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�5F4: 

$BD@G64AAO G ;8B5G64KV6 E<EF9@ABW @9FB8B?B7VKABW >B@C9F9AFABEFV MB8B 
D94?V;4JVW CDBH9EV=ABW ECDO@B64ABEFV A46K4AAO @4F9@4F<>< 6 ;4>?484I 
E9D98ALBW, H4IB6BW C9D986<MBW F4 6<MBW BE6VF<. �<EJ<C?VA4 ECDO@B64A4 A4 
CV87BFB6>G 8BE?V8A<>4, ;84FAB7B DB;DB5?OF< F4 6CDB648:G64F< VAAB64JV=AV 
@9FB8<>< A46K4AAO @4F9@4F<><, MB 89@BAEFDGNFL WW CD<>?48A<= CBF9AJV4? 
F4 ;A4K9AAO 8?O @4=5GFALBW CDBH9EV=ABW 8VO?LABEFV GKAV6/EFG89AFV6.

�4644==O:

�=4?VF<G=5: �DB4A4?V;G64F< EGK4EA<= EF4A CDB5?9@< CDBH9EV=ABW 
ECDO@B64ABEFV @4F9@4F<KABW CV87BFB6>< G 6VFK<;AOAV= F4 ;4>BD8BAAV= 
C9847B7VKAV= F9BDVW.

�5F>4<G=5: �;5DBWF< 4ECVD4AFV6 VAEFDG@9AF4DVT@ 8?O EF6BD9AAO 
CDBH9EV=AB-BDVTAFB64A<I ;484K, >9=EV6 F4 CDBT>FV6.

�D>T>FG64?L=5: �46K<F< DB;DB5?OF< 46FBDEL>V >GDE< F4 @9FB8<KAV 
E<EF9@<, MB VAF97DGNFL @4F9@4F<>G ; CDBHV?LA<@< 8<EJ<C?VA4@< 
(STEM/STEAM-CV8IV8).

�D4>F<G=5:  B;6<AGF< A46<K>< @4F9@4F<KAB7B @B89?N64AAO D94?LA<I 
CDBJ9EV6 O> BEAB6< CDBH9EV=AB-BDVTAFB64AB7B A46K4AAO.
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�GV>G64=V D57G?LF4F8 =46G4==O
�VA;O 7465@H5==O 48AF8?;V=8 74>5C64G 4>:B>@4 DV;>A>DVW 5C45 744B=89:

�5�DGAFB6G64F< F9BD9F<>B-@9FB8B?B7VKAV ;4E48< CDBHV?LAB7B A46K4AAO @4F9@4F<>< F4 =B7B 
;69O;B> ; @4=5GFALBN CDBH9EVTN GKAV6.

%F6BDN64F< F4 484CFG64F< E<EF9@< CD<>?48A<I ;484K, MB 6V8B5D4:4NFL EC9J<HV>G DV;A<I 
CDBHV?V6 A46K4AAO (CD<DB8A<K<=, VA:9A9DA<=, 9>BAB@VKA<=, IT).

�4EFBEB6G64F< @V:CD98@9FAV ;69O;>< F4 STEM-F9IAB?B7VW 8?O 89@BAEFD4JVW DB?V @4F9@4F<>< 6 
EGK4EA<I A4G>B@VEF><I F9IAB?B7VOI.

�A4?V;G64F< 9H9>F<6AVEFL 6CDB648:9A<I @9FB8<> CDBH9EV=AB-BDVTAFB64AB7B A46K4AAO F4 
CDB6B8<F< C9847B7VKAV 9>EC9D<@9AF< 6 JV= 74?G;V.
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&9BD9F<>B-@9FB8B?B7VGAV BEAB6< CDBD9EV=ABW ECDO@B64ABEFV 
A46G4AAO @4F9@4F<><

�6B?NJVO V89W CD<>?48ABW ECDO@B64ABEFV L>V?LABW @4F9@4F<><: VEFBD<KA<= 4EC9>F.

�D<AJ<C CDBH9EV=ABW ECDO@B64ABEFV 6 8<84>F<JV @4F9@4F<>< 6<MBW F4 E9D98ALBW L>B?<.

�E<IB?B7B-C9847B7VKAV BEB5?<6BEFV A46K4AAO @4F9@4F<>< GKAV6 DV;A<I CDBHV?V6 (7G@4AVF4DA<=, F9IAVKA<=, 

CD<DB8A<K<=).

�4F9@4F<KA4 >B@C9F9AFAVEFL O> E>?48B64 CDBH9EV=ABW >B@C9F9AFABEFV H4IV6JO.

