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Abstract. E-government for Sustainable Development is one of international cooperation strategy in dealing with
environmental protection and ecological problems through enhanced citizen participation, better access and quality of
services in order to achieve Green Governments. In this context, some countries are supported by international assistance
to achieve this goal with benchmarking and benchlearning approaches. This research contributes to explain the
relationship between improvements in governance influences in economic, social and environmental development and
how such regional cooperation on the development of national information and communication technology (ICT)
strategies and programs is related to E-government and Sustainable Development. This comparative study of Andean
countries takes a Rational Neo-ingtitutionalist perspective to look at longitudinal changes in these developing countries.
Quantitative data such as E-government index is combined with qualitative information from reports and documents in
order to empirically examine effects of e-government on sustainable development in these countries. The findings show
that the strategies adopted by Ecuador have significantly contributed to its location within the references in progress of E-
government and Sustainable Development in the region. The research suggests that E-government development has
positive effects on better governance and sustainable development of Andeans countries. Advancement on E-government
is not only a trait of developed countries but also serves as an enabler for sustainable development of developing
countries.
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I. INTRODUCTION strategies to be included and the applicabilityefach
The United Nations (UN) and the World Bank of nations as good practices to follow.
(WB) conduct studies to identify countries' E-Government comprises one of the important

positioning on a wide range of characteristics, factors of measurement of development of a country,
including factors such as information and for this reason the UN dedicates efforts to cauya
communication technology, governance, economicsurvey of information and have an analysis that
growth, sustainable development, among othersallows to see the improvements developed in each
These studies are carried out taking into accountountry with the purpose of generating a
measurable factors within a comparative analysisstrengthening Cooperation between nations in order
between countries, which allows not to isolate theto benefit the government-citizen relationship tigio
evaluation in a subjective and individual way and technology [1].
obtain results based on the region's environment in Latin America countries promote strategies of
order to channel cooperation strategies amongchange within the public administration in order to
countries. bring the government closer to the citizenry anel th
In order to maximize the acceptability of the efforts undoubtedly mobilize several strategic cext
results to the weights assigned in each studyof the countries such as social assistance, edugati
classifications are based on criteria that areriglea health, production, among others; Improving
understood and supported by regional realities thatnternational standards of service to the citized a
facilitate a comparative measurement and idertiéy t raising the quality of life of people in accordarveeh
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the objectives of the so-called Sustainablenations in order to strengthen the sustainable
Development [2]. development of the population [11], [12].

In recent years, proposals for improvement in  E-government Development Index (EGDI)
public management have guided the decisions ofstablished by the United Nations, is a refererfce o
governments towards innovation within platforms for measurement that evaluates the attempts that member
access to information and to facilitate the operatf countries do in their objective to transform and
services to citizens. Some of the meetings betweemevitalize public management leading results toward
representatives of the member countries of the UNgreater efficiency, transparency and accountability
are presented with collaborative approaches with[13], [14].
exchange of experiences that support the innovation Latin-American countries are experiencing stages
of public management at the global level [1], [2]. of transformation product of series of strategies f

