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INTRODUCTION – FUNDAMENTALS OF 
TECHNOLOGY DEVELOPMENT 

 

!!"#$%&''' 

!($#)*!+,-.&/+!&0123&
#4$33 

5 



! 89:;<%=>?@;%?8%ABCDE%F?>GH%9F%HI;%J>9!HI%;K989L?GHG%

IRECAP: ROLE OF TECHNOLOGY INNOVATION 
AND TALENT IN GROWTH 
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RECAP -- INDIRECT INNOVATION 
FACTORS 
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RECAP: QUESTION: IS THERE A THIRD 
DIRECT/EXPLICIT INNOVATION FACTOR? 
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RECAP: Innovation Systems at the 
Institutional Level 
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NOW: Innovation Systems at the Personal 
Level – Great Groups 
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Background: The Industrial Revolution in Britain 
(William Rosen, The Most Powerful Idea in the World (2010)) – 

Lessons on the Process of Invention: 
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The Industrial Revolution, con�t 
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James Watt, his steam engine, John Smeaton, the 
overshot waterwheel, Eric Kandel 
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The Industrial Revolution, con’t 
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The Industrial Revolution, con’t 
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Background: Warren Bennis, Patricia Ward 
Biederman, Organizing Genius (1997) 
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Organizing Genius, Con’t 
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Organizing Genius, Con’t 
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Organizing Genius, Con’t 
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SUMMARY FROM B&B, GREAT GROUPS, 
CON’T 
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SUMMARY FROM B&B, GREAT 
GROUPS, CON’T 
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1) Edison at Menlo Park
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 2) Vannevar Bush and Alfred Loomis and the Rad
Lab At MIT– 1940-1945 
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2) Con’t – V. Bush and A. Loomis
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3) Oppenheimer at Los Alamos 
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3) Oppy at Los Alamos, Con’t
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3) Oppy at Los Alamos, Con’t
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4) Transistor Team at Bell Labs  
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4) Con’t - Transistor Team
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4) Con’t - Transistor Team
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4) Con’t - Transistor Team
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Xerox Parc, Con’t 
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Xerox Parc, Con’t 
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<98#0(<3A($8(F$#038@<O� / / L#(B($M%><$RS 

!
!

!

!"#$%&$'()%*$+,)-.
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=,8"#3"<:$#0($34(,1$>%%?$3<$2%)#,>1($,84$&3#<$38$,$<,441(>,@$ 
/ 4(5%-),#3A(<$1(,)838@$/ 38#(),-#3B($-%52"#()$,$-0314$-,8$ 
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Xerox Parc, Con’t 
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6) Genentech/Boyer/ Swanson
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Genentech, Con’t 
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6) Genentech, Con’t
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<(7(2"6(<$)%$�KK$/)%.)8),*$01"5,.I$:"1$0)0&%,)*'$L? 

!

!

!

!
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Genentech, Con’t 
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+
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! !"#$%&'(&"()%*+',$-&.#&*+*-$/'+&$()*.0'(1/$2)3&4"%5(&
*)&6789

! 84*2("2&%:2(&)1$&;0*+$3&5$$;(&1'%'2<&<%$*)&)*0$2)3&'(&
'2(;'%*)'"2*0

! =;$2&:2;%$)$2)'":( %$0*>$-&*)/"(;1$%$?&7*%'2<&@"%
()*@@ '(&*&;%'"%')#

Genentech, Con’t 
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! G))%*+)(&)*0$2)&.$+*:($&/'(('"2M&5$$;'2<&;$";0$&*0'H$
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QE 



