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Summary 

In this thesis, the claim is analyzed that ad hoc networks will be a disruptive technology to mobile network 
operators. For this purpose, existing methods for assessing the disruptive potential of emerging technologies are 
empirically tested for their practical and predictive value. As these methods prove not to work very well with new 
technologies that are not yet on the market, as in this specific case, a new method is proposed that combines insights 
of the theory of disruptive innovation with scenario analysis. The application of this method is then illustrated 
using this case study to explore four scenarios for the potential impact of ad hoc networks on the future of mobile 
network operators. This thesis shows that ad hoc networks are not by definition disruptive; much depends on the 
future capabilities and limitations of the technology and the business model by which it is taken to the market. 

Background 
Since the pioneering work in the 1990s by Harvard Business School’s professor Clayton 
Christensen, disruptive innovations have become widely known as a special class of innovations 
that under certain circumstances lead to the failure of established firms. What makes disruptive 
innovations such a dangerous threat is not their insurmountable level of complexity or 
sophistication, but the fact that they effectively change the basis of competition by creating new 
markets or transforming existing ones to the disadvantage of these companies. In contrast with 
sustaining innovations, which introduce improvements to existing products and services in ways 
that are valued by the established market, disruptive innovations typically offer less than what 
customers in those markets demand and can therefore only be deployed in niche markets.  

However, under certain circumstances, these innovations will improve in such a way, that 
they become good enough to first attract customers away from the lower tiers of the established 
market, and eventually also from the mainstream market. When that happens, established 
companies are nearly always too late to respond and are then said to be disrupted. The main 
reason for this, according to Christensen, is that their processes and values are incompatible with 
the business model required to compete or succeed with that technology. As a result, disruption 
is not a technology problem: it is a market or business model problem. 

The theory of disruptive innovation has not only greatly influenced the innovation 
management literature, it has also provided valuable insights for companies who seek to 
understand and exploit disruptive innovations. However, the richness and complexity of its 
concepts make it difficult to apply in a field of application where it probably has the greatest 
strategic value: making ex ante predictions of the disruptive potential of emerging technologies. 
This would not only be of interest to those companies who wish to succeed in creating 
disruptive innovations, but also to those who wish to defend themselves against them. For this 
purpose, several methods have been developed in recent years: two by Christensen et al. (2001; 
2004), and one by Hüsig et al. (2005). However, although they all seem to be able to provide 
interesting insights, there is actually very little practical experience with these methods. 

This thesis aims to contribute to this application area by empirically testing their practical 
and predictive value on an emerging technology in wireless telecommunications that is claimed 
to be disruptive to mobile network operators by several authors: ad hoc networks. It also 
proposes a new method that combines insights of the theory of disruptive innovation with 
scenario analysis, which can be used in cases where developments in incumbent industries, 
established markets and emergent technologies are characterized by a high degree of complexity 
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and uncertainty. The application of this method is then illustrated using the ad hoc networks case 
to explore four scenarios for the potential impact of ad hoc networks on the future of mobile 
network operators. 

The case study: ad hoc networks 
Ad hoc networks are a revolutionary technology that has the potential to enable wireless peer-to-
peer communication among mobile users without the need of expensive frequency spectrum 
licenses or network infrastructure. The reason why this technology is thought to have disruptive 
properties, is that if disruptive innovators manage to develop applications and to improve them 
to the point that their performance becomes comparable to that of mobile services, this would 
not only be an architectural innovation, but above all a disruptive innovation because the 
business model of mobile network operators does not allow them to compete with applications 
that would require them to reduce their average revenue per user to close to zero. Because of this 
asymmetry of ability, operators are unlikely to succeed in retaining their customers and will, 
therefore, ultimately fail. 

Research problem 
This study has two primary objectives. The first objective is to contribute to the application of 
Christensen’s theory of disruptive innovation. The second objective is to explore the potential 
impact of ad hoc networks on mobile network operators and analyze the previously mentioned 
claim that ad hoc networks are a disruptive technology through the application of this 
framework. To achieve these objectives, the following two research questions are addressed: 
  
1: How can potentially disruptive technologies be identified, and what lessons can be learned from the 

empirical analysis of the emergence of ad hoc networks? 
 
2: To what extent will ad hoc networks become a disruptive technology to mobile network operators and 

what other potential threats and opportunities do they represent to these companies? 

Method 
To answer the first question, an extensive review of the innovation management literature is 
conducted to identify the conditions and circumstances in which technological change will lead 
to the failure of established companies. Together with the results of thorough analyses of both 
the mobile services industry and of emerging ad hoc networking technology, these insights are 
used to empirically test the practical and predictive value of existing disruptive foresight 
methods. With the new method that is developed subsequently, and the results of two interviews 
with industry experts, a patent and a bibliometric analysis, the second question will be answered. 

Main findings 
First, four methods are available to assess the disruptive potential of emerging technologies, 
including the one developed in this thesis. However, in spite of some claims, the predictive value 
of current methods is limited as they can provide a rough first indication at best. They do not 
produce accurate results, and even though they are correct interpretations of the theory of 
disruption, there are doubts about their validity and reliability. They are also difficult to employ 
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by those who have no in-depth knowledge of the theory of disruption. Moreover, the empirical 
test of the ad hoc networks case on these methods revealed that they cannot be used on 
emerging technologies that are not in an advanced stage of commercial development, which is 
the case with ad hoc networks. Second, no evidence was found that ad hoc networks are 
disruptive by definition; much depends on the future capabilities and limitations of the technology 
and the business model by which it is taken to the market. Third, the ad hoc networks case 
showed that although scenario analysis does not predict the future, it is a useful method for 
explore potential future developments and to see what is needed for disruption and to see what 
this can result in. 
 
Using this method, four scenarios have been developed for the ad hoc networks case. In brief, 
they are following: 
 
Little Creeks scenario: mobile network operators adopt ad hoc networking technology to extend 

the coverage or increase the bandwidth of their access networks using 
mobile devices and additional access points. It is a sustaining scenario in 
which operators are able to utilize this emerging technology to optimize 
their service while minimizing cost. 

Great Lakes scenario: due to technical limitations, ad hoc networks are only used in specific 
niche applications, such as vehicle-to-vehicle communication. They 
represent neither threats nor opportunities, so the market for mobile 
telecommunications will hardly be affected by this new technology. 

Blue Oceans scenario: ad hoc networks act as glue between many different types of networks, 
including mobile networks, thereby creating a global ‘super-Internet’. In 
this new architecture, connectivity has shifted from network-centric to 
user-centric. Even though it is a sustaining scenario in which the demand 
for connectivity and bandwidth has exploded, operators will face greater 
competition from other types of networks. Therefore, their added value 
will mainly be in providing high performance and high quality service to 
their most demanding customers. 

Red Oceans scenario: ad hoc networks are the new paradigm in wireless and mobile 
telecommunications. In this disruptive scenario, mobile network 
operators are rapidly losing customers, not only because their services are 
expensive and provide more than the mainstream market actually needs, 
but also because they were not able to find a way to divert the disruptive 
threat, for instance by co-opting it or radically changing their business 
model. 

 
Each scenario, its main implications for mobile network operators and corresponding early 
warning indicators, are discussed in depth in chapter 7 of this thesis. 

Recommendations for mobile network operators 
Combining the scenario results with insights of the theory of disruptive innovation, has resulted 
in the following seven principal recommendations that will help them effectively manage the 
uncertainties surrounding the emergence of ad hoc networks in the long run: 
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1: Integrate scenario thinking with strategic planning to manage uncertainty and improve decision making. 
2: Adopt a flexible approach to strategy-making. 
3: Develop a solid organizational capability for detecting and recognizing weak signals of peripheral 

developments. 
4: Develop a corporate learning culture that counterbalances the formal, performance culture. 
5: Prepare for the eventuality that ad hoc networks become a disruptive technology. 
6: Minimize the risk of disruption. 
7: Minimize the effect of being disrupted. 
 
These recommendations, which are clarified in detail in this thesis, should also be valid for 
incumbents in other industries that are potentially faced with disruptive change in the long run.  
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Preface 

 
 
 

Writing is like driving at night in the fog. You can only see as far as your headlights, but you can make the 
whole trip that way. 

 
E.L. Doctorow 

 
 
Finally, my thesis is completed. It has not been an easy course for me, but it certainly has been a 
rewarding experience. What started as an ambitious idea during the summer of 2005, was finally 
delivered as a 280+ page document in the summer of 2011. Several people warned me for the 
complexity of the subject and for the broad research questions I had developed. I have to give it 
to them: they were right. If I wanted to graduate in a six to nine month period, I should have 
chosen differently.  

But I didn’t, and I have no regrets. I made it clear all along that I wanted to use this 
project to step outside my comfort zone and explore new territories. I wanted to learn more 
about strategy and innovation management to better understand why certain companies are so 
successful while others are not. I also wanted to learn Italian and to feel how it is to actually live 
in Italy – a thesis project is an excellent opportunity to spend some time abroad – to better 
understand the culture and background of my partner, who is Italian. And for my thesis, finally, I 
wanted to learn more about a new technology – that was about to break through – from a 
nontechnical perspective. Even though it took me much longer than I had initially planned for, 
today I am proud of having achieved all of these objectives. 

The idea of writing this thesis was born on 2 April 2004, when I attended a lecture by 
dr.ir. Ramin Hekmat of the Delft University of Technology at the Dutch Royal Institute of 
Engineers (KIVI). Dr. Hekmat introduced the audience to the fundamentals of a new 
technology he had been studying as a PhD student: mobile ad hoc networks. I was amazed by 
the beauty of the concept and the endless opportunities it promised. Since there were still many 
research challenges ahead, however, no devices existed yet on the market that incorporated this 
new technology. 

With Schumpeter’s ideas on creative destruction in mind I had studied just months 
before in an economics class, I realized that ad hoc networks could challenge the existing ways of 
thinking about and working with networks, and that it could make it difficult for some existing 
companies to continue to be successful in the future. For what would happen if all mobile 
devices in the world could connect to one another, directly or indirectly, thereby excluding the 
necessity of a mobile network infrastructure that we currently are dependent upon and are 
paying for? After a short literature review, I discovered that I was probably the first to study 
them from this perspective. It was an opportunity I could not resist. 

Speed was not my priority, quality and thoroughness were. I studied and consulted over 
40 books, 260 scientific articles, 28 reports, 15 theses, and countless web pages. I interviewed 
two experts and talked with dozens of other people about my subject. And I took some 
additional courses on innovation management and scenario planning to fill some knowledge 
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gaps. To me, this thesis has become more than just a thesis. It is a summary of everything I have 
learned over the past couple of years. 

Throughout my research I have benefitted from the support of several people and I 
would like to take this opportunity to express a word of gratitude. First of all, I would like to 
warmly thank my first supervisor, dr.ir. Rudi Bekkers, for his unwavering enthusiasm, support 
and patience. With his extensive knowledge of the economics of innovation and technical 
change, and of the telecommunications industry in particular, he offered me fresh and valuable 
insights every time we met. Although we did not meet frequently, I found it very pleasant and 
stimulating to work with him. Secondly, I would like to thank prof.dr.ir. Erik Fledderus, who 
helped me see the broader perspective through his unmatched expertise in wireless and mobile 
communication networks – initially as one of my interviewees, later in his role as second 
supervisor. I also wish to extend my sincere appreciation and gratitude to my former supervisors, 
dr. Alessandro Nuvolari from Sant’Anna School of Advanced Studies in Pisa, Italy, and dr. 
Nicoletta Corrocher from Bocconi University in Milan, Italy. Even though my broad interests 
and ambitions were the reason for not finishing this project together, I am greatly indebted to 
them for the time and energy they devoted to my project and for providing me the opportunity 
to study at one of the most renowned universities in Italy. I would also like to thank Ramin 
Hekmat, for introducing me to the world of ad hoc networking and for sharing me his views on 
some strategic aspects of this technology. And I would like to thank my colleagues at Newtel 
Essence and Getronics for the various ways they supported and encouraged me, even during the 
busiest and most hectic periods. 

Finally, a special word of gratitude. Patience has never been one of my virtues, and 
anyone who is not blessed with a talent to write, will acknowledge that the one thing writing such 
a thesis requires is patience. With me every step of the way, as always, has been my partner, 
Ylenia. She followed me to Milan, were Bocconi University had offered me an opportunity to 
work on my thesis and to attend a series of lectures on business and economics. She then 
followed me to Bologna where we worked, studied, and lived for another year. And she followed 
me back to Amsterdam in January 2008 to pursue a consultancy career in telecommunications. 
Unfortunately, there I could no longer spend much time writing and soon this thesis became a 
second, after the birth of our son Thomas a third, and after the illness of my mother, even a 
fourth priority. Nonetheless, over the years I spent many free evenings and weekends studying 
and writing, time I could also have used to do something together with her instead. Without her 
unconditional support and encouragement, I am sure this thesis would never have seen 
completion. With her friendship, determination, loyalty, and love she supported me throughout 
this long journey. Therefore I dedicate this thesis to her. 
 
 
 

Sander Kerremans 
Amsterdam, The Netherlands 
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1 Introduction 

 
 
 

This 'telephone' has too many shortcomings to be seriously considered as a means of communication. The 
device is inherently of no value to us. 

 
Western Union internal memo, 1876 

 
 
One of the major reasons behind the highly volatile and competitive nature of the mobile 
communications industry has been the rapid rate of technological change. Over the years, many 
technologies have emerged that gave rise to the creation of new products and services, firms and 
markets, and to the destruction of old ones. Both technological and market uncertainties put 
firms under constant pressure to innovate and reposition themselves, not only vis-à-vis their 
competitors and new entrants, but also with respect to emerging technologies. 

As has been demonstrated by Christensen (1997), however, established high tech firms 
often fail because they focus on their most profitable customers and ignore minor segments that 
are targeted by cheaper and initially lower performing, so-called disruptive innovations. This is 
not a matter of mismanagement, but a consequence of resource allocation processes aimed at 
sustained profitability and growth. Their mainstream customers are simply not ready to use these 
technologies, guiding investment decisions towards more sustaining innovations aimed at 
improving the performance of existing products. 

Mobile network operators (MNOs) seem to be particularly vulnerable to such failure. 
Building on the successes of cellular telephony, they play a central role in the development and 
diffusion of new value-added services, wireless technologies and multimedia applications. In the 
process, they rely heavily on their fixed network infrastructures and centralized administration 
systems, assets that are crucial for the operation of most of today's mobile and wireless networks 
and that form the basis of competition in their industry. It is questionable, however, whether 
they will be able to continue to do so in the near future, say within five to ten years. Alternative 
wireless networking paradigms are emerging that provide similar network features without the 
necessity of heavy capital investments in infrastructure and licenses. 

One of the technologies, of which several authors have expressed their doubts as to 
whether MNOs will have an adequate answer for, is ad hoc networking (see e.g. Doyle and 
O'Mahony, 2002; Mannings and Cosier, 2001; Prehofer and Wei, 2002; The Economist, 2002). 
The concept of ad hoc networks is not new. Research on the topic started nearly 40 years ago 
and led to the development of a number of the so-called single-hop ad hoc network technologies 
like Bluetooth and Wi-Fi. This type of wireless networks is now widely used for point-to-point 
connections between for instance a computer and an Internet access point, or between a mobile 
phone and a headset. Due to their limited range,1 however, services offered by mobile or wireless 
network providers are still required if wireless devices are not within each others proximity. As a 

                                                 
1 The typical ranges of Bluetooth and Wi-Fi are 10 and 50 to 300 meters, respectively. 
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result, single-hop ad hoc networks are generally considered complementary to mobile or wireless 
networks (Du Preez and Pistorius, 2003; Edquist, 2003; Hüsig et al., 2005). 

Next generation ad hoc networks, however, will not suffer this limitation. By adding 
routing capabilities to wireless devices, each device can then cooperate with its peers to form a 
large and independent wireless network that is able to relay data between any two nodes in a 
reliable and cost-efficient way. If the network’s geographic coverage, data rate, and the number 
of participating nodes are sufficiently large, even MNOs may no longer be needed to use a 
mobile phone. Hence, ad hoc networks could become a substitute to mobile networks.2 This is 
particularly true when performance is comparable and interconnection costs become the next 
most important driver of competition, because MNOs need an average revenue per user (ARPU) 
higher than zero to cover the costs of their frequency spectrum licenses and network 
infrastructure, whereas participation in an ad hoc network is expected to be free of charge. 

Even though there are many technical issues that need to be resolved before large-scale 
commercialization of ad hoc networking will become possible, it is a very promising technology 
that could provide an alternative to conventional wireless networks. A literature study has 
revealed that research on ad hoc networks has been limited to the technology itself, while several 
researchers point out that strategic and economic analyses are becoming important as well 
(Hekmat, 2005; Hoebeke et al., 2004). This thesis takes on this challenge and explores the 
potential impact of ad hoc networks on the competitiveness of MNOs through the lens of 
Christensen’s theory of disruptive innovation. 

1.1 DISRUPTIVE INNOVATIONS AND THE FAILURE OF ESTABLISHED FIRMS 
The failure3 of established firms when confronted with technological change has a long history. 
Ever since the invention of the telephone by Alexander Graham Bell in 1876, and probably even 
long before, companies like Western Union have been struggling to develop effective strategic 
responses to emerging technologies that are developed by outsiders, but that have the potential 
to change the basis of competition in their industry. Western Union called the telephone a “toy” 
that could never become a serious alternative to their million dollar telegraphy business, even 
though Bell himself titled the patent as an “improvement in telegraphy” (Casson, 1910). But little 
by little, the telephone improved and by 1895, Bell’s AT&T nearly equaled the size of Western 
Union. Eventually, AT&T took over its competitor in 1909. This is just one example, but the 
pattern of leading companies losing their markets to new competitors due to technological 
change is so widely recognized that conventional wisdom holds that outside attackers have an 
advantage (Christensen et al., 1998; Cooper and Schendel, 1976; Foster, 1986; Henderson and 
Clark, 1990; Tushman and Anderson, 1986; Utterback, 1994). 

Intuitively, it does not make sense how David could ever beat Goliath. Whereas 
established firms have a large amount of resources, a strong customer base, solid brand names, a 
carefully built distribution network, work closely with suppliers, and often invest heavily in 
research and development, entrant firms have to start from scratch. Moreover, established firms 
often have well experienced and respected managers whose competent decisions resulted in 
                                                 
2 Although both terms can be used interchangeably, in this thesis term mobile is used rather than cellular when referring to 
networks, phones or services. 
3 In this thesis, failure means a significant loss of market share as a result of another company offering a new product or service 
based on some sort of new technology in a related area. Failure, however, does not necessarily mean the end of the company in 
question. Established firms, i.e. firms with a strong position in existing technologies and markets, generally spread their risks over 
over a number of different markets so that failure in one market will not bring down the company as a whole. That is why some 
of the disrupted companies mentioned later on (AT&T, Kodak, Xerox, etc.) are still in business today. 
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highly competitive and profitable businesses. Yet, they do not always manage to retain that 
success. And among those that failed are not the least. IBM, DEC, Wang, and Data General in 
the computer industry, Xerox in photocopiers, Western Union in telegraphy, Sears in retailing, 
RCA in vacuum tubes, Ford and General Motors in automobiles, NCR in electromechanical cash 
registers, Lucent in business networking technologies, and AT&T in long-distance telephony are 
all examples of companies that were once highly admired for their innovation and leadership 
practices but that nevertheless were unable to stay atop their industries. In each case, their 
positions have been taken by newcomers. So, what could have caused the downfall of these 
giants? 

Research has shown that it is rarely a direct confrontation with entrants that befuddles 
incumbents. After all, after years of experience they have finely honed skills, resources and 
processes to adequately deal with those pressures. The real threat arises from innovations that 
initially do not address an established firm’s most important customers, either because they have 
inferior levels of performance or offer a different value proposition with respect to existing 
products or services (Christensen, 1997; Christensen and Raynor, 2003). Those innovations, 
called disruptive innovations, are not necessarily much different or more complex. In fact, 
incumbents are often well able to bring similar products to market without a hitch; Western 
Union even developed its own version of the telephone at the same time Bell did. However, 
incumbents will not do that, because their customers do not want those products, the market 
and the profit margins are too small to generate an attractive stream of revenues, and there are 
many uncertainties that make it difficult to predict whether they will ever be successful, let alone 
whether they could eventually replace their current products and services. 

Entrant firms, on the other hand, are much more flexible. They lack deeply rooted 
mindsets, have smaller commitments to fewer stakeholders, and can more easily adapt their 
strategy, structure, and capabilities to rapidly changing circumstances. In search for profitable 
growth businesses and without being viewed as serious competitors to incumbents, entrant firms 
are highly motivated to further improve those products and services until the point they become 
interesting enough to an incumbent’s mainstream customers in terms of price, performance, 
functionality, or reliability. When that happens, and those customers do not particularly value the 
higher quality or additional features of the incumbent’s products and services, they will make the 
switch from the established to the new technology. The incumbent then starts losing market 
share rapidly and finds itself being disrupted. By then, it is too late to take defensive measures to 
protect its business. 

What Christensen’s research has demonstrated, is that – under certain circumstances – 
sticking to what he calls “principles of good management” – i.e. listening carefully to customers, 
conducting market research, closely following competitors’ moves, and directing investments 
towards projects with the highest returns – causes established firms to fail. From their 
perspective, continuing to improve products and services for existing customers is a perfectly 
rational choice. In fact, these sustaining innovations are crucial to remaining competitive in their 
mainstream markets. Paradoxically, however, it is the same set of principles that draws their 
attention away from potentially disruptive innovations that could ultimately destroy their 
business. Although disruptive innovations occur on a much less regular basis than sustaining 
innovations, chances of survival are small. Therefore, identifying the technological changes early 
on and understanding the implications of strategic decisions in response to those developments 
by taking into account the concepts of disruptive innovation is of fundamental importance to 
any firm, in any type of industry, involved in any type of technology. 
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1.2 SETTING THE STAGE: INDUSTRY AND TECHNOLOGY 
Since the publication of Christensen’s theory, which is based on historical data of the disk drive 
industry, dozens of case studies on disruption innovations have appeared in academic journals 
and the popular business press (see e.g. Anthony, 2007; Christensen, 1997; Christensen, 2006a; 
Christensen et al., 2004; Christensen et al., 2007; Golden, 2009; Rao et al., 2006).4 Virtually all of 
these studies focused on technologies that were introduced in the past, and which, at the time of 
publication, had caused dramatic (measurable) changes in an industry. By testing and further 
improving the model of disruption, this historical research has played a significant role in the 
theory-building process. The ultimate goal of a theory, however, is to predict the future. The 
stronger its predictive power, the more valuable it is. Christensen (2006b) retains his theory has 
made the transition from a descriptive to a normative one, rendering it highly useful for this 
purpose. Considering the damage that disruptive innovations can do to established firms, it 
would be well worth a try to analyze the threats and opportunities that future ad hoc networks 
could have on a high technology sector as that of mobile network operators. 

1.2.1 The mobile telecommunication services industry 
From a small and insignificant market with only 16 million subscribers worldwide in the early 
1990s, mobile telecommunication services has made the transition to a mature and multi-billion 
dollar industry with more than 5.3 billion subscribers in 2010 (see Figure 1). For over 125 years, 
Bell’s concept of wireline (fixed) telephony dominated the telecommunications industry. In 2002, 
only two decades after the first commercial mobile telecommunication networks came into 
existence, the number of mobile telephony subscribers surpassed the number of fixed lines and 
the gap between the two can be expected to widen even further in favor of the mobile 
telecommunication services. 

                                                 
4 See Appendix A for an overview. A large collection of research papers and articles can also be found on the website of 
Christensen’s consulting firm: http://www.innosight.com/innovation_resources/research_papers_articles.html 



Sander Kerremans  Chapter 1: Introduction 
 

 5

0

500

1.000

1.500

2.000

2.500

3.000

3.500

4.000

4.500

5.000

5.500

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

M
ill

io
ns

-10%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

# Subscribers Mobile # Subscribers Fixed % YoY Growth Mobile % YoY Growth Fixed

 

Figure 1. Volume of the global market for mobile and fixed telecommunication services, 1991-2010 

Source: International Telecommunication Union ICT Statistics Database (2011) 

 
Few technologies in history have been adopted so rapidly and so widely. The popularity and 
convenience of mobile telephony became already clear soon after the launch of several analogue 
cellular systems around the world in the 1980s. However, those early, so-called first-generation 
(1G) systems were based on proprietary and mutually incompatible standards, resulting in a 
number of disadvantages to subscribers, including high service cost, no roaming, high energy 
consumption (making the telephones bulky because of the large batteries required), and the 
uselessness of their equipment in areas where their provider had no coverage. 

The real popularity of mobile telephony was boosted by three developments ten years 
later. First, the introduction of second-generation (2G) standards resolved incompatibility and 
capacity issues, offering network operators the opportunity to attract large numbers of new 
customers with a variety of mobile services. In case of GSM, the introduction of roaming and 
call routing services meant that subscribers could now access mobile services through any 
provider, anywhere in the world. Moreover, the new GSM standard was designed to support 
future extensions, such as the General Packet Radio Service (GPRS, also known as 2.5G) which 
enabled mobile access to the Internet through the Wireless Application Protocol (WAP) and 
allowed for sending messages that include multimedia content (MMS). Second, in the same 
period most countries enacted liberalization measures to increase competition in their 
telecommunication markets, as a result of which many new players entered those markets, 
breaking the dominance of national public telecommunications operators (PTOs). More 
competing network operators primarily meant lower prices, often through subsidization the cost 
of mobile handsets, shifting the focus from business to consumer markets. And third, 
technological advancements led to the development of cheaper, faster, and smaller electronics 
and high-capacity batteries, which led to increasingly more compact, lighter mobile phones. 
Continuous design improvements, the addition of new applications, functions and services, and 
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convergence with other technologies (think of digital cameras, MP3-players, Bluetooth) have also 
been important in boosting global demand by transforming these communications devices into 
business tools and lifestyle accessories. As a result of each of these developments, mobile 
network operators have been able to constantly increase the value added of their products and 
services while cutting down costs, and therefore have played a key role in the success of mobile 
telecommunications. 

Nowadays, a world without mobile telecommunication services would be unthinkable. 
They play a central role not only in our economic activities, but in our private lives as well. As 
providers of these services, mobile network operators like Vodafone, China Mobile, T-Mobile, 
NTT Docomo, and Orange have become major players in a telecommunications industry that 
had previously been dominated by wireline providers and now represent a large and vital part of 
the global economy. In 2010, there are 5.3 billion subscribers worldwide, representing a 
compound annual growth rate (CAGR) of 19.6% for the five-year period spanning 2005-2010.5 
With more than 8 mobile subscribers per 10 inhabitants, penetration rates for mobile services in 
large parts of Western Europe, Eastern Asia, and North America, are extremely high, some 
countries reaching even beyond 120%. In the period spanning 2005-2009, the combined 
revenues generated by all operators worldwide for subscription to and usage of their services 
increased with a CAGR of 6.1% to reach a total of $635.4 billion (see Figure 2).6 
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Figure 2. Global mobile telecommunications services market value, 2000-2009 

Source: Datamonitor (2005; 2010) 

 

1.2.2 Signals of change 
Global demand can still be expected to increase substantially as a result of the economic boom in 
developing countries like India and China. However, such high growth levels are unlikely to be 

                                                 
5 International Telecommunication Union (2011), ICT Statistics Database, accessible from  
http://www.itu.int/ITU-D/icteye/Indicators/Indicators.aspx# 
6 Datamonitor (2005; 2010), “Global Wireless Telecommunication Services – Industry Profile” 
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maintained in the near future. Important regional markets are close to saturation, shifting the 
strategic focus of MNOs from acquiring new subscribers to retaining them. Producers of mobile 
telephones and equipment seem to be increasingly more powerful due to consolidations and 
alliances with for instance software companies. Subscribers are increasingly critical of prices and 
services offered, leading to increasingly aggressive, competitive markets. Premium prices are 
disappearing, which is clearly reflected in decreasing average revenues per user (ARPU). Voice 
and SMS remain by far the largest sources of revenue, in spite of the billions of Euros invested 
by MNOs in 3G mobile technologies and frequency spectrum licenses to support high-speed 
data communications and their intense efforts in selling this new service. At the same time, the 
number of public access points for wireless internet (hotspots) in shopping malls, hotels, train 
and bus stations, universities, airports, and city centers is growing rapidly, as well as the number 
of private access points for business and domestic purposes. 

These signals suggest times are changing for MNOs. Faced with challenges different 
from those a few years ago, they will need to reconsider their strategies if they wish to remain a 
healthy and profitable industry. Presently, mobile network operators need to make strategic 
decisions with respect to the emerging wireless local access networking (WLAN) technologies, 
which by some authors were labeled as disruptive technologies (Mannings and Cosier, 2001; The 
Economist, 2003). WLAN utilizes free and unregulated frequencies to offer wireless broadband 
access, which is a huge advantage over current cellular technologies. Its major disadvantage – the 
lack of true mobility support – could be reduced by setting up a large number of geographically 
dispersed hotspots. The question was whether they should be regarded as an opportunity or as a 
threat to existing cellular technologies. Using the theories of disruptive innovation, Hüsig et al. 
(2005), Tan and Henten (2006), and Christensen et al. (2004) independently predicted that 
WLAN would not be disruptive to mobile network operators after all. Mobile technologies, they 
argue, do not meet the demand for speed of their most valuable customers – business people – 
in situations when availability is more important than mobility, like in offices, restaurants or 
while waiting for a train or flight. Moreover, most MNOs already own a high-speed fixed 
network infrastructure, and they have years of experience with administering and billing 
customers. So there is considerable agreement that MNOs will co-opt WLAN technologies. The 
fact that some operators are now offering wireless data services based on these technologies as a 
complement of their mobile services seems to support their findings. 

Nevertheless, with new product introductions occurring almost on a daily basis, the 
mobile telecommunications industry provides a fertile breeding ground for disruptive ventures 
and technologies and network operators should constantly scan their environment for attackers 
and develop counter strategies as soon as a potential threat is building momentum. 

1.2.3 Ad hoc networks: a disruptive technology? 
Some of the technical and popular-scientific literature suggests that also ad hoc networks are a 
disruptive technology (see for instance: Camponovo and Pigneur, 2003; Doyle and O'Mahony, 
2002; Gedge, 2003; Juhola et al., 1999; Mannings and Cosier, 2001; Prehofer and Wei, 2002; The 
Economist, 2002). Their assertion is based on the argument that if ad hoc networks allow 
wireless communication links to be established without support of underlying (wired) 
infrastructures, people will use that technology instead of the costly wireless services offered by 
mobile network operators today. In other words, ad hoc networks challenge the very reason of 
existence of mobile network operators, namely that centralized network ownership and control 
are essential for building reliable and cost-effective wireless communications networks. Control 
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mechanisms will always be required to manage traffic flow and optimize overall system efficiency 
in any type of communications network – including ad hoc networks – but the possibility of 
distributing this responsibility over the participating nodes would render redundant this – until 
now – costly element in the wireless value chain and the mobile network operators along with it. 

But is it really that simple? Or did these authors use the term “disruptive technology” 
merely to indicate that ad hoc networks will provoke major changes to the mobile 
telecommunications industry and to the ways people use wireless communication technologies? 

1.3 FRAMING THE PROBLEM: ANTICIPATING THE FUTURE 
Unfortunately, the process by which ad hoc networks affect the fortunes of leading mobile 
network operators like Vodafone, NTT Docomo or Orange, will be far more complex than 
suggested by these articles. From a customer point of view, for instance, price is not necessarily 
the only criterion for preferring one product or service over another. The Linux operating 
system, for example, can freely be downloaded, used, and redistributed and actually performs 
better than Microsoft’s Windows operating systems in terms of speed and stability. In 2006, 
however, Linux only had an estimated global market share of 0.38 percent, whereas more than 
94 percent of the desktop computers ran on Windows.7 While the most important driver of 
adoption of Linux is cost, there is a range of factors that actually holds back its widespread 
adoption, including concerns of compatibility with currently used technologies and applications, 
lack of support, the perceived complexity of Linux with respect to Windows and the skills 
required to use and maintain the system (Dedrick and West, 2004). 

Along the same line of reasoning, one can argue that competition between technologies 
does not automatically result in the selection of the best performing technology. There are 
numerous examples of technologies that have been surpassed by better ones. But history also 
provides plenty of examples in which performance was of secondary importance. All world 
records in speed typing held by Dvorak keyboards could not convince end users to massively 
abandon the widespread QWERTY keyboard, because they already learned to use it (David, 
1985; Rogers, 2003). In hard disks, new markets were created by reducing physical dimensions 
rather than increasing disk capacity or speed (Christensen, 1993). And although the Betamax 
videocassette recorder system was technically superior, it lost its battle with VHS due to strategic 
mistakes of its inventor, Sony (Cusumano et al., 1992). 

In addition, a crucial issue is the presence of positive feedback loops – or network 
externalities – in the adoption process of ad hoc networks. That is, the value of using a 
networking technology depends on the number of nodes already equipped with it: the larger the 
network, the larger its value to its users.8 But what would drive the very first group of potential 
users to adopt a given network technology, if their utility is practically zero? This is a typical 
chicken and egg problem that is probably harder to solve than it was for currently available 
networking technologies because of the lack of network ownership (Katz and Shapiro, 1994). A 
related issue is standardization, as without the development of a dominant standard, ad hoc 

                                                 
7 These data were collected from Internet browsers of visitors of more than 40,000 hosted websites. Source: 
http://marketshare.hitslink.com/report.aspx?qprid=2&qpmr=15&qpdt=1&qpct=3&qptimeframe=Y&qpsp=2006 (accessed: 
March 31, 2007). 
8 More formally known as Metcalfe’s law, which states that the value of a network to a single user is proportional to ( )1n n − , 
where n  is the total number of users of the network. 



Sander Kerremans  Chapter 1: Introduction 
 

 9

networking technologies from different manufacturers using different standards that are 
incompatible with each other would inherently be of even lesser value to users. 

Considerations such as these are equally relevant to the question whether customers of 
mobile network operators will switch to ad hoc networking technologies or not. But also the 
supply-side of the equation should be taken into account. Presently, there is still a large number 
of technical hurdles to be taken before the concept of ad hoc networking is ready for 
commercial development. As a consequence, there is neither a clear understanding of what will 
be the ultimate ‘killer application’, nor of what will be the kind of business model able to 
successfully bring it on the market (Basagni et al., 2004; Chlamtac et al., 2003). 

In short, there are too many uncertainties about future developments to predict 
disruption of MNOs without a thorough analysis of the potential threats and opportunities of ad 
hoc networks using theories of disruptive innovation and knowledge of both the technology and 
the industry. This has been a serious shortcoming of the articles previously discussed. 
Nevertheless, they touch upon the important question of how ad hoc networks will change the 
telecommunications industry and what impact they could have on MNOs. Only after exploring 
this issue, operators will be in a much better position to anticipate potential threats and 
opportunities, for being disrupted is not a destiny but the result of not understanding the 
disruptive forces at work. 

1.4 RESEARCH PROBLEM 
So far, research on ad hoc networking has solely focused on technical aspects. However, the 
sheer size of the mobile services industry today and its substantial investments in 3G mobile 
communication technologies and licenses feed the need to assess the threats and opportunities 
that ad hoc networking poses to its profitability, growth and survival in order to anticipate the 
future by formulating and implementing proper counter strategies (Du Preez and Pistorius, 
2003). This thesis attempts to fill this gap by examining the potential impact of ad hoc networks 
on and implications for MNOs through the lens of the theory of disruptive innovation. 

1.4.1 Research objectives 
This thesis has two primary objectives. The first objective is to contribute to the application of 
Christensen’s theory of disruptive innovation, (1) by empirically testing the strengths and 
weaknesses of existing disruptive foresight frameworks in predicting the disruptive potential of 
ad hoc networks, and (2) by proposing an alternative disruptive foresight framework that is 
based on the principles of scenario analysis.9 As illustrated in this thesis, this framework can be 
utilized in cases where developments in incumbent industries, established markets and emergent 
technologies are characterized by a high degree of complexity and uncertainty. The second, more 
practical objective is to explore the potential impact of ad hoc networks on the future of mobile 
network operators and analyze the previously mentioned claims that ad hoc networks are a 
disruptive technology through the application of this framework. This results in a set of general 
recommendations for mobile network operators to enhance their prospects in view of this 
emerging technology. 

                                                 
9 The decision to use scenario analysis over other foresight methods is motivated in chapter 5 of this thesis. 
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1.4.2 Research questions 
Following the previous discussion and the stated research objectives, this thesis addresses two 
research questions. The first research question focuses on the theoretical an methodological 
research objective of this thesis and is formulated as follows: 
 
 

How can potentially disruptive technologies be identified, and what lessons can be 
learned from the empirical analysis of the emergence of ad hoc networks? 

 
To answer this research question and meet the corresponding research objective, the following 
sub-questions have been identified: 
 
 
1a. How does the theory of disruptive innovation predict whether emerging technologies are 

disruptive to incumbent firms in both existing and future markets?  
1b. Which methods are currently available to predict disruption from an ex ante perspective and 

what can be learned about the predictive value of these methods from an empirical test on 
the ad hoc networks case? 

1c. How can the existing methods be improved or what other methods are useful when 
considering potentially disruptive technologies from an ex ante perspective? 

 
 
The second research question is of more practical value to industry stakeholders, in particular to 
mobile network operators, and serves to provide a better understanding of the concept of ad hoc 
networking, current and future developments, and the potential impact they may have on the 
mobile services industry: 
 
 

To what extent will ad hoc networks become a disruptive technology  
to mobile network operators and what other potential threats and opportunities  

do they represent to these companies? 

 
To answer this research question and meet the second research objective, the following sub-
questions have been identified: 
 
 
2a. What future scenarios for the emergence of ad hoc networks can be identified and what are 

their implications for mobile network operators? 
2b. What can mobile network operators do to prepare themselves for the emergence of ad hoc 

networks, and in particular for the scenario that they become a disruptive technology? 
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1.4.3 Scope of the thesis 
The central research question contains two key concepts that will be used throughout this thesis. 
In order to avoid confusion, these concepts are defined as follows. A mobile network operator is a 
company that owns a network infrastructure through which it provides wireless 
telecommunication services to mobile end-users, including voice telephony, and data services 
such as SMS, MMS, fax, and Internet access.10 An ad hoc network is a collection (mobile) wireless 
nodes that dynamically create a network among them without the use of any fixed infrastructure 
or centrally organized administrative support system, i.e. the necessary control and 
administration functions in such networks are accomplished by the interactions among their 
constituent nodes (Armuelles et al., 2004). Strictly speaking, this definition includes both single-
hop networks, like Bluetooth, and multi-hop networks. In single-hop networks, however, data 
can only be exchanged between nodes that are in direct radio contact of each other. Due to 
frequency spectrum scarcity, the size of the network and the mobility range of its nodes is 
severely limited. Therefore, this thesis only considers multi-hop mobile ad hoc networks, also 
known as MANETs. These concepts will further clarified in chapters 3 and 4. 

The unit of analysis in this thesis is the industry of mobile network operators, or more 
precisely, mobile network operators as a type of business. The choice not to focus on a single 
operator, which could potentially produce more accurate results, is motivated by the difficulty of 
obtaining strategic information, in spite of the independent character of this study. But it is also 
true that industries tend to be more predictable than individual firms led by managers, whose 
decisions are contingent upon their professional backgrounds, the circumstances in which the 
decisions are made, and on decisions made by other firms. In geographic terms, the emphasis 
will be on European mobile network operators, although the results of this study may be 
applicable to operators from other parts of the world as well. 

For reasons of simplicity and time constraints, important developments in other relevant 
areas, such as European regulations, standardization and adoption of LTE and WiMAX, 
convergence, and the expansion of frequency spectrum for mobile traffic, have been excluded 
from the analyses. Even though these developments are likely to have at least as decisive an 
impact on the future of the mobile services industry in general, including them in the analyses 
would not contribute significantly to the achievement of the research objectives stated in this 
thesis. Therefore, they are left out of scope. 

1.5 METHODOLOGICAL APPROACH 
As point of departure, and motivated in chapter 6, this study assumes that within a period of five 
years, ad hoc networking technology will be translated into commercially available applications, 
and that within another three to five years the first effects on the industry should become 
apparent. Hence, the time horizon considered for this study is 10 years, of which the latter half 
in particular will be decisive for the future of mobile network operators. This seems to be a 
realistic estimation, given the scientific efforts in this field, the large number of experimental test-
beds, and experiences with other communication technologies. 

The future, of course, holds many uncertainties and unknowns. What will happen to an 
industry within now and, say, three months can readily be foreseen using data currently available. 

                                                 
10 Some mobile network operators have started to offer data services through wireless access points (hotspots). These hotspots, 
however, do not provide mobility support (i.e. the connection drops as soon as one is out of range of a hotspot) and are currently 
not considered a core business. They will therefore be excluded from the analysis. 
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But with a time horizon of 10 years the uncertainly literally goes off the chart, and it is no longer 
possible to make accurate predictions of what is actually going to happen. In fact, at this point in 
time mobile network operators have a range of probable futures, none of which can be 
evidenced using hard data. Therefore, an exploratory approach using qualitative methods has 
been chosen to address the research problem. 

To answer the research questions, a research strategy was developed that consists of the 
following steps. First, an extensive literature review has been conducted to better understand the 
relationship between emerging technologies and the survival of established firms. Some of the 
mechanisms behind firm failure as a result of emergent technologies or innovative business 
models have already been briefly discussed in the introduction, but a more comprehensive 
overview is required to develop a theoretical framework that can be used as a foundation for the 
analyses  

Next, based on an analysis of the current situation of the mobile telecommunications 
industry and current developments in ad hoc networking, this framework will be used to assess 
to what extent existing disruptive foresight frameworks can be used in predicting the industry’s 
prospects as a result of the emergence of this new technology. The fact that ad hoc networks 
seem to have many characteristics that are normally associated with disruptive technologies 
(several industry roles and participants seem to become redundant, for instance), makes this case 
study very suitable to demonstrate the strengths and weaknesses of these frameworks and to 
highlight the need for an alternative foresight framework that also works under circumstances of 
high complexity and uncertainty. 

Subsequently, a method for predicting disruptive industry change will be developed 
based on the principles of scenario analysis. Scenario analysis as such is not new, but its 
application in relation to the theory of disruptive innovation is. Scenario analysis offers a 
structured framework to identify plausible developments in a future business environment by 
revealing and organizing key drivers and uncertainties. Although they cannot be used to make 
better predictions than other forecasting methods (which cannot be used here anyhow, because 
most of them assume the future to be a linear continuation of the present), they are very suitable 
for exploring the implications of future developments and for improving decision-making (see 
e.g. Lindgren and Bandhold, 2003; Ringland, 2006; Schwartz, 1998; Van der Heijden, 2005).  

Finally, this new foresight framework is then used to determine the main trends, driving 
forces and key uncertainties that may affect the industry’s future as a result of the emergence of 
ad hoc networks. This step eventually leads to the development of four different scenarios, each 
describing a probable path towards a future. Using the theoretical framework developed earlier, 
these scenarios will be analyzed to determine the implications of commercial applications of ad 
hoc networking technologies for mobile network operators under each of the scenarios 
presented. 

The analyses presented in this thesis are based on an extensive literature study of the 
theory of disruptive innovation, of the mobile services industry, and of ad hoc networks, on 
interviews with two experts from the scientific community with deep knowledge of both the 
industry and the technology, on data gathered from patent databases and bibliometric databases, 
and on other publicly available resources. This outside-in approach has deliberately been chosen 
to emphasize the independent character of this study. During a preliminary study, mobile 
network operators and (potential) developers of ad hoc networking technologies have been 
asked to share their vision on how they believe ad hoc networks will change the industrial 
landscape and in how they perceive the operators’ chances of success or survival. Unfortunately, 
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even though they would have been valuable sources of information and insights, the companies 
approached were found to be reluctant to release that kind of strategic information for the 
purposes of this thesis. Therefore, the results of the analyses will not necessarily reflect the 
perspectives of all stakeholders.  

1.6 RESEARCH CONTRIBUTIONS 
Several studies have argued that more research is needed to resolve remaining questions 
surrounding the theory of disruptive innovation (Adner, 2002; Danneels, 2004; Henderson, 
2006; Markides, 2006). A main concern has been that the model is not able to predict whether a 
technology will be disruptive, because no data exists of the future and market and technological 
developments are inherently uncertain. But even if it would have predictive power, no methods 
exist to support the analysis. 

While some of the concerns expressed are justified, there is no doubt that Christensen’s 
seminal work offers valuable insights in the process of technological change. Moreover, it 
provides a clear guidance in addressing the threats and opportunities faced by both established 
and new entrant firms. As Hüsig et al. (2005) argue, there is no doubt that there is a strong 
demand for a comprehensible and easily applicable method to identify disruptive threats from an 
ex ante perspective. For that reason, they have developed a method of their own and applied it 
to test the prediction that WLAN technologies represent a disruptive technology for mobile 
network operators. A second method has been developed by Christensen et al. (2004) and is 
summarized in their book Seeing What’s Next: Using the Theories of Innovation to Predict Industry 
Change. For those familiar with the theory of disruption, these methods provide a simple, step-
by-step guideline to determine impact of an innovation on an industry without the need of 
proprietary information. As will be argued in chapter 5, however, they cannot be used when an 
invention is not yet molded into a commercially available product – like with ad hoc networks – 
which essentially renders them suitable only for short-term predictions, say within 1-3 years. 

The method developed in this study, which combines Christensen’s insights 
(Christensen, 1992a; Christensen, 1992b; Christensen, 1997; Christensen, 2006b; Christensen et 
al., 2004; Christensen and Bower, 1996; Christensen and Raynor, 2003; Christensen and 
Rosenbloom, 1995) with the principles of scenario analysis, is able to identify technological 
threats and opportunities also in the long run. In this thesis it will be applied to test the claim 
that ad hoc networks are a disruptive technology to mobile network operators, but it could be 
applied to any other combination of incumbent industry or emerging technology as well. 

The second research contribution of this thesis is that it is one of the very first 
independent, multidisciplinary studies that assesses the potential impact of ad hoc networks on 
mobile network operators. So far, research on ad hoc networks has been limited to purely 
scientific domains. However, the progress and promises of this technology, the claims of its 
disruptiveness to operators, and the shock wave effect of a possible disruption on the mobile 
services industry, justify this particular case study as subject of this thesis. 

1.7 THESIS OUTLINE 
Based on the considerations presented in this chapter, the remainder of this thesis is structured 
as follows. Chapter 2 addresses sub-question 1a by reviewing the theories of technological 
change and firm survival. It examines the theoretical underpinnings of Christensen’s theory of 
disruptive innovation and looks at the conditions in which the interaction between emerging and 
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established technologies leads to substitution or complementarity. Before diving into the various 
methods for assessing the disruptive character of emerging technologies, the industry and 
emerging technology that are central in this thesis must be introduced first. Chapter 3 analyzes 
the mobile telecommunication services industry and discusses the importance of the sector for 
the economy in terms of revenues and employments, its role as a source of competitive 
advantage in other industries, their stakeholders, industry structure, business models, the MNO 
value network, and challenges currently facing MNOs. Ad hoc networks will be the subject of 
chapter 4, which will give an overview of the most important technological concepts, the current 
state of knowledge, and the most important engineering issues to be resolved before the 
technology can be integrated in commercial applications. These insights are then used in chapter 
5 to answer sub-questions 1b and 1c. Here, existing disruptive foresight frameworks are discussed 
and their applicability tested empirically on the ad hoc networks case. One of the findings in this 
chapter is that the disruptiveness of ad hoc networks cannot be established using these methods, 
because there are virtually no applications available on the market yet and there are too many 
other uncertainties. Therefore, for such cases a new disruptive foresight framework is proposed 
that is based on the concept of scenario analysis. To illustrate the use of this method and answer 
sub-question 2a, it will be applied on the ad hoc networks case in chapters 6 and 7. Chapter 6 is 
used to develop the scenario building blocks, i.e. driving forces, trends and uncertainties. The 
scenarios for the future of mobile network operators are presented in chapter 7, along with their 
implications, early warning signs, and a suggested strategic agenda for operators. Finally, chapter 
8 summarizes the results of this thesis, draws the most important conclusions, provides some 
recommendations for mobile network operators, discusses the limitations and shortcomings of 
this research, and offers a few recommendations and suggestions for further research. An 
overview of the thesis structure is given in Figure 3. 
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2 Technological change and the theory of disruption 

 
 
 

It isn’t that they can’t see the solution. It is that they can’t see the problem. 
 

G.K. Chesterton 
 
 
What should established firms do when confronted with a new technology for which yet no 
market exists, but that has the potential to disrupt the base of competition in its industry? 
Immediately allocate resources to develop it into a product or service and hope a lucrative 
market will emerge? Wait until it has proven its value and then pursue either a defensive or a 
‘fast-follower’ strategy? Or ignore it and keep focused on a large and highly profitable core-
business? 

As a key determinant of industry structure and competitive advantage, technological 
change can have a major impact on the competitive position of established firms (Porter, 1983; 
1985). While incremental technological progress plays a central role in competition by enhancing 
and extending existing products and processes, research has shown that competitive 
environments following a technological breakthrough are sharply different from those that 
prevailed before a discontinuity (Tushman and Anderson, 1986), to the disadvantage of 
established firms. In their study on strategic responses to technological threats, for instance, 
Cooper and Schendel (1976) found that only two out of fifteen firms were able survive 
technological changes in fountain pens, locomotives, leather, boilers, propellers, razors, and 
vacuum tubes. In the industry for semiconductor photolithographic alignment equipment, none 
of the industry leaders survived any of four subsequent major technological changes over a 
twenty year period, in spite of large investments in R&D (Henderson and Clark, 1990). A similar 
fate befell established firms active in many other industries, including watches, artificial hearts, 
textile fibers, and semiconductors (Foster, 1986), in graphical typesetting (Tripsas, 1997b), in 
glass, cement, and minicomputers (Anderson and Tushman, 1990), in disk drives (Christensen, 
1993), in cars (Abernathy and Clark, 1985), in televisions, television tubes, typewriters, 
calculators, and supercomputers (Utterback and Suárez, 1993), in lighting, ice and refrigeration, 
and plate glassmaking (Utterback, 1994). 

What these studies illustrate, is that incumbents have a poor reputation for adequately 
addressing major changes in the business environment. In case of such events, they either 
consolidate their leadership by raising barriers to entry and increasing the minimum efficient 
scale of production, or see their competitive advantages turn into disadvantages, opening up the 
market to new entrant firms that are unconstrained by commitments to the technology being 
replaced. In both cases, the old rules of competition are no longer valid, as firms then find 
themselves in an industry characterized by high levels of uncertainty in which the technological 
and competitive order is being re-established. Although discontinuities occur relatively 
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infrequently, few established firms seem to be able to manage the process of discontinuous 
technological change without decreasing their chances for survival.11  

This chapter addresses sub-question 1a of this thesis (see paragraph 1.4): How does the 
theory of disruptive innovation predict whether emerging technologies are disruptive to incumbent firms in both 
existing and future markets? It first explores the main theoretical perspectives on technological 
change and firm failure, based on an extensive review of the literature on economics and 
strategic management of technology and innovation. As will be shown later on, the real cause of 
failure is rarely the complexity of the emerging technology. The greatest challenges arise from 
within established firms themselves, primarily because their structure and organization are based 
on the assumption of continuity, of order and routine, of predictability. By contrast, 
discontinuous or disruptive technological change is anything but ordered and predictable, and 
managing it requires the kind of organizational characteristics often associated with small firms, 
including flexibility and the ability to quickly adapt and respond to a changing market without 
being burdened by commitments to prior technologies. However, although entrant firms are 
more likely to take over industry leadership under those circumstances, a failure of established 
firms is not inevitable. They may need to change their core business, but as long as they 
understand the forces at work and understand which management tools and practices are best be 
employed given the circumstances, they should be able to survive. 

The objective of the following paragraphs is to present a theoretical framework for firm 
failure that will be used later on in this thesis to analyze a number of scenarios for the future of 
mobile network operators as a result of the emergence of mobile ad hoc networking 
technologies. To illustrate the dynamics of technological change and firm failure, this chapter 
starts with a case study of the telecommunications industry in its very early days, which analyzes 
the battle between the telegraph and the emerging telephone. It well characterizes the type of 
strategic challenges that mobile network operators may face with ad hoc networks. It also serves 
to understand this thesis’ perspective. The second paragraph focuses on the general 
characteristics of the process of technological change and the interrelationship between 
technological change, industry structure, and firm survival. It specifically looks at the types and 
models of technological change, and the main drivers behind the process of technological 
change. Building on some of these concepts, the final paragraph then introduces a special type of 
technological change: disruptive innovation, a concept that has gained widespread attention over 
the past decade and that is now widely regarded as one of the major causes for firm failure. It 
discusses the conditions and circumstances in which these types of innovations are particularly 
threatening for established firms, and analyzes the type of strategies that may or may not be 
successful in confronting disruptive challenges. The underlying theory of disruption is the one of 
the fundaments on which the analyses later on in this thesis will be based. 

2.1 TECHNOLOGICAL CHANGE AND THE FAILURE OF ESTABLISHED FIRMS 
It was 1876 when Western Union’s management decided to reject Alexander Graham Bell’s 
$100.000 offer for his patent on the telephone. For a company the size of Western Union it 
                                                 
11 There are numerous examples of established firms that actually did survive radical technological change. Many of them are 
presented in the works of authors cited in this chapter as a means to clarify and further improve their theories. Some examples 
could be accounted for only after subsequent research, others were true anomalies that their theories could not explain. The 
important point here is that this thesis acknowledges their existence while searching to avoid a deterministic view on the process 
of technological change. Established firms can survive radical technological change. Using the theories of innovation, however, 
this chapter argues that under certain circumstances this is not very likely to happen. These circumstances will be determined in 
paragraph 2.3 
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appeared to be a small, low risk investment, but it was not convinced of the use of such a device. 
Prospects for telephony were all but clear, whereas the market for long-distance telegraphy – the 
company’s core business – was highly profitable and growing rapidly. Moreover, in their opinion 
Bell’s design had many shortcomings: the first prototypes were bulky, expensive and unpractical; 
the quality of sound was poor and one had to shout to be understood; and due to technical 
limitations, the range of voice communication was only a few miles, whereas Western Union’s 
telegraph network stretched from coast to coast. But most importantly, management did not 
view telephony as a competitive threat to its telegraph business. The two systems were 
incompatible, and where telegraphy was used for long-distance communication, telephony would 
only replace personal travel and local messengers. Long-distance telegraphy was booming 
business and the company considered that the future means of communication. It simply did not 
see what use it could make of Bell’s “electrical toy” (Casson, 1910). 

Initially, the huge potential of his invention was not clear to even Bell himself. He called 
his patent “an improvement in telegraphy” simply because there was not anything like it. But 
even though he had never done any experiments, Bell was convinced that his device was capable 
of transmitting speech. However, he had no clue whether there would be demand for it, let alone 
how large the market size for telephones could be. Apart from the technical limitations of his 
design, investors and the scientific press found the idea of talking to a box so ridiculous that he 
was facing serious difficulties raising capital for developing it into a commercially viable product. 

At the same time, he feared the financial strength of Western Union. Elisha Gray, one of 
the company’s engineers, had developed a similar device that could simultaneously carry various 
frequencies and filed a patent application just hours after Bell did. Also Gray was convinced that 
his “harmonic telegraph” could be used for voice, even though his employer had no intention to 
proceed in that direction. At that point, with an established company with patent rights to a 
related design and a serious lack of resources, Bell found himself in a relatively weak position to 
proceed with his project (Brock, 1981). Nevertheless, after Western Union expressed its 
disinterest in local telecommunication markets – including those for telegraphy services – he 
decided to continue and commercialize the telephone on his own. 

With support of a number of investors, Bell managed to resolve some technical issues 
and subsequently started a manufacturing company, which took the telephone in production. 
Line construction and maintenance were outsourced to local network operators, which in turn 
leased the telephones from Bell’s company. In 1877 the very first basic, point-to-point telephone 
service was offered to local businesses in Boston that wanted to communicate directly with their 
nearby offices without an intermediary or skilled operator. With a growing number of customers 
and the technology steadily improving, benefits of the telephone gradually became visible to a 
broader audience and soon other local network operators purchased licenses from Bell and 
started their own networks elsewhere in the US to meet a growing demand. The number of lines 
required for point-to-point connections quickly proved to be unpractical and one year later, the 
first local telephony exchange opened its doors to enhance the scalability of the network and 
improve the utility to its users. In 1880, nearly 50.000 Bell-devices were installed in the US alone, 
including one at the White House, and by the turn of the century, that number rose to over one 
million. 

Western Union did not completely ignore the success of the telephone and entered the 
market with a design based on Gray’s patent. Although it did not view telephony as its core 
business, Western Union started a head-on competition with Bell, targeting the same customer 
groups (businesses and wealthy families) in the same urban areas. And it was not quite 
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unsuccessful, both in terms of number of customers as well as in pushing its own technology to 
the limits. It hired Thomas Edison to realize substantial improvements in voice quality and it 
developed some additional features like a directory service. One of its major customers was the 
New York Stock Exchange that valued the speed of the telephone. 

Competition, however, did not last for long. Bell was convinced that Western Union 
violated its patents and filed a patent infringement suit against its stronger competitor. The suit 
continued for some time, but was then settled. Telephony still did not have Western Union’s 
priority and it needed all its resources to maintain its leading position in the telegraph market 
where a fierce competitive battle was going on. Bell agreed to take over Western Union’s patents 
and telephone activities for seven million dollar – a small price for a monopoly that lasted for 
almost a century (McMaster, 2002). But the deal was important for Western Union as well. 
Telegraphy and telephony were still complementary at the time and Bell promised not to enter 
the telegraphy business, maximizing total profits for both companies. 

In 1885, Bell founded the American Telephone and Telegraph (AT&T) Corporation. His 
own company was becoming too small to meet a rapidly growing market demand. The creation 
of AT&T allowed him to outsource the production of telephone equipment to Western Electric 
(a subsidiary of Western Union), which had sufficient capabilities and capacity for mass 
production. It was also the first step acquiring and interconnecting all local exchanges in the US 
that operated under Bell’s license in order to create a nation-wide network. By then, technology 
had sufficiently progressed to make long-distance voice communication possible, first in the 
order of tens of miles, but eventually becoming a full substitute of the telegraph. That proved to 
be the end of a once so powerful monopolist. In 1909, Western Union was taken over by AT&T, 
which was well on its way to become one of the world’s largest telecommunication companies of 
the 20th century. 
 
The history of the telephone offers a powerful insight into the creation and destruction of an 
established company as a result of technological change. Western Union’s decision to ignore the 
telephone proved to be fatal, yet neither Western Union nor Bell could have foreseen the success 
of the telephone given the context and signals available at the time. Western Union did not view 
it as an opportunity nor as a competitive threat. The market for telephony was small or 
inexistent, the technology had a number of drawbacks, and the company’s existing customers 
could not use the device – it’s range was too limited and there were too little people that could 
be reached. Although it pursued a fast-follower strategy for a while, the telegraph company 
ultimately chose to ignore it and keep focused on a large and highly profitable core-business. 

To a small entrepreneur like Bell, on the other hand, the potential market for telephony 
seemed boundless. He focused on a new group of customers with a new technology to serve a 
latent need for a more convenient way of communication that initially could not and did not 
compete with any of the existing technologies. It took a couple of years for that market to 
emerge, but when it did, it took off extremely fast. The settlement with Western Union further 
reinforced his market position. It stimulated acceptance of the telephone and, what’s more, 
ownership of a large number of telephony-related patents and a huge network that proved to be 
a huge barrier of entry to new firms. But the real key to the success of Bell’s AT&T – and 
ultimately the downfall of Western Union – was the development and deployment of long 
distance voice communication networks twenty years after the invention of the telephone. 

Did Western Union make a judgment error? With today’s knowledge, one would tend to 
believe so. However, things were not that obvious at that time. Western Union did not have any 
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reason to enter the telephone business. Its telegraph business was generating a solid stream of 
revenues; its customers included the largest banks, newspapers, and railway companies in the 
country; and there was more than enough room for further improvement of its technology. In 
addition, the inherent uncertainty of the significance of new inventions and new patents prevent 
any firm from correctly estimating the value to be placed on new developments (Brock, 1981). 
Given the information available about the emerging technology, Western Union simply should 
not and did not purchase Bell’s patents. Its inability to defend its position later on was the 
inherent consequence of the forces of technological change, in spite of all its financial resources. 

In a time of rapid technological developments, monopolies are short-lived. What 
happened to Western Union, the world’s leading telecommunication company in the nineteenth 
century, happened to many other great companies. And it could happen to mobile network 
operators in the near future. In order to anticipate a similar fate for their industry it is necessary 
to question the dominant assumption that cell phones will continue to dominate the world of 
mobile telecommunications and keep providing a solid stream of revenues. A number of trends 
is already visible that show that MNOs will get it more difficult, like declining market growth, 
increasing supplier power, and the immense popularity of wireless internet (Wi-Fi). Those will be 
discussed in chapter 3. The following paragraphs will first take a closer look at some theories of 
innovation and technological change that will help understanding the dynamics of technological 
change and the long-term impact of current technological developments on the market. 

2.2 PROCESSES OF TECHNOLOGICAL CHANGE 
The competitive battle between the telephone and the telegraph took place over more than a 
hundred years ago, but is no less a case in point about how the emergence of a new technology 
can ultimately lead to the downfall of healthy and widely credited industry leaders. Although 
established firms survive these kinds of attacks far more often than not, the failure to come up 
with an effective response in the small number of cases that do matter can have devastating 
effects, even wide beyond the boundaries of the firm and its industry. It often involves massive 
job losses, the loss of (intellectual) capital, and the redefinition of the competitive order within 
industries. The processes of technological change at the heart of these waves of industry renewal 
are complex and omnipresent, and it is just a matter of time before mobile network operators 
find themselves in the same position as Western Union did more than a century ago. A better 
understanding of these processes, therefore, is essential if these companies want to increase their 
chances for survival. 

Central to the understanding of technological change is the concept of innovation. 
Several definitions of innovation can be found in the literature. Although they may differ in 
wording or emphasize specific characteristics, all definitions involve the invention, development 
and commercialization of new knowledge. For the purposes of this thesis it is useful to adopt a 
more precise definition of innovation and to include the technical, design, manufacturing, 
management and commercial activities involved in the marketing of a new (or improved) 
product or the first commercial use of a new (or improved) process or equipment (Freeman and 
Soete, 1997). Hence, invention and innovation do not share the same meaning. Whereas an 
invention is considered to be successful if it works in a technical sense, an innovation can only 
be considered successful if it has success in the market as well. Contrary to what sometimes 
seems to be suggested by the popular business press, innovations are the result of an often 
complex innovation process, i.e. the combined activities leading to new, marketable products and 
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services and/or production and delivery systems (Burgelman et al., 2004). Innovation can 
encompass a new product, a new process, a new service, but also a new way of doing business. 
Some innovations incorporate a new or improved technology, while others combine existing 
technologies in entirely new ways. 

The following sections take a closer look at processes of technological change and reflect 
its current understanding in today’s research literature. They serve as a point of departure for the 
analysis of the possible effects of the emergence of ad hoc networking on the industry position 
of mobile network operators later on in this thesis. Technological change comes in many forms, 
often classified along a number of dimensions. The first section describes the most common 
types of technological change and their relation to the success or failure of established and 
entrant firms. The dynamics of technological change and the interaction between market, 
industry, and innovative activities are discussed next. And finally, an attempt is made to 
understand the drivers behind the processes of technological change. 

2.2.1 Types of technological change 
Not all innovations are the same. Different kinds of innovations represent different kinds of 
challenges that need to be managed at different levels in the organization. A failure to recognize 
the type of innovation one is dealing with, makes it impossible to deal with it effectively and may 
ultimately lead to the loss of a firm’s competitive advantage. For the future of mobile network 
operators, it is therefore important to understand what kind of innovation ad hoc networks will 
be and how they could affect their current business. 

Several innovation categorization schemes can be found in literature, but one of the most 
popular is the distinction between incremental versus radical innovation.12 Whether an 
innovation can be classified as either incremental or radical typically depends on the degree of 
novelty involved and on the economic value it generates. Incremental innovations introduce 
relatively minor improvements to an existing product or service and are often the result of 
quality improvement programs such as Business Process Reengineering and Total Quality 
Management. GSM handset manufacturers, for example, have been introducing new product 
models every couple of months, each subsequent model with a larger display, a fancier design, 
improved sound quality, increased functionality, a reduced size, and extended battery life. But 
even though in ten years time their products have undergone a complete metamorphosis, it is 
really the result of a large number of small product improvements; the underlying technological 
concepts remained more or less the same. Hence, the degree of novelty of each improvement to 
either customers or producers is limited (Clark, 1985), as is the additional economic value that it 
produces. Yet it does extend the overall value proposition of the product, and therefore must be 
pursued in order to remain at the competitive edge. Fortunately, incremental changes are well 
understood and the risks involved are rather small. And that is what makes them so attractive for 
established firms, because they rarely have significant organizational or strategic implications and 
can therefore be dealt with by the lower echelons in the hierarchy. 

Radical innovations, in contrast, have a high degree of novelty and are based on 
completely different sets of technological and scientific principles compared to preceding 
applications – if they exist. They usually result in new products or services, open up whole new 

                                                 
12 Various dichotomies with similar meanings can be found in literature, including: continuous vs. discontinuous technological 
change (Tushman and Anderson, 1986), regular vs. revolutionary (Abernathy and Clark, 1985), evolutionary vs. revolutionary 
(Iansiti, 2000), incremental vs. breakthrough (Rice et al., 1998), and progress along technological trajectories vs. paradigm shifts 
(Dosi, 1982). 
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markets, and may even change patterns of human behavior by offering new value propositions. 
After all, how would the world look like without cars, televisions, or the Internet? Because of 
their nature, radical innovations are quite rare; it is estimated that only ten percent of all 
innovations can be considered as such (Garcia and Calantone, 2002). However, their economic 
potential is generally much larger than that of incremental innovations, even though patience and 
further improvements may be needed to set off large-scale adoption. On the other hand, the 
risks involved are much higher and it proves to be much more difficult to create radically new 
products and services that are commercially successful. But those that do succeed not only create 
markets that undermine the competencies and complementary assets on which established firms 
have built their successes (Markides and Geroski, 2005), they may even redefine their industries. 
Hence, radical innovations can have serious strategic and organizational implications and 
therefore require the involvement of senior management. 

The observation that different kinds of innovation have different kinds of competitive 
effects has widely been recognized since Schumpeter’s seminal thoughts on technological change 
(Schumpeter, 1934; Schumpeter, 1942). Incremental innovation tends to reinforce the 
competitive position of established firms, while entrant firms seem to be better equipped to deal 
with the highly uncertain, rapidly evolving, and changing conditions associated with radical 
innovation (Abernathy and Clark, 1985; Cooper and Schendel, 1976; Ettlie et al., 1984; Foster, 
1986; Henderson and Clark, 1990; Nelson and Winter, 1982; Tripsas, 1997a; Tushman and 
Anderson, 1986; Utterback, 1994). This can be explained by differences in technical and 
organizational capabilities of both firm types relative to the degree of novelty of an innovation. 
Whereas their sheer size, structures, procedures and routines give established firms an advantage 
in improving existing products, the organizational characteristics of entrant firms – highly 
flexible, agile, fast learning, tolerant for ambiguity and uncertainty – give them what Foster 
(1986) calls “the attacker’s advantage” in developing and introducing radically new technologies, 
or in transferring them from one industry to another. When a radical innovation arrives on the 
market, the rules of the game change. Whereas this opens up a whole range of opportunities for 
entrant firms, many established firms become stuck in the modes of thinking and working that 
brought them their initial success and fail (Sull, 1999). Hence, established firms should 
particularly be aware of radical, discontinuous technological change. 

Some established firms, however, do survive radical technological change, while others 
do not manage to even survive apparently minor, technically straightforward changes. To 
account for those two anomalies to the incremental/radical innovation framework, several 
scholars have searched for alternative explanations for success and failure. For instance, in their 
study on the impact of technological breakthroughs on environmental conditions in the 
minicomputer, cement, and airline industries, Tushman and Anderson (1986) conclude that there 
actually exist two kinds of radical, or discontinuous innovations. Competence-destroying 
discontinuities change the set of relevant competencies necessary to successfully compete in an 
industry in such a fundamental way, that they often have devastating consequences for 
established firms. To illustrate their point, the authors use the example of the vacuum tube 
industry, which virtually disappeared after the advent of the transistor with its superior technical 
performance. Competence-enhancing discontinuities, on the other hand, take advantage of the 
skills and knowledge that established firms have carefully built up in mastering the old 
technologies. Hence, aircraft manufacturers, for example, were able to maintain their market 
dominance when the turbofan substituted for the jet engine. 
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Tushman and Anderson demonstrated that under certain circumstances established firms 
can survive discontinuous technological change. But their theory could not explain why large 
companies like Xerox and RCA had lost their leading positions in copiers and radios to entrant 
firms like Canon and Sony that introduced seemingly minor improvements to existing 
technologies (Clark, 1987). In an attempt to account for those cases as well, Henderson and 
Clark (1990) developed an alternative framework that classifies innovations along two 
dimensions. It involves a two-by-two matrix, where the horizontal axis captures an innovation’s 
impact on the core design concepts of a product and the way in which they are implemented in a 
particular component, and the vertical dimension captures its impact on the way in which those 
components are integrated and linked together into a coherent whole – the product architecture. 
This is visualized in Figure 4. 

 

 

Figure 4. Innovation type matrix 

Source: Henderson and Clark (1990) 

 
From their perspective, incremental innovations build upon and reinforce an established design; 
modular innovations introduce a new component technology without substantially changing the 
product architecture; architectural innovations change a product’s architecture without 
substantially changing its components; and radical innovations create a whole new set of 
components that are linked together in a new product architecture. By looking closely at the 
relationship between organization structure and knowledge flows during periods of technological 
change, Henderson and Clark found that incremental and modular innovations tend to be 
competence-enhancing and typically reinforce the competitive positions of established firms. 
Radical innovations, in contrast, continue to represent a daunting challenge for those firms, since 
they destroy the usefulness of the architectural and component knowledge that brought them 
fortunes with existing products and services. But their most interesting finding was that 
established firms will go through turbulent times even when it is just the product architecture 
that changes – regardless of the magnitude of the change. Their explanation is based on the idea 
that the way in which components within a product interact with one another, is determined by 
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organizational communication and coordination patterns that emerge over time during the 
product development process. When the product architecture changes, a different set of 
interaction patterns is required. However, firms usually do not realize it in time – the change can 
often initially be accommodated within the existing organizational structure – or they will not be 
able to respond promptly because adjusting them is costly and time-consuming (Nelson and 
Winter, 1982). As a result, radically new products developed by established firms tend to be 
inferior to those developed by entrant firms, who generally do not face such challenges. 

