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The Economic and Social Commission for Asia and the Pacific (ESCAP) serves as the United Nations’ 

regional hub promoting cooperation among countries to achieve inclusive and sustainable development. 

The largest regional intergovernmental platform with 53 member States and 9 associate members, 

ESCAP has emerged as a strong regional think tank offering countries sound analytical products that 

shed insight into the evolving economic, social and environmental dynamics of the region. The 

Commission’s strategic focus is to deliver on the 2030 Agenda for Sustainable Development, which it 

does by reinforcing and deepening regional cooperation and integration to advance connectivity, 

financial cooperation and market integration. ESCAP’s research and analysis coupled with its policy 

advisory services, capacity building and technical assistance to governments aim to support countries’ 

sustainable and inclusive development ambitions. 
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Executive Summary 

This report’s findings suggest that the best way to measure the digital divide in the Asia-Pacific 

region is to use a multidimensional approach that captures the economic, social, political and 

cultural complexities of the digital divide, and reflects on their impact on individuals, 

businesses and governments. 

The advent of the “fourth industrial revolution” has brought advanced digitalization into the 

global economy, with increasing access to information and connectivity. While this revolution 

plays a crucial role in achieving the Sustainable Development Goals (SDGs), 50 per cent of the 

world’s population remain unconnected, posing the danger of groups being left behind. This 

gap, between and within countries, needs to be addressed in order to ensure the gains from 

digitalization can be obtained by all. 

The importance of this endeavour was made apparent when the United Nations designated 

access to the Internet and information and communications technologies (ICTs) as a target of 

SDG 9c in 2015. The United Nations Economic and Social Commission for Asia and the 

Pacific (ESCAP) further accentuated its importance through the intergovernmental 

implementation of the Asia-Pacific Information Superhighway (AP-IS) initiative in 2016. The 

AP-IS comprises of four pillars: connectivity, traffic and network management, e-resilience, 

and broadband for all. 

It is important to recognize that the digital divide does not just manifest itself in infrastructure 

gaps. Any analysis needs to be cognizant of how the concept can perpetuate the effects of 

poverty, gender inequality and marginalization. By understanding the digital divide as the lack 

of access to digital opportunities to live the life one values (following Amartya Sen’s (2001) 

capabilities approach), even basic forms of digitalization, such as access and connectivity, 

provide major opportunities for social development and economic transformation towards 

knowledge economies. The academic literature illustrates that addressing the access gap is 

crucial but not sufficient towards closing the digital divide since the knowledge gap in utilizing 

digital resources must be tackled simultaneously. 

Therefore, an approach that targets the complexity of the digital divide and encompasses all 

interests, usages and accesses is necessary. One needs to address the multidimensional nature 

of the digital divide, considering how its effects permeate every aspect of society. The 
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Organisation for Economic Co-operation and Development (OECD) has comprehensively 

defined the digital divide as: 

“The gap between individuals, households, businesses and geographic areas at different 

socioeconomic levels with regard both to their opportunities to access ICTs and to their use 

of the Internet for a wide variety of activities” (OECD, 2001). 

This report adopts OECD’s definition to answer the following research question: 

Using a developmental perspective, what is the most appropriate way of measuring the 

digital divide in the Asia-Pacific region, that is cognizant of the AP-IS? 

First, the report analyses pre-existing digital divide composite indices to show the current status 

quo and reveal shortcomings. The three indices analysed include: 

1. Inclusive Internet Index (3i) of the Economist Intelligence Unit  

2. Networked Readiness Index (NRI) of the World Economic Forum (WEF) 

3. ICT Development Index (IDI) of the International Telecommunication Union (ITU) 

In the report, these indices are compared against their own conceptual frameworks and OECD’s 

best practice guidelines on designing composite indices to ascertain their internal validity. 

Additionally, the indices are compared against OECD’s definition to determine if they capture 

the multidimensional reality of the digital divide. The main results show that the three indices 

have been constructed very differently using different weightings for each category/variable, 

statistically based on each organization’s own objectives and conceptual frameworks. 

Therefore, the report finds high divergence in how countries are ranked in each index due to 

their differing measurement techniques. 

Following these analytical results, the report presents a new exploratory digital divide 

composite index model. A composite index has been chosen for ESCAP as the best 

methodology towards measuring the digital divide. Despite their numerous limitations when 

compressing reality into a few small numbers, they are easier to interpret vis-à-vis individual 

indicators and allow for comparability of countries over time. Complex phenomena can thus 

be communicated succinctly in educating the public, while raising awareness on the issue. 
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Termed the AP-IS Digital Divide Index (DDI), this index utilizes both Sen’s capabilities 

approach and OECD’s comprehensive digital divide definition to capture the multidimensional 

aspects of the digital divide. The DDI model disaggregates measurements around three actors 

(individuals, businesses and governments), with eleven overarching dimensions. These 

dimensions have been determined based on the literature and the natural linkages drawn from 

the conceptual framework. What is novel about the DDI model is that it recognizes “resilience” 

as an important dimension, while also capturing how “digital inclusiveness” needs to be 

measured to ascertain the opportunities of individuals using digital content. 

Lastly, the DDI measures “future readiness” as a stand-alone dimension. This dimension is 

distinct in that it measures the potential implementation of policies and business strategies that 

influence the future digitalization of countries. It can serve as a forward-looking dimension that 

pushes countries to adopt policies that can close the digital divide and can be compared on a 

year-to-year basis. 

The full DDI conceptual model is summarized below: 
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Additionally, potential variables are identified under each of the eleven dimensions in the DDI. 

The variables have been determined based on pre-existing composite indices, but also on a 

feasibility analysis to ensure that anything recommended is practical and implementable. 

However, the final model does not include weightings for any of the categories or variables. 

While this model provides an important first conceptualization, the report recommends that 

ESCAP builds on it to further elaborate on a full-fledged composite index, which is then 

updated annually to measure advancements and deteriorations of the digital divide. Future 

research is needed on the statistical weightings, as well as quantitatively testing the DDI 

model’s theoretical linkages. 

Measurement techniques for the digital divide are constantly evolving and being refined. The 

ITU has revamped its IDI for the 2018 edition with a range of new variables and categories. In 

contrast, WEF has discontinued the NRI. This, together with the vast digital differences across 

the region, suggest that there is space for ESCAP to enter and further develop its own digital 

divide measurement tool that both measures implementation of the AP-IS and contributes to 

policy actions that bridge the digital divide in the region.  



ESCAP Page 8 of 74 LSE 

 

 

Table of Contents 

 

List of Figures ......................................................................................................................... 10 

List of Tables ........................................................................................................................... 10 

Abbreviations and Acronyms .................................................................................................. 11 

1. Introduction ..................................................................................................................... 12 

2. Literature Survey............................................................................................................. 14 

2.1 Conceptualizing the Digital Divide .................................................................................. 14 

2.2 Implications of the Digital Divide ..................................................................................... 15 

2.3 Incorporating the AP-IS ................................................................................................... 16 

2.4 Measuring the Digital Divide ............................................................................................ 17 

2.5 Digital Divide Composite Indices ..................................................................................... 19 

3. Methodology .................................................................................................................... 21 

3.1 Overview ............................................................................................................................. 21 

3.2 Selection Criteria ............................................................................................................... 21 

3.3 Gap Analysis ...................................................................................................................... 22 

3.3.1 Descriptive Statistics.......................................................................................................... 22 

3.3.2 Qualitative Analysis ........................................................................................................... 22 

3.4 Theoretical Approach........................................................................................................ 23 

3.4.1 Conceptual Framework .................................................................................................... 23 

3.4.2 Defining the Digital Divide................................................................................................ 24 

3.5 Sources for Dimension Selection ...................................................................................... 25 

4. Development of the Theoretical DDI ............................................................................. 26 

4.1 Overview ............................................................................................................................. 26 

4.2 Gap Analysis ...................................................................................................................... 26 

4.2.1 Descriptive Statistics.......................................................................................................... 27 

4.2.2 Qualitative Clustering ....................................................................................................... 30 

4.2.2.1 Source Analysis .................................................................................................................. 30 

4.2.2.2 Conceptual Framework Analysis ..................................................................................... 31 

4.2.2.3 Definition Analysis ............................................................................................................. 32 

4.2.2.4 Methodology Analysis ....................................................................................................... 34 

4.2.2.5 Estimating Variables ......................................................................................................... 35 

4.2.2.6 Estimations for Skills......................................................................................................... 36 

4.2.3 Conclusion for the Gap Analysis ...................................................................................... 36 

4.3 The Theoretical DDI .......................................................................................................... 37 

4.3.1 Stakeholders ....................................................................................................................... 37 

4.3.2 Initial List of Dimensions .................................................................................................. 37 



ESCAP Page 9 of 74 LSE 

 

 

4.3.3 Variables Selection Process ............................................................................................... 37 

4.3.2 Developing the DDI ............................................................................................................... 39 

4.3.4 The DDI Model .................................................................................................................. 43 

5. Limitations ....................................................................................................................... 45 

6. Conclusion ....................................................................................................................... 46 

7. Bibliography .................................................................................................................... 48 

Appendix A: Methodology of the Literature Survey .............................................................. 52 

Appendix B: Grounded Theory Method ................................................................................. 55 

Appendix C: Categories and Variables for Analysis ............................................................. 57 

Appendix D: UNESCO Guidelines ........................................................................................ 63 

Appendix E: Conceptual Framework Analysis of Indices .................................................... 64 

Appendix F: Dimensions Influencing the Opportunities ...................................................... 72 

Appendix G: Terms of Reference ............................................... Error! Bookmark not defined. 

 

  



ESCAP Page 10 of 74 LSE 

 

 

List of Figures 

 

Figure 1: Overview of the four pillars of the AP-IS ................................................................ 17 

Figure 2: Overview of methodology for creating the DDI ...................................................... 21 

Figure 3: Geographic coverage of 3i, IDI and NRI ................................................................. 26 

Figure 4: Weightings of overlapping subcategories ................................................................ 28 

Figure 5: Variable count of overlapping subcategories ........................................................... 29 

Figure 6: Category definitions and similarities among organizational indices and the AP-IS 33 

Figure 7: The DDI Model ........................................................................................................ 43 

 

 

List of Tables 

 

Table 1: Differences in ranking across the three indices ......................................................... 27 

Table 2: Dimension typology for affordability, availability, digital education, digital security, 

environment and resilience ...................................................................................................... 39 

Table 3: Dimension typology for governments, individuals, businesses and future readiness 41 

 

  



ESCAP Page 11 of 74 LSE 

 

 

Abbreviations and Acronyms 

3i Inclusive Internet Index 

AP-IS  Asia-Pacific Information Superhighway  

DDI Digital Divide Index 

EIU Economist Intelligence Unit 

ESCAP Economic and Social Commission for Asia and the Pacific 

GDP Gross Domestic Product 

ICT  Information and Communications Technology  

IDI ICT Development Index 

ITU  International Telecommunication Union  

JRC Joint Research Centre 

LDC  Least Developed Country 

LSE London School of Economics and Political Science 

NRI Networked Readiness Index 

OECD Organisation for Economic Co-operation and Development  

SDG  Sustainable Development Goal 

UNCTAD United Nations Conference on Trade and Development 

UNDP United Nations Development Programme 

UNESCO United Nations Educational, Scientific and Cultural Organization 

WEF World Economic Forum 

 

  



ESCAP Page 12 of 74 LSE 

 

 

1. Introduction 

The “fourth industrial revolution” is labelled as the digitalization of the economy, with 

increasing global access to information and connectivity. Its contemporary manifestations 

transcend the basic forms of access and use, to more complex technological systems such as 

artificial intelligence and big data. The effects of the digital infrastructure permeate the 

policymaking space, shaping individual’s lives economically, socially and politically. It is also 

promulgated in the development sphere as a transformative tool that facilitates the attainment 

of the Sustainable Development Goals (SDGs). However, Internet connectivity only reached 

50 per cent of the global population in 2018 (WEF, 2018). This gap between and within 

countries with complex digital infrastructures, connectivity and access, and those without, is 

conceptualized as the “digital divide”. 

