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We	
  would	
  like	
  to	
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  the	
  data	
  owner,	
  the	
  ONS,	
  and	
  the	
  UK	
  Data	
  Service	
  at	
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  UK	
  Data	
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  however	
  
the	
  use	
  of	
  these	
  data	
  does	
  not	
  imply	
  the	
  endorsement	
  of	
  the	
  data	
  owner	
  or	
  the	
  UK	
  Data	
  Service	
  at	
  the	
  UK	
  

Data	
  Archive	
  in	
  rela@on	
  to	
  the	
  interpreta@on	
  or	
  analysis	
  of	
  the	
  data.	
  	
  	
  
This	
  work	
  uses	
  research	
  datasets	
  which	
  may	
  not	
  exactly	
  reproduce	
  Na@onal	
  Sta@s@cs	
  aggregates.	
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INTRODUCTION	
  

•  We study  the micro-evidence on innovation 
activity in the UK.  

•  Main research question is to assess 
whether, and how, investments in innovation 
activities and ICT not only affect the 
investing firm, the internal effects, but also 
generate knowledge spillovers affecting the 
innovation performance of other firms, the 
external effects for the introduction of  
•  product,  
•  process and  
•  organizational innovations  
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Four	
  Group	
  of	
  variables	
  

•  This analysis is based four groups of 
variables 

•  investment in ICT, intangibles and 
innovation activities;  

•  introduction of innovation outcomes; 
•  firm characteristics, behaviour, motivations 

and cooperation relations; and  
•  knowledge spillovers, based on proximity 

in both geographic and production spaces.  
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DATA	
  SOURCES-­‐CIS	
  
•  The Community Innovation Survey (CIS) provides the 

main source of information on business innovation in the 
UK. It is a voluntary postal survey carried out every two 
years covering both the production and the service 
sectors. 

•  Our data are derived from four releases of the CIS: 
•  CIS 4, which covers the period 2002-2004. 16,445 

enterprises provided valid responses 
•  CIS 5 (period 2004-2006) consists of 14,872  responses  
•  CIS 6, which covers the period 2006-2008,  14,281 

enterprises;  
•  CIS 7 covers the period 2008-2010 and includes data 

from 14,342 enterprises. 
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DATA	
  SOURCES-­‐ARD	
  

•  Annual Respondents Database (ARD) is one of 
the most comprehensive surveys undertaken of 
business organisations in the UK, covering over 
100 key economic variables, and approximately 
two-thirds of the UK economy.  

•  It is a census of large businesses, and a 
stratified sample of small and medium sized 
enterprises.  

•  Detailed variables for turnover, employment, 
costs, capital expenditures and the derivation of 
sales and profits are included.  
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DATA	
  SOURCES-­‐BERD	
  
•  The Business Expenditure on Research and 

Development (BERD)  is an annual survey providing  
information on Research and Development expenditure 
in the UK  

•  As the BERD data are collected annually and over larger 
samples, we used the BERD data to construct total 
annual measures of R&D expenditure, aggregated either 
at the sectorial level or at geographical level. 

•  Such data was used to construct measures of sectorial 
spillovers, as well as area spillovers for the R&D 
investment.  
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THE	
  VARIABLES:	
  INTANGIBLES	
  
•  Internal R&D: defined as creative work  within a firm 

to increase the stock of knowledge and its use to 
devise new and improved goods, services and 
processes; 

•   External R&D: the same activities, but purchased 
by the firm  and performed by other companies 

•  Training:  internal or external training for a firm’s 
personnel specifically for the development and/or 
introduction of innovations; and  

•   ICT:  the expenditure a firm invests on acquisition 
of advanced machinery, computer hardware and 
software for innovation 

7 



THE	
  VARIABLES:	
  GEOGRAPHIC	
  
SPILLOVERS	
  

•  R&D and Training activity Geographic spillovers:  
– R&D and Training performed both in the same 

Travel to work area, (based on the radius of 
commuting to work patterns) and in the other 
243 United Kingdom Travel to work areas.  

– This variable captures Marshallian knowledge 
externalities. The weights used are inversely 
proportional to the distance between areas.  

