WORKING PAPER SERIES No.155

BEBRZEA/NR=23Y - IRIXYVNAR VI —ERI VYRI DA

fimsthiEkIc & 17 5 E R IR

— REA JR— 3 VHEREDT IV RAT L —

Industry Change in Urban Region:

Ecosystems Iin Innovative Region in the US and UK

B /NRN—23Y - IRIAY MRREY I —



(FFBIXHEFD L D)

I. EIRBRE

Kk 3 &
JAVINL—=EEFERLBABTIOAIRT AT e 1
BERAF CEBAEREZIHUR. 1 /NRN—Y 3V - IRIAXYVNAREYY—FR)

I. #EO
Technology Development Consultancies
and the High-Tech Cluster in Cambridge (UK) e 9

Jocelyn Probert (5 (Centre for Business Research, University of Cambridge)

m. EE@
KEBA—-RFTao Y
— OSSRV —FRICBFRREVA D ER2UGH S, v 24

BlS BE (RIEAZFAZREEEFHERER)

V. BEQ

NES A YV
VIORIDITPEEIIDIIVRATLAOFRERR e 33
WRER K QIEAZFREFHERR)

V. JSRILT A RFTW I T Y oot 43
oz HBAF
MAKE CEBRRZARZERA /R—Y3Y - YRI XY MAREUERIR)

JXRU R Ana Colovic & (RAVEIRRRY —)LAHK)
Gabi dei Ottati & (7« LYW T XZHIR)
Jocelyn Probert £
BIS K
WRRAR K



BBKFAI/N—23Y RX AR —ERVRIDA

#rhiiX(C &) S ESR iRl

—REA/N—2 3 VEEMEBODIIRATH—
Industry Change in Urban Region:
Ecosystems in Innovative Region in the US and UK

KEIE, DAV —DHELT  EEGREFEHNICRELEBEERHHEZAL TS, V7ML YIMNIIT7EE
DIAVATLERBEL-RIC. AVATIVTAT  ATATEE. MEFHEEXE. NMFATU/O0—FEEITERLTW o= F
—RTAVNE AVEA— AR EREXDEREICEH>T, FEONAT BT ELTRAIZFENE . —H. REERKRTS
R TEITHAT TP, AV 1—2 IT. TLTNAAATH/80—05 a—/N\)LEEFZEHLTE=, 3DDHE®
IOVRATLEEREL EER. BER. KEE. KEEDORBNEEEICOVTERT D,

% A A5 KERRERTE
FobE HDOOY

GR8TIR) MK ﬂﬂ'](,fﬂlﬁ%j(%ﬁm'(//\—/az YR AVNRFEF AH)
W13:00~13:35 [F9EEIRE) KEIFMBH—YANV—ERBEBRBAIAVATAICES

= L oYy

AR B|FCGERRERERZIHBIZ A/ R—2a3 IR TAVNRELEEA—FE)
W13:35~14:20 [ &% Q) MBI Y7V P —NALTD OSSR —ICEIF3HHA TN hDOERE

atwyry JFanN-—¢t

Jocelyn Proberti (7o 7)o REHFR, AREFRERAR LU I—=F7)H—FTI7zA—)
W14:20~15:05 [ & @) KEFA—RT1Y— ISR —ERICEIIBREF7 LEV H iR

ALLE #5

o BB R GRAZAZREF LML)

W15:20~16:05 [# & @) KEIZMIV—YIMII7EEIIA AT LADFIRE

PEN VIPE

W R K GIHEKFRFFHMAERR)

W16:05~17:35 [/\RILT42HVI3V]
(%) HEE AlF. AR A
€)YV~ Ana Colovick (A RE DR RRI—IL#EHIR) . Gabi dei Ottatik
(T4 T KEHEZ) | Jocelyn Probertk ., {218 IBK. ILE B2 K

W17:35~17:40 [EBESiRss) AR AIF

I BEARAI/N—23 0 IRIAY MRREV 5 —
®RIEE: BERVFr—FE ERXFREFR ZRXFHEHEEY -

2014 28 1 8(£) 13:00~17:40 (Fi#512:30)
EBRAETTaF vy NRARPYF—FK-97-26k ANM K-
= H SEBAS T B % v SAENE
571508 CEaISELREMY) ) e [
S = . 584
TREAY A EYBERHIE, e o g Vi
E -E [/\e\j:>] mmﬁia&-&;@ﬁ;ﬁo i;@@ e Eix: ,.f 5:17‘-4 .’f,‘« /ﬁ’iﬁﬂf
] https://www.event-u.jp/fm/10355 @& ){, e
”E'Fﬁ‘ EE.uE AN— |‘77]'/] \// T -0 TsthMMHD THARER - DR
Ofr= A https://www.event-u.jp/fm/m10355 mmm Sl ”‘" : /ﬁ? /’i ;m:szw
KEABROBUSHEIEBLTHYET  ARALITEET T sl * “‘\‘ S~
ARV ZEDBAEBRNELTEY. RS0 BRTIRER = ' o R
LTHEYE A %Wﬂ;-’f = HE
i ¥ SHiEY = ) )
1A308(*K) Axspme. e, wxie N == f'\‘mm -
BETOSEBIETEEIE, Toa,
XEAPELER. FTREFTHEEAVLVESDELSEZL, FEBAREHTrAaF o NRA(ELREM KT IF—R-27—-260Rh1F—N

SERRAB A /N—T 3 - IRIUAY NRREY S —
.. T102-8160 MEHTFRAEXELR2-17-1
(] TEL: 03(3264)9420 FAX: 03(3264)4690

llm URL:http://www.hosei.ac.jp/fujimi/riim 2014518298 K

RS EAees eeim ~ E-mail:chir@adm.hosei.ac.jp



https://www.event-u.jp/fm/10355
https://www.event-u.jp/fm/m10355

7071 =)l WGy

Jocelyn Probert (5371 y SASHE, MAZERHREY ¥—Y =7 UH—F 7 20—)

B 7Y)yVREY Yy VEYRRR 7 — L ELBREET (BEEEL), 2006EF—I Vv HFLEY R R
2 — NI, BB, FAREAY, LEAYOZEREBORERD Ho, BME, 1/ <—v 2 Vi
B NMT7  c RAX— Ty TORE, BEEE, /) RXR—YavITalAT7h, Fv7)yyDzal
FLBLVEEOEZCHELL ., £ O%iis X VBOEME v 75 LICBE LT X ko BRCEDEEL,
ZEDREL TS,

SLE #5

B 3 (AR REETHENE)

A B TR L TR RS (ML), 199787 b HIL A AL RS LTI
FHEZPZ. 2000E2 520028 F T F P A RFIC2&~ T —L - A7 —L « A7 « ¥V ZBEBWREZ T
i, SRR, 7 TR A — 4 ) < a vy FERE LM EES B . i I
E o CH OB EE ) BT o Dl & T BLAD Do FIERHES 2 EEREOERC>nC.
EARAT 4L FELTHEZ LTV S,

PELAE VB E

WER B (GIEKERFFIERR)

B RERFERFEMARHELREE T (BEFEEL) . 20038KEY & v F v REFRETER. 2004
5 2008F % THMEBR K ERRF LI ELEM - EER LB CHB. BEMR 7 2 ) 1R&ER (EEECR
i) HISEEERR, EEEME, EXr o X7 4, REESBRBENAEELERIBZ 2720, EEDLDVD
HTEDXS MV MAZIToCE LD, HIBCHTHICEBT 28REZEE 20D, ELLTTAY A
ERLBFELRL TS,

FE A7 CARASEESMEIE. (/K—v 3> TRYXY NIRE Y 5 —FiE)

BHF REREREREEFRPHELREET (BEXEL) . BRRSMIEE. ITEESHBHO%K. Fifickk
B L. 2006FEBREREZIMERIR . 2008FEHR, EFZ, 41 /) R—Yav=3xP AV b, " T2 - X
R—F T o TOERE, TV LT LX—AY 9T N T 7« ZAX—=T v 7ORET v X% EIFRFIEL
REZEDTIATVALLFABELTnd, YV avNL—, Fv7 ) vV, AEFMZFROC, RTREAY
=T UVHRREL TS,




. FOEEIRE TREIBHEF—2UaUNL—EIEREBRT AL AT AIZESN]
BAT AR BF GERAERESHEIE. 1/ A—23> -IRTAV MREV 42—
)

B, BERZBIZBHELWEZEE LT, SR EY T8 WET, AT [T R
WCBIDEEIH] LWVWH) T —~TY VRV AZRBESETWEEEET,

WE R, (L—F v — g ) T, 4 RIEETHE (77—~ —v g 0)
EWVWH Z LT, IR URY T L EEEW UE Le, FERIRMARFRITHEENDSL
DIV Ch 2 HUBF I > ¥ — D EME T, KBIIADBHEEZBD TWNDHA / X—
2V RAVAY MR F—DFEMRETT,