Further research into conceptualizing the digital divide is necessary due to the social 

ramifications it poses if the gap between high-income and low-income countries increases. The 

detrimental impacts of the digital divide can perpetuate the effects of poverty, gender inequality 

and marginalization. Conversely, even the basic forms of digitalization, such as access and 

connectivity, provide major opportunities for social development and generation of knowledge 

economies. This also contributes to capabilities functions, whereby individuals may culminate 

independence, empowerment and freedom of choice. It is therefore important to measure the 

digital divide in order to inform policymakers and governments of ways to combat its causes 

and effects. 

In response to these developments, the United Nations Economic and Social Commission for 

Asia and the Pacific (ESCAP) created the Asia-Pacific Information Superhighway (AP-IS) 

initiative in 2016 to engage with this issue (ESCAP, 2016). The AP-IS consists of four pillars: 

connectivity, traffic and network management, e-resilience, and broadband for all. In order to 

monitor the AP-IS initiative, ESCAP has identified the need for the development of a suitable 

index based on comparable data for the region. Previous composite indices may not capture 

the intricacies of the digital divide. Acknowledging the trade-offs, this report aims to 

investigate previous digital divide composite index measurements, analyse limitations and 

formulate relevant dimensions that ESCAP should incorporate into a future composite index 

when assessing progress of the AP-IS. 
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The index is referred to as the AP-IS Digital Divide Index (DDI). Due to the varied economic, 

social and political contexts of ESCAP’s member countries, the methodology seeks to 

formulate a conceptual framework that encapsulates the social and technological complexities 

of the digital divide, so that the DDI is widely applicable. Therefore, the research question 

undertaken is as follows: 

Using a developmental perspective, what is the most appropriate way of measuring the 

digital divide in the Asia-Pacific region, in implementation of the AP-IS? 

To achieve this goal, the research design first examines the methods and limitations of current 

organizational indices that attempt to measure and conceptualize the digital divide, selected per 

the criteria in Section 3.2. The indices are the: (1) Inclusive Internet Index (3i) of the Economist 

Intelligence Unit (EIU); (2) Networked Readiness Index (NRI) of the World Economic Forum 

(WEF); and (3) Information and Communications Technology (ICT) Development Index (IDI) 

of the International Telecommunication Union (ITU). 

Interestingly, although the organizations follow general best practice guidelines for 

constructing composite indices, statistical tools such as estimation, interpolation/extrapolation 

and missing data points have different measurement implications on the aggregate scores. This 

finding is further reflected through a detailed variable analysis. 

The overarching theoretical framework used is Amartya Sen’s capabilities approach combined 

with the Organisation for Economic Co-operation and Development’s (OECD) definition of 

the digital divide. Together they inform the creation of dimensions and variables that seek to 

override the methodological and informational shortcomings of the previous organizational 

indices analysed. 

The next section provides a literature review of various conceptions of the digital divide, 

including multidimensional ramifications. It further motivates the objectives of the research, 

contextualizing the issue of the digital divide to the Asia-Pacific region and the AP-IS initiative. 

Section 3 outlines the methodology used to culminate in the creation of the DDI, which is 

illustrated in section 4. Section 5 notes the limitations of the model and section 6 concludes the 

report. 
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2. Literature Survey 

2.1 Conceptualizing the Digital Divide  

Digitalization is revolutionizing the world economy. The value of the digital economy is 

estimated to be USD25.3 trillion in 2015 and more than 3.5 billion people have access to the 

Internet in 2017 (UNCTAD, 2017). These investments have materialized as 

telecommunications infrastructure, mobile network connectivity and the Internet. The 

development of such technologies has resulted in innovations such as artificial intelligence, big 

data and geo-mapping. These have transformed the ways in which individuals, businesses and 

governments interact, making the processes of communication, business creation, finance, 

health, agriculture and education more seamless and costless (WEF, 2016). 

Economically, the Internet is critical in business-to-business platforms, and pervades the labour 

and employment economies. Additionally, where e-governance technologies have been 

thought to improve the efficiency of public administrations from within, open data initiatives 

endeavour to encourage transparency, accountability and democratic voice (ITU, 2017; Baller, 

Dutta, & Lanvin, 2016). 

Digitalization is further expected to play a vital role in facilitating or accelerating the attainment 

of the SDGs (APCICT, 2017). The United Nations has acknowledged digitalization as a 

transformative engine to implement the 2030 Agenda for Sustainable Development, seeking to 

“significantly increase access to ICTs and strive to provide universal and affordable access to 

the Internet in least developed countries by 2020” (UNDP, n.d.). 

However, different countries experience varying intensities of digitalization. For example, 

highly-connected countries with access to more sophisticated digital services have more control 

over the digital ecosystem, which systematically gives them the opportunity to dictate the 

development and dissemination of technology on a global scale. As expected, only a handful 

of economies have this power (Baller, Dutta, & Lanvin, 2016). In contrast, other economies 

are only at the beginning of the revolution. For example, the utilization of mobile connectivity 

is enabling greater access to basic services such as mobile banking, with M-PESA launched in 

Kenya and Tanzania (Dutta, Geiger, & Lanvin, 2015). 

Although the World Bank noted that digital technology accumulation is correlated with rising 

economic growth, they highlighted the difficulty with measurement and determining the 
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direction of causality (World Bank, 2016). The causality may be due to the greater ability of 

high-income, developed countries to invest in the human and physical capital necessary to 

create and sustain the digitalization process. A broad study of the digital divide is thus 

necessary to identify the challenges faced by least developed countries (LDCs). 

 

2.2 Implications of the Digital Divide 

With digitalization embedded in modern society, the concept of a widening digital gap is 

detrimental to the well-being of all communities. The digital divide creates a barrier for 

empowerment and entrepreneurship and is therefore a threat to achieving the SDGs. For 

example, advanced access to ICTs greatly impacts wealth production, as future wealth 

accumulation is increasingly based on technology and knowledge. This excludes access to 

technological progress where such technologies do not exist (Fuchs & Horak, 2008). 

Additionally, these technological innovations affect how policy is shaped and formed. It 

challenges governments to cope with the forces of divergence between – as well as within – 

societies. In particular, governments have a responsibility to govern the level of liberalization, 

investment and innovation (Dutta, Geiger, & Lanvin, 2015), and need the capacity to 

incorporate and distribute the benefits of such changes in order to tackle the threat of a widening 

gap (ESCAP, 2016; United Nations, 2018; OECD, 2018). 

The digital divide also poses social ramifications. Research finds that countries with very low 

Internet access in the African context are correlated with low Human Development Index 

scores and tend to be LDCs (Fuchs & Horak, 2008). The divide therefore contributes to a 

deepening gap between middle-income countries and LDCs. Moreover, the divide is not gender 

neutral. Previous research has analysed and emphasized how gender inequality is a major 

barrier in bridging the digital divide (Antonio & Tuffley, 2014; Cooper J. , 2006; OECD, 

2018b). Women are at a relative disadvantage in acquiring the skills needed to access ICT 

opportunities based on gender stereotypes (Cooper J. , 2006). Access to and ownership of ICTs 

is also more prevalent among men, and such dictation of the distribution of ICTs poses the 

danger of further marginalizing women in society (Alozie & Akpan-Obong, 2017; Gray, 

Gainous, & Wagner, 2017). 
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The problems associated with the digital divide manifests itself within the Asia-Pacific region. 

Since 50 per cent of Internet users worldwide are located in Asia-Pacific and since the region 

is the fastest growing digital economy by Internet users, digital development represents a major 

opportunity for it (Statista, 2019). By investigating this region alone, it is observed that a 

widening gap exists among subregions between East/North-East Asia and South/South-West 

Asia and the Pacific, especially with the increased introduction of digital technologies (ESCAP, 

2017). On the whole, fixed-broadband subscriptions among the ESCAP members are below 

the global average of 12.4 subscriptions per 100 inhabitants (ESCAP, 2017). However, the 

region encounters a wide variety in broadband Internet penetration levels and affordability. 

There is notably a huge divide between least developed and landlocked countries, where 

Internet access is partially non-existent in rural areas, and developed countries. Resultantly, 

this leaves a large portion of the region vulnerable to the digital divide. Millions of citizens are 

thus deprived of digital opportunities, leading to a great need for policies targeting a wide 

coverage of affordable Internet access in the region. 

 

2.3 Incorporating the AP-IS 

ESCAP is currently addressing this issue through the AP-IS initiative. This initiative aims to 

increase the availability and affordability of broadband Internet across Asia and the Pacific by 

strengthening the underlying digital infrastructure in the region. It seeks to increase 

international bandwidth for developing countries and lower broadband Internet prices, thus 

bridging the regional digital divide. 

Through the review of the 2016 AP-IS Master Plan and its corresponding four pillars (Figure 

1), it is observed that the policy outcomes and activities focus on access indicators. For 

example, the “broadband for all” pillar focuses on connecting fibre-optic networks 

internationally and enhancing domestic ICT infrastructure, including backhaul and last-mile 

connectivity. As a policy it takes an instrumental approach and addresses the access and the 

supply side. On the demand side, the AP-IS has a strategic initiative on capacity development, 

which includes training courses across the four pillars (Ko, 2018). Despite this demand-side 

cross-cutting focus, the policy does not analyse how the digital divide may be affected by other 

socioeconomic or cultural factors beyond simply access from a wider perspective. This 

partially motivates the objectives of the research. 
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Figure 1: Overview of the four pillars of the AP-IS 

Source: Adapted from the AP-IS presentation (ESCAP, 2016). 

2.4 Measuring the Digital Divide 

In order to increase convergence between high- and low-income countries by bridging the 

digital divide, there is a necessity to accurately measure it. International organizations such as 

the World Bank have highlighted the importance of doing so. Their 2016 World Development 

Report noted that the benefits from digital technologies have lagged behind despite their 

spread. To reap the benefits of connectivity, one needs to harness “analog complements” – 

mainly regulations that encourage competitive markets, improved digital skills for the populace 

(especially digital literacy) and accountable institutions (World Bank, 2016). Academic studies 

have also stressed the importance of a comprehensive methodology to accurately capture the 

positions of all citizens in official statistics, especially marginalized groups (Micheli, Lutz, & 

Büchi, 2018). 

The digital divide has been studied from an instrumental versus critical perspective. At the 

instrumental setting, they look at the access divide, the skills divide and the outcomes of 

connectivity (Mansell, 2017). This perspective mainly looks at the supply side, especially 

access factors and the digital literacy gap, and is apparent in the policy literature (Mansell, 
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2002). Supplying more ICT possibilities, regardless of how the digital divide is measured, may 

not improve livelihoods for all. The potential gains for developing countries could be hindered 

by their e-dependency on big tech firms located in the developed world to maintain these 

technological upgrades that become vital towards their corporate and public sectors (Wade, 

2002). Access is also affected by democratization, income inequality and urbanization, and not 

just economic growth factors (Fuchs, 2009). 

Therefore, providing access is a necessary but insufficient condition. Procurement of ICTs 

requires specific intellectual skills for utilization, which is difficult to acquire in conditions 

with a lack of basic literacy. Consequently, the purpose of accessing information, resources 

and services using ICTs differs greatly depending on the user (Selwyn, 2004; United Nations, 

2012). Thus, marginalized groups may either not have the capacity to use ICTs effectively 

when available or may not be able to afford access in the first place (ITU, 2007). 

This knowledge gap is supplemented by the critical perspective. This approach acknowledges 

the impact of Internet access on sociodemographic/socioeconomic factors within the literature. 

However, the determinants of the digital divide are not limited to access aspects. There is a 

lack of focus on the sociocultural determinants (Scheerder, van Deursen, & van Dijk, 2017). 

Dimensions of the digital divide need to look beyond access to the knowledge gap, especially 

as the information economy expands and becomes increasingly important for developing 

countries (Castells, 2002). There needs to be a wider look at how to measure digital inequality 

beyond the access and consumption factors, and incorporate concepts of social justice and a 

rights-based understanding of ICT (Gillwald, 2017). 

Having these various consequences in mind, this report seeks to identify the methodological 

shortcomings in contemporary measures of the digital divide, in order to provide 

recommendations for consideration when establishing the DDI. As previously illustrated, it is 

crucial to address areas where the digital infrastructure may pose a socioeconomic and cultural 

concern to communities – a multidimensional approach is necessary to encompass all interests, 

usages and accesses. 
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2.5 Digital Divide Composite Indices 

The literature highlights how measuring the digital divide can be split into three levels: (1) 

physical access and motivation; (2) digital literacy, skills and usage; and (3) outcomes of 

former levels, with the effects of (not) having and using digital technology (Gunkel, 2003; van 

Dijk, 2006; van Dijk, 2017; van Dijk, 2018).1 

Composite indices (or compound measures) are commonly used in digital divide analysis. They 

provide a compilation or a range of indicators with different weightings, which are then 

aggregated to come up with a composite score and/or ranking for a country. Composite indices 

have been used by both academia and policy organizations in measuring the digital divide. By 

utilizing this method, academics and policymakers can make comparisons among different 

countries and present averages across certain groups. 