•  Local  ICT expenditure Spillovers 
–  ICT expenditure, external to the firm, but  in 

the same TTWA 8 



THE	
  VARIABLES:	
  SECTOR	
  	
  
SPILLOVERS	
  

•  Trade mediated spillovers:  
•  The R&D activity performed both in the same 

sector where a firm is operating and in the others.  
•  The effects of each sector’s activity on a firm are 

weighted according to the inter-sector trades.  
•  They capture the effects of  production specific   

knowledge externalities the Jacobian externalities 
•  We divided  these spillovers into  

– R&D  spillovers arising outside the ICT Sector 
– R&D  sector spillovers arising inside the ICT 

Sector 9 



THE	
  FINAL	
  OUTCOMES	
  OF	
  	
  
THE	
  INNOVATION	
  ACTIVITIES	
  

1. Goods or Services Innovation: new or 
significantly improved goods or services.  

2. Process Innovation: new, or significantly 
improved, methods  of the production or 
supply of goods or services. 

3. Organizational innovations: new business 
practices, methods of organising work 
responsibilities and decision making, of 
organising external relationships with other 
firms or public institutions. 10 



THE	
  ECONOMETRIC	
  MODEL	
  

The model is uses two stages of estimation:  
1.  first stage, four separate Tobit, one per 

type of intangible innovation activities. 
2.  second stage utilises the predicted 

values obtained from the first stage 
estimation, together with more 
covariates, for predicting , via a multi-
Probit model, the outcomes of a firm’s 
three possible innovation outcomes: 
product, process and organizational 
innovations. 
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THE	
  MODEL	
  SEQUENCE	
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Internal Factors 

Geog. Spillovers (R&D 
– Training,  ICT) 

Predicted  

Values 

1st Stage 

2nd  Stage 

R&D 

Training 

ICT 

Predicted Intangibles 
Sectorial Spillovers   
both from ICT  and  
non-ICT sectors  
Internal Factors 

Innovation 
Product  

Process 

Organization 



Related	
  Literature	
  
	
  	
  •  Focus	
  on	
  	
  how	
  to	
  interpret	
  causal	
  rela@onships,	
  as	
  investment	
  in	
  ICT	
  may	
  

at	
  the	
  same	
  @me	
  	
  be	
  both	
  	
  cause	
  and	
  effect	
  of	
  economic	
  growth.	
  	
  
•  We	
  deal	
  with	
  this	
  endogeneity	
  issue,	
  due	
  to	
  simultaneity,	
  of	
  the	
  possible	
  

direc@on	
  of	
  causality	
  	
  using	
  a	
  two	
  stage	
  approach.	
  
•  In	
  the	
  first	
  stage	
  with	
  es@mate	
  “predicted	
  Values”	
  for	
  ICT	
  and	
  Innova@ons	
  

intangibles	
  and	
  in	
  the	
  second	
  stage	
  we	
  use	
  these	
  values	
  to	
  es@mate	
  their	
  
effects	
  	
  on	
  the	
  probability	
  of	
  introducing	
  different	
  innova@on	
  typologies.	
  

•  An	
  alterna@ve	
  route	
  has	
  been	
  to	
  replace	
  ICT	
  variables	
  by	
  @me-­‐delayed	
  
ones,	
  	
  See	
  Bloom	
  et	
  al.,	
  2010,	
  Brynjolfsson	
  and	
  Hi[,	
  1995,	
  Hempell,	
  2005b,	
  
Tambe,	
  2011.	
  

•  Koutroumpis,	
  2009	
  and	
  	
  Röller	
  and	
  Waverman,	
  2001	
  also	
  es@mated	
  
structural	
  models	
  to	
  separate	
  these	
  different	
  effects	
  through	
  a	
  
simultaneous	
  equa@on	
  approach.	
  	
  

•  Czernich	
  et	
  al.,	
  2011	
  	
  proposed	
  a	
  par@cularly	
  interes@ng	
  two	
  stage	
  
approach	
  by	
  first	
  es@ma@ng	
  broadband	
  penetra@on	
  	
  through	
  a	
  logis@c	
  
diffusion	
  equa@on	
  and	
  then	
  using	
  these	
  predicted	
  values	
  as	
  independent	
  
variables	
  in	
  the	
  second	
  stage	
  assessing	
  produc@vity	
  growth	
  ().	
  13	
  



ESTIMATES	
  OF	
  THE	
  2nd	
  	
  
STAGE:	
  R&D	
  and	
  ICT	
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•  Predicted	
  R&D	
  
posi@ve	
  with	
  product	
  
+	
  process	
  
innova@ons.	
  	
  

•  Predicted	
  training	
  
posi@ve	
  with	
  
organiza@onal	
  
innova@ons.	
  	
