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1

Introduction

The academic literature does not contain a universally accepted definition of network
value, though there is a certain consensus that it is linked to the number of users
(Rosenbaum et al., 1990; Metcalfe, 1995; Reed, 2001; Domingos and Richardson, 2001;
Odlyzko and Tilly, 2005; Peppard and Rylander, 2006; Briscoe et al., 2009; Di Fatta
et al., 2016a).
The lack of a commonly shared definition of network value calls for a more in-depth
study to (re-)adapt the best methodologies to the digital era (Doerr and Powell, 2005;
Dominici, 2009a, 2009b) and, specifically, in network markets (Van Hove, 2013;
McIntyre and Chintakananda, 2014).
The aim of our theoretical study is to examine the problems related to the application
of network laws (such as Sarnoff’s Law, Metcalfe’s Law, and Reed’s Law) in order to
find a definition and a method for estimating the network value in the digital context. To
this end, we review the previous literature, also considering Odlyzko and Tilly’s (2005)
reformulation of Zipf’s (1936, 1946) Law and set up Doctor Chat case study. In other
words, our research questions can be formalised as follow:
RQ1 Can we use these rules to estimate the value of a network in the digital era?
In order to answer this first question, we examine the literature on network value,
beginning with the early decades of twentieth century when Sarnoff dealt with television
networks. We thus come to the second research question:
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RQ2 How do the laws proposed by Sarnoff, Metcalfe, and Reed, work when networks
expand?
In order to answer these questions, we will consider the application of the
above-mentioned rules to the World Wide Web (WWW) and specifically to the mobile
app market, taking into account the network’s expansion in Doctor Chat case study.
Doctor Chat is a network of physicians characterised by an instant messaging
mechanism for the sharing of clinical cases. Its aim is to contribute to the dissemination
of knowledge in a fast and free way, by exploiting the potential of the web able to
connect in a few seconds’ people worldwide.
After this premise, could be useful to spend a couple of word about the structure of
the paper: next section (Section 2) is a literature review about the value of a network;
Section 3 deals with Doctor Chat case study explaining methodology and data collection;
in the final section (Section 4), we conclude with some considerations also providing a
research agenda: basically the idea is to highlight some unresolved questions, that may
serve as starting points for further studies.

2

Literature review

Using Bauman’s (2003) words, our society moved away from a ‘heavy’ and ‘solid’
hardware-focused economy, to a ‘light’ and ‘liquid’ software-based modernity. The
concept of a value chain assumed a dominant position in the strategic analysis of
industries, but nowadays this concept is underpinned by a particular value creating logic
(Peppard and Rylander, 2006).
Adopting a network perspective, more suited to the ‘liquid modernity’, we have to
consider that the products and the services, the supply and the demand chain are often
digitalised (Gummerus, 2013) and interconnected inside the net (Skalén et al., 2015;
Di Fatta et al., 2016b).
The necessary starting point relies on the previous literature on network economy
(Anderson et al., 1994; Wilson, 1995; Achrol and Kotler, 1999) and market networks
(Mattsson and Johanson, 2006; Baffour Awuah et al., 2011). Basically, the idea is that
now more than ever, we must consider the value of a network in our digital era
(Van Hove, 2013).
In this literature review we are going to focus on the above-mentioned laws for
estimating network value by Sarnoff, Metcalfe, Reed, Odlyzko and Tilly (in
chronological order) in Sections 2.1 to 2.4. Then, we will discuss about network value in
the digital era (Section 2.5).

2.1 Sarnoff’s law
The first definition of the value of a network dates back to the early decades of the
twentieth century. According to Kovarik (2015), David Sarnoff was the first to study
mass media networks. He stated that the value of a broadcast network is directly
proportional to the number of viewers.
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According to Sarnoff, there is thus a linear relation between the number of users and
the value of a network. In its simplicity, Sarnoff’s Law represented a cornerstone of the
subject as it was the first attempt to quantify the value of a network, thus paving the way
towards a new research stream (Bilby, 1986).
Rohlfs (1974) suggested that the value of a network is a function of the
interdependence inside the network, arguing that Sarnoff’s Law thus underestimated the
network value. In other words, considering a communications network, the utility that a
user derives from adopting the service increases when other members join the system.
This concept is on the basis of the network externality studies (Basu et al., 2003; Nair
et al., 2004).

