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Analysis of a Learning Process:  
An Example of the Application  
of Ethnographic Observation 

ABSTR ACT

$is article proposes a method for evaluating the learning process when using an environment 
that does not benefit from learning analytics. In the theoretical framework, the reader will find 
a state of the art of the different methods of evaluation of a computer environment, as well 
as a presentation of Oppia, the environment used in this study. In the methodology section, 
the reader will discover the methodology adopted to observe learning in an ethnographic 
way as well as the research questions we answered thanks to this observation. $e results 
section presents the study of the data to answer these different questions. Finally, the last 
part outlines the limitations encountered in the use of this ethnographic observation method. 

Keywords: human learning computer environment, observation, ethnographic, process, 
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1. Introduction 

IQ�RUGHU�WR�HYDOXDWH�WKH�SURFHVV�ZKHQ�XVLQJ�DQ�RQOLQH�OHDUQLQJ�HQYLURQPHQW�
�2/(��XVHG�LQ�WKLV�VWXG\��WKH�UHVHDUFKHU�DQG�RU�GHVLJQHU�FDQ�XVH�WKH�OHDUQLQJ�

DQDO\WLFV�RIIHUHG�E\�WKH�OHDUQLQJ�HQYLURQPHQW�XVHG��3HUD\D��������KLJKOLJKWV�
WKH�UROH�WKDW�WKHVH�OHDUQLQJ�DQDO\WLFV��/$V��FDQ�SOD\��7KH\�SURYLGH�LQIRUPDWLRQ�
DERXW�WKH�HQWLUH�OHDUQLQJ�SURFHVV�RI�WKH�OHDUQHUV��:LWK�WKLV�GDWD��WKH�GHVLJQHU�
FDQ�LPSURYH�KLV�RU�KHU�WUDLQLQJ��GHWHUPLQH�OHDUQHU�SURƢOHV��GLVFRYHU�OHDUQHU�
HUURUV��GHWHUPLQH�WKH�XVH�RI�UHVRXUFHV��HWF��)RU�H[DPSOH��%RXPD]JXLGD�HW�DO��
�������XVH�WKHVH�GDWD��ZKLFK�ZH�FDQ�FDOO�OHDUQLQJ�WUDFHV��WR�EHWWHU�XQGHUVWDQG�
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WKH�VWXGHQWVŤ�OHDUQLQJ�H[SHULHQFH�GXULQJ�D�WUDLQLQJ�FRXUVH��+DUUDN��������XVHV�
WKHP�WR�FUHDWH�OHDUQHU�SURƢOHV�EHIRUH�OHDUQLQJ��

/$V�DUH��WKHUHIRUH��LQWHUHVWLQJ�IRU�HGXFDWLRQ��EXW�ZKDW�LI�D�FRPSXWHU�HQYL-
URQPHQW�GRHV�QRW�KDYH�WKHP"�7KLV�LV�WKH�FDVH�ZLWK�2SSLD��WKH�2/(�XVHG�LQ�WKLV�
VWXG\��,W�LV�DQ�HQYLURQPHQW�FUHDWHG�E\�*RRJOH�LQ�ZKLFK�WKH�GHVLJQHU�FDQ�SURJUDP�
GLIIHUHQW�OHDUQLQJ�WDVNV�WKDW�IROORZ�RQH�DQRWKHU��)RU�HDFK�WDVN��WKH�GHVLJQHU�
can propose theoretical content, create a question to question the student and 
FUHDWH�RQH�RU�PRUH�IHHGEDFNV�WKDW�ZLOO�DGDSW�WR�WKH�OHDUQHUŤV�UHVSRQVH��7KLV�
HQYLURQPHQW�LV�LQWHUHVWLQJ�WR�XVH�IURP�D�SHGDJRJLFDO�SRLQW�RI�YLHZ��EXW�VKRXOG�
LW�EH�DEDQGRQHG�LQ�YLHZ�RI�WKH�ODFN�RI�/$"�+RZ�FDQ�WKH�WHDFKHU�YLVXDOLVH�WKH�
learning process? Are there other methods of gathering information of the same 
QDWXUH�DV�WKDW�RIIHUHG�E\�/$V"�

,Q�WKLV�DUWLFOH��ZH�SURSRVH�D�PHWKRG�IRU�FROOHFWLQJ�OHDUQLQJ�WUDFHV�IURP�
ZKLFK�ZH�ZLOO�FUHDWH�OHDUQHU�SURƢOHV��

2. !eoretical framework

7KH�QDWXUH�RI�WKH�OHDUQLQJ�GDWD�DQG�WKH�PHWKRG�ZH�DGRSW�WR�FROOHFW�LW�GHSHQGV�
PDLQO\�RQ�WKH�HYDOXDWLRQ�REMHFWLYH��,QGHHG��WKH�GDWD�FROOHFWHG�IRU�SURFHVV�DQDO\VLV�
is different from that collected for performance analysis9 The methodology used 
WR�FROOHFW�WKLV�GDWD�LV�DOVR�GLIIHUHQW��:KDW�GDWD�FDQ�EH�FROOHFWHG�DQG�LQ�ZKDW�ZD\V"�

2.1 !e different dimensions of an online learning environment evaluation

$FFRUGLQJ�WR�7HPSHUPDQ���������DQ�RQOLQH�OHDUQLQJ�HQYLURQPHQW��2/(��FDQ�
EH�HYDOXDWHG�DORQJ�WKUHH�GLPHQVLRQV��
Ŭ� 7KH�SURGXFW��LW�LV�DERXW�HYDOXDWLQJ�LQGLYLGXDO�SURJUHVV��EXW�DOVR�WKH�FRO-

ODERUDWLYH�SURJUHVV�RI�WKH�DFWLYLW\��7KURXJK�WKLV�SURGXFW��WKH�GHVLJQHU�FDQ�
assess progress, equity, transfer or level of mastery9 

• The process: this involves evaluating the actions taken during the learning 
SURFHVV��,Q�WKH�FRQWH[W�RI�DQ�2/(��WKLV�PHDQV��IRU�H[DPSOH��DQDO\VLQJ�DQG�
HYDOXDWLQJ�WKH�LQWHUDFWLRQV�EHWZHHQ�WKH�GLIIHUHQW�PHPEHUV�RI�WKH�JURXSV��
Through this process, the designer can evaluate the achievements, uses, 
�LQWHU�DFWLRQV�DQG�WLPH�VSHQW�GXULQJ�WKH�OHDUQLQJ�SURFHVV��

Ŭ� 3HUFHSWLRQV��WKLV�LQYROYHV�XQGHUVWDQGLQJ�KRZ�OHDUQHUV�SHUFHLYHG�WKH�WDVN��
,Q�WKLV�UHVSHFW��WKH�GHVLJQHU�FDQ�DVVHVV�WKH�XVHIXOQHVV��XVDELOLW\�RU�HYHQ�WKH�
HPRWLRQV�SHUFHLYHG�E\�WKH�OHDUQHUV��
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,Q�WKH�HDUO\�����V��UHVHDUFK�IRFXVHG�RQ�WKH�GLIIHUHQW�ZD\V�RI�HYDOXDWLQJ�DQ�
RQOLQH�OHDUQLQJ�HQYLURQPHQW��,W�UHFRPPHQGV�WKDW�WKH\�EH�HYDOXDWHG�DORQJ�WKUHH�
GLPHQVLRQV��XVHIXOQHVV��XVDELOLW\�DQG�DFFHSWDELOLW\ �7ULFRW�HW�DO���������1RJU\�
HW�DO��������-DPHW��������

Evaluating usefulness FRQVLVWV�LQ�FKHFNLQJ�WKH�DGHTXDF\�EHWZHHQ�WKH�FRQ-
WHQW�RI�WKH�HQYLURQPHQW�DQG�WKH�OHDUQLQJ�REMHFWLYH��,W�LQYROYHV�DQVZHULQJ�WKH�
TXHVWLRQ�LI�WKH�OHDUQHU�DFKLHYHV�WKH�OHDUQLQJ�REMHFWLYH�ZLWK�WKH�WDVNV�SURSRVHG�
LQ�WKH�HQYLURQPHQW��7ULFRW�HW�DO���������GLVWLQJXLVK�EHWZHHQ�WZR�ZD\V�RI�DV-
VHVVLQJ�XVHIXOQHVV��(PSLULFDOO\��E\�FRPSDULQJ�WKH�SHUIRUPDQFH�RI�JURXSV�ZLWK�
HDFK�RWKHU��)RU�H[DPSOH��D�UHVHDUFKHU�PD\�FRPSDUH�WZR�SRVVLEOH�XVHV�RI�WKH�
VDPH�2/(��RU�RQH�XVH�RI�WKH�2/(�ZLWK�D�JURXS�QRW�XVLQJ�LW��$QRWKHU�ZD\�PD\�EH�
WR�HYDOXDWH�E\�LQVSHFWLRQ��7ULFRW�HW�DO���������SURSRVH�VHYHQ�FULWHULD�E\�ZKLFK�
the designer can evaluate the environment as useful or not9

$VVHVVLQJ�XVDELOLW\ FRQVLVWV�LQ�FKHFNLQJ�ZKHWKHU�WKH�WDVNV�SURSRVHG�WR�
OHDUQHUV�DUH�DGDSWHG�WR�WKHLU�FRJQLWLYH�DELOLWLHV��)RU�WKH�GHVLJQHU��LW�LV�D�TXHVWLRQ�
RI�FKHFNLQJ�ZKHWKHU�WKH�XVHU�LV�DEOH�WR�FDUU\�RXW�WKH�SURSRVHG�WDVNV��DVVHVVLQJ�
HIIHFWLYHQHVV���FKHFNLQJ�ZKHWKHU�KH�VKH�XVHV�WKH�SURSRVHG�UHVRXUFHV�WR�FDUU\�
RXW�WKH�WDVNV��HIƢFLHQF\��DQG�ƢQDOO\�GHWHUPLQLQJ�ZKHWKHU�WKH�V\VWHP�LV�SOHDVDQW�
WR�XVH�RU�QRW��XVHU�VDWLVIDFWLRQ���$V�ZLWK�WKH�HYDOXDWLRQ�RI�XVHIXOQHVV��XVDELOLW\�
FDQ�EH�YHULƢHG�LQ�WZR�ZD\V��DQDO\WLFDOO\ and empirically9 

(YDOXDWLQJ�XVDELOLW\�DQDO\WLFDOO\�FRQVLVWV�LQ�VWXG\LQJ�WKH�LQWHUIDFH�DQG�WKH�
SURSRVHG�WDVNV�DFFRUGLQJ�WR�FHUWDLQ�HUJRQRPLF�FULWHULD��1RJU\�HW�DO���������
VXJJHVW��IRU�H[DPSOH��UHIHUULQJ�WR�WKH�W\SRORJLHV�RI�%DVWLHQ�DQG�6FDSLQ�������LQ�
1RJU\�HW�DO����������$QRWKHU�DQDO\WLFDO�HYDOXDWLRQ�PHWKRG�FRQVLVWV�LQ�LPDJLQLQJ�
WKH�XVHUŤV�EHKDYLRXU�LQ�WKH�LQWHUIDFH��'HVLJQHUV�FDQ�WKHQ�UHVRUW�WR�XVHUV�IURP�
WKH�WDUJHW�DXGLHQFH��RU�WR�H[SHUWV�VXFK�DV�WHDFKHUV�RU�HGXFDWLRQDOLVWV��7KLV�LV�RQH�
RI�WKH�PHWKRGV�XVHG�E\�1RJU\�HW�DO���������WR�HYDOXDWH�WKHLU�ŧ$PEUHŨ�VRIWZDUH��
7KH\�XVHG�SHGDJRJLFDO�H[SHUWV�WR�WHVW�DQG�YDOLGDWH�WKH�DFWLYLWLHV�SURSRVHG�LQ�
their environment9 

