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Abstract
One of the strongest arguments in favor of increased penetration and use of information and communication technologies (ICT) in developing countries is that this should bring about an increased standard of living.  This paper explores the relationship between one measure of ICT penetration and income distribution, controlled by per capita GDP.  Results seem to indicate that while there is overall significant correlation between income distribution and total ICT penetration the relationship holds most strongly in the case of middle-income countries, not in the poorest countries.  One interpretation of this result is that serious economic benefits from ICT will not be forthcoming until a country has sufficient wealth to make ICT penetration economically worthwhile.  Another implication is that at least in terms of income redistribution, adding IT infrastructure will benefit only the wealthy elite in a poor country.  
I. INTRODUCTION
Few people in first world countries ask any longer whether or not the productivity paradox continues. But can the idea of the productivity paradox easily be applied around the world and not just to the US in the 1980s?  If so, the general form of the question underlying the productivity paradox would be this:


What kinds of “profit” can any particular country expect from investment in ICT?

Countries as diverse as South Africa, Malaysia and Canada have all produced papers of various colors (white, green) ostensibly for domestic interest.  Clearly, some think that poverty + ICT = prosperity.  But is it true?  Traditionally, these economic benefits are seen to stem from an increase in efficiency and effectiveness brought about through the use of computers or networks or an increase in the economic participation rate.  This is a measure of the ability of individuals to find jobs, start businesses, hire workers, etc.  On the business side, ICTs tend to make business processes more replicable and easier to manage, thus increasing the potential for participation. This should increase wealth because these processes are ultimately less costly and more effective for individuals participating in them.  However, it may also be that investing money in ICT will bring gain only after some time.  Alternatively, since effective ICT costs real money, economic gain might have to precede ICT investment, in a sense ICT investment depends on economic growth and not the other way around.  Or, just as likely, both ICT investment and economic benefits could depend on a third, independent factor.

Section II below examines these concepts (ICT investment, wealth and economic benefits). These concepts are discussed in turn below, followed by a section on data gathering and analysis.  The paper ends with conclusions and suggestions for further study and analysis.
II. CONCEPTS AND RESEARCH HYPOTHESES
ICT Penetration: Teledensity (TD)

An ICT investment can refer to the purchasing, developing, leasing, or operating of any information technology.  This is a complex concept.  Different sectors might invest differently.  Total ICT investment, even if data were available, might represent both real value added (labor, for instance, or local services) plus artificially high importation costs (which may in addition be increased by tariffs).  ICT costs tend to drop over time, hence a complicated depreciation schedule would have to be adopted.  Counting of individual investments (telephony equipment, number of computers installed, total installed bandwidth) may prove illusory and accurate data is seldom available. 
For the purposes of this study, then, a simple measure, not directly sensitive to any of the factors mentioned above, was adopted as a proxy for ICT investment.  This measure is teledensity, how many telephone lines plus cellphones per 100 people.  It is an indirect measure of access to communication and not directly a measure of computer pervasiveness, use or value.  Under this definition, figures range from a low of 0.05 in many poor countries (i.e., 5 telephones per 10,000 people) to a high of well over 100 in most developed countries.  Obviously, Teledensity concerns communication only, not use of computers.  A small number of individuals might own or control an inordinately large proportion of the access to communication.  Communication costs might be very high, favoring the wealthy or employed and denying access to the poor and unemployed. 
However, while computer investment is of course of concern, what makes those computers powerful from the point of view of nations is the ability to link them together, if only to central government information sources or to electronic commerce websites.  While the relatively wealthy have many phones and the poor have to share, the poor do share, thus making telephone investment more efficient in terms of penetration for the poor than the rich.  In addition, while telephones may not seem like high technology they support the process by which high technology supposedly brings about economic benefits.  First, they help individuals contact one another, for pleasure, business, commerce or production.  Second, many of the telephone lines directly support technological platforms such as computer networks.  While we don’t know exactly what proportion of the telephone investment is directly connected to information technology use, there must be a positive correlation.

