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Abstract:

This chapter is an empirica sudy of growth and change in the Cambridge hi-technology cluster, and
the mechanisms that underlie this growth. Despite high rates of new firm formation that explain the
sugtained growth of employment in the region, this growth has not been spectacular. Further, these
high levels of entrepreneurship are motivated more by inertia of founders and qudity of life factors
than agglomeration advantages. The chapter highlights some sgnificant changes that have taken
place in the area's economy, their impact on firm growth and explores the importance of traditiona
sources of agglomeration economies. It finds that the main mechanisms cresting knowledge
spillovers are the movement of personnd between firms and the spinout of new firms from parent
firms, rather than dense and proximate locd links. We explore the role of the University in this
process, and draw dtention to the importance of a smal group of individuas who have been
ingrumenta in various kinds of information transfer and the creetion of indtitutions that encourage the
trandfer of knowledge from the univerdity to firms. We conclude that though Cambridge displays
cluster like characteridtics it is not an example of a classc cluster and shows evidence of different
mechaniams that achieve collective efficiency.

*The study was financed by a grant from the Stanford Institute for Economic Policy Research under its project
“Silicon Valley and itsimitators’. | am very grateful to David Keeble and Clive Lawson for numerous
discussions, suggestions for further reading and for having generously made available published and
unpublished datafrom the CBR survey. Jill Tuffnell generously helped with data related queries and suggestions
for improvement of the paper. The paper benefited from discussions with Lilach Nachum and Elizabeth Garnsey.
An earlier draft received very constructive suggestions from Alfonso Gambardellaand Tim Bresnahan. The

usual disclaimer applies.




1 Agglomeration, clustering and collective efficiency

The agglomeration of firms has dtracted the attention of both theorists and policy makers.
Economigts, snce Marshdl, have been particularly fascinated by the observation that the actions of
one firm may have advantages in production and innovetion activities, for dl firms in such
agglomerations. This can happen because the concentration of firmsin an area magnifiesinitid loca
advantages through a variety of ways. Marshdl himsdf described three sources of collective
efficiency or agglomeration economies as helping the growth of firms located in the agglomeration,
viz. backward and forward linkages associated with alarge locd market, advantages derived from a
“thick” labour market with specidised labour skills and knowledge spillovers. Firms may specidise
more findy in intermediate stages of production, because agglomeration can result in a Szeable
demand from locad firms. The exigence of a large humber of amilar firms may encourage the
concentration of supplies of skilled labour. Information on new technologies and methods may be
shared in informa meetings between employees of different firms. Firms may observe the better
business practices of other firms and learn from this.

Economists often use agglomeration and clustering synonymoudy, defining agglomeraions and
clusters in a specific way: they are a geographical and sectord concentration of enterprises and
firms. Thus, by this definition a region shows agglomeration when it pecidises in a particular
indudtria sector relative to other regions in the economy. This definition has been used in empirica
descriptions of regiond specidisation (Huggins 2000, Begg 1991) and aso by economic theorigts
explaining agglomeration (Arthur 1994, Krugman 1991 ).

In contrast to economigts, economic geographers have long believed that disperson of economic
activity over regions is the norm and clustering is an unusua occurrence. They have indtead drawn
atention to the unique features d clusters. the synergy created by firms that have cooperative
linkages with each other (Saxenian, 1994), the regiona milieu that encourages some agglomerations
to become more innovative. The focus of this literature has been much more on the mechanisms that
give rise to synergies between firms and understanding the indtitutional and economic features that
promote these mechanisms. Traded and input-output type of advantages is given much lesser
prominence. Thus, an dternative definition of clusters used in some recent empirical work is based
on the extent of inter-firm linkages in clusters. (Keeble and Nachum, 2000).

These dternative definitions differ in the precedence they give to the source of collective economies
and the nature of the mechanisms tha generate them.* Thus, a definition of agglomeration based
upon geographica and sectord concentration gives equal importance to proximity and specidisation
as the sources of collective efficiency. Backward and forward linkages, resource pooling and
involuntary knowledge spillovers through inter-firm linkages become the mechanisms by which
collective efficiency is generated. A definition of cluster based on the strength of inter-firm linkages
aso gives precedence to proximity but stresses the competencies that are transferred in largely
voluntary inter-firm exchanges. These are often aresult of aregion’s history, and “embedded” in the
development of socio-economic reationships and ingtitutiona arrangementsin the region.

While agglomeration economies and indtitutiona networks may explain the growth of a cluster and
the competitive advantages of firms in the clugter, they do not explain why an agglomeration or
cluster emergesin thefirg place. Thisinitid advantage may depend upon some unique fegture of the
regiond location that is advantageous to a new industry. Thus, university towns may encourage the
edablishment of technology-based clusters.  Arthur (1994) showed that idiosyncratic events too,




may give rise to a cluster through path-dependence. An important example he congdersisthe role
of spin-offs from a parent firm, which will tend to favour the location the parent came from. Once a
large enough meass of firms deveops agglomeration economies will explain further growth of the
cluger. But the initia choice of industry location depends upon where the first founders located.

Later entrants into the industry are attracted to the presence of these first firms.

The difference between the two types of arguments as Arthur (1994) explains, is not trivid. In the
context of Slicon Vdley, he explans, a regiond advantages view would explan the rdative
concentration of eectronics indudiry in Cdifornia as driven by proximity to Pacific sources of supply
and because it has better access than other places to airports, skilled labour and advances in
academic engineering ressarch. A history dependent view would however, ascribe these
developments to chance. If the key persons — the Packards, Shockelys and Varians had decided to
set up in another place in the 1940s and 1950s, they would have created loca expertise and
markets that would have attracted subsequent entrepreneurs to another location.

This chapter studies growth and change in the Cambridge hi-tech cluster.? In this paper we define
the Cambridge area as comprisng Cambridge City, South Cambridgeshire didtrict, East
Cambridgeshire and the Fenlands area®> We are principaly concerned with two questions. How
has the Cambridge cluster changed overtime? What socio-economic nechanisms contribute to its
growth and collective efficiency? Two sources of data have been tapped in our study and these are
detailed in Appendix 1.

The remainder of the chapter is organized in the following way: Section 2 describes the “Cambridge
phenomenon”, its scde and growth and comparesit to Silicon Valey. Section 3 describes
qualitative and quantitetive features of change and growth of the Cambridge hi-tech cluster between
1988-2000. Section 4 examines the importance of different mechanisms that underlie
agglomeration economies. Section 5 concludes.

2 The Cambridge phenomenon: Isit Silicon Fen?

The “Cambridge Phenomenon” was a term coined by Segd, Quince and Wicksteed (SQW) in
1986 to describe the mushrooming of over 300 high technology firms in the Cambridge area, after
the Cambridge Science Park recaeived its first occupant in 1976. This number has more than tripled
in 1999. Figures 1 & 2 show the steady growth in the number of hi-tech establishments and of
employment in the hi-tech sector in the Cambridge area. It is estimated that at the end of 1999, the
number of hi-tech establishments had grown to 959 in al employing over 31,000 people. The
Cambridge area accounted for 60% of dl hi-tech establishments and over 70% of dl hi-tech
employment in Cambridgeshire County.




Figure 1: Employment in hi-tech industry (1988-99)
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Firms in the Cambridge area are not specidised in any one sector of indudtrid activity, and the
region as a whole is diversfied in its indugtria sectors of activity. This diversity was noted by the
SQW report in 1984, which first drew attention to the agglomeration of firms around the Cambridge
Science Park. Though the sectors of industria specidisation have changed (see Section 3.2 below)
indugtrid diversity rather than specidisation remains a feature of the Cambridge hi-technology




cluster. This may however be a feature of clusers that specidise in the provison of intermediate
goods rether than final goods, and it may be more appropriate to consder dl hi-technology goods
and services together as a sector.

Though the numbers of hi-tech establishments and hi-tech employment have increased overtime, and
the Cambridge area accounts for most of the regions hi-tech employment, it is not regiondly
specidised in hi-technology production in the UK. A recent computation of relative specidisation of
different UK regions in knowledge based businesses® by Huggins (2000) shows that Cambridge
showed roughly the same proportion of knowledge-based businesses as the UK average: thus,
Cambridgeshire county shows a specidisation index of 105.5 and is ranked 20th among UK regions
with the highest vaue for specidisation in knowledge based services. The areas that were regiondly
speciadised in knowledge based businesses lay around London, and included aress like Bracknll,
Wokingham, Surrey, and Reading. An earlier etimate by Begg (1991) covering the 198189,
showed that Cambridge ranked 18th among UK urban aress that were reatively specidised in hi-
technology activity.® The regions ranked higher than Cambridge included Bracknell, Stevenage, and
Wewyn — al areasthat lay outside London.

Thus by indices of indudtrid specidisation or regionad specidisation in hi-technology, Cambridge
does not seem to be an agglomeration. This is probably related to the fact that there are few large
firmsin Cambridge — domestic or foreign. Onefinds cluster like behaviour only in the high incidence
of inter firm linkages among Cambridge firms — a high prevaence of such linkage relaionships has
been reported in the work of Keeble et al (1999).

