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Chapterr 5 
Distr ibutionn of Competi t ion in The 

Markett of Internet Search Engines 

5.11 Introduction 
11 This chapter investigates the emergence of the market of Internet search engines 
fromm the point of view of organizational ecology. It describes and explains the 
particularr dynamics in the search engine market by the use of ideas and con-
ceptss from two organizational ecological theories: density dependence (Carroll 
andd Hannan 2000. pp.213-228) and resource partitioning (Carroll and Hannan 
2000,, p.261-269). Although both theories share their parentage, as well as some 
basicc assumptions, they differ in their account of the dynamics of the search en-
ginee market. The concept of competition plays a key role in both theories, but 
iss defined differently. We wil l show that, through the conceptual refinement of 
competition,, we can connect the two theories, and consequently, better under-
standd and relate the phenomena observed in the market of Internet search engines. 

Thee search engine market has a number of notable characteristics. First, obvi-
ously,, it is a new market. The first search engines appeared in 1993 (Sonnenreich 
andd Macinta 1998). Since then, the population of search engines has shown an 
impressivee growth. At the time of data collection in 2001. around 150 engines op-
eratedd independently, in all corners of the Internet.2 Other features that make the 
markett of search engines stand out are the explosive growth of its consumer base.3 

itss next to-perfect scale economies, its low barriers-to-entry (Gandal 2001), its 
lackk of geographical constraints, its receptiveness to technological innovation, and 
thee relative absence of price competition (Shapiro and Varian 1999). 

'Empiricall  data used in this chapter was courtesy of Northern Light Search. Equation 5.3 
wass suggested by Rol) Mokken. Figures 5.2, 5.22. and 5.23 were created by .Taap Kainps. 

2Source:: http://www.searchenginewatch.com. 
'Source:: h t tp : / /www.nie lsen-netrat ings.com. 
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Fromm an organizational point of view, the Internet seems to be an environment 
providingg opportunities for search engines of every age. size and origin. Older 
searchh engines, on the one hand, have rode the wave of Internet's explosive growth, 
and.. now that they have grown large, can reap scale economies. New. small 
organizations,, on the other hand, benefit from the Net's lack of entry barriers, 
andd from its openness to change and innovation. Moreover, entrants are not 
restrainedd by geography. 

Thee search engines that populate the Internet today, constitute a large and 
differentiatedd group, offering services in many languages, and targeting many 
geographicall  domains and subject areas. One could wonder, though, whether 
thee differentiation observed in the market of search engines is indeed caused by 
opportunities,, or by necessities, instead. On the one hand, the Internet may be 
thee lenient environment portrayed above; an environment allowing for denizens 
off  all sorts and conditions. On the other hand, later entrants in the search engine 
markett may have been forced to differentiate in order to avoid having to compete 
withh the traditional, dominant players. In the latter case, the search engine 
markett would be heading toward segregation: a "mass" market, controlled by a 
feww large firms, and a specialist market, populated by smaller organizations. 

Suchh segregation processes have been described by resource partitioning the-
ory,, a part of organizational ecology (Carroll 1985). Resource partitioning theory 
claimss that segregation between a generalist and a specialist market is due to 
markett concentration. The argument is that concentration causes large firms to 
movee toward the market center, creating empty niche pockets in the market pe-
ripheryy for small new firms to enter into. Consequently, concentration causes the 
industry'ss resources to become partitioned. 

Moreover,, according to resource partitioning theory, concentration causes lif e 
chancess for small specialist firms to improve. This last conjecture contradicts 
classicall  economics, which claims that market concentration creates barriers to 
entryy for new organizations, and consequently has a negative effect on processes 
off  differentiation that new entrants are assumed to entail (Schmalensee and Willi g 
1989). . 

Althoughh it would be interesting to apply resource partitioning theory to the 
markett of Internet search engines, on a first review such an exercise appears 
hobbledd by the fact that the theory is formulated for mature industries, rather 
thann for emerging ones. The argument of resource partitioning theory relies 
onn the assumption that an industry is in an equilibrium state, where founding 
andd disbanding rates balance each other out (see Chapter 3). In the period in 
whichh we investigated the industry of Internet search engines, founding rates 
dominatedd disbanding rates by far. We observed an industry that emerged, and 
wass becoming differentiated, at the same time. 

Thee part of organizational ecology that explains how markets emerge is density 
dependencee theory (Hannan and Carroll 1992). This theory claims that founding 
andd mortality rates are governed by legitimation and competition, which, in turn 
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aree governed by the number of firms in a population, the density.4 Density 
dependencee theory assumes all firms in an industry to target the same resources 
(e.g..(e.g.. consumers), and consequently, to engage in full competition with each other. 
Thee theory does not accommodate for industries that differentiate while they 
emerge. . 

Inn this chapter, we aim to connect the theories of resource partitioning and 
densityy dependence. The idea of connecting both theories is not new (Hannan 
andd Carroll 1992. p.48). but has never been realized. By connecting the theories 
wee hope to be able to clarify the dynamics of organizational differentiation in 
emergingg industries. 

AA factor that may complicate connecting both theories, is that resource par-
titioningg is a descriptive theory, whereas density dependence theory is basically 
aa mathematical model. In Chapter 3. we formalized the descriptive argument of 
resourcee partitioning theory in first-order logic. By use of that formalization, the 
implicativee relations between the different "events" taking place are formalized; 
still ,, the theory's variables and their mutual relations are not mathematically 
specified.. To facilitate a connection between resource partitioning and density 
dependencee theory, we wil l in the proceeding sections formulate mathematical 
specificationss of resource partitioning's key variables. 

Subsequently,, both organizational ecological theories can be connected. The 
keyy to connecting both theories is the measure of competition that we developed 
inn Chapter 4. This measure connects the micro level of competition (competition 
betweenn individual firms) to competition at the macro level (competition as a 
propertyy of industries). The1 result is a notion of competition as a pressure that 
iss distributed unevenly over industrial populations. The notion that competi-
tivee pressure is unevenly distributed over industries is fundamental to resource 
partitioningg theory, and is not applied in density dependence theory. There-
fore,, resource partitioning and density dependence are complementary theories: 
whereass density dependence1 theory focuses on the intensity of competition, re-
sourcee partitioning focuses on the distribution of competition. 

Byy use of our mathematical model, we aim to answer the question: What are 
thee dynamics governing the simultaneous emergence of. and differentiation in, 
thee emerging Internet search engine industry? 

Ourr question is not motivated solely by our observation of a seemingly differ-
entiatingg population in the Internet search engine1 market. It is also motivated by 
aa general interest in processes of differentiation in industries. Differentiation fa-
cilitatess the entrance of new firms, which introduce new ideas and new standards 
inn a market (Mezias and Mezias 2000). Thus, differentiation may stimulate inno-
vationn and raise product or service quality. Moreover, a differentiated population 

'Wee will not use the term "density" to denote population size in this chapter: in Chapter 4 
off  this thesis, density is attributed a. different meaning. 
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off  suppliers allows consumers to choose, and thus may raise the level of consumer 
satisfaction. . 

Thiss chapter is organized as follows. First, in Section 5.2. we wil l give an 
introductionn in the Internet search engine industry, by means of a short historical 
accountt of the industry in the focal period of our empirical study from 1993 
too 2000. Next, in Section 5.3 we will briefly introduce the main ideas of organi-
zationall  ecology, as well as its "sub-theories", resource partitioning, and density 
dependence.. In this section, too. we show how the competition measure from 
Chapterr 4 can be introduced in the mathematical model of density dependence. 
Wee furthermore show how legitimation of an organizational form, which plays an 
importantt role in density dependence theory, can be estimated from the propa-
gationn of a form's notoriety through a consumer population. In Section 5.4. we 
connectt resource partitioning and density dependence, generating a theory that 
cann explain resource partitioning processes in changing competitive environments. 

Inn Section 5.5 we discuss the data we collected, which involves the measure-
mentt of pairwise competition between 137 individual search engines, in 28 quar-
terlyy assessments, from 1993 to 2000. We also connect the measurements to the 
theoreticall  concepts by means of operationalization. In Section 5.6. we discuss 
thee results of the empirical study. We test our assumptions, and thus investigate 
bothh density dependence and resource partitioning, as well as their interplay. 

Inn Section 5.7. we investigate two variables that resource partitioning theory 
claimss to affect specialist lif e chances: market concentration and an increasing 
"dimensionality""  of the market. At concentration we only look from an empir-
icall  angle; in order to measure market dimensionality, we have to resolve some 
theoreticall  issues first. 

Wee conclude this chapter with a discussion. 

5.22 The market of Internet search engines: a 
shortt history 

Inn 1992. the first web browser was invented, and the internet as we now know it 
camee into existence.5 Early Internet users in search of information used Wandex. 
ann index of all available web pages. As the Internet grew further, however, Wan-
dexx lost track of the information available on the Internet. At the same time, 
thee program that Wandex used to collect its information began to significantly 
sloww down Internet traffic (Sonnenreich and Macinta 1998). Consequently, the 
needd arose for new tools that would allow users to search for information on the 
Internet.. These came in two basic shapes: Internet directories, early examples of 

55 At http://www.w3.org/History/19921103-hypertext/hypertext/WWW/Summary.html 
thee original summary of the WWW project can still be found, as well as links to the first 
browserr software. 

http://www.w3.org/History/19921103-hypertext/hypertext/WWW/Summary.html
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whichh are ALIWE B and Yahoo, and Internet search engines, the first of which 
weree JumpStation, the World Wide Web Worm (WWWW). and the Repository-
Basedd Software Engineering Spider (RBSE). which are now all obsolete. 

Directoriess and search engines were different not only in the way in which they 
categorizedd information, but also in how they extended their database. While 
directoriess relied on the users to "manually" provide and categorize new entries, 
searchh engines employed programs that automatically visited web-pages, and 
categorizedd the information on them in an index (Lawrence and Giles 1998). 

Thee first search engines were usually pet projects of computer scientists,6 

butt from 1994 onward professional search services such as Excite. Lycos, and 
AltaVistaa entered the market. From that time on the population of search engines 
startedd to grow at a steady pace. Currently more than a hundred search engines 
aree in operation.7 

5.2.11 Professionalism and differentiation 

Ass search engines became more professional, they became more commercial. This 
wass illustrated by the appearance of TV commercials, stock emissions, mergers, 
takeovers,, and Internet billionaires. At the same time, the Internet search engine 
populationn diversified. Newcomers appeared that applied more advanced tech-
nologies,, such as HotBot in 1995. Also, there was the emergence of "meta search" 
engines,, such as Dogpile. "natural language11 search engines, such as Ask Jeeves, 
andd multimedia searchers. One type of new entrant seemed to particularly pro-
liferate,, namely search engines offering their service in a specific language or 
targetingg a particular geographical area. In fact, from 1997 onward most new 
searchh engines specialized in finding pages from a specific domain or language 
area. . 

Thee question why most search engine entrepreneurs chose a specialist strategy 
iss intriguing. Especially on the Internet, there seems to be much to gain by aiming 
att a broad audience, rather than by specialization. Before search services can be 
profitable,, massive numbers of hits have to be generated, and this seems to be 
easierr for services aiming at the general market than for specialized services. 

Neww entrepreneurs, however, may have been hesitant to compete with the 
largee and established players that traditionally serve the general market. Economies 
off  scale are often decisive in competition, and in the search engine market scale 
economiess are substantial (Shapiro and Varian 1999). 

Butt then again, by adopting a specialist strategy, many search engines have 
willfull yy surrendered to being small; and smallness is a property that is a hazard 
too survival in an environment where scale economies dominate. 

6Thee fact that the first search engine homo pages were located in the personal directories of 
peoplee working at computer science departments, illustrates this observation. 

7Source:: http://www.searchenginewatch.com. 

http://www.searchenginewatch.com
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Thee Internet search engine market is not the only market where an  unlikely 
emergencee of small specialists has been observed (Swaminathan 1995: Swami-
nathann and Carroll 1995). According to organizational ecologists. such observa-
tionss show that environments in which scale economies dominate are not hostile, 
butt instead advantageous to small specialists. The following section wil l sum-
marizee the general claims of organizational ecology, as well as some of its more 
specificc claims that apply to the population of Internet search engines. 