E-government for Sustainable Development is oneimproving EGDI showing that there is a trend in the
of international cooperation strategy in dealindhwi region to improve the quality of public administoat
environmental protection and ecological problemsand the adoption of e-government in the institwion
through enhanced citizen participation, better s€ce framework of the State [15].
and quality of services in order to achieve Green Related to the Andean countries economic (GDP
Governments [3], [4], [5]. Governments are finding per capita) and environmental (CO2 emissions)
new ways to effectively create public value through situation, the official figures [16] indicate that
innovative, effective, inclusive, collaborative, e3p  Colombia, Ecuador and Peru show a similar trend,
and citizen oriented service delivery and publitgyo  and the three almost reach the world average of the
decision-making leveraging the potential of modernGDP per capita (13,679 USD-PPP constant 2011
technologies such as: i) Social Sustainability forinternational) in the studied period. In regardthe
example the Cyber Agriculture Wiki of Department emissions these three countries also are under the
of Agriculture in Sri Lanka [6]. Other initiativemre: ~ world average (0.36 kg per 2011 PPP USD of GDP).
E-education, E-health services, Security, At the time, as is known, Venezuela’'s enormous
Transportation, Community planning, Inclusive sbcia wealth of natural resources (petroleum) makes é& on
safety nets, Services to vulnerable groups, Welfareof the major economies in the region, with a GDP pe
networks, Youth engagement, and Silver innovation.capita higher than the world average (16,953 USD-
i) Economic Sustainability for example the Gov.uk PPP constant 2011 international), but also this
of Government Digital Service in United Kingdom country has the highest emission value of the regio
[7]. Other initiatives are: Online integrated bwesa (0,37 kg per 2011 PPP USD of GDP) and, finally,
registration, Easy property registration systeme® Bolivia, which has been historically the least
data licensed for commercial use, Easy tax paymentieveloped country in the region, has a GDP pett&api
systems, Innovative agricultural programmers, andof 5,665 USD-PPP constant 2011 international, which
Employment opportunities portals. iii) Environmdnta is less than half of the world average value ar& th
Sustainability for example the Eco Mileage Programsecond higher emission value of the region (0,30 kg
of Seoul Metropolitan Government [8]. Other per 2011 PPP USD of GDP) [17].
initiatives are: My  Environment, Citizen- This work tries to analyze how e-government is
participating, Greenhouse emissions, Monitor energydeveloped in the Andean countries and its impacts
water consumption for savings, Green procurementpver sustainable development in these countries. Th
Disaster management. studied period is from 2008 to 2015 taking into

Concerning the enhancement of the quality ofaccount the factor of measurement used by the UN
governmental system services globally leads people&eGDI and social, economic and environmental WB
increasingly have greater decision-making and spaceindicator.
where experiences are disclosed and based on the
services or products received and not only in II. MATERIALS AND METHODS
reference to the private sector [9]. This has nexgli The first stage of this study includes a review of
the restructuring of the governmental apparatus andrticles and a research conducted in areas of e-
with it also the implementation of reforms in pabli government international organizations like the
administration and the introduction of an evaluatio United Nations Economic Commission for Latin
scheme of management associated with sustainabl@merica and the Caribbean (ECLAC), studies about
development in most countries worldwide [10]. the Organization of American States (OAS) and

The experience of the implementation of e- various publications concerning e-government in the
government in many developed countries, for Andeans countries in order to arrive at a better
instance, in Korea, United Kingdom, Denmark, understanding of the economic and social conditions
France, Sweden, among other, show that many of thef these countries as well as their environment
strategies implemented by these countries arémpacts. The basis of the study documents
acceptable and can be an example to follow forrothecorresponds to the biennial reports published by

UNDESA [13]. United Nations E-Government
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Survey 2010 [18], United Nations E-Government UN E-Government Survey, and this component in
Survey 2012 [15], Nations E-Government Surveyturn was exchanged for an index of wireless
2014 [19] and Nations E-Government Survey 2016broadband subscriptions in the UN E-Government
[20]. In addition, a review of main Web portals and Survey 2014. The last component is related to the
digital platforms of public institutions in the sty ability to use e-government. Unfortunately, these i
group was made. no worldwide e-awareness index that directly
This study tries to investigate how the measures the ability to use e-government. Instibad,
development of e-government affects the sustainablenost of studies in this field uses adult literaog éhe
development of the Andeans Regions. Therefore, thgross enrollment of primary, secondary, and tertiar
conceptual framework is organized by the following schools as a proxy indicator in line with the UN E-
broad aspects of development: governance (EGDI)Government Survey. In the UN E-Government
economy (GDP per capita), society (CPIA policy and Survey 2014, expected years of education and mean
institutions for environmental sustainability and years of schooling are included in the human chpita
public sector management and institutions clusterindex.
average) and environment sustainability (CO2 B. Measurement of e-government development

emissions). Gross domestic product (GDP) per capita is used
to indicate a country’'s level of economic
R i EconomicSucial & EnvironmentDerclopment—— qeealopment. The data is sourced from the World
‘ 16T Infastucte (1) ‘ oo bendepment (1) Bank [WB]. GDP per capita based on purchasing
ot 1) ‘ R power parity (PPP). PRP GDI_3 is gross domgsuc
. product converted to international dollars using
‘ Eeatelh Envionment Management (] purchasing power parity rates. An internationalatol

has the same purchasing power over GDP as the U.S.
Fig. 1.  Conceptual framework of E-Government Depeient dollar has in the United States. GDP at purchaser's
and Economic, Social and Environmental Development prices is the sum of gross value added by all estid
producers in the economy plus any product taxes and

minus any subsidies not included in the value ef th
roducts. It is calculated without making deduction
or depreciation of fabricated assets or for démtet
And degradation of natural resources. Data are in
constant 2011 international dollars [WB].
C. Measurement of social development

E-government impacts on national development
as shown in Figure 1. First, the development of e-
government has direct effects on the development o
economy, society and environment management of
state.