�A4?V; 89D:46A<I EF4A84DFV6 F4 A46K4?LA<I CDB7D4@ >DV;L CD<;@G CD<>?48ABW ;@VEFB6BW ?VAVW.
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�4B5<4B8G=5 <>45;N64==O B4 :>=AB@CN64==O ?@>D5AV9=>-
>@VT=B>64=8E 7444G

�9FB8 @4F9@4F<KAB7B @B89?N64AAO O> BEAB6A<= VAEFDG@9AF CDBH9EV=AB-BDVTAFB64AB7B A46K4AAO. �F4C< 

@B89?N64AAO.

&<CB?B7VO F4 @9FB8<>4 E>?484AAO CD<>?48A<I ;484K. 

$B;DB5>4 ;484K 8?O IT-A4CDO@G (4?7BD<F@V;4JVO, 8<E>D9FA4 @4F9@4F<>4, F9BDVO 7D4HV6).

$B;DB5>4 ;484K 8?O VA:9A9DAB-9>BAB@VKAB7B A4CDO@G (BCF<@V;4JVO, EF4F<EF<>4, HVA4AEB64 @4F9@4F<>4).

�484KV ; 6V8>D<F<@ DB;69O;>B@ F4 8BE?V8A<JL>V CDBT>F< 6 L>V?LAB@G >GDEV.
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&5E=>?>7VW @54?V74FVW ?@>D5AV==>->@VT=B>64=>7> =46G4==O (STEM B4 
ICT)

�<>BD<EF4AAO E<EF9@ >B@C9NF9DABW @4F9@4F<>< 
8?O DB;69O;4AAO CD<>?48A<I CDB5?9@.

STEM-BE6VF4: VAF97D4JVO @4F9@4F<>< ; HV;<>BN, 
VA:9A9DVTN F4 F9IAB?B7VO@<. $B;DB5>4 
VAF97DB64A<I GDB>V6.

�9FB8 CDBT>FV6 G CDBH9EV=AB-BDVTAFB64AB@G 
A46K4AAV.

�EB5?<6BEFV BD74AV;4JVW E4@BEFV=ABW F4 A4G>B6B-
8BE?V8ABW DB5BF< GKAV6/EFG89AFV6 CD< 
DB;69O;G64AAV CDBH9EV=A<I ;484K.

�JVAN64AAO D9;G?LF4FV6 A46K4AAO 6 G@B64I 
>B@C9F9AFAVEAB7B CV8IB8G.
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�>B>G=89 B4 
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'A=9 B4 ?8AL<>69 
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F9BD9F8GA8E 7A4AL.

�=4;V7 ?@>D9AV9=8E :99AV6: 
74EFBEG64AAO 7A4AL G 
CD4>F8GA8E E8FG4FVOE.

 >7@>5:4 ?@>D9AV9=>-
>@VT=B>64=8E 74684=L: 
EF6BD9AAO A46G4?LA8E 
@4F9DV4?V6.

�@979=B4FVW V=B97@>64=8E 
=46G4;L=8E <4B9@V4;V6: 
89@BAEFD4FVO DB7DB5B>.

 9D;9:A86=V 76VB8: 
E4@B4A4?V7 F4 BFVA>4 6?4EAB7B 
A46G4AAO.
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�D8F5DVW >FV=N64==O D57G?LF4FV6 =46G4==O

A (903100 54?V6) 4 
��� �!!"
�8B5G64K 89@BAEFDGT E<EF9@A9, 7?<5B>9 
DB;G@VAAO @9FB8B?B7VW CDBH9EV=AB-
BDVTAFB64AB7B A46K4AAO. �84FA<= 
79A9DG64F< AB6V V89W (� � 5), DB;DB5?OF< 
46FBDEL>V @9FB8<KAV E<EF9@< F4 
VAF97DB64AV >GDE< (STEM). �V?LAB CDBT>FGT 
(� � 12) E>?48AV CDBH9EV=AB-BDVTAFB64AV 
;484KV F4 >9=E<. �D<F<KAB 4A4?V;GT EGK4EAV 
F9A89AFVW (� � 8) F4 9H9>F<6AB 
V@C?9@9AFGT WI G 6?4EAV BE6VFAV CDB7D4@< 
(� � 22). �84FA<= A4 6<EB>B@G DV6AV 
>9DG64F< 8BE?V8A<JL>BN DB5BFBN 
EFG89AFV6 G JLB@G A4CDO@V.