(PSLULFDO�HYDOXDWLRQ�FRQVLVWV�LQ�REVHUYLQJ�WKH�EHKDYLRXU�RI�XVHUV�GXULQJ�
WKHLU�OHDUQLQJ��7KLV�REVHUYDWLRQ�DOORZV�XV�WR�LGHQWLI\�SRVVLEOH�WHFKQLFDO�SUREOHPV�
DQG�RU�WR�XQGHUVWDQG�WKH�EHKDYLRXUV�WKDW�XVHUV�DGRSW�ZKHQ�XVLQJ�WKH�V\VWHP��

7R�REVHUYH�OHDUQHUVŤ�EHKDYLRXU�HPSLULFDOO\��PDQ\�PHWKRGV�H[LVW��7ULFRW�HW�
DO���������1RJU\�HW�DO���������-DPHW���������
Ŭ� 9HUEDOL]DWLRQ�FROOHFWLRQ��WKLV�LQYROYHV�DVNLQJ�WKH�OHDUQHU�WR�VD\��VSHFLI\�DQG�

MXVWLI\�DOO�WKHLU�DFWLRQV�E\�VSHDNLQJ�RXW�ORXG�WKURXJKRXW�WKH�SURFHVV�
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Ŭ� 7KH�HWKQRJUDSKLF�PHWKRG��WKLV�PHWKRG�FRQVLVWV�RI�REVHUYLQJ�WKH�SURFHVV�
IURP�WKH�VWXGHQWŤV�SRVLWLRQ��7KH�REMHFWLYH�LV�WR�REVHUYH�DOO�WKH�DFWLRQV�WKDW�
WKH�OHDUQHU�PDNHV�WKURXJKRXW�WKH�OHDUQLQJ�SURFHVV�

• Document collection: some OLEs offer learning analytics to designers9 These 
learning analytics are the learner’s data in relation to the task they have 
MXVW�SURYLGHG��)RU�H[DPSOH��WKLV�FDQ�UHSUHVHQW�WKH�QXPEHU�RI�UHSHWLWLRQV�RI�
D�WDVN��WKH�QXPEHU�RI�HUURUV��WKH�WLPH�VSHQW�RQ�HDFK�WDVN��HWF�

Ŭ� 5HFRUGLQJ�H\H�PRYHPHQWV��H\HV�WUDFNLQJ�DOORZV�WKH�UHVHDUFKHU�WR�VHH�ZKHUH�
WKH�OHDUQHU�LV�ORRNLQJ�RQ�WKH�LQWHUIDFH�DQG�ZLWK�ZKDW�LQWHQVLW\��7KH�UHVHDUFKHU�
PXVW�WKHQ�LQWHUSUHW�WKLV�GDWD�WR�XQGHUVWDQG�WKH�GLIƢFXOWLHV�VWXGHQWV�KDYH�
in performing the task9
$VVHVVLQJ�DFFHSWDELOLW\ consists in checking learners’ perceptions of the 

XVHIXOQHVV�DQG�XVDELOLW\�RI�WKH�WDVN��7KLV�FDQ�EH�GRQH�HPSLULFDOO\�WKURXJK�WKH�
XVH�RI�TXHVWLRQQDLUHV�RU�LQWHUYLHZV��EXW�DOVR�E\�LQVSHFWLRQ DFFRUGLQJ�WR�VSHFLƢF�
HYDOXDWLRQ�FULWHULD��7ULFRW�HW�DO����������

:H�FDQ�VXPPDULVH�WKH�GLPHQVLRQV�DQG�PHWKRGV�IRU�HYDOXDWLQJ�+,(V�E\�
FRPSDULQJ�WKRVH�SURSRVHG�E\�7ULFRW�HW�DO����������1RJU\�HW�DO����������DQG�
7HPSHUPDQ���������)LUVWO\��WKLV�FRPSDULVRQ�DOORZV�WKH�GHVLJQHU�WR�EHQHƢW�IURP�
DQ�RYHUYLHZ�RI�WKH�GLPHQVLRQV�WR�EH�HYDOXDWHG�LQ�WKH�XVH�RI�DQ�+,(��6HFRQGO\��WR�
GHWHUPLQH�ZKLFK�LQVWUXPHQWV�WR�XVH�WR�HYDOXDWH�HDFK�RI�WKHVH�GLPHQVLRQV��,Q�WKH�
7DEOH����ZH�SURSRVH�LQVWUXPHQWV�IRU�HYDOXDWLQJ�RQH�RU�PRUH�GLPHQVLRQV�RI�+,(V��

,Q�VXP��VHYHUDO�GLPHQVLRQV�RI�D�OHDUQLQJ�HQYLURQPHQW�FDQ�EH�DVVHVVHG��
HDFK�ZLWK�D�VSHFLƢF�PHWKRG��$V�IDU�DV�OHDUQLQJ�DQDO\WLFV�DUH�FRQFHUQHG��WKH\�
FDQ�SURYLGH�D�ORW�RI�LQIRUPDWLRQ�RQ�WKH�SURFHVV�DQG�XVDELOLW\�OHYHO��,QGHHG��WKH\�
FDQ��IRU�H[DPSOH��DOORZ�XV�WR�YLVXDOLVH�WKH�WLPH�LW�WDNHV�WKH�VWXGHQW�WR�VROYH�WKH�
WDVNV��WKH�QXPEHU�RI�HUURUV�KH�RU�VKH�PDNHV��WKH�QXPEHU�RI�WLPHV�KH�UHSHDWV�
the task9 If an environment does not have them, there are other methods to 
FROOHFW�WKLV�W\SH�RI�LQIRUPDWLRQ�VXFK�DV�H\H�WUDFNLQJ��YHUEDOLVDWLRQ�FROOHFWLRQ�RU�
HWKQRJUDSKLF�REVHUYDWLRQ�PHWKRGV��,Q�WKLV�VWXG\��ZH�ZLOO�HYDOXDWH�WKH�SURFHVV�
GLPHQVLRQ�RI�WKH�2SSLD�+,$�XVLQJ�HWKQRJUDSKLF�REVHUYDWLRQ��

2.2. Description of the learning environment

2SSLD�LV�DQ�H�OHDUQLQJ�HQYLURQPHQW�LQ�ZKLFK�WKH�GHVLJQHU�FDQ�FUHDWH�VHTXHQWLDO�
educational activities9 

7KH�GHVLJQHU�KDV�WR�FUHDWH�DQ�H[SORUDWLRQ�LQ�ZKLFK�ŧFDUGVŨ�DUH�SUHVHQW��(DFK�
FDUG�LV�RUJDQLVHG�LQ�WKH�VDPH�ZD\��WKH�GHVLJQHU�FDQ�LQVHUW�FRQWHQW��ZULWWHQ��DXGLR��
YLVXDO��DXGLR�YLVXDO��HWF����DQG�WKHQ�SURSRVH�D�WDVN�WR�WKH�OHDUQHU�WR�VROYH�XVLQJ�WKH�
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FRQWHQW�LQVHUWHG�RU�QRW��7KHQ��EDVHG�RQ�WKH�DQVZHUV�WKDW�WKH�OHDUQHU�SURSRVHV�
WR�WKLV�WDVN��WKH�ODWWHU�UHFHLYHV�VSHFLƢF�IHHGEDFN�DGDSWHG�WR�KLV�RU�KHU�DQVZHU��

7KLV�RUJDQLVDWLRQ�LV�MXVWLƢDEOH�E\�WKH�PRGHO�RI�UHJXODWHG�DFWLRQ�SURSRVHG�
E\�'Ť+DLQDXW���������7KH�OHDUQHU�LV�OHG�WR�GLVFRYHU�WKHRU\��LQIRUPDWLRQ��DQG�
WKHQ�WR�FKHFN�WKURXJK�GLIIHUHQW�DFWLYLWLHV�ZKHWKHU�KH�VKH�XQGHUVWDQGV�PDVWHUV�
WKLV�WKHRU\��VLPXODWLRQ���7KHQ��GHSHQGLQJ�RQ�WKHLU�UHVSRQVH��DQDO\VLV�RI�WKH�
UHVSRQVH���WKH�OHDUQHU�UHFHLYHV�IHHGEDFN�EHIRUH�FDUU\LQJ�RXW�DQRWKHU�DFWLYLW\�

$FFRUGLQJ�WR�'HVVXV���������2SSLD�GLIIHUV�IURP�RWKHU�OHDUQLQJ�HQYLURQPHQWV�
E\�WKH�ƢQHVVH�RI�WKH�IHHGEDFN�LW�RIIHUV��,QGHHG��WKH�GHVLJQHU�FDQ�FUHDWH�IHHGEDFN�
E\�WHOOLQJ�WKH�OHDUQHU�ZKDW�LV�ZURQJ�ZLWK�KLV�RU�KHU�DQVZHU��IRU�H[DPSOH��EXW�
DOVR�E\�SURSRVLQJ�XVHIXO�WRROV�DQG�FOXHV�WKDW�ZLOO�HQDEOH�WKH�OHDUQHU�WR�FRPSOHWH�
WKH�WDVN�UHTXHVWHG��,Q�WKLV�VHQVH��IHHGEDFN�FDQ�SOD\�D�PHGLDWLQJ�UROH�LQ�OHDUQLQJ��
6HJHUV��������KDV�DOVR�VWXGLHG�WKH�XVH�RI�2SSLD�VLWXDWLRQV�LQ�D�UHPHGLDWLRQ�
FRQWH[W��6KH�ZDQWHG�WR�FRPSDUH�D�GHIHUUHG�UHPHGLDWLRQ�ZLWK�2SSLD�ZLWK�D�FODV-
VLFDO�UHPHGLDWLRQ��7KH�UHVXOW�ZDV�WKDW�OHDUQHUV�ZKR�XVHG�2SSLD�VLWXDWLRQV�PDGH�
PRUH�SURJUHVV�WKDQ�WKRVH�ZKR�GLG�QRW��

2SSLD�LV�WKHUHIRUH�DQ�LQWHUHVWLQJ�HQYLURQPHQW�WR�XVH�LQ�D�WHDFKLQJ�FRQWH[W��
,WV�PDLQ�ƣDZ�LV�WKDW�LW�GRHV�QRW�SURYLGH�DQ\�OHDUQLQJ�DQDO\WLFV��7KH�DLP�RI�WKLV�
VWXG\�LV�WKHUHIRUH�WR�FRXQWHU�WKLV�ODFN�RI�/$�E\�HWKQRJUDSKLFDOO\�REVHUYLQJ�WKH�
OHDUQLQJ�DFKLHYHG�E\�OHDUQHUV�LQ�2SSLD�VLWXDWLRQV��

3. Methodology

,Q�WKLV�VWXG\��ZH�ZDQW�WR�LQYHVWLJDWH�WKH�LPSOHPHQWDWLRQ�RI�DQ�HWKQRJUDSKLF�
REVHUYDWLRQ�PHWKRG��LQ�RUGHU�WR�REVHUYH�OHDUQHUVŤ�OHDUQLQJ�LQ�WKH�SURFHVV��:H�
SUHVHQW�WKH�REMHFWLYHV��WKH�FRQWH[W�DQG�WKH�UHVHDUFK�TXHVWLRQV�ZH�DQVZHUHG�
WKURXJK�WKLV�REVHUYDWLRQ��:H�DOVR�H[SODLQ�WKH�PHWKRGRORJ\�DGRSWHG�DQG�WKH�
LQVWUXPHQWV�XVHG��:H�FRQFOXGH�E\�GHPRQVWUDWLQJ�WKH�UHVXOWV�REWDLQHG�DQG�
VWDWLQJ�WKH�OLPLWDWLRQV�RI�WKLV�REVHUYDWLRQ�PHWKRG��

3.1. Context

7KH�DLP�ZDV�WR�FUHDWH�OHDUQHU�SURƢOHV�IURP�WKH�HWKQRJUDSKLF�REVHUYDWLRQV�
PDGH��7KH�VDPSOH�FRQVLGHUHG�FRQVLVWHG�RI�WZHOYH�OHDUQHUV��7KH�H[SHULPHQWDWLRQ�
ZDV�FDUULHG�RXW�RYHU�D�SHULRG�RI�WKUHH�ZHHNV��GXULQJ�ZKLFK�WKH�OHDUQHUV�XVHG�
2SSLD�VLWXDWLRQV�GHVLJQHG�E\�D�WHDFKHU��7KHVH�ZHUH�EDVHG�RQ�D�WKHPH�RI�WKH�
environmental studies course9 Through each of these situations, the students 
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ZHUH�OHG�WR�GLVFRYHU�NQRZOHGJH�DQG�H[HUFLVH�VSHFLƢF�NQRZ�KRZ�DQG�VNLOOV�LQ�
the discipline9 

7KLV�HWKQRJUDSKLF�REVHUYDWLRQ�DOORZHG�XV�WR�DQVZHU�WZR�UHVHDUFK�TXHVWLRQV�
DERXW�WKH�XVH�RI�2SSLD�VLWXDWLRQV��
4XHVWLRQ����:KLFK�VWXGHQW�SURƢOHV�FDQ�EH�GLVWLQJXLVKHG�WKURXJK�WKH�XVH�RI�

Oppia situations? 
4XHVWLRQ����:KDW�LV�WKH�OLQN�EHWZHHQ�WKH�HPHUJLQJ�VWXGHQW�SURƢOHV�DQG�WKHLU�

performance? 
,W�VKRXOG�EH�QRWHG�WKDW�LQ�RUGHU�WR�HYDOXDWH�SHUIRUPDQFH��ZH�GLG�QRW�XVH�WKH�

HWKQRJUDSKLF�REVHUYDWLRQV�PDGH��EXW�UDWKHU�WKH�FRPSDULVRQ�EHWZHHQ�D�SUH�WHVW�
and a post-test9

3.2. Instrumentation and methodology

7KH�ƢUVW�TXHVWLRQ concerns the study of the learning process9 To arrive at the 
FUHDWLRQ�RI�VHYHUDO�SURƢOHV��ZH�FRQVWUXFWHG�DQ�REVHUYDWLRQ�JULG��WKH�FRQVWUXFWLRQ�
VWDJHV�RI�ZKLFK�ZH�VXPPDULVH�LQ�WKH�7DEOH����

3.2.1. Selection of the observation method
)LUVW��ZH�VHOHFWHG�WKH�REVHUYDWLRQ�PHWKRG�EHVW�VXLWHG�WR�WKH�2SSLD�HQYLURQPHQW��
LQ�WKH�DEVHQFH�RI�OHDUQLQJ�DQDO\WLFV��7KH�PHWKRG�RI�FROOHFWLQJ�YHUEDOLVDWLRQV�
ZDV�XQVXLWDEOH�LQ�RXU�FDVH��,QGHHG��LW�LV�LPSRVVLEOH�IRU�WZHOYH�VWXGHQWV�WR�GHWDLO�
their learning process at the same time in a classroom9 The eye-tracking method 
UHTXLUHV�D�ORW�RI�UHVRXUFHV�LQ�WHUPV�RI�HTXLSPHQW��0RUHRYHU��LW�LV�DOVR�GLIƢFXOW�WR�
XVH�LQ�D�FODVVURRP�FRQWH[W��:H�WKHUHIRUH�RSWHG�IRU�WKH�HWKQRJUDSKLF�PHWKRG��$V�
D�UHPLQGHU��WKLV�PHWKRG�FRQVLVWV�LQ�REVHUYLQJ�DQG�DQDO\VLQJ�HDFK�DFWLRQ�RI�WKH�
OHDUQHU�GXULQJ�WKH�HQWLUH�OHDUQLQJ�SURFHVV��7KH�VWXGHQWV�ZHUH�WKHUHIRUH�DVNHG�
WR�UHFRUG�WKHLU�VFUHHQ�ZKHQ�WKH\�XVHG�WKH�2SSLD�VLWXDWLRQV��,Q�WKLV�ZD\��LW�ZDV�
SRVVLEOH�WR�YLVXDOLVH�DQG�DQDO\VH�DOO�WKH�EHKDYLRXU�DIWHUZDUGV�

3.2.2. Creation of an observation grid
6HFRQGO\��ZH�FUHDWHG�DQ�REVHUYDWLRQ�JULG�WR�VWUXFWXUH�RXU�REVHUYDWLRQ�RI�WKH�
DFWLRQV��:H�FUHDWHG�LQGLFDWRUV�IURP�ZKLFK�LW�ZDV�SRVVLEOH�WR�FUHDWH�OHDUQHU�SUR-
ƢOHV�LQ�UHODWLRQ�WR�WKH�IXQFWLRQV�RIIHUHG�E\�2SSLD�LQ�LWV�V\VWHP��(DFK�LQGLFDWRU�
ZDV�WKHQ�WUDQVODWHG�LQWR�DQ�REVHUYDEOH�RUGLQDO�YDULDEOH�LQ�RUGHU�WR�VWUXFWXUH�
RXU�REVHUYDWLRQV�DV�VXJJHVWHG�E\�0ROLQDUL�HW�DO���������

7KLV�WDEOH�OLVWV�DOO�WKH�LQGLFDWRUV�DQG�WKHLU�UHVSHFWLYH�RUGLQDO�REVHUYDEOH�
YDULDEOHV��
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Table 2. Observational indicators and their ordinal observable variables.

Indicators 2EVHUYDEOH�RUGLQDO�YDULDEOHV

1XPEHU�RI�WKH�DWWHPSW�WR�UHVROYH�
the interaction

7\SH�RI�HUURU�PDGH��$VWROƢ�������

��� �(UURUV�LQ�XQGHUVWDQGLQJ�ZRUN�LQVWUXFWLRQV�
��� �(UURUV�GXH�WR�VFKRRO�KDELWV�RU�PLVLQWHUSUHWDWLRQ�RI�

H[SHFWDWLRQV
39  Errors related to students’ alternative conceptions 
49  Errors related to the intellectual operations involved 
59  Errors relating to the approaches taken
69  Errors due to cognitive overload 
79  Errors originating in another discipline (transfer not 

DFTXLUHG��
��� �(UURUV�FDXVHG�E\�WKH�GLIƢFXOW\�RI�WKH�FRQWHQW�LWVHOI

,PSRUWDQFH�JLYHQ�WR�IHHGEDFN

��� �7KH�VWXGHQW�GRHV�QRW�UHDG�WKH�DIƢUPDWLRQ�IHHGEDFN�
��� �7KH�VWXGHQW�UHDGV�WKH�DIƢUPDWLRQ�IHHGEDFN
��� �7KH�VWXGHQW�GRHV�QRW�UHDG�WKH�HUURU�IHHGEDFN�
��� �7KH�VWXGHQW�UHDGV�WKH�HUURU�IHHGEDFN

Time to solve the task

8VH�RI�GRFXPHQWV�PDGH�DYDLODEOH

19  The student does not use the documents provided
29  The pupil makes partial use of the documents 

provided
39  The student uses all the documents provided

Resolution of the task

19  The student does not solve the task
29  The student has solved part of the task
39  The student has completely solved the task
49  The student has solved the task randomly

3.2.3. !e encoding of actions
7KH�REVHUYDWLRQ�JULG�KDYLQJ�EHHQ�FUHDWHG��ZH�WKHQ�FRGHG�HDFK�EHKDYLRXU�IURP�
WKLV�JULG��+RZHYHU��ZH�GR�QRW�KDYH�WKH�EHQHƢW�RI�DOO�WKH�OHDUQHUVŤ�DFWLRQV��,QGHHG��
DW�WLPHV��VRPH�VWXGHQWV�ZHUH�DEVHQW��DW�RWKHU�WLPHV�WKH�UHFRUGLQJ�GLG�QRW�ZRUN��
+RZHYHU��ZH�FROOHFWHG�HQRXJK�GDWD�WR�FUHDWH�WKH�SURƢOHV��

3.2.4. Sum of behaviours
:H�WKHQ�VXPPHG�HDFK�EHKDYLRXU��IRU�HDFK�REVHUYDEOH�RUGLQDO�YDULDEOH�DQG�IRU�
each student9 

3.2.5. Creation of cognitive variables
7KH�YDULDEOHV�FUHDWHG�DUH�VDLG�WR�EH�EHKDYLRXUDO��DV�WKH\�DUH�GHULYHG�IURP�WKH�
REVHUYDWLRQ�RI�WKH�SXSLOŤV�EHKDYLRXU��+RZHYHU��EHKDYLRXUDO�YDULDEOHV�GR�QRW�
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PDNH�LW�SRVVLEOH�WR�FUHDWH�SURƢOHV��7KLV�OLPLWDWLRQ�LV�DOVR�SRLQWHG�RXW�E\�0ROLQDUL�
HW�DO����������,QGHHG��WKHVH�EHKDYLRXUDO�WUDFHV�GR�QRW�JLYH�XV�DQ\�LQIRUPDWLRQ�
RQ�WKH�FRJQLWLYH�HQJDJHPHQW�DQG�WKH�VWUDWHJLHV�XVHG�WR�SHUIRUP�WKH�WDVNV��:H�
WKHUHIRUH�FUHDWHG�FRJQLWLYH�YDULDEOHV��ERUQ�RI�UHODWLRQVKLSV�EHWZHHQ�WZR�RU�
PRUH�EHKDYLRXUDO�YDULDEOHV��7KH�7DEOH���VXPPDULVHV�WKLV�FUHDWLRQ�RI�FRJQLWLYH�
YDULDEOHV��

Table 3. Transformation of behavioural variables into cognitive variables.

