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7Ke�UeDGeUV�FDQ�Vee�KeUe�WKe�LPDJe�RI�EURQ]e�PRQXPeQW�WR�%RRN�LQ�RQe�RI�WKe�FeQWUDl�SlDFeV�
LQ��%eLMLQJ��&KLQD���7KLV�LPDJe�LV�KeUe��EeFDXVe�WKe�WKePe�RI�WKLV�We[W�LV�ERRNV�DQG�UeDGLQJ�DQG�LWV�
LQIlXeQFe�WR�eGXFDWLRQ�DQG�VFLeQFe�eGXFDWLRQ�DFKLeYePeQWV��

$ELlLWLeV�LQ�UeDGLQJ�DQG�D�FXlWXUe�RI�UeDGLQJ�ERRNV�LQ�\RXQJ�VWXGeQWV�DQG�DGXlWV�LV�D�Ne\�IDFWRU�
DPRQJ�WKRVe�ZKLFK�KDYe�VWURQJ�LQIlXeQFe�RQ�WKe�TXDlLW\�RI�VFLeQFe�eGXFDWLRQ��:e�VSeDN�KeUe�PRVWl\�
DERXW�UeDGLQJ�ERRNV�IRU�SleDVXUe��EeFDXVe�VWXGeQWV�DW�Dll�leYelV�KDYe�RElLJDWRU\�UeDGLQJ��We[WERRNV��
FRPSXWeU�DQG�LQWeUQeW�We[WV�DQG�VR�RQ��LQ�VFKRRl�DQG�XQLYeUVLW\��,W�VKRXlG�Ee�VWUeVVeG�WKDW�DFWXDl�
IRUP�RI�ERRNV�QeeG�QRW�Ee�LQ�WKe�WUDGLWLRQDl�IRUPDW�RQ�SDSeU�VLQFe�PDQ\�PRGeUQ�ERRNV�DQG�We[WV�
FDQ�QRZ�Ee�DFFeVVeG�eleFWURQLFDll\���SGI���GRF���GMYX�DQG�RWKeUV����

5eDGLQJ�KDV� lRQJ�EeeQ� WKe�PRVW� LPSRUWDQW�DFWLYLW\�IRU� LQFUeDVLQJ� WKe� leYel�RI�eGXFDWLRQ�DQG�
FXlWXUe�RI�\RXQJ�SeRSle�DQG�DGXlWV��5eDGeUV�FDQ�ILQG�LQQXPeUDEle�DSKRULVPV�DERXW�WKDW��IRU�e[DPSle��

• There are many little ways to enlarge your child’s world. Love of books is the best of all. (Jacqueline Kennedy Onassis) 
• A book must be an ice-axe to break the seas frozen inside our soul.  (Franz Kafka)
• The books are as important or more than bread. If I were hungry I would ask, rather than a whole loaf, half a

loaf and a book. (Federico García Lorca)
• Everything which is good in me should be credited to books. (Maxim Gorky).
8QIRUWXQDWel\�DW�WKe�SUeVeQW�WLPe�LQ�Dll�FRXQWULeV���GeFUeDVLQJ�UeDGLQJ�IRU�SleDVXUe�LV�DSSDUeQW�LQ�Dll�JURXSV�RI�SRSXlDWLRQ��)RU

e[DPSle��LW�LV�NQRZQ�WKDW�WKe�UeDGLQJ�UDWeV�GeFlLQe�DV�VWXGeQWV�JeW�RlGeU��EXW�WKe�QXPEeUV�KDYe�DlVR�GURSSeG�RII�VLJQLILFDQWl\� 
LQ�WKe�SDVW����\eDUV��)RU�e[DPSle��LQ����������RI����\eDU�RlGV�DQG����RI����\eDU�RlGV�LQ�8.�VDLG�WKe\�³QeYeU´�RU�³KDUGl\� 
eYeU´�UeDG�IRU�SleDVXUe��,Q�������WKDW�QXPEeU�KDG�DlPRVW�WULSleG��WR�����DQG�������$lWeU���������7Ke�VLWXDWLRQ�LV�WKe�VDPe�LQ� 
%UD]Ll��&KLle�DQG�RWKeU�FRXQWULeV�LQ�/DWLQ�$PeULFD��,Q�6RXWK�$IULFD��RYeU�����RI�IDPLlLeV�RZQ�QR�ERRNV�IRU�UeFUeDWLRQDl�RU� 
leLVXUe�WLPe�UeDGLQJ�DQG�PDQ\�FRPPXQLWLeV�KDYe�QR�DFFeVV�WR�lLEUDULeV��)XQFWLRQDl�LllLWeUDF\�DQG�WKe�FDVe�IRU�UeDGLQJ��������
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7KeUe�DUe�YDULRXV�FDXVeV�IRU�WKLV�GeFUeDVLQJ�RI�UeDGLQJ��2Qe�RI�WKeP�LV�WKDW�\RXQJ�SeRSle�DQG�DGXlWV�DFWXDll\�KDYe�VWURQJ� 
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WKe\�leDG�WR�GeVeQVLWL]DWLRQ��DJJUeVVLYe�EeKDYLRU�DQG�JeQGeU�LQeTXLW\��GeYelRSPeQW�RI�YLVXDl�VSDWLDl�VNLllV��*UeeQILelG�� 
�������2WKeU�UeVeDUFK�VD\V�WKDW�$PeULFDQV�DYeUDJeG�DlPRVW���KRXUV�RI�79�YLeZLQJ�SeU�GD\�LQ������DQG�WKDW�e[FlXGeV�'9'V� 
DQG�RWKeU�UeQWeG�YLeZLQJ�PDWeULDl. ,W�LV�Zell�NQRZQ�WRR�WKDW�ZDWFKLQJ�79�E\�\RXQJ�SeRSle�DQG�DGXlWV�IRU�PDQ\�KRXUV�SeU� 
GD\�ZLWK�XVXDl�SURJUDPV�RI�lRZ�TXDlLW\�LQ�PDQ\�FRXQWULeV��lLNe�VRDS�RSeUDV��QRW�RQl\�SURGXFeV�PDQ\�KeDlWK�DQG�REeVLW\� 
SURElePV��EXW�VXEVWDQWLDll\�GeFUeDVeV�KXPDQ�EUDLQ�FDSDFLWLeV��

$QRWKeU�LPSRUWDQW�FDXVe�RI�WKLV�SKeQRPeQRQ�LV�LQDGeTXDWe�XVe�RI�PRGeUQ�WeFKQRlRJ\�LQ�eGXFDWLRQ�DQG�lLIe��LQFlXGLQJ� 
FRPSXWeUV�DQG�WKe�LQWeUQeW��)RU�e[DPSle��VFKRRlV�VeeP�WR�PDNe�PRUe�eIIRUW�LQWURGXFe�VWXGeQWV�WR�WKe�XVe�RI�YLVXDl�PeGLD�� 
E\�DVNLQJ�WKeP�WR�SUeSDUe�3RZeU�3RLQW�SUeVeQWDWLRQV��DQG�VR�RQ��7KXV��VWXGeQWV�VSeQG�PRUe�WLPe�ZLWK�YLVXDl�PeGLD�DQG�leVV� 
WLPe�ZLWK�SULQW��VFUeeQ�RU�SULQWeG�ERRNV�DQG�We[WV���%\�WKLV�³PRGeUQ´�PDQQeU��VWXGeQWV�ZLll�SURFeVV�LQIRUPDWLRQ�EeWWeU��%XW� 
LW�LV�QeFeVVDU\�WDNe�LQWR�DFFRXQW�KeUe��WKDW�PRVW�YLVXDl�PeGLD�DUe�UeDl�WLPe�PeGLD��DQG�WKe\�GR�QRW�DllRZ�WLPe�IRU�UeIleFWLRQ�� 
DQDl\VLV�RU� LPDJLQDWLRQ��eTXDll\� lLNe��79�RU�YLGeR�JDPeV���6R�� WKe� WeFKQRlRJ\�GReV�QRW�DlZD\V�SlD\�D�SRVLWLYe�URle� LQ� 
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$QRWKeU GLIILFXlW SUREleP e[LVWV LQ PDQ\ FRXQWULeV - D� IXQFWLRQDl� LllLWeUDF\��$FFRUGLQJ WR 81(6&2� ³D� SeUVRQ�LV� 
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FRPPXQLW\¶V�GeYelRSPeQW�´��(XURSe��WRJeWKeU�DJDLQVW�IXQFWLRQDl�LllLWeUDF\���������+RZeYeU��D�IXQFWLRQDll\�LllLWeUDWe�SeUVRQ�
FDQ�QRW�XQGeUVWDQG�WKe�FRQWeQWV�RI�WKe�UeDGLQJ�We[W�RU�FDQ�QRW�PDNe��D�YeU\�VLPSle�DQDl\VLV��RU�DQVZeU�VLPSle�TXeVWLRQV�
DERXW��D�ZULWWeQ�PeVVDJe�

6WDWLVWLFV�VD\�WKDW����PLllLRQ�DGXlWV�LQ�WKe�8�6��FDQ¶W�UeDG�Zell�eQRXJK�WR�UeDG�D�VLPSle�VWRU\�WR�D�FKLlG�DQG�PRUe�WKDQ�
���SeUFeQW�RI�DGXlWV�UeDG�DW�RU�EelRZ�D�ILIWK�JUDGe�leYel���IDU�EelRZ�WKe�leYel�QeeGeG�IRU�ePSlR\PeQW�DQG�DSSUR[LPDWel\�
���SeUFeQW� RI� XQePSlR\eG�\RXWK� DJeG������� DUe� IXQFWLRQDll\� LllLWeUDWe��ZLWK� YLUWXDll\� QR�SURVSeFWV� RI� REWDLQLQJ�JRRG�
MREV���5eDGLQJ��/LWeUDF\�	�(GXFDWLRQ�6WDWLVWLFV���������$FFRUGLQJ�WR�DQRWKeU�VWXG\�FRQGXFWeG�E\�WKe�8�6��'eSDUWPeQW�RI�
(GXFDWLRQ�DQG�WKe�1DWLRQDl�,QVWLWXWe�RI�/LWeUDF\�����PLllLRQ�DGXlWV�LQ�WKe�8�6��FDQ¶W�UeDG��7KDW¶V����SeUFeQW�RI�WKe�SRSXlDWLRQ�
DQG����SeUFeQW�RI�KLJK�VFKRRl�leDYeUV�FDQ¶W�UeDG���,llLWeUDF\�6WDWLVWLFV���������$PRQJ�$PeULFDQV����\eDUV�DQG�RlGeU������
KDG�UeDG�QR�ERRNV�RYeU�WKe�SUeYLRXV����PRQWKV�DQG�����KDG�UeDG�����ERRNV�RYeU�D�ZKRle�\eDU��7KDW�LV�DlPRVW�����RI�WKe�
SRSXlDWLRQ�ZKR�UeDG�DlPRVW�QRWKLQJ��)XQFWLRQDl�LllLWeUDF\�DQG�WKe�FDVe�IRU�UeDGLQJ��������

7Ke�VDPe�VLWXDWLRQ�DSSlLeV�LQ�RWKeU�UeJLRQV��$ERXW�KDlI�&KLleDQ�FLWL]eQV�FDQ�QRW�XQGeUVWDQG��UeDGLQJ��,Q�$XVWUDlLD���DlPRVW�
KDlI�WKe�FRXQWU\������SeU�FeQW���FDQ¶W�UeDG�Zell�eQRXJK�WR�IRllRZ�D�UeFLSe�RU�XQGeUVWDQG�LQVWUXFWLRQV�RQ�PeGLFDWLRQ���9DQ�Ge�
:eWeULQJ����������,Q�8.�DURXQG�D�ILIWK�RI�SXSLlV�leDYe�VFKRRl�IXQFWLRQDll\�LllLWeUDWe�DQG�IXQFWLRQDll\�LQQXPeUDWe��(XURSe��
WRJeWKeU�DJDLQVW�IXQFWLRQDl�LllLWeUDF\�������

7Ke�e[DPSleV�LQGLFDWe�VeULRXV�eGXFDWLRQDl�SURElePV�e[LVW�DQG�WKe�EDVe�RI�DlPRVW�Dll�RI�WKeP�LV�lDFN�RI�UeDGLQJ�ERRNV��

2Q�WKe�SRVLWLYe�VLGe�UeVeDUFKeUV�LGeQWLI\�VeYeUDl�Ne\�EeQeILWV�GeULYLQJ�IURP�UeDGLQJ�IRU�SleDVXUe���UeDGLQJ�DWWDLQPeQW�DQG�
ZULWLQJ�DELlLW\��We[W�FRPSUeKeQVLRQ�DQG�JUDPPDU���EUeDGWK�RI�YRFDEXlDU\��SRVLWLYe�UeDGLQJ�DWWLWXGeV��JUeDWeU�VelI�FRQILGeQFe�
DV�D�UeDGeU��SleDVXUe�LQ�UeDGLQJ�LQ�lDWeU�lLIe�DQG�D�EeWWeU�XQGeUVWDQGLQJ�RI�RWKeU�FXlWXUeV����5eVeDUFK�eYLGeQFe�RQ�UeDGLQJ�
IRU�SleDVXUe���������6WXGLeV�VKRZ�WKDW�UeDGLQJ�GeYelRSV�LPDJLQDWLRQ��LQGXFWLRQ��UeIleFWLRQ�DQG�FULWLFDl�WKLQNLQJ��DV�Zell�DV�
YRFDEXlDU\��$GGLWLRQDll\�LW�LV�WKe�Ne\�WR�GeYelRSLQJ�KLJK�RUGeU�FRJQLWLYe�VNLllV��,QWeUeVWLQJ��FDVeV�IRU�TXDlLW\�UeDGLQJ�FDQ�
Ee�IRXQG�DW ()XQFWLRQDl�LllLWeUDF\�DQG�WKe�FDVe�IRU�UeDGLQJ��������DQG�LQFlXGe:
� &KLlGUeQ�ZKR�eQMR\�UeDGLQJ�WeQG�WR�KDYe�KLJKeU�,4�DQG�(4�leYelV�

� 5eJXlDU�UeDGeUV�KDYe�EeWWeU�lDQJXDJe�DQG�FRQYeUVDWLRQDl�VNLllV��7Ke\�DUe�DlVR�EeWWeU�DW�XQGeUVWDQGLQJ�DQG�e[SUeVVLQJ
QXDQFe�GXe�WR�DQ�e[SDQGeG�YRFDEXlDU\�DQG�XQGeUVWDQGLQJ�RI�VePDQWLFV�

� 5eDGLQJ�LPSURYeV�DELlLW\�WR�LQWeUSUeW�LQIRUPDWLRQ��ZKLFK�leDGV�WR�EeWWeU�DQG�PRUe�LQIRUPeG�GeFLVLRQ�PDNLQJ�VNLllV�

� 9DULeG�UeDGLQJ�SURPRWeV�D�KRlLVWLF�DV�RSSRVeG�WR�LQVXlDU�ZRUlG�YLeZ��GXe�WR�GeYelRSPeQW�RI�D�ZLGeU�DQG�GeeSeU
SDUDGLJP��7KDW�PeDQV�leVV�[eQRSKRELD��UDFLVP�DQG�ELJRWU\�

� 7Ke�PRUe�UeDGLQJ�WKe�KLJKeU�WKe�leYel�RI�LPPeUVLRQ�DQG�UeIleFWLRQ��ZKLFK�IDFLlLWDWe�PRUe�eIIeFWLYe�leDUQLQJ�SURFeVVeV�
FRJQLWLYe�VNLllV�DQG�FULWLFDl�WKRXJKW�

� 5eDGLQJ�e[WeQVLYel\�VXSSRUWV�FUeDWLYe�SUREleP�VRlYLQJ�LQ�EXVLQeVV�DQG�RWKeU�DUeDV�

� ,W�DlVR�LQFUeDVeV�ePRWLRQDl�LQWellLJeQFe��ZKLFK�eQKDQFeV�WKe�DELlLW\�WR�FUeDWe�SRVLWLYe�UelDWLRQVKLSV��D�EeWWeU�DQG
GeeSeU�XQGeUVWDQGLQJ�RI�WKe�KXPDQ�PDWUL[��

�$FFRUGLQJ�WR�ZKDW�LV�ZULWWeQ�DERYe�Ze�FDQ�VWUeVV�WKDW�eGXFDWLRQDl�FRPPXQLWLeV��0LQLVWULeV�RI�(GXFDWLRQ��WeDFKeUV��SDUeQWV�
DQG�RWKeU�VRFLDl�IRUFeV�VKRXlG�LQFUeDVe�eIIRUWV�WR�SURPRWe�WKe�UeDGLQJ�RI�ERRNV�IRU�SleDVXUe��7KeUe�DUe�VRPe�e[DPSleV�RI�
WKLV�eGXFDWLRQ�SRlLF\�LQ�YDULRXV�UeJLRQV���,Q�PRGeUQ�&KLQD�WKeUe�KDYe�EeeQ�LPSRUWDQW�DFKLeYePeQWV�QRW�RQl\�LQ�eFRQRPLF�
DQG�VRFLDl�GeYelRSPeQW��EXW�DlVR�LQ�VFLeQFe�eGXFDWLRQ��-LQJ\LQJ�:DQJ���2UlLN���������,W�LV�LQWeUeVWLQJ�WKDW�UeFeQWl\�&KLQeVe�
3UePLeU�/L�.eTLDQJ�VSRNe�DW�D�SUeVV�FRQIeUeQFe�DIWeU�WKe�FlRVLQJ�PeeWLQJ�RI�WKe�WKLUG�VeVVLRQ�RI�&KLQD¶V���WK�1DWLRQDl�
3eRSle¶V�&RQJUeVV�DERXW�ERRNV�DQG�UeDGLQJ��+e�VDLG��³Books and reading can be said to be the main carrier of human 
civilization heritage, in my personal experience, the use of leisure time for reading is a pleasure, but also provides 
value that lasts a lifetime. I hope that for all the people of our country reading can form an atmosphere everywhere. 
The amount of reading can be increased year by year, it makes our social progress, improves our civilization to a very 
important degree. Reading is a way of life and combined with the work, will not only increase the innovative power for 
development, but will enhance the moral force in society´��,Q�/DWLQ�$PeULFD��&XED�DQG�9eQe]XelD�KelS�%RlLYLD�WR�ILJKW�
IXQFWLRQDl�LllLWeUDF\�E\�FRlleFWLQJ�ERRNV�DQG�SURPRWLQJ�UeDGLQJ�LQ�Dll�JURXSV�RI�WKe�SRSXlDWLRQ��&XED�\�9eQe]XelD�D\XGDQ�
D�%RlLYLD���������6LPLlDU�DFWLRQV�e[LVW�LQ��&KLle�DQG�RWKeU�FRXQWULeV�RI�WKLV�UeJLRQ��

%DVeG�RQ�LQIRUPDWLRQ�VKRZQ�DERYe�LW�LV�SRVVLEle�WR�SURSRVe�VeYeUDl�VWeSV�WR�LPSURYe�WKe�SUeVeQW�eGXFDWLRQDl�VLWXDWLRQ�
ZLWK�ERRNV�DQG�UeDGLQJ�IRU�VWXGeQWV�DQG�DGXlWV�

� 3DUeQWV�QeeG�WR�VSeQG�PRUe�WLPe��UeDGLQJ�ERRNV�WR�NLGV�DQG�VFKRRl�FKLlGUeQ��,W�FRXlG�Ee�UeFRPPeQGeG�WR�NeeS��KRXU
GLDU\�RI�IDPLlLDU�UeDGLQJ�ERRNV��IRU�DERXW�����GD\V�\eDU���'XULQJ�WKLV�DFWLYLW\�SDUeQWV��JUDQG�SDUeQWV��FKLlGUeQ�UeDG
ERRN�DlRXG�ZLWK�VKRUW�GLVFXVVLRQ�RI�WKe�PeDQLQJ�DIWeU�WKDW���,W�LV�YeU\�LPSRUWDQW�WRR�WR�RUJDQL]e�LQ�eDFK�IDPLl\�ZLWK
VFKRRl�FKLlGUeQ�VRPe�WLPe�eDFK�GD\����KRXU��IRU�UeDGLQJ�ERRNV�IRU�SleDVXUe��IRU�VPDll�FKLlGUeQ�WKLV�WLPe�VKRXlG�Ee
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FRQWURlleG�E\�SDUeQWV��

� 3DUeQWV�VKRXlG�RUJDQL]e�D�VSeFLDl�YLVLWV�WR�XUEDQ�lLEUDU\����GDLV�SeU
ZeeN��ZLWK�WKeLU�FKLlGUeQ��

� ,W�LV�UeFRPPeQGeG�WRR�WKDW�VLPLlDU�YLVLWV�RI�SDUeQWV�ZLWK�FKLlGUeQ�DUe
PDGe�WR�YLUWXDl�lLEUDULeV�IRU�UeDGLQJ�ERRNV�LQ�eleFWURQLF�IRUPDWV�DQG
FKRRVe�WR�GRZQlRDG�WKeP�LQ�WKeLU�PRWKeU�lDQJXDJe���6RPe�NQRZQ
lLEUDULeV�DUe����KWWSV���ZZZ�JXWeQEeUJ�RUJ���KWWS���eQ�FKLlGUeQVlLEUDU\�
RUJ���KWWS���ZZZ�FeUYDQWeVYLUWXDl�FRP����lLE�UX�DQG�PLUNQLJ�FRP��
LQ�5XVVLDQ��DQG�VR�RQ�

� ,Q�VFKRRl�eDFK�FlDVV�RI�Dll�VXEMeFWV�VKRXlG�eQG�ZLWK������PLQXWeV
UeDGLQJ�RI�DSSURSULDWe�LQWeUeVWLQJ�ERRNV��)RU�VFLeQFe�LV�eDV\�WR�XVe�FlDVVLFDl�SRSXlDU�VFLeQFe�lLWeUDWXUe���VXFK
DV�-XleV�9eUQe��Twenty Thousand Leagues Under the Sea, ,���$VLPRY���A Short History of Biology and A Short
History of Chemistry��&��6DJDQ��Cosmos��Surely You’re Joking, Mr. Feynman!���<��3eUelPDQ��Algebra Can Be Fun 
and Physics Can Be Fun��$��2SDULQ��The Origin of Life�DQG�VR�RQ��(DFK�FRXQWU\�KDV�LWV�RZQ�VeULeV�RI�ERRNV�RI
SRSXlDU�VFLeQFe�WKDW�ZRXlG�Ee�VXLWDEle��lLNe��IRU�e[DPSle��WKe�)RXQGDWLRQ�RI�(FRQRPLF�&XlWXUe��)&(��0e[LFR
�KWWS���ZZZ�IRQGRGeFXlWXUDeFRQRPLFD�FRP���

� 3URJUDPV�VKRXlG�Ee�RUJDQL]eG�IRU�GelLYeULQJ��ERRNV�LQ�eleFWURQLF�IRUPDW�IRU�QRWeERRN�FRPSXWeUV��$QGURLG�WDEleWV�
L�3KRQeV�DQG�PRELle�SKRQeV�WR�VSUeDG��UeDGLQJ�IRU�SleDVXUe�IRU�\RXQJ�SeRSle�DQG�DGXlWV�LQ�YDULRXV�VLWXDWLRQV��DW
KRPe��LQ�WUDQVSRUW��LQ�WKe�VWDGLXP�DQG�LQ�RWKeU�GLIIeUeQW�lLIe�FLUFXPVWDQFeV��Vee�WKe�LPDJe�DERYe�

���������WKe�LPDJe�LV�IURP�KWWSV���ZDURVX�RUJ�lLW�WKUeDG���������S��������

� 1DWLRQDl�79�V\VWePV�VKRXlG�RUJDQL]e�GDLl\�SURJUDPV�IRU�DGYeUWLVLQJ�UeDGLQJ�DFWLYLWLeV�IRU�FKLlGUeQ�DQG�DGXlWV�

7KeUe�DUe��RI�FRXUVe��RWKeU�VWUDWeJLeV�WKDW�FRXlG�Ee�WULeG�DQG�eYDlXDWeG�WR�WU\�WR�eQKDQFe�WKe�VWDWXV�RI�DQG�eQJDJePeQW
LQ�UeDGLQJ�WR�LPSURYe�eGXFDWLRQ��VFLeQFe�eGXFDWLRQ�DQG�TXDlLW\�RI�lLIe�IRU�RXU�FLWL]eQV�

BIBLIOGRAPHY
&��$lWeU��6WXG\��7Ke�1XPEeU�RI�7eeQV�5eDGLQJ�IRU�)XQ�.eeSV�'eFlLQLQJ��������KWWS���WLPe�FRP�������FRPPRQ�VeQVe�

PeGLD�UeDGLQJ�UeSRUW�QeYeU�UeDG�

&XED�\�9eQe]XelD�D\XGDQ�D�%RlLYLD�D�FRPEDWLU�el�DQDlIDEeWLVPR�IXQFLRQDl��������KWWS���ZZZ�QRWLFLDV���FRP�LQWeUQDFLRQDleV�
QRWLFLD�������FXED�\�YeQe]XelD�D\XGDQ�D�ERlLYLD�D�FRPEDWLU�el�DQDlIDEeWLVPR�IXQFLRQDl�

(XURSe�WRJeWKeU�DJDLQVW�IXQFWLRQDl�LllLWeUDF\���IDFWV��LQIRUPDWLRQ�DQG�VRlXWLRQV���������KWWS���ZZZ�JUXQGELlGXQJ�XQG�
EeUXI�LQIR�eWBG\QDPLF�SDJeBILleV����BGDWeL�SGI"�����������

)XQFWLRQDl�LllLWeUDF\�DQG�WKe�FDVe�IRU�UeDGLQJ��������KWWS���UeSUREDWe�FR�]D�IXQFWLRQDl�LllLWeUDF\�DQG�WKe�FDVe�IRU�UeDGLQJ�

1� *RXlDUW���+iELWR�Ge�leLWXUD�FDL�QR�%UDVLl��UeYelD�SeVTXLVD��������KWWS���YeMD�DEULl�FRP�EU�QRWLFLD�eGXFDFDR�KDELWR�
Ge�leLWXUD�QR�EUDVLl�FDL�DWe�eQWUe�FULDQFDV

3� *UeeQILelG���7eFKQRlRJ\�DQG�LQIRUPDl�eGXFDWLRQ��:KDW�LV�WDXJKW��ZKDW�LV�leDUQeG���Science,������SS����±���������
,llLWeUDF\�6WDWLVWLFV�������KWWS���ZZZ�VWDWLVWLFEUDLQ�FRP�QXPEeU�RI�DPeULFDQ�DGXlWV�ZKR�FDQW�UeDG�

-LQJ\LQJ�:DQJ���2UlLN�<��7Ke�GeYelRSPeQW�RI�VFLeQFe�eGXFDWLRQ�LQ�35�&KLQD��Journal of Science Education���1����YRl�
����SS�������������

6��1RUULV���/��3KLllLSV��+RZ�lLWeUDF\�LQ�LWV�IXQGDPeQWDl�VeQVe�LV�FeQWUDl�WR�VFLeQWLILF�lLWeUDF\����Science Education.�9RlXPe
����,VVXe����SS���±�����������

<��2UlLN���$FWXDlL]DFLyQ�\�leFWXUD��KeUUDPLeQWDV�SDUD�lRV�SURIeVRUeV�Ge�FLeQFLDV.  Universitas Scientiarum.�9Rl������6SeFLDl
LVVXe�������������

5eDGLQJ��/LWeUDF\�	�(GXFDWLRQ�6WDWLVWLFV�������

KWWS���ZZZ�UeDGIDVWeU�FRP�eGXFDWLRQBVWDWV�DVS

5eVeDUFK�eYLGeQFe�RQ�UeDGLQJ�IRU�SleDVXUe��'eSDUWPeQW�RI�(GXFDWLRQ��8.�������

-� YDQ� Ge�:eWeULQJ�$lPRVW� KDlI� WKe� FRXQWU\� LV� IXQFWLRQDll\� LllLWeUDWe�� ������ KWWS���ZZZ�DEF�QeW�DX�lRFDl�
YLGeRV��������������������KWP

Yuri Orlik



44 -2851$/�2)�6&,(1&(�('8&$7,21���1�����9Rl������SS���������������,661������������ZZZ�DFFeI\Q�RUJ�FR�UeF

Abstract
This paper describes some of the critical issues facing higher education today and 
encourages an attitude of embracing those challenges. The authors connect the 
attributes of what the best teachers do to using meaningful, appropriate technology, 
as well as integrating expert predictions. Issues discussed include preparing 
learners for uninvented careers, MOOCs and nano-degrees, digital content 
creation, play with purpose maker economy, fabrication labs to create accessible 
electronic learning objects, big data learning analytics, wearable technology, the 
Tuanti¿aEle self� the internet of things� and moEile learning� $ sSeci¿c e[amSle 
of mobile learning as an umbrella framework will be shared with lessons learned 
and scholarly research ¿ndings�
Key words:  Mobile Learning, MOOCs, eLearning Objects, OER, learning analytics, 
ePortfolios

Resumen
Este texto describe temas críticos que enfrenta la educación superior hoy y alienta 
una actitud de analizar esos desafíos. Los autores muestran los ejemplos de 
actuación de  los mejores profesores para  usar la tecnología educativa apropiada 
y los datos de  los expertos. Los temas discutidos incluyen métodos de  preparación 
de los alumnos para carreras universitarias y los ejemplos de aplicación de la 
tecnología educativa en clases, uso y creación de objetos virtuales de aprendizaje 
electrónicos, la utilización de  la tecnología portátil, la Internet  y el aprendizaje 
myvil� 8n eMemSlo esSect¿co del aSrendi]aMe myvil esti discutido con resultados 
de las investigaciones cientt¿cas�
Palabras clave: el aprendizaje móvil, MOOCs, objetos de aprendizaje electrónicos, 
OER, analíticas de aprendizaje, portafolios electrónicos

INTRODUCTION
,Q�.eQ�%DLQ¶V��������ERRN��:KDW�WKe�%eVW�&RlleJeV�7eDFKeUV�'R��Ke�

VXPPDUL]eV�WZeQW\�ILYe�\eDUV�RI�UeVeDUFK�RQ�Ne\�DWWULEXWeV��ZKLFK�JRRG�
WeDFKeUV�e[KLELW��,Q�VXPPDU\��JRRG�FRlleJe�WeDFKeUV

� NQRZ�KRZ�Ze�leDUQ�DQG�SURFeVV�LQIRUPDWLRQ�
� SUeSDUe�WR�WeDFK�DV�D�VeULRXV�LQWelleFWXDl�eQGeDYRU�DV�GePDQGLQJ�DQG
LPSRUWDQW�DV�VFKRlDUVKLS�

� FRQGXFW�FlDVV�ZKeUe�GLYeUVe�leDUQeUV�FDQ�e[SlRUe��DQDl\]e�DQG�V\QWKeVL]e
WR�FRQVWUXFW�RZQ�PeDQLQJ��DQG

� FKeFN�WKeLU�RZQ�SURJUeVV�ZLWK�D�V\VWePDWLF�SURJUDP�WR�DVVeVV�DQG
PRGLI\�

:e�VKDUe�WKLV�LQIRUPDWLRQ�eDUl\�LQ�WKLV�SDSeU��DV�Ze�ERWK�EelLeYe�WKeVe�
DUe�FULWLFDl�WR�WeDFKLQJ�DQG�WKe\�KDYe�DQ�eVVeQWLDl�URle�LQ�WKe�LVVXeV�RI�KLJKeU�
eGXFDWLRQ�WRGD\�DQG�WRPRUURZ��:e�DlVR�VWURQJl\�EelLeYe�WKDW�ZKDW�PDNeV�
D�JRRG�WeDFKeU�DSSlLeV�WR�ZKeWKeU�LQVWUXFWLRQDl�WeFKQRlRJ\�LV�XVeG�RIWeQ��
RFFDVLRQDll\�RU�QRW�DW�Dll��0DQ\�RI�WKe�LVVXeV�LQ�KLJKeU�eGXFDWLRQ��ZKLFK�
Ze�ZLll�VXJJeVW�LQYRlYe�WKe�XVe�RI�WeFKQRlRJ\��2I�FRXUVe��WeFKQRlRJ\�LV�QRW�
WKe�SDQDFeD�IRU�JRRG�WeDFKLQJ��SeUKDSV�DW�WLPeV��LW�PD\�GLVWUDFW�RU�FRQIXVe�
leDUQeUV��+RZeYeU��LW�ZRXlG�VeeP�LUUeVSRQVLEle�RI�FRQFeUQeG�eGXFDWRUV�QRW�
WR�DW�leDVW�e[SlRUe�WKe�SRVVLELlLWLeV�RI�WeFKQRlRJ\�DQG�WKeQ�GeWeUPLQe�LWV�
PeULW��EDVeG�RQ�IRXQGDWLRQDl�UeVeDUFK�PeWKRGV��ZKLFK�Ze�KDYe�ePSlR\eG�
DQG�XVeG�IRU�GeWeUPLQLQJ�WKe�eIIeFWLYeQeVV�RI�RXU�LQVWUXFWLRQDl�DSSURDFKeV�
LQ�WKe�SDVW��

Background for Issues in Higher Education
$�PDMRU�UeVRXUFe�IRU�LGeQWLI\LQJ�SRWeQWLDl�LVVXeV�LQ�KLJKeU�eGXFDWLRQ�

LV�WKe�1eZ�0eGLD�&RQVRUWLXP��10&��(GXFDXVe�$QQXDl�+RUL]RQ�UeSRUW�
�-RKQVRQ�eW�Dl����������7Ke�+RUL]RQ�UeSRUW�³LV�D�FRllDERUDWLYe�eIIRUW�EeWZeeQ�
WKe�10&�DQG�(GXFDXVe� GeVLJQeG� WR� LGeQWLI\� DQG� GeVFULEe� ePeUJLQJ�

WeFKQRlRJLeV�lLNel\�WR�KDYe�DQ�LPSDFW�RQ�leDUQLQJ��WeDFKLQJ��DQG�FUeDWLYe�
LQTXLU\�LQ�eGXFDWLRQ´��-RKQVRQ�eW�Dl����������,W�PD\�Ee�XVeIXl�WR�FRPSDUe�
WKe������DQG������SUeGLFWLRQV�WR�LGeQWLI\�WUeQGV�DQG�FRQWLQXDll\�PRQLWRU�
WKe�FKDQJeV�IURP�RQe�\eDU�WR�WKe�Qe[W��7KeVe�SUeGLFWLRQV�DUe�RUJDQL]eG�E\�
WLPe�SeULRGV�RI�RQe��WZR�WR�WKUee��DQG�IRXU�WR�ILYe�\eDUV��7Ke������\eDU�RQe�
SUeGLFWLRQ�LQFlXGeG�0DVVLYe�2SeQ�2QlLQe�&RXUVeV��022&V��DQG�PRELle�
leDUQLQJ��\eDUV�����LQFlXGeG�leDUQLQJ�DQDl\WLFV�DQG�JDPLILFDWLRQ��DQG�\eDUV�
����ZeUe��'�SULQWLQJ�DQG�ZeDUDEle�WeFKQRlRJ\��7Ke������SUeGLFWLRQV�IRU
\eDU�RQe�LQFlXGeG�IlLSSeG�leDUQLQJ�DQG�leDUQLQJ�DQDl\WLFV��\eDUV�����ZeUe
�'�SULQWLQJ�DQG�JDPLILFDWLRQ��DQG�IRU�\eDUV�����ZeUe�TXDQWLILDEle�VelI�DQG
YLUWXDl�DVVLVWDQWV�
0DQ\�SRWeQWLDl� DQG� e[FLWLQJ� LVVXeV� e[LVW� LQ� KLJKeU� eGXFDWLRQ� WRGD\��

8VLQJ�WKe�SDVW�WZR�\eDUV�RI�7Ke�+RUL]RQ�UeSRUWV¶�SUeGLFWLRQV�DV�D�JXLGe��
Ze�LGeQWLILeG�eleYeQ�LVVXeV��ZKLFK�KDYe�EeeQ�GLVFXVVeG�LQ�WKe�eGXFDWLRQ�
lLWeUDWXUe��7Ke\�LQFlXGe�SUeSDULQJ�leDUQeUV�IRU�XQLQYeQWeG�FDUeeUV��022&V�
DQG� QDQR�GeJUeeV�� GLJLWDl� FRQWeQW� FUeDWLRQ�� SlD\�ZLWK� SXUSRVe�PDNeU�
eFRQRP\��IDEULFDWLRQ�lDEV�WR�FUeDWe�DFFeVVLEle�eleFWURQLF�/eDUQLQJ�2EMeFWV�
�e/2V���ELJ�GDWD�leDUQLQJ�DQDl\WLFV��ZeDUDEle�WeFKQRlRJ\��WKe�TXDQWLILDEle�
VelI��WKe�LQWeUQeW�RI�WKLQJV��,R7���DQG�PRELle�leDUQLQJ��7KeVe�LVVXeV�ZLll�
Ee�GLVFXVVeG�LQ�GeWDLl�LQ�WKe�IRllRZLQJ�VeFWLRQV�

Preparing for “Uninvented Careers”
)DFXlW\�PePEeUV�DUe�W\SLFDll\�e[SeUWV�LQ�WKeLU�GLVFLSlLQe��DQG�SeUKDSV�

PDQ\�RI� WKeP�KDYe�e[SeULeQFe�DV�JUDGXDWe� WeDFKLQJ�DVVLVWDQWV�DQG�RU�
PDQ\� \eDUV� GeYelRSLQJ� WKeLU� WeDFKLQJ� VNLllV��+RZeYeU�� WKe� UelDWLYel\�
UeFeQW�PRYePeQW�RI� WKe�µXQLQYeQWeG�FDUeeUV¶�QRZ�FUeDWeV�D�FKDlleQJe�
RQ�KRZ�WR�KelS�VWXGeQWV�SUeSDUe�IRU�D�FDUeeU��6RPe�RI�WKe�QeZl\�FUeDWeG�
FDUeeUV�LQFlXGe�F\EeU�VeFXULW\�VSeFLDlLVWV��PRELle�DSSlLFDWLRQ�GeYelRSeUV��
VRFLDl�PeGLD�PDQDJeUV��VWeP�Fell�UeVeDUFKeUV��URERWLFV�WeFKQLFLDQV��DQG�
VLPXlDWLRQ�eQJLQeeUV��,W�ZRXlG�VeeP�WKDW�WKe�QRQlLQeDU��QRQ�SUeGLFWLYe�
WUeQG� RI� FDUeeUV�PLJKW� FRQWLQXe�� DQG� WKeUeIRUe�� WKe� FKDlleQJe� RI� KRZ�
WR�SUeSDUe�VWXGeQWV�\eDUV�EeIRUe�WKeLU�FDUeeUV�ZLll�SeUVLVW��2Qe�LGeD�LV�
WR�eQVXUe�VWXGeQWV�DUe�SURYLGeG�WLPe�WR� LQFRUSRUDWe�SURFeVV�GULYe�DQG�
WZeQW\�ILUVW� FeQWXU\� VNLllV� LQWR� WKeLU� FXUULFXlXP��7ZeQW\�ILUVW� FeQWXU\�
VNLllV� W\SLFDll\� LQFlXGe� FRllDERUDWLRQ�� FRPPXQLFDWLRQ�� FUeDWLYLW\� DQG�
FULWLFDl�WKLQNLQJ��3DUWQeUVKLS�IRU���VW�&eQWXU\�6NLllV���������7KeVe�VNLllV�
KDYe�EeeQ�ZLGel\�VRXJKW�E\�ePSlR\eUV�IRU�\eDUV��DQG�WKe�GePDQG�KDV�
eVFDlDWeG�LQ�UeFeQW�\eDUV��%eVLGeV�WeDFKLQJ�leDUQeUV�KRZ�WR�leDUQ��WKeVe�
VNLllV�eQFRXUDJe�leDUQeUV�WR�EeFRPe�PRUe�VelI�UeJXlDWeG�LQ�WKeLU�leDUQLQJ��
6R��LQVWeDG�RI�VKDULQJ�IDFWV�DQG�GDWeV�ZLWK�VWXGeQWV��PRUe�ePSKDVLV�LV�
RQ�SURMeFW�EDVeG�leDUQLQJ�DQG�LQTXLU\�DSSURDFKeV�WR�e[SlRULQJ�SRVVLEle�
VRlXWLRQV��,QTXLU\�EDVeG�leDUQLQJ��,%/��DQG�LWV�GeULYDWLYe�PeWKRG�W\SLFDll\�
LQFlXGe� D�SURFeVV� WKDW� LQFlXGeV�TXeVWLRQLQJ��SUeGLFWLQJ�� LQYeVWLJDWLQJ��
e[SlRULQJ��GDWD�JDWKeULQJ��UeIleFWLQJ��DQG�PDNLQJ�FRQFeSWXDl�FRQQeFWLRQV��
0DQ\�ZRUWKZKLle�PRGelV�FRXlG�Ee�VXJJeVWeG�WR� LPSlePeQW�,%/��2Qe�
DSSURDFK�LV�FDlleG�'eVLJQ�7KLQNLQJ��'7���ZZZ�LGeR�FRP�ZRUN�WRRlNLW�
IRU�eGXFDWRUV���1eXPDLeU��������GeILQeV�'7�DV�WKe�³SURFeVV�RI�ZRUNLQJ�
WKURXJK�SURElePV�ZKLle�RSeUDWLQJ� LQ� WKe�VSDFe�EeWZeeQ�NQRZLQJ�DQG�
GRLQJ�� SURWRW\SLQJ� QeZ� VRlXWLRQV� WKDW� DULVe� IURP� WKe� XVe� RI� IRXU� Ne\�
VWUeQJWKV��ePSDWK\��LQWXLWLRQ��LPDJLQDWLRQ�DQG�LGeDlLVP�´�7KeUe�DUe�VeYeUDl�
GeULYDWLRQV�RI�'7��Dll�RI�ZKLFK�DUe�FRPSRQeQWV�RI�WUDGLWLRQDl�,%/��VXFK�
DV� GLVFRYeU\�� LQWeUSUeWDWLRQ�� UeVeDUFK�� LGeDWLRQ�� e[SeULPeQWDWLRQ�� DQG�
eYDlXDWLRQ��'eVLJQ�7KLQNLQJ� LV� RIWeQ� XVeG�ZKeQ� DGGUeVVLQJ� ³ZLFNeG�
SURElePV�´�VLWXDWLRQV�ZKeUe�QeLWKeU�WKe�SUREleP�RU�VRlXWLRQ�LV�NQRZQ�
�&DPLllXV���������:LFNeG�SURElePV�FRUUelDWe�Zell�ZLWK�FXUUeQW�EelLeIV�
RQ� eGXFDWLRQDl� V\VWePV��ZKeUe� SeUKDSV�Ze� DUe� DWWePSWLQJ� WR� eGXFDWe�
leDUQeUV�IRU�SURElePV�DQG�FDUeeUV�WKDW�GR�QRW�FXUUeQWl\�e[LVW��FlRXG�VeUYeU�
VSeFLDlLVW�� ELJ�GDWD� DUFKLWeFW�� GDWD� VFLeQWLVW��ZDVWe� GDWD�PDQDJeUV�� �'�
)RRG�3ULQW�(QJLQeeUV��DQG�6PDUW�'XVW�SURJUDPPeUV��
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Embracing the critical pedagogical issues in higher education

MOOCs and “Nano-degrees”
$�022&�RU�0DVVLYel\�2SeQ�2QlLQe�&RXUVe� LV�D� IUee�RQlLQe�FRXUVe�

DYDLlDEle� WR�DQ\RQe�ZLWK�DQ�LQWeUQeW�FRQQeFWLRQ��,Q�lDWe������� WKe�1eZ�
<RUN�7LPeV�FDlleG������DV�WKe�\eDU�RI�WKe�022&V��3DSSDQR���������$V�
RQe�PLJKW�LPDJLQe��022&V�KDYe�EeeQ�KeUDlGeG�DV�WKe�DQVZeU�WR�KLJKeU�
eGXFDWLRQ�DQG�FRQWUDGLFWeG�DV�DQ�RYeU�K\SeG�IDG��3eUKDSV�D�PDMRU�UeDVRQ�
ZK\�022&V�KDYe�UePDLQeG�LQ�FRQYeUVDWLRQV�DUe�WKe�W\SeV�RI�LQVWLWXWLRQV�
RIIeULQJ�FRXUVeV��ZKLFK�LQFlXGe�6WDQIRUG��&RXUVeUD�DQG�8GDFLW\���0,7��DQG�
+DUYDUG�8QLYeUVLW\��(G;���6WUeQJWKV�RI�022&V�LQFlXGe�WKeLU�SRWeQWLDl�WR�
GelLYeU�ULFK��PRELle�VFDlDEle�FRQWeQW��D�EURDGeU�RSeQ�DFFeVV��PRUe�LQWeUDFWLRQ�
DQG�WKeUeIRUe��WKe�FKDQFe�WKDW�PRUe�SeRSle�PD\�SeUFeLYe�eGXFDWLRQ�DV�D�
KXPDQ�ULJKW��DQ�LQWeUDFWLYe�GLVUXSWLRQ�RI�lLQeDU��lRZ�leYel�eGXFDWLRQ��DQG�D�
KeLJKWeQeG�LQYRlYePeQW�IRU�FURZG�VRXUFeG��GePRFUDWL]eG�UeIRUP��6SLQQeU��
�������7Ke�FKDlleQJeV�RI�022&V�LQFlXGe�D�lDFN�RI�SeUFeLYeG�eGXFDWLRQDl�
YDlXe��WKe�FKDQFe�RI�LQFRQVLVWeQW�TXDlLW\��\eW�WR�Ee�VeeQ�PRYePeQW�IURP�
WUDGLWLRQDl�LQVWUXFWLRQ�WR�eQJDJLQJ��KLJKl\�LQWeUDFWLYe�leDUQLQJ��WDlNLQJ�KeDG�
YLGeRV��ZKLFK�PD\�RQl\�PRYe�WKe�UeDl�LVVXe�DURXQG��XQFeUWDLQ��WUDGLWLRQDl�
leDGeUV�SUeYeQWLQJ�IRUZDUG�PRYePeQW��DQG�D�lDFN�RI�DSSURSULDWe�UeZDUGV�
DQG�UeFRJQLWLRQ�

1DQR�GeJUeeV�KDYe�UeFeQWl\�e[WeQGeG�WKe�LGeD�RI�D�022&��1DQR�GeJUeeV�
KDYe�EeeQ�GeYelRSeG�E\�8GDFLW\�DQG�$7	7��ZKLFK�SURYLGe�leDUQeUV�DQ�
RQlLQe�RSSRUWXQLW\�WR�eDUQ�D�FeUWLILFDWe�RI�leDUQLQJ�LQ������PRQWKV�ZRUNLQJ�
EeWZeeQ����DQG����KRXUV�ZeeN��%lDVe���������7Ke�FRVW�LV�EXQGleG�DW������
PRQWK��&XUUeQWl\��WKe�W\Se�RI�SURJUDPV�DUe�lLPLWeG�WR�EDVLF�SURJUDPPLQJ�
VNLllV�DQG�GDWD�DQDl\VLV��,W�VeePV�WKDW�IeZ�SeRSle�EelLeYe�WKDW�QDQR�GeJUeeV�
DUe�WKe�XlWLPDWe�DQVZeU��+RZeYeU��PDQ\�RWKeUV�Vee�WKLV�PRYePeQW�DV�D�
VLJQ�RI�D�022&�eYRlXWLRQ��ZKLFK�DW�VRPe�SRLQW��FRXlG�SURYLGe�D�PRUe�
DFFeSWDEle�leDUQLQJ�WRRl�

Digital Content Creation
$V�eGXFDWLRQ�EeJLQV�WR�XVe�PRUe�GLJLWDl�WRRlV�DQG�LQIRUPDWLRQ��WKe�QeeG�

WR�FUeDWe�DQ�eIILFLeQW�FRllDERUDWLYe�leDUQLQJ�GLJLWDl�FRQWeQW�FUeDWLRQ�'&&��
SlDWIRUP�LV�eVVeQWLDl��,GeDll\��DQ�eIILFLeQW�'&&�ZRXlG�DllRZ�eGXFDWRUV�WR�
FUeDWe�GLJLWDl�leDUQLQJ�PDWeULDlV�XVLQJ�VXJJeVWeG�SURPSWV��ZKLFK�DlLJQ�WR�
EeVW�SUDFWLFeV�LQVWUXFWLRQDl�GeVLJQ��RSeQ�VRXUFe��FRS\ULJKW�IUee�GLDJUDPV��
VLPXlDWLRQV�DQG�DSSV��DQG�D�YeU\�eDV\�ZD\� WR�XSlRDG�� UeYLeZ��eQKDQFe�
DQG�UeXVe��$V�WeDFKLQJ�DQG�leDUQLQJ�FRQWLQXeV�WR�eYRlYe�WR�LQFlXGe�PRELle�
leDUQLQJ�WRRlV��WKeUe�LV�D�GeVSeUDWe�QeeG�IRU�FRUUelDWLQJ�KLJK�TXDlLW\�leDUQLQJ�
PDWeULDlV��:KLle�VRPe�eGXFDWRUV�DUe�GeYelRSLQJ�PDWeULDlV�IRU�WKeLU�RZQ�
XVe��PDQ\�RI�WKe�KLJKl\�LQWeUDFWLYe�leDUQLQJ�REMeFWV�WeQG�WR�Ee�RXW�RI�UeDFK��
,GeDll\��ZKDW�LV�QeeGeG�LV�D�'&&�SlDWIRUP��ZKLFK�ZRXlG�DllRZ�FRQQeFWeG�
eGXFDWRUV�WR�DFFeVV�Dll�SXElLVKeG�PDWeULDlV�LQ�D�ZD\�WKDW�LV�VLPLlDU�WR�DQ�
RSeQ� VRXUFe� VRIWZDUe� eQYLURQPeQW��7Ke�RQ�lLQe�QDWXUe� RI� WKe�SlDWIRUP�
ZRXlG�DllRZ�eGXFDWRUV�WR�FRllDERUDWe�ZLWKLQ�D�GeSDUWPeQW��DQ�LQVWLWXWLRQ�RU�
DFURVV�WKe�ZRUlG�WR�FUeDWe�DQG�GeYelRS�UeleYDQW�JRlG�FlDVV�leDUQLQJ�FRQWeQW��
7Ke�RSSRUWXQLW\�IRU�KLJK�TXDlLW\�'&&�LV�WLPel\�GXe�WR�WKe�FRQYeUJeQFe�RI�
WKe�SURlLIeUDWLRQ�RI�PRELle�leDUQLQJ�GeYLFeV�LQ�eGXFDWLRQ�DQG�WKe�QeeG�LQ�
eGXFDWLRQ�IRU�TXDlLW\�GLJLWDl�leDUQLQJ�FRQWeQW�WR�VXSSRUW�D�QeZ�SeGDJRJ\�

(GXFDWRUV�FDQ�LQWeJUDWe�WKeLU�SURIeVVLRQDl�GeYelRSPeQW�E\�lRJJLQJ�WKeLU�
UeIleFWLYe�VWDWePeQWV�ZLWKLQ�WKe�'&&�V\VWeP�DQG�DSSl\�WKeLU�leDUQLQJ�WR�
WKe�GeYelRSPeQW�RU�LPSURYePeQW�RI�FRXUVe�PDWeULDlV��,GeDll\�DW�leDVW�ILYe�
PDLQ�elePeQWV�ZRXlG�PDNe�XS�WKe�'&&�V\VWeP��FUeDWe��VKDUe��WeDFK��UeIleFW�
DQG�leDUQ��(DFK�RI�WKeVe�ZLll�Ee�GLVFXVVeG�EelRZ�
&UeDWe� LV� WKe� DUeD�ZKeUe� XVeUV� FDQ� UDSLGl\� GeYelRS�GLJLWDl� leDUQLQJ�

PDWeULDlV�ZLWKRXW�DQ\�SURJUDPPLQJ�VNLllV��XVLQJ�EXLlW�LQ�WePSlDWeV��,W�ZRXlG�
RIIeU�WKe�DELlLW\�WR�LQFlXGe�e[LVWLQJ�FRQWeQW�LQ�DQ\�IRUP��:RUG��3RZeU3RLQW��
3DJeV��.e\QRWe��3')V��DXGLR��YLGeR�ILleV��eWF����,W� LV�eQYLVDJeG�WKDW� WKe�
V\VWeP�ZRXlG�DlVR�FDWeU�IRU�$GREe�)lDVK��VLPXlDWLRQV��VFeQDULRV��EXLlW�LQ�
LQWeUDFWLRQV��DQLPDWLRQV��+70/��-DYD�DQG�RWKeU�SRSXlDU�PeGLD�WR�FUeDWe�
KLJKl\�eQJDJLQJ�FRQWeQW��8VeUV�FDQ�DVVePEle�FRXUVeV�IURP�Dll� W\SeV�RI�
FRQWeQW�LQFlXGLQJ�QDWLYel\�DXWKRUeG��LQWeJUDWeG�DQG�WKLUG�SDUW\�PDWeULDlV��
&RXUVe�FUeDWRUV�VKRXlG�Ee�DEle�WR�GeYelRS�DVVeVVPeQWV�XVLQJ�eDV\�WR�XVe�
EXLlW�LQ� WRRlV��5eVXlWV� DUe� WUDFNeG�XVLQJ� WKe� DQDl\WLFV� WRRl��7Ke� V\VWeP�
ZRXlG�DXWRPDWLFDll\�QRWLI\�RZQeUV�RI�FKDQJeV�WR�WKeLU�FRQWeQW�DQG�WUDFNV�
SURJUeVV�DQG�XSGDWeV�RI�IlDJJeG�FRQWeQW��

7Ke�6KDUe� IXQFWLRQ� LV�ZKeUe� WeDFKLQJ�DQG� leDUQLQJ� UeVRXUFeV�ZRXlG�
Ee�SRVWeG�IRU�RSeQ�VKDULQJ�DQG�RU�IXUWKeU�GeYelRSeG�E\�RWKeU�PePEeUV�
RI�WKe�leDUQLQJ�FRPPXQLW\��7Ke�WRRl�SURYLGeV�FRllDERUDWLYe�GeYelRSPeQW�
eQYLURQPeQW�RI�WeDFKLQJ�DQG�leDUQLQJ�UeVRXUFeV�E\�DllRZLQJ�FRPPXQLW\�
PePEeUV�WR�ZRUN�LQGLYLGXDll\�RU�LQ�JURXSV��7KLV�FURZG�VRXUFeG�DSSURDFK�
DllRZV�IRU�ERWK�DXWRQRP\��DV�Zell�DV�D�FRlleFWLYe�DUWLIDFW��ZKLFK�FDQ�Ee�
XVeG�LQ�PXlWLSle�IRUPV�DQG�SXUSRVe��(GXFDWRUV��UeVeDUFKeUV�DQG�VWXGeQWV�DUe�

DEle�WR�VKDUe�LGeDV��EeVW�SUDFWLFeV��LQQRYDWLRQV��WLSV�DV�Zell�DV�DVN�TXeVWLRQV�
WR� FUeDWe� VRFLDll\� GULYeQ� leDUQLQJ� FRQWeQW� DQG�PeWKRGV��7KLV� DSSURDFK�
DlVR�SURYLGeV�D�FeQWUDl�SRLQW�WR�FUeDWe�FRXUVeV�IRU�Dll�LQVWLWXWLRQV�WR�VKDUe�
SlDQV��LGeDV�DQG�UeVRXUFeV��VR�eYeU\RQe�GUDZV�RQ�WKe�VDPe�VRXUFe��7Ke�
LGeDl�SlDWIRUP�VKRXlG�Ee�DEle�WR�VKDUe�FRQWeQW�LGeDV�XVLQJ�:LNLV��VXUYe\V��
RQ�lLQe�FKDW�DQG�ZeE�PeeWLQJV��eGLW�DQG�XSGDWe�UeVeDUFK�GDWD�XSlRDG�E\�
XVeUV�LQWR�D�GDWDEDVe�SRRl��LQWeJUDWe�ZLWK�SRSXlDU�VRFLDl�PeGLD�VRXUFeV�WR�
LPSRUW�DQG�e[SRUW�FRQWeQW�VXFK�DV�)DFe%RRN��/LQNeG,Q��7ZLWWeU��3LQWeUeVW��
eWF���LQWeJUDWe�ZLWKLQ�WKe�/RFDl�/eDUQLQJ�0DQDJePeQW�6\VWeP�WR�LPSRUW�
DQG�e[SRUW�FRQWeQW��FUeDWe�DXWKRULQJ�YeUVLRQV�RI�FRQWeQW�DQG�XVeU�VLJQLQJ��
DQG�ILQG�DQG�VKDUe�FRQWeQW�WKURXJK�ILle�WDJV�

7Ke�7eDFK� DUeD�ZLll� IDFLlLWDWe� leDUQLQJ� LQ� DQ� LQGLYLGXDlL]eG�ZD\�� E\�
LQFUeDVLQJ�VWXGeQW�eQJDJePeQW�WKRXJK�WKe�Ile[LELlLW\�RI�PXlWLSle�FKDQQelV�
LQFlXGLQJ�WKe�ZeE��LQVWUXFWRU�JXLGeV��FlDVVURRP�PDWeULDlV��RII�lLQe�RQ�WKe�
GeVNWRS��L3DG��VPDUW�SKRQe��SeUIRUPDQFe�VXSSRUW�DQG�SULQWeG�GRFXPeQWV��
7Ke�DUeD�ZLll�Ee�DEle�WR�e[SRUW�LQ�PXlWLSle�IRUPDWV�LQFlXGLQJ�L%RRNV��3DJeV��
.e\QRWe��:RUG��3RZeU3RLQW��)UDPe0DNeU��+70/��ZLGJeWV�DQG�GLUeFW�WR�
3')�WR�VXSSRUW�RQlLQe��FlDVVURRP�DQG�PRELle�leDUQLQJ�

5eIleFWLRQ�LV�D�Ne\�SDUW�RI�PDLQWDLQLQJ�RXU�PeWDFRJQLWLYe�YLeZSRLQW�RQ�
KRZ�Ze�WeDFK�DQG�leDUQ��$V�SDUW�RI�WKe�eFRV\VWeP��PePEeUV�ZRXlG�KDYe�
DFFeVV� WR� SURIeVVLRQDl� GeYelRSPeQW� �3'�� WRRlV� WKDW� WKe\� FDQ� IXll\� XVe�
RSSRUWXQLWLeV�WKe�V\VWeP�RIIeUV��7Ke�3'�WRRlV�ZRXlG�LQFlXGe�)UDPe0DNeU�
DQG�RWKeU�$GREe�SURGXFWV��+70/��-DYD�DQG�ZRXlG�LQFUeDVe�DV�WKe�IDFXlW\�
FURZG�VRXUFeG�WKeLU�QeeGV��$GGLWLRQDll\��D�6FKRlDUVKLS�RI�7eDFKLQJ�DQG�
/eDUQLQJ� VXSSRUW� WRRl� FRXlG�Ee�PDGe� DYDLlDEle� WR� DVVLVW� WKRVe� WeDFKeU�
VFKRlDUV��ZKR�ZLVK�WR�UeVeDUFK�WKeLU�WeDFKLQJ�PeWKRGV��

7Ke�/eDUQ�SURFeVV�LV�ePEeGGeG�LQ�WKe�FUeDWLQJ��VKDULQJ��GelLYeULQJ�DQG�
UeYLeZLQJ�WeDFKLQJ�DQG�leDUQLQJ�PDWeULDlV�SURPRWLQJ�FRQWLQXDl�SeUVRQDl�
GeYelRSPeQW�DQG�WKXV�WKe�TXDlLW\�RI�WKRVe�PDWeULDlV�DQG�eIIeFWLYeQeVV�RI�
GelLYeU\��)DFXlW\�'eYelRSPeQW�LV�ERWK�D�FRPSUeKeQVLYe�WeUP�WKDW�FRYeUV�D�
ZLGe�UDQJe�RI�DFWLYLWLeV�XlWLPDWel\�GeVLJQeG�WR�LPSURYe�VWXGeQW�leDUQLQJ��DQG�
D�leVV�EURDG�WeUP�WKDW�GeVFULEeV�D�SXUSRVeIXl�DWWePSW�WR�KelS�IDFXlW\�LPSURYe�
WKeLU�FRPSeWeQFe�DV�WeDFKeUV�DQG�VFKRlDUV��(Ele��	�0F.eDFKLe��������

Play with Purpose Maker Economy
7Ke�WeUP�³SlD\´�LV�W\SLFDll\�LQWeUSUeWeG�DV�IXQ�DQG�SeUKDSV�QRW�VXIILFLeQWl\�

VeULRXV�IRU�leDUQLQJ��+RZeYeU��WKe�DELlLW\�WR�eQFRXUDJe�leDUQeUV�WR�³SlD\´�
KDV�EeeQ�VKRZQ�WR�Ee�D�GeVLUDEle�FRPSRQeQW�RI�leDUQLQJ��DV�LW�SURYLGeV�
RSSRUWXQLW\�WR�eQKDQFe�WKe�leDUQeU¶V�LQWULQVLF�PRWLYDWLRQ��/LQ��0F.eDFKLe��
DQG�.LP��������IRXQG�WKDW�FRlleJe�VWXGeQWV�ZLWK�DYeUDJe�e[WULQVLF�PRWLYDWLRQ�
DQG�KLJK�LQWULQVLF�PRWLYDWLRQ�DFKLeYeG�EeWWeU�JUDGeV��7Ke�LGeD�RI�SlD\LQJ�
ZLWK�SXUSRVe�FUeDWeV�RXWFRPeV�GULYeQ� leDUQeUV��ZKR�ePEUDFe� lRZ�ULVN��
DQG�D�PRGLILeG�leYel�RI�DFFeSWDQFe�IRU�IDLleG�eYeQWV��ZKLFK�RFFXU�RIWeQ�
ZLWK�SlD\��:LWK�WKe�UDSLG�LQWeJUDWLRQ�RI�JDPe�RULeQWeG�DSSlLFDWLRQ��Ze�Vee�
PDQ\�XVeUV�ePEUDFe�DQG�eQMR\�PRPeQWDU\�IDLleG�eYeQWV��DV�WKe\�UeFeLYe�
DGGLWLRQDl�µSlD\eUV¶�DQG�RU�RSWLRQV�WR�FRQWLQXe�WKe�SlD\��leDUQLQJ���$�VSeFLILF�
DQG�VRPeZKDW�QRZ�GDWeG�e[DPSle�LV�WKe�JDPe�DSSlLFDWLRQ��DSS���$QJU\�
%LUGV��,Q�WKLV�DSS��WKe�leDUQeU�FDQ�PDQLSXlDWe�WKe�µELUG¶�WR�GLUeFW�LWV�IlLJKW�
LQWR�µSLJV�¶�ZKLFK�DUe�VWUDWeJLFDll\�KLGGeQ�EeKLQG�YLUWXDl�ZDllV�RI�ZRRG�
RU�FRQFUeWe��7Ke�JRDl�LV�WR�NQRZ�KRZ�WR�DUFK�WKe�ELUG¶V�IlLJKW�SDWK�DQG�
KLW�WKe�ZDll��ZKLFK�ZLll�FDXVe�WKe�PRVW�YLUWXDl�GDPDJe��&RJQLWLYe�VFLeQFe�
UeVeDUFK�SURYLGeV�UDWLRQDle�IRU�WKe�VXFFeVV�RI�WKLV�W\Se�RI�leDUQLQJ��0DXUR��
�������,Q�VXPPDU\��WKe�UeVeDUFK�FRQQeFWV�WKe�JDPe�WR�VeYeUDl�IRXQGDWLRQDl�
DWWULEXWeV�IRU�leDUQLQJ��7Ke�JDPe�LV�VLPSle��\eW�eQJDJLQJ��SURYLGeV�WLPel\�
IeeGEDFN��UeLQIRUFeV�VKRUW�WeUP�PePRU\�PDQDJePeQW��SURYLGeV�PXlWLSle�
RSSRUWXQLWLeV�IRU�LQTXLU\��DGGUeVVeV�WKe�lRRN�DQG�VRXQG��ZKLFK�eQJDJeV�
WKe�VeQVRU\�VWeS�RI�LQIRUPDWLRQ�SURFeVVLQJ�DQG�LW�PeDVXUeV�DQG�VKDUeV�RXU�
SURJUeVV��7Ke� FKDlleQJe� LV� WR� FUeDWe� D� ³SlD\IXl´� leDUQLQJ� eQYLURQPeQW��
ZKLFK�FRQWDLQV�D�UeDl�SXUSRVe�DQG�WKe�SXUSRVe�QeeGV�WR�Ee�FRQQeFWeG�WR�D�
GeVLUeG�leDUQLQJ�RXWFRPe��7KLV�GReV�QRW�KDSSeQ�E\�DFFLGeQW�DQG�UeTXLUeV�
WKRXJKWIXl��Zell�SlDQQeG�SURIeVVLRQDl�GeYelRSPeQW�LQ�LQVWUXFWLRQDl�GeVLJQ�
DQG�leDUQLQJ�WKeRULeV�

,�PeQWLRQeG�WKe�WeUP�µIDLleG�eYeQWV¶�LQWeQWLRQDll\��DYRLGLQJ�WKe�ZRUG�
µIDLlXUe�¶�$�IDLleG�eYeQW�LV�D�PRPeQW��DlWKRXJK�IDLlXUe�FRXlG�Ee�D�VXVWDLQLQJ�
lDEel��:LWK�SlD\��leDUQLQJ�LV�eQKDQFeG�E\�KLJK�IUeTXeQF\��lRZ�ULVN�IDLleG�
eYeQWV��,W�LV�WKURXJK�WKeVe�IDLleG�eYeQWV�WKDW�RXU�FRJQLWLYe�DELlLW\�LV�DEle�
WR�PDNe� VeQVe� RI� WKe� FRQFeSWV�� 3LDJeW� EelLeYeG� WR� JeQXLQel\� leDUQ� RU�
³WKURXJK�ZKLFK�DZDUeQeVV�RI�WKe�RXWVLGe�ZRUlG�LV�LQWeUQDlL]eG�´�Ze�QeeG�WR�
eQFRXQWeU�D�GLVeTXLlLEULXP�SKDVe��ZKLFK�PD\�Ee�ZKeQ�Ze�FRPe�DFURVV�DQ�
LGeD�WKDW�Ze�DUe�XQIDPLlLDU�ZLWK�RU�D�TXeVWLRQ�Ze�GR�QRW�NQRZ�WKe�DQVZeU�
�$WKeUWRQ���������,W�LV�DW�WKLV�SRLQW�WKDW�Ze�eLWKeU�DFFRPPRGDWe��DGDSWLQJ�
QeZ�LQIRUPDWLRQ�WR�FRQIRUP�WR�FXUUeQW�PeQWDl�SDUDGLJPV��RU�DVVLPLlDWe��
LQFRUSRUDWLQJ�WKe�LGeD�ZLWKRXW�PRGLILFDWLRQ��(PEUDFLQJ�WKe�LGeD�RI�IUeTXeQW�
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Embracing the critical pedagogical issues in higher education

µIDLleG�eYeQWV¶�DllRZV�WKe�leDUQeU�WR�ERWK�EeFRPe�DQ�e[SeUW�LQ�Ue�eTXLlLEUDWLQJ��
DQG�ePSRZeUV�WKeP�WR�eQJDJe�LQ�QRYel�VLWXDWLRQV��NQRZLQJ�WKe\�SRVVeVV�
D�SURFeVV�WR�DGGUeVV�QeZ�LGeDV�

$QRWKeU�EeQeILW�RI�WKe�SlD\�ZLWK�SXUSRVe�PeQWDlLW\�LV�WKe�DELlLW\�WR�IRFXV�
RQ�D�PDNeU�eFRQRP\��GePRFUDWL]LQJ�WKe�EeQeILWV�RI�leDUQLQJ��$QGeUVRQ��
�������$llRZLQJ� leDUQeUV� WR� ³PDNe´� UeSUeVeQWDWLRQV�RI�ZKDW� WKe\�KDYe�
leDUQeG�ERWK�FUeDWeV�D�GLIIeUeQW�W\Se�RI�leDUQLQJ�eQYLURQPeQW�DQG�DllRZV�
GLYeUVe�leDUQeUV�WR�SURYLGe�eYLGeQFe�RI�leDUQLQJ�RXWFRPeV��7Ke�FKDlleQJe�
IRU�WKLV�DSSURDFK�LV�KelSLQJ�WeDFKeUV�Ee�DEle�WR�DFFXUDWel\�DQG�FRQVLVWeQWl\�
DVVeVV��ZKLFK�FDQ�Ee�GRQe�WKURXJK�UXEULF¶V��,I�KLJK�VWDNeV�DVVeVVPeQW�LV�
UeTXLUeG��WKe�UXEULFV�FDQ�Ee�UeYLeZeG��PRGLILeG�DQG�XlWLPDWel\�FDWeJRUL]eG�
ZLWK�DQ�LQWeU�UDWeU�UelLDELlLW\�FReIILFLeQW��2Qe�RI�WKe�PRVW�SRZeUIXl�PeWKRGV�
WR�KelS�leDUQeUV�EeFRPe�³PDNeUV´�LV�WR�FUeDWe�D�PDNeU�RU�IDEULFDWLRQ�lDE��
WKDW� FRQWDLQV� WRRlV�� VXFK� DV� �'�SULQWeUV�� VKeeW�PeWDl� DQG� lDVeU� FXWWeUV��
URXWeUV��PDNeU�ERWV��SUeFLVLRQ�PLllLQJ�WRRlLQJ��FDSDFLWRUV��PLFUR�FRQWURlleUV��
WUDQVGXFeUV��eWF��

Fabrication Lab to Create Accessible Electronic Learning Objects
$V�PeQWLRQeG�eDUlLeU��D�IDEULFDWLRQ�RU�IDE�lDE�W\SLFDll\�FRQWDLQV�eTXLSPeQW��

FRPSXWeUV��FLUFXLW�ERDUGV��WRRlV��LQWeUFKDQJeDEle�SDUWV��VR�WKe�XVeU�FDQ�PDNe�
DQG�PRGLI\�WKLQJV��:DWVRQ���������$�IDE�lDE�LV�LGeDl�IRU�SURYLGLQJ�WKe�WRRlV�
IRU�leDUQeUV�WR�FUeDWe�UeDGLl\�DFFeVVLEle�eleFWURQLF�/eDUQLQJ�2EMeFWV��e/2V���
%eVLGeV�FUeDWLQJ�SK\VLFDl�REMeFWV�LQ�D�IDE�lDE��DQRWKeU�LGeD�LV�WR�DVN�VWXGeQWV�
WR�UeSUeVeQW�WKeLU�leDUQLQJ�E\�FUeDWLQJ�e/2V��+LVWRULFDll\�leDUQLQJ�REMeFWV�
ZeUe�D�FRlleFWLRQ�RI�FRQWeQW�LWePV��SUDFWLFe�RSSRUWXQLWLeV��DFWLYLWLeV��DQG�
DVVeVVPeQWV�WKDW�ZeUe�FRPELQeG�LQ�DQ�LQWeQWLRQDl�ZD\�WR�KelS�WKe�leDUQeU�
QDYLJDWe�WKURXJK�D�FRQFeSW��7Ke�REMeFWV�ZeUe�EXLlW�EDVeG�RQ�D�IRXQGDWLRQ�
leDUQLQJ�WKeRU\��IRU�LQVWDQFe�LQ�D�FRQVWUXFWLYLVW��QRQlLQeDU��RU�REMeFWLYLVW��
lLQeDU� IRUPDW��7Ke\�ZeUe�PRGXlDU�DQG�SURYLGeG�eGXFDWRUV�DQG� leDUQeUV�
WKe�Ile[LELlLW\�WR�Ee�XVeG�LQ�GLIIeUeQW�ZD\V��$�W\SLFDl�REMeFW�PLJKW�FRQWDLQ�
DQ� LQWURGXFWRU\� We[W�� IRllRZeG�E\�D�ZRUNVKeeW�ZLWK� LQVWUXFWLRQV�IRU� WKe�
leDUQeU�WR�GR�VRPeWKLQJ��DQG�WKeQ�ILQDll\�DQ�DVVeVVPeQW�RU�e[DPLQDWLRQ��
ZKLFK�ZRXlG�SURYLGe�D�FKeFN�RI�KRZ�PXFK�WKe�VWXGeQW�leDUQeG��7UDQVlDWLQJ�
WKeVe�REMeFWV�LQWR�DQ�eleFWURQLF�IRUPDW�eQKDQFeV�WKeLU�DELlLW\�WR�Ee�eDVLl\�
PRGLILeG��$�W\SLFDl�e/2�PLJKW�LQFlXGe�

9LGeR� LQWURGXFWLRQ�RI�D�SUREleP��ZKLFK�FRXlG� VLPSl\�Ee�D�YLGeR�RI�
YDULRXV� IRUPV�RI� UXQQLQJ�ZDWeU� DQG� DQ� DVVRFLDWeG� GULYLQJ�TXeVWLRQ� RI�
³ZKDW�LV�LQ�RXU�ZDWeU"´�

/LVW�RI�K\SeUlLQNV�WR�FLW\�PXQLFLSDlLWLeV�RQ�WKeLU�GULQNLQJ�ZDWeU�DQDl\VLV�
*RRJle�6FKRlDU�lLVW�RI�SeUWLQeQW�UeVeDUFK�SDSeUV�
3RGFDVW�YRGFDVW�ElRJ�RI�e[SeUWV�LQ�WKe�DUeD�GLVFXVVLQJ�ZDWeU�TXDlLW\�LVVXeV�
7DEleW� DSS��ZKLFK� DllRZV� WKe� leDUQeU� WR� SlD\� D� JDPe� WR�PRUe� IXll\�

XQGeUVWDQG�WKe�FRQVeTXeQFeV�RI�FRQWDPLQDWeG�GULQNLQJ�ZDWeU�
&KDlleQJe�IRU�WKe�leDUQeU�WR�FUeDWe�ULFK�PeGLD�RQ�WKe�WRSLF��DWWeQGLQJ�WR�

VXJJeVWeG�SURPSWV��ZKLFK�DlLJQ�WR�D�UXEULF�DQG�FRXUVe�leDUQLQJ�RXWFRPeV��DQG
3RUWDl�WR�VXEPLW�WKeLU�DXWKeQWLF�PeGLD�DVVeVVPeQWV��UeYLeZ�DQG�eYDlXDWe�

RWKeU�DUWLIDFWV�IURP�DURXQG�WKe�ZRUlG�
,Q�DGGLWLRQ��WKe�GDWD�FRlleFWeG�IURP�leDUQeU�UeVSRQVeV�WR�WKe�e/2V�FDQ�Ee�

VKDUeG�DQG�FRlleFWeG��ERWK�lRFDll\�IRU�LQGLYLGXDl�VWXGeQWV��DV�Zell�DV�FlDVV��
VFKRRl�RU�JlREDll\�LQ�DQ�DJJUeJDWe�IRUP�WR�SURSRVe�SRVVLEle�UePeGLDWLRQ�
VWeSV�IRU�WKe�LQVWUXFWRU��7Ke�SRZeU�RI�PRUe�GDWD�DllRZV�SURJUDPV�WR�PRUe�
DFFXUDWel\�GeWeUPLQe�KRZ�leDUQeUV�DUe�PDNLQJ�GeFLVLRQV��)URP�WKLV�GDWD��
DlJRULWKPV�FDQ�Ee�FUeDWeG��ZKLFK�FDQ�PRUe�DFFXUDWel\� LGeQWLI\�JDSV� LQ�
XQGeUVWDQGLQJ� DQG�SURYLGe� DlWeUQDWLYe� e/2V� WR� DVVLVW� VWXGeQWV�ZKR�DUe�
VWUXJJlLQJ�

Big Data Learning Analytics
%LJ�GDWD�KDV�EeeQ�XVeG�LQ�EXVLQeVV�LQ�PDQ\�\eDUV�WR�KelS�GeWeUPLQe�

LQYeQWRU\��PDUNeWLQJ�WUeQGV��FRQVXPeU�EX\LQJ�KDELWV�DQG�PRUe��5eFeQWl\��
eGXFDWLRQ�KDV�EeJXQ�WR�TXeVWLRQ�KRZ�ELJ�GDWD�FRXlG�DVVLVW�WeDFKLQJ�DQG�
leDUQLQJ��,GeDll\��LI�Ze�FRXlG�LGeQWLI\�DQ�eIILFLeQW�PeWKRG�WR�FRlleFW�DXWKeQWLF�
DVVeVVPeQW�GDWD��ZKLFK�LV�GLIIeUeQW�IURP�lRZ�leYel�lLQeDU�IRUFeG�FKRLFe�
WeVWV���VXFK�DV�PeGLD�ULFK�UeSUeVeQWDWLRQV�RI�ZKDW�VWXGeQWV�KDYe�leDUQeG��Ze�
FRXlG�GeYelRS�D�leDUQLQJ�DQDl\WLF��ZKLFK�ZRXlG�SURYLGe�XVeIXl�DQG�WLPel\�
LQIRUPDWLRQ�WR�WKe�leDUQeU��WeDFKeU�DQG�SDUeQW��3RZell�DQG�0DF1eLl��������
KDYe�IRXQG�WKDW�leDUQLQJ�DQDl\WLFV¶�PD\�YDU\

³IRU�LQGLYLGXDl�leDUQeUV�WR�UeIleFW�RQ�WKeLU�DFKLeYePeQWV�DQG�SDWWeUQV�RI�
EeKDYLRU�LQ�UelDWLRQ�WR�RWKeUV�

DV�SUeGLFWRUV�RI�VWXGeQWV�UeTXLULQJ�e[WUD�VXSSRUW�DQG�DWWeQWLRQ�
WR�KelS�WeDFKeUV�DQG�VXSSRUW�VWDII�SlDQ�VXSSRUWLQJ�LQWeUYeQWLRQV�ZLWK�

LQGLYLGXDlV�DQG�JURXSV�
IRU�IXQFWLRQDl�JURXSV�VXFK�DV�FRXUVe�WeDP�VeeNLQJ�WR�LPSURYe�FXUUeQW�

FRXUVeV�RU�GeYelRS�QeZ�FXUULFXlXP�RIIeULQJV��DQG
IRU� LQVWLWXWLRQDl� DGPLQLVWUDWRUV�PDNLQJ�GeFLVLRQV�RQ�PDWWeUV� VXFK�DV�

PDUNeWLQJ�DQG�UeFUXLWPeQW�RU�eIILFLeQF\�DQG�eIIeFWLYeQeVV�PeDVXUeV�´
6RWR� DQG�+DUJLV� ������� KDYe� UeVeDUFKeG� RQe� XQLTXe� leDUQLQJ�

DQDl\WLF� DSSURDFK� DGGUeVVLQJ� IRUPDWLYe� DVVeVVPeQW�ZKLle� XVLQJ� D�
VFUeeQFDVWLQJ�DSSlLFDWLRQ�RQ�DQ�L3DG��,Q�WKLV�DSSURDFK��WKe�DXWKRUV�XVeG�
WKe�([SlDLQ(YeU\WKLQJ�VFUeeQFDVW�DSS�WKDW�DllRZV�WKe�XVeU�WR�³ZULWe´�RQ�
DQ�L3DG�DQG�VSeDN�DERXW�ZKDW�WKe\�DUe�ZULWLQJ��$�VFUeeQFDVW�LV�D�GLJLWDl�
UeFRUGLQJ�RI�WKe�LPDJeV�DQG�We[W�GLVSlD\eG�RQ�WKe�VFUeeQ�DV�Zell�DV�DQ\�
DXGLR�LQSXW��8VLQJ�WKe�DSS��FRlleFWLQJ�DQG�DQDl\]LQJ�WKe�TXDlLWDWLYe�GDWD�
ZLWK�D�UXEULF�DllRZeG�WKeP�WR�JDLQ�D�JUeDWeU�VeQVe�RI�ZKDW�WKe�VWXGeQWV�ZeUe�
WKLQNLQJ�DV�Zell�DV�ZKeQ�WKe\�ZeUe�WKLQNLQJ�SDUWLFXlDU�WKRXJKWV��7KLV�W\Se�
RI�eleFWURQLF�leDUQLQJ�DQDl\WLFV�ZDV�GLIILFXlW��LI�QRW�LPSRVVLEle�WR�REWDLQ��
eVSeFLDll\�LQ�VXFK�DQ�eIILFLeQW�ZD\�SUeYLRXVl\��7Ke�DPRXQW�RI�ULFK�GDWD�
JeQeUDWeG�E\�VWXGeQWV�LW�LV�QeFeVVDU\�WR�LGeQWLI\�ZD\V�WR�eIILFLeQWl\�FRPE�
WKRXJK�Dll�WKe�QXDQFeV�RI�WKeLU�e[SlDQDWLRQV�WR�PDNe�LQIRUPeG�GeFLVLRQV�
DQG�WDUJeW�LQVWUXFWLRQ�

Wearable Technology, Quantifiable Self, Internet of Things
)RU�WKRVe��ZKR�EelLeYe�LVVXeV�VXFK�DV�ZeDUDEle�WeFKQRlRJ\��TXDQWLILDEle�

VelI��DQG�WKe�LQWeUQeW�RI�WKLQJV�DUe�WRR�IDU�RII�WR�Ee�GLVFXVVeG��LW�VeePV�DQ�
XQGeUVWDWePeQW� WR�VD\�KRZ�TXLFNl\� WeFKQRlRJ\�KDV�EeFRPe�SDUW�RI�RXU�
eGXFDWLRQ� DQG� lLYeV��$lRQJ�ZLWK� WKe�Zell� NQRZQ�*RRJle�*lDVV�� RWKeU�
ZeDUDEle�WeFKQRlRJLeV�RQ�WKe�KRUL]RQ�LQFlXGe�UePRWe�SDWLeQW�PRQLWRULQJ�IRU�
e[eUFLVe��ElRRG�SUeVVXUe��GLDEeWeV��LQVXlLQ�DQG�FRUWLVRl�leYelV��DQG�SRVWXUe��
$IVKDU��������VKDUeV�e[DPSleV�RI�KRZ�*RRJle�*lDVV�ZeDUDEle�WeFKQRlRJ\�
LV�FXUUeQWl\�EeLQJ�XVeG�LQ�FRlleJeV�LQFlXGe�
� 6WXGeQWV�WR�GRFXPeQW�FlDVVURRP�DFWLYLWLeV��RU�GXULQJ�LQIRUPDl�leDUQLQJ�
� 0DNLQJ�LQVWUXFWLRQDl�ILlPV�
� 5eFRUG�SUDFWLFe�YLGeRV��ZKLle�VRlYLQJ�D�PDWK�SUREleP��WR�UeFRUG�WKe

SURFeVV�DQG�SURYLGe�YRLFe�RYeU�
� (QFRXUDJe�UePRWe�JURXS�ZRUN�
� 7eDFKeUV�UeFRUG�WKeLU�WeDFKLQJ�SURFeVV�
� ,GeQWLI\LQJ�EXLlGLQJV�RQ�FDPSXV�PDS�
� &lRVeXS�YLeZ�RI�lDE�GePRQVWUDWLRQV�
� 6FUeeQFDVWLQJ�IURP�WKe�SeUVSeFWLYe�RI�WKe�leFWXUeU��DQG
� *DWKeULQJ�ElRRG�SUeVVXUe��KeDUW�EeDW�DQG�WePSeUDWXUe�GDWD�DV�SDUW�RI

WKe�TXDQWLILDEle�VelI�

7Ke�TXDQWLILDEle�VelI�LV�D�ZD\�WR�PRQLWRU�RXU�KeDlWK�DQG�Zell�EeLQJ�E\�
XVLQJ�WeFKQRlRJ\�WR�JDWKeU�GDWD�RQ�eYeU\WKLQJ�Ze�GR��7KLV�PD\�LQFlXGe�
ZKDW�Ze�eDW��GULQN��EUeDWK��KRZ�PXFK�Ze�e[eUFLVe��PeQWDl��ePRWLRQDl�DQG�
VRFLDl�SeUIRUPDQFe��+LVWRULFDll\�WKLV�W\Se�RI�LQIRUPDWLRQ�ZDV�RQl\�DYDLlDEle�
GXULQJ�SK\VLFDl�e[DPLQDWLRQV�DQG�eYeQ�WKeQ�RQl\�DV�D�VQDSVKRW�RI�RXU�KeDlWK�
DW�WKe�WLPe��,I�KeDlWK�LVVXeV�e[LVWeG��WKe�SK\VLFLDQ�PD\�KDYe�VWUXJJleG�ZLWK�
GLDJQRVWLFV�VLQFe�WKe�V\PSWRPV�ZeUe�QRW�SUeVeQW�GXULQJ�WKe�e[DPLQDWLRQ��
6WUDWeJLeV�PLJKW�LQFlXGe�WULDl�DQG�eUURU�PeGLFDWLRQ�DQG�RU�WU\LQJ�WR�SURYRNe�
WKe�V\PSWRP�WR�RFFXU��ZKLFK�FRXlG�Ee�SDLQIXl�RU�GDQJeURXV��7Ke�DELlLW\�
WR�FRlleFW�KeDlWK�LQIRUPDWLRQ�UeDl�WLPe�DQG�IRUZDUG�DXWRPDWLFDll\�WKURXJK�
ZLUeleVV� WeFKQRlRJ\� WR�D� lRFDl� V\VWeP��DQG�RU�D�SK\VLFLDQ�ZRXlG�DllRZ�
IRU�PRUe� WDUJeWeG�GLDJQRVWLFV��3eUKDSV�D�³%LJ�%URWKeU´�VFLeQFe�ILFWLRQ��
EXW�RQe�GD\�Ze�PD\�ZLVK�WR�FRlleFW�TXDQWLILDEle�VelI�GDWD�RQ�RXU�leDUQeUV��
7KLV�GDWD�FRXlG�KelS�XV�GeWeUPLQe�KRZ�DQG�ZKeQ�D�VWXGeQW�leDUQV�EeVW��
SURYLGLQJ�PRUe�SeUVRQDlL]eG�leDUQLQJ�e[SeULeQFe��GeWeFWLQJ�leDUQLQJ�LVVXeV��
DQG�GeWeUPLQLQJ�WKe�EeKDYLRU�YDULDEleV�WKDW�DUe�WKe�VLJQLILFDQW�LQGLFDWRUV�
RI�VWXGeQW�SeUIRUPDQFe�

7Ke�,QWeUQeW�RI�7KLQJV�,R7��LV�D�lRRVe�GeILQLWLRQ�RI�DQ\WKLQJ�FRQQeFWeG�
WR� WKe� LQWeUQeW��+LVWRULFDll\�� RQl\� FRPSXWeUV�ZeUe� FRQQeFWeG�� EXW� QRZ��
WKURXJK� VPDll� FKLSV��Ze� FDQ� FRQQeFW� SUDFWLFDll\� DQ\WKLQJ��([DPSleV�
LQFlXGe� RXU� SeWV��PDQXIDFWXULQJ� LQYeQWRU\�� KeDUW�PRQLWRULQJ� LPSlDQWV��
DXWRPRELleV�DQG�VPDUW�WKeUPRVWDWV��lLJKWLQJ�DQG�KRPe�VeFXULW\��*DUWQeU�
�������LQGLFDWeV�WKDW�E\����������ELllLRQ�GeYLFeV�ZLll�Ee�FRQQeFWeG�WR�WKe�
,R7��:LWK�VR�PDQ\�GeYLFeV�FRQQeFWeG�WR�,R7��WKeUe�DUe�ERXQG�WR�Ee�ZD\V�
IRU�eGXFDWLRQ�WR�FDSLWDlL]e�RQ�WKe�EeQeILWV��ZKLFK�,R7�FDQ�RIIeU��6elLQJeU��
6eSXlYeGD��DQG�%XFKDQ��������KDYe�GeVFULEeG�PDQ\�RI�WKe�SRWeQWLDl�XVeV�
LQ�WKeLU�ZRUN��(GXFDWLRQ�DQG�WKe�,QWeUQeW�RI�(YeU\WKLQJ��+RZ�8ELTXLWRXV�
&RQQeFWeGQeVV�FDQ�+elS�7UDQVIRUP�3eGDJRJ\��,Q�WKLV�SDSeU��WKe\�GeVFULEe�
WKe�LPSlLFDWLRQV�IRU�,R7�LQ�eGXFDWLRQ��DV�Zell�DV�ZKDW�WKe\�WeUP�WKe�IRXU�
SLllDUV�RI�,R7��3eRSle��3URFeVV��'DWD��DQG�7KLQJV��7Ke\�VXJJeVW�WKDW�ZLWK�
WKe� LQFUeDVe� LQ�PRELle� WDEleWV�DQG� leDUQLQJ� LQ� WKe�FlDVVURRP�� WKeUe�ZLll�
Ee�D�QDWXUDl�FRQQeFWLRQ�EeWZeeQ�PRELlLW\�DQG�WKe�DELlLW\�WR�DFFeVV�lDUJe�
DPRXQWV�RI�LQIRUPDWLRQ�WKURXJK�WKe�LQWeUQeW�

Mobile Learning
2Qe�e[DPSle��ZKLFK�PD\�ERWK� ePERG\� WKe� FXUUeQW� LVVXeV� LQ�KLJKeU�

eGXFDWLRQ�DV�Zell�DV�DFW�DV�DQ�XPEUellD�FDWeJRU\�LV�PRELle�leDUQLQJ��0RELle�
leDUQLQJ�FDQ�Ee�VeeQ�DV�D�GeULYDWLYe�DQG�D�VSULQJERDUG�IRU�PDQ\�RI�WKe�
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FULWLFDl�LVVXeV�RI�KLJKeU�eGXFDWLRQ�GLVFXVVeG�SUeYLRXVl\��0RELle�leDUQLQJ�
�0/��FDQ�FUeDWe�D�leDUQLQJ�DQ\WLPe��DQ\ZKeUe�PRGel��ZKLFK�ZRXlG�SURYLGe
PRUe�RSSRUWXQLWLeV�DQG�WLPe�IRU�3'��VXFK�DV�ZKLle�WUDYelLQJ��ZDLWLQJ��RU
SUeSDULQJ��0DQ\�RI�WKe�XQLQYeQWeG�FDUeeUV�ZLll�PRVW�lLNel\�LQFlXGe�DQG�RU
Ee�SeUIRUPeG�XVLQJ�D�PRELle�SlDWIRUP��022&V�DUe�PRUe�eDVLl\�DFFeVVLEle
XVLQJ� D�PRELle� GeYLFe�� GLJLWDl� FRQWeQW� FUeDWLRQ� FDQ� Ee� GeYelRSeG� DQG
DFFeVVeG��PDNeU�DQG�IDEULFDWLRQ�lDEV�ZRXlG�FUeDWe�DSSV�IRU�PRELle�GeYLFeV�
LGeQWLI\LQJ�KRZ�leDUQeUV�eQJDJe�ZKLle�XVLQJ�PRELle�GeYLFeV�FRXlG�SURYLGe
ELJ�GDWD�IRU�VXEVeTXeQW�leDUQLQJ�DQDl\WLF�DQDl\VLV��DQG�RI�FRXUVe�WKe�GeFUeDVe
LQ�VL]e�RI�PRELle�GeYLFeV�PDNeV�WKeP�PXFK�PRUe�FDSDEle�IRU�ZeDULQJ�DQG
WKeQ�XVLQJ�WKe�GDWD�WR�TXDQWLI\�RU�PDNe�VeQVe�RI�RQe¶V�KeDlWK��7Ke�LGeD�RI
PRELle�leDUQLQJ�PD\�QRW�Ee�WKe�FULWLFDl�LVVXe�IRU�KLJKeU�eGXFDWLRQ�WRGD\�
EXW�KRZ�DQG�ZKeQ�LW�LV�LPSlePeQWeG��VXVWDLQeG��DVVeVVeG�DQG�YDlXeG�DUe
FeUWDLQl\�Ne\�TXeVWLRQV�WR�GLVFXVV�

7R�IXUWKeU�GePRQVWUDWe�WKe�SRWeQWLDl�LPSDFW�RI�PRELle�leDUQLQJ�RQ�PDQ\�
RI�WKe�FULWLFDl�LVVXeV��Ze�ZLll�VKDUe�WKe�IRllRZLQJ�e[DPSle�IURP�WKe�8QLWeG�
$UDE�(PLUDWeV��8$(���+DUJLV��&DYDQDXJK��.DPDlL��	�6RWR���������,Q�$SULl�
RI�������WKe�&KDQFellRU�RI�WKe�8$(�IeGeUDl�KLJKeU�eGXFDWLRQ�FRPPLVVLRQeG�
WKe�KLJKeU�leDGeUV�WR�DJJUeVVLYel\�LPSlePeQW�DQ�L3DG�PRELle�leDUQLQJ�IRU�WKe�
LQFRPLQJ��������VWXGeQWV��7Ke�SULPDU\�JRDl�RI�WKe�SURJUDP�ZDV�WR�LQFUeDVe�
VWXGeQW�eQJDJePeQW�DQG�VXEVeTXeQW�VXFFeVV�LQ�leDUQLQJ��7Ke�e[SeFWDWLRQV�
ZeUe�eYeU\RQe�ZRXlG�KDYe�RSeQ�DQG�eIILFLeQW�DFFeVV�WR�FRQWeQW�DQG�leDUQLQJ�
e[SeULeQFeV�ZLWK�D�VLQJle�SRUWDEle�eQJDJLQJ�GeYLFe�

7Ke�LQLWLDWLYe�IRllRZeG�0LVKUD�DQG�.ReKleU��������73&.�PRGel��ZKLFK�
LQFlXGeG�WeFKQRlRJ\��FRQWeQW�DQG�SeGDJRJ\�NQRZleGJe�DQG�WKe�6$05�PRGel�
RI�6XEVWLWXWLRQ��$XJPeQWDWLRQ��0RGLILFDWLRQ��5eGeILQLWLRQ��3XeQWeGXUD��
�������7Ke� leDG�DXWKRU¶V� URle�ZDV� WR� leDG� WKe�QDWLRQDl�SeGDJRJ\� WeDP��
+LV� LQLWLDl� DFWLRQ�ZDV� WR� FUeDWe� D� V\VWePDWLF� SURIeVVLRQDl� GeYelRSPeQW�
�3'��PRGel��ZKLFK�FRXlG�Ee�eDVLl\�DFWeG�XSRQ�DQG�VFDlDEle�WKURXJKRXW�
WKe�FRXQWU\��+e�GeYelRSeG�D�IRXU�VWeS�L3'�PRGel��L&KDPSLRQ��L&eleEUDWe��
L&RPPXQLFDWe��DQG�L6R7/�RU�6FKRlDUVKLS�RI�7eDFKLQJ�DQG�/eDUQLQJ��

7Ke�L&KDPSLRQV�ZeUe�DQ�eDJeU�JURXS�RI�IRFXVeG�IDFXlW\�ZKR�ZRUNeG�
LQ�WKe�FDSDFLW\�RI�D�IDFXlW\�GeYelRSeU�IRU� WKeLU�FDPSXV��:e�GLG�WKLV�E\�
VeleFWLQJ�WKLUW\�IDFXlW\�IURP�DURXQG�WKe�FRXQWU\�WR�ZRUN�RQ�WKe�SeGDJRJ\�
DQG�IDFXlW\�GeYelRSPeQW�WDVN��L&KDPSLRQV�ZRUNeG�ZLWK�$SSle�RQ�leDUQLQJ�
DQG�WKeQ�WUDLQLQJ�RWKeUV�RQ�VSeFLILF�SURJUDPV��VXFK�DV�L%RRNV��L%RRN�$XWKRU��
L7XQeV8��DQG�L3DG�DSSV��7KLV�WeDP�PeW�UeJXlDUl\�IRU�eGXFDWLRQDl�SURJUDPV�
RQ�WKe�L3DG��DQG�SeUKDSV�RQ�KRZ�WKe\�FRXlG�UeWXUQ�WR�WKeLU�FDPSXV�DQG�
GeYelRS��eQFRXUDJe��PRWLYDWe�WKeLU�IDFXlW\�RQ�LQWeJUDWLQJ�PRELle�leDUQLQJ�
LQWR�WKeLU�FlDVVURRP�

7Ke�L&eleEUDWe�VWeS�LQYRlYeG�FUeDWLQJ�D�PeFKDQLVP�WR�VKDUe�WKe�eIIRUWV�
WKDW�ZeUe�TXLFNl\�EeLQJ�FUeDWeG�E\�IDFXlW\��&DYDQDXJK��+DUJLV��0XQQV��
	�.DPDlL���������L&eleEUDWe�ZDV�D�µQRQ�FRQIeUeQFe¶�eYeQW�WKDW�Ze�KelG�
WKUee� WLPeV� LQ� WKe� ILUVW�\eDU�RI� LPSlePeQWDWLRQ��)RU� WKe� ILUVW� L&eleEUDWe�
LQ�-XQe�������IDFXlW\�FDPe�WR�RXU�FDPSXV�DQG�VKDUeG�RQe�FRQFUeWe�DSS�
WKDW�WKe\�FRXlG�XVe�LQ�6eSWePEeU��WKe�VWDUW�RI�WKe�QeZ�DFDGePLF�\eDU��7Ke�
IRUPDW�ZDV�D����PLQXWe� µTXLFN�FKDW¶� LQ�D� lDUJe�/LEUDU\�FRPPRQ�VSDFe�
DQG�WKe�SUeVeQWeU�XVeG�DQ�$SSle�79�IRU�eDVe�RI�SUeVeQWLQJ�DQG�VZLWFKLQJ�
SUeVeQWeUV�DV�Zell�DV�DXGLeQFe�eQJDJePeQW��7KLV�ILUVW�L&eleEUDWe�IeDWXUeG�
���SUeVeQWeUV�DQG�����IDFXlW\�SDUWLFLSDQWV��/DWeU�IDFXlW\�FRPPeQWeG�RQ�
KRZ�VXFFeVVIXl�DQG�QeeGeG�WKLV�NLFNRII�VeVVLRQ�ZDV�DV�Zell�DV�WLPel\��:e�
EeJDQ�WKe�WeUP�ZLWK�DGGLWLRQDl�VeVVLRQV�DQG�WKeQ�KelG�DQ�L&eleEUDWe���LQ�
'eFePEeU�������ZKLFK�FRQWDLQeG����SUeVeQWeUV�DQG�����IDFXlW\�DWWeQGLQJ�
YRlXQWDULl\�ZLWK�QR�UeZDUGV�RIIeUeG��8lWLPDWel\��RQe�\eDU�lDWeU��-XQe�������
Ze�KelG�WKe�L&eleEUDWe�)LQDle��ZKLFK�e[SeULeQFeG�VLPLlDU�VXFFeVV�DQG�Ze�
DUe�QRZ�DQDl\]LQJ�WKe�GDWD�IRU�D�ILQDl�SXElLFDWLRQ�

&RPPXQLFDWLRQ�ZDV�Ne\��eVSeFLDll\�LQ�WKe�EeJLQQLQJ��:e�FUeDWeG�D�ZD\�
WR�FRPPXQLFDWe�TXLFNl\�DQG�eIILFLeQWl\�E\�XVLQJ�DQ�RSeQ�ZeEVLWe��KWWS���
ZZZ�LSDGV�De�ZKeUe�IDFXlW\�VKDUeG�LGeDV�DQG�WKe�leDG�DXWKRU�ElRJJeG�RQ�
UeleYDQW�UeVRXUFeV�DQG�IDFXlW\�GeYelRSPeQW��7Ke�PRVW�SRZeUIXl�IXQFWLRQ�
RI�WKLV�VLWe�ZDV�RXU�DELlLW\�WR�FURZG�VRXUFe�WKe�DSSV�WKDW�Ze�ZRXlG�LQFlXGe�
RQ�WKe�VWXGeQW�L3DGV��)DFXlW\�VXJJeVWeG�DQ�DSS�DQG�RWKeUV�YRWeG�RQ�WKeP��
7KLV�LQFUeDVeG�eQJDJePeQW�DQG�DFFRXQWDELlLW\��DV�Ze�VeleFWeG�WKe�WRS����
DSSV�WR�Ee�SlDFeG�RQ�eYeU\�VWXGeQWV¶�L3DG�

7Ke�6R7/�VWeS�SURYLGeG�LQIRUPDWLRQ�DQG�JXLGDQFe�WR�IDFXlW\�ZKR�ZLVKeG�
WR�JDWKeU�GDWD�DQG�ZULWe�RQ�WKe�eIIeFWLYeQeVV�RI�WKe�SURJUDP��2YeUDll��WKLV�
LQLWLDWLYe�ZDV�D�VKRZFDVe�VXFFeVV��ZKLFK�KDV�DGGeG�VLJQLILFDQWl\�WR�WKe�
lLWeUDWXUe�EDVe�DQG�PRELle� WeDFKLQJ�DQG� leDUQLQJ��:e�ZeUe�IRUWXQDWe� WR�
FRlleFW�D�lDUJe�DPRXQW�RI�GDWD�RQ�WKe�LPSlePeQWDWLRQ��SURFeVV��DQG�KRZ�
VWXGeQWV�DQG�LQVWUXFWRUV�WUDQVLWLRQeG�WKeLU�WeDFKLQJ�DQG�leDUQLQJ�E\�XVLQJ�
PRELle� leDUQLQJ� WRRlV�� 6XEVeTXeQWl\��Ze�ZeUe� DEle� WR� SXElLVK� VeYeUDl�
VFKRlDUl\�DUWLFleV�DV�RQe�RI�WKe�eDUl\�DGRSWeUV�RI�lDUJe�VFDle�XVeV�IRU�PRELle�

leDUQLQJ��6RPe�RI�WKe�VFKRlDUl\�ILQGLQJV�LQFlXGe�
,QFUeDVeG�DFFeVV�WR�leDUQLQJ�PDWeULDl��eQJDJePeQW�EeWZeeQ�VWXGeQWV�DQG�

WeDFKeUV��DQG�FRllDERUDWLRQ�ZLWKLQ�DQG�Ee\RQG�WKe�leDUQLQJ�FRPPXQLW\�
$�³SlD\�ZLWK�SXUSRVe´�DWWLWXGe��ZKLFK�UeVXlWeG�LQ�D�QeZ�PeQWDlLW\�WR�

ePEUDFLQJ�lRZ�ULVN�µIDLleG�eYeQWV¶�
7Ke�FUeDWLRQ�RI�ULFK�PeGLD�DQG�eleFWURQLF�/eDUQLQJ�2EMeFWV��VRPe�ZKLFK�

ZeUe�XVeG�DV�IRUPDWLYe�DVVeVVPeQWV��DQG
$VVeVVLQJ� WZeQW\�ILUVW� FeQWXU\� VNLllV�� VXFK� DV� FRllDERUDWLRQ��

FRPPXQLFDWLRQ�� FUeDWLYLW\� DQG� FULWLFDl� WKLQNLQJ� WKURXJK�3URMeFW�EDVeG�
leDUQLQJ�DQG�e3RUWIRlLRV�

7Ke�IRllRZLQJ�We[W�VXPPDUL]eV�RXU�Ne\�ILQGLQJV�IURP�&DYDQDXJK��+DUJLV��
.DPDlL��DQG�6RWR��������RQ�XVLQJ�WZR�GLVWLQFW�SURIeVVLRQDl�GeYelRSPeQW�
�3'��PRGelV�IRU�PRELle� leDUQLQJ�LPSlePeQWDWLRQ��7Ke�PDLQ�WKeRUeWLFDl�
PRGel� XVeG�ZDV�.ReKleU� DQG�0LVKUD� �������73$&.�RU�7eFKQRlRJ\��
3eGDJRJ\��DQG�&RQWeQW�.QRZleGJe�3'�PRGel�RI�WUDFNLQJ�SURJUeVV��$Q�
DQDl\VLV�RI�GeVFULSWLRQV�RI�WeDFKLQJ�SUDFWLFeV�DW�WKe�ILUVW�L&eleEUDWe�DQG�
WKe�VeFRQG�L&eleEUDWe��VL[�PRQWKV�lDWeU�ZDV�XVeG�WR�FRPSDUe�WKe�DEVWUDFWV�
IRU�WKe�eYeQWV�XVLQJ�DQ�DlSKD�RI�������:e�FRPSDUeG�ILYe�LQGLFDWRUV�IURP�
WKe�73$&.�PRGel�LQFlXGLQJ�WKe�6$05�leYelV�RI�WeFKQRlRJ\�LQWeJUDWLRQ��
6WDWLVWLFDll\��Ze� IRXQG�QR� VLJQLILFDQW� GLIIeUeQFe� �� S ������ EeWZeeQ� WKe�
WeFKQRlRJ\��DlWKRXJK�WKeUe�ZDV�D�VLJQLILFDQW���S �������GLIIeUeQFe�LQ�WKe�
FRQWeQW��:e�IRXQG�QR�VLJQLILFDQW�GLIIeUeQFe���S ������IRU�WKe�SeGDJRJ\��
)RU�WeFKQRlRJ\�LQWeJUDWLRQ�LQWR�FRQWeQW�WeDFKLQJ��WKeUe�ZDV�QR�VLJQLILFDQW�
GLIIeUeQFe���S ������LQ�leYel�RI�VXEVWLWXWLRQ�YeUVXV�RWKeU�leYelV��DlWKRXJK�
VXEVWLWXWLRQ�LQFUeDVeG�WR�KLJKeU�leYelV��ZLWK�D�FRUUeVSRQGLQJ�GeFUeDVe�WKDW�
IRFXVeG�RQl\�RQ�VXEVWLWXWLRQ��)RU�WKe�leYel�RI�WeFKQRlRJ\�DGRSWLRQ��WKeUe�ZDV�
D�VLJQLILFDQW�GLIIeUeQFe���S ������ZLWK�D�VKLIW�WR�KLJKeU�leYelV�RI�LQWeJUDWLRQ�

CONCLUSIONS
2Qe�RI�WKe�LGeDl�Qe[W�VWeSV�ZRXlG�Ee�WR�FUeDWe�D�KRlLVWLF�PRELle�leDUQLQJ�

eFRV\VWeP��7Ke�V\VWeP�ZRXlG�DllRZ�WeDFKeUV�WR�FUeDWe�DQG�V\VWePDWLFDll\�
VKDUe�EeWZeeQ�RWKeU�eGXFDWRUV�DV�Zell�DV�VWXGeQWV��7KeUe�DUe�PDQ\�YeQGRUV��
ZKLFK�FRXlG�FUeDWe�D�V\VWeP��DQG�LQ�D�SeUIeFW�ZRUlG��RQe�ZKeUe�e/2¶V�ZRXlG�
Ee�LQWeUFKDQJeDEle��:e�ZLll�VKDUe�RQe�ZKLFK�LV�FXUUeQWl\�GeYelRSeG�LQ�XVe��
7Ke�$SSle�V\VWeP�LQFlXGeV�

L7XQeV��XVeG�WR�FUeDWe�DQG�lLVWeQ�WR�SRGFDVWV�DQG�DXGLRERRNV�
$SS�6WRUe��XVeG�WR�FUeDWe��GRZQlRDG�DQG�XVe�DSSlLFDWLRQV�
L%RRN�$XWKRU��XVeG�WR�FUeDWe�e%RRNV�
L%RRNV��XVeG�WR�GRZQlRDG�DQG�LQWeUDFW�ZLWK�e%RRNV�
L0RYLe��XVeG�WR�FUeDWe�PRYLeV�IRU�VWDQG�DlRQe�FRQWeQW��DQG�RU�WR�ePEeG�

LQ�L%RRNV�
L7XQeV8��XVeG�WR�FUeDWe�DQG�RUJDQL]e�RQlLQe�FRXUVeV��ZKLle�DWWeQGLQJ�

WR�JRRG�LQVWUXFWLRQDl�GeVLJQ�SUDFWLFeV�
:e�KDYe�VKDUeG�VeYeUDl�FULWLFDl�LVVXeV�IDFLQJ�KLJKeU�eGXFDWLRQ�WRGD\��

7Ke�LVVXeV�LQFlXGe�WLPe�IRU�SURIeVVLRQDl�GeYelRSPeQW��XQLQYeQWeG�FDUeeUV��
022&V�� GLJLWDl� FRQWeQW� FUeDWLRQ�� SlD\�ZLWK� SXUSRVe�PDNeU� eFRQRP\��
IDEULFDWLRQ�lDEV�WR�FUeDWe�DFFeVVLEle�eleFWURQLF�leDUQLQJ�REMeFWV��ELJ�GDWD�
leDUQLQJ�DQDl\WLFV��ZeDUDEle�WeFKQRlRJ\��WKe�TXDQWLILDEle�VelI��WKe�LQWeUQeW�
RI�WKLQJV��DQG�PRELle�leDUQLQJ��7KeVe�DUe�VXEVWDQWLDl�LVVXeV��ZKLFK�ZLll�
UeTXLUe�D�KRVW�RI�eGXFDWRU�VFKRlDUV�WR�e[SlRUe��WURXEleVKRRW��GeSlR\��IL[��
XSGDWe�DQG�KelS�FRQYLQFe�RWKeUV�WKDW�WKeVe�LVVXeV�DQG�RWKeUV��ZKLFK�Ze�
KDYe�QeYeU�KeDUG�RI�DUe�ZRUWKZKLle��3eUKDSV��WKeVe�VSeFLILF�LVVXeV�ZLll�QRW�
Ee�WKe�RQeV�WKDW�FKDQJe�RXU�FXUUeQW�DUFKDLF�eGXFDWLRQ�PRGel��+RZeYeU��Ze�
EelLeYe�WKDW�LW�LV�WKURXJK�WKe�LQYeVWLJDWLRQ�RI�WKeVe�LVVXeV�WKDW�WKe�SRVVLELlLW\�
RI�FUeDWLQJ�DQRWKeU�SDUDGLJP�IRU�KLJKeU�eGXFDWLRQ�e[LVWV��
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Abstract
This paper involves the planning, implementation and evaluation of guided visits to 
the National Museum of the Federal University of Rio de Janeiro, located in Rio de 
Janeiro, Brazil. The theoretical framework considers the John Falk Model of learning 
in museums. The visitors were students selected from the 9th year elementary school to 
3rd year secondary school education.  The museum`s collections were analyzed under 
their chemistry aspects without underestimating the artistic, historical and cultural 
characteristics. The main purpose of this work was to analyze, as a function of the 
student level of schooling, the learning, motivation and affective gains provided by 
visits. Questionnaires were applied before, during and after the visits and were used 
to characterize the students groups and evaluate the mediation method. Fisher`s 
e[act test Zas the statistical Srocedure emSloyed to identify signi¿cant differences 
in the students’ behavior as a function of schooling level. The results showed that the 
procedure was able to provide affective and cognitive gains for all students. Also, 
the physical context of the National Museum promotes the development of informal 
classes in chemistry, especially for secondary education students.
Key words: chemistry education, informal education, national museum

Resumen
(ste traEaMo imSlica la Slani¿caciyn� imSlementaciyn y evaluaciyn de visitas guiadas 
al Museo Nacional de la Universidad Nacional de Río de Janeiro, ubicada en la 
ciudad de Río de Janeiro, Brasil. El marco teórico considera el modelo de John 
Falk de aprendizaje para los museos. Los visitantes eran estudiantes seleccionados 
desde una escuela primaria noveno año al 3º año de educación secundaria. Las 
colecciones del museo fueron analizadas bajo sus aspectos químicos sin infravalorar 
sus características artísticas, históricas y culturales. El objetivo del trabajo fue analizar 
el aprendizaje, la motivación y los logros afectivos proporcionados por las visitas, 
en función del grado de escolaridad de los estudiantes. Los cuestionarios fueron 
aplicados antes, durante y después de las visitas y se utilizaron para caracterizar 
los grupos de estudiantes y evaluar la dinámica de la mediación. Se adopto la 
estadtstica del test e[acto de )isher y se ha identi¿cado diferencias signi¿cativas en el 
comportamiento de los alumnos en función del grado de escolaridad. Los resultados 
mostraron que la dinámica de la visita fue capaz de proporcionar logros afectivos y 

cognitivos a los estudiantes. Además, el contexto físico del Museo Nacional favorece 
el desarrollo de clases informales en química, en particular para los estudiantes de 
educación secundaria.
Palavras clave: educación química, educación informal, museo nacional.

INTRODUCTION
7Ke�%UD]LlLDQ�EDVLF�eGXFDWLRQ�V\VWeP�KDV����\eDUV�VFKRRlLQJ�GLYLGeG�

LQWR�elePeQWDU\����\eDUV��DQG�VeFRQGDU\����\eDUV�� leYelV��7Ke�1DWLRQDl�
&XUULFXlDU�3DUDPeWeUV��3&1(0��DLP�WR�eVWDElLVK� WKe�EDVLF�VFKRRl�DV�D�
FRQFlXVLYe�VWDJe�DQG�QR�lRQJeU�DV�D�VLPSl\�SUeSDUDWRU\�WR�KLJKeU�eGXFDWLRQ�
RU� VWULFWl\� SURIeVVLRQDl� WUDLQLQJ� �%UD]Ll�� �������2Q� WKe� RWKeU� KDQG�� WKe�
&XUULFXlDU�*XLGelLQeV� IRU�EDVLF� VFKRRl� UeFRPPeQG� WKe�GeYelRSPeQW�RI�
SUDFWLFe�RXWVLGe�RI�VFKRRl��SRLQWLQJ�WKLV�SURFeGXUe�DV�PRWLYDWLQJ�DFWLYLW\�
DQG�PRYLQJ�WKe�leDUQLQJ�eQYLURQPeQW�RXWVLGe�WKe�FlDVVURRP��%UD]Ll��������

+RZeYeU��WKe�UeDlLW\�RI�WKe�%UD]LlLDQ�VFKRRl�WUDGLWLRQ�LV�VR�IDU�Ee\RQG�
WKDW�ZRXlG�Ee�QeFeVVDU\�WR�IRllRZ�WKe�JXLGelLQeV�RI�3&1(0��7Ke�UeDlLW\�
EULQJV�XV�VWDQGDUGL]eG�DFWLYLWLeV��ZLWKRXW�DQ\�LQVeUWLRQ�LQWR�UeDl�FRQWe[WV��
SlDFLQJ�WKe�VWXGeQWV�LQ�DQ�DWWLWXGe�RI�SDVVLYLW\�DJDLQVW�leDUQLQJ��7Ke�VFKRRlV�
DUe�QRW�FRQFeUQeG�DERXW�GLIIeUeQW�DVSeFWV�VXFK�DV�SURIeVVLRQDl�SeUVSeFWLYeV��
SURElePV�DQG�FKDlleQJeV�RI�WKe�FRPPXQLW\��WKe�FLW\��WKe�FRXQWU\�RU�WKe�
ZRUlG��*eQeUDll\�� DW� VFKRRl�� WKe� VWXGeQWV� LQWeUDFW�ZLWK� DQ� eVVeQWLDll\�
DFDGePLF�NQRZleGJe�WKURXJK�WUDQVPLVVLRQ�RI�LQIRUPDWLRQ��DVVXPLQJ�WKDW��
PePRUL]LQJ�WKeP�SDVVLYel\��WKe\�DWWDLQ�WKe�GeVLUeG�NQRZleGJe��5elDWLQJ�
WKLV�WR�FKePLVWU\�WeDFKLQJ��LW�LV�QeFeVVDU\�WR�UeRUJDQL]e�WKe�FRQWeQW�FXUUeQWl\�
WDXJKW��DV�Zell�DV�WKe�PeWKRGRlRJ\�ePSlR\eG��,W�LV�LPSRUWDQW�WR�LQWURGXFe�
WKe�VWXGeQW� WR� WKe�FRQFUeWe��REVeUYDEle�DQG�PeDVXUDEle� IDFWV�� VLQFe� WKe�
VWXGeQWV� EULQJ� WR� WKe� FlDVVURRP� WKeLU� YLeZV�RI� WKe�PDFURVFRSLF�ZRUlG��
&KePLVWU\�WeDFKLQJ�VKRXlG�FRQWULEXWe�WR�WKe�FLWL]eQ�IRUPDWLRQ��DllRZLQJ�
WKe�GeYelRSPeQW�RI�NQRZleGJe�DQG�YDlXeV�WKDW�PLJKW�EeFRPe�eDVLeU�WKe�
LQGLYLGXDl�LQWeUSUeWDWLRQ�e[SeULeQFeV�RI�WKe�ZRUlG��7KLV�VeePV�WR�Ee�RQe�
RI�WKe�3&1(0�JRDlV�
6eYeUDl� UeVeDUFKeUV� VWDWe� WKDW� VFLeQFe� eGXFDWLRQ� FDQ�QR� lRQJeU� VWLFN�

WR�VWULFWl\�VFKRRl�VeWWLQJ��7KLV�VWDWePeQW�ePSKDVL]eV�WKe�URle�RI�LQIRUPDl�
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eGXFDWLRQ� VeWWLQJV� VXFK� DV� ERWDQLFDl� JDUGeQV�� eFRlRJLFDl� SDUNV�� ]RRV��
PXVeXPV��FXlWXUe�KRXVeV�eWF��ZKeUe�WKe�FXUULFXlXP�FRQWeQW�FDQ�Ee�ZRUNeG�LQ�
D�SlD\IXl�PDQQeU�DQG�FRQWe[WXDlL]eG�VR�WKDW�VWXGeQWV�DUe�RIIeUeG�RSSRUWXQLWLeV�
WR�LQWeUDFW�ZLWK�WKeLU�eQYLURQPeQW�DQG�VRFLDl�KeULWDJe��$6(��������

*XLGeG�YLVLWV�WR�PXVeXPV�DQG�FeQWeUV�RI�VFLeQFe�FRPPXQLFDWLRQ�DUe�
LPSRUWDQW�WR�SRSXlDUL]LQJ�RI�VFLeQFe�DQG�WeFKQRlRJ\��367���2UlLN�et al.�
�������SXElLVKeG�D�FRPSUeKeQVLYe�SURJUDP�RI�367�WKDW�DLPeG�WR�GLVVePLQDWe�
DPRQJVW� WeDFKeUV� DQG� e[SeUWV� LQ� eGXFDWLRQ� WKe� GLIIeUeQW� DSSURDFKeV� WR�
FLWL]eQVKLS�DSSURSULDWLRQ��0RUeLUD��������DQG�2lLYeLUD�et al.��������GLVFXVV�
367�DV�DQ�LPSRUWDQW�elePeQW�RI�VRFLDl�LQFlXVLRQ�LQ�SeULSKeU\�SRSXlDWLRQV�
RI�ELJ�FLWLeV�LQ�%UD]Ll��)XUWKeUPRUe��0RUeLUD��������SUeVeQWV�VRPe�SULRULW\�
lLQeV�RI�DFWLRQ�LQ�WKe�ILelG�RI�VFLeQFe�FRPPXQLFDWLRQ�DQG�WeFKQRlRJ\�WKDW�
ZeUe� eVWDElLVKeG� E\� WKe�%UD]LlLDQ� JRYeUQPeQW��1DYDV� DQG�0DUDQGLQR�
�������SUeVeQW�D�FULWLFDl�DQDl\VLV�RI�WKeVe�JRYeUQPeQW�DFWLRQV��'eSeQGLQJ�
RQ�WKe�SRlLWLFDl�GLPeQVLRQ�WKe\�LGeQWLI\�DFWLRQV�DV�LQIRUPDWLRQDl�RU�GLDlRJLF�
7Ke�PDLQ�REMeFWLYe� RI� WKLV�ZRUN� FRQVLVWV� LQ� DQDl\]LQJ� WKe� VWXGeQWV¶�

EeKDYLRU� DQG� LPSUeVVLRQV� GXULQJ� WKeLU�0XVeXP�YLVLWV� �� WKeLU� leDUQLQJ��
PRWLYDWLRQ� DQG� DIIeFWLYe� JDLQV�� 6RPe�SDUWLFXlDULWLeV� GeSeQGLQJ�RQ� WKe�
leYel�RI�VFKRRlLQJ�ZeUe�DlVR�LQYeVWLJDWeG��$QRWKeU�JRDl�LV�WR�eVWDElLVK�WKe�
1DWLRQDl�0XVeXP�DV�DQ�LQIRUPDl�VeWWLQJ��SRWeQWLDll\�PRWLYDWLQJ�IRU�JXLGeG�
WRXUV�DV�IRU�LQIRUPDl�FlDVVeV�RI�FKePLVWU\�±�ZLWK�eGXFDWLRQDl�REMeFWLYeV�

MUSEUMS AS INFORMAL EDUCATION SETTINGS – 
LEARNING IN MUSEUMS
6eYeUDl� DXWKRUV� UeFRJQL]e� D� 6FLeQFe�0XVeXP� DV� RQe� RI� WKe�PDLQ�

LQIRUPDl�VeWWLQJV�IRU�SURGXFWLRQ�DQG�LPSURYePeQW�RI�NQRZleGJe��.UDSDV��
������4XeLUR]��������0DUDQGLQR��������������*ULIILQ��������7D\lRU��������
6SeQFeU���������+RZeYeU��WKe�leDUQLQJ�GeYelRSeG�LQ�WKeVe�eQYLURQPeQWV�
KDV� SDUWLFXlDULWLeV��ZKLFK� GLVWLQJXLVK� LW� IURP� WKe� leDUQLQJ� LQ� D� IRUPDl�
VeWWLQJ��,Q�WKe�PXVeXP�eQYLURQPeQW�WKe�LGeD�LV�FRPPRQ�WKDW�WKe�leDUQLQJ�
LV�UelDWeG�WR�DIIeFWLYe��PRWRUV�DQG�SlD\IXl�DVSeFWV��,Q�DGGLWLRQ��WKe�YLVLWV�DUe�
VWURQJl\�LQIlXeQFeG�E\�SeUFeSWLRQ��FRQVFLRXVQeVV��ePRWLRQ�DQG�PePRU\�
RI�WKe�YLVLWRU��)DlFmR��������

,Q�WKe�FRQWe[WXDl�leDUQLQJ�PRGel��&/0���)DlN�DQG�6WRUNVGLeFN��������
GeILQe�leDUQLQJ�DV�DQ�eIIRUW�WDUJeWeG�DQG�FRQWe[WXDlL]eG�WR�FRQVWUXFW�PeDQLQJV�
LQ�WKe�GLUeFWLRQ�RI�SUREleP�VRlYLQJ��VXUYLYDl�RU�SURVSeULW\�LQ�WKe�ZRUlG��D�
GLDlRJXe�EeWZeeQ�WKe�LQGLYLGXDl�DQG�eQYLURQPeQW�WKURXJK�WLPe�WKDW�UelDWeV�
SDVW�DQG�FXUUeQW�e[SeULeQFeV��7Ke�PRGel�GeVFULEeV�WKLV�GLUeFWeG�GLDlRJXe�
DV�D�SURFeVV�SURGXFW�LQWeUDFWLRQ�WKDW�RFFXUV�LQ�GLIIeUeQW�FRQWe[WV��FXlWXUDl��
SK\VLFDl�DQG�SeUVRQDl��eDFK�RQe�JURXSLQJ�D�lDUJe�QXPEeU�RI�IDFLlLWDWRUV�
IDFWRUV�RI�leDUQLQJ��7DEle���GeVFULEeV�WKe�eleYeQ�PDMRU�IDFWRUV�WKDW�IDFLlLWDWe�
leDUQLQJ��GLVWULEXWeG�LQ�WKUee�FRQWe[WV�

Table 1- Factors that influence and define the learning in a Museum (Falk 
and Storksdieck, 2005).

3eUVRQDl�&RQWe[W
0RWLYDWLRQ��e[SeFWDWLRQV��SUeYLRXV�NQRZleGJe��

,QWeUeVW�DQG�FRQWURl�

6RFLRFXlWXUDl�&RQWe[W 0eGLDWLRQ�TXDlLW\�DQG�JURXS�LQWeUDFWLRQV

3K\VLFDl�&RQWe[W

3K\VLFDl�RULeQWDWLRQ
�([KLELWLRQ�eQYLURQPeQW�

$UFKLWeFWXUe�
(YeQWV�DQG�e[SeULeQFeV�RXWVLGe�WKe�0XVeXP�

7Ke�SeUVRQDl�FRQWe[W�FRQVLVWV�RI�PRWLYDWLRQV��e[SeFWDWLRQV��FKRLFe�DQG�
FRQWURl� SRVVLELlLWLeV�� ,Q� WKLV� FRQWe[W� leDUQLQJ� LV� VWURQJl\� LQIlXeQFeG�E\�
SULRU�e[SeULeQFeV��LQWeUeVWV�DQG�EelLeIV�RI�WKe�VWXGeQW��7Ke�VRFLRFXlWXUDl�
FRQWe[W�LV�GeILQeG�E\�VRFLDl�PeGLDWLRQ�LQ�WKe�*URXS�DQG�RU�IDFLlLWDWeG�E\�
RWKeUV��2QFe�LQGLYLGXDlV�DUe�SURGXFWV�RI�VRFLDl�DQG�FXlWXUDl�UelDWLRQV��LW�LV�
EelLeYeG�WKDW�leDUQLQJ�LQ�PXVeXPV�LV�VWURQJl\�LQIlXeQFeG�E\�WKe�VRFLRFXlWXUDl�
UelDWLRQV�WKDW�DULVe�LQ�WKeVe�eQYLURQPeQWV��:e�ZRXlG�SRLQW�RXW�WKe�YDULRXV�
SRVVLELlLWLeV�RI�D�YLVLWRU¶V�LQWeUDFWLRQ�ZLWK�RWKeUV��DV�Zell�DV�WKe�SUeVeQFe�
RI�PeGLDWRUV��JXLGeV�RU�DQ\�RWKeU�DUWLVWLF�DQG�RU�eGXFDWLRQDl�DFWLYLW\��WKe�
SK\VLFDl�FRQWe[W�PXVW�DlVR�Ee�WDNeQ�LQWR�DFFRXQW��7KLV�UelDWeV�WR�DUFKLWeFWXUDl�
lLJKWLQJ�� DJJlRPeUDWLRQ�RI� SeRSle�� TXDlLW\� DQG�TXDQWLW\� RI� LQIRUPDWLRQ�
SUeVeQWeG��DFFeVV�WR�D�JeQeUDl�PDS�RI�WKe�0XVeXP��eWF�

&RQVLGeULQJ�WKDW�WKe�leDUQLQJ�LV�QRW�DQ�LQVWDQWDQeRXV�SKeQRPeQRQ�EXW�
D�FXPXlDWLYe�SURFeVV�RI�DFTXLVLWLRQ�DQG�FRQVRlLGDWLRQ�RI�PeDQLQJV��WKe�
e[SeULeQFeV�WKDW�RFFXU�DIWeU�WKe�YLVLWV�DUe�DlVR�LPSRUWDQW��$IWeU�WKe�PXVeXP�
e[SeULeQFe��LW�LV�EelLeYeG�WKDW�WKe�YLVLWRU�leDYeV�ZLWK�VRPe�NQRZleGJe�WKDW�
UeLQIRUFeV�WKeLU�XQGeUVWDQGLQJ�RI�WKe�eYeQWV�WKDW�RFFXU�LQ�QDWXUe�� LQ�WKe�

ZRUlG�RU�LQ�VRFLeW\��,Q�WKLV�ZD\��WKe�eYeQWV�WKDW�RFFXU�DIWeU�WKe�YLVLW�DUe�
DlVR�IDFLlLWDWRUV�RI�leDUQLQJ�VLQFe�WKe\�UeLQIRUFe�WKe�PXVeXP�e[SeULeQFeV�

,Q�WKLV�ZRUN��WKe�YLVLWV�WR�WKe�1DWLRQDl�0XVeXP�ZeUe�SlDQQeG�IRllRZLQJ�
PRVW�RI�WKe�IDFWRUV�GeVFULEeG�LQ�7DEle���WR�SURYLGe�SlD\IXl�DQG�UelD[eG�
YLVLWV��GeYelRSLQJ�D�IULeQGl\�LQWeU�UelDWLRQ�EeWZeeQ�PeGLDWRU�DQG�YLVLWRU��
LQ�SleDVDQW�VXUURXQGLQJV�

METHOD
3UeYLRXV�YLVLWV�ZeUe�FRQGXFWeG�E\�WKe�PeGLDWLRQ�WeDP�LQ�RUGeU�WR�FDUU\�

RXW�D�GeWDLleG�GeVFULSWLRQ�RI�WKe�1DWLRQDl�0XVeXP�FRlleFWLRQ��LGeQWLI\LQJ�
FKePLFDl�DVSeFWV� WKDW�FRXlG�Ee�GLVFXVVeG�ZLWK� WKe�VWXGeQWV�� ,Q�RUGeU� WR�
FDUU\� RXW� eIIeFWLYe� eGXFDWLRQDl�ZRUN��0DUDQGLQR� ������� GLVFXVVeG� WKe�
LPSRUWDQFe�RI�NQRZLQJ�WKe�PXVeXPV�DQG�WKeLU�FRlleFWLRQV�

2Q�eDFK�YLVLW�WKe�YLVLWRUV�JURXS�ZDV�GLYLGeG�EeWZeeQ���PeGLDWRUV��7KLV�
GLVWULEXWLRQ�DLPeG�WR�DllRZ�D�PD[LPXP�QXPEeU�RI���VWXGeQWV�SeU�PeGLDWRU��
7Ke�PeWKRG�RI�WKLV�UeVeDUFK�ZDV�e[SlDLQeG�WR�Dll�VWXGeQWV�DQG�WKRVe�ZKR�
DJUee�WR�SDUWLFLSDWe�VLJQeG�D�FRQVeQW�IRUP�IUee��,Q�WKe�FDVe�RI�VWXGeQWV�XQGeU�
���\eDUV�RlG�WKLV�WeUP�ZDV�VLJQeG�E\�SDUeQWV�RU�D�JXDUGLDQ��7Ke�SURMeFW�WKDW�
JDYe�ULVe�WR�WKLV�ZRUN�KDG�WKe�DSSURYDl�RI�WKe�5eVeDUFK�(WKLFV�&RPPLWWee�
�&(3���LVVXeG�E\�Instituto de Estudos em Saúde Coletiva��,(6&��DW�)eGeUDl�
8QLYeUVLW\� RI�5LR� Ge� -DQeLUR� LQ� ���������� QXPEeU� ��������7KLV�ZRUN�
SUeVeQWV�WKe�UeVXlWV�DQG�FRQFlXVLRQV�UeJDUGLQJ���YLVLWV��ZLWK�����VWXGeQWV��

7DEle���GeVFULEeV�WKe�eGXFDWLRQ�leYel�RI�WKe�VWXGeQWV��7Ke�VWXGeQWV�IURP�
�WK�JUDGe�RI�elePeQWDU\�VFKRRl���VW���QG�DQG��UG�\eDUV�RI�VeFRQGDU\�eGXFDWLRQ�
DUe�KeUe�UeIeUUeG�DV�JURXSV�$��%��&�DQG�'��UeVSeFWLYel\�

Table 2 – Students Education Level

Group Education Level Students number

$ �WK�\eDU��elePeQWDU\�VFKRRl� ��

% �VW�\eDU��VeFRQGDU\�eGXFDWLRQ� ��

& �QG�\eDU��VeFRQGDU\�eGXFDWLRQ� ��

' �UG�\eDU��VeFRQGDU\�eGXFDWLRQ� ��

7DEle���GeVFULEeV�WKe�YLVLWV¶�URXWLQe��,Q�WKLV�WDEle�DQG�IRllRZLQJ�WKe�ZRUN��
WKe�TXeVWLRQQDLUeV�DSSlLeG�EeIRUe��GXULQJ�DQG�DIWeU�WKe�YLVLWV�DUe�UeIeUUeG�
DV�TXeVWLRQQDLUeV�����DQG����UeVSeFWLYel\�

Table 3 – Routine Visits

7,0( $&7,9,7<

�����D�P�
$W�VFKRRl�±�SUeVeQWDWLRQ�RI�PeGLDWRUV�DQG�

DGPLQLVWUDWLRQ�RI�TXeVWLRQQDLUe���

�����D�P� 'eSDUWXUe�WR�WKe�0XVeXP

�����D�P� $UULYDl�WR�0XVeXP�±�³JDUGeQ�WRXU´

������D�P� 9LVLW�±�DGPLQLVWUDWLRQ�RI�TXeVWLRQQDLUe��

������S�P�
0eeWLQJ�DW�WKe�0XVeXP�$XGLWRULXP��±�DGPLQLVWUDWLRQ�

RI�TXeVWLRQQDLUe��

������S�P� 5eWXUQ�WR�VFKRRl

,QLWLDll\�� WKe� VWXGeQWV�ZeUe� JDWKeUeG� LQ� D� FlDVVURRP�DQG�GLVWULEXWeG�
DPRQJ���PeGLDWRUV��7Ke�PeGLDWRUV�DUe�LQWURGXFeG�DQG�GeVFULEe�WKe�URXWLQe�
RI� WKe�YLVLW��4XeVWLRQQDLUe��� LV�DSSlLeG��7KLV�TXeVWLRQQDLUe�DVVeVVeV� WKe�
VRFLRFXlWXUDl�SURILle��e[SeFWDWLRQV�ZLWK�UeVSeFW�WR�WKe�YLVLW�DQG�WKe�VWXGeQWV¶�
LPSUeVVLRQV�UeJDUGLQJ�WR�FKePLVWU\�FlDVVeV�

$UULYLQJ�DW�WKe�0XVeXP��WKe�VWXGeQWV�DUe�LQYLWeG�WR�D�JDUGeQ�WRXU��7Ke\�
KDYe�WKe�RSSRUWXQLW\�RI�D�SDQRUDPLF�YLeZ�RI�WKe�RlG�,PSeULDl�3DlDFe��'XULQJ�
WKe�WRXU�WKe�PeGLDWRU�GeVFULEeV�WKe�PDMRU�KLVWRULFDl�DQG�DUFKLWeFWXUDl�DVSeFWV�
UelDWeG�WR�WKe�3DlDFe��$IWeU�WKe�WRXU��WKe�YLVLW�VWDUWV�ZLWK�WKe�GLVWULEXWLRQ�
RI�WKe�TXeVWLRQQDLUe����ZKLFK�LV�elDERUDWeG�WDNLQJ�LQ�DFFRXQW�WKe�0XVeXP�
FRlleFWLRQ��FRYeULQJ�FKePLFDl��KLVWRULFDl��DUWLVWLF�DQG�FXlWXUDl�DVSeFWV��7Ke�
DQVZeUV�RI�WKLV�TXeVWLRQQDLUe�FRXlG�Ee�IRXQG�E\�WKe�VWXGeQWV�LQ�We[WV�RU�LQ�
e[SlDQDWRU\�YLGeRV��GXULQJ�WKe�YLVLW��,Q�eDFK�SlDFe�UelDWeG�WR�WKe�TXeVWLRQV�
WKe�PeGLDWRU�PeeWV�WKe�*URXS�DQG�PDNeV�D�EULeI�e[SlDQDWLRQ�WR�IDFLlLWDWe�
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WKe�XQGeUVWDQGLQJ�DQG�WKXV�PRWLYDWLQJ�WKe�VeDUFK�IRU�DQVZeUV��7Ke�VWXGeQWV�
DUe�eQFRXUDJeG�WR�VeeN�IRU�WKe�DQVZeUV�WKePVelYeV��

$IWeU�WKe�YLVLW�WKe�VWXGeQWV�DUe�JDWKeUeG�DW�WKe�$XGLWRULXP�ZKeUe�WKe�WKLUG�
TXeVWLRQQDLUe�LV�DSSlLeG��7KLV�TXeVWLRQQDLUe�DVVeVVeV�VWXGeQWV¶�LPSUeVVLRQV�
FRPSDUeG�WR�e[SeFWDWLRQV��3DUW�RI�WKe�TXeVWLRQQDLUe���ZDV�elDERUDWeG�LQ�
��leYelV�/LNeUW�VFDle��ZKeUe�VWXGeQWV�GePRQVWUDWe�WKeLU�FRQFRUGDQFe�ZLWK�
WKe�DVVeUWLRQV�RI�WKe�TXeVWLRQQDLUe�
6WDWLVWLFDl� DQDl\VLV� WR� FRPSDUe� WKe� VWXGeQWV¶� UeVSRQVeV� IRU� WKe�

TXeVWLRQQDLUeV� �� DQG� ��ZDV� EDVeG� RQ� WKe� WZR�WDLleG�)LVKeU� e[DFW� WeVW��
UXQ�WKURXJK�WKe�6WDWLVWLFDl�6RIWZDUe�IRU�WKe�6RFLDl�6FLeQFe�6366�YeUVLRQ�
������7KLV�WeVW�LV�DSSlLeG�ZKeQ�Dll�VFRUeV�IURP�WZR�LQGeSeQGeQW�UDQGRP�
VDPSleV�DUe�PXWXDll\�e[FlXVLYe�FlDVVeV��*URXSV�FDQ�Ee�DQ\�WZR�LQGeSeQGeQW�
JURXSV��VXFK�DV�e[SeULPeQWDl�DQG�FRQWURl��PeQ�DQG�ZRPeQ��ePSlR\eG�DQG�
XQePSlR\eG��PRPV�DQG�GDGV��eWF��7Ke�GLVFULPLQDWRU\�IDFWRUV�FDQ�Ee�DQ\�WZR�
FlDVVLILFDWLRQV��VXFK�DV�DERYe�RU�EelRZ�DQ�DYeUDJe��DSSURYeG�RU�GLVDSSURYeG��
DJUeePeQW�RU�GLVDJUeePeQW��ULJKW�DQVZeU�RU�ZURQJ�DQVZeU�eWF��7KXV��eYeU\�
VXEMeFW�LQ�eDFK�JURXS�LV�RQe�RI�WZR�SRVVLEle�VFRUeV��6LeJel���������,Q�WKLV�
ZRUN��WKe�QXll�K\SRWKeVLV�+

�
�ZDV�WeVWeG�IRU�D�������VLJQLILFDQFe�leYel��,Q�

WKe�lLWeUDWXUe��WKe�)LVKeU�e[DFW�WeVW�ZDV�ePSlR\eG�LQ�UeVeDUFK�ZRUN�UelDWeG�
WR�SV\FKRlRJ\��6FLRU�eW�Dll����������QXUVLQJ��0F&URZ�eW�Dll��������DQG�
eGXFDWLRQ��'DYLGV�eW�Dll��������0ellDQE\�eW�Dll���������

RESULTS AND DISCUSSION
Questionnaire 1
)RU� Dll� LQYeVWLJDWeG�JURXSV�� LW�ZDV� REVeUYeG� WKDW�PRVW� VWXGeQWV� DJe�

FRUUeVSRQG�WR�WKe�VFKRRlLQJ���
7DEle���FRQFeUQV�WKe�IRllRZLQJ�TXeVWLRQ��'eVFULEe�SRVLWLYe�DVSeFWV�RI�

\RXU�FKePLVWU\�FlDVVeV�
Table 4 – Impressions of students about the positive aspects of chemistry 

classes.

Group Teacher Affinity Knowledge 
acquisition

$ ���������� ��������� ���������

% ��������� ��������� ���������

& ���������� �������� ����������

' ��������� ��������� ���������

7Ke�WeDFKeU�LV�WKe�PRVW�FLWeG�DVSeFW�DPRQJ�WKe�VWXGeQWV�IURP�JURXSV�$�
DQG�'��ZKLle�JURXS�%�VWXGeQWV�FLWeG��SUeIeUDEl\��DIILQLW\�IRU�WKe�GLVFLSlLQe��
7Ke�*URXS�&�VWXGeQWV�FLWeG�WKe�SRVVLELlLW\�RI�DFTXLULQJ�NQRZleGJe��+eUe�
DUe�VRPe�WeVWLPRQLDlV�DVVLJQeG�$��DQG�$��VWXGeQWV�

$���³����D�SRVLWLYe�DVSeFW�LV�WKDW�WKe�WeDFKeU�WeDFKeV�YeU\�Zell�´�
$���³����,�lLNe�WKe�FlDVVeV��,�GRQ¶W�lLNe�WKe�EeKDYLRU�RI�WKe�VWXGeQWV�LQ�

WKe�FlDVVURRP�´
7DEle���UeIeUV�WR�WKe�TXeVWLRQ��GeVFULEe�RQe�RU�PRUe�QeJDWLYe�DVSeFW�RI�

\RXU�FKePLVWU\�FlDVVeV��7Ke�PRVW�FLWeG�DVSeFW�SRLQWeG�E\�WKe�VWXGeQWV�RI�
WKe�JURXSV�$��%�DQG�&�ZDV�WKe�GLIILFXlW\�ZLWK�FKePLVWU\��)RU�VWXGeQWV�DW�
WKe�eQG�RI�WKe�VeFRQGDU\�leYel��*URXS�'���WKe�lDFN�RI�lDE�ZDV�FRQVLGeUeG�
DV�WKe�PDLQ�QeJDWLYe�DVSeFW�RI�FKePLVWU\�leVVRQV��7KLV�JURXS�KDV�RlGeU�
VWXGeQWV�DQG��WKeUeIRUe��PRUe�e[SeULeQFeG�DQG�DZDUe�RI�WKe�LPSRUWDQFe�
RI� e[SeULPeQWDWLRQ� IRU� WeDFKLQJ�FKePLVWU\��+eUe� DUe� VRPe� WeVWLPRQLDlV�
IURP�VWXGeQWV�

$���³,�lLNe�WKe�FKePLVWU\�FlDVV��P\�WeDFKeU�LV�FRRl��7Ke�QeJDWLYe�LV�WKDW�
WKeUe�DUe�QR�SUDFWLFDl�FlDVVeV�´�

³�$���³,�leDUQ�PDQ\�LQWeUeVWLQJ�WKLQJV�EXW�,�GRQ¶W�XVe�WKeP�IRU�DQ\WKLQJ�´

Table 5 – Students impressions about the negative aspects of 
the chemistry classes.

Group Lack of lab Behaviour of 
colleagues Difficulties

$ ��������� ��������� ����������

% �������� [[[ ����������

& ��������� �������� ����������

' ���������� �������� [[[

,W�LV�SDUWLFXlDUl\�LPSRUWDQW�WKDW�WKe�$��VWXGeQW�VWDUWLQJ�VD\LQJ�WKDW�Ke�VKe�
leDUQV�LQWeUeVWLQJ�WKLQJV��EXW�GRQ¶W�XVe�WKeP�IRU�DQ\WKLQJ��7KLV�VWDWePeQW�
UeYeDlV� WKe�GeFRQWe[WXDlL]eG�FKDUDFWeU� FlDVV� UelDWeG� WR� WKe�SXSLl� UeDlLW\�
RI�DQG�D�SUeVVLQJ�QeeG�IRU�UeIRUPXlDWLRQ�RI�FRQWeQWV�DQG�PeWKRGRlRJ\��
7DEle���GeVFULEeV�WKe�PDLQ�e[SeFWDWLRQV�RI�VWXGeQWV�UeJDUGLQJ�WR�WKe�YLVLW�

Table 6 - The main expectations of students regarding to the visit.

Group Knowledge 
acquisition Entertainment Interesting

$ ���������� ��������� ���������

% ���������� ��������� ���������

& ���������� ��������� ���������

' ���������� �������� ���������

7Ke� e[SeFWDWLRQ� WKDW� WKe� YLVLW�ZRXlG� eQDEle� WKe� DFTXLVLWLRQ� RI� QeZ�
NQRZleGJe�ZDV�WKe�PRVW�FLWeG�DVSeFW�DPRQJ�WKe�IRXU�LQYeVWLJDWeG�JURXSV��
DQG�LW�ZDV�KLJKeU�DPRQJ�WKe�VWXGeQWV�RI�*URXS�'����������)RU�\RXQJeU�
VWXGeQWV��*URXS�$���e[SeFWDWLRQV�WKDW�WKe�YLVLW�ZDV�LQWeUeVWLQJ�DQG�RU�IXQ�
ZeUe�SURSRUWLRQDWel\�PRUe� FLWeG�ZKeQ� FRPSDUeG� WR� RWKeU� JURXSV�� ,W� LV�
LPSRUWDQW�WR�QRWe�WKDW�QR�UeVSRQVeV�SRLQWeG�WR�D�QeJDWLYe�e[SeFWDWLRQ�ZLWK�
UeVSeFW�WR�WKe�YLVLW��,Q�WKe�ZRUGV�RI�WKe�VWXGeQWV�WKePVelYeV�

$���³,�WKLQN�,¶ll�leDUQLQJ�QeZ�WKLQJV�
³�$���³,�UeDll\�ZDQW�WR�JR��,¶P�DQ[LRXV�DQG�QeUYRXV��,¶Ye�DlZD\V�ZDQWeG�

WR�JR�WR�D�PXVeXP�´
4XeVWLRQQDLUe���
)RU�SXUSRVeV�RI�WKLV�VWXG\��ILYe�TXeVWLRQV�ZeUe�VeleFWeG�����:KDW�LV�WKe�

DYeUDJe�WePSeUDWXUe�LQ�$QWDUFWLFD"����:KDW�LV�WKe�FKePLFDl�FRPSRVLWLRQ�
RI� WKe�3DUi�Ge�0LQDV�PeWeRULWe"����,V� LW�GDQJeU�WR�XVe�EUDVV�XWeQVLl�IRU�
FRRNLQJ�IRRG"����:KDW�LV�1DWURQ"����:KDW�LV�WKe�IXQFWLRQ�RI�WKe�1DWURQ�
LQ�PXPPLILFDWLRQ"�7Ke�TXeVWLRQ���LV�DQVZeUeG�LQ�WKe�URRP�³IRVVLlV�IURP�
WKe�IUR]eQ�FRQWLQeQW´��ZKLFK�FRQWe[WXDlL]eV�WKe�GUDVWLF�FlLPDWLF�FKDQJeV�
RFFXUULQJ� LQ� WKe�$QWDUFWLF� GXe� WR� QDWXUDl� FDXVeV�ZLWK� SRVVLEle� FlLPDWe�
FKDQJeV���WKDW�PD\�RFFXU�E\�KXPDQ�DFWLRQ��7Ke�TXeVWLRQ���LV�DQVZeUeG�LQ�
WKe�URRP�³0eWeRULWeV´�ZKeUe�VWXGeQWV�UeFeLYe�LQIRUPDWLRQ�DERXW�KRZ�WR�
GLIIeUeQWLDWe�D�PeWeRULWe�IURP�D�URFN�IURP�WKe�(DUWK¶V�FUXVW��7Ke�TXeVWLRQ�
�� LV� DQVZeUeG� E\� YLVLWLQJ� WKe� URRP� ³0eGLWeUUDQeDQ�&XlWXUe´��ZKeUe�
VeYeUDl�EUDVV�SLeFeV�DUe�RQ�GLVSlD\��7Ke�SRVVLELlLW\�RI�FRQWe[WXDlL]DWLRQ�
DSSeDUV� KeUe�ZKeQ� DGGUeVVLQJ� WKe� GDQJeU� RI� XVLQJ�SDQV�ZLWK� QRQVWLFN�
FRDWLQJV��SRl\WeWUDIlXRUReWK\leQe��WeIDl��ZRUQ�RU�GDPDJeG��,VVXeV���DQG�
��DUe�WUeDWeG�LQ�WKe�URRP�³(J\SWLDQ�FXlWXUe´��,Q�DQ�e[SlDQDWRU\�We[W�DERXW�
WKe�PXPPLILFDWLRQ�SURFeVV�VWXGLeV��WKeUe�LV�WKe�GeVFULSWLRQ�RI�WKe�1DWURQ�
�FRPPRQ�QDPe�RI�K\GUDWeG�VRGLXP�FDUERQDWe��DQG�LWV�IXQFWLRQ�DV�GU\LQJ�
DJeQW�DQG�GLVLQIeFWDQW�LQ�WKe�SURFeVV��

7DEle���SUeVeQWV�WKe�QXPEeU�DQG�SeUFeQWDJe�RI�ULJKW�DQVZeUV�IRU�eDFK�
JURXS�RI�VWXGeQWV��DV�Zell�DV�WKe�FRPSDULVRQ�EeWZeeQ�JURXSV��6LJQLILFDQW�
GLIIeUeQFeV��S����������DSSeDUeG��PDLQl\�ZKeQ�JURXS�$�LV�FRPSDUeG�WR�
RWKeU�JURXSV��$W�WKe�eQG�RI�WKe�UeVXlWV�GeVFULSWLRQ�VRPe�K\SRWKeVeV�DUe�
SURSRVeG�WR�MXVWLI\�WKLV�UeVXlW��

Table 7: Number, percentage of right answers and comparison among the 
right answers of the questionnaire 2. NI (I = A, B, C or D) is the number of 

right answers in Group I. Questions are described in the text.

Groups
Questions (questionnaire 2)

1 2 3 4 5

$�	�%

1$ ����������

1% ����������

S� ������

1$ ����������

1% ����������

S� ������

1$ ����������

1% ����������

S� ������

1$ ����������

1% �����������

S� ������

1$ ����������

1% ����������

�S��������

$�	�&

1$ ����������

1& ����������

S� ������

1$ ����������

1& ����������

S� ������

1$ ����������

1& ����������

S� ������

1$ ����������

1& ����������

S��������

1$ ����������

1& �����������

S��������

$�	�'

1$ ����������

1' ����������

S� �����

1$ ����������

1' �����������

S� ������

1$ �����������

1' �����������

S� ������

1$ ����������

1' �����������

S�������

1
$
 ����������

1
'
 �����������
S�������

%�	�&

1% ����������

1& ����������

S� ������

1% ����������

1& ����������

S� �����

1% ����������

1& ����������

S� �����

1% �����������

1& ����������

S� �����

1% ����������

1& ����������

S� �����
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Figure 1. Callouts where the answers of questions 3 (Figure 1A) and 
questions 4 and 5 (Figure 1B) could be found. Approximate dimensions: 

Figure 1A: 40 x 50 cm; Figure 1B: 150 x 100 cm.