In other words, Henderson and Clark relate firm failure as a result of technological 
change to the structure of the organization. Their research confirms the findings of Tushman 
and Anderson that established firms lose their dominant positions to entrant firms if an 
innovation is introduced in their industry that does not build upon their architectural knowledge 
and skills. There seems to be one exception to this general pattern, though. As Tripsas (1997b) 
observes, chances for survival in such cases are significantly higher when a firm’s complementary 
assets are highly valued by the market, i.e. when besides product performance, factors like a large 
distribution network, service offered, a strong sales force, and a good reputation, are important 
purchase criteria. 

In summary, each of the innovation types here discussed entails specific challenges for 
established firms. When considering incremental and radical innovations as opposite ends of a 
continuum, however, the latter category poses the greatest challenges in terms of their chances 
for survival. 

2.2.2 Models of technological change 
Several authors have pointed out that the types of innovation previously discussed are closely 
linked to commonly observed patterns in the (co-)evolution of various technologies, industries 
and organizations (see e.g. Abernathy and Clark, 1985; Anderson and Tushman, 1990; Utterback, 
1994). Although the interaction between the three is very complex and dynamic, three models 
have been developed that provide fruitful insights about how technologies evolve over time and 
about the relationship between technological change and organizational outcomes at the industry 
level. By explaining what types of innovations are likely to occur at different stages of an 
industry’s or technology’s lifecycle and under which circumstances established and entrant firms 
are likely to either succeed or fail, these models are particularly useful for identifying signs and 
conditions for possible industry change early on and for analyzing threats and opportunities 
posed by new technologies (Du Preez and Pistorius, 1999; Du Preez and Pistorius, 2003). 

A cyclical model of technological change 
The first model describes how new technologies are selected and retained and is centered around 
the concept of dominant design. It was originally developed by Abernathy and Utterback (1978) 
and later incorporated by Anderson and Tushman (1990) in their evolutionary model of 
technological change, which is illustrated in Figure 5. 
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Figure 5. A cyclical model of technological change13 

 
In their longitudinal study of a number of industries, Anderson and Tushman discovered a 
consistent pattern in the life cycle of technologies, one that is closely connected with the 
evolution of industries. Each technology cycle is initiated by a technological discontinuity and 
successively advances through a period of variation, selection, and retention, until a new 
discontinuity inaugurates the start of a new cycle. Consistent with the definitions in the previous 
section, technological discontinuities are radical innovations that advance the industry’s 
maximum achievable price vs. performance frontier by an order of magnitude and involve 
fundamentally different product forms or ways of making a product (Tushman and Anderson, 
1986). A discontinuity can be the result of a new-to-the-world technology, like the transistor or 
the safety razor. But it can also be the result of a speciation event – the application of an existing 
technology to a new domain of application (Levinthal, 1998), as has been the case in the 
commercial application of GPS and Internet technologies, which where originally developed for 
the US military. 

Each technological discontinuity heralds an era of ferment in which vast numbers of 
firms rush onto the market, together introducing a broad range of product variants or 
technologies in newly created market niches based upon the new technology. This turbulent 
phase is characterized by two distinct selection processes (Anderson and Tushman, 1990). First, 
there is intense competition between the new and old technology, which eventually leads to the 
substitution of the latter if the new technology turns out to be superior. The second process 
partly coincides with the first and involves intense competition between new product designs. 
This results in high degrees of market uncertainty as well as technological uncertainty. Potential 
consumers have no previous experience with the new product and often find it difficult to 
compare – often incompatible – product variations, like for example in the early days of the 
home videocassette recorder and the battle between the Betamax and the VHS system 
(Cusumano et al., 1992). On the supply side, firms are in search for a way to create and deliver a 
product that will best satisfy perceived customer needs and preferences. Hence, due to ill-defined 
markets and technologies that are not well understood, there is extensive experimentation among 
competing firms, many of which will not survive. 
                                                 
13 After Anderson and Tushman (1990). 
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Gradually, however, one or two dominant designs emerge – a design architecture that 
becomes the accepted market standard. Basically it is the result of a combination of social, 
economic, and political forces, and a series of technical decisions about the product constrained 
by prior technical choices and by the evolution of customer preferences (Utterback and Suárez, 
1993). According to these authors, dominant designs are rarely superior to competing designs in 
terms of performance, functionality, or architecture, even though in hindsight they often appear 
to be so.14 In fact, they usually lag behind the industry’s technological frontier, since state-of-the-
art designs are either too expensive or are too complex to meet the needs of a large group of 
customers (Anderson and Tushman, 1990). Moreover, dominant designs often do not 
incorporate pioneering technologies. Instead, they typically synthesize a number of technologies 
introduced independently in earlier designs that often have already been tested and modified by 
users (Abernathy and Clark, 1985; Suárez and Utterback, 1995). These technologies combined in 
a single design with a stable product architecture (Henderson and Clark, 1990) then serves as a 
model for all subsequent designs. Common examples of dominant designs are the VHS video 
system, the IBM personal computer, the AC power system, the Ford Model T automobile, the 
telephony system, and the QWERTY keyboard. 

The emergence of a dominant design is the second watershed event in the technology life 
cycle, marking the end of the era of ferment and the beginning of an era of incremental change 
(Anderson and Tushman, 1990). Fixing architecture and core features of the product, it has the 
effect of enforcing a technical standard on the industry.15 With the market now defined and 
product performance parameters established, the nature of innovation changes substantially. 
From developing a variety of alternative product configurations, technological progress now 
shifts towards incremental improvements of component technologies of similar products. There 
is an increasing focus on process innovation as well, gradually transforming the production (or 
service delivery) process, from a heavy reliance on skilled labor and general-purpose equipment 
towards specialized equipment and low-skilled labor (Utterback, 1994). Since this allows for the 
exploitation of economies of scale and other barriers of entry, the number of firms declines 
rapidly until it stabilizes around an oligopoly of a few large firms, while the probability of success 
of subsequent entrants reduces drastically (Suárez and Utterback, 1995). Firms that do survive, 
change their strategies from high performance to cost minimization or to differentiation through 
minor design variations and strategic positioning tactics (Porter, 1985). Nonetheless, a dominant 
design considerably restricts the range of product variety, which makes it much less complicated 
for consumers to compare products and to make an informed choice. It may even attract entirely 
new classes of consumers. Therefore, the emergence of a dominant design generally results in a 
sharp increase in demand, transforming what once appeared to be an insignificant niche market 
with specialized products into a full-fledged mass market with commodity products. Finally, by 
the time a new technological discontinuity is about to occur, most entrepreneurial start-ups that 
laid the foundations of the industry have long been forgotten, leaving an established market to a 
few large firms that managed to survive the post-dominant design shake-out – established firms, 

                                                 
14 The only reason why dominant designs appear to be technically superior is because they gained support after they had been 
selected, not vice versa. 
15 Dominant designs and standards are two related but distinct concepts. Standards define how various components in a system 
should work together. They are often the result of power battles between firms or groups of firms, or are imposed on an industry 
by governmental agencies or regulators. An example is the GSM standard, which includes a set of design specifications that 
define how mobile phones and base stations should interact. Dominant designs, on the other hand, are the result of a set of 
complex and apparently random events in the economic, social, and organizational environment. Nonetheless, dominant designs 
may be based on a standard, and standards may be accepted because they are included in a dominant design (known as de facto 
standards). 
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by then, that have a strong focus on improving and extending their current business but that 
offer few incentives for radical innovation. 

In relation to the subject of this thesis, there are two important points to take from this 
model. First, due to the market and technological uncertainties during the era of ferment, 
dominant designs cannot be known in advance. Otherwise, they would merely be the result of 
the selection of a design that best meets a given set of customer demands. It is therefore 
impossible to determine ex ante the killer application that embodies ad hoc networking 
technology. Second, even competence-destroying discontinuities do not necessarily lead to the 
failure of established firms. If an industry has more than one dominant design, then the change 
of one dominant design will not have a significant influence on the firms in that industry. 
Michelin’s radial-ply tire replaced the bias-ply tire in the 1970s, but it had no impact on the 
automobile market (Foster, 1986). Similar patterns have been observed in the aircraft (Tushman 
and Anderson, 1986) and computer industries (Christensen, 1993). Similarly, the emergence of a 
dominant design does not need to have devastating consequences if a firm is active in several 
industries. 

Technological paradigms and technological trajectories 
Inspired by the work on scientific developments of historian of science Thomas Kuhn (1970), 
Dosi (1982) introduced the concepts of technological paradigms and technological trajectories in 
his attempt to account for both continuous and discontinuous technological change. He 
characterizes a technological paradigm as a “model and a pattern of solution of selected 
technological problems, based on selected principles derived from natural sciences and on selected 
material technologies” (p. 152; original Italics). Within each technological paradigm, one or a few 
directions of technological progress with a core set of possibilities can be identified, which he 
calls technological trajectories, and which are influenced by both market and technological 
factors. Continuous technological change can then be viewed as progress along such a trajectory 
and can often graphically be represented as a trajectory of performance improvement of a class 
of products over time. The start of a new trajectory – often due to the emergence of a new 
paradigm – then indicates a technological discontinuity. 

Because the nature of science and technology is complex, technological paradigms can 
never explain everything, nor can they explain anything perfectly. Once established, however, 
they are a powerful way of organizing a class of phenomena such that the efforts and 
imagination of engineers and their organizations are focused in rather precise directions and are 
‘blind’ to other technological possibilities. Hence, it is a self-reinforcing concept that strongly 
influences the structure and activities of organizations and entire communities of scientists and 
engineers. It creates shared values and expectations in such a way that all innovative activities 
appear to be coordinated. Although most paradigms may seem relatively stable for relatively long 
periods – e.g. the basic concept of the diesel engine has not changed in nearly a hundred years – 
the changing social and economic environment continuously interacts with the process of 
selecting new technologies, with their development, and with their eventual obsolescence and 
substitution. What can be observed during this evolutionary process of selection is that new 
companies attempt to exploit different technological innovations, while markets perform as a 
system of rewards and penalizations. Occasionally, a new paradigm emerges that overthrows the 
old one by discontinuing its technological trajectory. This proves to be a significant challenge for 
established firms, because it redefines the very meaning of progress, pointing them toward 



Sander Kerremans  Chapter 2: Technological change and the theory of disruption 
 

 27

entirely new classes of problems as the targets of ensuing normal technology development 
(Rosenbloom and Christensen, 1994). 

The technology S-curve 
Technological trajectories are often used to track and compare the rate of incremental 
performance improvement of products or processes in a given period of time or resulting from a 
given amount of engineering effort. The resulting pattern is typically an S-shaped curve, which 
can be explained as follows. In the early stages of a technology, the rate of performance 
improvement is relatively low. As the technology becomes better understood, controlled, and 
diffused, the rate of technological progress accelerates (Sahal, 1981). In the end, however, every 
technology will reach a performance limit due to space or resource constraints, intrinsic 
properties of the materials used, or as a consequence of the laws of physics. Therefore, 
increasing amounts of engineering effort (and money) are required in order to maintain the same 
rate of performance improvement towards approaching that limit, else that rate will simply 
decline. 

The technology S-curve16 is driven by incremental or modular innovations and can be 
used to assess the competitive potential of one technology relative to another. But it can also be 
used to demonstrate a vulnerable competitive position. When the rate of performance 
improvement passes the inflection point, the probability that the technology will be overtaken by 
a radically new technology – i.e. that follows a new technological trajectory - increases. This 
process is visualized in Figure 6. Initially, the new technology may have lower performance or 
higher cost. Because its impact on the incumbent technology is unclear at the outset, firms in the 
established market often ignore it – even if the potential for significant performance 
improvements is high. The superiority of the incumbent technology may remain for a while, but 
as its rate of performance improvement is declining, the increasing rate of performance 
improvement of the new technology will ultimately lead to its displacement, often in a very short 
period of time. 
 

                                                 
16 Not to be confused with the adoption S-curve. 
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Figure 6. Technology S-curves17 

 
In response to the emerging threat, established firms are likely to redouble their efforts to 
improve their technology than to switch to new technology, even after the superior performance 
of the latter had been proven (Cooper and Schendel, 1976; Utterback, 1994). Their strategy can 
be explained by huge investments made in the technology in terms of resources and capabilities, 
which are of little value for dealing with the new technology. In economic terms, these 
investments should be considered as sunk costs and thus ignored in the decision whether or not 
to switch to the new technology. To sacrifice a proven technology that has been the source of a 
firm’s success for one that is still in its infancy, however, requires the ability to look beyond 
short-term profits and extraordinary leadership skills and persuasiveness in order to make the 
leap. This proves to be difficult for established firms and – as discussed earlier – is a primary 
source for the attacker’s advantage of entrant firms. Yet the following burst of improvement in 
incumbent technology is merely a stay of execution.18 

The technology S-curve has so widely been observed that it has become a central 
concept in technology strategy analysis and development (Burgelman et al., 2004; Christensen, 
1992a; Foster, 1986). It provides a deeper understanding of performance developments and 
limits of technologies, especially at the industry level.19 Sometimes it is even used as a forecasting 
tool. However, caution is in order. Using the technology S-curve requires performance attributes 
that can be measured and that at the same time can directly be related to the product’s core 
technology,20 which is not always possible. Second, the true technological limits of a product may 
be unknown, even to scientific or industry experts. Sometimes the potential of an existing 
technology can still be extended significantly due to improvements of a single part or subsystem 
as a result of a breakthrough, even in an unrelated field or discipline. For instance, only a few 
years before the invention of the aircraft by the Wright brothers, renowned physicist Lord 
Kelvin claimed that “heaver-than-air flying machines are impossible”. In 1943, IBM’s chairman 

                                                 
17 Adapted from Foster (1986), Christensen (1992a) and Utterback (1994). 
18 Only if the burst of performance improvement of the old technology is big enough, the established firm may be able to ward 
off the attack by the new technology. 
19 The technology S-curve is less useful at the company level, because it distracts the attention from the competition. 
20 Even in case of complex products or processes, performance can usually directly be related to one or two core technologies. 
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Thomas Watson predicted that the world market for computers would be five at maximum. 
Three decades later, DEC’s president Ken Olson was more optimistic,21 but even he proved to 
be wrong. So it is still quite difficult to decide whether or not to continue investing in the 
incumbent technology or to switch to a new technology on the basis of current know-how. 
Finally, the relevant performance parameters as valued by the market may shift over time; for 
example from functionality, to speed, to reliability, and eventually to cost. Focusing too much on 
a particular technological trajectory, therefore, may also have negative competitive consequences. 

2.2.3 Drivers of technological change 
The models of technological change discussed in the previous section clearly demonstrate the 
effect of the evolution of technology on the competitive nature of an industry – and, as a result, 
the survival of firms – through what Schumpeter (1942) calls “the process of creative 
destruction”, in which innovative activities simultaneously create new markets and destroy 
existing markets. It is a process of constant renewal and the mechanism by which capitalist 
economies and industries gain their competitive strength. Although these models offer a 
simplified view of industrial dynamics, the general patterns described have been evidenced 
throughout the history of many industries (Anderson and Tushman, 1990; Cooper and Schendel, 
1976; Foster, 1986; Utterback, 1994). 

As to the question what drives these processes of technological change, a distinction is 
often made between two approaches or strategies: technology push and market pull. Technology 
push refers to the situation where firms or industries have developed a new technology for 
which market demand needs to be created or developed. In a market pull situation, by contrast, 
users or potential customers have already developed a specific set of needs and are in search for 
a product or technology to satisfy those needs. Hence, market need drives the innovation 
process. 

The fundamental difference between the two approaches is the role of market signals in 
directing innovative activities and technological change (Dosi, 1982). Since there are usually no 
barriers to entry to markets that do not exist, a technology push strategy allows firms to 
experiment freely and extensively in their search for commercially viable applications.22 But as 
there is no clear target group, it comes at a cost. In spite of large investments, most applications 
never make it beyond the experimental stages – often leading to the demise of their originator. In 
fact, history of science and technology is replete with examples of inventions that did not 
become commercial successes. As Burgelman and Sayles (1986) point out, such inventions are 
often solutions to problems that do not exist, address the needs of atypical users (leading to a 
false projection of market potential), or aim at too obvious areas of application. Those that do 
become successful, have very slow adoption rates as creating demand takes time. 

Market pull strategies do not have this disadvantage because demand already exists. Risks 
are smaller, which helps in gaining support from management to secure sufficient resources for 
the development of new applications. And marketers are generally better able to pin-point the 
direction towards potential solutions. However, also market pull strategies have several 
shortcomings. For instance, it may be easy to identify a need, but it is quite difficult to find one 
with great commercial potential, or to generate the required technology to meet that need. 

                                                 
21 See quotation at the beginning of chapter 5. 
22 Cf. the characteristics of the ‘era of ferment’ discussed in the previous section.  
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Furthermore, needs may change due to social, economic or technological developments, 
prematurely closing the window of opportunity. 

Some authors are very critical of the question of whether it is market demand that drives 
technological change or technology push that drives the market. Dosi (1982), for instance, rejects 
these unidirectional approaches of technological change, because in his view there is a complex 
structure of feed-backs between the economic environment and the directions of technological 
change. Successful innovation implies both technological success (‘it works’) and market success 
(‘it sells’), and this cannot simultaneously be achieved by either of the two approaches alone. 

Nonetheless, still others argue that radical innovations are pushed into the market, while 
incremental innovations are driven by demand (Abernathy and Clark, 1985; Day and 
Schoemaker, 2000b; Markides and Geroski, 2005). They observe that in most cases demand was 
the result – and not the cause – of the commercialization of radically new technologies. 
Frequently cited examples are 3M’s Post-it notes, CDs and DVDs, the telephone, 
semiconductors, and the Internet. Moreover, if demand were the main driving force, then how 
could it be explained that large numbers of radical innovations do not become commercial 
successes? That radically new technologies are pushed into the market does not mean that 
market demand does not play a significant role in shaping innovations. On the contrary, 
Markides and Geroski argue that it does by setting broad research priorities, by determining 
when inventions are ready to be commercialized (timing), and – of course – as a selection 
mechanism that determines the commercial success of an innovation. However, real radical 
innovations rarely originate from users or customers.23 User-centered innovations are important, 
as the work of Von Hippel (2005) demonstrates, but their main role is in improving existing 
technologies or products. For example, the difficulties users experienced in handling the early 
computers ultimately led to the development of the graphical user interface (GUI) of the 
Windows and Mac OS operating systems. 

2.3 THEORY OF DISRUPTION 
The theories of innovation discussed so far have become centerpieces in today’s innovation 
management literature. They provide a fairly accurate and widely accepted understanding of the 
dynamics of technological change and the resulting impact on firms and industries, and are often 
used as a first approach in exploring new case studies. Although their perspectives differ, they 
support the dominant view in strategic management of technology and innovation that 
established technologies and firms could only be displaced when new technologies offer superior 
performance and when incumbents lack the capabilities or competencies to match that 
performance (Burgelman et al., 2004). 

In more complicated situations, however, these theories do not seem to be appropriate 
to account for the patterns observed. There have been numerous situations in which incumbents 
actually did successfully deal with discontinuous technological change, even though theory 
predicted failure – and vice versa (e.g. Christensen and Bower, 1996; Christensen and 
Rosenbloom, 1995; Smith and Cooper, 1988; Tripsas, 1997a). As shown in the previous 
paragraph, there have been many attempts to account for such anomalies by improving theories 
of innovation in order to make them more predictable. In most cases, this was achieved by 
extending or refining the categorization schemes on which earlier theories were based. But in 

                                                 
23 Notable exceptions are those working in scientific or engineering environments, like Tim Berners-Lee, a CERN employee who 
developed the World Wide Web as a user during the early days of the Internet. 
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spite of the large number of innovation studies in recent years and new insights from a range of 
other disciplines (e.g. sociology, economics, strategic management, biology, finance), success or 
failure still seemed to be the result of chance instead of something that could be managed or 
controlled. 

To understand why it proved to be so difficult to come up with a theory that could 
account for all significant factors involved in processes of technological change that would 
irrevocably lead to the success or failure of established firms, Carlile and Christensen (2005) and 
Christensen (2006b) took a critical look at the research methodologies that were employed. They 
concluded that the reason why those theories have limited predictive power is not because they 
are wrong, but because they have not yet made the transition from the descriptive to the 
normative stage of theory-building. Since those studies did not have control over the variables 
and the environments being studied, spurious variables could not be ruled out as a cause of what 
was being observed.24 Hence, they merely led to statements of correlation between attributes of 
technological change and firm failure and not to statements of causality. In their opinion, it is 
only after identifying a mutually exclusive and collectively exhaustive set of circumstances in which 
technological change leads to firm failure (or success) that theories can be applied with 
predictable results. 

Obviously, without reliable theories and methods, predicting what actions will or will not 
lead to a successful defense of a firm’s leading position becomes an arduous task. So in order to 
study the long-term impact of commercial applications of ad hoc networking technology on the 
survival of mobile network operators, theories and methods are required that accurately 
circumscribe the conditions in which they can confidently be employed. 

One such a theory that has gained widespread attention has been Christensen’s theory of 
disruptive innovation. It provides a rather simple, yet powerful and fascinating view on 
technology competition that not only explains under which circumstances technological change 
has a potentially lethal impact on leading firms. It also provides a new way of assessing 
technological threats and opportunities by showing how those firms can use the forces at work 
to their benefits. 

Initially, neither Christensen’s ideas could perfectly account for all cases of success or 
failure and, indeed, has critically been reviewed (see eg. Danneels, 2004; Danneels, 2006; 
Govindarajan and Kopalle, 2006; Henderson, 2006; Markides, 2006; Tellis, 2006). Yet after a 
number of modifications (to be discussed later), it seems to be able to account for a larger range 
of historical cases in which technological change led to either success or failure of established 
firms than many other theories can. In fact, Christensen claims that his model is not only useful 
to analyze ex post situations, but to make ex ante predictions about industry change as well 
(Christensen, 2006b; Christensen et al., 2004). Hence, it constitutes a promising theoretical basis 
for studying the future of mobile network operators. 

This paragraph presents a brief overview of Christensen’s work, starting with the 
concepts of the theory of disruptive innovations. Next, it argues under which circumstances 
established firms are expected to survive or not. It follows that the biggest challenges come from 
within the firm, and not from the emerging technology or its originator(s). Finally, the last 
section discusses the kind of strategies that should or should not be employed for dealing with 
disruptive technological change. 

                                                 
24 This is a methodological consequence of using nonexperimental research designs, including descriptive case studies that have 
been at the basis of most theories of innovation. See for instance Marczyk, DeMatteo et al. (2005) 
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2.3.1 Christensen’s concept of disruptive innovation 
Summarized in his books The Innovator’s Dilemma (1997) and The Innovator’s Solution (2003), 
Christensen’s theory of disruptive innovation argues that – under certain circumstances – 
established firms fail because they focus on their most profitable customers and ignore niche 
segments that are targeted by cheaper and lower performing technologies. It is quite a 
counterintuitive theory, because listening to and satisfying the needs of the best customers, and 
focusing investments at the largest and most profitable market segments, are generally 
considered as hallmarks of good management (Christensen, 2002). Taught by business schools 
around the world, and put in practice by multinationals as well as small and medium-sized 
enterprises, those principles, however, only work as long as performance provided by a 
company’s technology does not overshoot the needs of their mainstream customers. Because if it 
does, their customers receive diminishing marginal utility from performance improvements to 
the point where they are overserved and question the value of these additional improvements 
(Christensen et al., 2001). When that happens, and another technology becomes available that is 
cheaper, simpler, smaller, or more convenient to use, those customers will be pulled away from 
the established technology, leaving the incumbents with a market that does no longer have a 
future. In other words, they are disrupted – often by entrant firms. 

Christensen termed these new products and services that bring about such fundamental 
changes to the competitive environment disruptive innovations. In order to explain the concept of 
disruptive innovations, it may be useful to depart from Dosi’s notion of technological 
trajectories. As discussed in the previous paragraph, technological trajectories are (graphical) 
representations of pathways of performance improvement of classes of products over time. They 
give meaning to what is generally known as technological progress, of which the rate and 
direction is determined by competitive forces among industry participants. Although products 
and services can have multiple performance parameters – such as speed, passenger capacity, 
weight, fuel consumption, and range for aircraft – usually only one or two performance 
parameters are critical in the decision of a set of customers whether or not to buy a product. For 
example, copy centers mainly look at the number of prints per minute for photo-copiers, 
construction companies at the amount of earth mechanical excavators can move per minute, and 
data centers at storage capacity for hard disks (Christensen, 1997). Hence, firms mainly compete 
with each other on only one or two dimensions of performance most valued by the market. 

A series of empirical studies, however, has revealed that the rate of performance 
improvement that companies provide is frequently higher than the rate of performance 
improvement that the market needs or is able to absorb (Bower and Christensen, 1995; 
Christensen, 1993; Christensen, 1997; Rosenbloom and Christensen, 1994). This implies that a 
technology that meets the needs of a group of customers today, may improve so rapidly that it 
‘overserves’ that same group tomorrow. Similarly, a technology that currently does not yet meet 
those needs and therefore only serves a niche market, may actually become good enough for 
mainstream customers tomorrow. This is visualized in Figure 7. 
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Figure 7. The disruptive innovation model 

Source: Christensen and Raynor (2003) 

In practice, by far the most technologies have a sustaining impact on the established trajectory of 
performance improvement. These are called sustaining technologies (Christensen and Bower, 
1996) or, if applied in commercially available products, sustaining innovations. Sustaining 
innovations essentially entail making a better mousetrap. They introduce improved performance 
compared to existing products and services along dimensions of performance that mainstream 
customers in major markets have historically valued (Christensen and Raynor, 2003). Some 
improvements are incremental in nature and increase the quality or performance of the original 
product or involve the addition of new features, like increasing energy density of batteries for 
notebooks and cell phones, more efficient car engines, and better software applications. Others 
involve the incorporation of radically new technologies, such as magnetic resonance imaging 
(MRI) compared to conventional X-ray technology, that can boost a company’s competitive 
position. Technological complexity, however, is no issue for incumbents. As long as their 
existing customers can be served with better products that can be sold for higher profit margins, 
established firms will be extremely motivated and have sufficient resources to invest in 
technologies that sustain the established technological trajectory. Moreover, sustaining 
innovations neatly fit into existing business models. That is why Boeing and McDonnell Douglas 
quite easily survived the transition from propeller to turbofan engines, why 2.5G and 3G 
technologies are sources of successful growth for 2G mobile network operators, and why the 
Internet helped Dell making more money than it already did with its telephone-based purchasing 
orders. And that is also why entrant firms have extremely small chances of survival if they try to 
compete with a sustaining innovation: they may have the motivation, but certainly not the 
resources that incumbent firms have to dominate the market. 

In some cases, however, a new technology or innovation appears that has a disruptive 
impact on the established trajectory of performance improvement. Contrary to sustaining 
innovations, disruptive innovations do not attempt to bring better products to established 
customers in existing markets. Rather, they disrupt and redefine that trajectory by introducing 
products and services that are not as good as those currently available in terms of traditionally 
valued performance metrics (Christensen and Raynor, 2003). As a result, they will most likely not 
appeal to that large group of customers on which established companies so hugely depend upon. 
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And they do not need to, because disruptive innovations are almost always designed by entrant 
firms for a much smaller group – too small to be attractive for incumbent firms – of new or less-
demanding customers25 outside the mainstream market that values entirely different dimensions 
of performance and functionality. That does not mean that they are more expensive or involve 
more sophisticated technologies, however. On the contrary, disruptive innovations tend to be 
cheaper, simpler, smaller, and frequently more convenient to use than traditional applications. 
But these features are only valued by fringe customers that have different performance 
expectations from customers in the mainstream market. Hence, disruptive innovations do not 
threaten the position of established firms and the products and services they sell. That is, not in 
the short run. 

Then what makes disruptive innovations so lethal for established firms? Research 
suggests a consistent pattern in the process of disruption (Christensen, 1997; Christensen and 
Bower, 1996). The first, and perhaps most remarkable step is that the development of the 
technology often takes place within established firms as part of the ongoing R&D process. They 
are not deliberately designed to replace existing products – let alone to have a disruptive effect 
on the competitive landscape – but emerge from the trial and error experiments at lower levels 
of the hierarchy. 

At some point, however, a decision needs to be made whether or not to proceed with 
those activities and to commercialize the new technology. Market research is then employed to 
support that decision. In most cases, however, a solid business case cannot be made due to the 
huge uncertainties involved: the technological potential of the technology cannot reliably be 
predicted years in advance, while (lead) customers cannot offer reliable insights into the 
commercial potential of novel technologies that are inferior to those already in use. For example, 
it is difficult to maintain that 3M’s customers of super strong adhesives could have pointed the 
company to a substantial market for Post-It notes when it accidentally invented a very weak 
adhesive (Fry, 1987). So without solid quantitative data about prospective returns, management 
is more likely to allocate its limited amount of resources to projects that are less risky and that 
have a higher rate of returns on investment (at least in the short run). Projects that are mostly 
sustaining in character and that aim to meet the demands of their existing customers. 

Such prioritization decisions do not necessarily mean the end of that technology, though. 
Frequently new companies are formed – not rarely by former employees of the incumbent – 
with the explicit purpose of continuing its development and finding a market for it. They start 
operating in emerging markets where (potential) customers are more price-sensitive but less 
critical on traditional measures of performance. In search for the right application for the right 
set of customers, the initial demand and the associated revenues and profit margins in these 
markets tend to be extremely small. Too small to be interesting for established companies, but 
sufficient for entrant firms to survive, which allows them to experiment freely and focus on their 
own business without having to fear a heads-on competition with industry leaders.26 However, 
even though entrant firms are more flexible to deal with poorly defined needs, creating demand 

                                                 
25 There actually exist two types of disruptions: new-market and low-end disruptions. New-market disruptions create entirely new 
markets with solutions like the Internet or the personal computer, that allow consumers to do things they were not able to do 
before. Low-end disruptions, on the other hand, pull overserved customers away from established companies with cheaper 
products or services in exchange for reduced performance, of which low-budget airline companies like Ryanair and Easyjet are an 
example. New-market disruptions generally have a greater impact on the industry as a whole but are more difficult to create. 
However, their effect is the same, and therefore this distinction will not be made throughout this thesis. 
26 Several authors have reported cases in which established firms initially did enter an emerging market for a new technology of 
which it clearly recognized its potential (Cooper and Smith, 1992; Utterback, 1994). But most of them withdrew from those 
markets before the emergence of a dominant design, and long before those technologies became commercially successful.  
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for an inferior technology is a difficult and lengthy process of trial and error, at the end of which 
only very few will manage to succeed. 

For those that do succeed in gaining a foothold in a new (or niche) market, focus shifts 
from market exploration to technology exploitation. Business growth becomes the next objective 
and one way to achieve that is to move up-market where potential sales volumes and profit 
margins are higher. To meet the needs of the more demanding customers that populate those 
markets, entrant firms rapidly start improving their technology. Established firms are not blind 
for the progress entrants are making at this stage. However, it is not very likely that they will 
respond, because the volume and profit margins of the lower tiers of their market that the 
entrants eventually aim at are incompatible their cost structure.27 Moreover, they regard the 
introduction of products or services in those tiers a form of self-cannibalization (Foster and 
Kaplan, 2001). By rejecting that option, they reason, prices will remain firm, profits and market 
share will be protected, and their customers will surely not switch to competing products due to 
high switching costs. So if they have the alternative of moving up-market as well, they will do so. 
(Christensen and Raynor, 2003). 

What incumbents forget, however, is that if they do not make the move, others will. And 
given the fact that the rate of technological progress is often higher than the rate of performance 
improvement that the market is able to absorb, there is a reasonable chance that at some point 
the emergent technology actually becomes good enough (in terms of traditional performance) for 
the mainstream market. When that happens, it rapidly starts invading that market, disrupting the 
established companies and their technology. This is illustrated in Figure 8. 
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Figure 8. S-curve model of a disruptive technology 

Source: Adapted from Christensen (1992b) 

While the entire disruption process – from invention of the new technology up to the point of 
overtaking an established technology – can take many years to complete, the process of losing 
market leadership to the disruptive technology may take only a few months. This is what makes 
is it very hard for the incumbents to defend their position in the market. Not only is the 
competitive threat of a substantially different nature (cheaper, and simpler products, yet with 
                                                 
27 In fact, Adner (2002) shows that the price of the new and old technologies is critical to the disruptive outcome. 
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equivalent performance) than the threats generally experienced from direct competitors, entrant 
firms also have a significant lead on the learning curve in terms of cost reduction and 
manufacturing experience. So the incumbent’s natural response to the situation – getting its own 
prototypes out onto the market as soon as possible – will simply not have much of an effect. In 
fact, Christensen showed that in none of the industries he studied, including hard disk drives, 
retail stores, banking, airlines, computers, and photocopiers, established firms were able to 
defend their customer base or to capture a significant share of the new market, neither with the 
old nor with their own variation of the disruptive technology (Christensen, 1993; Christensen, 
1997; Christensen et al., 2001; Christensen et al., 2002; Christensen and Raynor, 2003; 
Christensen and Rosenbloom, 1995). Among them were renowned, highly innovative companies 
like Xerox, NCR, IBM, RCA, DEC, AT&T, Kodak, and US Steel, some of which enjoyed near-
monopoly power for many years, and some of which had been disrupters themselves years 
before. Hence, it does not really matter how big they are or in which industry they are active. 
Once incumbents are in the process of being disrupted, it is simply too late. 

The bad news is that traditional management and marketing approaches, that brought 
them fortunes with innovations that sustain the established trajectory of performance 
improvement, do not offer an answer to disruptive threats. On the contrary, they only seem to 
make things worse for incumbents when applied under disruptive circumstances. The history of 
the telephone and the resulting downfall of Western Union as presented in paragraph 2.1, a 
classic example of the process of disruption outlined above, clearly demonstrates this. The 
question now is why is it exactly that established firms are powerless against disruptive 
innovations. This will be addressed next. 

2.3.2 Why established firms fail in the face of disruptive technologies 
A common explanation for the failure of incumbents is the arrival of a technological 
breakthrough that allows for new products and services with superior performance with respect 
to those offered by incumbents. The types and models of technological change presented in 
paragraph 2.2 fall into this category by relating attributes of new technologies or innovations to 
the outcome of competitive battles. Essentially, their key point is that while incumbents lead the 
industry in developing and commercializing incremental or competence-enhancing technologies, 
they are likely to lose that leadership to entrant firms when confronted with radical, 
discontinuous, or competence-destroying technologies. 

The issue with attribute-based categorization schemes, however, is that there are often 
exceptions to the rule. In this case, Christensen’s research shows that as long as breakthrough 
technologies address the need of their most important customers, established firms apparently 
have no difficulties whatsoever in surviving them. On the other hand, when these firms are 
confronted with disruptive technologies, which are usually quite simple, cheap and 
technologically straightforward, they will fail nonetheless. Hence, there are circumstances 
conceivable in which exactly the opposite occurs to what for instance Tushman and Anderson’s 
cyclical model of technological change would predict. 

Now, one could account for those cases as being the result of either poor management 
or sheer coincidence; of exogenous factors like the political or economic environment; or of 
endogenous factors like bureaucracy or lack of resources that make the company unable to 
respond to important changes in its competitive environment. However, in their study as to why 
incumbents intensify their commitments to conventional technology while starving efforts to 
commercialize a new technology, even while the new technology was gaining ground in their 
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market, Christensen and Bower (1996) contend that established firms studied suffered none of 
these issues. They were managed as well as one expects them to be managed, paid close attention 
to both the market and their customers, invested heavily in new products and services, and still 
lost their industry leadership. 

The real cause of the failure of established firms, these authors argue, is rooted in the 
strong influence that customers in mainstream markets exert on them. This influence is 
expressed in two ways: directly, through their roles of stakeholder and resource provider, and 
indirectly, through the resource allocation process within the firm. Customers exert direct 
influence on a firm’s actions through its dependence on their resources for survival (Pfeffer and 
Salancik, 1978). That dependence essentially restricts a firm in what it can and cannot do. As 
long as its strategy is in line with the needs and interests of its stakeholders (including investors 
and others), its management may invest in any type of (innovative) activity. But those needs and 
interests also define which strategic options cannot be pursued, for instance when customers 
cannot use or are not interested in a new product or service, or for which the returns on 
investment are too low. Incumbents increasing their investments in an established technology in 
reaction to an emerging technology, but subsequently changing that strategy towards pushing 
their own technology to its limits, as described in studies of Cooper and Schendel (1976) and 
Foster (1986), are evidence of this influence. Management’s role, therefore, in the success or 
failure of a company is bounded by the purchasing power of its customers and explains why 
established firms find it so difficult to initiate and pursue disruptive projects. 

Customers also have indirect control over established firms through the resource 
allocation process within the firm. The resource allocation process determines which strategic 
initiatives, including innovative projects, get resources. It is an essential business process, since 
the amount of resources available to a firm to achieve its goals is limited, especially if those goals 
include sustained profitability and growth – which in turn are indispensable for raising capital. In 
earlier studies, Bower (1970) and Burgelman (1983a; 1983b) showed that most strategic initiatives 
originate from lower echelons within established firms, and that in general it is middle 
management – not senior management – that decides which of those initiatives to support and 
which to reject or discontinue. Bower also found that outcome of these decisions largely 
depends on the manager’s perception of the implications for his personal career rather than on 
what he believes to be in the best interest of his employer. As a result, initiatives that address the 
needs or interests of existing customers are likely to contribute significantly to the achievement 
of (personal) sales targets, and therefore will have no difficulties obtaining sufficient resources. 
Conversely, initiatives that only address the needs of a small group of customers in emerging 
markets that cannot not provide the firm with sufficient returns in the short run to help it reach 
its goals, are generally considered to be too risky or unattractive, and hence will not be 
championed – regardless its importance for the future development of the firm’s industry. This 
mechanism of resource allocation explains why established firms are very successful with 
sustaining innovations. But it also explains why established firms find it so difficult to respond to 
disruptive threats: unlike entrant firms, they do not develop the necessary technological 
capabilities in time, because their mainstream customers almost always pre-empt resources away 
from disruptive technologies (Christensen and Bower, 1996). 
 
In addition to the power that mainstream customers have over the resource allocation process, 
Christensen and Overdorf (2000) offer a second explanation for the success and failure of 
incumbents. They argue that within each organization there exist three factors that jointly 
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determine both its capabilities as well as its disabilities when dealing with (technological) change: 
resources, processes, and values (RPV).28  

People, money, facilities, equipment, knowledge, patents, brands, reputation, and 
relations are examples of a firm’s resources. Resources are the means necessary for a firm to 
operate. They usually are quantifiable (e.g. in terms of amounts, performance, or value) and 
relatively easy to obtain, change, or to dispose of. The amount of resources available increases a 
firm’s chances of survival when confronted with technological change, but this also depends on 
how they are used and combined to produce value through a firm’s processes. Christensen and 
Overdorf (2000, p.67) define processes as patterns of interaction, coordination, communication, 
and decision making that employees use to transform resources into products and services of 
greater worth. They exist at all levels and within each business function of the organization, 
formally and informally, and define what should be done, how it should be done, and by whom, 
all with the purpose of achieving consistent results in an efficient manner. This makes them 
highly suited for routine jobs and recurring tasks. A drawback, however, is that they are difficult 
to change, and that they can become counterproductive when confronted with change, or unique 
tasks or events. A firm’s ability to adapt to change is even more constrained by its values. Values 
are broadly shared criteria used in decision-making processes relating to a firm’s target market, 
market size, business model, product development strategies, investment strategies, and so on. 
They guide the judgment of employees about what is good, right, or desirable for their 
organization given its overall strategy, structure, and size. At the same time, values also define 
what an organization should not or cannot do. As with culture, it is very hard to change them, 
especially in times when it is most needed. 

The reason why established firms are very successful with sustaining innovations is that 
their resources, process, and values are aligned to deal with the task at hand. They have the 
resources to address the needs and expectations of their largest and most important customer 
groups; their processes are specifically designed to pick up those needs and to improve their 
current offerings; and their values gear them towards investments in sustaining technologies, 
which have the greatest promise to deliver better products with higher margins to bigger markets 
at lower costs. 

When confronting disruptive change, however, these capabilities turn into disabilities. 
The problem is not so much with these firms’ resources: they are abundant and the complexity 
of disruptive technologies is often not an issue. Rather, it is their unfit processes and values that 
lead to the decline of established firms. Since disruptive technologies are so rare, no processes 
exist to deal with them. And since they serve only niche markets, have low margins, and offer 
worse performance with respect to sustaining technologies, they are incompatible with the values 
of established firms, i.e. the pursuit of ever bigger markets, better products and services, and 
higher margins. In the short run, disruptive innovations are not able to deliver on such 
expectations. Vodafone, for instance, expects its revenues to grow from ₤35.5 billion in 2008 
and ₤41.0 billion in 2009 to ₤41.5 billion in 2010 (Vodafone Group Plc, 2009). That means that 
within one year it needs to find an additional ₤0.5 billion in extra revenues in a period of 
economic downturn. Emerging markets for new communication technologies like ad hoc 
networks are just too small to pay a significant contribution to achieve that kind of growth. 
Therefore, it is especially through delivering its core mobile technologies to upcoming markets 

                                                 
28 Also known as the RPV-framework (Christensen and Bower, 1996) 
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(Middle East, Africa, India, and Asia) and expanding its data and fixed broadband services that 
Vodafone expects to meet those expectations. 

Entrant firms, on the other hand, do not have the resources, nor the processes, nor the 
values to be successful with sustaining innovations, especially if they are active in the same 
market as incumbents that are much larger. However, they are well adapted to deal with the size, 
dynamics, and uncertainties typical of emerging markets. They may lack the resources initially, 
but if their intuitive and entrepreneurial approach works out, and manage to get their technology 
on a disruptive track, they will have the attacker’s advantage, making it very difficult for 
established firms to formulate an effective response. Whether they manage to become disruptors 
depends on many factors – emerging technologies are not de facto sustaining or disruptive – but if 
they do, they will ultimately become potential disruptees themselves as their capabilities and 
disabilities change as they progress towards maturity.29  

 
The failure of established firms when confronted with disruptive technological change, therefore, 
is not a technology issue. Christensen demonstrated that incumbents in several industries did 
have the capacity to develop the same technology. Even if their customers demanded radically 
new or competence-destroying technologies, established firms were consistently able to supply 
them. Moreover, incumbents are no victim of information asymmetries, since they are generally 
well aware of the existence of potentially disruptive technologies and the progress they were 
making at an early stage. However, the fact that disruptive innovations initially address the needs 
and expectations of a different and much smaller group of customers in emerging markets that 
are characterized by lower margins and high levels of uncertainty is makes them worthless in 
established markets. Incumbents, therefore, will consider the development and 
commercialization of these technologies an unattractive option to pursue, simply because it is 
not in line with their strategy and business model. Entrants, on the other hand, are much better 
equipped to deal with that challenge and they lack the influence of powerful customers. As a 
consequence, it is a market issue, at the heart of which is the existence of motivation 
asymmetries between established and entrant firms to pursue new markets (Adner, 2002). This is 
well illustrated by Andy Grove, co-founder of Intel, who noted that “[DEC]’s engineers could 
design a PC with their eyes shut” (Christensen, 2006b). Yet their minicomputers did not survive 
the PC revolution, precisely because of the reasons mentioned above. 

2.3.3 Disruptive circumstances and sustaining strategies 
Although established firms are vulnerable to disruptive technological change, their chances for 
survival ultimately depend on the circumstances in which that change takes place, as well as on 
the strategy they pursue in response to those circumstances. Following the previous analysis, 
disruptive circumstances occur when five conditions are met. First of all, a technology is 
emerging with the potential to replace the established technology. That can be in related fields, 
making it quite easy to assess whether both technologies will eventually compete for the same 
customers. Remington’s manual typewriters, for instance, were predictably disrupted by IBM’s 
electric models, which in turn were predictably disrupted by Wang’s word processors, which in 
turn were predictably disrupted by Microsoft’s and WordPerfect’s word processing software 
installed on desktop computers. But it may as well threaten an initially unrelated technology. 
                                                 
29 Success of start-ups is primarily the result of having the right resources. In order to remain successful as companies mature, the 
emphasis shifts towards having the right processes and values. However, as processes and values are not meant to change, it 
becomes increasingly more difficult to respond to disruptive change. 
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Photographic filmmakers, for example, were disrupted by a silicon technology (CCD) that led to 
the digital photography revolution. Secondly, the established technology offers more 
performance or functionality than its consumers actually need or are able to absorb. Customers 
that are structurally overserved will be more inclined to consider lower performance alternatives. 
Third, the established technology is more expensive than the emerging technology, while 
switching costs are limited. Fourth, incumbents have the possibility and the willingness to move 
up-market. That is, there still exist undershot customers and the incumbent has no low cost 
strategy that aims for the lower tiers of the market. And finally, the incumbent’s business model 
is not matched to the emerging technology, making it difficult to co-opt that technology. 

Whether incumbents find themselves confronted with sustaining or disruptive 
circumstances is much beyond their locus of control. The emergence of a new technology is the 
result of competitive forces. Competitive forces also drive the rate of technological progress, as a 
result of which an individual incumbent cannot match its trajectory of performance 
improvements to actual market needs; if it does, it will soon lose its competitive advantage.30 
Moreover, emerging technologies do not face the same architectural and physical limitations as 
established technologies do. They are the result of the latest scientific and technological 
developments, which gives them an advantage in providing simpler and cheaper solutions. It also 
depends on the incumbent’s strategy, structure, and business model relative to the emerging 
technology whether and how it will be affected by the emerging technology. This explains why 
some technological changes are disruptive to one firm, and sustaining to another. Firm structure 
and business model are the result of the incumbent’s evolution over time, and unless they do not 
already match to the disruptive challenge, they are very difficult to change. 

What strategic options do established firms have when confronted with the forces of 
disruptive change? Christensen (1997) argues that incumbents that do not recognize disruptive 
circumstances, nor understand their causes, traditionally respond by leaving the lower, less 
profitable tiers of their market to entrant firms and their new technology, or wait until the new 
market is large enough to be interesting. However, as discussed earlier, this strategy will almost 
certainly lead to incumbent failure. Increasing investments in research and development or 
creating joint ventures or collaborative research networks will have the same effect, since 
disruption is not a technology issue. Improving market research and forecasting methods that are 
applied to sustaining innovations is another strategy that is doomed to fail. There are too many 
unknown factors and uncertainties surrounding disruptive innovations, making it impossible feed 
and incumbent’s decision making processes with reliably quantifiable data about market volumes, 
growth rates, gross revenues, and costs. In Christensen’s words, “markets that don’t exist can’t 
be analyzed” (pp. 265), but that does not mean that doing nothing is the best strategy. 

Managing disruptive challenges with strategies and methods that only work under 
sustaining circumstances, therefore, will only reinforce the disruptive effect. If incumbents want 
to have a chance to survive and sustain their leading positions, they need to deal with the abilities 
and disabilities intrinsic to their structure and business model. To do that, they essentially have 
two options: to spin off an autonomous organization that focuses specifically on the emerging 
technology without being hampered by the organizational impediments of its parent, or to create 
an ambidextrous organization that can simultaneously manage both continuous and 
discontinuous technological change. Setting up an autonomous organization is given in by the 

                                                 
30 If established firms could match performance supplied to performance demanded, an emerging technology deployed in a new 
market will probably not invade the established market but remain a stable market niche (Carlile and Christensen, 2005; 
Christensen, 2006b). 
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fact that the resources, processes, and values of the established company are not suited to 
succeed with disruptive innovation. It allows the established company to remain focused on 
current challenges whilst creating a solid technological and commercial basis for the disruptive 
innovation, for it to be prepared once the process of technological change is in progress. The 
idea to create an ambidextrous organization to simultaneously master continuous and 
discontinuous technological change originates from Tushman and O’Reilly (1996). By bringing 
together both resources, and contradictory processes and values within the same organization, 
organizational transformation during periods of discontinuous or disruptive technological 
change should be easier to accomplish, thereby decreasing the risk of failure. Yet it introduces 
the challenge of balancing the interests of both sides of the business. Summarizing the previous 
analysis, table 1 illustrates this challenge by contrasting several aspects of sustaining and 
disruptive technologies. 
 

Table 1. Contrasting sustaining and disruptive technologies 

 Sustaining Disruptive 

Qualification ‘Better products, with higher 
performance and more 

functionality that can be sold 
for more money.’ 

‘Simpler and cheaper 
products, with different 
performance and less 

functionality.’ 
Market 

 Customer demand 
 Customer needs 
 Dominant design 
 Information 
 Size 
 Target 

 
Predictable 
Addressed 
Established 

Widely available 
Predictable 
Higher tiers 

 
Unpredictable 

Unknown 
Emergent 

Speculative 
Unpredictable 

Lower tiers 
Industry 

 Basis of competition 
 Main competitors 
 Impact on margins, business growth 

o In the short run 
o In the long run 

 Linkages with suppliers, customers 
 Regulation 
 Rivalry 
 Structure 

 
Established 

Established firms 
 

Positive 
Negative 
Strong 

Established 
High 

Established 

 
Emergent 

Entrant firms 
 

Negative 
Positive 

Formative 
Emergent 

Low 
Emergent 

Technology 
 Applications 
 Architecture 
 Scientific basis 
 Standards 

 
Established 

Evolutionary 
Established 
Established 

 
Unknown 

Revolutionary 
Formative 
Emergent 
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2.3.4 Critiques 
Christensen’s theory of disruptive innovation has widely been received as an important 
contribution to the literature on the dynamics and competitive effects of technological change. 
The three books he published on this topic – The Innovator’s Dilemma (1997), The Innovator’s 
Solution (2003), and Seeing What’s Next (2004) – all have become international bestsellers. And his 
ideas have extensively been covered in the (business) media. But what does that say about its 
validity and reliability, and its usefulness for this thesis? 

As with most popular scientific works, Christensen’s ideas have been under close 
scrutiny by his peers, some of whom are quite critical. Three potential weaknesses in the model 
of disruption have been discussed in the literature, in particular in a special issue of the Journal of 
Product Innovation Management of January 2006 on the effects of disruptive technologies on firms 
and industries: methodology, definitions, and assumptions. Contrary to the claims of 
Christensen, Danneels (2004; 2006) and Govindarajan and Kopalle (2006) have expressed 
concerns about the ability of the model to predict disruption ex ante. They point to the fact that 
in all of Christensen’s examples the disruptiveness of innovations has been determined ex post, 
and argue that there really is no way to predict the competitive effects of innovations ex ante due 
to the inherent complexity and uncertainties of the process of technological change. Tellis (2006) 
takes this argument even one step further by expressing serious doubts about Christensen’s 
sampling logic to test the validity of his model; he believes that Christensen has been selective in 
his data sets to prove his point – not to test his model – and that he intentionally avoids 
anomalies. 

Upon reading his work, it is not difficult to see where these criticisms come from: given 
the complexity of the real world, the simplicity of his theory and the perfectly illustrating 
examples seem too good to be true. But if one understands the industry, the market, the business 
models, the rationales for managerial decision-making, and the basis of competition, why would 
a good theory not be able to predict what will happen to entrants and incumbents if they pursue 
certain strategies? As long as they can be evaluated against the new technology or business 
venture, Christensen’s theory can be used to create at least a set of plausible scenarios for which 
managers can prepare themselves. Its explanatory power has sufficiently improved over the years 
as evidenced by a number of examples in which Christensen and others successfully predicted 
the impact of innovations on incumbents ex ante (Carlile and Christensen, 2005; Christensen, 
1997; Christensen, 2006b; Christensen et al., 2004; Christensen and Rosenbloom, 1995; Hüsig et 
al., 2005). 

On the (external) validity of his theory, Christensen (2006b) notes that it is simply 
impossible to conclusively establish it by testing the theory on different data sets, because data 
only exist about the past and a theory simply cannot be tested against every conceivable data set. 
The argument of Tellis and others that Christensen has avoided anomalies to improve his theory 
can also be dismissed. Over the course of the past 2 decades, Christensen has evidently 
introduced many improvements and refinements.31 For instance, after the first publication of The 
Innovator’s Dilemma, Christensen realized that disruption was not a technology problem (i.e. will 
technology A be better than technology B?) but a business model problem and subsequently 
relabeled the term disruptive technology as disruptive innovation. In The Innovator’s Solution he 
added the distinction between low-end and new-to-the-market disruptions. He also emphasized 
that disruption is a relative – not an absolute – phenomenon that can only be evaluated against 

                                                 
31 Christensen (Christensen, 1997, p.36) provides a unique recount of the process of building the theory of disruption. 
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the strategies and business models of individual firms. All those improvements are rooted in 
anomalies for which the original theory could not account for. 

Another point of concern is that Christensen has not been clear enough about the 
definition of the terms disruptive technology and sustaining technology, and that it is difficult to 
understand when an innovation can be classified as either disruptive or sustaining (Adner, 2002; 
Danneels, 2004; Danneels, 2006; Garcia and Calantone, 2002; Markides, 2006; Schmidt and 
Druehl, 2008; Slater and Mohr, 2006; Tellis, 2006). Markides asserts that there are actually 
fundamentally different kinds of disruptive innovations that create different kinds of markets, 
pose radically different challenges for established firms, and have radically different implications 
for managers. Also Slater and Mohr, and Tellis propose improved categorization schemes. 
Although it is not easy to say whether these schemes are better, Christensen (2006b) disagrees 
that his definitions are ambiguous. When he started formulating his ideas in the 1990s they may 
not have been precise enough, but over the years, as he further improved and refined his model, 
he also improved his definitions. Nevertheless, he does agree that the English connotation of the 
term disruptive (i.e. radical, failure) has confused many and that a more careful labeling of the 
disruptive phenomena might have prevented misunderstandings. 

The final major point of critique is Christensen’s implicit premise that incumbents have 
two main strategic objectives: market leadership and shareholder value maximization. But what if 
an incumbent does not have these objectives? What if its objective is mere survival, to pursue a 
market follower strategy, or even to pursue a niche strategy? In that case, the disruptive model 
may not apply, because incumbents are likely to respond differently to disruptive technological 
change. Rather than embracing the disruptive innovation in an autonomous business unit and to 
grow it into a mass market – the best approach according to Christensen (1997) – other 
responses may then make more sense. Charitou and Markides (2003) identify four additional, and 
commonly observed responses that are not necessarily value-destroying: (1) to focus on and 
invest in the traditional business, (2) to ignore the innovation completely, (3) to retaliate and 
disrupt the disruptor, and (4) to abandon the existing business completely and embrace the 
disruptive innovation, imitate it and scale it up. They demonstrate that these responses can 
actually be a good course of action to pursue by companies for which Christensen’s premise 
does not hold. 

Do these critiques and Christensen’s subsequent revisions discredit his theory? No, they 
do not. Theory-building is an iterative process of gathering, examining, and interpreting data, 
defining and refining categorization schemes, and formulating statements of correlation or 
causality. Anomalies will be discovered and Christensen has clearly used them to improve his 
theory. By now, several authors have employed it to make ex ante predictions for various 
industries and innovations. As will become clear in the following chapters, it is also useful for 
analyzing this thesis’ research problem. In a liberalized market, most European mobile network 
operators strive for market leadership and shareholder value maximization. And the necessary 
ingredients – the industry, the market, and the potentially disruptive ad hoc networks – are all 
available for evaluation. 

2.4 SUMMARY 
This chapter introduced Christensen’s theory of disruptive innovation to identify the 
circumstances in which technological change will lead to the failure of established firms. While 
several other important models and concepts from the innovation management literature have 
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been discussed, Christensen’s framework was found to be most useful to determine the impact 
of the future commercial introduction of ad hoc networking technologies on the survival of 
mobile network operators. It matches the criteria of relevancy and of predictability, it is widely 
recognized by the scientific community, and it can be used to create scenarios for the future of 
the mobile services industry. 

The theory of disruptive innovation consists of three elements: (1) the distinction 
between sustaining and disruptive innovations; (2) the observation that the performance of 
technologies improves faster than the market demands, and eventually is more than customers 
are able to use or willing to pay for; and (3) the observation that it is irrational for incumbents to 
invest in disruptive innovations, because they are typically simpler and cheaper, offer lower 
margins, are sold in lower volumes, and are much less valuable to their most important 
customers than do their existing (sustaining) innovations. 

What can cause the failure of established firms is not the insurmountable complexity or 
sophistication of the disruptive technology, but the fact that their processes and values are 
incompatible with the business competencies required to compete or succeed with that 
technology. So while they continue to develop and sell their own products and services, entrants 
keep on improving the emerging technology. By the time it arrives at the point that it is good 
enough for the incumbents’ customers, it starts invading and redefining the established market, 
and because incumbents have not developed the necessary competencies in time, they are unable 
to respond and fail. So disruption is not a technology problem, but a business model problem. 

Disruption does not occur frequently, but when it does, it is the result of the incapacity 
of established firms to simultaneously manage disruptive and sustaining circumstances. They do 
have a chance of survival if they recognize and understand the forces at work. However, entrants 
have the attacker’s advantage and are better equipped to develop and commercialize emerging 
technologies with disruptive potential. 
 
With the theoretical framework presented, it is now time to look at the disruptive potential of ad 
hoc networking technologies for mobile network operators. The next chapter will characterize 
the mobile telecommunications industry (the dependent variable) as it is today, and focuses on 
the economical importance of the sector, the market, the key players, competition and industry 
structure, and the mobile services value network. It is then followed by chapter 4, which explains 
what ad hoc networking technology is about, how it works, and where currently are the 
challenges in commercializing it. Later chapters will integrate the results in a scenario analysis. 
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3 The mobile telecommunications industry 

 
 
 

Some things are hurrying into existence, and others are hurrying out of it. 
And of that which is coming into existence, part is already extinguished. 
Motions and changes are continually renewing the world. 

 
Marcus Aurelius 

Roman Emperor, in: Meditations, 167 AD 
 
 
Mobile network operators are telecommunication companies that offer wireless telephony, text 
messaging (SMS), and data services via an underlying network of antennas, base stations, 
switches, and other network components. These services are based on one of several mobile 
standards, including GSM, GPRS, PDC, and UMTS, and can be accessed through a mobile 
phone, pager, or other types of wireless device that have access to the operator’s network. What 
primarily distinguishes mobile network operators from related types of companies and business 
models in the telecommunications industry is that they are licensed by regional or national 
authorities to use a dedicated part of the frequency spectrum within a defined geographical area. 
In addition, since spectrum licenses and the underlying network require huge investments on 
part of the operator, mobile services can only be provided in return for a subscription and/or 
usage fee. 

This definition excludes three related business categories: mobile virtual network 
operators (MVNOs), content providers, and wireless service providers. As will be discussed later 
in this chapter, MVNOs provide the same set of services and operate in the same markets as 
mobile network operators. However, they have no spectrum licenses and in most cases they do 
not own the underlying network. Instead, they lease network capacity from existing operators to 
offer their own branded mobile services. Also content providers are strongly dependent on 
mobile network operators. They use their networks to provide all sorts of information and 
entertainment services to mobile subscribers, and have the operators take care of billing and 
content distribution in return for a share in revenues. Wireless service providers do not directly 
depend on mobile network operators, yet they do operate in similar markets. The main 
differences between the two are the business models and the wireless standards used. Wireless 
service providers use WLAN technologies that operate at license-exempted frequency bands, the 
so-called Industrial, Scientific and Medical (ISM) bands around 2.450 and 5.800 GHz, to offer 
wireless broadband services at train stations, airports, hotels, and restaurants. Their range is 
typically up to 100 meters from an access point, and these services may be offered free of charge. 
They are typically delivered in a different market where speed is considered more important than 
mobility and accessibility. 

This chapter explores the mobile telecommunications services industry, in particular in 
Europe, and aimst to characterize the competitive environment in which mobile network 
operators currently operate. This is relevant information for the research questions of this thesis, 
because in order to understand the potential effects of the developments in and 
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commercialization of ad hoc network technologies on this sector in terms of threats and 
opportunities, it is necessary to understand its characteristics, it strengths and its weaknesses. 
Through a thorough analysis of characteristics and developments of the market, industry 
dynamics, industry structure, and the mobile value network, this chapter aims to create a point of 
departure on which the scenarios for this sector will be built. It also aims to show the importance 
of the sector for the global economy. 

The first paragraph starts with an overview of the mobile telecommunications services 
market, in particular in Europe. It highlights a number of important market characteristics and 
identifies a number of key developments in regulation, pricing, revenues, and technologies. The 
next two paragraphs offer an analysis of the competitive environment in which mobile network 
operators operate. The second paragraph provides an analysis of the mobile telecommunications 
industry based on Porter’s Five Forces framework. It characterizes the dynamics in this industry 
by looking at the influence of new entrants and substitute products or services, the bargaining 
power of buyers and suppliers, and at the rivalry among the existing operators. In particular, it 
looks at the attractiveness of the industry in terms of the level of competition and average 
profitability. The final paragraph discusses the mobile value network and the implications of the 
complex linkages with other companies in the value network for changing strategy in response to 
new technological or competive challenges. 

3.1 THE MOBILE TELECOMMUNICATIONS SERVICES MARKET 
From a small and insignificant market with only 16 million subscribers in the early 1990s, the 
mobile telecommunication services market has made the transition to a mature and multi-billion 
dollar industry with more than 5.3 billion subscribers worldwide in 2010 (see chapter 1, Figure 
1). For over 125 years, Bell’s concept of wireline (fixed) telephony dominated the 
telecommunications industry. In 2002, only two decades after the first commercial mobile 
telecommunication networks came into existence, the number of mobile subscribers surpassed 
the number of fixed lines and the gap between the two can be expected to widen even further. 

This paragraph presents an overview of the mobile telecommunications services market 
in general, and the European market in particular. The first section provides a definition of this 
market, introduces the key players, and discusses general statistics and trends in terms of market 
value and volume, service usage, pricing, revenues, and investments. The second section 
identifies some key developments in the market and challenges that the operators are facing. 

The following discussion focuses on the European mobile telecommunications services 
market and is primarily based on comparative statistics from the International 
Telecommunication Union ICT Statistics Database 2011, and the Progress Report on the Single 
European Electronic Communications Market 2008 (14th Report) published by the European 
Commission. 

3.1.1 Market definition 
The mobile telecommunications services market, as defined in this thesis, is served by mobile 
network operators that offer wireless telephony, text messaging (SMS), and data services through 
public mobile networks and a range of mobile technologies, such as GSM, GPRS, and UMTS.32 
Since the use and ownership of radio frequency spectrum are organized on a national level, this 
                                                 
32 As discussed in this chapter’s introduction, this definition excludes services offered by mobile virtual network operators 
(MVNOs), content providers, and wireless service providers. 
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market can only be defined on a national level. That means that although the services offered are 
more or less the same, a single global, or even a single European market does not exist. 
Customers will virtually always have a subscription with a provider in their country of residence, 
both for practical and financial reasons. In addition, due to political, economic, social, and 
regulatory differences, each individual market has characteristics that are unique to that market. 
Nonetheless, many operators are multinationals that are active in various parts of the world. And 
the services they provide to their customers are not bound by country borders. Therefore, and 
for purposes of simplicity, this thesis acknowledges these differences, but nonetheless treats the 
27 individual mobile telecommunications services markets of the EU member states as one 
single European market.33 

3.1.2 Market overview 
At the end of 2010, the mobile telecommunications services market has more than 5.3 billion 
subscribers worldwide, an increase of 16% with respect to 2009. This growth is mainly driven by 
growth in the number of subscribers in Asia (+24%); see Table 2. Although the year-over-year 
(YoY) growth trends are decreasing, there is still room for growth in the years ahead. While the 
number of subscriptions in Europe (with exception of Eastern European countries), Russia, 
Japan, Australia and New Zealand is stagnating about on average one to 1.2 subscriptions per 
inhabitant, penetration rates in the two largest markets in the world, India and China, are still less 
than 65%. In Africa and South America, too, many new services are being launched in areas with 
no fixed telephone or Internet access. To millions of people, mobile telephony has been the first 
step in the world of modern communication. 
 

Table 2. The number of mobile subscribers worldwide 

Source: International Telecommunication Union (2011) 

Subscriptions in 2010 Subscriptions in 2009  
# in mln % of 

global 

total 

YoY 

growth 

rate

% of 

global 

growth

# in mln % of 

global 

total 

YoY 

growth 

rate 

% of 

global 

growth

Africa 527 10% 21% 13% 437 9% 22% 13%
Americas 872 16% 8% 9% 808 18% 10% 12%

Asia 2871 54% 24% 78% 2312 50% 22% 69%
Europe 1020 19% 1% 1% 1014 22% 4% 7%

Oceania 31 1% 5% 0% 30 1% 4% 0%

World 5321 100% 16% 100% 4601 100% 15% 100%

 
 
The European market for mobile services as a whole is the largest market in the world with an 
average penetration rate of 122%; only France and Cyprus have penetration rates below 100%. 
The largest markets within Europe are Germany (17.1%), Italy (13.4%), United Kingdom 

                                                 
33 The European market defined in this thesis comprises of Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, 
Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, 
Portugal, Romania, Slovak Republic, Slovenia, Spain, Sweden, and the United Kindom. 
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(13.2%) and France (10.3%), which together is more than the combined market share of the 
remaining 23 countries (45.9%); see Figure 9. Two key elements have contributed to this 
European success. First, the GSM (2G) and UMTS (3G) technologies developed by the 
Europeans was superior in terms of performance, capacity, and quality. Second, the united 
standardization efforts by manufacturers, operators, regulators, national governments, and the 
European Union guaranteed compatibility between equipment of different manufacturers, which 
ultimately benefitted end customers in terms of broader choice and higher quality products and 
services at lower prices (Gruber, 2005; Vesa, 2005). These and other factors have put Europe 
ahead of the rest of the world with an average penetration rate of 122%. 
 

Rest of Europe
29,9%

Germany
17,1%

Italy
13,4%

United Kingdom
13,2%

France
10,3%

Spain
8,4%

Poland
7,5%

 

Figure 9. European mobile telecommunications services market shares by volume in 2010 

Source: International Telecommunication Union ICT Statistics Database 2011 

To recover their investments in infrastructure and spectrum licenses, operators charge 
subscription fees in return for their services.34 Customers can generally choose between two 
types of subscription plans: prepaid plans, where subscribers purchase credits in advance, and 
postpaid plans, which are based on a contract where subscribers pay for usage on a monthly 
basis. On a global level, prepaid plans (63%) are more popular than postpaid plans (37%). In 
Europe, the share of prepaid plans is smaller (56% in 2008) and slowly losing ground to postpaid 
plans that include new, value-added 3G services like mobile broadband. Independently of the 
type of subscription, voice calls are usually charged according to the duration and the destination 
of the call, text messages according to the destination and the length of the message, and mobile 
data by traffic volume – or, in rare cases – flat rate without volume limitations. 

                                                 
34 Unlike WLAN operators, for instance, who frequently offer free Internet access along with a cup of coffee or a hotel room, 
mobile network operators simply face too high costs to offer free mobile services. 
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3.1.3 Key performance indicators 
One of the reasons why the number of subscribers in Europe continues to grow, despite market 
saturation, is the lowering cost of mobile services and of mobile devices. Between 2003 and 
2008, the average price levels of mobile services dropped with about 36% for all usage baskets 
(see Figure 10). Price cuts in voice and text-messaging services were primarily the result of 
regulatory interventions and increased competition. The European Commission, for instance, 
realized a significant reduction in retail prices for mobile calls across the member states by 
regulating the rates operators charge one another for terminating calls on each other’s networks 
in 2007. The Commission also obliged operators to provide number portability to make it easier 
for subscribers to switch to another operator. These, and other measures, stimulated competition 
and made it easier for mobile virtual network operators and other players to enter the market. 
Although lower prices and increased competition have had an adverse effect on revenues and 
margins, operators are partially compensated by the increased demand for mobile services. 
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Figure 10. Average price levels across all European mobile network operators between 2004 and 2008 
for low, medium, and high usage baskets 

Source: Adapted from Commission of the European Communities (2009) 

Decreasing price levels have had a direct impact on another industry key performance indicator: 
the average revenue per user (ARPU). In 2007, the average ARPU in Europe was € 23.54 per 
month (see Figure 11); the lowest ARPU levels are found in Bulgaria (€ 9.17) and Lithuania (€ 
9.21), the highest ARPU levels are found in Ireland (€ 34.64) and France (€ 35.56). Although 
there exist different interpretations of ARPU, the overall trend is that global ARPU levels for 
voice are declining rapidly (-8% in 2007 alone; IDATE/Enter, 2009) as a result of increased 
competition, regulatory interventions, and the rapid growth of emerging, low value markets in 
Asia, Africa, and South America. On the other hand, this decline is partly offset by an increasing 
ARPU for data services in markets where the mobile penetration rate is already high. The 
immediate consequences of these developments for mobile network operators are that the 
industry will be increasingly competitive, and that operators will be forced to cut costs and be 
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more reluctant to invest in network improvements and new technologies, even though the 
switch from 2G to 3G and 4G technologies will require significant network upgrades. They may 
also need to cooperate with one another, or to find new sources of revenue to survive. 
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Figure 11. Monthly average revenue per user in the European mobile telecommunications market (2007) 

Source: Adapted from Commission of the European Communities (2009) 

As the European mobile services market approaches the point of saturation, it becomes 
increasingly more difficult for operators to attract new customers. However, increased 
competition and the growing number of service offerings also make it more and more difficult to 
retain existing customers. An indicator that illustrates how well operators are able to cope with 
this challenge is the churn rate: the number of subscribers who leave their operator as a 
percentage of the total number of subscribers, per time period (IDATE/Enter, 2009). Although 
it can be very attractive for subscribers to change operator, the loss of an average monthly 
revenue of € 23.54 per subscriber can become a serious issue for European operators facing high 
churn rates. Currently, the average churn rate in Europe is about 2.2% a month, or 30% a year. 
So independently of the number of new customers, each year the average operator already loses 
nearly one-third of its customers. And this rate will further increase as the level of competition 
increases. Of course, these losses are at least partially absorbed by attracting new customers. 
However, while churn is expensive and inevitable, attracting new customers is even more 
expensive and increasingly more difficult in the current market. So minimizing churn has become 
a priority for operators, as evidenced by the number and variety of customer loyalty programs 
and retention activities that actively discourage the customer to leave. 

