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Chapterr 3 
Thee Logic of Organizational Markets: 

Thinkingg Through Resource Part i t ioning 
Theory y 

3.11 Introduction 
11 As shown in Chapter 2. logical formalization of social science theories can help 
too resolve ambiguities, explicate tacit assumptions, improve the theory's logic, 
increasee parsimony, and infer new and unforeseen conclusions (Pólï et al. 1994; 
Kampss and Masueh 1997: Péli and Masuch 1997: Bruggeman 1997b: Péli 1997: 
Haimann 1998). Logical formalization has recently been applied, among others, to 
variouss parts of organizational ecology. As part of this greater effort, we want to 
analyzee and formalize the explanatory structure of one of organizational ecology's 
sub-theories:: resource partitioning theory (Carroll 1985). 

Resourcee partitioning has become one of the most important parts of orga-
nizationall  ecology (Hannan and Carroll 1992: Carroll and Hannan 1995). and 
dealss with the population dynamics of competing generalist and specialist or-
ganizations.. Its main claim is that "Increasing concentration enhances the life 
chancess of specialist organizations" (Carroll and Hannan 1995. p.p.217). Along 
withh the proliferation of specialists, the theory claims that, as a consequence of 
increasingg concentration, the niche overlap and competition between specialists 
andd generalists decreases (i.e., resource partitioning). The relatively new the-
oryy of resource partitioning is particularly interesting' because it stands in stark 
contrastt with older views from industrial economics. The latter see high con-
centrationn as a barrier to entry, especially for small organizations (Barney and 
Ouchii  1986, p.p.373. 374). Many empirical researchers have seen fit to test re-
sourcee partitioninĝ  claims, and they found corroborating evidence for resource 
partitioningg in the car industry (Hannan et al. 1995). banking (Freeman and 

'Adaptedd from: Vermeulen and Bniggeman (2001). 
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Lomii  1994: Lomi 1995). newspapers (Carroll 1985). the telephone industry (Bar-
nettt and Carroll 1987) beer brewery (Swaminathan and Carroll 1995). wine mak-
ingg {Swaminathan 1995). auditing (Boone. Brocheler. and Carroll 2000). hi-tech 
industriess (Mitchell 1995: Wade 1996). and the American feature film industry 
(Meziass and Mezias 2000). These findings are important, because higher en-
tryy rates of new firms (here, of specialists) are often associated with innovation, 
increasedd product choice, and industry renewal (Thornton 1999). 

Byy passing resource partitioning "through the purgatory of proofs and refu-
tations.""  as Lakatos (1976) phrased it . we want to get the listed advantages of 
logicall  formalization. Furthermore, we wil l attempt to show the redundancy of 
aa number of assertions from organizational ecology, which a number of theorists 
believee to be necessary in the explanatory argument. In sum. we wil l try to gen-
eralizee and increase the explanatory power of the theory at hand, and use logic 
ass our tool. 

Inn this paper, we formalize resource partitioning theory in 5 steps, with itera-
tionss if necessary. To re-iterate our 5-step approach, first, we extract the main 
claimss and their supportive arguments from the text (Section 3.2.1). These claims 
andd arguments taken together, we see as the core theory. Analyzing and sharpen-
ingg key concepts in the core theory is our second step (Section 3.2.2). In the third 
stepp (Section 3.2.3). we focus on the structure of the argument. We distinguish 
premisess {i.e., assumptions, definitions, or "background'" assumptions) from con-
clusions,, use the sharpened concepts from step 2, and informally axiomatize the 
coree theory. Loopholes in the argument {i.e.. "hidden" background assumptions), 
wee fil l in the course of our analysis. To visualize the structure of argument, we 
draww a diagram that represents the key events and their relations as described by 
thee premises. 

Thee first three steps are, for short, a rational reconstruction of the theory, 
preparingg the ground for the formalization proper in step 4. In step 5. we check 
thee two essential logical properties -soundness and consistency—computationally 
(Sectionn 3.3). Checking soundness and consistency is important because conclu-
sionss that intuitively appear to follow from premises may nevertheless be false, 
andd intuitively implausible statements may turn out to be soundly derivable. Fur-
thermore,, a computer check may reveal additional loopholes and other flaws in 
thee argument that have been overlooked by authors, reviewers, editors, and for-
malizers.. The results of the formalization are presented in Section 3.4, followed 
byy a discussion in Section 3.5. 

3.22 Rational reconstruction 

Resourcee partitioning is about competing subpopulations of specialists and gen-
eralists,, and asks "under what conditions wil l the specialist form be viable and 
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why?''' (Carroll and Hannan 1995. p.p.215). Before we go into the source text, 
wee explicate some conceptual background from organizational ecology (Hannan 
andd Freeman 1977; Hannan and Carroll 1992) that is important in resource par-
titioningg theory. 

Organizationss tap resources from their environment, and the set of resources 
theyy tap is called their realized niche. The set of resources an organization could 
potentiallyy tap in the absence of competitors, given its technology, goals, and 
markett strategy, is its fundamental niche. Populational niches need not concern 
uss at the moment. Two organizations compete if and only if their fundamental 
nichess "overlap," and overlap means set intersection. Competition increases with 
nichee overlap (Hannan and Freeman 1989). 

Inn organizational ecology, organizations are seen as inert, which means most 
off  them cannot adapt flexible to their environment (Hannan and Freeman 1984). 
Iff  they are founded in a particular population (a collection of organizations with 
overlappingg niches and similar form), they are likely to stay in that population 
forr the rest of their lives. Generalists do not become specialists or vice versa. 
Whereass organizational structures are inert, niches may expand, shrink or drift, 
duee to changes in the environment, organizational change (although rare), or 
both. . 

3.2.11 Core theory 

Resourcee partitioning theory was published in 1985 by Glenn Carroll, but our 
mainn source is a more recent and slightly expanded treatment in a textbook 
(Carrolll  and Hannan 1995, p.p.215-221). This text ha,s 92 sentences, of which 
sevenn qualify as core theory. The remainder 85 sentences rephrase (parts of) the 
coree theory, give examples, describe concepts, pose the research question, estab-
lishh connections to other chapters of the textbook, or are additional assumptions. 
Off  these remainder assumptions, we wil l try to show they are redundant. 

