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Abstract

The process of technology diffusion is complex, aneé should bear in mind that multiple
elements may be claimed as its essential detertsinArsofar, voluminous theoretical and
empirical literature has been issued where atteofptentification of the latter has been made.
However, we still lack adequate explanations fassrcountry differences in new technology
adoption; while demonstrated evidence is scattarebto a great extend it lacks robustness.
This paper is designed to provide empirical evigeos the relationship between the process
of ICT diffusion and social development acrossaele low-income and lower-middle-income
countries during the period of 2000 and 2014. lsmiarget is to identify whether in low-
income and lower-middle-income economies, ICT dgwelent and social development are
correlated. It combines five logically structuregtsons. Section 1 is the introduction; Section
2 discusses literature review regarding ICT diffusdeterminants. Next, Section 3 briefly
presents data used in the research and explainkodwbgical framework.Section 4
demonstrates results of empirical analysis, andi@eb concludes.
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1. Introduction
The process of technology diffusion is complex, aneé should bear in mind that multiple
gualitative and quantitative elements may be cldirag its essential determinants. Insofar,
voluminous theoretical and empirical literature baen issued where attempts of identification
of the latter has been made. However, we still lag&quate explanations for cross-country
differences in new technology adoption; while tleendnstrated evidence is scattered and to a
great extend it lacks robustness. Many claim that $peed of ICT diffusion is heavily
predetermined of country's economic achievementdpw- in this perspective, high-income
economies should faster adopt and use new techaslidigompared to economically backward
countries. On the other hand, many researchere atfuat ICT diffuse rapidly across countries
regardless level of economic development level;-bat the same time, it would be right to
suppose that the process of adoption and impleti@miaf new technologies is determined by
socially-related factors.
This paper provides empirical evidence on theiaahip between the process of ICT diffusion
and social development across selected low-incarddoaver-middle-income countries during
the period of 2000 and 2014. Its main target iglémtify whether in low-income and lower-
middle-income economies, ICT development and satgaklopment (social empowerment)
are correlated. Bearing in mind the latter, we amsthe socially progressing societies create
solid background for entering sustainable econagroevth and development pattern, which —
to a great extend — is accompanied by rapid sppéagw technologies. Importantly to note
that such approach yields drawing careful conchssias analyzed elements are obviously not
directly interrelated and preconditioned. Additibtpsa casual relationship between social and
technological factors is heavily preconditionedlegal and cultural environment, and these
two shall be borne in mind and drawing conclusiang formulating recommendations.

2. Contextual background and literature review on ICT determinants in developing
countries.

The process of ICT deployment is preconditionednfwitiple social, cultural, economic,
institutional and political factors. Insofar, thengirical evidence intending to provide clear
answer to the question what determines rapid spoéaw technologies, does not provide
clear explanations. Importantly to note, that $ki# empirical works regarding the latter, in a
great majority, concentrate exclusively on devetbpeonomies.

The seminal contribution on this field was made ®gmin and Hobijn (2004), who
demonstrated the long-term analysis of technolagdgpaon determinants across countries
between years 1788 and 2001. By using panel regresbey found that ICT diffusion is
determined by human capita, government type, aggento international trade, and the degree
of adoption of predecessor technologies (Comintaokijn 2004). Similar claims have been
raised by Comin and Hobijn (2006) in a study faample of 19 different technologies across
21 countries over the period 1870-1998. Norris 00 his study covering 179 countries,
relying on multivariate regression, proofed thesinet penetration rates are neither by literacy
rate, level of education nor democratization pesisi influenced. Instead he found that Internet
diffusion was strongly attributed to GDP per capitad R&D expenditures. Caselli and
Coleman (2001) used random and fixed-effects regres for a study covering 89 countries
between 1970 and 1990, and they claimed real pi#iadacome, investment per workers, trade
openness, the share of the agriculture and manuifiagtsectors in an economy, the quality of
human capital and property rights effectively fostee use of Internet network. Kiiski and
Pohjola (2002) provide empirical for OECD and noB€D countries over the period 1995—
2000. They used Gompertz model, and found thaheeithe level of competition in the
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telecommunication market nor investments in edooatind mean years of schooling are
statistically insignificant and may not be claimasl important factors determining growing
usage of Internet. However, just opposite finding @gued by Hargittai (1999), in her study
for 18 OECD countries (1995-1998). Baliamoune-Li{{2D03), examining developing
countries, reported that Internet and mobile catlpkenetration rates are determined by growing
by per capita incomes and government trade poliBiesalso in the same study she found that
economic freedom and level of education were sitzdity insignificant with this respect.
Dasgupta et al. (2005), in the analysis encompggglreconomies over the period 1990-1997,
claims that increasing rates of Internet usagéastered by growing per capita income, degree
of urbanization, level of education and qualityiredtitutions. While, Crenshaw and Robinson
(2006), in their exclusive study for 80 developowintries over the period 1995-2000, report
that changes in Internet penetration rates aretefédy driven by urbanization which enhances
the emergence of network effects.