3.1.4 The industry 
Currently, there are over 600 mobile network operators worldwide. With on average four to five 
operators per country, it is a highly concentrated industry. Also on an international level, the 
market is dominated by relatively small group of large multinationals. Combined, the world’s ten 
largest operators, including China Mobile, Vodafone, Telefónica, T-Mobile, and France Télécom 
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(Orange), are responsible for 52% of the world market volume. At the end of 2008, the twenty 
largest companies have a combined market share of 71%, generating more than 75% of the 
industry’s estimated total revenues of 530 billion Euros (IDATE/Enter, 2009). See Table 3. But 
whereas the high industry concentration on a national level is mainly technically motivated (radio 
spectrum is a scarce resource), on an international level it is primarily caused by the search for 
economies of scale through partnerships and a large international customer base (Gruber, 2005). 
 

Table 3. The world’s 20 largest mobile network operators by market volume, March 31, 2009 

Source: Company reports, Commission of the European Communities (2009) 

 Company Main Markets Revenue
€ billions

ARPU 
€ 

Subscribers
#

1 China Mobile China, Pakistan 42.356 9.14 457,300,000

2 Vodafone Europe, India, USA 45.979 13.31 302,611,000

3 Singtel India, Indonesia 7.264 24.31 249,000,000

4 Telefónica (Movistar, O2) Spain, Brazil, Mexico 38.550 16.42 195,600,000

5 América Móvil Mexico, USA, Argentina 19.185 7.72 182,724,129

6 Telenor Scandinavia, India 6.563 6.86 164,000,000

7 T-Mobile Germany, USA, UK 37.234 13.39 147,616,000

8 China Unicom China 7.126 4.66 133,365,000

9 TeliaSonera Scandinavia, Russia, Turkey 9.881 22.84 126,074,000

10 France Télécom (Orange) Europe 31.064 27.86 121,800,000

11 Bharti Airtel India 4.484 4.84 93,923,248

12 MTS India, Russia 7.699 7.35 91,335,000

13 MTN Group South Africa, Nigeria, Iran 8.082 10.52 90,700,000

14 Orascom Telecom Algeria, Egypt, Pakistan 4.003 4.96 77,999,184

15 AT&T Mobility USA 37.072 38.17 77,009,000

16 Reliance Communications India 2.565 6.79 72,666,192

17 Verizon Wireless USA 37.069 38.77 72,100,000

18 Telecom Italia (TIM) Italy, Brazil 11.224 15.70 71,199,000

19 VimpelCom Russia 6.933 9.73 61,029,000

20 NTT Docomo Japan, India, USA 27.748 43.27 54,601,000

 
 
With an average annual revenue per employee of about € 400,000.= for the twenty operators 
mentioned in Table 3, the mobile telecommunications services industry can be characterized as 
capital-intensive. A major part of these revenues is used to amortize the huge fixed costs of 
spectrum licenses and network infrastructure. To give an impression: on UMTS licenses 
European operators recently spent between 113 million Euros in Austria and 8.5 billion Euros in 
France (IDATE/Enter, 2008). For most operators this is in addition to the millions of Euros 
spent earlier on 2G licenses. Building the network infrastructure for providing nation-wide 
coverage is even more expensive. In the UK, for instance, T-Mobile had about 12.000 GSM 
antennas (also known as Base Transceiver Stations, BTS’s) installed in the period until 2004 at a 
cost of between 100,000 and 300,000 Euros each (Jenkins, 2004). But in order to have a fully 
operational mobile network, a whole range of other hardware components are needed, including 
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cabling, buildings, switching centers, gateways, servers, billing systems, and access databases, 
which combined required billions of Euros in additional investments. Now, five years later, 3G 
has arrived and the number of mobile subscribers has more than doubled – and so has the value 
of the installed base. 
 
In July 2008, the total number of mobile network operators in Europe is 99. Of these 
companies, 93 have made the transition to 3G technologies, which is an increase of seven with 
respect to 2007. This includes the four largest European operators: Vodafone, T-Mobile, 
Telefónica, and Orange. While most operators nowadays offer commercial 3G mobile 
broadband services in addition to the older 2G voice and messaging services, there are still 
networks that offer either GSM or UMTS. See Figure 12. 
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Figure 12. Number of European mobile network operators, July 2008 

Source: Commission of the European Communities (2009) 

In addition to the 99 mobile network operators, there are 384 so-called non-premise based, or 
mobile virtual network operators (MVNOs; see Figure 13). MVNOs are companies – often with 
strong positions in markets not related to telecommunications – that buy excess network 
capacity from one or several MNOs to offer mainly 2G mobile subscriptions and value-added 
services of their own. MVNOs have a special position within the mobile telecommunication 
services market, because they have no spectrum licenses or a mobile network and the high fixed 
costs associated with these resources. Instead, they use excess capacity of normal operators to 
target niche markets with discount subscriptions on voice and text messaging services through 
very different distribution channels, like supermarkets, banks or petrol stations. 

The main reason why MNOs allow third party operators to use their networks is to 
generate returns on network capacity that otherwise would not be used. They do not consider 
MVNOs as direct competitors, because they are much smaller and generally focus on the lower 
tiers of the market where price is far more important than having the latest gadgets or the fastest 
network access. These tiers are not attractive for MNOs, since the low volumes and profit 
margins are incompatible with their revenue models. So even though MVNOs are part of the 
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same industry, with a combined market share of about 10% their impact on the incumbents’ 
competitive position is relatively small. The few companies that do become successful will most 
likely be taken over, as recently happened in The Netherlands, where KPN acquired Debitel. 
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Figure 13. Number of Mobile Virtual Network Operators (MVNOs) in Europe, December 2008 

Source: Telecompaper (2009) 

 
The characteristics of MVNOs and their role in the mobile telecommunications services market 
are an interested phenomenon that has gained a lot of academic interest (Banerjee and Dippon, 
2009; Kim and Seol, 2007; Ulset, 2002; Varoutas et al., 2006). However, it is important to stress 
that they are beyond the scope of this study for two reasons. First, the implications of the 
eventual market introduction of ad hoc networks are outside their locus of control. MVNOs may 
gain or lose customers, but as they neither own nor control the technology on which their 
business is based, they simply cannot be disrupted. Secondly, both their market share and market 
value are relatively small compared to normal operators. So even in the worst-case scenario, the 
impact of a collapse of these companies on the economy will be negligible with respect to a 
scenario that describes the collapse of MNOs. 

3.1.5 Main sources of revenue 
In 2008, the combined revenues of mobile network operators was estimated at $742 billion 
world-wide (IDATE/Enter, 2009). While the annual growth rate fell from 12% in 2007 to 8% in 
2008 (in Europe from 3.8% to 1.3% respectively), this still accounts for 54% of the total 
revenues of the telecommunications services industry that also includes Internet and fixed 
telephony operators. Currently, the most important sources of revenue are voice calls, text 
messaging (SMS), and mobile broadband (Internet access) services. In Europe, voice calls 
account for more than 80% of total revenues, text messages for about 11%, and mobile 
broadband for 7%. Additional revenues from MMS and the distribution of ringtones, wallpapers, 
music and video are relatively insignificant. 
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Figure 14. Sources of revenue for European mobile network operators in 2007 

Source: Commission of the European Communities (2009) 

As discussed earlier, in spite of the continued volume growth, revenues from voice calls and SMS 
are under pressure as a result of increased competition and regulatory interventions. While this 
represents a financial risk in the short run, many operators in Europe have invested heavily in 
3G networks. With 3G’s coverage levels throughout Europe being considerable and the number 
of services offered steadily increasing, their hope is that mobile broadband will be the industry’s 
new cash cow in the next few years (IDATE/Enter, 2009). 

However, the market value and volume of mobile broadband are still small compared to 
those of voice calls. According to FitchRatings (2009), by the end of 2008 there are about 91.3 
million European 3G users, i.e. 15.5% of the total number of mobile subscriptions. Yet the 
adoption rate is far lower than that of 3Gs predecessing technologies – the Internet and 2G 
mobile telephony – nearly one decade ago. Moreover, in the current economic climate this rate is 
unlikely to recuperate soon. 

In addition, the amount of data traffic generated by existing subscribers is growing 
extremely fast. In order to keep their networks up-and-running, operators need to invest heavily 
in additional network capacity to ensure a certain quality of service. Network densification is the 
most common approach to achieve this, but adding extra antennas can be a long and complex 
process. Concerns about the impact of exposure to electromagnetic radiation on human health 
have led to many protests and many legal cases against European operators during the initial roll 
out of UMTS networks. Serious delays were the result, and there is no evidence that this will be 
any different in future network upgrades. Therefore, in addition to the investments involved, 
operators also face the challenge of convincing the general public of the necessity. 

Hence, in the next few years, the downward trend in 2G voice and text messaging 
revenues – which represent about 90% of total revenues – will probably not be offset by 
revenues generated by 3G mobile services. 
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3.2 INDUSTRY ANALYSIS 
The next step in gaining a better understanding of the context in which mobile network 
operators are operating is an analysis of the competitive environment in which they are active. As 
described in the previous chapter, technological change can have a disruptive effect on an 
industry. In order to assess the chances of survival of mobile network operators when 
confronted with technological change, identifying and understanding all forces at work, including 
those currently affecting the industry, is crucial (Christensen, 1997; Du Preez and Pistorius, 2003; 
Hüsig et al., 2005). 

One of the most widely recognized and used models for industrial analysis over the past 
30 years has been Porter’s Five Forces model (Porter, 1980). This model provides an insight into 
the relationships and dynamics of an industry that are beyond the obvious or immediate, through 
the analysis of five competitive forces: threat of new entrants, threat of substitute products or 
services, bargaining power of buyers, bargaining power of suppliers, and the rivalry among 
existing competitors. See Figure 15. 
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Figure 15. The five forces that shape industry competition 

Source: Adapted from Porter (1985) 

These forces shape the structure of the industry, which in turn determines the nature of 
competition and the industry’s profitability in the long run. By analyzing the strength and 
direction of each force, it is possible to assess both an industry’s current position and its 
perspectives in terms of rivalry and average profitability. 

The following sections analyze each of the five forces for the European mobile services 
industry. Although these forces vary over time, they do provide a fairly accurate picture of the 



Ad Hoc Networks and the Future of Mobile Network Operators 2011 

 56 

current competitive arena as well as the potential opportunities and challenges that operators are 
facing. 

3.2.1 Threat of new entrants 
The threat of entry depends on the presence of entry barriers and the extent to which 
newcomers expect established firms to retaliate if they do enter the industry. The threat of entry 
is high if the entry barriers are low and established firms are not expected to retaliate. The threat 
alone is sufficient to reduce the potential industry profitability, as incumbents are worse off with 
more competitors that drive down prices and costs in order to capture a share of the market. 

Incumbent European mobile network operators really have not much to fear from new 
entrants, because the barriers of entry (for genuine mobile network operators) to the market for 
2G and 3G mobile services are high. Economies of scale still play an important role in mobile 
telecommunications, and building, operating, and maintaining a mobile network requires huge 
up-front capital investments. Few entrants have access to such resources, especially to cover the 
equipment and infrastructure costs for providing a nation-wide service coverage. Those that do 
will face a second barrier: obtaining radio spectrum licenses. The number of licenses is limited by 
the laws of physics, and virtually all available licenses in Europe have already been granted to 
incumbent operators. The third major barrier to entry is access to distribution channels. Most 
incumbents have a large network of dealers through which they sell new handsets, promote new 
services, activate new subscriptions, and deliver after-sales service. Although the Internet is 
becoming an increasingly important medium for sales and marketing activities, a large and 
effective dealer network remains a key factor in the success of mobile operators, making it 
difficult for entrants to access the market. 

The threat of new entrants is also low, because there are good reasons to believe that 
incumbents will respond vigorously to entrants. First of all, most incumbents are multinationals 
that have the resources to fight back. Secondly, it is a high fixed-cost industry with a huge base 
of largely depreciated fixed assets, so large volumes are required to generate sufficient returns. 
To fill excess capacity, it is not unthinkable that prices will continue to drop in the next few years 
to stimulate demand. And third, although in some (developing) countries around the world there 
is still strong growth – even in markets where the penetration rate exceeds 100% – the European 
market growth has been slowing down for years. As a result, competition is getting fiercer, and 
as every customer matters, it is difficult to imagine that entrants will be allowed to share in the 
proverbial pie. One of the indications for this is that some incumbents in Italy, France, and The 
Netherlands are trying very hard to retain their customers by promising bonuses and price cuts 
in return for renewed subscriptions. 

Despite these significant entry barriers, however, entrants do have the possibility to lease 
network capacity from incumbents’ existing networks and start offering mobile services as a 
Mobile Virtual Network Operator (MVNO). Although there exist various MVNO business 
models, these companies generally are independent from MNOs and are able to set their own 
prices. In countries like Belgium, Italy, Norway, The Netherlands, and the United Kingdom tens 
of MVNOs are active on the market for mobile telephony. However, their role and market share 
are growing yet very limited compared to the market size of the incumbent MNOs. 

Whether the threat of entry remains high with the introduction of future 4G mobile 
services is still unclear. In most European countries, the recent switchover from analog to digital 
terrestrial television has freed up a significant number of frequency bands between 200 MHz and 
1 GHz with excellent properties in terms of range, coverage, and transmission transfer rates. 
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This so-called ‘digital dividend’ represents a major opportunity for new entrants, like new media 
companies (Google, Apple, and Microsoft, for instance) and cable and DSL network operators, 
to enter the market for 4G mobile broadband services if these frequency bands are to be released 
for mobile use. However, even though the developments in the transition toward 4G are 
evolving fast, there are still too many uncertainties concerning 4G standards, spectrum licensing, 
and international spectrum harmonization to determine the implications for entry barriers in the 
future. 

3.2.2 Threat of substitute products or services 
Substitutes are products or services that meet customer demand in a different way than the 
industry’s current products or services do. VoIP, for example, is a substitute of traditional 
telephony, and a smartphone is a substitute of a portable computer. Porter argues that the threat 
of substitution is particularly strong if the price/performance trade-off offered by the substitute 
becomes attractive for the industry’s existing customers. Industry patents and standards, on the 
other hand, can discourage customers to actually make the switch to substitute products if they 
result in cost or performance advantages that cannot easily be replicated. If a threat of 
substitution exists, it will have a negative effect on industry profitability as it forces prices down. 
Else, demand will shift towards a substitute product or service. 

To analyze the threat of substitution it is necessary to distinguish between two different 
mobile services: voice services and data services. Substitutes for voice services are traditional 
(fixed) telephony, cable telephony, and VoIP. These services are generally cheaper while offering 
a comparable quality of service. They are also compatible, so network effects do not play a 
significant role in the adoption process. Their threat of substitution, however, is low. Albeit 
more expensive, customers particularly value mobile voice services, because it allows them to 
make telephone calls independent of their location. Instead, many Europeans regard them as 
complements: fixed telephony is used in circumstances where price matters most (e.g., at home 
or in the office), while mobile telephony is used in circumstances where coverage and mobility 
matter most. Some have even completely switched over to mobile telephony, while others who 
never had a fixed telephony connection in the first place (in rural areas in developing countries, 
for example) have adopted mobile services only. 

The threat of substitution of data services depends on the type of application, the type of 
users, and on the circumstances in which wireless data services are used. While mobility, 
coverage, simplicity, and speed are important performance attributes of text (SMS) and 
multimedia (MMS) messages, bandwidth, reliability, and security are more important for games 
and business applications. Due to their character, the threat of substitution of text and 
multimedia messages is low. The threat of substitution of high-speed data services on the other 
hand, is low to moderate. Nowadays, WLAN technologies are a popular alternative to mobile 
technologies, because they are more reliable and offer a higher bandwidth at lower cost. The 
tremendous growth of the number of WLAN-hotspots in Europe, and the capability of most 
portable handsets and computers to access both mobile networks and WLANs have slow down 
the growth of 3G data services. Mobility seems to be of less value for this type of data service. 
These developments, however, do not seem to represent huge problems for mobile network 
operators. Although they are facing lower returns on investment in 3G licenses and 
infrastructure, many of them have co-opted WLAN technologies by entering the high gross 
margin market for WLAN hotspots. T-Mobile, KPN, and Vodafone, for instance, offer them as 
complementary services to their existing customers in libraries, train stations, airports, hotels, 
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and restaurants. The advantage of mobile network operators is that they have the resources, 
technological and organizatorial capabilities, and the motivation to succeed in this new market 
(Christensen et al., 2004; Hüsig et al., 2005). Therefore, wireless high-speed data services are 
more likely to complement mobile high-speed data services. 

Although there seems to be no real threat of substitution in the short run, things could 
change in the long run. New technologies, like ad hoc networks (see chapter 4) and WiMAX, are 
emerging that promise a better price/performance trade-off than today’s mobile technologies. At 
this point it is too early to tell whether they will substitute or complement mobile networks, or 
remain niche technologies. This thesis elaborates on the prospects of ad hoc networks – of 
which a number of authors consider them to be highly threatening (see chapter 1) – but only 
time will learn what their effect on the mobile telecommunication services industry will be. 

3.2.3 Bargaining power of buyers 
Two other forces that have a negative effect on industry profitability are powerful buyers and 
powerful suppliers. The bargaining power of buyers comes down to the question to what extent 
buyers can negotiate a better offer. It depends primarily on their size and price sensitiveness, the 
number of competitors in the industry, switching costs, and uniqueness of the products or 
services offered. Powerful buyers not only can demand lower prices, but also higher quality or 
better service. 

Customers of European mobile network operators have a relatively weak bargaining 
position. First, the industry is highly concentrated with an average of 3.7 operators per country 
and is competing for hundreds of millions of individual consumers and a few thousands larger 
corporate accounts. Their volumes are simply too small for large incumbent firms to negotiate 
favourable terms and conditions. 

Second, demand for mobile services (and handsets) is relatively inelastic. While generally 
not considered an absolute necessity, these services have made life so much easier that few are 
willing to give them up, even in financially stressful times. In addition, the cost of the service is 
low compared to the relatively high average income of Europeans. 

Third, switching costs for existing subscribers are significant. Customers are tied to one 
to two-year contracts and termination fees apply if they want to cancel the contract before it 
expires. In addition, subscribers are often forced to buy a new mobile phone if they want to 
switch to another operator, because their old phone has a SIM-lock that does not allow the 
phone to be used on another network. And then there all kinds of other costs associated with 
searching and comparing dozens of alternative service plans and eventually with concluding a 
new contract and learning to use the new service (and mobile phone). And finally, perceived risks 
and uncertainty give an extra dimension to these costs. Number portability, enforced by national 
regulatory authorities upon the industry, has made switching somewhat easier for customers by 
removing the cost of changing telephone number. Nevertheless, customers still experience 
difficulties when switching operator. 

On the other hand, mobile network operators are overshooting the mainstream market 
in terms of functionality, quality, and reliability. They offer most customers more than they need, 
as a result of which the base of competition gradually shifts to price only (see also section 2.2.2). 
In addition, brand loyalty is generally low. So unless customers are satisfied with the services 
offered, they are hardly committed to a particular operator. As the industry further matures and 
competition intensifies, this will become an increasingly important leverage for customers. 



Sander Kerremans  Chapter 3: The mobile telecommunications industry 
 

 59

3.2.4 Bargaining power of suppliers 
Powerful suppliers can charge higher prices, or offer lower quality or service. Their bargaining 
power depends on the volume and size of the industry, the number of competing suppliers, 
switching costs, and the uniqueness of their products or services. If industry profitability is high 
enough, suppliers may consider to enter the market themselves through forward integration. 

As will be elaborated upon in the next paragraph on the mobile value network, mobile 
network operators depend mainly on four categories of suppliers: network equipment 
manufacturers, handset manufacturers, content providers, and national governments (or 
regulatory authorities). The combined bargaining power of these suppliers is relatively high and 
seems to have an increasingly stronger impact on the average profitability of mobile network 
operators. 

The first category, network equipment manufacturers, is specialized in the development 
and supply of systems and services for mobile networks. They have played a crucial role in the 
success story of mobile telephony in general, and of that of mobile network operators in 
particular. Operators simply do not have the technical and organizatorial capabilities to build and 
maintain their own networks, and are strongly dependent on the equipment manufacturers for 
their sophisticated knowledge and equipment. This dependency, together with their size, and 
number of competitors, gives the manufacturers a powerful bargaining position. While there are 
99 mobile network operators in Europe and over 600 world-wide, the number of equipment 
manufacturers is about 10, of which the three largest companies – Ericsson, Nokia Siemens 
Networks, and Alcatel-Lucent – control 67% of the global market; see Table 4. Also the size of 
their installed base plays a role. Although standards for mobile networks, like GSM and UMTS, 
removed the dependence on individual equipment manufacturers by defining only the interfaces 
between system components, and not the components themselves, operators are nonetheless 
reluctant to change supplier given the fact that they often engage in long-term partnerships. 
 

Table 4. Global market share of mobile network equipment manufacturers 

Source: IDATE/Enter (2009) 

Rank Company Global market share 

1 Ericsson 31% 
2 Nokia Siemens Networks 22% 
3 Alcatel-Lucent 14% 
4 Nortel 7% 
5 Huawei 7% 
6 Motorola 6% 
7 NEC 5% 
8 Other 8% 

 
 
Whereas network equipment manufacturers produce the hardware and infrastructure necessary 
to operate a mobile network, mobile handset manufacturers produce the terminals necessary for 
end customers to use the services provided by the network. Also the bargaining position of this 
category of suppliers should not be underestimated. The industry concentration is similar to that 
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of the equipment manufacturers (see Table 5), but they potentially have access to a far greater 
number of distribution channels as they can also sell to non-operators or even directly to end 
customers. Moreover, their potential market in terms of number of potential customers 
worldwide is far greater than the potential market any individual mobile network operator is able 
to serve. As a group, this makes them less susceptible to pressure from incumbent operators 
during negotiations, although there are differences among individual firms. To some suppliers, 
like market leader Nokia and RIM, the mobile services market is crucial, because selling mobile 
phones is their core business. In contrast with other firms, like Samsung and LG, which are 
highly diversified and therefore less dependent on this market for survival, they have less room 
to negotiate. 
 

Table 5. Global market share of mobile handset manufacturers 

Source: IDATE/Enter (2009) 

Rank Company Global market share 

1 Nokia 39.0% 
2 Samsung 16.4% 
3 Motorola 8.4% 
4 LG 8.4% 
5 Sony Ericsson 8.1% 
6 Other (HTC, Apple, RIM, …) 19.7% 

 
 
The third category of suppliers are the content providers. Companies like YouTube, Google, 
Time Warner, and Disney, offer audio, video, advertisements, ringtones, games, and all sorts of 
other content not to mobile operators, but directly to their customers. While they are not 
suppliers to operators in a traditional sense, content providers do depend on them for billing and 
distribution. This is one of the main reasons why most content providers find themselves in a 
weak bargaining position. As a result, operators can demand a greater share in revenues. But they 
can also deny access to content providers by creating so-called walled-gardens, as frequently 
occurred in 2G and 2.5G networks, and to some extent still occurs in 3G networks. Other 
reasons why operators have not much to fear from content providers are the large number of 
suppliers (the barriers of entry to that market are very low), the huge supply of content, and the 
lack of adequate copyright protection. Moreover, most Europeans still own relatively simple 
handsets and have no fast 3G network connections, which makes it difficult to find and use 
valuable content. 

However, there are signs that role of content providers is gaining importance. Networks 
are being upgraded, and more and more people purchase smartphones and 3G handsets capable 
of processing multimedia content. In addition, operators are starting to realize that effective 
collaboration can be beneficial to both them and the content providers. After all, valuable, easy 
accessible content will stimulate demand for bandwidth, and thus demand for fast 3G 
connections. This will significantly increase opportunities for content providers, while the role of 
the mobile network operator will expand to that of mobile service provider. 

The final category of important suppliers are the national governments or regulators. 
Although sometimes not considered as such, these institutions are monopoly suppliers of radio 
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frequency licenses. Mobile network operators need these licenses to be in business and they are 
allocated through auctions or so-called beauty contests. The costs of these licenses, however, are 
huge. Operators that participated in the auctions of 3G licenses in various European countries in 
2000 and 2001, for example, cumulatively paid over € 100 billion (Klempener, 2002). Of course, 
radio frequency spectrum is a scarce resource and auctions do sometimes result in very high bids. 
However, given the fact that mobile network operators have serious difficulties to recover these 
investments, it is questionable whether these sums of money reflected the true value of the 
licenses. In any case, governments as suppliers of wireless bandwidth do have a strong 
bargaining position vis-à-vis the operators, not only because they determine the terms and 
conditions of the auctions, but also because at the same time they are the industry’s regulators. 

In summary, the general level of influence that suppliers have on mobile network 
operators is high. While many operators have outsourced their network services, the chance that 
they will forward integrate into the mobile services industry is small. However, overall they do 
have a relatively strong influence on industry profitability and this influence is likely to increase 
in the future as the European mobile services industry matures. 

3.2.5 Rivalry among existing competitors 
The fifth force, rivalry, refers to competition between existing competitors for market share 
through price and nonprice strategies. It is arguably the most important force in Porter’s 
framework, because it is partially affected by each of the four other forces. But the degree of 
rivalry also depends on other important factors, such as market growth, the number and size of 
competitors, exit barriers, the cost structure of companies, switching costs, corporate stakes, and 
the degree of product differentiation within the market. High degrees of rivalry are often 
considered beneficial to consumers, because it drives down prices and it stimulates companies to 
differentiate themselves through innovation, better service, or higher quality products. However, 
it also erodes industry profitability and may threaten company survival. 

After years of average levels of rivalry due to strong market growth, there are several 
indications that rivalry among European mobile network operators will intensify in the years 
ahead. The first indication is that the European markets are close to the point of saturation. As 
growth in the number of subscribers is slowing down, operators increasingly have to fight for 
new customers and to retain their own in order to remain attractive for shareholders. Attracting 
new subscribers, for example through innovative products like the BlackBerry and iPhone, is still 
important, but more difficult in a saturated market that is increasingly dominated by both virtual 
and multinational mobile carriers. Eventually, pulling customers away from competitors will 
become a zero-sum game. That is one of the reasons why operators are putting more effort in 
customer retention and customer service improvement than in the past, as they are starting to 
realize the true potential value of their existing customer base. 

Another indication is the growing number of consolidation efforts in various national 
and international markets. In the Netherlands, T-Mobile took over Orange and Telfort is now 
part of KPN; in Greece, Q-Telecom consolidated its mobile operations with Wind Hellas 
Telecom, in the UK, Vodafone, O2, and Orange are in a race to take over T-Mobile’s operations; 
and in the United States Cingular Wireless is now AT&T, and Sprint merged with Nextel. In 
addition to consolidation of the industry on a national level, operators are also increasingly 
looking for opportunities to expand their operations abroad. Italy’s operators Wind and 3 are 
owned by China’s Hutchison and Egypt’s Orascom Telecom, respectively; and Vodafone 
recently bought a majority stake in India’s fourth-largest operator, Hutchison Essar. Most of 
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these efforts aim to achieve economies of scale or efficiency improvements. Without mergers 
and acquisitions, it becomes increasingly more difficult for operators to achieve profitable 
growth in nearly saturated markets through ordinary competitive activities. 

A third indication has been the strong growth in the number of Mobile Virtual Network 
Operators. As discussed previously, MVNOs buy excess network capacity from one or several 
MNOs to offer mobile subscriptions and value-added services of their own. The reason why 
MNOs allow use of their networks lies in the industry’s cost structure. Because of the huge 
investments in spectrum licenses and network infrastructure that were necessary for providing 
nation-wide coverage, fixed costs are a substantial proportion of total costs. In order to minimize 
unit cost, operators must maximize use of their network capacity. MVNOs help them achieve 
this goal by targeting unserved niche markets. 

A fourth indication is the existence of high exit barriers, especially for operators like 
Vodafone and China Mobile that virtually have no activities in other industries. These companies 
must continue to operate, not only because of labor and spectrum license agreements, but also 
because their network equipment and billing systems are highly specialized assets that cannot 
easily be sold. For diversified operators, like Telefónica, France Télécom (Orange), and Deutsche 
Telecom (T-Mobile), leaving the industry would still be difficult but at least they could transfer 
some of their mobile resources and assets to related business activities. It is highly unlikely, 
however, that operators would even consider exiting to be an option in a profitable market that 
still continues to grow, given the value and strategic importance of their brands and activities. 
Hence, operators are more or less locked in the market and must compete to survive. As the 
European market approaches the point saturation, this can create a situation of excess capacity 
that will ultimately affect the market equilibrium. 

And finally, forced by pressured revenues and corresponding margins (see paragraph 
3.1), operators are looking for new ways to drive down operational costs on a structural basis. 
Internet plays an increasingly important role in customer relations and support, but also more 
unusual methods such as network sharing and managed service deals are gaining popularity – 
unusual, because until recently MNOs were strongly vertically integrated, being both network 
operator and service provider (Vesa, 2005).35 Tens of European operators have outsourced their 
network operations and maintenance activities (including staff) to network equipment 
manufacturers, like Ericsson and Nokia Siemens Networks. Such long-term agreements 
potentially lead to significant cost reductions and allow operators to shift their focus to sales and 
marketing. Other operators expect to realize cost savings by sharing network resources, while 
simultaneously improving network coverage and quality of service. In the UK, for instance, 
network-sharing agreements exist between T-Mobile and H3G, and between Orange and 
Vodafone. The latter two also work closely together in Spain and Bulgaria. 

On the other hand, there also exists a number of specific industry characteristics that 
have a mitigating effect on the level of industry rivalry. For one, European mobile services 
industries are oligopolies that consist of two to five more or less equally strong competitors with 

                                                 
35 One of the reasons why mobile network operators were so strongly vertically integrated is because it was simply a necessity to 
achieve a strong competitive advantage and be successful in the industry. Until a few years ago, mobile networks – which are 
comprised of a large set of complex, interdependent subsystems – were not good enough to address the needs of mainstream 
customers in terms of performance, functionality, and reliability. These networks are so complex that improvements could only 
be realized if the design and maintenance of all critical subsystems were managed within the same organization. Nowadays the 
behaviour of and the interaction between most subsystems are pretty well understood, which allows operators to outsource some 
of these systems to specialist companies like equipment providers. 
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similar market shares.36 In fact, as Figure 16 demonstrates, the differences have grown smaller 
over the past five years, which effectively resulted in reduced competitive pressure. 
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Figure 16. Average market share of European mobile network operators; October, 2008 

Source: Commission of the European Communities (2009) 

While most operators have the capabilities to fight for market leadership and are strong enough 
to influence market prices, currently there is no indication of price wars or other forms of 
intense competition in any of the national markets. If that would be the case, the consequences 
for the companies involved could be devastating because of the complex interdependence 
between the operators. In such concentrated industries, the action of one company will influence 
the profits of the others, and vice versa (Besanko et al., 2004). Hence, operators must take into 
account how strategic choices will affect profits of others and, as a consequence, how they 
expect competitors to respond. Because the risk of provoking fierce competitive battles is 
significant, operators do not seem to be willing to put their interests at stake. Therefore, most 
companies pursue rather defensive strategies based on marketing, tailored service plans, 
customer retention, and the adoption of the latest (fastest) mobile handsets and technologies.37 

Also the presence of the switching costs discussed earlier can have the effect of reducing 
the level of rivalry among companies. Subscribers cannot easily move from one operator to 
another, so operators are less inclined to reduce prices or improve service quality to gain market 
share. Similarly, as long as the level of product differentiation between operators is still 
reasonable, there is no need for different pricing strategies. 
 
In summary, in contrast with the rest of the world, the European mobile services industry is 
gradually losing its attractiveness in terms of its profitability prospects. The market is near its 

                                                 
36 Oligopolies in mobile services are the result of the number of spectrum licenses granted by national governments. 
37 The decrease in average price levels for mobile services like SMS, mobile roaming calls, and data services witnessed over the 
last few years, has in fact primarily been the result of market intervention by national regulatory authorities to compensate for the 
markets’ inability to cut prices. 
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point of saturation and operators must look for alternative sources of revenue growth. Suppliers 
have a firm grip on the industry, and due to consolidation efforts, the number of operators in the 
market is likely to fall. The number of MVNOs, on the other hand, is growing, but their role and 
size are very limited compared to the double-digit market shares of MNOs. From a technology 
point of view, there are currently no threats of substitution and there are no signs that operators 
will expect this to change in the near future. Operators increasingly focus on sales and marketing, 
leaving network operations and maintenance to external players like Ericsson and Alcatel. 
Altogether, there is clear evidence that both industry and technology have reached maturity and 
that the degree of rivalry among mobile network operators in Europe will increase in the years 
ahead. 

3.3 THE MOBILE TELECOMMUNICATIONS VALUE NETWORK 
Porter’s Five Forces model provides valuable insights into the competitive environment in which 
mobile network operators operate as well as the potential opportunities and challenges they face. 
Within the context of this thesis, however, it has two limitations. The first limitation is that it 
underestimates the power of technological change to transform industrial structures, while 
overestimating the power of management to truly understand and harness the five forces in 
order to survive (disruptive) technological change (Tidd et al., 2005). As discussed in the 
previous chapter, technological change can have a disruptive effect on industries, and the 
inability to identify and understand the true forces at work will greatly reduce a firm’s chances 
for survival. The second limitation is that Porter’s model emphasizes external forces as 
determinants of competition and firm profitability and gives much less consideration to the 
influence of a firm’s own resources, processes, and values. Yet, as explained in section 2.3.2, it is 
particularly these factors that define a firm’s capabilities as well as its disabilities for dealing with 
(disruptive) technological change. 

To better understand the choices of firms to pursue certain strategies and markets, 
Christensen introduced the concept of the value network in his research on disruptive 
innovations (Christensen and Rosenbloom, 1995). He defines the value network as the context 
within which a firm establishes a cost structure and operating processes, and works with 
suppliers and channel partners in order to respond profitably to the common needs of a class of 
customers (Christensen and Raynor, 2003, p.44). Contrary to the value chain concept (see e.g. 
Porter, 1985), the value network does not focus on the activities required to create a product or 
service. Instead, it reflects the value of the ultimate product or service of use, its physical or 
performance attributes, and the associated cost structure of all companies – upstream suppliers and 
ancillary providers – that together make up the value-creating system. Christensen agrees that the 
choices of firms to pursue certain strategies and markets are strongly influenced by Porter’s five 
forces. But – he emphasizes – those choices are bounded by the limitations imposed by the value 
network in which firms are embedded,38 and in particular by the value of the ultimate product or 
service of use as defined by the dominant technological paradigm (Dosi, 1982). 

The value network concept explains why incumbents have so much difficulties grappling 
with disruptive innovations, and why entrants have so much difficulties grappling with sustaining 
innovations. The two types of innovations have very different physical characteristics and are 
                                                 
38 Companies are embedded in value networks, because their products and services are generally embedded as components 
within other products and services – and, eventually, in the ultimate system of use (Kahn et al., 1978). Within the same industry, 
different companies can be part of different value networks, depending on the value of the end system of use. Likewise, a single 
company that creates products or services for different end systems of use, can be part of several value networks. 
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valued in a completely different way by end users in terms of price, performance, convenience, 
and functionality. In addition, the associated profit margins and volumes often do not match the 
company’s cost structure. For example, if its overhead costs require a large company to achieve a 
50 percent profit margin on all of its products, it will simply be incapable of either successfully 
succeeding in or competing against disruptive innovations that typically generate the kind of 
profit margins that only small firms would value. Similarly, the amount of revenues typically 
generated by disruptive innovations is by far not enough to significantly contribute to the growth 
targets of incumbents that are required for delivering above-average shareholder value. 
Moreover, often the complementary linkages with companies up- and downstream the value 
network are relatively robust as a result of unique system architectures, components, distribution 
channels, and so forth, so it is quite difficult for any company to break away from its traditional 
business. All these factors have such a defining influence on the value network, that firms cannot 
enter or leave it without seriously putting at risk their chances for survival. So the ability to cope 
with technological change depends not only on technological, financial, or organizational 
capabilities, but also on the value network of which firms are part. 
 
Mobile network operators are part of a value network that is rather complex due to the many 
complementary systems, subsystems, components, and services required to create the end system 
of use: a mobile telecommunication service, consisting of a voice and a data component. This 
service is provided by mobile network operators, but there are many other firms involved in the 
value creation process, including network equipment manufacturers, regulators, governments, 
content providers, software developers (for operating systems, applications, and browsers), 
mobile handset manufacturers, marketing companies, retail companies, and so on and so forth. 
All these economic actors are autonomous entities, but their individual competitive positions are 
very much dependent on relationships with other members of the value network and their ability 
to create value for the end customer. 

While mobile voice and data services are usually delivered to the end user by the same 
operator, in their analysis of the disruptive potential of WLANs on mobile network operators, 
Hüsig et al. (2005) demonstrate that the various performance attributes of these services are 
valued in very different ways and in a very different order of importance. For basic voice 
services, the performance attributes most valued by end customers are coverage and quality of 
service, and in particular the quality of voice transmission.39 Mobility and quality of service are 
relatively of less importance for mobile broadband services, like Internet access. Here, the most 
valued performance attributes are bandwidth, information richness, security, and coverage. High 
bandwidth is the most important requirement for mobile broadband, because it determines the 
transmission speed and the complexity of wireless applications that can be used. For low 
bandwidth applications, like SMS and MMS, mobility, simplicity, and functionality are more 
important to end users as they are only used to convey brief messages on an anytime, anywhere 
basis. 

Figure 17 illustrates two (partial) views of the mobile value network to convey the 
concept: one for voice and SMS services and one for data services (mobile broadband). The top 

                                                 
39 Note that both attributes are satisfied by all operators, and that the basis of competition has shifted to price (as discussed 
earlier). Following Christensen’s theory of disruption, this could indicate that the performance supplied has exceeded the 
performance demanded by the market. Normally, that would create opportunities for disruptive innovations to invade the 
established market for voice services from below. Voice services, however, require the use of mobile devices that are compatible 
with the mobile standard used by the operator. Hence, disrupting mobile network operators requires more than offering an 
alternative form of network access. 
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level depicts the end system of use: the mobile service. At the next level of the value network, 
system components are complementary. End customers not only need network access provided 
by the operator, but they also need mobile phones, PDA’s, or computers that are compatible 
with the standard of the mobile operator’s network in order to use voice and data services. 
Consumers that only use voice and SMS services value these devices mainly in terms of size, 
usability, and functionality. Consumers that also use mobile broadband and other applications 
like cameras, games, and media players are more looking for size, speed, storage and battery 
capacity. Other important elements at this level are for instance the operator’s billing system, 
customer service, and additional (web) applications. Telescoping down one level, each of these 
components are systems comprised of yet other components, like keyboards, displays, and 
memories for mobile phones. Continuing this process for each component and each level results 
in a complete architectural map of the mobile services value network. 
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Figure 17. A partial view of the mobile services value network and the relevant metrics of value 

 
Since components at each level are produced and sold to integrators at the next higher level in 
the system, the mobile services value network also represents a nested network of suppliers and 
markets. As suppliers of mobile network equipment, Ericsson, Motorola, and Nortel maintain 
close relationships with operators like Orange, Vodafone, and T-Mobile. As suppliers of 
memories for mobile devices, Infineon, Philips, and TI are also linked - albeit indirectly – to 



Sander Kerremans  Chapter 3: The mobile telecommunications industry 
 

 67

these operators.40 Unless their products and services are easily substitutable in terms of 
performance attributes and price, this value network configuration will stay relatively stable over 
a longer period of time. 

The structure and members of the value network, however, are not only determined by 
the performance attributes of mobile services. They also depend on the cost structure of the 
network participants. A company’s cost structure determines both its current business model and 
the way it perceives the economic value of new, possibly competing products and services. The 
cost structure of mobile network operators is largely defined by two of their main resources: 
spectrum licenses and network infrastructure. Although it is very hard to find publicly available 
data, Esmailzadeh (2006) estimates that European operators spent anywhere between 73 and 495 
dollars per inhabitant on 3G licenses, whereas NTT DoCoMo in Japan alone spent over 20 billion 
dollar for its initial 3G network roll-out. These are huge investments but crucial to providing 
value to the end user. The reason why spectrum licenses are so expensive is because they are 
scarce. Network equipment is so expensive because it is largely customized, with low unit 
volumes, whereas the sales, research, development, production, and maintenance costs are high. 

To amortize these costs – which are inherent to the value network they are part of – 
mobile network operators need high gross margins on the services they provide to their 
customers in order to be profitable. As a result, it will be difficult for operators to compete in 
value networks where profit margins are much lower. Even if key product performance 
parameters in both networks are converging and all conditions for disruption are present (as 
discussed in paragraph 2.3), the emerging product or service will not attract sufficient resources 
or managerial attention because there is no fit with the operators’ existing processes and values. 
Hence, the structure and the members of mobile value network are not only determined by the 
mobile service performance requirements of end users, but also by the cost to provide that 
service. 

In essence, the mobile value network defines what mobile network operators can and 
cannot do. It represents the framework within which mobile network operators develop specific 
capabilities, competencies, organizational structures, and organizational cultures to meet the 
mobile service expectations of their main customers and to recuperate the costs that they incur 
to provide those services. In case a value network emerges that provides a new type of wireless 
communications service, but with a different cost structure, and serving different customers and 
different customer needs, this framework predicts that operators are not very likely to join or 
even to compete successfully with that new value network. 

3.4 SUMMARY 
In just two decades time, the European mobile telecommunications industry has grown from a 
small and insignificant sector to the largest and most valuable branch in telecommunications, 
both in terms of revenues and number of subscribers. Although many factors have contributed 
to this success, mobile network operators have played a key role in reaching the current average 
penetration rate of 122% by creating a strong demand for mobile voice and text services. Now 
that their services have become so important for both consumers and other businesses, a world 
without them seems unimaginable. 

                                                 
40 Note that the performance attributes of individual components of the value network do not need to be the same as those of 
the end system of use. 
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The industry, however, is facing a challenging period. The market for mobile services is 
nearly saturated, average price levels are declining, profitability is under pressure, operators have 
to fight more and more for existing customers, and the industry has been subject to several 
regulatory interventions by the European Commission. At the same time, operators are 
struggling to recover the billions of Euros of investments in network equipment and spectrum 
licenses. Unlike wireless network providers and their business models of offering free wireless 
connections along with other services, mobile network operators need average returns per 
customer significantly larger than zero to survive, so prices cannot go down forever. 

To secure their future, mobile network operators are pursuing several strategies. One 
strategy is to increase economies of scale through partnerships, take-overs, expansion overseas, 
and network sharing agreements. Another is to make more efficient use of their resources, by 
selling excess network capacity to MVNOs and outsourcing engineering and technical support 
activities to third parties. Operators are also putting their bets on mobile broadband, which 
supposedly is the industry’s future cash cow. Although the competitive landscape is changing, 
the expected result of these measures is that most operators will manage to survive. 

Given these circumstances, the next question is whether mobile network operators will 
be able to cope with disruptive technological change. The mobile value network demonstrates 
that operators have specific capabilities, competencies, organizational structures, and 
organizational cultures to simultaneously meet the expectations of their main customers and 
recover the costs for providing mobile services. For operators it will be very difficult to break 
away from this value network, especially if the disruptive technology initially is not good enough 
for their customers. It is under these circumstances that Christensen’s failure framework – as 
discussed in chapter 2 – predicts serious setbacks for mobile network operators. 
 
The following chapter presents an overview of ad hoc networks, a potentially disruptive 
technology that will challenge the current mobile business models that are based on 
interconnection and subscription fees. The idea of ad hoc networks is to provide free network 
access by having mobile devices share their resources to build one large wireless network that has 
no control of ownership. It acts as a wireless peer-to-peer network, but functions without the 
need of expensive network equipment and spectrum licenses. Customers need to invest in a 
mobile device with ad hoc networking capabilities, but no longer pay for subscription fees – they 
are the network. 

Clearly, the potential impact on mobile network operators is huge. But apart from a 
number of academic experiments, ad hoc networks are still science fiction. Many issues still need 
to be resolved, both from a technology as a market and end user point of view. Yet it is a 
technology in the making that has the potential to provide better mobile services and are 
discussed next. 
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Since the first wireless data transmission by Marconi more than one century ago, the 
telecommunications landscape has changed dramatically. Until his invention of the wireless 
telegraph in 1896, long-distance communication was only possible via telephone, telegraph, or by 
mail. The advantage of these forms of communication was that it was often cheaper and faster 
than personal travel. But as they relied skilled operators and on fixed infrastructures that needed 
to be planned, built, and maintained, they were not very flexible. Moreover, it was difficult to 
reach large groups of people simultaneously. Marconi’s wireless telegraph was essentially the very 
first device that was able to transmit telegraphic messages using Morse code over long distances 
without the need for cables. It could cover areas that previously could not be covered, and 
messages could simultaneously be received by anyone with a receiving device. A few years later, 
in 1906, it led to the invention of the radio. The radio allowed the transmission of speech and 
sounds, even though it took until 1920 until the first program was actually broadcast. In the 
decades that followed, dozens of other radio applications were developed, including radar, 
microwave ovens, X-ray imaging, remote sensors and controls, video broadcasting, mobile 
telephony, satellite communication and navigation, and finally, wireless Internet. 

Even though it goes too far to suggest that all these innovations are ultimately the result 
of his efforts, Marconi’s observation that his wireless telegraph could have some utility certainly 
was an understatement. It illustrates how difficult it is to predict how technologies will evolve, 
and what impact they will have on existing markets and industries. Uncertainty and complexity 
often make it hard to determine what is technologically feasible, even for industry experts. And 
in most cases the ultimate domain of application differs from the one envisioned by the original 
innovator. So initially nobody really knows exactly what the potential of a technology is. 
Nevertheless, in spite of all the uncertainties surrounding them, the history and present state of 
emerging technologies are part of the key to the future and therefore provide valuable insights 
for the development of technology and industry scenarios. 

This chapter explores the basic principles and concepts of ad hoc networks.41 Together 
with the results from the previous two chapters, its objective is to provide a basis for the 
evaluation of existing methods to predict disruption and to develop a new method that uses 
scenario analysis to assess the potential impact of this emerging technology on the survival of 
mobile network operators. Because the literature on ad hoc networking is too extensive to be 
covered and analyzed in great detail, the analysis focuses on the following five topics: What are ad 
hoc networks? What are their main characteristics? What is the current state of research and what technological 
                                                 
41 In the literature, ad hoc networks are sometimes also referred to as packet radio networks (Gedge, 2003), symbiotic networks 
(Held, 2005), and wireless multi-hop or peer-to-peer networks . 
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challenges need to be resolved before large-scale commercialization becomes possible? What are the main differences 
between mobile and ad hoc networks? And finally, what developments can be identified towards the market 
introduction of ad hoc networks? 

To answer these questions, the remainder of this chapter is structured as follows. The 
first paragraph starts with a general introduction to ad hoc networking. It presents a brief 
historical overview of their developments since the early 1970s, and discusses some potential 
applications that are not necessarily related to the domain of application central in this thesis. 
Paragraph 4.2 introduces a widely used reference model for host-to-host communication in 
order to get a better basic understanding of networking principles in general, and ad hoc 
networking principles in particular. It then presents the main technical characteristics of ad hoc 
networks. In order to get a better understanding of the directions in which ad hoc networks may 
develop, the next paragraph will go into the main research challenges based on an extensive 
review of the literature. It distinguishes between challenges related to the architecture as well as 
to individual system components. Paragraph 4.4 identifies main technical characteristics of 
mobile networks from a high-level perspective and compares them with those of ad hoc 
networks. The next paragraph takes a brief look at some important developments towards the 
market introduction of ad hoc networks. It discusses some standardization issues, it identifies the 
main players in the industry, and presents two possible deployment scenarios in of ad hoc 
networks in future mobile telecommunications. Finally, the last paragraph summarizes the 
findings of this chapter in relation to the research questions. 

4.1 INTRODUCTION 
This paragraph presents a first introduction to ad hoc networks. It provides a definition and 
looks at some of the ways in which ad hoc networks can be configured and categorized. Next, it 
discusses the historical evolution of ad hoc networks and traces the original concepts back to the 
early 1970s. Finally, it presents some potential applications. Although the focus in this thesis is 
on wireless and mobile communications, ad hoc networks can be deployed in many other 
situations where communication facilities are required, like during battlefield operations or in 
areas struck by natural disasters. 

4.1.1 Ad hoc networks defined 
Ad hoc networks can be defined as a class of wireless networks in which a collection of 
autonomous wireless nodes (devices) communicate with one another in situations where a fixed 
network infrastructure is not available or not preferred to be used (Hekmat, 2005). In ad hoc 
networks, the exchange of information is achieved without the presence of a central, hierarchical 
authority that is common to most wired and wireless networks, such as the Internet, mobile 
networks, and WLANs (see Figure 18). Hence, participating nodes n1…n7 are the network and 
all network functions, including routing, addressing, security, power and bandwidth 
management, must be executed by the nodes themselves – there are no other network 
components, such as access points (APs) or base stations (BSs) involved. Connections between 
nodes are established on an as-needed, ad hoc basis. The nodes can be mobile, and are free to join 
and leave the network at any time, so the network topology may change rapidly and 
unpredictably. Although most networks are not adapted to deal with this type of chaos, it turns 
out to be a great strength of ad hoc networks in terms of flexibility and robustness. 
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Figure 18. Comparison of ad hoc and conventional mobile or wireless network concepts42 

There are several types and configuration modes of ad hoc networks, each with its own 
characteristics and purpose. In general, ad hoc networks can be categorized according to their 
network configuration, their geographical coverage, their mode of operation, and their level of 
mobility. When considering the network configuration, a distinction is often made between 
single-hop and multi-hop ad hoc networks. This distinction relates to the number of links 
between the source node and the destination node. In single-hop ad hoc networks, each single 
node is an end point and communication between any two nodes is only possible if they are 
within each other’s direct radio communication range. It is a rather simple network configuration 
that has been implemented in two widely used wireless standards, WLAN (of which Wi-Fi and 
IEEE 802.11 are examples) and Bluetooth. These standards are often used for establishing 
wireless links between for instance a computer and an Internet access point, or between a 
headset and a mobile phone. In multi-hop ad hoc networks, on the other hand, source and 
destination nodes rely on intermediary nodes to establish a connection. These nodes act as 
routers that actively search for the best route(s) towards other nodes, and use this information to 
forward traffic from a source node towards a destination node. This is shown in Figure 19. Here, 
nodes A and E are outside each other’s communication range, but data sent by A will still arrive 
at E through cooperating nodes B, C, and D. Multi-hop ad hoc networks, in principle, are quite 
robust. If node C, for example, leaves the network, as a result of which B and D are no longer 
connected, the network will reconfigure itself and may find a new route through B, F, and D. 
 

                                                 
42 Here, each node is represented by a mobile phone, but it may as well be any other type of communication device. 
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Figure 19. The main difference between single-hop and multi-hop ad hoc networks 

 
The main advantage of multi-hopping over single-hop networks is that less power is needed to 
transmit a message from a source to destination node, as a result of which less nodes can 
interfere with one other and more bandwidth becomes available in both time and space. On the 
other hand, multi-hop ad hoc networks are technically far more complicated to realize, as will 
become clear in paragraphs 4.2 and 4.3. 

The network configuration and the routing capability of nodes is closely related with the 
geographical coverage of ad hoc networks: body (BAN), personal (PAN), local (LAN), 
metropolitan (MAN), and Wide (WAN) area ad hoc networks (Chlamtac et al., 2003; Conti, 
2003). BANs consist of portable devices that people usually wear or carry with them, like 
headsets, MP3-players, mobile phones, and watches, and have a range of one to two meters. 
PANs have a typical range of about ten meters. They are mainly used to interconnect BANs or 
provide a connection between portable and stationary devices, like for instance a mobile phone 
synchronizing its address book with a laptop computer using Bluetooth. The typical range of 
LANs is about one hundred meters, and these are often used to establish a wireless connection 
between a computer and a fixed network. Because of the relatively small range of BAN, PAN, 
and LAN wireless networks, these types of ad hoc networks tend to be single-hop. MANs and 
WANs, on the other hand, cover much larger areas, which makes it more likely that nodes are 
not within each other’s communication range. These networks, therefore, are typically multi-hop 
networks. 

Ad hoc networks can also be classified according to their mode of operation: isolated or 
integrated (Xu et al., 2003). In isolated (or pure) ad hoc networks, nodes only communicate with 
other nodes within the same network. There are no external connections with other networks, 
such as the Internet, so the network is completely autonomous and self-supporting in terms of 
networking resources. These networks can vary in size from a few nodes in home and business 
environments (for example to enable communication between various household or business 
appliances) to hundreds or thousands of nodes that together are able to compete with wired, 
wireless, and mobile network operators. Integrated, or hybrid ad hoc networks are still 
autonomous and self-organizing, but the difference with an isolated ad hoc network is that there 
is external connectivity with other types of networks through base stations or access points. In 
this way, nodes in the network have access to much more information and communication 
resources, in particular if the ad hoc network itself is relatively small. Moreover, it is a cost-
effective way to extend the coverage of existing networks, at the expense of some additional 
networking complexity (Remondo and Niemegeers, 2003). An example of integrated ad hoc 
networks are so-called mesh networks (see e.g. Akyildiz et al., 2005; Held, 2005; Hossain and 
Leung, 2008). Mesh networks were originally intended for applications in which wireless nodes 
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were fixed, such as WLAN connections between computers and the Internet, but there are 
research efforts to allow nodes to be mobile as well, making mesh networks more similar to pure 
ad hoc networks. Adding access points to ad hoc networks, however, has two important 
implications for its users. First of all, it will cause the traffic within the network to be directed 
mainly towards and from the access points rather than being distributed more evenly throughout 
the network itself. Because of this, nodes closest to an access point will need to process much 
more network traffic than the average node. The question is whether these nodes are able to 
handle this kind of traffic – being portable, their power and processing capacities are very limited 
– and whether their owners will keep their devices available to process that traffic. Secondly, 
external connectivity allows a mobile network operator or Internet provider to extend its 
services, but the question is how it will affect the users of the network in terms of security, 
service quality, and billing. 

Finally, ad hoc networks can also be classified by the level of node mobility. Mobility is 
refers to the ability of nodes to access any communication service, anytime, anywhere. In recent 
years, there is an increasing demand for mobile communication services, as the explosive growth 
of the number of subscribers to mobile telephony services like GSM and UMTS demonstrate 
(see Figure 1). However, mobility support introduces a number of technological challenges in 
wireless network design, most notably the handover of a link from one node to another without 
losing the end-to-end connection. This is especially challenging in multi-hop ad hoc networks, as 
each movement results in an immediate change of the network topology. Some types of ad hoc 
networks support node mobility only to some extend, like mesh networks and sensor networks. 
Sensor networks consist of a homogeneous collection of sensing, monitoring, or tracking devices 
that are embedded in a physical environment, and are often used in situations where 
infrastructure-based networks to gather collected data are not available or too expensive (see e.g. 
Krishnamachari, 2005). A good example of this is the largest sensor network in the world 
(LOFAR 43), which stretches across several European countries to collect data from space 
observations in sparsely populated areas. A special class of ad hoc networks, however, is 
specifically designed to support mobility. Most commonly known as Mobile Ad Hoc Networks 
(MANETs), these networks are widely believed to play a key role in fourth generation (4G) 
mobile networks (Armuelles et al., 2004; Hoebeke et al., 2004; Liu and Chlamtac, 2004; 
Remondo and Niemegeers, 2003). It is this class of ad hoc networks in particular that is 
considered to be a disruptive technology for mobile network operators (see e.g. Camponovo and 
Pigneur, 2003; Doyle and O'Mahony, 2002; Gedge, 2003; Juhola et al., 1999; Mannings and 
Cosier, 2001; Prehofer and Wei, 2002; The Economist, 2002). Unlike mesh and sensor networks 
where nodes have rather static locations, MANETS only exist in theory and there is still a 
number of technological issues to be resolved before they can be commercialized on a large 
scale. 

The focus of this thesis is on multi-hop wireless mobile ad hoc networks (MANETs), 
and although there are other types of ad hoc networks, in this thesis the terms MANETs and ad 
hoc networks will be used interchangeably. For now, no distinction will be made between 
isolated and integrated MANETs. 
 
Compared to traditional mobile and wireless networks, ad hoc networks have several advantages. 
First of all, ad hoc networks are highly flexible. Since they do not rely on a fixed infrastructure, 

                                                 
43 See http://www.lofar.org  
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they can rapidly be deployed and torn down with minimum human intervention – no specialized 
technical skills or investments in additional resources are required. Secondly, they are more 
robust. The lack of centralized and hierarchical management and distribution mechanisms enable 
them to quickly adapt to a changing environment. Even if one or more nodes fail, the network 
can still perform its tasks. Third, they are cheap, because investments for designing and 
deploying a fixed infrastructure and interconnection fees charged by network operators are 
avoided. In addition, ad hoc networks are intended to operate at license-exempted frequency 
bands, the so-called Industrial, Scientific and Medical (ISM) bands around 2.450 and 5.800 GHz, 
that can be used free of charge, as opposed to the very expensive frequency bands that have 
been allocated for mobile phone use. Fourth, the network capacity automatically increases with 
each additional node. Fifth, since communication links between nodes are generally shorter than 
between for example a mobile phone and a base station, less transmission power is required to 
get data across an ad hoc network. An additional benefit is that the available bandwidth can 
more efficiently be used due to lower radio interference levels. And finally, although ad hoc 
networks have the potential to replace fixed mobile and wireless networks, they may also be used 
in conjunction with these types networks to extend coverage and interconnectivity (Hoebeke et 
al., 2004; Remondo and Niemegeers, 2003). 

4.1.2 Historical evolution 
Few people are familiar with the concept of ad hoc networks. Yet the original idea dates back to 
the early 1970s with the deployment of the world’s first packet-switched computer network – 
and predecessor of today’s Internet – called the ARPANET. Funded by the US Defense 
Advanced Research Projects Agency (DARPA),44 ARPANET was designed to be more robust 
than traditional circuit-switched telephone networks in time of war and would continue to work 
even if parts of it were destroyed by a nuclear attack.45 DARPA then recognized the potential of 
packet-switching technology for wireless interconnections of mobile nodes in hostile, 
infrastructureless battlefield environments, and in 1972, it commissioned a special program on 
the development of what was then called Packet Radio Networks (PRnet). This project resulted 
in an experimental system of about 50 nodes that was capable of autonomously routing messages 
and that even offered some mobility support. These nodes consisted of a radio for direct 
connectivity to neighboring nodes, and a digital controller that was able to store and forward 
packets that were meant for other nodes along the way. Ten years later, this project was 
succeeded by the Survivable Adaptive Networks (SURAN) project, which further improved cost 
and energy efficiency of the radio technology used, and both the scalability of the network 
technology and its immunity to interference. Packet radio networks, however, were never 

                                                 
44 On behalf of the U.S. Department of Defense (DoD), DARPA initiates and funds research projects that might otherwise be 
too risky for universities or research agencies to undertake. Although its mission to maintain the technological superiority of the 
U.S. military implies that failure is an option, the agency was at the heart of some of the greatest technological breakthroughs of 
the past 50 years, including the Internet (packet-switching), the Global Positioning System (GPS), stealth airplanes, gallium 
arsenide semiconductors, and speech recognition. 
45 Circuit-switched networks establish a dedicated circuit between a source and destination node. Since that connection is not 
shared with other nodes, the available bandwidth and the quality of service are guaranteed. Circuit-switched networks, however, 
are resource-inefficient, because the connection is maintained even if it is not used to its full capacity. In packet-switched 
networks, on the other hand, network resources are shared by all nodes. Each sending node first splits its data into small 
‘packets’, labels them with a packet number, source address, and a destination address, and then sends them onto the network 
where they are multiplexed with packets from other sources. Each individual packed is then relayed through the network towards 
its destination by devices called routers, where it is reassembled in order. The advantage of packet-switched networks is that they 
are resource-efficient, flexible (packets can be re-routed if a part of the network breaks down), and robust (the routing 
intelligence is distributed throughout the network). 
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actually deployed by the army due to a considerable number of technical shortcomings (Leiner et 
al., 1987). 

Although DARPA continued to fund several new projects, commercial interest in ad hoc 
networking started to grow in the early 1990s as a result of developments in software, digital 
electronics, portable computers, and wireless communication equipment. Global demand for 
mobile connectivity was rapidly increasing, driving the need for standards and solutions for 
wireless interconnections between portable devices. Although the commercial interest and 
political support for mobile telephony and WLANs were far greater at that time, there was a 
growing interest from universities, research organizations, and telecommunication companies to 
solve the remaining issues in packet radio network design. Standardization of the technology was 
one of the challenges, but since many of these organizations were already working together to 
standardize the infrastructure-based wireless technologies through the Institute of Electrical and 
Electronics Engineers (IEEE), the Internet Engineering Task Force (IETF) and other 
standardization bodies, soon subcommittees for the standardization of infrastructureless 
networks were established as well. One of the first steps of the IEEE was to break with the 
military connotation of the term packet radio networks, by replacing it with the term ad hoc networks 
in the hope that it would lead to entirely new deployment scenarios (Frodigh et al., 2000). It did 
indeed, but it soon became clear that this renewed interest was only the end of the beginning as a 
whole set of new technical issues were discovered along the way. 

In the meantime, standards for mobile telephony (GSM, D-AMPS, and PDC) and 
emerging wireless communication technologies like Bluetooth and WLAN (IEEE 802.11) were 
widely being adopted, and mobile telephony and Internet started to become immensely popular. 
Mobile telephony expanded the traditional telephony service offered by incumbent telephony 
operators with the dimension of mobility, so its success was reasonably predictable. Other than 
different devices, people did not need to obtain new knowledge in order to be able to make or 
receive calls. Perhaps even more important for the rapid diffusion of mobile telephony has been 
the presence of strong network effects as a result of the complementarity of mobile and fixed 
telephony networks, and the creation of additional mobile services like SMS, WAP, and MMS. 
The widespread adoption of Bluetooth and IEEE 802.11 started somewhat later, but is 
nonetheless evident. Today, mobile telephony and WLANs are mature technologies. The focus 
of the research community is now shifting towards the seamless integration of various 
networking concepts into a next generation (4G or 5G) network architecture in which mobility, 
broadband connectivity, and ubiquitous access to applications and information are important 
features. 

As discussed earlier, several authors foresee a key role for ad hoc networks in 4G 
systems. However, only relatively simple types of ad hoc networking technologies like Bluetooth 
and WLAN are currently commercially available. Bluetooth is by design a single-hop ad hoc 
network. It offers a wireless alternative to wired connections between two electronic devices 
without the need of a third party. IEEE 802.11, on the other hand, is strictly speaking an 
infrastructure-based networking standard, but it does contain specifications for setting up single-
hop ad hoc networks as well. Mesh networks and sensor networks are more complicated due to 
their multi-hop structure, but their lack for mobility support removed an important technological 
barrier and are now mainly offered by startups firms like Terranet, PacketHop Networks, Tropos 
Networks, SkyPilot Networks, and MeshNetworks (now a subsidiary of Motorola). It will take 
another couple of years, however, before MANETs can actually be used as an alternative to 
wired and wireless networks. Although some authors call Bluetooth and 802.11 enabling 
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technologies of ad hoc networks, due to fundamentally different design requirements only time 
can tell in what technical form or standard ad hoc networks will be implemented. The research 
issues and challenges will be discussed in paragraph 4.3. 

4.1.3 Potential applications 
While ad hoc networks were originally intended to support military operations in hostile, 
infrastructureless areas, new application scenarios have been developed over the last two 
decades. A logical extension of the military application scenarios developed by DARPA are 
emergency situations like disaster recovery in areas hit by earthquakes, hurricanes or floods, and 
homeland security scenarios in which search and rescue operations following a terroristic attack 
require a rapid deployment of a new communication network if existing networks are no longer 
usable. 

Due to the recent advances in mobile computing, software applications, batteries, and 
wireless technologies, the interest in ad hoc networking applications is rapidly extending from 
the scientific and military domains into the commercial domain. For this thesis, one of the 
principal future application scenarios of interest is mobile ad hoc networking. In this application 
scenario, users communicate with each other by voice, video, e-mail, or instant messaging 
without the need of an infrastructure that currently provides them a similar set of services 
offered by existing mobile networks, but without the interconnection fees. Alternatively, they 
could exchange files and data as they do now through wired and wireless network operators. 
They would still carry the same type of mobile devices (computers, handhelds, mobile phones, 
etc.) as people do today – perhaps only smaller, lighter, faster or even more versatile – but the 
technology interconnecting these devices is different yet transparent to its users. By itself, this is 
not a new application area, but ad hoc networks may (partially) replace or extend – which is this 
thesis’ research objective – the current business of mobile network operators. 

But there are other interesting application scenarios. Some have already materialized: 
Bluetooth communications between for instance headsets and mobile phones, WLANs that 
enable the interconnection of computers to the Internet, sensor networks (‘smart dust’) gathering 
measurement data of environmental conditions, mesh networks to extend the coverage of access 
points, vehicle-to-vehicle ad hoc networks for sharing information on road and weather 
conditions between cars and trucks.46 Others are more elusive and exist only by imagination: 
location or context aware information services, ubiquitous Internet access, virtual conference 
rooms or classrooms, wireless multi-user games, body area networks (BANs) that provide 
connectivity to wearable devices, fully automated battlefield machines, home intelligence and 
household automation, electronic payments on an anytime, anywhere basis, and infotainment 
services at sports or music events (Chlamtac et al., 2003). 

How precisely the ad hoc networking concept will be translated into successful 
commercial solutions is difficult to tell, even after nearly four decades of intensive research. 
History of science and technology is full of examples in which inventions ended up in different 
application areas than originally conceived of by its developers. However, as was the case with 
for instance the Internet, GPS, and mobile telephony, it can be expected that the new focus on 
mass-market applications will gradually attract the attention and interests of a much broader 
group of researchers and companies, thereby accelerating the development of ad hoc networking 
technology and its applications. 

                                                 
46 BMW, for example, is very active in this area of research. 
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What has become clear, however, are the main technical characteristics of ad hoc 
networks and the ways in which they differ from the existing mobile networks. In addition, the 
main industrial players involved in these developments, regulation and standardization work, and 
the position of ad hoc networks within the envisioned networks of the future (4G) are becoming 
more apparent. And even though the remaining research issues and challenges are highly 
complicated, they quite well documented. These are the topics of the following paragraphs. 

4.2 TECHNICAL CHARACTERISTICS OF AD HOC NETWORKS 
Although ad hoc networks are a wireless (peer-to-peer) networking technology (Akyildiz and 
Wang, 2005; Held, 2005; Mannings and Cosier, 2001), they differ from traditional wired and 
wireless networks in many ways. This paragraph introduces the key characteristics of mobile ad 
hoc networks from a technical point of view. There is still a large number of scientific issues that 
need to be resolved before ad hoc networking technology can be fully be developed and 
implemented in commercially available solutions (see paragraph 4.3), but there already seems to 
be a general agreement in the research community about these characteristics. 

4.2.1 Understanding host-to-host communications 
Before looking into some of the technical characteristics of ad hoc networks, it may be useful to 
briefly look at a widely used reference model for host-to-host communication in order to get a 
better basic understanding of the processes behind networking principles in general, and ad hoc 
networking principles in particular. This model, called the Internet reference model,47 specifies a 
set of rules (protocols) to enable devices to communicate with each other over the Internet or 
other types of networks (Tanenbaum, 2002). Although the Internet is a very different type of 
network, both the majority of the scientific publications on ad hoc networking and the IETF’s 
Working Group on MANET standardization utilize the same model as the basis for addressing 
research and standardization issues. Of course, the danger of this choice is an oversimplification 
of a highly complex technology, and it may not lead to the development of efficient solutions for 
ad hoc networks (Chlamtac et al., 2003). Nonetheless, the Internet reference model is very useful 
for understanding their main characteristics. 

As displayed in Figure 20, the Internet reference model has five abstraction layers: the 
application layer, transport layer, network layer, data link layer, and finally the physical layer. 
Each layer runs a set of rules – or protocols – that govern how the host-to-host communication 
process must take place, and provides a service to the immediate layer above. Altogether, they 
enable data to be sent from an application on a source host to an application on a destination 
host. To end users, these layers and protocols are completely transparent; they only see the 
applications they are working with, like for instance web browsers, e-mail, or instant messaging 
programs. To communicate with their peers, however, these applications depend on the host’s 
operating system where the network services offered by these layers run. The basic idea behind 
layering is that networking hardware and software is too complex too address all the issues at the 
same time. By adopting a modular approach, the upper layers, which are closer to the user 
applications, do not need to know how to send data over the network. Conversely, the lower 
layers do not need to know how each application works that is using its communication services. 
 
                                                 
47 The Internet reference model is also referred to as the TCP/IP protocol stack, and bears a number of similarities to the OSI 
model. 



Ad Hoc Networks and the Future of Mobile Network Operators 2011 

 78 

 

Figure 20. The Internet reference model 

The host-to-host communication process follows a predefined sequence of operations, in which 
each layer has a specific set of tasks. When a user application on end node A wants to 
communicate with a peer application on end node B, it passes its message onto the application 
layer. The purpose of this layer is to provide network services to user applications by converting 
and packaging this message into the correct format. The main idea of this layer is that it 
facilitates the development and commercialization of communication applications, as it allows 
software companies to consider the underlying network as a black box. In this way, applications 
can run on different types of networks and network environments without losing their 
functionality. Protocols and services operating at this layer are for example HTTP (for web 
browsing), SMTP (for e-mail), and FTP (for file transfer), and can be used by any application 
from any manufacturer as long as it meets the interface’s specification. 

The transport layer breaks the data it receives from the application layer into smaller 
segments. It is responsible for maintaining communication sessions between two devices and 
hides differences between and imperfections of the underlying physical networks from its users. 
For each session, it defines the type of service, reliable or best-effort. A reliable service is offered 
through the TCP protocol, which deals with issues like flow control (devices may operate at 
different speeds), error control (data on the network may get corrupted and need to be corrected 
or resent), and traffic congestion control (in order not to overload the network). The best-effort 
service is offered through the UDP protocol and is typically used for real-time applications 
where speed and on-time delivery are more important than reliable transfer, such as streaming 
audio, video and VoIP calls. 