Thuss our core theory is a set of quotations from Carroll and Hannan (1995, 
p.p.216-217),, in their order of appearance in the text. Notice that in the text 
theyy appear next to each other. 

1.. Early in these markets, when the arena is crowded, most firms vie for the 
largestt possible resource base. 

2.. Competition forces each to specialize to some extent to differentiate itself, 
althoughh the overall strategy adopted by most firms is generalist in nature. 

3.. As scale economies come to dominate, only a few generalists survive and 
theyy move toward the center of the market. 

4.. This lessened crowding of generalists and their move to the center opens 
upp small pockets of resources on the periphery of the market, and it is here 
thatt specialist forms usually appear and thrive. 
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5.. In fact, the market at this point lias been partitioned into generalist and 
specialistt resources. 

6.. The key predictive variable in the model is the overall level of market con-
centration.centration. [Italics in the original.] 

7.. When the market is not highly concentrated, specialist organizational forms 
wil ll  not do as well as they do when it is highly concentrated. 

Ques t i ons s 

Wit hh respect to the core theory, one could ask whether it can explain resource 
partitioningg and the proliferation of specialists. Moreover, there exist six addi-
tionall  assertions in organizational ecology, of which it is generally believed that 
att least some are necessary in the explanation of (part of) the outcome. First, 
somee have1 argued that large organizations exert stronger competitive pressure 
onn small organizations than the other way around. It has been shown mathe-
maticallyy that this assertion added to the core theory accounts for the outcome 
(Bruggeniann 1997a). Second, large organizations consume more resources than 
smalll  organizations. Sonic1 argue that if a large generalist disbands and the vol-
umee of the resource bast1 does not decrease, resources are freed and resource 
pocketss are opened for several small specialists to enter. In fact, this is an almost 
literall  reading of core sentence 4. and this reading would certainly help to explain 
thee proliferation of specialists. Third, organizational ecology has a model of size 
localizedd competition (Hannan et al. 1990). wherein organizations of similar size 
competee more strongly than organizations of very dissimilar sizes. This model 
cann account, for the outflow of middle sized organizations (here, small generalists) 
andd the subsequent inflow of small specialists. 

Fromm a parsimony point of view, either assertion would require to increase 
thee "weight" of the core theory by an assumption about the effect of organiza-
tionall  size, plus the conceptual ambiguity surrounding this notion. Moreover, it 
wouldd suggest that resource partitioning occurs only in domains where such an 
additionall  assumption holds. 

Fourth,, empirical evidence suggests that at some point, consumers develop 
aa greater variety of tastes, leading to a larger market periphery, i.e., a larger 
resourcee base for specialists where they can flourish (Carroll and Hannan 1995. 
p.219).. In this case, explaining the proliferation of specialists is rather trivial. 
Fifth.. Péli and Nooteboom (1999) made an analogy between niche positioning 
andd the problem of sphere1 packing from physics. They claim that the resource 
spacee for specialists grows if the number of dimensions of the resource space 
increases.. And sixth, the source text (p.p.218-9) argues that the niche width of 
thee few surviving generalists increases, although it is not clear from the text how 
thiss effect influences the outcome. 
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Wee ask. for each of these six assertions, whether it is necessary for the ex-
planatoryy argument. Our aim is to establish a parsimonious set of premises on 
thee basis of the source text, and on the basis of closely related information from 
organizationall  ecology if necessary. If we succeed, the insight gained is that addi-
tionall  causes, phrased in the above assertions, are not necessary for the outcome 
too occur. Such insight can lead to re-interpretations of previous research and a 
neww understanding of the process of resource partitioning. 

3.2.22 Key concepts 

Inn the second step, we analyze the important concepts occurring in sentences of 
thee core theory, and their relations, if any. 

Resourcee base, market , and arena 

AA key notion is that of resource base. The resource base of a population is the 
sett of all resources from which the organizations in the population tap. This 
sett is also called the niche of the population (Hannan and Freeman 1989). A 
resourcee base can be partitioned into a center and a periphery. In the center, 
resourcess are relatively abundant compared to the periphery where resources are 
moree scarce. Center and periphery are not spatial concepts, although in some 
casess they may take a spatial meaning, for instance for newspapers with regionally 
differentt readers. 

Inn our view, core sentence 1 uses the notion "arena" as a synonym for re-
sourcee base; in sentence 3. 4. and 5 the synonym "market" is used. In sentence 1. 
6.. and 7. however, market is used as an equivalent of population. For clarity, 
wee wil l abstain from arena and market as synonyms for resource base, also be-
causee in most organizational theories, market denotes a collection of resources 
andand organizations, as well as their mutual relations. 

General istss and special ists 

Generalistss and specialists are defined in terms of "niche width." and have wide 
andd narrow niches respectively (Freeman and Hannan 1983: Carroll and Hannan 
1995.. p.p.215). Each organizational population considered in resource partition-
ingg theory contains a generalist subpopulation and a specialist subpopulation. 
andd organizations are either generalist or specialist. In core sentence 1. gener-
alistss are said to "vie for the largest possible resource base." The strategy of 
thesee generalists is to include as many resources as possible in their organiza-
tionall  niche. Having a wide niche1 and aiming at the center of the resource1 base 
bothh contribute to the generalist strategy. 

Inn core sentence 2. organizations specialize "to differentiate themselves." Here, 
thee strategy of specializing is to avoid competitive pressures by reducing the 
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crowdingg (see below for a definition) of the niche. Having a narrow niche and 
aimingg at the periphery of the resource base are ways to live up to the specialist 
strategy.. Incorporating many resources and avoiding competitive pressures are 
contrastivee strategies. A consequence of the generalist-versus-specialist strategies 
iss that niches of generalists are usually more crowded than niches of specialists. 

Thee phrase "Generalists move toward the center of the resource base" is a 
figurefigure of speech which means that the niches of generalist organizations increas-
inglyy include abundant resources. Notice that for resource partitioning theory, it 
doess not matter whether resources, e.g.. consumer tastes, change while generalist 
organizationss do not. or whether generalist organizations change their position 
withh respect to the resource base. 