2.2 Metcalfe’s law
Based on the critical point outlined by Rohlfs, Bob Metcalfe in 1980 shifted the focus
from users to ‘compatible communicating devices’ (e.g., fax machines or telephones).
Some years later, this rule was named ‘Metcalfe’s Law’ by Gilder (1993).
Regardless of the name, the theoretical arguments behind Metcalfe’s reasoning stated
that, in a general communication network with n members, there are n(n – 1) / 2 possible
connections between the participants. If all these connections are equally valuable, the
n(n − 1)
; that is, making a rough
total value of the network is proportional to
2
2
approximation, proportional to something like n . Indeed, a review of the subject
expressed Metcalfe’s (1995) law in terms of triangular numbers that converge
asymptotically to n2.
In other words, Metcalfe’s law states that the value of a telecommunications network
is proportional to the square of the number of connected users of the system, or in other
words, is proportional to the size of the network.
Even though Metcalfe’s law is widely accepted for mass media communications
networks (e.g., radio and television), a stream of literature suggests that it does not apply
to internet networks (Odlyzko and Tilly, 2005; Briscoe et al., 2009; Shapiro et al., 1999;
Hendler and Golbeck, 2008).
There are nonetheless some scholars who have argued that Metcalfe’s law can be
applied to the internet, finding that Metcalf’s law can be validated by an analysis of
Facebook data (Madureira et al., 2013; Van Hove, 2014, 2016; Zhang et al., 2015).

2.3 Reed’s law
Reed (1999) expanded on Metcalfe’s reasoning, arguing that the network value is
determined not only by the number of node-to-node connections, but also by the
interactions between subgroups of nodes within the network (Coughlin, 2008).
Reed’s law is based on the assumption that, given a set of n people in a network and
supposing that all subsets of the network have the same value, it is possible to count 2n
possible subsets.
This consideration includes the empty set and n subsets composed of a single
element. The well-known formulation of Reed’s (2001) law subtracts from the maximum
number of all possible subgroups (2n), the n subsets composed of a single element and the
empty set, as they do not represent connections:

The value of a network in the digital era

305

2n − n − 1

From the mathematical point of view, Reed’s law, as n increases, tends asymptotically
towards 2n. Therefore, we can use this approximation for further reasoning.
The fundamental fallacy underlying Metcalfe’s and Reed’s law is the assumption that
all connections are equally valuable (Odlyzko and Tilly, 2005; Briscoe et al., 2006;
Arakji and Lang, 2007).

2.4 Zipf’s and Odlyzko and Tilly’s laws
Criticising the previous formulation by Metcalfe, Odlyzko and Tilly (2005) proposed an
alternative rule consistent with Zipf’s (1946) law. Their proposal for estimating the value
of the network is:
n log(n)

In this case, the growth rate is slower than Metcalfe’s law, but faster than the linearity of
Sarnoff’s law. As mentioned, this rule is an elaboration of the empirical Zipf’s law,
which stated that if we order the elements of some large collection by frequency or size,
the second element will be about half as frequent as the first; the third about one-third,
and so on. Generally speaking, the kth element will measure about 1/k of the first one (Li,
1992; Newman, 2005).
A typical example is the English language (Zipf, 2013) in which the most popular
word is ‘the’, accounting for 7% of occurrences. The second most popular world is ‘of’,
making up 3.5% of occurrences. The third most popular word is ‘and’, counting 2.8%.
These percentages show the 1/k sequence: 1/1, 1/2, 1/3.
Briscoe et al. (2006) proposed applying this law to the e-mail network: mail senders
can be ranked by their number of received messages. The person ranked number 1 has the
highest number of messages; the person ranked number 2 has the second highest number
of messages, and so on. Denoting the person’s rank by k, each person contributes to 1/k to
the total value of the mail network. Taking n to be the total number of people in the mail
network, in such way, the value of the network for person i will be:
1+

1 1 1
1
+ + +…+
2 3 4
n −1

From the mathematical point of view, this is something like log(n). The total value of the
whole network will be the sum over all the individual networks:
1 ⎞
⎛ 1 1 1
⎜1 + + + + … +
⎟ * n ≈ n log(n)
n −1 ⎠
⎝ 2 3 4

Other applications of Zipf’s law include cities (Gabaix, 1999a, 1999b; Ioannides and
Overman, 2003; Soo, 2005), where the number of cities with a population greater than S
is proportional to 1/S; and income distribution (Okuyama et al., 1999), where a
distribution of income consistent with Zipf’s law can be traced in Japanese companies
over more than three decades.
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These findings are consistent with another rule of thumb – that of the long tail. This
rule suggests that, given a million items, the most popular 100 will contribute a third of
the total values, the next 10,000 another third, and the remaining 989,900 the final third
(Montroll and Shlesinger, 1982; Briscoe et al., 2006).
Odlyzko and Tilly’s law is also supported by Westland (2010), who developed a
robust measure of the connectedness of members inside social networks: these values are
consistent with n(log)n.
Summarising, Reed’s law grows exponentially, Metcalfe’s law quadratically, and
Sarnoff’s law linearly; the n(log)n growth lies between Metcalfe’s and Sarnoff’s laws.
Table 1
Formula