  

•  Predicted	
  ICT	
  
expenditure	
  	
  posi@ve	
  
with	
  all	
  innova@ons	
  

•  R&D-­‐not	
  ICT	
  	
  
Spillovers:	
  posi@ve	
  to	
  
all	
  

•  R&D-­‐from	
  ICT	
  	
  
Spillovers:	
  posi@ve	
  on	
  
process	
  +	
  product	
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ESTIMATES	
  OF	
  THE	
  2nd	
  	
  
STAGE:	
  Mo@va@ons	
  
•  Improve	
  products	
  

posi@ve	
  with	
  
process	
  and	
  product	
  
nega@ve	
  on	
  
organiza@onal.	
  	
  

•  Improve	
  process	
  
posi@ve	
  for	
  process	
  
and	
  organiza@onal	
  

•  Increase	
  profits	
  
posi@ve	
  with	
  
process	
  and	
  product	
  

•  Meet	
  regula@on	
  
nega@ve	
  on	
  	
  process	
  
and	
  product	
  	
  
posi@ve	
  on	
  
organiza@onal	
  ones..	
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ESTIMATES	
  OF	
  THE	
  2nd	
  	
  
STAGE:	
  Coopera@on	
  

•  Coopera@on	
  with	
  own	
  
group,	
  customers	
  and	
  
suppliers	
  	
  is	
  posi@ve	
  for	
  
the	
  introduc@on	
  of	
  all	
  
types	
  of	
  innova@ons.	
  	
  

•  This	
  shows	
  that	
  all	
  forms	
  
of	
  innova@ons	
  are	
  a	
  
component	
  	
  of	
  an	
  	
  
integrated	
  value	
  chain	
  
whereby	
  coopera@on	
  
with	
  customers	
  and	
  
suppliers	
  plays	
  a	
  
significant	
  and	
  posi@ve	
  
role.	
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ESTIMATES	
  OF	
  THE	
  1st	
  STAGE	
  
Mo@va@on	
  &	
  Geogr.	
  Spillovers	
  	
  
•  R&D	
  Geographic	
  Spillovers:	
  

posi@ve	
  with	
  ICT	
  and	
  
nega@ve	
  Training	
  

•  Local	
  ICT	
  Spillovers	
  
marginally	
  posi@ve	
  on	
  ICT	
  	
  

•  Training	
  Geogr	
  Spillovers	
  
posi@ve	
  on	
  training	
  nega@ve	
  
on	
  ICT	
  

•  Improve	
  products	
  posi@ve	
  
with	
  Int.	
  	
  R&D	
  and	
  training	
  

•  Improve	
  prod.	
  process	
  
posi@ve	
  for	
  training	
  and	
  ICT	
  
expenditure	
  

•  Increase	
  profits	
  posi@ve	
  
with	
  all	
  	
  

•  Meet	
  regula@on	
  posi@ve	
  for	
  
training	
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ESTIMATES	
  OF	
  THE	
  1st	
  STAGE	
  
Coopera@on	
  
•  Within	
  Group	
  has	
  posi@ve	
  

with	
  Int.&	
  Ext	
  	
  R&D	
  	
  
•  Suppliers	
  posi@ve	
  for	
  all	
  

intangibles	
  
•  Customers	
  posi@ve	
  for	
  

Internal	
  R&D	
  	
  
•  Compe@tors	
  Nega@ve	
  for	
  

R&D	
  (both	
  Int	
  and	
  Ext)	
  and	
  
posi@ve	
  for	
  training	
  

•  Consultants:	
  posi@ve	
  with	
  
Int	
  and	
  Ext	
  R&D	
  Training	
  

•  Universi@es	
  posi@ve	
  with	
  
Int.	
  and	
  Ext	
  R&D	
  	
  

•  Governmentnot	
  significant	
  	
  



CONCLUSIONS	
  
•  The Direct Internal Effects of  ICT and R&D  

– A firm’s investment in ICT has a direct positive 
impact on the probability of introducing Process, 
Products and Organizational Innovations. 

– Also a firm’s R&D has a direct positive impact but 
only on Process and Product innovations.  

•  The Direct Sector Spillovers of R&D on Innovation 
– Sector Spillovers of R&D both in the ICT sector 

and in all other Sectors increase the probability of 
introducing process and product innovations. 