Economiess of scale 

Thee text is clear on this concept: "An economy of scale exists when the per-
unitt cost of producing a product or service declines with the number of units 
produced.""  Scale economies are a main determinant for the growth of large firms 
thatt enjoy these economies. 

Crowdin g g 

Thee notion of crowding is not defined in the source text, but its meaning is es-
sentiall  in the explanatory argument. There exists one definition in organizational 
ecologyy (Podolny et al. 1996) and we wil l use it. Crowding is defined as the 
degreee to which organizations tap from the same resources. If many organiza-
tionss aim at a relatively limited number of resources, organizational niches are 
crowded.. If organizations differentiate themselves and aim at different resources, 
crowdingg is low. Podolny et al. (1996. p.666) focus on individual organizations in 
theirr study, and define, inspired by McPherson (1983). a notion of organizational 
nichee crowding as the sum of its niche overlaps by other organizations. 

symbols::  A{i) : crowding of the niche of organization i 
nn : number of organizations in a population 
a(ij)a(ij)  : extent to which the fundamental niche of organization i 

iss overlapped by that of organization j 

3.2 .1.. DEFINITION. Niche crowding (Podolny et al.) 

n n 

A(i)=A(i)=  Y, «(Ü) 

Nichee overlap defined as set intersection is a mathematical and clearly defined 
notionn that abstracts away from niche dimensions. If another organization has 
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fulll  niche overlap with the focal organization (i.e.. the set intersection equals the 
nichee of the focal organization), then a(ij) is assigned the value 1. If there is no 
nichee overlap (i.e.. the set intersection is empty), then a(ij) = 0. So. the value 
off  the term a(ij) ranges between zero and one. 

Sincee resource partitioning is about (sub)populations, the theory must have 
aa definition of crowding at the (sub)population level, which can be simply con-
structedd on the basis of Podolny's definition. The crowding of a populational 
resourcee base, is the crowding of the niches of all organizations in the population. 

symbols:: cr : crowding of the populational resource base 
AA : mean crowding of organizational niches 

3.2.2.. DEF IN IT ION. Populational crowding 

crcr = ^A(i) = n^A 

Inn analogy to the definition of populational crowding, the crowding measure of 
thee generalist subpopulation is the sum of the crowding of all generalist niches, 
byy generalists or by specialists (which may to some extent tap the same resources 
ass generalists). The same argument applies to the specialist subpopulation. Def-
initionn 3.2.3 and 3.2.4 give measures for generalist and specialist crowding, re-
spectively. . 

symbols: : 
crcrqq : crowding of the generalist resource 

base e 
riri qq : number of generalist organizat ions 

AAqq : mean crowding of generalist niches 

C'.s s 

" s s 

A» A» 

::  crowding of the specialist resource 
base e 

:: number of specialist organizat ions 

:: mean crowding of specialist niches 

3.2.3.. DEF IN IT ION. Generalist crowding 

crcrtjtj = ri,,Ag 

3.2.4.. DEF IN IT ION. Specialist crowding 

rr,ss = 7i „A s 

Becausee in resource partitioning theory, all organizations are either generalist or 
specialist,, the sum of generalist and specialist crowding is equal to the popula-
tionall  crowding, cr — cr,, + crs. 
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Compet i t i on n 

Competitionn is undefined in the source text, but it is defined in Hannan and 
Carrolhss textbooks. Like crowding (Definition 3.2.1). competition increases with 
nichee overlap and with the number of organizations; populational competition is 
thee aggregate of competitive ties in the population (Hannan and Carroll 1992). 
like11 crowding here. In the explanatory argument of resource partitioning, we take 
crowdingg to be equivalent to competition. In Chapter 4 of this thesis, we rigor-
ouslyy analyze the concept of competition, and arrive at definitions of competition 
thatt are identical to the definitions of crowding above. 

Concent ra t ion n 

Concentrationn denotes, informally speaking, the degree to which the resources in 
aa market are tapped or controlled by a small number of firms of the population 
inn that market. Usually, concentration is defined as the ratio of the aggregate 
sizee of the (3 or 4) largest firms to that of all firms in the population (Shep-
herdd 1987). Carroll's original paper has (1) "economic concentration" (Carroll 
1985.. p. 1262). which presumably denotes the above definition from economics, 
andd (2) ""resource concentration" (p. 1275). which probably coincides with the 
precedingg meaning, because large organizations take more resources from the re-
source11 base than small organizations do. The source text is more ambiguous, 
andd has (3) '"ownership concentration" (Carroll and Hannan 1995. p.184). along 
withh (4) a table in which concentration is the number of organizations operat-
ingg in the same market (Carroll and Hannan 1995. Table 9-1. p.185). and there 
iss (5) concentration of specialists and of generalists independently (Carroll and 
Hannann 1995. p.p. 192. 216). Perhaps generalist concentration could mean the 
same11 as (6) concentration of the "general interest mass market*' (Carroll 1985, 
p.. 1276). We suspend deciding upon this matter and discuss concentration later, 
afterr investigating its role in the argument. 

Resourcee part i t ionin g 

Thee concept of resource partitioning denotes a decrease of the extent to which 
generalistss and specialists tap from the same resources (Carroll and Hannan 1995, 
p.217).. i.e.. decreasing niche overlap of specialists and generalists.2 In our inter-
pretation,, the opening up of small pockets of resources in the periphery (sen-
tencee 4) is a figure of speech and not meant literally. Again, it is not important 
whetherr specialists and generalists move away from each other or resources get 

2Thee notion of resource partitioning .suggests a partitioning of resources in a mathematical 
sense,, as a subdivision of a set into subsets, such that each element of the set is in one of these 
subsets,, and in no more than one. These mathematical properties hold for the resource base, 
whichh is partitioned into a center and a periphery, but not for the niches of the specialist and 
generalistt subpopulations, which do overlap to some extent. 
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partitionedd between specialists and generalists. The effect of both is decreasing 
nichee overlap of generalists and specialists, which in our view is the important 
point. . 