5.33 Organizat ional ecology 

Organizationall  ecology investigates the dynamics of organizational populations, 
orr industries.8 from a Darwinian point of view (Hannan and Freeman 1977; Han-
nann and Freeman 1989). Organizations are seen as relatively inert with respect to 
environmentall  changes. Environmental selection is seen as the main determinant 
off  the diversity of organizational forms, while adaptive behavior is not (Hannan 
andd Freeman 1984). 

Thee fact that adaption to (changing) environments has such a secondary role 
inn organizational ecology puts the theory at odds with classical economic theory, 
wheree rational behavior of the homo economicus is an indispensable assumption. 

Bothh the refreshing view on economical processes, and the fact that a huge 
bodyy of empirical evidence is collected to sustain its claims, has made organi-
zationall  ecology a widely recognized theory among organizational sociologists 
(Knokee 2000). and has even gained respect among economists (.lovanovic 2001) 
whoo have traditionally claimed organizational markets as a scientific domain. 

Withinn organizational ecology, two later developed theories are considered to 
bee the most important parts: density dependence and resource partitioning (Car-
rolll  and Hannan 1995). Density dependence explains the growth and decline of 
organizationall  populations as determined by competition and legitimation (Han-
nann and Carroll 1992). Resource partitioning explains differentiation in orga-
nizationall  populations, and relates differentiation to changing size distributions 
(Carrolll  1985). The two theories are unrelated in the sense that none of them 
buildss on the other part in any of its explanations (Carroll and Hannan 1995). 

5.3.11 Resource partit ioning theory 

Resourcee partitioning theory is one of a small group of sub-theories of Organiza-
tionall  Ecology that explain ''segregation processes" (Carroll and Hannan 2000, 

Thee domain of organizational ecology consists of populations of organizations in modern, 
westernn societies. A population of organizations contains organizations of similar forms. Exam-
pless of populations studied in organizational ecology are newspapers, car manufacturers, labor 
unions,, and day care centers. 
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p.264).. The segregation process under consideration in resource partitioning the-
oryy concerns the emergence of small specialist organizations in an originally gener-
alistt population. The theory's main claim is that "as market concentration rises, 
thee founding rates of specialist organizations wil l rise and the mortality rates of 
specialistss wil l fall." This claim contradicts a theorem of classical economy that 
statess that market concentration reduces life chances of small organizations, spe-
cialistt or other, by putting up barriers to entry to organizations of smaller size 
(Schmalenseee and Willi g 1989). 

Resourcee partitioning theory relates three phenomena to the specialist prolif-
eration.. The first is increasing concentration. Concentration is usually defined 
ass the ratio of the aggregated size of the largest three9 firms in a population and 
thee aggregated size of all firms (Shepherd 1987, pp.563-564). Increasing concen-
trationn is due to a domination of scale economies. The second phenomenon is 
thee outflow of generalist organizations, especially among the smaller generalists. 
Thee third phenomenon is the "move" of the remaining generalists to the market 
center—thee area where most consumers are to be found. The third phenomenon 
causess the resources to become '"partitioned" between large generalists that aim 
forr central resources, and small specialists, aiming for peripheral resources. Con-
sequently,, competition between large organizations and small organizations wil l 
decrease. . 

Resourcee partitioning theory claims that the lif e chances of small specialists 
organizationss wil l improve, if the three phenomena described above are observed 
inn a market. The theory is not very outspoken about whether, and how, the phe-
nomenaa themselves interrelate, although increasing concentration is tentatively 
seenn as the cause of the outflow of small generalists (Carroll and Hannan 1995. 
pp.215-221). . 

Laterr versions of resource partitioning mention a fourth phenomenon that may 
stimulatee specialists life chances: an increasing "dimensionality of the resource 
space.""  According to resource partitioning theory, the resource space is defined by 
tastee dimensions. If tastes become more sophisticated, the number of dimensions 
off  the resource space increases, which is hypothesized to open up empty niche 
pocketss where only specialists fit into (see also Péli and Nooteboom (1999)). 

Thee phenomena described in resource partitioning have been witnessed in, 
amongg others, the international automotive industry, the Italian banking industry 
(Freemann and Lomi 1994). the Dutch newspaper industry (Boone, van Witteloos-
tuijn.. and Carroll 2002). and the United States beer brewery industry (Carroll 
andd Swaminathan 2000). 

Inn Chapter 3 the structure of the theory of resource partitioning was studied 
byy the use of formal logic. The aim of this study was to disambiguate resource 
partitioningg theory, to determine the precise relation between the phenomena 

9Somee measures take the ratio of the sizes of the largest four to eight firms, to the size of 
thee entire industry. 
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described,, and to produce a sound and consistent reading of the theory that 
explainedd specialist proliferation in a sensible way. The result was a translation 
off  the theory in first-order logic. 

Thee formalized theory says that (1) the number of generalist organizations 
inn the market decreases if scale economies dominate, and that (2) consequently, 
thee remaining generalist focus on the center of the market. This (3) lowers the 
competitivee pressure on specialist organizations in the periphery, which. (4) in 
turn,, improves their lif e chances. Although concentration is a likely consequence 
off  scale economies, it has no explanatory role in the argument. 

Increasingg dimensionality of the resource space is. according to the formal-
ization,, unrelated to the other explanatory phenomena, but given a number of 
stringentt conditions about the structure of the resource base, it provides an ex-
planationn for improving life chances for specialists in its own right. 

Byy predicting a positive relation between scale economies and specialist life 
chances,, resource partitioning provides a possible explanation for the differenti-
ationn in the population of search engines. However, resource partitioning' theory 
predictss the positive relation between scale economies and specialist proliferation 
onlyy for stable environments, that is. for environments where the carrying ca-
pacity,, i.e.. the capacity to sustain organizations, has been reached, and where 
competitionn neither de- or increases (see. for example. BA 1 in Chapter 3 of this 
thesis). . 

Inn the case of the search engine industry, the proliferation of specialists oc-
curredd in a rapidly growing environment. To such environments. Carroll and 
Hannan'ss theory of resource partitioning does not apply. In order to find out 
whetherr resource partitioning processes have nevertheless induced the observed 
specialistt proliferation. wre try to generalize resource partitioning theory, so that 
itt can be applied to growing industries, as well. 

Ass a starting point for this exercise, we take density dependence theory. This 
theoryy explains growth trajectories of organizational populations. Hannan and 
Carrolll  also alluded to linking density dependence to resource partitioning theory 
(Hannann and Carroll 1992, p.48), but an an actual attempt to link both theories 
hass never been made. 

5.3.22 Density dependence theory 

Densityy dependence theory claims that the lif e chances of organizations in a pop-
ulationn are dependent on the population size, i.e., the number of organizations, in 
thatt population. Increasing population size increases both the legitimation of the 
pertainingg organizational form and the overall competition within the population. 
Inn density dependence theory, and in organizational ecology in general, the term 
legitimationn is used to denote the so-called "taken-for-grantedness" of an orga-
nizationall  form (Carroll and Hannan 2000. p.223). Legitimation has a negative 
effectt on organizational disbanding rates and a positive effect on founding rates. 
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whereass competition has a positive effect on disbanding rates and a negative effect 
onn founding rates. Founding and disbanding rates together determine the growth 
off  the population. Mergers, transitions, and takeovers are not being taken into 
accountt in the current theory. 

Thee main propositions of density dependence have mathematical counterparts. 
Thesee are qualitative in the sense that the main properties of the functional forms 
aree specified, but the functional forms themselves are not defined. Density depen-
dentt population dynamics have been witnessed in a number of industries, among 
whichh the semiconductor industry (Haiman and Freeman 1989). the American 
newspaperr industry (Carroll and Haiman 1989b). and the American brewing in-
dustryy (Carroll and Swaminathan 1991). 

Densityy dependence theory does not distinguish different types of organiza-
tions.. Life chances are assumed not to vary over individual organizations, whether 
theyy are large, small generalist, specialist, old or young. This is reflected in den-
sityy dependence's measure of competition, which only considers the size of the 
population.. Density dependence's measure of competition seems incompatible 
withh resource partitioning theory, which considers many different kinds of orga-
nizations. . 

Chapterr 4 presented a measure of competition which connects competition 
att the micro level of individual relations to competition at the macro level of 
industries.. By linking competition at different, levels, the measure may also link 
theoriess about competition at different levels, such as density dependence and 
resourcee partitioning theory. For convenience, in the following section we wil l 
shortlyy present the measure. For a more detailed account of the measure, we 
referr to Chapter 4. 

5.3.33 Competit ion 

Lett us start out. with explicating a number of assumptions that we make about 
thee domain to which the measure applies. Note that the current section only 
summarizess information from Chapter 4. and does not introduce new notions. 

Wee assume each organization in a market to have a niche. A niche is a set of 
resources.100 Resources arc all objects that organizations need for survival, such 
ass consumers, materials, goodwill, and money. We assume each resource to be 
aa social actor, or to be controlled by a social actor. Organizations try to obtain 
resourcess by making appeals to (controllers of) resources. If an organization 
makess an appeal to a resource, the resource is in the niche of the organization. 
Thee number of resources in the niche is the niche size. We assume all resources 
too have similar values. 

Iff  two firms make an appeal to the same resource, the firms entertain a com-

1(lThee definition of niche as a set of resources is a simplification compared to the notion of 
nichee that is employed by organizational ecology. See the- discussion of Chapter 4. 
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petitivee relation. The intensity of this relation is determined by the number of 
resourcess that the firms make a concurrent appeal to. 

Too re-iterate the measures of competition, let v; and Cj be the size of the 
nichess of organizations i and j , and let vtJ be the number of resources that i and 
jj  make a concurrent appeal to. Let A' be the number of firms in the industry. 
Then: : 

 Vjj is the competitive intensity between organizations i and j 

 c-j = ^ is the competitive pressure of organization j on i 

 <"Ï = !Zj=-[.j^j('ij  is the competitive pressure on organization / by all com-
petitors. . 

 C — 52'iLi ci i's the industry competition. 

Measuree v,j is also called niche intersection. Measure cl3 is similar to what 
Podolnyy et al. (1996) call ) niche overlap."' whereas cl is similar 
too what they call "niche crowding." 

CC can be rewritten as: 

CC = (N2~N)-cTj (5.1) 

wheree c^] denotes the mean value of all Cjj. 

Equationn 5.1 implies that, under ceteris paribus conditions, industry compe-
tit ionn increases with the number of firms in the industry. Ar. at an increasing 
rate.. This relation between Ar and industry competition is exactly as it is defined 
byy density dependence theory (Hannan and Carroll 1992. p.40). Therefore, we 
assumee that we can apply our measure of competition to density dependence the-
ory.. Besides industry competition, a key determinant of founding and disbanding 
ratess in density dependence theory is legitimation. 

5.3.44 Legitimation 

Legitimation111 denotes the degree in which an organizational form is ' taken for 
granted""  by relevant actors (i.e. controllers of resources). In organization theory 
legitimationn is put forward as a crucial condition for founding: a legitimate form 
cann be readily visualized by entrepreneurs (Hannan and Carroll 1992, p.36); it 
enabless them to found organizations, hence to benefit from existing infrastructure, 
andd it facilitates access to resources from the environment (Hannan and Freeman 
1989,, p.69). Legitimation also lowers the disbanding of organizations. 

n I nn accordance with organizational ecology, wo use the noun -'legitimation." i.e.. the act of 
legitimizing,, instead of "legitimacy." the result of legitimation. 
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Organizationss have to "boost" legitimation of their form themselves.12 When 
thee first organization of a new form appears, some relevant actors in its environ-
mentt might judge its form legitimate. More organizations on the1 scene increase1 

thee number of actors that take the form for granted, which, in turn, increases the 
totall  legitimation of the form. 

Organizationall  ecology assumes later entrants in the market to have less im-
pactt on the legitimation of the form. Therefore, legitimation, L, is assumed to 
increasess with population size, A', at a decreasing rate: 

LL = I  N-a (5.2) 

wheree / > 0 and Q > 0. 