The second stage of the study included
statistical test of significance among the effaifte- The research approach adopts two World Bank
government on sustainable development of Andea}n B] government indicators: i) the policy and
countries, the. researchers ponducted. Cor.rel.at'oinstitutions for environmental sustainability ragin
analysis, covering the data of five countries (Bali 5, i) the public-sector management and institistio
tCOO'gg‘f;a’ clf)(r:?easdp(gﬁ dFi)r?éut?)nctjh\e/egzil:)?jlsa) ggoorg ggggcluster both bases on CPIA (Country Policy and

' ) nstitutional Assessment) survey. The CPIA exercise

(P1), 2010-2011 (P2), 2012-2013 (P3) and 2014-2013; ytended to capture the quality of a country's
(P4). policies and institutional arrangements, focusimg o
A. Measurement of e-government development key elements that are within the country's control,

The research approach adppts the EGDI .Of therather than on outcomes (such as economic growth
UN E—Qovernment Surveys as independent Va“ablesrates) that are influenced by events beyond the
According to the UN E-Government Surveys, theC untry's control. More specifically, the CPIA

!ev?L of e-government gevglopm.ent c(e)ml_be aSsses_,se easures the extent to which a country's policy and
mS Osree__ alrce:?s_ ?r stu -tm exgs_l;l ) dn_l__neH EVICCinstitutional framework supports sustainable growth
( ) 1) infrastructure (STI) and iii) Human o4 poverty reduction and, consequently, the

Cap;]talb(SHcﬁ){ 'I]:he If'rSt component .IObeIEGDI ba_sed effective use of development assistance. Policy and
on the breadth of online services available oronall institutions for environmental sustainability asstse

W.et?s't?s s]:uch gls gqverrllrréent porFalls anq Wetl);]'tes céfxtent to which environmental policies foster the
:;mnlstnes %r € upauon, a % socia sgrwcm *  protection and sustainable use of natural resources
based on the Interational Telecommunication Union" te management of polution. The public sector
management and institutions cluster includes ptgper
(ITU)s ICT Development Index (IDI). The g bIvp

tel ication infrastruct fact st frights and rule-based governance, quality of
elecommunication Inirastructure factor consists o budgetary and financial management, efficiency of
measures for internet users, main fixed-phone Jlines

. . ) e revenue mobilization, quality of  public
modb|le. SlIJbscrltl))ers(,jbﬂxedd brt())adpand su'liscnpnons, dministration, and transparency, accountabilitd a
and wireless broadband subscriptions. Personaﬁorruption in the public sector. By data availdbili
computer index has been replaced by an index o

fixed internet subscriptions for the 2012 editidrire
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issues was used a Latin-American average on these _ Table 1.
components, except by Bolivia. Correlation Matrix (Pearson) for Ecuador
. . . GDP- CPIA- CPIA- CO2/
D. Measurement of environment sustainability  variabes sos st SHC EGDI pc 1 2 USD
CO2 emissions (kg per 2011 PPP $ of GDP) is
used to indicate a country’s level of environmental °
sustainability. Carbon dioxide emissions are those sTi 0625 1 0689 0603 0439 -0.627 -0.367 0.257
stemming from the burning of fossil fuels and the
manufacture of cement. They include carbon dioxide i
produced during consumption of solid, liquid, arasg  EGDI 0998 0603 0865 1 0940 -0.880 -0.963 -0.608
fuels and gas flaring [WB]. This specific indexds  gpppc 0915 04390917 0940 1 0946 -0.958 -0.738
proxy of how an Economy pollutes in order to
generate a unit of GDP.

