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67(�$�0�/HDUQLQJ�(FRORJLHV��6/(V�� LV�D

WKUHH�\HDU� �-DQXDU\� ����� �� 'HFHPEHU

������+RUL]RQ�(XURSH� SURMHFW� IXQGHG� E\

WKH� (XURSHDQ� &RPPLVVLRQ�� GHYHORSLQJ

HQJDJLQJ�2SHQ�6FKRROLQJ�HQDEOHG�VFLHQFH

OHDUQLQJ� SDWKV� IRU� DOO� LQ� OHDUQLQJ

FRQWLQXXPV� RI� IRUPDO� DQG� LQIRUPDO

OHDUQLQJ�HQYLURQPHQWV��

7KH� SURMHFW� KLJKOLJKWV� WKH� QHFHVVDU\

FRQGLWLRQV� IRU� EULQJLQJ� WRJHWKHU� IRUPDO�

QRQ�IRUPDO�� DQG� LQIRUPDO� HGXFDWLRQ

DFWRUV�� DV� ZHOO� DV� HQWHUSULVHV� DQG� FLYLO

VRFLHW\��JLYLQJ�DOO�VSDFH�DQG�PRWLYDWLRQ�WR

WDNH� LQLWLDWLYH� DQG� FHQWUDO� UROHV�� %\

EXLOGLQJ� RQ� SURPLVLQJ� SUHYLRXV� UHVXOWV�

WKH�SURMHFW�SURSRVHV�D�IUDPHZRUN�WKDW�

IDFLOLWDWHV� WKH� FUHDWLRQ� RI� LQFOXVLYH

HGXFDWLRQDO� V\QHUJLHV� LQ� WKH� IRUP� RI

LQWHUFRQQHFWHG�NQRZOHGJH�HFRV\VWHPV�

7KH� SURMHFW� LV� DOVR� VWXG\LQJ� WKH� EHQHILWV

RI� 2SHQ� 6FKRROLQJ� DV� D� GULYLQJ� IRUFH� LQ

(XURSHDQ� DQG� QDWLRQDO� SROLF\PDNLQJ�� 7R

DFKLHYH� WKHVH�� 6/(V� LV� LQWURGXFLQJ� WKH

SRZHUIXO�FRQFHSW�RI�qOHDUQLQJ�HFRORJLHVr

DV� YHKLFOHV� IRU� HQYLVDJLQJ� DQG� UHDOLVLQJ

LPSDFWIXO� ORFDO� 2SHQ� 6FKRROLQJ

SDUWQHUVKLSV��

7KH� SURMHFW� GHYHORSHG� D� WRWDO� RI� ���

6/(V� LQ� ��� FRXQWULHV�� 7KLV� 3RUWIROLR

SUHVHQWV� D� VHOHFWLRQ� RI� �� 6/(V� SHU

FRXQWU\�
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,GHQWLI\LQJ�D�FRPPXQLW\�FKDOOHQJH�WR�DGGUHVV�

7KLQNLQJ�RI�DQ�HIILFLHQW�VROXWLRQ�IRU�LW�

5HIOHFWLQJ�RQ�VWDNHKROGHUV�DEOH�WR�LPSOHPHQW�\RXU�VROXWLRQ
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$W�OHDVW���RWKHU�DFWRUV

ZLWK�D�VKDUHG�JRDO�
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3UHSDULQJ�WKH�6/(�ZLWK�VRPH�NH\�TXHVWLRQV�LQ�PLQG

$SSURDFKLQJ�LGHQWLILHG�VWDNHKROGHUV

3$571(56+,3�$1'�35(3$5$7,21 :KR�ZLOO�EH�LPSDFWHG"�

:KDW�NQRZOHGJH�LV�QHHGHG"�

+DYH�WKHUH�EHHQ�VLPLODU

SURMHFWV"

��

6WDUWLQJ�D�FR�FUHDWLRQ�SURFHVV�WKDW�LQFOXGHV�DOO�DFWRUV

&UHDWLQJ�D�FOHDU�GHYHORSPHQW�SODQ�E\�PXWXDO�DJUHHPHQW

3ODQQLQJ�RI�DFWLYLWLHV��([SORUDWLRQ��([SHULPHQWDWLRQ��(YDOXDWLRQ�

&2�&5($7,21�$1'�,03/(0(17$7,21

)ROORZLQJ�DQ�H[LVWLQJ�LQLWDWLYH�

6HWWLQJ�XS�D�QHZ�LQLWLDWLYH��

5HYLHZLQJ�VXFFHVVHV�DQG�DUHDV�IRU�JURZWK

9HULI\LQJ�WKDW�DOO�VWDNHKROGHUV�ZHUH�LQFOXGHG

5HWKLQNLQJ�OHVVRQV�OHDUQW�DQG�KRZ�WR�VKDUH�WKHP

:HUH�WKH�OHDUQLQJ�RXWFRPHV�XVHIXO"�

'LG�LW�UHDOO\�WDUJHW�WKH�DLPHG�DFWRUV"�

+RZ�FDQ�LW�EH�VXVWDLQDEOH"�

'LG�LW�HQFRXUDJH�JLUOV�SDUWLFLSDWLRQ"
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IHDWXUHG�LQ�WKLV�SRUWIROLR

)RU�PRUH�LQIRUPDWLRQ

&RQWDFW�$QDVWDVLRV�&KRYDUGDV�DW�FKRYDUGDV�DQDVWDVLRV#XF\�DF�F\
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6WHSKDQRV�$YUDDP��$UDGLSSRX�*\PQDVLXP�

/DUQDFD��&\SUXV�

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KLV� 6/(� LQYHVWLJDWHG� ELRGLYHUVLW\� DQG

FOLPDWH� FKDQJH� WKURXJK� EXWWHUIO\

REVHUYDWLRQ� DQG� HFRV\VWHP

LQWHUGHSHQGHQFH�� 6WXGHQWV� IURP� ORZHU

DQG� XSSHU� VHFRQGDU\� OHYHOV� HQJDJHG� LQ

KDQGV�RQ� ILHOGZRUN�� FROODERUDWLYH

JDUGHQLQJ�� DQG� VFLHQWLILF� GDWD� DQDO\VLV�

LQWHJUDWLQJ� ELRORJ\�� HQYLURQPHQWDO

HGXFDWLRQ��DQG�,&7��5($'�025(

7+(�&+$//(1*(

7KH�GHFOLQH�LQ�EXWWHUIO\�SRSXODWLRQV�OLQNHG

WR� FOLPDWH� FKDQJH�� XUEDQL]DWLRQ�� DQG

SROOXWLRQ��

7+(�&20081,7<

������\HDUV�ROG�VWXGHQWV�

6(0(3�QHWZRUN

8QLYHUVLWLHV��ORFDO�HGXFDWLRQ�DXWKRULWLHV

'HSDUWPHQW�RI�)RUHVWU\

3DUHQWV��6FKRRO�OHDGHUVKLS��YROXQWHHUV

2LO�UHF\FOLQJ�(8�IXQGHG�FRPSDQ\

7+(�%877(5)/<�352-(&7

7+(�%(1(),76

,QFUHDVHG� NQRZOHGJH� RQ� FOLPDWH� FKDQJH

DQG� ELRGLYHUVLW\� ORVV� DQG� ZKDW� DFWLRQV

FDQ�EH�WDNHQ�ORFDOO\�DQG�SHUVRQDOO\�

7+(�/($51,1*�352'8&76

%XWWHUIO\�LGHQWLILFDWLRQ�VKHHW��SKRWRV

H%06�GDWD�UHFRUGLQJ�RI�VSHFLHV

3UHVHQWDWLRQV�ZLWK�ILQGLQJV��UHYLHZ�RI�WKH

VFLHQWLILF�OLWHUDWXUH

3UHVHQWDWLRQ�RI�UHVXOWV�DQG�ILQGLQJV

&<3586
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0DULDQQD� ,RDQQRX� 06F�� 3K'�� %LRORJ\

LQVWUXFWRU�DQG�UHVHDUFKHU�

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KLV� 6/(� IRFXVHG� RQ� PLFURSODVWLF� �03�

FRQWDPLQDWLRQ�DV�D�FULWLFDO�HQYLURQPHQWDO

FKDOOHQJH�WKDW�SRVHV�D�WKUHDW�WR�DOO�OLYLQJ

RUJDQLVPV�� LQFOXGLQJ� KXPDQV�� 6WXGHQWV

LQYHVWLJDWHG�WKH�SUHVHQFH�RI�03V�LQ�ORFDO

WDS� ZDWHU�� VDQG� VDPSOHV�� DQG� WKH

GLJHVWLYH� V\VWHPV� RI� VKULPSV�� 8VLQJ� WKH

IOXRUHVFHQW� G\H� 1LOH� 5HG�� WKH\� GHWHFWHG

03V� DQG� GHPRQVWUDWHG� WKHLU� HQWU\� LQWR

WKH�IRRG�FKDLQ��5($'�025(

7+(�&+$//(1*(

7+(�&20081,7<

������\HDUV�ROG�VWXGHQWV�

6(0(3�E\�81(6&2�QHWZRUN

7HDFKHUV��5HVHDUFKHUV

/RFDO�ILVKHUPHQ�

3ULYDWH�FRPSDQLHV

0XQLFLSDOLWLHV�

0,&523/$67,&6�'(7(&7,21

86,1*�)/825(6&(1&(

7+(�%(1(),76

,QFUHDVHG� HQYLURQPHQWDO� DZDUHQHVV� DQG

GHYHORSPHQW�RI�VWXGHQWVp�FULWLFDO�WKLQNLQJ

VNLOOV�� FUHDWLYLW\�� SUREOHP�VROYLQJ�� DQG

HWKLFDO� XQGHUVWDQGLQJ� DV� FLWL]HQ

VFLHQWLVWV�

7+(�/($51,1*�352'8&76

)OXRUHVFHQW�6WHUHRVFRSH�o*ORZVFRSHp

0HWKRGRORJ\� IRU� VDPSOH� FROOHFWLRQ� DQG

DQDO\VLV

'DWD� UHFRUGLQJ� DQG� DQDO\VLV� ZLWK� JUDSKV

DQG�SLFWXUHV

3UHVHQWDWLRQ�WR�UDLVH�DZDUHQHVV

&<3586

(QYLURQPHQWDO� SROOXWLRQ� FDXVHG� E\

PLFURSODVWLFV� DQG� KRZ� WKH\� DIIHFW� DOO

OLYLQJ� RUJDQLVPV� DQG� KXPDQV�� WKURXJK

WKH�IRRG�FKDLQ�
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7+(�,1,7,$725

'U��$JJHORV�$JDWKDJJHORX��.\NNRX�/\FHXP

3DSKRV�

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KLV� 6/(� H[SORUHG� ILVK� RWROLWKV� DV

LQGLFDWRUV� RI� PDULQH� OLIH� GXULQJ� WKH

&HQR]RLF� (UD�� IRFXVLQJ� RQ� UHFRQVWUXFWLQJ

ILVK�IDXQD�LQ�WKH�/HYDQWLQH�%DVLQ�IURP�WKH

0LRFHQH� DQG� 3OLRFHQH� HSRFKV�� %\

DQDO\]LQJ� IRVVLO� RWROLWKV�� VWXGHQWV

LQYHVWLJDWHG� SDVW� HFRV\VWHP� FRQGLWLRQV

�WHPSHUDWXUH�� VDOLQLW\�� RFHDQLF

FLUFXODWLRQ��� ILVK� HYROXWLRQ� DQG� WKH

LPSDFWV�RI�FOLPDWH�FKDQJH��5($'�025(

7+(�&+$//(1*(

7+(�&20081,7<

������\HDUV�ROG�VWXGHQWV�

6(0(3�E\�81(6&2�QHWZRUN

7HDFKHUV

$FDGHPLF�5HVHDUFKHUV

0XQLFLSDOLWLHV�

7+(�0,2&(1(�,&+7+<2)$81$�	

3$/$(2(19,5210(17$/

5(&216758&7,21�2)�&<3586�

7+(�%(1(),76

,QFUHDVHG�XQGHUVWDQGLQJ�RI�WKH�GHHS�WLPH

FRQQHFWLRQV� EHWZHHQ� FOLPDWH� DQG� OLIH���

PDULQH�FRQVHUYDWLRQ��RFHDQ�ZDUPLQJ��DQG

VXVWDLQDEOH� GHYHORSPHQW� LQ� LVODQG

FRPPXQLWLHV�

7+(�/($51,1*�352'8&76

2WROLWK�VSHFLPHQ�FDWDORJ

6FLHQWLILF� LOOXVWUDWLRQV� DQG� FRPSDUDWLYH

GLDJUDPV�OLQNLQJ�SDVW�DQG�SUHVHQW�

5HFRQVWUXFWHG�SDOHRHQYLURQPHQWV�

6FLHQWLILF�$UWLFOH

&<3586

$GGUHVVLQJ�WKH�VFLHQWLILF�DQG�HGXFDWLRQDO

FKDOOHQJH� RI� UHFRQVWUXFWLQJ� WKH

SDODHRHQYLURQPHQWDO� KLVWRU\� RI� &\SUXV

WKURXJK� WKH� VWXG\� RI� IRVVLO� ILVK� RWROLWKV

IURP�WKH�0LRFHQH�DQG�3OLRFHQH�HSRFKV�

https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131050
https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131050
https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131050
https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131050
https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131050
https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131050
https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131050
https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131050
https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131050
https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131050
https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131050


���6XVWDLQDEOH�8UEDQ�*UHHQLQJ�DQG�3ODQW�'LYHUVLW\

���0DULQH�3ODVWLF�3ROOXWLRQ�

���67(0�6XPPHU�6FKRRO

���'LVFRYHULQJ�67(0

���([SHULHQFH�&KHPLVWU\�#�+8

���*LUOV�LQ�7HFK

���0,17�&DPS���*UHHQ�6WHHO

���6RODU�(QHUJ\

���67(0�)XWXUH�/LWHUDF\

����67(0�([SHULHQFH
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6/(V�,PSOHPHQWHG�LQ�*HUPDQ\

*(50$1<

IHDWXUHG�LQ�WKLV�SRUWIROLR

)RU�PRUH�LQIRUPDWLRQ

&RQWDFW�0HOLVVD�+RUFKHPHU�DW�KRUFKHPHU#ZLVWD�GH

mailto:horchemer@wista.de


�#�é�Å�•�™�•���Ž�û���ä�©�™�����é�Ù�Ë�Ö�™�‚�Å���f�Å�¬�Ë�Å�Ä�Ý���)�Ë�Ù�¬���Ë�Å���Ö�Ù�Ë�¤�Ù�‚�Ä�Ä�™���é�Å�•�™�Ù���¤�Ù�‚�Å�ä���‚�¤�Ù�™�™�Ä�™�Å�ä���B�Ë������ �������������� �£���q�¬�™�õ�Ý���‚�Å�•
�Ë�Ö�¬�Å�¬�Ë�Å�Ý���™�ú�Ö�Ù�™�Ý�Ý�™�•���‚�Ù�™���©�Ë�õ�™�ô�™�Ù���ä�©�Ë�Ý�™���Ë�£���ä�©�™���‚�é�ä�©�Ë�Ù�¹�Ý�º���Ë�Å�¾�û���‚�Å�•���•�Ë���Å�Ë�ä���Å�™�•�™�Ý�Ý�‚�Ù�¬�¾�û���Ù�™�£�¾�™�•�ä���ä�©�Ë�Ý�™���Ë�£���ä�©�™
���é�Ù�Ë�Ö�™�‚�Å���f�Å�¬�Ë�Å�£���B�™�¬�ä�©�™�Ù���ä�©�™�����é�Ù�Ë�Ö�™�‚�Å���f�Å�¬�Ë�Å���Å�Ë�Ù���ä�©�™���¤�Ù�‚�Å�ä�¬�Å�¤���‚�é�ä�©�Ë�Ù�¬�ä�û���•�‚�Å���Ž�™���©�™�¾�•���Ù�™�Ý�Ö�Ë�Å�Ý�¬�Ž�¾�™���£�Ë�Ù���ä�©�™�Ä�£

