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Abstract—Sustainable development establishes a framework in which environmental policies and development 

strategies interact each other, and in the process of economic development, the long-term environmental value and 

human society is taken into account. In addition, ICT is rapidly transforming all aspects of human life and there is less 

of a sense of our lives that have not been directly or indirectly affected by the ICT. Our studies of the previous 

frameworks on the effects of ICT on the goals of sustainable development show that most of them fall into two categories. 

There are a number of frameworks that have introduced general and high-level ICT impacts on sustainability 

development in the first category, and the second category refers to some specific technologies or specific SDGs. In this 

paper, we have proposed a framework that addresses all technologies and concerns related to ICT and all SDGs. The 

main objective of this framework is to show the impact and mapping between SDGs, ICT concepts and technologies, 

ICT concerns, and ICT development success factors that can be used directly to evaluate the growth and degradation 

of each of them. The ICT concerns classified into four categories and mapped by ICT technologies and concepts to 

sustainable development and its goals and ICT development and its concerns. 

Keywords-component; Sustainable Development, ICT Concerns, Framework. 

 

I. INTRODUCTION
* 

Development is a process in which cultural, 

social, economic and political institutions are 

transformed in a fundamental and proportional 

manner to newly known capacities, and the 

community's welfare state improvement during this 

process. Undoubtedly, improving the quality of life 

indicators can be seen as the ultimate goal of any 

economic and social development program. 

                                                             
*  Correspond author 

One of the main achievements of the Rio +20 

Conference in June 2012 was the post-2015 

development agenda and the goals of sustainable 

development. The member states committed 

themselves to launch, within Rio +20 2015, "the 

creation of a comprehensive, transparent and open 

international process for all stakeholders on the goals 
of sustainable development, with the approach of 

expanding the global goals of sustainable 

development agreed by the United Nations General 
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Assembly". It will be a multi-stakeholder process 

involving "United Nations actors and civil society to 

create a comprehensive framework for developing 

and developed countries." 

It was also a subject of new issues that were not 

included in the mandate of the Rio +20 agenda of the 

General Assembly resolution. It was suggested a 
year before of organizing the meeting by the 

Colombian government. These new items were 

focused on the Green Economy Roadmap. 

Developing countries have accepted the goals of 

sustainable development as a "Concept and an 

operational tool" and emphasized the need to 

identify the principles and elements that form the 

framework along the objectives. In their view, the 

key principle here was the same principle of "Joint 

but different responsibility," and any commitment 

that is made to these goals must be based on equality 

[1]. 

One of the most important branches of science 

and technology that can play an effective role in this 

field is the ICT. ICT has a prominent influence on 

the affairs of modern societies, and it is impossible 

to imagine life in this century without it. ICT is 

rapidly transforming all aspects of human life and 

there is less of a sense of our lives that have not been 

directly or indirectly affected by the ICT. However, 

how much ICT can play a role in the development, 

and how it should play its role is being discussed in 

this paper. This research seeks to propose "A 
Framework for ICT-Oriented Sustainable 

Development through Mapping from ICT Concerns 

onto Sustainability Indicators". 

In section II, we cover basic ideas in sustainable 

development, ICT technologies and concepts and 

their effects onto sustainable development. In 

section III, we have a brief review of approaches to 

sustainable development based on ICT. Then in 

section IV, we explain our proposed framework 

based on ICT concerns. The validation of framework 

is proofed in section V and finally we have a 
conclusion in section VI. 

II. BASIC IDEAS IN SUSTAINABLE 

DEVELOPMENT AND ICT 

The necessary changes to reach the sustainable 

future have always been in the face of social-cultural 

constraints of societies. These changes are necessary 

for the rethinking of disparate social patterns and 

values, as well as the revival of beliefs, traditions and 

patterns that are rooted in the historical culture of a 

communities and consistent with sustainable 

thinking. The social dimension of sustainable 

development is related to human relationships, 
excellence and the well-being of individuals, health, 

education, different cultures, equality and the 

elimination of poverty. Some of the barriers are 

something such as harming people's health, poor 

access to safe water, shortage of public access to 

appropriate educational facilities, high rates of 

illiteracy, and a large number of people below the 

poverty line. 

