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A pre-study of grade 6 students’ 
orientation to social and 

sociomathematical norms during 
mathematical problem solving in groups

Hanna Fredriksdotter, niklas norén and kajsa Bråting

This paper presents an investigation of mathematical problem solving in two 
small groups of students in grade 6, as well as the groups’ orientation to social and  
sociomathematical norms. The interaction within the groups was analysed with 
proof schemes as analytical tool, in combination with principles and procedures of  
Ethnomethodological conversation analysis (EMCA). The analysis showed that one 
group oriented to social and sociomathematical norms that gave rise to a potentially 
positive learning opportunity, whereas the other group primarily oriented to a social 
norm of equality that overshadowed the mathematical discussion. This study serves 
as a pre-study for the analysis of larger material, where EMCA appears as a promising 
methodological contribution. 

:LWKLQ�WKH�¿HOG�RI�PDWKHPDWLFV�HGXFDWLRQ��WKHUH�LV�D�FRQVHQVXV�WKDW�FROODERUD-
WLRQ�LV�EHQH¿FLDO�IRU�VWXGHQWV¶�PDWKHPDWLFDO�GHYHORSPHQW��H�J��:RRG�	�.DOLQHF��
�������+RZHYHU��OHWWLQJ�VWXGHQWV�WDNH�SDUW�LQ�JURXS�GLVFXVVLRQV�DQG�FROODE-
RUDWLYH�WDVNV�GRHV�QRW�DXWRPDWLFDOO\�OHDG�WR�SURGXFWLYH�PDWKHPDWLFDO�ZRUN��
VRPHWLPHV�SDUWLFLSDWLRQ�DV�VXFK�LV�IDYRXUHG��SULRU�WR�GLVFXVVLRQV�UHJDUGLQJ�WKH� 
PDWKHPDWLFDO�FRQWHQW�RI�WKH�DFWLYLW\��H�J��.LOKDPQ�HW�DO����������

This paper presents an investigation of grade 6 students’ mathematical 
SUREOHP�VROYLQJ�LQ�VPDOO�JURXS�LQWHUDFWLRQ��7KH�VWXG\�LV�EDVHG�RQ�WKH�ethno-
methodological approach��ZKLFK�LV�LQIUHTXHQWO\�DSSOLHG�WR�SUHYLRXV�UHVHDUFK�
ZLWKLQ�WKH�¿HOG�RI�PDWKHPDWLFV�HGXFDWLRQ��,QJUDP���������$FFRUGLQJ�WR�HWKQR�
PHWKRGRORJ\��VRFLDO�LQWHUDFWLRQ�LV�D�SURFHVV�ZKHUH�SDUWLFLSDQWV�RULHQW�WR�VKDUHG�
QRUPV�RI�FRQGXFW��DQG�ZKHUH�DFWLRQV�DUH�RUJDQLVHG�LQ�UHFRJQLVDEOH�SDWWHUQV�
�+HULWDJH���������%\�RUJDQLVLQJ�DFWLRQV�LQ�SDWWHUQV��WKH�SDUWLFLSDQWV�FRQWULEXWH�
WR�WKH�HVWDEOLVKPHQW�RI�QRUPV��,QJUDP���������ZKLFK�LQ�WKH�PDWKHPDWLFV�FODVV-
room consist of both general social norms and sociomathematical norms that 
DUH�VSHFL¿F�WR�PDWKHPDWLFDO�DFWLYLWLHV��<DFNHO�	�&REE���������$FFRUGLQJ�WR�
<DFNHO�DQG�&REE��LELG����WKH�GHYHORSPHQW�RI�VRFLRPDWKHPDWLFDO�QRUPV�FUHDWHV�
D�´WDNHQ�DV�VKDUHG´� VHQVH�RI�ZKHQ�DQG�KRZ� WR�FRQWULEXWH� WR�PDWKHPDWLFDO� 
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GLVFXVVLRQV��DV�WKH�QRUPV�FRQFHUQ�ERWK�WKH�FRQWHQW�DQG�WKH�SURFHVV�RI�SDUWLFLSDW-
LQJ�LQ�D�PDWKHPDWLFDO�DFWLYLW\��)RU�WKH�VDPH�UHDVRQ��0F&ODLQ�DQG�&REE��������
argue that the development of sociomathematical norms is closely related to the 
VWXGHQWV¶�PDWKHPDWLFDO�GHYHORSPHQW��.D]HPL�DQG�6WLSHN���������ZKR�FRPSDUH�
OHDUQLQJ� RSSRUWXQLWLHV� LQ� YDU\LQJ� FODVVURRP� SUDFWLFHV�� FRQ¿UP� 0F&ODLQ�
DQG�&REE¶V�VWDWHPHQW��+RZHYHU��IXUWKHU�DQDO\VLV�RI�WKH�UROH�RI�VRFLDO�LQWHU-
DFWLRQ�LQ�WKH�PDWKHPDWLFV�FODVVURRP�LV�YDOXDEOH��SDUWLFXODUO\�UHJDUGLQJ�KRZ� 
WHDFKHUV¶�DQG�VWXGHQWV¶�WXUQV�EXLOG�XSRQ�HDFK�RWKHU��DQG�FRQWULEXWH�WR�SDWWHUQV�
WKDW�RUJDQLVH�PDWKHPDWLFDO�FODVVURRP�FRPPXQLFDWLRQ��'UDJHVHW���������:RRG�
DQG�.DOLQHF��������DOVR�FDOO�IRU�WKH�DQDO\VLV�RI�WKH�UHODWLRQ�EHWZHHQ�DFDGHPLF�
DQG�VRFLDO�DVSHFWV�RI�VWXGHQWV¶�FROODERUDWLRQ�LQ�WKH�PDWKHPDWLFV�FODVVURRP��7KH�
DLP�RI�WKLV�VWXG\�LV�WKXV�WR�DQDO\VH�ERWK�PDWKHPDWLFDO�DQG�VRFLDO�DVSHFWV��DQG�
WKHLU�UHODWLRQVKLS��RI�JUDGH���VWXGHQWV¶�PDWKHPDWLFDO�SUREOHP�VROYLQJ�LQ�VPDOO�
JURXS�LQWHUDFWLRQ��2XU�UHVHDUFK�TXHVWLRQV�DUH�DV�IROORZV�

��� :KDW�FKDUDFWHUL]HV�H[SODQDWLRQV�DQG�VROXWLRQV�WKDW�VWXGHQWV�FRQVLGHU�
mathematically acceptable?