7+(�,1,7,$725

/LVD�%HULQJ�8KO

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KH� 6/(� IRFXVHG� RQ� LQYHVWLJDWLQJ� SODQW

GLYHUVLW\� DQG� JDLQLQJ� LQVLJKWV� LQWR� WKH

SODQQLQJ� RI� VXVWDLQDEOH� XUEDQ� JUHHQLQJ�

6WXGHQWV� PDGH� XVH� RI� D� �6HQVH� %R[��

ZKLFK� VHUYHV� DV� D� VFLHQWLILF

PHDVXUHPHQW� VWDWLRQ� IRU� FROOHFWLQJ

HQYLURQPHQWDO� GDWD�� 0RUHRYHU�� D

GHGLFDWHG� DSS� ZDV� HPSOR\HG� WR� VXSSRUW

WKH�LGHQWLILFDWLRQ�RI�SODQW�VSHFLHV��

5($'�025(

7+(�&+$//(1*(

'XH�WR�WKH�LQFUHDVLQJ�VHDOLQJ�RI�VXUIDFHV

LQ� FLWLHV�� SODQW� ELRGLYHUVLW\� LV� VWHDGLO\

GHFOLQLQJ��,Q�DGGLWLRQ��FLWLHV�DUH�EHFRPLQJ

LQFUHDVLQJO\�ZDUPHU�DV�D�UHVXOW�RI�FOLPDWH

FKDQJH��

7+(�&20081,7<

���\HDU�ROG�VWXGHQWV

7HDFKHUV

9RFDWLRQDO�6FKRRO�

2UJDQLVDWLRQ�IRU�&LWL]HQ�6FLHQFH�DQG

(GXFDWLRQ

6867$,1$%/(�85%$1�

*5((1,1*�	�3/$17�',9(56,7<

7+(�%(1(),76

6WXGHQWV� GHHSHQ� WKHLU� XQGHUVWDQGLQJ� RI

SODQW�ELRGLYHUVLW\��XUEDQ�JUHHQLQJ��HFRORJ\

DQG�HQYLURQPHQWDO�SURWHFWLRQ�

7+(�/($51,1*�352'8&76

&ROOHFWLRQ� RI� HQYLURQPHQWDO� GDWD� DW

YDULRXV�ORFDWLRQV

$QDO\VLV�DQG�GLVFXVVLRQ�RI�WKH�GDWD

*(50$1<
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7+(�,1,7,$725

/LVD�%HULQJ�8KO�

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KH� 6/(� WDFNOHG� WKH� JOREDO� FKDOOHQJH� RI

PDULQH� SODVWLF� SROOXWLRQ�� 6WXGHQWV

GHHSHQHG�WKHLU�XQGHUVWDQGLQJ�RI�SODVWLFV

DQG� DFWLYHO\� DSSOLHG� WKHLU� NQRZOHGJH� E\

GHYHORSLQJ� DQG� SURGXFLQJ� D� VXVWDLQDEOH

ELRSODVWLF� DOWHUQDWLYH�� 7KURXJK� KDQGV�RQ

DFWLYLWLHV�� VWXGHQWV� EXLOW� VFLHQWLILF� VNLOOV

DQG� GHYHORSHG� D� GHHSHU� VHQVH� RI

UHVSRQVLELOLW\� IRU� VXVWDLQDELOLW\� DQG

HQYLURQPHQWDO�SURWHFWLRQ��5($'�025(

7+(�&+$//(1*(

3ROOXWLRQ� RI� WKH� RFHDQV� E\� SODVWLFV� DQG

FRQWDPLQDWLRQ�FDXVHG�E\�PLFURSODVWLFV

7+(�&20081,7<

������\HDUV�ROG�VWXGHQWV�

)RUPDO�HGXFDWLRQ�

5HVHDUFK�$VVLVWDQW

0$5,1(�3/$67,&�

32//87,21

7+(�%(1(),76

8QGHUVWDQGLQJ� WKH� LPSDFW� RI� SODVWLF

SROOXWLRQ�RQ�WKH�RFHDQ�DQG�SHRSOH

,QFUHDVHG� NQRZOHGJH� RQ� SODVWLFV� DQG

ELRSODVWLFV

3UDFWLFDO� VNLOOV� DQG� NQRZOHGJH� RQ

SURGXFLQJ�ELRSODVWLFV

7+(�/($51,1*�352'8&76

0RGHO� H[SHULPHQW� RQ� RFHDQ� SODVWLF

UHPRYDO

6HOI�PDGH�ELRSODVWLF

3UHVHQWDWLRQV� RQ� SHUVRQDO� SODVWLF

FRQVXPSWLRQ�DQG�DOWHUQDWLYHV

*(50$1<
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%HVVLH�)LVFKHU� %RKQ� DQG� 0HOLVVD

+RUFKHPHU��:,67$�0DQDJHPHQW�*P%+�

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KH�6/(�JDYH�VWXGHQWV�WKH�RSSRUWXQLW\�WR

PRYH� IURP� WKHRU\� WR� LQQRYDWLYH� DQG

FUHDWLYH�SUDFWLFH�GXULQJ�D�WKUHH�GD\�67(0

VXPPHU� VFKRRO� IRU� 67(0� VWXGHQWV� ZKR

DUH� UHVHDUFKLQJ� D� VFLHQWLILF� LGHD� DQG

GHYHORSLQJ� LW� LQWR�D�SURGXFW�RU�EXVLQHVV�

6WXGHQWV� GHYHORSHG� VNLOOV� LQ� FUHDWLYH

WKLQNLQJ�� GHVLJQ� WKLQNLQJ� DQG� SUREOHP

VROYLQJ�� ILQDQFLDO� DQG� PDWKHPDWLFDO

HGXFDWLRQ��5($'�025(

7+(�&+$//(1*(

7UDQVIRUPLQJ� VWXGHQWVp� LGHDV� IURP� LQLWLDO

FRQFHSWV�LQWR�IXOO\�GHYHORSHG�SURMHFWV�

7+(�&20081,7<

������\HDUV�ROG�VWXGHQWV�

'U��&KULVWLDQ�6HJDO��&RUQHOLD�2NRQ��%HUOLQHU

6SDUNDVVH�

-XJHQG�IRUVFKW

0LULDP�8PKDXHU��&RDFK��7HDFKHU�	�0HQWRU�

7RELDV� .LUVFKQLFN�� 9LQFHQW� +DUODQJ� �:,67$

0DQDJHPHQW�*PE+���

4XDQWXQH�7HFKQRORJLHV�*PE+

67(0�

6800(5�6&+22/

7+(�%(1(),76

6WXGHQWV�KDG�WKH�RSSRUWXQLW\�WR�ZRUN�ZLWK

H[SHUWV� DQG� LQFUHDVH� WKHLU� FUHDWLYH

WKLQNLQJ�� HQWUHSUHQHXUVKLS�� ILQDQFLDO

OLWHUDF\��DQG�VRIW�VNLOOV�

7+(�/($51,1*�352'8&76

5HVHDUFK�DQG�SURGXFW�LGHDV

%UDQG�ORJR�

%XGJHW�3ODQV

6NHWFKHV�DQG�3URWRW\SHV

*(50$1<
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��'LJLWDO�&UHDWLYLW\�DQG�(QWUHSUHQHXUVKLS

��'HVLJQLQJ�D�0LVVLRQ�WR�$QRWKHU�3ODQHW�WR�(VWDEOLVK�DQ�([WUDWHUUHVWULDO�+XPDQ�&RORQ\

��&RPSXWDWLRQDO�7KLQNLQJ�$SSOLFDWLRQV��9LVXDOL]DWLRQ�RI�(DUWKTXDNH�$FWLYLW\

��(OHFWULF�9HKLFOHV�DQG�5RERWLF�6ROXWLRQV

��*UHHQ�&LW\��6XVWDLQDEOH�8UEDQ�(QYLURQPHQW

��/HDUQLQJ�DERXW�WKH�0HGLWHUUDQHDQ�'LHW��$FTXLULQJ�+HDOWK\�'LHW�+DELWV

��1DWXUDO�5RERWLFV��3URSRVLQJ�D�%LRLQVSLUHG�5RERWLF�6ROXWLRQ

��2SWLPDO�7UDQVSRUWDWLRQ�1HWZRUNV

���6PDUW�6RODU�3DQHOV
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6/(V�,PSOHPHQWHG�LQ�*UHHFH
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IHDWXUHG�LQ�WKLV�SRUWIROLR

)RU�PRUH�LQIRUPDWLRQ

&RQWDFW�0DYURPDQRODNLV�*HRUJLRV�DW�JPDYURPD#HD�JU
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7+(�,1,7,$725

7HDFKHUV� RI� SULPDU\� VFKRRO� t� ILIWK� JUDGH

DQG� (QJOLVK� ODQJXDJH� WHDFKHUV�� -XQLRU

+LJK� 6FKRRO� RI� (OOLQRJHUPDQLNL� $JRJL�

*UHHFH

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KH�6/(� IRFXVHG�RQ� WKH� SKHQRPHQRQ�RI

HDUWKTXDNHV�� 6WXGHQWV� OHDUQHG� DERXW

FXUULFXOXP�WRSLFV�VXFK�DV�WHFWRQLF�SODWHV�

WKH� LQQHU� VWUXFWXUH� RI� WKH� (DUWK�

FKDUDFWHULVWLFV� RI� DQ� HDUWKTXDNH�� HWF���

7KH\� WKHQ� IRFXV� RQ� KRZ� WR� LQFUHDVH

DZDUHQHVV� DERXW� SURWHFWLRQ� PHDVXUHV

GXULQJ� WKH� HYHQW� RI� DQ� HDUWKTXDNH�

WKURXJK� KDQGV�RQ� DQG� FUHDWLYH� DFWLYLWLHV�

5($'�025(

7+(�&+$//(1*(

,QFUHDVLQJ� SXEOLF� DZDUHQHVV� DERXW

HDUWKTXDNHV� DQG� FLYLF� SURWHFWLRQ

PHDVXUHV�

7+(�&20081,7<

������\HDUV�ROG�VWXGHQWV�

7HDFKHUV

([SHUWV���VFLHQWLVWV

1DWLRQDO�2EVHUYDWRU\�RI�$WKHQV

/($51,1*�$%287�:+$7�$1
($57+48$.(�,6�	�:+$7�72�'2�72

3527(&7�2856(/9(6

7+(�%(1(),76

.QRZOHGJH� DERXW� HDUWKTXDNHV�� WHFWRQLF

SODWHV�� DQG� WKH� LQQHU� VWUXFWXUH� RI� WKH

(DUWK

3UDFWLFDO�VNLOOV�RQ�ZKDW�ZH�VKRXOG�GR�DQG

GRQpW�GR�LQ�FDVH�RI�DQ�HDUWKTXDNH�

7+(�/($51,1*�352'8&76

$� PRGHO� VHLVPRPHWHU� FRQVWUXFWHG� ZLWK

VLPSOH�PDWHULDOV

3RVWHU� ZLWK� SURWHFWLRQ� PHDVXUHV� t� GRV

DQG�GRQpWV�GXULQJ�DQ�HDUWKTXDNH�HYHQW
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7+(�,1,7,$725

*HRUJLRV� 0DYURPDQRODNLV�� -XQLRU� +LJK

6FKRRO�RI�(OOLQRJHUPDQLNL�$JRJL��*UHHFH

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KH� 6/(� IRFXVHG� RQ� HQWUHSUHQHXUVKLS�

6WXGHQWV� FUHDWHG� JHRPHWULF� GHVLJQV� RQ

HYHU\GD\�REMHFWV�DQG��ZLWK�PDUNHWLQJ�DQG

VDOHV� H[SHUWV
� JXLGDQFH�� WKH\� EHJDQ

IRUPLQJ�D�UHDO�HQWHUSULVH��FRPSOHWH�ZLWK�D

EUDQG� QDPH�� ORJR�� DQG� LQWHOOHFWXDO

SURSHUW\� ULJKWV�� 7KH\� ODXQFKHG� D� VRFLDO

PHGLD� FDPSDLJQ� WR� SURPRWH� WKHLU

SURGXFWV�DQG�RUJDQL]HG�WKHPVHOYHV�OLNH�D

UHDO�EXVLQHVV��5($'�025(

7+(�&+$//(1*(

(QFRXUDJLQJ� FUHDWLYLW\� XVLQJ� GLJLWDO� WRROV

DQG� GHYHORS� DQ� HQWUHSUHQHXULDO� DWWLWXGH

DQG�WKLQNLQJ�

7+(�&20081,7<

������\HDUV�ROG�VWXGHQWV�

([SHUWV��UHVHDUFKHUV

7HDFKHUV

&RPPHUFLDO�FRPSDQ\�UHSUHVHQWDWLYHV

0DQXIDFWXUHU�LQGXVWU\

',*,7$/�&5($7,9,7<�	

(175(35(1(856+,3

7+(�%(1(),76

6NLOOV� LQ�,&7�WHFKQRORJLHV�DQG�LQQRYDWLRQ

�DOJRULWKPV�� SURJUDPPLQJ� DQG

DSSOLFDWLRQV�

8VH�RI�GLJLWDO�WRROV�IRU�FUHDWLYLW\

(QWUHSUHQHXUVKLS

7+(�/($51,1*�352'8&76

&UHDWLYH�SDWWHUQV

+RPHZDUH� SURGXFWV� ZLWK� FUHDWLYH

SDWWHUQV�
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7+(�,1,7,$725

3ULPDU\� 6FKRRO� 7HDFKHUV�� -XQLRU� +LJK

6FKRRO�RI�(OOLQRJHUPDQLNL�$JRJL��*UHHFH

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KLV� 6/(� IRFXVHG� RQ� WKH� GHVLJQ� RI� D