(A)(B)

%�	�'

1% ����������

1' ����������

S� �����

1% ����������

1' ����������

S� �����

1% ����������

1' ����������

S� �����

1% ����������

1' ����������

S� �����

1% ����������

1' ����������

S� �����

&�	�'

1& ����������

1' ����������

S� �����

1& ����������

1' ���������

S� �����

1& ����������

1' ���������

S� �����

1& ����������

1' ���������

S� �����

1& ����������

1' ���������

S� �����

Questionnaire 3:
4XeVWLRQQDLUe���ZDV�DSSlLeG�DIWeU�WKe�YLVLW�DQG�VRXJKW�WR�eYDlXDWe�

WKe� DIIeFWLYe� DQG� FRJQLWLYe� JDLQV�� 3DUW� RI� WKLV� TXeVWLRQQDLUe� ZDV�
elDERUDWeG�DV�D�/LNeUW�VFDle��ZKeUe�WKe�VWXGeQWV�VKRXlG�DVVLJQ�YDlXeV�
EeWZeeQ� �� DQG� �� RQ� D� VFDle� UDQJLQJ� IURP� ³VWURQJl\� GLVDJUee´� WR�
³WRWDll\�DJUee´��7Ke�DVVeUWLRQV��UelDWLQJ�WR�YLVLW��ZeUe�DV�IRllRZV�����
3LTXeG�P\�FXULRVLW\�IRU�VRPe�DVSeFW�RI�FKePLVWU\�RU�RI�VFLeQFe�LQ�
JeQeUDl�����'LGQ¶W�EULQJ�QRYelW\�����([FeeGeG�P\�e[SeFWDWLRQV�����
'XULQJ�WKe�YLVLW�ZDV�GLIILFXlW�WR�ILQG�WKe�DQVZeUV�WR�WKe�TXeVWLRQQDLUe�
DQG����7Ke�e[KLELWLRQ�VXSSRUW�RI�WKe�PeGLDWRU�ZDV�FleDU�DQG�KelSeG�
Pe� ILQG� WKe� DQVZeUV�� 7DEle� �� SUeVeQWV� WKe� QXPEeU�� SeUFeQWDJeV�
RI� DJUeePeQW� DQG� WKe� VWDWLVWLFDl� FRPSDULVRQ� EeWZeeQ� WKe� JURXSV�
UeVSeFWLQJ� WR� VeQWeQFeV� ����� )RU� �� DQG� �� VeQWeQFeV�� FRQFRUGDQFe�
leYelV�ZeUe�KLJK�IRU�Dll�JURXSV��7KLV�UeVXlW�UeYeDlV�WKe�DIIeFWLYe�DQG�
FRJQLWLYe�JDLQV��VWLPXlDWLQJ�FXULRVLW\�UeJDUGLQJ�VFLeQWLILF�DVSeFWV��
7Ke�DVVeUWLRQ���UeYeDlV�WKDW�WKe�LQLWLDl�e[SeFWDWLRQV�ZeUe�e[FeeGeG�
IRU�Dll�JURXSV�RI�VWXGeQWV�

6LPLlDUl\��WKe�KLJK�DJUeePeQW�leYel�RQ�DVVeUWLRQ���UeYeDlV�WKDW�WKe�PeGLDWLRQ�
SURFeGXUe�ZDV�D�PRWLYDWRU�DQG�IDFLlLWDWRU�LQ�WKe�VeDUFK�IRU�DQVZeUV��/RZ�
leYelV�RI�DJUeePeQW�RQ�VeQWeQFe���SRLQWLQJ�LQ�WKe�GLUeFWLRQ�WKDW�WKe�YLVLW�
ZDV�DEle�WR�FRQWULEXWe�ZLWK�QeZ�LQVLJKWV�WR�WKe�VWXGeQWV��:LWK�UeVSeFW�WR�WKe�
DVVeUWLRQ���LW�DSSeDUV�WKDW��IRU�VWXGeQWV�RI�*URXS�$��\RXQJeU���LW�ZDV�PRUe�
GLIILFXlW�WR�ILQG�WKe�DQVZeUV�WR�WKe�TXeVWLRQQDLUe����,Q�WKe�VWXGeQW�V�ZRUGV�

$���³,�lLNeG�PRVW�WKe�VWRU\�DERXW�$QWDUFWLFD��,�IRXQG�LW�YeU\�LQWeUeVWLQJ�
EeFDXVe�,�KDYe�QeYeU�LPDJLQeG�WKDW�D�IRUeVW�FRXlG�Ee�ZKRle�IUR]eQ�DQG�
eQG�ZLWKRXW�YeJeWDWLRQ��

$���³:KDW�elVe�SLTXeG�P\�DWWeQWLRQ�ZDV�WKe�RSSRUWXQLW\�WR�Vee�WKLQJV�
WKDW�,�XVXDll\�KDYe�DFFeVV�RQl\�WKURXJK�ERRNV�´

7DEle����&RPSDULVRQ�EeWZeeQ�WKe�DQVZeUV�RI�WKe�TXeVWLRQQDLUe����1
,
��,�

 �$��%��&�RU�'��LV�WKe�QXPEeU�RI�DQVZeUV���DQG���RQ�D�VFDle�RI���WR�³WRWDll\�
GLVDJUee´����WR�³'LVDJUee�LQ�3DUW´����WR�³+DYe�QR�RSLQLRQ´����WR�³$JUee�
LQ�3DUW´�DQG���IRU�³7RWDll\�DJUee´�LQ�*URXS�,�RI�VWXGeQWV��$VVeUWLRQV�DUe�
GeVFULEeG�LQ�WKe�We[W��

Groups
Assertions (questionnaire 3)

1 2 3 4 5

$�	�%

1$ ����������

1% �����������

S� ������

1$ ���������

1% ��������

S� �����

1$ ����������

1% ����������

S� �����

1$ ���������

1% ���������

S� �����

1$ ����������

1% ����������

S� �����

$�	�&

1$ ����������

1& ����������

S� ������

1$ ���������

1& ���������

S� �����

1$ ����������

1& ����������

S� �����

1$ ���������

1& ���������

S� �����

1$ ����������

1& ����������

S� �����

$�	�'

1$ ����������

1' ����������

S� �����

1$ ���������

1' ��������

S� ����

1$ ����������

1' ����������

S� �����

1$ ���������

1' ���������

S� �����

1$ ����������

1' ����������

S� �����

%�	�&

1% ����������

1& ����������

S� �����

1% ��������

1& ���������

S� �����

1% ����������

1& ����������

S� �����

1% ���������

1& ���������

S� �����

1% ����������

1& ����������

S� �����

%�	�'

1% ����������

1' ����������

S� �����

1% ��������

1' ��������

S� �����

1% ����������

1' ����������

S� �����

1% ���������

1' ���������

S� �����

1% ����������

1' ����������

S� �����

&�	�'

1& ����������

1' ����������

S� �����

1& ���������

1' ��������

S� �����

1& ����������

1' ����������

S� �����

1& ���������

1' ���������

S� �����

1& ����������

1' ����������

S� �����

7Ke� UeVXlWV� IURP� TXeVWLRQQDLUeV� �� DQG� �� VKRZ� WKDW� Dll� JURXSV� RI�
VWXGeQWV�JRW�DIIeFWLYe�DQG�FRJQLWLYe�JDLQV��7Ke�IDFWRUV�VeW�RXW�LQ�&/0��DQG�
FRQVLGeUeG�LQ�WKe�GUDIWLQJ�RI�PeGLDWLRQ�YLVLWV�IDYRUeG�WKe�VSeFLILFLWLeV�RI�
WKe�PXVeDl�eQYLURQPeQW�leDUQLQJ��7Ke�SeUVRQDl�FRQWe[W�ZDV�FRQWePSlDWeG�
E\� FRQWe[WXDlL]DWLRQ� VSeeFK�PeGLDWRU� UelDWLQJ� FKePLFDl� FRQWeQWV�ZLWK�

WKe�GDLl\�lLIe�RI�WKe�VWXGeQWV��7Ke�VRFLRFXlWXUDl�FRQWe[W�ZDV�DZDUGeG�WR�
SURPRWe� LQWeUDFWLRQV� DPRQJ� WKe� VWXGeQWV� DQG� WKRVe�ZLWK� WKe�PeGLDWRU�
WKDW�JeQeUDWeG�SlD\IXl�DQG�UelD[eG�YLVLWV��GeYelRSLQJ�D�QLFe�DWPRVSKeUe��
DGPLWWeGl\�leDUQLQJ�IDFLlLWDWRU�

7Ke�0XVeXP¶V�SK\VLFDl�FRQWe[W��SDUWLFXlDUl\�ZLWK�UeVSeFW�WR�³(J\SWLDQ�
FXlWXUe´�KDll��ZDV�PRUe�VXLWeG�WR�VeFRQGDU\�VWXGeQWV��,Q�IDFW��DV�FDQ�Ee�VeeQ�
LQ�7DEle����VLJQLILFDQW�VWDWLVWLFDl�GLIIeUeQFeV�REWDLQeG�LQ�WKe�TXeVWLRQQDLUe�
���UelDWLQJ�WR�WKe�*URXS�$��VWXGeQWV�RI��WK�\eDU�IXQGDPeQWDl��ZLWK�UeVSeFW�
WR� TXeVWLRQV� �� DQG� ���2Q� WKe� RWKeU� KDQG�� WKe� UeVXlWV� REWDLQeG� LQ� WKe�
TXeVWLRQQDLUe� �� VKRZeG�QR� VLJQLILFDQW� GLIIeUeQFeV� EeWZeeQ� WKe� JURXSV�
ZLWK�UeVSeFW�WR�SULQWV�ZLWK�WKe�YLVLW�L�e��Dll�JURXSV�RI�VWXGeQWV�LQYeVWLJDWeG�
VSRNe�SRVLWLYel\�UeJDUGLQJ�LPSUeVVLRQV�FRQFeUQLQJ�WKe�SURFeGXUe�DQG�WKe�
G\QDPLFV�GeYelRSeG�LQ�PeGLDWLRQ��7DEle�����6RPe�SRVVLEle�UeDVRQV�IRU�WKLV�
GLIIeUeQFe�LQ�WKe�leYel�RI�KLWV�RI�WKe�*URXS�$�FDQ�Ee�VXJJeVWeG��7Ke�ILUVW�
RI�WKeVe�UelDWeV�WR�WKe�IDFW�WKDW�VWXGeQWV�LQ�WKLV�JURXS�DUe�QRW�\eW�IDPLlLDU�
ZLWK� WKe� FKePLFDl� FRQFeSWV� DGGUeVVeG� VXFK� DV� LQRUJDQLF� VDlW�� FRPPRQ�
QDPeV�RI�FKePLFDl�VXEVWDQFeV�DQG�GeK\GUDWLQJ�IXQFWLRQ��$QRWKeU�SRVVLEle�
MXVWLILFDWLRQ�DSSeDUV�WR�DQDl\]e�WKe�FDllRXWV�ZKeUe�WKe�DQVZeUV�DUe�IRXQG��
)LJXUe� �� SUeVeQWV� WKe� e[KLELWLRQ� We[WV�ZKeUe� DUe� IRXQG� WKe� DQVZeUV� RI�
TXeVWLRQV������DQG���RI�WKe�TXeVWLRQQDLUe���

$V�FDQ�Ee�VeeQ��WKe�We[W�ZKeUe�RQe�ILQG�WKe�DQVZeUV�RI�TXeVWLRQV���
DQG����)LJXUe��%��LV�FRQVLGeUDEl\�lDUJeU� WKDQ�WKe�We[W�ZKeUe�RQe�ILQG�
WKe�DQVZeU�WR�TXeVWLRQ����)LJXUe��$���,Q�YLeZ�RI�WKe�VeULRXV�GeILFLeQFLeV�
ZLWK�UeVSeFW�WR�UeDGLQJ�DQG�We[W�LQWeUSUeWDWLRQ�SUeVeQWeG�E\�WKe�VWXGeQWV�
DW�WKe�eQG�RI�WKe�IXQGDPeQWDl�leYel��*LDPELDJL��������7eL[eLUD���������
WKLV�VLJQLILFDQW�GLIIeUeQFe�LQ�WKe�leYel�RI�KLWV�RI�TXeVWLRQQDLUe����FDQ�Ee�
DWWULEXWeG�DlVR�WR�WKe�GLIILFXlW\�RI�UeDGLQJ�SUeVeQWeG�E\�WKeVe�VWXGeQWV��
3UREDEl\�D�FRQMXQFWLRQ�EeWZeeQ�WKeVe�WZR�IDFWRUV��WKe�lDFN�RI�FKePLFDl�
FRQFeSWV� DQG� WKe� GLIILFXlW\� LQ� We[W� UeDGLQJ� DQG� LQWeUSUeWDWLRQ��ZeUe�
UeVSRQVLEle�IRU�WKe�UeVXlW�

A

B
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CONCLUSIONS
� ,Q� YLeZ�RI� WKe� UeVXlWV� SUeVeQWeG�� WKe� IRllRZLQJ� FRQFlXVLRQV� FDQ�Ee�

VWDWeG�� �L�� WKe�SURFeGXUe� DQG� WKe�G\QDPLFV�GeYelRSeG�GXULQJ� WKe�YLVLWV�
ZeUe�DEle�WR�SURYLGe�DIIeFWLYe�DQG�FRJQLWLYe�JDLQV�WR�WKe�VWXGeQWV���LL��WKe�
lRZeVW�LQGe[�RI�KLWV�DPRQJ�SXSLlV�RI��WK�\eDU�RI�elePeQWDU\�VFKRRl�PD\�
Ee�UelDWeG�WR�WKe�IDFW�WKDW�WKeVe�VWXGeQWV�DUeQ¶W�\eW�IDPLlLDU�ZLWK�FKePLFDl�
FRQFeSWV�GLVFXVVeG�DQG�DlVR�WKe�GLIILFXlWLeV�LQ�UeDGLQJ�DQG�LQWeUSUeWDWLRQ�
RI�WKe�FDllRXWV�UeYeDleG�GXULQJ�WKe�YLVLW���LLL��WKe��1DWLRQDl�0XVeXP��DV�
DQ�LQIRUPDl�VeWWLQJ�IRU�&KePLVWU\�WeDFKLQJ��UeYeDlV�LWVelI�DV�D�SURPLVLQJ�
RSWLRQ�DEle�WR�DlleYLDWe��DW�leDVW�LQ�SDUW��VWUXFWXUDl�GeILFLeQFLeV�SUeVeQWeG�
LQ�SXElLF�VFKRRlV���LY��WKe��1DWLRQDl�0XVeXP¶V�SK\VLFDl�FRQWe[W�IDYRUV�WKe�
GeYelRSPeQW�RI� LQIRUPDl�FlDVVeV� LQ�FKePLVWU\��eVSeFLDll\�IRU�VeFRQGDU\�
leYel�VWXGeQWV�
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Abstract
In the study, pre-service chemistry students’ performance that appears after 
applications in which they developed inquiry based chemistry experiments has been 
examined. Also  examined was whether inquiry based experimental applications in 
chemistry laEoratory have an effect on student¶s logical thinNing sNills� scienti¿c 
process skills, and attitudes towards chemistry laboratory and anxieties towards 
chemistry laboratory. A semi-experimental design was used. 42 pre-service 
chemistry teachers attended the study. In the research, quantitative data obtained 
from tests and scales administered to students have been supported by qualitative 
data obtained from student interviews. Multiple regression analysis has showed 
that 62% of the changes in students’ performance in inquiry-based experimental 
aSSlications Zere Sredicted Ey their logical thinNing sNills� scienti¿c Srocess sNills� 
attitudes towards chemistry laboratory and anxieties towards chemistry laboratory. 
Finally unstructured interviews with students about inquiry based experimental 
applications in the chemistry laboratory were conducted.
Key  words: chemistry laboratory, inquiry based chemistry laboratory, logical thinking 
sNill� scienti¿c Srocess sNill�

Resumen
En este estudio es examinado el rendimiento de los estudiantes de licenciatura 
de química después de desarrollar aplicaciones basadas en la indagación de 

experimentos químicos. Además, se ha examinado si las aplicaciones experimentales 
tienen efecto en el desarrollo de  las habilidades lógicas de pensamiento, habilidades  
cientt¿cas y las actitudes e[Serimentales� 6e utili]y un disexo semi�e[Serimental� 
con la participación en este  estudio de 42 estudiantes de licenciatura. Los datos 
cualitativos fueron recogidos a través de entrevistas con los alumnos. El análisis 
de regresión múltiple ha demostrado que 62% de los cambios en el rendimiento de 
los alumnos en  aplicaciones experimentales de indagación fueron alcanzados con 
Ease en  sus haEilidades lygicas de Sensamiento� haEilidades cientt¿cas� y actitudes 
hacia el laboratorio de química. A los estudiantes también se les aplico entrevistas 
no estructuradas.

Palabras clave: laboratorio de química,  laboratorio de química basado en la 
indagaciyn� haEilidad lygica de Sensamiento� haEilidades  cientt¿cas�

INTRODUCTION
7Ke�LQTXLU\�EDVeG�WeDFKLQJ�DSSURDFK�LV�VXSSRUWeG�RQ�NQRZleGJe�DERXW�

WKe�leDUQLQJ�SURFeVV�WKDW�KDV�ePeUJeG�IURP�UeVeDUFK��%UDQVIRUG��%URZQ��	�
&RFNLQJ��������&LWeG�E\�$EGL���������7Ke�FKDUDFWeULVWLFV�RI�LQTXLU\�EDVeG�
leDUQLQJ�DUe���D��GeYelRSLQJ�lRJLFDl�TXeVWLRQV�DERXW�VWXGeQWV¶�e[SeULeQFeV��
�E� XVLQJ�LQYeVWLJDWLRQ�WR�eYDlXDWe�LGeDV�DQG�WKRXJKWV�FULWLFDll\���F��XVLQJ

Inquiry based experimental applications in the chemistry laboratory
Aplicaciones basadas en la indagación en el laboratorio de química

 1 haTiCE GünGör sEyhan,  2 InCi MorGil

1  Cumhuriyet University, Sivas,   2 Hacettepe University, Ankara, Turkey, hgunsey@gmail.com
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D�NQRZleGJe�FRQVWUXFWLRQ�SURFeVV��DQG��G�� leDUQLQJ�VFLeQFe�E\�DFWXDll\�
eQJDJLQJ�LQ�LW��+XPe�	�&Rll��������&LWeG�E\�)XUWDN�eW�Dl����������,QTXLU\�
LQFlXGeV� DlVR� VRPe�DELlLWLeV� IRU� VWXGeQWV� VXFK�DV� LGeQWLI\LQJ�TXeVWLRQV��
GeVLJQLQJ� DQG� FRQGXFWLQJ� VFLeQWLILF� LQYeVWLJDWLRQV�� IRUPXlDWLQJ� DQG�
UeYLVLQJ� VFLeQWLILF� e[SlDQDWLRQV�� UeFRJQL]LQJ� DQG� DQDl\]LQJ� DlWeUQDWLYe�
e[SlDQDWLRQV�� DQG� FRPPXQLFDWLQJ� DQG�GeIeQGLQJ� VFLeQWLILF� DUJXPeQWV��
,Q�DGGLWLRQ��DFFRUGLQJ�WR�VRPe�UeVeDUFKeU��LQTXLU\�WeDFKLQJ�DQG�leDUQLQJ�
SRVeV�D�FKDlleQJe�WR�ERWK�WeDFKeUV�DQG�VWXGeQWV��.UDFMLN��0DPlRN�	�+XJ��
������&LWeG�E\�4LQJD��-LQJ�	�<DQ���������$FFRUGLQJ�WR�'XVFKl�DQG�*UDQG\�
��������³7eDFKeUV�QeeG�WR�GeYelRS�D�VKDUeG�FRPPRQ�XQGeUVWDQGLQJ�DERXW�
VFLeQFe�LQTXLU\�WeDFKLQJ�DQG�leDUQLQJ��:LWKRXW�WKLV�VKDUeG�XQGeUVWDQGLQJ�
RI�VFLeQWLILF�LQTXLU\��WeDFKeUV�DUe�XQlLNel\�WR�GeYelRS�DQG�eQDFW�LQTXLU\�
leVVRQV�VXJJeVWeG�E\�eGXFDWLRQDl�UeIRUP´��

7Ke� LQTXLU\�EDVeG�DSSURDFK�SURYLGeV� VWXGeQWV�ZLWK�DQ�RSSRUWXQLW\�
WR�SUDFWLFe�KRZ�VFLeQWLVWV� UeDll\�GR� VFLeQFe�DQG� WR�GeeSl\�XQGeUVWDQG�
Ne\�FRQFeSWV�LQ�FKePLVWU\��*UeeQ��(llLRWW�	�&XPPLQV��������&LWeG�E\�
6XSDVRUQ�� ������� ,QTXLU\� e[SeULPeQWV� DUe� WKRXJKW� WR� Ee� DQ� eIIeFWLYe�
DSSURDFK� LQ� D� leDUQLQJ� FKePLVWU\� lDERUDWRU\� �6DQJeU�� ������� ,QTXLU\�
e[SeULPeQWV�KDYe�PRUe�DGYDQWDJeV�WKDQ�WUDGLWLRQDl�e[SeULPeQWV��7KeVe�
DGYDQWDJeV�SURYLGe�VRPe�RSSRUWXQLWLeV�IRU�VWXGeQWV��IRU�e[DPSle��WR�Ee�
eQJDJeG�ZLWK�WKeVe�e[SeULPeQWV�LPSURYeV�KLJKeU�RUGeU�FRJQLWLYe�VNLllV�
LQFlXGLQJ�DQDl\WLFDl�DQG�FULWLFDl�WKLQNLQJ�VNLllV�RI�VWXGeQWV��'eWeUV��������
&LWeG�E\�6XSDVRUQ���������

,QTXLU\�EDVeG�leDUQLQJ�LQ�lDERUDWRULeV�KDV�EeeQ�VWXGLeG�LQ�YDULRXV�ILelGV�
IURP�FKePLVWU\��+LQGe�	�.RYDF��������+RIVWeLQ��1DKXP�	�6KRUe��������
+RIVWeLQ�	�/XQeWWD�� ������+RIVWeLQ�� ������+RIVWeLQ�� 6KRUe�	�.LSQLV��
������+RIVWeLQ� eW� Dl��� ������� WR� ERWDQ\� �6LlYLXV�	�6WXW]PDQ�� ������ RU�
DSSlLeG�SK\VLRlRJ\� �'L3DVTXDle��0DVRQ�	�.RlNKRUVW���������5eVeDUFK�
RQ�eIIeFWLYeQeVV�RI�LQTXLU\�EDVeG�leDUQLQJ�RQ�VWXGeQWV¶�leDUQLQJ��LQGLFDWeG�
LPSURYePeQW�LQ�VWXGeQWV¶�XQGeUVWDQGLQJV��:X�	�.UDMFLN��������)RUWXV��
eW�Dl��������0DU[��eW�Dl��������:DllDFe��7VRL��&DlNLQ��	�'DUle\��������DQG�
LQ�WKeLU�SURFeVV�VNLllV��:X�	�+VLeK��������7DWDU��������6XllLYDQ��������

PURPOSE OF THE RESEARCH
,Q� WKLV� VWXG\�� ��� SUe�VeUYLFe� FKePLVWU\� WeDFKeUV� SDUWLFLSDWeG� WR� WKe�

DSSlLFDWLRQV�DQG�LW�ZDV�DLPeG�WR��L��LGeQWLI\�WKeLU�RSLQLRQV�REWDLQeG�GXULQJ�
EUDLQVWRUPLQJ�DFWLYLWLeV�RQ�³LQTXLU\�EDVeG�leDUQLQJ�DSSURDFK´�SeUIRUPeG�
EeIRUe�DQG�DIWeU�WKe�DSSlLFDWLRQV��LL��GeWeUPLQe�WKeLU�SeUIRUPDQFeV�IRllRZLQJ�
WKe�LQTXLU\�EDVeG�e[SeULPeQWDl�DSSlLFDWLRQV��DQG�LLL��WR�ILQG�RXW�ZKeWKeU�
WKeLU�SeUIRUPDQFeV�FRXlG�Ee�SUeGLFWeG�E\�VFLeQWLILF�SURFeVV�VNLll��636���
lRJLFDl� WKLQNLQJ� VNLll� �/76��� DWWLWXGe� WRZDUGV� WKe� FKePLVWU\� lDERUDWRU\�
�$7&/��DQG�DQ[LeW\�WRZDUGV�WKe�FKePLVWU\�lDERUDWRU\��$&/��YDULDEleV�

Methodology of the Research
,Q�WKe�VWXG\��RQe�JURXS�SRVW�WeVW�PRGel�ZDV�XVeG��7Ke�VWXG\�ZDV�FRQGXFWeG�

E\�D�VLQJle�JURXS�GXe�WR�WKe�lLPLWDWLRQV�RI�WKe�QXPEeU�RI�VWXGeQWV�eQURlleG�
LQ�WKe�FRXUVe��WKe�VWXG\�KDV�EeeQ�FRQGXFWeG�ZLWKLQ�WKe�FRQWe[W�RI�WKe�FRXUVe��
³&KePLVWU\�([SeULPeQWV�LQ�6eFRQGDU\�(GXFDWLRQ´�DQG�WKe�DIRUePeQWLRQeG�
PRGel�ZDV�SUeIeUUeG�GXULQJ�WKe�VWXG\�

Sampling
$�WRWDl�RI�IRUW\�WZR�VWXGeQW�WeDFKeUV�VWXG\LQJ�DW�+DFeWWeSe�8QLYeUVLW\��

)DFXlW\�RI�(GXFDWLRQ��'eSDUWPeQW�RI�&KePLVWU\�(GXFDWLRQ�
'DWD�&RlleFWLRQ�7RRlV
Logical thinking skills test (LTST)
7Ke�WeVW��/767��ZDV�GeYelRSeG�ZLWK�WKe�DLP�RI�GeWeUPLQLQJ�VWXGeQWV¶�

lRJLFDl�WKLQNLQJ�VNLllV�LQLWLDll\�E\�7RELQ�DQG�&RSLe���������,W�ZDV�DGDSWeG�
DQG�WUDQVlDWeG�LQWR�7XUNLVK�E\�*eEDQ�eW�Dl�����������7Ke�UelLDELlLW\�FReIILFLeQW�
RI�WKe�WeVW�LV�������

Scientific process skills test (SPST)
6FLeQWLILF�SURFeVV�VNLllV�WeVW��6367��ZDV�RULJLQDll\�GeYelRSeG�E\�2Ne\�

eW�Dl����������,W�ZDV�WUDQVlDWeG�LQWR�7XUNLVK�DQG�DGDSWeG�E\�*eEDQ�eW�Dl��
��������7Ke�YDlLGLW\�RI�WKe�WeVW�LV�UDWKeU�KLJK�DQG�LWV�UelLDELlLW\�LV�FDlFXlDWeG�
DV�������.5������

Scale of attitude towards chemistry laboratory (SATCL)
,Q�RUGeU�WR�GeWeUPLQe�VWXGeQWV¶�DWWLWXGeV�WRZDUGV�FKePLVWU\�lDERUDWRU\��WKe�

6FDle�RI�$WWLWXGe�WRZDUGV�&KePLVWU\�/DERUDWRU\��6$7&/��RI����VWDWePeQWV�
ZDV�XVeG��7Ke�UelLDELlLW\�RI�WKeVe�WKUee�VXE�GLPeQVLRQV�ZDV�FDlFXlDWeG�YLD�
&URQEDFK�DlSKD�DQG�WKe�UeVXlWV�IRU�eDFK�VXE�GLPeQVLRQ�ZeUe�DV�IRllRZV��
LGeDl�lDERUDWRU\�eQYLURQPeQW��������LQWeUeVW�LQ�FKePLVWU\�lDERUDWRU\��������
DQG� DGYDQWDJeV� RI� FKePLVWU\� lDERUDWRU\�� ������ZKeUeDV� WKe� WRWDl� YDlXe�
FDlFXlDWeG�ZDV�������*�QJ|U�6e\KDQ����������

Scale of anxiety towards chemistry laboratory (SACL)
,Q�RUGeU�WR�DVVeVV�VWXGeQWV¶�DQ[LeW\�leYelV�WRZDUGV�FKePLVWU\�lDERUDWRU\��

WKe�6FDle�RI�$Q[LeW\�WRZDUGV�&KePLVWU\�/DERUDWRU\��6$&/��GeYelRSeG�
E\�%RZeQ� �������ZDV�XWLlL]eG��7Ke� VFDle�ZDV� DGDSWeG�DQG� WUDQVlDWeG�
LQWR�7XUNLVK� E\�$]L]RJlX� DQG�8]XQWLU\DNL� ��������7Ke� UelLDELlLW\� RI�
WKe�VFDle�ZDV�FDlFXlDWeG�IRU�eDFK�GLPeQVLRQ�DV� IRllRZV��XWLlL]DWLRQ�RI�
lDERUDWRU\�eTXLSPeQW�DQG�FKePLFDl�VXEVWDQFeV�������ZRUNLQJ�ZLWK�RWKeU�
VWXGeQWV�������GDWD�FRlleFWLRQ�������DQG�PDNLQJ�eIIeFWLYe�XVe�RI�WLPe�DW�
WKe�lDERUDWRU\�������

Teacher observation form (TOF)
,QTXLU\�EDVeG� e[SeULPeQWDl� DSSlLFDWLRQV� UeTXLUe� GLIIeUeQW� eYDlXDWLRQ�

PeWKRGV� �+RIVWeLQ�� 6KRUe�	�.LSQLV�� �������7eDFKeU� REVeUYDWLRQ� IRUP�
�72)��LV�D�IRUP��WKURXJK�ZKLFK�WKe�UeVeDUFKeU�eYDlXDWeV�VWXGeQWV�RI�WKe�
JURXS�LQGLYLGXDll\�EeIRUe�DQG�GXULQJ�WKe�LQTXLU\�SKDVe��0DPlRN�1DDPDQ�
eW�Dl���KWWS���ZZZ�FSGWKURXJKSRe�FRP�LQGe[�KWPl���

Evaluation form for inquiry-based experimental application 
performance (EFIBEAP)
)RU� WKe� LQTXLU\�EDVeG� LPSlePeQWDWLRQV� LQ� FKePLVWU\� eGXFDWLRQ�� WKe�

eYDlXDWLRQ�IRUP�IRU�LQTXLU\�EDVeG�e[SeULPeQWDl�DSSlLFDWLRQ�SeUIRUPDQFe�
�(),%($3��ZDV�XVeG�DV�DQ�DVVeVVPeQW�WRRl��7KLV�IRUP�FRQVLVWV�RI� WZR�
VeFWLRQV��ILUVW�RI�ZKLFK�LQYRlYeG�WKe�DGGLWLRQ�RI�UeVXlWV�REWDLQeG�IURP�WKe�
WeDFKeU�REVeUYDWLRQ�IRUP�WR�VFRULQJ��+RIVWeLQ��6KRUe�	�.LSQLV���������7Ke�
VeFRQG�SDUW�LV�WKe�VeFWLRQ�ZKeUe�³e[SeULPeQW�UeSRUWV´�LQFlXGLQJ�Dll�SKDVeV�
RI�LQTXLU\�SUeSDUeG�LQGLYLGXDll\�E\�Dll�PePEeUV�RI�WKe�JURXSV��

Teaching Process
$W�WKe�EeJLQQLQJ�RI�WKe�VWXG\��D�SUe�WeVW�VWXG\�ZDV�FRQGXFWeG�ZLWK�

/76��636��$7&/�DQG�$&/��ZKLFK�ZeUe�WKRXJKW�WR�Ee�eIIeFWLYe�RQ�WKe�
LQTXLU\�EDVeG�e[SeULPeQWDl�DSSlLFDWLRQ�SeUIRUPDQFe�LQ�WKe�FKePLVWU\�
lDERUDWRU\��)RllRZLQJ�WKe�SUe�WeVWV��D�EUDLQVWRUPLQJ�DFWLYLW\�ZDV�FRQGXFWeG�
ZLWK�VWXGeQWV�RQ�³LQTXLU\�EDVeG�leDUQLQJ�DSSURDFK´�DV�WKe�WRSLF�RI�WKe�
VWXG\��$ll�GDWD�FRlleFWeG�IURP�VWXGeQWV�ZeUe�VXPPDUL]eG�RQ�D�lRJLF�PDS�
E\�WKe�UeVeDUFKeU�DQG�ZDV�QDPeG�DV�WKe��VW�/RJLF�0DS��7Ke�DSSlLFDWLRQV�
IRllRZLQJ�WKe�EUDLQVWRUPLQJ�DFWLYLW\�ZeUe�DV�IRllRZV��VWXGeQWV�ZeUe�DVNeG�
WR�IRUP�JURXSV�RI�WKUee�RU�IRXU�WR�SUeSDUe���e[SeULPeQW�SURSRVDlV�RQ�
FKePLVWU\�WRSLFV��FRUURVLRQ�RI�PeWDlV��eleFWURFKePLVWU\��eQGR�e[RWKeUPLF�
UeDFWLRQV�eWF���ZLWKLQ�D�SeULRG�RI����GD\V�DW�WKe�LQLWLDl�SUeSDUDWLRQ�SKDVe�
RI�WKe�LQTXLU\�EDVeG�FKePLVWU\�e[SeULPeQWV��1e[W��RQe�RI�WKe�e[SeULPeQWV�
ZDV�FKRVeQ�DPRQJ�WKe�SURSRVDl�LQ�WeUPV�RI�LWV�DYDLlDELlLW\�LQ�WKe�e[LVWLQJ�
FKePLVWU\�lDERUDWRU\�eQYLURQPeQWDl�FRQGLWLRQV��$W�WKe�VeFRQG�SKDVe�RI�
WKe�VWXG\��eDFK�JURXS�ZDV�UeTXeVWeG�WR�SeUIRUP�WKeLU�e[SeULPeQW�GXULQJ�
WKe�³&KePLVWU\�([SeULPeQWV�LQ�6eFRQGDU\�(GXFDWLRQ´�FlDVV�IRU�WKeLU�
SeeUV��7KLV� SKDVe� IRUPeG� WKe� SUe�LQTXLU\� SKDVe� RI� WKe� DSSlLFDWLRQV��
/DWeU�RQ�FDPe�WKe�LQTXLU\�SKDVe��6WXGeQWV�GLVFXVVeG�WKe�SKDVeV�VXFK�
DV�DVNLQJ�TXeVWLRQV�DERXW�e[SeULPeQWV�PDGe��FRQVWUXFWLQJ�K\SRWKeVeV��
FKRRVLQJ�D�TXeVWLRQ�IRU�IXUWKeU�SKDVeV��SURSRVLQJ�VRlXWLRQ�PeWKRGV�IRU�
WKe�FKRVeQ�LQTXLU\�TXeVWLRQ��SlDQQLQJ�DQ�e[SeULPeQW��DQDl\]LQJ�ILQGLQJV�
DQG� UeDFKLQJ� FRQFlXVLRQV� �+RIVWeLQ� eW� Dl��� ������� 7Ke� TXDlLW\� DQG�
TXDQWLW\�RI�Dll�TXeVWLRQV�SURGXFeG�E\�JURXSV�UeleYDQW�WR�WKe�e[SeULPeQWV�
WKe\�SeUIRUPeG�ZeUe�FKeFNeG�DQG�lLPLWeG�E\�WKe�UeVeDUFKeU��,Q�RUGeU�
WR�YDlLGDWe�WKeLU�K\SRWKeVeV�VWXGeQWV�FKRVe�RQe�RI�WKe�VRlXWLRQV�WKe\�
KDG�VXJJeVWeG�DQG�SURSRVeG�DQ�e[SeULPeQW�WR�Ee�SeUIRUPeG��$IWeU�WKe�
eTXLSPeQW�DQG�PDWeULDlV�IRU�WKe�SURSRVeG�e[SeULPeQW�ZeUe�REWDLQeG��
WKe\�UelRFDWeG�WR�WKe�FKePLVWU\�lDERUDWRU\�WR�SeUIRUP�WKeLU�e[SeULPeQWV�
XQGeU�WKe�VXSeUYLVLRQ�RI�WKe�UeVeDUFKeU��7Ke�ILQGLQJV�DQG�FRQFlXVLRQV�RI�
WKe�e[SeULPeQWV�YDlLGDWLQJ�WKe�K\SRWKeVLV�eVWDElLVKeG�E\�WKe�PePEeUV�
RI�WKe�JURXS�ZeUe�DFFeSWeG�DV�WKe�LQGLFDWRUV�RI�VXFFeVVIXl�FRPSleWLRQ�
RI� WKe� DSSlLFDWLRQ�� ,Q� FDVeV�ZKeUe� WKe� UeVXlWV� DQG� ILQGLQJV�ZeUe�QRW�
VXSSRUWLYe� RI� WKe� K\SRWKeVeV�� WKe� JURXS�PePEeUV�ZeUe� e[SeFWeG� WR�
UeYLeZ�WKeLU�PeWKRGV�RI�VRlXWLRQ�SURSRVeG�IRU�WKe�TXeVWLRQ�RI�LQTXLU\��
,Q� WKLV� SKDVe�� JURXSV� GeVLJQeG� DQ� e[SeULPeQW� IRU� D� QeZ�PeWKRG� RI�
VRlXWLRQ��ZKLFK�ZDV�lDWeU��SeUIRUPeG�DW�WKe�FKePLVWU\�lDERUDWRU\�DQG�
WKe�UeVXlWV�Zee�FKeFNeG�E\�WKe�UeVeDUFKeU��$W�Dll�SKDVeV�RI�WKe�VWXG\��WKe�
UeVeDUFKeU�REVeUYeG�WKe�VWXGeQWV�DQG�UeFRUGeG�WKe�REVeUYDWLRQV�RQ�WKe�
72)��7Ke�UeVeDUFKeU�WKeQ�UeTXeVWeG�WKe�VWXGeQWV�WR�SUeSDUe�LQGLYLGXDl�
e[SeULPeQW�UeSRUWV��ZKLFK�LQYRlYeG�Dll�SKDVeV�RI�YeUEDl�GLVFXVVLRQV�DQG�
e[SeULPeQWV�SeUIRUPeG��7Ke�UeSRUWV�ZeUe�eYDlXDWeG�E\�WKe�UeVeDUFKeU�
XVLQJ�WKe�(),%($3��+RIVWeLQ��6KRUe�	�.LSQLV���������$W�WKe�eQG�RI�WKe�
VWXG\��WKe�/767��6367��6$7&/�DQG�6$&/��ZKLFK�ZeUe�DGPLQLVWeUeG�
WR�VWXGeQWV�DV�SUeWeVWV��ZeUe�UeSeDWeG�DV�SRVWWeVWV��7Ke��VW�/RJLF�0DS��
ZKLFK�ZDV�SUeSDUeG�E\�WKe�UeVeDUFKeU�DV�D�UeVXlW�RI�WKe�EUDLQVWRUPLQJ�
DFWLYLW\�DW�WKe�EeJLQQLQJ�RI�WKe�VWXG\��ZDV�GLVWULEXWeG�WR�SDUWLFLSDWLQJ�
VWXGeQWV� DQG� WKe\�ZeUe� DVNeG� WR� UeSRUW�PLVFRQFeSWLRQV� RU�PLVWDNeV�
WKe\�UeFRJQL]eG�LQ�ZULWLQJ�RU�YLD�e�PDLl�WR�WKe�UeVeDUFKeU��7Ke�UeYLVeG�
YeUVLRQ�RI�WKe�lRJLF�PDS��ZKLFK�LQYRlYeG�WKe�FRUUeFWLRQV�RU�DGGLWLRQV�
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Inquiry based experimental applications in the chemistry laboratory

UeTXeVWeG�E\�WKe�VWXGeQWV�WR�Ee�PDGe��ZDV�SUeSDUeG�E\�WKe�UeVeDUFKeU�
DQG�LW�ZDV�QDPeG�DV�WKe��QG�/RJLF�0DS��6WXGeQWV�ZeUe�KDQGeG�RXW�WKe�
�QG�/RJLF�0DS��ZKLFK�eQDEleG�WKeP�WR�DFTXLUe�DFFXUDWe�DQG�VXIILFLeQW�
NQRZleGJe�DERXW�³LQTXLU\�EDVeG�leDUQLQJ�DSSURDFK´�

RESULTS OF THE RESEARCH

Results of the brainstorming activity
6WXGeQWV�e[SUeVVeG�WKeLU�RSLQLRQV�LQ�DFWLYLW\�LQGeSeQGeQWl\�LQ�ZULWLQJ�

RU�RQ�FRQFeSW�RU�lRJLF�PDSV��7Ke�RSLQLRQV�FRlleFWeG�IURP�VWXGeQWV�ZeUe�
VXPPDUL]eG�RQ�D�lRJLF�PDS�E\�WKe�UeVeDUFKeU�DQG�QDPeG�DV�WKe�³�VW�/RJLF�
0DS´��)LJXUe���GLVSlD\V�WKe��VW�/RJLF�0DS�LQYRlYLQJ�VWXGeQWV¶�RSLQLRQV�
RQ�WKe�WRSLF�

7Ke��VW�/RJLF�0DS�ZDV�GLVWULEXWeG�WR�VWXGeQWV�IRllRZLQJ�WKe�DSSlLFDWLRQV�
lDVWeG� IRU� D� SeULRG�RI� ���ZeeNV��ZKLFK� eQDEleG� WR� UeYeDl� WKe�PLVVLQJ��
LQVXIILFLeQW�RU�LQDFFXUDWe�NQRZleGJe�VWXGeQWV�KDG�DQG�SURYLGeG�VWXGeQWV�
ZLWK� WKe� RSSRUWXQLW\� WR� WKLQN�RQ� WKe� WRSLF� LQ�PRUe�GeWDLl��7Ke� UeYLVeG�
RSLQLRQV�RI� VWXGeQWV�ZeUe� VXEPLWWeG� WR� WKe� UeVeDUFKeU� DJDLQ� LQ�ZULWLQJ�
RU�YLD�FRQFeSW�lRJLF�PDSV��FeUWDLQ�e[DPSleV�RI�ZKLFK�DUe�lLVWeG�EelRZ�

Student 2:�,QTXLU\�EDVeG�leDUQLQJ�LV�D�VWXGeQW�FeQWeUeG�DSSURDFK��,Q�WKLV�
DSSURDFK��VWXGeQWV�SDUWLFLSDWe�DFWLYel\�LQ�FlDVV��6WXGeQWV�DVN�WKe�TXeVWLRQV�
DQG�ILQG�WKe�DQVZeUV�WKURXJK�UeVeDUFK��7KeLU�VelI�FRQILGeQFe�LV�GeYelRSeG��
7Ke\�NQRZ�KRZ�WR�XVe�WKeLU�WLPe�eIIeFWLYel\�

Students 21: ,�WKLQN�VFLeQWLILF�SURFeVV�VNLllV�ZRXlG�GeYelRS�LQ�VWXGeQWV�
ZLWKLQ� LQTXLU\�EDVeG� leDUQLQJ��6FLeQWLILF�SURFeVV�VNLllV�VXFK�DV�0DNLQJ�
REVeUYDWLRQV��FlDVVLI\LQJ��PDNLQJ�FRQQeFWLRQV�DPRQJ�WRSLFV��SeUIRUPLQJ�
UeTXLUeG�PeDVXUePeQWV��PDNLQJ�DVVXPSWLRQV�DQG�UeDFKLQJ�RXWFRPeV�DUe�
DPRQJ�VNLllV�WKDW�VWXGeQWV�FRXlG�DWWDLQ�ZLWKLQ�WKe�LQTXLU\�EDVeG�leDUQLQJ�

DSSURDFK�
7Ke��VW�/RJLF�0DS�ZDV�UeYLVeG�DFFRUGLQJ�WR�VXFK�RSLQLRQV�REWDLQeG�IURP�

VWXGeQWV�DQG�WKe��QG�/RJLF�0DS�ZDV�FUeDWeG��7Ke��QG�/RJLF�0DS�LQYRlYLQJ�
VWXGeQWV¶�DSSUeFLDWeG�RSLQLRQV�RQ�WKe�WRSLF�DUe�GLVSlD\eG�LQ�)LJXUe���

Results related to the performances of pre-service teachers obtained from 
the inquiry-based experimental applications in the chemistry laboratory

$ll�SKDVeV�RI�WKe�LQTXLU\�EDVeG�e[SeULPeQWDl�DSSlLFDWLRQV�LQ�WKe�FKePLVWU\�
lDERUDWRU\�ZeUe�REVeUYeG�E\�WKe�UeVeDUFKeUV��7Ke�72)�DQG�(),%($3�ZeUe�
ILlleG�LQ�IRU�eDFK�SUe�VeUYLFe�WeDFKeU� 7KLV�(),%($3�IRUP�FRQVLVWV�RI�WZR�
VeFWLRQV��ILUVW�RI�ZKLFK�LQYRlYeG�WKe�DGGLWLRQ�RI�UeVXlWV�REWDLQeG�IURP�WKe�
WeDFKeU�REVeUYDWLRQ� IRUP� WR�VFRULQJ� �+RIVWeLQ��6KRUe�	�.LSQLV���������
7Ke�VeFRQG�SDUW�LV�WKe�VeFWLRQ�ZKeUe�³e[SeULPeQW�UeSRUWV´�LQFlXGLQJ�Dll�
SKDVeV�RI�LQTXLU\�SUeSDUeG�LQGLYLGXDll\�E\�Dll�PePEeUV�RI�WKe�JURXSV��7Ke�
DIRUePeQWLRQeG�IRUP�LQYRlYeV�FULWeULD�EelRQJLQJ�WR�WKe�ILQDl�LQTXLU\�SKDVe�
DQG�WKe�WKeRUeWLFDl�SKDVe�RI�WKe�LQTXLU\��5eVeDUFKeUV�FDlFXlDWeG�WKe�WRWDl�
VFRUe�REWDLQeG�IURP�WKe�72)�DQG�(),%($3 IRU�eDFK�JURXS�PePEeU��DQG�
D�³3eUIRUPDQFe�6FRUe´�ZDV�REWDLQeG�IRU�eDFK�SUe�VeUYLFe�WeDFKeU��,W�ZDV�
IRXQG�WKDW�WKe�lRZeVW�SeUIRUPDQFe�VFRUe�IRU�SUe�VeUYLFe�WeDFKeUV�ZDV�����
ZKLle�WKe�KLJKeVW�RQe�ZDV�����$YeUDJe�SeUIRUPDQFe�VFRUe�RI�SUe�VeUYLFe�
WeDFKeUV�ZDV�IRXQG�WR�Ee�;DYU� �����$FFRUGLQJ�WR�WKLV�DYeUDJe��LW�LV�DVVXPeG�
WKDW�WKe�SUe�VeUYLFe�WeDFKeUV�SeUIRUPeG�Zell�

The statistical analysis of the LTST, SPST, SATCL and SACL pre and 
post test results 

,Q�FRPSDULQJ�SUe�DQG�SRVW�WeVW�UeVXlWV��W�WeVW�ZDV�PDGe�XVe�RI�IRU�WKe�
GeSeQGeQW�JURXSV��7Ke�UeVXlWV�DUe�GLVSlD\eG�RQ�7DEle����

�
Table 1. Results of paired samples t-test in comparing LTS, SPS, ATCL 

Figure 1. The 1st Logic Map prepared prior to the chemistry experiments performed according to the inquiry based learning approach

Figure 2. The 2nd Logic Map prepared after the chemistry experiments
performed according to inquiry-based approach. 
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and ACL pre and post test results
N x s T Sig.

/76 3Ue�WeVW �� ����� ����� ������� �����
3RVW�WeVW ����� �����

636 3Ue�WeVW �� ������ ����� ������� �����
3RVW�WeVW ������ �����

$7&/ 3Ue�WeVW �� ����� ����� ������� �����
3RVW�WeVW ����� �����

$&/ 3Ue�WeVW �� ����� ����� ����� �����
3RVW�WeVW ����� �����

$FFRUGLQJ�WR�WKe�DQDl\VLV�PDGe��WKe�lRJLFDl�WKLQNLQJ�VNLllV��VFLeQWLILF�
SURFeVV�VNLllV�DQG�WKeLU�DWWLWXGeV�WRZDUGV�FKePLVWU\�ZeUe�REVeUYeG�WR�KDYe�
LPSURYeG�VLJQLILFDQWl\��6WXGeQWV¶�DQ[LeW\�WRZDUGV�FKePLVWU\�ZDV�IRXQG�WR�
Ee�VXEMeFW�WR�D�VlLJKW�GeFUeDVe�DIWeU�WKe�VWXG\�ZDV�FRPSleWeG��6LJ��������

Statistical analysis of the results obtained from the LTST, SPST, SATCL 
and SACL 

,Q�RUGeU�WR�e[DPLQe�WKe�e[WeQW��WR�ZKLFK�WKe�RYeUDll�SUe�DQG�SRVWWeVW�
UeVXlWV�RI�WKe�SDUWLFLSDWLQJ�VWXGeQWV�DW�WKe�/767��6367��6$7&/�DQG�6$&/��
D�PXlWLSle�lLQeDU�UeJUeVVLRQ�DQDl\VLV�ZDV�PDGe��7Ke�UeVXlWV�VKRZeG�WKDW�
WKe�/767��6367��6$7&/�DQG�6$&/�YDULDEleV�WRJeWKeU�e[SlDLQeG�����RI�
WKe�WRWDl�YDULDQFe��ZKLle�WKe�UePDLQLQJ�����LV�e[SlDLQeG�E\�WKe�YDULDEleV�
e[FlXGeG� LQ� WKe�PRGel�GXe� WR�eUURU� WeUPV��7Ke�) ��������YDlXe�VKRZV�
WKDW�RXU�PRGel�LV�VLJQLILFDQW�DW�Dll�leYelV�DV�D�ZKRle��5 �������5� �������
) ���������6LJ���������

Table 2. The results of multiple linear regression analysis between LTST, 
SPST, SATCL and SACL and the performances of students  

Model R R Square Adjusted R Square

� ����D ���� ����

D3UeGLFWRUV���&RQVWDQW��/76��636��$7&/��$&/�SRVW�WeVW

$QRYDE

Model Sum of 
squares df Mean square F Sig.

�����������������������
5eJUeVVLRQ

�������� � ������� ������ ����D

5eVLGXDl ������� �� ������

7RWDl �������� ��

D3UeGLFWRUV���&RQVWDQW����/76��636��$7&/��$&/�SRVW�WeVWE
'eSeQGeQW�YDULDEle��6WXGeQW�SeUIRUPDQFe

�&ReIILFLeQWVD

Model Unstandardized 
coefficients

Standardized 
coefficients t Sig.

��������
�&RQVWDQW�

/767

6367

6$7&/

6$&/�

% 6WG��(UURU %eWD

�����

�����

����

������

����

������

�����

����

�����

�����

����

����

����

����

����

�����

�����

�����

����

����

����

����

����

����

��D'eSeQGeQW�YDULDEle��6WXGeQW�SeUIRUPDQFe�

$FFRUGLQJ� WR� WKe� VWDQGDUGL]eG� UeJUeVVLRQ� FReIILFLeQW� �%eWD��� WKe�
FRPSDUDWLYe�LPSRUWDQFe�VeTXeQFeV�RI�WKe�SUeGLFWRU�YDULDEleV�RYeU�VWXGeQW�
SeUIRUPDQFe� DUe� DV� IRllRZV��/76��$7&/��636��$&/��7Ke� W�WeVW� UeVXlWV�
GLVSlD\eG� WKDW�/76��636� DQG�$7&/�ZeUe� VLJQLILFDQW� SUeGLFWRUV� RQ� WKe�
SeUIRUPDQFe��$&/�YDULDEle�GReV�QRW�KDYe�D�VLJQLILFDQW�DIIeFW��$FFRUGLQJ�WR�

UeJUeVVLRQ�DQDl\VLV�UeVXlWV��WKe�UeJUeVVLRQ�eTXDlLW\�UeJDUGLQJ�WKe�SUeGLFWLRQ�
RI�VWXGeQW�SeUIRUPDQFe��WKe�PDWKePDWLFDl�PRGel��LV�DV�IRllRZV�

6WXGeQW�SeUIRUPDQFe� ���������������/76���������636����������$7&/�
��������$&/�

:KLle�����RI�WKe�YDULDQFe�LQ�WKe�VWXGeQW�SeUIRUPDQFe�e[SeULeQFeG�E\�WKe�
SDUWLFLSDWLQJ�VWXGeQWV�ZDV�e[SlDLQeG�E\�WKe�LQGeSeQGeQW�YDULDEleV�LQFlXGeG�
LQ�WKe�PRGel��ZLWK�WKe�DLP�RI�XQGeUVWDQGLQJ�WKe�UelDWLRQVKLS�EeWZeeQ�WKe�
LQGeSeQGeQW�YDULDEleV�DQG�WKe�GLUeFWLRQ�RI�WKLV�UelDWLRQVKLS�WKe�FRUUelDWLRQ�
FReIILFLeQW�LV�FDlFXlDWeG��&KDUW���GLVSlD\V�WKe�FRUUelDWLRQ�UeVXlWV�

Table 3. The results of correlation analysis between LTST, SPST, SATCL 
and SACL 

LTST SPST SATCL SACL
/767����������3eDUVRQ�FRUUelDWLRQ

6LJ�����WDLleG�

1

�

�

��

����


����

��

������



����

��

������


����

��

6367�����������3eDUVRQ�FRUUelDWLRQ

6LJ�����WDLleG�

1

����


����

��

�

�

��

����


����

��

������

����

��

6$7&/������3eDUVRQ�FRUUelDWLRQ

6LJ�����WDLleG�

1

����



����

��

����


����

��

�

�

��

������


����

��

6$&/�������3eDUVRQ�FRUUelDWLRQ

6LJ�����WDLleG�

1

������


����

��

������

����

��

���������


���

��

�

�

��


�&RUUelDWLRQ�LV�VLJQLILFDQW�DW�WKe������leYel����WDLleG��


�&RUUelDWLRQ�LV�VLJQLILFDQW�DW�WKe������leYel����WDLleG��

/RRNLQJ�DW�7DEle���IRU�WKe�FRUUelDWLRQ�DQDl\VLV�UeVXlWV�����FRUUelDWLRQ�ZDV�
REVeUYeG�EeWZeeQ�$7&/�DQG�/76��ZKLFK�leDGV�WR�D�VLJQLILFDQW�UelDWLRQVKLS�
DW�WKe�KLJK�leYel�RI�������RQ�WKe�SRVLWLYe�GLUeFWLRQ�WKe�FRUUelDWLRQ�FReIILFLeQW�
FDlFXlDWeG� IRU� WKe�636�DQG�/76�ZDV� WKe���� LPSRUWDQFe� leYel�EeWZeeQ�
����±�����DQG�WKLV�leG�WR�D�PeGLXP�leYel�UelDWLRQVKLS����������VLPLlDU�WR�
WKe�PeGLXP�leYel�UelDWLRQVKLS�REVeUYeG�EeWZeeQ�636�DQG�$7&/����������
$FFRUGLQJ�WR�WKLV�UeVXlW��WKe�KLJKeVW�FRUUelDWLRQ�LV�EeWZeeQ�WKe�/76�DQG�
$7&/�YDULDEleV��2Q�WKe�RWKeU�KDQG��D�UelDWLRQVKLS�RQ�WKe�QeJDWLYe�GLUeFWLRQ�
ZDV�REVeUYeG�EeWZeeQ�$&/��/76��636�DQG�$7&/�YDULDEleV�ZLWK�D�lRZ�
FRUUelDWLRQ�FReIILFLeQW��EeWZeeQ�/767�6$&/����������EeWZeeQ�6$7&/�
6$&/��������DQG�EeWZeeQ�6367�6$&/�����������

DISCUSSION 
7R�DQDl\]e�WKe�UeVXlWV�RI�WKe�VWXG\�LQ�WeUPV�RI�VWXGeQWV¶�lRJLFDl�WKLQNLQJ�

VNLllV��/76���YDULRXV�ILQGLQJV�LQ�WKe�lLWeUDWXUe�KDYe�EeeQ�FRQVLGeUeG��:LWKLQ�
WKe�VWXG\��D�VLJQLILFDQW�LPSURYePeQW�ZDV�REVeUYeG�LQ�lRJLFDl�WKLQNLQJ�VNLllV�
RI�VWXGeQWV�SDUWLFLSDWLQJ�LQ�WKe�VWXG\�DIWeU�WKe�DSSlLFDWLRQV��/RJLFDl�WKLQNLQJ�
VNLllV�RI�VWXGeQWV��ZKR�SDUWLFLSDWeG�LQ�WKe�DIRUePeQWLRQeG�DSSlLFDWLRQV��ZeUe�
REVeUYeG�WR�KDYe�LPSRUWDQW�eIIeFWV�RQ�WKeLU�SeUIRUPDQFeV��7KLV�ILQGLQJ�LV�
SDUDllel�WR�WKe�SUeYLRXV�UeVeDUFK�ILQGLQJV��&UDZIRUG���������$FFRUGLQJ�WR�
UeVXlWV�REWDLQeG�IURP�SDUWLFLSDWLQJ�VWXGeQWV��WKe�VFLeQWLILF�SURFeVV�VNLllV�
LQFUeDVeG�VWDWLVWLFDll\�DQG�VLJQLILFDQWl\�DQG�LW�ZDV�REVeUYeG�WKDW�VFLeQWLILF�
SURFeVV�VNLllV�ZeUe�eIIeFWLYe�RQ�VWXGeQWV¶�SeUIRUPDQFeV��7KLV�ILQGLQJ�LV�
SDUDllel�WR�WKe�SUeYLRXV�UeVeDUFK�ILQGLQJV��6WRXW��������%eLVKXL]eQ�eW�Dl���
������7DWDU�� ������:X�	�+VLeK�� ������6XllLYDQ�� ������:DQJ�	�:eQ��
�������$�VWDWLVWLFDll\�VLJQLILFDQW�LPSURYePeQW�LQ�VWXGeQWV¶�DWWLWXGeV�WRZDUGV�
FKePLVWU\� lDERUDWRU\��$7&/��ZDV�REVeUYeG� LQ�SDUWLFLSDWLQJ�VWXGeQWV� LQ�
WKe�VWXG\��$GGLWLRQDll\��VWXGeQWV¶�DWWLWXGeV�WRZDUGV�FKePLVWU\�lDERUDWRU\�
ZRXlG�KDYe�VWDWLVWLFDll\�VLJQLILFDQW�FRQWULEXWLRQV�WR�VWXGeQW�SeUIRUPDQFeV��
9DULRXV� VWXGLeV� LQ� WKe� lLWeUDWXUe� UeSRUWeG� WKDW� VWXGeQWV� LQWeUDFWLQJ�ZLWK�
LQTXLU\�EDVeG�leDUQLQJ�DFWLYLWLeV�GeYelRSeG�PRUe�SRVLWLYe�DWWLWXGeV�WRZDUGV�
VFLeQFe��5XVVell�	�)UeQFK��������%RRWK��������9RQ�6eFNeU��������$lRXI�	�
%eQWle\��������%eUJ��%eUJeQGDKl�	�/XQGEeUJ��������+RIVWeLQ�	�/XQeWWD��
������'L3DVTXDle��0DVRQ�	�.RlNKRUVW��������.LSQLV�DQG�+RIVWeLQ��������
6PDUW�	�&VDSR���������)RllRZLQJ�WKe�LQTXLU\�EDVeG�FKePLVWU\�e[SeULPeQW��
VWXGeQWV¶�DQ[LeW\�WRZDUGV�FKePLVWU\�lDERUDWRULeV��$&/��ZDV�REVeUYeG�WR�
GeFUeDVe��+RZeYeU��WKe�DQ[LeW\�WRZDUGV�FKePLVWU\�lDERUDWRU\�ZDV�QRW�IRXQG�
WR�Ee�eIIeFWLYe�RQ�VWXGeQWV¶�SeUIRUPDQFeV�ZLWKLQ�WKe�FRQFeSW�RI�RXU�VWXG\��
'XULQJ�LQTXLU\�EDVeG�DFWLYLWLeV��VWXGeQWV�Ieel�WKePVelYeV�PRUe�LQYRlYeG�LQ�
WKLV�leDUQLQJ�SURFeVV�DQG�SUeVeQW�PRUe�SRVLWLYe�DWWLWXGeV�WRZDUGV�lDERUDWRU\�
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e[SeULeQFeV��6RPe�eGXFDWRUV�UeSRUWeG�WKDW�VXFK�DFWLYLWLeV�SURYLGeG�VWXGeQWV�
ZLWK�RSSRUWXQLWLeV�WR�GeYelRS�LQGeSeQGeQW�WKLQNLQJ��SeUFeLYLQJ�FKePLFDl�
FRQFeSWV�DQG�eQMR\�FRRSeUDWLYe�leDUQLQJ�eQYLURQPeQWV��+RIVWeLQ��1DKXP�
	�6KRUe��������$EG�(l�.KDlLFN�eW�Dl����������

$V�D�UeVXlW��WKe�VWXG\�VKRZeG�WKDW�IRllRZLQJ�WKe�LQTXLU\�EDVeG�DFWLYLWLeV��
WKe�DQ[LeW\�WRZDUGV�FKePLVWU\�lDERUDWRULeV��$&/��GeFUeDVeG�ZKLle�lRJLFDl�
WKLQNLQJ�VNLllV��/76���VFLeQWLILF�SURFeVV�VNLllV��636��DQG�DWWLWXGeV�WRZDUGV�
FKePLVWU\�lDERUDWRU\��$7&/��RI�VWXGeQWV�LPSURYeG��/RRNLQJ�DW�WKe�DSSlLFDWLRQ�
SKDVeV�RI�eDFK�JURXS�LQ�WeUPV�RI�WKeLU�LQTXLU\�EDVeG�FKePLVWU\�e[SeULPeQW�
DSSlLFDWLRQV��Dll�JURXS�PePEeUV�ZeUe�REVeUYeG�WR�ZRUN�LQ�WRWDl�FRRSeUDWLRQ��
$ll�PePEeUV�RI�WKe�JURXS�ZRUNeG�LQ�WeDPV�GXULQJ�WKe�SeUIRUPDQFe�RI�WKe�
LQLWLDl�e[SeULPeQW�DFFRUGLQJ�WR�JLYeQ�GLUeFWLRQV�DW�WKe�SUe�LQTXLU\�SKDVe�
DQG�GLG�QRW�e[SeULeQFe�DQ\�LQWeUDFWLRQ�SURElePV��$W�WKe�LQTXLU\�SKDVe�RI�
WKe� DSSlLFDWLRQV�� FeUWDLQ�GLIIeUeQFeV�EeWZeeQ�JURXSV� ePeUJeG�� ,QTXLU\�
SKDVe� LQYRlYeV� FeUWDLQ� DFWLYLWLeV�ZKeUe� UeleYDQW� TXeVWLRQV� DUe� DVNeG�� D�
TXeVWLRQ�RI�LQTXLU\�IRU�UeVeDUFK�LV�VeleFWeG��D�K\SRWKeVLV�LV�FRQVWUXFWeG�
RYeU�WKLV�TXeVWLRQ��VXJJeVWLRQV�IRU�VRlXWLRQV�RQ�WKLV�K\SRWKeVLV�DUe�JLYeQ��
DQ�e[SeULPeQW�LV�SlDQQeG�WR�UeDFK�WKe�UeTXLUeG�FRQFlXVLRQ�DQG�WKe�RXWFRPeV�
DUe�LQWeUSUeWeG��7Ke�LQWeUJURXS�GLIIeUeQFeV�ZeUe�PRVWl\�REVeUYeG�DW�WKe�
DFWLYLWLeV�ZKeUe�WKe�UeleYDQW�TXeVWLRQV�ZeUe�DVNeG�DQG�DQ�e[SeULPeQW�ZDV�
VXJJeVWeG�IRU�UeDFKLQJ�WKe�FRQFlXVLRQ��7Ke�PRVW�VWULNLQJ�DVSeFW�RI�WKLV�ZDV�
WKDW�VRPe�JURXSV�DVNeG�PRUe�TXDQWLWDWLYe�DQG�DPRXQW�RI�TXeVWLRQV�UelDWeG�
WR�LQTXLU\�LQ�FKePLVWU\�lDERUDWRULeV��*URXSV�ZLWK�WKe�LQGLFDWeG�GLIIeUeQFeV�
ZeUe�*URXS����*URXS����*URXS����*URXS���DQG�*URXS�����LQ�ZKLFK�VWXGeQWV�
DVNeG�PDQ\�TXeVWLRQV�ZLWK�TXDQWLWDWLYe�DVSeFWV�DQG�VXJJeVWeG�PRUe�WKDQ�
RQe�e[SeULPeQW��6WXGeQWV�LQ�WKeVe�JURXSV�VXJJeVWeG�e[SeULPeQWV��GXULQJ�
ZKLFK�WKe\�ZeUe�UeTXLUeG�WR�FRQWURl�YDULRXV�YDULDEleV��DQG�XWLlL]e�PRUe�
FRPSle[�DQG�UelLDEle�eTXLSPeQW�RU�WRRlV��7Ke�UeVW�RI�WKe�JURXSV�DVNeG�UDWKeU�
TXDlLWDWLYe�TXeVWLRQV��$QRWKeU�FRQFlXVLRQ�RI�WKe�DIRUePeQWLRQeG�DFWLYLWLeV�
ZDV�WKDW�VWXGeQWV�ZLWK�KLJKeU�VFRUeV�LQ�/767�DQG�6$7&/�GLVSlD\eG�EeWWeU�
SeUIRUPDQFeV�DV�D�UeVXlW�RI�WKe�DSSlLFDWLRQV��0RVW�RI�WKeVe�VWXGeQWV�ZeUe�
PePEeUV�RI�WKe�DERYe�PeQWLRQeG�JURXSV��9DULRXV�VWXGLeV�LQ�WKe�lLWeUDWXUe�
UeSRUWeG� WKDW� VWXGeQWV� LQWeUDFWLQJ�ZLWK� LQTXLU\�EDVeG� leDUQLQJ�DFWLYLWLeV�
GeYelRSeG�EeWWeU�SeUIRUPDQFe��

7Ke�XQ�VWUXFWXUeG�LQWeUYLeZV�ZeUe�DlVR�FRQGXFWeG�ZLWK�VWXGeQWV�DIWeU�
WKe�e[SeULPeQWDl�DSSlLFDWLRQV�FDUULeG�RXW�ZLWKLQ�WKe�VFRSe�RI�WKLV�DFWLYLW\��
$FFRUGLQJ�WR�WKe�DQDl\VLV�RI�WKe�VWXGeQW�LQWeUYLeZV�WKDW�ZKeQ�VWXGeQWV�DUe�
DVNeG�PRWLYDWLQJ�TXeVWLRQV�WKe\�DUe�PRWLYDWeG�WR�WDNe�PRUe�UeVSRQVLELlLWLeV�
IRU�IXUWKeU�UeVeDUFK�DQG�DUe�eQFRXUDJeG�WR�GLVFRYeU�NQRZleGJe�UelDWeG�WR�
WKeVe�TXeVWLRQV��WKe\�SeUIRUPeG�EeWWeU�LQ�leDUQLQJ��6WXGeQWV�UeSRUWeG�WKDW�
WKe\� FRlleFWeG�GDWD� DFWLYel\� DQG� FDPe� WR� FRQFlXVLRQV� DIWeU� SeUIRUPLQJ�
WKe�DQDl\VLV�DQG�V\QWKeVLV�SKDVeV��7Ke\�PeQWLRQeG�WKDW�WKe�e[SeULPeQWV�
ZeUe�UelDWeG�WR�WKe�WKeRUeWLFDl�WRSLFV�WKe\�leDUQW�LQ�WKeLU�FKePLVWU\�FlDVVeV�
�FRUURVLRQ��eleFWURFKePLVWU\��FKePLFDl� UeDFWLRQV��DFLGV�DQG�EDVeV��eWF����
'XULQJ�Dll�DSSlLFDWLRQV��VWXGeQWV�ZRUNeG�LQ�FRRSeUDWLRQ�ZLWK�WKeLU�JURXS�
PDWeV��7Ke�UeVeDUFKeU�DVVLVWeG�VWXGeQWV�DW�Dll�WLPeV�DQG�PRWLYDWeG�WKeP�
IRU�IXUWKeU�UeVeDUFK��

CONCLUSIONS
7KeVe�RXWFRPeV�REWDLQeG�IURP�VWXGeQW�LQWeUYLeZV�VKRZeG�WKDW�WKe�LQTXLU\�

EDVeG�leDUQLQJ�eQYLURQPeQW�LPSURYeG�VWXGeQWV¶�leDUQLQJ�e[SeULeQFeV��7KLV�
FRQFlXVLRQ�LV�LQ�lLQe�ZLWK�WKe�ILQGLQJV�RI�VRPe�RWKeU�UeVeDUFK��.UDMFLN�eW�
Dl���������3DULV�	�3DULV��������3DWULFN�	�0LGGleWRQ��������3eUU\��eW�Dl���
������&KDQJ��6XQJ�	�/ee���������
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Inquiry based experimental applications in the chemistry laboratory

APPENDIX I 
7Ke�DSSlLFDWLRQ�SURFeVV�e[SeULeQFeG�E\�*URXS���VWXGeQWV�SDUWLFLSDWLQJ�

LQ�LQTXLU\�EDVeG�FKePLVWU\�e[SeULPeQW�DSSlLFDWLRQV�

Group 7
6WXGeQW�����6WXGeQW����DQG�6WXGeQW���

35(�,148,5<�3+$6(

Initial experiment: $�SLeFe� RI� FRWWRQ� LPPeUVeG� LQ� eWK\l� DlFRKRl�
LQIlDPLQJ�ZLWKRXW�XVLQJ�DQ\�PDWFKeV�GXe�WR�WKe�XWLlL]DWLRQ�RI�VXlIXULF�DFLG�
SRWDVVLXP�SeUPDQJDQDWe

Required tools and equipment for the initial experiment: 
3RWDVVLXP�SeUPDQJDQDWe��.0Q2����>��J@��6XlIXULF�DFLG��+�62����>����

GURSV@��(WK\l�DlFRKRl��&�+�2+���&RWWRQ��SDSeU��ZDWFK�JlDVV�DQG�WRQJV

Experiment Procedures:
�J�.0Q2��LV�SlDFeG�RQ�WKe�ZDWFK�JlDVV����������GURSV�RI�FRQFeQWUDWeG�

+�62��LV�DGGeG������7Ke�SLeFe�RI�FRWWRQ�LV�LPPeUVeG�LQ�DlFRKRl������7Ke�
SLeFe�RI�FRWWRQ�LV�KelG�ZLWK�WKe�WRQJV�DQG�LV�UXEEeG�DJDLQVW�.0Q2��DQG�
+�62��DQG�����7Ke�SLeFe�RI�FRWWRQ�ZLWK�DlFRKRl�LV�LQIlDPeG�

���������������������������������

Result of the experiment and comments:
7KeUe�ZLll� Ee� UeleDVe� VSDUNV� DQG�RI�R[\JeQ�DW� WKe� ILUVW� UeDFWLRQ� WKDW�

RFFXUV�EeWZeeQ�VXlIXULF�DFLG�DQG�SRWDVVLXP�SeUPDQJDQDWe��7Ke�UeleDVeG�
R[\JeQ�DllRZV�WKe�LQIlDPLQJ�RI�eWK\l�DlFRKRl��:KeQ�WKe�SLeFe�RI�FRWWRQ�ZLWK�
eWK\l�DlFRKRl�LV�UXEEeG�DJDLQVW�WKe�PL[WXUe�RI�VXlIXULF�DFLG�DQG�SRWDVVLXP�
SeUPDQJDQDWe��WKe�LQIlDPLQJ�RFFXUV�DQG�EXUQV�WKe�SLeFe�RI�FRWWRQ��3RWDVVLXP�
SeUPDQJDQDWe�LV�D�VWURQJ�R[LGL]eU��6XlIXULF�DFLG�LV�XVeG�WR�FUeDWe�WKe�DFLGLF�
eQYLURQPeQW��%eFDXVe�SRWDVVLXP�SeUPDQJDQDWe�FRXlG�Ee�UeGXFeG�IURP����
WR����DQG�VLPLlDUl\�IURP����WR�����7Ke�YDlXe��WR�ZKLFK�WKe�SeUPDQJDQDWe�
LV�JRLQJ�WR�Ee�UeGXFeG��FRXlG�Ee�GeWeUPLQeG�E\�WKe�DFLGLF�eQYLURQPeQW�

,148,5<�3+$6(

Producing questions
1. :KDW�NLQG�RI�D�UeDFWLRQ�RFFXUUeG�EeWZeeQ�WKe�SRWDVVLXP�SeUPDQJDQDWe�

DQG�WKe�VXlIXULF�DFLG�GXULQJ�WKe�e[SeULPeQW"�2. :KDW�LV�WKe�UeDVRQ�IRU�WKe�
LQIlDPLQJ�RI�WKe�SLeFe�RI�FRWWRQ�ZLWK�eWK\l�DlFRKRl�DQG�WKe�GXe�WR�WKe�UeDFWLRQV�
LQ�SRWDVVLXP�SeUPDQJDQDWe�VXlIXULF�DFLG�PL[WXUe"�3. :KDW�LV�WKe�UeDVRQ�IRU�
XVLQJ�VXlIXULF�DFLG�LQ�WKe�e[SeULPeQW"�4.�+RZ�GReV�WKe�e[FKDQJe�RI�eQeUJ\�
EeWZeeQ�WKe�eQYLURQPeQW�DQG�WKe�V\VWeP�GXULQJ�FKePLFDl�UeDFWLRQV�RFFXU"�
5. +RZ�DUe�FKePLFDl�WUDQVIRUPDWLRQV�UelDWeG�WR�eQeUJ\�FKDQJe"�6. :KDW�LV�
FKePLFDl�eQeUJ\"�7. :K\�DUe�VRPe�UeDFWLRQV�eQGRWKeUPLF�RU�e[RWKeUPLF�
LQ�WeUPV�RI�ERQG�IRUPDWLRQ�DQG�ERQG�EUeDNLQJ"� ����

Selected question of inquiry 
+RZ�FRXlG�Ze�GeWeUPLQe�WKDW�WKe�R[\JeQ�DQG�QLWURJeQ�JDVeV�WKDW�e[LVW�LQ�

WKe�DLU�DQG�GR�QRW�UeDFW�ZLWK�eDFK�RWKeU�SURGXFe�QLWURJeQ�GLR[LGe�JDV�WKURXJK�
LWV�UeDFWLRQ�GXe�WR�lLJKWQLQJ��ZKLle�FeUWDLQ�UeDFWLRQV�LQ�WKe�eQYLURQPeQW�Ze�
Vee��e[SeULeQFe��SeUIRUP�RU�REVeUYe�UeTXLUe�WePSeUDWXUe"

Producing sub questions related to the selected question of inquiry
���,I�Ze�SXW�VRPe�TXLFN�lLPe�LQ�D�EeDNeU�ILlleG�ZLWK�ZDWeU��D�KLJK�GeJUee�

RI�WePSeUDWXUe�LV�UeleDVeG��
���,V�WKLV�D�FRQVeTXeQFe�RI�GeJUDGDWLRQ"�,I�Ze�SXW�DQRWKeU�VRlXEle��VXFK�

DV�VDlW�� LQ�ZDWeU��ZRXlG�WKe� WePSeUDWXUe�Ee�UeleDVeG�DJDLQ"�:KDW� LV� WKe�
UeDVRQ�IRU�WKe�GLIIeUeQFe�LQ�WePSeUDWXUe"

���7Ke�e[RWKeUPLF�UeDFWLRQ�RFFXUV�ZKeQ�R[\JeQ�UeFeLYeV���eleFWURQ��
KRZeYeU��ZK\�GReV� WKe� eQGRWKeUPLF� UeDFWLRQ� RFFXU�ZKeQ� WKe�2��� LRQ�
UeFeLYeV�DQRWKeU�eleFWURQ"�,Q�RWKeU�ZRUGV��ZKLle�DQ�R[\JeQ�DWRP�UeleDVeV�
KeDW�ZKeQ�LW�UeFeLYeV�DQG�eleFWURQ��ZK\�GReV�LW�UeTXLUe�KeDW�IURP�RXWVLGe�
LQ�UeFeLYLQJ�DQRWKeU�eleFWURQ"

���2[LGDWLRQ�UeGXFWLRQ���QeXWUDlL]DWLRQ���IXVLRQ�UeDFWLRQV���GLVVRlXWLRQ�
RI�JDVeV�LQ�ZDWeU� ��R[LGDWLRQ�eYeQWV� ��Dll�FRPEXVWLRQ�eYeQWV� ��FKePLFDl�
ERQG�IRUPDWLRQ��ZKLFK�RI�WKeVe�FRXlG�Ee�DQ�e[DPSle�RI�DQ�eQGRWKeUPLF�
RU�e[RWKeUPLF�UeDFWLRQ"