The Cambridge cluster shows two remarkable differences when compared to “successful” clusters
like Silicon Vdley. The fird is the smdler scde of the Cambridge cluster. Estimates suggest that
though Cambridgeshire County and Silicon Valey (Santa Clara county) encompass a Smilar
geographical area, their economic scale is vagly different.® Thus Cambridgeshire County (without
Peterborough) has a population of 543,000 compared with 1.6 million people in Silicon Vadley.
Average earnings are £20,000 in contrast with £31,000 in Silicon Valey. Mog tdlingly, the
regional GDP of the Slicon Vdley a £42 million is 6 times that of Cambridgeshire County.

These low average earnings figures are in turn related to the second difference, which is that
Cambridge has not produced a large number of outstandingly successful firms that have grown to
large sizes in the manner of Silicon Valey successes like Hewlett Packard or Intel.  This has not
changed very much in the recent past. Though there are impressve sock market successes the
average rate of growth for Cambridge firms continues to be low, and the faster growing firms have
not shown a great growth of employment.

The magnitude of difference in the Size and scale of success between the two clusters nevertheess
mask some quditative smilarities. Economic activity in both regions appears to have benefited from
the presence of and interaction with a reputed university. In their 1986 report, SQW drew afamily
tree showing the common origins of severd of the new firms, due to a process of spin-offsfrom
fourteen Cambridge University departments and the role of the Cambridge Science Park in making

these developments possible. Spin-offs from the university continue to be important. A second area
of amilarity is the indudtria diversfication rather than specidisation of the two clugters. Ladlly, the
supporting inditutions that are emerging in Cambridge, especidly those surrounding venture capital

and interactions with the universty show some smilarities with what was observed in Slicon Valey
in the 1980s.




Thus, compared to Silicon Valey Cambridge isa“partid success’ asacludter. It has succeeded in
getting a sgnificant amount of science-based entrepreneurship, some locd network effects among
the scientigts, but not much in the way of success in a firm-growth sense or even in the number of
firmsto start making abig nationa contribution, asis confirmed by regiond specidisation indices.

3 Growth and changein the Cambridge hi-tech cluster

The late 80s have seen important within the Cambridge hi-tech clugster. This change has measurable
quantitative aspects, i.e. the growth in the number of establishments, growth in employment, and the
rate of growth of firms. The more important changes, however, have been quditative: the emergence
of a new business modd based on technology licensing, a related shift in the aggregate industria

sructure and the emergence d an array of supporting inditutions strengthening university-industry
links and providing venture finance. Indeed it is the emergence of some of these qudlitative changes,
without any government intervention, that has led analysts to focus upon Cambridge as a cluster,
despiteitslack of cluster like qualities noted in the previous section. We detail each of thesein turn.

31 The growth of hi-tech establishmentsin the Cambridge area

3.1.1 Theimportance of new firm formation

Figures 1 and 2 have documented the growth in numbers of firms and in employment in the
Cambridge area. We can decompose the changes in the stock of firms over a period of time into
gains and losses due to the various reasons shown in Table 1. What Table 1 shows remarkably is
the high rate of new firm formation that has sustained the gainsin the stock of firmssince 1988. This
is not a new trend. Keeble (1988) showed that rates of new firm formation in the Cambridge area
had consgtently been far above nationd averages.

Tablel Decomposing the gains and lossesin establishments

Cambridge City

Y ear New firms Movedin Totad New Closures Movedout Takeovers Totd logst
1988-90 31 4 35 26 15 4 47
1991-92 41 10 51 20 23 2 50
1993-95 34 7 41 36 20 2 58
1996-97 50 12 65 26 26 5 59
1998-99 61 5 75 36 13 6 73
South Cambridgeshire

Year New firms Movedin Total New Closures Moved out Takeovers Totd lost
1988-90 33 9 41 24 14 3 41
1991-92 48 22 70 22 13 35
1993-95 28 11 39 28 15 4 47
1996-97 16 10 27 26 25 5 57
1998-99 42 22 75 31 14 7 67

Note:




1  Cambridge City and South Cambridgeshire have the most Significant proportions of the total
growth of establishments. See Figure 1.

2 “Movedin’ category includes firmsthat have moved in from other regions of Cambridgeshire.

Source: Research Group, CCC

The category of new firms in Table 1 does not digtinguish between indigenous new firms and firms
from outside that are moving into Cambridge. Neither doesit distinguish between the wide varieties
of ways through which new firms come into existence. They can emerge due to entrepreneuria

activity, due to spinouts from an exiging large firm, due to spin-offs from Universty labs and
departments or due to new subsidiaries being set up by exiting firms. Of these, new dart-ups and
spin-offs (from other firms and Universty Departments) represent entrepreneuria activity.  Other
gudies have shown that the proportion of independent firms in the region is remarkably high. Thus,
SQW in 1986 estimated that 75% of firms were independent and later estimates by Garnsey put this
figure a 66%. Thus, it isthe independent start- ups of new firms, which explain the high rates of new
firm formation in the Cambridge area

Table 2a shows the proportions of firms that have emerged as new sart-up or as a spin-off from
other firms in the Cambridge areain the CBR (1996) survey. This proportion was high a 73% in
SQW's 1984 study, and the later SQW (1998) puits this figure at a higher 79%, but the CBR
(1996) study found the proportion of new firms and sart-ups to be higher (88%). We can conclude
from these figures that the importance of new-gart ups has been rising through the late 80s and 90s.

Table2a Original bass of establishment of Cambridge firms

SQW study, 1984 % CBR study, 1996 %
N=261 N=50

Independent new firm 73 Independent start-up 56
Reocation of exigting enterprise 9 Spin-off 32
New branch 2 By another firm 12
New subsidiary 16

Source: SQW (1990); page 19. Keeble et al (1998): page 234

Table 2b Firm origins. founder’s previous employment

“For new start-ups and spin-offs only, where was the chief founder employed immediately
previoudy?’

Type of firm /organisation
Location Sdf-employed / Universty Gowt. Another  Totd
Unemployed Researchlab  firm
Cambridgearea 2 8 1 24 35
Restof theUK 0O 2 0 6 8

and abroad

Total 2 10 1 30 43




Table2c New Cambridge region start-us by former employees and inter-firm links

Number
(Tota of 50 firms)
New start-ups by former employees 24
Located in Cambridge, of whicht 24
Continuing links with parent firm 18
Both formd and informa links 15
Only informd 3

Source for Tables2b & 2c: Keeble et al (1998) page 234.

The more interesting aspect of new firm formation reveded by the CBR survey is that more than one
third of these new firms were spin-offs from other firms and the Universty. The SQW study had
noted that about two-thirds of al hi-tech businesses (244 out of atotal of 355 known firms) were
interconnected.  This is gtrikingly evident in their “family tree” of enterprises. The CBR survey does
not draw a Smilar family tree but reveals nonethdess that linkages between firms due to common
origins are very prevaent. Thus they show that an overwhemingly large proportion of the founders
of new companies (start-ups and spin offs) come from loca firms, followed by Universty
departments (Table 2b). Further, nearly half the surveyed loca firms report staff leaving to set up a
new firms (Table 2¢) and a large mgority of the “parent” firms had formd and informd links with
firms s0 st up. The prevaence of such links condtitutes an important mechanism by which
technologicad and market information is shared and exchanged between firms in the region — a point
we return to in alater section.

3.1.2 Factorsfavouring the emergence and location of new firmsin the Cambridge
area

The strongly locd character of new firm formation reveded in Table 2b Hill begs the question of
motives. What sorts of factors favour entrepreneurid activity in this area?

A number of factors may lie behind new firm formation. Founders may face actud or threstened
unemployment.  Entrepreneurship may aso be preferred for qudity of life reesons.  Many
employees may achieve job satisfaction only when they have the independence to try out different
ideas and ways of working. These may not be possble in another person’s firm. Desre for
independence is an important motive for many founders that want to set up a new business.

Founders or employees of the univerdty may dght an important technologicad and market
opportunity. In Cambridge, which has long had a libera tradition in the usage of the results of
science, this motivation might especidly be important.

Table 3a reports the importance of the motives that influenced the founders of new firms. The
motives scored very important by firms in the sample were: the desire to be independent, to make
money and to exploit research posshiliiess Didress entrepreneurship due to threatened
unemployment is very low in importance  Technologicd motives are important but not
overwhemingly so. Table 3b shows that 58% of the firms (29 of 50 firms) were established
primarily to exploit a technologica idea or innovation. In the mgority of the cases this idea




originated with the founder. The univergity was not an important source of hi-tech firms based on
technologica innovations aone.

Table 3a Founder’s motivesin setting up thefirm
Motive % Of firms ranking motives as
important or very important

Desire for independence/ be own boss 60

To make money 52
Stimulated by research possibilities, urge to innovate 46
|dentified new market opportunity 44
Threatened or actud unemployment 15

Table 3b Technological innovation and new firm formation

Was your firm formed primarily to develop or exploit atechnological idea or innovation?