The economic dimension of sustainable 

development includes growth and other economic 

parameters, in which the well-being of individuals 

and societies must be maximized through the 

optimal use of natural resources and the fair 
distribution of benefits. Sustainability in the 

economy can be defined in order to create a fair and 

balanced human society and guarantees the 

enjoyment of individual human beings over the time 

without compromising on biological, natural and 

cultural resources. 

The theme of the ecosystem and the natural 

environment of the planet and its environmental 

constraints have been addressed by many scholars 

since the early 1980s. They believed that if human 

beings, likewise, destroy nature and consume the 

resources and, naturally, continue to return to nature 
with unwanted pollutants and artifacts, with the help 

of their own hands, it will not long take a serious risk 

to the survival of its generation. Exploitation of the 

environment, increasing the acceleration of 

depletion of resources and energy, the production of 

wastes and hazardous waste, the destruction of 

forests and species extinction, environmental 

pollution (water, air and soil), greenhouse gas 

emissions and the destruction of the ozone layer and 

the warming of the earth and its catastrophic 

consequences in the environment are some of the 
problems and barriers of achieving sustainability in 

the environmental dimension of development [1]. 

A. Sustainability Development 

Although several different models are presented 

for sustainable development, but all of them have a 

common base. All of them consider environment, 

economy and society as the main pillar of 

sustainability and development. 

 Sustainable Development Goals 

The goals of sustainable development should be 

based on all the principles of the Rio Declaration, 

Agenda 21 and the Johannesburg Implementation 

Plan, and take into consideration the different 

situations, capacities and priorities of the countries. 

These goals should be coherent with the United 

Nations Development Agenda beyond 2015, which, 

after numerous discussions, was finally proposed, 

entitled "Transformation in our world: Agenda 2030 
for Sustainable Development". So, along with the 

agreements, the goals of sustainable development 

will replace the Millennium Development Goals 

after 2015. The 2030 agenda is considered for the 

development of the 17 target, which includes 169 

indicators. These goals are intended for different 

countries in various economic, social, institutional 

and environmental fields. The goals of sustainable 

development have shown in Table 1. 
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Table 1. Sustainable Development Goals Classified into Three Dimensions [2] 

 

 Millennium Development Goals (MDGs) 

The MDGs are actually eight major goals that 

were agreed upon in the United Nations in 2000 and 

were mandated to be implemented by 2015 and, with 

their realization, respond to the main challenges of 

the world's development. The Millennium 

Declaration was approved by 189 countries in 

September 2000, with 147 political leaders. These 

eight meta-targets, which are broken down into 21 

target goals and that can be measured with 60 

indicators. 

B. Basic Concepts of ICT 

ICT refers to the use of computer and 

telecommunication devices for collecting, 

processing, organizing, storing and disseminating 

the information, including audio, image and text. 

The technology of communication and information 

is swiftly transforming all dimensions of human life. 

There are fewer faces of our lives that have not been 

directly or indirectly affected by ICT [3]. In this 

section, we explain modern and most of the ICT 

concept and technologies that effects on our life. 

In Section III, we will outline the proposed 
framework. For this purpose, ICT concepts and 

technologies that are directly related to each SDG are 

presented. In this section, we describe each of these 

concepts and technologies, briefly. We consider 

them in our proposed Framework. 

 Smart Agriculture or Smart Farming “indicates the 
application of modern ICT into agriculture and 

includes automated irrigation systems, optimized 
farm management, precision agriculture, integrated 
real-time weather information, traceability and 
tracking systems, M2M/IOT, soil sensors and 
satellites” [4]. 

 E-health services are “healthcare services that 
supported by electronic processes and 
communication and includes electronic data storage, 
remote diagnostics videoconferencing, wearables, 
biosensors, personalized medicine and DNA 
sequencing, augmented reality” [5]. 

 Augmented Reality is “an interactive environment 
from a real world, where real-world objects through 
cognitive computer information are sometimes 
expanded in various sensory states, including visual, 
auditory, haptic, somatosensory, and olfactory” [6]. 