The study of Chinn and Fairlie (2010) examining $Cdrivers across 161 countries between
1999 and 2001, demonstrated that illiteracy rateamyears of schooling, degree of
urbanization, telecommunication market regulatiang electricity consumption are positively
correlated with ICT penetration rates. In workskafur and Tao (eds.) (2014) and Lechman
(2015), for a study covering low-income and loweaddte-income economies over the period
2000-2012, it is claimed that ICT diffusion is poadinantly determined by type of
telecommunication market, urbanization and popaotatiensity; while factors like per capita
income, prices of telecommunication services, gell®f education do not seem to play an
important role in fostering ICT spread across depielg countries.

More evidence regarding ICT (mobile cellular telepy, mobile broadband, wireless network
and Internet penetration) diffusion’s determinantsy be found in, e.g., studies of Islam and
Meade (1997), Liikanen et al. (2004), Rouvinen @Q0Garbacz and Thomson (2007),
Michalakelis et al. (2008), Singh (2008), Jakopmd &lein (2011), Yates et al. (2011), Gupta
and Jain (2012), Lee et al. (2011) and Liu et201Q).

3. Data and methodological settings.

3.1. Data.
In our research, the empirical sample covers sadei¢veloping countries, which according to
World Bank Country Classification in 2015, have ésbeled as low-income economies and
lower-middle-income economies meaning that themuahgross national income per capita is
less than 1045 $ (current US'$nd ranges between 1 046 and 4 125 $ (current JUS $
respectively. By definition the group of low-incoraeonomies covers 31 countries, and group
of lower-middle-income counties — 51 countries; boer due to limited data time series
availability, our empirical evidence is restricted57 countries for which statistical data has
been acquired. All data regarding social and ecanatevelopment indicators has been
exclusively extracted from World Development Indara database 2015, while statistics on
ICT penetration has been derived from World Telewmmication/ICT Indicators database
2015. The standard period of analysis is set farg/2000-2014, which allows for developing
balanced panel data set. To demonstrate counthesges in access to and use of information
and communication technologies, we use two ICTcatirs — Mobile Cellular Subscriptions
per 100 inhabitants (MG g— hereafter), and Internet penetration rate detratingy share of
total population having access to Internet conneadtiU — hereafter). To approximate the level
of social development across countries in scope,hexe selected 6 indicators: annual

! estimates provided by the use of World Bank Attethod
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population growth rate (Pgp, total enrollment in secondary education (Enghllurban
population (Urbagy), female labor force participation for ages 15(EfpFemy), adolescent
fertility rate (TFerty) and under-5 mortality rate (Mgy}.

3.2.Methodology.
Our methodological framework combines descriptivatistics; nonparametric techniques
including density curves and nonparametric regoessiKernel-weighted local polynomial
smoothing); and — panel regression models.
By definition, the density curves are plotted byptthg non-parametric estimation of the
probability density function defined as:

f(x) = —F(%), (1)

whereF(x) stands for the continuous distribution of rand@nableX. Kernel density estimator
are very useful as they allowed relaxing the reste assumptions on the shape of function
thatf(x) should potentially hold (Lechman 2015). The dgnsitrves generated by the kernel
density estimator are continuous and demonstrateetpirical’ distribution of selected for
analysis variables. To estimate the density functbf(x) a discrete derivative is applied,
hence the kernel estimator takes a functional fasm

£ == 3k (%), )

h

wherek(u) is a kernel function, and by definition the Eq.$3ajisfies the following:
JZ kwdu = 1. (3)

By using nonparametric regressions, we make naygssons on the form of analytic equation
explaining the relationship between response angctor of explanatory variables. A bundle
of methods allowing for nonparametric estimatesehaeen made by, for instance,

Nadaraya (1964) and Watson (1964), Cleveland (19u$)to cite few.