Although these measures may provide a more holistic overview of the digital divide vis-à-vis 

a single indicator, there are issues with “averaging across technologies and social 

groups” (Vehovar, Sicherl, Hüsing, & Dolnicar, 2006, p. 284). First, the way weighting is built 

among different indices may obscure the actual digital divide in certain countries, especially 

among disadvantaged social groups. This is because the weighting is done through a defined 

subjective approach that is based on input criteria (Dobrota, Martic, Bulajic, & Jeremic, 2015). 

Studies have further shown through a principal component analysis that composite indices 

propose redundant indicators, and the way they are built are correlated with gross domestic 

product (GDP) differences among countries instead of a more varied outcome one would 

expect given the wide range of factors that could affect the digital divide (Bruno, Esposito, 

Genovese, & Gwebu, 2011). 

Secondly, when studies have directly evaluated organizational measurements of the digital 

divide, such as ITU and Orbicom’s ICT Opportunity Index and ITU’s IDI, they conclude that 

composite digital divide indices are reductionistic and focus only on technological access and 

use, while missing “socioeconomic, political and cultural factors” (ibid., p. 27). For example, 

the indicator and sub-indicator weights in the IDI emphasize index scoring instead of 

maximizing its ability to assist policymakers in ensuring that ICT development is associated 

with socioeconomic development (Gerpott & Ahmadi, 2015). 

                                                 
1 Appendix A provides the literature survey methodology. 
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Other criticisms of digital divide composite indices note their superficiality and the need to 

delve deeper on inequality and causes of the digital divide (Barzilai-Nahon, 2006). This is also 

due to the subjectivity of the weightings of indicators and sub-indicators that focus on just the 

index score and not on how to close the divide (Gerpott & Ahmadi, 2015). Finally, other 

measurements of the digital divide lack structural integrity. Some indices confuse distinctions 

between dependent and independent variables, add component parts together instead of 

multiplies, and engage in double counting while confusing inputs and outputs (James, 2008; 

James, 2012). 

At a more fundamental level, criticisms of composite indices as a methodology include issues 

with transparency and the weighting of indicators, and concerns of cherry-picking indicators 

(Barclay, Dixon-Woods, & Lyratzopoulos, 2018). Positive correlations among component 

variables can enhance rank robustness but may lead to redundancy (Foster, McGillivray, & 

Seth, 2013). The arbitrary weighting schemes also indicate comparability discrepancies among 

composite indices (Seth & McGillivray, 2018). While there are a range of possible weighting 

schemes, the choice affects the eventual rankings and can lead to methodological trade-

offs (Permanyer, 2012). These are standard concerns about the political economy of statistics, 

which can be applied to the composite indices developed for digital divide measurements. 

Despite these limitations, composite indices should still be utilized in measuring the digital 

divide. The OECD noted how composite indices can support decision-makers by summarizing 

“complex multidimensional realities”, and are easier to interpret vis-à-vis scattered single 

indicators (OECD & JRC, 2008, p. 13). Moreover, they allow comparability of countries over 

time and can communicate complex phenomenon succinctly (ibid.) Finally, they are extremely 

useful in educating the public, and can serve a role in focusing attention on the topic (Roodman, 

2011; Booysen, 2002). 

Given the benefits, the digital divide measurement for ESCAP should incorporate a composite 

index approach. The next section outlines the methodology for achieving the initial creation of 

an index for measuring the digital divide in the Asia-Pacific region.  
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3. Methodology 

3.1 Overview 

To answer the research question, a theoretical approach is developed to guide the analysis. 

Figure 2 shows the methodologies used to create the DDI. This approach ensures practicability 

and feasibility of the composite index while still providing a more inclusive approach towards 

measuring the digital divide. 

Figure 2: Overview of methodology for creating the DDI 

 

3.2 Selection Criteria 

The selection of composite indices is based on their time relevance and relation to the 

conceptual framework. The criterion for “time relevance” ascribes to the notion that the data 

accumulated within the composite index is current; its last application – either in the literature 

or organization – is within the last three years. The selection based on the “conceptual 

framework” is judged by whether the primary aim of the index is to measure digital divide. 

Based on the selection criteria, the data source is narrowed to three organizational indices: the 

EIU’s 3i (EIU, 2018); the WEF’s NRI (WEF, 2016); and the ITU’s IDI (ITU, 2017). 
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3.3 Gap Analysis 

The 3i, NRI and IDI create each country’s digital divide score by aggregating a range of 

variables into thematic categories and subcategories weighted differently within and across the 

indices. These scores are then ranked to compare country performance. However, the methods 

for constructing the final score differ greatly. The assigned weighting of variables determines, 

or implicitly biases the rankings. In order to show such differences among the three analysed 

indices, descriptive statistics are used for comparative purposes, combined with a qualitative 

analysis to explain the different ways the indices have measured the digital divide. 

 

3.3.1 Descriptive Statistics 

To conduct cross-index comparisons, the variables are first relabelled, with the categories and 

subcategories (c.f. Coding New Var, New Sub, New Cat) standardized into qualitative codes. 

This standardization has no effect on the weighting or representation of the underlying data but 

eases the observation process of identical input data. It aids the identification of the categories, 

subcategories and variables that are of common use across two or more indices, as well as 

variables that are unique to one index. 

Through this process, differences in scores are traced back to the initial weightings assigned to 

the categories and variables. Potential biases may be justified if each methodological approach 

clearly specifies the presence and purpose of overweighting or underweighting some aspects 

relative to others. 

 

3.3.2 Qualitative Analysis 

This section of the methodology alludes to three key techniques that guide the research in a 

systematic and functional way. They are grounded theory, content analysis and qualitative 

clustering. These three techniques are explained in Appendix B. Together the techniques help 

to identify the strengths and weaknesses of a composite index approach for measuring the 
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digital divide and monitoring the AP-IS initiative (Table 3e, Appendix E), and the results from 

this table has informed the methodological recommendations for the DDI. 

This three-prong operationalization strategy is chosen based on the contextual constraints of 

the research environment. For example, to create initial quantitative clusters, a standardization 

and closed survey is needed for codification. Given the inconsistent stream of information from 

the different organizations, standardized information could not be gathered without: (1) a 

method of aggregation; (2) fulfilling the absence of information through document review 

alone; and (3) conducting interviews in a time-sensitive situation to compensate for this 

absence. The goal of this research objective is achieved by applying the qualitative 

methodology. 

 

3.4 Theoretical Approach 

3.4.1 Conceptual Framework 

The conceptual framework operationalized is conditional upon a fundamental understanding 

of development. This understanding is based on the sociological belief that people have 

heterogeneous values and thus, different consumption patterns (Sen, 2001). The underpinnings 

of the conceptualization further stem from the notion of “development as freedom” advocated 

by Amartya Sen within the capabilities approach. This encompasses three interlinking 

contingencies: 

1. Its definition chooses to elucidate a focus of moral significance within an individual’s 

capability of achieving the life they have reason to value. This reflects a personal 

freedom of choice and is held above all else; 

2. Development can thus be portrayed as a capability function – to improve the well-being 

of individuals by its measure of what each are able to become and do; and 

3. The notion of development as a function, therefore, should become an empowering tool 

used to exploit the opportunities given, in order for different individualized capabilities 

to live according to the values that they themselves dictate. 

The capabilities approach is used as a tool for operationalizing this conception of development, 

by adopting a variety of dimensions that transcend beyond economics (Sen, 2001). 
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Due to the broad abstraction of this model, various indices have attempted to incorporate this 

approach within the conceptualizations of their respective microcosms of development. 

Examples include the Human Development Index and the Multidimensional Poverty Index. 

Moreover, explicit connections of the capabilities approach to the digital divide emanate 

throughout the literary discourse as a means of measuring the impacts of the digital 

infrastructure beyond merely economic purposes (Himanen, 2014; Wresch, 2009). 

The scope of the research resides within this conception – technology is construed as an 

opportunity to be exploited by an individual’s capabilities in order to live the life one values. 

The wider developmental goal in bridging the digital divide must consider the multiple 

dimensions of different users in its conception. There is no one, single determinant of the digital 

divide, nor are the determinants exogenous to exacerbating the divide. At a micro level, the 

consumer interfaces are interactive and responsive, culminating in a complex network of self-

interests, which diverges the conception and measure of the digital divide further. 

 

3.4.2 Defining the Digital Divide  

The OECD definition stresses the importance of a multidimensional understanding of access 

to opportunities. Its comprehensive definition of the digital divide is: 

“The gap between individuals, households, businesses and geographic areas at different 

socioeconomic levels with regard both to their opportunities to access ICTs and to their use 

of the Internet for a wide variety of activities” (OECD, 2001). 

This definition highlights a multi-actor approach, which, when used in combination with Sen’s 

capabilities, illustrates a more holistic understanding of how the digital divide may impede the 

opportunities for individuals or collectives to be and act according to the values that they 

themselves deem important. Thus, in general, the digital divide can be perceived as the gap of 

access to digital information, services and networks for a wide variety of activities. For ESCAP, 

redefining the digital divide through an opportunity-capabilities developmental lens ensures 

that the composite index is practical and implementable while still providing a more inclusive 

approach towards measuring the digital divide. 
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3.5 Sources for Dimension Selection 

A literature-based approach is combined with an extensive analysis of composite indices to 

collect the recommended dimensions and create the DDI model. The knowledge gained from 

this area is then operationalized with Sen’s capabilities approach, OECD’s concept of the 

digital divide and academic literature to inform the creation of the DDI. However, the 

measurement tool cannot just be an academic exercise, it needs to be practical. Therefore, a 

feasibility analysis on data availability and blockages is conducted in order to streamline the 

framework. The final result is a practical and implementable series of recommendations 

towards constructing the DDI. 
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4. Development of the Theoretical DDI 

4.1 Overview 

The first step involves mapping the geographic coverage of the three digital divide composite 

indices (Figure 3). This visualization reveals the immediate coverage gap on digital divide 

statistical indicators among ESCAP member countries, and where data availability may remain 

an issue for the DDI. 

Figure 3: Geographic coverage of 3i, IDI and NRI 

  

 

Eight ESCAP member countries are not covered by any of these indices analysed.2 They are 

Democratic People’s Republic of Korea, Marshall Islands, Micronesia, Nauru, Palau, Papua 

New Guinea, Turkmenistan and Tuvalu. Additionally, while the IDI covers the forty-four 

remaining ESCAP member countries, it does not include Tajikistan. The only index that 

measures Tajikistan is the NRI. 

 

4.2 Gap Analysis 

This section moves to investigate previous index construction, namely, which categories and 

variables are covered and why. It includes the descriptive statistics and qualitative cluster 

                                                 
2 This analysis does not include ESCAP associate member countries. 
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analysis, which begins with initial observation of the data sets and then analyses the 

methodologies, respectively. 

 

4.2.1 Descriptive Statistics 

The three indices are constructed very differently. The most detailed index is the 3i with 80 

different variables distributed into 5 categories and 11 subcategories. The second is the NRI 

with 53 variables across 4 categories and 10 subcategories. The IDI on the other hand has 11 

variables across 3 categories. As a result, variables in the 3i and NRI are assigned lower weights 

than those in the IDI. Tables 1c, 2c and 3c in Appendix C provide an overview of variable 

weightings within indices, as well as the weightings of each index’s categories and 

subcategories. Differences in weighting logically affect the overall score. 

Table 1: Differences in ranking across the three indices 

INDEX YEAR TOTAL 

NUMBER OF 

COUNTRIES 

RANKING 

Singapore Finland Sweden 

NRI 2016 151 1 2 3 

IDI 2017 176 18 22 11 

3I 2018 88 3 11 1 

Sources: WEF (2016), ITU (2017) and EIU (2018). 