VSDFH�PLVVLRQ�WR�DQRWKHU�SODQHW�ZLWK�WKH

DLP�RI� IRXQGLQJ�DQ�H[WUDWHUUHVWULDO�FRORQ\

IRU� KXPDQV�� 6WXGHQWV� GHVLJQHG� PRGHO

URFNHWV�XVLQJ�&$'�VRIWZDUH�DQG�WKHQ�EXLOW

WKHP� ZLWK� �'� SULQWHUV�� 7KH\� EXLOW

KDELWDEOH� EDVHV� DQG� VWXGLHG� WKH

HVVHQWLDO�SURSHUWLHV�IRU�KXPDQV�WR�OLYH�LQ�

VXFK� DV� KHDW� LQVXODWLRQ�� 89� UDGLDWLRQ

SURWHFWLRQ��HWF��5($'�025(

7+(�&+$//(1*(

,QFUHDVLQJ� DZDUHQHVV� DERXW� WKH� IUDJLOLW\

RI� OLIH� RQ� (DUWK� E\� XQGHUVWDQGLQJ� KRZ

GLIILFXOW� LW� LV� IRU� KXPDQV� WR� FRORQLVH

DQRWKHU�SODQHW

7+(�&20081,7<

������\HDUV�ROG�VWXGHQWV�

7HDFKHUV

([SHUWV���VFLHQWLVWV

8QLYHUVLW\�RI�$WKHQV

1DWLRQDO�7HFKQLFDO�8QLYHUVLW\�RI�$WKHQV�

'(6,*1,1*�$�0,66,21�72

$127+(5�3/$1(7�72�(67$%/,6+

$1�(;75$7(55(675,$/�+80$1

&2/21<

7+(�%(1(),76

,QFUHDVHG�NQRZOHGJH�RI�OLIH�RQ�(DUWK�DQG

YLWDO� UHVRXUFHV��DQG�RWKHU�SODQHWV� LQ�RXU

VRODU�V\VWHP

3UDFWLFDO� WHFKQLFDO� VNLOOV�� &$'� VRIWZDUH�

�'�SULQWHUV�HWF�

7+(�/($51,1*�352'8&76

0RGHO�URFNHW�VSDFHVKLS

+DELWDEOH�KXPDQ�EDVH�PRFNXS

([SHULPHQWDWLRQ�UHVXOWV�FKDUDFWHULVLQJ

WKH�SURSHUWLHV�RI�WKH�KDELWDEOH�KXPDQ

EDVH
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���:DYHV�RI�3RVLWLYLW\

����'�3ULQWLQJ�DQG�3RGFDVW

���+RZ�([FHUFLVH�,PSDFWV�WKH�&LUFXODWRU\�6\VWHP

���(PSDWK\�'HWHFWLYHV

���/HDYLQJ�&HUWLILFDWH�$SSOLHG��/&$��

���*UHHQ�/DE

���1HXURQV�%HKDYLQJ�%DGO\�

���+RZ�6FLHQFH�DQG�(QJLQHHULQJ�FDQ�+HDO�RXU�%RGLHV�

���3URWHFWLQJ�RXU�2FHDQV�DJDLQVW�3ODVWLF�3ROOXWLRQ�

����3ODVWLF�LV�1RW�)DQWDVWLF
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6/(V�,PSOHPHQWHG�LQ�,UHODQG

,5(/$1'�

IHDWXUHG�LQ�WKLV�SRUWIROLR

)RU�PRUH�LQIRUPDWLRQ

&RQWDFW�0DU\�'HHO\�DW�PDU\�GHHO\#XQLYHUVLW\RIJDOZD\�LH
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'HLUGUH� *UDFH�� WHDFKHU� 6W�� 1LFKRODVp

3DURFKLDO�6FKRRO��*DOZD\��,UHODQG

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KH� 6/(� VRXJKW� WR� KLJKOLJKW� WKH� JUHDW

WKLQJV� KDSSHQLQJ� DURXQG� RFHDQ

FRQVHUYDWLRQ�� RIIHULQJ� D� UHIUHVKLQJ

FRXQWHUEDODQFH� WR� WKH� RIWHQ� DQ[LHW\�

LQGXFLQJ� QHZV� DERXW� WKH� FKDOOHQJHV

IDFLQJ� RXU� SODQHW�� 6WXGHQWV� SURPRWHG

KRSHIXO� DQG� SRVLWLYH� DFWLRQV� DURXQG

FOLPDWH� FKDQJH� YLD� D� VRFLDO� PHGLD

WDNHRYHU� RI� ERWK� *DOZD\� $WODQWDTXDULDpV

DQG�&·5$0pV�SODWIRUPV��5($'�025(

7+(�&+$//(1*(

2YHUFRPLQJ� DQ[LHW\� UHODWHG� WR� WKH

FKDOOHQJHV� WKDW� RXU� SODQHW� DQG� RFHDQV

DUH�IDFLQJ���

7+(�&20081,7<

������\HDUV�ROG�VWXGHQWV�

3ULPDU\�WHDFKHU

&·5$0�SXEOLF�HQJDJHPHQW�RIILFHUV

0DULQH�,QVWLWXWH�HGXFDWLRQ�RIILFHU

*DOZD\�$WODQWDTXDULD�HGXFDWLRQ�RIILFHUV

:$9(6�2)�326,7,9,7<

7+(�%(1(),76

.QRZOHGJH� RI� � QDWXUDO� ELRPDWHULDOV� DQG

PDULQH�UHVRXUFHV

6FLHQFH�FRPPXQLFDWLRQV�VNLOOV

7+(�/($51,1*�352'8&76

5HSRUWV� DQG� DUWZRUNV� RQ� RFHDQ

RUJDQLVPV

,QVWDJUDP�DQG�)DFHERRN�SRVWV

,5(/$1'
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7+(�,1,7,$725

8QLYHUVLW\�RI�*DOZD\�<RXWK�$FDGHP\��(QGD

2p�&RQQHOO��

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KH� 6/(� RIIHUHG� FRXUVHV� LQ� 0HG7HFK

VXEMHFWV�DQG�FROODERUDWHG�ZLWK�&·5$0�WR

FUHDWH� D� FRXUVH� ORRNLQJ� DW� FXWWLQJ�HGJH

�'� ELRSULQWLQJ�� 6WXGHQWV� FUHDWHG� ��� DQG

�'�SULQWHG� LWHPV� DQG� PDGH� D� SRGFDVW

DERXW� WKHLU� H[SHULHQFH�� 8OWLPDWHO\�� WKH

DLP� ZDV� WR� HQFRXUDJH� WHHQDJHUV� WR

FKRRVH� WKHVH�VXEMHFWV�DW� WKH� WKLUG� OHYHO�

5($'�025(

7+(�&+$//(1*(

,QFUHDVLQJ� PHGWHFK� NQRZOHGJH� LQ

WHHQDJHUV�� HQFRXUDJLQJ� WKHP� WR� FKRRVH

WKHVH�VXEMHFWV�DW�WKLUG�OHYHO�HGXFDWLRQ��

7+(�&20081,7<

������\HDUV�ROG�VWXGHQWV�

8QLYHUVLW\

0XVHXP

$FDGHPLF�5HVHDUFK�&HQWUH

�'�%,235,17,1*�

$1'�32'&$67

7+(�%(1(),76

8QGHUVWDQG��'�ELRSULQWLQJ

8QGHUVWDQG� WKH� XVH� RI� �'�ELRSULQWLQJ� LQ

KHDOWK�UHVHDUFK

/HDUQ� KRZ� WR� FRPPXQLFDWH� UHVHDUFK� WR

WKH�JHQHUDO�SXEOLF

7+(�/($51,1*�352'8&76

�'�SDSHU�PRGHOV�RI�RUJDQV�ODEHOOHG�ZLWK

YLDEOH�DQG�QRQ�YLDEOH�FHOOV

�'�GHVLJQV�FUHDWHG�RQ�FRPSXWHU�RU�ZLWK

WRRWKSDVWH�DQG�KDLUJHO

3RGFDVW�VFULSWV�DQG�UHFRUGLQJ�

,5(/$1'

https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131058
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7+(�,1,7,$725

0LFKHOOH� 6DOWHU�� 7HDFKHU� RI� -XQLRU� &\FOH

6WXGHQWV� LQ� '(,6� �'HOLYHULQJ� (TXDOLW\� LQ

6FKRROV��VFKRRO�

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KH� 6/(�� FUHDWHG� DV� SDUW� RI� &·5$0pV

7HDFKHUV� LQ� 5HVLGHQFH� SURJUDPPH���

DLPHG� WR� HQFRXUDJH� H[HUFLVH� DPRQJVW

WHHQDJHUV� E\� HQKDQFLQJ� WKHLU

XQGHUVWDQGLQJ� RI� WKH� FLUFXODWRU\� V\VWHP�

$� 6HFRQGDU\� 6FKRRO� SDUWQHUHG� ZLWK

&·5$0� WR� FUHDWH� D� FXUULFXOXP�OLQNHG

SURMHFW� WKDW� VXSSRUWHG� -XQLRU� &\FOH

VWXGHQWV�LQ�WKLV�'(,6�6FKRRO��

5($'�025(

7+(�&+$//(1*(

(QFRXUDJLQJ� H[HUFLVH� DQG� DZDUHQHVV� RI

OLIH�VDYLQJ�VNLOOV�DPRQJVW�WHHQDJHUV�

7+(�&20081,7<

-XQLRU�&\FOH�6WXGHQWV�LQ�'(,6�VFKRRO�����

\HDUV�ROG

([SORULXP�6SRUW�	�6FLHQFH�&HQWUH�

&·5$0�$FDGHPLF�5HVHDUFK�&HQWUH�

+2:�(;(5&,6(�,03$&76�7+(

&,5&8/$725<�6<67(0�

7+(�%(1(),76

,PSURYHG� NQRZOHGJH� RI� WKH� FLUFXODWRU\

V\VWHP�� 0HGWHFK� VFLHQFH�� ELRORJ\�� DQG

VSRUWV�VFLHQFH

/LIH�VDYLQJ� VNLOOV� VXFK� DV� WDNLQJ� WKH

SXOVH�RU�GRLQJ�&35

7+(�/($51,1*�352'8&76

6DPSOH� ZRUNVKHHWV� WKDW� ZHUH� XVHG� IRU

ODEHOOLQJ�DFWLYLWLHV

*RRJOH�'RF�'DWD�6HWV��UHVWLQJ�KHDUW�UDWH

DQG�UHFRYHU\�KHDUW�UDWH�

&35�0DQQHTXLQ�

7DJ�WKH�SXOVH�JDPH�

,5(/$1'

https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131059


���*UHHQ�7UDQVLWLRQ�DQG�*HQGHU

���%OXH�0LVVLRQ��RXU�6HH�LV�RXU�+HDOWK

���)RRG�:DVWH�5HGXFWLRQ�DQG�6XVWDLQDEOH�%HKDYLRXU�

���)RRG�:DVWH�5HGXFWLRQ�DQG�6XVWDLQDEOH�%HKDYLRXU��

��*HR�$UFKHR�� *HR�/RFDOLVDWLRQ� RI� 3LORW� 6LWHV� DQG� *HR�0DWHULDOV� 8VHIXO� LQ� D� 3UHKLVWRULF����

3URWRKLVWRULF� DQG� +LVWRULFDO� &RQWH[W�� ([SHULPHQWDO� 5HSURGXFWLRQV� DQG� $UFKHRPHWULF

$QDO\VHV�

���1DWXUH�DQG�$UW��1DWXUH�'UDZLQJ�IRU�WKH�'HYHORSPHQW�RI�6FLHQWLILF�&RPPXQLFDWLRQ

���:DWHU�DQG�XV

���(YHU\WKLQJ�KDV�LWV�2ZQ�6WRU\

���*DUGHQ�FDUH��D�6SDFH�WR�*URZ�DQG�7KULYH

����%<(�t�%XLOG�<RXU�(LQVWHLQ�7HOHVFRSH
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6/(V�,PSOHPHQWHG�LQ�,WDO\

,7$/<

IHDWXUHG�LQ�WKLV�SRUWIROLR

)RU�PRUH�LQIRUPDWLRQ

&RQWDFW�/DXUD�0HQWLQL�DW�PHQWLQL#DSUH�LW
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7+(�,1,7,$725

(VVHQLD� 8HWS� �� 8QLYHUVLW\� DQG� (QWHUSULVH

7UDLQLQJ�3DUWHQHUVKLS�VUO�

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KLV� 6/(� UDLVHG� DZDUHQHVV� RQ� WKH

LPSRUWDQFH� RI� 67($0� GLVFLSOLQHV� DQG

WKHLU�RSSRUWXQLWLHV�EH\RQG�JHQGHU��SD\LQJ

VSHFLDO� DWWHQWLRQ� WR� VXVWDLQDELOLW\� DQG

JUHHQ� WUDQVLWLRQ�� 7KH� OHDUQHUV� ZHUH

JXLGHG� WR� GLVFRYHU� VFLHQWLVWV� �HVSHFLDOO\

IHPDOH� RQHV�� ZKR� KDYH� FRQWULEXWHG� WR

VLJQLILFDQW� DFKLHYHPHQWV� LQ� GLIIHUHQW

67($0�DUHDV��5($'�025(

7+(�&+$//(1*(

$GGUHVVLQJ� WKH� SHUVLVWHQW� JHQGHU� JDS� LQ

67($0�HGXFDWLRQ�DQG�FDUHHUV��DV�ZHOO�DV

WKH� XUJHQW� QHHG� WR� SURPRWH� VXVWDLQDEOH

OLIHVW\OHV�DQG�HFRORJLFDO�DZDUHQHVV�

7+(�&20081,7<

/LFHR� q5HJLQD� 0DUJKHULWD�� RI� 6DOHUQR� �

���\HDU�ROG�VWXGHQWV

8QLYHUVLW\�RI�1DSOHV��/
2ULHQWDOH��

7$/($�VUO�

&RQILQGXVWULD�6DOHUQR�&RPLWDWR�)HPPLQLOH�

9RJOLR�XQ�0RQGR�3XOLWR�2G9

*5((1�75$16,7,21�

$1'�*(1'(5

7+(�%(1(),76

,PSURYHG�NQRZOHGJH�RI�WKH�LPSRUWDQFH�RI

67($0� GLVFLSOLQHV�� HPSOR\PHQW

SURVSHFWV�� EH\RQG� JHQGHU� VWHUHRW\SHV����

FLUFXODU� HFRQRP\� DQG� HQYLURQPHQWDO

VXVWDLQDELOLW\�

7+(�/($51,1*�352'8&76

%RRNOHW�67($0�FDUHHUV

'LJLWDO�ERRNOHW�RI�VFLHQFH�SLRQHHUV�

(GXFDWLRQDO� JDPH�RQ��VW� IHPDOH� GRFWRU

LQ�(XURSH

'LJLWDO� ERRNOHW� RQ� HFR�VXVWDLQDEOH

SUDFWLFHV

$UWZRUN�FUHDWHG�IURP�ZDVWH�PDWHULDOV�

,7$/<
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7+(�,1,7,$725

,635$� �� ,QVWLWXWH� IRU� (QYLURQPHQWDO

3URWHFWLRQ� DQG� 5HVHDUFK� �7��0H]]HWWL��0�

3LVDSLD��$��5RWLQL��

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KLV� 6/(� H[SORUHG� WKH� VXVWDLQDELOLW\� RI

KXPDQ� DFWLYLWLHV� LQ� PDULQH�FRDVWDO

HQYLURQPHQWV� IURP� D� 2QH� +HDOWK

SHUVSHFWLYH�� 7KURXJK� FUHDWLYH� DFWLYLWLHV�

DFWLYH� OHDUQLQJ� DQG� RXWGRRU� H[SHULHQFHV�

VWXGHQWV� GHYHORSHG� QHZ� VNLOOV� DQG

FUHDWHG� HGXFDWLRQDO� UHVRXUFHV� DQG

DUWLVWLF�SURGXFWV�RQ�WRSLFV�VXFK�DV�SODVWLF

PDULQH� OLWWHU�� HFRORJLFDO� EHDFK�

VXVWDLQDEOH�DTXDFXOWXUH��5($'�025(

7+(�&+$//(1*(

)RVWHULQJ� DZDUHQHVV� RI� HQYLURQPHQWDO

FKDOOHQJHV�� XQGHUVWDQGLQJ� WKH� LPSDFW� RI

RXU� GDLO\� DFWLRQV�� DQG� FKDQJLQJ� RXU

DQWKURSRFHQWULF�SHUVSHFWLYH�

7+(�&20081,7<

*XLFFLDUGLQL�&RPSUHKHQVLYH�,QVWLWXWH������

���\HDUV�ROG�VWXGHQWV�

,635$

&RDVWDO�1DWXUH�5HVHUYH�RI�7RUUH�)ODYLD��

�����q)HVWLYDO�GHOOH�6FLHQ]Hr�RI�5RPH�

5RPD�7UH�8QLYHUVLW\�

%/8(�0,66,21�

285�6($�,6�285�+($/7+

7+(�%(1(),76

(PSRZHUHG�VWXGHQWV�DV�DFWLYH�FLWL]HQV�LQ

HQYLURQPHQWDO�SURWHFWLRQ�

,PSURYHG� DZDUHQHVV� RI� HQYLURQPHQWDO

FKDOOHQJHV� DQG� WKH� LPSDFW� RI� RXU� GDLO\

DFWLRQV�

7+(�/($51,1*�352'8&76

5ROH�SOD\LQJ�JDPHV�

6WRU\�ZULWLQJ�DQG�VFULSW�WDEV�

6WRU\ERDUGV�GUDZLQJV

)LQDO� VKRUW� ILOPV�� LQFOXGLQJ� VKRRWLQJ�

HGLWLQJ�DQG�SRVW�SURGXFWLRQ�

,7$/<

https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131065
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7+(�,1,7,$725