SOS 1 0.625 0.841 0.998 0.915 -0.854 -0.951 -0.576

0.841 0.689 1 0.865 0.917 0.996 0.792 0.424

CPIA-1  0.854 0.627 0.996 0.880 0.946 1 0.831 0.504

CPIA-2  0.951 0.367 0.792 0.963 0.958 0.831 1 0.800

lIl. RESULTSAND DISCUSSION CO2/USD 0._576 0.257 0.424 O.(:}OB 0.%38 0.504  0.800 1

1 Values in bold are significantly different from Gtlva significance level
0,9 alpha=0.05
0,8
07 Table 1 shows that Ecuadorian e-government
06 development indices exhibit a strong correlation,
05 whether positive or negative, with economic and
04 social development indices as well as environment
03 development indices. The EGDI show the highest
02 magnitude of correlation with the economic develop
ot indices (GDP-pc =0 .940) and negative correlation
- Y E 8525862586 ¢8586¢%3 with the environmental index (CO2/USD = -0.608).
soive | coombie | eevstor | eers | veneswcla The above is in concordance with the approach of E-
20082009 =20102011 720122013 1120142015 government for Sustainable Development (see Fig. 3
and Fig. 4). Nevertheless the finding show a neggati
Fig. 2. EGDI evolution in Andeans Countries (2CHIBL5) correlation between EGDI and the two social develop

index that has been used. Note that EGDI is a
Colombia is the country with the highest EGDI composite index, so that, the major contributehe t
average value in the region (0.63). However, Ecuadodynamic above is due to SOS correlation with the

is that most developed with a rate grow average ofcorrespondent indicators (GDP-pc = 0.915 and
8.35% (see Fig. 2). Strategies for improving the CO2/USD = -0.576).
technological infrastructure are limited by economi Colombia has begun the implementation phase of

factor in the region, however, regarding to Online technology projects focused on citizens, many ef th

Service Colombia has been the leader in the regiomfforts involving simplifying procedures and

with the highest SOS average value (0.78), butautomation to generate concrete benefits for citze

Ecuador has presented the best improvements by thiarough online services (see Figure 2).

analysis period with a rate grow average of 19.72%.

Ecuador has the highest STI average value in the _ Table 2. _

region (0.32), but Bolivia has presented the best Correlation Matrix (Pearson) for Colombia

. ) X . GDP- CPIA- CPIA-

improvements by the analysis period with a rat&\gro variables sos sTi SHC EGDIpc 1 2  CO2/USD

average of 26.71%. Human Capital has been

important in the implementation of e-governmentS©S 5 0.84¢

strategies, Venezuela has remained in the top 0438 1 0,927 0,018 0,996 -0,914 -0,979 0,999

positions in the process of evaluating this factor - - -

(0.82), note that in the entire region suffere@tack sHe 03050.927 1 0234 0948 0963 0,894 0,943

in this SHC indicator. EGDI 0848 0,018 0,234 1 0,101 -0,022 0,159  -0,040
It is identified that the strategies adopted bYgpp.pc 03720096 0,948 0,101 1 -0917 -0984 0,998

Ecuador have significantly contributed to its leoat - - - -

within the references in progress of e-government i €PA1 ~ 0.544 0.914 0,963 0022 0917 1 0831  -0.928

the region, the momentum that has been given teria-2 0,269 0,979 0,894 0,159 0,984 0,831 1 0976

government portals in this country has allowed a : -
CO2/USD 0,430 0,999 0,943 0,040 0,998 -0,928 -0,976 1

more partidpatory SOCiety in the development OTValues in bold are significantly different from @wa significance level

public policy, making citizens affirm the perceptio alpha=0.05

of transparency and closeness of government to the

citizen (see Figure 2). Table 2 shows that although Colombia historically
leads the EDGI in the region, this country has not
been the highest developed in the studied period.

