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ICT accounts for alarge share of US productivity growth
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ICT output elasticities are around .06 and rising over time
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Source: Cardona/Kretschmer/Strobel (2013). Observations from 28 papers weighted by
within-study variance.
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Specific technologies (e.g. Broadband) contribute massively to
economic growth

Source: Czernich/Falck/Kretschmer/W63mann (2011). Counterfactual analysis of cross-
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ICT as a General Purpose Technology

» |[CT is efficiency enhancing in many production processes (diffuses widely).

= ICT triggers complementary changes and innovations.

» |CT improves over time, while the cost of usage declines.

Source: Adapted from Bresnahan and Trajtenberg (1995)
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1. Information and Communication Technologies and Economic Growth

ICT credited with contributing significantly to recent growth periods.

» |CT-producing and ICT-using industries benefit from spread and improvement of ICT.

Increase in output through ICT investment increases over time.

» A 10% increase in ICT investment leads to .6% increase in growth.

Some technologies may have an even bigger impact.
» E.g. 10% higher broadband penetration leads to .9-1.5% higher GDP growth.

So why do some technologies have such a large impact?

» Have some General Purpose Technology (GPT) characteristics.

=» Could firm organization be a complementary factor to fully ,unlock” ICT?



LUDWIG-

MAXIMILIANS- 2.
LMU UNIVERSITAT @ee oo o000 I STO
MUNCHEN INSIDE THE DIGITAL ECONOMY Rl

1. ICT and economic growth
2. How can ICT affect organization(s)?
3. Some evidence on the interaction of ICT and organization
* Cloud readiness across industries
 Competitive pressure and the adoption of complementary innovations
4. Ongoing work on ICT and organization

5. Summary and a research agenda



LMU

LUDWIG-
MAXIMILIANS-
UNIVERSITAT
MUNCHEN

INSIDE THE DIGITAL ECONOMY

w1 |STO

2. How can ICT affect organizations?

Reduce marginal cost of existing processes (process innovation)

Enable new, previously not viable processes (drastic process innovation)

Facilitate better match of consumer preferences (product innovation)

Create opportunities through linking information across independent actors
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2. How can ICT affect organizations?

Reduce marginal cost of existing processes (process innovation)

» HR processes — cost per employee decreases, esp. in commission-based professions

» Continuous improvement programs — registering improvements online reduces cost
per suggestion

Enable new, previously not viable processes (drastic process innovation)

Facilitate better match of consumer preferences (product innovation)

Create opportunities through linking information across independent actors
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2. How can ICT affect organizations?
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» HR processes — cost per employee decreases, esp. in commission-based professions

» Continuous improvement programs — registering improvements online reduces cost
per suggestion

Enable new, previously not viable processes (drastic process innovation)

» Micropayments/-credits — reduce transaction cost to facilitate new markets

» Videoconferencing — distributed innovation teams

Facilitate better match of consumer preferences (product innovation)

Create opportunities through linking information across independent actors
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2. How can ICT affect organizations?

» Reduce marginal cost of existing processes (process innovation)
» HR processes — cost per employee decreases, esp. in commission-based professions

» Continuous improvement programs — registering improvements online reduces cost
per suggestion

» Enable new, previously not viable processes (drastic process innovation)
» Micropayments/-credits — reduce transaction cost to facilitate new markets
» Videoconferencing — distributed innovation teams
» Facilitate better match of consumer preferences (product innovation)
» Configurator websites — allow customers to configure their ideal product
» Freemium® business models — second-degree price discrimination & network effects

= Create opportunities through linking information across independent actors
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2. How can ICT affect organizations?