Est imat in gg legi t imat ion 

Wee need to keep in mind, that the relation between legitimation and population 
sizee as described in Equation 5.2 is not more than an assumption based on em-
piricall  generalizations. In specific cases, legitimation of a form may rise or fall 
withoutt changing population size, e.g., due to changing legislation, conjuncture, 
orr fashionability. In the end, legitimation of a form is determined only by the 
numberr of relevant actors that take the form for granted. 

Too be able to determine the degree of legitimation with more precision than 
Equationn 5.2 does, we want to estimate the number of relevant legitimizing actors. 

Lett us assume that an actor is relevant for an industry if he controls resources 
thatt are in the resource base, R, of an industry. Furthermore, let us assume that 
actorss who take the form for granted are appealed to by one or more of the firms 
inn the industry. That is, relevant actors are—or are in control of—resources in 
thee fundamental niche of one or more of the firms. Then, legitimation for an 
organizationall  form is proportional to the total number of resources that is in the 
nichee of one or more firms. 

Simplyy adding all niche sizes would lead to an overestimation of the total num-
berr of resources: resources in the intersection of two firms would be counted twice. 
Inn contrast, adding all niche sizes and subsequently subtracting all intersections, 
wouldd underestimate legitimation.13 

Wee can estimate the total number of resources that the industry appeals to 
iff  we know the size of the resource base, and the portion of the resource base 
thatt is not covered by the niches of any of the organizations. The portion of the 
resourcee base not covered by the niche of firm i can be expressed as: 

12AA new organization, especially if it is the first of a kind, needs some resources of its own to 
survivee an initial period before it has established ties with suppliers and clients. Low mortality 
justt after entry reflects the starting capital of firms (Brüderl. Preisendörfer, and Ziegler 1992). 

Li Iff  a resource is in n niches, it is in " 2" niche intersections. So, the resource will be counted 

i)i)  - " ^n = , i"^" - times. For n > 2. the resource will be counted 0 times or less. 



100 0 ChapterChapter 5. The Market of Internet Search Engines 

Forr two random firms, the portion of the resource base not covered by both their 
nichess can be estimated as the product of the portions that both niches do not 
cover.. So. for organizations i and j . 

(1 (1 
R R )(1 1 R' R' 

Thee portion of the resource base not covered by the niches of any of the orga-
nizationss is the product of all the individual portions. The complement of this 
productt (that is. 1 minus the product) is the portion of the resource base that is 
coveredd by the niches of all organizations. So. the number of resources appealed 
too by the population, i.e., legitimation, can be estimated as: 

LocR-{l-LocR-{l- Yl(l 
R R )) ) (5.3) ) 

rememberr that ex indicates proportionality. We wil l apply the legitimation mea-
suree expressed in Equation 5.3 instead of organizational ecology's original measure 
forr legitimation. Notice that Equation 5.3 implies that legitimation is maximal 
iff  all resources are included in at least one of the organizations' niches. 

Figuree 5.1 shows the canonical growth trajectory of legitimation with popula-
tionn size according to Equation 5.3.14 The figure shows that legitimation increases 

Legitimation n 

Population_size e 

Figuree 5.1: Legitimation: portion of resource base coverage 

wit hh population size at a decreasing rate. This should be understood as follows: 
inn small industry populations, firms that enter the population are likely to appeal 
too resources that no other firm appeals to, and thus, to increase legitimation for 
thee organizational form. When a population has grown large, most resources are 

14Figuree 5.1 is based on the following parameters: R = 100, N goes from 1 to 100, and r, is 
randomlyy distributed between 0 and G. 
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alreadyy appealed to. and new firms are less likely to increase legitimation. The 
relationn between legitimation and population size as specified in Equation 5.3. is 
conformm the relation defined in density dependence theory (Hannan and Carroll 
1992,, p.42). 

Wee assume legitimation to be equal for all firms in the industry. In that 
respect,, legitimation differs from competitive pressure, that varies over the or-
ganizationss in the industry. The reason for this difference is that legitimation 
pertainss to the form of the organizations. An industry, by definition, consists of 
organizationss of the same form: hence, with the same legitimation. 

5.3.55 Density dependence at work 

Densityy dependence theory relates industry competition and legitimation to found-
ingg and disbanding rates. Industry competition is claimed to have a negative re-
lationn to founding rates; it reduces the number of organizations that is founded. 
Conversely,, legitimation increases founding rates. Also, industry competition in-
creasess mortality, whereas legitimation reduces mortality. 

Thee relations between industry competition and legitimation on the one hand, 
andd founding rates, F. and mortality rates. M. on the other, are taken to be 
proportional.. The definition is as follows: 

Foee ^ . Moc j (5.4) 

Densityy dependence predicts a non monotonous. H-shaped relation between 
populationn size and founding rate and a non monotonous. U-shaped relation be-
tweenn population size and mortality rate. 

5.44 Connecting resource partitioning and den-
sityy dependence theory 

Noww that we have discussed both resource partitioning and density dependence 
theory,, we aim to connect both theories, generating a theory that can explain 
resourcee partitioning processes in changing competitive environments. 

Lett Nt be the industry size at time f. Let Ft be the founding rate at t, that 
is.. the number of foundings in the time interval between t — 1 and t. Let Mt be 
thee mortality rate at t, and let Lt and C\ be the legitimation and the industry 
competitionn at t. Density dependence theory assumes that competition increases 
withh population size at an increasing rate. Therefore, competition wil l also in-
creasee with t at an increasing rate. Similarly. Lt wil l increase at an decreasing 
rate.. Density dependence theory furthermore assumes founding rates to be pos-
itivelyy related to legitimation and negatively related to competition. Mortality 
ratess are positively related to competition and negatively related to legitimation. 
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Finally,, as a consequence on founding and mortality rates, population size follows 
ann S-shaped trajectory. 

Assumptionss 1 to 4 and Claim 1 summarize the argument of density depen-
dencee theory. Let ƒ,' denote the first derivative of function ƒ to r,15-16 

1.. ASSUMPTION. C\ > 0 and C" > 0 (Ct increases at an increasing rate) 

2.. A S S U M P T I O N. L\ > 0 and L'{ < 0 (Lt increases at a decreasing rate) 

3.. A S S U M P T I O N. Ft oc £f 

4.. A S S U M P T I O N. MT OC (-f-

1.. C L A I M . Before some point of inflection t — A. it holds that X[ > 0 and X" > 0. 
AfterAfter t = A. it holds that A:/ > 0 and A/ ' < 0. 

Resourcee partitioning theory considers two subpopulations within a popula-
tion:: generalists and specialists. Let Xf* he the number of generalist organiza-
tionss at t; Nf is the number of specialists. We assume organizations two be either 
generalistt or specialist, so: 

1.. B A C K G R O U ND ASSUMPTION. Xt = Af ; + Xf 

Lett Ff
G and Mf' be founding and mortality rates of the generalist subpopulation. 

andd Ff and Mf be founding and mortality rates of the specialist subpopulation. 
CfCf is the total competitive pressure on the generalist subpopulation. whereas 

C;ss is the total competitive pressure on the specialist subpopulation. So: 

2.. B A C K G R O U ND ASSUMPTION. Q = Cf + Cf 

Thee competitive pressure on the generalist subpopulation is induced by both 
generalistss and specialists. Let CfG be the total pressure on generalists by gen-
eralists,, and Cfs the total pressure on generalists by specialists. So: 

3.. B A C K G R O U ND ASSUMPTION. Cf = CfG + Cfs 

Similarly.. Cfs and Cfc' are the total competitive pressures on specialists by 
specialistss and generalists respectively, and: 

15Densityy dependence's original assumptions take derivations to A" instead of to t. By taking 
derivationss to t we simplify the model. This simplification does not alter the original assump-
tionss up to the moment where the carrying capacity of the population is reached, as before that 
moment,, N monotonically increases with time. For a discussion of these and related issues, see 
(Pélii  1993). 

16Noticee that founding rates are defined on t. wlieras mortality rates are defined on r, to 
indicatee that both functions may run accross different time axes. 
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4.. BACKGROUND ASSUMPTION. Cf = Cfs + CfG 

Lett cfG be the mean competitive pressure on generalises by all other general-

ists.. so cf ' — -^T-. Similarlv. we define: 

zf zf 
-HS-HS C, 

N;-N;-

-&G-&G  _ C* 
== > 

Lett cfff be the mean competitive pressure imposed on generalists by means of 

aa single generalist/generalist competitive relation. So. c'f =  NS_1 Similarly, we 

define: : 

dd ss----

 _ 
LLtt  -

—sq —sq 
C(( = 

cc 99* * 

__
Nf-1 Nf-1 

__ Cf 

Ass discussed in Section 5.3, resource partitioning theory relates three phe-
nomenaa to specialist proliferation: (1) concentration, caused by dominating scale 
economies,, (2) a decreasing number of generalists, and (3) a generalist move to 
thee center. We assume the relations between these phenomena, as well as their 
relationn to specialist proliferation, to be defined by the logical formalization in 
Chapterr 3. 

Wee wil l ignore for now the increasing dimensionality of the resource base, 
whichh has been mentioned as an additional cause for specialist proliferation. In 
Sectionn 5.7 we wil l revisit it. 

Resourcee partitioning's main claim is that, the life chances of specialist organi-
zationss increase if scale economies dominate. However, density dependence theory 
claimss that the lif e chances of all organizations increase until the carrying capac-
ityy is reached. So, in industries where the carrying capacity is not reached, density 
dependencee makes resource partitioning's main claim redundant. Therefore, for 
growingg populations, the claim should be restated: due to scale economies, the 
lif ee chances of specialists wil l become better than those of generalists. 

Resourcee partitioning theory's first assumption is that the number of gener-
alistss decreases if scale economies dominate. If generalist numbers decrease in an 
otherwisee growing population, the number of specialists automatically increase — 
theree are no other organizations than generalists and specialists in the population. 
Ann increase of specialists, in turn, implies that lif e chances of specialists are better 
thann those of generalists, which immediately implies the conclusion of the main 
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claimm of the theory. So. for growing populations, the assumption that the number 
off  generalists decreases is too strong. A weaker, and for growing populations more 
appropriate,, assumption is that the growth rate of the generalist subpopulation 
decreases: : 

5.. A S S U M P T I O N. If scale economies dominate, then N"G < 0 

Thee next assumption of resource partitioning says that generalist organiza-
tionss move to the center of the resource base if the founding rate of the generalist 
subpopulationn decreases. So. generalist niches will , increasingly, be located in 
onee particular area of the resource base. If generalist niches converge, the mean 
competitivee pressure imposed by generalists on their generalist peers wil l increase. 

6.. A S S U M P T I O N. If N"G < 0. then if9 > 0 

Iff  generalists move to the center of the resource base, they move out of 
thee periphery. By doing so. the competition between generalists and special-
istss decreases—more precisely, the mean competitive pressure of generalist firms 
onn specialist firms decreases. 

7.. ASSUMPTION. If ct" > 0, then c°9 < 0 

Subsequently,, because the competitive pressure of generalists on specialists 
decreases,, the mean competitive pressure on specialists decreases. 

8.. A S S U M P T I O N. If ct
sg < 0, then c'f < 0 

Iff  the mean competitive pressure on specialists decreases, specialists lif e chances 
wril ll  improve, so, the growth rate of the specialist subpopulation increases. 

9.. A S S U M P T I O N. If c'f < 0, then Ar
t"

s > 0 

Fromm the assumptions of both density dependence and resource partitioning 
theory,, the following theorems17 can be derived18: 

5.4.1.. T H E O R E M. If scale economies dominate, then c'f9 > 0 and ~cf9 < 0 

5.4.2.. T H E O R E M. If scale economies dominate, then N"G < 0 and N"s > 0 

Notee that the assumptions of resource partitioning are all conditional. That 
meanss that they are falsified by an empirical domain, if the condition (the an-
tecedent)) is true in the domain, but the implication (the consequent) is false. For 
example,, if, in a market, scale economies dominate, but the growth rate of the 
generalistt subpopulation does not decrease, then Assumption 5 does not hold. If 
alll  Assumptions are true for some t, then the theorems are necessarily true for t. 