Resourcee partitioning processes start "early in these markets" (sentence 1). 
Wee wil l refer to this point in time as the starting point of resource partitioning 
processes.. These considerations complete our analysis of concepts. 

3.2.33 Informal axiomatization 

Wee wil l now focus on the structure of the argument. Our goal is to informally 
axiomatizee the core theory, by representing it as a set of relatively short state-
mentss with a clear logical structure. Synonymous concepts are mapped onto one 
notion,, using the above analyses. 

Forr each resulting sentence, its role in the argument is tagged. These roles can 
bee premise, or conclusion. A major conclusion is called a theorem (abbreviated 
Thm) ,, an intermediate conclusion a lemma (L). In addition to these sentences, 
backgroundd assumptions wil l be added if necessary. A premise can be an assump-
tionn (A) a background assumption (BA) . or a definition (Def). 

Too keep track of the logical relations between the premises, lemmas, and 
conclusions,, and to spot gaps in the argument where we expect relations, we 
draww a conceptual model (Figure 3.1), to be discussed at the end of this section. 

Cor ee sentences 1 and 2 

Thee first two core sentences provide information about the conditions that hold 
''earlyy in these markets," that is, at the starting point, of resource partitioning. 
Att that time, "most firms vie for the largest possible resource base" and "the 
overalll  strategy adopted by most firms is clearly generalist in nature." We wil l 
nott use this boundary condition and show that the outcome of the process can 
occurr for any initial ratio of generalist and specialist firms. 

Furthermore,, ''competition forces each to specialize in some extent." A straight-
forwardd reading of this phrase would be that, after the starting point, when com-
petitionn is high, organizations actively limi t the crowding of their niches to avoid 
increasingg competitive pressures. But if one assumes that literally each orga-
nizationn has this strategy, a single organization that has not would falsify the 
assumption.. An interpretation that is more in line with the Darwinian perspec-
tivee of organizational ecology is that due to high competitive forces, organizations 
withh relatively lower niche crowding are favored by selection over organizations 
withh higher niche crowding (and for other properties similar). This assumption 
iss about average rather than individual organizations. 

AA 1 After the starting point, the mean crowding of generalist niches wil l 
nott increase. 
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AA 2 After the starting point, the mean crowding of specialist niches wil l 
nott increase. 

Sentencee 1 states that at the starting point, ' the arena is crowded/' The 
highh levels of crowding, implying high levels of competition, suggest that at the 
startingg point of resource partitioning, the environment must be near or at its 
carryingg capacity for the population. We verified this conjecture with the author, 
whoo confirmed that the process of resource partitioning, as well as the decline of 
generalistss and the proliferation of specialist organizations usually starts, roughly, 
shortlyy after the growth of a population has come to a halt (Carroll, personal 
communication). . 

C o ree sen tence 3 

Thee third core sentence mentions three events. First, "'scale economies come to 
dominate,""  second ''only a few generalists survive" and third ' they move toward 
thee center of the market.'1 Since economies of scale increase mortality rates in 
organizationall  populations (p.216), we rephrase the first part of the sentence in 
thee following manner: 

AA 3 If scale economies come to dominate, the number of generalist 
organizationss decreases. 

Thee second part of the sentence says that the niches of the remaining generalist 
organizationss move toward the center of the resource base: 

AA 4 If the number of generalist organizations decreases, the niches of the 
remainingg generalists move toward the center of the resource base. 

C o ree sen tences 4 and 5 

Sentencee 4 says that. "This lessened crowding of generalists and their move to 
thee center opens up small niche pockets on the periphery of the resource base," 
andd furthermore that "i t is here that specialists often appear and thrive." The 
causee for this lessened crowding of generalists is indicated by core sentence 3: 
thee decreasing number of generalist organizations, due to the dominance of scale 
economies.. From Definition 3.2.3, however, it follows that not only the num-
berr of generalist organizations, but also the mean crowding of generalist niches 
determiness the level of generalist crowding. Assumption 1 states that after the 
startingg point of resource partitioning, the mean crowding of generalist niches 
wil ll  not increase. This allows us to propose the first part of core sentence 4 as an 
intermediatee result: 

LL 1 If, after the starting point, scale economies come to dominate, 
generalistt crowding decreases. 
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Iff  generalists move toward the center, their niche overlap with specialist organi-
zationss in the periphery presumably decreases. This decrease, then, wil l result 
inn a lower mean crowding of specialist niches. Lower mean crowding enhances 
thee life chances of specialist organizations and accounts for their proliferation. In 
otherr words, if we may assume that, 

AA 5 If generalist niches move toward the center of the resource base, the 
meann crowding of specialist niches decreases. 

which,, after all, is in line with the opening up of small pockets of resources on 
thee periphery, we can derive the last part of core sentence 4: 

LL 2 If, after the starting point, generalist niches move toward the center 
off  the resource base, and the crowding of specialists does not decrease, 
thee number of specialists increases. 

Coree sentence 5 says that at this point (later than the starting point) the resource 
basee has become partitioned into generalist and specialist resources. Since we 
interpretedd resource partitioning as decreasing niche overlap of specialists and 
generalists,, we rephrase core sentence 5 accordingly. 

AA 6 If generalist niches move toward the center of the resource base, the 
meann overlap of generalist and specialist niches decreases. 

Lett us briefly return to the starting point and ask ourselves what, happens 
too populational crowding afterwards. Density dependence theory (Hannan and 
Carrolll  1992) explains that at the carrying capacity (so at all times after the 
startingg point of resource partitioning), perturbations of populational competi-
tionn (hence crowding) are dampened, and competition returns to an equilibrium 
state.. An increase of competition causes organizational outflow, which in turn 
reducess competition. Conversely, a decrease of competition allows for organiza-
tionall  inflow, due to which competition wil l increase. Since the same argument 
holdss for crowding, we specify this in a background assumption. 

B AA 1 After the starting point, populational crowding is (approximately) 
stationary. . 

