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Abstract The importance of good economic institutions for fostering economic growth has
been established in a number of papers but the empirical relationship between amstituti
and technology diffusion is less researched. This paper addresses this question by studyi
the empirical relationship between institutions and the diffusion of thrdw ohost important
Internet and Communication Technologies (ICT); cellular, Internet and PC:s. fidiags
are that economic institutions affect the diffusion of ICT mainly through delayingnheft
adoption. Once a country has adopted the technology economic institutions has no effect
neither on the level of adoption nor on the adoption rate. Some other factors of importance to
technology diffusion suggested in the theoretical literature are also t&steahcial and
political institutions as well as human capital is correlated to initial adoption whae
“appropriateness” of the technologies for a country matters more in later stagks of t
adoption process. However what turns out to be most important for the diffusion process is
the maturity of the technology. Studying the dynamics of ICT adoption clearly shows that the
more mature is the technology, the less important are any barriers to technologyadopti
The end result is that even if country specific barriers do not diminish, all cesimatil
nevertheless adopt sooner or later. What is more, this effect is much more important i

explaining technology diffusion than any institutional effects.
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1. Introduction

The introduction of new technology is one of the forces driving economic growth and
understanding the mechanisms influencing the diffusion of new technologies sz cen
guestion in economics. The importance of good economic institutions with respect to growth
has been established in a number of papmrrsthe empirical relationship between institutions
and technology diffusion is less researched. A number of researchers haveegresent
theoretical models of the diffusion process suggesting different factoesxblain the impact

of the quality of institutions or other factors on the adoption of new technologies. This pape
addresses these guestions empirically by studying the relationship betweetianstand

the diffusion of three ICT technologies, cellular, Internet and PC:s over time

The introduction and diffusion of ICT technologies in a form suitable to the spee#ids of

a country is viewed as a prerequisite for economic gromtwell as for the participation in
the global information society. The main mechanisms through which ICT is thoughtdio affe
growth is through increased productivity and lower frictions, both within the |Gdrsaes

well as across the economiaut ICT has been introduced at very different rates. In some
countries mobile phones, Internet access and personal computers were introducbdmmore t
two decades ago and have now a penetration between fifty and close to a hundred percent. In
other countries they are even today available to a small elite only. Thewid#srin adoption
rate of ICT technologies between developed and developing countries has beenhtermed t
“digital divide”. The potentially negative consequences of this divide on economichgnast
incited the UN General Assembly to take the initiative for two world sunfoutssing on
bridging this digital divide. The first in Geneva in 2003 and the second in Tunis in*2005.
Thus barriers to ICT adoption have received a large amount of attention. As can be se
figure lthere is a large correlation between the adoption level of the three IGlegies

cellular, Internet and PC:s on the one hand and the quality of economic institutions on the

! For example Hall and Jones (1998 as she is), Agenai al. (2001),(2004), Rodrik et al. (2002), Mau
(1995), Easterly and Levine. (2003), Dollar andd$ra2003), Levine et al. (1999), Rajan and Zing#&998),
Claessens and Laeven (2003), Przeworski and Lin{@883, Persson (2005), Giavazzi and TabellinD@0
Papaioannou and Siourounis (2004), Tavares and i#fgq2000)

2 See for example Onliner and Sichel (2000) andelwgn and Stiroh (2000). Even Solow has somewhat
renounced his famous quote on the lack of impacbaofputers on productivity, Uchitel (2000

% For an overview see Kraemer & Dedrick (2001). &oin depth discussion see the study The Source of
Economic Growth in OECD countries (2003).

* The UN General Assembly initiative of two worldnsanits on the information society in 2001 and 208&e
http://www.itu.int/wsis/index.htmfor details. See als¢/SIS-03/GENEVA/DOC/4-E Declaration of Principles
for the world summit on the information society.




other. However in a global perspective sooner or later, regardless of thg gligstitutions
or income, almost all countries adopt these technologidigure 2the percentage of the
population living in countries that has adopted cellular, Internet or PC technologyesl plott
together with the average quality of the economic institutions and income in the adopting
countries. What can be seen is that during the last 25 years (in the case ef Irigmears)
almost all countries have adopted these technologies. This is not because thieygehsr

of the economic institutions in the adopting countries has improved. On the contrary, the
mean institutional quality in the adopting countries is decreasing while airtieetsne the
average institutional quality is increasing. Neither is it because theybkawvene richer, the
mean income in adopting countries has decreased even more than the averagen@stituti
quality. Instead it seems that the effect of institutional (and economi@@rsao technology
adoption is decreasing over time and that their main effect is to delaotegy adoption,

not block it.

The contribution of this paper is to empirically test the importance of theygoh&conomic
institutions for a countries ability to adopt ICT technologies and contrastihithe
importance of the maturity of the technologies. Is the quality of economic institutions
important for ICT adoption and if so, how important is it. Other factors relevant to the
differences in technology adoption suggested in the literature are the qualityinhticesi
and political institutions and the appropriateness of the technology as welledfethef the
level of human capital. The results for the impact of the quality of economic ilstiwn
technology diffusion are controlled for the effect of these other factors eddormmpact the
diffusion process and their relative importance is discussed. Differeotdawight have
relevance during different phases of the adoption process. An effort to anadyaspbet is
made by looking at the effect on time to adoption for different segments of the population,
early and more main stream adopters. The aspects of the diffusion processshatiedeare

the time to adoption and the level of adoption.

The remainder of this paper is organized as follows: Sectionl discussestaraatr

theories on technology adoption and their implications, section 2 and 3 presents the data.
Section 4 discusses the methods used, section 5 presents the resultssaaddedisses the
concern of endogeneity and omitted variables. Finally in section 6 some concluding remarks

are given.



1. Theories on adoption and their implication

The effect of economic barriers is modeled by Parente and Prescott (1994). Tducaa
model where country specific costs for entrepreneurs contemplating investing in new
technology form barriers to technology adoption which delays the investment. Thus ¢he larg
the barriers the larger the lag before the new technology is adopted. Thess agerier
assumed to take the form of “regulatory and legal constraints, bribes thdiemsst],

violence or threat of violence, outright sabotage, and worker strikes”. They thémreuse t
model to explain a number of “growth-miracles”. In the Parente and Prescott model the
impact of the barriers diminish with the distance of the technology to the technaaggrir
Thus even if country specific barriers does not diminish all countries will nevesthatlopt

sooner or later.

Levin (2003) argue that growth enhancing investments also require a well functioning
financial system which reduces transaction, enforcement and information bagtsmturn
increases the savings rate as well as the capacity to invest and innés@iengkoved
information enables capital to flow to the projects with most potential foessctmperfect
capital markets on the other hand may hamper investment, both the size of feasible
investments as well as the choice to invest at all (Aghion et al. (2004), Acemddfilibotti
(1997) ). According to this theory also the quality of financial institutions have an impact
the time to adoption as well as the adoption level.

Przeworski et al. (2000) , Mesquita et al. (2003), Persson and Tabellini (2008) find a
relationship between political institutions and economic growth. Even thetetipaof the
stability (or lack thereof) of political institutions is found to affect ecomognowth in a
country. The quality of political institutions is also assumed to affect a countriigg tabi
adopt new technology. Krusell & Rios-Rull (1995) present a model where incumbent
innovators with enough political power can block the introduction of new, competing
technology. In Parente and Prescott (1988hopoly rights increases barriers to technology
adoption. Comin and Hobijn (2005) find empirical support for a similar model. Low quality
political institutions make it easier for lobbyists associated with old techesltgiraise
barriers to the diffusion of new technologies. The quality of political institutiansdathus
affect technology adoption. In general one could assume that the more “represethtativ
outcome of the political system, the more people would have the “correct” inceotives

growth enhancing activities like investing in new technology.