The network layer is the first layer that actually deals with end-to-end connections. 
Among other things, it adds a source and destination addresses to each transport layer segment 
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and packages them into packets. The IP protocol is implemented at this layer, which has the 
basic task of getting packets across different networks. 

Whereas the network layer provides connectivity and an addressing scheme at a global 
level (across networks), the data link layer provides connectivity and an addressing scheme at a 
local level (within the same network or medium). The data link layer, or Medium Access Control 
(MAC) layer, attaches local source and destination addresses and other control information to IP 
packets to form frames. This layer defines how a device is connected to a physical medium (wire, 
ether). It also regulates access in case other devices are connected to the same medium, as 
generally only one device can transmit at a time. This layer also provides some low-level flow and 
error control. Examples of data link protocols are PPP, Ethernet, and HDLC. 

Finally, the physical layer specifies the electrical and mechanical details, such as signal 
levels, link speeds, encoding and modulation techniques, timing, physical connectors and cabling, 
for establishing a physical link with another host or the rest of the network. Here, the raw data 
bits leave the host and are sent through the network interface onto the medium, where they are 
called signals. Once a signal arrives at the destination host’s network interface, the entire process 
is reversed and finishes when its application layer delivers the original message to the destination 
application. 

Whereas applications and the application and transport layer protocols operate solely on 
end nodes, the lower three layers also operate on routers or intermediate nodes with routing 
capabilities in the network between the end nodes. These devices are responsible for calculating 
and maintaining paths – or routes – between end nodes. By sharing their knowledge of the 
network topology with their peers, routers know where to forward incoming packets to. If they 
do not know the correct destination route, they try to discover that route or send the incoming 
packets to a default route. Routers are vital components in providing end-to-end connectivity. 
They perform similar services as postal services do, and allow a network to be resource-efficient, 
scalable and robust. 

The process of attaching a header (and in come cases a trailer) containing additional 
control information to upper layer messages at the layers below is called encapsulation. It enables 
a modular approach to networking so that applications and higher level protocols can treat the 
underlying network functions and structures as black boxes. The main advantage of this 
approach is flexibility. But as flexibility requires a precise specification of the interfaces between 
each layer, there are fewer degrees of freedom in the design and application of each layer. As 
some of their characteristics fundamentally differ from those of the (wired) Internet, this can 
have performance implications for ad hoc networks, as will be discussed in paragraph 4.3. 
However, the Internet reference model will first be used to discuss the main characteristics of ad 
hoc networks in more detail. 

4.2.2 Cross-layer characteristics 
As Chlamtac et al. (2003) suggest, ad hoc networks should be regarded as a pure networking 
technology that is application-independent. The reason for this is that they are designed with the 
sole purpose of establishing communication services between autonomous wireless devices 
without support of a fixed network infrastructure. This typically involves only the lower three 
layers of the Internet reference model, because the transport and application layers are network-
independent. As a result, in ad hoc networks the type and format of the data exchanged by two 
end nodes is practically irrelevant and explains why the vast majority of research publications in 
this field focuses on issues at each of the lower three layers and on a cross-layer level. This also 
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explains why the most application scenarios found in the literature (see paragraph 4.1.3) only 
focus on new interconnection opportunities on a networking level and not on software 
applications specifically developed for ad hoc networks. 

If and how each of the three lower layers of the Internet reference model should then be 
implemented in ad hoc networks, is still subject to research. However, there does seem to be 
general consensus about main characteristics of ad hoc networks on a cross-layer level (Frodigh 
et al., 2000; Gerla, 2005; Hekmat, 2005; Hoebeke et al., 2004; Ramanathan and Redi, 2002; Santi, 
2005; Wong et al., 2004). These are summarized below: 
 
Node mobility. The ability of nodes to access wireless communication services anytime, anywhere, 
is a key aspect of mobile ad hoc networks. That means that individual nodes are not restricted to 
some fixed geographical area, but that they can move at random speeds and in random 
directions, independently from any other node. 
Dynamic network topology. A consequence of node mobility, ad hoc networks can have a highly 
dynamic network topology. Nodes can freely move throughout the network. They may even 
enter or exit the network at will, or leave the network when the distance with other nodes 
becomes too great to form a link. Links that exist at some point in time, may be either lost or 
swamped with data only seconds after. 
Self-creation, self-organization and self-administration. Ad hoc networks are created, organized, and 
administered through the voluntary cooperation between two or more wireless nodes. Since 
there is neither a central authority nor a central hierarchy, typical networking functions – such as 
addressing, routing, quality of service (QoS), and security – are distributed throughout the 
network. In addition, each node needs to continuously try to figure out how the network 
topology looks like, whom to communicate with, where the nodes it wishes to communicate 
with are geographically located, and through which neighboring nodes to relay their packets. 
Autonomous and infrastructureless. No network operators or service providers are involved in the 
operation of ad hoc networks; it are the nodes themselves that combined form such a network. 
The lack of a fixed infrastructure and additional hardware may seem to have adverse 
consequences for the stability, security, and robustness of these networks, yet few studies find 
this will be the case. But the main advantage is that it offers ad hoc networks a high degree of 
flexibility at a very low cost, because they can quickly be set up anytime, anywhere, and do not 
need to use expensive licensed frequency bands. 
Node heterogeneity. An ad hoc network can consist of different types of nodes – such as laptops, 
mobile phones, handheld computers, and other electronic communication devices – that have 
different capabilities in terms of computational power, memory and storage, graphical user 
interfaces, mobility, network connectivity, radio coverage, energy resources, and cost. As a result, 
the network as a whole will behave in a much more unpredictable way then if the network would 
consist of nodes that are all the same. 
Resource-constrained. A direct consequence of the mobility aspect of ad hoc networks is that most 
nodes will be battery-equipped. Because nodes will also be processing network control traffic 
(which consists mainly of routing and network management messages) and data from other 
nodes, this puts strong limitations on all their power-consuming hardware components and 
software applications, and therefore on the network as a whole. In order to maximize the 
longevity of the network and the utility for its users, nodes and all protocols and algorithms that 
implement the network functions provided by these nodes need to be energy efficient without 
compromising node and network performance. 
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Traffic heterogeneity. Whereas network control traffic on the Internet is processed by dedicated 
nodes (routers and switches), in ad hoc networks it is processed by user nodes. In addition, these 
nodes are also responsible for routing and forwarding data packets not destined for itself, 
including streaming audio and video, VoIP calls, and regular data traffic. Hence the amount and 
type of data traffic nodes need to process, is generally much larger than for a simple end node. 
Limited physical protection. What makes mobile and wireless networks relatively cheap and easy to 
deploy is that the amount of amount of cabling and networking equipment needed is limited. 
The wireless medium, however, also has serious disadvantages in that it offers virtually no 
protection to security attacks or interference problems. These problems are even bigger in ad 
hoc networks due to the fact that they make use of unlicensed frequency bands (the earlier 
mentioned ISM-bands) that are also used for microwave ovens, cordless phones, video 
transmitters, WLANs, and Bluetooth. This significantly decreases the signal/noise levels and the 
chance that data transmissions will remain undisturbed. 
Limited physical security. Due to the lack of a centralized infrastructure, nodes need to deal with 
security issues themselves – which is a challenge by itself as their cooperation is based on mutual 
trust. Anyone within a node’s direct communication range is potentially able to intercept or to 
disrupt network traffic. Some attacks can be detected and stopped, others remain unnoticed. But 
they can all have a serious impact on the ad hoc networks’ operation and the end users’ 
perception of their reliability and their willingness to use them. Encryption techniques and secure 
protocol designs are two ways to deal with these issues. 
 
Multi-hop routing is a special characteristic of ad hoc networks and has already been mentioned 
briefly in paragraph 4.1.1. Whereas nodes in wireless and mobile networks can only send or 
receive user data, nodes in ad hoc networks also have a shared responsibility for the entire data 
delivery process. Each node takes on the role of a router that actively searches for the best 
route(s) towards other nodes, and uses this information to forward traffic from a sender towards 
a destination node if needed. 

The main advantage of multi-hop routing is that it reduces the amount of energy needed 
to get a message across an ad hoc network. This can mathematically be proven, but it can also be 
explained as follows. Whether two wireless nodes are able to communicate depends on the 
distance between them, the power used to transmit data, and both the physical and 
electromagnetic environment. The higher the transmission power, the greater the 
communication range. To double the range, the transmission power needs to increase by a factor 
four, although in practice more power is required due to noise and signal degradation. Now, to 
see the difference in transmission power required to get a message from a source node to a 
destination node in a single-hop network and a multi-hop network, Figure 21 visualizes a sender, 
a receiver, and three intermediate nodes x, y, and z. In a single-hop network, the signal 
transmitted by the sender arrives at the receiving node at a distance d. To bridge this distance, the 
sender requires a certain amount of transmission power to cover an area the size of at least the 
solid line circle surrounding itself. In a multi-hop network, on the other hand, the sender only 
needs to get its signal across a distance d/4 to be received by intermediate node x. This 
corresponds to only one-sixteenth of the transmission power the sender originally required in the 
single-hop network. Although the three intermediate nodes are now also required to take part in 
the communication process, in this example the total amount of power required to get a message 
across a multi-hop network is one-fourth of that in a single-hop scenario. 
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Figure 21. Transmitting data from sender to receiver is far less energy-consuming and causes less 
interference in multi-hop than single-hop (ad hoc) networks 

Besides the energy-conservation point of view, also from a network capacity point of view it is 
better to communicate using short, multi-hop paths between a source and destination node 
(Santi, 2005). Since shorter links reduce the amount of power needed to transmit a message, it 
reduces the interference range. Hence, nearby nodes are able to re-use frequency channels 
without interfering each other. Moreover, the higher frequencies required to support high 
bandwidth applications have a shorter transmission range, because they are more sensitive to 
signal degradation and absorption by objects. 

Whether multi-hop routing is possible or even necessary, depends on many factors, 
including the number and distribution of the nodes that are part of the network, the relative 
traffic density, radio channel characteristics, practical communication limitations, and reasons for 
or against optimizing certain parameters (Frodigh et al., 2000). But it is almost certain that under 
some conditions it will be impossible to set up multi-hop ad hoc networks, for example in 
remote rural areas. There, however, the need for such networks will probably be not so great 
anyhow. 

4.3 RESEARCH CHALLENGES AND LIMITATIONS 
Ad hoc networks are far from ready for commercial applications. Its concept exists for over four 
decades but the number of challenges remaining is far too great to expect major breakthroughs 
within the next five years. Since they are quite different from most traditional wired and wireless 
networks, ad hoc networks introduce a whole range of new challenges. These challenges are 
subject to a growing body of research that is driven by the shift towards ubiquitous 
communications and the need to complement and enhance wireless access networks (Remondo 
and Niemegeers, 2003). This paragraph will go into some of the research challenges ahead in 
order to get a better understanding of the directions in which ad hoc networks may develop. 
First, it will look at the specific challenges for each of the layers in the Internet reference model. 
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Next, it will discuss the challenges for ad hoc networks that involve all layers at the same time as 
well as the design of the nodes. To conclude, this paragraph discusses some challenges relating to 
cooperative behavior, trust, and selfishness, which involves research from the social sciences. All 
challenges are summarized in Table 6. 
 

Table 6. Research challenges in ad hoc networking 

Network layers Layer-dependent challenges Layer-independent challenges 

Application layer Killer applications 
Robust applications 

Hiding networking complexity 

Transport layer Reliable data transfer 
Reliable flow control 

TCP optimization 

Network layer Robust routing mechanisms 
Efficient routing mechanisms 

IP addressing 
Bandwidth maximization 

Broadcasting and multicasting 
Neighbor discovery 

Integration with other network types 

Data link layer Medium access control 
Error detection and correction 

Link utilization 

Physical layer Spectrum usage 
Spectrum allocation 

Mobility 
Network scalability 
Energy efficiency 

Addressing 
Quality of Service 
Service discovery 

Security 
Reliability 

 
 

Node collaboration 

 
 

4.3.1 Challenges at individual layers 
Each of the five layers Internet reference model has specific roles in the network communication 
process. This facilitates the identification and positioning of several specific challenges to multi-
hop ad hoc networking. These challenges will be discussed in the following sections. 

Application layer challenges 
Ad hoc networks should be regarded as a pure networking technology that is application-
independent. However, this does not automatically mean that the underlying network is 
completely transparent to the application layer. The lower layers of the Internet reference model 
are quite well capable of hiding network imperfections from the upper layers in wired networks, 
but this mechanism will work only to a certain extent in ad hoc networks. As Ramanathan and 
Redi (2002) argue, these networks will be characterized by frequent disconnections and 
reconnections as well as widely varying packet delay and packet loss, and this will have an 
influence at the application layer. As a result, applications need to be designed that are able to 
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handle with this type of dynamic networking behavior. Yet research in this area is still in its 
infancy and a killer application has not yet been found (Chlamtac et al., 2003). 

Transport layer challenges 
In the Internet reference model, the transport layer is responsible for maintaining 
communication sessions between sender and receiver and for hiding imperfections of the 
underlying network from the application layer. While this works quite well in relatively stable and 
reliable wired networks for which they were designed, packet loss and delay conditions in ad hoc 
networks make this far more challenging. Current TCP control mechanisms that provide reliable 
data transfer and flow control, are inadequate for ad hoc networks because of the expected high 
number of link errors (Xu and Wu, 2006). Link errors are misinterpreted as network congestion, 
as a result of which TCP will either trigger unnecessary retransmissions or reduce the sender’s 
data rate even if the network capacity is more than sufficient. 

Moreover, Xu and Saadawi (2002) demonstrate that the frequent topology changes in a 
multi-hop environment as a result of node mobility leads to unexpected interaction patterns 
between the TCP protocol and the data link layer, causing instability, incompatibility, and 
unfairness problems that severely affect the behavior of the network. Although the authors 
conclude that these issues are rooted in the use of the IEEE 802.11 protocol (the standard for 
WLANs) at the data link layer, others have shown that also the current TCP protocol will not 
perform very well in ad hoc networks (Elaarag, 2002). Several enhancements and optimizations 
have been proposed, but there is no effective solution yet. 

Network layer challenges 
Two of the main purposes of the network layer are to find the best route between a sending 
node and a receiver, and to maintain that route until the connection ends. In order to determine 
the possible routes, all nodes in the network must cooperate to exchange routing information. 
Each node stores this information in a routing table, which it can then use to forward packets of 
itself and other nodes towards any destination node. While current routing algorithms work quite 
well in wired networks, they are not suitable for ad hoc networks due to their highly dynamic 
structure, frequent route failures, and the lack of dedicated routing devices (Hoebeke et al., 2004; 
Ramanathan and Redi, 2002). 

To explain the routing challenges in ad hoc networks, an analogy that can be used is the 
postal system. Every day, millions of letters are sent by people all over the world. Each posted 
letter carries a destination address. Using that address, postal services will forward (route) it to 
the correct country, then to the correct region, then to the correct city, then to the correct 
district, and ultimately to the correct street address. No matter their content, and no matter 
where they are posted or the number of letters sent to the same destination address, each letter is 
individually processed and will find the way to its destination independently from the others. 
This system is very effective and works quite efficient, because it uses an address structure based 
on geographical locations, in which the postal offices and the destination addresses are fixed. 

But what would happen if destination addresses had no fixed locations? How would the 
postal services be able to find out where to deliver their letters? Obviously, it would make the 
entire delivery process much more complicated. In mobile telephony, this has been solved by 
using location registers that are continuously updated with the location of each phone, so that 
the network knows exactly where to route incoming calls to. And user mobility is facilitated by 
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the relatively large communication range of mobile telephony systems of up to 10-15 kilometers, 
and special handover mechanisms that allow communication sessions to continue if a phone 
moves from a cell (area) served by one base station to a cell served by another. 

What would really make things complicated is if the postal services themselves are 
mobile and consist of numerous independent entities. How would they know to find the best 
path towards each destination address? How could they coordinate their actions to deliver the 
letters in a secure and timely manner? And how could both senders and receivers locate and 
identify the postal services and each other? These characterize some of the main challenges in ad 
hoc networks. 

To enable multi-hop ad hoc networking, efficient routing protocols are needed that are 
stable and robust despite the continuously changing network topology, but that at the same time 
are able to deal with bandwidth and energy constraints. One of the challenges here is that routing 
protocols always consume some of the available network resources for exchanging routing 
information. Moreover, the performance of routing protocols in terms of throughput, packet 
loss, delay and control overhead strongly depends on the network conditions like traffic load, 
node mobility, node density, and the number of nodes (Hoebeke et al., 2004), which are all 
highly unpredictable in ad hoc networks. Other challenges include bandwidth maximization, 
interference minimization, addressing, broadcasting, multicasting, and geocasting, neighbor 
discovery, location management, service access, and integration with other (types of) networks 
(Wu and Stojmenovic, 2004). These challenges, together with the critical importance of routing 
protocols in establishing communications among mobile nodes, make routing protocols the 
most active research area in ad hoc networking (Chlamtac et al., 2003). 

Data link layer challenges 
The data link layer defines how access to the medium is controlled and prepares the data for the 
actual transmission through this medium. In ad hoc networks, medium access control is of 
fundamental importance, because the wireless medium is a shared and scarce resource in which 
each frequency channel can only be used by one node at a time.48 If two or more nodes start 
transmitting on the same channel at the same time, all transmissions will be corrupted, resulting 
in transmission delays and waste of bandwidth. Therefore, access control is absolutely necessary 
to prevent collisions and retransmissions, but also to guarantee fair channel access. 

There exist several access control protocols for wireless media. The most widely used 
protocol is IEEE 802.11 for WLANs, which is based on what is called a Carrier Sense Multiple 
Access with Collision Avoidance (CSMA/CA) scheme where each node listens to a channel and 
only if there is no activity it is allowed to transmit. However, few were specifically designed for 
multi-hop wireless networks, and those designed for single-hop environments (like IEEE 
802.11) do not work well in multi-hop environments (Xu and Saadawi, 2002). 

Apart from the rapid connectivity changes, one of the biggest challenges in designing a 
medium access protocol for ad hoc networks is how to deal with the hidden and exposed node 
problems (Chlamtac et al., 2003; Hossain et al., 2004; Xu and Wu, 2006). The hidden node 
problem, depicted in Figure 22, occurs when two or more nodes that are not able to detect each 
other’s transmissions are simultaneously transmitting towards the same destination node. As 
these transmissions collide at the receiver, this node has no option but to ignore them. An 
exposed node, depicted in Figure 23, has to defer its transmission because it is in range of an 

                                                 
48 The CDMA-protocol, which used in 3G mobile standards, is one notable exception to this. 
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irrelevant transmission activity between two other nodes. This results in decreased link 
utilization, so the network is less efficiently used. 
 
 

B CA

 

Figure 22. The hidden node problem 

 
 

DCBA

 

Figure 23. The exposed node problem 

Both problems are caused by node mobility, vulnerability of radio channels for interference, and 
the lack of a centralized infrastructure (Hossain et al., 2004). Several solutions have been 
proposed, but most of them focus on one issue in isolation and they generally do not take into 
account node mobility. For instance, increasing the transmission range of the sender may solve 
the hidden node problem but it will increase the exposed node problem (Chlamtac et al., 2003), 
and degrade network performance as less channels can be reused within a given area. Conversely, 
directional antennas may solve the exposed node problem, but introduce new kinds of 
interference and hidden node problems (Akyildiz et al., 2005; Kumar et al., 2006). 
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Physical layer challenges 
The physical layer is responsible for the establishment, maintenance, and termination of a 
physical link to the rest of the network, as well as the transmission of raw data bits in the form of 
electromagnetic waves over that link. The challenges here include those facing all wireless 
communication systems: signal degradation and connectivity issues as a result of the reflection, 
absorption or scattering of radio waves by obstacles in the physical environment; interference 
with other networks or equipment (microwaves, portable telephones, etc); rapidly varying link 
characteristics due to the stochastic properties of the wireless medium; and asymmetric links. 

The degree to which the physical layer is able to deal with these challenges at the node 
level can have a great impact on the performance of the ad hoc network on the aggregate level. 
For instance, if too many nodes are unable to maintain a connection with other nodes, the 
network may break into smaller parts that are no longer able to reach each other. Fewer links and 
lower link bandwidth may also result in an insufficient network capacity to become carry all 
network traffic (Hekmat, 2005). This may result in packet loss and slow connections, and in the 
worst case, to a complete network breakdown. 

4.3.2 Cross-layer challenges 
In addition to the challenges at each of the layers of the Internet reference model, there is also a 
number of challenges that simultaneously involves all layers as well as node design. Mobility, 
network scalability, energy efficiency, addressing, Quality of Service, service discovery, and 
security are the main challenges and will be explored next. 

Mobility 
One of the biggest challenges for ad hoc network designers is mobility. Seamless network 
communication will be difficult to achieve, because there is a high probability that moving nodes 
will cause link failures and route changes, resulting in out-of-order packet delivery, packet loss, 
latency (delay), jitter, fluctuating bandwidth and even disconnections (Xu and Wu, 2006). Current 
network protocols that are also used for WLANs and the Internet are not able to provide 
sufficient network performance under these conditions, because packet transmission is retried or 
paused until new routes are found or, in the worst case, even cancelled. Therefore, the mobility 
requirement requires current protocols to be modified or new protocols to be designed. 

Network scalability 
Scalability is a highly desirable property for any type of network, because it enables it to grow or 
to process increasing amounts of data without having a negative impact on its overall 
performance. While in wired mobile networks scalability is mainly achieved through hierarchical 
addressing and hierarchical network topologies, no widely supported methods for achieving 
scalable ad hoc networks yet exist (even though each additional node adds extra capacity to the 
network). Their lack of a hierarchy and fixed infrastructure makes this a very challenging issue. It 
currently limits their scalability up to a few hundred nodes, while some of the application 
scenarios discussed in paragraph 4.1.3, like battlefield and emergency operations, involve 
thousands of nodes. 

One of the main challenges here will be to develop a scalable routing protocol. Proactive 
routing protocols, for instance, maintain routes to all nodes in the network, even if they are not 
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needed. Each node knows the location of and the route towards every other node, so it takes a 
very short time before communication can begin. While from an end user point-of-view this may 
be desirable, from a networking point-of-view this class of protocols consume lots of bandwidth 
and energy just to keep all routing tables up to date. Reactive routing protocols, on the other 
hand, discover routing information only when needed. While this significantly reduces the 
amount of network resources needed, it increases latency so it will take a lot of time before a 
route has been found and communication between sending and receiving node can begin. 
Hybrid protocols are a compromise between the two, but even these protocols will become 
completely unusable in case of large ad hoc networks. 

Scalability is also closely related to mobility. As Gerla (2005) points out, anybody can find 
a workable ad hoc routing solution for about ten nodes, no matter how fast they move. And 
anybody can find a workable – albeit inefficient – solution for a completely static ad hoc network 
(like a sensor network) with tens of thousands of nodes. The problems arise when tens of 
thousands of nodes move at various speeds, in various directions over a heterogeneous terrain. 

Addressing schemes, location management, service discovery, and routing protocols are 
some of the research directions addressing this issue. If no solutions are found, however, it will 
probably mean that large ad hoc networks, consisting of thousands of nodes with relatively large 
mean hop count, will only support moderate bit rate applications (Hekmat, 2005). For simple 
telephony applications that may not be a problem, but it will be for bandwidth consuming 
applications like streaming video. 

Energy efficiency 
One of the greatest constraints in ad hoc networking is the limited availability of energy 
resources. All nodes depend on batteries for their operation, so eventually they will need to be 
recharged. Current wireless devices can be used without recharging for a few hours for laptop 
computers, up to a few days for mobile phones. Nodes in an ad hoc network, however, are also 
responsible for supporting network operations and relaying traffic from other nodes, so their up-
time is predictably smaller. Since it is unlikely that large battery capacity improvements can be 
expected in the near future, energy-efficient design without losing node and network 
functionality is another key challenge that involves network protocols, hardware and software 
components. 

Several alternative energy-saving strategies are being studied with the overall objective to 
minimize the total amount of energy needed to forward a packet from a source node to a 
destination node (Chlamtac et al., 2003). On one hand, there is a focus on local strategies to 
maximize the battery lifetime of a node, for example by using a power-saving operating system, 
or by using directional or smart antennas instead of omnidirectional antennas. At the same time, 
global strategies are being developed that aim to maximize network lifetime, for example by the 
use of efficient routing protocols, and the use of many short instead of a few long hops. 
However, often there are trade-offs to be made between two or more strategies, which further 
complicates the development of ad hoc networks. 

Addressing 
Every communication system needs some form of addressing scheme that enables the delivery 
of messages at the right destination. Most addressing schemes have a hierarchy that is based on a 
geographical location (like the postal system) or on a logical position in the network (like the 
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Internet or the (mobile) telephony system). This makes it relatively easy to define a set of rules by 
which the path between a sender and receiver can be found. 

Ad hoc networks, however, lack any form of hierarchy, making it extremely challenging 
to develop an addressing scheme that is efficient and simple to use. In addition, node mobility 
makes it unlikely that some kind of addressing hierarchy can be enforced on the network. That 
means, for example, that it will be difficult to use IP addresses, even though some authors 
believe it is the only option due to their simplicity, flexibility, and widespread use (Hoebeke et al., 
2004; Remondo and Niemegeers, 2003). So a different addressing scheme must be used. For 
pure ad hoc networks this is not a problem, but it introduces a new challenge for integrated ad 
hoc networks. After all, how can a node in one network address another node in another 
network if the addressing schemes are completely different? 

Several solutions have been proposed, varying from static, pre-assigned IP addresses, to 
the random, non-hierarchical addresses, both with and without Internet connectivity (Chlamtac 
et al., 2003). However, no solution has been adopted yet. 

Quality of Service 
Like the Internet and the latest mobile telephony networks, the promise of ad hoc networks is to 
support audio and video applications. To be of practical use, these applications often have 
minimum requirements for bandwidth and delay that need to be guaranteed by the network. 
Without such guarantees, it would, for example, be impossible to have a normal telephone 
conversation or to watch a video. Network resources, however, are always scarce and must be 
shared by many other applications. Fortunately, not all applications have such high demands. 
Reliable data transfer, for example, is sometimes more important than speed or timeliness. This 
allows for a network control mechanism that assigns a different priority to different applications, 
in order to match network resources with specific application requirements. This mechanism is 
called Quality of Service (QoS). 

The benefits and importance of QoS have been demonstrated in many types of 
networks. Providing QoS support in an ad hoc networking environment, however, is much more 
complicated due to the stochastic characteristics of the wireless communication channel, node 
mobility, the limited processing and buffer capabilities of the nodes, the use of unlicensed 
frequency bands that are shared with other wireless systems, and the extra network bandwidth 
required to provide QoS support. These factors result in frequent disconnections and topology 
changes, making it very challenging to guarantee QoS for any type of application. An additional 
complication is the lack of a central authority to enforce QoS throughout the network. 

QoS support in ad hoc networks is an active area of research. In addition to buffer and 
bandwidth management to handle various traffic streams, several other solutions have been 
proposed, including traffic modelling at a network level, congestion control at the transport layer 
level, and various scheduling and priority algorithms at the routing and data link layer levels. 
However, no comprehensive, widely supported QoS solution yet exists. 

Service discovery 
The added value of ad hoc networks can be increased if nodes not only have the ability to 
communicate, but also have seamless access to all sorts of services, including access to the 
Internet and other types of networks, file sharing, data storage, payment services, location 
management, and context-aware services. Other than the question if and how these services can 
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be implemented, two of the main issues here are how nodes can best advertise their services to 
the rest of the network without flooding the network, and how nodes can discover the 
capabilities of others. 

Two service discovery architectures have been proposed by (Kozat and Tassiulas, 2004). 
In the directory-based architecture, a number of dedicated nodes is responsible for handling all 
service registrations and service requests. This approach is common in existing wired and 
wireless networks, including Bluetooth, but is difficult to implement in autonomous, self-
configurable ad hoc networks. In the directory-less architecture, on the other hand, service 
suppliers proactively advertise their capabilities to the network, while nodes that need a particular 
service reactively broadcast their request. Although this approach seems more suitable for ad hoc 
networks, no mature solution yet exists (Hoebeke et al., 2004). 

Security 
Providing secure and reliable end-to-end connectivity is another key challenge in ad hoc 
networks. For one reason this is inherent to the use of radio waves for communication purposes. 
Radio transmissions can be intercepted or disrupted by anyone with an antenna, and with the 
right equipment, it can be quite easy to eavesdrop on voice calls or to have access to confidential 
data. But there are other issues. For example, ad hoc networks are established by means of 
cooperation between nodes that are owned and used by perhaps thousands of different people, 
each with different objectives and motivations. So how can nodes be sure they are 
communicating with nodes they think they are communicating with and that their privacy is not 
compromised by intermediary nodes? 

Another challenge is how to deal with attacks on the network. Yoo and Agrawal (2006) 
distinguish two types of security attacks to which ad hoc networks are exposed. Active attacks 
are performed by malicious nodes to harm the entire network operation intentionally. This 
involves the modification, deletion or replication of user data or network control information or 
even more invasive threats like the so-called Denial of Service (DoS) attacks, and the injection of 
false or incorrect data, viruses or worms. These sorts of attacks will not only corrupt data 
transmissions, they can even have a great impact on network connectivity or network resources 
(bandwidth, energy). Passive attacks, on the other hands, are often less damaging but harder to 
track down. The main purpose is to gather valuable information (data, location, address) of 
individual nodes by monitoring network traffic. 

From a cryptographic point of view, these security issues do not introduce major new 
challenges. As Frodigh et al. (2000) comment, the requirements regarding authentication, 
confidentiality, and integrity or non-repudiation are the same as for many other public 
communication networks. However, in ad hoc networks trust is a central problem, because the 
medium cannot be trusted. Hence, key-based cryptography is the only choice. The real 
challenges here are how to create trusted relationships between nodes without the aid of a 
trusted third party, and how to detect network attacks and isolate malicious nodes. 

4.3.3 Node collaboration 
All challenges identified so far are rooted in complex mathematical and engineering problems 
that have dominated the scientific literature on packet radio and ad hoc networks for over the 
past forty years. There is, however, a growing interest in another major challenge to ad hoc 
networking that is actually rooted in a fundamental problem in the social sciences, and that is the 
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question how to stimulate nodes to collaborate to form reliable wireless networks. Because ad 
hoc networks have no centralized infrastructure with dedicated nodes that provide basic network 
functionality, the only way to establish network communications is through node collaboration. 
But although the potential advantages of ad hoc networking over mobile networks and WLANs 
are evident, there can be two important reasons for nodes not to collaborate: a lack of trust, and 
selfish behavior. 

Trust is the extent to which one node believes that another node is willing and able to 
respect the protocols and the privacy of node communications, and to contribute to the integrity 
of the network (Li et al., 2008a). The problem with trust is that it is based on direct or indirect 
observations of past behavior, while (mobile) nodes often need to determine the trustworthiness 
and predictiveness of other nodes they have never collaborated with before. So trust must be 
established in some other way. 

Selfishness, on the other hand, is motivated by the tendency of individual nodes to 
maximize their own interests (Yoo and Agrawal, 2006). They may not want to share their (scarce) 
resources to support global connectivity, even though all nodes that are part of the network 
benefit from such a collective commitment in the long term. As a result, to save energy, selfish 
nodes may decide not to forward packets or participate in the routing process, they may reduce 
the transmission power (which may cause the network to split), but they may also consume 
excessive amounts of network resources in such a way that it damages the network’s operation. 
The problem with this kind of behavior is that if nodes decide to act in their self-interest, it can 
ultimately disrupt all network communications, even if it is clear that it is not in any node’s 
interest for this to happen. 

Both the lack of trust and selfish behavior are motivated by the limited availability of 
resources, the lack of a trusted third party (e.g. a network operator), and the fact that nodes are 
owned and operated by many different users, each with its own interests and motivations. 
Nonetheless, for the proper functioning of ad hoc networks nodes it is essential that nodes 
collaborate. 

To that end, several solutions have been proposed. Trust can be stimulated, for example, 
by securing communications using advanced cryptographic methods, but also by enabling nodes 
to share information about the behavior of other nodes in the network (Chlamtac et al., 2003). 
Selfishness can be prevented in three ways: through reputation-based schemes, through credit-
based schemes, or through game theory-based schemes (Yoo and Agrawal, 2006). In reputation-
based schemes, nodes observe the behavior of other nodes and use this information in the 
routing process. The idea is to stimulate collaboration and trust and to detect and isolate selfish 
or misbehaving nodes from the rest of the network. In credit-based schemes, nodes receive 
credits in return for each forwarded packet, which they in turn can use to transmit their own 
packets. Finally, game theory-based schemes model the forwarding process as a game, whereby 
all rational nodes gradually determine their own optimal strategies. 

Although each of these solutions is promising, additional research is needed to see 
whether they provide sufficient incentives for nodes to collaborate. So far, these issues have been 
studied mainly from a technology point of view. However, the convergence of technology and 
social concepts such as collaboration, but also reputation, motivation, opportunistic behavior, 
and trustworthiness, emphasize the need for a more multidisciplinary approach, with 
contributions from both the social and the engineering sciences. Insights into human behavior 
will lead to better technical solutions to these issues and increase the chance of success for ad 
hoc networking technologies. Until then, node collaboration remains a major challenge. 
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4.4 A COMPARISON OF AD HOC AND MOBILE NETWORKS 
To understand the technological threats or opportunities that ad hoc networks pose to mobile 
network operators, it is essential to understand the similarities and differences between ad hoc 
and mobile (or cellular) networks. As the main characteristics of ad hoc networks have already 
been discussed in previous paragraphs, this paragraph starts with the main characteristics of 
mobile networks. Because of the many different mobile standards that are in use world-wide, 
these characteristics are identified from a high-level perspective, as illustrated by Figure 24. 
 
 

Core network

Other fixed or mobile
network operators,

or the Internet

Base station

Mobile phone

Cells

 

Figure 24. The basic architecture of mobile networks 

A mobile network consists of a number of base stations or access points that are connected to 
the operator’s core network. The core network basically incorporates all networking 
functionalities, such as call routing, mobile phone registration, subscriber and device 
authentication, and location management. Each base station is equipped with an antenna and 
covers a fixed geographical area called a cell. All mobile devices within that cell are connected 
with the rest of the network through this base station. When two devices that want to 
communicate are located in the same cell, the base station and the core network – where the call 
is processed - act as a relay between the two. On the other hand, when the two devices do not 
reside within the same cell, the base station forwards the calls to the core network, where the 
destination and its location is determined. If the location is within the same network, the call is 
routed to the nearest base station. Else, the call is forwarded to the network of another operator. 

Mobile networks have some important characteristics. The first is that mobile networks 
consist of multiple cells that are interconnected through a fixed network infrastructure. All call 
distribution and processing functions reside in the operator’s fixed core network. The only part 
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of the network that is wireless is the radio access network, i.e. the link between mobile devices 
and base stations.49 This (single-hop) link ranges from an average of a few hundred meters up to 
a theoretical maximum of thirty kilometers, depending on the cell size. Any other part of the 
connection between two mobile devices or between a mobile device and another network or 
service is established via the fixed core network. 

The cellular concept has two important advantages. It reduces the transmission power 
needed to establish the wireless link, as a result of which mobile devices can use smaller batteries 
and increase their uptime. And it provides operators a way to maximize their return on 
investment in expensive radio frequency licenses by increasing the network capacity through the 
reuse of frequency channels in non-adjacent cells. There is, however, a limit to the minimum cell 
size. The smaller the cells, the more cells are needed to cover the same area. This not only 
increases the associated infrastructure costs, but it also increases the interference between cells 
(which has a negative impact on signal quality). So there is a trade-off between network capacity, 
return on investment, and signal quality. Ad hoc networks do not have this disadvantage, 
because nodes use just enough transmission power to maintain network connectivity. 

Secondly, mobile networks provide mobility support. With their mobile devices, 
subscribers can travel freely through the network and are not bound to a single cell. When 
travelling from one cell to another during a call, the core network automatically conducts the 
handover between the two base stations involved. If a subscriber travels to areas where his 
provider has no coverage, it will use the network of another operator through a routing concept 
called roaming. In any case, the operator’s distribution network always knows where the 
subscriber is located and to which base station he is connected. 

On the other hand, mobile networks need to be planned, installed, operated, and 
maintained by an operator which, in turn, charges a fee to its subscribers for the communication 
services it provides. Building a network is a very time-consuming process that requires huge 
investments in new infrastructure, network equipment, and frequency licenses. Moreover, 
network design should be based on a fairly accurate estimation of future usage, because it can be 
difficult to make architectural modifications afterwards – to improve coverage or capacity, for 
instance – without disrupting the service. That is one of the reasons why third generation UMTS 
networks are built alongside second-generation GSM and GPRS networks. Once deployed, the 
network provides a relatively stable and secure way of communication with quality of service 
support. 

The main advantages of mobile networking is that is a proven communications concept 
that supports audio, video and data, that is complementary to other telecommunication services, 
and that has been adopted by billions of people world-wide. Ad hoc networks, on the other 
hand, are still in their infancy. Although the expectations of this new communication technology 
are high, there are many important technical challenges to be resolved, and the real commercial 
potential and the ultimate field of application are still unclear. Nevertheless, the previous analysis 
provides a sufficient basis for a comparison of the major technical characteristics of both 
technologies. These are summarized in Table 7. 

                                                 
49 For practical reasons, sometimes also the link between a base station and the core network (also known as a backhaul link) is 
wireless.  
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Table 7. A comparison of the technical characteristics of mobile and ad hoc networks 

 Mobile networks Ad hoc networks 

Architecture Infrastructure-based Infrastructure-less 
Network topology Static core and access network Highly dynamic 
Mode of operation Single-hop Multi-hop 
Network ownership Centralized; owned by a single 

operator 
Decentralized; nodes are the 

network 
Mobility support Yes Yes 
Speed of deployment Slow Rapid 
Fixed base stations or access points Yes No 
Flexibility Low High 
Cost of service Always greater than zero Zero (operator-independent) 
Wireless coverage Up to 30 kilometers Up to a few hundred meters 
Interference range Large Small 
Type of antennas Long range / high power Short range / low-power 
Operating frequency bands 900, 1800, and 1900 MHz 

(licensed frequency bands) 
2,4 and 5 GHz 

(unlicensed frequency bands) 
Power consumption Relatively high Relatively low 
Possible number of co-existing networks Small50 Large51 
Connectivity Stable Instable, frequent disconnections
Quality of Service Yes No guarantees 
Role of the nodes in the network End points End points and routers 
Communication model Client-service Peer-to-peer 
Network capacity Moderate High 
Type of environment Relative benign Hostile 
Vulnerability to security attacks Moderate High 

 

4.5 TOWARDS THE MARKET INTRODUCTION OF AD HOC NETWORKS 
Previous paragraphs have shown that the benefits and promises of ad hoc networking are 
substantial. Yet there are still many important challenges ahead, and although much progress has 
been made over the past forty years, it will probably take another decade of additional research 
and development before ad hoc networking technology becomes commercially available. That 
does not mean, however, that all current activities in this field are purely academic. On the 
contrary, currently there are many organizations working towards the market introduction of ad 
hoc networks. On one side, there are already small and medium-sized enterprises developing and 
marketing concrete, but small-scale networks. On the other side, there is a number of concerted 
activities in the area of standardization. At the same time, experts and researchers from all over 
the world are sharing their ideas about the future of mobile and wireless telecommunications, 
including the role of ad hoc networks, the so-called fourth generation (4G) networks. 

                                                 
50 While the number of possible co-existing mobile networks is small due to the scarce number of radio channels, for consumers 
a large number would be more desirable (increased competition, lower prices). 
51 On the other hand, the number of possible co-existing ad hoc networks is high due to efficient radio channel usage, but for 
consumers one single large (non-segmented) network would be most desirable. 
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This paragraph briefly presents some of these organizations, activities, and visions. First, 
it discusses some of the standardization bodies and their activities. It will then introduce some of 
the main players engaged in this emerging technology. And finally, it will discuss some of the 
ideas about the possible roles of ad hoc networking within the 4G vision. 

4.5.1 Standardization 
The success of a network technology is connected to the development of networking products at 
a competitive price (Conti, 2003). A major factor here is the availability of appropriate 
networking standards. In telecommunications, the primary goal of standards is to achieve multi-
vendor compatibility (Sherif and Sparrell, 1992). This is usually done through the definition of 
interfaces between essential system components, leaving enough room for product 
differentiation by and competition between individual equipment manufacturers. Although the 
associated costs and duration can be significant, standardization can also have many advantages. 
First of all, it can considerably reduce a technology's total development and implementation 
costs by enabling economies of scale. Research and development resources are scarce, even in 
large multinationals, and cooperation among (potential) competitors is a way to simultaneously 
distribute the necessary workload and reduce the time-to-market. Secondly, standards can 
substantially increase the value of product or services for end users, especially in the 
telecommunications industry where the effects of network externalities are strong. The greater 
the number of companies adopting a standard, and the greater the number of users buying these 
products, the greater the utility and the smaller the risks to all users and manufacturers. This can 
further accelerate market demand and adoption speed. And third, it allows products and services 
from different manufacturers to be used interchangeably, which encourages market entry and 
lowers switching costs to its users. 

During the development of a new technology, a decision has to be made whether or not 
to standardize it. Often this decision is made prior to introduction of a product to the market, 
and sometimes even years before the market is ready, as was the case with ISDN. Also in the 
field of ad hoc networking, there are efforts to standardize some of the key components, even 
though the technology is far from ready. Two standardization bodies are currently involved in 
these efforts: the Institute of Electrical and Electronics Engineers (IEEE), and the Internet 
Engineering Task Force (IETF). IEEE has been involved since the beginning of the 1990’s, first 
through its 802.11 subcommittee on Wireless Local Area Networks (WLANs), and later also 
through its 802.15 subcommittee on Wireless Personal Area Networks (WPANs). Both 
subcommittees deal with the lower two layers of the Internet reference model, but whereas the 
802.11 subcommittee focuses on medium access control, the 802.15 subcommittee is specialized 
in radio technologies.52 IETF is an independent, open standards organization, and is best known 
for its work on the Internet’s core protocols, like TCP/IP. In 1997, it established the Mobile Ad 
Hoc Networking (MANET) working group with the main purpose of standardizing wireless 
routing algorithms (at the network layer of the Internet reference model) in both static and 
dynamic ad hoc networks.53 

Unfortunately, these standardization activities are isolated efforts by two independent 
organizations that use their current technology base as a point of departure. However, single-hop 
WLAN and Bluetooth technologies have very different characteristics and were designed with 

                                                 
52 This subcommittee adopted the Bluetooth industry specifications as an IEEE-standard in 2002.  
53 See http://www.ietf.org/html.charters/manet-charter.html 
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different purposes than ad hoc networks (Kumar et al., 2006; Xu and Saadawi, 2002). There are 
also serious doubts as to whether some of the core Internet protocols and standards that were 
developed by the IETF can be used in ad hoc networking environments (Chlamtac et al., 2003; 
Xu and Wu, 2006). Although these protocols and standards are being used as of-the-shell 
enablers for experimental and small-scale multi-hop ad hoc networks (Záruba and Das, 2004), at 
this stage it is not very unlikely that their characteristics and performance are adequate for the 
type of networks discussed in this thesis. However, the current state-of-the-art is such that there 
no global support yet for a strong and comprehensive standardization approach, one that is 
managed by a single organization that considers the overall system architecture as well as 
individual components, but also the interfaces and interoperability with other networking 
technologies (Toh et al., 2005). But that is probably just a matter of time. 

4.5.2 Main players in the industry 
Ad hoc networks have been a topic of active research for nearly forty years. During the first two 
decades, this research was sponsored by the US Department of Defense, after which it extended 
into the commercial domain. In the 1990’s, research efforts by various companies and 
organizations led to the development of Bluetooth, WLAN and Zigbee technologies, which were 
the first simple, single-hop type of ad hoc networks. Today, these technologies are incorporated 
in virtually every mobile phone, PDA, and computer, and are used world-wide by millions of 
people. 

Sensor networks and mesh networks are the first multi-hop ad hoc networks that started 
to appear on the market a few years ago. But also their configuration is simple, because they do 
not support mobility and in sensor networks (and some types of mesh networks) the nodes all 
serve the same owner. Sensor networks can consist of thousands of nodes, but they are 
homogeneous in the sense that all nodes are identical and serve the same purpose (collecting 
data). Some of the leading companies in wireless sensor networks are Honeywell,54 TeraHop 
Networks,55 ScatterWeb,56 Mesh Systems,57 and Coronis Systems.58 Mesh networks, on the other 
hand, can be heterogeneous (nodes can be different types of devices), but consist usually of not 
more than a dozen nodes. Major players in mesh networks are Motorola (through its subsidiary 
Mesh Networks), Tropos Networks,59 Radiant Networks,60 and SPANworks.61 Most of the 
solutions provided by these companies are based on the IEEE 802.11 or 802.15 standards 
discussed in the previous paragraph. 

Currently a lot of companies are focusing on the next evolutionary step: mobile multi-
hop ad hoc networks, this thesis’ topic. The majority is only active in research and development 
activities. Patent analysis62 shows that of the 3701 patents that have been granted between 1984 
and 2010, 82.4% was granted in the period between January 2006 and December 2010 and that 
number is still growing. The top 49.1% of the patents was granted to 20 multinationals that are 
active in telecommunications equipment, computer hardware or software, or chip manufacturing 
(see Table 8). Remarkably, the only mobile network operators among the top 100 patent 
                                                 
54 http://www.honeywell.com  
55 http://www.terahop.com  
56 http://www.scatterweb.com  
57 http://www.mesh-systems.com  
58 http://www.coronis-systems.com  
59 http://www.tropos.com  
60 http://www.radiant-networks.com  
61 http://www.spanworks.com  
62 See chapter 6 for more details. 



Sander Kerremans  Chapter 4: Ad hoc networks 
 

 97

assignees are NTT DoCoMo (14th) with 53 patents, AT&T (16th) with 45 patents, British 
Telecom (31st) with 23 patents, and Verizon (40th) with 18 patents. Vodafone, the world’s largest 
mobile network operator, did not even file a single patent. 

Table 8. Companies with the most patents in ad hoc networks on December 31st 2010 63 

# Company 
Patents 
granted 

Cumulative
(%)  # Company 

Patents 
granted 

Cumulative
(%)

1 Nokia 234 6.3%  11 Broadcom 69 37.8%
2 Microsoft 196 11.6%  12 Harris 63 39.5%
3 IBM 190 16.8%  13 Rockwell 57 41.0%
4 Motorola 148 20.8%  14 NTT Docomo 53 42.5%
5 Mesh Networks 110 23.7%  15 BBN Technologies 46 43.7%
6 Samsung 104 26.5%  16 AT&T 45 44.9%
7 Ericsson 95 29.1%  17 Toshiba 42 46.1%
8 Cisco 93 31.6%  18 Lucent 40 47.1%
9 Sony 90 34.0%  19 NEC 37 48.1%

10 Intel 70 35.9%  20
TeraHop 
Networks 37 49.1%

 
 
There is, however, also a growing number of small companies, start-ups and spin-offs from both 
universities and multinationals, that is developing and providing commercial small-scale 
solutions. Swedish-based TerraNet,64 for example, claims to use proprietary patented ad hoc 
networking technology to provide cheap communication services in rural areas. Another 
example is Canadian-based Olsonet Communications.65 This company was established in 2001 
by a group of scientists and industry experts with the single objective to get ad hoc networking 
technology to the market as soon as possible, and are now claiming a number of successful 
deployments. The question is, however, how long these pioneers will remain independent. Based 
on experiences in the mesh networks industry – where Motorola took over Mesh Networks and 
Nokia took over RoofTop Communications – it is not unthinkable that they will be taken over 
by established equipment providers somewhere in the future. 

4.5.3 Two deployment scenarios 
The scientific literature and popular business press contains many ideas and visions about how 
ad hoc network will develop in the near future. Although their emphasis is usually on either 
potential applications, potential business models, or potential technical solutions, all visions can 
essentially be reduced to two basic scenarios: pure ad hoc networks, and integrated ad hoc 
networks. The original idea of ad hoc networks (packet radio networks) was to enable 
communications among nodes in emergency and battlefield situations. There was no need to 
integrate them with other types of networks, because they are not available or allowed to be used 

                                                 
63 The query was conducted on the patent database of the US Patent and Trademark Office (http://www.uspto.gov) with the 
following key words: ((ad hoc network) OR (ad-hoc network) OR (ad hoc networks) OR (ad-hoc networks) OR (ad hoc 
networking) OR (ad-hoc networking) OR (manet) OR (manets) OR (packet radio network) OR (packet radio networks) OR 
(prnet) OR (prnets)). Afterwards, irrelevant query results, which were mainly trelated to topics in arts or chemistry, were manually 
removed. 
64 http://www.terranet.se  
65 http://www.olsonet.com  
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anyhow. This has not really changed with the emergence of the single-hop Bluetooth and Zigbee 
technologies that enable short-range communications among, for instance, wireless smoke 
detectors, or between a wireless headset and a mobile phone. 

Isolated networks, however, have a number of limitations and do not always meet the 
demands of its users in terms of coverage area, the number of participating nodes, or the number 
or type of services offered – or at least not in an efficient manner. That is one of the main 
reasons why there is a major trend towards the seamless integration of various wired and wireless 
networks. In many countries, for instance, it is already possible to access the Internet by mobile 
phone and to make free VoIP calls to any (type of) telephone anywhere in the world. Therefore, 
it no longer matters where users are located, both physically and logically. This integration 
process is driven by leading companies, universities, and research organizations, working 
together in various national and international telecommunication organizations, like the IEEE, 
IETF, International Telecommunication Union (ITU), and the Wireless World Research Forum 
(WWRF). It will result in the deployment of global, next generation (4G) networks that are based 
on an open-systems approach in which everybody can communicate with anybody, anytime, 
anywhere. 

For this reason, the second scenario in which ad hoc networks are a crucial part of a 
global, integrated communication architecture is rapidly gaining support (Armuelles et al., 2004; 
Hoebeke et al., 2004; Liu and Chlamtac, 2004; Remondo and Niemegeers, 2003; Tafazolli, 2006). 
Because of their key characteristics – flexibility, ease of deployment, lack of infrastructure, and 
low cost – ad hoc networks can extend network services to mobile users in areas that traditional 
infrastructure-based networks do not cover. It also makes them an excellent alternative in 
situations where other networks are available but not preferred to be used. Those same 
characteristics, however, make their integration quite difficult to achieve, as they challenge the 
way in which communication technologies are traditionally used. 

At this point, the two deployment scenarios are equally plausible. It is even possible that 
both scenarios become reality, and that pure ad hoc networks are just an evolutionary step 
towards ad hoc networks that are integrated into 4G networks. In any case, there is still a long 
way to go. Many challenging technical issues need to be resolved first. In addition, the translation 
from a theoretical concept into commercially viable solutions will require the identification of 
realistic business models and applications. 

4.6 SUMMARY 
Ad hoc networks are a revolutionary technology that has the potential to enable wireless 
communication among mobile users without the need to connect through the costly networks of 
mobile operators. Unlike current fixed and wireless network topologies, ad hoc networks do not 
rely on a fixed infrastructure for the exchange of information between nodes. Participating nodes 
are no longer just end points, like in mobile networks, they are the network and all network 
functions, including networking, routing, addressing, security, and power and bandwidth 
management are performed by the nodes themselves. 

While there are several types and applications of ad hoc networks, this thesis focuses on 
so-called multi-hop wireless mobile ad hoc networks (MANETs). Multi-hop means that there is 
at least one intermediary node involved in the communication between two nodes. Like most ad 
hoc networks, MANETs are fully autonomous and infrastructureless, self-organized and self-
administered, and they may consist of different types of nodes that process different types of 
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traffic (data, audio, video, routing information, etc.). A specific characteristic of MANETs is that 
the constituent nodes are highly mobile and can enter and leave the network both at will and 
unexpectedly, which results in a highly dynamic network topology. 

One of the main advantages of MANETs over traditional mobile and wireless networks 
is that they are cheap. There are no costs involved for designing, implementing, and maintaining 
the network and for the use of the license-exempted ISM frequency bands, and since the 
network has no central ownership, no interconnection and subscription fees can be charged. 
They are also more flexible and robust, more efficient and produce less inference. On the other 
hand, they are more vulnerable to security attacks, eavesdropping, and interference problems and 
they are fully dependent on the willingness of nodes to collaborate. In addition, virtually all 
nodes are battery-powered, which imposes strong limitations on power-consumption. 

In spite of the evident benefits and promises of this emerging technology, it will take at 
least another five years before the first ad hoc networking applications are introduced to the 
market. From a technological point of view, ad hoc networks are extremely complex. Although 
research on this topic started nearly 40 years ago, simultaneously with research on predecessors 
of the Internet, this chapter has identified a large number of research challenges that still need to 
be resolved. In addition to universities and research institutes, industry giants like Nokia, IBM, 
Motorola, and Cisco and a large group of small enterprises rare involved in research activities 
aimed at addressing these challenges. Active areas of research include addressing, reliability, 
security, routing, scalability, integration with other types of networks, spectrum allocation and 
usage, quality of service, energy efficiency, mobility support, and medium access control. Since 
node collaboration is crucial for the operation of an ad hoc network, a lot of research is also 
done on cooperative behavior, trust, and selfishness. Standardization is another area of research 
that will become very important for the success of ad hoc networks over the next decade. 

In terms of what the impact of this emerging technology on the future of mobile 
network operators will be, this chapter has shown that ad hoc networks seem to develop at least 
some characteristics typical for disruptive innovations. However, based on the criteria for 
sustaining and disruptive technologies identified in chapter 2, nothing can be concluded without 
further analysis. Ad hoc networks may be cheaper and simpler and have the potential to replace 
mobile networks. However, they also seem to be very complex, while little is known regarding 
their performance when used on a large scale. In addition, a number of research challenges needs 
to be addressed first, before their true strengths and limitations are clear. Once the first 
commercial applications of ad hoc networks start to appear, which is expected to occur within 
five to ten years, a battle between competing product designs begins, introducing additional 
market uncertainty as well as technological uncertainty. So at this point, it is unclear how 
MANETs will evolve and additional research is required in order to answer the research 
question. 

What can be done, however, is to provide an overview of the differences between mobile 
networks and ad hoc networks in terms of the market, the industry, and the technology based on 
the analyses in chapters 3 and 4. These differences are summarized in Table 9. 
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Table 9. Contrasting mobile and ad hoc networks 

 Mobile networks Ad hoc networks 

Qualification ‘An established mobile 
communications technology, 

based on proven concepts, and 
with more than two billion users 

world-wide.’ 

‘An emerging mobile 
communications technology 

based on an entirely new 
networking paradigm, but 
with still many technical 
challenges and not yet 

commercially available.’ 
Market 

 Customer demand 
 Customer needs 
 Dominant design 
 Information 
 Size 
 Segments 

 
Predictable 
Addressed 
Established 

Widely available 
Predictable 

All tiers 

 
Unpredictable 

Unknown 
Emergent 

Highly speculative 
Unpredictable 

Unknown 
Industry 

 Basis of competition 
 Main competitors 
 Impact on margins, business growth 

o In the short run 
o In the long run 

 Linkages with suppliers, customers 
 Regulation 
 Rivalry 
 Structure 

 
Established 

Established firms 
 

Positive for established firms 
Negative for established firms66 

Strong 
Established 

High 
Established 

 
Unknown 

Entrant firms 
 

Negative for entrant firms 
Positive for entrant firms67 

Formative 
Inexistent 

Low 
Emergent 

Technology 
 Applications 
 Architecture 
 Scientific basis 
 Standards 

 
Established 

Evolutionary 
Established 
Established 

 
Speculative 

Revolutionary 
Formative 
Emergent 

 
 
 
 
 

                                                 
66 Positive if ad hoc networks turn out to be a sustaining technology rather than a disruptive technology. 
67 Positive only in case ad hoc networks can successfully be commercialized. 
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5 Toward a disruptive technology foresight framework 

 
 
 

I think there is a world market for about five computers. 
 

Thomas J. Watson Sr. 
Chairman of International Business Machines (IBM), 1943 

 
 
 

There is no reason for any individual to have a computer in their home. 
 

Kenneth H. Olsen 
President of Digital Equipment Corporation (DEC), 1977 

 
 
As visionary leaders of two highly successful technology companies, Thomas Watson Jr. and 
Kenneth Olsen played an important role in the origins of today’s multi-billion dollar computer 
industry. Both men were excellent salesmen who knew exactly what their customers wanted. 
And they were consistently able to meet their demands, year after year. However, as senior 
executives, they were also keen on sowing the seeds of the future. Computers were typically one 
of those technologies where they had put their bets on. Yet they were not sure where this new 
technology would lead them, what the killer applications would be, and how large the market for 
those applications would turn out to be. Moreover, there were no signals from the market that 
people were actually in need of computers. Most people did not even know what a computer 
was, and those that did surely were not able to afford one. 

Without a clear demand, many incumbents would decide not to invest in emerging 
technologies. They would need market data and financial projections that predict potential 
growth rates and financial returns sufficiently large to justify the allocation of resources for 
research and development. To satisfy their stakeholders and to support their organization they 
would need the kind of certainty, continuity and stability that their existing line of products and 
services offers. 

But IBM and DEC were different. Both leaders had an ambitious vision of the future 
and invested heavily in research and development to invent the technologies of tomorrow. They 
built organizations that fostered innovation and spawned technological excellence, that had 
clearly articulated and broadly understood goals and values, that provided continuity and 
stability, but that were flexible enough to meet the challenges of a rapidly changing world. That 
put IBM at the leading edge of mainframe computers in the 1970s – despite Watson Sr.’s early 
scepticism about their market potential – and of personal computers in the early 1990s. That put 
DEC at the leading edge of minicomputers in the 1980s and made it the second largest computer 
maker in the United States. 

Their computers disrupted other businesses. But IBM and DEC could not be disruptive 
without being sustaining by moving their innovations along their own improvement trajectories 
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– and, in the end, become vulnerable for disruption themselves. As recounted by Christensen in 
The Innovator’s Dilemma, IBM’s mainframe computers disrupted mechanical calculator and 
punched card businesses. One decade later, DEC’s minicomputers disrupted mainframe 
computer manufacturers, including IBM. Another decade later, IBM’s personal computers, in 
turn, disrupted the minicomputer makers, including DEC. Finally, portable computers of 
entrants like Toshiba, Sharp, and Zenith disrupted IBM’s personal computer business. 

The contributions of Olsen and the Watsons to the successes of DEC and IBM and to 
the development computer industry as a whole are beyond dispute. What is remarkable, 
however, is that these leaders not only underestimated the disruptive potential of the computers 
their companies were about to develop, but also that they probably never truly understood the 
disruptive potential of a technology that eventually disrupted their own businesses. For years, 
they had ignored the entrants that developed computers that were simpler, smaller, and cheaper 
than theirs were. Once they became aware of the attacks from below, they did try to respond. 
IBM defensively introduced its own lines of minicomputers and portable computers; DEC 
introduced lines of personal computers specifically targeted at consumers even four times 
between 1983 and 1995. They nevertheless failed. DEC was dismantled in 1998, and IBM left 
the personal computer industry in 2005.68 

The histories of IBM and DEC show that preparing for the future is of strategic 
importance for mobile network operators just as it is for any other company. Recognizing the 
potential consequences of future events helps guiding decisions to be made today in order to be 
prepared for the challenges of tomorrow. There is one fundamental problem, however, and that 
is that there exists no data to guide the analysis. And the further one looks into the future, the 
lower the level of predictability and the higher the degree of uncertainty. 

As long as the conditions are relatively stable and the period considered sufficiently 
short, it is still possible to make fairly accurate predictions. In fact, most organizations are quite 
skillful in making forecasts of the future in order to support their planning processes. This is 
how call centers optimize their workforce schedules, how oil companies determine their 
production levels, and how a sales force determines the number of products that should be in 
stock. To compensate for the lack of data about the future, these forecasts are based on data of 
the past along with a number of assumptions. Their purpose is to minimize risks, uncertainties, 
and ultimately costs. 

To address the research questions in this thesis, however, this approach is inadequate, 
because the underlying assumption – the past is a good predictor of the future – does not hold in 
complex environments challenged by processes of technological change. This is even more 
difficult when disruptive technologies like ad hoc networks are involved, because their potential 
value and areas of application are unknown in early stages of development. The Western Union 
case in chapter 2 and the quotations of Watson Sr. and Olson illustrate that even the best experts 
in the emerging technology are often unable to accurately predict where the industry is headed.  

Three alternative methods that have recently been developed, which will be discussed in 
paragraph 5.2, overcome some of these weaknesses, but only work in the short run and they, 
too, are inadequate for the purposes of this thesis. Hence, a different approach is needed that is 
able to deal with the intricacies of disruptive technologies and their potential implications on the 
long run, but one that is based neither on visions nor on forecasts. 

                                                 
68 More background information on the successes and failures of DEC and IBM can be found in Schein (2004) and Watson and 
Petre (2000). 
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In this chapter a new approach is proposed that is based on the scenario analysis 
methodology. Scenario analysis by itself is not new. In fact, it has been used for several decades 
by thousands of organizations around the world. What is new, however, is the usage of scenario 
analysis in combination with the theory of disruption. While scenario analysis will not and cannot 
lead to accurate predictions of the future, it does highlight possible future developments and 
helps organizations to discover the right decisions to be made. Given the present state of 
disruptive innovation research, this is probably the best method for ex ante predictions of the 
impact of potentially disruptive innovations on established companies. 

The scenario analysis method will be introduced and further developed for the purposes 
of this thesis in paragraph 5.3. It will then be used in chapters 6 and 7 to create a set of four 
scenarios for the future of mobile network operators as a result of the emergence of ad hoc 
networking technologies. However, this chapter starts with a discussion of the necessary 
conditions for the disruption of mobile network operators and the challenges in predicting a 
potential disruption by ad hoc networks from an long term perspective. The second paragraph 
discusses three existing methods and their shortcomings for predicting disruption. 

5.1 PREDICTING THE DISRUPTIVENESS OF AD HOC NETWORKS 
The proposition of this thesis is that the future of mobile network operators, in part, depends on 
the disruptive potential of ad hoc networks. If ad hoc networks become a disruptive technology, 
theory predicts that mobile network operators will face difficult times. On the other hand, if ad 
hoc networks are sustaining relative to their business models, the impact on the operators will be 
small and chances are that they will co-opt the technology as they did with WLAN technologies. 

A good starting point in exploring the question to what extent ad hoc networks will be 
disruptive to mobile network operators, is to define the necessary conditions for disruption to 
occur in the first place, following those prescribed by Christensen’s theory. These will be 
discussed in the next section. The second section describes some of the challenges to identifying 
disruptive technologies from an ex ante perspective. 

5.1.1 Necessary conditions for disruption  
Established companies are vulnerable to disruptive technological change, because their resource 
allocation process forces them to prioritize resources towards sustaining innovations that 
generate the returns they need to survive. However, under which circumstances will ad hoc 
networks have the potential to disrupt mobile network operators? The theory of disruption 
discussed in chapter 2 suggests that there are five conditions that must be met before disruption 
can occur. 

The first condition is that ad hoc networking technologies must have the potential to 
replace the existing mobile technologies. They should be simpler to use and possibly at least as 
reliable, but what will initially make them worthless in the established mobile services market will 
typically be valued in an emerging market. Ad hoc networks may emerge in a field of application 
related to mobile telecommunication services, and in that case, it is relatively easy to assess 
whether both technologies will eventually compete for the same set of customers. But they may 
as well emerge in an unrelated field of application that initially attracts a different set of 
customers. In either case, they must rapidly improve until the point that it is good enough to pull 
customers away from the established market. 
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Secondly, the usage of and access to mobile networks must be more expensive than the 
usage of and access to ad hoc networks, while switching costs are limited. If case ad hoc 
networks offer no cost advantage to subscribers of mobile services, they could be either an 
incremental or a radical innovation. Yet they would be sustaining innovation relative to the 
business models of established mobile network operators, because they promise greater profits 
that will justify the decision to invest sufficient time and resources in developing them. Also 
when switching costs are involved that make it hard for customers to migrate from mobile 
technologies to ad hoc networking technologies – for instance when contractual agreements, 
network effects, or a lack of knowledge act as barriers to adoption – the process of disruption 
will not get off the ground. 

Third, current mobile technologies like UMTS and LTE must offer better performance 
or more functionality than subscribers actually need or are able to absorb. At the same time, ad 
hoc networking technologies must be available as a lower-performance, lower-cost alternative – 
initially in niche segments, later in the mainstream markets for mobile telephony. When 
subscribers are structurally overserved, they will be less willing to pay premium prices and are 
more inclined to consider lower-performance alternatives. This can trigger disruption, because 
competitive forces prevent mobile network operators to respond with services with performance 
levels inferior to those of their competitors. Moreover, their values, driven by their cost 
structure, compel them to invest in products and services with higher, not lower volumes and 
profit margins. Mobile services based on the older GSM and GPRS technologies are also cheaper 
and inferior on certain performance dimensions. However, these services are sustaining relative 
to the business model and market position of mobile network operators, because they have been 
the core business of mobile operators for many years. 

Fourth, mobile network operators have the possibility and the willingness to move up-
market. They can do so if the services they provide have room for improved performance or 
functionality and are able to meet the demands of an existing group of unsatisfied customers, 
such as business people, that is willing to pay for these enhancements and that is sufficiently 
large to generate profit. However, operators are only able to do so if they do not pursue low cost 
strategies that aim for the lower tiers for the market. 

The fifth and final condition is that the business models of mobile network operators are 
not matched to the emerging ad hoc networking technologies, which makes it difficult to co-opt 
them. Co-option is a typical defense mechanism where an incumbent tries to cram a potentially 
disruptive technology into its business model and mainstream market before it is good enough 
(Christensen et al., 2001). The smaller the overlap between the established and emerging value 
networks, the less likely it is that incumbents are able to successfully co-opt the emerging 
technology. When this overlap is large, disruption is unlikely to occur. Mobile telephony, for 
instance, was a potentially disruptive technology to established telephony operators. But as 
mobile subscribers wanted to be able to exchange calls with wired telephones, it had to be 
integrated with existing, wired networks. While it reduced the cost of building nation-wide 
mobile networks, it did mean that it had to meet the specifications of those networks and 
conform to existing customer behaviors and expectations. Even though mobile technologies 
were initially not good enough for their mainstream customers (bulky equipment, poor sound 
quality), wired operators were very familiar with building networks, selling telephones, and billing 
processes. As a result, their resources, processes, and values facilitated co-option of mobile 
technologies, so the forces of disruption never got hold of them. 
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In summary, ad hoc networks can have a paralyzing effect on mobile network operators. 
That is most likely to occur if the companies that are going to develop them into commercially 
available products and services are able to exploit the asymmetries of skills and motivation that 
are so characteristic to all disruptive innovations. That means that ad hoc networks should be 
simpler, cheaper, and preferably more reliable than mobile services. Moreover, they should also 
have the potential to improve sufficiently to attract large groups of mobile subscribers. Finally, 
they should (initially) be deployed in value networks that do not allow operators to defend 
themselves and co-opt them. Only when they are sustaining relative to the mobile network 
operators’ business models, or when the operators are able to find a way to effectively deal with 
the forces of disruption, they have a chance of survival. 

5.1.2 The challenges in predicting disruption 
In dozens of case studies, Christensen and others have been able to identify technologies that 
had a disruptive effect on established companies in a wide range of industries (see Appendix A 
for an overview). Although those studies have provided many insights into the conditions and 
causal mechanisms behind disruption and the reasons why some incumbents have survived 
where others failed, the value of the theory of disruptive innovation would greatly increase if it 
could also identify potential disruptive technologies from an ex ante perspective. 

There has been a lot of scepticism, however, that the theory could be used for this 
purpose. Danneels (2004), for instance, poses several questions as to whether disruptive 
technologies can be detected in their early stages of development, whether predictions can be 
made regarding the fates of incumbent and entrant firms, whether these predictions can be 
generalized across different firms and industries, and particularly whether these predictions can 
form the basis for managerial prescriptions. And for good reason, because there are several 
challenges in predicting the disruptiveness of emerging technologies. 

When the emerging technology is not yet on the market, the first challenge is 
determining in which fields of application it will eventually be used and how the dominant design 
in each of these fields will look like. 3M, for instance, accidentally invented a very weak adhesive 
during a research project that had the objective of developing a super strong adhesive. The 
company did not know what to do with it, until one of its employees started applying it on pieces 
of scrap paper to use them as bookmarks in choir books… and the Post-It note was born (Fry, 
1987). This example illustrates that innovation is often a complex process of trial-and-error, of 
experimentation, but also of chance and serendipity, which makes it difficult to understand at the 
outset what impact a technology will have on established industries. 

The second challenge is analyzing markets and industries that do not (yet) exist 
(Christensen, 1997). Without well-founded market research reports or time-series data and 
without (historical) analogies of comparable markets it is difficult – if not impossible – to make 
accurate and reliable forecasts about market volumes, growth rates, and penetration rates. Some 
companies try to fill this knowledge gap by interviewing either existing or potential customers on 
their perception of the emerging technology. The problem of this approach, however, is that 
these respondents are not reliable sources of information. Existing customers tend to use 
existing products and services as a reference. As a result, they will have a biased view on 
disruptive technologies that typically do worse on metrics of performance that are key selling 
points of existing products and services. Potential customers that use neither the existing nor the 
emerging technology have no reference at all and will therefore find it difficult to visualize the 



Ad Hoc Networks and the Future of Mobile Network Operators 2011 

 106 

use of products or services that do not yet exist. Therefore, in case of disruptive technologies, 
traditional market research is likely to result in biased and unreliable data. 

The third challenge is predicting the dimensions of performance the market will value in 
the emerging technology, and the levels of performance that technology will be able to supply 
versus the levels of performance the market will demand (Danneels, 2004; Tellis, 2006). This 
information is required in order to graph trajectories of performance improvement versus 
market demand, which Christensen (1997) believes is probably the best method for identifying 
disruptive technologies, because it visualizes how the industry’s competitive dynamics and its 
basis of competition are likely to change over time. The problem here is that nobody exactly 
knows how the performance of technologies will evolve and what performance the market will 
demand. For some period into the future, expert interviews may provide sufficient information 
to reliably extrapolate existing trajectory maps of established technologies. But this will not be 
easy in case of new markets for which very little historical data exist and for which future 
evolution is uncertain, or in case of very young technologies, like ad hoc networks, from which a 
dominant design has not yet emerged. 