Fromm density dependence theory, it seems to follow that after the carrying capac-
ityy has been reached, the number of organization neither declines nor resurges. 
Whenn unpacking the crowding measure (Definition 3.2.2), one notices that the 
numberr of organizations and their niche overlaps can vary independently. This 
independencee makes possible to sidestep a possible contradiction with density 
dependence,, which does not have niche overlap as a parameter in its models. 
So,, when density dependence has it that at the carrying capacity, populational 
competitionn stays at the same level, the number of organizations may decrease 
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orr increase if at the same time their mean niche overlap increases or decreases, 
respectively. . 

Inn core sentence 4, the proliferation of specialist organizations is suggested to 
bee a consequence of both the lessened crowding of generalists and their move to 
thee center. Lemma 2 claims, however, that a generalist move to the center is a 
sufficientt condition for increasing numbers of specialists. We claim that also the 
lessenedd crowding of generalists is a sufficient condition for specialist proliferation. 
Sincee after the starting point, populational crowding remains stationary (BA 1). 
andd populational crowding is the summation of generalist and specialist crowding 
(Definitionss 3.2.2 to 3.2.4). we can derive that. 

LL 3 If. after the starting point, generalist crowding decreases, specialist 
crowdingg increases. 

Becausee after the starting point, the mean crowding of specialist niches does not 
increasee (A 2). it must be the case that the number of specialist organizations 
increases. . 

LL 4 If, after the starting point, generalist crowding decreases, the number 
off  specialists increases. 

Coree sentence 4 states that the "lessened crowding of generalist and their 
movee to the center" entail specialist proliferation. We have just argued that both 
eventss independently can cause the proliferation of specialists. Because specialist 
numberss can increase without generalists moving to the center, this increase can 
alsoo be expected in populations in stable environments and with highly inert 
organizationss that do not move. 

Cor ee Sentences 6 and 7 

Sentencee 6 says that "the key predictive variable in the model is the overall level 
off  market concentration.'1 Finally, sentence 7 says that "when the market is not 
highlyy concentrated, specialist organizational forms wil l not do as well as when 
i tt is highly concentrated." These summarizing sentences address the research 
questionn and therefore are theorem candidates. 

Fromm the text (p.216) it seems that scale economies cause concentration to 
increase,, although it is not said explicitly. But even if our reading between the 
liness is correct, it is certainly not said in the source text that the "predictive 
variable""  concentration implies any of the other events described. Therefore we 
cann not use sentence 6 in the explanation, but claim that not concentration but 
economiess of scale cause resource partitioning and the proliferation of specialists. 
Too substantiate our claim, we have to prove the following theorems, 

T h mm 1 If economies of scale come to dominate, niche overlap between 
generalistss and specialists decreases. 



3.2.3.2. Rational reconstruction 45 5 

T h mm 2 If, after the s ta r t i ng point, economies of scale come to domina te, 

thee number of special ist organizat ions increases. 

Iff  we succeed to prove t he two theorems, t hen we have shown t h at concentra-

t ion,, as well as t he six add i t ional assert ions (see Sect ion 3.2.1), are not necessary 

i nn the exp lana t ion of resource par t i t ion ing processes. A d iag ram or conceptual 

modell  (see Figure3.1) i l luminates the re lat ions between events as descr ibed in t he 

sett of premises. T he events are boxed, whi le t he arrows ind icate impl icat ive (not 

necessari lyy causal!) re lat ions. 
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Outcomee 1: 
resourcepartitioning g 

Outcomee 2: 
specialistt proliferation 

Outcomee 2': 
specialistt proliferation 
inn highly stable 
environments s 

F iguree 3.1: Conceptual model 

Wee have now comple ted our ra t ional reconst ruc t ion of t he tex t, and have 

preparedd a set of s t a temen ts to be formalized. 
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3.33 Formalization 
Thee set of statements is the point of departure for our logical formalization. To 
representt the statements formally (see Appendix), we use standard first-order 
logicc (introductory: Gamut 1991: Barwise and Etchemendy 1999: an overview: 
Hodgess 1983; advanced: Van Dalen 1994). First-order logic has explicit rules for 
constructingg well-formed expressions in the language: strict rules of inference by 
whichh new expressions can be derived from existing ones; and. formal semantics 
byy which the researcher can c'see" in an exact manner what the world looks like 
accordingg to a theory. 

Wee evaluate our formal representation according to logical criteria. The formal 
theoryy should be, first, consistent and second, sound. The reason for working in 
thiss order is that according to the principle ex f also sequitur quodlibet (from 
falsehoodd everything follows), an inconsistent theory is automatically "sound"' 
butt not in a way any scientist would want it to be. Only those theorems should 
bee derivable that follow from a consistent set of premises. 

Consis tency y 

Iff  a theory is inconsistent, i.e., if it says that both 4> and not-0 are true, it can not 
describee any possible state of affairs in the world, and can not have a model in a 
technicall  sense too (Chang and Keisler 1990). Since we want resource partitioning 
theoryy to be consistent, we have to show that it has a model in which all sentences 
aree true. To produce a formal model of the theory, we use an automated model 
generator,, MACE,3 which runs on the set of formal premises. 

MACEE produced a model of our formal representation, and wTe can be sure 
thatt the formal representation is consistent. 

Soundness s 

Wee test the derivability of theorems and lemmas using an automated theorem 
prover,, OTTER (Wos et al. 1991). The theorem prover is given a set of (non-
contradictory)) premises and the negation of the statement, to be proven. If the 
theoremm prover finds a contradiction, then the negated statement is false. Ergo: 
thee statement is true. 

Thee theorem prover confirmed that each of the lemmas and theorems is deriv-
ablee from the premises, so our representation of resource partitioning theory is 
sound.. The formally approved logical structure is depicted in Figure 3.2. For each 
lemmaa and theorem, the incoming arrows show which statements are used in its 
derivation.. Theorem 2 also has an alternative derivation, indicated by dashed 
liness from Lemma 1 and 4. According to the assumptions used in this derivation, 

3Bothh automated model generator MACE and automated theorem prover OTTER, which 
wee discuss below, can be downloaded from http://www-unix.mcs .an l .gov/AR/ot ter/ 

http://www-unix.mcs
http://anl.gov/AR/otter/
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specialistss can also proliferate in highly stable environments with non-moving 
generalistss (outcome 2' in Figure 3.1). 