In the “Appropriate Technology” paradigm a technology is targeted towards a specific
combination of inputs. In one version it is the capital per labor ratio and in thetwther

skilled versus unskilled labor ratio. One common basic assumption is that newagghinol
the studied sector is developed in countries with a high relative level of skadl&eéns or

capital per worker and thus is optimized, (appropriate), for this mix. Acemoglu l&#ili
(2001) present a model supported by empirical results where unskilled workers using new
technology is less productive than skilled workers using the same technology. Cauititries
a lower relative level of skilled workers have lower productivity using the aeelanblogy but

it is also not optimal to introduce the same level of new technology as in cowithes

higher relative skill level. Caselli & Coleman (2006) introduces and testslaliwhere
technology can be either complementary to high or to low skilled labor and then shows that
the respective types of technologies is favored by countries relatively abundaiht in hig
respectively low skilled labor. In both cases the skill level will be coeélatth the adoption

level of new (skill-biased) technology.

Glaeser et al (2004) stress the role of human and social capital apthtamhfactors
shaping both institutions and economic outcome in a country. Ciccone and Papaioannou

(2005) find that human capital affects a country’s ability to adopt new technology.

2. Data

The explained variables used are data on the number of users that have adoptpédineres
ICT technologies. The explanatory variables are indexes representing tiye @fuadionomic,
financial and political institutions as well as one index of the reldgwe of skilled versus
unskilled workers and one on schooling. GDP per capita is entered as a control.

2.1 ICT adoption
The paper focuses on three important ICT technologies where good quality data Idegvaila

cellular telephony, Internet and personal computers respectively. The datdsstdete

from the International Telecommunication Union (ITU) which measures the numbsersf/
capita in the population for each technology since 1980 up to 2004 / 2005 for approximately
200 countries. The dependent variable is either the log of the adoption level or the log of the

adoption lag. The adoption laag,cr  cri jceiuiar, memerpg » MeASUres the delay for each

country as the time to adoption for each of the ICT technologies. It is calculdter as



number of years from the availability of the technology until the number of users in the
population exceeds a certain threshold. The time of availability for a partiecharology is

calculated aEnin(YearOfAdotion,CT) , the first year the number of users in any country in the

data exceeds the threshold. The higher the threshold the higher the percentage eédedrs n
for the technology to be counted as adopted and the later this number of usersed. attai
Since the level chosen for the threshold affect the valuesgpf; , the threshold level is

varied from 0.1% to 20% to test the sensitivity of the results to this choice.

2.2 Institutional quality

The effect of economic institutional quality on different aspects of a ceamteévelopment

has been extensively studied in the literatared a number of proxies for the quality of these
institutions have been developed. Starting with Knack & Keefer (1995) a number of
researchefshas used a composite index, Government Anti-Diversion Policies (GADP),

which also is used here. GADP is based on a number of sub indexes compiled by a
commercial firm (ICRG) targeting international investors and madgadle for academic

use in a reduced form by Knack and Keefer (1995). The index aims to evaluate the credibility
and predictability of property and contractual rights and consists of five sub-indexes
Expropriation Risk, Risk of Repudiation of Contracts by Government, Rule of Law, Quality of
the Bureaucracy and Corruption in Governmeériie composite index is created by rescaling

all the sub-indexes to a 0-10 scale and then adding them

The original version of the index is available for the time period 1982 to 1997 for 70 to 129
countries. The World Bank has commissioned an update until 2006 for a subset of the index
(Rule of Law, Quality of the Bureaucracy and Corruption in Governmehith is included

in the dataset used here. Since only a subset is available from 1998-2006 the missing sub-

index values are extrapolated from existing values.

® For example Acemoglu et al. (2001),(2004), Roetikl. (2002), Mauro (1995), Easterly and Levi2€0g),
Dollar and Kraay. (2003), Levine et al. (1999), &a@and Zingales (1998), Claessens and Laeven (2003)
Przeworski and Limongi (1993, Persson (2005), Giavand Tabellini (2004), Papaioannou and Sioumuni
(2004), Tavares and Wacziarg (2000)

® Hall & Jones (1998), Persson (2005), Acemoglundsbn & Robinsson (2001).

" Knack and Keefer motivates this procedure by mptiirat the resulting index is strongly correlatdéthw
indexes created using weights calculated by fataiysis. For more on this index see Knack and &eef
(1995).



2.3 Other variables

To control for the potential effect of the quality of financial and political instibs as well
as the appropriateness of the technologies, indexes proxying for these effexdtsled in

some regressions.

Following Beck et al. (2000) the level of private credit by deposit money banks and other
financial institutions to GDP (PCF) is used as a measurement of thtg gtithe financial

system in a market. PCF measures how financial intermediaries chsawialgs to investors
(Beck et al. 2000). The dependent variable, log (ICT), measures the number ofnadlies (
subscriptions, Internet subscriptions, PC:s) which is the realised demdhd garvice. In the
case of PCF it could be argued that the suppliers, especially of mobile telephonieamet |
access have the potential for attracting foreign capital. The local suppsuned by PCF

would then be irrelevant. The users, on the other hand, do not have this potential fongccessi
foreign capital. Mobile connectivity, Internet and PC:s are initially ergel extent demanded

by firms using them as intermediate input in the production process or, in the tateenaft

and PC:s, targeting them with content. If these local firms lack accesgital they can

neither demand the new technologies nor create demand for them by supplying local content

that makes the technologies more valuable to prospective adopters.

To measure the political institutions in a country the POLITY2 index from they p4alit
project is used. POLITY2 is a composite index measuring the degree of denatioratiz
versus autocracy in a couritrirhe span is from —10 to 10 where the lower the value the more

autarchy and the higher the more democracy in a country.

To find an index for the appropriateness of the technology requires a measurement of the
relation between the efficiency of skilled versus unskilled workers. FollowasgIC &
Coleman (2006) the index for countries endowments of skilled versus unskilled laByngSL
calculated as the relation between the relative number of efficientsyofiiskilled labor over
the relative number of efficiency units of unskilled labor. The Barro-Lee dat# gears of
schooling is used to calculate the percentage of the population in each group, skslied ver
unskilled. The classification of the population into either group follows the preferred
definition in Caselli & Coleman with no schooling and primary school attained (but not

finished) as unskilled and all other categories as skilled. To calculateldtige efficiency

8 See Marshall and Jagger (2002) for a detailedrifiiem of the different components of the index.



units it is assumed that it is equal to relative wages. Each category isegddightumber of

years in each educational level and multiplied by the exponentiated minceriacieoett

give the wage-value of each year. The data on the country specific number of yealns in ea
level as well as mincerian coefficients are limited. For this reasoaga/g@alues are used

here to enable the creation of a panel set for a large number of couréasoling data is
available on a 5 year basis from 1980 up to 1999 for 105 countries. In the cases where yearly
data is used the missing data points are interpolated and in the case of data up to 2005

extrapolated.

Also the level of human capital was discussed as one factor that pote et ch

technology diffusion in a country. To create an index for human capital the percentage of
people having completed at least primary schooling from the Barro-Lee datased.i#\s
mentioned above this data is missing for a large number of years and is thustiapelated

to make up for those missing years when necessary.

These two last indexes are thus to a large extent inter/extrapolated. Thesuttsefor their
impact on ICT diffusion have to be treated with some care. They are mainly inckided a
controls and to give some indication as to their relevance, not to give any guantitat

measure on their impact.

2.5 Data statistics

Cellular and Internet data is available for more than 200 countries whilerd&@& adoption
is available for more than 150 countries. Data on institutional quality on the otitkishanly
available for a subset of countries, especially far back in time. Data on edusainly
available for every fifth year (se¢able 1for summary statistics). In the fixed effects
regressions where only the index for the quality of economic institutions (GARPEDP
per capita is included as explanatory variables a basic set of 122 coisntised. The focus
in this paper is on the effect of the quality of economic institutions and including more
explanatory variables reduces the available data set so much that ntesefiects can be

identified. For cross-country regressions where it is possible to includemghirrtional

° The data limitations both over time and countmcés Caselli & Coleman to settle for one crossatyu
dataset for 54 countries (part of the data theyisiagoroprietary dataset not generally availaldlag aim here is
to create a panel for a larger number of countrigish requires some generalizations.



variables as well as education a country set of 101 countries is possible whenaging m
values (over timéf. When including the index for the relation between skilled and unskilled
workers (SLS), the data is only available for 79 countries and this limited daaused

when testing the appropriate technology hypothesis.