Beforee we test the assumptions in Section 5.6, in the following section we wil l 
presentt the data and the empirical domain: the market of Internet search engines. 

17Notee that we call the main claim of density dependence a "claim," whereas we call the main 
claimss of resource partitioning "theorems." The difference is that the theorems are proven— 
fromm Assumptions 5 to 9 -whereas the claim originates in (Hannan and Carroll 1992), and is, 
ass far as we know, not proven. 

18Seee Appendix I for a proof. 
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5.55 Data 
Thiss study uses data on the international Internet search engine market. It con-
siderss the full history of the search engine market, starting with its inception in 
1993.. and ending in October 2000. Data has been collected for each quarter year, 
amountingg to 28 assessments. 

5.5.11 Source of the data 

Thee data has been provided by Internet search engine Northernlight.19 The data 
sett consists of the results, as returned by Northernlight, on a series of approx-
imatelyy 265.000 automatically generated emeries, concerning the prevalence of 
unambiguouss references to Internet search engines, in publicly accessible, dated, 
Internett documents. 

Northernlightt was chosen as a source for data collection because of four rea-
sons.. First, Northernlight has a large index that covers a relatively large part of 
thee Internet (Lawrence and Giles 1999). The coverage of Northernlight is among 
thee best, of the search engines (Hawking and Craswell 2001). Second, the number 
off  results that Northernlight reported on was stable, in the sense that on a query 
thatt was repeated after a short period of time (say. a few hours), the same number 
off  results is returned. Other large search engines show varying numbers of results 
onn the same query. Third, the number of results that Northernlight returns is 
bothh precise and reliable. Some of the other large search engines provide only 
ann approximation of the number of results. Northernlight, in contrast, gives a 
precisee number, and moreover, actually displays all results, such that precision 
andd reliability can be checked. Most search engines display a maximum of 200. 
orr 1000 results. 

Thee fourth reason to use Northernlight as a source of data rather than other 
largee search engines, was because it is able to process complex queries correctly.20 

Otherr large search engines do not allow for complex queries, or generate incon-
sistentt results. 

5.5.22 Identifying the industry members 

Thee first step in our empirical study was to identify the industry of search engines, 
bothh past and present. This was done by performing an exploratory study of an 
numberr of Internet sources, such as the Search Engine Watch,21 the Internet 

1 9http:/ /www.northernl ight.com. . 
20Exampless of "complex queries" art' queries that employ boolean operators, such as AND. 

OR.. and NOT. and that ask for results restricted to specified time intervals. 
-11 Address: http://www.searchenginewatch.com. 

http://www.northernlight.com
http://www.searchenginewatch.com
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Archive.222 and the Search Engine Guide.23 The result of this study was a list of 
1377 Internet search engines that were mentioned in one of these sources. Most 
off  these search engines were still active, but some had already been shut down. 
Whenn possible, we have established the origin, search domain, target domain, 
languagee of communication of. and additional services provided by the engines. 
Wee did this by visiting the engines, and by actually using their search service. 

Ourr aim was to establish a complete list of all search engines existing some-
wheree between 1993 and 2000. It is possible, however, that some search engines 
havee escaped our notice1. Some search engines may have come into existence and 
witheredd away without ever getting noticed by one of our sources, and conse-
quently,, by us. Nevertheless, we believe that the group of search engines that 
constitutee our empirical population, comprises a significant part, and thus, a rep-
resentativee sample, of the actual search engine population. The group of search 
enginess that we investigate in this study is one order of magnitude larger than 
groupss investigated in other recent studies (Gaiidal 2001; Lawrence and Giles 
1999).. Contrary to the search engine populations from these studies, our pop-
ulationn includes many search engines that originate in countries other than the 
Unitedd States, or that offer their services in languages other than English. 

5.5.33 Data collection 

Usingg the list of 137 Internet search engines, we automatically generated two 
typess of queries. First, we asked Northernlight for the number of Internet pages 
thatt mentioned the URL ("Uniform Resource Locator." see also Section 4.3.3) 
off  one of the search engines from the list. We did this for each quarter between 
Octoberr 1993 and October 2000, so. 28 times. 

Second,, we asked for the number of Internet pages that mentioned the URLs 
off  each possible pair of search engines from our list of 137. Again, we did this for 
eachh of the 28 pertaining quarters. 

Wee collected all our data in 2001. which may imply older pages to be relatively 
under-representedd in our database. To address this problem, we asked Northern-
lightt for the total number of pages that it has in its index for each of the 28 
quarters.2"4 4 

Inn order to determine whether older pages are proportionally represented in 
Northernlight'ss index, we obtained data about the estimated size and growth of 

2222Address:Address: h t tp : / /www.archive.org. 
2 ii Address: http://www.searchengineguide.com. 
2424TheThe expectation that older pages are undcrrepresented in the index of a search engine 

suchh as Northernlight may seem obvious, but in fact is not. Older pages may very well he 
undcrrepresentedd on the Internet itself, because they have a larger chance of being removed, or 
updated.. Search engines, however, do not visit all pages on the Internet on a regular basis, and 
doo not notice most changes. As far as they are concerned. Internet pages remain as they were 
lastt encountered. Additionally, older pages have a better chance of being indexed by search 
engines,, just because they have been given a longer period to be discovered. 

http://www.archive.org
http://www.searchengineguide.com
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thee internet from another source: "Hobbes' Internet Timeline."25 

Figuree 5.2 illustrates the number of measurements that we have done. We 
"fed""  Northernlight 260,848 queries26 asking for Internet pages mentioning the 
URLss of a pair of search engines. Figure 5.2 shows all instances where such a 
queryy returned at least one result. Two axes of the figure represent search engine 
pairs,, the third axis represents the yearly quarters. 

SEE over time 

SE E 

Seachh Engin e 2 

600  8 0 

Seachh Engin e 1 

Quarter r 

140' ' 

Figuree 5.2: Measurements per search engine pair, per yearly quarter 

Finally,, we visited all 137 search engines to obtain information about their 
origin,, search domain, target domain, language of communication, and comple-
mentaryy services provided on their web site, such as free e-mail, disk space, yellow 
guide,, directory, translations, portal, etc. 

5Address:: ht tp: //www. zakon. org/robert/ internet/t imeline/. 
Thee queries were automatically generated and fed to Northernlight over a 10 day period. 

Too not overload Northernlight's search service, we restricted our data collection to non office 
hours. . 
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5.5.44 Measurements 

Inn order to test our model, we want to measure competitive relations between -
differentt types of— firms. Thus, we need to establish for each firm in the popu-
lationn whether it is a generalist or a specialist; we need to establish its founding 
datee and its disbanding date; and we need to establish the competitive pressure 
imposedd on it. In order to establish competitive pressure on a focal organization, 
wee need to know the size of its niche, and the degree in which other organizations 
targett its niche. 

N i chee size 

Iff  an author of an Internet page mentions a string (a row of letters) that unam-
biguouslyy refers to a particular search engine (e.g.. "AltaVista.com") the author 
iss likely to be familiar with that particular search engine. To determine search 
enginee niche size, we aim at measuring not the people actually using search en-
gines,, but the people familiar with them: in that way we measure fundamental 
(potential)) niches, and not realized niches. Organization ecology stresses the dif-
ferencee between the two: realized niches are considered the result of competition, 
whereass fundamental niches are the source of competition (Carroll and Hannan 
2000). . 

Wee measure the size of the niche of search engine i at quarter r. rl f . as the 
numberr of Internet pages referring to search engine i at r. according to North-
ernlight:: we call this measure vlt. We determined v,f for each of the 137 search 
engines,, and for each of the 28 quarters; a total of 3.836 assessments. 

Nichee intersect ion 

Thee intensity of competition between two search engines i and j at time t is deter-
minedd by the intersection of their niches at t. Vijt. We measure niche intersection 
byy the number of Internet pages from quarter t that refer to both search engine 
?'' and to search engine j at t. 

Thiss number is denoted as VjJt. We measured vtj t for each possible pair of 
searchh engines, for each quarter; a total of 260.848 assessments. 

General istt  or  special ist 

Wee established five "observational" scores per search engine, (1) country of origin, 
(2)) search domain. (3) target domain. (4) language of communication, and (5) 
otherr services. From these scores we determined whether a search engine should 
bee considered generalist or specialist. We regard a search engine generalist if (a) 
thee principle language of operation is English, and (b) either the search domain, 

http://AltaVista.com
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orr the target domain, is not restricted. Otherwise a search engine is regarded 
specialist.2' ' 

Thee fact that search engine i is a generalist is denoted as gen; = 1. The 
factt that j is a specialist is denoted as spc = 1. Al l firms are either generalist 
orr specialist. We apply the organizational ecological assumption that organiza-
tionss cannot change their organizational form radically enough to transform from 
generalistt into specialist or vice versa (Freeman and Hannan 1983: Hannan and 
Freemann 1984). 

Populat ionn size and vita l rates 

Too measure population size Nt, we have to establish the number of search engines 
thatt is "in business" at r. Let x^ denote that search engine / exists at r. 

Wee consider a search engine founded if its niche size exceeds 10. We apply 
thiss threshold to limi t the possibility that our measurements are based on a small 
numberr of falsely dated Internet pages. Let fit denote that search engine i is 
foundedd at t. Wre say fit = 1 if v^ > 10 and X;,_i = 0, and ftt — 0 otherwise. 

Wee consider a search engine disbanded if its niche size becomes smaller then 
10.. for at least two quarters in a row. Let m^ denote that search engine i has 
disbandedd at t. We say mtt = 1 if vit < 10. and vi f _i < 10. and Xjt-i = 1. 
Otherwise,, mit = 0. 

AA search engine exists if it is founded, and has not yet been disbanded. We 
sayy xit = 1, if fu = 1 or if both xi (_i — 1 and m^ = 0. Notice, that the definition 
off  xlt is recursive. To avoid circularity, we must add the condition that for all z. 
x,x,toto = 0, that is, at /0 no search engine is in business. 

Usingg x, f, and m, we define measures for population size, and for founding 
ratess and mortality rates. That is: 

137 7 

Thee founding rate is the number of firms founded at time t. Similarly, mortality 
ratee is the number of firms disbanding at t: 

1377 137 

i=\i=\  i = l 

Subpopulat ionn size and vita l rates 

Thee size of the generalist subpopulation is simply the number of search engines in 
thee industry that are generalist. Similarly, the size of the specialist subpopulation 

27Ass an example, search engine WebTop, which specializes in finding European pages, but 
targetss a general public in English, is regarded by us to be a generalist. Conversely. French 
searchh engine Voila.fr, which specializes in finding European pages, and is operated in French, 
iss regarded by us to be a specialist. 

http://Voila.fr
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iss the number of search engines in the industry that are specialist: 

1377 137 
N/''  = E Sen'  '  x' f  N)S'  = E sPci '  x" 

i = i i 

Generalistt and specialist founding rates are: 

F?? = X > - g e n ; F,s'= £ > • spc, 

Generalistt and specialist mortality rates are: 

1377 137 

MM ((
ff

:: = Y,m  sen> M'S = E m '  SPC* 
ii  = l ( -=1 

Legi t imat io n n 

Wee defined legitimation as the estimated coverage of the resource base by the 
nichess of all firms. The estimation was based on the sizes of all niches v,,. and 
thee size of the resource base. The size of the resource base at time t we indicate 
byy the number of pages on the Internet that were created in quarter t, as avail
ablee to Northernlight. We obtained that number by asking Xorthernlight for all 
pagess created in quarter t that did not contain the—meaningless and unlikely 
characterr string fsdgdhbdnbjgbsdkjgbskggetc. 

Lett R/ denote the size of the resource1 base at f. then: 

v<77 x * i 

L ^ R ^ i - n u - ^ ^ ) ) ) 

Compet i t i on n 

Industryy competition is the sum of the competitive pressure exerted by all firms 
inn the industry on all other firms in the industry. So. 