– Non- ICT R&D spillovers  are positive also for 
organizational innovations 



CONCLUSIONS	
  
The	
  Indirect	
  External	
  Spillovers	
  Effects	
  of	
  R&D	
  and	
  ICT	
  	
  on	
  

Innova@on	
  

	
  – Geographic Spillovers of R&D diffuse in space 
affecting positively other firms ICT 
expenditure, but reducing their training 
intensity.  

– Local ICT expenditure spillovers display 
positive  Marshallian externalities on ICT 
expenditure, within each TTWA  

– Both these Spatial spillovers have an indirect 
positive effect on Innovation though their 
positive  direct impact on ICT 



CONCLUSIONS	
  
The	
  Indirect	
  External	
  Spillovers	
  Effects	
  of	
  Training	
  on	
  Innova@on	
  

	
  •  Geographic Spillovers of Training also 
diffuse in space positively affecting other 
firms training expenditure and negatively 
their ICT one.  

•   These  training spillovers have the 
opposite effects of R&D Geographic 
spillovers.  

•  Their indirect positive effect is only positive 
for organizational innovations.   
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•  Coopera@on	
  within	
  the	
  group,	
  with	
  Customers	
  and	
  Suppliers	
  	
  
highlights	
  the	
  relevance	
  of	
  the	
  value	
  chain	
  in	
  facilita@ng,	
  
directly,	
  the	
  introduc@on	
  of	
  all	
  types	
  of	
  innova@ons.	
  

•  Coopera@on	
  within	
  the	
  group,	
  Customers	
  and	
  Suppliers	
  also	
  
has	
  an	
  indirect	
  effect	
  by	
  posi@ve	
  affec@ng,	
  some	
  of	
  the	
  drivers	
  
of	
  innova@on:	
  In	
  par@cular	
  	
  
–  Group	
  is	
  posi@ve	
  on	
  R&D,	
  Suppliers	
  posi@ve	
  on	
  all	
  R&D,	
  Training	
  and	
  

ICT	
  	
  	
  
–  Customers	
  	
  is	
  posi@ve	
  on	
  Internal	
  R&D,	
  Consultants	
  posi@ve	
  on	
  R&D	
  

and	
  Training	
  and	
  Universi@es	
  posi@ve	
  on	
  R&D	
  
–  Only	
  Coopera@on	
  with	
  compe@tors	
  lowers	
  R&D,	
  but	
  it	
  also	
  has	
  a	
  

posi@ve	
  impact	
  on	
  training,	
  genera@ng	
  an	
  indirect	
  nega@ve	
  impact	
  on	
  
Process	
  and	
  Product	
  Innova@ons	
  and	
  a	
  posi@ve	
  one	
  on	
  organiza@onal	
  
innova@ons.	
  

CONCLUSIONS	
  
Direct	
  and	
  indirect	
  effects	
  of	
  coopera@on	
  on	
  Innova@on.	
  



Thanks	
  	
  

•  Thank	
  you	
  	
  
•  Emanuele	
  Giovannek	
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FOCUS	
  ON	
  SPILLOVERS	
  	
  

Spillovers are flows of innovation knowledge that 
is useful to different aspects of a firm’s innovative 
activity.  
Main Problems  
1.  Their  definition.  
2.  The metrics used to quantify them.  
3.  The modalities of their diffusion through the 

economy.  
4.  The analysis  of the direct impact that  they  

have on the receiving firms. 
5.  The indirect, strategic impact that spillovers 

have on the profitability of other firms. 
24 



FIRM	
  CHARACTERISTICS	
  AND	
  
RELATIONAL	
  VARIABLES	
  

•  Geographic	
  loca@on:	
  Travel	
  To	
  Work	
  Areas,	
  	
  based	
  on	
  
workers’	
  commu@ng	
  pa[erns;	
  

•  The	
  output	
  markets:	
  where	
  a	
  firm	
  sells	
  :	
  Regional,	
  Na@onal,	
  
EU	
  or	
  Interna@onal;	
  

•  Coopera@on	
  	
  in	
  	
  innova@on	
  ac@vi@es:	
  	
  	
  
–  within	
  the	
  same	
  business	
  group,	
  	
  
–  with	
  suppliers,	
  
–  customers,	
  	
  
–  compe@tors,	
  	
  
–  consultants	
  or	
  commercial	
  labs,	
  or	
  private	
  R&D	
  ins@tutes,	
  
–  Universi@es	
  and	
  Government	
  or	
  public	
  research	
  ins@tutes.	
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FIRM	
  CHARACTERISTICS	
  
MOTIVATIONAL	
  

•  Factors	
  mo@va@ng	
  the	
  decision	
  to	
  innovate:	
  these	
  include:	
  
–  be[er	
  products,	
  
–  be[er	
  produc@on,	
  
–  improving	
  profit,	
  	
  
–  mee@ng	
  regulatory	
  requirements	
  and	
  
–  market	
  expansion.	
  