7) Craig Venter, Con’t 
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7) Craig Venter, con’t
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Craig Venter, Con’t  
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Craig Venter, Con’t 
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.,$,".5@'3&$#3#1#,'(1&6,6'><'7,&#1.,'5"93#"8='#3,6'#%'"'$,9"."#,'(%.' 
9.%(3#'#%'6,7,8%9'.,$18#$
I@,<'83&D'$9,53(35'0,&,'6,(,5#$'#%'5%8%&'5"&5,.='91>83$@'.,$18#$'3&' 
!"#$%& "&6''()&*(& "&6'#@,'."5P,'P 3$'%&

mailto:6'#@,'."5,'3
mailto:I@,<'83&D'$9,53(35'0,&,'6,(,5#$'#%'5%8%&'5"&5,.='91>83$@'.,$18#$'3
mailto:5@'3&$#3#1#,'(1&6,6'><'7,&#1.,'5"93#"8='#3,6'#%'"'$,9
mailto:329%.#"&#'#@"&'#@,'9.%615#M'GHI'&%#'"55,9#,6'"99.%"5
mailto:3$$1,L'#@,'63$5%7,.<'3$'2


Craig Venter, Con’t 
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Craig Venter, Con’t 
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mailto:3@"*+&*%"&*&@),"&*&@(N"#K&0"�@&1*J"&$"#&$),"+&$1"&."J".&(7
mailto:M&$1"&E(0"%&(7&$1"&-#%"*+(#*=."&*#@&$1
mailto:L1"&'"#(,"&!"#$"%&E-=.)+1"@&)#&5665&)+&1)+&(0#&'"#(,"A


8) DEC (Edgar Schein, DEC is Dead
Long Live DEC (2004)) 

!

!

!

!
!
!
!

!"#$%"#&&'()%#*$'+%$"'%,((-.#$,-(%/-/'($0%1-2%3-%
4+'#$%4+-5&)%*#,60%1-2%3-%7-5%8''&%$"'%4+-5&%#6,.'0
9:;%#$%$"'%-5$)'$%2#)%6'))%#%/#(#4'/'($%<56$5+'%$"#(%
#%$'<"(-6-4,<#6%.,),-(

=#(7%4+'#$%4+-5&)%<"#+#<$'+,)$,<)%> +'6#$,.'67%*6#$?%
<-66#@-+#$,.'?%#($,A",'+#+<"7?%3,.'+),$7%-*%$#6'($)?%'$<B
C&'(%<-//5(,<#$,-()
D5(<$,-(#6%*#/,6,#+,$7%> )"#+'3%'E&'+,'(<'
F,/,$'3%6#+4'A)<#6'%/#(#4'/'($%'E&'+,'(<'
D-<5)%-(%'/&-2'+'3%�&+-@6'/%)-6.,(4� #(3%�3-,(4%
$"'%+,4"$%$",(4� GH

mailto:D-<5)%-(%'/&-2'+'3%�&+-@6'/%)-6.,(4�
mailto:66#@-+#$,.'?%#($,A",'+#+<"7?%3,.'+),$7%-*%$#6'($)?%'$<B


! !"#$%&'!(&)*+,-.$./%0+1$)1#*
! 23-3+.451)*#&-.)&4"3-6#"4*

8) DEC is Dead, con’t

! 7*-&8$9.-:&(!8&; 2<=:&>?@!:&A3-+.$-&A"B
! 8B)"3-*C&*"#$%&D(&61-C3-/&6#.4&@*-E&'.##3*#&.6&FG(&;
6.1-C*#&.6&*-)#*5#*-*1#9,35&+1##3+1$14

! H.1-C*C&9)#.-/&'!(&+1$)1#*&.6&9*$6I*45.J*#*C&
3--.K")3.-

! G%&LMNO:&PQ&+.451)*#&+.E&3-&R>
! G1BB$*&B1#9)&3-&NNIMQ&; 4399*C&43+#.0C*9S).509*#K*#
! <-3)3"$&3--.K")3.-&+1$)1#*&+.1$C-T) #*95.-C&).&-*U)&
C39#15)3K*&3--.K")3.-&9,36)

VN 

mailto:8B)"3-*C&*"#$%&D(&61-C3-/&6#.4&@*-E&'.##3*#&.6&FG
mailto:2<=:&>?@!:&A3-+.$-&A"B


