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Abstract. In a context where efforts are being made to increase access to
computers and the internet, other barriers have become more visible: besides
the physical and economic barriers, psychological, cognitive and linguistic
barriers have gained relevance in the debate on digital inclusion, since they
can also interfere in the intensity and quality of an individual’s use of these
technologies. The relevance of these aspects is quite evident in our Brazilian
society, due to our social-economic structure, in great part formed by people
of low income, with little or no literacy, and by people with disabilities. In
spite of this, a large proportion of existing indicators represent primarily
physical access to ICTs and the technological aspects of producing and
spreading these technologies. An assessment of the scope of the data
currently collected reveals that few indicators reflect psychological, cognitive
and usability/accessibility barriers. With the objective of filling the existing
gaps, we have proposed a new metric for gauging digital inclusion that will
delineate its most diverse aspects and thus contribute to the elaboration of
government policies that will effectively stimulate the development of an
information society.
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1 Introduction

The conditioning factors for the complete assimilation of the benefits of Digital
Inclusion (DI) transcend the existence of a computer or an Internet connection. In
fact, it is of the utmost importance that indicators be adopted to reflect the
characteristics of the diverse barriers to DI, particularly those that prevent total use
of more complex information communication technology (ICT), such as the
internet.

The objective of this paper is to propose an alternative way of measuring digital
inclusion using a new index based on the concept of the different barriers to DI, as
shown in Figure 1. We have used a layer model to clearly explicit the different
kinds of DI barriers that must be treated. The model was formulated based on
Brazilian circumstances considering the social-economic, cultural and educational
profiles.
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Fig. 1. Barriers to digital inclusion

Overcoming these barriers enables individuals to obtain the main benefits of the
digital world, as represented in Figure 1 by the Information Society layer. This layer
consists of total fruition and production of electronic content and services for
educational, professional and entertainment purposes, as well as citizenship-related
activities.

When considering all the physical, cognitive, psychological, social-economical and
cultural DI barriers, the layer model can be useful in the formulation and assessment
of policies and in the planning of actions to overcome these hurdles. Using indicators
to reflect these barriers is an objective way of establishing goals and assessing the
efficiency of proposed actions to achieve them. In a group, these indicators provide a
synthesis of the country's current digital inclusion index.

The existence of gaps is what motivated the need to create a Digital Inclusion
Index (DII) in the first place. To achieve this objective, indicators reflecting each
layer of DI barriers were selected. Furthermore, aspects related to ICT supply and
demand within each layer model were taken into consideration. These aspects can be
determined by analyzing both individual/home accesses and collective/public
accesses.

Broadband scope/coverage in the towns and cities and how important this service
is to the development of each region must be observed in the Access layer. In the
Accessibility and Usability layer, the issue of supply and demand can be determined
based on the amount of access points with accessibility resources and the number of
potential people to be qualified for ICT usage. The Intelligibility layer must be
assessed considering also supply and demand, taking into consideration the number of
qualified people using the services and the availability of electronic services with
adequate language in each region. Finally, in the Information Society layer, a
supply/demand analysis is important to portray the growth of internet usage and to
determine the demand for different services. In short, assessing the supply will show
ICT availability for the population regarding: coverage, scope, adequate services,
terminals and equipment, and public access points. On the other hand, measuring
demand will determine if the population is prepared and qualified to take full
advantage of ICT services, assessing the level of interest they show in making use of
these services.

These indicators were chosen to help formulate DI implementation policies, and to
verify how efficiently and effectively these policies will achieve pre-established DI
goals.
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2 Existing Indexes and Their Adherence to the Digital Inclusion
Layer Model

A survey was made of the indicators and indexes most commonly used to describe the
diffusion and use of ICTs in society. Each one of the evaluated systems presents
indicators that reflect, in different degrees, the barriers to DI illustrated in Figure 1.

In Table 1, there is a summary of the assessment of these metric systems according
to the representativeness of each DI layer. This table demonstrates that access
availability is the layer best represented by existing metric system indicators,
followed by the fruition layer. The other barriers are poorly represented. The greatest
gap can be observed in the Accessibility and Usability layer. This is explained by the
difficulties encountered in gathering pertinent information. As for the intelligibility
aspect, although indicators regarding educational level can be found, they become
much scarcer when it comes to reflecting efforts at achieving digital literacy and
adapting language for the general public.

Table 1. Overview of metric systems according to their representativeness of the DI layers
(Legend: Y = yes; N = no; P = partially)
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The diversity of indexes arises from the context and the objectives of their creation.
For instance, while some systems focus on ICT diffusion among a country’s
population, others emphasize the dimensions of electronic commerce. However, none
of them represent all DI aspects satisfactorily.

3 Digital Inclusion Index

To make up the DII calculation formula, besides the criteria of choosing indicators
according to their representativeness of each DI layer, their collected values and the
weight of each layer and each indicator were also used. To attribute weights to the
layers of digital inclusion barriers and their respective indicators, the AHP (Analytic
Hierarchy Process) methodology was used.