If we consider a set of dafa, .... z) to be plotted, and if they are defined @s, y,), ... (x;y,)]1,
and we assume that relationship between thesengatdoe describes by the model as:

yi = m(x;) + o(x;)e;, (4)

where mearnm(+) variance functions?(+) are unknown, and the erreyis symmetric with
E(e;) = 0 andVar(e;) = 1. Henceforth, under such conditions we estimatertbdel defines
as:

m(xo) = E [Y/X — xO], (5)
while the functional form ofn(+)is not specified.

Next, relying on the fixed effects regression, whadlows for heterogeneity across countries,
we estimate the empirical models defined as in(&g.allowing identifying the strength and

direction of the relationships between selected #d social indicators. The Eq.(6) follows
(Lechman 2015):

ICT;y = a+ B (x,)+ uy, (6)
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wherea is the scalai CT;, denotes alternatively MGgor IU,y; B is theL x 1 andx\,-,y stands

for the iyth observation orl. explanatory variables (Baltagi 2008; Wooldridged2D The
subscriptd = {1, ... ... N} stand for country angt = {1, ... ... T} for the time period. In Eq.(6),
thew;, = u; + v;,, while thep; depicts the unobservable and time-invariant cquspecific

effect, which is not captured in the model, ang, is the remainder disturbance (the
observation-specific errors) (Greene 2003; BalpAgi8).

4. Empirical evidence.
This section comprehensively demonstrates and siesu empirical results regarding
identification of the relationships between ICTpldgment and social development across 57
selected developing countries between the year® 200 2014. The results of the analysis are
summarized in Table 1 presenting descriptive stegiand consecutively in Tables 2-3 showing
panel regression results; while the additional giegd evidence is provided in Figs. 1 and 2.
Results provided in Table 1 and Fig.1, show disvepand dynamic changes, which are easily
observed across countries in scope, regardingibd@l access to and use of, as well as social
progress made during the period of 2000-2014. BD2h a great majority of countries, the
ICT penetration rates were negligible, and coustddfered significantly with this respect.
However, between years 2000-2014 remarkable inese@garding access to Internet;(ju
and access to mobile cellular telephony (Mg %ere observed. The mean MCS penetration in
2000 was at only 1,6 per 100 inhab., while in 2t#ew at 88 per 100 inhab. (sic!). At a time,
we observe significant falls in cross-country inglifies in access to mobile cellular telephony.
In 2000, the absolute Gini was at about 0,7, whi2014 it dropped till 0,2 (authors’ estimates),
which shows that cross-country differences regardsage of this form of communication are
significantly decreasing (also see density pldtijm1). Similar in direction, but slightly weaker
increases are observed in terms of Internet pditetnates — to compare see Table 1 and Fig.1.

Table 1. ICT and social indicators — descriptive sitistics. Period 2000-2014.

Variable Obs. Mean Std.Devi Min Max Skewness Kustos
MCS_2000 55 1,6 2,5 0,08 14,5 2,5 9,2
MCS 2014 57 88,0 32,1 30,5 155,1] 0,2 2.4

IU_ 2000 55 0,43 0,45 0,015 1,9 1,3 4.2

IU 2014 57 19,6 14,9 1,4 56,8 0,8 2,5
TFert 2000 57 96,4 48,9 25,2 218,9 0,3 2,3
TFert 2014 57 75,2 42,6 15,3 203,86 0,6 3,1
Mort_2000 57 106,9 56,5 16,3 235,8 0,3 2,3
Mort_2014 57 56,3 30,4 9,5 126,4 0,3 2,2
Pop_2000 57 2,1 1,2 -1,0 5,6 -0,06 4.7
Pop_2014 57 1,9 0,91 -0,3 4,0 -0,3 2,7
Enroll_2000 47 40,2 24,7 6,0 98,8 0,7 2,6
Enroll_2013 34 56,9 23,7 18,3 100,6 0,3 1,9
Urb_ 2000 57 35,3 15,7 8,2 76,5 0,4 2,5
Urb 2014 57 40,6 15,8 11,7 77,3 0,2 2,6

LfpFem_2000 57 46,9 17,9 10,3 79,7 0,2 2,(
LfpFem_ 2014 57 45,6 17,9 9,7 77,9 0,2 2,0

Source: Authors™ calculations.