% YES
58
What was the source of the innovation?
Source % (of what?)
Hrms
The founder 40
The universty 4
Exigting technology 4
Founder’s previous employer 6

Source: CBR survey, unpublished summary

The motivations of the founders does not inform us about the particular regiond advantages that
Cambridge possesses that makes firms want to locate there. The regional advantages of Cambridge
derive from severd factors. The links that firms can have with the university, the pool of specidised
labour that might favour hi-technology start-ups, are some of the economic advantages that come to
mind. Cambridge has aso been a prosperous area for a long period of time and this has meant it
has a good infrastructure, good schools and an attractive local environment.

Firms in the CBR survey were asked an open question about why they located in Cambridge and
their responses coded. An overwheming 86% of the new gart-ups (i.e. 38 out of 44 firms)
answered that they located in Cambridge because they were dready living there. In their study,
SQW (1986) report a smilarly high percentage of firms (73%), which located in the Cambridge
area because the founder was dready living there.  Even more compelling & the observation in
SQW (1998) that 20% of start-up firms in Cambridge that had relocated from esewhere had
Cambridge founders.

Precisgly what lies behind this inertia and pull of Cambridge is difficult to pin down. Entrepreneurs
may want the familiarity of known surroundings and environments in the initid risky stages of a
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busness. This geographica inertiais reportedly an important characteristic of new firm formation in
other regions of the world.” In a Stuation where new firm formation is frequently due to spin-off
activity, this is more likely to be the case, as the newly st-up firm will have severd formd and
informal links with thelr parent firm that proximity can help to retain. Cambridge dumni might value
their links with ther old university much more than in other universties — afactor possibly facilitated
by the college structure of Cambridge.

Keeble, et al (1999) report on the importance of regiona factors in the decison of new dtart-up
firms to locate in Cambridge. Table 4 below reproduces their findings, the seven most important
factors from alist of 19 are reported. The attractiveness of the loca living environment for staff and
directors and the credibility, reputation and prestige of a Cambridge address for hi-tech firms were
the factors mogst frequently cited as important for locating in Cambridge. Locd availability of
research staff, their quadity and aso the possibility of informa access to innovative people ideas and
technologies follow these two main pull factors (emphass mine). It isdso interesting that “links with
the university” does not figurein thislist of the seven most important factors.

Table4 Region specific advantages for firm development in the Cambridge
region.

“ How important have the following been for your firm’s development?’

% Of dl firmsreporting

4or5
Attractive locd living environment for staff/directors 46
Credibility, reputation and prestige of a Cambridge address 42
Locd availability of research gtaff 30
Qudity of local research aff 28
Informa loca access to innovative people, ideas and technologies 28
Availability of gppropriate premises 22
Accessto London 20

Source: Keeble et al (1999); page 325.

3.2 The growth of firms

Figure 2 showed that employment has seen a steady growth since the late 80s. This growth could
come about due to an increase in the number of establishments or due to increased employment
within exiging firms (firm growth). In Cambridge the former processes has dominated, and firms
have experienced dow rates of growth, but with a low incidence of failure. The more remarkable
change over the last few years is however, a marked change in the business modd that has become
dominant among hi-tech firmsin the region.

3.21 Ratesof growth and incidence of failure

The growth of firmsin the region does not boast of alarge number of outstandingly successful firms.
Even now, though there are firms that have a high sock market capitdisation, firmsthat alarge sized
aefew. The dze digribution of firmsreported in Table 5 reveds very amdl numbers of large firms.
While in part this could be explained by the large presence of service firms or consultancies (where
50 employees indicate a reasonably large Size), the dow growth of firmsis undoubtedly afactor.
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Table5 Size digtribution of hi-tech firmsin the Cambridge area, 1998.

Size Class Cambridge City South Cambs (ex City)
(Employees) N (%) N (%)
Oto5 117 (33.1) 136 (39)
6to 10 72 (20.4) 55 (15.8)
11to 24 58 (16.4) 57 (16.3)
25t0 49 54 (15.3) 44 (12.6)
50to 99 24 (6.8) 24 (6.9)
100 to 199 20 (5.7) 15 (4.3
200 to 499 4 (11 14 4
500 + 4 (1.1 4 (1.2
Totd firms 353 (100) 349 (100)

Source: Research group, CCC (1998)

Mog hi-tech firms in Cambridge experience low rates of growth. Most recent figures are
unavalable, but Gonzaez -Benito et al (1997) showed that the growth of sales varied across
industrial sectors and years, but was about 5.5 % per annum for the region.® Their figures are
reported in Table 6. The trends for 1988-96 dso show that the recesson of 1991 hit most firms
and average rates of growth fell between 1991-93.

Table6 Growth Index by sector and period, 1988 -1995

Year Biotech  Hard- Elec. Engg  Instrument-  Consultancy ~ Software R&D  Others  Total
ware ation

1988-89  0.37 0.38 0.33 0.28 0.27 0.42 0.19 0.34 0.33

1990-91 044 0.24 0.03 0.16 0.06 0.20 0.11 0.18 0.14

1992-93  0.26 0.15 0.15 0.17 0.06 0.25 0.22 0.12 0.18

1994-95  0.05 0.43 0.22 0.19 0.12 0.38 0.33 031 0.29

Source: Gonzales-Benito et a (1997) pages 16-17.

Notes:

1  Index includes only those establishments that were known to be trading and remaining in the
Cambridge TEC region.

2  TheGrowth index (GI) for any firmis= (number of employees (t+2)- number of employees
(t))/ number of employees (t).

Growth Index of a sector = n (GI)/N, where N=total humber of establishmentsin the region
and n=number of establishmentsin the sector.

Annua rate of growth (g)= 1+ Gl

Despite the preponderance of amdl firmsthe rate of falure amongst smdl hi-tech firmsin Cambridge
islow. Table 7 suggestsaratio of firm closure to new firms close to 1 for South Cambridgeshire but
about 0.5 for Cambridge city. Itisaratio that appears to increase through time, but surprisingly fals
in the recession years of 199193 for both Cambridge city and South Cambridgeshire.
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Table7 Ratio of closuresto new establishments

Period Cambridge city South Cambridgeshire (ex city)
1988-90 0.84 0.73

1991-93 0.49 0.46

1993-95 1.06 1

1995-97 0.52 1.63

Source: Computations from Table 1.

There have been few studies that have systematicaly investigated the causes of this dow growth.
However the recently concluded SQW (2000) provides some clues. Based on a statisticd andysis
of the determinants of sdes and employment growth across 137 academic and industry start-ups,
they find that while age and membership of the chemicals and pharmaceuticals sectors, dways
exercised a posgitive influence upon growth, somewhat different influences govern the growth of sdes
and employment among start-up firms® In addition they found that a grester share of R&D
expenditures exercised a sgnificant negative effect on growth measured in terms of employment,
while owner managers negatively influenced sdles growth. The academic or industry origin of the
start-ups did not however explain their subsequent growth, when factors such as industrial sector,
age and dominant activity were controlled for. Though the study does not explain these findings, we
think they are sgnificant and important findings because they could represent logical outcomes of
important quditative changes that have taken place in the Cambridge economy in the 90s. We will
return to adiscussion the findings at the end of our sections detalling the quditative changes.

3.2.2 Changesin the growth strategies pursued by leading firms. the Acorn-ARM
story

A different busness mode has become common among Cambridge firms in the late 80s and 90s.
Verticadly integrated hi-technology manufacturing has been eschewed in favour of revenues from the
direct licensng of R&D services and products, often with an investment in overseas subsdiaries to
promote overseas markets. The demise of Acorn and the rise of ARM epitomises thistrend. Not
only were the business dtrategies of ARM different from those of Acorn, ARM was a spin-off from
the research activities of Acorn. Since ARM the origina founders of Acorn have been involved in
many more Smilar dart-ups and successes.

Acorn Computers was started in 1978 by Hermann Hauser and Chris Curry, and supported on a
part-time basis by Andy Hopper.®® Its business objectives were broad rather than narrow. The
company wanted to conceptudise and design microcomputers for home, educationd and business
purposes, local area networks, and the associated hardware and software. There was an early
decison to concentrate on developing an in-house excellence in computing research, development
and desgn, with the company undertaking no large-scde manufacture and assembly. These
activities were contracted out to other companies elsewhere in the UK. However, the company
sold a product (the micro-computer) that embodied its research expertise rather than its research
development and design services.

After an initid period when the company produced and sold (by mail order) home computer kits,
the company enjoyed a period of rapid growth because it won an exclusive contract from the BBC
for supplying microcomputers, which was renewed and followed by a contract with the Government
of Indiato introduce computersin schools. The company entered the business computing market by
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its acquistion and development of IBM compatible products. It invested in complementary
hardware and software companies and entered into joint ventures with companies like ICL and
Racd.

This gtrategy of broad diversfication into al related areas had advantages and disadvantages. On
one hand the company built up an enviable research competence in severd frontier aress, and
created a pool of labour that was able to recognise and encourage the use of such research
grengths. On the other hand, Acorn itsdf became an unwieldy organisation, and we can do no
better than quote Stan Boland who presided over the ultimate bresk-up of Acorn into ARM and
Element 14 in 1999:*

Acorn had unreal ideas of how businesswas done. 1t had no real mode of how it
was going to earn money. It had alarder full of amazing technologies that were not
being sold. It was engaged in ‘Martini’ marketing. It would do anything, anytime,
any placefor anyone. It had no focus. The breakthrough for any company iswhen
you achieve leadership in your particular space.