8) DEC is Dead, con�t

! #$%$&'()"9:-"3 45867;4
! 9$()*0#')8,/1(23.$%4+,($%$/1(23.)'*
! :;<+,=>+,?#%4

! #$%$&'()"9<%22"3 ;47+-:
! <7$)%.@*)'A$%4,/1(23.$%4
! :)*B.12*+,><*+,7#2.12*
! ?1'B*.#.$1%*+,*)'A)'*+,0#%80)78*
! 5%.)7+,"$/'1*1&.+,<$*/1+,C'#/7)+,:)77

! D1E!,8#.#+,*)#'/0+,/7138+,*1/$#7,%).E1'B$%4
FG 

!
!

!

!"#$%$&'()*"'+",-)./0'+(!
#$%$&'()"1+2"3 4564786
"#$%&'#()*+,-#./0,/1(23.$%4+,56",7)#8

https://B.12*+,><*+,7#2.12
mailto:7$)%.@*)'A$%4,/1(23.$%4


8) DEC is Dead, Con’t

DE 

!

!

!

!

!

!"#$%&'()$*+$,-)$!"#$%&'()(,%.)/$0*(()1$,-)$ 
*'+&($(%)*#,&-()(,%.)$23%&%1*.0$45
!"#�($1'6+7%889$*+,)&%:,*'+$'7$%#!.('/'-01) 
'"-$(&2$%&'(1)!3/%3"#
!"#$"%&4 8'(($'7$�7;+:,*'+%8$7%0*8*%&*,<�=$'7$7%:)>,'> 
7%:)$0%+%.)0)+,/$�1'$,-)$&*.-,$,-*+.� :;8,;&)$ 
?):'0)($-%&1)&$,'$1'=$7%0*8<$?):'0)($%$:8%+
'%()*+,)$+-*9$1*(,&*?;,)1$8)%1)&(-*@=$@'6)&$'7$ 
(;?;+*,($%+1$(;?:;8,;&)(=$(,&%,).*:$7':;($?):'0)($ 
-%&1)&
.&/0*-#-(14 :'&)$,):-+'8'.<$)A'8A)(=$:'(,$ 
@&)((;&)($.&'6$6*,-$(-*7,=$*+%?*8*,<$'7$
:;8,;&)B'&.%+*C%,*'+$,'$&)(@'+1$,'$,):-$(-*7,

mailto:8,;&)B'&.%+*C%,*'+$,'$&)(@'+1$,'$,):-$(-*7


CLOSING SUMMARY: 
!

!
!

!
!

!
!
!

-
!

!
!

!"#$%&'()#*#+,)-'.#-,%-'%$#'/,"0)%102.3,),%',**#45%,#*' 
65)%#"-7
89':;<'=>#3#$9'5*/'
?9'>;@'@530*%'=:#+0"9

A-'%&0"0'5'!"#$%&"'()*+,-.&(&)$/00123)&10$43()1"B
C"DE5F3G'G0-'H %&0'5"630&73)&10$18$9:; H &#$'G#E' 
.E%'%#D0%&0"'G#E"':;<'5*/'@530*%',*%#'5'-G-%0+'
5-'"3)'<$3)$/0<)&)=)&103.$30#$>'"<103.$?'2'.<
:#-0*'H A*/E-%",53':04I'$5-')E3%E"0'#6')"05%,4,%G
J##K0/'5%'65+#E-'025+.30-'>;@'#"D5*,L5%,#*53'
E))0--'=M;M'"E30-0%9'6#"')#++#*'%&"05/-7'
N0*3#'O5"KP'Q5**045"'ME-&R-'5*/'C36"0/'J##+,-� :5/' 
J5F'5%'NA@P'@"5*-,-%#"'%05+'5%'M033'J5F-P'S0"#2'O5")P'P' 
C..30P'>KE*K$#"K-P'AMN'OTP'!0*0*%0)&'5*/'%&0'
0*#+0'O"#U0)%

>#+0'#6'%&0-0'5"0'5'"0.",-0'#6'%&0')#**0)%0/'
)&5330*D0'+#/03-'5%':5/'J5F'H #.0"5%,*D'5%'%&0'

V8
,*-%,%E%,#*53'5*/'.0"-#*53'30403

mailto:J##K0/'5%'65+#E-'025+.30-'>;@'#"D5*,L5%,#*53


Closing Summary, Con’t 

-*#$'�(%+-+.(%(*%:,*@(" 
JK

!

