHQGHQFH��7KH�SROLF\� IUDPHZRUN� IRU�

HGXFDWLRQDO�FKDQJH�GLG�GHYHORS�RYHU�WLPH��EXW�WKH�ORFDO�LPSOLFDWLRQV�FRXOG�QRW�

DOZD\V�EH�IRUHVHHQ�DW�WKH�WLPH�WKH�UHVHDUFK�GHVLJQ�ZDV�HVWDEOLVKHG��0RUHRYHU��

WKH� VWXG\� ZDV� HPEHGGHG� LQ� WKH� IUDPHZRUN� IRU� LQ�VHUYLFH� WHDFKHU� WUDLQLQJ�

DFWLYLWLHV� RI� WKH� ,167$17� 3URMHFW�� 6FKHGXOLQJ� RI� ZRUNVKRSV� DQG� FOXVWHU�

PHHWLQJV� E\� WKH� SURMHFW� ZDV� RIWHQ� GLIILFXOW� LQ� D� VLWXDWLRQ� ZKHUH�

FRPPXQLFDWLRQ� ZLWK� WKH� UHJLRQV� DQG� VFKRROV� ZDV� FXPEHUVRPH�� DQG� ZKHUH�

WHDFKHUV�DQG�VFKRROV�KDG�WR�GHDO�ZLWK�VHYHUDO�GLIIHUHQW�VXSSRUW�JURXSV�IRU�LQ�

VHUYLFH�WUDLQLQJ��2SSRUWXQLWLHV�WR�PHHW�ZLWK�JURXSV�RI�WHDFKHUV�RU�WR�REVHUYH�

FODVVHV� LQ� WKH� FRQWH[W� RI� WKH� VWXG\� ZHUH�� DV� D� UHVXOW�� HTXDOO\� GLIILFXOW�� 7KH�

GHVLJQ�RI� WKH� VWXG\� DV�RXWOLQHG� LQ� WKLV� FKDSWHU� HPHUJHG�RYHU� WLPH� �FRPSDUH�

WKH�QRWLRQ�RI� HPHUJHQW�GHVLJQ�� 6PLWK�� �������7KH�QHFHVVDU\� IOH[LELOLW\� FRXOG�

EH� DFKLHYHG� E\� FRQGXFWLQJ� VHYHUDO� VPDOOHU� ILHOG�WHVWV� LQ� GLIIHUHQW� LWHUDWLRQV��

ZKLFK�FRXOG�UHVSRQG�WR�ORFDO�FLUFXPVWDQFHV�DW�IDLUO\�VKRUW�QRWLFH���

�

�

���� 'HYHORSPHQW�UHVHDUFK��

�

������ *HQHUDO�FRQFHSW�

�

(GXFDWLRQDO� GHYHORSPHQW� RIWHQ� WDNHV� SODFH� LQ� FRPSOH[� VLWXDWLRQV� XQGHU�

XQFHUWDLQ�FLUFXPVWDQFHV��EXW�ZLWK�KLJK�DPELWLRQV��1DPLELD�LPPHGLDWHO\�DIWHU�

LQGHSHQGHQFH� VHHPHG� QR� H[FHSWLRQ�� 5HVHDUFK� WR� VXSSRUW� WKH� GHVLJQHUV� RI�

UHIRUP� SURJUDPPHV� DQG� GHFLVLRQ� PDNHUV� FDQ� EH� XVHIXO� LQ� VXFK� VLWXDWLRQV��



5HVHDUFK GHVLJQ ��

+RZHYHU�� WUDGLWLRQDO� UHVHDUFK� DSSURDFKHV� GR� QRW� DOZD\V� SURYLGH� VXIILFLHQW�

VXSSRUW�WR�GHVLJQ�DQG�GHYHORSPHQW�HIIRUWV�LQ�VXFK�VLWXDWLRQV��DV�DQVZHUV�DUH�

RIWHQ� WRR�QDUURZ�� WRR� VXSHUILFLDO� DQG� WRR� ODWH� WR� EH� XVHIXO� �YDQ� GHQ�$NNHU��

�������0RUH�DGHTXDWH� LQIRUPDWLRQ�DQG�PRUH� WLPHO\� IHHGEDFN� LV� UHTXLUHG� IRU�

GHVLJQHUV� WR� PDNH� WKH� ULJKW� FKRLFHV� LQ� VXFK� G\QDPLF� FLUFXPVWDQFHV��

'HYHORSPHQW�UHVHDUFK�FRXOG�SURYLGH�D�XVHIXO�DOWHUQDWLYH�VXSSRUW�LQ�FRPSOH[�

VLWXDWLRQV� ZKHUH� QHHGV� DUH� GLYHUVH�� SUREOHPV� LOO� GHILQHG� DQG� RXWFRPHV� RI�

LQWHUYHQWLRQV�RIWHQ�XQNQRZQ��YDQ�GHQ�$NNHU���������

:DONHU��������VHHV�GHYHORSPHQW�UHVHDUFK�SULPDULO\�DV�D�PHDQV�WR�SURGXFW�

LPSURYHPHQW�� 
WR� LQIRUP� WKH� GHFLVLRQ� PDNLQJ� SURFHVV� GXULQJ� WKH� GHVLJQ��

SURGXFWLRQ� DQG� LPSOHPHQWDWLRQ� ���� RI� DQ� HGXFDWLRQDO� SURJUDP� ZLWK� WKH�

SXUSRVH�RI�LPSURYLQJ�WKH�SURJUDP
��R�F���S��������9DQ�GHQ�$NNHU�DQG�3ORPS�

�������GHILQH�GHYHORSPHQW�UHVHDUFK�E\�LWV�WZRIROG�SXUSRVH���

� GHYHORSPHQW� RI� SURWRW\SLFDO� SURGXFWV� �FXUULFXOXP� GRFXPHQWV� DQG�

PDWHULDOV���LQFOXGLQJ�HPSLULFDO�HYLGHQFH�RI�WKHLU�TXDOLW\��

� JHQHUDWLQJ�PHWKRGRORJLFDO�GLUHFWLRQV�IRU�WKH�GHVLJQ�DQG�HYDOXDWLRQ�RI�VXFK�

SURGXFWV��

�

'XULQJ�WKH� WLPH�WKH�0D&�VWXG\�SURFHHGHG�� WKH�SULQFLSOHV�RI�GHYHORSPHQW�

UHVHDUFK�KDYH�EHHQ� IXUWKHU�DUWLFXODWHG��QRWDEO\�E\�5LFKH\�DQG�1HOVRQ� �������

DQG�9DQ�GHQ�$NNHU���������5LFKH\�DQG�1HOVRQ�GHVFULEH�GHYHORSPHQW�UHVHDUFK�

DV�DQ�LQTXLU\�JXLGLQJ�WKH�GHVLJQ��GHYHORSPHQW�DQG�HYDOXDWLRQ�SURFHVVHV��9DQ�

GHQ�$NNHU� �������GLVWLQJXLVKHV� WZR�GLIIHUHQW� W\SHV�RI�GHYHORSPHQW� UHVHDUFK�

GHSHQGLQJ�RQ�LWV�DLPV�DQG�RQ�WKH�WLPH�WKH�UHVHDUFK�FRPSRQHQW�WDNHV�SODFH�LQ�

UHODWLRQ� WR� LWV� GHVLJQ� DQG� GHYHORSPHQW� SKDVH�� IRUPDWLYH� UHVHDUFK� DQG�

UHFRQVWUXFWLYH�VWXGLHV���

)RUPDWLYH� UHVHDUFK� LQFOXGHV� UHVHDUFK� DFWLYLWLHV� XQGHUWDNHQ� WKURXJKRXW� WKH�

GHVLJQ�DQG�GHYHORSPHQW�SURFHVV�RI�D�VSHFLILF�LQWHUYHQWLRQ��H�J��SURJUDPPHV��

PDWHULDOV��� IURP� H[SORUDWRU\� VWXGLHV� WKURXJK� WR� IRUPDWLYH� DQG� VXPPDWLYH�

HYDOXDWLRQ�DFWLYLWLHV��7KHVH�DFWLYLWLHV�DUH�DLPHG�DW�RSWLPLVLQJ�WKH�TXDOLW\�RI�WKH�

LQWHUYHQWLRQ� DV�ZHOO� DV� WKH� WHVWLQJ� RI� GHVLJQ� SULQFLSOHV��2Q� WKH� RWKHU� KDQG��

UHFRQVWUXFWLYH� VWXGLHV� UHSUHVHQW� UHVHDUFK� DFWLYLWLHV� XQGHUWDNHQ� PRVWO\� DIWHU�

FRPSOHWLRQ�RI�WKH�GHYHORSPHQW�SURFHVV�RI�VHYHUDO�LQWHUYHQWLRQV��7KH�DFWLYLWLHV�

LQ�WKHVH�VWXGLHV�IRFXV�RQ�WKH�DUWLFXODWLRQ�DQG�HODERUDWLRQ�RI�GHVLJQ�SULQFLSOHV��

�
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������ 'HYHORSPHQW�UHVHDUFK�LQ�WKH�1DPLELDQ�FRQWH[W�

�

7KH� ,167$17� 3URMHFW� LQ� 1DPLELD� KDG� EHHQ� GHYHORSLQJ� FXUULFXOXP�

PDWHULDOV�ULJKW�IURP�WKH�RQVHW�RI�WKH�SURMHFW�LQ�������:KLOH�WHDFKHUV�H[SUHVVHG�

D� JUHDW� DSSUHFLDWLRQ� IRU� WKH�PDWHULDOV�� WKHUH� ZDV� YHU\� OLWWOH� IHHGEDFN� RQ� WKH�

DFWXDO� XVH� RI� WKHVH�PDWHULDOV� LQ� WKH� FODVVURRP� DQG� WKHLU� FRQWULEXWLRQ� WR� WKH�

SURFHVV�RI�FXUULFXOXP�LPSOHPHQWDWLRQ��(DUO\�PRQLWRULQJ�H[HUFLVHV�FDUULHG�RXW�

E\� WKH�0LQLVWU\� RI� (GXFDWLRQ� DQG� &XOWXUH� �0(&�� ������ ������ VKRZHG� WKDW�

WHDFKLQJ�KDG�QRW�FKDQJHG�WR�D�PRUH�OHDUQHU�FHQWUHG�VW\OH��DV�SUHVFULEHG�E\�WKH�

QHZ� FXUULFXOXP�� ,QVWHDG�� WKH� WHDFKHU� ZDV� VWLOO� WKH� GRPLQDQW� ILJXUH� LQ�

FODVVURRP�ZLWK�VLOHQW�VWXGHQWV��7KH�,167$17�3URMHFW�WKHUHIRUH�FRQVLGHUHG�D�

PRUH�FDUHIXO�GHYHORSPHQW�SURFHVV�ZLWK�WKH�WHDFKHU�LQ�WKH�FODVVURRP�LQ�PLQG��

'HYHORSPHQW�UHVHDUFK�VHHPHG�DQ�DWWUDFWLYH�DSSURDFK�IRU�WKH�GHYHORSPHQW�RI�

SURWRW\SHV� RI� WHDFKHU� VXSSRUW� PDWHULDOV� LQ� WKH� UDSLGO\� FKDQJLQJ� 1DPLELDQ�

FRQWH[W�� ZLWK� WKHLU� DPELWLRXV� QHZ� HGXFDWLRQDO� JRDOV�� IHZ� TXDOLILHG� WHDFKHUV��

XQGHU�UHVRXUFHG�VFKRROV�DQG�XQFOHDU�LPSOHPHQWDWLRQ�FRQGLWLRQV��,Q�DGGLWLRQ��

GHYHORSPHQW� UHVHDUFK� DOVR� SURYLGHG� RSSRUWXQLWLHV� IRU� WHVWLQJ� FKDUDFWHULVWLFV�

RI�VXFK�PDWHULDOV�DQG�JHQHUDWLQJ�PHWKRGRORJLFDO�GLUHFWLRQV��

9DQ� GHQ� $NNHU�� 2WWHYDQJHU� DQG� 3ORPS� ������� H[SORUHG� WKH� SRWHQWLDO� RI�

GHYHORSPHQW� UHVHDUFK� LQ� GHYHORSLQJ� FRXQWULHV�� ZLWK� HPSKDVLV� RQ� WKH�

1DPLELDQ�VLWXDWLRQ��,Q�DGGLWLRQ�WR�WKH�WZR�SXUSRVHV�PHQWLRQHG�LQ��������RWKHU�

SRVVLEOH�UHVXOWV�ZHUH�FRQVLGHUHG�LPSRUWDQW���

� EHWWHU�XQGHUVWDQGLQJ�RI�WKH�ORFDO�LPSOHPHQWDWLRQ�FRQGLWLRQV�DQG�SUREOHPV�

WHDFKHUV�DUH�IDFLQJ��DQG��

� LQFUHDVHG�H[SHUWLVH�DQG�SURIHVVLRQDO�JURZWK�RI� WKH�YDULRXV�SDUWLFLSDQWV� LQ�

WKH�GHYHORSPHQW�SURFHVV���

7KH\�DUJXHG�WKDW�LQ�WKH�1DPLELDQ�VLWXDWLRQ�DIWHU�LQGHSHQGHQFH�IURP�6RXWK�

$IULFD� LQ� ������ PDQ\� DVSHFWV� RI� WKH� HGXFDWLRQDO� V\VWHP� ZHUH� LQ� D� VWDWH� RI�

FKDQJH�� $� YDULHW\� RI� SUREOHPV� SUHYHQWHG� D� VPRRWK� LPSOHPHQWDWLRQ� RI�

FXUULFXOXP� LQQRYDWLRQV� LQ� 1DPLELDQ� FODVVURRPV� �VHH� DOVR� FKDSWHU� ���� $V�

LPSOHPHQWDWLRQ� FRQGLWLRQV� ZHUH� RIWHQ� XQFOHDU�� EXW� YDULHG� IURP� UHJLRQ� WR�

UHJLRQ� �� DQG� VRPHWLPHV� IURP� VFKRRO� WR� VFKRRO� �� WKH� XVH� RI� GHYHORSPHQW�

UHVHDUFK� WR�JXLGH� WKH�GHYHORSPHQW�RI�SURJUDPPHV�DQG�FXUULFXOXP�PDWHULDOV�

FRXOG� WDNH�DZD\�VRPH�RI� WKH�XQFHUWDLQWLHV�RI� WKH�GHYHORSPHQW�SURFHVV��7KH�

DGGLWLRQDO� RXWFRPHV� �SURIHVVLRQDO� JURZWK� DQG� LQFUHDVHG� H[SHUWLVH� RI� WKH�

SDUWLFLSDQWV� LQ� WKH� GHYHORSPHQW� SURFHVV�� ZDV� FRQVLGHUHG� WR� EH� HVSHFLDOO\�

XVHIXO�LQ�OLJKW�RI�WKH�QHHG�IRU�EXLOGLQJ�ORFDO�FDSDFLW\�LQ�GHYHORSLQJ�FRXQWULHV���



5HVHDUFK GHVLJQ ��

$FFRUGLQJ� WR� WKH� W\SRORJ\� RI� YDQ� GHQ� $NNHU� ������� WKH�0D&� VWXG\� LV� D�

W\SLFDO�H[DPSOH�RI� IRUPDWLYH�UHVHDUFK��7KH�DLPV��HPSKDVLV��DQG�SURMHFWHG�UHVXOWV�

RI�WKH�0D&�VWXG\�DUH�VXPPDULVHG�LQ�WDEOH������

�

7DEOH������ )RFXV�DQG�SURMHFWHG�UHVXOWV�RI�GHYHORSPHQW�UHVHDUFK�LQ�WKH�0D&�VWXG\�

'HYHORSPHQW�UHVHDUFK�LQ�WKH�0D&�VWXG\�

7\SH� )RUPDWLYH�UHVHDUFK�

$LPV� ,PSURYHPHQW�RI�WHDFKHU�VXSSRUW�PDWHULDOV��LQ�WKH�IRUP�RI�

H[HPSODU\�OHVVRQ�PDWHULDOV��DQG�WHVWLQJ�FKDUDFWHULVWLFV�� �

7HPSRUDO�HPSKDVLV� 7KURXJKRXW�GHVLJQ�DQG�GHYHORSPHQW� �

5HVXOWV� ��� ,PSURYHG�KLJK�TXDOLW\�WHDFKHU�VXSSRUW�PDWHULDOV� �

��� /HVVRQV�OHDUQHG��DERXW� �

� FKDUDFWHULVWLFV�RI�KLJK�TXDOLW\�OHVVRQ�PDWHULDOV �

� GHYHORSPHQW�SURFHVV�RI�OHVVRQ�PDWHULDOV �

� LPSOHPHQWDWLRQ�FLUFXPVWDQFHV�SUREOHPV �

�XVHIXO�IRU�FXUULFXOXP�GHYHORSHUV��LQ�VHUYLFH�SURYLGHUV��

HGXFDWLRQDO�SODQQHUV�� �

��� 3URIHVVLRQDO�JURZWK�RI�WKH�YDULRXV�SDUWLFLSDQWV �

�

)RUPDWLYH�UHVHDUFK�LV�FKDUDFWHULVHG�E\�D�PL[�RI�GHYHORSPHQW�DQG�UHVHDUFK��

,PSRUWDQW�DVSHFWV�RI�GHYHORSPHQW�UHVHDUFK�DFWLYLWLHV�DUH� LWV�F\FOLF�QDWXUH� �RI�

GHVLJQ��HYDOXDWLRQ�DQG�UHIOHFWLRQ��DQG�WKH�XVH�RI�IRUPDWLYH�HYDOXDWLRQ�DV�D�NH\�

DFWLYLW\�WR�HVWDEOLVK�HYLGHQFH�RI�SURGXFW�TXDOLW\�DQG�WR�JHQHUDWH�JXLGHOLQHV�IRU�

SURGXFW� LPSURYHPHQW�� 7KH� IROORZLQJ� VWDJHV� FDQ� EH� GLVWLQJXLVKHG� LQ� D�

GHYHORSPHQW� UHVHDUFK� DSSURDFK� �YDQ� GHQ� $NNHU�� ������ YDQ� GHQ� $NNHU� 	�

3ORPS��������1LHYHHQ��������5LFKH\�	�1HOVRQ���������

��� IURQW�HQG� DQDO\VLV� �LQFOXGLQJ� FRQWH[W� DQG� SUREOHP� DQDO\VLV�� OLWHUDWXUH�

UHYLHZ�� DQDO\VLV� RI� DYDLODEOH� SURPLVLQJ� VLPLODU� H[DPSOHV�� UHYLHZ� RI�

LQWHQWLRQV�DQG�SHUFHSWLRQV�RI�1DPLELDQ�FXUULFXOXP�GHYHORSHUV���

��� GHYHORSPHQW� RI� SURWRW\SHV� �WKURXJK� D� F\FOLF� SURFHVV� RI� GHVLJQ� DQG�

IRUPDWLYH�HYDOXDWLRQ�DFWLYLWLHV���

��� HYDOXDWLRQ�RI�WKH�HIIHFWLYHQHVV�RI�WKH�SURGXFW���LQ�SDUWLFXODU�LQ�WHUPV�RI�WKH�

ZD\� LW� DVVLVWV� WHDFKHUV� ZLWK� D� PRUH� SUDFWLFDO� WHDFKLQJ� VW\OH� ZLWK� DFWLYH�

LQYROYHPHQW�RI�VWXGHQWV���

�

7KHVH�WKUHH�VWDJHV�DUH�IXUWKHU�HODERUDWHG�LQ�VHFWLRQV�������DQG�������EHORZ��
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���� 'HYHORSLQJ�WKH�0D&�VWXG\��

�

3DUDOOHO� WR� VWDJHV� LQ� GHYHORSPHQW� UHVHDUFK�� WKH� 0D&� VWXG\� FRQVLVWHG� RI�

WKUHH� VWDJHV�� D� IURQW�HQG� DQDO\VLV�� GHVLJQ� DQG� IRUPDWLYH� HYDOXDWLRQ� RI�

SURWRW\SHV�DQG�UHIOHFWLRQ�RQ�WKH�UHVXOWV��DQG�DQ�HYDOXDWLRQ�RI�WKH�HIIHFWLYHQHVV�

RI�PDWHULDOV�ZKHQ� LPSOHPHQWHG�� 7KHVH� WKUHH� VWDJHV� DUH� IXUWKHU� GLVFXVVHG� LQ�

VHFWLRQV��������IURQW�HQG�DQDO\VLV���DQG��������GHYHORSPHQW�RI�SURWRW\SHV�DQG�

WHVWLQJ�LWV�TXDOLW\���

�

������ )URQW�HQG�DQDO\VLV�

�

7KH� IURQW�HQG� DQDO\VLV� LQ� WKH� 0D&� VWXG\� LQFOXGHG� D� FRQWH[W� DQDO\VLV� DQG�

SUREOHP�DQDO\VLV��GHVFULEHG�LQ�FKDSWHU����DQG�D�UHYLHZ�RI�WKH�UHOHYDQW�OLWHUDWXUH�

RQ� FXUULFXOXP� LPSOHPHQWDWLRQ� LQ� WKH� 6RXWKHUQ� $IULFD� UHJLRQ� �FKDSWHU� ����

$QDO\VLV�RI�SURPLVLQJ�H[DPSOHV�RI�PDWHULDOV�GHYHORSPHQW�IRFXVHG�LQ�SDUWLFXODU�

RQ� VWXGLHV� VLPLODU� WR� WKH� 0D&� VWXG\�� ZDV� FDUULHG� RXW� DW� WKH� 8QLYHUVLW\� RI�

7ZHQWH� �VHH� VHFWLRQ������� IRU�GHWDLOV���7KURXJK� FRQVXOWDWLRQV�ZLWK�1DPLELDQ�

FXUULFXOXP�GHYHORSHUV� DQG� WH[WERRNV� DXWKRUV�� WKH� GHVLJQHUV� RI� WKH�PDWHULDOV�

IXUWKHU�H[SORUHG�WKHLU�YLHZV�RQ�WKH�RSHUDWLRQDO�VFLHQFH�FXUULFXOXP��GHVFULEHG�

LQ�FKDSWHU�����

7KH�DERYH�DFWLYLWLHV�UHVXOWHG�LQ�SUHOLPLQDU\�GHVLJQ�VSHFLILFDWLRQV�IRU�WHDFKHU�

VXSSRUW�PDWHULDOV�GHHPHG�YDOLG�LQ�WKH�VSHFLILF�1DPLELDQ�HGXFDWLRQDO�FRQWH[W��

ZLWK� LWV� W\SLFDO�SUREOHPV�RI� D� ODUJHO\�XQTXDOLILHG�DQG� LQH[SHULHQFHG� WHDFKLQJ�

IRUFH� LQ� VFLHQFH� DQG� PDWKHPDWLFV�� H[HFXWLQJ� DQ� DPELWLRXV� QHZ� VFLHQFH�

FXUULFXOXP�ZLWK�XQFOHDUO\�HODERUDWHG�JRDOV��VHH�FKDSWHU������

7KH� 0D&� VWXG\� LQFOXGHG� WZR� VHSDUDWH� VXE�VWXGLHV�� WKH� 6FLHQWLILF� 3URFHVVHV�

VWXG\� DQG� WKH�0DWHULDOV� VWXG\�� 7KH� 6FLHQWLILF� 3URFHVVHV� VWXG\� LQFRUSRUDWHG� WKH�

GUDIW� GHVLJQ� VSHFLILFDWLRQV� UHVXOWLQJ� IURP� WKH� IURQW�HQG� DQDO\VLV� LQ� D� ILUVW�

SURWRW\SH�RI�WHDFKHU�VXSSRUW�PDWHULDOV��DQG�WHVWHG�WKH�YDOLGLW\�DQG�SUDFWLFDOLW\�

RI�WKH�GHVLJQ����

�

������ 'HYHORSPHQW�RI�SURWRW\SHV�DQG�WHVWLQJ�WKHLU�TXDOLW\�

�

'HYHORSPHQW�RI�SURWRW\SHV�

7KH�GHYHORSPHQW� SURFHVV� LQ� WKH�0D&� VWXG\�ZDV� GULYHQ�E\� D�SURWRW\SLQJ�

DSSURDFK��$�SURWRW\SH�LV�D�¶SUHOLPLQDU\�YHUVLRQ�RU�D�PRGHO�RI�DOO�RU�SDUW�RI�D�

V\VWHP�EHIRUH� IXOO� FRPPLWPHQW� LV�PDGH� WR�GHYHORS� LW�·� �6PLWK��������S�� �����
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7KH� VWXG\� LQFRUSRUDWHG� LPSRUWDQW� DVSHFWV� RI� VXFK� D� SURWRW\SLQJ� DSSURDFK��

LQFOXGLQJ� WKH� ��� H[WHQVLYH� XVH� RI� SURWRW\SHV�� ��� KLJK� GHJUHH� RI� LWHUDWLRQ�

WKURXJK�D�F\FOLF�GHYHORSPHQW�VWUDWHJ\��DQG����SDUWLFLSDWLRQ�RI��UHSUHVHQWDWLYHV�

RI�WKH��WDUJHW�JURXS��6PLWK��������VHH�DOVR�.HXUVWHQ��������1LHYHHQ���������

([WHQVLYH�XVH�RI�SURWRW\SHV�²�7KH�0D&�VWXG\�XVHG�DQ�HYROXWLRQDU\�SURWRW\SLQJ�

DSSURDFK��RULJLQDO�SURWRW\SHV�RI�WHDFKHU�VXSSRUW�PDWHULDOV� LWHUDWHG�WRZDUGV�D�

PRUH�GHILQLWH�YHUVLRQ�WKURXJK�FRQWLQXHG�UHILQHPHQWV�EDVHG�RQ�UHIOHFWLRQV�RI�

IRUPDWLYH�HYDOXDWLRQ�UHVXOWV��7KH�ILQDO�YHUVLRQ�FDQ�EH�FRQVLGHUHG�DV�WKH�ODWHVW�

YHUVLRQ�RI�WKH�RULJLQDO�SURWRW\SH���

+LJK� GHJUHH� RI� LWHUDWLRQ� ²� 'HYHORSPHQW� RI� WKH� SURWRW\SHV� RI� WKH� WHDFKHU�

VXSSRUW�PDWHULDOV� WRRN�SODFH� WKURXJK�D� F\FOLF� DSSURDFK�RI�GHVLJQ�� IRUPDWLYH�

HYDOXDWLRQ� DQG� UHIOHFWLRQ�� FRPSULVLQJ� VHYHUDO� LWHUDWLRQV�� ,QWHUDFWLRQ� ZLWK�

VWXGHQWV��WHDFKHUV��DGYLVRU\�WHDFKHUV��VFKRRO�SULQFLSDOV��WH[WERRNV�ZULWHUV�DQG�

FXUULFXOXP�GHYHORSHUV�DQG�WHVWLQJ�WKH�TXDOLW\�RI�WKH�PDWHULDOV�LQ�VHWWLQJV�ZKHUH�

WKH\�ZRXOG�HYHQWXDOO\�EH�XVHG��SURYLGHG�WKH�EDVLV�IRU�UHYLVLRQV�RI�SURWRW\SHV��

7KH� LWHUDWLYH� SURFHVV�� FRPSULVLQJ� VHYHUDO� VPDOOHU� VWXGLHV�� SURYLGHG� WKH�

IOH[LELOLW\�UHTXLUHG�LQ�WKH�FRQWH[W�RI�1DPLELD�DQG�WKH�,167$17�3URMHFW���

3DUWLFLSDWLRQ� RI� WDUJHW� JURXS� ²7HDFKHUV� PDGH� YHU\� LPSRUWDQW� FRQWULEXWLRQV�

GXULQJ� WKH�GHYHORSPHQW�RI� WKH� WHDFKHU� VXSSRUW�PDWHULDOV��7HDFKHUV·� REYLRXV�

NQRZOHGJH�RI�WKHLU�RZQ�ORFDO�FRQGLWLRQV��QRW�QHFHVVDULO\�DOZD\V�NQRZQ�WR�WKH�

GHVLJQHU�LQ�HQRXJK�GHWDLO��FRQWULEXWHG�WR�DQ�LQFUHDVH�LQ�WKH�SUDFWLFDOLW\�RI�WKH�

PDWHULDOV��,Q�UHWXUQ��WKURXJK�D�SURFHVV�RI�UHIOHFWLRQ�RQ�WKH�PDWHULDOV��RIWHQ�DV�

D� FROODERUDWLYH� H[HUFLVH� DW� ZRUNVKRSV�� WHDFKHUV·� LQYROYHPHQW� LQ� WKH�

GHYHORSPHQW� SURFHVV� UHVXOWHG� LQ� RSSRUWXQLWLHV� IRU� SURIHVVLRQDO� JURZWK��

1LHYHHQ� ������� LQGLFDWHV� SRVLWLYH� HIIHFWV� IURP� XVHU� LQYROYHPHQW� LQ� WKH�

GHYHORSPHQW�SURFHVV��DOVR�UHOHYDQW�WR�WKH�1DPLELDQ�VLWXDWLRQ��

� PRUH�DFFXUDWH�LQIRUPDWLRQ�DERXW�WKH�WDVNV�ZKLFK�UHTXLUH�VXSSRUW��

� PRUH�LQWHQVLYH�GLVFXVVLRQV�DERXW�WKH�UHTXLUHPHQWV�RI�WKH�PDWHULDOV���

� EHWWHU�RSSRUWXQLWLHV�WR�QHJRWLDWH�DQG�MXVWLI\�GHVLJQ�LGHDV��

� LQFUHDVHG�XVHU�FRPPLWPHQW�DQG�RZQHUVKLS�RI�WKH�ILQDO�SURGXFW��DQG�

� SURIHVVLRQDO�JURZWK�RI�WKH�SDUWLFLSDQWV���

�

4XDOLW\�DVSHFWV�RI�SURWRW\SLFDO�FXUULFXOXP�PDWHULDOV�

7KH�0D&� VWXG\� VHW�RXW� WR� HVWDEOLVK� FKDUDFWHULVWLFV�RI�KLJK�TXDOLW\� WHDFKHU�

VXSSRUW� PDWHULDOV�� ,W� DLPHG� DW� LPSURYLQJ� WKH� TXDOLW\� RI� WKH� PDWHULDOV� DQG�

WHVWLQJ�FKDUDFWHULVWLFV�IRU�WHDFKHU�VXSSRUW�PDWHULDOV�WKURXJKRXW�WKH�GHVLJQ�DQG�
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GHYHORSPHQW� SURFHVV�� 4XDOLW\� IRU� FXUULFXOXP� PDWHULDOV� KDV� WKUHH� DVSHFWV��

YDOLGLW\�� SUDFWLFDOLW\� DQG� HIIHFWLYHQHVV� �1LHYHHQ�� ������� )RU� FXUULFXOXP�

PDWHULDOV� WR� DVVLVW� WHDFKHUV� ZLWK� WKH� LPSOHPHQWDWLRQ� RI� FXUULFXOXP� UHIRUPV��

WKH\�ZRXOG� QHHG� WR� FRQWULEXWH� WR� WKH� DOLJQPHQW� RI� WKH� LQWHQGHG� FXUULFXOXP�

ZLWK�WKH�RWKHU�FXUULFXOXP�UHSUHVHQWDWLRQV��SHUFHLYHG��RSHUDWLRQDO��H[SHULHQWLDO�

DQG� DWWDLQHG��� 9DOLGLW\� UHIHUV� WR� WKH� XVH� RI� VWDWH�RI�WKH�DUW� NQRZOHGJH� LQ�

GHVLJQLQJ� SURWRW\SHV� DQG� LQWHUQDO� FRQVLVWHQF\� RI� WKH� PDWHULDOV�� L�H�� DOO�

FRPSRQHQWV�RI� WKH� LQWHQGHG�FXUULFXOXP� �H�J�� VXEMHFW�PDWWHU�� VNLOOV�� DWWLWXGHV��

SHGDJRJ\��DVVHVVPHQW��DUH�FRQQHFWHG�LQ�D�FRKHUHQW�DQG�ORJLFDO�ZD\��

,I�WHDFKHUV�DUH�DEOH�WR�XVH�WKH�PDWHULDOV�WR�H[HFXWH�WKHLU�OHVVRQV�LQ�D�ORJLFDO�

DQG�FRKHUHQW�PDQQHU��ZLWKRXW�WRR�PDQ\�SUREOHPV��WKH�PDWHULDOV�DUH�VDLG�WR�EH�

SUDFWLFDO�� 'R\OH� 	� 3RQGHU� ������� GHILQHG� WKUHH� GLPHQVLRQV� RI� SUDFWLFDOLW\��

LQVWUXPHQWDOLW\�� FRQJUXHQFH� DQG� FRVW�� ,QVWUXPHQWDOLW\� UHODWHV� WR� FODULW\� DQG� WKH�

SURYLVLRQ� RI� FOHDU� SURFHGXUHV� RXWOLQLQJ� WKH� FKDQJH��&RQJUXHQFH� UHIHUV� WR� WKH�

H[WHQW� WR� ZKLFK� D� FKDQJH� SURSRVDO� PDWFKHV� WKH� SUHYDLOLQJ� FRQGLWLRQV�� &RVW�

LQYROYHV�WKH�LQYHVWPHQWV�WHDFKHUV�QHHG�WR�PDNH�WR�LPSOHPHQW�WKH�FKDQJH��DQG�

WKH� EHQHILWV� WKDW�PLJKW� UHVXOW�� 3UDFWLFDOLW\� RI� VXSSRUW�PDWHULDOV� WKXV� LPSOLHV�

WKDW�WKH�PDWHULDOV�VKRXOG�PHHW�WKH�QHHGV��ZLVKHV�DQG�FRQWH[WXDO�FRQVWUDLQWV�RI�

WKH�PHPEHU�WHDFKHUV��1LHYHHQ����������

(IIHFWLYHQHVV� RI� WHDFKHU� VXSSRUW� PDWHULDOV� DV� D� FDWDO\VW� IRU� FXUULFXOXP�

LPSOHPHQWDWLRQ�LV�D�PXOWL�OD\HUHG�FKDUDFWHULVWLF��)LUVWO\��LW�UHIHUV�WR�WKH�H[WHQW�

WR� ZKLFK� WKH� PDWHULDOV� XVHG� E\� WHDFKHUV� OHDG� WR� OHVVRQV�� ZKLFK� DUH� LQ�

DFFRUGDQFH� ZLWK� WKH� LQWHQWLRQV� RI� WKH� FXUULFXOXP� GHYHORSHUV� �FRQJUXHQFH�

EHWZHHQ� LQWHQGHG� DQG� RSHUDWLRQDO� FXUULFXOXP��� (IIHFWLYHQHVV� DOVR� UHIHUV� WR�

FRQJUXHQFH� EHWZHHQ� WKH� LQWHQGHG� DQG� H[SHULHQWLDO� FXUULFXOXP� �KRZ� GR�

VWXGHQWV� H[SHULHQFH� WKH� OHVVRQV"���8OWLPDWHO\�� KRZHYHU�� VWXGHQW� DFKLHYHPHQW�

FDQ�EH�FRQVLGHUHG�DV�D�UHIOHFWLRQ�RI�HIIHFWLYHQHVV��OLQNLQJ�WKH�LQWHQGHG�DQG�WKH�

DWWDLQHG�FXUULFXOXP���

�

7KHVH� WKUHH� TXDOLW\� DVSHFWV� DUH� DGGUHVVHG� LQ� WKH� WZR� HPSLULFDO� VWXGLHV�

FDUULHG�RXW�LQ�WKH�IUDPHZRUN�RI�WKH�0D&�VWXG\��WKH�6FLHQWLILF�3URFHVVHV�VWXG\�DQG�

WKH�0DWHULDOV�VWXG\���

�

�
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���� (PSLULFDO�VWXGLHV�

�

7KH� 0D&� VWXG\� LQFOXGHG� WZR� VHSDUDWH� VXE�VWXGLHV�� WKH� 6FLHQWLILF� 3URFHVVHV�

VWXG\� DQG� WKH�0DWHULDOV� VWXG\�� 7KH� 6FLHQWLILF� 3URFHVVHV� VWXG\� LQFRUSRUDWHG� WKH�

GUDIW�GHVLJQ�VSHFLILFDWLRQV� IRUPXODWHG�GXULQJ� WKH�IURQW�HQG�DQDO\VLV� LQ�D� ILUVW�

SURWRW\SH� RI� WHDFKHU� VXSSRUW�PDWHULDOV�� 7KH� VWXG\� WHVWHG� WKHVH� GUDIW� GHVLJQ�

VSHFLILFDWLRQV�� ,W� SURYLGHG� SUHOLPLQDU\� DQVZHUV� UHJDUGLQJ� WKH� YDOLGLW\� DQG�

SUDFWLFDOLW\�RI�WKH�SURWRW\SH�LQ�WKH�1DPLELDQ�FRQWH[W���

7KLV�VWXG\�ZDV�IROORZHG�E\�WKH�PRUH�HODERUDWHG�0DWHULDOV�VWXG\��ZKLFK�XVHG�

WKH� GHVLJQ� VSHFLILFDWLRQV� WHVWHG� LQ� WKH� 6FLHQWLILF� 3URFHVVHV� VWXG\� WR� GHYHORS�

WHDFKHU� VXSSRUW� PDWHULDOV� IRU� WKH� VFLHQFH� WRSLF� RI� 0DWHULDOV�� 7KH�0DWHULDOV�

VWXG\� IXUWKHU� H[SORUHG� WKH� YDOLGLW\� DQG� SUDFWLFDOLW\� RI� WKH� WHDFKHU� VXSSRUW�

PDWHULDOV�� EXW� JUDGXDOO\� WKH� HPSKDVLV� RI� WKH� IRUPDWLYH� HYDOXDWLRQ� VKLIWHG� WR�

WKHLU�HIIHFWLYHQHVV���

7KH�WZR�VWXGLHV�DUH�IXUWKHU�HODERUDWHG�LQ�������DQG�������EHORZ��

�

������ 5HVHDUFK�GHVLJQ�RI�WKH�6FLHQWLILF�3URFHVVHV�VWXG\�

�

7KH�6FLHQWLILF�3URFHVVHV�ZDV� WKH�ILUVW�RI� WZR�VXE�VWXGLHV� LQ� WKH�IUDPHZRUN�RI�

WKH�0D&� VWXG\�� 7KH� VWXG\� LQYROYHG� WKH� GHVLJQ� DQG� IRUPDWLYH� HYDOXDWLRQ� RI�

WHDFKHU�VXSSRUW�PDWHULDOV�IRU�WKH�WRSLF�RI�6FLHQWLILF�3URFHVVHV��D�QHZ�WRSLF�LQ�

WKH� *UDGH� �� VFLHQFH� FXUULFXOXP�� 'HVLJQHUV� XVHG� WKH� GUDIW� GHVLJQ�

FKDUDFWHULVWLFV� UHVXOWLQJ� IURP� WKH� IURQW�HQG� DQDO\VLV� WR� SUHSDUH� D� ILUVW�

SURWRW\SH��7KH�VWXG\�DWWHPSWHG�WR�FRQILUP�WKH�YDOLGLW\�RI�WKHVH�FKDUDFWHULVWLFV�

DQG�WKH�SUDFWLFDOLW\�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�ZKHQ�XVHG�E\�WHDFKHUV�LQ�

WKH�FODVVURRP��)XUWKHUPRUH��WKH�VWXG\�WULHG�WR�JHW�SUHOLPLQDU\�DQVZHUV�RQ�WKH�

HIIHFWLYHQHVV�RI� WKH�SURWRW\SH��7KH�6FLHQWLILF�3URFHVVHV� VWXG\�ZDV�JXLGHG�E\� WKH�

IROORZLQJ�UHVHDUFK�TXHVWLRQ��

�

:KDW� FRXOG� EH� WKH� FKDUDFWHULVWLFV� RI� PDWHULDOV� WKDW� DGHTXDWHO\� VXSSRUW� WHDFKHUV� ZLWK� WKH�

LQLWLDO�LPSOHPHQWDWLRQ�RI�WKH�QHZ�VFLHQFH�FXUULFXOXP"�

�

7KH� WRSLF�RI�6FLHQWLILF�3URFHVVHV� LQ� WKH�*UDGH���VFLHQFH�V\OODEXV�GHDOV�ZLWK�D�

QXPEHU� RI� EDVLF� VFLHQFH� SURFHVV� VNLOOV� VXFK� DV� PHDVXULQJ�� REVHUYLQJ��

FODVVLI\LQJ�� UHFRUGLQJ� DQG� SUHVHQWLQJ� UHVXOWV�� 7KH� FXUULFXOXP� VXJJHVWV� D�

OHDUQHU�FHQWUHG� WHDFKLQJ� DSSURDFK� ZLWK� VWXGHQW� LQYROYHPHQW� DQG� KDQGV�RQ�
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VWXGHQW� DFWLYLWLHV�� ,W� DWWHPSWV� WR� UHODWH� EDVLF� VFLHQFH� VNLOOV� WR� GDLO\� OLIH�

H[SHULHQFHV�RI� VWXGHQWV��)RU� LQVWDQFH�� LQ� DQ� DFWLYLW\� DERXW�PDVV� DQG�ZHLJKW��

VWXGHQWV� DUH� DVNHG� WR�PHDVXUH� WKHLU� RZQ� VFKRRO�EDJV� DQG� WR� FRPSDUH� WKHVH�

ZLWK� RWKHU� VWXGHQWV·� EDJV�� 6XFK� DFWLYLWLHV� H[HPSOLI\� WKH� VSLULW� RI� WKH� QHZ�

VFLHQFH� FXUULFXOXP�� KDQGV�RQ� DFWLYLWLHV� VWDUWLQJ� ZLWK� WKH� H[SHULHQFHV� RI� WKH�

VWXGHQWV���

�

$� OHVVRQ�VHULHV�RQ� WKH� WRSLF�RI�6FLHQWLILF�3URFHVVHV�ZDV�GHYHORSHG� LQ�D�F\FOLF�

SURFHVV� RI� GHVLJQ� DQG� IRUPDWLYH� HYDOXDWLRQ�� XVLQJ� WKH� IROORZLQJ� HYDOXDWLRQ�

DFWLYLWLHV��FI��1LHYHHQ��������7HVVPHU���������

� ([SHUW� DSSUDLVDO�� UHYLHZ�RI� SURWRW\SHV� RI� D� OHVVRQ� VHULHV� IRU� WKH�6FLHQWLILF�

3URFHVVHV�WRSLF�E\�1DPLELDQ�H[SHUWV�LQ�WKH�ILHOG�RI�FXUULFXOXP�GHYHORSPHQW�

DQG�SURIHVVLRQDO�GHYHORSPHQW� �IURP�WKH�,167$17�3URMHFW�DQG�0LQLVWU\�

RI�(GXFDWLRQ�DQG�&XOWXUH���RQ�D�FRQWLQXRXV�EDVLV��

� )LHOG�WHVW��RI�OHVVRQ�VHULHV�XVHG�E\�WHQ�WHDFKHUV�LQ�WKHLU�FODVVURRPV�LQ�WZR�

GLIIHUHQW�HGXFDWLRQDO�UHJLRQV���

7KH�SURWRW\SH�ZDV�GHYHORSHG�E\�WKH�UHVHDUFKHU�ZLWK�WKH�KHOS�RI�H[SHUWV�DW�

WKH�,167$17�3URMHFW�DQG�WKH�0LQLVWU\�RI�(GXFDWLRQ�LQ�1DPLELD��(YDOXDWLRQ�

RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�WRRN�SODFH�LQ�WZR�GLIIHUHQW�F\FOHV��$�WRWDO�RI�

ILYH�WHDFKHUV�WRRN�SDUW�LQ�WKH�ILUVW�F\FOH�RI�REVHUYDWLRQV��)RXU�RI�WKHP�ZHUH�LQ�

IRXU�GLIIHUHQW�VFKRROV�LQ�DQ�XUEDQ�FHQWUH�LQ�WKH�.HHWPDQVKRRS�UHJLRQ�DERXW�

��� NP� IURP� WKH� FDSLWDO�:LQGKRHN��$� ILIWK� WHDFKHU�ZDV� HPSOR\HG� DW� D� IDUP�

VFKRRO�DQ�DGGLWLRQDO����NP�IURP�WKH�XUEDQ�FHQWUH��7KLV�VFKRRO�PDLQO\�FDWHUHG�

WR�OHDUQHUV�IURP�VXUURXQGLQJ�IDUPV��$ERXW�ILYH�RU�VL[�OHVVRQV�ZHUH�REVHUYHG�

IRU�HYHU\�WHDFKHU��7KH�UHVHDUFKHU�DQG�D�UHVHDUFK�DVVLVWDQW�VDZ�DOO�OHVVRQV�LQ�WKH�

WHDFKHU�VXSSRUW�PDWHULDOV�LQ�RSHUDWLRQ�DW�OHDVW�RQFH�LQ�WKH�FODVVURRP��7HDFKHUV�

NHSW�D�ORJERRN�RI�DOO�OHVVRQV��$OO�WHDFKHUV�WRRN�SDUW�LQ�D�JURXS�LQWHUYLHZ�DW�WKH�

HQG�RI� WKH� OHVVRQ�REVHUYDWLRQV��$�JURXS�RI� WKUHH�VWXGHQWV�IURP�HDFK�VFKRRO�

WRRN�SDUW�LQ�LQWHUYLHZV�DW�WKH�HQG�RI�WKH�OHVVRQ�VHULHV��

�

7KH�VHFRQG�F\FOH�RI�FODVVURRP�REVHUYDWLRQV�WRRN�SODFH�LQ�WKH�QRUWKHDVWHUQ�

SDUW� RI� WKH�FRXQWU\�� LQ� WKH�&DSULYL� VWULS� �.DWLPD�0XOLOR� UHJLRQ��� DERXW� �����

NP�IURP�WKH�FDSLWDO��$QRWKHU�ILYH�WHDFKHUV��IRXU�IURP�WKH�UHJLRQDO�FDSLWDO��DQG�

RQH� DERXW� ��� NP� RXWVLGH�� WRRN� SDUW� LQ� WKH� VHFRQG� F\FOH� RI� FODVVURRP�

REVHUYDWLRQV��ZKLFK�ZHUH�FDUULHG�RXW�E\� WKH� UHVHDUFK�DVVLVWDQW�ZKR�KDG�DOVR�

EHHQ�LQYROYHG�LQ�WKH�REVHUYDWLRQV�LQ�WKH�.HHWPDQVKRRS�UHJLRQ��7HDFKHUV�NHSW�

D�ORJERRN�RI�DOO�OHVVRQV��$OO�WHDFKHUV�ZHUH�LQWHUYLHZHG�LQ�VHSDUDWH�LQWHUYLHZV��



5HVHDUFK GHVLJQ ��

$� JURXS� RI� VWXGHQWV� �DERXW� WKUHH� RU� IRXU�� IURP� HDFK� VFKRRO� WRRN� SDUW� LQ�

LQWHUYLHZV� DW� WKH� HQG� RI� WKH� OHVVRQ� VHULHV�� 7KH� WZR� GLIIHUHQW� UHJLRQV� ZHUH�

FKRVHQ�EHFDXVH� WKH\�ZHUH� UDWKHU�GLIIHUHQW� LQ� WHUPV�RI�PDWHULDO� IDFLOLWLHV� DQG�

RUJDQLVDWLRQDO� LQIUDVWUXFWXUH�RI� WKH� VFKRROV�� DV�ZHOO� WHDFKHU�TXDOLILFDWLRQ�DQG�

H[SHULHQFH��2WWHYDQJHU�	�%HQVFKRS����������

�

$� PLQLPDO� UHYLVLRQ� ZDV� FDUULHG� RXW� LQ� EHWZHHQ� WKH� WZR� F\FOHV�� ,W�

FRQFHQWUDWHG� RQ� D� QXPEHU� RI� LQFRQVLVWHQFLHV� EHWZHHQ� OHVVRQV� LQ� WKH�

GHVFULSWLRQ� RI� WKH� OHVVRQ� H[HFXWLRQV�� LQVXIILFLHQW� FODULW\� RQ� WKH� UROH� RI� WKH�

WHDFKHU�LQ�SDUWV�RI�VRPH�OHVVRQV��DV�ZHOO�DV�SURYLGLQJ�PRUH�VSHFLILF�SURFHGXUDO�

VSHFLILFDWLRQV�� DQG� DGGLQJ� HPSKDVLV� WR� NH\� DUHDV� RI� WH[W� E\� XVLQJ� D� EROG�

W\SHIDFH��

�

%HVLGHV� ILQGLQJ�DQVZHUV� WR� WKH� DERYH�TXHVWLRQ�� WKH�6FLHQWLILF� 3URFHVVHV� VWXG\�

DOVR� DLPHG�DW� ILQGLQJ�DQVZHUV� WR� D�QXPEHU�RI� TXHVWLRQV�RI� D�PRUH�SUDFWLFDO�

QDWXUH��6XFK�TXHVWLRQV�LQFOXGHG�¶GRHV�D�GHYHORSPHQW�UHVHDUFK�DSSURDFK�ZRUN�

LQ�WKH�RIWHQ�GHHSO\�HQWUHQFKHG�SUDFWLFHV�LQ�GHYHORSLQJ�FRXQWULHV"·�RU�¶DUH�WKH�

PHWKRGV�XVHG�DQG�WKH�YDULRXV�LQVWUXPHQWV�GHYHORSHG�WR�JDWKHU�GDWD�SUDFWLFDO�

LQ�XVH·"��

�

7KLV� LV� IXUWKHU� HODERUDWHG� LQ� FKDSWHU� ��� GHDOLQJ� ZLWK� WKH� 6FLHQWLILF� 3URFHVVHV�

VWXG\��

�

������ 5HVHDUFK�GHVLJQ�RI�WKH�0DWHULDOV�VWXG\�

�

7KH�0DWHULDOV�VWXG\�IROORZHG�WKH�6FLHQWLILF�3URFHVVHV�VWXG\��$�ILUVW�SURWRW\SH�RI�

WKH�WHDFKHU�VXSSRUW�PDWHULDOV�IRU�WKH�WRSLF�RI�¶0DWHULDOV·�ZDV�GHYHORSHG��7KH�

GHVLJQHUV�XVHG�WKH�GHVLJQ�VSHFLILFDWLRQV�IRU�WHDFKHU�VXSSRUW�PDWHULDOV�WHVWHG�LQ�

WKH� 6FLHQWLILF� 3URFHVVHV� VWXG\� �VHH� FKDSWHU� ���� 7KHVH� VSHFLILFDWLRQV� KDG� VKRZQ�

WKHLU�VXLWDELOLW\�LQ�WKH�1DPLELDQ�VLWXDWLRQ�DQG�ZHUH�XVHG�DV�D�VWDUWLQJ�SRLQW�IRU�

WKH�GHYHORSPHQW�RI� WKH�SURWRW\SH��7KH�SURWRW\SH�PDWHULDOV� FORVHO\� IROORZHG�

WKH� *UDGH� ��� WH[WERRN� �&XUU\�� /LQRZ�� 6SHHOPDQ� 	� 7MLNXXD�� ������ IRU�

DFWLYLWLHV��$V�WKH�ERRN�ZDV�GHYHORSHG�LQ�FORVH�FRRSHUDWLRQ�ZLWK�WKH�:RUNLQJ�

*URXS� �RI� WKH�0LQLVWU\� RI� (GXFDWLRQ� DQG� &XOWXUH�� WKDW� KDG� GHYHORSHG� WKH�

VFLHQFH� FXUULFXOXP�� V\OODEXV� FRYHUDJH� DQG� LQWHUQDO� FRQVLVWHQF\� RI� WKH�

SURWRW\SH�ZDV�KLJK���

�



�� &KDSWHU �

7KH�GHYHORSPHQW�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�IRU�WKH�WRSLF�RI�0DWHULDOV�

WRRN�SODFH�DV�SDUW�RI�WKH�,167$17�3URMHFW�DFWLYLWLHV��([SHUWV�IURP�ZLWKLQ�WKH�

SURMHFW�FRQWULEXWHG�WR�WKH�PDWHULDOV�DQG�SURYLGHG�IHHGEDFN�RQ�GUDIW�PDWHULDOV�

�LQ�WKH�DUHDV�RI�IRUPDW�DQG�OD\�RXW��VXEMHFW�PDWWHU�DQG�SHGDJRJ\��RQ�VSHFLILF�

DFWLYLWLHV�DQG�WKHLU�H[HFXWLRQ�LQ� WKH�FODVVURRP��DQG�XVH�RI� ODQJXDJH���2QH�RI�

WKH�,167$17�3URMHFW�PHPEHUV��DQG�HGLWRU�RI�WKH�*UDGH����SK\VLFDO�VFLHQFH�

WH[WERRN��GUDIWHG�WKH�WH[W�IRU�VHFWLRQV�ZLWK�DGGLWLRQDO�EDFNJURXQG�UHDGLQJ�RQ�

VXEMHFW�PDWWHU�QRWHV��WHDFKHU�QRWHV���7KLV�SURFHVV�SURYLGHG�DQ�LQIRUPDO�H[SHUW�

DSSUDLVDO��DV�LW�KDG�GRQH�LQ�WKH�GHYHORSPHQW�RI�WKH�PDWHULDOV�RQ�WKH�WRSLF�RI�


6FLHQWLILF� SURFHVVHV
�� 7KH� SURWRW\SH� ZDV� XVHG� DV� WKH� VWDUWLQJ� SRLQW� LQ� D�

QXPEHU�RI�HYDOXDWLRQ�DFWLYLWLHV�WKDW�DUH�RXWOLQHG�LQ�FKDSWHU����

�

7KH� WRSLF� RI�0DWHULDOV� LQ� WKH� *UDGH� ��� VFLHQFH� V\OODEXV� SURYLGHG� ERWK�

RSSRUWXQLWLHV� DQG� FKDOOHQJHV� WR� WKH� WHDFKHUV�� 7KH� WRSLF� FDQ� EH� VHHQ� DV� DQ�

DSSOLFDWLRQ�RI�FRQFHSWV�FRYHUHG�HDUOLHU�LQ�WKH�VFLHQFH�V\OODEXV��7KLV�DSSURDFK�

ZDV�GLIIHUHQW� IURP� WKH� XVXDO��PRUH� DFDGHPLF� VFLHQFH� WRSLFV�� VXFK� DV�3HULRGLF�

7DEOH� DQG�5DGLRDFWLYLW\�� ZKLFK� XVXDOO\� ODFN� SUDFWLFDO� DSSOLFDWLRQV� RI� FRQFHSWV��

$QRWKHU�LPSRUWDQW�QHZ�DVSHFW�RI�WKH�WRSLF�LV�WKH�FRQQHFWLRQ�WR�GDLO\�OLIH��)RU�

H[DPSOH�� LW� IRFXVHV� RQ� PDWHULDOV� XVHG� IRU� EXLOGLQJ� KRXVHV�� LQVXODWLQJ�

SURSHUWLHV� RI� URRILQJ� PDWHULDOV� DQG� WKH� VWUHQJWK� RI� EULFNV�� 7KH� WRSLF� ZDV�

FKRVHQ� DV� WKH� VXEMHFW� IRU� WKH� VHFRQG� VXE�VWXG\� EHFDXVH� RI� LWV� KLJKO\�

LQQRYDWLYH� FKDUDFWHU� LQ� WKH�1DPLELDQ� FRQWH[W��7HDFKHUV�KDG� LQGLFDWHG� DW� LQ�

VHUYLFH�WUDLQLQJ�PHHWLQJV��RUJDQLVHG�E\�WKH�,167$17�3URMHFW��WKDW�WKH\�ZHUH�

OLNHO\� WR� KDYH� SUREOHPV� ZLWK� WKH� VSHFLILF� VXEMHFW� PDWWHU�� 0RUHRYHU�� PDQ\�

WHDFKHUV��HVSHFLDOO\�WKRVH�LQ�WKH�IRUPHU�%ODFN�VFKRROV��KDG�OLWWOH�H[SHULHQFH�ZLWK�

FRQGXFWLQJ�KDQGV�RQ�DFWLYLWLHV�DQG�JURXS�ZRUN���

7KH�0DWHULDOV�VWXG\�ZDV�JXLGHG�E\�WKH�IROORZLQJ�UHVHDUFK�TXHVWLRQ��

�

:KDW�DUH� WKH� FKDUDFWHULVWLFV� RI�PDWHULDOV� WKDW�DGHTXDWHO\� VXSSRUW� WHDFKHUV�ZLWK� WKH� LQLWLDO�

LPSOHPHQWDWLRQ�RI�VFLHQFH�FXUULFXOXP�LQQRYDWLRQV�LQ�WKH�FODVVURRP"��

�



5HVHDUFK GHVLJQ ��

7KH�0DWHULDOV� VWXG\� HPSOR\HG� D� F\FOLF� DSSURDFK� RI� GHVLJQ� DQG� IRUPDWLYH�

HYDOXDWLRQ� IRU� WKH� GHYHORSPHQW� RI� D� OHVVRQ� VHULHV� RQ� WKH� WRSLF� RI�0DWHULDOV��

)LJXUH�����EHORZ�VKRZV�D�JUDSKLFDO�UHSUHVHQWDWLRQ�RI�WKH�GHVLJQ�RI�WKH�VWXG\���

�
�

)LJXUH������ 5HVHDUFK�GHVLJQ�RI�WKH�0DWHULDOV�VWXG\��

�

7KH�0DWHULDOV� VWXG\� XVHG� WKH� IROORZLQJ� HYDOXDWLRQ� DFWLYLWLHV� �FI�� 1LHYHHQ��

������7HVVPHU���������

� ([SHUW� DSSUDLVDO�� UHYLHZ� RI� SURWRW\SH� RI� D� OHVVRQ� VHULHV� IRU� WKH�PDWHULDOV�

WRSLF�E\�H[SHUWV��LQIRUPDO�DQG�RQ�D�FRQWLQXRXV�EDVLV��

� 7U\�RXW�� WZR� H[SHUW� WHDFKHUV� XVHG� WKH� ILUVW� SURWRW\SH� PDWHULDOV� LQ� WKHLU�

FODVVURRPV��ZLWK�WKHLU�VWXGHQWV���

� 8VHU� DSSUDLVDO�� WHDFKHUV� DW� ZRUNVKRSV� DFTXDLQWHG� WKHPVHOYHV� ZLWK� WKH�

OHVVRQ�VHULHV�RQ�0DWHULDOV�E\�FDUU\LQJ�RXW�VHYHUDO�RI�WKH�DFWLYLWLHV�GHVFULEHG�

LQ� WKH� OHVVRQV�� DQG� SURYLGHG� VXJJHVWLRQV� IRU� IXUWKHU� GHYHORSPHQW�� 7KH\�

HYDOXDWHG� WKH� OHYHO�RI�DFWLYLWLHV�� WKH�HTXLSPHQW�DQG�PDWHULDO� UHTXLUHPHQWV�

LQ�YLHZ�RI�WKHLU�RZQ�FODVVURRP�VLWXDWLRQV���

� )LHOG� WHVW�� OHVVRQ� VHULHV� XVHG� E\� VL[� WHDFKHUV� LQ� WKHLU� FODVVURRPV� LQ� WZR�

GLIIHUHQW�HGXFDWLRQDO�UHJLRQV���

� $W� WKH� HQG� RI� WKH� OHVVRQ� VHULHV�� D� VWXGHQW� WHVW� ZDV� GHYHORSHG� DQG�

DGPLQLVWHUHG� WR�FODVVHV� LQ� WKH� WKUHH� VFKRROV� LQ� WKH�.DWLPD�0XOLOR� UHJLRQ��

DQG�IRU�ORJLVWLFDO�UHDVRQV�LQ�RQO\�RQH�VFKRRO�LQ�WKH�.HHWPDQVKRRS�UHJLRQ��

�

'XULQJ�WKH�H[HFXWLRQ�RI� WKH�DFWLYLWLHV� LQ� WKH�GLIIHUHQW�F\FOHV�� WKH�IRFXV�RQ�

TXDOLW\�VKLIWHG�IURP�YDOLGLW\�WR�SUDFWLFDOLW\�DQG�HIIHFWLYHQHVV��LQ�WKH�ODWHU�VWDJHV�

RI� WKH� VWXG\��� &KDSWHU� �� IXUWKHU� HODERUDWHV� WKH� 0DWHULDOV� VWXG\�� 7DEOH� ����

VXPPDULVHV�WKH�YDULRXV�DVSHFWV�RI�WKH�0D&�VWXG\���

�



�� &KDSWHU �

7DEOH����� 6XPPDU\�RI�WKH�0D&�VWXG\�

�

6WDJH�LQ�

WKH�VWXG\�

�

*HQHUDO�GHVFULSWLRQ�RI�DFWLYLWLHV�

FDUULHG�RXW�LQ�WKLV�VWDJH���

6SHFLILF�

HYDOXDWLRQ�

DFWLYLWLHV�

)RFXV�RQ�

TXDOLW\�

DVSHFWV�

)URQW�HQG�

DQDO\VLV��

�

� &RQWH[W�DQDO\VLV�RI�HGXFDWLRQ�LQ�

1DPLELD��FKDSWHU���� �

� /LWHUDWXUH�VWXG\�RI�VFLHQFH�

FXUULFXOXP�LPSOHPHQWDWLRQ��

LQFO��6RXWKHUQ�$IULFD�UHJLRQ�

�FKDSWHU�����

� $QDO\VLV�RI�DYDLODEOH�SURPLVLQJ�

H[DPSOHV�IRU�VLPLODU�SXUSRVHV�

�FKDSWHU����

� $QDO\VLV�RI�ORFDO�H[SHUWV·�YLHZV�

�FKDSWHU����

� *HQHUDWLQJ�GHVLJQ�

VSHFLILFDWLRQV�IRU�PDWHULDOV�

VXSSRUWLQJ�WHDFKHUV�ZLWK�WKH�

LPSOHPHQWDWLRQ�RI�WKH�QHZ�

VFLHQFH�FXUULFXOXP�

�

9DOLGLW\��

��� 'HVLJQ�DQG�HYDOXDWLRQ�RI�

WHDFKHU�VXSSRUW�PDWHULDOV�IRU�WKH�

WRSLF�RI�6FLHQWLILF�3URFHVVHV�

�FKDSWHU����

�D�� ([SHUW�

DSSUDLVDO�

�E�� )LHOG�WHVW�
9DOLGLW\�	�

3UDFWLFDOLW\�'HVLJQ�DQG�

IRUPDWLYH�

HYDOXDWLRQ�

RI�

SURWRW\SHV�

����'HVLJQ�DQG�HYDOXDWLRQ�RI�

WHDFKHU�VXSSRUW�PDWHULDOV�IRU�

WKH�WRSLF�RI�0DWHULDOV��FKDSWHU����

�D�� ([SHUW�

DSSUDLVDO�

�E�� 7U\�RXW�

�F�� 8VHU�

DSSUDLVDO��

9DOLGLW\�	�

3UDFWLFDOLW\�

(YDOXDWLQJ�

HIIHFWLYHQHVV�

RI�PDWHULDOV�

'HVLJQ�DQG�HYDOXDWLRQ�RI�WHDFKHU�

VXSSRUW�PDWHULDOV�IRU�WKH�WRSLF�RI�

0DWHULDOV��FKDSWHU����

�G�� )LHOG�WHVW��

�H�� 6WXGHQW�

WHVW�
(IIHFWLYHQHVV�

�

�



�

�

&KDSWHU���

6FLHQWLILF�3URFHVVHV�VWXG\�
�

�

�

�

DVHG�RQ�WKH�FRQWH[W�DQDO\VLV�RI�WKH�1DPLELDQ�HGXFDWLRQ�V\VWHP�DQG�IROORZLQJ�

IURP�WKH�WKHRUHWLFDO�IUDPHZRUN��WKH�IXQFWLRQV�RI�WHDFKHU�VXSSRUW�PDWHULDOV�ZHUH�

LGHQWLILHG� LQ� FKDSWHU� �� �VHFWLRQ� ������ 7KLV� FKDSWHU� �� IXUWKHU� H[SORUHV� WKHVH�

IXQFWLRQV� DQG� UHYLHZV� WKH� FRQVLGHUDWLRQV� WKDW� SOD\HG� D� UROH� LQ� GHWHUPLQLQJ� WKH� GHVLJQ�

VSHFLILFDWLRQV�IRU�WHDFKHU�VXSSRUW�PDWHULDOV��VHFWLRQ�������7KH�6FLHQWLILF�3URFHVVHV�VWXG\�ZDV�

VHW�XS� WR�GHVLJQ�DQG� HYDOXDWH� WKH� YDOLGLW\�DQG�SUDFWLFDOLW\� RI� WKH�SURWRW\SH� WHDFKHU� VXSSRUW�

PDWHULDOV� IRU� WKH� WRSLF� RI� WKH� VDPH� QDPH�� 6HFWLRQ� ���� IRFXVHV� RQ� WKH� GHYHORSPHQW� RI� WKH�

SURWRW\SH� RI� WKH� PDWHULDOV�� 6HFWLRQV� ���� DQG� ���� UHSRUW� RQ� WKH� VHW�XS� DQG� UHVXOWV� RI� WKH�

HYDOXDWLRQ� UHVSHFWLYHO\�� ZKLOH� VHFWLRQ� ���� GUDZV� FRQFOXVLRQV� IURP� WKH� UHVXOWV�� 6HFWLRQ� ����

UHIOHFWV�RQ�WKH�LPSOLFDWLRQV�IRU�IXUWKHU�GHYHORSPHQW�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV���

�

�

���� 7RZDUGV�D�ILUVW�SURWRW\SH�IRU�WHDFKHU�VXSSRUW�PDWHULDOV��

�

7KLV�VHFWLRQ�UHYLHZV�WKH�FRQVLGHUDWLRQV�WKDW�OHG�WR�WKH�GHVLJQ�VSHFLILFDWLRQV�

RI� WKH� SURWRW\SH� WHDFKHU� VXSSRUW� PDWHULDOV�� ,PSRUWDQW� IDFWRUV� WKDW� DUH�

FRQVLGHUHG�LQFOXGH�WKH�IXQFWLRQV�RI�WKH�PDWHULDOV��VHFWLRQ���������DQG�WKH�YLHZV�

RI� WKH� WH[WERRN� DXWKRUV� DQG� FXUULFXOXP� GHYHORSHUV� RQ� WKH� LQWHQGHG� DQG�

RSHUDWLRQDO� FXUULFXOXP� �VHFWLRQ� �������� 7KHVH� IDFWRUV�� WRJHWKHU� ZLWK� GHVLJQ�

VSHFLILFDWLRQV� IURP� UHODWHG� VWXGLHV�� OHG� WR� WHQWDWLYH� GHVLJQ� VSHFLILFDWLRQV� RI�

WHDFKHU�VXSSRUW�PDWHULDOV�LQ�WKH�1DPLELDQ�FRQWH[W��VHFWLRQ����������

�

������ )XQFWLRQV�RI�PDWHULDOV�DV�FDWDO\VW�

�

7HDFKHUV� LQ�1DPLELD� IDFH� D� QXPEHU� RI� SUREOHPV� WKDW� SUHYHQW� D� VPRRWK�

LPSOHPHQWDWLRQ� RI� WKH� QHZ� VFLHQFH� FXUULFXOXP�� ,Q� FKDSWHU� �� WKH� IROORZLQJ�

%�



�� &KDSWHU �

SUREOHP�DUHDV�ZHUH�LGHQWLILHG�DV�VWXPEOLQJ�EORFNV�IRU�PDQ\�WHDFKHUV��

��� WHDFKHUV
�OLPLWHG�VXEMHFW�PDWWHU�NQRZOHGJH�DQG�SHGDJRJLFDO�NQRZOHGJH��

��� LQLWLDO�H[WUD�OHVVRQ�SUHSDUDWLRQ�WLPH��DOVR�FDXVHG�E\�D�ODFN�RI�UHVRXUFHV���

��� FRPSOH[LW\� RI� WKH� LQQRYDWLRQ� �LQFOXGLQJ� QHZ� VXEMHFW� PDWWHU� DQG� QHZ�

WHDFKLQJ�PHWKRGV���

��� WHDFKHUV
� H[LVWLQJ� EHOLHIV� RQ� HIIHFWLYH� WHDFKLQJ� DQG� DWWLWXGHV� WRZDUGV�

VWXGHQWV���

�

%DVHG� RQ� WKH� FRQWH[W� DQDO\VLV� DQG� WKH� WKHRUHWLFDO� IUDPHZRUN�� WHDFKHU�

VXSSRUW�PDWHULDOV�IRU�VFLHQFH�WHDFKHUV�LQ�WKH�MXQLRU�VHFRQGDU\�VFKRRO�V\VWHP�LQ�

1DPLELD� VKRXOG� SURYLGH� VXSSRUW� LQ� WKH� IROORZLQJ� DUHDV� LQ� RUGHU� WR� DFW� DV� D�

FDWDO\VW�IRU�FXUULFXOXP�LPSOHPHQWDWLRQ��

��� VXEMHFW�NQRZOHGJH��

��� SHGDJRJLFDO�JXLGHOLQHV�IRU�WKH�H[HFXWLRQ�RI�WKH�OHVVRQV��

��� DVVLVWDQFH�IRU�SUHSDUDWLRQ�RI�OHVVRQV��LQFOXGLQJ�VXJJHVWLRQV�IRU�VLPSOH�DQG�

DOWHUQDWLYH�HTXLSPHQW��

�

%\�VXSSRUWLQJ�WHDFKHUV�LQ�WKHVH�DUHDV��LW�ZDV�KRSHG�WKDW�WKH\�ZRXOG�FUHDWH�D�

QXPEHU�RI�LQLWLDO�VXFFHVVIXO�H[SHULHQFHV�IRU�WKHPVHOYHV��7KHVH�FRXOG�DVVLVW�WR�

FKDQJH� H[LVWLQJ� WHDFKHUV
� EHOLHIV� DERXW� WHDFKLQJ� DQG� OHDUQLQJ� DQG� ZRXOG�

SURYLGH�D�SRVLWLYH�HIIHFW�RQ�WKH�LPSOHPHQWDWLRQ�RI�WKH�QHZ�FXUULFXOXP��%DVHG�

RQ� WKH� DERYH� IXQFWLRQV��GHVLJQ�VSHFLILFDWLRQV�ZHUH�GUDZQ�XS��7KH� IROORZLQJ�

VHFWLRQ�GLVFXVVHV�WKH�GHVLJQ�VSHFLILFDWLRQV�LQ�GHWDLO���

�

������ )URP�IXQFWLRQV�WR�GHVLJQ�VSHFLILFDWLRQV�

�

,QLWLDO�GHVLJQ�VSHFLILFDWLRQV�IRU�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�IRU�WKH�6FLHQWLILF�

3URFHVVHV� VWXG\� ZHUH� EDVHG� RQ� GHVLJQV� RI� VLPLODU� WHDFKHU� PDWHULDOV� XVHG� LQ� D�

VHULHV�RI�VWXGLHV�DW�WKH�8QLYHUVLW\�RI�7ZHQWH��87���GLVFXVVHG�LQ���������FI��YDQ�

GHQ�$NNHU��������9RRJW��������.HXUVWHQ���������7KHVH�GHVLJQV�FRQFHQWUDWHG�

RQ� IRXU� SUREOHP� DUHDV�� ��� OHVVRQ� SUHSDUDWLRQ�� ��� VXEMHFW�PDWWHU�� ��� WHDFKLQJ�

VHTXHQFH� �WHDFKLQJ�PHWKRGRORJ\��� DQG���� OHDUQLQJ� HIIHFWV��)RU� HDFK�RI� WKHVH�

SUREOHP� DUHDV�� YDQ� GHQ� $NNHU� ������� LGHQWLILHG� GHVLUDEOH� FKDUDFWHULVWLFV� RI�

PDWHULDOV�WKDW�VXSSRUW�WHDFKHUV�ZLWK�WKH�SUHSDUDWLRQ�DQG�H[HFXWLRQ�RI�D�OHVVRQ��

7KH�1DPLELDQ�FRQWH[W�GLIIHUHG�FRQVLGHUDEO\�IURP�WKH�FRQWH[W�RI� WKH�VWXGLHV�

GLVFXVVHG� LQ��������EXW� IXQFWLRQV� DQG�GHVLUHG�HIIHFWV�RI� WKH� WHDFKHU�PDWHULDOV�
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ZHUH�VLPLODU�WR�WKRVH�LQ�WKH�0D&�VWXG\��7KH�ILUVW�RI�WKH�VWXGLHV�DW�WKH�87��YDQ�

GHQ�$NNHU�� ������KDG�GHYHORSHG�PDWHULDOV� IRU�QRQ�VSHFLDOLVW� SULPDU\� VFKRRO�

WHDFKHUV�ZLWK�D�OLPLWHG�VFLHQFH�EDFNJURXQG�LQ�VXSSRUW�RI�WKH�LPSOHPHQWDWLRQ�

RI� DQ� DFWLYLW\�EDVHG� VFLHQFH� FXUULFXOXP�� /DWHU� VWXGLHV� DW� 87� �9RRJW�� ������

.HXUVWHQ�� ������ VHH� VHFWLRQ� ������� FRQILUPHG� WKH� GHVLJQ� SULQFLSOHV� IRU� VXFK�

WHDFKHU�PDWHULDOV�LQ�VHFRQGDU\�HGXFDWLRQ��7KH�0D&�VWXG\�LQFRUSRUDWHG�WKH�87�

GHVLJQ�VSHFLILFDWLRQV�DV�VWDWH�RI�WKH�DUW�NQRZOHGJH�DV�D�SRLQW�RI�GHSDUWXUH� LQ�

LWV�GUDIW�GHVLJQ�VSHFLILFDWLRQV��7DEOH�����SURYLGHV�DQ�RYHUYLHZ�RI�WKH�UHVXOWLQJ�

GUDIW� GHVLJQ� VSHFLILFDWLRQV� XVHG� WR� GHYHORS� SURWRW\SH� WHDFKHU� VXSSRUW�

PDWHULDOV���

�

7DEOH������ 'HVLJQ�VSHFLILFDWLRQV�DQG�WKHLU�UHODWLRQ�WR�WKH�FDWDO\VW�IXQFWLRQV�

&DWDO\VW�IXQFWLRQ� 'HVLJQ�VSHFLILFDWLRQV�

*HQHUDO�GHVFULSWLRQ�RI�OHVVRQ��

� GHVFULSWLRQ�RI�ZKDW�WKH�OHVVRQ�ZLOO�ORRN�OLNH �

� DLPV�RI�WKH�OHVVRQ�

� UHIHUHQFHV�WR�UHVRXUFH�PDWHULDOV�DQG�IXUWKHU�UHDGLQJ �

� LQFOXVLRQ�RI�UHOHYDQW�SDJHV�IURP�WH[WERRNV�LQ�XVH �

6XSSRUW�IRU�OHVVRQ�

SUHSDUDWLRQ�

�

/HVVRQ�SUHSDUDWLRQ��

� SRVVLEOH�GLIILFXOWLHV�GXULQJ�WKH�OHVVRQ�

� PDWHULDOV�UHTXLUHG�GXULQJ�WKH�OHVVRQ�DQG�SRVVLEOH�

DOWHUQDWLYHV�LI�QRW�DYDLODEOH �

6XSSRUW�IRU�VXEMHFW�

NQRZOHGJH�

6XEMHFW�FRQWHQW��

� IDFWXDO�LQIRUPDWLRQ�RQ��GLIILFXOW��FRQFHSWV �

� SRVVLEOH�VWXGHQW�TXHVWLRQV�DQG�DQVZHUV �

6XSSRUW�IRU�WHDFKLQJ�

PHWKRGRORJ\�

7HDFKLQJ�VWUDWHJLHV��

� FRQFUHWH�VXJJHVWLRQV�IRU�WKH�UROH�RI�WKH�WHDFKHU �

� VXJJHVWLRQV�IRU�JURXSLQJ �

� VXJJHVWLRQV�RQ�KRZ�WR�KDQG�RXW�PDWHULDOV �

� VHTXHQFLQJ�RI�DFWLYLWLHV��LQFOXGLQJ�VWDUWLQJ�XS�DQG�

ILQLVKLQJ�RI�WKH�OHVVRQ��DQG�GUDZLQJ�FRQFOXVLRQV�IURP�

DFWLYLWLHV��

� VXJJHVWLRQV�IRU�KRPHZRUN �

6XSSRUW�IRU�FKHFNLQJ�

OHDUQLQJ�HIIHFWV�

/HDUQLQJ�HIIHFWV��

� VXJJHVWLRQV�IRU�VWXGHQW�DFWLYLWLHV��WHVW�TXHVWLRQV��DQG�

KRPHZRUN�WR�FKHFN�OHDUQLQJ�HIIHFWV �

�
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,Q�OLQH�ZLWK�WKH�DERYH�VWXGLHV��WKH�GHVLJQ�RI�WHDFKHU�VXSSRUW�PDWHULDOV�LQ�WKH�

6FLHQWLILF� 3URFHVVHV� VWXG\� LQFOXGHG� SURFHGXUDO� VSHFLILFDWLRQV� IRU� FUXFLDO� HOHPHQWV� RI�

WKH� LQQRYDWLRQ�� HVSHFLDOO\� IRFXVLQJ� RQ� OHVVRQ� SUHSDUDWLRQ� DQG� OHVVRQ�

H[HFXWLRQ���

�

������ ([SHUW�YLHZV�RI�FXUULFXOXP�GHYHORSHUV�WH[WERRN�DXWKRUV�

�

,Q� 1DPLELD�� D� VPDOO� DQG� HQWKXVLDVWLF�� EXW� KHWHURJHQHRXV� JURXS� RI�

SURIHVVLRQDOV� WRRN� UHVSRQVLELOLW\� IRU� FXUULFXOXP� GHYHORSPHQW�� WH[WERRN�

ZULWLQJ�DQG�SURYLVLRQ�RI� LQ�VHUYLFH� WHDFKHU�WUDLQLQJ�IRU�VFLHQFH� WHDFKHUV��7KH�

JURXS�FRQVLVWHG�RI�PHPEHUV�RI�WKH�0LQLVWU\�RI�(GXFDWLRQ�DQG�&XOWXUH�VXEMHFW�

DGYLVRU\�VHUYLFHV��DV�ZHOO�DV�PHPEHUV�RI�WKH�,167$17�3URMHFW��$IWHU�WKH�DG�

KRF� DQG� KXUULHG� QDWXUH� RI� LQLWLDO� FXUULFXOXP� GHYHORSPHQW� LPPHGLDWHO\� DIWHU�

LQGHSHQGHQFH� LQ� ������ FXUULFXOXP� GHYHORSPHQW� EHFDPH� PXFK� PRUH�

VWUXFWXUHG��VHH�DOVR�VHFWLRQ���������$W�WKH�WLPH�RI�WKH�UHYLVLRQ�RI�WKH�RULJLQDO�

VFLHQFH� FXUULFXOXP� IRU� MXQLRU� VHFRQGDU\� VFKRROV� LQ� ������ WH[WERRN�

GHYHORSPHQW� DQG� FXUULFXOXP� GHYHORSPHQW� ZHQW� DKHDG� DV� VLPXOWDQHRXV�

DFWLYLWLHV�� RU� DW� WLPHV� ERRN� GHYHORSPHQW� SUHFHGHG� FXUULFXOXP� GHYHORSPHQW��

7KUHH� RI� WKH� WH[WERRN� DXWKRUV� ZHUH� DOVR� SDUW� RI� D�:RUNLQJ� *URXS� RI� WKH�

0LQLVWU\� GHOHJDWHG� WR� GHYHORS� WKH� QHZ� VFLHQFH� FXUULFXOXP�� ,Q� DGGLWLRQ�� DOO�

WKUHH� DXWKRUV� ZHUH� LQYROYHG� ZLWK� WKH� LQ�VHUYLFH� WUDLQLQJ� DFWLYLWLHV� RI� WKH�

,167$17� 3URMHFW�� 7KHVH� WKUHH� SHRSOH� ZHUH� FRQVLGHUHG� WKH� EHVW� VXLWHG� WR�

DGYLVH� WKH� GHYHORSHUV� RI� WKH� SURWRW\SH� WHDFKHU� VXSSRUW� PDWHULDOV� RQ� WKH�

LQWHQGHG�FXUULFXOXP��DQG�KRZ�WKLV�FXUULFXOXP�ZRXOG�LGHDOO\�PDQLIHVW�LWVHOI�LQ�

WKH�FODVVURRP��,Q�DGGLWLRQ��WKH�DXWKRUV
�LGHDV�RQ�WKH�WHDFKLQJ�OHDUQLQJ�SURFHVV�

LQ� WKH� FODVVURRP� ZHUH� FRQVLGHUHG� LPSRUWDQW� IRU� WKH� GHVLJQ� RI� WKH� WHDFKHU�

VXSSRUW�PDWHULDOV���

�

7R�WKDW�HQG��WKH�WKUHH�WH[WERRN�DXWKRUV�ZHUH�LQWHUYLHZHG�DQG�FRPSOHWHG�D�

TXHVWLRQQDLUH�DW�WKH�VWDUW�RI�WKH�6FLHQWLILF�3URFHVVHV�VWXG\�DERXW�WKHLU�YLHZV�RQ�WKH�

LQWHQGHG� FXUULFXOXP��7KHVH�YLHZV�DUH� UHSRUWHG�E\�%HQVFKRS� ������� DQG� FDQ�

EH�VXPPDULVHG�DV�IROORZV���

��� ,Q�OLQH�ZLWK�PLQLVWU\�SROLF\��WKH�DXWKRUV�VXEVFULEH�WR�WKH�YLHZ�WKDW�OHDUQHU�

FHQWUHG�WHDFKLQJ�FDQ�OHDG�WR�D�EHWWHU�IXQFWLRQLQJ�RI�VWXGHQWV�LQ�VRFLHW\��DQG�

FDQ�GHYHORS� VNLOOV� IRU�EHWWHU� IXQFWLRQLQJ� LQ� D� IXWXUH� MRE�� ,Q� WKH� WH[WERRN�

WKLV� LV� DGGUHVVHG� E\� SURPRWLQJ� OHDUQLQJ� ZLWK� XQGHUVWDQGLQJ� DQG� WKH�

GHYHORSPHQW�RI�SURFHVV�DQG�LQTXLU\�VNLOOV��
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��� /HDUQLQJ�ZLWK�XQGHUVWDQGLQJ� LV�SXUVXHG� LQ� WKH� WH[WERRN�E\�D�KLHUDUFKLFDO�

FRQFHSWXDO� GHYHORSPHQW�� FKRLFH� RI� UHOHYDQW� DFWLYLWLHV� IRU� VWXGHQWV�� DQG�

HQFRXUDJLQJ� VWXGHQWV� WR� ILQG� DQVZHUV� WR� TXHVWLRQV�� ,OOXVWUDWLRQV� LQ� WKH�

WH[WERRN� DUH� UHOHYDQW� IRU� WKH� ORFDO� 1DPLELDQ� FRQWH[W�� 8QGHUO\LQJ� LGHDV�

UHODWHG�WR�OHDUQLQJ�DUH���

� ,QYROYHPHQW�DQG�SDUWLFLSDWLRQ�DUH�QHFHVVDU\�IRU�OHDUQLQJ��

� 6WXGHQWV�PD\�OHDUQ�PRUH�HDVLO\�ZKHQ�QHZ�FRQFHSWV�DUH�OLQNHG�ZLWK�WKHLU�

H[SHULHQFH��

� $OO�FRQFHSWV�DUH�SXW�LQ�DQ�DFFHVVLEOH�FRQWHQW��7KH�FRQWHQW�RI�WKH�OHVVRQ�

LV�UHOHYDQW�WR�VWXGHQWV�DQG�UHODWHG�WR�WKHLU�HYHU\GD\�OLIH��

��� 7KH�HPSKDVLV�LQ�WKH�OHVVRQV�LV�RQ�WKH�RSSRUWXQLW\�IRU�PRUH�DFWLYLW\�EDVHG�

VWXGHQW�LQYROYHPHQW��7HDFKHUV�GHFLGH�RQ�WKH�FRQWHQW�RI�WKH�OHVVRQ�RQ�WKH�

EDVLV�RI�VWXGHQWV
�QHHGV��WH[WERRN�DQG�V\OODEXV���

��� 6WXGHQWV�VKRXOG�KDYH�DQ�DFWLYH� UROH�GXULQJ� WKH� OHVVRQV��VKRXOG�EH� IUHH� WR�

WKLQN� DQG�PDNH�PLVWDNHV�ZLWK� WKH� WHDFKHUV� DV� DQ� DGYLVRU� LQ� WKLV�SURFHVV��

6WXGHQWV�VKRXOG�EH�HQFRXUDJHG�WR�DVN�WKHLU�RZQ�TXHVWLRQV��,W�LV�LPSRUWDQW�

WR� OHW� VWXGHQWV� WKLQN� DQG� IRUPXODWH� WKHLU� RZQ� RSLQLRQV�� 6WXGHQWV� VKRXOG�

EULQJ� WKHLU�SUREOHPV�DQG�H[SHULHQFHV� LQWR� WKH�FODVVURRP��DQG�VKRXOG�QRW�

EH� VK\� RI� WDONLQJ�� ,QWHUDFWLRQ� EHWZHHQ� VWXGHQWV� DQG� WHDFKHU� VKRXOG� EH�

UHVSHFWIXO���

��� $XWKRUV� VHH� WHDFKHUV
� TXHVWLRQLQJ� VNLOOV� DV� RQH� RI� WKH� PRVW� LPSRUWDQW�

DVSHFWV� RI� OHDUQHU�FHQWUHG� WHDFKLQJ�� 6WXGHQWV� VKRXOG� EH� HQFRXUDJHG� WR�

WKLQN� PRUH� GHHSO\�� WHDFKHUV� VKRXOG� QRW� LPPHGLDWHO\� SURYLGH� DQVZHUV��

7HDFKHUV�VKRXOG�QRW�FRQWLQXRXVO\�VWD\�LQ�IURQW�RI�WKH�FODVV�EXW�VKRXOG�PL[�

ZLWK��JURXSV�RI��VWXGHQWV���

��� $XWKRUV�UHDOLVH� WKDW� WKH� WHDFKHUV
� UROH� LQ�PRQLWRULQJ� OHDUQHU�FHQWUHG�ZRUN�

LV� IDU�PRUH�GHPDQGLQJ�DQG�FRPSUHKHQVLYH� WKDQ� LQ� WHDFKHU�FHQWUHG�ZRUN��

7KH� PRUH� WKH� ZRUN� LV� OHDUQHU�FHQWUHG�� WKH� JUHDWHU� WHDFKHU
V� JULS� RQ� WKH�

FODVV�PXVW� EH�� LI� OHDUQLQJ� LV� WR� EH� HIIHFWLYH��'XULQJ� WKH� OHVVRQV� WHDFKHUV�

FRQWLQXRXVO\�FKHFNV�VWXGHQWV
�SURJUHVV���

�

7KH� WH[WERRN� DXWKRUV� VXJJHVW� WKDW� D� ������PLQXWH� OHVVRQ�EH�GLYLGHG� LQWR�

WKUHH�FRPSRQHQWV��D��VWDUW�RI�WKH�OHVVRQ��E��FHQWUDO�DFWLYLW\��DQG�F��FRQFOXVLRQ�

RI�OHVVRQ��7KH\�VWUHVV�WKH�LPSRUWDQFH�RI�WKH�VWDUW�RI�WKH�OHVVRQ��,W�VKRXOG�WDNH�

WKH�H[SHULHQFH�RI�WKH�VWXGHQWV�DV�D�VWDUWLQJ�SRLQW��DQG��QHZ��FRQFHSWV�VKRXOG�

EH� LQWURGXFHG� ZLWKLQ� WKLV� IUDPHZRUN�� (YHU\GD\� H[DPSOHV� RI� WKH� FRQFHSWV�
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VKRXOG�EH�OLVWHG�DQG�GLVFXVVHG��7HDFKHUV�VKRXOG�WDNH�RQ�WKH�UROH�RI�IDFLOLWDWRU�

DQG�D�VRXUFH�RI�LQIRUPDWLRQ��ZKR�PD\�DOVR�SUHVHQW�WKLQJV�WR�WKH�FODVV���

$XWKRUV�SXW�D�KHDY\�HPSKDVLV�RQ�DFWLYLWLHV�GXULQJ�OHVVRQV��HLWKHU�LQ�WKH�IRUP�

RI�D�GHPRQVWUDWLRQ�RU� D� VWXGHQW�DFWLYLW\��7KH\� IHOW� WKDW� D�GHPRQVWUDWLRQ�FDQ�

YHU\� ZHOO� EH� OHDUQHU�FHQWUHG� LI� VWXGHQWV� DUH� LQYROYHG� WKURXJK� TXHVWLRQLQJ��

KDQGOLQJ�HTXLSPHQW��GLVFXVVLRQ�RI�UHVXOWV�DQG�UHDFKLQJ�FRQFOXVLRQV��7HDFKHUV�

VKRXOG�WDNH�RQ�WKH�UROH�DV�JXLGH�DQG�IDFLOLWDWRU�GXULQJ�VXFK�DFWLYLWLHV��$XWKRUV�

IHOW�WKDW�DFWLYLWLHV�DUH�SHUKDSV�RYHU�HPSKDVLVHG�LQ�WKH�WH[WERRN��EHFDXVH�WKH\�

DUH�QHZ� WR� WKH� V\VWHP��7KH\� UHFNRQHG� WKDW� ��� WR� �����RI� WKH� DFWLYLWLHV�ZLOO�

HYHQWXDOO\�EH�FDUULHG�RXW�DV�VWXGHQW�DFWLYLWLHV�� WKH�UHVW�DV�GHPRQVWUDWLRQ��GXH�

WR�DOO�VRUWV�RI�GLIILFXOWLHV��7KH�DXWKRUV�VHH�WKH�ELJJHVW�REVWDFOHV�ZKHQ�FDUU\LQJ�

RXW�DFWLYLWLHV�LQ�WKH�FODVVURRP�DV��

� QRW�HQRXJK�WLPH��ERWK�SHU�OHVVRQ�DQG�SHU�VFKRRO�\HDU��DQG�HTXLSPHQW��

� WRR�PDQ\�VWXGHQWV�LQ�D�FODVVURRP��

� VKRUWDJH�RI�WH[WERRNV��

� ZHDN�PDQDJHULDO�VNLOOV�RI�WHDFKHUV��

� H[WUD�WLPH�UHTXLUHG�E\�WHDFKHUV�WR�SUHSDUH�IRU�WKH�OHVVRQV��

� WHDFKHUV�GR�QRW�NQRZ�KRZ�WR�FDUU\�RXW�SUDFWLFDO�DFWLYLWLHV��

� RYHUFRPLQJ�WKH�
DFWLYDWLRQ�EDUULHU
��

�

0RUHRYHU��DXWKRUV�HPSKDVLVHG� WKDW� WHDFKHUV�DQG�VWXGHQWV� WRJHWKHU� VKRXOG�

UHDFK�D� FRQFOXVLRQ� IURP� WKH� DFWLYLW\�� ,Q� WKH� FRQFOXVLRQ�SDUW� RI� WKH� OHVVRQ�� WKH�

DXWKRUV�VHH�WKH�UROH�RI�WKH�WHDFKHU�DV�DQ�DVVHVVRU��DV�ZHOO�DV�D�IDFLOLWDWRU�DQG�D�

VRXUFH�RI�LQIRUPDWLRQ���

�

������ &RQQHFWLQJ�WR�3K\VLFDO�6FLHQFH�WH[WERRN��

�

7KH� 3K\VLFDO� 6FLHQFH� IRU� 1DPLELD� *UDGH� �� WH[WERRN� �&XUU\�� /LQRZ� 	�

&OHJJ��������KDG�EHHQ�DYDLODEOH�IRU�VRPH�WLPH�EHIRUH�WKH�LQWURGXFWLRQ�RI�WKH�

UHYLVHG� VFLHQFH� FXUULFXOXP�� 7KH� WH[WERRN� KDV� D� YHU\� VWURQJ� HPSKDVLV� RQ�

DFWLYLWLHV�� DQG� GHVFULEHV� DFWLYLWLHV� WKDW� VWXGHQWV� FDQ� EH� DVNHG� WR� FDUU\� RXW� LQ�

FODVV�� 4XHVWLRQV� JXLGH� VWXGHQWV� LQ� WKHLU� REVHUYDWLRQV�� $� VHULHV� RI� DFWLYLWLHV�

VXSSRUWV� WKH� LQWURGXFWLRQ� RI� D� QXPEHU� RI� FRQFHSWV�� )LJXUH� ���� SURYLGHV� DQ�

H[DPSOH�RI�DQ�DFWLYLW\�LQ�WKH�VWXGHQW�WH[WERRN��
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�

)LJXUH������ 6WXGHQW� DFWLYLW\� LQ�3K\VLFDO� 6FLHQFH� IRU�1DPLELD�*UDGH� �� �&XUU\� HW� DO���

�������

�

7KH�HTXLSPHQW�UHTXLUHPHQWV�DUH�NHSW�WR�D�PLQLPXP�DQG�UHIHUHQFH�LV�PDGH�

WR�HTXLSPHQW�LQ�WKH�VFLHQFH�NLW�VFKRROV�KDG�UHFHLYHG�WKURXJK�WKH�0LQLVWU\�RI�

(GXFDWLRQ� DQG� WKH� ,167$17� 3URMHFW�� ,Q�PDQ\� LQVWDQFHV�� WKH� ERRN�PDNHV�

UHIHUHQFH� WR� ORFDO� SUDFWLFHV� DQG� VLWXDWLRQV� WR� ZKLFK� VWXGHQWV� FDQ� UHODWH��

,OOXVWUDWLRQV� WDNH� DGYDQWDJH� RI� HYHU\� RSSRUWXQLW\� WR� VKRZ� ORFDO� DSSOLFDWLRQV��

H�J��D� ORFDO�ZLQGPLOO��ZRRG�VWRYH��RU� ORFDO�KHUR�DQG�2O\PSLF�VLOYHU�PHGDOOLVW�

)UDQNLH�)UHGHULFNV��0RVW�VWXGHQWV�LQ�*UDGH���KDG�WKHLU�RZQ�FRS\�RI�WKH�ERRN��

VRPHWLPHV�WKH\�QHHGHG�WR�VKDUH�LW�ZLWK�D�IHOORZ�VWXGHQW���

$�FRQVFLRXV�GHFLVLRQ�ZDV�WDNHQ�WR�NHHS�WKH�PDWHULDOV�FORVH�WR�WKH�FRQWHQW�DQG�

DFWLYLWLHV� OLVWHG� LQ� WKH� ERRN�� 'HVLJQHUV� VDZ� WKLV� VWUDWHJ\� DV� D� VHQVLEOH� ZD\�

IRUZDUG� EHFDXVH� RI� WKH� W\SLFDOO\� VWURQJ� SRVLWLRQ� RI� WH[WERRNV� LQ� GHYHORSLQJ�

FRXQWULHV�� ZKHUH� WH[WERRNV� RIWHQ� HTXDWH� WR� WKH� FXUULFXOXP� �FI�� /RFNKHHG��

�������7HDFKHUV�LQ�GHYHORSLQJ�FRXQWULHV�RIWHQ�SUHIHU�WR�XVH�D�VWXGHQW�WH[WERRN�

UDWKHU�WKDQ�D�WHDFKHU�PDQXDO��DOWKRXJK�WKLV�ODWHU�SKHQRPHQD�LV�QRW�UHVWULFWHG�

WR�GHYHORSLQJ�FRXQWULHV��FI��9RRJW��������6KNHGL���������

�
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���� 'HYHORSPHQW�RI�SURWRW\SH�WHDFKHU�VXSSRUW�PDWHULDOV�

�

$�SURWRW\SH�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�IRU�XVH�E\�VFLHQFH�WHDFKHUV�LQ�

1DPLELD� ZDV� GHYHORSHG� EDVHG� RQ�� ��� 7KH� JHQHUDO� IXQFWLRQV� RI� WKH� WHDFKHU�

PDWHULDOV�DV�FDWDO\VW�����WKH�OHVVRQ�IRUPDW�VXJJHVWHG�E\�FXUULFXOXP�GHYHORSHUV�

DQG�VFLHQFH�WH[WERRNV�DXWKRUV�����WKH�GHVLJQ�VSHFLILFDWLRQV�DERYH��

7KH� GHVLJQHUV� GHYHORSHG� H[HPSODU\� VXSSRUW� PDWHULDOV� WR� FRPSOHPHQW� WKH�

DFWLYLWLHV� LQ� WKH� VWXGHQW� WH[WERRN� DQG� SURYLGH� WHDFKHUV� ZLWK� SURFHGXUDO�

VSHFLILFDWLRQV�RQ�KRZ�WR�SUHSDUH�IRU�VXFK�DFWLYLWLHV��KRZ�WR�JXLGH�VWXGHQWV�WR�

FDUU\�WKHP�RXW�DQG�KRZ�WR�GUDZ�FRQFOXVLRQV�IURP�WKH�DFWLYLWLHV���

7KH� 6FLHQWLILF� 3URFHVVHV� VWXG\� GHVLJQHG� DQG� HYDOXDWHG� H[HPSODU\� VXSSRUW�

PDWHULDOV� IRU� VFLHQFH� WHDFKHUV� LPSOHPHQWLQJ� D� WRSLF� LQ� WKH� *UDGH� �� FODVVHV�

FDOOHG�6FLHQWLILF�3URFHVVHV��7KLV� WRSLF�ZDV� FKRVHQ�DV�D�YHKLFOH� IRU� VSHFLI\LQJ�

SUHOLPLQDU\� FKDUDFWHULVWLFV� IRU� WHDFKHU� VXSSRUW�PDWHULDOV� DV� LW�ZDV� FRQVLGHUHG�

WR� EH� UHSUHVHQWDWLYH� IRU� WKH� QHZ� FXUULFXOXP� SKLORVRSK\� RI� PRUH� DFWLYH�

LQYROYHPHQW�RI�VWXGHQWV� LQ� WKH� OHDUQLQJ�SURFHVV�� DQG� WR�FRQWDLQ�FRQWHQW�DQG�

DFWLYLWLHV�WKDW�DUH�EDVHG�RQ�VWXGHQWV
�H[SHULHQFHV��7KLV�WHDFKLQJ�DSSURDFK�ZDV�

QHZ� WR� PRVW� WHDFKHUV�� LWV� KDQGV�RQ� DQG� FRQFHSWXDOLVHG� DSSURDFK� GLIIHUHG�

VXEVWDQWLDOO\�IURP�WKH�PHWKRGV�HPSOR\HG�LQ�WKH�SUHYLRXV��SUH�LQGHSHQGHQFH��

VFLHQFH�FXUULFXOXP���

$SSHQGL[� ���� VKRZV� D� VDPSOH� RI� WKH�PDWHULDOV� LQ� VXSSRUW� RI� WKH� DFWLYLW\�

RXWOLQHG� LQ� WKH� WH[WERRN� DQG� VKRZQ� LQ� ILJXUH� ����� 7KH� IXOO� YHUVLRQV� RI� WKH�

PDWHULDOV� XVHG� LQ� WKH� 6FLHQWLILF� 3URFHVVHV� VWXG\� DUH� DYDLODEOH� DW�

ZZZ�GHFLGHQHW�QO�UHVHDUFK�WVPBQDPLELD�KWP�� 9HUVLRQ� ���� ZDV� XVHG� LQ� WKH�

HYDOXDWLRQ�LQ�FODVVURRPV��(YDOXDWLRQ�VHW�XS�DQG�UHVXOWV�DUH�UHSRUWHG�LQ�VHFWLRQ�

����DQG�����UHVSHFWLYHO\���

�

�

���� (YDOXDWLRQ�RI�WKH�SURWRW\SH��

�

%HQVFKRS� �������� 2WWHYDQJHU� 	� %HQVFKRS� �������� DQG� 2WWHYDQJHU��

%HQVFKRS�	�YDQ�GHQ�$NNHU� ������� UHSRUWHG�RQ� WKH� IRUPDWLYH� HYDOXDWLRQ�RI�

WKH�SURWRW\SH�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�IRU�WKH�WRSLF�6FLHQWLILF�3URFHVVHV��

7KH� SURWRW\SH� ZDV� HYDOXDWHG� ZLWK� WKH� KHOS� RI� ��� WHDFKHUV� LQ� WZR� GLIIHUHQW�

HGXFDWLRQDO� UHJLRQV� RI�1DPLELD�� $Q� RYHUYLHZ� RI� WKH� GHVLJQ� RI� WKH� VWXG\� LV�

SUHVHQWHG� LQ� ������� 7KH� FXUULFXOXP� SURILOH�� DV� FHQWUDO� LQVWUXPHQW� LQ� WKH�

HYDOXDWLRQ��LV�GLVFXVVHG�LQ���������
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������ 6HW�XS�RI�WKH�HYDOXDWLRQ�

�

(YDOXDWLRQ� RI� WKH� WHDFKHU� VXSSRUW� PDWHULDOV� WRRN� SODFH� LQ� WZR� GLIIHUHQW�

F\FOHV��$�WRWDO�RI�ILYH�WHDFKHUV��RQH�IHPDOH�DQG�IRXU�PDOH��WRRN�SDUW�LQ�WKH�ILUVW�

F\FOH� RI� REVHUYDWLRQV� �.HHWPDQVKRRS� UHJLRQ��� 7HDFKLQJ� H[SHULHQFH� YDULHG�

IURP� WZR� \HDUV� WR� ��� \HDUV�� $OO� WHDFKHUV� KDG� D� *UDGH� ��� VFKRRO�OHDYLQJ�

FHUWLILFDWH�� RQO\� WKH� WKUHH� PRVW� H[SHULHQFHG� WHDFKHUV� KDG� DQ� DSSURSULDWH�

WHDFKLQJ�GLSORPD��7KUHH�VFKRROV�ZHUH�ODUJH�VFKRROV��LQ�WKH�1DPLELDQ�FRQWH[W���

RQH�VFKRRO�RYHU�����VWXGHQWV��WZR�VFKRROV�MXVW�RYHU�����VWXGHQWV��7KH�RWKHU�

WZR�VFKRROV�ZHUH�PXFK�VPDOOHU�ZLWK�DERXW�����VWXGHQWV���

7KH�VHFRQG�F\FOH�RI�FODVVURRP�REVHUYDWLRQV�WRRN�SODFH�LQ�WKH�QRUWKHDVWHUQ�

SDUW�RI� WKH� FRXQWU\�� LQ� WKH�&DSULYL� VWULS� �.DWLPD�0XOLOR� UHJLRQ��� DERXW� �����

NP� IURP� WKH� FDSLWDO�� )LYH� WHDFKHUV� �IRXU� IURP� WKH� UHJLRQDO� FDSLWDO�� DQG� RQH�

DERXW����NP�RXW� IURP� WKHUH�� WRRN�SDUW� LQ� WKH� VHFRQG�F\FOH�RI�REVHUYDWLRQV��

WZR� IHPDOH� WHDFKHUV�� DQG� WKUHH� PDOHV�� )RXU� RI� WKHP� KDG� RQO\� MXVW� VWDUWHG�

WHDFKLQJ� �XS� WR� RQH� \HDU� RI� H[SHULHQFH��� ZKLOH� WKH� ILIWK� KDG� HLJKW� \HDUV�

WHDFKLQJ� H[SHULHQFH�� $OO� WHDFKHUV� KDG� D� *UDGH� ��� VFKRRO� OHDYLQJ� FHUWLILFDWH��

RQH� RI� WKHP� KHOG� D� %6F� LQ�0DWKHPDWLFV��2QO\� WZR� WHDFKHUV� KDG� D� UHOHYDQW�

WHDFKLQJ� GLSORPD�� 6FKRROV� ZHUH� D� OLWWOH� VPDOOHU� WKDQ� WKH� RQHV� LQ� WKH�

.HHWPDQVKRRS�UHJLRQ��UDQJLQJ�EHWZHHQ�����DQG�����VWXGHQWV���

�

2Q�DYHUDJH��IRXU�WR�ILYH�OHVVRQV�SHU�WHDFKHU�ZHUH�REVHUYHG�DQG�YLGHRWDSHG��

7HDFKHUV� NHSW� D� ORJERRN� RI� DOO� OHVVRQV�� $OO� WHDFKHUV� ZHUH� LQWHUYLHZHG� LQ� D�

JURXS� LQWHUYLHZ� �LQ� WKH� .HHWPDQVKRRS� UHJLRQ�� RU� LQ� VHSDUDWH� LQWHUYLHZV�

�.DWLPD�0XOLOR� UHJLRQ���$�JURXS�RI� DERXW� WKUHH�RU� IRXU� VWXGHQWV� IURP�HDFK�

VFKRRO� WRRN� SDUW� LQ� LQWHUYLHZV� DW� WKH� HQG� RI� WKH� OHVVRQ� VHULHV�� 7KH� WZR�

GLIIHUHQW� UHJLRQV� ZHUH� FKRVHQ� EHFDXVH� WKH\� YDULHG� FRQVLGHUDEO\� IURP� RQH�

DQRWKHU�LQ�WHUPV�RI�PDWHULDO�IDFLOLWLHV�DQG�RUJDQLVDWLRQDO� LQIUDVWUXFWXUH�RI�WKH�

VFKRROV��DV�ZHOO�WHDFKHU�TXDOLILFDWLRQ�DQG�H[SHULHQFH��2WWHYDQJHU�	�%HQVFKRS��

�������7KH�FKRLFH�RI� VXFK�GLIIHUHQW� UHJLRQV�ZDV�PDGH� LQ� WKH� UHDOLVDWLRQ� WKDW�

YDULDWLRQ�LQ�HYDOXDWLRQ�FRQWH[WV�ZRXOG�OHDG�WR�PRUH�UREXVW�FRQFOXVLRQV�DERXW�

WKH�PDWHULDOV���

%HQVFKRS� ������� KDV� GHVFULEHG� LQ� GHWDLO� DOO� LQVWUXPHQWV� XVHG� LQ� WKH�

6FLHQWLILF� 3URFHVVHV� VWXG\�� 'XULQJ� WKH� HYDOXDWLRQ� RI� WKH� PDWHULDOV� LQ� WKH�

FODVVURRP��WKH�REVHUYHUV�PDGH�XVH�RI�D�VR�FDOOHG�FXUULFXOXP�SURILOH��7KH�QH[W�

SDUDJUDSK�GLVFXVVHV�WKLV�LQVWUXPHQW���



�� &KDSWHU �

������ $SSO\LQJ�WKH�FXUULFXOXP�SURILOH�LQVWUXPHQW�

�

$� FXUULFXOXP� SURILOH� LV� D� VHW� RI� VWDWHPHQWV� DERXW� LQWHQGHG� DFWLRQV� RI�

WHDFKHUV� GXULQJ� OHVVRQV� �YDQ� GHQ� $NNHU� 	� 9RRJW�� ������� 7KH� XVH� RI� WKH�

FXUULFXOXP�SURILOH�FDQ�EH�HVSHFLDOO\�HIIHFWLYH�LQ�IRUPDWLYH�HYDOXDWLRQ�H[HUFLVHV��

7KH�FXUULFXOXP�SURILOH�KHOSV� WR� IRUPXODWH� WKH� UHODWLRQ�EHWZHHQ� WKH� LQWHQGHG�

DQG� LPSOHPHQWHG� FXUULFXOXP� LQ�YHU\� FRQFUHWH� WHUPV��7KH�FXUULFXOXP�SURILOH�

UHIOHFWV�WKH�FHQWUDO�SDUWV�RI�WKH�FXUULFXOXP�LQQRYDWLRQ�DQG�LQGLFDWHV�ZKDW�WKH�

GHVLJQHUV�RI�WKH�PDWHULDOV�ZRXOG� OLNH�WR�VHH�KDSSHQLQJ��RU�QRW�KDSSHQLQJ�� LQ�

WKH�FODVVURRP��7KH�SURILOH�LV�WKHUHIRUH�DEOH�WR�SRLQW�RXW�WHDFKHU�SHUIRUPDQFHV�

DQG�FODVVURRP�SUDFWLFHV� WKDW�FDQ�EH� LPSURYHG�DQG�QHHG�VXSSRUW��$V�VXFK�� LW�

FDQ� SURYLGH� LPSRUWDQW� GDWD� IRU� HPSKDVHV� LQ� WKH� WHDFKHU� VXSSRUW� PDWHULDOV��

7KH�IRUPXODWLRQ�RI�WKH�VWDWHPHQWV�LQ�WKH�SURILOH�ZDV�EDVHG�RQ�LQWHUYLHZV�ZLWK�

FXUULFXOXP� GHYHORSHUV� DQG� ERRN� ZULWHUV� �VHH� VHFWLRQ� �������� DQDO\VLV� RI�

FXUULFXOXP� DQG�SROLF\� GRFXPHQWV�� DQG�GLVFXVVLRQV�ZLWK� UHOHYDQW� VWDII� DW� WKH�

,167$17� 3URMHFW�� 7KH� VWDWHPHQWV� LQ� WKH� SURILOH� XVHG� LQ� HYDOXDWLRQ� LQ� WKH�

6FLHQWLILF�3URFHVVHV�VWXG\�DUH�FDWHJRULVHG�LQ�WKUHH�VHFWLRQV���

� SRVLWLYH�VWDWHPHQWV��ZKDW�GHVLJQHUV�ILQG�LPSRUWDQW�GXULQJ�WKH�H[HFXWLRQ�RI�

D�OHVVRQ���

� D� WKUHVKROG� �D�PLQLPXP�VHW�RI�DFWLRQV�GHVLJQHUV�ZRXOG� OLNH� WR�VHH�GXULQJ�

WKH�OHVVRQ���

� QHJDWLYH� VWDWHPHQWV� �WKRVH� DFWLRQV�GHVLJQHUV�ZRXOG� UDWKHU�QRW� VHH� GXULQJ�

WKH�OHVVRQ����

7KH� FRPSOHWLRQ� RI� D� FXUULFXOXP� SURILOH� GXULQJ� FODVVURRP� REVHUYDWLRQV�

SURYLGHV�D�SLFWXUH�RI�KRZ�IDU�WKH�LQWHQWLRQV�RI�WKH�GHYHORSHUV�RI�WKH�PDWHULDOV�

KDYH�EHHQ�SXW�LQ�SUDFWLFH��6FRULQJ�RI�WKH�VWDWHPHQWV�RQ�WKH�FXUULFXOXP�SURILOH�

ZDV� FDUULHG�RXW� DV� IROORZV�� 
�
� LI� WKH� VWDWHPHQW�ZDV� D� UHIOHFWLRQ�RI�ZKDW�ZDV�

REVHUYHG�� 
�
� LI� WKDW� ZDV� QRW� WKH� FDVH�� 6RPHWLPHV� VWDWHPHQWV� ZHUH� QRW�

DSSOLFDEOH��
Q�D
��IRU�D�SDUWLFXODU�VLWXDWLRQ�RU�OHVVRQ���

�
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3RVLWLYH� VWDWHPHQWV� LQ� WKH�SURILOH� LQ� WKLV� VWXG\� LQFOXGHG� 
WHDFKHU� LOOXVWUDWHV�

OHVVRQ�WRSLF�E\�GRLQJ�D��VKRUW��SUDFWLFDO�DFWLYLW\
��RU�
WHDFKHU�UHIHUV�WR�DFWLYLWLHV�

RU� GLVFXVVLRQV� RI� SUHYLRXV� RU� QH[W� OHVVRQV
�� 1HJDWLYH� VWDWHPHQWV� LQFOXGH�


WHDFKHU�RIIHUV�VWXGHQWV�VROXWLRQV�WRR�TXLFNO\��UDWKHU�WKDQ�DOORZLQJ�WKHP�WLPH�

WR�ILQG�VROXWLRQV�IRU�WKHPVHOYHV�
��DQG�
WHDFKHU�LJQRUHV�TXHVWLRQV�DQG�DQVZHUV�

IURP�VWXGHQWV
��7KH� WKUHVKROG�VHWV� WKH�PLQLPXP�FRQGLWLRQ�IRU� WKH� OHVVRQ� WR�

EH� VXFFHVVIXO�� )RU� LQVWDQFH�� D� PLQLPXP� FRQGLWLRQ� FRXOG� EH� WKDW� D� WHDFKHU�

PDNHV�DQ�HIIRUW� WR� LQYROYH�VWXGHQWV� LQ�SUDFWLFDO�DFWLYLWLHV��RU� WKDW� WKH� WHDFKHU�

FKHFNV�KRPHZRUN�DW�WKH�EHJLQQLQJ�RI�WKH�OHVVRQ���

'HYHORSPHQW�RI� WKH� FXUULFXOXP�SURILOH�SURFHHGHG�DV� DQ� LWHUDWLYH�SURFHVV��

2Q�WKH�EDVLV�RI�HDUO\�FODVVURRP�REVHUYDWLRQV��WKH�LQVWUXPHQW�ZDV�DGDSWHG�DQG�

H[WHQGHG� ZLWK� H[WUD� VWDWHPHQWV�� 7KH� FXUULFXOXP� SURILOH� ZDV� DOVR� XVHG� DV� D�

FHQWUDO�RUJDQLVLQJ�LQVWUXPHQW�LQ�WKH�GHYHORSPHQW�DQG�UHYLVLRQ�RI�WKH�WHDFKHU�

VXSSRUW�PDWHULDOV�� OLQNLQJ� WKH� GHVLUHG� WHDFKHU� SHUIRUPDQFH� LQ� WKH� FODVV� ZLWK�

VSHFLILF� LQVWUXFWLRQV� LQ� WKH� WHDFKHU� VXSSRUW� PDWHULDOV�� $GDSWLQJ� WKH� SURILOH�

LQHYLWDEO\� DOVR� PHDQW� FKDQJLQJ� UHOHYDQW� SDUWV� RI� WKH� WHDFKHU� PDWHULDOV��

6WDWHPHQWV� LQ� WKH� SURILOH� QHHGHG� WR� EH� UHIOHFWHG� LQ� WKH� WHDFKHU� VXSSRUW�

PDWHULDOV��7KXV�� WKH� FXUULFXOXP�SURILOH�KDG�D�GXDO�SXUSRVH�� ,W�ZDV�XVHG�DV�D�

FKHFNOLVW� GXULQJ� WKH� GHYHORSPHQW� RI� FXUULFXOXP� PDWHULDOV� DQG� DV� DQ�

LQVWUXPHQW�GXULQJ�FODVVURRP�REVHUYDWLRQV���

,Q� DFFRUGDQFH� ZLWK� WKH� YLHZV� RI� WKH� WH[WERRN� DXWKRUV� DQG� FXUULFXOXP�

GHYHORSHUV��VHH���������WKH�FXUULFXOXP�SURILOH�LV�GLYLGHG�LQ�WKUHH�VHFWLRQV��VWDUW�

RI� WKH� OHVVRQ�� ERG\� RI� WKH� OHVVRQ�DFWLYLW\� DQG� FRQFOXVLRQ�HQG� RI� OHVVRQ��

$GGLWLRQDO�LQIRUPDWLRQ�RQ�PRUH�JHQHUDO�RYHU�DUFKLQJ�LVVXHV�RI�WKH�OHVVRQ�DV�D�

ZKROH�H�J�� RQ� WLPH� PDQDJHPHQW�� EODFNERDUG� XVH�� SUHSDUHGQHVV�� DELOLW\� WR�

LPSURYLVH� LQ� D� VXFFHVVIXO�PDQQHU��ZDV� UHFRUGHG� LQ� D� IRXUWK� VHFWLRQ� �RYHUDOO�

OHVVRQ�LQIRUPDWLRQ���7DEOH�����VKRZV�WKH�FXUULFXOXP�SURILOH�XVHG�IRU�WKH�VWDUW�

RI�WKH�OHVVRQ��$SSHQGLFHV�����D�H�VKRZ�DOO�WKH�RWKHU�VHFWLRQV�RI�WKH�FXUULFXOXP�

SURILOH��WRJHWKHU�ZLWK�VXPPDU\�VFRUHV��

�
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7DEOH������ &XUULFXOXP�SURILOH�IRU�WKH�
6WDUW�RI�OHVVRQ
�VHFWLRQ�

3RVLWLYH�HOHPHQWV�� 2EVHUYHU�FRPPHQWV�

7��PHQWLRQV�LPSRUWDQW�NH\�FRQFHSWV� � �

7��UHIHUV�WR�SUHYLRXV�DQG��RU��QH[W�OHVVRQ�V� � �

7��DVNV�OHDUQHUV�DERXW�WKHLU�LGHDV�RQ�KRZ�WR�FDUU\�RXW�

WKH�DFWLYLW\�

�

7��URXQGV�RII�WKH�VWDUW�RI�WKH�OHVVRQ�ZLW K�D�SUHOLPLQDU\�

FRQFOXVLRQ�

�

7��LOOXVWUDWHV�OHVVRQ�WRSLF�E\�GRLQJ�D�VKRUW�SUDFWLFDO�

DFWLYLW\�

�

7��GHPRQVWUDWHV�WKH�XVH�RI�PDWHULDOV�RU�HTXLSPHQW � �

7��PHQWLRQV�H[DPSOHV�RI�HYHU\GD\�OLIH�UHODWHG�WR�WKH�

WRSLF�

�

7��PDQDJHV�WR�OHW�OHDUQHUV�DVN�PHDQLQJIXO�TXHVWL RQV� �

,I�QHFHVVDU\�7��DVVLVWV�OHDUQHUV�ZLWK�WKH�FRUUHFW�XVH�RI�

PDWHULDOV��HTXLSPHQW�RU�H[HFXWLRQ�RI�DFWLYLW\ �

�

7��GLVFXVVHV�KRPHZRUN � �

7��ZULWHV�RQ�WKH�ERDUG�WR�HPSKDVLVH�LPSRUWDQW�SRLQWV�

DQG�LQIRUPDWLRQ�

�

7KUHVKROG� �

7��LQWURGXFHV�OHVVRQ�SOHQDU\ � �

1HJDWLYH�HOHPHQWV�� �

7��GRHV�QRW�FKHFN�KRPHZRUN� � �

7��UHDFWV�QHJDWLYHO\�WR�DQVZHU��TXHVWLRQ��DFWLRQ�RU�

EHKDYLRXU�RI�OHDUQHUV� �

�

7��LJQRUHV�TXHVWLRQV�DQG��RU��DQVZHUV�IURP�OHDUQHUV � �

7��SRVHV�TXHVWLRQV��EXW�GRHV�QRW�JLYH�OHDUQHUV�WKH�

RSSRUWXQLW\�WR�WKLQN�IRU�WKHPV HOYHV��

�

�

7KHUH�ZDV�OLPLWHG�WLPH�DYDLODEOH�EHWZHHQ�WKH�WZR�F\FOHV�IRU�VKRUW�UHYLVLRQ�

RI� WKH� SURWRW\SH� WHDFKHU� VXSSRUW� PDWHULDOV�� 6SHFLILFDOO\�� VHYHUDO� JXLGHOLQHV�

ZHUH�FOHDUHU�DQG�PRUH�SUHFLVHO\�IRUPXODWHG��)RU�H[DPSOH��

� FOHDUHU�JXLGHOLQHV�VXSSRUWLQJ�WKH�UROH�RI�WKH�WHDFKHU�GXULQJ�WKH�OHVVRQ��H�J��


PRYH� DURXQG� WR� KHOS� OHDUQHUV� «
�� 
REVHUYH� KRZ� OHDUQHUV� XVH� WKHLU�

PDWHULDOV�«
��RU�
PDNH�VXUH�WKDW�OHDUQHUV�«
���
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� PRUH� VSHFLILF� JXLGHOLQHV� DERXW� QXPEHUV� �RI� LWHPV�RU� OHDUQHUV��� H�J�� DVN� VL[�

OHDUQHUV�IRU�WKHLU�DQVZHUV�IURP�WKH�DFWLYLW\
�DQG�
WR�VDYH�WLPH��DVN�JURXSV�WR�

LQYHVWLJDWH�RQO\�WZR�VXEVWDQFHV
���

� VRPH� VXJJHVWLRQV�ZHUH� HPSKDVLVHG�E\�XVLQJ� D�EROG� W\SHIDFH� IRU�SDUWV�RI�

WKH�WH[W���

�

,Q�DGGLWLRQ��SDUWV�RI�OHVVRQ����WRR�PXFK�FRQWHQW�IRU�RQH�OHVVRQ�SHULRG��DQG�

OHVVRQ����ODVW�SDUW�RI�WKH�OHVVRQ�ZDV�WRR�FRPSOLFDWHG�IRU�PRVW�VWXGHQWV��ZHUH�

GHOHWHG��,Q�IDFW��WKH�GHOHWHG�SDUWV�QHHGHG�WR�EH�UHSODFHG�E\�H[WUD�OHVVRQV��EXW�

WKHUH�ZDV�QR�WLPH�EHWZHHQ�WKH�WZR�F\FOHV��DQG�WKLV�ZDV�GHOD\HG�XQWLO�DIWHU�WKH�

HYDOXDWLRQ�ZDV�FRPSOHWHG���

7KH�UHVXOWV�RI�WKH�HYDOXDWLRQ�DUH�GLVFXVVHG�LQ�VHFWLRQ�����EHORZ���

�

�

���� 5HVXOWV�RI�WKH�HYDOXDWLRQ�

�

,Q� RUGHU� WR� EH� DEOH� WR� SURYLGH� LQVLJKW� LQ� WKH� FKDUDFWHULVWLFV� RI� YDOLG� DQG�

SUDFWLFDO�WHDFKHU�VXSSRUW�PDWHULDOV��WKH�HYDOXDWLRQ�IRFXVHG�RQ��

� KRZ�WKH�OHVVRQV�ZHUH�H[HFXWHG�LQ�FODVV��RSHUDWLRQDO�FXUULFXOXP����

� KRZ� WHDFKHUV� IHOW� DERXW� WKH�PDWHULDOV� DQG� OHVVRQV�SHUFHLYHG� FXUULFXOXP���

DQG��

� ZKDW�WKH�VWXGHQWV�IHOW�DERXW�WKH�OHVVRQV��H[SHULHQWLDO�FXUULFXOXP����

�

5HVXOWV�RI� WKH�6FLHQWLILF�3URFHVVHV� VWXG\�DUH�GLVFXVVHG� LQ�GHWDLO� LQ� WKH�RULJLQDO�

GRFXPHQWV�� UHSRUWV� DQG� SDSHUV�� %HQVFKRS� �������� 2WWHYDQJHU� 	� %HQVFKRS�

������� DQG�2WWHYDQJHU�� %HQVFKRS�	� YDQ� GHQ�$NNHU� �������� 7KH� UHVXOWV� DUH�

VXPPDULVHG�LQ�VHFWLRQV�������WR���������

�

������ 2SHUDWLRQDO�FXUULFXOXP��

�

2EVHUYHUV�ZHUH�SUHVHQW�LQ�D�WRWDO�RI����OHVVRQV�����LQ�WKH�ILUVW�F\FOH�LQ�WKH�

.HHWPDQVKRRS�UHJLRQ�DQG����LQ�WKH�VHFRQG�F\FOH�LQ�WKH�.DWLPD�0XOLOR�UHJLRQ��

,Q� WKH� ILUVW� F\FOH�� ERWK� WKH� UHVHDUFKHU� DQG� D� UHVHDUFK� DVVLVWDQW� REVHUYHG� WKH�

OHVVRQV�� 7KLV� SURYLGHG� WKH� RSSRUWXQLW\� WR� GLVFXVV� DIWHUZDUGV� ZKDW� ZDV�

REVHUYHG�GXULQJ�WKH� OHVVRQ��,QLWLDOO\�� WKHUH�ZHUH�GLIIHUHQFHV�EHWZHHQ�WKH� WZR�

REVHUYHUV�� EXW� WKURXJK� WKH� SRVW�OHVVRQ� GLVFXVVLRQV� REVHUYHUV� PDQDJHG� WR�
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UHDFK�D�FRPPRQ�IRFXV��7KHVH�GLVFXVVLRQV�ZHUH�DOVR�XVHIXO� LQ�VKDUSHQLQJ�XS�

WKH�FXUULFXOXP�SURILOH��7KH�UHVHDUFK�DVVLVWDQW�FDUULHG�RXW�WKH�VHFRQG�F\FOH�RI�

FODVVURRP�REVHUYHUV�RQ�KHU�RZQ��7KH�REVHUYHUV�NHSW�D�UXQQLQJ�VXPPDU\�RI�

WKH� OHVVRQV� DQG� YLGHRWDSHG� WKH� OHVVRQV�� 7KH\� WULHG� WR� VFRUH� WKH� LWHPV� RQ�

FXUULFXOXP�SURILOH�GXULQJ� WKH� OHVVRQV�� ,Q� VRPH� FDVHV� VFRULQJ�ZDV� FRPSOHWHG�

DIWHU�WKH�OHVVRQ�ZLWK�WKH�KHOS�RI�WKH�YLGHRWDSHV��7DEOH�����SURYLGHV�LQGLYLGXDO�

VXPPDU\�VFRUHV�IRU�DOO�WHDFKHUV���

�

7DEOH������ ,QGLYLGXDO�VXPPDU\�VFRUHV�IRU�DOO����WHDFKHUV�IRU�SRVLWLYH�DQG�QHJDWLYH�SURILOH�HOHPHQWV�

LQ�WKH�GLIIHUHQW�VHFWLRQV�RI�WKH�OHVVRQ�
�

� 7HDFKHU�

3URILOH�HOHPHQWV� $� %� &� '� (� )� *� +� ,� -� $YHUDJH�

6WDUW�RI�OHVVRQ�

� SRVLWLYH�

� QHJDWLYH�
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$FWLYLW\�%RG\�RI�
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&RQFOXVLRQV�(QG�

RI�OHVVRQ�

� SRVLWLYH�

� QHJDWLYH�

�

�

���

���

�

�

���

��

�

�

���

���

�

�

���

���

�

�

���

���

�

�

���

���

�

�

���

���

�

�

���

���

�

�

���

���

�

�

���

���

�

�

���

���

2YHUDOO�OHVVRQ�

LQIRUPDWLRQ�
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/HJHQG� 
 6FRUHV DUH H[SUHVVHG DV D SHUFHQWDJH RI D WRWDO VFRUH RI ��� �� $ VFRUH RI �� � PHDQV
WKDW ��� RI WKH LWHPV RQ WKH FXUULFXOXP SURILOH ZHUH VFRUHG

�

7DEOH�����VKRZV�VFRUHV�IRU�WHDFKHUV�LQ�WKH�.HHWPDQVKRRS�UHJLRQ��WHDFKHUV�

$�(��� DQG� WHDFKHUV�)�-� LQ� WKH�.DWLPD�0XOLOR� UHJLRQ��7KH� ODVW� FROXPQ�VKRZV�

WKH�DYHUDJH�VFRUH�RI�DOO� WHDFKHUV� WRJHWKHU��7HDFKHUV� LQ�.DWLPD�0XOLOR� UHJLRQ�

�WHDFKHUV� )�-�� VFRUH� JHQHUDOO\� ORZHU� IRU� WKH� SRVLWLYH� HOHPHQWV� RQ� WKH� SURILOH�

WKDQ�WKHLU�FROOHDJXHV�LQ�WKH�.HHWPDQVKRRS�UHJLRQ��DQG�KLJKHU�IRU�WKH�QHJDWLYH�

HOHPHQWV��ZLWK� WKH�H[FHSWLRQ�RI� WHDFKHU�)�DQG�WR�D�FHUWDLQ�H[WHQW� WHDFKHU�*��
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6FRUHV� WHQG� WR� EH� OHVV� IDYRXUDEOH� LQ� WKH� &RQFOXVLRQ�(QG� RI� OHVVRQ� VHFWLRQ�

WKDQ�IRU�WKH�6WDUW�DQG�%RG\�RI�WKH�OHVVRQ��7ZR�WHDFKHUV��&�DQG�+��KDYH�PXFK�

OHVV� IDYRXUDEOH� VFRUHV� LQ� DOO� OHVVRQ� FRPSRQHQWV�� 7KH� QH[W� SDUDJUDSKV� OLVW�

REVHUYDWLRQV�PDGH�LQ�WKH�GLIIHUHQW�VHFWLRQV�RI�WKH�OHVVRQV��

�

6WDUW�RI�WKH�OHVVRQ��REVHUYDWLRQV�

� 7HDFKHUV�ZHUH�ZHOO�SUHSDUHG�IRU�WKH�VWDUW�RI�WKH�OHVVRQV��7KH�OHVVRQV�VWDUWHG�

RQ� WLPH� DQG� PDWHULDOV� DQG� HTXLSPHQW� IRU� WKH� OHVVRQV� ZHUH� UHDG\� DW� WKH�

EHJLQQLQJ�RI�WKH�OHVVRQV��

� 6WXGHQWV� ZHUH� DWWHQWLYH� DQG� DSSHDUHG� WR� HQMR\� WKH� OHVVRQV�� $OO� WHDFKHUV�

DWWHPSWHG�WR�GUDZ�VWXGHQWV�DFWLYHO\�LQWR�WKH�OHVVRQV���

� ,Q� DERXW� KDOI� RI� WKH� REVHUYHG� OHVVRQV�� RQ� DYHUDJH�� WHDFKHUV� PDQDJHG� WR�

SRVH�TXHVWLRQV�WR�VWXGHQWV�WR�SUREH�WKHLU�VXJJHVWLRQV�RQ�KRZ�WR�FDUU\�RXW�

WKH�OHVVRQ
V�DFWLYLW\��ZLWK�ODUJH�GLIIHUHQFHV�EHWZHHQ�WHDFKHUV���

� ,Q������RI�WKH�REVHUYHG�OHVVRQV��WHDFKHUV�UHODWHG�WKH�FRQWHQW�RI�WKH�OHVVRQ�

WR� WKH� GDLO\� H[SHULHQFH� RI� VWXGHQWV� E\�PHQWLRQLQJ� FRPPRQ� H[DPSOHV� RI�

DSSOLFDWLRQV��

� 7KH� WHDFKHU� PDWHULDOV� VXJJHVWHG� D� VKRUW� LQWURGXFWRU\� SUDFWLFDO� DFWLYLW\��

ZKLFK�ZDV�FDUULHG�RXW�LQ�DOPRVW�DOO�OHVVRQV��ZLWK�WZR�WHDFKHUV�GRLQJ�WKLV�LQ�

WKH�IRUP�RI�D�GHPRQVWUDWLRQ���

� 6WXGHQWV�WHQGHG�QRW�WR�DVN�DQ\�TXHVWLRQV�LQ�WKH�ILUVW�SDUW�RI�WKH�OHVVRQV��EXW�

WKH\�GLG�GXULQJ�WKH�DFWLYLW\�DQG�FRQFOXVLRQ�SDUW�RI�WKH�OHVVRQ���

�

$FWLYLW\�%RG\�RI�WKH�OHVVRQ��REVHUYDWLRQV�

$FWLYLWLHV�ZHUH�FDUULHG�RXW�LQ�WKH�ERG\�RI�PDQ\�RI�WKH�OHVVRQV��,Q�HLJKW�RI�

WKH�FODVVHV��WKHVH�DFWLYLWLHV�ZHUH�FDUULHG�RXW�E\�JURXSV�RI�VWXGHQWV��,Q�WKH�RWKHU�

WZR�FODVVHV�DFWLYLWLHV� WRRN�SODFH� LQ� WKH�IRUP�RI� 
VHPL�GHPRQVWUDWLRQV
�FDUULHG�

RXW�E\�D� VPDOO�QXPEHU�RI� VWXGHQWV��ZKLOH� WKH�RWKHU� VWXGHQWV�ZHUH�REVHUYLQJ�

IURP� WKHLU� VHDWV�� DIWHU� ZKLFK� RWKHU� VPDOO� JURXSV� RI� VWXGHQWV� ZRXOG� GR� WKH�

VDPH��$QRWKHU�IRUPDW�ZDV�WKDW�WHDFKHUV�GLYLGHG�WKH�FODVV�LQ�ELJ�JURXSV��RI�DW�

OHDVW� WHQ�VWXGHQWV��DQG�DVNHG�D�IHZ�RI� WKH�PRUH�VNLOIXO�VWXGHQWV� WR�FDUU\�RXW�

WKH�DFWLYLW\�ZKLOH�WKH�UHVW�RI�WKH�VWXGHQWV�LQ�WKH�JURXS�REVHUYHG��,Q�WKLV�ZD\��

OHVV� WKDQ� D� WKLUG� RI� WKH� VWXGHQWV� ZHUH� DFWLYHO\� LQYROYHG� LQ� WKH� DFWLYLWLHV��

2EVHUYHUV� DOVR� QRWLFHG� WKDW� WZR� WHDFKHUV� KDG� LQWHUSUHWHG� WKH� VXJJHVWLRQ�


GLYLGH� VWXGHQWV� LQ� JURXSV� RI� WZR
� DV� 
GLYLGH� WKH� FODVV� LQ� WZR� JURXSV� RI�

VWXGHQWV
�� $SSHQGL[� ���F� SURYLGHV� DQ� RYHUYLHZ� RI� VXPPDU\� VFRUHV� RI�
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LQGLYLGXDO�WHDFKHUV�IRU�WKH�ERG\�RI�WKH�OHVVRQV��2WKHU�REVHUYDWLRQV�LQFOXGH��

� :LWK� RQH� H[FHSWLRQ�� WHDFKHUV� H[SODLQHG� WKH� XVH� RI� WKH� HTXLSPHQW� DQG�

PDWHULDOV�DW�WKH�VWDUW�RI�WKH�DFWLYLWLHV���

� 7HDFKHUV�DOORZHG�WKH�VWXGHQWV�D�FHUWDLQ�DPRXQW�RI�IUHHGRP�LQ�KRZ�WR�FDUU\�

RXW�WKH�DFWLYLW\���

� 7HDFKHUV�PRYHG�DURXQG�EHWZHHQ�JURXSV� WR�REVHUYH�SURJUHVV��EXW�DOVR� WR�

DVN�TXHVWLRQV�DQG�WR�JXLGH�VWXGHQWV���

� 7KUHH�WHDFKHUV�IRUPHG�DQ�H[FHSWLRQ�WR�WKH�DERYH�SRLQW��RQH�WHDFKHU�GLG�QRW�

UHDOO\� FRPPXQLFDWH�ZLWK� WKH�JURXSV�RI� VWXGHQWV��RQO\�REVHUYHG� WKHP�DQG�

PDGH�QRWHV��DQG�PDGH�FRPPHQWV�DERXW�ZKDW�KH�KDG�VHHQ�DIWHU�WKH�DFWLYLW\��

$W�WKH�RWKHU�H[WUHPH��RQH�WHDFKHU�NHSW�WRWDO�FRQWURO�RYHU�WKH�DFWLYLW\��WR�WKH�

H[WHQW�WKDW�KH�GHFLGHG�ZKDW��KRZ�DQG�ZKHQ�WKH�QH[W�VWHS�LQ�WKH�DFWLYLW\�ZDV�

WR�KDSSHQ��$� WKLUG� WHDFKHU�GLYLGHG� WKH� FODVV� LQ� WZR� JURXSV� �DOWKRXJK� WKH�

WHDFKHU�PDWHULDOV�VXJJHVWHG�KDYLQJ�JURXSV�RI� WZR��GXULQJ�WKH�ERG\�RI� WKH�

OHVVRQ�� $IWHU� WKLV� WKH� OHVVRQ� SURFHHGHG� DV� D� SOHQDU\� OHVVRQ�� ZLWK� PRVWO\�

WHDFKHU�WDON��

� 5HSRUWLQJ� RI� WKH� UHVXOWV� RI� WKH� DFWLYLW\� GLG� QRW�� DV� D� UXOH�� KDSSHQ� RQ� WKH�

EODFNERDUG�� ,QVWHDG�� LW� KDSSHQHG� YHUEDOO\�� RU� WKH� WHDFKHU� FKHFNHG� UHVXOWV�

ZKLOH� PRYLQJ� DURXQG� EHWZHHQ� WKH� GLIIHUHQW� JURXSV�� 2QO\� RQH� WHDFKHU�

FRQVLVWHQWO\�DVNHG�VWXGHQWV�WR�UHSRUW�WKHLU�UHVXOWV�RQ�WKH�EODFNERDUG���

�

&RQFOXVLRQV�(QG�RI�OHVVRQ��REVHUYDWLRQV�

'UDZLQJ�FRQFOXVLRQV�IURP�WKH�DFWLYLW\�ZDV�SUREOHPDWLF��PRVWO\�GXH�WR�WLPH�

FRQVWUDLQWV� DW� WKH� HQG� RI� WKH� OHVVRQ�� &RQWUDU\� WR� VXJJHVWLRQV� LQ� WKH� WHDFKHU�

VXSSRUW�PDWHULDOV��FRQFOXVLRQV�IURP�WKH�DFWLYLWLHV�ZHUH�RIWHQ�GUDZQ�E\�WHDFKHUV�

WKHPVHOYHV�� DQG� QRW� E\� VWXGHQWV�� 6LPLODUO\�� PHWKRGV� XVHG� GXULQJ� WKH� DFWLYLW\�

ZHUH�GLVFXVVHG� LQ�RQO\�D� IHZ� OHVVRQV��$SSHQGL[����G�SURYLGHV�DQ�RYHUYLHZ�RI�

VXPPDU\�VFRUHV�RI�LQGLYLGXDO�WHDFKHUV�IRU�WKH�FRQFOXVLRQ�SDUW�RI�WKH�OHVVRQV���

2WKHU�REVHUYDWLRQV�LQFOXGH���

� 6L[� WHDFKHUV� DVNHG� VWXGHQWV�� LQ� RQH� RU� WZR� RI� WKHLU� OHVVRQV�� WR� GUDZ�

FRQFOXVLRQV�IURP�WKH�DFWLYLW\���

� 7ZR�WHDFKHUV�GLVFXVVHG�WKH�PHWKRGV�XVHG�GXULQJ�WKH�DFWLYLWLHV�LQ�DOO�OHVVRQV��

)LYH� WHDFKHUV� GLG� WKLV� LQ� RQH� RU� WZR� OHVVRQV��ZKLOH� WKUHH� GLG� QRW� GLVFXVV�

PHWKRGV�DW�DOO���

� ,Q�QHDUO\�DOO�OHVVRQV��D�IHZ�PLQXWHV�ZHUH�VSHQW�RQ�FOHDQLQJ�XS�DQG�JHWWLQJ�

WKH�FODVV�LQ�RUGHU�DW�WKH�HQG�RI�WKH�OHVVRQ��



6FLHQWLILF 3URFHVVHV VWXG\ ��

� +RPHZRUN� ZDV� JLYHQ� DW� WKH� HQG� RI� PRVW� OHVVRQV�� EXW� WKLV� ZDV� VHOGRP�

UHSRUWHG�RQ�WKH�EODFNERDUG�DV�VXJJHVWHG�LQ�WKH�VXSSRUW�PDWHULDOV��

�

2EVHUYDWLRQV�RI�D�PRUH�JHQHUDO�QDWXUH�

� %RWK�WHDFKHUV�DQG�VWXGHQWV�KDG�WR�JHW�XVHG�WR�WKLV�NLQG�RI�OHVVRQ��6RPH�RI�

WKH� WHDFKHUV� ZHUH� LQLWLDOO\� DIUDLG� WR� KDQG� RYHU� WKH� LQLWLDWLYH� WR� WKHLU�

VWXGHQWV��7HDFKHUV� WHQGHG�WR� WDON� WRR�PXFK�WR� WKH�FODVV�DV�D�ZKROH��ERWK�

GXULQJ� WKH� LQWURGXFWLRQ� RI� WKH� DFWLYLW\� DQG� GXULQJ� WKH� DFWLYLW\� LWVHOI��

GLVWUDFWLQJ�VWXGHQWV�IURP�WKH�DFWLYLW\��

� 7HDFKHUV� H[HFXWHG� WKH� OHVVRQV� LQ� OLQH�ZLWK� WKH� VXJJHVWLRQV� LQ� WKH� WHDFKHU�

VXSSRUW�PDWHULDOV��,Q�D�IHZ�FDVHV�WHDFKHUV�VWDUWHG�WR�XVH�WKH�PDWHULDOV�LQ�D�

ODWHU�VWDJH��DIWHU�VHYHUDO�OHVVRQV��DV�DQ�H[HPSODU\�JXLGH��H�J��WHDFKHUV�PDGH�

WKHLU�RZQ�TXHVWLRQV�LQ�WKH�IRUPDW�RI�WKH�TXHVWLRQV�LQ�WKH�WHDFKHU�JXLGH��RU�

DGDSWLQJ�DQ�DFWLYLW\�WR�VXLW�WKH�ORFDO�FLUFXPVWDQFHV��

� /DUJH� GHYLDWLRQV� IURP� WKH� OHVVRQ� VXJJHVWLRQV� LQ� WKH� WHDFKHU� VXSSRUW�

PDWHULDOV��DV�KDSSHQHG�ZLWK�WZR�WHDFKHUV��WHDFKHU�&�DQG�+���UHVXOWHG�LQ�DOO�

FDVHV� LQ� PRUH� WHDFKHU� WDON�� OHVV� VWXGHQW� DFWLYLW\� �H�J�� VWXGHQW� DFWLYLW\�

UHSODFHG�E\�D�GHPRQVWUDWLRQ��DQG�PRUH�WHDFKHU�FHQWUHG�OHVVRQV���

� 7KH�VDPH�WZR�WHDFKHUV��DOWKRXJK�DSSHDULQJ�WR�EH�ZHOO�SUHSDUHG�DW�WKH�VWDUW�

RI�WKH�OHVVRQ��VHHPHG�WR�EH�PLVVLQJ�DQ�RYHUDOO�OHVVRQ�SODQ�IRU�WKH�OHVVRQV��

FUHDWLQJ�FRQIXVLRQ�DPRQJ�WKH�VWXGHQWV���

� (QJOLVK�DV�WKH�PHGLXP�RI� LQVWUXFWLRQ�FUHDWHG�SUREOHPV�IRU�VHYHUDO�RI�WKH�

WHDFKHUV�DQG�WKHLU�VWXGHQWV���

� 4XHVWLRQLQJ�VNLOOV�RI�WHDFKHUV�ZHUH�RIWHQ�YHU\�OLPLWHG��VHQWHQFH�FRPSOHWLRQ�

DQG� LJQRULQJ� LQFRUUHFW� DQVZHUV� ZHUH� HVSHFLDOO\� SUHYDOHQW� ZLWK� WKH� PRUH�

H[SHULHQFHG�WHDFKHUV���

� 3UREOHPV� RFFXU� ZKHQ� LW� FRPHV� WR� GUDZLQJ� FRQFOXVLRQV�� 6FRUHV� DUH�

JHQHUDOO\�PXFK� ORZHU�IRU� WKLV�SDUW�RI� WKH� OHVVRQ�WKDQ�IRU� WKH�RWKHU�SDUWV��

7KLV�LV�HVSHFLDOO\�D�SUREOHP�ZLWK�WHDFKHUV�LQ�WKH�.DWLPD�0XOLOR�UHJLRQ��

�

������ 3HUFHLYHG�FXUULFXOXP�

�

7HDFKHUV�ZHUH�LQWHUYLHZHG�DW�WKH�HQG�RI�WKH�OHVVRQ�VHULHV��,Q�WKH�ILUVW�F\FOH�

WKLV�KDSSHQHG� LQ�D�JURXS� LQWHUYLHZ�ZLWK�DOO� WHDFKHUV� WRJHWKHU�� ,Q� WKH�VHFRQG�

F\FOH�� WHDFKHUV�ZHUH� LQWHUYLHZHG� LQGLYLGXDOO\�� ,PSRUWDQW�SRLQWV� WKDW� VXUIDFHG�

GXULQJ�WKH�LQWHUYLHZV�LQFOXGHG���
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2Q�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�

� 7HDFKHUV� LQGLFDWHG� WKDW� WKH\� KLJKO\� YDOXHG� WKH� WHDFKHU� VXSSRUW�PDWHULDOV��

7HDFKHUV�VDLG�WKDW�WKH\�XVHG�PRVW�RI�WKH�LQIRUPDWLRQ�LQ�LW��EXW�DGDSWHG�WKH�

VXJJHVWLRQV� LI� WKH� ORFDO� FLUFXPVWDQFHV� �H�J�� GXH� WR� ODFN� RI� UHVRXUFHV�� WRR�

PDQ\�VWXGHQWV�LQ�WKH�FODVV��GHPDQGHG�WKLV���

� 7KH\�DSSUHFLDWHG�WKH�VW\OH�RI�ZULWLQJ��
DV�LI�VRPHRQH�ZDV�VSHDNLQJ�WR�\RX
���

� )RUPDW�DQG�OD\RXW�RI�WKH�PDWHULDOV��SUHSDUDWLRQ��H[HFXWLRQ�RI�OHVVRQV��HWF���

ZDV� FRQVLGHUHG� YHU\� XVHIXO�� DV� ZDV� WKH� XVH� RI� LFRQV� WR� LQGLFDWH� FHUWDLQ�

OHVVRQ�FRPSRQHQWV��
HYHU\WKLQJ�LV�LQ�LW��HYHQ�WKH�WLPLQJ
���

� 7KH�LQFOXVLRQ�RI�WKH�UHOHYDQW�SDJHV� LQ�WKH�PDWHULDOV�PDGH�LW�YHU\�HDV\�IRU�

WKH�.HHWPDQVKRRS�WHDFKHUV��EXW�WKH�.DWLPD�0XOLOR�WHDFKHUV�IHOW� WKDW�WKLV�

ZDV�XQQHFHVVDU\�DV�WKH\�ZRXOG�WDNH�WKH�WH[WERRN�WR�FODVV�DQ\ZD\��

� 7HDFKHUV�DSSUHFLDWHG�WKH�
QLFH�LGHDV
�DERXW�KRZ�WR�FDUU\�RXW�WKH�DFWLYLWLHV��

DV�ZHOO�DV�WKH�EDVLF�LQIRUPDWLRQ�RQ�KRZ�WR�JXLGH�JURXS�ZRUN�DQG�KRZ�WR�

XVH��ZKLFK��PDWHULDOV���

� 7KHUH� ZDV� HQRXJK� LQIRUPDWLRQ� DERXW� WKH� LQWHQWLRQ� DQG� VHW�XS� RI� WKH�

OHVVRQ�� DQG� WKH� PDWHULDOV� UHTXLUHG�� 7KH� WHDFKHU� PDWHULDOV� KDG� QRW� UHDOO\�

VKRUWHQHG� WKH�SUHSDUDWLRQ� WLPH��EXW� WKH\�KDG�PDGH�SUHSDUDWLRQ�HDVLHU�� 
,W�

ZDV�DOO�SUHSDUHG�IRU�PH��,�MXVW�UHDG�WKURXJK��JRW�WKH�PDWHULDOV�DQG�FDUULHG�WKHP�WR�WKH�

FODVVURRP
���

� $VNHG� ZKDW� WKH� OHVVRQV� ZRXOG� KDYH� ORRNHG� OLNH� ZLWKRXW� WKH� WHDFKHU�

VXSSRUW�PDWHULDOV��WZR�WHDFKHUV�VDLG��
0\�OHVVRQV�ZRXOG�KDYH�EHHQ�YHU\�VKDOORZ��,�

WKLQN�WKH�JXLGH�KHOSHG�PH�YHU\�PXFK�LQ�JLYLQJ�D�FOHDU�SLFWXUH�RI�ZKDW�KDV�WR�EH�GRQH�
�

� 7HDFKHUV�VXJJHVWHG�WKDW�WKH�PDWHULDOV�VKRXOG�VWDUW�ZLWK�DQ�RYHUYLHZ�RI�DOO�

OHVVRQV� LQFOXGLQJ� D� OLVW� RI� PDWHULDOV� QHFHVVDU\� IRU� DOO� WKH� OHVVRQV�� 7KLV�

ZRXOG�PDNH� SUHSDUDWLRQ� HDVLHU� DV�PRUH� WLPH� ZRXOG� EH� DYDLODEOH� WR� SODQ�

DKHDG�LQ�ILQGLQJ�WKH�UHTXLUHG�HTXLSPHQW�DQG�PDWHULDOV���

�

2Q�WKH�OHVVRQV��

� 7HDFKHUV� LQGLFDWHG� WKDW� WKH� OHYHO�RI� WKH� OHVVRQV�ZDV�TXLWH�DSSURSULDWH� IRU�

WKH� VWXGHQWV�� 6WXGHQWV� HDVLO\� XQGHUVWRRG� WKH� FRQWHQW�RI� WKH� OHVVRQV��ZLWK�

WKH�H[FHSWLRQ�RI�WKH�OHVVRQ�RI�JUDSKLQJ�UHVXOWV��

� 7HDFKHUV� IHOW� WKDW� VRPH� OHVVRQV� ZHUH� SUREOHPDWLF� GXH� WR� WKH� VKRUW� WLPH�

DYDLODEOH� �VRPHWLPHV� RQO\� ��� PLQXWHV��� /LPLWHG� VXSSO\� RI� UHTXLUHG�

HTXLSPHQW��H�J��RQH�EDWKURRP�VFDOH�IRU����VWXGHQWV��DOVR�FDXVHG�DFWLYLWLHV�

WR�UXQ�ORQJHU�WKDQ�SODQQHG��&RS\LQJ�GRZQ�TXHVWLRQV�IURP�WKH�ERDUG�DOVR�
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WRRN�PXFK�PRUH�WLPH�WKDQ�DQWLFLSDWHG�LQ�WKH�PDWHULDOV��7HDFKHUV�IRXQG�WKH�

FRQWHQW� RI� VRPH� RI� WKH� OHVVRQV�� VXFK� DV� FRQYHUWLQJ�PHDVXUHPHQWV� IURP�

PHWHUV�WR�FHQWLPHWUHV��DQG�JUDSKLQJ�UHVXOWV�RI�PHDVXUHPHQW��WRR�DGYDQFHG�

IRU�WKHLU�VWXGHQWV���

� ,W� ZDV� QRW� DOZD\V� HDV\� WR� ILQG� DOO� WKH� UHTXLUHG�PDWHULDOV� �LQ� WKH� .DWLPD�

0XOLOR�UHJLRQ���EXW�WHDFKHUV�PDQDJHG�WR�ERUURZ�IURP�QHDUE\�VFKRROV�ZKHQ�

QHFHVVDU\��

� 7HDFKHUV�IHOW�WKDW�WKH�ILUVW�OHVVRQ�VKRXOG�EH�VSOLW�LQ�WZR�VHSDUDWH�OHVVRQV���

� 
7KHVH� VHYHQ� OHVVRQV�ZHUH�D� ORW�EHWWHU� WKDQ�P\�QRUPDO� OHVVRQV
�� VDLG�RQH� WHDFKHU� LQ�

WKH�.DWLPD�0XOLOR� UHJLRQ� �HVSHFLDOO\� WKH� IRFXV� RQ� DFWLYLWLHV�ZKLFK� LV� QRW�

QRUPDOO\� WKH� FDVH� DQG� WKH� LQYROYHPHQW� RI� PDQ\� PRUH� VWXGHQWV� WKDQ�

QRUPDOO\���ZKHQ�DVNHG�ZKHWKHU�WKHUH�ZDV�D�GLIIHUHQFH�EHWZHHQ�WKH�OHVVRQV��

7KH�VWURQJ�IRFXV�RQ�DFWLYLWLHV�DQG�WKH�LQYROYHPHQW�RI�PDQ\�PRUH�VWXGHQWV�

WKDQ� XVXDO� ZHUH� FRQVLGHUHG� HVSHFLDOO\� LPSRUWDQW� FRQWULEXWLRQV� WR� EHWWHU�

OHVVRQV�� $OVR�� WKH� LQFUHDVHG� DWWHQWLRQ� JLYHQ� WR� DVVLJQLQJ� DQG� FKHFNLQJ�

KRPHZRUN�ZDV�PHQWLRQHG�DV�DQRWKHU�SRVLWLYH�DVSHFW�RI�WKH�OHVVRQV��

�

2Q�ZKDW�WHDFKHUV�KDG�OHDUQHG�IURP�WKH�OHVVRQV�

� 7HDFKHUV�LQGLFDWHG�WKDW�WKH\�KDG�OHDUQHG�D�ORW�IURP�WU\LQJ�RXW�WKH�OHVVRQV�

LQ�WKH�WHDFKHU�JXLGH��$V�RQH�WHDFKHU�H[SUHVVHG�LW�� 
,�WKLQN�,�ZLOO�JHW� LQWR�WKDW�

ZD\�RI�GRLQJ�WKLQJV�DV�LQ�WKH�WHDFKHU�JXLGH��,�DOUHDG\�WULHG�LW�RXW�ZLWK�WKH�WRSLF�RI�JDVHV�

DQG�LW�ZRUNHG�H[FHOOHQWO\
���

� 
,� OHDUQHG�KRZ� WR�GR�JURXS�ZRUN�DQG�KRZ� WR�PDQDJH�JURXSV�� ,� FDQ�GR� LW�PXFK� HDVLHU�

QRZ
��DQG�
,�OHDUQHG�WR�JLYH�OHDUQHUV�HQRXJK�WLPH�WR�WKLQN�IRU�WKHPVHOYHV
�ZHUH�VRPH�

RI�WKH�DQVZHUV�WHDFKHUV�JDYH�RI�ZKDW�WKH\�KDG�OHDUQHG�GXULQJ�WKH�H[HFXWLRQ�

RI�WKH�OHVVRQV�LQ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��

� 7HDFKHUV� DOVR� LQGLFDWHG� WKDW� WKH� OHVVRQV� KDG� PDGH� WKHP� UHWKLQN� WKH�

RSLQLRQV� �� RIWHQ� QHJDWLYH� RQHV� �� WKH\� KHOG� DERXW� WKHLU� VWXGHQWV�� 7KH�

VWXGHQWV�ZHUH�FDSDEOH�RI�PXFK�PRUH�WKDQ�WKHLU�WHDFKHUV�KDG�HYHU�LPDJLQHG�

�
/HDUQHUV�FDQ�ILQG�PXFK�PRUH�WKDQ�\RX�DV�D�WHDFKHU�FDQ�WHOO�WKHP��7KH\�FRPH�XS�ZLWK�

TXHVWLRQV�\RX�GLG�QRW�H[SHFW
���

�

������ ([SHULHQWLDO�FXUULFXOXP�

�

'XULQJ� FODVVURRP� REVHUYDWLRQV� LW� KDG� EHFRPH� FOHDU� WKDW� VWXGHQWV�

WUHPHQGRXVO\� HQMR\HG� WKH� OHVVRQV�� 7KH\� HDJHUO\� SDUWLFLSDWHG� LQ� SUDFWLFDO�
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DFWLYLWLHV� DQG� JURXS� DQG� FODVV� GLVFXVVLRQV�� 7KH\� FRQILUPHG� WKLV� LQ� WKH�

LQWHUYLHZV�DQG�TXHVWLRQQDLUH�DW�WKH�HQG�RI�WKH�OHVVRQ�VHULHV��

� 6WXGHQWV� ZHUH� HQWKXVLDVWLF� DERXW� WKH� 6FLHQWLILF� 3URFHVVHV� OHVVRQV�� 7KH\�

HVSHFLDOO\� OLNHG� FDUU\LQJ�RXW� WKH� DFWLYLWLHV� IRU� WKHPVHOYHV��$V�RQH� VWXGHQW�

IURP� WKH�.HHWPDQVKRRS� UHJLRQ� VDLG�� 
,W� JLYHV� XV� D� FKDQFH� WR� GR� WKH� WKLQJV� IRU�

RXUVHOYHV�DQG�QRW�EH�GHSHQGHQW�RQ�WKH�WHDFKHU�HYHU\�WLPH
��%HLQJ�LQYROYHG�LQ�JURXS�

ZRUN�ZDV�DQRWKHU�UHDVRQ�ZK\�VWXGHQWV�OLNHG�WKH�OHVVRQV��
%HFDXVH�ZH�ZRUNHG�

LQ�JURXSV
�DQG�
,I�,�GRQ
W�XQGHUVWDQG�LW��,�FDQ�DVN�LI�WKH�RWKHU�SHRSOH�FDQ�KHOS�PH��$QG�

WKH\�FDQ�DVN�PH
�ZHUH�W\SLFDO�DQVZHUV���

� 6WXGHQWV�UHSRUWHG�WKDW�LI�WKH\�GLG�SUDFWLFDO�ZRUN�DW�DOO��LW�ZDV�FDUULHG�RXW�LQ�

WKHLU�QRUPDO�OHVVRQV�LQ�WKH�IRUP�RI�D�GHPRQVWUDWLRQ��
WKHQ�WKH�WHDFKHU�VWDQGV�LQ�

IURQW�RI�WKH�FODVV�DQG�KH�PDNHV�HYHU\WKLQJ�IRU�XV�DQG�ZH�VHH�LW�DQG�ZH�DJUHH
��

� 6WXGHQWV�IHOW� WKDW�(QJOLVK�DV� WKH�PHGLXP�RI� LQVWUXFWLRQ�PDGH�WKH� OHVVRQV�

VRPHWLPHV�GLIILFXOW���

� 6WXGHQWV� LQGLFDWHG� WKDW� WKH\�KDG�QR�SUREOHPV�XQGHUVWDQGLQJ� WKH� OHVVRQV��

DQG� WKDW� WKH� OHVVRQV� ZHUH� HTXDOO\� GLIILFXOW� RU� HDVLHU� WKDQ� WKHLU� QRUPDO�

OHVVRQV��

� 6RPH� WHDFKHUV� UHSRUWHG� WKDW� VWXGHQWV� IURP� SDUDOOHO� FODVVHV�� ZKR� GLG� QRW�

WDNH�SDUW�LQ�WKH�WULDO��KDG�FRPH�WR�WKHP�ZLWK�WKH�UHTXHVW�WR�DOVR�JHW�VXFK�


QLFH�OHVVRQV
��2EYLRXVO\��VWXGHQWV�KDG�VSRNHQ�DERXW�WKH�OHVVRQV�ZLWK�WKHLU�

IHOORZ� VWXGHQWV� LQ� RWKHU� FODVVHV� DQG� KDG� ERDVWHG� DERXW� KRZ� QLFH� WKHVH�

ZHUH���

�

�

���� &RQFOXVLRQV�IURP�WKH�6FLHQWLILF�3URFHVVHV�VWXG\��

�

&RQFOXVLRQV�GUDZQ�IURP�WKH�UHVXOWV�DUH�FDWHJRULVHG�DFFRUGLQJ�WR�WKH�WKUHH�

TXDOLW\� DVSHFWV� RI� WHDFKHU� VXSSRUW� PDWHULDOV�� YDOLGLW\�� SUDFWLFDOLW\� DQG�

HIIHFWLYHQHVV��,Q�DGGLWLRQ��UHIOHFWLRQV�DUH�PDGH�DERXW� LQLWLDO�VXFFHVVIXO�H[SHULHQFHV�

RI� WHDFKHUV��6XFK�H[SHULHQFHV� DUH� OLNHO\� WR�FRQWULEXWH� WR� VXVWDLQHG�HIIRUWV�E\�

WHDFKHUV�WR�FRQWLQXH�ZLWK�WKH�LPSOHPHQWDWLRQ�RI�WKH�QHZ�FXUULFXOXP���

�

9DOLGLW\�

9DOLGLW\�� DV�RQH�RI� WKH� DVSHFW�RI� TXDOLW\�RI� WHDFKHU� VXSSRUW�PDWHULDOV��ZDV�

VHFXUHG�E\�D�QXPEHU�RI�DFWLYLWLHV�FDUULHG�RXW�GXULQJ�WKH�GHYHORSPHQW�SURFHVV��
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��� 'LVFXVVLRQV� ZLWK� WKH� YDULRXV� SOD\HUV� LQ� WKH� FXUULFXOXP� GHYHORSPHQW�

SURFHVV� LQ� 1DPLELD� SURYLGHG� FOHDU� GLUHFWLRQV� IRU� WKH� GHVLJQHUV� RI� WKH�

H[HPSODU\� WHDFKHU� VXSSRUW�PDWHULDOV�� 7KH� VFLHQFH� V\OODEXV� SURYLGHG� FOHDU�

LQVWUXFWLRQV� RI� WKH� FRQWHQW� RI� WKH� WRSLF�� 7KH� VWXGHQW� WH[WERRN� SURYLGHG�

IXUWKHU� FODULILFDWLRQV�RI� WKH� OHVVRQ�SUDFWLFH� IRU� WKH�6FLHQWLILF� 3URFHVVHV� WRSLF��

6XSSRUW�PDWHULDOV�ZHUH�GHVLJQHG�WR�EH�FRPSOHPHQWDU\�WR�WKH�WH[WERRN��

��� 6WDWH�RI�WKH�DUW�NQRZOHGJH�ZDV�XVHG�WR�FRPH�WR�GUDIW�GHVLJQ�VSHFLILFDWLRQV�

IRU�WKH�SURWRW\SH�RI�WKH�H[HPSODU\�PDWHULDOV���

��� 'HVLJQ�RI�WKH�H[HPSODU\�PDWHULDOV�ZDV�EDVHG�RQ���DQG���DERYH��

��� 5HYLHZ�DQG�FRQWLQXRXV� IHHGEDFN�RI� H[SHUWV� IURP� WKH� ,167$17�3URMHFW�

DQG�0LQLVWU\�RI�(GXFDWLRQ�DQG�&XOWXUH��

�

3UDFWLFDOLW\��

7HDFKHUV�LQGLFDWHG�WKDW�WKH\�ZHUH�DEOH�WR�XVH�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�

ZLWKRXW�DQ\�SUREOHPV��7HDFKHUV� IHOW� WKDW� WKH�PDWHULDOV�ZHUH� HDV\� WR�XVH� DQG�

ZULWWHQ�LQ�D�VW\OH�DV�LI�VRPHRQH�
ZDV�VSHDNLQJ�WR�WKHP
��LQ�WKH�VW\OH�RI�ZKDW�YDQ�

GHQ� %HUJ� ������� FDOOV� D� 
ZULWWHQ� FRDFK
�� 7HDFKHUV� DSSUHFLDWHG� WKH� GLIIHUHQW�

FRPSRQHQWV��OHVVRQ�SUHSDUDWLRQ��H[HFXWLRQ�RI�OHVVRQ��HWF��LQ�WKH�PDWHULDOV��,Q�

DGGLWLRQ��WKH\�ZHUH�KDSS\�ZLWK�WKH�OD\RXW�DQG�WKH�XVH�RI�LFRQV�WR�LQGLFDWH�WKH�

GLIIHUHQW� OHVVRQ�FRPSRQHQWV�DQG�DQ� LQGLFDWLRQ�RI� WKH� WLPHV� UHTXLUHG� IRU� WKH�

YDULRXV�FRPSRQHQWV���

$OO�WHDFKHUV�LQGLFDWHG�WKDW�WKH�OHYHO�RI�WKH�OHVVRQV�ZDV�DSSURSULDWH�IRU�WKHLU�

VWXGHQWV��DOWKRXJK�WKHUH�ZHUH�VRPH�SUREOHPV�ZLWK�WKH�PRUH�GLIILFXOW�DUHDV�OLNH�

FUHDWLQJ�D�JUDSK�RI�H[SHULPHQWDO�UHVXOWV��7HDFKHUV�IHOW�WKDW�PDWHULDOV�UHTXLUHG�

IRU� WKH�DFWLYLW\�ZHUH�DOO�REWDLQDEOH�� DOWKRXJK�HVSHFLDOO\� LQ� WKH�.DWLPD�0XOLOR�

UHJLRQ�WHDFKHUV�KDG�WR�JR�WKH�H[WUD�PLOH�WR�JHW�WKHP��H�J��E\�ERUURZLQJ�WKHP�

IURP�RWKHU�VFKRROV���

2EVHUYHUV�FRQILUPHG� WKDW� HLJKW�RI� WKH���� WHDFKHUV�ZHUH�XVLQJ� WKH� WHDFKHU�

PDWHULDOV� TXLWH� FRPIRUWDEO\��7KH�RWKHU� WZR� WHDFKHUV� VWUXJJOHG�ZLWK� WKHP�� DV�

ZDV�VKRZQ�GXULQJ�WKH�H[HFXWLRQ�RI�WKH�OHVVRQV��2EVHUYHUV�UHSRUWHG�WKDW�DOO����

WHDFKHUV� LQYROYHG� LQ� WKH� HYDOXDWLRQ� FDUULHG� WKH�PDWHULDOV� WR� FODVV�� 7KH\� DOVR�

FRQVXOWHG� WKH� PDWHULDOV� UHJXODUO\�� HVSHFLDOO\� WKH� TXHVWLRQV� JXLGLQJ� WKH�

FRQFOXVLRQ� VHFWLRQ� DIWHU� WKH� DFWLYLW\�� �RIWHQ� SRVLQJ� WKH� TXHVWLRQV� LQ� WKH�

PDWHULDOV�YHUEDWLP�WR�WKHLU�VWXGHQWV��DQG�WR�FKHFN�WKH�WLPHV�LQGLFDWHG�IRU�WKH�

YDULRXV� OHVVRQ� FRPSRQHQWV�� 7KH� LQFOXVLRQ� RI� WKH� UHOHYDQW� SDJHV� RI� WKH�

WH[WERRN� LQ� WKH� PDWHULDOV� PHW� ZLWK� D� PL[HG� UHFHSWLRQ�� 7HDFKHUV� LQ� WKH�
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.HHWPDQVKRRS� UHJLRQ� WKRXJKW� WKDW� LW�ZDV� D� JRRG� LGHD��ZKHUHDV� WKH�.DWLPD�

0XOLOR�WHDFKHUV�IHOW�WKDW�LW�ZDV�DQ�XQQHFHVVDU\�H[WUD��DV�WKH\�WDNH�WKH�WH[WERRN�

WR� FODVV� DQ\ZD\�� 7KH� H[WUD� SDJHV�PDNH� WKH� WHDFKHU� VXSSRUW�PDWHULDOV� UDWKHU�

EXON\��,W�VHHPV�MXVWLILHG�WR�OHDYH�RXW�VXFK�SDJHV���

�

,Q� FRQFOXVLRQ�� LW� DSSHDUHG� WKDW� WHDFKHUV� ZHUH� YHU\� SRVLWLYH� DERXW� WKH�

SUDFWLFDOLW\�RI�WKH�PDWHULDOV��7KH\�DSSUHFLDWHG�WKH�PDWHULDOV�DQG�VDZ�WKHLU�XVH�

DV�QRW�RQO\�D�VXSSRUW�LQ�WKH�H[HFXWLRQ�RI�DFWLYLW\�EDVHG�OHVVRQV��EXW�DOVR�DV�D�

OHDUQLQJ�H[HUFLVH��7HDFKHUV�IHOW� WKDW� WKH�PDWHULDOV�KDG�FODULILHG�IRU� WKHP�KRZ�

WR� FRQGXFW� OHVVRQV� ZLWK� SUDFWLFDO� DFWLYLWLHV� DQG� JURXS� ZRUN�� 2EVHUYHUV�

FRQILUPHG�WKDW�WHDFKHUV�ZHUH�XVLQJ�WKH�PDWHULDOV�TXLWH�FRPIRUWDEO\�LQ�FODVV��

�

(IIHFWLYHQHVV��

,Q�FKDSWHU��� �VHFWLRQ��������HIIHFWLYHQHVV�RI� WHDFKHU� VXSSRUW�PDWHULDOV�ZDV�

GHILQHG�DV�D�PHDVXUH�RI�FRQJUXHQFH�EHWZHHQ�WKH�LQWHQGHG�DQG�WKH�RSHUDWLRQDO�

FXUULFXOXP��ZKDW�LV�WKH�HIIHFW�RI�WKH�XVH�RI�WKH�PDWHULDOV�E\�WHDFKHUV�RQ�WKHLU�

WHDFKLQJ� DSSURDFK"��� (IIHFWLYHQHVV� DOVR� UHIHUV� WR� FRQVLVWHQF\� EHWZHHQ� WKH�

LQWHQGHG� DQG� H[SHULHQWLDO� �KRZ� GR� VWXGHQWV� H[SHULHQFH� WKH� OHVVRQV� LQ� WKH�

WHDFKHU� VXSSRUW� PDWHULDOV"��� 8OWLPDWHO\�� HIIHFWLYHQHVV� LV� D� UHIOHFWLRQ� RI� KRZ�

ZHOO� WKH� LQWHQGHG�DQG� WKH�DWWDLQHG�FXUULFXOXP��ZKDW� LV� WKH�HIIHFW�RI� WHDFKHUV�

XVLQJ�WKH�PDWHULDOV�RQ�OHDUQLQJ�RXWFRPHV"��DUH�FRQQHFWHG��+RZHYHU��WKLV�ZDV�

QRW�FKHFNHG�LQ�WKH�6FLHQWLILF�3URFHVVHV�VWXG\��

�

��� 7KH� WHDFKHU� VXSSRUW� PDWHULDOV� KDYH� FRQWULEXWHG� WR� WKH� H[HFXWLRQ� RI�

DFWLYLW\�EDVHG�OHVVRQV��ZLWK�VWXGHQWV�ZRUNLQJ�LQ�JURXSV�WR�ILQG�DQVZHUV�WR�

SUREOHPV��/HVVRQV�ZHUH�JHQHUDOO\�ZHOO�SUHSDUHG�DQG�ZHOO�VWUXFWXUHG�ZLWK�D�

VWDUW��D�OHVVRQ�ERG\�ZLWK�DQ�DFWLYLW\�DQG�D�ILQLVK��,Q�PDQ\�OHVVRQV�WKHUH�ZDV�

D�ORJLFDO�IORZ�RI�DFWLYLWLHV���

��� 6WXGHQWV
�VXJJHVWLRQV�ZHUH�RIWHQ�WKH�VWDUWLQJ�SRLQW�RI�WKH�LQWURGXFWLRQ�RI�D�

FRQFHSW� RU� DQ� DFWLYLW\�� ,I� WLPH� DOORZHG�� WHDFKHUV� RIWHQ� URXQGHG� RII� WKH�

OHVVRQ�LQ�D�UHDVRQDEOH�PDQQHU��6XFK�ZHOO�VWUXFWXUHG�OHVVRQV�ZHUH�LQ�QRUPDO�

FLUFXPVWDQFHV� �REVHUYHG�DV�SDUW�RI�SURIHVVLRQDO�GHYHORSPHQW�DFWLYLWLHV�RI�

WKH� ,167$17� 3URMHFW��� L�H�� ZLWKRXW� WKH� XVH� RI� WKH� WHDFKHU� VXSSRUW�

PDWHULDOV��PRUH�VSRUDGLF�� LI� WKH\�KDSSHQHG�DW�DOO��,Q�WKH� OHVVRQV�WKDW�ZHUH�

REVHUYHG�LQ�WKH�6FLHQWLILF�3URFHVVHV�VWXG\��WKHUH�VHHPHG�WR�EH�PRUH�YDULHW\�RI�

DFWLYLWLHV��QRW�MXVW�FKDON�DQG�WDON��DQG�PRUH�GHSWK�LQ�WKH�OHVVRQV���
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��� 7HDFKHUV� VHH� WKH� XVH� RI� WKH� PDWHULDOV� DQG� H[HFXWLQJ� WKH� OHVVRQV� DV� D�

OHDUQLQJ� H[SHULHQFH� �H�J�� LPSURYHG� TXHVWLRQLQJ� VNLOOV�� EHWWHU�PDQDJHPHQW�

RI�JURXS�ZRUN��PRUH�DSSUHFLDWLRQ�IRU�VWXGHQWV
�SRWHQWLDO���

��� 7HDFKHUV�FORVHO\�IROORZHG�WKH�VXJJHVWLRQV�VXSSRUW�PDWHULDOV��EXW��DW�D�ODWHU�

VWDJH��VWDUWHG�WR�XVH�WKH�PDWHULDOV�PRUH�DV�DQ�H[HPSODU\�JXLGH��H�J��E\�XVLQJ�

WKH�TXHVWLRQ�IRUPDW�VXJJHVWHG�LQ�WKH�PDWHULDOV�WR�IUDPH�QHZ�TXHVWLRQV��RU�

E\� DGDSWLQJ� WKH� DSSDUDWXV� UHFRPPHQGHG� IRU� WKH� DFWLYLW\� LI� WKH\� GLG� QRW�

KDYH� WKH� VXJJHVWHG� DSSDUDWXV� DYDLODEOH�� 7KH� H[HPSODU\� QDWXUH� RI� WKH�

WHDFKHU� VXSSRUW�PDWHULDOV� ZDV� DOVR� LOOXVWUDWHG� E\� WHDFKHUV� XVLQJ� D� VLPLODU�

OHVVRQ�IRUPDW�LQ�RWKHU�WRSLFV�QRW�FRYHUHG�E\�WKH�PDWHULDOV��$V�RQH�WHDFKHU�

VDLG�LQ�DQ�LQWHUYLHZ�DIWHU�FRPSOHWLRQ�RI�WKH�OHVVRQ�VHULHV�� 
,�UHDOO\�OLNH�WKHP�

�WKH�OHVVRQV�LQ�WKH�WHDFKHU�PDWHULDOV���,�DP�QRZ�WHDFKLQJ�DQRWKHU�WRSLF��EXW�,�DP�

XVLQJ�WKH�VDPH�IRUPDW�IRU�P\�OHVVRQV�DV�LQ�\RXU�PDWHULDOV�
��

��� 0DMRU�GHYLDWLRQV� IURP� WKH� OHVVRQ� VXJJHVWLRQV� LQ� WKH�PDWHULDOV� �E\� WZR�RI�

WKH� ��� WHDFKHUV�� OHG� LQ� DOO� FDVHV� WR� PRUH� WHDFKHU� WDON� DQG� OHVV� VWXGHQW�

LQYROYHPHQW�DQG�VWXGHQW�DFWLYLW\���

��� 6WXGHQWV� ZHUH� DSSUHFLDWLYH� DQG� HQWKXVLDVWLF� DERXW� WKH� 6FLHQWLILF� 3URFHVVHV�

OHVVRQV��7KH\�HVSHFLDOO\�OLNHG�FDUU\LQJ�RXW�WKH�DFWLYLWLHV�IRU�WKHPVHOYHV�DQG�

EHLQJ�LQYROYHG�LQ�JURXS�ZRUN��VRPHWKLQJ�ZKLFK�WKH\�QRUPDOO\�GLG�QRW�GR��

��� 6WXGHQWV�LQGLFDWHG�WKDW�WKH\�HDVLO\�XQGHUVWRRG�WKH�OHVVRQV��

�

,QLWLDO�VXFFHVVIXO�H[SHULHQFHV�E\�WHDFKHUV�DUH�FRQVLGHUHG�LPSRUWDQW�DV�WKHVH�

FDQ�DFW�DV�LQFHQWLYHV��HQFRXUDJLQJ�WHDFKHUV�WR�FRQWLQXH�XVLQJ�WKH�QHZ�WHDFKLQJ�

VWUDWHJLHV�SURPRWHG� LQ� WKH�FXUULFXOXP�DQG�VXSSRUWHG�E\� WKH� WHDFKHU� VXSSRUW�

PDWHULDOV�� ,Q� WKLV� UHVSHFW�� LI� WKH�PDWHULDOV� DUH� DEOH� WR� FUHDWH� LQLWLDO� VXFFHVVIXO�

H[SHULHQFHV��WKLV�FRXOG�EH�FRQVLGHUHG�DV�DQ�DGGLWLRQDO�DVSHFW�RI�HIIHFWLYHQHVV��

,Q�WKH�6FLHQWLILF�3URFHVVHV�VWXG\��WHDFKHUV�ZHUH�YHU\�HQWKXVLDVWLF�DERXW�WKH�OHVVRQV�

DQG� WKH�PDWHULDOV��7KH\� IHOW� WKDW� WKH\� KDG� OHDUQHG� D� ORW� IURP� WU\LQJ� RXW� WKH�

OHVVRQV�� 2WKHU� DQVZHUV� UHIHUUHG� WR� PDQDJLQJ� JURXSV� RI� VWXGHQWV� GXULQJ�

DFWLYLWLHV�DQG�WKH�XVH�RI�HTXLSPHQW�DQG�PDWHULDOV��7HDFKHUV�DOVR�UHIOHFWHG�RQ�

WKH�TXHVWLRQLQJ� WHFKQLTXHV�� 
,� OHDUQHG�PRUH�KRZ� WR�PDNH� WKHP� WKLQN� IRU� WKH�DQVZHU�

DQG�,�ZDV�UHDOO\�LPSUHVVHG�ZLWK�WKHP
�DQG�
,�OHDUQHG�WR�JLYH�OHDUQHUV�HQRXJK�WLPH�WR�WKLQN�

IRU�WKHPVHOYHV
��7HDFKHUV�LQGLFDWHG�WR�KDYH�EHHQ�VXUSULVHG�E\�WKHLU�VWXGHQWV��WKH\�

IRXQG�RXW�GXULQJ� WKH�H[HFXWLRQ�RI� WKH� OHVVRQV� WKDW� VWXGHQWV�ZHUH�DEOH� WR�GR�

PXFK�PRUH�WKDQ�WKH\�WKRXJKW��,W�ZDV�FOHDU�WKDW�VWXGHQWV�HQMR\HG�WKH�OHVVRQV��

$OWKRXJK�WHDFKHUV�GLG�QRW�PDNH�DQ\�UHIHUHQFH�WR�LW��LW�ZDV�FOHDU�WKDW�VWXGHQWV
�



�� &KDSWHU �

HQMR\PHQW�ZDV� DQ�HQFRXUDJHPHQW� IRU� WHDFKHUV� WR� FRQWLQXH�ZLWK� WKH� OHVVRQV��

7HDFKHUV� HQFRXUDJHG� VWXGHQWV� WR� DVN� TXHVWLRQV�GXULQJ� WKH� DFWLYLWLHV� DQG� WKH�

FRQFOXVLRQ� SDUW� RI� WKH� OHVVRQV�� 7HDFKHUV� ZHUH� TXLWH� KDSS\� WR� EH� DEOH� WR�

DQVZHU� PRVW� RI� WKHVH� TXHVWLRQV�� DOVR� ZLWK� WKH� DLG� RI� WKH� WHDFKHU� VXSSRUW�

PDWHULDOV��'HVLJQHUV�VDZ�VXFK�H[SHULHQFHV�DV�DQ�LQFHQWLYH�IRU�FRQWLQXLQJ�ZLWK�

WKLV� WHDFKLQJ� VW\OH�� WKXV� FRQWULEXWLQJ� WR� WKH� HIIHFWLYHQHVV� RI� WHDFKHU� VXSSRUW�

PDWHULDOV���

�

,Q� VXPPDU\�� PDWHULDOV� GHVLJQHG� DQG� HYDOXDWHG� LQ� WKH� IUDPHZRUN� RI� WKH�

6FLHQWLILF�3URFHVVHV�VWXG\�KDYH�EHHQ�VKRZQ���LQ�HLJKW�RI�WKH����REVHUYHG�FODVVHV���

WR� EH� D� SURPLVLQJ� VXSSRUW� WR� WHDFKHUV� LQ� WKHLU� DWWHPSWV� WR� H[HFXWH� DFWLYLW\�

EDVHG� OHVVRQV��7KH�FKDUDFWHULVWLFV�XVHG�DV�D�EDVLV� IRU�GHYHORSPHQW� �VHH� WDEOH�

����� DSSHDU� WR� KDYH� OHG� WR� PDWHULDOV� WKDW� FDQ� EH� DQ� DGHTXDWH� VXSSRUW� WR�

WHDFKHUV� LQ� 1DPLELD� LPSOHPHQWLQJ� WKH� QHZ� VFLHQFH� FXUULFXOXP� LQ� WKH�

FODVVURRP��

�

�

���� ,PSOLFDWLRQV�IRU�IXUWKHU�GHYHORSPHQW�RI�WHDFKHU�VXSSRUW�PDWHULDOV��

�

7KH�UHVXOWV�RI�WKH�HYDOXDWLRQ�RI�WKH�SURWRW\SH�PDWHULDOV�IRU�6FLHQWLILF�3URFHVVHV�

VXJJHVW�WKDW�WKH�GHVLJQ�VSHFLILFDWLRQV�XVHG�IRU�WKH�GHYHORSPHQW�DSSHDU�WR�EH�

SURPLVLQJ� LQ� WKH�1DPLELDQ� FRQWH[W�� ,W� VHHPHG� MXVWLILHG�� WKHUHIRUH�� WR� DGRSW�

WKH� RULJLQDO� GHVLJQ� VSHFLILFDWLRQV� RXWOLQHG� LQ� VHFWLRQ� ������ DV� WKH� EDVLV� IRU�

IXUWKHU�GHYHORSPHQW�RI�WHDFKHU�VXSSRUW�PDWHULDOV�LQ�1DPLELD���

�

'HVSLWH� WKH� SRVLWLYH� UHVXOWV� IURP� WKH� 6FLHQWLILF� 3URFHVVHV�� WKH� UHSRUWV� DOVR�

LQGLFDWH� WKDW� WKHUH� DUH� VHYHUDO� DUHDV� WKDW� QHHG� DGGLWLRQDO� DWWHQWLRQ� LQ� WKH�

FODVVURRP�� VXFK� DV�� WLPH� PDQDJHPHQW�� GUDZLQJ� FRQFOXVLRQV� IURP� SUDFWLFDO�

DFWLYLWLHV�� IRUPDWLRQ�RI� JURXSV� DQG� FRQGXFWLQJ� JURXS�ZRUN�� DQG�TXHVWLRQLQJ�

VNLOOV�� 7KH� GHVLJQHUV� IHOW� WKDW� WKH� QH[W� YHUVLRQV� RI� WHDFKHU� VXSSRUW�PDWHULDOV�

VKRXOG�WU\�WR�DGGUHVV�WKHVH�DUHDV�LQ�PRUH�GHWDLO��+RZHYHU��WKH�GHVLJQHUV�DOVR�

IHOW� WKDW� VXSSRUW� IRU� WKHVH� DUHDV� FDQ� RQO\� SDUWO\� EH� SURYLGHG� E\� WHDFKHU�

VXSSRUW�PDWHULDOV��7KH\�VXJJHVWHG�WKDW�PDWHULDOV�VKRXOG�QRW�EH�GHYHORSHG�DV�

DQ�LVRODWHG�DFWLYLW\��DV�ZDV�WKH�FDVH�LQ�WKH�6FLHQWLILF�3URFHVVHV�VWXG\��EXW�WKDW�WKH\�

VKRXOG� EH� GHYHORSHG� DV� SDUW� RI� D� PRUH� FRPSUHKHQVLYH� SURIHVVLRQDO�

GHYHORSPHQW�VWUDWHJ\�� LQ� OLQH�ZLWK�FXUUHQW�SUDFWLFH�DW�WKH�,167$17�3URMHFW��



6FLHQWLILF 3URFHVVHV VWXG\ ��

'HVLJQHUV� IHOW� WKDW� LQ� WKH� 1DPLELDQ� FRQWH[W� DQ� LQWHJUDWHG� DSSURDFK� RI�

PDWHULDOV�GHYHORSPHQW�DQG�LQ�VHUYLFH�WHDFKHU�WUDLQLQJ�SURJUDPPHV�ZRXOG�EH�D�

IUXLWIXO�DSSURDFK���

)LUVWO\�� DW� ZRUNVKRSV� DQG� RWKHU� LQ�VHUYLFH� WUDLQLQJ� DFWLYLWLHV� WHDFKHUV� FDQ�

FRQWULEXWH�WR�WKH�GHYHORSPHQW�SURFHVV�E\�SURYLGLQJ�LGHDV�DQG�DFWLYLWLHV�IURP�

WKHLU�RZQ�SUDFWLFH�DQG�SURYLGH�IHHGEDFN�RQ�GUDIWV�RI�WKH�PDWHULDOV��6HFRQGO\��

WHDFKHUV�PD\�QRW�DOZD\V�EH�FOHDU�DERXW�WKH�LQWHQWLRQV�RI�WKH�GHYHORSHUV�RI�WKH�

PDWHULDOV�� $� PXFK� PRUH� FDUHIXO� LQWURGXFWLRQ�� H[SODLQLQJ� WKH� SXUSRVH� DQG�

LQWHQWLRQ�RI�WKH�PDWHULDOV��ZRXOG�EH�RI�EHQHILW�WR�WHDFKHUV�XVLQJ�WKH�PDWHULDOV�

LQ�WKH�FODVVURRP��,Q�DGGLWLRQ��DW�ZRUNVKRSV�WHDFKHUV�ZLOO�KDYH�WKH�RSSRUWXQLW\�

WR� SUDFWLFH� DQG� GLVFXVV�� WRJHWKHU� ZLWK� FROOHDJXHV�� ZLWK� OHVVRQ� DFWLYLWLHV� LQ�

VHFXUH�VHWWLQJV��EHIRUH�WDNLQJ�WKHP�WR�WKH�UHDO�ZRUOG�RI�WKHLU�RZQ�FODVVURRP��

7KHVH� DVSLUDWLRQV� KDYH� EHHQ� IXUWKHU� GHYHORSHG� DQG� FRQFUHWLVHG� LQ� WKH�

0DWHULDOV�VWXG\��GHVFULEHG�LQ�WKH�QH[W�FKDSWHU��

�
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�

�

�

�



�

�

&KDSWHU���

0DWHULDOV�VWXG\�
�

�

�

�

KLV�FKDSWHU�UHSRUWV�RQ�WKH�GHVLJQ�DQG�HYDOXDWLRQ�RI�WHDFKHU�VXSSRUW�PDWHULDOV�

IRU� WKH� WRSLF� RI� 
0DWHULDOV
��([SHULHQFHV� IURP� WKH�6FLHQWLILF� 3URFHVVHV� VWXG\�

KDG� UHVXOWHG� LQ� UHFRPPHQGDWLRQV� FRQFHUQLQJ� WKH�PHWKRG� RI� GHYHORSPHQW�� WKH�

VXLWDELOLW\� RI� WKH�GHVLJQ� VSHFLILFDWLRQV� LQ� WKH�1DPLELDQ� VLWXDWLRQ��DQG� WKH� LPSOHPHQWDWLRQ�

FRQGLWLRQV� LQ� WKH� VFKRROV�� ,Q� WKH� 0DWHULDOV� VWXG\�� WKH� GHYHORSPHQW� RI� WHDFKHU� VXSSRUW�

PDWHULDOV�ZDV�LQWHJUDWHG�LQ�RQJRLQJ�LQ�VHUYLFH�WUDLQLQJ�DFWLYLWLHV�RI�WKH�,167$17�3URMHFW��

7KH�GHVLJQ�VSHFLILFDWLRQV�UHVXOWLQJ�IURP�WKH�6FLHQWLILF�3URFHVVHV�VWXG\�ZHUH�XVHG�DV�D�EDVLV�IRU�

WKH�GHYHORSPHQW�RI� IXUWKHU�SURWRW\SH�PDWHULDOV��6HFWLRQ�����JLYHV�DQ�RXWOLQH�RI� WKH�UHVHDUFK�

GHVLJQ�IRU�WKH�0DWHULDOV�VWXG\��7KH�GHYHORSPHQW�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�KDSSHQHG�

LQ�WKUHH�GHILQLWH�SKDVHV��$�WU\�RXW�RI�DQ�LQLWLDO�SURWRW\SH�LQ�UHODWLYHO\�LGHDO�FLUFXPVWDQFHV�LV�

RXWOLQHG� LQ� VHFWLRQ������7KH� UHVXOWV� RI� WKH� WU\�RXW� DUH� GHWDLOHG� LQ� VHFWLRQ� �����7KH� VHFRQG�

SKDVH� FRQVLVWHG� RI� DQ� DSSUDLVDO� RI� WKH� PDWHULDOV� E\� WHDFKHUV� LQ� ZRUNVKRSV�� GHVFULEHG� LQ�

VHFWLRQ� ����� 6HFWLRQ� ���� GUDZV� SUHOLPLQDU\� FRQFOXVLRQV� DQG� UHIOHFWV� RQ� LVVXHV� IRU� IXUWKHU�

GHYHORSPHQW��,Q�WKH�WKLUG�SDUW��D�ILHOG�WHVW�ZDV�FRQGXFWHG�LQ�WZR�GLIIHUHQW�UHJLRQV�RI�1DPLELD�

WR�WHVW�GHVLJQ�VSHFLILFDWLRQV�RI�WKH�PDWHULDOV�LQ�JHQXLQH�VHWWLQJV��RXWOLQHG�LQ�VHFWLRQV������VHW�

XS���DQG������UHVXOWV���6HFWLRQ�����GUDZV�FRQFOXVLRQV�DERXW�WHDFKHU�VXSSRUW�PDWHULDOV�IRU�WKH�

WRSLF�RI�0DWHULDOV��

�

�

���� ,QWURGXFWLRQ�

�

7KH� UHYLVLRQ� RI� WKH� VFLHQFH� FXUULFXOXP� IRU� MXQLRU� VHFRQGDU\� VFKRROV� LQ�

1DPLELD� DLPHG� WR� UHGUHVV� WKH� FRQWHQW� RYHUORDG� EURXJKW� RQ� E\� WKH� ILUVW�

FXUULFXOXP�DIWHU�LQGHSHQGHQFH��LQ�IDYRXU�RI�PRUH�DFWLYLW\�EDVHG�WRSLFV�EDVHG�

RQ� GD\�WR�GD\� H[SHULHQFHV� RI� VWXGHQWV�� 6XFK� DFWLYLWLHV� DLPHG� HVSHFLDOO\� DW�

VWXGHQWV� LQ� VFKRROV� ZLWK� OLWWOH� RU� QR� HTXLSPHQW� ZKR� KDG� XS� WR� WKHQ� EHHQ�

7�



0DWHULDOV VWXG\ ��

LQYROYHG� LQ� YHU\� IHZ� SUDFWLFDO� DFWLYLWLHV�� 7HDFKHUV�ZHOFRPHG� WKH� FKDQJHV� LQ�

WKH� V\OODEXV�� EXW� DOVR� VKRZHG� D� GHJUHH� RI� DSSUHKHQVLRQ�� 7KLV� VHHPHG�

SDUWLFXODUO\�VR�IRU�WKH�WRSLF�LQ�WKH�QHZ�*UDGH����VFLHQFH�V\OODEXV��0(&��������

FDOOHG�0DWHULDOV��7KH�WRSLF�FUHDWHG�TXLWH�VRPH�H[FLWHPHQW�DPRQJ�WHDFKHUV�DV�LW�

SURYLGHG� WKHP� ZLWK� DPSOH� RSSRUWXQLWLHV� WR� LQYROYH� VWXGHQWV� LQ� SUDFWLFDO�

DFWLYLWLHV��HYHQ�LI�VFLHQFH�HTXLSPHQW�ZDV�XQDYDLODEOH��7KH�XVH�RI�HYHU\GD\�OLIH�

PDWHULDOV� VXFK� DV� FORWKHV�� FHUDPLFV�� EXLOGLQJ� PDWHULDOV� VXFK� DV� EULFNV� DQG�

FRQFUHWH�� JUDVV� IRU� WKDWFK�� DQG� FOHDQLQJ� PDWHULDOV� PDNHV� LW� SRVVLEOH� IRU�

WHDFKHUV�WR�EXLOG�RQ�WKH�H[SHULHQFHV�LQ�WKH�XVH�RI�WKHVH�PDWHULDOV�WKDW�VWXGHQWV�

EULQJ�WR�FODVV��+RZHYHU��WHDFKHUV�DOVR�H[SUHVVHG�FRQFHUQ��DV�WKH�WRSLF�VHHPHG�

VR�GLIIHUHQW� IURP� WKH� XVXDO� VFLHQFH� WRSLFV��7KH�SUDFWLFDO�ZRUN�� JURXS�ZRUN��

ZRUNLQJ�RXWVLGH�WKH�FODVVURRP�ZLWK�VWXGHQWV��DQG�WKH�IHDU�WKDW�QRW�DOO�RI�WKH�

QHFHVVDU\�PDWHULDOV�ZRXOG� EH� DYDLODEOH�ZHUH� VRPH�RI� WKH� FRQFHUQV� UDLVHG� DW�

GLVFXVVLRQV�DW�PHHWLQJV�DWWHQGHG�E\�WHDFKHUV�IURP�GLIIHUHQW�VFKRROV���

7KH� ,167$17� 3URMHFW�� EHDULQJ� WKH� UHVSRQVLELOLW\� IRU� VXSSRUW� IRU� WKH�

LPSOHPHQWDWLRQ� RI� WKH� QHZ� VFLHQFH� V\OODEXV�� VDZ� WKH� WRSLF� RI�0DWHULDOV� DV�

HVVHQWLDO��EXW�YHU\�FKDOOHQJLQJ�IRU� WHDFKHUV��7KH�SURMHFW� WKHUHIRUH�GHFLGHG�WR�

PDNH�WKH�WRSLF�RI�0DWHULDOV�RQH�RI�LWV�FHQWUDO�FRPSRQHQWV�LQ�LWV�*UDGH����LQ�

VHUYLFH�WUDLQLQJ�DFWLYLWLHV��DV�ZHOO�DV�LWV�PDWHULDOV�GHYHORSPHQW�DFWLYLWLHV���

�

�

���� 'HVLJQ�DQG�HYDOXDWLRQ�RI�WHDFKHU�VXSSRUW�PDWHULDOV�IRU�WKH�WRSLF�RI�

0DWHULDOV�

�

7RJHWKHU� ZLWK� VFLHQFH� HGXFDWLRQ� VWDII� DW� WKH� ,167$17� 3URMHFW�� WKH�

UHVHDUFKHU�GHYHORSHG�DQ�LQLWLDO�SURWRW\SH�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�IRU�

WKH�WRSLF�RI�0DWHULDOV��7KH�GHVLJQHUV�XVHG�WKH�GHVLJQ�VSHFLILFDWLRQV�IRU�WHDFKHU�

VXSSRUW�PDWHULDOV� WHVWHG� LQ� WKH�6FLHQWLILF�3URFHVVHV� VWXG\� �VHH�FKDSWHU���� VHFWLRQ�

������ DV� WKHVH� VSHFLILFDWLRQV� KDG� VKRZQ� WKHLU� VXLWDELOLW\� LQ� WKH� 1DPLELDQ�

VLWXDWLRQ��)RU� WKLV� UHDVRQ�� WKHVH�GHVLJQ�VSHFLILFDWLRQV�ZHUH�XVHG�DV�D�VWDUWLQJ�

SRLQW� IRU� WKH� GHYHORSPHQW� RI� WKH� SURWRW\SH� LQ� WKH� 0DWHULDOV� VWXG\��

)XUWKHUPRUH�� WKH� SURWRW\SH� FORVHO\� IROORZHG� WKH� WRSLF� LQ� WKH� *UDGH� ���

WH[WERRN� �&XUU\�� /LQRZ�� 6SHHOPDQ� 	� 7MLNXXD�� ������� ZKLFK� KDG� EHFRPH�

DYDLODEOH� LQ� WKH�ILUVW�SDUW�RI������� MXVW�SULRU� WR� WKH�VWDUW�RI� WKH�GHVLJQ�RI� WKH�

ILUVW�SURWRW\SH��$V�ZDV� WKH�FDVH�ZLWK� WKH�*UDGH���VFLHQFH� WH[WERRN��DXWKRUV�

ZHUH�DOVR�PHPEHUV�RI�WKH�:RUNLQJ�*URXS�UHYLVLQJ�WKH�VFLHQFH�FXUULFXOXP�IRU�



�� &KDSWHU �

 
 