1377 137 v 

°t°t== E E -~ • xit • xjt 

i = i j = l j 5 * ii v " 

Thee total competitive pressure exerted on the generalist subpopulation is: 
1377 137 

c ?? = E E zf x"  XJ<  sen* 
' = •• J" = l-J"^« li 

Similarly,, the total competitive pressure exerted on specialists: 

cff  = E E 77̂ x"  x;< '  SPC* 
i = 11 J=1J¥=i v« « 
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Thee mean competitive pressure exerted on generalises by generalists. is: 

c c 
ii  ^ ^ y* 

i v r c ' EE E - ^ - • x„ • x j7 • gen,. • gen; 

Similarly. . 

c c 

ii 137 137 
gsgs _ i r r V tt - ^G • E E ~ • xit • Xj, • gen, • spc,-

11 137 137 v , 
ccttSS = ^s • E E TT" • x * • *Jt • s P c i • s P c j 

- ^^ j = i j = i . j Y i v ' f 

-II 137 137 
- s GG X V^ V^ V'Jf 
c** = ivs • E E — • x * • XJ< • S P C < • senj 

Thee mean competitive pressure exerted by a single generalist/generalist relation, 
is: : 

•FSG •FSG 

^^ Np - 1 

Similarly, , 

-TiQS-TiQS TsS ^sC 

'' ~ N? f Nf - 1 ' Np 

Thatt concludes the operational definitions of our measurements. 

5.66 Results 
Wee measured all variables according to the operational definitions of Section 5.5. 
Thee results are displayed in Table 5.1 (densities and vital rates) and Table 5.2 
(legitimationn and competition). 

5.6.11 Population size 

Figuree 4.10 displays the population size in the Internet search engine market, 
fromm 1993 to 2000 (note that this figure is displayed in Chapter 4). On first 
sight,, population size seems to follow an S-shaped trajectory, as claimed by den
sityy dependence theory. Figure 5.3 shows the first derivative of the population 
size,, the populational growth rate. In this figure, we have added the optimal 
quadraticc regression line28 for N[. The fit of the optimal quadratic regression is 

28Thee optimal quadratic regression is: N\ - (-1.69 + 0.78* + 0.002 • t2) For this regression it 
holdss that R2 = 0.51 and T = 3.56. 
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Tablee 5.2: Competition and legitimation in the Internet search engine market 
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betterr than that of the optimal linear regression.29 which suggest that N't follows 
aa fl-shaped trajectory. So, density dependence's main claim is satisfied in the in-
dustryy of Internet search engines. The question is now, are the canonical growth 
ratee trajectories induced by competition and legitimation, as argued by density 
dependencee theory? In the following two sections we wil l test whether the expla-
nationn provided by density dependence theory applies to our empirical domain. 
Inn Section 5.6.2 we wil l focus on competition and legitimation trajectories, and 
inn Section 5.6.3 we wil l discuss founding and mortality rates. 

5.6.22 Competit ion and legitimation 

Assumptionn 1 states that industry competition increases at an increasing rate, 
whereass Assumption 2 states that legitimation increases at a decreasing rate. 
Figuree 5.4 displays both competition and legitimation in the industry of Internet 
searchh engines over time. As it turns out. legitimation increases with population 

Octoberr 1993 

25 5 

Octoberr 2000 

Figuree 5.4: Competition and legitimation 

sizee at an increasing rate, rather than at a decreasing rate. Until i19, competition 
alsoo increases with population size at an increasing rate, but then stagnates, 
yieldingg an S-shaped pattern. 

So.. both Assumptions 1 and Assumption 2 are rejected by the empirical do-
main.. In Sections 5.3.3 and 5.3.4, we showed that ceteris paribus, the relations 
betweenn population size and competition, and population size and legitimation, 
ass proposed by density dependence theory, would be maintained. Apparently, 

29Thee optimal linear regression is: N't = (1.05 + 0.23-t), with R2 = 0.38 and T=3.98. The F-
ratioo of the two fits is 5.33, which exceeds the 0.05% significance level at 4.24 (DF, numerator: 
1,, denominator: 25). The implication is that the quadratic regression is significantly better 
thann the linear regression. 
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thee ceteris paribus assumption does not apply to the empirical domain under 
investigation.. Let us take a moment to investigate this conjecture. 

Pairwisee compet i t ion and niche coverage 

Inn the industry of Internet search engines, the increase of competition eventually 
slowss down (Figure 5.4). while population size increases unabated (Figure 4.10). 
Equationn 5.1 implies that in an industry where population size increases and 
industryy competition does not increase at an increasing rate, it must be the 
casee that the mean competitive pressure ëy decreases. Figure 4.12 (note: this 
figurefigure is found in Chapter 4) shows the mean competitive pressure over time. We 
clearlyy see that after a competitive period in the starting period of the market. 
CjjCjj  decreases and stabilizes at a lower level: firms are less competitive in their 
pairwisee relations to fellow industry members. 

Figuree 5.4 shows that legitimation accelerates. The implication is that at a 
relativelyy late stage in the market the search engine form gains notoriety with 
aa critical mass (Schelling 1978. p.91-110) of Internet users. In Figure 5.5a we 
seee that the mean niche size of the search engines increases considerably. In 
Figuree 5.5b, moreover, we see that from i17 onward, the growth of the niche 
sizess even keeps up with the growth of the resource base. If the number of 
searchh engines grows, and their niches grow as fast as the resource base, we would 
expectt the resource base to become more ''crowded." However, at the same time 
thee mean pairwise niche intersection does not increase. Therefore, it must, be 
thee case that the search engines differentiate by covering new grounds and by 
extendingg their niches into different directions. This keeps competitive pressure 
down,, and at the same time results in an increasing legitimation. Because of 
thiss differentiation process, the ceteris paribus conditions of Assumptions 1 and 
22 do not hold in the Internet search engine industry, and therefore, the relations 
describedd in both assumptions are not found. 

Figuree 5.6 gives a stylized representation of niche dynamics such as they seem 
too have occurred in the Internet search engine industry from f ] 7 (the last quarter 
off  1997) onward. The figure shows a growing population with growing niches in a 
growingg resotirce base. The relative niche intersection stabilizes, amounting into 
aa stable cl3 and a higher resource base coverage. 

5.6.33 Vital rates 

Densityy dependence theory assumes founding rates and mortality rates to be 
dependentt on legitimation and competition. Table 5.3 shows the correlations 
betweenn two sets of values. On the one hand are the ratio of legitimation and 
competition,, which is assumed to predict founding rates (Assumption 3). the 
ratioo of competition and legitimation, which is assumed to predict mortality rates 
(Assumptionn 4). legitimation, and competition. On the other hand are founding 
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Meann niche size 

100 15 
quarters s 

200 25 
Octoberr 2000 ( a ) 

Meann niche size vs. resource base 

Octoberr 1993 

200 25 
Octoberr 2000 ( b ) 

Figuree 5.5: Niche size dynamics 

Figuree 5.6: Stylized representation of niche dynamics 
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F, , 

M ( ( 

Ft+i i 

Mt+ i i 

hi. hi. 
C, C, 

0.04 4 
(0.87) ) 

--

0.09 9 
(0.68) ) 

--

L , , 

--

-0.22 2 
(0.27) ) 

--

-0.05 5 
(0.79) ) 

L, , 
0.20 0 

(0.31) ) 

0.09 9 
(0.64) ) 

0.14 4 
(0.47) ) 

0.06 6 
(0.75) ) 

c, , 
0.11* * 
(0.02) ) 

0.19 9 
(0.32) ) 

0.31 1 
(0.12) ) 

0.21 1 
(0.28) ) 

Tablee 5.3: Correlations (significance) 

andd mortality rates at t and at t + 1. The rates at t + 1 are added to test 
forr a possible delayed effect of legitimation and competition. It turns out that 
theree is no relation between the founding rates predicted by Assumption 3, and 
thee measured founding rates. The correlation between the predicted and the 
measuredd rates is less than 0.1, both for t and t + 1. Figure 5.7 shows founding 
ratess as predicted by the density dependence model, and the founding rates as 
measuredd in the industry of internet search engines. 

55 10 15 20 25 
Octoberr 1993 quarters October 2000 

Figuree 5.7: Predicted and measured founding rates 

Wit hh respect to mortality rates, there is also no relation between the predicted 
andd the measured values. The correlation between the predicted and the measured 
mortalityy rates turns out to be slightly negative for both t and t + 1. We should 
notee that these correlations are based on few instances, as we have measured few 
casess of disbanding firms. 
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Figuree 5.8 shows mortality rates as predicted by the density dependence 
model,, and the mortality rates as measured in the industry of internet search 
engines. . 

'' ' ' ' M, 
Mt(pred) ) 

AAA n 
ii i < i i / \ 

55 10 15 20 25 
Octoberr 1993 quarters October 2000 

Figuree 5.8: Predicted and measured mortality rates 

Apparently,, in the market of Internet search engines, legitimation and industry 
competitionn do not have the predicted relation with vital rates as assumed by 
densityy dependence theory. We also considered the correlations between vital 
ratess and competition and legitimation individually (see Table 5.3); we found a 
positivee correlation between competition and founding rates, which, in fact, is 
thee opposite of what was assumed by density dependence theory. 

So,, Assumptions 3 and 4 of density dependence theory do not apply to our em-
piricall  domain. In the previous paragraph we showed that density dependence's 
Assumptionss 1 and 2 do not apply to the search engine industry either. In sum, 
wee found evidence for the main claim of density dependence theory, but we did 
nott find evidence supporting the argument behind the claim. 

5.6.44 Generalists and specialists 

Figuree 5.9 shows the growth trajectories of the generalist and specialist subpop-
ulationss in the market of Internet search engines. 

Generalistss are the first to appear in the market. After a while specialists 
enter,, and soon the specialists constitute a large part of the population. So, the 
implicationn of the main claim of resource partitioning theory, specialists vital 
ratess improve relative to those of generalists, is true in our empirical domain. In 
Figuree 5.10, which displays the founding rates of generalist (5.10a) and special-
istt (5.10b) firms, the relative improvement of specialist founding rates is clearly 
visible. . 
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Figuree 5.9: Growth of generalist and specialist subpopulations 

Althoughh the main implication of resource partitioning theory applies to our 
empiricall  domain, we still need to determine whether resource partitioning's ex-
planatoryy argument applies as well. That is. of all assumptions of resource par-
titioning,, we need to determine whether they hold in our empirical domain. 

General istt  founding 

Resourcee partitioning theory starts out by claiming that generalist founding rates 
decreasee if scale economies dominate in a market (Assumption 5). As we argued 
inn the introduction of this chapter, we assume scale economies to dominate in the 
Internett search engine market. Figure 5.10 shows that, indeed, generalist founding 
ratess decrease in the focal period. A rather sharp decrease can be observed around 
ttww.. after which the founding rates of the generalist subpopulation stabilize. Before 
ttww the mean generalist founding rate is 1.6. from / ] 0 onward, it is less than half 
off  that (0.78). 

Movee t o the center 

Accordingg to Assumption 6, decreasing founding rates imply that generalist firms 
movee to the center of the resource base. Such a move should be indicated by 
increasingg competition among generalists. Figure 5.11 shows that firm-on-firm 
competitivee pressure among generalists steadily increases during the whole focal 
period.. Whereas generalists on average targeted 5 to 10% of their competitors' 
nichess in the early years, in 2000 this proportion was around 20%. 

1000 -
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Generalistt founding 

00 5 

Octoberr 1993 
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Figuree 5.10: Generalist and specialist founding rates 
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100 15 20 25 
quarterss October 2000 

Figuree 5.11: Competition among generalists 

Resourcee part i t ionin g 

Assumptionn 7 claims that by moving to the center of the resource base, generalists 
movee out of the periphery. This is not a mathematical tautology: generalists may 
expandd their niches toward the other generalists while at the same time main-
tainingg their positions in the periphery. If generalists move out of the periphery, 
thiss should be indicated by a lower competitive pressure imposed by generalists 
onn specialists. 