Fig.1. ICT and social indicators. Density plots. R&od 2000-2014.
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Considering social development, we have selectedli6ators, which may claimed as good
proxies of the level of social development regagdimnogress made in the area of health care
(adolescent fertility, under-five mortality, poptitan growth), education (gross secondary
enrollment ratio and female labor force participatiages 15-24), and infrastructure
(urbanization). Assuming that given economy proggssin terms of social development,
arguably the indicators reflecting adolescent ligrtiunder-five mortality, population growth
and female labor force participatfoages 15-24 should be gradually decreasing, whije@ss
secondary enroliment ratio and urbanization — shbel rather increasing. Respective density
plots in Fig.1 and summary statistics in Table isplky changes made regarding each of
analyzed social factors. Evidently, the most dymanfianges are observed with respect to
under-five mortality rates, adolescent fertilitydagross secondary enrollment ratio; while
indicators explaining changes in urbanization, pafan growth and female labor force
participation ages 15-24 show relative in-time #itghif compared to the previous ones. In
2000, the average under-five mortality rate waglyak07 per 1000 births, while in 2014 it fell
till 56 per 1000 births, and this constitutes thastsignificant change of all analyzed indicators.
Along with the adolescent fertility rate fallingofn almost 97 per 2000 women in 2000, to 75
per 1000 women in 2014, and similarly rapid incesasm gross secondary enroliment ratio,
changes in under-five mortality, reflect essentiatl positive changes in health care and
education systems providing solid foundations faogpess in other social and economic
spheres of life.

Next, we aim to verify whether changes in socialalepment impact positively growing access
to and use of ICT in developing countries overpgkeaod 2000-2014. In here, importantly to
note, shifts in social wealth do not have a diiegbact on the process of deployment and
effective usage of new technologies. However, vgai@that positive changes on social field
constitute an important prerequisite for ICT's girmyvpropensity to use, and in that context
examining these aspects of life yields specialrgsis. One should also bear in mind that
examining the relationships between the proces€t$ diffusion and its social determinants
is a challenging task, for one hand because casntrithe scope are heterogeneous, but on the
other hand, the analyzed relationships are comgteboften difficult to quantify. Econometric

2We claim that as country develops, women ages4l$hauld rather enter education system and labdtena
Hence, this indicator should be rather falling glevith growing overall socio-economic development.
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modeling is usually applied to verify the naturetad relationships between variables; however,
country's individual characteristics significanthre-determine investigated relationships,
which are poorly captured through econometric madEbr this reason, the relationship
between the process of ICTs diffusion and its dodeterminants remains empirically
intractable, and one shall consider this fact whkeawing conclusions from the analysis
presented below.

Tables 2 and 3 summarize the results of panel ssigme estimates; while Figs. 3 and 4 provide
additional graphical evidence with this respect. Nypothesize that variables like population
growth, female labor force participation ages 15-@dder-five mortality and adolescent
fertility should demonstrate negative relationsigpsus ICT deployment. Put differently, we
expect that all listed indicators should demonstrather decreasing trends, which would be
accompanied by growing level of ICT adoption and. While, regarding the gross secondary
enrollment ratio and urbanization are expectedchieil growing trends, and thus be positively
correlated with growing level of ICT adoption anskeLof.

In here, it should be strongly underlined that wendt claim that all selected social indicators
are direct determinants of ICT growing penetratiout, rather it aims to unveil whether social
and technological sphere of life develop simultars®pin economically backward countries.
For this reason, we presume that two selected tdicators are depended variables in our
panel regression estimates; however one shall bommend that no direct causal relationships
are claimed in this case.

Figs. 2 and 3 graphically explain the relationshgiween the level of adoption of mobile
cellular telephony (MCS)) and Internet usage (1) versus selected social indicators, across
57 economically backward countries between 200@add. Preliminary, graphical inspection
of the empirical results unveils that, in most ases — regarding MG$and IU, y, no regular
relationships may be easily detected. The only gtikme is under-five mortality rate, which
demonstrates relatively stable relationship versabile cellular telephony adoption rates and
Internet penetration (see also correlation matiXAppendix). Moreover, some regularities
might be potentially reported regarding gross stbaoliment versus ICT, however — at least
visually, these relationships seem to be far ledde if compared to under-five mortality rates.
Taking into consideration the remaining social aadors, we may argue that the relationships
between consecutive social indicators and ICT aiiteer dispersed and scattered.