Laws concerning network value
Author(s)

Growth rate

Supporting references

Sarnoff

Linear

Bilby (1986) and
Kovarik (2015)

Odlyzko and Tilly

Faster than linear

Odlyzko and Tilly (2005),
Briscoe et al., (2006, 2009),
Westland (2010) and
Odlyzko (2010)

n(n − 1)
2

Metcalfe

Quadratic

Gilder (1993), Metcalfe (1995),
Madureira et al. (2013),
Van Hove (2014, 2016) and
Zhang et al. (2015)

2n – n – 1

Reed

Exponential

Reed (1999, 2001) and
Coughlin (2008)

n
nlog(n)

2.5 Network value in the digital era
The advent of the internet has led to changes in our lives and, in parallel way, the study of
the WWW has stimulated the interest of academic researcher (Di Fatta et al., 2016a,
2016b).
Some scholars (Barabási and Albert, 1999; Adamic and Huberman, 2000; Adamic
et al., 2001) have found that the numbers of nodes and connections in the web are related
the power law – a functional relationship between two quantities in which, when one
quantity (the independent variable) changes, the dependent variable changes faster than
proportionally (Newman, 2005).
The occurrence of the power law on the web is consistent with the study of Faloutsos
et al. (1999) of website topology. These authors found that, whenever the number of
connections doubles, the number of nodes with this number of connections decreases by a
factor of five.
Other scholars studied the diameter of the web (Albert et al., 1999; Albert and
Barabási, 2002); though Odlyzko (2012) argued that considerations of the volume of
information should not be divorced from the value of information.
Therefore there are many gaps to be filled: an approach considering both the size and
value of the network is still required (Odlyzko, 2010); we moreover need also to consider
the Web 2.0 (i.e., the network as platform), which spans all the connected devices
delivering software as a continually-updated service that improves as more people use it
(O’Reilly, 2007).
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In other words, the Web 2.0 is based on consuming and remixing data from multiple
sources, including individual users (user-generated content), thus generating network
effects that go far beyond those of the simple pages on the Web 1.0.
This process determines the new user-generated content on the web and creates a new
kind of information. Wikipedia is the best-studied case of such user-generated content,
(Welser et al., 2011; Ransbotham et al. 2012; Jullien, 2012; Muñoz, 2012). Wikipedia is
not just a website; it has created a new model based on the free exchange of information
created and shared by users (Welser et al., 2011). The process is controlled by other users
who revise and moderate these contents: these are therefore the main judges, as are the
users themselves.
This mechanism involves a process of continuous improvement aimed at refining the
information and purifying it from any possible distortions: this is a typical example of a
Web 2.0 process with user-generated content.
Although there are many other examples such as OSNs (Smith et al., 2012), the
reference to Wikipedia is useful for our aim, as it emphasises the way towards network
expansion: increasing the number of members (or the amount of content) that is a part of
the network, self-regulating by a process of moderation.

3

Doctor Chat case study

With this in mind, we can formalise some consideration on how the network laws
function when the network expands. Generally speaking, it is possible to identify two
theoretical expansion modes for a network:
a

an increase in the number of members of the network (i.e., Doctor Chat case that will
be analysed in the next section)

b

the merging of two or more networks (that will be analysed from a theoretical point
of view).

More in depth: let us consider the situation (a). When a new member joins the network,
all the other members benefit from an increase in the general value: this phenomenon is
easily explained by the relationship between the value of the network and its elements
(regardless of whether the scaling is taken to be linear, quadratic, or exponential).
In our case, following a boom in subscriptions, Doctor Chat founder and CEO, which
also is a researcher at the University of Palermo (Faculty of Medicine), has set itself the
problem of determining the value of its own mobile application and hence the value of its
network.