,1$,/� �� 1DWLRQDO� ,QVWLWXWH� IRU� ,QVXUDQFH

DJDLQVW�$FFLGHQWV�DW�:RUN�

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KLV� 6/(� DLPHG� WR� GHHSHQ� VWXGHQWV


XQGHUVWDQGLQJ� RI� IRRG� ZDVWH�� IURP

HWKLFDO�� HFRQRPLF�� VRFLDO�� DQG

WHFKQRORJLFDO� SHUVSHFWLYHV�� 7KURXJK

LQWHUDFWLYH� OHVVRQV�� ODERUDWRU\� DFWLYLWLHV�

ILHOG� DFWLYLWLHV�� DQG� D� VFKRRO� WULS� WR� )$2�

VWXGHQWV� ZHUH� LQVSLUHG� DQG� HQJDJHG� WR

VSUHDG� PHVVDJHV� RI� VXVWDLQDEOH

GHYHORSPHQW� ZLWKLQ� WKHLU� ORFDO

FRPPXQLWLHV��5($'�025(

7+(�&+$//(1*(

%XLOGLQJ�FULWLFDO�DZDUHQHVV�RQ�WKH�FDXVHV

RI� IRRG� ZDVWH� DQG� GHYHORS� FRUUHFWLYH

DFWLRQV�

7+(�&20081,7<

,7$�*DULEDOGL�+LJK�6FKRRO��5RPH

6FKRRO�<HDUV�$EURDG�

,1$,/

&RXQFLO� IRU� $JULFXOWXUDO� 5HVHDUFK� 	

$QDO\VLV�RI�$JULFXOWXUDO�(FRQRPLFV�

7KH�(XURSHDQ�)RRG�,QIRUPDWLRQ�&RXQFLO�

%DULOOD�)RXQGDWLRQ�

81�)$2

)22'�:$67(�5('8&7,21�$1'

6867$,1$%/(�%(+$9,285

7+(�%(1(),76

,QFUHDVHG� DZDUHQHVV� RI� WKH� LPSRUWDQFH

RI� 67($0� GLVFLSOLQHV�� DQG� HPSOR\PHQW

SURVSHFWV� LQ� WKH� 67($0� ILHOG�� EH\RQG

JHQGHU�VWHUHRW\SHV�

7+(�/($51,1*�352'8&76

4XHVWLRQQDLUH� RQ� WKH� SHUFHSWLRQ� RI� WKH

XVH�RI�1*7�7($�

9LGHR�WXWRULDO�RQ�3K\WRWR[LFLW\�7HVW�

3K\WRWR[LFLW\�ODERUDWRU\�

&UHDWLRQ�RI�D�VROLGDULW\�JDUGHQ�

5HFLSH�ERRN�ZLWK�IRRG�ZDVWH�

,7$/<
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��/XPLQRXV

��7KH�3ODQW�,UULJDWLRQ�([SHULPHQW

��&OHDU�WKH�$LU��$�6WXGHQW�/HG�&OLPDWH�$FWLRQ�3URMHFW

��0DWK�&DPS��2XU�+HULWDJH�7KURXJK�0DWKV

��7KHPDWLF�67(0�'HEDWH

��7ZHHQ�67($0�6XPPHU�&DPS

��*/2%(�$LU�4XDOLW\�&DPSDLJQ

��6FLHQWLVWV�LQ�WKH�0DNLQJ

��$QLPDOV����
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6/(V�,PSOHPHQWHG�LQ�0DOWD

0$/7$

IHDWXUHG�LQ�WKLV�SRUWIROLR

)RU�PRUH�LQIRUPDWLRQ

&RQWDFW�0DULR�0XVFDW�DW�PDULR�PXVFDW��#LOHDUQ�HGX�PW
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7+(�,1,7,$725

-XGLWK�6PLWK�

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KLV� 6/(� � H[SORUHG� D� VFLHQWLILF� WKHPH�

QDPHO\� oOLJKWp�� WKURXJK� DQ� DUWLVWLF� OHQV�

6WXGHQWV� FUHDWHG� SRHPV�� UHFRUGHG� WKHP

DW� D� SURIHVVLRQDO� VWXGLR�� DQG� SDVVHG

WKHP� RQ� WR� WKH� FKRUHRJUDSKHUV�� ZKR�

WRJHWKHU�ZLWK�WKH�VWXGHQWV��FUHDWHG�GDQFH

SLHFHV� IRU� HYHU\� SRHP�� 7KH� HQG� UHVXOW

ZDV� DQ� HYHQW� ZKHUH� VFLHQFH� DQG� DUWV

ZHUH� FHOHEUDWHG� LQ� DQ� RULJLQDO� IDVKLRQ�

5($'�025(

7+(�&+$//(1*(

$GGUHVVLQJ� WKH� PLVFRQFHSWLRQ� WKDW

VFLHQFH�DQG�DUW�GRQ
W�JR�ZHOO�WRJHWKHU��

&KDQJLQJ� WKH� FRPPRQ� LGHD� WKDW� VFLHQFH

LV�WRXJK�DQG�ERULQJ�

7+(�&20081,7<

������ \HDUV� ROG� VWXGHQWV� �� 6W� 1LFKRODV

&ROOHJH�5DEDW�0LGGOH�6FKRRO�

0RYHR�'DQFH�&RPSDQ\

/80,1286

7+(�%(1(),76

2SSRUWXQLW\� WR� H[SORUH� VFLHQWLILF� WKHPHV

LQ�XQXVXDO�ZD\V�DQG�WR�H[SUHVV�HPRWLRQV

WKURXJK� SRHWU\� DQG� GDQFH�� OHDUQLQJ� WKDW

VFLHQFH�DQG�DUWV�DUH�QRW�VR�GLVWDQW�

7+(�/($51,1*�352'8&76

3RHPV

3RHPV�UHFRUGLQJV

'DQFH�SLHFHV

0$/7$
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7+(�,1,7,$725

%HYHUO\� 3DFH� t�6FLHQFH� �3ULPDU\�+HDG� RI

'HSDUWPHQW��

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KLV� 6/(� H[SORUHG� VXVWDLQDEOH� LUULJDWLRQ

E\� FRPSDULQJ� WUDGLWLRQDO� GULS� V\VWHPV

ZLWK� WKH� LQQRYDWLYH� 6/(&,� �6PDUW� /RZ

(QHUJ\� &RQWUROOHG� ,UULJDWLRQ�� WHFKQRORJ\�

6WXGHQWV� PRQLWRUHG� SODQW� JURZWK� DQG

ZDWHU� XVDJH�� WKHQ� DQDO\]HG� WKH� UHVXOWV�

7KH� SURMHFW� FRQFOXGHG� ZLWK� D� FRRNLQJ

VHVVLRQ�XVLQJ�WKH�KDUYHVWHG�SURGXFH�DQG

D�VWXGHQW�OHG�SUHVHQWDWLRQ��5($'�025(

7+(�&+$//(1*(

$GGUHVVLQJ� WKH� LVVXH�RI�ZDWHU�DYDLODELOLW\

ZKHQ�JURZLQJ�SURGXFWV

8QGHUVWDQGLQJ� DQG� WHVWLQJ� ZD\V� RI

SURGXFLQJ�D�JRRG�SURGXFW�ZLWK�OHVV�ZDWHU

FRQVXPSWLRQ

7+(�&20081,7<

��\HDUV�ROG�VWXGHQWV

&ODVV�WHDFKHU�

(FR*R]R

'693�t�3ULPDU\�6FLHQFH

7+(�3/$17�,55,*$7,21�

(;3(5,0(17

7+(�%(1(),76

,QFUHDVHG� NQRZOHGJH� RI� SODQWV
� YLWDO

IXQFWLRQV

([SRVXUH� WR� DJULFXOWXUDO� WHFKQRORJ\� DQG

VPDUW�LUULJDWLRQ�V\VWHPV

7+(�/($51,1*�352'8&76

'DWD�UHFRUGLQJ�DQG�YLVXDO�GRFXPHQWDWLRQ

%URDG�EHDQV�DQG�OHWWXFH�KDUYHVW

0$/7$
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7+(�,1,7,$725

'XQFDQ� &LDSSDUD� t� 6FLHQFH� 7HDFKHU� DW

�DQGDT�06�6W�,JQDWLXV�&ROOHJH

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KLV�6/(�H[SORUHG�DLU�SROOXWLRQ��FRPELQLQJ

H[SHULPHQWV�� JDPLILFDWLRQ�� DQG

FRPPXQLW\�FROODERUDWLRQ�WR� OLQN� ORFDO�DQG

JOREDO� FOLPDWH� LVVXHV�� 7KH� ILQGLQJV

XQGHUOLQHG� WKH� QHHG� IRU� XUJHQW� ORFDO

DFWLRQ�� DQG� VWXGHQWV� SURSRVHG� SUDFWLFDO

VROXWLRQV�� KLJKOLJKWLQJ� WKH� HIIHFWLYHQHVV

RI�VWXGHQW�GULYHQ� LQLWLDWLYHV� LQ�DGGUHVVLQJ

FOLPDWH�FKDOOHQJHV��5($'�025(

7+(�&+$//(1*(

5DLVLQJ�DZDUHQHVV�DERXW�FOLPDWH�FKDQJH

DQG� DLU� TXDOLW\� FRQFHUQV�� SDUWLFXODUO\

JLYHQ� WKH� VFKRRO
V� ORFDWLRQ� ZLWKLQ� DQ

LQGXVWULDO�]RQH�

7+(�&20081,7<

������\HDUV�ROG�VWXGHQWV��6FLHQFH�&OXE

DQG�7KLQNLQJ�&OXE�VWXGHQWV�

+HDOWK�'LUHFWRUDWH

�DO�4RUPL�/RFDO�&RXQFLO

56�*URXS��&6�7HFKQRORJLHV

7HDFKHUV

&/($5�7+(�$,5��

$�678'(17�/('�&/,0$7(�$&7,21

352-(&7�

7+(�%(1(),76

,QFUHDVHG�NQRZOHGJH�RI� WKH� OLQN�EHWZHHQ

ORFDO� SROOXWLRQ�� JOREDO� ZDUPLQJ

PHFKDQLVPV� DQG� KHDOWK� ULVNV� RI

SROOXWDQWV�

7+(�/($51,1*�352'8&76

$LU4XDOLW\�'DWD�VKHHWV�

*DPHSOD\�UHIOHFWLRQV��VWUDWHJ\�QRWHV��DQG

JURXS�GLVFXVVLRQV�

([SHULPHQWV�LPSOHPHQWDWLRQ�DQG

UHIOHFWLRQ�

0$/7$
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���,QWHUQHW�RI�7KLQJV

���$UWLILFLDO�,QWHOOLJHQFH�6ROXWLRQV

���)LQDQFLDO�(GXFDWLRQ�WKURXJK�7HFKQRORJ\

���*DPH�'HYHORSPHQW

���(QWHUSULVH�DQG�:RUNIORZ�$XWRPDWLRQ

����$UWLILFLDO�,QWHOOLJHQFH�6ROXWLRQV

���7UDIILF�DQG�$LU�3ROOXWLRQ

���'HVLJQ�D�%HWWHU�1HLJKERXUKRRG

���%HFRPH�D�6XVWDLQDELOLW\�+HUR

����5HVSRQVLEOH�$,�DQG�:HOIDUH

����5HVSRQVLEOH�$,�IRU�,QFOXVLYH�3XEOLF�6HUYLFHV
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6/(V�,PSOHPHQWHG�LQ�1RUZD\
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IHDWXUHG�LQ�WKLV�SRUWIROLR

)RU�PRUH�LQIRUPDWLRQ

&RQWDFW�(OHQL�&KDW]LGDNL�DW�HOHQL�FKDW]LGDNL#QWQX�QR
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7+(�,1,7,$725

1RUZHJLDQ� 8QLYHUVLW\� RI� 6FLHQFH� DQG

7HFKQRORJ\��1718��

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KH� 6/(� IRFXVHG� RQ� GHYHORSLQJ� DQ

DFFHVVLEOH�� RSHQ�VRXUFH� SODWIRUP� IRU� ,R7

TXDOLW\�DVVXUDQFH��JLYLQJ�VWXGHQWV�KDQGV�

RQ� H[SHULHQFH� LQ� UHDO� UHDO�ZRUOG� VHWWLQJ�

6WXGHQWV� FUHDWHG� D� ZHE�EDVHG� VROXWLRQ

WKDW� DOORZV� XVHUV� WR� VHW� XS� DQG� H[HFXWH

WHVWV� EHWZHHQ� PRELOH� SKRQHV� DQG� ,R7

GHYLFHV��7KLV�6/(�SURYLGHG�VWXGHQWV�ZLWK

SUDFWLFDO� LQVLJKW� LQWR� DJLOH� ZRUNIORZV�

XVDELOLW\��DQG�WHFKQLFDO�LQWHJUDWLRQ�

5($'�025(

7+(�&+$//(1*(

7+(�&20081,7<

������\HDUV�ROG�VWXGHQWV

3URIHVVRUV��WHDFKHU�DVVLVWDQWV

,R7�VSHFLDOLVW���,QGXVWU\�3DUWQHU

,17(51(7�2)�7+,1*6

7+(�%(1(),76

,PSURYHG� WHFKQLFDO� �IXOO�VWDFN� ZHE

GHYHORSPHQW��,R7�GHYLFH�LQWHJUDWLRQ��HWF��

DQG� VRIW� VNLOOV� �SUREOHP�VROYLQJ�� FULWLFDO

WKLQNLQJ��HWF���

7+(�/($51,1*�352'8&76

093��0LQLPXP�9LDEOH�3URGXFW�

'HWDLOHG�ILQDO�UHSRUW

3ODWIRUPpV�XVHU�LQWHUIDFH�DQG�GHVLJQV

)RUPDO�FXVWRPHU�SUHVHQWDWLRQ
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7+(�,1,7,$725

1RUZHJLDQ� 8QLYHUVLW\� RI� 6FLHQFH� DQG

7HFKQRORJ\��1718��

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KLV�6/(�FKDOOHQJHG�VWXGHQWV�WR�DGGUHVV