Octoberr 1993 

Figuree 5.12: Competition imposed by generalists on specialists 

Figuree 5.12 shows that the competitive pressure by generalists on specialists 
decreasess only from 1999 (t2\) onward. Before 1999. the pressure increased, until 
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onn average 16% of the niches of specialists was targeted by generalist firms. In 
2000,, this number has decreased to 12%. 

Thee deceasing firm-on-firm pressure imposed by generalist search engines on 
specialistss suggests that the two subpopulations target—increasingly—different 
resources,, which, in turn, suggests a process of resource partitioning. This sugges-
tionn is supported by Figure 5.13. which shows the competitive pressure imposed 
byy specialists on generalists. Here, we see that the mean proportion of generalist 

0.025 5 

0.02 2 

0.015 5 

00 01 

0.005 5 

0 0 

55 10 15 20 25 
Octoberr 1993 quarters October 2000 

Figuree 5.13: Competition imposed by specialists on generalists 

nichess targeted by specialists decreases from around 2.3% in late 1998 to around 
1.3%% in 2000. 

Onee may wonder whether this process of resource partitioning is in fact in-
ducedd by the generalist move to the center. Figure 5.11 shows that generalist 
searchh engines have always been moving to the center, whereas resource parti-
tioningg began only after 1998. That raises the question if resource partitioning 
iss induced by a generalist move to the center. Possibly, specialists have been 
movingg toward the market periphery, and away from the generalists, and thereby 
decreasedd the competitive pressure imposed on them. If specialists move to-
wardd the market periphery, they most likely move in different directions. As a 
consequence,, not only the competition between generalists and specialists would 
decrease,, but also the competition among specialists. 

Figuree 5.14 shows the mean firm-on-firm competition among specialists. It 
showss that, from the end of 1998 to 2000, the competitive pressure that specialist 
firmss impose on each other reduces by roughly 50%. The implication is, that 
specialistss indeed move toward the market periphery, and consequently, induce 
resourcee partitioning. 
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Figuree 5.14: Competition among specialists 

Specia l istt compe t i t i on 

Assumptionn 8 states that the mean competitive pressure on specialist firms de-
creasess if the pressure that generalists impose on specialists decreases. This is 
nott obvious altogether: the mean competitive pressure on specialists is not only 
exertedd by generalists, but also by specialists. As the number of specialists is 
growing,, the competitive pressure on specialists might be growing too. 

Figuree 5.15 shows that the mean competitive pressure on specialist firms de-
creasess after £21- Whereas before f2i- the competitive pressure on specialists in-

Resourcee Partitioning 
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Figuree 5.15: Competitive pressure on specialist subpopulation 
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creasess fast, at t2\ the trend is reversed, and the competitive pressure on specialist 
firmss starts to decrease. 

Special istt  founding r a t es 

Finally.. Assumption 9 states that as a consequence of a decreasing competitive 
pressuree on specialists, the founding rates of specialists increase. Specialist found-
ingg rates were shown in Figure 5.10. We see that specialist founding rates observed 
att later stages are much higher than during the early stages of the market. The 
suggestionn is that specialist founding rates increase. However, as the empirical 
evidencee suggests that resource partitioning processes started only around f21- w? 
cannott relate specialist founding rates before t2\ to resource partitioning. Fig-
uree 5.10 also shows a sudden increase of specialist founding rates after r21. This 
increasee could be related to resource partitioning processes. 

So.. the empirical evidence suggests that resource partitioning is not the cause 
forr all specialist, proliferation in the industry of Internet search engines, but re-
sourcee partitioning processes, induced by a specialist move to the periphery, are 
observed,, and could have been responsible for specialist inflow at later stages of 
thee market. 

Inn sum. we found some empirical evidence suggesting processes of resource 
partitioningg in the Internet search engine market. We did not find any evidence 
suggestingg processes of density dependence. 

5.77 Concentration and dimensionality 

Inn Section 5.3.1 of this chapter we noted that the main claim of resource parti-
tioningg theory is that market concentration induces specialist proliferation. In 
thee same section, we mentioned that later versions of the theory contained the 
claimm that an increasing dimensionality of the resource base improves specialist 
lif ee chances. 

Wee did not test the first claim for theoretical reasons: in Chapter 3. we 
formalizedd resource partitioning theory in first-order logic, and it. turned out that 
thee theory's main claim did not. follow from the theoretical argument. That 
is.. although it may be the case that concentration improves the life chances of 
specialistt firms, resource partitioning theory does not provide the supporting 
argument. . 

Inn the current section, we take a short look at the dynamics of concentration in 
thee industry of Internet search engines, to investigate whether there is empirical 
evidencee for a positive relation between industry concentration and specialist lif e 
chances. . 
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5.7.11 Concentration 

Ourr assumptions regarding resource partitioning processes deviate from organi-
zationall  ecology's original resource partitioning theory, because we replaced each 
instancee of the notion of "concentration" by "economies of scale.'' We did so, 
becausee we concluded from the logical formalization in Chapter 3 that concen-
trationn was merely a natural consequence of scale economies; concentration was 
likelyy to occur simultaneously with resource partitioning, but would not explain 
resourcee partitioning. 

Thee assumption that scale economies imply concentration was part of the for-
malizedd theory, though, and now we make it part of our empirical analysis. We 
havee assumed scale economies to dominate in the market of internet search en-
gines,, so we expect concentration to increase. Concentration measures are based 
onn the sizes of the firms in an industry. We use niche size as an approximation 
off  firm size, because niche size indicates the number of users of a search engine. 

Figuree 5.16 shows five different measures of market concentration, based on 
estimationss of the sizes of all search engines in the market. The measures are 
CR3,, CR4 and CR5, the Herfindahl-Hirschman index (Shepherd 1987). and Ijir i 
andd Simon's beta (Ijir i and Simon 1977).'i0 In Figure 5.16. all measures are 
standardized,, such that their maximum value is 100. Al l measures show the 
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Figuree 5.16: Search engine market concentration 1993-2000 

samee pattern: after an initial decrease of concentration in the first six quarters, 
concentrationn stabilizes. Only the Herfindahl-Hirschman index shows a slight 
increasee of concentration from that moment on. 

Figuree 5.17 shows the log-size for all firms, ranked in size, for the 3rd quarter 
off  every year since 1994. Over the years, the log-size distribution becomes less 

30Inn Appendix II , we defined all concentration measures mentioned here. 

CR3 3 
CR4 4 
CR5 5 

Herfindahl-Hirschmann index 
Ijiri/Simonn (beta) 
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uneven,, and this indicates a more homogeneous distribution of niche sizes. 

Log(size)) vs. rank 
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Figuree 5.17: Search engine log-size distributions 1994-2000 

So,, we can conclude that the Internet search engine market did not exhibit an 
increasee in concentration, in spite of its apparent scale economies. The assump-
tionn stating that scale economies imply concentration to increase, does not hold 
inn Internet search engine population. 

5.7.22 Market dimensionality 

Inn Section 5.3.1, we mentioned that later versions of resource partitioning theory 
containedd a new claim: "As the number of dimensions in the resource space 
increases,, the founding rates of specialist organizations wil l rise and the mortality 
ratess of specialist organizations wil l decline" (Carroll and Hannan 2000, p.268). 

Thiss claim is adopted from Péli and Nooteboom (1999), and draws upon 
thee sphere-packing problem in geometry. This problem involves filling  up an 
d-dimensionall  (Euclidean) space as efficiently as possible with <i-dimensional hy-
perspheress {e.g. balls) of equal size. As it turns out, the efficiency of the densest. 
i.e.i.e. optimal, packing decreases as the number of dimensions of the space in-
creases.. In other words, as the dimensionality increases, less space is covered by 
thee hyperspheres. This effect is shown to persist up to 20 dimensions; at that 
pointt only 0.3% of the space is covered by the hyperspheres. 

Pélii  and Nooteboom suggest that the niches of generalist firms can be repre-
sentedd as ri-dimensional hyperspheres of equal size in an d-dimensional resource 
space,, that is shaped by dimensions of consumer taste. As the consumer tastes 
becomee more sophisticated, the dimensionality of the resource space increases, 
andd the space that is filled up by generalist niches decreases. Obviously, if the 
spacee filled up by the generalist niches decreases, the space complementary to 
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generalistt niches increases. In this space, then, firms with smaller niches, i.e.. 
specialists,, can thrive. 

Forr the sphere-packing model to apply to organizational niches in resource 
space,, the following assumptions should hold: (1) the niches of all generalists are 
off  equal size. (2) niches do not intersect. (3) niches are distributed over the re-
sourcee space according to the densest packing, (4) niches are spheres. (5) resources 
aree distributed homogeneously over the resource space, and (6) the resource space 
iss infinite. In the previous sections, we have measured both niche size and niche 
intersection.. It turns out that search engine niches have different, sizes. Moreover, 
searchh engine niches intersect. The question whether the niches are distributed 
accordingg to the densest packing cannot, be answered, because for intersecting 
nichess packing density is not defined. 

Inn our study we considered the resource base, i.e., the set of resources, rather 
thann the resource space, i.e.. the space where the resources are located. The 
resourcee base is an amorphous set. which gives us no information about the 
shapee of the resource space, nor about its distribution and size. The same holds 
forr niches. We considered a niche as a set of resources; the shape of such a set 
iss undetermined. As a consequence, we cannot determine whether either of the 
assumptionss (4) to (6) hold in our empirical domain. 

Ass all assumptions of the sphere-packing approach either do not hold, or are 
undeterminedd in the market of Internet search engines, it does not seem to make 
sensee to test for an increasing resource space dimensionality. As a consequence, 
itt does not make much sense to test whether, due to the sphere-packing effect, 
increasingg dimensionality improves the lif e chances of specialist firms. There is, 
however,, a second argument, implying that increasing dimensionality improves 
thee specialist life chances. This argument draws on the so-called "curse of dimen-
sionality." " 

Th ee curse of dimensional i ty 

Thee curse of dimensionality is a well known problem in the field of mathematical 
modelingg (Wegman 1990). The "curse'" implies that the volume of the periphery 
off  a space grows relative to that of the center of the space, if the dimensionality 
off  the space increases. 

Supposee R* is a <i-dimensional space with radius r. and suppose Cen^*, the 
centerr of the space, is smaller than the space itself; that is, the radius of the 
centerr of R is r — e and e > 0. The volumes of R* and Cen^* are:'51 

7T27T2 • r TT'2 • (r — f ) 

V(R*)V(R*)  = - r . r- V(CenR.) = —A s-
r( ff  + i) r( f + i) 

:i l Noticee that: T(y) = J^ Tu~le~* d.r 
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Thee relative volume of center CenR. is: 

V(CenV(CenRR.).) = ^-(r-f)"-r(i  + l) = ( r - c )<*  = / €\" 

It.. holds that: 

limm (l - - ) = 0 

So.. if d —»• oc. the center of the space is empty, and all volume is in the space's 
edges. . 

Highh dimensionality can cause the analysis of multidimensional data to be 
dominatedd by edge effects, hence the qualification '"curse" (Gershenfeld 1999. 
148).. For specialist firms, however, the curse of dimensionality may prove to be 
aa blessing in disguise. 

Lett us assume that the resource space is a space shaped by d taste dimensions. 
Lett us furthermore assume that somt1 tastes are more common than others, that 
is.. resources are not distributed homogeneously over the resource space, but, say. 
normally.. We call the area where most resources are "located" the center of 
thee resource space: the remainder we call the periphery. Resource partitioning 
theoryy assumes that generalist firms target the center of the resource space, and 
specialistss target the periphery (Carroll and Hannan 2000. p.268). The curse of 
dimensionalityy implies that the proportion of the resource space that lies in the 
peripheryy increases if the dimensionality of the space increases. Consequently, 
resourcess move into the periphery of the resource base and out of the center: 
specialistt life chances improve, whereas generalist life chances decrease. 

Figuree 5.18 shows that the sphere-packing approach and the curse of dimen
sionalityy approach allocate by and large the same resource space to generalist 
firms.. However, for the curse of dimensionality to apply, less assumptions are 
obligedd to hold. 

Inn the following paragraphs we will try to find out whether the dimensionality 
off the resource space for search engines has increased in the focal period. Such a 
findingg would give us an additional explanation for the proliferation of specialists 
inn the search engine industry. 