Reduce marginal cost of existing processes (process innovation)

» HR processes — cost per employee decreases, esp. in commission-based professions

» Continuous improvement programs — registering improvements online reduces cost
per suggestion

Enable new, previously not viable processes (drastic process innovation)

» Micropayments/-credits — reduce transaction cost to facilitate new markets

» Videoconferencing — distributed innovation teams

Facilitate better match of consumer preferences (product innovation)

» Configurator websites — allow customers to configure their ideal product

» Freemium® business models — second-degree price discrimination & network effects

Create opportunities through linking information across independent actors

= Digital health — creates web of previously separate information to improve care and
reduce cost

» Sharing economy*“ — Uber, AirBnB, Kickstarter etc. link many independent agents on
both sides
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3. Some evidence on the interaction of ICT and firm organization

» Cloud readiness across industries (Candel Haug/Kretschmer/Strobel, forthcoming,
Telecoms Policy)

» Firm adoption of cloud-like infrastructure differs widely across industries

Cloud adaptiveness in manufacturing
(by main industrial groupings)

Capital goods
Mon-durable consumer goods
Durable consumer goods

Intermediate goods

02 04 06 08 A
Share of cloud adaptive observations
Source: Harte Hanks, ORBIS, authors’ own calculations.
Sample: Adoption sample. Pocled from 2000 to 2007.
Mote: The pairwise mean differences between the groupings are significant at the 1%-level,
except for the consumer goods groupings.
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3. Some evidence on the interaction of ICT and firm organization

» Cloud readiness across industries (Candel Haug/Kretschmer/Strobel, forthcoming,
Telecoms Policy)

» Firm adoption of cloud-like infrastructure differs widely across industries

» Cloud-ready firms are more productive than their industry peers

Labor productivity in manufacturing industries
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Source: Harte Hanks, ORBIS, authors’ own calculations.

Sample: Predudtivity sample. Pocled from 2000 to 2007

Motes: Mean differences between /L of cloud adaptive and /L of non-cloud adaptive cbserva-
tions are significant at the 1%-level except for Metal and Machinery.
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3. Some evidence on the interaction of ICT and firm organization

» Cloud readiness across industries (Candel Haug/Kretschmer/Strobel, forthcoming,
Telecoms Policy)

» Firm adoption of cloud-like infrastructure differs widely across industries
» Cloud-ready firms are more productive than their industry peers
» However, adoption is not fastest in industries where the productivity gap is largest

TFP differences and cloud adaptiveness

o
N # Bumines services * Wholesale
=
(=]
w e # Instruments # Chamical
——
=
= * Electronica
L e &
w * Print . * Retail .
g #Food Machinery Tranaportation «
_g o Mizcellaneous
=1 "-Tettile *Wood
E + Metal T Eoui ;
-

2 ) 4 i] 8 10 12
TFP Difference bn. cloud adapt. and nan-cloud adapt. firms in the sector

* Different manufacturing and senvice sectors
Fitted values

Source: Harte Hanks, O©RBIS, authors’ own calculations.

Sample: Productivity sample. Pocled from 2000 to 2007,

Motes: The Financial sector, Other services and Health/Education/Social are not represented
as their mean differences are insignificant.
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3. Some evidence on the interaction of ICT and firm organization

» Cloud readiness across industries (Candel Haug/Kretschmer/Strobel, forthcoming,

Telecoms Policy)

» Firm adoption of cloud-like infrastructure differs widely across industries

» Cloud-ready firms are more productive than their industry peers

» However, adoption is not fastest in industries where the productivity gap is largest

=» Organizational factors could faciliate or hinder the adoption of cloud-like
infrastructures

=>» ICT alone is not a driver of growth, it has to be faciliated by the ,right* organizational

form
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3. Some evidence on the interaction of ICT and firm organization

» Competitive Pressure and the Adoption of Complementary Innovations
(Kretschmer/Miravete/Pernias, AER 2012)

» Considers a single country-industry (French car dealers)

= Utilizes a change in regulation for car manufacturers to intensify competition among
dealers across territories

» Tracks adoption of two enterprise software packages: HR and Applications
development software

» Finds that firms grow (i.e. increase scale of operations) upon liberalization and
= ...increasingly adopt more App development software,
= ...which in turn triggers less HR adoption

=» Scale and some types of enterprise software go together, while different types of
software are often substitutes

=>» Supports the view that ICT is an integral part of the firm's organizational structure
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4. Ongoing work on ICT and Organization

= Organizational Observatory @LMU Munich
= Telephone survey with the aim of capturing the Organization Design of German firms

