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Abstract

As commonly expressed, Metcalfe’s Law estimates the value of a network to be proportional to the square of the number of users of the network (ignoring constant and linear terms).  The “Law” aspect of Metcalfe’s Law is commonly cited as a strong argument for networking in developing countries, but it is far from clear that actual networks follow this sort of law. In fact, Metcalfe’s Law is a poor basis from which to argue that expenditure on networking infrastructure is worth the cost in general and most specifically in the developing world. This paper explores several assumptions underlying Metcalfe’s Law especially in the context of the developing world, in which social relations are often discontinuous, “unlawful” and difficult to handle.

Open Up, It’s the Law!

Some Comments on Metcalfe’s Law in

Developing Countries
Metcalfe’s Universal Panacea

One of the ubiquitous statements found in today’s writing about the Internet is that the Internet or electronic commerce on the Internet “takes advantage of Metcalfe’s Law”, named for 3Com founder and innovator of the Ethernet protocol [1].  The “law” asserts that “value” (usefulness, outcomes, etc.) is proportional to a greater-than-one power of the number of users, specifically the square. Examples of the “lawfulness” of Metcalfe’s Law are easy to find.  The Napster episode clearly demonstrated that getting into the Napster mode allowed one access to increasingly larger pools of unregulated, free music.  Similar advantages presumably accrue to individuals attempting to market products on the Internet.  

Units above individuals are equally as excited by Metcalfe’s Law.  Government-level planners and potential e-commerce entrepreneurs are urged, and in turn urge, to get on board this seemingly endless train of value (and hence income).  Would-be US Presidents such as Al Gore cite Metcalfe’s Law as a reason for rapid Internet growth.  Exhibiting particular interest are planners and providers in developing countries.  They see the exponential power of networks and E-Commerce as a means of super-multiplying infrastructure investment and leapfrogging past simple user-number-proportional schemes emblematic of relief economics
.  Telecommunications policymakers quote Metcalfe’s Law as received gospel, noting that anything promising quadratic returns for linearly increasing efforts must be grand.

Now, regardless of the ethical nuances of talking about taking advantage of the law, the implication is that there is some magical thing about networks that works in a lawful fashion that is of some advantage to particular people.  In particular, networks seem to have repealed at least some of the more depressing aspects of another law, that of diminishing returns.  This paper examines the assumptions behind this magic and raises issues about whether or not these advantages have any reality.  In particular, it points out that none of these assumptions is even close to valid in a developing country environment.

Metcalfe’s Law

The most succinct formulation of this assertion is the one most commonly cited as “the network effect”.  It states that the value of a network increases as the square of the number of subscribers.  We will also use the term “member” as if a network were a semi-exclusive club.  

Proving Metcalfe’s Law isn’t difficult.  It can be shown easily that if value is taken as something intrinsic in network connection among subscribers, that the value is proportional to the number of connections, which is  2(n(n-1)/2) or n2+n.  For reasonably large n, the linear term is small compared to the quadratic term.  The exponent (2) may be read as an accelerator of investment.  In fact, Metcalfe’s Law is often cited as a way of arguing that investments in network infrastructure pay off quadratically.  Then again, so do Ponzi schemes
!

However, there are at least five assumptions in the above formulations that are either explicit or implicit and which will have serious implications for those attempting to take advantage of this mathematics.   These assumptions are violated, some with impunity, especially in developing countries. Many lie in the realm of what I’ll term “social discontinuity”, that nasty habit of human behaviour not to conform to “lawful” activities, i.e., the tendency of people to do what they want in their own interests.  In addition, we will argue that social discontinuities are more profound in the developing world and hence the applicability of Metcalfe’s Law would be less likely and carry more risk for telecommunications planners, government policy makers, and e-commerce entrepreneurs.

The idea that Metcalfe’s Law is not a “law” is not new.  Warren Packard pointed out a few years ago that networks saturate, although he wasn’t specific about why or how this happens.  People suffer eventually from some sort of “connection” overload.  His arguments served to explain why network growth has some sort of limit.  Windrum and Swann 3] pointed out that proponents of Metcalfe’s Law rely on two major assumptions.  These are that each additional user adds (perhaps equal) value and that network efficiency remains constant regardless of the size of the network, two assumptions that are difficult to maintain.  Our arguments go beyond this, however, and attempt to explain why networks have inherent drawbacks as generators or amplifiers of value.  Traditional formulation of networks (such as those generated by a hub-and-spoke sort of the kind most treasured by e-commerce vendors) should not exhibit anything like what Metcalfe’s Law calls for.  

Five Problematic Assumptions

In the following discussion, we assume a network of N users
 and a certain network topology
.  

The five problematic assumptions are the following:

There are no network inefficiencies

All connections are permanent

All connections have fixed and equal values

There either are no higher-order connections or these have no value and have


 no effect on the topology of the network

There is no competition for attention.

These assumptions are discussed in turn.