3 Afirst look at the data

In this part, some of the basic correlations and developments over time in tie data
discussed. Looking first at the diffusion over time for the three ICT technolaglessaébeen
discussed in the introduction it has not been a question of adopting or not adopting the new
technology. The question has rather been when the technology would be adopted and at what
rate. Measuring the adoption year as the first year with more than 0.1%igiser2 plot

how the three ICT technologies have spread over the world. All three technologies have
spread to almost every country on the globe during less than twenty-five years @edlud c
Internet it took barely fifteen years for the technology to reach almost allriesuoih earth).

But the adoption lag has been very uneven. In Finland 0.1% of the population had a mobile
subscription by 1980 while it took fourteen more years for China and eighteen for India to
reach this level. Bhutan, Afghanistan and Ethiopia reached the same penedtatiostrby

the year 2003.

The speed of adoption, once the technology is adopted has also varied over time. The average
adoption rate for countries adopting a particular year is plottegure 3.For Cellular and

Internet the trend is unambiguous. The later a country adopts, the higher the rate of adoption.
Late adopters thus make up for their late entry by a much higher adoption rate traatythe e
adopters. This is even more noteworthy considering tHagure 2it was shown that the later

a country adopted, the lower the quality of its institutions. Thus economic iosigwulo not

seem to affect the adoption speed. In the case of PC the trend is in the othenditgclso

there are some extreme outliers in the early years of the data pamehibigplausible and if

they are removed the trend all but disappears. The early data for PC adoption is probably not
very reliable so it is hard to draw any firm conclusions from the data.

A common notion is that the sole reason that developing countries adopt new techrielogy la

is that they cannot afford the new technology and ICT adoption is, not surprisingly,tedrrela

1% See the method chapter for a discussion on thefusean values and alternative regressions tatiese
results.



with GDP per capita. This is shown clearlyHigure 4,which plots the log of GDP per capita
versus time to adoption for a number of countries. However the dispersion is largaesount

at similar stages of economic development vary widely in their time of adoption. Foplexa
Malaysia reached a penetration rate of 0.1% mobile users in 1987 while it gperkaAlvith a
similar GDP per capita in 1987, 12 more years to reach the same penetrationthetease

of Internet Portugal reached a penetration rate of 0.1% in 1991 while Saudi Ardbaa wit
comparable GDP per capita in 1990 did not reach this penetration level until 1999. Taus ther

Is obviously more than the level of income that affects the adoption of these teclmologie

The basic assumption here is that one such additional explanation is the quality afiecono
institutions.Figure 1shows that there is a clear correlation between the adoption level of the
ICT technologies and the index for economic institutions. A higher index means bette
economic institutions which are correlated with higher adoption levels, theefagative
slope. Figure 5on the other hand shows that economic institutions are also correlated with
the time of adoptioeven, as in the case of GDP, there is a large dispersion where countries

with the same index vary in time to adoption.

4. Method

4.1 Penetration level
To analyze the effects of economic institutions on the level of adoption arstaodatry

fixed effects regression with year dummies is used. The dependent variabléog of the
adoption level / capita of the respective ICT technologies and the explanaiabtevar the

guality of economic institutions.

The regressions include time dummies and country fixed effects which addhessescern
for omitted variables by proxying for both time-persistent country specifittedniariables
and global time-varying omitted variables. This leaves country specificvanyeg omitted
variables. To proxy for these potentially omitted variables, time-dumntescted with
regional dummies are included as controls in one regression. Also the poterftieihpof
(first-order) serial correlation in the data is addressed by usingliifstencing as a

complementing method.



4.1 Time to adoption
To test if institutional quality affects ICT diffusion by delaying the timadoption a

measure of the adoption lag for each country is regressed on the differentonstitut

indexes. Time to adoption is here defined as the number of years it takes for a country unt
the number of users of the technology exceeds a certain threshold. Number of years is
measured from the year the technology was first available. The technologyrseasto be
available the year the first country in the world passes this threshold.olimsycthen gets a
lag of 1. The size of the threshold should theoretically have an impact on the resalelfpr
small threshold, almost all countries in the world have a corresponding group of potential
companies and users with the adequate skill level and financial means. The techiiblogy w
always be appropriate for this small group even if it is not appropriate for thef ths

country. Thus the appropriateness of the technology should not matter for the adoption
decision of these small segments. The barriers on the other hand could be assumed to be
active also for the initial adoption segment, possibly even more so than when tlse “ice
broken”. The adoption lag is thus measured for different segments, 0.1% , 1%, 10% and 20%

of the population

The data for institutions as well as the ratio of skilled versus unskilled imhvailable (with
some limitations described in the data section) as panel data over timeebtd doption is

by definition time-invariant. Given this limitation the simplest way to t@stpgarameter is in

a cross-country regression, which is done in the basic model. This makes use of afly part
the variation in the data and requires some limiting assumptions on parametensiekies

are regressed on the log of the time to ICT adoptiog(iCag,.; ). The following basic

regression model is used:

|Og(|-ag|cri) = bo + bl ’ Barrieri + bz X+ bs >GDPi U e {Cellular, Internet PG 1)

Barrier is measured by the GADP index for the quality of economic institutiorssa X i
number of controls: financial and political institution, schooling and an index cédkiéirsus

unskilled labor. GDP is GDP per capitas a country index. Time to adoptiohdg,.; ) is

the number of years it has taken the country to reach a certain user base asetBid o of
the population. The explained variable is not related to a certain year. Also sdme of t
explanatory variables are missing for a number of years. For these reasorartha the

explanatory variables are used.



Simultaneity bias and omitted variable bias are two potential sources of artioistype of
regressions. To address the possibility of simultaneity bias a regressionxdarmatory

values from the time of the global introduction of the ICT is used.. These values lcavaot
been affected by the technology itself. To test if the results are driven bydwaitiables an

IV for the quality of economic institutions, the log of settler mortality, is uskis. [V was
introduced by Acemoglu and Robinsson (2001). They assume that the higher the number of
European settlers present in a colony during the colonization period, the loetjeatity of

the institutions they would introduce. In colonies where there were very fdgrsptesent

they would introduce very extractive institutions whose sole purpose was totrassigces

from the colonized to the colonizers. In colonies where there were many codqriegsent

on the other hand they would introduce good institutions protecting their private property and
emphasizing checks against the colonizing government’s power. The quality of these
institutions would have a persistent effect on the quality of today's institutionsaufizer

of colonizers was, among other things, affected by the disease climate whichl dieeide
feasibility for Europeans to settle in the colony. The disease climate afbedd the settler
mortality in the respective colony and this settler mortality they have appated through

old records of mortality for soldiers and priests in each colony. This IV is vailable for a
limited set of countries so the results are limited to the set of countreze where is an

overlap of this IV-variable and the GADP index.

This basic model only makes use of a cross-section of the data. Also if higher thresholds
should be used (above 0.5%-1%) there would be a problem of right censoring since not all
countries will have reached this level of adoption. To provide additional evidengetius

entire available panel of data as well as handling right censoring more robuesttynd s

model more suitable to handle the data, a duration riddéhtroduced. In this type of model
the full panel of available institutional variables at each year wdupi#on of the technology

in a country is taken into account. The resulting coefficients measure tiad gffect of

changes in the covariates on the probability of adoption during a year conditional on not
having adopted earlieF?ri{At 3 Z| (A AL oA < Z),Yit} where A, is the adoption
rate for country i at time t, Z the adoption threshold usedyarttle covariates for country i at

time t. The regression model is as follows:

1 puration analysis is commonly used in labour ecoise and to some extent in empirical work on tedbmp
diffusion. See for example Wooldridge (2002) ch.o2&albfleisch and Prentice (2002) for a text book
treatment of Duration Analysis and van den Ber@3(. 3384 for a number of references on apptioatof
duration analysis in labour economics as well asofields in economics.



h(t)iICT = h0 (t) ICT >ebo+bl>8arrierat+b2xxn+b3>GDpn ICTT {GSM, Internet PG (2)
hycr IS @ probability of adopting the ICT (conditioral not having adopted it before) called

the base line hazard. It is equal for all countri@se could think of this as similar to the
assumption of free dissemination of ideas. All daes know about the existence and
advantages of ICT and everything else equal shoaNe an equal interest and thus
probability of adoption. The exponential term tlmepresents how country specific barriers to
adoption as well as controls affect this probapf{lihultiplicatively) resulting in the country

specific probabilityh(t), ** of adoption. The coefficients are calculated qramel® using

maximum likelihood, maximizing the probability otactly the number of actual adoptions
each year. This is done using the available data the availability of the technology until
2005, the last year of available data, and takiesaocount the censored observations. For
the regressions Cox proportional hazard estimasiaised. It is a method that estimates the
effects of the covariates on the probability of gttkm only relative to the unknown base line
hazard but the advantage is that it is not necg$sanake any assumptions on the

distribution ofLag,; .