The fourth challenge is estimating what time frame to use for the analysis of the process 
of (disruptive) technological change. In some industries, like disk drives, it took only a few years 
before the new technology disrupted the old technology. But it took several decades, for 
instance, before the telephone disrupted the established telegraphy operators. The problem here 
is that there are many determinants involved in the process of disruption, including the type of 
industry, the strategies of government and industry participants, and the current status, 
complexity and performance potential of the established and emerging technologies. Looking at 
examples from the past could be useful, but that will only work if the emerging technology is 
already on the market for some time and can be compared with similar technologies from other 
industries. 

The fifth challenge is dealing with the huge amount of technological and market 
uncertainties involved in the process of technological change. These uncertainties make it 
difficult to predict whether emerging technologies will be successful in the long run, let alone 
whether they could eventually replace existing products and services. Because uncertainties are 
often not quantifiable, quantitative forecasting methods cannot be used. 

Finally, even if a new technology can be identified as potentially disruptive, the next 
challenge is to determine if it will indeed disrupt individual companies or groups of companies. 
The theory of disruptive innovation predicts that technologies can only be disruptive if the cost 
structure or the business models of established companies impose barriers for them to respond. 
But if they manage to change their strategy and structure in response to a disruptive threat, for 
example by commercializing the same technology in an independent business unit, their chances 
for survival may increase significantly. Therefore, any research on the impact of a potentially 
disruptive technology would require an assessment of the likely strategic responses of 
incumbents, often years in advance. However, that is a tough challenge for strategy makers, and 
even more for outsiders. 

Many of these challenges also apply to this thesis, which aims to assess the disruptiveness 
of ad hoc networks to mobile network operators. While the technology has been conceived, 
many things are still unknown. It is very well possible, for instance, that ad hoc networking 
technologies will be deployed in very different kinds of products and services – and never 
actually become a threat to mobile networks. It is also possible that they take root in a niche 
market of mobile telecommunications, but never break through on a large scale as a result of 
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some of the technological challenges discussed in chapter 4. Similarly, while market research may 
reveal that people like the technical concept, at this point nobody really knows what the 
performance characteristics of ad hoc networks will be, or when the first products and services 
based on this technology will start to appear on the market. There is also great uncertainty about 
the influence of switching costs, network externalities, and standardization efforts on disruptive 
potential of ad hoc networks. And then there is the question of whether and how mobile 
network operators will respond. These are some of the challenges that this thesis must deal with. 
 
In summary, the theory of disruptive innovation prescribes five conditions for disruption to 
occur. While it is relatively easy to determine which technologies have been disruptive to 
established firms in the past, it can be a daunting challenge to determine which technologies will 
be disruptive in the future. Yet this is what would make the theory most valuable. Because once 
the disruptiveness of a technology has been established, it is much easier to determine the threats 
and opportunities it poses to established firms, and the strategies they must pursue in order to 
withstand the attack. Recently, three methods have been developed to assess the disruptive 
potential of emerging technologies from an ex ante perspective. These will be discussed next. 

5.2 THE PREDICTIVE VALUE OF EXISTING DISRUPTIVE FORESIGHT FRAMEWORKS 
When experience and assumptions are no longer sufficient to understand important but complex 
developments, one can still often rely on a body of well-researched theory – circumstance-
contingent statements of cause and effect, of action and result (Carlile and Christensen, 2005). 
Given a set of circumstances, good theories are able to predict the outcome with high 
probability. As discussed in chapter 2, also Christensen’s theory of disruptive innovation has 
reached a mature, normative state, and it has successfully been used to measure the 
disruptiveness of many innovations relative to business models of established companies from 
an ex post perspective. Until a few years ago, however, it had not widely been applied to predict 
this phenomenon from an ex ante perspective, in part due to a lack of a reliable and easily 
applicable method for doing that. 

For strategic purposes, there was obviously a strong demand for such a method. That 
demand was recently met by Christensen and his colleagues with the publication of (1) an article 
(Christensen et al., 2001) and (2) a third book, Seeing What’s Next (Christensen et al., 2004), and 
(3) by an article of Hüsig et al. (2005). Christensen’s article and book offer a number of analytical 
tools to predict industry change and illustrate how to use them by means of several case studies. 
Hüsig presents a different approach – using guided interviews – to test the prediction that 
WLAN technologies will be disruptive for mobile network operators. Even though these 
methods may not lead to the same conclusions in individual case studies, the authors claim that 
they provide a good starting point for assessing the disruptive potential of new technologies in 
the short to medium term. 

This paragraph offers a brief introduction to each of these three methods. After that, it 
evaluates their usefulness for predicting the disruptiveness of ad hoc networks to mobile 
network operators. 

5.2.1 Christensen’s method for predicting disruption 
The very first method for evaluating the disruptive potential of emerging technologies from an 
ex ante perspective has been published by Christensen et al. (2001). In this working paper, 
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Christensen analyses the forces of innovation and technological change within the U.S. 
telecommunications industry using a set of frameworks and observations that are based on his 
theories of disruptive innovation. To assess the disruptive potential of several new 
telecommunication technologies, he introduced three ‘litmus tests’ that essentially come down to 
answering the following questions: 
 

1. Does a growth opportunity exist? 
2. Can it attract customers away from the core of the mainstream market? 
3. Can the incumbent respond? 

 
The first test determines whether there is a large growth opportunity for an emerging technology 
that is currently sold in niche markets. That opportunity arises when the technology is able to 
attract customers that value some of its aspects despite its limitations, and fits with existing 
patterns of customer behavior. Christensen suggests to look for two important potential 
customer groups: nonconsumers, and customers that are overserved by an existing technology. 

Nonconsumers are people who do not have the resources, ability, or possibility to 
conveniently and easily accomplish an important job.69 They typically hire experts to do the job 
for them or create a workaround themselves. But sometimes even these alternatives are beyond 
reach, as for example for the billions of people in developing countries who have no electricity, 
either because it is too expensive or simply not available. Here are huge growth opportunities for 
companies that provide cheap and simple solutions based on wind and solar energy. People will 
be so pleased to finally be able to use simple electric appliances, that they are more than willing 
to accept the limitations of these energy sources. While it is not always easy to identify 
nonconsumers, there are many examples of companies that have been successful, including Bell’s 
AT&T (telephone), RIM (BlackBerry mobile phones), Kodak (digital photography), Canon 
(desktop photocopiers), DEC (minicomputers), IBM (desktop computers), Charles Schwab 
(online stock brokerage), eBay (online auctions), Google (Internet search engine), Sony 
(transistor radios, video recorders, cassette players, floppy drives), and Philips (light bulbs, 
ultrasound imaging). 

Overshot customers – customers that are overserved by an existing technology – 
typically experience diminishing marginal utility with each incremental improvement in product 
performance. As a result, they are decreasingly willing to pay for additional improvements. The 
growth opportunity arises once this group of customers starts to consider switching to an 
emerging technology that is cheaper, simpler, smaller, or more convenient to use. Examples of 
companies that have been successful in pulling away these customers from established markets 
are Cisco (packet-switching and routing), AMD (microprocessors), Dell (desktop computers), 
Sony (transistor radios), MCI and Sprint (long-distance telephony), Wal-Mart (discount retailing), 
RyanAir and EasyJet (low-cost flights), and Honda (motorbikes). 

The second test examines whether the emerging technology will be able to meet the 
performance demands of customers in established markets, such that they will be interested 
enough to make the switch to the new technology. As discussed in chapter 2, the process of 
disruption is predicated on the fact that technologies improve at a faster pace than the 

                                                 
69 In the The Innovator’s Solution (2003), Christensen introduced the term job to be done to indicate a circumstance in which 
customers are trying to solve a problem or accomplish a task. He argues that this term provides a better understanding of 
customers’ needs than traditional segmentation categories like product type, price point, or demographics that are based on 
attributes of products or customers. 



Sander Kerremans  Chapter 5: Toward a disruptive technology foresight framework 
 

 109

performance demanded by the market. Once the emerging technology becomes good enough 
for consumers of the established technology along some key dimensions, they will move to the 
new technology. But that will only happen if the new technology is able to continue its trajectory 
of performance improvement to eventually become ‘good enough’ for the majority of the 
customers of established firms. So what is important here is to see if there exist barriers to 
improvement, i.e. physical limitations of the emerging technology, or legal or regulatory barriers 
or resource limitations for entrant firms. Secondly, not all performance characteristics of the new 
technology will be as good as the established technology. Hence, it is important to know whether 
the mainstream customers will value this technology despite its limitations relative to the 
established technology. 

The third and most important test is to see whether the established firms are able to 
defend themselves against the disruptive attack from below, or whether it must move up-market. 
If the incumbent cannot respond, either because it is unattractive (lower gross margins, higher 
asset turnover) or impossible (due to internal processes or values), the incumbent will not be able 
to allocate resources to the new technology. If the disruptive innovation has developed around 
an independent value network comprised of component suppliers, retailers, and other value 
chain participants that are independent from the incumbents, it will be very difficult for the 
incumbent to co-opt the technology and ‘cram’ it into its business model and mainstream market 
before it is good enough. In both cases, the incumbent must move further up market in search 
for new customers that are willing to pay premium prices. 

If all three tests are positive, the emerging technology meets the necessary criteria for 
having the potential of disrupting established players. Christensen provides some examples of 
how he established this for four emerging telecommunication technologies (wireless versus 
wired, WLAN versus 3G, IP-based PBXs versus traditional PBXs, and 10-Gigabit Ethernet 
versus optical networks), and predicts that only IP-based PBXs are likely to become a disruptive 
technology.70 However, he stresses, while the future always holds some degree of uncertainty, 
whether disruption will occur ultimately depends on the trajectory of performance improvement 
of the emerging technology, the strategy and resources of entrant firms and the response of 
established firms. 

Applicability for this thesis 
Although Christensen does not explicitly mention them, there are three requirements for using 
this method: 1) the emerging technology is embedded in products or services that have a clear 
value proposition and of which the potential for improvement is known; 2) the companies and 
their business models that sell these products or services can be identified; and 3) the 
incumbents, their offerings, and their business model with which the new technology will 
compete can be identified. 

The problem with the ad hoc networking case in this thesis is that it does not meet the 
first two requirements. Although companies like Nokia, Motorola, and Intel have invested 
heavily in the technology, there are no products on the market yet that enable the creation of ad 

                                                 
70 According to Christensen, whereas big growth opportunities exist for wireless, WLAN, IP-based PBXs, and for 10-Gigabit 
Ethernet, only IP-PBXs seem to be able to attract customers from the core of the mainstream market without creating avenues 
for incumbents to defend themselves successfully. Wireless fails the test because of the ever increasing consumer demands in 
terms of connectivity performance, and the high degree of interdependence with wired infrastructures. WLAN fails the test 
because of regulatory and physical limitations to its potential improvement trajectory and the high degree of complementarity 
with 3G. 10-Gigabit Ethernet fails the test because of poor performance relative to optical networks and it is questionable 
whether providers will ever reach minimum efficient scale in a competitive market. 
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hoc networks. That makes it difficult to analyze the attitude of mobile subscribers toward that 
technology and determine whether they are willing to make the switch once it is introduced to 
the market. As a result, this method cannot be used to determine likelihood that ad hoc networks 
are a disruptive technology. 

5.2.2 Christensen’s method for predicting industry change 
A second, more comprehensive method for evaluating for evaluating the disruptive potential of 
emerging technologies has also been developed by Christensen and has become the subject of 
his third book, Seeing What’s Next. This method is an evolution of the first method, and builds on 
his earlier books, The Innovator’s Dilemma and The Innovator’s Solution. While the first method 
focused on predicting disruption from the perspective of entrant firms, this method focuses on 
predicting industry change from the perspective of established firms. It consists of three steps 
that help recognizing certain patterns71 in the evolution of an industry and interpret their 
meaning given the present state of the emerging technology and the established industry. These 
steps are visualized in Figure 25. 
 

 

Figure 25. Framework for predicting industry change 

Source: Christensen et al. (2004) 

The first step is to identify the circumstances in which innovation potentially leads to industry 
change. Under these circumstances, firms may emerge with products, services, or business 
models that are based on new technologies, and that are very different from those of existing 
companies in established industries. Because these signals are often weak and blurred by noise, it 
is not always easy to detect them.72 Moreover, they often originate from remote, unrelated 
markets, or from markets that seem too small to matter to incumbent firms. Therefore, it is 
important to know where to look and what to look for. 

Christensen suggests to evaluate three customer groups to detect industry change: 
nonconsumers, overshot customers, and undershot customers.73 Nonconsumption provides 
opportunities for entrant firms to introduce new-market disruptive innovations to give people 
the ability to do certain jobs themselves or to do jobs in a more convenient way. This type of 
                                                 
71 At the time this thesis was written, pattern recognition is still the only (published) way of predicting the future. 
72 The dangers of scoping too narrowly or too broadly have been summarized by Sutcliffe and Weber (2003). Failure to detect 
weak but important signals can result in missed opportunities for some companies and create opportunities for others. On the 
other hand, with little attention to time and resources, companies that scope too broadly can quickly become paralyzed. The 
challenge is to expand the scope just enough to include all the relevant parts of the environment but no further. 
73 See the previous method for a definition of nonconsumers and overshot customers. 
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innovation has the ability to disrupt existing businesses by providing benefits along new 
attributes such as convenience, customization, or low prices, but typically has limitations along 
other important performance dimensions. Typical signals of this type of industry change are the 
market introduction of products or services with these characteristics, or an explosive rate of 
growth in a new market or new context of use. 

Overshot customers, on the other hand, provide opportunities for entrant firms to 
introduce low-end disruptive innovations that are cheaper but still offer acceptable performance 
with respect to existing products or services. AMD’s microprocessors, for instance, did not 
perform as well as Intel’s existing line of Pentium processors. But they were good enough for a 
large group of Intel’s customers that only used the computer for word processing, surfing the 
Internet, and e-mailing. The emergence of such business models are harbingers of competitive 
battles for the low end of existing markets. 

Undershot customers, too, are consumers of existing products or services. But in 
contrast with overshot customers, they are dissatisfied with their performance. Virtually all 
companies have processes to detect demands for better products and services, because they 
create opportunities for improved competitive advantage and profitable growth. These demands 
are also easier to detect, because this group of customers often give feedback in terms of 
suggestions or complaints, and are consistently willing to pay for enhancements. Signals of this 
type of industry change are the introduction of many product improvements (incremental or 
radical), that are sustaining in character, by established companies, in a relatively short timeframe, 
and along dimensions of performance their customers value most.74 Entrant firms rarely manage 
to break through with these types of innovations (Christensen and Bower, 1996). Other signals 
are the prosperity of integrated companies that provide complete solutions and the struggle of 
specialist companies that do not have these capabilities. 

Besides these three customer groups, other signals for industry change are the emergence 
of industry standards, regulatory activities, or government policies that increase the motivation 
and ability of entrant firms to successfully introduce innovations on the established market. Even 
if they do not directly threaten the survival of established firms, they may still attract large groups 
of customers. Until the 1970’s, for instance, it was prohibited to connect non-Western Electric 
telephones to AT&T’s telephone network, even though the interface between the telephone and 
the telephony network was standardized. After a ruling of the U.S. Supreme Court, specialist 
companies were allowed to enter the telephone business and subsequently captured a substantial 
share of the market. It led to cheaper telephones and the introduction of a whole range of 
innovative products like modems and fax machines. Western Electric managed to survive, but 
suddenly had to face strong competition (Wilson, 2000). 

Once the signals of industry change have been identified, the second step is to evaluate 
the likely outcomes of competitive battles between industry participants. As the impact of 
sustaining innovations on the industry can be assessed with existing analytical frameworks, like 
those developed by Porter (1980) or some of the frameworks discussed in paragraph 2.2, 
Christensen’s framework focuses only on those battles that are potentially disruptive to 
established companies. Their attackers are usually entrant firms that have gained a foothold in 
the market with new-market or low-end disruptive innovations. These firms have strong 
incentives to improve their products or services, to increase their number of customers, and to 

                                                 
74 These performance dimensions constitute the industry’s basis of competition. 
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move up to more profitable tiers. Eventually, they will compete with established companies for 
the mainstream customers. 

Incumbents can respond in several ways: they can ignore the entrants, they can flee up-
markets, or they can fight. The outcome of these battles depends on the strengths and 
weaknesses, and on asymmetries in the motivation and capabilities of the competitors involved. 
To evaluate their strengths and weaknesses, Christensen suggests to look at their resources 
(tangible and intangible assets), processes (product development, manufacturing, planning, 
market research, resource allocation, hiring and training), and values (business model and its 
history of investment decisions).75 Signals of asymmetric motivation are the size of the emerging 
market relative to the size of established firms, the type of target customers, and the business 
model relative to existing business models. Signals of asymmetric skills is a mismatch between 
processes required for success in the emerging market and processes that are designed for 
success in the established market. 

If disruptive industry change is the most probably outcome of these competitive battles, 
the third step is to determine whether entrant and incumbent firms are taking decisions that can 
affect that outcome. For instance, if entrant firms take the wrong decisions in recruitment, 
strategy making, and funding, they may not be able to take advantage of asymmetries in skills and 
motivation to attack incumbents. In that case, they may expect serious competitive battles if they 
continue to reach for established customers through disruptive strategies. Disruption is also 
unlikely to come of the ground if entrant firms decide to create overlapping value networks so 
that incumbents can easily co-opt the emerging technology. Established firms, on the other 
hand, do not need to wait and hope for entrants to fail. They can learn strategies that allow them 
to control the forces of disruption and to regain control over their fate. They can do that by 
creating separate organizations to launch disruptive counter-attacks. Intel adopted that strategy 
when it created a separate organization in Israel to produce and sell its own low-end Celeron 
processors in response to AMD’s successful low-end processors. Alternatively, they can build 
internal capabilities to create continuous disruptive growth themselves like 3M, Johnson & 
Johnson, Procter & Gamble, and HP did. 

When each of these three steps is completed, a pattern should become visible that would 
indicate whether the industry is bound to be disrupted – any other types of change are not 
included in the analysis. It is not exact science, but Christensen claims that it should provide a 
sufficiently reliable picture of the future. 

Applicability for this thesis 
Christensen maintains that, using this method, industry change can be predicted even when 
convincing data is not available. However, implicit to the first step of identifying signals of 
industry change is the condition that something in the market is already changing. 

This is precisely what makes this method difficult to apply in the context of this thesis. 
As discussed in chapter 4, ad hoc networking is an important area of scientific and applied 
research in which over one hundred organizations world wide are active (see next chapter). 
Every year, more scientific papers are published and more patents are applied for. But the 
technology is not yet on the market. It cannot be sold, because there are many technical 
challenges that have to be resolved first. So in this area, no companies and no products or 
services can be identified that would indicate industry change is about to happen. 

                                                 
75 See paragraph 2.3 for a more elaborate discussion on the RPV-framework. 
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Perhaps there is a large group of overserved mobile subscribers; further research would 
be required to quantify its size. But although this is one of the necessary conditions for 
disruption, without an adequate alternative, that group will continue to use existing mobile 
technologies – and maintain the status quo. 

As a result, this method cannot be used to determine the disruptiveness of ad hoc 
networks to mobile network operators. Predicting disruptive industry change is impossible here, 
because no signals of industry change can be identified. Any statements about future industry 
developments, about competitive battles between incumbents and entrants, and about the 
strategic choices they will have to increase their chances for success, would be mere speculations 
and provide no basis for methodological analysis. 

5.2.3 Hüsig’s disruptive questionnaire 
The third method for evaluating the disruptive potential of emerging technologies from an ex 
ante perspective has been developed by Hüsig et al. (2005). Recognizing both the richness and 
complexity of Christensen’s theory of disruptive innovation, these authors proposed a relatively 
simple method for identifying potentially disruptive technologies. They extracted a number of 
characteristics described in the literature that would typically indicate a disruptive threat and 
organized them into a questionnaire that can be used to assess the disruptiveness of emerging 
technologies from an ex ante perspective. The idea is then to collect data about both the 
emerging technology and the established industry from a number of different resources, 
including market reports, technical publications, industry analyses, trajectory mappings, and 
expert interviews, and to use that information to answer the questions in the questionnaire. The 
more questions are answered positively, the more ad hoc networks show characteristics of a 
disruptive technology. The more questions are answered negatively, the more ad hoc networks 
show characteristics of a sustaining technology. 

To illustrate the application of his method, Hüsig conducted a case study to test the 
common assumption that WLAN technologies will be disruptive to mobile network operators. 
While the methodology differs from Christensen’s, Hüsig, too, predicted that WLAN would not 
be disruptive to mobile network operators. The fact that many operators have now co-opted 
WLAN technologies to complement their mobile services, some seven years after both studies 
were conducted, seems to support his analysis and provides at least some credit to the validity of 
this method. 

Applicability for this thesis 
To test the applicability of Hüsig’s method for the case study of thesis, the context of the 
original questionnaire has been modified and a number of questions that Hüsig used to collect 
additional data on WLAN technologies has been excluded. The remaining 38 questions were 
answered based on the results of the analyses of the mobile operator industry and the emerging 
technology presented in chapters 3 and 4, respectively. The results are shown in Table 16 in 
Appendix C. 

Given the present knowledge of ad hoc networks, more questions can be answered 
positively than negatively (10 vs. 7). So there seems to be a small tendency towards disruption. 
The number of unknowns, however, is so large (21) that the predictive value of these results is 
insignificant. Even though a lot of research has been done on the technology itself, a lot of 
information crucial for the analysis is still unknown – in particular about its future commercial 
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applications, their performance characteristics, and the companies that will take them to the 
market. Once the first ad hoc networking applications start to appear, more questions can be 
answered. But until then, the questionnaire cannot be used to determine whether ad hoc 
networks will be disruptive relative to the mobile network operators’ business model. 

5.2.4 Discussion 
Although the three methods discussed may provide valuable guidance to the analysis of many 
emerging technologies, they cannot be applied to the ad hoc networks case. Each method 
requires knowledge of performance characteristics of the emerging technology and of companies 
that have embedded that technology into commercially available products or services. However, 
it will take another few years before the first ad hoc networking applications start to appear, and 
it is simply too early to tell in what direction the technology or the industry will develop. 

In addition the mobile services industry is changing rapidly, which may affect its 
susceptibility to the forces of disruption. Margins are under pressure, engineering and technology 
functions are increasingly outsourced, the European market is near its point of saturation, 
customer switching costs are steadily decreasing, and newer and faster mobile technologies are 
under way to replace technologies based on the older 2G and 3G standards. Even if the analysis 
of ad hoc networks in the previous chapter does not capture the latest developments, many 
questions can still not be answered, simply because the necessary information is likely to be 
proprietary for strategic reasons.76 

The previous analysis also exposes three weaknesses common to all three methods. The 
first weakness is the lack of explicit requirements, which makes difficult to establish their validity 
and reliability under various circumstances. It also decreases their usefulness for those who are 
not experts in the theory of disruption. Their second weakness is the lack of a definition of the 
term ex ante – the time scale within which these methods are able to provide reliable results. And 
their third weakness is that even if they lead to accurate predictions of what will happen to an 
industry as result of the introduction of a new technology, they do not provide a way to 
determine when those predictions will come true. 

In summary, there are too many open questions and too many unknowns to apply any of 
these methods. The uncertainties involved are so large and numerous that it a different approach 
is needed to assess the impact of the commercialization of ad hoc networking technologies on 
the future of mobile network operators. The question, however, is which approach is capable of 
dealing these challenges? 

5.3 SCENARIO ANALYSIS AS A TOOL TO EXPLORE THE FUTURE 
In strategic management literature, a commonly used foresight method with a proven track 
record of effectively addressing the challenges of complexity and uncertainty is scenario analysis 
(see for example: Ringland, 2006; Schwartz, 1998; Van der Heijden, 2005). Scenario analysis is a 
powerful tool for anticipating future developments in industries, markets, economies and other 
environments on a local, regional or a global level. The strength of scenario analysis is that it 
provides a way to explore the joint effects of several key uncertainties in the long run and that it 
may include elements that cannot be quantitatively modeled, like the impact of new regulations 
or of radical innovations (Schoemaker and Mavaddat, 2000). It is even so powerful that many 
                                                 
76 For instance, the fact that Vodafone has no registered U.S. patents on ad hoc networking technologies from the period 1970 – 
2010, does not mean it is not experimenting with the technology or evaluating its strategic implications. 
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organizations incorporate scenario analysis in their strategic planning process to manage 
uncertainty and improve decision-making.77 

Given today’s knowledge about both the technology and the industry, scenario analysis is 
not only the best way for assessing the impact of ad hoc networks on the future of mobile 
network operators in the long run, probably it is also the only way. None of the methods 
previously discussed is capable of dealing with the complexity and uncertainties involved in this 
study, and neither are most of the other popular foresight methods, including forecasting, 
Delphi, computer simulation, and sensitivity analysis. Schoder (2000), for instance, argues that it 
is not possible to forecast the success of telecommunication services with a high degree of 
confidence due to the strong network effects involved in the diffusion and adoption of these 
services. Scenario analysis, on the other hand, is flexible enough to both incorporate the theory 
of disruption and to deal with the fact that nobody really knows where the technology or the 
industry is headed. While it is based on subjective interpretations of data that is collected, 
analyzed and combined in a systematic way, scenario analysis will yield better results than 
following prevailing mindsets without challenging underlying assumptions. 

To see how scenario analysis can be applied in the context of this thesis, the following 
sections first briefly review the method, the steps involved in constructing scenarios, and how 
scenarios and the theory of disruption can be combined. This will provide the basis for the 
scenario analysis presented in chapters 6 and 7. 

5.3.1 Definition and origin 
Although the term ‘scenario’ has many different meanings, a useful definition is provided by 
Porter, who describes it as “an internally consistent view of what the future might turn out to 
be” (Porter, 1985, p.446). A scenario is not a forecast, i.e. an accurate prediction of some future 
state or event. Neither is it a vision of a desired future. Instead, it is a vivid and narrative 
description of a plausible future outcome or a course of future events. Often, a set of scenarios is 
created to reflect the range within which the future is likely to evolve, each with unique but 
important strategic implications. Contrary to forecasts and visions, scenarios highlight risks and 
uncertainties. They do not provide the right answers often required by decision makers, because 
the lack of data impedes the identification of a single path towards a probable, or desired future. 
Instead, scenarios represent a number of clear images of the future to be better able to 
comprehend the problems and challenges and to manage the potential threats and opportunities 
that such an environment would present (The Futures Group, 1994). 
 

                                                 
77 The combination of scenario analysis and strategic planning is what is often referred to as scenario planning. Strategic planning 
is beyond the scope of this thesis. 
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Table 10. Contrasting scenarios with forecasts and visions 

Source: Lindgren and Bandhold (2003) 

Scenarios Forecasts Visions 

Possible, plausible futures Probable futures Desired futures 
Uncertainty-based Based on certain relations Value-based 

Illustrate risks Hide risks Hide risks 
Usually qualitative Quantitative Usually qualitative 

Needed to know what to decide Needed to dare to decide Energizing 
Rarely used Daily used Relatively often used 

Strong in medium to long term 
perspective and medium to high 

uncertainties 

Strong in short term perspective 
and low degree of uncertainty 

Functions as triggers for voluntary 
change 

 
 
Scenario analysis was developed in the 1950s by the U.S. Air Force as a method for discovering 
what potential opponents might do, and to use that information as input for strategy 
development. In the 1960s, Herman Kahn, one of the Air Force’s pioneering futurists, started to 
apply scenarios to industries and businesses and soon managed to attract the interest of 
multinationals like Shell, IBM, and General Motors. As a foresight method, however, scenario 
analysis did not become widely used until Shell demonstrated its strengths when it became the 
world’s largest oil company after anticipating the oil crisis of 1973. In the preceding years, Pierre 
Wack and his team of corporate planners at Shell78 had been looking for events that could cause 
the oil price to explode. Although the common belief was that the oil price would remain 
relatively stable (as it had been for nearly 25 years), based on several political and economic 
events they concluded that a different scenario in which the global economic system would 
suffer a major crisis would be plausible at least. Because the serious implications of that scenario 
for Shell, it was presented to the company’s board of directors. Initially, Shell did not change its 
strategy. Hard evidence was lacking and it just did not know what to do with a ‘tale of the 
future.’ To help his managers understand the type of decisions they had to make, Wack then 
extended the scenario with the full ramifications of a price swing and an analysis of the driving 
forces behind the events that could lead to an energy crisis. The result of his efforts was that 
Shell was the only oil company that was both aware of and prepared for a possible oil crisis. 
When the crisis eventually erupted, it came as a complete surprise to its competitors. Shell’s 
preparations proved to be a huge competitive advantage and has been credited as the primary 
reason behind the company’s success during recent years (Van der Heijden, 2005). The fact this 
has not gone unnoticed is evidenced by the fact that scenario analysis has been adopted as a 
standard management development or strategic planning tool by thousands of other 
organizations and policy makers around the world. 

The evident strength of scenario analysis is that it opens up for divergent thinking in 
turbulent times (Lindgren and Bandhold, 2003). Long-held beliefs, paradigmatic thinking, and 
failure of imagination often make it difficult to recognize and interpret weak signals. While most 
signals may safely be ignored, some may contain hidden threats and opportunities that can 
fundamentally change the industry. Scenario analysis helps to perceive, amplify and explore the 
                                                 
78 In addition to Pierre Wack, Shell’s Group Planning department has produced many other highly influential futurists and 
business strategists, including Kees van der Heijden, Arie de Geus, Ted Newland, Charles Hampden-Turner, and Peter Schwartz. 
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relevant signals, filter out the noise, make uncertain factors explicit, and use that information to 
describe several plausible futures rather than a single desirable or probable future. Once a set of 
scenarios has been developed, it can serve as input to the strategic planning process by 
challenging the premises on which companies have based their strategies or by stimulating pro-
active leadership. But the narrative, communicative, and complexity-reducing format also make 
scenarios very suitable for improving decision-making processes, promoting organizational 
learning, and for stimulating the creation of a common language for dealing with strategic issues 
(Van der Heijden, 2005). A particular advantage of scenario analysis for this thesis is that it is a 
multidisciplinary approach. The combined theoretical insights from the literature on the 
economics and strategic management of technology and innovation and the more practical 
insights into the current state of the mobile services industry and the potentially disruptive ad 
hoc networking technology makes it very suitable for exploring the impact of ad hoc networks 
on existing business models of mobile network operators. 

Nonetheless, scenario analysis also has some disadvantages. The first and most important 
disadvantage is that it is a qualitative approach that is based on subjective interpretations of 
trends, driving forces, and uncertainties. In the words of Schwartz (1998, p.27): “it’s an art, not a 
science”. That means that scenarios cannot be qualified in terms of good or wrong, because 
everyone will deduce different scenarios even from the same set of input data. Qualifying 
scenarios in terms of relevancy or likelihood is also meaningless, because the uncertainties 
involved can usually neither be quantified nor controlled. Moreover, relevancy is often 
determined based on what people wish or not wish to happen – not on facts or trends. A second 
disadvantage is that scenarios represent plausible sketches rather than probable and accurate 
pictures of the future. It is a ‘soft method’ that generates ‘soft answers’, which can be 
counterintuitive to managerial simplicity. There is also scepticism in the academic world, because 
it is difficult to test scenarios for validity and reliability. Nonetheless, many academics do use 
scenarios as a way to communicate and explain scientific models and theories. A third 
disadvantage is that scenario construction often requires a deep understanding of the area of 
interest. Most experts in the field do not know how to conduct a scenario analysis, so often 
scenario experts are involved to support the process. The final disadvantage is that scenario 
analysis can be time-consuming. Depending on the scope and purpose, sufficient time and effort 
is needed develop a good research design, to collect and analyze all data, and to select experts 
and other participants before scenarios can be constructed. 

5.3.2 Types and classifications 
Several types and ways of classifying scenarios can be found in the literature. Godet (2000), for 
example, distinguishes between normative scenarios (“what should be done?”) and exploratory 
scenarios (“what could happen?”). Normative scenarios are based on a desired future and look 
backward to discover what should be done to achieve that goal. Exploratory scenarios work in 
the opposite direction. They start from the analysis of present driving forces and trends and 
attempt to discover the range of possible futures. Exploratory scenarios are based on the 
assumption that the past is the key to the future and that the future is something that can be 
influenced by human actions and decisions. Due to various uncertainties, the future cannot be 
known in advance, but rational analysis can lead to a number of plausible and useful scenarios. 

Alternatively, Van der Heijden (2005) distinguishes between internal scenarios (“the 
world of desire”) and external scenarios (“the world of fate”). Internal scenarios revolve around 
individuals or organizations and link actions to future goals. External scenarios are derived from 
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mental models of the external business environment on which an individual person or 
organization has little or no influence, but that may have a great impact on their future. 

Scenarios can also be classified according to their purpose and scope, for example global 
scenarios (Ringland, 2006; Schwartz, 1998), industry scenarios (Porter, 1985; Ringland, 2006), 
and technology scenarios (Schoemaker and Mavaddat, 2000). Governments and multinationals 
like Shell often create global scenarios based on the current global political, economic, and social 
environment to explore the future on a macro level. Industry scenarios are often used by 
companies (but also by policymakers and regulators) to better understand competitive actions 
and to discover how the industry might evolve in order to determine a best strategy to achieve a 
certain competitive position. Technology scenarios allow organizations to make better strategic 
decisions given the potential threats and opportunities an emerging technology represents for 
their businesses. Technology scenarios are particularly suitable for exploring dynamic and 
turbulent circumstances caused by radical or even disruptive innovations. 

5.3.3 Scenario building blocks 
While scenarios describe are forward-looking, i.e. they describe possible future events and 
conditions, they consist of two key elements that are necessarily based on observations and 
analyses of the past and present, which hold the key to the future. The first key element is a 
detailed analysis of the emerging technology and the structure of the industry and markets 
operators are currently active. This analysis is a necessary starting point for describing the path 
between the current situation and possible futures. 

The second key element are driving forces. Driving forces determine the outcome of 
scenarios. They are both external to and outside the locus of control of individual people and 
organizations, but they do affect their futures in a profound way. Scenarios without driving 
forces are like crime stories without motives. They are fundamental for the scenario process, yet 
they are not always obvious. A good strategy for discovering driving forces is to perform a PEST 
analysis. PEST stands for Political, Economic, Social, and Technological. Driving forces that can 
structurally promote or change existing practices can be found in each of these areas, but also in 
related areas like culture, science, legislation, environment, and so on and so forth. 

Once the most important driving forces have been identified, they can generally be 
classified in two ways: as predetermined elements or as key uncertainties. According to Schwartz 
(1998), predetermined elements do not depend on any particular chain of events, and their future 
outcomes are largely predictable. These elements can either be constant factors that are unlikely 
to change, slow-changing phenomena, facts and constraints, trends, and inevitable collisions 
between ongoing developments. Examples of predetermined elements are the development of 
the number of inhabitants in Europe, the amount of available oil reserves that can commercially 
be exploited, and the ever-decreasing price/performance ratio for electronic equipment, 
computers, and batteries. Trends are the elements most often used in scenario construction. 

While predetermined elements are the same for every scenario, key uncertainties are not. 
In fact, they are central to any scenario analysis. Key uncertainties are developments or events of 
which the outcomes are known, but not their probabilities. Examples of uncertainties are the 
outcome of elections, the degree to which organizations manage to survive a crisis, or how 
rapidly the world oil supply will run out. Scenarios are usually based on the possible outcomes of 
a small number of key uncertainties. For instance, if key uncertainty ‘the role of mobile 
telephony in fulfilling the communication needs of consumers in 2020’ would be crucial to the 
outcome of the research question, at least two scenarios should be constructed: one that 
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describes a future in which mobile telephony plays a dominant role, and one in which it plays a 
minor role. Both scenarios have a materially different impact on the industry, and require a 
different approach to strategy development by mobile network operators. 

Driving forces are sometimes ambiguous. For instance, the development of technologies 
or the adoption of new products and services virtually always follows an S-curve pattern (see 
chapter 2). This can be regarded as a trend. At the same time, it is rarely known whether and 
when an emerging technology will be commercialized or when an innovation reaches a certain 
adoption rate. Because it can provide additional insights that can be used in scenario 
construction, it does not matter. What is important, however, is that the predetermined factors 
and key uncertainties that are used are independent from any other elements (Porter, 1985). 
Trends that depend on more fundamental trends or uncertainties that depend on other 
uncertainties may all affect the scenarios, but their added explanatory power is very weak and will 
eventually become part of the scenarios anyhow. How driving forces, predetermined elements, 
and key uncertainties relate to scenarios is visualized in Figure 26. Scenarios are the visible 
outcome of the construction process, the underlying structure and trends are causally related. 
 
 

 

Figure 26. The building blocks of scenarios as an iceberg metaphor 

 
Trends and uncertainties are often uncovered through literature research or brainstorming 
sessions. Sometimes the output of these methods is not enough or inadequate. In that case, other 
methods can be used, like interviews, (Delphi) surveys, interviews, expert panels, focus groups, 
cross impact analysis, or systems analysis. 

5.3.4 Basic steps in scenario construction 
Several approaches to constructing scenarios can be found in the literature. Ringland (2006) 
describes ten different methods developed and used by ten international organizations that are 
specialized in futures studies, and concludes that most methods are variations of what she calls 
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the Intuitive Logics approach developed by Pierre Wack. The essence of this approach is to find 
ways of changing mindsets so that managers can anticipate futures and prepare for them, by 
creating a coherent and credible set of stories of the future that can be used as wind tunnel tests 
for future plans, events and developments. All methods share the same three key elements: (a) a 
sketch of the current status, environment, trends, and developments of the system under study; 
(b) an exploration of the paths towards possible futures given today’s knowledge; and (c) the 
creation of the scenarios or final set of images describing the future state of the system under 
study at the end of each chosen path. All three key elements are equally important for the 
scenarios to be plausible, credible, and consistent. 

A scenario approach that is often used when emerging technologies are involved is one 
that has been developed by Paul Schoemaker, professor at the Wharton School of the University 
of Pennsylvania and director of the Emerging Technologies Management research program. In 
When and How to Use Scenario Planning: A Heuristic Approach with Illustration (1991) and Scenario 
Planning for Disruptive Technologies (2000),79 Schoemaker outlines the following ten steps for 
generating scenarios: 
 

Step 1: Define the issues that the organization wants to understand better in terms of time 
frame, scope, and decision variables. The scope should be broader than the 
industry, segments, technologies, and customer groups that currently define the 
organization’s business. The past may be reviewed to get a better feel for degrees of 
uncertainty and volatility the industry has already witnessed as a way of calibrating 
the time frame and scope. 

Step 2: Identify the major stakeholders or actors who would have an interest in these 
issues, both those who may be affected by it and those who could influence matters 
appreciably. Identify their current roles, interests and power positions. 

Step 3: Identify and study the main driving forces that are shaping the future within the 
scope of the issues established in step one. The forces should cover the political, 
economic, environmental, social, and technological domains. The overall aim in this 
step is to gather relevant information about those forces that may change or 
perhaps shape the future. The process of identification and study is necessarily 
iterative. As more is learned about various forces, through reading and discussion 
new issues will emerge. 

Step 4: Identify trends or predetermined elements that will affect the issues of interest from 
the list of main forces. A survey of forces may be scored or a workshop can be 
organized to identify those forces that are pre-ordained to happen. Examples of 
such trends are the aging population in Europe and increasing fuel prices. Examine 
the deeper relationships among the trends to find fundamental drivers that affect 
multiple trends. 

Step 5: Identify key uncertainties – forces deemed important whose outcomes are not very 
predictable – from the list of main forces. Examples of uncertainties include the 
outcome of political elections or the impact of information technology on society. 
Once key uncertainties have been surfaced, it is useful to project a range of possible 
outcomes for each uncertainty, which can be thought of as a subjective confidence 

                                                 
79 Although the title suggests that this book chapter combines scenario analysis with disruptive technologies, it really focuses on 
emerging technologies in general and does not refer in any way to Christensen’s theory of disruption. As the two concepts are 
distinct, the authors should have used the term “emerging technologies” instead of “disruptive technologies”. 
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range. It is also important to explain why these uncertain events matter most, and 
to what extent they interrelate. 

Step 6: Select the two most important, mutually independent (or orthogonal) key 
uncertainties. Next, cross their postulated outcomes in a two-by-two matrix. Each 
cell of this matrix will represent the nucleus of a possible scenario. See Figure 27. 
To develop a particular cell into a full-fledged scenario, suitable outcomes must be 
added from other key uncertainties into that cell, resulting in a master blueprint 
from that scenario. Furthermore, to complete the scenario’s blueprint, the trends 
and predetermined elements must be added to all the scenarios. The two-by-two 
technique is of course a heuristic approach to developing scenarios, and other 
methods (intuitive or quantitative) may be used as well. 

Step 7: Assess the internal consistency and plausibility of the initial learning scenarios. It is 
important that the logic of each scenario is internally consistent. This can be tested 
by verifying whether the main future trends are mutually consistent with each other, 
by verifying whether the postulated outcomes for the various key uncertainties can 
all co-exist, and to verify whether the presumed actions of stakeholders are 
compatible with their interests. Combinations that are not credible or impossible 
should be eliminated and new scenarios should be created that cover a wide range 
of possible future outcomes. 

Step 8: Assess the revised scenarios in terms of how the key stakeholders might behave in 
them. Based on discussions with various stakeholders, identify topics for further 
study that would provide stronger support for the scenarios, or might lead to 
revisions of these scenarios. 

Step 9: After completing additional research, reexamine the internal consistencies of the 
learning scenarios and assess whether some of the more complex interactions could 
be formalized via quantitative models. 

Step 10: Finally, when all initial scenario work is said and done, it is important to reassess 
the uncertainty ranges of the main variables of interest, and express more 
quantitatively how each variable looks under different scenarios. Steps 1 through 9 
may be reiterated to see if anything should be changed. The final set of scenarios 
can be presented in several ways to enable stakeholders enhance their decision-
making under uncertainty. Scenarios can be used in a variety of ways, from helping 
challenge mental models and key assumptions about the industry to better risk 
analysis in specific projects. Above all, they should be used to test the robustness of 
the existing strategies and to create better strategies to cope with the full range of 
scenarios. 
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Figure 27. Constructing scenarios from predetermined elements and key uncertainties 

 
The basic structure of Schoemaker’s approach is very similar to mainstream scenario approaches 
within the Intuitive Logics tradition, including the one developed by Peter Schwartz (1998). 
Schoemaker’s approach, however, is better adapted for the construction of scenarios that 
describe possible interactions between emerging technologies on one hand, and industries, 
markets, or economies on the other. 

Once the story lines have been developed, the next step is to analyze the scenarios and 
their implications for each of the stakeholders involved. How will the market or the industry 
look like? What are the major threats and opportunities? How can a particular scenario be 
recognized when it is actually happening? This step is essential for learning how possible future 
developments can influence organizations and businesses. 

In practice, the process of scenario construction and analysis rarely stops here. As stated 
earlier, many companies use scenarios to formulate strategies. One common approach is to 
compare success factors in each scenario with the company’s current resources and core 
competences to see if it is well equipped to achieve its goals and remain successful. This, 
however, is beyond the scope of this thesis. 

5.3.5 Criteria for a good scenario 
Lindgren and Bandhold (2003) have identified seven criteria for a good scenario set. First, a good 
scenario set must have decision-making power. Each scenario in the set, and the set as a whole, 
must provide useful insights useful for the decisions to be made. Second, scenarios must be 
plausible and fall within the limits of what future events that are realistically possible. By contrast, 
accuracy, an important criterion in forecasts, is meaningless when the future is highly uncertain. 
Third, alternative scenarios should all be more or less equally probable, so that the scenario set 
covers the widest possible range of uncertainty. Fourth, each scenario must be internally 
consistent. Without internal consistency, the scenarios will not be credible. The logic of the 
scenario is critical. Fifth, the scenarios should be structurally or qualitatively different. It is not 
enough for them to be different in terms of magnitude, and therefore only variations of a base 
scenario. Sixth, scenarios should be easy to remember and to differentiate, even after a 
presentation. Therefore, it is advisable to reduce the number to between three and five, to 
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choose a communicative format, and to pick vivid scenario names. The final criterion is that 
scenarios should really challenge a commonly shared view of the future. 

Nonetheless, it should be stressed that scenario analysis is a subjective foresight method. 
Biases in scenarios are inevitable, because they are influenced by the perspectives and 
backgrounds of their creators. Eliminating biases is difficult and impractical, but as with any 
other scientific or forecasting method, they should nevertheless be minimized or made explicit 
where possible. 

In addition to personal and cultural biases, Geels and Smit (2000) warn against a number 
of common pitfalls in scenario analysis, and in technology scenarios in particular. Assessments of 
possible future developments have repeatedly proven to be wrong, for instance because the 
initial expectations of the potential and the speed of social embedding of the new technology 
were too high. Another pitfall is that the potential of the new technology is phrased only in terms 
of substitution of old technology, i.e. in terms of winners and losers. In reality, two technologies 
often co-exist and in some cases may even reinforce each other. Exploring the impact of a new 
technology from the viewpoint of current technological trajectories another common pitfall. 
Emerging technologies may be similar to existing technologies, but they may also be the result of 
a paradigm shift that overthrows old ways of thinking by discontinuing existing technological 
trajectories (see e.g. Dosi, 1982). The final pitfall is to focus solely on functional aspects of the 
technology and to assume that existing social practices are assumed to remain constant in spite 
op the introduction of the new technology. However, there is often a strong interaction between 
technology and society and, as a result, psychological, social, economic, and political aspects 
should be considered as well. 

If scenarios are intended for the identification and exploration of future developments, 
these pitfalls are not really problematic. The situation changes, however, when scenarios are used 
as input for important decision-making processes (Ringland, 2006; Van der Heijden, 2005). In 
that case, scenario construction should be an iterative process that moves forward and back 
between several stages and activities, from raising questions and identifying key forces and 
variables to writing the scenarios. A multidisciplinary team consisting of experts and key persons 
should be engaged in the process to stimulate divergent thinking and capture a wide, yet realistic 
range of possible futures, but also to gain early management support early on. Input and 
feedback from independent outsiders could further improve the quality and usefulness of 
scenarios. 

5.3.6 Integrating insights from the theory of disruption with scenario analysis 
The premise of this thesis is that scenarios can be used to assess the impact of potentially 
disruptive technologies on established companies by integrating relevant information of both the 
technology and the industry with the insights from research on disruptive technologies into a 
single analysis. This approach is particularly useful for ex ante predictions of future 
developments under conditions of great complexity and uncertainty where other methods, 
including the ones by Christensen and Hüsig discussed earlier, fail. Scenarios are not single-point 
forecasts, but they allow for the exploration and anticipation of possible future developments 
years in advance without having to wait for the emerging technology to mature. 

Two approaches can be adopted in integrating the theory of disruption into scenario 
analysis. The first approach is to construct scenarios based on two key uncertainties and a 
number of predetermined elements that result from a thorough analysis of the emerging 
technology and the established industry; in this case, the scenarios would be based on chapters 3 
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and 4. Once the scenarios are written, they are used as case studies and analyzed using 
Christensen’s theory to discover elements of the disruptive conditions summarized in paragraph 
5.1. In the context of this thesis, the scenario(s) that contain(s) all of the five necessary 
conditions for disruption are the ones that mobile network operators need to prepare for, since 
this is where the theory predicts the chances for survival are low. 

The second approach is to integrate the insights of the theory of disruption with the 
current knowledge of the emerging technology and the established industry to deduce important 
driving forces, to classify them into predetermined elements and key uncertainties, and then to 
create scenarios based on the two uncertainties with the highest impact. This means, for instance, 
that resource dependency and resource allocation should be included as predetermined elements 
and that the disruptive conditions summarized in paragraph 5.1 should be included as key 
uncertainties. The implications of each scenario then are not analyzed through the lens of 
Christensen’s theory of disruptive innovation – each scenario already describes the outcome of 
the process of disruption – but from the perspective of what they mean for the companies 
involved today; in this case, the mobile network operators. 

While both approaches could be used in the context of this thesis, the second approach 
is probably more suitable, because the resulting scenarios are built on driving forces that include 
elements of the theory of disruptive innovation. Hence, they already describe the future of 
mobile network operators from the perspective of the theoretic framework of chapter 2. 
Moreover, scenarios are not really the same as case studies in the sense that do not describe what 
will happen, but merely what could happen. Application of Christensen’s theory on scenarios, 
therefore, is not as reliable as it has been on historical case studies described in appendix A. 

5.4 SUMMARY 
The purpose of this chapter was to develop a foresight framework that will provide the ability to 
explore the impact of the commercial introduction of ad hoc networking technologies on mobile 
network operators from the perspective of the theory of disruptive innovation. The reason is 
that ad hoc networks seem to develop characteristics typical for disruptive innovations, in which 
case the theory predicts decreased chances for survival of incumbent operators. Because of the 
sheer size and economic significance of the mobile services industry for Europe and the rest of 
the world, anticipating disruption is crucial for formulating appropriate countermeasures. 

Predicting disruption, however, is difficult and there has been some scepticism in the 
literature regarding the predictive capabilities of this theory. Nevertheless, three methods have 
been developed by Christensen et al. (2001; 2004) and Hüsig et al. (2005) for assessing the 
disruptive potential of emerging technologies in the short to medium term. These methods have 
been reviewed in this chapter to assess their applicability for this thesis. Unfortunately, they 
cannot be used due to the limited amount of available data about the emerging technology, the 
uncertainties regarding its commercial and technological potential, and the uncertainties 
regarding the development of the mobile services industry over a period of, say, ten years. So a 
different approach is needed. 

A foresight method that is known to produce good results under conditions of 
uncertainty and complexity is scenario analysis. Scenarios cannot predict the future, but they can 
give meaning to current developments through a carefully constructed set of stories of plausible 
futures. Scenario analysis by itself is not new, but the combination with the theory of disruptive 
innovation is. A particular advantage of scenario analysis for this thesis is that it is a 
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multidisciplinary approach. The combined theoretical insights from the literature on the 
economics and strategic management of technology and innovation and the more practical 
insights into the current state of the mobile services industry and the potentially disruptive ad 
hoc networking technology, makes it very suitable for exploring the impact of ad hoc networks 
on existing business models of mobile network operators. 

Scenarios are based on information about the driving forces – predetermined factors and 
key uncertainties – that are known today. This chapter presented the scenario analysis method 
developed by Schoemaker, which is adapted for scenarios for emerging technologies. By 
including key elements of the theory of disruption into these forces, scenarios can be created that 
take into account the forces of disruption. The application of this method is the focus of the 
next two chapters. 
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6 Developing the scenario building blocks 

 
 
 

“Which road do I take?” asked Alice. 
“That depends…” said the Cat. 

“Of what?” asked Alice. 
“Of where you want to go.” replied the Cat, moving his tail. 

“I don’t know.” answered Alice, raising her shoulders. 
“Then it doesn’t matter. If you don’t know where you are going, any road will get you there.” 

 
Lewis Carroll 

In: Alice’s adventures in Wonderland, 1865 
 
 
 

Judge a man by his questions rather than his answers. 
 

Voltaire 
 
 
The little fragment above from Alice in Wonderland illustrates how important it is for companies 
to have a clear vision; a vision that reflects a desired future based on certain values, that hides 
risks but that is powerful enough to trigger action and inspire. Without a vision, any strategic 
plan is meaningless and without a strategic plan it effectively does not matter what a company 
does and says; it will get somewhere anyhow. However, in order to be successful in the long run, 
companies need a clear vision and a strategy to make it happen. 

Scenarios, on the other hand, are about asking questions about the future. They are a 
means of assessing visions and strategic plans against a wide range of different, but equally 
plausible, future outcomes that are the result of many, mostly exogenous factors that can affect a 
company’s business. Contrary to visions, scenarios explicitly illustrate risks and uncertainties to 
provide a transparent context for management to understand what decisions to make and to 
revise its vision or strategy if necessary. Both approaches, strategic planning and scenario 
generation, strongly complement each other, especially when the decision context is highly 
complex and uncertain. The focus of this thesis, however, is on the latter; like Alice, it has 
embarked on a journey to explore the unknown, and beyond. 

To generate the scenarios for the future of mobile network operators, the previous 
chapter outlined a scenario framework that takes into account the intricacies of technological 
change in general and disruptive innovations in particular. The aim of this chapter is to use the 
structure of that framework to create the scenario building blocks and to determine the initial 
assumptions and boundary conditions constraining the scenarios. Since this process typically 
involves a certain degree of bias and subjectivity, each step is elaborated in detail. The result of 
this chapter is a fully developed scenario framework, which forms the basis for the scenarios that 
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are presented in the next chapter and thus for answering sub-question 2a as defined in paragraph 
1.4. 

This chapter is structured as follows. The first paragraph describes the evolution and 
present state and performance of mobile telecommunication systems in Europe and analyzes the 
degree of to which mobile network operators are currently vulnerable for disruption. The second 
paragraph analyses the present state of research on ad hoc networks with the purpose of 
estimating the time remaining before the first applications appear on the market. The scope and 
time frame of the scenarios are discussed in paragraph 6.3 and is followed by an actor analysis in 
paragraph 6.4. Having determined the initial assumptions and boundary conditions, the second 
part of this chapter is aimed at describing the scenario building blocks. Paragraph 6.5 describes 
the driving forces that have a defining impact on the eventual future outcome. Next, a series of 
trends are identified that describe predictable changes that can already be observed today. The 
key uncertainties in the future of mobile network operators are then identified in paragraph 6.7, 
two of which are selected as the scenario dimensions on which the four scenarios described in 
chapter 7 will be based. The final paragraph summarizes the scenario logics. 

6.1 CURRENT STATUS AND PERFORMANCE OF MOBILE SERVICES 
In order to assess where mobile network operators may be ten years from now, it is essential to 
understand where they are today. While the mobile services industry has already been analyzed in 
depth in chapter 3, few things were said about the evolution, and current status and performance 
of mobile services. Yet the performance supplied by sustaining technologies compared to the 
performance supplied as demanded by mainstream customers is a crucial variable in the theory 
of disruptive innovation. It can therefore have a serious impact on the challenges operators will 
see themselves confronted with in the next decade. 

This paragraph starts with a brief overview of the evolution of mobile 
telecommunication standards in Europe to highlight some key milestones and patterns in the 
development of the technology, and to illustrate how some of the performance parameters 
valued most by end users have evolved over time. This information is then used to assess the 
degree to which mobile network operators are currently vulnerable for disruption. The higher 
this degree, the more plausible a disruptive scenario of the future of the operators is. 

6.1.1 Evolution of mobile telecommunication systems in Europe 
Mobile telephony has become such an integral part of everyday life, that it is hard to grasp how 
rapid and recent successive generations of mobile technologies have revolutionized the way 
people communicate and share information. And yet, not more than two decades ago, only a few 
people knew what a mobile telephone was and even fewer people owned one. Since then, much 
has changed. This section briefly summarizes from a demand-side perspective how the various 
mobile telecommunications systems adopted by European operators have evolved over time, 
from the so-called second-generation (2G) standards onward; see Figure 28 for a schematic 
overview. However, it starts with a brief introduction of where it all started: the first generation 
systems. 
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Figure 28. Evolution of mobile telecommunication standards in Europe 

 
The first generation of mobile telephony systems was based on analog technology that could 
carry only voice traffic. Developed in the early 1980s, they proved to be an increasingly popular 
alternative for fixed telephony – in spite of the high costs, the bulky equipment, and the poor 
coverage. However, these systems had a very limited capacity and were based on proprietary and 
mutually incompatible standards, like NMT in Scandinavia, TACS in the United Kingdom, and 
AMPS in the United States. 

To address the issues of 1G technologies, the European Conference of Postal and 
Telecommunications Administrations (CEPT) established a workgroup in 1982, the Groupe 
Spéciale Mobile (GSM), with the objective of developing a pan-European mobile 
telecommunication system that could be used anywhere in Europe. This was the first of a series 
of initiatives that led to the development of so-called second-generation (2G) mobile 
technologies. The main advantage of these technologies was that they were digital. Speech quality 
was not necessarily better than in 1G systems, at least initially. However, less power was needed 
for establishing a communication link, which led to smaller broadcast cells, smaller antennas, 
smaller batteries (and thus smaller phones), and a greatly improved overall system capacity 
(Hillebrand, 2002). In addition, 2G systems were cheaper, offered the possibility to send and 
receive text messages (SMS), and Europeans could finally use their mobile phones abroad. A 
disadvantage of 2G systems was that they required substantial investments in new networks and 
spectrum licenses, as few components of 1G systems could be re-used. 

In the 1990s, there were several standards competing on the world market for 2G mobile 
telephony, including GSM, PDC, D-AMPS, and IS-95 (cdmaOne).80 The European, 

                                                 
80 PDC, D-AMPS, and IS-95 have only been adopted outside Europe. The PDC standard was developed by a Japanese standards 
committee in 1992 and has only been used in Japan.The American D-AMPS standard was developed by the Cellular Telephone 
Industry Association (CTIA) and became commercially viable in 1993. It is compatible with the 1G AMPS standard and was 
mainly used in the United States. The most popular 2G standard in North America, however, was IS-95. It was the only 2G 
standard that was based on Code Division Multiple Access (CDMA) multiplexing. It had a greater system capacity than any other 
2G standard and reached a global market share of about 13% in 2002 (Halonen et al., 2003). A major disadvantage of IS-95, 
however, was that the underlying technologies were patented and licensed by Qualcomm. These standards are not further 
discussed here, as they are beyond the (geographical) scope of this thesis. 
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cooperation-based GSM standard was finished in 1992. It is the only 2G standard used in 
Europe and the most widely used standard in the world with an adoption rate of over 70%. It 
employs a combination of Frequency Division Multiple Access (FDMA) and Time Division 
Multiple Access (TDMA) multiplexing technologies and has an average bandwidth of 9.6 kbps. 
It is not backwards compatible with any 1G standard. 

A major step in the evolution of the GSM standard was the introduction of the GPRS 
standard in 1999. GPRS, sometimes referred to as 2.5G, is an upgrade to GSM networks and the 
first mobile standard that enabled data transfer using packet-switching technologies.81 With a 
maximum bandwidth of 128 kbps, GPRS is much faster than GSM and extends the voice and 
SMS capabilities of GSM with features like Internet access, e-mail, WAP and MMS services. 
Virtually all mobile network operators in Europe have implemented GPRS. In the United States 
and Canada, it led to the replacement of many D-AMPS networks with GPRS-enabled GSM 
networks. 

In 2003, the EDGE standard was released as an enhancement to GSM and GPRS. 
EDGE was a low-cost alternative for the – at that time – expensive 3G services. It created 
greater network capacity and offered data transmission rates up to 384 kbps through the use of 
more sophisticated modulation techniques and coding methods (Halonen et al., 2003). With over 
480 network launches in 190 countries worldwide until 2010, EDGE has been very successful 
(Global mobile Suppliers Association, 2010). The main reason for this success was that it was an 
extension that could be used on top of existing GSM and GPRS networks. It primarily required a 
software upgrade in addition to transceiver upgrades by the operators. Although it was the first 
standard to provide broadband Internet access to mobile users, it was still slower than current 
third generation (3G) mobile technologies. Therefore, it is often referred to as 2.75G. 

The first 3G commercial mobile networks in Europe were introduced in 2003. 3G is a 
family of mobile broadband standards that is more secure than its 2G predecessors and supports 
the simultaneous use of voice and data services at data transmission rates of at least 144 kbps. 
The latest 3G networks are much faster and provide up to 42 Mbps on downlinks and 11.5 
Mbps on uplinks, which supports the use of bandwidth-consuming applications like mobile TV, 
video conferencing, and video-on-demand. 

UMTS is the 3G standard used by European mobile network operators. Whereas EDGE 
was backwards compatible with GSM and GPRS, UMTS is a revolutionary standard that uses 
different technologies (including W-CDMA) and different frequencies to support more users and 
higher data transmission rates.82 This required operators to invest heavily in new network 
equipment and 3G spectrum licenses. UMTS also required a higher base station density than 
GSM, which triggered many protests over health concerns. Both factors significantly delayed the 
rollout of UMTS. New in UMTS is the standardization of four classes of Quality of Service to 
guarantee minimum levels of delay for different types of applications: conversational (for voice 
and video telephony), streaming (video-on-demand, webcasts, and multimedia), interactive (for 
web browsing and network gaming), and background (for SMS, MMS, e-mail, and downloading). 

Since 2005, several features have been introduced to further enhance the performance of 
UMTS. These features are known as HSPA and HSPA+ and are sometimes referred to as 3.5G. 
HSPA is a set of capacity, latency and bandwidth improvements in both the downlink (HSDPA) 

                                                 
81 All original 2G standards were based on circuit-switching technologies that only supported voice and SMS. Whereas circuit-
switched services are charged per message or per time interval, packet-switched services are charged per kilobyte. 
82 UMTS core networks do support GSM, GPRS and EDGE radio access networks in addition to the UMTS radio access 
network. 
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and the uplink (HSUPA) that requires a software upgrade of existing UMTS radio access 
networks.83 It enables operators to provide advanced data services at data transmission rates and 
prices comparable to fixed broadband services. Theoretical maximum bandwidths are 14 Mbps 
on downlinks and 5.8 Mbps on uplinks. The latest version of HSPA, HSPA+, offers further 
capacity, latency, and bandwidth improvements and allows for packet-switched voice calls. 
Maximum bandwidths for HSPA+ enabled access networks are 42 Mbps on downlinks and 11.5 
Mbps on uplinks, although it is questionable whether these rates can be reached in practice. 

Looking into the near future, the next generation of networks for mobile 
communications European mobile network operators have adopted is LTE. Although it is often 
promoted as the first fourth generation (4G) network that will eventually replace 3G networks, it 
does not meet the bandwidth requirements for 4G (100 Mbps for mobile users, 1 Gbps for 
stationary users). Nevertheless, LTE can theoretically provide data transmission rates of up to 
326 Mbps for downlinks and 86 Mbps for uplinks. The architecture of LTE is fundamentally 
different from GSM and UMTS networks in that it is a fully packet-switched, all IP network that 
will overlay existing 3G access networks and integrate with 3G core networks. While LTE has 
greater capacity and is even more efficient and cheaper than HSPA+, it will co-exist with 3G 
standards to guarantee network coverage. The first commercial European LTE networks are 
expected go live in 2011, while the field trials of the newer LTE Advanced standard have started. 
However, since operators still need to recover the investments in 3G networks, widespread 
adoption is not expected until 2013-2014. 

This brief (and incomplete) summary of the evolution of mobile telecommunication 
networks in Europe reveals a number of patterns. The first pattern is that there have been 
successive waves of new standards and technologies, some of which are simple, some of which 
are complex, some of which are evolutionary, and some of which are revolutionary. However, all 
standards and enhancements were sustaining in character, aimed at improving the performance 
of existing mobile standards along dimensions of performance that mainstream customers of 
mobile network operators have historically valued. Yet these dimensions have shifted over time 
from functionality, to reliability, to cost. 

The second pattern is that, although European standards have been very successful in 
terms of the global adoption rate, each standard and each enhancement has consistently been 
through a lengthy and costly development process. Yet it is difficult to imagine that these 
successes could have been achieved otherwise. GSM, GPRS, and UMTS, are the result of 
deliberate strategies for continuous improvement through close collaboration by international 
networks of governmental institutes, research laboratories, universities, standardization bodies, 
network equipment manufacturers and network operators. Given the complexity of the 
technology and the stakes involved, the participation of all these stakeholders has been crucial. 
However, it did cause the negotiations and the actual standardization work – including the 
creation of visions and scenarios, research and development activities, the drafting of system 
concepts, testing and field trials – to complete only after a lot of time and effort. 

The third pattern is that mobile telecommunication services has been a capital-intensive 
industry in terms of hardware and spectrum licenses from the beginning. GSM and UMTS 
required operators to acquire expensive spectrum licenses in addition to the design, 
implementation, operation, and maintenance of new networks based on these standards to 
provide nation-wide coverage. Each subsequent enhancement, like EDGE or HSPA, could be 
                                                 
83 Older UMTS networks also needed hardware upgrades of base stations and radio network controllers (Holma and Toskala, 
2006). 
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accommodated on top of these networks, but they, too, required significant investments in new 
hardware and software. Hence, the fixed costs to be recovered are relatively high (see also 
chapter 3). 

A fourth pattern is visible in the evolution of those performance parameters that are 
matter to end users. Each subsequent standard or enhancement provides better coverage, higher 
bandwidth, more capacity, and lower latency. At the same time, the price for traditional voice 
calls and text messages have been decreasing, while operators attempt to compensate for the 
corresponding loss in revenues by offering additional services, such as e-mail, and fast or 
unlimited use of mobile broadband. There is also a clear trend towards IP-based networks that 
support more applications, i.e. packet switched technologies are gaining popularity at the expense 
of circuit switched technologies. 

Finally, the theoretically maximum speeds of mobile broadband is approaching the 
speeds currently supplied by fixed broadband ADSL and cable operators to average customers 
throughout Europe. Mobile Internet access has been available since the implementation of 
GPRS, albeit at very low speeds. The latest HSPA+ standard, on the contrary, promises speeds 
comparable to those end users currently experience at home. However, the user adoption rate is 
still slow, one of the reasons being that many operators have not yet fully implemented the 
standard. 

6.1.2 Metrics of performance 
One of the key factors affecting the outcome of the process of disruptive technological change is 
the performance of mobile services provided by mobile network operators versus the 
performance of mobile services as demanded the market. As long as the performance supplied 
does not match the performance demanded, operators can safely move along the established 
performance trajectory by introducing better services that can be sold at higher margins. They 
will continue to lead the mobile services industry, because they have both the resources and the 
motivation to fight for their customers who, in turn, are willing to pay for better services. 
However, the rate of performance improvement supplied by the industry is frequently higher 
than the rate of performance improvement demanded by the market. When the performance 
supplied eventually exceeds the performance demanded and new technologies emerge that are 
cheaper, simpler, smaller, and more convenient to use, operators become vulnerable for 
disruption. The theoretical basis of this mechanism has been described in detail in chapter 2. 

As discussed in chapters 4 and 5, a comparison of the various performance attributes of 
mobile networks with those of ad hoc networks is currently not possible, because no ad hoc 
networking applications are available yet. Therefore, the disruptiveness of ad hoc networks 
cannot be established. What can be done, however, is to see whether mobile network operators 
are vulnerable for disruption by comparing end user needs for specific mobile applications with 
the performance currently provided by the operators (see Appendix D for the main 
specifications and performance attributes of the standards discussed so far). The existence of 
such vulnerability changes the point of departure for scenario construction in terms of an 
increased likelihood for disruption. 

The first step in determining whether current users of mobile services are overserved, is 
to determine which performance attributes in the mobile value network they value most. In 
chapter 3, the mobile value network was described to consist of two sub networks, one for voice 
and SMS services, and one for data services. While both services are usually delivered to the end 
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user by the same operator, the end user values the various performance attributes of these 
services in very different ways and in a very different order of importance. 

For basic voice services, it was established that the performance attributes most valued 
by end users are geographical coverage and quality of service, in particular the quality of voice 
transmission. Coverage is a necessary condition for being able to use mobile voice services. The 
greater the area covered by these services, the better the reachability of its users and the lower 
their dependency on fixed telephony services. Quality of service provides the necessary 
guarantees regarding the stability of telephone connections and delay and jitter between two 
calling parties. Mobility support, a distinguishing feature of mobile services, is also highly valued, 
because it enables users to use these services while travelling. 

For data services, like Internet access, the most valued performance attributes are 
bandwidth, information richness, security, mobility, and coverage. High bandwidth is the most 
important requirement for mobile broadband, because it determines the transmission speed and 
complexity of the wireless applications that can be used. For low bandwidth applications, like 
SMS and MMS, mobility, simplicity, and functionality are more important to end users as they 
are only used to convey brief messages on an anytime, anywhere basis. 

The second step is to determine which performance attributes are valued most by end 
users.84 While other attributes can equally be important to some users, these key attributes 
essentially form the basis of competition. For voice services, there is reason to assume that 
coverage, quality of service, and mobility are equally valued by end users. A low score on any of 
these performance attributes would render voice services impractical. For data services, there is 
reason to assume that high bandwidth is valued most, followed by coverage and mobility. 
Security and information richness, on the other hand, are relatively small matters of concern 
during the purchasing process. Security is increasingly provided by end-to-end applications – in 
addition to security measures on a hardware level. Information richness was an important feature 
in the years of ‘walled gardens’ and iMode when mobile devices had no connection to the 
Internet, but most 3G operators no longer have such restrictions in place. Hence, the most 
important performance attributes are coverage, quality of service, mobility support, and 
bandwidth. 

The third step is to determine the typical user needs for each of these performance 
attributes for various applications. However, how can these needs be quantified? In terms of 
coverage and mobility support this question can easily be answered, as the average users expects 
to pay for accessible services on an anytime, anywhere basis. Bandwidth requirements are also 
easy to quantify, because the minimum data transfer rates for various applications to operate 
normally are well-known. Quality of service is more difficult to quantify and data regarding the 
demand for this aspect have not been found. However, it can be assumed that stable 
connections and small delays are basic requirements for voice services and broadband data 
services that involve real-time communication, like regular mobile telephony, IP telephony and 
video telephony. For the estimates of the delay-sensitivity and bandwidth requirements of 
various mobile services, please refer to Table 11. 