W o B — I —=RIZHIMEFTE RN LT HRY Yy T A4 77V —T, H#Ei
M ERE CTRIFT DONEELWEE, Fdblnon, METDIANDRNE S 2B LWER
ERETDHEVOIEENDHY £T, ZL T, SRORRICEDE TEEML L VWD 2 & T,
I FT—REHBEV ARV AEERMBEL TVET,

AKAIZ, TAVIDOF—AT 4T R, AFXVRADZ T Y w09 =00
BIZHIEYD EWVWH ZET IV ar RN — IR R a v AT LIRS EELE L,
A= "R L= ERHoTmDERZTHNDEITHNSE o Lo b EBNETN, BAIZ
Hoar N —Eo DNt N EEEREEL EHVE L, LL, 8 BAALZEN
FTEEHA, RETERVD, T ZARICBRBKLRNEAS S L0 KEHENRH D F
T, TIHE Y av N L= L) R a v AT A MO T D E NS &
Z TR, RIAIILTWAITTHLENRVICEF LR LA /) RX—=va VDV AT bk
BTCTETWAHDTYT,

1.>)avnL—oflE

FTP, R THE—, FRTDHIENTERNESbRLTVDE VY a v XL —L T EAR
EIANEBHELLIEWERNWET 2V a v ANL—DT v A7 Y & LTI Google &
DETH, IR OWVEE, BARD A

. L B 1-1

A= T o7 EEN LT LT

CEPLELE, AV T4V TRON | v f—

5 TAFIZ A Ty B Icbooi® | BoRDGEE:

N LI, Google fZE“Ré?’LT:EﬂKO)Z—l‘T"Jj
TAVADEPEORKR Y harT
A NTI12 HICER LIZIENY T, 7
7y 7 O EEIEFICERAICRN T A
LHuRy N T, ZHNEBRFELIEONRE
KO ZL> T B2 AT, 2
NFHERZFED T, AL = T v T % DRA—FTFvT. BADVCERE R RAELLEA . . |
/)< D i Lf:o Eﬁﬁjﬁ?&di\ 7){ U Hof-Googlelz&->TlE, 10BOSEOVED
BOEFEDa T ANMIT 7 T

SAMMHDZ LI TERNVEVWIRER D ST2DT, WHIETHT I T 2RO TEREE L




ST=blF T,

7277, ERBIZIXa T A MIH B ENIZEEIC Google IZHINENTWE L7z, 72¥ Google
CEILE N BNCT AU ARFECTEY oo foblF TlEa< . FEF TR I
T LTI AT, Google IZFE L D &[G MoTo W) ORFEFwRD L 5 T, AIEHED—
ANDOFPEI A, FAOFEOBOFEDFEFRAET, BWRLEELHWZOTETR, To&
ARORF ¥ —F ¥ EXVED Z LIS LWTT, REELEST, 1~2 ADZ U Vr
v (BABRER) poREEZTIET T, ECbAME L Lo 7cl ) 2 ETT,

L 2 AN, Google TR H—FTHRDTZL D TT, Google I TRy hDAX— KT v
T2 ZOFENL TETHIEE>THWT, DI 50 —27E 272D TY, Tz il
EBFELTD L, BARBREZARICEEREPALVLONEN) ZLIZR>TLEID
T, ENEIARADOA 2 2 —TIERVDOTEWVWTEBEZ WD TT N, £D Google TT, & H
A ) ars N —TREL ol blF T,

YU ANL—E, EEER ((HX AN I AT 2 V) BRI L IR
ELTHAATT, 1938FICta—Lby b Ny D—FPAIFELET, ba—Ly b
A= RPOL ol B B —FHLI ol TT N, ZORITFEEMENPIK T, Apple,
Oracle D/X—=Y F )b ar Ba—F — &7 =2 EFHROIRT, 90 FRITA o Z—F v |k
DEMK LET, Z 2T Google W& T 01T TH, Google VAR S 72D 2002 4725
e BNET, Z2O%, ENANLVDOETRA, VY=V X VAT AT REH ERY | b
23 X < H15 Facebook, Twitter, Skype 23435 L L7z, RICENWICHEEERRLZ R LT
TWET, AT, HKIEOFF L LT, V=T LEASNVEED YR ADBEHEEZ /I
LET,

VA ANL—@G AV 7 N=TORDOFIZHY ET, BV Tr =T IZiF T T
VRAABERHY . FOEMBR Y a AR =L IR TS EZATY, —FiCHDHD
M Twitter T, 77 v AN

R -2
WZHYET,THLMICTY TET,

— I )PP EWVWIETRH Y F
T, BB TT v Ram
IOV B U oo b — 2

" JEE
S )avnL—0OfEE
HLOZoLAamhmEY L/ ETHORM
H IS AOE O TEE

DILTWET, 77 2aif R
V\j’c“ﬂ‘ifaﬁ< . -]j-‘//ﬂfc:iﬁb\& :% Sanancisco%“ .
272 SAENEEN T, Apple -

v

Twitter =

<2 Intel, Google, Facebook 72 E'13% ;
DWPTERIDELZ, L, H&iT B e

{
O L LT, 77 AaT Google e VS
B¥ETHZENE ARV E LR, VY
— VX IVAT 4T DB VR A XA

Apple

Inted

a7 ]
P
=
A
'. :;,-,.'-'-/ San Jose

WE L2 E T, Twitter 1ZHF H
FLED, FEBFoTWVRVWNSWNWRE — T v IR 77 0 ZAafimiciE X &
HTETWEEWIDNRIDIELNOHETT,

2010 EIZFh a7z & T, Twitter DA 7 4 AITHL IR 3L DRIEED A ST v T gy
E2MifioTHY £ Lz, b, B OEERGIZIT AKX N> TH Y T3,



ENHEBEETEHL TLHDOTT, o7 I v AafiNicEATWS, MF D 20 KD H
DFEHDOFNHEHE THEE L CE T, TOFFTLR_R—F—% EN-TET, EVHL
ThH MR OFTIAED £, MK ITHENL > TV | Twitter 258 H] L 72 #il51
JEREZ TN EWIEUETLE, FEAIEERELRDEITT, YHEORETIE, T
FULMEHEL T oz LB L TV E T,

10 Z HEID 2013 F£OFIZIE, FLY 7TV ZAadDifiNTRERAR—ZIZEY £
L7, o CE7DIL 20141 HDBETY, EFICKRERBRIIR>TWVE L, &
BED 2T 25H<SHNESTVNET, REVWHLORZD, FEHTHVDREIDED
EEFIMESTZESo T L, #EE DY 2000~3000 A5 DT, IR 720 &
IEEE L TCWE LT,

BHEOFINT 7 ATY, FEERFTLENIELTT, FREICTITRARENTHD | ©
Nyt —LTT, =R nANnAREEND > T, B PIcb8A TN
ZH T, HEEIMATHY T, BFII 3R, HEREZSHELEL TWES, Zhns)
AN =TV ) EAIREATT, AARITE®, AEITBERZT T, A< &b 200 F92 300
MIZEL 5 EES OTTNR, M 2ITHBRENERICT Y —T, MHE I AIFTREVE WD K
CT9,

— . Google 173721 EDOHFIZ K% -3

HYET, HTIEIHY A, - 32

RERFD =D CENORUE “"The campus of Google in South
DOFZPS BV, S IEF v v
RAEIMEATNDDTTN, K¥
DEIBRREBREMNRHY £7°,
BEVLNKELROT, 77NV H
HRHL A BTN T T &
WO KU TY, FRETHAEDN A —
H=y I RO T)IVEFEE LTU
T, TNEBRIZAEXRZD, FiT
Fio T TRNZD LTS L
WHEZATT, 2<HAETIED

RUMOBBIZEER BET. RN AR RERIETS

D EHA,

ER Voo ralfftov)arRr—Ltinbhd e ZAXIHINIHIELETT,
IR T USRI E T2, 7 =B BUEE > TV RN E 2 R T, HA
ANRZ T &, BB ZARBETNA T IV RERESTZONEERS>TL L IMN, T4
U HITE—H DB —a oS0 T, FIOWIBRATICAD T,

FATFRICB T D) av R —DFBICHOWT SR LES, 7Y — - H k=T
VN 1994 T FRegional Advantage,ﬂ EWHREIENT, FEFICHLIZRDE LR, FOR
TV a N =R 0T R I TOVET,

“ODRENRH Y T, FTREOHMHBMLNENWS Z LT, FAEAE LW E
ENEENT, Blohhrolt b O L TS NS 2RI~ TnET, —=»o
HiZ, FIZ7 7PN OBRE L TESREINRO A NI EAKDZ LT, 5
T P=TIIEEAERAATEHRNEESTHOWNSHWL, £ FA, BEAN. FE