To gain additional information on the diffusionl@T and it’s relation to institutions the
evolution of the base line hazard over time isyared. If the base line hazard increases over
time, positive duration dependency, the common gty of adopting a technology
increases. In this case the implications wouldhia¢ $ooner or later, no matter how bad the
state of the economy or institutions in a courttmg, probability of adoption for the country

would become very high.

12 This probability is the hazard rali(t) which is the (limiting) probability that the evemtcurs in a given

interval, conditional upon that it has not yet ated, divided by the with of the interval.

Prc+Dt>T>t) _ f(t) The coefficients shown are the exponentiated wasoefor a coefficient of for
Dt 1- F(t)

ex. 1.21, 1 step increase in the related index dvmdan a ~1.21 times (~21%) higher probabilityddion.

Significance level is approximately the Wald tésttt1.21 is different from 1.

This model is directly related to regression mddghwhich also could be written d.':‘.agmi =€ . When

using OLS regression (1) also requires the assamph log-normal distribution of the errors whishnot
needed when using Cox PH estimated with maximuatitikod in duration analysis.
13 The panel is unbalanced. Especially for early yeata is missing for a number of countries.

0=l

bOX; +u;



5. Results
5.1 Adoption level

The connection between the quality of economidtutsdn and the adoption level of ICT
technologies is analyzed using a fixed effect regjom with time dummies. The GADP index
is regressed on the log level of adoption contrglfior income. The GADP index (and GDP /
capita) are normalized by their standard deviationhe first regression itable 2(column 1-

3) all countries and time periods with available da&included. The result is that all three
technologies are significantly correlated with kel of ICT adoption. A one standard
deviation improvement in the index for economiditngons can be seen to be correlated
with a 30-45% improvement in the level of ICT adopt A one standard deviation change in
economic institutions is equal to the differencensen the United States and countries like
Egypt, India and Brazil (1995). In this regressomty data points with available data are
included. One reason that a country is missing idedatime period is that it has not yet
adopted the technology at any significant leveisTéa log-normal regression so to include
country/time periods where the adoption level isosothat it is not registered it is assumed
that all countries have at least a very low basiell of adoptiort? When also these data
points are included the number of observationsim®es with about 50%able 2column 4-

6). The coefficients for GADP are significant at betteain the 1% level. A one standard
deviation change in the index for economic ingtus is associated with more than a
doubling in the level of adoption in the case diutar and PC and about half that for Internet

The results are built on the assumption of no @aittariable bias from time-varying country
specific omitted variables and no serial corretatideither of these assumptions is very
plausible. To test the results for omitted varidiibes, interaction dummies between time and
region are included in the regressions abdaelé 2 column 7-9)The main results are stable
except in the case of Internet where the signittedevel drops to 16% but the size of the
coefficients for GADP decreases. Part of the cati@h between the adoption level and the
quality of economic institutions could thus be expéd by some region specific factors that

vary over time.

14 Corresponding to what can be expected to have treemght in by foreign business operations, thétanjl
and the local science community.



Allowing for correlation within countries by clusieg on country table 3 column 46does
not change the results for cellular or PC whilergmult for Internet is no longer significangly
different from zero (drop to 16% level). Firstfdifencing is not sensitive to a possible AR1
serial correlation but less efficient otherwise.&fhrunning the regressions using first-
differencing the correlation between the qualityeobnomic institutions and the adoption
level is not significantly different from zero ihd case of cellular and PC. In the case of
Internet on the other hand it is significant at 18 level and the coefficient is very large
(table 3 column 70

Thus the relationship between economic institutemg ICT adoption found is sensitive to
assumptions on serial correlation and other factbtie quality of a country’s economic
institutions affect the adoption level of ICT teclogies the measurable effect is in the order
of 15-20%. This difference is for countries as drspe as the United States versus India or

Egypt.

However in all the above regressions the coeffisiéor the time dummies are significantly
different from zero at better than 1% and the sizde coefficients shows them to be many
times as important as the quality of economic ingtins or income. The coefficients for the
year dummies are smoothly increasing in all casdsaa can be seentable 4andfigure 6
the size off the coefficients from 5-10 years otumiag of the ICT technologies dwarfs the
effects from one standard deviation improvemerthéinstitutional qualityThis can be seen
even more clearly by dividing the effects of ecomomstitutions by year through interaction
terms for GADP and year. The resultgable 5andfigure 7when including also data points
with no reported ICT adoption level (this is thesification that allowed for maximum
impact from GADP)is that after the mid-nineties there is no siguaifit effect of GADP on
the adoption level. The more mature the technoltggy/Jower the relative effect of

institutional quality.

5.2 Adoption lag
The previous results indicate that the main efédé&conomic institutions on ICT adoption is

seen only when including data on countries pricadopting the technology at any reported
level. If the quality of a countries institutionext the decision to adopt now or postpone

adoption to a later time this would have an eftecthe adoption level over time. To test the



effect of economic institutions on the adoption tlag log of the time to adoption of each one
of the three ICT technologies are regressed onuldty of institutions.

The basic results are based on cross-country Ofitifisggns and GDP per capita is entered
in the regressions as a control. The results asepied irnable 6.In column 1-3 the quality
of economic institutions, measured by average GABRegressed on (log) time to adoption
of cellular, Internet and PC. The coefficients sigmificant at the 1% level with a negative
sign which shows that higher values of GADP (bejteality economic institutions) are
significantly correlated with shorter time to adoptof the ICT technologies. The values are
normalized by their standard deviation. Thus theffoments can be interpreted (ceteris
paribus) as the percentage decrease in the nurhipears until adoption correlated with a
one standard deviation improvement in the insthdi quality. This effect is the same for all

three ICT technologies, about 2 yéars

As mentioned there exist a number of complemeradadycompeting potential determinants
of the differences in the adoption lag for the lt€€hnologies. Indexes for these are entered in
the regressions shown in column 4-6. The GADP indestill highly significant even though
the level effects diminish somewhat. This indicated part of the effect inolumn 1-3s

only indirect and is actually caused by the otlaetdrs controlled for icolumn 4-6 Of the
entered variables schooling is significantly catedtl for cellular and Internet (14% level for
PC) but the size of the effect is small. The quaditfinancial institutions measured by private
credit is also highly significant in the case olfldar and PC when entered with it's square
(otherwise it is only significantly different fromero in the case of PC). The effect is large for
small values but diminishes to zero at approxinyated 75 percentile of the sampteé

figure §.'°

The effect of the political institutions index, POl 2, is highly significant in the case of
Internet. What makes this ICT special is probabt bne of the main targets of Internet
technology is free information dissemination inawhat, at least previously has been very
hard to control for a central authority.

15 Average adoption time for cellular and PC is 1drgeand for Internet 6 years.

'® This is well in line with Aghion et al. (2004) thiinds that the increase in the positive effedtirancial
institutions on growth stops once a country hastred a certain level of financial intermediatiooufid to equal
the level of Greece in their paper).

1t is claimed that China (as well as some othgimnes) are working quite successfully on a number o
technical as well as organizational methods of @sking this issue. See for example
http://www.opennetinitiative.net/studies/china/



The index for the relation of skilled versus unigklinumber of workers in the labor force is
included in the regressionstiable 7 Due to the limited availability of this index.abe
regressions are based on a subset of the basitrggenhof 101 countries. The coefficient for
the index is similar to that for GADP when regresea Internet and PC and significant at the
10% level. The appropriateness of the technologpeasured by this index thus has the
potential to explain part of the delay in the titneadoption for these ICT technologies. What
Is more, the coefficient for GADP does not changemwincluding SLS in the regression. The
two effects are independent of each other.

