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Abstract
Our study documents how a Spanish-English bilingual elementary teacher learned 
computational thinking while working to incorporate it into mathematics and lan-
JXDJH�DUWV�OHVVRQV�LQ�D�ELOLQJXDO�FODVVURRP��:H�FODVVL¿HG�WKH�HOHPHQWV�RI�WKH�WHDFK-
HU¶V�SURFHVV� LQWR� WZR�SUDFWLFHV�� LQWHQWLRQDO�DQG�XQLQWHQWLRQDO�XVH�RI�FRPSXWDWLRQDO�
WKLQNLQJ�� ,QWHQWLRQDO�XVH�RI� FRPSXWDWLRQDO� WKLQNLQJ� LQFOXGHG� WKH� WHDFKHU¶V� H[SOLFLW�
LQFRUSRUDWLRQ�RI� DQ\�RI� WKH� IRXU� FRPSXWDWLRQDO� WKLQNLQJ� HOHPHQWV� �DEVWUDFWLRQ�� DO-
JRULWKPV��GHFRPSRVLWLRQ��DQG�SDWWHUQV��LQWR�KHU�WHDFKLQJ�SUDFWLFH��7KH�XQLQWHQWLRQ-
DO� XVH� RI� FRPSXWDWLRQDO� WKLQNLQJ� LQFOXGHG� WKRVH� LQVWDQFHV�ZKHUH� WKH� WHDFKHU� XVHG�
FRPSXWDWLRQDO� WKLQNLQJ� DV� D� PHDQV� IRU� WHDFKLQJ� FRQWHQW� QRW� VSHFL¿FDOO\� RULHQWHG�
WRZDUG�FRPSXWDWLRQDO� WKLQNLQJ�� ,Q�DGGLWLRQ��RXU�ZRUN� LGHQWL¿HV�KRZ�WKLV�ELOLQJXDO�
teacher’s instructional dynamics integrated computational thinking and Spanish in a 
nearly inseparable manner. With this work we intend to contribute to the emergent 
VFKRODUVKLS� FRPPLWWHG� WR� XQGHUVWDQGLQJ� WKH� SURPRWLRQ� RI� OHDUQLQJ� FRPSXWLQJ� LQ�
K-5 settings.
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7KH�UHVHDUFK�FRPPXQLW\�KDV�VKRZQ�D�JURZLQJ�FRPPLWPHQW�WR�XQGHUVWDQGLQJ�KRZ�
WR� DGHTXDWHO\� SUHSDUH�.���� VWXGHQWV� LQ� FRPSXWLQJ� �,VUDHO� HW� DO���2015��� 5HVSRQG-
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LQJ� WR� UHVHDUFK�VKRZLQJ�JHQGHU�DQG�UDFLDO� LQHTXLW\� LQ�FRPSXWHU�VFLHQFH��H൵RUWV� WR�
EURDGHQ�SDUWLFLSDWLRQ�DPRQJ�IHPDOHV�DQG�VWXGHQWV�RI�FRORU�LQ�.����VHWWLQJV�FRQWLQXH�
WR�JURZ�LQ�WKH�UHVHDUFK�FRPPXQLW\��*RRGH��2008��+VX��HW�DO���2019���)RU�H[DPSOH��
D�VWXG\�RI�WKH�LQWHUVHFWLRQ�EHWZHHQ�MRXUQDOLVP�DQG�FRPSXWDWLRQDO�WKLQNLQJ�XVHG�WKH�
VKLIW�LQ�MRXUQDOLVP��GXH�WR�WKH�LQWHUQHW��DV�D�PHDQV�WR�HQJDJH�D�EURDG�UDQJH�RI�PLGGOH�
VFKRRO� VWXGHQWV� LQ� FRPSXWLQJ� WKURXJK�ZULWLQJ�� JDWKHULQJ� DQG� DQDO\VLV� RI� LQIRUPD-
WLRQ��DQG�XVH�RI�LPDJHV��:RO]�HW�DO���2010���6WXGLHV�KDYH�DOVR�DJUHHG�RQ�WKH�LGHD�WKDW�
bringing algorithmic problem solving and computational methods to K-12 settings 
LV�HVVHQWLDO�LQ�VXFFHVVIXOO\�SURPRWLQJ�FRPSXWLQJ�EURDGO\�DPRQJ�VWXGHQWV��%DUU�DQG�
6WHSKHQVRQ��2011��4LX�HW�DO���2013��6FRWW�DQG�:KLWH��2013���7R�SUHSDUH�VWXGHQWV�IRU�
WKLV��WKH�1H[W�*HQHUDWLRQ�6FLHQFH�6WDQGDUGV�LQFOXGHG�FRPSXWDWLRQDO�WKLQNLQJ��&7��
DV�D�VFLHQFH�DQG�HQJLQHHULQJ�SUDFWLFH�IRU�.�����1*66�/HDG�6WDWHV��2013���:HLQWURS�
HW�DO���2015��VXEVHTXHQWO\�VXEGLYLGHG�WKH�SUDFWLFH�RI�&7�LQ�PDWKHPDWLFV�DQG�VFLHQFH�
LQWR�D�WD[RQRP\�RI�SUDFWLFHV��GDWD�SUDFWLFHV��FRPSXWDWLRQDO�SUREOHP�VROYLQJ��PRGHO-
LQJ�DQG�VLPXODWLRQ��DQG�V\VWHPV�WKLQNLQJ��7R�D൵HFW�WKHVH�VWDQGDUGV�DW�WKH�HOHPHQWDU\�
OHYHO��UHVHDUFKHUV�KDYH�HQJDJHG�PDWKHPDWLFV�DQG�VFLHQFH�WHDFKHUV�LQ�&7�SURIHVVLRQDO�
GHYHORSPHQW��3'��WKURXJK�WKH�XVH�RI�WHFKQRORJ\�DQG�FRPSXWHU�SURJUDPPLQJ��VXFK�
DV� URERWV� �.HWHOKXW� HW� DO���2019�� DQG� EORFN�SURJUDPPLQJ� HQYLURQPHQWV� �&DWHWp� HW�
DO���2018���FRPPRQO\�UHIHUUHG�WR�DV�plugged�&7��&RQFXUUHQWO\��UHVHDUFKHUV�KDYH�DOVR�
KLJKOLJKWHG�WKH�SRWHQWLDO�WR�HPSKDVL]H�WKH�FRJQLWLYH�SUDFWLFHV�RI�&7�DQG�HQJDJH�VWX-
GHQWV� LQ� ORJLFDO�DQG�V\VWHPDWLF�PHQWDO�VWUDWHJLHV�IRU� OHDUQLQJ�DQG�SUREOHP�VROYLQJ�
ZLWKRXW�WKH�XVH�RI�FRPSXWHUV�RU�WHFKQRORJ\��5LFK�HW�DO���2020���FRQYHUVHO\�UHIHUUHG�
to as unplugged�&7��$Q� DGGLWLRQDO� GULYHU� IRU� WKLV� VWUDQG�RI� UHVHDUFK� LV� WR� DGGUHVV�
LQHTXLW\� LQ�FRPSXWHU� VFLHQFH� �0DUJROLV��2017��� LI� VWXGHQWV�ZKR� ODFN�DFFHVV� WR� WKH�
FRPSXWDWLRQDO�SDUW�RI�FRPSXWDWLRQDO�WKLQNLQJ�DUH�WDXJKW�WKH�WKLQNLQJ�SDUW�RI�FRPSX-
WDWLRQDO�WKLQNLQJ��WKHQ�WKH\�PLJKW�EH�EHWWHU�HTXLSSHG�WR�OHDUQ�DQG�SHUVLVW�LQ�FRPSXWLQJ�
ZKHQ�¿QDOO\�JLYHQ�WKH�RSSRUWXQLW\��+RZHYHU��WKHVH�3'�RSSRUWXQLWLHV�DQG�UHVRXUFHV�
UHPDLQ� VFDUFH� IRU� VXSSRUWLQJ� WKH� OHDUQLQJ� DQG� LPSOHPHQWDWLRQ� RI�&7� LQ� WKH�.����
VHWWLQJ��HVSHFLDOO\�ZKHQ�WDNLQJ�LQWR�DFFRXQW�WKH�ORFDWLRQ�RI�WKH�VFKRROV��/XR�HW�DO���
2022���0RUHRYHU��HOHPHQWDU\�VFKRRO�WHDFKHUV�ZKR�DUH�PRWLYDWHG�WR�VWDUW�LQWHJUDWLQJ�
&7�LQWR�WKHLU�FODVVURRPV�RIWHQ�UHSRUW�D�ODFN�RI�QHFHVVDU\�WRROV�DQG�NQRZOHGJH�WR�WKH�
&7�OHDUQLQJ�RSSRUWXQLWLHV�WR�WKHLU�VWXGHQWV��/XR�HW�DO���2022���)RU�WKLV�UHDVRQ��/XR�HW�
DO���2022��KDV�FDOOHG�IRU�UHVHDUFK�WKDW�SURYLGHV�WKHVH�OHDUQLQJ�RSSRUWXQLWLHV�WR�WHDFK-
ers in the K-12 setting.

2XU�SDSHU�EXLOGV�RQ�WKLV�FDOO�DQG�FRQWULEXWHV�WR�WKH�H൵RUW�RI�SUHSDULQJ�.����VWX-
GHQWV�LQ�FRPSXWLQJ��:H�DOVR�FRQWULEXWH�WR�WKH�H൵RUW�RI�SUHSDULQJ�WHDFKHUV�WR�LQFRU-
SRUDWH�LQVWUXFWLRQDO�SUDFWLFHV�WKDW�VXSSRUW�WKH�WHDFKLQJ�DQG�OHDUQLQJ�RI�&7��:H�EXLOW�
RXU�ZRUN�DURXQG�:LQJ¶V��2006��GH¿QLWLRQ�RI�FRPSXWDWLRQDO�WKLQNLQJ��D�IXQGDPHQWDO�
SUREOHP�VROYLQJ�WRRO�VHW�HVVHQWLDO�QRW�RQO\�LQ�FRPSXWHU�VFLHQFH��&6��EXW�IRU�DQ\RQH�LQ�
DQ\�GRPDLQ��,Q�SDUWLFXODU��ZH�IRFXV�RXU�H൵RUW�RQ�ZRUNLQJ�ZLWK�OLQJXLVWLFDOO\�GLYHUVH�
VWXGHQWV��:H�GRFXPHQW�KHUH�KRZ�D�6SDQLVK�(QJOLVK�ELOLQJXDO�WHDFKHU��0V��-��ZLWK�QR�
SULRU�SUHSDUDWLRQ�LQ�FRPSXWDWLRQDO�WKLQNLQJ�VWDUWHG�WR�OHDUQ�&7�DQG�LQFRUSRUDWHG�LW�
LQWR�WZR�OHVVRQV��RQH�PDWKHPDWLFV�DQG�RQH�ODQJXDJH�DUWV��LQ�D�ELOLQJXDO�FODVVURRP�

0RUH� VSHFL¿FDOO\�� LQ� WKH�SURFHVV�RI� GRFXPHQWLQJ� WKLV� H൵RUW�ZH�KDYH� VWULYHG� WR�
answer the question: How does a bilingual kindergarten teacher start to integrate 
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computational thinking across two content areas (mathematics and language arts), 
as she supports the development of bilingualism in her classroom?

0V��-�ZDV�SDUW�RI�D�ODUJHU�VWXG\�WKDW�EHJDQ�LQ������IXQGHG�E\�WKH�1DWLRQDO�6FLHQFH�
)RXQGDWLRQ��16)���'5/��������������7KURXJK�WKLV�JUDQW�ZH�GHYHORSHG�DQG�SLORWHG�
D�&7�SURIHVVLRQDO�GHYHORSPHQW��3'��IRU�HOHPHQWDU\�VFKRRO�WHDFKHUV��0RWLYDWLRQ�IRU�
WKH� DQDO\VLV� SUHVHQWHG�KHUH�ZDV� GHULYHG� IURP� OHDUQLQJ�KRZ�&7�FRXOG� VXSSRUW� WKH�
GHYHORSPHQW�RI�D�WHDFKLQJ�SUDFWLFH�WKDW�LV�UHVSRQVLYH�ERWK�WR�FKLOGUHQ¶V�LGHDV�DQG�WR�
WKHLU�ELOLQJXDOLVP��,Q�GRFXPHQWLQJ�WKLV�SURFHVV�ZH�LQWHQG�WR�FRQWULEXWH�WR�H൵RUWV�WR�
LQIRUP�WKH�¿HOG�RI�HGXFDWLRQ�DERXW�LQVWUXFWLRQDO�SUDFWLFHV�WKDW�FDQ�OHDG�WR�PRUH�DFFHV-
VLEOH�&7�H[SHULHQFHV�IRU�OLQJXLVWLFDOO\�GLYHUVH�VWXGHQWV�

1 A word on terminology

5HVHDUFK�DQG�SROLF\�GRFXPHQWV�DFURVV�WKH�FRXQWU\�XVH�GL൵HUHQW�ZRUGV�WR�UHIHU�WR�VWX-
GHQWV�ZKRVH�¿UVW�ODQJXDJH�LV�QRW�(QJOLVK��)RU�WKLV�UHDVRQ��ZH�¿QG�LW�QHFHVVDU\�WR�WDNH�
QRWH�RI�WKH�WHUPLQRORJ\�XVHG�LQ�WKLV�DUWLFOH��)RU�WKH�SXUSRVH�RI�WKLV�DUWLFOH�WKH�WHUP�
bilingual�DV�DSSOLHG�WR�VWXGHQWV��FODVVURRPV��DQG�WHDFKHUV�VSHFL¿FDOO\�UHIHUV�WR�WKRVH�
WHDFKHUV�DQG�VWXGHQWV�ZKR�VSHDN�(QJOLVK�DQG�6SDQLVK��:H�ZLOO�XVH�(QJOLVK�/HDUQHU�
�(/��ZKHQ�ZH�FLWH�RU�TXRWH�WKH�ZRUN�RI�RWKHU�DXWKRUV�ZKR�XVH�WKLV�WHUP�RU�(QJOLVK�
/DQJXDJH�/HDUQHUV��:H�ZLOO�XVH�WKH�WHUP�/DWLQ[�LQVWHDG�RI�/DWLQR�LQ�RUGHU�WR�EH�PRUH�
LQFOXVLYH�RI�GLYHUVH�JHQGHUV�DQG�LGHQWLWLHV��XQOHVV�D�SHUVRQ�KDV�VSHFL¿FDOO\�LGHQWL¿HG�
DV�/DWLQR�RU�/DWLQD��:H�XVH�/DWLQ[�WR�UHIHU�WR�DQ\�SHUVRQ�RI�/DWLQ�$PHULFDQ�GHVFHQW�
UHVLGLQJ�LQ�WKH�8QLWHG�6WDWHV��2Q�VRPH�RFFDVLRQV�ZH�ZLOO�XVH�WKH�WHUP�+LVSDQLF��WKH�
ZRUG� DGRSWHG�E\� WKH�8�6�� JRYHUQPHQW� VLQFH� WKH�����V� WR�JLYH�SHRSOH� IURP�/DWLQ�
$PHULFD�D�FRPPRQ�LGHQWLW\��0DF'RQDOG��2004���ZKHQ�ZH�FLWH�WKH�ZRUN�RI�VWDWH�RU�
IHGHUDO�HQWLWLHV�LQ�WKH�8QLWHG�6WDWHV�

2 Conceptual Framework

7R�IUDPH�RXU�VWXG\��ZH�KLJKOLJKW�WKUHH�ERGLHV�RI�UHVHDUFK��)LUVW��GUDZLQJ�RQ�UHVHDUFK�
RQ�&7��ZH�UHYLHZ�WKH�GLVFXVVLRQ�VXUURXQGLQJ�WKH�GH¿QLWLRQ�RI�&7�DQG�LWV�LPSRUWDQFH��
,Q�WKLV�ZD\�ZH�SUHVHQW�WKH�UHDGHU�ZLWK�D�EDVLV�IRU�XQGHUVWDQGLQJ�RXU�OHQV�IRU�GHYHO-
RSLQJ�RXU�3'��6HFRQG�� GUDZLQJ�RQ� UHVHDUFK� RQ� WUDQVODQJXDJLQJ�� D�ÀH[LEOH� XVH� RI�
OLQJXLVWLF�UHVRXUFHV��*DUFtD�	�/L��2014���LQ�HOHPHQWDU\�JUDGHV��ZH�SURYLGH�DQ�RYHU-
YLHZ�RI�WHDFKLQJ�DQG�OHDUQLQJ�LQ�ELOLQJXDO�FRQWH[WV��,Q�SDUWLFXODU��ZH�LGHQWLI\�VSHFL¿F�
SUDFWLFHV�RI�ELOLQJXDOV�ZKLFK�FDQ�KHOS�WKH�UHDGHU�PDNH�VHQVH�RI�WKH�WHDFKHU¶V�FRQVLG-
HUDWLRQV�ZKHQ�WHDFKLQJ�LQ�D�ELOLQJXDO�FODVVURRP��7KLUG��ZH�GHVFULEH�RXU�UHVHDUFKHU�
SUDFWLWLRQHU�SDUWQHUVKLS��533��GUDZLQJ�RQ�WKH�LGHD�WKDW�UHVHDUFK�DQG�SUDFWLFH�PXVW�
LQIRUP�RQH�DQRWKHU��7KH�GHYHORSPHQW�RI�RXU�533�LV�FHQWHUHG�RQ�WKH�SULQFLSOH� WKDW�
SUDFWLWLRQHU�NQRZOHGJH�LV�LQWHJUDWHG�ZLWK�SUDFWLFH�DQG�LW�LV�RUJDQL]HG�DURXQG�SURE-
OHPV�RI�SUDFWLFH��+LHEHUW�HW�DO���2002��
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2.1 Computational thinking

*LYHQ�WKH�ODFN�RI�FRQVHQVXV�LQ�WKH�UHVHDUFK�FRPPXQLW\�RQ�ZKDW�&7�LV��LW�LV�LPSRUWDQW�
WR�H[SODLQ�KRZ�ZH�XQGHUVWRRG�DQG�XVHG�&7�LQ�GHVLJQLQJ�DQG�FRQGXFWLQJ�RXU�3'��%\�
GRLQJ�WKLV�ZH�DOVR�LQWHQG�WR�SURYLGH�FODULW\�UHJDUGLQJ�ZKDW�&7�ORRNV�OLNH�LQ�SUDFWLFH��
%XLOGLQJ�RQ�WKH�ZRUN�RI��:LQJ��2006��DQG�'RQJ�HW�DO����2019���ZH�QDUURZHG�RXU�GH¿-
QLWLRQ�E\�IUDPLQJ�IRXU�HOHPHQWV�QHFHVVDU\�LQ�&7��Pattern RHFRJQLWLRQ��AEVWUDFWLRQ��
DHFRPSRVLWLRQ��DQG�AOJRULWKPV��7KHVH�IRXU�HOHPHQWV�DUH�FRPPRQO\�LGHQWL¿HG�DV�WKH�
35$'$�HOHPHQWV�DQG�SURYLGH�ERWK�DFFHVVLEOH�\HW�ULJRURXV�XVH�RI�&7�E\�HOHPHQWDU\�
WHDFKHUV�LQ�WKH�FODVVURRP��'RQJ�HW�DO���2019���3DWWHUQ�UHFRJQLWLRQ�LQYROYHV�LGHQWLI\LQJ�
patterns and making observations about those patterns to answer questions or make 
SUHGLFWLRQV��$EVWUDFWLRQ�UHIHUV�WR�WKH�SURFHVV�RI�IRFXVLQJ�RQ�NH\�GHWDLOV�DQG�¿OWHULQJ�
RXW�XQLPSRUWDQW�LQIRUPDWLRQ��'HFRPSRVLWLRQ�LV�WKH�SURFHVV�RI�EUHDNLQJ�GRZQ�ODUJH�
FRPSOH[�WDVNV�LQWR�VPDOO�PRUH�PDQDJHDEOH�SLHFHV��$OJRULWKPV�UHIHU�WR�VWHS�E\�VWHS�
SURFHGXUHV�IRU�VROYLQJ�SUREOHPV�RU�FRPSOHWLQJ�FRPSOH[�WDVNV��2XU�VWXG\�DLPHG�WR�
WHDFK�WHDFKHUV�WKHVH�IRXU�XQSOXJJHG�&7�HOHPHQWV�IRU�XVH�DFURVV�IRXU�FRUH�HOHPHQWDU\�
FRQWHQW�DUHDV��ODQJXDJH�DUWV��PDWKHPDWLFV��VRFLDO�VWXGLHV��DQG�VFLHQFH��7KH�LPSHWXV�WR�
IRFXV�RQ�WKHVH�XQSOXJJHG�HOHPHQWV�IRU�WHDFKLQJ�&7�VWHPV�IURP�WKH�LGHD�WKDW�LQWHJUDW-
LQJ�&7�LQ�D�PDQQHU�WKDW�VXSSRUWV�VWXGHQWV¶�XQGHUVWDQGLQJ�UHTXLUHV�FXUULFXOD�LQ�ZKLFK�
&7�LV�QRW� WDXJKW�DV�D�VHSDUDWH� WRSLF��EXW� UDWKHU� LV� LQWHUZRYHQ�ZLWK� OHDUQLQJ�DFURVV�
GL൵HUHQW�GRPDLQV��6HQJXSWD�HW�DO���2013��

:LWK�WKLV�IUDPLQJ�ZH�FRQVLGHU�&7�WR�EH�WKH�SURFHVV�E\�ZKLFK�WKHVH�HOHPHQWV�DUH�
DSSOLHG�LQ�RUGHU�WR�¿QG�VROXWLRQV�WR�SUREOHPV�RU�WR�IDFLOLWDWH�WKH�H[HFXWLRQ�RI�D�FRP-
SOH[� WDVN�� ,Q� RXU� GH¿QLWLRQ�ZH� DOVR�ZDQW� WR� QRWH� WKDW�� EHFDXVH� FRPSOH[� DQG� QHZ�
SUREOHPV�ZRXOG�FRQWLQXH�WR�HPHUJH��WKHVH�IRXU�HOHPHQWV�PLJKW�DOVR�EH�DSSOLFDEOH�LQ�
RWKHU�FRQWH[W��QRW�RQO\�ZKHQ�ZH�GHYLVH�D�VROXWLRQ�WR�D�SUREOHP��7KHUHIRUH��IRU�XV�&7�
LV�DQ�HYROYLQJ�UHVHDUFK�DFWLYLW\�WKDW� LQFOXGHV�LQYHQWLQJ�DSSURSULDWH�QHZ�PRGHOV�RI�
VROYLQJ�FRPSOH[�WDVNV�

2.2 Teaching and learning in bilingual contexts

$�JURZLQJ�ERG\�RI�UHVHDUFK�KDV�IRFXVHG�RQ�WHDFKHU�UHFUXLWPHQW�DQG�WKH�SUDFWLFHV�DQG�
H[SHULHQFHV�RI�ELOLQJXDO� WHDFKHUV��GH�$UDXMR�HW�DO����������:LWKLQ�WKLV�UHVHDUFK�DUH�
studies suggesting that bilingual teachers are potentially more capable than monolin-
JXDO�WHDFKHUV�RI�VXSSRUWLQJ�ODQJXDJH�OHDUQLQJ��WDSSLQJ�LQWR�WKHLU�RZQ�EDFNJURXQGV�
DQG�WKRVH�RI� WKHLU�VWXGHQWV��&DYD]RV��2009��&HOHGyQ�3DWWLFKLV�HW�DO���2010��*XWLpU-
UH]��2002��0XVDQWL�HW�DO���2009��5HPLOODUG�	�&DKQPDQQ��2005��6OHHWHU�HW�DO���2015; 
7XUQHU�HW�DO���2012���'UDZLQJ�XSRQ�WKLV�UHVHDUFK��ZH�DQDO\]HG�WKH�VSHFL¿F�SUDFWLFH�
RI�D�SDUWLFXODU�ELOLQJXDO�WHDFKHU��WU\LQJ�WR�FDSWXUH�KRZ�KHU�WHDFKLQJ�DQG�OHDUQLQJ�RI�
computational thinking intersected with her bilingual instructional practice. In doing 
VR�ZH�IRFXVHG�RXU�DWWHQWLRQ�RQ�WZR�FRPPRQ�SUDFWLFHV�LGHQWL¿HG�LQ�ELOLQJXDO�FODVV-
URRPV��2QH�*DUFtD�DQG�6\OYDQ��2011��GH¿QHG�DV�dynamic bilingualism��$FFRUGLQJ�
WR� WKHP��DV�ELOLQJXDOV� LQWHUDFW�� VR� WRR�GR�DOO� WKH� ODQJXDJHV� WKDW� FRQWULEXWH� WR� WKHLU�
ELOLQJXDOLVP�� ,Q� WKH� FRQWH[WV� RI� WHDFKHU�VWXGHQW� LQWHUDFWLRQ�� G\QDPLF� ELOLQJXDOLVP�
UHTXLUHV�WKDW�ERWK�WKH�WHDFKHU�DQG�WKH�VWXGHQW�SDUWLFLSDWH�LQ�D�QHJRWLDWLRQ�RI�PHDQLQJ�
�6DYLJQRQ��1991��EHWZHHQ�FRQWHQW�DQG�ODQJXDJH�WR�KLW�XSRQ�WKH�QHFHVVDU\�LGHDV��7KH�
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RWKHU� SUDFWLFH�ZH�KLJKOLJKW� LV� WUDQVODQJXDJLQJ��0RUH� VSHFL¿FDOO\�ZH� IRFXV� RQ� WKH�
WUDQVODQJXDJLQJ�FODVVURRP��ZKHUH�WHDFKHUV�DQG�VWXGHQWV�OHDUQ�LQ�D�space built col-
laboratively��*DUFtD�	�.OH\Q��2016��E\�WKH�WHDFKHU�DQG�WKH�VWXGHQWV��HDFK�ZLWK�WKHLU�
own language practices.

7KHVH�WZR�LGHDV�DUH�IXQGDPHQWDO�WR�WKH�ZRUN�ZH�SUHVHQW�KHUH��7KH\�SURYLGH�WKH�
IUDPH�QHFHVVDU\�IRU�GHYHORSLQJ�D�ELOLQJXDO�WHDFKLQJ�SUDFWLFH�WKDW�FHQWHUV�RQ�GHYHORS-
ing bilingualism across content areas.