BRI RFRZ A T B KRET, A=A TV 706K ZELHD E
T ZOHDB, XRUF ¥ —F ¥ EXNOEERESL ) UNTEREEL THT, EBHRE
¥~ o RMBHYEE (CFO) 2#NM 752050 9,

V7 FN=TINEIRT, BIEED S D 30%IBRTT, U a2 —"TiL50%% @
ZTWDHEWNWIRWTT, TOARTTN D &, =—RN— O~ T T Ea—Di 0
HADWHEN50% %20 > TETWET, TThD, bhvbiB3HRnTnd &, BARANRD
D, BENRON, FEANZROD, BEANZODGNLRNENS Z LT, (il F ¥
A=—ZAP I E<HINET . ZNSHNWTELS SAT VT DABRBENTNDS EZATT,

2. WEB&E/NAIVE DR RA—ZRELER

BRONRF ¥ —F Y EXNLEBEDI D 56%0 0V 73 V=TIZBENEKEDLTWS &
ELNTVWET, BV T7xA=TD5H, YY) arNb—@dne 25D T0ET,

BRITOMER & LT, 20084ED U —~< v a v 7 UKL, A 3T v 7 B8RO KGN
DRV Y E LT, BXEDOETRALWNI ZET, ERXANE Y =X VAT 4 TR
R EBEEEDOTLENE LT, iPhone 7 SV T EED ALY — FT v FIHKEE T HHK
EHLA . 77 v RO BT OM 2009~2010 - TT,

L9 ODOEEME LT, BE&EHRMOA v FaX—F =0 ET, HEZA, Y
combinator &2 ZAZ LTI, 1 FIEERNCHARTHRANHEE L72, Y combinator &9 D
DEER AV a_X—2 3 U TF, HEETOYMTHL 3 VA TEYRAET LE DL
LT, HEFOMTTLELLET, HANOAF - T v T F—LEZHEDHLDTT, 2
A3ALSATR-oTEET, 34 H
WESET, TTIRVAT AR LI
M, DK BEET, 3 HHARIIAY
Fr—Fy EXLEHRNTCT LB &
SETCRBRIINREIRELTHHRET,

ZI L EEFCFERHT, YU = ' \r|'

VN —TEEFIT/RD L) A

X% 1-4

B &

I!J_

E‘

|° _I=I

[ *—ti ( wt ':

DL HAUNRT 48 ERSTD \6%/ %)
HA VX a_X—F—TF, N0 Hik e
A e A RO Y HAIELBEZE 21% KEIIRBZE 50%

combinator 72T TiH72 <, 500 startups
EWVSbDLHY ET, Bt E 500
startups 22O AT T R LT, LA U FaX—F—NTELENTWET, 2Ok
UVRARAIELELERXE D TT,

ZLT, AL URT T AL olega =y Ninb A U Fa =S =NF T 1 AL
Rahr 77y 2afiNiiA—7 0325805 ZEREETHEST, £HNIHEVERR
DT Yy FAFTTV—IEIPO TIERL, FEAERM T T (GEHD) T, L2
HoTHH DDA, Facebook, Google, Apple Z 721 Tid/e <. ¥ 7 hL®D Microsoft & H
WETT, TTNH, BoTbH929bVDEYRRAETFT LA DL 5T, TNEFEITLT
W5 DT,




CZIMBEMEDT — X A Lz E% -5
LRWET, 202 FICH_ETE Y
L —TCEAZEDE L, BAD 114 NE CES
O T AV DIE50 NULMEF Y FHAT agEA-

L7z, BHARTIE, ZEALEDHRANT 2as {%‘B

4EBLLE
7%

BRMEEFF - CWET, 7T AU I TIE48%
Lo CTnEdA, #F1HHROBRMN
WMZ BN 0 9, SEHERIT

HARMD 35, 7 AU BIEL 37T, 7 A YT YT IL-TURL
U DTHREe LAmNTHENTY, v— HAIX 26% KE I 56%
7 e o == DX IR

ETO2ANENY TEDHY EHA, FEIC
REFICEHD TOWTEETDADBDPR mki-e

DD ENS ZETT, BITROFEH
RKFEREE T ANZ, T AU BT
80%. RFEFEAED 50% W\ FET, i
HARL DR 08B £,
Zhn, AR 2 EE Lo
DANT=H (Y TAT Y LT LT —)
I, BARIZ 26% T, 7 AU H1% 56% T, |
INFTREEBY 0T TT,

EEREIT. T AU BOY LT ALT BA® 3 Ll L8 KE®D 3 #LL EENFH
b BT E DL AV EIRIE 35%IEAEY ELVEREEE 66%(F31HAHAE EREE

EAENRL T, 10 AT 1T ALV E

Fh, MRV WNANARBETENN TN T, 7 A Y I TIXERER 37 5% T 3 L2 EE% L
TEANDY 66%WVET, D ADBENTND, 2R 0 SWIRIERETHDH 2 Enm £,
—J. BATHLAS ETE 202 TEWTZAD 35% W E T, HARDF TIEI Y Kk E
MIINIETVRAEZREELTND ENWD ZEIT2D FT,

TAVATIH ALY R N—=T AU ANLRTNT, B TVt Apple,
Vodafone, Yahoo!, Sun Microsystems RE ITOREETT, FOSLTROo72Z &2
DIEWEYRAZ LTS, REEICEHEL T, BRI ST AT ARy NU—7
EEMNMLIZEVRAZERI L TWAALZBEE WS Z & TT,

Flo, BARITEARMIZITE L ARIZEERZ WIS 2O TTR, cRERThHNIEX, oL H
KD 1 NAIZEZIZZ VI T RO TTN)., ZOEVRRAIROBBGE LV IZ2 AT TVE
L7co BARD 1 ANRIZEZIT33% T, 2095 B 2FLNIC, BETF—LZ2BINLTZDIE 34%
TY, THUTHLTT AU A, 1 ABIZEIE 20% Lovn7e< T, 2 FEDNISBIN L7203
47% T9,

TAVAFEDNL—LTIE, RUFx—Fx EX L (VO) BEEEZZIT 57291, CEO

(EEREBLE) & CTO (RE\EINEMLE) O 2 AR WRITIEWITEE A, KL
THEINTLES7Z6, HIIMBNBITNRNEND ZETIEZRY £ L, SR 23
HNEEMER D NEDBRI 2 I nE RER LARNWE WO RAINHHDTT, TTH



O, TAVITIE, RUFr—F ¥y EXNAEEPR LTI, BT 2 ANEE52DL0 9
KRIFANZHE S DT T,

RUF ¥ —F ¥ EX LRI =Z0DNMTEERHY £4, —ONREIRAT P b
(EAFEEZ), b9 20 VC (R F v —Fx X)), $¥Aﬁi%®mf# il 2
IE Microsoft NFEE L T NDHEWNWHIZ EHHD FF, HEITZ DI ITFTWVWT, ¥— KRNI
SN ETFRFORE T U R T, YU =X APRBMOKRET v KT9, BATIE, &~
— FREZZT 65 DIXEED 30%., 2FELNITEMOKRE 25T 515 DI 40% & 1
ZTCWET, TTND, BIEEEZT 2D ARTEZRLT VDI T, v— R THRE
2T o TH, VI —XATRIToNLIESHRBN RV HLENI ZETT, 72
AT LB RTT, ¥— RNiX

6% T TNDDICH LT, vy — BRI

A AFEORGLT T, HERIZ) | " —

|

RUBLLABRTWAE NS Tk HAXWEBE DR X—5 8% &
> L BAlL, I EFRELYEEMBEROESABBL,
e BNET, _*Eu‘ﬂiﬁEﬁmﬁgcﬁm&ﬁ&%uu ‘
oG LREF—L AIELE
. B *E
LEDA ‘//*‘—@Egﬁ‘%ﬁék . TSI 124 8y
3/\*&%1§b\iﬁ—- - 7/\ \j--’c —F VG 20%| 36%|
° TEFO  |[BRRM ™ 124
/ANEN ETEU%?“A@%??*% P % F, BASYUE [EHENE) oy 4N
e Tzl 9% 6%
7, CEO, CTO, CMO (i~ S—XA NG 25% 16%
a4 v TEER) I E. AR EMO  WRRH 5 2
|ESOLE | SHHENEHE) 40% 22%

PR (i) OANETY, F—

LIEFE L) DT 2 FELINITIBIN L
oo AV T W b0xRRET, ZhELIFEDT—FREV T =X A ZRLIEHREIC
EVRBE L TWDLONE R TNET,

AARTIET—2EER—FM mki-8
TWT, 77 AT 10% DA EAKYE

T9, BIETF—LDOLEEMITET " JEE—

FlNThaHhE L, EF AL 31T BRWEBE DR X—RELBIETF—L

8% LRAIET—ATHEAETND, a$mam§ﬁq@.’ KETIL, BIRFDH 1

F WETDHRFNATING = & a‘-—Aﬁ:E:fﬁr-.E:#, jn&r»%;iﬂ

- . < ETIL|ETIL ETILI ET M ETILZETILI

GL fé: D jz‘a—o ji 7 )( U jJ “C@i\ “**E“‘g“ 0.171+ 0.128 BT — LS HE0.442% 10,5874+