&RJQLWLYH�YDULDEOHV %HKDYLRXUDO�YDULDEOHV

(IƢFLHQF\�LQHIƢFLHQF\ 5DWLR�RI�WKH�WRWDO�QXPEHU�RI�WHVWV�WR�WKH�WRWDO�QXPEHU�RI�WDVNV

Rhythm 5DWLR�RI�WRWDO�WLPH�WR�QXPEHU�RI�WDVNV�FRPSOHWHG

)HHGEDFN� 5DWLR�RI�WKH�QXPEHU�RI�WLPHV�WKH�VWXGHQW�UHDG�WKH�HUURU�
IHHGEDFN�WR�WKH�QXPEHU�RI�WLPHV�HUURU�IHHGEDFN�ZDV�RIIHUHG�

The use of documents 7KH�UDWLR�RI�WKH�QXPEHU�RI�WLPHV�WKH�VWXGHQW�XVHG�WKH�
PDWHULDOV�SURYLGHG�WR�WKH�QXPEHU�RI�WDVNV�ZKHUH�PDWHULDOV�
ZHUH�SUHVHQW�

Chance 7KH�UDWLR�RI�WKH�QXPEHU�RI�WLPHV�WKH�VWXGHQW�DQVZHUHG�
UDQGRPO\�WR�WKH�QXPEHU�RI�WDVNV�VROYHG�

3.2.6. Transformation into a Z-note
6LQFH�RXU�FRJQLWLYH�YDULDEOHV�KDYH�GLIIHUHQW�PHDVXUHPHQW�VFDOHV��ZH�WUDQVIRUPHG�
them into a Z-score9 

3.2.7. Creation of profiles based on cognitive variables
)LQDOO\��EDVHG�RQ�WKHVH�FRJQLWLYH�YDULDEOHV�DQG�WKHLU�=�VFRUHV��ZH�FUHDWHG�RXU�
OHDUQHU�SURƢOHV�XVLQJ�WKH�DXWRPDWLF�KLHUDUFKLFDO�FODVVLƢFDWLRQ�DQG�N�PHDQV�
PHWKRGV��,QGHHG��WKHVH�FODVVLƢFDWLRQ�DSSURDFKHV�PDNH�LW�SRVVLEOH�WR�JURXS�
VLPLODU�GDWD�LQWR�D�VLQJOH�JURXS�DQG�WKXV�FUHDWH�SURƢOHV��

The second question H[DPLQHG�WKH�OLQN�EHWZHHQ�SHUIRUPDQFH�DQG�OHDUQHU�
SURƢOHV��$V�WKH�SURƢOHV�ZHUH�FUHDWHG�LQ�WKH�SUHYLRXV�TXHVWLRQ��ZH�VXPPDULVH�
EHORZ�WKH�DSSURDFKHV�XVHG�WR�FDOFXODWH�OHDUQHU�SHUIRUPDQFH�ZKLFK�ZH�WKHQ�
FRPSDUHG�ZLWK�WKH�HPHUJLQJ�SURƢOHV��7R�FDOFXODWH�LW��ZH�XVHG�D�SU�H�WHVW�DQG�
a post-test9 
Ŭ� 7KH�UHODWLYH�JDLQ��WKLV�PDNHV�LW�SRVVLEOH�WR�GHWHUPLQH�WKH�HGXFDWLRQDO�DGG-

HG�YDOXH�RI�WKH�V\VWHP�E\�FRPSDULQJ�WKH�UHVXOWV�RI�D�SUH�WHVW�ZLWK�WKRVH�RI�
D�SRVW�WHVW��$FFRUGLQJ�WR�*HUDUG�HW�DO���������WKH�UHODWLYH�JDLQ�LV�FDOFXODWHG
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calculate learner performance which we then compared with the emerging profiles. To calculate 

it, we used a pr e-test and a post-test.  

•� The relative gain: this makes it possible to determine the educational added value of the 

system by comparing the results of a pre-test with those of a post-test. According to 

Gerard et al. (2006) the relative gain is calculated in two ways: if post-test ˀ pre-test, 

Gain = 100 x ௉௢௦௧ି௉௥±
ெ௔௫ି௉௥±

 ; if post-test ൑ ±ݎ݌ െ ǡݐݏ݁ݐ ݏݏ݋ܮ ൌ ͳͲͲݔ�� ௉௢௦௧ି௉௥±
௉௥±

�.  

•� Effect size: According to Hattie (2017, p. 359), this allows us to “identify the impact of 

our teaching over a period of time”. It is calculated according to the following formula: 

݁ݖ݅ݏ�ݐ݂݂ܿ݁ܧ ൌ �ெ௘௔௡�ሺ௉௢௦௧ି௧௘௦௧ሻିெ௘௔௡�ሺ௉௥±௧௘௦௧ሻ
ௌ௧௔௡ௗ௔௥௧�ௗ௘௩௜௔௧௜௢௡

. According to Hattie (2017), this effect 

size must be greater than .40 for the learning to be considered different from normal.  

2.3. Presentation and analysis of results 

Our analysis is structured according to the two research questions previously formulated.  

 

Question 1: Which student profiles can be distinguished through the use of Oppia situations? 

As a reminder, this research question was answered through analysing of the learners’ learning 

traces (N = 12) collected through screen recording. These traces were then observed 

ethnographically and each learner’s behaviour was then coded in an observation grid. We then 

created cognitive variables from which we created the profiles. The table below summarises 

the Z-scores of each user for each cognitive variable:  

 
Table 4. Z-score of each user for each cognitive variable. 

 
Variables 
Efficiency Time Feedback Random Use of the docs 

User 1 0.86567246 -1.0629968 -1.3665462 0.21809784 -0.7216728 
User 2 -0.1128712 0.12888478 0.22695194 -1.2533239 -0.1416829 
User 3 -0.3241201 -0.5527659 -0.3217733 -0.4163301 -0.2233843 
User 4 0.61012572 0.56535253 -0.4851265 -0.256166 0.20535144 
User 5 -0.116165 -1.3513881 -0.5666549 2.10358561 -1.2380808 
User 6 -0.7583943 0.78741645 0.52908653 0.08507263 1.04909687 
User 7 -0.966608 2.38420824 -0.3905536 -0.9075001 0.95091558 
User 8 -1.4663209 -0.1844217 1.04472956 -0.4163301 0.95091558 
User 9 0.0527398 0.20206545 -0.3722492 0.43465051 0.61955374 
User 10 0.67337626 0.28676394 0.78093033 0.94434359 0.41442498 
User 11 2.26150223 -0.9307301 -1.2312018 0.8475342 -2.2798624 
User 12 -0.7189369 -0.2723888 2.15240719 -1.3836343 0.41442498 

 
We then encoded these data in SPSS, then performed a hierarchical classification 

method and finally a k-means method. This choice to use two classification methods is due to 

the particularity of the k-means method. Indeed, to establish profiles from this method, the 
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calculate learner performance which we then compared with the emerging profiles. To calculate 

it, we used a pr e-test and a post-test.  

•� The relative gain: this makes it possible to determine the educational added value of the 

system by comparing the results of a pre-test with those of a post-test. According to 

Gerard et al. (2006) the relative gain is calculated in two ways: if post-test ˀ pre-test, 

Gain = 100 x ௉௢௦௧ି௉௥±
ெ௔௫ି௉௥±

 ; if post-test ൑ ±ݎ݌ െ ǡݐݏ݁ݐ ݏݏ݋ܮ ൌ ͳͲͲݔ�� ௉௢௦௧ି௉௥±
௉௥±

�.  

•� Effect size: According to Hattie (2017, p. 359), this allows us to “identify the impact of 

our teaching over a period of time”. It is calculated according to the following formula: 
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. According to Hattie (2017), this effect 

size must be greater than .40 for the learning to be considered different from normal.  

2.3. Presentation and analysis of results 

Our analysis is structured according to the two research questions previously formulated.  

 

Question 1: Which student profiles can be distinguished through the use of Oppia situations? 

As a reminder, this research question was answered through analysing of the learners’ learning 

traces (N = 12) collected through screen recording. These traces were then observed 

ethnographically and each learner’s behaviour was then coded in an observation grid. We then 

created cognitive variables from which we created the profiles. The table below summarises 

the Z-scores of each user for each cognitive variable:  

 
Table 4. Z-score of each user for each cognitive variable. 

 
Variables 
Efficiency Time Feedback Random Use of the docs 

User 1 0.86567246 -1.0629968 -1.3665462 0.21809784 -0.7216728 
User 2 -0.1128712 0.12888478 0.22695194 -1.2533239 -0.1416829 
User 3 -0.3241201 -0.5527659 -0.3217733 -0.4163301 -0.2233843 
User 4 0.61012572 0.56535253 -0.4851265 -0.256166 0.20535144 
User 5 -0.116165 -1.3513881 -0.5666549 2.10358561 -1.2380808 
User 6 -0.7583943 0.78741645 0.52908653 0.08507263 1.04909687 
User 7 -0.966608 2.38420824 -0.3905536 -0.9075001 0.95091558 
User 8 -1.4663209 -0.1844217 1.04472956 -0.4163301 0.95091558 
User 9 0.0527398 0.20206545 -0.3722492 0.43465051 0.61955374 
User 10 0.67337626 0.28676394 0.78093033 0.94434359 0.41442498 
User 11 2.26150223 -0.9307301 -1.2312018 0.8475342 -2.2798624 
User 12 -0.7189369 -0.2723888 2.15240719 -1.3836343 0.41442498 

 
We then encoded these data in SPSS, then performed a hierarchical classification 

method and finally a k-means method. This choice to use two classification methods is due to 

the particularity of the k-means method. Indeed, to establish profiles from this method, the 
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the impact of our teaching over a period of time”9 It is calculated according

 WR�WKH�IROORZLQJ�IRUPXOD��Effect size = 

 

calculate learner performance which we then compared with the emerging profiles. To calculate 

it, we used a pr e-test and a post-test.  

•� The relative gain: this makes it possible to determine the educational added value of the 

system by comparing the results of a pre-test with those of a post-test. According to 

Gerard et al. (2006) the relative gain is calculated in two ways: if post-test ˀ pre-test, 

Gain = 100 x ௉௢௦௧ି௉௥±
ெ௔௫ି௉௥±

 ; if post-test ൑ ±ݎ݌ െ ǡݐݏ݁ݐ ݏݏ݋ܮ ൌ ͳͲͲݔ�� ௉௢௦௧ି௉௥±
௉௥±

�.  

•� Effect size: According to Hattie (2017, p. 359), this allows us to “identify the impact of 

our teaching over a period of time”. It is calculated according to the following formula: 

݁ݖ݅ݏ�ݐ݂݂ܿ݁ܧ ൌ �ெ௘௔௡�ሺ௉௢௦௧ି௧௘௦௧ሻିெ௘௔௡�ሺ௉௥±௧௘௦௧ሻ
ௌ௧௔௡ௗ௔௥௧�ௗ௘௩௜௔௧௜௢௡

. According to Hattie (2017), this effect 

size must be greater than .40 for the learning to be considered different from normal.  

2.3. Presentation and analysis of results 

Our analysis is structured according to the two research questions previously formulated.  

 

Question 1: Which student profiles can be distinguished through the use of Oppia situations? 

As a reminder, this research question was answered through analysing of the learners’ learning 

traces (N = 12) collected through screen recording. These traces were then observed 

ethnographically and each learner’s behaviour was then coded in an observation grid. We then 

created cognitive variables from which we created the profiles. The table below summarises 

the Z-scores of each user for each cognitive variable:  

 
Table 4. Z-score of each user for each cognitive variable. 

 
Variables 
Efficiency Time Feedback Random Use of the docs 

User 1 0.86567246 -1.0629968 -1.3665462 0.21809784 -0.7216728 
User 2 -0.1128712 0.12888478 0.22695194 -1.2533239 -0.1416829 
User 3 -0.3241201 -0.5527659 -0.3217733 -0.4163301 -0.2233843 
User 4 0.61012572 0.56535253 -0.4851265 -0.256166 0.20535144 
User 5 -0.116165 -1.3513881 -0.5666549 2.10358561 -1.2380808 
User 6 -0.7583943 0.78741645 0.52908653 0.08507263 1.04909687 
User 7 -0.966608 2.38420824 -0.3905536 -0.9075001 0.95091558 
User 8 -1.4663209 -0.1844217 1.04472956 -0.4163301 0.95091558 
User 9 0.0527398 0.20206545 -0.3722492 0.43465051 0.61955374 
User 10 0.67337626 0.28676394 0.78093033 0.94434359 0.41442498 
User 11 2.26150223 -0.9307301 -1.2312018 0.8475342 -2.2798624 
User 12 -0.7189369 -0.2723888 2.15240719 -1.3836343 0.41442498 

 
We then encoded these data in SPSS, then performed a hierarchical classification 

method and finally a k-means method. This choice to use two classification methods is due to 

the particularity of the k-means method. Indeed, to establish profiles from this method, the 

 

� $FFRUGLQJ�WR�+DWWLH���������WKLV�HIIHFW�VL]H�PXVW�EH�JUHDWHU�WKDQ�����IRU�WKH�
OHDUQLQJ�WR�EH�FRQVLGHUHG�GLIIHUHQW�IURP�QRUPDO��

3.3. Presentation and analysis of results
2XU�DQDO\VLV�LV�VWUXFWXUHG�DFFRUGLQJ�WR�WKH�WZR�UHVHDUFK�TXHVWLRQV�SUHYLRXVO\�
formulated9 

Question 1��:KLFK�VWXGHQW�SURƢOHV�FDQ�EH�GLVWLQJXLVKHG�WKURXJK�WKH�XVH�RI�
Oppia situations?