•  Turnover,	
  produc@vity,	
  employment,	
  age	
  and	
  industrial	
  
sector:	
  based	
  on	
  ARD	
  	
  and	
  BERD	
  

•  Financial	
  Support:	
  from	
  Regional,	
  Na@onal	
  or	
  EU	
  public	
  
funding	
  sources	
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FINDINGS:	
  THE	
  2nd	
  STAGE:	
  	
  
FROM	
  INTANGIBLES	
  TO	
  
INNOVATIONS	
  •  Three	
  dependent	
  variables	
  capture	
  the	
  (non	
  mutually	
  

exclusive)	
  	
  probabili@es	
  of	
  introducing	
  a:	
  
1.  process	
  innova@on,	
  	
  
2.  product	
  innova@on	
  	
  
3.  organiza@onal	
  innova@on.	
  	
  
•  Our	
  focus	
  is	
  on	
  the	
  effects	
  of	
  the	
  intangible	
  innova@on	
  	
  and	
  

ICT	
  ac@vi@es,	
  on	
  these	
  probabili@es	
  of	
  innova@on	
  outcomes.	
  	
  
•  The	
  predicted	
  values	
  of	
  total	
  R&D	
  training	
  and	
  ICT	
  intensi@es	
  

are	
  inputs	
  for	
  a	
  tri-­‐variate	
  innova@on	
  func@on.	
  
•  We	
  also	
  explore	
  the	
  effects	
  that	
  sector	
  spillovers	
  in	
  R&D	
  

ac@vi@es	
  have	
  on	
  the	
  probabili@es	
  of	
  introducing	
  innova@ons.	
  	
  
•  We	
  separate	
  R&D	
  spillovers	
  from	
  ICT	
  and	
  non	
  ICT	
  sectors	
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•  Aiming	
  for	
  Be[er	
  Products	
  	
  is	
  a	
  direct	
  driver	
  for	
  	
  the	
  probability	
  of	
  
introducing	
  both	
  product	
  and	
  process	
  innova@on	
  (but	
  reduces	
  
organiza@onal	
  ones).	
  This	
  mo@ve	
  also	
  has	
  indirect	
  posi@ve	
  effects	
  through	
  
its	
  posi@ve	
  impact	
  on	
  Internal	
  R&D	
  and	
  Training.	
  

•  Aiming	
  at	
  Be[er	
  Produc@on	
  Processes	
  also	
  has	
  posi@ve	
  direct	
  effects	
  on	
  
both	
  process	
  and	
  organiza@onal	
  innova@ons,	
  and	
  indirect	
  effects	
  by	
  
posi@ve	
  affec@ng	
  ICT	
  and	
  Training	
  expenditure.	
  

•  The	
  mo@va@on	
  of	
  Increasing	
  Profits,	
  has	
  a	
  posi@ve	
  direct	
  impact	
  on	
  
Process	
  and	
  Product	
  innova@ons,	
  and	
  indirect	
  posi@ve	
  ones	
  on	
  all	
  
intangibles,	
  R&D,	
  training,	
  and	
  ICT.	
  

•  The	
  reason	
  of	
  Mee@ng	
  regula@ons	
  has	
  a	
  nega@ve	
  direct	
  impact	
  on	
  Product	
  
and	
  Process	
  Innova@ons	
  but	
  a	
  posi@ve	
  one	
  for	
  the	
  organiza@onal	
  ones.	
  
The	
  Indirect	
  effects	
  confirm	
  this	
  role,	
  as	
  it	
  only	
  affects	
  posi@vely	
  training	
  
then	
  leading,	
  again	
  	
  to	
  organiza@onal	
  innova@ons.	
  

•  The	
  mo@ve	
  of	
  Expansion	
  drives	
  innova@on	
  in	
  products	
  and	
  organiza@ons,	
  
directly	
  and	
  indirectly,	
  through	
  Internal	
  R&D,	
  affects	
  posi@vely	
  both	
  
process	
  and	
  product	
  innova@ons.	
  

CONCLUSIONS	
  
Mo@va@on	
  direct	
  and	
  indirect	
  effects	
  on	
  Innova@on.	
  

	
  