?_A’Eﬁii@i < E‘ﬁ;i.nﬁ\;&’) D i“ﬂ_ F—LER 0219+ |0.219+ F—LEW 0.062  0.104

foo T LAAIE LT E EOF— 1 s cllllE o b

. o B v ko—JLE avk0—LER
0)55;1:%‘%753 l%@ﬁAE&ﬂ(@VG\ 75) BEEE 0156+ 0153+ [0.156+ aEx 0006 0126 [0.01
g; YHR LUTILERT 0227+ 0203+ 0195+ LUFLERF 0158 0205 [0.138

ii D 5‘@ < ?E' LTI/ \35 ‘ﬂ—o Bt 0,181+ 0146 0.147 HEtE ~0.086 -0.018  -0.029

INEFLDL L HATIIA g T Ty | e — T T T T

ENDRORRH N Tz T, F— 4
PREES BB TRELZTHMARDH Y 3, U Fyr—Fr I rbevFirrz s V=
AHREODTT, 7AU BT, AIELELZIZESINI AR, EI0HIF—LTRLT
WAEDPBETHLEET, TRETEFMHLTOT, ZORICF—LLEHLEILEITLA
EFE L TWRWZ L2 7, fiamE LTI, vV ar AL —7Tik, REF—LoLE



CRAETNEBRICEODT-AZ— T v IR E RS L, TEXLEITRVKREY
Higd, Ll HEL RTiEWniT2ntnoRkEs2 LET,

3.o)aAVNL—DIAVARTLA

BRNPEEOHWFEL WD BEEE LE L7, Apple. Google, Facebook & W\ 7ol L7z
ITRENPGHENTFO T, AT 7 LT DLWV IRURHY 3, EPr &tz o<
5 DT, Google IZWN 23 NTH LWEHEZ DS A9 NEWN) T EIZRo7c LEL X I,
TR F vy —F vy X VAL V2L KEBEATWAD T EHTI105< HWLD
AT SCIREVRAT T v RAFICWEET, b EF 0 OANRE S EST 52 &
. EIFEDEIFOITTEIELLIEZEBY TT,

DY ar AR —OFTFIVIREGR LD TH-> T, AL o< UL oicEn
THZEEFTERNWNTLE Y, B, HFEEFBRENKZZNVWTLEY, bEBLEFEAT
WIEHAD AN EZBZHIZE R T T OANMTHSNUNZDENIDIXT NI LT,
MTIZ 2 72 /ol . RUF X —F X EX VL INETEEL THEELTWDL VD 2k
bz AEH FH A,

Tl A—RAT 4, T hb, o7V o PD=0DOHIRITE HCo T as 2T A
EELTCERZON, ZREESAICHERL CWEEE 0w E BnEd, FEFICRE Rk
BIZHI T /X —L LT, A—AT 4 T IBMAA 7 4 A& LE Lz, THITKRE AR
BNHDHZLETLE, TNDBA—AT 4V TIERFE, avyy—v 7 A, YEK =¥
2 VDEFDRKENST2TT, 7 MATHE, R L7 Microsoft 237372 0 AV A7 &4
ATWET, Amazon b, MRV BRI, V27 « XY AN, T~y K7 A —H
—FEXELE, TRNLTITLKE®RSBHV E L, ZLT, V7 MLIICHEWVWRERDHD
T, HeT TV UTTR, AFX ) RIFEFITHANET VEFF>TWNT, L
Z U NN EELNRYIE L TCWES, Hifia AR E IR T oL VWO E
FNEREEE L, EFICHAHLT7 AV DTNV AT LE2D2L > TWT, Zhaes
HIZ7 e _X—= S ARBFELWEELS Z LI TWnWET, o7 ) oMb Biia LT
Wil EE T, FEFICRVWELOHLELWBDEH T, 7 AU BT 2V EZR 2D
T, FOESAZII T W& 20T,

BN EIZF T ALy RO bRE LT, ALy P ENIDITEENVIERT, N
SR —=RDOTT, ZIIWZWANARTFHOFAENMEAT, EZORITHEL TWVDHN
EELTHLONDOTYT, BIEEONOREOFETIEIH Y FHEAN, EZOREHENHEND
ZEICEMRHDHDOTT,

ZLT, NI=FT 4Ly no0onbyEd, =a— B ANFELIEOD 1661 T
T, EIZIE=a— FUORPHB SN TOWET, REVTA = AN—=T %277 v VT
DX BELEON NI =T 4 Ly U T, BEENLORERFMZL > TRFOEIFITH
ATV ANR=THDL 5TWNET, REDBPRKEZBHboTWD, vk, WA OERE
ERETHEHIFa LB E2 T e A= FEAICEBFEL L W& & BnET,

TN — N ZTHREN T IHER T, FAIIZOHEESY ZERERL LT, 2R v
37 CLIZ RADEELVIZIDENI T e R— SO RKREBEOTNERES Lro72T1,
FUTN o VREOY Y vy VEVRARAT =)L) MBA N DHDTTN, ZOtED
Mt 2= =7V —F 7z —%2RI>TVET, HRIZITHEHBREI VWE- L»



ST, 4 FMV VP —F ¥ —L LTV TWDH o Lo ZHNH > T, T2 HA XY X
WCBRVICRS>T, ZO%I1F, FEHARIIVOES Lo Z ERHV ET, TTMD,
HARDZ LIZECBEEL TVHE S LBV T, 20757V VDV AT AEBH L
W& 9,



Il. ;& Technology Development Consultancies and the High-Tech Cluster
in Cambridge (UK) 1
ZBEM  Jocelyn Probert K& (Centre for Business Research, University of Cambridge)

Let me begin by saying thank you to Professor Taji for inviting me to participate in this

symposium. It is my great pleasure to be here today.

Outline

I was asked to talk to you today about the role of technology consultancy firms in the Cambridge
high-tech cluster, which is the topic of an article I and my colleagues at the University of Cambridge,
Dr Andrea Mina and David Connell, published in the journal Research Policy last year. But I will try to
put that topic into broader context by first making some comments about Cambridge and the

development of the high-tech cluster there — the so-called Cambridge Phenomenon.

Locating Cambridge

Perhaps I should start by explaining the location of Cambridge. As you can see from the map it is
in the East of England region, about 50 minutes by train north of London. Oxford is approximately
85 miles (130 kms) north-west of London. The area between these three cities is often called the
Golden Triangle because there are so many high-tech businesses located within it. Unfortunately,
although it is very easy to get from London to Cambridge and from London to Oxford, the journey
between Cambridge and Oxford is much more difficult!

Cambridge has a population of about 130,000 people, of whom around 25,000 are undergraduate
and graduate students at the University of Cambridge. The boundaries of the Cambridge cluster
encompass the villages and towns within a 30 km radius of the city, covering a total population of
roughly 450,000 people. The population is well educated, too: over 40% have at least an undergraduate

degree, which is about twice the UK average.

The Cambridge cluster

The so-called Cambridge Phenomenon began to emerge about 50 years ago, in the 1960s, thanks to
the benign attitude of the University towards exploitation of the intellectual property generated by its
professors, researchers and students; the presence of many bright young graduates and postgraduates in
sciences and engineering; and the decision by Trinity College to establish a science park on the edge of
town, followed some years later by St Johns College’s investment in an innovation centre to incubate
young technology companies. One of the triggers for the Cambridge Phenomenon development was the
Mott Report, produced by a committee of the University in the late 1960s, which considered the town
planning aspects underlying the relationship between new science-based industry and the university. That
Mott report encouraged the construction of the UK’s first science park by Trinity College in 1970 on
some land on the north side of the city that it had owned since the college was founded in 1546. (Trinity
is the largest, richest and most prestigious of the 31 colleges at the university.) Over time, many new

firms started up and some established firms moved to Cambridge or set up their research operations.



Since then, a large number of science parks have grown up in and around Cambridge to house the many
firms that want to be part of the Cambridge cluster. One of the main reasons for firms being in
Cambridge is to get access to the many highly qualified people in the city.

Today, there are estimated to be around 1,400 companies in the Cambridge cluster, employing
over 40,000 people and generating annual revenues of £13 billion. It is perhaps not surprising that
Cambridge has one of the lowest unemployment rates in the country, at just 2.2% in October 2013. At
least five companies have grown into $1 billion companies, the most recent being Abcam, ARM,
Autonomy, CSR and Domino Printing — although Autonomy no longer exists as an independent
company so we are back down to four. Others in the past include Ionica and Virata. ARM has come to
dominate one of the fastest-growing markets in the world, by licensing its designs for the processor
chips that power smartphones and other mobile devices.