Income Distribution: Gini Index (Gini)
We have used an indirect economic measure such as family income distribution rather than a more direct measure such as GDP per capita (GDPPC) or wealth.  Our measure is called the “Gini Index”, roughly how equitably family income is distributed in a country.  It has a complex technical definition.  In practice, the index varies from the low 20s for Scandinavian countries to the 60s for some central African countries.  The US Gini index is moderate, around 41, about the same as Pakistan, Russia, Thailand and Ghana.  
There are limitations to the Gini Index.  First, it concerns income rather than wealth.  Second, low Gini indices might arise from extremely high taxation, limiting choices or general poor purchasing power.  In many cases, a low Gini index arises from a peculiar past, such as that found in the transition economies of eastern Europe.  Another conceptual problem is that access to income might not correlate with access to non-economic influence or value, which is one benefit of wealth.
On the other hand, it is too easy to show a relationship between ICT investment and economic benefit if the number of individuals involved is very small and elite; we already know that in the small, ICT investment generally brings wealth.  Second, we are ultimately less concerned with wealth than by what wealth might bring, such as promoting democratic values, citizen participation, education, enhancement of civil society, community-mindedness, middle-class or commercial values, and pursuit of more highly value-added activities (i.e., “post-industrialism”).  These concepts seem more closely related to a distribution of economic activity than to a concentration of wealth.  When only a segment of the population participates, benefits of ICT investment cannot be said to be “country-wide.”  For the Gini index to move downward, many relatively poor families will have to earn significantly more money.  If a few wealthy people earn a lot more, the index moves up rather than down.  So the Gini index should be sensitive to more pervasive aspects of ICT investment rather than restrictive outcomes.  In effect, by using the Gini index we are focusing only on outcomes from ICT investment that influence the population broadly such as when everyone is participating in rising incomes, but not just because a small segment of the populace are experiencing large economic benefits.  Gini will fall only when large numbers of people experience some economic (income) benefits, i.e., when economic participation is high.
Country Income Class GDP Per Capita (GDPPC)
This brings us to the third variable, GDP per capita.  This variable is defined as GDP on a purchasing power parity basis divided by population as of 1 July for the same year.  In order to use this variable, a categorization of 168 countries with populations greater than 100,000 was adopted as follows: A (43 countries) Very Poor (<$2000  -- roughly the level of Mauritania);  B (55 countries ) Poor
 ($2000 - $6000 Cuba to Turkmenistan); C (48 countries) Developing
($6000 - $21000 (Bulgaria to Israel); D (22 countries) Advanced (>$21000 – roughly at least the level of the United Arab Emirates). 
This classification loosely corresponds to that found in Palvia, Palvia and Whitworth (2002) with slightly different terms.  As a control variable, GDPPC allows us to compare apple-countries with apple countries.  

Research Hypotheses

Our major research hypothesis is therefore:

H. There is a relationship between ICT investment (teledensity) and economic benefit (Gini).
What might we expect?  In the poorest countries (Class A), we’d expect only the elite to profit from increased teledensity; in the richest countries (Class D), we assume that the economic engines are already as well lubricated by technology as they can be.  What about the poor and the developing countries (Classes B and C)?  Increasing teledensity should bring about increased participation, but will increased participation bring about economic benefits?  There are no strong theoretical reasons to expect the inverted U-shaped curve linking teledensity to income distribution to peak at any particular point, but there should be some peak.  Because we are dealing with a very broad range here (GDPPC from $2,000 to $21,000) it would be easiest to predict the peak to be at the mean (i.e., $10,500) and thus the effect to be felt the strongest in the class C, developing, countries rather than the Class B, poor countries.  Since ICT investment is most likely to relate to changes in income redistribution when, simultaneously, there is sufficient income to allow individuals to use ICT but not so much that everyone already has access we would expect the relationship between ICT investment and income redistribution is mediated by national income.  Thus
H1: The relationship between teledensity and Gini depends on GDPPC.
H1a: The relationship between teledensity and Gini is strongest for category C countries.