 

Table 1 shows an excerpt of calculated scores for the countries ranked highest by the NRI and 

compares them with the rankings in the IDI and 3i. Rankings are relative and must consequently 

be interpreted based on the number of countries covered by the index. Controlling for this, 

significant differences across indices remain. 
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Figure 4: Weightings of overlapping subcategories 

 

 

A second finding is that only the subcategories “infrastructure”, “skills” and “use” appear in 

all three indices. A detailed overview of included variables can be found in Table 4c (Appendix 

C). Interestingly, these three subcategories compose the overall IDI, but are only smaller 

components of the NRI and 3i. This demonstrates how diversified the NRI and 3i are compared 

to the IDI. In the IDI, the “infrastructure” and “use” subcategories each contribute 40 per cent 

to the overall score, while in the 3i they each contribute 10 per cent to the overall score, and in 

the NRI, 8 per cent and 13 per cent, respectively (Figure 4). The IDI has fewer categories (3), 

implying that the relatively high weighting on these two categories changes the outcome of the 

rankings significantly. Similarly for the “skills” subcategory, its weighting is 20 per cent in the 

IDI, compared with 3 per cent in the 3i and 8 per cent in the NRI. 

The number of variables per subcategory is similar, except for “use” in which the NRI looks at 

seven different variables while the IDI only considers three (Figure 5). The numerical 

significance of each IDI variable therefore contributes more to the final score of each country, 

relative to variable significance in the other two indices. 
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Figure 5: Variable count of overlapping subcategories 

 

 

Next, the characteristics of variables that influence the final score are uncovered. Qualitative 

variables depend on the methodology applied by the index, and are not easily replicable from 

the raw data. The full list of qualitative variables is presented in Table 5c (Appendix C). All 

eleven IDI variables are non-qualitative, while 56 per cent of the NRI variables and 31 per cent 

of the 3i variables are qualitative. 

Finally, analysing the context of the individual variables shows that many are based on a “future 

readiness” concept, which alludes to the potential capabilities of a country to facilitate certain 

economic and social developmental outcomes. Examples of such variables are female digital 

skills training plan or business initiatives (Table 6c, Appendix C). The numerical value of such 

variables does not have current tangible manifestations in the creation or measurement of 

digital infrastructures. Therefore, using a perceived achievement of a socioeconomic climate 

ready to induce digitalization can skew the representation of actual digital development. None 

of the IDI variables have this “future potential” characteristic, while 10 per cent of the NRI 

variables and 6 per cent of the 3i variables incorporate it. 

The reason behind the divergence in country rankings is explored in the next section through a 

qualitative analysis. 
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4.2.2 Qualitative Clustering 

From reviewing the three indices, the organizations have a similar approach as suggested by 

OECD and the European Commission’s Joint Research Centre (JRC) guidelines for 

constructing composite indices. But most significantly, the organizations have used different 

statistical tools to explain their conceptual frameworks. The full qualitative clustering analysis 

can be found in Table 1e (Appendix E). 

 

4.2.2.1 Source Analysis 

Some data sources are utilized by all three organizations. In particular, these are: ITU, United 

Nations Conference on Trade and Development (UNCTAD), United Nations Development 

Programme (UNDP), United Nations Educational, Scientific and Cultural Organization 

(UNESCO), World Bank, national telecommunications authorities, and national-level data or 

national surveys. Furthermore, the organizations have incorporated their own survey to aid the 

measurement of the indicators. For example, EIU has the Value of the Internet Survey, WEF 

has the annual Executive Opinion Survey, and ITU has drawn mainly from its own database 

for hard data. 

In the 3i, nine indicators pertaining to the “relevance” and “readiness” subcategories have been 

constructed from EIU’s Value of the Internet Survey. These indicators attempt to measure 

users’ perception of Internet security and trust in electronic public services (health, finance, 

government). Similarly, half of the indicators for the NRI are derived from results of WEF’s 

Executive Opinion Survey, particularly its business element. It qualitatively measures the 

perceived capacity of the business and regulatory environment to innovate in each country. 

These are stark examples of how organizations have filled a methodological gap in 

operationalizing their conceptual frameworks. Although closed-survey methods are usually 

robust, a lot of generating information content is controlled. Therefore, the organizations are 

able to select the social groups to survey based on their conceptual frameworks. 

The ITU, in general, restricts the use of surveys for conducting primary research. Although 

they do draw upon their own database, none of the variables are qualitative. This stems from 
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an understanding that survey measures used in internationally comparative studies generally 

lack variety in answers (measuring only a narrow range so as to remain comparable), have not 

been quantitatively tested to fit cross-cultural comparisons – have problems with adaptability, 

are not transferrable and are associated with specific platforms – and so are not validated as a 

comparable assessment tool to describe different subgroups across diverse populations. 

 

4.2.2.2 Conceptual Framework Analysis 

The conceptual frameworks of the three organizations diverge greatly in goals, objectives and 

definitions. Each emphasizes different areas of the digital divide. Therefore, although the 

variables are categorized under similar headings, the assumption that they measure the same 

effect or outcome, is misleading. 

The 3i emphasizes the importance of a baseline digital infrastructure. The index measures the 

extent to which countries can achieve and sustain full Internet inclusion. Policymakers can 

utilize this information to foster an enabling environment for the adoption and productivity of 

ICT services. The direction of the relationship between ICT and the user is essential to 

distinguish when analysing the conceptual frameworks. The 3i views elements of the 

digitalization process as central to enhancing the user experience, which signifies a relationship 

from the economic and social impacts of ICT as a benefit towards the individual. 

The NRI and IDI, on the other hand, perceive such impacts as an outcome, not an initiator. For 

the NRI, ICTs are integral for opportunity creation – a necessity to then be leveraged and 

exploited to generate incentives for individuals, businesses and governments. In the IDI, 

although the direction of this relationship from user to impact is similar to the NRI, its main 

objectives differ greatly. The overarching view in the IDI is that ICT is a development enabler. 

The criteria for variable selection, therefore, consider an evolutionary trajectory, and focus on 

user interactions and the ability to enhance growth though ICT capacities and skills. As such, 

this illustrates a vision of digitalization as a mechanism to achieving development. The full 

comparative analysis can be found in Table 2e (Appendix E). 
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4.2.2.3 Definition Analysis 

Figure 6 provides a summary of the terminology that the organizations have used to define 

their categories. As illustrated in the figure, different terminology and definition of the 

categories and variables feed into varying understandings of the digital divide and quantitative 

methodologies. For example, the definition of “readiness” overlaps between the IDI and NRI 

as a means for infrastructure to create conducive environments for growth/development, and 

opportunity creation, respectively. However, “readiness” sits in an entirely different category 

altogether for the 3i and defines it as the “capacity among Internet users”, which is broadly the 

skills/capacity element of the IDI. 

Other categories that do not converge with the general definition of the digital divide are 

affordability (3i) and environment (NRI). The 3i has separated affordability into its own 

category with a substantial weighting of 30 per cent, whereas the NRI and IDI incorporate this 

element under the access category, with a significantly lower singular weight. Thus, the 

categories defined dictate the final weight, and are instrumental in selecting the variables in 

order to operationalize the conceptual framework. 

Additionally, the difference in category definitions among the three organizational frameworks 

is smaller than when comparing the AP-IS framework against any one of them. For example, 

the aspects that are similar between the AP-IS to the sample definitions are the points within 

the general “access” category to the “connectivity” and “broadband for all” categories. 

However, points under these categories in the AP-IS do not integrate seamlessly. The 

regulatory aspects of categories such as “intergovernmental negotiation”, “improving 

regulations based on open access” and “policy and technical support to governments” do not 

feature in a similar manner to the other organizational frameworks. The “e-resilience” and 

“traffic and network management” categories are also unique to the AP-IS framework and not 

comparable to pre-existing indices. 
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Figure 6: Category definitions and similarities among organizational indices and the AP-IS 
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4.2.2.4 Methodology Analysis 

From the qualitative clustering analysis, the composite index methodologies utilize similar 

approaches as suggested by the OECD-JRC guidelines. For example, all indices have used the 

min-max normalization technique, and have re-scaled either in a 1-10 formation, or in line with 

the scale of their surveys (1-7 for WEC). The greatest contention between the methodologies 

of the organizations is through the weighting schemes used to generate the final index figure 

for each country. The NRI maintains an equal weighting scheme for all of their categories. The 

JRC, as a global statistical auditor, agrees that equal weightings have better statistical properties 

(OECD & JRC, 2008). 

The EIU, however, upholds that there is no underlying theoretical reason why all the variables 

and sub-dimensions should be treated equally. Thus, the weighting scheme of 3i undertakes a 

“lifecycle” approach whereby relative importance is placed chronologically from the process 

of how a country or region adopts digitalization. This method prioritizes the data collected 

under “access”, which is given a 40 per cent weighting because access is what is first available. 

Then, “affordability” is weighted at 30 per cent, “relevance” at 20 per cent and “readiness” at 

10 per cent. This derives from the understanding of digitalization as first, the ability of an 

individual to access and maintain access, and then the impact of external entities producing 

relevant content to further drive adoption, with finally, the ability of the individual to take 

advantage of this service. The EIU contends that this mechanism cannot be reversed, as one 

cannot exist without the previous category. Since the core understanding of the digital divide 

for EIU is the extent of Internet inclusion and sustainability, there is logic in placing more 

weight on the amount of people physically able to access the Internet, and secondarily on the 

ability of such population to feasibly maintain this access (cost). Nonetheless, from an objective 

standpoint, it can already be seen how the final figures of each country in the 3i can be distorted 

by underrepresenting or overrepresenting certain categories. 

Other motivations for justifying the weighting schemes are more objective. For example, ITU 

uses a principle component analysis as one of the tools to create a weighting scheme. The 

results from the analysis show that each indicator selected is about equally responsible for 

explaining the majority of the variance in the population. As such, the IDI is composed of equal 

weights on two of their categories (40 per cent), and one of lesser weight – which is the skills 

category (20 per cent). This is because the statistical robustness of the variables within the 

skills category is weak, due to the use of proxy indicators and a predominant use of estimates. 
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Therefore, its weighting is reduced to half of that of the other categories. The decision of half, 

however, is ad hoc. Undervaluing the skills category seems counterintuitive as the main focus 

of its conceptual framework is to generate development and skills, and as such, the 

measurement for benchmarking countries against their capabilities is underrepresented. But 

this is largely due to the lack of data and tenuous estimations. 

 

4.2.2.5 Estimating Variables 

Missing data for variables occurs consistently for the NRI and IDI. Access to detailed 

information from EIU was restricted, due to privacy. 

For the NRI, the main quantitative techniques used are bivariate correlation analysis and 

clustering. The former results in an estimation outcome from correlating a variable (X) to 

another variable (Y) through the linear regression line 𝑌 =  𝑎 +  𝑏𝑋. The latter clusters 

countries according to their GDP per capita within the range of +/- 20 per cent in one group. 

The missing data points are then estimated depending on the average scores within the group. 

This is perceived as a less robust technique compared to bivariate correlations due to the need 

for some clusters to be manually broadened when certain data does not fall into one specific 

cluster. In turn, this overestimates the missing data. 

The IDI, in comparison, uses a more unique data estimation model, created based on the 

availability of their data. Their objective in this instance is to fulfil statistical and conceptual 

coherence. The ITU criticizes more general statistical techniques (e.g., regression-based 

models), stating that they bear little relation to theoretical or empirical models. Furthermore, 

using mean/mode imputations are proved to generate bias and lower the variability in the data 

set, and it is difficult to use “nearest neighbours” clustering techniques. Instead, ITU uses 

multivariate joint modelling, based on their conceptual framework of the digital divide. This 

method interpolates and extrapolates data using square root transformations. The premise of 

this data estimation method assumes that the data is missing-at-random and that the indicators 

are normally distributed. At times, in order to meet conceptual and statistical coherence 

simultaneously, ITU will revise estimates to fit a normal distribution on an ad-hoc basis. This 

is due to evidence suggesting distributions approaching normality are more desirable for 

composite indicators. Although ITU contends that this method imposes coherence in trends, 
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growth patterns and relationships between the indicators, they also state that the results of such 

estimations are specifically suited for aggregation into the IDI only. 

4.2.2.6 Estimations for Skills  

In the IDI, the skills category has 77 per cent missing data. Since the release of the 2017 IDI 

measures, six new indicators were constructed for 2018. This is a response to measuring 

capabilities and skills as some current proxy variables (e.g., mean years of schooling) do not 

actually measure ICT-related skills. New variables created include: ratio of 10:1 people able to 

copy/paste; number of people able to write a computer programme; and less robust survey 

measures such as type of activity carried out online. 