DQ� H[LVWLQJ� VRFLHWDO� LVVXH�� FKLOGUHQpV

ILQDQFLDO� OLWHUDF\� LQ� DQ� LQFUHDVLQJO\

FDVKOHVV� VRFLHW\�� WKURXJK� D� UHDO�ZRUOG

VRIWZDUH� HQJLQHHULQJ� SURMHFW�� ,Q

FROODERUDWLRQ� ZLWK� D� FRPSDQ\�� WKH

VWXGHQWV� GHVLJQHG� DQG� GHOLYHUHG� D

0LQLPXP� 9LDEOH� 3URGXFW� �093�� IRU� D

FURVV�SODWIRUP� PRELOH� DSS� DLPHG� DW

FKLOGUHQ�DJHG��t����5($'�025(

7+(�&+$//(1*(

:LWK� SK\VLFDO� PRQH\� GLVDSSHDULQJ� LQ

1RUZD\�� FKLOGUHQ� DUH� PLVVLQJ� RXW� RQ

WDQJLEOH� ILQDQFLDO� OHDUQLQJ��7KH�FKDOOHQJH

ZDV� WR� FUHDWH� D� GLJLWDO�� VDIH�� DQG

HQJDJLQJ� VSDFH� ZKHUH� FKLOGUHQ� FRXOG

OHDUQ� ILQDQFLDO� FRQFHSWV� XQGHU� SDUHQWV

VXSHUYLVLRQ�

7+(�&20081,7<

������\HDUV�ROG�VWXGHQWV

3URIHVVRUV�DQG�7HDFKLQJ�$VVLVWDQWV

,QGXVWU\�3URIHVVLRQDOV�

3DUHQWV�DQG�&KLOGUHQ��HQG�XVHUV�

),1$1&,$/�('8&$7,21�7+528*+

7(&+12/2*<

7+(�%(1(),76

6WXGHQWV� OHDUQHG� KRZ� WR� DSSO\� WKHLU

WKHRUHWLFDO� NQRZOHGJH� LQ� SUDFWLFH�

GHYHORSLQJ� XVHU�FHQWHUHG� GHVLJQ� DQG

GHYHORSPHQW� VNLOOV�� DQG� JDLQLQJ� LQVLJKWV

LQWR� HWKLFDO�� LQFOXVLYH�� DQG� VHFXUH

WHFKQRORJ\�VROXWLRQV�IRU�UHDO�ZRUOG�XVH�

7+(�/($51,1*�352'8&76

)XOO\�IXQFWLRQDO�PRELOH�DSS

&RPSUHKHQVLYH�ILQDO�UHSRUW

)LQDO�SUHVHQWDWLRQ
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7+(�,1,7,$725

1RUZHJLDQ� 8QLYHUVLW\� RI� 6FLHQFH� DQG

7HFKQRORJ\��1718��

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KLV�6/(�HQJDJHG���WK�JUDGH�VWXGHQWV�LQ

DQ�LQWHUDFWLYH�DQG�FUHDWLYH�LQWURGXFWLRQ�WR

SURJUDPPLQJ�� XVLQJ� WKH�6FUDWFK�SODWIRUP

WR� GHVLJQ� DQG� EXLOG� WKHLU� RZQ� GLJLWDO

JDPHV�� ,PSOHPHQWHG� ZLWKLQ� WKH

.RGHOÕ\SD� LQLWLDWLYH�� WKH� OHDUQLQJ� DFWLYLW\

HPSKDVL]HG� KDQGV�RQ� OHDUQLQJ�� SUREOHP�

VROYLQJ��DQG�FROODERUDWLRQ��5($'�025(

7+(�&+$//(1*(

0DNH� SURJUDPPLQJ� DFFHVVLEOH� DQG

PRWLYDWLQJ� IRU� DOO� OHDUQHUV�� HVSHFLDOO\

WKRVH�ZLWK�QR�SULRU�H[SHULHQFH�DQG�JLUOV�

ZKR�DUH�RIWHQ�QRW�DFWLYHO\�HQFRXUDJHG� LQ

WHFK�ILHOGV��

7+(�&20081,7<

������\HDUV�ROG�VWXGHQWV

7HDFKHUV

1718�.RGHOÕ\SD�SURJUDP

1718�7HDFKHU�DVVLVWDQWV��8QLYHUVLW\�VWXGHQWV�

1718�5HVHDUFKHUV

*$0(�'(9(/230(17

7+(�%(1(),76

%\� DOORZLQJ� VWXGHQWV� WR� VKDSH� WKHLU� RZQ

JDPH� QDUUDWLYHV� DQG� ORJLF�� WKH� 6/(

SURPRWHG� DXWRQRP\�� LQFOXVLYLW\�

FROODERUDWLRQ�DQG�GLJLWDO�FRQILGHQFH�ZLWKLQ

D�VXSSRUWLYH�FODVVURRP�HQYLURQPHQW�

7+(�/($51,1*�352'8&76

(DFK� JURXS� RI� VWXGHQWV� FUHDWHG� D� JDPH

XVLQJ� 6FUDWFK�� LQWHJUDWLQJ� ORJLF�

LQWHUDFWLRQ��DQG�GHVLJQ�HOHPHQWV�
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��,QYLVLEOH�0DULQH�3ROOXWLRQ�3DWKZD\���)URP�/DQG�WR�6HD

��6XVWDLQDEOH�)LVKLQJ���)URP�/DQG�WR�6HD

��)LVK�FDQ�DOVR�EH�)DUPHG���)URP�/DQG�WR�6HD

��(FRV\VWHP�6HUYLFHV�RI�WKH�$TXLIHUV���)URP�/DQG�WR�6HD

��%LYDOYHV�DOVR�*R�WR�6ZLPPLQJ�3RRO���)URP�/DQG�WR�6HD

��:KDW� DUH� 0LFURDOJDH�� 7KHLU� GLYHUVLW\�� ,PSRUWDQFH� LQ� (FRV\VWHPV�� $SSOLFDWLRQ� DQG

3URGXFWLRQ"����)URP�/DQG�WR�6HD

��)LVK�)HHGLQJ�DQG�1XWULWLRQ�LQ�$TXDFXOWXUH���)URP�/DQG�WR�6HD

��/L[DUWH��D�*LDQW�:DYH�WR�6DYH�WKH�2FHDQV���)URP�/DQG�WR�6HD

��)URP�WKH�,QYLVLEOH�WR�WKH�9LVLEOH�/LIH�LQ�:DWHU���)URP�/DQG�WR�6HD

���)UHVKZDWHU�&KDOOHQJH�RQ�D�6DLOLQJ�%RDW����)URP�/DQG�WR�6HD

���3URWHFWLQJ�0DULQH�/LIH���)URP�/DQG�WR�6HD
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6/(V�,PSOHPHQWHG�LQ�3RUWXJDO

32578*$/

IHDWXUHG�LQ�WKLV�SRUWIROLR

)RU�PRUH�LQIRUPDWLRQ

&RQWDFW�&ULVWLQD�9HLJD�3LUHV�DW�FYSLUHV#XDOJ�SW
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7+(�,1,7,$725

3DWUÊFLD� 6LPÒHV�� WHDFKHU�� 3ULPDU\� VFKRRO

(%��0RQWHQHJUR�1RYD���)DUR

9¿QLD� 6HUUÀR� 6RXVD�� 8QLYHUVLGDGH� GR

$OJDUYH���8$OJ

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

6WXGHQWV� SDUWLFLSDWHG� LQ� D� ZHHN�ORQJ

67($0�HGXFDWLRQDO�SURJUDP�DW�WKH�&HQWUR

&LÇQFLD� 9LYD� GR� $OJDUYH�� 7KH� H[SHULHQFH

IHDWXUHG� DFWLYLWLHV� DOLJQHG� ZLWK� WKH��

6'*V��LQFOXGLQJ�D�VHVVLRQ�OHG�E\�VFLHQWLVW

9¿QLD� 6RXVD� IURP� WKH� 8QLYHUVLW\� RI

$OJDUYH��IRFXVLQJ�RQ�FKHPLFDO�DQG�RUJDQLF

ZDWHU� SROOXWLRQ�� 7KH� GLVFXVVLRQ

KLJKOLJKWHG� WKH� FULWLFDO� LPSRUWDQFH� RI

SURWHFWLQJ�ZDWHU�TXDOLW\��5($'�025(

7+(�&+$//(1*(

7DNH�DFWLRQ� IRU�6'*���� �/LIH�%HORZ�:DWHU�

DQG�H[SORUH� KRZ� WR� SUHVHUYH�PDULQH�ZDWHU

TXDOLW\� E\� DGGUHVVLQJ� SROOXWLRQ� DQG

VXVWDLQDELOLW\� LVVXHV� WKURXJKRXW� WKH� HQWLUH

ZDWHU�F\FOH�

7+(�&20081,7<

�����\HDUV�ROG�VWXGHQWV

0XQLFLSDOLW\�RI�)DUR�DQG�5HJLRQDO�6HPLQDU\

8QLYHUVLW\��8$OJ�

&HQWUR�&LÇQFLD�9LYD�GR�$OJDUYH�$VVRFLDWLRQ

6FKRRO�DQG�SDUHQWV

,19,6,%/(�0$5,1(�32//87,21��

)520�/$1'�72�6($

7+(�%(1(),76

5DLVHG� VWXGHQWVp� DZDUHQHVV� RI� WKH

LPSDFW� RI� WKHLU� LQGLYLGXDO� DFWLRQV� RQ� WKH

HQYLURQPHQW�DQG�FOLPDWH�

7+(�/($51,1*�352'8&76

7DEOH� ZLWK� GDLO\� UHFRUG� RI� ZDWHU

SDUDPHWHUV� �WHPSHUDWXUH�� S+�� VDOLQLW\�

WLPH�DQG�VHD�OHYHO�KHLJKW�

5RERW�PRYHG�E\�VRODU�RU�ZLQG�HQHUJ\

0XUDO���$OO�WRJHWKHU�IRU�D�EHWWHU�ZRUOG
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7+(�,1,7,$725

$QD� ,VD� *RPHV�� WHDFKHU�� 3ULPDU\� VFKRRO

(%��0RQWHQHJUR�Q��t�)DUR

3HGUR�/LQR��,QVWLWXWR�3RUWXJXÇV�GR�0DU�H�GD

$WPRVIHUD��,30$

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

6WXGHQWV� SDUWLFLSDWHG� LQ� D� ZHHN�ORQJ

67($0�HGXFDWLRQDO�SURJUDP�DW�WKH�&HQWUR

&LÇQFLD� 9LYD� GR� $OJDUYH�� 7KH� H[SHULHQFH

IHDWXUHG� DFWLYLWLHV� DOLJQHG� ZLWK� WKH��

6'*V��LQFOXGLQJ�D�VHVVLRQ�OHG�E\�VFLHQWLVW

3HGUR�/LQR��ZKLFK�IRFXVHG�RQ�VXVWDLQDEOH

ILVKLQJ� SUDFWLFHV�� HPSKDVL]LQJ� WKH

LPSRUWDQFH� RI� UHGXFLQJ� ZDVWH� DQG

LQWHJUDWLQJ�ERWK�WUDGLWLRQDO�DQG�LQQRYDWLYH

ILVKLQJ�WHFKQRORJLHV��5($'�025(

7+(�&+$//(1*(

,QFUHDVH� DZDUHQHVV� RI� VXVWDLQDEOH� ILVKLQJ

SUDFWLFHV� WKH� LPSRUWDQFH� RI� UHGXFLQJ

ZDVWH�� UHVSHFWLQJ� ILVK� OLIH� F\FOHV�� DQG

EDODQFLQJ� WUDGLWLRQDO� DQG� LQQRYDWLYH� ILVKLQJ

PHWKRGV

7+(�&20081,7<

�����\HDUV�ROG�VWXGHQWV

0XQLFLSDOLW\�RI�)DUR�DQG�5HJLRQDO

6HPLQDU\�1DWLRQDO�DXWKRULW\��,30$�

&HQWUR�&LÇQFLD�9LYD�&HQWUR�&LÇQFLD�9LYD

GR�$OJDUYH�$VVRFLDWLRQ

6FKRRO�DQG��SDUHQWV

6867$,1$%/(�),6+,1*�

)520�/$1'�72�6($

7+(�%(1(),76

5DLVH� VWXGHQWVp� DZDUHQHVV� RI� WKH� LPSDFW

RI� WKHLU� LQGLYLGXDO� DFWLRQV� RQ� WKH

HQYLURQPHQW�DQG�FOLPDWH�

7+(�/($51,1*�352'8&76

7DEOH� ZLWK� GDLO\� UHFRUG� RI� DVWURQRPLF

SDUDPHWHUV

&RQVWUXFWLRQ�RI�D�YROFDQR

'HFRUDWLRQ�RI�WLVVXH�ZLWK�D�OHDI�SDWWHUQ

'HYHORSPHQW� RI� D� JDPH� RQ� VXVWDLQDEOH

ILVKLQJ

32578*$/
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7+(�,1,7,$725

6ÊOYLR�3DWUÊFLR��WHDFKHU��3ULPDU\�VFKRRO�(%�

)RQWH�6DQWD�t�/RXOÆ

)ORUHEHOD�6RDUHV��,30$�t�,QVWLWXWR�3RUWXJÇV

GR�0DU�H�GD�$WPRVIHUD

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

6WXGHQWV� SDUWLFLSDWHG� LQ� D� ZHHN�ORQJ

67($0� SURJUDP� DW� WKH� &HQWUR� &LÇQFLD

9LYD�GR�$OJDUYH��7KH�H[SHULHQFH� IHDWXUHG

DFWLYLWLHV�DOLJQHG�ZLWK�WKH�6'*V��LQFOXGLQJ

D�VHVVLRQ� OHG�E\�)ORUEHOD�6RDUHV��PDULQH

ELRORJLVW� IURP� ,30$�� 6KH� LQWURGXFHG� WKH

WRSLF� RI� DTXDFXOWXUH�� H[SODLQLQJ� KRZ� ILVK

DUH�UDLVHG�LQ�FRQWUROOHG�HQYLURQPHQWV�DQG

ZK\� WKLV�PHWKRG�FDQ�SURYLGH�D�KHDOWKLHU�

PRUH�VXVWDLQDEOH�VRXUFH�RI�IRRG��

5($'�025(

7+(�&+$//(1*(

([SORUH�DTXDFXOWXUH�DQG�LQYHVWLJDWH�LWV�UROH

LQ�SURPRWLQJ�VXVWDLQDEOH�IRRG�V\VWHPV�DQG

KHDOWKLHU�PDULQH�HQYLURQPHQWV�

7+(�&20081,7<

�����\HDUV�ROG�VWXGHQWV

0XQLFLSDOLW\�RI�)DUR�DQG�5HJLRQDO�6HPLQDU\

&HQWUR�&LÇQFLD�9LYD�GR�$OJDUYH�$VVRFLDWLRQ

3RUWXJXHVH�,QVWLWXWH�RI�WKH�6HD�	�$WPRVSKHUH

�,30$�

6FKRRO�DQG�SDUHQWV

),6+�&$1�$/62�%(�)$50('�

)520�/$1'�72�6($

7+(�%(1(),76

5DLVH�VWXGHQWVp�DZDUHQHVV�RI�WKH�LPSDFW

RI� WKHLU� LQGLYLGXDO� DFWLRQV� RQ� WKH

HQYLURQPHQW�DQG�FOLPDWH�

7+(�/($51,1*�352'8&76

3RVWHU�$(,28�RI�$TXDFXOWXUH��H�J��RQ�LWV

EHQHILWV

'UDZLQJ� RI� D� PDULQH� RUJDQLVP� ZLWK

ZDWHUFRORXU�SDLQWLQJ

,PSUHVVLRQV� RI� DQLPDOV� UHPDLQ� LQ� FOD\

DV�IRVVLOV

32578*$/
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���)XHOOLQJ�RXU�)XWXUH��+HDOWK\�)RRG�LQ�D�6XVWDLQDEOH�&RPPXQLW\