However, importantly to underline, all the evidertbat is considered with respect to mobile
cellular telephony and Internet penetration ragsws social indicators, demonstrates excepted
correlation sign. Meaning that variables like grasscondary school enrollment and
urbanization are positively correlated versus I@Hile the remaining indicators are negatively
correlatives versus ICT (see results in correlanwatrix in Appendix). The latter, at least
partially, allows concluding that countries beimgscope of our study, significantly progress
socially, which is accompanied by rapid shifts @acess to and use of ICT.
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Fig.2. ICT (Mobile cellular subsriptions) developmat versus social development. Period

2000-2014.
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Fig.3. ICT (Internet penetration rate) developmentversus social development. Period

2000-2014.
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Table 2. Mobile Cellular subscriptions and socialridicators. Period 2000-201%

Ln_MCS | FE(1) FE (2) FE (3) FE (4) FE (5) FE (6) FE (7) FE@) | FE(9) | FE(10)
Ln_Pop 0,52 0,73 0,29 0,13
0.03) | (0.00) ) (0,01) | (0,24) ] ] i i i
Ln_Enroll 0,8 -0,11 0,17 0,41
(0,00) (0,59) (0,35) i i (0,02) j i i i
Ln_Urban 2,1 15 1,8 2,75
(0,02) (0,01) (0,00) ) i i (0,00) ) i i
Ln_FIpFem -0,41 0,45 0,76 0,62
(0,38) (0,17) ) (0,00) i ) i (0,01) i i
Ln_TFert -2,02 -1,3 -1,3 -0,97
(0,00) (0,00) ) (0,00) i ) i i (0,00) i
Ln_Mort -5,3 -0,76 -0,59 -0,87
(0,00) (0,03) (0,08) ) i i i i i (0,00)
r-squared (within) 0,76 0,89 0,88 0,89 0,89 0,84 890, 0,89 0,89 0,89
Prob>chi2 for Hausman test 0,00 - - - - - - - - -
Country-dummies Yes Yes Yes Yes Yes Yes Yeg Yes Yés Yes
Year-dummies No Yes Yes Yes Yes Yes Yes Yes Yes Y
rho 0,96 0,82 0,72 0,82 0,69 0,71 0,76 0,7p 0,76 640,
F test (Prob>F 28,6 16,6 17,8 27,8 30,5 23,2 24,0 29,9 34,7 25,9
(0,00) (0,00 (0,00) (0,00 (0,00) (0,00 (0,00 (0,00 (0,00) (0,00)
mean VIF (condition number)) 1,81 1,81 2,15 1,26
(67,3) (67,3) (46,8) (25,7) ] i ] ] i )
# of countries 57 57 57 57 57 57 57 57 57 57
# of observations 526 526 571 794 794 845 84% 845 45 8 845

Source: Authors™ estimations. Note — estimatesdowentional standard erroysyalues for 5% level of significance — reported below daméénts).

8 For Gross Enrolment ratio — 2000-2013.
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; and social indicators. Briod 200(-2014.

(1) FE (2) FE (3) FE (4) FE (5) FE (6) FE (7) FE (8) | FE(9) | FE (10)
07 0,15 0,00 -0,08
73 (0,33) i (0,85) (0,44) ) i i i )
0F -0,67 -0,56 -0,23
32 (0,00) (0,00) ) ) (0,14) i ) i i
3t 1,95 2,2 1,8
00 (0,00) (0,00) ) ) i (0,00) ) ) i
9¢ -0,39 -0,52 -0,45
00 (0,19) i (0,04) ) ) i (0,05) ) i
3¢ -0,75 -0,67 -0,61
00 (0,03) i (0,01) ) ) i i (0,00) i
47 -0,96 -1,05 -1,4
00 (0,00) (0,00) ) ) i i i i (0,00)
7t 0,85 0,85 0,85 0,85 0,84 0,86 0,89 0,86 0,86
0C - - - - - - - - -
1S Yes Yes Yes Yes Yes Yes Yes Yes Yes
0 Yes Yes Yes Yes Yes Yes Yes Yes Yes
Is 0,83 0,83 0,77 0,80 0,84 0,81 0,74 0,7 0,75
24,9 27,1 48,8 51,5 29,8 53,5 53,5 58,2 42,4
(0,00) (0,00) (0,00) (0,00) (0,00) (0,00) (0,00) | (0,00) | (0,00)
1,81 2,15 1,26
(67,3) (46,8) (25,7) ) ) i i i i
57 57 57 57 57 57 57 57 57
529 574 799 799 574 850 850 850 85(