1 0,438 0,305 0,848 0,372 -0,544 -0,269 0,430
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Therefore, the EGDI does not show significant Table 4.
correlation with the economic develop index (GDP- CORRELATIONMATRIX (PEARS%NgEOF(‘:\;a\'EZé’;;A —
pC = '0101) and with the enVironr-ner:]tal index (002 Variables SOS STI SHC EGDI pc 1 2 usb
USD = -0.004). Besides, the finding show a no - -
correlation between EGDI and the two social developS°® 1 0855 0605 0,344 0874 -0,819 0,375 0,200
indices that have been used. Note that there is aT 0855 1 0,859 0,724 0,968 -0,967 -0,781 0,011
significant and contradictory correlation betwedr S . : :
. A 0,605 0,859 1 0,336 0,704 0,948 0,929 0,519

and SHC with the rest of indices. The above show i .
that in Colombia case the finding not support theEGD! 0,944 0,724 033 1 0825 -0,616 -0,136 0,510
approach  of E-government for  Sustainable gpppc 0874 0,968 0704 0825 1 0875 0644 0241
Development. - - -

Peru has a consolidated organizational structuré-"'A1 0819 0967 0948 0616 0.875 1 0831 0250
that allows articulate directly on issues of goveemt  criA2 0,375 0,781 0,929 0,136 0,644 0,831 1 0,476
policy to implement e-government projects; however,COZIUSD 0.200 0,011 0,519 0,510 0.241 0250 0476 L

the limitations of this country are generated by
citizens’ access to technology tools (see Table. 3)

Table 3.

Correlation Matrix (Pearson) for Peru

GDP- CPIA- CPIA-
Variables SOS STl SHC EGDI pc 1 2 CO2/UsD
SOs 1 0,919 0,993 0,983 0,981 -0,999 -0,860 -0,762
STI 0,919 1 0,947 0,967 0,872 -0,931 -0,691 -0,453
SHC 0,993 0,947 1 0,984 0,982 0,992 0,866 0,714
EGDI 0,983 0,967 0,984 1 0,938 -0,991 -0,767 -0,635
GDP-pc 0,981 0,872 0,982 0,938 1 -0,970 -0,941 -0,822
CPIA-1 0,999 0,931 0,992 0,991 0,970 1 0,831 0,734
CPIA-2 0,860 0,691 0,866 0,767 0,941 0,831 1 0,881
CO2/USD 0,762 0,453 0,714 0,635 0,822 0,734 0,881 1

Values in bold are significantly different from @wa significance level
alpha=0.05

Table 3 shows that Peru's e-government
development indices exhibit a strong correlation,
whether positive or negative, with economic and

Values in bold are significantly different froon@h a
significance level alpha=0.05

Table 4 shows that although Venezuela
historically leads the GDP-pc in the region, thie a
not related with a progress in improvement in
governance, social (negative correlation) neither
environmental (positive correlation) aspects of the
development and its economic develop is due to
Venezuela’s enormous wealth of natural resources
(petroleum). Besides, the finding show that SHC has
high correlation with the economic and social index
that has been used. The above is in concordanbe wit
the approach of E-government for Sustainable
Development (see Fig. 3 and Fig. 4).

Bolivia has worked in the development of the
National Governance Program (PRONAGOB), where
the state is a facilitator and manager of the seaib
society work in partnership and integration in
decision-making; it has not been managed by
government agencies, which has led to limited
progress in this regard (see Fig. 2).

social development indices as well as environment

development indices. The EGDI show the highest
magnitude of correlation with the economic develop

index (GDP-pc =0 .938) and negative correlatiomwit yariapes sos sTi

the environmental index (CO2/USD = -0.635). The

above is in concordance with the approach of E®
government for Sustainable Development (see Fig. 3T

and Fig. 4). Nevertheless the finding show a nggati
correlation between EGDI and the two social develop
indices that has been used. Note that EGDI

composite index, so that, the major contributeh® t gpp.yc

dynamic above is due to SOS correlation with the
correspondent indicators (GDP-pc
CO2/USD = -0.762).

Venezuela has

managed

0.981 and™A!

its governmental | - 0,857 0,957

Table 5.

Correlation Matrix (Pearson) for Bolivia

GDP- CPIA- CPIA-
SHC EGDI pc 1 2 CO2/UsSD
0S 1 0,889 0,906 0,989 0,915 0,914 -0,914 0,857
0,889 1 0,993 0,878 0,750 0,964 -0,964 0,957
0,906 0,993 1 0,879 0,814 -0,989 0,989  -0,983
is &GDI 0,989 0,878 0,879 1 0,851 0,869 -0,869 0,805
0,9150,750 0,814 0,851 1 0,879 -0,879 0,836
0,914 0,964 0,989 0,869 0,879 1 -1,000 0,993
CPIA-2 0,914 0,964 0,989 0,869 0,879 -1,000 1 -0,993

0,983 0,805 0,836 0,993 -0,993 1

structure with reQUIatory mechanisms to irr"p()SingVaIues in bold are significantly different from @wa significance level
thelpha=0.05

enforce implementation strategies, however,
positioning obtained within EGDI assessment is
directly linked to the subscript of Human Capitseé
Figure 2).