In growth regressions there is always a risk ofuiameity bias. Good institutions cause a
high level of income but a good economy would &sable better institutions. Here the
dependent variable is the time to adoption of glsitechnology not GDP per capita. The
possibility that the adoption at the 0.1% leveanflCT should influence factors as persistent
as institutions to any significant degree is noplasisible as the possibility that the state of
the total economy should impact the quality ofitnsbns. To test if the previous results on
the correlation between economic institutions ame to adoption of ICT technologies where
driven by simultaneity the parameter values fror@5L8re used. The quality of economic
institutions in a country at the year of 1985 carrave been influenced by the technoldy.
In the previous regressions the mean values wee tasincrease the number of data-points.
Using the data-points from 1985 only the underlyiiaga-set is approximately 85% consistent
with the one used in the previous regressions sintall data-points are available for all

countries at the specified point in time.

The result irtable 11is that for all three technologies, the coefficitmtGADP is of the
correct sign and for PC and Internet it is sigmifity different from zero at better than the 1%
level. In the case of cellular the coefficientignificantly different from zero at the 6% level.
The levels of the coefficients are lower but glils result gives a strong indication that there

IS no serious problem with simultaneity bias in pnevious regression.

A more serious problem is that some factors nob@ated for in the regression might affect
the ability of a country to adopt new technologyhet same time as they affect the quality of

institutions. This leads potentially to an omitteatiable problem. To test for omitted

'8 Although expectations of the introduction of ti&Icould theoretically have had an impact.



variables an IV approach is used based on an Ithiaguality of economic institutions, the
log of settler mortality introduced by Acemoglu a@ldbinsson (2001). This IV is only
available for a limited set of countries so theulssare limited to the set of countries where
there is an overlap of this IV-variable and the GAIDdex. Column 1-3 itable 8shows the
OLS results using this smaller country-set. Tlga sind level of the coefficients are similar
to the previous regressions with the full county{sut especially in the case of PC this set is
very small and the coefficient in that case issighificantly different from zero. In both
cellular and Internet however the coefficientssagaificant at acceptable levels.dolumn 4-

6 the results from the IV regression is presenté. doefficients for Cellular and Internet are
significantly different from zero at the 5% levehite in the case of PC it is not. The level of
the coefficients is more than twice that of the\dmegression. Acemoglu and Robinsson
(2001) got the same result with higher coefficiarthe 1V-regression than in the OLS
regression when regressing economic variablesequhlity of institutions. They suggest
that this is an effect of measurement errors argatttenuation bias in the OLS case. Thus the
unbiased effect of the quality of economic instiing on adoption lag for a one standard

deviation difference could be in the magnitude gkars.

5.1 Different thresholds

Adoption is in these regressions defined as mame €h1% of the population having adopted
the technology. This definition of adoption reqsianly a very small segment of the
population to adopt for a country to count as aspéidg country. It is quite possible that in
most countries the adoption process for larger segrof the population behave differently.
To test what happens as the new technology diffisskesger segments of the population the
adoption threshold is varied from 0.1% to 20%. Téwult (based on duration analysis) is
shown intable 10-13 The coefficient shown is the multiplicative inase in adoption
probability from an increase in the value of a able. A value above one means it has a

positive impact on the probability of adoption,d&lone a negative.

The result irtable 13shows that the index for the quality of economatitutions, GADP is
positively and significantly correlated with theogdion probability at all levels, 0.1%-20%.
The coefficients are larger than 1 which meanshigiter quality economic institutions are
correlated with a higher probability of adopting tiCT. When including the other

institutional and educational indexestable 14the GADP index is still significantly different



from zero at the 1% level in all cases except PBeaR0% adoption level. The level of the
index however fluctuatesOne reason could be tt@ia@uic institutions affect the adoption
for different segments of the population differgriut given the rather high demands put on
the data and that it is not shown in the previe@gsession it is hard to draw any conclusive

results from this variation.

The index for private credit is highly significaamd larger than 1 while its square is less than
1. This result mimics the previous cross-countsulis and shows that for low levels of
private capital this aspect is at least as impodareconomic institutions. However this result
only holds for low adoption thresholds. Especiailyhe case of Internet but also in the case
of cellular its importance diminishes as the thoddlincreases to the 10% and 20% level.
Once the technology becomes more widespread, therience of external financing
diminishes'®

The effect of political institutions is somewhahdar to that of private credit. The coefficient
for POLITY2 is significantly different from zero fdoreakpoints of 0.1 and/or 1% for all three
technologies albeit at a very low level. This iredes the possibility of a small direct effect of
political institutions at the initial stages of kewlogy adoption. Except in the case of cellular,
once a technology has gained a beachhead in argdhatpolitical institutions does not seem

to have any direct impact on the adoption anymore.

The same result applies to schooling. It is wealdyificant with a coefficient slightly larger
than 1 for very small adoption levels (0.1% andif%ome cases). In the case of PC:s it even
has a coefficient below 1 for higher adoption ratsch is hard to explain. The index for

schooling however is very noisy.

The coefficients for the index for skilled versusskilled ratio(table 12)increase for higher
adoption thresholds in the case of Internet anavRi® in the case of cellular the results are
inconclusive. These results indicate that the gpatte technology paradigm potentially is
important at an adoption level around 10%-20% wlhieeenew technology starts to play a

more important role in the productivity of a coyntWhen all controls are entered in the

¥1n the case of PC:s the effect comes later. Adduoption threshold of 25% private capital is ingfigant with
a diminishing coefficient also in the case of PC:s.



regression iiable13the number of observations becomes few and thitsese hard to

interpret.

5.3 Other explanations
When using duration analysis the effect of ingtitug is calculated as an offset (relative

hazard) from a base line hazard common to allrfsegel (2)). This base line hazard is the
common probability of adopting a new technology anplotted over time ifigure 9for the
three different ICT technologies . It has approxehathe same form for all three
technologies, increasing (positive duration depangeuntil a maximum and then decreasing
during the final years. This means that when arteldygy matures, the probability of adoption
increases regardless of the quality of institutions

The same effect can be seen in the log level apdifterence fixed effect regressions in
table 5 The coefficients for the time dummies are higéignificant and smoothly increasing
in all cases. The size off the coefficients frorhi(Gyears of maturing of the ICT technologies
dwarfs the effects from one standard deviation owpment in the institutional quality.

Thus both the time to adoption as well as the diffn rate once adopted depends less on the
quality of economic institutions the later a coyradopts the technology. The more mature
the technology, the lower the relative effect aftitutional quality.

6. Concluding discussion

The uneven diffusion of ICT technologies, the “BagiDivide” has commanded a large share
of attention during the first part of the decenniand been the topic of two global UN
conferences. The negative implications for grovahsed by the digital divide have inspired a
number of suggestions on how to intervene to impmatters. The topic of this paper has
been to empirically judge the impact of economatitations on the diffusion process, alone
and in combination with a number of other potehtimhportant factors. The findings are that
the main reason that countries with low qualityremic institutions have a lower level of
ICT technologies is that they postpone adoptiogdorihan countries with better institutions,
all other factors equal. The size of this effedhithe order of 2-4 years delay between
countries like the United States on the one hauddEagypt and India on the other. However
once having adopted the ICT technologies the effeetonomic institutions is very weak or

even non-existent. The other institutional factoduded as controls, financial and political



institutions, as well as countries skilled versuoskilled relation were found to be related to
the diffusion process in some instances but nabasistently as the quality of economic

institutions.

However what turns out to have a much larger imganother aspect of one of the theories.
The Parente and Prescott (1994) theory about batddechnology adoption takes into
account the distance to the technological fronfibat is, the more time that has passed since
the introduction of the technology, the less imanttbecomes the barriers effect. In the data
this is the one aspect of the theories whose impattchnology diffusion dominates the
effect of all the other factors discussed. Alsmiihs out that the time required for this aspect
to dominate is very short. In the case of Cellitléakes less than 15 years for the effects of
economic institutions to all but disappeBgyre 7). In the case of PC it is less than 10 years
and for Internet less than 7 years. By the midtesehere is no measureable correlation
between the quality of economic institutions areldakdoption level of all three ICT

technologies.