AN\ MOST

conventional standard errp-values for 5% level of significance — reported below damiénts).


http://mostwiedzy.pl

Next, we intend to report on the relationships leetw social development and ICT
development using panel regression modeling meth®dsonvention we do so by estimating
two distinct panels (with respect to mobile celiukleephony and Internet penetration), which
have an empirical form as specified in Eq.6. Inheaase ICT variables are treated as response
variables, while the social variables — as explanyabnes. Tables 2 and 3 summarize the
regression results regarding mobile cellular supsons and Internet penetration rates. In each
case, following the results of Hausman test, wed Useed-effects estimator, which allows
capturing cross-country variability with respectttalyzed relationships. Moreover, to control
for potentially emerging collinearity between expsory variables, Variance Inflation Facfors
have been calculated.

Table 2 displays panel regression estimates reggaeinerging relationships between mobile
cellular telephony subscription rates and socidicators. Estimates model FE(1), is the only
specification, in which year-dummies are not ineldd However following the results of
specification tests, we decide to include the yharmies in each consecutive model — panels
from FE(2) to FE(10), which effectively increasegnession models’ fits. Specification FE(2)
presents panel regression results while all sixasowicators and year-dummies are included.
In this case, the r-square is at about 0,89 demainmgy high goodness of fit of the model. Put
differently, basing of this results one might claniithat growths on mobile cellar subscription
rates in 89% are subjected to changes in sociareplof life across examined developing
countries. Analyzing model FE(2), we see that secdout of 6 social indicators, the estimated
coefficients hold the expected sign and the refatigp is statistically significant. The latter is
valid for urbanization (positive relationship), &kcent fertility and under-five mortality
(negative relationship in both cases). Althoughréiationship between depended variable and
population growth is statistically significant, tbeefficient holds positive sign, which is rather
contradictory to what was expected. Again, in cdsehool enroliment and female labor force
participation, despite the fact that the coeffitserare negative, thus as expected, the
relationships lack statistical significance. A coefpensive analysis of the results of remanding
models allows concluding that irrespectively to #pecification, the statistically significant
and expected in sigh relationships are reportedase of factors explaining urbanization,
adolescent fertility and under-five mortality ratiésnay suggest that across analyzed countries
the process of urbanization and improving accd#sibi health care system are those elements
which change relatively fast — compared to othema@red factors, and in this context, these
positive changes in social and infrastructural sploélife constitutelrivers of ICT deployment
providing solid background for further economic elepment. Interestingly, the regression
coefficients standing by the female labor force predominantly positive (see FE(2), FE(4)
and FE(8)). In FE(1) the sign is negative as exqubdiut the relationship is statistically
insignificant), which shows that women ages 15-@ actively participate in labor market
instead of entering education system.

Similar claims may be raised when analyzing theultesof panel regression models
summarized in Table 3. In this case, the variatierhet penetration rate is treated as response
one, while the six social variables are explanatamnables. Again, only in specification FE(1),
year-dummies were not include, reversely to eaatse@cutive model (FE(2)-FE(10)). The
results of the model FE(2) report that in caseoof fvariables, namely — urbanization, female
labor force participation, adolescent fertility andder-five mortality rates, the estimated
regression coefficients hold the expected sign.ufoanization, adolescent fertility and under-
five mortality rates the relationships are stataty significant; while for female labor force is

5The Variation Inflation Factor (VIF) is the recipal of the Tolerancel(— R?), and determine how much of the
variance of estimated regression coefficients a&iagoinflated due to emerging collinearity betwesxamined
variables. Usually, we should be concerned abautrthlticollinearity once the VIF exceeds 10 (Maakfiand
Helms 1982; O'Brien 2007; Dormann et al. 2013).
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not. However, importantly to observe that when aeréng specifications FE(1), FE(4) and
FE(8), the coefficients are negative and emergaadistically significant. The variable school
enrollment ratio although being statistically sfgrant, it holds the negative sign, which would
indicate that growing Internet penetration ratepas analyzed economies, are accompanied by
decreasing school enroliment, which — for obvioessons, may not be claimed valid
conclusiof.