Acorn’s demise was not al aquestion of poor management strategy. A Smilar sory may be told of
other promising firms of the 1980s. Sinclair Research, Amstrad, and Apricot. Saxenian (1988)
pointed out that Cambridge firms in the mid 80s suffered from deficiencies that were common to dl
new enterprisesin Britain, viz. a dearth of markets, managers and manufacturing experience. British
manufacturing had shown signs of decline for along time. The industriad base of the economy had
atrophied, with poor standards of living and successve governments tried to cash in on the low
wages of British [abour. The home market for intermediate high technology products was smdl
making the new firms dependent upon exports and marketing strengths n new markets. Laglly,
despite a world-class science a poor manufacturing ability that required the coupling of science with
the technology of production hampered the ability of firms to undertake manufacture of science-
based products.

A promising area, which Acorn invested in, was the design and manufacture of RISC (reduced
ingruction set chips, which could be embedded in various products. Acorn pioneered the use of
these chips in its Archimedes range of microcomputers. Acorn RISC Manufactures was set upin
1983 as a subsidiary of Acorn computers. Later, it was spun off as an independent subsidiary
(Advanced RISC Manufactures) with Acorn holding a stake in the company. By 1999, Acorn’'s
dakein ARM was worth more in the stock market than Acorn itsdlf.

The new ARM worked to a business mode that showed that it had learnt from severa of Acorn’s
falures. ARM was specidised in the design of chips. The company eschewed manufacturing
dtogether. Ingead of subcontract manufacturing they chose the licensing route to sdling ther
technology. They tapped external markets by setting up asubsdiary firminthe US. Not only isthe
US itsdlf alarge market for such chips, but dso it was a market where manageria skills for market
development are widdly available. The ARM chip was quickly established as the industry standard.
Over its lifetime the company has made and shipped 175 million units and helped to create as many
as 30 millionaires. Its size however is modest and it employs about 250 (?) employees.

The important festures of the ARM business model were its decison to sdl technology rather than
manufactured products and its use of subsidiary operations to gain credibility with foreign customers.
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High technology manufacturing relaionships are based on trust in quality and often successin the US
market and listing on the NASDAQ/EASDAQ stock exchanges has been the way that Cambridge
firms have chosen to Sgnd thisthe world. Listing on the second tier stock exchanges also paved the
way for the exit of the origind founders by the divesting of their equity or through acquisition by a
bigger company. Many Cambridge entrepreneurs have used this exit route to set up other new
companies, thus, making seria entrepreneurship more common in the region now.

These features of the ARM modd have been followed by other hi-technology successesin the areg,
notably Autonomy, Zeus, Vocdlis, Virata to name a few. Interestingly the one hi-technology firm
that tried to go into providing a service product in this period- lonica, with its wireless telephone
technology- falled spectacularly. Even with a product that did not require manufacturing, the lack of
a sound marketing strategy caused the collapse of what was arguably a good idea. Possibly this
falure has added further credibility to the ARM business model based on licensng. However, as
the Garnsey and Wilkinson (1994) case study of Amartec, a Cambridge slicon chip desgn
company showed it is not a drategy without its pitfals. Growth via the licenang route creates
severd problems for the growth of the licensor. In particular, a technology based firm's marketing
drategy can be entirely determined, or confounded from its initial objectives, by the preferences of
the big licensors.  This in turn makes the long-term growth and viahility of such firms difficult and
as0 makes them vulnerable to takeovers. Origind entrepreneurs may have little choice but to exit
the founding firm.

3.3 Other qualitative changes

3.3.1 Indudrial diversty and changein the bases of growth

The industria compostion of the cluster dso changed in the late 80s, and the relative concentrations
of employment in insrumentation and dectrical and dectronic engineering has been replaced over
time by a concentration in R&D services, computer services and telecommunications. The last
decade has dso seen the growth in importance of biotechnology firms in numbers of establishments
and in employment. It is estimated that employment in biotechnology (in the Cambridge ared) grew
rapidly from 4819 employees in 1990 to over 8,000 employees at the end of 1999. Biotech firms
are dso increasingly concentrated in the Cambridge area of Cambridgeshire county: a the end of
1999 the Cambridge area accounted for just under 90% of tota biotech employment in
Cambridgeshire county.*?

The region retains an indudtrid diversity. Thisin turn is probably related to the fact that its industria
production comprises intermediate rather than find goods. Table 8 aso shows that the two big sub-
regions of Cambridge city and South Cambridgeshire show different but related specidisations.

While R&D drengths are common to both regions, manufacturing and engineering are South
Cambridgeshire strengths, while computer services and telecommunications seem to be strengths of
the Cambridge city firms. Together South Cambridgeshire and Cambridge city show a functiona

gpecidisation of the region around generic R& D strengthsin new technologies.
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Table4 Region specific advantages for firm developmert in the Cambridge region

“How important have the following been for your firm'’s development”?

% Of dl firmsreporting

4or5
Attractive locd living environment for saff/directors 46
Credibility, reputation and prestige of a Cambridge address 42
Locd avallahility of research seff 30
Qudity of local research dteff 28
Informal loca access to innovative people, ideas and technologies 28
Availability of appropriate premises 22
Accessto London 20

Source: Keeble et al (1999); page 325.

Changes n the indudtrid bases of growth mask an underlying continuity in functiond specidisation.
Cambridge has dways had strong R& D sirengths that earlier drove the scientific insrumentation and
aless successful dectronicsindustry in the region in the late 70s and early 80s. It is hard to deny the
role of the University in creating and sustaining these strengths.

A diversfied industrid base has contributed to maintaining a seady growth of employment in hi-tech
indugry in the Cambridge region. Gains in employment between 1988-97 were largely due the
stting up of new edtablishments. These gans are concentrated in computer Services,
telecommunications and R& D sarvices and have more than offset the losses in employment, which
have been concentrated Instrument and Electronic and eectricd engineering.™®  The R&D sector
has continued to be a mgor source of employment gains amidst the shifting specidisation from
related manufacturing sectors to the service-intendve sectors of telecommunications and software.

It is dgnificant tha R&D services, telecommunication, computer services, aero and electronic
engineering dso comprise a st of related indudtries that are technologically convergent, or share
gmilar bases of generic knowledge for their production activities. Indeed Cambridge firms
particularly favour interdisciplinary research products: the use of databases on gene sequences,
applying set theory to search engine software and embedded software. Despite the absence of fine
specidisation within a sngle production filiere, the technologicaly rdlated nature of the diversity
could be an important source of externdity for firmsthat operate within these related sectors.

The technologically related nature of production (and therefore interlinkage of) producers’ activities
isapotentid source of knowledge externdity. It isless clear that the mechanisms through which this
knowledge externdity is redlised needs the geographica proximity of other regiond firms. It may
only require the reasonable proximity of consstently good research departments and labs. While it
is tempting here to attribute good research departments and labs to Cambridge University done, it
would not be true. The South east economy which Cambridge borders on, has severd important
public and private sector |aboratories, and has consstently received more public R&D funding than
any other region in the UK. The premier inditution for basc scientific research in the country is the
Imperid College in London, which is aso barely an hour away, by train from Cambridge.
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3.3.2 Ingitutional developments

Another sgnificant change in the late eighties and nineties is the emergence of venture capitdl and a
proliferation of visble links with the Univerdty. In this section we discuss briefly these
developments.

3.3.2.1 Corporate venturing and technology venture capital

Cambridge firms like Cambridge Consultants Ltd. had started corporate venturing activities as early
as 1984, though in those days its activities were not termed as corporate venturing. In their report,
SQW (1986: 18) note that CCL had aways encouraged their employees to do their own thing
making it a prolific source of spinout companies. These companies were asssed in a variety of
ways induding commercidisation of technologica ideas and finance being provided in return for
license fees, royalties or equity participation. The directors involved with Cambridge Consultants
have set up other successful venture capitd firms. Thus, Robert Hook went on to set up Prelude
Technology Investments in 1984 and Gordon Edge from Cambridge Consultants went on to set up
Generics Asset Management Ltd. in 1987.

Sinclar Research, another entrepreneuriad start-up of the 1980s, which dso had strong business
links with Cambridge Consultants, brought John Lee to Cambridge. John Lee stayed on as a
business angd and was involved in severd prominent start-ups such as Xaar, Cantab Pharma, and
lonica. He became Charman of the Cambridge Quantum Fund, established in 1990 with
investment from the University of Cambridge and 3i Plc. In Jan 2000 he set up Odessey — anew
venture capitd fund. Similarly, one of the founders of Acorn, Hermann Hauser has been involved in
the set-up of Amadeus, a venture capital fund with has capital from Microsoft. Another successful
entrepreneur managing venture capitd funds is Chris Evans, founder of Chiroscience, who has been
akey person in the setting up of the new Gateway venture capitd fund in 1999 and plansto bring his
own biotechnology venture capitad firm, Merlin Ventures from London to Cambridge.