The lowering of the barriers to technology adoptimoombination with the S-shaped
adoption pattern for technology results in a caighip of the previous laggards in ICT
adoption. This becomes very apparent when lookirilgearecent developments in China and
India compared to the United States. 10 years dgoathad a penetration rate of mobile
subscribers that was 5% of the penetration ratiedrunited States while India had 0.5%.
Today China has 50% of the penetration rate otlihiéed States while India has 25%. In
absolute numbers China has twice as many mobilegohobscribers as the United States,
more than any other country in the world. In theecaf the Internet the development has been
even faster. Ten years ago China and India hathdes0.3% of the Internet subscriber
penetration compared to the United States. Toddia land China has about 25 % penetration
rate compared to the US, in absolute numbersraétbountries have the same number of
Internet subscribers. It is only in the number GsRhat the United States still has a firm lead.
Considering that China and India has 5% and 2%e#sfely of the GDP per capita of the

United States this development in the ICT sectartigily impressive one.

These truly impressive changes have taken plaspite of the fact that none of them are
even remotely matched by increases in the indesesenting the institutional quality or

appropriateness of the technology. As the diffel€ittechnologies has matured the limiting



effects of different barriers to technology adoptias decreased. The reasons for this
development are very likely both external to thehtelogy, like network effects and
spreading knowledge of the technology, as welhgermal in the form of increased price
competition in combination with micro inventionsMering the production costs as well as
making the technology more appropriate for the seddieveloping countries. The increased
price competition as well as the developments eftéichnologies making them more
appropriate for the developing world would be dni®y the expectation on the demand from
the growing markets in these countries. Today, i product portfolio targeting these
markets is a necessary condition for survival fom@bile phone manufacturers and the
rolling out of the service is one important parttbe business for the world’s telecom
companies. The same development is just now ggastithe PC market. Thus the prospect
of the demand from the unparalleled markets ofithneeloping world has most probably been
instrumental in harnessing the market powers wgerthe digital divide.

In 2004 when the second conference on the digkaewas planned, both India and China
still lagged far behind the West in the adoption@T technologies. This was seen as an
important issue attracting a large number of higihking government officials discussing
possible interventions that would help bridge thigde. Since then it has increasingly turned

out that market forces themselves are, to a laxtgang enough to bridge the digital divide.



7 Tables
Figure 1

Economic Institutions and ICT adoption
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Figure 2

Percent of world population living in countries
that have adopted the ICT technology
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Figure 3: Average initial adoption rate / year
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Figure 4. Correlation GDP/capita - time to adoptionof ICT technologies.
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Figure 5. Correlation GADP - time to adoption of

ICT technologies.

Economic Institutions and time of ICT adoption
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Figure 6

Coefficients for time dummies
versus GADP
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Data: Based on regression results in table 4

Note Smoothly increasing lines plot the coefficidiotsthe time dummies and the constant lines repitethe

coefficients for the GADP index in the fixed eBeaegression of the log of cellular, Internet and Rdoption
on GADP and GDP/ capita.



Figure 7

Yearly effect of economic institutions
on the level of ICT adoption
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Data: Based on regression results in table 5
Note Coefficients for interaction terms between yaad GADP in a fixed effects regression of the lbg o
cellular, Internet and PC adoption on GAD, GDRpitaand interaction terms GADP*year. The ICT data is

extended by assuming that time periods precedirigiial adoption at a low level and with missingtd has a
very low adoption rate and is not missing..



Figure 8: Combined effect for Private Credit and Pivate Credit squared
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Data: Based on regression results in table 6

Note Relative combined effect of Private Credit antv&te Credit squared for different percentilesRsfvate
Credit in an OLS regression of log(time to adoptiohcellular, Internet and PC on GADP, Private Gite
Private Credit squared, POLITY, education and G2Rita.



Figure 9: Estimated baseline hazard function
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Table 1:Summary statistics

Variable Obs Mean Std. Min Max
Dev.

Cellular 5088 74,61 192,55 0,00 1576,39

Internet 4912 34,05 100,35 0,00 869,42

PC 4064 43,29 106,72 0,00 864,58

Lag Internet 5105 1996,45 3,08 1990 2003
Lag Mobile 5264 1994,49 4,90 1980 2003
Lag PC 4412 1993,56 4,44 1980 2003
GADP 2950 3,17 1,03 0,54 4,97
GDP / capita 4295 4946 7698 0,10 46501
PrivateCredit 3019 0,40 0,35 0,00 1,97

POLITY2 3595 1,18 7,38 -10,00 10,00
SLS 2203 3,21 5,36 0,04 58,40
Schooling 527 71,25 25,27 6,00 100,00

Note Summary statistics for the relevant variables@-2805. Cellular, Internet and PC measures numiber o
adopters / 1000 inhabitants. Lag Cellular, Interaed PC indicate the year of adoption calculatedfze first
year >0.1% of population has adopted the technal@&DP constructed so that higher values mean highe
quality economic institutions. GADP and SLS modifis mentioned in the text.



Table 2 Fixed effect regression with time dummies

Cellular  Internet  PC Cellular  Internet PC Cellular  Internet PC
All All All Interact Interact Interact
t*region  t*region t*region
GADP 0.45 0.31 0.34 2.42 0.86 2.04 0.27 0.17 0.27
(0.00)*** (0.02)**  (0.00)*** | (0.00)*** (0.00)*** ( 0.00)*** | (0.00)*** (0.16) (0.00)***
GDPcap 0.40 0.27 0.06 -0.11 0.99 0.21 0.45 0.27 6 0.0
(0.00)***  (0.00)*** (0.01)** |(0.75) (0.00)***  (0.48) (0.00)***  (0.00)*** (0.12)
Obs 1667 1337 1542 2331 2314 2332 1667 1337 1542
Nbr of id 122 122 122 122 122 122 122 122 122
R-sqr 0.88 0.87 0.85 0.71 0.84 0.67 0.95 0.95 0.98

Data: Extended country se of 122. Values normalized &iy standard deviation. Dependent variable lag©T|
adoption level. GADP extended as described ingke t Minimum value of 0.001ppm adoption rate es=aiif
no adoption value in column 4-6. Time dummies &uid with regional dummies included in column 7-9.
Note Columns 1-3 including datapoints with non-missiexgls of ICT adoption. Columns 4-6 including alll
datapoints. Robust significance level in parenéises

Legend *significant at 10%; **significant at 5%; ***sigificant at 1%

Table 3 Fixed effect regression. Clustering onntpuand first-differencing.

Cellular Internet PC Cellular Internet PC Cellular Internet PC
Cluster(i) Cluster(i) Cluster(i) | First First First
Diff Diff Diff

GADP 0.45 0.31 0.34 0.45 0.31 0.34 0.86 4.04 1.36

(0.00)***  (0.02)** (0.00)*** ](0.01)*** (0.20) (0.01)** (0.35) (0.00)***  (0.18)
GDPcap 0.40 0.27 0.06 0.40 0.27 0.06 -0.02 -0.10 .14-0

(0.00)***  (0.00)*** (0.01)** (0.00)***  (0.00)*** ( 0.02)** (0.68) (0.01)**  (0.01)*
Obs 1667 1337 1542 1667 1337 1542 1641 1320 1521
Nbr of id 122 122 122 122 122 122 0.12 0.37 0.29

0.88 0.87 0.85 0.88 0.87 0.85 0.12 0.37 0.29

Data: Extended country se of 122. Values normalized diy sitandard deviation. Dependent variable lag@©T|
adoption level. GADP extended as described ingke Time dummies interacted with regional dummies
include in column 4-6. First differenced valuesaiumn 7-9.
Note . Prais —Winsten model with panel-correctechstard errors in column 1-3. Prais-Winsten and GADP
interacted with time-dummies in column 4-6. Firftedenced values in column 7-9. Robust signifiealevel in
parentheses.
Legend *significant at 10%; **significant at 5%; ***sigificant at 1%



Table 4: Time to adoption (fixed effect) of ICT. Time dummies included in table.