2.3 Researcher-practitioner partnership

7KH�FDVH�VWXG\�SUHVHQWHG�LQ�WKLV�SDSHU�LV�SDUW�RI�D�ODUJHU�UHVHDUFK�SUDFWLWLRQHU�SDUWQHU-
VKLS��533���:H�SURYLGH�GHWDLOV�RI�WKH�533�LQ�WKLV�VHFWLRQ�WR�KHOS�UHDGHUV�XQGHUVWDQG�
WKH�FRQWH[WV�LQ�ZKLFK�0V��-�OHDUQHG�&7��WKH�VXSSRUW�VWUXFWXUH�LQ�SODFH�WR�HQJDJH�0V��-�
DQG�RWKHU�WHDFKHUV�LQ�OHDUQLQJ�DQG�LPSOHPHQWLQJ�&7��DQG�KRZ�WKH�FROODERUDWLRQ�ZLWK�
WKH�WHDFKHUV�WKURXJK�WKH�533�SOD\HG�D�UROH�LQ�WKH�FDVH�VWXG\�

2XU�UHVHDUFKHU�SUDFWLWLRQHU�SDUWQHUVKLS��533��FRQVLVWHG�RI�WZR�FRPSXWHU�VFLHQFH�
UHVHDUFKHUV��RQH�WHDFKHU�HGXFDWRU��DQG�RQH�VRFLRORJ\�UHVHDUFKHU�IURP�WKUHH�XQLYHUVL-
WLHV��2XU�533�DOVR�LQFOXGHG����WHDFKHUV�DQG���DGPLQLVWUDWRUV�IURP�WZR�VFKRRO�GLV-
WULFWV��2QH�GLVWULFW�UHSRUWHG�LQ������KDYLQJ�������VWXGHQWV�ZLWK�����RI�WKHP�EHLQJ�
+LVSDQLF�� ����:KLWH�� ��� PXOWLUDFLDO�� ��� %ODFN�� ���$PHULFDQ� ,QGLDQ�� DQG� ���
1DWLYH�+DZDLLDQ��7KLV�GLVWULFW�DOVR�UHSRUWHG�KDYLQJ�����RI�WKH�VWXGHQWV�DV�(QJOLVK�
/HDUQHUV��7KH�VDPH�\HDU��WKH�RWKHU�GLVWULFW�UHSRUWHG�KDYLQJ�������VWXGHQWV�RI�ZKLFK�
������ZHUH�:KLWH��2XU�533�ZDV�RUJDQL]HG�DURXQG�WKH�LGHD�RI�LQWHJUDWLQJ�&7�LQWR�
.���FODVVURRPV�ZLWK�WKH�SXUSRVH�RI�HQJDJLQJ�WHDFKHUV�LQ�XVLQJ�&7�DV�D�ZD\�RI�SUR-
moting and developing interests and skills in students to study computer science and 
RWKHU�67(0�GLVFLSOLQHV�ODWHU�LQ�WKHLU�HGXFDWLRQ�

7KH�¿UVW�\HDU�RI�WKH�SURMHFW�ZDV�GLYLGHG�LQWR�WKUHH�SKDVHV��3KDVH���VWDUWHG�ZLWK�
WKH�¿UVW�FRKRUW�ZKLFK�FRQVLVWHG�RI�IRXU�WHDFKHUV��RQH�WHDFKLQJ�LQ�NLQGHUJDUWHQ��WZR�
WHDFKLQJ� IRXUWK�JUDGH�� DQG�RQH� WHDFKLQJ�¿IWK�JUDGH��7KH�NLQGHUJDUWHQ� WHDFKHU� DQG�
RQH�RI�WKH�IRXUWK�JUDGH�WHDFKHUV�ZHUH�ERWK�6SDQLVK�(QJOLVK�ELOLQJXDOV�DQG�WDXJKW�LQ�
D�GXDO�ODQJXDJH�FODVVURRP��'XULQJ�3KDVH���ZH�SURYLGHG�SURIHVVLRQDO�GHYHORSPHQW�
FHQWHUHG�RQ�EXLOGLQJ�&7�FRQWHQW�NQRZOHGJH�IRU�WKHVH�IRXU�WHDFKHUV�WKURXJK�UHDGLQJV��
YLGHRV��DQG�VPDOO�JURXS�PHHWLQJV�LQ�ZKLFK�WHDFKHUV�HQJDJHG�LQ�&7�DFWLYLWLHV��H�J��
WHDFKHUV�LGHQWL¿HG�SDWWHUQV�LQ�GDWD�DERXW�WKHLU�IDYRULWH�VKRZV�WR�GHYHORS�DQ�DOJRULWKP�
WR�SUHGLFW�ZKLFK�VKRZ�D�SDUWLFXODU�SHUVRQ�ZDV�OLNHO\�WR�HQMR\��DQG�UHÀHFWHG�RQ�WKHLU�
H[SHULHQFH�OHDUQLQJ�DQG�XVLQJ�&7��,Q�3KDVH����WKHVH�WHDFKHUV�EHJDQ�GHVLJQLQJ�OHVVRQV�
WKDW�LQWHJUDWHG�&7�LQWR�WKHLU�.���FODVVURRPV��5HVHDUFKHUV�SURYLGHG�VXSSRUW�GXULQJ�
OHVVRQ�GHYHORSPHQW��H�J��FODUL¿HG�&7�HOHPHQWV��VKDUHG�LQVWUXFWLRQDO�UHVRXUFHV��HWF����
REVHUYHG�WKH�LPSOHPHQWDWLRQ�RI�HDFK�OHVVRQ��DQG�UHÀHFWHG�RQ�WKH�H[SHULHQFH�ZLWK�WKH�
RWKHU�SUDFWLWLRQHUV��'XULQJ�3KDVH����UHVHDUFKHUV�DQG�SUDFWLWLRQHUV�XVHG�&7�DV�D�WRRO�WR�
GHVLJQ�DQG�GHYHORS�D�¿YH�GD\�RQOLQH�&7�SURIHVVLRQDO�GHYHORSPHQW�VXPPHU�LQVWLWXWH�
��6NXUDWRZLF]�HW�DO���2021���7KLV�VXPPHU�LQVWLWXWH�ZHOFRPHG�RXU�VHFRQG�FRKRUW�RI�
���.���WHDFKHUV��'XULQJ�WKH�LQVWLWXWH�ZH�SUHSDUHG�DOO�WHDFKHUV�LQ�RXU�SURMHFW�WR�OHDUQ�
&7�DQG�LQWHJUDWH�LW�LQWR�OHVVRQV�WKH�IROORZLQJ�\HDU��:H�HQGHG�XS�ZLWK�D�WRWDO�RI����
WHDFKHUV�LQ�RXU�533��EHFDXVH���WHDFKHUV�ZHUH�XQDEOH�WR�FRQWLQXH�SDUWLFLSDWLQJ�
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3 Methods

8VLQJ�DQ�LQVWUXPHQWDO�FDVH�VWXG\�DSSURDFK��6WDNH��1995���ZH�H[DPLQHG�WKH�WHDFKLQJ�
SUDFWLFH�RI�0V��-�DV�VKH�HQJDJHG�LQ�OHDUQLQJ�&7�ZLWKLQ�WKH�SURIHVVLRQDO�GHYHORSPHQW�
ZH�GHVLJQHG��,Q�DGGLWLRQ��WKLV�PHWKRGRORJ\�DOORZHG�XV�WR�LGHQWLI\�WKH�ELOLQJXDO�SUDF-
WLFHV�HQDFWHG�LQ�0V��-¶V�FODVVURRP�DV�VKH�LPSOHPHQWHG�&7�DFURVV�WZR�FRQWHQW�DUHDV��
,Q�WKLV�ZD\�ZH�FRXOG�DOVR�XQGHUVWDQG�KRZ�WKH�SURIHVVLRQDO�GHYHORSPHQW�ZH�GHVLJQHG�
DQG�LPSOHPHQWHG�LQÀXHQFHG�WKH�HQDFWPHQW�RI�0V��-¶V�LQVWUXFWLRQDO�SUDFWLFHV�

3.1 Participants

7KLV�SDSHU�FHQWHUV�RQ�WKH�ZRUN�RI�0V��-��WKH�NLQGHUJDUWHQ�6SDQLVK�(QJOLVK�ELOLQJXDO�
WHDFKHU� IURP�&RKRUW����$W� WKH�VWDUW�RI� WKLV�VWXG\�0V��-�KDG�QLQH�\HDUV�RI� WHDFKLQJ�
H[SHULHQFH�DQG�ZDV�WHDFKLQJ�NLQGHUJDUWHQ�LQ�D�GXDO�ODQJXDJH�SURJUDP��0V��-�ZDV�SDUW�
RI�WKH�GLVWULFW�ZLWK�D�ODUJHU�SHUFHQWDJH�RI�+LVSDQLF�VWXGHQWV�LQ�RXU�VWXG\�

3.2 Data

7KH�GDWD�ZH�DQDO\]H�FRPH�IURP�0V��-¶V�¿UVW�\HDU�RI�LQYROYHPHQW�LQ�WKH�SURMHFW��7KH�
GDWD�FRQVLVW�RI�0V��-�GHOLYHULQJ�RQH�PDWKHPDWLFV�OHVVRQ�DQG�RQH�ODQJXDJH�DUWV�OHVVRQ��
7KH�PDWKHPDWLFV�OHVVRQ�IRFXVHG�RQ�ZD\V�WR�PDNH�WKH�QXPEHU�����)RU�WKLV�OHVVRQ�0V��
-�XVHG�D� WHQ�IUDPH�WHPSODWH�DQG�6NLWWOHV� WR�GLVWLQJXLVK�GL൵HUHQW�DPRXQWV�E\�FRORU��
7KH�ODQJXDJH�DUWV�OHVVRQ�FHQWHUHG�RQ�OHDUQLQJ�KRZ�WR�RUGHU�D�VHTXHQFH�RI�HYHQWV�DQG�
XVLQJ�NH\�GHWDLOV�WR�LGHQWLI\�WKH�HYHQWV��7KLV�OHVVRQ�ZDV�EDVHG�RQ�WKH�FKLOGUHQ¶V�ERRN�
La Lluvia� �6WRMLF��2009���0V��-�ZURWH�WKH�OHVVRQV�DQG�UHYLVHG�WKHP�DIWHU�UHFHLYLQJ�
IHHGEDFN�IURP�WKH�WZR�&7�H[SHUWV�LQ�WKH�VWXG\��0V��-�WKHQ�WDXJKW�WKH�OHVVRQV�DQG�DOO�
IRXU� DXWKRUV� FRQGXFWHG�REVHUYDWLRQV�RI� WKH� WZR� OHVVRQV��:H� IROORZHG�DQ�REVHUYD-
WLRQ�SURWRFRO�ZH�GHYHORSHG�EDVHG�RQ�RXU�SULRU�FODVVURRP�DQG�UHVHDUFK�H[SHULHQFH��
%HFDXVH�LQGLYLGXDO�WHDFKHUV�PLJKW�KDYH�D�GL൵HUHQW�ZD\�RI�VWUXFWXULQJ�WKHLU�FODVVURRP�
LQVWUXFWLRQ��WKH�SURWRFRO�VHUYHG�DV�D�JXLGHOLQH��UDWKHU�WKDQ�D�FKHFNOLVW��IRU�FRQGXFWLQJ�
WKH�REVHUYDWLRQ��2YHUDOO��ZH�IRFXVHG�WKH�REVHUYDWLRQ�RQ�WKH�WHDFKHU�PRYHV�HQDFWHG�
GXULQJ�WKH�GHOLYHU\�RI�WKH�OHVVRQ��)RU�H[DPSOH��ZH�SDLG�DWWHQWLRQ�WR�KRZ�WKH�WHDFKHU�
VWDUWHG�WKH�OHVVRQ��H�J��'LG�VKH�HPSKDVL]H�VHQVH�PDNLQJ"�'LG�VKH�SURYLGH�RSSRUWXQL-
WLHV�IRU�VWXGHQWV�WR�SURYLGH�DQG�VKDUH�WKHLU�RZQ�WKLQNLQJ"��'XULQJ�WKH�REVHUYDWLRQV�
ZH�WRRN�¿HOG�QRWHV�DQG�WKHQ�PHW�DV�D�JURXS�WR�GHEULHI�RQ�WKH�QRWHV�IURP�WKH�REVHU-
YDWLRQ��$IWHU�WHDFKLQJ�WKH�OHVVRQV��0V��-�ZDV�DVNHG�WR�DOVR�ZULWH�D�UHÀHFWLRQ�RQ�WKH�
SURFHVV�RI�ZULWLQJ�DQG�WHDFKLQJ�WKH�OHVVRQV��7KHVH�UHÀHFWLRQV�DUH�DOVR�SDUW�RI�WKH�GDWD�
we report in this piece.