» Not simply surveying ,standard” structural variables (hierarchy, org chart etc.), but get
a theoretically grounded picture of how the firm ,works*

» Five elements of organization design, two dimensions:

= Task allocation

Planning and controlling
Compensation and incentives
Information flows

Personnel management

=» Centralization and Formalization for each dimension

» For information flows, also ask use of ERP and production software (CAD/CAM)

» Future surveys of ICT decisionmakers within the firm to get detailed view on ICT
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4. Ongoing work on ICT and Organization

» Potential questions that can be addressed:
= Can ICT support certain types of information flow (centralized, formalized)?

» Are there ,ambidextrous” ICT systems that can support different types of information
exchange or are they substitutes?

» Does ICT use lead or lag the type of information flow?

» Future plans:
» Annual survey on org design and ICT use
» Matching into other datasets, e.g. innovativeness, linked employer-employee data etc.

» Making use of shocks over time for identification
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5. Summary and a research agenda

ICT can offer a way out of this crisis (and future ones)

» The aggregate growth contribution of ICT is (very) high, suggesting that ICT may be a General

Purpose Technology.

= GPT differ from conventional technologies in their complementarities and ability to affect many

economic activities.

» The impact of ICT innovations is often determined by users. Much of the action happens there.
To be classified as a GPT, ICT has to reach ,unlikely” users.
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5. Summary and a research agenda

Opening the black box of enterprise ICT

= We know quite a lot about ICT (and there is a good deal of data around, including here at
ZEW"), but much less about organization design — and both have to ,fit* to generate most
value.

= Industry- or firm-specific studies aimed at uncovering precise mechanisms and
interdependencies have most potential for real insights.

» Longitudinal studies can shed light on the ,driving“ versus ,facilitating” role of ICT.
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THANK YOU!
t.kretschmer@Imu.de
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Broadband and Economic Growth: Motivation

= During the recent economic crisis, many governments initiated stimulus packages that
emphasize investment in high speed internet and promote the roll-out of broadband networks.

» Possible channels through which high-speed internet may facilitate macroeconomic growth:
» accelerate the distribution of ideas and information
» foster competition for and development of new products and processes
« facilitate the introduction of new working practices, entrepreneurship or job matching

= Counterfactual study looks at growth contributions in different countries


Vorführender
Präsentationsnotizen
Indeed, there may be various effects of residential broadband on growth: First, a residential broadband connection is a prerequisite for working at home allowing new working practices (Autor 2000). Second, the internet has changed the way workers search for jobs having consequences on wages and unemployment (Autor 2000; Krueger 2000; Stevenson 2009). Third, residential broadband might also facilitate starting a (home-based) business. Indeed, entrepreneurs are seen as important agents of growth (Audretsch 2006) and Fairlie (2006) shows that having a home computer and having internet access at home is positively associated with becoming an entrepreneur.
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Extensive Diffusion of Broadband in Germany
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Quelle: Bundesnetzagentur, 2012 .,
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Communication Infrastructure and Economic Development

» Roller and Waverman (AER 2001)
» Analysis of the roll-out of the traditional telephone network

» Positive effect of rate of telephone lines on GDP per head OECD average: 1/3 of annual
growth attributed to telephone infrastructure

» Crandall, Lehr and Litan (2007); Gillett, Lehr, Osorio and Sirbu (2006)
» Analyse the broadband development across U.S. states

» Positive associations between broadband penetration and different economic outcome
variables such as employment, wages, and housing prices.


Vorführender
Präsentationsnotizen
First, individuals in high-income countries may also have a high ability to pay for broadband services, resulting in more rapid broadband penetration. 
Second, state intervention in telecommunications might depend on the level of economic development in a country, thus confounding the effect of regulation and sectoral policies with the effect of broadband diffusion. 
Third, given the rapid technological change in the last decades, broadband diffusion took place at the same time as the diffusion of other technologies like mobile telephony and computers (Comin, Hobijn, and Rovito 2008), making it difficult to isolate the specific effect of broadband. 
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Broadband Infrastructure and Economic Growth

= Aim: Isolate supply side effects from demand side effects and endogenous regulation

* Reverse causality: Broadband infrastructure can be built in economically successful
countries, so there might be correlation, but not causation

» |nstrumental variable approach:

* Roll-out of broadband networks takes place along the already existing voice-telephony
and cable TV networks.