GDD GO GE) GD GD G )̂ Ĝ s) (5 ) G )̂ GL) 

L3 3 

W i l l i i 

Thm1 1 

I M M i i 

L1 1 

I II  I I 

L2 2 
m m 
L4 4 

Figuree 3.2: Inference structure 

3.44 Results 
Onn the basis of the logical formalization, we can now explain resource partition-
ingg and the proliferation of specialists, in a sound, consistent, and surprisingly 
parsimoniouss way. In the explanation, we have not used any of the six additional 
assertionss (see Section 3.2.1). They are redundant, which means that resource 
partitioningg and the proliferation of specialists can take place without relative size 
effectss on competition; relative size effects on the availability of resources (i.e.. 
smalll  pockets in the resource base for specialists); size localized competition; a 
largerr periphery due to diversifying consumer tastes; a higher number of dimen-
sionss of the resource space; and, changing niche widths of surviving generalists. 

Accordingg to the source text, at the starting point, most firms pursue a gen-
eralistt strategy ("vie for the largest possible resource base"). We have not used 
thiss information in any derivation, which shows that the ratio of specialists and 
generalistss at the start does not matter for the outcome. Furthermore, we have 
shownn that niche widths, partly characterizing specialists and generalists. are not 
necessaryy for the explanation either. Our results thus point out a far more gen-
erall  class of settings where the process of resource partitioning can be expected 
too occur. 

Lemmaa 1-3 have demonstrated that lessened crowding of generalist niches is a 
sufficientt condition for the increasing number of specialists, and a generalist move 
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too the center is not necessary for the outcome to occur. The latter implies that 
alsoo in stable environments and with highly inert thus non-moving generalists, 
specialistss can proliferate. Last but not least, concentration, presented as the 
""keyy predictive variable'' in the source text, plays no explanatory role. As a con-
sequence,, the two theorems answering the question '"under what conditions wil l 
thee specialist form be viable and why?" emphasize the role of economies of scale 
ratherr than concentration for resource partitioning (Thm 1) and the proliferation 
off  specialists (Thm 2). 

Goingg beyond the source text, one may ask whether these two outcomes in their 
turnn influence the density of the population. In several empirical studies, on au-
tomobilee manufacturers (Carroll and Hannan 1995, p.206) and breweries (Swami-
nathann and Carroll 1995. p.224) among others, the number of organizations has 
beenn found to increase unexpectedly, after a period of stability or decline. On the 
basiss of our logical formalization, we can derive a theorem that might explain the 
increasingg number of organizations. Due to the generalist and specialist strategies 
inn resource partitioning theory, the mean crowding of generalist niches is higher 
thann that of specialist niches. Furthermore, from the starting point onwards, the 
meann crowding of both generalist and specialist niches does not increase (A 1 and 
AA 2). Since populational crowding is stationary (BA 1), it not. only follows that 
thee number of specialists increases (Thm 2), but also that the number of inflowing 
specialistss is larger than the number of outflowing generalists. This means that 
thee number of organizations in the population increases. 

Too end our formalization effort with this new result, wre formally derive it as 
Theoremm 3. We first assume explicitly that, 

AA 7 At the starting point, the mean crowding of generalist niches is 
higherr than the mean crowding of specialist niches. 

Subsequently,, we derive a new lemma, starting from Definitions 3.2.2 to 3.2.4. 
thatt says that, 

LL 5 If the crowding of the resource base is stationary (BA 1), and the mean 
crowdingg of both generalist and specialist niches does not increase (A 1,2), 
andd the mean crowding of generalist niches is initiall y higher than 
thatt of specialist niches (A 7), then the inflow of specialists is higher 
thann the outflow of generalists. 

Thee automated model generator confirmed that the set of premises, with Assump-
tionn 7 added, is consistent. Moreover, the theorem prover derived Theorem 3. 
sayingg that, 

T h mm 3 If, after the starting point, scale economies come to dominate, 
specialistt inflow1 is higher than generalist outflow. 
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Thiss theorem is surprising because it is normally believed that for increasing 
densityy to occur, it is necessary that specialists are smaller than generalists and 
cann thrive on less resources, or else that diversifying consumer tastes lead to a 
largerr market periphery or to a higher dimensionality of the resource space. We 
havee just proven that none of these assertions is necessary. 

3.55 Discussion 

Inn the long long ago, scientists took their time to study each textbook extensively. 
Inn our information-overloaded society, hardly anyone has the time for such ex-
tensivee study, but still everyone expects to learn a great deal from textbooks 
andd scientific journals. Ambiguous or sloppy discourse with many unnecessary 
assumptionss impedes comprehension, and it is therefore important to have clear, 
parsimoniouss and logical theories with high explanatory power. With such the-
ories,, more facts can be understood on the basis of fewer information to start 
with.. We believe that the reconstructed, and rigorously checked, theory of re-
sourcee partitioning theory meets this modern demand. 

AA number of assertions from organizational ecology, as well as some assump-
tionss from the core theory turned out to be redundant for explaining resource 
partitioningg (Thm 1) and the proliferation of specialists (Thin 2). as we argued 
inn the previous section. We have proven these two theorems, not just argued for 
themm by example, metaphor, empirical generalization, or other questionable ways 
off  reasoning that frequently pass for theory in social science {Sutton and Staw 
1995).. This means that the theorems and the redundancy of the listed assertions 
aree true beyond reasonable doubt, provided that the assumptions are true, no 
matterr how counter-intuitive the results may seem. 

Logicall  support is far stronger than empirical support can ever be. The only 
empiricall  contribution that is on equal level is counter evidence against a theoret-
icall  statement (Popper 1959). In the case of resource partitioning, the published 
empiricall  results are affirmative, but confirmation does not. add new explanatory 
information,, and does not prove that the explanations are sound. 