III. DATA COLLECTION AND ANALYSIS
The data used were obtained from the current edition of the CIA factbook, available online at http://www.cia.gov/cia/publications/factbook/ for 168 countries whose GDPPC values were available.  Of these 168, both teledensity and Gini measures were available for 107, distributed as follows:

	Class
	Number of Countries
	Actual Count

	A –Very Poor
	43
	24

	B – Poor
	55
	37

	C – Developing
	48
	29

	D – Advanced
	22
	17

	                Total
	168
	107


For each country, the average teledensities, Gini indices, and GDPPCs were recorded and the class average was computed for each measure.  Figures in parentheses are standard deviations.

	Class
	Average Teledensity 
	Avgerage Gini Index
	Avg. GDPPC
($US)

	A
	1.65 (1.82)
	42.79 (9.70)
	1,173 (384)

	B
	10.84 (8.41)
	43.78 (10.24)
	3,699 (1,219)

	C
	45.46 (3.38)
	37.28 (10.44)
	12,073 (4,934)

	D
	104.29 (21.34)
	41.00 (4.80)
	28,905 (4,591)


There are obvious differences among the classes and obvious effects.  For example, as GDPPC rises, so does teledensity.  This is an expected effect of wealth.  Note that Gini responds only slightly to GDPPC; the strongest difference, which is not statistically significant, is between Gini levels between classes B and C.    This leads naturally to our research hypothesis about the relationship between teledensity and Gini index.  The table below indicates the correlations across the classes:

	Class
	N
	Pearson r
	Significance

	A
	24
	-0.235
	n.s.

	B
	37
	-0.121
	n.s.

	C
	29
	-0.448
	P=0.015

	D
	17
	-0.031
	n.s.

	Overall
	107
	-0.492
	P<0.01


Overall significance arises because there are no countries with high Gini indices and high teledensity. However, three of the four classes show no significant relationship between these two measures.  For the two poorest classes, the measures of teledensity are so low that there is almost insignificant variation country to country.  Similarly, for the wealthy countries, the range of Gini indices is seriously limited, with only the US standing out above 40, so that there is almost zero correlation.  But based on this simple regression analysis, we could state that for class C, there is a strong relationship between the Gini Index (G) and Teledensity (T), such that  G = -0.448 T  +  44.575.  For example, what this might mean is that moving from the low end in class C (say T=20) to the high end (say T=50), Gini might move from down by 15 points, which represents an enormous re-distribution of income. This might be an immense leverage for teledensity and hints that making communication links available in a developing economy could lead to more equitable income distribution.  Of course this study does not show causality.
IV. CONCLUSIONS
Our research hypotheses are supported by the data and the analysis.  

H. There is a relationship between teledensity and Gini Index.

The overall correlation between teledensity and the Gini Index, country by country for the 107 countries for which both measures’ data are available is 0.492, significant at the 0.01 level.  
H1: The relationship between teledensity and Gini depends on GDPPC.

The correlation coefficients varied from -0.121 to -0.448.  In general, the association was negative, but did not change monotonically as class changed from A to B to C to D.

H1a: The relationship between teledensity and Gini is strongest (and statistically significant) only in developing countries.
Only one of the correlation coefficients was significant and that was for Category C countries.  

The interpretation of this is straightforward.  It takes a certain level of wealth, perhaps invested in all kinds of infrastructure, for increased communication participation to have a payoff in terms of economic participation.  Only in class C countries, with GDPPC of between $6,000 and $21,000 was there a strong association between ICT investment (in the form of teledensity) and economic payoff in the form of income redistribution (measured by the Gini index).  In a mirroring of the productivity paradox, communication investment seems to have no economic democratizing effects in already wealthy countries, despite the obvious intellectual connection between communication and participation.  As mentioned, this might be due to ceiling effects, since in most Advanced countries, almost everyone has a telephone and the means to use it effectively; there is no advantage (i.e., a lever) to having one.  There is only a disadvantage in not having one (i.e., a hygiene factor).  In developing countries, to the contrary, there are both levers and hygiene factors, which would explain the stronger association.  In the very poor and poor countries, there are only levers, and only the wealthy can afford them, a sort of technological stick to beat the poor with that only helps keep income distribution highly skewed.
(References available on request)
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