B (80389 54?V6) 4 �'�� 
�"�$�
�8B5G64K 6B?B8VT CB6A<@ >B@C?9>EB@ 
;A4AL F4 6@VAL, ;84FA<= E4@BEFV=AB 
484CFG64F< VEAGNKV @9FB8<>< 8B 
EC9J<HV>< DV;A<I CDBHV?V6 A46K4AAO. 
�C96A9AB 6<>BD<EFB6GT EGG4EAV F9EAB?B7VW 
(� � 10) F4 ;4EB5< >B@C9NF9DABW 
@4F9@4F<>< 8?O @B89?N64AAO. ' 
DB;DB5>4I CD<EGFAV 9?9@9AF< AB6<;A<, 
CDBF9 @B:GFL FD4C?OF<EO A9;A4KAV 
A9FBKABEFV 6 @9FB8B?B7VKAB@G 
B5�DGAFG64AAV 45B 6 BD74AV;4JVW 
8BE?V8A<FL>BW DB5BF< (� � 23).

C (75379 54?V6) 4 �"�$�
�8B5G64K 6B?B8VT @4F9DV4?B@ A4 DV6AV, 
8BEF4FALB@G 8?O CD4>F<KABW D94?V;4JVW 
CDBH9EV=ABW ECDO@B64ABEFV. �@VT 
8B5<D4F< F4 DB;69O;G64F< CD<>?48AV 
;484KV, 4?9 6V8KG64T FDG8ABMV G WI 
A4<>ABV9=><C :>=AB@CN64==V (� � 12). 
 B;G@VT EGFL <V6?@54<5B=8E 769O7:V6, 4?9 
;4EFBEB6GT WI C9D964:AB ;4 6V8B@<@< 
;D4;>4@<. �84FA<= CBOEA<F< @9FB8<>G, 
4?9 4D7G@9AF4JVO VAAB64JV=A<I CV8IB8V6 
CBFD95GT GFBKA9AAO.

D (60374 54?<) 4 
���"���,!"
�8B5G64K 89@BAEFDGT D9CDB8G>F<6A<= 
DV69AL ;A4AL. �B:9 A469EF< CD<>?48< 
CDBH9EV=A<I ;484K, 4?9 A9 54K<FL 
A8AB5<=>ABV G WI ;4EFBEG64AAV. �B?B8VT 
547>68<8 <5B>48:4<8 (� � 10), CDBF9 @4T 
FDG8ABMV ; 484CF4JVTN >BAF9AFG CV8 
>BA>D9FA<= H4I (9>BAB@VKA<=, F9IAVKA<= 
FBMB). �@>T:BC64==O >A6VB=VE :><?>=5=BV6 
(� � 22)6<>BAGTFLEO ; CB@<?>4@< 45B 
HBD@4?LAB. !4@BEFV=A4 8BE?V8A<JL>4 
CB;<JVO 6<D4:9A4 E?45B.

E (50359 54?V6) 4 �"%&�&!,"
�8B5G64K @4T HD47@9AF4DAV GO6?9AAO CDB CD98@9F. 
 B;G@VT ;474?LAG A9B5IV8AVEFL ;69O;>G @4F9@4F<>< ; 
CD4>F<>BN, 4?9 A9 6B?B8VT VAEFDG@9AF4DVT@ D94?V;4JVW (A9 
6@VT 5G8G64F< @4F9@4F<KAV @B89?V D94?LA<I CDBJ9EV6). 
�84FA<= 6<>BAG64F< CDBEFV @9FB8<KAV 8VW ?<L9 ;4 
89F4?LA<@ 4?7BD<F@B@. �V8EGFAT 54K9AAO ACG4A=8E 
B5=45=FV9 (� � 8).

FX (35349 10?V2) 4 ���������,��
�8B5G64K 6B?B8VT @4F9DV4?B@ A4 9?9@9AF4DAB@G DV6AV, @4T 
?<L9 B>D9@V GO6?9AAO CDB CDBH9EV=AG ECDO@B64AVEFL 
>GDEG @4F9@4F<><. �9 ;84FA<= DB;69O;4F< 45B E>?4EF< 
A4=CDBEFVLG CD<>?48AG ;484KG. �9FB8<KA4 
>B@C9F9AFAVEFL A9 EHBD@B64A4, MB GA9@B:?<6?NT 
6<>?484AAO G CDBHV?LAV= L>B?V K< ���. �BFD95GT 
CB6FBDAB7B 6<6K9AAO 8<EJ<C?VA<.

F (0334 10?<) 4 ��� ���/&�
�8B5G64K A9 6B?B8VT CBAOFV=A<@ 4C4D4FB@, A9 DB;G@VT EGFV 
CDBH9EV=AB-BDVTAFB64AB7B A46K4AAO. �V8EGFAV A46<K>< 
@4F9@4F<KAB7B @B89?N64AAO F4 CDBT>FG64AAO. 
�<>BA4AAO 5G8L-O><I @9FB8<KA<I 8V= T A9CD46<?LA<@.
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