3.1 Methodology and data collection process
Since July 2015, we started data collection: case study allow the qualitative research to
engage with rich data using multiple sources (such as direct and participant observation,
in depth interviews, documents, archival records, artefacts) within a single research
setting (Eisenhardt, 1989; Eisenhardt and Graebner, 2007).
Previous studies (Yin, 1989; Freebody, 2003) highlighted the decision to focus on a
single case study allows the researcher a greater level of detail on a specific exploration
theme; instead the multiple case studies are best suited for confirmatory research.
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Our investigation began with an in depth interview with the CEO of Doctor Chat,
Francesco Cupido. During his interview, once summarised the origins of the business
idea and the actual situation of the firm, he explained the problem: Doctor Chat network
is expanding day by day, hot to manage this?
We spent six months attending the headquarters and the offices, actively participating
in the top management summit: direct and participant observation (Becker and Geer,
1957; Jick, 1979; Jorgensen, 1989). Participant observation is useful to know what orders
of information escape us when we use other methods: for example, during an interview,
the interviewee might have some misgivings. Through participant observation, the
researcher has the opportunity to check how the actors behave in everyday situations
(Crabtree and Miller, 1999).
Suitable information have been collected by direct observation and participant, but we
also considered corporate documents and related materials, having free access to the
archives and the app database.2

3.2 Findings and discussion
With respect to point (A), i.e., an increase in the number of members of the network, our
first consideration is that the main limitation to Reed’s and Metcalfe’s laws involves the
value of the interconnections (Odlyzko and Tilly, 2005): they are not equally valuable,
since we can find both strong and weak ties in social networks (Granovetter, 1973, 1983);
these give rise to subgroups with different values.
In particular, strong ties are those that constitute the connection between the closest
elements in our network – for instance, subgroups of family, friends, and colleagues. The
weak ties connect distant elements to the network and sometimes play the role of bridges
between subgroups.
All other things being equal, users in online social networks (OSNs) are inclined to
communicate more with some elements than with others (Ellison and Lampe, 2008): this
mechanism tends to replicate the social structure of strong and weak ties (Granovetter,
1973).
Azizifard (2013) proposed a clustering procedure for OSNs based on a random walk:
this consists of a process that, starting from one node in the network, progresses to
neighbouring nodes to find communities and subgroups.
When OSNs are strongly clustered and grow organically (Azizifard, 2013), nlog(n)
seems to be the best description of the value of a network (Briscoe et al., 2007).
However, this formulation has some problems. To see this, let us consider the second
expansion mode of a network: (B) the union of two (or more) networks. Define n and m
to be values of two networks such that n > m.
Appling Metcalfe’s Law, the values after merging will be, respectively, n(n + m) and
m(n + m) meaning that each network gains nm: in other words, the size of the network
does not affect the gain resulting from the merger. Applying Odlyzko and Tilly’s Law,
the values after merging will be, respectively, nlog(n + m) and mlog(n + m).
Network n will thus gain n[log(n + m) – log(n)] and network m will gain
m[log(n + m) – log(m)]. Generally speaking, when one network is larger than another, it
usually resists interconnection because the smaller one will gain more.
The evidence supports these findings (Briscoe et al., 2007), as a larger network
usually requires some sort of compensation (e.g., payment incentives) for interconnecting
with a smaller one.
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Accordingly, Metcalfe’s Law is again rejected and Odlyzko and Tilly’s law fits
better. However, as mentioned above, this formula does not always work: when
clustering is weak, the value of connecting separate network can be higher than nlog(n)
(Briscoe et al., 2009).
This phenomenon highlights the strength of weak ties (Granovetter, 1973). An
example can help clarify this issue: suppose we plan to build roads to link 50 cities to
each other; from a strictly mathematical point of view, there 1,225 different combinations
of roads that will do this. From a practical point of view, it is not necessary that every city
is linked with all other cities. Erdos and Renyi (1961) showed that building 98 roads
(only 8% of the total combinations) ensure the connection of the vast majority of points.
The remaining cities are linked by passing through other cities: we thus have subgroups
of cities linked to each other (by strong ties) by small roads, and we also have large
highways (weak ties) liking subgroups of cities with other subgroups.
In this case, the weak tie becomes a bridge. Broadly speaking, in social network, a
weak tie is a bridge when it links subgroups that are strictly connected internally (by
strong ties) and less connected externally (weak ties).
De Meo et al. (2014) pointed out that, on Facebook, most ties are weak, and therefore
neither Metcalfe’s law nor Odlyzko and Tilly’s law are adequate. In summary, the
nlog(n) rule is able to explain the union of two or more networks better than Metcalfe’s
Law when networks are strongly clustered.
Concluding this section, it is important to note that manage network competences is a
key factor for success according to Ritter and Gemünden (2003). In the next section,
practical implications will be explained more in detail.