 Gamification is using game design elements and 
non-gaming principles. “Gamification typically 
incorporates game design elements to improve user 
interaction, organizational productivity, flow, 
learning, crowdsourcing, employee evaluation and 
recruitment, ease of use, system usefulness, physical 
exercise, traffic violations, voter irregularities, and so 
on” [7]. 

 M-learning or mobile learning is "a mobile 
learning across a variety of backgrounds, through 
social interaction and content, using personal 
electronic devices. It is a form of distance learning 
who m-learners use mobile education technology for 
their convenience [8].  
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 Ubiquitous Learning Environment is a state of 
affairs for learning in everywhere. “Education takes 
place in every aspect for the student, but the student 
may not even be aware of the learning process. 
Source data is embedded in objects and students do 
not have to do anything to do learning” [9]. 

 Smart Water Management is defined as “the 
activity of planning, developing, distributing and 
managing the best use of water resources based on 
ICT” [10] and includes smart levees, smart pipes, soil 
sensors, smart meters, rain water harvesting systems, 
remote irrigation management systems, consumption 
control apps and e-billing. 

 Smart Levee “prepares information on the past, 
current and expected status of its end users to make 
informed decisions to maintain at the level of flood 
protection required” [11]. 

 Smart pipe, is “an intelligent pipe based on the fact 
that a pipe communicates with its sensor signal level 
about its position” [1123]. 

 Electronic billing or electronic bill payment and 
presentment is “sending a bill or an invoice via the 
Internet by seller and paying electronically by 
customers.” [13]. 

 Smart Energy System is “an approach in which 
intelligent grids, heat and gas are integrated with 
storage technologies, in order to collaborate between 
them to achieve a desirable solution for each sector as 
well as the system. Comprehensive energy 
harmonization includes smart grid, smart appliances, 
energy storage, predictive analytics, sensors, demand 
response technology [14]. 

 Smart Grid is “an electric grid that includes a 
variety of energy operations and measures including 
smart meters, smart appliances, renewable energy 
sources and efficient energy sources” [15]. 

 E-work or electronic working is “a term used to 
describe a work that uses telecommunications 
technology for remote work from an office location” 
[16]. 

 Smart manufacturing is “a widespread product mix 
that uses integrated computing, a high level of 
adaptability and rapid design changes, digital 
information technology, and more flexible workforce 
training.” It includes 3-D printing, industrial Internet 
of Things (IOT) and Machine-to-Machine (M2M), 
Data analytics & cloud computing, cyber-physical 
systems (CPS), embedded system production 
technology, drones and robotics. [17] 

 Smart City Mobility includes “e-mobility, mobile 
ride sharing, inter-modality, driverless transportation, 
connected infrastructure and IOT. Mobility today 
means the smart city monitors, traffic flow 
independently and responds flexibly to problems. 
Additionally, mobility can be customized using a 
new communication infrastructure” [18]. 

 Electro mobility (e-mobility) is “a general term for 
the development of propulsion engines to prevent 

vehicle design from using fossil fuels and carbon 
emissions” [19]. 

 Smart Building is “a building integrates into 
information, organization, control, materials and 
construction as a whole system of building, adapted, 
reactive, to eliminate drivers for building, energy and 
interest variation, life span, comfort and satisfaction” 
[20]. 

 Smart Conservation includes advanced mapping 
and data analytics, sub-marine, coastal and inland 
smart sensors, drones, real-time satellite imaging, 
smart monitoring, real-time weather forecasting [3]. 

 E-government is “the use of electronic 
communications devices, such as computers and the 
Internet to provide public services to citizens and 
other persons in a country or region”, and includes 
big data analytics, smart police, e-identity, open 
government (datasets, public apps using open data), 
predictive analytics and algorithms for crime 
forecasting, online voting, augmented reality, drones 
and robotics and neuroscience [21]. 

C. Sustainable Development and ICT effects 

ICTs can have positive and negative effects on 

sustainable development. On the one hand, ICT 

development can be realized with higher efficiency 

and, on the other hand, ICT itself as a product (or 
service) or as a tool for the empowerment of other 

sectors can be an obstacle to the realization of the 

goals of sustainable development. Table 2 to Table 4 

summarize the main positive and negative effects of 

ICT on environment, economic and society. 