Alongg with logical rigor, one could ask whether our results are robust. For 
sure,, they strongly depend on the (generalized) definition of crowding from orga-
nizationall  ecology. To prove the theorems, this definition, or another one wherein 
crowdingg depends on the number of organizations and on niche overlap, is nec-
essary.. The results also depend on the existence of a carrying capacity, which 
imposess a (flexible) upper bound on crowding. If crowding levels are too high, 
organizationss disband or their niche overlap decreases until crowding has landed 
onn its equilibrium level. Furthermore, if generalist niches would be less crowded 
thann specialist niches (contrary to A 7). then Theorem 3 would not longer hold. 

Thee main difference between Theorem 1 and 2 on the one hand and the source 
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textt on the other hand, is the explanatory role of economies of scale versus con-
centration,, respectively. One could ask how important this difference is. If, on 
thee one hand, economies of scale come to dominate, some organizations, with the 
highestt economies of scale, grow (much) larger than the other organizations in 
thee population, middle-sized generalists disband, and (small) specialists prolifer-
ate.. Then the level of concentration increases accordingly. If, on the other hand, 
concentrationn increases, this increase might be indicative for economies of scale. 
Iff  this argument is true, concentration is a proxy for economies of scale, and can 
bee used in empirical studies. The claim that concentration is "the key predictive 
variable""  (sentence 6) though, is not supported by the remainder of the source 
text.. Moreover, recent empirical findings in the higher education publishing in-
dustry,, are at odds with the positive correlation of concentration and economies of 
scale.. Thornton (1999) found concentration to increase while economies of scale, 
andd the number of foundings, decreased. Her findings seem to be inconsistent 
wit hh sentences 6 and 7 from the core theory, but are consistent with our reading 
andd formal representation. 

Inn our formal representation, we have economies of scale at the far end of 
thee explanation, and one may of course put a question mark right there. In 
somee branches, such as retail, it might be the case that mergers or fusions, not 
treatedd in the current text, cause economies of scale. At the same time, an-
ticipatedd economies of scale may trigger fusions and mergers, complicating the 
causall  picture. On top of these, fusions and mergers wil l also increase organiza-
tionall  outflow directly, as well as concentration. Compared to this picture, the 
currentt formal theory is a somewhat simplified, although correct, representation 
off  more complicated social phenomena. 

Accordingg to the text, specialists attempt to have low competitive pressure, hence 
loww niche overlap from other organizations. One could ask, what if the efforts 
off  specialists to differentiate themselves are counteracted by generalists (or other 
specialists),, or remain without success because of scarce peripheral resources? 
Accordingg to our core model (as captured by Definitions 3.2.2 to 3.2.4), the num-
berr of specialists would then not increase. This outcome is in line with indus-
triall  economics, which does not assume strategy differences between small (i.e., 
specialist)) and large (i.e., generalist) organizations. Resource partitioning does 
assumee a strategy difference, and our model shows that this difference accounts 
forr the dissension between ecologists and economists. 

Onee could also ask a more elementary question: what if specialists attempt 
too have no niche overlap at all? Without niche overlap, they would not have 
anyy competitive pressure, which would, according to organizational ecology at 
least,, be a splendid condition for survival. Baum and Mezias (1992) and Baum 
andd Haveman (1997) have studied the Manhattan hotel industry and argued that 
proximityy is good for survival, because an agglomeration of hotels apparently at-
tractss far more customers than each hotel individually would. From their studies 
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onee can infer that niche overlap is beneficial to a certain extent. 
Too generalize organizational ecology and to unify different strands of research, 

onee could establish a conceptualization wherein niche overlap and the number 
off  organizations together determine the dynamics of (sub)populations. Niche 
overlapp acts as an " force on organizations (more resources) and at the 
samee time as a "repelling" force (stronger competition). In such a general theory, 
alsoo the effect of organizational mass should be taken into account. Barron (1999) 
arguess convincingly that mass effects explain the decline of populational density 
afterr a maximum, a "stylized fact" that we can not explain in our current model. 
Ourr formalization of resource partitioning can be expanded with assumptions 
thatt capture such findings and considerations. The logical framework, possibly 
complementedd by mathematical modeling or computer simulation, can provide 
thee rigor and precision necessary for strong theory. 

Thuss a formal representation of a theory is not a rigid end station, but a step 
towardd new understanding. It is superior to its natural language counterpart for 
thoroughlyy examining alternative assumptions, and provides a stepping stone for 
furtherr developments of the theory. But formal theory is no panacea. Other than 
formall  ways of thinking remain indispensable, as well as empirical research and 
statisticall  inferencing. 

Inn the case of resource partitioning, it took us about two years to resolve 
conceptuall  ambiguities, to fil l loopholes in the argument, and to make a consis-
tent,, sound, and relatively simple reconstruction of the source text. We felt like 
medievall  hermeneuticians, equipped with high-tech automated theorem provers. 
Noww we leave it to the reader to decide if it was worth the effort. 

Appendix:: Logical Representation 

First-orderr logic has symbols for constants, functions and relations, which we 
introducee in Table 3.1. In addition to these symbols, logic has two quantifiers. V 
(forr all) and 3 (there exists), and five logical connectives. A (and). V (or), — (if.... 
thenn ...). <-+ (if and only if) and —> (not). Fore a somewhat more comprehensive 
introductionn to first-order logic, see Appendix II of Chapter 2. 

Premisses s 

A ll  W L ^ [[SP(h) A ( f 2>* i ) ] - -i(Ag(t2)>Ag{U))] 

Read:: If t\ is the starting point, and f2 is later than t\, then the mean 
crowdingg of generalist niches wil l not be higher at £2 than at t\, 

AA 2 Vtut2 llSPih) A ( * 2>* , ) ] -*  ^(As(t2)>As(h))} 
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s y m b o lss (in onlei 

SP(t) SP(t) 
./  > y 

-MO O 
-MO O 
SE(ti.tSE(ti.t22) ) 

»„( 0 0 
GMCitiJ-,) GMCitiJ-,) 

HgHg At) 

rr(t) rr(t) 

 - y 

n\M) n\M) 
rrAt) rrAt) 

 - y 

off  appearance): 

:: t ime t is the start ing point 

:: ./  is larger than // 

:: mean crowding of generalist niches at t (function) 

:: mean crowding of specialist niches at / (function) 
:: scale economies dominate from t imes t\ to t2 

:: number of generalist s at t i m e/ (function) 
:: general ist niches move to the center of the resource base 

fromm ti to f2 
:: mean niche overlap between general ists and special ists 

att t (function) 
:: crowding of the resource base at t (function) 
:: x is ne i ther (significantly) larger than y. nor (significantly) 

smallerr t han // 
:: crowding of the generalist resource base al t (function) 
:: crowding of the specialist resource base at / (function) 
:: number of specialists in at t (function) 
:: j ' minus y (function) 

Tablee 3.1: Symbols used in the logical formalization. 