» Geographic extent of the broadband network is bounded by the extent of the traditional
communication networks.

* Both networks were built for other purposes and finished before broadband diffusion
started.


Vorführender
Präsentationsnotizen
Potential direct effect of theses infrastructures on growth – I will adress this issue when I discuss the validity of the instrument.
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Country Sample

= Complete data available for panel of 20 OECD countries

» Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece,
Hungary, Iceland, Ireland, Japan, Netherlands, New Zealand, Norway, Sweden,
Switzerland, UK, USA

5 additional countries in models without controls for investment and education:
Czech Republic, Italy, Portugal, South Korea, Spain
= 12 years: 1996-2007
= Sources:
« OECD

e |ITU (International Telecommunication Union)
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Variables

= Broadband rate

» Broadband connections (>256 kbit/s) per 100 inhabitants
GDP per working-age population (2000 PPP)

Capital accumulation

* Real private non-residential fixed capital formation / real private GDP

Human-capital accumulation

» Years of schooling population aged 15-64

Population aged 15-64 years

Fixed-telephone lines per 100 inhabitants

Cable TV subscribers per 100 inhabitants
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Logistic Diffusion and Nonlinear First Stage

= Instruments:
Fixed telephone lines and cable TV subscribers in 1996

= Spread of new technologies typically follows S-shaped diffusion curve (Griliches 1957)

Bit = /i T &
1+exp(-=4(t—1))

037

0.25 +

0.2 +

e ». maximum broadband rate
 p: diffusion speed
* 7. inflexion point

0

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

= Existing networks determine maximum broadband rate y;

v, =¥, + y,telephone + y,cableTV
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Logistic Diffusion and Nonlinear First Stage

= Non-linear first stage: Crucial to choose correct functional form (Angrist/Krueger 2001)

» Vast empirical literature following Griliches (1957) on logistic diffusion curves (Comin, Hobijn and
Rovito 2006)

Predicted values from first stage used to determine growth effect of broadband:
* Predicted values

» Time-varying predicted values for broadband rate

 Predicted value for year of introduction of broadband (B2 1%)

» Bootstrapped standard errors in second stage
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The Diffusion Curve: First Stage of IV Model

Dependent variable:

Broadband penetration rate Model 1 Model 2
Voice-telephony penetration rate (Y,) 0.585 0.487
(6.16) (4.59)
Cable-TV penetration rate (Y,) 0.279" 0.301"
(2.11) (2.54)
Diffusion speed (B) 0.647 0.623
(15.60) (13.36)
Inflexion point (1) 2.004.57 2.004.5"
(10423.8) (10508.9)
Constant (yo) -0.057 0.002
(1.25) (0.04)
R? 0.96 0.93
F-test (voice PR = cable PR = 0) 26.69 32.18
Observations 260 325
Countries 20 25

Estimated by non-linear least squares
Same results when 2"d-stage control variables are included
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Effect of Broadband Diffusion: IV Results

Dependent variable:

Log of GDP per capita Model 1 Model 2 Model 3
Predicted broadband introduction 0.027 0.0317 0.039"
(2.84) (3.18) (4.56)
Log of capital formation/GDP 0.107
(2.11)
Log of years of education 0.088
(0.61)
Growth of working-age population 0.043
(0.06)
Country dummies yes yes yes
Year dummies yes yes yes
Constant 3.627 3.563 3.492°
(12.10) (65.67) (61.41)
R? (within) 0.86 0.85 0.84
Observations 240 240 300
Countries 20 20 25



Vorführender
Präsentationsnotizen
Estimation in levels, country and year fixed effects, dummy for introduction of broadband, difference in difference specification
one time shift
Included placebo dummies 2 and 3 years before and after predicted broadband introduction - not significant
Mankiw, Romer, and Weil (1992), 
We assume that bb has an effect on technological progress
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Effect of Broadband Diffusion: IV Results