GeSI (Global e-Sustainability Initiative) is “a 

leading source of impartial information, resources 

and best practices to achieve integrated social and 

environmental sustainability through ICT”. 

GeSI simplifies real world solutions to real world 

subjects both within the ICT industry and the greater 

sustainable community (https://gesi.org). GeSI 
summary report, describes barriers to ICT 

deployment based on three perspective includes 

rules of the game, supply and demand [3]. 

III. A BRIEF REVIEW OF APPROACHES TO 

SUSTAINABILITY DEVELOPMENT BASED ON ICT 

A. ICT and SDGs 

While none of the SDGs is directly points to ICT, 

several targets make references to it and other 

technologies. The 2030 Agenda for Sustainable 

Development also recognizes that “The spread of 

information and communication technology has 

great potential to accelerate human progress, to 

bridge the digital divide and to develop knowledge 

societies". ITU has made a concerted effort to 

highlight the role of ICT to play in achieving the 

SDGs. ITU proposed a list of eight ICT indicators, 

covering eight targets within Goals 1, 4, 5, 9, 16, 17. 
The February 2016 version of the IAEG-SDGs 

report includes the following seven ICT indicators 

covering 6 targets under Goals 4, 5, 9, and 17 [23]. 
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Table 2. The Environmental positive and negative effects of ICT [22] 

 Positive effect Negative effect 

The first type effect or 

direct effect 

The use of ICT, such as the use of 

ICT for environmental monitoring 

and control 

The environmental impact of production 

and use of ICT, such as e-waste 

The second type effect or 

indirect effect 
Restructuring to the non-material 

Non-complete substitution of ICT for 

other materials 

 

The Table 3. The Economic Positive and Negative Effects of ICT 

Positive effects Negative effects 

 The driving force behind the economy 

 Increased economic growth 

 Providing useful information 

 Use of ICT facilities for optimal product and service delivery 

 Improving the economic situation 

 Improving economic growth 

 The transformation of production, processing, storage and 

distribution of information 

 Provides useful information by changing the direction of 

information, data and images 

 Making it possible to access the strategic aspects of ICT use 

 Impact on consumer economic behavior on demand side 

 Affecting producer behavior on the supply side 

 Increasing economic distance 

between countries and 

communities benefiting from 

ICT 

 The possibility of fraud and 
electronic fraud 

 

 
Table 4. The Society Positive and Negative Effects of ICT 

Positive effects Negative effects 

 Reduce learning constraints 

 Strengthening equal opportunities 

 Training human resources appropriate to the level of knowledge 

and information 

 Efficiency and productivity in education 

 Acquiring new teaching skills in coaches 

 Dora Medical Opportunity 

 Development of integrated systems for storing and retrieving 

patient information 

 Creating facilities for fair distribution of drugs 

 Prevent possible misuse of the distribution of medical and medical 

facilities 

 Helping to train human health professionals 

 The use of online  articles and scientific documentation in this field 

 Increased risk of social 

isolation 

 Under-question the traditional 

authority of coaches as the 
absolute source of knowledge 

and information 

 Surface of bringing students 

 Lack of face-to-face 

relationship between the 

pupils and the coach 

 The risk of disclosure of 

patient information 

 Lack of face-to-face 

relationship between physician 

and patients 

 

Hilty and Hercheui have presented a conceptual 

framework to introduce relationship between ICT 

and sustainable development which implied 
reviewing the normative concept of sustainable 

development into environmental, societal and 

economical dimensions and analyzing information 

and communication technology and sustainable 

development to recognize levels of environmental 

impacts, people, social and ecologically 

compatibility of ICT on sustainable development 

[24]. 

J. Wu and et al. argue that, although several 

related SDGs to ICT, such as SDGs 3, 11, and 13, 

have been well identified and targeted with 
enormous literatures reported in the ACM digital 

libraries and IEEE, some other goals such as SDGs 

5, 10, and 16 have not been particularly aware and 

talked by the technical research communities [25]. 

ICT business advantages, containing increases in 

sales, the cost reductions, creating competitive 
benefits, efficient resource consumption, employee 

satisfaction and well-being, accruing to companies 

tracking sustainability strategies. The GeSI, for 

example, reasoned that digital solutions from all 

areas of life could directly contribute to SDGs 

achievements. The digital solutions are essential and 

transform the world rapidly, with nice suggestions to 

a positive impact to reach all of the SDGs [3]. 