MXQLRU�VHFRQGDU\�VFKRROV��6\OODEXV�GHYHORSPHQW�DQG�ERRN�ZULWLQJ�GHYHORSHG�

DV� FORVHO\� UHODWHG� DFWLYLWLHV�� 7H[WERRN� DXWKRUV�ZHUH� DOVR� LQYROYHG� LQ� WKH� LQ�

VHUYLFH�WUDLQLQJ�IRU�VFLHQFH�WHDFKHUV��RUJDQLVHG�E\�WKH�,167$17�3URMHFW���

�

7DEOH������ 2YHUYLHZ�RI�OHVVRQV�LQ�WKH�ILUVW�SURWRW\SH�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�IRU�WKH�WRSLF�


0DWHULDOV
��YHUVLRQ������

� 'HVFULSWLRQ�RI�OHVVRQ�

�� 5HYLVLRQ�RI�EDVLF�FRQFHSWV���,Q�WKH�ILUVW�OHVVRQ�OHDUQHUV�ZLOO�UHYLVH�HOHPHQWV�

PL[WXUHV�DQG�FRPSRXQGV��SK\VLFDO�DQG�FKHPLFDO�FKDQJHV�DV�ZHOO�DV�HQGR ��

DQG�H[RWKHUPLF�UHDFWLRQV��7KLV�LV�GRQH�WK URXJK�D�QXPEHU�RI�H[SHULPHQWV�

DQG�UHIOHFWLRQ�RQ�WKH�UHVXOWV� �

�� &ODVVLI\LQJ�PDWHULDOV�DFFRUGLQJ�WR�WKHLU�SURSHUWLHV���/HDUQHUV�ZLOO�EULQJ�D�YDULHW\�

RI�REMHFWV�IURP�KRPH��7KH\�ZLOO�FODVVLI\�WKHP�DFFRUGLQJ�WR�PDWHULDOV�WKH\�

DUH�PDGH�IURP��

��	��� &RPPRQ�SURSHUWLHV�RI�PDWHULDOV���,GHQWLI\�FRPPRQ�SK\VLFDO�SURSHUWLHV�RI�

HDFK�JURXS�DV�FODVVLILHG�LQ�OHVVRQ����/HDUQHUV�ZLOO�KDPPHU�DQG�KHDW�

PDWHULDOV�DQG�REVHUYH�WKH�HIIHFW�WKHVH�KDYH�RQ�WKHP� �

�� 0DNLQJ�EULFNV���,Q�WKLV�OHVVRQ�OHDUQHUV�ZLOO�PDGH�EULFNV�XVLQJ�FHPHQW�DQ G�

PXG��,Q�OHVVRQ���DQG���WKH�VWUHQJWKV�RI�WKHVH�EULFNV�ZLOO�EH�WHVWHG� �

�� 3ODVWLFV���/HDUQHUV�ZLOO�LQYHVWLJDWH�GLIIHUHQW�W\SHV�RI�SODVWLF��7KH�FRQFHSW�

RI�WKH�SRO\PHU�ZLOO�EH�LQWURGXFHG� �

�� 1DWXUDO�DQG�V\QWKHWLF�ILEUHV���7KLV�OHVVRQ�ZLOO�LQYHVWLJDWH�PDWHULD OV�PDGH�

IURP�QDWXUDO�DQG�V\QWKHWLF�ILEUHV� �

����� 0DWHULDOV�IRU�EXLOGLQJ�KRXVHV��EULFNV���%ULFNV�EHLQJ�PDGH�LQ�OHVVRQ���ZLOO�EH�

WHVWHG�IRU�WKHLU�VWUHQJWK� �

���	�

���

0DWHULDOV�IRU�EXLOGLQJ�KRXVHV��URRIV���,Q�WKLV�OHVVRQ�OHDUQHUV�ZLOO�LQYHVWLJDWH�

PDWHULDOV�XVHG�IRU�PDNLQJ�URRIV��6HWWLQJ�XS�DQ�H[SHULPHQW�WKH\�ZLOO�WHVW�

WKH�LQVXODWLQJ�SURSHUWLHV�RI�GLIIHUHQW�URRILQJ�PDWHULDOV� �

��� 0DWHULDOV�XVHG�IRU�PDNLQJ�FORWKHV�������/HDUQHUV�ZLOO�LQYHVWLJDWH�SURSHUWLHV�RI�

PDWHULDOV�XVHG�WR�PDNH�FORWKHV��%RWK�QDWXUDO�DQG�V\QWK HWLF�PDWHULDOV�ZLOO�

EH�ORRNHG�DW��

���	�

���

0DWHULDOV�XVHG�IRU�PDNLQJ�FORWKHV�������/HDUQHUV�ZLOO�LQYHVWLJDWH�WKH�LQVXODWLQJ�

SURSHUWLHV�RI�GLIIHUHQW�PDWHULDOV��$�VHFRQG�LQYHVWLJDWLRQ�FRQFHQWUDWHV�RQ�

WKH�DELOLW\�RI�PDWHULDOV�WR�DEVRUE�ZDWHU� �

��� &OHDQLQJ�PDWHULDOV���6RDS�DQG�GHWHUJHQWV�DUH�WKH�WRSLF�LQ�WKLV�OHVVRQ��

/HDUQHUV�ZLOO�FDUU\�RXW�LQYHVWLJDWLRQV�LQ�RUGHU�WR�FRPH�WR�DQ�

XQGHUVWDQGLQJ�RQ�KRZ�VRDSV�DQG�GHWHUJHQWV�ZRUN� �
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,167$17� 3URMHFW� VWDII� FRQWULEXWHG� WR� WKH� PDWHULDOV� DQG� SURYLGHG�

IHHGEDFN�RQ�GUDIW�PDWHULDOV��LQ�WKH�DUHDV�RI�IRUPDW�DQG�OD\�RXW��VXEMHFW�PDWWHU�

DQG�SHGDJRJ\��RQ�VSHFLILF�DFWLYLWLHV��WKHLU�H[HFXWLRQ�LQ�WKH�FODVVURRP��DQG�XVH�

RI� ODQJXDJH��� 2QH� RI� WKH� ,167$17� 3URMHFW� PHPEHUV�� DQG� HGLWRU� RI� WKH�

*UDGH� ��� SK\VLFDO� VFLHQFH� WH[WERRN�� GUDIWHG� WKH� WH[W� IRU� VHFWLRQV� ZLWK�

DGGLWLRQDO�EDFNJURXQG� UHDGLQJ�RQ� VXEMHFW�PDWWHU�QRWHV� �WHDFKHU�QRWHV���7KLV�

DQG� WKH� IHHGEDFN� SURYLGHG� E\� RWKHU� ,167$17� VWDII� DQG�:RUNLQJ� *URXS�

PHPEHUV��FRPSULVHG�DQ�LQIRUPDO�H[SHUW�DSSUDLVDO��DV�KDG�EHHQ�WKH�FDVH�LQ�WKH�

GHYHORSPHQW�RI�WKH�PDWHULDOV�RQ�WKH�WRSLF�RI�6FLHQWLILF�3URFHVVHV���

�

7DEOH�����SURYLGHV�DQ�RYHUYLHZ�RI�WKH�OHVVRQV�LQ�WKH�ILUVW�SURWRW\SH�RI�WKH�

WHDFKHU�VXSSRUW�PDWHULDOV��0DWHULDOV�YHUVLRQ�������$SSHQGL[�����VKRZV�D�VDPSOH�

OHVVRQ� IURP� WKLV� YHUVLRQ� RI� WKH� VXSSRUW� PDWHULDOV�� 7KH� IXOO� SURWRW\SH� LV�

DYDLODEOH� DW� ZZZ�GHFLGHQHW�QO�UHVHDUFK�WVPBQDPLELD�KWP�� 9HUVLRQ� ���� ZDV�

XVHG�LQ�WKH�WU\�RXW��RXWOLQHG�LQ�VHFWLRQ������

7KH�6FLHQWLILF�3URFHVVHV�VWXG\��FKDSWHU����KDG�VXJJHVWHG�WKDW�GHYHORSPHQW�RI�

PDWHULDOV� VKRXOG� EH� DQ� LQWHJUDO� SDUW� RI� D�PRUH� FRPSUHKHQVLYH� SURIHVVLRQDO�

GHYHORSPHQW� SURJUDPPH�� 'XULQJ� WKH�0DWHULDOV� VWXG\�� WKHUHIRUH�� GHVLJQ� DQG�

HYDOXDWLRQ�RI�WHDFKHU�VXSSRUW�PDWHULDOV�ZHUH�FORVHO\�OLQNHG�WR�WKH�,167$17�

3URMHFW
V� SURJUDPPH� RI� ZRUNVKRSV� DQG� RWKHU� SURIHVVLRQDO� GHYHORSPHQW�

DFWLYLWLHV���

'HYHORSPHQW�RI�WKH�PDWHULDOV�WRRN�SODFH�LQ�D�F\FOLF�DSSURDFK�RI�GHVLJQ�DQG�

IRUPDWLYH�HYDOXDWLRQ�FRQVLVWLQJ�RI�WKUHH�GHILQLWH�F\FOHV��VHH�ILJXUH��������

� D�ILUVW�SURWRW\SH�RI�WKH�PDWHULDOV�ZDV�XVHG�LQ�D�WU\�RXW�RI�WKH�SURWRW\SH�E\�

WZR�WHDFKHUV�DQG�WKHLU�VWXGHQWV��

� D�VHFRQG�GUDIW�RI� WKH�PDWHULDOV�ZDV� WKH� IRFXV�RI�DQ�DSSUDLVDO�E\�XVHUV�RI�

WKH�PDWHULDOV��WHDFKHUV��DW�D�VHULHV�RI�LQ�VHUYLFH�WUDLQLQJ�DFWLYLWLHV���

� D�WKLUG�GUDIW�ZDV�XVHG�LQ�D�ILHOG�WHVW�LQYROYLQJ�VL[�WHDFKHUV�LQ�WZR�FOXVWHUV�

RI�VFKRROV���

(DFK� F\FOH� LQFOXGHG� D� GHVLJQ� DQG� D� IRUPDWLYH� HYDOXDWLRQ� FRPSRQHQW��

5HVXOWV�RI�WKH�HYDOXDWLRQ�LQ�WKH�ILUVW�F\FOH�IRUPHG�LQSXW� LQ�WKH�GHVLJQ�RI�WKH�

VHFRQG�GUDIW��DQG�VR�RQ���

�
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�
�

)LJXUH������ &\FOLF�DSSURDFK�WR�GHVLJQ�DQG�HYDOXDWLRQ �

�

6HW�XS�� H[HFXWLRQ� DQG� UHVXOWV� RI� HDFK� RI� WKH� WKUHH� F\FOHV� DUH� UHSRUWHG� LQ�

VHFWLRQV������WU\�RXW��������XVHU�DSSUDLVDO��DQG������ILHOG�WHVW����

�

�

���� 7U\�RXW�

�

'XULQJ� WKH� WU\�RXW�� WZR� WHDFKHUV� XVHG� DQ� LQLWLDO� YHUVLRQ� RI� WKH� WHDFKHU�

VXSSRUW�PDWHULDOV�IRU�WKH�WRSLF�RI�0DWHULDOV��7KLV�VHFWLRQ�SUHVHQWV�GHWDLOV�RI�WKH�

WU\�RXW�RI�WHDFKHU�VXSSRUW�PDWHULDOV�E\�WZR�WHDFKHUV�DQG�WKHLU�VWXGHQWV���

$� GHVFULSWLRQ� RI� WKH� VHW�XS� RI� WKH� WU\�RXW� LV� SURYLGHG� LQ� VHFWLRQ� �������

6HFWLRQ� ������ JLYHV� D� VKRUW� GHVFULSWLRQ� RI� WKH� HYDOXDWLRQ� DFWLYLWLHV� DQG� WKH�

LQVWUXPHQWV�XVHG�LQ�WKH�WU\�RXW���

�

������ 6HW�XS�RI�WKH�WU\�RXW�

�

$�WU\�RXW�ZDV�VHW�XS�WR�HYDOXDWH�DQ�LQLWLDO�SURWRW\SH�RI�WKH�WHDFKHU�VXSSRUW�

PDWHULDOV� IRU� WKH� WRSLF� RI�0DWHULDOV��7ZR� WHDFKHUV� DQG� WKHLU� VWXGHQWV� LQ� WZR�

GLIIHUHQW� VFKRROV� ZHUH� LQYROYHG� LQ� WKH� WU\�RXW� RI� WKLV� ILUVW� SURWRW\SH�� %RWK�

WHDFKHUV�ZHUH�ZHOO�TXDOLILHG� �SRVVHVVLQJ�%6F�GHJUHHV� DQG� WHDFKLQJ�GLSORPDV��

DQG� KDG� H[WHQVLYH� H[SHULHQFH� �RYHU� WHQ� \HDUV�� DV� VFLHQFH� WHDFKHUV�� 7KH� WZR�

WHDFKHUV�ZHUH�KHDGV�RI�WKHLU�UHVSHFWLYH�VFLHQFH�GHSDUWPHQWV�DQG�ZHUH�WHDFKLQJ�

*UDGH�����ILQDO�JUDGH��VFLHQFH�FODVVHV��%RWK�WHDFKHUV�DOVR�KHOG�VHQLRU�SRVLWLRQV�

DW� WKHLU� VFKRROV�� RQH� RI� WKHP� DV� GHSXW\� SULQFLSDO�� 7KH\� ZRUNHG� LQ� IRUPHUO\�

:KLWH� VFKRROV�� ZKLFK� ZHUH� ZHOO� HTXLSSHG� DQG� KDG� ZHOO�RUJDQLVHG�

LQIUDVWUXFWXUHV�� 2QH� RI� WKH� VFKRROV�� LQGLFDWHG� DV� VFKRRO� ��� ZDV� RULJLQDOO\� DQ�

$IULNDDQV�VSHDNLQJ�VFKRRO��EXW�ZLWK�WKH�QHZ�ODQJXDJH�SROLF\�RI�WKH�0LQLVWU\�



0DWHULDOV VWXG\ ���

RI� (GXFDWLRQ� DQG� &XOWXUH�� KDG� FKDQJHG� WR� (QJOLVK�� DW� WKH� RWKHU� VFKRRO��

LQGLFDWHG�DV�VFKRRO����(QJOLVK�KDG�DOZD\V�EHHQ�WKH�PHGLXP�RI�LQVWUXFWLRQ���

6WXGHQWV� LQ� WKH� WZR� VFKRROV� ZHUH� WUDGLWLRQDOO\� DPRQJ� WKH� EHVW� RI� WKH�

FRXQWU\�� QRW� RQO\� PHDVXUHG� E\� H[DPLQDWLRQ� UHVXOWV� EXW� DOVR� E\� UHVXOWV� RI�

VWXGHQWV� LQ� VFLHQFH� TXL]]HV� DQG� VFLHQFH� IDLU� SURMHFWV�� )XUWKHUPRUH�� ERWK�

WHDFKHUV� ZHUH� DFWLYHO\� LQYROYHG� DV� UHJLRQDO� IDFLOLWDWRUV� LQ� LQ�VHUYLFH� WUDLQLQJ�

DFWLYLWLHV�RUJDQLVHG�E\� WKH� ,167$17�3URMHFW��3URILOHV�RI� WKH� WHDFKHUV�� WKHLU�

VWXGHQWV� DQG� WKH� FRQWH[W� RI� WKH� VFKRROV� ZHUH� FKRVHQ� VXFK� WKDW� WKH� WU\�RXW�

ZRXOG�KDSSHQ�LQ�DOPRVW�LGHDO�FLUFXPVWDQFHV���

7HDFKHUV�ZHUH� DVNHG� WR�H[HFXWH� WKH� OHVVRQV��PDNLQJ�XVH�RI� WKH�SURWRW\SH�

WHDFKHU�VXSSRUW�PDWHULDOV��ZKLOH�NHHSLQJ�LQ�PLQG�WKH�DLP�RI�WKH�GHVLJQHUV�WR�

LPSURYH�WKH�PDWHULDOV��,Q�WKLV�HDUO\�VWDJH�RI�WKH�0DWHULDOV�VWXG\��WKH�UHVHDUFKHU�

ZDV� LQWHUHVWHG� LQ�KRZ�H[SHULHQFHG� WHDFKHUV�ZRXOG�H[HFXWH� WKH� OHVVRQV�XVLQJ�

WKH� VXSSRUW� PDWHULDOV�� DV� ZHOO� DV� EHLQJ� LQWHUHVWHG� LQ� DGGLWLRQDO� LGHDV� IRU�

DFWLYLWLHV�DQG�OHVVRQ�H[HFXWLRQ��7HDFKHUV�ZHUH�WKHUHIRUH�HQFRXUDJHG�WR�GHYLDWH�

IURP�WKH�OHVVRQ�VXJJHVWLRQV�ZKHUHYHU�WKH\�IHOW�WKLV�ZRXOG�EH�RI�EHQHILW��EXW�WR�

DGKHUH� WR� HVVHQWLDO� SDUWV� RI� WKH� WHDFKLQJ� DSSURDFK�� LQFOXGLQJ� DFWLYLW\�EDVHG�

OHVVRQV��VWXGHQW�LQYROYHPHQW�GXULQJ�WKH�OHVVRQV�DQG�OHVVRQ�DFWLYLWLHV�EDVHG�RQ�

GDLO\�OLIH�H[SHULHQFHV�RI�WKH�VWXGHQWV��,W�ZDV�KRSHG�WKDW�LQ�WKLV�ZD\�WKH�WU\�RXW�

FRXOG�QRW�RQO\�SURYLGH� LQVLJKW� LQ� WKH� YDOLGLW\� DQG�SUDFWLFDOLW\�RI� WKH� WHDFKHU�

PDWHULDOV��EXW�LW�ZRXOG�DOVR�JHQHUDWH�DGGLWLRQDO�LGHDV�IRU�OHVVRQV�DQG�DFWLYLWLHV��

ZKLFK�FRXOG�EH�LQFRUSRUDWHG�LQ�VXEVHTXHQW�YHUVLRQV�RI�WKH�PDWHULDOV��

�

������ ,QVWUXPHQWV�DQG�SURFHGXUHV�XVHG�LQ�WKH�WU\�RXW�

�

7KH� LQVWUXPHQWV� GHYHORSHG� IRU� XVH� LQ� WKH� WU\�RXW� ZHUH� EDVHG� RQ� WKH�

LQVWUXPHQWV� XVHG� HDUOLHU� LQ� WKH� 6FLHQWLILF� 3URFHVVHV� VWXG\� �FKDSWHU� ���� 7KH�

FXUULFXOXP�SURILOH��VWXGHQW�LQWHUYLHZ��DQG�VWXGHQW�TXHVWLRQQDLUH�DUH�GLVFXVVHG�

EHORZ���

�

&ODVVURRP�REVHUYDWLRQV�DQG�FXUULFXOXP�SURILOH�

7KH� WZR� WHDFKHUV� WRJHWKHU� H[HFXWHG� D� WRWDO� RI� QLQH� OHVVRQV� LQFOXGLQJ� ��

GRXEOH�SHULRG�OHVVRQV���DERXW�����RI�WKH�WRWDO�OHVVRQV�LQ�WKH�0DWHULDOV�OHVVRQ�

VHULHV��7ZR�DVVLVWDQW�UHVHDUFKHUV�REVHUYHG� WKHVH� H[HFXWHG� OHVVRQV� IURP� WKHLU�

SRVLWLRQV� LQ� WKH� EDFN� RI� WKH� FODVV�� /HVVRQV� �� DQG� ���� RI� WHDFKHU� �� ZHUH�

FRQGXFWHG� ZLWK� RQO\� RQH� RI� WKH� REVHUYHUV� SUHVHQW�� 7KH� REVHUYHUV� XVHG� D�
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FXUULFXOXP�SURILOH�EDVHG�RQ�DQ�HDUOLHU�YHUVLRQ�RI� WKH� LQVWUXPHQW�XVHG� LQ� WKH�

6FLHQWLILF� 3URFHVVHV� VWXG\�� 7KH� GHYHORSPHQW� RI� WKH� QHZ� SURILOH� WRRN� SODFH� LQ�

FRQVXOWDWLRQ� ZLWK� DOO� SHRSOH� LQYROYHG� LQ� WKH� FODVVURRP� REVHUYDWLRQV� DQG�

VFLHQFH�VWDII�RI�WKH�,167$17�SURMHFW��6LPLODU�WR�WKH�FXUULFXOXP�SURILOH�XVHG�

LQ�WKH�6FLHQWLILF�3URFHVVHV�VWXG\��WKH�SURILOH�ZDV�GLYLGHG�LQ�IRXU�GLIIHUHQW�VHFWLRQV��

VWDUW�RI� WKH� OHVVRQ��ERG\�RI� WKH� OHVVRQ��FRQFOXVLRQ�RI� WKH� OHVVRQ�DQG�RYHUDOO�

LPSUHVVLRQ�RI� WKH� OHVVRQ��:LWKLQ�HDFK�RI� WKH�VHFWLRQV��SURILOH�HOHPHQWV�ZHUH�

JURXSHG� LQWR� WKUHH� FDWHJRULHV��EDVLF� WHDFKLQJ� VNLOOV�� OHDUQHU�FHQWUHG� WHDFKLQJ��

DQG� FODVVURRP� PDQDJHPHQW�� 'LIIHUHQW� IURP� WKH� SUHYLRXV� YHUVLRQ� RI� WKH�

FXUULFXOXP�SURILOH�ZDV�WKH�SRVLWLYH�IRUPXODWLRQ�RI�DOO�HOHPHQWV�RI�WKH�SURILOH��

7KH� UHDVRQ�EHKLQG� WKLV�ZDV� WKDW� WKH� XVH� RI� WKH� SURILOH� KDG�� XQOLNH� LQ� RWKHU�

VWXGLHV� �YDQ� GHQ� $NNHU������� .HXUVWHQ�� ������� D� IRUPDWLYH� FKDUDFWHU� DQG�

QHHGHG�WR�SURYLGH�WKH�UHVHDUFKHU�ZLWK�LQGLFDWLRQV�ZKHWKHU�WKH�GHVLUHG�WHDFKHU�

SHUIRUPDQFH� LQ� WKH�FODVVURRP�ZDV�DFWXDOO\�WDNLQJ�SODFH��7KH� LQVWUXPHQW�ZDV�

QRW� XVHG� DV� D�PHDQV� WR� FRPSDUH� WZR�YHUVLRQV�RI�PDWHULDOV� DQG� WR� FRPH� WR�

VWDWHPHQWV�DERXW�WKH�HIIHFWLYHQHVV�RI�WKH�RQH�LQ�UHODWLRQ�WR�WKH�RWKHU��DV�ZDV�

WKH� FDVH� LQ� WKH� VWXGLHV�PHQWLRQHG� DERYH��7KH� VHFWLRQ� LQ� WKH� SURILOH� GHDOLQJ�

ZLWK�QHJDWLYH�DVSHFWV�RI�WHDFKHU�SHUIRUPDQFH�ZDV�DEROLVKHG�DOWRJHWKHU��DV�ZDV�

WKH� WKUHVKROG�� +RZHYHU�� WKHUH� ZDV� URRP� RQ� WKH� IRUP� WR� SRLQW� WR� OHVVRQ�

HOHPHQWV� WKDW� ZHUH� LQ� FRQIOLFW� ZLWK� WKH� LQWHQWLRQV� RI� WKH� GHVLJQHUV�� 7KH�

FRPSOHWH�SURILOH�LV�LQFOXGHG�LQ�DSSHQGL[�������

7KH� REVHUYHUV� FRPSOHWHG� DV� PXFK� RI� WKH� FXUULFXOXP� SURILOH� DV� SRVVLEOH�

GXULQJ�WKH�FODVVURRP�REVHUYDWLRQV�RU�LPPHGLDWHO\�DIWHUZDUGV�RQ�WKH�EDVLV�RI�

UXQQLQJ�VXPPDULHV�RI�ZKDW�KDSSHQHG�LQ�WKH�FODVV��7KH\�GLG�WKLV�RQ�VHSDUDWH�

IRUPV��6FRULQJ�RI�WKH�YDULRXV�HOHPHQWV�RQ�WKH�SURILOH�SURFHHGHG�DV�D�\HV�RU�QR��

6RPHWLPHV� HOHPHQWV�ZHUH� QRW� DSSOLFDEOH� �H�J�� DERXW� FKHFNLQJ� KRPHZRUN� DW�

WKH�EHJLQQLQJ�RI�D�OHVVRQ�ZKHQ�QR�KRPHZRUN�KDG�EHHQ�DVVLJQHG����

�

3URILOHV�RI�WZR�OHVVRQV�FRPSOHWHG�E\�ERWK�REVHUYHUV�ZHUH�FRPSDUHG�WR�JHW�

DQ� LGHD� RI� WKH� GHJUHH� WR� ZKLFK� WKH� SURILOHV� ZHUH� LQ� DJUHHPHQW� ZLWK� RQH�

DQRWKHU��7KHVH� OHVVRQV��FODVVLI\LQJ�PDWHULDOV��OHVVRQ���LQ�WKH�OHVVRQ�VHULHV��RI�

WHDFKHU���DQG�PDNLQJ�EULFNV��OHVVRQ����RI�WHDFKHU����ZHUH�XVHG�WR�FRPSDUH�WKH�

REVHUYHUV
�VFRUHV��DQG�WR�VHH�KRZ�PDQ\�RI�WKH�LWHPV�RI�WKH�FXUULFXOXP�SURILOH�

KDG�EHHQ�VFRUHG�WKH�VDPH�E\�WKH�WZR�REVHUYHUV��7KLV�WXUQHG�RXW�WR�EH�����

IRU� OHVVRQ� �� DQG� ���� IRU� OHVVRQ� ��� 7KH� UHVHDUFKHU� IHOW� WKDW�� LQ� WKLV� WU\�RXW�

VWDJH�RI� WKH�VWXG\�� WKLV�SURYLGHG�VXIILFLHQW�RYHUODS�WR� LQWHJUDWH� WKH�VFRUHV�RI�
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WKH�WZR�REVHUYHUV��6FRUHV�RI�WKH�OHVVRQV�ZHUH�WKHUHIRUH�DYHUDJHG�ZKHQ�ERWK�

REVHUYHUV�ZHUH�SUHVHQW�GXULQJ�WKH�OHVVRQV���

7KH� WZR� WHDFKHUV� WRJHWKHU� H[HFXWHG� D� WRWDO� RI� QLQH� OHVVRQV� LQFOXGLQJ� ��

GRXEOH� SHULRG� OHVVRQV� �DERXW� ����RI� WKH� WRWDO� OHVVRQV� LQ� WKH� OHVVRQ� VHULHV���

ILYH�E\� WKH� WHDFKHU� LQ�VFKRRO��� �WKH�IRUPHUO\�$IULNDDQV�PHGLXP�VFKRRO��DQG�

IRXU� OHVVRQV� E\� WKH� WHDFKHU� LQ� VFKRRO� �� �WKH� (QJOLVK�PHGLXP� VFKRRO��� 7KH�

VFRUHV� DUH� FDWHJRULVHG� LQWR� WKH� WKUHH� GRPDLQV� EDVLF� WHDFKLQJ� VNLOOV�� OHDUQHU�

FHQWUHG�WHDFKLQJ�DQG�FODVVURRP�PDQDJHPHQW��'XULQJ�DQDO\VLV� LW�ZDV�UHDOLVHG�

WKDW� VRPH�RI� WKH�HOHPHQWV�RQ� WKH�SURILOH�ZHUH�VWLOO� IRUPXODWHG� LQ� D�QHJDWLYH�

ZD\��$�\HV�VFRUH�WKHUHIRUH�UHDOO\�PHDQW�D�QR��DQG�YLFH�YHUVD��6FRUHV�KDYH�EHHQ�

FRUUHFWHG�IRU�WKLV��7DEOHV�����WR�����VKRZ�VXPPDU\�VFRUHV�LQ�WKH�WKUHH�OHVVRQ�

FRPSRQHQWV��VWDUW��ERG\�DQG�FRQFOXVLRQ�RI�WKH�OHVVRQ��DV�D�SHUFHQWDJH�RI�WKH�

PD[LPXP�SRVVLEOH�VFRUHV��

�

6WXGHQW�LQWHUYLHZV�

6WXGHQWV�ZHUH� LQWHUYLHZHG� LQ� WZR�JURXSV��D�JURXS�RI� WKUHH�VWXGHQWV�IURP�

VFKRRO� �� DQG� DQRWKHU� JURXS�RI� IRXU� VWXGHQWV� IURP� VFKRRO� ��� 7KH� LQWHUYLHZ�

VFKHGXOH�ZDV� VHPL�VWUXFWXUHG�� DQG� EDVHG� RQ� D� SUHYLRXV� YHUVLRQ� XVHG� LQ� WKH�

6FLHQWLILF�3URFHVVHV�VWXG\��6RPH�TXHVWLRQV�ZHUH�H[SDQGHG�WR�LQFOXGH�PRUH�LQSXW�

DV� WR�ZK\�VWXGHQWV�KDG�WKH�RSLQLRQV� WKH\�GLG��,Q�DGGLWLRQ�� LW� LV� LPSRUWDQW� WR�

QRWH�WKDW�WKH�VWXGHQWV�LQWHUYLHZHG�LQ�WKLV�VWXG\�ZHUH�ROGHU��*UDGH����VWXGHQWV�

YHUVXV�*UDGH���VWXGHQWV� LQ�WKH�6FLHQWLILF�3URFHVVHV�VWXG\��DQG�WKHUHIRUH�FDSDEOH�

RI�H[SUHVVLQJ�WKHPVHOYHV�PRUH�FRPSHWHQWO\��WKXV�WKH�FRPSOH[LW\�OHYHO�RI�WKH�

TXHVWLRQV�FRXOG�DIIRUG�WR�EH�KLJKHU��7KH�VWXGHQW�LQWHUYLHZ�SODQ�LV�DYDLODEOH�LQ�

DSSHQGL[������

�

6WXGHQW�TXHVWLRQQDLUH�

7KLV� LQVWUXPHQW� ZDV� DOVR� EDVHG� RQ� DQ� HDUOLHU� TXHVWLRQQDLUH� XVHG� LQ� WKH�

6FLHQWLILF� 3URFHVVHV� VWXG\��7ZHQW\�WZR� VWXGHQWV� IURP� VFKRRO� �� DQG���� VWXGHQWV�

IURP� VFKRRO� �� FRPSOHWHG� WKH� TXHVWLRQQDLUH�� 7KH� TXHVWLRQV� ZHUH� JHDUHG�

WRZDUGV�ILQGLQJ�RXW�DERXW�VWXGHQWV
�SHUFHSWLRQV�DERXW�WKH�OHVVRQV��DERXW�WKH�

DFWLYLWLHV�GXULQJ�WKH�OHVVRQV��DV�ZHOO�DV�KRZ�WKH�OHVVRQ�KDG�EHHQ�GLIIHUHQW�IURP�

WKHLU� QRUPDO� OHVVRQV�� ,Q� DQ� DWWHPSW� WR� VROLFLW�PRUH� WKRXJKWIXO� DQG� IRFXVHG�

DQVZHUV�WR�TXHVWLRQV��WKH�TXHVWLRQ�IRUPDW�IRU�D�QXPEHU�RI�WKH�TXHVWLRQV�ZDV�

FKDQJHG��IURP�WKH�SUHYLRXV�YHUVLRQ��WR�D�VHQWHQFH�FRPSOHWLRQ�DQG�ILOO�LQ�WKH�

EODQNV�� 4XHVWLRQV�� ZKLFK� KDG� DVNHG� IRU� D� PRUH� WKRXJKWIXO� DQVZHU� DVNLQJ�



��� &KDSWHU �

 
 


ZK\
�DV�D�IROORZ�XS�TXHVWLRQ��ZHUH�UHRUJDQLVHG�LQWR�ILOO�LQ�WKH�EODQNV�VXFK�DV�


EHFDXVH�«�
��6HH�DSSHQGL[�����IRU�WKH�VWXGHQW�TXHVWLRQQDLUH��

�

�

���� 5HVXOWV�RI�WU\�RXW�

�

5HVXOWV� RI� WKH� WU\�RXW� DUH� SUHVHQWHG� XQGHU� WKH� KHDGLQJV� H[HFXWLRQ� RI� OHVVRQV�

���������VWXGHQW�H[SHULHQFHV�ZLWK�WKH�OHVVRQV����������DQG�JHQHUDWLRQ�RI�DOWHUQDWLYH�VWUDWHJLHV�

����������

�

������ ([HFXWLRQ�RI�OHVVRQV��XVH�RI�FXUULFXOXP�SURILOH��

�

7KH� WZR� WHDFKHUV� WRJHWKHU� H[HFXWHG�QLQH� OHVVRQV�� LQFOXGLQJ� WKUHH�GRXEOH�

SHULRG�OHVVRQV��7KLV�DPRXQWV�WR�DERXW�����RI�WKH�WRWDO�OHVVRQV�LQ�WKH�VHULHV��

7DEOH� ���� VKRZV�ZKLFK� OHVVRQV� WKH� WZR� WHDFKHUV� H[HFXWHG��$OO� WKHVH� OHVVRQV�

ZHUH�REVHUYHG��

*HQHUDOO\��H[HFXWLRQ�RI�WKH�OHVVRQV�KDSSHQHG�LQ�D�YHU\�SOHDVDQW�DWPRVSKHUH�

ZLWK� ERWK� WHDFKHUV� DQG� VWXGHQWV� DFWLYHO\� LQYROYHG�� /HVVRQV� ZHUH� OLYHO\� DQG�

ERWK� WHDFKHUV� DQG� VWXGHQWV� VHHPHG� WR�HQMR\� WKHPVHOYHV��7KH� FODVVURRP� IHOW�

OLNH� D� FRPIRUWDEOH� SODFH�� WKH� WHDFKHU� DQG� VWXGHQWV� DSSHDUHG� WR� HQMR\� EHLQJ�

WKHUH��

�

7DEOH����� /HVVRQV�FRQGXFWHG�E\�WKH�WZR�WHDFKHUV�DQG�REVHUYHG��7���7���

� /�� /�� /���� /�� /�� /�� /���� /��� /��� /��� /������ /���

7�� � �� �� �� � � �� � � �� � �

7�� � �� �� �� � � � � � � �� �

/HJHQG� 7�� WHDFKHU �� /�� OHVVRQ ��
/ ���� / ��� DQG / ����� DUH VFKHGXOHG DV GRXEOH SHULRG OHVVRQV
6HH WDEOH ��� IRU DQ RYHUYLHZ DQG GHVFULSWLRQ RI WKH OHVVRQV
� /HVVRQ H[HFXWHG E\ WHDFKHU DQG REVHUYHG

�

6FLHQFH�UHODWHG�YLVXDO�DLGV��VXFK�DV�D�SHULRGLF�WDEOH��GHFRUDWHG�WKH�ZDOOV�RI�

WKH� WZR� FODVVURRPV�� 7KH� GHVNV� LQ� ERWK� FODVVURRPV� ZHUH� DUUDQJHG� LQ� URZV��

IRFXVLQJ�WKH�DWWHQWLRQ�RQ�WKH� WHDFKHU�� LQ�IURQW��7KHUH�ZDV�D�VWURQJ�IRFXV�RQ�

SUDFWLFDO�DFWLYLW\�� DW� WKH�H[SHQVH�RI� WKHRUHWLFDO�GLVFXVVLRQ�GXULQJ�WKH� OHVVRQV��

%RWK� WHDFKHUV� VHHPHG� FRQILGHQW� DQG� FRPSHWHQW� LQ� WKH� VXEMHFW� DUHDV� LQ� DOO�

OHVVRQV�REVHUYHG���



0DWHULDOV VWXG\ ���

6WDUW�RI�WKH�OHVVRQ�

7HDFKHUV�ZHUH�RUJDQLVHG� DQG� UHDG\� WR� VWDUW� IRU� DOO� OHVVRQV��%RWK� WHDFKHUV�

LQWURGXFHG�WKH�OHVVRQV�DQG�WKH�NH\�FRQFHSWV�GHDOW�ZLWK�LQ�WKH�OHVVRQV�LQ�DOO�EXW�

RQH�FDVH�� DOWKRXJK� WKHVH� LQWURGXFWLRQV�ZHUH�NHSW� VKRUW� WR� VDYH� WLPH� IRU� WKH�

SUDFWLFDO�DFWLYLW\��7HDFKHUV�KDG�WKH�QHFHVVDU\�PDWHULDOV�UHDG\�IRU�WKH�SUDFWLFDO�

DFWLYLWLHV��'XULQJ�WKH�LQWURGXFWLRQ��UHIHUHQFH�ZDV�PDGH�WR�SUHYLRXV�OHVVRQV�LQ�

VHYHQ� RI� WKH� QLQH� OHVVRQV�� +RPHZRUN� ZDV� GLVFXVVHG� LQ� WZR� OHVVRQV� RQO\��

6WXGHQWV�ZHUH�DWWHQWLYH� LQ�FODVV�� VRPHWKLQJ� WKDW� VHHPHG� WR�EH� LQIOXHQFHG�E\�

HIIHFWLYH�FODVVURRP�PDQDJHPHQW�DQG�DQ�DSSDUHQW�LQWHUHVW�LQ�WKH�OHVVRQV��,Q���

OHVVRQV�VWXGHQWV�ZHUH�DVNHG�IRU�WKHLU�RZQ�LGHDV�RQ�WKH�DFWLYLW\�LQ�WKH�OHVVRQ��

RU�ZHUH�DVNHG�WR�SURYLGH�UHOHYDQW�H[DPSOHV�IURP�GDLO\�OLIH��(VSHFLDOO\�WHDFKHU�

��RIWHQ�XVHG�GDLO\� H[DPSOHV� WR� LOOXVWUDWH� WKH� WRSLF�XQGHU�GLVFXVVLRQ�� H�J�� WKH�

EULFN�PDNLQJ��6KH�DOVR�JDYH� WKH�VWXGHQWV� VXSSOHPHQWDU\� LQIRUPDWLRQ�DV�SDUW�

RI� WKH� LQWURGXFWLRQ� RQ� EULFN� PDNLQJ�� 7KLV� ZDV� JUHDWO\� DSSUHFLDWHG� E\� WKH�

VWXGHQWV��

�

7DEOH����� 6WDUW�RI� OHVVRQ�²�VXPPDU\� FXUULFXOXP�SURILOH� VFRUHV� IRU�DOO�REVHUYHG� OHVVRQV� IRU�ERWK�

WHDFKHUV�
�

� 7�� 7��

%DVLF�WHDFKLQJ�VNLOOV� ��� ���

/HDUQHU�FHQWUHG�WHDFKLQJ� ��� ���

&ODVVURRP�PDQDJHPHQW � ��� ���

/HJHQG� 7�� 7HDFKHU VFKRRO �
7�� 7HDFKHU VFKRRO �

 6FRUHV LQGLFDWHG DV D SHUFHQWDJH RI WKH PD[LPXP SRVVLEOH

�

7HDFKHU� �� NHSW� WKH� LQWURGXFWLRQV� GHOLEHUDWHO\� VKRUW�� QRW� UHDOO\� LQYROYLQJ�

VWXGHQWV�RU�DVNLQJ�WKHP�IRU�LGHDV��1RU�ZDV�WKHUH�VXIILFLHQW�DWWHQWLRQ�JLYHQ�WR�

WKH�UHOHYDQFH�RI�WKH�OHVVRQ��,Q�RQH�OHVVRQ�RI�WHDFKHU����WKH�LQWURGXFWLRQ�ZDV�

VNLSSHG�VR� WKDW� WKH�IXOO�SHULRG�FRXOG�EH�GHYRWHG� WR�PDNLQJ�EULFNV��7KLV�KDV�

UHVXOWHG�LQ�D�ORZ�VFRUH�IRU�WHDFKHU���LQ�WKH�VHFWLRQ�WKDW�GHDOV�ZLWK�WKHVH�LVVXHV�

�WDEOH�������ZKHUHDV�WKH�UHVW�RI�WKH�VFRUHV�IRU�WKH�VWDUW�RI�WKH�OHVVRQV�DUH�PXFK�

KLJKHU��

�



��� &KDSWHU �

 
 

%RG\�RI�WKH�OHVVRQ�

%RWK� WHDFKHUV� FUHDWHG� ZRUNVKHHWV� IRU� WKHLU� VWXGHQWV� EDVHG� RQ� WKH�

GHVFULSWLRQV� RI� WKH� DFWLYLWLHV� LQ� WKH� WH[WERRN� DQG� WHDFKHU� VXSSRUW�PDWHULDOV��

7KHVH� ZRUNVKHHWV� JXLGHG� VWXGHQWV� GXULQJ� DFWLYLWLHV� �H[SODQDWLRQ� RI� XVH� RI�

HTXLSPHQW�� VWHS� E\� VWHS� JXLGDQFH� IRU� H[HFXWLRQ� RI� DFWLYLWLHV� DQG� GUDZLQJ�

FRQFOXVLRQV�IURP�WKHVH���:KHQ�DVNHG�E\� WKH�REVHUYHUV��PRVW�VWXGHQWV�FRXOG�

HDVLO\�H[SODLQ�ZKDW�WKH\�ZHUH�GRLQJ�DQG�ZK\��7KLV�VHHPHG�WR�GHSHQG�RQ�WKH�

TXDOLW\�RI�WKH�LQWURGXFWLRQ�RI�WKH�OHVVRQV��

7KH� WHVWLQJ� RI� PDWHULDOV� ZDV� QRW� DOZD\V� GRQH� DFFRUGLQJ� WR� WKH�

UHFRPPHQGDWLRQV� LQ� HLWKHU� WKH� WH[WERRN� RU� WKH� WHDFKHU� JXLGH�� ,Q� RQH� FODVV��

VWXGHQWV�FUHDWHG�WKHLU�RZQ�WHVW�IRU�EULFN�VWUHQJWK��D�FRPSUHVVLRQ�WHVW��XVLQJ�D�

FODVV�PDVV��ODUJH�ER\��IRU�WKH�WHVW��ZKLFK�ZDV�TXLWH�VXFFHVVIXO��7KH�VDIHW\�RI�WKH�

VWXGHQWV� ZDV� QRW� DOZD\V� ORRNHG� DIWHU� LQ� WKH� PRVW� HIIHFWLYH� PDQQHU�� WKH�

EXUQLQJ�RI�PDWHULDOV�ZDV�QRW�GRQH� LQ� D�ZHOO�YHQWLODWHG�DUHD�� WKH�EUHDNLQJ�RI�

JODVV�SURFHHGHG�ZLWKRXW�SURWHFWLYH�H\HJODVVHV�RU�FRYHULQJ�V���

�

7DEOH������ %RG\�RI� OHVVRQ�²� VXPPDU\� FXUULFXOXP�SURILOH� VFRUHV� IRU�DOO� REVHUYHG� OHVVRQV� IRU�ERWK�

WHDFKHUV�
�

� 7�� 7��

%DVLF�WHDFKLQJ�VNLOOV� ���� ����

/HDUQHU�FHQWUHG�WHDFKLQJ� ��� ���

&ODVVURRP�PDQDJHPHQW � ��� ���

/HJHQG� $V LQ WDEOH ���

�

6FRUHV�DUH�KLJK�IRU�DOO�FRPSRQHQWV�LQ�WKH�ERG\�RI�WKH�OHVVRQ��VHH�WDEOH�������

7KLV� LV� GXH� WR� SURSHU� �DOWKRXJK� VRPHWLPH� VKRUW�� LQWURGXFWLRQV� RI� WKH�

DFWLYLWLHV��H[SODQDWLRQ�RI�WKH�XVH�RI�WKH�PDWHULDOV�DQG�WKH�WHDFKHUV�EHLQJ�ZHOO�

SUHSDUHG� IRU� WKH� DFWLYLW\�� 6WXGHQWV� ZHUH� JURXSHG� IRU� DOO� SUDFWLFDO� DFWLYLWLHV��

2EVHUYHUV� QRWHG� WKDW� WHDFKHUV� PRYHG� DURXQG� LQ� WKH� FODVV� DQG� DWWHQGHG� WR�

VWXGHQW� TXHVWLRQV� GXULQJ� DOO� OHVVRQV�� 7HDFKHUV� DVVLVWHG� JURXSV� RI� VWXGHQWV�

ZKHQHYHU� WKH\� KDG� TXHVWLRQV�� RU�ZDQWHG� WR� GLVFXVV� VRPHWKLQJ�� ,W�ZDV� FOHDU�

WKDW�ERWK�WHDFKHUV�KDG�ORWV�RI�H[SHULHQFH�ZLWK�FRQGXFWLQJ�SUDFWLFDO�ZRUN�DQG�

JURXS�ZRUN��7HDFKHUV�JDYH�VWXGHQWV�WKH�IUHHGRP�WR�FRPH�XS�ZLWK�WKHLU�RZQ�

VXJJHVWLRQV��7LPH�ZDV�XVHG�HIILFLHQWO\�LQ�DOO� OHVVRQV��H[FHSW�LQ�RQH�OHVVRQ�RQ�

ILEUHV��ZKHUH� WKH� DFWLYLW\� GUDJJHG� RQ� IRU� WRR� ORQJ��PDNLQJ� VWXGHQWV� UHVWOHVV�

DQG�ERUHG��DQG�OHDYLQJ�OLWWOH�WLPH�IRU�GUDZLQJ�FRQFOXVLRQV�IURP�WKH�DFWLYLW\���



0DWHULDOV VWXG\ ���

&RQFOXVLRQ�RI�WKH�OHVVRQ�

%RWK�WHDFKHUV�HQFRXUDJHG�VWXGHQWV�WR�GUDZ�FRQFOXVLRQV�IURP�WKH�SUDFWLFDO�

DFWLYLWLHV� FDUULHG� RXW� GXULQJ� WKH� OHVVRQV�� %RWK� WHDFKHUV� JXLGHG� WKLV� SURFHVV�

WKURXJK�WKH�XVH�RI�ZRUNVKHHWV�DQG�DVNLQJ�JXLGLQJ�TXHVWLRQV��5HSRUWLQJ�RQ�WKH�

PHWKRGV�VWXGHQWV�XVHG�WR�FDUU\�RXW�WKH�DFWLYLW\�ZDV�GRQH�LQ�RQO\�D�IHZ�OHVVRQV�

�RQH� OHVVRQ��� IRU� WHDFKHU���� WZR� OHVVRQV� IRU� WHDFKHU�����2EVHUYHUV� LQGLFDWHG�

WKDW� WKH� UHVXOWV� IURP� WKH� H[SHULPHQWV� ZHUH� QRW� FRQQHFWHG� WR� WKHRUHWLFDO�

FRQVLGHUDWLRQV� LQ� HLWKHU� RI� WKH� WZR� FODVVHV�� %HFDXVH� RI� WLPH� SUREOHPV�� WKH�

FRQFOXVLRQ�VHFWLRQV�ZHUH�VKRUW��,Q�VSLWH�RI�WKLV��OHVVRQV�LQ�ERWK�FODVVHV�HQGHG�

ZLWK�WKH�FODVV�LQ�JRRG�RUGHU��DV�VWXGHQWV�DVVLVWHG�WHDFKHUV�ZLWK�FOHDQLQJ�XS�RI�

HTXLSPHQW�DQG�PDWHULDOV��+RPHZRUN�ZDV�JLYHQ�LQ�DERXW�KDOI�RI�WKH� OHVVRQV��

WKH�VLJQLILFDQFH�RI�ZKLFK�ZDV�H[SODLQHG�LQ�RQO\�RQH�RI�WKH�OHVVRQV���

�

7DEOH������ &RQFOXVLRQ�RI� OHVVRQ�²�VXPPDU\�FXUULFXOXP�SURILOH�VFRUHV� IRU�DOO�REVHUYHG�OHVVRQV�IRU�

ERWK�WHDFKHUV�
�

� 7�� 7��

%DVLF�WHDFKLQJ�VNLOOV� ��� ���

/HDUQHU�FHQWUHG�WHDFKLQJ� ��� ���

&ODVVURRP�PDQDJHPHQW � ��� ���

/HJHQG� $V LQ WDEOH ���

�

7KH�RYHUDOO�LPSUHVVLRQ�RI�WKH�OHVVRQV�ZDV�YHU\�SRVLWLYH�WKDQNV�WR�D�SURSHU�

RUJDQLVDWLRQ� DQG� SUHSDUDWLRQ� RI� WKH� OHVVRQV� E\� ERWK� WHDFKHUV�� DQG� E\� XVLQJ�

WLPH� HIILFLHQWO\� LQ� DOO� EXW� RQH� OHVVRQ�� 7HDFKHUV� FUHDWHG� D� SRVLWLYH� FODVVURRP�

DWPRVSKHUH� E\� DVNLQJ� TXHVWLRQV� DQG� EHLQJ� RSHQ�PLQGHG� WRZDUG� VWXGHQW�

RSLQLRQV� DQG� VXJJHVWLRQV�� EXW� DOVR� E\� PDNLQJ� FOHDU� WR� VWXGHQWV� ZKDW� ZDV�

H[SHFWHG� IURP� WKHP��%RWK� WHDFKHUV�ZHUH�DEOH� WR� LPSURYLVH�ZKHUH�QHFHVVDU\�

DQG� WR� DGHTXDWHO\� XVH�PHWKRGV� GLIIHUHQW� IURP� WKRVH� LQ� WKH� WHDFKHU� VXSSRUW�

PDWHULDOV���

�



��� &KDSWHU �

 
 

6XPPDU\�RI�WKH�PDLQ�SRLQWV�

6HYHUDO� VSHFLILF� SRLQWV�� ERWK� SRVLWLYH� DQG� QHJDWLYH�� DURVH� �FI��0F.HQQH\��

�������

� 7HDFKHUV�ZHUH�JHQHUDOO\�ZHOO�RUJDQLVHG��ZHOO�SUHSDUHG�DQG�FRQILGHQW�LQ�WKH�

VXEMHFW�NQRZOHGJH���

� /RWV�RI�SUDFWLFDO�DFWLYLWLHV�ZHUH�JRLQJ�RQ�GXULQJ�WKH�OHVVRQV��

� 7HDFKHUV�ZHUH�FOHDUO\�H[SHULHQFHG�LQ�SUDFWLFDO�ZRUN�DQG�JURXS�ZRUN��

� 7HDFKHUV� HQFRXUDJHG� TXHVWLRQV� IURP� VWXGHQWV� DQG� JHQHUDOO\� VKRZHG� D�

JRRG�UDSSRUW�ZLWK�WKHP��

� :RUNVKHHWV� ZHUH� XVHG� IRU� WKH� LQWURGXFWLRQ� RI� LPSRUWDQW� FRQFHSWV�� WR�

JXLGH� WKH� DFWLYLW\� �H�J�� XVH� RI� WKH� HTXLSPHQW��� DV� ZHOO� DV� IRU� DVNLQJ�

TXHVWLRQV�DQG�GUDZLQJ�FRQFOXVLRQV��

� 6DIHW\� SURFHGXUHV� ZHUH� QRW� DOZD\V� DGKHUHG� WR�� GHVSLWH� GLUHFWLRQV� LQ� WKH�

WHDFKHU�VXSSRUW�PDWHULDOV���

� 0RUH� WLPH� ZDV� QHHGHG� WR� FRPSOHWH� WKH� OHVVRQV�� 'HVSLWH� WKLV�� VRPH�

DFWLYLWLHV�GUDJJHG�RQ�IRU�WRR�ORQJ��SRLQWLQJ�DW�SRRU�WLPH�PDQDJHPHQW�LQ�DW�

OHDVW�RQH�RI�WKH�OHVVRQV��

� 'UDZLQJ�FRQFOXVLRQV�IURP�WKH�DFWLYLWLHV�ZDV�FDUULHG�RXW�KXUULHGO\��EHFDXVH�

RI� WLPH� FRQVWUDLQWV� DW� WKH� HQG� RI� WKH� OHVVRQV�� &RQQHFWLQJ� UHVXOWV� RI�

SUDFWLFDO�DFWLYLWLHV�WR�WKHRU\�ZDV�DOVR�FDUULHG�RXW�LQ�D�OHVV�HIILFLHQW�ZD\���

� 6WURQJ� SUDFWLFDO� IRFXV� RI� WKH� OHVVRQV� RFFXUUHG� DW� WKH� H[SHQVH� RI� PRUH�

WKHRUHWLFDO�FRQVLGHUDWLRQV��

�

������ 6WXGHQW�H[SHULHQFHV�ZLWK�WKH�OHVVRQV�

�

$Q�LQYHQWRU\�RI�VWXGHQW�H[SHULHQFHV�ZDV�PDGH�E\�ZD\�RI�LQWHUYLHZV�DQG�D�

TXHVWLRQQDLUH��7ZR�JURXSV�RI�VWXGHQWV��WKUHH�VWXGHQWV�IURP�VFKRRO���DQG�IRXU�

VWXGHQWV�IURP�VFKRRO����ZHUH�LQWHUYLHZHG�DW�WKH�HQG�RI�WKH�REVHUYDWLRQ�RI�WKH�

OHVVRQ�VHULHV��7KH�TXHVWLRQQDLUH�ZDV�DGPLQLVWHUHG�WR����VWXGHQWV�����VWXGHQWV�

IURP� VFKRRO� ��� ��� IURP� VFKRRO� ��� DW� WKH� HQG� RI� WKH� OHVVRQ� VHULHV�� 7KH�

UHVSRQVHV�DUH�JURXSHG�DURXQG� WKH�IROORZLQJ� WKHPHV��FRQWHQW�RI� WKH� OHVVRQV��

SUDFWLFDO� DFWLYLWLHV�� GLIIHUHQFHV� IURP� QRUPDO� VFLHQFH� OHVVRQV�� WHDFKHU�VWXGHQW�

DQG�VWXGHQW�VWXGHQW�LQWHUDFWLRQV���

�



0DWHULDOV VWXG\ ���

&RQWHQW�RI�WKH�OHVVRQV�

7KH� VWXGHQWV� LQWHUYLHZHG� IURP� VFKRROV� �� DQG� �� LQGLFDWHG� WKDW� WKH�ZKROH�

FODVV�KDG�XQGHUVWRRG� WKH� OHVVRQV��7KH\�KDG� OHDUQHG�QHZ� WKLQJV��ZKLFK�ZHUH�

XVHIXO� LQ� UHDO� OLIH�� ,Q� SDUWLFXODU�� WKH\�PHQWLRQHG� WKDW� WKH\� KDG� QRW� VHHQ� WKH�

ZHDYH�RI�PDWHULDO�EHIRUH��QRU�GLG�WKH\�NQRZ�WKDW�D�OD\HU�RI�DLU�FRXOG�IXQFWLRQ�

DV� DQ� LQVXODWRU�� $OO� IRXU� VWXGHQWV� LQ� VFKRRO� �� KDG� HQMR\HG� WKH� JUDSKLQJ�

H[HUFLVHV� LQ� WKH� OHVVRQ� WKDW� WHVWHG� LQVXODWLQJ� SURSHUWLHV� RI� YDULRXV�PDWHULDOV��

EHFDXVH�LW�ZDV�FKDOOHQJLQJ��WKLV�OHVVRQ�KDG�QRW�EHHQ�H[HFXWHG�LQ�VFKRRO�����

7KHUH�ZHUH�DOVR�FRQFHUQV��6WXGHQWV� LQGLFDWHG�WKDW� WKH\�IRXQG�WKH� OHYHO�RI�

WKH�H[SHULPHQWV� 
WRR�EDVLF
��:KHQ�DVNHG�DERXW�ZKDW� WKH\�GLG�QRW� OLNH�DERXW�

WKH�OHVVRQV��VWXGHQWV�IURP�ERWK�VFKRROV����RXW�RI�����FRPPHQWHG�RQ�WKH�ORZ�

OHYHO�RI�WKH�SUDFWLFDO�DFWLYLWLHV�� 
FODVVLI\LQJ�PDWHULDOV�²�WKH�VLPSOLFLW\
��DQG� 
KDYLQJ�WR�

WHVW�FRQGXFWLYLW\�RI�PDWHULDOV��KDYLQJ�WR�GR�LW�WKUHH�\HDUV�LQ�D�URZ
�LQGLFDWLQJ�WKDW�VRPH�

RI� WKH� DFWLYLWLHV� ZHUH� UHYLHZ�� $QRWKHU� ILYH� VWXGHQWV� �DOO� IURP� VFKRRO� ���

VXJJHVWHG� UDLVLQJ� WKH� OHYHO�RI� WKH� DFWLYLWLHV��2QH�RI� WKH� LQWHUYLHZHG�VWXGHQWV�

�IURP�VFKRRO����VXJJHVWHG�WKDW�WKH�OHYHO�ZDV�PRUH�VXLWHG�WR�ORZHU�JUDGHV��7KH�

VFKRRO� �� VWXGHQWV� H[SUHVVHG� WKDW� WKH\�ZRXOG� OLNH� WR� KDYH�PRUH� WKHRU\�� DQG�

ZDQWHG� D� EHWWHU� FRQQHFWLRQ� EHWZHHQ� WKHRU\� DQG� WKHLU� SUDFWLFDOV�� DQG� PRUH�

FRQQHFWLRQ� ZLWK� WKH� SUDFWLFDO� DSSOLFDWLRQV� RI� WKHRU\� LQ� WKH� 
UHDO� ZRUOG
��

6WXGHQWV� LQ� VFKRRO��� VDLG� WKDW�KDYLQJ�(QJOLVK�DV� WKH� ODQJXDJH�RI� LQVWUXFWLRQ�

PDGH�LW�YHU\�GLIILFXOW�IRU�WKHP��

�

3UDFWLFDO�DFWLYLWLHV��

*LYHQ� WKH� RSSRUWXQLW\� LQ� WKH� TXHVWLRQQDLUH� WR� OLVW� WZR� DVSHFWV� WKH\� OLNHG�

DERXW� WKH�0DWHULDOV� OHVVRQV�� WKH�VWXGHQWV�PHQWLRQHG� WKH�SUDFWLFDO�DFWLYLWLHV� LQ�

JHQHUDO� �VFKRRO� ��� Q
�
 ���� VFKRRO� ��� Q

�
 ����� RU�PDGH� UHIHUHQFH� WR� D� VSHFLILF�

SUDFWLFDO� DFWLYLW\� �Q
�
 ���� Q

�
 �����$VNHG� DERXW� WKHLU� IDYRXULWH� DFWLYLW\� LQ� WKH�

0DWHULDOV� OHVVRQV��PDNLQJ�EULFNV�DQG�WHVWLQJ�WKHP�ZDV�PHQWLRQHG�PRVW�RIWHQ�

�Q
�
 ����Q

�
 ����DV�D�IDYRXULWH�DFWLYLW\��5HDVRQV�JLYHQ�DV�WR�ZK\�WKLV�ZDV�WKHLU�

IDYRXULWH�DFWLYLW\�LQFOXGHG�
XVLQJ�RXU�KDQGV
�DQG�
EHLQJ�RXWVLGH
��Q
�
 ���Q

�
 ����

WHVWLQJ�WKH�EULFNV�WR�VHH�ZKHWKHU�LW�ZRXOG�EUHDN�RU�QRW��Q
�
 ���Q

�
 ����$QRWKHU�

UHDVRQ�IRUZDUGHG�E\�VL[�VWXGHQWV��GLYLGHG�HTXDOO\�RYHU� WKH� WZR�VFKRROV��ZDV�

EHLQJ� RXW� RI� FODVV�� LQ� JURXSV�� DQG� WKH� SRVVLELOLW\� WR� LQWHUDFW� ZLWK� RWKHU�

VWXGHQWV��7HVWLQJ�PDWHULDOV�E\�KLWWLQJ�DQG�KHDWLQJ�WKHP�ZDV�DQRWKHU�IDYRXULWH�

�Q
�
 ���Q

�
 �����WR�REVHUYH�WKH�FKDQJHV�LQ�WKH�PDWHULDOV�ZKHQ�EHLQJ�EXUQHG�DQG�

WR�VHH�PDWHULDOV�FUDFN�ZKHQ�WKH\�DUH�KLW���
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7ZR�VWXGHQWV�RI�VFKRRO���PHQWLRQHG�H[SORUDWLRQ�RI�WKH�VWUXFWXUH�RI�ILEUHV�

�XVLQJ� RI� D�PLFURVFRSH�� DV� WKHLU� IDYRXULWH� DFWLYLW\��2QH� VWXGHQW�KDG�ZDQWHG�

PRUH�WKHRU\�RQ�ILEUHV��DQRWKHU�LQGLFDWHG�WR�KDYH�IRXQG�WKH�ZHDYH�RI�PDWHULDOV�

YHU\� LQWHUHVWLQJ��7KH�WKLUG�ZDV�H[FLWHG�DERXW� WKH�EUHDNLQJ��WHVWLQJ��RI�EULFNV�

PDLQO\� EHFDXVH� KH�PDGH� WKHP� KLPVHOI�� ,Q� VFKRRO� ��� WZR� VWXGHQWV� OLNHG� WKH�

PDNLQJ�RI�EULFNV�WKH�EHVW��EHFDXVH�WKH\�OLNHG�WR�PDNH�QHZ�WKLQJV�XVLQJ�WKHLU�

KDQGV�� 7KH� RWKHU� WZR� VWXGHQWV� KDG� HQMR\HG� FRPSDULQJ� WKH� LQVXODWLQJ�

SURSHUWLHV�RI� IDEULFV�DQG�WKH�JUDSKLQJ�RI�UHVXOWV��7KH�ODWWHU�EHFDXVH� LW�ZDV�D�

OLWWOH�PRUH�GLIILFXOW�WKDQ�WKH�UHVW�RI�WKH�DFWLYLWLHV���

7ZR�VWXGHQWV�IURP�VFKRRO���LQGLFDWHG�LQ�WKH�TXHVWLRQQDLUH�WR�EH�XQKDSS\�

DERXW�WKH�UDWKHU�LQDFFXUDWH�ZD\�EULFNV�ZHUH�WHVWHG���

�

6WXGHQW�VWXGHQW�DQG�VWXGHQW�WHDFKHU�LQWHUDFWLRQV��

'LIIHUHQFHV�IURP�WKH�QRUPDO�OHVVRQV�DOVR�UHODWHG�WR�DQ�LQFUHDVH�LQ�ZRUNLQJ�

WRJHWKHU� ZLWK� RWKHU� VWXGHQWV� DQG� ZLWK� WKH� WHDFKHU�� 7HQ� UHVSRQVHV�� HTXDOO\�

GLYLGHG�RYHU� WKH� WZR�VFKRROV�� UHODWHG� WR�DQ� LQFUHDVHG�ZRUNLQJ� WRJHWKHU�ZLWK�

RWKHU�VWXGHQWV�DQG�ZLWK�WKH�WHDFKHU��6SHFLILF�FRPPHQWV�PDGH�LQ�WKLV�UHJDUG�LQ�

TXHVWLRQQDLUH�UHVSRQVHV�LQFOXGHG��

� 
,� OLNHG�WKH�JURXSV�ZKR�ZRUNHG�VR�QLFHO\� WRJHWKHU��$QG�IRU�VRPH�SHRSOH� LW�ZDV� IRU� WKH�

ILUVW�WLPH�WKH\�FRPPXQLFDWHG�ZLWK�HDFK�RWKHU
�

� 
7KHUH�ZDV�PRUH� ODXJKLQJ�DQG�SDUWLFLSDWLRQ�ZLWK� WKHVH� OHVVRQV��:H�KDYH� OHDUQHG�D�ORW�

DERXW�HDFK�RWKHU�
�

� 
,W�ZDV�QLFH�ZRUNLQJ�WRJHWKHU�DV�D�FODVV�WRJHWKHU�
�

� 
:H�DV�VWXGHQWV�FDPH�FORVHU�WR�WKH�WHDFKHU�WKDQ�ZH�XVXDOO\�GR�E\�VD\LQJ�ZKDW�ZH�IHHO�DQG�

REVHUYH�
�

� 
,Q�RXU�UHJXODU�FODVVHV�ZH�MXVW�VDW�WKHUH�ZKLOH�WKH�WHDFKHU�JDYH�WKH�OHVVRQ��,Q�WKHVH�OHVVRQV�

ZH�ZRUNHG�ZLWK�WKH�WHDFKHU�
�

� 
,W�ZDV�D�ORW�HDVLHU�JUDVSLQJ�FHUWDLQ�FRQFHSWV�ZLWK�PRUH�KHOS�DQG�XQGHUVWDQGLQJ�IURP�WKH�

WHDFKHU��:H�ZRUNHG�WRJHWKHU�DQG�HYHU\RQH
V�YLHZ�ZDV�KHDUG
�

� 
«�DQG�WKH�WHDFKHU�SDLG�PRUH�DWWHQWLRQ�WR�ZKDW�ZH�ZHUH�GRLQJ
�

� 
WHDFKHU�ZDV�OHVV�VWULFW�
�

2QH� RI� WKH� VWXGHQWV� RI� VFKRRO� �� LQGLFDWHG� WKDW� VKH� HQMR\HG� WKH�

UHVSRQVLELOLW\� JLYHQ� WR� KHU� IRU� FDUU\LQJ� RXW� WKH� DFWLYLWLHV� GXULQJ� WKH� OHVVRQV��

7KLV�ZDV�DOVR�PHQWLRQHG�DV�D�TXHVWLRQQDLUH�UHVSRQVH��SRVVLEO\�IURP�WKH�VDPH�

VWXGHQW���



0DWHULDOV VWXG\ ���

'LIIHUHQFHV�IURP�QRUPDO�VFLHQFH�OHVVRQV�

0RUH�WKDQ�KDOI�RI�WKH�VWXGHQWV�LQGLFDWHG�WKDW�WKH�PDLQ�GLIIHUHQFH�IURP�WKH�

QRUPDO� VFLHQFH� OHVVRQV� ZDV� WKDW� LQ� WKH� WU\�RXW� OHVVRQ� PXFK� PRUH� SUDFWLFDO�

ZRUN�ZDV�GRQH�E\�WKH�VWXGHQWV�WKHPVHOYHV��ZLWK�RWKHU�VWXGHQWV��DQG�ZLWK�WKH�

WHDFKHU��$�WRWDO�RI����VWXGHQWV�PDGH�UHIHUHQFH�WR�WKLV��Q
�
 ����Q

�
 �����6SHFLILF�

FRPPHQWV� LQFOXGHG�� 
0RVWO\�ZH�ZHUH� GRLQJ� WKLQJV� SUDFWLFDOO\��$�SHUVRQ� FDQ� UHDOO\� JHW�

OD]\� MXVW�ZULWLQJ� WKLQJV� IURP� WKH� EODFNERDUG� GD\� LQ� GD\� RXW
��6WXGHQWV� LQGLFDWHG� WKDW�

RIWHQ�WKH�WHDFKHU�GRHV�GHPRQVWUDWLRQV�IRU�WKH�VWXGHQWV�WR�REVHUYH��
:H�GLG�WKH�

H[SHULPHQWV�RXUVHOYHV�DQG�WKLV�JRW�XV�LQWR�WKH�PRRG�RI�VFLHQFH��:KHUH�DV�XVXDOO\�RXU�WHDFKHU�

GRHV�WKH�H[SHULPHQWV�KHUVHOI�DQG�ZH�MXVW�ZDWFK�
��

'XULQJ�WKH� LQWHUYLHZV��RQO\�RQH�RI�WKH�WKUHH�VWXGHQWV�RI�VFKRRO���IHOW� WKDW�

WKH�0DWHULDOV� OHVVRQ� KDG� EHHQ� GLIIHUHQW� IURP� WKHLU� XVXDO� OHVVRQV�� 7KHUH� LV�

XVXDOO\�QRW�VR�PXFK�SUDFWLFDO�ZRUN��DOWKRXJK�WKHUH�ZDV�PRUH�RI�LW�GXULQJ�WKH�

SUHVHQW�VFKRRO�\HDU��7KH�RWKHU�WZR�VWXGHQWV�RI�VFKRRO���IHOW� WKDW�WKH� OHVVRQV�

KDG�EHHQ�EDVLFDOO\�WKH�VDPH�DV�WKH�QRUPDO�VFLHQFH�OHVVRQV��7KH�IRXU�VWXGHQWV�

IURP�VFKRRO���LQGLFDWHG�WKDW�WKHUH�ZDV�XVXDOO\�PRUH�WKHRU\��3UDFWLFDO�DFWLYLWLHV�

ZHUH�RIWHQ�FDUULHG�RXW� LQ� WKH� IRUP�RI�GHPRQVWUDWLRQV��ZKLOH� VRPH�SUDFWLFDOV�

ZHUH� H[SODLQHG� UDWKHU� WKDQ� FDUULHG� RXW�� LQ� FDVH� WKH\� ZHUH� FRQVLGHUHG� WRR�

VLPSOH�� 2QH� RI� WKH� VWXGHQWV� LQGLFDWHG� WKDW� WKH\� SUHIHUUHG� WR� GR� SUDFWLFDOV�

WKHPVHOYHV��DQRWKHU�VWXGHQW�VDLG�WKDW�WRR�PDQ\�DFWLYLWLHV�ZDV�D�ZDVWH�RI�WLPH���

7KH� SUDFWLFDO� DFWLYLWLHV� LQ� WKH�0DWHULDOV� OHVVRQV� ZHUH� JHQHUDOO\� MXGJHG� LQ� D�

SRVLWLYH�VHQVH��ERWK�LQ�WHUPV�RI�WKH�FRQWHQW�RI�WKH�SUDFWLFDOV��DV�ZHOO�DV�WKH�ZD\�

WKHVH�ZHUH�FRQGXFWHG��+RZHYHU��WKH�DFWLYLW\�LQ�ZKLFK�VWXGHQWV�H[DPLQHG�ILEUHV�

UHFHLYHG�PXFK� FRPPHQWDU\��2Q� WKH� RQH�KDQG�� VWXGHQWV� IRXQG�JUDSKLQJ� WKH�

UHVXOWV�RI�WKH�H[SHULPHQW�DV�RQH�RI�WKH�EHWWHU��PRUH�FKDOOHQJLQJ��WDVNV��2Q�WKH�

RWKHU�KDQG�� VRPH� VWXGHQWV� LQGLFDWHG� WKDW� WHVWLQJ� WKH� LQVXODWLQJ�SURSHUWLHV�RI�

GLIIHUHQW� IDEULFV� ZDV� ERULQJ� DV� WKHUH� ZHUH� ORQJ� ZDLWLQJ� WLPHV� EHWZHHQ�

WHPSHUDWXUH� UHDGLQJV�� 7KH\� DOVR� VDLG� WKDW� WKH\� OHDUQHG� QRWKLQJ� RU� YHU\� OLWWOH�

IURP�WKLV�DFWLYLW\��$V�WKHUH�ZHUH�QRW�HQRXJK�PLFURVFRSHV��REVHUYLQJ�ILEUHV�KDG�

DOVR�EHHQ�SUREOHPDWLF���

�

,Q� VXPPDU\�� VWXGHQWV� LQGLFDWHG� WKDW� WKH� OHVVRQV�KDG�� LQ� WKHLU�RSLQLRQ��EHHQ�

GLIIHUHQW� IURP� WKHLU� XVXDO� OHVVRQV� EHFDXVH� RI� PRUH� SUDFWLFDO� DFWLYLW\� DQG� PRUH�

RSSRUWXQLW\�IRU�JURXS�ZRUN��7KH\�OLNHG�WKH�OHVVRQV�EHFDXVH�WKH\�KDG�EHHQ�DEOH�WR���

� SDUWLFLSDWH��EH�LQYROYHG�LQ�SUDFWLFDO�ZRUN��XVH�WKHLU�KDQGV��EH�RXWVLGH��

� FRPPXQLFDWH�DQG�ZRUN�WRJHWKHU�ZLWK�WKHLU�SHHUV�LQ�JURXSV���
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6SHFLILF�IDYRXULWH�DFWLYLWLHV�OLVWHG�E\�VWXGHQWV�LQFOXGHG��

� PDNH�EULFNV�DQG�WHVW�WKHLU�VWUHQJWK��

� WHVW�YDULRXV�PDWHULDOV�E\�KDPPHULQJ�DQG�EXUQLQJ�WKHP��

� GHWHUPLQH� LQVXODWLQJ� SURSHUWLHV� RI� ILEUHV� �WKH� SDUW� ZKHUH� VWXGHQWV� ZHUH�

DVNHG�WR�JUDSK�UHVXOWV��DQG�VKRZ�WKHLU�DFDGHPLF�FRPSHWHQFH��

,Q� DGGLWLRQ�� VWXGHQWV� IHOW� JRRG�DERXW�EHLQJ� JLYHQ� UHVSRQVLELOLW\� DQG�EHLQJ�

WDNHQ�VHULRXVO\�GXULQJ� WKH� OHVVRQV��+RZHYHU��VWXGHQWV�ZHUH�FULWLFDO�DERXW� WKH�

ODFN� RI� D� PRUH� VROLG� WKHRUHWLFDO� IRXQGDWLRQ� IRU� WKH� DFWLYLWLHV�� 7KH\� DOVR�

LQGLFDWHG� WKDW� WKH\� IRXQG� PDQ\� RI� WKH� OHVVRQV� WRR� VLPSOLVWLF�� UHSHWLWLRQ� RI�

HDUOLHU�ZRUN�DQG�UHTXHVWHG�OHVV�TXDOLWDWLYH��PRUH�DFFXUDWH�ZD\V�RI�WHVWLQJ���

�

������ *HQHUDWLRQ�RI�DOWHUQDWLYH�VWUDWHJLHV�

�

'XULQJ�WKH�H[HFXWLRQ�RI�WKH�OHVVRQV��DV�ZHOO�DV�LQ�LQIRUPDO�GLVFXVVLRQV�ZLWK�

WHDFKHUV�� VHYHUDO� DOWHUQDWLYHV� WR� VXJJHVWLRQV� LQ� WKH� WHDFKHU� VXSSRUW� PDWHULDOV�

ZHUH�REVHUYHG�DQG�GLVFXVVHG��$V� WHDFKHUV�DOORZHG�VWXGHQWV�D� IDLU� DPRXQW�RI�

IUHHGRP� WR� PDNH� WKHLU� RZQ� FKRLFHV�� VHYHUDO� JRRG� LGHDV� ZHUH� JHQHUDWHG� WR�

VROYH� SUREOHPV�� 7KLV� UHVXOWHG� LQ� VRPH� JRRG� LGHDV� ZRUWK� LQFRUSRUDWLQJ� LQ�

IXWXUH�UHYLVLRQV�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��

� 7HDFKHUV� IHOW� WKDW� WKH� ILUVW� WZR� OHVVRQV� LQ� WKH� WHDFKHU� VXSSRUW� PDWHULDOV�

ZHUH�WRR�VLPSOLVWLF�DQG�WRR�PXFK�UHSHWLWLRQ�RI�HDUOLHU�ZRUN��7KH\�LQGLFDWHG�

WKDW�WKH\�ZRXOG�SUREDEO\�VNLS�WKH�OHVVRQV��RU�SHUKDSV�FRPELQH�WKHP��

� $�
VFLHQFH�ZDON
�DQG�
H[SORULQJ�D�FDU
�ZHUH�VXJJHVWHG�DV�DFWLYLWLHV�WR�FROOHFW�

GLIIHUHQW�PDWHULDOV� IRU�FODVVLI\LQJ�� WHVWLQJ�DQG�ILQGLQJ�RXW�DERXW� WKHLU�XVHV�

�UHSODFLQJ�WKH�ILUVW�WZR�OHVVRQV�LQ�WKH�RULJLQDO�SURWRW\SH���

� 8VLQJ� DIWHUQRRQV� WR� FDUU\� RXW� WKH� DFWLYLWLHV� LQ� WKH� OHVVRQV�� 7HDFKHUV� DOVR�

PHQWLRQHG�PLQL�SURMHFWV�DV�SRVVLEOH�DOWHUQDWLYHV���

� 7HDFKHUV�RIWHQ�XVHG�GDLO\�OLIH�H[DPSOHV�WR�LOOXVWUDWH�WKH�WRSLF�RI�WKH�OHVVRQ��

UHSODFLQJ� WKH� LGHD� RI� D� VPDOO� GHPRQVWUDWLRQ� DV� VXJJHVWHG� LQ� VRPH� RI� WKH�

OHVVRQV�LQ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��7KLV�DOWHUQDWLYH��ERUQ�RXW�RI�WLPH�

FRQVWUDLQWV��ZDV�TXLWH�HIIHFWLYH�DQG�DWWUDFWLYH���

� ,Q� RQH� FODVV�� VWXGHQWV� FUHDWHG� WKHLU� RZQ� WHVW� IRU� EULFN� VWUHQJWK�� D�

FRPSUHVVLRQ�WHVW��XVLQJ�D�
FODVV�PDVV
��ODUJH�ER\��IRU�WKH�WHVW��

� 6HYHUDO� VXJJHVWLRQV� ZHUH� PDGH� IRU� DOWHUQDWLYH� PDWHULDOV�� WKH� XVH� RI� PLON�

FDUWRQV� DV� PRXOGV� IRU� EULFN� PDNLQJ�� &RNH� FDQV� DV� DQ� DOWHUQDWLYH� IRU�

FRUUXJDWHG�LURQ�VKHHWV��WKH�XVH�RI�DQLPDO�PDQXUH�LQ�EULFN�PDNLQJ��



0DWHULDOV VWXG\ ���

���� 8VHU�DSSUDLVDO�

�

������ ,QWURGXFWLRQ�

�

$IWHU�WKH�WU\�RXW�RI�WKH�SURWRW\SH�WHDFKHU�VXSSRUW�PDWHULDOV��WKH�UHVHDUFKHU�

WRJHWKHU� ZLWK� RQH� RI� WKH� REVHUYHUV� LQ� WKH� WU\�RXW� UHYLVHG� WKH� PDWHULDOV� WR�

DWWHQG�WR�VRPH�RI�WKH�REVHUYHG�SUREOHPV�DQG�WR�DFFRPPRGDWH�VRPH�RI�WKH�

VXJJHVWLRQV�PDGH�E\� WKH� WHDFKHUV�DQG�VWXGHQWV��'HYHORSHUV� UHDOLVHG� WKDW� WKH�

WU\�RXW�KDG� WDNHQ�SODFH� LQ�IDLUO\�RSWLPDO�FLUFXPVWDQFHV�� DQG� WKDW� WKH�EXON�RI�

WKH� WHDFKHUV� DQG� VWXGHQWV� LQ� WKH� FRXQWU\� ZHUH� RSHUDWLQJ� LQ� D� IDU� OHVV� LGHDO�

VLWXDWLRQ�DQG�WKDW�WKH\�ZHUH�OHVV�TXDOLILHG�WKDQ�WKH�WZR�WHDFKHUV�LQ�WKH�WU\�RXW�

�VHH���������,W�ZDV�WKHUHIRUH�GHFLGHG�WR�UHVHUYH�VRPH�RI�WKH�FKDQJHV�VXJJHVWHG�

LQ� WKH� WU\�RXW� XQWLO� DIWHU� WKH� ZLGHU� DSSUDLVDO� E\� WHDFKHUV�� (VSHFLDOO\� WKH�

VXJJHVWLRQ� IURP�WKH� WU\�RXW� WKDW� WKH� OHVVRQV�ZHUH� WRR�VLPSOLVWLF�ZDV�QRW�\HW�

WDNHQ� DV� D� UHDVRQ� WR� LQFUHDVH� WKH� FRPSOH[LW\� RI� WKH� OHVVRQV�� ,QVWHDG�� WKH�

GHYHORSHUV� FKRVH� IRU� SXWWLQJ� WKH� FRQFHSWV�PRUH� LQ� WKH� ORFDO� FRQWH[W�� 7KXV��

YHUVLRQ�����RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�LQFRUSRUDWHG�WKH�VXJJHVWLRQV�IRU�

UHYLVLRQ�LQ�WKH�IROORZLQJ�FDWHJRULHV���

��� UHWKLQNLQJ� WKH� FRQWHQW� RI� WKH� WZR� LQWURGXFWRU\� OHVVRQV� ZKLFK� ZHUH�

FRQVLGHUHG� WRR� UHSHWLWLYH� DQG� VLPSOLVWLF� �H�J�� VXJJHVWLRQV� WR� LQFOXGH� D�


VFLHQFH�ZDON
�LQVWHDG���

��� PRUH�VXSSRUW�IRU�GUDZLQJ�FRQFOXVLRQV�IURP�SUDFWLFDO�DFWLYLWLHV�GXULQJ�WKH�

OHVVRQV��

��� LQFRUSRUDWLRQ� RI� VHYHUDO� DOWHUQDWLYHV� IRU� DFWLYLWLHV� DQG� OHVVRQ� H[HFXWLRQ�

JHQHUDWHG�LQ�WKH�WU\�RXW��

�

$SSHQGL[�����SURYLGHV�VDPSOH�PDWHULDOV�DQG�DQ�RYHUYLHZ�RI�WKH�OHVVRQV�RI�

WKLV�YHUVLRQ�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��7KH�IXOO�YHUVLRQ��YHUVLRQ������LV�

DYDLODEOH� DW� ZZZ�GHFLGHQHW�QO�UHVHDUFK�WVPBQDPLELD�KWP�� 6HFWLRQ� ������

SURYLGHV� D� VKRUW�GHVFULSWLRQ�RI� WKH�HYDOXDWLRQ�RI� WKLV� VHFRQG�YHUVLRQ�RI� WKH�

WHDFKHU�VXSSRUW�PDWHULDOV��IROORZHG�E\�D�VXPPDU\�RI�WKH�UHVXOWV�LQ��������

�

������ 'HVFULSWLRQ�RI�DSSUDLVDO�RI�WHDFKHU�VXSSRUW�PDWHULDOV�E\�WHDFKHUV��

�

,Q� OLQH� ZLWK� WKH� UHFRPPHQGDWLRQV� IURP� 6FLHQWLILF� 3URFHVVHV� VWXG\�� WKH�

PDWHULDOV�GHYHORSPHQW�SURFHVV�ZDV�LQWHJUDWHG�ZLWK�SURIHVVLRQDO�GHYHORSPHQW�
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DFWLYLWLHV� IRU� WHDFKHUV�ZKR�ZRXOG�XVH� WKH�PDWHULDOV� LQ� WKHLU� FODVVURRPV��7KH�

VHFRQG� GUDIW� RI� WKH� WHDFKHU� VXSSRUW� PDWHULDOV� ZDV� XVHG� DW� D� VHULHV� RI�

ZRUNVKRSV�IRU�*UDGH����WHDFKHUV�LQ�WKH�.DWLPD�0XOLOR�DQG�.KRUL[DV�UHJLRQV��

LQ� ZKLFK� D� WRWDO� RI� ��� WHDFKHUV� ���� LQ� .DWLPD�0XOLOR� DQG� ��� LQ� .KRUL[DV��

SDUWLFLSDWHG�� $W� WKH� ZRUNVKRSV�� ,167$17� VWDII� SURYLGHG� DGGLWLRQDO�

LQIRUPDWLRQ�RQ�WKH�VXEMHFW�PDWWHU�IRU�WKH�0DWHULDOV�WRSLF��7KH�ZRUNVKRSV�DOVR�

SURYLGHG�D�SODWIRUP�IRU�WHDFKHUV�WR�GLVFXVV�WKH� OHDUQHU�FHQWUHG�PHWKRGRORJ\�

DQG�WKH�OHVVRQ�VXJJHVWLRQV�LQ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��,Q�SUHSDUDWLRQ�IRU�

WKH� DFWXDO� OHVVRQV� LQ� WKHLU� FODVVURRPV�� WHDFKHUV� DOVR� WULHG� RXW�� LQ� JURXSV��

VHYHUDO�RI�WKH�OHVVRQV�DQG�DFWLYLWLHV�VXJJHVWHG�LQ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��

7KH�UHVHDUFKHU�XVHG�WKH�ZRUNVKRSV�DV�DQ�RSSRUWXQLW\�WR�FROOHFW�IHHGEDFN�RQ�

WKH� SUDFWLFDOLW\� RI� WKH� WHDFKHU� VXSSRUW� PDWHULDOV�� *URXSV� RI� WHDFKHUV� ZHUH�

DVNHG�WR�ILOO�RXW�DQ�HYDOXDWLRQ�IRUP��VHH�DSSHQGL[������ZLWK�TXHVWLRQV�DERXW�

WKH� JHQHUDO� LPSUHVVLRQ� RI� WKH� OHVVRQ� DQG� DFWLYLWLHV�� SRVVLEOH� SUREOHPV� ZLWK�

WLPLQJ� RI� WKH� OHVVRQV�� DYDLODELOLW\� RI� VXJJHVWHG�PDWHULDOV� DQG� RWKHU� IRUHVHHQ�

SUREOHPV�� 7KH\� ZHUH� DOVR� DVNHG� WR� SURYLGH� SRVVLEOH� DOWHUQDWLYH� VXJJHVWLRQV�

DQG�QHFHVVDU\�DGDSWDWLRQV�RI�WKH� OHVVRQV�LQ�YLHZ�RI� ORFDO�FRQVWUDLQWV��$�WRWDO�

RI����DFWLYLW\�HYDOXDWLRQ�IRUPV�����LQ�WKH�.DWLPD�0XOLOR�ZRUNVKRS�DQG����LQ�

WKH�.KRUL[DV�ZRUNVKRS��ZHUH�FROOHFWHG�IRU�DQDO\VLV��

�

������ 5HVXOWV�

�

$W� WKH�ZRUNVKRSV�� WHDFKHUV� WULHG�RXW� OHVVRQV�RQ� WKH� WRSLFV�RI� VFLHQFH�ZDON��

PDWHULDOV� WHVWLQJ�� URRILQJ� PDWHULDOV�� EULFNV�� FOHDQLQJ� PDWHULDOV�� DQG� ILEUHV�� ,QVWUXFWRUV�

GLVWULEXWHG�WKH�OHVVRQ�WRSLFV�IURP�WKH�VXSSRUW�PDWHULDOV�DPRQJ�WKH�JURXSV�RI�

WHDFKHUV� VR� WKDW� VHYHUDO� JURXSV�ZRXOG� FRYHU� DOO� OHVVRQV� LQ� WKH� OHVVRQ� VHULHV��

7HDFKHUV� FRXOG� DOVR� FDUU\� RXW� DQG� HYDOXDWH� OHVVRQV� WKDW� ZHUH� RI� SDUWLFXODU�

LQWHUHVW� WR� WKHP�� 7HDFKHUV� DFTXDLQWHG� WKHPVHOYHV� ZLWK� WKH� OHVVRQV� LQ� WKH�

WHDFKHU�VXSSRUW�PDWHULDOV��FDUULHG�WKHVH�OHVVRQV�RXW��DV�VWXGHQWV��DQG�SURYLGHG�

IHHGEDFN�RQ� WKHP��7HDFKHUV
� LPSUHVVLRQV�RI� WKH� OHVVRQV�ZHUH�JHQHUDOO\�YHU\�

SRVLWLYH�� 6SHFLILF� VWDWHPHQWV� LQ� WKLV� UHJDUG� DUH� OLVWHG� LQ� WDEOH� ���� EHORZ��

7HDFKHUV� UDWHG� WKH� WRSLF�RI� ILEUHV�DV� OHVV�VXFFHVVIXO� WKDQ� WKH�RWKHU� WRSLFV� LQ�

WKH�OHVVRQ�VHULHV��PDLQO\�IRU�SUDFWLFDO�UHDVRQV�VXFK�DV�WKH�ODFN�RI�PLFURVFRSHV�

WR�ORRN�DW�ILEUH�VWUXFWXUHV�DQG�WKH�GHDG�WLPH�EHWZHHQ�WHPSHUDWXUH�UHDGLQJV���

�



0DWHULDOV VWXG\ ���

7DEOH������ 7HDFKHUV
�LPSUHVVLRQ�RI�OHVVRQV��WRWDO�QXPEHU�RI�UHVSRQVHV��Q ����

/HVVRQ�

*HQHUDO�LPSUHVVLRQ�²�VRPH�VWDWHPHQWV�E\�

WHDFKHUV�

6FLHQFH�ZDON��Q ���� /HDUQLQJ�ZKLOH�UHOD[LQJ��PDNHV�\RX�WKLQN��WKRXJKW�

SURYRNLQJ��LQWHUHVWLQJ�DQG�HDV\�WR�FRQGXFW��PDWHULDOV�

HDV\�WR�ILQG��

0DWHULDOV�WHVWLQJ��Q ��� � )XOO�RI�OLIH�DQG�LQWHUHVWLQJ��SHRSOH�PLJKW�QHJOHFW�WKH�

DFWLYLW\�DV�WKH\�DUH�ZHOO�DZDUH�RI�ZKDW�ZLOO�KDSSHQ� �

5RRILQJ�PDWHULDOV��Q ��� � 9HU\�LPSUHVVLYH��DV�LW�FDQ�EH�GRQH�SUDFWLFDOO\��WDNHV�D�

ORQJ�WLPH�WR�FRPSOHWH� �

%ULFNV��Q ���� 9HU\�LQWHUHVWLQJ�GXH�WR�WKH�DYDLODELOLW\�RI�PDWHULDOV��

H[FHOOHQW�SUDFWLFH� �

&OHDQLQJ�PDWHULDOV��Q ���� 9HU\�FOHDU�DQG�HQFRXUDJLQJ��JRRG�EXW�PHDVXUHPHQWV�

QRW�DFFXUDWH��

)LEUHV��Q ���� 1RW�DOZD\V�FOHDU�ZKDW�W\SH�RI�PDWHULDO�ZH�ZHUH�

ZRUNLQJ�ZLWK��JRRG�EHFDXVH�VWXGHQWV�VHH�ILEUHV�

WKURXJK�PLFURVFRSH��KDUG�WR�XQGHUVWDQG��D�ELW�

ERULQJ�

�

,Q� WKHLU� UHVSRQVHV�� WHDFKHUV� LQ� ERWK� UHJLRQV� VWDWHG� WKDW� WKH\� OLNHG� WKH�

OHVVRQV�� DV� WKH\� DUH� IXOO� RI� KDQGV�RQ� DFWLYLWLHV� DQG� VWLPXODWH� VWXGHQW�

SDUWLFLSDWLRQ��)XUWKHUPRUH��WKH�DFWLYLWLHV�ZHUH�HDV\�WR�FRQGXFW�DQG�WKH�OHVVRQV�

WHDFK�ZKDW�KDSSHQV�LQ�HYHU\�GD\�OLIH��6HH�WDEOH�����IRU�W\SLFDO�FRPPHQWV�PDGH�

RQ�WKH�OHVVRQV��

�

7KH�UHVSRQVHV�LQGLFDWHG�WKDW�FDUU\LQJ�RXW�WKH�DFWLYLWLHV�ZDV�DOVR�D�OHDUQLQJ�

H[SHULHQFH�IRU�WKH�WHDFKHUV��7\SLFDO�FRPPHQWV� LQFOXGHG�� 
LW�ZDV�QLFH�EHFDXVH�ZH�

GLVFRYHUHG� D� ORW� RI�PDWHULDOV� ZKLFK� ZH� QHYHU� QHZ
�� 
,� OLNHG�ZDWFKLQJ� LW� �WKH� ILEUH�� RQ� WKH�

PLFURVFRSH�DQG�KDQG�OHQV
��
EHFDXVH�ZH�FRXOG�VHH�KRZ�ILEUHV�RI�GLIIHUHQW�PDWHULDOV�DUH�OLQHG�E\�

ORRNLQJ� WKURXJK� WKH�PLFURVFRSH
��7HDFKHUV�DOVR�H[SHULHQFHG�WKH�JURXS�DFWLYLWLHV�DW�

WKH�ZRUNVKRS�DV�D�JRRG�H[SHULHQFH��
JURXS�ZRUN��EHFDXVH�HYHU\ERG\�SDUWLFLSDWHG
��
ZH�

OLNHG�WKDW�E\�WKH�HQG�RI�WKH�DFWLYLW\�D�ORW�RI�SHRSOH�DFKLHYHG�VRPHWKLQJ
��

�
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7DEOH������ :KDW�WHDFKHUV�OLNHG�DERXW�WKH�OHVVRQV�²��WRWDO�QXPEHU�RI�UHVSRQVHV��Q �������6RPH�

W\SLFDO�FRPPHQWV�

/HVVRQ� &RPPHQWV�E\�WHDFKHUV�

6FLHQFH�ZDON��Q ���� 
,W�LQYROYHV�OHDUQHUV
�SDUWLFLSDWLRQ��WKH\�DUH�DFWLYHO\�

LQYROYHG
��


,W�ZDV�IXQ��LW�ZDV�OHDUQLQJ�ZKLOH�UHOD[LQJ��*DYH�ILUVW�

KDQG�H[SHULHQFH�RQ�EXLOGLQJ�PDWHULDOV�DQG�WKHLU�

XVHV
�

0DWHULDOV�WHVWLQJ��Q ��� � 
*URXS�ZRUN��EHFDXVH�HYHU\ERG\�SDUWLFLSDWHG
� �

5RRILQJ�PDWHULDOV��Q ��� � 
,W�LV�HDV\�WR�FRQGXFW
 �


LW�LV�YHU\�PXFK�LPSUHVVLYH��RZLQJ�WR�WKH�IDFW�WKDW�LW�

FDQ�EH�GRQH�SUDFWLFDOO\
 �

%ULFNV��Q ��� 
,W�WHDFKHV�ZKDW�KDSSHQV�LQ�HYHU\�GD\�OLIH
 �


9HU\�LQWHUHVWLQJ�GXH�WR�DYDLODELOLW\�RI�PDW HULDOV
�

&OHDQLQJ�PDWHULDOV��Q �� � 
7KH�EHVW�RI�LW�LV�WKDW�LW�LV�HDV\�WR�FRQGXFW
 �


7KH�DFWLYLW\�ZDV�FOHDU�DQG�WR�WKH�SRLQW
 �

)LEUHV��Q ���� 
:H�OLNHG�WKH�KDQGV�RQ
�


*RRG�EHFDXVH�OHDUQHUV�VHH�ILEUHV�WKURXJK�WKH�

PLFURVFRSH
�

�

$OWKRXJK� WHDFKHUV� VHHPHG� SRVLWLYH� DERXW� WKH� OHVVRQV� LQ� WKH� VXSSRUW�

PDWHULDOV�� WKHUH� ZHUH� DOVR� FRQFHUQV�� 7KHVH� DUH� JURXSHG� EHORZ� DURXQG� WKH�

DUHDV� RI�� WLPH�� SUDFWLFDO� DFWLYLWLHV� DQG� JURXS� ZRUN�� VDIHW\�� DQG� PDWHULDOV�

DYDLODELOLW\��

�

7LPH� ��$ERXW� �������RI� WKH� UHWXUQHG� IHHGEDFN� IRUPV�� GHSHQGLQJ� RQ� WKH�

OHVVRQ� WRSLF�� LQGLFDWHG� WKDW� WLPH� DOORFDWLRQ� IRU�PDQ\� RI� WKH� OHVVRQV�ZDV� WRR�

WLJKW��,W�ZRXOG�EH�GLIILFXOW�WR�ILQLVK�D�OHVVRQ�LQ�D�VLQJOH�������PLQXWH�SHULRG��$�

WRWDO�RI����UHVSRQVHV��IDLUO\�HYHQO\�GLVWULEXWHG�DFURVV�WKH�YDULRXV�OHVVRQ�WRSLFV��

VXJJHVWHG� WKDW� WKH� OHVVRQV� VKRXOG� EH� FDUULHG� RXW� GXULQJ� GRXEOH� SHULRGV�� ,Q�

DQRWKHU� ��� UHVSRQVHV� WHDFKHUV� VXJJHVWHG� WKDW� WKH� DFWLYLWLHV� VKRXOG� LGHDOO\�EH�

FDUULHG� RXW� DV� DIWHUQRRQ� DFWLYLWLHV�� GXULQJ� VWXG\� WLPH�� RU� LQ� SURMHFW� IRUP��

ZKHUHE\�WKH�SUHVHQWDWLRQ�RI�UHVXOWV�FRXOG�WDNH�SODFH�GXULQJ�UHJXODU�OHVVRQV���

�



0DWHULDOV VWXG\ ���

3UDFWLFDO� DFWLYLWLHV� DQG� JURXS� ZRUN� ²�:KHQ� DVNHG� KRZ� WKH\�ZRXOG� DGDSW� WKH�

OHVVRQ� LQ� WKH� FODVVURRP�� WHDFKHUV� LQGLFDWHG� WKDW� WKH\� ZRXOG� FRQGXFW� WKH�

OHVVRQV� DV� SUDFWLFDO� DFWLYLWLHV� ���� RXW� RI� ��� UHVSRQVHV��� 6HYHQ� UHVSRQVHV�

VSHFLILFDOO\�LQGLFDWHG�WKDW�WKH\�ZRXOG�WU\�WR�FDUU\�RXW�WKH�OHVVRQV�LQ�WKH�VDPH�

ZD\� DV� WKH\� WKHPVHOYHV� KDG� FDUULHG� WKHP� RXW� DW� WKH� ZRUNVKRS�� 7KUHH�

UHVSRQVHV�UHIHUUHG�WR�GHPRQVWUDWLRQ�UDWKHU�WKDQ�VWXGHQW�SUDFWLFDOV�EHFDXVH�RI�

VKRUWDJH� RI� WKH� QHFHVVDU\� PDWHULDOV� DQG� HTXLSPHQW�� $QRWKHU� ��� UHVSRQVHV�

VXJJHVWHG� WKDW� WKH\�ZRXOG�GLYLGH�VWXGHQWV� LQWR� JURXSV� DQG�DVVLJQ� WKHP� WDVNV��

6RPH� WHDFKHUV� VXJJHVWHG� DGDSWDWLRQV� LQ� RUGHU� WR� NHHS� EHWWHU� FRQWURO� RI�

VWXGHQWV��DQG�WR�PDNH�HIILFLHQW�XVH�RI�WLPH��E\�XVLQJ�KRPHZRUN�WR�FDUU\�RXW�

SDUW�RI�WKH�DFWLYLW\��([SORULQJ�D�FDU�UDWKHU�WKDQ�WKH�VFKRRO�JURXQGV�ZRXOG�JLYH�

EHWWHU� FRQWURO� RI� WKH� VWXGHQWV�� 7R� VDYH� WLPH�� VWXGHQWV� FRXOG� EH� DVNHG� WR�

LGHQWLI\�PDWHULDOV�DW�KRPH��ZKLFK�ZHUH�FROOHFWHG�GXULQJ�WKH�VFLHQFH�ZDON���

:RUNLQJ� RXWVLGH� �H�J�� GXULQJ� WKH� VFLHQFH�ZDON� DQG� GXULQJ�PDNLQJ� EULFNV��

EURXJKW� D�NH\� FRQFHUQ� LQWR� WKH�GLVFXVVLRQ��PDLQWDLQLQJ� FRQWURO� ����RXW�RI����

UHVSRQVHV�� DQG� DWWHQWLRQ�RI� VWXGHQWV�ZKHQ�RXWVLGH� WKH� FODVVURRP��$OWKRXJK�

WHDFKHUV�ILQG�WKDW�VHYHUDO�RI�WKH�DFWLYLWLHV�QHHG�ORWV�RI�VSDFH�DQG�DUH�PHVV\�DQG�

DUH�SUHIHUDEO\�FDUULHG�RXW�RXWVLGH��WHDFKHUV�DUH�FRQFHUQHG�ZLWK�WKH�SRVVLELOLW\�

RI�ORVLQJ�VWXGHQW�SDUWLFLSDWLRQ�ZKHQ�ZRUNLQJ�RXWGRRUV��6WXGHQWV�PD\�ZDQGHU�

RII�ZKHQ�RXWVLGH��PDNH�QRLVH��ZKLFK�WKH�SULQFLSDO�PD\�QRW�OLNH�DQG�PD\�QRW�

XQGHUVWDQG�� 2WKHU� WHDFKHUV� �Q �� RXW� RI� ���� DUH� ZRUULHG� WKDW� RXWGRRU�

FRQGLWLRQV�VXFK�DV�ZLQG�DQG�VXQOLJKW�PLJKW�LQIOXHQFH�WKH�H[SHULPHQWV���

$� VPDOO� QXPEHU� RI� UHVSRQVHV� �Q �� GLYLGHG� RYHU� WZR� TXHVWLRQV�� ZHUH�

UHFRUGHG� ZLWK� UHJDUGV� WR� WKH� FRPSOH[LW\� RI� WKH� PROHFXODU� VWUXFWXUHV� RI�

SRO\PHUV�DQG�RLOV��$V�RQH�WHDFKHU�VWDWHG��
WKH�SUREOHP�ZLWK�WKLV�DFWLYLW\�«�LV�WKDW�

WKHUH�LQ�VR�PXFK�LQIRUPDWLRQ��FRPSOLFDWHG��DQG�QRW�HQRXJK�SUDFWLFDO�ZRUN��,�MXVW�IHHO�,�OLNH�

WDONLQJ�VR�PXFK�EHFDXVH�LW�LV�KDUG�IRU�WKHP�>WKH�VWXGHQWV@�WR�XQGHUVWDQG�WKLV�ERQGLQJ�	�

VWUXFWXUH�LQIRUPDWLRQ�
�

�

6DIHW\� ��2Q� ��� RI� WKH� UHWXUQHG� HYDOXDWLRQ� IRUPV� UHIHUHQFH� ZDV� PDGH� WR�

VDIHW\��7HDFKHUV�ZHUH�FRQFHUQHG�DERXW�WKH�ODFN�RI�VDIHW\�PHDVXUHV�GXULQJ�VRPH�

RI� WKH� DFWLYLWLHV��7KH�6FLHQFH�:DON� DFWLYLW\�ZDV�PHQWLRQHG�QLQH� WLPH� LQ� WKLV�

UHVSHFW�� ,W�ZDV� VXJJHVWHG� WKDW� JORYHV� EH� XVHG�ZKHQ� SLFNLQJ� XS�REMHFW� IURP�

DURXQG�WKH�VFKRRO��$OVR��WKH�WHVWLQJ�RI�PDWHULDOV�E\�KDPPHULQJ�FDXVHG�VHYHUDO�

FRPPHQWV��6DIHW\�JODVVHV�ZKHQ�KDPPHULQJ�SLHFHV�RI�JODVV�DQG�FHUDPLFV�ZHUH�

VXJJHVWHG�RQ�WKUHH�RFFDVLRQV���
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0DWHULDOV� DYDLODELOLW\� �� 7HDFKHUV� ���� RXW� RI� ��� UHVSRQVHV�� VDLG� WKDW� PRVW�

PDWHULDOV� QHHGHG� IRU� WKH� DFWLYLWLHV� ZRXOG� EH� HDV\� WR� REWDLQ�� HVSHFLDOO\� LI�

SUHSDUDWLRQ� ZRXOG� EH� GRQH� ZHOO� LQ� DGYDQFH�� +RZHYHU�� WKHUH� ZHUH� VRPH�

VSHFLILF� LWHPV� WKDW� ZRXOG� EH� GLIILFXOW� WR� JHW� DW� VFKRRO�� )RU� LQVWDQFH��

PLFURVFRSHV�� DQ� HVVHQWLDO� SLHFH� RI� HTXLSPHQW� LQ� WKH� ILEUHV� OHVVRQ�� ZHUH�

PHQWLRQHG� IRXU� WLPHV� �RXW� RI� ���� DV� QRW� DYDLODEOH� DQG� GLIILFXOW� WR� JHW��

&HUDPLFV� ���RXW� RI� ����ZDV�PHQWLRQHG� DV�QRW� YHU\� HDV\� WR� JHW��&HPHQW� IRU�

PDNLQJ�EULFNV�ZDV�DQRWKHU�SUREOHP�LWHP��PHQWLRQHG�E\����RXW�RI������7KUHH�

JURXSV� VXJJHVWHG� WKDW� WKLV� FRXOG� EH� ERXJKW� IURP� VFKRRO� IXQGV��&RUUXJDWHG�

LURQ� IRU� WKH� DFWLYLW\�� ZKLFK� PHDVXUHV� WKH� LQVXODWLQJ� SURSHUWLHV� RI� URRILQJ�

PDWHULDOV��ZDV�PHQWLRQHG�VL[�WLPHV��RXW�RI�����DV�GLIILFXOW�WR�REWDLQ��*UDVV�LQ�

WKH�GHVHUW�RI�.KRUL[DV�UHJLRQ�ZLOO�EH�GLIILFXOW�WR�ILQG��PHQWLRQHG�WKUHH�WLPHV����

�

�

���� 3UHOLPLQDU\�FRQFOXVLRQV�RQ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��

�

7KH�WU\�RXW�DQG�XVHU�DSSUDLVDO�PDLQO\�IRFXVHG�RQ�WKH�YDOLGLW\�DQG�SUDFWLFDOLW\�

DVSHFW�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��'XULQJ�WKH�WU\�RXW��ERWK�WHDFKHUV�DQG�

WKHLU�VWXGHQWV�IHOW�WKH�LQWURGXFWRU\�OHVVRQV�LQ�WKH�OHVVRQ�VHULHV�ZHUH�WRR�PXFK�D�

UHSHWLWLRQ�RI� FRQFHSWV� FRYHUHG� LQ� HDUOLHU� JUDGHV� DQG� VKRXOG� WKHUHIRUH�EH� OHIW�

RXW��$V� DOWHUQDWLYHV� WKH\� VXJJHVWHG� WR� VWDUW� ZLWK� D� 
VFLHQFH�ZDON
� DURXQG� WKH�

VFKRRO�JURXQGV��,Q�D�NLQG�RI�WUHDVXUH�KXQW�VWXGHQWV�FROOHFW�GLIIHUHQW�W\SHV�RI�

PDWHULDOV��ZKLFK�FDQ� ODWHU�EH� WHVWHG� IRU� WKHLU�SURSHUWLHV��$�VLPLODU� VXJJHVWLRQ�

LQYROYHG�DQ�H[SORUDWLRQ�RI�WKH�PDWHULDOV�SUHVHQW�LQ�D�YHKLFOH��7KHVH�VXJJHVWLRQV�

DSSHDUHG� WR� ZRUN� YHU\� ZHOO� ZKHQ� FDUULHG� RXW� DW� WKH� ZRUNVKRSV� GXULQJ� WKH�

DSSUDLVDO��7KHVH�DFWLYLWLHV�DOVR�SURYLGHG�D�VLPSOH�WKHRUHWLFDO�EDVH�IRU�WKH�WRSLF�

DV� D� ZKROH�� ZKLFK� KDG� EHHQ�PLVVLQJ� LQ� WKH� ILUVW� SURWRW\SH�� (TXLSPHQW� DQG�

PDWHULDOV�GLG�QRW�VHHP�WR�EH�D�PDMRU�SUREOHP�GXULQJ�WKH�WU\�RXW��7HDFKHUV�DW�

WKH�ZRUNVKRSV�GLG�QRW�VHH�PDMRU�SUREOHPV�LQ�WKLV�UHVSHFW�HLWKHU���

7KH�XVH�RI�ZRUNVKHHWV�LQ�FODVV�ZDV�QRW�HPSKDVLVHG�LQ�WKH�WHDFKHU�VXSSRUW�

PDWHULDOV��7HDFKHUV�WUDGLWLRQDOO\�XVH�WKHVH�DV�D�WRRO�WR�JXLGH�VWXGHQW�DFWLYLWLHV��

DQG� WKLV� DOVR� DSSHDUHG� WR� EH� YHU\� HIILFLHQW� LQ� JXLGLQJ� DFWLYLWLHV� GXULQJ� WKH�

OHVVRQV�LQ�WKH�WU\�RXW��)RU�WKLV�UHDVRQ��WKH�XVH�RI�ZRUNVKHHWV�ZDV�LQFRUSRUDWHG�

IRU� D� VPDOO� QXPEHU� RI� DFWLYLWLHV� LQ� WKH� VHFRQG� YHUVLRQ� �YHUVLRQ� ����� RI� WKH�

WHDFKHU�VXSSRUW�PDWHULDOV���

&ODVVURRP�REVHUYDWLRQV�GXULQJ�WKH�WU\�RXW�VKHG�VRPH�SUHOLPLQDU\�OLJKW�RQ�
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WKH� SRWHQWLDO� HIIHFWLYHQHVV� RI� WKH� WHDFKHU� VXSSRUW� PDWHULDOV�� 7KH� XVH� RI� WKH�

PDWHULDOV� DSSHDUHG� WR� FRQWULEXWH� WR� OHVVRQV� ZLWK� SOHQW\� RI� VWXGHQW�

LQYROYHPHQW�DQG�SUDFWLFDO�DFWLYLWLHV��6WXGHQWV�FRQILUPHG�WKDW�WKH\�KDG�FDUULHG�

RXW�PRUH�SUDFWLFDO�DFWLYLWLHV�WKDQ�XVXDO��$Q�LPSRUWDQW�REVHUYDWLRQ�E\�VWXGHQWV�

ZDV� WKDW� WKH\� DSSUHFLDWHG� WKH� IDFW� WKH\� KDG� EHHQ� JLYHQ�PRUH� UHVSRQVLELOLW\�

GXULQJ�WKH�OHVVRQV�DQG�WKDW�WKH\�KDG�EHHQ�WDNHQ�PRUH�VHULRXVO\�WKDQ�QRUPDOO\��

2QH�PDMRU� VKRUWFRPLQJ�REVHUYHG�GXULQJ� WKH� OHVVRQV� LQ� WKH� WU\�RXW�ZDV� WKH�

DEVHQFH� RI� D� WKHRUHWLFDO� IUDPHZRUN� IRU� WKH� SUDFWLFDO� DFWLYLWLHV�� 7KLV� ZDV�

HPSKDVLVHG�E\� WKH�IDFW� WKDW�GUDZLQJ�FRQFOXVLRQV�IURP�WKH�DFWLYLWLHV�ZDV�QRW�

DOZD\V� FDUULHG� RXW� LQ� DQ� HIILFLHQW� PDQQHU�� DQG� ZDV� VRPHWLPHV� OHIW� RXW�

FRPSOHWHO\� �SRVVLEO\� GXH� WR� ODFN� RI� GLUHFWLRQ� IRU� LW� LQ� WKH� WHDFKHU� VXSSRUW�

PDWHULDOV��VRPHWLPHV�GXH�WR�ODFN�RI�WLPH���$JDLQ��VWXGHQWV�FRPPHQWHG�RQ�WKLV�

LQ�LQWHUYLHZV�ZLWK�WKHP���

7KH�XVH�RI� WKH�VXSSRUW�PDWHULDOV�GXULQJ� WKH�ZRUNVKRSV�PDGH� LW�YHU\�HDV\�

IRU� WHDFKHUV� WR� FRPH� WR� D� FOHDU� XQGHUVWDQGLQJ� RI� WKH� LQWHQWLRQV� RI� WKH�

FXUULFXOXP��7KH�GHWDLOHG�OHVVRQ�VXJJHVWLRQV�KDG�PDGH�LW�SRVVLEOH�IRU�WHDFKHUV�

WR� GLVFXVV� WKH� OHVVRQV� ZLWK� FROOHDJXHV� �UHJDUGLQJ� HTXLSPHQW�PDWHULDOV�

UHTXLUHPHQWV��OHYHO�RI�WKH�VXEMHFW�PDWWHU��WLPLQJ��FRQVWUDLQWV�DQG�DOWHUQDWLYHV���

7KH�PDWHULDOV�DOVR�SURYLGHG�D�VROLG�EDVH�IRU�WU\LQJ�RXW�WKH�OHVVRQV�E\�WHDFKHUV�

DW� WKH�ZRUNVKRSV�� 7KH� LQWURGXFWLRQ� RI� WKH�0DWHULDOV� WRSLF� DW� WKH�ZRUNVKRSV�

JHQHUDWHG� PXFK� HQWKXVLDVP� DPRQJ� WHDFKHUV� IRU� WKH� OHVVRQV�� WKH� VXJJHVWHG�

DFWLYLWLHV�DQG�WKH�DGYRFDWHG�WHDFKLQJ�DSSURDFK��7KH�RSSRUWXQLW\�IRU� WHDFKHUV�

WR� FRQWULEXWH� WR� WKH� WHDFKHU� VXSSRUW� PDWHULDOV� E\� SURYLGLQJ� DGGLWLRQDO�

VXJJHVWLRQV� DQG� GHWDLOV� RI� ORFDO� SUDFWLFHV� HQKDQFHG� WHDFKHUV
� HQWKXVLDVP� IRU�

WKH�WRSLF��,Q�PLFURWHDFKLQJ�VHVVLRQV��JURXSV�RI�WHDFKHUV�SUDFWLVHG�D�QXPEHU�RI�

WKH�OHVVRQV�LQ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��7KHVH�VHVVLRQV�ZHUH�RI�VRPHZKDW�

OLPLWHG�XVH��DV�SHHUV�IRXQG�LW�YHU\�GLIILFXOW�WR�PDNH�FULWLFDO�FRPPHQWV�DERXW�D�

FROOHDJXH� ZKR� KDG� WDNHQ� WKH� UROH� DV� D� WHDFKHU�� 7HDFKHUV� VDLG� WKDW� LW� ZDV�

XQKHDUG� RI� WR� FULWLFLVH� D� FROOHDJXH�� 
QH[W� WLPH� WKH\� PLJKW� FULWLFLVH� \RX
�� ,Q� D�

GLVFXVVLRQ� DIWHUZDUGV� WHDFKHUV� PDLQWDLQHG� WKDW� WKLV� ZDV� QRW� SDUW� RI� WKHLU�

FXOWXUH�� $OWKRXJK� WKLV� LV� SHUKDSV� WUXH�� LW� ZDV� DOVR� REVHUYHG� WKDW� WHDFKHUV�

VHHPHG� WR� ODFN� WKH� DELOLW\� WR� UHIOHFW� RQ� WKHLU� RZQ� OHVVRQ� SUDFWLFH� EH\RQG�

SUREOHPV�UHODWHG�WR�WLPH�DQG�PDWHULDOV�UHTXLUHG�IRU�WKH�DFWLYLWLHV�LQ�WKH�OHVVRQV���

�
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,Q� VXPPDU\�� WKH� WHDFKHU� VXSSRUW� PDWHULDOV� WRJHWKHU� ZLWK� WKH� ZRUNVKRS�

DFWLYLWLHV� SURYLGHG� WHDFKHUV� ZLWK� D� YLHZ� RI� KRZ� WKH�0DWHULDOV� OHVVRQV� FRXOG�

WDNH� VKDSH� LQ� WKHLU� FODVVURRPV�� 7KH\� KDG� XVHG� WKH�PDWHULDOV� WR� SUDFWLVH� WKH�

H[HFXWLRQ� RI� WKH� OHVVRQV�� LQ� JURXSV� RI� WHDFKHUV�� ,Q� DGGLWLRQ�� WHDFKHUV�PDGH�

LPSRUWDQW�FRQWULEXWLRQV�WR�WKH�GHYHORSPHQW�RI�WKH�PDWHULDOV�E\�RXWOLQLQJ�DQG�

GHPRQVWUDWLQJ� ORFDO� SUDFWLFHV�� ,Q� WKH� .DWLPD� 0XOLOR� UHJLRQ� WHDFKHUV� DW� WKH�

ZRUNVKRS�SURYLGHG� LPSRUWDQW� LQSXW�RQ� WKH�XVH�RI� ORFDO�PDWHULDOV�� HVSHFLDOO\�

KRZ�JUDVVHV�DQG�ZKLFK�W\SHV�RI�JUDVV�ZHUH�XVHG�DV�URRILQJ�PDWHULDO��DQG�KRZ�

KRXVHV�DUH�EXLOW�ORFDOO\��'XULQJ�WKH�ZRUNVKRS��D�QXPEHU�RI�WHDFKHUV�FROOHFWHG�

JUDVV�VDPSOHV�RYHU�WHD�WLPH�DQG�JDYH�DQ�LPSURPSWX�DQG�LPSUHVVLYH�OHFWXUH�RQ�

WKH�GLIIHUHQW�W\SHV�RI�JUDVV�DQG�WKHLU�XVHV�LQ�WKHLU�FRPPXQLW\���

�

�

���� )LHOG�WHVW�

�

������ ,QWURGXFWLRQ�

�

7KH� ILHOG� WHVW�ZDV� WKH� WKLUG� SDUW� RI� WKH� GHVLJQ� DQG� HYDOXDWLRQ� RI� WHDFKHU�

VXSSRUW�PDWHULDOV�IRU�D�WRSLF�RI�WKH�QHZ�MXQLRU�VHFRQGDU\�VFLHQFH�FXUULFXOXP��

FDOOHG�0DWHULDOV��

7KH�ILHOG�WHVW�ZDV�VHW�XS�WR�JHW�D�YLHZ�RI�WKH�TXDOLW\�RI�WKH�WHDFKHU�VXSSRUW�

PDWHULDOV� IRU� WKH� 0DWHULDOV� WRSLF�� LQ� SDUWLFXODU� WKH� SUDFWLFDOLW\� DQG� WKH�

HIIHFWLYHQHVV� RI� WKH� VXSSRUW�PDWHULDOV�� 7KH� ILHOG� WHVW� IRFXVHG�� WKHUHIRUH�� RQ�

KRZ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�ZHUH�XVHG�LQ�WKH�FODVVURRP�DQG�KRZ�WKH\�

FRQWULEXWHG�WR�WKH�SUHSDUDWLRQ�DQG�H[HFXWLRQ�RI�WKH� OHVVRQV��,Q�DGGLWLRQ��WKH�

ILHOG� WHVW� VRXJKW� WR� ILQG� RXW� KRZ� WHDFKHUV� DQG� VWXGHQWV� SHUFHLYHG� WKHVH�

OHVVRQV�� DQG� KRZ� VWXGHQWV� ZRXOG� SHUIRUP� LQ� D� WHVW� DW� WKH� HQG� RI� WKH�

REVHUYDWLRQ�F\FOH���

7KH� UHVXOWV� REWDLQHG� LQ� WKH� SUHYLRXV� HYDOXDWLRQ� DFWLYLWLHV� �VHH� VHFWLRQV�

����DQG������ZHUH�XVHG� IRU� WKH� IXUWKHU�GHYHORSPHQW�RI�D�QHZ�YHUVLRQ�RI� WKH�

WHDFKHU� VXSSRUW� PDWHULDOV�� 6HFWLRQ� ������ KLJKOLJKWV� WKH� PDLQ� FKDQJHV� LQ� WKH�

QHZ�YHUVLRQ��6L[�WHDFKHUV�XVHG�WKH�QHZ�GUDIW�LQ�D�ILHOG�WHVW��&KDUDFWHULVWLFV�RI�

WKH�WHDFKHUV�DQG�WKHLU�VFKRROV�DUH�SUHVHQWHG�LQ�VHFWLRQ��������,QVWUXPHQWV�XVHG�

LQ�WKH�ILHOG�WHVW�DUH�GLVFXVVHG�LQ�VHFWLRQ��������7KH�UHVXOWV�RI�WKH�ILHOG�WHVW�DUH�

SUHVHQWHG�LQ�������

�



0DWHULDOV VWXG\ ���

������ 5HYLVLRQ�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�

�

2Q�WKH�EDVLV�RI�WKH�UHVXOWV�RI�WU\�RXW�DQG�XVHU�DSSUDLVDO�LQ�WKH�GHYHORSPHQW�

RI� WHDFKHU� VXSSRUW�PDWHULDOV� IRU� WKH� WRSLF�RI�0DWHULDOV�� WKH�VXJJHVWLRQV�PDGH�

IRU�WKH�QH[W�YHUVLRQ�RI�WKH�PDWHULDOV�LQFOXGHG��VHH�DOVR�VHFWLRQ�������

��� 7R�UHPHG\�WKH�REVHUYHG�ODFN�RI�WKHRUHWLFDO�EDVLV��WKH�OHVVRQV�QHHGHG�EHWWHU�

IRFXVLQJ�DURXQG�WKH�FHQWUDO�DVSHFWV�RI�WKH�WRSLF�RI�0DWHULDOV��7KHVH�DUH�
WKH�

XVH�RI�PDWHULDOV
�� 
SURSHUWLHV�RI�PDWHULDOV
��DQG�
VWUXFWXUH�RI�PDWHULDOV
��DQG�WKH�

UHODWLRQ� EHWZHHQ� WKHVH� DVSHFWV�� 7KH� UHVXOWLQJ� OHVVRQ� DFWLYLWLHV� ZHUH� DOVR�

PXFK� EHWWHU� OLQNHG� WR� WKH� XVHV�SURSHUWLHV�VWUXFWXUH� WULQLW\� RI� PDWHULDOV� WKXV�

SURYLGLQJ�D�EHWWHU�HPEHGGLQJ�LQ�WKH�WKHRU\���

��� 7KH�LQWURGXFWRU\�OHVVRQV�QHHGHG�WR�EH�DGDSWHG�WR�DFFRPPRGDWH�VRPH�RI�

WKH�VXJJHVWLRQV�PDGH�E\�WKH�WHDFKHUV�LQ�WKH�WU\�RXW���

��� 0RUH�WLPH�ZDV�QHHGHG�IRU�FDUU\LQJ�RXW�WKH�DFWLYLWLHV��/HVVRQV�QHHG�WR�EH�

ZULWWHQ�XS�DV�VLQJOH�OHVVRQV�DV�QRW�DOO�WHDFKHUV�KDYH�GRXEOH�SHULRGV�DW�WKHLU�

GLVSRVDO���

��� 0RUH� DWWHQWLRQ� DQG� VXSSRUW� IRU� GUDZLQJ� FRQFOXVLRQV� IURP� DFWLYLWLHV�ZDV�

QHHGHG��3URYLGLQJ�D�VLPSOH�WKHRUHWLFDO�IRXQGDWLRQ��VHH�SRLQW���DERYH��ZLOO�

PDNH�LW�VLPSOHU�WR�OLQN�UHVXOWV�IURP�SUDFWLFDO�DFWLYLWLHV�WR�WKHRU\��

��� ,Q� UHYLVLQJ� WKH� WHDFKHU� VXSSRUW�PDWHULDOV�� WKH� GHVLJQHUV� UHDOLVHG� WKDW� WKH�

WHDFKHUV��DQG�VWXGHQWV��LQ�WKH�WU\�RXW�ZHUH�DPRQJ�WKH�EHVW�LQ�WKH�FRXQWU\�

DQG� TXLWH� D� ELW� DKHDG� RI� PDQ\� RI� WKHLU� FROOHDJXHV� LQ� WKH� QRUWK� RI� WKH�

FRXQWU\��7KH\�WKHUHIRUH�GHFLGHG�WR�WDNH�VPDOO�VWHSV�LQ�WKH�UHYLVLRQ�RI�WKH�

WHDFKHU�VXSSRUW�PDWHULDOV��DQG�WU\�WKHP�RXW�DQG�ZDLW�IRU�WKH�UHVXOWV�IURP�

WKH�EURDGHU�ILHOG�WHVW�EHIRUH�PDNLQJ�GHILQLWH�FKDQJHV�LQ�OHVVRQ�FRPSOH[LW\���

��� 7R�OLQN�WKH�LQWURGXFWRU\�ZRUNVKRSV�WR�WKH�DFWXDO�OHVVRQV�LQ�WKH�FODVVURRP��

SLFWXUHV� RI� ZRUNVKRS� DFWLYLWLHV� ZHUH� LQFOXGHG� LQ� WKH� WHDFKHU� VXSSRUW�

PDWHULDOV��

,QFRUSRUDWLRQ�RI� WKHVH� VXJJHVWLRQV� OHG� WR� WKH�QH[W�YHUVLRQ�RI� WKH� WHDFKHU�

VXSSRUW� PDWHULDOV�� $SSHQGL[� ���� VKRZV� DQ� RYHUYLHZ� RI� WKH� OHVVRQV� LQ� WKLV�

YHUVLRQ��YHUVLRQ�������DQG�RQH�RI�WKH�OHVVRQV�DV�D�VDPSOH���

�
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������ 6FKRROV�DQG�WHDFKHUV�LQ�WKH�ILHOG�WHVW��

�

$� WRWDO�RI� VL[� WHDFKHUV� LQ� VL[�GLIIHUHQW� VFKRROV� WRRN�SDUW� LQ� WKLV� ILHOG� WHVW��

7KUHH� VFKRROV� ZHUH� ORFDWHG� LQ� WKH� .DWLPD� 0XOLOR� UHJLRQ�� DQG� WKUHH� LQ� WKH�

.HHWPDQVKRRS� UHJLRQ� LQ� WKH� FRXQWU\�� 'HWDLOV� RI� WKH� VFKRROV� DUH� VKRZQ� LQ�

WDEOH������7KUHH�VFKRROV��WZR�LQ�.DWLPD�0XOLOR��RQH�LQ�.HHWPDQVKRRS�UHJLRQ��

FDWHU� WR� VWXGHQWV� XS� WR� MXQLRU� VHFRQGDU\� OHYHO� �*UDGH� ����� 7KH� RWKHU� WKUHH�

VFKRROV�DOVR�LQFOXGH�VHQLRU�VHFRQGDU\�JUDGHV��*UDGHV����HQ������7KH�QXPEHU�

RI� VWXGHQWV� SHU� VFKRRO� YDULHV� IURP� ���� IRU� RQH� RI� WKH� VPDOOHU� UXUDO� MXQLRU�

VHFRQGDU\�VFKRROV�WR�����IRU�WKH�VFKRRO�RIIHULQJ�DOO�FODVVHV��*UDGHV���WR�����DW�

VHFRQGDU\�OHYHO���

�

7DEOH������ 6FKRROV�LQ�WKLV�ILHOG�WHVW��6��6���

� .DWLPD�0XOLOR� .HHWPDQVKRRS�

� 6�� 6�� 6�� 6�� 6�� 6��

*UDGHV�RIIHUHG� ����� ����� ����� ����� ����� �����

1XPEHU�RI�VWXGHQWV� ���� ���� ���� ���� ���� ����

1XPEHU�RI�WHDFKHUV� ��� ��� ��� ��� ��� ���

3K\VLFDO�VFLHQFH�WHDFKHUV � �� �� �� �� �� ��

<HDU�RI�HVWDEOLVKPHQW� ����� ����� ����� ����� ����� �����

%RDUGLQJ�IDFLOLWLHV�\HV�QR� � QR� QR� QR� \HV� \HV� \HV�

�

7\SLFDOO\�� VFKRROV� LQ� WKH� .HHWPDQVKRRS� UHJLRQ� KDYH� ERDUGLQJ� IDFLOLWLHV��

ZKHUHDV� VXFK� IDFLOLWLHV� DUH� VFDUFH� LQ� WKH� .DWLPD� 0XOLOR� UHJLRQ�� 6FLHQFH�

GHSDUWPHQWV� DUH� VPDOO�� RQ� DYHUDJH� WZR� VFLHQFH� WHDFKHUV� SHU� VFKRRO�� 0RVW�

VFLHQFH� GHSDUWPHQWV� LQ� WKH� VFKRROV� ODFN� HTXLSPHQW� IRU� SUDFWLFDO� ZRUN� DQG�

SULQFLSDOV� LQGLFDWH� WKDW� LW� LV�RIWHQ�GLIILFXOW� WR� JHW� DGGLWLRQDO� HTXLSPHQW� IURP�

WKH�PLQLVWU\��6FKRROV�XVXDOO\�KDYH�D�VPDOO�EXGJHW�IRU�EX\LQJ�VPDOO�LWHPV�IURP�

WKH�PDUNHW�RU�VWRUHV��3URIHVVLRQDO�GHYHORSPHQW�RI�VWDII� LQ�WKH�VFKRROV� LV� OHIW�

WR� RXWVLGH� DJHQFLHV�� H�J�� DGYLVRU\� WHDFKHUV� IURP� WKH�0LQLVWU\� RU� VWDII� IURP�

SURMHFWV� VXFK� DV� WKH� ,167$17� 3URMHFW�� DOWKRXJK� SULQFLSDOV� RI� WKH� VFKRROV�

LQGLFDWH� WKDW� WKH\� VHH� D� VWLPXODWLQJ� UROH� IRU� WKHPVHOYHV� WKURXJK� FODVVURRP�

YLVLWV���

�



0DWHULDOV VWXG\ ���

7DEOH�������7HDFKHUV�LQ�WKLV�ILHOG�WHVW��7��7���

� 7�� 7�� 7�� 7�� 7�� 7��

5HJLRQ� .0� .0� .0� .03� .03� .03�

*HQGHU� PDOH� IHPDOH� PDOH� IHPDOH� PDOH� PDOH�

7HDFKLQJ�H[SHULHQFH��\HDUV� � �� ��� ��� �� ���� ��

+LJKHVW�DFDGHPLF�TXDOLILFD�

WLRQ��LQ�VFLHQFH�PDWKV� �

%6F�

�3K\VLFV��

*UDGH�

���

*UDGH�

���

*UDGH�

���

*UDGH�

���

%6F�

�0DWKV��

7HDFKLQJ�TXDOLILFDWLRQ� QR� (&3
� (&3
� +('
� QR� 67'�

/HJHQG� .0� .DWLPD 0XOLOR� .03� .HHWPDQVKRRS
(&3� (GXFDWLRQ &HUWLILFDWH 3ULPDU\
+('� +LJKHU (GXFDWLRQ 'LSORPD �6HFRQGDU\�
67'� 6HFRQGDU\ 7HDFKLQJ 'LSORPD

� 1RQ�VFLHQFH�PDWKV

�

7KH� VL[� WHDFKHUV� LQ� WKLV� ILHOG� WHVW� KDYH� D� TXLWH� YDULHG� SURIHVVLRQDO�

EDFNJURXQG� �VHH� WDEOH� ������ 2QH� WHDFKHU� KDV� MXVW� OHIW� VHFRQGDU\� VFKRRO�� LV�

LQH[SHULHQFHG�DQG�XQTXDOLILHG��$W�WKH�RWKHU�HQG�RI�WKH�VSHFWUXP��RQH�WHDFKHU�

KDV� D� %6F� GHJUHH�� D� WHDFKLQJ� TXDOLILFDWLRQ� DQG� HLJKW� \HDUV� H[SHULHQFH� DV� D�

VFLHQFH� DQG� PDWKV� WHDFKHU�� /LNH� PDQ\� WHDFKHUV� LQ� WKLV� UHJLRQ�� WZR� RI� WKH�

.DWLPD�0XOLOR� WHDFKHUV� LQ� WKLV� ILHOG� WHVW� KDYH� D� SULPDU\� WHDFKLQJ� FHUWLILFDWH��

6XFK�D�FHUWLILFDWH�RIIHUV�VRPH�JHQHUDO�VFLHQFH��EXW�QRW�HQRXJK�IRU�WKH�OHYHO�RI�

WKH� *UDGH� ��� SK\VLFDO� VFLHQFH�� $OO� WHDFKHUV� KDG� EHHQ� WR� SUHSDUDWRU\�

ZRUNVKRSV�RQ�
0DWHULDOV
�DERXW�D�PRQWK�EHIRUH�WKH\�VWDUWHG�WKHLU�LQYROYHPHQW�

LQ�WKLV�ILHOG�WHVW���

�

������ ,QVWUXPHQWV�DQG�SURFHGXUHV�XVHG�LQ�WKH�ILHOG�WHVW�

�

7KLV� VHFWLRQ� GLVFXVVHV� WKH� LQVWUXPHQWV� IRU� FROOHFWLRQ� RI� GDWD� XVHG� LQ� WKLV�

SDUW� RI� WKH� VWXG\�� 7KH� IROORZLQJ� LQVWUXPHQWV� ZHUH� XVHG� DQG� DUH� GLVFXVVHG�

EHORZ��

� &XUULFXOXP�SURILOH��GXULQJ�FODVVURRP�REVHUYDWLRQV��

� 7HDFKHU�ORJERRN�

� 7HDFKHU�LQWHUYLHZV�

� 6WXGHQW�TXHVWLRQQDLUH�DQG�LQWHUYLHZV�

� 6WXGHQW�WHVW�

�
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&XUULFXOXP�SURILOH�FODVVURRP�REVHUYDWLRQV�

6LPLODU� WR� WKH� FODVVURRP� REVHUYDWLRQV� LQ� SUHYLRXV� HYDOXDWLRQ� DFWLYLWLHV�� D�

FXUULFXOXP� SURILOH� ZDV� XVHG� WR� JXLGH� WKH� FODVVURRP� REVHUYDWLRQV�� $�

FXUULFXOXP� SURILOH� LV� D� VHW� RI� VWDWHPHQWV� DERXW� WKH� DFWLYLWLHV� DQG� SUHIHUUHG�

EHKDYLRXU�RI�WHDFKHUV�GXULQJ�WKH�REVHUYHG�OHVVRQV��YDQ�GHQ�$NNHU�	�9RRJW��

�������7KH�XVH�RI�WKH�FXUULFXOXP�SURILOH�KHOSV�WR�HVWDEOLVK�WKH�UHODWLRQ�RI�WKH�

LQWHQGHG�FXUULFXOXP�WR�WKH� LPSOHPHQWHG�FXUULFXOXP�DW�D�YHU\�FRQFUHWH� OHYHO��

7KH�SURILOH� LQ� WKLV� ILHOG� WHVW�ZDV�DGDSWHG�RQ� WKH�EDVLV�RI�HDUOLHU�H[SHULHQFHV�

ZLWK� LW� LQ� WKH� WU\�RXW�� 7KH� VWDWHPHQWV� RQ� WKH� SURILOH� ZHUH� JURXSHG� DURXQG�

WKUHH� WKHPHV��EDVLF� WHDFKLQJ�VNLOOV�� OHDQHU�FHQWUHG�RULHQWDWLRQ�� VXEMHFW�PDWWHU�

DV�ZHOO�DV�D�VHFWLRQ�IRFXVLQJ�RQ�JHQHUDO�OHVVRQ�LQIRUPDWLRQ��6HH�DSSHQGL[�����

IRU�WKH�FXUULFXOXP�SURILOH�XVHG�LQ�WKLV�SDUW�RI�WKH�VWXG\���

7ZR� REVHUYHUV� �WKH� UHVHDUFKHU� DQG� D� UHVHDUFK�DVVLVWDQW�� WRRN� SDUW� LQ� WKH�

FODVVURRP�REVHUYDWLRQV��RQH�REVHUYHU�LQ�HDFK�UHJLRQ��%RWK�KDG�EHHQ�LQYROYHG�

LQ� WKH� GHVLJQ� RI� WKH� WHDFKHU� VXSSRUW�PDWHULDOV�� DQG� DV� IDFLOLWDWRUV� LQ� WKH� LQ�

VHUYLFH� WUDLQLQJ� ZRUNVKRSV� ZKHUH� WHDFKHUV� DSSUDLVHG� WKH� VXSSRUW� PDWHULDOV�

�VHH�VHFWLRQ�������7KH\�NHSW�D�UXQQLQJ�VXPPDU\�RI�WKH�OHVVRQ�DQG�YLGHRWDSHG�

WKH�OHVVRQ�ZLWK�D�VWDWLRQDU\�FDPHUD�VLWXDWHG�LQ�WKH�EDFN�RI�WKH�FODVVURRP��7KH�

GHVLJQHUV�KDG�FRPPXQLFDWHG�WR�WKH�WHDFKHUV�WKDW�WKH\�ZDQWHG�WR�HYDOXDWH�KRZ�

WKH� WHDFKHU� VXSSRUW� PDWHULDOV� DVVLVWHG� WKH� WHDFKHUV� ZLWK� WKH� OHVVRQV� RI� WKH�

0DWHULDOV� WRSLF�� 7HDFKHUV� ZHUH� OHIW� IUHH� RQ� KRZ� WKH\� ZRXOG� H[HFXWH� WKH�

OHVVRQV�� DV� ORQJ� DV� WKH\� ZRXOG� XVH� WKH� VXSSRUW� PDWHULDOV� LQ� RQH� ZD\� RU�

DQRWKHU��$OO�OHVVRQV�LQ�WKH�OHVVRQ�VHULHV�ZHUH�REVHUYHG�DW�OHDVW�RQFH�DQG�VRPH�

OHVVRQV�PRUH� RIWHQ� �VHH� WDEOH� ������� 7KH� REVHUYHUV� ILOOHG� RXW� WKH� SURILOH� DV�

PXFK� DV� SRVVLEOH� GXULQJ� WKH� REVHUYHG� OHVVRQ�� /HVVRQ� UHSRUWV� WRJHWKHU�ZLWK�

WKH�YLGHRWDSHV�ZHUH�XVHG�DIWHU�WKH�OHVVRQ�WR�FRPSOHWH�WKH�FXUULFXOXP�SURILOH�

ZKHUHYHU�REVHUYHUV�KDG�QRW�EHHQ�DEOH�WR�FRPSOHWH�LW�GXULQJ�WKH�OHVVRQ��

�

$� WRWDO�RI���� OHVVRQV�ZHUH�REVHUYHG��GLVWULEXWHG� IDLUO\�HYHQO\�RYHU� WKH�VL[�

WHDFKHUV�LQYROYHG�LQ�WKH�HYDOXDWLRQ��DW�DERXW�ILYH�OHVVRQV��D�WKLUG�RI�WKH�WRWDO�

QXPEHU� RI� OHVVRQV� LQ� WKH� OHVVRQ� VHULHV�� SHU� WHDFKHU�� 7KH� REVHUYDWLRQV� WRRN�

SODFH� ZLWK� WZR� JURXSV� RI� WKUHH� WHDFKHUV�� RQH� JURXS� LQ� WKH� .DWLPD� 0XOLOR�

UHJLRQ�DQG�DQRWKHU� LQ� WKH�.HHWPDQVKRRS�UHJLRQ��VHH� WDEOHV�����DQG�������RQ�

HLWKHU� VLGH� RI� WKH� FRXQWU\�� DERXW� ����� NP� DSDUW� IURP� HDFK� RWKHU�� 7KH�

UHVHDUFKHU� DQG� D� UHVHDUFK�DVVLVWDQW� FRQGXFWHG� WKH� REVHUYDWLRQV�

VLPXOWDQHRXVO\�� RQH� LQ� HDFK� UHJLRQ�� $V� 7HDFKHU� �� KDG� DOUHDG\� VWDUWHG� WR�
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FRQGXFW� WKH� OHVVRQV�EHIRUH� DUULYDO�RI� WKH�REVHUYHU�� WKH� ILUVW� OHVVRQ�REVHUYHG�

ZDV� OHVVRQ� ��� 7HDFKHU� �� ZDQWHG� WR� SLFN� VRPH� RI� WKH� OHVVRQV� KH� IRXQG�

LQWHUHVWLQJ� DQG� FKDOOHQJLQJ�� DQG� VWDUWHG� ZLWK� OHVVRQ� ���� 7KH� RWKHU� WHDFKHUV�

�7��7��� VWDUWHG� ZLWK� WKH� ILUVW� OHVVRQ� RI� WKH� VHULHV�� 7DEOH� ����� SURYLGHV� DQ�

RYHUYLHZ� RI� WKH� REVHUYHG� OHVVRQV�� ,Q� VRPH� FDVHV� WKH� OHVVRQV� LQ� WKH� WHDFKHU�

VXSSRUW�PDWHULDOV�SURYHG�WR�EH�WRR�ORQJ�IRU�WKH�DYDLODEOH�OHVVRQ�WLPH�DQG�ZHUH�

VSOLW�RYHU�WZR�VHVVLRQV��7KH�VHFRQG�VHVVLRQ�LQ�VXFK�FDVHV� LV� LQGLFDWHG�E\�WKH�

VXIIL[� 
D
�� H�J�� OHVVRQ� ��� E\� WHDFKHU� 7�� ZDV� FDUULHG� RXW� LQ� WZR� VHVVLRQV��

WKHUHIRUH����DQG�OHVVRQV���D���

�

7DEOH������/HVVRQV�FRQGXFWHG�DQG�REVHUYHG�IRU�WKH�VL[�WHDFKHUV��7��7���

� �� �� �� �D� �� �� /���� �� �D� ��� ��D� ��� ��� ��� ��� ��D�

7�� � � � � � � � � � �� �� �� � � �� ��

7�� R� R� R� � R� R� R� �� �� �� � �� �� �� � �

7�� �� �� �� � �� �� � � � � � � � � � �

7�� �� �� �� � �� �� �� � � � � � � � � �

7�� �� �� �� �� �� �� � � � � � � � � � �

7�� �� �� �� � �� � � � � � � � � � � �

/HJHQG� � /HVVRQ H[HFXWHG E\ WHDFKHU DQG REVHUYHG
R /HVVRQ H[HFXWHG E\ WHDFKHU� QRW REVHUYHG

�

$V� LQ�SUHYLRXV� FODVVURRP�REVHUYDWLRQV�� WKH� FXUULFXOXP�SURILOH� JXLGHG� WKH�

REVHUYHUV�� (YHU\� OHVVRQ� ZDV� GLYLGHG� �IRU� REVHUYDWLRQ� SXUSRVHV�� LQWR� WKUHH�

SDUWV��VWDUW�RI�WKH�OHVVRQ��ERG\�RI�WKH�OHVVRQ��DQG�FRQFOXVLRQ���)RU�HYHU\�SDUW��

WKH�FXUULFXOXP�SURILOH�VSHFLILHG�WKUHH�PDLQ�FRPSRQHQWV��EDVLF�WHDFKLQJ�VNLOOV��

OHDUQHU�FHQWUHG� RULHQWDWLRQ�� DQG� VXEMHFW� PDWWHU� �VHH� DSSHQGL[� ���� IRU� WKH�

FXUULFXOXP� SURILOH� XVHG��� ,Q� DGGLWLRQ�� D� VHFWLRQ� LQ� WKH� FXUULFXOXP� SURILOH�

SURYLGHV� RSSRUWXQLW\� IRU� PRUH� JHQHUDO� FRPPHQWV� RQ� WKH� REVHUYHG� OHVVRQ��

RYHUDOO� LPSUHVVLRQ��5HVXOWV�VKRZQ� LQ� WDEOHV������WR������DUH�VXPPDU\�VFRUHV�

IRU�DOO�REVHUYHG�OHVVRQV�SHU�WHDFKHU���

�

7HDFKHU�ORJERRN�

7HDFKHUV� NHSW� D� ORJERRN� RI� DOO� WKH� OHVVRQV� WKDW� ZHUH� REVHUYHG�� 7KH�

ORJERRNV� SURYLGHG� WKH� GHYHORSHUV�ZLWK� IHHGEDFN� RQ� WHDFKHUV
� SHUFHSWLRQ�RI�

WKH�OHVVRQV��DQG�JDYH�IDFWXDO�LQIRUPDWLRQ�RQ�SUHSDUDWLRQ�WLPH��SUREOHPV�ZLWK�

UHTXLUHG�PDWHULDOV�� WLPLQJ�RI� WKH� OHVVRQV� DQG� VR�RQ��7HDFKHUV� DOVR� LQGLFDWHG�
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KRZ� XVHIXO� WKH\� IRXQG� WKH� DFWLYLWLHV� VXJJHVWHG� LQ� WKH� WHDFKHU� VXSSRUW�

PDWHULDOV��DQG�ZKHWKHU�WKH\�IHOW�WKDW�WKHLU�VWXGHQWV�KDG�HDVLO\�XQGHUVWRRG�WKH�

OHVVRQV��$V�ZDV�WKH�FDVH�ZLWK�D�QXPEHU�RI�RWKHU�LQVWUXPHQWV��WKH�ORJERRN�ZDV�

EDVHG� RQ� WKH� VLPLODU� LQVWUXPHQWV� LQ� WKH� (YDOXDWLHZLM]HU� >'LUHFWLRQV� IRU�

(YDOXDWLRQ@��.HXUVWHQ�	�1LHV���������$SSHQGL[�����SURYLGHV�D�VDPSOH�RI�WKH�

ORJERRN�XVHG�GXULQJ�WKH�ILHOG�WHVW���

�

7HDFKHU�LQWHUYLHZ�

7KH�REVHUYHUV�RI�WKH�OHVVRQV�LQWHUYLHZHG�WHDFKHUV�DW�WKH�HQG�RI�WKH�OHVVRQ�

REVHUYDWLRQV�� 7KH� LQWHUYLHZV� ZHUH� DXGLR�WDSHG� DQG� WUDQVFULEHG�� 7KH�

LQWHUYLHZV� ZHUH� VHPL�VWUXFWXUHG� DQG� FRQFHQWUDWHG� RQ� WHDFKHUV
� H[SHFWDWLRQV�

DQG�JHQHUDO� LPSUHVVLRQV�RI� WKH� OHVVRQV�� DQG� WKHLU�RSLQLRQ�DERXW� WKH� WHDFKHU�

VXSSRUW� PDWHULDOV�� 2WKHU� DUHDV� RI� DWWHQWLRQ� GXULQJ� WKH� LQWHUYLHZ� LQFOXGHG�

WHDFKHUV
� SHUFHSWLRQV� RI� ZKDW� WKH\� KDG� OHDUQHG�� GLIIHUHQFH� EHWZHHQ� WKH�

REVHUYHG�OHVVRQV��RQ�WKH�WRSLF�RI�0DWHULDOV��DQG�WKHLU�
QRUPDO
�OHVVRQV��OHDUQHU�

FHQWUHG� WHDFKLQJ� DQG� RWKHU� UHOHYDQW� TXHVWLRQV�� 6HH� DSSHQGL[� ����� IRU� WKH�

LQWHUYLHZ�VFKHGXOH���

�

6WXGHQW�TXHVWLRQQDLUH��

7R�ILQG�RXW�DERXW�VWXGHQWV
�SHUFHSWLRQV�RI�WKH�OHVVRQV��WKH\�ZHUH�DVNHG�WR�

ILOO� RXW� D� VKRUW� TXHVWLRQQDLUH� DW� WKH� HQG� RI� WKH� OHVVRQ� REVHUYDWLRQV�� 7KLV�

TXHVWLRQQDLUH� IRFXVHG�RQ�ZKHWKHU� VWXGHQWV�KDG� OLNHG�RU�GLVOLNHG� WKH� OHVVRQV�

DQG�ZKHWKHU�WKH\�H[SHULHQFHG�DQ\�GLIIHUHQFH�IURP�WKH�
QRUPDO
�OHVVRQV��,W�DOVR�

DGGUHVVHG�KRZ�GLIILFXOW� WKH\�KDG�IRXQG�WKH� OHVVRQV��ZKHWKHU�WKH�OHYHO�RI�WKH�

(QJOLVK��QHZ�PHGLXP�RI�LQVWUXFWLRQ�LQ�1DPLELD��XVHG�GXULQJ�WKH�OHVVRQV�KDG�

EHHQ� D�SUREOHP�DQG�ZKDW� WKH\� IHOW� WKH\�KDG� OHDUQHG�� 6HH� DSSHQGL[������ IRU�

GHWDLOV�RI�WKH�TXHVWLRQQDLUH��$�WRWDO�RI�����TXHVWLRQQDLUHV�ZHUH�FROOHFWHG�IURP�

WKH�VWXGHQWV�RI�WKH�VL[�FODVVHV�ZKHUH�OHVVRQV�ZHUH�REVHUYHG��

�

6WXGHQW�LQWHUYLHZV�

2EVHUYHUV�KHOG�LQWHUYLHZV�ZLWK�D�WRWDO�RI����VWXGHQWV�DIWHU�WKH�OHVVRQ�VHULHV��

7KLV� KDSSHQHG� ZLWK� JURXSV� RI� VWXGHQWV� IURP� HDFK� VFKRRO� �ILYH� JURXSV� RI�

WKUHH� VWXGHQWV� DQG� RQH� JURXS� RI� IRXU��� 7HDFKHUV� WRJHWKHU� ZLWK� REVHUYHUV�

VHOHFWHG� WKH� VWXGHQWV� RQ� WKH� EDVLV� RI� SURILFLHQF\� LQ� WKH� (QJOLVK� ODQJXDJH��

FRPPXQLFDWLRQ� VNLOOV� DQG� LQLWLDWLYH� VKRZQ�GXULQJ� WKH�REVHUYHG� OHVVRQV��7KH�

LQWHUYLHZV�ZHUH�VHPL�VWUXFWXUHG�DQG�D�VFKHGXOH�LV�LQFOXGHG�LQ�DSSHQGL[��������
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6WXGHQW�WHVW�

$W� WKH�HQG�RI� WKH�FODVVURRP�REVHUYDWLRQV� VWXGHQWV� FRPSOHWHG�D� VKRUW� WHVW��

6WXGHQWV�RI�WKH�WKUHH�.DWLPD�0XOLOR�VFKRROV�FRPSOHWHG�WKH�WHVW�DW�WKH�HQG�RI�

WKH� OHVVRQ� REVHUYDWLRQV�� 2QH� FODVV� RI� VWXGHQWV� SHU� VFKRRO� ZURWH� WKH� WHVW��

WRWDOOLQJ� ���� VWXGHQWV� ���� LQ� VFKRRO� ��� ��� LQ� VFKRRO� ��� ��� LQ� VFKRRO� ���� 7KH�

REVHUYHU�GHYHORSHG�WKH�WHVW�LWHPV��ZKLFK�FRYHUHG�DOO�WRSLFV�RI�WKH�OHVVRQ�VHULHV��

DQG�SXW� WKHP� WRJHWKHU� LQ� D� WHVW� SDSHU��$OO� WHVW� LWHPV�ZHUH�RI� D� VKRUW�DQVZHU�

W\SH��7KH�REVHUYHU�ZDV�SUHVHQW�LQ�FODVV�ZKHQ�WKH�VWXGHQWV�FRPSOHWHG�WKH�WHVWV���

,Q�WKH�.HHWPDQVKRRS�UHJLRQ��VWXGHQWV�ZURWH�D�GLIIHUHQW�WHVW��7KUHH�FODVVHV�

IURP� D� VLQJOH� VFKRRO� �VFKRRO� ��� FRPSOHWHG� WKH� WHVW� DIWHU� WKH� FODVVURRP�

REVHUYDWLRQV� HQGHG�� $� WRWDO� RI� ��� VWXGHQWV� ZURWH� WKH� WHVW� ����� ��� DQG� ���

VWXGHQWV� LQ� WKH� WKUHH� FODVVHV��� 7KLV� WHVW� ZDV� D� GLIIHUHQW� DQG� VKRUWHU� WHVW�

IRFXVLQJ� RQ� WKH� ILUVW� ILYH� OHVVRQV� LQ� WKH� OHVVRQ� VHULHV�� 7KH� REVHUYHU� KDG�

GHYHORSHG� WKH� WHVW� LWHPV�� EXW�ZDV� QRW� SUHVHQW�ZKHQ� WKH� WHVWV� ZHUH�ZULWWHQ��

7KH� WHVW� FRQVLVWHG� RI� WKUHH�PXOWLSOH� FKRLFH� TXHVWLRQV� �ILUVW� WKUHH� TXHVWLRQV��

DQG� WZR� VKRUW� DQVZHU� TXHVWLRQV�� GLYLGHG� LQWR� VXE�TXHVWLRQV�� UHVXOWLQJ� LQ� D�

WRWDO�RI���� LWHPV��7KH� IRFXV�RI� WKH�TXHVWLRQ�ZDV�RQ� WKH�XVH�RI�PDWHULDOV� LQ�

UHODWLRQ�WR�WKHLU�SURSHUWLHV��DV�ZHOO�DV�RQ�VWUXFWXUH�RI�SRO\PHUV��FRYHUHG�LQ�WKH�

ILUVW�ILYH�OHVVRQV�RI�WKH�0DWHULDOV�OHVVRQ�VHULHV���

1HLWKHU�RI�WKH�WHVWV�KDG�EHHQ�WULHG�RXW��QRU�KDG�LW�EHHQ�SDUW�RI�D�SUH�WHVW�DQG�

SRVW�WHVW�FRQVWUXFWLRQ��7KH�WZR�WHVWV�DUH�LQFOXGHG�DV�DSSHQGL[������DQG�������

�

�

���� 5HVXOWV�RI�WKH�ILHOG�WHVW�

�

7KH�0DWHULDOV�VWXG\�GHYHORSHG�VXSSRUW�PDWHULDOV�WR�DVVLVW�WHDFKHUV�ZLWK�WKH�

LPSOHPHQWDWLRQ� RI� WKH� QHZ� VFLHQFH� FXUULFXOXP�� ,W� DLPHG� DW� VXSSRUWLQJ�

WHDFKHUV� LQ� WKH� DUHDV� RI� ��� OHVVRQ� SUHSDUDWLRQ�� ��� VXEMHFW� NQRZOHGJH�� ���

WHDFKLQJ� VWUDWHJLHV�� ��� VWXGHQW� OHDUQLQJ� �VHH� FKDSWHU� ���� 7KH� QHZ� EDVLF�

HGXFDWLRQ� FXUULFXOXP� LQ� 1DPLELD� SURPRWHV� D� OHDUQHU�FHQWUHG� WHDFKLQJ�

DSSURDFK�DQG�WKH�DVVXPSWLRQ�KDG�EHHQ�WKDW�WKH�XVH�RI�WKH�VXSSRUW�PDWHULDOV�

E\�WHDFKHUV�IRU�OHVVRQ�SUHSDUDWLRQ�DQG�H[HFXWLRQ�ZRXOG�FRQWULEXWH�WR�VXFK�DQ�

DSSURDFK���

,PSRUWDQW�DVSHFWV�RI�WKLV�DSSURDFK�LQFOXGH��0(&���������

� $FWLYH�LQYROYHPHQW�DQG�SDUWLFLSDWLRQ�RI�VWXGHQWV�LQ�WKH�OHDUQLQJ�SURFHVV��

� %XLOGLQJ�RQ�VWXGHQWV
�LQWHUHVWV�DQG�H[SHULHQFHV��
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� 7DNLQJ�WKH�VWXGHQWV
�H[LVWLQJ�NQRZOHGJH�DQG�H[SHULHQFHV�DV�D�VWDUWLQJ�SRLQW��

� &RQWHQW�VKRXOG�EH�UHOHYDQW�IRU�VWXGHQWV
�OLYHV��

� $�SUDFWLFDO�DSSURDFK�WR�OHDUQLQJ��

�

'DWD� SUHVHQWHG� LQ� WKLV� VHFWLRQ�� FROOHFWHG� GXULQJ� WKH� ILHOG� WHVW� XVLQJ� WKH�

YDULRXV� LQVWUXPHQWV� RXWOLQHG� LQ� VHFWLRQ� ������� ZLOO� IRFXV� SULPDULO\� RQ� WKHVH�

DVSHFWV��5HVXOWV� IURP� WKH�FODVVURRP�REVHUYDWLRQV� DUH�SUHVHQWHG� LQ�������DQG�

�������6HFWLRQ�������SURYLGHV�D�JHQHUDO�LPSUHVVLRQ�RI�WKH�REVHUYHG�OHVVRQ��DQG�

UHSRUWV�WKHVH�IRU�WKH�WKUHH�OHVVRQ�FRPSRQHQWV��VWDUW�RI�OHVVRQ��ERG\�RI�OHVVRQ�

DQG�FRQFOXVLRQ�RI�OHVVRQ��7KHVH�LPSUHVVLRQV�DUH�EDVHG�RQ�WKH�VL[�WHDFKHUV�DV�D�

JURXS��7KHUH�ZHUH�VLPLODULWLHV�LQ�WKH�ZD\�WKH\�H[HFXWHG�WKH�OHVVRQV��EXW�WKHUH�

ZHUH�DOVR�GLIIHUHQFHV��7KHUHIRUH��LQ�WKH�VHFWLRQ��������FODVVURRP�REVHUYDWLRQV�

DUH�GHVFULEHG� IRU� WKH� VL[� WHDFKHUV� LQGLYLGXDOO\��7KH� WHDFKHU� H[SHULHQFHV�ZLWK�

WKH� OHVVRQV�DQG�WHDFKHU�VXSSRUW�PDWHULDOV� �WKURXJK�LQWHUYLHZV�DQG� ORJERRNV��

DUH� GHWDLOHG� LQ� ������� ZKLOH� VWXGHQW� H[SHULHQFHV� ZLWK� WKH� OHVVRQV� �WKURXJK�

LQWHUYLHZV� DQG� TXHVWLRQQDLUHV�� DUH� IRXQG� LQ� VHFWLRQ� ������� 6HFWLRQ� ������

GLVFXVVHV�VWXGHQW�OHDUQLQJ���

�

������ &ODVVURRP�REVHUYDWLRQV�²�JHQHUDO�LPSUHVVLRQV�

�

7KH� REVHUYHUV� FDPH� DZD\� ZLWK� D� SRVLWLYH� LPSUHVVLRQ� RI� WKH� REVHUYHG�

OHVVRQV��7HDFKHUV�ZHUH�RUJDQLVHG�DQG�SUHSDUHG�IRU�WKH�OHVVRQV��7KH\�DSSHDUHG�

FRQILGHQW� DQG� FRPSHWHQW� LQ� WKH� OHVVRQ� FRQWHQW�� DQG� FRPPXQLFDWHG� LQ� DQ�

RSHQ� DWPRVSKHUH� ZLWK� WKHLU� VWXGHQWV�� 7KH\� XVHG� FODVVURRP� DLGV� �PRVWO\�

EODFNERDUG��EXW�DOVR�SRVWHUV��LQ�WZR�OHVVRQV�WKH�RYHUKHDG�SURMHFWRU���7HDFKHUV�

ZHUH� DEOH� WR� LPSURYLVH� ZKHUH� QHFHVVDU\� DQG� WR� GLVFXVV� LGHDV� WKDW� VWXGHQWV�

EURXJKW�IRUZDUG��

6WXGHQWV�ZHUH� DFWLYHO\� LQYROYHG� LQ�PDQ\�RI� WKH� OHVVRQV�� /RWV� RI� SUDFWLFDO�

DFWLYLWLHV� ZHUH� FRQGXFWHG� GXULQJ� WKH� OHVVRQV��0DQ\� RI� WKHVH� DFWLYLWLHV� ZHUH�

LQWURGXFHG�WKURXJK�GLVFXVVLRQV�ZLWK�WKH�VWXGHQWV�DQG�VKRUW�GHPRQVWUDWLRQV�WR�

LOOXVWUDWH� WKH� WRSLF�RI� WKH� OHVVRQ��7KH�GLVFXVVLRQV� IRFXVHG�RQ�VWXGHQWV
� LGHDV�

RQ�WKH�WRSLF�DQG�DFWLYLWLHV��LQFOXGLQJ�KRZ�WKH�DFWLYLW\�ZDV�UHOHYDQW�LQ�WKH�GDLO\�

OLYHV�RI�WKH�VWXGHQWV��)RU�LQVWDQFH��D�OHVVRQ�RQ�ILEUHV�DQG�IDEULFV�ZDV�SUHFHGHG�

E\�DQ�H[SORUDWLRQ�RI�WKH�PDWHULDOV�XVHG�LQ�WKH�VWXGHQWV
�FORWKHV��2QH�VWXGHQW�

ZDV�DVNHG�WR�WDNH�RII�KLV��VPHOO\��VRFNV�WR�VHH�ZKDW�PDWHULDO�WKH\�ZHUH�PDGH�

RI�� 6WXGHQWV� ZHUH� DVNHG� WR� SURYLGH� H[DPSOHV� RI� PDWHULDOV� XVHG� LQ� WKH�
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FRQVWUXFWLRQ�RI�VWXGHQWV
�KRPHV��7HDFKHUV�PDLQWDLQHG�D�SOHDVDQW�UHODWLRQ�ZLWK�

WKHLU�VWXGHQWV��7HDFKHUV�JXLGHG�WKH�DFWLYLWLHV�E\�SRVLQJ�PDQ\�TXHVWLRQV�WR�WKH�

VWXGHQWV�� ZKHUHE\� VWXGHQWV� ZHUH� DVNHG�� DQG� ZHUH� JLYHQ� HQRXJK� WLPH�� WR�

IRUPXODWH�WKHLU�DQVZHUV��7KLV�ZDV�HVSHFLDOO\�VR�IRU�WKH�VWDUW�RI�WKH�OHVVRQV�DQG�

WKH�ERG\�RI�WKH�OHVVRQV�LQ�ZKLFK�WKH�PDLQ�DFWLYLW\�ZDV�FDUULHG�RXW���

6WXGHQWV�ZHUH�JURXSHG�IRU�PRVW�RI�WKH�DFWLYLWLHV��7KLV�ZDV�IUHTXHQWO\�GRQH�

LQ� D� YHU\� SUDFWLFDO� PDQQHU� ZLWK� PLQLPDO� GLVUXSWLRQ� RI� WKH� FODVV�� 6WXGHQWV�

VLWWLQJ�FORVH�WRJHWKHU�JHQHUDOO\�SXW�WKHPVHOYHV�WRJHWKHU�LQWR�D�JURXS��2QO\�LQ�

VRPH� FDVHV� GLG� WHDFKHUV� LQWHUIHUH�� IRU� LQVWDQFH� WR� FUHDWH� D� EHWWHU� EDODQFH� LQ�

IHPDOH�PDOH�FRPSRVLWLRQ��RU�WR�DYRLG�WKDW�DOO�
WKH�ELJ�ER\V
�RI�WKH�FODVV�ZRXOG�

EH�WRJHWKHU�LQ�RQH�JURXS���

7LPH�ZDV� WKH� ELJJHVW� LVVXH� HQFRXQWHUHG� LQ� WKH� H[HFXWLRQ� RI� WKH� OHVVRQV��

7HDFKHUV� UDQ�RXW�RI� WLPH� LQ�PDQ\� OHVVRQV��7KLV� ODFN�RI� WLPH�VHHPHG�RQH�RI�

WKH� PDLQ� UHDVRQV� IRU� D� KXUULHG�� LQHIILFLHQW� RU� HQWLUHO\� RPLWWHG� GUDZLQJ� RI�

FRQFOXVLRQV� IURP� WKH� DFWLYLWLHV� DQG� FRQQHFWLQJ� WKH� UHVXOWV� WR� WKH� WKHRU\�

SUHVHQWHG�DW�WKH�VWDUW�RI�WKH�OHVVRQV��

�

,W�ZDV�REYLRXV�WKDW�VRPH�RI�WKH�WHDFKHUV�LQ�WKH�VWXG\�XVHG�D�WHDFKLQJ�VW\OH�

GLIIHUHQW� IURP�WKHLU�XVXDO�RQH��7KLV�SURFHHGHG�EHWWHU� LQ� VRPH�FODVVHV� WKDQ� LQ�

RWKHUV�� 7KLV� ZDV� HVSHFLDOO\� DSSDUHQW� LQ� WKH� EHJLQQLQJ� RI� FODVVURRP�

REVHUYDWLRQV�� 6WXGHQWV� LQ� WZR� FODVVHV� ZHUH� FOHDUO\� QRW� XVHG� WR� FDUU\LQJ� RXW�

SUDFWLFDO� DFWLYLWLHV�� DQG� ZHUH� ZDLWLQJ� IRU� WKH� WHDFKHU� WR� SURYLGH� PRUH�

LQIRUPDWLRQ� DQG� VKRZ� WKHP� KRZ� WR� GR� WKH� DFWLYLW\�� 7HDFKHUV� ZHUH� QRW�

FRPSOHWHO\�XVHG�WR�WKLV�QHZ�WHDFKLQJ�DSSURDFK�HLWKHU��,Q�WKH�ILUVW�IHZ�OHVVRQV�

VRPH�RI�WKH�WHDFKHUV�VHHPHG�WR�IHHO�XQFRPIRUWDEOH��EXW�WKLV�JRW�PXFK�EHWWHU�LQ�

WKH�FRXUVH�RI�WKH�OHVVRQ�REVHUYDWLRQV��7KH�DYHUDJH�VFRUHV�LQ�WKH�VHFWLRQV�EDVLF�

WHDFKLQJ� VNLOOV�� OHDUQHU�FHQWUHG� WHDFKLQJ� DQG� VXEMHFW�PDWWHU� RI� WKH� FXUULFXOXP�

SURILOH�VKRZV�SRVLWLYH�VXPPDU\�VFRUHV�IRU�DOO�WHDFKHUV��VHH�WDEOH���������

�

7DEOH�������$YHUDJH�VFRUHV�RI�DOO�OHVVRQV�IRU�WHDFKHUV�7��7��
�

� 7�� 7�� 7�� 7�� 7�� 7�� $YHUDJH�

%DVLF�WHDFKLQJ�VNLOOV� ��� ��� ��� ��� ��� ��� ���
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WHDFKLQJ� ��� ��� ��� ��� ��� ��� ���

6XEMHFW�PDWWHU�� ��� ��� ��� ��� ��� ��� ���

/HJHQG� 
 6FRUHV DV D SHUFHQWDJH RI WKH PD[LPXP SRVVLEOH VFRUH
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7KH�VFRUHV�SUHVHQWHG�LQ�WDEOH������DUH�VXPPDU\�VFRUHV�LQ�WKH�DUHDV�RI�EDVLF�

WHDFKLQJ� VNLOOV�� OHDUQHU�FHQWUHG� WHDFKLQJ�DQG� VXEMHFW�PDWWHU�DYHUDJHG�RYHU�DOO�

OHVVRQV�SHU�WHDFKHU��DV�ZHOO�DV�WKH�DYHUDJH�RI�DOO�WHDFKHUV�LQ�WKHVH�WKUHH�DUHDV�

�ODVW�FROXPQ���7KH�VFRUHV�VKRZ�ODUJH�GLIIHUHQFHV�EHWZHHQ�WHDFKHUV��7HDFKHUV���

DQG� �� VFRUH� KLJK� LQ� DOO� VHFWLRQV� DQG� FRQWULEXWH� IRU� D� ODUJH� SDUW� WR� WKH� KLJK�

DYHUDJH� VFRUHV�� )RU� DW� OHDVW� WZR� WHDFKHUV� WKHUH�ZHUH� UDWKHU� ODUJH�GLIIHUHQFHV�

DFURVV� OHVVRQV�� DQG� DFURVV� GLIIHUHQW� VHFWLRQV� RI� WKH� OHVVRQV�� )RU� LQVWDQFH��

WHDFKHU���IHOW�KDSSLHU�DQG�SHUIRUPHG�EHWWHU� LQ� OHVVRQV�ZLWK�D� ODUJH�FKXQN�RI�

WKHRU\�� 7HDFKHU� ��� RQ� WKH� RWKHU� KDQG�� ZDV� GRLQJ� YHU\� ZHOO� LQ� FRQGXFWLQJ�

OHVVRQV�ZLWK� VWXGHQWV� LQYROYHG� LQ�SUDFWLFDO� DFWLYLWLHV� DQG�JURXS�ZRUN� �������

EXW�VWUXJJOHG�ZLWK�VRPH�RI�WKH�PRUH�GLIILFXOW�WKHRUHWLFDO�DVSHFWV�LQ�OHVVRQ����

7HDFKHU� �� DOVR� VWUXJJOHG� ZLWK� WKH� WKHRU\� LQ� VRPH� RI� WKH� OHVVRQV� �������

'HWDLOHG�VFRUHV�IRU�LQGLYLGXDO�OHVVRQV�FDQ�EH�IRXQG�LQ�DSSHQGL[��������

6RPH�RI� WKH� WHDFKHUV� �WHDFKHU���DQG���HVSHFLDOO\�� WULHG� WR�XVH� WKH� WHDFKHU�

VXSSRUW�PDWHULDOV�WR�WKH�OHWWHU��7KH\�ZHUH�VXFFHVVIXO�LQ�GRLQJ�WKLV��ZLWK�PLQRU�

DGMXVWPHQW�� PDLQO\� LQ� WHUPV� RI� WLPH�� 2WKHU� WHDFKHUV�� HVSHFLDOO\� WKH� PRUH�

H[SHULHQFHG�RQHV��WHDFKHU���DQG�����XVHG�WKH�EURDG�LGHDV�LQ�WKH�PDWHULDOV�DQG�

VXFFHVVIXOO\�LQFRUSRUDWHG�WKHVH�LQ�WKHLU�OHVVRQV��7KH\�VXFFHVVIXOO\�FRPELQHG�D�

QXPEHU�RI�OHVVRQV�LQ�DIWHUQRRQ�VHVVLRQV�VR�WKDW�WKH\�ZHUH�D�ELW�PRUH�IOH[LEOH�

ZLWK�WLPH�IRU�WKH�OHVVRQV��7KH�OHVVRQV�LQ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�DQG�LQ�

WKH�FXUULFXOXP�SURILOH�ZHUH�PDGH�XS�RI�WKUHH�SDUWV��WKH�VWDUW��WKH�ERG\�DQG�WKH�

FRQFOXVLRQ�RI�WKH�OHVVRQ��7KH�QH[W�WKUHH�VHFWLRQV�ORRN�DW�WHDFKHU�SHUIRUPDQFH�

LQ�HDFK�RI�WKRVH�SDUWV�VHSDUDWHO\���

�

6WDUW�RI�WKH�OHVVRQ�

$W�WKH�VWDUW�RI�WKH�OHVVRQ��DOO�WHDFKHUV�VHHPHG�ZHOO�SUHSDUHG�IRU�WKH�OHVVRQV�

WKDW� ZHUH� REVHUYHG� DV� SDUW� RI� WKLV� VWXG\�� ,Q� RQO\� RQH� OHVVRQ� �RI� WHDFKHU� ���

ZHUH�WKHUH�SUREOHPV�ZLWK�D�PDOIXQFWLRQLQJ�RYHUKHDG�SURMHFWRU��$OO�PDWHULDOV�

DQG�HTXLSPHQW�KDG�EHHQ�RUJDQLVHG��DQG�ZHUH�DYDLODEOH� IRU�FROOHFWLRQ�E\� WKH�

VWXGHQWV�� :RUNVKHHWV�� SRVWHUV�� 2+3� WUDQVSDUHQFLHV� ZHUH� UHDG\� IRU� XVH��

7HDFKHUV� ZHUH� DOVR� SUHSDUHG� IRU� WKH� H[HFXWLRQ� RI� WKH� OHVVRQV�� WKH\� QHYHU�

VHHPHG�WR�EH�DW�D�ORVV�ZKDW�WR�GR�QH[W�LQ�WKH�REVHUYHG�OHVVRQV���

7KH� JHQHUDO� VHW�XS� RI� WKH� VWDUW� RI� WKH� OHVVRQ�ZDV� DQ� LQWURGXFWLRQ� RI� WKH�

OHVVRQ�WRSLF�DQG� LPSRUWDQW�FRQFHSWV�E\�ZD\�RI�D�VKRUW� LQYHQWRU\�RI�VWXGHQW�

LGHDV�IROORZHG�E\�D�VKRUW�GLVFXVVLRQ�DQG�D�VKRUW�LQWURGXFWRU\�SUDFWLFDO�DFWLYLW\��

ZKHUH�DSSOLFDEOH��$OO�VL[�WHDFKHUV�LQWURGXFHG�WKH�OHVVRQ�WRSLFV��H[FHSW�WKH�RQH�
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OHVVRQ�RI� WHDFKHU�����0DQ\�WLPHV� WKLV�KDSSHQHG�E\� LQYROYLQJ�VWXGHQWV� �LQ����

RXW� RI� ��� OHVVRQV��� RIWHQ� E\� DVNLQJ� WKHP� DERXW� GDLO\� OLIH� H[DPSOHV� DQG�

GLVFXVVLQJ�WKHVH��,Q�DERXW�WZR�WKLUGV�RI�WKH�OHVVRQV�WHDFKHUV�PDQDJHG�WR�XVH�

VWXGHQW� LGHDV� WR� OLQN� WKH� OHVVRQ�ZLWK� WKH� VWXGHQWV
� GDLO\� OLYHV�� ,Q� ��� OHVVRQV�

�RXW� RI� ����� WHDFKHUV� LOOXVWUDWHG� WKH� WRSLF� RI� WKH� OHVVRQ� E\� GRLQJ� D� VKRUW�

GHPRQVWUDWLRQ��$Q�H[DPSOH�RI� WKLV�ZDV� WKH�XVH�RI�D�EHHU�ERWWOH� WR� LOOXVWUDWH�

WKH� XVH� RI� JODVV� EHFDXVH� LW� LV� WUDQVSDUHQW�� RU� WKH� XVH� RI� D� UXEEHU� KRVH� WR�

LOOXVWUDWH� LWV� SURSHUWLHV� DQG� WKH� OLQN� WR� LWV� VWUXFWXUH�� �
,W� LV� VWURQJ�� GRHVQ
W�

VWUHWFK�� EXW� LW� LV� IOH[LEOH�� 1RZ�� KRZ� DUH� WKH� SDUWLFOHV� DUUDQJHG� LQ� WKLV�

PDWHULDO"
���7HDFKHUV�HVSHFLDOO\�PDQDJHG�WR�GR�WKLV�LQ�WKH�LQWURGXFWRU\�OHVVRQV��

ZKLFK�ZHUH�VLPSOHU�LQ�WHUPV�RI�FRQWHQW��,Q�RQO\�D�IHZ�OHVVRQV�GLG�WKH�WHDFKHU�

SURYLGHG� LQDFFXUDWH� �RQH� OHVVRQ�� WHDFKHU����RU� LQFRPSOHWH� LQIRUPDWLRQ� �IRXU�

OHVVRQV�� WHDFKHU� �� DQG� ��� WR� WKH� VWXGHQWV�� ,Q� SDUWLFXODU� WKH� OHVVRQ� RQ� WKH�

VWUXFWXUH�RI�SRO\PHUV�ZDV�SUREOHPDWLF�IRU�WKHVH�WZR�WHDFKHUV��,Q�VRPH�FDVHV�

WKH�LQWURGXFWLRQV�WR�WKH�OHVVRQV�ZHUH�YHU\�VKRUW�DQG�OLPLWHG�WR�WKH�OHVVRQ�WLWOH�

RU� DQ� LQWURGXFWLRQ� RI� WKH� FRQFHSWV� GHDOW� ZLWK� LQ� WKH� OHVVRQ�� ,Q� OHVVRQV� LQ�

ZKLFK�PRVW�RI� WKH� WLPH�ZDV� WDNHQ�XS�E\�D�SUDFWLFDO� DFWLYLW\�� WKH�VWDUW�RI� WKH�

OHVVRQ� ZDV� XVHG� WR� LQWURGXFH� WKH� SUDFWLFDO�� ,Q� RQO\� VRPH� OHVVRQV� ZDV�

KRPHZRUN� FKHFNHG� �LQ� �� RI� ��� OHVVRQV�� DQG� GLVFXVVHG� ��� RXW� RI� ����� EXW�

VRPHWLPHV� WKLV� ZDV� EHFDXVH� QR� KRPHZRUN� KDG� EHHQ� JLYHQ� GXULQJ� WKH�

SUHYLRXV�SHULRG����WLPHV���,Q����OHVVRQV�WHDFKHUV�PDGH�XVH�RI�WKH�EODFNERDUG�

�RU�RWKHU�FODVVURRP�DLGV��WR�LOOXVWUDWH�UHOHYDQW�SRLQWV�GXULQJ�WKH�LQWURGXFWLRQ��

7DEOH������VKRZV�VXPPDU\�VFRUHV�IRU�DOO�OHVVRQV�SHU�WHDFKHU��IRU�WKH�VWDUW�RI�

WKH�OHVVRQ��

�

7DEOH�������6WDUW�RI�OHVVRQ�²�VXPPDU\�VFRUHV�IRU�DOO�REVHUYHG�OHVVRQV�SHU�WHDFKHU�
�

� 7�� 7�� 7�� 7�� 7�� 7�� $YHUDJH�

%DVLF�WHDFKLQJ�VNLOOV� ��� ��� ��� ��� ��� ��� ���

/HDUQHU�FHQWUHG�

WHDFKLQJ� ��� ��� ��� ��� ��� ��� ���

6XEMHFW�PDWWHU�� ���� ���� ��� ���� ��� ���� ���

/HJHQG� 
 6FRUHV DV D SHUFHQWDJH RI WKH PD[LPXP SRVVLEOH VFRUH

�

%RG\�RI�WKH�OHVVRQ�

3UDFWLFDO�DFWLYLWLHV�W\SLFDOO\�WRRN�SODFH�LQ�WKH�ERG\�RI�WKH�OHVVRQV��H[FHSW�IRU�

OHVVRQV��ZKLFK�ZHUH�XVHG�WR�UHSRUW�RQ�WKH�UHVXOWV�RI�WKH�SUDFWLFDO�DFWLYLWLHV�RI�D�
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SUHYLRXV� OHVVRQ�� DQG� WR� GUDZ� FRQFOXVLRQV� IURP� WKHVH� UHVXOWV� �VHH� WDEOH� ������

7HDFKHUV�KDG�DOO�PDWHULDOV�QHFHVVDU\�IRU�WKH�DFWLYLW\�UHDG\�LQ�DOO�OHVVRQV��H[FHSW�

LQ�RQH� OHVVRQ�ZKHUH� WKH� DEVHQFH�RI� HQRXJK�PDUNHUV�GHOD\HG� WKH� DFWLYLW\�� ,Q�

FRQWUDVW�ZLWK� WKH� WHDFKHUV� LQ� WKH� WU\�RXW��RQO\�IRXU�FODVVHV�XVHG�D�ZRUNVKHHW�

IRU�VWXGHQWV�GXULQJ�SUDFWLFDO�DFWLYLWLHV��7HDFKHUV�PDLQWDLQHG�D�SRVLWLYH�OHDUQLQJ�

HQYLURQPHQW�GXULQJ�WKH�DFWLYLW\�LQ�DOO�OHVVRQV��UHVSRQGLQJ�SRVLWLYHO\�WR�VWXGHQW�

TXHVWLRQV�DQG�DQVZHUV�DQG�VWLPXODWLQJ�OHVV�PRWLYDWHG�JURXSV��LQ����OHVVRQV����

6WXGHQWV� ZHUH� JURXSHG� IRU� DFWLYLWLHV�� SUDFWLFDO� DFWLYLWLHV� RU� UHSRUWLQJ�

VHVVLRQV�LQ����RI�WKH����OHVVRQV��7KLV�ZDV�IUHTXHQWO\�GRQH�LQ�D�YHU\�SUDFWLFDO�

PDQQHU�ZLWK�D�PLQLPDO�RI�GLVUXSWLRQ�RI�WKH�FODVV��6WXGHQWV�ZKR�ZHUH�VLWWLQJ�

FORVH� WRJHWKHU� IRUPHG� D� JURXS�� ,Q� WKH� FODVV� RI� WHDFKHU� ��� ELJ� JURXSV� ZHUH�

FUHDWHG�GXH�WR�D��SHUFHLYHG��ODFN�RI�PDWHULDOV�DQG�HTXLSPHQW��7HDFKHU���LQ�RQH�

OHVVRQ�FUHDWHG�ELJ�JURXSV� �EHFDXVH�KH�RQO\�KDG� IHZ�ZRUNVKHHWV��� LQ� DQRWKHU�

OHVVRQ�� KH� IRUPHG� JURXSV�� EXW� WKH� OHVVRQ� EDVLFDOO\� SURFHHGHG� DV� D� �ZHOO�

RUJDQLVHG�� SOHQDU\� VHVVLRQ�� 7HDFKHUV� XVXDOO\� GLG� QRW� DVVLJQ� VSHFLILF� UROHV� WR�

JURXS�PHPEHUV��$OO�WHDFKHUV�LQWHUDFWHG�ZLWK�WKH�VWXGHQW�JURXSV�LQ�DOO�OHVVRQV�

ZKHUH� WKLV�ZDV� DSSOLFDEOH� �Q ����� EXW� WKH� UROH� RI� WKH� WHDFKHU� GXULQJ� JURXS�

ZRUN�YDULHG��6RPH�ZHUH�PRYLQJ� LQ�DQG�RXW�RI�JURXSV��DVNLQJ�TXHVWLRQV�DQG�

JLYLQJ� DGYLFH�� 2WKHU� WHDFKHUV� ZHUH� PRUH� GLVWDQW�� MXVW� NHHSLQJ� D� FKHFN� RQ�

SURJUHVV��2QH�WHDFKHU��WHDFKHU����QHHGHG�WR�LQVWUXFW�VWXGHQWV�DERXW�PDQ\�RI�

WKH� EDVLF� VFLHQWLILF� VNLOOV�� VXFK� DV� XVLQJ� D� EDODQFH�� $V� D� UHVXOW� KH� ZDV� YHU\�

LQYROYHG� DQG� EDVLFDOO\� FDUULHG� RXW� WKH� H[SHULPHQWV� KLPVHOI�� DQG� FDXVLQJ� WKH�

DFWLYLWLHV�WR�WDNH�PXFK�PRUH�WLPH�WKDQ�DQWLFLSDWHG��6WXGHQWV�DOVR�DVNHG�ORWV�RI�

TXHVWLRQV�GXULQJ�WKH�DFWLYLWLHV��6WXGHQWV�ZHUH�JLYHQ�VRPH�GHJUHH�RI�IUHHGRP�

ZKHQ�FDUU\LQJ�RXW�WKH�DFWLYLWLHV� LQ�����RXW�RI�D�SRVVLEOH����� OHVVRQV��2QO\� LQ�

WZR� FDVHV� GLG� D� WHDFKHU� SURYLGH� LQFRPSOHWH� RU� LQFRUUHFW� VXEMHFW� PDWWHU�

LQIRUPDWLRQ���

�

7DEOH�������%RG\�RI�OHVVRQ�²�VXPPDU\�VFRUHV�IRU�DOO�REVHUYHG�OHVVRQV�SHU�WHDFKHU�
�

� 7�� 7�� 7�� 7�� 7�� 7�� $YHUDJH�

%DVLF�WHDFKLQJ�VNLOOV� ��� ��� ��� ��� ��� ���� ���

/HDUQHU�FHQWUHG�

WHDFKLQJ� ��� ��� ��� ��� ��� ��� ���

6XEMHFW�PDWWHU�� ��� ��� ��� ��� ��� ���� ���
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 6FRUHV DV D SHUFHQWDJH RI WKH PD[LPXP SRVVLEOH VFRUH

�
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7DEOH������SURYLGHV� VXPPDU\�VFRUHV� IRU� DOO�REVHUYHG� OHVVRQV�SHU� WHDFKHU��

IRU� WKH� WKUHH�FRPSRQHQWV��EDVLF� WHDFKLQJ�VNLOOV�� OHDUQHU�FHQWUHG� WHDFKLQJ�DQG�

VXEMHFW� PDWWHU�� 6FRUHV� DUH� DOO� VDWLVIDFWRU\�� ZLWK� WHDFKHUV� �� DQG� �� VFRULQJ�

FRQVLVWHQWO\�DERYH�WKH�DYHUDJH�VFRUH�RI�DOO�WHDFKHUV�WRJHWKHU��ODVW�FROXPQ����

�

&RQFOXVLRQ�RI�WKH�OHVVRQ�

,Q� ��� OHVVRQV� �RXW� RI� ���� FRQFOXVLRQV� ZHUH� GUDZQ� IURP� WKH� SUDFWLFDO�

DFWLYLWLHV�� DOPRVW�DOZD\V� WRJHWKHU�ZLWK� VWXGHQWV�� ,Q� IRXU� OHVVRQV��FRQFOXVLRQV�

ZHUH� FDUULHG� RYHU� WR� WKH� QH[W� OHVVRQ�� ,Q� ��� OHVVRQV� �RXW� RI� ���� WHDFKHUV�

VXPPDULVHG�WKH�ILQGLQJV�RI�WKH�DFWLYLWLHV��,Q�D�QXPEHU�RI�OHVVRQV�WKHUH�ZHUH�

RSSRUWXQLWLHV�WR�GLVFXVV�GLVFUHSDQW�UHVXOWV�IURP�H[SHULPHQWV��7KLV�KDSSHQHG�

LQ� VL[� OHVVRQV� E\� IRXU� WHDFKHUV�� ,Q� ILYH� OHVVRQV�� GLVFUHSDQW� UHVXOWV� ZHUH� QRW�

DGGUHVVHG�� OHDYLQJ� DQ� XQVDWLVIDFWRU\� IHHOLQJ� ZLWK� VWXGHQWV�� ,QVWHDG�� WHDFKHUV�

MXVW� VWDWHG� ZKDW� WKH� FRUUHFW� UHVXOWV� VKRXOG� KDYH� EHHQ�� ,Q� VHYHQ� OHVVRQV��

VWXGHQWV� XVHG� WKHLU� RZQ� PHWKRGV� IRU� VROYLQJ� SUREOHPV�� ,Q� IRXU� RI� WKHVH�

OHVVRQV� WLPH� ZDV� VSHQW� RQ� GLVFXVVLQJ� WKHVH� PHWKRGV� DIWHUZDUGV�� 7HDFKHUV�

UHIHUUHG�EDFN�WR�WKH�LQWURGXFWRU\�WKHRU\�LQ�����RXW�RI�����OHVVRQV��

+RPHZRUN�ZDV�JLYHQ�DW�WKH�HQG�RI����RI�WKH�OHVVRQV��7KLV�KRPHZRUN�ZDV�

RQO\� FKHFNHG� QLQH� WLPHV�� DQG� GLVFXVVHG� VHYHQ� WLPHV� �VHH� VWDUW� RI� OHVVRQ�

VHFWLRQ���7KH�FRQFOXVLRQ�SDUW�RI� WKH� OHVVRQV�VFRUHG� ORZHU�RQ�WKH�FXUULFXOXP�

SURILOH� WKDQ�WKH�RWKHU�SDUWV�RI� WKH� OHVVRQ��VHH� WDEOH��������'HVSLWH�SHUVLVWHQW�

WLPH�SUREOHPV��WHDFKHUV�DQG�VWXGHQWV�PDQDJHG�WR�FOHDQ�XS�WKH�FODVVURRPV�E\�

WKH�HQG�RI�WKH�SHULRG�LQ����OHVVRQV��RXW�RI�������

�

7KH� FRQFOXVLRQ� VHFWLRQ� SURYHG� WR� EH� WKH� PRVW� FKDOOHQJLQJ� SDUW� RI� WKH�

OHVVRQV��'UDZLQJ�FRQFOXVLRQV�IURP�WKH�DFWLYLWLHV�ZDV�D�SDUW�RI�WKH�OHVVRQ�ZLWK�

YDU\LQJ�TXDOLW\��$OWKRXJK�WKH�FXUULFXOXP�SURILOH�VKRZV�D�UHDVRQDEOH�QXPEHU�

RI�OHVVRQV�ZKHUH�FRQFOXVLRQV�ZHUH�GUDZQ�DW�WKH�HQG��WKLV�ZDV�RIWHQ�QRW�GRQH�

LQ� D�SURSHU�ZD\��7LPH�SUREOHPV��EHFDXVH� WKH� DFWLYLW\� WRRN� ORQJHU� WKDQ�ZDV�

SODQQHG�� UHVXOWHG� LQ� YHU\� VKRUW� SHULRGV� RI� WLPH� OHIW� WR� GLVFXVV� H[SHULPHQWDO�

UHVXOWV�� &RQFOXVLRQV� IURP� WKH� DFWLYLWLHV� ZHUH� RIWHQ� QRW� PRUH� WKDQ� D� KDVW\�

VXPPDU\�RI�WKH�H[SHULPHQWDO�UHVXOWV��,Q�VRPH�OHVVRQV��VWXGHQWV�ZHUH�DVNHG�WR�

FRPSOHWH�WDEOHV�RI�UHVXOWV�IURP�WKH�H[SHULPHQWV�IRU�KRPHZRUN��EXW�LW�ZDV�QRW�

FOHDU�ZKDW�KDG�KDSSHQHG�QH[W�ZLWK� WKH� UHVXOWV��)RU� WZR� WHDFKHUV�� WKH� OHVVRQ�

RQ� WKH�VWUXFWXUH�RI� WKH�SRO\PHUV�ZDV� WRR�GLIILFXOW� IRU� WKHP��DQG�FRQQHFWLQJ�

VWUXFWXUHV� WR� SURSHUWLHV� RI� WKH� SRO\PHUV� ZDV� WKHUHIRUH� SUREOHPDWLF��
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&RQFOXVLRQV�ZHUH�WKHUHIRUH�QRW�GUDZQ��7HDFKHU���GLG�QRW�GUDZ�FRQFOXVLRQV�LQ�

WKH� HDUO\� OHVVRQV� WKDW�ZHUH� REVHUYHG�� ,Q� WKH� ODVW� OHVVRQ�� RQ� VRDSV�� KRZHYHU��

JURXSV� RI� VWXGHQWV� UHSRUWHG� WKHLU� UHVXOWV� DQG� FRQFOXVLRQV� RI� D� SUDFWLFDO�

DFWLYLW\�� DIWHU� ZKLFK� WKH� WHDFKHU�� XVLQJ� SRVWHUV� SUHSDUHG� IURP� WKH� WHDFKHU�

QRWHV�LQ�WKH�VXSSRUW�PDWHULDOV��OLQNHG�WKH�RXWFRPHV�WR�WKH�WKHRU\��7HDFKHU���

FOHDUO\�ZHQW�WKURXJK�D�SURFHVV�RI�JURZWK�GXULQJ�WKH�OHVVRQ�REVHUYDWLRQV��7KLV�

ZDV�QRW�VR�REYLRXV�IRU�RWKHU�WHDFKHUV��

6FRUHV� IRU�EDVLF� WHDFKLQJ� VNLOOV�ZHUH� ORZHU� WKDQ� LQ� WKH�RWKHU�SDUWV�RI� WKH�

OHVVRQ��EXW� VWLOO� VDWLVIDFWRU\�� 6XPPDULVLQJ� WKH� DFWLYLW\�RU�GLVFXVVLQJ�PHWKRGV�

XVHG� ZHUH� QRW� DOZD\V� FDUULHG� RXW� SURSHUO\�� RIWHQ� GXH� WR� WLPH� SUREOHPV��

5HODWLQJ�WKH�FRQFOXVLRQV�RI�DFWLYLWLHV�WR�WKH�WKHRU\�ZDV�D�ZHDN�SRLQW�LQ�VHYHUDO�

RI�WKH�REVHUYHG�OHVVRQV���

7KLV�SDUW�RI�WKH�OHVVRQ�DOVR�JDYH�WKH�PRVW�SUREOHPV�DV�IDU�DV�VXEMHFW�PDWWHU�

ZDV�FRQFHUQHG��7KH� WHDFKHUV�ZHUH�H[SHFWHG� WR�SURYLGH� WKHRU\� IRU�ZKDW�ZDV�

REVHUYHG� LQ� WKH� SUDFWLFDO� DFWLYLW\�� DQG� WR� OLQN� WKLV� EDFN� WR� WKH� LQWURGXFWRU\�

WKHRU\��,Q�WKLV�VHFWLRQ��RQO\�WZR�WHDFKHUV�NHSW�XS�WKH�KLJK�VFRUHV�RI�WKH�VWDUW�

DQG�ERG\�RI� WKH� OHVVRQV� �VHH� WDEOH��������7HDFKHU���DQG� WHDFKHU���KDYH�KLJK�

VFRUHV�LQ�WKLV�VHFWLRQ��WHDFKHUV������DQG���VDWLVIDFWRU\��ZKLOH�WHDFKHU���VFRUHV�

ORZ�LQ�WKLV�VHFWLRQ��PDLQO\�EHFDXVH�XQH[SHFWHG�UHVXOWV�IURP�VWXGHQW�DFWLYLWLHV�

ZHUH�RIWHQ�QRW�DGGUHVVHG�SURSHUO\��

�

7DEOH������&RQFOXVLRQ�RI�OHVVRQ�²�VXPPDU\�VFRUHV�IRU�DOO�REVHUYHG�OHVVRQV�SHU�WHDFKHU�
�

� 7�� 7�� 7�� 7�� 7�� 7�� $YHUDJH�

%DVLF�WHDFKLQJ�VNLOOV� ��� ��� ��� ��� ��� ��� ���

/HDUQHU�FHQWUHG�

WHDFKLQJ� ��� ��� ��� ��� ��� ��� ���

6XEMHFW�PDWWHU�� ��� ��� ��� ��� ��� ��� ���

/HJHQG� 
 6FRUHV DV D SHUFHQWDJH RI WKH PD[LPXP SRVVLEOH VFRUH

�

������ &ODVVURRP�REVHUYDWLRQV�²�LQGLYLGXDO�WHDFKHUV�

�

7KLV� VHFWLRQ� SURYLGHV� GHWDLOV� RI� FODVVURRP� REVHUYDWLRQV� IRU� LQGLYLGXDO�

WHDFKHUV�� 7KH� GHWDLOV� DUH� SUHVHQWHG� DV� D� JHQHUDO� GHVFULSWLRQ� RI� DOO� OHVVRQV�

WRJHWKHU�RI�HDFK�WHDFKHU�IROORZHG�E\�D�FODVVURRP�VQDSVKRW��SURYLGLQJ�D�W\SLFDO�

YLHZ�ZLQGRZ�RI�RQH��RU�WZR��RI�WKH�OHVVRQV�RI�HDFK�WHDFKHU��7KH�VFRUHV�RI�WKH�

FXUULFXOXP�SURILOHV�RI�WKH�LQGLYLGXDO�WHDFKHUV�DUH�SUHVHQWHG�LQ�DSSHQGL[��������
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7HDFKHU���

7KH�FODVVURRP�VQDSVKRW�����RI�WHDFKHU���LV�IDLUO\�W\SLFDO�IRU�KLV�OHVVRQV��+H�

IROORZHG�WKH�VXJJHVWLRQV�LQ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�FORVHO\��,W�ZDV�FOHDU�

WKDW� WKH� OHVVRQ� H[HFXWLRQ� ZDV� UDWKHU� GLIIHUHQW� IURP� KLV� XVXDO� OHVVRQV�� WKH�

VWXGHQWV�ZHUH�LQLWLDOO\�D�ELW�DW�D�ORVV�DERXW�ZKDW�WR�GR��7KH\�ZHUH�RIIHUHG�DQG�

VKRXOG�KDYH�WDNHQ�WKH� LQLWLDWLYH��EXW�ZHUH�FOHDUO\�QRW�XVHG�WR�WKDW�� WKH\�ZHUH�

ZDLWLQJ�IRU�WKH�WHDFKHU�WR�FRPH�DQG�WHOO�WKHP�ZKDW�WR�GR��7KH�WHDFKHU�KLPVHOI�

DOVR� VHHPHG� D� OLWWOH� ZRRGHQ� GXULQJ� WKH� ILUVW� IHZ� OHVVRQV�� 7KLV� FDXVHG� WKH�

DFWLYLWLHV� WR� WDNH� PXFK� ORQJHU� WKDQ� ZDV� VXJJHVWHG� LQ� WKH� WHDFKHU� VXSSRUW�

PDWHULDOV�� ,W� LV� DOVR� FOHDU� WKDW� VWXGHQWV� ODFNHG� WKH�PRVW�EDVLF�SUDFWLFDO� VNLOOV��

VXFK�DV� XVLQJ� D�EDODQFH� WR�ZHLJK� VDPSOHV�RI� IDEULFV��$YHUDJH� VFRUHV�RQ� WKH�

FXUULFXOXP�SURILOH�RI�WHDFKHU���VKRZ�DQ�HQFRXUDJLQJ�EDODQFH��WDEOH��������ZLWK�

WKH� KLJKHU� VFRUHV� IRU� WKH� ODVW� OHVVRQ� WKDW� ZDV� REVHUYHG� �VHH� DOVR� DSSHQGL[�

������� ,Q� WKH� FRXUVH� RI� WKH� OHVVRQ� VHULHV�� ZLWK� ERWK� WHDFKHU� DQG� VWXGHQWV�

VWDUWLQJ�WR�JHW�XVHG�WR�WKH�OHVVRQ�IRUPDW��WKLQJV�VWDUWHG�WR�KDSSHQ�PXFK�PRUH�

VPRRWKO\�� $� SRLQW� RI� FRQFHUQ� ZDV� WKH� IDFW� WKDW� JURXSLQJ� RI� VWXGHQWV� IRU�

SUDFWLFDO�DFWLYLWLHV�ZDV�GRQH� LQ�D�KDSKD]DUG�ZD\��ZLWKRXW�DQ\�VXSHUYLVLRQ�RU�

FRQWURO�E\� WKH� WHDFKHU��$QG� VR� LW� KDSSHQHG� WKDW� IRU�RQH� DFWLYLW\� WKHUH�ZHUH�

WKUHH�JURXSV�RI�VWXGHQWV��WZR�FRQVLVWLQJ�RI�HLJKW�VWXGHQWV��DQG�RQH�JURXS�RI�

��� ���� VWXGHQWV�� $OO� ��� VWXGHQWV� ZHUH� JDWKHUHG� DURXQG� WKUHH� EHDNHUV� DQG� D�

WKHUPRPHWHU� WU\LQJ� WR�ILQG�VRPHWKLQJ�RXW�DERXW� WKH� LQVXODWLQJ�SURSHUWLHV�RI�

YDULRXV�W\SHV�RI�IDEULF��'XULQJ�WKH�QH[W�OHVVRQV�WKH�JURXSV�UHPDLQHG�YHU\�ELJ��

EXW�WKH�WHDFKHU�KDG�QRZ�DVVLJQHG�JURXS�OHDGHU�UROHV�WR�VWXGHQWV�ZKR�VKRXOG�

FRRUGLQDWH�WKH�SUDFWLFDO�DFWLYLW\��DQG�PDNHV�VXUH�WKDW�DOO�VWXGHQWV�KDG�D�FKDQFH�

WR�DW�OHDVW�VHH�ZKDW�ZDV�KDSSHQLQJ�GXULQJ�WKH�DFWLYLW\��7KH�JURXS�OHDGHUV�ZHUH�

DOVR� UHVSRQVLEOH� IRU� UHSRUWLQJ�RI� UHVXOWV�� ,Q�RUDO� SUHVHQWDWLRQV� DW� WKH�HQG�RI�

WKH�SUDFWLFDO�DFWLYLW\��JURXSV��PRVW�RI�WKH�WLPH�QRW�PRUH�WKDQ�WKUHH�RU�IRXU��

UHSRUWHG� WKH� UHVXOWV� WR� WKH� UHVW�RI� WKH�FODVV��7KLV�ZDV� VR� VXFFHVVIXO� WKDW� WKH�

WHDFKHU�GHFLGHG�WR� LPSURYLVH�DQG�FRQWLQXH�WKLV�SUDFWLFH� LQ� ODWHU� OHVVRQV��7KH�

WHDFKHU��ZLWK�D�%6F�TXDOLILFDWLRQ� LQ�SK\VLFV��ZDV�DW�KLV�EHVW�ZKHQ� LW�FDPH� WR�

PDVWHU\� RI� VXEMHFW�PDWWHU�� DQG�ZDV� DEOH� WR� SLFN� XS�PXFK� RI� WKH� XQIDPLOLDU�

VXEMHFW�PDWWHU�RXWOLQHG�LQ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��)RU� LQVWDQFH�� LQ�WKH�

OHVVRQ� RQ� VRDSV�� WKH� WHDFKHU� FRQVROLGDWHG� WKH� H[SHULPHQWDO� ILQGLQJV� E\�

EHDXWLIXOO\�SUHSDUHG�SRVWHUV��RQ�WKH�ZRUNLQJ�RI�VRDSV���EDVHG�RQ�WKH�WHDFKHU�

QRWHV�LQ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��

�
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&ODVVURRP�VQDSVKRW�����

During the first lesson (on fibres and fabrics) the teacher seems a little 
wooden, mechanical and not completely at ease, although he manages quite 
well. For the first lesson (on fibres) he had prepared himself very well, collected 
various examples of fabrics (nylon threads, cotton on a reel, all sorts of clothes 
(T-shirt, woollen baby clothes, nylon socks, etc.). Various examples of local 
uses of fibres are mentioned, such as nylon fishing line and fishing nets familiar 
in Katima Mulilo and other villages along the Zambezi River. He introduces the 
main lesson activity through a short discussion whereby he introduces the 
concept of natural and synthetic fibres and asks students to contribute 
examples of these. Addressing the properties of fabrics, the teacher 
concentrates on the clothes students are wearing. Jerseys (wool) are warm and 
T-shirts (cotton) are cool. 