��� :KDW�VRFLDO�DQG�VRFLRPDWKHPDWLFDO�QRUPV�GR�VWXGHQWV�RULHQW�WR��ZKHQ�
engaging in mathematical problem solving?

$V�RQO\�WZR�JURXSV�ZHUH�REVHUYHG��WKLV�VWXG\�VHUYHV�DV�D�SUH�VWXG\�IRU�WKH�
DQDO\VLV�RI�ODUJHU�PDWHULDO�

7KHRUHWLFDO�IUDPHZRUN�
This study is based on a combination of ethnomethodology and the emergent 
perspective��7KH�DLP�RI�HWKQRPHWKRGRORJ\�LV� WR�DQDO\VH�ZKDW�SHRSOH��ZKR�
SDUWLFLSDWH�LQ�YDULRXV�NLQGV�RI�HYHU\GD\�DFWLYLWLHV��GR�LQ�RUGHU�WR�PDNH�WKRVH�
DFWLYLWLHV�PHDQLQJIXO��+HULWDJH���������7KH�HPHUJHQW�SHUVSHFWLYH�VKDUHV�WKLV�
DLP��ZLWK�D�VSHFL¿F�IRFXV�RQ�PDWKHPDWLFDO�DFWLYLWLHV��&REE�	�<DFNHO���������

$FFRUGLQJ�WR�WKH�HPHUJHQW�SHUVSHFWLYH��WKH�UHODWLRQ�EHWZHHQ�WKH�LQGLYLGXDO�
VWXGHQW�DQG�WKH�VRFLDO�FRQWH[W�RI�WKH�PDWKHPDWLFV�FODVVURRP�LV�FHQWUDO��$V�WKH�
FRQVWLWXWLRQ�RI�QRUPV�LV�DQ�LPSRUWDQW�IDFWRU�RI�WKH�FODVVURRP�FXOWXUH��<DFNHO�DQG�
&REE��������GHYHORSHG�WKH�FRQFHSW�RI�sociomathematical norms��LQ�FRQQHFWLRQ�
WR�WKH�IRUPXODWLRQ�RI�WKH�HPHUJHQW�SHUVSHFWLYH��6RFLRPDWKHPDWLFDO�QRUPV�DUH�
QRUPDWLYH�DVSHFWV�WKDW�VSHFL¿FDOO\�FRQFHUQ�PDWKHPDWLFDO�DFWLYLWLHV��ZKHUHDV�
JHQHUDO�VRFLDO�QRUPV�DSSO\�WR�UHODWLRQV�EHWZHHQ�SDUWLFLSDQWV��2QH�H[DPSOH�RI�
D�VRFLDO�QRUP�WKDW�LV�DSSOLFDEOH�LQ�DOO�FODVVURRPV��UHJDUGOHVV�RI�VXEMHFW�PDWWHU��
LV�WKDW�VWXGHQWV�DUH�H[SHFWHG�WR�H[SODLQ�DQG�DFFRXQW�IRU�WKHLU�VROXWLRQV�WR�D�
SUREOHP��7KH�FRUUHVSRQGLQJ�VRFLRPDWKHPDWLFDO�QRUP�LV�WR�H[SHFW�WKDW�DQ�H[SOD-
nation of a solution to a mathematical problem is mathematically acceptable��
6LPLODUO\��LQ�DQ\�GLVFXVVLRQ��D�QHZ�VXJJHVWLRQ�RI�D�VROXWLRQ�WR�D�SUREOHP�VKRXOG�
EH�GLIIHUHQW�IURP�ZKDW�KDV�DOUHDG\�EHHQ�VXJJHVWHG��EXW�LQ�D�GLVFXVVLRQ�RI�D� 
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mathematical� SUREOHP�� WKH� VXJJHVWLRQV� KDYH� WR� EH� mathematically diffe-
rent��6WXGHQWV�VKRXOG�DOVR�EH�DEOH�WR�UHFRJQL]H�DQG�DSSUHFLDWH�WKH�YDULHW\�LQ� 
sophistication�RI�GLIIHUHQW�PDWKHPDWLFDO�VROXWLRQV��0F&ODLQ�	�&REE��������

:KDW�FRXQWV�DV�PDWKHPDWLFDOO\�DFFHSWDEOH��GLIIHUHQW�DQG�VRSKLVWLFDWHG�VROX-
WLRQV�YDULHV�EHWZHHQ�FODVVURRPV��DV�VRFLRPDWKHPDWLFDO�QRUPV�HPHUJH�WKURXJK�
LQWHUDFWLYH�SURFHVVHV�EHWZHHQ�WKH�WHDFKHU�DQG�WKH�VWXGHQWV��<DFNHO�	�&REE��
�������)RU�LQVWDQFH��WKH�WHDFKHU�FRQWULEXWHV�WR�WKH�GHYHORSPHQW�RI�VRFLRPDWKH�
PDWLFDO�QRUPV�E\�H[SOLFLWO\�DVNLQJ�KHU�VWXGHQWV�WR�SUHVHQW�GLIIHUHQW�VROXWLRQV�
WR�D�JLYHQ�WDVN��DV�VKRZQ�E\�0F&ODLQ�DQG�&REE¶V��������DQDO\VLV�RI�GLVFXVVLRQV�
LQ�SULPDU\�VFKRRO�FODVVURRPV��7KH�WHDFKHU¶V�ZD\�RI�DVNLQJ�TXHVWLRQV��RU�JLYLQJ�
DWWHQWLRQ�WR�FHUWDLQ�H[SODQDWLRQV��DOVR�LPSOLFLWO\�FRQWULEXWHV�WR�WKH�GHYHORSPHQW�
RI�QRUPDWLYH�SDWWHUQV�LQ�WKH�VRFLDO�LQWHUDFWLRQ��WKLV�LV�UHYHDOHG�E\�3DUWDQHQ�DQG�
.DDVLOD���������LQ�WKHLU�LQYHVWLJDWLRQ�RI�WKH�GHYHORSPHQW�RI�QRUPV�GXULQJ�XSSHU�
VHFRQGDU\�VFKRRO�VWXGHQWV¶�FROODERUDWLRQ�LQ�VPDOO�JURXSV��

0F&ODLQ�DQG�&REE���������DV�ZHOO�DV�.D]HPL�DQG�6WLSHN���������LQYHVWLJDWHG�
QRUPV�RI�HQWLUH�FODVVURRPV��ZKHUHDV�ZH��OLNH�3DUWDQHQ�DQG�.DDVLOD���������IRFXV�
RQ�VPDOO�JURXS�ZRUN��+RZHYHU��ZH�GR�QRW�DQDO\VH�WKH�DFWXDO�HVWDEOLVKPHQW�RI�
QRUPV�RYHU�WLPH��LQVWHDG��ZH�IRFXV�RQ�KRZ�SDUWLFLSDQWV�RULHQW�WR�QRUPV�GXULQJ�
WKH�FRXUVH�RI�JURXS�LQWHUDFWLRQ��6RFLRPDWKHPDWLFDO�QRUPV�ZHUH�SDUW�RI�WKH�WKHR-
UHWLFDO�IUDPHZRUN�LQ�/HYHQVRQ��7LURVK�DQG�7VDPLU¶V��������LQYHVWLJDWLRQ�RI�WKH�
GLVFUHSDQF\�EHWZHHQ�WKH�QRUPV�WHDFKHUV�HQGRUVH�DQG�VWXGHQWV�SHUFHLYH��DV�ZHOO�
DV�LQ�:HVWHU¶V��������DQDO\VLV�RI�WKH�WHQVLRQ�EHWZHHQ�WKH�WHDFKHU¶V�LQWHQWLRQV�DQG�
VWXGHQWV¶�SHUFHSWLRQ�RI�QRUPV��7KH�GLIIHUHQFH�EHWZHHQ�WKHVH�WZR�VWXGLHV��DQG�
WKH�VWXG\�UHSRUWHG�LQ�WKLV�SDSHU��LV�WKDW�RXU�DLP�LV�WR�DQDO\VH�VWXGHQWV¶�LQWHUDF-
WLRQ��UDWKHU�WKDQ�WKH�LQWHUDFWLRQ�EHWZHHQ�VWXGHQWV�DQG�WHDFKHUV��6WXGHQWV¶�LQWHU-
DFWLRQ�ZDV�DOVR�WKH�IRFXV�LQ�7DWVLV�DQG�.ROH]D¶V��������LGHQWL¿FDWLRQ�RI�QRUPV�LQ�
VWXGHQWV¶�SUREOHP�VROYLQJ�LQ�SDLUV��+RZHYHU��7DWVLV�DQG�.ROH]D�SHUIRUPHG�WKHLU�
VWXG\�DV�DQ�H[SHULPHQW��ZKHUHDV�HWKQRPHWKRGRORJLFDO�LQYHVWLJDWLRQV�FRQFHUQ�
QDWXUDOO\�RFFXUULQJ�DFWLYLWLHV��+HULWDJH���������

Empirical material and method for analysis 
7KH�HPSLULFDO�PDWHULDO�RI�WKLV�VWXG\�FRQVLVWV�RI�YLGHR�UHFRUGLQJV�RI�WZR�KHWHUR-
JHQHRXV�JURXSV�RI�VWXGHQWV�LQ�JUDGH����VROYLQJ�D�PDWKHPDWLFDO�SUREOHP��7KH�
REVHUYHG�JURXS�ZRUN�UHSUHVHQWV�D�QDWXUDO�DQG�DXWKHQWLF�FODVVURRP�VLWXDWLRQ��DV�
WKH�WHDFKHU�RI�WKH�FODVV�RIWHQ�OHW�KHU�VWXGHQWV�FROODERUDWH�LQ�VPDOO�JURXSV��7KH�
WZR�JURXSV��JURXS�$�DQG�JURXS�%��ZHUH�REVHUYHG�GXULQJ�RQH�OHVVRQ�ZKHUH�WKH\�
VROYHG�D�FRPELQDWRULDO�SUREOHP�WKDW�ZDV�IRUPXODWHG�DV�IROORZV��

There is a line-up at the bus stop. In how many di!erent ways can:
a) 2 persons stand in line?
b) 3 persons stand in line?
c) 4 persons stand in line?
d) Try to "nd a rule for calculating the number of line-ups.
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$W�WKH�EHJLQQLQJ�RI�WKH�OHVVRQ��WKH�WHDFKHU�LQVWUXFWHG�WKH�VWXGHQWV�WR�VWDUW�RXW�
E\�ZRUNLQJ�LQGLYLGXDOO\�ZLWK�WKH�SUREOHP��$IWHU�D�IHZ�PLQXWHV��WKH�WHDFKHU�
DVNHG�WKH�VWXGHQWV�WR�WXUQ�WR�WKH�FODVVPDWH�VLWWLQJ�QH[W�WR�WKHP��DQG�DJUHH�RQ�D�
´SDLU�VROXWLRQ �́�7KHUHDIWHU��WKH�G\DGV�IRUPHG�JURXSV�RI�IRXU��DQG�ZHUH�WROG�WR�
DJUHH�RQ�D�´JURXS�VROXWLRQ �́�

,Q�RUGHU�WR�FKDUDFWHUL]H�WKH�H[SODQDWLRQV�DQG�VROXWLRQV�WKDW�WKH�VWXGHQWV�FRQ-
VLGHUHG�PDWKHPDWLFDOO\�DFFHSWDEOH��54���ZH�XVHG�WKH�FRQFHSW�RI�proof schemes 
DV�DQDO\WLFDO�WRRO��$FFRUGLQJ�WR�6RZGHU�DQG�+DUHO���������SURRI�VFKHPHV�VHUYH�
DV�D�FODVVL¿FDWLRQ�RI�ZKDW�PDNHV�SHRSOH�FRQYLQFHG�WKDW�DQ�DVVHUWLRQ�LV�WUXH��,Q�
PDWKHPDWLFV��WKH�WKUHH�PDLQ�FODVVHV�RI�SURRI�VFKHPHV�DUH�analytic, empirical 
and externally based��6WXGHQWV�ZKR�DUH�DEOH�WR�UHDVRQ�LQ�D�ORJLFDO�DQG�JHQHUDO�
manner demonstrate analytic proof schemes��ZKHUHDV�empirical proof schemes 
FRQVLVW�RI�H[SODQDWLRQV�WKDW�UHO\�RQ�WKH�SHUFHSWLRQ�RI�H[DPSOHV�RU�FRQFUHWH�
REMHFWV��7KH�externally based proof schemes�GHVFULEH�VLWXDWLRQV�ZKHUH�WKH�FRQ-
YLQFLQJ�IDFWRUV�DUH�ORFDWHG�RXWVLGH�RI�WKH�VWXGHQW��VXFK�DV�ZKDW�DQ�DXWKRULW\��IRU�
LQVWDQFH�WKH�WHDFKHU��KDV�VWDWHG��7KH�LQLWLDO�VWDJH�RI�WKH�DQDO\VLV�ZDV�WKXV�WR�FRGH�
WKH�VWXGHQWV¶�XWWHUDQFHV�ZLWK�UHJDUG�WR�GHPRQVWUDWHG�SURRI�VFKHPHV��

7R�IXUWKHU�DQDO\VH�WKH�VRFLDO�LQWHUDFWLRQ�LQ�WKH�JURXSV��ZH�XVHG�SULQFLSOHV�
and procedures of Ethnomethodological conversation analysis��(0&$���2QH�
SULQFLSOH�RI�(0&$�LV�WR�DQDO\VH�QDWXUDOO\�RFFXUULQJ�GDWD��$QRWKHU�SULQFLSOH�LV�
WR�WUHDW�WDON�LQ�LQWHUDFWLRQ�DV�FRQWH[WXDOO\�HPEHGGHG��LQ�WKH�VHQVH�WKDW�SDUWLFL-
SDQWV¶�XWWHUDQFHV�DQG�DFWLRQV�RQO\�FDQ�EH�XQGHUVWRRG�LQ�UHODWLRQ�WR�ZKDW�RWKHU�
SDUWLFLSDQWV�VD\�DQG�GR��+HULWDJH���������2QH�PDMRU�¿QGLQJ�LQ�(0&$�UHVHDUFK�
is that repair practices��WKDW�LV��SDUWLFLSDQWV¶�KDQGOLQJ�RI�YDULRXV�NLQG�RI�WURXEOH�
GXULQJ�WDON��VXFK�DV�SUREOHPV�RI�XQGHUVWDQGLQJ��LV�LQWHUDFWLRQDOO\�RUJDQL]HG�
in at least three parts: trouble source, initiation of repair and repair��6LGQHOO��
�������(DFK�VSRNHQ�WXUQ�LQ�WKH�DQDO\VHG�VHTXHQFHV�ZDV�WKHUHIRUH�UHODWHG�WR�WKH�
SUHFHGLQJ�DQG�WKH�IROORZLQJ�WXUQV��DQG�WKHLU�FRQWULEXWLRQV�ZHUH�LQWHUSUHWHG�
ZLWK�UHJDUG�WR�KRZ�WKH�SDUWLFLSDQWV�GLVSOD\HG�DQ�XQGHUVWDQGLQJ�RI�WKH�WXUQ��RU�
QRW���$V�QRUPV�FDQ�EH�LGHQWL¿HG�DV�SDWWHUQV�LQ�VRFLDO�LQWHUDFWLRQ��,QJUDP��������
<DFNHO�	�&REE���������ZH�DOVR�DQDO\VHG�VHTXHQFHV�RI�WXUQV�WKDW�GHPRQVWUDWHG�
WKH�JURXSV¶�RULHQWDWLRQ�WR�VRFLDO�DQG�VRFLRPDWKHPDWLFDO�QRUPV��54����

%HORZ��LQ�WKH�DQDO\VLV�RI�WKH�LQWHUDFWLRQ�LQ�WKH�WZR�JURXSV��GLDORJXH�H[FHUSWV�
DUH�RUJDQLVHG�LQ�WXUQV�DW�WDON��LQFOXGLQJ�UHOHYDQW�HPERGLHG�DFWLRQV�DQG�KDQGOLQJ�
RI�DUWHIDFWV��'HVFULSWLRQV�E\�WKH�WUDQVFULEHU�DUH�PDUNHG�ZLWK���GRXEOH�SDUHQWKH-
VLV���DQG�VSHDNHU¶V�HPSKDVLV�ZLWK�unGHUOLQLQJ��7KH�VWXGHQWV�KDYH�EHHQ�JLYHQ�
¿FWLWLRXV�QDPHV��$OLFH��$QQD��$ODQ�DQG�$QG\�LQ�JURXS�$��DQG�%HD��%LEL��%HQQ\�
DQG�%LOO\�LQ�JURXS�%�

Analysis of the interaction in group A
'XULQJ�LQGLYLGXDO�ZRUN��$QG\�ZURWH�D�WDEOH�RI�DOO�SRVVLEOH�FRPELQDWLRQV�RI�
OLQH�XSV�IRU� WKUHH�SHUVRQV��ZKHUH�WKH�GLJLWV������DQG���UHSUHVHQWHG�SHUVRQV�
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VWDQGLQJ�LQ�OLQH��7KHUHDIWHU�KH�ZURWH�WZR�VHWV�RI�VL[�FRPELQDWLRQV��DOO�EHJLQ-
QLQJ�ZLWK�QXPEHU���DQG���UHVSHFWLYHO\��UHSUHVHQWLQJ�IRXU�SHUVRQV�LQ�OLQH��DV�
VKRZQ�LQ�¿JXUH���

8VLQJ�WKH�WZR�WDEOHV�ZLWK�VL[�FRPELQDWLRQV��$QG\�ZDV�DEOH�WR�FDOFXODWH�WKH�WRWDO�
QXPEHU�RI�SRVVLEOH�OLQH�XSV�IRU�IRXU�SHUVRQV��+H�H[SODLQHG�KLV�FDOFXODWLRQ�WR�
KLV�´SDLU�SDUWQHU´�$ODQ�LQ�WKH�IROORZLQJ�ZD\�

LI�WKH�VDPH�SHUVRQ�LV�LQ�WKH�IURQW�WKHQ�WKHUH�DUH�VL[�GLIIHUHQW�ZD\V�IRU�WKH�
RQHV�EHKLQG�WR�VWDQG�DQG�WKHQ�WKHUH�DUH�IRXU�SHUVRQV�ZKR�FDQ�EH�LQ�WKH�
IURQW�VR�,�MXVW�¿JXUHG�VL[�WLPHV�IRXU�LV�WZHQW\�IRXU�

$QG\�UHGXFHG�WKH�SUREOHP�IURP�IRXU�WR�WKUHH�SHUVRQV��E\�¿[DWLQJ�RQH�SHUVRQ�
LQ�WKH�¿UVW�SODFH��DQG�ZDV�WKHQ�DEOH�WR�FDOFXODWH�WKH�QXPEHU�RI�OLQH�XSV��´VL[�
WLPHV�IRXU �́�$V�$QG\�IRUPXODWHG�D�VROXWLRQ�EDVHG�RQ�ORJLFDO�UHDVRQLQJ�DERXW�
D�JHQHUDO�FKDUDFWHU�RI�WKH�SUREOHP��KH�GHPRQVWUDWHG�DQ�analytic proof scheme��

$W�¿UVW��WKH�RWKHU�JURXS�PHPEHUV�FRXOG�QRW�TXLWH�XQGHUVWDQG�$QG\¶V�H[SODQD-
WLRQ��,Q�WKH�IROORZLQJ�VHTXHQFH��$QG\�LQLWLDOO\�UHSHDWV�KLV�DQDO\WLF�H[SODQDWLRQ�� 
ZKLFK�$QQD�DQG�$OLFH�UHVSRQG�WR��

���$QG\�� LI�WKH���LV�LQ�WKH�¿UVW�SODFH�DOO�WKH�WLPH�WKHQ�WKHUH�DUH�VL[�GLIIHUHQW�ZD\V�LI�
there are three persons behind

���$QQD�� \HDK�EXW�ZKDW�LI�everyone elVH�LV�LQ�WKH�¿UVW�SODFH
���$QG\�� ��ZULWHV�FRPELQDWLRQV�ZLWK�QXPEHU���LQ�WKH�¿UVW�SRVLWLRQ���DV�WKHUH¶V�D���\RX�

KDYH�WR�WDNH��������������ZHOO�\RX�JHW�LW�
���$QQD�� \HV�EXW�DOO�WKH�RWKHUV�FDQ�EH�LQ�WKH�IURQW
���$QG\��� EXW�FKHFN�WKLV�RXW�LI�WKHUH¶V�onO\�WKH���LQ�WKH�IURQW�
���$OLFH�� \HDK
����$QQD�� \HDK
���$QG\�� ZLWK�WKHVH�WKUHH�SHUVRQV�EHKLQG�WKH\�FDQ�PRYH�DERXW�VR�WKHUH�DUH�VL[�GLIIHU-

HQW�ZD\V�
���$OLFH��� DQG�WKHQ�ZH�FDQ�GR�WKH�VDPH�WKLQJ�ZLWK�WKH�RWKHUV
���$QG\��� \HV�DQG�WKHQ�\¶NQRZ�WKHUH�DUH�IRXU�SHUVRQV�
� � VL[�GLIIHUHQW�ZD\V�VL[�WLPHV�IRXU�LV�WZHQW\�IRXU�
���$OLFH�� PP���QRGV���JRRG�OHW¶V�GR�WKLV�DV�RXU�JURXS¶V�

)LJXUH��� Excerpt from Andy’s notes



Papers

26 Proceedings of Madif 12

$QQD¶V�́ \HDK´������LQGLFDWHG�WKDW�VKH�DFFHSWHG�$QG\¶V�VROXWLRQ�������EXW�KHU�IRO-
ORZLQJ�TXHVWLRQ�DOVR�UHYHDOHG�WKDW�VKH�GLG�QRW�XQGHUVWDQG�KLV�H[SODQDWLRQ��$QG\�
WUHDWHG�$QQD¶V�TXHVWLRQ������DV�D�trouble source�ZKHQ�KH�VZLWFKHG�WR�DQ�empiri-
cal proof scheme�DQG�SURYLGHG�DQ�H[DPSOH�������DV�DQ�DWWHPSW�WR�repair her dif-
¿FXOWLHV�WR�XQGHUVWDQG��+RZHYHU��$QQD�VKRZHG�WKDW�VKH�VWLOO�GLG�QRW�XQGHUVWDQG�
$QG\¶V�JHQHUDO�H[SODQDWLRQ��DQG�H[WHQGHG�WKH�UHSDLU�VHTXHQFH��ZKHQ�RQFH�DJDLQ�
VWDWLQJ�WKDW�HYHU\ERG\�FDQ�EH�LQ�WKH�¿UVW�SRVLWLRQ�������$QG\�WKHQ�FRQWLQXHG�WR�
H[SODLQ��E\�VWUHVVLQJ�WKH�LPSRUWDQFH�RI�NHHSLQJ�WKH�VDPH�QXPEHU�LQ�WKH�¿UVW�
place: ”onO\�WKH��´�������$QQD�DQG�$OLFH�VKRZHG�WKDW�WKH\�OLVWHQHG��E\�VD\LQJ�
´\HDK´�����������$OLFH�DOVR�VKRZHG�WKDW�VKH�QRZ�FRXOG�IROORZ�$QG\¶V�UHDVRQ-
LQJ�������ZKLFK�$QG\�FRQ¿UPHG�E\�UHSHDWLQJ�KLV�LQLWLDO�ZD\�RI�H[SODLQLQJ�KLV�
VROXWLRQ�������7KLV�DOVR�FORVHG�WKH�UHSDLU�VHTXHQFH��7KHUHDIWHU��$OLFH�PDGH�LW�
SXEOLF�WKDW�WKH�JURXS�KDG�DJUHHG�RQ�$QG\¶V�VXJJHVWLRQ�DV�WKH�JURXS¶V�MRLQW�VROX-
WLRQ�������$QG\¶V�JURXS�PDWHV�GLG�QRW�VLPSO\�DFFHSW�KLV�VROXWLRQ��EXW�VWULYHG�WR�
XQGHUVWDQG�KLV�JHQHUDO�H[SODQDWLRQ��DV�VKRZQ�E\�$QQD��UDLVLQJ�WKH�VDPH�REMHF-
WLRQ�WZLFH�����������7RJHWKHU�ZLWK�$QG\¶V�WKRURXJK�H[SODQDWLRQ�RI�KLV�VROXWLRQ�
��������������WKH�UHSDLU�VHTXHQFH�GLVSOD\HG�DQ�RULHQWDWLRQ�WR�D�VRFLDO�QRUP�WR�
strive for joint understanding��

6RRQ�DIWHU�WKH�VHTXHQFH�SUHVHQWHG�DERYH��$ODQ�PDQDJHG�WR�LQWXLWLYHO\�IRU-
PXODWH�WKH�IDFWRULDO�IXQFWLRQ�ZKHQ�WHOOLQJ�KLV�JURXS�KRZ�WKH�QXPEHU�RI�OLQH�XSV�
IRU�WKUHH�DQG�IRXU�SHUVRQV�FDQ�EH�FDOFXODWHG��

� RQH�WLPHV�WZR�LV�WZR�WLPHV�WKUHH�LV�VL[�
� RQH�WLPHV�WZR�LV�WZR�WLPHV�WKUHH�LV�VL[�VL[�WLPHV�IRXU�LV�WZHQW\�IRXU

7KH�JURXS�DVVHVVHG�$ODQ¶V�IRUPXODWLRQ�DV�́ FRRO �́�́ VPDUW´�DQG�́ PDJLF �́�DQG�WROG�
WKH�WHDFKHU�WKDW�WKHLU�VROXWLRQ�ZDV�´JUHDW´�DQG�´DZHVRPH �́�7RJHWKHU�ZLWK�WKH�
HIIRUW�WR�XQGHUVWDQG�$QG\¶V�ORJLFDO�UHDVRQLQJ��WKH�JURXS¶V�UHVSRQVH�WR�$ODQ¶V�
formulation of the solution displayed an orientation to a norm that solutions to 
mathematical problems should be formulated on a general level��7KLV�FRUUH-
VSRQGV�WR�WKH�SULPDO�VRFLRPDWKHPDWLFDO�QRUP�RI�UHFRJQL]LQJ�WKH�VRSKLVWLFDWLRQ�
RI�D�VSHFL¿F�VROXWLRQ�

$QDO\VLV�RI�WKH�LQWHUDFWLRQ�LQ�JURXS�%
,Q�JURXS�%��%LEL�LQLWLDOO\�ZURWH�DOO�SRVVLEOH�FRPELQDWLRQV�RI�WKUHH�SHUVRQV�LQ�
OLQH��7KHUHDIWHU��VKH�OHW�WKH�GLJLWV���������DQG���UHSUHVHQW�IRXU�SHUVRQV�LQ�OLQH��
DQG�SUHVHQWHG�KHU�VROXWLRQ�DV�RQH�OLVW�RI�VL[�FRPELQDWLRQV��DOO�EHJLQQLQJ�ZLWK�
���DV�VKRZQ�LQ�¿JXUH���

-XVW�OLNH�$QG\��%LEL�IRUPXODWHG�D�VROXWLRQ�EDVHG�RQ�ORJLFDO�DQG�JHQHUDO� 
UHDVRQLQJ�ZKHQ�H[SODLQLQJ�KHU�FDOFXODWLRQ�WR�KHU�´SDLU�SDUWQHU´�%HD��

KHUH�DUH�DOO�WKH�ZD\V�ZLWK�D���LQ�WKH�IURQW�DQG�DOO�WKH�ZD\V�ZLWK�D���LQ�WKH�
IURQW�WKDW�VKRXOG�JHW�H[DFWO\�WKH�VDPH�QXPEHU�DV�WKHUH�DUH�MXVW�DV�PDQ\�
¿JXUHV�>VR@�ZLWK�IRXU�¿JXUHV�,�MXVW�GLG�VL[�WLPHV�IRXU�DQG�WKDW¶V�WZHQW\�IRXU��
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%LEL�GHPRQVWUDWHG�DQ�analytic proof scheme in formulating a general character 
LQ�KHU�VROXWLRQ��́ ZLWK�D���LQ�WKH�IURQW��WKDW�VKRXOG�JHW�H[DFWO\�WKH�VDPH�QXPEHU �́�
%HQQ\�DQG�%LOO\��RQ�WKH�RWKHU�KDQG��SUHVHQWHG�WKHLU�VROXWLRQ�DV�WDEOHV�RI�OHWWHUV�
DQG�GRWV��WKXV�GHPRQVWUDWLQJ�DQ�empirical proof scheme��DV�VKRZQ�E\�¿JXUH����

%HQQ\�DQG�%LOO\�DVVXPHG�WKDW�HYHU\ERG\�KDG�WR�FKDQJH�SODFHV�LQ�RUGHU�IRU�
WKH�QHZ�FRPELQDWLRQ�WR�EH�´GLIIHUHQW �́�DQG�ZKHQ�WKH�G\DGV�FDPH�WRJHWKHU�DV�
D�JURXS��WKH\�LQVWDQWO\�UHDOLVHG�WKDW�WKH\�KDG�LQWHUSUHWHG�WKH�SUREOHP�LQ�FRP-
SOHWHO\�GLIIHUHQW�ZD\V��+RZHYHU��WKH�VWXGHQWV�GLG�QRW�GLVFXVV�WKH�PDWKHPDWLFDO�
FRQWHQW�RI�WKHLU�VROXWLRQV��,QVWHDG��%LOO\�DVNHG�WKH�WHDFKHU�WR�MRLQ�WKHP�LQ�RUGHU�
WR�DVVHVV�%LEL¶V�VROXWLRQ�RI�WKH�QXPEHU�RI�OLQH�XSV�RI�WKUHH�SHUVRQV�

���%LOO\�� ��SRLQWV�DW�%LEL¶V�VROXWLRQ���FDQ�\RX�FDQ�\RX�GR�LW�WKLV�ZD\�ZKDW¶V�LW�QRZ�HK�
123 132 231 213

���7HDFK��� ��LQWHUUXSWV�%LOO\���\RX�KDYH�NLQG�RI�GUDZQ�KRZ�WKHVH�GLIIHUHQW�SHRSOH�VWDQG
��±��� ��RPLWWHG�WDON�DERXW�ZKR�ZURWH�WKH�VROXWLRQ���
���7HDFK��� \HV�\RX�FRXOG�GR�LW�WKDW�ZD\�
���%HD�� \HV
���%HQQ\�� RND\�

%LOO\¶V�UHTXHVW�IRU�WKH�WHDFKHU¶V�DVVHVVPHQW������GHPRQVWUDWHG�DQ�externally 
based proof scheme��ZKLFK�DOVR�%HD�DQG�%HQQ\�DFFHSWHG�LQ�WKHLU�UHVSRQVHV�WR�
WKH�WHDFKHU¶V�SRVLWLYH�DQVZHU�����������7KH�SRVVLEOH�SUREOHP�RI�KDYLQJ�WZR�VROX-
WLRQV�ZDV��KRZHYHU��QRW�UHVROYHG��6KRUWO\�DIWHU�WKH�VHTXHQFH�SUHVHQWHG�DERYH��
%HQQ\�WXUQHG�WR�WKH�WHDFKHU��DJDLQ�GHPRQVWUDWLQJ�DQ�H[WHUQDOO\�EDVHG�SURRI�
VFKHPH��LQ�DVNLQJ�ZKLFK�RQH�RI�WKH�G\DGV¶�VROXWLRQV�WKH�JURXS�VKRXOG�FKRRVH�

���%HQQ\�� ZKLFK�RQH�VKRXOG�ZH�KDYH�DV�WKH�JURXS¶V�HK�MRLQW
���7HDFK��� ��WR�%HQQ\�DQG�%LOO\���ZHOO�VLQFH�\RX�WKRXJKW�DERXW�LW�LQ�D�GLIIHUHQW�ZD\�

��RPLWWHG�WDON�DERXW�GLIIHUHQW�SDUWV�RI�WKH�WDVN���PD\EH�\RX�FRXOG�SUHVHQW�D�

)LJXUH��� Excerpt from Bibi’s notes

)LJXUH��� Excerpt from Billy’s notes
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DQG�E�LQ�\RXU�WZR�GLIIHUHQW�ZD\V�RI�WKLQNLQJ�¶FDXVH�you�MXVW�thought about 
LW�LQ�D�GLIIHUHQW�ZD\�EXW�\RX�KDYHQ¶W�OLNH�GRQH�DQ\WKLQJ�ZURQJ 

��±��� ��RPLWWHG�WDON�DERXW�ZKLFK�ZRUNVKHHW�WR�ZULWH�RQ��
���%HQQ\�� ZH�ZULWH�ERWK�RI�WKHP�
���%LEL�� ZH�OLNH�ZULWH�both�RI�WKH�ZD\V�
���7HDFK��� \RX�FRXOG�GR�WKDW
���%HD�� PP
���7HDFK��� LW�FDQ�EH�TXLWH�LQWHUHVWLQJ�WKHUH�FRXOG�EH�RWKHUV�LQ�WKH�FODVV�ZKR�WKRXJKW�

DERXW�LW�LQ�WKLV�ZD\�

7KH�WHDFKHU¶V�UHVSRQVHV����������UHVHPEOH�WKH�VRFLRPDWKHPDWLFDO�QRUP�WKDW�VXJ-
gested solutions to a mathematical problem have to be mathematically different 
�FI�<DFNHO�	�&REE���������+RZHYHU��WKH�WHDFKHU�DOVR�RULHQWHG�WR�D�VRFLDO�QRUP�
RI�HTXDOLW\��LQ�WHOOLQJ�%HQQ\�DQG�%LOO\�WKDW�WKH\�´KDYHQ¶W��OLNH��GRQH�DQ\WKLQJ�
ZURQJ´�������7RJHWKHU�ZLWK�WKH�VWDWHPHQW�WKDW�WKH\�´MXVW�WKRXJKW�DERXW�LW�LQ�D�
GLIIHUHQW�ZD\´������WKH�WHDFKHU¶V�VWDQFH�WRZDUGV�WKH�G\DGV¶�GLIIHULQJ�VROXWLRQV�
EHFDPH�JXLGLQJ�IRU�WKH�JURXS¶V�VXEVHTXHQW�DVVHVVPHQW�

��� %LEL�� � EXW�your�LGHD�ZDV�DOVR�ver\�ZHOO�WKRXJKW�RXW
��� %HQQ\�� right
����%LEL�� � EHFDXVH�LW�LV�LW�GHpenGV�ERWK�RI�WKHP�FDQ�EH�WKH�FRUUHFW�DQVZHU�\¶NQRZ
���� %LOO\�� � ZHOO�ERWK�none of them is actually the correct one
����%LEL�� � QR�H[DFWO\
����%HQQ\���LW�DOO�MXVW�GHSHQGV�RQ�KRZ�\RX�WKLQN�DERXW�LW
����%LEL�� � H[actly
����%LOO\�� � ERWK�DUH�MXVW�DV�FRUUHFW
����%HQQ\�� botK�ZHUH�MXVW�DV�JRRG

,QLWLDOO\��%LEL�DVVHVVHG�%HQQ\�DQG�%LOO\¶V�VROXWLRQ�SRVLWLYHO\�������ZKLFK�%HQQ\�
DJUHHG�ZLWK�������7KH�JURXS�DOVR�DJUHHG�WKDW�ERWK�VROXWLRQV�ZHUH�HTXDOO\�FRUUHFW�
���������������������DQG�%HQQ\�UHSHDWHG�WKDW�WKH�RQO\�GLIIHUHQFH�EHWZHHQ�WKH�
WZR�VROXWLRQV�ZDV�́ KRZ�\RX�WKLQN�DERXW�LW´��������$OWKRXJK�WKH�VWXGHQWV�WDONHG�
DERXW�WKHLU�PDWKHPDWLFDO�VROXWLRQV��WKLV�VHTXHQFH�GHPRQVWUDWHV�DQ�RULHQWDWLRQ�
to a social norm that both parties are equal��

&RQFOXVLRQV�DQG�GLVFXVVLRQ�
0DQ\�VWXGLHV�UHJDUGLQJ�FODVVURRP�QRUPV��H�J��.D]HPL�	�6WLSHN��������/HYHQ-
VRQ�HW�DO���������0F&ODLQ�	�&REE��������<DFNHO�	�&REE��������:HVWHU��������
DQDO\VH�ZKROH� FODVV� LQWHUDFWLRQ�� DQG� LQWHUDFWLRQ�EHWZHHQ� WHDFKHUV� DQG� VWX-
GHQWV��7KH�VWXG\�UHSRUWHG�LQ�WKLV�SDSHU�DGGV�WR�SUHYLRXV�UHVHDUFK�LQ�WKDW�ZH�
IRFXV�PDLQO\�RQ�VRFLDO�LQWHUDFWLRQ�ZLWKLQ�VPDOO�JURXSV�RI�VWXGHQWV��HQJDJLQJ�LQ� 
PDWKHPDWLFDO�SUREOHP�VROYLQJ��
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7KH�VWXGHQWV� LQ� WKH�REVHUYHG�JURXSV�KDG�EHORQJHG� WR� WKH�VDPH�FODVV��ZLWK�
WKH�VDPH�WHDFKHU��IRU�WZR�\HDUV��,W�LV�WKHUHIRUH�UHDVRQDEOH�WR�DVVXPH�WKDW�WKH\�
KDG�WDNHQ�SDUW�LQ�WKH�VDPH�PXWXDO�SURFHVVHV�RI�GHYHORSLQJ�FODVVURRP�QRUPV��
1HYHUWKHOHVV��RXU�UHVXOWV�VKRZ�WKDW�WKHUH�ZHUH�VLJQL¿FDQW�GLIIHUHQFHV�UHJDUG-
LQJ�ZKLFK�VRFLDO�DQG�VRFLRPDWKHPDWLFDO�QRUPV�WKH�JURXSV�RULHQWHG�WR��$V�WKH�
development of sociomathematical norms ”gives rise to learning opportunities” 
�<DFNHO�	�&REE��������S��������RXU�UHVXOWV�LPSO\�WKDW�VWXGHQWV¶�LQ�WKH�YHU\�VDPH�
FODVVURRP�FUHDWH�DQG�H[SHULHQFH�D�YDULHW\�RI�OHDUQLQJ�RSSRUWXQLWLHV��ZLWKLQ� 
GLIIHUHQW�JURXSV�

7KH�VROXWLRQ�WKDW�JURXS�$�FRQVLGHUHG�WR�EH�PDWKHPDWLFDOO\�DFFHSWDEOH�ZDV�
FKDUDFWHUL]HG�E\�DQ�DQDO\WLF�SURRI�VFKHPH��DV�$QG\¶V�H[SODQDWLRQ�ZDV�EDVHG�RQ�
ORJLFDO�UHDVRQLQJ�DERXW�JHQHUDO�IHDWXUHV�RI�WKH�SUREOHP��%\�HQJDJLQJ�LQ�D�FROOD�
ERUDWLYH�UHSDLU�VHTXHQFH��WKH�VWXGHQWV�RULHQWHG�WR�D�VRFLDO�QRUP�WR�VWULYH�IRU�MRLQW�
XQGHUVWDQGLQJ��,Q�SRVLWLYHO\�DVVHVVLQJ�$ODQ¶V�IRUPXODWLRQ�RI�KRZ�WR�SHUIRUP�
FDOFXODWLRQV��WKH�VWXGHQWV�DOVR�GLVSOD\HG�DQ�RULHQWDWLRQ�WR�D�VRFLRPDWKHPDWLFDO�
QRUP�WKDW�VROXWLRQV�VKRXOG�EH�IRUPXODWHG�RQ�D�JHQHUDO�OHYHO��7KH�JURXS�WKHUH-
IRUH��LQWXLWLYHO\��FUHDWHG�D�SRWHQWLDOO\�SRVLWLYH�OHDUQLQJ�RSSRUWXQLW\��FKDUDFWHUL�
]HG�E\�ZKDW�.D]HPL�DQG�6WLSHN��������GHQRWH�press for conceptual learning��

,Q�JURXS�%��WKH�G\DGV�SUHVHQWHG�WZR�VROXWLRQV��FKDUDFWHUL]HG�E\�DQDO\WLF�DQG�
HPSLULFDO�SURRI�VFKHPHV�UHVSHFWLYHO\��EXW�LQVWHDG�RI�GLVFXVVLQJ�HDFK�RWKHU¶V�
VXJJHVWLRQV��WKH�VWXGHQWV�LQYLWHG�WKH�WHDFKHU¶V�DXWKRULW\�LQ�FKRRVLQJ�ZKLFK�RQH�
WR�SUHVHQW�DV�WKH�JURXS¶V�MRLQW�VROXWLRQ��7KH�WHDFKHU�WKHQ�FRQYH\HG�WKDW�LW�LV�
LQWHUHVWLQJ�WR�SUHVHQW�GLIIHUHQW�VROXWLRQV��ZKLFK�LV�LQ�OLQH�ZLWK�WKH�VRFLRPDWKH�
matical norm that suggestions to a mathematical solution have to be mathe-
PDWLFDOO\�GLIIHUHQW��<DFNHO�	�&REE���������+RZHYHU��WKH�IDFW�WKDW�WKH�G\DGV¶�
VXJJHVWLRQV�DFWXDOO\�ZHUH�VROXWLRQV�RI�WZR�GLIIHUHQW�SUREOHPV��GXH�WR�GLIIHULQJ�
LQWHUSUHWDWLRQV�RI�WKH�WDVN��ZDV�QHYHU�GLVFXVVHG��,QVWHDG��ERWK�WKH�WHDFKHU�DQG�
WKH�VWXGHQWV�SULPDULO\�RULHQWHG�WR�D�VRFLDO�QRUP�RI�HTXDOLW\��ZKLFK�RYHUVKD�
GRZHG�WKH�PDWKHPDWLFDO�GLVFXVVLRQ��7KLV�LV�SUREOHPDWLF��DV�GLVFXVVLRQV�WKDW�
ODFN�DVVHVVPHQWV�RI�WKH�FRQWHQW�RI�WKH�VROXWLRQV�GR�QRW�FRQWULEXWH�WR�VWXGHQWV¶� 
PDWKHPDWLFDO�GHYHORSPHQW��FI��0F&ODLQ�	�&REE��������

:RRG�DQG�.DOLQHF��������VXJJHVW�WKDW�UHVHDUFKHUV�VKRXOG�IRFXV�RQ�ERWK�
WKH�PDWKHPDWLFDO�DFWLYLWLHV�DQG�WKH�VRFLDO�WDON��LQ�RUGHU�WR�EHWWHU�XQGHUVWDQG�
KRZ�WHDFKHUV¶�DUUDQJHPHQWV�RI�JURXSV��DQG�WKH�GHVLJQ�RI�WDVNV��PLJKW�VXSSRUW�
VWXGHQWV¶�JURXS�ZRUN��.LOKDPQ�HW�DO�¶V��������¿QGLQJ�WKDW�WKH�PDWKHPDWLFDO�
FRQFHSWV�DQG�LGHDV�RI�FROODERUDWLYH�WDVNV�GR�QRW�DOZD\V�JHW�DGHTXDWH�DWWHQWLRQ�
XQGHUOLQHV�WKH�LPSRUWDQFH�RI�LQYHVWLJDWLQJ�DFDGHPLF�DV�ZHOO�DV�VRFLDO�DVSHFWV�RI�
VWXGHQWV¶�FROODERUDWLRQ��.LOKDPQ�HW�DO��DOVR�HQFRXUDJH�FRQWLQXHG�LQYHVWLJDWLRQ�
RI�KRZ�VRFLRPDWKHPDWLFDO�QRUPV�FDQ�EH�PDGH�H[SOLFLW�WR�VWXGHQWV��WR�VXSSRUW�
WKHLU�PDWKHPDWLFDO�GHYHORSPHQW��2XU�DQDO\VLV�RQ�D�WXUQ�E\�WXUQ�EDVLV��DV�FDOOHG�
IRU�E\�'UDJHVHW��������RI�VWXGHQWV¶�GHPRQVWUDWLRQV�RI�SURRI�VFKHPHV��DQG�RULHQ�
WDWLRQ�WR�VRFLDO�DQG�VRFLRPDWKHPDWLFDO�QRUPV��VKRZHG�KRZ�GLIIHULQJ�FRQYHU-
VDWLRQDO�SDWWHUQV�PD\�VKDSH�PDWKHPDWLFDO�FRQWHQW�DV�ZHOO�DV�VRFLDO�SUDFWLFHV�LQ�
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VWXGHQWV¶�JURXS�ZRUN��(0&$�WKHUHIRUH�DSSHDUV�DV�D�SURPLVLQJ�PHWKRGRORJLFDO�
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