The Cambridge cluster is RF -1

strong in life sciences, ICT, and the
physical sciences and engineering. The Cambridge cluster

Of course the relative importance

> 1400 companies (including cluster support)
of these sectors changes with shifts > 40,000 employees

in technological advancement — and
Major sectors: Life sciences and healthcare

Information technology and telecommunications
those shifts occur and are dealt Wlth Physica' sciences and engineering

I will say a bit more about how

in the next section of this talk. University TTO - Cambridge Enterprise, est. 2006

Certainly in  the  beginning Also provides seed funds and offers consultancy

. - services
Cambridge was very strong in

electronics and computing, which is

why it was nicknamed Silicon Fen —

a name that is used less now because of the broader base of the cluster.

Cambridge Enterprise is a relatively new organisation that is part of the University of Cambridge.
It was established in 2006 to manage the University’s technology transfer activities after the University
produced guidelines to govern the commercial exploitation of IP generated in its facilities through
externally funded research. In addition to facilitating technology transfers, Cambridge Enterprise
offers consultancy services and provides seed funds for university spin-out companies. High tech
start-ups have been spinning out of the University for many years, of course, well before Cambridge
Enterprise was founded. Other parts of the university, including Judge Business School where my
research unit is based, are very much engaged in teaching undergraduates and graduate students about

entrepreneurship and in encouraging networking opportunities with local entrepreneurs and investors.

The cluster ecosystem

This slide shows the main components that make up the Cambridge cluster ecosystem: the
high-tech businesses themselves, the university, the investor community, professional support services,
and various networking organisations. They are all interlinked because of the many different ways in
which they interact. It is an ecosystem that has grown organically, mostly from the bottom up: there

was no government policy to establish a high-tech cluster in Cambridge. The Cambridge Science Park
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built by Trinity College was developed in response to demand, not to encourage it. The university,
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mission to “spread the spirit of

enterprise” and is where budding entrepreneurs can learn the skills they need to turn their business
ideas into successful business ventures. The Institute for Manufacturing, which is part of the
Engineering faculty, is also very much involved in educating entrepreneurs. In fact, there are so many
different initiatives springing up around the University to engage with local business on either the
research or the educational level that I have just started a new piece of research to try to map them all.
Student groups, such as CUE (Cambridge University Entreprencurs) and CUTEC (Cambridge
University Technology Enterprise Club), are also active in arranging speakers from the cluster to give
talks on various aspects of getting started in business and in providing networking opportunities for
like-minded students to meet each other and spark new ideas. Then there are the services provided by
Cambridge Enterprise, which I have already mentioned, and university-owned innovation-centres and
incubators, such as St John’s Innovation Centre, a now well-established centre where young firms can
rent space flexibly and have access to support facilities and mentoring; and ideaSpace, which is a
relatively new incubator for university-led fledgling ventures.

Turning to the investor community, Cambridge has several business angel groups, including
Cambridge Angels and Cambridge Capital Group, and a corporate angel investor called Martlet.
Cambridge Angels, for example, is a group of high net worth individuals who invest in and mentor
high quality start-up and early-stage companies in the Cambridge area. They all have proven experience
as successful entrepreneurs in internet, software, technology and bio-technology, and those are the
sectors they are actively involved in. Membership is by invitation only, and there is no public list of
who is a member! Then there are the venture capital funds based in Cambridge. They include Amadeus,
which was founded by Hermann Hauser who is one of the big names in the cluster — he was very
much involved in the founding and development of Acorn Computers in the 1980s and several other
important Cambridge firms — and 1Q Capital, which runs various seed capital funds and was set up by
a man called Nigel Brown who built up his own investment firm in Cambridge 40 years ago. There are
other venture capital firms that are active, although many of the big international ones no longer truly

provide venture funding — but that is a different topic to the one we are discussing today.
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Then there is a rich collection of lawyers, intellectual property advisers, accountants, market
researchers, designers and other sorts of professional services firms in the city. And, bringing together
all these different groups are the networking organisations. The biggest and best known is Cambridge
Network, which was founded in 1998 by the vice-chancellor of the university and influential
businessmen and entrepreneurs including ones I have mentioned already. Its mission is to encourage
collaboration for shared success, which it does by facilitating co-operation, action and resource sharing,
being a focal point for organisations, encouraging networking and idea-sharing through members’
events, and helping member companies to find and attract quality candidates to work in Cambridge.
Then we have One Nucleus, which is a group of businesses in the biotech arena, and there are all sorts

of special interest groups such as on cleantech, wireless networks and so on.
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Expansion of the Cambridge ecosystem

This chart, produced by one of my colleagues in the Centre for Entreprencurial Learning, shows
how the Cambridge ecosystem has expanded since the 1960s. I'm sorry the chart is rather hard to read
— and it only goes up until 2002 — but it gives you some idea of how the ecosystem developed. Even in
the carly days, in the 1960s and 1970s, various elements of the ecosystem were already present. There
is no need to try to read the names in the various boxes, but the purple boxes are university
departments and research labs, the blue-grey ones are commercial enterprises, the yellow ones atre
finance services, i.e. part of the professional support services group, the brown ones are science parks
and innovation centres, the green ones are the parts of the university involved in teaching and

fostering entreprencurship, and the pale blue ones are networking organisations. Of course not every
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name is present, but you can see how the chart becomes more and more crowded as we move through

the decades.

The Cambridge cluster - key aspects

In short, the Cambridge cluster is highly networked. The driving force are the entrepreneurs, but
they are surrounded by strong ecosystem support both within the university and outside. One of the
aspects that helps the Cambridge cluster endure, despite economic downturns and competition from
other clusters abroad but also in London, is that it is composed of a fertile combination of
experienced and novice entrepreneurs. There are many serial entrepreneurs in Cambridge, who have
made money on the sale of their first venture but who have gone on to set up other ventures, bringing
into their teams younger people who benefit from their insights, knowhow and networks. Somehow;,
people like to stay in Cambridge, and that is good because a vibrant cluster needs people to stay
around for the long term. One threat to the cluster model is that high-tech entrepreneurs looking to
re-invest their capital after an exit can now choose from among opportunities globally, in a way that
they could not 10 or 15 years ago, but fortunately Cambridge Angels remains very strongly focused on
Cambridge.

Overall we can say that there has been a relatively small group of people — serial entreprenecurs,
business angels and venture capitalists — who have been highly influential in fostering the growth and
success of the Cambridge cluster. The social capital created by the links between their activities is a

very important glue, in terms of both structures and relationships.

Connections in the high-tech cluster

You can see the density of the connections from this slide, which also comes from my colleague
Yupar. Again there is no need to try to read it, but I will just say that around the edge are the names of
individuals and the thickness of the lines connecting them show the number of links between them.
So for example, Hermann Hauser (at the top) — whom I have mentioned before — has multiple
connections with Andy Hopper (on the right-hand side), who is head of the University’s Computing
Laboratory. They first worked together at Acorn Computers, which Hermann Hauser founded and
Andy Hopper joined while still finishing his PhD at the University. And they have worked together on
multiple ventures since then. Andy Hopper decided after some years to return to academia, but he is
still intimately involved in at least two of the more than ten companies he has founded over the years,
and in some of which Hermann Hauser has invested through Amadeus (and perhaps also as a business
angel). You can see there are lots of connections between people — the thickness of the lines shows

how strongly one individual is connected to another.

Outline

So let me now turn to the main theme of my talk to you today: the contribution to the growth of
the Cambridge cluster, and the innovation economy more broadly, of a particular type of high-tech
business which falls under the general heading of knowledge-intensive business services. This is the
R&D service firm, and in particular the model of the technology development consultancy. My

colleagues David Connell, Andrea Mina and I set out in our research to examine how the provision of
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R&D services can grow over time into a mechanism to develop new technologies directly and through
spin-out. We wanted to fill in gaps in the empirical evidence base on the R&D service business model
and its implications for the development of new technologies and new firms. It is a business model
that is poorly understood, yet it has been crucial to the growth and sustainability of the Cambridge

high tech cluster.

R&D service firms

First, what do I mean by R&D service firms? They are a subset of new technology-based KIBS
which take on contracts from third parties to conduct bespoke R&D projects. Although many of these
firms are grouped under SIC code 73.10 (research and experimental development on natural sciences
and engineering), in fact examples can be found in many industry sectors including pharmaceuticals,
automobiles, aerospace, instrumentation and physics-based engineering, These firms could spend all
their time undertaking R&D services for other organisations, or it may be only part of their business
activity. For example, a pharmaceutical firm could have one division dedicated to conducting contract
research for clients and another division doing its own proprietary research. Using the understanding
they gain from working in particular technology areas for clients, R&D services firms could be
working towards commercialising their own platform technology, and even developing standard
products. I will talk in more detail about this aspect later.