It is estimated that the known venture capitd funding in Cambridge exceeds £300 million.** The
proportion of applications funded by venture capitd firms is however smal (~4%) in comparison to
the gpplications made to them. Still there are Sgns that a virtuous cirde is emerging. Not only have
local venture capital firms emerged and benefited from the management expertise of some of the
prominent entrepreneurs from the region, the presence of loca venture capitd firms aso help the
emergence of new technology based enterprisesin the region. Thus, Lumme et al (1994) estimated
that a larger proportion of Cambridge technology-based firms (19-21% of dl firms) drew their initid
capital from venture capita when compared to their Finnish counterparts, where only 3% of dl firms
resorted to venture capital as a source of start-up capitd. Similarly, Keeble et al (1999: 329)
based upon the CBR survey reported that 205 of the surveyed firms had used locd venture capita
and two-thirds of those had used loca venture capital for more than 50% of their capital needs.

3.3.2.2. University-industry links

The period since 1986 has adso seen the prominent growth of industry-university linkages through a
vaiety of means. Both the involvement of Cambridge dumni, and the beneficid effect of the setting
up of some important public sector research centres have been crucid to the development of these
linkages. New research labs have been funded in collaboration with some large firms. These have

often been inter-disciplinary in nature — itsdf a recognition of the Universty’s uniformly good
drengthsin severd of its departments.

17



The firgt such collaboration was the setting up of the Olivetti and Oracle research laboratory by Dr.
Andy Hopper, who had completed his Ph.D. with Professors Wilkes and Wheder a the Computer
laboratory in Cambridge. This research lab has spun out companies like Virata, Telemedia, and
Adaptive Broadband. This has in 1999 been taken over by AT&T. The success of the CAD
centre, set up as a public sector research lab in 1964, but privatised in 1983, no doubt ingpired this
venture. The Universty has benefited from public sector research laboratories such as the medicd
research centre (MRC), and more recently the establishment of the Sanger Research Centre and the
Human Genome project just outside of Cambridge in 1996.

The spring and summer of 1998 saw a Spate of research collaborations. Unilever gave £13 millionto
the department of Chemistry for the setting up of a new Centre for Molecular Science Informétics;
British Petroleum gave the University £21 million to set up an interdisciplinary centre to cregte a
focus for research on multiphase fluid flow; Bill Gates donated £12 million to set up a computer
laboratory; Hutchinson Whompoa gave £5 million to fund a research centre which would comprise a
unit for cancer research and another in molecular and cdlular biology. In March 2000 this year
Marconi donated £40 million towards a the setting up of the a telecom research centre to develop
new technology for internet and data transmission.® Leading firmsin &l three of the mgjor industries
of the region have now invested in research in the Universty.

There have dso been other indtitutiona developments to strengthen university-indugtry linksin 1997-
98. Hermann Hauser and David Cleevely have been insrumentd in setting up the Cambridge
Network to raise globa profile and increase local networking by Cambridge IT firms. The Network
has st up a website Cambridge Connect (modelled dong the lines of San Diego connect) which
ams to publicise the business support facilities available for the Cambridge region. &. John's
Innovation Centre on the science park has been set up to provide incubation and support facilities
for technology hi-technology firms. There are dso plans to add a bioscience park to the St. John's
Science Park, and to set up another new Science park for biotechnology a Hinxton Hall near the
Sanger Centre/Welcome Trust.

Cambridge Futures, an academic and business aliance has been set up with private sector funding to
explore different scenarios for accommodating anticipated growth in the region. The Greater
Cambridge Partnership was established in 1998 to develop a consensus between loca business,
government (county and digtricts) and the university on the future of economic drategy for the
Cambridge region. Frms in the region wishing to expand face numerous difficulties due to traffic
congestion and the nonravailability of land for indudrid expanson. As the mgor landlord in the
region, the co-operation of the University and its Colleges are key to the region’s devel opment.

All these developments have aso imparted the Cambridge region with an image of a place thet is
outward looking and ready for change — thus adding to its reputation and credibility as a hi-
technology centre. Table 4 suggests that this image has some force in attracting new hi-technology
businesses to locate in the Cambridge region.

34 Qualitative changes and their impact on the growth of Cambridge firms

In this section we return to the findings on growth reported by the SQW(2000) study. We think
their findings are dgnificant in light of the quditative changes that have taken place in the
Cambridgeshire regiond economy, as their findings are in line with what one would expect as a
consequence of those changes. Our discusson aso highlights the nature of the paradox about
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growth Cambridge: by the sandards of qualitative indicatorsit isa*hgppening” cluser. Yet asone
measures its aggregate impact, for example in nationd indices of regiond specidisation nothing
sgnificant has redly hgppened. The clue to this paradox we suggest lies in the increasingly service
orientation of the Cambridge economy a the micro and macro level. This service orientation is
primarily a result of the uncompetitive manufacturing base of the naionad economy but this
disadvantage has been reinforced by planning redtrictions n Cambridge that favour service firms
rather than manufacturing firms.

The shift to a business model based on technology licensing (discussed in section 3.2.2 above)
should imply a dower growth of employment but a proportionately larger growth of R&D
expenditures. An extremdy important role of outside capita isin sdecting professond management
that will orient firms towards market growth. The use of outsde capitd and professond
management has been spurred by the growing importance of corporate venturing and venture capita
in the region, which we discussed in Section 3.3.2.1. Venture capitd often intervenes directly in this
process of greater market growth by putting the right scientists in touch with the right managers. For
this type of intervention, in turn, venture capitaists may need more locd information, and the locd
emergence of corporae venturing and venture capitd shows the utilisation of this kind of
information.

Ladtly, of the important Start-up sectors (detailed in section 3.3.1 below), only chemicas and
pharmaceuticals has an explicitly “product focus’ that makes for rgpid market growth. The other
important start-up sectors such as consultancy, software, telecom are essentialy service sectors,
where market growth is dower and more dependent on afew customers. More evidence of thisis
provided by the CBR survey, where Cambridge firms rated ther main competitive strengths,
reported in Table 9. Rdatively few firms felt competitive advantages like price, marketing and
R&D - crucid to the success of hi-technology products were their important competitive
advantages. Ingtead the mgjority of firms scored factors such as attention and responsveness to
client need, technologica innovation, specalised expertise established reputation and quality aspects
of their product or service as their most important competitive strengths. These are likdly to be the
important competitive strengths in markets with a few prominent customers, which is often the case
of technology service markets.

Table9 Competitive advantages of Cambridge firms: frequencies of extreme
Scor es
Nature of competitive advantage % Of firms reporting
extreme scores

Product/ service qudity 86
Attention and responsivenessto client needs 80
Specidised expertise 72
Technologicd innovation 70
Established reputation 70

Product and service design 68

Hair and crestivity 58

R&D 46
Marketing and promotion 36

Price 30
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Notes:

1 Frmswere asked to rank each source of competitive advantage on a scale 1(not important) to
5 (crucidly important).

2 N=5H0.

Thus, in Cambridge, there is an incredibly high rate of technology trandfer in the form of
entrepreneuria high technology gtart- ups but this has been accompanied by somewhat muted growth
because of a sngular absence of large-scae product markets that would go with that technology
transfer. Indeed it may even be a Cambridge spin to an old cliché about Britain: it is good at
invention but not innovation. Nevertheless the regional economy of Cambridge has thrived as a
consequence of this kind of hi-tech entrepreneurid activity. For this reason, it dso an exceptiona
place to look for the mechanisms that create collective efficiency and cluster-like growth. We turn
to a congderation of these mechanisms next.

4 M echanisms of growth in the Cambridge hi-tech cluster

The previous section documented the important changes in the Cambridge hi-technology clugter. In
this section we will discuss the raive importance of various mechaniams that could contribute to
collective efficiency of firmsin the Cambridge area. We do not propose to investigate or assess the
contribution of each mechanism to the growth of firms in the Cambridge area. The section firgt
discusses the importance of the three sources of Marshdllian collective economies, and subsequent
sections discuss other mechanisms that may give rise to collective economies.

4.1 I mportance of agglomer ation economies

4.1.1 Local markets, backward and forward linkages

Cambridge firms have dways depended in an important way on export markets for their growth.
This is not a surprisng fact when we condder the intermediate good nature of firms economic
activity in Cambridge. The CBR survey estimated that on an average a Cambridge hi-tech firm
exported 36% of their output in 1995, and that just under haf the sample (46% of firms) exported
more than 40% of their output. Both these statistics suggest the unimportance of loca markets as
source of demand for find products.