The challenge to overcome is the newness of such variables, and ensuring that the statistical 

properties relate to ITU definitions. The ITU has discovered that countries with a long history 

of viable data in this category vary between a ratio of 1:5-18 (depending on variable), whereas 

short collection history ratios range disproportionately compared to long ones, between 1:3-97. 

Newly-constructed variables under this category should be interpreted with caution, thus the 

main reason behind its relatively small weighting. For future reference on constructing skills-

based variables, UNESCO has created some guidelines (Appendix D). 

 

4.2.3 Conclusion for the Gap Analysis 

From the analyses given above, it can be concluded that: (1) the indices have been constructed 

very differently; (2) each category and thus, variable, has different weightings; and (3) the 

“future readiness” category does not contain tangible variables. These initial findings are 

supported by evidence from the qualitative clustering, which corroborated that the statistical 

decisions undertaken within the methodologies reflect the objectives and conceptual 

frameworks of the organizations. All of this results in very different ranking scores and shows 

that there is high divergence in the outcomes of measuring the digital divide. 

Table 3e (Appendix E) highlights the strengths and weaknesses of each methodological 

approach, including recommendations for the DDI. To operationalize the DDI, the findings 

from the gap analysis is combined with an inclusive and theoretical concept of the digital 

divide. 
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4.3 The Theoretical DDI 

4.3.1 Stakeholders 

The OECD definition provides four main stakeholders to consider, namely: (1) individuals; (2) 

households; (3) businesses; and (4) geographical areas. The latter is represented by the ESCAP 

member countries. An additional government stakeholder is added in the DDI, since it is also 

reflected in various other indices (3i and NRI). For this purpose, the OECD definition of the 

digital divide is adapted as a concept to represent the three stakeholders, namely: (1) 

individuals; (2) businesses; and (3) governments. 

 

4.3.2 Initial List of Dimensions 

The analysis of digital divide indices consolidates the dimensions proposed here, and their 

interlinkages. As a first approach towards the creation of the DDI, all relevant dimensions for 

the measurement of the digital divide under the overarching concept of Sen’s capability 

approach are identified (Appendix F). 

 

4.3.3 Variables Selection Process 

The DDI contains variables that follow the criteria below: 

• Relevance in measuring the digital divide; 

• Data available to be measured in the Asia-Pacific region; 

• Aptitude for representing the dimension; and 

• Justified under Sen’s capabilities approach and/or OECD’s definition of the digital 

divide. 

The selection of variables proceeds as follows. First, all variables that have been used by the 

examined composite indices are merged and cleared of data that does not meet the selection 
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criteria. Furthermore, the variables are assigned to one dimension only. Second, the 

underrepresented dimensions are supplemented with relevant variables based on the findings 

from the literature survey, as well as Sen’s and OECD’s adapted framework for an inclusive 

approach. Complementary variables are derived from a range of proven global indices not 

necessarily addressing digital divide yet providing relevant information. These are stated below 

and include the data sources and explanations. 

While there are plenty of variables that would have been extremely useful in capturing the 

multidimensional complexity of the digital divide, the data does not exist in some 

circumstances, or its collection is unfeasible. Therefore, all potential variables are compared 

against the following feasibility principles: 

• Does data already exist in pre-existing composite indices or academic/policy literature? 

• Does it minimize complexity with regards to other measurements (especially vis-à-vis 

the multiple subcategories other indices utilize)? 

• Is the data objectively measured, instead of through subjective estimates or self-

reported surveys (noting that some variables have to be surveys due to data feasibility)?
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4.3.2 Developing the DDI 

Tables 2 and 3 show the recommended dimensions with its variables and data sources. 

 

Table 2: Dimension typology for affordability, availability, digital education, digital security, environment and resilience 

Dimension 

 

Explanation Dimension Sources Suggestive Variables 

Affordability This refers to the economic 

affordability of devices and 

Internet access. It takes the 

purchasing power parity into 

account when looking at 

variables like the gross 

national income per capita. 

Alternatively, variables like 

broadband operators’ 

market share can be utilized. 

(Zhang, 2013; Baller, Dutta, & Lanvin, 

2016; EIU, 2019) 
- Broadband operators' market share (fixed and 

wireless) 

- Fixed-line monthly broadband cost/tariff 

- Mobile phone contract cost (post-paid/pre-paid 

tariff) 

- Gross national income per capita (purchasing 

power parity) 

Availability This mainly captures the 

infrastructure aspects of the 

digital divide. 

(Várallyai, Herdon, & Botos, 2015) 

(Baliamoune-Lutz, 2003) 
- Bandwidth capacity 

- Internet access 

- Access to computers 

- Network coverage (min. 2G, 3G, 4G, 5G) 

- Mobile quality (upload/download speed, latency) 

- Fixed-broadband quality (upload/download 

speed, latency) 

Digital  

Education 

This refers to variables that 

measure the digital 

education, skills and 

knowledge. 

(Várallyai, Herdon, & Botos, 2015; van 

Deursen & van Dijk, 2010; Billon, 

Lera-Lopez, & Marco, 2016; 

Montagnier & Wirthmann, 2011) 

- Level of literacy 

- Support for digital literacy 

- Mean years of schooling 

- Percentage of schools with Internet access  
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- Secondary education gross enrolment rate  

- Tertiary education gross enrolment rate  

Digital  

Security 

This refers to security, 

privacy and trust that affect 

engagement in the digital 

realm. 

 (United Nations, 2018; Huyer, Hafkin, 

Ertl, & Dryburgh, 2005) 
- e-Commerce safety 

- Trust in government websites and apps 

- Trust in information from social media 

- Trust in non-government websites and apps 

- Trust in online privacy 

- Secure Internet servers per million people 

Environment This refers to the overall 

economic, social and 

political situation in the 

country. 

(Barzilai-Nahon, 2006; Epstein, Nisbet, 

& Gillepsie, 2011; Helsper, 2017; 

Robinson, Chen, Schulz, & Khilnani, 

2018; Sebina, Moahi, & Bwalya, 2014; 

OECD, 2005) 

- Democracy Index 

- Global Peace Index 

- EIU Business Environment Rankings 

- Global Gender Gap Index 

Resilience This refers to variables that 

measure the resilience of 

ICT networks. 

(ESCAP, 2016; ESCAP, 2017; ESCAP, 

2016) 

- Inform Global Risk Index 

- Percentage of population covered by a recent 

hazard mitigation plan 

- Percentage of housing units covered by national 

flood insurance programme policies 

- National budget for disaster management (as ratio 

of informed risk score) 
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Table 3: Dimension typology for governments, individuals, businesses and future readiness 

Dimension Specific 

Dimension 

Explanation Dimension 

Sources 

Variables 

Governments Government  

Usage 

This focuses on digital government 

operations. 

(Várallyai, 

Herdon, & 

Botos, 2015) 

- ICT use and government efficiency 

- Digitalization of core administrative systems 

(World Bank Digital Adoption Index/World 

Bank global e-government systems database) 

Government  

Services 

This refers to variables that measure 

e-governance (services and 

platforms) and service delivery 

through ICTs. 

 (United 

Nations, 2012; 

United 

Nations, 2018) 

 

- e-Participation Index 

- Online Service Index 

- e-Government services 

- National digital identification system 

Individuals Individual  

Usage 

This measures how active individuals 

of the population are in using digital 

content and devices. 

(Várallyai, 

Herdon, & 

Botos, 2015) 

- Mobile phone subscribers 

- Fixed-line broadband subscribers 

- Internet users 

- Perception value of e-commerce 

- Perception value of e-finance 

- Perception value of e-health 

Individual  

Inclusiveness 

This refers to anthropological and 

sociological variables that affect how 

individuals utilize digital content. 

This includes gender biases, language 

barriers and sociocultural norm. The 

dimension is supported by the 

“environment” dimension that has 

indices included like the Global 

Gender Gap Index (WEF). 

(Várallyai, 

Herdon, & 

Botos, 2015; 

Gray, Gainous, 

& Wagner, 

2017) 

- Gender gap in access to the Internet and mobile 

phones 

- Ethnic minorities’ political representation 

- Availability of basic information in the local 

language 

- Availability of local language keyboard on 

devices 

- Number of websites using country-level domains 

- Percentage of population 65+ 
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Businesses Business  

Usage 

This captures policies that focus on 

innovation and adaptability to 

emerging technologies, as well as 

future infrastructure needs. 

(Várallyai, 

Herdon, & 

Botos, 2015) 

- Online selling small- and medium-sized 

enterprises 

- Electronic information sharing enterprises 

- Cloud using enterprises 

- Robotics used in manufacturing activities 

- Value of business-to-business e-commerce 

- Value of business-to-consumer e-commerce 

Digital 

Economy 

This focuses on the circumstances of 

the digital economy in the country. 

 (ITU, 2017; 

ESCAP, 2016) 

- Technicians in research and development 

- ICT-related patents issued under the Patent 

Cooperation Treaty 

- ICT service exports 

- Venture capital availability 

Future  

Readiness 

Government  

Initiatives 

This captures policies that focus on 

innovation and adaptability to 

emerging technologies, as well as 

future infrastructure needs. 

(Skaletsky, 

Pick, Sarkar, & 

Yates, 2017; 

Vehovar, 

Sicherl, 

Hüsing, & 

Dolnicar, 

2006; Olmo & 

Monje, 2012) 

- ESCAP policy advices 

- Funding for broadband buildout 

- Government e-inclusion strategy 

- Government initiatives to make Wi-Fi available 

- Spectrum policy approach 

- National female e-inclusion policies 

Business 

Initiatives 

This captures initiatives the business 

sector is pursuing in order to further 

digitalize the economy. This is about 

building future capacity, and 

investing in research and 

development for the fourth industrial 

revolution. 

- Capacity for innovation 

- Impact of ICTs on new organizational models 

- Impact of ICTs on new services and products 

- Research and development spending 
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4.3.4 The DDI Model 

The DDI model is shown in Figure 7. It includes eleven dimensions and three main actors – 

individuals, businesses and governments. The three actors are derived from the adapted OECD 

definition. The definitions of all eleven dimensions are provided in Tables 2 and 3. The model 

illustrates the intricate interactions between these eleven dimensions, along with the three 

actors, which feed into the derived conception of measuring the digital divide. This structure 

is partially informed by the characteristics of the variables selected. 

Figure 7: The DDI Model 

 

For example, the digital divide is influenced by the “opportunities” these three actors have. The 

six dimensions with the same variables that impact the opportunities for all three actors are: 

“digital security”, “digital education”, “environment”, “affordability”, “availability” and 

“resilience”. Resilience is especially important since it has a direct effect on the availability 

dimension (which mainly captures the infrastructure variables). 

While the three actors are affected by all six dimensions above, there are also other dimensions 

that impact each actor differently, which are captured inside the “opportunities” box. For 

instance, the “digital usage” dimension impacts all three actors, but in separate and different 
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ways. Therefore, these categories do not use the same variables. Similarly, measuring the 

digital divide on the governmental side contains variables under “digital services”, whereas 

individuals are more affected by “digital inclusiveness”, and businesses by the “digital 

economy”. 

However, there is an exogenous dimension to the three actors that also affects the digital divide 

– the “future readiness” dimension. It incorporates public and private sector initiatives to foster 

an environment conducive to digitalization and enhance the digital economy. It measures the 

readiness for digitalization in the future, hence, can be seen as a predictive and intangible 

variable. The primary purpose of this category is to encourage certain policymaking outcomes. 

One example could be the future readiness for the fourth industrial revolution, according to 

each country’s performance against international best practices. 

  



ESCAP Page 45 of 74 LSE 

 

 

5. Limitations 

Although the DDI has been based on results from the gap and qualitative clustering analysis, 

there are limitations to the methodology. Firstly, a number of the illustrative variables are based 

on pre-existing scores from other composite indices, especially under the resilience, 

environment, government usage and government services categories. As previously stated, 

criticisms of composite indices are apparent in every sector and can be mitigated, but never 

addressed completely. While these indices have been chosen due to their policy relevance and 

academic rigour, any shortcomings of the indices would be aggregated into the DDI. 