Table 5 shows that Bolivia's e-government
development indices exhibit a strong correlation,

whether positive or negative, with economic and
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index (GDP-pc =0 .851) and with one of the social shows that two countries (Ecuador and Peru) had
index (CPIA-1 = 0.869). The above is in concordancestrong correlation between an e-governance
with the approach of E-government for economic anddeveloped and sustainable develop (social, economic
social development (see Fig. 3 and Fig. 4).and environmental). However, Colombia is the

Nevertheless the finding show a negative corratatio country with the highest EGDI average value in the

between EGDI and the other social develop indicesregion (0.63). But, Ecuador is that most developed
and a positive correlation with the environmental with a rate grow average of 8.35% on the studied

index that has been used. period.
The biggest overall progress by the ranking
CORRELATION provided by the EGDI evidenced by certain countries

MATRIX(PEARSON): by the region is due to the development of differen
actions and strategies by each of the sub-indexes s
" that in the case of online services, Colombia, Houa
and Peru at the end of the studied period wereethos
that optimized the use of electronic channels ffier t
. completion of formalities including more than
obtaining information and services, participation i
w© decision-making in public policy.
’ The results indicate that e-government
, development fosters a more capable and transparent
government and contribute to lead to sustainable
development in terms of economic, social, and
environmental development. This study also
° s o s o s . identified some key factors of successful e-
3 _ oot government development in Andeans countries by a
[ :t‘ I'tm“’:b‘aGDP e Pt VEGI‘DI go1g,  Correlational and comparative analysis.
Slcgz.attelr plgiio(feerch:)> p((;r capita[\)lir Igg%Ia(Z\E)SdS—ZOIngs mar)k§ Among them, the reSUItS. ShO.W th.at ewdepced
correspond to P1, X marks correspond to P2, diammaks ~ Penefits that have been obtained in mainstreaming e
correspond to P3 and circle marks correspond to P4. government strategy in each of the countries of thi
study were: i) the transformation of the obsolete
administration to the efficient and transparent
management; ii) Improved quality of services
provided; iii) Reduction of bureaucracy and
strengthening capacities of the population; iv)
optimization of state resources and improving
response times in the procedures required by nitize
v) a substantial improvement in terms of
e responsiveness and answering the needs of citigens
o public institutions; vi) transparent and streamtine
processes within the government apparatus which
generates trust and cooperation from the citizenry;
- vii) creation and / or improvement of accountabilit
' processes; iix) establishment and strengthening of
oo et Sy spaces and mechanisms for citizen participation in
decision making that directly affect the benefittlod
Fig. 4. Scatter plot of CO2 emissions (kg per 2BPP $ of GDP)

Vs, EGDI (2008-2015). Scatter plot of GDP per aaps. EGDI community. Based on these findings, this study

(2008-2015). Cross marks correspond to P1, X meckespond ~ SU9QEst the following policy recommendations fpr
to P2, diamond marks correspond to P3 and circleksna Sustainable development of Andeans countries

correspond to P4. thorough the advancement of e-government: i)

Continuous political commitment to e-government

. IV. CONCLUSION L development. ii) ICT/E-government infrastructures
Taking as a reference the indicator of e-

devel EGDI d b for sustainable development. i) International
governmer_n eve opment : _ proposed ycooperation and Andean platform of e-government
UNDESA it was attempted to identify and describe development

the progress of the Andean countries and the '

strategies implemented during the period 2008-2015 V. ACKNOWLEDGMENTS

as development policies of government management. This study was partly supported by the Escuela

The aim of this study was to analyze the relatignsh Politécnica Nacional (EPN) of Ecuador. Research
of EGDI with a so called Sustainable DevelopmentprojeCt No P1J-16-10

(social, economic and environmental). The finding

GDP-pc {thousands USD)
|

va

°

o

€02 emissions (kg per 2011 PPP $ of GDP)
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