Microsoft for example, have ‘emphasize eight 

SDGs and has focused its major attention on SDGs 

16, 13, 11, 9, 8, 5, 4 and 3, because of their special 
alignment with Microsoft’s business and 
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humanitarian strategies [26]. 

Indeed, the GeSI [3] argued that digital solutions 

have an extensive potential to reduce greenhouse gas 

emissions and recommended that smart agriculture, 

smart manufacturing, smart mobility, smart 

buildings and smart energy could cut global 

greenhouse gas emissions by some twenty percent 
by 2030. 

The GSM Association is a trade body that shows 

the interests of mobile network operators worldwide, 

uniting more than 750 operators with almost 400 

companies in the broader mobile ecosystem, 

including software companies, handset and device 

makers, internet companies, equipment and 

organizations in adjacent industry sectors 

(https://www.gsma.com/aboutus/). The GSMA 

reported that, since 2015 the mobile industry’s 

impact has increased across all 17 SDGs. the most 

improved SDGs impact score since 2015 are on 
SDGs 13 (Action for Climate Change), 11 

(Sustainable Cities and Communities) and 3 (Good 

Health and Well-being) [27]. 

Peter Jones and et al. consider ICT effects on 

SDGs and opportunities from four perspective 

include business, power of ICT, role of governments 

and economic growth [28].  

Hilty and Aebischer emended a review of how to 

use the transformational power of ICT to develop 

more sustainable patterns of production and 

consumption which focuses on a broad diversity of 
special issues including energy demands of data 

centers, smart sustainable cities, the recycling of ICT 

equipment, software support for supply chains, the 

energy intensity of the internet and the 

interdependency of energy, information and growth 

[29]. In addition, ITU, in collaboration with partners, 

has been working to contribute to each and every 

SDG [30]. 

Research by the Brookings Institution in one 

section examines how successful countries are in 

terms of sustainable development goals based on the 
2030s vision. In this way, 18 different indicators 

have been studied and the result showed that the 

success rate of countries in achieving these goals was 

based on the success rate of commissions. A review 

of these numbers has shown that Iran has been 

working on five indicators of "child mortality", "life 

expectancy", "access to elementary education", 

"access to primary education" and "eradicate 

extreme poverty" has had the maximum influences. 

However, it is long and long before the development 

of sustainable development designers in Iran in 

relation to gender equality indicators and the quality 
of pre-primary education. An interesting point in this 

estimate is the totally different situation of Iran in 

relation to the two indicators of "elementary 

education" and "pre-primary education". The 

Brookings Institution, in addition to the current 

coordinates of countries, reflects the general trend 

governing the promotion of sustainable development 

goals in different ways. In this section, the indicators 

are divided into five categories: "obtained", 

"pursuing", "needing serious action", "requiring 

action" and "recurring". "Overweight children," 

"access to water resources," "extravagance" and 

"pre-primary education" are four indicators that, 

according to the Brookings Institution, their current 
trend in Iran involves a rollback [31]. 

 However, the development trend in Iran has led 

to the convergence of the indicators of "extreme 

poverty", "elementary education", "access to 

electricity", "child mortality" and "adult mortality" 

with the target. Interestingly, with regard to Iran, one 

aspect of the development process is that the 

indicators are either in a favorable situation or 

require action to be accelerated and no indicators are 

currently in the "pursuit" situation [31]. 

S. Zahedi considered culture and politics factors 

for sustainable development in addition to 
environment, society and economy. Considering that 

in most of the frameworks and models proposed, 

only social, economic and environmental 

dimensions are considered like OECD and 

UNCTAD models, and also from the perspective of 

ICT are less important than the cultural and political 

dimensions, these two dimensions are not considered 

in this framework [32]. 

B. ICT-Oriented Sustainable Development 

Frameworks 

O. Kostoska and L. Kocarev [2] proposed a new 

ICT framework for addressing sustainable 

development goals. The proposed framework 

endorses six novel approaches: holistic, increased-

awareness, data-intensive, governance-enhanced, 

two-way and responsible. The final ICT Framework 

for SDGs in this approach shown in Fig. 1. 