The purest form of R&D services firm is the technology development consultancy, or TDC.
They depend for their revenue almost entirely on R&D services provision to third parties. In
Cambridge, TDCs have been crucial to the growth of the high-tech cluster in a variety of ways, as I
will explain over the next few minutes. Curiously, Cambridge seems to be the only cluster certainly in
the UK and, as far as I am aware, internationally to have a large number of these firms and yet they
have been very successful in developing new platform technologies and spinning out new firms or
licensing out technologies. In some respects they are the UK’ nearest equivalent to intermediate
research institutes such as the Fraunhofer Institutes in Germany and IMEC in Belgium, but unlike
those institutes they receive no core government funding because they are private enterprises. And

they have managed to survive very well compared with some product-based new ventures.

Technology development consultancies - The sample

So who are these TDCs? This is the sample of TDCs we interviewed. As you can see, the first
one was founded in 1960 by a small group of Cambridge undergraduates, so that firm has been around
for well over 50 years. The first four on the list are very well known in the Cambridge area, and have
been almost ever since the term ‘Cambridge Phenomenon’ was coined in the 1980s. The other six
firms in the list, although smaller — in some cases much smaller — than the first four, are probably the
next biggest TDCs we have in Cambridge. There are many smaller technical consultancies in the area
as well, often one- or two-man bands who have set up on their own or have split off from a larger firm,
plus one or two other firms that are much younger than these ones. The four broadly-based TDCs
work on consultancy contracts for firms in many different industrial sectors. The rest of the firms on
this list tend to specialise in a narrower range of industries, or else concentrate on particular types of

project such as product engineering development or industrial design, primarily because they ate
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smaller companies. Even in the larger companies, though, employment seems to peak naturally at
around 300 people, which is about the maximum number so that everybody knows everybody else.
When employment rises much above that number, groups of consultants might spin out into a
separate venture, with or without the blessing of the top management, or in economic downturns
there may be redundancies.

The other point to make is that these firms operate a very flat organisation: there are many junior
technologists from a range of scientific disciplines — physics, biology, and mechanical, electronics and
software engineering — and they do most of the work under the guidance of a small number of senior
people. These TDCs also all operate in an extremely global marketplace. International operations
typically account for well over half of annual revenues. That is partly because of the loss of
manufacturing industry from the UK, so the TDCs are forced to seek out overseas clients. But the
other important factor is that their advanced problem-solving skills enable them to win work from
prestigious multinational corporations. Because their technological contributions to client firms’
products are highly sensitive for both commercial and competitive reasons, it is not possible to collect
systematic information about the number of customers or projects running at any one time. But we
can say that both the large and the smaller consultancies have venture-backed firms among their clients,
and this underlines the (rather hidden) role they play in the innovation system. Smaller TDCs atre often
more intensively networked into the local Cambridge VC-backed technology cluster than the large
TDCs, because the large firms charge higher fees for their services than start-ups can generally afford.
In addition, the large TDCs operate their own venture capital funds which invest alongside third-party
funds in young entreprencurial technology firms — so they are also part of the Cambridge cluster

investor community.

Cambridge’ s technology development consultancy heritage

I just wanted to show you this chart very quickly, because it explains the heritage of many of the
TDCs that operate around Cambridge. As you can see, it all started with Cambridge Consultants in the
1960s, as I mentioned before. Then, in 1970, a group of consultants who disagreed with the strategy
of their employer moved to set up the technology development consultancy arm of a firm called PA
Consulting, and they insisted the new unit should be set up near Cambridge. That worked very
successfully for several years, but then there was another disagreement about strategy so there was a
breakaway from PA Technology in 1986 to form Scientific Generics, now called Sagentia. Yet another
group left PA Technology the following year to create The Technology Partnership, now called TTP
Group, again based in the Cambridge area. And then you can see that the smaller TDCs have also
mostly set themselves up after breakaways in the late 1980s. Although each of these firms have their
own characteristics, their heritage is clearly rooted in the ethos of R&D contract work established by

Cambridge Consultants all those years ago.

R&D contracts and the management of uncertainty
So, how do these firms actually operater Highly skilled researchers undertake technology
development and problem-solving projects for clients in industries such as electronics, aerospace,

defence, medical devices, printing and telecommunications. The larger TDCs have extremely
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well-equipped laboratories and workshops and, by working with manufacturing subcontractors in
countries with labour-cost advantages, they are able to take a wide range of products from the concept
stage through to volume manufacturing. So the TDCs do all the clever stuff themselves, and then if
necessary they help their clients to find a suitable outsource manufacturer, for example in China.
Customers approach TDCs directly with problems they need solving or new products or processes
they need developing. And TDCs themselves also propose development projects pro-actively to
current and potential clients in areas where they have, or are building, expertise and IP.

An R&D contract typically involves the development and delivery of a demonstrator, prototype
or ‘ready to use’ physical deliverable, and then there are possible subsequent opportunities for low
volume manufacturing or the sub-assembly of mission-critical components for an industrial customer.
The intellectual property developed during contract work for a client is usually signed over to the client
unless the development wotk revolves around the TDC’s existing technology, in which case the client
is granted a licence for the commercial exploitation of the work the consultancy is doing. By working
on multiple contracts for multiple clients within the same technological space, the TDC is able to gain
new insights and expertise into the technology that could lead to the creation of its own proprietary
intellectual property around a different application — and I’ll show you an example of that a bit later on.
But careful management of ownership and commercialisation rights is crucial to the development of a
robust IP package that the TDC can license out later, or use to form product-based subsidiaries, or
assign to spin-out companies.

One of the big areas of risk is predicting the time it will take to develop a technology — if indeed
it is possible to produce the desired outcome at all. TDCs prefer not to quote to clients a fixed price in
advance, in order to avoid bearing the cost of project overruns, which are very common especially
where the science is untested or where the client hasn’t clearly specified the outcome. As you can
imagine, a wrongly priced fixed contract could be financially disastrous for the TDC. At their simplest,
payment terms are based on time and materials used, like in other professional service organisations
such as law and accountancy firms and management consultancies. But often, TDCs get up-front fees
for the purchase of materials and specialised equipment, and there may be milestone payments as each
key stage is reached. One way to mitigate the risks inherent in technology projects is to divide the work
into phases of increasing size, which allows key uncertainties to be investigated first. If those
uncertainties are technologically just too hard to solve, the research contract simply comes to an end at
that point. The other advantage of phased projects is that they allow the consultancy to refine its
pricing quotations for later stages of the work.

A distinctive capability of TDCs — in fact a core competence — is their expertise in advancing the
innovation process from market need to a finished product using novel, high risk technologies. Often
they can do this even when the customer’s requirements are unvoiced or pootly defined — when they
say they want one thing but actually want something else. This expertise is a big contrast with
large-company clients or even VC-backed Silicon Valley firms, where very few successful project
managers have the opportunity to manage an entire engineering project from start to finish more than
once. The first step in the development process is actually to identify the key technical risks early on
and to establish whether they can be overcome. It is not to create a prototype, as most people generally

assume. Repeated practice on many client R&D contracts gives TDC engineers a sophisticated
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understanding of where the risk in a project lies, and they gain an intuitive experience-based approach
towards managing technological uncertainty. Breaking the project into stages, efficient costing, and
managing to tight deadlines are crucial to profitable TDC operation.

The key characteristics of an ‘innovation business’ like a TDC are: multi-disciplinary thinking,
managerial judgment about the viability of the proposed technology path, a distinctive cultural mindset
focused on collaborative working and a talent for team construction. So we see multi-disciplinary
teams formed around client projects, and multi-tasking is common. Employees work on new project
proposals, feasibility studies and development projects in parallel, and they also provide specialist
inputs to other teams. Because the work is project-based, the size of a team and its duration varies
enormously. Indeed, one of the competitive advantages of the TDCs revolves around their flexibility
and the speed with which fully-functioning teams can be formed and re-formed. This organisational
adaptability allows a TDC to incubate new technologies and respond rapidly to new market
opportunities. It gives the ability to shift staff quickly onto other projects, for example if clients are
hesitating over whether to proceed to the next phase of a project or when a major project comes to an
end. It enables the firm to survive, even when there is a long time-lag between initial customer
engagement with a technological application and widespread customer demand. And when a
technology sector has matured to the extent that TDCs can no longer charge premium rates for rare
skills (for example because specialized suppliers of off-the-shelf technology have entered the market),
they quickly disband those teams, reassign technologists to new areas and change recruitment policies
to reflect new commercial or industrial priorities. So, for example, 20 years ago all the
Cambridge-based TDCs were active in designing microelectronics and microprocessors into traditional
household and industrial products, which was a pretty exotic thing to do back then, but today none of

them work in that area because most engineering companies have the necessary expertise in-house.