 

                                                 
84 Often, two key segments are distinguished in the market for mobile services: business users and consumers. Business users 
have a significantly higher ARPU than consumers. They not only tend to spend much more time on the telephone and on the 
Internet, they are also more demanding and their demand is less elastic. Here, this distinction will not be made as it would 
unnecessarily complicate the construction of the scenarios. Moreover, with the arrival of the iPhone and other smart phones, the 
difference in the demand for mobile data services (including IP telephony) will gradually become smaller. 
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Table 11. Typical bandwidth required for average use of various mobile applications 

Application Value network Bandwidth required Delay-sensitivity 

Voice calls Voice 9.6 kbps ++ 
SMS Voice 9.6 kbps -- 
MMS Data 9.6 - 64 kbps -- 
Web browsing Data 64 kbps - 1 Mbps + 
E-mail Data 64 kbps - 1 Mbps -- 
IP telephony Data 64 - 128 kbps ++ 
Video telephony Data 64 - 384 kbps ++ 
VPN access Data 64 kbps - 2 Mbps + 
Streaming audio Data 64 - 192 kbps + 
Streaming video Data 128 kbps - 2 Mbps + 

 
 
A recent study by Verkasalo (2008) investigated the relative importance to the average end user 
for the upper five mobile applications. See Figure 29. While it is save to assume that now, three 
years later, web browsing, e-mail and IP telephony have considerably gained importance, it is 
striking to see that voice calls and SMS are by far the most important applications for the average 
user – applications for which all European operators since long fulfill the performance 
requirements. 
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Figure 29. Relative importance of various mobile applications for the average user 

 
The final step is to look at what performance the average European mobile network operator is 
currently providing. While no accurate data is available for all 27 countries of the European 
Union, it is estimated that in 2009 the geographical coverage of 2G voice and SMS services was 
about 95%, while the coverage of 3G data services is concentrated around urban areas and sums 
up to about 50% of the European continent. See Appendix E for a graphical visualization. In 
terms of mobility support, in areas with a sufficient degree of coverage GSM guarantees that 
connections remain at speeds up to 250 km/h, while UMTS and LTE are guaranteed to work at 
speeds of up to 500 km/h. Also in terms of quality of service, no hard data can be found about 
the performance of mobile network operators. While the quality of service of mobile telephony 
is worse than of fixed telephony, it is still better than IP telephony. While the stability, delay and 
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jitter for voice calls seem to be under control, for 3G services this does not seem to be the case. 
Connections drop frequently and users often experience significant delays and jitter during 
broadband connections. The only performance attribute that can be quantified is bandwidth – at 
least in terms of theoretical maximum values. The performance trajectory of this dimension is 
visualized in Figure 30. The bandwidth trajectory of fixed Internet connections has been added 
as a reference. 
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Figure 30. Downstream bandwidth evolution of mobile and fixed telecommunication standards 

 

6.1.3 Results 
Even though the performance trajectories of ad hoc networks are not yet known, there is 
evidence that mobile network operators are already vulnerable for disruption. The performance 
supplied in terms of coverage and quality of service for voice and SMS services meets the 
performance demanded by the market.85 Except for a few sparsely populated areas in the north 
of Scandinavia, 2G coverage is guaranteed virtually anywhere else in Europe. Beyond a 
subscriber’s own network, geographical coverage is provided through roaming agreements 
between operators. The overall quality of service and mobility support of these services are more 
than sufficient, too, and are even become even better with the introduction of UMTS. This 
supports the observation made in chapter 3 that the basis of competition for 2G services has 
shifted to price. 

Even though some European operators have difficulties keeping up with the 
exponentially growing demand, also the performance of mobile broadband (3G) services in 
terms of coverage, mobility support, and bandwidth, largely meet the demands of the average 

                                                 
85 It is important to note that the demand for mobile voice and data services is strongly inhomogeneous. In terms of 
Christensen’s disruptive framework, however, there will always be customers who are underserved. By itself, such demand 
distribution does not change the likelihood of disruption. 
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European mobile subscriber.86 Coverage is worse than for 2G, but constant connectivity and 
broadband access is still guaranteed in large, densely populated areas and places of general public 
interest, such as airports, harbors, and railway stations. In addition, complementary access 
methods such as fixed Internet and WLAN are readily available to most people, which mitigates 
the need for 3G coverage. Mobility support for 3G is better than for 2G, supporting travelling 
speeds of over 350 km/h. Bandwidth of UMTS, the most important performance attribute for 
3G, is sufficient for most mobile applications – or will be soon as throughput rates have doubled 
every year over the past decade. Operators that have implemented the latest 3G technology, 
HSPA+, even provide data transfer rates comparable with average European ADSL and cable 
connections,87 which are more than sufficient for all mobile applications (which are less 
demanding than standard Internet applications). 3G even has become a good alternative for 
fixed Internet access, notwithstanding its lower capacity and its inability to support high 
bandwidth applications, like television over IP. The only limitation for sufficient throughput 
rates is no longer the technology itself, but the time and investments required for operators to 
upgrade their networks and the rate of adoption of subscribers to obtain the complementary 
mobile devices with the required capabilities. In addition, operators will need to invest in both 
3G and future LTE networks, not only to remain competitive, but also to continue to meet the 
exponentially growing demand in the future. 

Vulnerability to disruption, however, does not mean that ad hoc networks will disrupt 
mobile network operators. But it does mean that there are opportunities for ad hoc networks to 
invade the established markets for 2G and 3G services from below. Key factors for disruption 
are how the potentially disruptive technology will evolve, how it will commercially be exploited, 
and how mobile network operators will respond to this potential threat. Important are also the 
role of network effects and switching costs, and the development of complementary goods in 
the form of portable handsets or computers to connect to ad hoc networks. 

6.2 CURRENT STATE OF RESEARCH ON AD HOC NETWORKS 
In addition to the evolution of the mobile telecommunication standards and the present state of 
the mobile services industry, the base line for the scenario analysis must also include the present 
state of research on ad hoc networks. Chapter 4 has extensively explored the technological 
concept of ad hoc networking. It also identified the main challenges in ad hoc networking 
research. This paragraph complements that chapter with an analysis of scientific publication 
statistics and a patent analysis to quantify the rate of technological progress and the current state 
of research on ad hoc networks. How these sources can be used to trace the current state of 
research will be explained first. 

6.2.1 Phases of technological progress 
Technologies, products, and processes evolve through successive stages of emergence, growth, 
and maturity (Utterback, 1994). During each stage, several indicators can be used as proxies to 
trace that evolution. Scientific publications and patents, for instance, are typically developed 

                                                 
86 Idem. 
87 As mobile broadband and cable networks make use of shared media (air and coaxial cables, respectively), no access bandwidth 
can be guaranteed: individual data transfer rates will decrease if the total network usage increases. Hence, the emphasis on average 
connections. 
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during the emergence stage and statistics about these resources can provide some useful insights 
into the current state of knowledge in this area. 

To bring the role of these two indicators into perspective, Hamilton (1990) distinguishes 
three phases in the evolution of science-based technologies (see Figure 31).88 During the first 
phase, the primary emphasis is on scientific research. Both academic and industrial scientists seek 
to understand and solve complex problems, raise new questions, and open new avenues for 
further research in order expand the relevant knowledge base. This type of research is typically 
curiosity-driven, as course and outcome of technological progress is too unpredictable to be 
economically justified. Depending on the nature (evolutionary or revolutionary), scope 
(component, architecture, or system), complexity, timing, and the importance or commercial 
potential of the emerging technology, there can be several underlying streams of scientific effort 
that may either remain independent or eventually converge. 

During the second phase, the emphasis is on technology development and 
standardization activities, while scientific research continues but at a slowing pace. The 
refinement and embodiment of scientific knowledge in new products or processes is a necessary 
step in the transition from scientific progress to commercial application. Since the technology 
and the market are ill-defined and not well understood, the focus is on the reduction of critical 
uncertainties, the formalization of intellectual property, the scaling-up of technical concepts, the 
search and development of viable applications and market concepts, and eventually on product 
and process development. The number of patents increases rapidly for both economic and 
strategic reasons. Once the first applications are released to the market, the race begins for the 
dominant design. 

During the third phase,89 the emphasis is on commercial development and application. 
Research and development activities continue, but with relatively less intensity. Along with the 
growing experience in product development and the increasing competition between companies 
and between applications, there is an increasing focus on cost-performance improvements as 
well as on other activities in the value chain, such as marketing and sales, distribution, and 
service, which were of secondary importance so far. There is an increasing rate of entry to the 
market and the industry structure is gradually taking shape. Eventually, the dominant design is 
established, marking the beginning of an era of incremental change and relative stability (see also 
section 2.2.2). 
 
 

                                                 
88 The first two phases in Hamilton’s model correspond with Utterback’s emergence stage. 
89 Corresponds to the second phase in Utterback’s model. 
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Figure 31. Technological progress in successive stages of innovative effort 
 
From the analyses in previous chapters, it has become evident that ad hoc networks are an 
emerging, science-based technology. What is still unclear, however, is whether they are still in 
Hamilton’s first phase of scientific research, or whether they are in the process of moving 
towards the second phase where the primary focus is on technological development. This is 
relevant to know, because it can provide an rough indication of how much time it will take 
before the first ad hoc networking applications can be expected on the market, and thus for 
determining the time frame in which the scenarios – which will be developed later on – will 
come about. Therefore, in the context of Hamilton’s model, the following sections attempt to 
analyze the statistics on scientific publications and patents in order to discover the present state 
of knowledge accumulation. 

6.2.2 Analysis of scientific publication statistics 
The current state of research on ad hoc networks can be measured by means of an analysis of 
scientific publication statistics. Scientific publications are the primary output of scientific 
research at universities, companies, and research institutes. In addition to their main function of 
sharing knowledge, they are also a valuable source of information for analyzing the impact, 
popularity, and quality of articles and journals, for analyzing the productivity and reputation of 
authors and institutions, and for tracing the evolution of streams of knowledge and collaboration 
networks.90 In the context of this chapter, this kind of data can provide valuable information on 
the progress of scientific research on ad hoc networks, for instance by looking at the number of 
publications over time or the stimulation of research by means of funding. 

Data 
To gather the statistics on scientific publications related to ad hoc networks granted in the period 
1970-2010, a query has been executed on 14 January 14 2011 on the databases of the ISI Web of 
Knowledge91 with the following search string: 

                                                 
90 The analysis of scientific publication statistics is commonly used in bibliometric and scientometric methods. Citation analysis 
and content analysis are two methods that are often used to map knowledge networks or technological trajectories, but are 
beyond the scope of this thesis. 
91 http://www.isiwebofknowledge.com; these publicly available databases contain information of about 8600 journals. 
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TS=("ad-hoc networks" OR "ad hoc networks" OR "ad-hoc network" OR "ad hoc 
network" OR "ad-hoc networking" OR "ad hoc networking" OR manet OR manets OR 
"packet radio network" OR "packet radio networks" OR prnet OR prnets) 

 
Query results were then refined by excluding irrelevant subject areas, publication years prior to 
1970 and after 2010, documents that were not published in the English language, and all 
document types other than articles and proceedings papers. The resulting publications were 
electronically processed and their data imported in a new database for further analysis. See 
Appendix F for the precise definition of the query and a graphical overview of the resulting 
patent statistics. 

Results 
Until 31 December 2010, 3763 (72%) scientific articles and 1446 (28%) proceedings papers were 
published. Between 2000-2006, there was a period of strong, exponential growth. Since 2006, an 
average of 650 publications on ad hoc networking has appeared in journals and proceedings 
annually. The most popular journal is Lecture Notes in Computer Science (914 publications; 17,5% of 
total). The author with the greatest number of publications is Y.G. Fang (44). Half of the top 20 
journals are published by the Institute of Electrical and Electronics Engineers (IEEE). The most 
popular subject areas are Telecommunications (3052 publications), Electrical & Electronic 
Engineering (2612 publications), Computer Science, Information Systems (1868 publications), 
and Computer Science, Theory & Methods (1320 publications). 

In terms of the geographical distribution, 37.5% of the 5209 scientific publications was 
North American, 32% was Asian, and 25% was European. Of the 77 countries, the contribution 
of American researchers was the largest covering 38% of all publications, followed by the 
Chinese (11%), South Koreans and Taiwanese (8%), Canadians (7%), and the Japanese (5%). 
Half of the top 20 of contributing universities was American. It should be noted that data 
suggests at least some bias towards English-speaking countries or countries with small languages 
that have the tendency to publish in the English language. Publications in other languages have 
not been analyzed. 

Funding is a key instrument for stimulating scientific progress. The US National Science 
Foundation (NSF) is by far the largest funding agency with 230 publications funded, on a 
distance followed by the National Science Foundation of China (169), and the National Science 
Council of Taiwan (46). DARPA, where the concept of ad hoc networking was conceived, is 
fourth and mentioned in only 22 publications as funding agency. Of the 5209 publications, 4355 
publications (83.6%) do not contain data on funding support. 

6.2.3 Patent analysis 
One way to measure the rate of technological progress, is by means of a patent analysis. Patents 
are a form of intellectual property that document the results of innovative activity with the 
purpose of legally protecting that knowledge against commercial application by third parties. 
They are granted for up to 20 years from the filing date and provide a detailed description and 
background information about the technology in question. Patents are granted by patent offices 
that have national or regional authority and that collect them into patent databases. These 
databases constitute a rich source of data that can be used not only to study individual patents in 
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detail, but also to analyze technological developments on a broader level, which is of interest of 
this study. 

Data 
To gather all the patents related to ad hoc networks granted in the period 1970-2010, a query has 
been executed on the on the patent database of the US Patent and Trademark Office (USPTO)92 
with the following keyword syntax: 
 

((((((((((("ad hoc network" OR "ad-hoc network") OR "ad hoc networks") OR "ad-hoc 
networks") OR "ad hoc networking") OR "ad-hoc networking") OR manet) OR manets) 
OR "packet radio network") OR "packet radio networks") OR prnet) OR prnets) 

 
Synonyms of the term ‘ad hoc networks’ and combinations of word forms were used in order to 
ensure that all patents related to ad hoc networks were found, independently of the connotation 
or the spelling of the term. Afterwards, irrelevant query results that are related to IPC patent 
classes A to F93 only were manually removed, leaving a large subset of patent classes G 
(PHYSICS) and H (ELECTRICITY). The resulting patents were electronically processed and all 
available data were imported in a new database to be used for the patent analysis. See for a 
graphical overview of the main patent statistics Appendix G. 

Results 
December 31st 2010, 3701 patents were granted in the field of ad hoc networking. This includes 
applications other than mobile ad hoc networks, including vehicle-to-vehicle ad hoc networks 
and mesh networks, because the patent database makes no distinction between application areas. 
Since 1997, the number of patents granted has exponentially grown and reached a total of 944 
patents in 2010 alone. 

Looking at the type of organization, 3395 (91.7%) of the 3701 patents were granted to 
430 corporations, 162 (4.4%) patents were granted to 119 private individuals, 106 (2.9%) patents 
were granted to 42 scientific organizations, and 38 (1.0%) patents were granted to 11 
governmental organizations. Of the 430 corporations, Nokia has the greatest number of patents 
(234, 6.3% of the total number of patents). It is followed at some distance by Microsoft (196 
patents), IBM (190), Motorola (148), MeshNetworks (110), Samsung (104), Ericsson (95), and 
Cisco (93). 

Remarkably, the majority of the top 100 assignees are network equipment manufacturers 
like Nokia, Ericsson, and Cisco, and chipset manufacturers like Rockwell, Intel, and Broadcom. 
The top 100 also includes a number of startup companies that is exclusively oriented towards the 
exploration and commercial exploitation of state-of-the-art ad hoc and mesh networking 
technologies, such as MeshNetworks, TeraHop Networks, Tropos Networks, SkyPilot 
Networks, and PacketHop Networks. Mobile network operators are virtually invisible, even 
though these companies were considered to be high-tech companies only one decade ago, most 
of them having extensive R&D and engineering functions. NTT Docomo is the operator with 
                                                 
92 http://www.uspto.gov  
93 The International Patent Classification (IPC) is used here to delimit the field of ad hoc networking, as it seems to be better 
capable of distinguishing separate knowledge streams than the classification provided by the US patent office. Ad hoc networking 
covers a large number of IPC patent subclasses, not only due to the large amount of possible applications but also due the broad 
range of technological aspects (see also chapter 4). 
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the most patents (53 patents), followed by AT&T (45 patents), British Telecom (23 patents), 
Verizon (18 patents), Orange, Sprint Spectrum and Swisscom (four patents each), Deutsche 
Telecom (three patents), France Telecom (two patents), and Telenor, Telecom Italia and 
Cingular Wireless (one patent each). 

When looking at the regional distribution, the average share of patents that were granted 
to North American inventors or organizations has only slightly decreased from about 80% in 
1984 to about 71% of the total number of patents in 2010. In 2010, 71% of the patents granted 
originate from North America, Europe is second with 15.4%, and Asia is third with 13.1%. The 
majority of patents on ad hoc networks has been granted to U.S. inventors and U.S. 
organizations (2552 patents; 69%) – which is no surprise given the fact that the patents analyzed 
were granted by the USPTO. Major foreign inventors and assignees originate from Japan (305 
patents; 8.2%), Finland (243 patents; 6.6%), South Korea (132 patents; 3.6%) and Sweden (115 
patents; 3.1%). 

The most active technology field in terms of IPC patent classes were H04 (Electric 
communication techniques; 68%) and G06 (Computing, calculating, counting; 19%). The patent subclasses 
most referenced were H04L 12/28 (Data switching networks characterized by path configuration) with 
546 patents, H04L 12/56 (Data switching networks - stored and forward or packet switching systems) with 
439 patents, and G06F 15/16 (Digital computers in general; Data processing equipment in general; 
Combinations of two or more digital computers each having at least an arithmetic unit, a programme unit and a 
register) with 271 patents. 

Finally, the 20 most cited patents have been published in the period 1994-2002. These 
patents cover most of the challenging areas indicated in chapter 4. With 204 citations, patent 
number 5987011 (“Routing method for ad hoc mobile networks”) by Toh is the most cited 
patent. 

6.2.4 Discussion 
Comparing the statistics of the number of scientific publications with the number of patents 
granted over time results in an interesting pattern; see Figure 32. Although the concept of ad hoc 
networking exists since the 1980s, the number of scientific publications on the topic started to 
grow exponentially no earlier than the year 2000. After 2006, the number of publications leveled 
of to an annual average of 650 publications. The number of granted patents, on the other hand, 
started to grow exponentially no earlier than the year 2002, and was still growing strong in 2010. 
Independently of the number of patents and publications – and everything else being equal – this 
could point to a situation in which technological development is gaining momentum and 
scientific research is becoming relatively less important for the advance of the technology. 

However, a different picture emerges when taking into account the time lags between 
submission and publication dates of those articles that were published on the one hand, and 
filing and granting dates of those patents that were granted on the other. The dates of article 
submission and patent filing (visualized by dashed lines in Figure 32) are a more realistic 
approximation of the time of knowledge creation or innovative activity, and these time lags differ 
significantly. While no data were found for the average time lag between article submission and 
article publication, a one year delay is common for most journals. On the other hand, it took on 
average 4 years before the 3701 patents were granted. This implies that the emphasis in the 
period 1995-2001 was on innovative activity rather than on scientific research, which is 
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something that cannot be explained by Hamilton’s model.94 After 2001, the emphasis shifted 
back to science. No turning point can reliably be identified after 2005, because the USPTO 
database contains no data about patents that have not yet been granted.95 Hence, no conclusive 
statements can be made as to whether ad hoc networks have already made the transition from 
the scientific stage to the technical development stage. This makes it more difficult to predict 
when the first ad hoc networking applications can be expected on the market. 
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Figure 32. The annual number of articles submitted that were eventually published versus the number 
of patents filed that were eventually granted in the period 1984 – 2010 

 
Not quite unexpectedly, a second pattern arising from the results is an evident spill-over from 
science to technology. Many authors of scientific publications on ad hoc networking hold one or 
more patents. For instance, the second most cited patent (6304556) is held by professor 
Zygmunt Haas of Cornell University, who also is among the top 25 authors of scientific 
publications. No hard evidence, however, was found for a significant spill-over in the opposite 
direction, i.e. the contribution to science by industry participants seems to be negligible. One 
notable exception was Nokia’s Jose Garcia-Luna-Aceves, who holds 17 patents in ad hoc 
networking technologies and who also published 42 scientific articles. 

6.3 DEFINING SCOPE AND TIME FRAME 
A key question in preparing the scenarios for the future of mobile network operators is where to 
draw the system boundaries in terms of scope and time frame. Scenarios often take a broad view 
of the future in order not to miss out on potentially important developments of which the first 
signs have already appeared at the fringes of corporate attention. Mobile network operators, 
however, compete in a complex and turbulent business environment that is characterized by 
                                                 
94 As an aside, it would be interesting to see whether intellectual property protection delayed or compromised scientific or 
technological progress. 
95 This is the reason for the truncation effect visible in the patents filed curve after 2004. 
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rapid technological change and shifting market conditions. They are permanently exposed to a 
large and changing set of driving forces, trends and uncertainties, and a lack of focus will result 
in scenarios that provide little or no insight in the specific threats and opportunities posed by ad 
hoc networks. Defining these boundaries is therefore an important step in the scenario creation 
process. 

The scope of the scenarios has been elaborated in great length in the previous chapters. 
It will be limited to a set of descriptions of the possible impact of mobile ad hoc networking 
applications on the future of European mobile network operators. While there is a possibility 
that important developments that are left out of the analysis – such as an economic depression, 
fundamental changes in Western culture, or even the emergence of new wireless technologies – 
may equally affect the outcome, it is not the objective of this thesis to examine the future of 
mobile network operators as a whole. Nevertheless, some of the driving forces, trends and 
uncertainties upon which the scenarios will be based are rooted in other domains than the 
industry or technologies under scrutiny. 

From the analyses in previous chapters, on the other hand, it is evident that defining the 
‘right’ time frame for the scenarios is a more challenging task, as it is unclear if and when mobile 
ad hoc networks are going to play a role of significance in the mobile landscape. The previous 
paragraph demonstrated that the primary focus in the development of ad hoc networking 
technologies is gradually shifting from fundamental research to technological development. The 
theoretical foundations have more or less been established and hundreds of organizations 
worldwide are now working on ideas how to best meet the potential needs of future end users. 
However, it is simply unknown when the transition to the third phase in Hamilton’s model can 
be expected, i.e. how much time it will take from now before ad hoc networks invade the 
established market. 

The history of older networking technologies like ISDN, Ethernet, GSM, and UMTS 
shows that it may take at least another decade before the first commercial applications appear on 
the market that are based on a previously established dominant design or a standard that is 
endorsed by a formal standardization body. However, more recent examples by Apple (iPod, 
iPhone, and iPad), Google (Android OS) and Facebook show that it is not impossible to develop 
killer applications that become commercial success stories in much shorter periods of time when 
product development is not contingent on a industry-wide standardization process. Another 
factor that could delay the market introduction of ad hoc networking technologies is the possibly 
insufficient capacity of existing ISM bands and the regulatory actions required to extend that 
capacity. Also the time-to-market and the rate of adoption, which are both unpredictable at this 
point, contribute to the uncertainty as to how far the scenarios should look ahead. 

Then what time frame should be adopted? As general rule, Lindgren and Bandhold 
(2003) suggest that it should be short enough to create scenarios that are probable, but long 
enough to imagine which important changes with an impact on the future business of mobile 
network operators can take place. Under the assumption that ad hoc networks bare more 
similarities with older networking technologies than with more recent highly successful product 
innovations, taking this rule as a guideline, then leads to the conclusion that it is reasonable to 
assume that it will take at least ten years before commercial applications of ad hoc networks can 
have a visible effect on the mobile telecommunications industry. Therefore, the time frame 
chosen for the scenarios is the period 2011-2020. 



Ad Hoc Networks and the Future of Mobile Network Operators 2011 

 144 

6.4 ACTOR ANALYSIS 
How the future of mobile network operators will look like ten years from now largely depends 
on the combined actions of key actors in the business environment. While their actions are 
unknowable beforehand, the roles, power base, and general interests of most actors are not and 
this information can be very useful in giving direction and meaning to each scenario. For this 
purpose, several key actors can be identified that fall into one of the following three categories: 
those who have a stake in the scenario outcome (‘subjects’), those who are in a position to 
influence what will happen (‘referees’), or both (‘key players’) (Van der Heijden, 2005). 

In scenario analyses, key players are the most important category of actors. They not only 
have a high level of interest in the outcome, they also have both the power and the motivation to 
influence that outcome. Examples of key players in the scenarios in this thesis are mobile 
network operators, equipment manufacturers, content providers, and end users. 

Mobile network operators obviously have a lot at stake. In Europe alone, they serve 
hundreds of millions of customers that generate billions of Euros in revenues annually. They also 
have a huge network infrastructure, specific knowledge and skills, and provide work not only to 
hundreds of suppliers, but also to hundreds of thousands of employees. So they have a great 
motivation to defend their interests. Whether they are able to do so, however, depends on the 
circumstances in each scenario. As discussed in chapter 2, under sustaining circumstances, 
mobile network operators would normally not be threatened in any way by the emerging ad hoc 
networking technologies. Under disruptive circumstances, however, it is crucially important for 
them to be recognized and understand the forces at work, else they are likely to become passive 
bystanders who have no control over their own future. 

As a group of suppliers for mobile network operators, equipment manufacturers cannot 
be considered to be key players, as they do not exert direct control on the strategic decisions 
made by their customers; from this perspective, they are merely subjects. They are key players, 
however, as potential suppliers of ad hoc networking technologies. Earlier this chapter Nokia, 
Ericsson, Motorola and Samsung were all shown to have a significant patent base in ad hoc 
networking. This may indicate that these companies either consider a position in an emerging 
market for ad hoc networks, or incorporate that technology into existing mobile technologies. If 
they do not succeed to influence the future in either way, there is a chance that their position will 
be contested by companies like Intel and Microsoft, who are part of another group of key 
players: (future) entrant firms – small and large – in the market for ad hoc networking 
applications. 

A final group of key players that should be included in the scenarios the (potential) end 
users. They have a genuine interest in getting cheaper and better means of communication, and 
although they are merely stakeholders as individuals, together they may constitute a great source 
of power that can make or break any technology or business model, in particular those where 
network effects play an important role in the adoption process. Millions of people are already 
familiar with the concept of single-hop ad hoc networks by using Bluetooth and WLAN 
technologies. The success of multi-hop mobile ad hoc networks is tightly coupled to a 
widespread adoption of these technologies. Doubts about the security and reliability of manets 
will undermine the trust of people in these technologies, hence the confidence of end users in 
this new technology is key to the success of manets. 

The second category of actors that have a stake in the future of mobile network 
operators are subjects. Subjects are stakeholders that have no influence themselves on the 
scenario outcome. However, they should not be neglected, because they can increase their power 
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through the formation of alliances and become key players in the future. One example of a 
group of subject are mobile virtual network operators (MVNOs), who are dependent on excess 
network capacity of mobile network operators to offer mobile services of their own. Another 
example are content operators, who provide all sorts of information and entertainment services 
to mobile subscribers, and have the operators take care of billing and content distribution in 
return for a share in revenues. These companies have been key enablers of 3G mobile services, 
but the question is whether they continue to be so given the apparent trend towards decoupling 
of infrastructure and data services in general, and the ever more prominent role of the Internet in 
mobile communications in particular. 

Referees (or context setters) have no direct stake in the scenario outcome and cannot be 
influenced by individual actors. However, they do have the formal power to influence other 
actors or to define the external context, and can therefore affect future of mobile network 
operators. Examples of referees are national regulatory authorities (NRAs), universities and 
research institutes, and political institutions like governments and the European Commission. 
NRAs not only play an important role in market regulation, but also in the regulation of 
frequency spectrum, access and interconnection, licensing, etcetera. It is likely that NRAs and 
other regulatory organizations like CEPT and ITU are going to play a key role in the adoption 
process of ad hoc networks. As these technologies currently rely on ISM bands that are already 
used by a large number of wireless applications, it is up to these organizations to release new 
spectrum bands to guarantee sufficient bandwidth at zero cost (which was described to be a key 
selling point for ad hoc networks in chapter 4). 

Universities and research institutes are the primary sources of technological progress in 
both mobile and ad hoc networking. Since innovation is one of the key drivers of competitive 
advantage in the telecommunications industry, they have a considerable influence in shaping the 
future of mobile network operators. Political institutions, finally, can also be regarded as referees. 
Through funding, law and policy making they exert influence on the priorities of other referees 
but their direct stakes in the mobile telecommunications industry are limited to tax revenues and 
revenues from spectrum auctions. 

The results of the previous actor analysis are summarized in the actor/stakeholder matrix 
shown in Figure 33. Key players and referees are those actors on which the focus should be 
throughout the scenario creation process. MVNOs and content providers are highly dependent 
on the survival mobile network operators. However, they have little or no influence on the 
scenarios’ outcome and together with the ‘crowd’ – bystanders with no direct stakes – they can 
largely be ignored. 
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Figure 33. Actor/stakeholder matrix for the future of mobile network operators 
 

6.5 DRIVING FORCES 
Now that the focal issue and the boundary conditions have been defined, the next step is to 
identify and assess the fundamental forces that have a defining impact on the future (see 
paragraph 5.3.4). Van der Heijden (2005) regards driving forces as ‘place holders’ for 
environmental forces presently at work that drive possible outcomes of key uncertainties. They 
have a relatively high level of explanatory power in that they determine the outline of each 
scenario and act as a filter for those trends and uncertainties that are relatively unimportant for 
the case at hand. 

The following sections describe nine, predominantly external driving forces that will 
shape the future of mobile network operators until the year 2020. These factors, as well as the 
trends and uncertainties presented in the subsequent paragraphs are based on a literature study 
of the global economy, the political and social landscape, the telecommunications industry, and 
established and emerging technologies, in addition to the analyses presented in chapters 2, 3 and 
4. 

The continuing process of globalization and internationalization 
One of the main drivers of economic growth in Europe, and certainly also in the 
telecommunications sector, has been the continuing process of globalization and 
internationalization. Means of transportation and communication have become cheaper and 
more accessible to a larger group of customers, making it easer to do business or visit and 
communicate with friends and family abroad. The workforce of many European companies is 
becoming more international and multicultural, and this trend continues as more and more 
people choose to study or work abroad for a period of time. The industrial giants of the past – 
including network operators – that were mainly focused on national or regional markets have 
become billion dollar multinationals that are active on several markets at the same time. But also 
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smaller companies have now access to the global market without having to bare the cost of 
opening up several local offices – thanks to the Internet. 

Many companies moved or outsourced their production plants and service facilities to 
South-East Asian countries, like China and India, that have been able to qualitatively provide the 
same products and services as their European counterparts, but at a far lower cost. This, in turn, 
has boosted the demand for skilled workers and led to the rapid urbanization and high economic 
growth of those countries. China and India have become economic world powers and an 
increasing proportion of their population shares in the financial and material wealth created. 
With nearly half the world population living in South-East Asia, this fuels the demand for 
commodities like oil and gas, steel, coal, water, meat and grains, for products like computers, 
clothing, and mobile telephones, for communication services, for housing and means of 
transportation as well as for luxury goods. These markets have become and continue to be a 
tremendous growth opportunity for Western companies for at least another two decades. 

The role of Asian countries in the development and commercialization of new 
technologies continues to evolve, in part as a result of knowledge spillover from the West, in part 
in response to demands for products and services matched to specific regional circumstances. 
Hundreds of millions of people in rural areas, for instance, still have no access to drinking-water, 
electricity, and communication networks. This acts as a trigger for innovations in areas such as 
filtering and recycling equipment, solar and wind technologies, batteries, and energy-efficient 
electrical and communication devices. 

Globalization also drives the convergence of markets and industries. Economies of scale 
and cost reduction strategies are only partial explanations of this phenomenon. Companies are 
increasingly engaged in cooperative networks in which they exchange knowledge and resources 
with other businesses, also from outside their industries. Their customers are no longer passive 
consumers, but increasingly involved in product development. So the traditional boundaries 
between companies, suppliers, and customers are blurring. As a result, over the next decades the 
speed of innovation will further increase, the time to market will further decrease, and product 
lifecycles will shorten. 

All these developments will cause the demand for wireless and mobile communication 
services to continue to grow strongly. Whereas in Europe this will be mainly in the area of data 
services, there is still a significant growth potential for voice services, too, in less developed 
countries in Africa, Asia, and South America. However, the resource constraints in these 
countries will drive the need for simple and cost effective communication technologies. And this 
may create significant opportunities for ad hoc networks. 

The growing dominance of service and knowledge industries 
Whereas agriculture and manufacturing industries have dominated the European economy until 
the mid-nineteenth and twenty-first century, respectively, with over 70% of the gross value 
added, it is currently the service and knowledge industries that are the largest sectors in Europe 
and the most important source of economic growth (Eurostat, 2010). Healthcare, banking, 
insurance, education, consulting, telecommunication, utilities, media, tourism, entertainment, and 
legal and financial services are all crucial sectors that are expected to continue to dominate the 
European economy for at least another few decades. The reason is that the demand for services 
has been growing for years and there is a clear trend for service delivery on an anytime, anywhere 
basis. At the same time, due to the intrinsic characteristics of services, it is difficult to move 
service production to low-wage countries. Services must be produced and consumed 
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simultaneously; they are intangible products with a focus on interaction, customer service, and 
knowledge and information transfer. 

Also the knowledge industry is rapidly gaining importance. A key driver of 
competitiveness and innovativeness of this industry – and of the employability of those working 
in this industry – is education. People working in the knowledge industry are generally higher 
educated than those working in other industries. In addition, facilitated by the Internet other 
digital media, they continue to learn throughout their lives for professional or personal reasons. 

Information and communication technologies play a key role in service provision and 
knowledge and information transfer. So given the expected growth of the service and knowledge 
industries, also the demand for wireless and mobile services will increase. 

The growing need for communication and information 
In addition to globalization and other economic changes, there are also technological and social 
drivers for the growing demand of wireless and mobile services. Technological progress in 
information and communication technologies has advanced rapidly in recent years. Computers 
and communication networks have become extremely fast, the amount of data that can be stored 
and transferred per unit volume or time is growing exponentially, and the Internet has become a 
catalyst for many technical and socio-economic innovations. 

But also society has changed. And these changes are partly reinforced by the 
technological trends mentioned earlier. The most obvious trend is that the European society has 
become more individualized compared to a few decades ago.96 In addition, there is greater 
cultural and ethnic diversity, general prosperity has grown, the position of women and minorities 
on the labor market has improved and their participation has increased, the average education 
level has risen, the number of and access to various media and other sources of information has 
increased, people are increasingly more flexible, reachable and better organized (so family care 
and career no longer mutually exclude each other), and in the broadest sense there is a greater 
degree of mobility and a larger number of choice opportunities. 

All these changes are at the root of the growing need for information and 
communication services. The resulting demand for high-speed multimedia applications and 
services causes an expected exponential growth in network traffic and drive a growing need for 
ever higher access and backbone or backhauling capacity in fixed, wireless and mobile networks. 
To meet these future demands, new frequency blocks for wireless and mobile communication 
networks are going to be needed and advances in wireless and mobile technologies will be 
required to support true mobility and ‘on the fly’ device portability when transitioning from one 
location or network type to another. Communication devices will become increasingly smaller 
and energy efficient, and have improved user-friendly interfaces. 

The growing need for environment-aware means of communication 
As computer chips have become increasingly smaller, cheaper and faster, wireless and mobile 
devices have become increasingly more intelligent. Many devices now have GPS units, cameras, 
FM radios, proximity sensors, motion detectors, light sensors, multipurpose microphones, and 
                                                 
96 Several indicators support this trend: the average household and company size has decreased and so has the amount of time 
people spend together, the demand for products (e.g. cars, telephones and computers) and services (e.g. sports, online dating and 
financial services,) that provide greater independence from the social and physical environment has increased, participation in 
churches, political parties and trade unions has decreased, and people are more increasingly part of large networks of weak ties 
rather than small networks of strong ties. See for instance Commission of the European Communities (2010b). 
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touch sensors, which expand their capabilities far beyond making phone calls. As user mobility 
increases, the demand for environment-aware applications – that adapt to both user and the 
environment – will grow. Location-based services that help users find information about the 
local weather or nearby companies and restaurants, cash dispensers, or railway stations, have 
become a very important application of environment-aware communication devices. Directional 
(as opposed to omnidirectional) antennas that help increasing network capacity and lowering 
interference by transmitting only in specific directions are an example in which the device 
simultaneously adapts to the environment and saves battery power. 

The rapidly improving capabilities of wireless and mobile devices, the increasing mobility 
of end users and their strongly growing needs for information drives the need for these types of 
environment-aware applications. Therefore, future communication networks will be an 
important means of both information transfer as information gathering and processing. 

The growing need for environment-friendly means of communication 
As a result of increasing environmental problems, there is also a growing need for more 
environment-friendly means of communication. Wireless and mobile communication devices 
contain a lot of minerals, metals and toxic materials. Given the quantities in which they are 
produced as well as their relatively short lifetime, the production and the disposal of these 
devices has had a great impact on the environment. Social and political pressure on equipment 
manufacturers to increase the energy efficiency of their products and to use renewable resources 
and cleaner materials, technologies and production methods is paying off. The number of IT 
companies with corporate responsibility programs is increasing, as well as the number of devices 
with so-called ‘green’ labels. 

Growing health concerns over electromagnetic radiation and the growing scarcity of 
fossil fuels, raw materials and frequency spectrum versus the growing demand for bandwidth and 
means of communication may also lead to a revolution in battery and wireless networking 
technologies. While there is still room for spectral and energy efficiency improvements in mobile 
networking, this creates opportunities for ad hoc networks as a relatively efficient wireless 
technology (see chapter 4). 

The growing need for cheaper wireless and mobile services 
One of the key issues that had to be dealt with in 2G and 3G mobile systems was the cost of 
both the infrastructure deployment and frequency spectrum licenses. As discussed in chapter 3, 
mobile network operators are having serious difficulties recovering these investments even many 
years after. Since their customers are the only source of revenue, the prices of mobile services 
had to be correspondingly high. However, as the basis of competition is more and more shifting 
toward price – which is already regulated to a large extent – there is a huge pressure on operators 
to cut their expenses. At the same time, there is also pressure on European regulators to organize 
future auctions of frequency spectrum licenses in such a way that the prices of these licenses 
reflect a more realistic value than was the case at the time of the auctioning of 3G licenses. 

So cost effectiveness has become a key driver in wireless and mobile services, in addition 
to providing better service. Two of the ways to be more cost effective are the convergence of 
voice and data networks and the implementation of all IP networks. These are developments 
toward which many operators have already taken the first steps. However, it will take many more 
years before these goals are realized. 
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A focus on cost effectiveness represents also an important opportunity for ad hoc 
networking technologies. Physical infrastructure and frequency licenses are not necessarily 
needed, so large investments can be avoided. Ad hoc networks may also reduce costs for 
operators by expanding the range of the existing access infrastructure. This is a mesh-type of 
application that is already commercially available for WLAN infrastructures. 

The growing body of research on ad hoc and mobile networking 
In the previous paragraph it was shown that the body of fundamental and applied research on ad 
hoc networking has expanded rapidly over the past ten years. Hundreds of organizations around 
the world have been involved in this research and this number is increasing. While the technical 
feasibility and potential commercial benefits of mobile ad hoc networks is still uncertain, other 
ad hoc networking applications, such as vehicle-to-vehicle ad hoc networks, sensor networks, 
and mesh networks, have already made it to the market, leading to new experiences and insights. 
This growing body of knowledge seems to have gained sufficient momentum that it is has 
become self-enforcing. In the coming decade, the intensity of research and development 
activities will further increase and will result in more innovations that will be introduced to the 
market at a faster pace. 

Obviously, also mobile networking technologies are evolving. European mobile network 
operators and equipment providers are working together toward a roll-out of Long Term 
Evolution (LTE), a transitional standard toward future 4G mobile networking technologies. In 
the next ten years, these technologies will gradually replace 2G and 3G networks, promising 
higher data transfer rates, better coverage, and cheaper services. Also in this area the growing 
body of research is speeding up innovative activities. And like with the previous standards for 
mobile communications, once the number of commitments and the amount of investments in 
these technologies have reached a certain threshold, it is very hard to stop their development and 
implementation. Hence, technology push remains an important driving force. 

The growing need for convergence in telecommunications 
Advances in electronics, telecommunications, informatics and mathematics in the past few 
decades have led to a plethora of networking technologies. Virtually all networks have been 
designed to addresses specific needs in terms of functionality, performance, reliability or price 
and are used in specific contexts or circumstances. As a result, each network has very unique 
characteristics and a well-defined control and ownership structure and is therefore nearly always 
logically separated from other networks. Although interconnectivity with other types of networks 
is often possible, however, it comes at a cost, as networks usually are not very good in providing 
services they were not designed for.97 Nowadays, therefore, different types of applications still 
demand connectivity to different types of networks and moving from one network type to 
another nearly always requires manual intervention of the end user. 

With the number and level of sophistication of communication devices increasing 
rapidly, network usage and bandwidth consumption growing almost exponentially, the cost of 
communication and computing decreasing, and end users becoming increasingly mobile and 
                                                 
97 GSM, for instance, was intended for mobile voice communication services that were to be provided by mobile network 
operators to millions of users in wide areas. Although end users can interconnect to users on several other types of networks 
(often at the cost of functionality, performance, reliability or price), by design GSM could never provide the same broadband data 
services as ADSL, the same robustness and quality of service as ISDN, or the same cheap point to point connectivity as 
Bluetooth.  
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dependent on means of communication, however, maintaining strictly separated and 
incompatible network infrastructures becomes untenable. Mere connectivity with services or end 
users from other networks no longer suffices. End users increasingly demand seamless and 
ubiquitous connectivity, flexibility in terms of network access and service provision, and ever 
higher quality of service at ever lower costs. They want to be able to access services anytime, 
from any location and from any provider regardless of their own network location or network 
provider. Whenever deemed convenient, they also want to be able to instantaneously and easily 
switch from one network to another. 

These developments in both technology and demand are driving the telecommunications 
industry towards convergence across multiple dimensions: markets and business models, 
networking technologies, services and services delivery, digital content, standards, and regulation. 
These changes have the effect of blurring traditional boundaries between the worlds of 
telephony, data communication, and broadcast services, which stimulates the demand for 
broadband services even further. This creates a whole new range of opportunities98 for both 
mobile network operators to provide new services in new ways, but also to other industry players 
to position ad hoc networks as a key technology in the future telecommunications landscape. 

The continuing control of customers over the allocation of resources within 
companies 
As argued in chapter 2, and supported by Christensen (1997) and Pfeffer and Salancik (1978), 
customers exert a strong influence on a company’s actions through its dependence on their 
resources for survival. That dependence essentially restricts a company in what it can and cannot 
do. As long as its strategy is in line with the needs and interests of its stakeholders (including 
investors and others), its management may invest in any type of (innovative) activity. But those 
needs and interests also define which strategic options cannot be pursued, for instance when 
customers cannot use or are not interested in a new product or service, or for which the returns 
on investment are too low. Customers also have indirect control over a company through the 
resource allocation process within the company. As it is mostly middle management that decides 
whether to allocate resources to certain projects or initiatives, the outcome of these decisions is 
often dependent on the manager’s perception of the implications for his personal career rather 
than on what he believes to be in the best interest of his employer. Hence, those decisions that 
address the needs or interests of customers are likely to contribute significantly to the 
achievement of (personal) sales targets, and therefore will have no difficulties obtaining 
resources. Conversely, initiatives that only address the needs of a small group of customers in 
emerging markets that cannot not provide the firm with sufficient returns in the short run to 
help it reach its goals, are generally considered to be too risky or unattractive, and hence will not 
be championed. 

This resource allocation mechanism, which is central to the theory of disruptive 
innovation, will continue to dominate the allocation of resources within firms in the future. It is 
a common mechanism within all (established) companies, also within mobile network operators. 
As a result, it should be considered to be a key driving force in where the European mobile 
services industry as a whole is heading. It determines whether and under which circumstances 

                                                 
98 Convergence is generally regarded as the solution for the current limitations of legacy systems. In addition, it would also 
stimulate competition, reduce costs, lower market entry and exit barriers, increase business efficiency and efficacy, facilitate 
systems integration, foster innovation in both technologies and services, and it may eventually lead to a platform-independent 
way of communication and services provision (Saxtoft, 2008). 
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operators will be successful (or even survive) when confronted with sustaining or disruptive 
innovations. 

6.6 TRENDS AND PREDETERMINED ELEMENTS 
The next step in the scenario construction process is to identify elements that are, at least to a 
certain extent, predictable. While driving forces eventually determine the outcome of scenarios, 
some of the developments as a result of these forces can already be observed today. These 
developments, or trends, are predictable, because they are the result of long-term, slowly 
changing changes, constraints, or facts and not of single events or momentary variations. 

The following sections describe 21 trends (T1…T21) that have been identified as 
relevant for the scenarios by means of an extended PEST analysis (including legal and regulatory 
trends). These trends and the estimated impact on the future of mobile network operators have 
been summarized in Appendix H. 

Political trends 
T1: Political support of or involvement in research on ad hoc networks remains negligible. So far, the 

development process of ad hoc networks can be characterized by a very low level of 
public and political visibility. Unlike, for instance, the development of the GSM and 
UMTS standards, in which several European governments and the European 
Commission played an important role, no evidence was found of explicit political 
support of the development of mobile ad hoc networks.99 One plausible reason for this is 
the fact that the European telecommunications sector has been deregulated and 
liberalized. As this is unlikely to change in the near future, the implication is that it is up 
to the industry, universities and research institutes to develop this new technology in to 
commercially viable applications. 

T2: Increasing democratization, and liberty of speech, information, and media access. With the 
introduction of several new communication technologies in the past two decades it has 
become increasingly easier and cheaper to communicate, to access media resources, and 
to share information. This trend continues with (mobile) Internet applications like 
Twitter and Facebook, which enable people to reach a larger audience than ever before – 
without being filtered by operators, governments and others. These developments are 
evidence of the democratization of the information society as a result of developments in 
the ICT sector. If this trend continues, it can be expected that the pace of technological 
change in this sector continues to be high and leads to new communication channels, 
platforms and applications to meet de ubiquity demand of consumers and which has the 
effect of eroding the media monopoly large media and entertainment corporations once 
had. 

Economic and industrial trends 
T3: Competition among mobile network operators and between mobile and wireless technologies in Europe is 

increasing. As argued in chapter 3, there are several trends that point to an increasing level 
of competitiveness among mobile network operators: the stabilizing number of 

                                                 
99 Evidence of political or governmental support was only found for ad hoc networks with military applications. This support was 
provided by the National Science Foundation and DARPA in the United States; see also paragraph 6.2.  
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subscribers, the increasing number of mobile virtual network operators, the increasing 
consolidation among operators, the declining price for mobile services, increasingly 
demanding customers and more sophisticated demands, and an increasing number of 
network sharing and managed services agreements. These trends are the result of 
increasingly high exit barriers, increasing bargaining power for subscribers and suppliers, 
decreasing entry barriers as a consequence of technological evolution and converging 
markets, the growing threat of substitution by alternative technologies and services (for 
instance Skype, Twitter, and Facebook), and the maturization of the mobile 
telecommunications services industry in general. At the same time, recent investments in 
2G and 3G networks and license fees are putting a heavy cost burden on operators and 
the present performance they supply in terms of mobility, coverage and bandwidth is 
generally better than the performance demanded for by their customers. All these trends 
indicate a growing competition among operators, also in the coming years. 

T4: General mobile and wireless telecom trends. In addition to the increasing consolidation among 
mobile network operators, there is also evidence of increasing consolidation among 
equipment manufacturers (see chapter 3). The mobile industry as a whole is moving from 
technology push situation to a situation into which end users dictate the use and utility of 
products and services. Handset manufacturers are transforming into multimedia 
companies. And partly due to convergence of telephony, television, radio and computer 
technologies, there an increase can be observed in entrepreneurial and venture capitalist 
activities. Finally, whereas the European market has reached a point of saturation, 
markets in Asia and developing countries are growing strongly as a result of a rapidly 
expanding middle class. 

T5: The amount of data traffic in (mobile) telecommunication networks is growing exponentially and 
becoming relatively more important than voice traffic. Also this trend has been clearly visible for a 
number of years. This is evidenced by the exponential business growth for mobile 
network operators in data and the market for voice approaching the point of saturation 
with an already declining ARPU (see also chapter 3). 

T6: Shifting bases of competition. In the past, European operators were state-owned companies 
with a core competence in technology. Economies of scale were important, but they did 
not need to be profitable. They were mainly focused on simple transactions rather than 
on maintaining close relationships with their customers. They saw the market as a source 
for customer acquisition, customer retention was considered irrelevant. However, these 
are the critical success factors today and in the future. Corporate objectives now include 
creating shareholder value through high market shares and market pricing and core 
competences are shifting from the technology domain to the marketing, content and 
services domains. Operators also need to focus on providing quality of service and – due 
to the rise of energy prices – on energy-saving measures.100 

T7: Mobile network operators increasingly compete with networks that make use of license-exempted 
frequency bands. While European mobile network operators have invested billions of Euros 
in infrastructure and spectrum licenses, WLAN operators have not. In spite of their 
superior offering in terms of for instance range, quality of service, and mobility support, 
this means they have a huge cost disadvantage that can only be offset by demanding 

                                                 
100 Energy is a large cost factor for operators. KPN, for instance, accounts for one percent of the national electricity consumption 
in The Netherlands. Source: http://www.kpn.com  
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premium prices for their services, now and in the future. Even if license fees drop, it will 
also be a disadvantage versus ad hoc networks. 

T8: The role of entrepreneurs and venture capital in the ICT sector is becoming increasingly important. 
Although the ICT sector was already known to be highly innovative, it seems as if 
patenting rates, research and development expenditures and venture capital investments 
are still growing. In part this can be explained by the fact that it has become relatively 
simple for entrepreneurs to start a new company, because Internet and various policy 
initiatives have made it easier to attract resources, obtain expert advice, and set up a 
proper infrastructure. On the other hand, many major ICT companies, from both the old 
and new economy, went public in recent years. The effect is that mobile network 
operators and other companies risk greater competition from new entrants that have 
developed incremental, radical or even disruptive innovations, like the startups in the 
area of ad hoc networking discussed in chapter 4. But they are also forced to create value 
through profitable growth by their shareholders, banks and venture capitalists. These are 
challenges additional to those as a result of the changing market circumstances discussed 
in chapter 3. 

Social trends 
T9: Individualization of society, leading to new products and services. One of the effects of the 

advances in information and communication technologies is the increasing 
individualization in at least those areas of society where information and knowledge 
transfer is crucial, for instance in business, education, and gaming. People tend to have 
fewer strong and more loose relationships and with the use of computers and 
smartphones they express themselves more and more through social networks and other 
digital media. These developments, in turn, create demand for new products and services 
support their activities and interests. 

T10: Society is increasingly dependent on information and communication technologies. The adoption level 
of (mobile) telephony and broadband services in Europe is extremely high. Yet, the 
number of ICT applications, products and services is still growing steadily. Books, 
newspapers, maps, train tickets and other paper-based media are increasingly 
complemented with or even replaced by digitized versions. And people are increasingly 
online for work, study, communication, and entertainment and no longer just for basic 
web applications like e-mail and web browsing. In fact, end users are no longer just 
consumers of online content, they are increasingly involved in the creation and 
distribution of new content. But most companies and other organizations, too, are 
increasingly making use of ICT solutions and would soon run out of business if they had 
not. All in all, ICT technologies are inextricably interwoven with society and there is no 
turning back. This will lead to a greater demand for heterogeneous network access, 
intelligent network services, and network capacity. 

T11: People are increasingly mobile. Since the Second World War, it has become much easier and 
affordable for people to travel. Means of transportation have improved greatly and all 
European countries have invested heavily in infrastructure like roads, railroads, ports, 
and airports. As a result, Europeans have been travelling more and more. The ongoing 
globalization and advances in communication and networking technologies, which have 
the effect of removing barriers to mobility, are expected to reinforce this trend in the 
coming years. 



Sander Kerremans  Chapter 6: Developing the scenario building blocks 
 

 155

T12: The number of knowledge workers is growing rapidly. The percentage of the European 
population with a higher education or university background has been growing for many 
years. Together with technological advances in ICT, which have made it easier to share 
information, this has resulted in a growing number of people whose primary source of 
competitive advantage is knowledge. Since they communicate in different ways and are 
always looking for the most productive and efficient way to organize, distribute and use 
this knowledge, adapting to this new reality is one of the key challenges for the 
telecommunications industry. 

T13: Boundaries between work and private life are dissolving. Although there are substantial 
differences across countries and occupational groups, there is a clear trend that the 
traditional boundaries between work and private life are blurring in both time and space. 
It is already common that people use mobile phones and the Internet privately at work, 
but also the ‘nine to five’ mentality is changing. Facilitated by technology, employers 
increasingly support a flexible work practice, which for instance gives employees the 
possibility to telecommute. This trend is expected to continue as new communication 
technologies are changing the way society is organized. 

Technology-related trends 
T14: Performance capabilities of mobile and wireless networks and handheld devices are growing rapidly. As a 

result of continuing advances in processing power, memory, storage, battery, speech 
recognition and display technology, performance and performance capabilities of mobile 
and wireless technologies continue to improve at decreasing cost. Coverage, information 
richness, security, mobility support, quality of service, end-to-end bandwidth, delay and 
spectral efficiency101 have been improving rapidly, enabling operators to provide better 
service to more end users. End users are also increasingly equipped with mobile and 
wireless devices that have become increasingly sophisticated and support more and more 
applications and content. These trends have contributed significantly to the success of 
mobile network operators and continue to do so in the future. However, since other 
types of operators or service providers profit from these developments as well, they 
increasingly run the risk that new products and services emerge that complement or 
substitute their own services. A second potential risk that arises is that of performance 
oversupply. If mobile network operators cannot match the performance they supply with 
the performance demanded by the market, disruption might occur. 

T15: Accelerating technological progress in ad hoc networking. As demonstrated earlier this chapter, the 
number of patents in ad hoc networking is growing rapidly, the scientific community is 
working hard to solve the remaining challenges and hundreds of companies and 
organizations around the world are working toward commercial applications of the 
technology. 

T16: Paradigm shift from point-to-point to any-to-any network connectivity. Except for special purpose 
networks, nearly all other telecommunication networks are in or have made the transition 
from a point-to-point to an any-to-any type of architecture, i.e. from connection-oriented 
to connectionless, from circuit-switched to packet-switched, and from high QoS to best-
effort, rules-based QoS. This change in the way how data is shared across a network, 
however, requires different business models and pricing strategies, particularly if it 

                                                 
101 A measure of the amount of information a radio communication system can transmit over a given frequency bandwidth. 
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enables end users to utilize the infrastructure of their operator to access competing 
services from elsewhere. This continues to represent a challenge for mobile network 
operators, as recent developments in for instance The Netherlands show.102  

T17: Network applications, functions, and intelligence are increasingly distributed or decentralized. In the 
early days of telephony and data communication, virtually all network applications, 
functions and intelligence were centralized. User devices like telephones and data 
terminals often had only one purpose and virtually no processing power and were 
therefore considered ‘dumb terminals’. However, times have changed. As a result of 
advances in electronics and computer technology, these dumb terminals have become 
increasingly smart and can support much more (network) applications and functions. 
The evolution from circuit-switched to packet-switched networks based on IP has 
further made it possible that network intelligence is distributed throughout the network, 
user devices included. Because communication networks are also modular nowadays, i.e. 
all components or interfaces between components are based on industry standards, they 
are becoming increasingly cheaper and robust. 

T18: Increasing heterogeneity of mobile and wireless networks and devices. Networks increasingly support 
a larger variety of user devices, applications, and traffic and they are interconnected with 
a growing number of other networks. Because more and more networking technologies, 
for instance Bluetooth, WLAN, Ethernet, and mobile, are integrated into a single user 
device, and most networking technologies nowadays support IP, there is also increasing 
competition among them. These developments, which are the result of convergence in 
telecommunications, cause operators and service providers to have less and less control 
over what is attached to their networks and which applications and services are used. 

T19: Privacy and security are becoming a major issue for people as technology makes it increasingly easier to 
share and access personal information. One of the major issues that network operators, 
equipment manufacturers, regulators and standards organizations increasingly see 
themselves confronted with is how network security and privacy of end users can be 
guaranteed (and not only against attacks). The main challenge is to find a balance 
between the freedom of information and usage of information versus network neutrality 
and the protection of personal and business data. While end users have their own 
responsibility of which information they share who, this balance is not always maintained 
as several examples have demonstrated.103 

Legal and regulatory trends 
T20: Continued regulatory pressure to protect customers and to stimulate innovation. Transparent and up-

to-date information on tariff plans, prices, and service terms and conditions has been and 
continues to be one of the fundamental pillars of consumer protection in the area of 
telecommunications by the European Union (Commission of the European 
Communities, 2010a). As shown in chapter 3, the effects of some of the measures taken 

                                                 
102 KPN and Vodafone announced to block certain Internet applications, like Skype and Blackberry’s Ping, that are directly 
competing with their own voice and SMS services on their 3G networks unless their customers pay for them for usage. 
103 Headline news in the first half of 2011: an attack on Sony’s PlayStation Network caused the personal data of over 77 million 
users to be leaked; the voicemail service of Vodafone customers in The Netherlands proved to be listened in on with a standard 
code from any other phone; an internal video showed that KPN uses Deep Packet Inspection techniques to see what type of 
applications its customers are using on their mobile phones; a leak in Facebook applications caused third-parties to have access to 
personal information of Facebook members; researchers have discovered that Apple’s iPhone keeps closely track of the owner’s 
location. 
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were that mobile interconnection and termination rates have decreased, additional 
frequency spectrum has been released, number portability was introduced, and quality of 
service has increased. Competition in the mobile and wireless communication industries 
have grown stronger as a result. If this trend continues, the implication is that mobile 
network operators need to cut costs on one hand and to innovate on the other in order 
to survive. They will also need to prepare for competition with alternative wireless 
technologies (e.g. WLAN) or services (e.g. Twitter or Blackberry’s Ping versus SMS). 

T21: Patents and proprietary solutions increasingly determine the outcome of competitive battles. Of the 
several means of appropriation, patenting is only one of the means to protect intellectual 
property (designs, methods, inventions, etcetera). However, it is increasingly used as a 
strategic resource to deliberately deter market entry, frustrate competitors, discourage 
investments, impede standard or product standard development, or to simply earn 
money. These practices not rarely result in lawsuits that are eventually settled for millions 
of Euros. While mobile network operators are generally not very active in patenting, they 
frequently carry the consequences of patenting behavior of suppliers.104 Unless open 
source and open standards gain in popularity, as they have in the smartphone market, 
patents and proprietary solutions will dominate the future mobile business landscape. 

 
These 21 trends represent some of the deeper changes in telecommunications that can be 
observed today. Although they are not exhaustive, together with the driving forces they provide 
a better picture of where the future of mobile networks and of ad hoc networks is heading and 
why. 

6.7 KEY UNCERTAINTIES 
Trends and driving forces imply a certain degree of predictability in the future of mobile network 
operators. However, given the current status of ad hoc networks and the time frame considered 
in this thesis (2011 – 2020), there are also many uncertain and even unknowable aspects of that 
future. The sources of uncertainty are numerous and originate from within the industry itself, the 
emerging ad hoc networking technology, the external environment, but also from the interaction 
between the three. This introduces such a degree of complexity and ambiguity that the research 
question defined in chapter 1 can only be addressed by scenario analysis (see paragraph 5.3). 
Scenarios cannot provide exact answers to that question, but they can help think through the 
challenges by explicitly identifying, acknowledging and evaluate these uncertainties and 
knowledge gaps, and combine them into a handful of alternative directions. These activities 
make up the final step in the scenario construction process and are discussed next. 

6.7.1 Identification of the key uncertainties 
Key uncertainties are closely related to the trends and driving forces presented previously. 
However, whereas the latter two elements remain the same for all scenarios, key uncertainties 
determine the differences between scenarios; after all, different outcomes will eventually lead to 
different futures. So the first question to be answered is: what are the most important key 
uncertainties in the future of mobile network operators? 

                                                 
104 Qualcomm, for instance, owns a substantial number of essential patents for 3G networks, for which other network equipment 
manufacturers (and eventually the operators) had to pay substantial royalties to incorporate them in 3G standards. Similar 
strategic moves are currently being pursued by Apple, Samsung, and other handset makers. 
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Based on a literature study, the interviews, and the analyses in the previous chapters, a 
total of 39 key uncertainties (U1…U39) have been identified in six primary areas of interest; see 
Appendix I for a full overview. The first group of key uncertainties is related to the future of 
wireless and mobile markets and industries in general. As a result of technological change and 
the changing levels and nature of demand, the characteristics of these markets and industries will 
change as well. The dominant business, pricing, and billing models (U1), the dominant market 
structure (U2), the value proposition of mobile network operators (U3), the dominant type of 
service operators (U4), and the main players in the future wireless and mobile 
telecommunications landscape (U5) are some of the key uncertainties in this area. 

The second group of key uncertainties is related to future wireless and mobile 
technologies. The future level of integration in terms of components and systems (U6), and the 
extent of compatibility (U7) and exchangeability or modularity (U8) of software and hardware, 
functionality, and data (e.g. can ad hoc networking capabilities be added to wireless devices) are 
major questions in this area. Especially in telecommunications, where network externalities, 
switching costs, and lock-in effects play a crucial role in demand and supply, competition and 
cooperation, and adoption and standardization processes (see for instance Shapiro and Varian, 
1998), it is highly uncertain how future technologies will look like, how they are connected or 
related to each other, and what impact they will have on the industry. A complicating factor is 
the pace of technological change.105 Other uncertainties are related to how many networks end 
users will have direct access to from his smartphone, computer, or PDA (U9), and the popularity 
of and competition between alternative wireless and mobile technologies (U10). 

The third group of key uncertainties is related to legal and regulatory preconditions. As 
argued in the previous paragraph, the regulatory pressure on the telecommunications industry is 
higher than on most other industries and tends to increase even further towards the future (see 
T20). The question is, however, on which areas regulatory actions and decisions will have the 
greatest impact. Handset bundling along with mobile service offerings, for instance, is currently 
allowed in most European countries as a method employed by operators to stimulate demand, 
but at the same time it may negatively affect competition and innovation.106 Whether operators 
will continue to have permission to bundle, subsidize, or even sell mobile devices along with 
their services is matter of debate (U11). It is also uncertain whether additional ISM bands will be 
released for ad hoc networks, WLANs, and other types of wireless applications (U12), whether 
ad hoc networks can continue to be built around free-for-use ISM bands (U13), how regulators 
will deal with ad hoc networks in terms of competition and licensing (U14), the extent to which 
existing spectrum license holders will be protected against competition from free wireless 
applications (U15), and whether alternative future wireless and mobile voice services will be 
regulated (U16). 

The fourth, and for this thesis arguably the most fundamental group of key uncertainties 
is related to the technical developments in ad hoc networking. For even though some authors 
expect ad hoc networks to become a disruptive technology (see paragraph 1.2), currently nobody 
really knows whether these networks will work in the first place, let alone how they will look like 
                                                 
105 For example, in 2011 KPN was confronted with rapidly declining revenues in SMS traffic because of a free and highly popular 
alternative: WhatsApp Messenger. In nine months time, over 90 percent of its ‘Hi’ customers, which represent about one sixth of 
the company’s total number of mobile customers, downloaded and frequently used this application with their 3G phones. The 
speed of this development forced KPN to review its strategy. 
106 T-Mobile, for instance, made an exclusive deal with Apple to sell and bundle iPhones along with 3G subscriptions in The 
Netherlands and other European countries. The problem with the monopoly situation that arises as a consequence, is that it 
generally does not lead to the lowest possible prices. In addition, in this case it offered the operator the opportunity to block 
several functionalities of this device, such as tethering. 
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and whether they will be suitable for a large scale roll out. These uncertainties touch directly 
upon the central research question as to what impact ad hoc networks will have on the future of 
mobile network operators. Most uncertainties and challenges for the future have been discussed 
in detail in chapter 4 and are, among others, related to the degree of integration (or 
interconnectedness) with other types of networks (U17), the degree of fragmentation of ad hoc 
networks (U18), the evolution path of performance, capabilities, and characteristics (U19), the 
feasibility of the mobile ad hoc networking concept (U20), patenting and standardization (U21), 
and to security, trust, authentication, and payment schemes (U22). 

The fifth group of key uncertainties is related to the commercialization phase of ad hoc 
networks. Assuming that the technology is ready and can be translated into new products, a new 
challenge arises: creating and developing market demand. Ad hoc networks are a typical example 
of an invention that will be pushed onto the market. This means that products that initially 
appear on the market will be based on no more than a guess about the (latent) needs of potential 
consumers. And producers will probably not understand the full potential of the new 
technology, at least not right from the beginning. So as companies enter the emerging market, 
they introduce a great variety of solutions in search for a way to create and deliver a product that 
will best satisfy perceived customer needs and preferences. Eventually, a dominant design 
emerges that comes to define the market, the industry, and the basis of competition. 

The outcome of this complex and nonlinear process, however, which was outlined in 
paragraph 2.2, is highly unpredictable and to some extent even unknowable. That is certainly the 
case for the dominant design (U23), the killer application for mobile ad hoc networks (U24), and 
the (type of) company that is successful in taking this application to the market (U25). But also 
the potential market size and the adoption rate (U26) are difficult to assess at this point, because 
also the customer needs (U27), the technology’s critical success factors (U28), dominant type of 
end users (U29) are highly uncertain. For these reasons it is also difficult to determine whether 
ad hoc networks will complement or substitute mobile networks (U30) and thus whether they 
represent a threat or opportunity to mobile network operators (U31). On the other hand, 
companies that wish to commercialize ad hoc networking technologies still need to establish the 
optimal configuration of value chain activities for delivering them (U32), the complementary 
skills and assets needed to develop, sell and manage such applications (U33), and the best 
business, pricing, and billing models for these applications (U34). A final key uncertainty in this 
category is whether equipment suppliers are able to bypass the mobile network operators’ value 
network by incorporating ad hoc networking technologies in their systems and devices in order 
to enable end users to build and use ad hoc networks themselves (U35). Adding Bluetooth 
functionality to mobile phones was not much of an issue to operators, because of its 
complementary character to mobile services. But what if they want to add an ad hoc networking 
type of functionality? 

The sixth and final group of key uncertainties determines the degree of disruptiveness of 
ad hoc networks. While inextricably linked to some of the ones previously discussed – U7, U19 
and U20 in particular (which for this reason are printed in red in the appendix) – together these 
elements indisputably determine the likelihood ad hoc networks to have a disruptive effect on 
mobile network operators; see paragraphs 2.3 and 5.1 for the theoretical underpinnings. This 
likelihood depends on the value network in which ad hoc networks will be deployed (U36), the 
performance supplied of mobile and ad hoc networks compared to the performance demanded 
by the market (U37), on whether ad hoc networks will eventually be able to meet the needs of 
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mobile subscribers and invade the core markets of mobile telephony and mobile broadband 
(U38), and on the response of mobile network operators to this emerging technology (U39). 

6.7.2 Selection of the scenario dimensions 
The large number of key uncertainties confirms the complexity involved in exploring the impact 
of ad hoc networking technologies on the future of mobile network operators over a period of 
ten years. Taking into account the fast changing business environment and the high rate of 
technological change, there is simply not enough information to produce a detailed and reliable 
sketch of what will happen. At the same time, an exploration of every possible future is not 
feasible either. That would not only consume too much time and resources, it would also be a 
futile exercise given the probability that any one future materializes approaches zero. 

Fortunately, the degree of complexity can be reduced by taking a closer look at the 
predictability of each key uncertainty and their impact on the future of the operators, at the range 
of possible outcomes of each uncertainty, and at possible interdependencies between 
uncertainties. As outlined in chapter 5, scenarios are generally based on no more than a few key 
uncertainties.107 Often, two of the most relevant uncertainties are chosen to form a two-
dimensional scenario framework in which four different scenarios are distinguished. This 
simplification is necessary – people will not remember and make use of scenarios if there are too 
many of them – but it is not an exact science and their effectiveness cannot be tested. The 
challenge is to find the two key uncertainties that lead to meaningful and illustrative scenarios 
that – with the knowledge gathered so far – maximize the spread of plausible futures for which 
mobile network operators can prepare for. 

In order to decide which two key uncertainties the scenarios should be based upon, as a 
first step the relative impact of each key uncertainty on the future of mobile network operators 
and its relative predictability have been assessed. The impact has been estimated on a scale from 
zero (○○○○○; low impact) to five (●●●●●; high impact); similarly, the predictability scores has 
been estimated on a scale from zero (○○○○○; low predictability) to five (●●●●●; high 
predictability). The results, which can be also found in Appendix I, are visualized in the 
impact/predictability matrix of Figure 34. 

 
 

                                                 
107 This does not mean that the other uncertainties are automatically discarded after their identification. They have been made 
explicit in the scenario construction process and will be taken into consideration of each scenario. 
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Figure 34. Prioritization of the key uncertainties 

As indicated by the red zone, key uncertainties that matter most are those with the greatest 
impact and the lowest probability of occurrence. Potential scenario dimensions here are U19, 
U23, U24, U36, and U37. However, due to the relative subjectivity of the classification process – 
no key players or experts were involved in the brainstorming session – it cannot be ruled out that 
other uncertainties with a slightly smaller estimated impact (U26), a slightly higher estimated 
predictability (U6, U12, U14, U20, U31, and U38), or both (U8, U15, U18, U34, and U35) are 
really less relevant. So they are included as well as candidate scenario dimensions. 

In order to exclude uncertainties in the selection process that are actually unknowns, also 
the range of possible outcomes have been assessed for most uncertainties. This range is what 
Schoemaker and Mavaddat (2000) call a ‘subjective confidence range’ and can be assessed 
because the eventual outcomes are the result of slow-changing phenomenons (e.g. 
demographics), constraints (ad hoc networks will either be compatible or incompatible with 
other wireless networks), trends, or even driving forces, of which the outcome direction and 
range (not the outcome itself) are fairly restricted.108 

The results are summarized in Appendix I. Based on the information currently available, 
eight out of the 39 key uncertainties should be treated as unknowns. All are related to ad hoc 
networking applications: performance and capabilities (U19), security and trust management 
mechanisms (U22), the dominant design (U23), the killer application (U24), the potential market 
size (U26), critical success factors (U28), value chain configuration (U32), necessary 
complementary assets and skills (U33), and business and billing models (U34). Five of these – 
U19, U23, U24, U26, and U34 – were previously indicated as potential scenario dimensions but 
are now rejected, leaving the following 12 key uncertainties as potential scenario dimensions:109 

                                                 
108 Nonetheless, other outcomes cannot be ruled out. 
109 Uncertainties with a direct impact on the degree of disruptiveness of ad hoc networks on mobile network operators are 
indicated in red. 
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U6:  To what extent will the various popular types of networks be integrated with one another? 
U8:  What will be the degree of modularity of wireless and mobile devices? How easy is it to add new 

(networking) functionality? 
U12:  To what extent will additional ISM bands be allocated for the purpose of ad hoc networks and other 

types of wireless applications? 
U14:  How will regulators deal with ad hoc networks in terms of frequency licenses and competition? 
U15:  To what extent will politicians and regulators protect the position of 2G, 3G, and 4G license holders at 

the expense of suppliers of other wireless or mobile technologies? 
U18:  What is the degree of fragmentation of ad hoc networks? Will there be one huge network of ad hoc 

networks, or will there be a huge number of small and independent ad hoc networks? 
U20:  Will mobile ad hoc networks be technically feasible in the original concept, i.e. will they be able to provide 

similar mobile services as mobile networks do? 
U31:  Will emerging ad hoc networking technologies represent a threat or an opportunity to mobile network 

operators? 
U35:  Will equipment suppliers be able to bypass the mobile network operators’ value network by incorporating 

ad hoc networking technologies in their systems in order to enable end users create networks themselves? 
U36:  In which value network will ad hoc networks be deployed? 
U37:  How will the performance supplied by mobile networks and ad hoc networks be compared to the 

performance demanded by the market? 
U38:  Will ad hoc networks ultimately meet the needs of mobile subscribers and invade the core markets of 

mobile network operators, or will they only be able to serve niche markets? 
 