4

Conclusions and research agenda

This paper has examined the literature on network values, considering the fundamental
Laws by Sarnoff, Metcalfe, Reed, Zipf, and Odlyzko and Tilly. The results of this
manuscript have a twofold advantage: from a theoretical point of view, the literature
review helps to outline and better organise previous studies in order to contribute in the
advancement of existing knowledge, also thanks to following a research agenda that
focuses on the key points on which there is still to be investigated (next Section 4.1);
from a practical point of view, managerial implications arise from the ability to turn these
theoretical knowledge (network competences) in tangible benefits for the firm with the
positive effects on innovation and start-up performance.
With respect to RQ1, we found that Metcalfe’s Law has been widely applied in the
world of communications, but it has recently shown its limitations (Briscoe et al., 2009):
it does not consider the value of interconnection and it overestimates the value of the
union of two or more networks by ignoring the size of each of them.
Also considering Doctor Chat case study, Odlyzko and Tilly’s nlog(n) formulation
seems to be the best approximation of the value of a network and gives a partial answer
to the above problem. However, it does not give an answer to the main problem – that of
the merging of networks (RQ2).
When clustering is weak, Odlyzko and Tilly’s law is unable to capture the real value
of the merger, which may be higher than its estimate. In other words, it tends to
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underestimate the network value of the occurrence of a large number of weak ties in the
network.
However, this manuscript is not without limitations. Single case study research could
run the risk to (erroneously) generalise the results. In order to not to make this error, we
conclude this paper placing some questions useful as a starting point for further studies,
which will contribute to the consolidation of these results.
In other words, these limits emphasise the need for further studies on the subject. For
this reason, this paper proposes a research agenda which may be useful for further
research.

4.1 Research agenda and further researches
The first point concerns the main weakness of nlog(n): future studies could find a
weighting coefficient that would be able to consider the value of a merger when
clustering is weak: “how to determine the value of a network when clustering is weak?”
Fuentelsaz et al. (2015) considered how strategies could affect the value of a network by
influencing expectations, coordination and compatibility. They proposed an adjustment
that takes into account the probability of making on-net calls over off-net calls:
mi
1 − mi

They thus proposed an adjusted network value of:
n log(n)

mi
1 − mi

The value, however, will be higher when there are a large number of communications
possibilities between network users and when firm i has a competitive advantage that
gives it stronger network effects. These findings need to be tested, emphasising the need
for further studies that could deepen this problem.
The rules described in our literature review are based on the hypothesis that all
members in the network, and all links, are equally valuable: this is a very strong
hypothesis that conflicts with evidence that there are many differences between network
elements. “Is it possible to remove this hypothesis? What would be the ‘cost’ of this
waiver?”
In answering these questions, further studies may consider the topic not only from the
theoretical point of view, but also from a practical aspect. Let us consider mobile
marketing. It could be useful to check whether these rules, which are relatively functional
in the case of OSNs with the limitations discussed above, can be extended to the mobile
world. The new paradigm in the development of social networks is through mobile
devices and mobile apps: this is consistent with Peppard and Rylander (2006) and
Palumbo et al. (2013).
Indeed, the mobile-app markets (and network markets more in general) are very
competitive: there are over a million mobile apps in various marketplaces such as Google
Play Store, Apple Store, etc. (Di Fatta et al., 2016b; Dominici et al., 2016). OSNs are the
new dominant paradigm, but mobile app firms need more information about apps in order
to quantify their value: “how to determine the value of a network for a mobile app?”
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Generally speaking, the managerial implications of these arguments translate into a
better ability to evaluate not only the value of a network, but the value of a whole firm.
More in depth, developing network competences has a strong positive effect on the extent
of inter-organisational technological collaborations and, therefore, on product and
process innovation success (Ritter and Gemünden, 2003). Furthermore, network
competences are crucial also during the start-up process because spin-off’s performance
is positively influenced by these competences.
Many companies are now fully digital, lacking even a headquarters or physical
infrastructure, but simply being based on the network (Bauman, 2013): “how can the
value of these new firms be determined?”
Table 2

Research agenda

Problems

RQ for further studies

The main weakness of nlog(n) is when
clustering is weak (Briscoe et al., 2009)

How to determine the value of a network
when clustering is weak?

The main assumption of the Metcalfe, Reed,
and Odlyzko and Tilly Laws is that all
members of the network and all the links are
equally valuable. This is a very strong
hypothesis that conflicts with evidence that
there are many differences between networks
elements (Briscoe et al., 2006)

Can this assumption of equality be removed?
What would be the ‘cost’ of this waiver?

Many companies are now fully digital, having
neither headquarters nor physical
infrastructure, but being simply based on the
network (Bauman, 2013)

How can the value of these new firms be
determined?

Mobile apps are the future not just for OSNs,
but for the whole economy (Peppard and
Rylander, 2006)

How to determine the value of a network for a
mobile app?
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