���7KH�%X]]�RI�/HDUQLQJ��%HHWURSROLV�DQG�WKH�4XHVW�WR�6DYH�1DWXUH

���7KH�&LW\�RI�WKH�)XWXUH��6PDUW��*UHHQ�DQG�6XVWDLQDEOH�

���3DJH�7XUQHUV�IRU�/LIH

���67($0LQJ�8S���ZLWK�1DWXUHpV�:RQGHUV

��0\�:RQGHUIXO�81(6&2�*HRSDUN

�#�é�Å�•�™�•���Ž�û���ä�©�™�����é�Ù�Ë�Ö�™�‚�Å���f�Å�¬�Ë�Å�Ä�Ý���)�Ë�Ù�¬���Ë�Å���Ö�Ù�Ë�¤�Ù�‚�Ä�Ä�™���é�Å�•�™�Ù���¤�Ù�‚�Å�ä���‚�¤�Ù�™�™�Ä�™�Å�ä���B�Ë������ �������������� �£���q�¬�™�õ�Ý���‚�Å�•
�Ë�Ö�¬�Å�¬�Ë�Å�Ý���™�ú�Ö�Ù�™�Ý�Ý�™�•���‚�Ù�™���©�Ë�õ�™�ô�™�Ù���ä�©�Ë�Ý�™���Ë�£���ä�©�™���‚�é�ä�©�Ë�Ù�¹�Ý�º���Ë�Å�¾�û���‚�Å�•���•�Ë���Å�Ë�ä���Å�™�•�™�Ý�Ý�‚�Ù�¬�¾�û���Ù�™�£�¾�™�•�ä���ä�©�Ë�Ý�™���Ë�£���ä�©�™
���é�Ù�Ë�Ö�™�‚�Å���f�Å�¬�Ë�Å�£���B�™�¬�ä�©�™�Ù���ä�©�™�����é�Ù�Ë�Ö�™�‚�Å���f�Å�¬�Ë�Å���Å�Ë�Ù���ä�©�™���¤�Ù�‚�Å�ä�¬�Å�¤���‚�é�ä�©�Ë�Ù�¬�ä�û���•�‚�Å���Ž�™���©�™�¾�•���Ù�™�Ý�Ö�Ë�Å�Ý�¬�Ž�¾�™���£�Ë�Ù���ä�©�™�Ä�£

6/(V�,PSOHPHQWHG�LQ�5RPDQLD

520$1,$

IHDWXUHG�LQ�WKLV�SRUWIROLR

)RU�PRUH�LQIRUPDWLRQ

&RQWDFW�,RDQD�&DUDJKLR]RY�DW�LRDQD�FDUDJKLR]RY#HXQ�RUJ
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7+(�,1,7,$725

$OLQD�0DULOHQD�%XGXOHDQX

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KLV�6/(�DLPHG� WR�HQKDQFH�KHDOWK\� IRRG

OLWHUDF\� DPRQJ� VWXGHQWV�� KHOSLQJ� WKHP

XQGHUVWDQG� WKH� LPSRUWDQFH� RI� QXWULWLRQ

DQG� VXVWDLQDELOLW\�� 7KURXJK� OHDUQLQJ�E\�

GRLQJ� DFWLYLWLHV�� JXLGDQFH� RI� QXWULWLRQLVWV

DQG� IRRG� LQGXVWU\� HQJLQHHUV�� DQG

LQWHUJHQHUDWLRQDO� H[FKDQJHV�� VWXGHQWV

H[SORUHG� WKH� EHQHILWV� RI� WUDGLWLRQDO� DQG

KHDOWK\�HDWLQJ��5($'�025(

7+(�&+$//(1*(

/DFN�RI�NQRZOHGJH�LQ�KHDOWK\�IRRG�OLWHUDF\

ZKLFK� GLUHFWO\� FRQWULEXWHV� WR� SRRU� HDWLQJ

KDELWV� DQG� D� OLPLWHG� XQGHUVWDQGLQJ� RI

QXWULWLRQpV� LPSDFW� RQ� D� VXVWDLQDEOH

OLIHVW\OH�

7+(�&20081,7<

����\HDUV�ROG�VWXGHQWV

��HQJLQHHUV��)DFXOW\�RI�)RRG�6FLHQFH�	

(QJLQHHULQJ�

��QXWULWLRQLVWV�

5HWLUHH�$VVRFLDWLRQ�����HOGHUV�

��ORFDO�UHVWDXUDQWV��0DQVHO�	�1DWXU�

�)8(//,1*�285�)8785(��

+($/7+<�)22'�,1�$�6867$,1$%/(

&20081,7<

7+(�%(1(),76

(QKDQFH� VWXGHQWVp� KHDOWK\� IRRG� OLWHUDF\

WKURXJK� FROODERUDWLYH� OHDUQLQJ�� KHOSLQJ

WKHP� WR� GHYHORS� OLIHORQJ� KHDOWK\� HDWLQJ

KDELWV��

7+(�/($51,1*�352'8&76

'LHWDU\�KDELWV�VXUYH\

)RRG�SUHSDUDWLRQ

+HDOWK\�WUDGLWLRQDO�HDWLQJ�SRVWHUV

&RRNERRN

+HDOWK\� )RRG� )DLU� WR� VKRZFDVH� WKH

OHDUQLQJ�SURGXFWV

520$1,$
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7+(�,1,7,$725

*KHQHD�1LFROHWD�6LPRQD

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KLV�6/(� IRFXVHG�RQ�EHHV�DQG�WKHLU�YLWDO

UROH� LQ�VXVWDLQLQJ� OLIH�RQ�(DUWK��6WXGHQWV

H[SORUHG� EHHVp� DQDWRP\�� SROOLQDWLRQ�� DQG

HQYLURQPHQWDO� FRQVHUYDWLRQ� WKURXJK

KDQGV�RQ� DFWLYLWLHV�� GLJLWDO� WHFKQRORJLHV�

PXVHXP� OHDUQLQJ�� URERWLFV�� $,� WRROV�� DQG

FRPPXQLW\� SDUWQHUVKLSV�� 7KH� SURMHFW

VWRRG� RXW� E\� FUHDWLQJ� D� PRGHO� FLW\�

q%HHWURSROLVr�� WR� SK\VLFDOO\� DQG� YLUWXDOO\

VXSSRUW�EHHV��5($'�025(

7+(�&+$//(1*(

7KH� GHFOLQH� RI� SROOLQDWRUV� WKUHDWHQV

HFRV\VWHP� EDODQFH�� FUHDWLQJ� DQ� XUJHQW

HQYLURQPHQWDO�FULVLV�

7+(�&20081,7<

����\HDUV�ROG�VWXGHQWV�

%HHNHHSHU�IURP�FRXQW\�+HUFXOHV��%HHNHHSLQJ

$VVRFLDWLRQ��0HKDGLD�FRPPXQH��&DUDR�6HYHULQ

FRXQW\�

2OWHQLD�0XVHXP�1DWXUDO�6FLHQFHV�VHFWLRQ

/RFDO�EHHNHHSLQJ�VKRS�$SLV

/RFDO�FRPPXQLW\�DQG�SDUHQWV

1DWXUH�3URWHFWLRQ�$VVRFLDWLRQ

7+(�%8==�2)�/($51,1*��
%((75232/,6�$1'�7+(�48(67�72�6$9(

1$785(

7+(�%(1(),76

6WXGHQWV� EHFDPH� DFWLYH� DJHQWV� RI

FKDQJH� DQG� GLVFRYHUHG� WKDW� HYHQ� WKH

\RXQJHVW� FLWL]HQV� FDQ� VXJJHVW� VROXWLRQV

WR�JOREDO�SUREOHPV�

7+(�/($51,1*�352'8&76

%HHWURSROLV�67(0�$FWLYLW\�H�ERRN

%HHWURSROLV�H[KLELWLRQ

&ROODERUDWLYH�3RVWHUV

(�ERRN

520$1,$
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��6PDUW�5HF\FOLQJ��IURP�3ODVWLF�%RWWOH�WR��'�3ULQWLQJ

��3DSHU�ZLWK�D�3XUSRVH��5HF\FOLQJ��&UHDWLYLW\��DQG�6RFLDO�5HVSRQVLELOLW\

��67(0�([SHGLWLRQ��7KH�5LYHU�LV�1RW�-XVW�:DWHU

��6PDUW�*URZLQJ��&RQWUROOHG�3ODQW�&XOWLYDWLRQ�IRU�D�6XVWDLQDEOH�)XWXUH

��6N\�KHURHV

��(FR�&\FOH��)URP�:DVWH�WR�*URZWK�t�$�/RFDO�*UHHQ�,QLWLDWLYH

��0\�FXS�RI�WHD

��)URP�6HHG�WR�6XFFHVV

��5DGLRDFWLYH�(DUWK

���6PDUW�2DVLV��'HVLJQLQJ�D�6XVWDLQDEOH�6WXGHQW�/RXQJH
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6/(V�,PSOHPHQWHG�LQ�6HUELD

6(5%,$

IHDWXUHG�LQ�WKLV�SRUWIROLR

)RU�PRUH�LQIRUPDWLRQ

&RQWDFW�.DWDULQD�6WHNLä�DW�NVWHNLF#FSQ�UV
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7+(�,1,7,$725

%RMDQ�ãLULä

6XJJHVWHG� IDPLOLDULW\� ZLWK� WKH� 2SHQ

6FKRROLQJ�DSSURDFK�

,1�$�1876+(//

%HJLQQHU $GYDQFHG

7KLV� 6/(� DGGUHVVHG� WKH� FKDOOHQJH� RI

UHF\FOLQJ� 3(7� SDFNDJLQJ� WKURXJK� WKH

GHYHORSPHQW� RI� DQ� LQQRYDWLYH� GHYLFH� IRU

SURFHVVLQJ� SODVWLF� ERWWOHV� LQWR� ILODPHQWV

IRU� �'� SULQWLQJ�� 6WXGHQWV� LQYHVWLJDWHG

HQYLURQPHQWDO� LVVXHV� UHODWHG� WR� SODVWLF

ZDVWH� DQG� DSSOLHG� 67($0� SULQFLSOHV� LQ

GHYHORSLQJ�D�SUDFWLFDO�VROXWLRQ��

5($'�025(

7+(�&+$//(1*(

7KLV� SURMHFW� DGGUHVVHV� WKH� FKDOOHQJH� RI

UHF\FOLQJ� 3(7� SODVWLF� DQG� LWV� UHXVH

WKURXJK�LQQRYDWLYH�WHFKQRORJLHV

7+(�&20081,7<

������\HDUV�ROG�VWXGHQWV�

5HJLRQDO�ODQGILOO

1*2��2VYH{HQMH

60$57�5(&<&/,1*��

)520�3/$67,&�%277/(�72��'�35,17,1*

7+(�%(1(),76

6WXGHQWV�GHYHORSHG�WHFKQLFDO��HQJLQHHULQJ

DQG� DQDO\WLFDO� VNLOOV�� ZKLOH� DOVR� JDLQLQJ

NQRZOHGJH�DERXW�WKH�FLUFXODU�HFRQRP\�DQG

VXVWDLQDEOH�WHFKQRORJLHV

7+(�/($51,1*�352'8&76

3URWRW\SH�RI�D�3(7�SODVWLF�UHF\FOLQJ�GHYLFH�

5HF\FOHG��'�SULQWLQJ� ILODPHQW�DQG�SULQWHG

SURGXFWV��

�'�PRGHOV�DQG�GHVLJQV�

6(5%,$
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7+( �,1,7,$725

0 DULMD�9HOMNRYLä�0 LORMNRYLä

6XJJHVWHG� IDP LOLDULW\ � ZLWK� WKH� 2SHQ
6FKRROLQJ�DSSURDFK�

,1 �$�1876+( / /

%HJLQQHU $GYDQFHG

7KLV� 6/ ( � ZDV� GHVLJQHG� WR� DGGUHVV� DQ
HYHU\ GD\ �LVVXH�LQ�WKH�VFKRRO�HQYLURQP HQW�
H[ FHVVLYH� SDSHU� ZDVWH�� 6WXGHQWV
SDUWLFLSDWHG� LQ� ZRUNVKRSV� RQ� SDSHU
UHF\ FOLQJ�� FUDIWHG� XVDEOH� DQG� GHFRUDWLYH
LWHP V� IURP � UHF\ FOHG� SDSHU�� DQG� DSSOLHG
HQWUHSUHQHXULDO� VNLOOV� E\ � RUJDQL] LQJ� D
FKDULW\ � IDLU� IRU� 185' 25� IRXQGDWLRQ
VXSSRUWLQJ�FKLOGUHQ�ZLWK�FDQFHU��
5( $' �0 25(

7+( �&+$/ / ( 1* (

7KH�FRUH�FKDOOHQJH�DGGUHVVHG�E\ �WKLV�6/ (
ZDV� WKH� ODUJH� YROXP H� RI� XQXVHG� DQG
GLVFDUGHG� SDSHU� JHQHUDWHG� ZLWKLQ� WKH
VFKRRO�

7+( �&20 0 81,7<

3$3( 5�: ,7+�$�385326( ��
5( &<&/ ,1* ��&5( $7,9,7<��$1 ' �62&,$/

5( 63216,%,/ ,7<�

7+( �%( 1( ) ,76

7KH� 6/ ( � UDLVHG� DZDUHQHVV� RI
HQYLURQP HQWDO� SURWHFWLRQ�� FXOWLYDWHG
HP SDWK\�� UHVSRQVLELOLW\�� DQG� FUHDWLYLW\�� DOO
ZKLOH� UHLQIRUFLQJ� 67( $0 � VNLOOV� DQG� OLQNLQJ
IRUP DO�HGXFDWLRQ�ZLWK�UHDO�ZRUOG�LP SDFW�

7+( �/ ( $51,1* �352' 8&76

3DSHU�EDVHG� SURGXFWV� �ERRNP DUNV�� FDUGV�
DQG�DURP DWLF�GHFRUDWLRQV��

6( 5%,$

� � �� � �\ HDUV�ROG�VWXGHQWV
7KH� )DFXOW\ � RI� 2FFXSDWLRQDO� 6DIHW\
�( QYLURQP HQWDO�3URWHFWLRQ�' HSDUWP HQW�
185' 25� �1DWLRQDO� $VVRFLDWLRQ� RI� 3DUHQWV
RI�&KLOGUHQ�ZLWK�&DQFHU���

�� ��
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�Ë�Ö�¬�Å�¬�Ë�Å�Ý���™�ú�Ö�Ù�™�Ý�Ý�™�•���‚�Ù�™���©�Ë�õ�™�ô�™�Ù���ä�©�Ë�Ý�™���Ë�£���ä�©�™���‚�é�ä�©�Ë�Ù�¹�Ý�º���Ë�Å�¾�û���‚�Å�•���•�Ë���Å�Ë�ä���Å�™�•�™�Ý�Ý�‚�Ù�¬�¾�û���Ù�™�£�¾�™�•�ä���ä�©�Ë�Ý�™���Ë�£���ä�©�™
���é�Ù�Ë�Ö�™�‚�Å���f�Å�¬�Ë�Å�£���B�™�¬�ä�©�™�Ù���ä�©�™�����é�Ù�Ë�Ö�™�‚�Å���f�Å�¬�Ë�Å���Å�Ë�Ù���ä�©�™���¤�Ù�‚�Å�ä�¬�Å�¤���‚�é�ä�©�Ë�Ù�¬�ä�û���•�‚�Å���Ž�™���©�™�¾�•���Ù�™�Ý�Ö�Ë�Å�Ý�¬�Ž�¾�™���£�Ë�Ù���ä�©�™�Ä�£