Dimens ionss of tas te 

Wee assumed the resource space to be shaped by dimensions of taste. Consumers 
judgee firms on their scores (or "location"') on these dimensions. Firms may be 
consideredd similar on one dimension, and different on another. 

Unfortunately,, we do not know7 the considerations of the consumers in the 
Internett search engine market, nor do we know the number of dimensions on 
whichh they judge search engines, and whether this number changes. We do have 
measurementss of niche intersection, however, which imply that some pairs of 
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cursee of dimensionality 
sphere-packing g 

Figuree 5.18: Resource space allocated to generalist firms at increasing resource 
spacee dimensionality 

searchh engines are perceived similar, and some pairs are perceived different. Our 
aimm is to use these dissimilarities to estimate the dimensionality of the resource 
base.. The reasoning is that the number of taste dimensions should be consistent 
withh the search engine (dis)similarities observed.32 So. as a first step, we try to 
determinee the (dis)similarity of the niches of the Internet search engines. 

Nichee (dis)similarit ie s 

Wee assume that two firms that target similar sets of resources, are likely to be 
perceivedd as similar by the resources.33 The more the niches of two search engines 
intersect,, the more similar the search services are perceived to be. However, by 
randomm chance, large niches have larger intersections than small niches. To adjust 
forr niche size, we relate niche intersection to the joint niche size of the two firms. 
Inn this way we obtain the standard measure for set similarity, Jaccard's J (see, for 
example.. Cox and Cox (1994)). Let A and B be sets; n denotes intersection, and 
UU the joint size of A and B (disjunction). The Jaccard measure of set similarity 
iss defined as follows: 

JABJAB ~ AUB 
32Ass an example, for two search engines to be perceived dissimilar, one taste dimension is 

needed.. For three search engines to be perceived equally dissimilar, at least two dimensions of 
tastee are needed. To accommodate for many search engines and many firm-to-firm dissimilari-
ties,, many dimensions may be needed. 

3:1Notee that if two firms share a single resource, it is not necessarily the case that the resource 
perceivess the firms as similar. The resource may perceive the firms as substitutable or even 
complimentaryy (see also the discussion of Chapter 4). If. however, a number of resources agrees 
aboutt the simultaneous appeal of two firms, it is likely that they perceive the firms as similar. 
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Inn terms of organizational niches, the Jaccard-similarity between the niches of / 
andd j is expressed as: 

j . .. =  lJi 
V,V, + Vj - I'ij 

JijJij  is between 0 (no intersection}  and 1 (full intersection). Using34 similarity 
measuree J^ we define: 

dijdij  = 1 - Jij 

thee dissimilarity, or distance, between the niches of firms •/' and j . 

Determin in gg resource space dimensional i ty 

Wee use our empirical measurements to calculate d}J for each pair of firms, and 
thuss obtain a symmetrical matrix of niche dissimilarities. The matrix has size 
NNtt x AT, for each quarter t. Next, we determine the dimensionality of the matrix. 
Onee way to determine its dimensionality is by the applying so-called Scree test, 
orr elbow test, a multi-dimensional scaling technique (Steyvers 2002). In a Scree 
test,, all distances in the matrix are represented in a ^-dimensional space, as 
goodd as possible according to an optimization algorithm. The quality of the 
representationn is determined by a lack of "•stress": stress emerges when distances 
aree represented as either too long, or too short. For a dimensionality d, the stress 
iss calculated. Then the process is repeated for dimensionality d + 1, until (1) a 
eitherr a (low) benchmark value of stress is reached, or (2) the Scree-curve makes 
aa characteristic bend, the so-called "elbow effect". Figure 5.19 shows how stress 
decreasess as the dimensionality of the representation increases, in this particular 
casee for the population of Internet search engines at t25- Appendix II I  gives a 
numberr of illustrations of how the distribution of firms over the resource space 
cann be represented in a 2-dimensional space. 

Too find out whether the dimensionality of the resource space increases, we cal
culatedd the degree of stress associated to 2, 5, 7 and 9-dhnensional representations 
off the distances between all niches in the search engine industry over time. The 
resultt is shown in Figure 5.20: as more search engines enter the market, stress 
increasess for all representations.35 The suggestion is that the dimensionality of 
thee resource base increases. 

54Althoughh the Jaccard measure adjusts for the fact that, by random chance, large niches have 
largerr intersections than small niches, still, by random chance, pairs of large niches have higher 
Jaccardd similarity than pairs of small niches. To be more precise: by random chance, pairs of 
nichess that are large relative to the resource base, will have higher Jaccard values than pairs 
off niches that are small relative to the resource base. A measure of set similarity that adjusts 
forr relative niche size, is that of Mozley and Margalev (Cox and Cox 1994). defined as MAB = 

AXAXQQ • In terms of niches this amounts to: M  ̂ = l'y\ . An important drawback of similarity 
measuree M is that it is not metric, which complicates the estimation of the dimensionality of 
thee resource base. 

' i 5Thee multi-dimensional scaling tool applied here was UCINET. We only performed the 
analysess for r0, £R, tfin, <15. and t^: hence the stylized curves. 
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Figuree 5.19: Stress per dimension at i25 
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Figuree 5.20: Stress associated with scaling at several dimensionalities, over time 
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Figuree 5.21: Eigenvalue ratios 

Eigenvaluess and th e distr ibutio n of resources 

Thee curse of dimensionality implies that if the dimensionality of the resource 
spacee increases, the portion of resource space available to specialists increases. 
Firms,, however, do not thrive on resource space, but on resources. So, before we 
acceptt increasing dimensionality as an explanation of specialist proliferation, we 
shouldd test whether specialists actually make use of the newly available space. 

Too do that, we use metric MDS to calculate the eigenvalues of the dissimilarities-
matr ixx D. An eigenvalue indicates the relative importance of a dimension.36 If 
manyy specialists make use of peripheral space that is induced by growing dimen-
sionality,, the eigenvalues associated with higher dimensions should increase with 
respectt to the eigenvalues associated with lower dimensions (Cox and Cox 1994). 

Figuree 5.21 displays the proportion that the first and the first three eigenvalues 
constitutee of the sum of the first 5 eigenvalues. As it turns out, the first eigenvalue 
accountss for a stable 30% of the total, whereas the first three eigenvalues account 
forr a stable 70%. The implication is that higher dimensions, i.e., dimensions 4 
andd 5, do not gain importance: they explain a stable, but limited portion of the 
dissimilaritiess found between the niches of Internet search engines. 

Inn sum, increasing dimensionality does not induce the life chances of specialists 
inn the Internet search engine industry. Although we found evidence that the 
numberr of dimensions of the resource base has increased over the focal period, 
andd although in the same period the specialist lif e chances have improved, the 
twoo observations are not related. The analysis of the eigenvalues suggests that 

36Eigenvaluess give the relative weight of eigenvectors. The first eigenvector corresponds to 
thee most important dimension, the second eigenvector the second most important dimension, 
etc. . 

percentagee explained by first eigenvalue 
percentagee explained by first 3 eigenvalues 
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thee space generated by increasing dimensionality is. for the greater part, not used 
byy specialist search engines. 

5.88 Discussion and conclusions 

Wee started this chapter with the observation that in a particular industry, i.e.. 
Internett search engines, both density dependent and resource partitioning pro-
cessess appeared to occur. This observation immediately raised a theoretical issue, 
ass both processes are not supposed to occur simultaneously. Density dependence 
theoryy describes how a population of firms emerges and reaches an equilibrium 
state,, in which organizational founding and disbanding rates balance each other 
out.. The theory's explanatory mechanism applies from the moment that the first 
firmss have entered the market, until the moment that the equilibrium is reached. 
Resourcee partitioning theory describes how the equilibrium can be disturbed when 
aa partitioning of resources causes a proliferation of specialist firms. 

Inn the industry of Internet search engines, specialist firms start to prolifer-
atee before an equilibrium between founding and mortality rates is reached. The 
questionn is whether the specialist proliferation can be explained by resource par-
titioningg theory. 

Inn order to be able to identify resource partitioning processes in an emerging' 
industry,, we developed a mathematical model for resource1 partitioning theory 
buildd on. and consistent with, the model of density dependence theory. The new 
modell  has mathematical counterparts for qualitative phrases such as "generalists 
movee to the center of the resource base." and "the market has become partitioned 
intoo generalist and specialist resources." Furthermore, the model is able to isolate 
thee processes relevant for specialist proliferation, regardless whether an industry 
iss in an equilibrium state or not. 

Thee key to connecting density dependence1 theory and resource partitioning the-
oryy lies in the refinement of the concept of competition that was discussed in 
Chapterr 4. In Section 5.3.3 we introduced the refined concept of competition in 
densityy dependence theory, and showed that the predictions of density dependence 
theoryy did not. change. 

Thee conceptual refinement of competition made it a variable that could be 
independentlyy measured. In organizational ecology's original density dependence 
theory,, competition was defined on population size. 

Wee altered the other key concept of density dependence theory, legitimation, 
ass well, and made a measurable variable. In the original density dependence 
theory,, legitimation, too. was defined on population size. 

Byy making competition and legitimation independently measurable variables, 
wee have1 induced the explanatory power of density dependence theory. Because1 

competitionn and legitimation can be measured independently, the assumptions 
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thatt specify the relations between population size and both competition and le-
gitimationn are falsifiable. In organizational ecology's original density dependence 
theory,, both assumptions were not falsifiable. By adding falsifiable assumptions 
aa theory, the explanatory power of the theory is enhanced (Popper 1959). 

Thee fact that both added assumptions were falsified by the empirical domain 
doess not make the initial theory less powerful: it merely clarifies that in the case 
off  Internet search engines something special is going on: competitive pressure is 
lowerr than predicted, and legitimation is higher than predicted due to—as evi-
dencee suggests- differentiation in the industry. 

Thee two assumptions stating that competition and legitimation determine vital 
ratess were also falsified. Let us review some possible reasons why the relations 
specifiedd in both assumptions were not observed. 

First,, it could be that our refinement of competition and our alternative def-
initionn of legitimation are erroneous. We aimed at measures that, captured our 
intuitionss about competition and legitimation, but these intuitions could have 
beenn wrong or incomplete. 

AA second reason for competition and legitimation's failure to predict founding 
andd mortality rates could be in the collection of the data. We assumed that 
thee number of references to a particular search engine reflects the number of 
userss or at least potential users—of the engine. By doing so. we assumed that 
thee attitudes and preferences of Internet users who have an Internet page and 
mentionn search engine URLs on their page, are representative for the attitudes 
andd preferences of all Internet users. This may not be true. Although the sample 
off  Internet pages that we have taken is large (many millions), it may have been 
biasedd toward pages of Internet, professionals or devotees. 

Third,, it could be that our period of measurement is too short to observe the 
expectedd relations. Most empirical studies of density dependent processes cover 
aa number of decades, rather than a number of years. Expecting competition and 
legitimationn levels to have observable impact within a few months may be naive, 
especiallyy in a market subject to many possible intervening variables. The un-
paralleledd economical conjuncture, the disproportionate public attention, and the 
enormouss expectations about Internet's possibilities may have had more influence 
onn vital rates than competitive pressure or legitimation had. Our study focused 
onn an industry over a short, and eventful, period. As a consequence, intervening 
variabless may have dominated the results. 

Fourth,, it may be the case that legitimation and competition in fact do not 
predictt founding and mortality rates. Organizational ecology's original density 
dependencee theory contained only two falsifiable claims: industrial founding rates 
aree fl-shaped over time and mortality rates are U-shaped. In the search engine 
industry,, founding rates turn out to have a H-shaped trajectory, but, as it seems, 
withoutt competition and legitimation having anything to do with it. 

Inn our view, the lack of predictive power of both legitimation and competition 
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suggestss that their effects on organizational vital rates are weaker than assumed 
byy density dependence theory. However, to support our view, the effects of legit-
imationn and competition should be studied over a much longer, and maybe a less 
turbulent,, period of observation. 