3.3 Analysis

7KH�¿UVW�WKUHH�DXWKRUV�FUHDWHG�D�OLVW�RI�SUHOLPLQDU\�FRGHV��L�H��WDJV�KLJKOLJKWLQJ�FRQ-
WHQW�LQ�WKH�GDWD�UHOHYDQW�WR�RXU�UHVHDUFK�JRDOV��7KLV�SUHOLPLQDU\�OLVW�ZDV�LQIRUPHG�E\�
RXU�H[SHULHQFH�GHVLJQLQJ�DQG�FRQGXFWLQJ�WKH�UHVHDUFK�SURMHFW��7KLV�OLVW�ZDV�H[WHQVLYH�
DQG�GHWDLOHG��6DOGDxD��2015���7KHQ��WKH�¿UVW�WKUHH�DXWKRUV�LQGLYLGXDOO\�UHDG�WKH�OHV-
VRQ�SODQV��REVHUYDWLRQ�QRWHV��DQG�UHÀHFWLRQV��$IWHU�WKDW��HDFK�RI�WKHVH�WKUHH�DXWKRUV�
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PRGL¿HG�WKH�LQLWLDO�LQGLYLGXDO�FRGHV��7KHQ�ZH�PHW�WR�GLVFXVV�WKH�OLVW�RI�LQLWLDO�FRGHV�
DQG�JHQHUDWHG�D�FRPPRQ�OLVW�RI�FRGHV��6DOGDxD��2015���1H[W��HDFK�RI�WKH�¿UVW�WKUHH�
DXWKRUV�VHSDUDWHO\�FRGHG�RQH�OHVVRQ�SODQ�XVLQJ�WKH�FRPPRQ�OLVWV�RI�FRGHV��$IWHU�WKLV�
FRGLQJ�SURFHVV��ZH�PHW� WR�FRPSDUH� WKH�FRGHV�DQG�SHUIRUP�D� WULDQJXODWLRQ�SURFHVV�
�9DOOHMR�DQG�GH�)UDQFR��2009���'XULQJ�WKLV�SURFHVV�ZH�UH¿QHG�WKH�FRGHV��:H�UHSHDWHG�
WKH�FRGLQJ�DQG�WULDQJXODWLRQ�SURFHVV�IRXU�WLPHV�XQWLO�DOO�WKUHH�¿UVW�DXWKRUV�UHDFKHG�D�
FRQVHQVXV�RQ�WKH�FRGHV��WKHLU�GH¿QLWLRQ��DQG�KRZ�WKH\�DSSOLHG�WR�WKH�DQDO\]HG�GDWD��
We then took a second look at the data using the coding scheme that emerged. Our 
FRGLQJ�VFKHPH�FHQWHUHG�RQ�WKUHH�IXQGDPHQWDO�FRGHV������Intentional use of CT: we 
GH¿QHG�WKLV�FRGH�DV�WKH�H[SOLFLW�LQFRUSRUDWLRQ�RI�DQ\�RI�WKH�IRXU�&7�HOHPHQWV�LQWR�
WKH� OHVVRQ��)RU� LQVWDQFH�� LI�D� OHVVRQ�ZDV�XVLQJ�decomposition�DQG�0V��-�H[SOLFLWO\�
used the word decomposition� WRJHWKHU�ZLWK� LWV� GH¿QLWLRQ� LQ� WKH�ZULWWHQ� OHVVRQ� RU�
GXULQJ�LQVWUXFWLRQ��ZH�FRGHG�WKLV�SRUWLRQ�RI�WKH�OHVVRQ�DV�DQ�LQWHQWLRQDO�XVH�RI�&7��
���� Intentional use of CT to support language development��ZH�GH¿QHG� WKLV� FRGH�
DV�WKH�H[SOLFLW�XVH�RI�DQ\�RI�WKH�IRXU�&7�HOHPHQWV�ZLWK�WKH�SXUSRVH�RI�WHDFKLQJ�RU�
IRUHJURXQGLQJ�WKH�XVH�RI�HLWKHU�(QJOLVK�RU�6SDQLVK��)RU�LQVWDQFH��LI�0V��-�XVHG�WKH�
word pattern�DQG�GH¿QHG�LW�LQ�RUGHU�WR�KHOS�VWXGHQWV�LGHQWLI\�D�SDUWLFXODU�FRXQWLQJ�RU�
FRORU�VHTXHQFH�LQ�RUGHU�WR�HPSKDVL]H�FRXQWLQJ�LQ�6SDQLVK�RU�WKH�OHDUQLQJ�RI�FRORUV�LQ�
6SDQLVK��ZH�FRGHG�WKLV�LQVWDQFH�DV�LQWHQWLRQDO�XVH�RI�&7�WR�VXSSRUW�ODQJXDJH�GHYHORS-
PHQW������Unintentional use of CT��ZH�XVHG�WKLV�FRGH�ZKHQ�0V��-�XVHG�&7�DV�D�WRRO�IRU�
WHDFKLQJ�ZLWKRXW�H[SOLFLWO\�PHQWLRQLQJ�LW�RU�GH¿QLQJ�DQ\�RI�WKH�IRXU�&7�HOHPHQWV��:H�
DOVR�XVHG�WKLV�FRGH�ZKHQ�ZH�LGHQWL¿HG�LQVWDQFHV�LQ�WKH�OHVVRQ�SODQ�RU�WKH�LQVWUXFWLRQ�
ZKHQ�&7�ZDV�XVHG�EXW�QRW�ZLWK�WKH�SXUSRVH�RI�WHDFKLQJ�&7��EXW�DV�D�PHDQV�WR�WHDFK�
FRQWHQW�RU�LQWURGXFH�D�GL൵HUHQW�LGHD��QRW�UHODWHG�WR�&7��)RU�H[DPSOH��ZH�FRGHG�VRPH�
LQVWDQFHV�ZKHUH�0V�� -¶V� VWXGHQWV� FUHDWHG� SDWWHUQV�ZLWK� WKH� GL൵HUHQW� FRORU� 6NLWWOHV�
ZKHQ�PDNLQJ�D����IUDPH��,Q�WKHVH�LQVWDQFHV��0V��-�GLG�QRW�XVH�WKH�ZRUG�pattern��QRU�
XVH�LWV�GH¿QLWLRQ��EXW�XVHG�WKH�FOHDU�GLVWLQFWLRQ�WKDW�WKH�FRORUV�PDGH�LQ�RUGHU�WR�DVN�
VWXGHQWV�WR�H[SODLQ�KRZ�WKH����ZDV�PDGH��)RU�WKH�HQWLUH�FRGLQJ�SURFHVV�ZH�XVHG�WKH�
FRGLQJ�VRIWZDUH�0$;4'$��9(5%,��2020��

4 Results

,Q�WKH�GDWD�ZH�GHULYHG�IURP�0V��-¶V�LQVWUXFWLRQ��ZH�LGHQWL¿HG�WZR�EDVLF�FKDUDFWHU-
L]DWLRQV�RI�KRZ�0V��-�LQWHJUDWHG�&7�LQWR�KHU�OHVVRQ�SODQV��intentional and uninten-
tional use of CT��:H�DOVR� LGHQWL¿HG� WKDW� WHDFKLQJ�&7�DQG� WHDFKLQJ� ODQJXDJH�ZHUH�
LQWHUWZLQHG�LQ�KHU�SUDFWLFH��VR�WKDW�ZH�FRXOG�QRW�VHSDUDWH�LQVWDQFHV�ZKHUH�0V��-�only 
taught Spanish or only�WDXJKW�&7��:H�VDZ�KRZ�0V��-�H[HFXWHG�WKH�OHVVRQ�SODQ�SXU-
SRVHIXOO\� WR� HPSKDVL]H� WKH� WHDFKLQJ�RI�&7��$W� WKH� VDPH� WLPH��ZH� VDZ�KRZ�0V�� -�
VHHPHG�WR�LQWHQWLRQDOO\�VXSSRUW�ODQJXDJH�XVH��,Q�VRPH�FDVHV��ZH�QRWLFHG�D�VKLIW�LQ�
ZKLFK�VKH�ZRXOG�IRUHJURXQG�6SDQLVK��KRZHYHU�WKHUH�QHYHU�VHHPHG�WR�EH�D�VHSDUDWLRQ�
EHWZHHQ�WKH�WHDFKLQJ�RI�&7�DQG�WKH�WHDFKLQJ�RI�6SDQLVK�
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4.1 Integrating CT into teaching

,Q�ERWK�KHU�OHVVRQ�SODQV�0V��-�LQFOXGHG�VHYHUDO�&7�HOHPHQWV��%XW�LQ�VRPH�LQVWDQFHV�
WKLV�LQFOXVLRQ�VHHPHG�LQWHQWLRQDO��H�J���WHDFKLQJ�VSHFL¿F�YRFDEXODU\���ZKLOH�LQ�RWKHUV�
WKH�XVH�RI�&7�VHHPHG�LQFLGHQWDO�WR�WKH�OHVVRQ�

4.1.1 Intentional use of CT

Decomposition and Abstraction. In her math lesson titled Making 10��0V��-�SODQQHG�
WR� WHDFK�GHFRPSRVLWLRQ��7KH� OHVVRQ�REMHFWLYHV�ZHUH�³WR�VKRZ�QXPEHU�SDLUV� IRU����
XVLQJ�REMHFWV�DQG�GUDZLQJV´�DQG�³WR�QDPH�QXPEHU�SDLUV�IRU���´��7KH�H[FHUSW�EHORZ�
FRPHV�IURP�WKH�OHVVRQ�SODQ�

5HPLQG�VWXGHQWV�UHYLHZ�WKDW�ZH¶YH�EHHQ�SUDFWLFLQJ�FRXQWLQJ�DQG�UHFRJQL]LQJ�
QXPEHUV�WR�����7RGD\�ZH�ZLOO�OHDUQ�DERXW�FRPSRVLQJ��PDNLQJ��JURXSV�RI�WHQ�
XVLQJ�QXPEHU�SDLUV����QXPEHUV�RU�JURXSV�RI�REMHFWV��

0V��-�LV�QRW�XVLQJ�WKH�ZRUG�decomposition��EXW�VKH�LV�XVLQJ�³FRPSRVLQJ��PDNLQJ�´�
DQG�HODERUDWLQJ�RQ�LW�E\�SURYLGLQJ�DQ�H[DPSOH�RI�ZKDW�VKH�DQWLFLSDWHV�VWXGHQWV�ZLOO�
GR��,Q�WKH�OHVVRQ�VKH�LV�HQFRXUDJLQJ�VWXGHQWV�WR�XVH�D����IUDPH�DQG�WR�XVH�WKH�VHQWHQFH�
IUDPH����son ___ y ___.

>���LV�BBB�DQG�BBB�@�WR�DQVZHU��IRU�H[DPSOH�����LV���DQG����)LJ��1���+HUH�ZH�VHH�
how ten is decomposed into two smaller parts.

In her language arts lesson titled Story Sequencing, Key Details��0V�� -� H[SOLF-
LWO\�VWDWHV�WZR�REMHFWLYHV�IRU�WHDFKLQJ��³KRZ�WKH�VWRU\�FDQ�EH�EURNHQ�DSDUW��GHFRP-
SRVHG�´��DQG�KRZ�³EHLQJ�DEOH�WR�LGHQWLI\��DEVWUDFW��NH\�GHWDLOV�FDQ�KHOS�XV�XQGHUVWDQG�
WKH�VWRU\�EHWWHU�´�6KH�ZDV�YHU\�LQWHQWLRQDO�DERXW�WKH�&7�HOHPHQWV�VKH�FKRVH�WR�LQWH-
grate into each lesson.

Fig. 1� ���IUDPH�XVHG�LQ�WKH�OHVVRQ
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4.1.2 Unintentional use of CT

Pattern Recognition & Algorithms.�$OWKRXJK� KHU� PDWK� OHVVRQ� ZDV� IRFXVHG� RQ�
GHFRPSRVLWLRQ��WKH�LQWURGXFWLRQ�LQYROYHG�DVNLQJ�VWXGHQWV��³+RZ�PDQ\�GL൵HUHQW�ZD\V�
FRXOG�ZH�PDNH�D�JURXS�RI����FXEHV�ZLWK�VRPH�QXPEHU�RI�JUHHQ�DQG�VRPH�QXPEHU�
RI�\HOORZ�FXEHV"´�6WDUWLQJ�ZLWK����JUHHQ�FXEHV�DQG���\HOORZ�FXEHV��VKH�DVNHG�RQH�
VWXGHQW�WR�UHPRYH�D�JUHHQ�FXEH�DQG�RQH�VWXGHQW�WR�UHSODFH�WKH�FXEH�ZLWK�D�\HOORZ�RQH��
DQG�FRQWLQXHG�WR�SURPSW�VWXGHQWV��³1RZ�ZKDW�GRHV�WKH�JURXS�RI����VKRZ"´�$V�WKH\�
FRQWLQXHG�WR�UHSODFH�JUHHQ�FXEHV�ZLWK�\HOORZ�FXEHV��WKH\�UHFRUGHG�QXPEHU�FRPELQD-
WLRQV�RQ�FKDUW�SDSHU��(YHQ�WKRXJK�LW�ZDVQ¶W�LQWHQWLRQDO��WKLV�DFWLYLW\�JDYH�VWXGHQWV�WKH�
opportunity to observe patterns relating to how the numbers were changing and make 
SUHGLFWLRQV�DERXW�ZKDW�ZRXOG�KDSSHQ�QH[W��ZKLFK�VKH�GLGQ¶W�H[SOLFLWO\�SODQ�

)XUWKHU��LQ�KHU�ODQJXDJH�DUWV�OHVVRQ�Story Sequencing, Key Details��DOWKRXJK�0V��
-¶V�JRDO�ZDV�WR�WHDFK�GHFRPSRVLWLRQ�DQG�DEVWUDFWLRQ��LQ�WKH�ZULWWHQ�OHVVRQ�WKHUH�ZHUH�
VHYHUDO�LQVWDQFHV�ZKHUH�VKH�XVHG�DVSHFWV�RI�SDWWHUQ�UHFRJQLWLRQ�DQG�DOJRULWKPV�ZLWK-
RXW� OLQNLQJ�WKHVH�DSSURDFKHV�WR�&7��)RU�LQVWDQFH�� WKH�WZR�JRDOV�RI� WKH�OHVVRQ��H�J��
UHWHOOLQJ�RI�WKH�VWRU\�DQG�XVLQJ�LPDJHV�IROORZLQJ�WKH�RUGHU��EHJLQQLQJ��PLGGOH��DQG�
HQG��DOLJQ�ZLWK�SDWWHUQ�UHFRJQLWLRQ��EHFDXVH�VWXGHQWV�XVH�SDWWHUQV�WKH\�DOUHDG\�NQRZ�
�H�J���SXGGOHV�FRPH�DIWHU� UDLQ�� WR�GHWHUPLQH�ZKHUH� LPDJHV�EHORQJ��DQG� WKH� LGHD�RI�
RUGHULQJ� HYHQWV� LQ� VHTXHQFH� LV� IXQGDPHQWDO� WR�ZULWLQJ� DQ� DOJRULWKP� �ZKLFK� RIWHQ�
LQYROYHV�VWHSV�WKDW�PXVW�EH�FRPSOHWHG�LQ�D�VSHFL¿F�RUGHU���+RZHYHU��KHU�OHVVRQ�GRHV�
QRW�PDNH� UHIHUHQFH� WR�SDWWHUQ� UHFRJQLWLRQ�RU�DOJRULWKPV��6KH�DOVR�DVNHG�TXHVWLRQV�
such as: What do we notice at the beginning of the story? We just read that lightning 
ÀDVKHG��ZKDW�KDSSHQHG�QH[W"�:KDW�KDSSHQHG�DIWHU�LW�VWRSSHG�UDLQLQJ"�:KDW�GR�WKH�
baboons do after the rain stops? What happened at the end of the story? By asking 
WKHVH�TXHVWLRQV��0V��-�LV�DVNLQJ�VWXGHQWV�WR�GUDZ�RQ�SUHYLRXV�NQRZOHGJH�WR�RUGHU�D�
VHULHV�RI�HYHQWV��:H�LQWHUSUHW�WKLV�UHFROOHFWLRQ�RI�HYHQWV�DV�HQJDJLQJ�LQ�SDWWHUQ�UHFRJ-
QLWLRQ�DQG�WKH�RUGHULQJ�RI�HYHQWV�E\�XVLQJ�DOJRULWKPV�

4.2 Language use and the teaching of CT

$V�ZH�VRXJKW�WR�LGHQWLI\�WKH�LQFRUSRUDWLRQ�RI�&7��ZH�DOVR�ORRNHG�IRU�LQVWUXFWLRQDO�
SUDFWLFHV�WKDW�VXSSRUWHG�WKH�GHYHORSPHQW�RI�ELOLQJXDOLVP�LQ�WKH�FODVVURRP�LQ�WKH�FRQ-
WH[W�RI�WHDFKLQJ�&7��%HORZ�ZH�GHVFULEH�H[FHUSWV�IURP�WKH�ODQJXDJH�DUWV�OHVVRQ�0V��
-�ZURWH�ZLWK�UHVSHFW� WR�KHU� LQWHQWLRQDO�XVH�RI�6SDQLVK��DQG�REVHUYDWLRQV�DERXW�KHU�
GHOLYHU\�RI�WKH�OHVVRQ�WKDW�WLJKWO\�LQWHUWZLQHG�&7�DQG�ODQJXDJH�DV�D�VLQJOH�XQLW�

4.2.1 Intentional use of spanish

,Q�KHU�OHVVRQ�SODQ��0V��-�LGHQWL¿HG�WKH�IROORZLQJ�JRDOV�

,QWURGXFWLRQ��%ULHI�UHYLHZ�RI�ZKDW�ZH¶YH�OHDUQHG�VR�IDU�LQ�WKLV�XQLW�DERXW�VHD-
VRQV�DQG�ZHDWKHU�� ,QWURGXFH�YRFDEXODU\��secuencia��principio��medio��¿Q��RQ�
large chart paper. We may also use words such as ¿UVW��then��QH[W and last��prim-
ero��luego��después��y por último��WR�WDON�DERXW�WKH�VHTXHQFH�RI�D�VWRU\��'LVFXVV�
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KRZ� HYHQWV� LQ� D� VWRU\� DUH� WROG� LQ� D� FHUWDLQ� RUGHU� DQG� EHLQJ� DEOH� WR� LGHQWLI\�
�DEVWUDFW��WKHVH�NH\�GHWDLOV�FDQ�KHOS�XV�XQGHUVWDQG�WKH�VWRU\�EHWWHU�

,Q�WKLV�H[FHUSW�DERYH�0V��-�LQWHQGV�WR�XVH�YRFDEXODU\�ZRUGV�LQ�6SDQLVK�ZKLOH�VLPXO-
taneously teaching about sequences in order to teach abstraction and demonstrate 
KRZ� LW� FDQ�EH�XVHG� WR�KHOS� LPSURYH� VWXGHQW�XQGHUVWDQGLQJ�� ,Q� WKH�H[DPSOH�EHORZ�
�DOVR�IURP�WKH�ODQJXDJH�DUWV�OHVVRQ��VKH�SODQV�WR�WHDFK�DERXW�D�GL൵HUHQW�&7�HOHPHQW��
decomposition.

6KDUHG�5HDGLQJ��La Lluvia��$V�ZH�UHDG��HPSKDVL]H�WKH�SDUWV�RI�WKH�VWRU\��EHJLQ-
QLQJ��PLGGOH��DQG�HQG��DQG�KRZ�WKH�VWRU\�FDQ�EH�EURNHQ�DSDUW��GHFRPSRVHG��
into these parts to help us understand the story better.

+HUH�0V��-� LV�XVLQJ�GHFRPSRVLWLRQ� WR�IRFXV�RQ�UHDGLQJ�FRPSUHKHQVLRQ��+HU�IRFXV�
JRHV�EH\RQG�WKH�PHUH�OHDUQLQJ�RI�YRFDEXODU\�ZRUGV��,Q�WKH�ZULWWHQ�OHVVRQ�ZH�VWDUW�WR�
VHH�VRPH�HYLGHQFH�RI�0V��-¶V�WUDQVODQJXDJLQJ�SUDFWLFHV��,Q�D�IHZ�LQVWDQFHV�VKH�LQFRU-
SRUDWHV�VRPH�6SDQLVK�ZRUGV�LQ�KHU�GHVFULSWLRQ�RI�WKH�OHVVRQ��7KHVH�DSSHDU�DV�LI�VKH�LV�
QDUUDWLQJ�ZKDW�VKH�ZLOO�HPSKDVL]H�LQ�WKH�OHVVRQ��:H�QRWLFHG�LW�KHUH�DV�ZHOO�DV�LQ�KHU�
FKRLFH�RI�WKH�ERRN��7KH�ERRN�LV�RULJLQDOO\�ZULWWHQ�LQ�(QJOLVK��KRZHYHU��0V��-�FKRVH�
WR�GR�WKH�UHDG�DORXG�LQ�6SDQLVK��7KHVH�IDFWV�KLQW�DW�KHU�FODVVURRP�ODQJXDJH�SUDFWLFH�
ZKLFK�WUHDWV�6SDQLVK�DQG�(QJOLVK�RQ�HTXDO�IRRWLQJ��DQG�ZKLFK��ZKHQ�IRUHJURXQGLQJ�
FRQWHQW��SHUPLWV�H[SUHVVLRQ�RI�VWXGHQW�LGHDV�LQ�WKH�ODQJXDJH�VWXGHQWV�¿QG�PRVW�DSSUR-
priate at the moment.

4.2.2 CT and language as a unit

$V�VKH�GHOLYHUHG�WKH�OHVVRQV��0V��-�XVHG�D�YDULHW\�RI�H[SUHVVLRQV�DQG�YRFDEXODU\�WR�
describe the images and the events in the story. We noted her intentional questions 
WKDW�HPSKDVL]HG� WKH�FRQFHSW�RI�RUGHU�� ,Q�DGGLWLRQ��VKH�XVHG�VSHFL¿F�ZRUGV� WR�KHOS�
PDNH�FRQQHFWLRQV�ZLWK�WKH�RUGHU�RI�KRZ�WKLQJV�KDSSHQHG�LQ�WKH�VWRU\��)RU�H[DPSOH��
sol��VXQ��ZDV�DVVRFLDWHG�ZLWK�seco��GU\���verde��JUHHQ���DQG�frutas��IUXLWV��DQG�ZDV�
LQFOXGHG�ZLWK�WKH�GHWDLOV�RI�ZKDW�KDSSHQHG�DIWHU�WKH�UDLQ��0V��-�DOVR�XVHG�TXHVWLRQLQJ�
VWUDWHJLHV�WR�IRFXV�RQ�WKH�SURFHVV��SDUWLFLSDWLRQ��DQG�FROODERUDWLRQ��¿Es eso algo que 
pasó en el cuento? ¿Qué piensan ustedes? [Is that something that happened in the 
VWRU\"�:KDW�GR�\RX�DOO�WKLQN"@�Muéstrenme con los dedos. Creo que algunos no están 
seguros��>6KRZ�PH�ZLWK�\RXU�¿QJHUV��,�WKLQN�VRPH�RI�\RX�DUH�QRW�VXUH�@

,Q�DQRWKHU�SDUW�RI�WKH�OHVVRQ�0V��-�DVNHG�D�VWXGHQW��3HGUR��WR�VKDUH�KLV�WKLQNLQJ��
3HGUR�SODFHG�DQ�LPDJH�IURP�WKH�HQG�RI�WKH�VWRU\�XQGHU�Principio��%HJLQQLQJ���0V��-�
OHW�KLP�GR�WKDW�DQG�WKHQ�IROORZHG�XS�E\�DVNLQJ��³:K\�LV�WKDW�LPDJH�WKHUH"´�7KH�FODVV�
shared some ideas and they moved the image to Fin��(QG���0V��-�DVNHG�3HGUR��³)LUVW�
\RX�SXW�LW�DW�WKH�EHJLQQLQJ��:K\"´�7KH\�WDONHG�DERXW�WKH�IDFW�WKDW�LW�ZDV�GU\��MXVW�OLNH�
DW�WKH�EHJLQQLQJ��'XULQJ�WKLV�LQWHUDFWLRQ�WKH\�WDON�DERXW�KRZ�WKLV�FRQQHFWLRQ�PDGH�
VHQVH�DQG�3HGUR¶V�DQVZHU�ZDV�YDOLGDWHG�

7KLV�LQWHUDFWLRQ�EHWZHHQ�3HGUR�DQG�0V��-�ZDV�LQ�(QJOLVK��)URP�WKH�REVHUYDWLRQ�ZH�
QRWLFHG�WKDW�3HGUR�VHHPHG�WR�IDYRU�(QJOLVK�RYHU�6SDQLVK��DQG�0V��-¶V�GHFLVLRQ�WR�FRQ-
tinue to discuss this idea in English appeared to be an instructional decision in which 
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0V��-�ZDQWHG�WR�IRUHJURXQG�WKH�XQGHUVWDQGLQJ�RI�WKH�VHTXHQFH�DQG�WKH�FRQQHFWLRQ�
EHWZHHQ�³GU\´�DQG�³ODFN�RI�UDLQ´�DW�WKDW�SDUWLFXODU�PRPHQW��VR��IRU�WKDW�PRPHQW��ODQ-
JXDJH�KDG�WR�EH�LQ�WKH�EDFNJURXQG��,I�RXU�REVHUYDWLRQV�DUH�WUXH��PRPHQWV�OLNH�WKLV�DUH�
UDUHO\�IRXQG�LQ�ELOLQJXDO�FODVVURRPV��EHFDXVH�WHDFKHUV�WHQG�WR�IDYRU�ODQJXDJH�RYHU�
FRQWHQW�RU�VWUXJJOH�ZLWK�PDNLQJ�D�GHFLVLRQ�DERXW�ZKDW�WR�IRUHJURXQG�LQ�WKH�PRPHQW�
�0DUWtQH]�HW�DO���2015��.UDXVH�HW�DO���2021��

4.3 Reflections on learning

:H�DOVR�DQDO\]HG�WKH�UHÀHFWLRQ�0V��-�ZURWH�DIWHU�WHDFKLQJ�HDFK�OHVVRQ��,Q�UHÀHFWLQJ�
RQ�KHU�SUDFWLFH�RI�OHDUQLQJ�&7�DQG�LQFRUSRUDWLQJ�LW�LQWR�KHU�LQVWUXFWLRQDO�SUDFWLFH��0V��
-�VKDUHG�WZR�DVSHFWV�RI�ZKDW�VKH�OHDUQHG�WKDW�VKH�XVHG�LQ�KHU�LQVWUXFWLRQ������XVLQJ�
TXHVWLRQV�WR�GLUHFW�VWXGHQWV¶�DWWHQWLRQ�WR�&7�HOHPHQWV��DQG�����DGMXVWLQJ�YLVXDOV�DQG�
DFWLYLWLHV��+RZHYHU��LQ�KHU�UHÀHFWLRQ�RQ�KHU�PDWK�OHVVRQ�VKH�KDG�DQ�H[WHQVLYH�OLVW�RI�
TXHVWLRQV��6KH�PHQWLRQHG�WKDW� LW�ZDV�FKDOOHQJLQJ�IRU�KHU� WR�SODQ�IRU� LQVWUXFWLRQ�DV�
these questions arose during her planning process:

+RZ�H[SOLFLW�WR�WHDFK�WKH�HOHPHQWV�RI�&7�WR�WKH�VWXGHQWV"�+RZ�H[SOLFLW�WR�XVH�
YRFDEXODU\"�:KDW�W\SH�RI�DFWLYLW\�ZLOO�DOORZ�VWXGHQWV�WR�H[SORUH�DQG�SUDFWLFH�
WKH�HOHPHQWV�ZKLOH�EHLQJ�HQJDJLQJ�DQG�PDQDJHDEOH�IRU�.LQGHU�VWXGHQWV"�:KDW�
NLQGV�RI�TXHVWLRQV�ZLOO�H[WHQG�WKHLU�WKLQNLQJ"�+RZ�WR�LQFRUSRUDWH�&7�LQWR�H[LVW-
LQJ� FXUULFXOXP� DQG� OHVVRQV"� +RZ� WR� JHW� UHVSRQVHV�H[SODQDWLRQV� RI� WKLQNLQJ�
IURP�VWXGHQWV� WKDW� ODFN� LQ� ODQJXDJH�DQG�FRPPXQLFDWLRQ�VNLOOV�DQG�KDYH�YHU\�
little background knowledge.