In this framework, there are three building blocks 

including governance module, sustainability module 

and data module. Data module designed for 

collecting, preparing, analyzing, visualizing, 

managing and preserving data from three sources 

including social, sensor and statistical data at three 

levels of decision-making, temporal, and spatial. 

Sustainability module used for mapping SDGs at 

local level, to assure coverage of stakeholders, for 

providing priority ranking of SDGs, implementing 

SDGs at local level, and sharing knowledge and 
managing it. Governance module suggested for 

providing fair, network, adaptive, trustworthy and 

collaborative governance [2].  

Some studies have developed frameworks for 

discovering how ICT can provide livelihoods for 

people in developing countries such as the 

Sustainable Livelihoods Framework (SLF). E. T. 

Lwoga and R. Z. Sangeda [33] done a 

comprehensive study about the frameworks on 

sustainable development. They argue that initial 

studies focus on evaluating the contribution of 

technology in various dimensions of development.  
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Figure 1. Novel ICT Framework for SDGs (with permission) [2] 

The Influence of ICT infrastructure on reducing 

growth micro and small enterprises (MSEs), ICT-

Rural Poverty linkages framework and growth 
model. In addition, authors in [34] consider other 

models include the mobile telephones impact model, 

Constructive Technology Assessment Approach and 

the Concept of Technology Appropriation. They 

focused on technology and ICT adoption models like 

Technology Adoption Model (TAM), ICT Adoption 

Model for Socially Excluded Groups, and Model of 

E-government Portal Use, Global IT Adoption 

Model, Evaluation Model of the Digital Business 

Environment, and Model of Adoption of Technology 

in the Home. 

GeSI considers most powerful digital solution 

against SDGs [3] that are summarized in Table 5. 

IV. THE SUGGESTED FRAMEWORK FOR 

MAPPING ICT CONCERNS ONTO THE SDGS 

A. Basic Requirements and ICT Concerns 

Based on reviews and backgrounds in section II, 

III and considering [29], [32], [35], [36], [37], [38] 

and [39] idea for ICT and sustainable developments, 

we have divided Dimensions of ICT, successiveness 

of ICT and concerns as follow: 

 ICT Basic Concerns: Awareness, Availability, 
Accessibility, Affordability. 

 Success of ICT for sustainable development: 
Integrity, Scalability, Sustainability. 

Y. Punia [39] explained the above concepts as 

follow: 

 Integrity: ICT cannot directly attain SDGs rather it 
needs to be integrated with development like social 
process. 

 Scalability: The Issues of development are wide in 
area that a singular exclusive or group of people 
cannot solve it, rather it requires cooperation and 
sharing experiences and scaling it to the mass for its 
betterment. 

 Sustainability: ICT for sustainable development 
should be economic and valuable for end-users. ICT 
for sustainable development should be sustainable if 
it provides value for end-users. 

 Awareness: Some people may not be aware of the 
use and benefits of ICT because of illiteracy. They do 
not even know what and how they can do with ICT. 

 Availability: Hardware and software may not be 
available to meet all users' needs. Especially in rural 
areas, there is less chance of access to computer and 
telecommunication facilities. 

 Accessibility: Ability to use ICT. Many e-learning 
programmers are on the Internet to gain sustainable 
development. Most people do not know how to use e-
learning. 

 Affordability: Using ICT, including the cost of 
hardware and software, is too costly, sometimes 
beyond the power of the people. ICT software or 
equipment sometimes goes beyond average income 
of the ordinary people. 

B. The Framework Itself 

In this section, we proposed the framework for 

ICT-oriented sustainable development through 

mapping from ICT concerns onto sustainability 

indicators. The focus of framework is on ICT 

concepts and technologies. In the other words, 

promotion of ICT concepts and solving ICT 

concerns directly or indirectly lead to sustainable 

development and improve the ICT success factors. 

In this manner, firstly each of sustainability 

development goals mapped into ICT concepts and 

technologies based on research results summarized 
in Table 5. Then SDGs mapped to dimensions of 

sustainable development and finally in right part of 

the framework we achieve to sustainable 

development. 