7+( �,1,7,$7256

$QD� 5DGHQNRYLä� DQG� $QD� -HUHP Lä�� ELRORJ\�
P LFURELRORJ\ �	 �HFRORJ\ �WHDFKHUV
$QD�&YHWNRYLä��WHFKQRORJ\ �VXEMHFWV�WHDFKHU�
%LOMDQD�9XNDMORYLä��FKHP LVWU\ �WHDFKHU

6XJJHVWHG� IDP LOLDULW\ � ZLWK� WKH� 2SHQ
6FKRROLQJ�DSSURDFK�

,1 �$�1876+( / /

%HJLQQHU $GYDQFHG

7KLV�6/ ( �LQYHVWLJDWHG�WKH�ZDWHU�TXDOLW\ �RI
WKH�,EDU�5LYHU�LQ�WKH�. UDOMHYR�DUHD�WKURXJK
SK\ VLFDO�FKHP LFDO� DQG� P LFURELRORJLFDO
DQDO\ VHV��DQG�E\ �VWXG\ LQJ�WKH�ELRGLYHUVLW\
RI� WKH� DTXDWLF� HFRV\ VWHP �� 7KH� SURMHFW
LQYROYHG� FROODERUDWLRQ� EHWZHHQ� VWXGHQWV�
ELRORJ\�� FKHP LVWU\�� DQG� P LFURELRORJ\
WHDFKHUV�� DQG� H[ SHUWV� IURP � UHOHYDQW
LQVWLWXWLRQV��5( $' �0 25( �

7+( �&+$/ / ( 1* (

7KLV� 6/ ( � DGGUHVVHG� WKH� UHDO�ZRUOG� SUREOHP
RI� ZDWHU� SROOXWLRQ� DQG� WKH� QHHG� WR� GHYHORS
HQYLURQP HQWDO� DZDUHQHVV� WKURXJK� VWXGHQW�
OHG�UHVHDUFK�DQG�FRP P XQLW\ �HQJDJHP HQW

7+( �&20 0 81,7<

67( 0 �( ; 3( ' ,7,21��
7+( �5,9( 5�,6�127�-867�: $7( 5

7+( �%( 1( ) ,76

6WXGHQWV� GHYHORSHG� UHVHDUFK� VNLOOV�
FULWLFDO� WKLQNLQJ�� DQG� HQYLURQP HQWDO
DZDUHQHVV� ZKLOH� SURP RWLQJ� VFLHQFH
WKURXJK� SUDFWLFDO� DQG� VRFLDOO\ � UHVSRQVLEOH
ZRUN�

7+( �/ ( $51,1* �352' 8&76

5HVXOWV� RI� ODERUDWRU\ � DQDO\ VHV� �FKHP LFDO
DQG�P LFURELRORJLFDO�WHVWLQJ�RI�ZDWHU��
' LJLWDO�P DS�RI�WKH�,EDU�5LYHU�
5LYHU�P RGHO
3URP RWLRQDO�P DWHULDO�

6( 5%,$

� � ��� � �\ HDUV�ROG�VWXGHQWV
%LRORJ\�� &KHP LVWU\�� 0 LFURELRORJ\
* HRJUDSK\��,7�7HDFKHUV�
9HWHULQDU\ �6SHFLDOLVW�,QVWLWXWH�LQ�. UDOMHYR�
3XEOLF�+HDOWK�,QVWLWXWH�
/ RFDO�( QYLURQP HQWDO�2UJDQL] DWLRQV

�� ��
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� � �$,�ZLWK�D�6XVWDLQDEOH�/ HQV��<RXWK�) LOP V�WR�&KDQJH�WKH�: RUOG��
� � �,QQRYDWLRQ�DQG�$ZDUHQHVV��3URGXFLQJ�DQ�$,�9LGHR�DERXW�DQ�6' * �
� � �&UHDWLQJ�YLGHRV�ZLWK�$UWLILFLDO�,QWHOOLJHQFH�LQVSLUHG�E\ �WKH�6' * V��
� � �$UWLILFLDO�,QWHOOLJHQFH�LQ�WKH�6HUYLFH�RI�WKH�6' * V
� � �6XVWDLQDEOH�' HYHORSP HQW�* RDOV��$Q�$SSURDFK�ZLWK�( 62�6WXGHQWV�XVLQJ�$,�7RROV
� � �6WRULHV�ZLWK�0 HDQLQJ��,P DJLQLQJ�WKH�0 RQVWHU�ZLWK�$,�DQG�6' * V
� � �)URP �&ODVVURRP V�WR�$FWLRQ��6' * V�ZLWK�$,�LQ�67( $0 �/ HDUQLQJ
� � $GYDQFLQJ�6' * V�7DUJHWV�ZLWK�$,
� � 6' * V�DQG�$,��7RZDUGV�D�6XVWDLQDEOH�) XWXUH

� � � 67( $0 �/ HDUQLQJ�( FRORJLHV
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���é�Ù�Ë�Ö�™�‚�Å���f�Å�¬�Ë�Å�£���B�™�¬�ä�©�™�Ù���ä�©�™�����é�Ù�Ë�Ö�™�‚�Å���f�Å�¬�Ë�Å���Å�Ë�Ù���ä�©�™���¤�Ù�‚�Å�ä�¬�Å�¤���‚�é�ä�©�Ë�Ù�¬�ä�û���•�‚�Å���Ž�™���©�™�¾�•���Ù�™�Ý�Ö�Ë�Å�Ý�¬�Ž�¾�™���£�Ë�Ù���ä�©�™�Ä�£

6/ ( V�,P SOHP HQWHG�LQ�6SDLQ

63$,1

IHDWXUHG�LQ�WKLV�SRUWIROLR

)RU�P RUH�LQIRUP DWLRQ

&RQWDFW�3DWULFLD�%DUFLHOD�' XUDQ�DW�S�EDUFLHOD# FRUXQD�JDO

�� ��
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�Ë�Ö�¬�Å�¬�Ë�Å�Ý���™�ú�Ö�Ù�™�Ý�Ý�™�•���‚�Ù�™���©�Ë�õ�™�ô�™�Ù���ä�©�Ë�Ý�™���Ë�£���ä�©�™���‚�é�ä�©�Ë�Ù�¹�Ý�º���Ë�Å�¾�û���‚�Å�•���•�Ë���Å�Ë�ä���Å�™�•�™�Ý�Ý�‚�Ù�¬�¾�û���Ù�™�£�¾�™�•�ä���ä�©�Ë�Ý�™���Ë�£���ä�©�™
���é�Ù�Ë�Ö�™�‚�Å���f�Å�¬�Ë�Å�£���B�™�¬�ä�©�™�Ù���ä�©�™�����é�Ù�Ë�Ö�™�‚�Å���f�Å�¬�Ë�Å���Å�Ë�Ù���ä�©�™���¤�Ù�‚�Å�ä�¬�Å�¤���‚�é�ä�©�Ë�Ù�¬�ä�û���•�‚�Å���Ž�™���©�™�¾�•���Ù�™�Ý�Ö�Ë�Å�Ý�¬�Ž�¾�™���£�Ë�Ù���ä�©�™�Ä�£

7+( �,1,7,$725

$QGUHD� 3DWLÎ R� 9¾] TXH] � t � ,( 6� 0 RQFKR
9DOFDUFH� �$V� 3RQWHV� GH� * DUFÊD� 5RGUÊJXH] �
$�&RUXÎ D��

6XJJHVWHG� IDP LOLDULW\ � ZLWK� WKH� 2SHQ
6FKRROLQJ�DSSURDFK�

,1 �$�1876+( / /

%HJLQQHU $GYDQFHG

8VLQJ�DFWLYH��SDUWLFLSDWRU\ �P HWKRGRORJLHV�
VWXGHQWV� ZRUNHG� LQ� GLYHUVH� WHDP V� WR
FUHDWH� VKRUW� ILOP V� IRFXVHG� RQ� D
6XVWDLQDEOH� ' HYHORSP HQW� * RDO� �6' * ��
$IWHU� EUDLQVWRUP LQJ� DQG� P DQXDO
VWRU\ ERDUG� VNHWFKLQJ�� HDFK� JURXS� XVHG
JHQHUDWLYH� DUWLILFLDO� LQWHOOLJHQFH� WRROV� WR
GHYHORS� WKH� VFULSW�� YLVXDO� IUDP HV�
VRXQGWUDFN��DQG�ILQDO�YLGHR�HGLWLQJ��
5( $' �0 25(

7+( �&+$/ / ( 1* (

( [ SORULQJ� WKH� SRWHQWLDO� DQG� OLP LWDWLRQV� RI
JHQHUDWLYH� $,� WRROV�� ZKLOH� IRVWHULQJ
HQYLURQP HQWDO�DZDUHQHVV��

7+( �&20 0 81,7<

� � �� � �\ HDUV�ROG�VWXGHQWV
' RP XV�6FLHQFH�&HQWUH�
' LJLWDO�: RUOGV�)HVWLYDO�

$,�: ,7+�$�6867$,1$%/ ( �/ ( 16�
<287+�) ,/ 0 6�72�&+$1* ( �7+( �: 25/ '

7+( �%( 1( ) ,76

6WXGHQWV�LP SURYHG�WKHLU�$,�OLWHUDF\��FULWLFDO
WKLQNLQJ�� HQYLURQP HQWDO� DZDUHQHVV�
FUHDWLYLW\��DQG�WHDP ZRUN�VNLOOV�

7+( �/ ( $51,1* �352' 8&76

3DSHU�VWRU\ ERDUGV�
( [ DP SOH�SURP SWV�
6FULSWV�IRU�WKH�VKRUW�ILOP V�
) LQDO�LP DJHV�

63$,1
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https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131081
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���é�Ù�Ë�Ö�™�‚�Å���f�Å�¬�Ë�Å�£���B�™�¬�ä�©�™�Ù���ä�©�™�����é�Ù�Ë�Ö�™�‚�Å���f�Å�¬�Ë�Å���Å�Ë�Ù���ä�©�™���¤�Ù�‚�Å�ä�¬�Å�¤���‚�é�ä�©�Ë�Ù�¬�ä�û���•�‚�Å���Ž�™���©�™�¾�•���Ù�™�Ý�Ö�Ë�Å�Ý�¬�Ž�¾�™���£�Ë�Ù���ä�©�™�Ä�£

7+( �,1,7,$725

( YD� / HLUD� %RX] DP D\ RU�� ,( 6� 6RIÊD
&DVDQRYD��)HUURO��$�&RUXÎ D��6SDLQ��

6XJJHVWHG� IDP LOLDULW\ � ZLWK� WKH� 2SHQ
6FKRROLQJ�DSSURDFK�

,1 �$�1876+( / /

%HJLQQHU $GYDQFHG

7KLV� 6/ ( � SURSRVHG� WR� � WK� ( 62� �� � �\ HDU�
ROG�� VWXGHQWV� WKH� H[ SORUDWLRQ� RI� WKH
SRWHQWLDO� RI� JHQHUDWLYH� $,� IRU� FRQWHQW
FUHDWLRQ�� IRFXVLQJ� RQ� SURGXFLQJ� D� VKRUW
YLGHR�� 7KH� IRFXV� ZDV� RQ� UDLVLQJ
DZDUHQHVV� RI� DQ� 6' * � FKRVHQ� E\ � WKH
JURXSV�� 6WXGHQWV� GRFXP HQWHG� WKH
SURFHVV�� UHIOHFWLQJ� RQ� WKH� XVH� RI� $,�� LWV
SRVVLELOLWLHV� DQG� OLP LWDWLRQV�� DQG
SUHVHQWHG�WKH�ILQDO�UHVXOW��5( $' �0 25(

7+( �&+$/ / ( 1* (

( [ SORULQJ� WKH� XVH� RI� $,� LQ� D� FULWLFDO�
FUHDWLYH�� DQG� HWKLFDO� ZD\ � DQG� UDLVLQJ
DZDUHQHVV�DERXW�WKH�6' * �

7+( �&20 0 81,7<

� � �\ HDU�ROG�VWXGHQWV
' RP XV
0 XQGRV�' LJLWDOHV

,1129$7,21�	 �$: $5( 1( 66��
352' 8&,1* �$1�$,�9,' ( 2 �$%287�6' * V�

7+( �%( 1( ) ,76

6WXGHQWV� GHYHORSHG� GLJLWDO� DQG
WHFKQRORJLFDO� VNLOOV�� DV� ZHOO� DV� D� FULWLFDO
DZDUHQHVV�RI�WKH�6' * V�

7+( �/ ( $51,1* �352' 8&76

' DWDEDVH� RI� WH[ W�� LP DJH�� DQG� YLGHR�
JHQHUDWLYH�,$V�
) LQDO�YLGHR�
3UHVHQWDWLRQ�RI�WKH�ZKROH�SURFHVV

63$,1
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7+( �,1,7,$725

5HP HGLRV� ' XU¾Q�3HUQDV��3DEOR�9,�� )¾WLP D
6FKRRO�

6XJJHVWHG� IDP LOLDULW\ � ZLWK� WKH� 2SHQ
6FKRROLQJ�DSSURDFK�

,1 �$�1876+( / /

%HJLQQHU $GYDQFHG

6WXGHQWV� LQ� � WK� ( 62� DQG� � VW
%DFFDODXUHDWH� ZHUH� DVNHG� WR� FUHDWH
YLGHRV� JHQHUDWHG� HQWLUHO\ � ZLWK� DUWLILFLDO
LQWHOOLJHQFH� WRROV�� EDVHG� RQ� WKH
6XVWDLQDEOH� ' HYHORSP HQW� * RDOV� �6' * V��
7KH�VWXGHQWV�VWXGLHG�DQG�FKRVH�WKH�6' *
WKH\ � OLNHG� WKH� P RVW� DQG� GHVLJQHG� D
VWRU\ ERDUG�� � FUHDWHG� D� YLGHR� LQFOXGLQJ� DW
OHDVW� VL[ � LP DJHV� JHQHUDWHG� E\ � $,�� 5( $'
0 25(

7+( �&+$/ / ( 1* (

5DLVLQJ� DZDUHQHVV� RI� 6' * V� DQG� FULWLFDO
NQRZOHGJH�RI�$,�WRROV��

7+( �&20 0 81,7<

� � �� � �\ HDUV�ROG�VWXGHQWV�
' RP XV�0 XVHXP �
' LJLWDO�: RUOGV�&RP SDQ\ �

�&5( $7,1* �9,' ( 26�: ,7+�
$,�,163,5( ' �%<�6' * V��

7+( �%( 1( ) ,76

7KLV� DFWLYLW\ � HQFRXUDJHV� FUHDWLYLW\�� GLJLWDO
OLWHUDF\ � DQG� FULWLFDO� UHIOHFWLRQ� RQ� JOREDO
FKDOOHQJHV��

7+( �/ ( $51,1* �352' 8&76

6WRU\ ERDUGV�
) LQDO�YLGHR�
3UHVHQWDWLRQ�RI�WKH�ZKROH�SURFHVV

63$,1
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� � ��,QQRYDWLRQ�%ULGJH��) XWXUH�7HFKQRORJLHV�RQ�WKH�7UDLO�RI�WKH�3DVW
6/ ( V�,P SOHP HQWHG�LQ�7ÙUNL\ H