For the activity the students are asked to divide themselves in 'small' groups, 
resulting in four groups of 10 students. Hand-lenses are distributed and there is 
one microscope available for students to inspect the fabrics. Groups rotate to 
make use of the microscope. Students are asked to draw the fibre structures of 
the materials they examine, but only one student seems to do this. All activities 
seem to take much longer than foreseen in the teacher materials. As a result 
there is no time for examining the fibre structure of newspaper. Nor is there 
time to round off the lesson in a proper manner. A discussion on similarities and 
differences of the various fabrics is skipped. Homework is given (draw the 
structures of the materials you saw under the microscope), but students have 
not taken note of it. In the end the lesson evaporates a little. After the lesson 
the teacher apologises for this. He has realised that loose ends have been kept 
hanging in the air.  
 

The rest of this lesson took place during the next period (lesson 10a in the 
table), where the rest of the activity is carried out. The teacher provides 
additional information on weaves and knits. Part of the lesson is also about 
when to wear what type of clothes, and how that relates to their structures, e.g. 
nylon shirts rather than woollen jerseys on the sports field. It is a mixture of 
student activity and teacher-led activity. Teacher draws the conclusions from 
some of the activities. Teacher employs a questioning style, which is rather 
closed. He ends questions with the phrase 'isn't it? The students are 
conditioned to answer 'yes' to this. This creates the impression that there is a 
lot of communication between teacher and students, but in fact there is not.  
 

The lesson took place in a barren classroom without any sort of poster or 
anything to liven up the learning environment. Several of the windowpanes are 
broken and the desks and chairs and stools look horrible. There is a blackboard 
and chalk.  
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7HDFKHU���

7HDFKHU���KDG�D�SULPDU\�HGXFDWLRQ�WHDFKLQJ�FHUWLILFDWH�DQG�WZHOYH�\HDUV�RI�

WHDFKLQJ�H[SHULHQFH��IRU�D�ODUJH�SDUW�DW�XSSHU�SULPDU\�OHYHO��6KH�KDG�QRW�KDG�

DQ\� VFLHQFH� EH\RQG� *UDGH� ���� DOWKRXJK� DV� RXWOLQHG� LQ� FKDSWHU� ��� EHIRUH�

LQGHSHQGHQFH�PDQ\�VWXGHQWV�XVHG�WKH�(GXFDWLRQ�&HUWLILFDWH�IRU�3ULPDU\�DV�D�

VHFRQG� FKDQFH� WR� REWDLQ� D� PDWULFXODWLRQ� FHUWLILFDWH� �*UDGH� ����� 7KH� OHVVRQ�

GHVFULEHG� LQ� FODVVURRP� VQDSVKRW� �� �� LV� W\SLFDO� IRU� WHDFKHU� ��� 6KH� XVXDOO\�

VWD\HG�FORVH�WR�WKH�VXJJHVWLRQV�LQ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��ZLWK�VXFFHVV��

EXW�LQ�WKLV�OHVVRQ�VKH�GHFLGHG�WR�GHYLDWH�IURP�WKH�VXJJHVWLRQ�WR�KDYH�KRXVHV�

EXLOW� DV� D� KRPHZRUN� DFWLYLW\�� 6KH� IHOW� WKDW� WKLV� ZDV� DQ� LPSRUWDQW� JURXS�

DFWLYLW\��ZKLFK�FDQ�QRW�EH�GRQH�DW�KRPH��DV�WKH�VXSSRUW�PDWHULDOV�VXJJHVW��6KH�

KDV� D�YHU\�JRRG� UHODWLRQVKLS�ZLWK�KHU� VWXGHQWV�� DQG� LV�HVSHFLDOO\� VHQVLWLYH� WR�

RSSRUWXQLWLHV�IRU�JLUOV�GXULQJ�WKH�OHVVRQV��+HU�JRRG�SHUIRUPDQFH�LV�UHIOHFWHG�

LQ� KHU� VFRUHV� RQ� WKH� FXUULFXOXP� SURILOH� �VHH� WDEOH� ������� ,Q� VHYHUDO� RI� KHU�

OHVVRQV��FRQFOXVLRQV� IURP�SUDFWLFDO� DFWLYLWLHV� WDNH� WKH� IRUP�RI�D�VXPPDU\�RI�

WKH� UHVXOWV� RI� WKH� DFWLYLW\�� )RU� H[DPSOH�� WKH� OHVVRQ� WHVWLQJ� WKH� VWUHQJWK� RI�

EULFNV�GLG�HVWDEOLVK�ZKR�KDG�PDGH�WKH�VWURQJHVW�EULFN��EXW�GLG�QRW�OHDG�WR�DQ�

XQGHUVWDQGLQJ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�VWUHQJWK�DQG�WKH�DPRXQW�RI�FHPHQW�

XVHG� LQ� WKH�EULFN��,Q�DW� OHDVW� WZR�RI�KHU� OHVVRQV�� WKHUH�ZHUH�RSSRUWXQLWLHV� WR�

GLVFXVV� XQH[SHFWHG� UHVXOWV� IURP� DFWLYLWLHV� DQG� WR� XVH� WKHVH� DV� OHDUQLQJ�

RSSRUWXQLWLHV� �VHH� WDEOH� ����� IRU� ORZ� VFRUHV� LQ� WKH� FRQFOXVLRQ� VHFWLRQ��� )RU�

LQVWDQFH��WKH�KRXVHV��ZKLFK�VWXGHQWV�KDG�EXLOW�LQ�WKLV�OHVVRQ��ZHUH�RI�GLIIHUHQW�

VL]H�DQG�VKDSH��2EYLRXVO\�WKDW�FUHDWHG�SUREOHPV�IRU�WKH�H[SHULPHQWDO�VHW�XS��

+RZHYHU�� WHDFKHU� �� FKRVH�QRW� WR�GLVFXVV� WKHVH�� LQ� VSLWH�RI� WKH� IDFW� WKDW� WKH�

REVHUYHU� KDG� GLVFXVVHG� WKHVH� LVVXHV� ZLWK� KHU�� 2EYLRXVO\�� VKH� GLG� QRW� IHHO�

FRQILGHQW�HQRXJK�WR�WDNH�RQ�WKLV�FKDOOHQJH��

�

&ODVVURRP�VQDSVKRW�����

The lesson starts with the rounding off of the activity of the previous lesson. 
In that lesson, students tested the strength of bricks. Teacher, together with 
students, completes a table of results on the blackboard, like the one in the 
teacher support materials. No real conclusions are drawn. The question which 
type of brick is the strongest, remains unanswered.  

Teacher moves to the actual topic of this lesson: roofing materials. As the 
building of houses in this lesson is going to take lots of time, teacher keeps the 
introduction deliberately short. She probes students' knowledge on the use of 
materials to make roofs in Katima Mulilo. They can think of grass and 
corrugated iron.  
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Students have brought grass and the teacher has collected cardboard boxes 
and small pieces of corrugated iron. Teacher instructs the students to build 
houses with roofs of grass and of corrugated iron, both with and without ceiling. 
Each of these four houses is built by a group of students. Students go outside 
and form groups. One group of only girls complains about the fact that there are 
no boys in their group. Traditionally, men build roofs, women cut the grass. One 
boy joins their group, but the girls do most of the work. Different designs are 
built. Girls cut grass with an axe, they use a piece of Coke tin as a knife to cut 
the cardboard. The activity goes well into lunchtime, but the students do not 
seem to mind. They enjoy this activity. All groups take pride in building a nice 
house. Eventually, different designs result.  

The next lesson, the insulating properties of the different designs are tested 
by putting them in the sun and reading the temperatures inside the houses 
every five minutes, for 25 minutes. Every group reads the temperatures of all 
houses.  

 
Teacher's role seems rather distant, but the students seem self-motivated. 

Back inside the classroom, students complete a table like the one in the teacher 
materials. All students agree that thatch is the best insulator, and that ceilings 
make houses warmer inside. 'If it were you, which house were you going to 
build? Teacher has a few more questions for the students: 'is grass waterproof? 
Is grass attractive? Is corrugated iron expensive? The classroom discussion 
results in thatch as the preferred roofing material. Most students settle for a 
grass roof, because it is a good insulator, easy to get, and it costs nothing. But 
the question why grass is a good insulator is not discussed. 

�

7HDFKHU����

7HDFKHU���KDV�D�WHDFKHU�WUDLQLQJ�FHUWLILFDWH�IURP�WKH�.DWLPD�0XOLOR�&ROOHJH�

RI�(GXFDWLRQ�� DQG� VFLHQFH� HGXFDWLRQ�QRW�EH\RQG� WKH� OHYHO� RI�*UDGH� ����+H�

KDV� ��� \HDUV� RI� H[SHULHQFH�� DQG� KDV� WDXJKW� DQG� LV� VWLOO� WHDFKLQJ� D� YDULHW\� RI�

VXEMHFWV��LQFOXGLQJ�JHRJUDSK\�DQG�SK\VLFDO�HGXFDWLRQ���

7KH�OHVVRQ�GHVFULEHG�LQ�FODVVURRP�VQDSVKRW�����ZDV�W\SLFDO�IRU�WKH�OHVVRQV�

RI� WHDFKHU� ���+H� ZDV� YHU\� JRRG� LQ� VWLPXODWLQJ� VWXGHQWV� GXULQJ� JURXS� ZRUN�

WKURXJK� KLV� YHU\� HDV\� ZD\� RI� FRPPXQLFDWLQJ� ZLWK� WKH� VWXGHQWV�� +H� DFWHG�

DOPRVW� DV� D� IULHQG�� HYHQ� WKRXJK� KH� KDG� D� ILUP� JULS� RQ� WKH� FODVV�� +H� ZDV�

HVSHFLDOO\�JRRG�LQ�RUJDQLVLQJ�DQG�H[HFXWLQJ�WKH�SUDFWLFDO�DFWLYLWLHV��$OVR�LQ�FODVV�

GLVFXVVLRQV�KH�DOORZHG� WKH�VWXGHQWV� ORWV�RI� URRP�IRU�FRQWULEXWLRQV��6WXGHQWV�

ZHUH�KDSS\�WR�WDNH�WKH�RSSRUWXQLWLHV�JLYHQ�WR�WKHP��7KH�UHVXOW�ZDV�YHU\�OLYHO\�

OHVVRQV� ZLWK� ORWV� RI� VWXGHQW� LQYROYHPHQW� WKURXJK� TXHVWLRQV�� DQVZHUV� DQG�



0DWHULDOV VWXG\ ���

VXJJHVWLRQV�IRU�VROXWLRQV� WR�SUREOHPV��7HDFKHU�XVHG�D�FRQGRP�DV�D� WHDFKLQJ�

DLG� RQ� VHYHUDO� RFFDVLRQV� WR� GUDZ� DWWHQWLRQ� WR� LWV� H[LVWHQFH� DQG� WR� LQWURGXFH�

WKHP�DV�QRUPDO�LWHPV�DFFHVVLEOH�IRU�HYHU\ERG\��RXWVLGH�WKH�OHVVRQ�KH�LQGLFDWHV�

WKDW�KH�RIWHQ�GLVFXVVHV�LVVXHV�UHODWHG�WR�+,9�DQG�$,'6�ZLWK�KLV�VWXGHQWV���

�

&ODVVURRP�VQDSVKRW�����

A large table stands in the middle of the classroom. A variety of objects have 
been put out on the table. A concrete brick, an old, but complete Bakelite 
telephone switchboard, a plastic hair clip, different pieces of fabric, a rubber 
ball, pieces of wood, bottles, a condom, tins, grass, pieces of metal, a ceramic 
cup, so on.  

Teacher had made posters with the three questions guiding the topic (as 
suggested in the support materials and also made at the workshop). Teacher 
focuses on one material at the time, lifts it up and asks students to identify the 
material it is made of. For instance, for a beer bottle, students suggest that it is 
hard, but that it breaks rather easily. Students have no problems in coming up 
with properties of the materials. They are eager to contribute to the discussion, 
when teachers give them room to do so. They also have lots of questions, e.g. 
when teacher shows a condom: 'outside we call it a condom, but we should call 
it a plastic here?' Another student helps out: 'the wrapper is plastic, but the 
condom is made of rubber!'  

Teacher then divides the class in three groups, not clear for what purpose, 
and moves to the next activities about the materials found in a vehicle. In the 
next five minutes a short inventory of the materials in a vehicle appears on the 
board. The students then move outside to see whether they can find these 
materials in the vehicle that is standing outside, after having been told by the 
teacher to be quiet and not to disturb other classes. He moves around and 
guides students to the correct answers. He keeps good control of progress and 
cuts the activity at some points when it looks that most students have identified 
the necessary materials.  

 
Back in class the students and the teacher make an inventory of all the 

materials they found in the car, where they are used for and what properties 
make it particularly suitable for this use. During this session, students have 
many good suggestions, e.g. metal of the body and engine parts: hard, but can 
change shape (malleable), ceramics on the spark plugs and rubber pipes for 
the cooling system, soft seats with fabrics ('not like home when you sit on a 
tractor'). Sometimes teacher needs to guide students to the correct answers. 

The teacher summarises the lesson by highlighting the relation of the use of 
materials and their properties.  
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7HDFKHU����

7HDFKHU���KDV�KDG�DQ�HGXFDWLRQ�LQ�VFLHQFH�XS�WR�PDWULFXODWLRQ�OHYHO��*UDGH�

���� DQG�KROGV� D�KLJKHU� HGXFDWLRQ�GLSORPD� �+('�� IRU� WHDFKLQJ�DW� VHFRQGDU\�

OHYHO��6KH�KDV���\HDUV�WHDFKLQJ�H[SHULHQFH���

+HU� OHVVRQV� RQ� WKH� WRSLF�0DWHULDOV� ZHUH� DOO� OHVVRQV� ZLWK� ORWV� RI� VWXGHQW�

LQYROYHPHQW� DQG� URRP� IRU� VWXGHQW� LGHDV�� SUDFWLFDO� DFWLYLW\� DQG� JURXS�ZRUN��

6KH�GLG�QRW�IROORZ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�WR�WKH�OHWWHU��EXW�KDG�FOHDUO\�

XQGHUVWRRG� WKH� LPSRUWDQW� FRQFHSWV� DQG� KRZ� WR� GHDO� ZLWK� WKHVH�� 6KH�

FRPELQHG�HVVHQWLDO�SDUWV�RI�GLIIHUHQW� OHVVRQV� LQ�VHYHUDO� ORQJHU� OHVVRQV� LQ� WKH�

DIWHUQRRQ��+HUHE\�VKH�VWXFN�WR� WKH�VXJJHVWLRQV�PDGH� LQ� WKH� WHDFKHU�VXSSRUW�

PDWHULDOV�WR�RXWOLQH�WKH�WKUHH�SLOODUV�RI�WKH�WRSLF��XVH�SURSHUWLHV�VWUXFWXUH��DQG�

WKH�WKUHH�JXLGLQJ�TXHVWLRQV�DV�WKH�IUDPHZRUN�IRU�WKH�WRSLF��DQG�WR�XVH�WKHVH�DV�

D�EDVLV�IRU�WKH�DFWLYLWLHV���

%\�KHU�RZQ�DGPLWWDQFH�VKH�ZDV�YHU\�DIUDLG�WKDW�VWXGHQWV�ZRXOG�PDNH�QRLVH�

ZKHQ� RXWVLGH� WKH� FODVVURRP� GRLQJ� SUDFWLFDO� DFWLYLWLHV�� 6KH� NHSW� WKH� WLPH�

VWXGHQWV� ZHUH� RXWVLGH� WR� D� PLQLPXP�� DIWHU� ZKLFK� VWXGHQWV� �DQG� WHDFKHU��

UHSRUWHG�DQG�GUHZ�FRQFOXVLRQV�ZKHQ�EDFN�LQ�WKH�FODVVURRP��+HU�TXHVWLRQLQJ�

RI� VWXGHQWV� VHHPHG� YHU\� FDUHIXO�� $OZD\V� JLYLQJ� VWXGHQWV� HQRXJK� WLPH� WR�

DQVZHU� DQG� UHVSRQGLQJ� WR� VWXGHQW� LGHDV��+HU� FODVV� KDG� SRVWHUV� RQ� WKH�ZDOO�

�ZKLFK�LV�QRW�XVXDOO\�WKH�FDVH�LQ�1DPLELDQ�VFKRROV���LQFOXGLQJ�WKH�RQHV�PDGH�

GXULQJ� WKH�0DWHULDOV� OHVVRQV��6KH�PDGH�HIILFLHQW�XVH�RI�KRPHZRUN� WR�H[WHQG�

OHVVRQ�WLPH�DQG�WR�JLYH�VWXGHQWV�H[WUD�WDVNV�WR�GR��$OO�KHU� OHVVRQV�FRQWDLQHG�

DQ�DFWLYLW\�IRU�WKH�VWXGHQWV��LQFOXGLQJ�WKH�OHVVRQ�RQ�WKH�GLIIHUHQW�VWUXFWXUHV�RI�

SRO\PHUV��7KLV�YHU\�WKHRUHWLFDO�OHVVRQ�FRXOG�HDVLO\�KDYH�HQGHG�XS�DV�D�OHFWXUH�

W\SH�RI�OHVVRQ��EXW�VKH�FKRVH�WR�VWLFN�WR�WKH�VXJJHVWLRQV�LQ�WKH�WHDFKHU�VXSSRUW�

PDWHULDOV�DQG�WXUQ�LW�LQWR�D�VWXGHQW�DFWLYLW\��7HDFKHU���KDG�EHHQ�DEOH�WR�UHODWH�

WKH� FRQFOXVLRQV� IURP� WKH� DFWLYLWLHV� LQ� PRVW� OHVVRQV� WR� WKH� WKUHH� TXHVWLRQV�

JXLGLQJ�WKH� WRSLF��7KH�KLJK�VFRUHV�RQ�WKH�FXUULFXOXP�SURILOH� �VHH� WDEOH�������

FRQILUPHG�WKH�YHU\�SRVLWLYH�LPSUHVVLRQ�OHIW�E\�WHDFKHU����

�

&ODVVURRP�VQDSVKRW�����

The posters on the use and properties of materials created by students in the 
previous lesson are still displayed around the classroom walls. Teacher collects 
homework from last lesson. Teacher introduces the lesson by listing more 
properties of materials resulting in what the support materials calls 'general 
properties' (applying to all materials), then moves on to introduce the activity of 
this lesson, testing of materials. She used wood as an example of a material to 
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illustrate the idea of the activity, and shows how to write the findings in a table 
(like the one in the teacher support materials).  

Teacher responds to student ideas and writes these on a flipchart, repeats 
them and expands on them. She establishes the relevance of the activity to 
students' daily life by asking questions such as 'what do you look at when 
buying an object?'. 

Teacher explains that the testing of the different materials will take place at 
different stations lined up outside the classroom. Results will be put in a table 
like the one on the blackboard. Students are asked to copy this table in their 
exercise books. She has organised boxes with materials in them for each group 
to test. Students collect these boxes from the front of the class. Teacher 
instructs students how to deal with the dangers of hammering some of the 
materials (e.g. cover glass with a cloth).  

In groups of four students, eight groups in total, students work efficiently and 
diligently at each station for only a few minutes. Teacher keeps a strict time 
schedule for the testing activities, as she is aware of the limited time available, 
but also to make sure that students will stay on task and not make noise, 
disturbing other classes. 

Back inside the classroom, teacher guides the reporting session by focusing 
on differences between two specific materials (e.g. between ceramics and 
glass). She asks groups for their results of specific materials, and records these 
on a flipchart. Teacher also checks how the students tested the materials.  

When the lesson ends conclusions have not been drawn, and therefore the 
lesson continues for a short while in the afternoon. 

In the afternoon, teacher together with the students divide materials into 
those that shatter when hit, and those that don't. Teacher links these two 
classes of materials to ionic and covalent structures and provides a first 
introduction to structures of the classes. As suggested in the teacher support 
materials, she demonstrates that a salt crystal is hard but can be shattered.  

She also addresses some results that seem different from what was 
expected, like a student who tore a piece of fabric by hitting it hard. At the end 
of the lesson teacher instructs students to read relevant pages from the 
textbook, as homework. 

�

7HDFKHU����

7HDFKHU���KDG� MXVW�FRPSOHWHG�KLV�*UDGH����H[DPLQDWLRQ�DQG� LPPHGLDWHO\�

DIWHUZDUGV�WRRN�XS�D�WHDFKLQJ�MRE�DW�KLV�SUHVHQW�VFKRRO��+H�KDG�QRW�IROORZHG�

D� WHDFKHU�HGXFDWLRQ�FRXUVH�RI�DQ\�VRUW�DQG�KH�ZDV�QRW�PXFK�ROGHU� WKDQ�KLV�

VWXGHQWV��$W�WKH�WLPH�RI�WKH�0DWHULDOV�OHVVRQ��KH�KDG�D�WHDFKLQJ�H[SHULHQFH�RI�

DERXW�KDOI�D�\HDU���
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6WXGHQWV�ZHUH�RIWHQ�QRLV\�DQG�UHVWOHVV�LQ�KLV�FODVV��7KLV�FDXVHG�PXFK�WLPH�

ZDVWLQJ�DV�LW�WRRN�WLPH�WR�JHW�VWXGHQWV�WR�VWDUW�ZLWK�WKHLU�DFWLYLWLHV�DQG�WR�NHHS�

WKH� VWXGHQWV� RQ� WDVN�� 7KLV� UHVXOWHG� LQ� D� WLPH� SUREOHP� DW� WKH� HQG� RI� PRVW�

OHVVRQV��DV�D�UHVXOW�RI�ZKLFK�OHVVRQV�KDG�WR�EH�FXW�VKRUW��,Q�VRPH�FDVHV�WKHVH�

OHVVRQV�ZHUH�FRQFOXGHG� LQ� WKH�QH[W�SHULRG��7KH�SUREOHP�WHDFKHU���KDG�ZLWK�

VRPH�RI� WKH� WKHRU\�RI� WKH� WRSLF� �VHH� WDEOH������� UHVXOWHG� LQ� VRPH� FRQIXVLQJ�

OHVVRQV��$IWHU�RQH�SDUWLFXODU�OHVVRQ��WKH�WHDFKHU�GHFLGHG�WR�UHSHDW�SDUW�RI�LW��WR�

PDNH� VXUH� WKDW� WKH� VWXGHQWV� KDG� XQGHUVWRRG� WKH� UHOHYDQW� FRQFHSWV� RI� WKH�

OHVVRQ�� 'HVSLWH� SUREOHPV� RI� NHHSLQJ� RUGHU� LQ� WKH� FODVVURRP�� DQG� NHHSLQJ�

VWXGHQWV� RQ� WDVN�� WKH� WHDFKHU� WULHG� WR�PDLQWDLQ� DQ� RSHQ� DWPRVSKHUH� LQ� WKH�

FODVV�� DQG� WULHG� WR� LQYROYH� VWXGHQWV� E\� DVNLQJ� WKHP�TXHVWLRQV� DQG�E\� JLYLQJ�

JXLGDQFH�GXULQJ�DFWLYLWLHV���

7HDFKHU���SURYLGHG� WKHRU\� IRU�REVHUYHG�UHVXOWV� IURP�WKH�DFWLYLW\�DQG�ZDV�

DEOH�WR�UHIHU�EDFN�WR�WKH�WKHRU\�LQWURGXFHG�DW�WKH�EHJLQQLQJ�RI�WKH�OHVVRQ��LQ�

DERXW�KDOI�RI�WKH�OHVVRQV���

�

&ODVVURRP�VQDSVKRW�����

Teacher seems well prepared and ready for this second lesson of the 
materials topic. He walks into the classroom with plastic bags and a number of 
worksheets under his arm. The students are noisy when he enters. Teacher 
introduces the lesson by writing the lesson topic on the board: Materials – 
Use/Properties/Structure, and introduces the Science Walk for this lesson. He 
explains the concept that the use of materials is linked to their properties and 
these in turn to the structures of the materials. He refers back to the previous 
lesson when students explored the materials in the vehicle of the principal. 
Students had been very excited looking under the bonnet of the vehicle to see 
what kind of materials are used. Teacher shows a plastic bag as an example of 
materials that can be found around the school. He explains the use of the 
worksheet, without having handed these out to the class.  

 
Today, the students are a little unfocused, it takes them time to get into this 

activity. Outside the classroom, students are looking around the school grounds 
for objects, materials, and so on. Teacher has used the worksheet from the 
teacher materials for this activity. He hands these out to the students before 
they go outside. Initially, they are noisy and restless, but they settle down later 
on. There is a lot of talking, not always to do with the assignment the students 
are given. A few did nothing other then sit in the sun and walk around. Teacher 
tries to guide students by making suggestions where to look for the different 
types of materials. 'What do you find in the toilet?', he asks them when they 
struggle to find an example of ceramics. 
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Back inside, student groups are asked to report on the uses and properties of 
the various objects they found outside. The teacher writes the answers on the 
board. The period runs out of time before conclusions can be drawn properly. 
Students are given lots of time to complete the worksheet, which they clearly 
need. Despite this, they are unable to finish it. And so, the teacher asked the 
students, in groups of two, to complete the worksheet as homework for the next 
period.  

 
At the beginning of the next lesson, only two of the six groups of students 

hand in their worksheets. Without any comments, the teacher collects these.  

�

7HDFKHU����

7HDFKHU� �� KROGV� D� %6F� LQ� PDWKHPDWLFV�� DQG� WHDFKHV� SK\VLFV� DQG�

PDWKHPDWLFV�DW�KLV� VFKRRO��+H�KDV�D� VHFRQGDU\� WHDFKLQJ�GLSORPD� �67'��DQG�

VL[� \HDUV� WHDFKLQJ� H[SHULHQFH�� 7HDFKHU� �� KDG� DOUHDG\� FRYHUHG� WKH�0DWHULDOV�

WRSLF� EHIRUH� WKH� WHDFKHU� ZRUNVKRSV� ZHUH� FRQGXFWHG�� +RZHYHU�� KH� ZDV�

LPSUHVVHG�E\�WKH�VLPSOLFLW\�RI�WKH�WKHRUHWLFDO�IUDPHZRUN�DQG�IHOW�WKDW�SDUWV�RI�

WKH�WRSLF�VKRXOG�EH�GRQH�DJDLQ���

+H�ZDV� WKHUHIRUH�DEOH� WR�FRPELQH� WKH�PDLQ� LGHDV�RI� OHVVRQV��DV� LW�ZDV� WR�

VRPH�H[WHQW�UHYLVLRQ��DQG�KH�IRFXVHV�HVSHFLDOO\�RQ�WKH�WKUHH�JXLGLQJ�TXHVWLRQV�

RI�WKH�WRSLF��+H�KDG�VWXGHQWV�FDUU\�RXW�WKH�6FLHQFH�:DON��6WXGHQWV�XVHG�WKH�

UHVXOWV�WR�PDNH�SRVWHUV�RI�WKH�PDWHULDOV��WKHLU�XVHV�DQG�WKHLU�SURSHUWLHV��(YHU\�

JURXS�GLG�D�SUHVHQWDWLRQ�RQ�RQH�RI�WKH�PDWHULDOV�XQGHU�UHYLHZ��UHVXOWLQJ�LQ�D�

YHU\� OLYHO\�GLVFXVVLRQ� DERXW� WKH� JHQHUDO� SURSHUWLHV� RI�PDWHULDOV��7KH� WHDFKHU�

KDG�RUJDQLVHG�WKLV�OHVVRQ�LQ�WKH�DIWHUQRRQ��WR�KDYH�VRPH�PRUH�WLPH�DYDLODEOH�

LI�QHFHVVDU\��7KURXJKRXW�WKH�OHVVRQ��KH�NHSW�FRPLQJ�EDFN�WR�WKH�WKUHH�SLOODUV�

DQG� WKH� WKUHH� JXLGLQJ� TXHVWLRQV�� +H� WKHUHE\� PDLQWDLQHG� D� YHU\� SRVLWLYH�

OHDUQLQJ� HQYLURQPHQW�� DQG� VWXGHQWV� KDG� QR� SUREOHPV� DVNLQJ� TXHVWLRQV��

*URXSV�RI�VWXGHQWV�SUHVHQWHG�WKH�UHVXOWV�RI�DFWLYLWLHV��,Q�DOO� OHVVRQV�WKLV�ZDV�

IROORZHG� E\� WKH� WHDFKHU� UHIHUULQJ� EDFN� WR� WKH� LQWURGXFWRU\� WKHRU\� DQG� WKH�

JHQHUDO� WKHRUHWLFDO� IUDPHZRUN� RI� WKH� FKDSWHU�� ,Q� WKH� OHVVRQ� ZKHUH� VWXGHQWV�

WHVWHG� PDWHULDOV� WR� VHH� ZKHWKHU� RU� QRW� WKHVH� ZRXOG� VKDWWHU�� WKH� WHDFKHU�

URXQGHG� RII� ZLWK� WKH� KHOS� RI� D� SUHSDUHG� SRVWHU�� 7KH� VFRUHV� LQ� WDEOH� �����

FRQILUP� WKH� YHU\� SRVLWLYH� LPSUHVVLRQ� WHDFKHU� �� KDV� OHIW� EHKLQG� LQ� WKH�

FODVVURRP���

�
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The teacher has already covered this topic earlier on in the year, but is 
convinced that the approach to the topic as introduced at the workshop is much 
better and more focused than the approach he has taken.  

This lesson starts late because of a time table change. A mere 25 minutes is 
available for this lesson. Despite the short time available, teacher effectively 
combines the first and second lesson in the support materials into one. As 
suggested in the support materials, teacher has put the three pillars (use-
properties-structure) and the three questions guiding the topic on posters.  

The posters are displayed at the front of the classroom. In a class discussion 
the teacher introduces the three pillars and the three guiding questions (what 
are the different properties of different materials?; what properties make a 
particular material suitable for a specific use?; How does the structure of a 
particular material give it certain properties?) and uses examples of materials to 
illustrate the ideas.  

 
Teacher uses the example of a beer bottle (also suggested in the support 

materials) and asks students to describe what it is used for and why glass 
would therefore be a good material to make a bottle. Students enthusiastically 
contribute to the discussion and generally seem to enjoy the discussion. 
Teacher guides students in the discussion by asking precise questions, repeats 
and discusses student ideas, and if he feels that things are not clear, he does 
not hesitate to repeat a point or a question in Afrikaans to make sure that 
students understand it.  

In groups of four, students do a limited version of the suggested Science 
Walk. They spend just under 20 minutes outside looking for objects around the 
school grounds. When they return back to the classroom, the lesson has come 
to an end. No conclusions are drawn in this lesson, but this is carried over to 
the next lesson. 

 
The next lesson is organised as an afternoon activity so that there is a bit of 

flexibility how much time to use. Students use the list of materials they found 
during the Science Walk to create the posters suggested in the support 
materials. Each group gets assigned one specific material, and is asked to list 
uses, and properties that justify that use. There are not enough markers, so the 
teacher suggests to some groups to decide what to write on the poster and 
write this in their exercise books, and to copy this on the poster when the 
markers come available. 

�
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������ 7HDFKHU�H[SHULHQFHV��

�

7HDFKHU� SHUFHSWLRQV� RQ� WKH� WHDFKHU� VXSSRUW� PDWHULDOV� DQG� WKH� OHVVRQ�

VXJJHVWLRQV� ZHUH� JDXJHG� E\� LQWHUYLHZV� KHOG� ZLWK� WKH� VL[� WHDFKHUV� DIWHU� WKH�

OHVVRQ� VHULHV� DQG� ORJERRNV� WKDW� WHDFKHUV� NHSW� RI� WKH� OHVVRQV� WKDW� ZHUH�

REVHUYHG��)LYH�RI�WKH�VL[�WHDFKHUV�UHWXUQHG�WKH�ORJERRN���

�

7HDFKHU�LQWHUYLHZV�

� ,QLWLDO�ZRUULHV�DERXW�WKH�
0DWHULDOV
�WRSLF�DQG�KRZ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�KHOSHG�

WR�RYHUFRPH�WKHVH��

)RXU�RI�WKH�VL[�WHDFKHUV�LQGLFDWHG�WKDW�WKH\�ZHUH�D�OLWWOH�DSSUHKHQVLYH�DERXW�

WKH� WRSLF�� 7KH\� WKRXJKW� WKDW� LW� ZRXOG� EH� GLIILFXOW�� EHFDXVH� RI� WKH� QHZ�

NQRZOHGJH� UHTXLUHG�DQG� WKH� ODFN�RI� H[SHULHQFH� LQ� WHDFKLQJ� WKLV� WRSLF��7KHUH�

ZHUH�ZRUULHV�DERXW�KRZ�WR�VWDUW�WKHVH�OHVVRQV��
WKH�ZD\�WR�VWDUW�ZDV�D�SUREOHP
���

GLVFLSOLQDU\�SUREOHPV��
VRPH�OHDUQHUV�PD\�QRW�WDNH�SDUW
���WKH�IDFW�WKDW�LW�ZDV�D�QHZ�

WRSLF� PDGH� LW� GLIILFXOW�� DQG� WKH� DYDLODELOLW\� RI� HTXLSPHQW�� 7HDFKHU� �� KDG�

DOUHDG\�FDUULHG�RXW�WKH�WRSLF�ZLWK�KLV�FODVV��EXW�KH�IHOW�WKDW�KLV�RULJLQDO�OHVVRQV�

KDG� 
QR� GLUHFWLRQ
�� 7HDFKHUV� �� DQG� ��� KRZHYHU�� IHOW� WKH\� KDG� D� IDLUO\� JRRG�

SLFWXUH�E\�MXVW�ORRNLQJ�DW�WKH�FKDSWHU�LQ�WKH�WH[WERRN��HYHQ�EHIRUH�WKH�WHDFKHU�

PDWHULDOV�ZHUH�KDQGHG�RXW�DW�WKH�ZRUNVKRS���7HDFKHU���DOVR�IHOW�WKDW�VKH�FRXOG�

WHDFK�LW�DV�LW�ZDV�DERXW�WKLQJV�WKDW�ZHUH�IDPLOLDU�WR�KHU���

$OO�VL[�WHDFKHUV�IHOW�WKDW�WKH�ZRUNVKRS�LQWURGXFLQJ�WKH�WRSLF�RI�0DWHULDOV�DQG�

WKH�VXSSRUW�PDWHULDOV�KDG�KHOSHG�WKHP�WR�RYHUFRPH�WKHLU�ZRUULHV��
,W�VKRZHG�PH�

WKH� ZD\� ,� VKRXOG� VWDUW
� �WHDFKHU� ��� DQG� 
QRZ� WKDW� ,� KDG� WKH� WHDFKHU� JXLGH�� ,� WKRXJKW�


0DWHULDOV
� LV� VRPHWKLQJ� ,� ZLOO� UHGR
� �WHDFKHU� �� ZKR� KDG� DOUHDG\� FRQGXFWHG� WKH�

0DWHULDOV� OHVVRQ�ZLWKRXW� WHDFKHU� VXSSRUW�PDWHULDOV���7HDFKHU��� LQGLFDWHG� WKDW�

WKH�ZRUNVKRS�DQG�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�KDG�SXW�WKHP�LQ�WKH�SLFWXUH�

DQG�KH�ZDV�KDSS\�WR�VHH�DOO� WKH�VWXGHQWV�VR� LQYROYHG�LQ�FODVV��7HDFKHU���IHOW�

WKDW�WKH�VXSSRUW�PDWHULDOV�KDG�SURYLGHG�WKH�VWUXFWXUH�IRU�WKH�OHVVRQ�WKDW�ZDV�

PLVVLQJ�LQ�WKH�WH[WERRN��6KH�LQGLFDWHG�WKDW�WKH�VXSSRUW�PDWHULDOV�KHOSHG�ZLWK�

WKH�SODQQLQJ�RI�WKH�WRSLF�DQG�WKH�OHVVRQV�� 
SODQQLQJ��WKDW�LV�ZKDW�WKH�WHDFKHU�JXLGH�

EDVLFDOO\�LV��SODQQLQJ
��

�

� /HVVRQ�SUHSDUDWLRQ���WLPH�QHHGHG�IRU�SUHSDUDWLRQ�

$OO� WHDFKHUV� VDLG� WKDW� WKH� WLPH�QHHGHG� WR�SUHSDUH� IRU� WKH�0DWHULDOV� OHVVRQV�

ZDV�DFFHSWDEOH��EXW�WKHUH�LV�TXLWH�D�ELW�RI�YDULDWLRQ�LQ�ZKDW�WHDFKHUV�IHOW�DERXW�
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LW�� 7ZR� WHDFKHUV� IHOW� WKDW� WKH� PDWHULDOV� VKRUWHQ� WKH� WLPH� VSHQW� RQ� OHVVRQ�

SUHSDUDWLRQ��EHFDXVH�
HYHU\WKLQJ�LV�DOUHDG\�WKHUH��IURP�DLPV��SURFHGXUHV��WKH�FRQFOXVLRQV��

HYHU\WKLQJ� LV� DOULJKW
�� 
LW� LV� DOUHDG\� SDUWO\� SUHSDUHG
��7ZR� WHDFKHUV� VSHQW�PRUH� WLPH�

WKDQ�ZLWK�RWKHU�OHVVRQV�EHFDXVH�LW�ZDV�D�QHZ�WRSLF�IRU�WKHP��EXW�DV�WLPH�JRHV�

E\� LW�ZLOO� WDNH� OHVV� WLPH�WKDQ� LW�GRHV�QRZ���7KH�RWKHU� WZR�WHDFKHUV� LQGLFDWHG�

WKDW�WKH�WLPH�UHTXLUHG�IRU�SUHSDUDWLRQ�ZDV�PRUH�RU�OHVV�WKH�VDPH�DV�ZLWK�RWKHU�

WRSLFV���

�

� +RZ�KDYH�WKH�VXSSRUW�PDWHULDOV�KHOSHG�WR�WHDFK�WKH�
0DWHULDOV
�WRSLF�LQ�D�OHDUQHU�FHQWUHG�

ZD\"�

$OO� WHDFKHUV� IHOW� WKDW� WKH� WHDFKHU� VXSSRUW� PDWHULDOV� KDYH� KHOSHG� WKHP�

RUJDQLVLQJ�DFWLYLWLHV�GXULQJ�WKH� OHVVRQV�XVLQJ�D� OHDUQHU�FHQWUHG�WHDFKLQJ�VW\OH��

HVSHFLDOO\� WKH� LGHD� WKDW� VWXGHQWV� QHHG� WR� GR� WKH� ZRUN� WKHPVHOYHV� DQG� WKH�

WHDFKHU� LV� RQO\� D� JXLGH�� ZDV� PHQWLRQHG� E\� ILYH� RI� WKH� VL[� WHDFKHUV�� 6RPH�

VSHFLILF�FRPPHQWV�PDGH�E\�WKH�WHDFKHUV�LQFOXGH��


����,W�KDV�FRQWULEXWHG�D�ORW��JXLGLQJ�PH�RQ�KRZ�WR�RUJDQLVH�DFWLYLWLHV�WKDW�WKH�WHDFKHU�FDQ�RQO\�

EH�����D�VRUW�RI�VXSHUYLVRU����
���WHDFKHU�����
�


)URP�WKH�WHDFKHU�JXLGH�,�OHDUQHG�QRW�WR�VWDQG�WKHUH�OLNH�D�SDVWRU�DQG�SUHDFK
��WHDFKHU������

�

$OO� WHDFKHUV� IHOW� WKH\� KDG� EHHQ� VXFFHVVIXO� LQ� WKHLU� DWWHPSWV� WR� DGRSW� D�

OHDUQHU�FHQWUHG� WHDFKLQJ� VW\OH�� +RZHYHU�� WHDFKHU� �� VDLG� WKDW� (QJOLVK� ZDV� D�

SUREOHP�IRU�PDQ\�RI�KLV�VWXGHQWV��DQG� WKDW�KH�QHHGHG� WR�JXLGH�KLV� VWXGHQWV�

PXFK� FORVHU� WKDQ� KH� KDG� UHDOO\� ZDQWHG�� +H� DOVR� IHOW� WKDW� OHDUQHU�FHQWUHG�

WHDFKLQJ�ZRUNHG�TXLWH�ZHOO�GXULQJ�WKH�ZRUNVKRS��EXW�LQ�FODVV�ZLWK�VWXGHQWV�LW�

ZDV�D�GLIIHUHQW�VWRU\��+H�LQGLFDWHG�WKDW�KH�ZRXOG�KDYH�OLNHG�PRUH�LQIRUPDWLRQ�

DQG�JXLGDQFH�RQ�FRQGXFWLQJ�JURXS�ZRUN��1HYHUWKHOHVV��KH�IRXQG�WKDW�WKH�ZD\�

WKH� OHVVRQV� ZHUH� ZULWWHQ� XS� �VWDUW�� H[HFXWLRQ�� ILQLVK�� KDG� EHHQ� YHU\� KHOSIXO�

HVSHFLDOO\�IRU�DQ�LQH[SHULHQFHG�WHDFKHU�OLNH�KLPVHOI���

$OO� WHDFKHUV� LQGLFDWHG� WKDW� WKH� WHDFKHU�VXSSRUW�PDWHULDOV�KDG�KHOSHG� WKHP�

WR�VSHFLI\�DQG�DFKLHYH�WKH�DLPV�RI�WKH� OHVVRQV��2QH�WHDFKHU�VDLG�WKDW�KH�KDG�

QRW�DOZD\V�EHHQ�DEOH� WR�PHHW�DOO�REMHFWLYHV� LQ� WKH�DOORFDWHG� WLPH�DQG�KDG� WR�

FDUU\� WKH� UHVW� RI� WKH� OHVVRQ� RYHU� WR� WKH� QH[W� SHULRG�� 7HDFKHU� ��� ZKR� KDG�

UHGRQH� WKH� WRSLF�� QRZ� KDG� D� FOHDU� XQGHUVWDQGLQJ� RI� ZKDW� QHHGHG� WR� EH�

DFKLHYHG�GXULQJ�WKH�OHVVRQV��7HDFKHU���VDLG�� 
:HOO��DSDUW�IURP�KDYLQJ�WKH�VFULSW�LQ�

IURQW�RI�PH�ZLWK�WKH�WKHRU\�,�NQRZ�H[DFWO\�WKH�DLP�RI�WKH�SUDFWLFDO�VR�ZKDW�,�ZDQW�WR�DFKLHYH�

RU�ZKDW�,�ZDQW�WKH�OHDUQHUV�WR��\RX�NQRZ��WR�OHDUQ�LQ�GRLQJ�WKH�SUDFWLFDO�WKHPVHOYHV��
�
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7KUHH�WHDFKHUV�VDLG�WKDW�LW�ZDV�PRUH�RU�OHVV�SRVVLEOH�WR�GR�WKH�OHVVRQV�LQ����

PLQXWHV��DOWKRXJK�WKH\�UHDOLVHG�WKDW�WKH\�KDG�FDUULHG�VRPH�RI�WKH�OHVVRQV�RYHU�

WR�WKH�QH[W�SHULRG��7ZR�WHDFKHUV�ZRXOG�SUHIHU�GRXEOH�SHULRGV�IRU�DOPRVW�DOO�

OHVVRQV� EHFDXVH� UHDGLQJ� JXLGHOLQHV� DQG� LQVWUXFWLRQV� IRU� SUDFWLFDO� ZRUN� E\�

VWXGHQWV�WRRN�D�ORW�RI�WLPH��7ZR�WHDFKHUV�XVHG�DIWHUQRRQV�IRU�OHVVRQ��DQRWKHU�

WHDFKHU�XVHG�OXQFK�KRXU�WR�H[WHQG�RQH�RI�KHU�OHVVRQV��7ZR�WHDFKHUV�VZDSSHG�

SHULRGV�ZLWK�FROOHDJXHV�WR�FUHDWH�GRXEOH�SHULRGV�WR�KDYH�PRUH�WLPH���

�

'HVSLWH�VRPH�SUREOHPV�ZLWK�WKH�OHVVRQV��HVSHFLDOO\�ODFN�RI�WLPH���IRU�PRVW�

WHDFKHUV��WKH�H[HFXWLRQ�RI�WKH�OHVVRQV�KDG�FUHDWHG�D�IHHOLQJ�RI�VXFFHVV��$V�RQH�

WHDFKHU�VDLG��
<HV��WKH�JRRG�SDUW�RI�WKLV�KDYLQJ�WKH�JXLGH��DIWHU�\RX�ILQLVKHG�WKH�OHVVRQV�LW�

OHDYHV�D�GLIIHUHQW�IHHOLQJ�RI�VXFFHVV�«�
�

7HDFKHUV� PHQWLRQHG� WKDW� WKH\� OLNHG� DOO� OHVVRQV� �
EHFDXVH� ,� FDQ� JHW� WKH� PDQ\�

PDWHULDOV�FRQFHUQHG�RU�,�WKLQN�ZH�FDQ�FROOHFW�VRPH�IURP�WKH�EXVK�RU�IURP�KRPH��<HV��WKDW�LV�

WKH�JRRG�SDUW�RI�LW
���7HDFKHUV�DOVR�PHQWLRQHG�VSHFLILF�OHVVRQV�RU�OHVVRQ�WRSLFV��

� )DEULFV��
,�GLGQ
W�NQRZ�WKHUH�ZDV�VRPHWKLQJ�OLNH�SRO\PHUV
���

� &OHDQLQJ�PDWHULDOV��
EHFDXVH�HYHQ�P\VHOI�EHIRUH�WKH�OHVVRQ�,�GLG�QRW�NQRZ�KRZ�VRDS�

ZRUNHG
��

� 3URSHUWLHV� RI� 0DWHULDOV� �WKH� SUDFWLFDO� DFWLYLWLHV� ZKHUH� VWXGHQWV� WHVW�

PDWHULDOV� E\�KDPPHULQJ� WKHP��� ,QWHUHVWLQJO\�� VWXGHQWV� GLGQ
W� OLNH� WKLV� OHVVRQ� WRR�

PXFK��

� 7KH�VWUXFWXUH�RI�PDWHULDOV��RI�WKH�YDULRXV�SODVWLFV��
LW�WHOOV�PH�WKH�UHDVRQ�EHKLQG�

WKH�SURSHUWLHV�RI�SODVWLFV
��

� %ULFN�PDNLQJ��
EHFDXVH�WKH�JLUOV�ZHUH�DW�ILUVW�VFDUHG��EXW�DW�WKH�HQG�LW�WXUQHG�WKDW�WKH\�

FDQ�PDNH�EHWWHU�EULFNV
���

�

7HDFKHUV�FRXOG�QRW� WKLQN�RI�DQ\� OHVVRQ�WKH\�GLG�QRW� OLNH��7HDFKHU���JRW�D�

OLWWOH� ERUHG� ZLWK� WKH� UHSHWLWLRQ� RI� WKH� UHODWLRQ� XVHV� �� SURSHUWLHV� RYHU� PDQ\�

OHVVRQV�� 7HDFKHU� ��� ZKHQ� SXVKHG� IRU� DQ� DQVZHU�� PHQWLRQHG� WKH� WHVWLQJ� RI�

URRILQJ� ZKHUH� VKH� KDG� RQO\� �� KRXVHV� UHVXOWLQJ� LQ� ELJ� JURXSV�� 6KH� VDLG� VKH�

ZRXOG� FRUUHFW� WKLV� QH[W� WLPH� EXLOGLQJ�PRUH� KRXVHV� VR� WKDW� HDFK� JURXS� FDQ�

PHDVXUH�WHPSHUDWXUHV�RI�WKHLU�RZQ�KRXVH��

�

� 'LIIHUHQFH�EHWZHHQ�WKH�
0DWHULDOV
�OHVVRQV�DQG�QRUPDO�3K\VLFDO�6FLHQFH�OHVVRQV��

$OO� VL[� WHDFKHUV� IRXQG� WKDW� WKH�0DWHULDOV� OHVVRQV�ZHUH�PRUH� SUDFWLFDO� WKDQ�

WKHLU� XVXDO� OHVVRQV�� 6WXGHQWV�GLG�PRVW� DFWLYLWLHV� WKHPVHOYHV�� XQOLNH� WKH�XVXDO�
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OHVVRQV�ZKHQ� WHDFKHUV� GR�PRUH� GHPRQVWUDWLRQV�� 7HDFKHUV� IHOW� WKDW� VWXGHQWV�

FDQ�OHDUQ�IURP�GRLQJ�WKH�DFWLYLWLHV�WKHPVHOYHV��
7KH\�VHH�ZKDW�LV�JRLQJ�RQ��WKH\�VWDUW�

DVNLQJ�TXHVWLRQV��ZK\�LV�WKLV�KDSSHQLQJ��%XW�ZKHQ�,�DP�GRLQJ�LW�WKH\�VD\���$K��KH�ZLOO�GR�

LW� IRU� XV�
�� RND\"
� 1RW� WRR� PXFK� WHDFKHU� WDON�� 
\RX� JLYH� WKHP� WLPH� WR� GR� WKH�

H[SHULPHQWV�DQG�WKHQ�\RX�DUH�MXVW�WKHUH�WR�ORRN�ZKDW�WKH\�KDYH�GRQH
��7HDFKHU���UHIHUUHG�

WR�WKH�PDQ\�DFWLYLWLHV�WKDW�ZHUH�FDUULHG�RXW�RXWVLGH��ZKLFK�ZDVQ
W�HDV\�EXW�VKH�

WULHG� WR� ILQLVK� WKH� SUDFWLFDO� ZRUN� TXLFNO\� DQG� GUHZ� FRQFOXVLRQV� IURP� WKH�

DFWLYLWLHV�RQFH�WKH�VWXGHQWV�ZHUH�LQVLGH�WKH�FODVVURRP�DJDLQ��

�

� /HVVRQ�FRQWHQW�²�UHOHYDQF\�DQG�OHYHO�RI�GLIILFXOW\�

$OO� WHDFKHUV� LQGLFDWHG� WKDW� WKH\� IRXQG� WKH� FRQWHQW� RI� WKH� OHVVRQV� YHU\�

UHOHYDQW��0HQWLRQHG�DV�SDUWLFXODUO\� UHOHYDQW�ZHUH�EULFN�PDNLQJ� �VWXGHQWV�ZLOO�

ZDQW� WR� GR� WKLV� RQH� GD\� ZKHQ� WKH\� EXLOW� WKHUH� RZQ� KRXVH��� URRILQJ� DQG�

IDEULFV�� 2QH� WHDFKHU� RI� WKH� .HHWPDQVKRRS� WHDFKHUV� IRXQG� WKH� LQVXODWLQJ�

SURSHUWLHV�RI� IDEULFV� OHVV�XVHIXO�DQG�UHOHYDQW� LQ�.HHWPDQVKRRS�� 
ZKHQ� LW
V�KRW��

LW
V�KRW�
�

7HDFKHUV� ZHUH� RI� WKH� RSLQLRQ� WKDW� VWXGHQWV� FRXOG� HDVLO\� XQGHUVWDQG� WKH�

OHVVRQV��
,W�LV�VRPHWKLQJ�ZH�FRPH�DFURVV�LQ�RXU�GDLO\�OLIH��6R��LW�LV�YHU\�VLPSOH�IRU�SHRSOH�WR�

XQGHUVWDQG
��DQG�
7KH�WHDFKHU�JXLGH�KDV�JLYHQ�XV�D�VLPSOH�WKHRU\��D�VLPSOH�LGHD�RQ�D�FHUWDLQ�

FRQFHSW��ZKLFK�ZH�FDQ�XQGHUVWDQG�HDVLO\�DQG�WKHQ�WUDQVIHU�LW�WR�WKH�OHDUQHUV�
��


8QOLNH� OHVVRQV� LQ� RWKHU� WRSLFV�� WKH\� ZLOO� XQGHUVWDQG� WKHVH
��+RZHYHU�� WHDFKHU� ��

PHQWLRQHG�WKH� WKHRU\� OHVVRQV� �ZLWK� WKH�VWUXFWXUHV�RI� WKH�GLIIHUHQW�SRO\PHUV��

ZHUH�YHU\�GLIILFXOW��7HDFKHU���UHSHDWHG�SDUW�RI�WKH�VDPH�OHVVRQ��RQ�VWUXFWXUHV�

RI�SRO\PHUV��WR�PDNH�VXUH�WKDW�WKH�VWXGHQWV�ZRXOG�XQGHUVWDQG�LW���

�

� $YDLODELOLW\�RI�PDWHULDOV��UHIHUHQFHV�WR�WH[WERRN��KRPHZRUN�

$OWKRXJK�PRVW�RI�WKH�QHFHVVDU\�PDWHULDOV�ZHUH�IRXQG��LW�WRRN�D�ORQJ�WLPH�LQ�

VRPH�FDVHV��7KH�YDULRXV�IDEULFV�ZHUH�GLIILFXOW�WR�ILQG��2QH�WHDFKHU�VDLG�LW�WRRN�

KHU� D� IXOO� GD\� WR� ILQG� DOO� WKH� IDEULFV�� &RUUXJDWHG� LURQ� ZDV� VRPHWLPHV� D�

SUREOHP��DOWKRXJK�WKH�,167$17�3URMHFW�VWHSSHG�LQ�VRPH�FDVHV��2QH�WHDFKHU�

UHSODFHG�JUDVV��ZKLFK�LV�QRW�DYDLODEOH�LQ�KHU�UHJLRQ��E\�SODVWLF�VKHHWV��6WXGHQWV�

ZHUH�DVNHG�WR�EULQJ�PDWHULDOV�IURP�KRPH��RU�ZHUH�DVNHG�WR�ILQG�WKHP�LQ�WKH�

EXVK�RU�RQ�UXEELVK�GXPSV��*HQHUDOO\��WHDFKHUV�IRXQG�LW�GLIILFXOW�WR�FRQYLQFH�

SULQFLSDOV�RI�WKH�QHHG�WR�EX\�VPDOO�LWHPV�IRU�WKHLU�VFLHQFH�FODVVHV��

7HDFKHUV� LQGLFDWHG� WKDW� WKH\� XVHG� WKH� WH[WERRNV�PDLQO\� DV� D� UHVRXUFH� IRU�

WKHPVHOYHV��6WXGHQWV�ZHUH�DVNHG�WR�FRQVXOW�WKHLU�WH[WERRNV�RQO\�LQ�FDVH�WKHUH�
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ZHUH� WKLQJV� WKH\�GLG� QRW� XQGHUVWDQG��7ZR� WHDFKHUV� DVNHG� VWXGHQWV� WR�PDNH�

VXPPDULHV� RI� VHFWLRQV� LQ� WKH� WH[WERRN�� 2QH� RI� WKRVH� WHDFKHUV� FRPSODLQHG�

DERXW� VWXGHQWV� QRW� UHDGLQJ� WKHLU� WH[WERRNV� HYHQ� ZKHQ� DVNHG� WR� GR� VR��

4XHVWLRQV� DW� WKH� HQG� RI� WKH� FKDSWHU� ZHUH� RQO\� XVHG� ZKHQ� WKH\� ZHUH�

DSSOLFDEOH��2QH�WHDFKHU��ZKR�GLG�WKH�WRSLF�IRU�WKH�VHFRQG�WLPH��VDLG�WKDW�KH�

DQG�KLV�VWXGHQWV�GLG�QRW�TXLWH�XQGHUVWDQG�WKH�RUGHU�RI�WKLQJV�LQ�WKH�WH[WERRN��

7KH�VHFRQG�WLPH�KH�GLG�LW�ZLWK�WKH�KHOS�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��KH�

XQGHUVWRRG� WKH� VWUXFWXUH� RI� WKH� FKDSWHU� LQ� WKH� ERRN�� DQG� ZDV� DOVR� DEOH� WR�

H[SODLQ� WKLV� WR� KLV� VWXGHQWV�� $QRWKHU� WHDFKHU� UHIHUUHG� WR� WKH� WH[WERRN� DV�

VXSSOHPHQWDU\� OHDUQLQJ� DQG� LQIRUPDWLRQ� DIWHU� WKH� VWXGHQWV� FDUULHG� RXW� DQ�

DFWLYLW\�LQ�FODVV��

2QH�WHDFKHU�PDGH�LW�FOHDU�WKDW�JLYLQJ�VWXGHQWV�KRPHZRUN�ZDV�QRW�DV�HDV\�

DV�LW�VHHPHG��6WXGHQWV�RIWHQ�GR�QRW�GR�LW�DQG�DUH�VRPHWLPHV�XQDEOH�WR�GR�LW��

EHFDXVH�WKH\�OLYH�IDU�IURP�VFKRRO�DQG�ZDON�ORQJ�GLVWDQFHV�WR�DQG�IURP�VFKRRO��

WKH\�KDYH�QR�OLJKW�DW�KRPH��$IWHUQRRQ�KRPHZRUN�VHVVLRQV�DW�VFKRRO�DUH�RIWHQ�

WDNHQ�XS�E\�RWKHU�DFWLYLWLHV�VXFK�DV�VSRUWV��

�

7HDFKHU�ORJERRNV��

)LYH� RI� WKH� VL[� ORJERRNV� ZHUH� UHWXUQHG�� 7KH� UHVXOWV� EHORZ� DUH� EDVHG� RQ�

WKHVH� ILYH� ORJERRNV�� 7HDFKHUV� UHIOHFWHG� LQ� WKH� ORJERRNV� RQ� D� WRWDO� RI� ���

OHVVRQV��7HDFKHUV�IRXQG�PRVW�RI�WKH�OHVVRQV�YHU\�XVHIXO��DYHUDJH�VFRUH������RQ�

D���SRLQW�VFDOH��7HDFKHUV�DOVR�IHOW�WKDW�WKH�OHVVRQV�UDQ�UDWKHU�VPRRWKO\��VFRUH�

������� DOWKRXJK� VRPH� ORZ� VFRUHV� IRU� LQGLYLGXDO� OHVVRQV� ZHUH� UHFRUGHG��

7HDFKHUV� LQGLFDWHG� WKDW� PRVW� RI� WKHLU� OHVVRQV� ZHUH� NHSW� ZLWKLQ� WKH� WLPH�

DOORFDWHG�LQ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��HYHQ�WKRXJK�VRPH�WHDFKHUV�UHSRUWHG�

LQ�WKHLU�ORJERRNV�WR�KDYH�UXQ�LQWR�VHULRXV�WLPH�SUREOHPV��DYHUDJH�VFRUH��������

7HDFKHUV� IXUWKHUPRUH� LQGLFDWHG� WKDW� WKH� OHVVRQ�DLPV�ZHUH�PRVWO\�PHW� ��������

DIWHU�OHVVRQ�WLPH�ZDV�H[WHQGHG�WR�ILQLVK�WKH�OHVVRQV��VHH�WDEOH���������

�

7DEOH�������*HQHUDO�LPSUHVVLRQ�RI�OHVVRQV�E\�WHDFKHUV��Q ���

6FRUHV� $YHUDJH� /RZHVW� +LJKHVW� �

1RW�XVHIXO� �����
� �� �� 9HU\�XVHIXO�

0DQ\�SUREOHPV� ����� �� �� 5DQ�VPRRWKO\�

0DQ\�WLPH�SUREOHPV� ����� �� �� 6XJJHVWHG�WLPH�2.�

/HVVRQ�DLPV�QRW�PHW� ����� �� �� /HVVRQ�DLPV�ZHUH�PHW �

/HJHQG� 
 6FRUHV RQ � SRLQW VFDOH
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7HDFKHUV� UHSRUWHG� WKDW� WKH� WHDFKHU� VXSSRUW� PDWHULDOV� KDG� EHHQ� XVHIXO�

GXULQJ� WKH�SUHSDUDWLRQ�� IRU�DOO� OHVVRQV��7KH�PDLQ� UHDVRQV�DUH� VXPPDULVHG� LQ�

WDEOH������EHORZ��

7KH�WLPH�WHDFKHUV�VSHQW�RQ�SUHSDULQJ�WKH�OHVVRQV�UDQJHG�IURP����PLQXWHV�

IRU� D� OHVVRQ�ZKLFK�ZDV� EDVLFDOO\� D� VHVVLRQ� UHSRUWLQJ� RQ� WKH� DFWLYLWLHV� LQ� WKH�

SUHYLRXV�OHVVRQ��WR�����PLQXWHV�IRU�WKH�VWDUW�RI�WKH�PRGXOH�LQFOXGLQJ�UHDGLQJ�

XS� LQ� WKH� WH[WERRN� DQG� WHDFKHU� VXSSRUW�PDWHULDOV�� 7KH� DYHUDJH� SUHSDUDWLRQ�

WLPH�IRU�WKH����OHVVRQV�ZDV����PLQXWHV��7KLV�H[FOXGHV�RQH�OHVVRQ�RI�D�WHDFKHU�

ZKR�UHSRUWHG�WKDW�WKH�SUHSDUDWLRQ�KDG�WDNHQ�KHU�D�IXOO�GD\�EHFDXVH�WKH�IDEULFV�

VKH�QHHGHG�ZHUH�VR�GLIILFXOW�WR�ILQG���

�

7DEOH�������:K\�WHDFKHUV�IHHO�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�ZHUH�KHOSIXO�LQ�WKH�SUHSDUDWLRQ�RI�WKH�

OHVVRQV��IRU����OHVVRQV�
�

:K\�PDWHULDOV�ZHUH�KHOSIXO� 6SHFLILF�FRPPHQWV�

*XLGH�IRU�SODQQLQJ�RI�OHVVRQV �

�Q ����


,W�JDYH�PH�DQ�LGHD�RI�WKH�6FLHQFH�:DON
��
WKH�

SODQQLQJ�RI�LW�²�LQIRUPDWLRQ
��
3XWWLQJ�GRZQ�

H[DFW�DLPV�WKDW�DUH�QRW�LQ�WKH�WH[WERRN
�� �

$VVLVWDQFH�ZLWK�WKH�XVH�RI�

PDWHULDOV��Q ���


E\�JXLGLQJ�WKH�GLIIHUHQW�W\SHV�RI�PDWHULDOV�WR�

XVH
��
LW�JXLGHG�PH�ZLWK�WKH�XVDJH�RI�PDWHULDOV
��

WR�VHW�XS�WKH�PDWHULDOV�DQG�KHOS�ZLWK�SODQQLQJ
 �

,GHDV�RQ�DFWLYLWLHV�DQG�H[HFXWLRQ�

RI�OHVVRQV��Q ���


,Q�VHWWLQJ�WKH�DFWLYLWLHV
��
,�FRXO G�XVH�DOPRVW�DOO�

WKH�LGHDV
��
DOO�H[DPSOHV�ZHUH�LQGLFDWHG
���


KHOSHG�WKH�WHDFKHU�LQ�GRLQJ�WKH�DFWLYLW\
 �

$V�D�UHVRXUFH��Q ��� 
7HDFKHU�QRWHV�²�WKDW�ZDV�SURYLGHG
��
DV�JRRG�

UHDGLQJ�UHVRXUFH�PDWHULDO
��ZLWK�LQIRUPDWLRQ�

QHHGHG
�

/HJHQG� 
 6RPH OHVVRQV ZHUH QRW UHIHUUHG WR E\ WHDFKHUV �

�

,Q�DOO�OHVVRQV�WHDFKHUV�VWDWHG�WKDW�HQRXJK�LQIRUPDWLRQ�ZDV�SURYLGHG�E\�WKH�

WHDFKHU� VXSSRUW�PDWHULDOV� WR� XQGHUVWDQG� WKH� LQWHQWLRQ� DQG� WKH� VHW�XS�RI� WKH�

OHVVRQ��DV�ZHOO�DV�WKH�UHTXLUHG�PDWHULDOV��7KH�IHZ�SUREOHPV�WHDFKHUV�UHSRUWHG�

ZLWK� WKH� SUHSDUDWLRQ� RI� WKH� OHVVRQV� DOO� KDG� WR� GR� ZLWK� WKH� DYDLODELOLW\� RI�

HTXLSPHQW��PLFURVFRSHV��DQG�PDWHULDOV��IDEULFV��FRUUXJDWHG�LURQ���$OO�WHDFKHUV�

DJUHHG� WKDW� WKH� WHDFKHU� VXSSRUW� PDWHULDOV� KDG� KHOSHG� WKHP� D� ORW� ZLWK� WKH�

SUHSDUDWLRQ� RI� WKHLU� OHVVRQV�� 6RPH� OHVVRQV� ZHUH� IHOW� WR� EH� UDWKHU� WLPH�

FRQVXPLQJ��HVSHFLDOO\�WKH�RQH�RQ�ILEUHV�DQG�IDEULFV���
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:KHQ�DVNHG� LI� WKH� WHDFKHU�VXSSRUW�PDWHULDOV�QHHGHG�DQ\�VSHFLILF�FKDQJHV��

WKHUH�ZHUH�D�QXPEHU�RI�VXJJHVWLRQV��LQFOXGLQJ�WKDW�VWXGHQWV�VKRXOG�EXLOG�WKHLU�

KRXVHV�DW�VFKRRO�QRW�DW�KRPH��DV�VWXGHQWV�VFDWWHU�DIWHU�VFKRRO��WR�DOORZ�WKHP�

WR�ZRUN� WRJHWKHU�� 6SHFLILF� FKDQJHV� WHDFKHUV�KDG�PDGH� WR� WKH� VXJJHVWLRQV� LQ�

WKH�WHDFKHU�VXSSRUW�PDWHULDOV�LQFOXGHG�WKH�XVH�RI�IODW�DQG�URQGDYHO�W\SH�URRIV�

LQ�WKH�URRILQJ�DFWLYLW\�� WDNLQJ�VWXGHQWV�RXWVLGH�IRU�VRPH�DFWLYLWLHV�� WKH�XVH�RI�

GLIIHUHQW� URRILQJ� PDWHULDOV� DQG� SRLQWLQJ� RXW� FHUDPLFV� DV� LQVXODWRUV� RQ�

WHOHSKRQH�SROHV�QH[W�WR�WKH�VFKRRO���

�

7HDFKHUV�IHOW�WKDW�OHVVRQV�ZHUH�YHU\�XVHIXO�����RXW�RI�D�WRWDO����OHVVRQV��DQG�

HDVLO\� XQGHUVWRRG� E\� VWXGHQWV� ���� RXW� RI� ��� OHVVRQV���2QH� WHDFKHU� UHSRUWHG�

WKDW� GXULQJ� JURXS�ZRUN� QRW� DOO� VWXGHQWV� LPPHGLDWHO\� XQGHUVWRRG�ZKDW� WKH\�

ZHUH� VXSSRVHG� WR� GR�� $V� D� UHVXOW�� D� ORW� RI� WLPH� ZDV� ZDVWHG�� $GGLWLRQDO�

FRPPHQWV�RQ�WKH�DFWLYLWLHV�LQFOXGHG��
,W�ZDV�LQWHUHVWLQJ��EHFDXVH�VWXGHQWV�GLVFXVV�DQG�

DVN� WKHPVHOYHV� VRPH�TXHVWLRQV�DQG� WKH\�GR�DQVZHUV� IRU� WKHPVHOYHV
�� 
7KH\��VWXGHQWV�� IHOW�

PXFK�FRPIRUW�DQG�FDOOHG�WKHPVHOYHV�\RXQJ�VFLHQWLVWV
��6SHFLILF�SUREOHPV�RFFXUUHG�ZLWK�

DFWLYLWLHV� LQ�QLQH�RI�WKH����OHVVRQV��7KHVH�SUREOHPV�UHODWHG�WR��ODFN�RI��WLPH��

FODVV� VL]H�� ODFN� RI� FOHDU� GLUHFWLRQV� IRU� VWXGHQWV�� DV�ZHOO� DV� VSHFLILF� SUREOHPV�

ZLWK� WKH� �FRPSOLFDWHG�� VWUXFWXUHV� RI� WKH� GLIIHUHQW� SRO\PHUV�� 2QH� WHDFKHU�

VXJJHVWHG�DOORFDWLQJ�PRUH�WLPH�WR�VRPH�RI�WKH�OHVVRQV�VR�WKDW�DFWLYLWLHV�FDQ�EH�

GRQH�LQ�RQH�OHVVRQ��DQG�UHSRUWLQJ�DQG�GUDZLQJ�FRQFOXVLRQV�LQ�WKH�QH[W�OHVVRQ��

$QRWKHU�WHDFKHU�VDZ�WKH�VROXWLRQ�LQ�EHWWHU�SUHSDUDWLRQ�DQG�PDNHV�VXJJHVWLRQV�

RQ�KRZ�WR�LPSURYH�KHU�RZQ�SHUIRUPDQFH��
%\�SXWWLQJ�PRUH�HIIRUW�LQWR�SODQQLQJ
���

�

7HDFKHUV� VHH� WKHLU� UROH� GXULQJ� WKH� DFWLYLWLHV� LQ� WKH� OHVVRQV� SULPDULO\� DV� D�

JXLGH�RI�VWXGHQWV�ZLWK�GLIILFXOWLHV��PHQWLRQHG�IRU����RI�WKH����OHVVRQV���DV�DQ�

DFWLYH� SDUWLFLSDQW� ���� WLPHV�� DQG� DQ� H[SODLQHU� RI� WKLQJV� QRW� YHU\� FOHDU� WR�

VWXGHQWV�������6SHFLILF�FRPPHQWV�E\�WHDFKHUV�RQ�WKHLU�RZQ�UROHV�LQFOXGHG��
,W�

LV�P\�GXW\�DV�D�WHDFKHU�WR�DVVLVW�WKH�OHDUQHUV�LI�WKH\�HQFRXQWHU�DQ\�GLIILFXOWLHV
��
7R�GLUHFW�DQG�

EULQJ�WKHP��VWXGHQWV��WR�WKHLU�RZQ�FRQFOXVLRQ
��
/HDUQHUV�KDYH�WR�GLVFRYHU�WKHLU�RZQ�HIIHFWV�

RI� KDPPHULQJ� REMHFWV�
� DQG� DOVR� 
/HDUQHU�FHQWUHG� DSSURDFK� �� OHDG� E\� H[DPSOH
� RU� 
,�

VXPPDULVH�WKHLU�ILQGLQJV
��

�

7HDFKHUV� IHOW� WKDW� WKH\�GLG�QRW�PHHW� WKH� OHVVRQ�DLPV� LQ�RQO\� WKUHH�RI� WKH�

OHVVRQV��7KLV�ZDV�GXH� WR�FRQIXVLQJ�RXWFRPHV�RI�H[SHULPHQWV� �H�J�� LQVXODWLQJ�

SURSHUWLHV�RI�PDWHULDOV�DQG�WKH�RULHQWDWLRQ�RI�ILEUHV�LQ�GLIIHUHQW�IDEULFV���,Q����
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RI� WKH� OHVVRQV� WHDFKHUV� IHOW� WKDW� WKH� DLPV� ZHUH� PHW�� HVSHFLDOO\� DIWHU� WDNLQJ�

PRUH� WLPH� IRU� FRPSOHWLRQ� RI� WKH� OHVVRQV�� 7HDFKHUV� UDWHG� VWXGHQWV
�

SDUWLFLSDWLRQ� LQ� WKH� OHVVRQV� DV� DFWLYH�� LQGHSHQGHQW� DQG� LQWHUHVWHG�� 6WXGHQWV�

ZHUH�DFWLYHO\�LQYROYHG�DQG�HQMR\HG�WKH�OHVVRQV�D�ORW��DQG�WHDFKHUV�VRPHWLPHV�

VHHPHG�VXUSULVHG�E\�WKH�SHUIRUPDQFH�RI�WKH�VWXGHQWV��
7KH\�HYHQ�FRQWULEXWHG�VRPH�

RI�WKH�UHDVRQV�ZK\�WKH\�OLNH�WKDWFKHG�KRXVHV��LW�LV�EHFDXVH�LW�LV�WKH�EHVW�LQVXODWRU
����

6SHFLILF� FRPPHQWV� IRFXVHG� RQ� JURXS� VL]H�� DQG� WKH� ODFN� RI� PDWHULDOV�

UHVXOWLQJ�LQ�JURXSV�WKDW�ZHUH�WRR�ELJ��
0RUH�PLFURVFRSHV�VKRXOG�EH�JLYHQ�WR�VFKRROV�IRU�

OHDUQHUV� WR� EH� YHU\� PXFK� DFWLYHO\� LQYROYHG� LQ� WKH� DFWLYLW\
��� ODFN� RI� WLPH� WR� SURSHUO\�

FRQFOXGH� DFWLYLWLHV� �
JLYH� OHDUQHUV� PRUH� WLPH� IRU� ZULWLQJ� XS� WKHLU� LGHDV�� KRZ� WKH\�

GLVFRYHUHG� WKHLU� RZQ�PDWHULDOV
���0RUHRYHU��RQH� WHDFKHU� UHSRUWHG� IRU� WZR� OHVVRQV�

WKDW�VWXGHQWV�ZHUH�XQFOHDU�DERXW�WKHLU�UROHV�GXULQJ�JURXS�ZRUN��ZDVWLQJ�WLPH�

DV� D� UHVXOW�� 6XJJHVWHG� FKDQJHV� WR� UHPHG\� VRPH� RI� WKH� LGHQWLILHG� SUREOHPV�

LQFOXGHG� PRUH� PDWHULDOV� VR� WKDW� JURXSV� FDQ� EH� VPDOOHU�� PRUH� WLPH� VR� WKDW�

DFWLYLWLHV� FDQ� EH� SURSHUO\� URXQGHG� RII� E\� UHSRUWLQJ� VHVVLRQV�� DQG� ZULWLQJ�

VHVVLRQV�JLYLQJ�VWXGHQWV�HQRXJK�WLPH�WR�IRUPXODWH�WKHLU�RZQ�FRQFOXVLRQV�DQG�

LGHDV�� &OHDUHU� LQVWUXFWLRQV� IRU� VWXGHQWV� GXULQJ� JURXS� ZRUN� ZRXOG� PDNH� LW�

PRUH�HIIHFWLYH��

�

+RPHZRUN� ZDV� JLYHQ� LQ� ��� RI� WKH� ��� OHVVRQV�� +RPHZRUN� LQFOXGHG�

FRPSOHWLQJ�DFWLYLWLHV�XQILQLVKHG�GXULQJ�FODVV��
7KH\�KDYH�WR�FRPSOHWH�WKH�UHVW�RI�WKH�

6FLHQFH�:DON�:RUNVKHHW
�� 
/HDUQHUV�KDYH� WR� FRPSOHWH� WKH� WDEOH�RI�3ODVWLF� FRUUHFWO\
��RU�D�

IROORZ�XS� RI� FODVVURRP� DFWLYLWLHV� �
/HDUQHUV� KDYH� WR� GUDZ� XS� WKHLU� RZQ� OLVW� RI�

PDWHULDOV�IRXQG�LQ�\RXU�KRPH�KRVWHO�URRP
���,Q�VRPH�FDVHV��WHDFKHUV�DVNHG�VWXGHQWV�

WR�EULQJ�PDWHULDOV�IURP�KRPH��
%ULQJLQJ�XS�WKH�IDEULFV�IRU�WKH�QH[W�OHVVRQ
���

�

������ 6WXGHQW�H[SHULHQFHV�

�

$Q�LQYHQWRU\�RI�VWXGHQW�H[SHULHQFHV�ZDV�PDGH�E\�ZD\�RI� LQWHUYLHZV�ZLWK�

VWXGHQWV�DQG�D�TXHVWLRQQDLUH�DGPLQLVWHUHG�WR�VWXGHQWV��$�WRWDO�RI����VWXGHQWV�

ZHUH� LQWHUYLHZHG� LQ� JURXSV� DIWHU� WKH� OHVVRQ� VHULHV� �ILYH� JURXSV� RI� WKUHH�

VWXGHQWV�DQG�RQH�JURXS�RI�IRXU���$�WRWDO�RI�����TXHVWLRQQDLUHV�ZHUH�FROOHFWHG�

IURP� WKH� VWXGHQWV� RI� WKH� VL[� FODVVHV� ZKHUH� OHVVRQV� ZHUH� REVHUYHG�� 7KH�

UHVSRQVHV�RI� WKH�TXHVWLRQQDLUH�DQG� LQWHUYLHZ�DUH�JURXSHG�DURXQG���� VWXGHQW�

H[SHULHQFHV�RI�WKH�OHVVRQV�DQG����WKH�GLIIHUHQFHV�RI�WKH�0DWHULDOV�OHVVRQV�ZLWK�

WKH�QRUPDO�SK\VLFDO�VFLHQFH�OHVVRQV���
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+RZ�VWXGHQWV�H[SHULHQFHG�WKH�OHVVRQV"�

2I�WKH�����VWXGHQWV����� LQGLFDWHG� WKDW� WKH\� OLNHG�DOO�RI� WKH� OHVVRQV�RI� WKH�

0DWHULDOV� WRSLF�� 6WXGHQWV� UHIHUUHG� WR� WKH� DFWLYLWLHV� DQG� H[SHULPHQWV� WKH\� KDG�

FDUULHG�RXW�GXULQJ�WKH�OHVVRQV��WKH�UHODWLRQ�WR�HYHU\GD\�OLIH��NQRZLQJ�ZKDW�WR�

ZHDU�GXULQJ�WKH�GLIIHUHQW�VHDVRQV�DQG�KRZ�WR�FOHDQ�WKHP��DQG�IXWXUH�DFWLYLWLHV�

OLNH�EXLOGLQJ�KRXVHV��7KH\�KDG�EHHQ�PRUH�LQYROYHG�EHFDXVH�WKH\�KDG�FDUULHG�

RXW�WKH�DFWLYLWLHV�E\�WKHPVHOYHV��7\SLFDO�FRPPHQWV�LQFOXGHG��
,�OHDUQW�VRPHWKLQJ��

E\�GRLQJ�WKLQJV��
,W�ZDV�YHU\�XQGHUVWDQGDEOH
��
/HVVRQV�ZHUH�ZHOO�SUHSDUHG
�DQG�
WHDFKHU�ZDV�

QLFH�«
��.QRZOHGJH�IRU�HYHU\�GD\�OLIH��VLPSOH�DQG�LQWHUHVWLQJ
��
H[SODQDWLRQ�ZDV�FOHDU
���

,Q� WKH� LQWHUYLHZ�VWXGHQWV� UHLWHUDWHG� WKHVH�YLHZV��6WXGHQWV� IURP�DOO� VFKRROV�

IHOW�WKDW�WKH�OHVVRQV�KDG�EHHQ�PXFK�QLFHU�EHFDXVH�WKH\�ZHUH�PRUH�SUDFWLFDO�DQG�

HDVLHU�WR�XQGHUVWDQG��QRW�OLNH�WKRVH�OHVVRQV�ZKHUH�
\RX�QHHG�WR�UHPHPEHU�WKH�SHULRGLF�

WDEOH�DQG�DOO�WKRVH
��7HDFKHUV�VHHPHG�EHWWHU�SUHSDUHG�IRU�WKH�OHVVRQV��DFFRUGLQJ�

WR�VWXGHQWV�RI�WZR�VFKRROV��DQG�WKH�ZD\�WKH�OHVVRQV�ZHUH�FRQGXFWHG�KDG�PDGH�

OHDUQLQJ�HDV\��6WXGHQWV�RI�RQH�VFKRRO�VDLG�WKH\�KDG�SDLG�PRUH�DWWHQWLRQ�GXULQJ�

WKH�OHVVRQV��2QH�VWXGHQW�LQ�.DWLPD�0XOLOR�IHOW�WKDW�WKH�OHVVRQV�KDG�HQFRXUDJHG�

KLP�WR�VWDUW�PDNLQJ�KLV�RZQ�KRXVH��DV�WKH�VNLOOV�QHHGHG�IRU�WKLV��PDNLQJ�EULFNV��

WKDWFKLQJ�URRIV��KDG�EHHQ�FRYHUHG�LQ�WKH�FODVV��+H�ZHQW�RQ�WR�GHVFULEH�KRZ�KH�

ZRXOG�JR�WR�WKH�EXVK�WR�FXW�SROHV�IRU�WKH�URRI��

$OO� OHVVRQV� LQ� WKH� OHVVRQ� VHULHV� ZHUH� LQFOXGHG� LQ� WKH� VWXGHQWV
� OLVW� RI�

IDYRXULWH� OHVVRQV��7KLV� OLVW�ZDV� WRSSHG�E\� WKH� OHVVRQV�RQ� 
%ULFN�PDNLQJ
� ����

WLPHV���
)LEUHV�DQG�IDEULFV
�����WLPHV��PHQWLRQHG�E\�WZR�FODVVHV�RQO\���
7HVWLQJ�

URRILQJ� PDWHULDOV� �EXLOGLQJ� KRXVHV�WHVWLQJ� KRXVHV�EXLOGLQJ� PDWHULDOV
� ����

WLPHV���7KH�PDLQ�UHDVRQV�VWXGHQWV�JDYH�IRU�WKHLU�FKRLFH� LQFOXGH�WKH�IDFW�WKDW�

WKH\� WKLQN�ZKDW� WKH\�KDYH� OHDUQHG� LV� UHOHYDQW� IRU� WKHP� LQ�GDLO\� OLIH�� DQG� WKH�

IDFW� WKDW� WKH\�KDG�EHHQ� LQYROYHG� LQ� WKH�FODVV�DFWLYLWLHV��2QH�VWXGHQW�IHOW� WKDW�

WKH�OHVVRQ��ZKLFK�GHDOW�ZLWK�FHUDPLFV��ZDV�WKH�EHVW�EHFDXVH� 
FHUDPLF�LV�PDGH�E\�

XV� EODFN� SHRSOH� KHUH� LQ� RXU� UHJLRQ�� &DSULYL
�� 7\SLFDO� FRPPHQWV� E\� VWXGHQWV� DUH�

VKRZQ�LQ�WDEOH�������

�
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7DEOH�������%HVW�OLNHG�OHVVRQV�PHQWLRQHG�E\�VWXGHQWV��Q �����

6SHFLILF�OHVVRQV� &RPPHQWV�

)LEUHV�DQG�IDEULFV�

�Q ����


,�OHDUQW�ZKLFK�FORWKHV�WR�ZHDU��KRZ�WR�FOHDQ�WKHP��,�

XQGHUVWRRG�WKH�H[SHULPHQW�DQG�WKH�FODVVLILFDWLRQ
 ��
,�OHDUQW�

WKH�TXDOLW\�RI�GLIIHUHQW�PDWHULDOV
��
QLFH�JURXS�ZRUN�DQG�

H[SHULPHQW
�

%ULFN�PDNLQJ�

�Q ����


,�DP�DEOH�WR�PDNH�EULFNV�IRU�LQ�WKH�IXWXUH
��
/HDUQ�KRZ�WR�

PDNH�D�EULFN��,�KDG�WR�GR�LW�E\�P\VHOI
��
:H�OHDUQW�KRZ�WR�

PDNH�EULFNV
��ZH�ZHUH�LQYROYHG�LQ� WKH�FODVV
��
,�FDQ�PDNH�P\�

RZQ�EULFNV�DQG�KRXVH�LQ�IXWXUH��
LW�ZDV�LQWHUHVWLQJ
 �

5RRILQJ�EXLOGLQJ�

PDWHULDOV��EXLOGLQJ�

KRXVHV��Q ����


,
P�DEOH�WR�EXLOG�D�JRRG�KRXVH
��
,�QHYHU�EXLOG�D�KRXVH
��
,�

XQGHUVWRRG�WKH�H[SHULPHQW
��
,�FDQ�PDNH�URRIV��NQRZ�ZKLFK�

URRI�LV�D�JRRG�LVRODWRU��\RX�FDQ�EXLOG�\RXU�RZQ�KRXVH
��
,W�

KHOSHG�PH�WR�NQRZ�ZKLFK�KRXVH�LV�ZDUP�DQG�ZKLFK�LV�

H[SHQVLYH
�

�

6WXGHQWV�LQGLFDWHG�WKDW�WKHUH�ZHUH�IHZ�OHVVRQV�WKH\�GLG�QRW�OLNH��+RZHYHU��

WKH\�GLG�QRW�OLNH�WKH�EUHDNLQJ�RI�PDWHULDOV�YHU\�PXFK��
EHFDXVH�LW�LV�GDQJHURXV
�

����WLPHV���6RPH�VWXGHQWV������IRXQG�WKH�
ILEUHV�DQG�IDEULFV
�H[SHULPHQWV�WRR�

FRPSOLFDWHG�DQG�WRR�WLPH�FRQVXPLQJ��

�

+RZ�ZHUH�WKH�OHVVRQV�GLIIHUHQW�IURP�WKH�QRUPDO�SK\VLFDO�VFLHQFH�OHVVRQV"�

6WXGHQWV�RI�ILYH�RI�WKH�VL[�VFKRROV�LQGLFDWHG�WKDW�WKH�0DWHULDOV�OHVVRQV�ZHUH�

GLIIHUHQW� IURP� WKH�QRUPDO�SK\VLFDO� VFLHQFH� OHVVRQV��)RXU�JURXSV�RI� VWXGHQWV�

LQGLFDWHG� WKDW� WKHLU� XVXDO� SK\VLFDO� VFLHQFH� OHVVRQV� ZHUH� DOPRVW� H[FOXVLYHO\�

WKHRUHWLFDO�� OLVWHQLQJ�WR�WKH�WHDFKHU�DQG�FRS\LQJ�QRWHV�IURP�WKH�ERDUG� �
LQ�WKH�

QRUPDO�SK\VLFDO�VFLHQFH�OHVVRQ�LW�LV�VR�ERULQJ��EXW�LQ�WKH�PDWHULDOV�ZH�ZHUH�ORRNLQJ�ZLWK�WKH�

PDWHULDOV� DQG� H[SHULPHQWHG� D� ORW
��� $W� WKH� PRVW� WKHUH� ZRXOG� EH� D� VKRUW�

GHPRQVWUDWLRQ�E\�WKH�WHDFKHU��6WXGHQWV�IURP�VFKRRO���KDG�QRW�GRQH�SUDFWLFDO�

ZRUN�KDOI�ZD\�WKURXJK�WKH�\HDU�LQ�*UDGH�����QRU�WKH�\HDU�EHIRUH�LQ�*UDGH�����
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6WXGHQWV� IURP� WKH� FODVVHV� RI� WKH� WZR� IHPDOH� WHDFKHUV� LQGLFDWHG� WKDW� WKHLU�

XVXDO�OHVVRQV�DOVR�KDG�SUDFWLFDO�DFWLYLWLHV��EXW�WKDW�WKH�SUDFWLFDOV�LQ�WKH�0DWHULDOV�

OHVVRQV�KDG�EHHQ�HDVLHU� WR�XQGHUVWDQG��DQG�ZHUH�PRUH�VWUXFWXUHG�DQG�EHWWHU�

RUJDQLVHG�� 7KHUH� ZDV� DOVR� PRUH� GLVFLSOLQH� DQG� FRRSHUDWLRQ� GXULQJ� WKH�

DFWLYLWLHV�� ,Q� DGGLWLRQ�� VWXGHQWV� IURP� DOO� VFKRROV� LQGLFDWHG� WKDW� WKH� ODQJXDJH�

XVHG� LQ� WKH� WH[WERRN� DQG� LQ� WKH� FODVV� GXULQJ� WKH�0DWHULDOV� OHVVRQV� KDG�EHHQ�

VLPSOHU�WKDQ�LQ�WKH�QRUPDO�OHVVRQV�DQG�HDVLHU�WR�XQGHUVWDQG��

6WXGHQWV� RI� WKUHH� VFKRROV� UHIHUUHG� WR� WKH� FRQWHQW� RI� WKH� OHVVRQV� EHLQJ�

GLIIHUHQW�IURP�WKH�QRUPDO�OHVVRQV��
ZH�GLG�QRW�QHHG�DOO�WKLV�IDQF\�FKHPLFDOV��OLNH�DFLG�

DQG� FDOFLXP� FKORULGH�� ZH� FRXOG� XVH� RXU� QRUPDO� WKLQJV�
��� ,QVWHDG�� WKH� OHVVRQV� ZHUH�

DERXW�PDWHULDOV�ZKLFK� \RX�FDQ�XVH� LQ� HYHU\GD\� OLIH��7KH� OHVVRQV�ZHUH� DERXW�

JHQHUDO�NQRZOHGJH��VWXGHQWV�IURP�RQH�VFKRRO���

�

������ 6WXGHQW�OHDUQLQJ�

�

6WXGHQW�OHDUQLQJ�ZDV�JDXJHG�LQ�WZR�ZD\V��)LUVW��VWXGHQWV�ZHUH�DVNHG�ZKDW�

WKH\� IHOW� WKH\�KDG� OHDUQHG� IURP� WKH�0DWHULDOV� OHVVRQV�� DQG� VHFRQG�� D� VWXGHQW�

WHVW�ZDV�DGPLQLVWHUHG�DW�WKH�HQG�RI�WKH�REVHUYDWLRQ�F\FOH���

�

��� :KDW�VWXGHQWV�IHOW�WKH\�OHDUQHG�IURP�WKH�OHVVRQV�DQG�KRZ�WKLV�FDQ�KHOS�LQ�GDLO\�OLIH"�

0RVW�VWXGHQWV�UHSRUWHG�WKH�WKLQJV�WKH\�KDG�OHDUQHG�DERXW�WKH�GLIIHUHQW�NLQG�

RI�PDWHULDOV�� VXFK� DV� DERXW� LQVXODWLQJ� SURSHUWLHV� RI� URRILQJ�PDWHULDOV�� EULFN�

PDNLQJ� DQG� KRZ� WKH\� FRXOG� XVH� WKLV� NQRZOHGJH� DW� KRPH�� 7DEOH� �����

VXPPDULVHV�WKH�PDLQ�UHVXOWV�IRU�VWXGHQWV�IURP�WKH�VL[�VFKRROV��6�WR�6�����

�
7DEOH�������:KDW�VWXGHQWV�IHOW�WKH\�OHDUQHG��Q �����

6FKRRO� 6�� 6�� 6�� 6�� 6�� 6�� 7RWDO�

8VHV��SURSHUWLHV�DQG�VWUXFWXUH�RI�PDWHULDOV� ��� �� ��� ��� �� �� ���

%XLOGLQJ�KRXVHV�WHVWLQJ�URRIV�� �� ��� �� �� �� �� ���

)LEUHV�DQG�IDEULFV��LQVXODWLRQ��VWUHWFKLQJ��

DELOLW\�WR�GU\��LGHQWLILFDWLRQ�� ��� ��� �� �� �� �� ���

%ULFN�PDNLQJ�� �� ��� �� ��� �� �� ���

&OHDQLQJ�PDWHULDOV��KRZ�WR�PL[�ZDWHU�

DQG�RLO�� ��� �� �� �� �� �� ���

/HJHQG� QXPEHUV LQ FROXPQV UHSUHVHQW WKH QXPEHU RI WLPHV D SDUWLFXODU LWHP ZDV PHQWLRQHG LQ WKH
VWXGHQW TXHVWLRQQDLUH�

�
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:KHQ�VWXGHQWV�ZHUH�DVNHG�WR�GHVFULEH�ZKDW�WKH\�KDG�OHDUQHG�WKDW�FRXOG�EH�

RI�KHOS�LQ�GDLO\�OLIH��WKH\�PRVWO\�UHIHUUHG�WR�WKH�YDULRXV�WRSLFV�LQ�WKH�0DWHULDOV�

OHVVRQ� VHULHV�� VXFK� DV� NQRZLQJ� KRZ� WR� XVH� WKH� GLIIHUHQW�PDWHULDOV� DW� KRPH��

KRZ�WR�PDNH�EULFNV��KRZ�WR�FOHDQ�PDWHULDOV��7DEOH������JLYHV�DQ�RYHUYLHZ�RI�

WKH�UHVSRQVHV��7KHUH�ZHUH�DOVR�PRUH�JHQHUDO�UHVSRQVHV��VXFK�DV�
WHOOLQJ�SHRSOH�

DERXW�WKH�OHVVRQV
��EXW�DOVR� 
GRLQJ�WKLQJV�IRU�\RXUVHOI
� �Q ���� 
WKLQJV�\RX�FDQ�

GR�IRU�D�MRE
��Q ����7KH�ODWWHU�WZR�KDYH�EHHQ�LQFOXGHG�LQ�WKH�FDWHJRU\�
RWKHU
��

�
7DEOH�������+RZ�FDQ�WKLV�KHOS�VWXGHQWV�LQ�WKHLU�GDLO\�OLYHV��Q �����

6FKRRO� 6�� 6�� 6�� 6�� 6�� 6�� 7RWDO�

8VH�RI�GLIIHUHQW�PDWHULDOV�DW�KRPH��DQG�

H[DPSOHV�� �� �� ��� �� �� �� ���

.QRZLQJ�KRZ�WR�EXLOG�KRXVHV� �� �� �� �� �� �� ���

7HOOLQJ�RWKHU�SHRSOH�DERXW�WKH�OHVVRQV� �� �� �� �� �� �� ���

.QRZLQJ�KRZ�WR�PDNH�EULFNV��IRU�

EXLOGLQJ�KRXVHV�� �� �� �� �� �� �� ���

+RZ�WR�FOHDQ�PDWHULDOV�DQG�KDQGV� ��� �� �� �� �� �� ���

)DEULFV�DQG�IDEULFV��ZKLFK�IDEULFV�WR�

ZHDU�ZKHQ�� �� �� �� �� �� �� ���

.QRZ�KRZ�WR�PDNH�D�URRI� �� �� �� �� �� �� ���

7HOOLQJ�RWKHU�SHRSOH�DERXW�WKH�OHVVRQV� �� �� �� �� �� �� ���

&DUH�WDNLQJ��PDWHULDOV�DUH�H[SHQVLYH�� �� �� �� �� �� �� ��

2WKHU� �� �� �� �� �� �� ���

/HJHQG� QXPEHUV LQ FROXPQV UHSUHVHQW WKH QXPEHU RI WLPHV D SDUWLFXODU LWHP ZDV PHQWLRQHG LQ WKH
VWXGHQW TXHVWLRQQDLUH

��� 6WXGHQW�WHVW�

�

� .DWLPD�0XOLOR�WHVW�

6WXGHQWV� IURP� WKH� WKUHH�.DWLPD�0XOLOR� VFKRROV� �RQH�*UDGH� ��� FODVV� SHU�

VFKRRO��WKDW�WRRN�SDUW�LQ�WKH�ILHOG�WHVW�ZURWH�WKH�WHVW��,Q�VFKRRO���D�WRWDO�RI����

VWXGHQWV� ���� JLUOV� DQG� ��� ER\V�� FRPSOHWHG� WKH� WHVW�� ,Q� VFKRRO� �� WKLV�ZDV� ���

VWXGHQWV�����JLUOV�DQG����ER\V��ZKLOH����VWXGHQWV�LQ�VFKRRO�������JLUOV�DQG����

ER\V��ZURWH�WKH�WHVW��7DEOH������VKRZV�WHVW�VFRUHV�IRU�WKH�WKUHH�.DWLPD�0XOLOR�

VFKRROV��2YHUDOO�VFRUHV�LQFOXGH�DOO�WHVW�LWHPV�IRU�DOO�VWXGHQWV�WRJHWKHU��6FKRRO�

��VFRUHG�EHWWHU���������WKDQ�VFKRROV���DQG����������DQG�������UHVSHFWLYHO\���

$YHUDJH� VFRUHV� LQ� VFKRRO� �� IRU� JLUOV� ��������ZHUH� VLPLODU� WR� WKRVH� IRU� ER\V�

���������,Q�WKH�RWKHU�WZR�VFKRROV�ER\V�GLG�EHWWHU�WKDQ�JLUOV���
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,I�RQO\�WKRVH�LWHPV�FRYHUHG�LQ�OHVVRQV�WKDW�ZHUH�FRQGXFWHG�ZLWK�REVHUYHUV�

LQ� WKH�EDFN�RI� WKH�FODVV�DUH� LQFOXGHG� LQ�FDOFXODWLQJ�VFRUHV� �VHH� WDEOH������IRU�

GHWDLOV���VFRUHV�IRU�VFKRRO���FRQWLQXH�WR�EH�KLJK��6FKRRO���DYHUDJH�VFRUHV�IRU�

WKLV�VXEVHW�LQFUHDVHG�WR��������RYHUDOO��ZLWK�VLPLODU�VFRUHV�IRU�ER\V�DQG�JLUOV�

ER\V��������YHUVXV���������6FKRROV���DQG���VFRUH�VOLJKWO\�ORZHU�LQ�WKLV�VXEVHW�

WKDQ�LQ�WKH�FRPSOHWH�VHW�RI�WHVW�LWHPV��

�

7DEOH�������6XPPDU\�RI�WHVW�VFRUHV�IRU�VFKRROV������DQG����.DWLPD�0XOLOR��

� 6FKRRO��� 6FKRRO��� 6FKRRO���

7HVW�VFRUHV� �Q ���� �Q ���� �Q ����

$OO�WHVW�LWHPV� � � �

� 0HDQ��6'�� 0HDQ��6'�� 0HDQ��6'��

2YHUDOO�� ������������ ����������� ������������

)HPDOH�VWXGHQWV� �������������Q ��� � �������������Q ��� � �������������Q ����

0DOH�VWXGHQWV� �������������Q ��� � ������������Q ���� �������������Q ����

,WHPV�UHODWHG�WR�REVHUYHG�OHVVRQV�RQO\�

� 0HDQ��6'�� 0HDQ��6'�� 0HDQ��6'��

2YHUDOO�� ������������ ������������ ������������

)HPDOH�VWXGHQWV� �������������Q ��� � �������������Q ���� �������������Q ����

0DOH�VWXGHQWV� �������������Q ���� �������������Q ���� �������������Q ����

�

7DEOH������VKRZV�PRUH�GHWDLOHG�VFRUHV�RI�LQGLYLGXDO�WHVW�LWHPV�SHU�VFKRRO��,W�

VKRZV�WKDW�WKH�PRUH�WKHRUHWLFDO�LWHPV�VFRUH�ORZ��$�TXHVWLRQ�RQ�WKH�WHVW��LWHP�

��� LQYROYLQJ�SXWWLQJ�PDWHULDOV� LQ�WZR�FDWHJRULHV��WKRVH�WKDW�VKDWWHU�DQG�WKRVH�

WKDW�GRQ
W���D�SUDFWLFDO�DFWLYLW\�LQ�RQH�RI�WKH�OHVVRQV��VKRZV�D�VFRUH�RI�������LQ�

VFKRRO� ��� +RZHYHU�� D� IROORZ�XS� LWHP� ��G�� UHODWLQJ� WKH� VKDWWHULQJ� WR� WKH�

FKHPLFDO� VWUXFWXUH� RI� WKH� PDWHULDOV� ZDV�� E\� FRQWUDVW�� DQVZHUHG� YHU\� SRRUO\�

����������
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4XHVWLRQ� �� �LWHPV� ������ �D�E� VFRUH�ZHOO�� DOVR� E\� VWXGHQWV� KDYH� QRW� FRYHUHG�

WKHVH�OHVVRQV��6FKRRO���VWXGHQWV�VFRUH�ORZ�RQ�TXHVWLRQ��F��LWHP����RQ�KRZ�WR�

LQFUHDVH�WKH�FRPSUHVVLYH�VWUHQJWK�RI�EULFNV���7KH\�DUH�WKH�RQO\�FODVV�ZKR�KDG�

WHVWHG� WKH� VWUHQJWK� RI� EULFNV�� +RZHYHU�� GXULQJ� WKH� OHVVRQ�� WKH� UHODWLRQ�

EHWZHHQ� WKH� VWUHQJWK� RI� WKH� EULFN� DQG� LWV� FHPHQW� FRQWHQW�ZDV� QRW� SURSHUO\�

HVWDEOLVKHG� �VHH� VHFWLRQ� �������� $OVR� IDFWXDO� NQRZOHGJH� RQ� KRZ� FHPHQW� LV�

PDGH� �LWHP� �H��� LV� DQVZHUHG� SRRUO\� ��������� E\� DOO� VWXGHQWV�� 4XHVWLRQ� ��

DERXW�WKH�VWUXFWXUHV�RI�GLIIHUHQW�SRO\PHUV��LWHPV���������RQ�WKH�VWUXFWXUH�DQG�

SURSHUWLHV� RI� SRO\PHUV�� ZDV� QRW� DQVZHUHG� YHU\� ZHOO�� HVSHFLDOO\� QRW� E\� WKH�

VWXGHQWV� LQ� VFKRRO� �� �ZKR� KDG� FRYHUHG� WKDW� OHVVRQ� LQ� FODVV�� EXW� ZKHUH� WKH�

WHDFKHU� KDG� SUREOHPV� ZLWK� WKH� WKHRU\���4XHVWLRQ� �� �LWHPV� ������� RQ� ILEUHV�

DQG�WKH�GLIIHUHQFH�EHWZHHQ�QDWXUDO�DQG�V\QWKHWLF�ILEUHV�LV�DQVZHUHG�UHDVRQDEO\�

ZHOO�E\�VWXGHQWV�IURP�DOO�VFKRROV��4XHVWLRQ����LWHPV���������UHODWLQJ�WKH�XVH�RI�

PDWHULDOV�WR�WKHLU�SURSHUWLHV��VKRZV�VLPLODU�VFRUHV�IRU�DOO�WKUHH�VFKRROV��

�

4XHVWLRQ� �� �LWHPV� ������� LV� FRYHUHG� LQ� WKH� OHVVRQV� RI� VFKRROV� �� DQG� ���

6WXGHQWV�VFRUH� LQ� WKHVH� LWHPV�DUH��������������VFKRRO����DQG�������������

�VFKRRO�����4XHVWLRQ����RQ� WKH� DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�JUDVV� URRIV��

JHQHUDOO\�XVHG�LQ�.DWLPD�0XOLOR��LWHPV���������LQ�FRPSDULVRQ�ZLWK�FRUUXJDWHG�

LURQ� URRIV�� ZHUH� ZHOO� DQVZHUHG� �������� E\� VWXGHQWV� LQ� VFKRRO� ���� EXW� DOVR�

UHDVRQDEO\�ZHOO�E\�VWXGHQWV�IURP�WKH�RWKHU�VFKRROV�ZKR�KDG�QRW�FRYHUHG�WKH�

WRSLF� LQ�FODVV��6RPHKRZ�� WKLV�PLJKW�EH�FRQVLGHUHG� WR�EH�JHQHUDO�NQRZOHGJH��

4XHVWLRQ����LWHP�����ZDV�DQVZHUHG�YHU\�SRRUO\�E\�DOO�VWXGHQWV��

�



0DWHULDOV VWXG\ ���

7DEOH�������6FRUHV�RI�VWXGHQW�WHVW�IRU�WKH�WKUHH�.DWLPD�0XOLOR�VFKRROV�
�

� � � 6FKRRO��� 6FKRRO��� 6FKRRO���

4XHVWLRQ� ,WHP��� /HVVRQ� �Q ���� �Q ���� �Q ����

�D� �� �� ����� � ������ � ����� ✓�
�E� �� �� ����� � ����� � ����� ✓�
�F� �� �� ����� � ����� � ����� ✓�
�G� �� �� ����� � ����� � ����� ✓�
�D� �� ���� ����� � ������ � ����� �

�E� �� ������� ����� � ����� ✓� ����� �

�F� �� ��� ����� � ����� ✓� ����� �

�G� �� ��� ���� � ����� ✓� ���� �

�H� �� ���� ����� � ����� � ����� �

�I� ��� ���� ����� � ����� � ����� �

�J� ��� ���� ����� � ����� � ����� �

�D� ��� �� ����� � ����� � ����� ✓�
�E� ��� �� ����� � ����� � ����� ✓�
�F� ��� �� ����� � ����� � ����� ✓�
�G� ��� �� ���� � ����� � ���� ✓�
�H� ��� �� ����� � ����� � ����� ✓�
�D� ��� ��� ����� ✓� ����� ✓� ����� �

�E� ��� ��� ����� ✓� ����� ✓� ����� �

�F� ��� ��� ����� ✓� ����� ✓� ����� �

�LL� ��� �� ����� � ����� � ����� ✓�
�LLL� ��� �� ����� � ����� � ����� ✓�
�LY� ��� �� ����� � ����� � ����� ✓�
�Y� ��� �� ����� � ����� � ����� ✓�
�YL� ��� �� ����� � ����� � ����� ✓�
�YLL� ��� �� ����� � ����� � ����� ✓�
�YLLL� ��� �� ����� � ����� � ����� ✓�
�D� ��� ��� ����� ✓� ����� ✓� ����� �

�E� ��� ��� ����� ✓� ����� ✓� ����� �

�F� ��� ��� ����� ✓� ����� ✓� ����� �

�G� ��� ��� ����� ✓� ����� ✓� ����� �

�H� ��� ��� ����� ✓� ����� ✓� ����� �

�D� ��� ���� ����� � ����� ✓� ����� �

�E� ��� ���� ����� � ����� ✓� ����� �

�F� ��� ���� ����� � ����� ✓� ����� �

�G� ��� ���� ����� � ����� ✓� ����� �

�H� ��� ���� ����� � ����� ✓� ����� �

�� ��� ��� ����� ✓� �� � �� �

/HJHQG� 
 3HUFHQWDJH VFRUHV SHU LWHP SHU FODVV
✓ LWHPV FRYHUHG LQ WKH OHVVRQV WKDW ZHUH REVHUYHG
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� .HHWPDQVKRRS�WHVW��

,Q� WKH� .HHWPDQVKRRS� UHJLRQ�� WKUHH� FODVVHV� RI� VFKRRO� �� SDUWLFLSDWHG� LQ� D�

GLIIHUHQW� DQG� VKRUWHU� VWXGHQW� WHVW�� 7KHUH� ZDV� QR� LQIRUPDWLRQ� FROOHFWHG� RQ�

JHQGHU��7DEOH������JLYHV�WKH�VXPPDU\�WHVW�VFRUHV�IRU�WKH�WKUHH�FODVVHV���

�

7DEOH�������6XPPDU\�RI�WHVW�VFRUHV�IRU�FODVVHV���$����%�DQG���&��.HHWPDQVKRRS�VFKRRO����
�

7HVW�VFRUHV� 6FKRRO���

&ODVV� ��$��Q ���� ��%��Q ���� ��&��Q ����

� 0HDQ��6'�� 0HDQ��6'�� 0HDQ��6'��

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

/HJHQG� 
 3HUFHQWDJH VFRUHV

7KH� DYHUDJH� VFRUHV� RI� WKH� WKUHH� FODVVHV� LQ� WKH� VDPH� VFKRROV� KDYH� EHHQ�

FDOFXODWHG� E\� DYHUDJLQJ� WKH� WRWDO� VFRUHV� RI� DOO� VWXGHQWV� LQ� HDFK� FODVV�� 7KH�

DYHUDJH�VFRUHV�RI�WKH�WKUHH�FODVVHV�DUH�DOO�EHWZHHQ����DQG������DQ�DFFHSWDEOH�

VFRUH� LQ� WKH�1DPLELDQ� FRQWH[W�� 7DEOH� ����� VKRZV� LWHP� VFRUHV� IRU� WKH� WKUHH�

FODVVHV�LQ�WKH�.HHWPDQVKRRS�VFKRRO��

�

7DEOH�������,WHP�VFRUHV�RI�VWXGHQW�WHVW�IRU�FODVVHV���$��%�	�&�LQ�RQH�.HHWPDQVKRRS�VFKRRO�
�

&ODVV� ���$��Q ���� ���%��Q ���� ��&��Q ����

4XHVWLRQ� ,WHP��� /HVVRQ� 6FRUH� 6FRUH� 6FRUH�

4�� �� �� ����� ����� �����

4�� �� �� ���� ����� ����

4�� �� �� ����� ����� �����

D$� �� �� ����� ����� ����

D%� �� �� ����� ����� �����

D&� �� �� ����� ����� �����

E$� �� �� ���� ���� ����

E%� �� �� ���� ���� ����

E&� �� �� ���� ���� ����

ELLD� ��� �� ����� ����� �����

ELLE� ��� �� ����� ����� �����

ELLLD� ��� �� ����� ����� �����

ELLLE� ��� �� ����� ����� �����

ELYD� ��� �� ����� ����� �����

ELYE� ��� �� ����� ����� �����

/HJHQG� 
 3HUFHQWDJH VFRUHV SHU LWHP SHU FODVV



0DWHULDOV VWXG\ ���

,Q� WDEOH� �����SHU� LWHP� VFRUHV� IRU� DOO� LWHPV� LQ� WKH� WHVW� DUH�SURYLGHG�� ,WHPV�

WKDW� WHVW� VWXGHQWV
� XQGHUVWDQGLQJ� RI� WKH� XVH� RI�PDWHULDOV� LQ� UHODWLRQ� WR� WKHLU�

SURSHUWLHV��LWHPV�����������VHH�WDEOH�������DOO�VFRUH�ZHOO�LQ�WKH�.HHWPDQVKRRS�

WHVW��+RZHYHU��LWHPV�UHODWHG�WR�WKH�VWUXFWXUH�RI�SRO\PHU�PROHFXOHV��LWHPV������

���VFRUH�YHU\�ORZ�LQ�DOO�WKUHH�FODVVHV��7KHVH�.HHWPDQVKRRS�UHVXOWV�DUH�LQ�OLQH�

ZLWK� WKH� UHVXOWV� IURP� WKH� .DWLPD� 0XOLOR� WHVW�� ,WHPV� WHVWLQJ� VWXGHQWV
�

XQGHUVWDQGLQJ�RQ�WKH�XVH�RI�PDWHULDOV�UHODWHG�WR�WKHLU�SURSHUWLHV�VHHP�WR�KDYH�

VFRUHG�ZHOO�� ZKLOH� WKRVH� LWHPV� KDYLQJ� WR� GR�ZLWK� ERQGLQJ� DQG� VWUXFWXUH� RI�

PDWHULDOV� DUH� DQVZHUHG� UDWKHU� SRRUO\�� ,Q� DGGLWLRQ�� VRPH� RI� WKH� UHVXOWV� RI�

VFKRRO����.DWLPD�0XOLOR��VHHP�WR�FRQILUP�ZKDW�ZDV�REVHUYHG�LQ�FODVV��QDPHO\�

WKDW� WKH� H[SHULPHQWDO� UHVXOWV� ZHUH� QRW� SURSHUO\� FRQQHFWHG� WR� WKH�

XQGHUSLQQLQJ�WKHRU\��+RZHYHU��ZLWK�WKH�VPDOO�QXPEHU�RI�VWXGHQWV�LQYROYHG�LQ�

WKH�WHVW��WKLV�FDQ�RQO\�EH�FRQVLGHUHG�DV�D�ILUVW�KLQW�LQ�WKDW�GLUHFWLRQ��

�

�

���� &RQFOXVLRQV�IURP�WKH�0DWHULDOV�VWXG\��

�
'XULQJ�WKH�VWXG\��GHVLJQHUV�KDG�WKH�RSSRUWXQLW\�WR�HYDOXDWH�WKH�SUDFWLFDOLW\�

DQG�HIIHFWLYHQHVV�RI�SURWRW\SH�WHDFKHU�VXSSRUW�PDWHULDOV�LQ�WKH�FODVVURRP�IRU�

WKH�WRSLF�RI�0DWHULDOV��7KH�GHVLJQ�VSHFLILFDWLRQV��RXWOLQHG�LQ�FKDSWHU����WDEOH�

����LQ�VHFWLRQ��������ZHUH�XVHG�DV�D�EDVLV�IRU�WKH�GHYHORSPHQW�RI�WKH�WHDFKHU�

VXSSRUW�PDWHULDOV��7KH�UHVXOWV�RI�WKH�WKUHH�F\FOHV�RI�GHVLJQ�DQG�HYDOXDWLRQ�RI�

WKH� PDWHULDOV� VKRZ�� ZLWKLQ� OLPLWV�� WKDW� WKH� WHDFKHU� VXSSRUW� PDWHULDOV� DUH�

SUDFWLFDO� DQG� HIIHFWLYH� LQ� WKH� VLWXDWLRQV� LQ�ZKLFK� WKH\�ZHUH� XVHG�� L�H�� LQ� VFLHQFH�

FODVVHV�LQ�MXQLRU�VHFRQGDU\�VFKRROV�LQ�1DPLELD���

�

7KH�VXSSRUW�PDWHULDOV�DUH�SUDFWLFDO�

7KH� ILHOG� WHVW� VXJJHVWV� WKDW� WKH�PDWHULDOV� DUH� SUDFWLFDO��2EVHUYHUV� UHFRUGHG�

WKDW� WHDFKHUV� ZHUH� TXLWH� FRPIRUWDEOH� ZLWK� WKH� XVH� RI� WKH� PDWHULDOV�� 6RPH�

WHDFKHUV� XVHG� WKH�PDWHULDOV� WR� WKH� OHWWHU��ZKLOH�RWKHUV� XVHG� WKHP�DV� D�EURDG�

JXLGH�� DV� D� EDVLV� IRU� H[HFXWLQJ� WKHLU� OHVVRQV�� 0RVW� OHVVRQV� SURFHHGHG�

VPRRWKO\�� FUHDWLQJ� PXFK� H[FLWHPHQW� DPRQJ� WHDFKHUV� DQG� VWXGHQWV� DOLNH�� $�

FRQVLGHUDEOH�LQFUHDVH�LQ�WKH�SUDFWLFDOLW\�RI�WKH�PDWHULDOV�WRRN�SODFH�GXULQJ�WKH�

GHYHORSPHQW�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�LQ�WKH�F\FOLF�DSSURDFK�RI�GHVLJQ�

DQG� IRUPDWLYH� HYDOXDWLRQ�� 'LUHFWHG� E\� WKH� UHVXOWV� RI� WKH� HDUOLHU� HYDOXDWLRQ�

DFWLYLWLHV��HVSHFLDOO\�WKH�WU\�RXW���WKH�GHVLJQHUV�KDG�WR�UHWKLQN�WKH�IRFXV�RI�WKH�
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WRSLF�LQ�RUGHU�WR�SURYLGH�D�SURSHU�OLQN�EHWZHHQ�WKH�WKHRU\�XQGHUSLQQLQJ�WKH�

WRSLF�DQG�SURSRVHG�SUDFWLFDO�DFWLYLWLHV� LQ�WKH� OHVVRQV��7KH�OHVVRQ�VXJJHVWLRQV�

LQ�WKH�VXSSRUW�PDWHULDOV�XQGHUZHQW�FKDQJHV��VRPHWLPHV�FRQVLGHUDEOH�RQHV��WR�

DFFRPPRGDWH� VKRUWFRPLQJV� REVHUYHG�GXULQJ� OHVVRQ� H[HFXWLRQV�� WHDFKHU� DQG�

VWXGHQW� LQWHUYLHZV� DQG� ORJERRNV�� ,Q� VRPH� FDVHV�� FRPSOHWH� OHVVRQV� ZHUH�

H[FKDQJHG�IRU�RWKHU�RQHV��H�J��LQWURGXFWRU\�OHVVRQV�LQ�WKH�RULJLQDO�YHUVLRQ�RI�

WKH�PDWHULDOV��YHUVLRQ������ZHUH�FRPSOHWHO\�UHPRYHG�DQG�UHSODFHG�E\�RWKHUV��

9HUVLRQ� ����� XVHG� LQ� WKH� ILHOG� WHVW�� VHHPHG� WR� SRVH� YHU\� IHZ� SUREOHPV� WR�

WHDFKHUV��H[FHSW�IRU�WKH�OHVVRQV�RQ�ILEUHV�DQG�IDEULFV���

7LPH�UHTXLUHG�IRU�WKH�OHVVRQV�UHPDLQHG�SUREOHPDWLF�WKURXJKRXW�WKH�OHVVRQ�

VHULHV��2QO\�RQH�RI�WKH�VL[�WHDFKHUV�H[HFXWHG�WKH�OHVVRQV�LQ�WKH�WLPH�DOORFDWHG�

LQ� WKH� WHDFKHU� VXSSRUW� PDWHULDOV�� 7KUHH� WHDFKHUV� DOORZHG� WKHPVHOYHV� PRUH�

WLPH� LQ�VRPH� OHVVRQV�E\�FDUU\LQJ�RYHU� WKH�FRQFOXVLRQ�SDUW�RI� OHVVRQV� WR� WKH�

QH[W�SHULRG��7ZR� WHDFKHUV� XVHG� ELJJHU� EORFNV� RI� WLPH� LQ� WKH� DIWHUQRRQ� DQG�

FRPELQHG� OHVVRQV�� ,Q� VXFK� D� ZD\�� WKH� WHDFKHUV� FUHDWHG� VRPH� GHJUHH� RI�

IOH[LELOLW\� LQ� WHUPV� RI� WLPH� IRU� WKH� H[HFXWLRQ� RI� WKH� OHVVRQV�� 7LPH� LV� D�

FRQWLQXRXV� SUREOHP� LQ� WKH� H[HFXWLRQ� RI� WKH� OHVVRQV�� EXW� WHDFKHUV� VHHP� WR�

DGGUHVV� WKHVH� LQ� WKHLU�RZQ�ZD\V��GHSHQGLQJ�RQ�WKH�FLUFXPVWDQFHV� WKH\�ZRUN�

LQ��DQG�WKHLU�RZQ�SUHIHUHQFHV���

�

7KH�WHDFKHU�VXSSRUW�PDWHULDOV�DUH�SDUWLDOO\�HIIHFWLYH�

(IIHFWLYHQHVV�RI�WKH�PDWHULDOV�ZDV�JDXJHG�E\�ORRNLQJ�DW�WKH�HIIHFWV�WKH�XVH�

RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�KDG�RQ�WKH�H[HFXWLRQ�RI�WKH�0DWHULDOV� OHVVRQ�

DQG� WKH� WHDFKLQJ� DSSURDFK� WHDFKHUV� DGRSWHG�� ,Q� DGGLWLRQ�� HIIHFWLYHQHVV� LQ�

WHUPV�RI�VWXGHQW�OHDUQLQJ�ZDV�FKHFNHG�E\�ZD\�RI�D�VWXGHQW�WHVW���

)URP� FODVVURRP� REVHUYDWLRQV�� DV� ZHOO� DV� IURP� WHDFKHU� DQG� VWXGHQW�

TXHVWLRQQDLUH� DQG� LQWHUYLHZ� GDWD�� LW� ZDV� FOHDU� WKDW� DOO� WHDFKHUV� ZHUH� ZHOO�

SUHSDUHG�IRU�WKH�OHVVRQV��7KH\�KDG�D�SODQ�IRU�DOO�OHVVRQV�ZLWK�D�VWDUW��ERG\�DQG�

FRQFOXVLRQ�� DQG� VHHPHG� FRQILGHQW� WR� WDNH� RQ� WKH� MRE��0RVW� RI� WKH� OHVVRQV�

ZHUH�FDUULHG�RXW�ZLWK� WKH� WHDFKHU�XVLQJ�D� OHDUQHU�FHQWUHG� WHDFKLQJ� VW\OH�� DQG�

HPSOR\HG�ORWV�RI�SUDFWLFDO�DFWLYLWLHV�FDUULHG�RXW�E\�JURXSV�RI�VWXGHQWV��7KHUH�

ZHUH�JURXS�GLVFXVVLRQV�DQG�SOHQDU\�UHSRUWLQJ�VHVVLRQV��7HDFKHUV�KDG�OHIW�WKHLU�

XVXDO� GRPLQDQW� SRVLWLRQ� �WDONLQJ� IRU� PRVW� RI� WKH� OHVVRQ��� DOWKRXJK� QRW� LQ�

HYHU\�OHVVRQ��)URP�LQWHUYLHZV�ZLWK�WHDFKHUV�DQG�VWXGHQWV��LW�EHFDPH�FOHDU�WKDW�

WKH\�KDG�H[SHULHQFHG�WKH�0DWHULDOV�OHVVRQV�DV�UDWKHU�GLIIHUHQW�IURP�WKH�QRUPDO�

OHVVRQV�� 7KH� OHVVRQV�ZHUH�PRUH� SUDFWLFDO� DQG� EHWWHU� RUJDQLVHG�� ,Q� DGGLWLRQ��



0DWHULDOV VWXG\ ���

DFWLYLWLHV� KDG� PRUH� VWUXFWXUH� WKDQ� XVXDO� DQG� VWXGHQWV� SDLG� PRUH� DWWHQWLRQ��

6WXGHQWV�IHOW�WKDW�WHDFKHUV�KDG�SDLG�PRUH�DWWHQWLRQ�WR�WKHP�DQG�WKDW�WKH\�ZHUH�


QLFH
�WR�WKHP���

:KDW�ZDV�REVHUYHG�LQ�WKH�FODVVURRP��EXW�DOVR�ZKDW�WHDFKHUV�DQG�VWXGHQWV�

LQGLFDWHG� DV� GLIIHUHQW� IURP� WKH� XVXDO� SK\VLFDO� VFLHQFH� OHVVRQV�� OHDGV� WR� WKH�

FRQFOXVLRQ�WKDW�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�KDYH�EHHQ�HIIHFWLYH�LQ�FRQWULEXWLQJ�

WR� ZHOO� RUJDQLVHG� OHVVRQV� RQ� D� QHZ� WRSLF� LQ� WKH�1DPLELDQ� V\OODEXV�� ,W� DOVR�

OHDGV� WR� WKH� FRQFOXVLRQ� WKDW� WKH� VXSSRUW� PDWHULDOV� KDYH� FRQWULEXWHG� WR� D�

OHDUQHU�FHQWUHG�WHDFKLQJ�VW\OH���

�

$OWKRXJK�WKH�FXUULFXOXP�SURILOH�LQGLFDWHV�WKDW�PRVW�SUDFWLFDO�DFWLYLWLHV�ZHUH�

URXQGHG�RII�E\�GUDZLQJ�FRQFOXVLRQV�IURP�WKH�H[SHULPHQWDO�UHVXOWV��WKH�ZD\�LQ�

ZKLFK� WKLV� KDSSHQHG� OHIW� PXFK� WR� EH� GHVLUHG� LQ� PDQ\� OHVVRQV�� ,Q� VRPH�

OHVVRQV�� GUDZLQJ� FRQFOXVLRQV� ZDV� QRW� PXFK� PRUH� WKDQ� D� VXPPDU\� RI� WKH�

ILQGLQJV�� )XUWKHUPRUH�� LW� WXUQHG� RXW� WKDW� VRPH� RI� WKH� H[SHULPHQWV� VKRZHG�

XQH[SHFWHG� UHVXOWV��5DWKHU� WKDQ�XVLQJ� WKLV�DV� D�SRLQW�RI�GLVFXVVLRQ�� WHDFKHUV�

RIWHQ�FKRRVH�WR�LJQRUH�LW��RU�HYHQ�VNLS�WKH�FRQFOXVLRQ�SDUW�DOWRJHWKHU��,W�ZDV�

FOHDU� WKDW� VRPH� RI� WKH� WHDFKHUV� ZHUH� RSHUDWLQJ� DW� WKH� RXWHU� OLPLW� RI� WKHLU�

VXEMHFW� NQRZOHGJH�� 7KH\� GLG� QRW� YHQWXUH� LQWR� LQVHFXUH� DUHDV� IRU� IHDU� WKH\�

PLJKW� ORVH� FUHGLELOLW\�ZLWK� WKHLU� VWXGHQWV��7KLV�REYLRXVO\�KDV�KDG� HIIHFWV�RQ�

WKH�H[HFXWLRQ�RI�WKH�OHVVRQV��+RPHZRUN�ZDV�VHOGRP�XVHG�WR�FRQVROLGDWH�DQG�

DV�D�FKHFN�RI�ZKDW�ZDV�OHDUQHG�GXULQJ�WKH�OHVVRQV���

�

)URP� VWXGHQW� TXHVWLRQQDLUHV� DQG� VWXGHQW� LQWHUYLHZV� LW� KDV� EHFRPH�

DSSDUHQW� WKDW� HIIHFWLYHQHVV�� LQ� WHUPV� RI� WKH� VWXGHQWV� OHDUQLQJ�� LV� HVSHFLDOO\�

HYLGHQW� LQ�DUHDV� WKDW�DUH� FORVH� WR� WKHP�DQG� WKDW�DUH�EDVHG�RQ� WKHLU�GDLO\� OLIH�

H[SHULHQFHV��)RU�LQVWDQFH��WKH\�KDYH�FRPH�WR�DQ�XQGHUVWDQGLQJ�WKDW�WKDWFK�LV�D�

EHWWHU�LQVXODWRU�WKDQ�FRUUXJDWHG�LURQ��DQG�ZK\�WKDW�LV��'XULQJ�WKH�OHVVRQV�WKH\�

KDYH� SUDFWLVHG� VNLOOV� WKDW� DUH� XVHIXO� IRU� WKHP� LQ� WKHLU� GDLO\� OLYHV�� VXFK� DV�

PDNLQJ� EULFNV� DQG� EXLOGLQJ� URRIV�� 7KH� UHVXOWV� RI� WKH� VWXGHQW� WHVW� VHHP� WR�

FRQILUP� WKDW� VWXGHQWV� HVSHFLDOO\� JDLQHG� LQ� WKH�PRUH� SUDFWLFDO� DUHDV�� EXW� WKDW�

DFKLHYHPHQW�DW� WKH� WKHRUHWLFDO� OHYHO�ZDV�UDWKHU� OLPLWHG��6XUSULVLQJO\�� WKH�JLUOV�

LQ�VFKRRO���GLG�DW�OHDVW�DV�ZHOO�DV�WKH�ER\V�LQ�WKH�FODVV��ZKLFK�LV�QRUPDOO\�QRW�

WKH� FDVH� LQ� $IULFDQ� FODVVHV�� 7KH� IDFW� WKDW� WKH� WHDFKHU� LV� IHPDOH�PLJKW� KDYH�

VRPHWKLQJ�WR�GR�ZLWK�LW���

�
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,QLWLDO�SRVLWLYH�H[SHULHQFHV�

7HDFKHU� UHVSRQVHV� LQ� LQWHUYLHZV� DQG� LQ� TXHVWLRQQDLUHV� LQGLFDWH� WKDW� WKH\�

WKHPVHOYHV�KDYH�HQMR\HG�WKH�OHVVRQV��5HDVRQV�JLYHQ�E\�WHDFKHUV�IRU�OLNLQJ�RU�

GLVOLNLQJ� D� OHVVRQ�VKRZHG� WKDW� WHDFKHUV�� WKHPVHOYHV��ZHUH�DOVR� OHDUQLQJ� IURP�

WKH� OHVVRQV��7KH�UHDVRQV�JLYHQ�UHIHUUHG�PRVWO\� WR� WKHPVHOYHV�� UDWKHU� WKDQ�WR�

WKHLU�VWXGHQWV��H[FHSW�LQ�RQH�FDVH�ZKHUH�LW�LV�DERXW�KRZ�ZHOO�VWXGHQWV�ZRUNHG�

LQ� WKH� OHVVRQ�� 7KH� OHVVRQV� ZRUNHG� RXW� ZHOO�� KDG� EHHQ� ZHOO� RUJDQLVHG�� ZHUH�

OLYHO\��DQG�\HW�WKH�VWXGHQWV�ZHUH�ZHOO�EHKDYHG��3UDFWLFDO�DFWLYLWLHV��DSSDUHQWO\�

QHZ�IRU�VRPH�RI�WKH�WHDFKHUV��KDG�ZRUNHG�RXW�ZHOO��VWXGHQWV�ZHUH�H[FLWHG�DQG�

KDG� SDLG� DWWHQWLRQ�� 7HDFKHUV� ZHUH� VXUSULVHG� E\� ZKDW� VWXGHQWV� FRXOG� GR� E\�

WKHPVHOYHV�� ZHUH� LPSUHVVHG� E\� WKH� TXHVWLRQV� DQG� VXJJHVWLRQV� GXULQJ� WKH�

OHVVRQ��$OO�LQ�DOO��LW�KDG�EHHQ�D�SRVLWLYH�H[SHULHQFH�IRU�WHDFKHUV���

�

)HHGEDFN�WR�FXUULFXOXP�GHYHORSHUV�

7KH� :RUNLQJ� *URXS� KDG� IRUPXODWHG� DV� RQH� RI� WKH� PDLQ� DLPV� RI� WKH�

0DWHULDOV� WRSLF� WR� FUHDWH� D� SUDFWLFDO� RULHQWHG� WRSLF� HVSHFLDOO\� IRU� VWXGHQWV� LQ�

UXUDO� VFKRROV� ZKR� KDYH� RQO\� OLPLWHG� DFFHVV� WR� HTXLSPHQW�� 7KH� VXSSRUW�

PDWHULDOV� KDYH� DVVLVWHG� DFKLHYLQJ� WKLV� DLP�� 7KH� WKHRUHWLFDO� EDVLV� IRU� WKH�

H[HFXWLRQ�RI� WKH� OHVVRQV� ��XVHV�SURSHUWLHV�VWUXFWXUH�RI�PDWHULDOV� �� VHHPHG� WR�

KDYH�ZRUNHG�YHU\�ZHOO��7HVW�VFRUHV�LQGLFDWH�WKDW�VWXGHQWV�KDYH�XQGHUVWRRG�WKH�

LGHD�WKDW�WKH�XVH�RI�PDWHULDOV�LV�GHWHUPLQHG�E\�WKHLU�SURSHUWLHV��+RZHYHU��WKH�

OLQN�EHWZHHQ�SURSHUWLHV�DQG�WKH�VWUXFWXUH�RI�WKH�PDWHULDOV�DSSHDUV�WR�EH�UDWKHU�

PRUH� GLIILFXOW� IRU� WKH� VWXGHQWV�� LQ� ERWK� UHJLRQV�� 6FKHPDWLF� GUDZLQJV� RI�

VWUXFWXUHV� RI� SRO\PHUV� VHHP� EH\RQG� FRPSUHKHQVLRQ� IRU�PRVW� OHDUQHUV�� EXW�

DOVR� IRU� D� QXPEHU� RI� WHDFKHUV�� HVSHFLDOO\� WKH� RQHV� ZLWKRXW� D� EDVLF� VXEMHFW�

NQRZOHGJH��7KLV�PDQLIHVWHG� LWVHOI� LQ�WKH�FODVVURRP�RI�WZR�WHDFKHUV��DQG�ZDV�

DOVR�UHIOHFWHG�LQ�WKH�WHVW�UHVXOWV� LQ�WKLV�SDUWLFXODU�DUHD��7KH�FRQFOXVLRQ�VHHPV�

MXVWLILHG� WKDW�SDUW�RI� WKH� WRSLF�GHDOLQJ�ZLWK�ERQGLQJ�DQG�VWUXFWXUH�VKRXOG�EH�

VLPSOLILHG��2U��LI�WKDW�SURYHV�WR�EH�GLIILFXOW��LW�VKRXOG�EH�RPLWWHG�DOWRJHWKHU���

$� VHFRQG� DUHD� RI� FRQFHUQ� LV� WKH� VHFWLRQ� RQ� ILEUHV� DQG� IDEULFV�� $OWKRXJK�

KLJK�RQ�WKH�OLVW�RI�IDYRXULWH�OHVVRQV��RI�WHDFKHUV�DQG�VWXGHQWV���WKHUH�DSSHDUHG�

WR� EH� D� ODUJH� QXPEHU� RI� GLIILFXOWLHV� WKDW�PDGH� WKH� H[HFXWLRQ� RI� WKH� OHVVRQV�

FXPEHUVRPH� DQG� WKH� UHVXOWV� RI� WKH� SUDFWLFDO� DFWLYLWLHV� GLIILFXOW� WR� LQWHUSUHW��

3UHSDUDWLRQ�RI�WKH�ILEUHV�OHVVRQV�ZDV�WLPH�FRQVXPLQJ�EHFDXVH�LW�ZDV�GLIILFXOW�

WR�ILQG�DOO�WKH�QHFHVVDU\�IDEULFV��2QH�WHDFKHU�VSHQW�D�IXOO�GD\�RQ�WKLV��'XULQJ�

WKH� FODVVURRP� REVHUYDWLRQV�� WZR� WHDFKHUV� WULHG� WKHVH� OHVVRQV� �WZR� SUDFWLFDO�
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OHVVRQV� DQG� D� OHVVRQ� UHSRUWLQJ� UHVXOWV�� OHVVRQV� ���� ��� DQG� ���� ZLWK� WKHLU�

FODVVHV��7KH�ILUVW� OHVVRQ�ZDV�KDPSHUHG�E\�WKH�DEVHQFH�RI�D�PLFURVFRSH��7KH�

DOWHUQDWLYH� RI� D� KDQG� OHQV� GLG� QRW� SURYLGH� HQRXJK� LQIRUPDWLRQ� WR� GUDZ�

VWUXFWXUHV�RI�ILEUHV��7KLV�PDGH�WKH�OHVVRQ�QRW�RQO\�OHVV�GUDPDWLF��EXW�LW�PDGH�

GUDZLQJ�FRQFOXVLRQ�DERXW�ILEUH�VWUXFWXUH�GLIILFXOW��7KH�VHFRQG�OHVVRQ�VXIIHUHG�

IURP� WKH� IDFW� WKDW� LW� ZDV� GLIILFXOW� WR� LGHQWLI\� WKH� QDWXUH� RI� WKH� PDWHULDOV�

VWXGHQWV�XVHG�IRU�WKH�WHVW�WKH\�FDUULHG�RXW���ZDV� LW�Q\ORQ��SRO\HVWHU��D�PL[�RI�

WKH�WZR"�:DV�LW�ZRRO��RU�ZDV�LW�D�ZRRO�OLNH�PDWHULDO�OLNH�DFU\OLF"�:DV�LW�FRWWRQ�

RU�ZDV� LW� VRPHWKLQJ�HOVH"���$OWKRXJK� WHVWLQJ� WKH� LQVXODWLQJ�SURSHUWLHV�RI� WKH�

PDWHULDOV�ZRUNHG�ZHOO� �LQ�RQH�VFKRRO� VWXGHQWV�XVHG�EHHU�ERWWOHV�DV�EHDNHUV���

WKH� UHVXOWV� ZHUH� HUUDWLF� DQG� FUHDWHG� FRQIXVLRQ� DPRQJ� WKH� VWXGHQWV� DQG�

GLVDSSRLQWPHQW�ZLWK�WKH�WHDFKHU���

7LPH�ZDV� D� FRQWLQXRXV� FRQFHUQ�GXULQJ� WKH�H[HFXWLRQ�RI� WKH� OHVVRQ� LQ� WKH�

0DWHULDOV� OHVVRQ�VHULHV��%RWK�WKH�WLPH�SHU� OHVVRQ��EXW�DOVR�WKH�WLPH�QHHGHG�WR�

FRPSOHWH� WKH� WRSLF�DV� D�ZKROH��$�PLQLPXP�RI���� OHVVRQV� �ZLWKRXW� WLPH� IRU�

UHYLVLRQ� DQG� ZULWLQJ� WHVWV�� LV� UHTXLUHG� IRU� WKH� WRSLF��:LWK� IRXU� SHULRGV� SHU�

ZHHN� IRU� SK\VLFDO� VFLHQFH�� WKLV� PHDQV� WKDW� DW� OHDVW� IRXU� ZHHNV� QHHG� WR� EH�

UHVHUYHG�IRU�WKH�0DWHULDOV�WRSLF��7KLV�VHHPV�TXLWH�D�ORW�RI�WLPH��LQ�YLHZ�RI�WKH�

QXPEHU� RI� RWKHU� WRSLFV� LQ� WKH� V\OODEXV� DQG� WKH� WLPH� DYDLODEOH� WR� FRPSOHWH�

WKHVH��7KHUH� LV� WKHUHIRUH� D�QHHG� WR� VKRUWHQ� WKH� WRSLF��7KH� OHVVRQV�RQ� ILEUHV�

DQG�RQ�WKH�VWUXFWXUHV�RI�SRO\PHUV�VHHP�ILUVW� LQ�OLQH�WR�EH�UHPRYHG�IURP�WKH�

WRSLF��$OWHUQDWLYHO\��RQH�FRXOG�FRQVLGHU�WDNLQJ�RXW�VRPH�RI�WKH�PRUH�HODERUDWH�

OHVVRQV� RI� WKH� WRSLF� �VXFK� DV� WKH� RQHV� RQ� ILEUHV��� DQG� GHDO� ZLWK� WKHVH� DV�

VWXGHQW�SURMHFWV�� WR�EH�FDUULHG�RXW�DV�RXW�RI�FODVV�DFWLYLWLHV� LQ� WKH�DIWHUQRRQ��

6XFK�SURMHFWV�FRXOG�DOVR�EH�XVHG�IRU�FRQWLQXRXV�DVVHVVPHQW�DW�VFKRRO��6XFK�D�

VWUDWHJ\�ZRXOG�SURYLGH� LPSHWXV� WR� DQ� DUHD� LQ� WKH� FXUULFXOXP� WKDW� KDV� XS� WR�

QRZ�EHHQ�XQGHUGHYHORSHG���

�

6XJJHVWLRQV�IRU�WKH�ILQDO�YHUVLRQ�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV���

6SHFLILF� LVVXHV� WR� FRQVLGHU� IRU� LQFRUSRUDWLRQ� LQ� WKH� ILQDO� YHUVLRQ� RI� WKH�

0DWHULDOV�WHDFKHU�VXSSRUW�PDWHULDOV���

�

� :RUNVKHHWV�

'XULQJ� WKH� WU\�RXW�� WHDFKHUV� LQWURGXFHG� ZRUNVKHHWV� WR� JXLGH� SUDFWLFDO�

DFWLYLWLHV��7KHVH�VHHPHG�WR�ZRUN�ZHOO��'XULQJ�UHYLVLRQ�RI�WKH�WHDFKHU�VXSSRUW�

PDWHULDOV� IRU� D� VPDOO� QXPEHU� RI� OHVVRQV�� ZRUNVKHHWV� ZHUH� LQWURGXFHG��
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'HVLJQHUV� ZHUH� DPELYDOHQW� DERXW� WKH� XVH� RI� ZRUNVKHHWV� LQ� WKH� FODVVURRP��

)LUVWO\��ZRUNVKHHWV�HDVLO\�OHDG�WR�D��SUDFWLFDO��DFWLYLW\�EHLQJ�UHGXFHG�WR�FDUU\LQJ�

RXW� LQVWUXFWLRQV� DQG� DQVZHULQJ� WKH� TXHVWLRQV� DV� DQ� DFWLYLW\� RQ� LW� RZQ� �FI��

3URSKHW�	�5RZHOO���������7KH�ZRUNVKHHW�EHFRPHV�WKH�DFWLYLW\��6HFRQGO\��QRW�

DOO� VFKRROV� LQ� WKH� UXUDO� DUHDV� DUH� LQ� D� SRVLWLRQ� WR� SURYLGH� ZRUNVKHHWV� WR� DOO�

VWXGHQWV� EHFDXVH� RI� ODFN� RI� SDSHU� DQG� GXSOLFDWLQJ� IDFLOLWLHV�� $OWKRXJK� UXUDO�

VFKRROV�GR�QRW�DOZD\V�KDYH�WKH�SRVVLELOLW\�WR�XVH�ZRUNVKHHWV��VRPH�H[HPSODU\�

ZRUNVKHHWV� ZHUH� LQFOXGHG� LQ� WKH� VXSSRUW� PDWHULDOV�� ,W� ZDV� REVHUYHG� WKDW�

WHDFKHUV�LQ�RQO\�IRXU�RI�WKH�OHVVRQV�XVHG�WKHVH�IRU�WKHLU�OHVVRQV���

�

� &OHDUHU�VXSSRUW�IRU�GUDZLQJ�FRQFOXVLRQV�

'UDZLQJ� FRQFOXVLRQV�ZDV� QRW� DOZD\V� FDUULHG� RXW� LQ� WKH� HIIHFWLYH�PDQQHU��

7HDFKHUV�DSSHDUHG�WR�KDYH�SUREOHPV�ZLWK�HPEHGGLQJ�WKH�SUDFWLFDO�DFWLYLW\�LQ�

WKH� OHVVRQ� DLPV�� 3UDFWLFDOV� ZHUH� LQ� VRPH� FDVHV� WUHDWHG� DV� DFWLYLWLHV� LQ�

WKHPVHOYHV��QRW�QHFHVVDULO\�FRQQHFWHG�WR�WKH�JRDOV�RI�WKH�OHVVRQ��7KLV�KDV�DOVR�

EHHQ�REVHUYHG� LQ�RWKHU� VWXGLHV� LQ� WKH�1DPLELDQ� FRQWH[W� �FI��.DSHQGD� HW� DO��

�������7R�VXSSRUW�WKLV�IXUWKHU�LQ�WKH�WHDFKHU�PDWHULDOV��D�FOHDU�GHVFULSWLRQ�RI�

KRZ�WKH�DFWLYLWLHV�GXULQJ�WKH�OHVVRQV�FRQWULEXWH�WR�DFKLHYLQJ�WKH�OHVVRQ�DLPV��

2WKHU�DUHDV�RI�FRQFHUQ�LQ�WKLV�UHVSHFW�DUH�WKH�OLPLWHG�WLPH�DYDLODEOH�DW�WKH�HQG�

RI�WKH�OHVVRQV��DQG�WKH�VXEMHFW�NQRZOHGJH�RI�VRPH�RI�WKH�WHDFKHUV���

�

� 6XSSRUW�IRU�FRQVROLGDWLQJ�OHDUQLQJ�UHVXOWV�

6XJJHVWLRQV� IRU� FRQVROLGDWLQJ� ZKDW� KDV� EHHQ� OHDUQHG� DW� WKH� HQG� RI� WKH�

OHVVRQ�QHHG�WR�EH�VWUHQJWKHQHG��7KLV�FDQ�EH�LQ�WKH�IRUP�RI�KRPHZRUN��HYHQ�

WKRXJK�KRPHZRUN�VHHPHG�D�UHJXODU�IHDWXUH�LQ�RQO\�VRPH�VFKRROV���DW�WKH�HQG�

RI�WKH�OHVVRQ��RU�DW�WKH�EHJLQQLQJ�RI�QH[W�OHVVRQ��6XFK�DFWLYLWLHV�ZLOO�IRFXV�RQ�

VWXGHQW� TXHVWLRQV� �IURP� WH[WERRN�� DQG� DGGLWLRQDO� TXHVWLRQV� LQ� WKH� WHDFKHU�

VXSSRUW�PDWHULDOV��

�

� 'LVFXVVLRQ�RQ�WKH�DFFXUDF\�RI�WHVW�PHWKRGV�

,Q�VRPH�RI�WKH�OHVVRQV�WKHUH�ZHUH�SRVVLELOLWLHV�WR�GLVFXVV�WKH�PHWKRGV�XVHG�

GXULQJ� WKH�SUDFWLFDO� DFWLYLWLHV�� DQG� HVSHFLDOO\� WKH� DFFXUDF\� RI� WKHVH�PHWKRGV��

(�J��WKH�XVH�RI�D�¶FODVV�PDVV·�LQ�WKH�WHVWLQJ�RI�EULFNV�ZRUNHG�ZHOO�EXW�DOVR�JDYH�

ULVH� WR�FRPPHQWV�DERXW� VXFK� WHVW�PHWKRGV��6XSSRUW� IRU�D�GLVFXVVLRQ�RQ� WKH�

DFFXUDF\�RI� WKH�PHWKRG�XVHG�DQG�VXJJHVWLRQV� IRU�SRVVLEOH� LPSURYHPHQWV�RI�

WKH�PHWKRG���
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� &OHDUHU�LQVWUXFWLRQV�IRU�JURXS�VL]H�

7R� FRXQWHU� WKH� IRUPDWLRQ� RI� ELJ� JURXSV� �XS� WR� ������ VWXGHQWV�� GXULQJ�

SUDFWLFDO�ZRUN��DV�REVHUYHG�LQ�VRPH�FODVVHV��FOHDUHU�GLUHFWLRQV�LQ�WKLV�DUHD�QHHG�

WR�EH�LQFOXGHG�LQ�WKH�OHVVRQ�VXJJHVWLRQV���

�

� /LVW�RI�PDWHULDOV�DQG�HTXLSPHQW�UHTXLUHG�IRU�WKH�WRSLF�DV�D�ZKROH�

7HDFKHUV� LQGLFDWHG� WKDW� WKH\� ZRXOG� DSSUHFLDWH� DQ� RYHUYLHZ� RI� DOO� WKH�

HTXLSPHQW�DQG�PDWHULDOV�UHTXLUHG�GXULQJ�DOO�RI�WKH�OHVVRQV���

�

7KHVH� FRQVLGHUDWLRQV� KDYH� OHG� WR� DQ� DGDSWHG� YHUVLRQ� RI� WKH� GHVLJQ�

VSHFLILFDWLRQV��VHH�WDEOH��������7KHVH�DGDSWHG�VSHFLILFDWLRQV�KDYH�EHHQ�XVHG�LQ�

GHYHORSLQJ�WKH�ILQDO�YHUVLRQ�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��YHUVLRQ������IRU�

WKH�0DWHULDOV� OHVVRQV��6HH� DSSHQGL[� ����� IRU� D� VDPSOH� OHVVRQ�RI� WKLV� YHUVLRQ��

DQG�ZZZ�GHFLGHQHW�QO�UHVHDUFK�WVPBQDPLELD�KWP�IRU�WKH�IXOO�YHUVLRQ��

�

7KH� UHVXOWV� RI� WKH� 0DWHULDOV� VWXG\� VKRZ� WKDW� WKH� RULJLQDO� GHVLJQ�

VSHFLILFDWLRQV� IRU� WHDFKHU� VXSSRUW� PDWHULDOV� UHPDLQ� D� VROLG� EDVLV� IRU� WKH�

GHYHORSPHQW� RI� WHDFKHU� VXSSRUW� PDWHULDOV� IRU� VFLHQFH� WHDFKHUV� LQ� MXQLRU�

VHFRQGDU\�VFKRROV�LQ�1DPLELD��7R�DGGUHVV�WKH�REVHUYHG�FRQVWUDLQWV�DQG�ZHDN�

DUHDV� LQ� OHVVRQ�H[HFXWLRQ��DQG� WR� LQFRUSRUDWH� VRPH�VXJJHVWLRQV�DQG�UHTXHVWV�

IURP�WHDFKHUV��D�QXPEHU�RI�DGGLWLRQV�DQG�ILQH�WXQLQJV�KDYH�EHHQ�SURSRVHG�WR�

WKH�GUDIW� GHVLJQ� VSHFLILFDWLRQV� IRUPXODWHG� DQG� WHVWHG� LQ� WKH�6FLHQWLILF� 3URFHVVHV�

VWXG\��

�
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7DEOH�������'HVLJQ�VSHFLILFDWLRQV�IRU�WHDFKHU�VXSSRUW�PDWHULDOV�IRU�VFLHQFH�WHDFKHUV�LQ�1DPLELD�

&DWDO\VW�IXQFWLRQ� 'HVLJQ�VSHFLILFDWLRQV�

2YHUYLHZ�RI�DOO�OHVVRQV�LQ�WRSLF�

� LQWURGXFWLRQ�WR�WKH�WRSLF �

� VKRUW�GHVFULSWLRQ�RI�DOO�OHVVRQV �

� OLVW�RI�PDWHULDOV�DQG�HTXLSPHQW�UHTXLUHG�IRU�WKH�

WRSLF�DV�D�ZKROH�

6XSSRUW�IRU�OHVVRQ�

SUHSDUDWLRQ�

�

*HQHUDO�GHVFULSWLRQ�RI�OHVVRQ��

� GHVFULSWLRQ�RI�ZKDW�WKH�OHVVRQ�ZLOO�ORRN�OLNH �

� DLPV�RI�WKH�OHVVRQ��YHU\�FOHDU�GHVFULSWLRQ�RI�WKH�

SXUSRVH�RI�WKH�OHVVRQ��DQG�KRZ�DFWLYLWLHV�

FRQWULEXWH�WR�WKH�OHVVRQ�DLPV�

� UHIHUHQFHV�WR�UHVRXUFH�PDWHULDOV�DQG�IXUWKHU�UHDGLQJ��

DQG�RU�LQFOXVLRQ�RI�UHOHYDQW�SDJHV�IURP�WKH�WH[WERRN� �

� /HVVRQ�SUHSDUDWLRQ��

� SRVVLEOH�GLIILFXOWLHV�GXULQJ�WKH�OHVVRQ �

� PDWHULDOV�UHTXLUHG�GXULQJ�WKH�OHVVRQ�DQG�SRVVLEOH�

DOWHUQDWLYHV�LI�QRW�DYDLODEOH �

6XSSRUW�IRU�VXEMHFW�

NQRZOHGJH�

6XEMHFW�FRQWHQW��

� IDFWXDO�LQIRUPDWLRQ�RQ��GLIILFXOW��FRQFHSWV �

� SRVVLEOH�VWXGHQW�TXHVWLRQV�DQG�DQVZHUV �

6XSSRUW�IRU�WHDFKLQJ�

PHWKRGRORJ\�

7HDFKLQJ�VWUDWHJLHV��

� FRQFUHWH�VXJJHVWLRQV�IRU�WKH�UROH�RI�WKH�WHDFKHU �

� VXJJHVWLRQV�IRU�JURXSLQJ �

� VXJJHVWLRQV�RQ�KRZ�WR�KDQG�RXW�PDWHULDOV �

� H[HPSODU\�ZRUNVKHHWV�WR�JXLGH�DFWLYLWLHV�

� VHTXHQFLQJ�RI�DFWLYLWLHV��LQFOXGLQJ�VWDUWLQJ�XS�DQG�

ILQLVKLQJ�RI�WKH�OHVVRQ�DQG�VXJJHVWLRQV�IRU�KRPHZRUN �

� VXJJHVWLRQV�IRU�TXHVWLRQV��DQG�SRVVLEOH�DQVZHUV��

WR�JXLGH�GUDZLQJ�FRQFOXVLRQV�IURP�SUDFWLFDO�

DFWLYLWLHV�DQG�FRQQHFWLRQ�WR�WKHRU\�

6XSSRUW�IRU�

FKHFNLQJ�OHDUQLQJ�

HIIHFWV�

/HDUQLQJ�HIIHFWV��

� VXJJHVWLRQV�IRU�VWXGHQW�DFWLYLWLHV��WHVW�TXHVWLRQV��DQG�

KRPHZRUN�WR�FKHFN�OHDUQLQJ�HIIHFWV�� �

/HJHQG� DGDSWDWLRQV WR RULJLQDO VSHFLILFDWLRQV DUH VKRZQ LQ EROG



0DWHULDOV VWXG\ ���

�

�

�

�



�

�
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'LVFXVVLRQ�
�

�

�

KDSWHUV���DQG���SUHVHQWHG�ILQGLQJV�RI�WKH�VHSDUDWH�VWXGLHV�FDUULHG�RXW�DV�SDUW�RI�

WKH�0D&�VWXG\��7KLV�FKDSWHU�ORRNV�DFURVV�WKH�WZR�VWXGLHV�DW�WKH�ILQGLQJV�RI�WKH�

0D&�VWXG\�DV�D�ZKROH��DQG�UHIOHFWV�RQ�WKHVH���

$�VKRUW�LQWURGXFWRU\�VHFWLRQ��VHFWLRQ������VXPPDULVHV�DLPV�DQG�UHVHDUFK�GHVLJQ�RI�WKH�0D&�

VWXG\��6HFWLRQ�����UHSRUWV�RQ�WKH�PDLQ� ILQGLQJV�RI� WKH�0D&�VWXG\��6HFWLRQ�����UHIOHFWV�RQ�

YDULRXV� DVSHFWV� RI� WKH� XVH� RI� WKH� GHYHORSPHQW� UHVHDUFK� DSSURDFK� LQ� WKH� VWXG\�� 6HFWLRQ� ����

UHYLHZV� WKH�REVHUYHG� FRQFHUQV�DQG�RSSRUWXQLWLHV� IRU� WKH� LPSOHPHQWDWLRQ�RI�D� OHDUQHU�FHQWUHG�

WHDFKLQJ�PHWKRGRORJ\�LQ�WKH�1DPLELDQ�FRQWH[W��6HFWLRQ�����KLJKOLJKWV�WKH�UHVXOWV�RI�WKH�XVH�

RI�WHDFKHU�VXSSRUW�PDWHULDOV�LQ�VLPLODU�VHWWLQJV�LQ�%RWVZDQD�DV�ZHOO�DV�WKH�SRWHQWLDO�RI�VXFK�

PDWHULDOV�LQ�RWKHU�SURIHVVLRQDO�GHYHORSPHQW�VFHQDULRV��

�

�

���� ,QWURGXFWLRQ�

�

$IWHU� LQGHSHQGHQFH� LQ� ������ WKH� 0LQLVWU\� RI� (GXFDWLRQ� DQG� &XOWXUH� LQ�

1DPLELD� VWDUWHG� ZLWK� DQ� H[WHQVLYH� SURJUDPPH� RI� HGXFDWLRQDO� UHIRUP� WR�

UHPHG\� LPEDODQFHV� RI� WKH� SDVW�� $� QHZ� VFLHQFH� FXUULFXOXP� ZDV� LQWURGXFHG��

VWDUWLQJ�DW�MXQLRU�VHFRQGDU\�VFKRRO�OHYHO��7KH�FXUULFXOXP�DGYRFDWHG�D�OHDUQHU�

FHQWUHG�WHDFKLQJ�PHWKRGRORJ\��DFWLYH�LQYROYHPHQW�RI�VWXGHQWV��H[SHULHQFHV�RI�

VWXGHQWV�DV�WKH�VWDUWLQJ�SRLQW�RI�OHVVRQV�DQG�FRQWHQW�UHOHYDQW�IRU�WKH�GDLO\�OLIH�

RI�VWXGHQWV��7KH�,167$17�3URMHFW�VXSSRUWHG�WKH�0LQLVWU\�RI�(GXFDWLRQ�DQG�

&XOWXUH�ZLWK�WKH�LPSOHPHQWDWLRQ�RI�WKH�QHZ�VFLHQFH�FXUULFXOXP�LQ�MXQLRU�DQG�

VHQLRU� VHFRQGDU\� VFKRROV� LQ� 1DPLELD�� ,WV� PXOWLWXGH� RI� DFWLYLWLHV� FDQ� EH�

FDWHJRULVHG�LQ�WKUHH�PDLQ�GRPDLQV��

� RUJDQLVDWLRQ� DQG� H[HFXWLRQ� RI� SURIHVVLRQDO� GHYHORSPHQW� DFWLYLWLHV� IRU�

WHDFKHUV��

� GHYHORSPHQW�RI�DQ�LQIUDVWUXFWXUH�IRU�UHJLRQDO�VXSSRUW�WR�VFLHQFH�WHDFKHUV��

� GHYHORSPHQW�RI�WHDFKHU�VXSSRUW�PDWHULDOV��

&�



��� &KDSWHU �

7KH�0DWHULDOV� DV�&DWDO\VW� �0D&�� VWXG\�ZDV� VHW� XS� LQ� VXSSRUW�RI� WKH� WKLUG�

GRPDLQ�RI�WKH�,167$17�3URMHFW��EXW�HYHQWXDOO\�DOVR�DIIHFWHG�WKH�RWKHU�WZR�

GRPDLQV�� 7KH� 0D&� VWXG\� VHW� RXW� WR� IRUPXODWH� FKDUDFWHULVWLFV� RI� PDWHULDOV��

ZKLFK� FRXOG� VXSSRUW� WHDFKHUV� ZLWK� WKH� LQLWLDO� LPSOHPHQWDWLRQ� RI� WKH� QHZ�

VFLHQFH�FXUULFXOXP�LQ�WKH�FODVVURRP�LQ�1DPLELD��7KH�,167$17�3URMHFW�KDG�

EHHQ� GHYHORSLQJ� PDWHULDOV� IRU� VRPH� WLPH�� EXW� WKH� HIIHFWLYHQHVV� RI� WKHVH�

PDWHULDOV�DQG�KRZ�WKH\�ZHUH�XVHG�LQ�WKH�FODVVURRP�ZDV�QHYHU�LQYHVWLJDWHG��,W�

ZDV� UHDOLVHG� WKDW� D�PRUH� V\VWHPDWLF� DSSURDFK� WR� GHVLJQ� DQG� HYDOXDWLRQ� ZDV�

QHFHVVDU\� LQ� RUGHU� WR� JHW� LQIRUPDWLRQ� DERXW� WKHVH� LVVXHV�� 7KH� VWXG\� ZDV�

FRQGXFWHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�,167$17�3URMHFW��WKH�UHVHDUFKHU�EHLQJ�D�

PHPEHU� RI� WKH� 3URMHFW� WHDP�� ,W� ZDV� UHDOLVHG� WKDW� WKH� LPSOHPHQWDWLRQ�

FRQGLWLRQV�ZHUH�IDU�IURP�LGHDO��WKRXJK�LW�ZDV�QRW�FRPSOHWHO\�FOHDU�DW�WKH�VWDUW�

RI�WKH�VWXG\�H[DFWO\�ZKDW�WKHVH�FRQGLWLRQV�ZHUH���

7KH�VWXG\�ZDV�H[HFXWHG�DV�D�WKUHH�VWDJH�WUDMHFWRU\�FRQVLVWLQJ�RI�D�IURQW�HQG�

DQDO\VLV�� D� SUHOLPLQDU\� VWXG\� �WKH� 6FLHQWLILF� 3URFHVVHV� VWXG\�� IRFXVLQJ� RQ� WKH�

GHVLJQ�DQG�IRUPDWLYH�HYDOXDWLRQ�RI�DQ�HDUO\�SURWRW\SH��DQG�WKH�PDLQ�VWXG\��WKH�

0DWHULDOV�VWXG\��IRFXVLQJ�RQ�WKH�SUDFWLFDOLW\�DQG�HIIHFWLYHQHVV�RI�WKH�PDWHULDOV��

5HVXOWV�REWDLQHG�LQ�RQH�VWDJH�ZHUH�XVHG�DV�LQSXW�LQ�WKH�QH[W�VWDJH���

7KH�IURQW�HQG�DQDO\VLV� UHVXOWHG� LQ�SUHOLPLQDU\�GHVLJQ�VSHFLILFDWLRQV��ZKLFK�

ZHUH� WHVWHG� LQ� WKH� 6FLHQWLILF� 3URFHVVHV� VWXG\�� 5HVXOWV� RI� WKLV� VWXG\� ZHUH�

LQFRUSRUDWHG�DQG�IXUWKHU�HODERUDWHG�LQ�WKH�0DWHULDOV�VWXG\���

7KH�0D&�VWXG\�XVHG�D�GHYHORSPHQW� UHVHDUFK�DSSURDFK� �$NNHU�������� IRU�

WKH�GHYHORSPHQW�RI� WHDFKHU� VXSSRUW�PDWHULDOV��'HVLJQ�DQG�HYDOXDWLRQ�RI� WKH�

PDWHULDOV� WRRN� SODFH� LQ� D� QXPEHU� RI� F\FOHV� LQYROYLQJ� WU\�RXW�� DSSUDLVDOV� DQG�

ILHOG�WHVWV���

7KLV�FKDSWHU�UHSRUWV�DQG�GLVFXVVHV�WKH�PDLQ�ILQGLQJV�RI�WKH�0D&�VWXG\����

�

�

���� 0DLQ�ILQGLQJV��

�

7KH�0D&�VWXG\�GHYHORSHG� WHDFKHU� VXSSRUW�PDWHULDOV� LQ� WZR� VHSDUDWH� VXE�

VWXGLHV��WKH�6FLHQWLILF�3URFHVVHV�VWXG\�DQG�WKH�0DWHULDOV�VWXG\��DLPHG�DW�*UDGH������

7KH� ILUVW� VWXG\� WHVWHG� SUHOLPLQDU\� GHVLJQ� VSHFLILFDWLRQV� IRU� VXFK� PDWHULDOV�

�DLPHG� DW�*UDGH� ���� IRUPXODWHG� RQ� WKH� EDVLV� RI� WKH� IURQW�HQG� DQDO\VLV�� 7KH�

VHFRQG�VWXG\�XVHG�WKHVH�SUHOLPLQDU\�VSHFLILFDWLRQV�IRU�IXUWKHU�GHYHORSPHQW�RI�

VXSSRUW�PDWHULDOV� �DLPHG� DW�*UDGH� ���� DQG� IRUPXODWHG�PRUH� GHILQLWH� GHVLJQ�



'LVFXVVLRQ ���

VSHFLILFDWLRQV�� 7KLV� VHFWLRQ� UHIOHFWV� RQ� WKH� PDLQ� ILQGLQJV�� 6HFWLRQ� ������

KLJKOLJKWV� WKH� REVHUYHG� HIIHFWV� RI� WKH� PDWHULDOV� RQ� WKH� H[HFXWLRQ� RI� WKH�

OHVVRQV�� ZKLOH� VHFWLRQ� ������ IRFXVHV� RQ� WKH� GHVLJQ� VSHFLILFDWLRQV� RI� WKH�

PDWHULDOV��6HFWLRQ�������UHIOHFWV�RQ�WKH�GHYHORSPHQW�SURFHVV�RI�WKH�PDWHULDOV��

6HFWLRQ� ������ ORRNV� DW� KRZ� WHDFKHUV� XVHG� WKH�PDWHULDOV� IRU� WKH� H[HFXWLRQ�RI�

WKHLU�OHVVRQV���

�

������ (IIHFWV�RI�WHDFKHU�VXSSRUW�PDWHULDOV���

�

([HFXWLRQ�RI�OHVVRQV�

%RWK�WKH�6FLHQWLILF�3URFHVVHV�VWXG\�DQG�WKH�0DWHULDOV�VWXG\�GUDZ�FRQFOXVLRQV�WR�

WKH� HIIHFW� WKDW� WKH� XVH� RI� WKH� WHDFKHU� VXSSRUW� PDWHULDOV� KDV� OHG� WR� ZHOO�

RUJDQLVHG�OHVVRQV�LQ�WKH�PDMRULW\�RI�FDVHV��7HDFKHUV�KDG�D�SODQ�IRU�WKH�OHVVRQV�

DQG�ZHUH�ZHOO�SUHSDUHG�IRU�WKH�OHVVRQV��(TXLSPHQW��PDWHULDOV�DQG�ZRUNVKHHWV�

�LI� DSSOLFDEOH�� ZHUH� UHDG\� EHIRUH� WKH� VWDUW� RI� WKH� OHVVRQV�� ,Q� WKH� 1DPLELDQ�

FRQWH[W� WKLV� LV� D� KXJH� VWHS� IRUZDUG�� 7HDFKHUV� IHOW� WKDW� PRVW� RI� WKH� OHVVRQ�

SODQQLQJ� KDG� DOUHDG\�EHHQ� GRQH� IRU� WKHP��6RPH� WHDFKHUV� LQGLFDWHG� WKDW� WKH�

DLPV� DQG� REMHFWLYHV� IRUPXODWHG� IRU� WKH� OHVVRQV� ZHUH� YHU\� KHOSIXO� LQ�

XQGHUVWDQGLQJ� ZKDW� QHHGHG� WR� EH� DFKLHYHG� GXULQJ� WKH� OHVVRQV�� ,Q� DGGLWLRQ��

WHDFKHUV�PHQWLRQHG� WKDW� WKH�VXSSRUW�PDWHULDOV�KDG�EHHQ�XVHIXO�DV�D� UHVRXUFH�

ZLWK�H[WUD�LQIRUPDWLRQ�RQ�WKH�WRSLF�RI�WKH�OHVVRQ��

�

'XULQJ� WKH� VWDUW� RI� WKH� OHVVRQV�� VWXGHQWV� ZHUH� UHJXODUO\� LQYROYHG� LQ�

GLVFXVVLRQV� UHIOHFWLQJ� RQ� VWXGHQW� LGHDV� DQG� VWXGHQW� H[SHULHQFHV� UHOHYDQW� IRU�

WKH� OHVVRQ�DQG� WKH� DFWLYLW\� WR�EH� H[HFXWHG�� ,Q�PDQ\�RI� WKH� OHVVRQV�� VWXGHQWV�

ZRUNLQJ�LQ�JURXSV��FDUULHG�RXW�SUDFWLFDO�ZRUN��'UDZLQJ�FRQFOXVLRQV�IURP�WKH�

SUDFWLFDO� DFWLYLWLHV�ZDV� D�SDUW�RI� WKH� OHVVRQ� WKDW� H[KLELWHG�YDU\LQJ�TXDOLW\�� ,Q�

RQH�FODVVURRP��JURXSV�RI�VWXGHQWV�UHSRUWHG�WKHLU�UHVXOWV�DQG�FRQFOXVLRQV�RI�D�

SUDFWLFDO� DFWLYLW\�� DIWHU�ZKLFK� WKH� WHDFKHU� OLQNHG� WKH� RXWFRPHV� WR� WKH� WKHRU\�

XVLQJ� SRVWHUV� SUHSDUHG� IURP� WKH� WHDFKHU� QRWHV� LQ� WKH� VXSSRUW�PDWHULDOV�� ,Q�

DQRWKHU�FODVV��EHFDXVH�RI�VKRUWDJH�RI�WLPH��QR�FRQFOXVLRQV�ZHUH�GUDZQ�DW�DOO��

EXW� VWXGHQWV�ZHUH� DVNHG� WR� GUDZ� FRQFOXVLRQV� E\� FRPSOHWLQJ� D�ZRUNVKHHW� DV�

KRPHZRUN��,Q�WKH�QH[W�OHVVRQ��KRZHYHU��WKLV�KRPHZRUN�ZDV�QRW�FKHFNHG���

7KH�LQWURGXFWRU\�OHVVRQV�LQ�WKH�0DWHULDOV�VWXG\�ZHUH�UHODWLYHO\�HDV\��D�VLPSOH�

FKXQN�RI� WKHRU\�� D� FOHDU� VHW� RI� DFWLYLWLHV� DQG� FRQFOXVLRQV� WR� EH� GUDZQ� IURP�

WKHVH�� &RQFOXVLRQV� ZHUH� GUDZQ� LQ� WKH� PDMRULW\� RI� WKHVH� OHVVRQV�� ,Q� PRUH�
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GLIILFXOW� OHVVRQV�� WKLV� KDSSHQHG� LQIUHTXHQWO\� DQG� QRW� DOZD\V� SURSHUO\��

&RQQHFWLQJ�FRQFOXVLRQV�WR�RULJLQDO�DLPV�RI�WKH�OHVVRQV�DQG�WR�WKHRU\�ZDV�QRW�

DOZD\V� GHDOW� ZLWK� LQ� D� SURSHU� ZD\�� .DSHQGD� HW� DO�� ������� REVHUYHG� VLPLODU�

SUDFWLFHV� LQ� WKH� 1DPLELDQ� FODVVURRP�� ZKHUH� SUDFWLFDO� DFWLYLWLHV� VHHP� WR�

SURYLGH� DQ� HQMR\DEOH� LQWURGXFWLRQ� WR� DQVZHULQJ� XQUHODWHG� TXHVWLRQV� RQ� D�

ZRUNVKHHW��&RQQHFWLQJ�WKH�RXWFRPHV�RI�DQ�DFWLYLW\�WR�WKHRU\�GHDOW�ZLWK�LQ�WKH�

�SUHYLRXV��OHVVRQ�UDUHO\�WRRN�SODFH���

7KH� FRQFOXVLRQ� LV� GUDZQ� WKDW� WKH� FRQQHFWLRQ� EHWZHHQ� WKH� VSHFLILF�

H[SHULPHQW�DQG�UHOHYDQW� WKHRU\�QHHGV� WR�EH� IXUWKHU� VWUHQJWKHQHG��VHH�FKDSWHU�

����7KLV�KDV�EHHQ�DGGUHVVHG�LQ�WKH�ILQDO�YHUVLRQ�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�

E\� IRUPXODWLQJ� WKH� OHVVRQ� REMHFWLYHV�PXFK� FOHDUHU� DQG� LQ�PRUH� GHWDLO� ZLWK� D�

FOHDU� GHVFULSWLRQ� RI� KRZ� WKH� SUDFWLFDO� DFWLYLWLHV� FRQWULEXWH� WR� DFKLHYLQJ� WKH�

OHVVRQ� DLPV�� )ROORZ�XS� UHVHDUFK� LV� UHFRPPHQGHG� WR� VHH� ZKHWKHU� VXFK� D�

VWURQJHU�FRQQHFWLRQ�LQ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�ZRXOG�LQGHHG�DFKLHYH�WKLV��

�

&ODVVURRPV�LQ�WKH�1DPLELD�KDYH�EHHQ�W\SLILHG�DV�SODFHV�ZKHUH�VWXGHQWV�DUH�

VLOHQW�DQG�ZKHUH�WKH�WHDFKHU�LV�WKH�GRPLQDQW�ILJXUH��FKDON�DQG�WDON�LV�WKH�XVXDO�

WHDFKLQJ� PHWKRG� �FKDSWHU� ���� ,Q� ERWK� WKH� 6FLHQWLILF� 3URFHVVHV� VWXG\� DQG� WKH�

0DWHULDOV� VWXG\�� FODVVURRP� REVHUYDWLRQV� VKRZHG� D� PXFK� OHVV� GRPLQDQW�

SRVLWLRQ� RI� WKH� WHDFKHU�� VWXGHQWV� ZHUH� LQYROYHG� WKURXJK� JURXS� ZRUN� DQG�

SUDFWLFDO� DFWLYLWLHV�� %RWK� WHDFKHUV� DQG� VWXGHQWV� FRQILUPHG� WKDW� VWXGHQW�

LQYROYHPHQW� LQ� WKH� OHVVRQV� ZDV� RQH� RI� WKH� PDLQ� GLIIHUHQFHV� EHWZHHQ� WKH�

OHVVRQV�VXSSRUWHG�E\�WKH�GHYHORSHG�PDWHULDOV�DQG�WKHLU�XVXDO�SK\VLFDO�VFLHQFH�

OHVVRQV�� 6WXGHQW� DOVR� LQGLFDWHG� WKDW� WKH\� OLNHG� WKH� JURXS� ZRUN� DQG� WKH�

FRRSHUDWLRQ�ZLWK�RWKHU� VWXGHQWV�� LQ� VRPH� FDVHV� IRU� WKH� ILUVW� WLPH��7KH\� KDG�

SDLG� PRUH� DWWHQWLRQ�� WKHLU� WHDFKHU� KDG� EHHQ� EHWWHU� SUHSDUHG�� DQG� KDG� EHHQ�


QLFH
�WR�WKHP���

�

&RQWHQW�RI�WKH�OHVVRQV�

%RWK�WKH�6FLHQWLILF�3URFHVVHV�DQG�WKH�0DWHULDOV�WRSLF�ZHUH�FORVHO\�FRQQHFWHG�WR�

ORFDO�FRQWH[WV��,Q�SDUWLFXODU�WKH�0DWHULDOV�OHVVRQV�ZHUH�GLIIHUHQW�IURP�WKH�XVXDO�

VFLHQFH� OHVVRQV� LQ� WKH� VHQVH� WKDW� WKH\� ZHUH� KLJKO\� FRQWH[WXDOLVHG�� 7KH\�

KLJKOLJKW� VHYHUDO� LQWHUHVWLQJ� ORFDO� SUDFWLFHV� DQG� SURYLGH� D� VFLHQWLILF� EDVLV� IRU�

WKHP�� $V� LQGLFDWHG� E\� .DVDQGD� HW� DO�� �������� ZKR� IRFXVHG� RQ� WKH� XVH� RI�

HYHU\GD\�FRQWH[WV�LQ�1DPLELDQ�VFLHQFH�FODVVHV��WHDFKHUV
�IHDU�PD\�EH�D�UHDVRQ�

IRU� WKH� DEVHQFH� RI� FRQWH[WXDOLVHG� OHVVRQV�� EHFDXVH� RI� WKHLU� OLPLWHG� FRQWHQW�



'LVFXVVLRQ ���

NQRZOHGJH�� +RZHYHU�� GXULQJ� FODVVURRP� REVHUYDWLRQV� LQ� WKH�0DWHULDOV� VWXG\�

WKHUH�ZDV�QR�VLJQ�RI�VXFK�IHDU��7HDFKHUV��DOO�RI�ZKRP�ZHUH�XVLQJ�WKH�WHDFKHU�

VXSSRUW�PDWHULDOV� IRU� WKH�H[HFXWLRQ�RI� WKH� OHVVRQV� LQ� WKH�FODVVURRP�� VHHPHG�

FRQILGHQW�LQ�FODVV��6WXGHQWV�VHHPHG�WR� OLNH�WKH� ORFDO�FRQWH[WV�D� ORW��,Q�RQO\�D�

IHZ� OHVVRQV� �GHDOLQJ� ZLWK� PROHFXODU� VWUXFWXUHV� RI� SRO\PHUV��� WZR� WHDFKHUV�

VWUXJJOHG�ZLWK�WKH�FRQWHQW�RI�WKH�OHVVRQV��*LUOV�VHHPHG�WR�EH�YHU\�LQYROYHG�LQ�

WKH�H[SHULPHQWV��DQG�ZHUH�QRW�WKH�XVXDO�VXEPLVVLYH�SDUW�RI�WKH�FODVV��,Q�VWHDG��

WKH\� RIWHQ� WRRN� WKH� OHDG� DQG� VKRZHG� WKH� ER\V� KRZ� WR� GR� WKLQJV�� 7KLV� ZDV�

FHUWDLQO\�WKH�FDVH�LQ�WKH�FODVVHV�ZLWK�IHPDOH�WHDFKHUV���

6WXGHQWV� H[SUHVVHG� D� KLJK� DSSUHFLDWLRQ� IRU� WKHLU� ORFDO� SUDFWLFHV�� ZKLFK�

PLJKW�QRW�KDYH�EHHQ�WKHUH�LQ�WKH�EHJLQQLQJ�RI�WKH�WRSLF��$V�DQ�H[DPSOH��WKH�

XVH� RI� JUDVV� URRIV� ZDV� FRQVLGHUHG� WR� EH� LQIHULRU� E\� VWXGHQWV� LQ� RQH� RI� WKH�

FODVVHV�� EXW� DIWHU� WKH\� KDG� FDUULHG� RXW� WKH� H[SHULPHQW� RQ� WKH� LQVXODWLQJ�

SURSHUWLHV�RI�JUDVV��FRPSDULQJ�LW�ZLWK�FRUUXJDWHG�LURQ��WKH\�UHFRQVLGHUHG���

�

6WXGHQW�OHDUQLQJ��

6WXGHQW� WHVWV� LQ� WKH�0DWHULDOV� VWXG\� VKRZHG� WKDW� OHDUQLQJ� ZDV� HVSHFLDOO\�

SUHVHQW�LQ�UHODWLRQ�WR�WKH�XQGHUVWDQGLQJ�WKDW�WKH�XVH�RI�PDWHULDOV�LQ�GDLO\� OLIH�

ZDV�UHODWHG�WR�WKH�SURSHUWLHV�RI�WKHVH�PDWHULDOV��,Q�DGGLWLRQ��VWXGHQWV�LQGLFDWHG�

WKDW� WKH\� KDG� JDLQHG� VNLOOV� WKDW� ZRXOG� EH� XVHIXO� DW� KRPH�� VXFK� DV� PDNLQJ�

EULFNV�� EXLOGLQJ� URRIV� DQG� XQGHUVWDQGLQJ� ZKDW� VRUW� RI� PDWHULDOV� WR� XVH� IRU�

WKHVH�DFWLYLWLHV��3UHOLPLQDU\�UHVXOWV�RI�D�VWXGHQW�WHVW�LQGLFDWH�WKDW�VWXGHQWV�KDYH�

DFKLHYHG�ZHOO�LQ�WKH�PRUH�
SUDFWLFDO
�DUHDV��VXFK�DV�FRPSDULQJ�GLIIHUHQW�URRILQJ�

PDWHULDOV� DQG� XQGHUVWDQGLQJ� ZKDW� SURSHUWLHV� ZDUUDQW� WKH� XVH� RI� FHUWDLQ�

PDWHULDOV�� +RZHYHU�� WKH� PRUH� WKHRUHWLFDO� DVSHFWV� RI� WKH� OHVVRQV�� VXFK� DV�

UHODWLQJ�WKH�SURSHUWLHV�RI�PDWHULDOV�WR�WKHLU�FKHPLFDO�VWUXFWXUHV��ZHUH�DQVZHUHG�

YHU\�SRRUO\��7KHUH�PD\�EH�VHYHUDO�UHDVRQV�IRU�WKH�ODWWHU��)LUVW�RI�DOO��VRPH�RI�

WKH�WHDFKHUV�IRXQG�LW�GLIILFXOW�WR�WHDFK�WKLV�WRSLF�EHFDXVH�RI�WKHLU�RZQ�OLPLWHG�

NQRZOHGJH� LQ� WKLV� UHJDUG�� 6HFRQGO\�� WKH� WKHRUHWLFDO� DVSHFWV� RI� WKH� OHVVRQ�

LQYROYHG�DQ�DSSOLFDWLRQ�RI�WKH�WRSLF�RI�ERQGLQJ�DQG�VWUXFWXUH��D�WRSLF�FRYHUHG�

HDUOLHU�LQ�WKH�V\OODEXV���7KHUH�LV�UHDVRQ�WR�EHOLHYH�WKDW�WKH�WRSLF�ZDV�QRW�GHDOW�

ZLWK� YHU\� ZHOO�� DV� DOPRVW� DOO� LWHPV� LQ� WKH� WHVW� UHODWHG� WR� WKLV� WRSLF� ZHUH�

DQVZHUHG�YHU\�SRRUO\���

+RZHYHU�� WKH�:RUNLQJ�*URXS�LQ�WKH�0LQLVWU\�KDG�GHYHORSHG�WKH�0DWHULDOV�

WRSLF� SULPDULO\� IRU� WKH� SXUSRVH� RI� SURYLGLQJ� RSSRUWXQLWLHV� IRU� VWXGHQWV� LQ�

UXUDO� VFKRROV� WR� GR� SUDFWLFDO� ZRUN� �VHH� FKDSWHU� ���� 7KLV� KDV� EHHQ� DFKLHYHG��
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6WXGHQWV� KDYH� OHDUQHG�SUDFWLFDO� VNLOOV� WKDW� DUH� XVHIXO�� VXFK� DV�PDNLQJ� EULFNV��

DQG� WHVWLQJ� WKHLU� VWUHQJWK�� )XUWKHUPRUH�� VWXGHQWV� KDYH� FRPH� WR� DQ�

DSSUHFLDWLRQ� RI� WKH� XVHIXOQHVV� RI� FHUWDLQ� ORFDO� SUDFWLFHV�� VXFK� DV� WKH� XVH� RI�

JUDVV�IRU�EXLOGLQJ�URRIV�LQVWHDG�RI�FRUUXJDWHG�LURQ�URRIV��7KH�0DWHULDOV�OHVVRQV�

KDYH� QRW� OHG� WR� LQFUHDVHG� XQGHUVWDQGLQJ� RI� KRZ� WKH� SURSHUWLHV� RI� YDULRXV�

SRO\PHUV� FDQ� EH� UHODWHG� WR� WKHLU� VWUXFWXUH�� 2EYLRXVO\�� KHUH� LV� URRP� IRU�

LPSURYHPHQW��2QH�ZRXOG�KRSH�WKDW�SUDFWLFDO�ZRUN�ZRXOG�DOVR�FRQWULEXWH� WR�

FRQFHSW�GHYHORSPHQW�E\�WKH�VWXGHQWV����

�

������ 'HVLJQ�VSHFLILFDWLRQV�IRU�WHDFKHU�VXSSRUW�PDWHULDOV��

�

7KH�ILQGLQJV�RI�WKH�0D&�VWXG\�UHSRUWHG�LQ�FKDSWHU���DQG����DQG�GLVFXVVHG�

LQ� VHFWLRQ� ������� KDYH� UHVXOWHG� LQ� WKH� IRUPXODWLRQ� RI� DGDSWHG� GHVLJQ�

VSHFLILFDWLRQV��VHH�WDEOH��������

�

7KRVH�VSHFLILFDWLRQV�DUH�ODUJHO\�LQ�OLQH�ZLWK�WKH�LQLWLDO�GHVLJQ�VSHFLILFDWLRQV�

DV�WKHVH�ZHUH�GUDIWHG�LQ�FKDSWHU����$�QXPEHU�RI�DGGLWLRQV�KDYH�EHHQ�PDGH�WR�

DGGUHVV� WKH� VSHFLILF� FLUFXPVWDQFHV� REVHUYHG� LQ� 1DPLELDQ� FODVVURRP�� 7KHVH�

LQFOXGH���

� D�OLVW�RI�PDWHULDOV�IRU�WKH�ZKROH�WRSLF�DV�SDUW�RI�WKH�WRSLF�RYHUYLHZ���

� H[HPSODU\� ZRUNVKHHWV� LQ� FDVH� WKHVH� DUH� QRW� DYDLODEOH� LQ� WKH� VWXGHQW�

WH[WERRN��

� D� GHVFULSWLRQ� RI� KRZ� WKH� SUDFWLFDO� DFWLYLWLHV� LQ� WKH� OHVVRQV� FRQWULEXWH� WR�

DFKLHYLQJ�WKH�OHVVRQ�DLPV���

� PRUH�VXSSRUW�IRU�GUDZLQJ�FRQFOXVLRQV�IURP�SUDFWLFDO�DFWLYLWLHV��

�
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7DEOH������ 'HVLJQ�VSHFLILFDWLRQV�IRU�WHDFKHU�VXSSRUW�PDWHULDOV�IRU�VFLHQFH�WHDFKHUV�LQ�1DPLELD�

&DWDO\VW�IXQFWLRQ� 'HVLJQ�VSHFLILFDWLRQV�

2YHUYLHZ�RI�DOO�OHVVRQV�LQ�WRSLF�

� LQWURGXFWLRQ�WR�WKH�WRSLF �

� VKRUW�GHVFULSWLRQ�RI�DOO�OHVVRQV �

� OLVW�RI�PDWHULDOV�DQG�HTXLSPHQW�UHTXLUHG�IRU�WKH�WRSLF�DV�

D�ZKROH�

6XSSRUW�IRU�OHVVRQ�

SUHSDUDWLRQ�

�

*HQHUDO�GHVFULSWLRQ�RI�OHVVRQ��

� GHVFULSWLRQ�RI�ZKDW�OHVVRQ�ZLOO�ORRN�OLNH �

� DLPV�RI�WKH�OHVVRQ��YHU\�FOHDU�GHVFULSWLRQ�RI�WKH�SXUSRVH�

RI�WKH�OHVVRQ��DQG�KRZ�DFWLYLWLHV�FRQWULEXWH�WR�WKH�

OHVVRQ�DLPV�

� UHIHUHQFHV�WR�UHVRXUFH�PDWHULDOV�DQG�IXUWKHU�UHDGLQJ��

DQG�RU�LQFOXVLRQ�RI�UHOHYDQW �SDJHV�IURP�WKH�WH[WERRN� �

� /HVVRQ�SUHSDUDWLRQ��

� SRVVLEOH�GLIILFXOWLHV�GXULQJ�WKH�OHVVRQ �

� PDWHULDOV�UHTXLUHG�GXULQJ�WKH�OHVVRQ�DQG�SRVVLEOH�

DOWHUQDWLYHV�LI�QRW�DYDLODEOH �

6XSSRUW�IRU�VXEMHFW�

NQRZOHGJH�

6XEMHFW�FRQWHQW��

� IDFWXDO�LQIRUPDWLRQ�RQ��GLIILFXOW��FRQFH SWV�

� SRVVLEOH�VWXGHQW�TXHVWLRQV�DQG�DQVZHUV �

6XSSRUW�IRU�WHDFKLQJ�

PHWKRGRORJ\�

7HDFKLQJ�VWUDWHJLHV��

� FRQFUHWH�VXJJHVWLRQV�IRU�WKH�UROH�RI�WKH�WHDFKHU �

� VXJJHVWLRQV�IRU�JURXSLQJ �

� VXJJHVWLRQV�RQ�KRZ�WR�KDQG�RXW�PDWHULDOV �

� H[HPSODU\�ZRUNVKHHWV�WR�JXLGH�DFWLYLWLHV �

� VHTXHQFLQJ�RI�DFWLYLWLHV��LQFOXGLQJ�VWDUWLQJ�XS�DQG�

ILQLVKLQJ�RI�WKH�OHVVRQ�DQG�VXJJHVWLRQV�IRU�KRPHZRUN �

� VXJJHVWLRQV�IRU�TXHVWLRQV��DQG�SRVVLEOH�DQVZHUV��WR�

JXLGH�GUDZLQJ�FRQFOXVLRQV�IURP�SUDFWLFDO�DFWLYLWLHV�DQG�

FRQQHFWLRQ�WR�WKHRU\�

6XSSRUW�IRU�

FKHFNLQJ�OHDUQLQJ�

HIIHFWV�

/HDUQLQJ�HIIHFWV��

� VXJJHVWLRQV�IRU�VWXGHQW�DFWLYLWLHV��WHVW�TXHVWLRQV��DQG�

KRPHZRUN�WR�FKHFN�OHDUQLQJ�HIIHFWV�� �

�
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������ 5HIOHFWLRQV�RQ�WKH�GHYHORSPHQW�SURFHVV�RI�WHDFKHU�VXSSRUW�PDWHULDOV�

�

8VHU�LQYROYHPHQW�

7KH�WZR�VXE�VWXGLHV�GHYHORSHG�WHDFKHU�VXSSRUW�PDWHULDOV�LQ�GLIIHUHQW�ZD\V��

7KH�PDWHULDOV�LQ�WKH�6FLHQWLILF�3URFHVVHV�VWXG\�ZHUH�GHYHORSHG�ZLWK�WKH�KHOS�RI�

,167$17�3URMHFW�VWDII�DQG�WKH�0LQLVWU\
V�FXUULFXOXP�GHYHORSHUV�DV�LQIRUPDO�

UHYLHZHUV�� 7KHUH� ZDV� QR� LQYROYHPHQW� RI� XVHU� JURXSV� LQ� WKH� GHYHORSPHQW�

SURFHVV��$IWHU�WKH�FODVVURRP�REVHUYDWLRQV�DQG�HYDOXDWLRQ�RI�WKH�PDWHULDOV��WKH�

,167$17�3URMHFW�RUJDQLVHG�D�QXPEHU�RI�ZRUNVKRSV�DURXQG�WKH�FRXQWU\�RQ�

WKH� WRSLF� RI� 6FLHQWLILF� 3URFHVVHV�� 'XULQJ� WKHVH� ZRUNVKRSV�� WKH� WHDFKHU� VXSSRUW�

PDWHULDOV�ZHUH� XVHG� DV� D� JXLGH� IRU� DFWLYLWLHV�� 7HDFKHUV� HQMR\HG� WKH� DFWLYLWLHV�

DQG�WKH�PDWHULDOV��7KH\�FRQWULEXWHG�ORWV�RI�DGGLWLRQDO�VXJJHVWLRQV�IURP�WKHLU�

ORFDO� FXOWXUH�� H�J�� RQ� KRZ� WR� PHDVXUH� OHQJWK�� $V� QR� PRUH� UHYLVLRQV� RI� WKH�

PDWHULDOV� ZHUH� SODQQHG� DIWHU� WKH� ZRUNVKRSV�� WKHVH� VXJJHVWLRQV� FRXOG�

XQIRUWXQDWHO\�QRW�EH�LQFOXGHG�LQ�WKH�PDWHULDOV���

7KH�0DWHULDOV�VWXG\�LQFRUSRUDWHG�WKH�OHVVRQV�OHDUQHG�IURP�WKH�GHYHORSPHQW�

SURFHVV� LQ� WKH� 6FLHQWLILF� 3URFHVVHV� VWXG\�� 8VHUV� �WHDFKHUV�� ZHUH� QRZ� LQYROYHG�

IURP� DQ� HDUO\� VWDJH� LQ� DOPRVW� DOO� SKDVHV� RI� GHYHORSPHQW�� 7KLV� KDV� EHHQ� RI�

XWPRVW� LPSRUWDQFH� �FI�� 1LHYHHQ�� ������� 'XULQJ� WKH� XVHU� DSSUDLVDO�� WHDFKHUV�

UHIOHFWHG�RQ� WKH� OHVVRQ� VXJJHVWLRQV� LQ� WKH� VXSSRUW�PDWHULDOV� DQG�FRQWULEXWHG�

DGGLWLRQDO� ORFDO� LGHDV� DQG� VXJJHVWLRQV� IRU� DFWLYLWLHV� DQG� OHVVRQV�� 7KLV� KDV�

HVSHFLDOO\� LPSURYHG� WKH� SUDFWLFDOLW\� RI� WKH� PDWHULDOV�� )XUWKHUPRUH�� WKH�

VXJJHVWLRQV� RI� ORFDO� SUDFWLFHV� DQG� LQFRUSRUDWLRQ� RI� WKHVH� LQ� WKH� VXSSRUW�

PDWHULDOV� LQFUHDVHG� WKH�FKDQFHV�RI�DFKLHYLQJ�RQH�RI� WKH�JRDOV�RI� WKH� VFLHQFH�

FXUULFXOXP�� L�H�� WR� WDNH� WKH�H[SHULHQFH�RI�VWXGHQWV�DV�D� VWDUWLQJ�SRLQW� IRU� WKH�

OHVVRQV���

7HDFKHU�LQYROYHPHQW�LQ�WKH�GHYHORSPHQW�RI�WKH�PDWHULDOV�KDV�SURYHQ�WR�EH�

EHQHILFLDO�WR�ERWK�WKH�WHDFKHUV�WKHPVHOYHV�DQG�WKH�PDWHULDOV��7KH�RSSRUWXQLW\�

IRU�WHDFKHUV�WR�UHIOHFW�RQ�WKH� OHVVRQ�VXJJHVWLRQV� LQ�WKH�VXSSRUW�PDWHULDOV�KDV�

OHG� WR� EHWWHU� XQGHUVWDQGLQJ� RI� WKH� HVVHQWLDO� SDUWV� RI� WKH� OHVVRQV�� 7HDFKHU�

SDUWLFLSDWLRQ� LQ� WKH� GHYHORSPHQW� KDV� OHG� WR� DQ� LQFUHDVHG� SUDFWLFDOLW\� RI� WKH�

PDWHULDOV�� ,Q� DGGLWLRQ�� WKHUH� ZDV� DQ� LQFUHDVHG� IHHOLQJ� RI� RZQHUVKLS� IRU� WKH�

PDWHULDOV��$V�D�UHVXOW�� WKH�PDWHULDOV�PD\�KDYH�EHHQ�DFFHSWHG�PRUH�HDVLO\�DQG�

KDYH�EHHQ�SXW�WR�XVH�PRUH�HIIHFWLYHO\�ZLWK�OHVV�XQGHVLUDEOH�DGDSWDWLRQ�GXULQJ�

OHVVRQ�H[HFXWLRQ����
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6RPH�WLPH�DIWHU�WKH�ZRUNVKRS�WKH�UHVHDUFKHU�YLVLWHG�VHYHUDO�VFKRROV�LQ�WKH�

.DWLPD� 0XOLOR� UHJLRQ� WR� ILQG� RXW� ZKHWKHU� WHDFKHUV� ZKR� KDG� DWWHQGHG� WKH�

ZRUNVKRS�� DQG� KDG� WDNHQ� SDUW� LQ� WKH� XVHU� DSSUDLVDO� �VHH� FKDSWHU� ���� KDG�

DFWXDOO\� XVHG� WKH� VXSSRUW�PDWHULDOV� IRU� WKHLU�0DWHULDOV� OHVVRQV�� %\� WKHLU� RZQ�

DFFRUG�� WKH\� KDG� XVHG� WKH� PDWHULDOV� H[WHQVLYHO\�� EHFDXVH� DIWHU� WKHLU�

LQYROYHPHQW� LQ� ZRUNVKRSV� DQG� LQ� WKH� DSSUDLVDO� WKHVH� ZHUH� QRZ� FRQVLGHUHG�

�RXU�PDWHULDOV�� �DV�RQH�WHDFKHU�H[SUHVVHG� LW���7HDFKHUV�� VHQVH�RI�RZQHUVKLS�RI�

WKH�VXSSRUW�PDWHULDOV�KDG�LQFUHDVHG�WKURXJK�WKHLU�LQYROYHPHQW�LQ�WKH�DSSUDLVDO�

RI�WKH�PDWHULDOV��DQG�E\�WKH�WU\�RXW�RI�WKH�OHVVRQV�LQ�ZRUNVKRSV��7KH\�IHOW�WKH\�

KDG�KHOSHG� WR�GHYHORS� WKHP� DQG� VRPHKRZ� FODLPHG�RZQHUVKLS� RI� WKHP��7R�

XVH� WKHVH�PDWHULDOV� ZDV� VRPHKRZ� QRWKLQJ� HOVH� EXW� QDWXUDO� IRU� WKH� WHDFKHUV�

ZKR�KDG�KHOSHG�LQ�WKHLU�GHYHORSPHQW��,Q�WKH�VFKRRO�JURXQGV�WKHUH�ZDV�SOHQW\�

RI�HYLGHQFH�WKDW�VHYHUDO�RI�WKH�DFWLYLWLHV�VXJJHVWHG�LQ�WKH�WHDFKHU�PDWHULDOV�KDG�

EHHQ� FDUULHG� RXW�� %ULFNV�� VRPH� EURNHQ�� RWKHUV� VWLOO� LQ� RQH� SLHFH�� DV� ZHOO� DV�

VPDOO�KRXVHV�FRYHUHG�ZLWK�JUDVV�URRIV�IRUPHG�VLOHQW�SLHFHV�RI�HYLGHQFH���

8VHU� LQYROYHPHQW� LQ� WKH� GHYHORSPHQW� RI� WKH� PDWHULDOV� VHHPHG� WR� KDYH�

FRQWULEXWHG�WR�WKH�XVH�RI�WKH�VXSSRUW�PDWHULDOV�E\�WHDFKHUV�IRU�WKH�H[HFXWLRQ�

RI�WKHLU�OHVVRQV�LQ�WKH�FODVVURRP��

�

,Q�VHUYLFH�WUDLQLQJ�DFWLYLWLHV�

$IWHU� WKH� FRPSOHWLRQ� RI� WKH� 6FLHQWLILF� 3URFHVVHV� VWXG\�� WHDFKHU� VXSSRUW�

PDWHULDOV� ZHUH� XVHG� LQ� LQ�VHUYLFH� DFWLYLWLHV�� 7HDFKHUV� XVHG� WKH� GHYHORSHG�

PDWHULDOV� WR� UHIOHFW� RQ� WKH� OHVVRQ� VXJJHVWLRQV� DQG� WULHG�RXW� DFWLYLWLHV�� ,Q� WKH�

0DWHULDOV�VWXG\��WKH�GHYHORSPHQW�RI�WKH�VXSSRUW�PDWHULDOV�ZDV� LQFRUSRUDWHG�LQ�D�

SURJUDPPH�RI�SURIHVVLRQDO�GHYHORSPHQW��%DOO�DQG�&RKHQ��������DQG�/RXFNV�

+RUVOH\�HW�DO���������KDYH�LQGLFDWHG�WKDW�WKH�XVH�RI�QHZ�FXUULFXOXP�PDWHULDOV��

DQG�UHIOHFWLRQ�RQ�WKHP�GXULQJ�LQ�VHUYLFH�WUDLQLQJ�DFWLYLWLHV��LV�DQ�HIIHFWLYH�ZD\�

WR�FRPH�WR�DQ�XQGHUVWDQGLQJ�RI�WKH�FKDQJHV�LQ�WKH�FXUULFXOXP�DQG�WR�FKDQJH�

EHOLHIV� DERXW� WHDFKLQJ� DQG� OHDUQLQJ�� ,Q� D� VLPLODU� VHWWLQJ� LQ� %RWVZDQD� �7KLMV��

������� FXUULFXOXP� PDWHULDOV� GHVLJQHG� XVLQJ� VLPLODU� VSHFLILFDWLRQV�� DSSHDUHG�

VXFFHVVIXO�DV�DQ�RUJDQLVLQJ�HOHPHQW� LQ�SURIHVVLRQDO�GHYHORSPHQW� DFWLYLWLHV�DW�

ZRUNVKRSV� DQG� SHHU� FRDFKLQJ� DW� VFKRRO�� 7KH� FRPELQDWLRQ� RI� LQ�VHUYLFH�

WUDLQLQJ� DQG� IROORZ�XS� LQ� VFKRROV� �H�J�� WKURXJK� SHHU� FRDFKLQJ�� JXLGHG� E\�

H[HPSODU\�PDWHULDOV�VHHPV�D�SURPLVLQJ�SURIHVVLRQDO�GHYHORSPHQW�VWUDWHJ\��

�
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������ )OH[LEOH�XVH�RI�WHDFKHU�VXSSRUW�PDWHULDOV�

�

'HYLDWLRQ�IURP�OHVVRQ�VXJJHVWLRQV�

7HDFKHUV�LQ�WKH�6FLHQWLILF�3URFHVVHV�VWXG\�H[HFXWHG�WKH�OHVVRQV�PRUH�RU�OHVV�DV�

LQGLFDWHG� LQ� WKH� OHVVRQ� VXJJHVWLRQV� LQ� WKH� VXSSRUW� PDWHULDOV�� $OO� WHDFKHUV�

FDUULHG�WKH�PDWHULDOV�ZLWK�WKHP�WR�WKH�FODVVURRP��DQG�FRQVXOWHG�WKHVH�UHJXODUO\�

GXULQJ�WKH�OHVVRQV�WR�VHH�KRZ�PXFK�WLPH�WR�VSHQG�RQ�D�FHUWDLQ�DFWLYLW\��RU�WR�

FKHFN�ZKDW� NLQG�RI�TXHVWLRQV� WR� DVN��7KHUH�ZHUH�GHYLDWLRQV�KHUH� DQG� WKHUH��

HVSHFLDOO\� WKH� GUDZLQJ� RI� FRQFOXVLRQV� ZDV� FDUULHG� RXW� LQ� D� OHVV� HIILFLHQW�

PDQQHU��+RZHYHU��PDMRU�GHYLDWLRQV�IURP�WKH�WHDFKHU�PDWHULDOV�RQO\�KDSSHQHG�

ZLWK� WZR� WHDFKHUV�� 7KLV� UHVXOWHG� LQ� DOO� FDVHV� LQ� XQGHVLUDEOH� DGDSWDWLRQV� WR�

OHVVRQV�FRQVLVWLQJ�RI�OHVV�VWXGHQW�LQYROYHPHQW�DQG�PRUH�WHDFKHU�WDON��

2Q� WKH� RWKHU� KDQG�� LQ� WKH� 0DWHULDOV� VWXG\�� GHYLDWLRQV� IURP� WKH� OHVVRQ�

VXJJHVWLRQV�OHG�WR�DFFHSWDEOH�DGDSWDWLRQV��6RPH�RI�WKH�OHVVRQV�GLIIHUHG�LQ�WKH�

ZD\� WKH\�ZHUH� H[HFXWHG�� EXW� WHDFKHUV� NHSW� WKH� HVVHQWLDO� SDUWV� RI� WKH� OHVVRQV�

LQWDFW��)RU� LQVWDQFH�� WHDFKHUV� FRPELQHG� HVVHQWLDO� SDUWV�RI� WZR� OHVVRQV� LQWR� D�

VLQJOH� OHVVRQ� VWUHWFKLQJ� RYHU� D� ORQJHU� SHULRG� RI� WLPH� LQ� WKH� DIWHUQRRQ�� RU�

FKDQJHG� WKH�VHW�XS�RI� WKH� OHVVRQ� WR�DFFRPPRGDWH�DGGLWLRQDO� JURXS�ZRUN�RI�

VWXGHQWV���

7HDFKHUV�ZKR�ZHUH�REVHUYHG� LQ� WKH� ILHOG� WHVW� RI� WKH�0DWHULDOV� VWXG\�XVHG�

WKH� VXSSRUW�PDWHULDOV� LQ�GLIIHUHQW�ZD\V��2Q� WKH�RQH� VLGH�ZHUH� WHDFKHUV�ZKR�

NHSW� DV� FORVH� WR� WKH� OHVVRQ� VXJJHVWLRQV� LQ� WKH� VXSSRUW�PDWHULDOV� DV� SRVVLEOH�

UHJDUGLQJ� VHTXHQFH� RI� DFWLYLWLHV� LQ� WKH� OHVVRQV�� VWDUW� RI� WKH� OHVVRQ�� DQG� WKH�

ERG\�ZLWK�DFWLYLWLHV� �LQWURGXFWLRQ��H[HFXWLRQ�DQG�GUDZLQJ�FRQFOXVLRQV���7LPH�

FRQVWUDLQWV� DQG� OLPLWHG� VXEMHFW� NQRZOHGJH� VRPHWLPHV� SUHYHQWHG� D� FRPSOHWH�

ILGHOLW\� WRZDUGV� WKH�PDWHULDOV�� $W� WKH� RWKHU� H[WUHPH�� VRPH� WHDFKHUV� XVHG� WKH�

VXSSRUW� PDWHULDOV� DV� D� EURDG� JXLGH�� SLFNLQJ� RXW� WKH� HVVHQWLDO� SDUWV� DQG�

LQFRUSRUDWLQJ� WKHVH� LQWR� DGDSWHG� OHVVRQV� WR� VXLW� WKHLU� QHHGV� DQG� SUDFWLFDO�

SRVVLELOLWLHV��LQ�WHUPV�RI�WLPH�DQG�HTXLSPHQW�DYDLODEOH��7KLV�JURXS�RI�WHDFKHUV�

ZDV� DEOH� WR� FRPELQH� VHYHUDO� OHVVRQV� LQWR� ODUJHU� EORFNV� RI� WLPH�� GXULQJ�

DIWHUQRRQ�VHVVLRQV��ZLWKRXW� ORVLQJ� WUDFN�RI�WKH�HVVHQWLDO�SDUWV�RI� WKH� OHVVRQV��

7KXV�� PXFK� DORQJ� WKH� OLQHV� RI� WKH� PRGHO� IRU� FXUULFXOXP� LPSOHPHQWDWLRQ�

SURYLGHG�E\�6Q\GHU�HW�DO����������WZR�PDMRU�SDWWHUQV�RI�XVH�FDQ�EH�LGHQWLILHG��

ILGHOLW\�DQG�DGDSWDWLRQ��

�
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7KLV� GLIIHUHQFH� LQ� WKH� ZD\� WKH� OHVVRQ� VXJJHVWLRQV� ZHUH� XVHG� LQ� WKH� WZR�

VWXGLHV� PLJKW� EH� DWWULEXWHG� WR� WKH� IDFW� WKDW� WKH�0DWHULDOV� OHVVRQ� VHULHV� ZHUH�

HPEHGGHG�LQ�LQ�VHUYLFH�WUDLQLQJ�DFWLYLWLHV�LQWURGXFLQJ�WKH�OHVVRQV��VHH�VHFWLRQ�

�������� ZKHUHDV� WKLV� ZDV� QRW� WKH� FDVH� LQ� WKH� 6FLHQWLILF� 3URFHVVHV� VWXG\��

)XUWKHUPRUH��LQ�WKH�ILHOG�WHVW�RI�WKH�0DWHULDOV�VWXG\��WKH�WZR�WHDFKHUV�ZLWK�WKH�

PRVW�VROLG�WUDLQLQJ�DQG�NQRZOHGJH�RI�ERWK�VXEMHFW�PDWWHU�DQG�SHGDJRJ\�ZHUH�

WKH� RQHV� DGDSWLQJ� WKH� OHVVRQV� LQ� DQ� DFFHSWDEOH� ZD\�� 7HDFKHUV� ZLWK� OLPLWHG�

LQLWLDO� WUDLQLQJ� VWXFN�� VXFFHVVIXOO\�� WR� WKH� OHVVRQ� VXJJHVWLRQV� LQ� WKH� VXSSRUW�

PDWHULDOV��7KH�WZR�WHDFKHUV�ZLWK�SULPDU\�WHDFKLQJ�FHUWLILFDWHV��DQG�WKH�WHDFKHU�

ZKR�KDG�MXVW�OHIW�VHFRQGDU\�VFKRRO��DOO�H[HFXWHG�WKH�OHVVRQV�WR�D�ODUJH�H[WHQW�LQ�

DFFRUGDQFH�ZLWK�WKH�OHVVRQ�VXJJHVWLRQV��2QH�WHDFKHU��ZLWK�D�GHJUHH�LQ�SK\VLFV�

EXW� ZLWKRXW� DQ\� WHDFKHU� WUDLQLQJ�� LQLWLDOO\� VWXFN� FORVHO\� WR� WKH� OHVVRQ�

VXJJHVWLRQV��EXW� DIWHU� D� IHZ� OHVVRQV�KH� IHOW� FRQILGHQW� HQRXJK� WR� LQFRUSRUDWH�

VXFFHVVIXO�SDUWV�RI�SUHYLRXV�OHVVRQV��WKXV�FDSLWDOLVLQJ�RQ�HDUOLHU�VXFFHVVHV��7KH�

WZR�WHDFKHUV�LQ�WKH�WU\�RXW�RI�WKH�0DWHULDOV�VWXG\�KDG�EHHQ�DVNHG�WR�DGDSW�WKH�

PDWHULDOV�DV� WKH\�VDZ�ILW��ZKLFK�WKH\�KDSSLO\�GLG��2EYLRXVO\�� WKHVH�IDOO� LQ� WKH�

DGDSWDWLRQ�SDWWHUQ�RI�XVH��,Q�WKH�HDUOLHU�6FLHQWLILF�3URFHVVHV�VWXG\��PRVW�WHDFKHUV�

VKRZHG� D� ODUJH� GHJUHH� RI� ILGHOLW\� WRZDUGV� WKH� OHVVRQ� VXJJHVWLRQV��ZKLOH� WZR�

WHDFKHUV� ZKR� GHYLDWHG� IURP� WKH� OHVVRQ� VXJJHVWLRQV� LQ� D� PDMRU� DQG�

XQDFFHSWDEOH�ZD\��GHOLYHUHG�OHVVRQV�ZLWK�PXFK�OHVV�VWXGHQW�DFWLYLWLHV�DQG�ZLWK�

ORWV� RI� WHDFKHU� WDON�� ,Q� WKH� 6FLHQWLILF� 3URFHVVHV� VWXG\� WHDFKHUV� KDG� QRW� EHHQ�

LQWURGXFHG�WR�WKH�PDWHULDOV�LQ�LQ�VHUYLFH�WUDLQLQJ�DFWLYLWLHV��DV�KDG�KDSSHQHG�LQ�

WKH�0DWHULDOV�VWXG\����

7KH�PDWHULDOV� LQ� WKH�0D&� VWXG\� DSSHDU� WR� KDYH� SURYLGHG� WHDFKHUV�ZLWK� D�

GHJUHH� RI� IOH[LELOLW\� RI� XVH�� :KHWKHU� WHDFKHUV� DSSUHFLDWHG� DQG� XVHG� WKLV�

IOH[LELOLW\� GHSHQGHG� RQ� WKH� VXEMHFW� NQRZOHGJH� DQG� SHGDJRJLFDO� VNLOOV� RI� WKH�

WHDFKHUV��RQ�WKH�RQH�KDQG��DQG�ZKHWKHU�WKH�GHYHORSPHQW�RI�WKH�PDWHULDOV�ZDV�

HPEHGGHG�LQ�LQ�VHUYLFH�VFHQDULRV��RQ�WKH�RWKHU����

�

6RPHWLPHV��FRQFHUQV�DUH�H[SUHVVHG�DERXW�WKH�SUHVFULSWLYH�QDWXUH�RI�WHDFKHU�

VXSSRUW�PDWHULDOV� FRQWDLQLQJ�GHWDLOHG� OHVVRQ� VXJJHVWLRQV��&ULWLFV� VXJJHVW� WKDW�

WKHVH�PDWHULDOV� FRXOG� UHVWULFW� WHDFKHUV� LQ� WKH� H[HFXWLRQ� RI� WKHLU� OHVVRQV� DQG�

ZRXOG� QRW� OHDYH� DQ\� URRP� IRU� WHDFKHUV� WR� LPSURYLVH� DQG� XVH� WKHLU� RZQ�

LQLWLDWLYH�� %DVHG� RQ� WKH� UHVXOWV� RI� WKH� 0D&� VWXG\�� WKHVH� FRQFHUQV� VHHP�

XQIRXQGHG�� 7KH� PDWHULDOV� KDYH� EHHQ� VKRZQ� WR� RIIHU� HQRXJK� IOH[LELOLW\� IRU�

WKRVH� H[SHULHQFHG� WHDFKHUV�ZKR� UHTXLUH� WKLV��$W� WKH� VDPH� WLPH�� WKH� GHWDLOHG�
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H[HPSODU\� OHVVRQV� ZLWK� SURFHGXUDO� VSHFLILFDWLRQV� DSSHDU� WR� SURYLGH� HQRXJK�

VXSSRUW� IRU� QRYLFH� DQG� XQTXDOLILHG� WHDFKHUV� WR� VXFFHVVIXOO\� FDUU\� RXW� WKH�

OHVVRQV��$V�:DOODFH��������SXW�LW�� 
*RRG�PDWHULDOV�SURYLGH�WKH�NLQG�RI�RQ�WKH�JURXQG�

VXSSRUW� QHHGHG� E\� WHDFKHUV� DV� WKH\� ZRUN� EHKLQG� WKH� FODVVURRP� GRRU�� 0DWHULDOV� QHHG� WR�

EDODQFH� WKH� QHHG� IRU� VWUXFWXUHG� OHVVRQ� SODQQLQJ� GHVLUHG� E\� QRYLFHV� DJDLQVW� WKH� IOH[LELOLW\�

DSSUHFLDWHG�E\�YHWHUDQV
��,W�DSSHDUV� WKDW� WKH� WHDFKHU�VXSSRUW�PDWHULDOV�GHYHORSHG�

LQ�WKH�0D&�VWXG\�SURYLGH�WKLV�IOH[LELOLW\��

�

7HDFKHUV� LQYROYHG� LQ� WKH� ILHOG� WHVWV� LQ� WKH� WZR� VWXGLHV� KDG� LQGLFDWHG� WKDW�

XVLQJ�WKH�WHDFKHU�VXSSRUW�PDWHULDOV�ZDV�RI�JUHDW�EHQHILW�WR�WKHP��7KLV�EHQHILW�

KDG�QRW�EHHQ� LPPHGLDWHO\� FOHDU� WR� WKHP��EXW�EHFDPH� HVSHFLDOO\� FOHDU� DIWHU� D�

IHZ�OHVVRQV��7KH�SUHVHQFH�RI�REVHUYHUV�LQ�WKH�EDFN�RI�WKH�FODVV�KDG�SURYLGHG�

WKH� LQLWLDO�PRWLYDWLRQ� WR�XVH� WKH�PDWHULDOV� LQ� WKH� ILUVW�SODFH�� ,W� DSSHDUHG� WKDW�

WHDFKHUV�QHHGHG�D�ELW�RI�FRQYLQFLQJ�EHIRUH�WKH\�UHDOLVHG�WKH�EHQHILWV�RI�XVLQJ�

WKH�PDWHULDOV�� 6FKRRO�EDVHG� VXSSRUW� FDQ�SURYLGH� WKH� H[WUD�ELW� RI� VWLPXODWLRQ�

QHFHVVDU\�WR�DFKLHYH�WKLV��

�

,QLWLDO�VXFFHVVIXO�H[SHULHQFHV��

,Q�ERWK�VWXGLHV��WHDFKHUV�ZKR�XVHG�WKH�VXSSRUW�PDWHULDOV�IRU�WKH�SUHSDUDWLRQ�

DQG� H[HFXWLRQ� RI� WKH� OHVVRQV� ZHUH� HQWKXVLDVWLF� DERXW� WKH� OHVVRQV�� 7KH\�

LQGLFDWHG�WKDW�WKH\�ZHUH�VXUSULVHG�DQG�LPSUHVVHG�E\�WKH�SHUIRUPDQFH�RI�WKHLU�

VWXGHQWV��6WXGHQWV�ZHUH�HTXDOO\�HQWKXVLDVWLF�DERXW�WKH�OHVVRQV��7KH\� OLNHG�WKH�

ZD\�WKH\�KDG�EHHQ�LQYROYHG�LQ�WKH�OHVVRQV��DQG�WKH\�ZHUH�DOVR�KDSS\�WKDW�WKH�

FRQWHQW�RI� WKH� OHVVRQV�ZDV� DERXW� WKLQJV� WKH\� NQHZ�DERXW� �UDWKHU� WKDQ�DERXW�

IDQF\�FKHPLFDOV�ZLWK�GLIILFXOW�QDPHV���'XULQJ�FODVVURRP�REVHUYDWLRQV�LQ�ERWK�

VWXGLHV�LW�ZDV�FOHDU�WKDW�WHDFKHUV�HQMR\HG�WKH�SRVLWLYH�DWPRVSKHUH�LQ�WKH�FODVV��

$�QXPEHU�RI� WHDFKHUV� LQ�ERWK� VWXGLHV� VWDUWHG� WR� LQFRUSRUDWH� LGHDV� WKH\� OLNHG�

IURP� WKH� OHVVRQ� VXJJHVWLRQV� LQ�RWKHU� OHVVRQV�� ,Q� LQWHUYLHZV�DIWHU� WKH� OHVVRQV��

WHDFKHUV�LQGLFDWHG�WKDW�WKH\�IHOW�JRRG�DERXW�WKH�OHVVRQV���
,W�JLYHV�D�GLIIHUHQW�IHHOLQJ�

RI� VXFFHVV
���:KHQ�LPSOHPHQWLQJ�QHZ�FXUULFXOD��*XQVWRQH��������LQGLFDWHG�WKDW�


H[SHULHQFH� FRPHV� EHIRUH� XQGHUVWDQGLQJ
�� 7KH� SRVLWLYH� LQLWLDO� H[SHULHQFHV� RI�

WKH� WHDFKHUV� FDQ� WKHUHIRUH� EH� VHHQ� DV� DQ� LPSRUWDQW� VWHS� WRZDUGV� FRQWLQXHG�

LPSOHPHQWDWLRQ�RI�D�OHDUQHU�FHQWUHG�WHDFKLQJ�PHWKRGRORJ\��

�
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,Q� FRQFOXVLRQ�� LQ� WKH� FRQWH[W� ZKHUH� WKH\� ZHUH� XVHG�� WHDFKHU� VXSSRUW�

PDWHULDOV�SURYLGLQJ�SURFHGXUDO�VSHFLILFDWLRQV�IRU�HVVHQWLDO�SDUWV�RI�WKH�OHVVRQV��

KDYH�VKRZQ�WKHPVHOYHV�DEOH�WR�DFW�DV�D�FDWDO\VW�LQ�WKH�LQLWLDO�LPSOHPHQWDWLRQ�RI�

WKH�QHZ�VFLHQFH�FXUULFXOXP�LQ�FODVVURRPV���

�

�

���� 7KH�XVH�RI�GHYHORSPHQW�UHVHDUFK�DSSURDFK�LQ�WKH�0D&�VWXG\�

�

$V� RXWOLQHG� LQ� FKDSWHU� ��� WKH� 0D&� VWXG\� XVHG� D� GHYHORSPHQW� UHVHDUFK�

DSSURDFK�� 7KH� SULPDU\� IRFL� RI� GHYHORSPHQW� UHVHDUFK� DUH� WKH� UHDOLVDWLRQ� RI�

SURPLVLQJ� VPDOO�VFDOH� H[DPSOHV� RI� LQWHUYHQWLRQV� DQG� GUDZLQJ� XS�

PHWKRGRORJLFDO�JXLGHOLQHV�IRU�WKH�GHVLJQ�DQG�HYDOXDWLRQ�RI�VXFK�SURGXFWV��YDQ�

GHQ� $NNHU� ������ YDQ� GHQ� $NNHU� 	� 3ORPS�� ������ 5LFKH\� 	�1HOVRQ�� �������

7KLV� VHFWLRQ� UHIOHFWV� RQ� WKH� EHQHILWV� RI� GHYHORSPHQW� UHVHDUFK� LQ� WKH� 0D&�

VWXG\� ��������� WKH� UROH� RI� WKH� UHVHDUFKHU� �������� DQG� WKH� F\FOLF� DSSURDFK� WR�

GHVLJQ� DQG� HYDOXDWLRQ� ZLWK� WKH� DLP� RI� LPSURYLQJ� WKH� TXDOLW\� RI� WKH�

LQWHUYHQWLRQ��

�

������ %HQHILWV�RI�GHYHORSPHQW�UHVHDUFK�DSSURDFK�LQ�WKH�0D&�VWXG\�

�

7KH� WZR� VXE�VWXGLHV� LQ� WKH� 0D&� VWXG\� �6FLHQWLILF� 3URFHVVHV� DQG� 0DWHULDOV�

VWXGLHV�� UHVXOWHG� LQ� SUDFWLFDO� DQG�SDUWLDOO\� HIIHFWLYH� WHDFKHU� VXSSRUW�PDWHULDOV�

IRU�WKHVH�WZR�VXEMHFWV��,Q�DGGLWLRQ��WKH�VWXGLHV�UHVXOWHG�LQ�JXLGHOLQHV�IRU�IXWXUH�

GHYHORSPHQW� DQG� HYDOXDWLRQ� RI� VXFK� PDWHULDOV� LQ� VLPLODU� VHWWLQJV�� 7KHVH�

RXWFRPHV�RI�WKH�0D&�VWXG\�DUH�LQ�OLQH�ZLWK�WKH�SXUSRVHV�RI�WKH�GHYHORSPHQW�

UHVHDUFK� DSSURDFK�� GHYHORSPHQW� RI� SURWRW\SLFDO� SURGXFWV� DQG� JHQHUDWLQJ�

PHWKRGRORJLFDO�GLUHFWLRQV�IRU�WKH�GHVLJQ�DQG�HYDOXDWLRQ�RI�VXFK�SURGXFWV��FI��

YDQ�GHQ�$NNHU�	�3ORPS����������

$�GHYHORSPHQW�UHVHDUFK�DSSURDFK�ZDV�FRQVLGHUHG�WR�EH�DSSURSULDWH�IRU�WKH�

0D&� VWXG\� LQ� YLHZ� RI� WKH� UDSLGO\� GHYHORSLQJ� VLWXDWLRQ� RI� HGXFDWLRQ� LQ�

1DPLELD�� -XVW� DIWHU� LQGHSHQGHQFH� IURP�6RXWK�$IULFD� LQ� ������ WKHUH�ZDV�QRW�

RQO\� XQFHUWDLQW\� DERXW� WKH� GHVLJQ� RI� SURJUDPPHV� WR� VXSSRUW� WKH�

LPSOHPHQWDWLRQ� RI� WKH� QHZ� FXUULFXOXP�� EXW� ZRUVH�� WKH� FRQGLWLRQV� LQ� ZKLFK�

VXFK� SURJUDPPHV� ZHUH� WR� RSHUDWH� ZHUH� DOVR� YHU\� XQFOHDU�� 9DQ� GHQ� $NNHU��

2WWHYDQJHU� DQG�3ORPS� ������� LGHQWLILHG� DGGLWLRQDO� UHVXOWV�RI� D�GHYHORSPHQW�

UHVHDUFK�LQ�WKH�1DPLELDQ�FRQWH[W�WKDW�FRXOG�SRVVLEO\�DGGUHVV�WKHVH�SUREOHPV��
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&RQVLGHUHG�SDUWLFXODUO\�LPSRUWDQW�ZHUH��

� D� EHWWHU� XQGHUVWDQGLQJ� RI� WKH� ORFDO� LPSOHPHQWDWLRQ� FRQGLWLRQV� DQG�

SUREOHPV�WHDFKHUV�DUH�IDFLQJ��DQG��

� DQ�LQFUHDVH�LQ�H[SHUWLVH�DQG�SURIHVVLRQDO�JURZWK�RI�WKH�YDULRXV�SDUWLFLSDQWV�

LQ�WKH�GHYHORSPHQW�SURFHVV��

�

7KH�0D&�VWXG\�KDV�UHVXOWHG�LQ�D�SURPLVLQJ�LQWHUYHQWLRQ��DQG�KDV�SURYLGHG�

JXLGHOLQHV�IRU�WKH�GHYHORSPHQW�RI�IXWXUH�DFWLYLWLHV� LQ�VLPLODU�VHWWLQJV��5HVXOWV�

RI�WKH�0D&�VWXG\�DUH�LQ�OLQH�ZLWK�JHQHUDOO\�KHOG�YLHZV�WKDW�LPSOHPHQWDWLRQ�RI�

D�QHZ�FXUULFXOXP�UHTXLUHV�D�PXOWL�SURQJHG�DSSURDFK��([HPSODU\�PDWHULDOV�DQG�

PDWHULDOV�GHYHORSPHQW�FDQ�WKHUHE\�EH�DQ�RUJDQLVLQJ�HOHPHQW�ZKLFK�SURYLGHV�

GLUHFWLRQ� WR� LQ�VHUYLFH� WUDLQLQJ� DFWLYLWLHV�� D� VXSSRUW� WR� WHDFKHUV� LQ� WKHLU�

FODVVURRPV�� DQG� D� SRVVLEOH� JXLGH� IRU� DGYLVRU\� WHDFKHUV� KHOSLQJ� WHDFKHUV� DW�

VFKRRO� OHYHO�� 7KH� ODWWHU� DFWLYLW\� FDQ� DOVR� WDNH� SODFH� LQ� WKH� IRUP� RI� SHHU�

FRDFKLQJ�DFWLYLWLHV�RI�WHDFKHUV�WRJHWKHU�ZLWK�FROOHDJXHV��FI��7KLMV����������

7KH� IURQW�HQG� DQDO\VLV� �FRQWH[W� DQDO\VLV� DQG� D� VWXG\� RI� WKH� UHOHYDQW�

OLWHUDWXUH�� SURYLGHG� LQVLJKW� LQWR� WKH� JHQHUDO� DUHDV� RI� FRQFHUQ� UHJDUGLQJ� WKH�

LPSOHPHQWDWLRQ�RI� D�QHZ� �VFLHQFH�� FXUULFXOXP�DQG� WKH�FRQVWUDLQWV� WKDW�ZHUH�

H[SHFWHG�LQ�WKH�1DPLELDQ�FRQWH[W��SRRU�WHDFKHU�TXDOLILFDWLRQV�DQG�H[SHULHQFH��

WKH�ODFN�RI�UHVRXUFHV�LQ�WKH�VFKRROV���&ODVVURRP�REVHUYDWLRQV�DQG�GLVFXVVLRQV�

ZLWK�WHDFKHUV�LQ�VFKRROV��GXULQJ�WU\�RXW�DQG�ILHOG�WHVW��DV�ZHOO�DV�DW�LQ�VHUYLFH�

WUDLQLQJ�DFWLYLWLHV��XVHU�DSSUDLVDO��GXULQJ�WKH�0D&�VWXG\�KDYH�SURYLGHG�D�FOHDU�

SLFWXUH�RI�WKH�ORFDO�LPSOHPHQWDWLRQ�FRQGLWLRQV���

)XUWKHUPRUH��SDUWLFLSDWLQJ�VWDNHKROGHUV��,167$17�VWDII��UHJLRQDO�DGYLVRU\�

WHDFKHUV� LQ� WKH� 0LQLVWU\� RI� (GXFDWLRQ�� WHDFKHUV�� DOO� EHQHILWHG� IURP� WKHLU�

LQYROYHPHQW�LQ�WKH�GHYHORSPHQW�SURFHVV��7KLV�ZDV�FRQVLGHUHG�WR�EH�HVSHFLDOO\�

XVHIXO�LQ�OLJKW�RI�WKH�QHHG�IRU�EXLOGLQJ�ORFDO�FDSDFLW\�LQ�GHYHORSLQJ�FRXQWULHV���

�

������ 5ROH�RI�GHVLJQHU��SURIHVVLRQDO�GHYHORSHU�DQG�UHVHDUFKHU�

�

7KH�UHVHDUFKHU�KDG�VHYHUDO�UROHV�LQ�WKH�0D&�VWXG\��$SDUW�IURP�WKH�UROH�RI�

UHVHDUFKHU�� WKHUH� ZHUH� DOVR� WKH� UROHV� RI� GHVLJQHU� RI� WKH� WHDFKHU� VXSSRUW�

PDWHULDOV��DQG�RI�SURIHVVLRQDO�GHYHORSHU��&RPELQLQJ�WKHVH�UROHV�ZDV�DW�WLPHV�

UHZDUGLQJ�� EXW� DOVR�SRVHG�SUREOHPV��2QH� VXFK�SUREOHP�ZDV� WKH� FRQIOLFW� RI�

UHVHDUFKHU� YHUVXV� IDFLOLWDWRU� LQ� SURIHVVLRQDO� GHYHORSPHQW� DFWLYLWLHV�� 'XULQJ�

FODVVURRP�REVHUYDWLRQV� WKHUH�ZDV�DPSOH�RSSRUWXQLW\� WR�SURYLGH� IHHGEDFN� WR�
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WHDFKHUV�RQ�WKH�OHVVRQV�WKDW�ZHUH�REVHUYHG��7KHVH�ZHUH�H[FHOOHQW�PRPHQWV�WR�

VXSSRUW� WHDFKHUV� LQ� WKHLU� GHYHORSPHQW�� +RZHYHU�� IRU� WKH� SXUSRVH� RI� WKH�

UHVHDUFK�LW�VHHPHG�EHWWHU�WR�MXVW�REVHUYH�DQG�VHH�KRZ�WKH�WHDFKHU�ZRXOG�XVH�

WKH�PDWHULDOV�WR�KHOS�KLP�RU�KHUVHOI��5HDOLW\�ZDV�QRW�DOZD\V�VR�EODFN�DQG�ZKLWH��

WKRXJK�� DQG� WKH� UHVHDUFKHU� GLG� LQ� D� IHZ� FDVHV� DVVLVW� WHDFKHUV� ZLWK� WKH�

SUHSDUDWLRQ�RI�WKH�OHVVRQV��DQG�ZDV�LQYROYHG�LQ�UHIOHFWLQJ�DIWHUZDUGV�RQ�VRPH�

GLIILFXOW�SDUWV�RI�REVHUYHG�OHVVRQV���

7KH� UHVHDUFKHU� ZDV� LQWLPDWHO\� LQYROYHG� LQ� DOO� DVSHFWV� RI� WKH� GHVLJQ� DQG�

HYDOXDWLRQ� RI� WKH� WHDFKHU� VXSSRUW� PDWHULDOV�� 7KHUH� ZDV� WKH� GDQJHU� WKDW� WKH�

WHDFKHUV� SDUWLFLSDWLQJ� LQ� WKH� VWXGLHV�ZRXOG� JLYH� VRFLDOO\� GHVLUDEOH� DQG�RYHUO\�

RSWLPLVWLF� UHDFWLRQV� WR� WKH� LQWHUYHQWLRQ� EHFDXVH� RI� WKH� SUHVHQFH� RI� WKH�

GHVLJQHU�RI� WKH�PDWHULDOV��$QRWKHU�GDQJHU�ZDV� WKH�SRVVLELOLW\�RI�GUDZLQJ�WRR�

SRVLWLYH� LQWHUSUHWDWLRQV� RI� GDWD� FROOHFWHG� IURP� FODVVURRP� REVHUYDWLRQV��

LQWHUYLHZV�DQG�TXHVWLRQQDLUHV��7ULDQJXODWLRQ�RI�GDWD�VRXUFHV��PHWKRGV�DQG�RI�

UHVHDUFKHUV� SURYLGHG� PHDVXUHV� WR� FRXQWHU� WKLV� �'HQ]LQ�� ������� 5HVHDUFK�

DVVLVWDQWV��ZKR�ZHUH�UHODWLYH�RXWVLGHUV�WR�WKH�,167$17�3URMHFW�DQG�1DPLELD��

ZHUH�� WRJHWKHU� ZLWK� WKH� UHVHDUFKHU�� LQYROYHG� LQ� FODVVURRP� REVHUYDWLRQV��

VWXGHQW� DQG� WHDFKHU� LQWHUYLHZV� LQ� ERWK� VXE�VWXGLHV� DQG� DFWHG� DV� FULWLFDO�

SDUWQHUV�GXULQJ�UHIOHFWLRQ�RQ�WKH�YDULRXV�UHVHDUFK�GDWD��

�

������ &\FOLF�DSSURDFK�WR�GHVLJQ�DQG�HYDOXDWLRQ�

�

7KH�GHYHORSPHQW�RI� WKH� WHDFKHU�VXSSRUW�PDWHULDOV� LQ�D�F\FOLF�DSSURDFK�RI�

GHVLJQ�DQG�IRUPDWLYH�HYDOXDWLRQ�KDV�SURYLGHG�GHVLJQHUV�ZLWK�WKH�RSSRUWXQLW\�

WR� LPSURYH� WKH�TXDOLW\�RI� WKH�PDWHULDOV� IRU� WKH�SDUWLFXODU� VLWXDWLRQV� LQ�ZKLFK�

WKH\�ZHUH�WR�EH�XVHG��7KH�0D&�VWXG\�FRQVLVWHG�RI�WZR�VXE�VWXGLHV��ZKLFK�LQ�

WXUQ�ZHUH�FRPSRVHG�RI�GLIIHUHQW�F\FOHV�RU� LWHUDWLRQV��'HVLJQHUV�ZHUH�DEOH� WR�

LQFRUSRUDWH� UHVXOWV� RI� WKH� HYDOXDWLRQ� DFWLYLWLHV� RI� D� SUHYLRXV� LWHUDWLRQ� LQWR�

VXEVHTXHQW�YHUVLRQV�RI�WKH�PDWHULDOV��WR�EH�HYDOXDWHG�LQ�WKH�QH[W�LWHUDWLRQ��,Q�

WKLV�ZD\�WKH�GHVLJQ�LWHUDWHG�WRZDUGV�D�ILQDO�SURGXFW��LWV�TXDOLW\�LPSURYHG�ZLWK�

HDFK� LWHUDWLRQ�� XQWLO� IXUWKHU� HYDOXDWLRQ� VHHPHG�QR� ORQJHU� HIIHFWLYH��7HDFKHUV�

PDGH� YDULRXV� VXJJHVWLRQV� IRU� LPSURYHPHQW� RI� WKH� PDWHULDOV� E\� SURYLGLQJ�

DOWHUQDWLYHV� IRU� OHVVRQ� H[HFXWLRQ� DQG� VXJJHVWLRQV� DERXW� ORFDO� SUDFWLFHV��

2EVHUYHUV� UHFRUGHG� VHYHUDO� DUHDV� LQ� WKH� OHVVRQ� H[HFXWLRQ� WKDW� QHHGHG�PRUH�

WKRURXJK� DQG� FOHDUHU� VXSSRUW� LQ� WKH� WHDFKHU� VXSSRUW�PDWHULDOV�� 7KH� YDULRXV�

VPDOOHU� FRPSRQHQWV� ZHUH� DOVR� KHOSIXO� LQ� SXWWLQJ� YDU\LQJ� HPSKDVLV� RQ� WKH�
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GLIIHUHQW�TXDOLW\�DVSHFWV�DW�GLIIHUHQW�VWDJHV�RI�WKH�VWXG\��,QLWLDOO\��WKH�HPSKDVLV�

ZDV�PRVWO\�RQ�YDOLGLW\�DQG�SUDFWLFDOLW\�RI�WKH�WHDFKHU�VXSSRUW�PDWHULDOV��EXW�DW�

D� ODWHU�VWDJH�WKH�HPSKDVLV�PRYHG�WR�HIIHFWLYHQHVV�RI�WKH�PDWHULDOV��7KLV�VKLIW�

LQ�HPSKDVLV�LV�DQRWKHU�DVSHFW�RI�GHYHORSPHQW�UHVHDUFK��YDQ�GHQ�$NNHU����������

�

�

���� 5HIOHFWLRQV�RQ�OHDUQHU�FHQWUHG�HGXFDWLRQ��

�

%RWK�WHDFKHUV�DQG�VWXGHQWV�FRQILUPHG�ZKDW�ZDV�REVHUYHG�LQ�FODVV�� OHVVRQV�

XVLQJ�VXSSRUW�PDWHULDOV�ZHUH�H[HFXWHG�LQ�ZD\V�GLIIHUHQW�IURP�WKH�XVXDO�VFLHQFH�

OHVVRQV�� 7KHUH� ZHUH� ORWV� RI� SUDFWLFDO� DFWLYLWLHV�� PRUH� VWXGHQW� LQYROYHPHQW��

JURXS�GLVFXVVLRQV��DQG�UHSRUWLQJ�RI�UHVXOWV��+RZHYHU�� WKH�TXDOLW\�ZLWK�ZKLFK�

WKHVH�DFWLYLWLHV�ZHUH�FDUULHG�RXW� OHIW�PXFK�WR�EH�GHVLUHG��6HYHUDO�UHDVRQV�FDQ�

EH� LGHQWLILHG�� 6HFWLRQ� ������ GHWDLOV� VRPH� RI� WKHVH� DQG� KLJKOLJKWV� PHDVXUHV�

WDNHQ�E\�WKH�0LQLVWU\�RI�(GXFDWLRQ�	�&XOWXUH�WR�DWWHQG�WR�WKHP��6HFWLRQ�������

UHIOHFWV� RQFH�PRUH� RQ� %HHE\
V� PRGHO� RI� VWDJHV� RI� GHYHORSPHQW� LQ� YLHZ� RI�

OHDUQHU�FHQWUHG�HGXFDWLRQ�LQ�1DPLELD��

�

������ &RQFHUQV��LQ�UHODWLRQ�WR�OHDUQHU�FHQWUHG�HGXFDWLRQ��

�

6XEMHFW�NQRZOHGJH�

,Q�WKH�OHVVRQV�WKDW�ZHUH�PRVW�GHPDQGLQJ�RI�WKH�WHDFKHUV�LQ�WHUPV�RI�VXEMHFW�

NQRZOHGJH�� VHYHUDO� RI� WKH� XQTXDOLILHG� RU� QRW� SURSHUO\� TXDOLILHG� WHDFKHUV�

VHHPHG�WR�EH�RSHUDWLQJ�DW�WKH�YHU\�HGJH�RI�WKHLU�DELOLWLHV��'UDZLQJ�FRQFOXVLRQV�

ZDV�RIWHQ�FDUULHG�RXW� LQ�D� OHVV�HIIHFWLYH�ZD\��DV�ZDV�GLVFXVVLRQ�RI�GLVFUHSDQW�

UHVXOWV� IURP� SUDFWLFDO� DFWLYLWLHV�� 6RPH� WHDFKHUV� FKRVH� WR� LJQRUH� WKLV� DVSHFW�

FRPSOHWHO\�� ,QVWHDG�� WKH\� UHSRUWHG� WR� WKH� VWXGHQWV�ZKDW� WKH� UHVXOWV� IURP� WKH�

H[SHULPHQWV� VKRXOG� KDYH� EHHQ�� 7HDFKHUV� DYRLGHG� YHQWXULQJ� LQWR� XQNQRZQ�

WHUULWRULHV�DQG�DV�D�UHVXOW��WKLV�RQO\�KDSSHQHG�LQ�YHU\�IHZ�FDVHV�DQG�RQO\�ZLWK�

WKH�WHDFKHUV�ZKR�KDG�WKH�FRQILGHQFH�WR�GR�VR��7KLV�RIWHQ�IUXVWUDWHG�OHDUQHUV�

DV�XQH[SHFWHG�UHVXOWV�LQ�WKH�H[SHULPHQW�ZHUH� OHIW�XQH[SODLQHG�DQG�HYHQWXDOO\�

WDNHQ� IRU� JUDQWHG�� ,Q� VXFK� FDVHV� WHDFKHUV� ZHUH� REVHUYHG� WR� VWDWH� ZKDW� WKH�

UHVXOWV�VKRXOG�KDYH�EHHQ��6LPLODU�REVHUYDWLRQV�KDYH�EHHQ�UHSRUWHG�LQ�&DLOORGV��

*|WWHOPDQQ�'XUHW�DQG�/HZLQ��������S������RQ�VFKRROV�LQ�0DOD\VLD�� 
«�:KHQ�

WKH� H[SHULPHQWV� IDLOHG�� PDQ\� WHDFKHUV� ZRXOG� VLPSO\� VXJJHVW� WR� VWXGHQWV� WKDW� WKH\� REVHUYH�

DQRWKHU�JURXS�WR�VHH�ZKDW�KDSSHQHG�ZKHQ�WKH�H[SHULPHQW�ZRUNHG�ZHOO��ZLWKRXW�H[SODLQLQJ�

ZK\�LW�PLJKW�KDYH�IDLOHG�LQ�WKDW�LQVWDQFH�
�
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0RUH� WKHRUHWLFDO� DVSHFWV� RI� WKH�0DWHULDOV� OHVVRQV� ZHUH� YHU\� GHPDQGLQJ� RQ�

VRPH� RI� WKH� WHDFKHUV�� ,Q� SDUWLFXODU� WKH� DVSHFWV� GHDOLQJ� ZLWK� ERQGLQJ� DQG�

VWUXFWXUH� RI� PDWHULDOV� ZHUH� EH\RQG� WKH� FDSDELOLWLHV� RI� VRPH� RI� WKH� REVHUYHG�

WHDFKHUV��7KH�ODFN�RI�VXEMHFW�NQRZOHGJH�KDV�QHJDWLYHO\�DIIHFWHG�WKH�H[HFXWLRQ�RI�

VRPH�RI�WKH�PRUH�GLIILFXOW�OHVVRQV�RI�WKH�XQTXDOLILHG�WHDFKHUV�LQ�WKH�ILHOG�WHVW���

7R� DWWHQG� WR� WKH� SUREOHP�RI� XQGHU�TXDOLILHG� WHDFKHUV� �WKRVH�ZLWK� OLPLWHG�

VXEMHFW�NQRZOHGJH���WKH�0LQLVWU\�RI�(GXFDWLRQ�KDV�SXW�D�SURJUDPPH�LQ�SODFH�

WR� XSJUDGH� VFLHQFH� DQG�PDWKHPDWLFV� WHDFKHUV� DW� MXQLRU� VHFRQGDU\� OHYHO�� WKH�

0$67(3� �0DWKHPDWLFV� DQG� 6FLHQFH� 7HDFKHUV
� ([WHQVLRQ� 3URJUDPPH��

SURJUDPPH�DW�WKH�8QLYHUVLW\�RI�1DPLELD��81$0��7KLV�SDUW�WLPH�SURJUDPPH�

XSJUDGHV�WHDFKHUV�WR�WHDFK�DW�VHQLRU�VHFRQGDU\�OHYHO��EXW�ZKLOH�HQUROOHG�DW�WKH�

SURJUDPPH��MXQLRU�VHFRQGDU\�VFKRROV�PD\�EHQHILW��DIWHU�WZR�LQWDNHV������ZLOO�

KDYH�EHHQ�XSJUDGHG���7KH� LQ�VHUYLFH�YDULDQW�RI� WKH�%DVLF�(GXFDWLRQ�7HDFKHU�

'LSORPD� �%(7'��� ZLWK� SUHVHQWO\� ����� WHDFKHUV� HQUROOHG�� LV� WKH� RWKHU�

SURJUDPPH� WKDW� XSJUDGHV� MXQLRU� VHFRQGDU\� WHDFKHUV� IRU� VFLHQFH� �DQG� RWKHU�

VXEMHFWV���$ERXW�����VWXGHQWV�KDYH�JUDGXDWHG�IURP�WKLV�SURJUDPPH�VR�IDU���

�

/DQJXDJH��

,Q�PDQ\� RI� WKH� REVHUYHG� OHVVRQV�� WKH� OLPLWHG� NQRZOHGJH� RI� (QJOLVK� �IRU�

PDQ\�VWXGHQWV�WKH�VHFRQG�RU�WKLUG�ODQJXDJH��DIWHU�WKHLU�RZQ�ORFDO�ODQJXDJH�DQG�

$IULNDDQV��SRVHG�VHULRXV�SUREOHPV�LQ�WKH�FRPPXQLFDWLRQ�DPRQJ�VWXGHQWV�DQG�

EHWZHHQ� VWXGHQWV� DQG� WKHLU� WHDFKHU��'LVFXVVLRQV�RI� UHVXOWV� DQG� UHIOHFWLQJ�RQ�

SRVVLEOH�VROXWLRQV�WR�SUREOHPV�LQ�JURXSV�RI�VWXGHQWV�ZHUH�RIWHQ�FDUULHG�RXW�LQ�

D� VXSHUILFLDO� ZD\�� 0XFK� RI� WKLV� FDQ� EH� DWWULEXWHG� WR� WKH� VWXGHQWV
� ODFN� RI�

SURILFLHQF\� LQ� (QJOLVK� DV� WKH� QHZ� PHGLXP� RI� LQVWUXFWLRQ� LQ� 1DPLELD�� ,W�

KLQGHUHG�WKH�FRQVWUXFWLQJ�RI�NQRZOHGJH�E\�PHDQV�RI�FRPPXQLFDWLQJ�DERXW�LW��

6LPLODU�REVHUYDWLRQV�KDYH�EHHQ�PDGH�E\�*UD\��������DQG�3URSKHW�DQG�5RZHOO�

������� LQ� WKH� FRQWH[W� RI� VFLHQFH� HGXFDWLRQ� LQ� 6RXWK� $IULFD� DQG� %RWVZDQD��

UHVSHFWLYHO\�� ,Q� WKH�0DWHULDOV� VWXG\�� RQH� WHDFKHU� LQ� SDUWLFXODU�� VZLWFKHG� IURP�

(QJOLVK�WR�$IULNDDQV��LI�KH�IHOW�WKDW�WKH�VWXGHQWV�KDG�QRW�XQGHUVWRRG�ZKDW�KH�

ZDV�VD\LQJ���

,Q� UHFHQW� WLPHV�� WKHUH� LV� D� QHZ� GLVFXVVLRQ� RQ� WKH� ODQJXDJH� SROLF\� LQ�

HGXFDWLRQ� LQ�1DPLELD��7KHUH� LV�SUHVVXUH� WR�H[WHQG� WKH�QXPEHU�RI� \HDUV� WKDW�

VWXGHQWV� XVH� WKHLU� PRWKHU� WRQJXH� DW� VFKRROV�� FHUWDLQO\� IRU� WKH� ZKROH� RI�

SULPDU\� VFKRRO�� EXW� SHUKDSV� DOVR� IRU� MXQLRU� VHFRQGDU\� VFKRRO�� ,Q� WKH�

1DPLELDQ�FRQWH[W�WKH�DUJXPHQWV�DUH�WKDW�WHDFKHUV��DQG�VWXGHQWV��
ILQG�LW�GLIILFXOW�
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WR�GHYHORS�OHVVRQV�EDVHG�RQ�FRPPXQLFDWLRQ�DQG�LQWHUDFWLRQ�ZKHQ�WKH\�WKHPVHOYHV�ODFN�IOXHQF\�

LQ�(QJOLVK��7KLV� WHQGV� WR�GHPRWLYDWH� WHDFKHUV�ZKR�PD\� UHYHUW� WR� WHDFKHU�FHQWUHG� OHVVRQV� LQ�

ZKLFK�WKH\�IHHO�PRUH�FRQILGHQW�
��(QJODQG�	�/DZUHQFH��LQ�+DUOHFK�-RQHV���������$W�

WKH� WLPH� RI� LQGHSHQGHQFH� WKH� DSDUWKHLG� UHJLPH� QHHGHG� WR� EH� RYHUFRPH��

$IULNDDQV�ZDV�FORVHO\�UHODWHG�WR�WKDW�UHJLPH��DQG�QHHGHG�WR�EH�DEROLVKHG�DQG�

UHSODFHG��E\�(QJOLVK���$�GHFDGH�ODWHU�WKLV�DUJXPHQW�LV�QR�ORQJHU�UHOHYDQW��DQG�

WKHUH� PD\� EH� URRP� IRU� D� ODQJXDJH� SROLF\�� ZKLFK� ZRXOG� VXSSRUW� ZLGHU�

HGXFDWLRQDO�JRDOV�VXFK�DV�GHYHORSLQJ�D�OHDUQHU�FHQWUHG�WHDFKLQJ�PHWKRGRORJ\��

&DOOHZDHUW��������DUJXHV�IRU�WHDFKHUV�LQ�WKH�%(7'�SURJUDPPH�WR�EH�WUDLQHG�

WR�RSHUDWH� LQ�ERWK�WKHLU�QDWLYH� ODQJXDJH�DQG�(QJOLVK�DV�PHGLD�RI� LQVWUXFWLRQ��

7KH� LPSOHPHQWDWLRQ� RI� D� OHDUQHU�FHQWUHG� WHDFKLQJ� PHWKRGRORJ\� ZRXOG�

FHUWDLQO\�EHQHILW�IURP�WKH�LQWURGXFWLRQ�RI�QDWLYH�ODQJXDJH�LQVWUXFWLRQ��

�

6XSSRUW�IRU�WHDFKHUV�DW�VFKRRO��

7KHUH� ZDV� OLWWOH� HYLGHQFH� LQ� WKH� VFKRROV� WKDW� WRRN� SDUW� LQ� WKH� FODVVURRP�

REVHUYDWLRQV�WKDW�RWKHU�WHDFKHUV�LQ�WKH�VFKRRO�ZHUH�DOVR�HPSOR\LQJ�D�OHDUQHU�

FHQWUHG� WHDFKLQJ� DSSURDFK��$�ZDON� DORQJ� FODVVURRPV� LQ� WKH� VFKRROV� VKRZHG�

WKH�XVXDO�SLFWXUH�RI�D�FODVVURRP�ZLWK�D�WHDFKHU�WDONLQJ�WR�VWXGHQWV��RU�ZULWLQJ�

RQ�WKH�ERDUG�DQG�VWXGHQWV�FRS\LQJ�QRWHV�LQ�WKHLU�ERRNV��7HDFKHUV�LQYROYHG�LQ�

WKH�0DWHULDOV� VWXG\�ZHUH�EDVLFDOO\�RQ� WKHLU�RZQ� LQ� WKH�VFKRRO�DSSO\LQJ�D�QHZ�

WHDFKLQJ� PHWKRGRORJ\�� 7KHUH� VHHPHG� YHU\� OLWWOH� VXSSRUW� LQ� WKH� GHSDUWPHQW�

DQG� LQ� WKH� VFKRRO� IRU� WHDFKHUV�� 6FKRRO� SULQFLSDOV� GLG� QRW� VHH� VXSSRUW� WR�

WHDFKHUV�DV�WKHLU�GXW\��7KH\�LQVWHDG�OHIW�WKH�SURIHVVLRQDO�GHYHORSPHQW�RI�WKHLU�

WHDFKHUV�WR�RXWVLGH�ERGLHV�VXFK�DV�WKH�,167$17�3URMHFW��/LIH�6FLHQFH�3URMHFW�

DQG� RWKHU� GRQRU�IXQGHG� SURMHFWV�ZRUNLQJ� LQ� WKH�0LQLVWU\�� %XW� SURYLVLRQ� RI�

VFKRRO�EDVHG� VXSSRUW�ZDV�RQO\� D�PLQRU� DFWLYLW\�RI� WKHVH� SURMHFWV�� 3ULQFLSDOV�

ZRXOG� VRPHWLPHV� REVHUYH� WHDFKHUV�� EXW� RQO\� IRU� WKH� SXUSRVH� RI� HYDOXDWLQJ�

WKHLU�SHUIRUPDQFH���

3HHU� FRDFKLQJ�� DV� DQ� DOWHUQDWLYH� WR� VFKRRO�EDVHG� VXSSRUW� IURP� H[WHUQDO�

SURMHFW�VWDII��ZDV�QRW�ZHOO�GHYHORSHG�DW�WKH�WLPH�RI�WKH�0D&�VWXG\��EXW�PRUH�

UHFHQW� UHSRUWV� KDYH� DSSHDUHG� LQGLFDWLQJ� WKDW� VXFK� DFWLYLWLHV� DUH� QRZ� LQ�

RSHUDWLRQ��RQ�D�OLPLWHG�VFDOH��6LVPH\��������GHVFULEHV�SHHU�FRDFKLQJ�DFWLYLWLHV�

DV�SDUW�RI�WKH�VWDII�GHYHORSPHQW�IRU�VHFRQGDU\�(QJOLVK�WHDFKHUV�LQ�WKH�&DSULYL��

0EDPDQRYDQGX� ������� UHSRUWV� RQ� SHHU� FRDFKLQJ� DFWLYLWLHV� E\� /LIH� 6FLHQFH�

WHDFKHUV�LQ�WKH�:LQGKRHN�HGXFDWLRQDO�UHJLRQ��7KH\�UHSRUW�PL[HG�UHVXOWV�DV�WR�

WKH�ZLOOLQJQHVV�RI� WHDFKHUV� WR�SDUWLFLSDWH� LQ�SHHU�FRDFKLQJ�DFWLYLWLHV�DOWKRXJK�
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WHDFKHUV� LQGLFDWHG� WKDW� WKH\� IRXQG� WKH� DFWLYLW\� EHQHILFLDO�� 6LPLODU� UHVXOWV� DUH�

UHSRUWHG� IURP� %RWVZDQD� ZLWK� VHQLRU� VHFRQGDU\� WHDFKHUV� RI� VFLHQFH� DQG�

PDWKHPDWLFV��7KLMV�����������

�

$ELOLW\�WR�UHIOHFW�RQ�OHVVRQV�

7HDFKHUV��HVSHFLDOO\�WKRVH�ZLWK� OLPLWHG�WHDFKHU�WUDLQLQJ�DQG�OLPLWHG�VXEMHFW�

NQRZOHGJH��ZHUH�KDPSHUHG�E\�WKH�IDFW�WKDW�WKH\�IRXQG�LW�GLIILFXOW�WR�UHIOHFW�RQ�

WKH� OHVVRQV� WKH\� KDG� FDUULHG� RXW�� DW� OHDVW� LQ� WKH� LQWHUYLHZV� DIWHU� WKH� OHVVRQ�

VHULHV��2IWHQ� WKH\� IHOW� WKDW� 
WKH� OHVVRQ�ZDV�2.
��RU� 
MXVW�2.
��7KLV�ZDV� DOVR�

DSSDUHQW� LQ�PLFURWHDFKLQJ� VHVVLRQV� LQ�ZRUNVKRSV�� DOWKRXJK� WKHUH� WKH� UHDVRQ�

IRUZDUGHG�ZDV�WKDW�WHDFKHUV�ZHUH�QRW�YHU\�FRPIRUWDEOH�SURYLGLQJ�FULWLFLVP�WR�

FROOHDJXHV��5RZHOO��������REVHUYHV�LQ�WKH�1DPLELDQ�FRQWH[W��
,Q�P\�FRQYHUVDWLRQV�

ZLWK� WHDFKHUV�� ,�RIWHQ�DVN�ZKDW�DVSHFWV�RI� WKHLU� WHDFKLQJ�DUH� JLYLQJ� WKHP�SUREOHPV��7R�P\�

VXUSULVH� �DQG� FRQFHUQ��� WKH�PRVW� IUHTXHQW� UHVSRQVH� LV� �1RWKLQJ��2QO\� WKH�PDWHULDOV� DUH� D�

SUREOHP��� 7KLV� VXJJHVWV� WKDW� PDQ\� WHDFKHUV� GR� QRW� HQJDJH� LQ� D� TXHVWLRQLQJ� RI� WKHLU� RZQ�

SUDFWLFH�
� &RRN� ������� DUJXHV� IRU� WHDFKHU� UHIOHFWLRQ� WR� SOD\� D� ODUJHU� UROH� LQ�

OHDUQHU�FHQWUHG� HGXFDWLRQ� LQ�1DPLELD�� DQG�SURYLGHV� H[DPSOHV� RI� KRZ� WR� GR�

VWUXFWXUHG� UHIOHFWLRQ� FDUULHG� RXW� ZLWK� VWXGHQWV�� ,Q� WKH� %DVLF� (GXFDWLRQ�

7HDFKHU�'LSORPD��%(7'��SURJUDPPH��VHH�DOVR�FKDSWHU����VWXGHQWV�KDYH�JRQH�

WKURXJK� D� SURJUDPPH� FDOOHG� &ULWLFDO� 3UDFWLWLRQHU� ,QTXLU\� �IRFXVLQJ� RQ�

HYDOXDWLQJ� OHDUQLQJ� HQYLURQPHQWV� LQ� RUGHU� WR� GHYHORS� DQ� DFWLRQ� SODQ� WR�

VXSSRUW�� UHPHG\� RU� EULQJ� DERXW� FKDQJH� �0(%&�� ����E��� ([SHULHQFHV� WKH\�

KDYH� JDLQHG� DV� SDUW� RI� WKLV� SURJUDPPH�PD\� PDNH� UHIOHFWLRQ� RQ� WKHLU� RZQ�

SUDFWLFH� HDVLHU� DQG�PRUH� IUHTXHQW��7KH�KRSH�� WKHUHIRUH�� LV� WKDW� UHIOHFWLRQ�RQ�

OHVVRQV� �LQ� D� SHHU� FRDFKLQJ� IRUPDW�� EHFRPHV� D� SDUW� RI� QHZO\� JUDGXDWHG�

WHDFKHUV
�UHSHUWRLUH��

6ZDUWV� ������� LQGLFDWHV� WKDW� VWXGHQW� WHDFKHUV� LQ� WKH� %(7'� SURJUDPPH�

VKRZ� D� JUHDWHU� DSSUHFLDWLRQ� RI� OHDUQHU�FHQWUHG� HGXFDWLRQ� LQ� WKHRU\� WKDQ� LQ�

WKHLU� SUDFWLFH� LQ� WKH� FODVVURRP�� 7HDFKHU� VXSSRUW� PDWHULDOV� ZLWK� GHVLJQ�

VSHFLILFDWLRQV�DV�XVHG�LQ�WKH�0D&�VWXG\�FDQ�KHOS�VWXGHQW�WHDFKHUV�WR�RYHUFRPH�

WKH�DFWLYDWLRQ�EDUULHU�EHWZHHQ�WKHRU\�DQG�SUDFWLFH����

�

5HVRXUFHV��

0RVW� RI� WKH� VFKRROV� LQ� WKH� 0DWHULDOV� VWXG\� KDG� YHU\� OLPLWHG� UHVRXUFHV��

6WXGHQWV� KDG� WH[WERRNV� DYDLODEOH� WR� WKHP�� VRPHWLPHV� VKDULQJ� ZLWK� RWKHU�

VWXGHQWV�LQ�WKH�FODVV��7KHUH�ZDV�OLWWOH�VLJQ�RI�H[WUD�UHVRXUFH�ERRNV�IRU�WHDFKHUV�
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WR� SUHSDUH� WKHLU� OHVVRQV��7KH�GHSDUWPHQWDO� SUHS� URRPV�ZHUH�EDVLFDOO\� HPSW\��

ZLWK�D�IHZ�XQXVDEOH�DQG�RXW�RI�GDWH�FKHPLFDOV�RQ�WKH�VKHOI��ELWV�DQG�SLHFHV�RI�

WKH�VFLHQFH�NLWV��SURYLGHG�E\�WKH�,167$17�3URMHFW��VWUHZQ�DURXQG��7HDFKHUV�

LQGLFDWHG�WKDW�LW�ZDV�DOVR�YHU\�GLIILFXOW�WR�FRQYLQFH�WKHLU�SULQFLSDOV�WKDW�PRQH\�

ZDV�QHFHVVDU\�IRU�EX\LQJ�VPDOO�LWHPV�LQ�WKH�ORFDO�VWRUH�IRU�XVH�LQ�VFLHQFH�FODVVHV��

�

5ROH�RI�SUDFWLFDO�ZRUN��

7KH�UROH�RI�SUDFWLFDO�ZRUN�LQ�VFLHQFH�OHVVRQV�LQ�1DPLELD�KDV�VR�IDU�EHHQ�LOO�

GHILQHG�� ,Q� WKH� HDUO\� GD\V� RI� WKH� QHZ� VFLHQFH� FXUULFXOXP�� OHDUQHU�FHQWUHG�

WHDFKLQJ�ZDV�HTXDWHG�ZLWK�
GRLQJ�SUDFWLFDO�ZRUN
��$W�WKH�WLPH��WKH�JRDOV�RI�WKH�

SUDFWLFDO� ZRUN� ZHUH� QRW� TXHVWLRQHG�� 7KH� SULPH� FRQFHUQ� ZDV� WKDW� VWXGHQWV�

ZHUH� LQYROYHG�LQ�FODVV��7KLV�YLHZ�RI�SUDFWLFDO�ZRUN�IDOOV� LQWR�WKH�FDWHJRU\� 
WR�

PRWLYDWH��E\�VWLPXODWLQJ�LQWHUHVW�DQG�HQMR\PHQW
��+XGVRQ���������7KHUH�ZHUH�

RWKHU�PRUH�GLIIXVH�JRDOV�� VXFK�DV�D� VXSSRUW� LQ� WKH�GHYHORSPHQW�RI�FRQFHSWV�

DQG�WHDFKLQJ�ODERUDWRU\�VNLOOV��EXW�WKHVH�ZHUH�QRW�HODERUDWHG�PXFK���

7MLNXXD� ������� LQGLFDWHV� WKDW� WUDGLWLRQDOO\�� XQGHU� WKH� SUHYLRXV� FXUULFXOXP�

EHIRUH� LQGHSHQGHQFH�� WKH� IXQFWLRQ� RI� SUDFWLFDO� ZRUN� ZDV� DOPRVW� H[FOXVLYHO\�

VHHQ�DV�DQ� LOOXVWUDWLRQ�RI�D�FRQFHSW��7KH�QHZ�FXUULFXOXP�KDV� LQWURGXFHG� WKH�

QRWLRQ�RI�SUDFWLFDO�VNLOOV�DQG�DORQJ�ZLWK�WKDW�WKH�DVVHVVPHQW�RI�VXFK�VNLOOV��DV�D�

FRPSRQHQW�RI�FRQWLQXRXV�DVVHVVPHQW��,Q�SUDFWLFH�LW�KDV�SURYHG�WR�EH�GLIILFXOW�

WR�RUJDQLVH� WKLV�DQG�YHU\� OLWWOH�KDV�EHHQ�DFKLHYHG� LQ� WKLV�DUHD��7HDFKHUV�KDYH�

FRQWLQXHG�WR� WKLQN�RI�SUDFWLFDO�ZRUN�LQ� WHUPV�RI�FRQFHSW�SUDFWLFDOV� �7MLNXXD��

�������.DSHQGD�HW�DO���������VXJJHVW�WKDW�SUDFWLFDO�ZRUN�LV�VWLOO�FDUULHG�RXW�DV�

DQ�HQMR\DEOH�DFWLYLW\�ZLWKRXW�WRR�PXFK�UHODWLRQ�WR�WKH�DLPV�RI�WKH�OHVVRQ���

�

,Q�VXPPDU\��VHYHUDO�FRQFHUQV�KDYH�EHHQ�LGHQWLILHG�GXULQJ�WKH�0D&�VWXG\�DV�

KLQGHULQJ� D� SURSHU� LPSOHPHQWDWLRQ� RI� WKH� QHZ� VFLHQFH� FXUULFXOXP�� $V�

LQGLFDWHG�DERYH�� WKH�0LQLVWU\�RI�(GXFDWLRQ�	�&XOWXUH� LV�DGGUHVVLQJ�PDQ\�RI�

WKHVH�FRQFHUQV�WKURXJK�VHYHUDO�WUDLQLQJ�SURJUDPPHV��ERWK�LQ�VHUYLFH�DQG�SUH�

VHUYLFH�WUDLQLQJ�SURJUDPPHV���

�

������ 2SSRUWXQLWLHV��IRU�OHDUQHU�FHQWUHG�HGXFDWLRQ��

�

,Q� FKDSWHU� �� WKH� TXHVWLRQ� ZDV� SRVHG� ZKHWKHU� D� OHDUQHU�FHQWUHG� WHDFKLQJ�

PHWKRGRORJ\� ZDV� WKH�PRVW� VXLWDEOH� IRU� WKH� FLUFXPVWDQFHV� LQ� ZKLFK� VFLHQFH�

HGXFDWLRQ�LQ�1DPLELD�ZDV�WDNLQJ�SODFH��,W�ZDV�REVHUYHG��EDVHG�RQ�WKH�FRQWH[W�
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DQDO\VLV��FKDSWHU�����WKDW�WKH�FLUFXPVWDQFHV�LQ�VFKRROV�DQG�FODVVURRPV�IRUPHG�

D�YHU\�GLIILFXOW�EDFNGURS�IRU�WHDFKHUV�WR�LPSOHPHQW�D�OHDUQHU�FHQWUHG�WHDFKLQJ�

PHWKRGRORJ\�� ,Q� FKDSWHU� �� WKH� %HHE\�9HUVSRRU� 
VWDJHV� RI� GHYHORSPHQW
�

PRGHO� �XQVNLOOHG��PHFKDQLFDO�� URXWLQH� DQG� SURIHVVLRQDO�� ZDV� LQWURGXFHG� DQG�

UHIOHFWHG�RQ� LQ�YLHZ�RI�1DPLELD
V�SRRUO\�GHYHORSHG�HGXFDWLRQ�V\VWHP�EHIRUH�

LQGHSHQGHQFH�� ,W�ZDV� VXJJHVWHG� WKDW� D�PRUH� WUDGLWLRQDO� WHDFKLQJ� VW\OH�ZRXOG�

SHUKDSV� EH�PRUH� VXLWDEOH� LQ� VXFK� FLUFXPVWDQFHV�� EXW� ZLWK� DQ� RSHQ� H\H� IRU�

SRVVLELOLWLHV�WR�LQIXVH�OHDUQHU�FHQWUHG�WHDFKLQJ�PHWKRGRORJ\�ZKHUHYHU�SRVVLEOH�

�GH�)HLWHU� HW� DO��� ������*XWKULH�� ������� ,Q� YLHZ�RI� WKH� FRQFHUQV�GLVFXVVHG� LQ�

VHFWLRQ�������DERYH�� WKLV�VXJJHVWLRQ�UHPDLQV�YDOLG��7KH�0D&�VWXG\��KRZHYHU���

LQGLFDWHV� WKDW� WKH� LPSOHPHQWDWLRQ�RI�D� OHDUQHU�FHQWUHG�WHDFKLQJ�PHWKRGRORJ\�

LV� IDU� IURP� LPSRVVLEOH�� 7KH� XVH� RI� KLJK� TXDOLW\� H[HPSODU\� PDWHULDOV� LV� D�

VWUDWHJ\� WR� DVVLVW� WHDFKHUV� ZLWK� WKH� LQLWLDO� LPSOHPHQWDWLRQ� RI� VXFK� D�

PHWKRGRORJ\�LQ�WKH�FODVVURRP��+RZHYHU��VXSSRUW�PDWHULDOV�E\�WKHPVHOYHV�ZLOO�

QRW�PDNH�D� ODVWLQJ� LPSDFW��$GGLWLRQDO�FRQWLQXRXV�VXSSRUW� WR� WHDFKHUV� LQ� WKH�

IRUP� RI� SURIHVVLRQDO� GHYHORSPHQW� SURJUDPPHV�� ERWK� DW� LQ�VHUYLFH� WUDLQLQJ�

ZRUNVKRSV� DQG� VFKRRO�EDVHG� VXSSRUW� ZLOO� EH� HVVHQWLDO� IRU� VXFFHVVIXO�

LPSOHPHQWDWLRQ���

7KH�GHYHORSPHQW�RI�HGXFDWLRQ�LQ�1DPLELD�DIWHU� LQGHSHQGHQFH�VKRZV�WKDW�

WKHUH� DUH� QR� TXLFN�IL[� VROXWLRQV� LQ� HGXFDWLRQDO� UHIRUPV�� 'XULQJ� WKH� ILUVW�

GHFDGH�RI� LQGHSHQGHQFH��1DPLELD
V�HGXFDWLRQ�V\VWHP�KDV�GHYHORSHG�VWHDGLO\��

$� YDULHW\� RI� SURJUDPPHV� �ERWK� SUH�VHUYLFH� DQG� LQ�VHUYLFH�� DUH� IXUWKHU�

GHYHORSLQJ� WKH� WHDFKLQJ� IRUFH�� )RU� XQTXDOLILHG� VFLHQFH� WHDFKHUV�� XSJUDGLQJ�

SURJUDPPHV�� VXFK� DV� WKH� 0$67(3� SURJUDPPH� DQG� WKH� LQ�VHUYLFH� %(7'��

UHPDLQ�QHFHVVDU\��DV�GR�SURIHVVLRQDO�GHYHORSPHQW�SURJUDPPHV�IRU�WHDFKHUV���

�

�

���� 7KH�XVH�RI�WHDFKHU�VXSSRUW�PDWHULDOV�LQ�RWKHU�OHDUQLQJ�WUDMHFWRULHV�

�

7KH� XVH� RI� H[HPSODU\�PDWHULDOV� KDV�QRW� EHHQ� OLPLWHG� WR� MXQLRU� VHFRQGDU\�

VFLHQFH� FODVVHV� LQ� 1DPLELD�� 7HDFKHU� VXSSRUW� PDWHULDOV� ZLWK� VLPLODU� GHVLJQ�

VSHFLILFDWLRQV� KDYH� EHHQ� LQFRUSRUDWHG� LQ� RWKHU� OHDUQLQJ� WUDMHFWRULHV�� RU� KDYH�

WKH�SRWHQWLDO�WR�EH�LQFRUSRUDWHG��6RPH�RI�WKHVH�DUH�KLJKOLJKWHG�LQ�WKLV�VHFWLRQ��

�
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,Q�VHUYLFH�WUDLQLQJ�VFHQDULRV�LQ�%RWVZDQD�

6LPLODU�WHDFKHU�VXSSRUW�PDWHULDOV�ZHUH�XVHG�LQ�%RWVZDQD�LQ�WKH�IUDPHZRUN�

RI�D�SURIHVVLRQDO�GHYHORSPHQW�SURJUDPPH�IRU�VFLHQFH�WHDFKHUV��8%�,16(7���

,Q� WKLV� SDUWLFXODU� VHWWLQJ�� H[HPSODU\� PDWHULDOV� ZHUH� GHYHORSHG� IRFXVLQJ� RQ�

LQQRYDWLYH� WHDFKLQJ� DSSURDFKHV� LQ� SK\VLFV� DQG� FKHPLVWU\� WHDFKLQJ� DW� VHQLRU�

VHFRQGDU\�OHYHO��7KLMV���������7KH�PDWHULDOV�DSSHDUHG�WR�EH�YHU\�HIIHFWLYH�IRU�

WHDFKHUV� LQ� SUHSDULQJ� IRU� PLFURWHDFKLQJ� VHVVLRQV� GXULQJ� ZRUNVKRSV�� 6XFK�

VHVVLRQV�SUDFWLVHG� WKH�QHZ� WHDFKLQJ�VW\OHV� LQ� VHFXUH�EXW�QHYHUWKHOHVV� UHDOLVWLF�

VHWWLQJV��LQFOXGLQJ�VWXGHQWV�IURP�QHDUE\�VFKRROV���7HDFKHUV�XVHG�WKH�PDWHULDOV�

DW�VFKRRO�IRU�SHHU�FRDFKLQJ�VHVVLRQV�ZLWK�FROOHDJXHV��VRPH�RI�ZKRP�KDG�QRW�

DWWHQGHG�WKH�ZRUNVKRSV����

&ODVVURRP�REVHUYDWLRQV�FDUULHG�RXW�DV�SDUW�RI�WKH�8%�,16(7�SURJUDPPH�

DIWHU�WKH�DERYH�ZRUNVKRSV��VKRZHG�WKDW�WHDFKHUV�KDUGO\�FRQVXOWHG�WKH�VXSSRUW�

PDWHULDOV� IRU� WKH� SUHSDUDWLRQ� DQG� H[HFXWLRQ� RI� WKHLU� OHVVRQV�� 7KHVH�

QHYHUWKHOHVV� LQYROYHG� ORWV� RI� SUDFWLFDO� DFWLYLWLHV� IRU� VWXGHQWV�� 6WXGHQWV�

SUHGLFWHG�RXWFRPHV�RI� H[SHULPHQWV�� FDUULHG� WKHVH�RXW�� DQG�GLVFXVVHG� UHVXOWV��

PXFK�LQ�OLQH�ZLWK�WKH�OHVVRQ�VXJJHVWLRQV�LQ�WKH�VXSSRUW�PDWHULDOV�XVHG�DW�WKH�

ZRUNVKRSV��7HDFKHUV�LQGLFDWHG�WKDW�VLQFH�WKH�PDWHULDOV�KDG�GRQH�WKHLU�ZRUN�DW�

WKH�ZRUNVKRS� WR�JHW� WKH� LGHD�DFURVV�� WKHUH�ZDV�QR�QHHG� IRU� WKHP�WR�FRQVXOW�

WKH� WHDFKHU� VXSSRUW�PDWHULDOV� DJDLQ�� &ODVVURRP� REVHUYDWLRQV� DQG� LQWHUYLHZV�

FRQGXFWHG�DIWHUZDUGV� FRQILUPHG� WKLV�SRVLWLRQ�� ,PSRUWDQW� WR�QRWH� LV� WKDW� WKH�

VFLHQFH�WHDFKHUV�LQ�%RWVZDQD�ZHUH�DOO�XQLYHUVLW\�JUDGXDWHV�XQOLNH�PRVW�RI�WKH�

VFLHQFH� WHDFKHUV� LQ�1DPLELD� �FI��7KLMV�� �������$OWKRXJK� WHDFKHUV� VKRZHG� WKH�

DELOLW\� WR� LPSOHPHQW� D� VWXGHQW�FHQWUHG� WHDFKLQJ� PHWKRGRORJ\� LQ� WKHLU�

FODVVURRP�� WKH\� LQGLFDWHG� WKDW� LW� ZRXOG� EH� LPSRVVLEOH� WR� FRQWLQXH� ZLWK� LW�

EHFDXVH� LW�ZRXOG� QRW�SURSHUO\�SUHSDUH� VWXGHQWV� IRU� WKHLU� ILQDO� H[DPLQDWLRQV��

7KLV�PLVDOLJQPHQW�RI� FXUULFXOXP�DQG�H[DPLQDWLRQV�KDV�RIWHQ�EHHQ� LQGLFDWHG�

DV� D� KLQGUDQFH� WR� VXFFHVVIXO� LPSOHPHQWDWLRQ� RI� WKH� FXUULFXOXP� LQ� WKH�

FODVVURRP��DOVR�LQ�GHYHORSLQJ�FRXQWULHV��/HZLQ���������

�

$Q�RUJDQLVLQJ�HOHPHQW�IRU�WHDFKHU�JURXSV�LQ�7HDFKHU�5HVRXUFH�&HQWUHV�

7HDFKHU� 5HVRXUFH� &HQWUHV� �75&V�� KDYH� EHFRPH� FHQWUHV� IRU� WHDFKHU�

GHYHORSPHQW�LQ�PDQ\�FRXQWULHV�LQ�$IULFD��.QDPLOOHU���������DQDO\VLQJ�D�VPDOO�

QXPEHU� RI� 75&V�� KDV� H[SUHVVHG� GRXEWV� DERXW� WKHLU� HIIHFWLYHQHVV� LQ�

VSHDUKHDGLQJ� WHDFKHU� SURIHVVLRQDO� GHYHORSPHQW�� 7HDFKHUV� VHHPHG� WR� PDNH�

OLWWOH�XVH�RI�WKH�75&V�DQG�WKH�LPSDFW�RI�75&V�RQ�FODVVURRP�SUDFWLFH�VHHPHG�
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YHU\� OLPLWHG�� ,Q�1DPLELD��KRZHYHU�� WKHUH� DUH� D�QXPEHU�RI� YHU\� DFWLYH�75&V�

�QRWDEO\� 3RQKRIL� 75&� DQG� 2QGDQJZD� 75&��� ZKHUH� WHDFKHUV� PHHW� RQ� D�

UHJXODU�EDVLV�WR�GLVFXVV�VXEMHFW�UHODWHG�PDWWHUV�DQG�WR�GUDZ�XS�OHVVRQ�SODQV�IRU�

XSFRPLQJ�WRSLFV��)RU�VXFK�JURXSV�RI�WHDFKHUV��H[HPSODU\�OHVVRQ�PDWHULDOV�DQG�

UHIOHFWLQJ�RQ�WKHVH�FDQ�EH�D�VWDUWLQJ�SRLQW�IRU�WKHLU�DFWLYLWLHV��+RSSHUV��������

VWDWHV�WKDW�LQ�6RXWKHUQ�$IULFD��75&V�VHHP�WR�KDYH�HIIHFWLYHO\�GHYHORSHG�DV�D�

FRQGXLW�IRU�FHQWUDOLVHG�WHDFKHU�VXSHUYLVLRQ��SURIHVVLRQDO�GHYHORSPHQW�DQG�WKH�

LQVSHFWRUDWH��,QVWHDG��+RSSHUV�DUJXHV�LQ�IDYRXU�RI�75&V�DV�VWLPXODWLQJ�SODFHV�

IRU� ORFDO� LQLWLDWLYHV� LQ� WKH� DUHD� RI� HGXFDWLRQDO� FKDQJH�� 7KH� GHYHORSPHQW� RI�

FXUULFXOXP� PDWHULDOV� E\� JURXSV� RI� WHDFKHUV� LQ� WKH� 75&V� FDQ� KHUHE\� EH� DQ�

HIIHFWLYH� FRPSRQHQW� RI� VXFK� ORFDO� LQLWLDWLYHV� DQG� FDQ� DGGUHVV� WKH� SUREOHP�

REVHUYHG� E\� +RSSHUV� WKDW� WHDFKHUV� KDYH� WKH� IUHHGRP� WR� LPSOHPHQW� WKH�

FXUULFXOXP�EXW�QRW�WR�GHYHORS�LW��5HIOHFWLRQ�RQ�H[HPSODU\�OHVVRQ�PDWHULDOV�VXFK�

DV�WKRVH�GHYHORSHG�LQ�WKH�0D&�VWXG\�FDQ�EH�XVHG�DV�D�VWDUWLQJ�SRLQW�LQ�VXFK�

LQLWLDWLYHV��,Q�VXSSRUW�RI�ORFDO�WHDFKHU�JURXSV�GHYHORSLQJ�FXUULFXOXP�PDWHULDOV��

WKH� &$6&$'(�6($� SURJUDPPH�� GHYHORSHG� DW� WKH� 8QLYHUVLW\� RI� 7ZHQWH�

�0F.HQQH\��LQ�SUHVV���SURYLGHV�WHDFKHUV�ZLWK�D�VRIWZDUH�WRRO�IRU�VXFK�D�WDVN��

7KH� SURJUDPPH� XVHV� GHVLJQ� VSHFLILFDWLRQV� IRU� WKH� OHVVRQ� SODQV� VLPLODU� WR�

WKRVH�IRUPXODWHG�LQ�WKH�0D&�VWXG\���

�

6XSSRUW�WR�WHDFKHUV�LQWURGXFLQJ�,&7�DSSOLFDWLRQV�LQ�WKHLU�OHVVRQV�

6PDOO�VFDOH� SURMHFWV� VXSSRUWLQJ� WHDFKHUV� ZLWK� WKH� LQFRUSRUDWLRQ� RI� ,&7�

DSSOLFDWLRQV� LQ� WKHLU� OHVVRQV� DOVR�PDNH� XVH� RI� H[HPSODU\�PDWHULDOV� VLPLODU� WR�

WKRVH� LQ� WKH�0D&�VWXG\��([DPSOHV�RI� VXFK�SURMHFWV� LQFOXGH� WKH�XVH�RI�0LFUR�

%DVHG� /DEV� �0%/�� LQ� SK\VLFV� OHVVRQV� RI�$�OHYHO� WHDFKHUV� LQ� 7DQ]DQLD� �7LO\D��

������DQG�WKH�LQWURGXFWLRQ�RI�,&7�LQ�SK\VLFV�OHVVRQV�LQ�MXQLRU�VHFRQGDU\�FODVVHV�

RI� UXUDO� VFKRROV� LQ� 5XVVLD� �&5266�� ������� 7KH� ODWWHU� SURMHFW� LV� SDUWLFXODUO\�

LQWHUHVWLQJ� DV� OHVVRQ� SODQV� DUH� GHYHORSHG� LQ� D� FROODERUDWLYH� HIIRUW� DFURVV� WKH�

ZHE�� ,Q� WKLV� UHVSHFW�� .RV]DOND� HW� DO�� ������� VXJJHVW� D� IRUPDW� IRU� ZHE�EDVHG�

OHVVRQV� WKDW� LV� VXFFLQFW� IRU� H[SHULHQFHG� WHDFKHUV�� DQG� SURYLGH� VWHS�E\�VWHS�

GHWDLOHG�LQVWUXFWLRQV�WR�QRYLFH�WHDFKHUV�IRU�FRQGXFWLQJ�WKH�OHVVRQV��

�

�
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���� &RQFOXVLRQ�

�

7HDFKHUV�VXSSRUW�PDWHULDOV�GHVLJQHG�DQG�HYDOXDWHG�LQ�WKH�0D&�VWXG\�ZHUH�

XVHG� WR� VXSSRUW� WHDFKHUV� ZLWK� WKH� LPSOHPHQWDWLRQ� RI� WKH� QHZ� VFLHQFH�

FXUULFXOXP� LQ� 1DPLELD�� 7KH� PDWHULDOV� ZLWK� SURFHGXUDO� VSHFLILFDWLRQV� IRU�

HVVHQWLDO� SDUWV� RI� WKH� OHVVRQV�� KDYH� VKRZQ� WKHPVHOYHV� WR� EH� DQ� DGHTXDWH�

VXSSRUW�IRU�WHDFKHUV�LQ�WKH�LQLWLDO�SKDVH�RI�LPSOHPHQWDWLRQ�RI�WKH�QHZ�VFLHQFH�

FXUULFXOXP� LQ� MXQLRU� VHFRQGDU\� FODVVHV� LQ� 1DPLELD�� 7KHVH� PDWHULDOV� KHOS�

WHDFKHUV�WR�RYHUFRPH�WKH�DFWLYDWLRQ�EDUULHU�WKDW�FKDUDFWHULVHV�WKH�FKDQJH�WR�DQ�

LQQRYDWLYH�WHDFKLQJ�PHWKRGRORJ\��8VH�RI�WKH�PDWHULDOV�LQ�FODVV�KDV�UHVXOWHG�²�

ZLWKLQ� WKH� FRQVWUDLQWV� FDXVHG� E\� D� SRRUO\� TXDOLILHG� WHDFKLQJ� IRUFH�� XQGHU�

UHVRXUFHG�DQG�SRRUO\�RUJDQLVHG�VFKRROV�²�LQ�ZHOO�RUJDQLVHG�DQG�ZHOO�H[HFXWHG�

OHVVRQV��7KH�XVH�RI�WKH�PDWHULDOV�KDV�SURYLGHG�WHDFKHUV�ZLWK�LQLWLDO�VXFFHVVIXO�

H[SHULHQFHV�ZLWK�WKH�LPSOHPHQWDWLRQ�RI�WKH�QHZ�FXUULFXOXP��7KLV�LV�VHHQ�DV�DQ�

LQFHQWLYH�WR�FDUU\�RQ�ZLWK�WKH�IXUWKHU�LPSOHPHQWDWLRQ�RI�WKH�FXUULFXOXP���

�

7KH� GHYHORSPHQW� RI� WHDFKHU� VXSSRUW� PDWHULDOV� LQ� D� F\FOLF� DSSURDFK� RI�

GHVLJQ�DQG�HYDOXDWLRQ��LQYROYLQJ�WHDFKHUV�LQ�WKH�GHYHORSPHQW�SURFHVV�DV�HDUO\�

DV� SRVVLEOH�� KDV� UHVXOWHG� LQ�PDWHULDOV� WKDW� WDNH� WKH� ORFDO� FRQGLWLRQV� DQG� WKH�

SUREOHPV�WHDFKHUV�IDFH�LQ�WKH�FODVV��LQWR�DFFRXQW��)XUWKHUPRUH��WKH�XVH�RI�WKH�

PDWHULDOV��LQ�LQ�VHUYLFH�WUDLQLQJ�DFWLYLWLHV�DV�ZHOO�DV�LQ�WKH�FODVVURRP��KDYH�EHHQ�

VKRZQ�WR�EH�D�OHDUQLQJ�H[SHULHQFH�IRU�WHDFKHUV���

�

7KH�0D&�VWXG\�FRQFXUV�ZLWK�%DOO�DQG�&RKHQ��������S����ZKR�VXJJHVW�WKDW�

PDWHULDOV� EH�GHYHORSHG� 
WR� SODFH� WHDFKHUV� LQ� WKH� FHQWUH� RI� FXUULFXOXP� FRQVWUXFWLRQ� DQG�

PDNH� WHDFKHUV
� OHDUQLQJ� FHQWUDO� WR� HIIRUWV� WR� LPSURYH� HGXFDWLRQ�� ZLWKRXW� UHTXLULQJ� KHURLF�

DVVXPSWLRQV�DERXW�HDFK�WHDFKHU
V�FDSDFLWLHV�DV�DQ�RULJLQDO�GHVLJQHU�RI�FXUULFXOXP
��

�

�

�



�

�

5HIHUHQFHV�

�

�

�

�

YDQ�GHQ�$NNHU��-�� ��������2QWZHUS� HQ� LPSOHPHQWDWLH�YDQ�QDWXXURQGHUZLMV� >'HVLJQ�DQG�

LPSOHPHQWDWLRQ�RI�VFLHQFH�HGXFDWLRQ@��/LVVH��6ZHWV�	�=HLWOLQJHU��

YDQ�GHQ�$NNHU��-�������D���7KH�VFLHQFH�FXUULFXOXP��%HWZHHQ�LGHDOV�DQG�RXWFRPHV��

,Q�%��)UDVHU�	�.��7RELQ��(GV����,QWHUQDWLRQDO�+DQGERRN�RI�6FLHQFH�(GXFDWLRQ��SS��

�����������'RUGUHFKW��.OXZHU�$FDGHPLF�3XEOLVKHUV��

YDQ� GHQ� $NNHU�� -�� �����E���'H� XLWEHHOGLQJ� YDQ� KHW� FXUULFXOXP�� >,QDXJXUDO� OHFWXUH@��

(QVFKHGH��8QLYHUVLW\�RI�7ZHQWH��

YDQ�GHQ�$NNHU��-���������3ULQFLSOHV�DQG�PHWKRGV�RI�GHYHORSPHQW�UHVHDUFK��,Q�-��

YDQ�GHQ�$NNHU��5��%UDQFK��.��*XVWDIVRQ��1��1LHYHHQ�DQG�7M��3ORPS��(GV����

'HVLJQ� DSSURDFKHV� DQG� WRROV� LQ� HGXFDWLRQ� DQG� WUDLQLQJ� �SS�� ������� 'RUGUHFKW��

.OXZHU��

YDQ� GHQ� $NNHU�� -�� 	� 3ORPS�� 7M�� ������� $SULO�� 'HYHORSPHQW� UHVHDUFK� LQ� FXUULFXOXP��

3URSRVLWLRQV�DQG�H[SHULHQFHV��3DSHU�SUHVHQWHG�DW�WKH�DQQXDO�PHHWLQJ�RI�$PHULFDQ�

(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ��$WODQWD��*$���

YDQ�GHQ�$NNHU��-���2WWHYDQJHU��:��	�3ORPS��7M���������$SULO���'HYHORSPHQW�UHVHDUFK��

$� SURPLVLQJ� DSSURDFK� IRU� GHYHORSLQJ� FRXQWULHV"� 3DSHU� SUHVHQWHG� DW� WKH� $QQXDO�

0HHWLQJ�RI� WKH�$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ��1HZ�2UOHDQV��

/2��

YDQ�GHQ�$NNHU��-��	�9RRJW��-����������7KH�XVH�RI�LQQRYDWLRQ�DQG�SUDFWLFH�SURILOHV�

LQ� WKH� HYDOXDWLRQ� RI� FXUULFXOXP� LPSOHPHQWDWLRQ�� 6WXGLHV� LQ� (GXFDWLRQDO�

(YDOXDWLRQ������������������

YDQ�GHQ�$NNHU��-��	�0F.HQQH\��6����������,PSURYLQJ�VFLHQFH�FXUULFXOXP�SUDFWLFH�

LQ� VFKRROV�� ,Q� &�� 6WROO�� /�� GH� )HLWHU�� +�� 9RQN�� -�� YDQ� GHQ� $NNHU� �(GV���

,PSURYLQJ� VFLHQFH� DQG� PDWKHPDWLFV� WHDFKLQJ� LQ� 6RXWKHUQ� $IULFD�� (IIHFWLYHQHVV� RI�

LQWHUYHQWLRQV��SS����������$PVWHUGDP��98�8QLYHUVLW\�3UHVV��
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$GDPX�� $�� �������� 5KHWRULF� DQG� UHDOLW\� LQ� 1LJHULDQ� VFLHQFH� HGXFDWLRQ��

2EVHUYDWLRQV� RI� VFLHQFH� WHDFKLQJ� LQ� .DQR� 6WDWH� VHFRQGDU\� VFKRROV��

,QWHUQDWLRQDO�-RXUQDO�RI�(GXFDWLRQDO�'HYHORSPHQW�����������������

$OEHUWV�� -�� ������� -DQXDU\��� 7KH� FXUULFXOXP� GHYHORSPHQW� SURFHVV�� WKH� 1DPLELDQ� UHDOLW\��

3DSHU� SUHVHQWHG� DW� WKH� ,QWHUQDWLRQDO� &XUULFXOXP� &RQIHUHQFH�� 2NDKDQGMD��

1DPLELD��

$QGUHZV��-���+RXVHJR��,��	�7KRPDV��'����������(IIHFWLYH�LQ�VHUYLFH�SURJUDPV�LQ�

GHYHORSLQJ� FRXQWULHV�� $� VWXG\� RI� H[SHUW� RSLQLRQ�� ,Q� 9�� 5XVW� 	� 3�� 'DOLQ�

�(GV���� 7HDFKHUV� DQG� WHDFKLQJ� LQ� WKH� GHYHORSLQJ� ZRUOG� �SS�� �������� 1HZ� <RUN��

*DUODQG�3XEOLVKLQJ��

$QJXOD�� 1�� 	� *UDQW� /HZLV�� 6�� �������� 3URPRWLQJ� GHPRFUDWLF� SURFHVVHV� LQ�

HGXFDWLRQDO� GHFLVLRQ� PDNLQJ�� UHIOHFWLRQV� IURP� 1DPLELD
V� ILUVW� �� \HDUV��

,QWHUQDWLRQDO�-RXUQDO�RI�(GXFDWLRQDO�'HYHORSPHQW�������������������

$XDOD��5����������5HVHDUFK�LPSOLFDWLRQV�RI�WKH�81(6&2�PLVVLRQ�UHSRUW�RQ�WKH�

VXUYH\�RI� LQ�VHUYLFH� WUDLQLQJ�QHHGV�RI� VHUYLQJ� WHDFKHUV� LQ�1DPLELD�� ,Q�.�.��

3UDK��(G����6RFLDO�VFLHQFH�UHVHDUFK�SULRULWLHV�IRU�1DPLELD��SS������������:LQGKRHN��

8QLYHUVLW\�RI�1DPLELD�DQG�&RXQFLO�IRU�WKH�'HYHORSPHQW�RI�(FRQRPLF�DQG�

6RFLDO�5HVHDUFK�LQ�$IULFD��

%DDV�� -�� ��������$�1DPLELDQ� SK\VLFDO� VFLHQFH� WHDFKHU� JXLGH� HYDOXDWHG�� 0DVWHU·V� WKHVLV��

(QVFKHGH��8QLYHUVLW\�RI�7ZHQWH��

%DOO��'��	�&RKHQ��'����������5HIRUP�E\�WKH�ERRN��:KDW�LV� ��RU�PLJKW�EH� ��WKH�

UROH� RI� FXUULFXOXP� PDWHULDOV� LQ� WHDFKHU� OHDUQLQJ� DQG� LQVWUXFWLRQDO� UHIRUP"�

(GXFDWLRQDO�5HVHDUFKHU���������������

%HHE\�� &�� �������� 7KH� TXDOLW\� RI� HGXFDWLRQ� LQ� GHYHORSLQJ� FRXQWULHV�� &DPEULGJH�� 0$��

+DUYDUG�8QLYHUVLW\�3UHVV��

%HQVFKRS��0����������)RUPDWLYH�HYDOXDWLRQ�RI�WHDFKHU�VXSSRUW�PDWHULDOV�IRU�WKH�1DPLELDQ�

SK\VLFDO�VFLHQFH�FXUULFXOXP��0DVWHU·V�WKHVLV��(QVFKHGH��8QLYHUVLW\�RI�7ZHQWH��

YDQ�GHQ�%HUJ��(�� ��������(IIHFWV� RI� LQ�VHUYLFH� HGXFDWLRQ� RQ� LPSOHPHQWDWLRQ� RI� HOHPHQWDU\�

VFLHQFH��'RFWRUDO�GLVVHUWDWLRQ��(QVFKHGH��8QLYHUVLW\�RI�7ZHQWH��

%RHUPD��6�����������%LRORJ\�LQ�VHUYLFH�WUDLQLQJ�LQ�6ZD]LODQG��$Q�HYDOXDWLRQ�RI�WKH�

DSSURDFK� RI� ,067,3� IRU� ELRORJ\��0DVWHU·V� WKHVLV�� (QVFKHGH��8QLYHUVLW\� RI�

7ZHQWH��



5HIHUHQFHV ���

&DLOORGV�� )��� *|WWHOPDQQ�'XUHW�� *�� 	� /HZLQ�� .�� �������� 6FLHQFH� HGXFDWLRQ� DQG�

GHYHORSPHQW�� 3ODQQLQJ� DQG� SROLF\� LVVXHV� DW� VHFRQGDU\� OHYHO�� 3DULV�� 8QHVFR��

,QWHUQDWLRQDO�,QVWLWXWH�IRU�(GXFDWLRQDO�3ODQQLQJ��

&DOOHDZDHUW�� 6�� ��������:KLFK� ZD\� 1DPLELD"� ,Q� .�� =HLFKQHU� 	� /�� 'DKOVWU|P�

�(GV����'HPRFUDWLF�WHDFKHU�HGXFDWLRQ�UHIRUP�LQ�$IULFD��7KH�FDVH�RI�1DPLELD��SS������

������%RXOGHU��&2��:HVWYLHZ�3UHVV��

&ODQGLQLQ��'��	�&RQQHOO\��)����������,Q�3K��-DFNVRQ��(G����+DQGERRN�RI�UHVHDUFK�RQ�

FXUULFXOXP��SS������������1HZ�<RUN��0DFPLOODQ��

&RKHQ��&����������$GPLQLVWHULQJ�HGXFDWLRQ�LQ�1DPLELD��WKH�FRORQLDO�SHULRG�WR�WKH�SUHVHQW��

:LQGKRHN��1DPLELD�6FLHQWLILF�6RFLHW\��

&RRN��3����������7HDFKHU�UHIOHFWLRQ�LQ�OHDUQHU�FHQWUHG�HGXFDWLRQ��5HIRUP�)RUXP�����

5HWULHYHG��)HEUXDU\����������IURP�WKH�:RUOG�:LGH�:HE��

KWWS���ZZZ�QLHG�HGX�QD�QLHG�SXE�MRXUQDOV�MRXUQDO���DUW��KWP�

&UDHOLXV�� 0�� �������� 1DPLELD�� 6\VWHP� RI� HGXFDWLRQ�� ,Q� 7�� +XVHQ� 	� 7�1��

3RVWOHZDLWH� �(GV���� 7KH� LQWHUQDWLRQDO� HQF\FORSHGLD� RI� HGXFDWLRQ� �SS�� ������������

2[IRUG��3HUJDPRQ��

&5266� �������� -RLQW� :RUNSODQ� IRU� WKH� 'XWFK�5XVVLDQ� &R�RSHUDWLRQ� LQ�

(GXFDWLRQ������������'HQ�+DDJ��&5266��

&XEDQ�� /�� �������� &XUULFXOXP� VWDELOLW\� DQG� FKDQJH�� ,Q� 3K�� -DFNVRQ� �(G����

+DQGERRN�RI�UHVHDUFK�RQ�FXUULFXOXP��SS������������1HZ�<RUN��0DFPLOODQ��

&XUU\�� 1��� /LQRZ�� .��� 6SHHOPDQ�� +�� 	� 7MLNXXD�� &�� �������� 3K\VLFDO� 6FLHQFH� IRU�

1DPLELD�*UDGH�����:LQGKRHN��1HZ�1DPLELD�%RRNV�+HLQHPDQQ�(GXFDWLRQDO�

%RRNV��

&XUU\�� 1��� /LQRZ�� .�� 	� &OHJJ�� $�� �������� 3K\VLFDO� 6FLHQFH� IRU� 1DPLELD� *UDGH� ���

:LQGKRHN��1HZ�1DPLELD�%RRNV�+HLQHPDQQ�(GXFDWLRQDO�%RRNV��

'DKOVWU|P�� /�� �������� 7HDFKHU� HGXFDWLRQ� IRU� LQGHSHQGHQW� 1DPLELD�� )URP� WKH�

OLEHUDWLRQ�VWUXJJOH�WR�D�QDWLRQDO�DJHQGD��-RXUQDO�RI�(GXFDWLRQ�IRU�7HDFKLQJ���������

���������

'DOLQ��3����������+RZ�VFKRROV�LPSURYH��/RQGRQ��&DVVHOO��

'HQ]LQ��1����������7KH�UHVHDUFK�DFW��$�WKHRUHWLFDO�LQWURGXFWLRQ�WR�VRFLRORJLFDO�PHWKRGV���QG�

HG����1HZ�<RUN��0F*UDZ�+LOO���
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'LPPHQGDDO��0��	�9DQ�GHU�/DDQ���������$�VXUYH\�RI�H[DPLQDWLRQ�UHVXOWV�LQ�1DPLELD���

DQ�DQDO\VLV�RI�PDWULFXODWLRQ�UHVXOWV�RYHU� WKH�\HDUV������������(QVFKHGH��8QLYHUVLW\�

RI�7ZHQWH��

'R\OH�� :�� 	� 3RQGHU� �� *�� �������� 7KH� SUDFWLFDOLW\� HWKLF� LQ� WHDFKHU� GHFLVLRQ�

PDNLQJ��,QWHUFKDQJH��������������

(0,6� �����D��������(GXFDWLRQ�6WDWLVWLFV��:LQGKRHN��0LQLVWU\�RI�%DVLF�(GXFDWLRQ�

DQG�&XOWXUH��

(0,6������E���$�3URILOH�RI�(GXFDWLRQ�LQ�1DPLELD��:LQGKRHN��0LQLVWU\�RI�(GXFDWLRQ�

DQG�%DVLF�(GXFDWLRQ��

GH� )HLWHU�� /��	�7KLMV��$�� �������� 6WUDWHJLHV� IRU� V\VWHP�ZLGH� VXVWDLQDEOH� FKDQJH�

UHYLHZ�RI� VWUDQG�FRQWULEXWLRQV�� ,Q�&��6WROO��/��GH�)HLWHU��+��9RQN�	� -��YDQ�

GHQ� $NNHU� �(GV���� ,PSURYLQJ� VFLHQFH� DQG� PDWKHPDWLFV� WHDFKLQJ� LQ� 6RXWKHUQ� $IULFD��

(IIHFWLYHQHVV�RI�LQWHUYHQWLRQV��$PVWHUGDP��98�8QLYHUVLW\�3UHVV��

GH� )HLWHU�� /��� 9RQN�� +�� 	� YDQ� GHQ� $NNHU�� -�� �������� 7RZDUGV� PRUH� HIIHFWLYH�

VFLHQFH�WHDFKHU�GHYHORSPHQW�LQ�VRXWKHUQ�$IULFD��$PVWHUGDP��98�8QLYHUVLW\�

3UHVV��

)XOODQ��0����������7KH�QHZ�PHDQLQJ�RI�HGXFDWLRQDO�FKDQJH��/RQGRQ��&DVVHOO��

)XOOHU�� %�� 	� &ODUNH� ��������5DLVH� VFKRRO� HIIHFWV� ZKLOH� LJQRULQJ� FXOWXUH"� /RFDO�

FRQGLWLRQV�DQG�WKH�LQIOXHQFH�RI�FODVVURRP�WRROV��UXOHV�DQG�SHGDJRJ\��5HYLHZ�RI�

(GXFDWLRQDO�5HVHDUFK������������������

)XOOHU��%��	�+HLQHPDQQ��6����������7KLUG�ZRUOG�VFKRRO�TXDOLW\��&XUUHQW�FROODSVH��

IXWXUH�SRWHQWLDO��(GXFDWLRQDO�5HVHDUFKHU����������������

*RRGODG�� -���.OHLQ��0��	�7\H��.�� ��������7KH�GRPDLQV�RI�FXUULFXOXP�DQG� WKHLU�

VWXG\��,Q�-�,��*RRGODG�HW�DO���&XUULFXOXP�LQTXLU\��WKH�VWXG\�RI�FXUULFXOXP�SUDFWLFH��SS��

��������1HZ�<RUN��0F*UDZ�+LOO��

*UD\�� %�� �������� 6FLHQFH� HGXFDWLRQ� LQ� WKH� GHYHORSLQJ� ZRUOG�� ,VVXHV� DQG�

FRQVLGHUDWLRQV��-RXUQDO�RI�5HVHDUFK�LQ�6FLHQFH�7HDFKLQJ������������������

*XQVWRQH��5�� �������� ,QWHUQDWLRQDO�GHYHORSPHQWV� LQ� LPSURYLQJ� WKH� VFLHQFH� DQG�

PDWKHPDWLFV� FXUULFXOXP� ²� XQGHUVWDQGLQJ� DQG� VXSSRUWLQJ� FKDQJHV� LQ� WKH�

FODVVURRP�� ,Q� &�� 6WROO�� /�� GH� )HLWHU�� +�� 9RQN�� -�� YDQ� GHQ� $NNHU� �(GV����

,PSURYLQJ� VFLHQFH� DQG� PDWKHPDWLFV� WHDFKLQJ� LQ� 6RXWKHUQ� $IULFD�� (IIHFWLYHQHVV� RI�

LQWHUYHQWLRQV��%RRN�RI�VXPPDULHV��SS��������$PVWHUGDP��98�8QLYHUVLW\�3UHVV��
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*XWKULH�� *�� �������� 7R� WKH� GHIHQVH� RI� WUDGLWLRQDO� WHDFKLQJ� LQ� OHVVHU�GHYHORSHG�

FRXQWULHV��,Q�5XVW��9��	�'DOLQ��3���(GV����7HDFKHUV�DQG�WHDFKLQJ� LQ� WKH�GHYHORSLQJ�

ZRUOG��SS������������1HZ�<RUN��*DUODQG�3XEOLVKLQJ��

+DUOHFK�-RQHV��%����������9LYD�(QJOLVK��2U�LV�LW�WLPH�WR�UHYLHZ�ODQJXDJH�SROLF\�LQ�

HGXFDWLRQ"� 5HIRUP� )RUXP�� ��� �)HEUXDU\� ������� 5HWULHYHG� )HEUXDU\� ��� ������

IURP�WKH�:RUOG�:LGH�:HE���

KWWS���ZZZ�QLHG�HGX�QD�QLHG�SXE�MRXUQDOV�MRXUQDO���DUW��KWP�

+RSSHUV�� :�� �������� 7HDFKHUV·� UHVRXUFH� FHQWUHV� LQ� 6RXWKHUQ� $IULFD�� $Q�

LQYHVWLJDWLRQ�LQWR�ORFDO�DXWRQRP\�DQG�HGXFDWLRQDO�FKDQJH��,QWHUQDWLRQDO�-RXUQDO�

RI�(GXFDWLRQDO�'HYHORSPHQW������������������

+XGVRQ��'����������7RZDUGV�D�PRUH�FULWLFDO�DSSURDFK�WR�SUDFWLFDO�ZRUN�LQ�VFKRRO�

VFLHQFH��6WXGLHV�LQ�6FLHQFH�(GXFDWLRQ��������������

,167$17� �������� ,167$17� 3URMHFW� SURMHFW� GRFXPHQW�� :LQGKRHN�� ,167$17�

3URMHFW��

,167$17���������3URJUHVV�UHSRUW��:LQGKRHN��,167$17�3URMHFW��

,167$17���������%DVHOLQH�VWXG\��:LQGKRHN��,167$17�3URMHFW��

-HJHGH�� 2�� �������� 7KH� GHYHORSPHQW� RI� WKH� VFLHQFH�� WHFKQRORJ\� DQG� VRFLHW\�

FXUULFXOD�LQ�1LJHULD��,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQFH�(GXFDWLRQ������������������

-R\FH��%��	�6KRZHUV��%�� ��������6WXGHQW�DFKLHYHPHQW� WKURXJK� VWDII� GHYHORSPHQW��:KLWH�

3ODLQV��1<��/RQJPDQ��

-R\FH�� %�� 	� 6KRZHUV�� %�� �������� &KDQJLQJ� VFKRRO� FXOWXUH� WKURXJK� VWDII� GHYHORSPHQW��

$OH[DQGULD��9$��$6&'��

.DSHQGD�� +��� .DQGMHR�0DUDQJD�� +��� �*RDVHE�� 1��� .DVDQGD�� &�� 	� /XEEHQ�� )��

������� -DQXDU\���7KH� UROH�RI�SUDFWLFDO�ZRUN� LQ� VFLHQFH� WHDFKLQJ� LQ�1DPLELD��

3URFHHGLQJV� RI� WKH� �WK� FRQIHUHQFH� RI� WKH� 6RXWKHUQ� $IULFDQ� $VVRFLDWLRQ� IRU� 5HVHDUFK� LQ�

0DWKHPDWLFV��6FLHQFH�DQG�7HFKQRORJ\�(GXFDWLRQ��0DSXWR���

.DVDQGD�� &��� �*RDVHE�� 1��� .DQGMHR�0DUDQJD�� +��� .DSHQGD�� +�� 	� /XEEHQ�� )��

������� -DQXDU\���7KH�XVH�RI� HYHU\GD\� FRQWH[WV� LQ�1DPLELDQ� VFLHQFH� FODVVHV��

3URFHHGLQJV� RI� WKH� �WK� FRQIHUHQFH� RI� WKH� 6RXWKHUQ� $IULFDQ� $VVRFLDWLRQ� IRU� 5HVHDUFK� LQ�

0DWKHPDWLFV��6FLHQFH�DQG�7HFKQRORJ\�(GXFDWLRQ��0DSXWR��

.HHYHV��-��	�$LNHQKHDG��*����������6FLHQFH�FXUULFXOD�LQ�D�FKDQJLQJ�ZRUOG��,Q�%��

)UDVHU�	�+��:DOEHUJ� �(GV���� ,PSURYLQJ� VFLHQFH� HGXFDWLRQ� �SS�� �������� &KLFDJR��

1DWLRQDO�6RFLHW\�IRU�WKH�6WXG\�RI�(GXFDWLRQ��
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.HXUVWHQ�� 3�� �������� &RXUVHZDUH�RQWZLNNHOLQJ� PHW� KHW� RRJ� RS� LPSOHPHQWDWLH�� GH� GRFHQW�

FHQWUDDO�� >&RXUVHZDUH� GHYHORSPHQW� IURP� DQ� LPSOHPHQWDWLRQ� SHUVSHFWLYH�� D�

FHQWUDO� UROH� IRU� WKH� WHDFKHU@��'RFWRUDO�GLVVHUWDWLRQ��(QVFKHGH��8QLYHUVLW\�RI�

7ZHQWH��

.HXUVWHQ��3��	�1LHV��$����������(YDOXDWLHZLM]HU��'LUHFWLRQV�IRU�HYDOXDWLRQ���(QVFKHGH��

3URIRXQG��

.QDPLOOHU�� *�� �������� 7KH� HIIHFWLYHQHVV� RI� WHDFKHU� UHVRXUFH� FHQWUH� VWUDWHJ\�� /RQGRQ��

'HSDUWPHQW�IRU�,QWHUQDWLRQDO�'HYHORSPHQW��

.RV]DOND�� 7��� %UHPDQ�� -�� 	� 0RRUH�� 0�� �������� 6KDULQJ� OHVVRQ� SODQV� RYHU� WKH�

:RUOG� :LGH� :HE�� LPSRUWDQW� FRPSRQHQWV�� (GXFDWLRQ� DQG� ,QIRUPDWLRQ�

7HFKQRORJLHV�����������������

.UXJHU��-����������&KHPLFDO�7HFKQRORJ\�LQ�6ZD]LODQG��0RQWUHDO��0F*LOO�8QLYHUVLW\��

/HZLQ�� .�� �������� 6FLHQFH� HGXFDWLRQ� LQ� GHYHORSLQJ� FRXQWULHV�� LVVXHV� DQG� SHUVSHFWLYHV� IRU�

SODQQHUV��3DULV��8QHVFR��,QWHUQDWLRQDO�,QVWLWXWH�IRU�(GXFDWLRQDO�3ODQQLQJ��

/HZLQ�� .�� ������� -DQXDU\���'HYHORSPHQW� SROLF\�� SODQQLQJ� DQG� SUDFWLFH� IRU� VFLHQFH� DQG�

WHFKQRORJ\�� 3DSHU� SUHVHQWHG� DW� WKH� DQQXDO� FRQIHUHQFH� RI� 6RXWKHUQ� $IULFD�

$VVRFLDWLRQ�RI�5HVHDUFK�LQ�0DWKHPDWLFV�DQG�6FLHQFH�(GXFDWLRQ��&DSH�7RZQ��

/HZLQ�� .�� �������� 7KH� FRVWV� RI� VHFRQGDU\� VFKRROLQJ� LQ� GHYHORSLQJ� FRXQWULHV��

SDWWHUQV� DQG� SURVSHFWV�� ,QWHUQDWLRQDO� -RXUQDO� RI� (GXFDWLRQDO� 'HYHORSPHQW�� ���� ���

���������

/RFNKHHG�� 0�� �������� 7KH� FRQGLWLRQ� RI� SULPDU\� HGXFDWLRQ� LQ� GHYHORSLQJ�

FRXQWULHV�� ,Q� +�� /HYLQ� 	� 0�� /RFNKHHG� �(GV���� (IIHFWLYH� VFKRROV� LQ� GHYHORSLQJ�

FRXQWULHV��SS����������/RQGRQ��)DOPHU�3UHVV��

/RFNKHHG�� 0�� 	� 9HUVSRRU�� $�� �������� ,PSURYLQJ� SULPDU\� HGXFDWLRQ� LQ� GHYHORSLQJ�

FRXQWULHV��:DVKLQJWRQ��:RUOGEDQN��

/RXFNV�+RUVOH\��6���+HZVRQ��3���/RYH��1��	�6WLOHV��.����������'HVLJQLQJ�SURIHVVLRQDO�

GHYHORSPHQW� IRU� WHDFKHUV� RI� VFLHQFH� DQG�PDWKHPDWLFV�� 7KRXVDQG�2DNV��&$��&RUZLQ�

3UHVV��

0DFGRQDOG��$�� ��������&RPPLWPHQWV� DQG� FRQVWUDLQWV��(YDOXDWLQJ� WKH�6FLHQFH�(GXFDWLRQ�

3URMHFW�LQ�6RXWK�$IULFD������������&DSH�7RZQ��2[IRUG�8QLYHUVLW\�3UHVV��

0DFGRQDOG�� $�� 	� 5RJDQ�� -�� �������� ,QQRYDWLRQV� LQ� 6RXWK� $IULFDQ� 6FLHQFH�

(GXFDWLRQ��3DUW�����6FLHQFH�7HDFKLQJ�2EVHUYHG��6FLHQFH�(GXFDWLRQ�������������

�����
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0DFGRQDOG�� $�� 	� 5RJDQ�� -�� �������� ,QQRYDWLRQV� LQ� 6RXWK� $IULFDQ� 6FLHQFH�

(GXFDWLRQ� �3DUW� ���� )DFWRUV� LQIOXHQFLQJ� WKH� LQWURGXFWLRQ� RI� LQVWUXFWLRQDO�

FKDQJH��6FLHQFH�(GXFDWLRQ������������������

0DUVK�� &�� 	� :LOOLV�� *�� �������� &XUULFXOXP�� $OWHUQDWLYH� DSSURDFKHV�� RQJRLQJ� LVVXHV��

(QJOHZRRG�&OLIIV��1-��3UHQWLFH�+DOO��

0EDPDQRYDQGX��(�� ��������$Q� LQYHVWLJDWLRQ�LQWR�WKH�XVH�RI�SHHU�FRDFKLQJ�DV�D�

WRRO�� ,Q�.�� =HLFKQHU� DQG� /�� 'DKOVWU|P� �(GV����'HPRFUDWLF� 7HDFKHU� (GXFDWLRQ�

5HIRUP�LQ�$IULFD��7KH�FDVH�RI�1DPLELD��%RXOGHU��&2��:HVWYLHZ�3UHVV��

0F.HQQH\�� 6�� �������� 7KH� IRUPDWLYH� HYDOXDWLRQ� RI� D�1DPLELDQ� SK\VLFDO� VFLHQFH� WHDFKHU�

JXLGH��0DVWHU·V�WKHVLV��8QLYHUVLW\�RI�7ZHQWH��(QVFKHGH��

0F.HQQH\��6���LQ�SUHVV���&RPSXWHU�EDVHG�VXSSRUW�IRU�VFLHQFH�HGXFDWLRQ�PDWHULDOV�GHYHORSHUV�

LQ�$IULFD��([SORULQJ� SRWHQWLDOV��'RFWRUDO� GLVVHUWDWLRQ��(QVFKHGH��8QLYHUVLW\� RI�

7ZHQWH��

0%(&� �������� 3K\VLFDO� 6FLHQFH� 6\OODEXV� *UDGH� ��� :LQGKRHN�� 0LQLVWU\� RI� %DVLF�

(GXFDWLRQ�	�&XOWXUH��

0%(&� �����D��� 3LORW� &XUULFXOXP� *XLGH� IRU� )RUPDO� %DVLF� (GXFDWLRQ�� :LQGKRHN��

0LQLVWU\�RI�%DVLF�(GXFDWLRQ�	�&XOWXUH��

0(%&� �����E��� %URDG� &XUULFXOXP� IRU� WKH� %DVLF� (GXFDWLRQ� 7HDFKHU� 'LSORPD��

2NDKDQGMD��1DPLELD��1DWLRQDO�,QVWLWXWH�IRU�(GXFDWLRQDO�'HYHORSPHQW��

0(&� �����D���0RQLWRULQJ� WKH�*UDGH� ��5HIRUP� �6HSWHPEHU�2FWREHU� �������:LQGKRHN��

0LQLVWU\�RI�(GXFDWLRQ�	�&XOWXUH��

0(&� �����E��� )LYH� <HDU� 'HYHORSPHQW� 3ODQ� IRU� 7HDFKHU� ,PSURYHPHQW�� :LQGKRHN��

0LQLVWU\�RI�(GXFDWLRQ�	�&XOWXUH��

0(&������D���$QQXDO�5HSRUW�RI�WKH�0LQLVWU\�RI�(GXFDWLRQ�DQG�&XOWXUH�IRU�WKH�\HDU�HQGLQJ�

���'HFHPEHU�������:LQGKRHN��0LQLVWU\�RI�(GXFDWLRQ�	�&XOWXUH��

0(&� �����E���%(7'� %URDG� &XUULFXOXP�� :LQGKRHN�� 0LQLVWU\� RI� (GXFDWLRQ� DQG�

&XOWXUH��

0(&� �����D���5HSRUW� RQ� WKH� PRQLWRULQJ� RI� WKH� VHFRQGDU\� OHYHO� UHIRUP� SURFHVV�� *UDGH� ���

������:LQGKRHN��0LQLVWU\�RI�(GXFDWLRQ�	�&XOWXUH��

0(&������E���7RZDUG�(GXFDWLRQ�IRU�$OO��:LQGKRHN��*DPVEHUJ�0DFPLOODQ��

0(&������F���7KH�3LORW�&XUULFXOXP�IRU�)RUPDO�6HQLRU�6HFRQGDU\�(GXFDWLRQ��:LQGKRHN��

0LQLVWU\�RI�(GXFDWLRQ�	�&XOWXUH��
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0(&���������(YDOXDWLRQ�RI�WKH�(')�IXQGHG�,167$17�3URMHFW��:LQGKRHN��0LQLVWU\�

RI�(GXFDWLRQ�	�&XOWXUH��

0(&���������3K\VLFDO�6FLHQFH�6\OODEXV�*UDGH�����:LQGKRHN��0LQLVWU\�RI�(GXFDWLRQ�

	�&XOWXUH��

0LWL�� 0�� 	� +HUULRW�� $�� �������� $FWLRQ� WR� LPSURYH� (QJOLVK�� 0DWKHPDWLFV� DQG�

6FLHQFH��$,(06���$�FDVH�VWXG\�LQ�=DPELD�²�WKH�VWDUW�XS�SURFHVV��,QWHUQDWLRQDO�

-RXUQDO�(GXFDWLRQDO�'HYHORSPHQW������������������

0NDQGDZLUH�� '�� �������� 7HDFKHU� HIIHFWLYHQHVV� LQ� 1DPLELDQ� 6FKRROV�� ,Q� .�.��

3UDK��(G����6RFLDO�VFLHQFH�UHVHDUFK�SULRULWLHV�IRU�1DPLELD��SS������������:LQGKRHN��

8QLYHUVLW\�RI�1DPLELD�DQG�&RXQFLO�IRU�WKH�'HYHORSPHQW�RI�(FRQRPLF�DQG�

6RFLDO�5HVHDUFK�LQ�$IULFD��

0RQWHUR�6LHEXUWK�� 0�� �������� 0RGHOV� DQG� SUDFWLFH� RI� FXUULFXOXP� FKDQJH� LQ�

GHYHORSLQJ�FRXQWULHV��&RPSDUDWLYH�(GXFDWLRQ�5HYLHZ�����������������

1LHYHHQ�� 1�0�� �������� &RPSXWHU� VXSSRUW� IRU� FXUULFXOXP� GHYHORSHUV�� $� VWXG\� RQ� WKH�

SRWHQWLDO�RI�FRPSXWHU�VXSSRUW�LQ�WKH�GRPDLQ�RI�IRUPDWLYH�FXUULFXOXP�HYDOXDWLRQ��'RFWRUDO�

GLVVHUWDWLRQ��(QVFKHGH��8QLYHUVLW\�RI�7ZHQWH��

2JXQQL\L�� 0�� �������� 7ZR� GHFDGHV� RI� VFLHQFH� HGXFDWLRQ� LQ� $IULFD�� 6FLHQFH�

(GXFDWLRQ�������������������

2WWHYDQJHU��:�� 	� %HQVFKRS��0� ������� -DQXDU\��� 6XSSRUWLQJ� FXUULFXOXP� FKDQJHV� LQ�

1DPLELDQ�VFKRROV���&DQ�PDWHULDOV�PDNH�D�GLIIHUHQFH"�3DSHU�SUHVHQWHG�DW�WKH�DQQXDO�

FRQIHUHQFH�RI�6RXWKHUQ�$IULFD�$VVRFLDWLRQ�RI�5HVHDUFK�LQ�0DWKHPDWLFV�DQG�

6FLHQFH�(GXFDWLRQ��&DSH�7RZQ��

2WWHYDQJHU��:���%HQVFKRS��0��	�YDQ�GHQ�$NNHU��-���������$SULO���7HDFKHU�JXLGHV�IRU�

VFLHQFH� FXUULFXOXP� LPSOHPHQWDWLRQ� LQ� 1DPLELD�� 3DSHU� SUHVHQWHG� DW� WKH� DQQXDO�

PHHWLQJ�RI�$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ��6DQ�)UDQFLVFR��&$��

2WWHYDQJHU��:��	�YDQ�GHQ�$NNHU��-�� �������$SULO���6XSSRUWLQJ�FXUULFXOXP�FKDQJHV�LQ�

1DPLELDQ� FODVVURRPV�� 3DSHU� SUHVHQWHG� DW� WKH� DQQXDO� PHHWLQJ� RI� $PHULFDQ�

(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ��1HZ�<RUN��

3HDFRFN�� $�� �������� $FFHVV� WR� VFLHQFH� OHDUQLQJ� IRU� FKLOGUHQ� LQ� UXUDO� $IULFD��

,QWHUQDWLRQDO�-RXUQDO�RI�(GXFDWLRQDO�'HYHORSPHQW������������������

3URSKHW��5�� �����D���5KHWRULF�DQG� UHDOLW\� LQ� VFLHQFH�FXUULFXOXP�GHYHORSPHQW� LQ�

%RWVZDQD��,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQFH�(GXFDWLRQ����������������
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3URSKHW�� 5�� �����E��� ([SHULHQFH�� ODQJXDJH�� NQRZOHGJH�� DQG� FXUULFXOXP�� ,Q�:��

6Q\GHU� 	� 3�� 5DPDWVXL� �(GV���� &XUULFXOXP� LQ� WKH� &ODVVURRP� �SS�� ����������

*DERURQH��0DFPLOODQ��

3URSKHW��5����������9LHZV�IURP�WKH�%RWVZDQD�-XQLRU�6HFRQGDU\�&ODVVURRP��&DVH�

VWXG\� RI� D� FXUULFXOXP� LQWHUYHQWLRQ�� ,QWHUQDWLRQDO� -RXUQDO� RI� (GXFDWLRQDO�

'HYHORSPHQW������������������

3URSKHW��5��	�5RZHOO��3�� ��������7KH�FXUULFXOXP�REVHUYHG�� ,Q�:��6Q\GHU�	�3��

5DPDWVXL��(GV����&XUULFXOXP�LQ�WKH�FODVVURRP���SS���������*DERURQH��0DFPLOODQ��

3URSKHW�� 5��	�5RZHOO�� 3�� �������� &RSLQJ� DQG� FRQWURO�� VFLHQFH� DQG� WHDFKLQJ� LQ�

%RWVZDQD��4XDOLWDWLYH�6WXGLHV�LQ�(GXFDWLRQ�����������������

5LFKH\��5��	�1HOVRQ��:����������'HYHORSPHQWDO�UHVHDUFK��,Q�'��-RQDVVHQ��(G����

+DQGERRN�RI�UHVHDUFK�IRU�HGXFDWLRQDO�FRPPXQLFDWLRQV�DQG�WHFKQRORJ\��SS��������������

1HZ�<RUN��0DFPLOODQ���

5RHV�� 0�� �������� 1DVFKROLQJ� RS� EDVLV� YDQ� OHVYRRUEHHOGHQ� LQ� WKH� FRQWH[W� YDQ�

FXUULFXOXPYHUQLHXZLQJ� >&XUULFXOXP� PDWHULDOV� DV� D� VWUDWHJ\� IRU� LQVHUYLFH�

HGXFDWLRQ� LQ� WKH� FRQWH[W� RI� FXUULFXOXP� LQQRYDWLRQ@�� 'RFWRUDO� GLVVHUWDWLRQ��

(QVFKHGH��8QLYHUVLW\�RI�7ZHQWH��

5RJDQ��-��	�0DFGRQDOG��$����������7KH�LQ�VHUYLFH�WHDFKHU�HGXFDWLRQ�FRPSRQHQW�

RI� DQ� LQQRYDWLRQ�� $� FDVH� VWXG\� LQ� DQ� $IULFDQ� VHWWLQJ�� -RXUQDO� RI� &XUULFXOXP�

6WXGLHV����������������

5ROOQLFN��0���0DQ\DWVL��6���/XEEHQ��)��	�%UDGOH\��-����������0RGHOV�IRU�VWXG\LQJ�

JDSV� LQ� HGXFDWLRQ�� $� 6ZD]LODQG� FDVH� VWXG\� LQ� WKH� OHDUQLQJ� RI� VFLHQFH��

,QWHUQDWLRQDO�-RXUQDO�RI�(GXFDWLRQDO�'HYHORSPHQW������������������

5RZHOO��3�� ��������/DQJXDJH� IRU� WHDFKLQJ�DQG� OHDUQLQJ� LQ� WKH�FODVVURRP��5HIRUP�

)RUXP�����5HWULHYHG�-DQXDU\�����������IURP�WKH�:RUOG�:LGH�:HE���

KWWS���ZZZ�QLHG�HGX�QD�QLHG�SXE�MRXUQDOV�MRXUQDO���DUW��KWP�

6KNHGL��$����������7HDFKHUV
�DWWLWXGHV�WRZDUGV�D�WHDFKHUV
�JXLGH��,PSOLFDWLRQV�IRU�

WKH�UROHV�RI�SODQQHUV�DQG�WHDFKHUV��-RXUQDO�RI�&XUULFXOXP�DQG�6XSHUYLVLRQ���������

���������

6LVPH\��9����������3HHU�FRDFKLQJ�LQ�&DSULYL��5HIRUP�)RUXP�����5HWULHYHG��)HEUXDU\�

����������

IURP�WKH�:RUOG�:LGH�:HE��

KWWS���ZZZ�QLHG�HGX�QD�QLHG�SXE�MRXUQDOV�MRXUQDO���DUW��KWP�
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6PLWK�� 0�� �������� 6RIWZDUH� SURWRW\SLQJ�� $GRSWLRQ�� SUDFWLFH� DQG� PDQDJHPHQW��/RQGRQ��

0F*UDZ�+LOO��

6PLWK��1�� �������� )OH[LELOLW\� LQ� WKH� HYDOXDWLRQ�RI� HPHUJHQW� SURJUDPV��6WXGLHV� LQ�

(GXFDWLRQDO�(YDOXDWLRQ���������������

6Q\GHU��:��	�)XOOHU��%���������,QWHUYHQWLRQV�ZLWKLQ�WKH�FRQWH[W�RI�WHDFKHU�ZRUN�

OLIH��,Q�:��6Q\GHU�	�3��5DPDWVXL��(GV����&XUULFXOXP�LQ�WKH�FODVVURRP��SS������

������*DERURQH��0DFPLOODQ��

6Q\GHU��:��	�5DPDWVXL�� 3�� �(GV��� ��������&XUULFXOXP� LQ� WKH� FODVVURRP��*DERURQH��

0DFPLOODQ��

6Q\GHU�� -���%ROLQ��)��	�=XPZDOW��.�� ��������&XUULFXOXP�LPSOHPHQWDWLRQ��,Q�3K��

-DFNVRQ� �(G����+DQGERRN� RI� UHVHDUFK� RQ� FXUULFXOXP� �SS�� ���������� 1HZ� <RUN��

0DFPLOODQ��

6WXDUW��-����������&ODVVURRP�DFWLRQ�UHVHDUFK�LQ�$IULFD��$�VWXG\�RI�FXUULFXOXP�DQG�

SURIHVVLRQDO� GHYHORSPHQW�� ,Q� .�0�� /HZLQ�	� -�6�� 6WXDUW� �(GV����(GXFDWLRQDO�

LQQRYDWLRQ� LQ� GHYHORSLQJ� FRXQWULHV�� &DVH� VWXGLHV� RI� FKDQJH� PDNHUV� �SS�� ���������

/RQGRQ��0DFPLOODQ��

6ZDUWV��3���������$XJXVW���7HDFKHU�(GXFDWLRQ��WKH�NH\�WR�FRQWLQXRXV�VFKRRO�LPSURYHPHQW��

.H\QRWH� DGGUHVV� DW� WKH� 1DWLRQDO� &RQIHUHQFH� RQ� 7HDFKHU� (GXFDWLRQ��

*DERURQH��%RWVZDQD��

6ZDUWV��3�� ��������7HDFKHU� HGXFDWLRQ� UHIRUP��7RZDUG� UHIOHFWLYH�SUDFWLFH�� ,Q�.��

=HLFKQHU�	�/��'DKOVWU|P� �(GV����'HPRFUDWLF� WHDFKHU� HGXFDWLRQ� UHIRUP� LQ�$IULFD��

7KH�FDVH�RI�1DPLELD��SS����������%RXOGHU��&2��:HVWYLHZ�3UHVV��

7DEXODZD��5����������3HGDJRJLFDO�FODVVURRP�SUDFWLFH�DQG�WKH�VRFLDO�FRQWH[W��7KH�

FDVH� RI� %RWVZDQD�� ,QWHUQDWLRQDO� -RXUQDO� RI� (GXFDWLRQDO� 'HYHORSPHQW�� ���� ��� ����

�����

7HVVPHU��0����������3ODQQLQJ�DQG�FRQGXFWLQJ�IRUPDWLYH�HYDOXDWLRQV��,PSURYLQJ�WKH�TXDOLW\�

RI�HGXFDWLRQ�DQG�WUDLQLQJ��/RQGRQ��.RJDQ�3DJH��

7KLMV��$�� ��������6XSSRUWLQJ� VFLHQFH� FXUULFXOXP� UHIRUP� LQ�%RWVZDQD��7KH� SRWHQWLDO� RI� SHHU�

FRDFKLQJ��'RFWRUDO�GLVVHUWDWLRQ��(QVFKHGH��8QLYHUVLW\�RI�7ZHQWH��

7LO\D��)���������1RYHPEHU���8VLQJ�PLFURFRPSXWHU�EDVHG�ODERUDWRULHV��0%/��WR�FUHDWH�DQ�

DFWLYLW\�EDVHG�OHDUQLQJ�HQYLURQPHQW�LQ�SK\VLFV�IRU�SUDFWLVLQJ�WHDFKHUV��3DSHU�SUHVHQWHG�DW�

WKH�7($06�UHVHDUFK�VHPLQDU�LQ�0RURJRUR��7DQ]DQLD��
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7MLNXXD�� &�� �������� 6FLHQFH� (GXFDWLRQ� 5HIRUP� LQ� 1DPLELD�� 3DSHU� SUHVHQWHG� DW� WKH�

ZRUNVKRS� 6HFRQGDU\� 6FLHQFH� (GXFDWLRQ� IRU� 'HYHORSPHQW� �:RUOG� %DQN�

+XPDQ�'HYHORSPHQW��(GXFDWLRQ�*URXS���5HWULHYHG��$SULO����������IURP�WKH�

:RUOG� :LGH� :HE��

KWWS���ZZZ�VPDUWHUQHW�RUJ�YHUVLRQ��SODQQLQJ�3V�3SXE�KWP�

81,1���������1DPLELD��3HUVSHFWLYHV�IRU�QDWLRQDO�UHFRQVWUXFWLRQ�DQG�GHYHORSPHQW��/XVDND��

8QLWHG�1DWLRQV�,QVWLWXWH�IRU�1DPLELD��

9HUVSRRU��$����������3DWKZD\V�WR�FKDQJH��,PSURYLQJ�WKH�TXDOLW\�RI�HGXFDWLRQ�LQ�GHYHORSLQJ�

FRXQWULHV��:DVKLQJWRQ��:RUOG�%DQN��

9HUVSRRU��$���	�:X��.����������7H[WERRNV�DQG�HGXFDWLRQDO�GHYHORSPHQW��:DVKLQJWRQ��

:RUOG�%DQN��

9RRJW�� -�� ��������&RXUVHZDUH� IRU� DQ� LQTXLU\�EDVHG� VFLHQFH� FXUULFXOXP��$Q� LPSOHPHQWDWLRQ�

SHUVSHFWLYH��'RFWRUDO�GLVVHUWDWLRQ��(QVFKHGH��8QLYHUVLW\�RI�7ZHQWH��

:DOEHUJ�� +�� �������� ,PSURYLQJ� VFKRRO� VFLHQFH� LQ� DGYDQFHG� DQG� GHYHORSLQJ�

FRXQWULHV��5HYLHZ�RI�(GXFDWLRQDO�5HVHDUFK���������������� 

:DONHU�� '�� �������� )XQGDPHQWDOV� RI� FXUULFXOXP�� 6DQ� 'LHJR�� &$�� +DUFRXUW� %UDFH�

-RYDQRYLFK���

:DONHU��'����������0HWKRGRORJLFDO�LVVXHV�LQ�FXUULFXOXP�UHVHDUFK��,Q�3K��-DFNVRQ�

�(G����+DQGERRN�RI�UHVHDUFK�RQ�FXUULFXOXP��SS�����������1HZ�<RUN��0DFPLOODQ��

:DOODFH��-����������&XUULFXOXP��3ROLFLHV��3ULQFLSOHV�DQG�3UDFWLFHV��5HWULHYHG�-DQXDU\�����

������IURP�WKH�:RUOG�:LGH�:HE��

KWWS���ZZZ�VPDUWHUQHW�RUJ�YHUVLRQ��3ODQQLQJ�'RPDLQV�FXU�ZDOODFH�FXU�

SSS�KWP�

:DUH�� 6�� �������� 6HFRQGDU\� VFKRRO� VFLHQFH� LQ� GHYHORSLQJ� FRXQWULHV�� :DVKLQJWRQ��:RUOG�

%DQN��
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6DPHQYDWWLQJ�

'RFHQWRQGHUVWHXQHQG� PDWHULDDO� DOV� NDWDO\VDWRU� YRRU� VFLHQFH�

FXUULFXOXPLPSOHPHQWDWLH�LQ�1DPLELD�
�

�

�

�

&RQWH[W�YDQ�GH�VWXGLH�

,Q������YHUNUHHJ�1DPLELs�QD�MDUHQ�YDQ�VWULMG�KDDU�RQDIKDQNHOLMNKHLG�YDQ�=XLG��

$IULND�� 2QGHUZLMV� LQ� =XLGZHVW� $IULND�� KHW� KXLGLJH� 1DPLELs�� ZDV� GHVWLMGV�

JHRUJDQLVHHUG�ODQJV�HWQLVFKH�OLMQHQ��(ONH�HWQLVFKH�JURHS�KDG�]LMQ�HLJHQ�PLQLVWHULH�

YDQ� RQGHUZLMV�� (U� EHVWRQGHQ� HQRUPH� YHUVFKLOOHQ� WXVVHQ� ZDW� GH� YHUVFKLOOHQGH�

PLQLVWHULHV� WH� EHVWHGHQ� KDGGHQ� YRRU� RQGHUZLMV�� +HW� RQGHUZLMV� LQ� 1DPLELs�

PDDNWH� GHHO� XLW� YDQ� KHW� =XLG�$IULNDDQVH� %DQWX�RQGHUZLMV�� ,Q� GH� SUDNWLMN�

EHWHNHQGH�GLW�GDW�HU�HHQ�HQRUP�YHUVFKLO�EHVWRQG�LQ�GH�NZDOLWHLW�YDQ�KHW�RQGHUZLMV�

YRRU�GH�EODQNH�EHYRONLQJVJURHSHQ�HQ�GH�DQGHUH�EHYRONLQJVJURHSHQ����

1D� GH� RQDIKDQNHOLMNKHLG� EHJRQ�1DPLELs� PHW� HHQ� JURRWVFKHHSV� SURJUDPPD�

YDQ�RQGHUZLMVKHUYRUPLQJHQ�RP�GH�HUIHQLV�YDQ�KHW�YHUOHGHQ�XLW�WH�ZLVVHQ��2QGHU�

GH�VORJDQ� ¶(GXFDWLRQ� IRU�$OO·�SUREHHUGH�1DPLELs� WRHJDQJ� WRW�KHW�RQGHUZLMV�YRRU�

OHHUOLQJHQ�WRW����MDDU�WH�YHUJURWHQ��(HQ�RPYDQJULMNH�FXUULFXOXPKHUYRUPLQJ�ZHUG�

LQ� JDQJ� JH]HW�� WH� EHJLQQHQ� PHW� GH� RQGHUERXZ� YDQ� YRRUWJH]HW� RQGHUZLMV���

'DDUQDDVW�YRQG�HU�HHQ�JURQGLJH�KHUYRUPLQJ�YDQ�GH�GRFHQWHQRSOHLGLQJ�SODDWV���

+HW�QLHXZH�FXUULFXOXP�OLHW�HHQ�ULJRXUHX]H�RPPH]ZDDL�]LHQ�LQ�KHW�GHQNHQ�RYHU�

RQGHUZLM]HQ�HQ� OHUHQ��/HDUQHU�FHQWUHG�RQGHUZLMV�GHHG�]LMQ� LQWUHGH��'H�GRPLQDQWH�

SRVLWLH� YDQ� GH� GRFHQW� LQ� GH� NODV� PRHW� SODDWVPDNHQ� YRRU� HHQ� V\VWHHP� ZDDULQ�

OHHUOLQJHQ� HHQ� YHHO� DFWLHYHUH� URO� VSHOHQ�� 'H� OHHUVWRI� PRHW� DDQVOXLWHQ� ELM� HQ�

YRRUWERUGXUHQ�RS�GH�EHOHYLQJVZHUHOG�YDQ�GH�OHHUOLQJHQ��/HHUOLQJHQ�PRHWHQ�HLJHQ�

YHUDQWZRRUGHOLMNKHLG�QHPHQ�YRRU�KXQ�OHUHQ���

'H� LPSOHPHQWDWLH�YDQ�KHW�QLHXZH�FXUULFXOXP�EHJRQ� LQ�GH�HHUVWH�NODV�YDQ�GH�

RQGHUERXZ� LQ� KHW� YRRUWJH]HW� RQGHUZLMV� �NODV� ��� LQ� ������'H� H[DFWH� YDNNHQ� HQ�

(QJHOV�ZHUGHQ�DDQJHPHUNW�DOV�SULRULWHLWVJHELHGHQ��'H�LPSOHPHQWDWLHFRQGLWLHV�WHQ�

WLMGH� YDQ� RQDIKDQNHOLMNKHLG� YDQ� 1DPLELD� ZDUHQ� HQ� ]LMQ� QRJ� VWHHGV� YHUUH� YDQ�

LGHDDO��'RFHQWHQ�ZDUHQ� ]ZDN� RSJHOHLG�� GH� RUJDQLVDWLHVWUXFWXXU� ELQQHQ� VFKROHQ�
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ZDV� PDWLJ� RQWZLNNHOG�� VFKROHQ� ZDUHQ� QDXZHOLMNV� YRRU]LHQ� YDQ� DSSDUDWXXU� HQ�

PDWHULDOHQ�RP�SUDNWLVFK�ZHUN�XLW�WH�NXQQHQ�YRHUHQ���

7LMG� RP� GH� FXUULFXOD� YRRU� GH� DSDUWH� YDNNHQ� JRHG� WH� RQWZLNNHOHQ� ZDV� HU�

QDXZHOLMNV�� 'LYHUVH� GRQRUODQGHQ� HQ� GRQRURUJDQLVDWLHV� RQGHUVWHXQGHQ� GH�

LPSOHPHQWDWLH�YDQ�KHW�QLHXZH�FXUULFXOXP��+HW�,167$17��,1�6HUYLFH�7UDLQLQJ�

DQG� $VVLVWDQFH� IRU� 1DPLELDQ� 7HDFKHUV�� 3URMHFW�� XLWJHYRHUG� GRRU� GH� 9ULMH�

8QLYHUVLWHLW� LQ� $PVWHUGDP�� PHW� ILQDQFLsOH� VWHXQ� YDQ� GH� (8�� NUHHJ� GH�

YHUDQWZRRUGHOLMNKHLG�YRRU�GH�LPSOHPHQWDWLH�YDQ�GH�VFLHQFH�YDNNHQ��+HW�SURMHFW�

RUJDQLVHHUGH�HHQ�VFDOD�DDQ�DFWLYLWHLWHQ�LQ�GH�YROJHQGH�GULH�JHELHGHQ��

� RUJDQLVDWLH�HQ�XLWYRHULQJ�YDQ�QDVFKROLQJVDFWLYLWHLWHQ�YRRU�GRFHQWHQ���

� RQWZLNNHOLQJ�YDQ�HHQ�UHJLRQDOH�LQIUDVWUXFWXXU�YRRU�GRFHQWHQRQGHUVWHXQLQJ���

� RQWZLNNHOLQJ�YDQ�GRFHQWHQRQGHUVWHXQHQG�OHVPDWHULDOHQ����

�

'H�0D&�VWXGLH�²�RQGHU]RHNVYUDDJ�HQ�RQGHU]RHNVDDQSDN�

+HW�,167$17�3URMHFW�KDG�YDQDI�KHW�EHJLQ�YDQ�]LMQ�DFWLYLWHLWHQ�LQ������HUQVW�

JHPDDNW� PHW� GH� RQWZLNNHOLQJ� YDQ� GRFHQWHQPDWHULDOHQ�� (FKWHU�� KHW� ZDV�

RQGXLGHOLMN�LQ�KRHYHUUH�HQ�KRH�GRFHQWHQ�GLH�PDWHULDOHQ�JHEUXLNWHQ�LQ�GH�NODV��HQ�

ZDW�SUHFLHV�KHW�HIIHFW�HUYDQ�ZDV��2RN�GH�FRQWH[W�ZDDULQ�GH�PDWHULDOHQ�ZHUGHQ�

JHEUXLNW�ZDV�QLHW�DOWLMG�YROOHGLJ�GXLGHOLMN��'H�0D&��0DWHULDOV�DV�&DWDO\VW��VWXGLH��

XLWJHYRHUG� LQ� KHW� NDGHU� YDQ� GH� DFWLYLWHLWHQ� GLH� KHW� ,167$17� 3URMHFW�

RUJDQLVHHUGH�RS�KHW�JHELHG�YDQ�PDWHULDDORQWZLNNHOLQJ��ULFKWWH�]LFK�GDDURP�RS�GH�

YUDDJ�KRH�PDWHULDOHQ�WHU�RQGHUVWHXQLQJ�YDQ�GRFHQWHQ�ELM�GH�LPSOHPHQWDWLH�HUXLW�

]RXGHQ�PRHWHQ�]LHQ��'DDUELM�OXLGGH�GH�RQGHU]RHNVYUDDJ��

�

:DW� ]LMQ� GH� NHQPHUNHQ� YDQ� PDWHULDOHQ� GLH� GRFHQWHQ� RS� HHQ� DGHTXDWH� PDQLHU� NXQQHQ�

RQGHUVWHXQHQ�ELM�GH�LQLWLsOH�LPSOHPHQWDWLH�YDQ�KHW�QLHXZH�VFLHQFH�FXUULFXOXP�LQ�GH�NODV"��

�

'H� DDQGDFKW� VSLWVWH� ]LFK� WRH� RS� GULH� NZDOLWHLWVDVSHFWHQ�� ]RUJYXOGLJH�

RQGHUERXZLQJ� HQ� XLWOLMQLQJ� �YDOLGLWHLW��� JRHGH� EUXLNEDDUKHLG� LQ� GH� SUDNWLMN�

�SUDNWLVFK� EUXLNEDDU��� HQ� OHLGHQG� WRW� KHW� JHZHQVWH� UHVXOWDDW� �HIIHFWLYLWHLW��� 'H�

0D&�VWXGLH� JHEUXLNWH� GDDUYRRU� HHQ� RQWZHUSJHULFKWH� RQGHU]RHNVEHQDGHULQJ�

�KRRIGVWXN�����PHW�GDDULQ�GULH�WH�RQGHUVFKHLGHQ�IDVHQ��YRRURQGHU]RHNV���GH�SLORW��

HQ�GH�HYDOXDWLHIDVH���

�

9RRURQGHU]RHN�

+HW�YRRURQGHU]RHN�EHVWRQG�XLW�HHQ�DQDO\VH�YDQ�GH�FRQWH[W�YDQ�RQGHUZLMV� LQ�

1DPLELs� �KRRIGVWXN� ���� HQ� HHQ� UHYLHZ� YDQ� GH� OLWHUDWXXU� PHW� EHWUHNNLQJ� WRW�
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RQGHUZLMVKHUYRUPLQJ�HQ�FXUULFXOXPLPSOHPHQWDWLH�PHW�HHQ�VSHFLILHNH�IRFXV�RS�LQ�

ODQGHQ�WHQ�]XLGHQ�YDQ�GH�6DKDUD��KRRIGVWXN������

�

5HVXOWDWHQ�YDQ�KHW�YRRURQGHU]RHN��]LMQ�DOV�YROJW�VDPHQJHYDW��

� 'RFHQWHQ�VWDDQ�YDDN�LQ�KXQ�HHQWMH�DOV�KHW�DDQNRPW�RS�GH�LPSOHPHQWDWLH�YDQ�

HHQ�QLHXZ�FXUULFXOXP�LQ�GH�NODV���

� 'H�FRPSOH[LWHLW�HQ�KHW�H[WUD�ZHUN�WHQ�JHYROJH�YDQ�KHW�QLHXZH�FXUULFXOXP�LQ�

GH�NODV�YRUPGHQ�REVWDNHOV�YRRU�GH�LPSOHPHQWDWLH�HUYDQ��+HW�RQWEUHNHQ�YDQ�

GXLGHOLMNH�ULFKWOLMQHQ�YRRU�GRFHQWHQ�KRH�KHW�FXUULFXOXP�YRUP�PRHVW�NULMJHQ�

LQ�GH� NODV� OHYHUGH�SUREOHPHQ�RS��8LW� VWXGLHV� YDQ�KHW� LPSOHPHQWDWLHSURFHV�

EOHHN�GDW�HU�LQ�GH�HHUVWH�MDUHQ�YDQ�GH�FXUULFXOXPYHUQLHXZLQJHQ�LQ�IHLWH�LQ�GH�

NODV�HUJ�ZHLQLJ�YHUDQGHUGH���

� 6OHFKW�JHNZDOLILFHHUGH�GRFHQWHQ�� VFKROHQ�GLH� VOHFKW� ]LMQ�XLWJHUXVW� HQ� VOHFKW�

JHRUJDQLVHHUG�� OHVJHYHQ�PHW� QDGUXN� RS� IHLWHOLMN� NHQQLV�� HQ� HHQ� LQJHVOHSHQ�

URXWLQH� YDQ� KHW� NRSLsUHQ� YDQ� DDQWHNHQLQJHQ� GLH� GRFHQWHQ� RS� KHW� ERUG�

KHEEHQ� JHVFKUHYHQ� LQ� KXQ� VFKULIWHQ�� PDNHQ� GDW� GH� PRJHOLMNKHGHQ� WRW�

YHUDQGHULQJ�QLHW�DO�WH�JURRW�LQJHVFKDW�PRHWHQ�ZRUGHQ��

� 'RFHQWHQ��PDDU�RRN�OHHUOLQJHQ��OLMNHQ�GH�YRRUNHXU�WH�JHYHQ�DDQ�WUDGLWLRQHOH�

OHVYRUPHQ�� 3UDNWLVFKH� UHGHQ� GDDUYRRU� LV� GDW� GRFHQWHQ� YLQGHQ� GDW� GLH�

VWXGHQWHQ� EHWHU� YRRUEHUHLGHQ� RS� KHW� HLQGH[DPHQ� 'DDUQDDVW� LV� HU� RS�

FXOWXUHOH� JURQGHQ� HHQ� EH]ZDDU� WHJHQ� OHVYRUPHQ� GLH� GH� DXWRULWHLW� YDQ� GH�

GRFHQW�LQ�GH�NODV�]RXGHQ�NXQQHQ�DDQWDVWHQ���

�

+HW� YRRURQGHU]RHN� FRQFOXGHHUGH� GDW� GRFHQWHQPDWHULDDO� HHQ� NDWDO\VDWRU� ]RX�

PRHWHQ�]LMQ�RP�GRFHQWHQ�RYHU�GH�HHUVWH�REVWDNHOV��DFWLYDWLRQ�EDUULHU��WH�KHOSHQ�GLH�

]LFK�YRRUGRHQ�ELM�GH�LQLWLsOH�LPSOHPHQWDWLH�YDQ�KHW�QLHXZH�FXUULFXOXP�LQ�GH�NODV��

'H�NDWDO\VDWRU�]RX�GH�YROJHQGH�IXQFWLHV�PRHWHQ�YHUYXOOHQ��RQGHUVWHXQLQJ�ELM�GH�

OHVYRRUEHUHLGLQJ��YDNLQKRXGHOLMNH�RQGHUVWHXQLQJ��RQGHUVWHXQLQJ�YRRU�GLGDFWLVFKH�

URO�YDQ�GH�GRFHQW�WLMGHQV�GH� OHV��HQ�ELM�KHW�]LFKWEDDU�PDNHQ�YDQ�OHHUHIIHFWHQ�ELM�

OHHUOLQJHQ��(HQ�EHODQJULMN�NHQPHUN�YDQ�KHW�YRRUEHHOGPDWHULDDO�LV�GH�SURFHGXUHOH�

VSHFLILFDWLH�YRRU�HVVHQWLsOH�RQGHUGHOHQ�YDQ�GH�OHVVHQ����

'H]H� IXQFWLHV� ]LMQ� YHUGHU� JHRSHUDWLRQDOLVHHUG� HQ� WRHJHSDVW� LQ� HHQ� HHUVWH�

SURWRW\SH� YDQ� YRRUEHHOGPDWHULDDO� WHU� RQGHUVWHXQLQJ� YDQ� GRFHQWHQ� ELM� HHQ�

OHVVHQVHULH�YRRU�KHW�RQGHUZHUS�6FLHQWLILF�3URFHVVHV���

�
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3URWRW\SHIDVH��

'H� SURWRW\SHIDVH� ZHUG� YRUPJHJHYHQ� GRRU� GH� VWXGLH� QDDU� NHQPHUNHQ� YDQ�

YRRUEHHOGPDWHULDOHQ� YRRU� KHW� RQGHUZHUS� 6FLHQWLILF� 3URFHVVHV� �KRRIGVWXN� ���� 'H�

RQGHU]RHNVYUDDJ�WLMGHQV�GH]H�6FLHQWLILF�3URFHVVHV�VWXGLH�ZDV���

�

:DW� ]RXGHQ� NHQPHUNHQ� NXQQHQ� ]LMQ� YDQ� PDWHULDDO� YRRU� HHQ� DGHTXDWH� RQGHUVWHXQLQJ� YDQ�

GRFHQWHQ�ELM�GH�LQLWLsOH�LPSOHPHQWDWLH�YDQ�KHW�QLHXZH�VFLHQFH�FXUULFXOXP�LQ�GH�NODV"�

�

,Q� GH� 6FLHQWLILF� 3URFHVVHV�VWXGLH� LV� GRRU� GH� RQGHU]RHNHU� HHQ� HHUVWH� SURWRW\SH�

JHPDDNW� YDQ� KHW� GRFHQWHQPDWHULDDO� RS� EDVLV� YDQ� GH� NHQPHUNHQ� ]RDOV� GLH�

JHIRUPXOHHUG�ZHUGHQ�QDDU�DDQOHLGLQJ�YDQ�GH�UHVXOWDWHQ�YDQ�KHW�YRRURQGHU]RHN��

HQ� JHVSUHNNHQ� PHW� FXUULFXOXPRQWZLNNHODDUV�� 7LMGHQV� GH� RQWZLNNHOLQJ� YDQ� GLW�

SURWRW\SH�ZDUHQ�H[SHUWV�ELQQHQ�KHW�0LQLVWHULH�HQ�ELQQHQ�KHW�,167$17�3URMHFW�

EHWURNNHQ�ELM�GH�HYDOXDWLH��+HW�SURWRW\SH�LV�XLWJHWHVW�PHW�HHQ�WLHQWDO�GRFHQWHQ�LQ�

KXQ�NODV�LQ�WZHH�YHUVFKLOOHQGH�UHJLR·V�LQ�1DPLELD���

'H� 6FLHQWLILF� 3URFHVVHV�VWXGLH� KHHIW� JHUHVXOWHHUG� LQ� HHQ� EHYHVWLJLQJ� YDQ� GH�

JHIRUPXOHHUGH�NHQPHUNHQ�YDQ�KHW�SURWRW\SH�GRFHQWHQPDWHULDDO��'XLGHOLMN�EOHHN�

GH� SUDNWLVFKH� EUXLNEDDUKHLG� YDQ� KHW� PDWHULDDO�� +HW� JHEUXLN� YDQ� KHW� PDWHULDDO�

GRRU� GRFHQWHQ� LQ� GH� NODV� KDG� RRN� SRVLWLHYH� HIIHFWHQ� RS� GH� OHVXLWYRHULQJ��+HW�

RQWZLNNHOHQ�YDQ�KHW�SURWRW\SH� ]RQGHU�EHWURNNHQKHLG�YDQ�GRFHQWHQ� LV� HYHQZHO�

HUYDUHQ� DOV� HHQ� JHPLVWH� NDQV� RP�GH� SUDNWLVFKH� EUXLNEDDUKHLG� WH� YHUJURWHQ��'H�

DDQEHYHOLQJ�ZDV�GDQ�RRN�RP�GRFHQWHQ�LQ�HHQ�YURHJ�VWDGLXP�WH�EHWUHNNHQ�ELM�GH�

RQWZLNNHOLQJ� YDQ� PDWHULDDO� HQ� WHYHQV� RP� KHW� PDWHULDDO� LQ� WH� EHGGHQ� LQ�

QDVFKROLQJVVFHQDULR
V�� ]RGDW� GRFHQWHQ� NXQQHQ� UHIOHFWHUHQ� RS� GH� OHVVHQ� LQ� KHW�

PDWHULDOHQ��

�

(YDOXDWLHIDVH�

2S� EDVLV� YDQ� GH� HUYDULQJHQ� RSJHGDDQ� WLMGHQV� HQ� UHVXOWDWHQ� YDQ� GH� 6FLHQWLILF�

3URFHVVHV�VWXGLH�ZHUG�GH�HYDOXDWLHIDVH�RSJHVWDUW�PHW�DOV�RQGHU]RHNVYUDDJ��

�

:DW� ]LMQ� GH� NHQPHUNHQ� YDQ� PDWHULDOHQ� GLH� GRFHQWHQ� RS� HHQ� DGHTXDWH� PDQLHU� NXQQHQ�

RQGHUVWHXQHQ�ELM�GH�LPSOHPHQWDWLH�YDQ�KHW�QLHXZH�VFLHQFH�FXUULFXOXP�LQ�GH�NODV"��

�

'H]H� IDVH�ZHUG�XLWJHYRHUG�DDQ�GH�KDQG�YDQ�HHQ� VWXGLH�QDDU�NHQPHUNHQ�YDQ�

YRRUEHHOGPDWHULDOHQ�WHU�RQGHUVWHXQLQJ�YDQ�GRFHQWHQ�GLH�KHW�RQGHUZHUS�0DWHULDOV�

LQ� GH� NODV� ��� LPSOHPHQWHHUGHQ� �KRRIGVWXN� ���� 'H� 0DWHULDOV�VWXGLH� ZHUG�

XLWJHYRHUG�LQ�HHQ�F\FOLVFKH�RS]HW�YDQ�RQWZHUS�HQ�IRUPDWLHYH�HYDOXDWLH��ZDDUELM�GH�
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QDGUXN�LQ�HHUVWH� LQVWDQWLH� ODJ�RS�GH�SUDNWLVFKH�EUXLNEDDUKHLG�YDQ�GH�PDWHULDOHQ��

PDDU�JHGXUHQGH�GH�VWXGLH�YHUVFKRRI�KHW�DFFHQW�LQ�GH�ULFKWLQJ�YDQ�KHW�YDVWVWHOOHQ�

YDQ�GH�HIIHFWLYLWHLW�YDQ�GH�PDWHULDOHQ���

,Q�GH�WU\�RXW�YDQ�HHQ�SURWRW\SH�YDQ�KHW�PDWHULDDO�GRRU�WZHH�GRFHQWHQ�HQ�KXQ�

OHHUOLQJHQ��ZHUG�GH�SUDNWLVFKH�EUXLNEDDUKHLG�YDQ�KHW�PDWHULDDO�JHWHVW��'RFHQWHQ�

UHIOHFWHHUGHQ�RS�YRRUEHHOGPDWHULDOHQ�DOV�RQGHUGHHO�YDQ�QDVFKROLQJVSURJUDPPD·V��

=LM�SUREHHUGHQ�RRN�GH�SUDNWLVFKH�DFWLYLWHLWHQ�LQ�GH�OHVVHQ�XLW��HQ�JDYHQ�GDDURYHU�

IHHGEDFN��2S�JURQG�GDDUYDQ�YRQGHQ�KHU]LHQLQJHQ�YDQ�KHW�PDWHULDDO�SODDWV��'H�

HYDOXDWLH� YDQ� GH� HIIHFWLYLWHLW� YDQ� KHW� YRRUEHHOGPDWHULDDO� YRQG� SODDWV� LQ� HHQ�

YHOGWHVW�� ZDDUDDQ� HHQ� ]HVWDO� GRFHQWHQ� XLW� WZHH� UHJLR·V� GHHOQDP��

/HVVHQREVHUYDWLHV��LQWHUYLHZV�PHW�GRFHQWHQ�HQ�VWXGHQWHQ��DOVPHGH�HHQ�YUDJHQOLMVW�

YRRU� VWXGHQWHQ�� OHYHUGHQ� HHQ� GXLGHOLMN� LQ]LFKW� RS� LQ� GH� HIIHFWLYLWHLW� YDQ� KHW�

YRRUEHHOGPDWHULDDO�� 1DDVW� HIIHFWLYLWHLW� LQ� OHVXLWYRHULQJ� LV� RRN� JHNHNHQ� QDDU�

HIIHFWLYLWHLW�LQ�WHUPHQ�YDQ�ZDW�VWXGHQWHQ�LQ�GH�OHVVHQ�KDGGHQ�JHOHHUG��

�

5HVXOWDWHQ�

0DWHULDOHQ� EOHNHQ� LQ� GH� NODV� SUDNWLVFK� JRHG� EUXLNEDDU��'DDUQDDVW� EOHNHQ� GH�

PDWHULDOHQ�WHQ�GHOH�HIIHFWLHI��$OOH� OHVVHQ�ZDUHQ�JRHG�YRRUEHUHLG��DOOH�PDWHULDOHQ�

ZDUHQ�EHVFKLNEDDU��GH�GRFHQWHQ�JDYHQ�HU�EOLMN�YDQ�GDW�]H�ZLVWHQ�ZDDU�GH�OHVVHQ�

RYHU�JLQJHQ��'RFHQWHQ�HQ�YHHO�OHHUOLQJHQ�JDYHQ�DDQ�GDW�GH�JHREVHUYHHUGH�OHVVHQ�

DQGHUV�ZDUHQ�GDQ�KXQ�JHEUXLNHOLMNH�VFLHQFH�OHVVHQ��YDQZHJH�KHW�IHLW�GDW�HU�PHHU�

SUDNWLVFK� ZHUN� XLWJHYRHUG� ZHUG�� GDW� VWXGHQWHQ� PHHU� ELM� GH� OHVXLWYRHULQJ�

EHWURNNHQ�ZDUHQ��HQ�GDW�GH� OHVVHQ�JLQJHQ�RYHU�]DNHQ�ZDDU�]H�ZDW�DDQ�KDGGHQ��

WKXLV��HQ�LQ�KXQ�WRHNRPVWLJH�OHYHQ��RYHU�KHW�PDNHQ�YDQ�EDNVWHQHQ�LQ�SODDWV�YDQ�

RYHU�KHW�SHULRGLHN�V\VWHHP���+HW�WDDOJHEUXLN�LQ�GH�OHVVHQ�ZDV�RRN�JHPDNNHOLMNHU��

HQ� GH� OHVVHQ�ZDUHQ�EHWHU� WH� EHJULMSHQ� �YROJHQV� OHHUOLQJHQ���+HW� JHEUXLN� YDQ�GH�

YRRUEHHOGPDWHULDOHQ� OHLGGH� LQ� YHHO� JHYDOOHQ� WRW� HHQ� OHVXLWYRHULQJ� ZDDUELM� GH�

SRVLWLH�YDQ�GH�GRFHQW�YHHO�PLQGHU�GRPLQDQW�ZDV�GDQ�JHZRRQOLMN��'H�OHHUOLQJHQ�

ZDUHQ� EHWURNNHQ� ELM� GH� OHV� PLGGHOV� SUDNWLVFKH� DFWLYLWHLWHQ�� GLVFXVVLHV� RYHU�

UHVXOWDWHQ�HQ�SOHQDLUH�UDSSRUWDJHV�YDQ�UHVXOWDWHQ�LQ�GH�NODV��6WXGHQWHQ�JDYHQ�DDQ�

GDW� GRFHQWHQ� EHWHU� YRRUEHUHLG� ZDUHQ�� HQ� RRN� DDUGLJHU� WHJHQ� KHQ� ZDUHQ�� (HQ�

DDQWDO� GRFHQWHQ� JDI� WH� NHQQHQ� GDW� ]H� KXQ� SHUFHSWLHV� RYHU� ZDW� KXQ� VWXGHQWHQ�

NXQQHQ��LQ�SRVLWLHYH�]LQ�KDGGHQ�PRHWHQ�ELMVWHOOHQ��=H�ZDUHQ�RQGHU�GH�LQGUXN�YDQ�

ZDW�KXQ�OHHUOLQJHQ�NRQGHQ��HQ�GH�YUDJHQ�GLH�]H�VWHOGHQ���

�

+HW� WUHNNHQ� YDQ� FRQFOXVLHV� XLW� GH� UHVXOWDWHQ� YDQ� GH� SUDNWLVFKH� DFWLYLWHLWHQ�

EOHHN� PLQGHU� VXFFHVYRO� WH� YHUORSHQ�� :DDUVFKLMQOLMNH� RRU]DNHQ� OLJJHQ� LQ�
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WLMGVJHEUHN� HQ� HHQ� JHEUHNNLJH� YDNNHQQLV��'DDUQDDVW� EHVWDDW� RRN� GH� LQGUXN� GDW�

SUDNWLVFKH�DFWLYLWHLWHQ�YDDN�ZHUGHQ�XLWJHYRHUG�DOV�RS�]LFK]HOI�VWDDQGH�DFWLYLWHLWHQ�

]RQGHU�GDW�HU�HHQ�GLUHFWH�YHUELQGLQJ�JHOHJG�ZHUG�PHW�GH�GRHOHQ�YDQ�GH�OHV���

6RPPLJH�GRFHQWHQ�KDGGHQ�JURWH�SUREOHPHQ�PHW�OHVVHQ�GLH�YHHO�YHUJGHQ�YDQ�

KXQ� YDNLQKRXGHOLMNH� NHQQLV� �0DWHULDOV�VWXGLH��� =LM� RSHUHHUGHQ� GXLGHOLMN� RS� GH�

WRSSHQ�YDQ�KXQ�NXQQHQ�� HQ�GH�PHHU� WKHRUHWLVFKH� OHVVHQ�YRUPGHQ�GDDURP�HHQ�

SUREOHHP��RQGDQNV�XLWYRHULJH�WRHOLFKWLQJ�HQ�RQGHUVWHXQLQJ�LQ�KHW�OHVPDWHULDDO��

�

5HVXOWDWHQ� YDQ� GH� OHHUOLQJHQWRHWV� LQ� HHQ� DDQWDO� VFKROHQ� DDQ� KHW� HLQG� YDQ� GH�

YHOGWHVW� LQ� WKH�0DWHULDOV�VWXGLH� ODDW� ]LHQ� GDW� RSJDYHQ� RYHU� ]DNHQ� GLFKW� ELM� KXQ�

GDJHOLMNVH� EHOHYLQJ� RYHU� KHW� DOJHPHHQ� JRHG� JHPDDNW� ]LMQ�� 'DDUHQWHJHQ� ]LMQ�

RSJDYHQ� RYHU�PHHU� WKHRUHWLVFKH� DVSHFWHQ� YDQ� KHW� RQGHUZHUS� �PHW� QDPH� RYHU�

FKHPLVFKH�VWUXFWXUHQ�HQ�KRH�GLH�HLJHQVFKDSSHQ�YDQ�VWRIIHQ�YHUNODUHQ��]HHU�VOHFKW�

JHPDDNW��'DDUQDDVW�JHYHQ�OHHUOLQJHQ�DDQ�GDW�]H�HHQ�DDQWDO�YDDUGLJKHGHQ�KHEEHQ�

JHOHHUG� ZDDUPHH� ]H� KXQ� YRRUGHHO� NXQQHQ� GRHQ� LQ� GH� WRHNRPVW�� EDNVWHQHQ�

PDNHQ��GDNEHGHNNLQJ�DDQOHJJHQ��HQ�ZHWHQ�ZHON�PDWHULDDO�GDDUYRRU�WH�JHEUXLNHQ��

�

'RFHQWHQ� ZDUHQ� HQWKRXVLDVW� RYHU� GH� OHVVHQ� LQ� KHW� YRRUEHHOGPDWHULDDO�� 'H�

SUDNWLVFKH�RSGUDFKWHQ�ZHUNWHQ�JRHG��GH� OHVVHQ�YHUOLHSHQ�LQ�HHQ�JRHGH�VIHHU��(U�

RQWVWRQGHQ�JHHQ�JURWH�GLVFLSOLQHSUREOHPHQ�RI�FKDRWLVFKH�VLWXDWLHV�YDQZHJH�HHQ�

VOHFKWH�RUJDQLVDWLH�YDQ�GH�OHVVHQ��6WXGHQWHQ�ZDUHQ�HQWKRXVLDVW�RYHU�GH�OHVVHQ��HQ�

OLHWHQ�GDW�RRN�EOLMNHQ���

'H�KRRS�LV�GDW�GLW�VRRUW�LQLWLsOH�VXFFHVYROOH�HUYDULQJHQ�PHW�GH�OHVXLWYRHULQJ�HU�

WRH�]XOOHQ�OHLGHQ�GDW�GH�GRFHQWHQ�YDNHU�GLW�VRRUW�OHVVHQ�]XOOHQ�XLWYRHUHQ��2S�GLH�

PDQLHU� NDQ�KHW� YRRUEHHOGPDWHULDDO�ELMGUDJHQ� DDQ�HHQ�EHNOLMIEDUH� LPSOHPHQWDWLH�

YDQ�YHUJHOLMNEDUH�OHVVHQ�����

�

&RQFOXVLH�

'H� FRQFOXVLH� OXLGW� GDW� KHW� YRRUEHHOGPDWHULDDO� HHQ� DGHTXDWH� RQGHUVWHXQLQJ�

YRRU�GRFHQWHQ�LV�ELM�GH�LQLWLsOH�LPSOHPHQWDWLH�YDQ�KHW�QLHXZH�VFLHQFH�FXUULFXOXP�

LQ�GH�NODV��+HW�JHEUXLN�YDQ�KHW�PDWHULDDO�HQ�UHIOHFWLH�GDDURS�OHLGW�WRW�HHQ�SRVLWLHYH�

OHHUHUYDULQJ� ELM� GRFHQWHQ�� +HW� JHEUXLN� YDQ� KHW� PDWHULDDO� ]DO� PHW� QDPH� HHQ�

SRVLWLHYH�ZHUNLQJ�KHEEHQ�DOV�KHW�LQJHSDVW�ZRUGW�LQ�VFHQDULR·V�YRRU�SURIHVVLRQHOH�

RQWZLNNHOLQJ� YDQ� GRFHQWHQ�� ]RDOV� QDVFKROLQJVZRUNVKRSV� HQ� RQGHUVWHXQLQJ� RS�

VFKRRO�GRRU�PLGGHO�YDQ�SHHU�FRDFKLQJ�DFWLYLWHLWHQ����
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Appendix 6.3 -Student Interview Plan

1. Of the activities you did this last two weeks, which was your favourite and why?

2. Teachers often have to choose how they will introduce certain ideas and concepts to
their classes. Often there are two main parts: theory and a practical experiment
which illustrates something about the theory.

Which do you think helps you to understand better: learning the theory before doing
a practical, or doing a practical and then following-up with the theory?

3. How have the lessons you did the last two weeks been different from your normal
classes, if at all?

4. How do you feel about practical work, in terms of who actually does the experi-
ments?

5. Do you think that the whole class understood these lessons, or do you think that
there was some confusion and if so, where?

6. If you could have more of anything in your science classes, what would that be?

7. If you could have less of anything in your science classes, what would that be?

8. Can you think of anything new that you learned from these science lessons?

9. Do you feel comfortable asking your teacher for extra help? Why, why not?

10.Now that you understand my job here, do you have any comments, suggestions or
other things you’d like to say which you think might be useful?
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Appendix 6.4 - Student Questionnaire

Dear Students,

You were involved in some lessons on the topic, “Materials,” we would greatly appreciate your

comments on the activities you did. Thank you very much for your cooperation!

1. How old are you? I am ……. years old.

2. Please list two things you liked about the lessons you did in the past two weeks:

a). ……………………………………………………………………………………………………

……………………………………………………………………………………………………

b). ……………………………………………………………………………………………………

……………………………………………………………………………………………………

3. Please list two things you disliked about the lessons you did in the past two weeks:

a) . ……………………………………………………………………………………………………

……………………………………………………………………………………………………

b). ……………………………………………………………………………………………………

……………………………………………………………………………………………………

4. Besides the video camera and two visitors, how were these lessons different from your

regular classes?

5. Please name your favourite activity from the “Materials” chapter, and explain why it was your

favourite: My favourite activity was ……………………………………… because I liked …….

……………………………………………………………………………………………………

6. Please name your least favourite activity from the “Materials” chapter, and explain why:

My least favourite activity was ………………………………………  because I disliked ……..

……………………………………………………………………………………………………

……………………………………………………………………………………………………

7. Please write any other comments or suggestions you may have on the back of this paper.

Again, thank you very much!
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227Appendix 6.5 - Activity evaluation (User appraisal)

Activity Evaluation

Name of Activity:

1. Please describe your general impressions on this activity:

2. What did you like and dislike about this activity, and why?

3. How will you adapt this to your own school?

4. What things would you like to have taken out of this chapter?

5. What things would you like to have added to this chapter

6. How will you organize the timing of this lesson in your classroom?

7. What do you think about doing this activity outside? What problems do you
see?

8. Do you anticipate any particular safety concerns in this activity? If so, what?

9. Will you be able to get all the materials for this activity?

a) If not, what will you do?

b) What specific materials will be difficult to obtain and why?

10. Do you have any comments or suggestions on this activity?

w. o.
6

w. o.
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229Appendix 6.7 - Teacher support materials: Materials version 3.1
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Appendix 6.11 & 6.12 Student interview & student questionnaire (Field test)
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Appendix 6.15 Completed curriculum profiles of teachers T1-T6

Table 1 -  Lessons of teacher 1

Teacher 1 L10 L10a L11 L14 L14a Total

(%)

Basic teaching skills 5/7 - 4/12 9/13 5/7 61

Learner-centred teaching 4/6 - - 5/7 6/7 75Start of lesson

Subject matter 2/2 - 2/2 2/2 2/2 100

Basic teaching skills 8/10 8/9 6/8 7/11 - 75

Learner-centred teaching 12/18 7/12 6/14 14/17 - 63Body of lesson

Subject matter 1/2 1/1 1/2 1/2 - 63

Basic teaching skills 4/11 7/10 - - 8/10 62

Learner-centred teaching 1/6 3/3 - - 6/6 72
Conclusion of

lesson
Subject matter 0/4 4/4 - - 4/4 67

Basic teaching skills 9/15 9/12 7/13 - 13/13 72

Learner-centred teaching 3/5 4/4 1/2 - 5/6 73
Overall

impression
Subject matter 4/5 5/5 4/4 - 5/5 95

Legend: L10a Lessons with suffix ‘a’ are continuations of the previous lessons.

4/11 four of the 11 element on the curriculum profile are scored with ‘yes’. Some

other elements do not apply.

   - lesson is spread over more lessons. Conclusions from the activity are drawn

in the next lesson. Or activity took place during the lesson before.

Table 2 -  Lessons of teacher 2

Teacher 2 L8 L8a L10 L11 L12 L13 Total

(%)

Basic teaching skills 8/12 5/5 7/12 8/10 - 5/7 75

Learner-centred teaching 5/6 2/4 7/8 - - 1/2 68Start  of lesson

Subject matter 2/2 2/2 2/2 2/2 - 2/2 100

Basic teaching skills 9/10 8/9 9/10 8/8 5/5 8/9 93

Learner-centred teaching 14/16 9/17 15/19 12/20 10/11 7/11 72Body of lesson

Subject matter 2/2 1/2 2/2 1/2 2/2 1/2 75

Basic teaching skills - 8/11 9/10 - 4/6 7/11 73

Learner-centred teaching - 3/4 5/5 - 4/6 2/4 73
Conclusion of

lesson
Subject matter - 0/3 4/4 - 1/4 0/3 31

Basic teaching skills 13/15 15/16 14/16 8/12 11/12 12/15 84

Learner-centred teaching 4/6 5/5 4/5 5/6 6/6 4/5 85
Overall

impression
Subject matter 4/4 5/5 5/5 5/5 5/5 4/4 100

Legend: as in table 1

Appendix 6.15 - Completed curriculum profile (teachers 1-6)
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Table 3 -  Lessons of teacher 3

Teacher 3 L1 L2 L3 L4 L5 Total

(%)

Basic teaching skills 7/19 9/12 8/13 11/12 4/12 60

Learner-centred teaching 7/7 2/5 7/8 7/8 8/8 83Start of lesson

Subject matter 2/2 2/2 2/2 2/2 0/2 80

Basic teaching skills 6/7 5/5 8/8 9/9 4/7 89

Learner-centred teaching 12/17 12/18 14/18 15/17 5/7 75Body of lesson

Subject matter 1/2 - 2/2 2/2 1/2 75

Basic teaching skills 10/10 7/10 7/9 7/10 4/7 75

Learner-centred teaching 3/4 4/4 2/4 4/4 1/1 85
Conclusion of

lesson
Subject matter 2/2 - 1/3 2/2 0/2 58

Basic teaching skills 10/13 11/12 12/13 15/16 7/12 83

Learner-centred teaching 4/4 6/6 5/6 6/6 6/6 97
Overall

impression
Subject matter 5/5 5/5 5/5 5/5 0/4 80

Legend: as in table 1

Table 4 -  Lessons of teacher 4

Teacher 4 L1 L2 L3 L4 L5 L6;L7;

L8

Total

(%)

Basic teaching skills 8/10 8/9 7/8 10/10 12/12 8/13 86

Learner-centred teaching 8/8 8/8 6/7 8/8 8/8 8/8 98Start  of lesson

Subject matter 2/2 2/2 2/2 2/2 2/2 2/2 100

Basic teaching skills 10/10 11/13 10/10 11/12 9/10 10/10 94

Learner-centred teaching 17/19 18/19 17/19 18/18 15/15 15/15 96Body of lesson

Subject matter 1/2 2/2 2/2 2/2 2/2 1/2 83

Basic teaching skills 10/10 5/8 9/10 8/9 8/10 8/9 85

Learner-centred teaching 4/4 3/4 4/4 6/6 5/5 1/2 88
Conclusion of

lesson
Subject matter 3/3 1/2 2/3 4/4 4/4 1/1 86

Basic teaching skills 14/15 12/14 13/13 14/15 13/13 13/15 93

Learner-centred teaching 5/5 6/6 6/6 6/6 6/6 6/6 100
Overall

impression
Subject matter 5/5 5/5 5/5 5/5 5/5 5/5 100

Legend: as in table 1
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Table 5 -  Lessons of teacher 5

Teacher 5 L1 L2 L3 L3a L4 L5 Total

(%)

Basic teaching skills 7/10 5/13 4/12 5/8 7/12 7/8 58

Learner-centred teaching 8/8 1/8 0/6 8/8 6/8 6/8 60Start  of lesson

Subject matter 1/2 1/2 0/0 2/2 1/2 1/2 60

Basic teaching skills 11/11 9/11 6/11 7/7 10/13 6/6 86

Learner-centred teaching 14/16 18/19 17/19 - 18/19 - 92Body of lesson

Subject matter 0/1 2/2 1/2 2/2 1/2 1/2 58

Basic teaching skills 6/9 6/11 3/7 8/9 4/6 5/7 65

Learner-centred teaching 4/4 3/6 3/4 1/2 4/4 0/1 63
Conclusion of

lesson
Subject matter 0/2 1/2 1/3 2/3 3/3 2/2 58

Basic teaching skills 12/13 11/14 11/16 13/14 10/12 11/14 82

Learner-centred teaching 5/6 5/6 4/6 5/6 5/6 5/6 81
Overall

impression
Subject matter 4/4 5/5 3/5 5/5 4/5 3/4 86

Legend: as in table 1

Table 6 -  Lessons of teacher 6

Teacher 6 L1;L2 (*) L3 L4 Total(%)

Basic teaching skills 8/8 9/9 6/9 89

Learner-centred teaching 8/8 8/8 4/8 83Start  of lesson

Subject matter 2/2 2/2 2/2 100

Basic teaching skills 12/12 11/11 11/11 100

Learner-centred teaching 18/19 18/19 18/20 93Body of lesson

Subject matter 2/2 2/2 2/2 100

Basic teaching skills - 5/6 6/7 85

Learner-centred teaching - 4/6 5/6 75
Conclusion of

lesson
Subject matter - 3/4 4/4 88

Basic teaching skills 14/16 13/14 13/14 91

Learner-centred teaching 5/6 5/6 6/6 89
Overall

impression
Subject matter 5/5 5/5 5/5 100

Legend: as in table 1

(*) Lesson 1 and 2 are combined into one.

Appendix 6.15 - Completed curriculum profile (teachers 1-6)
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