!

!
!

!

!
!

!

!"#$#%&'$(&()(&*'$%+,#%-##./0%1*//+2*,+(&3#4%5/+(4%5#+(),#%
1/*$#67'&(%(+/#'(4%-#8*1,+(&14%5/#9&2/#4%+,#%*,&#'(#-%(*%
2,#+7(",*):"%,+-&1+/%&''*3+(&*'
!"#0%)$#%+%;"+//#':#%<*-#/%5*,%=>? 6 8*3#%5,*8%
5)'-+8#'(+/%2+17%+'-%5*,("%@&("%+../&#-4%1*''#1(#-%(*% 
-#3#/*.8#'(4%.,*(*(0.&':4%+'-%+11#$$%(*%&'&(&+/%.,*-)1(&*'
A*//*@%+'%&''*3+(&*'%.+("%'*(%$&8./0%+'%&'3#'(&*' .+("%
B&7#%+//%")8+'%&'$(&()(&*'$4%("#$#%*,:+'&C+(&*'+/%8*-#/$%
+,#%(,+'$&(*,0%
D+$&1%.*&'(E%F''*3+(&*'%8)$(%*.#,+(#%+(%2*("%("#%
&'$(&()(&*'+/%+'-%.#,$*'+/%/#3#/
G#'(#,%6 &''*3+(&*'%&$%'*(%,#+$*'+2/#%6 2,#+7$%8*/-
=#3&#@%("#%,)/#%$#(%+2*3#%6 8*$(%&8.*,(+'(%("&':%F%1+'%
(#+1"%0*)
D)(E%?H;%I "*@%+%:,#+(%:,*).%1+'%5+&/%&5%&($%1)/(),#%

mailto:A*//*@%+'%&''*3+(&*'%.+("%'*(%$&8./0%+'%&'3


!11234567

!!""#$#%&'()*+,'$)*+%-./0 
!!""#$ 

!%&'()$$*+,-.(/0(1&2(, 
!345+,-67-82&/"

!" 



Walter Issacson, Steve Jobs (2014) - the 
Mac Group at Apple, Con’t 

! O.;$-9$%P1-8J$D":2--@$C%)J$%1=-;*J$%1"8$
!" 

! D"@*$$&=*$%;;-<"&-;$,)-./$:*;&)"3$&-$&=*$:-4/";>

!
!
!

!

!

!

!

!"#$%&$"$'()*"&+$,)-./0

1)-23*45$6-27#$8%99%:.3&$";8$"2)"#%<*$3*"8*)#=%/$#&>3*

6-27#$8*9%;%&%-;$-9$:)*"&%<%&>$? #**$#-4*&=%;,$9)-4$-;*$")*"$";8$ 
2)%;,$%&$&-$";-&=*)$? :)*"&-)$8-*#;7&$@;-A$&=*>7)*$2*%;,$ 
:)*"&%<*$? #**$%&$"#$B.#&$3-,%:"3$:-;;*:&%-;#

C//3*$"//)-":=$&-$%;;-<"&%-;5$#*&$./$/)-&*:&*8$8*<*3-/4*;&$ 
&*"4$

6-2#$3-#*#$:-;&)-3$-9$C//3*$"9&*)$&=*$D":$? 8-*#$E*FG$";8$9%;8#$ 
1%H")