$' ' ,7,21$/ �&28175,( 6

IHDWXUHG�LQ�WKLV�SRUWIROLR

)RU�P RUH�LQIRUP DWLRQ

&RQWDFW�,RDQD�&DUDJKLR] RY�LRDQD�FDUDJKLR] RY# HXQ�RUJ

� � ��0 \ �+HDOWK�DQG�: HOOEHLQJ�WKURXJK�' DWD�DQG�6FLHQFH�

�� ��

� � �6DYH�/ DNH�0 DODU

6/ ( V�,P SOHP HQWHG�LQ�6ZHGHQ

6/ ( V�,P SOHP HQWHG�LQ�6ORYDNLD
� � : 5$3��0 DWHULDOV�DQG�$OWHUQDWLYH�3DFNDJLQJ

6/ ( V�,P SOHP HQWHG�LQ�1RUWK�0 DFHGRQLD

� � $LU�3ROOXWLRQ�LQ�WKH�VFKRRO�DUHD��) LFWLRQ�RU�5HDOLW\ "
6/ ( V�,P SOHP HQWHG�LQ�,VUDHO
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7+( �,1,7,$725

6WHOOD�0 DJLG�3RGROVN\

6XJJHVWHG� IDP LOLDULW\ � ZLWK� WKH� 2SHQ
6FKRROLQJ�DSSURDFK�

,1 �$�1876+( / /

%HJLQQHU $GYDQFHG

7KLV� 6/ ( � H[ DP LQHV� DLU� SROOXWLRQ� LQ� DQG
DURXQG� WKH� VWXGHQWVp� VFKRRO�� 6WXGHQWV
FRQGXFWHG� WKHLU� RZQ� DLU� TXDOLW\
DVVHVVP HQW� DURXQG� WKH� VFKRRO�
LQWHUYLHZHG� D� SHGLDWULFLDQ� DERXW� DLU
SROOXWLRQpV�HIIHFWV�RQ�DGROHVFHQWVp�KHDOWK�
UHVHDUFKHG� WKH� LVVXH� ZLWK� WKH� KHOS� RI� $,
WRROV�� DQG� SUHVHQWHG� WKHLU� ILQGLQJV� XVLQJ
SRVWHUV�DQG�SUHVHQWDWLRQV��5( $' �0 25(

7+( �&+$/ / ( 1* (

) LQG�D�VROXWLRQ�WR�WKH�FRQIOLFWLQJ� ILQGLQJV
DERXW� DLU� TXDOLW\ �� SDUHQW�OHG� UHVHDUFK
LQGLFDWHG� SRRU� DLU� TXDOLW\�� ZKLOH� WKH
0 XQLFLSDOLW\ pV� RIILFLDO� GDWD� FODLP HG� WKDW
DLU�TXDOLW\ �P HW�JRYHUQP HQW�VWDQGDUGV�

7+( �&20 0 81,7<

� � �� � �\ HDUV�ROG�VWXGHQWV
' U��)DLQD�6KNQHYVN\ ���3HGLDWULFLDQ
' U��. REEL�* XWHUP DQ�DQ�H[ SHUW�LQ�HGXFDWLRQ�
5HSUHVHQWDWLYHV�IURP �( QYLURQQHP HQWDO
GHSDUWP HQW��7HO�DYLY�0 XQLFLSDOLW\ �

$,5�32/ / 87,21�,1�7+( �6&+22/ �
$5( $��) ,&7,21�25�5( $/ ,7<"

7+( �%( 1( ) ,76

7KH�SURMHFW�HQFRXUDJHG�VWXGHQWV�WR�WKLQN
FULWLFDOO\ �DQG�SURSRVH�RULJLQDO�VROXWLRQV�
6WXGHQWV� OHDUQHG� KRZ� WR� WDFNOH� D� UHDO
FKDOOHQJH�� FRQGXFWLQJ� VROLG� VFLHQWLILF
LQTXLU\�

7+( �/ ( $51,1* �352' 8&76

' DWD�DQDO\ VLV
$LU�TXDOLW\ �P HDVXUHP HQWV�ZLWK�,4$LU�DSS
3RVWHUV�DQG�SUHVHQWDWLRQV

,65$( /
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7+( �,1,7,$725

6LOYDQD�-DNLP RYVND�%LQRYD

6XJJHVWHG� IDP LOLDULW\ � ZLWK� WKH� 2SHQ
6FKRROLQJ�DSSURDFK�

,1 �$�1876+( / /

%HJLQQHU $GYDQFHG

7KLV� 6/ ( � H[ SORUHG� KRZ� VFLHQFH� DQG
WHFKQRORJ\ � FDQ� KHOS� XV� WDNH� FDUH� RI� RXU
KHDOWK�� %OHQGLQJ� ELRORJ\�� P DWK�� SK\ VLFV�
DQG�GLJLWDO�WRROV��WKH�MRXUQH\ �EHJDQ�ZLWK�D
GHHS� GLYH� LQWR� UHDO� P HGLFDO� FKHFN�XS
UHSRUWV� DQG� D� YLVLW� WR� D� SUHYHQWLYH
KHDOWKFDUH� FHQWHU�� 6WXGHQWV� GLVFRYHUHG
KRZ� HYHU\ GD\ � FKRLFHV� DQG� WHFKQRORJ\
VKDSH� RXU� SK\ VLFDO� DQG� HP RWLRQDO� ZHOO�
EHLQJ��5( $' �0 25(

7+( �&+$/ / ( 1* (

5DLVLQJ�DZDUHQHVV�DERXW�WKH�LP SRUWDQFH
RI� KHDOWK� DQG� ZHOOEHLQJ� LQ� D� ZRUOG
LQFUHDVLQJO\ � VKDSHG� E\ � GLJLWDO
GLVWUDFWLRQV�DQG�XQKHDOWK\ �KDELWV�

7+( �&20 0 81,7<

� � �� � �\ HDUV�ROG�VWXGHQWV��3ULP DU\ �6FKRRO
6WUDVKR�3LQG] XU�. DUELQFL��6HFRQGDU\
0 HGLFDO�6FKRRO�LQ�6WLS�
6HUYLFH�IRU�3UHYHQWLYH�+HDOWK�&DUH�IRU
3UHVFKRRO�DQG�6FKRRO�&KLOGUHQ
3K\ VLFDO�7KHUDS\ �' HSDUWP HQW�DW�&OLQLFDO
+RVSLWDO�LQ�6WLS

0 <�+( $/ 7+�$1' �: ( / / %( ,1* �
7+528* +�' $7$�$1' �6&,( 1&( �

7+( �%( 1( ) ,76

( P SRZHUHG� VWXGHQWV�� HVSHFLDOO\ � JLUOV�� WR
VHH� WKHP VHOYHV� DV� IXWXUH� VFLHQWLVWV� DQG
KHDOWK� LQQRYDWRUV� DQG� WR� P DNH� LQIRUP HG
GHFLVLRQV�DERXW�WKHLU�ZHOO�EHLQJ�

7+( �/ ( $51,1* �352' 8&76

+HDOWK�	 �: HOOEHLQJ�' LDU\
0 HDVXUHP HQWV�RI�KHDOWK�SDUDP HWHUV
' LJLWDO�KDELWV�GDWD�FROOHFWLRQ�DQG�UHSRUW
( GXFDWLRQDO�SRVWHUV�ZLWK�NH\ �ILQGLQJV
) LQDO�H[ KLELWLRQ

1257+�0 $&( ' 21,$
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* DEULHOD�. UÊ{RYVN¾��,QJ�

6XJJHVWHG� IDP LOLDULW\ � ZLWK� WKH� 2SHQ
6FKRROLQJ�DSSURDFK�

,1 �$�1876+( / /

%HJLQQHU $GYDQFHG

7KLV�6/ ( � IRFXVHG�RQ�UHQHZDEOH�P DWHULDOV
IRU� HYHU\ GD\ � XVH�� VSHFLILFDOO\ � ZUDSSLQJ
P DWHULDO�� )ROORZLQJ� D� YLVLW� WR� D� ZUDSSLQJ�
P DNLQJ� IDFWRU\ � DQG� REVHUYDWLRQ� RI
WUDGLWLRQDO� ELR�IDUP � SURGXFWV�� VWXGHQWV
GHVLJQHG� DQG� FUHDWHG� WKHLU� GLVSRVDEOH
ZUDSSLQJ� P DWHULDO� XVLQJ� UHQHZDEOH
UHVRXUFHV� DQG� LQFRUSRUDWLQJ� WKHLU� XQLTXH
GHVLJQV�ZLWK�WKH�KHOS�RI�$,��5( $' �0 25(

7+( �&+$/ / ( 1* (

5DLVLQJ�DZDUHQHVV�DERXW�WKH�HQYLURQP HQWDO
LP SDFW� RI� WUDGLWLRQDO�� RIWHQ� QRQ�UHQHZDEOH�
ZUDSSLQJ� P DWHULDOV� XVHG� LQ� HYHU\ GD\
SURGXFWV�

7+( �&20 0 81,7<

� � ���� � �\ HDUV�ROG�VWXGHQWV�
( NRIDUP D�9D{HF�( FR�)DUP �
&+( 0 269,7�VUR�FRP SDQ\

: 5$3��
0 $7( 5,$/ 6�	 �$/ 7( 51$7,9(

3$&. $* ,1*

7+( �%( 1( ) ,76

8QGHUVWDQGLQJ� RI� WKH� HQYLURQP HQWDO
LP SDFW�RI�FRQYHQWLRQDO�ZUDSSLQJ�
/ HDUQHG� GHVLJQ� DQG� SURWRW\ SLQJ� VNLOOV
WR�FUHDWH�UHQHZDEOH�DOWHUQDWLYHV�

7+( �/ ( $51,1* �352' 8&76

1RWHV� DQG� VNHWFKHV� RI� WUDGLWLRQDO
ZUDSSLQJ
5HQHZDEOH�P DWHULDO�GDWD�VKHHWV
' HVLJQ� VNHWFKHV� ZLWK� $,� RI� WKHLU� QHZ
P DWHULDOV
3URWRW\ SH�RI�WKHLU�QHZ�P DWHULDO

6/ 29$. ,$
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8UP LP DOD�%DQHUMHH

6XJJHVWHG� IDP LOLDULW\ � ZLWK� WKH� 2SHQ
6FKRROLQJ�DSSURDFK�

,1 �$�1876+( / /

%HJLQQHU $GYDQFHG

7KLV� 6/ ( � H[ SORUHG� HQYLURQP HQWDO
REVWDFOHV� WKDW� / DNH� 0 DODU� DQG� WKH� %DOWLF
6HD� IDFH�� GHYHORSLQJ� FRQVFLRXVQHVV
DERXW� VXVWDLQDELOLW\ � DQG� VXVWDLQDEOH
FKRLFHV�� 6WXGHQWV� ZRUNHG� LQ�GHSWK� RQ
ZDWHU�EDVHG� HFRV\ VWHP V�� WKHLU� FKDQJLQJ
G\ QDP LFV�� DQG� WKH� HQYLURQP HQWDO� LP SDFW
RI� KXP DQ� DFWLYLW\�� DQG� GHYLVHG� SUHYHQWLYH
P HDVXUHV�WR�SUHVHUYH�WKHP ��5( $' �0 25(

7+( �&+$/ / ( 1* (

5DLVLQJ� DZDUHQHVV� DERXW� WKH� LP SDFW� RI
KXP DQ� DFWLYLW\ � RQ� WKH� HFRV\ VWHP V�� DQG
GHYLVH�SUHYHQWLYH�P HDVXUHV�

7+( �&20 0 81,7<

6WXGHQWV�� � �� � �\ HDUV�ROG
7HDFKHUV
+DQGV�WR�2FHDQ�1* 2

6$9( �/ $. ( �0 $/ $5

7+( �%( 1( ) ,76

,QFUHDVHG� NQRZOHGJH� RI� FKHP LFDO
SURFHVVHV�UHODWHG�WR�ZDWHU�SROOXWLRQ�DQG
WUHDWP HQW
$ZDUHQHVV� RI� HQYLURQP HQWDO� DQG� KHDOWK
LP SDFWV�RI�FRQWDP LQDQWV�

7+( �/ ( $51,1* �352' 8&76

3RVWHUV� HQFRXUDJLQJ� UHIOHFWLRQ� RQ
HQYLURQP HQWDO�FKRLFHV�
: RUNVKHHW� DQG� JUDSKV� RQ� EDWWHULHV
EHLQJ�GXP SHG�LQ�WKH�ODNH�
7RXULVP �VORJDQ�IRU�&X\DKRJD�ULYHU

6: ( ' ( 1
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,6
OD\ �* ÙQH6�7RUXQ

6XJJHVWHG� IDP LOLDULW\ � ZLWK� WKH� 2SHQ
6FKRROLQJ�DSSURDFK�

,1 �$�1876+( / /

%HJLQQHU $GYDQFHG

7KLV� 6/ ( � H[ SORUHG� KRZ� KLVWRULFDO
LQQRYDWLRQV� KDYH� VKDSHG� P RGHUQ
WHFKQRORJ\�� LQVSLULQJ� VWXGHQWV� WR� P HUJH
WKLV� NQRZOHGJH� ZLWK� FRQWHP SRUDU\ � WRROV
WR� GHVLJQ� LQQRYDWLYH� SURGXFWV�� 7KURXJK
KDQGV�RQ� DFWLYLWLHV�� VWXGHQWV� H[ SORUHG
DYLDWLRQ�� UHQHZDEOH� HQHUJ\�� FDU� DQG
IXUQLWXUH�P DNLQJ� SURFHVVHV�� DQG� WKH\
ZHUH�FKDOOHQJHG�WR�GHYLVH�WKH�LQQRYDWLRQV
RI�WRP RUURZ��5( $' �0 25(

7+( �&+$/ / ( 1* (

,QVSLULQJ� VWXGHQWV� WR� H[ SORUH� LQQRYDWLRQ
DQG� WHFKQRORJLHV� ZKLOH� IRVWHULQJ� FUHDWLYLW\
DQG� HQFRXUDJLQJ� � IXWXUH� SRVVLELOLWLHV� LQ
67( 0 �ILHOGV

7+( �&20 0 81,7<
� � �� � �\ HDUV�ROG�VWXGHQWV�IURP �� � �VFKRROV
* ÓNP HQ� 6SDFH� $YLDWLRQ� 7UDLQLQJ� &HQWUH�
%XUVD� ,QQRYDWLRQ� &HQWUH�� %XUVD� $QDWROLDQ
&DUV�0 XVHXP
2UKDQL\ HVSRU� 6FLHQFH� 	 � &KHVV� 7UDLQLQJ
&HQWUH
�QHJRO�0 XQLFLSDOLW\
&LOHN�) XUQLWXUH�)DFWRU\��2UWDNFL�* ODVV

,1129$7,21�%5,' * ( ��
) 8785( �7( &+12/ 2* ,( 6�21�7+( �75$,/

2) �7+( �3$67

7+( �%( 1( ) ,76

,QFUHDVHG� NQRZOHGJH� RI� WKH� LP SRUWDQFH
RI�SDVW�WHFKQRORJLFDO�DGYDQFHP HQWV
,QFUHDVHG�FUHDWLYLW\ �DQG�FULWLFDO�WKLQNLQJ�

7+( �/ ( $51,1* �352' 8&76

' HVLJQ� DQG� EXLOGLQJ� RI� KRYHUERDUG�� W�
VKLUW�� GUHDP � EHG�� SDSHU� DLUFUDIWV�
URERWLF�DUP V��VRODU�RYHQV�
) LQDO�H[ KLELWLRQ�

7¹ 5. ,<(
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https://www.scientix.eu/resources/knowledge/teaching-materials/teaching-material?id=131084
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RSHQ�VFKRROLQJ�WRJHWKHU

RVWRJHWKHUB

http://www.steamecologies.eu/
https://x.com/OStogether
https://www.facebook.com/ostogether
https://www.linkedin.com/company/open-schooling-together
https://www.instagram.com/ostogether_/