Trying to draw more general conclusions on pangtassion estimates, regarding mobile
cellular telephony subscriptions and Internet usagerestingly we may claim that in both
cases the results for the same social indicatkesutbanization, adolescent fertility and under-
five mortality rates are robust. In other wordsesipective to the specification and the depended
variable, the estimated regression coefficients @ositive and statistically significant for
urbanization; and negative and statistically sigarit for adolescent fertility and under-five
mortality rates. These results allow concluding #aoss examined 57 developing countries
over the period 2000-2014, the relationships betwawanging ICT (approximated by mobile
cellular subscription and Internet usage) is stable statistically significant. The latter shows
that all of analyzed countries, during the peri@O@®2014 have intensified their urbanization
process, but also it demonstrate significant shiftaccess to healthcare systems, which is
exhibited through essential falls in adolescerttlitgrand under-five mortality (to compare see
also density plots in Fig.1). Arguably, positiveadlyes in terms of urbanization, adolescent
fertility and under-five mortality reflect more genal development trends across analyzed
economies, which in our case may foster not onpydrapread of new technological solutions,
but also their effective usage to enhance overoseobnomic development contributing to
general wealth.

5. Summary.

The major target of this paper was to report onétreerging relationships between social
development and the process of ICT diffusion appnaxed by changes in access to and use of
mobile cellular telephony and Internet network.owmr study we have concentrated on 57
developing countries, between years 2000 and ZDld.examined relationships have been
extensively investigated by the use of descripstatistics, nonparametric regressions and
panel regression applying fixed effect estimat@g&ding observed progress in terms of social
development, we have found that most seminal clgarege reported for significantly
decreasing under-five mortality rates and adolgsiegtility rates. Also significant, but less in
strength changes are unveiled for growing urbaruladien and gross secondary enrollment.
Instead, in terms of population growth and femalaol force participation, reported changes
are negligible, and do not allow justifying the ctusion that in these two areas examined
countries progressed significantly. On the otherdhacross all of countries being in scope of
our study, we observe pervasive shifts in acceanadaise of ICT, and these are very promising
changes (Wilson 2004, Torero and Von Braun 2006)ur research, we have intended to
verify the hypothesis on the relationships betwalsix social indicators and ICT indicators,
arguing that changes in the area of the first netridbute positively to the second. To verify
our suppositions we have run panel regression sisalyhich was complemented by graphical
evidence. The latter means that have presumed|@atdiffusion is — at least partially,
determined by changes on social ground. Howevealrasady underlined, we do not claim
existence of direct and automatic casual relatipssbetween these two spheres, but we rather
claim that social progress may effectively enhafuréher changes in ICT deployment and

6 n FE(3) and FE(6) — still the coefficients argative. In FE(1) the coefficient is positive, btdtistically
insignificant.
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effective usage (Perez and Soete 1988, Mansell,288hna 2010). Following our panel
regression results, we may conclude that in casmalfile cellular telephony model, the
relationship between MGgand three social indicators was found as relativebust. There
are: urbanization (positive), under-five mortaliéyd adolescent fertility rates (negative).
Interestingly analogous results were reportedHerlnternet users models.

Unveiling the relationships between ICTs diffusend its social factors, which hypothetically
may determine the later, is complex and challengasik. Not only because the group of
countries that was in scope of this research iema4ly diversified and heterogeneous, but also
because the examined relationships are compler@itifluenced by multiple factors, which
are often difficult to identify or quantify (Wresdmnd Fraser 2012). We bear in mind that
econometric methods are broadly used to repott@nedationships between selected variables.
However, to some point, the relationship betweenpitocess of ICTs diffusion and its social
determinants is empirically intractable, and drayulirect conclusions from in-here presented
analyses yield over-simplification.
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Appendix

ICT and social indicators — correlation matrix. Peiod 2000-2014.

U MCS Pop Enroll Urban FlpFem TFer Mort
18] 1,0
MCS 0,72 1,0
Pop -0,30 -0,21 1,0
Enroll 0,50 0,46 -0,67 1,0
Urban 0,27 0,34 -0,33 0,45 1,0
FlpFem -0,28 -0,21 0,28 -0,45 -0,44 1,0
TFert -0,36 -0,23 0,61 -0,60 -0,19 0,25 1,0
Mort -0,49 -0,49 0,62 -0,78 -0,35 0,29 0,69 1,q

Source: Author’s calculations. Note:

coefficients.

results siatifly significant at 5%. Joint sample sizes répdbelow
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