Secondly, the weightings for the DDI are not proposed. Any future application of weighting 

will have to be both theoretically and statistically grounded. Transparency must be built in 

throughout the weightings to ensure replicability and robustness through a range of statistical 

tests (e.g., principle component analysis, quantitative clustering and factor analysis). The DDI 

model suggests that the linkages between the dimensions represent a highly complex system. 

Certain dimensions (digital security, digital education, environment, affordability, availability 

and resilience) influence all aspects of the digital divide. The others have some interlinkages 

with some (but not all) dimensions, implying that the relative importance of these 

dimensions/variables needs to be reflected in the final weightings. 

The model requires a trade-off between using a capabilities approach and ensuring the quality 

of data collected. While using the capabilities approach ensures a broad-based 

conceptualization of the digital divide, these elements are usually qualitative and not 

statistically measured. Therefore, any operationalization requires ESCAP to conduct a survey 

for data collection. 

Finally, while the proposed future readiness dimension is meant to capture future government 

and business initiatives that can close the digital divide, there is the fear that governments may 

see this as a “tick-the-box” measure and pass legislations/policies that enable them to meet this 

metric, without addressing the deeper ramifications of the digital divide that the capabilities 

approach seeks to measure. This dissonance between the capabilities approach and the future 

readiness dimension must be considered as ESCAP designs policies, AP-IS or otherwise, that 

are captured under this dimension. 
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6. Conclusion 

The digital divide is a nebulous concept that has been ruminated upon since the early 2000s. 

Modern day technological advances, especially with the advent of the fourth industrial 

revolution, have highlighted the importance of closing the digital divide. The importance of 

this endeavour was made apparent when the United Nations designated access to the Internet 

and ICTs as a target of SDG 9c in 2015. ESCAP further accentuated its importance through 

the intergovernmental implementation of the AP-IS initiative in 2016. 

The objective of this study is to analyse pre-existing digital divide composite indices and 

establish their advantages and limitations. This has been achieved through a qualitative 

research design, analysing the conceptual frameworks and weightings of the 3i, NRI and IDI. 

All three indices have been compared with OECD’s definition of the digital divide, to ascertain 

whether they accurately capture the multidimensional complexities of the concept beyond just 

access and usage. The main results show that the three indices have been constructed very 

differently, with different weightings for each category/variable statistically based on the 

organization’s own objectives and conceptual frameworks. Therefore, there is high divergence 

in how countries are ranked in each index due to their differing measurement techniques. 

Utilizing these results, the adapted OECD digital divide definition and the capabilities approach 

have been used as the conceptual framework to design a new model for ESCAP that captures 

the multidimensional aspects of the digital divide. The DDI model disaggregates measurements 

around three actors (individuals, businesses and governments), with eleven overarching 

dimensions. These dimensions have been determined based on the literature and the natural 

linkages drawn from the conceptual framework. 

What is novel about the DDI model is that it recognizes “resilience” as an important dimension, 

while also capturing how “digital inclusiveness” needs to be measured to ascertain the 

opportunities of individuals using digital content. What’s more, the DDI measures “future 

readiness” as a stand-alone dimension. This dimension is distinct in that it measures the 

potential implementation of policies and business strategies that influence the future 

digitalization of countries. It can serve as a forward-looking dimension that pushes countries 

to adopt policies that can close the digital divide and can be compared on a year-to-year basis. 

Potential variables have been identified under each of the eleven dimensions in the DDI. The 

variables have been determined based on pre-existing composite indices, but also on a 
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feasibility analysis to ensure that anything recommended is practical and implementable. 

However, the final model does not include weightings for any of the categories or variables. 

ESCAP should run a statistical analysis based on the data available for member countries in 

order to ascertain how weightings should be allocated, and test the linkages in the DDI model. 

Overall, this document has provided an exploratory account of how ESCAP can measure 

advancements and deteriorations in the digital divide. Future research is needed on the 

statistical weightings, as well as quantitatively testing the DDI model’s theoretical linkages. 

The OECD-JRC’s best practices guide should be consulted throughout. 

The measurement techniques for the digital divide are constantly evolving and being refined. 

The ITU has revamped its IDI for the 2018 edition with a range of new categories and variables. 

In contrast, WEF has discontinued the NRI. There is space for ESCAP to enter and develop its 

own digital divide measurement tool that both measures implementation of the AP-IS and 

contributes to the policy literature on this important issue. 
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Appendix A: Methodology of the Literature Survey 

Figure 1a summarizes the methodology used to conduct the literature survey. 

Figure 1a: Literature survey methodology 

 

Document Types 

Time frame: Documents published between 2000 and 2019 were included. Anything written 

before 2000 was excluded in terms of time relevance. 

Document types: Journal articles, conferences papers, doctorate dissertations and grey 

literature reports, as well as articles and chapters in books were included. Draft papers were 

not included because of credibility concerns. 

Language: Only English-language results were included.  

Search String 

The keywords searched were:  

a. Digital divide 

b. Digital divide composite index 
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Retrieval 

Formal literature search: To retrieve the literature, the Web of Science that catalogues a wide 

range of literature databases was searched. Coverage includes over 20,300 journals with over 

71 million searchable records. It includes the Social Science Citation Index, which is a core 

collection. 

Snowball: Utilizing the resources at the London School of Economics (LSE), academics who 

studied the digital divide were consulted to ascertain relevant literature on this topic. 

References of references were studied to try and capture more research. LSE’s library database 

was also consulted to find relevant physical literature. Finally, formal literature searches were 

supplemented with hand searches. 

Grey literature: Google Scholar and Internet search engines were effective tools to identify 

grey literature reports and general background information on this topic. Beyond the stated 

keywords, a more flexible approach was taken when utilizing search engines to capture policy-

relevant literature. Governmental and international organization websites were also 

scrutinized. The list or organizations searched were: 

• ESCAP 

• International Data Corporation 

• International Monetary Fund 

• ITU 

• OECD 

• Orbicom 

• UNCTAD 

• UNDP 

• UNESCO 

• World Bank 

• WEF 

  



ESCAP Page 54 of 74 LSE 

 

 

Screening 

All documents were reviewed and included in the initial search based on their applicability to 

the study. Titles, and in specific cases abstracts, were used to ascertain the relevance of an 

article to the literature survey. If the article did not meet the inclusion criteria or was not 

relevant to the research topic, it was discarded. 

For feasibility purposes, the screening only included journal articles that were cited at least 

once per Web of Science’s citation index. 

Evidence Assessment  

Assessing the quality of evidence discovered was difficult since only a thematic literature 

survey was conducted. However, studies were included depending on a holistic range of 

factors, including but not limited to: 

• Number of citations 

• Publication recency 

• Relevance to topic 

• Prestige of organization/website/journal publication 

• Geographical relevance 

Analysis 

Findings were synthesized and summarized in a thematic literature survey, as included in the 

report. 
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Appendix B: Grounded Theory Method 

The grounded theory method provides a criterion for selecting sources based on their own 

methodological rigour and theoretical contribution (Glaser & Strauss, 1967; Dixon-Woods, 

Agarwal, Jones, Young, & Sutton, 2005). The primary qualitative technique used is a document 

review of the organizational indices combined with findings from the literature. Application of 

qualitative research based on grounded theory emphasizes conceptual robustness and 

theoretical saturation (ibid.). The qualitative assumptions of the conceptual framework for 

DDI– a combination of United Nations objectives, OECD’s definition and Sen’s capabilities 

approach – are as follows: 

1. United Nations Objectives 

Comparisons are made between the variables within the data and the conditions listed 

in the AP-IS framework. These are: connectivity, traffic and network management, e-

resilience, and broadband for all. 

2. OECD’s Definition 

The definition provides a multidimensional framework for user identification by 

segmenting users into individuals, households and businesses. It is therefore a critical 

tool that links the capabilities conception (Sen, 2001) with physical access to digital 

information, services and networks. 

3. Link to Sen’s Capabilities Approach 

The final selection is a culmination of (1) and (2). The variables selected for 

measurement under the AP-IS framework implicitly encompass a multidimensional 

approach, which is key for individuals to achieve the capabilities function. 

This acts as a mechanism for self-selecting data on the grounds of topical relevancy and 

facilitates the cross-comparison of the organizational indices against the ideal outcome (Dixon-

Woods, Agarwal, Jones, Young, & Sutton, 2005). This is necessary in order to assume the 

conditions under which the DDI framework can be achieved, and therefore, a judgement of 

which methodology is most effective to fulfil it. By comparing the findings with the 

requirements of the conceptual framework, variables that should be included in the ideal 

measurement index are established. 
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Next, content analysis is used to direct the selection of literature sources and organization of 

variables within the organizational indices. This methodology specifies the categories that 

precede the qualitative clusters. It acts as a guide to select the literature that may fall within the 

categories, with the frequency of each category being a measure of its academic robustness 

(Dixon-Woods, Agarwal, Jones, Young, & Sutton, 2005). This also contributes to defining the 

qualitative parameters of inclusion within the categories, which further aids theoretical 

saturation. 

To do so, the OECD-JRC guidelines for constructing composite indices (OECD & JRC, 2008) 

are used as baseline categories of the different methodologies for measuring the digital divide. 

The guidelines include a step-by-step approach to creating composite indices and scorecards. 

This includes best practice concepts on weighting, aggregation, and conducting multivariate 

and sensitivity analysis, as well as protocols on addressing missing data (OECD & JRC, 2008). 

From there, the information collected is organized into relevant channels and only on the 

unexpected chance of discovering new information is a new category created. 

Finally, the shortcomings of all the methodologies used by organizations in their construction 

of measuring the digital divide through qualitative clustering are analysed using the Miles and 

Huberman cross-case comparison technique (1994). This is essentially the organization of 

information in a bivariate meta-matrix that cross-references all the organizational indices with 

the methodology used to procure it. In doing so, the commonalities and differences between 

the organizational indices and the effectiveness of each measurement in aligning with their 

respective conceptual framework can be noted. 
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Appendix C: Categories and Variables for Analysis 

Table 1c: Composition of 3i 

 

Indices, Categories, Subcategories and Variables Sum of Tot. Var. Weight Count of Variables
3i 100% 80

Affordability 30% 7

Competitive environment 10% 3

Average revenue per user (ARPU, annualized) 2% 1

Broadband operators' market share 4% 1

Wireless operators' market share 4% 1

Price 20% 4

Fixed-line monthly broadband cost 5% 1

Mobile phone cost (postpaid tariff) 5% 1

Mobile phone cost (prepaid tariff) 5% 1

Smartphone cost (handset) 5% 1

Availability 40% 20

Electricity 10% 2

Rural electricity access 5% 1

Urban electricity access 5% 1

Infrastructure 10% 6

Government initiatives to make Wi-Fi available 2% 1

Internet exchange points 2% 1

Network coverage (min. 2G) 1% 1

Network coverage (min. 3G) 2% 1

Network coverage (min. 4G) 1% 1

Private sector initiatives to make Wi-Fi available 2% 1

Quality 10% 7

Average fixed broadband download speed 1% 1

Average fixed broadband latency 1% 1

Average fixed broadband upload speed 1% 1

Average mobile download speed 1% 1

Average mobile latency; ms 1% 1

Average mobile upload speed 1% 1

Bandwidth capacity 1% 1

Usage 10% 5

Fixed-line broadband subscribers 2% 1

Gender gap in internet access 2% 1

Gender gap in mobile phone access 2% 1

Internet users 2% 1

Mobile subscribers 2% 1

Background 0% 21

Readiness 10% 21

Literacy 3% 4

Educational attainment 1% 1

Level of literacy 1% 1

Level of web accessibility 1% 1

Support for digital literacy 1% 1

Policy 3% 11

Comprehensive female e-inclusion plan 0% 1

Female digital skills training plan 0% 1

Female STEM education plan 0% 1

Funding for broadband buildout 1% 1

Government e-inclusion strategy 1% 1

National broadband strategy 1% 1

National digital identification system 0% 1

National female e-inclusion policies 1% 1

Spectrum policy approach 1% 1

Technology-neutrality policy for spectrum use 0% 1

Unlicensed spectrum policy 0% 1

Trust, Safety 3% 6

e-Commerce safety 0% 1

Privacy regulations 1% 1

Trust in Government websites and apps 0% 1

Trust in information from social media 0% 1

Trust in Non-government websites and apps 0% 1

Trust in online privacy 0% 1

Relevance 20% 11

Local content 10% 4

Availability of basic information in the local language 3% 1

Availability of e-Government services in the local language 3% 1

Availability of local language keyboard on devices 3% 1

Concentration of websites using country-level domains 1% 1

Relevant content 10% 7

e-Commerce content 2% 1

e-Entertainment usage 1% 1

e-Finance content 2% 1

e-Health content 2% 1

Value of e-Commerce 1% 1

Value of e-finance 1% 1

Value of e-health 1% 1
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Table 2c: Composition of NRI 