+HU�UHÀHFWLRQ�DOVR�VKRZHG�WKDW�DIWHU�WHDFKLQJ�WKH�Making 10 lesson she was able to 
LGHQWLI\�VRPH�RI�KHU�XQLQWHQWLRQDO�XVH�RI�&7�EDVHG�RQ�WKH�VWXGHQWV¶�EHKDYLRU�GXULQJ�
WKH�OHVVRQ��6SHFL¿FDOO\��VKH�QRWHG�

In the introduction activity students were able to begin predicting what would 
KDSSHQ�QH[W�DIWHU�D�IHZ�H[DPSOHV��EXW�QRW�QHFHVVDULO\�DEOH�WR�QDPH�LW�DV�SDWWHUQ�
UHFRJQLWLRQ�WKDW�WKH\�NQHZ�ZKDW�ZRXOG�FKDQJH��$�VWXGHQW�ZLOO�UHPRYH�D�JUHHQ�
FXEH��DQG�DQRWKHU�VWXGHQW�ZLOO�DGG�D�\HOORZ�FXEH��

+HU�UHÀHFWLRQ�RQ�WKH�ODQJXDJH�DUWV�OHVVRQ�VXJJHVWHG�D�VLPLODU�UHDOL]DWLRQ�

Some students looked back at the whole group activity and tried to replicate the 
RUGHU��2WKHUV�WKRXJKW�RI�WKH�VWRU\�LQ�GL൵HUHQW�FDWHJRULHV�RI�EHJLQQLQJ��PLGGOH�
DQG�HQG��EXW�LQ�WKH�FRUUHFW�VHTXHQFH��2WKHUV�ZDQWHG�WR�JURXS�VRUW�VLPLODU�SLF-
WXUHV��SDWWHUQ�UHFRJQLWLRQ"�

1RWH�KHU�TXHVWLRQ�LQ�SDUHQWKHVHV��6KH�UHFRJQL]HG�WKH�HPHUJHQFH�RI�&7�LGHDV�DV�VWX-
dents engaged in the lesson.

0V��-¶V�UHÀHFWLRQ�RQ�KHU�PDWK�OHVVRQ�GLG�QRW�SRVH�TXHVWLRQV�RU�FRPPHQWV�UHJDUG-
LQJ�ELOLQJXDOLVP�H[SOLFLWO\��EXW�KHU�ODVW�TXHVWLRQ�UHODWLQJ�WR�SODQQLQJ�FKDOOHQJHV�DERXW�
VWXGHQWV�ZKR�³ODFN´� ODQJXDJH�DQG�FRPPXQLFDWLRQ�VNLOOV� WRXFKHV� LQGLUHFWO\�RQ� WKLV�
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WKHPH��7KLV� QRWH�RQ� WKH� ³ODFN´�RI� ODQJXDJH� DQG� FRPPXQLFDWLRQ� VNLOOV� IDOOV� LQWR� D�
FRPPRQ�SDWWHUQ�RI�SRVLWLRQLQJ�ELOLQJXDO�VWXGHQWV��ZKLFK�LV�GRFXPHQWHG�LQ�WKH�OLWHUD-
WXUH��$JXLUUH�HW�DO���2013��&ROHJURYH�	�.UDXVH��2017��.UDXVH�	�0DOGRQDGR��2019; 
.UDXVH�HW�DO���2021���7KLV�SHUVSHFWLYH�RQ�VWXGHQWV¶�VSHDNLQJ�DELOLW\�WHQGV�WR�EH�FRP-
PRQ�LQ�SURJUDPV�WKDW�XVH�DQG�SURPRWH�ODQJXDJH�VHSDUDWLRQ��WKURXJK�GXDO�ODQJXDJH�
HGXFDWLRQ�SURJUDPV��IRU�H[DPSOH��IRU�WHDFKLQJ�D�VSHFL¿F�FRQWHQW�LQ�RQH�ODQJXDJH�DW�D�
WLPH��RSHUDWLQJ�XQGHU�WKH�SHUVSHFWLYH�WKDW�DFTXLULQJ�ODQJXDJH�GHSHQGV�RQ�XVLQJ�RQO\�
RQH�ODQJXDJH�DW�D�WLPH��3DOPHU�HW�DO���2014���0V��-�LV�LQ�D�GXDO�ODQJXDJH�SURJUDP�DQG�
6SDQLVK�ZDV�WKH�WDUJHW�ODQJXDJH�XVHG�WR�WHDFK�WKH�OHVVRQV��+RZHYHU��ZH�LGHQWL¿HG�
LQVWDQFHV�ZKHUH�VKH�GHFLGHG�WR�VZLWFK�WR�(QJOLVK�LQ�RUGHU�WR�IRUHJURXQG�WKH�FRQWHQW�
VKH�DLPHG�WR�WHDFK��,Q�DGGLWLRQ��LQ�WKH�SDUWLFXODU�FRQWH[WV�RI�0V��-¶V�OHVVRQV�VKH�XVHG�
6SDQLVK�WR�WHDFK�FRQWHQW��PDWKHPDWLFV�DQG�ODQJXDJH�DUWV���WR�WHDFK�&7��DQG�WR�WHDFK�
WKH� ODQJXDJH� �6SDQLVK�� UDWKHU� WKDQ�XVLQJ�6SDQLVK�DV� D� UHVRXUFH�RU�PHDQV� IRU� VXS-
SRUWLQJ�WKH�OHDUQLQJ�RI�WKH�FRQWHQW�DQG�&7��,Q�KHU�FRQWH[W�VKH�LV�EDODQFLQJ�PRUH�WKDQ�
teaching one language.

5 Limitations of the study

1DWXUDOO\�WKHUH�DUH�OLPLWDWLRQV�WR�WKLV�VWXG\��:H�KLJKOLJKW�WKRVH�WKDW�ZH�FRQVLGHU�QRWH-
ZRUWK\� IRU� IXWXUH� VWXGLHV��2QH� LV� WKDW�ZH� IRFXVHG�RXU� DQDO\VLV�RQO\�RQ� WKH� OHVVRQ�
SODQV�ZULWWHQ��WKH�REVHUYDWLRQV�FRQGXFWHG��DQG�WKH�ZULWWHQ�UHÀHFWLRQ��)RU�WKLV�VWXG\�
ZH�GLG�QRW�LQWHUYLHZ�0V��-�WR�XQSDFN�VRPH�RI�WKH�QRWHV�DQG�FRPPHQWV�VKH�PDGH�LQ�
KHU�UHÀHFWLRQ��:H�DOVR�GLG�QRW�DVN�TXHVWLRQV�DERXW�WKH�GHFLVLRQV�VKH�PDGH�GXULQJ�WKH�
OHVVRQ�ZULWLQJ�QRU�GXULQJ�LQVWUXFWLRQ��7KH�RWKHU�OLPLWDWLRQ�RI�RXU�VWXG\�LV�WKDW�ZH�RQO\�
DQDO\]HG�WZR�OHVVRQV��$OWKRXJK�ZH�VDZ�&7�HPEHGGHG�LQ�WKH�OHVVRQV�DQG�WKH�OHVVRQ�
LQVWUXFWLRQ��LW�LV�QHFHVVDU\�WR�VWXG\�IXUWKHU�KRZ�&7�PLJKW�EH�HPEHGGHG�DFURVV�RWKHU�
FRQWHQW�DUHDV��H�J��VRFLDO�VWXGLHV��VFLHQFH��DUWV��HWF���

6 Discussion and conclusions

We set out on this study to document how a bilingual kindergarten teacher started to 
LQWHJUDWH�FRPSXWDWLRQDO�WKLQNLQJ��&7��DFURVV�KHU�GHVLJQLQJ�DQG�WHDFKLQJ�RI�D�PDWK-
HPDWLFV�OHVVRQ�DQG�D�ODQJXDJH�DUWV�OHVVRQ��DV�VKH�VXSSRUWHG�WKH�GHYHORSPHQW�RI�ELOLQ-
gualism in her classroom. Our intention in documenting this practice is to outline 
ZKDW�ZH� OHDUQHG� DERXW� WKH� LQFRUSRUDWLRQ�RI�&7� LQWR� LQVWUXFWLRQDO� SUDFWLFHV� DFURVV�
FRQWHQW�DUHDV��,Q�WKLV�ZD\�ZH�FRXOG�VWDUW�WR�PDNH�JHQHUDOL]DWLRQV�DERXW�ZKDW�ZRUNV�
DQG�ZKDW�LV�SURGXFWLYH�IRU�WHDFKHUV�DQG�VWXGHQWV�DV�WKH\�HQJDJH�LQ�WHDFKLQJ�DQG�OHDUQ-
LQJ�&7��,Q�VR�GRLQJ��ZH�LGHQWL¿HG�WZR�SUDFWLFHV��LQWHQWLRQDO�DQG�XQLQWHQWLRQDO�XVH�RI�
&7��:H�GH¿QHG�WKH�LQWHQWLRQDO�XVH�RI�&7�DV�WKH�WHDFKHU¶V�H[SOLFLW�LQFRUSRUDWLRQ�RI�DQ\�
RI�WKH�IRXU�&7�HOHPHQWV��DEVWUDFWLRQ��DOJRULWKPV��GHFRPSRVLWLRQ��DQG�SDWWHUQV��LQWR�
KHU�LQVWUXFWLRQDO�SUDFWLFH��2Q�WKH�RWKHU�KDQG��ZH�GH¿QHG�WKH�XQLQWHQWLRQDO�XVH�RI�&7�
DV�WKRVH�LQVWDQFHV�LQ�ZKLFK�WKH�WHDFKHU�XVHG�&7�ZLWK�QR�VSHFL¿F�LQWHQWLRQ�WR�WHDFK�&7�
EXW�UDWKHU�DV�D�PHDQV�IRU�LQVWUXFWLRQ��7KH�LQWHQWLRQDO�XVH�RI�&7�LQ�VRPH�UHJDUG�ZDV�
H[SHFWHG�DV�WHDFKHUV�ZHUH�SDUW�RI�D�SURMHFW�WKDW�IRFXVHG�RQ�OHDUQLQJ�WR�LQFRUSRUDWH�&7�
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DFURVV�FRQWHQW�DUHDV��+RZHYHU��WKLV�LQWHQWLRQDO�XVH�RI�&7�DFURVV�WKH�WZR�FRQWHQW�DUHDV�
GHVFULEHG�KHUH�RSHQV�D�ZLQGRZ�IRU�GLVFXVVLQJ�DQG�IXUWKHU�VWXG\LQJ�WKH�PDQ\�XVHV�
RI�&7��)RU�LQVWDQFH��LQ�WKH�Making 10�OHVVRQ��ZH�VDZ�KRZ�VWXGHQWV�FRPSRVHG�DQG�
GHFRPSRVHG�WKH�QXPEHU�����$W�WKH�SUDFWLFDO�OHYHO��WKH�LGHD�RI�FRPSRVLQJ�D�QXPEHU�
�H�J���¿YH�FXEHV�SOXV�¿YH�FXEHV�PDNH����FXEHV��VXSSRUWV��IRU�LQVWDQFH��WKH�GHYHORS-
PHQW�RI�DGGLWLRQ�DQG�VXEWUDFWLRQ�XQGHUVWDQGLQJ��7KLV�LGHD�RI�FRPSRVLQJ�D�QXPEHU�
is widely used and promoted in instructional practices that support children’s math-
HPDWLFDO�WKLQNLQJ��IRU�VRPH�H[DPSOHV�VHH�3DUULVK�2010���7KH�QXDQFH�ZH�LGHQWL¿HG�
KHUH�LV�KRZ�WKH�LGHD�RI�PDNLQJ�DQG�FRPSRVLQJ�QXPEHUV�OLQN�WR�&7��,Q�WKLV�VDPH�ZD\��
in the language arts lesson Story Sequencing, Key Details��ZH� LGHQWL¿HG�SUDFWLFHV�
WKDW�DUH�XVHG�LQ�UHDGLQJ�FRPSUHKHQVLRQ��7KH�H[WUDFWLRQ�RI�NH\�GHWDLOV�WR�UHWHOO�D�VWRU\��
DQG�WKH�DELOLW\�WR�UHWHOO�WKH�VWRU\��DUH�FRPPRQO\�XVHG�SUDFWLFHV�LQ�WHDFKLQJ�ODQJXDJH�
DUWV��IRU�VRPH�H[DPSOHV�VHH�%XL�DQG�)DJDQ��2013���+HUH��DV�ZHOO��WKH�QXDQFH�LV�WKH�
OLQNLQJ�WR�&7��7KHVH�WZR�H[DPSOHV�OHDG�XV�WR�FRQMHFWXUH�WKDW�&7�LV�DOUHDG\�HPEHGGHG�
LQ�FRPPRQ�LQVWUXFWLRQDO�SUDFWLFHV��0RUHRYHU��ZH�FRQMHFWXUH�WKDW�&7�LV�HPEHGGHG�LQ�
GDLO\�SUDFWLFHV�WKDW�ZH��WHDFKHUV��UHVHDUFKHUV��DQG�VWXGHQWV�HQJDJH�LQ�GDLO\��,I�&7�LV�
HPEHGGHG�LQ�RXU�GDLO\�DFWLYLWLHV��SHUKDSV�ZH�UHDOO\�GR�QRW�QHHG�WR�HQJDJH�LQ�WHDFK-
LQJ�&7��:KDW�ZH�QHHG�LQ�RUGHU�WR�PDNH�&7�PRUH�SURPLQHQW�LQ�WKH�FODVVURRP�LV�WR�
UHFRJQL]H�KRZ�ZH�XVH�LW��)RU�LQVWDQFH��LQ�0V��-¶V�UHÀHFWLRQ�VKH�ZURWH�TXHVWLRQV�DERXW�
³KRZ�H[SOLFLW´�WR�WHDFK�&7��'HVSLWH�WHDFKLQJ�WKH�PHDQLQJ�RI�WKH�&7�HOHPHQWV��VKH�
VWLOO�TXHVWLRQV�KRZ�H[SOLFLWO\�WR�WHDFK�LW��DQG�LW�VHHPHG�WKDW�VKH�GLG�QRW�QRWLFH�KRZ�
VKH�XVHG�WKHVH�HOHPHQWV�WR�DFFRPSOLVK�KHU�LQVWUXFWLRQDO�JRDOV��7HVWLQJ�WKLV�FRQMHF-
WXUH�ZRXOG�KDYH�WKHRUHWLFDO�LPSOLFDWLRQV�IRU�WKH�VWXG\�RI�&7��0RUHRYHU��WKHVH�LPSOL-
FDWLRQV�ZRXOG�H[WHQG� WR� WKH� VWXG\�DQG� WHDFKLQJ�RI� ODQJXDJHV�DFURVV� FRQWHQW� DUHDV�
LQ�WKH�HOHPHQWDU\�FODVVURRPV��)RU�LQVWDQFH��LQ�KHU�OHVVRQV��ZH�DOVR�QRWLFHG�0V��-¶V�
intentional�XVH�RI�&7�WR�VXSSRUW�ODQJXDJH�GHYHORSPHQW��,Q�WKLV�SUDFWLFH�ZH�DOVR�VHH�
KRZ�ODQJXDJH�XVH�DQG�&7�DUH�LQWHUWZLQHG��,Q�0V��-¶V�FODVVURRP�ERWK�WKH�WHDFKHU�DQG�
VWXGHQWV�DUH�XVLQJ�WKHLU�RZQ�ODQJXDJH�SUDFWLFHV��0V��-�VHHPV�WR�EH�PDNLQJ�GHFLVLRQV�
LQ�WKH�PRPHQW�WR�IRUHJURXQG�ODQJXDJH�LQ�VRPH�LQVWDQFHV��RU�WR�IRUHJURXQG�VHTXHQFHV�
RU�SDWWHUQV�LQ�VRPH�FDVHV��2Q�RQH�KDQG�ZH�VHH�WKDW�VKH�LV�HQDFWLQJ�DVSHFWV�RI�WUDQV-
ODQJXDJLQJ�SHGDJRJ\�LQ�WKH�FODVVURRP��EXW�RQ�WKH�RWKHU�KDQG�VRPH�RI�KHU�FRPPHQWV�
VXJJHVW�WKDW�VKH�LV�VWLOO�FRPLQJ�WR�JULSV�ZLWK�WKH�XQGHUO\LQJ�WKHRU\��)RU�H[DPSOH��KHU�
FRPPHQW�WKDW�VWXGHQWV�³ODFN´�ODQJXDJH�DQG�FRPPXQLFDWLRQ�VNLOOV�FRQWUDGLFWV�DVSHFWV�
RI� WUDQVODQJXDJLQJ� WKDW� FRQVLGHU� D�PXOWLOLQJXDO� VSHDNHU¶V� OLQJXLVWLF� UHSHUWRLUH�DV� D�
XQL¿HG�ZKROH�DQG�WKHUHIRUH�QRW�VXEMHFW�WR�ODFN�

7KHUH�LV�VWLOO�PXFK�PRUH�IRU�XV�WR�OHDUQ�DERXW�WKH�LQFRUSRUDWLRQ�RI�&7�DFURVV�FRQ-
WHQW�LQWR�WKH�HOHPHQWDU\�VFKRRO�FODVVURRP��+RZHYHU��ZKDW�WKH�DQDO\VLV�WKDW�ZH�SUHV-
HQW�KHUH�WHOOV�XV�LV�WKDW�SHUKDSV�WKH�H൵RUWV�IRU�LQFOXGLQJ�&7�HDUO\�RQ�LQ�VFKRROV�PLJKW�
QHHG�WR�FHQWHU�RQ�WKH�SURPRWLRQ�RI�WHDFKLQJ�SUDFWLFHV�WKDW�JR�EH\RQG�PHUH�UHFRJQLWLRQ�
RI�WKH�RFFXUUHQFH�RI�DEVWUDFWLRQ��SDWWHUQV��RUGHULQJ��DQG�DOJRULWKPV�LQ�RWKHU�FRQWHQW�
¿HOGV��7KH�PHWKRG�RI�DEVWUDFWLRQ�KDV�EHHQ�ZLWK�XV�DW�OHDVW�VLQFH�3ODWR¶V�DOOHJRU\�RI�
WKH�FDYH��DOJRULWKPV�VLQFH�(XFOLG¶V�WUHDWLVH��RUGHULQJ�VLQFH�+RPHU�FRPSRVHG�*UHHN�
HSLFV�DQG�VLQFH�WKH�0D\D�LQVFULEHG�WKHLU�FDOHQGDU�GDWHV��DQG�SDWWHUQ�UHFRJQLWLRQ�LQ�WKH�
5RPDQ�LPLWDWLRQ�RI�*UHHN�OLWHUDU\�JHQUHV�DQG�LQ�WKH�FODVVLFDO�DUW�GHFRUDWLQJ�FRXQWOHVV�
KRO\�VWUXFWXUHV�RI�0XVOLP�FXOWXUHV�WKH�ZRUOG�RYHU��:H�PXVW�FRQYH\�WKH�HVVHQFH�RI�
&7�EH\RQG�WKLV��HOHPHQWV�RI�&7�KDYH�DOZD\V�H[LVWHG�LQ�RWKHU�GRPDLQV��EXW�ZLWK�WKH�
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ULVH�RI�FRPSXWHUV�LQ�WKH�PLG���WK�FHQWXU\��FRPSXWHU�VFLHQFH�GLVWLOOHG�WKHVH�UHSHDWHG�
HOHPHQWV�LQWR�&7��&7�LV�OHVV�D�FROOHFWLRQ�RI�HOHPHQWV�DQG�PRUH�D�UHFRJQLWLRQ�RI�KRZ�
FRPELQDWLRQV�RI�WKHVH�HOHPHQWV�UHSHDWHGO\�RFFXU�LQ�VSHFL¿F�ZD\V�WR�GHYHORS�VROX-
WLRQV��DQG�WKHVH�FRPELQDWLRQV��DQG�HYHQ�WKH�VROXWLRQV��VKDUH�FRPPRQ�FKDUDFWHULVWLFV�
DFURVV�GRPDLQV��&RQYH\LQJ�WKLV�SURFHVV�RI�GLVWLOODWLRQ��FRPELQDWLRQ��DQG�UHSHWLWLRQ�
SHUKDSV�IRUPV�WKH�IRXQGDWLRQ�IRU�WKH�QH[W�SKDVH�RI�KHOSLQJ�WHDFKHUV��QRW�WR�¿QG�RXW�LI�
HOHPHQWV�RI�&7�RFFXU�LQ�WKHLU�¿HOGV��RI�FRXUVH�WKH\�GR���EXW�WR�VHH�KRZ�WKHLU�SDWWHUQV�
RI�RFFXUUHQFH�JHQHUDOL]H�DQG�VKDUH�IHDWXUHV�DFURVV�GLVFLSOLQHV�

0RUHRYHU��WKLV�FDQ�EH�WUXH�RI�ODQJXDJH�DQG�OLQJXLVWLF�XQGHUVWDQGLQJ��,Q�WKH�ELOLQ-
JXDO�HQYLURQPHQW�� WKH�VDPH�HOHPHQWV�RI�&7�DUH�DW�SOD\�LQ� WKH�JXLVH�RI� OLQJXLVWLFV��
When children guess singed� LQVWHDG�RI�sang�� WKH\�DSSO\�DEVWUDFWLRQ�WR�SDWWHUQ�UHF-
RJQLWLRQ��WKH\�UHFRJQL]H�WKH�H[LVWHQFH�RI�DQ�DEVWUDFW�SDVW�WHQVH�DQG�DW�WKH�VDPH�WLPH�
assume its marker must be -ed��:H�PD\�YLHZ�DVSHFWV�RI�OLQJXLVWLFV�DV�DQRWKHU�FRQ-
WHQW�VSHFL¿F� LQVWDQWLDWLRQ�RI�&7��$QG� LQ� WKH�FRQWH[W�RI�D�FODVVURRP�GHGLFDWHG� WR�D�
WUDQVODQJXDJLQJ�SHGDJRJ\�� WKH�YHU\�ZD\� LQ�ZKLFK�VWXGHQWV�H[SUHVV� WKHLU� LGHDV�FDQ�
EHFRPH�WKH�UDZ�PDWHULDO�IRU�OHVVRQV��SODQQHG�RU�LPSURPSWX��LQ�&7�LWVHOI��7KLV�PXVW�
IRUP�D�SLOODU�RI�WKH�QH[W�SKDVH�RI�WHDFKLQJ�&7�LQ�WKH�ELOLQJXDO�FRQWH[W�

References

$JXLUUH��-���0D\¿HOG�,QJUDP��.���	�0DUWLQ��'����������The impact of identity in K–8 mathematics learn-
ing and teaching: Rethinking equity-based practices��1DWLRQDO�&RXQFLO�RI�7HDFKHUV�RI�0DWKHPDWLFV�

%DUU��9���	�6WHSKHQVRQ��&����������%ULQJLQJ�FRPSXWDWLRQDO�WKLQNLQJ�WR�.�����ZKDW�LV�,QYROYHG�DQG�ZKDW�
LV� WKH� UROH� RI� WKH� FRPSXWHU� VFLHQFH� HGXFDWLRQ� FRPPXQLW\��Acm Inroads��2����� ��±���� KWWSV���GRL�
RUJ������������������������

%XL��<��1���	�)DJDQ��<��0����������7KH�H൵HFWV�RI�DQ�LQWHJUDWHG�UHDGLQJ�FRPSUHKHQVLRQ�VWUDWHJ\��$�FXO-
WXUDOO\� UHVSRQVLYH� WHDFKLQJ� DSSURDFK� IRU� ¿IWK�JUDGH� VWXGHQWV¶� UHDGLQJ� FRPSUHKHQVLRQ��Preventing 
School Failure: Alternative Education for Children and Youth��57�������±���

&DWHWp��9���/\WOH��1���'RQJ��<���%RXOGHQ��'���$NUDP��%���+RXFKLQV��-���%DUQHV��7���:LHEH��(���/HVWHU��-���
0RWW��%���	�%R\HU��.����������Infusing computational thinking into middle grade science classrooms. 
In Proceedings of the 13th Workshop in Primary and Secondary Computing Education.

&DYD]RV��$��*����������5HÀHFWLRQV�RI�D�/DWLQD�VWXGHQW�WHDFKHU��5HIXVLQJ�ORZ�H[SHFWDWLRQV�IRU�/DWLQD�R�
students. American Secondary Education�� 37����� ��±���� KWWSV���GRL�RUJ�KWWSV���ZZZ�MVWRU�RUJ�
VWDEOH���������

&HOHGyQ�3DWWLFKLV��6���0XVDQWL��6��,���	�0DUVKDOO��0��(����������%LOLQJXDO�HOHPHQWDU\�WHDFKHUV¶�UH�ÀHFWLRQV�
RQ�XVLQJ�VWXGHQWV¶�QDWLYH�ODQJXDJH�DQG�FXOWXUH�WR�WHDFK�PDWKHPDWLFV��,Q�0��4��)RRWH��(G����Math-
ematics teaching and learning in K–12: Equity and professional development��SS���±�����3DOJUDYH�
Macmillan.

&ROHJURYH��.��6��6���	�.UDXVH��*��+����������³/R�KDFHQ�WDQ�FRPSOLFDGR´��%ULGJLQJ�WKH�SHUVSHFWLYHV�DQG�
H[SHFWDWLRQV�RI�PDWKHPDWLFV�LQVWUXFWLRQ�RI�/DWLQR�LPPLJUDQW�SDUHQWV��Bilingual Research Journal. 
KWWSV���GRL�RUJ������������������������������

'RQJ��<���&DWHWH��9���-RFLXV��5���/\WOH��1���%DUQHV��7���$OEHUW��-���-RVKL��'���5RELQVRQ��5���	�$QGUHZV��$��
��������PRADA: A practical model for integrating computational thinking in K-12 education. In 
Proceedings of the 50th ACM Technical Symposium on Computer Science Education��SS�����±������
KWWSV���GRL�RUJ������������������������

*DUFtD�� 2��� 	� 6\OYDQ�� &�� (�� �������� 3HGDJRJLHV� DQG� SUDFWLFHV� LQ� PXOWLOLQJXDO� FODVVURRPV�� 6LQ-
gularities in pluralities. The Modern Language Journal�� 95�LLL��� ���±����� KWWSV���GRL�
RUJ���������M����������������������[

*DUFtD��2���	�.OH\Q��7�� ��������7UDQVODQJXDJLQJ� WKHRU\� LQ�HGXFDWLRQ�� ,Q�2��*DUFtD�	�7��.OH\Q��(GV����
Translanguaging with multilingual students: Learning from classroom moments� �SS���±�����5RXW-
ledge. KWWSV���ZZZ�WD\ORUIUDQFLV�FRP�ERRNV�H��������������

1 3



Education and Information Technologies

*DUFtD�� 2��� 	� /L�� :�� �������� /DQJXDJH�� ELOLQJXDOLVP� DQG� HGXFDWLRQ�� ,Q� Translanguaging: Lan-
guage, bilingualism and education� �SS�� ��±����� 6SULQJHU�� KWWSV���OLQN�VSULQJHU�FRP�
FKDSWHU����������������������B�

*RRGH�� -�� �������� Increasing Diversity in K-12 Computer Science: Strategies from the Field. In 39th 
SIGCSE technical symposium on Computer science education��SS�����±�����

*XWLpUUH]�� 5�� �������� %H\RQG� HVVHQWLDOLVP�� 7KH� FRPSOH[LW\� RI� ODQJXDJH� LQ� WHDFKLQJ� PDWKHPDWLFV� WR�
/DWLQD�R�VWXGHQWV��American Educational Research Journal��39���������±�����

+LHEHUW��-���*DOOLPRUH��5���	�6WLJOHU��-��:����������$�NQRZOHGJH�EDVH�IRU�WKH�WHDFKLQJ�SURIHVVLRQ��:KDW�
ZRXOG�LW�ORRN�OLNH�DQG�KRZ�FDQ�ZH�JHW�RQH"�Educational Researcher��31������±���

+VX��<�� &��� ,ULH�� 1�� 5���	�&KLQJ��<��+�� �������� &RPSXWDWLRQDO� WKLQNLQJ� HGXFDWLRQDO� SROLF\� LQLWLDWLYHV�
�&7(3,��DFURVV�WKH�JOREH��TechTrends��63��������±�����KWWSV���GRL�RUJ���������V�����������������

,VUDHO��0���3HDUVRQ��-���7DSLD��7���:KHUIHO��4���	�5HHVH��*����������6XSSRUWLQJ�DOO�OHDUQHUV�LQ�VFKRRO�ZLGH�
FRPSXWDWLRQDO� WKLQNLQJ��$� FURVV�FDVH� TXDOLWDWLYH� DQDO\VLV��Computers & Education��82�� ���±�����
KWWSV���GRL�RUJ���������M�FRPSHGX������������

.HWHOKXW��'��-���0LOOV��.���+HVWQHVV��(���&DEUHUD��/���3ODQH��-���	�0F*LQQLV��-��5����������7HDFKHU�FKDQJH�
IROORZLQJ�D�SURIHVVLRQDO�GHYHORSPHQW�H[SHULHQFH�LQ�LQWHJUDWLQJ�FRPSXWDWLRQDO�WKLQNLQJ�LQWR�HOHPHQ-
tary science. Journal of Science Education and Technology��29��������±�����KWWSV���GRL�RUJ���������
s10956-019-09798-4

.UDXVH��*���	�0DOGRQDGR�� /��$�� ��������2XU� /LQJXLVWLF� DQG�&XOWXUDO� 5HVRXUFHV��7KH� ([SHULHQFHV� RI�
%LOLQJXDO�3URVSHFWLYH�7HDFKHUV�ZLWK�0DWKHPDWLFV�$XWRELRJUDSKLHV�� ,Q�7��*��%DUWHOO��&��'UDNH��$��
5��0F'X൶H��-��0��$JXLUUH��(��(��7XUQHU��	�0��4��)RRWH��(GV����Transforming Mathematics Teacher 
Education��SS�����±������6SULQJHU�,QWHUQDWLRQDO�3XEOLVKLQJ�

.UDXVH��*���0DOGRQDGR�5RGUtJXH]��/��$���	�$GDPV��0����������/LVWHQLQJ�WR�DQG�XQGHUVWDQGLQJ�VWXGHQWV¶�
algorithms. Mathematics Teacher Learning and Teaching PK-12, 114����� ���±����� KWWSV���GRL�
RUJ���������07/7����������

/XR�� )��� ,VUDHO�� 0��� 	� *DQH�� %�� �������� (OHPHQWDU\� FRPSXWDWLRQDO� WKLQNLQJ� LQVWUXFWLRQ� DQG� DVVHVV-
PHQW�� $� OHDUQLQJ� WUDMHFWRU\� SHUVSHFWLYH�� ACM Trans Comput Educ�� 22����� ��±���� KWWSV���GRL�
RUJ����������������

0DF'RQDOG�� 9�� �������� Latino education in the United States: A narrated history from 1513–2000. 
Springer.

0DUJROLV��-����������Stuck in the shallow end: Education, race, and computing��0,7�SUHVV�
0DUWtQH]��5��$���+LNLGD��0���	�'XUiQ��/����������8QSDFNLQJ�LGHRORJLHV�RI�OLQJXLVWLF�SXULVP��+RZ�GXDO�

ODQJXDJH� WHDFKHUV�PDNH� VHQVH� RI� HYHU\GD\� WUDQVODQJXDJLQJ�� International Multilingual Research 
Journal��9�������±����KWWSV���GRL�RUJ�����������������������������. KWWSV���ZZZ�WDQGIRQOLQH�FRP�
GRL�DEV�

0XVDQWL��6��,���&HOHGyQ�3DWWLFKLV��6���	�0DUVKDOO��0��(����������5HÀHFWLRQV�RQ�ODQJXDJH�DQG�SUREOHP�VROY-
LQJ��$�FDVH�VWXG\�RI�D�ELOLQJXDO�¿UVW�JUDGH�WHDFKHU��Bilingual Research Journal��32�������±����KWWSV���
GRL�RUJ��������������������������

1*66�/HDG� 6WDWHV� ��������1H[W� JHQHUDWLRQ� VFLHQFH� VWDQGDUGV�� )RU� VWDWHV�� E\� VWDWHVKWWSV���QDS�QDWLRQ-
DODFDGHPLHV�RUJ�FDWDORJ�������QH[W�JHQHUDWLRQ�VFLHQFH�VWDQGDUGV�IRU�VWDWHV�E\�VWDWHV

3DOPHU��'��.���0DUWtQH]��5��$���	�0DWHXV��6��*����������5HIUDPLQJ�WKH�GHEDWH�RQ�ODQJXDJH�VHSDUDWLRQ��
7RZDUG�D�YLVLRQ�IRU�WUDQVODQJXDJLQJ�SHGDJRJLHV�LQ�WKH�GXDO�ODQJXDJH�FODVVURRP��The Modern Lan-
guage Journal. KWWSV���GRL�RUJ���������PRGO������. KWWSV���RQOLQHOLEUDU\�ZLOH\�FRP�GRL�SGI�

3DUULVK��6����������Number talks: Helping children build mental math and computation strategies, grades 
K-5. Math Solutions.

4LX��.���%XHFKOH\��/���%DD¿��(���	�'XERZ��:����������A curriculum for teaching computer science through 
FRPSXWDWLRQDO�WH[WLOHV. In Proceedings of the 12th international conference on interaction design and 
children��SS����±�����KWWSV���GRL�RUJ������������������������

5HPLOODUG��-��7���	�&DKQPDQQ��0����������5HVHDUFKLQJ�PDWKHPDWLFV�WHDFKLQJ�LQ�ELOLQJXDO�ELFXOWXUDO�FODVV-
URRPV��,Q�7��/��0F&DUW\��(G����Language, literacy, and power in schooling��SS�����±������(UOEDXP�

5LFK��.��0���<DGDY��$���	�/DULPRUH��5��$����������7HDFKHU�LPSOHPHQWDWLRQ�SUR¿OHV�IRU�LQWHJUDWLQJ�FRP-
putational thinking into elementary mathematics and science instruction. Education and Information 
Technologies��25���������±������KWWSV���GRL�RUJ���������V�����������������

6DOGDxD��-����������The coding manual for qualitative researchers. Sage.
6DYLJQRQ�� 6�� -�� �������� &RPPXQLFDWLYH� ODQJXDJH� WHDFKLQJ�� 6WDWH� RI� WKH� DUW�� TESOL quarterly�� 25�����

���±����

1 3

https://link.springer.com/chapter/10.1057/9781137385765_4
https://link.springer.com/chapter/10.1057/9781137385765_4
http://dx.doi.org/10.1007/s11528-019-00384-4
http://dx.doi.org/10.1016/j.compedu.2014.11.022
http://dx.doi.org/10.1007/s10956-019-09798-4
http://dx.doi.org/10.1007/s10956-019-09798-4
http://dx.doi.org/10.5951/MTLT.2020.0089
http://dx.doi.org/10.5951/MTLT.2020.0089
http://dx.doi.org/10.1145/3494579
http://dx.doi.org/10.1145/3494579
http://dx.doi.org/10.1080/19313152.2014.977712
https://www.tandfonline.com/doi/abs/
https://www.tandfonline.com/doi/abs/
http://dx.doi.org/10.1080/15235880902965763
http://dx.doi.org/10.1080/15235880902965763
https://nap.nationalacademies.org/catalog/18290/next-generation-science-standards-for-states-by-states
https://nap.nationalacademies.org/catalog/18290/next-generation-science-standards-for-states-by-states
http://dx.doi.org/10.1111/modl.12121
https://onlinelibrary.wiley.com/doi/pdf/
http://dx.doi.org/10.1145/2485760.2485787
http://dx.doi.org/10.1007/s10639-020-10115-5


Education and Information Technologies

6FRWW��.��$���	�:KLWH��0��$����������&2038*,5/6¶VWDQGSRLQW��&XOWXUDOO\�UHVSRQVLYH�FRPSXWLQJ�DQG�
LWV� H൵HFW� RQ� JLUOV� RI� FRORU�� Urban Education�� 48����� ���±����� KWWSV���MRXUQDOV�VDJHSXE�FRP�GRL�
SGI�������������������������

6HQJXSWD��3���.LQQHEUHZ��-��6���%DVX��6���%LVZDV��*���	�&ODUN��'����������,QWHJUDWLQJ�FRPSXWDWLRQDO�WKLQN-
LQJ�ZLWK�.����VFLHQFH�HGXFDWLRQ�XVLQJ�DJHQW�EDVHG�FRPSXWDWLRQ��$�WKHRUHWLFDO�IUDPHZRUN��Education 
and Information Technologies��18��������±�����KWWSV���GRL�RUJ���������V���������������[

6NXUDWRZLF]��(���9DQGHUEHUJ��0���+XQJ��(��(���.UDXVH��*���%UDGOH\��'���	�:LOVRQ��-��3����������I felt like we 
were actually going somewhere: Adapting summer professional development for elementary teachers 
WR�D�YLUWXDO�H[SHULHQFH�GXULQJ�&29,'���. In Proceedings of the 52nd ACM Technical Symposium on 
Computer Science Education��SS�����±������KWWSV���GRL�RUJ������������������������

6OHHWHU��&��(���1HDO��/��,���	�.XPDVKLUR��.��.����������Diversifying the teacher workforce: Preparing and 
UHWDLQLQJ�KLJKO\�HৼHFWLYH�WHDFKHUV��5RXWOHGJH�

6WDNH��5��(����������The art of case study research. Sage.
6WRMLF��0����������Rain (M. Stojic, Illus.) [La Lluvia]��'UDJRQÀ\�%RRNV�
7XUQHU��(���'UDNH��&���5RWK�0F'X൶H��$���$JXLUUH��-���%DUWHOO��7���	�)RRWH��0����������3URPRWLQJ�HTXLW\�LQ�

PDWKHPDWLFV�WHDFKHU�SUHSDUDWLRQ��$�IUDPHZRUN�IRU�DGYDQFLQJ�WHDFKHU�OHDUQLQJ�RI�FKLOGUHQ¶V�PXOWLSOH�
mathematics knowledge bases. Journal of Mathematics Teacher Education��15����±����KWWSV���GRL�
RUJ���������V����������������

9DOOHMR��5���	�GH�)UDQFR��0��)����������/D�WULDQJXODFLyQ�FRPR�SURFHGLPLHQWR�GH�DQiOLVLV�SDUD�LQYHVWLJD-
FLRQHV�HGXFDWLYDV�>7KH�WULDQJXODWLRQ�DV�SURFHGXUH�RI�DQDO\VLV�IRU�HGXFDWLYH�LQYHVWLJDWLRQV@��Redhecs��
7��������±�����KWWS���RMV�XUEH�HGX�LQGH[�SKS�UHGKHFV�DUWLFOH�GRZQORDG������

9(5%,� �������� 0$;4'$� ����� >FRPSXWHU� VRIWZDUH@� %HUOLQ�� *HUPDQ\�� 9(5%,� 6RIWZDUH�� 5HWULHYHG�
�����������IURP�KWWS���PD[TGD�FRP.

:HLQWURS��'���%HKHVKWL��(���+RUQ��0���2UWRQ��.���-RQD��.���7URXLOOH��/���	�:LOHQVN\��8����������'H¿QLQJ�
FRPSXWDWLRQDO�WKLQNLQJ�IRU�PDWKHPDWLFV�DQG�VFLHQFH�FODVVURRPV��Journal of Science Education and 
Technology��25��������±�����KWWSV���GRL�RUJ���������V����������������

:LQJ�� -��0�� �������� &RPSXWDWLRQDO� WKLQNLQJ��Communications of the ACM�� 49����� ��±���� KWWSV���GRL�
RUJ������������������������

:RO]��8���6WRQH��0���3XOLPRRG��6��0���	�3HDUVRQ��.����������Computational thinking via interactive jour-
nalism in middle school. In Proceedings of the 41st ACM technical symposium on Computer science 
education��SS�����±������KWWSV���GRL�RUJ������������������������

Publisher’s Note� 6SULQJHU�1DWXUH�UHPDLQV�QHXWUDO�ZLWK�UHJDUG�WR�MXULVGLFWLRQDO�FODLPV�LQ�SXEOLVKHG�PDSV�
DQG�LQVWLWXWLRQDO�D൶OLDWLRQV�

6SULQJHU�1DWXUH�RU�LWV�OLFHQVRU��H�J��D�VRFLHW\�RU�RWKHU�SDUWQHU��KROGV�H[FOXVLYH�ULJKWV�WR�WKLV�DUWLFOH�XQGHU�
D�SXEOLVKLQJ�DJUHHPHQW�ZLWK�WKH�DXWKRU�V��RU�RWKHU�ULJKWVKROGHU�V���DXWKRU�VHOI�DUFKLYLQJ�RI�WKH�DFFHSWHG�
PDQXVFULSW�YHUVLRQ�RI�WKLV�DUWLFOH�LV�VROHO\�JRYHUQHG�E\�WKH�WHUPV�RI�VXFK�SXEOLVKLQJ�DJUHHPHQW�DQG�DSSOL-
cable law.

1 3

https://journals.sagepub.com/doi/pdf/10.1177/0042085913491219
https://journals.sagepub.com/doi/pdf/10.1177/0042085913491219
http://dx.doi.org/10.1007/s10639-012-9240-x
http://dx.doi.org/10.1145/3408877.3432482
http://dx.doi.org/10.1007/s10857-011-9196-6
http://dx.doi.org/10.1007/s10857-011-9196-6
http://ojs.urbe.edu/index.php/redhecs/article/download/84/87
http://maxqda.com
http://dx.doi.org/10.1007/s10956-015-9581-5
http://dx.doi.org/10.1145/1118178.1118215
http://dx.doi.org/10.1145/1118178.1118215
http://dx.doi.org/10.1145/1734263.1734345