1. There are no network inefficiencies

Metcalfe’s “Law” is about connections only, and even only about perfect connections.  It ignores phenomena like friction (losses due to delays, lags, errors in interaction or message switching), costs of switching and routing, maintenance of relationships, navigation, directories, and so forth.  Overhead costs of addressing, crosstalk, equiment failure are inefficiencies that increase the cost of connection to the service provider and decrease the value of these connections to the users.  Metcalfe’s Law assumes that each connection is effective and zero cost over the lifetime of the connection. In the developing world, which is admittedly on the shallow end of the quadratic curve of Metcalfe’s Law, the gross payoffs are small.  When entry costs are high and networks inefficient, Metcalfe’s Law must have a friction-related error correction term (i.e., (, the cost removed from value) on the order of kn2-(.  Given the quality of infrastructure, servicing, technical knowledge and maintenance in the developing world one might expect that large networks begin to have punishing costs depending on ( appearing at surprisingly small sizes of n.  

2. All connections are permanent

This assumption is usually expressed a bit differently in the developing world, as access.  Access is a surrogate for connection because connections are generally switched or addressed. This desirable assumption is false in two ways.  First, there is always some form of mortality.  People don’t stay in a network permanently.  Second, gate-keeping (such as access via portals) is a real behavioural attraction whereby some broker the interaction of others.  This means that not all connections are statistically likely or even possible and even those that are possible become sensitive to a variety of conditions such as filtering based on internal (network) and external (personal) qualities.  We are all familiar with the worker who says “If it’s my boss, I’m not in.”  Less cynically, we all filter our email and quickly develop lists of favourite connections, websites, correspondents, etc.

All social interaction is “clumpy” or “cliquey” in the sense of developing patterns of unequal interaction.  It’s the nature of networks to resolve into more highly connected (and probably more efficient) subnetworks because of perceived inefficiencies, knowledge of others’ habits, autocorrelating behaviours and other social and cultural effects.  In the developing world, additional influences such as language, poverty, and various forms of economic marginalisation may make connections very temporary.  The telecentre experience in South Africa points to very temporary connections indeed as most telecentres there have been abject failures and have proven totally unsustainable because of lack of servicing, training, and ultimately use.

Hence the form of the equation should be something like V(t)=kN(t)a. In this case the number of connections may vary over time, perhaps reaching zero for many users.

3. All connections have fixed and equal values

Another assumption, inherent in the mathematics, is that the evaluation of connections is fixed and that all connections have equal value
.  This enables us to add up connections as though they were all normalised to a value of one.  Of course, this is absurd.  I value my connection to a portal highly; I hardly care that there are a few thousand pornographers available.  What’s more, my evaluation of websites changes over time.  Whether due to the fickleness of friends, the excitement of the novel, or the trust of the tried-and-true, the value of connections changes over time and circumstances.  We are all subject to fads.  We all change our attitudes and opinions frequently.  Hence there is no reason to believe that we will value all sources and all sinks equally all the time.  This also suggests the idea of role differentiation.  For example, with regard to directionality, there are those we want to be listen to and those we want to listen to us.  The values of these non-symmetrical relationships may be different and may change or even invert temporally.  And the change may be conditional on all sorts of internal and external events.

Krugman [4] points out that it might be the case that DeLong’s Law may be generating most of the perception that Metcalfe’s Law is true.  DeLong’s Law states that builders of networks tend to put in the most valuable connections first.  A corollary of DeLong’s Law is that initial connections might actually be worth a lot more than the square of the number of connections and that averaged over a suitably large number of connections, Metcalfe’s Law might be approximated.  But as networks grow even larger, less valuable, even valueless, even value-robbing connections might appear later.  

In the third world, role differentiation may be enhanced by the seriously skewed economic distributions and social class distinctions, urban-rural splits, and the influence of government on all facets of business.  The effects of the oft-mentioned “digital divide” lead to more extreme forms of clumpiness.  Would the rich want to speak to or with the poor?  More than once?  In any personal mode?   And DeLong’s Law may prevail here, with an elite experiencing initial high connection value while latecomers (who will be the overwhelming majority) experiencing little gain and high cost in terms of finding these high-value connections.

Given this discussion, Metcalfe’s Law should be modified, but the modification might be on the exponent a, which might be as low as 0 (if only one connection is valued by everyone and all other connections are ignored).  Owing to social, economic, ethnic, and political distinctions, it would be surprising to see exponents as high as 2 in any third-world environment.  Clumping may reduce the exponent to negative values.

4. There either are no higher-order connections or these have no value.

Most telephone-based ideas rely on the fact that telephony is a point-to-point activity involving two participants.  To be sure, there exists the possibility of conference calls, but this is rarely used because of its clumsiness and cost.  Yet it is obvious that some of the old and many of the new media are quite capable of multi-casting in a variety of modes, particularly broadcast and incast.  Dealing with these higher-order connections brings along the possibility of higher-order non-trivial (i.e., non-zero) values and nowhere is this value more apparent than in electronic communities.  In the literature of the Internet, this is referred to as “Reed’s Law”, after  David Reed [5].  Reed points out that the number of “conferences” (or multi-person interactions) that can theoretically be sustained by a pool of N people is 2 n-n-1, which is potentially a huge number, even for small networks (for n=10, this number is 1013!  Computer-supported cooperative work (CSCW), electronic meetings, and even bulletin boards and chat rooms bring home the message that in communication, point-to-point value is only part of the story.  And research in electronic meetings has shown that while there are lower-order interaction values to be had (from lurking, for example), the real payoff occurs when groups of individuals spark group process.  The mathematics of these higher-order interactions is, of course, quite daunting.  Work on peer-to-peer retail networks is starting to show, however, that there are ways of handling these valuations (such as when retailer A features another retailer’s products on A’s website) [6].