The entrepreneurial virtuous circle

In short, the TDCs offer a work environment that is demanding, highly varied because of the
range of projects that clients bring, and it is a place where creativity can flourish. But successful
contract R&D depends on uncodified knowledge about how to balance creativity with the need to
deliver on a short time scale, knowing when to be inventive and when to focus on the detail, and how
to handle conflict within the project team and turn it into a positive force.

Recruits acquire non-technical skills, in addition to fostering their technical ones, by learning how
to sell (and how to sell themselves, both externally to clients and internally to project leaders), and they
learn how to run projects and manage teams, while also picking up elements of marketing and finance.
There is intense pressure for project managers to deliver against short-term goals on client projects,
and for technologists to find a team and perform well within it — the workplace operates almost as a
pure market in skills. This competence-based approach to turning ‘gcood’ technologists into people
with a broad understanding of business/commercial issues and softer skills is often referred to by the
TDCs as a “finishing school for engineers” or “boot camp”. That accumulation of skills is crucial to
forming well-balanced teams for the product-based ventures that sometimes spin out from a TDC.

So TDCs effectively function as an entrepreneurial virtuous circle: they recruit

entreprencurially-minded technologists and encourage them to develop both technical and
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non-technical skills. After several years a team might spot an opportunity to package together various
pieces of proprietary IP around a particular platform technology into a product-related venture, and
they would then approach the TDC senior management with a view to spinning it out. Since TDCs
usually produce many more fully-rounded technology managers than they can use internally, a spin-out
is a good way to capture a share of the value the leavers create after they move. And when spin-outs
turn into successful companies in their own right, it helps the TDCs to attract more

entreprencurially-minded recruits to start the cycle again.

Paths to growth

Now let me talk through how the TDC business model acts as a path to growth. Generally
speaking, project-based organizations are ideally suited to the gradual accumulation of capabilities
combined with market understanding. At its simplest, in a start-up phase, a TDC can take on
papet-based technology evaluations and problem-solving projects that could naturally lead on to
contract development work later. Management complexity at this stage is significantly lower than it
would be in a product-based start-up. During meetings with many potential clients to win work, market
intelligence can be obtained that enables the firm to orient itself to technology applications where
contracts are likely to be sold. Good matket intelligence limits the risk that the firm develops a
business strategy based on market misconceptions. Close contact with multiple customers allows
exploratory development, where new ideas, techniques and solutions are tried out in a relatively
risk-free manner for both sides. But it is the client who bears the responsibility for gauging the market
potential of the development.

In the growth phase, the firm begins to undertake more projects for a greater variety of clients.
As its credibility grows, it can take on progressively more complex work and develop bigger
opportunities as client relationships evolve. Individual scientists and engineers also develop their
capabilities through their exposure to clients and their work with more experienced peers. Sales
meetings are the conduit for an on-going intelligence-gathering process about emerging market needs,
because if several firms in a sector mention a problem there probably is real demand for a solution.
Even time not charged to customers can be put to good use by developing new product concepts,
perhaps in response to discussions with potential customers, or by exploring how technology
developed for one application can be applied in another. Only modest amounts of money may be
needed to turn these ideas into outline designs, collect basic experimental data, write patent
applications, and develop a commercial case to take to potential customers to persuade them to fund
the development. Presenting propositions pro-actively like this enhances the value of the development
expertise offered to customers. If the idea sits in the right space for the client, the project could
progress through many phases, ultimately involving large sums of money, a large team of people, and
many years of work.

This accumulated expertise within the TDC can lead to a growth path that complements the
standard fee-for-service activity, by earning technology access fees, licences, milestone payments and
royalties. There may occasionally be an opportunity to turn a one-off bespoke project into a product
that can be developed and resold to other customers, and there are often ‘orphan’ projects — when the

customer for whatever reason has discontinued funding — where the TDC may be able to recover the
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IP involved and develop it further with new customers on enhanced terms (reflecting ownership of

the IP), or else continue the work in-house and eventually move towards a spin-out.

Case study 1: TTP LabTech

I’'m now going to talk through a couple of case studies to show how TDCs can grow businesses
and overcome the challenges they encounter. The first case demonstrates how a simple industrial
design project can be incubated into a much more significant product development business. The
second case will show the ‘slow burn’ of technology development over more than 30 years, evolving
from a couple of initial client contracts into a substantial body of IP connected to orphan projects.
Those projects in turn formed the basis for a series of spin-offs into what is now a significant local
cluster of product-based firms.

So, LabTech began when a VC-backed reagents company came to TTP with a technology to
detect bacteria in water samples for pharmaceuticals manufacturers. At that stage they thought it only
needed some simple industrial design work to finish the product. But while working on the design,
TTP technologists discovered problems with the underlying science. The small initial contract
therefore led to a sequence of much larger ones to redevelop the instrument completely. Since the
client company did not have the capability to manufacture the instrument itself, TTP became its
small-volume manufacturing subcontractor.

Over the next few years TTP learned much more about the technology through problem-solving
and troubleshooting, and it put in place increasingly sophisticated production management and
after-sales service. During this period, it also discovered the technology could be applied to high
throughput screening for the drug discovery process. A very small amount of in-house funding
enabled the TTP team to put together a crude model to demonstrate how such a machine would work,
even though at that stage the engineers had not yet managed to resolve a difficult but crucial
technology problem. Still, the crude prototype was good enough for them eventually to assemble a
small consortium of pharmaceutical companies to fund the development of a novel instrument called
Acumen Explorer. Without initial commitments from the consortium members — two orders in the
first instance, followed by a further five — the project would have terminated, following the TDC
principle that every product-based venture should know where its first revenues are coming from.
Several years of hard work finally led to the launch of the product in 2000.

A new wholly-owned subsidiaty, TTP Labtech, was cteated in 1997 to facilitate the sale of this
proptietary product. Altogether it had taken 10 years from the first small third-party industrial design
contract to the launch of the Acumen Explorer product, and a further four years before significant
sales were achieved. But by 2010 TTP LabTech employed nearly 90 people and had revenues of £14.5
million, a substantial proportion of which derived from the Acumen Explorer and other proprictary
products for drug discovery developed subsequently.

This is an example of how the creation and exploitation of intellectual property around a
different application of a technology developed under contract can move a TDC into more speculative
R&D activity. But it also illustrates a key difference between incubating a product firm within a TDC
environment on the one hand, and establishing a completely product-focused start-up firm on the

other: the gap between initial customer engagement and the take-off of more widespread customer
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demand for a particular technological application did not threaten the very existence of the TDC, as it

probably would have done for a product-focused company.

Case study 2: From development contracts to inkjet technology cluster

Okay, so this is the second case study, showing how a very important cluster of inkjet printing
technology firms emerged in Cambridge.

In the late 1960s the Post Office contracted Cambridge Consultants to develop an
envelope-franking capability. The mechanical engineering group identified continuous inkjet printing as
a promising technology and began experiments based on original patents owned by a US company that
were about to expire. A division of ICI then became interested in the possibilities of high-speed inkjet
printing on textiles. That client project became Cambridge Consultants’ largest. For a couple of years it
accounted for perhaps one-third of total revenue and it generated many single-nozzle patents for the
client. When ICI eventually decided that the technology would take much longer to refine than
anticipated, it phased out the work and sold the patents back to Cambridge Consultants for £10,000.
This patent portfolio complemented the many nozzle array patents Cambridge Consultants had
meanwhile been winning for itself.

Inkjet work continued internally for the next 3-4 years, and then the emergence of European
standards for the date-labelling of foods provided a market opportunity in 1978 to spin out the
orphaned single nozzle inkjet technology. Cambridge Consultants helped the new company, Domino
Printing Sciences, find venture capital backing, contributed the patents, and allowed a team of its
engineers to transfer to the new business. Although it was unable to participate in Domino Printing’s
subsequent funding rounds, Cambridge Consultants was for a time earning a useful six-figure royalty
every quarter. Eventually it sold its remaining small stake in three tranches of £1m just before Domino
listed on the London Stock Exchange in 1985. Domino is still situated on the edge of Cambridge. Its
sales in 2012 were £312 million, it employs over 2,200 people and it has manufacturing facilities in the
UK, China, Germany, India, Sweden and USA.

Meanwhile the remaining engineers continued inkjet work inside Cambridge Consultants on many
large projects, including one to develop banknote security features for the Bank of England, a fax
machine, and a cloakroom ticket printer. Although not all projects were implemented, the company
developed much more technology. A lull in demand for inkjet projects in the mid-1980s left it with
more orphan technology which it packaged up and spun out as Elmjet, a company specialising in array
printing. A few years later an OEM customer bought Elmjet.