Cellular Internet PC
GADP 0.45 0.31 0.34
(0.00)*** (0.02)** (0.00)***
GDP / capita| 0.40 0.27 0.06
(0.00)*** (0.00)*** (0.01)**
1985 -0.14 0.97
(0.76) (0.25)
1986 0.31 1.29
(0.50) (0.12)
1987 0.62 1.57
(0.17) (0.05)*
1988 1.02 1.76
(0.02)** (0.02)**
1989 1.46 2.03
(0.00)*** (0.01)***
1990 1.68 -0.41 2.16
(0.00)*** (0.23) (0.01)***
1991 2.14 0.00 2.40
(0.00)*** () (0.00)***
1992 2.29 0.21 2.55
(0.00)*** (0.46) (0.00)***
1993 2.58 0.86 2.71
(0.00)*** (0.00)*** (0.00)***
1994 3.03 1.38 2.85
(0.00)*** (0.00)*** (0.00)***
1995 3.57 1.86 3.05
996 (0'80)*** (%060)*** (0302)***
1 4.05 .65 .27
(0.00)*** (0.00)*** (0.00)***
1997 4.64 3.57 3.51
(0.00)*** (0.00)*** (0.00)***
1998 5.21 4.29 3.75
(0.00)*** (0.00)*** (0.00)***
1999 5.76 5.05 3.92
(0.00)*** (0.00)*** (0.00)***
2000 6.43 5.55 4.10
(0.00)*** (0.00)*** (0.00)***
2001 6.94 5.91 4.23
(0.00)*** (0.00)*** (0.00)***
2002 7.31 6.31 4.44
(0.00)*** (0.00)*** (0.00)***
2003 7.61 6.64 4.60
(0.00)*** (0.00)*** (0.00)***
2004 8.27 7.05 4.80
(0.00)*** (0.00)*** (0.00)***
2005 8.79 7.40 4.99
(0.00)*** (0.00)*** (0.00)***
Observationg 1667 1337 1542
Nbr of id 122 122 122
R-squared 0.88 0.87 0.85

Data: Values normalized by their standard deviation. GAB®nded as described in the text.
Note Panel of available data 1984-2005. Robust sigaifce level in parentheses.
Legend *significant at 10%; **significant at 5%; ***sigificant at 1%.



Table 5 Interaction terms between GADP and year

Cellular Internet PC
Ic li Lpc
GADP | -3.07 0.09 0.15
(0.00)*** (0.81) (0.86)
GDP 0.17 0.22 -0.23
(0.62) (0.13) (0.58)
1984 2.79 -1.25
(0.00)*** (0.17)
1985 4.64 -0.48
(0.00)*** (0.62)
1986 6.01 -0.35
(0.00)*** (0.72)
1987 6.84 -0.34
(0.00)*** (0.73)
1988 7.19 3.84
(0.00)*** (0.00)***
1989 7.57 4.00
(0.00)***  (0.00)***  (0.00)***
1990 7.13 3.48 4.19
(0.00)***  (0.00)***  (0.00)***
1991 6.79 5.46 5.02
(0.00)***  (0.00)***  (0.00)***
1992 6.46 6.65 5.29
(0.00)***  (0.00)***  (0.00)***
1993 6.05 7.93 5.12
(0.00)***  (0.00)*** (0.00)***
1994 5.50 7.01 4.88
(0.00)***  (0.00)***  (0.00)***
1995 4.99 5.46 3.26
(0.00)***  (0.00)***  (0.00)***
1996 2.51 2.14 3.28
(0.00)***  (0.00)***  (0.00)***
1997 1.32 0.77 1.02
(0.02)*  (0.03)*  (0.30)
1998 1.12 0.66 -0.38
(0.04)**  (0.07)* (0.67)
1999 0.86 0.31 -0.41
(0.11) (0.37) (0.64)
2000 0.58 0.15 -0.42
(0.28) (0.67) (0.63)
2001 0.35 -0.02 -0.62
(0.51) (0.96) (0.48)
2002 0.18 -0.19 -0.74
(0.74) (0.59) (0.40)
2003 0.04 -0.33 -0.50
(0.94) (0.35) (0.57)
2004 0.08 -0.14 -0.87
(0.83) (0.66) (0.30)
Obs 2331 2314 2332
R-sq 0.82 0.92 0.78

Data: Values normalized by their standard deviation. GAB®nded as described in the text.

Note Panel of available data 1984-2005. Coefficidiotsinteraction year*GADP. Robust significance Ieve
parentheses.

Legend *significant at 10%; **significant at 5%; ***sigificant at 1%.



Table 6: Institutional effect on (log) time to adption (0.1% adoption threshold) of ICT.

Cellular Internet PC Cellular Internet PC
GADP -0.16 -0.36 -0.17 -0.14 -0.26 -0.10
. (0.00)*** (0.00)*** (0.00)*** (0.01)*** (0.00)*** (0.08)*
Schoolin -0.07 -0.07 -0.05
) (0.01)*** (0.01)** (0.14)
PrivateCredit -0.22 -0.19 -0.21
(0.01)*** (0.21) (0.03)**
P2 0.08 0.05 0.04
(0.00)*** (0.38) (0.17)
POLITY2 0.01 -0.12 -0.05
(0.56) (0.00)*** (0.07)*
GDP/capita | -0.26 -0.32 -0.18 -0.31 -0.30 -0.14
(0.00)*** (0.00)*** (0.01)*** (0.00)*** (0.00)*** (0.06)*
Observationg 101 101 101 101 101 101
R-squared | 0.65 0.80 0.58 0.71 0.84 0.63

Data: Basic country set of 101 countries. Values norpegliby their standard deviation.

Note The dependent variables Cellular, Internet ar@l i the time to adoption of respective ICT iroamdry
calculated as the first year > 0.1% of the popuathas adopted minus the inception year of thenigogy.
Parameter values are the average over availabla dat the years 1980-2006. Robust standard ernectuded.
Legend *significant at 10%; **significant at 5%; ***sigificant at 1%

Table 7: Institutional effect on (log) time to ad@tion (0.1% adoption threshold) of ICT

Cellular Internet PC Cellular Internet PC
GADP -0.19 -0.37 -0.20 -0.12 -0.26 -0.10
(0.01)**  (0.00)*** (0.00)*** (0.08)* (0.00)*** (0.11)
SLS -0.01 -0.10 -0.16 0.00 -0.09 -0.14
(0.82) (0.09)* (0.00)*** (0.95) (0.09)* (0.02)**
Schooling -0.10 -0.07 -0.17
(0.04)**  (0.30) (0.02)**
PrivateCredif] -0.28 -0.21 -0.14
(0.00)*** (0.20) (0.19)
P2 0.09 0.05 0.02
(0.00)*** (0.35) (0.47)
POLITY2 0.02 -0.11 -0.03
(0.55) (0.01)** (0.31)
GDP/capita | -0.22 -0.24 -0.04 -0.32 -0.25 -0.02
(0.01)*** (0.03)** (0.44) (0.00)*** (0.01)*** (0.73)
Observationsg 79 79 79 79 79 79
R-squared | 0.65 0.83 0.66 0.70 0.85 0.69

Data: Decreased countryset of 79 countries. Values ntizethby their standard deviation.

Note The dependent variables Cellular, Internet ar@l i the time to adoption of respective ICT iroandry
calculated as the first year > 0.1% of the popuathas adopted minus the inception year of thenigogy.
Parameter values are the average over availabla dat the years 1980-2006. Robust standard ernectuded.
Legend *significant at 10%; **significant at 5%; ***sigificant at 1%



Table 8:

Base Base Base Initial Initial Initial
Cellular Internet Pc Cellular Internet PC
GADP -0.22 -0.39 -0.21 -0.09 -0.24 -0.12
(0.01)*** (0.00)*** (0.00)*** (0.06)* (0.00)***  (0.01)***
GDPcapita -0.21 -0.28 -0.15 -0.35 -0.45 -0.24
(0.00)*** (0.00)*** (0.05)** (0.00)*** (0.00)*** (0.00)***
Observations 86 86 86 86 86 86
R-squared 0.66 0.80 0.59 0.63 0.77 0.56

Data: Available countries. Values normalized by theinsi@rd deviation.