We can assess the importance of locd markets for Cambridge hi-tech firms more directly. The
CBR survey asked firms what proportion of their outputs were sold locally and what percentage of
their purchases of intermediate goods and services were made locally. Table 10a& 10b summarise
the results,

Tablel0a  Importance of local marketsin sales: % of salesto own area by
Cambridgefirms

1990 1995

N=50 % N=50 %
Not applicable 15 30 3 3.3
Lessthan 10% 29 58 37 76.7

11 to 50% 4 8 7 14
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Over 51%

2
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Table 10b Importance of local marketsin purchases: % of purchasesin own area by
Cambridgefirms

1990 1995

N=50 % N=50 %
Not gpplicable 22 44 11 22
Lessthan 10% 17 34 22 44
11 to 50% 7 14 13 26
Over 51% 4 8 4 8

Loca markets absorb less than 10% of saes for most of the sample of firms. Only about 6% of dl
firms surveyed sdl more than haf of their output locally. The table dso indicates that sdes to loca
markets have become marginaly more important in 1995 than they were in 1990. Loca markets
seem more important for purchases of intermediate products and services than they are for find
goods. In 1990, 48% of al firms purchased up to haf of their materias components and services
requirements localy. This proportion rose to 70% in 1995. Nevertheless dl these firms ill bought
an equa amount of their requirements from outside the local economy. These figures suggest that
though loca markets in sdes are not important to mogst firms, loca purchases are becoming
ggnificantly more important.

4.1.2 Advantagesof “thick” labour markets

Thick labour markets are attractive to firms as they imply the easy availability of specidised labour
skills. Their importance should be reflected in the decisions of firmsto locate in the Cambridge area.
However, as we saw in Section 3, labour market advantages did not congtitute the most important
factor attracting firms to locate in the Cambridge area.  In this section we look at the direct
recruitment by firms to understand the importance that loca labour markets have.

Less than hdf the surveyed firms in Cambridge (24 of 50) reported a conscious policy to recruit
localy. Firms were aso asked to report where at least one of ther last three research or
management saff came from. The firm could tick different boxes, loca universty, locd firms, other
UK universties and UK firms, or oversess universties and firms. Table 12 summarises the results
obtained. The responses reved that Cambridge firms mostly recruit from other UK universities and
firms, for managerid and research saff. Loca recruitment is however greater than overseas
recruitment.

Table 12 Research and Managerial staff recruitment

Research Manegerid

Saff SE|

N % N %
Universty of Cambridge 7 19 2 6
Other Cambridge firms /organisations 13 35 12 39
Other UK universities 10 27 3 10
Other UK firms/organisations 15 41 18 58
Overseas universities 4 11 1 3
Overseas firms/organisations 3 8 7 23
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Source: Keeble et al (1998)

These results on the relatively modest importance of loca labour markets should not be surprising.
Despite the presence of alarge universty, the size of the loca labour market issmall. Furthermore,
alarge proportion of the Cambridge population is migrant. Overseas students return home or move
to other locations. Students from other universties come to Cambridge. It isadso rdatively easy for
Cambridge firms to dip into the neighbouring Grester London labour market, which is larger and
amog as diversfied.

4.1.3 Knowledge Spilloversdueto proximity

Proximity and inter-firm links can be important sources of knowledge spillovers. Firms may observe
each other’sways of doing business and learn from it. Where backward linkages are important one
firm can tranamit consderable information about markets, products and new opportunities. The
evidence on inter-firm links echoes the conclusions about local market linkages.

Table 11 reports the importance of local and non+locdl inter-firm links, from the CBR survey. The
types of inter-firm links in the loca area that were rated as important by most firms were those with
suppliers'subcontractors and with firms providing services. The types of inter-firm links outsde the
local economy that were rated as important by Cambridge firms were links with customers, followed
by suppliers and subcontractors. It is aso worth noting that a larger proportion of firms reported
non-locad than locd inter-firm linkages. Further firms fdt that geographicd proximity was not an
important factor for many of the links.

Notably inter-firm links did not benfit firms in access to new research findings- a prime candidete if
aprocess of knowledge spillover was underway. Few firms thought that proximity would benefit the
firm by more effective or innovative R&D. Instead the main benefits for the Cambridge firms of the
links lay in improving the amount and qudlity of information about new products, assuring timely and
satisfactory ddivery of supplies and the greater responsveness it gave the firm to changing market
requirements. Not srprisngly al of these were categories where firms fet the links would be
improved if they were within the region, suggesting that some of these benefits presently came from
outside the region.*®

4.2 Other mechanisms causing knowledge spillovers

In the remainder of this section, we draw upon the available information on other mechanisms that
underlie knowledge spillovers in the Cambridge area.  For convenience we discuss other
mechanisms generating knowledge spillovers under the following three headings:

1 Theuniversty asasource of knowledge spillover
2 Knowledge spillovers due to the movement of personne and due to spin-offs
3 Knowledge externdities generated by asmdl group

4.2.1 Theuniversity asa sour ce of knowledge spillovers

The Univerdty was clearly an important source of knowledge transfer in the early years of the
Cambridge cluster as SQW showed. The CBR survey measures severd directly observable ways
in which the Universty could influence knowledge transfer to hi-tech firms. One kind of direct
impact could be that academics could set up hi-technology establishments to commercidise
technologica inventions. Table 2b tdls us one in five spin-offs is dill attributable to academics
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previoudy employed by the universty, though only 4% of firms set up to exploit technologica
innovations attributed the source of the innovation to the Universty. SQW (2000) estimate the
proportion of univerdty spin offs to be somewhat higher a 31%.

The University may be respongible for a high level of human capitd in firmsin the areg, but as Teble
9 shows that recruitment of the local [abour is often from other parts of the UK, though the local

labour market is dso used. The University may aso offer other kinds of free technologica advice
through various formd and informd links that could be important to firms. 42 of the 50 firms
surveyed reported these links though only 14 of the 42 firms thought that such links were crucid to
the success of the firm. Table 13 reports the incidence of different types of interaction between
Cambridge firms, Cambridge Universty and other Univerdties. It is noteworthy that the links with
externd universties are more important in the aggregate than interactions with Cambridge University
for seven out of the eight categories consdered. The most frequent forms of interaction with

Cambridge Universty were in the form of collaborative projects and Universty saff acting as
consultants to the firm.

Table 13 Interaction of Cambridge hi-tech firmswith Univer sities (Number and %
of all firms)
Type of formd interaction Cambridge Other
Universty univergties
Academics on board 6 (12) 12
Collaborative projects with universities 14 (28) 18 (36)
Collaborative projects with government research 3 (6) 7 (14
establishments
Part-time secondment by academics 7 (14 8 (16)
Research consortiaor clubs 5 (10) 8 (16)
Universty staff acting as consultants 12 (24) 13 (26)
Licensng or patenting of university inventions 2 (4 5 (10)
Traning programmes run by the university 2 (4 3 (6)
Tota (includes others) 19 (38) 24 (48)

This evidence that points to a low direct impact of the Universty, it is difficult to conclude that the
Univerdty is not important to knowledge spillovers.  The main evidence to consider here is the
nature of industry specidisation in the Cambridge area and the rdatively high proportion of academic
sart-ups. As Table 8 indicated this has been around generic R& D strengths, which must somehow
come from the numerous science laboratories of the Universty. SQW (2000) point out that
academic spin-offs tend to be concentrated in science based sectors like software, instrumentation
engineering, chemicas and pharmaceuticals, and biotechnology, while industry spin-offs are
concentrated in the engineering based sectors of e ectronics and audio and R& D consultancy.’

Secondly, even though the direct impact of the universty is not large, the firms that spinout from the
Univergty and the researchers that do get employed in locd irms, may have a disproportionate
impact on the cluster asit developed. Certainly the most important firms in the Cambridge area, like
Acorn, Sinclair Research and Cambridge Consultants have had university roots. In their more
recent analysis SQW (2000) point to interesting differences between industry and academic spin-
offs academic spin-offs are older, larger in terms of size and employment, have a larger portion of
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revenues coming from exports, have larger shares of R&D expenditure, are less likely to be owner
managed and have a much larger involvement of externd finance®® From this evidence we can
conclude that though academic spin-offs are a smdler proportion of dl spin-offs, they are aso the
more efficient firms.

Ladtly, focussng on the University alone obscures the role of the powerful and wedthy Cambridge
colleges that have long seen themsdves as producing a fellowship of academics. Students who
knew each other as graduates or post-graduates have got together to set up new firms. The
interdisciplinary nature of college interaction and the lifelong membership it gives to its graduates has
been an important factor in keeping the University linked to industry. Aswe noted in Section 3.2.3,
former dumni have played an important part in many of the visble industry-university links of recent
times.

The independent resources and the relative autonomy of the colleges also mean that they have the
ability to initiate and support schemes that may not emerge due to consensus. Thus, the early
experiment of the Science parks were initiated by Trinity College and . John's- two of the
wesdlthiest colleges in Cambridge, on land that belonged to them. Though the science park is often
seen as an indication of the vison of Cambridge Universty, the universty’srole in it was minimdl.
Indeed it could be argued that dl the risks were borne by Trinity College and its fellowship.*®

4.2.2 Knowledge spilloversdue to movement of personnel and spin-offs

Knowledge spillovers may a so take place because of the movement of people between firms. Each
person carries information about a firm's production and technology and could potentidly utiliseit in
whichever way she likes. Firms may aso have links with each of these former employees, which
might fadlitate problem solving in an environment within a collective of firms. The CBR survey
estimated that 46% of Cambridge firms reported links with other firms because of personnd that
had moved between firms. Further, 77% of these firms said that these links were important or
crucid to the firm's development. Table 2c showed that a large proportion of firms soun out by
former employees continued to retain forma and informa links with the parent firm.