 
  

Indices, Categories, Subcategories and Variables Sum of Tot. Var. Weight Count of Variables
NRI 100% 53

Environment 25% 18

Business, innovation environment 12% 9

Availability of latest technologies 1% 1

Gov’t procurement of advanced tech 1% 1

Intensity of local competition 1% 1

Number of days to start a business 1% 1

Number of procedures to start a business 1% 1

Quality of management schools 1% 1

Tertiary education gross enrollment rate 1% 1

Total tax rate 1% 1

Venture capital availability 1% 1

Political, regulatory environment 12% 9

Effectiveness of law-making bodies 1% 1

Efficiency of legal system in challenging regs 1% 1

Efficiency of legal system in settling disputes 1% 1

Intellectual property protection 1% 1

Judicial independence 1% 1

Laws relating to ICTs 1% 1

Number of days to enforce a contract 1% 1

Number of procedures to enforce a contract 1% 1

Software piracy rate 1% 1

Impact 25% 14

Business usage 8% 6

Business-to-business Internet use 1% 1

Business-to-consumer Internet use 1% 1

Capacity for innovation 1% 1

Extent of staff training 1% 1

Firm-level technology absorption 1% 1

PCT patents 1% 1

Economic impacts 8% 4

ICT PCT patents 2% 1

Impact of ICTs on new organizational models 2% 1

Impact of ICTs on new services & products 2% 1

Knowledge-intensive jobs 2% 1

Social impacts 8% 4

E-Participation Index 2% 1

ICT use & gov’t efficiency 2% 1

Impact of ICTs on access to basic services 2% 1

Internet access in schools 2% 1

Readiness 25% 11

Affordability 8% 3

Fixed broadband Internet tariffs 3% 1

Internet & telephony competition 3% 1

Prepaid mobile cellular tariffs 3% 1

Infrastructure 8% 4

Electricity production 2% 1

Int’l Internet bandwidth 2% 1

Mobile network coverage 2% 1

Secure Internet servers/million pop. 2% 1

Skills 8% 4

Adult literacy rate 2% 1

Quality of educational system 2% 1

Quality of math & science education 2% 1

Secondary education gross enrollment rate 2% 1

Usage 25% 10

Government usage 12% 3

Gov’t success in ICT promotion 4% 1

Government Online Service Index 4% 1

Importance of ICTs to gov’t vision 4% 1

Individual usage 13% 7

Fixed broadband Internet subs/100 pop. 2% 1

Households w/ Internet access 2% 1

Households w/ personal computer 2% 1

Individuals using Internet 2% 1

Mobile broadband subs/100 pop. 2% 1

Mobile phone subscriptions/100 pop. 2% 1

Use of virtual social networks 2% 1



ESCAP Page 59 of 74 LSE 

 

 

Table 3c: Composition of IDI 

 
 

  

Indices, Categories, Subcategories and Variables Sum of Tot. Var. Weight Count of Variables
IDI 100% 11

Access, Infrastructure 40% 5

Acess, Infrastructure 40% 5

Fixed-telephone subscriptions per 100 inhabitants 8% 1

International Internet bandwidth (bit/s) per Internet user 8% 1

Mobile-cellular telephone subscriptions per 100 inhabitants 8% 1

Percentage of households with a computer 8% 1

Percentage of households with Internet access 8% 1

Skills 20% 3

Skills 20% 3

Gross enrolment ratio (secondary level) 7% 1

Gross enrolment ratio (tertiary level) 7% 1

Mean years of schooling rate 7% 1

Use 40% 3

Use 40% 3

Active mobile-broadband subscriptions per 100 inhabitants 13% 1

Fixed-broadband subscriptions per 100 inhabitants 13% 1

Percentage of individuals using the Internet 13% 1
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Table 4c: Matching subcategories and their variables 

 
  

Matching Sub-Categories and their Variables in each Index Count of Original Var

S11 15

Infrastructure 15

3i 6

Government initiatives to make Wi-Fi available 1

Internet exchange points 1

Network coverage (min. 2G) 1

Network coverage (min. 3G) 1

Network coverage (min. 4G) 1

Private sector initiatives to make Wi-Fi available 1

IDI 5

Fixed-telephone subscriptions per 100 inhabitants 1

International Internet bandwidth (bit/s) per Internet user 1

Mobile-cellular telephone subscriptions per 100 inhabitants 1

Percentage of households with a computer 1

Percentage of households with Internet access 1

NRI 4

Electricity production 1

Int’l Internet bandwidth 1

Mobile network coverage 1

Secure Internet servers/million pop. 1

S12 11

Skills 11

3i 4

Educational attainment 1

Level of literacy 1

Level of web accessibility 1

Support for digital literacy 1

IDI 3

Gross enrolment ratio (secondary level) 1

Gross enrolment ratio (tertiary level) 1

Mean years of schooling rate 1

NRI 4

Adult literacy rate 1

Quality of educational system 1

Quality of math & science education 1

Secondary education gross enrollment rate 1

S15 15

Use 15

3i 5

Fixed-line broadband subscribers 1

Gender gap in internet access 1

Gender gap in mobile phone access 1

Internet users 1

Mobile subscribers 1

IDI 3

Active mobile-broadband subscriptions per 100 inhabitants 1

Fixed-broadband subscriptions per 100 inhabitants 1

Percentage of individuals using the Internet 1

NRI 7

Fixed broadband Internet subs/100 pop. 1

Households w/ Internet access 1

Households w/ personal computer 1

Individuals using Internet 1

Mobile broadband subs/100 pop. 1

Mobile phone subscriptions/100 pop. 1

Use of virtual social networks 1
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Table 5c: List of qualitative variables 

 
  

List of Qualitative Variables

Sum of 

Tot. Var 

Weight List of Qualitative Variables

Sum of Tot. 

Var Weight

3i 31% NRI 56%

Infrastructure 4% Business usage 7%

Government initiatives to make Wi-Fi available 2% Business-to-business Internet use 1%

QR 0-2 (2=best) 2% QR 1-7 (7=best) 1%

Private sector initiatives to make Wi-Fi available 2% Business-to-consumer Internet use 1%

QR 0-2 (2=best) 2% QR 1-7 (7=best) 1%

Local content 10% Capacity for innovation 1%

Availability of basic information in the local language 3% QR 1-7 (7=best) 1%

QR 0-2 (2=best) 3% Extent of staff training 1%

Availability of e-Government services in the local language 3% QR 1-7 (7=best) 1%

QR 0-2 (2=best) 3% Firm-level technology absorption 1%

Availability of local language keyboard on devices 3% QR 1-7 (7=best) 1%

QR 0-1 (1=best) 3% Business, innovation environment 7%

Concentration of websites using country-level domains 1% Availability of latest technologies 1%

QR 0-3 (3=best) 1% QR 1-7 (7=best) 1%

Policy 3% Gov’t procurement of advanced tech 1%

Comprehensive female e-inclusion plan 0% QR 1-7 (7=best) 1%

QR 0-2 (2=best) 0% Intensity of local competition 1%

Female digital skills training plan 0% QR 1-7 (7=best) 1%

QR 0-1 (1=best) 0% Quality of management schools 1%

Female STEM education plan 0% QR 1-7 (7=best) 1%

QR 0-1 (1=best) 0% Venture capital availability 1%

Funding for broadband buildout 1% QR 1-7 (7=best) 1%

QR 0-1 (1=best) 1% Economic impacts 4%

Government e-inclusion strategy 1% Impact of ICTs on new organizational models 2%

QR 0-2 (2=best) 1% QR 1-7 (7=best) 2%

National broadband strategy 1% Impact of ICTs on new services & products 2%

QR 0-2 (2=best) 1% QR 1-7 (7=best) 2%

National digital identification system 0% Government usage 12%

QR 0-2 (2=best) 0% Gov’t success in ICT promotion 4%

National female e-inclusion policies 1% QR 1-7 (7=best) 4%

QR 0-4 (4=best) 1% Government Online Service Index 4%

Spectrum policy approach 1% QR 1-7 (7=best) 4%

QR 0-2 (2=best) 1% Importance of ICTs to gov’t vision 4%

Technology-neutrality policy for spectrum use 0% QR 1-7 (7=best) 4%

QR 0-1 (1=best) 0% Policy 8%

Unlicensed spectrum policy 0% Effectiveness of law-making bodies 1%

QR 0-1 (1=best) 0% QR 1-7 (7=best) 1%

Price 5% Efficiency of legal system in challenging regs 1%

Smartphone cost (handset) 5% QR 1-7 (7=best) 1%

0-100 (100=most affordable) 5% Efficiency of legal system in settling disputes 1%

Relevant content 6% QR 1-7 (7=best) 1%

e-Commerce content 2% Intellectual property protection 1%

0-100 (100=best) 2% QR 1-7 (7=best) 1%

e-Finance content 2% Judicial independence 1%

QR 0-2 (2=best) 2% QR 1-7 (7=best) 1%

e-Health content 2% Laws relating to ICTs 1%

QR 0-3 (3=best) 2% QR 1-7 (7=best) 1%

Skills 2% Price 3%

Level of web accessibility 1% Internet & telephony competition 3%

QR 0-4 (4=best) 1% QR 0-2 (2=best) 3%

Support for digital literacy 1% Skills 4%

QR 0-3 (3=best) 1% Quality of educational system 2%

Trust, Safety 1% QR 1-7 (7=best) 2%

Privacy regulations 1% Quality of math & science education 2%

QR 0-2 (2=best) 1% QR 1-7 (7=best) 2%

Social impacts 8%

E-Participation Index 2%

QR 0-1 (1=best) 2%

ICT use & gov’t efficiency 2%

QR 1-7 (7=best) 2%

Impact of ICTs on access to basic services 2%

QR 1-7 (7=best) 2%

Internet access in schools 2%

QR 1-7 (7=best) 2%

Use 2%

Use of virtual social networks 2%

QR 1-7 (7=best) 2%
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Table 6c: List of future readiness variables 

 
 

 

 

  

Future Readiness Sum of Tot. Var Weight

3i 6%

Availability 4%

Government initiatives to make Wi-Fi available 2%

QR 0-2 (2=best) 2%

Private sector initiatives to make Wi-Fi available 2%

QR 0-2 (2=best) 2%

Background 0%

Plan addressing female-driven innovation and women-owned businesses 0%

QR 0-1 (1=best) 0%

Readiness 2%

Comprehensive female e-inclusion plan 0%

QR 0-2 (2=best) 0%

Female digital skills training plan 0%

QR 0-1 (1=best) 0%

Female STEM education plan 0%

QR 0-1 (1=best) 0%

Funding for broadband buildout 1%

QR 0-1 (1=best) 1%

Government e-inclusion strategy 1%

QR 0-2 (2=best) 1%

National broadband strategy 1%

QR 0-2 (2=best) 1%

National female e-inclusion policies 1%

QR 0-4 (4=best) 1%

Unlicensed spectrum policy 0%

QR 0-1 (1=best) 0%

NRI 10%

Impact 6%

Capacity for innovation 1%

QR 1-7 (7=best) 1%

Impact of ICTs on new organizational models 2%

QR 1-7 (7=best) 2%

Impact of ICTs on new services & products 2%

QR 1-7 (7=best) 2%

Usage 4%

Importance of ICTs to gov’t vision 4%

QR 1-7 (7=best) 4%
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Appendix D: UNESCO Guidelines 

A global assessment of digital skills should ideally:  

• Measure variation between basic to advanced skills; 

• Be comparable between diverse countries ranging from low- to high-income, and 

developing to developed/highly industrialized; 

• Be adaptable and be able to include new aspects for future assessments; and 

• Be equitable and permit assessments of all subgroups within highly diverse populaces. 