According to our studies, described in Section 
III, most of the proposed frameworks and studies on 

the effects of ICT on sustainable development goals 

are divided into two categories. In the first category, 

the frameworks explain only general and high-level 

ICT impacts on sustainability development like the 

basic concerns, and the second category only focuses 

on some specific technologies or specific SDGs like 

education or some SDGs. 
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Table 5. ICT Concepts and Technologies for SDGs 

 
 

 

 
Figure 2. Proposed Framework 
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In fact, our proposed framework, on the one 

hand, shows that the investment or lack of attention 

to ICT technology will affect some SDGs, and on the 

other hand, each of these concepts and technologies 

will effects on the growth or degradation of each four 

main concerns. As a result, it is a comprehensive 

framework that shows the relationship between 
sustainable development and ICT development 

which can be easily viewed and evaluated. 

Given the inherent characteristics of ICT 

concerns, all other concerns fall into one of the four 

types of declared concerns (Accessibility, 

Availability, Awareness and Affordability). For this 

reason, each of the technologies and concepts 

mentioned in the proposed framework deals with at 

least one of the concerns revealed. According to 

surveys (explained in section II and III), each of 

these technologies and concepts play their role in 

influencing sustainable development goals. So the 
common part of these two approaches are the 

technologies and concepts that help to solve both 

ICT concerns and achieve the sustainable 

development goals. 

Within the left part of the framework that is 

illustrated in Fig. 2, ICT concepts and technologies 

mapped into ICT concerns for achieving sustainable 

development through ICT, based on inheritance 

effects of each ICT concern, concept or technology. 

Then each concern mapped into success factors of 

ICT for sustainable development and finally it led to 
ICT development. The most important contribution 

in this study is mapping ICT concerns that effects on 

both sustainable development and ICT development. 

 The ICT concerns were extracted from literature 

reviews. In the middle of the framework, the ICT 

concepts and technologies are listed. In one hand 

they mapped to 17 sustainable development goals 

based on directly effects of them on SDGs. For 

example, SDG 4 “Quality Education” take directly 

effect by E-Learning, Data Analytics, Augmented 

Reality, M-Learning, ULE. Then each goals of 
sustainable development led to one of the 

dimensions of sustainability development 

(Environment, Economy and Society). On the other 

hand, each of the ICT concepts and technologies can 

be mapped into ICT concerns that includes 

awareness, availability, accessibility and 

affordability. These concerns and dimensions 

explained in the previous section. The ICT concerns 

have full mesh communication with success factor of 

ICT for sustainable development that contains 

integrity, scalability and sustainability. Finally, this 

success factors leads to ICT development for 
sustainable development. In the next section, we 

proof the validity of the framework. 

V. VALIDATION OF THE FRAMEWORK 

We validate our framework based on 

"argumentation" and "fishbone diagram". First, we 

explain fishbone diagram briefly. Then, we discuss 

our framework validation and explain fishbone 

diagram for our framework. 

A. Fishbone Diagrams as a Mean for Validation 

Fishbone diagrams (also called Ishikawa 

diagrams, herringbone diagrams) are “causal 

diagrams created by Kaoru Ishikawa that show the 
causes of a particular event. The common use of the 

Ishikawa charts is product design and quality 

malfunction prevention to identify potential factors 

that have a generic effect. Any cause or causes of 

incompatibility are the source of change. Causes are 

usually classified into several main categories to 

classify these sources of diversity” [40]. 

The defect is shown as the head of the fish to the 

right, with the causes of the left being spread as the 

fishbone; ligaments from the main part for the main 

causes, with the following branches for root causes, 

are required at different levels. [41]. 

B. Validation based on argumentation Using 

fishbone diagram 

The GeSI report, in more detail explains the 

communication between sustainable development 

goals and gathered digital solutions of positive 

impacts on SDGs [3]. In addition, we can see that 

GeSI noted about relationship between availability, 

accessibility, affordability and awareness in several 

cases in the report, like: “low affordability of ICT 

solutions”, “lack of digital skills”, “increase of 

digital skills”, “limited awareness of ICT’s potential 
among stakeholders”, etc. 