Both of these types of links make use of previoudy existing persond relaionshipsthat arein turn an
important source of information transfer and information sharing.

4.2.3 Knowledge externalities generated by a small group

A dgtriking fegture of the catalogue of changes in Section 3 is how often afew names crop up. There
appear to be two or three nodes in a network of relationships that spawn both the IT and
biotechnology sectors. Chief among the IT node are the names of Maurice Wilkes, and Charles
Sndair. Prof. Maurice Wilkes had been involved with the ENVIAC project and was something of
avisonary in being able to recognise very early on the potentid for software. He was involved in
the race to find a solution to the network problem, which Ethernet findly won. Neverthdess the
“Cambridge ring” solution on which he worked with Andy Hopper for the latter's Ph.D was a close
second and the computer |aboratory had an outstanding competence in that area. Andy Hopper
teamed up with Hermann Hauser to found Orbis and Acorn, with the latter being a prolific source of
other spin-off firms. Both Hermann Hauser and later John Lee worked for Sinclair, and as they set
up their own companies with various other people. Of these Hermann Hauser and Andy Hopper
had dready studied in Cambridge, but Charles Sinclar came to Cambridge because Sinclair
Research started in partnership with Cambridge Consultants. A smilar but smdler network of
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individuas dominates the biotechnology sector and centres on Chris Evans, the founder of
Chiroscience.

Other scholars have noted that a amdl st of key individuds has been important in the many
transformations that have made for the continuing success of Cambridge. Thus, Garnsey (1998)
draws attention to the role of key individuds in the context of defining the main concepts needed for
an understanding innovative milieu, Lawson (1998) ascribes such structured interactions to be a
feature of “regiond competence’, and Keeble et al suggest that such key persons and their
asociated networks of relaionships are a unique feature of a historica process of regiond
development. Less admiringly, Saxenian (1988) has aso remarked on the old boys club that
dominatesin the explanation of the Cambridge successes.

We wish to draw attention to the role that this small group has played in informetion transfers and in
the generation of externdities®® Understanding their role in information tranfers is straightforward.
Aswe have seen, the same people are entrepreneurs, have links with colleges and the university labs
and later dso advised financid venture capitaists. The role of this group in informetion transfer from
one inditution to another is effective in the same way as the movement of personne from one
company to another resultsin atrandfer of information. The downsides of this arrangement are two-
fold: they could become too closed and not let in any outsders and secondly, the informationa

transfers between inditutions may not survive beyond the lifetime of the existing (common) members.

In a semina work, Olson (1965) had suggested that small groups are often capable of better
organisation and investment in collective goods than larger groups. In later work he extended this
andysis to encompass the provison of collective goods to a larger group through the activities of a
amdl group of “imaginative politica entrepreneurs’ who have sdective incentives to undertake this
task. The activities of the smal group of Cambridge individuals, discussed above, was crucid to the
involvement of the Universty and its colleges in activities of indudtry in the region. More recently,
the establishment of formd partnerships with the univerdty, have involved many of the same
individuas. This successful interface with the University is a collective good for other hi-tech firmsin
the region. It gives the Cambridge area an image of being forward looking and entrepreneur —
friendly, which we saw is important to the continuing establishment of new firms and the growth of
the region.

5 In conclusion

In this study of the hi-tech clugter in the Cambridge area we try to highlight the fact that Cambridge
is not a classc cuger. Though it has cluser like dements in the high rates of science based
entrepreneurship, a sustained growth of employment and in the emergence of networking
relationships and ingtitutions promoting entrepreneurship in the region, the growth of the region as a
whole has been muted rather than spectacular.

The chapter then documented the changes in the cluster between 1988-2000, and to study the
mechanisms that underlie collective efficiency in the Cambridge area. There are unusud fegatures of
the Cambridge cluster. High rates of new firm formation explain the growth of employment in the
region. These high levels of entrepreneurship are however motivated more by inertia of founders and
qudity of life factors than agglomeration advantages. Significant changes have taken place in the
regiond economy of the Cambridge area a the micro and macro levels. A new business mode
based on technology licensing res accompanied the growth of firms in the last decade. This has
seen a corresponding shift in the aggregate industrid structure from hi-technology manufacturing to
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hi-technology R&D sarvices in technologicaly related sectors.  This relatedness is a source of
technologica externdity in growth. There has dso been a noticeable growth in inditutions and
indtitutiond participation in the area with the emergence of technology venture capitd and more
vigble indugtry-univergity participation. However, the technology service orientation of the clugter,
though the best way to leverage the region’s unique technologica advantages, is dso the main
reason for its more muted growth. The rapid growth that accompanies the development of a new
technology product market has so far eluded Cambridge.

In exploring the mechanisms that underlie growth in the cluster are do different from thosein classic
clusters. We find traditiona sources of agglomeration economies are less important to firms. Locd
markets are less important than nationa and overseas markets in the sales of goods. Loca supply
sde linkages are dso weak though there is some evidence that the importance of local purchasesis
increesing. Proximity is not very important in inter-firm links and Cambridge firms report more non-
local than locd links. There are however other mechanisms that have crested knowledge spillovers.
These are the movement of personne between firms and the spinout of new firms from parent firms,
rather than dense and proximate locd inter-firm links. There is evidence that firms benefit from the
links crested by the movement of personnd, and by firms that spin-out of parent firms, and that
these links are widespread.

It is not easy to assess the role of the University as a source of knowledge transfers to industry.
While the direct measurable impact of University knowledge spillovers is small, the colleges of the
universty and the role of a genuine fellowship of academics cannot be overstated. We have aso
drawn attention to the importance of a smdl group of individuas who have been ingrumenta in
various kinds of information trandfer and the creation of indtitutions that encourage the transfer of
knowledge from the university to firms.
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Appendix 1

This gppendix details the data sources used to generate the tables that appear in this paper.

Bi-annual reports published by the Research Group of Cambridgeshire County Council
(CCC)

Tables 1, 5 7 & 8, and Figures 1 & 2 in the paper are based upon estimates published by the
Research Group of Cambridgeshire County Council (CCC). These estimates are contained in bi-
annud reports available since 1988, of dl hi-tech establishmentsin the region. The CCC reports are
invaugble in outlining the trends in the growth of hi-technology in the region as they are based on
census surveys of hi-technology firms, their employment and distribution across indudtrid sectorsin
theregion. Figures1 &2 are based on the latest revised figures made available by Jil Tufndl, CCC.

The ddfinition of high-tech adopted by the CCC is a modification of the Butchart (1987)
classfication (detailed in Table A1.1 below). Though the Butchart definition forms the Sarting point
firms are evauated for te hi-tech content of thar activities on an individud bass Thus, R&D
activities in northigh tech fidds (eg. market research) are not included. On the other hand,
gpecidist computer retailers and publishers of hi-tech CD-Rom, internet page developers etc. are
included. The categories of specid firmsincluded or excluded are described in each report.

Survey of 50 hi-technology firms conducted by the Centre for Business Research

A second vauable set of data is the published findings of a survey d 50 hi-technology firms
conducted by the Centre for Business Research at the University of Cambridge in 1996. This
second set of data has been utilised extensively to assess the importance of different mechaniams of
collective efficiency in the cluster and form the basisfor Tables 2, 3, 4, 9, 10, 11 &12.

Details about the survey and how it was conducted may be found in Lavson et al (1999). Here,
we note that the digtribution of the sample of firms was differed in some respects with that of the
underlying population. In particular, firms with a larger sze (greater than 100 employees) were
over-sampled in the survey, partly because the response rate for this Size class was higher than that
for others. Table A1.2 contains the sze digtribution of firms in the Cambridge survey sample, with
that published by the CCC for end-1995.

Newspaper clippings

Newspaper clippings over along period (1989-2000) were athird important source of information
on particular companies and on broad quditative changes such as those of drategy. Locd
newspaper clippings were available in the Cambridgeshire Public Library. For clippings from the
Nationa press and business newspapers, the MaCarthy’'s database of newspaper clippings was
used.
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TableA1l.1 Butchart’sHigh technology industry definition

SIC 1980 Industry description

2514 Synthetic resins and plagtics materids

2515 Synthetic rubber

2570 Pharmaceutica products

3301 Office machinery manufacture

3420 Electronic data processing equipment manufacture
3441 Basic dectrica equipment

3442 Telegraph and tel ephone gpparatus and equipment
3443 Electricd instruments and control systems

3444 Radio and dectronic capita goods

3444 Components for eectronic equipment

3453 Active components for eectronic sub-assemblies
3640 Aerospace equipment manufacturing and repairing
3710 Measuring, checking and precison instruments and apparatus
3720 Medica and surgica equipment and orthopaedic appliances
3732 Opticd precison ingruments

3733 Photographic and cinematographic equipment
7902 Tdecommunicaions

8394 Computing services

9400 Research and devel opment

TableAl2 Digribution of firmsin sample and population (% of all firms)
Size (number of CBR sample CCC census

employees) (1996) End-1995

0-5 36 40

6-10 18 20

11-24 4 18

2549 4 10

50-99 6 6

100-199 6 3

200499 14 2

500+ - 1
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Appendix 2 Other tables

TableA2.1  Growth of employment in biotechnology in the Cambridge Area

Year Totd employment in % of Biotechnology
Biotechnology in the employment in dl of
Cambridge Area Cambridgeshire county

1988 4816 80

1990 4819 80

1991 4687 80

1993 5703 82.8

1995 6128 82.2

1997 7554 84.6

1999 8133 89.3

Source: Research Group, CCC.

