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Those online enjoy an advantage. fa | | )
Digital inclusion provides new opportunities, " ' SHeri,r;h?Ss?LFJ%f;‘lieSgtgvrveilgg tlﬁesz?elzde;octlggeténg fhe
INn education, employment, health, and social well-being. Juare. . DY
St i Lorenz curve and the line of perfect equality.
The distribution of broadband may strengthen or reduce inequality < Thg net effec;t of the divide on a local population.
5 L, Is proportional to the area of the shaded
triangle in the diagram, which is equal to
. . -
How can we quantity the effects of broadband access on inequality” - (SL-R) /2.
Inequality is a transitive irreflexive relation b < a . 0 offine 1| he height of the triangle, di, gives a loca
. measure of depth.
Consider two households P~ (_._hedepthofthe divide >,

with b more deprived thana: b < a 1990 1994 1998 1999 2001 2002
15.9% 22.6% 36.6% 42.1% 51.0% 56.5% Results
0%  39%  31%  30%  26%  23% An early analysis of computer usage 1990-2002, using the Concentration

25.4%  35.3% 45.4% 50.5% 53.0% 52.0% Index, presented a rosy picture of falling inequality, globally and locally.

476% 50.4% 48.9% 51.8% 53.1% 52.9% " .
i i i i i i Revisiting the data for home computer usage, we find that the breadth of the
USA Home computer uptake

It b is online, while a is offling, then b’s
digital advantage Reduces existing
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inequa”’[y > S~{(uv)|u=<v} divide, which we interpret as its societal impact, grew significantly, The depth
E/ The digital divide across 68 countries, R ontnis ijVIde also grew, until 2001. | |

If a IS onllne, while b IS Qfﬂme, then b’'s £ from ITU Fixed Broadband data, 2000 - 2014. Analysing more recent ITU data for 68 countries, from 2000-2014 we find that
C
O

Year D B p the breath of the global divide is steadily growing, while the depth of the

2000 89.2 43 1.2
2001 86.0 93 238
2002 81.0 15.0 49
7.5
1.2

digital disadvantage Strengthens
existing inequality.

80% divide, which fell from 2000 until 2011, is now rising.

2003 76.0 21.0 :
2004 711 28.2 11.
2005 70.0 36.1 15.2

Using fine-grained, postcode-level data, we have examined the distribution
of domestic broadband in Scotland, in relation to the Scottish Index of
Multiple Deprivation (SIMD). The map shows Scotland’s 6505 output areas,
the insets focus on Glasgow, Aberdeen Dundee & Edinburgh. Opacity
represents the local depth of the divide.

2006 68.9 427 19.2
2007 68.5 48.3 22.8
2008 66.2 516 26.5

A shuffle graph plots cumulative
households online against cumulative
households offline, for each level of | 2013 640 614 400 Colour indicates the marginal effects of increased inclusion:

rivation i\ | orenz rve. offline (u * inred areas it would reduce the breadth and depth of the national divide
dep atio ) to g caLore curve 0 ( ) 9 e in blue areas it would reduce the breadth of the national divide, but

Increase its depth

2009 643 536 295
2010 63.2 554 324

R ~ { (U, V) ‘ v=<u } 2011 62.0 57.1 359

Online Households

2012 62.6 591 38.2
2013 640 614 40.0

20%

The area S above the curve represents the offline-online pairs that | . |
. . . , * In green areas it would increase both breadth and depth.
Strengthen mequahty, Whlle the area R belOW represents the RedUCtIOﬂS __J To reduce the divide, interventions must focus on the red and blue areas.

0% 20% Offline Households 80% 100%

The Gini Index, or Concentration Index, C, is based on a plot of
cumulative income v. population ordered by income.
Aberdeen It is twice the gap between the line of perfect equality and the
W w AT Lorenz curve, as a proportion of the area, p, of the rectangle. Our
depth index measures the same area, relative to the area, pq, of the
parallelogram. Wagstaft 2005 suggests a renormalisation for binary
outcomes — dividing C by g — which is equivalent to our depth index.

The normalised difterence (S-R) / (S+R) is the depth of the divide.

We interpret the depth of the divide as a measure of the deprivation-related
barriers to inclusion. It is normalised to take values in the range [-1,1],

Depth Is a relative measure:
it quantifies the deprivation of the offline population, relative to those online.
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An absolute measure of the net contribution of the digital divide to inequality
IS given by comparing (S - R) to the value P2 / 4 for the extreme case in
which the most deprived halt of the population is offline, and the rest are
online, so that every oftline household is more deprived than every online
household. We define the breadth of the divide, to give range [-1, 1]:

4 X (S-R) / P2
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Our breadth index, 4p times C, is Wagstaft's generalised
concentration index, which he introduced (in 1991) as an absolute
measure of inequality (we scale his index to give a range [-1, 1] for
application to a binary variable).
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