The following formula was used to calculate the digital inclusion index:
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Where:

0 represents digital exclusion and 1 full digital inclusion
pij is the weight of indicator i of DI layer j

bj is the weight of the DI layer

Each layer and their respective indicators are presented next, together with the
weights attributed by the AHP methodology. The current values of the indicators were
also estimated in order to calculate the sub-indexes of each layer and the DII.

1. Access layer (Weight: 0.30): Proportion of the population covered by local
broadband internet providers (Weight: 0.29; Current value: 0.78); Proportion of
homes with broadband (Weight: 0.49; Current value: 0.10); Public access points
(telecenters and LAN houses) for every 100 inhabitants without internet in the
home (Weight: 0.22; Current value: 0.01). Calculation of Access Sub-Index: 0.28.

2. Accessibility and Usability layer (Weight: 0.20): Public access points with
accessibility resources for every 100 inhabitants with disability or illiteracy
(Weight: 0.19; Current value: 0.0); Proportion of internet users with disabilities
over proportion of internet users without disabilities (Weight: 0.23; Current value:
0.0); Proportion of illiterate internet users over proportion of literate internet users
(Weight: 0.38; Current value: 0.15); Proportion of general e-services with
accessibility and usability (Weight: 0.19; Current value: 0.31). Calculation of
accessibility and usability sub-index: 0.12

3. Intelligibility layer (Weight: 0.14): Proportion of people with at least one internet
skill (Weight: 0.40; Current value: 0.36); Proportion of functional literates
(Weight: 0.20; Current value: 0.68); Proportion of general e-services with adequate
language (Weight: 0.40; Current value: 0.55). Calculation of intelligibility sub-
index: 0.50.

4. Information Society (Weight: 0.36): Proportion of individuals who used the
internet in the last three months (Weight: 0.67; Current value: 0.34); Diversity of
services (Weight: 0.33; Current value: 0.71). Calculation of the information society
sub-index: 0.46.

Calculation of the Digital Inclusion Index (IID): 0.34.

To verify the behavior of the DI index in the face of future alterations that some of
the indicators might undergo, a sensibility analysis was made of one indicator of each
DI layer — always considering the indicator with the greatest weight.

Two effective indicators from the United Kingdom and two from Brazil were used
as reference values for this analysis. Their values were doubled, while all the others
maintained their respective values. The indicators chosen to receive doubled values
were: Access: proportion of homes with broadband internet; Accessibility and
Usability: proportion of illiterate internet users over proportion of literate internet
users; Intelligibility: proportion of people with at least one internet skill and
Information Society: proportion of individuals who used the internet in the last three
months.

As mentioned previously, the DII is 0.34 and with the variation of the selected
indicators, the following results were obtained:
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When altering the indicator “Proportion of homes with broadband internet” from
0.10 to 0.63, in compliance with the United Kingdom indicator, the resulting DII is
0.42.

When doubling the indicator “Proportion of illiterate internet users over proportion
of literate internet users” from 0.15 to 0.30, and doubling the indicator “Proportion of
people with at least one internet skill” from 0.36 to 0.72, the resulting DII is 0.36.

However, when altering the indicator “Proportion of individuals who used the
internet in the last three months” from 0.34 to 0.72, in compliance with the United
Kingdom indicator, the resulting DII is 0.43.

4 Conclusion

Doubling the current value of indicators caused a less significant impact on the DII
index than when using indicators with UK data. However, the “Proportion of homes
with broadband internet” is an indicator that will very likely suffer alteration over
time, since an investment in broadband internet is a priority for Brazil, as it is in other
developing countries. Currently, according to United Nations data, although Brazil is
the fifth largest cell phone and internet market in the world and the number of
Brazilians connected to the web is high in absolute numbers, internet penetration in
the country is still considered low. Based on projections that network data traffic will
increase and that the world of internet is becoming increasingly dependent on high
speed access networks, it is clear that there is a demand for this market and a real
need for more investments on the part of the service providers. Another indicator that
caused an expressive impact on the result when its value was altered was “Proportion
of individuals who used the internet in the last three months.” It is safe to assume that
this alteration will occur sooner or later, since with the need for investment in
infrastructure and the demand for broadband internet, the number of users and
frequency of access should also increase.

References

1. Holanda, G.M., Dall’ Antonia, J.C.: An Approach for e-inclusion: Bringing illiterates and
disabled people into play. Journal of Technology Management & Innovation 1(3), 29-37
(2006)

2. ITU. Measuring the Information Society: The ICT Development Index. International
Telecommunication Union, Geneva, Switzerland (2009)

3. UN-UNPAN. UN Global E-government Readiness Report 2008: From E-government to
connected governance. New York: United Nations (2008)



	Digital Inclusion Index (DII) – Measuring ICT Supply and Usage to Support DI Implementation Planning Policies
	Introduction
	Existing Indexes and Their Adherence to the Digital Inclusion Layer Model
	Digital Inclusion Index
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