The range of possible outcomes of the other 31 key uncertainties does not seem to be unlimited 
and this information will be taken into consideration for each scenario. 

To further reduce the number of potential scenario dimensions, possible 
interdependencies or correlations between them have been identified and summarized in Table 
12. Correlations are indicated as either existent (X; positive or negative) or insignificant (0). U6 
and U18, for example, are not likely to be correlated as the degree of integration (or 
interconnectedness) between various types of wireless or mobile networks is independent from 
the degree of fragmentation within one type of (here: ad hoc) network. U20 and U31, on the 
other hand, are strongly correlated, because if mobile ad hoc networks become a successful 
technology, it is probable that they are considered to be either a threat or opportunity by 
operators. In a similar way, all other 64 combinations have been assessed based on the 
information currently available.110 

 

                                                 
110 Unfortunately, though characteristic of scenario analysis, subjectivity cannot be avoided here. The complexity and the overall 
level of uncertainty are too great for a more objective, scientific approach to produce more reliable results; see also chapter 5. 
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Table 12. Correlation matrix of potential scenario dimensions 

 U6 U8 U12 U14 U15 U18 U20 U31 U35 U36 U37 U38 

U6 1 0 0 0 0 0 X X 0 0 0 0 
U8  1 0 0 0 0 0 X X X 0 0 

U12   1 X X X 0 X 0 0 X 0 
U14    1 X X 0 X 0 X 0 0 
U15     1 X 0 X X X 0 0 
U18      1 X X 0 0 X X 
U20       1 X X X X X 
U31        1 X X X X 
U35         1 X 0 0 
U36          1 0 0 
U37           1 X 
U38            1 

 
 
As discussed earlier, one of the objectives of the scenario construction process is to identify the 
two most significant and relevant scenario dimensions, i.e. those that have – possibly together 
with a few other key uncertainties – the greatest impact on the overall level of uncertainty. For 
maximum effectiveness, these two dimensions should be orthogonal to each other (Van der 
Heijden, 2005), i.e. changes in one dimension should not affect the other dimension. Based on 
this criterion, each combination of two dimensions that are possibly correlated is excluded. As 
U31 essentially reflects this thesis’ research problem, it is automatically dependent on the 
outcomes of all other key uncertainties and therefore excluded as a whole. 

At this point, the number of possible combinations of scenario dimensions has been 
reduced from 741 (with 39 key uncertainties) to 33 (with 11 key uncertainties). No other 
methods are available to reduce this number any further, so the two scenario dimensions are 
manually picked from the 11 remaining uncertainties based on the following four criteria: the 
impact on the future outcome is relatively high, at least one dimension embodies elements of 
Christensen’s theory of disruptive innovation, the scoping outcomes must be representative for 
their uncertainty range within each dimension, and there is no correlation between the two 
dimensions. 

A useful starting point here is to assume that mobile ad hoc networks will provide similar 
services as mobile networks (U20) within the next decade. If this would not be the case, mobile 
network operators will have nothing to fear from this new technology. So from the disruptive 
innovation perspective taken in this thesis, it is not a very meaningful dimension and is therefore 
dismissed. A consequence of this assumption, and of the analyses in previous chapters, is that ad 
hoc networks are a potentially disruptive technology, meaning that at least one of the scenarios 
should describe a disruptive outcome. The question is: which of the remaining uncertainties has 
the highest impact on their degree of disruptiveness: U36, U37, or U38?  

The theory of disruption (see chapter 2) states there are various mechanisms at work in 
the process of disruption. The performance supplied by the established technology and by the 
emerging technology versus the performance demanded by the market is one element. Another 
element is the capability of the emerging technology to become good enough eventually to 
attract mainstream customers away from the established market. However, in the end the 
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greatest determinant of the degree of disruptiveness is the value network that potential 
disruptors choose to enter with their emerging technology. Their chances for success against 
established companies are greatest when they choose to operate in a freestanding value network. 
If they choose to enter the established value network, however, they are likely to become co-
opted (Christensen et al., 2004). Hence, given the potential impact of this factor on the future of 
mobile network operators, the value network in which ad hoc networks are deployed (U36) is chosen as 
the first scenario dimension and varies in scope from inside the mobile value network to a 
freestanding value network. 

Of the remaining uncertainties, the degree of integration with other types of networks 
(U6) and the degree of (internal) network fragmentation (U18) probably have the greatest impact 
on the future outcome because of the presence of network effects. As the value of 
telecommunication networks to a user increases proportionally to the total number of users, ad 
hoc networks are particularly valued well when the level of fragmentation of the network is 
minimal or when the integration with external networks such as the Internet is high. Only in 
those cases ad hoc networks could be a potentially competitive technology to mobile networks in 
terms to the metrics of performance identified in paragraph 6.1. That does not mean, however, 
that if the degree of fragmentation is high, the technology is necessarily less valuable; also 
Bluetooth has coverage limitations, but it still has undeniably proven its value to millions of 
users. It merely means that ad hoc networks will then address different kinds of needs. 

U6 and U8 have different causes, however. The degree of integration with other 
networks is currently unpredictable, because of the willingness and capacity of the gateway nodes 
to act as intermediary between the other nodes in the ad hoc network and, say, the Internet. 
Whereas the promise of ad hoc networking is free connectivity for all, connectivity to the 
Internet and mobile networks currently is not. The question is whether that will change in the 
future. If not, the question is to which extent gateway nodes will be prepared to pay for Internet 
or mobile network connectivity, not only for itself, but also to provide that connectivity to other 
nodes that are part of the same ad hoc network as itself. In addition, the limited throughput 
capacity of the gateway node makes it that there is a maximum to the number of ad hoc 
networking nodes it can serve. The degree of (internal) network fragmentation, on the other 
hand, depends on the technical possibilities of ad hoc networks and spectrum availability. 

Nonetheless, both uncertainties contribute to the number of other nodes a user can 
connect to, and therefore to the value of the ad hoc network to that user. Hence, both will have 
a great impact on the commercial success of ad hoc networking applications. Including only one 
of the two as a scenario dimension is therefore not preferable. On the other hand, three scenario 
dimensions would lead to nine scenarios, which is too much for communication and decision-
making purposes. So the best approach would be to merge them into a single scenario dimension 
to capture the impact and probability of both uncertainties. The scenario dimension proposed 
here is network density and is defined as the proportion of connections between nodes relative to 
the total possible number of connections between nodes, both within an ad hoc network and 
with nodes on other types of networks.111 The scope of this dimension then varies from low 
(highly fragmented, no gateway nodes) to high (low degree of network fragment and/or a many 
gateway nodes). 

                                                 
111 This definition differs from the more common definition of network density in wireless telecommunications, namely the 
number of network nodes per unit area. 
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6.8 SUMMARY: THE SCENARIO LOGICS 
Following the scenario approach presented in paragraph 5.3, this chapter described the boundary 
conditions and the building blocks for the scenarios for the future of mobile network operators. 
The boundary conditions comprise the starting point (t = 0), scope, and time frame for the 
scenarios and identify the key actors that play a role in the scenarios. 

The starting point was largely defined in chapters 3 and 4 and has been complemented in 
this chapter by an exploration of the evolution, present status and performance of European 
mobile networks and the current state of research and development on ad hoc networks. The 
conclusion of this exploration is that, although mobile network operators are already vulnerable 
of disruption, they will not be threatened by ad hoc networking technologies earlier than the year 
2020 because the main focus is still on research and not on development. Therefore, the time 
frame adopted for the scenarios is set to the period 2011 – 2020. 

The scope of the scenarios is limited to a set of descriptions of the possible impact of 
mobile ad hoc networking applications on the future of European mobile network operators. 
Other important developments external to both the industry and the technology that may have 
an impact on the future of operators will be left out of the analysis. 

Finally, ten key actors have been identified that are considered to have both the highest 
stakes in the future outcome and the greatest power to influence that outcome: end users, mobile 
network operators, and the (entrant) firms that will start exploiting ad hoc networking 
technologies. Research institutes, political institutions, regulators, and universities are context 
setters but have no direct stakes in the future outcome. MVNOs, content providers and 
equipment manufacturers, on the other hand, have less influence on that outcome but for them 
there is a lot at stake. 

The scenario building blocks comprise 9 driving forces, 21 trends, and 39 key 
uncertainties. Together they determine the scenarios’ storyline. Whereas the driving forces and 
trends – which convey some of the deeper changes in telecommunications that can be observed 
today – are the same for all scenarios, the scenarios will differ in terms of the key uncertainties. 
For communication and decision making purposes, the number of scenarios in this thesis will be 
reduced to four, which is normal in scenario analysis. These four scenarios vary along two 
scenario dimensions established in the previous paragraph: network density and positioning of ad hoc 
networks. The resulting scenario framework is shown in Figure 35. 
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Figure 35. Scenario framework for the future of mobile network operators 

The four scenarios – titled Little Creeks, The Great Lakes, Blue Oceans, and Red Oceans – are 
presented in the next chapter, followed by a discussion of the implications of each scenario for 
mobile network operators. 
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7 Scenarios and their strategic implications for mobile 
network operators 

 
 
 

In the future, instead of striving to be right at a high cost, it will be more appropriate to be flexible and 
plural at a lower cost. If you cannot accurately predict the future, then you must flexibly be prepared to deal 
with various possible futures. 

 
Edward the Bono 

In: Serious Creativity, 1992 
 
 
About as much of what is happening today that could not have been foreseen a decade ago, 
cannot be foreseen a decade from today. Various trends and driving forces give some rough 
ideas about where the mobile services industry may be in 2020. However, predictions are only as 
good as the models and input data on which they are based, while the previous chapter has just 
shown that the number and magnitude of the uncertainties uncovered are too high for making 
accurate forecasts of the future of mobile network operators. That is why this thesis has 
proposed a scenario-based approach, as it is better suited for dealing with complex and 
ambiguous foresight problems, particularly when paradigmatic or nonlinear change is involved. 
By explicitly taking into account the degree of uncertainty and drawing several plausible images 
of the future, it significantly reduces the risk and cost of failure that would have been involved if 
conventional planning methods were used. 

Based on the analyses and theoretical frameworks presented in the first five chapters, the 
scenario building blocks were created in previous chapter. In this chapter, everything comes 
together. It aims to address sub-question 2a defined in paragraph 1.4, What future scenarios for the 
emergence of ad hoc networks can be identified and what are their implications for mobile network operators?, by 
presenting the four scenarios, discussing their implications for mobile network operators, and 
suggesting some strategies for anticipating in which direction the future is moving. During a 
brainstorm session four descriptive names emerged – Little Creeks, The Great Lakes, Blue Oceans, 
and Red Oceans – that intuitively capture the essence of each scenario. 

Scenario A is titled Little Creeks and describes a future in which ad hoc networks form a 
natural extension of mobile broadband networks in environments where either coverage or 
network bandwidth is insufficient. Not all mobile devices are part of an ad hoc network and the 
number of nodes in an ad hoc network is usually small. But as the technology has been adopted 
and co-opted by mobile network operators, they are an important means of providing high 
quality service and, therefore, of generating a steady stream of revenues. The scenario title 
metaphorically refers to small, yet important structures in the global ecosystem. Creeks are not 
only natural sources of water that feed rivers, lakes, and seas, they also act as corridors for fish 
and other wildlife between remote habitats. In the future mobile telecommunications 
environment, ad hoc networks fulfil a role similar to creeks in the natural environment. Both 
environments are also relatively calm and the number of species (devices or technologies) they 
harbour is small. 
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Scenario B is titled The Great Lakes and named after the cluster of five large and 
thousands of smaller freshwater lakes on the border between Canada and the United States. 
While some of these lakes are interconnected by rivers, they should be considered as separate 
basins, each surrounded and protected by land. This scenery is illustrative for a future in which 
mobile networks have evolved along a sustaining trajectory of performance improvement. Due 
to technical limitations, only a few applications have ad hoc networking capabilities. However, as 
they have been deployed in niche markets, they have had no impact on the mobile market. 
Hence, the mobile services industry looks not much different from 2011. 

Scenario C is titled Blue Oceans and represents a world full of opportunities, not only for 
network operators, equipment manufacturers and other companies, but also for all users of 
communication devices. Like all the billions of organisms that populate the world’s oceans – 
which together form a huge, interconnected body of salt water that covers over 70 percent of the 
earth’s surface – all future wireless communication devices are now part of a single, globally 
interconnected network of networks and can move relatively freely and autonomously from one 
part to another. In this global ‘super-Internet’, ad hoc networks act as a glue between other types 
of networks. Depending on the needs of the end user, ad hoc and other types of wireless 
networks may be used as complements or substitutes of mobile networks. Mobile network 
operators still fulfil an important role in this huge market, but their bargaining power over their 
customers and suppliers has weakened. 

Scenario D, on the contrary, is titled Red Oceans. Whereas Blue Oceans envisions a dynamic, 
competitive environment that merely changes the nature of the relationship between mobile 
network operators and their customers, Red Oceans envisions a turbulent environment in which 
mobile network operators are rapidly losing their dominant position in wireless 
telecommunications. These incumbents are being disrupted by wireless applications built on ad 
hoc networking technologies that have become tremendously popular in a relatively short period 
of time. The new technology drives the costs of wireless communication to nearly zero, which 
lures customers away from the mobile value network. As operators find themselves unable to 
respond adequately, some companies are closing their doors and thousands of workers around 
Europe are losing their job. 

To stir the imagination (and prove the saying that a picture is worth a thousand words), 
their essence is also illustrated by the images shown in Figure 36. All four scenarios are 
elaborated in the following paragraphs. After each scenario, the implications for European 
mobile network operators are discussed to uncover the opportunities and threat in each scenario. 
In addition, a number of early warning signs is identified that help operators to detect and 
recognize weak signals in the external environment that influence the likelihood of each scenario. 
In the long run, it can be expected that one or two scenarios turn out to be more probable than 
the others, and the sooner operators anticipate the challenges ahead, the better. Without going 
into detail into the strategies and business models of individual operators, the fifth paragraph 
suggests a number of strategies for dealing with an uncertainty-based future in the traditional 
strategic planning cycle. This chapter concludes with a summary. 
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Ad hoc networks positioned inside the mobile value network Ad hoc networks positioned outside the mobile value network
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Figure 36. Four scenarios on the future of mobile network operators in 2020 

 

7.1 SCENARIO A IN 2020: LITTLE CREEKS 
Over the past three decades, mobile technologies have been on an evolutionary, sustaining 
trajectory of performance improvement. In addition to new features, each new technology wave, 
from GSM to LTE, offered better coverage, higher bandwidth, greater system capacity, 
improved mobility support, a higher degree of security, or improved quality of service with 
respect to the previous wave. These performance characteristics have always been valued most 
by end users of voice and messaging services, and of mobile broadband services, and they still 
define the boundaries of the respective mobile value networks. 

Although in 2011 there were indications that mobile network operators could be 
disrupted as their networks offered better performance than the performance that was actually 
needed by their average customers, they continued to stay atop their industries. Ad hoc networks 
did not turn out to be the disruptive technology some industry experts at the beginning of this 
century predicted it would be that would lead to the demise of the mobile services industry. Over 
the course of the years, scientists discovered several technical limitations in terms of network 
size, effective throughput, routing reliability, security, payment schemes, coverage, and energy 
consumption, as a result of which the concept of mobile ad hoc networks as an alternative, 
infrastructureless, self-organizing means of wireless communication has not become a massive 
success in the consumer market. Several applications have appeared in niche markets, but as they 
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support only a limited number of wireless nodes to be connected simultaneously, they do not 
pose a threat to the mobile services market. 

In the meantime, the European mobile services industry has moved pretty much along 
the trends identified in 2011. Fierce competition, a saturated market consisting of about 400 
million subscribers, and continued regulatory pressure forced operators to a series of steps to cut 
costs and benefit from scale economies in order to remain profitable. First, a wave of mergers 
and acquisitions reduced the number of operators in Europe from 99 in 2008 to less than 65 
today. Together with the creation of a single European market for mobile broadband as a result 
of a series of regulatory interventions by the European Commission, it enabled operators to 
expand both their scale and their geographic focus. Second, traditional 2G voice and messaging 
services were abandoned by most operators, due to the rapidly shrinking demand, low network 
capacity, and high operating and maintenance costs. 

Also on the technology side measures had to be taken to make operators more 
competitive and robust for the future. The ever-growing demand for bandwidth, the high fixed 
cost pressure of the 3G and 4G networks, and the limited frequency spectrum capacity triggered 
operators to look for alternative manners for organizing their networks. A common approach 
for meeting the demand for bandwidth was to decrease cell size and increase the number of cells 
to enable better spatial spectral reuse. The disadvantage of this approach, however, is that the 
additional towers and transmission equipment required are expensive and inflexible while returns 
on investment are low. Therefore, operators had to look for alternatives. A solution was found 
that involved ad hoc networking technology, in a way that harnesses the benefits and mitigates 
the shortcomings of both types of networks. 

To extend the network capacity and connectivity range, particularly indoors, of single-
hop 4G networks, two new types of nodes have been introduced in 4G standards that act as 
multi-hop extensions of mobile base stations: fixed relaying nodes and wireless relaying nodes. 
Fixed nodes, of which so-called femtocells are an example of, are small, have simple and 
inexpensive transceivers and are currently installed in thousands of homes and businesses around 
Europe to backhaul mobile traffic to an operator’s network through fixed broadband 
connections.112 These devices are produced by several large equipment manufacturers, and are 
sold in any electronics store. 

Wireless relaying nodes, on the other hand, are ordinary mobile devices such as 
smartphones, tablet computers, and PDAs, which are equipped with an ad hoc networking 
module. The difference with legacy devices is that they serve as a relay for traffic of other mobile 
devices to and from the mobile network’s base station or a fixed node in a way that is fully 
transparent to the device’s owner. While both types of nodes offer interconnections to virtually 
any other type of network, the ad hoc network of which they are part of is usually quite small 
with a maximum so-called hop count of three to four between a mobile base station and a 
subscriber. Instead of using the free ISM radio frequency bands, for reasons of security, capacity, 
network control, and quality of service, these nodes communicate with each other over standard 
mobile frequencies instead. 

The advantage of having millions of these devices be actively part of mobile networks 
today is that they contribute significantly to the networks’ performance, flexibility and scalability. 
While operators do need to provide incentives to stimulate their customers to relay traffic and 
compensate them for the additional resources (energy, bandwidth) used, they no longer have to 

                                                 
112 Strictly speaking, these nodes form a so-called mesh network rather than an ad hoc network. 
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incur huge costs for deploying additional mobile base stations. In addition, on a macro level the 
energy consumption of nodes and base stations for broadband communication decreases while 
the overall system capacity increases. So for some of the issues the mobile services industry had 
been facing for years, ad hoc networks have proven to be a significant opportunity rather than a 
threat. As they have been deployed inside the mobile broadband value network, it was easy for 
operators to provide mobile broadband services based on two complementary systems. For the 
rest, it is business as usual. Mobile virtual network operators and content providers still play an 
important role in the mobile landscape, while regulators continue to monitor the developments 
in the mobile services industry. 

7.1.1 Strategic implications for mobile network operators 
In this scenario, ad hoc networks represent a clear opportunity for mobile network operators. 
While the technology has proven not to provide sufficient performance for autonomous, 
wireless peer-to-peer networks, in a time of great competition, high cost pressure, and an 
exponentially growing demand for capacity and network coverage, it may just be the solution 
operators need to stay in business. Their limitations will prove to be a benefit for operators: they 
are small, support up to about three hops, act like a Bluetooth network but with a wider range, 
and the relaying nodes are controlled by the mobile base station, i.e. they do not automatically 
allow free communication among nodes. Operators can still bill sending nodes for network 
usage, although they should compensate owners of relaying nodes for the usage of their 
resources. 

Ad hoc networks allow operators to minimize backhaul traffic and to improve and 
extend the coverage of the mobile network to indoor and suburban areas without having to 
modify their core infrastructure. An additional benefit of ad hoc networks is their scalability; 
temporarily expanding the network does not require human intervention nor time and resources 
to deploy additional hardware such as antennas, cabling, and network equipment. Subscribers 
should not notice whether they are directly connected to a mobile base station or indirectly 
through another mobile device. In addition, no switching costs are involved for both incumbents 
and their customers; they are compatible with mobile networks and as long as handsets have ad 
hoc networking capabilities that are integrated with existing mobile networking capabilities, they 
can readily be utilized and benefit from the existing, strong network effects of mobile networks. 

Like WLAN is today, ad hoc networks will be a sustaining, complementary technology 
that neatly fits into existing business models, because it improves the performance of mobile 
networks along dimensions of performance that mainstream customers in the mobile services 
market value, such as coverage, bandwidth, security, quality of service, and mobility support. In 
other words, they are deployed inside the mobile value network. Therefore, it will be relatively 
easy for operators to co-opt and adopt them. However, they will need to work closely together 
with handset and equipment manufacturers, regulators, and other stakeholders to standardize 
and integrate ad hoc networking functionality into existing and future mobile equipment. 

7.1.2 Early warning signs 
For operators it will be important to know which of the four scenarios is closest to the course of 
history as it actually unfolds in order to prepare themselves in a timely manner in terms of 
strategy, decisions, resources, (cost) structure, and culture. And the sooner the better. To 
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understand whether the future is heading towards a Little Creeks scenario, operators should 
beware for the following few early warning signs: 
 

 Researchers do not manage to solve some of the challenges with ad hoc networks 
identified in chapter 4. In particular, routing efficiency, bandwidth and quality of service 
for networks larger than a few dozen nodes remain an issue. 

 The focus of the scientific literature on ad hoc networks is shifting towards applications 
of ad hoc networks in mobile networks. There are already indications for this (see e.g. 
Doppler et al., 2009; Li et al., 2008b). 

 The number of research studies by the mobile industry itself that explore the integration 
of 4G mobile networks with other wired and wireless networks is increasing. 

 Handset and equipment manufacturers increase their patenting activities in ad hoc 
networking technologies or are becoming involved in standardization with regard to ad 
hoc networks. 

 Handset and equipment manufacturers are working closely together with chip 
manufacturers in the area of ad hoc networking. 

 The number of startups that try to exploit ad hoc networking technologies in alternative 
application domains remains small and stable. 

 The mobile services industry is consolidating, and companies are looking for alternative, 
cheaper ways to meet the increasing demand for mobile broadband and better coverage. 

7.2 SCENARIO B IN 2020: THE GREAT LAKES 
After decades of research and development, ad hoc networks have finally added a new 
dimension to wireless networking. It is a revolutionary technology that allows for wireless 
communication between up to a few thousand devices in a free and simple manner and without 
the need of a fixed infrastructure. As the only wireless technology supporting multi-hop 
communication, it allows users to communicate even if they are beyond each other’s direct reach. 

Although ad hoc networks have not become the wireless peer-to-peer technology that 
promised free, all-wireless mobile networks – or even an all-wireless Internet for that matter, 
they did enable the development of several applications for which new markets have successfully 
been created. Today, for instance, virtually all new cars are standard equipped with 
communication modules for sharing information on local road and weather conditions between 
vehicles, thereby improving safety and the flow of traffic. Ad hoc networking technologies are 
also increasingly found in vehicles and equipment for the public safety market, where emergency 
situations may require a rapid configuration and deployment of a communication infrastructure. 
Farmers have a range of devices at their disposal to monitor the location and health of their 
cattle. But even household equipment, including refrigerators, game computers, lights, coffee 
machines, and dishwashers, nowadays have communication modules onboard through which the 
owner can keep track of and control them. 

While some applications have been developed by startup companies affiliated with 
universities or research institutes, others have been developed by large companies that were 
frequently active outside the telecommunications industry, such as ABB, BMW, Bosch, IBM, 
Intel, and Microsoft. The demand for these types of applications is still small, but their markets 
have been showing double-digit growth for the past three years. Market research firms like 
Gartner and Datamonitor expect this trend to continue into the near future. 
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In Europe alone and for many types of applications, thousands of ad hoc networks are 
created, maintained, or torn down at any moment in time. Some consist of only a few wireless 
nodes, others even of hundreds of nodes. Because they all make use of standard ISM frequency 
bands, these markets are completely deregulated. As the main purpose of most ad hoc networks 
is not to provide connectivity with other types of networks, they have few gateway nodes and 
therefore operate in relative isolation. So the level of fragmentation is high and hence the analogy 
to The Great Lakes. 

The advantage of these types of applications is that they now enable the end user to 
share and access certain types of information in a way that was previously not possible. They are 
also constantly aware of the changing geographical and technical environment. Because 
communication in ad hoc networks is energy efficient for the participating nodes, it can even be 
done by low power devices. Another benefit to the end user is that the complexity of the 
technology is hidden from him, which enables him to focus on the tasks he wishes to 
accomplish. Although their performance is improving, users still experience some issues that 
they would like to be solved, such as security. This is one of the reasons why ad hoc networks 
are bound to specific applications or appliances of individual manufacturers. 

Since these new applications have been deployed in freestanding value networks, they 
cannot be co-opted by mobile network operators; their cost structure and business models do 
not match with those required to be successful in the type and size of these markets. Yet, the 
disruptive potential of these applications to fundamentally change the mobile services market is 
minimal. They provide functionalities and performance much different from those valued by the 
average mobile subscriber and their technical limitations are such that they will never attract 
mainstream customers from the mobile market – the power of Metcalfe’s law cannot be 
overstated. Therefore, even though ad hoc networks seem to be a promising technology with 
many new and interesting applications, their effect on the market position and profitability of 
mobile network operators is negligible. 

7.2.1 Strategic implications for mobile network operators 
Unlike the other scenarios, in this scenario the emergence of ad hoc networking technologies will 
hardly have any impact on the future of mobile network operators. While the applicability and 
feasibility of these technologies has been proven by the emergence of new applications in several 
other industries, they do not pose a real threat and provide no real opportunities to the mobile 
services industry. There is a possibility that at some point handset manufacturers complement 
their products with this new technology even though it is not expected to be used by subscribers 
as a replacement of mobile connectivity because of its limitations. In case that happens, 
operators may contemplate forcing handset suppliers to disable this functionality as some 
European operators initially did with the tethering functionality of Apple’s iPhone. However, the 
question is what they would gain with such intervention. In addition, they would need significant 
buyer power to achieve that, while it is uncertain at this point whether they succeed in retaining 
their dominant position in the mobile value chain until 2020. Hence, to mobile network 
operators this scenario is business as usual. 

7.2.2 Early warning signs 
To understand whether the future is heading toward The Great Lakes scenario, operators should 
scan the environment for the following few early warning signs: 
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 Researchers succeed in solving most of the issues identified in chapter 4, yet do not 

manage to optimize some of the performance parameters valued by mobile subscribers, 
such as reliability, network stability and quality of service. 

 Ad hoc networks seem to become too complex for the average mobile subscriber to 
comprehend and operate. There may also be a lack of trust in both the technology and in 
other participating nodes. 

 The focus of the scientific literature on ad hoc networks is shifting toward various 
application areas except mobile networks. 

 The intensity and number of attempts by the mobile services industry to integrate ad hoc 
networks in overarching mobile standards is rapidly decreasing. 

 Both the market and the number of competing startups and established companies in 
other ad hoc networking application areas are rapidly growing. 

 Ad hoc networks are deployed in freestanding value networks with performance and 
functionality expectations much different from mobile value networks. 

7.3 SCENARIO C IN 2020: BLUE OCEANS 
Rapid technological progress and convergence of voice, multimedia and data, and of wired and 
wireless communication platforms have fundamentally changed the way people communicate 
and share information. More than ever before, today’s communication environment is 
characterized as a user-centric (as opposed to network or technology-centric) network of 
networks or system of systems. It integrates various mobile and wireless access technologies with 
wired backbone infrastructures to provide flexible, seamless, continuous, and ubiquitous network 
connectivity to any user and any device, anytime, anywhere, and anyhow at historically low costs. 

Although often referred to 4G, this heterogeneous environment is most definitely not an 
evolved version of 2G and 3G mobile networks. While it does provide higher data rates, 
improved coverage, lower latency and hand-over times, greater capacity, better quality of service, 
better security, and is much more user-friendly, it no longer binds the end user to islands of 
individual networks for connectivity. On the contrary, end users now fully control to which 
network their handheld devices connect. Often, these devices are so intelligent and energy-
efficient, that they can be connected directly to several networks and other devices at the same 
time, which allows them to connect to virtually any other device in the world. Depending on 
their needs, end users can easily and instantaneously switch from one network to another and 
therefore determine for what service they want to pay for or not. 

This single characteristic – which was enabled by the recent proliferation of various 
alternative wireless access technologies and ad hoc networks in particular, network convergence, 
modularization, novel payment and incentive schemes, and the global adoption of IPv6 
addressing by the most popular access networks in use – has driven demand for information and 
communication services to new heights and created many business opportunities for network 
operators and equipment manufacturers. The mobile services industry has vastly expanded its 
original boundaries, providing avenues for growth and profitability. European mobile network 
operators had to adapt their business models to the new rules of the game but in the end they 
managed to benefit from the ever growing need for communication and information, and the 
symbiotic effect of the integration of their networks with ad hoc and other types of networks. 
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The various types of wireless networks can both complement or substitute each other, 
depending on the needs of the users they are providing access. In densely populated areas – like 
city centers, airports, university campuses, train stations, shopping centers, and football stadiums 
– where the node density is sufficient, ad hoc networks have partially replaced the mobile 
network infrastructure for local or broadband connectivity. For broadband connectivity, they 
extend the mobile network, but for local connectivity, they undercut them due to their zero cost. 
For longer distance communication purposes, however, ad hoc networks suffer from delay and 
bandwidth limitations so there they can only provide complementary coverage to mobile and 
other types of networks. Mobile network operators, on the other hand, address a distinct set of 
needs by providing excellent, European-wide service and quality for a one-time charge for which 
their customers can get unlimited Internet access. Even though some of their traffic is relayed 
through other types of networks, they still manage to generate sufficient revenues to remain 
profitable. 

The different competitive nature of the 4G environment compelled operators to cut 
costs and lower their tariffs, however. In 2020, most European operators have dismantled the 
infrastructure for traditional 2G mobile voice and messaging services that have suffered from 
heavy competition with software applications, like WhatsApp and Skype. All network 
communication is now based on IP and VoIP. Some even have plans to dismantle their 
expensive 3G networks soon. To reduce their capital and operational expenditures (and their 
payback times), they not only managed to negotiate lower fees for existing frequency licenses, 
they also managed to have additional frequency blocks allocated for mobile use. They also 
succeeded in reducing the size and energy consumption of their infrastructure without 
performance loss. Only due to these measures they were able to lower their tariffs and remain 
competitive. As a consequence of these developments, the regulatory influence on the mobile 
services industry has become less restrictive, as their customers finally have a choice which 
network to connect to and their needs are addressed more adequately than a few years ago. 

In this context, ad hoc networks have helped reducing the deployment time and cost of 
4G. Because each ad hoc network may contain thousands of nodes – many of which acting as 
gateways – they act as a glue between all other networks. By extending the coverage and 
bandwidth of mobile and other networks, they limit the number of expensive fixed access points 
and wired backhaul networks that would normally have been required to meet demand while 
providing the necessary flexibility to adapt to a rapidly changing demand. Ad hoc networks have 
democratized network access and provide true mobile connectivity over unlicensed frequency 
bands. Worries over insufficient capacity of the default 2.4 GHz ISM frequency band have 
caused regulators to allocate additional ISM bands throughout the continent. Still, they have not 
become a disruptive technology to mobile network operators, as they have been deployed in 
wireless value networks that overlap the mobile broadband value network. 

Do mobile network operators remain important players the wireless and mobile 
telecommunications industry? Yes, they do and they are bigger, fewer in number and have 
expanded internationally. Yet handset and network equipment manufacturers have significantly 
improved their bargaining position within the mobile value network. Through the development 
and deployment of low cost networking technologies, they have opened up new markets that are 
not controlled by network operators and that do not require their expertise in managing 
customers. Some of these technologies are based on open-source solutions, that in not rarely 
came about by opportunistic partnerships and sourcing arrangements. Although 4G provides 
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clear benefits to its users, in a sense, technological developments and customer behavior have 
made the industry much more complex and volatile. 

7.3.1 Strategic implications for mobile network operators 
In spite of Porter’s (1980; 1985) widely supported view that a focus on both cost and value will 
generally lead to a poor and undesirable strategic situation, in this scenario mobile network 
operators have no other alternative. Modularization, standardization and convergence of several 
wired and wireless access technologies will lead to a horizontalization of wireless and mobile 
telecommunication markets, in which operators have a different position and earn a smaller 
share of the industry’s total revenues than they do in 2011. The synergies and cost-savings 
stemming from the integration of mobile networks with ad hoc and other types of wired and 
wireless networks that utilize a mixture of both licensed and unlicensed spectrum bands, provide 
great benefits to end users and some good opportunities to operators. However, it will also result 
in fierce competition, thin margins, and low barriers to entry in handset, network access and 
network services markets. Buyer power increases significantly and manufacturers and other 
suppliers of wireless communication services and devices will have a more dominant presence in 
consumer markets. All industry participants will respond to this new competitive environment 
with an increasing number of specialized products and services, each with a higher degree of 
complexity, all putting a greater emphasis on lower prices and greater convenience, speed, 
flexibility and customization. 

Under these (sustaining) circumstances, operators can no longer afford expensive 
network upgrades or other long term investments. Neither can they continue to compete with 
the same (legacy) networks and cost structures as in 2011. They have to pursue a low cost 
strategy while providing a high quality, high performance mobile service that is partially delivered 
by complementary networks, such as ad hoc networks. In a fragmented and saturated wireless 
access market, nation-wide coverage, quality of service, high bandwidth, extensive mobility 
support, and secure access are unique selling points that they can use to consolidate their 
business. Subscribers are willing to pay for these services, but not on the same scale anymore as 
they used to do. Operators will benefit from the growing demand for wireless and mobile 
services in general, but as some of that demand is substituted by complementary networks, the 
overall effect on their future revenues is uncertain. Therefore, they will have to make 
fundamental decisions about their business models, their expenditures, and their infrastructure, 
personnel and other resources. It is likely that they will continue their wholesale operations, 
which provide backbone and core infrastructure services to third parties like mobile virtual 
network operators, but they will need to dismantle their 2G networks, cut back on other services, 
and even consider mergers with competitors to realize economies of scale and cost efficiencies. 
For reasons of compatibility, interoperability, and the support of VoIP and other services, they 
will also need to implement IPv6113 in their access networks to become pure mobile broadband 
providers analogous to their wireline counterparts. Postponing such decision as a defensive 
strategy may not be effective as first-mover advantages can be important and significant in this 
market. 

In summary, this scenario highlights several opportunities as well as threats to operators. 
Unlike the Little Creeks and The Great Lakes scenarios, their future business can by no means be 

                                                 
113 Unlike the protocols used in legacy circuit-switched networks, IPv6 is a nonproprietary, best-effort protocol that will help 
cutting costs. See also chapter 4. 
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characterized as “business as usual.” Operators left their relatively safe harbors of 2G and 3G 
mobile services and are now on the open ocean where different rules apply. They will not be 
disrupted, but their competitive environment has changed rapidly and profoundly, partially due 
to rapid technological progress and partially due to normal industry evolution. That means they 
are about to face a number of challenges that are serious, without doubt, but they should be able 
to survive if they are flexible enough and implement a ‘blue oceans’ strategy. If not, they are 
likely to experience significant stress and will eventually disintegrate or be taken over. 

7.3.2 Early warning signs 
To understand whether the future is heading towards a Blue Oceans scenario, operators should 
scan the environment for the following few early warning signs: 
 

 Declining revenues in voice and messaging services as a result of exponentially growing 
popularity of VoIP applications such as Skype, and messaging applications such as 
WhatsApp. 

 The popularity of 3G mobile services reaches a record level at the expense of 2G services 
and subscribers sufficiently demonstrate their willingness to adopt 4G technologies. 

 Operators are no longer delaying decisions to invest in relatively cheap 4G technologies, 
in spite of the huge, yet unrecovered investments in 3G technologies. 

 A growing trend of mergers and acquisitions in the mobile services industry. 
 Researchers succeed in solving most of the issues identified in chapter 4 and manage to 

optimize some of the performance parameters valued by mobile subscribers, such as 
reliability, network stability, mobility support, security and quality of service. 

 The majority of the most important industry participants is adopting IPv6. 
 Regulators continue to monitor the developments in the markets for wireless and mobile 

services, but as the competition between companies and between different technologies 
is growing, they exercise restraint as it comes to market interventions. 

 There have been successful laboratory tests with fully integrated, heterogeneous 
networks of networks and the first standardization efforts are under way. 

 The license fees for 4G frequency spectrum are significantly lower than those for 3G 
and/or the number or size of the unlicensed spectrum bands have increased to meet 
demand. 

 The focus of the scientific literature on ad hoc networks is shifting toward the integration 
with mobile networks, WLANs, Bluetooth, and other types of networks. 

 The number of equipment manufacturers and other industry participants involved in the 
development of mobile applications for ad hoc networking is growing. 

7.4 SCENARIO D IN 2020: RED OCEANS 
Mobile ad hoc networks have become the new paradigm in mobile communications. It is 
amazing to see that, until a few years ago, most of the consumers using this technology had 
never heard about it, and how sceptical some of the industry insiders were about its potential. 
Today, European mobile network operators, once a multi-billion dollar industry, see their 
markets crumble away rapidly to the benefit of a number of equipment manufacturers who were 
once their suppliers. At the beginning of this year, over 60 percent of the Europeans use ad hoc 
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networks to connect with the outside world. This percentage is expected to pass the 80 percent 
mark at the beginning of 2022. 

While the concept of ad hoc networking was originally developed by the United States 
army, the first commercial applications appeared in rural areas in developing countries like India 
and China where it was too expensive to build physical communication networks and where the 
population is highly price sensitive. Here, millions of people acquired a versatile, 20 dollar mobile 
computing and communications device, which had mobile and ad hoc networking capabilities 
and that could be recharged by small solar panels. Ad hoc networking became a very popular 
means of communication within these communities, because it not only saved people a lot of 
travelling time, they suddenly had also access to much more people within their neighborhood. 

This niche market was created by startups with a mission to empower the poorest people 
in the world, in cooperation with universities and some large computer manufacturers, like 
Lenovo and Intel. As they aimed to address the need for cheap communication facilities with 
local coverage, they deliberately did not deploy their technology in the same value network as 
mobile telephony or mobile broadband. This proved to be a rock-solid strategy. 

While this type of application would never appeal to Europeans, its success did not go 
unnoticed. Manufacturers of tablet computers did see opportunities for the Western world, 
however, and they started taking over some of the most successful startups that were specialized 
in ad hoc networks to incorporate ad hoc networking capabilities into their communication 
products. As those devices already had other networking capabilities on board, their customers 
could freely experiment with ad hoc networks without the running the risk of purchasing a 
device that incorporated a single networking technology that would never become popular. 

In the beginning, this type of networking was particularly popular among students at 
schools and university campuses. These youngsters were fond of the free, rebellious character of 
this technology, its flexibility and its robustness. It allowed them to play games, communicate 
and share information with each other for free, without the distance limitations that Bluetooth 
and WLAN type of networks have. Unsurprisingly, they were less concerned over privacy issues 
than other parts of society. 

The students were happy with the wireless peer-to-peer functionality and cared less about 
the fact that the performance of an ad hoc network was, in fact, inferior to that of the average 
mobile network. The size and reach of the first networks were small, the number of participating 
nodes was limited, there were frequent disconnections and security issues, and many people did 
not trust the network to have it relay messages to their destination safely and in time. Selfish 
behavior of some nodes was of no help either. 

However, recent breakthroughs and standardization efforts solved many of these issues, 
boosting both the overall confidence as the demand in ad hoc networking enabled tablet 
computers and other types of devices. Today, security standards provide a guaranteed level of 
privacy, and performance-related reward schemes have significantly reduced the number of 
selfish nodes. Moreover, after the release of additional free-for-use ISM frequency bands by 
regulating agencies, the capacity and the throughput of ad hoc networks match those of 
traditional mobile networks, while their robustness – which is dependent on the number of 
nodes in a given area – is even better. Another benefit of ad hoc networks is that they are IPv6 
enabled.114 As many nodes are simultaneously connected to the Internet directly, either through 
wired or wireless connections, there is no longer a need for costly mobile broadband 
                                                 
114 Ad hoc networking is a form of wireless peer-to-peer networking. IPv6 as a data communications protocol for packet-
switched networks is ideal for these kinds of applications. 
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connections in densely populated areas. Today’s tablet computers and other wireless devices are 
also extremely energy efficient, while the energy density of their batteries is such that any ad hoc 
networking enabled device can stay online for at least 120 hours without recharging. Ad hoc 
networking technology has become so popular, that also most cars, buses, motorbikes, trains, 
and airplanes have been equipped with it. 

Although they were keenly aware of the emergence of ad hoc networks, mobile network 
operators did not expect this new technology to become such a hype at the expense of their own 
customer base. They relied heavily on the value proposition and track record of their own 
connectivity services, they listened closely to their customers, and always tried to further improve 
the performance of their own networks with the latest mobile technologies. In their view, ad hoc 
networks just were not good enough as theirs, so they did not consider them to become a threat. 

Driven by the potential market volumes and margins, equipment manufacturers 
continued to improve their technology. Gradually, they have been able to meet the performance 
needs of end users of mobile services; first of those that were at the very low end of the market, 
but recently also mainstream customers have started to use ad hoc networking technologies. 
Because they are easy to setup and their internal workings completely transparent to the end 
user, people often do not even notice the difference with other types of networks. 

Currently, mobile network operators are desperately trying to provoke a turn in their 
rapidly shrinking business. By decreasing subscription fees, abandoning handset bundling and 
subsidies, and allowing multi radio devices (supporting various types of wireless technologies) on 
their networks to act as gateways they are trying defend their customer base in the mobile 
services market. However, given the disruptive character of the new technology, it seems as if 
they are fighting a lost battle. There is no longer a genuine need for complementary network 
services in order to have mobile connectivity. And their business model and cost structure are 
such that co-option is probably not a viable path. It appears that their dominance in the mobile 
handset value chain is fading away, to the advantage of handset equipment manufacturers who 
have gained substantial market power in recent years. Although it is unlikely that within the next 
five to ten years the European mobile services market will disappear entirely, it is clear that it will 
no longer be as important as it has been in the past two decades. 

Are ad hoc networks a good connectivity alternative for all mobile subscribers? No, they 
are not. Particularly in sparsely populated areas, the number of nodes is too small and the 
distances too great for having ad hoc networking connectivity. Here the need for fixed or mobile 
network connectivity remains. However, this is relatively a very small part of the total European 
market and the question is whether operators can continue to service these areas as cross 
subsidization is becoming increasingly difficult. 

7.4.1 Strategic implications for mobile network operators 
While some may believe this scenario to be remotely plausible yet highly improbable and 
consequently dismiss it without serious consideration, its consequences can have a far greater 
impact on the future of mobile network operators than any of the other scenarios. If ad hoc 
networks prove to be a disruptive technology as has been predicted by some authors, few 
operators will manage to survive. Thousands of people will lose their jobs, the mobile 
infrastructure, mobile equipment and a huge knowledge base become largely obsolete, 
shareholders see their stocks plummeting, governments will lose a great source of income tax 
and tax on profits, governments will also lose a valuable source of revenues on frequency 
spectrum licenses, mobile virtual network operators cease to exist, suppliers will lose a big 
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market, and regulators have one branch less to be concerned about. Hence, there is a lot at stake, 
not only for the operators but also for their stakeholders. 

To prevent this “winner takes it all” scenario from happening, which is a reasonable 
objective from an operator’s point of view, operators must to understand the principles and 
conditions of disruptive innovation. Conventional management practices that brought them 
success in their current business – such as listening closely to their customers, increasing 
operational effectiveness, making better products and services, and aiming for ever higher 
margins and larger markets – will be counterproductive when because of asymmetries of skill115 
and asymmetries of motivation116 between them and those companies that are developing the 
disruptive ad hoc networking applications. Which strategic options they have, will be discussed 
in paragraph 7.5. 

7.4.2 Early warning signs 
To understand whether the future is heading towards a Red Oceans scenario, operators should 
above all look for two potential customer groups (see also section 5.2.1). The first group consists 
of overshot customers, i.e. subscribers in lower tiers of the market who no longer want to pay 
for further improvements in mobile services because they experience diminishing marginal utility 
from those improvements. The most important early warning signal here is that this group is 
usually unsatisfied with the operators’ offering, because it is too expensive, too complicated, and 
often they are paying for features they do not use. In case ad hoc networking technologies are 
taken to the market via new business models as low-end disruptive innovations that are 
cheaper,117 simple to use, and offer sufficient performance, it is this customer group that 
operators are going to lose first even though it is something they cannot afford given the high 
fixed-cost nature of their industry. 

The other group consists of nonconsumers, i.e. people who do not have the resources, 
ability, or possibility to conveniently and easily accomplish an important communication job and 
typically hire experts to do the job for them or create a workaround themselves. It is hard to 
imagine a group of nonconsumers in wireless and mobile telecommunications given the 
extraordinarily high adoption rates of mobile telephony and wireless Internet in Europe. Yet, 
there are always new contexts or new markets in which people cannot do something they (might) 
want to do. WLAN technologies, for instance, were not available to consumers until about a 
decade ago and there was no evident demand for it. Today, millions of people are using WLAN 
to connect to the Internet in previously unimaginable places. Even the telephone has its origins 
in (and competed against) nonconsumption; it was only many years later after its invention that it 
started to compete with the telegraph (see chapter 2). Hence, there are huge growth 
opportunities for companies that succeed in commercializing ad hoc networking technologies as 
new-market disruptive innovations. Early warning signs involving this customer group are the 
presence of evident contexts of nonconsumption (i.e. business opportunities), the presence of an 
emerging market for ad hoc networking applications that experiences increasingly high growth 

                                                 
115 One asymmetry of skill could be, for instance, the fact that the resources, processes and capabilities required to develop and 
be commercially successful with mobile networks are useless when trying to develop and be commercially successful with ad hoc 
networks. 
116 Examples of asymmetries of motivation are the attractiveness of mobile services business model for operators relative to the 
attractiveness of the business model for ad hoc networking applications, and the size of the operators relative to the initial size 
and growth of the market for these applications. 
117 Cheap does not automatically mean low-priced. Ad hoc networking-enabled smartphones may be about as expensive as 
ordinary smartphones. However, it is the use over time (or total cost of ownership) that makes them less expensive. 
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rates, and the presence of end users of these applications to whom functionality is more 
important than performance. 

Some other early warning signs operators may find in their environment are: 
 

 Researchers have succeeded in solving all of the issues identified in chapter 4. 
 The focus of the scientific literature on ad hoc networks is shifting toward fine-tuning 

their performance for use in large communities. 
 There is a rapidly growing increase in the number of startups that are involved in the 

commercialization of ad hoc networking technologies in general wireless communication 
contexts. 

 In a later phase: a rapidly growing demand for handheld, ad hoc networking enabled 
devices. 

7.5 SUGGESTIONS FOR LINKING THE SCENARIOS TO STRATEGIC ACTION 
The scenarios and their implications presented in the previous paragraphs are not an end in 
themselves. While they provide an interesting view on possible future developments, operators 
will only able to reap their potential benefits when they integrate the long-term, scenario-based 
approach proposed in this thesis with their own strategic planning processes that are mostly 
aimed at the short to medium-term. Else, they remain the result of what Lindgren and Bandhold 
(2003, p.27) call a “purely intellectual exercise.” Therefore, this paragraph provides some 
suggestions for the development of possible strategic responses to the scenarios. As the 
development, selection and implementation of the best response is highly dependent on the 
strategy, business model, cost structure, and culture of individual operators, these suggestions are 
of a generic and conceptual nature. 

Since the four scenarios have quite differing strategic implications, the question is how 
mobile network operators can best prepare themselves for the threats and opportunities 
identified. An analysis by Porter (1985) suggests they have five basic choices. The first option is 
to build a strategy upon the scenario they believe is most likely to occur, while accepting the risk 
of one of the other scenarios to occur. The second option is to build a strategy upon a scenario 
that they regard as the one that yields the greatest benefits in the long run, again while accepting 
the risk of one of the other scenarios to occur and thus creating a strategy that is inappropriate. 
The third thing operators can do is to build a strategy that produces satisfactory results in each of 
the scenarios, or at least in the ones that are most probable. The fourth option operators have, is 
to influence their stakeholders and to organize their resources and resource allocation processes 
in such a way that they can create a desired future by influencing the variables underlying the 
scenarios. The fifth and final option is to preserve flexibility and devise a preliminary strategy 
that is refined once there are sufficient indications of which scenario will eventually become 
reality. Of course, operators also have a sixth option, and that is to take note of the scenarios and 
their implications yet decide not to follow up on the findings of this thesis. Perhaps they are 
sceptical about the potential of ad hoc networks and regard them as nothing more than a 
distraction. Or they are faced with so many other competitive, technological, regulatory, and 
operational challenges in the short run that they ignore them and prioritize their (limited amount 
of) resources to more eminent threats and opportunities. 

While most companies will tend to prefer the latter option, chapter 2 has shown that 
ignoring an emerging technology or respond defensively to it by deferring decisions and 
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commitment did not turn out to be the best strategy for many reputable incumbents, including 
Western Union, DEC, IBM, Xerox, RCA, Kodak, and US Steel. Certainly, it is not always easy to 
determine ex ante what the best strategy is or to implement that strategy. Sometimes the signal-to-
noise ratio is too low to perceive and recognize important signals. Sometimes organizations do 
not have the ability to identify such signals because of organizational or cultural blinders. And 
sometimes there are just trade-offs to be made in terms of resources, risks, needs, benefits, short-
term or long-term goals, and costs. However, a passive stance when confronted with 
technological change is usually not the most effective way of preparing for the future, especially 
if that change involves a potentially disruptive technology like ad hoc networks. 

On the contrary, as disruption is one of the scenarios for the future of mobile network 
operators, it is essential for them to demonstrate leadership and pursue a more aggressive 
approach that balances commitment with flexibility. After all, disruptive threats generally take 
root outside conventional industry boundaries, beyond the purview of most companies, and 
eventually invade the mainstream market in such a rapid pace that it leaves established 
companies unable to respond. Under these circumstances, playing a waiting game would be 
suicidal; operators have to take a proactive stand when confronted with potentially disruptive 
change. 

In 2011, however, none of the first four options seem to be a good strategy either. With 
so many uncertainties surrounding the emergence of ad hoc networking technologies, it is 
impossible to determine what the best or the most likely scenario is. Drafting a strategy that is 
able to cope with all of the scenarios is neither a safe alternative, because it is very well possible 
that none of the four scenarios becomes reality. Besides, it is a costly and time-consuming 
exercise that usually does not produce optimal results for any of the scenarios. Drafting a 
strategy to create a desired future, on the other hand, is also challenging. Many of the variables 
(for instance the development of ad hoc networking applications) that determine which scenario 
is coming to pass, are beyond the locus of control of mobile network operators, and the current 
structure, culture, size, resources and resource allocation processes of most companies act as 
constraints rather than assets. 

From the point of view of this thesis, to minimize the risk of designing a strategy for the 
wrong scenario, the only recommended option for mobile network operators is to preserve 
flexibility and devise a preliminary strategy that is refined or changed on the fly once there is 
sufficient evidence of which scenario will eventually become reality. Having an emergent rather 
than a deliberate strategy-making process is essential under circumstances of high uncertainty 
and rapid technological change, because it allows operators to change their course as soon as 
there are indications that their current strategy is not working and without running the risk of 
wasting resources. As Charles Darwin once observed, “It’s not the strongest of species who 
survive, nor the most intelligent, but the ones most responsive to change.” Becoming responsive 
to change, however, would require operators to do at least three things. 

First, operators should develop a strong capability of detecting and recognizing weak 
signals of peripheral developments that reveal in which direction the future is moving. Day and 
Schoemaker (2005; 2006) use the metaphor of peripheral vision to emphasize that organizations 
in complex and volatile environments should not concentrate too much attention on their own 
business if they care about their success and performance in the long run. Peripheral vision is 
about spotting changes and hidden threats and opportunities in (emerging) needs, markets, 
technologies, value networks, and industries, filter out the noise, and act in time, preferably 
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before others do. It requires not only knowing where to look118 but also knowing how to look, 
what the signals mean, when to look in a new direction, and how to act on ambiguous signals. As 
with human vision, the business periphery is a fuzzy zone outside the area of primary 
management focus that is not always easy to fathom. Acquiring peripheral vision takes time and 
skill, a broad view and an open mind. Yet it is an essential capability for operators to have in 
order to detect and recognize the early warning signs identified for each of the scenarios. 

Secondly, operators should build and stimulate a learning culture within their 
organizations that is open to a diversity of viewpoints, that is willing to challenge deep-seated 
assumptions about their existence and future developments in their environment, that stimulates 
creativity, that has a high tolerance for ambiguity, and that encourages and rewards 
experimentation while accepting the inevitable failures (see e.g. Day and Schoemaker, 2000a; 
Tidd et al., 2005). Many operators are (part of) former state-owned companies that were 
notorious for their bureaucratic, conservative, and risk-averse cultures. Although that has 
improved substantially after the liberalization of telecommunication markets, to foresee some of 
the unusual future events described in the scenarios, it is absolutely important for operators to 
train their ability to think the unthinkable. If they want their organizations to be prepared for the 
future, they will need to dispose of any organizational blinders and challenge the dominant 
presumption that in the coming decade mobile telephony will continue to be their core business. 
Currently, there is no evidence that they are about to lose their dominant position in the wireless 
and mobile telecommunications industry, but if they continue to plan to execute rather than to 
plan to learn, they will not be prepared for it in case it does happen. Since organizational learning 
and peripheral vision are essentially two sides of the same coin,119 operators should also develop 
a method for managing the avalanche of data that results from scanning the periphery for signals 
that announce a fundamental change of the world in which they compete. 

Third, operators should seek to understand the principles of disruptive innovation in 
order prepare themselves for a Red Oceans scenario. If they cannot not detect and recognize weak 
signals announcing a potential disruption is under way, nor understand the causes and basic 
principles of disruption, they are unlikely to respond in time and with the right strategy. Then, as 
Christensen’s theory predicts, it is just a matter of time before they start losing a large share of 
their customer population. 

The process of and conditions for disruption have been described in detail in sections 
2.2.3 and 5.1.1. There it was also argued that managing disruptive challenges with strategies and 
methods that only work under sustaining circumstances will only reinforce the disruptive effect. 
Ceding the lower, less profitable tiers of the mobile market, improving market research and 
forecasting activities, increasing investments in research and development, and pooling together 
in joint ventures are all counterproductive measures, because disruption is a business model and 
resource allocation issue, not a technology issue. 

What operators can do, is to either reduce the likelihood of disruption or minimize the 
impact, for instance by considering a wider spread of risk. Although some of them have already 
expanded their activities to other areas in telecommunications, like wired and wireless LAN 

                                                 
118 Operators have access to a large range of resources to track industrial and technological dynamics, such as scientific 
publications, patent data and patent applications, bibliometrics, magazines, newspapers, the Internet, company reports, industry 
reports, databases, the market, and public announcements of product launches and strategy changes. However, where to look 
also means learning from the past and present, from comparable products or circumstances in other industries, etcetera. 
119 Peripheral vision can provide operators with new information and organizational learning is the outcome of combining that 
information with existing knowledge. 
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access services, mobile services are still by far the largest source of revenues. This makes them 
much more vulnerable to firm failure than if they were active in multiple (geographic) markets. 

Operators could also experiment with new business models that have a lower probability 
of disruption, for example by offering a ‘lite’ mobile service for a low flat rate that is the same 
anywhere in Europe. They may even consider providing free services. This would, however, 
require the creation of an ambidextrous organization or the setup of new, autonomous business 
units to explore new territories and exploit existing products and services simultaneously. 

This is also the preferable approach if operators choose to co-opt and invest in ad hoc 
networking technologies before their disruptive power manifests itself. Intuitively, that may not 
feel as the right thing to do, because improving the performance of mobile services along a 
sustaining trajectory is more attractive in terms of growth and revenues in the short run, even 
though ad hoc networks may ultimately become the main source of long-term growth. There are 
also genuine risks of cannibalizing their own services and of developing new products and 
services that their customers do not want. However, waiting for other companies to develop the 
technology into new applications up to a point that the market is large enough to be interesting 
for the incumbents is not much of a sound alternative, because that would put their fate in the 
hands of the competition. 

Another thing operators could do is to attempt to reduce the likelihood of disruption by 
aligning the performance supplied of mobile services with the performance demanded by the 
market. The fact that they cannot be disrupted as long as they do not overserve their customers 
is a direct consequence of the theory of disruption. This is not an easy road though, because it 
would go against regular competitive forces. It is also questionable whether regulators will allow 
them to work together to put an industry-wide cap on the performance of mobile services. 
Alternatively, they may also prevent the process of disruption to come of the ground by skillfully 
making use of switching costs as barriers to adoption of the new technology. Switching costs 
such as contractual agreements, network externalities, the purchase of new equipment and the 
learning process of how to use that equipment, can make it difficult for mobile subscribers to 
migrate from mobile to ad hoc networking technologies. 

Whichever strategy they choose to confront a disruptive scenario, when looking for signs 
of disruption, operators should be aware that their own customers and lead users of mobile 
services will probably take them in the wrong direction. As research by Von Hippel (1988; 2005) 
shows, these customers are often great sources for product development. However, they are 
usually looking for the similar products and services, but better. They will not be first users of 
applications with ad hoc networking capabilities, because the performance of these applications 
is probably far worse, at least initially, than of what they are used to have. Another thing 
operators should not pay too much attention to are data on revenues or market shares of 
potential disruptors to determine whether or not they constitute a threat. As evidenced by the 
recent rise of industry giants like Facebook, Google, and YouTube, startups can become much 
more threatening than predicted, and the reason is that predictions about markets that do not 
(yet) exist can never be accurate. 

7.6 SUMMARY 
From the scenarios it has become evident that for mobile network operators ad hoc networks 
may represent opportunities as well as threats. On the one hand, the technology can be used to 
lower capital and operating costs, to improve network performance, to strengthen their 
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competitive advantage, and to better meet the needs of their customers. On the other hand, it 
may capture a share of the future market for wireless and mobile communication, partially or in 
its entirety. However, the scenarios provide no support for the firm belief of some authors that 
ad hoc networks are a disruptive technology by definition. Disruption is a possibility, but the 
probability of disrupting mobile network operators is relatively small, also from a historical point 
of view.120  

On the other hand, although attaching probabilities to any of the scenarios at this point 
in time may be a natural response, even for the most seasoned industry experts, several examples 
in this thesis have shown that they are often wrong because of the time frame and uncertainties 
involved. Conventional wisdom has never been much of a great benefit in such circumstances, 
because it is easy to suffer from (paradigmatic) bias. The purpose of scenario analysis is precisely 
to prevent that bias from happening and must therefore include a broad range of plausible 
futures. 

In the next few years, the current probability equilibrium between the four scenarios will 
change in favor of one or two scenarios as more and more will be known about the technical 
possibilities and limitations of ad hoc networks, the evolution and usage patterns of mobile 
networks, and the evolution of the mobile services industry. Until then, operators should prepare 
themselves for each one of the scenarios by embracing the scenario-based, outside-in approach 
to strategic planning as proposed in this thesis, by retaining flexibility in strategy-making, by 
improving on an effective search and scanning process to detect early on in which direction the 
future is heading, by developing an open organizational culture that can rapidly adapt to 
changing circumstances, and by creating a sound understanding of the conditions and of 
disruptive innovation. These steps take time and effort to be implemented, but operators do not 
have much of an alternative if the theories and analyses presented in earlier chapters are of any 
guide. In the end, their impact on the mobile services industry will largely depend on the extent 
to which the scientific community succeeds in resolving the remaining research challenges 
identified in chapter 4, on the performance of and the value network in which ad hoc 
networking enabled applications are deployed, and on the motivation and skills of operators to 
respond to a disruptive incursion. 

                                                 
120 It is estimated that over 90 percent of all innovations sustaining in character (Christensen, 1997). 
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8 Conclusions and recommendations 

 
 
 

Every morning in Africa, a gazelle wakes up. It knows it must run faster than the fastest lion or it will be 
killed. Every morning a lion wakes up. It knows it must outrun the slowest gazelle or it will starve to death. 
It doesn’t matter whether you are a lion or a gazelle. When the sun comes up, you better start running. 

 
Thomas L. Friedman 

In: The World is Flat, A Brief History of the Twenty-First Century, 2005 
 
 
This thesis explored the potential impact of emerging ad hoc networking technologies on the 
future of mobile network operators from the perspective of the theory of disruptive innovation. 
It is one of the first independent, multidisciplinary studies in this area that investigated the 
(disruptive) threats and opportunities this new technology may pose to the mobile services 
industry once it makes the transition from the scientific to the commercial domain. Using this 
case, it is also one of the first studies that contributed to the application of the theory of 
disruptive innovation by empirically testing and comparing the strengths and weaknesses of the 
various methods that can be used to assess this impact – whether it be sustaining or disruptive – 
from an ex ante perspective. It was shown that in cases like the one examined in this study, 
where the emerging technology is still surrounded by a high degree of uncertainty and 
complexity, existing methods are inadequate. Therefore, an alternative method was proposed 
that combines scenario analysis with insights from the theory of disruptive innovation. Scenario 
analysis is not new, but the combination with this theory is. To illustrate its application, this 
method was empirically tested on the ad hoc networks case and used to generate scenarios for 
the industry’s future. 

What emerges from the preceding chapters is that ad hoc networks are a fascinating 
technology that is rapidly gaining interest by many different companies and research 
organizations around the world. It enables wireless peer-to-peer network connectivity between 
various different types of communication devices in fairly large geographical areas without the 
need of expensive network equipment or spectrum licenses. These characteristics triggered 
several authors to label it as a disruptive technology to mobile network operators, which 
effectively means they expect this multi-billion dollar industry to evaporate within a few years 
time. At the first glance, their claim seemed to be plausible. However, this study showed that 
things are a little more complicated. 

This final chapter summarizes the main findings from the previous chapters and presents 
the conclusions of this thesis. In doing so, it reflect upon the theory of disruptive innovation, the 
practical and predictive value of the various methods discussed for identifying the disruptive 
potential of emerging technologies, and on the results the empirical tests of the ad hoc networks 
case. Next, it offers a few recommendations for mobile network operators on how to prepare 
themselves for the various scenarios of the emerging ad hoc networks previously identified and 
on how to avoid being disrupted. Finally, it discusses some limitations of this study and provides 
suggestions for further research. 
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8.1 SUMMARY AND CONCLUSIONS 
Where predicting an industry’s future can already be a challenging exercise, accurately predicting 
an industry’s future in times of potentially disruptive technological change is near to impossible. 
Yet there is obviously a great need for methods that help business practitioners to obtain such 
valuable information. This paragraph summarizes this study’s main empirical findings by 
answering the research questions defined in the introductory chapter. The first section focuses 
on the practical and predictive value of three of these existing methods and of the method 
proposed in this thesis. The second section focuses on the emergence of ad hoc networks and 
their impact on the future of mobile network operators, which was explored using the newly 
developed method. 

8.1.1 Theoretical and methodological findings 
The first objective of this study was to contribute to the application of Christensen’s theory of 
disruptive innovation, (1) by empirically testing the strengths and weaknesses of existing 
disruptive foresight frameworks in predicting the disruptive potential of ad hoc networks, and (2) 
by proposing an alternative disruptive foresight framework that is based on the principles of 
scenario analysis. To that end, the following research question was defined: 
 

How can potentially disruptive technologies be identified, and what lessons can be 
learned from the empirical analysis of the emergence of ad hoc networks? 

 
Before presenting the main conclusion, first the three sub-questions related to this question will 
be answered. 
 
Sub-question 1a: How does the theory of disruptive innovation predict whether emerging technologies are disruptive 
to incumbent firms in both existing and future markets? A review of the innovation management 
literature showed that incumbent firms are vulnerable to disruption when they ignore a new 
technology that offers new dimensions of performance or a different set of functions, which 
initially appeals to the lower or a new segment of the market, and they fail to recognize both the 
potential of its applications and the changing needs of their own customers. Disruption is then 
likely to occur when disruptive innovators manage to further improve that technology up to the 
point that its applications become good enough for the mainstream market, yet are simpler, 
cheaper or easier to use than those of incumbents. This attack from below eventually forces 
incumbents to move up-market or to withdraw their business entirely. Whether the emerging 
technology is incrementally or radically new, changes an entire system architecture or just a 
component, is irrelevant; it is the market and its natural economic laws that change the rules of 
the game. Whether incumbents can follow the new rules and continue to play along, however, 
depends predominantly on their processes and values (and not on their resources); as these are 
geared toward sustaining conditions, incumbents are generally not resilient to disruptive 
conditions. 

The theory of disruptive innovation was one of the theories reviewed in chapter 2 that 
offers predictions about when technological change will lead to the failure of established firms. 
As it appeared to be one of the few theories that is prescriptive, however, it has a greater 
predictive value than descriptive ones, and can therefore be used to assess the disruptive 
potential of technologies of the past, the present, and the future. The theory itself does not 
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provide a clear-cut recipe for how to predict disruption. For this purpose, several methods were 
developed (discussed later). However, these all use more or less the same indicators for 
disruption that follow from the theory, i.e.: 

 
 The emergence of a technology that is simpler, easier to use, cheaper than existing ones 
 Rejection of this technology by the incumbent’s leading customers 
 The existence of overshot customers (performance oversupply) or nonconsumers 
 Successful market introduction of the emerging technology by entrant firms, albeit at 

lower profits and margins 
 Deployment of the emerging technology in a freestanding value network 
 The evident inability (processes, values) and lack of motivation of the incumbent to 

respond to a potentially disruptive threat 
 And the eventual intersection of the performance supplied by the new technology with 

that demanded by the mainstream market. 
 
Sub-question 1b: Which methods are currently available to predict disruption from an ex ante perspective and 
what can be learned about the predictive value of these methods from an empirical test on the ad hoc networks case? 
In chapter 5, three existing disruptive foresight frameworks have been identified that are based 
on the theory of disruptive innovation: Christensen’s method for predicting disruption 
(Christensen et al., 2001), Christensen’s method for predicting industry change (Christensen et 
al., 2004), and Hüsig’s disruptive questionnaire (Hüsig et al., 2005). Even though the application 
of these methods may not lead to the same results in individual case studies, they provide a good 
starting point for assessing the disruptive potential of emerging technologies in the short to 
medium run. 

The assessment of the strengths and weaknesses of the existing disruptive foresight 
frameworks, and the empirical test on the ad hoc networks case discussed, did not reveal 
fundamental flaws in their design from the theoretical perspective. However, several common 
shortcomings were identified. First, it is unclear in which cases and under which circumstances 
each of these methods can be applied. Second, none of these methods can accurately predict 
disruption. With the rating scales used (i.e. 0-25-50-75-100%; qualitative; and yes/no, 
respectively) they provide only a rough indication of the likelihood of disruption. Of course, 
disruption is a complex process that involves many uncertainties, which makes making more 
accurate predictions problematic. However, the difference between a disruptive or sustaining 
outcome may be very thin and susceptible to bias and measurement errors. Third, no conclusive 
statements can be made about the validity and reliability of these methods, in part due to a lack 
of empirical experience. The results of Hüsig’s disruptive questionnaire, for instance, are based 
on the unweighed sum of individual scores on dozens of questions. Depending on the case 
study, however, some questions will probably be more relevant than others, so the estimated 
likelihood of disruption seems to depend on more than the individual circumstances alone. 
Fourth, network effects and switching costs, which play an important role in telecommunication 
markets, are not accounted for in any of the methods. And fifth, none of the methods is simple 
and easy to use and therefore requires the academic or business practitioner to have in-depth 
knowledge of the theory of disruptive innovation and related works and critiques to apply these 
methods and to properly evaluate the results. These shortcomings make that the predictive value 
of these methods in general is limited, in spite of the claims of their authors, not in the least 
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because the eventual future outcome is contingent on so many more factors than any of these 
methods will ever be able to account for. 

What the empirical test did reveal, however, is that these methods cannot be applied in 
situations where long-term predictive statements are required or when the emerging technology 
has not yet been introduced to the market and the decision-making context, as a result, is still 
surrounded by high levels of complexity and uncertainty. Due to these limitations, the 
disruptiveness of ad hoc networks to mobile network operators could not be established utilizing 
these methods. Therefore, accurate predictions about where the mobile services industry will be 
in 2020, could not be made. 
 
Sub-question 1c: How can the existing methods be improved or what other methods are useful when considering 
potentially disruptive technologies from an ex ante perspective? 
Although the shortcomings of the methods mentioned above leave room for further 
improvement, in this thesis no specific suggestions were made on how to address them. 
Particularly the second and third shortcomings will be difficult to eliminate given the fact that 
there has been considerable discussion between academics on the predictive power of the theory 
of disruptive innovation in general. The first shortcoming, on the other hand, is relatively easy to 
remedy; the limitations discovered during the empirical test on the ad hoc networks case should 
be seen as a first contribution in that direction. 

These limitations, however, cannot easily be overcome. So to explore the disruptive 
potential of ad hoc networks and other emerging technologies that are in a similar evolutionary 
phase, a different approach was needed. Therefore, an alternative method was proposed, which 
combines scenario analysis with insights from the theory of disruptive innovation. This method 
can be used to explore the disruptive potential of emerging technologies that have not yet 
entered market yet or that are surrounded by a high degree of complexity or uncertainty.  