$V�D�UHPLQGHU��WKLV�UHVHDUFK�TXHVWLRQ�ZDV�DQVZHUHG�WKURXJK�DQDO\VLQJ�RI�
WKH�OHDUQHUVŤ�OHDUQLQJ�WUDFHV��1� �����FROOHFWHG�WKURXJK�VFUHHQ�UHFRUGLQJ��7KHVH�
WUDFHV�ZHUH�WKHQ�REVHUYHG�HWKQRJUDSKLFDOO\�DQG�HDFK�OHDUQHUŤV�EHKDYLRXU�ZDV�
WKHQ�FRGHG�LQ�DQ�REVHUYDWLRQ�JULG��:H�WKHQ�FUHDWHG�FRJQLWLYH�YDULDEOHV�IURP�
ZKLFK�ZH�FUHDWHG�WKH�SURƢOHV��7KH�WDEOH�EHORZ�VXPPDULVHV�WKH�=�VFRUHV�RI�HDFK�
XVHU�IRU�HDFK�FRJQLWLYH�YDULDEOH��

Table 4. Z-score of each user for each cognitive variable.

9DULDEOHV

(IƢFLHQF\ Time Feedback Random
Use of the 

docs

8VHU�� ���������� ����������0 -1936654620 ���������� ����������0

8VHU�� ����������0 ���������� 0922695194 -192533239 ����������0

8VHU�� -0932412010 -0955276590 -0932177330 -094163301 ����������0

8VHU�� 0961012572 0956535253 ����������0 -092561660 0920535144

8VHU�� -0911616500 ����������0 -0956665490 ���������� ����������0

8VHU�� ����������0 ���������� ���������� ���������� ����������

8VHU�� ���������00 ���������� -0939055360 -0990750010 ����������

8VHU�� -1946632090 ����������0 1904472956 -0941633010 ����������

8VHU�� ���������0 0920206545 -0937224920 0943465051 0961955374

8VHU��� 0967337626 ���������� ���������� 0994434359 ����������

8VHU��� 2926150223 -0993073010 ����������0 ���������0 ����������0

8VHU��� ����������0 ����������0 2915240719 ����������0 ����������
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:H�WKHQ�HQFRGHG�WKHVH�GDWD�LQ�6366��WKHQ�SHUIRUPHG�D�KLHUDUFKLFDO�FODVVLƢFD-
WLRQ�PHWKRG�DQG�ƢQDOO\�D�N�PHDQV�PHWKRG��7KLV�FKRLFH�WR�XVH�WZR�FODVVLƢFDWLRQ�
PHWKRGV�LV�GXH�WR�WKH�SDUWLFXODULW\�RI�WKH�N�PHDQV�PHWKRG��,QGHHG��WR�HVWDEOLVK�
SURƢOHV�IURP�WKLV�PHWKRG��WKH�UHVHDUFKHU�PXVW�HQFRGH�WKH�GHVLUHG�QXPEHU�RI�
SURƢOHV�EHIRUH�WKH�DQDO\VLV��,Q�RUGHU�QRW�WR�SURSRVH�D�UDQGRP�QXPEHU�RI�SUR-
ƢOHV��ZH�ƢUVW�XVHG�WKH�KLHUDUFKLFDO�FODVVLƢFDWLRQ�PHWKRG��7KLV�PHWKRG�JHQHUDWHV�
D�GHQGRJUDP�WKDW�DOORZV�XV�WR�HVWDEOLVK�WKH�QXPEHU�RI�SURƢOHV�ZLWKLQ�WKH�VDPH�
JURXS��%\�REVHUYLQJ�WKLV�GHQGRJUDP��ZH�FDQ�GLYLGH�RXU�JURXS�RI�VWXGHQWV�LQWR�
WKUHH�SURƢOHV��

 

researcher must encode the desired number of profiles before the analysis. In order not to 

propose a random number of profiles, we first used the hierarchical classification method. This 

method generates a dendogram that allows us to establish the number of profiles within the 

same group. By observing this dendogram, we can divide our group of students into three 

profiles.  

 
 
Figure 1. Dendogram obtained from the hierarchical classification. 
 

We then applied the dynamic cloud method to these three profiles. The table below 

summarises the average Z-scores by variable and for each cluster, as well as the number of staff 

per cluster.  
Table 5. Average Z-score per variable and per cluster. 

 Cluster 
Cluster 1 Cluster 2 Cluster 3 

Efficiency -0.3897746 -0.2655342 1.00366989 
Time -0.1187855 0.98476067 -1.1150383 
Feedback 0.77664914 -0.1797107 -1.054801 
Random -0.5050549 -0.1609857 1.05640588 
Use of documents 0.28293967 0.7062294 -1.4132053 
N 5 4 3 

 
Presenting the average Z-scores in tabular form is difficult to interpret. Therefore, we 

created a radar graph to further visualise these differences between clusters. This method was 

used by Boumazguida et al. (2018).  

 

Figure 1. Dendogram obtained from the hierarchical classification.

:H�WKHQ�DSSOLHG�WKH�G\QDPLF�FORXG�PHWKRG�WR�WKHVH�WKUHH�SURƢOHV��7KH�
WDEOH�EHORZ�VXPPDULVHV�WKH�DYHUDJH�=�VFRUHV�E\�YDULDEOH�DQG�IRU�HDFK�FOXVWHU��
DV�ZHOO�DV�WKH�QXPEHU�RI�VWDII�SHU�FOXVWHU��
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Table 5. Average Z-score per variable and per cluster.

Cluster

Cluster 1 Cluster 2 Cluster 3

(IƢFLHQF\ ����������0 -0926553420 ����������

Time ����������0 ���������� ����������0

Feedback 0977664914 -0917971070 ���������00

Random -0950505490 ����������0 ����������

Use of documents ���������� 0970622940 -1941320530

N 5 4 3

3UHVHQWLQJ�WKH�DYHUDJH�=�VFRUHV�LQ�WDEXODU�IRUP�LV�GLIƢFXOW�WR�LQWHUSUHW��
7KHUHIRUH��ZH�FUHDWHG�D�UDGDU�JUDSK�WR�IXUWKHU�YLVXDOLVH�WKHVH�GLIIHUHQFHV�EH-
WZHHQ�FOXVWHUV��7KLV�PHWKRG�ZDV�XVHG�E\�%RXPD]JXLGD�HW�DO����������

 

 
 
Figure 2. Radar plot showing the profiles and their average Z-scores for each variable. 
 

From this graph we can interpret each of these profiles. A first profile (N = 5) stands 

out in which the students do not have a high level of efficiency. As a reminder, efficiency is the 

ratio of the number of trials to the number of tasks performed. 

High efficiency means that there is a lot of repetition for the tasks performed, so students 

regularly fail the questions. In this case, we can talk more about inefficiency. Conversely, low 

efficiency means that students regularly solve their tasks on the first try. In this profile, students 

have low efficiency. We also observe a low random response rate, the lowest of the three 

profiles.  

There are two reasons for this low efficiency and random response rate:  

•� The first concerns the relatively high rate of document use. Indeed, in order to answer 

the different questions asked of them, students were and should be required to read and 

understand documents in order to answer the questions correctly. If the students read 

and understood the documents, they knew how to answer the different questions they 

were asked.  

•� The second is the very high rate of reading error feedback. Thus, if students answered 

the question incorrectly on the first attempt, they read the error feedback which then 

allowed them to answer the question correctly.  

Ͳϭ͕ϱ

Ͳϭ

ͲϬ͕ϱ

Ϭ

Ϭ͕ϱ

ϭ

ϭ͕ϱ
�ĨĨŝĐŝĞŶĐĞ

dĞŵƉƐ
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WƌŽĨŝůĞ�ϭ WƌŽĨŝůĞ�Ϯ WƌŽĨŝůĞ�ϯ

Figure 2. Radar plot showing the profiles and their average Z-scores for each variable.

)URP�WKLV�JUDSK�ZH�FDQ�LQWHUSUHW�HDFK�RI�WKHVH�SURƢOHV��$�ƢUVW�SURƢOH  
�1� ����VWDQGV�RXW�LQ�ZKLFK�WKH�VWXGHQWV�GR�QRW�KDYH�D�KLJK�OHYHO�RI�HIƢFLHQF\��
$V�D�UHPLQGHU��HIƢFLHQF\�LV�WKH�UDWLR�RI�WKH�QXPEHU�RI�WULDOV�WR�WKH�QXPEHU�RI�
tasks performed9
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+LJK�HIƢFLHQF\�PHDQV�WKDW�WKHUH�LV�D�ORW�RI�UHSHWLWLRQ�IRU�WKH�WDVNV�SHUIRUPHG��
VR�VWXGHQWV�UHJXODUO\�IDLO�WKH�TXHVWLRQV��,Q�WKLV�FDVH��ZH�FDQ�WDON�PRUH�DERXW�
LQHIƢFLHQF\��&RQYHUVHO\��ORZ�HIƢFLHQF\�PHDQV�WKDW�VWXGHQWV�UHJXODUO\�VROYH�
WKHLU�WDVNV�RQ�WKH�ƢUVW�WU\��,Q�WKLV�SURƢOH��VWXGHQWV�KDYH�ORZ�HIƢFLHQF\��:H�DOVR�
REVHUYH�D�ORZ�UDQGRP�UHVSRQVH�UDWH��WKH�ORZHVW�RI�WKH�WKUHH�SURƢOHV��

7KHUH�DUH�WZR�UHDVRQV�IRU�WKLV�ORZ�HIƢFLHQF\�DQG�UDQGRP�UHVSRQVH�UDWH��
Ŭ� 7KH�ƢUVW�FRQFHUQV�WKH�UHODWLYHO\�KLJK�UDWH�RI�GRFXPHQW�XVH��,QGHHG��LQ�RUGHU�

WR�DQVZHU�WKH�GLIIHUHQW�TXHVWLRQV�DVNHG�RI�WKHP��VWXGHQWV�ZHUH�DQG�VKRXOG�
EH�UHTXLUHG�WR�UHDG�DQG�XQGHUVWDQG�GRFXPHQWV�LQ�RUGHU�WR�DQVZHU�WKH�
questions correctly9 If the students read and understood the documents, 
WKH\�NQHZ�KRZ�WR�DQVZHU�WKH�GLIIHUHQW�TXHVWLRQV�WKH\�ZHUH�DVNHG��

Ŭ� 7KH�VHFRQG�LV�WKH�YHU\�KLJK�UDWH�RI�UHDGLQJ�HUURU�IHHGEDFN��7KXV��LI�VWXGHQWV�
DQVZHUHG�WKH�TXHVWLRQ�LQFRUUHFWO\�RQ�WKH�ƢUVW�DWWHPSW��WKH\�UHDG�WKH�HUURU�
IHHGEDFN�ZKLFK�WKHQ�DOORZHG�WKHP�WR�DQVZHU�WKH�TXHVWLRQ�FRUUHFWO\��
Finally, these students presented a rate close to zero regarding the time 

taken to solve the tasks9 They therefore took the average time to solve the tasks 
SURSRVHG�LQ�WKH�VLWXDWLRQV��)URP�WKHVH�REVHUYDWLRQV��ZH�FDQ�FKDUDFWHULVH�WKHVH�
students as assiduous in relation to the tasks and aids proposed9 