I-4*#$2":@J$C//3*$K$4-;&=#$9)-4$2";@)./&:>$? #"<*#$
:-4/";>J$/.&#$%&$-;$/"&=$&-$2*:-4*$)%:=*#&$:-)/L$%;$&=*$A-)38$

M")4#$-.&$/)-8.:&%-;$&-$M-H:-;;NI=%;"$&-$:.&$)%#@

mailto:D"@*$$&=*$%;;-<"&-;$,)-./$:*;&)"3$&-$&=*$:-4
mailto:O.;$-9$%P1-8J$D":2--@$C%)J$%1=-;*J$%1"8


Lockheed’s Skunkworks – Ben Rich, 
Skunkworks, B&B chapter, Con’t 

!! 

! PQG9Q%F.*%.%2-1/12.#%BE7)EF'-E*%.##$%3'-%BGH?%.)4%B/".#/(

!

!
!
!

!

!

!

!"##$%&'()*')%+ ,"-(.,*%/("%0-"./"*/%.1-2-.3/%4"*10)"-%'3%/("%
56/( 2")/7-$8%

9:;<%=10(/)1)0>%?*/ @ABA%C"/%D:<6>%BE$(.FE>%%@:5>%BG:H?>%B/".#/(%D:??H

D:<6%B(''/1)0%B/.-%*"/%/("%,.//"-)%+ I71#/%.)4%',"-./1').#%1)%J')/(*

4')K/%-"1)L")/%F(./%$'7%4')K/%(.L"%/'>%7*"%.L.1#.I#"%/"2()'#'0$

BE7)EF'-E*%1*%/("%J'4"#%3'-%('F%.%/-.41/1').#%2'J,.)$%2.)%
E"",%1))'L./1')%J'L1)0%/(-'70(%/("%2'J,).$%')%.%2')/1)71)0%
I.*1*

M*#.)4:N-140"%+ ,7/%1))'L./1')%/".J%')%.)%1*#.)4%I7/%#1)E%/'%
4"21*1')J.E"-*%+ O(1*%1*%2-1/12.#

!"$%+ 1))'L./"%1)%/("%4"3")*"%*"2/'-%+ #')0%/"-J%1)L"*/J")/>% 
,-",.-"4%/'%.22",/%-1*E%



IBM PC Group – Chposky and 
Leonis, Blue Magic, Con’t 

!" 

! L/&76$'0'-N3$),+3$* +6)03$76$>B$!"#2$O&-$P+3/0'1($'0(+$0-$6),-($8/,+=

!

!

!

!

!

!

!"#$%&'()$* !+),-'."/0'1(2$3,4($0--&5,30&-$3(,%$,-'$673$03$0-$"&8,$ 
9,3&-2$:),;2$-&3$</%&-4$&/$:0+=40))$* >73$)0-4+$3&$3&6$!"#$
'(80+0&-%,4(/+
?/,+=$6/&@(83$A&/$!"#$* ,$%,0-A/,%($8&%6,-B$3=,3$%0++('$3=($%0-0. 
8&%673(/2$,>)($3&$)(,6A/&1$0-3&$3=($'(+43&6$+6,8(

C0(D('$03+()A$,+$,$=,/'D,/($8&%6,-B2$-(('('$3&$1(3$0-3&$3=($-(E3$ 
(/,$&A$=,/'D,/(
<66)($00($D,+$%,/4(3$)(,'(/$,-'$#,8$(%(/10-1$* A,%&7+$FGHI$,'$ 
,1,0-+3$J"01$")7(K$,+$>01$>/&3=(/$

!-3(/(+30-1)B2$A,0)('$3&$+(($3=,3$+&A3D,/($D,+$3=($/(,)$5,)7($* 1,5($ 
L,3(+$,-'$#08/&+&A3$3=($+&A3D,/(2$%,'($3=(%$,$1/(,3$8&%6,-B2$
%78=$%&/($5,)7,>)($3=,-$!"#
#,/4(30-1$D,+$4(B$* JM=($M/,%6K$* 1&3$,/&7-'$<66)($,33,84
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