���,I�WKe�WePSeUDWXUe�RI�D�UeDFWLRQ�WKDW�eLWKeU�UeleDVeV�RU�UeTXLUeV�KeDW�LV�
PeDVXUDEle�DW�WKe�lDERUDWRU\�eQYLURQPeQW��ZLll�LW�Ee�SRVVLEle�WR�GeWeUPLQe�
ZKeWKeU� WKe� UeDFWLRQ� LV� eQGRWKeUPLF� RU� e[RWKeUPLF� E\�PeDVXULQJ� WKe�
WePSeUDWXUe�EeIRUe�DQG�DIWeU�WKe�UeDFWLRQ"

Establishing a hypothesis on the selected question of inquiry
,W�LV�SRVVLEle�WR�GeWeUPLQe�ZKeWKeU�D�UeDFWLRQ�LV�e[RWKeUPLF�RU�eQGRWKeUPLF�

E\�PDNLQJ�XVe�RI�WKe�FKDQJe�LQ�WKe�UeDFWLRQ�WePSeUDWXUe�WKURXJK�PeDVXUePeQW�
RI�WKe�WePSeUDWXUe�EeIRUe�DQG�DIWeU�WKe�UeDFWLRQ�LQ�D�FKePLFDl�UeDFWLRQ�

Proposing solutions to validate the hypothesis 
���� 'eWeUPLQLQJ�ZKeWKeU� D� UeDFWLRQ� LV� eQGRWKeUPLF� RU� e[RWKeUPLF� E\�

PeDVXULQJ�WR�ZKDW�e[WeQW�WKe�KeDW�UeleDVeG�DIWeU�WKe�UeDFWLRQ�FKDQJeG�
WKe�UeDFWLRQ�eQYLURQPeQW�DQG�RXWVLGe�WePSeUDWXUe�XVLQJ�D�FDlRULPeWeU�
FRQWDLQeU

���� 'eWeUPLQLQJ�ZKeWKeU� D� UeDFWLRQ� LV� eQGRWKeUPLF� RU� e[RWKeUPLF� E\�
PeDVXULQJ�WKe�WePSeUDWXUe�EeIRUe�DQG�DIWeU�WKe�UeDFWLRQ�DW�FRQVWDQW�
SUeVVXUe�

Experiment Proposal: 
'eWeUPLQLQJ�ZKeWKeU�FeUWDLQ�UeDFWLRQV�DUe�eQGRWKeUPLF�RU�e[RWKeUPLF

Experiment Tools and Equipment:
6RGLXP�K\GUR[LGe�VRlXWLRQ��'LlXWeG�K\GURFKlRULF�DFLG�VRlXWLRQ��6RGLXP�

K\GURJeQ� FDUERQDWe� VRlXWLRQ��&LWULF� DFLG��&RSSeU� �,,�� VXlIDWe� VRlXWLRQ��
'LlXWeG�VXlIXULF�DFLG�VRlXWLRQ��0DJQeVLXP�SRZGeU�DQG�%eDNeU��WKeUPRPeWeU�
DQG�EDJXeWWe����

Experiment Procedure:
���3XW�VRPe�VRGLXP�K\GUR[LGe�LQ�D�WeVW�WXEe�DQG�SXW�WKe�VDPe�YRlXPe�

RI� K\GURFKlRULF� DFLG� VRlXWLRQ� LQ� DQRWKeU� WeVW� WXEe�� ����0eDVXUe� WKeLU�
WePSeUDWXUeV� VeSDUDWel\� YLD� D� WKeUPRPeWeU�� ����3RXU� WKe� DFLG� VRlXWLRQ�
LQWR�WKe�VRGLXP�K\GUR[LGe�VRlXWLRQ�VlRZl\��0eDVXUe�WKe�WePSeUDWXUe�RI�
WKe�PL[WXUe�YLD� WKeUPRPeWeU� DQG� ����&RPSDUe� WKe� WePSeUDWXUeV�RI� WKe�
VRlXWLRQV�EeIRUe�DQG�DIWeU�PL[LQJ�

7Ke�VDPe�SURFeGXUe�VKDll�Ee�IRllRZeG�IRU�WKe�IRllRZLQJ�
�D�6RGLXP�K\GURJeQ�FDUERQDWe�VRlXWLRQ�DQG�FLWULF�DFLG���E��&RSSeU��,,��

VXlIDWe� VRlXWLRQ�DQG�PDJQeVLXP�SRZGeU� DQG� �F��'LVVRlXWLRQ�RI� LPSXUe�
VRGLXP�K\GUR[LGe��1D2+���ZDWeU�

7Ke�UeVXlW�DQG�LQWeUSUeWDWLRQ�RI�WKe�e[SeULPeQW�
5eDFWLRQ��3Ue�UeDFWLRQ�WePSeUDWXUe�3RVW�UeDFWLRQ�WePSeUDWXUe
Sodium hydroxide solution + dilute hydrochloric acid solution
NaOH + HCl   →    NaCl + H2O 
$ll� DFLG�EDVe� UeDFWLRQV��PeDQLQJ� Dll� QeXWUDlL]DWLRQ� UeDFWLRQV� DUe�

e[RWKeUPLF���˚&���˚&
Sodium hydrogen carbonate solution + citric acid
3NaHCO3(s) + H3C6H5O7(aq) →  Na3C6H5O7(aq) + 3H2O + 3CO2 (g)�
:KeQ�6RGLXP�K\GURJeQ�FDUERQDWe�LV� LQ�UeDFWLRQ�ZLWK�WKe�FLWULF�DFLG�

LQWR�WKe�UeDFWLRQ��&2��JDV�LV�UeleDVeG���˚�&��˚&
Copper (II) sulfate solution + magnesium powder
,Q�WKDW��UeDFWLRQ�PDJQeVLXP�LV�D�PRUe�DFWLYe�PeWDl�WKDQ�FRSSeU��7KeUeIRUe��

LI�Ze�SXW�PDJQeVLXP�LQWR�FRSSeU�VXlIDWe�VRlXWLRQ��PDJQeVLXP�ZLll�UeSlDFe�
WKe�FRSSeU�LQ�WKe�VRlXWLRQ�DQG�WKe�KeDW�ZLll�Ee�UeleDVeG��&RSSeU�VXlIDWe�
VRlXWLRQ�LV�ElXe�LQ�FRlRU��:KeQ�Ze�DGG�WKe�PDJQeVLXP�PeWDl�DV�D�SRZGeU�
LQWR�WKDW��WKe�VRlXWLRQ�LV�REVeUYeG�WR�EeFRPe�WUDQVSDUeQW�DQG�WKe�FRSSeU�
SLeFeV�IRUPeG�SUeFLSLWDWLRQ�DW�WKe�ERWWRP�RI�WKe�VRlXWLRQ��7Ke�PeDVXUeG�
WePSeUDWXUe�YDlXe�SURYeV�WKDW�WKe�UeDFWLRQ�LV�e[RWKeUPLF���˚&���˚&

NaOH(s) →  Na+
(aq) + OH-

(aq)
'LVVRlXWLRQ�RI�LPSXUe�VRGLXP�K\GUR[LGe�LQ�ZDWeU�LV�e[RWKeUPLF���˚&���˚&

Validating the hypothesis:
7Ke� WeVWLQJ� DW� WKe� eQG�RI� WKe� DSSlLFDWLRQ� FRQFlXGeG� WKDW� WKe� UeVXlWV�

REWDLQeG�ZeUe�LQ�FRKeUeQFe�ZLWK�WKe�K\SRWKeVLV�FRQVWUXFWeG�
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Abstract
This article describes a study of student activities in Earth and Space Science 
(IPBA) laboratory, which were designed to help physics teacher candidates to 
improve scientific abilities that are valuable in the work place. In these labs 
students design and conduct their own experiments. This study, we started 
to study whether the IPBA laboratory can support students not only write as 
scientists but also be involved in working like scientists while in the laboratory. 
For example, to represent physical processes in multiple ways; to modify a 
qualitative explanation; to design an experimental investigation; to collect and 
analyze data; to evaluate experimental predictions and outcomes, conceptual 
claims, problem solutions, and models, and to communicate experimental 
results of seven earth science topics. The students were taught the tsunami, 
tectonic plate, earth’s magnetic field, volcano eruption, climate changes, sun’s 
radiation, and green house’s effect topics. In the experimental groups Guided 
Inquiry Laboratory (GIL) model was used while the Regular Laboratory Activity 
(RLA) was used in the control class. The experimental class was exposed to 
GIL for a period of seven weeks. The researchers trained the other lecturer in 
the GIL before the treatment. Pre-test was administered before the treatment 
and a post-test after seven weeks treatment. The instrument that was used in 
the study was Scientific Abilities Performance Evaluation (SAPE) to measure 
student’s scientific abilities. The instrument was pilot tested to assess the 
reliability. The reliability coefficient was 0.76. Experts assessed their validity 
before being used for data collection. Data were analyzed using t-test and gain 
score. Hypotheses were accepted or rejected at significant level of 0.05. Results 
of the study show that GIL was higher improvement than RLA. The researchers 
conclude that GIL is an effective strategy, which physics lecturers should be 
encouraged to implement in physics education programs.
Key words: scientific ability; guided inquiry laboratory; regular laboratory 
activity 

Resumen
Este artículo describe un estudio de las actividades de los estudiantes en laboratorio 
de la Tierra  y de (sSacio �,3%$� � disexadas Sara  meMorar las haEilidades cientt¿cas 
a  candidatos  a profesores de física.  En estos laboratorios los estudiantes diseñan y 
llevan a cabo sus propios experimentos y realizan las actividades  para representar 
Srocesos ftsicos en m~ltiSles formas� Sara modi¿car una e[Slicaciyn cualitativa� 
para diseñar una investigación experimental; para recopilar y analizar datos; 
para evaluar las predicciones experimentales y los resultados, reclamaciones 
conceptuales, soluciones de problemas y modelos, y para comunicar los resultados 
experimentales de siete temas de ciencias de la tierra. Los tema fueron sobre  el 
tsunami, las placas tectónicas, el campo magnético de la tierra, la erupción del 
volcán, los cambios climáticos, la radiación del sol, y el efecto inverdadero. En los 
grupos experimentales se utilizó el modelo de laboratorio  de indagación guiado  
(GIL), mientras que la actividad de laboratorio tradicional  (RLA) se utilizó en 
la clase de control. La clase experimental fue expuesta a GIL por un período de 
siete semanas. Los investigadores entrenaron a otro profesor sobre el método GIL 
antes del tratamiento. El Pre-test fue administrado antes del tratamiento y el post-
test  después  de siete semanas de tratamiento. El instrumento que se utilizó en el 
estudio Sara medir las haEilidades cientt¿cas de los estudiantes fue la (valuaciyn 
de haEilidades cuanti¿cas �6$3(�� (l coe¿ciente de con¿aEilidad fue de ���� y 
los expertos evaluaron su validez antes de ser utilizado para la recolección de 
datos. El estudio muestra  que los resultados del laboratorio experimental GIL  
fue mejor, comparando con el tradicional  RLA. Los resultados muestran  que GIL 
es una estrategia e¿ca]� Tue deEe ser recomendado Sara  Srofesores de ftsica en 
los programas de estudio.  
Palabras clave: caSacidad cienttfica� laEoratorio de investigaciyn guiada�actividades 
de laboratorio 

INTRODUTION
6FLeQWLILF� DELlLWLeV� DUe� IXQGDPeQWDl� LQ� FRQGXFWLQJ� e[SeULPeQWDl�

VFLeQFe�� �0RVW� RI� VWXGeQWV� RI� SK\VLFV� eGXFDWLRQ� SURJUDPV� DUe� QRW�

IDPLlLDU�ZLWK�KRZ�WR�FRQGXFW�e[SeULPeQWDl�VFLeQFe�RU�WKe\�PD\�EelLeYe�
WKDW� WKe\� GR� QRW� NQRZ� eQRXJK� DERXW� VFLeQWLILF� DELlLWLeV�� � ,QGeeG��
VWXGeQW¶�PLVFRQFeSWLRQV�DQG�LQDFFXUDFLeV�UeJDUGLQJ�UDQGRPL]DWLRQ��
VDPSle�VL]e��DQG�SURSeU�FRQWURlV�KDYe�EeeQ�GeVFULEeG�DW�WKe�FRlleJe�
leYel� �$QGeUVRQ�&RRN� DQG�'RUDL�5DM�� ������+LeEeUW�� ������� DW� WKe�
JUDGXDWe�leYel��=RlPDQ���������DV�Zell�DV�LQ�SURIeVVLRQDl�SXElLVKLQJ�
LQ�lLIe�VFLeQFeV��)eVWLQJ���������+RZeYeU��E\�XVLQJ�D�LQTXLU\�PRGel��
VWXGeQWV�FDQ�EeFRPe�eQJDJeG�LQ�WKe�VFLeQWLILF�DELlLWLeV�DQG��LQ�WXUQ�
EeJLQ�WR�WKLQN�GeeSl\�DERXW�e[SeULPeQWDl�VFLeQFe��

/eYelV�RI�LQTXLU\�IRU�VFLeQFe�leDUQLQJ�DQG�lDWeU�e[SlLFDWeG�WKe�DVVRFLDWeG�
leDUQLQJ�VeTXeQFeV�DUe�SUeVeQWeG�E\�:eQQLQJ���������������V\VWePDWLFDll\�
DGGUeVVLQJ� WKe�YDULRXV�RI� LQTXLU\� leYelV��7KeVe� DUe�GLVFRYeU\� leDUQLQJ��
LQWeUDFWLYe� GePRQVWUDWLRQV�� leVVRQV� LQTXLU\�� lDERUDWRU\� LQTXLU\�� DQG�
K\SRWKeWLFDl� LQTXLU\��/eFWXUeUV�ZRXlG� KelS� VWXGeQWV� LPSURYe� D�ZLGeU�
UDQJe�RI�LQWelleFWXDl�DQG�VFLeQWLILF�DELlLWLeV��+eUURQ��������DQG�:eQQLQJ�
�������FlDVVLILeG�WKe�LQTXLU\�lDERUDWRU\�LQ�WKUee�W\SeV�EDVeG�XSRQ�GeJUee�
RI�VRSKLVWLFDWLRQ�DQG�lRFXV�RI�FRQWURl��JXLGeG�LQTXLU\�lDERUDWRU\��ERXQGeG�
LQTXLU\�lDERUDWRU\�DQG�IUee�LQTXLU\�

7Ke�XVe�RI�LQTXLU\�lDERUDWRU\�LV�KDllPDUN�RI�RXWVWDQGLQJ�eDUWK�DQG�
VSDFe�VFLeQFe�leFWXUeUV�RU�WeDFKeUV��(DUWK�DQG�VSDFe�VFLeQFe�leFWXUeUV�
RU� WeDFKeUV�ZKR�XVe� WKLV� DSSURDFK� LPSURYe�ZLWKLQ� WKeLU� VWXGeQWV� DQ�
XQGeUVWDQGLQJ�WKDW�VFLeQFe�LV�VFLeQWLILF�DWWLWXGe��D�SURGXFW�DQG�D�SURFeVV��
7Ke�VWXGeQWV�RI�WKeVe�leFWXUeUV�RU�WeDFKeUV�QRW�RQl\�leDUQ�WKe�UXGLPeQWDU\�
NQRZleGJe�� VFLeQWLILF� DWWLWXGe�� VNLllV� SRVVeVVeG� DQG� ePSlR\eG� E\�
VFLeQWLVWV��WKe\�DlVR�leDUQ�DERXW�WKe�eDUWK�DQG�VSDFe�VFLeQFe��3\le���������
7KeUe�DUe�PDQ\�UeDVRQV�ZK\�eVWDElLVKeG�eDUWK�DQG�VFLeQFe�leFWXUeUV�RU�
WeDFKeUV�IDLl�WR�WeDFK�XVLQJ�lDERUDWRU\�LQTXLU\��$PRQJ�WKeVe�UeDVRQV�LV�
WKDW�eDUWK�DQG�VSDFe�VFLeQFe�WeDFKeUV�RIWeQ�GR�QRW�WKePVelYeV�SRVVeVV�
D�KRlLVWLF�XQGeUVWDQGLQJ�RI�WKe�VFLeQWLILF�SURFeVV��7KLV�LQ�Dll�lLNelLKRRG�
VWePV�IURP�WKe�QDWXUe�RI�WUDGLWLRQDl�eDUWK�DQG�VSDFe�VFLeQFe�WeDFKLQJ�
DQG� WKe�5/$�DW� WKe�XQLYeUVLW\� leYel� WKDW�FRPPRQl\�XVeV�D� µWeDFKLQJ�
E\�WellLQJ¶�DSSURDFK��

$�*,/�LV�WKe�leYel�RI�LQTXLU\�SUDFWLFe��,QTXLU\�lDERUDWRU\�JeQeUDll\�ZLll�
FRQVLVW�RI�VWXGeQWV�PRUe�RU�leVV�LQGeSeQGeQWl\�GeYelRSLQJ�DQG�e[eFXWLQJ�
DQ�e[SeULPeQWDl�SlDQ�DQG�FRlleFWLQJ�DSSURSULDWe�GDWD��7KeVe�GDWD�DUe�WKeQ�
DQDl\]eG�WR�ILQG�D�lDZ�RU�D�TXDlLWDWLYe�UelDWLRQVKLS�DPRQJ�YDULDEleV�IRU�
WKe�VeYeQ�WRSLFV�FRXUVeV��:e�XVeG�*,/�IRU�LPSURYLQJ�VFLeQWLILF�DELlLWLeV�
EeFDXVe�WKe�WRSLFV�DUe�YeU\�GLIILFXlW�WR�ILQG�SUeFLVe�UelDWLRQVKLSV�DPRQJ�
YDULDEleV��:eQQLQJ��������GeVFULEeG�WKDW�LQ�lDERUDWRU\�LQTXLU\�VWXGeQWV�
eVWDElLVK�ePSLULFDl�lDZV�EDVeG�RQ�PeDVXUePeQW�RI�e[SeULPeQW�YDULDEleV�
�ZRUN� FRllDERUDWLRQ�XVeG� WR� FRQVWUXFW�PRUe� GeWDLleG� NQRZleGJe���7KLV�
lDERUDWRU\� LQTXLU\� DSSURDFK� LV� QRW� WR� Ee� FRQIXVeG�ZLWK� WKe� WUDGLWLRQDl�
³FRRNERRN´�5/$��7Ke� GLVWLQFWLRQ� EeWZeeQ� WKe�5/$�DQG� WUXe� LQTXLU\�
RULeQWeG�lDERUDWRU\�LV�SUeVeQWeG�RQ�7DEle���

:e�XVeG�VFLeQWLILF�DELlLWLeV�GeILQLWLRQ�IURP�(WNLQD�eW�Dl���������WKDW�FRQVLVW�
RI�VL[�RI�VeYeQ�VFLeQWLILF�DELlLWLeV������UeSUeVeQWLQJ�SK\VLFDl�SURFeVVeV�LQ�
PXlWLSle�ZD\V�������PRGLI\LQJ�D�TXDlLWDWLYe�e[SlDQDWLRQ������GeVLJQLQJ�DQ�
e[SeULPeQWDl�LQYeVWLJDWLRQ������FRlleFWLQJ��DQG�DQDl\]LQJ�GDWD������eYDlXDWLQJ�
e[SeULPeQWDl�SUeGLFWLRQV�DQG�RXWFRPeV��FRQFeSWXDl�FlDLPV��SUREleP�VRlXWLRQV��
DQG�PRGelV��DQG�����FRPPXQLFDWLQJ�e[SeULPeQWDl�UeVXlWV��:e�UePRYeG�D�
VFLeQWLILF�DELlLW\�DERXW�ILQGLQJ�TXDQWLWDWLYe�UelDWLRQVKLS�EeFDXVe�WKe�eDUWK�
DQG�VSDFe�WRSLFV�DUe�YeU\�GLIILFXlW�WR�ILQG�WKe�TXDQWLWDWLYe�UelDWLRQVKLS�LQ�
WeDFKLQJ�DFWLYLW\�

,Q�PRVW�SK\VLFV�eGXFDWLRQ�SURJUDPV�lLWWle�DWWeQWLRQ�LV�JLYeQ�WR�KRZ�
WKe�SURFeVVeV�RI�LQTXLU\�RULeQWeG�lDERUDWRU\��*,/��VKRXlG�Ee�WDXJKW��,W�LV�
RIWeQ�DVVXPeG�WKDW�WKe�WeDFKeU�FDQGLGDWeV�JUDGXDWe�IURP�WKe�SURJUDPV�RI�
KLJKeU�leDUQLQJ�IRU�XQGeUVWDQGLQJ�KRZ�WR�FRQGXFW�LQTXLU\�lDERUDWRU\�DQG�
FDQ�eIIeFWLYel\�SDVV�RQ�DSSURSULDWe�FRQFeSWV�DQG�VFLeQFe�DELlLWLeV�WR�WKeLU�
VWXGeQWV��,QTXLU\�RULeQWeG�lDERUDWRU\�SURFeVVeV��LI�IRUPDll\�DGGUeVVeG�DW�
Dll��DUe�RIWeQ�WUeDWeG�DV�DQ�DPDlJDP�RI�QRQ�KLeUDUFKLFDl�DFWLYLWLeV��7KeUe�
LV�D�FULWLFDl�QeeG�WR�V\QWKeVL]e�D�IUDPeZRUN�IRU�PRUe�eIIeFWLYe�SURPRWLRQ�
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RI�LQTXLU\�lDERUDWRU\�SURFeVVeV�DPRQJ�VWXGeQWV�DW�Dll�leYelV��7KLV�DUWLFle�
SUeVeQWV�SRVVLEle�ZD\V�WR�LPSURYe�VWXGeQW¶V�VFLeQWLILF�DELlLW\�E\�XVLQJ�
JXLGeG�LQTXLU\�lDERUDWRU\�ZLWK�e[DPSleV�IURP�eDUWK�DQG�VSDFe�VFLeQFe�
WRSLF�WKDW�FDQ�KelS�SK\VLFDl�VFLeQFe�leFWXUeUV�SURPRWe�DQ�LQFUeDVLQJl\�
PRUe�VRSKLVWLFDWeG�XQGeUVWDQGLQJ�RI�JXLGeG�LQTXLU\�lDERUDWRU\�DPRQJ�
WKeLU�VWXGeQWV�

DESIGN AND METHOD
5eVeDUFK� GeVLJQ� LQ� WKLV� VWXG\�ZDV� DFFRUGeG� RQ�$'',(� �AQDl\VLV��

DeVLJQ��DeYelRS��IPSlePeQWDWLRQ��DQG�EYDlXDWLRQ��PRGel��7Ke�$'',(�
PRGel�ZDV� GeYelRSeG�E\�5R\Fe� LQ� ����� �6RPPeUYLlle�� ������� ,W� KDV�
ILYe�SKDVeV�WKDW�LV�WKe�VWDQGDUG�EDVLF�PRGel�IRU�DlPRVW�Dll�,QVWUXFWLRQDl�
'eVLJQ��,W�LV�UeIeUeQFeG�LQ�VeYeUDl�GRFXPeQWV�SURSRVLQJ�VWDQGDUG�GeVLJQ�
SURFeVVeV��VXFK�DV�LQ��$VN(5,&��������,(((��������7Ke�ILYe�SKDVeV�DUe�
VKRZQ�LQ�ILJXUe����

                                                             

Figure 1.  Five phases of ADDIE model. 

:e�XVeG�D�TXDlLWDWLYe�DSSURDFK�IRU�Analysis, Design, Development, 
Implementation� SKDVeV� DQG�Ze� XVeG� D� TXDQWLWDWLYe� DSSURDFK� IRU� WKe�
Evaluation SKDVe�

Analysis
7KLV�VWeS�LV�WKe�GeVFULSWLRQ�RI�ZKDW�LV�JRLQJ�WR�Ee�WDXJKW�WKe�eDUWK�VFLeQFe�

WRSLFV� DQG� IRUPV� WKe�EDVLV�RI� Dll� RWKeU� VWeSV�� ,Q� WKLV� VWeS�� WKe�GeVLJQeU�
GeWeUPLQeV�WKe�QeeGV�DQG�WKe�LGeQWLILFDWLRQV�RI�VFLeQWLILF�DELlLWLeV��ZKLFK�
WKe�leDUQeUV�SUeVeQWl\�KDYe��DQG�EeKDYLRUV�ZKLFK�WKe\�PXVW�KDYe�RU�WKe\�
DUe�e[SeFWeG�WR�KDYe��,Q�RWKeU�ZRUGV��D�QeeGV�DQDl\VLV�LV�FRQGXFWeG��7Ke�
V\VWeP� LV� DQDl\]eG� DQG� WKe� SUREleP�DQG� WKe� URRWV� RI� WKe� SUREleP�DUe�
GeVFULEeG��7Ke�FRQVWUDLQWV�DUe�GeWeUPLQeG�DQG�WKe�SRVVLEle�VRlXWLRQV�IRU�
WKe�SUREleP�DUe�IRXQG��

Design 
7KLV�LV�WKe�GeWeUPLQDWLRQ�SURFeVV�RI�KRZ�WKe�WRSLFV�DUe�JRLQJ�WR�Ee�

leDUQW��,Q�WKLV�VWeS��D�VeW�RI�VSeFLILFDWLRQV�IRU�DQ�eIIeFWLYe��eIILFLeQW�DQG�

UeleYDQW�leDUQeU�eQYLURQPeQW�LV�GeVLJQeG��7Ke�GeYelRSPeQW�VWUDWeJ\�LV�
GeWeUPLQeG�LQ�DFFRUGDQFe�ZLWK�WKe�GDWD�REWDLQeG�GXULQJ�WKe�DQDl\VLV�SKDVe�
DQG�KRZ�WKe�REMeFWLYeV�ZLll�Ee�UeDFKeG�LV�FlDULILeG��,Q�RWKeU�ZRUGV��LW�LV�
ZKeUe�WKe�LQVWUXFWLRQ�PeWKRG��leDUQLQJ�DFWLYLWLeV�DQG�eYDlXDWLRQ�SURFeVV�
EeFRPe�FleDU��'XULQJ� WKe�GeVLJQ�SURFeVV�� WKe� WDVNV�DUe�VeSDUDWeG� LQWR�
leDUQLQJ� VWeSV�� WKXV�� WKe�*,/�FDQ�Ee� LPSlePeQWeG� LQ� D�PRUe� DFFXUDWe�
DQG�eDV\�ZD\��

Development
$ll�RI�WKe�FRPSRQeQWV�RI�LQVWUXFWLRQDl�PDWeULDlV�EDVeG�RQ�*,/�GeYelRSPeQW�

DUe� SUeSDUeG� GXULQJ� WKLV� SKDVe��7KLV� LV� WKe� SURFeVV� RI� SURGXFLQJ� WKe�
LQVWUXFWLRQDl�PDWeULDl��Dll�WKe�WRRlV�ZKLFK�ZLll�Ee�XVeG�GXULQJ�LQVWUXFWLRQ�
DQG�DQ\�NLQG�RI�VXSSRUW�PDWeULDlV��7Ke�LQVWUXFWLRQDl�PDWeULDlV�DUe�FUeDWeG�
GXULQJ� WKLV�SKDVe�DQG�DQ�eYDlXDWLRQ��ZKLFK� LV�PRVWl\� IRU�FRUUeFWLRQ�� LV�
PDGe�DQG�PRGLILFDWLRQV�DUe�FDUULeG�RXW� LI�QeFeVVDU\��7Ke�GeWDLleG�SlDQ�
SUeSDUeG�GXULQJ�WKe�SKDVeV�RI�DQDl\VLV�DQG�WKe�GeVLJQ�LV�LPSlePeQWeG�DQG�
Dll� WKe�FRPSRQeQWV�RI� WKe� leDUQLQJ�eQYLURQPeQW�DUe�GeYelRSeG�DQG� WKe�
eQYLURQPeQW�LV�SUeSDUeG�IRU�WKe�WeVW��

Implementation 
5eJDUGleVV�RI�ZKeWKeU�WKe�eQG�XVe�RI�WKe�LQVWUXFWLRQDl�PDWeULDlV�ZLll�

Ee�LQ�WKe�FlDVVURRP�RU�lDERUDWRU\��LW�LV�QeFeVVDU\�WR�SXW�WKe�LQVWUXFWLRQDl�
PDWeULDlV�LQWR�SUDFWLFe�ZLWK�WKe�DFWXDl�leDUQeUV��7Ke�SXUSRVe�RI�WKLV�SDUW�
LV�WR�LQWURGXFe�WKe�LQVWUXFWLRQDl�PDWeULDlV�LQ�D�ZD\�WKDW�LW�ZLll�Ee�eIIeFWLYe�
DQG�eIILFLeQW��'XULQJ�WKLV�SKDVe��WKe�VWXGeQWV�VKRXlG�Ee�VXSSRUWeG�WR�eQVXUe�
WKDW�WKe\�XQGeUVWDQG�WKe�WRSLFV�DQG�WKe\�DUe�DZDUe�RI�WKe�REMeFWLYeV�DQG�
WKeUe�VKRXlG�Ee�QR�GRXEW�WKDW�WKe�WKe�WRSLFV�ZeUe�EeLQJ�WUDQVIeUUeG�WR�
WKe�leDUQeU��

$V�e[DPSle�IRU�LPSlePeQWLQJ�WKe�*,/�LQVWUXFWLRQDl�PDWeULDlV�LQ�WKLV�
SDSeU��Ze�SUeVeQWeG�RQl\�RQe�RI�WKe�VeYeQ�WRSLFV��WVXQDPL��WeFWRQLF�SlDWe��
eDUWK¶V�PDJQeWLF�ILelG��YRlFDQR�eUXSWLRQ��FlLPDWe�FKDQJeV��VXQ¶V�UDGLDWLRQ��
DQG�JUeeQ�KRXVe¶V�eIIeFW�WRSLF���7Ke�WRSLF�LV�YRlFDQR�eUXSWLRQ�WRSLF��,Q�WKe�
*,/��VWXGeQWV�ZeUe�KelSeG�WR�ILQG�TXDlLWDWLYe�UelDWLRQVKLSV�DPRQJ�YDULDEleV�
XVLQJ�FRQWURlleG�e[SeULPeQWV���*,/�KDV�ILYe�VWDJeV�RI�WKe�LQTXLU\�leYelV�
leDUQLQJ�F\Fle�DUe�DV�IRllRZV��observation, manipulation, generalization, 
verification and application �:eQQLQJ�������.��2EVeUYDWLRQ��7Ke�leFWXUeU�
e[SlRUeG�ZLWK�DVNLQJ�VWXGeQWV�WR�FRQGXFW�FRQWURlleG�e[SeULPeQWV�ZLWK�
YRlFDQR�WRSLF�VXFK�WKDW�WKeUe�LV�RQl\�RQe�LQGeSeQGeQW�YDULDEle�DQG�WKUee�
GeSeQGeQW�YDULDEleV��7Ke�leFWXUeU�JeWV�VWXGeQWV�WR�GeILQe�YDULDEleV�VXFK�
DV� IlRZ� YelRFLW\� RI� lDYD� �V�� DQG� KeLJKW� RI� lRFDWLRQ� �h��� WePSeUDWXUe�
�7���DQG�GeQVLW\�RI�lDYD��ρ��SULRU�WR�EeJLQQLQJ�WKe�Qe[W�SKDVe��6WXGeQWV�
WKeQ�LQGeSeQGeQWl\�GeVLJQ�DQG�SeUIRUP�e[SeULPeQWV�WR�ILQG�TXDlLWDWLYe�
UelDWLRQVKLSV�EeWZeeQ�WKe�YelRFLW\�RI�lDYD��V��DQG�KLJK�lRFDWLRQ��h��LQ�
RQe�FDVe��9�DQG� WePSeUDWXUe� �7���V DQG�GeQVLW\� �ρ�� LQ� WKe�RWKeU�FDVe��
Manipulation: 7Ke� leFWXUeU� XVeG� D� MLJVDZ� DSSURDFK� WR� VSeeG� XS� WKe�
SURFeVV�RI�ILQGLQJ�WKe�ILQDl�IRUP�RI�WKe�ePSLULFDl�lDZ�IRU�YelRFLW\�RI�lDYD��
7Ke�ILUVW�JURXS�RI�VWXGeQWV�ILQGV�TXDlLWDWLYe�UelDWLRQVKLS�EeWZeeQ�V DQG�

Table 1. Distinction between the Regular Laboratory Activity (RLA) and true inquiry oriented 
               laboratory (GIL).

No. RLA GIL
� DUe�JLYeQ�VWeS�E\�VWeS�LQVWUXFWLRQV�UeTXLULQJ�PLQLPXP�LQWelleFWXDl�

eQJDJePeQW�IRU�WKe�VWXGeQWV�
DUe�JLYeQ�TXeVWLRQV�UeTXLULQJ�RQJRLQJ

LQWelleFWXDl� eQJDJePeQW� XVLQJ� KLJKeU�RUGeU� WKLQNLQJ� VNLllV�
�+276��PDNLQJ�IRU�LQGeSeQGeQW�WKRXJKW�DQG�DFWLRQ�

� VWXGeQW¶V�DFWLYLWLeV�LV�IRFXV�IRU�YeULI\LQJ

LQIRUPDWLRQ�SUeYLRXVl\�FRPPXQLFDWeG�LQ�FlDVV�

VWXGeQW¶V�DFWLYLWLeV�LV�IRFXV�IRU�FRlleFWLQJ�DQG�LQWeUSUeWLQJ�GDWD�
WR�GLVFRYeU�QeZ�FRQFeSWV��SULQFLSleV��RU�ePSLULFDl�UelDWLRQVKLSV��

� VWXGeQWV�e[eFXWe�LPSRVeG�e[SeULPeQWDl�GeVLJQV�WKDW�Well�VWXGeQWV�
ZKLFK� YDULDEleV� WR� KRlG� FRQVWDQW�� ZKLFK� WR� YDU\�� ZKLFK� DUe�
LQGeSeQGeQW��DQG�ZKLFK�DUe�GeSeQGeQW�

6WXGeQWV� FUeDWe� WKeLU� RZQ� FRQWURlleG� e[SeULPeQWDl� GeVLJQV��
UeTXLUe� VWXGeQWV� WR� LQGeSeQGeQWl\� LGeQWLI\�� GLVWLQJXLVK�� DQG�
FRQWURl�SeUWLQeQW�LQGeSeQGeQW�DQG�GeSeQGeQW�YDULDEleV��SURPRWe�
VWXGeQW� XQGeUVWDQGLQJ� RI� WKe� VNLllV� DQG� QDWXUe� RI� VFLeQWLILF�
LQTXLU\�

� UDUel\� DllRZ� VWXGeQWV� WR� FRQIURQW� DQG� GeDl� ZLWK� eUURUV��
XQFeUWDLQWLeV�� DQG� PLVFRQFeSWLRQV�� GR� QRW� DllRZ� VWXGeQWV� WR�
e[SeULeQFe�ElLQG�Dlle\V�RU�GeDG�eQGV�

FRPPRQl\�DllRZ�IRU�VWXGeQWV� WR�leDUQ�IURP�WKeLU�PLVWDNeV�DQG�
PLVVWeSV��SURYLGe�WLPe�DQG�RSSRUWXQLW\�IRU�VWXGeQWV�WR�PDNe�DQG�
UeFRYeU�IURP�PLVWDNeV�

� ePSlR\�SURFeGXUeV�WKDW�DUe�LQFRQVLVWeQW

ZLWK�WKe�QDWXUe�RI�VFLeQWLILF�eQGeDYRU��VKRZ�WKe�ZRUN�RI�VFLeQFe�
WR�Ee�DQ�XQUeDlLVWLF�lLQeDU�SURFeVV�

ePSlR\� SURFeGXUeV� WKDW� DUe� PRUe� FRQVLVWeQW� ZLWK� DXWKeQWLF�
VFLeQWLILF�SUDFWLFe��VKRZ�WKe�ZRUN�RI�VFLeQFe�WR�Ee�UeFXUVLYe�DQG�
VelI�FRUUeFWLQJ�

Evaluation 

Analysis Design Developme Implementation 
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h. 7Ke�VeFRQG�JURXS�ILQGV�UelDWLRQVKLS�EeWZeeQ�V DQG�7��7Ke�WKLUG�JURXS�
ILQGV�UelDWLRQVKLS�EeWZeeQ�V DQG�ρ. 7Ke�VWXGeQWV�DV�D�JURXS�LV�WKeQ�DUe�
DVNeG�WR�SUeGLFW�WKe QDWXUe�RI�WKe�IXll�TXDlLWDWLYe�UelDWLRQVKLS�EeWZeeQ�Dll�
YDULDEleV��7KeUe�DUe�VeYeUDl�SRVVLELlLWLeV�VXFK�DV VXP��SURGXFW��TXRWLeQW��DQG�
GLIIeUeQFe��7Ke�RQl\�UelDWLRQVKLS�WKDW�VDWLVILeG�WKe�e[SeULPeQWDl ILQGLQJV�
�KRZ�UelDWLRQ�9�WR�K��7 DQG�ρ��LV�D�SURGXFW�RI�WeUPV��EXW���ρ���6WXGeQWV 
DUe�WKeQ�DVNeG�WR�DVVXPe�WKLV�IRUP�RI�WKe�IXQFWLRQ�DQG�ILQG�WKe�YDlXeV�RI�
DQ\� FRQVWDQWV� %\�XVLQJ�GDWD� DlUeDG\� DYDLlDEle� WR� WKeP�DQG� D�physical 
interpretation of the data �NQRZLQJ�WKDW�V ZDV�KLJKeU LI�h was higher RU�T 
ZDV�KLJKeU�RU�ρ�ZDV�lRZeU�. 7eVWLQJ�RI SUeGLFWLRQV�EDVeG�RQ�WKLV�UelDWLRQVKLS�
ZRXlG�VKRZ�LW�WR�Ee�RI�WKe�DSSURSULDWe�IRUP��6WXGeQWV�FRQGXFWeG�FRQWURlleG�
Dll�YDULDEleV�RI�e[SeULPeQWV��LQ�WKe�ILUVW��FKDQJe�RQe�YDULDEle�DW�VDPe�WLPe�
ZKLle�KRlGLQJ�FRQVWDQWV�DQG�DllRZLQJ�WKe�RWKeU�YDULDEleV�WR�YDU\�WR�Vee�
WKe�FRQVeTXeQFeV�RI�FKDQJeV��Generalization: 6WXGeQWV�PDGe�D�VeULeV�RI�
REVeUYDWLRQV�ZKLle�FKDQJLQJ�WKe�LQGeSeQGeQW�YDULDEle�RYeU�D�ZLGe�UDQJe��
ZULWe�WKeLU�ILQGLQJV�LQ�ZRUGV��QR�PDWKePDWLF�eTXDWLRQV��RQ�D�ZKLWeERDUG�
RU�RWKeU�VXUIDFe�WKDW�FDQ�UeDGLl\�Ee�VKDUeG�ZLWK�WKe�eQWLUe�JURXS��7Ke�ILQDl�
SK\VLFDl�UelDWLRQVKLS�FDQ�WKeQ�Ee�SUeGLFWeG�WR�Ee V a�K7���ρ� ��Verification: 
UeVXlWV�FRPPXQLFDWLQJ��VWXGeQWV�ILQG�WKDW�RWKeU�VWXG\�JURXSV�KDYe�GUDZQ�WKe�
VDPe�FRQFlXVLRQV�IURP�eYLGeQFe��,I�WKeUe�DUe�DQ\�FRQIlLFWV�DGGLWLRQDl�GDWD�
DUe�FRlleFWeG�XQWLl�VXFK�WLPe�DV�LW�LV�FleDU�WKDW�QDWXUe�GReV�DFW�XQLIRUPl\�DQG�
WKDW�GLIIeUeQFeV�WKDW�DULVe�DUe�lLNel\�WKe�UeVXlWV�RI�KXPDQ�eUURU��7KLV�KelSV�
VWXGeQWV�WR�XQGeUVWDQG�WKe�QDWXUe�RI�VFLeQFe���Application: 7Ke�VWXGeQWV�
FRPSleWeG�D�ZRUNVKeeW�WKDW�LQFlXGeV�PXlWLSle�e[DPSleV�RI�IlRZ�YelRFLW\�
RI�lDYD��9��WKDW�e[SlDLQ�ZK\�WKe�9�KLJKeU�DW�lRZeU�lRFDWLRQ�K���IRU�KLJKeU�
WePSeUDWXUe��7��DQG�IRU�lRZeU�GeQVLW\��ρ��
Evaluation

7KLV�LV�WKe�SURFeVV�RI�GeWeUPLQLQJ�ZKeWKeU�WKe�LQVWUXFWLRQDl�PDWeULDlV�
DUe�VXIILFLeQW�DQG�DUe�PeDVXULQJ�WKe�eIIeFW�LQ�RUGeU�WR�FKeFN�WR�ZKDW�e[WeQW�
WKe�LQVWUXFWLRQDl�PeeWV�WKe�leDUQLQJ�REMeFWLYeV�DQG�WKe�QeeGV�RI�leDUQeUV��
7Ke�eYDlXDWLRQ�LV�GLUeFWl\�UelDWeG�WR�Dll�RI�WKe�SUeYLRXV�IRXU�VWDJeV�DQG�LW�
PD\�Ee�QeFeVVDU\�WR�UeWXUQ�WR�DQ\�RQe�RI�WKe�SUeYLRXV�VWDJeV�DW�WKe�eQG�RI�
WKLV�SKDVe��0RUeRYeU��DW�WKe�eQG�RI�WKe�eDFK�RI�WKe�VWDJeV�DQ�eYDlXDWLRQ�
LV�PDGe�WR�eQVXUe�WKDW�WKe�SURFeVV�LV�EeLQJ�FDUULeG�RXW�LQ�D�PRUe�VRXQG�
PDQQeU��7KeQ�DW�WKe�eQG�RI�eDFK�eYDlXDWLRQ��PRGLILFDWLRQV��LI�QeFeVVDU\��
DUe�PDGe�IRU�WKe�Qe[W�LPSlePeQWDWLRQ��+RZeYeU��LW�KDV�EeeQ�UeDlL]eG�WKDW�
UeVRXUFeV�DQG�LPSlePeQWDWLRQV�DSSURSULDWe�IRU�WKe�XQGeUVWDQGLQJ��
RI� WKLV�QeZ�ZD\�RI� leDUQLQJ�DUe�VWLll� lLPLWeG��7KeUeIRUe�� LW� LV�QeFeVVDU\�
WR�IXUWKeU�GeYelRS�WKe�LQVWUXFWLRQDl�PDWeULDlV�leDUQLQJ�eQYLURQPeQWV�DQG�
WKLV�VWXG\�DLPV�WR�FRQWULEXWe�WR�WKLV�QeeG�WR�VRPe�e[WeQW��$UN�Q��6�DQG�
$NNR\XQlX��������

�4XDVL�e[SeULPeQWDl�UeVeDUFK�&RQWURl�*URXS�'eVLJQ�ZDV�XVeG�WR�eYDlXDWe�
WKe�LPSlePeQWDWLRQ��5REVRQ���������7KLV�LV�EeFDXVe�WKeUe�ZDV�QRQ�UDQGRP�
VeleFWLRQ�RI�VWXGeQWV�WR�WKe�JURXSV��(DUWK�DQG�6SDFe�6FLeQFe��,3%$��FlDVVeV�
e[LVW�DV�LQWDFW�JURXSV�DQG�3K\VLFV�'eSDUWPeQW��0DWKePDWLFV�DQG�6FLeQFe�
)DFXlW\��8QLYeUVLWDV�1eJeUL�6XUDED\D� �81(6$�� ,QGRQeVLDQ� DXWKRULWLeV�
GR�QRW�QRUPDll\�DllRZ�WKe�FlDVVeV�WR�Ee�GLVPDQWleG�DQG�UeFRQVWLWXWeG�IRU�
UeVeDUFK�SXUSRVeV���%RUJ�	�*Dll��������)UDeQNel�	�:DlleQ��������0DGlD]LP�
DQG�6XSUL\RQR���������7Ke�FRQGLWLRQV�XQGeU�ZKLFK�WKe�LQVWUXPeQWV�ZeUe�
DGPLQLVWeUeG�ZeUe�NeSW�DV�VLPLlDU�DV�SRVVLEle�DFURVV�WKe�FlDVVeV�LQ�RUGeU�WR�
FRQWURl�LQVWUXPeQWDWLRQ�DQG�VeleFWLRQ��7Ke�FlDVVeV�ZeUe�UDQGRPl\�DVVLJQeG�WR�
WKe�FRQWURl�DQG�WUeDWPeQW�JURXSV�WR�FRQWURl�IRU�VeleFWLRQ���$U\�eW�Dl����������

:KeUe�2
��
DQG�2

�
�ZeUe�SUe�WeVW�VFRUe��2

�
�DQG�2

�
�ZeUe�WKe�SRVW�WeVW�VFRUe��

;�� *,/��ZDV�WKe�WUeDWPeQW�ZKeUe�VWXGeQWV�ZeUe�WDXJKW�XVLQJ�*,/��*URXS�
��ZDV�WKe�e[SeULPeQWDl�FlDVV�ZKLFK�UeFeLYeG�WKe�SUe�WeVW�� WKe�WUeDWPeQW�
;� DQG� WKe�SRVW�WeVW��*URXS���ZDV� WKe� FRQWURl� JURXS��ZKLFK� UeFeLYeG� D�
SUe�WeVW�IRllRZeG�E\�WKe�FRQWURl�FRQGLWLRQ�DQG�WKeQ�WKe�SRVW�WeVW��*URXS���
ZDV�WDXJKW�XVLQJ�7�� 5/$���7Ke�5eVeDUFK�GeVLJQ�PD\�Ee�UeSUeVeQWeG�DV�
VKRZQ�LQ�)LJXUe����7R�DQDl\]e�VFRUe�LPSURYePeQW�EeWZeeQ�e[SeULPeQW�
DQG�FRQWURl�JURXS�JDLQ�VFRUe�DQDl\VLV�ZDV�XVeG��0DGlD]LP�DQG�6LSUL\RQR�
�������IRXQG�WKDW�EDVe�RQ�WKe�JDLQ�VFRUe�DQDl\VLV�FDQ�Ee�LQIeUUeG�WKDW�WKe�
e[SeULPeQW�GeVLJQ�VNLllV�FDQ�Ee�LPSURYeG�VLJQLILFDQWl\�

2�
�

*,/ 2
�

2
�

5/$ 2
�

Figure 2. Quasi Experiment Research Design.
�����������������������������������������
7Ke� XQLW� RI� VDPSlLQJ�ZDV� WKe� VL[WK� VePeVWeUV� RI� SK\VLFV� eGXFDWLRQ�

VWXGeQWV�RI�3K\VLFV�'eSDUWPeQW��0DWKePDWLFV�DQG�6FLeQFe�)DFXlW\��6WDWe�

8QLYeUVLW\�RI�6XUDED\D��81(6$���7KLV�PeDQV�WKeUeIRUe�WKDW�Dll�VWXGeQWV�
RI�eDFK�JURXS�KDYe�EeeQ�FRQVLGeUeG�WKDW�KDYe�QRW�VWXGLeG�WKe�VeYeQ�WRSLFV��
7Ke�UeVeDUFKeUV�YLVLWeG�WKe�JURXSV�WR�DVFeUWDLQ�WKDW�WKe\�ZeUe�VXLWDEle�IRU�
UeVeDUFK��'XULQJ�WKe�YLVLW�WKe�UeVeDUFKeU�eVWDElLVKeG�WKDW�WKe�RWKeU�leFWXUeU�LQ�
WKe�FlDVVeV�ZeUe�WUDLQeG�DQG�DlVR�REWDLQeG�LQIRUPDWLRQ�RQ�FlDVV�FRPSRVLWLRQ�
DQG�leDUQeU�FKDUDFWeULVWLFV�IURP�'eSDUWPeQW�UeFRUGV��7Ke�VDPSle�VL]e�RI�
WZR�VeleFWeG�JURXSV�RI� WKe� WKUee�FlDVVeV� LQ� WKe�GLYLVLRQ�ZeUe�REWDLQeG��
*URXS����([SeULPeQWDl�JURXS��1 ����DQG�JURXS����&RQWURl�JURXS��1 ����
7KeUeIRUe��WKe�VDPSle�VL]e�LQ�WKe�UeVeDUFK�ZDV�����)UDeQNel�DQG�:DlleQ�
�������UeFRPPeQG�DW�leDVW����VXEMeFWV�SeU�JURXS��+eQFe�WKLV�QXPEeU�ZDV�
DGeTXDWe�IRU�WKe�VWXG\��

� 7Ke�VFLeQWLILF�DELlLWLeV�LQVWUXPeQWV�DGDSWeG�IURP�(WNLQD�eW�Dll�
��������.DUelLQD�DQG�(WNLQD��������DQG�6FLeQFe�3LRQeeUV� �KWWS���ZZZ�
VFLeQFeSLRQeeUV�RUJ�VLWeV�GeIDXlW�ILleV�GRFXPeQWV�([SeULPeQWDlB'eVLJQB
YVB6FLeQWLILFB0eWKRG��SGI� �� � DQG�PRGLILeG�ZDV� XVeG� WR�PeDVXUe� WKe�
VWXGeQWV¶�SeUIRUPDQFe��,W�FRQWDLQeG����LQGLFDWRUV�ZLWK�D�PD[LPXP�VFRUe�
RI�����7Ke�LQVWUXPeQW�ZDV�JLYeQ�WR�WKUee�e[SeUWV�LQ�SK\VLFV�eGXFDWLRQ�IRU�
YDlLGDWLRQ��7Ke�WeVW�ZDV�SLlRW�WeVWeG�XVLQJ�D�FlDVV��RI�SK\VLFV�eGXFDWLRQ�
VWXGeQWV�RI�81(6$�WKDW�ZDV�QRW� LQFlXGeG� LQ� WKe�VWXG\�EXW�KDG�VLPLlDU�
FKDUDFWeULVWLFV�DV�WKe�VDPSle�FlDVVeV��7KLV�DVFeUWDLQeG�WKe�WeVW�UelLDELlLW\��
7Ke�UelLDELlLW\�FReIILFLeQW�ZDV�FDlFXlDWeG�XVLQJ�.RleQ�eW�Dl���������7KLV�
PeWKRG�LV�VXLWDEle�ZKeQ�SeUIRUPDQFe�VFDle�FDQ�Ee�VFRUeG��7Ke�UelLDELlLW\�
FReIILFLeQW�RI�WKe�SeUIRUPDQFe�LQVWUXPeQW�ZDV������ZKLFK�URXQGV�RI�WR�
α ������$FFRUGLQJ�WR�)UDeQNel�DQG�:DlleQ���������DQ�DlSKD�YDlXe�RI������
DQG�DERYe�LV�FRQVLGeUeG�VXLWDEle�WR�PDNe�JURXS�LQIeUeQFeV�WKDW�DUe�DFFXUDWe�
eQRXJK��

7Ke�FRQWeQW�XVeG�LQ�WKe�FlDVV�LQVWUXFWLRQ�ZDV�GeYelRSeG�EDVeG�RQ�WKe�
UeYLVeG�����������SK\VLFV�V\llDEXV��$�JXLGLQJ�PDQXDl�ZDV�FRQVWUXFWeG�IRU�
WKe�leFWXUeUV�LQYRlYeG�LQ�DGPLQLVWeULQJ�*,/�WKDW�ZDV�XVeG�WKURXJKRXW�WKe�
WUeDWPeQW�SeULRG��7Ke�leFWXUeUV�RI�WKe�e[SeULPeQWDl�JURXS�ZeUe�WUDLQeG�E\�
WKe�UeVeDUFKeU�RQ�KRZ�WR�XVe�WKe�PDQXDl��7KeVe�leFWXUeUV�WDXJKW�XVLQJ�*,/�
RQ�WKe�VeYeQ�WRSLFV�IRU�VeYeQ�ZeeNV��%eIRUe�WKLV�SeULRG�WKe�SUe�WeVWV�ZeUe�
DGPLQLVWeUeG�WR�*URXS���DQG�*URXS����7Ke�WUeDWPeQW�SeULRG�ZDV�VeYeQ�
ZeeNV�IRU�WKe�VeYeQ�WRSLFV�DV�UeFRPPeQGeG�LQ�WKe�V\llDEXV��$W�WKe�eQG�RI�
WKe�WUeDWPeQW�SeULRG�D�SRVW�WeVW�ZDV�DGPLQLVWeUeG�WR�*,/�DQG�5/$�JURXSV�

)RU�WKLV�VWXG\�VFLeQWLILF�DELlLWLeV�LQVWUXPeQW�ZDV�XVeG�WR�FRlleFW�GDWD��
7Ke�SUe�WeVW�ZDV�DGPLQLVWeUeG�WR�JURXS���DQG�JURXS����7KeQ�WUeDWPeQW�WRRN�
VeYeQ�ZeeNV�DQG�ZDV�JLYeQ� WR� WKe�RQe�e[SeULPeQWDl�JURXS�DIWeU�ZKLFK�
SRVW�WeVWV�ZeUe�DGPLQLVWeUeG�WR�ERWK�WKe�JURXSV��7Ke�UeVeDUFKeUV�VFRUeG�
WKe�SUe�WeVWV�DQG�SRVW�WeVWV�DQG�JeQeUDWeG�TXDQWLWDWLYe�GDWD��ZKLFK�ZeUe�
DQDl\]eG��7R�DQDl\]e�WKe�GDWD��Ze�QeeG�WKe�VFRUeV�WKDW�VWXGeQWV�JRW�IURP�
WKe�ERWK�WeVWV�ZKLFK�DUe�SUe�DQG�SRVW�VFRUeV��7KeVe�ZeUe�DVVeVVeG�E\�WKe�
DGPLQLVWUDWLRQ�RI�D�GLDJQRVWLF�WeVW�IRU�VFLeQWLILF�DELlLWLeV�RQ�WKe�ILUVW�DQG�
lDVW�GD\�RI�FRQWURl�DQG�e[SeULPeQW�JURXS��RQl\�VWXGeQWV�ZKR�WRRN�ERWK�SUe�
WeVW�DQG�SRVW�WeVWV�DUe�SDUW�RI�WKe�VDPSle��7KLV�LV�WKe����LWePV�/LNeUW�VFDle�
UelDWeG�WR�VFLeQWLILF�DELlLWLeV�eYDlXDWLRQ��7Ke�VFLeQWLILF�DELlLWLeV�eYDlXDWLRQ�
LV�DlPRVW�eQWLUel\�RQ�D�TXDlLWDWLYe�VFDle��7Ke�eYDlXDWLRQ�ZDV�DGDSWeG�IURP�
.DUelLQD�DQG�(WNLQD��������DQG�6FLeQFe�3LRQeeUV�

RESULTS AND DISCUSSION
7R�DQDl\]e�GDWD�WKLV�VWXG\��Ze�XVeG�6366����YeUVLRQ��7Ke�UeVXlWV�RI�WKe�

SUe�WeVW�VFRUeV�RQ�6$3(�IRU�JURXSV���DQG���VKRZeG�D�VWDWLVWLFDll\�VLJQLILFDQW�
GLIIeUeQFe��������JUeDWeU�WKDQ�������7KLV�PeDQV�WKDW�WKe�YDlXe�ZDV�lDUJe��
DQG�WKeUeIRUe�WKe�REWDLQeG�GLIIeUeQFe�EeWZeeQ�WKe�VDPSle�PeDQV�LV�UeJDUGeG�
DV�QRW�VLJQLILFDQW��7KLV�LQGLFDWeG�WKDW�WKe�ERWK�JURXSV�XVeG�LQ�WKe�UeVeDUFK�
e[KLELWeG�FRPSDUDEle�FKDUDFWeULVWLFV��7Ke�JURXSV�ZeUe�WKeUeIRUe�VXLWDEle�
IRU�WKe�VWXG\�ZKeQ�FRPSDULQJ�WKe�LPSURYePeQW�eIIeFWV�RI�*,/�DQG�5/$�RQ�
VFLeQWLILF�DELlLWLeV��7Ke�UeVXlWV�RI�WKe�SUe�WeVW�VFRUeV�RQ�6$3(�IRU�JURXSV���
DQG���VKRZeG�D�VWDWLVWLFDll\�VLJQLILFDQW�GLIIeUeQFe��������JUeDWeU�WKDQ�������
7KLV�PeDQV�WKDW�WKe�YDlXe�ZDV�lDUJe��DQG�WKeUeIRUe�WKe�REWDLQeG�GLIIeUeQFe�
EeWZeeQ�WKe�VDPSle�PeDQV�LV�UeJDUGeG�DV�QRW�VLJQLILFDQW��7KLV�LQGLFDWeG�
WKDW� WKe�JURXSV�XVeG� LQ� WKe� VWXG\�e[KLELWeG�FRPSDUDEle�FKDUDFWeULVWLFV��
7Ke�JURXSV�ZeUe� WKeUeIRUe� VXLWDEle� IRU� WKe� VWXG\�ZKeQ� FRPSDULQJ� WKe�
LPSURYePeQW�eIIeFWV�RI�*,/�ZLWK�5/$�IRU�WKe�VeYeQ�WRSLFV�

7R�DQDl\]e�GLIIeUeQFeV�RI�WKe�WZR�PeDQV�RI�WKe�e[SeULPeQW�DQG�FRQWURl�
JURXS�� SRVW�WeVW� VFRUeV� XVeG� WKe�:LlFR[RQ�:�7eVW��7KLV� LQGLFDWeV� WKDW�
WKeUe� DUe� VLJQLILFDQW�GLIIeUeQFeV� LQ�PeDQ�SRVW�WeVW� VFRUeV�EeWZeeQ� WKe�
e[SeULPeQWDl� DQG� FRQWURl� JURXS��%DVeG� RQ� WKe�PeDQ� �DYeUDJe��� WKe�
DYeUDJe�JUDGe�SRVW�WeVW�e[SeULPeQWDl�JURXS�VFRUeV�DUe�JUeDWeU�WKDQ�WKe�
DYeUDJe�SRVW�WeVW�VFRUeV�RI�D�FRQWURl�JURXS��7Ke�UeVXlWV�LQGLFDWe�WKDW�WKe�
VWXGeQWV¶�VFLeQWLILF�DELlLWLeV�RI�e[SeULPeQWDl�JURXS�DUe�EeWWeU� WKDQ� WKe�
VWXGeQWV¶�FRQWURl�JURXS�
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Table 2. SAPE t-Test Scores, Means, Standard Deviation and Gain Scores 
for Groups

Group

Pre-test Post-test Gain scores

t-test
Mean S.D Mean S.D g

&RQWURl���5/$� ���� ���� ���� ���� ����
�����

([SeULPeQWDl��*,/� ���� ���� ���� ���� ����

�6'� �6WDQGDUG�'eYLDWLRQ��*DLQ�VFRUe ����SRVWWeVW���SUeWeVW��
�������SUeWeVW����PD[��6$3(�SRLQW����

7DEle���V K RZ V �W K D W �WKe�VWXGeQWV¶�VFLeQWLILF�DELlLWLeV�ZeUe�IRXQG�QRW�
WR�Ee�Zell�GeYelRSeG��$FFRUGLQJ�WR�WKe�ILQGLQJV�RI�SUe�WeVW��WKe�VFLeQWLILF�
DELlLWLeV�LQ�ZKLFK� WKe� VWXGeQWV� DUe� leDVW� VXFFeVVIXl��leVV�WKDQ������DUe�
UeSUeVeQWLQJ�SK\VLFDl�SURFeVVeV�LQ�PXlWLSle�ZD\V��PRGLI\LQJ�D�TXDlLWDWLYe�
e[SlDQDWLRQ�� GeVLJQLQJ� DQ� e[SeULPeQWDl� LQYeVWLJDWLRQ�� FRlleFWLQJ� DQG�
DQDl\]LQJ�GDWD��eYDlXDWLQJ�e[SeULPeQWDl�SUeGLFWLRQV�DQG�RXWFRPeV��FRQFeSWXDl�
FlDLPV��SUREleP�VRlXWLRQV��DQG�PRGelV��DQG�FRPPXQLFDWLQJ�e[SeULPeQWDl�
UeVXlWV��:KeQ� WKe� UeVSRQVeV� UelDWeG� WR� WKe� DELlLWLeV� RQ� PRGLI\LQJ� D�
TXDlLWDWLYe�e[SlDQDWLRQ�DQG� GeVLJQLQJ�DQ�e[SeULPeQWDl�LQYeVWLJDWLRQ�DUe�
e[DPLQeG� WKe� SeUFeQWDJeV�DUe�VeeQ�DV�����UeVSeFWLYel\��&RlleFWLQJ�DQG�
DQDl\]LQJ�GDWD�DQG�FRPPXQLFDWLQJ�e[SeULPeQWDl�UeVXlWV�DUe�DW�WKe�KLJKeVW�
leYel� ZLWK������,W� LV� WKRXJKW�SURYRNLQJ�WR�Vee� WKDW� WKe�VWXGeQWV�GLGQ¶W�
KDYe�VXFK�VFLeQWLILF�DELlLWLeV�
:KeQ� WKe� SRVW�WeVW� ILQGLQJV�ZeUe� eYDlXDWeG� LW�ZDV� IRXQG� WKDW� WKe�

SDUWLFLSDQWV�LPSURYe�WKe�VFLeQWLILF�DELlLWLeV�WKDW�WKe\�ZeUe�QRW�VXFFeeGLQJ�
LQ�WKe�SUe�WeVW��7Ke\�FRQGXFWeG�FRUUeFWl\�PRUe�WKDQ�����RI�Dll�VFLeQWLILF�
DELlLWLeV��:KeQ� WKe� UeVSRQVeV� UelDWeG� WR� WKe� DELlLWLeV� RQ� PRGLI\LQJ� D�
TXDlLWDWLYe�e[SlDQDWLRQ�DQG� GeVLJQLQJ�DQ�e[SeULPeQWDl�LQYeVWLJDWLRQ�DUe�
e[DPLQeG� WKe� SeUFeQWDJeV�DUe�VeeQ�DV�����DQG�������UeVSeFWLYel\��,W�LV�
WKRXJKW�SURYRNLQJ�WR�Vee�WKDW�WKe�VWXGeQWV�KDYe�GeYelRSeG�VXFK�VFLeQWLILF�
DELlLWLeV��7KLV�ILQGLQJ�VKRZV�WKDW�WKe�DSSlLFDWLRQ�UeDlL]eG�ZLWK�WKe�*,/� LV�
eIIeFWLYe�� 6RPe�SURElePV�ZeUe�VeeQ�LQ�WKe�SUeYLRXV�VWXGLeV�RQ�VWXGeQWV�
DERXW� WeDFKLQJ� DQG� LPSURYLQJ� WKe� VFLeQWLILF�DELlLWLeV�� EXW� DW� WKe� VDPe�
WLPe� WKeVe� SURElePV� ZeUe� elLPLQDWeG� LQ� WKeVe� VWXGLeV� ZLWK� WKe� *,/��
�ŞLPşeN��������%RZeQ�	� 5RWK��������

7Ke�QXll�K\SRWKeVLV�RI�WKLV�UeVeDUFK�ZDV�JLYeQ�DV��³$�/DERUDWRU\�%DVeG�
RQ�WKe�*,/�DSSURDFK�ZLll�KDYe�QR�eIIeFW�RQ�VWXGeQWV¶�6$3(�SUe�DQG���SRVWWeVW�
PeDQ�GLIIeUeQFe��JDLQV�VFRUeV�DQG�W�WeVW´��7Ke�FRPSDULVRQ�RI�WKe�JURXSV�RI�
WeVW�VFRUeV�LV�VKRZQ�LQ�7DEle����7DEle���VKRZV�WKDW�ZKeQ�WKe�WRWDl�SUeWeVW�
VFRUeV�REWDLQeG�IURP�WKe�6$3(�WeVW�DUe�WDNeQ�XQGeU�FRQWURl��LW�LV�IRXQG�
WKDW�WKeUe�DUe�VLJQLILFDQW�UeVXlWV�EeWZeeQ�6$3(�SRVW�WeVW�VFRUeV�DQG�JURXS�
PePEeUVKLSV��7Ke�*,/�DSSURDFK�SURGXFeG�VLJQLILFDQWl\�JUeDWeU�VFLeQWLILF�
DELlLWLeV�WKDQ�GLG�WKe�5/$�DSSURDFK��+DNe��������UeSRUWeG�WKDW�WKe�LQWeUDFWLYe�
eQJDJePeQW��,(��PeWKRGV�FDQ�LQFUeDVe�PeFKDQLFV�FRXUVe�eIIeFWLYeQeVV�Zell�
Ee\RQG�WKDW� REWDLQeG�LQ�WUDGLWLRQDl�PeWKRGV�DQG�Ke�IRXQG�WKDW�WKe�DYeUDJe�
)&,


�JDLQ�VFRUe�RI�,(�PeWKRGV�LV�����������LQ�WKe�PeGLXP�J�UeJLRQ���,Q�
WKLV�VWXG\��DlWKRXJK�*,/�LV�WR�Ee�PXFK�PRUe�eIIeFWLYe�WKDQ�5/$�JDLQ�VFRUe��
7Ke�FDXVe�RI�WKLV�FDVe�FDQ�Ee�WKDW�LQ�*,/�WDVNV�WKe�VWXGeQWV�DUe�FRQFeQWUDWeG�
DUe� JLYeQ� TXeVWLRQV� UeTXLULQJ� RQJRLQJ� LQWelleFWXDl� eQJDJePeQW� XVLQJ�
KLJKeU�RUGeU�WKLQNLQJ�VNLllV��+276��PDNLQJ�IRU�LQGeSeQGeQW�WKRXJKW�DQG�
DFWLRQ�� VWXGeQW¶V� DFWLYLWLeV� DUe� WKe� IRFXV� IRU� FRlleFWLQJ� DQG� LQWeUSUeWLQJ�
GDWD�WR�GLVFRYeU�QeZ�FRQFeSWV��SULQFLSleV��RU�ePSLULFDl�UelDWLRQVKLSV��WKe\�
FUeDWeG� WKeLU� RZQ� FRQWURlleG� e[SeULPeQWDl� GeVLJQV��*,/� DlVR� UeTXLUeG�
VWXGeQWV� WR� LGeQWLI\��GLVWLQJXLVK�� DQG�FRQWURl�SeUWLQeQW� LQGeSeQGeQW� DQG�

GeSeQGeQW� YDULDEleV�� SURPRWeG� VWXGeQW� XQGeUVWDQGLQJ�RI� WKe� VNLllV� DQG�
QDWXUe�RI�VFLeQWLILF�LQTXLU\��FRPPRQl\�DllRZeG�IRU�VWXGeQWV�WR�leDUQ�IURP�
WKeLU�PLVWDNeV�DQG�PLVVWeSV��SURYLGeG�WLPe�DQG�RSSRUWXQLW\�IRU�VWXGeQWV�
WR�PDNe�DQG�UeFRYeU�IURP�PLVWDNeV�DQG�ePSlR\�SURFeGXUeV�WKDW�DUe�PRUe�
FRQVLVWeQW�ZLWK�DXWKeQWLF�VFLeQWLILF�SUDFWLFe��VKRZeG�WKe�ZRUN�RI�VFLeQFe�
WR�Ee�UeFXUVLYe�DQG�VelI�FRUUeFWLQJ�

7Ke�UeVXlWV�IURP�RXU�e[SeULPeQWDl�GeVLJQ�FRPSDULQJ�*,/�DQG�5/$��
LPSlePeQWeG�LQ�UeDlLVWLF�lDERUDWRU\�eQYLURQPeQWV�LQ�VeYeQ�ZeeNV�SURJUDP��
DUe�WKDW�*,/�DQG�5/$�leG�WR�FRPSDUDEle�VFLeQWLILF�DELlLWLeV�LQ�URXJKl\�eTXDl�
LQVWUXFWLRQDl�WLPeV��:KLle�VWXGeQWV�PDGe�VWDWLVWLFDll\�VLJQLILFDQW�leDUQLQJ�
GLIIeUeQFeV�LQ�ERWK�JURXSV��WKe�ZLGe�UDQJe�RI�VFRUeV�RQ�SUe�DQG�SRVW�WeVWV�
�UeIleFWeG�LQ�VPDll�VWDQGDUG�GeYLDWLRQV�RI�WKe�GDWD�LQ�7DEle������������DQG�
7DEle����VKRZ�WKDW�ERWK�WKe�SUe�WeVW�DQG�SRVW�WeVW�VFRUeV�RI�*,/�DQG�5/$�
GLIIeUeQFeV�LV�eQRXJK�VL]e�IRU�WKRVe�REVeUYeG��$�lDUJeU�VFDle�VWXG\�ZRXlG�
SURYLGe�lDUJeU�1�VL]e��EXW�DW�WKe�FRVW�RI�SUeFLVLRQ��VLQFe�LQ�SUDFWLFDl�WeUPV�
LW�EeFRPeV�PXFK�PRUe�GLIILFXlW� WR�SUeSDUe��FRQWURl�DQG�PRQLWRU�Dll� WKe�
LQVWUXFWLRQDl�DQG�FlDVVURRP�VLWXDWLRQV�DQG�IDFWRUV��WKXV�LQFUeDVLQJ�YDULDWLRQ�
IXUWKeU��)RllRZLQJ�&URQEDFK���������D�QXPEeU�RI�VeSDUDWe�lRFDl�VWXGLeV�
LQ�YDULRXV�eQYLURQPeQWV�ZRXlG�Ee�PRUe�LQIRUPDWLYe��WR�Vee�ZKeWKeU�DQG�
KRZ� WKe� ILQGLQJV�JeQeUDlL]e� WR�RWKeU�VLWXDWLRQV�DQG� WR� UeILQe�DQG�VWXG\�
WKe�eIIeFW�RI�YDULRXV�SDUDPeWeUV��,Q�DQ\�FDVe��SUe�WeVW�VFRUeV�GLIIeUeQFeV�
EeWZeeQ� WKe�ERWK�JURXSV�ZeUe� WKXV�IDU�QRW� IRXQG� WR�Ee�RI�VWDWLVWLFDl�RU�
SUDFWLFDl�VLJQLILFDQFe�FRPSDUeG�WR�WKe�REVeUYeG�QDWXUDl�YDULDWLRQ�RI�VWXGeQWV��
leFWXUeUV�DQG�FlDVVURRPV��,W�LV�RI�LQWeUeVW�WR�FRQVLGeU�SRVVLEle�UeDVRQV�ZK\�
WKLV�PLJKW�Ee�VR��YLeZeG�IURP�D�QXPEeU�RI�SeUVSeFWLYeV��)LUVW��Ze�XVeG�
VRXQGl\�GeVLJQeG�JURXSV�EDVeG�RQ�DFFeSWDEle�PRGelV�RI�JRRG�LQVWUXFWLRQ�
IRU�ERWK�JURXSV��6eFRQG��Ze�DUe�QRW�FRPSDULQJ�DFWLYe�ZLWK�SDVVLYe�leDUQLQJ��
$FWLYe�leDUQLQJ�DFWLYLWLeV�RFFXU�LQ�ERWK�JURXSV��WKRXJK�WKeLU�FKDUDFWeUV�GLIIeU��
7KLUG��Ze�WULeG�WR�PDNe�WKe�leVVRQV�LQWeUeVWLQJ�UeJDUGleVV�RI�WKe�JURXSV��
)RXUWK��DQG�LPSRUWDQWl\��WKeUe�LV�DQ�DSSlLFDWLRQ�SKDVe�LQ�ERWK�JURXSV��GXULQJ�
ZKLFK�VWXGeQWV�apply WKe�eDUWK�VFLeQFe�FRQFeSWV�WKe\�KDYe�MXVW�leDUQeG�WR�D�
YDULeW\�RI�FDVeV�DQG�SURElePV��ZKLFK�IXUWKeU�eQKDQFeV�leDUQLQJ��VFLeQWLILF�
DELlLWLeV�7Ke�DSSlLFDWLRQ�SKDVe�LQ�LQVWUXFWLRQ�VKRXlG��WR�VRPe�e[WeQW��WeQG�
WR�eYeQ�RXW�GLIIeUeQFeV�LQ�LQLWLDl�VFLeQWLILF�DELlLWLeV�DQG�FRQFeSW�leDUQLQJ��
7Ke�IDFW�WKDW�Dll�leVVRQV�DUe�FRPSRVLWeV��ZLWK�VRPe�DVSeFWV�RI�WKe�VeYeQ�
eDUWK�VFLeQFe�WRSLFV��LV�QRW�DQ�LVVXe�IRU�WKe�UeVeDUFK�UeVXlWV�VLQFe�RQl\�WKe�
DFWLYe�DJeQW�DVSeFW�ZKLFK�GLIIeUV�EeWZeeQ�PeWKRGV�LV�DVVeVVeG�

7KeUe�LV�DlVR�PeULW�WR�WKe�WLPe�DUJXPeQW�LQ�IDYRU�RI�GLUeFW��EXW�RXU�VWXG\�
VKRZV�WKDW�WKe�WLPe�GLIIeUeQWLDl�LV�QRW�DV�JUeDW�DV�XVXDll\�FlDLPeG��LI�ERWK�
JURXSV�LQFlXGe�e[SeULeQWLDl�DQG�DSSlLFDWLRQ�DVSeFWV��DQG�LI�LQTXLU\�LV�IRFXVeG�
DQG�Zell�JXLGeG��)LQDll\��LI�VWXGeQWV�GeYelRS�VFLeQWLILF�DELlLWLeV�WKePVelYeV�
UDWKeU�WKDQ�µUeFeLYe¶�LW�GLUeFWl\��WUDQVIeU�RI�WKe�DELlLWLeV�WR�QeZ�VLWXDWLRQV�
PD\�FRQFeLYDEl\�Ee�eQKDQFeG�DQG�lRQJeU�WeUP�UeWeQWLRQ�LPSURYeG��VLQFe�
WKe\�VKRXlG�Ee�DEle�WR�UeFRQVWUXFW�WKDW�DELlLW\��+RZeYeU�Ze�UeLWeUDWe�WKDW�RXU�
VWXG\�IRFXVeG�e[SlLFLWl\�RQ�VFLeQWLILF�DELlLWLeV��7KXV�WKe�LQWeUeVWLQJ�LVVXeV�
QRWeG�DERYe�EeFRPe��RI�FRXUVe��IXUWKeU�UeVeDUFK�TXeVWLRQV��5eWXUQLQJ�DJDLQ�
WR�RXU�PDLQ�UeVeDUFK�TXeVWLRQ��DQG�JLYeQ�WKe�FRPSRVLWe�QDWXUe�RI�Dll�leVVRQV�
DQG�WKe�UeDlLWLeV�RI�LPSlePeQWDWLRQ�LQ�lDERUDWRU\��Ze�Vee�WKDW�VRPe�FRPPRQ�
FlDLPV�IRU�WKe�VXSeULRULW\�RI�eLWKeU�*,/�LQ�UeJDUG�WR�VFLeQWLILF�DELlLWLeV�PD\�
Ee�YLeZeG�DV�VRPeZKDW�RYeUVWDWeG��2XU�VWXG\�VKRZV�WKDW�*,/�DQG�5/$�
leG�WR�GLIIeUeQW�VFLeQWLILF�DELlLWLeV��7DEle���DQG�)LJ������,W�PD\�Zell�Ee�WKDW�
XQGeU�PRUe�WLJKWl\�FRQWURlleG�DQG�UeKeDUVeG�FRQGLWLRQV�RQe�FRXlG�EeWWeU�
GLVWLQJXLVK�WKe�VFLeQWLILF�DELlLWLeV�GLIIeUeQWLDl�GXe�WR�*,/��ZKLFK�ZRXlG�Ee�
RI�VLJQLILFDQW�WKeRUeWLFDl�LQWeUeVW��EXW�WKLV�VWXG\�JLYeV�D�SUDFWLFDl�LQGLFDWLRQ�
RI�ZKDW�LV�lLNel\�WR�KDSSeQ�LQ�WKe�ILelG�XQGeU�leVV�FlLQLFDl�FRQGLWLRQV��7KXV��
RXU�ILQGLQJV�VKRZ�WKDW�WKe�*,/�LV�DQ�eIIeFWLYe�VWUDWeJ\��*,/�LV�FleDUl\�RIIeUV�
VLJQLILFDQW� SRWeQWLDl� DGYDQWDJeV� IRU� eDUWK� VFLeQFe� eGXFDWLRQ�� E\� GRLQJ�
JXLGeG�VFLeQWLILF�LQTXLU\�GXULQJ�leDUQLQJ�SURFeVV��7KeVe�UeVXlWV�DUe�JRRG�
DJUeePeQW�WR�UeVXlWV�VWXG\�RI�%ULFNPDQ�eW�Dl����������

Table 3. The distribution of the answers of scientific abilities scores pretest and post test  for the experiment group (GIL treatment)

Scientific abilities
Pre-test Post-test

f % f %
5eSUeVeQWLQJ�SK\VLFDl�SURFeVVeV�LQ�PXlWLSle�ZD\V �� �� �� ��

0RGLI\LQJ�D�TXDlLWDWLYe�e[SlDQDWLRQ �� �� �� ��

'eVLJQLQJ�DQ�e[SeULPeQWDl�LQYeVWLJDWLRQ �� �� �� ���

&RlleFWLQJ��DQG�DQDl\]LQJ�GDWD �� �� �� ��

(YDlXDWLQJ�e[SeULPeQWDl�SUeGLFWLRQV�DQG�RXWFRPeV��FRQFeSWXDl�FlDLPV��
SUREleP�VRlXWLRQV��DQG�PRGelV

�� �� �� ����

&RPPXQLFDWLQJ�e[SeULPeQWDl�UeVXlWV �� �� �� ��
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Abstract
This article aims to analyse if and how relevant the timing of exposure to a videotaped 
experiment and its storyboard may be, both before and after the experiment is 
performed. 27 students of one 11th grade class took part in the experiment, subdivided 
in two conditions and 5 work groups per shift. Interviews were conducted and 
their results were analysed using the NVivo software. The results indicate that both 
student perception and laboratorial work performance are different according to 
the timing of exposure to the video. Exposure before laboratory work resulted in 
a more controlled and guided behaviour, fewer mistakes and shorter work time to 
conduct the experiments. Exposure after the experiment allows a better evaluation 
of students Serformance� and a higher level of student¶s reflection aEout the Zay 
experiment was conducted. Results are thus marked by a tension between goal 
orientation (appraisal) and learning orientation. The teacher`s role is to manage 
the pros and cons of both possibilities.
Key words: instructional video, laboratory video, video pedagogical integration

Resumen
Este artículo tiene como objetivo analizar si y cómo es relevante el momento de la 
exposición a un experimento en video y su guión puede ser, tanto antes como después 
de que se realiza el experimento. 27 alumnos de una clase de 11º grado participaron 
en el experimento, que se subdivide en dos condiciones y 5 grupos de trabajo por 
turno. Se realizaron entrevistas y sus resultados fueron analizados utilizando el 
software Nvivo . Los resultados indican que tanto la percepción de los estudiantes 
y el desempeño del trabajo de laboratorio son diferentes según el momento de la 
exposición al video. La exposición antes del trabajo de laboratorio resultó en un 
comportamiento más controlado y guiado, menos errores y más corto el tiempo de 
trabajo para llevar a cabo los experimentos. La exposición después del experimento, 
permite una mejor evaluación de desempeño de los estudiantes y un mayor nivel de 
refle[iyn del estudiante soEre la forma en Tue se llevy a caEo el e[Serimento� /os 
resultados son por lo tanto marcados por una tensión entre la orientación de meta 
(evaluación ) y la orientación del aprendizaje. La función docente es la gestión de 
los pros y los contras de ambas posibilidades.
Palabras clave: video instructivo, video de laboratorio, integración pedagógica de video

IS VIDEO AN OBSOLETE TECHNOLOGY? 
7Ke� eGXFDWLRQDl� XVe� RI� YLGeR� eGXFDWLRQ� KDV� lRQJ� EeeQ� VWXGLeG� DQG�

GLVFXVVeG��6LQFe�WeFKQRlRJ\�KDV�eYRlYeG��VWXG\LQJ�WKLV�WRSLF�FDQ�Ee�SeUFeLYeG�
DW�ILUVW�VLJKW�DV�VRPeZKDW�DQDFKURQRXV. +RZeYeU��FRQVLGeULQJ�WKDW�YLGeR�
LV�FXUUeQWl\�DYDLlDEle�DQG�PDGe�PRUe�DFFeVVLEle�LQ�VeYeUDl�SlDWIRUPV�DQG�
GeYLFeV��LWV�eGXFDWLRQDl�XVe�GeVeUYeV�D�QeZ�lRRN��

$lWKRXJK�LW�LV�WUXe�WKDW�DFDGePLF�GLVFXVVLRQ�KDV�PRYeG�IURP�DQDl\]LQJ�
lLQeDU�YLGeR�LQWeJUDWLRQ�WRZDUGV�LQWeUDFWLYe�YLGeRV��6FKZDQ�	�5LePSS��
������=KDQJ��=KRX��%ULJJV��	�1XQDPDNeU�-U����������FRPSXWeU�VLPXlDWLRQV�
�5XWWeQ�� -RRlLQJeQ�	�9eeQ�� ������ DQG� YLUWXDl� lDERUDWRULeV� �7DWlL� DQG�
$\DV���������RQe�PXVW�DlVR�FRQVLGeU�WKDW�GLJLWDl�YLGeR�DQG�SUeVeQWDWLRQ�
WeFKQRlRJLeV�KDYe� MXVW� RQl\� UeFeQWl\� VXUSDVVeG� VeYeUDl� REVWDFleV� WKDW� D�
GeFDGe�DJR�LQKLELWeG�WKe�V\VWePDWLF�XVe�RI� WKLV� WeFKQRlRJ\�LQ�D�UeJXlDU�
FlDVVURRP��0LFKel��&DYDllDUL��=QDPeQVNDLD��6XQ�	�%eQW���������0RUeRYeU��
LI�UeFeQW�eYRlXWLRQ�EURXJKW�LQFUeDVeG�LQWeUDFWLYLW\��FXVWRPL]DWLRQ�DQG�VelI�
SURGXFWLRQ�LW�GReV�QRW�RXWFDVW�lLQeDU�YLGeR�GePRQVWUDWLRQ��7Ke�IDFW�LV�WKDW�
WeDFKeUV�VWLll�XVe�VLPSle��lLQeDU�YLGeRV�LQ�WKeLU�FlDVVeV�DQG��RIWeQ��WKe\�XVe�
LW�LQ�D�QRQ�RSWLPDl�ZD\��VXFK�DV�WR�ILll�VWXGeQWV¶�WLPe�RU�WR�UeZDUG�WKeP�
IRU�JRRG�EeKDYLRU��+REEV����������

9LGeR��DV�Zell�DV�RWKeU�PeGLD��DUe�RIWeQ�UeIeUUeG�DV�DllRZLQJ�IRU�EeWWeU�
XQGeUVWDQGLQJ�RI�DEVWUDFW�FRQFeSWV�E\�EULGJLQJ�WKe�JDS�EeWZeeQ�VWXGeQWV¶�RZQ�
PeDQLQJIXl�UeDlPV�DQG�VFLeQFe��+DUZRRG�	�0F0DKRQ���������&KePLVWU\�
VWXGeQWV�FRXlG�WKeUeIRUe�EeQeILW�IURP�YLGeR�LQWeJUDWLRQ��$V�D�PDWWeU�RI�IDFW��

FKePLVWU\�LV�SDUWLFXlDUl\�GePDQGLQJ��EeFDXVe�LW�LV�VLPXlWDQeRXVl\�D�KLJKl\�
e[SeULPeQWDl�DQG�D�KLJKl\�DEVWUDFW�VFLeQFe�WKDW�GeDlV�ZLWK�PLFURVFRSLF�UeDlLW\���

$lWKRXJK�WeDFKeUV�DUe�DGRSWLQJ�³ZKDW�LI´�VWUDWeJLeV�WR�e[SlRUe�WKe�SRWeQWLDl�
RI�WeFKQRlRJ\�LQWeJUDWeG�VFLeQFe�WeDFKLQJ��+eQQeVV\��eW�Dl����������WKe�IDFW�
LV�WKDW�GLJLWDl�WeFKQRlRJLeV�DUe�RIWeQ�SeUFeLYeG�eLWKeU�DV�UeSlDFLQJ�WUDGLWLRQDl�
SUDFWLFeV��leFWXUe�RU�lDERUDWRU\��RU�DV�LQWURGXFLQJ�DQG�SUeSDULQJ�VWXGeQWV�
IRU�KDQGV�RQ�DFWLYLWLeV��³$QRWKeU�eIIeFWLYe�ZD\�RI�XVLQJ�VLPXlDWLRQV�LV�DV�D�
SUeSDUDWRU\�DFWLYLW\�IRU�UeDl�lDERUDWRU\�DFWLYLWLeV��3RVLWLYe�eIIeFWV�DUe�IRXQG�
LQ�WKe�FRPSUeKeQVLRQ�RI�WKe�lDE�WDVN�DV�Zell�DV�IRU�SUDFWLFDl�lDERUDWRU\�
VNLllV�GXULQJ�WKe�UeDl�lDE�DFWLYLW\´��5XWWeQ��-RRlLQJeQ�	�9eeQ��������S�������

6RPe�DXWKRUV�PDLQWDLQ�WKDW�GePRQVWUDWLRQ�DQG�YLGeRWDSeG�e[SeULPeQWV�
DUe�eTXDll\�eIIeFWLYe�DQG�WKXV�YLGeRWDSeG�e[SeULPeQWV�FDQ�Ee�XVeG�LQ�VFKRRl�
ZLWKLQ�lDERUDWRU\�VLWXDWLRQV��6eYeU��<XUXPe]RJlX�	�2JX]�8QYeU���������

&URFNeU��$QGeUVVRQ��/XVK��3ULQFe�DQG�*RPe]��������IRXQG�RXW� WKDW�
YLGeR�JXLGeV�EULQJ�VeYeUDl�EeQeILWV��9LGeR�JXLGeV�KelS�WR�GeYelRS�VWXGeQWV¶�
DXWRQRP\��lLEeUDWLQJ�PRUe�WLPe�WR�IRFXV�RQ�GDWD�DQG�WR�eQJDJe�LQ�PRUe�
GePDQGLQJ�LQWeUDFWLRQ�DV�Zell�DV�WR�VeW�D�EDVLV�IRU�LQTXLU\�leDUQLQJ�lDERUDWRU\�
WKURXJK� WKe�SURGXFWLRQ�RI�YLGeR�FRQWeQW��0RUe� UeFeQWl\�� WKe�GLVFXVVLRQ�
KDV� eYRlYeG� WR� VWXGeQW�FUeDWeG�YLGeRV� WKURXJK� VPDUW�SKRQeV� �%eQeGLFW�
DQG�3eQFe��������

,Q�WKLV�ZRUN�Ze�ZLll�IRFXV�RQ�WKe�WLPLQJ�RI�WKe�SUeVeQWDWLRQ�RI�YLGeR�
DV�D�����WRRl�
6SeFLILFDll\��Ze�LQWeQG�WR�
D��� (YDlXDWe�ZKeWKeU�WKe�e[SRVXUe�WR�WKe�YLGeR�EeIRUe�RU�DIWeU�WKe�DFWXDl�

lDERUDWRU\�ZRUN�ZRXlG� DIIeFW� WKe� GeYelRSPeQW� RI� FRJQLWLYe� DQG�
ZRUNLQJ�DELlLWLeV�RI�WKe�VWXGeQWV�LQ�GLIIeUeQW�ZD\V��PDLQl\�IRFXVeG�RQ�
WKe�WKeRUeWLFDl�FRQFeSWV�DQG�lDERUDWRU\�WeFKQLTXeV�QeeGeG�WR�SeUIRUP�
WKe�e[SeULPeQW��

E��� (YDlXDWe�WKe�VWXGeQW¶V�GePeDQRXU�ZKeQ�IDFLQJ�WKe�LQFlXVLRQ�RI�YLGeR�
DV�D�SeGDJRJLFDl�WRRl�DQG�DlVR�WKeLU�UeVSRQVe�WR�WKe�GLGDFWLFDl�VWUDWeJ\�
GeVLJQeG�IRU�WKe�FlDVV�

METHODS AND MATERIALS 
,Q�WKLV�VeFWLRQ��Ze�ZLll�GeVFULEe�WKe�PeWKRGV�DQG�PDWeULDlV�XVeG�LQ�WKe�ZRUN��
�6XEMeFWV
���VWXGeQWV�IURP�D�3RUWXJXeVe����JUDGe�VeFRQGDU\�FlDVV�SDUWLFLSDWeG�

LQ�WKe�VWXG\������IePDle�DQG�����PDle���ZLWK�DYeUDJe�DJe�RI�����,Q�eDFK�
FRQGLWLRQ�WKe�elePeQWV�ZeUe�VeleFWeG�E\�WKe�WeDFKeU�LQ�RUGeU�WR�IRUP�JURXSV�
ZLWK�VLPLlDU�DYeUDJe�DFDGePLF�SeUIRUPDQFe�

Materials
:e�XVeG� D� lDERUDWRU\�YLGeR� WKDW� GePRQVWUDWeG� D� VWURQJ�DFLG�VWURQJ�

EDVe�WLWUDWLRQ��LQ�ZKLFK�Dll�WKe�UeDJeQWV�DQG�PDWeULDlV�ZeUe�SUeVeQWeG�DQG�
D�GeWDLleG�GePRQVWUDWLRQ�RI�WKe�VWeSV�QeFeVVDU\�WR�FRQGXFW�WKe�e[SeULPeQW�
ZDV�VKRZQ��)LJXUe����

Figure 1. Video prinscreen 

 Videotaped experiment in chemistry: should I play it before or after sending 
students to the lab?

Experimento de química grabado en vídeo: ¿debería mostrarse antes o después de 
enviar a los estudiantes al laboratorio?
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 Videotaped experiment in chemistry: should I play it before or after sending students to the lab?

$�VWRU\ERDUG�ZDV�FRQVWUXFWeG�WKDW�ZDV�DSSlLeG�DIWeU�WKe�YLGeR�e[SRVXUe�
DV�Zell�DV�DQ�DQDl\VLV�JULG�WR�Ee�ILlleG�E\�WKe�WeDFKeU�GXULQJ�lDERUDWRU\�
ZRUN�DQG�D�VFULSW�WR�FRQGXFW�WKe�VePL�VWUXFWXUeG�LQWeUYLeZV�

Procedure
7Ke�VXEMeFWV�ZeUe�JUDQWeG�DFFeVV�WR�WKe�VWDQGDUG�SURWRFRl�IRU�D�VWURQJ�

DFLG�VWURQJ�EDVe�WLWUDWLRQ�
7Ke�e[SRVXUe�WR�WKe�YLGeR�ZDV�PDGe�LQ�D�lDERUDWRU\�FlDVV�DW�WZR�GLIIeUeQW�

WLPe�PRPeQWV��,Q�FRQGLWLRQ����WKe�JURXS�ZDV�e[SRVeG�WR�WKe�YLGeR�EeIRUe�
eQJDJLQJ�LQ�WKe�lDERUDWRULDl�ZRUN��,Q�FRQGLWLRQ����WKe�FlDVV�VWDUWeG�ZLWK�
lDERUDWRULDl�ZRUN�DQG�RQl\�DIWeU�WKLV�ZeUe�WKe�VXEMeFWV�e[SRVeG�WR�WKe�YLGeR��
%RWK�FRQGLWLRQV�ZeUe�GLYLGeG�LQ���ZRUN�VXE�JURXSV��7Ke�lDERUDWRULDl�ZRUN�
DFWLYLWLeV�ZeUe�ILlPeG�E\�D�IL[eG�YLGeR�FDPeUD��$W�WKe�eQG�RI�WKe�FlDVV��
YRlXQWeeUV�ZeUe�DVNeG�WR�SDUWLFLSDWe�LQ�DQ�LQGLYLGXDl�LQWeUYLeZ�WKDW�WRRN�
SlDFe�RQe�ZeeN�DIWeU�

Data analysis procedure
7Ke�UeVXlWV�RI�WKe�YLGeR�VFULSW�ZeUe�WUeDWeG�ZLWK�GeVFULSWLYe�VWDWLVWLFV�

XVLQJ�DQ�Excel�ZRUNVKeeW�DQG�UeSUeVeQWeG�DFFRUGLQJ�WR�WKe�WKeRUeWLFDl�DQG�
SUDFWLFDl�VNLllV�WKDW�ZeUe�WeVWeG�

7Ke�LQWeUYLeZV�ZLWK�WKe�VL[�VWXGeQWV��WKUee�IURP�eDFK�FRQGLWLRQ��ZeUe�
UeFRUGeG��WUDQVFULEeG�DQG�VXEMeFWeG�WR�TXDlLWDWLYe�DQDl\VLV�XVLQJ�19LYR�
����$�VXUYe\�EDVeG�DSSURDFK�DQG�RSeQ�FRGLQJ�VWUDWeJ\�ZDV�XVeG���EeFDXVe��
GXULQJ�WKe�LQWeUYLeZ��XQe[SeFWeG�DQVZeUV�DQG�QeZ�TXeVWLRQV�DURVe��7KLV�
leG�WR�D�FDWeJRUL]DWLRQ�GLIIeUeQW�WKDQ�RULJLQDll\�SlDQQeG��LW�EeLQJ�QeFeVVDU\�
WR� eVWDElLVK� QeZ� FRQQeFWLRQV� DQG� RSeQ� QeZ� UeVeDUFK� DUeDV� �*lDVeU�	�
6WUDXVV���������

RESULTS
$V�7DEle���VKRZV��ERWK�FRQGLWLRQV�VKRZeG�LPSURYeG�UeVXlWV�LQ�SUDFWLFDl�

VNLllV��&RQGLWLRQ����e[SRVXUe�EeIRUe��DFKLeYeV�D�KLJKeU�UeVXlW�WKDQ�FRQGLWLRQ�
���e[SRVXUe�DIWeU��LQ�e[SeULPeQWDl�VNLllV�DQG�DlVR�VlLJKWl\�KLJKeU�VFRUeV�
LQ�WKeRUeWLFDl�VNLllV�

Table 1. Average ranking per condition (%)

Skills
Condition 1

Video before (%)
Condition 2

Video after (%)

7KeRUeWLFDl�VNLllV �� ��

3UDFWLFDl�VNLllV �� ��

/DERUDWRU\�SeUIRUPDQFe�RI�FRQGLWLRQ���VXEMeFWV�UeYeDleG�KLJKeU�VFRUeV�
LQ�WeUPV�RI�PDWeULDlV�PDQLSXlDWLRQ�DQG�e[eFXWLRQ�PeWKRG��7Ke�VXEMeFWV�
FRQFlXGeG�WKe�ZRUN�LQ�DERXW����PLQXWeV�ZKLle�FRQGLWLRQ���VXEMeFWV�WRRN����
PLQXWeV��$ERXW���PLQXWeV�SDVW�WKe�EeJLQQLQJ�RI�ZRUN��FRQGLWLRQ���VXEMeFWV�
ZeUe� VWLll� lRRNLQJ� IRU� JXLGDQFe� LQ� WKe� SURWRFRl� DQG� VKRZeG� LQVeFXULW\�
LGeQWLI\LQJ�PDWeULDlV��ZKLle� VXEMeFWV� IURP� FRQGLWLRQ� ��ZeUe� DlUeDG\�
PeDVXULQJ�WKe�LQLWLDl�YDlXeV�RI�DFLG�DW�DERXW���PLQXWeV�SDVW�WKe�EeJLQQLQJ�
RI�ZRUN��)LJXUe���DQG�)LJXUe����

,Q�FRQGLWLRQ���WKe�WeDFKeU�KDV�KDG�WR�LQWeUYeQe�GLUeFWl\��VKRZLQJ�KRZ�
WR�ZDVK�DQG�ILll� WKe�EXUeWWe�VLQFe� WKe�VXEMeFWV�ZeUe�XQDEle� WR�FRUUeFWl\�
SeUIRUP�WKDW�VWeS�E\�WKePVelYeV��DlWKRXJK�LW�ZDV�FleDUl\�e[SlDLQeG�LQ�WKe�
SURWRFRl��WKDW�Dll�KDG�KDG�DFFeVV�WR�EeIRUeKDQG��6RPe�RI�WKe�VXEMeFWV�LQ�
WKLV�FRQGLWLRQ�VKRZeG�VRPe�GLIILFXlWLeV�LQ�DFKLeYLQJ�PDWFKLQJ�UeVXlWV�

:KLle�ZDWFKLQJ�WKe�YLGeR��FRQGLWLRQ���VXEMeFWV�VKRZeG�D�PRUe�IRFXVeG�
GePeDQRXU��WU\LQJ�WR�UeWDLQ�WKe�LQIRUPDWLRQ�WKDW�ZDV�EeLQJ�SDVVeG�ZKLle�
VXEMeFWV�LQ�FRQGLWLRQ���DSSeDUeG�PRUe�UelD[eG�DQG�VKRZeG�D�PRUe�eQWKXVLDVWLF�

EeKDYLRXU�DV�WKe\�UeFRJQL]eG�WKe\�KDG�e[eFXWeG�FeUWDLQ�VWeSV�DV�WKe�YLGeR�
VKRZeG��³«,�GLG�WKDW«´�RU�ZKeQ�WKe\�LGeQWLILeG�WKe�eDVLeVW�ZD\�WR�SeUIRUP�
D�FeUWDLQ�DFWLRQ��³«ZLWK�WKe�YLGeR�LW¶V�PXFK�eDVLeU«´�

)URP�WKe�DQDl\VLV�RI�WKe�LQWeUYLeZV�Ze�ePSKDVLVe�WKe�IRllRZLQJ�WRSLFV��
�L��LPSRUWDQFe�RI�WKe�YLGeR�LQ�XQGeUVWDQGLQJ�WKe�FRQWeQWV���LL��LPSRUWDQFe�
RI�SUDFWLFDl�lDERUDWRU\�ZRUN�YeUVXV�e[SRVXUe�WR�WKe�YLGeR���LLL��LPSRUWDQFe�
RI�ILllLQJ�WKe�YLGeR�e[SRVXUe�JULG���LY��LPSRUWDQFe�RI�WKe�e[SRVXUe�WLPLQJ�
�L��� $ll�WKe�VXEMeFWV�UeFRJQL]e�WKeUe�DUe�DGYDQWDJeV�LQ�ZDWFKLQJ�WKe�YLGeR��

eVSeFLDll\�LQ�UeJDUGV�WR�XQGeUVWDQGLQJ�KRZ�WR�SeUIRUP�WKe�GLIIeUeQW�
lDERUDWRULDl�WeFKQLTXeV�DQG��JeQeUDll\��WKe\�GR�QRW�UeFRJQL]e�DGYDQWDJeV�
LQ�REWDLQLQJ�WKeRUeWLFDl�NQRZleGJe�

�LL�� 6XEMeFWV�ZeUe�XQDQLPRXV�LQ�FRQVLGeULQJ�WKDW�e[SRVXUe�WR�WKe�YLGeR�
GReV�QRW�VXEVWLWXWe�lDERUDWRULDl�SUDFWLFe��7Ke\�e[SUeVVeG�D�GeVLUe�WR�
eQJDJe�LQ�lDERUDWRULDl�ZRUN�DV�RWKeUZLVe�WKe\�PLJKW�QRW�IXll\�XQGeUVWDQG�
LW��7Ke\�GR� DFNQRZleGJe�� KRZeYeU�� WKe� XVeIXlQeVV� RI� WKe� YLGeR� LQ�
UeFRJQL]LQJ�DQG�XQGeUVWDQGLQJ�WKe�PLVWDNeV�WKDW�ZeUe�PDGe�DQG�DV�D�
GePRQVWUDWLRQ�RI�WeFKQLTXeV�

� �LLL��$ll� WKe�VXEMeFWV�UeFRJQL]eG�YDlXe�LQ�ILllLQJ�WKe�YLGeR�e[SRVXUe�
JULG��LQGeSeQGeQWl\�RI�e[SRVXUe�WLPLQJ��

�LY���&RQFeUQLQJ�WKe�VWXGeQWV¶�SeUFeSWLRQ�RI�WKe�EeVW�e[SRVXUe�PRPeQW��Dll�
VXJJeVWeG�WKDW�ZDWFKLQJ�WKe�YLGeR�EeIRUe�eDVeV�WKe�e[SeULPeQWDl�ZRUN�
VeVVLRQ�� GLPLQLVKeV� DQ[LeW\� DQG� LQFUeDVeV� FRQILGeQFe� leYelV�ZKLle�
PLWLJDWLQJ�SUe�lDERUDWRULDl�ZRUN�GRXEWV��

3RVLWLYe�SRLQWV�LQ�e[SRVXUe�DIWeU�lDERUDWRU\�ZRUN�FDPe��eVSeFLDll\��IURP�
WKe�DELlLW\�WR�UeFRJQL]e�WKe�PLVWDNeV�WKDW�ZeUe�PDGe��WKXV�EeLQJ�DEle�WR�
SeUIRUP�D�FULWLFDl�eYDlXDWLRQ�RI�WKeLU�SeUIRUPDQFe��,Q�VRPe�FDVeV�WKLV�leG�
WR�D�GeVLUe�WR�IXUWKeU�GeYelRS�WKe�VNLllV�WKDW�ZeUe�leDUQeG�

7KRVe�VWXGeQWV�VKRZLQJ�TXDlLWDWLYe�FRQFeSWLRQV�GR�QRW�UeVWUDLQ�WKePVelYeV�
WR�PeUel\�DFWLQJ�RXW�WKe�WDVNV�WKe\�DUe�JLYeQ��eYeQ�LI�WKe\�UeFRJQL]e�WKDW�
WKLV�FRXlG�Ee�WUDQVlDWeG�LQWR�KLJKeU�JUDGeV��EXW�VeeN�NQRZleGJe�LQ�D�PRUe�
LQWeUDFWLYe�DQG�DlVR�PeULWRFUDWLF�PDQQeU��

,Q�WKe�e[DPSleV�EelRZ�Ze�DQDl\Ve�D�FRQIlLFW�VLWXDWLRQ�FUeDWeG�E\�WKe�
DQVZeUV� RI� WZR�GLIIeUeQW� VWXGeQWV��7Ke� ILUVW� RQe� WUDQVlDWeV� WKe� FRQIlLFW�
EeWZeeQ�eDVLQeVV�DQG�SeUVRQDl�FRPPLWPeQW�DQG�WKe�VeFRQG�UeIeUV�WR�WKe�
FRQIlLFW�EeWZeeQ�D�EeWWeU�lDERUDWRULDl�SeUIRUPDQFe�DQG�WKe�LQKLELWLRQ�RI�
e[SlRUDWRU\�EeKDYLRXUV�UDLVeG�IURP�D�SUe�lDE�ZRUN�e[SRVXUe�WR�WKe�YLGeR�

“It would be important to watch the video before because in this case 
I know what to do and only need to act out what I see in the video. 
(...) On the other hand, if I don’t see the video before I try to do, I 
seek how to do it, and that makes me learn more. (...) This means that 
I believe you learn more if you do the experiment before and watch 
the video after.” �VXEMeFW�IURP�7�$�
 “Watching the video after would probably not have been the best 
option because even after reading the protocol there are activities 
I could have not understood, like the washing of the burette and 
practical mistakes would be made, and even in the final results, that 
we would not be able to eliminate. When we watch the movie before 
we are a little conditioned by what we see because we believe it is 
the correct way to do it and so we want to repeat what was seen so 
we can get a good grade and that means the video might restrain us 
a bit by not allowing us to explore our imagination capacity in order 
to do things”��VXEMeFW�7�$�

5eIeUeQFeV�WR�QeJDWLYe�DVSeFWV�RI�e[SRVXUe�WR�WKe�YLGeR�ZeUe�IRXQG�RQl\�
LQ�FRQGLWLRQ���VXEMeFWV��7�$�DQG�7�%���6XEMeFWV�UeIeU�WKe�FRQGLWLRQLQJ�WR�
ZKLFK�WKe\�DUe�VXEMeFWeG�EeFDXVe�RI�WKe�VXJJeVWeG�SURFeGXUe�DQG�KRZ�WKDW�
PLJKW�UeVWULFW�WKe�GeYelRSPeQW�SRVVLELlLWLeV�RI�DXWRQRPRXV�DQG�LQYeVWLJDWLYe�

Figure 2 – Laboratory work Condition 1 (4:22) Figure 3 – Laboratory work Condition 2 (8:22)
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 Videotaped experiment in chemistry: should I play it before or after sending students to the lab?

FDSDELlLWLeV�� ,Q�FRQVeTXeQFe�� WKe\�ZeUe� WKe�RQl\�VWXGeQWV� WKDW�DVVXPeG�
WKe� LPSRUWDQFe�DQG�SRVVLELlLW\�RI�SUeVeQWLQJ� WKe�YLGeR�ERWK�EeIRUe�DQG�
DIWeU�WKe�lDERUDWRU\�ZRUN��DV�QeLWKeU�JURXS�ZRXlG�ZDLYe�WKe�DGYDQWDJeV�
RI�SUe�ZRUN�e[SRVXUe�

1RQe�RI�WKe�VXEMeFWV�LQ�FRQGLWLRQ���ZDLYeV�WKe�e[SRVXUe�WR�WKe�YLGeR�
EeFDXVe��eYeQ�WKRXJK�WKe\�IelW�leVV�FRPIRUWDEle�GXULQJ�ZRUN�DQG�LGeQWLILeG�
WKe�DGYDQWDJeV�RI�D�SUe�ZRUN�e[SRVXUe��WKe\�UeFRJQL]e�WKe�leDUQLQJ�DQG�
NQRZleGJe�JDLQV�WKDW�GeULYe�IURP�SRVW�ZRUN�YLVXDlL]DWLRQ��eleFWLQJ�LW�DV�
WKe�PRVW�RSSRUWXQe�WLPLQJ��

CONCLUSIONS
�7Ke�SXUSRVe�RI�WKLV�SDSeU�LV�WR�WU\�WR�XQGeUVWDQG�WKe�eIIeFWV�RQ�VWXGeQWV¶�

FRJQLWLYe�DQG�SUDFWLFDl�VNLllV�RI�ZDWFKLQJ�D�lDE�YLGeR�e[SeULPeQW��EeIRUe�
RU�DIWeU�JRLQJ�WR�WKe�lDERUDWRU\��$FFRUGLQJ�WR�WKe�UeVXlWV��LW�LV�SRVVLEle�WR�
FRQFlXGe�WKDW�WKe�WLPe�RI�SUeVeQWDWLRQ�RI�WKe�lDERUDWRULDl�YLGeR�LV�DVVRFLDWeG�
ZLWK�GLIIeUeQW�SeUIRUPDQFeV�LQ�WKe�lDERUDWRU\��6SeFLILFDll\��WKe�SDUWLFLSDQWV�
ZKR�KDYe�VeeQ� WKe�YLGeR�DQG�KDYe�ILlleG� WKe�VFULSW�EeIRUe�JRLQJ� WR� lDE�
SeUIRUP�EeWWeU��2Q�WKe�RWKeU�KDQG��QR�VXEVWDQWLDl�GLIIeUeQFeV�KDYe�EeeQ�
QRWeG� LQ� FRJQLWLYe� XQGeUVWDQGLQJ�RI� WKe�PDWWeU��7KeVe� UeVXlWV� DUe� DlVR�
VXVWDLQeG�E\�WKe�lLWeUDWXUe��

:e�DUe�DlVR�LQWeUeVWeG�LQ�eYDlXDWLQJ�WKe�VWXGeQWV¶�DWWLWXGeV�IDFLQJ�WKe�
YLGeR��7Ke�UeVXlWV�VXJJeVW�DQ�DPELYDleQW�DWWLWXGe�WRZDUGV�lDERUDWRU\�YLGeRV��
$lWKRXJK�VWXGeQWV�UeFRJQL]e�LWV�LQWULQVLF�YDlXe��WKe\�GR�QRW�FRQVLGeU�LW�DV�
DQ�DlWeUQDWLYe�DFWLYLW\�WR�lDERUDWRU\�EXW�UDWKeU�D�FRPSlePeQWDU\�DFWLYLW\��

$Q�LPSRUWDQW�ILQGLQJ�ZKLFK�GeVeUYeV�IXWXUe�e[SlRUDWLRQ�VXJJeVWV�D�lLQN�
EeWZeeQ�VWXGeQWV¶�SeUVRQDl�FRQFeSWLRQV�RI�leDUQLQJ��'DUW�eW�Dl���������DQG�
WKe�WLPLQJ�RI�YLGeR�SUeVeQWDWLRQ��7KRVe�VWXGeQWV�ZKR�YDlXe�WKe�SURFeVV�RI�
leDUQLQJ�ZRXlG�FRSe�EeWWeU�ZLWK�WKe�leDUQLQJ�E\�GRLQJ�VFeQDULR��FRQGLWLRQ�
���ZKLle�WKe�VWXGeQWV�ZKR�DUe�VWULFWl\�IRFXVeG�RQ�UeVXlWV�ZRXlG�SUeIeU�D�
YLFDULRXV�leDUQLQJ�VFeQDULR��FRQGLWLRQ����ZKLFK�ZRXlG�RULeQW�WKeP�IURP�
WKe�EeJLQQLQJ��

)XWXUe�VWXGLeV�VKRXlG�IRFXV�RQ� WKUee�Ne\�SRLQWV��)LUVW�� WR�FlDULI\� WKe�
UelDWLRQ�WKLV�VWXG\�VXJJeVWV�EeWZeeQ�VWXGeQW�RULeQWDWLRQ��SURFeVV�YV��SURGXFW��
DQG�YLGeR�LQFlXVLRQ�LQ�FlDVV��6eFRQG��eYDlXDWe�LI�YLGeR�LQWeJUDWLRQ�EeQeILWV�
WKeRUeWLFDl�FRPSeWeQFeV�DV�Zell�DV�lDERUDWRULDl�RQeV��DQG�WKLUG��UeWXUQLQJ�
WKe�ILlP�RI�WKe�ZKRle�SURFeVVeG�e[SeULPeQW�WR�WKe�VWXGeQWV��FRXlG�FRQVWLWXWe�
DQ�LQWeUeVWLQJ�e[eUFLVe�RI�VelI�GLDJQRVLV�WKURXJK�ZKLFK��eDFK�VWXGeQW�FRXlG�
eYDlXDWe�IRU�KLP�KeUVelI�ZKDW�PLVWDNeV�ZeUe�PDGe�DQG�Ieel�PRUe�LQYRlYeG�
LQ�WKe�WeDFKLQJ�DQG�leDUQLQJ�SURFeVV��
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Abstract
This research analyzes the social representations of teachers of courses in biology, 
physics and chemistry, concerning active methodologies. The data were obtained 
through a questionnaire to 86 teachers from semistructured classroom courses at 
a public university in the State of Paraná, 31 teachers of undergraduate course 
in biology, 27 teachers of undergraduate course in physics and 28 teachers of 
the undergraduate course in chemistry. All teachers surveyed belong to the core 
Eusiness of their sSeci¿c training courses� The Tuestionnaire has tZo Tuestions of 
free association ten multiple-choice questions and two open-ended questions. The 
e[cerSts of the Musti¿cations evoNed Ey the teachers Zords that illustrate the meaning 
abstracted regarding the subject studied received designation in the following account 
of the work: PB1 to PB31 for professors of biology; PF32 to PF58 for professors of 
physics PQ59 to PQ86 for the professors of chemistry. The answers to the questions of 
free association and the open questions were read to identify regularities and unique 
experiences. After a thorough reading of the responses a report was prepared with 

an interpretive synthesis of the focus given to active methodologies and words that 
evoked the experiences of teachers. The data analyzed in the light of the theory of 
social reSresentations indicates Sro[imity EetZeen social reSresentations identi¿ed 
by the teachers and the possibilities and limitations of encouraging the dialectical 
process, practice and praxis in terms of active methodologies.
Key words: science education; active methods; social representations.

Resumen
Esta investigación se basa en las representaciones sociales de los profesores de los 
cursos de biología, física y química, con uso de metodologías activas. Los datos se 
obtuvieron a través de un cuestionario a 86 docentes de cursos semiestructurados en 
el aula de una universidad pública en el estado  Paraná, 31 profesores de curso de 
pregrado de biología, 27 profesores de curso de pregrado de física y 28 profesores 
del curso de pregrado de química. El cuestionario consta de dos preguntas de la 
libre asociación, diez preguntas de opción múltiple y dos preguntas abiertas. Las 

Active methodologies in science education: an analysis in the light of the theory of 
social representations

Metodologías activas en la educación científica: un análisis de la teoría de la luz de 
las representaciones sociales

anTonElla Carvalho dE olivEira , daMaris BEraldi Godoy lEiTE, anTonio Carlos Frasson 
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Active methodologies in science education: an analysis in the light of the theory of social representations

respuestas a las preguntas de la libre asociación y las preguntas abiertas fueron 
letdas Sara identi¿car regularidades y e[Seriencias esSect¿cas� 'esSups de una 
lectura  de las respuestas se preparó un informe con una síntesis interpretativa de la 
atención dada a las metodologías activas y palabras que evocaban las experiencias 
de los profesores. Los datos analizados a la luz de la teoría de las representaciones 
sociales indican la Sro[imidad entre las reSresentaciones sociales identi¿cadas Sor 
los profesores, las posibilidades y limitaciones para fomentar el proceso dialéctico, 
la práctica y la praxis en términos de metodologías activas.
Plabras clave: educaciyn cientt¿ca� mptodos activos� reSresentaciones sociales

INTRODUCTION
,Q�WKe�lDVW�FeQWXU\��GLVFRYeULeV�LQ�YDULRXV�ILelGV�RI�KXPDQ�NQRZleGJe�

SDYeG�WKe�ZD\�IRU�D�UeIleFWLRQ�DERXW�WeDFKLQJ�DQG�leDUQLQJ��7Ke�VFKRRl�
DFFeVV�IRU�eYeU\RQe��WKe�UeVXlW�RI�WKe�eGXFDWLRQDl�UeIRUPV�RI�WKe�����V��DV�
Zell�DV�RWKeU�PeFKDQLVPV�IRU�DFFeVVLQJ�LQIRUPDWLRQ��KDYe�eQDEleG�SeRSle�
WRGD\�WR�Ee�PRUe�DZDUe�RI�WKeLU�ULJKWV�DQG�e[SeFWDWLRQV�RI�WKRVe�RXWVLGe�
WKe�VFKRRl�KDV�EeeQ�FKDQJeG�DQG�UDLVe�LVVXeV�VXFK�DV���:KDW�LV�WKe�SXUSRVe�
RI�VFKRRl"�:KDW�LV�WKe�URle�RI�WKe�WeDFKeU"

7Ke�DFWLYe�PeWKRGV�FRPe�XS�DV�D�UeVSRQVe�WR�WKeVe�TXeVWLRQV��EeFDXVe�WKe\�
DUe�EDVeG�RQ�WKe�VWXG\�SURFeVV�E\�VRlYLQJ�SURElePV�DQG�UeTXLUe�D�FKDQJe�WKe�
URle�RI�WKe�eGXFDWRU��DV�VWDWeG�2UlLN��������S������³$FWXDlPeQWe�el�PpWRGR�
WUDGLFLRQDl�lR�eMeFXWDQ�SURIeVRUeV�FRQ�SRFD�SUiFWLFD���SRUTXe�REWeQLeQGR�lD�
PtQLPD�e[SeULeQFLD�eQ�lD�eQVexDQ]D�el�SURIeVRU���FDVL�VLePSUe�FRPSUeQGe�
TXe�eVWe�PpWRGR�QR�eV�el�DGeFXDGR�e�LQWeQWD�PRGLILFDU�\�PRGeUQL]DU�VX�
WUDEDMR�GRFeQWe´�eQDElLQJ�IRFXV�RQ�WeDFKLQJ�leDUQLQJ�SURFeVV��7KXV�WKe�
WeDFKeU¶V� ILUVW� UeVSRQVLELlLW\� LV� WR� GeYelRS� DXWRQRP\� LQ� VWXGeQWV��7Ke�
YDULRXV�SRVVLELlLWLeV�IRU�ZRUNLQJ�ZLWK�DFWLYe�PeWKRGV�DUe��FDVe�VWXG\��WKe�
LQFLGeQW�SURFeVV��SeGDJRJ\�SURMeFWV�� VFLeQWLILF� UeVeDUFK��SUREleP�EDVeG�
leDUQLQJ�DQG�SURElePDWL]DWLRQ�ZLWK�WKe�0DJXeUe]�$UFK��FRQVLVWLQJ�RI�ILYe�
VWeSV��REVeUYDWLRQ�RI�UeDlLW\�DQG�SUREleP�GeILQLWLRQ��Ne\�SRLQWV��WKeRUL]LQJ��
SRVVLEle�VRlXWLRQV�DQG�DSSlLFDWLRQ�WR�UeDlLW\���&RlRPER��%eUEel��������

7Ke�DQFKRU�RI�DFWLYe�PeWKRGRlRJLeV�LV�FULWLFDl�SeGDJRJ\�DQG�Dll�KDYe�LQ�
FRPPRQ�WKe�IDFW�RI�LQWeQWLRQDll\�ZRUNLQJ�ZLWK�SURElePV�IRU�WKe�GeYelRSPeQW�
RI�WeDFKLQJ�leDUQLQJ�DQG�eQKDQFLQJ�leDUQLQJ�WR�leDUQ��0DULQ�eW�Dl���������
7KLV�LV�EeFDXVe�WKe�KXPDQ�EeLQJ�KDV�WKe�DELlLW\�WR�LQWeUDFW�ZLWK�REMeFWLYe�
NQRZleGJe��ZLWK�WKe�SKeQRPeQD�SUeVeQW�LQ�WKeLU�UeDlLW\��DQG�WR�eVWDElLVK�
VRFLDl�UelDWLRQVKLSV��7KLV�FRQWe[W�VKRZV�WKe�LPSRUWDQFe�RI�NQRZLQJ�WKe�
SUeYLRXV� DQG� �� RU� FRPPRQ� VeQVe� FRQFeSWV�� GeVFULEeG� E\� WKe� VXEMeFWV�
LQYRlYeG� LQ� WKe� WeDFKLQJ�leDUQLQJ�SURFeVV� LQ� RUGeU� WR� DFKLeYe� WKe� EeVW�
IRUP�RI�DSSURSULDWLRQ�RI�NQRZleGJe�DQG�RYeUFRPe�WKe�eSLVWePRlRJLFDl�
REVWDFleV��%RULlle�eW�Dl��������7Ke�SDWK�RI�WKe�WeDFKLQJ�leDUQLQJ�SURFeVV�
LV�EXLlW�E\�LQWeUDFWLRQ�EeWZeeQ�WKe�NQRZeU�DQG�WKe�NQRZDEle�REMeFW��WKe�
DFWLYe�PeWKRGRlRJLeV�DUe�JURXQGeG�LQ�D�VLJQLILFDQW�WKeRUeWLFDl�SULQFLSle��
DXWRQRP\��VRPeWKLQJ�e[SlLFLW� LQ� WKe� LQYRFDWLRQ�RI�3DXlR�)UeLUe���������
&XUUeQW� eGXFDWLRQ� UeTXLUeV� WKDW� WKe� VWXGeQW� LV� DEle� WR� VelI�PDQDJe� DQG�
JRYeUQ�KLV�KeU�RZQ�IRUPDWLRQ�SURFeVV�

:LWKRXW�GLJUeVVLRQ�VRPe�LVVXeV�FRPe�WR�WKe�VXUIDFe�EeFDXVe�³Dll�KXPDQ�
LQWeUDFWLRQV� DULVe� EeWZeeQ� WZR�SeRSle� RU� EeWZeeQ� WZR�JURXSV� DQG� WKLV�
SUeVXSSRVeV�VRFLDl�UeSUeVeQWDWLRQV�EeLQJ�QeFeVVDU\�WR�WKe�XQGeUVWDQGLQJ�RI�
VRFLDl�G\QDPLFV�DQG�UelDWLRQVKLSV�DPRQJ�LQGLYLGXDlV´��0RVFRYLFL��������
S�������6R�-RGeleW��������S������FRUURERUDWeV�0RVFRYLFL�ZKeQ�Ke�VD\V�WKDW�
VRFLDl�UeSUeVeQWDWLRQV�³DUe�D�IRUP�RI�NQRZleGJe��VRFLDll\�elDERUDWeG�DQG�
VKDUeG�WKDW�KDYe�D�SUDFWLFDl�SXUSRVe�DQG�FRQWULEXWeV�WR�EXLlGLQJ�D�UeDlLW\�
FRPPRQ�WR�D�VRFLDl�JURXS�´

7Ke� VWXG\� RI� VRFLDl� UeSUeVeQWDWLRQV� LQYeVWLJDWeV� KRZ� WKe� UeIeUeQFe�
V\VWePV�Ze�XVe�WR�FlDVVLI\�SeRSle�DQG�JURXSV�DQG�WR�LQWeUSUeW�WKe�eYeQWV�
RI� eYeU\GD\� UeDlLW\� DUe� IRUPeG� DQG�ZRUN��7KeUe� DUe�PDQ\�ZD\V� RI�
XQGeUVWDQGLQJ�DQG�DGGUeVVLQJ�WKe�VRFLDl�UeSUeVeQWDWLRQV��UelDWLQJ�WKeP�
WR�WKe�VRFLDl�LPDJLQDU\�RU�QRW��7Ke\�DUe�UelDWeG�WR�WKe�LPDJLQDU\�ZKeUe�
WKe�ePSKDVLV�LV�RQ�WKe�V\PERlLF�FKDUDFWeU�RI�UeSUeVeQWDWLYe�DFWLYLW\�RI�
VXEMeFWV�ZKR�VKDUe� WKe�VDPe�VRFLDl�FRQGLWLRQ�RU�e[SeULeQFe� �0D]RWWL��
������S������ePSKDVLV�DGGeG��

6SDQQLQJ�WKe�FRQFeSW�DERYe��Ze�FDQ�FRQFlXGe�WKDW�VRFLDl�UeSUeVeQWDWLRQV�
DUe�LQGLVSeQVDEle�IRU�XQGeUVWDQGLQJ�WKe�VRFLDl�UelDWLRQV�DQG�WKe�G\QDPLFV�
RI� WKe� VXEMeFW�ZLWK� WKe�SURIeVVLRQV��7Ke� VRFLDl� UeSUeVeQWDWLRQ�EeFRPeV�
eVVeQWLDl�IRU�WKe�DSSUeKeQVLRQ�RI�WKe�FRPSRQeQWV�RI�WKe�WeDFKLQJ�SURIeVVLRQ��
SDUWLFXlDUl\�DV�WKe\�LQYRlYe�VRFLDl��KLVWRULFDl�DQG�FXlWXUDl�GLPeQVLRQV�WKDW�
VKRZ�IURP�DFWLRQV�e[SeULeQFeG�LQ�eYeU\GD\�VFKRRl�lLIe��7Ke�LVVXeV�UDLVeG�
SURYLGe�e[SDQVLRQ�DQG�SURGXFe�NQRZleGJe��WKeUeIRUe�WKe�FeQWUDl�UeVeDUFK�
SUREleP�FDQ�Ee�e[SUeVVeG�WKXV��:KDW�DUe�DQG�ZKDW�LQGLFDWeV�WKe�VRFLDl�
UeSUeVeQWDWLRQV�RI�WeDFKeUV�RI�FRXUVeV�LQ�ELRlRJ\��SK\VLFV�DQG�FKePLVWU\�
UelDWLQJ�WR�DFWLYe�PeWKRGRlRJLeV"

7Ke�SUeVeQW�VWXG\�DLPV�WR�DQDl\]e�WKe�VRFLDl�UeSUeVeQWDWLRQV�RI�WeDFKeUV�
RI�FRXUVeV�LQ�ELRlRJ\��SK\VLFV�DQG�FKePLVWU\�RI�D�SXElLF�XQLYeUVLW\�LQ�WKe�
VWDWe�RI�3DUDQi��RQ�DFWLYe�PeWKRGV��VeeNLQJ�WR�XQGeUVWDQG�WKeLU�FRQVWLWXeQWV��
*LYeQ�WKe�DERYe��WKe�UeleYDQFe�DQG�FRQWULEXWLRQ�RI�WKe�ZRUN�LQ�TXeVWLRQ�LV�
GXe�WR�WKe�IDFW�RI�WKe�DFWXDlLW\�DQG�UeleYDQFe�RI�WKe�WRSLF��FRQVLGeULQJ�WKDW�
DLPV�WR�GeeSeQ�WKe�FRQYeUVDWLRQ�DQG�SeUVSeFWLYeV�EeWZeeQ�DUeDV�FRYeUeG�E\�
WKe�WeDFKLQJ�RI�VFLeQFe��JLYeQ�WKDW�WKe�LVVXe�DIIeFWV�GLUeFWl\�WKe�FRQGLWLRQV�
DQG�TXDlLW\�RI�eGXFDWLRQ�RIIeUeG�LQ�%UD]LlLDQ�VFKRRlV�

METHODOLOGY
$SSlLeG� UeVeDUFK�� TXDlLWDWLYe�� e[SlRUDWRU\� DQG� SKeQRPeQRlRJLFDl��

DFFRPSlLVKeG� WKURXJK� DSSlLFDWLRQ�RI� VePL�VWUXFWXUeG�TXeVWLRQQDLUeV� WR�
���WeDFKeUV�DW�D�SXElLF�XQLYeUVLW\�LQ�WKe�VWDWe�RI�3DUDQi��DQG����WeDFKeUV�
RI�WKe�GeJUee�FRXUVe�LQ�ELRlRJ\�����WeDFKeUV�RI�XQGeUJUDGXDWe�FRXUVe�LQ�
SK\VLFV�DQG����WeDFKeUV�LQ�GeJUee�FRXUVe�LQ�FKePLVWU\��7Ke�e[FeUSWV�RI�
WKe�MXVWLILFDWLRQV�eYRNeG�E\�WKe�WeDFKeUV�ZRUGV�WKDW�LllXVWUDWe�WKe�PeDQLQJ�
DEVWUDFWeG�UeJDUGLQJ�WKe�VWXGLeG�VXEMeFW�UeFeLYeG�WKe�IRllRZLQJ�WLWle�LQ�WKe�
QDUUDWLYe�RI�WKe�ZRUN��3%��WR�3%���IRU�SURIeVVRUV�RI�ELRlRJ\��3)���WR�3)���
IRU�SURIeVVRUV�RI�SK\VLFV�34���WR�34���IRU�WKe�SURIeVVRUV�RI�FKePLVWU\�

7Ke�TXeVWLRQQDLUe�KDV�WZR�TXeVWLRQV�RI�IUee�DVVRFLDWLRQ�WeQ�PXlWLSle�
FKRLFe�TXeVWLRQV�DQG�WZR�RSeQ�eQGeG�TXeVWLRQV��&lRVeG�TXeVWLRQV�LQYRlYLQJ�
FRQVWUXFWV�ZeUe�PeDVXUeG�XVLQJ�DQ�LQWeUYDl�/LNeUW�PeWULF�VFDle�UDWLQJ�RI�
ILYe�SRLQWV��ZKeUe���UeSUeVeQWV�³'R�QRW�$JUee´�DQG���LV�³6WURQJl\�$JUee´�

+RSSeQ�eW�Dl��������ZDUQV�WKDW�ZKeQ�WKe�UeVeDUFKeU�XVeV�DQ�LQVWUXPeQW�
WR�FRlleFW�GDWD�QRW�YDlLGDWeG�� LW�VKRXlG�Ee�VXEMeFWeG�WR�YDlLGDWLRQ�LQ�WKe�
FDWeJRULeV�RI�³WUXVWZRUWKLQeVV�DQG�UelLDELlLW\´�DQG�³FRQWeQW´��7R�DVVeVV�WKe�
YDlLGLW\�RI�WKe�LQVWUXPeQW�³&RQWeQW�9DlLGLW\´�PeWKRG�ZDV�XVeG��DQG�IRU�
LWV�RSeUDWLRQ�ZeUe�DVNeG�IRXU�e[SeUWV�LQ�WKe�ILelG�RI�DFWLYe�PeWKRGRlRJLeV��
-XGJeG�UeleYDQW�VXJJeVWLRQV�ZeUe�DFFeSWeG�DQG�LQFRUSRUDWeG�LQWR�WKe�ILUVW�
YeUVLRQ�RI�WKe�LQVWUXPeQW�

$LPLQJ�WR�GePRQVWUDWe�WKDW�WKe�TXeVWLRQQDLUe�QRZ�SUeSDUeG�LV�FRQVLVWeQW��
WKe�VDPe�ZDV�VXEPLWWeG�WR�UelLDELlLW\�DQDl\VLV�RI�eDFK�IDFWRU�E\�&URQEDFK�
DlSKD�FReIILFLeQW��&URQEDFK���������7Ke�YDlXe�IRXQG�ZDV�������DllRZLQJ�
WKe�FRQVLGeUDWLRQ�WKDW�WKe�LQWeUQDl�FRQVLVWeQF\�SUeVeQWV�FReIILFLeQWV�WKDW�
SURYe�LWV�FRKeVLRQ�

7Ke� WUeDWPeQW�RI� WKe�ZRUGV�eYRNeG� LQ� WKe�PDWWeU�RI� IUee�DVVRFLDWLRQ�
DQG�RSeQ�TXeVWLRQ�ZeUe�SeUIRUPeG�E\�(92&��VRIWZDUe�WKDW�leQGV�LWVelI�
WR� WKe�DQDl\VLV�RI�ZRUGV�DQG�ZLGel\�XVeG�WR�VXSSRUW� UeVeDUFK�RQ�VRFLDl�
UeSUeVeQWDWLRQV� DQG� MXVWLILFDWLRQV� eYRFDWLRQV�� WKURXJK� FRQWeQW� DQDl\VLV��
$IWeU� D� WKRURXJK� UeDGLQJ� RI� QDUUDWLYeV� DQ� LQWeUSUeWLYe� V\QWKeVLV�ZDV�
GeYelRSeG��WR�IRFXV�RQ�DFWLYe�PeWKRGRlRJLeV�DQG�ZRUGV�eYRNeG�IURP�WKe�
e[SeULeQFeV�RI�WeDFKeUV�

ANALYSIS AND DATA DISCUSSION
,Q�WKe�TXeVWLRQQDLUe�Ze�XVeG�e[SUeVVLRQV�DQG�ZRUGV�WKDW���DFFRUGLQJ�

WR�WKe�lLWeUDWXUe��UeIeU�WR�WKe�DFWLYe�PeWKRGV��7Ke�WeDFKeU�ZDV�DVNeG�WR�lLVW�
ZRUGV�E\�WKeLU�leYel�RI�LPSRUWDQFe�DQG�WR�MXVWLI\�WKe�ZRUG�SRLQWeG�ILUVW��,Q�
TXeVWLRQV�RI�IUee�DVVRFLDWLRQ�DQG�WKe�RSeQ�TXeVWLRQV�LW�ZDV�DlVR�SRVVLEle�
WR�GeWeUPLQe�WKe�ZRUGV�eYRNeG�E\�WeDFKeUV�DV�Zell�DV�LWV�MXVWLILFDWLRQ��7Ke�
���WeDFKeUV�VXUYe\eG�eYRNeG�����ZRUGV��7Ke�DYeUDJe�QXPEeU�RI�ZRUGV�
SeU�WeDFKeU�ZDV������$IWeU�DQDl\VLV�DQG�SURFeVVLQJ�LW�ZDV�IRXQG�WKDW�PRVW�
RI�WKe�ZRUGV�FRQWDLQeG�LGeQWLFDl�RU�YeU\�VLPLlDU�WR�RWKeU�PeDQLQJV��DQG�
WKeUeIRUe�FRXlG�Ee�JURXSeG�LQ����ZRUGV��7UeDWPeQW�SeUIRUPeG�LQ�WKe�(92&��
GLVFDUGeG����ZRUGV��lRZ�IUeTXeQF\��

 Profile of the population studied
,Q�SUeSDULQJ�WKe�VXUYe\�LQVWUXPeQW�ZDV�GeFLGeG�WR�GUDZ�WKe�SURILle�RI�WKe�

SRSXlDWLRQ�VWXGLeG��EeFDXVe�LW�LV�XQGeUVWRRG�WKDW�WKe�IeDWXUeV���FRQGLWLRQV�
RI�WeDFKeUV�FRPSeWe�WR�LQIlXeQFe�WKe�UeVXlWV��7DEle���SUeVeQWV�WKeVe�GDWD�

       Table 1: Population Profile
*eQGeU�

)ePDle ���

0Dle ���

$Je

%eWZeeQ������ ���

%eWZeeQ������� ���

%eWZeeQ������� ���

7LWle

0DVWeU ���

'RFWRU ���



67-2851$/�2)�6&,(1&(�('8&$7,21���1�����9Rl������SS���������������,661������������ZZZ�DFFeI\Q�RUJ�FR�UeF

Active methodologies in science education: an analysis in the light of the theory of social representations

7LPe�7eDFKLQJ

8S�WR����\eDUV ���

%eWZeeQ�������\eDUV ���

%eWZeeQ�������\eDUV ���

0RUe�WKDQ����\eDUV ���

7KeUe�LV�DPRQJ�WKe�SRSXlDWLRQ��D�SUeGRPLQDQFe�RI�PDleV�������DQG�
LQGLYLGXDlV�EeWZeeQ����DQG����\eDUV�RlG��������7KeVe�GDWD�DUe�LQ�lLQe�ZLWK�
WKe�QDWLRQDl�DYeUDJe��EeFDXVe�DFFRUGLQJ�WR�WKe�FeQVXV�RI�%UD]LlLDQ�KLJKeU�
eGXFDWLRQ�VWDQGDUG�RI�SXElLF�+(,�WeDFKeU�LV�PDle�����\eDUV�RlG���%UD]LlLDQ�
GRFWRU�DQG�ZRUNV�IXll�WLPe��,1(3��������

$V�WR�WLWleV������KDYe�D�PDVWeU¶V�GeJUee�DQG�����KDYe�D�GRFWRUDWe��WKLV�
LV�D�VWULNLQJ�IeDWXUe�LQ�SXElLF�+(,V��EeFDXVe�DFFRUGLQJ�WR�,1(3��������LQ�
WKe�QXPEeU�RI�SULYDWe�+(,V�GRFWRUV�LV�RQl\������,W�ZDV�DlVR�SRVVLEle�WR�
REVeUYe�WKDW�WKe�PDVWeU�WeDFKeUV�DUe�DPRQJ�WKe�RlGeVW�ZLWKLQ�WKe�LQVWLWXWLRQ�

5eJDUGLQJ� WKe� WLPe�RI� WeDFKLQJ�� WKeUe� LV� DlPRVW� DQ�DlLJQPeQW� LQ� WKe�
SeUFeQWDJe�RI�WeDFKeUV�ZKR�ZRUN�leVV�WKDQ����\eDUV�������DQG�WKRVe�ZLWK�
PRUe�WKDQ����\eDUV�RI�WeDFKLQJ��������7KLV�IDFW�FDQ�Ee�MXVWLILeG�E\�WKe�
QXPEeU�RI�WeDFKeUV�ZKR�KDYe�UeWLUeG�LQ�WKe�lDVW�ILYe�\eDUV�

Restrictive Perception of Teachers on the Active Methodologies
7Ke�IDFWRUV�QDPeG�KeUe�DV�UeVWULFWLYe�WR�DFWLYe�PeWKRGV��7DEle����DUe�

GeULYeG�IURP�RSeQ�DQG�IUee�DVVRFLDWLRQ�TXeVWLRQV��7KLV�UeVeDUFK�DLPeG�WR�
QRW�LQGXFe�UeVeDUFK�SDUWLFLSDQWV�WR�UDLVe�WKeVe�TXeVWLRQV��7Ke�MXVWLILFDWLRQV�
UeIeU� WR� XQGeUVWDQG� WKDW� WKe� WeUPV� ³lDFN�RI� WLPe� �� RYeUZRUN´�� ³lDFN�RI�
LQVWLWXWLRQDl� VXSSRUW´�� ³lDFN� RI� UeVSeFW´� DQG� ³leDUQLQJ� UeVRXUFeV´� DUe�
FRQGLWLRQV�RI�WKe�+(,�ZKeUe�WKe\�lLYe��RI�UeJXlDWRU\�ERGLeV�DQG�PRQLWRULQJ�
RI�VFKRRl��IDPLlLeV�DQG�VRFLeW\�LQ�JeQeUDl�

Table 2 – Restrictive Perception of Teachers on the Active Methodologies

Restrictive Perception

Biology Physics Chemestry

Lack of Time / excessive work ����� ����� �����

Lack of Institutional Support ����� ����� �����

Lack of respect ����� ����� �����

Teaching Resources ���� � ����

Salary ���� � ����

Other ����� ����� �����

7RWDl� ���� ���� ����

7Ke�elePeQW�lDFN�RI�WLPe���RYeUZRUN�DSSeDUV�LQ�������RI�FDVeV

��D�IDFWRU�
WKDW�leDGV�WR�SRRU�FRQGLWLRQ�RI�WeDFKLQJ��$PRQJ�Dll�WKe�VXUYe\eG�WeDFKeUV��
����ZRUN�PRUe�WKDQ����KRXUV�SeU�ZeeN�DQG�PDLQWDLQV�GDLl\�FRQWDFW�ZLWK�
DSSUR[LPDWel\�����VWXGeQWV��7Ke�WeDFKeU¶V�ZRUN�JeWV�GRQe�QRW�RQl\�ZLWKLQ�
WKe�FlDVVURRP�EXW�DlVR�LQ�WKe�LQWeUYDlV��LQ�WKe�FRUULGRUV��ZDWFKLQJ�VWXGeQWV��
)RU�lDFN�RI�SlDQQeG�VFKeGXle�DFWLYLW\�VXFK�DV�JXLGDQFe��e[SlDQDWLRQV�RI�
DGGLWLRQDl�FXUULFXlXP�FRQWeQW��FlDULILFDWLRQ�RI�VWXGeQW�TXeVWLRQV�DQG�eYeQ�
UeTXeVWV�IRU�DGYLFe�RQ�SeUVRQDl�LVVXeV��
7Ke� WLPe� UeTXLUeG� IURP� WKe� WeDFKeU� RXWVLGe� RI� WKe� FlDVVURRP� IRU�

QRQ�WeDFKLQJ�DFWLYLWLeV�� WeVWV�DQG�SDSeUV�WR�JUDGe�� leVVRQV�WR�SUeSDUe�
LV�VXEVWDQWLDl��,W�ZDV�IRXQG�WKDW�WeDFKeUV�ZKR�WeDFK�leVV�WLPe�DUe�WKRVe�
ZKR�FRQWLQXe�SeUIRUPLQJ�WKeVe�WDVNV�LQ�e[WUD�WLPe��WeDFKeUV�ZKR�WeDFK�
lRQJeVW�FRPPLW�leVV�WR�LWV�SeUIRUPDQFe��EeFDXVe�WKe\�GR�QRW�Ieel�YDlXeG�
ZLWKLQ�WKe�eGXFDWLRQ�V\VWeP��$QRWKeU�IDFWRU�UDLVeG�DUe�WKe�FKDQJeV�RI�
WKe�PRGeUQ�ZRUlG�WKDW�eQG�XS�PDNLQJ�QeZ�GePDQGV�RQ�WeDFKeUV¶�ZRUN��
UeTXLULQJ�QRW�RQl\�WKe�FUeDWLRQ�RI�QeZ�VSDFeV��EXW�DlVR�WKe�FUeDWLRQ�RI�
WLPe��EeFDXVe�WKeVe�FKDQJeV�JeQeUDWe�e[FeVVLYe�LQFUeDVe�DQG�JR�Ee\RQG�
WKe� FRQWUDFW� UelDWLQJ� WR� WKe� lRDGLQJ�ZeeNl\� KRXU� WeDFKeU�� ,W� UePDLQV�
WR�FRQVLGeU�WKe�RWKeU�UeTXLUePeQWV�RI�WKe�SRVLWLRQ��DV�UeSRUWeG�E\�WKe�
UeVSRQGeQW�3%���

+eUe� LQ� WKe�GeSDUWPeQW�DIWeU�KDYLQJ�FRPSleWeG�3K'��,�IDFe�SUeVVXUe�
WR�SXElLVK�>���@��1R�PDWWeU�ZKDW�ZRUN�,�GR�LQ�FlDVV��ZKDW�PDWWeUV�LV�ZKDW�
,�SXElLVK��,W¶V�Dll�TXDQWLILDEle�>���@��DQG�Ze�KDYe�SXElLVKeG�LQ�SURPLQeQW�
MRXUQDlV�LQ�WKe�ILelG��,�Vee�IDU�PRUe�e[SeULeQFeG�FRlleDJXeV�WKDQ�Pe��EeWWeU�
WKDQ�Pe�����%XW�WKe\�DUe�IURP�DQRWKeU�WLPe�����$QG�,�Ieel�WKe\�DUe�QRW�YDlXeG�
EeFDXVe�WKe\�GLG�QRW�eQWeU�LQ�WKLV�ZKLUlZLQG��WR�SXElLVK��VRPe�eYeQ�UeWLUe�
EeFDXVe�WKe\�Ieel�e[FlXGeG��,W¶V�VR�PXFK�ZRUN�GeYRWeG�WR�UeVeDUFK�DQG�
SXElLFDWLRQ�eVSeFLDll\��lDFNLQJ�WLPe�WR�SlDQ�leVVRQV�

/DFN�RI�LQVWLWXWLRQDl�VXSSRUW�ZDV�UeSRUWeG�E\�������RI�WKe�SRSXlDWLRQ�
VXUYe\eG��7Ke� MXVWLILFDWLRQ�IRU� WKe�eYRFDWLRQ�RI� WKDW� WeUP�ZDV�YLUWXDll\�
XQDQLPRXV�� lDFN� RI�PDQDJeULDl� VXSSRUW� IRU� GeSlR\PeQW� RI� DFWLYe�
PeWKRGRlRJLeV�DV�Zell�DV�RWKeU�LQQRYDWLYe�SURMeFWV�LV�D�GeWeUUeQW�IDFWRU�IRU�
LWV�FRQVRlLGDWLRQ��,Q�WKe�RSLQLRQ�RI�WeDFKeUV��lDFN�RI�LQVWLWXWLRQDl�VXSSRUW�
IURP�WKe�lDFN�RI�WLPe�WR�VWXG\��VRPe�WeDFKeUV�DUe�ZDLWLQJ�XS�WR�WeQ�\eDUV�
WR�JeW�FleDUDQFe� IRU�PDVWeU�DQG�3K'��DQG� LV�D�GeILQLQJ�DQG�VRPeWLPeV�
FUXFLDl�SRLQW�WKDW�WKe\�FDQQRW�ZLWKVWDQG�WKe�SUeVVXUeV�DQG�TXLW�WR�DFKLeYe�
QeZ�WeDFKLQJ�VWUDWeJLeV��:RUVeQV�DUe�LVVXeV�RI�D�GLIIeUeQW�QDWXUe�DV�EDG�
ZDJe�SRlLF\��������DQG�lDFN�RI�WeDFKLQJ�UeVRXUFeV�IRU�WKe�DFKLeYePeQW�
RI�ZRUN��������

6RPe�WeDFKeUV�e[SlDLQeG�WKe�lDFN�RI�LQVWLWXWLRQDl�VXSSRUW�E\�EXUeDXFUDF\��
lDFN�RI�GLDlRJXe��lDFN�RI�SUeVWLJe�DQG�LPSRYeULVKPeQW�DQG�SUeFDULRXVQeVV�
RI�LQVWDlleG�WeDFKLQJ�MRE�DW�WKe�XQLYeUVLW\��ZKLFK�eQGV�XS�EeLQJ�D�YDULDEle�
UeVSRQVLEle� IRU� WKe� IeelLQJ� RI� KelSleVVQeVV� EURXJKW� RQ� WeDFKeUV�� ,W� LV�
LPSRVVLEle�QRW�WR�Ieel�GLVVDWLVILeG�ZLWK�WKe�eVWDElLVKeG�DQWDJRQLVWLF�VLWXDWLRQ��
DV�FRQWeQGV�WKe�UeVSRQGeQW��3)���

,Q�RXU�GeSDUWPeQW��DQG�,�EelLeYe� WKDW� WKe�eQWLUe� LQVWLWXWLRQ�� WKeUe�DUe�
WZR� IDFWLRQV�� WKe� VLWXDWLRQ� DQG�RSSRVLWLRQ� >���@�� ,� DP� LQ�RSSRVLWLRQ� DQG�
Dll�UeTXeVWV�,�PDNe�DUe�e[SeQVLYe�WR�Pe��,�WULeG�WR�JeW�D�EXV�WR�SeUIRUP�D�
WeFKQLFDl�YLVLW�ZLWK�VWXGeQWV�DQG�ZDV�GeQLeG��+RZ�GR�,�GR�WKe�SeGDJRJ\�
RI�TXeVWLRQLQJ�LI�SRlLWLFV�DlZD\V�VLQJ�lRXGeU��WKeUe�DUe�IeXGV����:e�GRQ¶W�
KDYe�eGXFDWLRQDl�VXSSRUW�IURP�WKe�GeSDUWPeQW��LW�LV�YeU\�IUDJPeQWeG��LW�LV�
DV�LI�Ze�GLG�QRW�KDYe�DQ\�SURElePV�LQ�WKe�FlDVVURRP��DV�LI�WKe�SURElePV�
RQl\�e[LVW�WKe�VFKRRlV�RI�EDVLF�DQG�VSeFLDl�eGXFDWLRQ�>���@�D�lRW�JReV�XQGeU�
WKe�FDUSeW�>���@�

7Ke�GLVUeVSeFW��GLVLQWeUeVW�GUeVVeG�XS�� LQGLVFLSlLQe�DQG�YLRleQFe�ZDV�
PeQWLRQeG�E\�������RI�WeDFKeUV��)URP�WKe�eYRNeG�ZRUGV�\RX�FDQ�Vee�WKDW�
WKe�WeDFKeUV�DUe�VFeSWLFDl�WKDW�WKe�SRlLWLFDl�ZLll� WR�FRQIURQW�WKeVe�LVVXeV�
e[LVWV�DQG�WKDW�WKe�lDFN�RI�DZDUeQeVV�RI�IDPLlLeV�DQG�VRFLeWDl�SUeVVXUeV�DUe�
WKe�PDLQ�IDFWRUV�RI�WKLV�SURFeVV��7eDFKeUV�VeePV�FleDU�WKDW�WKLV�SURFeGXUe�
LV�GLVUeVSeFWIXl�WR�WKe�WeDFKeU�KeULWDJe�RI�D�VRFLeW\�LQ�D�VWDWe�RI�DQRPLe��
IXll�RI�SURElePV�RI�VRFLDl�FRQWURl��ZLWK�DEVeQW�RU�FRQIlLFWLQJ�YDlXeV�ZLWK�
VXEMeFWV�ZKR�GR�QRW� ILW� WKe� FXlWXUDl� JXLGelLQeV� LPSRVeG�� VR� WKe� VFKRRl�
GLVFLSlLQe�FRKeVLRQ� EeFRPeV� WRWDll\� LQeIIeFWLYe��7KLV�PXlWLSlLFLW\� RI�
IDFWRUV�PDNeV�SURElePDWLF� WKe� LQWURGXFWLRQ�RI� DFWLYe�PeWKRGRlRJLeV� LQ�
eGXFDWLRQDl�LQVWLWXWLRQV�EeFDXVe�LWV�EDVLF�D[LV�FRQVLVWV�LQ�GLDleFWLF�DQG�KDV�
LWV�JXLGLQJ�SULQFLSle�LQ�DFWLRQ�UeIleFWLRQ�WUDQVIRUPDWLRQ�SURFeVV�PeGLDWeG�
E\�WKe�WeDFKeU��WKDW�WKLV�PeWKRGRlRJ\�LV�QRW�EDVeG�RQ�GLVUeVSeFW��DQDlRJRXV�
WR�WeDFKeU¶V�3)���VSeeFK�

6WXGeQWV�QR�lRQJeU�ZDQW�WR�VWXG\��GR�QRW�ZDQW�WR�FRPe�WR�WKe�FlDVVURRP�
DQG�KeDU�ZKDW�WeDFKeUV�KDYe�WR�WeDFK��GR�QRW�ZDQW�WR�UeDG�D�ERRN��(GXFDWLRQ�
EeFDPe�lLTXLG��(YeQ�ZLWK�$FWLYe�0eWKRGRlRJLeV�lDFN�RI�UeVSeFW�LV�D�VeULRXV�
SUREleP�IDFeG�E\�Dll�leYelV�RI�eGXFDWLRQ�LQ�WKe�FRXQWU\��7Ke�FeQWeU�RI�WKe�
SURFeVV�ZDV� WKe� WeDFKeU��ZDV�QRW�PeeWLQJ� WKe�eGXFDWLRQDl�QeeGV�RI� WKe�
VFKRRl�DJe�SRSXlDWLRQ�>���@�Ze�EeFRPe�PeGLDWRUV�����%XW�WKe�lDFN�RI�UeVSeFW�
LV�JURZLQJ��RQl\�LQFUeDVeV�DQG�Ze�GR�QRW�KDYe�LQVWUXPeQWDl�WR�VRlYe�LW���
+RZ�FDQ�,�JLYe�D�leVVRQ�WR�D�FlDVV�WKDW�KDV�QR�UeVSeFW�IRU�Pe"�)RU�P\�
ZRUN"�Quoting Paulo Freire: There is no teaching without students 
�ePSKDVLV�DGGeG��
7Ke� D� SULRUL� VFKePeV� 3DXlR� )UeLUe� LQ� ZKLFK� ³QRERG\� eGXFDWeV�

DQ\ERG\��QRERG\�eGXFDWeV�KLPVelI��PeQ�DUe�eGXFDWeG�ZLWK�eDFK�RWKeU��
PeGLDWeG�E\�WKe�ZRUlG´��)UeLUe��������S������VXJJeVW�WKDW�LQGLYLGXDlV�
DUe�eGXFDWeG�E\�WKePVelYeV�LQ�MXVW�DV�WKe\�LQWeUDFW�ZLWK�RWKeUV��VKDUe�
LGeDV��GLVFXVV��FRllDERUDWe��FRRSeUDWe�DQG�VXSSRUW�eDFK�RWKeU��(GXFDWe��
LQWeUDFW��VKDUe��GLVFXVV��FRllDERUDWe��FRRSeUDWe�DQG�VXSSRUW�DUe�YeUEV�
WKDW�GR�QRW�FRQMXJDWe�ZLWKRXW�PXWXDl�UeVSeFW��)URP�WKe�SRLQW�RI�YLeZ�RI�
WKe�VXEMeFW��LW�FRQIeUV�XSRQ�VWXGeQWV¶�GLVUeVSeFW�RQe�RI�WKe�PDLQ�FDXVeV�
DQG� MXVWLILFDWLRQV� �PeQWLRQeG� E\� UeVSRQGeQWV�� WKe� LQDELlLW\� WR� DSSl\�
WKe�DFWLYe�PeWKRGRlRJLeV�LQ�eYeU\GD\�FlDVVURRPV�PRUe�DXWRQRPRXVl\��
6RPe�WeDFKeUV�DlVR�VeeN�WR�FRQVRlLGDWe�eWKLFDl�UXleV�RI�FRe[LVWeQFe�LQ�
WKe�FlDVVURRP��VR� LW� LV�SRVVLEle� WR�QeXWUDlL]e�GLVUeVSeFW� IRU� WeDFKeUV��
RYeUFRPLQJ�WKLV�GeDGlRFN�

Pedagogical Perception of Teachers on the Active Methodologies
:RUGV�GeULYeG�IURP�FlRVeG�TXeVWLRQV��7DEle����DUe�UelDWeG�WR�SeUFeSWLRQV�

DERXW�DFWLYe�WeDFKLQJ�PeWKRGRlRJLeV��6R�WKe�ZRUGV�WKDW�ZeUe�PRVW�RIWeQ�
PeQWLRQeG� DUe� FlRVel\� UelDWeG� WR� ³SUREleP� EDVeG� leDUQLQJ´�� ³$FWLYe�
SDUWLFLSDWLRQ´�DQG�³DGYLVRU�WeDFKeU´��7KLV�VKRZV�WKDW�WKe�QXPEeU�RI�DQDl\]eG�
WeDFKeUV�DUe� LQ� WXQe�ZLWK� WKe�FRQFeSWV�RI�DFWLYe�PeWKRGRlRJLeV�DQG� WKe�
URle�RI�WKe�WeDFKeU�RI�WKe�WZeQW\�ILUVW�FeQWXU\��ZKLFK�EeFDPe�D�PeGLDWRU�
RI�NQRZleGJe�FRQVWUXFWLRQ�E\�WKe�leDUQeU�
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Table 3 – Pedagogical Perception of Teachers on the Active Methodologies
Pedagogical Perception

Biology Physics Chemestry
3UREleP�%DVeG�/eDUQLQJ ��� ��� ���

$FWLYe�3DUWLFLSDWLRQ ��� ��� ����

$GYLVRU�7eDFKeU ���� �� ��

3URIeVVLRQDl�&KDlleQJe �� ���� ��

3eGDJRJLFDl�0eGLDWLRQ �� ��� ����

3URMeFW�%DVeG�/eDUQLQJ� �� �� ��

5eFRQVWUXFWLRQ�RI�7eDFKeU¶V�5Rle � �� ���

&ULWLFLVP�DQG�5eIleFWLRQ ���� �� ��

2WKeU ��� ����� ���

7RWDl� ���� ���� ����

7Ke�SUREleP�EDVeG�leDUQLQJ��WeUP�eYRNeG�E\������RI�UeVSRQGeQWV�UeIeUV�WR�
WKe�QDWXUDl�VFLeQFeV��WKe�DFWLYe�PeWKRGRlRJLeV�DUe�XQGeUVWRRG��DQG�VXSSRUWeG��
E\�WeDFKeUV��EeFDXVe�PRVW�UeVSRQGeQWV�ZeUe�WUDLQeG�ZLWK�e[SRVLWRU\�FlDVVeV�
�IUXLW�RI�WKe�WUDGLWLRQDl�VFKRRl���FDUYLQJ�LQ�WKePVelYeV�D�WUDQVPLVVLRQ�RI�FRQWeQW�
WKDW�EeFDPe�SXUel\�LQIRUPDWLYe�DQG�JUeDWl\�FRPPLWWeG�WR�WKe�FRQVWUXFWLRQ�
RI�VFLeQWLILF�NQRZleGJe��5eVSRQGeQWV�SRLQW�RXW�WKDW�WKe�LQGLVFULPLQDWe�XVe�
RI� WUDGLWLRQDl�SeGDJRJ\��XQNQRZLQJl\�FDXVeV� WKe� VWXGeQW� WR�SeUFeLYe� WKe�
VFLeQFeV� DV� WKe�GLVFLSlLQeV� WKDW� DUe�GLIILFXlW� WR�XQGeUVWDQG�EeFDXVe� WKe\�
DUe�ILlleG�ZLWK�VFLeQWLILF�WeUPV�WKDW�eQG�XS�ZLWK�QR�SUDFWLFDl�SXUSRVe�WR�WKe�
VWXGeQW��ZKLFK�FDXVeV�D�lDFN�RI�LQYRlYePeQW�RI�WKLV�LQ�WKe�leDUQLQJ�SURFeVV��
&RQFeSWLRQV�RI�eGXFDWLRQ�JURXQGeG�LQ�WUDGLWLRQDl��1eZ�6FKRRl�DQG�WeFKQLFLVW�
VFKRRlV�DUe�FDlleG�XQFULWLFDl�WKeRULeV�EeFDXVe�WKe\�GR�QRW�e[eUW�FRPPLWPeQW�
WR�VRFLDl�FKDQJe��eQGRUVLQJ�WKe�eFRQRPLF�DQG�VRFLDl�V\VWeP�LPSRVeG�WKURXJK�
D�FXUULFXlXP�WKDW�ePSKDVL]eV�WKe�FXlWXUe�RI�WKe�UXlLQJ�elLWe�

,Q�FRQWUDVW�WKe�PeWKRG�RI�SUREleP�EDVeG�leDUQLQJ�LV�VXSSRUWeG�E\�WKe�
SRVW�FULWLFDl�WKeRU\�ZKLFK�VKDUe�WKe�SRVVLELlLW\�RI�ZRUNLQJ�ZLWK�SUREleP�
VRlYLQJ�IRU�WKe�GeYelRSPeQW�RI�WKe�WeDFKLQJ�leDUQLQJ�SURFeVV��7Ke�SRVW�FULWLFDl�
WKeRU\�³DGYRFDWeV�D�FXUULFXlDU�RUJDQL]DWLRQ�EDVeG�LQ�DUeDV�RI�NQRZleGJe�LQ�
ZKLFK�WKe�PXlWLSle�GLPeQVLRQV�RI�FRQWeQW�DUe�LQWeJUDWeG�DQG�LQWeUUelDWeG�
ZLWK�eDFK�RWKeU��DZDNeQLQJ�D�FULWLFDl�DQG�UeIleFWLYe�DQDl\VLV�LQ�VWXGeQWV´�
�/LPD��=DQlRUeQ]L��3LQKeLUR�������S�������+RZeYeU��ZLWK�WKe�WeVWLPRQ\�RI�
WKe�UeVSRQGeQW�3%����LV�GLVSlD\eG�WKDW�WKeUe�DUe�VWLll�WeDFKeUV�ZKR�FKRRVe�
WR�ZRUN�ZLWK�UeSURGXFWLYLVW�SeGDJRJ\�

)eZ�VFLeQFe� WeDFKeUV�SRVVeVV�VNLllV�DQG�DELlLWLeV� WR�ZRUN�DFWLYel\� LQ�
FXUULFXlXP�FRQWeQW�DQG�ZKLFK�eQDEleV�VWXGeQWV�WR�GeYelRS�WKe�VFLeQWLILF�
VSLULW�>���@��,¶Ye�EeeQ�UeDGLQJ�VRPe�UeVeDUFK�DERXW�P\�DUeD��JeQeWLF��ZKRVe�
DLP�ZDV�WR�UDLVe�WKe�NQRZleGJe�WKDW�VWXGeQWV�KDYe�DERXW�WKe�WRSLF�LQ�YDULRXV�
FRQWe[WV� >���@�$QG� WKe�FRQFlXVLRQ� LV�DVWRXQGLQJ�� WKe\�GePRQVWUDWeG� WKDW�
VWXGeQWV�leDYe�WKe�FlDVVURRP�ZLWKRXW�EDVLF�FRQFeSWV�RI�JeQeWLFV��DV� WKe�
UelDWLRQVKLS�JeQe���FKURPRVRPe�DQG�WKe�SURFeVV�RI�PLWRVLV�DQG�PeLRVLV�>���@�

7Ke�WeUP�DFWLYe�SDUWLFLSDWLRQ��PeQWLRQeG�E\�������RI�WeDFKeUV�VXUYe\eG�
FRQWDLQV�DW�LWV�FRUe�VRPe�YeU\�SeFXlLDU�FKDUDFWeULVWLFV�IRXQG�LQ�WKe�lLWeUDWXUe��
$FWLYe�SDUWLFLSDWLRQ�LQ�WKe�lLWeUDWXUe�UeIeUV�WR�WKe�SDUWLFLSDWLRQ�RI�VWXGeQWV�
LQ�WKe�WeDFKLQJ�DQG�leDUQLQJ�SURFeVV�RI�NQRZleGJe�FRQVWUXFWLRQ��DV�SULRU�
UeDGLQJ�RI�We[WV��SUeWeVWV��ZRUN�LQ�SDLUV��WeDFKLQJ�VWUDWeJLeV�JURXQGeG�LQ�
PeGLDWLRQ�PRYePeQW�RI�VWXGeQW�SDUWLFLSDWLRQ�DQG�RWKeU��$UUDUR�eW�Dl���������
$lPRVW�Dll� WeDFKeUV�XVeG�WKe�WeUP�DFWLYe�SDUWLFLSDWLRQ�LQ�WKe�FRQWe[W�RI�
SUD[LV��7KLV�YLVLRQ�LV�FleDU�LQ�WKe�VXUYe\�FRQGXFWeG�KeUeLQ��LQVRIDU�DV�WKeUe�
LV�QR�GLVVRFLDELlLW\�EeWZeeQ�WKeRU\�DQG�SUDFWLFe�LW�LV�XUJeQW�WR�GLVFXVV�WKe�
WeUP�DFWLYe�SDUWLFLSDWLRQ�DQG�SUDFWLFe�IRU�WeDFKeU�SeUIRUPDQFe�

7Ke�FKDlleQJe�LPSRVeG�WR�WKe�IDFXlW\�RI�WKe�;;,�FeQWXU\�LV�WR�GeYelRS�LQ�
LWV�VWXGeQWV�WKe�LQGLYLGXDl�DXWRQRP\��EXW�LQ�FlRVe�DllLDQFe�ZLWK�WKe�ZKRle��
7eDFKLQJ�SUDFWLFe�VKRXlG�Ee�DEle�WR�WULJJeU�WKe�YLVLRQ�IRU�WKe�ZKRle�EXW�
SURYLGe�RSSRUWXQLWLeV�IRU�VRFLDl�FKDQJe��FRXSleG�ZLWK�WKe�DWWDLQPeQW�RI�WKe�
LQGLYLGXDl�FRQVFLeQFe��7Ke�DFWLYe�PeWKRGRlRJLeV�DGPLW�DQ�ePDQFLSDWRU\�
SeGDJRJLFDl�SUDFWLFe��IXlILllLQJ�WKe�JRDl�RI�eGXFDWLRQ��ZKLFK�LV�WR�eQDEle�
DQ�LQGLYLGXDl�ZKR�LV�ERUQ�GeSeQGeQW��DQG�WKDW�DlRQe��E\�PeUe�SURFeVV�RI�
JURZWK�DQG�PDWXUDWLRQ�ZRXlG�QRW�EeFRPe�DQ�DXWRQRPRXV�DGXlW�KXPDQ�
EeLQJ�RU�DQ�ePDQFLSDWeG�VXEMeFW��SRVW�FULWLFDl�WKeRU\��

7KLV�LV�RQl\�SRVVLEle�EeFDXVe�WKe�KXPDQ�EeLQJ�LV�FDSDEle�RI�leDUQLQJ��
KDV� WKe� LQQDWe� DELlLW\� RI� LQWeUDFWLQJ�ZLWK� RWKeU� KXPDQ�EeLQJV� GeYelRS�
VNLllV�DQG�FRPSeWeQFeV�QeFeVVDU\�IRU�WKeLU�LPSlePeQWDWLRQ��6R�RQe�RI�WKe�
PeULWV�RI�DFWLYe�PeWKRGV�LV�SUeFLVel\�WKe�JURZLQJ�WUeQG�WR�VeeN�LQQRYDWLYe�
PeWKRGV��ZKLFK�DGPLW�DQ�eWKLFDl�SeGDJRJLFDl�SUDFWLFe��FULWLFDl��UeIleFWLYe�
DQG�WUDQVIRUPDWLYe��e[FeeGLQJ�WKe�lLPLWV�RI�SXUel\�WeFKQLFDl�WUDLQLQJ��WR�

eIIeFWLYel\�DFKLeYe�WKe�IRUPDWLRQ�RI�PDQ�DV�D�KLVWRULF�EeLQJ���0LWUe�eW�Dl��
������S���������LQVFULEeG�LQ�WKe�GLDleFWLF�RI�DFWLRQ�UeIleFWLRQ�DFWLRQ��7KLV�
GLDleFWLF�LV�LQWeUSUeWeG�E\�3URIeVVRU�3)���DV�WKe�UeVXlW�RI�SUD[LV�

,W�ERWKeUV�WR�DQDl\]e�WeDFKLQJ�SUDFWLFeV��WKe�GLFKRWRP\�WKDW�e[LVWV�EeWZeeQ�
WKeRU\�DQG�SUDFWLFe�>���@�7Ke\�DUe�WUeDWeG�DV�SUDFWLFeV�lLQeDUl\�VR�GLIIeUeQW��7eDFKLQJ�
LV�KLVWRULFDll\�FRQVWUXFWeG�EeIRUe�DQG�GXULQJ�WKe�FDUeeU�SDWK�RI�WeDFKLQJ��7KeQ�
LW�FUeDWeV�D�YLFLRXV�FLUFle��ZKeUe�WeDFKeU�WUDLQLQJ�GeSeQGV�EDVLFDll\�ERWK�IURP�
WKeRULeV��DV�RI�WKe�SUDFWLFeV�GeYelRSeG�LQ�VFKRRl�lLIe��7Ke�DFWLYe�PeWKRGRlRJLeV�
ePSKDVL]e�WKe�PRELlL]DWLRQ�RI�NQRZleGJe�EXLlW�WR�VRlYe�VSeFLILF�SURElePV�>���@�
%XW�Ze�VKRXlG�QRW�SULRULWL]e�WKeRU\�RYeU�SURFeVV�����$QG�YLFe�YeUVD�

7Ke�YLVLRQ�RI�WKe�WeDFKeU�DGYLVRU�LV�VKDUeG�E\�WKe�SRSXlDWLRQ�VWXGLeG��
Ze�IRXQG�QR�UeSRUWV�RQ�WKe�FRQGLWLRQ�RI�GLIIeUeQW�PeGLDWRU�WKDW�WKe�WeDFKeU�
RFFXSLeV� WKe�SRVLWLRQ�RI�DFWLYe�PeWKRGRlRJLeV��7Ke�MXVWLILFDWLRQV�IRXQG�
LQ� WKLV� eYRFDWLRQ� UeIeUV� WR� WKe� DSSURSULDWLRQ� RI� NQRZleGJe� DERXW� WKe�
PeFKDQLVPV�RI�leDUQLQJ�DQG�WeDFKLQJ��DllRZLQJ�WeDFKeUV�WR�FKRRVe�QeZ�
ZD\V�RI�ZRUNLQJ��RYeUFRPLQJ�GLIILFXlWLeV�DQG�eQYLVLRQLQJ�QeZ�SRVVLELlLWLeV�
IRU�WeDFKLQJ�ZLWK�TXDlLW\�

$QRWKeU�SRLQW�RI�WKe�eGXFDWLRQDl�SURSRVDl�WR�WKe�DFWLYe�PeWKRGRlRJLeV�WKDW�
JXLGeV�WKe�EeKDYLRU�RI�WeDFKeUV�LV�RQe�WKDW�SXWV�WKe�VWXGeQW�DW�WKe�FeQWeU�RI�
WKe�SURFeVV��JLYLQJ�KLP�UeVSRQVLELlLW\�DQG�DXWRQRP\�LQ�WKe�FRQVWUXFWLRQ�RI�
NQRZleGJe��EXW�LW�VeePV�FleDU�WKDW�WKe�WeDFKeUV�VXUYe\eG�VWDWLQJ�WKe�VWXGeQW�
DV�D�FeQWUDl�elePeQW�RI�eGXFDWLRQDl�DFWLRQ�GReV�QRW�PeDQ�WR�UePRYe�IURP�
WKe�WeDFKeU�WKe�UeVSRQVLELlLW\�IRU�WKe�eGXFDWLRQDl�SURFeVV��leDYLQJ�VWXGeQWV�
DGULIW��DV�DUJXeG�E\�VRPe�SURSRQeQWV�RI�PRUe�WUDGLWLRQDl�WeDFKLQJ�WR�EeLQJ�
RSSRVeG�WR�FULWLFDl�SeGDJRJLeV��DFFXVLQJ�WKeP�RI�VWLPXlDWLQJ�D�lDLVVe]�IDLUe��
KDUPIXl�WR�WKe�eGXFDWLRQDl�SURFeVV��0RXUmR�eW�Dl���������5DWKeU��LW�PeDQV�
WR�VD\�WKDW�VWXGeQW�leDUQLQJ�VKRXlG�Ee�WKe�IRFXV�RI�WeDFKeU�SeUIRUPDQFe�
DQG� WKe�JXDUDQWee�DQG� leDUQLQJ��DQG� WKDW�Dll�eIIRUWV�VKRXlG�Ee�PDGe�E\�
WKe�WeDFKeU�LQ�SURYLGLQJ�e[SeULeQFeV�WKDW�SURPRWe�WKe�DFKLeYePeQW�RI�WKe�
REMeFWLYeV�eVWDElLVKeG�IRU�Dll�VWXGeQWV��*RPeV�������S�������7KLV�EeKDYLRU�
DUe�WKe�UeTXLUeG�IRU�WKRVe�WeDFKeUV�ZKR�VeeN�WR�FRQGXFW�WKe�WUDLQLQJ�RI�IXWXUe�
SURIeVVLRQDlV�ZKR�FDQ�Ee�VWLPXlDWeG�E\�DFWLYe�PeWKRGV�

CONCLUSIONS
,Q� WKLV�ZRUN�ZDV�DVVXPeG� WKe�K\SRWKeVLV� WKDW� VRFLDl� UeSUeVeQWDWLRQV�

RI�VFLeQFeV�WeDFKeUV�RI�,(6�UeVeDUFKeG�UeIeU�WR�WKe�URle�RI�WKe�XQLYeUVLW\�
SURIeVVRU�RI�WKe�WZeQW\�ILUVW�FeQWXU\��EeFDXVe�WKe\�e[SUeVV�WKe�GLDleFWLFDl�
PRYePeQW�ZLWK� WKe� VRFLDl� DVSeFWV�� QRW� MXVW� ePDQDWLQJ� IURP� WKe� LQLWLDl�
WUDLQLQJ�UeFeLYeG��EXW�FRQVLGeULQJ�Dll�VRFLDl�UelDWLRQVKLSV��WKeLU�FRQWe[WV�DQG�
WKeLU�SRVVLELlLWLeV�IRU�REYLRXVQeVV��+RZeYeU��DIWeU�DQDl\]LQJ�WKe�GDWD��Ze�
FRQVLGeU�D�YDULDEle�WKDW�ZDV�QRW�e[SeFWeG�WR�ILQG��WKe�VRFLDl�UeSUeVeQWDWLRQV�
QRPLQDWeG�KeUe�DV�UeVWULFWLYe�IDFWRUV�WKe�DFWLYe�PeWKRGRlRJLeV�
7Ke� UeleYDQFe� RI� WKe� UeSUeVeQWDWLRQDl� SlDQ� LQ� WKLV� FDVe� VSeFLILFDll\�

IRFXVeV�RQ�DQDl\]LQJ�WKDW�WKe�DFWLYe�PeWKRGV�E\�WKePVelYeV�FDQQRW�FKDQJe�
WKe�SeUFeSWLRQ�WKDW�VWXGeQWV�KDYe�RI�WKe�leDUQLQJ�SURFeVV�DQG�LI�WKeUe�LV�
QR�FRPPLWPeQW�RQ�WKe�WKeLU�VLGe��lLWWle�RU�QRWKLQJ�ZLll�FKDQJe��$FFRUGLQJ�
WR�WKe�FlDVVLFV�LQ�PRWLYDWLRQDl�SV\FKRlRJ\��LV�WKe�VFDQW�SRVVLELlLW\�WKDW�Dll�
VWXGeQWV�LQ�WKe�VDPe�FlDVVURRP��eQJDJe�XQSUeWeQWLRXVl\�LQ�Dll�SURSRVeG�
DFWLYLWLeV��,W�PXVW�Ee�ePSKDVL]eG�WKDW�WKe�PDWeULDl�FRQGLWLRQV�RI�WeDFKLQJ�
ZRUN�IRXQG�KeUe�LV�D�IDFLlLWDWRU�IRU�WKe�SUREleP�WR�SeUVLVW��*LYeQ�WKe�DERYe��
DQG�DVVXPLQJ�WKDW�eGXFDWLRQ�LV�D�FRlleFWLYe��VXSSRUWLYe��FRPPLWWeG��DFW�LW�LV�
QeFeVVDU\�IRU�WKe�WeDFKeU�WR�GR�KLV�KeU�SDUW�DQG�eYDlXDWe�WKe�DSSURSULDWeQeVV�
RI�WKeLU�WeDFKLQJ�WR�DFWLYe�PeWKRGRlRJLeV�
7Ke� VRFLDl� UeSUeVeQWDWLRQ� RI� UeVWULFWLYe� IDFWRUV� WRZDUGV� DFWLYe�

PeWKRGRlRJLeV�SUeVeQWeG�LQ�7DEle����FDQ�e[SUeVV��DPRQJ�RWKeU�IDFWRUV��WKe�
DFFRPPRGDWLRQ�RI�SURIeVVLRQDl�WeDFKeU�ZKR�VRPeWLPeV�KDYe�JUeDWeU�eDVe�
LQ�GelLYeULQJ�SUe�VeW�MDUJRQ�WKDQ�PDLQWDLQLQJ�D�UeDl�LQWeUeVW�LQ�JeWWLQJ�WR�
NQRZ�DQG�DSSl\�QeZ�eGXFDWLRQDl�DSSURDFKeV�LQ�GDLl\�VFKRRl�lLIe��DV�WKeVe�
UeTXLUe�VWXG\��XSGDWLQJ��VXLWDELlLW\�DQG�QeZ�SRVWXUeV�LQ�IURQW�RI�D�JlREDlL]eG�
DQG�FRPSle[�ZRUlG��<RX�PXVW�WDNe�WKe�ILUVW�VWeS�WR�eQJeQGeU�QeZ�ZD\V��6R�
\RX�QeeG�WR�ZRUN�RQ�FKDQJLQJ�SUe�eVWDElLVKeG�VRFLDl�UeSUeVeQWDWLRQV�DQG�
VeeN�WR�EXLlG�QeZ�UeSUeVeQWDWLRQV�RI�ZKDW�LV�SRVVLEle��IeDVLEle��DGYLVDEle��
VLQFe�leDUQLQJ�LV�DlZD\V�PXWXDl�

)URP�D�WKeRUeWLFDl�VWDQGSRLQW��LW�LV�QRW�SRVVLEle�WR�UeGXFe�LQ�D�WKRXJKWleVV�
ZD\�D�WeDFKLQJ�WKeRU\�WR�D�WKeRU\�RI�KRZ�WR�KelS�VRPe�VWXGeQWV�leDUQ�LQ�WKe�
FlDVVURRP��2lLYD���������2Qe�FDQQRW�LJQRUe�WKDW�FeQWUDl�leDUQLQJ�SURElePV�DUe�
FRQFeQWUDWeG�QRW�RQl\�LQ�FlDVVURRPV�EXW�DlVR�UeVLGe�LQ�LQVWLWXWLRQDl�eGXFDWLRQ�
V\VWePV��7KeUeIRUe��WKe�LQYeVWLJDWLRQ�LQ�WKe�ILelG�RI�VRFLDl�UeSUeVeQWDWLRQV�
UeVWRUeV�WKe�FRQYeUVDWLRQ�ZLWK�WeDFKeUV�IURP�ZKDW�e[LVWV�ZLWKLQ�WKe�LPDJLQDWLRQ��
WKe�FRQVeQVXDl�DQG�VFKRRl�SUDFWLFeV��UeTXLULQJ�DZDUeQeVV�DQG�DGDSWDWLRQ�RI�
SeGDJRJLFDl�SUDFWLFe�WKeVe�DV�elePeQWV�WKDW�DlVR�PDNe�WKeLU�leDUQLQJ�DQG��DV�
WKe�VWXGeQW��DUe�LQ�D�FRQVWDQW�SURFeVV�RI�leDUQLQJ�WR�leDUQ�
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Resumen 
El incremento de la esperanza de vida de la población debe estar asociado a un 
enveMecimiento activo y a un rol socialmente signi¿cativo: ello imSlica la generaciyn 
de nuevos espacios para su enriquecimiento social y cultural, entre los que se 
encuentran los educativos. Desde hace varias décadas se han ofrecido programas 
de educación no formal para la tercera edad que dan respuesta a estas inquietudes 
culturales, a la organización del ocio y el tiempo libre y a la ampliación de las 
relaciones interpersonales. En 2011 se creó en la Universidad Nacional de Rosario 
el Programa Universidad Abierta para adultos mayores, que incluye, entre otros, 
un curso de física, centrado en aspectos relativos a la física de la vida cotidiana. 
En este trabajo se presentan el diseño del curso y los resultados de una encuesta 
destinada a conocer si este curso de ftsica es considerado signi¿cativo Sor los 
participantes, es decir, cumple con los objetivos de programas educativos no formales 
para adultos mayores.
Palabras clave: adultos mayores, educación no formal, curso de física, envejecimiento 
activo

Abstract
$n increase in life e[Sectancy should Ee associated Zith active aging and a signi¿cant 
social role: this involves the creation of new spaces for social and cultural enrichment, 
among which is education. For several decades non-formal education programs for 
seniors have been offered that respond to these cultural concerns, the organization 
of leisure and free time and expanding relationships. In 2011 we established at the 
National University of Rosario an Open University Program for Elderly People, 
which includes, among others, a Physics course, focused on the Physics in everyday 
life. This paper presents its design and the results of a poll designed to determine 
Zhether this Shysics course is considered signi¿cant Ey SarticiSants� that means� 
meets the objectives of non-formal educational programs for elderly people.
Key  words: elderly people, non-formal education, physics course, active aging

INTRODUCCIÓN
8QD�Ge� lDV� WUDQVIRUPDFLRQeV� VRFLDleV�PiV� LPSRUWDQWeV� TXe� Ve� KDQ�

SURGXFLGR� GeVGe�PeGLDGRV� Gel� VLJlR� SDVDGR� eVWi� UelDFLRQDGD� FRQ� lD�
PD\RU�eVSeUDQ]D�Ge�YLGD�Ge�lD�SRElDFLyQ�\�FRQ�lD�UeGXFFLyQ�Gel�tQGLFe�
Ge�QDWDlLGDG��TXe�LPSDFWD�eQ�el�LQFUePeQWR�Ge�lRV�DGXlWRV�PD\RUeV�eQ�lD�
SRElDFLyQ��'DWRV�SXElLFDGRV�SRU�lDV�1DFLRQeV�8QLGDV�eQ�el�������8QLWeG�
1DWLRQV������D��PXeVWUDQ�el�LQFUePeQWR�PXQGLDl�Gel�Q~PeUR�Ge�SeUVRQDV�

PD\RUeV�D����DxRV��eQ�el�DxR�������el�SRUFeQWDMe�Ge�lD�SRElDFLyQ�PD\RU�D�
���DxRV�IXe�Gel�����8QLWeG�1DWLRQV������E��PLeQWUDV�TXe�eQ�el�DxR�������
lD�UelDFLyQ�IXe�Gel�������(Q�UelDFLyQ�FRQ�lRV�SDtVeV�VXGDPeULFDQRV��eQ�
�����8UXJXD\�SRVee�lD�UelDFLyQ�PiV�DlWD��FRQ�XQ�����\�$UJeQWLQD�RFXSD�
el�VeJXQGR�lXJDU�FRQ�XQ�����

(VWe�eQYeMeFLPLeQWR�SRElDFLRQDl�QR�WLeQe�SUeFeGeQWeV��8QLWeG�1DWLRQV��
����E��eQ�lD�KLVWRULD�Ge�lD�KXPDQLGDG��el�LQFUePeQWR�Ge�DGXlWRV�PD\RUeV�Ge�
���DxRV�YD�DFRPSDxDGR�Ge�lD�GLVPLQXFLyQ�Ge�MyYeQeV�PeQRUeV�D����DxRV�\�
SRVee�LPSRUWDQWeV�FRQVeFXeQFLDV�eQ�GLVWLQWDV�iUeDV��UeVSeFWR�Ge�lR�eFRQyPLFR��
LQFLGLUi�eQ�el�DKRUUR��lD�LQYeUVLyQ�\�el�FRQVXPR��lRV�PeUFDGRV�Ge�WUDEDMR��
lDV� MXELlDFLRQeV�� lD� WULEXWDFLyQ�\� lDV� WUDQVIeUeQFLDV� LQWeUJeQeUDFLRQDleV��
5eVSeFWR�Ge� lR�VRFLDl��eQ� lD�DWeQFLyQ�Ge� lD�VDlXG�� lD�FRPSRVLFLyQ�Ge� lD�
IDPLlLD��lDV�FRQGLFLRQeV�Ge�YLGD��lD�YLYLeQGD�\�lD�PLJUDFLyQ��eQ�lR�SRltWLFR��
SXeGe�LQFLGLU�eQ�lRV�SDWURQeV�Ge�YRWR��eWF�

6L�Ve�DQDlL]D�lD�eYRlXFLyQ�Gel�SRUFeQWDMe�Ge�lD�SRElDFLyQ�PD\RU�D����DxRV�
\�el�Ge�PeQRUeV�Ge����DxRV�UeVSeFWR�Gel�WRWDl�Ge�SRElDFLyQ�eQ�lD�5eS~ElLFD�
$UJeQWLQD��,1'(&���������Ve�REVeUYD�eQ�lD�)LJXUD���TXe�lD�UelDFLyQ�eQWUe�
DPERV�JUXSRV�eWDULRV�GLVPLQX\e�GUiVWLFDPeQWe�D�SDUWLU�Ge�LQLFLRV�Gel�VLJlR�
;;��SDVDQGR�Ge�XQ������SDUD������D�XQ�����eQ�������

Figura 1: Porcentaje de población menor a 14 años y mayor de 65 años 
respecto de la población total en la República Argentina 

(Fuente: INDEC, 2011)
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(l�LQFUePeQWR�Ge�lD�eVSeUDQ]D�Ge�YLGD�GeEe�WeQeU�FRUUelDFLyQ�FRQ�XQD�
YLGD�DFWLYD�\�XQ�URl�VRFLDlPeQWe�VLJQLILFDWLYR��/D�YLGD�DFWLYD�Ve�UeILeUe�QR�
VylR�D�eVWDU�DFWLYRV�ItVLFD�R�eFRQyPLFDPeQWe��VLQR�D�lD�SDUWLFLSDFLyQ�Ge�lRV�
DGXlWRV�PD\RUeV�eQ�DVXQWRV�VRFLDleV��eFRQyPLFRV��FXlWXUDleV��eVSLULWXDleV�
\�FtYLFRV���(VWR�leV�SeUPLWe��WRPDU�SDUWe�eQ�lD�VRFLeGDG�Ge�DFXeUGR�FRQ�VXV�
GeVeRV��QeFeVLGDGeV�\�FDSDFLGDGeV��PLeQWUDV� Ve� leV�SURSRUFLRQD�DSR\R��
SURWeFFLyQ��VeJXULGDG�\�FXLGDGRV�DGeFXDGRV�FXDQGR�QeFeVLWDQ�DVLVWeQFLD�
�*DQVR�\�FRl����������

3DUD�TXe�e[LVWD�eVWD�YLGD�DFWLYD�Ve�GeEeQ�JeQeUDU�QXeYRV�eVSDFLRV�GLIeUeQWeV�
Ge�lRV�UelDFLRQDGRV�FRQ�lD�YLGD�lDERUDl�SDUD�VX�eQULTXeFLPLeQWR�VRFLDl�\�
FXlWXUDl��eQWUe� lRV�TXe�Ve�eQFXeQWUDQ� lRV�eGXFDWLYRV��'eVGe�KDFe�YDULDV�
GpFDGDV�eQ�WRGR�el�PXQGR�Ve�RIUeFeQ�SURJUDPDV�Ge�eGXFDFLyQ�QR�IRUPDl�
SDUD�lD�WeUFeUD�eGDG�TXe�GDQ�UeVSXeVWD�D�eVWDV�LQTXLeWXGeV�FXlWXUDleV��D�lD�
RUJDQL]DFLyQ�Gel�RFLR�\�el�WLePSR�lLEUe�\�D�lD�DPSlLDFLyQ�Ge�lDV�UelDFLRQeV�
LQWeUSeUVRQDleV����

6L�ELeQ�eQ�lD�5eS~ElLFD�$UJeQWLQD�GeVGe�lD�GpFDGD�Gel�����Ve�RIUeFeQ�
GLIeUeQWeV�WLSRV�Ge�SURJUDPDV�eQ�GLVWLQWDV�XQLYeUVLGDGeV��eQ������Ve�FUey�
eQ�lD�8QLYeUVLGDG�1DFLRQDl�Ge�5RVDULR�el�Programa Universidad Abierta 
para Adultos Mayores�� �815��5eV��&�6�� ���������� eQPDUFDGR� eQ� lD�
ILlRVRItD�Ge�lD�IRUPDFLyQ�SeUPDQeQWe��FRQVLVWe�eQ�lD�LPSlePeQWDFLyQ�Ge�
FXUVRV�� WDlleUeV�\�RWUDV�DFWLYLGDGeV�eGXFDWLYDV�\�FXlWXUDleV�GeVWLQDGRV�D�
lRV�DGXlWRV�PD\RUeV��GLFWDGRV�SRU�GRFeQWeV�XQLYeUVLWDULRV��FRQ�WePiWLFDV�
SeUWLQeQWeV�R�DILQeV�Dl�FRQWe[WR�GLVFLSlLQDU�Ge�lD�RIeUWD�DFDGpPLFD�Ge�lD�815��
$l�eVWDU�GeVWLQDGD�D�XQD�SRElDFLyQ�KeWeURJpQeD��el�GLVexR�Ge�eVWD�RIeUWD�
FRQVWLWX\e�XQ�GeVDItR�UeVSeFWR�Ge�lD�VeleFFLyQ�Ge�lRV�WePDV�D�GeVDUURllDU�\�
Ge�lD�PeWRGRlRJtD�D�ePSleDU�

(V�eQ�eVWe�PDUFR�TXe�Ve�YLeQe�LPSlePeQWDQGR�XQ�FXUVR�Ge�ItVLFD�SDUD�
DGXlWRV�PD\RUeV��FeQWUDGR�eQ�lD�ItVLFD�Ge�lD�YLGD�FRWLGLDQD��(Q�eVWe�WUDEDMR�
Ve�SUeVeQWDQ�el�GLVexR�Gel�FXUVR��lRV�FULWeULRV�TXe�JXLDURQ�VX�RUJDQL]DFLyQ�
\�lRV�UeVXlWDGRV�Ge�XQD�eQFXeVWD�GeVWLQDGD�D�FRQRFeU�VL�eVWe�FXUVR�Ge�)tVLFD�
eV�FRQVLGeUDGR�VLJQLILFDWLYR�SRU�lRV�SDUWLFLSDQWeV��eV�GeFLU��VL�FXPSle�FRQ�
lRV�REMeWLYRV�Ge�SURJUDPDV�eGXFDWLYRV�QR�IRUPDleV�SDUD�DGXlWRV�PD\RUeV�

LA EDUCACIÓN NO FORMAL PARA ADULTOS MAYORES
/D�SeUFeSFLyQ�JeQeUDl�VREUe�lD�YeMe]�eVWi�DVRFLDGD�FRQ�lD�GePDQGD�Ge�

VeUYLFLRV��D\XGD�\�FXLGDGRV��WUDWiQGRlD�eQ�FRQVeFXeQFLD�FRPR�XQ�SURElePD�
R�FDUJD�VRFLDl��(l�DGXlWR�PD\RU�SeUFLEe�TXe�Ve�SLeUGeQ�lD]RV�TXe�GLeURQ�
VeQWLGR�D�VX�YLGD��PXeUeQ�lRV�SDGUeV��FyQ\XJeV�\�DPLVWDGeV��lRV�KLMRV�Ve�
LQGeSeQGL]DQ��el� UeWLUR�DSDUWD�R� lLPLWD� lDV� UelDFLRQeV�FRQ� lRV�JUXSRV�Ge�
FRPSDxeURV�Ge�WUDEDMR��GeVFLeQGe�QRWDElePeQWe�lD�DFWLYLGDG�VRFLDl��WRGR�ellR�
XQLGR�D�UeVWULFFLRQeV�eFRQyPLFDV�GeELGDV�D�PRQWRV�e[LJXRV�Ge�MXELlDFLyQ�\�
D�XQ�GeWeULRUR�ItVLFR�FUeFLeQWe��(VWD�VLWXDFLyQ�SlDQWeD�lD�QeFeVLGDG�Ge�TXe�
ePeUMDQ�SRltWLFDV�TXe�SURPXeYDQ�UeGeV�VRFLDleV�Ge�FRQWeQFLyQ�SDUD�el�DGXlWR�
PD\RU��SDUD�LQFUePeQWDU�XQD�SDUWLFLSDFLyQ�VRFLDl�VLJQLILFDWLYD�\�XQ�eVWLlR�
Ge�YLGD�DFWLYR��YLQFXlDGRV�Dl�PDQWeQLPLeQWR�Ge�XQD�EXeQD�FDlLGDG�Ge�YLGD�
\�D�lD�SUeYeQFLyQ�\�DWeQXDFLyQ�Ge�eQIeUPeGDGeV��6iQFKe]�6DlJDGR���������

/D�SDUWLFLSDFLyQ�VRFLDl�VLJQLILFDWLYD�SeUPLWe�el�GeVDUURllR�Gel�SRWeQFLDl�
SeUVRQDl�\�Ge�QXeYDV�UelDFLRQeV�VRFLDleV�UeSeUFXWeQ�QR�VylR�eQ�VX�ELeQeVWDU�
SeUVRQDl�VLQR�DGePiV�eQ�XQD�UeQRYDFLyQ�Ge�lD�UeSUeVeQWDFLyQ�VRFLDl�Ge�lD�
YeMe]��8UTXLMR�\�FRl����������/D�SDUWLFLSDFLyQ�VRFLDl�Gel�DGXlWR�PD\RU�Ve�
GeVDUURllD� eQ� DVRFLDFLRQeV�\�PRYLPLeQWRV� VRFLDleV�� eQ� el� YRlXQWDULDGR��
eQ�DFWLYLGDGeV�eGXFDWLYDV��SRltWLFDV��Ge�RFLR�\�WLePSR�lLEUe��UeFUeDWLYDV��
FXlWXUDleV�R�UelLJLRVDV�
/RV� IDFWRUeV� TXe� e[SlLFDQ�XQ� eQYeMeFLPLeQWR� e[LWRVR� �9ellDV�� ������

SXeGeQ�UeVXPLUVe�eQ�el�GeVDUURllR�\�PDQWeQLPLeQWR�Ge�XQD�EXeQD�UeG�Ge�
UelDFLRQeV�VRFLR�DIeFWLYDV��Ge�XQD�DGeFXDGD�FDSDFLGDG�IXQFLRQDl� ItVLFD��
DlFDQ]DGD�PeGLDQWe� eMeUFLFLRV� DSURSLDGRV� Ge�PDQWeQLPLeQWR� ItVLFR�� Ge�
XQD�FDSDFLGDG�IXQFLRQDl�FeUeEUDl��lRJUDGD�PeGLDQWe�lD�eVWLPXlDFLyQ�Ge�lD�
DFWLYDFLyQ�FeUeEUDl��Ge�XQ�EXeQ�eVWDGR�QXWULFLRQDl��Ge�XQ�SUR\eFWR�Ge�YLGD�
PRWLYDQWe�SDUD�SUeYeQLU�GpILFLWV�SVLFRlyJLFRV��SDUD�eYLWDU�lD�FDUeQFLD�Ge�
DFWLYLGDGeV�Ve�GeEe�VXVWLWXLU�lR�TXe�\D�QR�Ve�SXeGe�KDFeU�FRQ�lR�TXe�Ve�KDFe��
\�ePSleDU�SDlLDWLYRV�DSURSLDGRV�TXe�SeUPLWDQ�FRPSeQVDU�LQFDSDFLGDGeV�

(V�eQ�eVWe�PDUFR�TXe�lD�eGXFDFLyQ�SURSRQe�XQ�WLSR�Ge�LQWeUYeQFLyQ�TXe�
WUDWD�Ge�GeVFXEULU�el�PeMRU�PRGR�Ge�D\XGDU�D�lDV�SeUVRQDV�D�UeFRQRFeU�lDV�
SRVLELlLGDGeV�TXe�RIUeFeQ�lRV�GLIeUeQWeV�PRPeQWRV�Ge�lD�YeMe]��WUDWDQGR�Ge�
IDYRUeFeU�XQ�PeMRU�DMXVWe�\�XQD�PD\RU�VDWLVIDFFLyQ�YLWDl��SDUD�SRWeQFLDU�
lRV�DVSeFWRV�SRVLWLYRV�Ge�lRV�FDPELRV�\�GLVPLQXLU�lRV�eIeFWRV�QeJDWLYRV�
�0DUWtQ�*DUFtD�\�5eTXeMR�2VRULR���������(V�SRU�ellR��TXe�lD�eGXFDFLyQ�
eV�XQ�LPSRUWDQWe�eVSDFLR�Ge�LQWeUFDPELR�e�LQWeJUDFLyQ�SDUD�lDV�SeUVRQDV�
PD\RUeV��SeUR�DGePiV�SXeGe� VeU� FRQVLGeUDGD�FRPR�XQD�SRVLELlLGDG�Ge�
UeVDUFLPLeQWR�IUeQWe�D�lD�IDlWD�Ge�RSRUWXQLGDGeV�TXe�WXYLeURQ�eQ�RWUDV�eWDSDV�
Ge�lD�YLGD��<XQL�\�8UEDQR���������

'eVGe�KDFe�YDULDV�GpFDGDV��lRV�SURJUDPDV�XQLYeUVLWDULRV�SDUD�DGXlWRV�
PD\RUeV� Ve�YLeQeQ�GeVDUURllDQGR�eQ�XQ�JUDQ�Q~PeUR�Ge�XQLYeUVLGDGeV��
6XV�REMeWLYRV�SULQFLSDleV�WLeQeQ�TXe�YeU�QR�VylR�FRQ�el�DSUeQGL]DMe�VLQR�
WDPELpQ�FRQ�IRPeQWDU�lD�LQWeUDFFLyQ�VRFLDl�\�DXPeQWDU�lD�FDlLGDG�Ge�YLGD�Ge�
lDV�SeUVRQDV�PD\RUeV�Ge����DxRV���(Q�lRV�DxRV�¶���IXQFLRQDEDQ�eQWUe�����
\�����XQLYeUVLGDGeV�Ge�lD�WeUFeUD�eGDG��FRQ�XQ�Q~PeUR�WRWDl�Ge�DlXPQRV�
VXSeULRU�D����������9D]TXe]�&lDYLMR�\�)eUQiQGe]�3RUWeUR���������(VWRV�
DXWRUeV� FLWDQ� SURJUDPDV� eQ� lDV�8QLYeUVLGDGeV� eVSDxRlDV� Ge�$lFDli� Ge�
+eQDUeV��$lLFDQWe��$lPeUtD��$XWyQRPD�Ge�0DGULG��eQWUe�RWUDV��PLeQWUDV�
TXe�eQ�$PpULFD�/DWLQD�e[LVWeQ�PiV�Ge�����SURJUDPDV��/ySe]�/D�9eUD��
�������SRU�eMePSlR���lD�8QLYeUVLGDG�Ge�&RVWD�5LFD��FRQ�PiV�Ge����DxRV�Ge�
e[SeULeQFLD���lD�8QLYeUVLGDG�1DFLRQDl�Ge�6DQWLDJR�Gel�(VWeUR��$UJeQWLQD���
FRQ����DxRV�Ge�e[SeULeQFLD�� lD�8QLYeUVLGDG�&XEDQD��el�7eFQRlyJLFR�Ge�
$QWLRTXLD��&RlRPELD���lD�8QLYeUVLGDG�Ge�lD�([SeULeQFLD��3eU~���eWF�

0DUWtQ�*DUFtD�\�5eTXeMR�2VRULR��RS�FLW���FLWDQ�lRV�VLJXLeQWeV�REMeWLYRV�
SDUD�eVWRV�FXUVRV��D��PRVWUDU�el�UeFRQRFLPLeQWR�Ge�lDV�SRVLELlLGDGeV�TXe�
RIUeFe�lD�YeMe]�Dl�VRVWeQeU�TXe�el�enriquecimiento social�VLePSUe�eV�SRVLEle��
E�� sensibilizar D� lRV� DGXlWRV� \� DQFLDQRV� DQWe� GeWeUPLQDGRV� SURJUDPDV�
Ge� LQWeUYeQFLyQ� VRFLReGXFDWLYD� eQ� IXQFLyQ�Ge� lRV� FRQWe[WRV� VRFLDleV� \�
FXlWXUDleV��F��GeVDUURllDU�XQ�QXeYR�PRGR�Ge�YLYeQFLDU�lD�YeMe]��Ge�UelDWLYL]DU�
lD�LQIlXeQFLD�ELRlyJLFD�\�VRFLDl�Ge�lD�eGDG�FURQRlyJLFD�\�Ge�elLPLQDU�IRUPDV�
LQVWLWXFLRQDlL]DGDV�Ge�SUeMXLFLRV�\�eVWeUeRWLSRV�KDFLD�lRV�DGXlWRV�PD\RUeV��
G��VeU�XQD�RSRUWXQLGDG�SDUD�lD�comunicación e interacción humana��TXe�
IRPeQWD�el�desarrollo personal�MXQWR�D�RWURV�Dl�RIUeFeU�DlWeUQDWLYDV�VRFLDlPeQWe�
FRPSDUWLGDV�Dl�RFLR�\�Dl�WLePSR�lLEUe��IDFLlLWDQGR�URleV�VLJQLILFDWLYRV�SDUD�
VX�LQWeJUDFLyQ��e��RIUeFeU�XQ�eQWUeQDPLeQWR�eQ�SURFeVRV�Ge�UD]RQDPLeQWR�
GeGXFWLYR��PePRULD�\�RWUDV�IXQFLRQeV�PeQWDleV�SDUD�mejorar los niveles 
de salud. f) IDFLlLWDU� roles significativos� D� lRV� DGXlWRV�PD\RUeV� SDUD� VX�
LQWeJUDFLyQ�eQ�el�FRQWe[WR�VRFLDl��GeVDUURllDU�R�SRWeQFLDU�el�FUeFLPLeQWR�\�
el�GeVDUURllR�SeUVRQDl�eQ�lDV�eVIeUDV�DIeFWLYD��ItVLFD�\�PeQWDl��DXPeQWDQGR�
lD�FDlLGDG�\�el�GLVIUXWe�Ge�lD�YLGD��J��DXPeQWDU�lD�autosuficiencia \�PeMRUDU�
FUeeQFLDV�VREUe�lDV�KDELlLGDGeV�SURSLDV�Dl�DXPeQWDU�lD�FDSDFLGDG�Ge�UeVRlYeU�
SURElePDV�Ge�lD�YLGD�GLDULD��GLVPLQX\eQGR�lD�GeSeQGeQFLD�IDPLlLDU�\�VRFLDl�

(VWRV�DXWRUeV�VexDlDQ� lDV�FDUDFWeUtVWLFDV�eVSeUDEleV�eQ� lDV�DXlDV�SDUD�
lD�WeUFeUD�eGDG��TXe�Ve�EDVDQ�eQ�lD�ILlRVRItD�Ge�lD�IRUPDFLyQ�SeUPDQeQWe��
FXlWXUDl�\�VRFLDl��'eEeQ�VeU�SDUWLFLSDWLYDV��WUDWDQGR�Ge�LPSlLFDU�D�lDV�SeUVRQDV�
eQ�el�SURFeVR��QR�FRPSeWLWLYDV��EXVFDQGR�lD�FRRSeUDFLyQ�\�lD�VRlLGDULGDG��
PRWLYDGRUDV��SDUD�lR�FXDl�Ve�ePSleDQ�WpFQLFDV�Ge�DQLPDFLyQ�VRFLRFXlWXUDl��
GRQGe�SULPD�lR�l~GLFR��lR�FUeDWLYR��el�DSUeQGL]DMe�EDVDGR�eQ�SURElePDV��eQ�
eVWXGLRV�Ge�FDVR��SUR\eFWRV��eWF�

5eVSeFWR�Ge�lD�eGXFDFLyQ�eQ�ItVLFD�SDUD�DGXlWRV�PD\RUeV��VRQ�eVFDVDV�
lDV�SXElLFDFLRQeV�eQ�eVWe�iUeD��eQ�lD�E~VTXeGD�ELElLRJUiILFD�lleYDGD�D�FDER�
VylR�Ve�eQFRQWUy�XQ�WUDEDMR�TXe�DQDlL]D�FyPR�DIeFWD�el�eQYeMeFLPLeQWR�D�lDV�
FDSDFLGDGeV�SDUD�eVWDEleFeU�UelDFLRQeV�LQYeUVDV�eQ�lD�YLGD�GLDULD��ePSleDQGR�
eMePSlRV�Ge�lD�ItVLFD�LQWXLWLYD��/eRQL�\�FRl���������

CURSO DE FÍSICA PARA ADULTOS MAYORES
(l� FXUVR�“Física en la vida cotidiana´ IRUPD� SDUWe� Gel 3URJUDPD�

8QLYeUVLGDG�$ELeUWD�SDUD�DGXlWRV�PD\RUeV��6e�LQLFLD�eQ�el�DxR������FRQ�
XQD�GXUDFLyQ�Ge�GRV�PeVeV��GeVDUURllDGR�eQ�XQ�eQFXeQWUR�VePDQDl�Ge���
KRUDV��(Q�el�DxR�������D�SeGLGR�Ge�lRV�SDUWLFLSDQWeV��Ve�e[WeQGLy�D���PeVeV��
eQ������VX�GXUDFLyQ�IXe�Ge���PeVeV��SeUR�FRQ�eQFXeQWURV�Ge���KRUDV�Ge�
GXUDFLyQ��(Q������Ve�eVWi�GLFWDQGR�FRQ�XQD�GXUDFLyQ�Ge���PeVeV�\�GRV�
KRUDV�VePDQDleV�Ge�GXUDFLyQ��+XER����SDUWLFLSDQWeV�eQ����������eQ�������
���eQ������\����eQ�lD�DFWXDlLGDG��

&RPR�Ve�KD�PeQFLRQDGR��eVWe�FXUVR�Ve�eQPDUFD�eQ�lD�ILlRVRItD�Ge�lD�
IRUPDFLyQ�SeUPDQeQWe��FRQ�ILQeV�QR�VylR�Ge�EULQGDU�FRQRFLPLeQWRV�UelDWLYRV�
D�lD�ItVLFD��VLQR�DGePiV�Ge�DPSlLDU�lDV�UelDFLRQeV�LQWeUSeUVRQDleV�Ge�lRV�
SDUWLFLSDQWeV��(l�FXUVR�SeUVLJXe�GeVSeUWDU�FXULRVLGDG��eVWLPXlDU�lD�IRUPD�Ge�
DSUeQGeU�PiV��DFeUFDU�Ge�PDQeUD�QR�IRUPDl�FRQFeSWRV�e�LGeDV�EiVLFDV�Ge�
lD�ItVLFD�UelDFLRQDGRV�FRQ�lD�YLGD�FRWLGLDQD��&RQ�el�REMeWLYR�Ge�DWeQGeU�lRV�
LQWeUeVeV�Ge�lRV�SDUWLFLSDQWeV��lRV�WePDV�WUDWDGRV�eQ�lRV�FXUVRV�LPSlePeQWDGRV�
eQ�el�VeJXQGR�\�WeUFeU�DxR�KDQ�VLGR�SURSXeVWRV�SRU�lRV�SDUWLFLSDQWeV�
/D�PeWRGRlRJtD� ePSleDGD� Ve� EDVD� eQ� el� DQilLVLV� Ge� e[SeULPeQWRV�

PRVWUDWLYRV�VeQFLllRV�SDUD�e[SlLFDU�FRQFeSWRV��LGeDV�\�SULQFLSLRV�EiVLFRV�
GeVGe�el�SXQWR�Ge�YLVWD�IeQRPeQRlyJLFR��/RV�FRQWeQLGRV�VRQ�Ile[LEleV�\�
Ve�DGDSWDQ�D�lRV�ePeUJeQWeV�TXe�VXUJeQ�eQ�FDGD�eQFXeQWUR��$VLPLVPR��Ve�
SULRUL]D�el�WUDEDMR�FRlDERUDWLYR��GeELGR�D�TXe�el�JUXSR�Ge�SeUVRQDV�TXe�
DFFeGeQ�D�eVWRV�FXUVRV�eV�KeWeURJpQeR��FRQ�QLYeleV�Ge�eVFRlDUL]DFLyQ�GeVGe�
SULPDULD�LQFRQFlXVD�KDVWD�JUDGXDGRV�XQLYeUVLWDULRV��lRV�WePDV�Ve�SUeVeQWDQ�
Ge�PDQeUD�TXe�SXeGDQ�VeU�FRPSUeQGLGRV�SRU�SeUVRQDV�FRQ�FRQRFLPLeQWRV�
JeQeUDleV�VLQ�IRUPDFLyQ�PDWePiWLFD�eleYDGD��(Q�FDGD�XQR�Ge�lRV�WePDV�
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La física en la vida cotidiana: curso no formal para adultos mayores

Ve�LQFlX\eQ�eMePSlRV�Ge�DSlLFDFLyQ�UelDFLRQDGRV�FRQ�el�FXeUSR�KXPDQR�\�
GLVSRVLWLYRV�WeFQRlyJLFRV�FRQRFLGRV��3RU�eMePSlR��Dl�GeVDUURllDU�el�WeRUePD�
JeQeUDl�Ge�lD�KLGURGLQiPLFD�Ve�UeDlL]y�eQ�SULPeU� lXJDU�XQD�e[SeULeQFLD�
FRQ�XQ�EDlGe�SeUIRUDGR�D�GLVWLQWDV�DlWXUDV��SDUD�FDlFXlDU�lD�YelRFLGDG�Ge�
VDlLGD� Gel� DJXD� eQ� IXQFLyQ�Ge� VX� DlFDQFe� eQ� el� SLVR��6e�JUDILFDURQ� lRV�
UeVXlWDGRV�\�lXeJR�Ve�lRV�DSlLFy�Dl�DQilLVLV�Ge�lD�LQVWDlDFLyQ�Ge�FDxeUtDV�Ge�
DJXD�eQ�el�KRJDU��FRQ�FilFXlRV�VeQFLllRV�Ge�lD�YelRFLGDG�Ge�VDlLGD�Gel�DJXD�
SRU�lDV�FDQLllDV�eQ�lRV�GLVWLQWRV�SLVRV��KDVWD�TXp�DlWXUD�lleJDED�el�DJXD�VLQ�
QeFeVLGDG�Ge�FRlRFDU�ERPEDV��eWF��$l�eVWXGLDU�el�FDXGDl�Ve�DQDlL]DURQ�lRV�
SURFeVRV�Ge�DUWeULReVFleURVLV�\�DQeXULVPDV��WePDV�TXe�eVWiQ�SUeVeQWeV�eQ�
lDV�FRQYeUVDFLRQeV�Ge�lRV�PD\RUeV�

&RPR�XQD�PDQeUD�Ge�LQFeQWLYDU�el�JXVWR�SRU�lD�FLeQFLD�\�eQ�SDUWLFXlDU�
SRU�lD�ItVLFD��Ve�LQFlX\eQ�DlJXQRV�We[WRV�Ge�leFWXUD�eQ�GRQGe�Ve�GeVWDFDQ�
DVSeFWRV�UelDFLRQDGRV�FRQ�el�FRQWe[WR�KLVWyULFR�eQ�TXe�Ve�GeVDUURlly�XQD�
e[SeULeQFLD� Ge� ItVLFD�� FRPeQWDQGR� VLWXDFLRQeV� VRFLRFXlWXUDleV� eQ� TXe�
eVWDEDQ�LQPeUVDV�eVWDV�SeUVRQDV�TXe�KDEtDQ�GeVFRllDGR�FRPR�ItVLFRV�FRPR�
SRU�eMePSlR�$UTXtPeGeV��%eUQRXllL�R�7eVlD��(Q�el�FXUVR�Gel�DxR�������lRV�
SDUWLFLSDQWeV�DSRUWDURQ�eQ�lRV�eQFXeQWURV�SRVWeULRUeV�DUWtFXlRV�Ge�GLDULRV�
R� UeYLVWDV� eQ� lDV�TXe� Ve� lRV�PeQFLRQDED�� eQULTXeFLeQGR� lD� FlDVe�FRQ� lD�
VRFLDELlL]DFLyQ�Gel� FRQRFLPLeQWR�TXe�FDGD�XQR�Ge�ellRV�EULQGDED��(VWR�
SeUPLWLy�GeVFXEULU�eQ�SDUWe�el�LQWeUpV�TXe�lRV�SDUWLFLSDQWeV�GeSRVLWDEDQ�eQ�
el�FXUVR�\�TXp�eVSeUDEDQ�Ge�lRV�GRFeQWeV�VX�FDUJR�

$�VRlLFLWXG�Ge�lRV�SDUWLFLSDQWeV��eQ�FDGD�eQFXeQWUR�Ve�eQWUeJD�PDWeULDl�
eVFULWR�GRQGe�Ve�GeVDUURllD�FDGD�WePD�\�eQ�el�TXe�Ve�LQFlX\eQ�SUeJXQWDV�\�
SURElePDV�VeQFLllRV�TXe�GeEeQ�FRQWeVWDU�lRV�SDUWLFLSDQWeV�eQ�VX�FDVD��lDV�
TXe�VRQ�GLVFXWLGDV�eQ�el�VLJXLeQWe�eQFXeQWUR��$�FRQWLQXDFLyQ�Ve�GeWDllDQ�
lRV�WePDV�WUDWDGRV�eQ�FDGD�FXUVR�
� $xR� ������ÏSWLFD� JeRPpWULFD��/D� FLeQFLD� Gel� FRlRU�� � )eQyPeQRV�

WpUPLFRV��
� $xR�������)lXLGRV�1eZWRQLDQRV�\�1R�1eZWRQLDQRV��3UeVLyQ�KLGURVWiWLFD��

'LQiPLFD� Ge� IlXLGRV��(FXDFLyQ� Ge�%eUQRXllL��9LVFRVLGDG��7eQVLyQ�
VXSeUILFLDl��&DSLlDULGDG��(leFWULFLGDG��0DJQeWLVPR��)tVLFD�Ge�lD�FRFLQD

� $xR�������0eFiQLFD��2QGDV��$VWURItVLFD
� $xR� ������ÏSWLFD�*eRPpWULFD� \� ySWLFD� ItVLFD�� &RlRUeV��2QGDV�

eleFWURPDJQpWLFDV�� )tVLFD� FXiQWLFD�� 6RQLGR�� )eQyPeQRV� WpUPLFRV��
)lXLGRV�1eZWRQLDQRV�\�1R�QeZWRQLDQRV��(VWiWLFD�\�GLQiPLFD�Ge�)lXLGRV

OPINIÓN DE LOS PARTICIPANTES RESPECTO DEL CURSO
3DUD� VDEeU� VL� lRV� FXUVRV� � VRQ� VLJQLILFDWLYRV� SDUD� lRV� SDUWLFLSDQWeV� \�

VL� UeDlPeQWe�FXPSleQ�FRQ� lDV�FDUDFWeUtVWLFDV�SURSLDV�Ge� lRV�FXUVRV�SDUD�
DGXlWRV�PD\RUeV��Ve�UeDlL]DQ�eQFXeVWDV�Dl�ILQDlL]DU�FDGD�XQR�Ge�ellRV��FX\RV�
UeVXlWDGRV�Ve�PXeVWUDQ�D�FRQWLQXDFLyQ�

Programas educativos como promotores de oportunidades
6e�REVeUYD�XQD�EXeQD�DFRJLGD�Dl�SURJUDPD�SRU�SDUWe�Ge�lRV�SDUWLFLSDQWeV��

QR�VylR�GeELGR�D�VX�LQWeUpV�SeUVRQDl��VLQR�DGePiV�SRUTXe�eQFXeQWUDQ�XQ�
iPELWR�eQ�GRQGe�Ve�lRV�YDlRUD��6e�UeIleMD�eQ�lD�PD\RUtD�Ge�lDV�UeVSXeVWDV�
lD�DleJUtD�Ge�VeQWLUVe�LQWeJUDGRV�\�UeFRQRFLGRV���3RU�eMePSlR��VRVWLeQeQ�
TXe�³Viempre tuve inquietud por asistir a cursos y estos me parecen muy 
buenos, por el contenido y por insertar a los adultos mayores, que aún 
tienen ganas de aprender, repasar, compartir espacios con gente joven 
>SURIeVRUeV@� Es muy valorable.´
Motivaciones para participar 

9DULRV�VRQ�lRV�PRWLYRV�SRU�lRV�FXDleV�lRV�SDUWLFLSDQWeV�UeDlL]DQ�el�FXUVR��
GeVGe�“esta actividad contribuye a la calidad de vida del adulto, ya que 
entusiasman las clases y el adulto siente que todavía puede aprender, 
recordar lo poco que vimos en el secundario y poder compartir con nuestros 
pares.”, �FRPR el�PeUR�KeFKR�Ge�FRQRFeU��eQ�eVWe�FDVR��TXp�eV�eVD�FRVD�
llDPDGD�ItVLFD” que durante mi vida no tuve la oportunidad de estudiar”��
DVt� FRPR� ³estudiar mantiene mi mente ágil y abierta” FRQ� DSeUWXUD� D�
QXeYRV�FRQRFLPLeQWRV��R��UeIUeVFDU�FRQFeSWRV�\�DSlLFDFLRQeV�RlYLGDGDV��

Importancia otorgada por los participantes:
(Q�lD�eQFXeVWD�KDQ�VXUJLGR�GLIeUeQWeV�UD]RQeV�SRU�lDV�TXe�el�FXUVR�KD�VLGR�

LPSRUWDQWe�SDUD�lRV�DVLVWeQWeV��eQWUe�lDV�TXe�Ve�eQFXeQWUDQ�lD�LQWeJUDFLyQ�
VRFLDl��³Trata de evitar la marginación de los adultos mayores, promoviendo 
su integración´��SURPXeYe�lD�DXWRYDlRUDFLyQ��³Se nos tiene en cuenta y 
aún, a pesar de nuestra edad, estamos activos y podemos adquirir, utilizar 
y transmitir conocimientos´��³Es una manera de demostrarnos primero a 
nosotros mismos y luego a los demás (especialmente a los más jóvenes) que 
siempre se puede hacer algo con voluntad y decisión´��eV�EeQeILFLRVD�SDUD�
lD�VDlXG�³Es importante, no sólo por ser un espacio referente a la cultura, 

sino también a la salud porque evita enfermedades que disminuye el área 
cognitiva´��6e�REVeUYD�WDPELpQ�lD�GXUe]D�FRQ�TXe�YLYeQFLDQ�lD�PDUJLQDFLyQ�
VRFLDl�FRPR�³somos un�sector olvidado de la población´
Obstáculos al acceso a la educación continua:

5eVSeFWR�Ge�lRV�REVWiFXlRV�TXe�SeUFLEeQ�Dl�DFFeVR�D�eVWRV�FXUVRV�QR�
VylR�VXUJeQ�IDFWRUeV�e[WeUQRV�FRPR�el�eFRQyPLFR��lD�IDPLlLD��lD�IDlWD�Ge�
SRVLELlLGDGeV��VLQR�DGePiV�el�FXlWXUDl�� lD�GLVFULPLQDFLyQ��lD�FRQFeSFLyQ�
Ge�TXe�el�DGXlWR�PD\RU�\D�WeUPLQy�VX�YLGD�~WLl�\�eV�LQQeFeVDULR�TXe�SXeGD�
DlFDQ]DU�XQ�GeVDUURllR�SeUVRQDl��(QWUe�lRV�IDFWRUeV�LQWeUQRV�QR�VylR�DSDUeFeQ�
lD� VDlXG�� lD�PRYLlLGDG�� lD� IDlWD� Ge�SeUVeYeUDQFLD� \� Ge�PRWLYDFLyQ�� VLQR�
WDPELpQ�lDV�LQVeJXULGDGeV�³el primer obstáculo a vencer somos nosotros 
mismos y nuestros miedos�´��
Relativos al curso de física:
(Q� UelDFLyQ� Dl� FXUVR� Ge� ItVLFD� eQ� SDUWLFXlDU�� VL� ELeQ� e[LVWe� XQD�JUDQ�

KeWeURJeQeLGDG�eQ�lRV�SDUWLFLSDQWeV��QR�VylR�eQ�VX�QLYel�eVFRlDU�VLQR�eQ�VXV�
LQWeUeVeV��TXe�YDQ�GeVGe�³la materia es apasionante´��KDVWD��³no habiendo 
cupos para otros cursos, elegí física´��Ve�REVeUYD�LQWeUpV�SRU�lRV�WePDV�
GeVDUURllDGRV� ³Fue mejor que lo que esperaba, didáctico y preciso”, 
“Esperaba conocer un poco de una materia que era prácticamente 
desconocida para mí, fue una introducción que cubrió mis expectativas 
y deseo más”, “Me parecieron clases amenas y me dejaron conceptos 
básicos sobre los temas abordados. Eran mis expectativas sobre el curso�´

/RV�SDUWLFLSDQWeV�KDQ�UeDlL]DGR�UeTXeULPLeQWRV�UeVSeFWR�Ge�SURlRQJDU�el�
FXUVR��LQFUePeQWDU�el�Q~PeUR�Ge�KRUDV�e�LQFlXLU�UeVRlXFLyQ�Ge�SURElePDV�
\�We[WRV�SDUD�eVWXGLDU�eQ�lD�FDVD��“Con el resumen de lo dado en clase 
podemos estudiar para la clase siguiente” +D\�TXe�UeFDlFDU�WDPELpQ�TXe��
GeELGR�D�lD�KeWeURJeQeLGDG��VXUJeQ�UeTXeULPLeQWRV�Ge�UeDlL]DU�FXUVRV�FRQ�
QLYeleV�Ge�SURIXQGLGDG�GLIeUeQFLDGRV�

CONSIDERACIONES FINALES
/D�SlDQLILFDFLyQ�e�LPSlePeQWDFLyQ�Gel�FXUVR�Ge�ItVLFD�QR�IRUPDl�SDUD�

DGXlWRV�PD\RUeV�KD�VLGR�XQ�GeVDItR�SDUD�lRV�GRFeQWeV�UeVSRQVDEleV�UeVSeFWR�
Ge�VXV�UXWLQDV�Ge�eQVexDQ]D��TXLeQeV�VRQ�SURIeVRUeV�XQLYeUVLWDULRV�\�R�Ge�
XQD�eVFXelD�WpFQLFD�GeSeQGLeQWe�Ge�lD�XQLYeUVLGDG��KDELWXDGRV�D�GeVDUURllDU�
FRQWeQLGRV�SDXWDGRV�Ge�DQWePDQR�eQ�XQ�LQWeUYDlR�Ge�WLePSR�eVSeFLILFDGR��
FRQ�XQ�DlWR�JUDGR�Ge�DEVWUDFFLyQ�\�IRUPDlLGDG�PDWePiWLFD��3RU�lR�WDQWR��lRV�
GRFeQWeV�GeELeURQ�UeDlL]DU�XQ�eVIXeU]R�Ge�DGDSWDFLyQ�D�lDV�FDUDFWeUtVWLFDV�
SURSLDV�Ge�eVWRV�FXUVRV��FRQ�XQD�SURJUDPDFLyQ�VePLeVWUXFWXUDGD��Ile[LEle�
UeVSeFWR�Ge�lRV�FRQWeQLGRV�\�Gel�FURQRJUDPD��SDUD�SRGeU�LU�DWeQGLeQGR�D�
lRV�ePeUJeQWeV�eQ�FDGD�FlDVe��el�GeVDUURllR�Ge�lRV�WePDV�Ve�UeDlL]D�GeVGe�
XQ�SXQWR�Ge�YLVWD� IeQRPeQRlyJLFR�D� WUDYpV�Ge�XQD�PeWRGRlRJtD�EDVDGD�
eQ�e[SeULPeQWRV�\�DQilLVLV�Ge�JUiILFRV�\�GLVWULEXFLyQ�Ge�lRV�WLePSRV�eQ�
IXQFLyQ�Ge�lRV�UeTXeULPLeQWRV�Ge�DWeQFLyQ�\�ItVLFRV�Ge�lRV�SDUWLFLSDQWeV��

8QD�YeQWDMD�LPSRUWDQWe�eV�TXe��D�GLIeUeQFLD�Ge�lRV�FXUVRV�IRUPDleV��eV�
PDQLILeVWR�el�LQWeUpV�Ge�lRV�SDUWLFLSDQWeV�WDQWR�SRU�lRV�WePDV��TXe�KDQ�VLGR�
SURSXeVWRV�SRU�lRV�PLVPRV�DVLVWeQWeV��FRPR�SRU�lD�DlWD�SDUWLFLSDFLyQ�GXUDQWe�
lRV�eQFXeQWURV��$VLPLVPR��eV�Ge�GeVWDFDU�lD�ELGLUeFFLRQDlLGDG�TXe�e[LVWe�
eQ�lD�FRPXQLFDFLyQ��\D�TXe�lRV�SDUWLFLSDQWeV�DSRUWDQ�VXV�e[SeULeQFLDV�Ge�
YLGD�eQ�lRV�eQFXeQWURV�

/RV�DVLVWeQWeV�KDQ�VRlLFLWDGR�WePDV�SDUD�IXWXURV�FXUVRV�eQ�lRV�TXe�QR�
eV�IiFLl�VX�e[SlLFDFLyQ�D�SDUWLU�Ge�e[SeULPeQWRV�VeQFLllRV��eV�SRU�ellR�TXe�
lRV�GRFeQWeV�eVWiQ�DERFDGRV�D�eQFRQWUDU�PeWRGRlRJtDV�TXe�Ve�DGDSWeQ�D�lDV�
FDUDFWeUtVWLFDV�SURSLDV�Ge�eVWRV�FXUVRV��SRU�eMePSlR��el�XVR�Ge�VLPXlDFLRQeV�
&RQVLGeUDQGR� el� UeVXlWDGR�Ge� lDV� eQFXeVWDV� Ve� REVeUYD�TXe� el� FXUVR�

SURSRUFLRQD�XQ�eVSDFLR�TXe�lRV�SDUWLFLSDQWeV�FRQVLGeUDQ�YilLGR�SDUD�VX�
GeVDUURllR�SeUVRQDl�\�el�LQFUePeQWR�Ge�VX�DXWRYDlRUDFLyQ��0XFKRV�FRQVLGeUDQ�
TXe�KDQ�GePRVWUDQGR��QR�VylR�SDUD�Vt�PLVPRV�VLQR�SDUD�lD�VRFLeGDG��TXe�
WRGDYtD�WLeQeQ�JDQDV�Ge�KDFeU�FRVDV��Ge�DSUeQGeU�\�TXe�SRVeeQ�lD�FDSDFLGDG�
SDUD�KDFeUlR��&RQVLGeUDQ�TXe�el� FXUVR� IDFLlLWD�XQ�eVWLlR�Ge�YLGD�DFWLYR��
RIUeFe�XQ�iPELWR�Ge�LQWeUDFFLyQ�VRFLDl��GRQGe�el�DSUeQGL]DMe�Ve�UeDlL]D�con 
otros��\�XQD�SDUWLFLSDFLyQ�VRFLDl�VLJQLILFDWLYD��WRGRV�ellRV�YLQFXlDGRV�QR�
VylR�D�VX�ELeQeVWDU�SeUVRQDl�VLQR�TXe�DGePiV�UeSeUFXWe�eQ�XQD�UeQRYDFLyQ�
Ge�lD�UeSUeVeQWDFLyQ�VRFLDl�Ge�lD�YeMe]��'DGD�lD�eVSeFLILFLGDG�Ge�lD�ItVLFD��
el�FXUVR�RIUeFe�DGePiV�XQD�RSRUWXQLGDG�Ge�eQWUeQDPLeQWR�eQ�SURFeVRV�Ge�
UD]RQDPLeQWR�\�Ge�eMeUFLWDFLyQ�Ge�lD�PePRULD��FRQWULEX\eQGR�D�PeMRUDU�
lD�FDSDFLGDG�IXQFLRQDl�FeUeEUDl�

3RU�WRGR�eVWR��Ve�FRQVLGeUD�TXe�el�FXUVR�eV�DSURSLDGR�SDUD�DSRUWDU�D�lD�
FDlLGDG�Ge�YLGD�eQ�lRV�DGXlWRV�PD\RUeV��FRPR�e[SUeVy�XQ�SDUWLFLSDQWe��³No 
sólo contribuye a la calidad de vida, sino que enriquece y hace sentir que 
aún se puede hacer algo para uno mismo y la comunidad”.
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Abstract
The focus in this work is to show scientist Marie Curie as an educator, a less well 
known characteristic. To that end, an analysis was made of selected episodes/
instances of the tZo ¿rst e[Serimental Shysics classes in her educational SroMect 
of a “Teaching Cooperative”. This analysis was based upon the book “The 
Improvement of the Mind” by Rev. Isaac Watts (1674-1748. Within these approaches 
the researcher attempts to relate Marie Curie’s teaching methodology to 21st 
Century teaching methods.
Key words: teaching, Marie Curie, experimentation, Isaac Watts

Resumen
 (ste traEaMo Sresenta una caractertstica Soco revelada del cientt¿co 0arie &urie� 
como educadora� 3ara tal ¿n� se SroSuso anali]ar eSisodios seleccionados de las 
dos primeras clases experimentales de física, señalado por uno de sus alumnos en 
un proyecto educativo “Educación Cooperativa”. Este análisis comparativo se basa 
en el libro The Improvement of the Mind del reverendo Isaac Watts (1674-1748). 
'iscutimos tamEipn e[tractos de la vida de la investigadora en un intento de Musti¿car 
su metodología de enseñanza.
Palabras clave: Marie Curie,  experimentación, Isaac Watts

INTRODUCTION 
0DULe�&XULe¶V�&KULVWLDQ�QDPe�LQ�KeU�KRPe�FRXQWU\��3RlDQG��ZDV�0DU\D�
6DlRPee�6NlRGRZVND��������������DlWKRXJK�DV�VKe�VSeQW�WKe�JUeDWeU�SDUW�
RI�KeU�lLIe�LQ�)UDQFe��ZKeUe�VKe�EeFDPe�D�SURPLQeQW�VFLeQWLVW��DQG��DlWKRXJK�
LW�LV�QRW�Zell�NQRZQ�VKe�ZDV�DlVR�D�SURPLQeQW�eGXFDWRU��,Q�WKe�)UeQFK�
PDQQeU�VKe�EeJDQ�WR�Ee�FDlleG�0DULe��DQG�DIWeU�VKe�PDUULeG�VKe�DGRSWeG�
KeU�KXVEDQG¶V�QDPe��+eU�IDPLl\�ZDV�WUDGLWLRQDll\�LQYRlYeG�ZLWK�eGXFDWLRQ��
KeU�PRWKeU�KDG�VWXGLeG�LQ�RQe�RI�WKe�SULYDWe�VFKRRlV�IRU�ZRPeQ��DQG�KeU�
IDWKeU��0U��:lDG\VlDZ�6NlRGRZVNL�ZDV�RQe�WKe�PRVW�LQIlXeQWLDl�SeRSle�LQ�
KLV�DFDGePLF�ILelG�DQG�WKLV�FRQWULEXWeG�WR�WKe�GeVLJQ�DQG�FRQMXULQJ�RI�RQe�
RI�KeU�LGeDlV��&XULe��������

:LWKLQ�WKLV�IDPLlLDU�VFeQDULR��0DULe�ILQLVKeG�VFKRRl�LQ������DQG�MXVW�
DIWeU�WKDW�VKe�EeJDQ�DWWeQGLQJ�FlDVVeV�LQ�D�lRFDl�FlDQGeVWLQe�KLJKeU�eGXFDWLRQ�
VFKRRl��VLQFe�:DUVDZ¶V�XQLYeUVLW\�VWLll�ZRXlG�QRW�DGPLW�ZRPeQ��,Q�WKLV�
eQYLURQPeQW��VKe�FDPe�XSRQ�WKe�LGeDV�RI�$XJXVWe�&RPWe�������������DQG�
SRVLWLYLVP��ZKLFK��LQ�WKe�3RlLVK�YeUVLRQ�VWUDQG�EULQJV�XS�eTXDlLW\�EeWZeeQ�
JeQGeUV�LQ�WeUPV�RI�eGXFDWLRQ�DQG�WKe�LPSRUWDQFe�RI�UeDVRQ�DQG�VFLeQFe�
IRU�VRFLeW\��7KLV�\RXQJ�lDG\�IRXQG�VKe�ZDV�KRPe�WR�VRPe�RI�SRVLWLYLVP¶V�
LGeDlV�DQG�DGYRFDWeG�WKeP��5eLG��������4XLQQ��������

$W�WKe�WLPe��VKe�ZDV�lLYLQJ�ZLWK�%URQLD��KeU�VLVWeU��ZKR�KDG�DlUeDG\�
PDMRUeG�LQ�0eGLFLQe�DV�0DULe�DUULYeG�LQ�3DULV��LQ�������$W�lDVW��WKe�3RlLVK�

\RXQJ�lDG\�ZDV�DEle�WR�MRLQ�D�VeleFW�JURXS�RI�WZeQW\�WKUee�ZRPeQ��RXW�RI�
QeDUl\�WZR�WKRXVDQG�VWXGeQWV�eQURlleG�LQ�WKe�6RUERQQe�6FKRRl�RI�6FLeQFeV��
,Q�-Xl\��������VKe�UeFeLYeG�ZDV�GelLJKWeG�ZLWK�WKe�DQQRXQFePeQW�WKDW�VKe�
KDG�DFKLeYeG�ILUVW�SlDFe�LQ�WKe�FlDVV�IRU�³SK\VLFDl´�VFLeQFeV��&XULe��������

Involvement with science teaching 
+eU�FRQFeSWXDlL]DWLRQ�RI�WeDFKLQJ��LQ�KRZ�WR�WeDFK��ZDV�lDUJel\�LQIlXeQFeG�E\�
WKe�ZD\�KeU�IDWKeU�EURXJKW�KeU�XS�DQG�KRZ�Ke�WDXJKW�KeU��8SRQ�FRQWePSlDWLQJ�
KLV�FKLlGUeQ¶V�eGXFDWLRQ��0U��6NlRGRZVNL�ZRXlG�Vee��LQ�VLPSle�WKLQJV��leDUQLQJ�
RSSRUWXQLWLeV��DQG�0DULe�DlUeDG\�UeJUeWWeG�WKe�DEVeQFe�RI�D�lDERUDWRU\�WR�
SeUIRUP�e[SeULPeQWV�DQG�WeVWV�RQ�WKe�VXEMeFWV�eQFRXQWeUeG��

6XFK� DQ� DSSUeFLDWLRQ� IRU� e[SeULPeQWDl� WDVNV�ZRXlG� UePDLQ�ZLWK�KeU�
IRU�Dll�KeU�lLIe��DXJPeQWLQJ�KeU�XQLYeUVLW\�DWWDLQPeQWV�LQ�WKe�6RUERQQe��
,Q�KeU�IRUPDl�FDUeeU��LQ�WKe�6FKRRl�RI�6qYUeV�LQ�������0DULe¶V�VWDQG�RQ�
e[SeULPeQWDWLRQ�PDGe�KeU�LQFlXGe�SUDFWLFDl�FlDVVeV�LQ�KeU�WeDFKLQJ�PeWKRGV��
)RU�VXFK�SUDFWLFe��VKe�LQFUeDVeG�WKe�WLPe�RI�FlDVVeV�DQG�DUUDQJeG�KeU�RZQ�
KDQGV�RQ�PDWeULDl��4XLQQ��������S�������
:LWK� VXFK� GLVWLQJXLVKeG� YLeZV� RQ� WeDFKLQJ��0DULe� DQG� D� JURXS� RI�

KDUGZRUNLQJ� VFLeQFe� VWXGeQWV� LQ� 3DULV�� LQ� ������ GeFLGeG� WR� FUeDWe� D�
³FRRSeUDWLYe�RI�WeDFKLQJ´��ZKeUeLQ�RQe�RI�WKe�VFLeQWLVW�SDUeQWV�ZRXlG�Ee�
LQ�FKDUJe�RI�RQe�VXEMeFW�DQG�WKe�VWXGeQWV�ZRXlG�DWWeQG�RQe�FlDVV�SeU�GD\��
LQ�PRVW�FDVeV��SUDFWLFDl�FlDVVeV��0DULe�ZDV�DVVLJQeG� WR� WKe� WeDFKLQJ�RI�
3K\VLFV��DQG�KeU�FlDVVeV�ZRXlG�JR�RQ�KDSSLl\��DPRQJ�VQDFNV�DQG�VPLleV��
RQ�7KXUVGD\�DIWeUQRRQV��&XULe��������

:LWK�WKe�SXUSRVe�RI�DVVeVVLQJ�WKe�VFLeQWLVW¶V�WeDFKLQJ�PeWKRGRlRJ\��WKe�
ZRUN�eQWLWleG�The Improvement of the Mind,�E\�,VDDF�:DWWV�������������
ZDV�ePSlR\eG��D�ERRN�ZKLFK�ZDV�ILUVW�SXElLVKeG�LQ������DV�D�VXSSlePeQW�
WR�D�SUeYLRXV�ZRUN�DERXW�lRJLF��6LQFe�WKeQ��WKLV�ZRUN�KDV�EeeQ�UeLVVXeG�
XQWLl�WKe�WZeQW\�ILUVW�FeQWXU\��WKe�lDVW�eGLWLRQ�WKDW�Ze�NQRZ�LW�ZDV�LQ������

7Ke�RSWLRQ�WR�XVe�WKe�ERRN�E\�,VDDF�:DWWV��������������KDSSeQeG�WR�
XV�ZKeQ�Ze�UeDG�WKe�ERRN�)DUDGD\��7Ke�/LIe�RI�-DPeV�+DPLlWRQ���������
LQ�ZKLFK�Ke�VDLG�WKDW�0LFKDel�)DUDGD\�ZDV�D�SeUVLVWeQW�FRQFeUQ�IRU�WKe�
LPSURYePeQW�DQG�WKe�LPSURYePeQW�RI�PeQWDl�SeUFeSWLRQ��ZKLFK�leDG�WR�WKe�
GeYelRSPeQW�RI�D�GLVWLQFWLYe�PeWKRGRlRJ\��7Ke�DUW�RI�GeVLJQeG�e[SeULPeQWV�
leDGV�XV�WR�GLVFLSlLQeG�RUGeUeG�e[eUFLVeV��WUDLQLQJ�DQG�LPSURYLQJ�PeQWDl�
UePRYeG�IURP�WKe�ZRUN�RI�,VDDF�:DWWV��LQ�WKe�ZRUGV�RI�+DPLlWRQ���

³)DUDGD\�ILUVW�FDPe�DFURVV�The�Improvement of the Mind DW�5LeEDX¶V�
VKRS��LW�ZDV�RQe�RI�WKe�EeVW�NQRZQ�DQG�PRVW�ZLGle\�UeDG�We[W�ERRNV�RI�WKe�
lDWe�eLJKWeeQWK�DQG�eDUl\�QLQeWeeQWK�FeQWXULeV��DQG�RYeU�)DUDGD\¶V�\eDUV�
ZLWK�5LeEDX�PDQ\�FRSLeV�PXVW�KDYe�SDVVeG�WKURXJKW�KLV�KDQGV�IRU�ELQGLQJ�
DQG�VellLQJ��:DWW¶V�ERRN�LV�D�VWXGeQW¶V�JXLGe�WR�VWXG\��WR�WKe�DWWDLQPeQW�RI�
NQRZleGJe��DQG�WR�WKe�PeDQV�RI�leDUQLQJ´���+DPLlWRQ��������S�����

Assessment of Marie Curie’s first classes at the “Teaching Cooperative” based upon 
Isaac Watts

Análisis de las primeras lecciones de Marie Curie en la “Educación Cooperativa”, 
basada en Isaac Watts

inGrid nunEs dErossi ,  ivoni FrEiTas-rEis

Chemistry Department, Federal University of Juiz de Fora, Minas Gerais, Brazil, ingriderossi@gmail.com
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$ssessment of 0arie &urie¶s ¿rst classes at the ³Teaching &ooSerative´ Eased uSon ,saac :atts

:KLle�Ze�FDQQRW�VD\�WKDW�0DULe�&XULe��eYeQ�\RXU�IDWKeU��RU�WKe�&lDQGeVWLQe�
8QLYeUVLW\�RI�:DUVDZ�ZDV�UeDG�,��:DWWV��5eDlL]LQJ�WKDW�VFLeQWLVWV�LQWeUeVWeG�
LQ�eGXFDWLRQ�DV�)DUDGD\�DQG�-DQe�0DUFeW��������������YeU\�LQWeUeVWeG�LQ�
WKe�ZULWLQJV�RI�WKLV�VFKRlDU��Ze�FRQVLGeU�LW�DSSURSULDWe�XVeV�D�PeDQV�RI�
FRPSDULVRQ�ZLWK�WKe�PeWKRGV�RU�WeDFKLQJ�VWUDWeJLeV�XVeG�E\�0DULe��

The work of Marie Curie at the “Teaching Cooperative” in the student 
Isabelle Chavannes’ Notes.
:KeQ�Ze�IRXQG�WKe�ERRN�³0DULe�&XULe�FlDVVeV�DQQRWDWeG�E\�,VDEelle�
&KDYDQQeV�LQ�����´�DQG�Ze�UeDG�WKe�SUeIDFe�LQ�3RUWXJXeVe�ZULWLQJ�E\�
WKe�IDPRXV�PePEeU�RI�WKe�6FLeQFe�DFDGeP\�DQG�(PeULWXV�3URIeVVRU�RI�
WKe�École Polytechnique de Paris�<YeV�4XpUp��Ke�GReVQ�W�eYDGe�WR�PDNe�
FRPSDULVRQV�RI�WKe�PeWKRGV�XVeG�E\�0DULe��,W�LV�GLIILFXlW�WR�GLVDJUee�ZLWK�
KLV�RSLQLRQ�

³+RZ�GRQ�W�Ze�ILQG�KeUe�UePDUNDEle�DQWLFLSDWeG�SDUDllelV�DQG�LQWXLWLRQV"�
>���@�WKe�DFFXPXlDWLRQ�RI�TXeVWLRQ�PDUNV�WKDW�DUe�WKe�VWDUWLQJ�SRLQWV�RI�Dll�
VFLeQFe��WKe�UeleYDQFe�RI�WKe�e[SeULeQFe�XQGeUWDNeQ�E\�FKLlGUeQ�WKePVelYeV��
WKe�GLDleFWLFDl�WKDW�eVWDElLVKeG�EeWZeeQ�e[SeULPeQWDWLRQ�DQG�UeIleFWLRQ´��
�4XpUp�apud�&KDYDQQeV��������S����
:e� GLG� QRW� KDYe� GRXEWV� WKLV�PDWWeU�ZDV� SUeFLRXV� WR� WKe� VFLeQFeV��

,VDEelle��ZDV�WKLUWeeQ�\eDUV��VKe�ZDV�WKe�elGeVW�RI�WKe�VWXGeQW�V�JURXS�RI�WKe�
&RRSeUDWLYe��7Ke�ERRN�EULQJV�WRJeWKeU�WKe�QRWeV�RI�WKe�WeQ�FlDVVeV�WDXJKW�
E\�0DULe�DQG�EULQJV�DlVR�LPDJeV�RI�WKe�KDQGZULWWeQ�QRWeV�PDGe�E\�,VDEelle�

:e�KDYe�WULeG��LQ�WKLV�DUWLFle��WR�KLJKlLJKW�eSLVRGeV�VeleFWeG�IURP�WKe�
ILUVW�WZR�FlDVVeV��VRPe�SDVVDJeV�RI�WKe�GLDlRJV�LQ�ZKLFK�NQRZleGJe�EXLlG�
XS�LV�SeUIRUPeG�PRUe�e[SlLFLWl\��(DFK�DQG�eYeU\�FlDVV�EULQJV�DlRQJ�YDVW�
ULFKQeVV�RI�VLWXDWLRQV�DQG�LQWeUYeQWLRQV��ERWK�IURP�0DGDP�&XULe�DQG�IURP�
WKe�VWXGeQWV��+RZeYeU��E\�ZD\�RI�DQ�DVVeVVPeQW�RI�WKe�ILUVW�FlDVVeV��Ze�
DWWePSW�WU\�WR�e[WeUQDlL]e�WKeVe�LVVXeV�

First Class: How different is vacuum from air 
7Ke�ILUVW�UeJLVWeUeG�FlDVV�E\�,VDEelle��GDWeG�DV�RI�-DQXDU\��WZeQW\�VeYeQ��
�����ZDV�FRQGXFWeG�DW�WKe�3DULV¶�École Municipale de Physique et de 
Chimie��(3&,���lRFDWeG�LQ�6WUeeW�/KRPRQG��,Q�WKLV�FlDVV��WKe�VFLeQWLVW�
DWWePSWV�WR�GeYelRS�WKe�FRQFeSW�RI�YDFXXP�ZLWK�KeU�VWXGeQWV��'XULQJ�Dll�
RI�WKe�e[SeULPeQWV��0DULe�VXPPRQV�WKe�VWXGeQWV�WR�LQWeUDFW��TXeVWLRQLQJ�
WKeP�� elLFLWLQJ� WKeP� DQG� DllRZLQJ� WKeP� WR� DFWLYel\� SDUWDNe� LQ� WKe�
e[SeULPeQWDl�SDUW��7KLV�SDWWeUQ�LQ�KeU�VSeeFK�UeVePEleV�:DWWV¶�GeWDLlV�
GULYeQ�GeVFULSWLRQV�RI�WKe�FRQYeUVDWLRQ�PeWKRG��ZKeUeLQ�Ke�VD\V�WKDW�LW�
LV�WKURXJK�³PXWXDl�GLVFRXUVe�DQG�LQTXLULeV�WKDW�leDUQLQJ�DERXW�RWKeUV¶�
IeelLQJV�DQG�FRPPXQLFDWLRQ�WDNeV�SlDFe´���:DWWV��������S�������KeQFe�LW�LV�
IeDVLEle�WR�FRQFeGe�WKDW�VXFK�SDVVDJe�LV�VLPLlDU�WR�D�FlDVV�LQ�ZKLFK�WKeUe�LV�
LQWeUDFWLRQ�EeWZeeQ�WKe�WeDFKeU�DQG�WKe�VWXGeQW��7KLV�LV�e[ePSlLILeG�EelRZ�

Marie Curie (MC): ³+eUe�Ze�KDYe�D�ERWWle�«�LW�VeePV�WR�Ee�ePSW\��
:KDW�LV�WKeUe�LQVLGe�LW"´��&KDYDQQeV��������S������

$IWeU�WKe�VWXGeQWV�DQVZeU�WKDW�WKeUe�LV�DLU��0DULe�PRYeV�RQ�
MC: ³+RZ�FDQ�\RX�Well�LI�WKeUe�LV�VRPeWKLQJ�LQVLGe�LW"´��&KDYDQQeV��

������S����� 
,Q�WKe�VSeeFK�DERYe��DQG��LQ�KeU�DWWLWXGe�SUeVeQWeG�DV�IRllRZV��LW�LV�IeDVLEle�

WR�SeUFeLYe� WKe�eGXFDWRU¶V� LQWeQWLRQ� LQ�JeWWLQJ� WKe�VWXGeQWV� WR�TXeVWLRQ�� WR�
LQYeVWLJDWe��6XFK�FKDUDFWeULVWLF� UeVePEleV�DQRWKeU�SDVVDJe��DlVR� IURP� WKe�
&RQYeUVDWLRQ�PeWKRG��ZKLFK�lLQNV�WR�WKe�LGeDl�WKDW�LI�WKe�VWXGeQW�VWLll�GReV�QRW�
VKRZ�D�FleDU�XQGeUVWDQGLQJ�RI�ZKDW�LV�GLVFXVVeG��6Ke�PXVW�eQGeDYRU�WR�DWWDLQ�
D�PRUe�e[SUeVVLYe�FRQFeSWLRQ�WKURXJK�LQYeVWLJDWLRQ��:DWWV��������S�������WKDW�
LV��WKe�VWXGeQW��DV�IDFeG�ZLWK�WKe�e[SeULPeQWV�VKRZQ��E\�ZD\�RI�LQYeVWLJDWLRQ��
Ke�VKe�ZRXlG�EXLlG�XS�D�SeUVRQDl�PeDQLQJ�RI�Dll�WKDW�Ke�VKe�ZRXlG�Ee�VeeLQJ��

,Q�DQRWKeU�SDUW�RI�WKe�VDPe�FlDVV��0DULe�PDNeV�DQ�eIIRUW�IRU�KeU�VWXGeQWV�
ILUVW�WR�IDWKRP�WKe�SKeQRPeQRQ�DQG�RQl\�lDWeU�WDNe�RQ�WKe�VFLeQWLILF�lDQJXDJe��
7KLV�DJDLQ�WDNeV�XV�EDFN�WR�WKe�&RQYeUVDWLRQ�PeWKRG��LQ�D�SDUW�LQ�ZKLFK�
:DWWV�DGYLVeV�WKe�WXWRU�LQ�WKDW�UeDlL]LQJ�WKe�SUeVeQFe�RI�DQ�LQe[SeULeQFeG�
SeUVRQ�LQ�GeEDWeV��Ke�VKe�PXVW�ZDlN�KLP�KeU�WKURXJK�D�FleDU�NQRZleGJe�
RQ�WKe�VXEMeFW��:DWWV���������7KDW�LV��ZKeQ�WKe�WeDFKeU�UeDlL]eV�WKDW�KLV�
KeU�VWXGeQW�GReV�QRW�KDYe�D�VXLWDEle�³VFLeQWLILF�YRFDEXlDU\´�IRU�GLDlRJV�
RQ�D�JLYeQ�VXEMeFW��LW�LV�WKe�WeDFKeU¶V�URle�WR�SURYLGe�WKe�DGMXVWPeQWV�WR�
WKe�VWXGeQW��E\�SUeVeQWLQJ�ILUVWl\�D�SRSXlDU�IRUP�RI�e[SUeVVLRQ�DQG�WKeQ��
DLG�KLP�KeU� WR� WUDQVLWLRQ� WR� WKe� VFLeQWLILF� IRUP�� ,Q� WKe� eSLVRGe� UeIeUUeG�
WR��0DULe�SURSRVeV�WKDW�DQ�e[SeULPeQW�ZLWK�PeUFXU\�Ee�GRQe��LPPeUVLQJ�
WKe�ERWWle�WKDW�FRQWDLQeG�LW�XSVLGe�GRZQ�LQ�D�UeFeSWDFle�IXll�RI�ZDWeU��EXW�
EeIRUe�UePRYLQJ�WKe�FDS��VKe�LQTXLUeV�ZKDW�ZRXlG�KDSSeQ��DQG�KeU�VWXGeQWV�
UeVSRQG�JR�RQ�DQG�DQVZeU�

Students (SS): “0eUFXU\�ZLll� JR� WR� WKe� ERWWRP�RI� WKe� UeFeSWDFle´��
�&KDYDQQeV��������S�����
³,UqQe� UePRYeV� WKe� IlDVN¶V� FDS� DQG� LQ� IDFW� WKe� EeDXWLIXl� DQG� EULJKW�

PeUFXU\�IDllV�GRZQ�TXLFNl\�WR�WKe�UeFeSWDFle�ERWWRP´�>GeVFULEeV�,VDEelle@�

SS:�³7KDW�LV�EeFDXVe�LW�LV�KeDYLeU�WKDQ�ZDWeU�´
MC:�$lPRVW�TXLWe�WKDW��EXW�QRW�UeDll\�WKDW��0LJKW�D�VPDll�GURS�RI�PeUFXU\�

Ee�KeDYLeU�WKDQ�ZDWeU�IURP�D�lDUJe�ERWWle"
SS: $K��QR�
MC:�+RZeYeU��LI�RQe�ILllV�XS�D�ERWWle�ZLWK�ZDWeU�DQG�D�VLPLlDU�ERWWle�

ZLWK�0eUFXU\��ZKLFK�RQe�LV�JRLQJ�WR�Ee�WKe�KeDYLeU"
SS: 7Ke�RQe�WKDW�ZDV�ILlleG�ZLWK�PeUFXU\�
MC:�6R�WKeQ��REVeUYe�WKLV��LW�LV�QeFeVVDU\�WR�VD\�WKDW�µIRU�D�VDPe�YRlXPe��

0eUFXU\�ZeLJKV�PRUe�WKDQ�ZDWeU¶��,QVWeDG�RI�VD\LQJ�WKLV�lRQJ�SKUDVe��LW�
LV�XVXDll\�VDLG��µPeUFXU\�LV�GeQVeU�WKDQ�ZDWeU¶��>«@�$LU�LV�leVV�GeQVe�WKDQ�
ZDWeU��DV�Ze�REVeUYeG�MXVW�QRZ´��&KDYDQQeV��������S������

,Q�DQ�e[SeULPeQW�LQ�ZKLFK�D�SeDU�PDGe�IURP�UXEEeU�LV�XVeG��0DULe�FDllV�
WKe�DWWeQWLRQ�WR�D�SURSeUW\�RI�WKDW�REMeFW¶V�PDWeULDl��WKe�VWXGeQWV�REVeUYe�
DQG�Ieel�WKe�DLU�leW�RXW�E\�WKe�REMeFW�DQG�WKe�REMeFW�ILllV�XS�RQFe�DJDLQ�

MC:�5XEEeU�LV�DQ�elDVWLF�ERG\��$IWeU�Ze�VTXee]e�D�UXEEeU�SeDU��EeFDXVe�
RI�LWV�elDVWLFLW\��LW�UeVXPeV�LWV�LQLWLDl�VKDSe�DQG�DLU�LV�IRUFeG�EDFN�LQVLGe�WKe�
SeDU��&KDYDQQeV��������S������

6Ke�PDNeV�D�FRPSDULVRQ�XVLQJ�lXQJV¶�DLU��,Q�WKLV�SDVVDJe��LW�LV�SRVVLEle�
WR�QRWe�D�UeVePElDQFe�ZLWK�D�IeDWXUe�KLJKlLJKWeG�E\�:DWWV�LQ�WKe�PeWKRG�
3XElLF�RU�3ULYDWe�/eFWXUeV��ZKeUeLQ�Ke�VD\V� WKDW�³$� WXWRU�RU� LQVWUXFWRU��
ZKeQ�SDUDSKUDVLQJ�RU�e[SlDLQLQJ�DQRWKeU�DXWKRU�>RU�D�VLWXDWLRQ@�PD\�VeL]e�
D�SUeFLVe�SRLQW�RI�GLIILFXlW\�RU�FRQWURYeUV\´��:DWWV��������S�������WKXV��LQ�
PDNLQJ�DQDlRJLeV��0DULe�IDFLlLWDWeV�XQGeUVWDQGLQJ�RI�ZKDW�VKe�ZDV�WU\LQJ�
WR�PDNe�FleDU�WR�KeU�VWXGeQWV��VD\LQJ�

MC: :KeQ�RQe�EUeDWKeV�LQ��WKe�ULEV�ULVe�XS��WKe�lXQJV�DUe�RSeQ�DQG�DLU�
FRPeV�LQ�WKe�UXEEeU�SeDU��&KDYDQQeV��������S������

,Q�WKe�&RQYeUVDWLRQ�PeWKRG��:DWWV�VWUeVVeV�WKDW�³D�WXWRU�PXVW�e[SlDLQ�
LGeDV� WKURXJK� IDPLlLDU�e[DPSleV�� DQG�FleDU�RQeV´� �:DWWV��������S�������
VXFK�FRQFeUQ�PD\�Ee�SeUFeLYeG�LQ�VeYeUDl�PRPeQWV�RI�0DULe�&XULe¶V�FlDVV��
VLQFe�WKe�eGXFDWRU�VeeNV�WR�EULQJ�WR�KeU�VWXGeQWV¶�UeDlLW\�WKe�e[SeULPeQWV�
ZKLFK�WKe\�ZeUe�GRLQJ��:KeUe�GReV�WKDW�SeDU�e[SeULPeQW�WDNe�SlDFe�LQ�WKeLU�
lLYeV"�7Ke�SDVVDJe�EelRZ�LV�DQ�e[DPSle�WKDW�PD\�Ee�REVeUYeG�LQ�YDULRXV�
RWKeU�PRPeQWV�RI�KeU�FlDVVeV��:KeQ�LW�LV�DERXW�EXLlGLQJ�XS�WKe�FRQFeSW�RI�
YDFXXP��E\�ZRUNLQJ�ZLWK�D�SeDU�ZKLFK�leWV�RXW�DLU�DQG�LV�ILlleG�XS�ZLWK�
ZDWeU��VKe�e[SlDLQV�KRZ�VXFWLRQ�RFFXUV�E\�ZD\�D�VWUDZ�

MC: $V�RQe�LQKDleV��WKe�lXQJV�EeFRPe�RSeQeG�XS��WKeUe�LV�D�YDFXXP�
DQG�ZDWeU�ePeUJeV��&KDYDQQeV��������S�������

0DULe�GeYelRSV�DFWLYLWLeV�WKDW�UeYLeZ�ZKDW�KDV�DlUeDG\�EeeQ�GRQe�GXULQJ�
FlDVV��DV�VKe�GePRQVWUDWeV�WR�KeU�VWXGeQWV�WKDW�WKeUe�LV�D�UelDWLRQVKLS�DPRQJ�
WKe� e[SeULPeQWV�� DQG� WKDW� WKe\� DUe� QRW� LVRlDWeG�PDWWeUV��7KDW� EeFRPeV�
eYLGeQW�DW� WKe�PRPeQW� WKe�YDFXXP�WXEe� LV�XVeG� LQ�RUGeU� WR� UePRYe�DLU�
IURP�LQVLGe�WKe�FDPSDQXlD�±�D�JlDVV�YDVe�LQ�WKe�VKDSe�RI�D�Eell�RU�D�VPDll�
GRPe��JlDVV�GRPe��±�VR�WKDW�LW�LV�VKRZQ�ZKDW�ZRXlG�KDSSeQ��LQ�D�V\VWeP�
ZKeUe�WKe�eQG�LV�FlRVeG�E\�ZD\�RI�D�SLJ¶V�ElDGGeU��LI�Dll�DLU�ZeUe�UePRYeG��
EeVLGeV�LQWURGXFLQJ�WKe�FRQFeSW�RI�DWPRVSKeULF�SUeVVXUe��ZKLFK�LV�JRLQJ�
WR�Ee�Qe[W�FlDVV¶�WRSLF�

MC��7KeUe�LV�DLU�LQVLGe�WKe�FDPSDQXlD�DQG�RXWVLGe�RI�LW��DQG�VXFK�DLU�
SUeVVXUeV�WKe�WZR�VLGeV�RI�WKe�ElDGGeU�VNLQ�ZLWK�WKe�VDPe�VWUeQJWK��:KDW�
KDSSeQV�LI�DLU�LV�UePRYeG�IURP�FDPSDQXlD"�/eW¶V�Vee��>���@��&KDYDQQeV��
������S������� 

MC:�>���@�,W�LV�JRLQJ�WR�ElRZ�XS��LI�Ze�FRQWLQXe��LI�Ze�UePRYe�DlPRVW�
Dll�DLU�IURP�WKe�FDPSDQXlD��WKDW�LV��DV�XVXDll\�LV�VDLG��SURGXFLQJ�YDFXXP�
�&KDYDQQeV��������S�����

,W� LV� IeDVLEle� WR� UeDlL]e�ZLWK� WKe�SDVVDJe�DERYe�� WKDW�RQFe�DJDLQ�� VKe�
LQWURGXFeV�VFLeQWLILF�lDQJXDJe�WR�KeU�VWXGeQWV��E\�UeDFKLQJ�WKe�FRQFlXVLRQ�
WKDW�LI�WKe�UeFeSWDFle�LV�FRPSleWel\�DLUleVV��WKDW�LV�FDlleG�YDFXXP��D�IeDWXUe�
WKDW�KDV�DlUeDG\�EeeQ�SUeVeQWeG�

6eFRQG�&lDVV��,Q�ZKLFK�LW�LV�GLVFRYeUeG�WKDW�DLU�ZeLJKV�RQ�WKe�VKRXlGeUV�
7Ke�VeFRQG�FlDVV�KDV�D�SRVVLEle�REMeFWLYe� WR�GeYelRS� WKe�FRQFeSW�RI�

DWPRVSKeULF�SUeVVXUe�DQG�LV�GDWeG�DV�RI�)eEUXDU\��UG�������7Ke�FlDVV�ZDV�
VWDUWeG�ZLWK�D�UeYLeZ�RI�ZKDW�KDG�EeeQ�GLVFXVVeG�DQG�leDUQW��E\�PeDQV�
RI� WKe� WeDFKeU¶V�eIIRUW� WR�UeFDll� WKe� WRSLFV�DQG�E\�PeDQV�RI�PRXQWLQJ�D�
YDFXXP�WXEe�

MC:�:e�VDZ��lDVW�FlDVV�WKDW�DLU�e[DFWV�SUeVVXUe��+eUe�Ze�KDYe�D�lDUJe�
UXEEeU�SeDU�ZKLFK�FRQWDLQV�DLU��,W�FRPPXQLFDWeV�ZLWK�D�VPDll�WKLQ�UXEEeU�
EDllRRQ�ZKLFK�LV��DW�WKe�PRPeQW��VRIW�DQG�lD[��,I�,�ZLVK�WR�LQFUeDVe�SUeVVXUe�
LQ�WKe�lDUJe�SeDU��E\�FRPSUeVVLQJ�WKe�DLU�LW�FRQWDLQV��,�Vee�D�VPDll�EDllRRQ�
EeFRPLQJ�URXQG�DQG�IXll��ZKLFK�SURYeV�WKDW�SUeVVXUe�KDV�LQFUeDVeG�LQ�WKLV�
EDllRRQ��7Ke�SeDU¶V�DLU�FRPPXQLFDWeV�ZLWK�WKe�EDllRRQ¶V�DLU�E\�ZD\�RI�D�
VPDll�FKDQQel�DQG�WKe�SUeVVXUe�LV�QRW�DEle�WR�LQFUeDVe�RQ�RQe�VLGe�ZLWKRXW�
eQlDUJePeQW��DW�WKe�VDPe�WLPe��RQ�WKe�RWKeU�VLGe��&KDYDQQeV��������S������

$IWeU�WKLV�LQWURGXFWLRQ��WKe�eGXFDWRU��WeDFKeU���0DULe��PDNeV�D�FRPSDULVRQ�
EeWZeeQ�ZKDW�VKe�KDG�MXVW�VDLG�DQG�WKe�eQYLURQPeQW�LQ�ZKLFK�WKe\�DUe�IRXQG��
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7KLV� LQ� WXUQ�DGDSWV� WR� WKe�FKDUDFWeULVWLF�FlDULILeG�E\�:DWWV��RQ�XWLlL]LQJ�
DQDlRJLeV�WR�IDFLlLWDWe�XQGeUVWDQGLQJ��,I�QRW��leW�XV�Vee�

MC:�7KLV�URRP�FRPPXQLFDWeV�ZLWK�WKe�e[WeULRU�E\�ZD\�RI�GRRUV�DQG�
ZLQGRZV��WKe�DLU�SUeVVXUe�LW�KDV�LV�WKe�VDPe�DLU�SUeVVXUe�LQ�WKe�e[WeULRU��7KLV�
SUeVVXUe�LW�QDPeG�atmospheric pressure. :KDW�FDQ�Ee�GRQe�WR�LQFUeDVe�DLU�
SUeVVXUe�LQ�D�UXEEeU�SeDU"��&KDYDQQeV��������S������

2Qe�RI�WKe�VWXGeQWV�NLGV�DQVZeUV�WKe�TXeVWLRQ��VD\LQJ�WKDW�LW�ZRXlG�VXIILFe�
WR�FRPSUeVV�LW��DQG�IRU�VXFK�UeDFWLRQ��0DULe�UePLQGV�KeUVelI�RI�WKe�ZD\�WR�ILll�
XS�ELF\FleV¶�WLUeV��D�YeU\�FRPPRQ�e[DPSle�IRU�NLGV��,W�LV�eYLGeQW�KeUe��RQFe�
DJDLQ��WKe�IeDWXUe�DlUeDG\�PeQWLRQeG��ZKeUeLQ�WKe�WeDFKeU�WXWRU�VKRXlG�SURYLGe�
e[SlDQDWLRQV�JURXQGeG�LQ�IDPLlLDU�e[DPSleV�IRU�WKe�lLVWeQeUV��D�WeQGeQF\�RI�
DWWePSWLQJ�WR�WLJKWeQ�WKe�SUR[LPLW\�RI�lD\SeRSle¶V�VFLeQFe��eLWKeU�E\�VWULYLQJ�
WR�XVe�lDQJXDJe�WKDW�LV�eDV\�WR�XQGeUVWDQG�LV�FRQVWDQWl\�SeUFeLYeG�LQ�0DULe��

Then the teacher goes on: 
MC: <eV��EXW�WKeUe�LV�DQRWKeU�ZD\��,W�LV�WR�PDNe�DLU�JR�LQVLGe�LW��7KeUe�DUe�
ELF\Fle�DLU�SXPSV�WKDW�DUe�XWLlL]eG�WR�LQVeUW�DLU�LQWR�D�UeFeSWDFle��+RZ�GR�
\RX�ILll�XS�D�ELF\Fle�WLUe"�0DNLQJ�DLU�WR�JR�LQ�WKe�WLUe��%\�PeDQV�RI�D�QeZ�
DPRXQW�RI�DLU��DLU�SUeVVXUe�WKDW�LV�LQVLGe�WKe�FKDPEeU�EeFRPeV�JUeDWeU��DQG�
WKe�WLUe�LV�ILlleG�XS��&KDYDQQeV��������S�������

:KLle�0DULe�QXUWXUeV�KeU�VWXGeQWV�WR�LQYeVWLJDWe��WKe�WeDFKeU�PRYeV�RQ�WR�
WKe�Qe[W�e[SeULPeQW��ZKLFK�ZRXlG�FleDU�RXW�KRZ�DLU�SUeVVXUe�LV�WUDQVPLWWeG��
FRPSlePeQWLQJ�WKe�SUeYLRXV�e[SeULPeQW��DQG�DlUeDG\�GeYelRSLQJ�D�FRJQLWLYe�
ZD\�IRU�D�EeWWeU�XQGeUVWDQGLQJ�RI�WKe�WDVN�ZKLFK�ZRXlG�IRllRZ��,W�LV�UeleYDQW�
WR�SRLQW�RXW�WKDW�EeVLGeV�Dll�WKe�IeDWXUeV�SUeVeQWeG�LQ�GeWDLl�E\�:DWWV��������
IRU�D�JRRG�WeDFKeU��LQ�&KDSWeU�9,���Of Living Instructions and Lectures, of 
Teachers and Learners IURP�The Improvement of the Mind��Ke�DSSURDFKeV�
SUeFLVel\�ZKDW�LV�RIWeQWLPeV�D�WeDFKeU¶V�TXeVWLRQ��+RZ�WR�FRllDERUDWe�ZLWK�
WKe�VWXGeQWV¶�EeWWeUPeQW�DQG�SURJUeVV"�+e�FRQWLQXeV�JReV�RQ�WR�VD\�WKDW�
WKe�WeDFKeU�PXVW�Ee�LQWeUeVWeG��VKe�PXVW�Ee�SDWLeQW�DQG�PXVW�DGDSW�KLV�KeU�
PeWKRG�WR�WKe�leDUQeUV��:DWWV��������S��������,Q�WKe�SDVVDJe�RI�WKe�FlDVV�
EelRZ��LW�LV�VeeQ��RQFe�DJDLQ��WKe�FRQFeUQ�UeJDUGLQJ�WKe�XQGeUVWDQGLQJ�RI�
ZKDW�KDG�MXVW�EeeQ�GePRQVWUDWeG�

MC: :e�KDYe�WZR�VPDll�UXEEeU�EDllRRQV�KeUe�ZKLFK�FRPPXQLFDWe�ZLWK�
eDFK�RWKeU��,�WKeQ�GLS�RQe�RI�WKeVe�EDllRRQV�LQ�ZDWeU��DQG�,�Vee�WKe�RWKeU�RQe�
EeLQJ�ILlleG��7KLV�SURYeV�WKDW�SUeVVXUe�KDV�LQFUeDVeG�LQ�WKe�VeW�IRUPeG�E\�WKe�
WZR�EDllRRQV�DQG�WKe�WXEe�WKDW�FRQQeFWV�WKeP��:KDW�KDV�SUeVVXUeG�WKe�EDllRRQ�
WKDW�LV�LQVLGe�WKe�ZDWeU"�>«@�7Ke�ZDWeU��eYLGeQWl\��EXW�DlVR�DLU��ZKLFK�e[eUWV�
SUeVVXUe�RQ�ZDWeU��7KLV�lDVW�SUeVVXUe�LV�WUDQVPLWWeG�WKURXJK�ZDWeU��:KeQ�WKLV�

EDllRRQ�ZDV�RQ�WKe�VXUIDFe�RI�
WKe�ZDWeU��RQl\�atmospheric 
pressure�ZRXlG�SUeVVXUe� LW��
:KeQ� ,� LQVeUWeG� LW� LQWR� WKe�
ZDWeU�� LW� KDG� WR�ZLWKVWDQG�
WKe�DWPRVSKeULF�SUeVVXUe�DQG�
WKe�ZDWeU�SUeVVXUe��3URYLGeG�
WKDW�WKLV�EDllRRQ�LV�NeSW�LQVLGe�
WKe�ZDWeU��SUeVVXUe� UePDLQV�
WKe� VDPe� LQ�ERWK�EDllRRQV��
QRQeWKeleVV��WKe�PRUe�GeeSl\�
,� GLS� LW� LQ� WKe�ZDWeU�� WKe�
JUeDWeU�LV�WKe�VeW¶V�SUeVVXUe��
&DQ� \RX� IDWKRP� WKDW� WKe�
JUeDWeU�WKe�DPRXQW�RI�ZDWeU�
LQ�WKe�EDllRRQ�LPPeUVeG��WKe�
JUeDWeU� LV� WKe�SUeVVXUe� WKDW�
ZDWeU� e[eUWV"� �&KDYDQQeV��
������S�����

Figure 1: The balloons dip in water (Chavannes, 2007, p. 43)

6eeNLQJ�WR�GeYelRS�D�SeUVSeFWLYe�RI�WKe�ZKRle��ZKLle�VKe�ZDV�FRQFeUQeG�
ZLWK� WKe�eIIeFW� WKDW�FRXlG� leDG� WR�elDERUDWLRQ�RI�DQ�e[SeULPeQW�ZLWKRXW�
KLJKlLJKWLQJ� LWV� GLVVLPLlDULWLeV��0DULe� SeUIRUPV� D� QeZ�e[SeULPeQW�� WKLV�
WLPe�� LQ�RUGeU� WR�GePRQVWUDWe�ZKDW�KDSSeQV�ZLWK�ZDWeU�SUeVVXUe��:KDW�
ZRXlG�SRVVLEl\�KDSSeQ"�:RXlG�WKLV��ZDWeU�SUeVVXUe��Ee�WUDQVPLWWeG�lLNe�
LW�LV�ZLWK�DLU��DV�GePRQVWUDWeG�SUeYLRXVl\"�$IWeU�TXeVWLRQLQJ�KeU�VWXGeQWV��
VKe�VWDUWV�WKe�e[SeULPeQW�XVLQJ�D�8�VKDSeG�WXEe�

MC: >���@�:LWK�WKLV�WXEe�Ze�DUe�JRLQJ�WR�VKRZ�WKDW�ZDWeU��lLNe�DLU��WUDQVPLWV�
SUeVVXUe�ZKLFK�LW�LV�VXEMeFW�WR��,�ILll�WKLV�WXEe�ZLWK�ZDWeU�DQG�,�FDS�ERWK�RI�
WKe�eQGV�ZLWK�D�UXEEeU�FRUN��,�WKeQ�SXVK�WKe�ULJKW�FRUN�ZLWK�P\�KDQG�DQG�,�
Vee�WKDW�WKe�leIW�FRUN�JReV�XS��LI�LW�LV�WKe�leIW�FRUN�WKDW�,�SXVK��WKeQ�LW�LV�WKe�
ULJKW�RQe�WKDW�JReV�XS��'R�\RX�Vee�KRZ�ZDWeU�UeDll\�WUDQVPLWV�WKe�SUeVVXUe�
WKDW�LW�LV�VXEMeFW�WR"��&KDYDQQeV��������S�����

,Q�WKe�SDVVDJe�DERYe��WZR�IDFWRUV�PD\�Ee�SRLQWeG�RXW��)LUVWl\��WKe�SUeVeQFe�
RI�³,´��LQGLFDWLQJ�WKDW�WKe�e[SeULPeQW�ZDV�Dll�GeYelRSeG�E\�WKe�WeDFKeU��VR�
WKDW�KeU�VWXGeQWV�ZRXlG�REVeUYe��/DWeU��WKe�e[SeULPeQW�LV�UeGRQe�E\�WKe�
VWXGeQWV��IURP�ZKLFK�LW�PD\�Ee�LQIeUUeG�WKDW�WKe�LQWeQWLRQ�ZDV�WR�PDNe�WKe�
VWXGeQWV�FDUeIXll\�DQDl\]e�WKe�VFKePe�GeYelRSeG��7KXV��WKe\�ZRXlG�Ee�DEle��
LQ�WKLV�VeFRQG�PRPeQW��WR�UeSURGXFe�LW��PRXQW�WKe�DSSDUDWXV�DQG�elDERUDWe�
WKeLU�RZQ�FRQFlXVLRQV��,Q�WKLV�e[SeULPeQW�VKe�GReV�QRW�TXeVWLRQ�KeU�VWXGeQWV�
LQ�UelDWLRQ�WR�ZKDW�WKe\�KDG�e[SeFWeG�WR�WDNe�SlDFe��DV�LV�YeULILeG�LQ�RWKeU�
PRPeQWV�RI�KeU�FlDVVeV��/LNel\��WKe�lDFN�RI�TXeVWLRQLQJ�LQ�WKLV�PRPeQW�
ZDV�D�ZD\�RI�PDNLQJ�WKe�VWXGeQWV�WKePVelYeV�DVVRFLDWe�ZKDW�KDSSeQeG�
ZLWK�WKe�UXEEeU�EDllRRQV�ZLWK�ZKDW�ZRXlG�WDNe�SlDFe�ZLWK�WKe�FRUNV��RU�
LW�ZRXlG�Ee�D�ZD\�ZKeUeLQ�WKe�VWXGeQWV�ZRXlG�PDNe�WKeLU�RZQ�UeIleFWLYe�
TXeVWLRQV��ZLWKRXW�WKe�QeeG�RI�WKe�WeDFKeU�WR�SURG�WKeP�

$LPLQJ�DW�FlDULI\LQJ�WR�KeU�VWXGeQWV�KRZ�ZDWeU�UeDFKeV�WKeLU�UeVLGeQFeV��
RQFe�DJDLQ�PDNLQJ�XVe�RI�NQRZQ�e[DPSleV��WKe�eGXFDWRU�LV�JRLQJ�WR�WUDFN�D�
SDWK�WKDW�JReV�IURP�e[SlDLQLQJ�ZKDW�FRPPXQLFDWLQJ�YDVeV�DUe�KRZ�WKe\�ZRUN�
WR�KRZ�SUeVVXUe�YDULeV�DFFRUGLQJ�WR�WKe�VXEVWDQFe�ZKLFK�LV�EeLQJ�XWLlL]eG�

MC: 2YeU�KeUe�Ze�KDYe�D�8�VKDSeG� WXEe�� LW� IRUPV�ZLWK� LWV� WZR�
EUDQFKeV�� WZR�YDVeV�WKDW�FRPPXQLFDWe�ZLWK�eDFK�RWKeU��,�SXW�ZDWeU�
WKURXJK�RQe�RI� WKe�EUDQFKeV�RI� WKe� WXEe�� ,� Vee� WKe�ZDWeU� UeDFK� WKe�
VDPe�leYel�LQ�ERWK�RI�WKe�EUDQFKeV��7Ke�ZDWeU�lRFDWeG�LQ�WKe�KRUL]RQWDl�
VeFWLRQ�RI� WKe�8�VKDSeG� WXEe�VWD\V�EDlDQFeG�� LW�GReV�QRW�PRYe�DQ\�
lRQJeU��EeFDXVe�LW�VXIIeUV�WKe�VDPe�SUeVVXUe�RQ�WKe�ULJKW�DQG�RQ�WKe�
leIW��WKe�atmospheric pressure�DQG�RQe�IURP�WKe�VDPe�ZDWeU�FRlXPQ��
�&KDYDQQeV��������S�����

0DULe�ZRXlG�DlZD\V�Ee�FRQFeUQeG�DERXW�WKe�PDWeULDl�WR�WKe�XVeG��LQ�WKLV�
SDVVDJe��VKe�DLGV�KeU�VWXGeQWV�LQ�KRZ�WKe\�FRXlG�EXLlG�WKeLU�RZQ�8�VKDSeG�
WXEeV��ZKLFK�EULQJV�WRJeWKeU�WKe�XWeQVLlV�RI�D�lDERUDWRU\�WR�FRPPRQ�PDWeULDlV�
LQ�WKe�VWXGeQWV¶�lLYeV��,Q�TXeVWLRQLQJ�WKeP�RQ�WKe�SRVVLELlLW\�RI�XVLQJ�WKRVe�
FRPPRQ�REMeFWV�LQ�RUGeU�WR�SeUIRUP�WKe�VDPe�e[SeULeQFe��VKe�WUDQVIeUV�WKDW�
VFLeQFe�FDUULeG�RXW�ZLWKLQ�D�lDERUDWRU\�WR�WKe�lLYeV�RI�WKe�VWXGeQWV�RXWVLGe�
RI�WKLV�eQYLURQPeQW�

MC: :e�KDYe�\eW�WZR�FRPPXQLFDWLQJ�YDVeV��WZR�eTXDl�IlDVNV��MRLQeG�E\�
D�UXEEeU�WXEe��&DQ�WKe�VDPe�e[SeULeQFe�Ee�GRQe"��&KDYDQQeV��������S�����

,UqQe�DLGV�D�PRWKeU�WR�UeSeDW�WKe�VDPe�e[SeULPeQW�XVLQJ��WKLV�WLPe��D�
8�VKDSeG�WXEe�PDGe�E\�WKe�VWXGeQWV��,W� LV�SRVVLEle�WR�VXSSRVe��WKURXJK�
,VDEelle¶V�QRWeV�DQG�KeU�FRQFlXVLRQV��WKDW�ZKDW�KDG�MXVW�EeeQ�SUeVeQWeG�E\�
0DGDP�&XULe�ZDV�WKeQ�XQGeUVWRRG��VLQFe�,VDEelle�DGYRFDWeV�WKe�WeDFKeU¶V�
GLVFRXUVe��PDNLQJ�XVe�RI�WKe�WeUP�atmospheric pressure�DQG�WKe�FRQFeSW�
RI�SUeVVXUe�ULSSle�eIIeFWV�SURSDJDWLRQ��RXWlLQLQJ�WKe�FKDUDFWeULVWLF�DlUeDG\�
SUeVeQWeG��LQ�ZKLFK�LW�LV�VXJJeVWeG�WKDW�WKe�Qe[W�VWXGeQW�GeYelRSV�UeDVRQLQJ�
RQ�WKe�VXEMeFW��

IC:�,UeQe�SXWV�ZDWeU�LQ�WKe�leIW�IlDVN�DQG�SDUW�RI�WKe�VDPe�ZDWeU�JReV�
WR�WKe�IlDVN�RQ�WKe�ULJKW��,W�VeePV�WKDW�WKeUe�LV�PRUe�ZDWeU�LQ�WKe�leIW�IlDVN��
+RZeYeU�� WKeUe�LV�QRW��:DWeU�eQGV�XS�UeDFKLQJ�WKe�VDPe�KeLJKW�LQ�ERWK�
IlDVNV��7Ke�ZDWeU�LQ�WKe�UXEEeU�WXEe�GReV�QRW�PRYe�DQ\PRUe��IRU�LW�LV�EeLQJ�
SUeVVXUeG�eTXDll\�RQ�WKe�ULJKW�DQG�RQ�WKe�leIW��3UeVVXUe�e[eUWeG�RQ�eDFK�VLGe�
LV�WKe�DWPRVSKeULF�SUeVVXUe�SlXV�SUeVVXUe�IURP�D�VDPe�FRlXPQ�RI�ZDWeU��
�&KDYDQQeV��������S�����

,W�LV�LPSRUWDQW�WR�SRLQW�RXW�WKDW�LW�LV�QRW�SRVVLEle�WR�DVVeUW�ZKeWKeU�0DGDP�
&XULe�IRllRZeG�VRPe�IRXQG�WKe�e[SeULPeQW�LQ�D��ERRN��2QFe�LW�ZDV�QRWeG�WKDW�
,VDEelle�GeVFULEeV�LQ�PDQ\�PRPeQWV�KRZ�WKe�e[SeULPeQW�ZDV�FRQGXFWeG��
GUDZLQJ�LW��LW�LV�IeDVLEle�WR�VXSSRVe�WKDW�LQ�FlDVV��WKe�VWXGeQWV�ZRXlG�QRW�
IRllRZ�D�SULQWeG�DJeQGD�EXW�WKe�VWeSV�SURSRVeG�E\�WKe�WeDFKeU��LQVWeDG��

7Ke�WeDFKeU�JReV�RQ�ZLWK�WKe�e[SeULPeQW�
MC:�,�SXW�PeUFXU\�LQ�D�8�VKDSeG�WXEe��LW�LV�QDWXUDll\�JRLQJ�WR�UeDFK�

WKe�VDPe�leYel�LQ�ERWK�EUDQFKeV��1RWZLWKVWDQGLQJ��LI�,�SXW�ZDWeU�LQ�WKe�leIW�
EUDQFK��ZKDW�LV�JRLQJ�WR�KDSSeQ"�:Lll�ZDWeU�PRYe�PeUFXU\�PXFK"�$�lLWWle��
DW�leDVW��7Ke�PeUFXU\�KDV�lRZeUeG�LWV�leYel�RQ�WKe�VLGe�,�KDG�SXW�ZDWeU�LQ�
�&KDYDQQeV��������S�����

,Q�IDFe�RI�WKe�RXWFRPe�RI�WKe�e[SeULPeQW��WKe�VWXGeQWV�DUe�TXeVWLRQeG�
ZKeWKeU�WKe\�NQeZ�ZKDW�ZDV�JRLQJ�RQ�LQ�WKDW�FRlXPQ�RI�PeUFXU\��D�IeDWXUe�
WKDW�:DWWV�WDFNleV�RQ�WKe�UXleV�IRU�EeWWeUPeQW�RI�FRQYeUVDWLRQ��LQ�ZKLFK�Ke�
VD\V�WKDW�IRU�VXFK�EeWWeUPeQW��VR�WKDW�RQe�³e[LWV�LJQRUDQFe´��WKe�VWXGeQW�KDV�
WR�LQTXLUe�TXeVWLRQ�DQG�LQYeVWLJDWe�VR�DV�WR�JeW�WKe�LQIRUPDWLRQ�RQ�ZKLFK�
Ke�VKe�LV�GRXEWIXl�DERXW���:DWWV��������S�����

,Q�WKe�SDVVDJe�EelRZ��WKe�eGXFDWRU�PDNeV�XVe�RI�FRPPRQ�DQDlRJLeV�DQG�
e[DPSleV�LQ�RUGeU�WR�lLQN�WKe�e[SeULPeQW�ZLWK�WKe�VWXGeQWV¶�lLYeV��D�FRQVWDQW�
IeDWXUe�LQ�WKe�FlDVVeV�SUeVeQWeG�KeUe��7KXV��WKe�YDVeV�ZKLFK�FRPPXQLFDWe�
ZLWK�WKe�SLSe�DQG�WKe�KRPe�ZDWeU�UeVeUYRLU�ZDWeU�WDQN�

MC: ,W�LV�WKLV�ZD\�WKDW��LQ�RXU�NLWFKeQV��ZDWeU�UeDFKeV�WKe�WDS�ZKLFK�LV�
RSeQ�RU�FlRVeG�DW�DQ\�WLPe��7Ke�ZDWeU�LV�LQ�D�VWUDLJKW�WXEe�RU�LQ�D�SLSe�WKDW�
FRPPXQLFDWeV�ZLWK�WKe�ZDWeU�WDQN�SlDFeG�LQ�XSSeUPRVW�KeLJKWV��WKeUeIRUe�
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WKe�SLSe�DQG�WKe�ZDWeU�WDQN�IRUP�WZR�FRPPXQLFDWLQJ�YDVeV���&KDYDQQeV��
������S������

$V�KDV�DlUeDG\�EeeQ�PeQWLRQeG�LQ�PDQ\�SDVVDJeV�RI�WKe�FlDVVeV�SUeVeQWeG�
VR�IDU��WKe�eGXFDWRU�DWWePSWV��ZKeQeYeU�SRVVLEle��ZLWKRXW�IRUFLQJ��WR�PDNe�D�
SlDXVLEle�UelDWLRQVKLS�EeWZeeQ�VFLeQFe�DQG�WKe�VWXGeQW¶V�lLIe��QRW�RQl\�FLWLQJ�
e[DPSleV�RU�VeeNLQJ�UDQGRP�FRQQeFWLRQV�lLQNV��EXW�FUeDWLQJ�VLWXDWLRQV�WKDW�
ZRXlG�KDYe�VRPe�VLPLlDULW\�ZLWK�WKe�GDLl\�URXWLQe�

CONCLUSIONS
,VDEelle�&KDYDQQeV¶V�ILle�FRQWDLQV�WeQ�e[SeULPeQWDl�FlDVVeV�ZLWK�GLIIeUeQW�
WRSLFV�� EXW� ZKLFK� IRllRZ� D� VeTXeQFe� DLPeG� DW� IDFLlLWDWLQJ� VWXGeQWV¶�
XQGeUVWDQGLQJ��EeVLGeV�GePRQVWUDWLQJ�WR�WKe�VWXGeQWV�WKDW�WKe�FRQFeSWV�
WDXJKW�DUe�UelDWeG�WR�eDFK�RWKeU��,W�LV�SRVVLEle�WR�REVeUYe�LQ�WKe�SDVVDJeV�
SUeVeQWeG�DQG�LQ�RWKeU�FlDVVeV��WKDW�WKe�eGXFDWRU¶V�FRQFeUQ�LV�IRFXVeG�RQ�
KeU�VWXGeQWV��LQ�D�ZD\�WKDW�VKe�elLFLWV�Dll�WKe�WLPe�LQYeVWLJDWLRQV��TXeVWLRQV�
DQG�UeIleFWLRQV�RQ�WKe�WRSLFV�EeLQJ�ZRUNeG�RQ�

�,W�LV�VXUel\�QeFeVVDU\�WR�SRLQW�RXW�WKDW�WKLV�VFLeQWLVW��VR�PXFK�LQYRlYeG�ZLWK�
WeDFKLQJ�DQG�leDUQLQJ��EULQJV�LQ�KeU�WeDFKLQJ�PeWKRGRlRJ\��FRQWePSRUDU\�
IeDWXUeV�RI�D�JRRG�eGXFDWRU��VXFK�DV�LQ�KRZ�WR�DSSUeFLDWe�DQG�VRlLFLW�VWXGeQWV¶�
SDUWLFLSDWLRQ��WKe�VeDUFK�IRU�EXLlGLQJ�XS�NQRZleGJe�DQG�RU�UeEXLlGLQJ�RI�

NQRZleGJe�DV�D�JURXS�DQG�DllRZLQJ�WKDW�WKe�VWXGeQWV�WKePVelYeV�PDNe�XS�
WKeLU�XQGeUVWDQGLQJV�DQG�WKDW�WKe\�GUDZ�WKeLU�FRQFlXVLRQV�LQ�UelDWLRQ�WR�
WKe�e[SeULPeQWV��
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Abstract
This study presents the use of the collective diary as a tool for training chemistry 
teachers seeking school inclusion. The research data were collected through constructing 
collective diaries by the subjects, which were analyzed using the content analysis 
technique. The results show that to actualize the inclusive education in schools, it is 
necessary to invest in the initial training of teachers for the development of teacher 
NnoZledge in a SersSective of critical reflection of the reality that surrounds the 
future teachers of chemistry.
Key words: school inclusion, training of chemistry teachers, collective diaries. 

Resumen
Este estudio presenta el uso del diario colectivo  como herramienta para la formación 
de profesores de química. Los datos de la investigación se recogieron a través de 
la construcción de los diarios, mediante la técnica de análisis de contenido. Los 
resultados muestran que, para mejorar la educación inclusiva en las escuelas, es 
necesario invertir en la formación inicial de los profesores. En este camino se pueden 
aprovechar las etapas del desarrollo del conocimiento y aprender las necesidades de  
refle[iyn crttica hacia  la realidad Tue rodea a los futuros Srofesores de la Tutmica�
Palabras clave: La educación inclusiva, la formación del profesorado de química, 
diario colectivo.

INTRODUCTION
6WXGLeV�KDYe�FlDLPeG� WKDW� WeDFKeUV�ZKR�GR�QRW�KDYe�D�SRVLWLYe�DWWLWXGe�

WRZDUG�VFKRRl�LQFlXVLRQ�ZLll�QRW�LPSlePeQW�eIIeFWLYe�WeDFKLQJ�VWUDWeJLeV�DV�GR�
WeDFKeUV�ZKR�KDYe�D�SRVLWLYe�DWWLWXGe��9DQ�5eXVeQ��6KRKR�	�%DUNeU���������
7KeVe�GLIIeUeQFeV�DUe�EeFDXVe�WKe�SUDFWLFe�RI�WeDFKeUV��WKeLU�ZD\�RI�WKLQNLQJ��
IeelLQJ�DQG�DFWLQJ�GXULQJ�WKe�WeDFKLQJ���leDUQLQJ�SURFeVV�DUe�UelDWeG�WR�WKeLU�
GLIIeUeQW�ELRlRJLFDl�FRQWe[WV�ZLWK�WKeLU�lLIe�VWRULeV�DQG�VRFLDl�FRQWe[WV��+Rll\��
�������1LeWIelG�DQG�:LlNLQV��������LGeQWLILeG�VeYeUDl�IDFWRUV�LQIlXeQFLQJ�WKe�
XQZLllLQJQeVV�RI�WeDFKeUV�WR�DGGUeVV�VFKRRl�LQFlXVLRQ��DPRQJ�WKeP��DFFRUGLQJ�
WR�6WeSKeQ�DQG�%URZQ��������LV�UelDWeG�WR�WKe�QRQ�SUeSDUDWLRQ�GXULQJ�WKe�LQLWLDl�
WUDLQLQJ��,Q�WKLV�FRQWe[W��QXPeURXV�VWXGLeV�LQGLFDWe�WKDW�D�JRRG�SeUIRUPDQFe�RI�
WeDFKeUV�RQ�LQFlXVLYe�eGXFDWLRQ�UeTXLUeV�WKDW�WKe\�DFTXLUe�VSeFLILF�NQRZleGJe�
LQ�WKLV�DUeD�LQ�WKe�LQLWLDl�IRUPDWLRQ��3eDUVRQ��������+eWWLDUDFKFKL�	�'$6��
�������$lVR��IRU�1DRU�DQG�0LlJUDP���������WKe�PRVW�eIIeFWLYe�VWUDWeJ\�IRU�

WKLV�WUDLQLQJ�LV�WR�SURYLGe�IXWXUe�WeDFKeUV�FRQWDFW�ZLWK�FKLlGUeQ�ZLWK�VSeFLDl�
eGXFDWLRQDl�QeeGV�

,W�LV�XQGeUVWRRG�WKDW�WeDFKeU�eGXFDWLRQ�LV�QRW�JLYeQ�E\�DFFXPXlDWLRQ�RI�
FRXUVeV�RU�WeFKQLTXeV��EXW�UDWKeU�E\�D�FULWLFDl�UeIleFWLRQ�RI�WKe�NQRZleGJe�
RI�e[SeULeQFeV�DFTXLUeG�LQ�GXULQJ�WKe�WUDLQLQJ��*DUFe]�eW�Dl���������7KeVe�
PRPeQWV� QXUWXUe� IXWXUe� WeDFKeUV� WR� eVWDElLVK� FRQQeFWLRQV� EeWZeeQ� WKe�
NQRZleGJe�DFTXLUeG�GXULQJ�XQGeUJUDGXDWe�eGXFDWLRQ�DQG�e[WUDFXUULFXlDU�
NQRZleGJe��7Ke� UeFRJQLWLRQ� DQG� YDlRUL]DWLRQ� RI� Dll� WKeVe� DVSeFWV� LV�
IXQGDPeQWDl� IRU� WKe� FRQVWUXFWLRQ� RI� WKeLU� SURIeVVLRQDl� LGeQWLW\�� VR�Ze�
ePSKDVL]e�WKe�LPSRUWDQFe�DQG�WKe�QeeG�WR�LQYeVW�LQ�LQWeUQVKLS�DV�D�SlDFe�WR�
EXLlG�NQRZleGJe��YDlXLQJ�WKe�e[SeULeQFeV�DQG�WUDMeFWRULeV�RI�WKLV�MRXUQe\��
UeFRJQL]LQJ�WKDW�Dll�UeIeUeQFe�NQRZleGJe�WKDW�WKe�WeDFKeU�KRlGV�LV�FlRVel\�
lLQNeG�WR�WKeLU�e[SeULeQFe�DQG�LGeQWLW\��3eUeLUD�)eUQDQGe]��������

$FFRUGLQJ�WR�7DUGLI���������WeDFKeUV¶�NQRZleGJe�FRPeV�IURP�GLIIeUeQW�
VRXUFeV��GeILQLQJ�WKe�WeDFKeU�NQRZleGJe�DV�D�³SlXUDl�NQRZleGJe��IRUPeG�
E\�WKe�FRPELQDWLRQ��PRUe�RU�leVV�FRKeUeQW��RI�NQRZleGJe�GeULYeG�IURP�
training and disciplinary, curricular and experiential knowledge´�
�S������7Ke� DXWKRU� GeILQeV� SURIeVVLRQDl� NQRZleGJe� DV� WKe� NQRZleGJe�
SURGXFeG�E\�LQVWLWXWLRQV�IRU�WeDFKeU�eGXFDWLRQ��LV�NQRZleGJe�WUDQVIRUPeG�
LQWR�NQRZleGJe�IRU�WKe�VFLeQWLILF�WUDLQLQJ�DQG��LI�LQFRUSRUDWeG�LQWR�WeDFKLQJ�
SUDFWLFe��FDQ�Ee�WUDQVIRUPeG�LQWR�VFLeQWLILF�SUDFWLFe��$W�WKe�LQVWLWXWLRQDl�
leYel��LW�LV�WKURXJK�LQLWLDl�RU�FRQWLQXLQJ�WUDLQLQJ�RI�WeDFKeUV�WKDW�WKe�lLQN�
EeWZeeQ�VFLeQFe�DQG�WeDFKLQJ�SUDFWLFe� LV�eVWDElLVKeG�SUeFLVel\��EeFDXVe�
LW� LV�GXULQJ�WKeLU�WUDLQLQJ�WKDW�WeDFKeUV�FRPe�LQ�FRQWDFW�ZLWK�WKeRUeWLFDl�
DQG�PeWKRGRlRJLFDl� IRXQGDWLRQV�RI� VFLeQFe�eGXFDWLRQ��7Ke�GLVFLSlLQDU\�
NQRZleGJe�FRUUeVSRQGV� WR� WKe�YDULRXV� ILelGV�RI�NQRZleGJe� LQ� WKe� IRUP�
RI�VXEMeFWV��VXFK�DV�PDWKePDWLFV��FKePLVWU\��ELRlRJ\��eWF��7Ke�FXUULFXlDU�
NQRZleGJe� FRUUeVSRQGV� WR� VSeeFKeV�� REMeFWLYeV�� FRQWeQW� DQG�PeWKRGV�
IURP�ZKLFK�WKe�VFKRRl�FDWeJRUL]eV�DQG�SUeVeQWV�VRFLDl�NQRZleGJe�GeILQeG�
DQG�VeleFWeG�DV�PRGelV�RI�KLJK�FXlWXUe��WKLV�NQRZleGJe�LV�DFFRPSlLVKeG�
DV�VFKRRl�SURJUDPV��$QG�ILQDll\��WKe�e[SeULeQWLDl�NQRZleGJe�LV�WKDW�EDVeG�
RQ�WKeLU�GDLl\�ZRUN�DQG�NQRZleGJe�RI�WKeLU�eQYLURQPeQW��WKeLU�eYeU\GD\�
e[SeULeQFeV��,W�LV�NQRZleGJe�WKDW�ePeUJeV�IURP�e[SeULeQFe�DQG�WKeUeIRUe�
YDlLGDWeG�E\� LW� �7DUGLI��/eVVDUG��*DXWKLeU���������$FFRUGLQJ� WR�&DQGDX�
������� S������� ³NQRZleGJeV�RI� e[SeULeQFe�QRZ�FRQVWLWXWe� WKe� WeDFKLQJ�
FXlWXUe�LQ�DFWLRQ��DQG�LW�LV�YeU\�LPSRUWDQW�WR�Ee�DEle�WR�SeUFeLYe�WKLV�FXlWXUe��
ZKLFK�FDQQRW�Ee�UeGXFeG�WR�WKe�FRJQLWLYe�leYel´�
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7Ke� SeGDJRJLFDl� SUDFWLFeV� RI� WeDFKeUV� DUe� UeIleFWLRQV� RI�ZKDW� WKe\�
DSSURSULDWeG�� LQWeUQDlL]eG� WKURXJKRXW� WKeLU� lLYeV��)RU�e[DPSle�� WKe� LGeD�
WKDW�VWXGeQWV�LQ�XQGeUJUDGXDWe�SURJUDPV�KDYe�RQ�FXUULFXlXP��DVVeVVPeQW��
WeDFKLQJ�leDUQLQJ�SURFeVVeV�� eWF��� DUe� FRQFeSWLRQV� DSSURSULDWeG�RI� WKeLU�
WeDFKeUV�GXULQJ� WUDLQLQJ��%XW� WKeVe�YLeZV�FDQ�Ee�PRGLILeG�ZKeQ�IXWXUe�
WeDFKeUV�KDYe�WKeLU�RZQ�e[SeULeQFeV�DQG�QeZ�SeGDJRJLFDl�UelDWLRQVKLSV�
DUe�PRGLILeG�

7Ke�WKeRUeWLFDl�IUDPeZRUN�RI�WKLV�VWXG\�LV�JXLGeG�E\�WKe�DVVXPSWLRQV�
RI�WKe�PRGel�RI�FULWLFDl�UDWLRQDlLW\��LQ�ZKLFK�WeDFKeU�WUDLQLQJ�LV�GeVLJQeG�
IURP�D�FRQWe[W�RI�SUD[LV��LQ�YLeZ�RI�WKe�FRQVWUXFWLRQ�RI�QeZ�NQRZleGJe�
PeGLDWeG�E\�D�GLDleFWLFDl�UelDWLRQVKLS�EeWZeeQ�WUDLQeU��WUDLQee�DQG�NQRZleGJe�
�3LPeQWD�	�*KeGLQ��������(FKeYeUULD��eW�Dl��������DQG�LQ� WKe�FXlWXUDl�
KLVWRULFDl�DSSURDFK�RI�9\JRWVN\���������7KXV��LW�LV�QeFeVVDU\�WR�RIIeU�DQG�
SURYLGe�RSSRUWXQLWLeV�IRU�IXWXUe�WeDFKeUV�WR�DSSURSULDWe�NQRZleGJe��VNLllV�
DQG�YDlXeV�QeFeVVDU\�WR�WKe�SURIeVVLRQ��WR�EXLlG�WKeLU�WeDFKLQJ�NQRZleGJe�
UelDWeG�WR�LQFlXVLRQ�IURP�WKe�QeeGV�DQG�FKDlleQJeV�RI�WKeLU�SUDFWLFe�

*LYeQ�WKeVe�DVVXPSWLRQV��WKLV�VWXG\�LQYeVWLJDWeG�WKe�XVe�RI�WKe�FRlleFWLYe�
GLDU\�DV�D�WRRl�IRU�WUDLQLQJ�FKePLVWU\�WeDFKeUV�VeeNLQJ�eGXFDWLRQDl�LQFlXVLRQ�
DQG� LQWeQGLQJ� WR� XQGeUVWDQG� KRZ� WKe� FRlleFWLYe� GLDU\� FRQWULEXWeV� IRU�
WKe� DSSURSULDWLRQ� RI� WeDFKLQJ� NQRZleGJe��7R�&RSellR� �������� GDLl\� LV�
XQGeUVWRRG�DV�D�VWUDWeJ\�WKDW�DLPV�WR�eVWDElLVK�WKe�VRFLDlL]DWLRQ�SUDFWLFeV�
RI�e[SeULeQFeG�DQG�FRQVeTXeQFeV�RI�WKe�LQWeUDFWLRQ�EeWZeeQ�WKe�RSLQLRQV�
RI�WeDFKeUV�DQG�VWXGeQWV�

METHODOLOGY
7KLV�TXDlLWDWLYe� UeVeDUFK� LV� EDVeG�RQ� DFWLRQ� UeVeDUFK�� WKeUeIRUe� IRXU�

VWDJeV� RI� D� F\FlLFDl� VSLUDl�ZeUe� GeYelRSeG��7Ke� SDUWLFLSDQWV� RI� WKLV�
LQYeVWLJDWLRQ�ZeUe��WKUee�VFKRlDUVKLS�VWXGeQWV��WeDFKeUV�LQ�LQLWLDl�WUDLQLQJ�
RI�WKe�/DERUDWyULR�Ge�3eVTXLVD�eP�(QVLQR�Ge�4XtPLFD�e�,QFlXVmR��/3(4,��
�3),���3),���3),����WZR�JUDGXDWe�VWXGeQWV�RI�WKe�8QLYeUVLGDGe�)eGeUDl�Ge�
*RLiV��8)*���3*���3*���DQG�RQe�WUDLQeU�WeDFKeU��3)��DlVR�RI�WKe�8)*��
6LQFe�0DUFK�������WKLV�JURXS�KDV�EeeQ�FRQGXFWLQJ�ZeeNl\�PeeWLQJV�RI�
IRXU�KRXUV�IRU�GLVFXVVLRQV�EDFNeG�XS�E\�FRQWULEXWLRQV�IURP�WKe�VFLeQWLILF�
FRPPXQLW\�DERXW�VFKRRl�LQFlXVLRQ��0DVLQL��������&DPDUJR��������%XeQR��
������5RGULJXeV��������*lDW����������
7KeVe�PeeWLQJV�ZeUe� SeULRGLFDll\� UeVWUXFWXUeG� LQ� RUGeU� WR� LQLWLDWe�

GLVFXVVLRQV� UeJDUGLQJ� LQFlXVLYe� eGXFDWLRQ� LQ� LQLWLDl� WUDLQLQJ�� DQG�ZeUe�
SlDQQeG�WKUee�UeVeDUFK�SURMeFWV��GeYelRSeG�DV�SDUW�RI�WKe�FRPSleWLRQ�RI�WKe�
VXSeUYLVeG�LQWeUQVKLS�RI�WKe�XQGeUJUDGXDWe�SURJUDP�LQ�FKePLVWU\�RI�WKe�
,QVWLWXWe�RI�&KePLVWU\��WUDLQLQJ�E\�UeVeDUFK��E\�WeDFKeUV�LQ�LQLWLDl�WUDLQLQJ�
DW� WKe� VXSSRUW� LQVWLWXWLRQ�&eQWUR�%UDVLleLUR�Ge�5eDELlLWDomR�e�$SRLR�DR�
'eILFLeQWe�9LVXDl�&eEUDY��,Q�Dll�UeVeDUFK�SURMeFWV��WKe�LQWeUQV�GeYelRSeG�

ZeeNl\�3eGDJRJLFDl�LQWeUYeQWLRQ��3,V��IURP�0DUFK���WK�������WR�1RYePEeU�
��WK��������7KLV�SKDVe�ZDV�FKDUDFWeUL]eG�DV�WKe�ILUVW�VWDJe�

$IWeU�WKe�eQG�RI�eDFK�LQWeUYeQWLRQ��WKe�JURXS�PeW�WR�UeIleFW�RQ��WKe�DFKLeYePeQW�
RI�WKe�REMeFWLYeV�RI�WKe�FlDVVeV��LI�WKe�XVeG�WeDFKLQJ�VWUDWeJLeV�DllRZeG�DGGUeVVLQJ�
WKe�FRQFeSWV�FRQVLGeULQJ�WKe�VSeFLILFLWLeV�RI�9LVXDll\�,PSDLUeG�9,�VWXGeQWV��
WKe�PDLQ�REVWDFleV��GLlePPDV�UelDWeG�WR�WKe�GLIILFXlW\�RI�WeDFKLQJ�FKePLVWU\�WR�
9,�VWXGeQWV��7KLV�SKDVe�ZDV�FKDUDFWeUL]eG�DV�WKe�VeFRQG�VWDJe�

&RQVLGeULQJ� WKeVe� UeIleFWLRQV�� WKe�JURXS� UeGeVLJQeG� WKe�3eGDJRJLFDl�
,QWeUYeQWLRQV��3,V��EDVeG�RQ�WKe�WeDFKLQJ�e[SeULeQWLDl�NQRZleGJe�DFTXLUeG��
7KLV�PRYePeQW�ZDV�FKDUDFWeUL]eG�DV�D�WLPe�RI�FRlleFWLYe�UeIleFWLRQ�WKDW�ZDV�
lDWeU�FKURQLFleG�LQ�WKe�GLDULeV��WKLV�SKDVe�ZDV�FKDUDFWeUL]eG�DV�WKe�WKLUG�VWDJe�
RI�WKe�VSLUDl��5eIleFWLRQV�QDUUDWeG�LQ�WKe�FRlleFWLYe�GLDU\�DllRZeG�eYDlXDWLQJ�
WKe�DFWLRQ�VWUDWeJLeV�DQG�LGeQWLI\�WKe�PRELlL]DWLRQ�RI�WeDFKLQJ�NQRZleGJe�LQ�
WKe�LQWeUQV��7Ke�IRXUWK�VWDJe�RI�WKe�VSLUDl�ZDV�WKe�UeGeVLJQ�RI�WKe�DFWLRQV��
ZKLFK�VLJQDleG�WKe�QeeG�IRU�WKe�XVe�RI�DGDSWeG�eGXFDWLRQDl�PDWeULDlV�

7Ke�FRlleFWLYe�GLDU\�ZDV�FKDUDFWeUL]eG�ERWK�DV�D�WRRl�IRU�GDWD�FRlleFWLRQ�
DQG�DV�D�VWUDWeJ\�IRU�WKe�VXEMeFWV�RI�WKLV�UeVeDUFK�WR�GeYelRS�WKe�DELlLW\�
WR�UeIleFW�RQ�WKeLU�SUDFWLFe��6FK|Q��������=eLFKQeU��������1yYRD��������
*DUFe]�� eW� Dl��� �������7Ke�GDWD� FRlleFWeG� WKURXJK� WKe� FRlleFWLYe�GLDULeV�
ZeUe�DQDl\]eG�XVLQJ�FRQWeQW�DQDl\VLV��&$���ZKLFK�VRXJKW�WR�LGeQWLI\�LQ�
WKe�ZULWWeQ�GLVFRXUVe��QDUUDWLYeV��ZKDW�WKe\�e[SUeVV��UeJDUGLQJ�ERWK�WKe�
GeVFULSWLRQ�DQG�LQWeUSUeWDWLRQ��)RU�%DUGLQ��������S�����WKe�$&�LV�³>���@�D�
VeW�RI�WeFKQLTXeV�RI�DQDl\VLV�RI�FRPPXQLFDWLRQV�WKDW�XVeV�V\VWePDWLF�DQG�
REMeFWLYe�SURFeGXUeV�WR�GeVFULEe�WKe�FRQWeQW�RI�WKe�PeVVDJeV´�

RESULTS AND DISCUSSION
6L[�3eGDJRJLFDl�,QWeUYeQWLRQV��3,V��ZeUe�SeUIRUPeG��DERXW�WKe�WKePeV��

DWRPLVWLF��VRlXWLRQV��FDUERQ�FKDLQV��FKePLFDl�DQG�SK\VLFDl�WUDQVIRUPDWLRQV��
R[LGDWLRQ�DQG�PL[WXUeV�VeSDUDWLRQ�SURFeVV��WRWDlLQJ����PeeWLQJV�DV�VKRZQ�
LQ�7DEle����'XULQJ�WKeVe�LQWeUYeQWLRQV��WKe�FKePLVWU\�WeDFKeUV�LQ�WKeLU�LQLWLDl�
WUDLQLQJ�SURGXFeG�WKeLU�GLDULeV��7Ke�WKePeV�ZeUe�FKRVeQ�WR�eVWDElLVK�GLDlRJXe�
ZLWK�WKe�FKePLFDl�NQRZleGJe�VWXGLeG�E\�WKe�9,�LQ�WKeLU�UeJXlDU�VFKRRlV�

7Ke�FDWeJRULeV�RI�DQDl\VLV�WKDW�ePeUJeG�IURP�WKe�QDUUDWLYeV�SURGXFeG�LQ�
WKLV�VWDJe�DUe�GeSLFWeG�LQ�)LJXUe����7KLV�SDSeU�SUeVeQWV�RQl\�WKUee�FDWeJRULeV

��1eeGV�WR�FDUU\�RXW�SUDFWLFDl�DFWLYLWLeV
+RGVRQ��������DUJXeV�WKDW�SUDFWLFDl�ZRUN�LV�QRW�RQl\�WKe�RQe�SeUIRUPeG�

LQ�WKe�lDERUDWRU\��DlVR�LQFlXGLQJ�DFWLYLWLeV�WKDW�UeTXLUe�FRQFUeWe�SDUWLFLSDWLRQ�
RI�VWXGeQWV�VXFK�DV�GePRQVWUDWLRQV�PDGe�E\�WKe�WeDFKeU�RU�YLGeRV�ILlPV�
VXSSRUWeG� E\� GDWD� lRJJLQJ� DFWLYLWLeV�� FDVe� VWXGLeV�� UeSUeVeQWDWLRQV� RI�
URleV��ZULWWeQ�WDVN��FRQIeFWLRQ�RI�PRGelV��SRVWeUV�DQG�DlEXPV��7KXV��WKe�
SUDFWLFDl�ZRUN� LQ� lDERUDWRU\� IRU� VFLeQFe� WeDFKLQJ� RU� LQ� FlDVVURRP�FDQ�
DVVXPe�GLIIeUeQW�URleV�

Table 1 –Activities performed during the research at the CEBRAV
'DWe 7KePeV�DGGUeVVeG 3DUWLFLSDQWV $FWLYLWLeV�GeYelRSeG�DQG�UeVRXUFeV�XVeG�

������

����

6RlXWLRQV�DQG�
SeULRGLF�WDEle

3*���3),���3),���
3$��3)&��'9�

:e�SUeVeQWeG�WKe�SURSRVDl�RI�3,�WR�3$�DQG�WR�VWXGeQW�9,���:e�NQeZ�WKe�lRFDWLRQ�DQG�
DFWLYLWLeV�GeYelRSeG��:e�LGeQWLILeG�WKe�IRFXV�RI�LQWeUeVW�RI�WKe�VWXGeQW�9,���VWDUWLQJ�RXU�

�VW�3,�

������

����

6RlXWLRQV 3*���3),���3),���
3$��'9���'9�

:e�GeYelRSeG�D�3,�RQ�VRlXWLRQV�XVLQJ�PRGelLQJ�DV�D�WeDFKLQJ�VWUDWeJ\�

������

����
2UJDQLF�&KePLVWU\

3*���3),���3),���
3$��'9���'9�

:e�GeYelRSeG�DQ�RUJDQLF�FKePLVWU\�FlDVV��WDlNLQJ�DERXW�WKe�FlDVVLILFDWLRQ�RI�FDUERQ�
FKDLQV��XVLQJ�WKe�DWRPlLJ�DQG�DGDSWLQJ�WKLV�PDWeULDl�

������

����
2UJDQLF�&KePLVWU\

3*���3),���3),���
3$��'9���'9�

:e�XVeG�KDQGV�WR�e[SlDLQ�WKe�QRPeQFlDWXUe�RI�K\GURFDUERQV�

������

����

&lDVVLILFDWLRQ�
RI�VRlXWLRQV�LQWR�

eleFWURl\We�DQG�QRQ�
eleFWURl\We�VRlXWLRQV�

3),���3),���
'9���'9�

7Ke�FlDVV�VWDUWeG�E\�FKDUDFWeUL]LQJ�WKe�GLIIeUeQFeV�EeWZeeQ�WKe�VRlXWLRQV�WKDW�FRQGXFW�RU�
QRW�eleFWULF�FXUUeQW��:e�XVeG�D�VRXQG�VeQVRU��PDWeULDl�DGDSWeG�DQG�GeYelRSeG�E\�XV��VR�
WKDW�9,�VWXGeQWV�FRXlG�UeDlL]e�WKe�GLIIeUeQFeV�EeWZeeQ�WKe�VRlXWLRQV��:e�XVeG�DQ�(9$�

PRGelLQJ�VWUDWeJ\�WR�e[SlDLQ�WKe�VRlYDWLRQ�RI�LRQV�

������

����

6RlXWLRQV��YRlXPe�
PeDVXUePeQWV

3*���3),���3),���
'9���'9���'9�

:e�SUeVeQWeG�WR�9,�VWXGeQWV�WKe�PDWeULDlV�XVeG�LQ�WKe�lDERUDWRU\��VRPe�RI�WKeVe�DGDSWeG�

������

����

3UeSDUDWLRQ�RI�
VRlXWLRQV�XVLQJ�
DGDSWeG�PDWeULDlV

3*���3),���'9�
:e�e[SlDLQeG�WKe�RSeUDWLRQ�RI�WKe�DGDSWeG�F\lLQGeU�DQG�UeTXeVWeG�WKe�VWXGeQW�WR�SUeSDUe�

D�VRlXWLRQ�FRQWDLQLQJ������J�1D&l�LQ�����P/�RI�ZDWeU�

������

����

9DSRU�SUeVVXUe�RI�D�
lLTXLG�

3*���3),���'9�

:e�SUeVeQWeG�PRGelV�IRU�WKe�VWXGeQW�WR�EeFRPe�IDPLlLDU�ZLWK�WKe�lD\RXW�RI�WKe�YDSRU�
SUeVVXUe�

:KLle�Ze�e[SlDLQeG�WKe�WKePe�RI�YDSRU�SUeVVXUe�Ze�KelSeG�WKe�VWXGeQW�WR�JURSe�WKe�
PRGelV�VR�WKDW�Ke�FRXlG�UelDWe�RXU�VSeeFK�WR�WKe�PRGel�
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&RQVLGeULQJ�WKeVe�DVVXPSWLRQV��LW�ZDV�LGeQWLILeG�WKe�SURGXFWLRQ�RI�WKe�
IRllRZLQJ�QDUUDWLYeV�

PFI2: *lDVVZDUe�DQG� WKeLU�QDPeV�ZeUe�SUeYLRXVl\�SUeVeQWeG�IRU� WKe�
VWXGeQW�WR�EeFRPe�IDPLlLDU�DQG�DVVRFLDWe�QDPeV�ZLWK�GLIIeUeQW�IRUPDWV��
:e�SUeVeQWeG� EeDNeUV�� YRlXPeWULF� SLSeWWeV�� VTXLEE��(UleUPe\eU��1D&l��
VSDWXlD�DQG�D�3(7�ERWWle�FDS�

PFI1: $IWeU� D� FlDVV� LQ�ZKLFK�Ze� WRRN� VRPe� lDERUDWRU\� LQVWUXPeQWV��
VR�WKDW�9,�KDYe�WKe�QRWLRQ�RI�VKDSeV��VL]eV�DQG�XVe�RI�eDFK��Ze�GLVFXVVeG�
FRPPRQ�DQG�PRlDU�FRQFeQWUDWLRQ��Ze�FRQFlXGeG�WKDW�9,�VWXGeQWV�KDG�QRW�
PXFK�DXWRQRP\�ZKeQ�KDQGlLQJ�LQVWUXPeQWV�DQG�ZeUe�PXFK�leVV�DEle�WR�
SURSeUl\�DFFeVV�WKe�YRlXPe�RI�ZDWeU�WKe\�ZeUe�XVLQJ�WR�SUeSDUe�VRlXWLRQV�
DW�WKe�FRQFeQWUDWLRQV�Ze�DVNeG�

PFI3: :e�XVeG�D�leYel�EXR\�WR�PDUN�WKe�YRlXPe�RI�ZDWeU�DGGeG�WR�D�
YRlXPeWULF�F\lLQGeU�ZLWK�ePERVVeG�PDUNLQJV�

7Ke�QDUUDWLYeV�RI�3),�UeIeU�WR�LQWeQWLRQDlLW\�WR�SURYLGe�WKe�SUeVeQWDWLRQ�
RI�LQVWUXPeQWV�RI�WKe�FKePLFDl�VFLeQFe��WKeUeIRUe��WKe�3,�SURYLGeG�WR�9,�
VWXGeQWV�PeeW��KDQGle�DQG�DFTXLUe� IDPLlLDULW\�ZLWK� WKe�DSSDUDWXV� LQ� WKe�
FKePLVWU\� lDE��7Ke�QDUUDWLYe� IURP�3),�� VKRZV� WKe� XVe� RI� LQe[SeQVLYe�
PDWeULDlV�VXFK�DV�D�3(7�ERWWle�FDS��7KLV�KLJKlLJKWV�WKe�FUeDWLYLW\�DQG�WKe�
DELlLW\�WR�WDLlRU�GDLl\�PDWeULDlV�ZLWK�leVVRQ�REMeFWLYeV��$JDLQ��Ze�LGeQWLILeG�
WKe�QeeG�RI�9,�VWXGeQW�IRU�KDQGlLQJ�DQG�FRQWDFWLQJ�ZLWK�lDERUDWRU\�REMeFWV��
3UDFWLFDl�DFWLYLWLeV�DllRZeG�9,�VWXGeQWV�WR�UeFRJQL]e�DQG�GLIIeUeQWLDWe�WKe�
eTXLSPeQWV��E\�PeDQV�RI�WKe�VKDSe��We[WXUe��DQG�KeLJKW�DQG�UelDWe�WKeVe�
REMeFWV�ZLWK�WKeLU�XVeV��DSSlLFDWLRQV�DQG�SXUSRVe�LQ�D�lDERUDWRU\�FlDVV��7KLV�
FDWeJRU\�VKRZV�WKDW�LQWeUQV�LGeQWLILeG�WKDW�9,�VWXGeQWV�JLYe�PeDQLQJV�WR�
REMeFWV�KDQGleG�E\�WKeP�IURP�WKeLU�RZQ�e[SeULeQFeV��DQG�WKeUeIRUe�WKeVe�
LQWeUQV�GeYelRSeG�SUDFWLFDl�DFWLYLWLeV�

7Ke�QDUUDWLYe�IURP�3),��LQGLFDWeV� WKe�UeFRJQLWLRQ�RI� WKe�LPSRUWDQFe�
RI�KDQGlLQJ�RI�JlDVVZDUe�XVeG�LQ�FKePLVWU\�lDEV�E\�9,�VWXGeQWV��EXW�DlVR�
VKRZV� WKe�3)��� FRQFeUQ� UeJDUGLQJ�9,�VWXGeQW� DXWRQRP\� WR� SUeSDUe� D�
VRlXWLRQ��7Ke�QDUUDWLYe�VKRZV�WKDW�lDERUDWRU\�JlDVVZDUe��DV�SUeVeQWeG�WR�
9,�VWXGeQWV�VWLll�QRW�DllRZ�WKeP�WR�LGeQWLI\�WKe�YRlXPe�RI�ZDWeU�ZLWKRXW�
WKe�KelS�RI�LQWeUQV��7KXV��WKe�JlDVVZDUe�KDG�lLPLWDWLRQV��WKDW�LV��QRW�DllRZeG�
9,�VWXGeQWV�WR�SUeSDUe�D�VRlXWLRQ�DlRQe�
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RI�WKe�ElLQG�VWXGeQW�LV�TXLWe�FRPSle[��EeFDXVe�RQ�WKe�RQe�KDQG�WKe�VWXGeQW�
LV�FRPSleWel\�GeSeQGeQW�RQ�WKe�VeeU�WeDFKeU��DQG�RQ�WKe�RWKeU��WKe�VWXGeQW�
LV�VeSDUDWeG�IURP�WKe�FRQFeSWLRQ�WKDW�WKe�WeDFKeU�KDV�RI�WKe�ZRUlG��,Q�WKLV�
VeFWLRQ�Ze�LGeQWLILeG�WKDW�WKe�LQWeUQV�UeDlL]eG�WKDW�DW�WKDW�WLPe�WKe\�KDG�QR�
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DFTXLUe�NQRZleGJe�LQ�RUGeU�WR�GeYelRS�VNLllV�DW�D�leYel�eTXDl�WR�VeeU�VWXGeQWV�
UeJDUGLQJ�WKe�SUeSDUDWLRQ�RI�VRlXWLRQV��7KXV��WKe�URle�RI�LQWeUQV�WR�WKeVe�
GLIILFXlWLeV�ZDV�WR�PDQLSXlDWe�WKe�PDWeULDlV�DYDLlDEle��VR�WKDW�WKe\�FRXlG�
JLYe�UeDl�PeDQLQJ�WR�WKe�9,�VWXGeQW�IRU�XQGeUVWDQGLQJ�DQG�DFTXLULQJ�VNLllV�
WR�PeDVXUe�YRlXPe��SUeSDUe�VRlXWLRQV�DQG�SeUIRUP�FDlFXlDWLRQV�UelDWeG�WR�
SUeSDUDWLRQ�RI�VRlXWLRQV�
$ll� WKeVe� UeIleFWLRQV� DQG� DFWLRQV� LQ� RUGeU� WR� KelS� WKe�9,�VWXGeQW� WR�

SUeSDUe�VRlXWLRQV�GePRQVWUDWe�WKe�DSSURSULDWLRQ�RI�SURIeVVLRQDl�NQRZleGJe��
DFTXLUeG�DW�XQLYeUVLW\��LQ�WKe�e[SeULeQFe�ZLWK�9,�VWXGeQWV�LQ�GLVFXVVLRQV�
ZLWK�WKe�JURXS��7$5',)���������7KLV�UeIleFWV�LQ�DQ�DWWePSW�WR�FRQWULEXWe�
WR�WKe�leDUQLQJ�RI�9,�VWXGeQWV�

7Ke�FRQYeUJeQFe�RI�VSeeFKeV�VKRZV�WKDW�ePSRZeULQJ�leDUQeUV�PeDQW�
WR�PDNe�XVe�RI�WeDFKLQJ�NQRZleGJe�QeeGeG�WR�DGDSW�WKe�3,�WR�WKe�VRFLDl�
JURXS��ZLWK� WKe� LQWeQWLRQ�RI� DllRZLQJ� WKeVe� LQGLYLGXDlV� WR� DGRSW� DFWLYe�

DWWLWXGeV�EeIRUe�WKe�NQRZleGJe�WKDW�ZDV�SUeVeQWeG��VXFK�DV�FRlleFWLQJ�GDWD��
DV�QDUUDWeG�E\�3),��

PFI2: 7Ke�3,�ZLWK�DGDSWeG�F\lLQGeU�eQDEleG�'9��WR�PeDVXUe�YRlXPe��
WR�WKLQN�DERXW�SUeSDULQJ�D�VRlXWLRQ��DQG�VWLll�PDNe�FDlFXlDWLRQV��

7Ke�QDUUDWLYe� IURP�3),�� eYLGeQFeV� WKe� UeIleFWLRQ� LQ� LGeQWLI\LQJ� WKe�
lLPLWeG� UeVRXUFeV� DQG�3),�� VKRZV� WKDW�� JLYeQ� VXFK� GeWeUPLQDWLRQ�� WKe�
JURXS�GeYelRSeG�DFFeVVLEle�PDWeULDlV�WKDW�PLJKW�JLYe�PRUe�DXWRQRP\�WR�WKe�
9,�VWXGeQW�LQ�WKe�SUeSDUDWLRQ�RI�VRlXWLRQV��DV�VKRZQ�LQ�WKe�Qe[W�FDWeJRU\�

2- Use of accessible instructional materials
$FFRUGLQJ�WR�)LVFDUellL���������VeYeUDl�WeUPLQRlRJLeV�DUe�SURSRVeG�WR�

LQGLFDWe�WKe�REMeFWV�XVeG�E\�WeDFKeUV�DQG�VWXGeQWV�GXULQJ�WeDFKLQJ�±�leDUQLQJ�
SURFeVV�� ,Q� WKLV� LQYeVWLJDWLRQ��ZeUe� QDPeG� DV� DFFeVVLEle� LQVWUXFWLRQDl�
PDWeULDlV�WKRVe�PDWeULDlV�FRQVWUXFWeG�RU�DGDSWeG�IRU�WeDFKLQJ�FKePLVWU\�
WR� VWXGeQWV�ZLWK�YLVXDl� LPSDLUPeQWV��7Ke�FRQVWUXFWLRQ�RU� DGDSWDWLRQ�RI�
DFFeVVLEle�LQVWUXFWLRQDl�PDWeULDlV�WR�9,�VWXGeQWV�ZeUe�GeYelRSeG�EeFDXVe�
PRVW�UeVRXUFeV�XVeG�IRU�WeDFKLQJ�FKePLVWU\�LV�eVVeQWLDll\�YLVXDl��FDXVLQJ�WKe�
GeWDFKPeQW�RI�WKeVe�VWXGeQWV�LQ�UelDWLRQ�WR�FKePLFDl�NQRZleGJe��e[FlXGLQJ�
WKe�DFFeVV�WR�LQIRUPDWLRQ��FRPSURPLVLQJ�WKe�FRPPXQLFDWLRQ�ZLWK�UeVSeFW�
WR�WKe�FRQWeQW�EeLQJ�ZRUNeG�
7Ke�QDUUDWLYeV� EelRZ� VKRZ� WKDW� LQWeUQV� WKURXJK� WKe� FRQVWUXFWLRQ�RI�

DFFeVVLEle�eGXFDWLRQDl�PDWeULDlV�WR�9,�VWXGeQWV�eQDEleG�D�EeWWeU�DFFeVV�WR�
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DXWRQRP\�RI�WKeVe�VWXGeQWV�
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RU�LQ�WKe�ERQG�EeWZeeQ�WKe�DWRPV�RI�DQ�RUJDQLF�PRleFXle�DV�GeVFULEeG�LQ�
WKe�QDUUDWLYeV�RI�3),��DQG�3),��

,Q�WKe�GLDU\��3),��ZURWe�WKDW�XVeG�EDllV�WR�UeSUeVeQW�D�VRlXWe�LQ�D�VRlXWLRQ�
DQG� WKDW� WKe�PRUe�EDllV� LQ� WKe�EeDNeU��PRUe� VRlXWe� LQ� WKDW� VRlXWLRQ�DQG�
WKeUeIRUe�ZLll�Ee�PRUe�FRQFeQWUDWeG�DQG��LQ�DQRWKeU�VLWXDWLRQ��WKe�IeZeU�
EDllV�LQ�WKe�EeDNeU��lRZeU�VRlXWe�DQG�lRZeU�FRQFeQWUDWLRQ��+RZeYeU��3),��
ePSKDVL]eV�WKDW�WKe�PRVW�XVeG�UeVRXUFe�ZDV�KeDULQJ�

PFI1: 6RPeKRZ�Ze�GLG�LW��Ze�DGDSWeG�UeVRXUFeV�IRU�'9��XVLQJ�lLWWle�
EDllV��Ze�UeSUeVeQWeG�WKe�VRlXWe��VDlW��RI�D�SDUWLFXlDU�VXEVWDQFe��DQG�LW�PD\�
RU�PD\�QRW�Ee�FRQFeQWUDWeG��WKe�PRUe�EDllV�LQ�WKe�EeDNeU��WKe�JUeDWeU�WKe�
FRQFeQWUDWLRQ�RI�WKe�VRlXWLRQV�DQG�YLFe�YeUVD��EXW�WKe�PRVW�XVeG�UeVRXUFe�
ZDV�WKe�KeDULQJ�

)RU�6i��������S�������WKe�SeUIRUPDQFe�RI�9,�VWXGeQWV�FDQ�Ee�FRPSURPLVeG�
E\� D� lDFN�RI� UeVRXUFeV� ³KelS� WR�RYeUFRPe� IXQFWLRQDl� GLIILFXlWLeV� LQ� WKe�
eQYLURQPeQW�RI�WKe�FlDVVURRP�DQG�Ee\RQG´��WKXV�WKe�QeeG�IRU�DFFeVVLEle�
LQVWUXFWLRQDl�PDWeULDlV��2Qe� FDQ� FRQVLGeU� WKDW� WKe� DFFeVVLEle� leDUQLQJ�
PDWeULDlV�EXLlW�E\�LQWeUQV�DQG�PD\�Ee�FDlleG�$VVLVWDQW�7eFKQRlRJLeV��$7���
DV� DUe�PDWeULDlV� WKDW� FRQWULEXWeG� WR� SURYLGe� DQG� e[SDQG� WKe� IXQFWLRQDl�
DELlLWLeV�RI�9,�VWXGeQWV�SURPRWLQJ�LQGeSeQGeQW�PDQDJePeQW�RI�PDWeULDlV�
DQG�VFKRRl�LQFlXVLRQ��7KeVe�PDWeULDlV�PDNe�LW�SRVVLEle�FRQGLWLRQV�VR�WKDW�
WKeVe�VWXGeQWV�FRXlG�leDUQ�ZLWK�VLJQLILFDQW�UeVXlWV��DV�VKRZQ�E\�3),��
,Q� WKLV� SeUVSeFWLYe�� DFFeVVLEle� LQVWUXFWLRQDl�PDWeULDlV� QRZ� DFTXLUe�

LPSRUWDQW�PeDQLQJV�LQ�WKe�LPSlePeQWDWLRQ�DQG�eIIeFWLYeQeVV�RI�3,��WKeUeIRUe�
DUe� DEle� WR�PDNe� leVVRQV�PRUe� e[FLWLQJ� DQG� LQWeUeVWLQJ� WR� VWXGeQWV�� E\�
LQFUeDVLQJ�eIILFLeQF\�LQ�WKe�WeDFKLQJ�leDUQLQJ�SURFeVV��,Q�WKLV�FRQWe[W��WKe�
LQWeUQV�PDGe�SRVVLEle�FRQGLWLRQV�IRU�WKe�9,�VWXGeQW�IURP�DFFeVVLQJ�FKePLFDl�
NQRZleGJe�FRQTXeULQJ�DQG�e[SDQGLQJ�WKeLU�DXWRQRP\�

CONCLUSIONS
7Ke� DSSUR[LPDWLRQ�EeWZeeQ� WKe�8QLYeUVLW\� DQG�6XSSRUW� ,QVWLWXWLRQ�

&(%5$9�eQDEleG� WKe� FRQWDFW� RI� FKePLVWU\� WeDFKeUV� DW� LQLWLDl� WUDLQLQJ�
ZLWK�WKe�UeDlLW\�RI�WKe�VRFLDl�JURXS�RI�9,�VWXGeQWV�WKURXJK�SDUWLFLSDWLRQ�
LQ�DFWLYLWLeV� FRQGXFWeG�E\�&(%5$9�DQG�GeYelRSPeQW�RI� VWUDWeJLeV� IRU�
WeDFKLQJ�FKePLVWU\�IRU�WKeVe�VWXGeQWV��2XU�UeVXlWV�SRLQWeG�WKDW��DW�WKDW�WLPe��
ZeUe�FRQVWUXFWeG�e[SeULeQWLDl�NQRZleGJeV�UelDWeG�WR�eGXFDWLRQDl�LQFlXVLRQ��
VLQFe�IXWXUe�WeDFKeUV�NQRZ�WKe�VSeFLILFLWLeV�RI�9,�VWXGeQWV�

Figure1: Categories that emerged from narratives of teachers at initial 
training.
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Abstract
Coloring of titanium plate on experimental scale was proposed as teaching materials 
for subject introduction by the method of electrochemical reaction. The plate was 
readily colored where variable change of color pattern could be observed and easily 
controlled through the electrochemical conditions such as aSSlied voltage and electri¿ed 
time. For example, the voltage of 30 V in 5 minutes led the plate to change vivid color 
of blue from apparently original color gray. The method is effective with the hope of 
teaching material for student to be promoted to interest in the electrochemical reaction 
and motivated to act next stage.

Key words: teaching material, coloring of titanium, electro-chemical reaction, 
experiment module

Resumen
Se propone colorear la placa de titanio en la escala experimental como material 
didáctico de introducción de quimica  por el método de la reacción electroquímica. 
La placa fue coloreada a través de proceso,  en donde se pudo observar el cambio 
variable del patrón de color y controlar  las condiciones electroquímicas tales como 
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Table 1. Common experimentsavoltaje aplicado y  tiempo. Voltaje de 30 V en 5 minutos llevó la placa a cambiar el 
vtvido color a]ul al original color gris� (l mptodo es e¿ca] Sara Sromover el material 
didáctico y crear  interés en la reacción electroquímica y motivar a los estudiantes 
a actuar en la siguiente etapa.
Palabras clave: material didáctico, coloración de titanio, reacción electroquímica, 
módulo de experimento

INTRODUCTION
:e� KDYe� UeSRUWeG� D� VXUYe\� RI� SUeVeQW� We[WERRNV� RI� ³6FLeQFe´� LQ�

SULPDU\�VFKRRl�DQG�MXQLRU�KLJK�VFKRRl�DQG�³&KePLVWU\�,´�DQG�³&KePLVWU\�
,,´� �.eLULQ�NDQ�� ������7RN\R�VKRVeNL�� ������'DLQLKRQ�WRVKR�� ������
LQ� VeQLRU�KLJK� VFKRRl� FRPSLleG� EDVeG� RQ� -DSDQeVe� FRXUVe� RI� VWXG\�
�0(;7�� ������� %RlGIDFe� DV� D� UeSUeVeQWDWLYe� RI� NQRZleGJe� �2JDZD�
eW�Dl����������VNLllV�IRU�e[SeULPeQWDl�VWXG\��2JDZD�eW�Dl����������DQG�
VFKePeV�DV�D� UeSUeVeQWDWLYe�RI� LPDJe��2JDZD�eW�Dl���������FRXlG�Ee�
RUGeUeG��/DUJe�QXPEeUV�RI�ERlGIDFe��VFKePeV��DQG�VNLllV�ZeUe�FLWeG�LQ�
SUeVeQW�We[WERRNV�LQ�-DSDQ�LQ�RUGeU�WR�XQGeUVWDQG�VFLeQWLILF�FRQFeSWV��
WRSLFV��DQG�PeWKRGRlRJ\��:e�KDYe�LQWURGXFeG�D�IXQGDPeQWDl�IeDWXUe�
RI�VFKRRl�leVVRQ�LQ�VFLeQFe�DQG�FKePLVWU\�LQ�ZKLFK�D�SSeFLDl�EPSKDVLV�
RQ�IPDJLQDWLRQ�LV�UeJDUGeG�WRZDUG�CUeDWLRQ��SEIC���2JDZD��)XMLL��	�
6XPLGD��������3URPRWLQJ�FUeDWLYLW\�LQ�VFLeQFe�KDV�EeeQ�UeSRUWeG�DQG�
GLVFXVVeG�LQ�SDSeUV��&KLlG��������2VERUQe�eW�Dl���������-DUYLV��������
+|KQ��+DUVK��������/RQJVKDZ��������2KVKLPD���������,W�LV�LPSRUWDQW�
IRU�VWXGeQW�WR�KDYe�WKLQNLQJ�DQG�EeKDYLQJ�LPDJLQDWLYel\��DQG�ILQDll\�WR�
KDYe�DQ�RXWFRPe�ZKLFK�LV�RI�YDlXe�WR�WKe�RULJLQDl�REMeFWLYe��:DUGle��
������)LQNe��:DUG��	�6PLWK���������

7KLQNLQJ�DQG�EeKDYLQJ�LPDJLQDWLYel\�DUe�YeU\�LPSRUWDQW�IRU�VWXGeQWV�
WR�UeDlL]e�DQG�XQGeUVWDQG�LQ�FKePLFDl�eGXFDWLRQ�DlVR�

9LVXDlL]DWLRQ�RI�SKeQRPeQD�DQG�FKePLFDl�DEVWUDFW�FRQFeSWV�KelSV�XV�
JUeDWl\�WR�UeDlL]e�LPDJeV�RI�WKeP��,W�LV�QR�e[DJJeUDWLRQ�WR�VD\�WKDW�WeDFKLQJ�
PDWeULDlV�IRU�YLVXDlL]DWLRQ�LQ�FKePLFDl�eGXFDWLRQ�DUe�YeU\�LPSRUWDQW��IRU�
e[DPSle��LQWeUeVWLQJ�e[SeULPeQWV�DQG�RU�LQVWUXPeQWV��YLGeRV��&*�JUDSKLFV��
DQG�VR�RQ��7Ke�YLVXDlL]DWLRQ�QeeGV�WR�Ee�PRUe�XVeU�IULeQGl\�DQG�DSSeDlLQJ�
IRU�leDUQeUV�IURP�WKe�VWDQGSRLQW�RI�D�XVeIXl�WeDFKLQJ�PDWeULDl�
7LWDQLXP� LV� LQ� VRPe� LQWeUeVWLQJ�PDWeULDl� IRU� VFLeQFe� eGXFDWLRQ� RI�

FRXUVe�QRW�WR�PeQWLRQ�VFLeQFe�DQG�WeFKQRlRJ\��e.g���FRlRULQJ�WLWDQLXP�IRU�
GeFRUDWLYe�LWeP��WLWDQLXP�DllR\�IURP�WKe�VWDQGSRLQW�RI�K\GURJeQ�VWRUDJe�
DQG�VR�RQ��7LWDQLXP�FDQ�Ee�FRlRUeG�LQ�D�YDULeW\�RI�YLYLG�FRlRUV��&RlRULQJ�
WLWDQLXP� LV� eYDlXDWeG� LQ� DQ� LQGXVWULDl� DV� VRlLG� DQG� GeFRUDWLYe� LWePV��
7LWDQLXP�FRlRULQJ�E\�WDNLQJ�DGYDQWDJe�RI�DQRGLF�R[LGDWLRQ��$]XPL��������
2KQDND��������DQG�WLWDQLXP�DllR\�DV�eleFWURGe�DW�WKe�FRXQWeU�SDUW��1XPDWD��
7RPL]XND��	�7VXMLPRWR��������0RULVKLWD��eW�Dl���������KDV�EeeQ�UeSRUWeG�
LQ�eleFWURFKePLVWU\�ILelG��1RUPDll\��lDUJe�VFDle�DQG�KLJK�DSSlLeG�YRlWDJe�
ZDV�DGRSWeG�IRU�PDQXIDFWXULQJ��)RU�e[DPSle��VRDNLQJ�WLWDQLXP�SlDWe�LQ�
���0�+�62�����0+�2��VRlXWLRQ�ZLWK�DSSlLeG�YRlWDJe�RI����9�LQ�GLUeFW�
FXUUeQW�RI����$GP�����,WRK���������

,W�LV�RQe�RI�RXU�DLPV�WR�SURGXFe�D�WeDFKLQJ�PDWeULDl��LQ�ZKLFK�VWXGeQWV�
KDYe�JRRG�e[SeULeQFeV�RI� WKe�MR\�RI�GLVFRYeULQJ�WKe�³KRZ´�DQG�³ZK\´�
RI�FKePLFDl� UeDFWLRQV��7eDFKLQJ�PDWeULDlV� IRU�YLVXDlL]DWLRQ� LQ�FKePLFDl�
eGXFDWLRQ�DUe�YeU\�LPSRUWDQW��IRU�e[DPSle��LQWeUeVWLQJ�e[SeULPeQWV�DQG�
RU�LQVWUXPeQWV��,Q�WKLV�SDSeU��FUeDWLQJ�WeDFKLQJ�PDWeULDl�E\�WKe�XVDJe�RI�
YLVXDlL]DWLRQ�RI� WLWDQLXP�FRlRULQJ� LQ� eleFWURFKePLVWU\� LV� UeSRUWeG��7KLV�
SDSeU� SURYLGeV� RQe� W\Se� RI� WeDFKLQJ�PDWeULDlV� WR� LQWURGXFe� D� VXEMeFW��
ZKLFK�ZRXlG�PRWLYDWe�VWXGeQWV�WR�KDYe�DQ�LQWeUeVW�LQ�eleFWURFKePLVWU\�LQ�
FKePLFDl�eGXFDWLRQ���

SURVEY OF CHEMISTRY TEXTBOOK
Experiments with color change as a common or a specific

3RSXlDU�e[SeULPeQWV�LQ�KLJK�VFKRRl�leYel�ZeUe�e[WUDFWeG�IURP�Dll�VL[�
SXElLVKeUV�RIL�KLJK� VFKRRl� We[WV�RI� ³&KePLVWU\� ,´�RU� ³&KePLVWU\� ,,´� LQ�
-DSDQ��:ell�NQRZQ�e[SeULPeQWV�DUe�lLVWeG�LQ 7DEle����$lPRVW�Dll�RI�WKe�
e[SeULPeQWV������RI������DUe�LQ�lLTXLG�SKDVe��ZKLFK�FRXlG�Ee�eDVLl\�WUeDWeG�
LQ�D�VFKRRl�lDERUDWRU\��)LJ�����

'LVWLQFW�e[SeULPeQWV DV�VSeFLILFDll\�DGRSWeG�E\�RQl\�RQe�SXElLVKeU�LQ�
WKUee�SXElLVKeUV�ZeUe�FlDVVLILeG�LQ�7DEle����$lPRVW�Dll�e[SeULPeQWV�DV�D�
IDPLlLDU�WKePe�DUe�VKRZQ�LQ�WKe�WDEle�DQG�RI�WKe�W\Se�RI�e[SeULPeQW�DV�D�
FKDlleQJe�VWXG\��RU�SUREleP�UeVeDUFK���

2.2 Contents of experiments
7Ke� QXPEeU� RI� e[SeULPeQW�vs. their� FRQWeQW� LQ� ³&KePLVWU\� ,´� DQG�

³&KePLVWU\�,,´�RI�Dll�VL[�SXElLVKeUV�DUe�FlDVVLILeG�LQ�)LJ�����7Ke�FRQWeQWV�
RI�ERWK�$��0eWDl�LRQ�	�GeSRVLW�IRUPDWLRQ��DQG�%�>S+�PeWKRG��LQGLFDWRU�@�
ZeUe� DGRSWeG� DV� D� W\SLFDl� FKePLFDl�UeDFWLRQ��ZKLFK� LV� LQ� WKe� ILelG� RI�
DQDl\WLFDl�FKePLVWU\�

Figure 1. Percentage of the phase in experiments in ´Chemistry I´of 6 
publishers (Total number of 191 experiments)

Table 2. Specific experimentsa

Figure 2.  Contents of experiments in “Chemistry I” and “Chemistry II”. A: Metal 
ion & deposit formation; B: pH method (indicator); C: Fehling’s solution & silver 

mirror reaction; D: Movement of chemical equilibrium; E: Working of the enzyme 
to the starch; F: Color changing reaction of protein; G: Synthesis & dyeing 
(azo compounds); H: Color changing reaction of Phenols with iron chloride; 
I: Reaction speed & catalyst; J: Flame reaction; K: Water quality survey; L: 
Colloidal nature; M: Chromatography; N: Synthesis of organic compound
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RESULTS AND DISCUSSION

Experimental
(leFWURl\VLV�eTXLSPeQW�DQG�VFKePDWLF�GLDJUDP�LQ�W\SLFDl�e[SeULPeQWDl�

FRQGLWLRQV�DUe�RUJDQL]eG�LQ�)LJ�����&RQGLWLRQV�ZeUe�DV�IRllRZLQJ��WLWDQLXP�
SlDWe��DQRGe��DQG�DlXPLQXP�SlDWe��FDWKRGe������[����[���PP��GLVWDQFe�
EeWZeeQ�WKe�eleFWURGeV�������PP�DV�VKRZQ�LQ�7DEle���

7UeDWPeQW�RI�WLWDQLXP�SlDWe�ZDV�PDGe�DV�VWDWeG�LQ�$SSeQGL[����7LWDQLXP�
�7L��SlDWe�ZDV�SURFeVVeG�LQ�DGYDQFe�WKURXJK�SRlLVKLQJ��PLUURU�ILQLVKLQJ, 
GeJUeDVLQJ��DQG�ULQVLQJ��DQG�WKeQ�DQRGLF�R[LGDWLRQ�ZDV�VWDUWeG��$IWeU�WKe�
R[LGDWLRQ� LQ� WKe� FeUWDLQ� FRQGLWLRQV�� R[LGe�ILlPeG�7L� SlDWe� �FRlRULQJ�7L�
SlDWe��ZDV�REWDLQeG�WKURXJK�WKe�WUeDWPeQW�RI�ULQVLQJ�DQG�GU\LQJ��7\SLFDl�
e[SeULPeQWDl�FRQGLWLRQV�DUe�RI�WKe�YRlXPe�RI����P/�RI�����ZW��SKRVSKRULF�
DFLG�DTXeRXV�VRlXWLRQ�ZDV�XVeG�DV�DQ�eleFWURl\We�DV�LQ�7DEle���

Color change vs. electrified time
7Ke�FRlRU�FKDQJe�RI�7L�SlDWe�vs. eleFWULILeG�WLPe�ZDV�FRQGXFWeG�ZLWK�

DQ�DSSlLeG�YRlWDJe�RI������9��)LJ��������9LYLG�FRlRU�ZDV�REVeUYeG�LQ�WKe�
SeULRG�IURP�RQe�PLQXWe� WR�DERXW����PLQXWeV��(VSeFLDll\�YLYLG�FRlRU�RI�
ElXe�ZDV�REVeUYeG�E\�RQe�PLQXWe�RI�eleFWULILeG�WLPe��$IWeU����PLQXWeV�LW�
ZDV�D�GDUN�FRlRU��7Ke�FKDQJe�ZDV�WUDFeG�RQ�&,(�FKURPDWLFLW\�GLDJUDP LQ 
)LJ�������7Ke�FRlRU�FKDQJe�ZDV�VeTXeQWLDl��7Ke�WeQGeQF\�RI�FRlRU�FKDQJe�
LV�lLVWeG�LQ�7DEle����7Ke�YDlXe�RI�VDWXUDWLRQ�DQG�EULJKWQeVV�ZDV�GeFLGeG�
UelDWLYel\�E\�FRPSDULQJ�WKe�LQWeQVLWLeV�RI�WKe�VDPSleV�ZKeUe�WKe�UelDWLYel\�
KLJKeVW�LQWeQVLW\�ZDV�DVVXPeG�WR�Ee�QLQe��DQG�WKe�lRZeVW�RQe�ZDV�GRQe�WR�
Ee�]eUR��7Ke�FRlRU�FKDQJeG�IURP�ElXe�eQWLUel\�WR�JUeeQ��7Ke�ILUVW�FRlRULQJ�
ElXe�FKDQJeG�VXFFeVVIXll\�WR�F\DQ�DQG�JUeeQ�ZLWK�WKe�GeFUeDVe�LQ�LQWeQVLWLeV�
RI�ERWK�VDWXUDWLRQ�DQG�EULJKWQeVV�XSRQ�WKe eleFWULILeG�WLPe��2Qe�PLQXWe�LV�
DQ�DSSURSULDWe�WLPe�WR�REVeUYeG�KLJK�YDlXeV�RI�ERWK�VDWXUDWLRQ�DQG�YDlXe�
RI�EULJKWQeVV�

Fig. 4.1 Color change of Ti plate vs. electrified time. 
Applied voltage: 30.0 V.

Table 3 Typical experimental-conditions

Figure 3. Electrolysis equipment

Table 4 Color change of Ti plate vs. electrified time

Figure 4.1. Trace on CIEa chromaticity diagram of color change 
of titan plate vs. electrified time. Applied voltage: 30.0 V.

a: CIE: Commission
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Color change vs. applied voltage
7Ke� FRlRU� FKDQJe�vs. DSSlLeG� YRlWDJe�ZDV� FDUULeG� RXW��9LYLG� FRlRU�

YDULDWLRQ�ZDV�GeYelRSeG�ZLWK�WKe�DSSlLeG�YRlWDJe�ZKeUe�VeTXeQWLDl�FRlRU�
FKDQJe�ZLWK�\ellRZ��UeG��PDJeQWD��ElXe��F\DQ��DQG�JUeeQ�ZDV�REVeUYeG�
RQ�eDFK�DSSlLeG�YRlWDJe�LQ�RQe�PLQXWe�RI�eleFWULILeG�WLPe��)LJ��������7Ke�
VeTXeQWLDl�FKDQJe�RQ�&,(�FKURPDWLFLW\�GLDJUDP�LV�e[SUeVVeG�IRU�WUDFLQJ�WKe�
FRlRU�FKDQJe�LQ�)LJ������DQG�lLVWeG�XS�IRU�DQ�LQ�GeSWK�UeYLeZ�RI�WKe�FKDQJe�
LQ�7DEle����7Ke�FRlRU�YDULDWLRQ�VWDUWeG�IURP�\ellRZ�DQG�eQGeG�XS�LQ�JUeeQ��
7Ke�ILUVW�FRlRU�FKDQJe�RI�\ellRZ�ZDV�FUeDWeG�E\�WKe�DSSlLeG�YRlWDJe�ZLWK�
WKe�LQFUeDVe�LQ�WKe�YDlXe�RI�FRlRUIXlQeVV�DQG�ZLWK�GeFUeDVe�LQ�WKe�YDlXe�RI�
EULJKWQeVV��&KDQJe�RI�DSSlLeG�YRlWDJe�ZDV�LQ�eIIeFW�IRU�JeWWLQJ�7L�SlDWeV�
RI�YDULRXV�FRlRUV�

Color change vs. concentration of electrolyte
7Ke�FRQFeQWUDWLRQ�RI�eleFWURl\We�RI�SKRVSKRULF�DFLG�DTXeRXV�VRlXWLRQ�

ZDV�FKDQJeG�IURP�����ZW��WR������ZW��ZLWK�DSSlLeG�YRlWDJe�RI���9����9��
DQG���9��7Ke�FRlRU�FKDQJe�ZDV�VKRZQ�LQ�)LJ�����9LYLG�FRlRU�ZDV�REVeUYeG�
RQ�WKe�ZKRle�ZKeUe�FRlRU�WUeQG�RI�ElXe�ZDV�GePRQVWUDWeG�ZLWK�WKe�DSSlLeG�
YRlWDJe�RI���9�DQG���9�ZKLle�FRlRU�WUeQG�RI�\ellRZ�ZDV�REVeUYeG�ZLWK�WKe�
YRlWDJe�RI���9��$SSDUeQWl\�D�VLPLlDU�VWDWe�LQ�FRlRU�FKDQJe�ZDV�REVeUYeG�
ZLWK�YDULRXV�FRQFeQWUDWLRQ�RI�WKe�eleFWURl\We��6eTXeQFe�RI�WKe�FRlRU�FKDQJe�
IURP�\ellRZ�WR�ElXe�ZDV�DlVR�WKe�VDPe�PDQQeU�ZLWK�DSSlLeG�YRlWDJe�DV�
GeVFULEeG� WKe� IRUPeU� VeFWLRQ� RI� ���� eYeQ� LQ� GLIIeUeQW� FRQFeQWUDWLRQ� RI�
WKe�eleFWURl\We��'eWDLlV�RI�WKe�UelDWLRQ�RI�WKe�FRlRU�FKDQJe�ZLWK�WKe�R[LGe�
WKLFNQeVV�DUe�QRZ�REYLRXVl\�QRW�

DISCUSSION 
&RlRULQJ�RI�WLWDQLXP�SlDWe�RQ�e[SeULPeQWDl�VFDle�ZDV�GePRQVWUDWeG�E\�

WKe�PeWKRG�RI�eleFWURFKePLFDl�UeDFWLRQ�LQ�RUGeU�WR�PRWLYDWe�WKe�VWXGeQW�WR�
VWXG\�FKePLVWU\��7Ke�SlDWe�ZDV�UeDGLl\�FRlRUeG�ZKeUe�YDULDEle�FKDQJe�RI�
YLYLG�FRlRU�SDWWeUQ�FRXlG�Ee�REVeUYeG�DQG�eDVLl\�FRQWURlleG�LQ�FRlRU�WKURXJK�
WKe�eleFWURFKePLFDl�FRQGLWLRQV�VXFK�DV�DSSlLeG�YRlWDJe�DQG�eleFWULILeG�WLPe��
e.g.��YLYLG�FRlRU�FKDQJe�RI�ElXe�ZDV�REVeUYeG�WKURXJK�DQ�DSSlLeG�YRlWDJe�RI�
�����9�E\���PLQXWe�RI�eleFWULILeG�WLPe��DQG�WKeQ�WKe�FRlRU�RI�ElXe�eQWLUel\�
FKDQJeG�WR�JUeeQ�GXe�WR�WKe�WLPe�elDSVeG�ZLWK�WKe�GeFlLQe�LQ�ERWK�VDWXUDWLRQ�
DQG�EULJKWQeVV��2Qe�PLQXWe�LV�DQ�DSSURSULDWe�WLPe�WR�REVeUYeG�YLYLG�FRlRU�
RI�ERWK�VDWXUDWLRQ�DQG�EULJKWQeVV��6eTXeQWLDl�FRlRU�FKDQJe�WR�\ellRZ��UeG��
PDJeQWD�� ElXe�� F\DQ�� DQG�JUeeQ�ZDV�REVeUYeG�RQ� eDFK� DSSlLeG�YRlWDJe�
IURP����9�WR���9�RQ���PLQXWe�RI�eleFWULILeG�WLPe��7Ke�FRlRU�FKDQJe�ZDV�
DlVR�REVeUYeG�LQ�VRPe�FRQFeQWUDWLRQ�RI�SKRVSKRULF�DFLG�DTXeRXV�VRlXWLRQ�
ZLWK�DSSlLeG�YRlWDJe�RI������9����9��DQG������9��&RlRU�WUeQG�RI�ElXe�ZDV�
GePRQVWUDWeG�RQ�WKe�ZKRle�

CONCLUSIONS
7Ke�PeWKRG�RI�DQRGLF�R[LGDWLRQ�ZRXlG�Ee�RQe�RI�DQ�eIIeFWLYe�WeDFKLQJ�

PDWeULDl�ZLWK� WKe� KRSe� IRU� VWXGeQW� WR� Ee� SURPRWeG� WR� LQWeUeVW� LQ� WKe�
eleFWURFKePLFDl�UeDFWLRQ�DQG�PRWLYDWeG�WR�PRYe�WR�WKe�Qe[W�VWDJe�
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Table 5. Color change of Ti plate vs. applied voltage

Figure. 5.1 Color change of Ti plate vs. applied
 voltage. Electrified time: one min

Fig. 6 Color change of Ti plate vs. concentration of electrolyte (0.1-10.0 
wt%). a) Applied voltage: 10.0 V-30.0 V; b) Concentration of phosphoric 

acid aqueous solution (50 mL).

Fig. 5.2 Trace on CIEa chromaticity diagram of color change of titan plate 
vs. applied voltage. Electrified time: 1 min.
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WRVKR�&R���LQ�-DSDQeVe��������
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LQ�-DSDQeVe�E\�.REDVKL�<���������7XWWle�0RUL�$JeQF\��,QF���7RN\R��,6%1��
������������������
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Resumen
En este trabajo se presenta un experimento demostrativo cuyo objetivo es probar que 
el coe¿ciente de roce cinptico no deSende de la raSide] con Tue se mueve el cuerSo 
Tue resEala� ni tamSoco de su masa o del irea de las suSer¿cies en contacto� 6e trata 
de un experimento de bajo costo y fácil de realizar, diseñado para implementarse 
en cursos de física de escuela secundaria o superior. Para lograr una adecuada 
descripción de la experiencia, se comienza estableciendo las relaciones entre las 
magnitudes físicas en juego, para luego describir el procedimiento experimental y 
los resultados obtenidos, los que son analizados y comparados considerando posibles 
fuentes de error experimental. Finalmente, se extraen las principales conclusiones, 
y se hacen sugerencias generales para orientar la labor de los docentes al momento 
de desarrollar el experimento.
Palabras clave: experimentos demostrativos, escuela secundaria, educación superior, 
roce cinético, actividades demostrativas interactivas.

Abstract
This paper presents a demonstration experiment which aims to show that the 
Ninetic friction coef¿cient does not deSend on the sSeed at Zhich the sliding Eody 
moves, nor on its mass or contact surface area. This low cost and easy experiment 
is designed to be deployed in physics courses in secondary or higher education. To 
achieve an adequate description of the experience, this paper starts by establishing 
the relationships between the physical quantities involved and then describes the 
experimental procedure and results. These are analyzed and compared considering 
possible sources of experimental error. Finally, the main conclusions are drawn and 
some general suggestions are given to guide the work of teachers when developing 
the experiment.
Key words: demonstration experiments, secondary school, higher education, kinetic 
friction, interactive lecture demonstrations.
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Un experimento demostrativo simple para estudiar el roce cinético

INTRODUCCIÓN
(Q�el�SUeVeQWe�WUDEDMR�Ve�GeVFULEe�XQ�VeQFLllR�e[SeULPeQWR�GePRVWUDWLYR�

GLVexDGR�SDUD�GeVDUURllDUVe�eQ�FXUVRV�Ge�ItVLFD�Ge�eVFXelD�VeFXQGDULD�R�
Ge�eGXFDFLyQ�VXSeULRU��6e�WUDWD�Ge�XQ�e[SeULPeQWR�Ge�EDMR�FRVWR�\�IiFLl�
UeDlL]DFLyQ��TXe�SeUPLWe�DSUR[LPDUVe�D�XQD�WePiWLFD�TXe��Ge�DFXeUGR�FRQ�lD�
GLlDWDGD�e[SeULeQFLD�GRFeQWe�Ge�lRV�DXWRUeV��eV�IXeQWe�Ge�eUURUeV�FRQFeSWXDleV�
SeUVLVWeQWeV�\�GLItFLleV�Ge�eUUDGLFDU��el�URFe�FLQpWLFR��/D�lLWeUDWXUD�SUeVeQWD�
DlJXQRV�WUDEDMRV�VREUe�eVWD�WePiWLFD��e�J���'XPEUDMV��eW�Dl���������&DlGeURQ��
eW�Dl���������$lYDUeQJD��eW�Dl���������0LllV��������*UDWWRQ�	�'eIUDQFeVFR��
������.DSlDQ���������DXQTXe�eQ�WpUPLQRV�FRPSDUDWLYRV��SDUeFe�WUDWDUVe�
Ge�XQ�iUeD�SRFR�e[SlRUDGD�����

(l�e[SeULPeQWR�SURSXeVWR�WLeQe�FRPR�REMeWLYR��SRU�XQD�SDUWe��GeWeUPLQDU�
el�FReILFLeQWe�Ge�URFe�FLQpWLFR��\�SRU�RWUD��eVWDEleFeU�TXe�GLFKR�FReILFLeQWe�
QR�GeSeQGe�Ge� lD� UDSLGe]� FRQ�TXe� Ve�PXeYe� el� FXeUSR�TXe� UeVEDlD�� QL�
WDPSRFR�Ge�VX�PDVD�R�Gel�iUeD�Ge�lDV�VXSeUILFLeV�eQ�FRQWDFWR��3DUD�ellR��
el�e[SeULPeQWR�Ve�GLYLGe�eQ�WUeV�SDUWeV��eQ�lD�SULPeUD�Ve�KDFe�GeVlL]DU�XQD�
SLe]D�Ge�PDGeUD�VREUe�XQD�VXSeUILFLe�lLVD��eQ�lD�VeJXQGD�SDUWe�Ve�UeSLWe�
lR�DQWeULRU��SeUR�Ve�PRGLILFD�lD�PDVD�Ge�lD�SLe]D�Ge�PDGeUD��eQ�lD�WeUFeUD�
SDUWe�Ve�KDFe�YDULDU�el�WDPDxR�Ge�lD�VXSeUILFLe�Ge�lD�PDGeUD��(Q�lRV�WUeV�
FDVRV��el�YDlRU�REWeQLGR�SDUD�el�FReILFLeQWe�Ge�URFe�UeVXlWD�LGpQWLFR��GeQWUR�
Gel�eUURU�e[SeULPeQWDl��

3DUD�DlFDQ]DU�lRV�REMeWLYRV�SURSXeVWRV��el�DUWtFXlR�FRPLeQ]D�GeVFULELeQGR�
lD�WeRUtD�Gel�URFe�FLQpWLFR��UelDFLRQDQGR�lDV�SULQFLSDleV�PDJQLWXGeV�ItVLFDV�eQ�
MXeJR��/XeJR�Ve�GeVFULEeQ�lDV�GLVWLQWDV�eWDSDV�TXe�FRQIRUPDQ�lD�PeWRGRlRJtD�
e[SeULPeQWDl��SDUD�lXeJR�SUeVeQWDU�lRV�UeVXlWDGRV�REWeQLGRV�eQ�FDGD�XQD�
Ge�ellDV��'eVSXpV�Ve�DQDlL]DQ�\�FRPSDUDQ�GLFKRV�UeVXlWDGRV�\�Ve�GLVFXWeQ�
SRVLEleV�IXeQWeV�Ge�eUURU��)LQDlPeQWe��Ve�e[WUDeQ�DlJXQDV�FRQFlXVLRQeV�\�
Ve�eIeFW~DQ�VXJeUeQFLDV�SDUD�XQD�DGeFXDGD�UeDlL]DFLyQ�Gel�e[SeULPeQWR��

Marco teórico: El roce cinético
/RV�DVSeFWRV�EiVLFRV�Gel�URFe�FLQpWLFR�Ve�GeVFULEeQ�eQ�FDVL�WRGRV�lRV�

We[WRV�Ge�)tVLFD�*eQeUDl��e�J���6eUZD\�	�%eLFKQeU��������7LSleU��������
6eUZD\��eW�Dl���������6eUZD\��	�-eZeWW��������*LiQFRlL��������$lRQVR��	�
)LQQ���������6L�Ve�WLeQe�XQ�FXeUSR�UeVEDlDQGR�VREUe�XQD�VXSeUILFLe�KRUL]RQWDl�
FRQ�YelRFLGDG�v ��VREUe�pl�DFWXDUiQ�lD�IXeU]D�Ge�JUDYeGDG� gm

\�lD�QRUPDl�
N

�eQ�el�eMe�YeUWLFDl��\�eQ�el�eMe�KRUL]RQWDl�VylR�DFWXDUi�lD�IXeU]D�Ge�URFe�

UeVEDlDQWe�FRC��WDl�FRPR�PXeVWUD�lD�VLJXLeQWe�ILJXUD�

Figura 1. Las fuerzas que actúan sobre un cuerpo que se desliza sobre una 
superficie.

$l�DSlLFDU�lD�VeJXQGD�le\�Ge�1eZWRQ�Dl�eMe�KRUL]RQWDl��Ve�WLeQe�
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GRQGe�FRC  UeSUeVeQWD�lD�PDJQLWXG�Ge�lD�IXeU]D�QeWD�TXe�DFW~D�VREUe�
el� FXeUSR� Ge�PDVD�m�� JeQeUDQGR� XQD� GeVDFeleUDFLyQ� Ge�PRGXlR� a��
([SeULPeQWDlPeQWe�Ve�KD�GePRVWUDGR�TXe�lD�PDJQLWXG�Ge�lD�IXeU]D�Ge�URFe�
UeVEDlDQWe�FLQpWLFR� FRC YLeQe�GDGD�SRU�lD�VLJXLeQWe�e[SUeVLyQ��6eUZD\�	�
%eLFKQeU��������7LSleU��������-RQeV��	�&KLlGeUV��������
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GRQGe�N�UeSUeVeQWD�lD�PDJQLWXG�Ge�lD�IXeU]D�QRUPDl��TXe�FXDQGR�DFW~D�

eQ�XQ�SlDQR�KRUL]RQWDl�YLeQe�GDGD�SRU��N� �mg��VLeQGR�g�lD�DFeleUDFLyQ�
Ge�JUDYeGDG��$GePiV��µ�FRUUeVSRQGe�Dl�³FReILFLeQWe�Ge�URFe�UeVEDlDQWe�
FLQpWLFR´��,JXDlDQGR�����\�����UeVXlWD�

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

6XSRQLeQGR�TXe�QR�YDUtD�lD�PDVD�QL�lRV�PDWeULDleV�Ge�lDV�VXSeUILFLeV�eQ�
FRQWDFWR��eV�eVSeUDEle�TXe�el�FXeUSR�WeQJD�XQ�PRYLPLeQWR�XQLIRUPePeQWe�
GeVDFeleUDGR�� GRQGe� lD� UDSLGe]� LQLFLDl� \� ILQDl� Ve� UelDFLRQDQ� FRQ� el�
GeVSlD]DPLeQWR�∆x� \� lD� DFeleUDFLyQ�a�PeGLDQWe� lD� FRQRFLGD� e[SUeVLyQ�
�6eUZD\��eW�Dl���������6eUZD\��	�-eZeWW��������

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

GRQGe�v�eV�lD�UDSLGe]�ILQDl��eQ�eVWe�FDVR�eV�QXlD�SRUTXe�TXeGD�GeWeQLGR��\�
v
�
�eV�lD�UDSLGe]�LQLFLDl��&RPELQDQGR�����\�����SDUD�el�FDVR�Ge�XQD�VXSeUILFLe�

KRUL]RQWDl��Ve�WLeQe�

$GePiV��Dl�FRQVLGeUDU�TXe�ILQDlPeQWe�el�FXeUSR�Ve�GeWLeQe������SXeGe�
UeeVFULELUVe�FRPR��������

� � ���� � � � ���

1yWeVe�TXe�VL�Ve�lDQ]D�D�UeVEDlDU�XQ�FXeUSR��FRQRFLeQGR�lD�UDSLGe]�LQLFLDl�
�v

�
��SDUD�GLYeUVRV�lDQ]DPLeQWRV��\�PLGLeQGR�el�UeVSeFWLYR�GeVSlD]DPLeQWR�

�∆x���UeVXlWD�SRVLEle�JUDILFDU�∆x�FRPR�YDULDEle�LQGeSeQGLeQWe��WRPDQGR�
gv ���

�  FRPR�YDULDEle�GeSeQGLeQWe��3RU�WDQWR��lD�JUiILFD�����eV�XQD�UeFWD�
TXe�SDVD�SRU�el�RULJeQ��\�FX\D�SeQGLeQWe�YeQGUi�GDGD�SRU�el�FReILFLeQWe�
Ge�URFe�UeVEDlDQWe�FLQpWLFR�µ�eQWUe�lDV�VXSeUILFLeV�

Figura 2. Gráfica x versus gv ���� . Se observa que la gráfica corresponde a 
una recta que pasa por el origen, y cuya pendiente es igual al coeficiente de 

roce cinético μ.

METODOLOGÍA EXPERIMENTAL
$�FRQWLQXDFLyQ�Ve�GeVFULEeQ�lRV�PDWeULDleV�ePSleDGRV�eQ�el�e[SeULPeQWR��

'eVGe�lXeJR��FDGD�GRFeQWe�SXeGe�DGDSWDU�el�e[SeULPeQWR�eQ�IXQFLyQ�Ge�
VXV�SURSLRV�UeTXeULPLeQWRV��Ge�PRGR�TXe�lD�VLJXLeQWe�lLVWD�Ge�PDWeULDleV�
GeEe�FRQVLGeUDUVe�XQD�VLPSle�VXJeUeQFLD��

Instrumentos: ��KXLQFKD�Ge�PeGLU����������cm�����FURQyPeWUR������s���
eV�UeePSlD]DEle�SRU�XQ�FURQyPeWUR�Ge�WelpIRQR�PyYLl�

Materiales: ��R�PiV�WUR]RV�Ge�PDGeUD�Ge�GLVWLQWD�iUeD����ERlLWD�Ge�DFeUR���
��SlXPyQ����REMeWR�SDUD�LPSXlVDU����SeVR�Ge�DSUR[LPDGDPeQWe��kg��

(l�GeVDUURllR�Gel�e[SeULPeQWR�UeTXLeUe�TXe�VREUe�XQ�VXelR�lLVR�Ve�lDQFe�
XQ�WUR]R�Ge�PDGeUD�SDUD�PeGLUle�VX�UDSLGe]�LQLFLDl��6LQ�ePEDUJR��GLFKD�
PeGLFLyQ�QR�UeVXlWD�VLPSle��8QD�IRUPD�Ge�PeGLU�lD�UDSLGe]�LQLFLDl�FRQVLVWe�
eQ�XWLlL]DU�DlJ~Q�WLSR�Ge�VeQVRU�Ge�PRYLPLeQWR�FRPSXWDUL]DGR��1R�REVWDQWe��
eVe�WLSR�Ge�LQVWUXPeQWDl�Ve�DSDUWD�Ge�lRV�REMeWLYRV�Ge�eVWe�WUDEDMR��GRQGe�
Ve�EXVFD�GeVFULELU�XQD�e[SeULeQFLD�Ge�IiFLl�UeDlL]DFLyQ��

8Q�SURFeGLPLeQWR�SRVLEle�SDUD�VDlYDU�lDV�GLILFXlWDGeV�DQWeULRUeV��TXe�SeVe�
D�QR�VeU�e[DFWR�FRQGXFe�D�XQD�EXeQD�DSUR[LPDFLyQ��FRQVLVWe�eQ�ePSleDU�
XQD�ERlLWD�Ge�DFeUR�TXe�Ve�DQWeSRQe�Dl�WUR]R�Ge�PDGeUD�Dl�PRPeQWR�Ge�
LPSXlVDUlR��YeU�ILJXUDV���\�����SXeVWR�TXe�el�URFe�UeVEDlDQWe�DIeFWD�VylR�
Dl�WUR]R�Ge�PDGeUD��D�SRFR�DQGDU�lD�ERlLWD�GeEeUi�VeSDUDUVe��$Vt��PLeQWUDV�
el�WUR]R�Ge�PDGeUD�Ve�IUeQD�KDVWD�GeWeQeUVe��lD�ERlLWD�FRQWLQXDUi�FRQ�XQ�
PRYLPLeQWR�DSUR[LPDGDPeQWe�XQLIRUPe�UeFWLltQeR��6L�DQWeV�Ge�lDQ]DU�el�
WUR]R�Ge�PDGeUD�Ve�KDFe�VREUe�el�VXelR�XQD�PDUFD�leMDQD��eQWUe��m�\��m�
DSUR[LPDGDPeQWe��Gel�SXQWR�eQ�TXe�Ve�VXelWD�el� WUR]R�Ge�PDGeUD��\�Ve�
FURQRPeWUD�el�WLePSR�GeVGe�TXe�Ve�VXelWD�GLFKR�WUR]R�KDVWD�TXe�lD�ERlLWD�
FXEUe�lD�GLVWDQFLD�eVWDEleFLGD��Ve�SRGUi�GeWeUPLQDU�lD�UDSLGe]�PeGLD��vm��
Ge�DTXpllD��lD�TXe�VeUi�VLPLlDU�D�VX�UDSLGe]�LQLFLDl��v

�
���SXeV�Dl�URGDU�SRU�

XQD�VXSeUILFLe�lLVD��lD�SpUGLGD�Ge�UDSLGe]�VeUi�SeTXexD��3XeVWR�TXe�el�WUR]R�
Ge�PDGeUD�SDUWe�MXQWR�FRQ�lD�ERlLWD��lD�UDSLGe]�PeGLD�Ge�DTXpllD�VeUi�PX\�
VLPLlDU�D�lD�LQLFLDl�Gel�WUR]R�Ge�PDGeUD��'e�eVWD�IRUPD�Ve�WeQGUi�WRGD�lD�
LQIRUPDFLyQ�DVRFLDGD�D�FDGD�PeGLFLyQ��6L�Ve�GeQRPLQD�L�D�lD�GLVWDQFLD�
TXe�FXEUe�lD�ERlLWD��\�∆t�Dl�LQWeUYDlR�Ge�WLePSR�TXe�ePSleD�eQ�UeFRUUeU�
GLFKD�GLVWDQFLD��Ve�WLeQe�
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Un experimento demostrativo simple para estudiar el roce cinético

'e�DFXeUGR�FRQ�eVWLPDFLRQeV�eIeFWXDGDV�SRU�lRV�DXWRUeV��lD�YDULDFLyQ�
Ge�lD�UDSLGe]�PeGLD�eV�GeVSUeFLDEle��SXeV�lD�GeVDFeleUDFLyQ�Ge�lD�ERlLWD�Ge�
DFeUR�eV�SeTXexD�\�ERUGeD�el������VLePSUe�TXe�lD�VXSeUILFLe�VeD�lLVD�\�lD�
UDSLGe]�LQLFLDl�Ge�lD�ERlLWD�VXSeUe�lRV����m�s��

/DV�ILJXUDV���\���PXeVWUDQ�el�PRQWDMe�e[SeULPeQWDl�

 
 
 
 
 
 
 

Figura 3. Montaje experimental en vista superior (izquierda) y lateral 
(derecha). La línea punteada corresponde al punto donde termina el 
impulso sobre el trozo de madera. Esta línea coincide con el inicio de 
la medición del tiempo de la bolita, el cual finaliza cuando la bolita ha 

recorrido la distancia L.

Figura 4. Montaje experimental, donde aparece la ubicación del trozo 
de madera, de la bolita de acero, y del objeto para impulsarla, 

que es sostenido por una mano.

&RPR�Ve�KD�VexDlDGR�DQWeV��el�e[SeULPeQWR�Ve�UeSLWLy�WUeV�YeFeV��3ULPeUR�
Ve�lDQ]y�XQ�WUR]R�Ge�PDGeUD�SeTXexD�FRQ�PelDPLQD�VREUe�VXelR�Ge�Ile[LW��
lXeJR�Ve�LQFUePeQWy�lD�PDVD�Gel�WUR]R�Ge�PDGeUD�SeTXexR�DxDGLpQGRle����kg 
VREUe�ellD��SRU�~lWLPR��Ve�PRGLILFy�el�iUeD�Ge�FRQWDFWR��XVDQGR�XQ�WUR]R�Ge�
PDGeUD�PiV�JUDQGe��VLQ�DJUeJDU�SeVR�DGLFLRQDl��/D�7DElD�,�FRQVLJQD�lRV�
SDUiPeWURV�ePSleDGRV�SDUD�UeDlL]DU�el�e[SeULPeQWR�

Tabla I. Parámetros del experimento

Objeto Ancho
±0,1(cm)

Largo
±01(cm)

Área
(cm2)

±δA
(cm2)

Masa
±0,1(g)

0DGeUD�SeTXexD ��� ���� ���� ��� ����

0DGeUD�SeTXexD�FRQ�
PDVD

��� ���� ���� ��� �������

0DGeUD�JUDQGe ��� ���� ����� ��� �����

%RlLWD�Ge�DFeUR � ���� � � ����

5eFRUULGR�ERlLWD � ����� � � �

&RPR�VXJeUeQFLD��eV� LPSRUWDQWe� lDQ]DU�el� WUR]R�Ge�PDGeUD�Ge�PRGR�
TXe�FXEUD�GLVWDQFLDV�GLVtPLleV��eV�GeFLU�� DSlLFDUle� LPSXlVRV�SeTXexRV�\�
JUDQGeV��7DPELpQ�eV�FRQYeQLeQWe�TXe�lD�ERlLWD�UeFRUUD�GLVWDQFLDV�Ge�eQWUe�
�m�\��m��2WUR�DVSeFWR�D�WeQeU�SUeVeQWe�eV�lD�FDQWLGDG�Ge�PeGLFLRQeV�D�
UeDlL]DU��GDGD�lD�VLJQLILFDWLYD�YDULDELlLGDG�Ge�YDlRUeV��(Q�eVWe�VeQWLGR��eV�
UeFRPeQGDEle�WDEXlDU�Dl�PeQRV�XQD�GeFeQD�Ge�SXQWRV�SDUD�JUDILFDU��&RPR�
~lWLPD�VXJeUeQFLD��eV�FRQYeQLeQWe�UeDlL]DU�el�e[SeULPeQWR�FRQ�lD�FRlDERUDFLyQ�
Ge���R���eVWXGLDQWeV��Ge�PDQeUD�TXe�PLeQWUDV�el�GRFeQWe�LPSXlVD�el�REMeWR�
Ge�eVWXGLR�MXQWR�FRQ�lD�ERlLWD�Ge�DFeUR��lRV�FRlDERUDGRUeV�PLGeQ�el�WLePSR�
Ge�UeFRUULGR�Ge�lD�ERlLWD��DVt��Ve�FRQVLJXe�TXe�el�WLePSR�SURPeGLR�WeQJD�XQ�
YDlRU�PiV�FRQILDEle��SXeV�VXele�RFXUULU�TXe�lD�PDQLSXlDFLyQ�Gel�FURQyPeWUR�
FRQlleYD�eUURUeV�\�pVWRV�SXeGeQ�GeWeFWDUVe�PiV�IiFLlPeQWe�VL�KD\���PeGLGDV�
Ge�WLePSR�SDUD�FDGD�lDQ]DPLeQWR��6L�DlJXQD�PeGLGD�UeVXlWD�GeIeFWXRVD��eV�
SRVLEle�LGeQWLILFDUlD�\�GeVFDUWDUlD�Gel�FRQMXQWR�Ge�GDWRV�

RESULTADOS OBTENIDOS
$�FRQWLQXDFLyQ� Ve� SUeVeQWDQ� lRV� UeVXlWDGRV� e[SeULPeQWDleV� SDUD� lD�

GeWeUPLQDFLyQ�Gel�FReILFLeQWe�Ge�URFe�FLQpWLFR��FRQVLJQDQGR�VeSDUDGDPeQWe�
lRV�UeVXlWDGRV�SDUD�FDGD�eWDSD��

A. Primera etapa: Madera pequeña sola
(Q� lD� WDElD� ,,� DSDUeFeQ� lRV� UeVXlWDGRV�REWeQLGRV� Dl� KDFeU� GeVlL]DU� lD�

PDGeUD�SeTXexD�VLQ�SeVR�DGLFLRQDl��SRU�VLPSlLFLGDG��Ve�RPLWe�el�VXEtQGLFe�
eQ�lD�e[SUeVLyQ�SDUD�lD�UDSLGe]�LQLFLDl�Dl�FXDGUDGR��(VWD�PLVPD�FRQYeQFLyQ�
VeUi�DGRSWDGD�eQ�lR�TXe�UeVWD�Gel�DUWtFXlR�����������������������������

/RV�YDlRUeV�FRQVLJQDGRV�eQ�lD�7DElD�,,�FRUUeVSRQGeQ�Dl�LQWeUYDlR�Ge�WLePSR�
Δt GXUDQWe�el�FXDl�UXeGD�lD�ERlLWD��el�GeVSlD]DPLeQWR�Δx Ge�lD�PDGeUD��\�el�
IDFWRU�SURSRUFLRQDl�D�lD�UDSLGe]�v�Ge�lD�ERlLWD��$l�JUDILFDU�lRV�GDWRV�Ge�lD�
7DElD�,,�PeGLDQWe�el�PpWRGR�Ge�lRV�PtQLPRV�FXDGUDGRV��*Ll�	�5RGUtJXe]��
�������Ve�REWLeQe�XQD�EXeQD�WeQGeQFLD�D�UeFWD��WDl�FRPR�PXeVWUD�lD�VLJXLeQWe�
ILJXUD��GRQGe�WDPELpQ�DSDUeFe�el�YDlRU�Ge�r���

      Tabla II. Resultados para la madera pequeña sola

∆t (s) ∆x (m) v2/2g (m)
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Figura 6. Gráfica obtenida mediante el método de los mínimos cuadrados, 
para los datos de la Tabla II. Se aprecia que los puntos presentan una buena 

tendencia a recta. 
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B. Segunda etapa: Madera pequeña con masa
/RV�YDlRUeV�REWeQLGRV�Dl�KDFeU�GeVlL]DU�lD�PDGeUD�SeTXexD�FRQ�XQ�SeVR�

DGLFLRQDl�Ge�DSUR[LPDGDPeQWe��kg�DSDUeFeQ�eQ�lD�VLJXLeQWe�WDElD�
       Tabla III��5eVXlWDGRV�SDUD�lD�PDGeUD�FRQ�SeVR
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Tabla III��5eVXlWDGRV�SDUD�lD�PDGeUD�FRQ�SeVR

Δt (s) Δx (m) v2/2g (m) 
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$l�JUDILFDU�lRV�GDWRV�Ge�lD�7DElD�,,,�ePSleDQGR�QXeYDPeQWe�el�PpWRGR�
Ge�lRV�PtQLPRV�FXDGUDGRV��WDPELpQ�Ve�REWLeQe�XQD�EXeQD�WeQGeQFLD�D�UeFWD��
WDl�FRPR�Ve�PXeVWUD�eQ�lD�VLJXLeQWe�ILJXUD��GRQGe�Ve�LQFlX\e�el�YDlRU�Ge�r��

Figura 7. Gráfica obtenida mediante mínimos cuadrados para los datos de la 
Tabla III. Nuevamente los puntos presentan una buena tendencia a recta. 

3DUD�eVWe�JUiILFR��lD�UeFWD�DVRFLDGD�WLeQe�lD�IXQFLyQ��
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C. Tercera etapa: Madera grande

/RV�YDlRUeV�REWeQLGRV�Dl�KDFeU�GeVlL]DU�lD�PDGeUD�JUDQGe�VRlD��DSDUeFeQ�
eQ�lD�WDElD�,9�

Tabla IV. Resultados para la madera grande
ΔW��V� Δ[��P� Y���J��P�
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$�FRQWLQXDFLyQ�DSDUeFe�lD�JUiILFD�FRUUeVSRQGLeQWe�D�lD�7DElD�,9�

Figura 8. Gráfica obtenida mediante mínimos cuadrados para la Tabla IV. 
La tendencia a recta sigue siendo buena, pero la correlación es menor que en 

los casos anteriores. 
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DISCUSIÓN DE RESULTADOS
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