$�VHFRQG�SURƢOH�RI�VWXGHQWV��1� ����VWDQGV�RXW��7KHVH�VWXGHQWV�DOVR�KDYH�
D�ORZ�OHYHO�RI�HIƢFLHQF\��ZKLFK�LV��KRZHYHU��KLJKHU�WKDQ�WKDW�RI�SURƢOH�Qr���7KLV�
FDQ�EH�H[SODLQHG�E\�WZR�UHDVRQV��
Ŭ� 7KH�ƢUVW�FRQFHUQV�WKH�UDQGRP�UHVSRQVH�UDWH��7KLV�LV�KLJKHU�WKDQ�LQ�SURƢOH�

���7KHVH�VWXGHQWV�WHQG�WR�DQVZHU�WKH�TXHVWLRQV�PRUH�UDQGRPO\��FRPSDUHG�
WR�SURƢOH���VWXGHQWV��7KH\�DUH�WKHUHIRUH�OLNHO\�WR�PDNH�PRUH�PLVWDNHV�

Ŭ� 7KH�VHFRQG�FRQFHUQV�WKH�UDWH�RI�UHDGLQJ�IHHGEDFN��,QGHHG��VWXGHQWV�LQ�WKLV�
SURƢOH�GR�QRW�QHFHVVDULO\�UHDG�WKH�IHHGEDFN�SURYLGHG�ZKHQ�WKH\�PDNH�D�PLV-
take9 The location of the point on the graph (close to zero and therefore to 
WKH�DYHUDJH��DOORZV�XV�WR�VWDWH�WKDW�WKHVH�VWXGHQWV�UHDG�RQH�HUURU�IHHGEDFN�
RXW�RI�WZR��7KHUHIRUH��LI�WKH\�HQFRXQWHU�DQ�HUURU��WKH\�GR�QRW�DOZD\V�UHDG�WKH�
HUURU�IHHGEDFN�RIIHUHG�WR�WKHP�DQG�WKHUHIRUH�ULVN�PDNLQJ�DQRWKHU�PLVWDNH�

Ŭ� 1RWH�WKDW�HYHQ�LI�WKH�IHHGEDFN�UDWH�LV�KLJK��WKLV�GRHV�QRW�PHDQ�WKDW�WKHVH�
VWXGHQWV�PDNH�PDQ\�PLVWDNHV��,W�PHDQV�WKDW�ZKHQ�WKH\�GR�PDNH�RQH��ZKLFK�
GRHV�QRW�KDSSHQ�UHJXODUO\�JLYHQ�WKH�ORZ�HIƢFLHQF\�UDWH��WKHVH�VWXGHQWV�GR�
QRW�QHFHVVDULO\�UHDG�WKH�IHHGEDFN�RIIHUHG��
+RZHYHU��GHVSLWH�WKHVH�WZR�UHDVRQV��WKLV�OHYHO�RI�HIƢFLHQF\�UHPDLQV�ORZ��

EHFDXVH�WKHVH�VWXGHQWV�UHDG�WKH�SURSRVHG�GRFXPHQWV�DQG�XQGHUVWDQG�WKHP��
,QGHHG��ZH�REVHUYH�D�KLJK�UDWH�RI�UHDGLQJ�RI�WKH�GRFXPHQWV��PRUH�LPSRUWDQW�
WKDQ�WKDW�RI�SURƢOH����
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7KLV�EHKDYLRXU�LV�FRQWUDGLFWRU\��WKHVH�VWXGHQWV�UHDG�WKH�GRFXPHQWV�WR�DQ-
VZHU�WKH�TXHVWLRQV��EXW�GR�QRW�UHDG�DOO�WKH�HUURU�IHHGEDFN�WKDW�LV�RIIHUHG�WR�WKHP�

)LQDOO\��FRQFHUQLQJ�WKH�WLPH�YDULDEOH��WKHVH�VWXGHQWV�WDNH�ORQJHU�WR�VROYH�
WKH�WDVNV��7KLV�FDQ�EH�H[SODLQHG�E\�WKH�VLJQLƢFDQW�DPRXQW�RI�WLPH�VSHQW�UHDG-
LQJ�WKH�YDULRXV�GRFXPHQWV�WR�VROYH�WKH�WDVNV��)URP�WKHVH�REVHUYDWLRQV��ZH�FDQ�
FKDUDFWHULVH�WKHVH�SXSLOV�DV�DVVLGXRXV�ZLWK�UHJDUG�WR�WKH�WDVNV��EXW�OHVV�VR�ZLWK�
regard to the aids offered9 

)LQDOO\��WKH�ODVW�SURƢOH�VWDQGV�RXW��1� �����LQ�ZKLFK�WKHVH�VWXGHQWV�VKRZ�
OLWWOH�LQWHUHVW�LQ�WKH�WDVNV�SURSRVHG�WR�WKHP��,QGHHG��ZH�REVHUYH�D�KLJK�UDWH�RI�
HIƢFLHQF\�DQG�WKHUHIRUH�LQHIƢFLHQF\��LW�LV�H[SODLQHG�E\�D�KLJK�UDWH�RI�UDQGRP�
UHVSRQVH��WKH�KLJKHVW�RI�WKH�WKUHH�SURƢOHV���EXW�DOVR�E\�D�ORZ�UDWH�RI�IHHGEDFN�
UHDGLQJ�DQG�GRFXPHQW�XVH��DOVR�WKH�ORZHVW�RI�WKH�WKUHH�SURƢOHV��,Q�VKRUW��WKHVH�
VWXGHQWV�PDNH�D�ORW�RI�DWWHPSWV��EHFDXVH�WKH\�GR�QRW�XVH�WKH�GRFXPHQWV�DQG�
GR�QRW�UHDG�WKH�IHHGEDFN�SURYLGHG�LQ�FDVH�RI�HUURU��7KH\�WKHUHIRUH�UHVSRQG�
UDQGRPO\�WR�WKH�GLIIHUHQW�WDVNV��7KLV�LV�ZK\�ZH�REVHUYH�WKDW�WKH\�KDYH�WKH�
ORZHVW�WLPH�WR�VROYH�WKH�WDVNV��)URP�WKHVH�REVHUYDWLRQV��ZH�FDQ�FKDUDFWHULVH�
these students as not diligent in relation to the tasks and resources proposed9

Question 2��:KDW�LV�WKH�OLQN�EHWZHHQ�WKH�HPHUJLQJ�VWXGHQW�SURƢOHV�DQG�WKHLU�
performance?

$V�ZH�VDZ�HDUOLHU��WKUHH�VWXGHQW�SURƢOHV�HPHUJHG�IURP�WKH�DQDO\VLV�RI�WKHLU�
EHKDYLRXU�GXULQJ�OHDUQLQJ��7ZR�RI�WKHVH�SURƢOHV�ZHUH�FKDUDFWHULVHG�DV�DVVLG-
XRXV�DQG�RQH�DV�QRQ�DVVLGXRXV��'RHV�WKH�VWXGHQWŤV�SURƢOH�PDWWHU�LQ�WHUPV�RI�
his or her performance at the end of the learning process? 

7KLV�UHVHDUFK�TXHVWLRQ�ZDV�DQVZHUHG�LQ�WZR�VWDJHV��)LUVW��ZH�GHWHUPLQHG�
ZKHWKHU�WKH�XVH�RI�2SSLD�VLWXDWLRQV�DOORZV�VWXGHQWV�WR�SURJUHVV�RU�QRW�E\�
FRPSDULQJ�WKH�UHVXOWV�RI�WKH�SUH�WHVW�ZLWK�WKRVH�RI�WKH�SRVW�WHVW��6HFRQGO\��ZH�
GHWHUPLQHG�ZKHWKHU�WKH�VWXGHQWŤV�SURƢOH�GXULQJ�WKH�OHDUQLQJ�SURFHVV�KDV�DQ�
LQƣXHQFH�RQ�KLV�RU�KHU�SURJUHVV�DW�WKH�HQG�RI�WKH�OHDUQLQJ�SURFHVV�E\�FRPSDULQJ�
the average scores on the pre-test and post-test for each cluster9 

3.4. Performance analysis

7KH�WDEOH�EHORZ�VXPPDULVHV�WKH�DYHUDJH�SUH�WHVW�VFRUHV��SRVW�WHVW�VFRUHV��
DYHUDJH�UHODWLYH�JDLQ�ORVV�DQG�HIIHFW�VL]H�RI�WKH�JURXS�RI�OHDUQHUV�ZKR�XVHG�WKH�
Oppia situations9 
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Table 6. Pretest Scores, Posttest Scores, Average Relative Gain/Loss and Effect Size – Experimental 
Group.

Pre-test scores Post-test scores Average 
relative 

gain/loss

Effect 
size

P���� CV N P���� CV N

Total 52.58 22.08 12 66.42 22.67 12 29.22 1.04

:KHQ�UHDGLQJ�7DEOH����ZH�REVHUYH�WKDW�WKH�DYHUDJH�VFRUH�LQFUHDVHV�IURP�
��������SUH�WHVW�VFRUH��WR���������SRVW�WHVW�VFRUH���7KLV�GLIIHUHQFH�DOORZV�
us to conclude that there is a learning effect due to the Oppia situations used9 
0RUHRYHU��DFFRUGLQJ�WR�+DWWLH���������DQ�HIIHFW�VL]H�JUHDWHU�WKDQ�����DOORZV�XV�
WR�DIƢUP�D�SURJUHVV�LQ�OHDUQLQJ��,Q�RXU�FDVH��WKLV�HIIHFW�VL]H�LV�ZHOO�DERYH�����
������!�������+RZHYHU��WKH�REVHUYDWLRQ�RI�WKH�DYHUDJH�UHODWLYH�JDLQ�RI��������
GRHV�QRW�DOORZ�XV�WR�VXSSRUW�WKLV�OHDUQLQJ�HIIHFW��,QGHHG��DFFRUGLQJ�WR�*«UDUG�
HW�DO����������WKHUH�LV�D�OHDUQLQJ�HIIHFW�ZKHQ�WKH�DYHUDJH�UHODWLYH�JDLQ�LV�JUHDWHU�
WKDQ����RU�����

,Q�FRQFOXVLRQ��ZH�FDQ�DIƢUP�WKDW�WKH�XVH�RI�2SSLD�VLWXDWLRQV�DOORZV�VWXGHQWV�
WR�SURJUHVV��WKH�DYHUDJH�SRVW�WHVW�VFRUH�EHLQJ�KLJKHU�WKDQ�WKDW�RI�WKH�SUH�WHVW��
DQG�WKH�HIIHFW�VL]H�EHLQJ�ZHOO�DERYH������7KH�DYHUDJH�UHODWLYH�JDLQ�REWDLQHG�LV�
at the limit of the progression threshold9 

3.5. Process analysis – performance

$V�D�UHPLQGHU��WKH�DLP�RI�WKLV�TXHVWLRQ�LV�WR�GHWHUPLQH�ZKHWKHU�WKH�VWXGHQWŤV�
SURƢOH�DQG�WKHUHIRUH�WKH�EHKDYLRXU�KH�RU�VKH�DGRSWV�GXULQJ�OHDUQLQJ�KDV�DQ�
LQƣXHQFH�RQ�KLV�RU�KHU�SHUIRUPDQFH��

'XULQJ�WKH�OHDUQLQJ�SURFHVV��ZH�FRXOG�REVHUYH�WKDW�WKH�VWXGHQWV�DGRSWHG�
GLIIHUHQW�EHKDYLRXUV��7KUHH�SURƢOHV�ZHUH�GLVWLQJXLVKHG�DQG�GLIIHUHQWLDWHG�LQ�
UHODWLRQ�WR�WKH�GLOLJHQFH�DQG�VHULRXVQHVV�WKH\�JDYH�WR�WKH�WDVN��,Q�D�WDEOH��ZH�
reported the results of the pre-test and post-test, the rate of progression or 
UHJUHVVLRQ�DQG�WKH�FOXVWHU�ZLWK�ZKLFK�HDFK�XVHU�LV�DVVRFLDWHG��
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Table 7. Descriptive analysis – pre-test and post-test scores, progression or regression rate and 
cluster for each user – Experimental group 