In addition, there is the nagging question of the role of communities in development settings.  For example, most of the impetus of original work on the Internet focussed on individual initiative, but it’s clear that there are enormous payoffs in the area of computer- or information-assisted community development (termed “community informatics” elsewhere).  A community is a form of clump within which mostly higher-order interactions take place.  In the developing world, such interactions may prove more important than first-order interactions.  However, determining what form an “enhanced” Metcalfe’s Law would take to take higher-order connections into consideration would be difficult here.

5. There is no competition for attention.

Finally, there are behavioural limitations in networks.  People aren’t machines.  After a while, everyone looks alike and there is extreme competition for limited attention resources.  Metcalfe’s Law assumes a felicitous blend of listening and expressing
 that might not exist in reality. While theoretically one might value everybody as a matter of principle or ethics, in practice there are only 24 hours in a day

There is little reason to believe that competition for attention is conceptually different in the developing world and perhaps the competition might be stronger, given the pressures of poverty.  What is likely to happen in third-world networks, as in economic networks, is that a Pareto principle [7] of attention and value develops in which, for example, 20% of all connections might amass 80% of the value for individuals.  These sorts of unequal distributions characterise other economic or value relationships in the third world (where Pareto coefficients of 90 and 95% would be common).  

Review
Let us review the five hidden assumptions in the formulation and use of Metcalfe’s Law:

1. There are no network inefficiencies

2. All connections are permanent

3. All connections have fixed and equal values

4. There either are no higher-order connections or these have no value.

5. There is no competition for attention.

Network inefficiencies provide a drag on the exponent, ultimately creating negative benefit as networks become too large or inefficient.  It is likely that technology, especially in the first world, can correct for this, but in the third world, high maintenance costs may impact even small exponents.  Connections aren’t permanent, and there are strategies that exist or will be developed to make various connections more likely than others.  Generalising this, it is only human nature to value some connections more than others.  Some of those connections will be higher-order, creating community subnetworks based on mutual trust (especially in the third world) and impacting the value of the network as a whole from a Metcalfe’s Law point of view.  And the ultimate limit of value is attention (based on time and psychology), a serious and important component of life in the third world.

While technology can postpone some of these problems, each new technology provides a pair of entry barriers (cost and knowledge) that fall unequally on users.  Third-world users may find that  Metcalfe-Law benefits are theoretical and far from the horizon.  Forms of Metcalfe’s Law such as V=kN0.9 might not be unthinkable (i.e., some form of the Law of Diminishing Returns (as pointed out by Windrum and Swann; Swann (1998) argues that reasonable returns might rarely approach even linear (i.e., a is doomed to remain less than 1)).  We might even consider forms such as V=A-kNa, with value slipping away with each new use due to considerations such as network inefficiencies and the formation of subnetworks.  Telecommunications and e-commerce planners and governments in the developing world use Metcalfe’s “Law” uncritically at their own risk.
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� Relief economics accounts for restorative or repair investment by making things right after disasters, drought, or war.  In fact, multipliers are irrelevant here, since kN x 0 still equals 0 for all N.


� Curiously, the comparison to Ponzi schemes is rather apt here.  Ponzi was a notorious roaring-twenties Boston crook who swindled millions from investors with a pyramid scheme that they couldn’t resist.  Current investors were wooed with promises of 50% returns in weeks which in fact came only from future investors who were told of “proven” spectacular returns of then-prior investors, whose returns were in fact merely the investments of later investors!  Everyone was happy until Ponzi ran out of investors and ran out of town with the loot.  Promises of great returns on small network investment belies the huge investments that governments and users must make to experience those returns [2].


� At this point in the discussion, it is unimportant whether the users are individuals or groups, people or corporations or communities, although this distinction will be referred to later.


� The nature of the toplogy and its technical characteristics are not really important here, although there are obviously certain specifications for which Metcalfe’s Law is clearly a clumsy approximation, such as a star or bus with limited central capacity or bandwidth.  


� Remember, we have assumed a fixed topology.  Most writers who refer to Metcalfe’s Law assume a software effected “all connections” logical topology (even if the physical topology is something different, usually some sort of hub-and-spoke).  But the “all connections” topology is the most expensive one, even in software, both for service providers and users and implies either a sharing protocol that is of essentially unlimited sophistication or unlimited switching and transmission resources.


� To obtain value in a communication network requires some attention to both expression and impression.  Each takes time and care.


� We are ignoring something very important here, of course, and that is intelligent networks, networks with agents and tools that allow users to multiply themselves, do searches, conduct vicarious interactions, and draw value at all times from all connections.  There is probably a limit to this, too.