In the SDGs targets, we can see some of them for 

the measures and challenges like: “Ensure that 

people have awareness for sustainable development 

and lifestyles” (T 12.8), “Improve education, 

awareness-raising and human and institutional 

capacity on climate change mitigation, adaptation, 

impact reduction and early warning” (T 13.3), 

“Increase youth’s vocational skill levels” (T 4.4) and 

“Increase supply of skilled teachers” (T 4.c). ICT 

dimensions directly affect this measures and 
challenges. 

These relationships have two directions. For 

example, awareness can increase content and content 

can increase awareness. In success factors of ICT, 

the sustainable development is considered that we 

have some targets in SDGs like: “Implementing 

integrated water resources management at all levels” 

(T 6.5), “Integrating climate change measures into 

national policies, strategies and planning” (T 13.2) 

and SDG 17 that persists on integrity. 

In addition, we know about absence of integrated 

standards in technologies, the prevalence of 
infrastructure and connectivity monopolies, as well 

as weak and inadequate regulation, prevents digital 

expansion on a scale. 
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Figure 3. Fishbone Diagram for Effects of ICT concerns and Technologies on Sustainable development 

For this part GeSI [3], offers barriers to the 

efficient operation of ICT and the widespread use of 

ICT on a large scale, such as restrictions on political 

and regulatory sanctions for the expansion of 

information and communication technology or 

barriers, such as lack of capital for infrastructure 

projects or innovative digital testing solutions 

prevent the attraction of ICTs or barriers to demand, 

such as lack of appropriate digital skills among users 
and entrepreneurs [2], authors noted about 

awareness, accessibility, affordability and 

availability. 

They believe that the mobile bandwidth 

measurement provides many achievements in 

accessibility, scalability and affordability which can 

enable countries to create multiple development gaps 

with the highest speed recorded without spending 

traditional infrastructure. The fishbone diagram for 

effects of ICT on sustainable development is 

presented in Fig. 3. In this figure, the effects of ICT 
technologies on sustainable development goals are 

illustrated. It shows that these effects are led to ICT 

concerns effects on sustainable development. 

As shown in Fig. 3, availability, accessibility, 

affordability and awareness are four main 

components for both sustainable development and 

ICT development. Based on the studies that have 

been mentioned in this article, the 

comprehensiveness of these components has caused 

the other concerns of the ICT to be a subset of these 

components. On the other hand, SDGs can be viewed 

from the perspective of these four components. In 

addition, each of the concepts and technologies in 

some way depends on one of these components. 

Finally, their impact on the proposed framework can 

be measured and evaluated. 

Another explanation for proofing the right part of 

the framework is numeric statistics presented by 

GeSI report [3], In GeSI, the positive impact of ICT 

on each SDG is given in Table 5 with respect to the 

technologies mentioned and related. Thus, how these 
effects and statistics related to each of them are 

described in Table 6. In this table, we can see 

positive impact of ICT in one column and illustrative 

data points in another column for each SDG. This 

table mapped to Table 5 completely. 

VI. CONCLUDING REMARKS 

Since the effects of ICT on sustainable 

development are not overlooked, in this paper we 

have attempted to provide a framework for 

sustainable ICT-Oriented development through 

mapping from ICT concerns onto sustainability 
indicators. According to the studies, the concepts, 

technologies and concerns in the field of ICT, have 

an effect at least in one of the goals of sustainable 

development. This influences on many factors, 

including awareness, accessibility, affordability and 

availability, scalability, integrity and sustainability 

that affect both sustainable development and ICT. 

On the one hand, the rise or decline of ICT 

technologies mentioned in this paper directly can 

have a negative or positive influence on the goals of 

sustainable development.
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Table 6. ICT poitive impacts to each SDGs and illustrative data points (with permission) [3] 

 

On the other hand, ICT concerns that are 

included in four categories of awareness, 

accessibility, affordability and availability are also 

directly affected by ICT technologies, both in the 

ICT sector and in sustainable development. For 

future work, these effects can be measured and 

converted to digit. Thus, the impact of each of the 

mentioned ICT technologies on both the ICT 
concerns and the sustainable development goals will 

be calculated and estimated by using statistical 

methods. 
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