Ourr evidence for the claims of resource partitioning theory is, admittedly, some-
whatt circumstantial. Most assumptions in resource partitioning theory have a 
ratherr loose "if A occurs, then B occurs" structure, for which empirical evidence 
iss not easily obtained. An assumption stating "if A occurs, then B occurs" sug-
gestss that B should happen after A happens, or at least not before A happens. 
Butt a time frame within which A should lead to B, or an expected duration of ei-
therr A or B are not specified. As a consequence, looking for evidence for resource 
partitioning'ss assumptions may turn into a somewhat subjective affair. 

Nevertheless,, we feel that we have found convincing evidence for "proper" 
resourcee partitioning, i.e., the observation of a decreasing intersection between 
generalistt niches and specialist niches. Before 1999, the degree in which generalist 
andd specialist firms appealed to the same consumers was increasing rapidly. In 
thee beginning of 1999, the process turned around, and the intersection started 
too decrease. This had a clear impact on the competitive pressure imposed on 
specialists.. For this variable, too, the rapid increase turned around, even though 
specialistt competitors were still entering the market, en masse. 

Resourcee partitioning theory predicted specialist founding rates to increase 
afterr March 1999. This suggests that the peak in specialist founding rates that 
wass observed from June 1999 to March 2000 could be caused by resource parti-
tioningg processes. 

Fromm the logical formalization of resource partitioning theory in Chapter 3 of 
thiss thesis, we concluded that market concentration had no explanatory role in 
thee argument. We considered concentration, along with resource partitioning 
processes,, to be implied by scale economies. In Section 5.7, we showed that in 
thee case of the Internet search engine industry, scale economies do not imply con-
centration.. This finding could be due to the fact that the industry is growing. If 
thee size of an industry remains stable, than concentration inevitably increases if 
scalee economies dominate (Schmalensee and Willi g 1989). However, in a theory of 
resourcee partitioning that refers to growing populations as well, the assumption 
thatt scale economies imply concentration should be dropped. It does not add any 
explanatoryy value, and, in growing industries, it may not hold. 

Inn Section 5.7, we also investigated resource partitioning theory's recent claim 
statingg that an increasing dimensionality of the resource base causes specialist life 
chancess to improve. We dismissed the original supporting argument—the sphere 
packingg model -because it did not apply to the industry of Internet search en-
gines.. None of its assumptions about niche sizes and intersections were found to 
bee true. As an alternative supporting argument we considered the "curse of di-
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mensionality.""  We showed (Figure 5.18) that the curse of dimensionality and the 
spheree packing model have by and large the same implications. Figure 5.18 also 
showss the limitations of the sphere packing model: if the model applies, then the 
cursee of dimensionality also applies, ensuring that the center of the resource space 
becomess empty as its dimensionality increases. The implication is. that whereas 
thee sphere packing model increases the space between the generalist niches, the 
cursee of dimensionality empties this space at approximately the same rate. An 
argumentt in favor of the sphere packing approach is that it. contrary to the curse 
off  dimensionality, applies to infinite- spaces. However, resources are not infinite, 
andd an infinite resource space that contains a finite number of resources is similar 
too a diluted solution: the probability for a finite hypersphere to contain a resource 
iss 0. The implication is that in an infinite resource space, niches are empty. 

Inn the introduction of this chapter, we have asked the question whether the differ-
entiationn observed in the Internet search engine industry was due to the lenient 
characterr of the market, or to established firms forcing new firms into special-
ism.. On the one hand, we have found almost no cases of disbanding firms. This 
suggestss that competitive pressure may have been low. On the other hand, we ob-
servedd a specialist move1 to the market periphery, which suggests that competitive 
pressuree may have been something to reckon with. 

Thee fact that we have observed nearly no disbanding search engines is not 
necessarilyy due to a lack of competition. First, the observation could be an 
artifactt of the data collection. If a search engine that is referred to on a number 
off  Internet pages is discontinued, the references wil l remain where they are: in 
manyy cases for years. As a consequence, references to search engines may be 
observedd years after the services were discontinued. 

AA second explanation for the fact that we hardly observed disbanding, can 
bee found in a peculiar feature of the search engine industry, namely, in a lack of 
needd to exit the market. We have encountered a number of search engines that 
providedd a search service, but appeared to be no longer maintained. Apparently, 
theree was no need for the search engines to go through the process of actual 
discontinuation,, even after the organization maintaining the search engine was 
dismantled.3' ' 

Inn sum. in order to investigate differentiation processes in the emerging mar-
kett of Internet search engines, we developed a mathematical model of resource 
partitioningg theory, based on the model of density dependence theory. In order to 

'H'Ann example of a unmaintaincd search engine was 
h t t p:: //www. a l tav i s ta .maga l l anes .net /, a search service aiming at the south-American con-
tinent.. When we consulted the service1 in the beginning of 2001, it turned out that it had indexed 
aroundd 300.000.000 Internet pages dated before March 1999. and around 300 pages dated after 
Marclii  1999. That is. almost all results that the search engines came up with were over two 
yearss old. a majority of them dead links. 



5.8.5.8. Discussion and conclusions 137 7 

connectt both organizational ecological theories, we used a measure of competition 
thatt we developed in Chapter 4. In the course of modeling resource partitioning 
theory,, we also improved the explanatory power of density dependence theory. 
Wee measured pairwise competition for 137 members of the Internet search engine 
industry,, in the first seven years of its emergence. We found evidence for resource 
partitioning:: small firms decrease their niche intersection with larger competitors 
byy moving into the market periphery. We found no evidence for density depen-
dence:: the relations between competition, legitimation and population size that 
weree proposed by density dependence theory, were not observed. 

Appendixx I: Proofs of Theorems 1 and 2 

Wee prove Theorems 1 and 2 by prepositional logic. First, we introduce preposi-
tionall  logic. Second, we formalize our assumptions and theorems in prepositional 
logic,, and third, we prove the theorems. Readers who are familiar with preposi-
tionall  logic may want to skip the introduction and proceed to the formalization. 

Propositionall  logic 

Symbols.. Propositional logic has the following symbols: 

•• propositions: p\. p2 . etc. 

•• connectives: A (and). V (or). —> (if ... then ...) 

•• negation: -> 

•• auxiliary symbols, such as ( and ) 

Formulas.. The symbols can be used to make formulas. A single proposition is 
aa formula. If pi and p2 are formulas, then: 

•• (Pi Ap2) 

•• (Pi V p2) 

•• (Pi ^P?) 

aree also formulas. 

Trut hh values. Each formula has a truth value. 

•• -7)! is true iff p\ is false 

•• (Pi A p2) is true iff both pi and p2 are true 
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•• (pi V p2) is true iff either p} or p2 is true 

•• (Pi —*• P2) is true iff' p2 is true or both px and p2 are false 

De r i va t i onn Ru l e s . From formulas we can derive other formulas, by use of 
derivationn rules. Two of these derivation rules are: 

•• Rl : If (pi - • p2) and (p2 - • />,). then (p, - • p:i) 

•• R2: If (Pl ->p 2 ) and (p2 -^ p:i). then (p, -^ (p2 Ap : i)) 

Formalization n 

Ourr assum])tions are the following: 

•• A5: If scale economies dominate, then N"a < 0 

•• A6: If A"/'c; < 0. then ct" > 0 

•• A7: If c?g > 0. then ct
sg < 0 

•• A8: If c;g < 0. then if < 0 

•• A9: If c't
s < 0. then Ar,"s > 0 

Belowrr are the theorems we aim to prove: 

•• TH1: If scale economies dominate, then ~c,9g > 0 and rj's's < 0 

•• TH2: If scale economies dominate, then N"c < 0 and N"s > 0 

Wee use px to denote "scale economies dominate." p2 to denote N"c < 0. p 3 to 
denotee cf" > 0. p4 to denote ct

sg < 0. p5 to denote c'f < 0. and p6 to denote 
A7'ss > 0. Our assumptions and theorems can be formalized as follows: 

•• A5: px -> p2 

•• A6: p2 -+ p3 

•• A7: 7>5 -» p4 

•• A8: p4 -* p5 

•• A9: p5 - • p6 

•• TH1: pi -^ (pa Ap.j) 

•• TH2: Pl ^ ( p 2 A p f i ) 
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Proof f 

Below.. we prove both theorems. We use L? to denote intermediate results (lemma's) 
Prooff  of TH1: 

•• From A5 and A6 we derive, by Rl : 
LI:: pi -> p,i 

•• From LI and A7 we derive, by Rl : 
L2:: />, —»• pA 

•• From LI and L2 we derive, bv R2: 
TH1:: Pl ^(P3Ap4). 

Prooff of TH2: 

•• From L2 and A8 we derive, by Rl: 
L3:: pi - • p 5 

•• From L3 and A9 we derive, by Rl: 
L4:: p! -> p6 

•• From A5 and L4 we derive, bv R2: 
TR2:TR2: Pl^(p2Ap6). 

Now.. both theorems are proven. 

Appendixx II: Five measures of market concentra
tion n 

Beloww are the definitions of five measures of concentration that we applied in this 
chapter. . 

C 3 .. Let /L, i2 and i:i be the largest three firms in the industry. Let st be the size 
off firm /, and let N be the number of firms in the industry. Then: 

C44 a nd C5 . Let /[. i2. /:J, i[  and ir, be the largest five firms in the industry. 
Then: : 

C4C4 = 5»i + *i 2 + -ij*  + Si* 

Similarly: : 
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Herf indahl-Hirschma nn index, HHI . Let sTOT = £"=i -s,. Then: 

""  / s \'2 

HHIHHI = Y — ^ - - 1 00 

I j ir i-Simon' ss 3. Lot rl be the rank of firm /' in a size ordering. Let M be the 
largestt firm in the industry, then: 

•j•j _ *~>i—\ toy{r,) 

Appendixx III : 2-dimensional representations of 
thee search engine industry in resource space 

Inn Figure 5.22 we optimized the relative positions of a subset of the search engine 
populationn in a 2-dimensional space,38 for 6 out of the 28 available quarters. 
Inn the beginning of 1994 (Figure 5.22(a)) there are only three search engines 
around,, and their mutual distances can be represented in a 2-dimensional space 
withoutt stress. As the subpopulation grows, the stress for the 2-dimensional 
representationn increases. In particular at later times, search engines that have 
thee same domain (.nl. .de. .au. .ru39) are perceived similar by the consumers: they 
aree located close together. Moreover, the center part of the space is populated 
byy large generalist search engines, whereas the periphery is populated by smaller 
specialists. . 

Figuree 5.23 shows the optimal two-dimensional representation of the relative 
locationss of the complete search engines population in the second quarter of the 
yearr 2000. In this figure 134 search engines are considered, that is. all search 
enginess with a non-empty niche. The stress generated by 134 search engines is 
higherr than the stress generated by the subpopulation of 21 search engines as 
representedd in Figure 5.22(f). If we look at the picture closely, we again see the 
proximityy of search engines originating from the same, or similar, domains. 

S8Notee that we have not attempted to determine what the dimensions signify. We chose a 2-
dimensionall  representation of the search engine industry in resource space not because we were 
interestedd the particular locations of the engines on the dimensions, but because a 2-dimensional 
representationn can be conveniently displayed. 

39Thee domains .nl, .de. .au. and .ru indicate that these search engines originate from, respec-
tively.. The Netherlands, Germany. Australia and Russia. 



5.8.5.8. Discussion and conclusions 141 1 

(a)) quarter 1994/1; 3 search en- (b) quarter 1995/2; 7 search en-
gines;; stress 0.2512. gmes; ; stresss U. 
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(c)) quarter 1996/3; 13 search en- (d) quarter 1997/4; 20 search en-
gines:: stress 0.2982. gines: stress 0.3167. 
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(e)) quarter 1999/1; 20 search en- (f) quarter 2000/2: 21 search en-
gines;; stress 0.2825. gines; stress 0.2646. 

Figuree 5.22: Two dimensional plots of six quarters (metric MDS on 2 dimensions). 
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Figuree 5.23: Two dimensional plots of quarter 2000/2: 134 search engines: metric 
MDSS on 2 dimensions; stress 0.3674. 
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