Note The dependent variables Cellular, Internet ar@ B the time to adoption of respective ICT iroardry
calculated as the first year > 0.1% of the popudathas adopted minus the inception year of thenigogy.
Parameter values are the values at 1985. Robustfigignce level in parentheses.

Legend *significant at 10%; **significant at 5%; ***sigificant at 1%.

Table 9:

Cellular Internet PC Cellular Internet PC

v v Y

iGADP -0.14 -0.23 -0.11 -0.36 -0.60 -0.22

(0.00)***  (0.00)***  (0.24) (0.01)** (0.02)** (0.45
GDP/capita | -0.23 -0.49 -0.45 -0.04 -0.19 -0.36

(0.00)***  (0.00)***  (0.00)***  (0.71) (0.38) (0.15)
Observationg 65 65 53 65 65 53
R-squared | 0.77 0.84 0.73 0.62 0.73 0.72

Data Ltd. country set of 53 to 65 countries. Valuesmalized by their standard deviation.

Note The dependent variables Cellular, Internet ar@ B the time to adoption of respective ICT iroarry
calculated as the first year > 0.1% of the popuathas adopted minus the inception year of thenigogy.
Parameter values are the average over availabla dat the years 1980-2006. Column 4-6 2SLS, \NGADP
is the log of settler mortality (see text). Roksighificance level in parentheses.

Legend *significant at 10%; **significant at 5%; ***sigificant at 1%:



Table 10: Institutional effect on time to adoption(different adoption thresholds) of ICT.

Adoption Cellular Cellular Cellular Cellular | Internet Internet Internet Internet | PC PC PC PC
Threshold | 0.1% 1% 10% 20% | 0.1% 1% 10% 20% | 0.1% 1% 10% 20%
GADP 2.64%*  2.06%**  2.87** 343k | 2,72%** 2 .60%* 2. 9G¥k D 78rxx | 2 3EFF 2. 72%* D AQR* ] 5D**
GDP/capita | 2,22%+  223%% 2 2@*+ 2 12%x | 1 68%* 226%* 2.12%* 172%* | 0.87 1.14 2.14%x* 2 53***

N 1196 1586 2082 2221 826 1179 1613 1705 972 1342 1960 2143
Subjects 116 127 131 132 121 127 130 132 107 111 119 120
Failures 115 124 99 88 120 116 81 68 105 104 88 83

Table 11

Adoption Cellular Cellular Cellular Cellular | Internet Internet Internet Internet | PC PC PC PC
Threshold 0.1% 1% 10% 20% | 0.1% 1% 10% 20% | 0.1% 1% 10% 20%
GADP 2.11%* 1 B55** 2. 71%*  3.64%* | 1.70** 2.31**  3.83%* 443 | 1.72%*  222%* 8 15%** 3.84
Schooling 1.38**  1.35%* 1.14 0.96 1.74% 1,14 1.05 0.86 1.12 1.14 0.72*  0.50***
PrivateCredit | 4.02*%*  3.08** 3.49* 225*% | 3.39** 331** 1.79 1.30 2.50%**  3.92%** 4 .69%*  4.07**
PrivateCredit? | 0.70***  0.77** 0.76** 0.84* | 0.75** 0.78** 0.89 0.94 0.83*  0.74*** (.73** (0.76***
POLITY2 1.38** 1.23 1.62%** 1.51* 1.71%* 1.62** 146 1.15 1.03 1.42** 1.06 1.10
GDP/capita 2.63%*  2.06%*  3.24%kx LYk | D AQHx D BT7rx 2. 01%*  1.87** | 0.95 1.27 2.36***  3.19***
N 931 1238 1600 1691 649 920 1205 1260 738 1013 1483 1619
Subjects 100 113 117 118 102 112 115 117 93 99 108 109
Failures 91 98 68 54 95 90 50 44 87 74 41 30

Data: Extended country set. Values normalized by thairddrd deviation. Since some values are missingddy years since not all countries are includedldw levels of
the adoption threshold.
Note Cox proportional hazard regression of the indiitnal effect on the probability of adopting Cetlukelephony, Internet and PC. Adoption calculagsdhe time period
when more than 0.5%, 1%, 5%, 10% or 15% of thaifadipn had adopted the technology. Panel of alddalata 1980-2006. SLS1 available on 5 year hE$80-1999 and
calculated as the trend value for 2005. Missingadaibstituted using interpolation where possibbgpdhentiated coefficients shown.

Legend *significant at 10%; **significant at 5%; ***sigrficant at 1%. Robust estimation clustered on count



Table 12: Institutional effect on time to adoption(different adoption thresholds) of ICT.

Adoption Cellular Cellular Cellular Cellular] Internet Internet Internet Interne PC PC PC PC
Threshold | 0.1% 1% 10% 20% 0.1% 1% 10% 20% 0.1% 1% 10% 20%

GADP 2.38** 1.99%*  3,06*** 3.51** | 3.25%*  2.82%* 5. 35%*  11.72%* | 2,03  2.83%* 11.10*** 11.64***
SLS 1.38** 1.12 1.38** 1.06 1.29** 1.46** 1.60*** 2.02*** 10.90 0.80 1.46**  1.98***
GDP/capitgl 1.89**  2.33*** 1.96*** 2.38** | 1.47* 2.19*** 1.89** 1.55** 11.06 1.60* 1.53* 1.88**
N 718 962 1298 1394 914 1144 1427 1486 630 861 13101445

Subjects 73 78 78 78 77 78 79 79 74 75 78 79
Failures 73 76 63 55 76 73 46 34 73 68 35 25

Table 13: Institutional effect on time to adoption(different adoption thresholds) of ICT.

Adoption Cellular Cellular Cellular Cellular | Internet Internet Internet Internet | PC PC PC PC
Threshold 0.1% 1% 10% 20% | 0.1% 1% 10% 20% | 0.1% 1% 10% 20%
GADP 1.79** 1.10 1.99* 2.16* 1.30 1.46 3.13*  5.91% | 1.57* 1.86** 14.52** 14.46**
SLS 1.22* 1.00 1.13 0.91 1.14 1.17 1.45%*  1.73** | 0.77 0.58* 1.22 1.80***
Schooling 2.22%*  6,00*** 6.46*** 8.17** | 2.56%** 2.84** 216 0.60 1.59* 4.15%* 132 0.24

PrivateCredit | 4.52%* 2.92% 2 8% 2 10* 4.00%**  3.51*** 1.56 1.14 2.35% 2,787 5.02%* 274
PrivateCredit? | 0.73** 0.80**  0.80** 0.84** | 0.71** 0.77** 0.92 0.96 0.85* 0.80*** 0.70***  0.83
POLITY2 1.55** 1.18 1.05 0.73 l1.67** 133 1.04 0.86 1.00 1.32* 0.67 1.09
GDP/capita 1.86* 237 2.39%* 277 | 2777+ 2,90 1.72** 1.53** | 1.05 1.78*  2.18%*  2.19%*

N 798 1040 1348 1427 449 669 901 945 639 854 1248 1367
Subjects 83 89 89 89 76 88 89 89 79 80 83 84
Failures 76 76 54 43 71 73 42 36 73 62 33 24

Data: Extended country set. Values normalized by thairdsrd deviation. Since some values are missingddy years since not all countries are includedlbw levels of
the adoption threshold.

Note Cox proportional hazard regression of the indiitnal effect on the probability of adopting Cetlukelephony, Internet and PC. Adoption calculagsdhe time period
when more than 0.5%, 1%, 5%, 10% or 15% of thaufaion had adopted the technology. Panel of avddalata 1980-2006. SLS1 available on 5 year bE&89-1999 and
calculated as the trend value for 2005. Missingadaibstituted using interpolation where possibbgydhentiated coefficients shown.

Legend *significant at 10%; **significant at 5%; ***sigrficant at 1%. Robust estimation clustered on count
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