Xaar spun out in 1990, based on IP developed around another project for an American ink
company combined with improvements in Cambridge Consultants’ original single nozzle technology.
When Xaar was formed it had four granted patents and 84 patent applications relating to ‘drop-on
demand’ print head technology, but further work since then has expanded its IP portfolio to over 700
patents and patent applications. Now Xaar manufactures print heads and licenses its patents and
know-how to industrial printer manufacturers worldwide, for use in the graphics, packaging and
ceramics markets. Based on Cambridge Science Park, in 2012 it employed over 500 people. Annual
sales were £86 million.

Meanwhile, continuing customer interest, this time in the printing of packaging at the end of
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production lines, led to 2-3 years of internally-funded work by Cambridge Consultants’ mechanical
engineers on flatbed plotters for the screen-printing industry. Their ideas were validated by interest
from an unofficial consortium of industry players who had each expressed interest in acquiring the
technology. That work led to the spin-out of Inca Digital Printing in 2000 and a trade sale to
Dainippon Printing in 2005. Still based in Cambridge, in 2012 Inca employed 187 people and had sales
of £32 million.

Summing up this case, each of these inkjet technology ventures is based on patents and/or teams
of engineers nurtured inside Cambridge Consultants over the years, but spun out in response to
market opportunities before their product was completely developed. But again, importantly, each of

them already had an order book and a clear understanding of where their first sales would come from.

High-tech ventures from Cambridge Consultants

Now I just want to quickly show you another slide from my colleague Yupar Myint, so you can
see the vast number of high-tech enterprises associated with Cambridge Consultants. In part it picks
up on the earlier slide I showed you about the Cambridge TDC heritage, but in this part over on the
left you can perhaps see the inkjet technology companies I’ve just been talking about. The next slide is

much easier to read.

Some spin-outs from technology development consultancies

It shows the substantial numbers of people employed in sponsored spin-outs — by which I mean
spin-outs that are supported by the parent organisation with finance, IP, a founding team and/or
advice and goodwill, in contrast to a group of consultants simply leaving to start their own venture.
This table excludes smaller spin-outs and the many packages of IP that TDCs have sold off to other
firms, for example Wavedriver, which was an electrical vehicle drive system that TTP sold to its joint
venture partner PowerGen, and Sagentia’s joint venture with Siemens, Sphere Medical. It also excludes
failures, which by definition no longer exist, and which explains why no spin-outs from the specialist
TDCs are shown here: they have generally found it mote attractive to license out their IP.

The TDCs in the list I showed you earlier together generate annual revenues of a bit less than
£200m. But the most successful spin-outs have grown into much larger businesses than their parent
organizations because they are scalable product businesses — and the majority of them are still based
around Cambridge. The major spin-outs from Cambridge Consultants, for example, together directly
employ over 5,500 people, over fifteen times its own headcount. And of the 16 sponsored spin-outs
Cambridge Consultants had done as of 2009, only two failed, while five have listed on the London

Stock Exchange and another three achieved high value trade sales.

Findings (1)

So now let me turn to some findings and conclusions.  As I hope is already clear, TDCs play an
integral role in the Cambridge innovation system. They have an impact both directly and indirectly on
technological change. They are important contributors to the regional economy, not only through their
own employment of skilled engineers and scientists but also through their sponsored spin-outs. They

also create added value through the ideas, concepts and designs developed for customers’ end products,
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although this indirect effect is hard to quantify because employment opportunities are generated across
clients’ entire product supply chains. Their IP licensing activity creates further employment
opportunities at client firms. And their spin-out companies similarly go on to create further jobs and
value added among their suppliers and customers, as is the case with fabless semiconductor company
Cambridge Silicon Radio, a spin-out from Cambridge Consultants. Importantly, these jobs are mostly
dispersed internationally because of the lack of volume manufacturing capacity in the region and in
the UK more generally. The international links between TDCs and foreign clients and suppliers are
themselves a key source of dynamism for the cluster as conduits of knowledge exchange between
global and local players.

TDCs also contribute to the social capital of the region, not least by generating a pool of
competent technology entreprencurs and senior managers who are experienced in de-risking
technologies and building team skills. A self-selected team that has already worked together for several
years on a variety of client contracts and secks to spin out from the TDC with one aspect of that
accumulated knowledge is a far more attractive proposition for venture capitalists than an untested
group of people seeking backing for an untested idea.

Morte broadly, TDCs atre an important source of talent for other new ventures in the Cambridge
region and beyond. The major TDCs” own ventute funds invest in external ventutes (and/or provide
partial backing for selected in-house ventures). And, sometimes through serial participation in spin-out
ventures, they have helped to create a pool of wealthy individuals who participate in the vibrant
community of angel investors around Cambridge, who contribute not only financial backing to new
ventures but also their experience as advisors or non-executive directors.

An insurmountable problem for many new technology ventures aiming to launch their first
product is a lack of appropriate demand conditions, whether due to competitors reaching the market
first, a misconceived strategy, a parallel technology being preferred by customers, or other reasons. If
they choose to productise their IP, TDCs and other contract R&D businesses are able to avoid these
potential pitfalls because their close involvement with multiple clients in a specific technology area acts
as a form of continuous market research leading to ‘market pull’ rather than ‘innovation push’. By

operating in close proximity to the market, TDCs stay closely focused on industry needs.

Findings (2)

A key disciplinary feature of the TDC business model is the notion of a contract. The TDC has
to deliver, on time and within budget, time after time if it is to survive. A lot of innovation policy, in
the UK at least, has focused on offering grants to new high-tech firms, but a grant — where money is
handed over without the absolute expectation of an outcome — does not have the same urgency about
it to solve a problem and move onto the next step.

I have referred several times to the importance of TDCs managing their IP portfolio carefully.
They have to be sure of clear ownership if they want to license out a technology or spin out a new
venture.

The contract R&D business model can work in other sectors, including life sciences,
instrumentation businesses, automotive engineering, etc. But the model varies slightly from sector to

sector because of differences in the regulatory regime, technology development timescale, etc. What 1
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want to stress is that the R&D contract model offers greater sustainability / longevity than many
technology product start-ups: a revenue stream from doing contract work for clients can finance the
in-house development of proprietary products.

One aspect that 1 have barely touched upon is the TDCs’ relationships to the University of
Cambridge. In fact, with the possible exception of biotechnology, the TDCs rarely look to the
university for help with technology because that is their own domain of expertise anyway. Although
companies, for example, in the inkjet cluster around Cambridge do collaborate with the University,
their original technologies and patent portfolios were developed inside Cambridge Consultants and
further developed after spin-out, and they do not significantly depend on university IP. The R&D
service businesses around Cambridge certainly depend upon the recruitment of highly skilled science
and engineering graduates, but by no means all of their new employees are from the University of
Cambridge. Relationships with academics are formed with respected individuals rather than institutions,
and they could be outside the region, and outside the UK rather than in Cambridge.

Innovation policy in the UK has concentrated a lot in recent years on encouraging universities to
commercialise their IP, for example by spinning out companies. But we would argue that the TDC
model is better suited than many university spinouts to successful IP commercialisation, for all the
reasons I have mentioned before. Let me emphasise that I am not saying universities should not spin

out companies, just that sometimes there is too much attention focused on that by policymakers.

Conclusions on the Cambridge cluster

So what are my conclusions? The presence of the University of Cambridge is cleatly a
fundamental component of the Cambridge innovation clustet, most notably because of its capacity to
attract and nurture highly skilled human capital. It is the source of several important enabling factors
for the emergence of a leading technology cluster in Europe, including: the decision to found a science
park (in 1970) and an innovation centre (in 1987) providing facilities for academics (and others) to
pursue the development of their own innovations; attracting, training and enthusing highly talented
science and engineering graduates and post-graduates; encouraging student entrepreneurship through
training and business plan prizes; and supporting licensing and spin-outs through its in-house
technology transfer operation, Cambridge Enterprise, and often backing them through its own
small-scale seed funds. Still, the process through which several of the cluster’s most successful
high-tech product businesses have emerged was quite independent of the University. Cambridge is
often described as an entreprenecurial university, but the Cambridge Phenomenon is not all about the
University and we need to take a broader view of the ecology of the Cambridge cluster to understand
how and why it works. It is an ecology richer and more diverse than normally assumed, and its R&D
services are an essential — if often hidden — part of it.

The Cambridge consultancies have shown themselves to be very effective developers of some
‘platform’ technologies through the patient accumulation of IP and expertise. And typically they can
tolerate much longer technology lead development times than VC-backed start-ups can tolerate.

What Cambridge has boasted for the last 20-30 years is a strong, identifiable core of
investors-cum-entrepreneurs. And it is the serial nature of that entreprencurship that has been crucial

to the cluster’s growth. Thank you very much.
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