Unlike some of the methods mentioned previously, this method does not claim to 
predict the future. Scenario analysis is not the proper instrument to do that, because it is 
uncertainty-based and used to illustrate, rather than to hide risks. However, the evident strength 
of this method is that it does provide sufficient insights to stakeholders to recognize conditions 
for disruptive or paradigmatic change that may arise in the future to enable them to take the 
necessary preparatory measures. 

The basic steps in creating scenarios for potentially disruptive technologies are not much 
different from those in creating macroeconomic, environmental or other types of scenarios. The 
main difference is that trends and uncertainties that can have a great influence on the 
disruptiveness of the emerging technology are explicitly included, that at least one scenario 
dimension is chosen that reflects the disruptive potential of that technology, and that the ensuing 
scenarios are then analyzed through the lens of the theory of disruptive innovation.  

As will be discussed later on, the application of this method on the ad hoc networks case 
offered some interesting perspectives on possible future developments in mobile 
telecommunications and their implications for mobile network operators. Even though no 
conclusions can be made about its general applicability from this case study alone, scenario 
analysis may very well be a useful method for exploring the possible effects of technological 
change in other industries as well. Yet, as argued in paragraph 8.2, it should always be used as 
part of a broader strategic planning process for maximum results. 
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Conclusion 
Currently there are four methods available to assess the disruptive potential of emerging 
technologies, including the one developed in this thesis. All methods use indicators that are 
derived from Christensen’s theory of disruptive innovation, which outlines how and under which 
circumstances disruptive technological change can lead to the failure of established companies. 
Which method is to be used in which case study depends entirely on the purpose of the study 
(informative or strategy-making, company or industry analysis), the familiarity of the practitioner 
with the theory, the complexity of the case study and the degree of uncertainty involved, and the 
evolutionary stage of the technology (i.e. scientific, development, experimental, commercial). 

However, in spite of claims of some methods, the predictive value of all methods is 
limited. The three existing methods can only provide a rough indication of the disruptiveness of 
emerging technologies that have already been on the market for some time and of which basic 
information about the (killer) applications, customer groups, performance, and competitive 
effects on existing products and services is available. For new technologies of which such 
information is lacking, or when the time frame considered is long (e.g. more than two years 
ahead), the scenario analysis method can be used to highlight uncertainties and to explore the 
possible effects on the incumbents. All four approaches may provide useful information for 
strategists, but should not be used as the only basis for managerial prescriptions. 

While ad hoc networks are an interesting technology with apparent disruptive 
characteristics, this case could not be used to assess the practical value of the three existing 
methods. Here it would be interesting to see how they would work out when assessing the 
disruptive potential of other, more mature emerging technologies, such as cloud computing and 
virtualization, e-readers, nanotechnology, and 3D televisions. On the other hand, as discussed in 
the next section, it did prove to be a useful case to illustrate the application of the scenario 
method developed in this thesis. While scenario analysis cannot be used to assess the disruptive 
potential of ad hoc networks, and of emerging technologies in general, their practical value of 
scenarios is that they enable decision makers and other stakeholders to make sense of complex 
situations and anticipate future developments. 

8.1.2 Practical findings: the ad hoc networks case 
The second objective of this study was to explore the potential impact of ad hoc networks on 
the future of mobile network operators and analyze the previously mentioned claims that ad hoc 
networks are a disruptive technology through the application of this framework. To that end, the 
following research question was defined: 
 

To what extent will ad hoc networks become a disruptive technology  
to mobile network operators and what other potential threats and opportunities  

do they represent to these companies? 
 
Before presenting the main conclusion, first the two sub-questions related to this question will 
be answered. 
 
Sub-question 2a: What future scenarios for the emergence of ad hoc networks can be identified and what are their 
implications for mobile network operators? As argued earlier, the exact impact of ad hoc networks on 
the future of mobile network operators cannot be predicted. Therefore, using the disruptive 



Ad hoc Networks and the Future of Mobile Network Operators 2011 

 192 

foresight framework proposed in this thesis, four scenarios have been developed for the future 
of operators in 2020. In brief they are:121 
 
Little Creeks scenario: mobile network operators adopt ad hoc networking technology to extend 

the coverage or increase the bandwidth of their access networks using 
mobile devices and additional access points. It is a sustaining scenario in 
which operators are able to utilize this emerging technology to optimize 
their service while minimizing cost. 

Great Lakes scenario: due to technical limitations, ad hoc networks are only used in specific 
niche applications, such as vehicle-to-vehicle communication. They 
represent neither threats nor opportunities, so the market for mobile 
telecommunications will hardly be affected by this new technology. 

Blue Oceans scenario: ad hoc networks act as glue between many different types of networks, 
including mobile networks, thereby creating a global ‘super-Internet’. In 
this new architecture, connectivity has shifted from network-centric to 
user-centric. Even though it is a sustaining scenario in which the demand 
for connectivity and bandwidth has exploded, operators will face greater 
competition from other types of networks. Therefore, their added value 
will mainly be in providing high performance and high quality service to 
their most demanding customers. 

Red Oceans scenario: ad hoc networks are the new paradigm in wireless and mobile 
telecommunications. In this disruptive scenario, mobile network 
operators are rapidly losing customers, not only because their services are 
expensive and provide more than the mainstream market actually needs, 
but also because they were not able to find a way to divert the disruptive 
threat, for instance by co-opting it or radically changing their business 
model. 

 
Sub-question 2b: What can mobile network operators do to prepare themselves for the emergence of ad hoc 
networks, and in particular for the scenario that they become a disruptive technology? Several strategies can be 
recommended to prepare for both sustaining and disruptive scenarios. These will be discussed in 
detail in paragraph 8.2. 

Conclusion 
Analyses in this thesis showed that with the information currently available, no evidence was 
found to support the claim that ad hoc networks will become a disruptive technology to mobile 
network operators by definition; much depends on the future capabilities and limitations of the 
technology and the business model by which it is taken to the market. The technology has many 
potential benefits and promises. However, there is still a large number of research challenges that 
need to be resolved before the first commercial applications will appear on the market. Until 
then, any prediction about its disruptive potential is premature, simply because much of the 
information that is required by existing predictive methods is unavailable.  

                                                 
121 See chapter 7 for a complete overview of the implications for mobile network operators and the early warning signals 
identified for each scenario. 
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This does not exclude the possibility that ad hoc networks do become a disruptive 
technology in the future.122 From an economic point of view, however, the probability that 
mobile network operators will be disrupted seems to be low. First, as it is a high fixed-cost 
industry with a huge base of largely depreciated fixed assets, operators need large volumes to 
generate sufficient returns. So they are unlikely to flee up-market as soon as cheaper networks 
start to appear on the market, even if it has negative consequences for their profitability. 
Secondly, network externalities and switching costs play such an important role in 
communication markets, that it will be challenging for disruptive innovators to reach a critical 
mass when targeting the lower tiers of the mobile market. In the ideal situation, they would 
incorporate the technology in existing mobile devices; this was for instance a successful strategy 
for the adoption of WLAN and Bluetooth technologies. However, operators are not likely to 
allow these devices on their networks, so another approach would be required. And third, from a 
technological point of view it is doubtful whether ad hoc networks will be able to compete with 
mobile networks. The current state of research is that there is a significant trade-off between 
network size and performance, meaning that the concept of ‘mobile ad hoc networks’ discussed 
in this thesis is possibly not feasible. 

As a sustaining technology, on the other hand, ad hoc networks provide several 
opportunities. Both in the Little Creeks and the Blue Oceans scenario, they offer a means to lower 
capital and operating costs, to improve coverage and network performance, to strengthen their 
competitiveness in a rapidly changing market, to stimulate demand, and to better meet the needs 
of their customers. The only non-disruptive threat identified was a threat of substitution in the 
Blue Oceans scenario. In this scenario, it is the end user that decides when to use what network, 
and it can be expected that other networks will capture a share of the traffic that is currently 
carried by the mobile network. 

In summary, the impact of ad hoc networks on the future of mobile network operators 
could not be established. Several scenarios were identified, but for now they should all be treated 
as equally probable. Attaching probabilities to them at this point in time may be a natural 
response, even for the most seasoned industry experts. However, throughout this thesis several 
examples showed that experts were often wrong. In the next few years, this balance will change 
in favor of one or two scenarios as more and more will be known about the technical 
possibilities and limitations of ad hoc networks, the evolution and usage patterns of mobile 
networks, and the evolution of the mobile services industry. Until then, it is not the scenarios 
that are important. What is important is to think about the future in a way that challenges 
mainstream thought. Hopefully, the scenarios and this thesis have contributed to that thinking. 

8.2 RECOMMENDATIONS FOR MOBILE NETWORK OPERATORS 
The greatest challenge for mobile network operators that emerges from the conclusions, is to 
effectively manage the uncertainties surrounding the emergence of ad hoc networks in the long 
run. While the development, selection and implementation of the best response is highly 
dependent on the strategies, business models, cost structures, cultures, and competitive positions 
                                                 
122 For that to happen, the following five conditions were identified. (1) ad hoc networks have the potential to replace the existing 
mobile technologies, (2) the usage of and access to mobile networks must be more expensive than the usage of and access to ad 
hoc networks, while switching costs are limited, (3) existing mobile technologies offer better performance or more functionality 
than subscribers actually need or are able to absorb while ad hoc networking technologies must be available as a lower-
performance, lower-cost alternative, (4) mobile network operators have the possibility and the willingness to move up-market, 
and (5) the business models of mobile network operators are not matched to the emerging ad hoc networking technologies, 
which makes it difficult to co-opt them. 
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of individual operators, there four general recommendations for mobile network operators to 
prepare for their future: 
 

Integrate scenario thinking with strategic planning to manage uncertainty and improve decision making. As 
argued in chapter 5, scenario analysis is a powerful tool for anticipating future developments 
in wireless and mobile telecommunications. It provides a way to explore the joint effects of 
many key uncertainties in the long run and may include elements that cannot be 
quantitatively modeled. Although the one-off use of scenario analysis may lead to some 
useful insights, its true potential is only unleashed when it is integrated into the ongoing, 
cyclical process of strategic planning. This allows operators to simultaneously explore new 
territories and future developments and exploit obtained insights and existing products and 
services, and to align long-term perspectives with short to medium-term goals. For full 
effectivity, it is recommended though to select a multidisciplinary team of experts in the 
generation of the scenarios; among its members there should be at least one expert who is 
familiar with Christensen’s theory of disruptive innovation and its underlying principles, and 
one expert with deep knowledge of technical and commercial developments in ad hoc 
networking. 
 
Adopt a flexible approach to strategy-making. The business environment in which mobile network 
operators operate is becoming increasingly complex, fast-changing, and unpredictable. This 
makes it increasing challenging for senior management to accurately appraise opportunities 
and threats as well as their corporate strengths and weaknesses, and rely on deliberate 
strategic planning only to deal with new challenges ahead. In this thesis it is argued that a 
more flexible approach becomes a necessity to successfully guide their companies through 
events and circumstances that cannot be forecast but that can pose a great threat to their 
survival. The emergence of ad hoc networks is still a few years away. However, it is 
recommended not to wait with the implementation of an emergent strategy-making process 
that continuously assesses and reassesses information and events from multiple sources. 
Such process is able to cope more adequately and promptly with situations characterized by 
complexity, rapid change, and imperfect information, and disruptive threats in particular. 
Emergent strategies also minimize the risk of making large investments or other important 
decisions in the unanticipated event that signals from the market indicate that the intended 
strategy is not working. 
 
Develop a solid organizational capability for detecting and recognizing weak signals of peripheral 
developments. Applications of ad hoc networks and other potentially disruptive threats are 
likely to be developed outside the conventional boundaries of the mobile services industry, 
where they are less visible than threats and opportunities posed by competitors and the 
market. This highlights the importance for the business intelligence function to develop a 
peripheral vision capability, which is able to detect and recognize early the warning signs 
identified for each of the scenarios in (emerging) markets, technologies, value networks, and 
industries, filter out the noise, and prepare their organizations for action as more evidence 
comes in. This capability is a major source of information for the emergent strategy-planning 
process and should be developed in addition to, and in coordination with existing business 
intelligence functions occupied with gathering and processing information about the market, 
competitors, and other, more immediate threats and opportunities. In the light of this thesis, 
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one of its objectives should be to keep track of the progress ad hoc networking technologies 
and the steps other companies are making to exploit them.  
 
Develop a corporate learning culture that counterbalances the formal, performance culture. Currently, it is 
unknowable which of the scenarios will eventually materialize, so operators should take into 
consideration that a Red Oceans scenario, in which they are disrupted by ad hoc networking 
technologies, is a real possibility. For an effective use of scenario planning and emergent 
strategies to prepare for the challenges and uncertainties ahead, senior managers should build 
and stimulate a learning culture within their companies. Organizations that are open to a 
diversity of viewpoints, that are willing to challenge deep-seated assumptions about their 
existence and future developments in their environment, that stimulate creativity, that have a 
high tolerance for ambiguity, and that encourage and reward experimentation while accepting 
the inevitable failures, have a greater chance of coping with (disruptive) change than 
organizations that are tightly controlled and directed from the top. 

 
In addition to these general recommendations for managing the uncertainties regarding their 
future, it is recommended that operators take three additional measures to prepare for the 
eventuality that ad hoc networks become a truly disruptive technology as described in the Red 
Oceans scenario:  
 

Prepare for the eventuality that ad hoc networks become a disruptive technology. This thesis has shown 
that disruptive processes can have a powerful impact on the survival of incumbents. 
Research by Christensen and others show that these companies often do not understand the 
forces at work, and attempt to respond with strategies that only work in sustaining 
circumstances (Adner, 2002; Christensen, 1997; Christensen and Overdorf, 2000). So as a 
first step in preparing for a disruptive scenario, operators are advised to gain in-depth 
knowledge about the principles and conditions for disruption. At the same time, they should 
also question the dominant assumption that their services will continue to dominate the 
market in the near future and provide a sufficient stream of revenues, for history has shown 
that few companies are invulnerable to disruption. 
 
Minimize the risk of disruption. Mobile network operators should be aware of the dilemma that 
long-term commitments to standards and systems and large investments in their 
infrastructure and other key assets to pursue a sustaining competitive advantage, also 
increases the risk of firm failure if they are faced with disruptive technological change. To 
minimize that risk, operators better concentrate on delivering exactly what their customers 
want (and nothing more) than to strive for profit-maximization. Conversely, they may also 
attempt to stimulate demand for higher performance 3G mobile services through marketing 
and sales initiatives. Both strategies, that aim at minimizing performance oversupply, may be 
hard to achieve due to competitive forces, pressure of investors and shareholders, and the 
limited financial headroom of operators to lower prices. However, they are well worth trying. 
 
Minimize the effect of being disrupted. The root cause of why incumbents are not able to respond 
effectively to disruptive threats is that their resource allocation processes force them to 
prioritize resources towards sustaining innovations that generate the returns they need to 
survive. Fighting these forces, which are the result of natural competitive laws and principles, 
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is very difficult. Operators, however, can try to harness these forces and minimize the effect 
of being disrupted in two ways. They can either spin off two autonomous business units, one 
for commercializing and gaining experience with ad hoc networking technologies in order to 
benefit from a first-mover advantage as soon as the market for such applications picks up, 
and one for experimenting with new business models that are less vulnerable to disruption, 
for instance by diversifying into other markets or by offering a lite mobile service for the 
same low flat rate anywhere in Europe. Or they can build a hybrid, ambidextrous 
organization to simultaneously manage both evolutionary and revolutionary technological 
change by bringing together both resources, and contradictory processes and values within 
the same organization. Yet this requires a corporate culture and mindset much different from 
that of a highly structured, hierarchically led incumbent. Either way, operators should be 
willing and able to cannibalize their own business to ensure that no other companies will as 
foreseen in the Red Oceans scenario. Actually, these are also good strategies for a sustaining 
Blue Oceans scenario, because it enables operators to simultaneously build a presence in other 
key areas in wireless telecommunications. 

 
As the Red Oceans scenario heralds a very turbulent and, eventually, destructive period for 
operators (that is at least what the theory of disruptive innovation predicts), the ultimate 
challenge for these companies is to turn the disruptive threat described in this scenario into an 
opportunity and create what Kim and Mauborgne (2005) coincidentally call “Blue Oceans”, i.e. 
become disruptors instead of disruptees. By expanding their market into new, uncontested areas 
with products and services that create entirely new demands – such as applications based on ad 
hoc networking technologies – without compromising between high quality value and low cost, 
operators could make competitors and competing products and services irrelevant. It is not a 
common and straightforward approach, but these authors claim that, with the principles and 
tools presented in their book, it can be a very successful response to technological change and 
rapidly changing markets. 

In the other three scenarios, ad hoc networks are sustaining relative to the operators’ 
existing business models (or have no effect at all, as described in The Great Lakes scenario), 
because they improve the performance and functionality of their services in ways that matter to 
their customers. In those circumstances, operators will have few difficulties in managing the 
associated challenges in those circumstances, because they have the ability, skills, and motivation 
to succeed (as Christensens research demonstrates). Operators can employ a wide range of 
general management tools and methods to guide them through these circumstances, so no 
specific recommendations are offered here to prepare them for those scenarios. 

On the threat of substitution of mobile services in the Blue Oceans scenario there is one 
remark in place though. In this ‘super-Internet’ scenario, many things are for free that had to be 
paid for in the past. However, free is not magic, it is just another price. So if operators want to 
compete successfully with free connectivity services provided by other types of networks, they 
must provide connectivity services with a better value to retain their customers. 

The recommended strategies and organizational approaches for mobile network 
operators in response to the emergence of ad hoc networks are summarized in Table 13. Again, 
it must be noted that these are general guidelines that follow from the analyses presented in this 
thesis. The business reality is in fact much more complicated, so the exact interpretation and 
implementation should be contingent upon the goals and circumstances of individual firms and 
will typically be a mixture of sustaining and disruptive strategies and approaches. 
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Table 13. Recommended strategies and approaches for preparing for the emergence of ad hoc networks 

 Ad hoc networks as a 
sustaining technology 

Ad hoc networks as a  
disruptive technology 

Organizational structure No changes to the hierarchical 
command and control structure 

Create separate business units with 
independent managers, goals and budgets

Leadership style Executive, goal-oriented: 
management by objective 

Entrepreneurial: 
learning by doing 

Strategic approach Deliberate strategy; actions follow plans Emergent strategy; plans follow actions 
Planning approach Plan for execution Plan for learning and discovery 
Foresight methods Forecasting, market research, modeling Scenario planning 
Market strategy Retain existing market share and expand 

into new areas 
Enter the market, focus primarily growth 

and product improvement 
Marketing approach Listen closely to the best customers and 

lead users 
Search for market opportunities by 

observing consumers and nonconsumers 
 

8.3 LIMITATIONS OF THIS STUDY AND SUGGESTIONS FOR FURTHER RESEARCH 
The results of this study have a few methodological limitations. First of all, none of the scenarios 
presented can be proven nor disproven, which opposes the simplicity and certainty often desired 
by senior management. As Schwartz (1998, p.27) points out, “Scenario thinking is an art, not a 
science.” Whether they will materialize as described cannot be known at this point. There are so 
many driving forces, trends and countertrends, uncertainties and unknowables that it is 
impossible to make accurate predictions. In fact, operators should not use them as such in their 
strategic planning, because the likelihood that either one of the scenarios will play out in all its 
details as outlined in the previous chapter is close to zero. Based on the information and analyses 
presented in this thesis, however, they do provide a realistic perspective on the future of mobile 
services industry in 2020 and the range of uncertainty that surrounds it. Moreover, the spread in 
possible outcomes has been chosen wide enough so that the eventual outcome is likely to 
emerge somewhere in between them. If operators integrate scenario analysis in the strategic 
planning cycle and frequently reassess the assumptions made in previous chapters, they are still 
able to benefit from them. 

A second limitation is that the scenarios may not have been based on the best insights to 
date. Scenario construction requires creativity and divergent thinking and should be based on a 
widest range of sources as possible for maximum effect. Therefore, in spite of a thorough 
literature review and interviews with industry experts, it would have been better if also operators 
– as key actors – had participated in the construction of the scenario building blocks. For 
instance, they might have been able to put the developments in mobile and ad hoc networking in 
perspective against key developments in related areas, such as mobile VoIP, WiMAX, LTE, and 
4G, even though these developments were initially left out of scope. For strategic reasons, 
however, none of the operators invited was willing to contribute to the development of this 
thesis. 

A third limitation is that – as this thesis has taken an outside-in perspective, studying 
mobile network operators at an industry level – the results may not be applicable to individual 
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operators. Whether and how a company will be affected by the emergence of ad hoc networking 
technologies, strongly depends on the circumstances it might find itself. 

 
In spite of the fact that its multidisciplinary character was both necessary and fruitful, this thesis 
obviously could not address all issues involved in the complex and dynamic interaction between 
the decision-making processes within mobile network operators and the forces of competition 
and technological change, and the effect this interaction has on industry structure and firm 
survival. To keep the complexity of this study manageable, two factors that currently have a 
strong influence on market performance, industry structure, firm and customer behavior in 
wireless and mobile telecommunications, have been not been discussed in great detail: the role of 
governments and regulators, and the presence of network externalities and standards. As argued 
below, it would not be surprising if that influence will also affect the impact of the emergence of 
ad hoc networking technologies on the future of mobile network operators. 

Public intervention in the European mobile services market is a very common 
phenomenon to address market failure. While the main purpose of such interventions is 
generally to stimulate competition or to protect the public interest, for instance by enforcing 
price caps on interconnection fees, it is a well-known fact that they also affect the intensity and 
direction of innovative activity, market structure, competitive actions of individual operators, 
their performance as well as that of the mobile services industry as a whole. If ad hoc networks 
really have the potential to substitute the relatively expensive mobile networks, this could create 
huge benefits in terms of consumer welfare. Yet it may very well be that those policies and 
regulations that aim to achieve just that, in fact maintain the status quo by prohibiting mobile 
network operators to demand premium prices for their services, as a result of which the 
likelihood of ad hoc networks to become a disruptive technology may significantly be reduced. 
On the other hand, if regulators manage to increase the likelihood of ad hoc networks as a 
successful disruptive technology that is taken to the market by many new entrants rather than the 
operators, it can for instance introduce more competition in which case less regulation becomes 
necessary. Therefore, additional research is justified to see how the scenarios would play out if 
the role of governments and regulators is included in the foresight framework. 

A more fundamental issue that merits additional research, is the question to which extent 
Christensen’s theory of disruptive innovation can be applied in circumstances in which the 
presence of network externalities, switching costs, customer lock-in, path dependency, and 
standards play an important role in the decision-marking context. One of the premises of this 
theory is that overserved customers can switch easily and independantly of other customers from 
a sustaining product or service to a potentially disruptive product or service. However, in 
network markets like wireless and mobile telecommunications, the decision of customers to 
switch or not is largely dependent on previous choices, the presence of standards, and on the 
relative value of the alternative in terms of the number of users (see e.g. Shapiro and Varian, 
1998). That implies that even if, from a purely objective point of view, the performance of that 
alternative product or service is good enough to attract customers away from the mainstream 
market and disrupt the incumbent, customers may not be willing to make the switch, because 
they are locked in the mainstream market as result of the sheer number of customers in that 
market. Although no evidence of a causal relationship between the level of disruptiveness of an 
innovation and the presence of network externalities in a market has been found in the literature, 
it is surmized here that the presence of these network externalities will reduce the likelihood that 
a disruptive Red Oceans scenario materializes. 
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Table 14. Examples of disruptive innovations 

Disruptive innovation Disruptive companies Disrupted innovations Disrupted companies Source 

8-inch disk drives Shugart, Micropolis, Priam, 
Quantum 

14-inch disk drives Control Data, Memorex Christensen (1997) 

5.25-inch disk drives Seagate 8-inch disk drives Shugart, Priam, Quantum Christensen (1997) 
3.5-inch disk drives Quantum, Conner 5.25-inch disk drives Seagate Christensen (1997) 
Desktop computers Apple, Commodore, Tandy, 

IBM 
Minicomputers DEC, Wang, Nixdorf, Prime Christensen (1997) 

Digital photography Kodak Photographic film Kodak, Polaroid, Fuji Film, 
Agfa, BASF 

Christensen (1997) 

Discount retailing Woolworth, Macy’s, Kmart, 
Kresge 

Traditional department stores Sears, Macy, Penney, 
Montgomery Ward 

Christensen (1997) 

Electronic calculators  Electromechanical calculators NCR Christensen (1997) 
Electronic programmable motor 
controls 

Modicon, TI Electromechanical motor 
controls 

Allen Bradley, General Electric, 
Westinghouse 

Christensen (1997) 

Hydraulic Excavators  Mechanical Excavators  Christensen (1997) 
Ink-jet printers Hewlett-Packard, Canon, Epson Laser printers Hewlett-Packard Christensen (1997) 
Microprocessors  Complex analog logic circuits  Christensen (1997) 
Minicomputers DEC, Wang, Nixdorf, Prime Mainframe computers IBM Christensen (1997) 
Minimill steelmaking Nucor, Chaparral Integrated steelmaking U.S. Steel, Bethlehem Steel, 

USX 
Christensen (1997) 

Online retailing  Bricks & mortar retailing  Christensen (1997) 
Online stock brokerage Charles Schwab Full-service stock brokerage Merill Lynch Christensen (1997) 
Packet-switched 
communication networks 

Lucent, Nortel, Cisco Circuit-switched 
communication networks 

 Christensen (1997) 

Small, off-road motorcycles Honda, Kawasaki, Yamaha Powerful, over-the-road 
motorbikes 

Harley-Davidson, BMW Christensen (1997) 

Telephone AT&T Telegraph Western Union Christensen (1997) 
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Disruptive innovation Disruptive companies Disrupted innovations Disrupted companies Source 

Transistor radios Sony Vacuum tube radios RCA Christensen (1997) 
Arthroscopic and endoscopic 
surgery 

 Open surgery  Christensen and Raynor (2003) 

Desktop photocopiers Canon, Ricoh Corporate photocopiers Xerox Christensen and Raynor (2003) 
Disposable contact lenses Johnson & Johnson Glasses and normal contact 

lenses 
 Christensen and Raynor (2003) 

E-mail  Postal Services  Christensen and Raynor (2003) 
Endoscopic surgical equipment Johnson & Johnson   Christensen and Raynor (2003) 
Fast food industry McDonald’s, Burger King Traditional restaurants  Christensen and Raynor (2003) 
Flat-panel displays Sharp, Sony CRT displays Philips, Panasonic Christensen and Raynor (2003) 
Nurse practitioners  Medical doctors  Christensen and Raynor (2003) 

and Christensen et al. (2009) 
Online book discounters Amazon, Barnes & Noble Traditional book stores  Christensen and Raynor (2003) 
Online computer retailing Dell Traditional computer retailing Compaq, HP, IBM Christensen and Raynor (2003) 
Online search engines Google, Yahoo Yellow Pages  Christensen and Raynor (2003) 
Online travel agencies  Brick-and-mortar agencies  Christensen and Raynor (2003) 
Outpatient clinics and in-home 
patient care 

 General hospitals  Christensen and Raynor (2003) 
and Christensen et al. (2009) 

Photocopiers Xerox Offset printing  Christensen and Raynor (2003) 
Ultrasound  Magnetic Resonance Imaging 

(MRI) and Computer 
Tomography (CT) 

 Christensen and Raynor (2003) 

Angioplasty Johnson & Johnson Cardiac bypass surgery  Christensen et al. (2004; 2009) 
Blood glucose monitoring kits Johnson & Johnson Laboratory testing equipment  Christensen et al. (2004) 
Home pregnancy tests Johnson & Johnson Laboratory testing equipment  Christensen et al. (2004) 
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B The disruptive potential of selected innovations 
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Table 15. Case studies of innovations that were predicted to be either disruptive or sustaining with respect to established business models 

Year of 
prediction

Innovation Attacking 
companies 

Threatened industry or 
products 

Original 
classification

Outcome or current 
classification (2010)

Source 

1995 Flash memory Sandisk Hard disk drives Disruptive Disruptive Christensen 
(1997) 

1996 CMOS-based PC-sized 
semiconductor tester 

Teradyne Semiconductor test 
equipment 

Disruptive Disruptive D’Arbeloff 
(1996) 

1997 Electric vehicles  Traditional cars Disruptive Not disruptive yet Christensen 
(1997) 

1998 Low-end microprocessors AMD, Cyrix Intel’s Pentium processors Disruptive Disruptive Christensen 
(2006b) 

1999 Digital photography Eastman Kodak Photographic film Disruptive Initially disruptive, later 
sustaining due to a 

strategy change (Kodak 
merged its film and 
digital photography 

business units) 

Christensen and 
Raynor (2003) 

2001 10 Gb Ethernet - Metropolitan 
Access Networks (MANs) 

Yipes, Telseon Synchronous Optical 
Networks (SONETs) 

Disruptive Unknown Christensen et al. 
(2001) 

2001 IP-based PBXs Cisco, Avaya Traditional PBXs (Nortel, 
Ericsson, Alcatel, Aspect) 

Disruptive Disruptive Christensen et al. 
(2001) 

2003 WLAN  Mobile telephony Sustaining Sustaining (co-opted by 
incumbents) 

Hüsig et al. 
(2005) 

2004 Cable Telephony  Traditional telephony Sustaining Sustaining Christensen et al. 
(2004) 

2004 Customized  
systems-on-a-chip 

Tensilica, Xilinx Traditional chipmakers (Intel, 
AMD) 

Disruptive Unknown Christensen et al. 
(2004) 

 





 

223 

Year of 
prediction

Innovation Attacking 
companies 

Threatened industry or 
products 

Original 
classification

Outcome or current 
classification (2010)

Source 

2004 Discount airlines JetBlue, Southwest 
Airlines 

Traditional airlines (Delta, 
Northwest, American 

Airlines, Continental, US 
Airways) 

Sustaining Probably sustaining Christensen et al. 
(2004) 

2004 Distance learning – higher 
education via the Internet 

University of 
Phoenix, Concord 

Law School, 
corporate 

universities 

Traditional colleges and 
universities 

Disruptive Probably disruptive Christensen et al. 
(2004; 2008) 

2004 Regional jet aircraft Bombardier, 
Embraer 

Long-haul aircraft from 
Boeing and Airbus 

Disruptive Unknown Christensen et al. 
(2004) 

2004 VoIP telephony  Traditional telephony Sustaining Sustaining (co-opted by 
incumbents) 

Christensen et al. 
(2004) 

2004 WLAN  Mobile telephony Sustaining Sustaining (co-opted by 
incumbents) 

Christensen et al. 
(2004) 

2004 WLAN  Wired networks Sustaining Sustaining (co-opted by 
incumbents) 

Christensen et al. 
(2004) 
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C The disruptive questionnaire 

Based on common characteristics of disruptive technologies, Hüsig et al. (2005) have developed 
a questionnaire to determine the likelihood that an emerging technology will eventually disrupt a 
group of established companies. Although the questionnaire was used to test the disruptiveness 
of WLAN technologies for mobile network operators, the authors claim that it can also be used 
to test the disruptiveness of other emerging technologies. 

To test the disruptive potential of ad hoc networks, the original disruptive questionnaire 
was modified and excludes a number of questions that Hüsig used to collect additional data on 
WLAN technologies. Table 16 shows the results based on the available information presented in 
chapters 3 and 4. 

Table 16. Results of the disruptive questionnaire for the ad hoc networks case 

 Question Yes No ? 

01 Are ad hoc networks a potentially disruptive technology (PDT)? X   
03 Do mobile network operators have a potentially threatened technology (PTT)? X   
06 Is the PDT based on an architectural innovation? X   
07 Is the PDT technologically straightforward, consisting of standard components?  X  
08 Does the PDT underperform with regard to most-valued performance 

dimensions? 
  X 

09 Are products based on a PDT already applied outside the mainstream markets in 
which mobile network operators are active? 

 X  

12 Have prototypes or products based on the PDT been developed by mobile 
network operators? 

 X  

13 Is the PDT aimed more at unpredictable than predictable needs of existing 
customers? 

  X 

14 Are the PDT initial cost/benefit characteristics not competitive with existing 
customers? 

  X 

15 Have existing customers shown a negative response to products based on the 
PDT? 

  X 

16 Are the products based on the PDT only useful for mainstream customers in a 
limited way? 

 X  

17 Are the customer needs or requirements regarding the PDT largely ill defined or 
unknown? 

X   

18 Does the PDT also attract less skilled and less wealthy consumers?   X 
19 Are pessimistic market forecasts established for the PDT in the existing markets?   X 
20 Do mobile network operators doubt whether there actually is a market for the 

PDT? 
  X 

21 Are smaller margins expected for the products based on the PDT? X   
22 Are the products based on the PDT simpler, cheaper, more reliable or more 

convenient? 
  X 

23 Do the products based on the PDT have a worse cost- or price-performance ratio?   X 
24 Are the performance attributes of the products based on the PDT a disadvantage?   X 
25 Have the projects for putting the PDT on the market been stopped?  X  
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26 Are there new firms that offer products based on the PDT? X   
28 Have these new firms successfully created new markets for the PDT? X   
29 Can these new firms achieve an attractive rate of return with products based on 

the PDT? 
  X 

30 Do the performance attributes based on the PDT develop faster than the new 
demand? 

  X 

31 Do the performance attributes based on the PDT develop faster than the old 
demand? 

  X 

32 Are the first products based on the PDT aimed primarily at down-market 
segments? 

X   

33 Do mobile network operators reject introducing products based on the PDT?   X 
34 Have mobile network operators responded by introducing products based on the 

PDT onto the existing market? 
  X 

35 Are these products based on the PDT primarily aimed at customers in the existing 
market? 

  X 

36 Are the products of mobile network operators that are based on the PDT 
marketed separately from an independent organization? 

  X 

37 Are there no principal reasons that could impede the implementation of the PDT?  X  
41 Are there changes in the most-valued performance attributes on the mainstream 

market? 
 X  

42 Is there less willingness to pay for an increase in mainstream performance 
attributes? 

X   

43 Are there customer groups with different demands regarding performance 
attributes? 

X   

61 Does the PTT overshoot the performance requirements of the less-demanding 
customers? 

  X 

62 Does the PDT overshoot the performance requirements of the less-demanding 
customers? 

  X 

63 Does the PDT’s trajectory of performance supply intersect with the trajectory of 
performance demand at the low end of the established market? 

  X 

64 Does the PTT undershoot the performance requirements of the new customers?   X 
 Overall 10 7 21 

 
 
According to Hüsig, the result of this questionnaire is heuristically significant and should give a 
clear indication of the likelihood of disruption. The more questions are answered positively, the 
more ad hoc networks show characteristics of a disruptive technology. The more questions 
answered negatively, the fewer ad hoc networks show characteristics of a disruptive technology. 

In the case of ad hoc networks, more questions are answered positively (10 vs. 7). 
However, due to the fact that ad hoc networks are still under development and it will take 
another few years before the first mobile applications will start to appear, the number of 
unknowns is so large (21) that the disruptiveness of ad hoc networks cannot reliably be 
determined using this method. 
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D Specifications of European mobile standards 

The following table summarizes the specifications and performance attributes of the mobile 
telecommunication standards discussed in paragraph 6.1. 

Table 17. Specifications and performance attributes of mobile telecommunication standards 

Performance 
attributes 

GSM GPRS EDGE UMTS HSPA HSPA+ LTE 

Generation 2G 2G 2G 3G 3G 3G 3/4G 
Year of 
introduction 

1992 1999 2003 2001 2005 2008 2011? 

Main applications Voice, 
SMS 

Voice, 
SMS, 
MMS 

Mobile 
broadband

Mobile 
broadband

Mobile 
broadband

Mobile 
broadband 

Mobile 
broadband

Access technology TDMA TDMA TDMA CDMA CDMA CDMA OFDMA 
Uses licensed 
frequency bands 

Yes Yes Yes Yes Yes Yes Yes 

Maximum 
download speed 

9.6 kbps 114 kbps 474 kbps 384 kbps – 
2 Mbps 

14.4 Mbps 42 Mbps 326 Mbps 

Maximum upload 
speed 

9.6 kbps 114 kbps 474 kbps 384 kbps – 
2 Mbps 

384 kbps 11.5 Mbps 86 Mbps 

Maximum range 
access point 

35 km 25 km 25 km 20 km 20 km 20 km - 

Typical range 
access point 

1 – 10 km 1 – 5 km 1 – 3 km 1 – 3 km 1 – 2 km 1 – 2 km - 

Latency 
(important for 
VoIP support) 

- 600 ms 400 ms 120 ms 60 ms 30 ms 10 ms 

Mobility support 
(on a 0-5 scale)123 

5 5 5 4 4 3 - 

Geographic 
coverage  
EU-wide (2009)124 

95 % 90 % 80 % 50 % 20 % 5 % - 

User penetration 
EU-wide (2009)125 

100% 90% 20% 30% 10% 1% - 

                                                 
123 Estimates. 
124 Estimates; predominantly in urban areas. 
125 Estimates. 
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E Coverage of 2G and 3G networks in Europe 

 

Figure 37. Coverage of 2G and 3G networks in Europe in 2009126 

                                                 
126 Adapted from: http://www.coveragemaps.com  





 

231 

F Scientific publications on ad hoc networks 

The analysis of scientific publications on ad hoc networks is based on a query on ISI Web of 
Knowledge127 databases (SCI-EXPANDED, SSCI, A&HCI) for the period 1970-2010, executed 
on January 10th 2011, with the following search string words:  
 

TS=("ad-hoc networks" OR "ad hoc networks" OR "ad-hoc network" OR "ad hoc 
network" OR "ad-hoc networking" OR "ad hoc networking" OR manet OR manets OR 
"packet radio network" OR "packet radio networks" OR prnet OR prnets) 

 
The results in the English language of this query have been refined by excluding the following 
subject areas: 
 

[excluding] Subject Areas=( Acoustics OR Engineering, Civil OR Mathematical & 
Computational Biology OR Anthropology OR Archaeology OR Engineering, Industrial 
OR Architecture OR Engineering, Marine OR Art OR Engineering, Mechanical OR 
Mechanics OR Asian Studies OR Medical Informatics OR Environmental Sciences OR 
Medicine, General & Internal OR Biochemical Research Methods OR Environmental 
Studies OR Medicine, Legal OR Biochemistry & Molecular Biology OR Ethics OR 
Metallurgy & Metallurgical Engineering OR Biodiversity Conservation OR Ethnic 
Studies OR Mining & Mineral Processing OR Biotechnology & Applied Microbiology 
OR Film, Radio, Television OR Business OR Forestry OR Nanoscience & 
Nanotechnology OR Chemistry, Analytical OR Geography OR Nuclear Science & 
Technology OR Chemistry, Inorganic & Nuclear OR Health Care Sciences & Services 
OR Operations Research & Management Science OR Chemistry, Multidisciplinary OR 
History OR Optics OR Chemistry, Organic OR History & Philosophy Of Science OR 
Philosophy OR Chemistry, Physical OR History Of Social Sciences OR Classics OR 
Humanities, Multidisciplinary OR Physics, Condensed Matter OR Clinical Neurology 
OR Information Science & Library Science OR Physics, Fluids & Plasmas OR 
Communication OR Instruments & Instrumentation OR Language & Linguistics OR 
Linguistics OR Physics, Particles & Fields OR Literary Reviews OR Political Science OR 
Literary Theory & Criticism OR Psychology, Experimental OR Literature OR Literature, 
American OR Social Issues OR Literature, British Isles OR Social Sciences, 
Interdisciplinary OR Crystallography OR Literature, Romance OR Spectroscopy OR 
Ecology OR Management OR Economics OR Marine & Freshwater Biology OR Surgery 
OR Education & Educational Research OR Materials Science, Ceramics OR 
Electrochemistry OR Materials Science, Coatings & Films OR Theater OR Energy & 
Fuels OR Materials Science, Multidisciplinary OR Engineering, Aerospace OR Psychiatry 
OR Rehabilitation OR Sociology OR Veterinary Sciences OR Virology ) 

 
The results were further refined by including the following document types only: 
 

Document Type=( Article OR Proceedings ) 
                                                 
127 http://www.isiwebofknowledge.com  
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Table 18. Total number of publications per originating country 

Rank Country Publications Percentage of total 

1 USA 1980 38,01% 
2 China 570 10,94% 
3 South Korea 435 8,35% 
4 Taiwan 405 7,78% 
5 Canada 377 7,24% 
6 Japan 269 5,16% 
7 France 223 4,28% 
8 Italy 223 4,28% 
9 Germany 201 3,86% 
10 India 191 3,67% 
11 England 186 3,57% 
12 Spain 128 2,46% 
13 Singapore 112 2,15% 
14 Switzerland 101 1,94% 
15 Australia 96 1,84% 
16 Greece 96 1,84% 
17 Netherlands 61 1,17% 
18 Israel 52 1,00% 
19 Brazil 49 0,94% 
20 Iran 48 0,92% 
21 Sweden 47 0,90% 
22 Finland 45 0,86% 
23 Turkey 34 0,65% 
24 Ireland 32 0,61% 
25 Denmark 25 0,48% 
26 Scotland 24 0,46% 
27 Mexico 23 0,44% 
28 Norway 23 0,44% 
29 Hungary 21 0,40% 
30 Belgium 17 0,33% 
 Others 251 4,82% 
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Table 19. Total number of publications per originating institution 

Rank Institution Country Publications 

1 UNIV ILLINOIS US 91 
2 UNIV CALIF LOS ANGELES US 79 
3 UNIV FLORIDA US 76 
4 NATL CHIAO TUNG UNIV TW 75 
5 UNIV WATERLOO CA 72 
6 NANYANG TECHNOL UNIV SG 69 
7 UNIV MARYLAND US 69 
8 UNIV OTTAWA CA 68 
9 INDIAN INST TECHNOL IN 59 
10 ARIZONA STATE UNIV US 57 
11 HONG KONG UNIV SCI & TECHNOL CN 56 
12 NATL CHENG KUNG UNIV TW 54 
13 IIT US 52 
14 NATL TAIWAN UNIV TW 52 
15 UNIV CALIF SANTA CRUZ US 51 
16 SHANGHAI JIAO TONG UNIV CN 50 
17 UNIV TEXAS US 50 
18 PURDUE UNIV US 49 
19 GEORGIA INST TECHNOL US 48 
20 MIT US 45 
21 KOREA ADV INST SCI & TECHNOL KR 43 
22 NATL CENT UNIV TW 43 
23 OSAKA UNIV JP 42 
24 KYUNGPOOK NATL UNIV KR 41 
25 KOREA UNIV KR 40 
26 CORNELL UNIV US 39 
27 CITY UNIV HONG KONG CN 38 
28 NEW JERSEY INST TECHNOL US 38 
29 CONCORDIA UNIV CA 37 
30 ECOLE POLYTECH FED LAUSANNE CH 36 
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Figure 38. Scientific publications per originating continent 
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Figure 39. Shares of scientific publications 
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Figure 40. Number of scientific publications per year 
 
 
 

Table 20. Total number of publications per journal 

Rank Journal Publications Percentage 
of total

1 Lecture Notes In Computer Science  914 17,5%
2 Computer Communications  256 4,9%
3 IEEE Transactions On Mobile Computing  201 3,9%
4 IEICE Transactions On Communications  199 3,8%
5 IEEE Transactions On Vehicular Technology  192 3,7%
6 IEEE Transactions On Wireless Communications  192 3,7%
7 IEEE Journal On Selected Areas In Communications  179 3,4%
8 Wireless Networks  166 3,2%
9 Ad Hoc Networks  164 3,1%
10 Wireless Communications & Mobile Computing  149 2,9%
11 Mobile Networks & Applications  123 2,4%
12 Computer Networks  101 1,9%
13 IEEE Transactions On Communications  101 1,9%
14 IEEE Communications Magazine  93 1,8%
15 Wireless Personal Communications  83 1,6%
16 Eurasip Jl. On Wireless Communications And Networking 78 1,5%
17 IEEE Transactions On Parallel And Distributed Systems  78 1,5%
18 IEEE Transactions On Information Theory  76 1,5%
19 IEEE-ACM Transactions On Networking  76 1,5%
20 IEEE Communications Letters  73 1,4%
 Others (540) 2655 43,2%
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Table 21. Total number of publications per subject area 

Rank Journal Publications 

1 Telecommunications 3052 
2 Electrical & Electronic Engineering 2612 
3 Computer Science, Information Systems 1868 
4 Computer Science, Theory & Methods 1320 
5 Computer Science, Hardware & Architecture 651 
6 Computer Science, Software Engineering 227 
7 Transportation Science & Technology 204 
8 Computer Science, Artificial Intelligence 104 
9 Computer Science, Interdisciplinary Applications 86 
10 Applied Mathematics 52 
11 Automation & Control Systems 39 
12 Multidisciplinary Engineering 30 
13 Multidisciplinary Physics 17 
14 Computer Science, Cybernetics 14 
15 Multidisciplinary Sciences 13 
16 Statistics & Probability 12 
17 Mathematics 8 
18 Applied Physics 7 
19 Mathematics, Interdisciplinary Applications 5 
20 Robotics 4 
21 Mathematical Physics 1 

 
 
 
 
 
 

Table 22. Top four funding agencies of scientific publications on ad hoc networking 

Rank Funding agency Country Publications 

1 National Science Foundation  United States 230 
2 National Science Foundation China 169 
3 National Science Council Taiwan 46 
4 DARPA United States 22 
Of the 5209 scientific publications, 4355 do not mention any funding agency. 
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G Patent statistics on ad hoc networks 

The following figures and tables represent the main statistics of patents related to ad hoc 
networks. These statistics were obtained by means of a query on the patent data base of the US 
Patent and Trademark Office (USPTO) for the period 1970-2010 with the following keywords: 
 

((ad hoc network) OR (ad-hoc network) OR (ad hoc networks) OR (ad-hoc networks) 
OR (ad hoc networking) OR (ad-hoc networking) OR (manet) OR (manets) OR (packet 
radio network) OR (packet radio networks) OR (prnet) OR (prnets)) 

 
Synonyms of the term ‘ad hoc networks’ and combinations of word forms were used in order to 
ensure that all patents related to ad hoc networks were found, independently of the connotation 
or the spelling of the term. Afterwards, irrelevant query results that are related to IPC patent 
classes A to F only were manually removed, leaving a large subset of patent classes G 
(PHYSICS) and H (ELECTRICITY). 
 

Table 23. Number of patents granted per organization (assignee) 

Rank Organization Patents Percentage of total 

1 Nokia 234 6.32% 
2 Microsoft 196 5.30% 
3 IBM 190 5.13% 
4 Motorola 148 4.00% 
5 MeshNetworks 110 2.97% 
6 Samsung 104 2.81% 
7 Ericsson 95 2.57% 
8 Cisco 93 2.51% 
9 Sony 90 2.43% 
10 Intel 70 1.89% 
11 Broadcom 69 1.86% 
12 Harris 63 1.70% 
13 Rockwell 57 1.54% 
14 NTT DoCoMo 53 1.43% 
15 BBN Technologies 46 1.24% 
16 AT&T 45 1.22% 
17 Toshiba 42 1.13% 
18 Lucent 40 1.08% 
19 NEC 37 1.00% 
20 TeraHop Networks 37 1.00% 
 Others 1882 50.85% 
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Table 24. Inventors and their assignees with 17 or more patents 

Rank Inventor Country Assignee Patents

1 Robert W. Twitchell US TeraHop Networks 39
2 Joseph Bibb Cain US Harris 29
3 Brig Barnum Elliott US Verizon 29
4 John M. Belcea US MeshNetworks 28
5 Charles David Young US Rockwell 26
6 David S. Breed US Intelligent Technologies International 25
7 Pascal Thubert FR Cisco 25
8 Avinash Joshi US Motorola 24
9 Paramvir Bahl US Microsoft 21
10 Thomas Jay Billhartz US Harris 21
11 Mathilde Benveniste US Avaya 19
12 Jeyhan Karaoguz US Broadcom 19
13 Charles R. Barker US Motorola 18
14 Jeffrey D. Bonta US Motorola 18
15 James A. Stevens US Rockwell 18
16 Guenael Strutt US Motorola 18
17 Patrick Wetterwald FR Cisco 18
18 Surong Zeng US Motorola 18
19 Abhishek Abhishek US Microsoft 17
20 Irah H. Donner US - 17
21 Jose Garcia-Luna-Aceves US Nokia 17
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Figure 41. Total number of patents filed versus the number of patents granted 
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Table 25. The 20 most active technology fields in terms of IPC patent classes 

Rank IPC class Definition Patents

1 H04L 12/28 Data switching networks characterized by path configuration, e.g. LAN 546
2 H04L 12/56 Data switching networks - Stored and forward - packet switching systems 439
3 G06F 15/16 Digital computers in general - Combinations of two or more digital 

computers each having at least an arithmetic unit, a programme unit and a 
register 

271

4 H04Q 7/20 Selecting arrangements to which subscribers are connected via radio links or 
inductive links in which the radio or inductive links are two-way links 

259

5 H04B 7/0 Radio transmission systems, i.e. using radiation field  252
6 H04W 4/0 Services or facilities specially adapted for wireless communication networks 236
7 G06F 15/173 Digital computers in general - Combinations of two or more digital 

computers each having at least an arithmetic unit, a programme unit and a 
register, e.g. for a simultaneous processing of several programmes - 
Interprocessor communication using an interconnection network 

171

8 H04Q 7/24 Selecting arrangements to which subscribers are connected via radio links or 
inductive links in which the radio or inductive links are two-way links, e.g. 
mobile radio systems using public exchanges or networks with at least 
partially integrated mobile switching or mobile application 

168

9 H04Q 7/0 Selecting arrangements to which subscribers are connected via radio links or 
inductive links 

134

10 H04L 29/6 Arrangements, apparatus, circuits or systems - Communication control; 
Communication processing characterized by a protocol 

117

11 H04L 9/0 Arrangements for secret or secure communication 107
12 H04J 3/16 Time-division multiplex systems in which the time allocation to individual 

channels within a transmission cycle is variable, e.g. to accommodate varying 
complexity of signals, to vary number of channels transmitted 

105

13 H04B 7/212 Radio transmission systems, i.e. using radiation field - Relay systems - Active 
relay systems - Multiple access - Time-division multiple access 

104

14 H04L 12/26 Transmission of digital information, e.g. telegraphic communication 101
15 H04M 1/0 Substation equipment, e.g. for use by subscribers 93
16 G06F 17/30 Digital computing or data processing equipment or methods, specially 

adapted for specific functions - Information retrieval 
92

17 H04B 1/38 Details of transmission systems not characterized by the medium used for 
transmission - Transceivers, i.e. devices in which transmitter and receiver 
form a structural unit and in which at least one part is used for functions of 
transmitting and receiving 

86

18 G06F 11/0 Error detection; Error correction; Monitoring 73
19 H04Q 7/38 Selecting arrangements to which subscribers are connected via radio links or 

inductive links in which the radio or inductive links are two-way links, e.g. 
mobile radio systems - Arrangements for completing call to or from mobile 
subscriber 

71

20 H04L 12/66 Data switching networks - Arrangements for connecting between networks 
having differing types of switching systems, e.g. gateways 

67
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Figure 42. The relative level of patenting activity over time in the 15 most active technology fields in ad hoc networking 
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Table 26. The number of patents on ad hoc networking over time in the 20 most active technology fields 

IPC class ‘87 ‘88 ‘89 ‘90 ‘91 ‘92 ‘93 ‘94 ‘95 ‘96 ‘97 ‘98 ‘99 ‘00 ‘01 ‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 Total 

H04L 12/28    2   1 2 2 2 4 14 9 10 7 23 26 61 63 34 30 64 79 113 546 

H04L 12/56 2 1 3 1 4 2  3 3 2 8 16 8 14 11 26 36 87 76 19 11 26 28 51 439 

G06F 15/16 1           1  4 3 3 6 5 10 11 36 43 63 85 271 

H04Q 7/20            1 4 1 2 9 6 16 30 52 69 69   259 

H04B 7/0        1    1 1 1 1 3 2 8 11 26 33 49 57 58 252 

H04W 4/0                       91 145 236 

G06F 15/173 1               1 2 5 9 12 27 24 34 56 171 

H04Q 7/24        1   1 1 1 1 4 3 2 13 22 35 37 47   168 

H04Q 7/0            1 2 3 1 3 4 12 17 32 27 32   134 

H04L 29/6        1 1 1 1 5 3 10 8 5 16 15 18 1 1  7 24 117 

H04L 9/0            1  1     7 10 16 30 26 16 107 

H04J 3/16   1 1      3 1  2  1 2 4 9 8 8 13 9 21 22 105 

H04B 7/212          1  1  1 3  6 7 12 10 12 9 20 22 104 

H04L 12/26                 2 2 8 4 8 19 20 38 101 

H04M 1/0                 3 8 6 7 13 13 20 23 93 

G06F 17/30              2 2 1 6 2 5 5 4 14 20 31 92 

H04B 1/38       2 1 1 1   1   3 7 3 10 5 14 6 18 14 86 

G06F 11/0          1  2     1 1 3 3 13 14 14 21 73 

H04Q 7/38        2  1  2 1 4 2 6 13 15 22 1 1 1   71 

H04L 12/66           1 1 1 1 2 2 3 8 5 13 8 5 9 8 67 

Subtotal 4 1 4 4 4 2 3 11 7 12 16 47 33 53 47 90 145 277 342 288 373 474 527 727 3492 

Other (708) 7 4 3 17 7 8 13 40 26 47 26 95 66 95 98 116 264 369 415 296 378 535 690 856 4472 

Total 11 5 7 21 11 10 14 48 32 56 41 137 96 143 141 194 379 630 712 559 712 984 1162 1514 7611 
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Table 27. The 20 most cited patents on ad hoc networking technologies 

Patent ID Year Times cited Patent Title First inventor Assignee 

5.987.011 1999 204 Routing method for Ad-Hoc mobile networks  Chai-Keong Toh - 
6.304.556 2001 188 Routing and mobility management protocols for ad-hoc networks  Zygmunt J. Haas Cornell Research 

Foundation 
5.412.654 1995 154 Highly dynamic destination-sequenced destination vector routing for mobile 

computers  
Charles E. Perkins IBM 

5.652.751 1997 144 Architecture for mobile radio networks with dynamically changing topology using 
virtual subnets  

Jacob Sharony Hazeltine 

6.104.712 2000 122 Wireless communication network including plural migratory access nodes  Bruno G. Robert - 
5.572.528 1996 112 Mobile networking method and apparatus Pauline Shuen Novell 
6.130.881 2000 104 Traffic routing in small wireless data networks Thomas Michael Stiller Sarnoff 
6.192.230 2001 100 Wireless data communication system having power saving function  Hendrik van Bokhorst Lucent 
5.745.483 1998 99 Wireless computer network communication system and method having at least two 

groups of wireless terminals  
Yoshikatsu Nakagawa Ricoh 

6.044.062 2000 99 Wireless network system and method for providing same  Edwin B. Brownrigg CommUnique 
6.067.291 2000 99 Wireless local area network with enhanced carrier sense provision  Adriaan Kamerman Lucent 
6.115.580 2000 97 Communications network having adaptive network link optimization using wireless 

terrain awareness and method for use therein  
Jeffrey Scott Chuprun Motorola 

6.349.091 2002 97 Method and apparatus for controlling communication links between network nodes 
to reduce communication protocol overhead traffic  

Chris Cho-Pin Li ITT 

5.987.033 1999 95 Wireless LAN with enhanced capture provision  Jan Boer Lucent 
5.822.309 1998 93 Signaling and control architecture for an ad-hoc ATM LAN  Ender Ayanoglu Lucent 
6.028.853 2000 88 Method and arrangement for radio communication  Jaap Haartsen Ericsson 
5.295.154 1994 86 Radio frequency local area network  Robert C. Meier Norand 
5.717.689 1998 85 Data link layer protocol for transport of ATM cells over a wireless link  Ender Ayanoglu Lucent 
6.285.892 2001 85 Data transmission system for reducing terminal power consumption in a wireless 

network  
Samir N. Hulyalkar Philips 

6.249.516 2001 83 Wireless network gateway and method for providing same  Edwin B. Brownrigg - 
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Figure 43. Total number of granted patents per originating continent 
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Figure 44. Relative shares of granted patents per originating patents over time 
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Figure 45. Total number of granted patents per originating country 
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Figure 46. Total number of granted patents per organization type 
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H Relevant trends consistent across all scenarios 

The following table summarizes largely predictable trends for the next decade that are relevant 
for the future of mobile network operators. As indicated by a scale from zero (○○○○○) to five 
(●●●●●), the estimated impact of each trend on that future may vary, yet is consistent across all 
scenarios. 

Table 28. Trends and their impact on each of the scenarios for the future of mobile network operators 

ID Trend Impact

T1 Political support of or involvement in research on ad hoc networks remains negligible ●●●○○
T2 Increasing democratization, and liberty of speech, information, and media access ●●●○○
T3 Competition among mobile network operators and between mobile and wireless 

technologies in Europe is increasing 

●●●○○

T4 General mobile and wireless telecom trends ●●●●○
T5 The amount of data traffic in (mobile) telecommunication networks is growing 

exponentially and becoming relatively more important than voice traffic 

●●●●●

T6 Shifting bases of competition ●●●●○
T7 Mobile network operators increasingly compete with networks that make use of license-

exempted frequency bands 

●●●●○

T8 The role of entrepreneurs and venture capital in the ICT sector is becoming increasingly 
important 

●●●●○

T9 Individualization of society, leading to new products and services ●●●●○
T10 Society is increasingly dependent on information and communication technologies ●●●●●
T11 People are increasingly mobile ●●●○○
T12 The number of knowledge workers is growing rapidly 
T13 Boundaries between work and private life are dissolving ●●●○○
T14 Performance capabilities of mobile and wireless networks and handheld devices are 

growing rapidly 

●●●●○

T15 Accelerating technological progress in ad hoc networking ●●●●●
T16 Paradigm shift from point-to-point to any-to-any network connectivity ●●●●●
T17 Network applications, functions, and intelligence are increasingly distributed or 

decentralized 

●●●●○

T18 Increasing heterogeneity of mobile and wireless networks and devices ●●●●●
T19 Privacy and security are becoming a major issue for people as technology makes it 

increasingly easier to share and access personal information 

●●●●●

T20 Regulatory pressure on the telecommunication industry increases to protect customers 
and to stimulate innovation 

●●●●●

T21 Patents and proprietary solutions increasingly determine the outcome of competitive 
battles 

●●●●○
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I Key uncertainties for the future of mobile network 
operators 

The following tables summarize the key uncertainties for the future of mobile network operators 
as a result of emerging ad hoc networking technologies. Each uncertainty is quantified in terms 
of the estimated impact on the outcome of the future and in terms of the estimated current 
predictability of that uncertainty on a scale from zero (○○○○○) to five (●●●●●). Uncertainties 
with a direct impact on the degree of disruptiveness are indicated in bold, red text. Where 
possible, also the range of possible outcomes is indicated. 
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Table 29. Key uncertainties related to the future wireless and mobile markets 

ID Uncertainty Impact Predictability Range of possible outcomes 

U1 What will be the dominant business, pricing, and billing models in future wireless and 
mobile networks? 

●●●○○ ●●●○○ Subscription-based, fee-based, or both, 
advertisement based, or free 

U2 What will be the dominant market structure in wireless and mobile telecommunications? ●●○○○ ●●●○○ Horizontal, vertical, hybrid 
U3 Will the value of mobile network operators reside on the services or the infrastructure 

side? 
●●●●○ ●●●○○ Services, infrastructure 

U4 Will the wireless and mobile markets be dominated by local or global service operators? ●○○○○ ●●●○○ Local, global 
U5 Who will be the main players in the future wireless and mobile telecommunications 

landscape? 
●●●●○ ●●○○○ Current insiders or outsiders 

Current incumbents or entrants 
 

Table 30. Key uncertainties related to future wireless and mobile technologies 

ID Uncertainty Impact Predictability Range of possible outcomes 

U6 To what extent will the various popular types of networks be integrated with one another? ●●●●● ●○○○○ Fully integrated, partially integrated, or 
fully separated 

U7 What will be the degree of compatibility or interoperability between ad hoc 

networks and other types of networks? 

●●●●● ●●○○○ Compatible, incompatible 

U8 What will be the degree of modularity of wireless and mobile devices? How easy is 

it to add new (networking) functionality? 

●●●●○ ●○○○○ Integrated, modular 

U9 Will connectivity and mobility in wireless and mobile networks be based on single or 
multiple radio access technologies? 

●●●●○ ●●●○○ Single radio access, multi radio access 

U10 What will be the degree of popularity of and competition between alternative wireless and 
mobile technologies, like LTE, WiMAX, and 4G? 

●●●●● ●●○○○ Popular, not popular; great competition, 
no competition 
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Table 31. Key uncertainties related to legal and regulatory preconditions 

ID Uncertainty Impact Predictability Range of possible outcomes 

U11 To what extent will regulators continue to allow handset bundling along with mobile 
services? 

●●●●○ ●●○○○ Allowed, not allowed 

U12 To what extent will additional ISM bands be allocated for the purpose of ad hoc networks 
and other types of wireless applications? 

●●●●● ●○○○○ Several, none 

U13 Will license terms of ad hoc networks continue to be based on free-for-use ISM bands? ●●●●○ ●●●●○ Yes, only under certain conditions, no 
U14 How will regulators deal with ad hoc networks in terms of frequency licenses and 

competition? 

●●●●● ●○○○○ Highly regulated, deregulated 

U15 To what extent will politicians and regulators protect the position of 2G, 3G, and 4G 
license holders at the expense of suppliers of other wireless or mobile technologies? 

●●●●● ●○○○○ High degree of protectivity, no 
protectivity 

U16 Whether and how will alternative wireless and mobile voice services be regulated? ●●●●○ ●●○○○ Highly regulated, deregulated 
 

Table 32. Key uncertainties related to the technical development of ad hoc networks 

ID Uncertainty Impact Predictability Range of possible outcomes 

U17 What will be the degree of interconnectedness with other types of networks? ●●●●● ●●●○○ Highly interconnected, stand-alone 
U18 What is the degree of fragmentation of ad hoc networks? Will there be one huge network 

of ad hoc networks, or will there be a huge number of small and independent ad hoc 
networks? 

●●●●○ ●○○○○ Integrated, fragmented 

U19 How will mobile ad hoc networks evolve over the next ten years in terms of 

performance, capabilities, and characteristics? 

●●●●● ○○○○○ Unknown 

U20 Will mobile ad hoc networks be technically feasible in the original concept, i.e. will 

they be able to provide similar mobile services as mobile networks do? 

●●●●● ●○○○○ Yes, no 

U21 Will ad hoc networks be a predominantly proprietary technology protected by patents or a 
company- and platform-independent technology based on industry standards? 

●●●○○ ●●●○○ Proprietary, open standards 

U22 How will security, authentication, trust, and payment schemes be implemented? ●●●●○ ●○○○○ Unknown 
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Table 33. Key uncertainties related to the commercialization of ad hoc networks 

ID Uncertainty Impact Predictability Range of possible outcomes 

U23 How will the dominant design look like? ●●●●● ○○○○○ Unknown 
U24 What will be the killer application? ●●●●● ○○○○○ Unknown 
U25 Who will take this killer application to the market? ●●●○○ ●○○○○ Incumbents, entrants; insiders, outsiders 
U26 What will be the potential market size and adoption rate? ●●●●○ ○○○○○ Unknown 
U27 What will be the real customer needs for mobile and ad hoc networks? ●●●●○ ●●○○○ Functionality, price, performance, 

reliability 
U28 What are the critical success factors of ad hoc networks? ●●●●● ●○○○○ Unknown 
U29 What will be the dominant type of users? ●●○○○ ●●○○○ Technology enthusiasts, main stream, 

niche 
U30 Will mobile ad hoc networks complement or substitute mobile networks? ●●●●○ ●●○○○ Complement, neutral, substitute 
U31 Will emerging ad hoc networking technologies represent a threat or an opportunity to 

mobile network operators? 

●●●●● ●○○○○ Threat, neutral, opportunity 

U32 What will be the dominant configuration of value chain activities for delivering ad hoc 
networking applications? 

●●●●○ ●●○○○ Unknown 

U33 What are the complementary assets and skills needed to develop and manage ad hoc 
networking applications? 

●●●●● ●●●○○ Unknown 

U34 What will be the dominant business and billing model in ad hoc network-enabled 
applications? 

●●●●○ ●○○○○ Unknown 

U35 Will equipment suppliers be able to bypass the mobile network operators’ value network 
by incorporating ad hoc networking technologies in their systems in order to enable end 
users create networks themselves? 

●●●●○ ●○○○○ Yes, only under certain conditions, no 
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Table 34. Key uncertainties that determine the degree of disruptiveness of ad hoc networks 

ID Uncertainty Impact Predictability Range of possible outcomes 

U36 In which value network will ad hoc networks be deployed? ●●●●● ○○○○○ Outside or inside the mobile value 
network 

U37 How will the performance supplied by mobile networks and ad hoc networks be 

compared to the performance demanded by the market? 

●●●●● ○○○○○ Overserved, equal, underserved 

U38 Will ad hoc networks ultimately meet the needs of mobile subscribers and invade 

the core markets of mobile network operators, or will they only be able to serve 

niche markets? 

●●●●● ●○○○○ Enter the mainstream mobile market, 
remain niche 

U39 How will mobile network operators respond to emerging mobile ad hoc 

networking technologies? 

●●●●○ ●●○○○ Attack, ignore, defend, symbiosis 
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J Unstructured interviews as input for the scenarios 

One of the methods used to obtain in-depth information to be used as input for the scenario-
creation process was the unstructured interview of experts in the field of both ad hoc networks 
and the mobile telecommunications industry. Due to time limitations only two experts have been 
interviewed: 
 
 Prof.dr.ir. Erik R. Fledderus, professor in Wireless Communication Networks at the 

Eindhoven University of Technology. 
 Dr.ir. Ramin Hekmat, associate professor in Wireless and Mobile Communications at the 

Delft University of Technology and strategist at KPN128 
 
The interview with professor Fledderus was held on July 16th 2010 at the Eindhoven University 
of Technology. The interview with professor Hekmat was held at August 9th 2010 at KPN in 
The Hague. Both interviews took about two hours and touched upon several themes in relation 
to the topic of this thesis. To guide these interviews, several questions were formulated and sent 
to the interviewees along with the first part of this thesis beforehand to give them a better 
picture of what this research is about and what was needed from their expertise as input for the 
scenarios. 
 
 
The following questions have been used as input for the unstructured interviews: 
 
Theme 1: Fundamental and applied research 
Researchers from more than 1300 universities and institutes around the world are have been 
working on both fundamental and applied research projects, leading to more than 3000 scientific 
publications until 2009. 
 What are the principal drivers behind this research? 
 Between 2000 and 2006, there was an exponential growth in the number of publications. In 

2007, that growth suddenly stopped (-16%), stabilizing the number of publications at around 
650 a year world-wide. What is your explanation for this? 
(technical/economic/funding/market/other) 

 From your point of view, could you mention a few major challenges in multi-hop ad hoc 
networking that have to be resolved before the first commercial applications can be 
developed? 

 Nearly all research on ad hoc networking has been executed in the areas of mathematics, 
physics, and engineering sciences. However, the eventual success of ad hoc networks 
depends on a large scale diffusion and adoption (network effects are very strong) of this 
technology and on cooperation and building trust among nodes once adopted. In addition, it 
is an emerging technology that may have a strong impact on mobile and wireless networking 
applications as we now know them. What (future) role do you see for the social and 
organizational sciences (including economics, sociology, and management) in ad hoc 
networking research? 

                                                 
128 As agreed prior to the interview, dr. Hekmat shared his personal views on the themes discussed and not necessarily those of 
KPN. 
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Theme 2: Commercial applications 
The concept of ad hoc networking was developed by DARPA nearly 40 years ago, about the 
same time when DARPA developed the forerunner of the Internet. 
 When do you believe that we can find the first (multi-hop) ad hoc networking applications 

on the market? What kind of applications? 
 Are you aware of any companies that are already capitalizing on ad hoc networking 

technology? If so, which? 
 
Theme 3: Technology development and patenting 
There has been an exponential increase in patenting activity since 1998, reaching more than 700 
patents in 2009 in the US alone. Most patents were applied for by major telco equipment 
manufacturers like Nokia, Motorola, Ericsson, Cisco, Samsung, and Lucent. Also major chip 
makers and software companies like Microsoft, IBM, Intel, Broadcom, and Sun have a lot of 
patents in ad hoc networking. Mobile network operators, on the other hand, virtually none; 
AT&T’s Bell labs and NTT Docomo are basically the only operators with a certain amount of 
patents. 
 What can you tell about the interests of these equipment manufacturers in ad hoc 

networking? Is there a chance that they will (be able to) develop mobile applications that can 
work without the networks or services of mobile operators? 

 Do you also have an explanation why mobile network operators do not seem to have much 
involvement in the development of ad hoc networks? 

 Given your appraisal of the technological progress in ad hoc networking over the past few 
years, how can you explain this exponential increase, in particular in relation to the 
observation that the exponential increase in the number of scientific publications started a 
few years later (rather than earlier)? 

 Ad hoc networking has not yet reached the stage of commercial application. What are your 
thoughts on the applicability of these patents in general? 

 
Theme 4: Potential impact on mobile operators and networks 
Several authors believe that mobile ad hoc networks (MANETs) are going to disrupt mobile 
network operators. They present these networks as a free, decentralized and more robust 
alternative to mobile networks as we now know them and that could eventually replace them 
completely. 
 Do you share their opinion? Why (not)? 
 Do you consider MANETs to be an opportunity or threat for mobile network operators? 

Why?  
 
In case you believe MANETs to be technically feasible and ultimately commercially applicable: 
 What is your vision of the future of MANETs and their role in the mobile and wireless 

telecommunications landscape? 
 What are the most important and evident trends currently visible that support the fulfillment 

of that vision? 
 What are the two or three largest and most relevant uncertainties in how MANETs will 

develop in your vision? 
 When do you believe we can find the first MANETs on the market that can be used as either 

complementary to or substitute of mobile networks, either on a small or large scale? 
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 Which companies or what type of companies can we expect to become the first players in 
the market? 

 Which companies or what type of companies can we expect to eventually become the 
dominant players in the market? 
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