TableA2.2 Gainsand lossesin employment in hi-tech industries (1988-98) by

industrial sector: Cambridge city

Industrial sector  1988-90 1991-93 1993-95 1995-97
Chemicds +17 +3 +4 +26
Computer +35 -122 -49 289
hardware

Electricd and +30 +319 +66 -114
Electronic Engg

Indrument Engg -451 -51 -89 +2
Aero Engg +14
Specidist +52 +25 +27
digtribution

Specidid retailing  -17 +13 +6 -8
Technica sarvices -17 -29 -27 +72
Computer -106 +26 +135 +371
Services

Business Sarvices  +9 +67 -135 +5
R&D +553 +222 -32 +570
Tdecomm - +162 +689 +530
Total +43 +616 +1792

Source: Research Group, Cambridgeshire County Council, various volumes.
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TableA2.3 Gainsand lossesin employment in hi-tech industries (1988-98) by
industrial sector: South Cambridge (excluding Cambridge city)

Industrial sector  1988-90 1991-93 1993-95 199597
Chemicds -298 -55 -94 80
Specidist +83 -48 -41 +171
mechanica engg

Computer +70 +153 -36 -229
hardware

Electricd and +221 +105 +142 +137
Electronic Engg

Indrument Engg =~ -82 -97 +158 -101
Aero Engg -49 -157 +141
Specidist +11 +21 +25 -70
digribution

Technica sarvices +22 +5 -27 +20
Computer +300 +352 +135 -68
Services

Business Services  +18 +2 -135 +52
R&D -24 +201 +496 +548
Tdecomm - 300 -262 +48
Totd +306 +931 +600 +678

Source: Research Group, Cambridgeshire County Council, various volumes.

TableA2.4  The benefits from inter-firm links (N of firmsranking 4 or 5)

Type of benefit No. of firms Proximity
reporting increases
importance usefulness

Improving amount of information about new products 20 12

Improving qudity of information about new products 20 13

Improving access to research findings 9 10

Assuring a satisfactory qudity of supplies 19 14

Asauring atimely ddivery of supplies 15 14

Gresater respongveness to market requirements 20 6

More effective or innovetive R&D 18 12

Other 2 2

Source: CBR survey, unpublished summary.

! The sharp divergence between the views of the economists on one hand and the views of the economic
geographersis summarised in acritica review by Martin, RL (1999).

% The area defined as encompassing the Cambridge Phenomenon has varied in different studies depending upon
the availability of data. Thus, it could encompass Cambridge City alone - the area around the university and its
colleges. Alternatively, it could comprise the fifteen-mile radius around the university including all of
Cambridgeshire County but excluding Huntingdon and Peterborough as used in the CBR study and detailed in
Keebleet a (1999). Lastly, mediareportsusing CCC data often define Cambridge to mean Cambridgeshire
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county. Some studies also use the employment service areafor Cambridge, which is the labour market for
Cambridge employers as defined by commuter patterns. In general thislatter definition encompasses all of
Cambridgeshire County and regions further south and east.

% The definition of hi-tech has remained reassuringly consistent in all thework. It is based on some additions to
the Butchart (1987) classification and described in Appendix 1.

* The OECD definition of Knowledge based business adopted in the Huggins study includes all hi-technology
manufacturing and service sector activities such as|T, computer technology and telecommunications, financial
and business services, media and broadcasting.

® This study adopted a definition of high technology based on Butchart (1987).

® Estimates are taken from Guardian, 15 April 2000, “Where talent and ideas meet money” by James Meek.

" See for example studies by Galbraith (1985), Oakey and Cooper (1989) and Haug (1991).

8 Their definition of Cambridge region is much vaster than that employed in this paper.

® The results of the regression analysis are reported in SQW(2000), Tables 12.9 & 12.10.

% This sketch of Acorn Computersis based on several secondary sources and newspaper clippings.

" This quoteis taken from an article on Stan Boland in the Cambridge Evening News (May 18, 1999) by Jenny
Chapman titled “Branching out to build on Acorn’s success”.

2 These figures are based on revised data that were generously made available by Jill Tuffnell of the Research
Group, Cambridgeshire County Council. Detailed figuresarein Table A2.1in Appendix 2.

3 Appendix 2 contains the Tables A2.2-3 that charts the sectors of gains and losses in employment.

1 Estimates from “ Cambridge set to take UK venture capital lead” Cambridge Evening News, 2 March 1999.

> This information has been collated from different volumes of the Cambridge Reporter.

16 See Appendix 2 for table on which thisinference is based.

17 See SQW(2000), Table 12.7.

8 Al differences are statistically significant. See SQW (2000), table 12.8.

|t is rumoured that the Science Park experiment had a plan B- to convert the buildings into arestaurant if the
Science Park became financially unviable!

| have seen this argument first made in Schwerin, J. (2000) on the Clyde shipbuilding industry in the 19"
century. He notesthat asmall group of individuals served in multiple institutions that they helped set up and
acted as the mechanism of information transfer between these institutions and to the extent that thisinformation
was shared outside the group, these individual s were a source of information externalities.
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Titles available in the series:

Number 1 Valuing the environmental impacts of open cast coalmining: the case of
the Trent Valley in North Staffordshire
Andrew B Trigg and W Richard Dubourg, June 1993

Number 2 Scarcity and stability in a very simple general equilibrium model
Vivienne Brown, February 1994

Number 3 A conflict model, with rational expectations, of the disinflation of the
early 1980s
Graham Dawson, February 1994

Number 4 Foreign Investment, Globalisation and International Economic
Governance

Grahame Thompson, May 1994

Number 5 Testing the Small Country Hypothesis for Developing Countries
Jonathan Perraton, December 1994

Number 6 The Discovery of ‘Unpaid Work’: the social consequences of the
expansion of ‘work’
Susan Himmelweit, June 1995

Number 7 Exit, Voice and Values in Economic Institutions
Graham Dawson, June 1995

Number 8 Residential Summer Schools Attendance and Students’ Assessed
Performances on Open University Foundation Courses
Alan Gillie and Alan Woodley, June 1995

Number 9 Putting Words into People’s Mouths? Economic Culture and its
Implications for Local Government
Maureen Mackintosh, December 1995

Number 10 What is a Fair Wage? A Critique of the Concept of the Value of
Labour-Power
Susan Himmelweit, December 1995

Number 11 The Origin of the Poverty Line
Alan Gillie, December 1995

Number 12 The Determinants of Product and Process Innovations
Roberto Simonetti, Daniele Archibugi, Rinaldo Evangelista, February
1996

Number 13 Technical Change and Firm Growth: ‘Creative Destruction’ in the

Fortune List, 1963-1987
Roberto Simonetti, February 1996

Number 14 Utilities vs. Rights to Publicly Provided Goods: Arguments and
Evidence from Health-Care Rationing
Paul Anand and Allan Wailoo, January 2000

Number 15 Proceeding to the Paddling Pool: The Selection and Shaping of Call
Centre Labour
George Callaghan and Paul Thompson, January 2000

Number 16 Doing ‘Qualitative Research’ in Economics: Two Examples and Some
Reflections
Elizabeth Hill and Gabrielle Meagher, November 1999

Number 17 Veblen, Bourdieu and Conspicuous Consumption

Andrew B Trigg, January 2000
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Number 18

Number 19

Number 20

Number 21

Number 22

Number 23

Number 24

Number 25

Number 26

Number 27

Number 28

The Effect of Idiosyncratic Events on the Feedback between Firm Size
and Innovation
Mariana Mazzucato, January 2000

Non-market relationships in health care
Maureen Mackintosh and Lucy Gilson, January 2000

Selling pollution and safeguarding lives: international justice,
emissions trading and the Kyoto Protocol
Graham Dawson, October 2000

Entrepreneurship by Alliance
Judith Mehta and Barbara Krug, September 2000

A disorderly household - voicing the noise
Judith Mehta, October 2000

Sustainable redistribution with health care markets?
Rethinking regulatory intervention in the Tanzanian context
Maureen Mackintosh and Paula Tibandebage, November 2000

Surplus Value and the Keynesian Multiplier
Andrew B Trigg, October 2000

Edwards Revised: Technical Control and Call Centres
George Callaghan and Paul Thompson, November 2000

Social Norms, Occupational Groups and Income Tax
Evasion: A Survey In The UK Construction Industry
Maria Sigala, November 2000

Procedural Fairness in Economic and Social Choice: Evidence from a
Survey of Voters
Paul Anand, December 2000

Alternative rationalities, or why do economists become parents?
Susan Himmelweit, December 2000
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