Scores in
Pre-test

Scores in
Post-test

Relative gains/
ORVVHV���

Cluster

8VHU�� ���� 13975 31994 3

8VHU�� 12900 24925 ����� 1

8VHU�� 13900 19900 46915 1

8VHU�� 14900 11900 -21943 2

8VHU�� 13900 21975 67931 3

8VHU�� 13950 12950 -7941 2

8VHU�� 16900 20975 47950 2

8VHU�� 15900 17975 25900 1

8VHU�� 21900 19900 -9952 2

8VHU��� 13950 15925 14900 1

8VHU��� 13900 16950 26992 3

8VHU��� 12900 15975 26979 1

,Q�D�VHFRQG�WDEOH��ZH�UHSRUWHG�WKH�PHDQV�DQG�FRHIƢFLHQWV�RI�YDULDWLRQ�RI�WKH�
pre-test, post-test scores and the average relative gains/losses for each cluster9

Table 8. Descriptive analysis – mean and coefficient of variation of pre-test, post-test and rate of 
progression/regression scores for each profile – Experimental group 

Pre-test Post-test Average relative gains/
losses

N Average &9��� Average CV Average CV

3URƢOH�� 5 ����� 995 70.77 ����� 39.89 72.76

3URƢOH�� 4 62902 21924 60.82 30926 2.29 1343.61

3URƢOH�� 3 43959 25947 66.67 23945 42.06 52.33

:H�FRPSDUHG�WKHVH�SURƢOHV�WR�GHWHUPLQH�ZKHWKHU�WKH�VWXGHQWŤV�EHKDYLRXU�
GXULQJ�OHDUQLQJ�KDV�DQ�LQƣXHQFH�RQ�SRVW�WHVW�UHVXOWV�DQG�SURJUHVVLRQ�UHJUHV-
sion rates9 

7KH�ƢUVW�SURƢOH�RI students sometimes made use of the materials provided 
DQG�UHJXODUO\�UHDG�WKH�HUURU�IHHGEDFN��7KHVH�VWXGHQWV�SODFHG�D�JUHDW�GHDO�RI�LP-
SRUWDQFH�RQ�WKH�UHVRXUFHV�SURYLGHG�WR�FRPSOHWH�WKH�YDULRXV�WDVNV��7DEOH���VKRZV�
WKDW�WKHVH�VWXGHQWV�PDGH�SURJUHVV�ZLWK�DQ�DYHUDJH�UHODWLYH�JDLQ�RI���������
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+RZHYHU��ZLWK�D�FRHIƢFLHQW�RI�YDULDWLRQ�RI���������ZH�FDQ�VWDWH�WKDW�WKHVH�
SXSLOV�GR�QRW�DOO�SURJUHVV�LQ�WKH�VDPH�ZD\��VRPH�SURJUHVVLQJ�PRUH�WKDQ�RWKHUV��
,QGHHG��ZKHQ�UHDGLQJ�7DEOH���ZH�FDQ�VHH�WKDW�IRXU�SXSLOV�VKRZ�D�UHODWLYH�JDLQ�
RI�OHVV�WKDQ�����DQG�RQO\�RQH�SXSLO�VKRZV�D�UHODWLYH�JDLQ�RI�PRUH�WKDQ������
ZKLFK�LOOXVWUDWHV�WKLV�KHWHURJHQHLW\�ZLWKLQ�WKLV�JURXS��+RZHYHU��ZH�GUDZ�\RXU�
DWWHQWLRQ�WR�WKH�IDFW�WKDW�WKH�UHODWLYH�JDLQ�UHƣHFWV�WKH�SURJUHVV�RI�WKH�OHDUQHUV��
/RRNLQJ�DW�WKH�SRVW�WHVW�VFRUH�DYHUDJHV��ZH�REVHUYH�WKDW�WKLV�SURƢOH�KDV�WKH�
KLJKHVW�SRVW�WHVW�DYHUDJH�RI�WKH�RWKHU�WKUHH�SURƢOHV����������DQG�WKDW�WKH�FR-
HIƢFLHQW�RI�YDULDWLRQ�LV�OHVV�WKDQ���������������,Q�FRQFOXVLRQ��WKHVH�VWXGHQWV�
VKRZ�D�VLJQLƢFDQW�SURJUHVVLRQ��ZKLFK�LV�PRUHRYHU�KLJKHU�WKDQ�WKH�PLQLPXP�
WKUHVKROG�RI������*HUDUG�HW�DO����������+RZHYHU��WKHLU�SURJUHVV�ZDV�KHWHURJH-
QHRXV��ZLWK�RQH�VWXGHQW�PDNLQJ�PRUH�SURJUHVV�WKDQ�WKH�RWKHUV��+RZHYHU��ZH�
QRWH�WKDW�WKHVH�VWXGHQWV�VKRZ�DQ�DYHUDJH�RI��������LQ�WKH�SRVW�WHVW��ZKLFK�LV�
WKH�KLJKHVW�RI�WKH�WKUHH�SURƢOHV��

7KH�VHFRQG�SURƢOH LQFOXGHG�VWXGHQWV�ZKR�UHVSRQGHG�PRUH�UDQGRPO\�DQG�
GLG�QRW�UHDG�DOO�WKH�HUURU�IHHGEDFN��+RZHYHU��WKH\�UHJXODUO\�UHDG�WKH�SURSRVHG�
documents to solve the tasks9 These students took the proposed tasks seri-
RXVO\��EXW�SDLG�OHVV�DWWHQWLRQ�WR�WKH�DLGV�SURYLGHG��:H�REVHUYH�IRU�WKLV�SURƢOH�
WKDW�WKH�DYHUDJH�UHODWLYH�JDLQ�LV�������DQG�LV�WKHUHIRUH�YHU\�ORZ��0RUHRYHU��
ZH�QRWH�WKDW�WKH�FRHIƢFLHQW�RI�YDULDWLRQ�LV��������ZKLFK�UHƣHFWV�D�VLJQLƢFDQW�
GLIIHUHQFH�LQ�UHODWLYH�JDLQV�EHWZHHQ�WKHVH�VWXGHQWV��7KLV�GLIIHUHQFH�FDQ�EH�VHHQ�
ZKHQ�ZH�ORRN�DW�7DEOH���,QGHHG��WKUHH�VWXGHQWV�VKRZ�D�UHODWLYH�ORVV�EHWZHHQ�
���DQG������DQG�RQO\�RQH�VWXGHQW�VKRZV�D�UHODWLYH�JDLQ�RI�PRUH�WKDQ������
1HYHUWKHOHVV��WKHVH�VWXGHQWV�REWDLQHG�D�SRVW�WHVW�DYHUDJH�RI���������ZKLFK�LV�
WKHUHIRUH�DERYH�DYHUDJH��+RZHYHU��WKH�FRHIƢFLHQW�RI�YDULDWLRQ�LV�JUHDWHU�WKDQ�
�����ZKLFK�UHƣHFWV�D�KLJK�GHJUHH�RI�KHWHURJHQHLW\��DOWKRXJK�ORZHU�WKDQ�WKH�
UHODWLYH�JDLQ��EXW�VWLOO�VLJQLƢFDQW��,Q�FRQFOXVLRQ��WKHVH�VWXGHQWV�KDG�DQ�DYHUDJH�
SRVW�WHVW�VFRUH�RI�RYHU������7KLV�JURXS�LV�YHU\�KHWHURJHQHRXV��ERWK�LQ�WHUPV�
RI�SRVW�WHVW�VFRUHV����������DQG�LQ�WHUPV�RI�DYHUDJH�UHODWLYH�JDLQ�������������
7KH�ODWWHU�LV�YHU\�ORZ����������DV�WKUHH�RXW�RI�WKH�IRXU�VWXGHQWV�LQ�WKLV�JURXS�
VKRZ�D�UHODWLYH�ORVV��

)LQDOO\��WKH�ODVW�SURƢOH�RI VWXGHQWV�ZKR�UHJXODUO\�DQVZHUHG�UDQGRPO\�DQG�
made many mistakes9 Given the time they gave to each question, these students 
GLG�QRW�WDNH�OHDUQLQJ�YHU\�VHULRXVO\��+RZHYHU��ZKHQ�ZH�ORRN�DW�7DEOH���ZH�
VHH�WKDW�WKHVH�VWXGHQWV�PDGH�SURJUHVV�ZLWK�DQ�DYHUDJH�UHODWLYH�JDLQ�RI������
ZKLFK�LV�WKXV�KLJKHU�WKDQ�WKH�PLQLPXP�����WR�JXDUDQWHH�D�OHDUQLQJ�HIIHFW�
�*HUDUG�HW�DO����������+RZHYHU��WKHVH�SXSLOV�GR�QRW�SURJUHVV�LQ�WKH�VDPH�ZD\��
JLYHQ�WKH�UHODWLYHO\�KLJK�SHUFHQWDJH�RI�WKH�FRHIƢFLHQW�RI�YDULDWLRQ��������:H�
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REVHUYH�LQ�7DEOH����WKDW�WZR�SXSLOV�SURJUHVV�ZLWK�D�UHODWLYH�JDLQ�EHWZHHQ����
DQG������ZKLOH�WKH�ODVW�SXSLO�VKRZV�D�UHODWLYH�JDLQ�RI�RYHU������)XUWKHUPRUH��
ZKHQ�REVHUYLQJ�WKH�DYHUDJH�VFRUHV�RQ�WKH�SUH�WHVW�DQG�SRVW�WHVW��ZH�VHH�WKDW�
WKHVH�VWXGHQWV�JR�IURP�DQ�DYHUDJH�RI��������RQ�WKH�SUH�WHVW�WR�DQ�DYHUDJH�RI�
�������RQ�WKH�SRVW�WHVW��7KHVH�VWXGHQWV�WKXV�VKRZ�WKH�EHVW�SURJUHVVLRQ�RI�WKH�
WKUHH�SURƢOHV��+RZHYHU��WKHVH�UHVXOWV�DUH�UDWKHU�FRQWUDGLFWRU\��LQ�IDFW��WKHVH�
VWXGHQWV�GLG�QRW�DGRSW�D�ŧVFKRROŨ�EHKDYLRXU�E\�UHVSRQGLQJ�UDQGRPO\�DQG�E\�
QRW�XVLQJ�WKH�SURSRVHG�UHVRXUFHV��+RZHYHU��WKHVH�SXSLOV�PDQDJHG�WR�SURJUHVV��
DQG�ZKHQ�FRPSDULQJ�WKH�DYHUDJHV�RI�UHODWLYH�JDLQV�EHWZHHQ�WKH�SURƢOHV��WKH\�
HYHQ�SURJUHVVHG�PRUH�WKDQ�WKH�SXSLOV�LQ�WKH�RWKHU�SURƢOHV��

4. Conclusion and discussion 

,Q�FRQFOXVLRQ��EDVHG�RQ�WKLV�HWKQRJUDSKLF�REVHUYDWLRQ��ZH�ZHUH�DEOH�WR�DQVZHU�
RXU�WZR�UHVHDUFK�TXHVWLRQV��

)LUVWO\��ZH�GLVWLQJXLVKHG�WKUHH�VWXGHQW�SURƢOHV�WKDW�GLIIHUHG�LQ�WKHLU�EH-
KDYLRXU�GXULQJ�OHDUQLQJ��,QGHHG��WZR�RI�WKHVH�SURƢOHV�VKRZHG�D�FHUWDLQ�DVVLGXLW\�
WR�OHDUQLQJ�ZKLOH�RQH�RI�WKH�SURƢOHV�ZDV�PXFK�OHVV�DVVLGXRXV��7KH�DVVLGXRXV�
VWXGHQWV�VKRZHG�D�UHODWLYHO\�ORZ�UDWH�RI�HIƢFLHQF\�DQG�WRRN�D�FHUWDLQ�DPRXQW�
RI�WLPH�WR�FRPSOHWH�WKH�OHDUQLQJ��7KH\�GLG�QRW�VROYH�DOO�WKHLU�WDVNV�E\�UHVSRQG-
LQJ�UDQGRPO\��+RZHYHU��WKH\�GLIIHUHG�IURP�HDFK�RWKHU�LQ�WKH�ZD\�WKH\�EHKDYHG�
ZKHQ�WKH\�KDG�WR�XVH�WKH�GRFXPHQWV�SURYLGHG�DQG�RU�UHDG�WKH�HUURU�IHHGEDFN�
SURYLGHG�LQ�WKH�HQYLURQPHQW��,QGHHG��RQH�RI�WKH�SURƢOHV�PDGH�PRUH�XVH�RI�WKH�
GRFXPHQWV��WR�WKH�GHWULPHQW�RI�UHDGLQJ�WKH�HUURU�IHHGEDFN��ZKLOH�WKH�RWKHU�
SURƢOH�DFWHG�LQ�WKH�RSSRVLWH�ZD\��7KH�ODVW�SURƢOH�VKRZHG�D�OHVV�DVVLGXRXV�EH-
KDYLRXU��,QGHHG��WKHVH�VWXGHQWV�VKRZHG�D�KLJKHU�HIƢFLHQF\�UDWH�DQG�D�KLJKHU�
UDWH�RI�UDQGRP�UHVSRQVH�WKDQ�WKH�RWKHU�WZR�SURƢOHV��6LPLODUO\��WKH\�VKRZHG�
D�ORZ�UDWH�RI�GRFXPHQW�XVH��UHDGLQJ�HUURU�IHHGEDFN�DQG�WLPH�WR�VROYH�WDVNV��

6HFRQGO\��ZH�DOVR�FRPSDUHG�WKH�DYHUDJH�SHUIRUPDQFH�RI�HDFK�RI�WKHVH�SUR-
ƢOHV��LQ�RUGHU�WR�GHWHUPLQH�ZKHWKHU�WKHUH�LV�D� OLQN�EHWZHHQ�WKH�EHKDYLRXU�
DGRSWHG�GXULQJ�OHDUQLQJ�DQG�SURJUHVVLRQ��:H�FDQQRW�VD\�WKDW�WKHUH�LV�D�OLQN�
EHWZHHQ�WKH�VWXGHQW�SURƢOH��DQG�WKHUHIRUH�WKH�EHKDYLRXU�GXULQJ�OHDUQLQJ��DQG�
WKH�UDWH�RI�SURJUHVVLRQ�EHWZHHQ�WKH�SUH�WHVW�DQG�WKH�SRVW�WHVW��,QGHHG��FRXQW-
HU�LQWXLWLYHO\��LW�ZDV�WKH�VWXGHQWV�ZKR�ZHUH�WKH�OHDVW�DVVLGXRXV�DQG�WKH�OHDVW�
UHFHSWLYH�WR�WKH�UHVRXUFHV�RIIHUHG�GXULQJ�WKH�OHDUQLQJ�SURFHVV�ZKR�SHUIRUPHG�
EHVW��7KHUHIRUH��ZH�GLG�QRW�XVH�OHDUQLQJ�DQDO\WLFV��,W�LV�WKHUHIRUH�TXLWH�SRVVLEOH�
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WR�FLUFXPYHQW�WKLV�ODFN�RI�/$�LQ�WKH�HYDOXDWLRQ�RI�DQ�+,(�SURFHVV��+RZHYHU��WKH�
XVH�RI�WKLV�PHWKRG�KDV�VRPH�OLPLWDWLRQV�ZKLFK�ZH�PHQWLRQ�LQ�WKH�QH[W�VHFWLRQ�

5. Limits 

7KLV�PHWKRG�RI�HWKQRJUDSKLF�REVHUYDWLRQ�KDV�WKHUHIRUH�HQDEOHG�XV�WR�FROOHFW�
D�VHW�RI�GDWD�ZLWK�ZKLFK�ZH�KDYH�EHHQ�DEOH�WR�FUHDWH�OHDUQHU�SURƢOHV��+RZHYHU��
its use has some limitations9 

7KH�ƢUVW�OLPLWDWLRQ�LV WKH�VXEMHFWLYH�QDWXUH�RI�WKH�REVHUYDWLRQ��$V�D�UHPLQG-
HU��2SSLD�GRHV�QRW�KDYH�OHDUQLQJ�DQDO\WLFV��VR�LW�LV�WKH�GHVLJQHU�ZKR��RQ�WKH�
EDVLV�RI�VFUHHQ�UHFRUGLQJV��HQFRGHG�HDFK�EHKDYLRXU�LQ�WKH�WDEOH�RI�REVHUYDEOH�
YDULDEOHV��(YHQ�LI�WKH�DSSURDFK�LV�LQWHQGHG�WR�EH�DV�REMHFWLYH�DV�SRVVLEOH��LW�LV�
ORJLFDO�WR�GHQRXQFH�LWV�VXEMHFWLYH�QDWXUH��7KLV�OLPLWDWLRQ�LV�DOVR�KLJKOLJKWHG�E\�
&LFFRQH��������S�������ŧWKH�VWDWHPHQW�RI�DQ�REVHUYDWLRQ�LV�DOZD\V�DOUHDG\�SDUWO\�
DQ�LQWHUSUHWDWLRQŨ��,QGHHG��ZKHQ�HQFRGLQJ�WKH�EHKDYLRXUV��WKH�UHVHDUFKHU�LQ-
WHUSUHWHG�HDFK�RI�WKHP�IURP�WKH�GHƢQHG�REVHUYDEOH�YDULDEOHV�DQG�DFFRUGLQJ�WR�
KLV�RZQ�FODLPV��,I�VRPHRQH�HOVH�KDG�REVHUYHG�WKHP��KH�RU�VKH�ZRXOG�FHUWDLQO\�
KDYH�HQFRGHG�WKHP�LQ�D�GLIIHUHQW�ZD\�DQG�PLJKW�KDYH�DUULYHG�DW�D�FRPSOHWHO\�
different result9

7KLV�REVHUYDWLRQ�LV�VXEMHFWLYH�LQ�WKH�XQGHUVWDQGLQJ�RI�OHDUQHUVŤ�EHKDYLRXUV�
EXW�LV�QHYHUWKHOHVV�LQWHUHVWLQJ�LQ�WKH�HGXPHWULF�HYDOXDWLRQ�RI�SURSRVHG�WDVNV��
$V�'HSRYHU�HW�DO���������S�����SRLQW�RXW��WDNLQJ�OHDUQLQJ�WUDFHV�LQWR�DFFRXQW�
SURYLGHV�WKH�GHVLJQHU�ZLWK�ŧLQWHUHVWLQJ�LQIRUPDWLRQ�DERXW�WKH�TXDOLW\�RI�WKH�
OHDUQLQJ�SURFHVV�LPSOHPHQWHGŨ��)RU�H[DPSOH��IURP�WKH�HQFRGHG�EHKDYLRXUV�
IRU�HDFK�TXHVWLRQ��WKH�GHVLJQHU�FDQ�MXGJH�WKHLU�GLIƢFXOW\�UDWH��DQG�WKXV�PRGLI\�
TXHVWLRQV�WKDW�DUH�WRR�HDV\�RU�WRR�GLIƢFXOW�

The second limitation LV�WKDW�WKH�REVHUYDWLRQ�JULG�DOORZV�XV�WR�PHDVXUH�
WKH�OHDUQHUŤV�EHKDYLRXUDO�HQJDJHPHQW�DQG�QRW�FRJQLWLYH��7KLV�OLPLWDWLRQ�LV�DOVR�
KLJKOLJKWHG�E\�0ROLQDUL�HW�DO���������S�����ş�ŧ:KLOH�WUDFHV�FDQ�EH�FRQVLGHUHG�DV�
REMHFWLYH�PHDVXUHV�RI�EHKDYLRXUDO�HQJDJHPHQW��WKH\�WHOO�XV�OLWWOH�DERXW�FRJQL-
tive engagement, i9e9 the strategies used or the actual degree of intellectual or 
emotional investment”9

$OWKRXJK�ZH�KDYH�WDNHQ�VWHSV�WR�FUHDWH�FRJQLWLYH�YDULDEOHV�IURP�EHKDYLRXUDO�
YDULDEOHV��QRQH�RI�WKHVH�YDULDEOHV�WUXO\�UHƣHFW�WKH�LQWHOOHFWXDO�RU�DIIHFWLYH�HQ-
gagement of learners9 

0RUHRYHU��WKH�DFWLRQV�PD\�ZHOO�EH�LQ�FRQWUDGLFWLRQ�ZLWK�WKH�VWXGHQWŤV�FRJ-
QLWLYH�SURFHVV��DV�ZH�KDYH�QRWLFHG�IRU�WKH�OHVV�GLOLJHQW�SURƢOH��7KH�OHDUQHU�PD\�
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YHU\�ZHOO�SUHWHQG�WR�DQVZHU�LQFRUUHFWO\��DV�KH�RU�VKH�GRHV�QRW�FDUH�DERXW�WKH�
SURFHVV��EXW�FDUHV�PRUH�DERXW�WKH�ƢQDO�UHVXOW��

$�ƢQDO�OLPLWDWLRQ�LV�WKDW�WKH�HYDOXDWLRQ�RI�WKH�OHDUQLQJ�SURFHVV�WKURXJK�
HWKQRJUDSKLF�REVHUYDWLRQ�LV�UHVRXUFH�DQG�WLPH�LQWHQVLYH��7KLV�ZRXOG�QRW�KDYH�
EHHQ�SRVVLEOH�ZLWK��IRU�H[DPSOH�����SDUWLFLSDQWV��1LHOVHQ�������LQ�1RJU\�HW�
DO����������KRZHYHU��LQGLFDWHV�WKDW�DQ�REVHUYDWLRQ�RI�DW�OHDVW�ƢYH�SDUWLFLSDQWV�
DOORZV�IRU�WKH�LGHQWLƢFDWLRQ�RI�SUREOHPV�LQ�WKH�V\VWHP��$Q�DVVHVVPHQW�RI�DOO�WKH�
EHKDYLRXUV�RI�HDFK�OHDUQHU�LV�WKHUHIRUH�QRW�QHFHVVDU\�WR�HGXPHWULFDOO\�DVVHVV�
all the tasks of the system9 

(WKQRJUDSKLF�REVHUYDWLRQ�GLIIHUV�IURP�OHDUQLQJ�DQDO\WLFV�LQ�WKDW�LW�YLVXDOLVHV�
WKH�OHDUQLQJ�WUDFHV��,QGHHG��REVHUYDWLRQ�DOORZV�XV�WR�YLVXDOLVH�WKH�ZKROH�VHW�RI�
WUDFHV��ZKHUHDV�/$�RQO\�JLYHV�XV�DFFHVV�WR�WKH�VXPV�RI�WKH�WUDFHV��,Q�WKH�HQG��
WKH�QXPEHU�DQG�QDWXUH�RI�WKH�GDWD�FROOHFWHG�DUH�VLPLODU�WR�ZKDW�/$�ZRXOG�RIIHU��
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