 



ESCAP Page 64 of 74 LSE 

 

 

Appendix E: Conceptual Framework Analysis of Indices 

Table 1e: Qualitative clustering analysis of the methodologies 

 Organizational Indices 

 3i NRI IDI 

Data Source 

Economist Intelligence Unit (EIU) Yes No No 

Alexa Internet Yes No No 

Cisco Yes No No 

Gallup Yes No No 

Google Yes No No 

GSMA Yes No No 

International Energy Association Yes No No 

International Telecommunication Union (ITU) Yes Yes Yes  

OpenSignal Yes No No 

TeleGeography Yes No No 

United Nations Conference on Trade and 

Development (UNCTAD) 
Yes Yes  

United Nations Development Programme (UNDP) Yes Yes  

United Nations Educational, Scientific and  

Cultural Organization (UNESCO) 
Yes Yes Yes 

World Bank Yes Yes  

World Economic Forum (WEF) No 
Yes, Annual Executive Opinion 

Survey 
 

National telecommunications authorities Yes Yes Yes 

All data sources up to date? 

No, several international sources 

rely on data reported by countries. 

Governments may use different 

methodologies or lack means to 

report most recent data 

  

Rectify problem? 

Data confirmation process in 

collaboration with 

telecommunications industry of 

each 100 countries.  

Sequence used: 
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1. Most recent prior to current 

date 

2. Data older than five years - 

other reliable data sources to 

fill in gaps 

3. Data imputation approach 

Ensuring comparable data 

Only assured comparability when 

government and source data are 

comparable in terms of definition 

of variable and methodologies 

used in calculation 

  

Normalization 

Data modelling – Indicator scores transformed and 

aggregated across countries  
Yes   Yes 

Min-max normalization 

Yes, min and max raw data values 

used to bookend indicator scores  

x = (x-Min(x))/(Max(x)-Min(x)) 

Yes, preserves order of  

relative distance between scores 
N/A 

Distance to a reference measure   

"Reference measure": Ideal value 

could be reached for each 

variable.  

Either 100 or value obtained 

through statistical procedure 

Scaling 

Value changed from 0-1 to 0-100 

score for comparison with other 

indicators 

Rescaled ranging 1-7 due to initial 

scaling in survey 
Rescaled on scale 0-10 

Caveats 

Adjustments made for some 

quantitative indicators to manage 

data structure or account for 

outliers 

  

Estimating Missing Data Points 

Ordinary least squares Yes   

Aggregation and Weights 

Equal weighting scheme 

No, there is no underlying 

theoretical reason to explain why 

all variables and sub-dimensions 

should be treated equally  

Yes, at each level, simple average 

(arithmetic mean) used to 

combine components 

Yes, informed by principle 

component analysis.  

To keep methodology simple, 

same weight indicators assigned 

to same subgroup 
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Ad-hoc weighting schemes    

Indicators by importance  

"Traffic-light" system – high, medium or low weight 
Yes  No 

"Lifecycle" approach 

Most to least important category: 

Access first available, then 

affordability matters, then 

relevant content likely to be major 

driver of adoption, then ability to 

take advantage of Internet access 

becomes a factor 

 No 

Based on robustness of data No  

Yes, skills sub-index given lesser 

weight (20 per cent) as it is based 

on proxy indicators 

Statistical optimization methods     

Principle component analysis 

Advantage: weights are statistically determined 

Disadvantage: Lack of transparency 

Yes  

Yes, helped in determining  

most important indicators to  

be included in sub-indices 

through statistical  

"similarity" 

Sensitivity Analysis 

Sensitivity analysis 

Yes, tool allows user to toggle the  

weighting scheme to see how 

results may change 

 

Used different methodologies  

to show possible index values and 

country rankings for different 

combinations of processes. 

Results show that while computed 

index values change, message 

remains the same, with exception 

of "high" group countries. 

However, "low" group countries 

remain unaffected 
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Table 2e: Conceptual framework analysis of indices 

 Conceptual Framework 

3i NRI 

 

IDI 

Objectives Outlines the current state of Internet 

inclusion 

Regulatory and business environment  

High-quality environments critical to 

fully leverage ICTs and generate 

impact 

Level and evolution  

ICT developments within countries and 

experience relative to other countries 

 Help policymakers and influencers 

gain clearer understanding of factors 

that contribute to wide and sustainable 

inclusion 

ICT readiness  

High levels are a pre-condition to  

generating impact 

Progress in ICT development 

 

  Stakeholder frameworks  

Government, business sector, 

population have a role to play 

 

The digital divide  

Differences between countries in terms 

of levels of ICT development 

  Impact  

ICT use is not an end to itself. Impact 

on economy and society is ultimately 

what matters 

Development potential of ICTs  

Extent to which countries can make 

use of ICTs to enhance growth and  

development in context of available 

capacities and skills 

  Interaction of drivers  

Interaction and co-evolution reinforce 

generation of greater impact. This 

creates more incentives for countries to 

improve physical use of ICTs – 

virtuous cycle 
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  Policy 

Framework should provide clear policy 

outcomes 

 

 

Underlying 

concept 

Assessing and comparing countries 

according to their enabling 

environment for adoption and 

productive use of the Internet 

 

Opportunities offered by ICTs and how 

they are transforming economies and 

societies 

ICTs as development enablers 
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Table 3e: Strengths and weaknesses of methodologies  

Composite indices guidelines 

Recommendations (OECD & JRC, 2008) 

Strengths Weaknesses 

Source analysis 

Recommendation: 

ESCAP should construct own qualitative 

survey. This is because: 

• Lack of data for member countries 

• Categories such as “e-resilience” and 

“traffic and network management” are 

not yet measured 

Ability to:  

• Extract data where data in categories is 

non-existent 

• Transform raw data into numerical 

results for comparison 

• Standardize information if necessary 

Where qualitative surveys meet the law of 

numbers, information can represent the 

variable accurately 

Standardizing results loses information  

Estimation – which is required for 

qualitative data – when transforming and 

standardizing makes information more 

unreliable 

Wider criticisms of cross-country surveys 

as not inherently comparable due to lack of 

variety in the survey questions. Questions 

need to meet somewhat uniform standards 

in order to be transformed, e.g., 1-10 scale 

Conceptual framework analysis 

Recommendation:  

ESCAP is missing a conceptual framework 

that is able to facilitate an understanding of:  

• The objectives of measuring the digital 

divide 
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• What the variables should mean to the 

reader  

• The direction of impact, i.e., from the 

user to the generation of ICT 

developments or the economic and 

social impacts of ICT development in 

enhancing user experience 

Definition analysis 

Recommendation:  

ESCAP should look to clearly define the 

categories. This includes a more uniform 

and coherent set of variables under each 

category, for example, separating the 

regulatory aspects from the access aspects. 

This is due to data collection designs, as 

aggregating quantitative and qualitative 

results across multiple sources and 

informational categories will impact the 

quality of raw data 

In general, access, usage and impact 

categories tend to have similar definitions 

and subcategories. This provides some logic 

to organizing information 

There is scope to create other categories 

depending on the conceptual framework 

and objectives 

 

Methodology: Weighting 

Recommendation: 

ESCAP should ideally use an equal 

weighting scheme, however, this is subject 

Maintaining an equal weighting scheme 

results in better statistical properties 

Using principle component analysis as a 

main tool for explaining statistical variation 

within data through decomposing elements 

There is a need to use ad-hoc methods 

when:  

• Data is continuous, so cannot be 

attributed to clusters 
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to the quality of data across all categories 

(see below) 

of secondary data will result in more robust 

outcomes 
• Estimation techniques 

Estimation  

Recommendation:  

For newer variables that do not have a long 

time-series of data, interpretation should be 

cautious. ESCAP may look to lower the 

weighting of such categories or individual 

variables 

 The shortcomings are particularly 

prominent in capabilities and skills 

measurements. Current techniques use 

proxy variables, e.g., “mean years of 

schooling” up until 2017, where newer 

variables have a time series of less than five 

years or are non-existent and need 

estimation 
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Appendix F: Dimensions Influencing the Opportunities 

 

The initial list of dimensions mentioned in the literature and used in various indices is 

summarized in Figure 1f. 

 

Figure 1f: Initial dimensions 

 

 

1. General Conditions (Barzilai-Nahon, 2006; Epstein, Nisbet, & Gillepsie, 2011; 

Helsper, 2017; Robinson, Chen, Schulz, & Khilnani, 2018; Sebina, Moahi, & Bwalya, 

2014; OECD, 2005): This dimension aims to capture the overall economic, social and 

political situation in the country. It includes a variety of conditions about the countries’ 

context such as political, legal and conflict aspects of the country that may support or 

hinder the bridging of the digital divide. The wide literature highlights its importance. 

2. Digital Opportunities: This aims to capture the current availability and the ability to 

make use of any digital opportunity for individuals, businesses and governments. It is 

included because opportunity is highlighted in the OECD definition (OECD, 2001) and 

by various other authors (EIU, 2019; Himanen, 2014). 

3. Affordability (Zhang, 2013; Baller, Dutta, & Lanvin, 2016; EIU, 2018): This refers to 

the economic affordability of devices and Internet access. It aims to capture the 

purchasing power parity, along with the spending power and income. 
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4. Usage (Várallyai, Herdon, & Botos, 2015): This measures the use of digital content and 

devices by any stakeholder. Variables could include: the number of mobile phone 

subscribers and fixed-line broadband subscribers; perception value of e-finance/e-

commerce/e-health content; and number of Internet users/social network users. 

5. Digital Education (Várallyai, Herdon, & Botos, 2015; van Deursen & van Dijk, 2010; 

Billon, Lera-Lopez, & Marco, 2016; Montagnier & Wirthmann, 2011): This refers to 

variables that measure the digital education, skills, knowledge and capacity of 

individuals, businesses and governments to engage with digital content. In essence, it 

captures whether the actor knows how to use the digital opportunities available. 

6. Availability/Infrastructure (Várallyai, Herdon, & Botos, 2015) (Baliamoune-Lutz, 

2003): This mainly captures the infrastructure aspects of the underlying digital 

provision. Variables could include: access to networks; the amount of Internet exchange 

points; and the quality of traffic and network management. Upload and download speed 

may also play a key role, as well as access to electricity. 

7. Digital Inclusiveness (Várallyai, Herdon, & Botos, 2015; Gray, Gainous, & Wagner, 

2017): This refers to anthropological and sociological variables that affect how 

individuals utilize digital content. This includes gender biases, language barriers, 

sociocultural norms and disability-inclusive/health aspects. Variables could include: 

percentage of population with a sensory, physical or mental disability; availability of 

basic information in the local language in websites; and the gender gap in Internet 

access. This dimension is supported by the “environment” dimension that has indices 

included like the Global Gender Gap Index (WEF) and the Social Hostilities Index (Pew 

Research Centre). 

8. Environment/Sustainability (Himanen, 2014; Calderón, 2014): The usage of digital 

opportunities requires a sustainable handling. Environmental challenges emerge by 

using digital technologies, such as biodiversity loss due to increasing energy demand. 

9. Resilience (ESCAP, 2016; ESCAP, 2017; ESCAP, 2016): This refers to variables that 

measure the resilience of ICT networks, including through disaster risk management 

systems and last-mile disaster communications. 
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10. Digital Services (United Nations, 2012; United Nations, 2018) (Huesing & Selhofer, 

2002) (Huesing & Selhofer, 2004): This refers to variables that measure e-governance 

(services and platforms) and service delivery through ICTs. Variables could include: 

whether a government offers a national digital identification system; or the Online 

Service Index (part of the United Nations E-Government Index). 

11. Digital Economy (ITU, 2017; ESCAP, 2016): This focuses on the circumstances of the 

overall digital economy in the country. Variables could include: the availability of 

venture capital; number of ICT-related patents issued under the Patent Cooperation 

Treaty; and availability of the latest technologies. 

12. Digital Security (Huyer, Hafkin, Ertl, & Dryburgh, 2005; United Nations, 2018): This 

refers to security, censorship, privacy and other factors that affect engagement in the 

digital realm. Variables could include: e-commerce safety; and secure Internet servers 

per million people. 

13. Future Provision (Skaletsky, Pick, Sarkar, & Yates, 2017; Olmo & Monje, 2012) 

(Vehovar, Sicherl, Hüsing, & Dolnicar, 2006): This describes the ability of society to 

enjoy the future provision of digital opportunities. It refers to the readiness and ability 

to adapt to the changing environment. This is reflected by investments in research and 

development, for example. 