Alogy, = a+a,By + BAlogs, + BAlogh + BAn, + B, 109 yio + BT + &

Dependent variable:

Growth of GDP per capita Model 1 Model 2 Model 3
Predicted broadband penetration rate 0.135 0.1457"
3.57 (5.27) (4.10)
Years since predicted broadband introduction -0.0037 -0.005 -0.005
(3.92) (5.40) (4.03)
Growth of capital formation/GDP 0.069
(5.73)
Growth of years of education -0.004
(0.19)
A Growth of working-age population -0.18
(0.77)
GDP per capita in 1996 -0.001"" -0.0017" -0.0017"
(6.06) (6.57) (4.38)
Constant 0.052"" 0.056 0.0497
(10.29) (11.59) (8.36)
R? 0.29 0.19 0.12
Observations 240 240 300
Countries 20 20 25



Vorführender
Präsentationsnotizen


First differences of previous specification -> growth rates



Estimation in growth rates, broadband penetration rate instead of introduction dummy
Not the whole effect may arise with the introduction of broadband, but the broadband penetration in the economy may spurr innovation.
Control for GDP in 1996 and include the number of years since broadband introduction (not the catching up effect, compare same points on the diffuson curve)�
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Additional IV Specifications

Results are robust in specifications that add
— Full set of country fixed effects
» Estimated effects slightly larger
— Dummies for four time intervals

Critical-mass specification
— Network effects: non-linear effect of broadband infrastructure?

— Include interaction terms of predicted broadband penetration and step dummies for
having reached at least 10% and 20%

— Clearest effect when 10% threshold is passed; linear beyond

Results about the same with lagged broadband penetration
— Nearly whole effect occurs contemporaneously

Results are robust when we use broadband per household
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Is our Instrument an accurate predictor of BB and not other ICTs?

» |ndirect effect of voice-telephony and cable TV networks?
» Through non-broadband channels — e.g., use of other technologies
» Estimated diffusion curves for mobile telephony and computers

—>No significant effects of penetration of traditional networks on diffusion of mobile telephony
and computers

» Independent direct effect of traditional networks?
 Likely to have subsided; per-capita GDP in 1996 included
* Non-linear 15t stage allows us to test for any 2"d-stage effects!

—>No significant effects of penetration of traditional networks on growth; predicted broadband
penetration keeps significant positive effect



LUDWIG-

MAXIMILIANS- . - 'I
LNIU UNIVERSITAT @ee oo o000 I S O
MUNCHEN INSIDE THE DIGITAL ECONOMY Rl

Broadband Diffusion and Growth

Counterfactual GDP/capita in Germany
(if Germany had had a 10% higher BB penetration in 2003)
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Germany missed out on GDP growth opportunities

Quelle: Czernich, Falck, Kretschmer und W68mann, 2011 4
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Vorführender
Präsentationsnotizen
The leading country, Canada, had a broadband penetration rate in 2003 of 15.1 percent relative to its population. The Figure presents the mean of the lower- and upper-bound estimate of the effect. 
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Results and Open Issues

» Positive effect broadband infrastructure on economic growth

* Introduction of broadband leads to increase of per-capita GDP by 2.7% to 3.9%
(controlling for country and year fixed effects)

* Increase of broadband penetration rate by 10 percentage points leads to increase of GDP
growth by 0.9 to 1.5 percentage points

» Results prove highly robust

» Open issues for future research:
» Longer time frame (here: medium-term effects)
 Definition of broadband very rough: connection > 256 kbit/s
» Consider intensive margin of diffusion (here: only extensive)

» Channels through which broadband increases growth


Vorführender
Präsentationsnotizen
longer time frame: we cannot conclude that the large effect persist over time; BB might be replaced by new technologies
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Saving a single holiday picture in 1980 would have cost $3500
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Hard Drive Prices per Gigabyte in USD, 1980-2009

Source: http://www.mkomo.com/cost-per-gigabyte
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