Iff  tj is the starting point, and t2 is later than 0- then the mean 
crowdingg of specialist niches will not be higher at f2 than at t\. 

yu.hiSEih.h)yu.hiSEih.h) - [ K ( t i ) > H 9 ( f 2 ) ) A (t2>h)}] 

Iff  scale economies dominate from tx to t2. then the number of 
generalistss at t\ is higher than at t2. where t2 is later than <i. 

V-i.<22 [ [ K ( M > ng(t2)) A (t2 > h)] - GMC(h.t2) } 

Iff  the number of generalists is higher at ft than at t2. and t2 is later 
thann t\. then the generalist niches move toward the center of the 
resourcee base from t\ to t2. 

Vh,tVh,t22 [GMC(h.t2) - (Mt^yMh))} 

Iff  generalist niches move toward the center of the resource base from 
t\t\ to 12. then the mean overlap between generalist and specialist 
nichess at £1 is larger than at t2

V/!.f 22 [GMCiti.ti)  - ( M < i ) > M ^ ) ) ] 

Read: : 

AA 3 

Read: : 

AA 4 

Read: : 

AA 5 

Read: : 

AA 6 
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Read:: If generalist niches move toward the center of the resource base from 
titi  to 12. then the mean niche overlap between generalists and specialists 
att t{ is larger than at t2. 

AA 7 V*, [SP(U) - (Ag(t1)>As(h))} 

Read:: If t\ is the starting point, the mean crowding of generalist niches 
att ti is higher than the mean crowding of specialist niches at t\. 

B A l W , . f 22 [[SP(U) A (t2>U)]  - (tT(U)~ait2))] 

Read:: If t\ is the starting point, and t2 is later than t[. then the crowding 
off  the resource base generalist wil l be similar at ti and t2. 

Wee add an additional background assumption (BA 2), stating that a starting 
pointt of a resource partitioning process in a given population occurs only once. 
Inn other words, if a starting point has been reached, it wil l not be reached again. 
Thiss is common sense background knowledge for humans, but not for computers. 

B A 2 ::  VM2 [[SP(U) A (t2>t1)]  - ^SP(t2)] 

Read:: If t\ is the starting point, and t-> is later than ti. then t2 is not the 
startingg point. 

Too be able to derive the lemmas and theorems, we also need to represent Def-
initionn 3.2.2 to 3.2.4 in first-order logic. Rather than translating the equalities 
straightt away, we need for our derivations certain inequalities that triviall y follow 
fromm this definition. For instance in the equality crg = ngAg. if Ag does not 
increasee and ny decreases, then it is obvious that crq must also decrease. This 
inequalityy we call Corollary 1. In a similar way we get Corollary 2a. 2b and 3. 

C o r ll  V^. t 2 [HAg(t2)>Ag(tl)) A {n< f{t l)>n9{t2))]  - (crg(fA > crg(t2)) } 

Read:: If the mean crowding of generalist niches is not higher at t2 than at t{. 
andd the number of generalists is higher at f t than at t2, then the 
generalistt resource base is more crowded at t\ than at t2. 

C o r 2 a V / , . /22 [ [(rr,(f 2) > or„(h))  A -(~4,(f2) > AS(U))]  - (ns(t2) > ns(h))] 

Read:: If the specialist resource base is more crowded at 12 than at t\. and 
thee mean crowding of specialist niches is not higher at t2 than at ty. 
thenn the number of specialists is higher at t2 than at ty. 
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C o r 2 b V f ] . / 22 IHcr^t,) > rr,(f2)) A (AJh) > A.,(t2))} - (rh(t2) > ns(U)) } 

Read:: If the specialist resource base is not more crowded at t\ than at t2. 
andd the mean crowding of specialist niches is higher at t\ than at t2, 
thenn the number of specialists is higher at t2 than at /,. 

Corr  3 W, . /2 [[(critO^cr^))  A (cr^t,) > crg(t2))} - (rr.s(f2) > cr.s( r i )) ] 

Read:: If the crowding of the resource base is similar at t\ and t2. and the 
generalistt resource base is more crowded at t\ than at t2. then the 
specialistt resource base is more crowded at t2 than at t\. 

Lemmas s 

L ll  W,.f2 [ [SP(f i) A SE(t,.t2)} -  ̂ (crg{t l)>crg(t.2))] 

Read:: If t{ is the starting point, and scale economies dominate from tY to t2. 
thenn the generalist resource base is more crowded at t\ than at t2. 

LL 2 v.t2 \\SP(U) A GMC{U.t2) A ^(crs(U) > crs(t2))} -

(n(nss(t(t22)) >"s(ti))] 

Read:: If t-[  is the starting point, generalist niches move toward the center 
off  the resource base from t\ to t2, and the crowding of the specialist 
resourcee base is not higher at t  ̂ than at r2, then the number of specialists 
iss higher at t2 than at t\. 

L 33 Vh.t2 {[SP(U) A (crgih) > crg{t2)) A (t2>t l)} -+ (crs(t2) > 07-^,))} 

Read:: If t\ is the starting point, the generalist resource base is more crowded 
att t\ than at t2. and t2 is later than t\. then the specialist resource 
basee is more crowded at t2 than at t\. 

L 44 Vtut2 [[SP{h) A (crg(tl)>crg(t2)) A (f2 > tl)\ ^ (ns(t2) > n^t,)) } 

Read:: If t] is the starting point, the generalist resource base is more crowded 
att t\ than at f2, and t2 is later than t\, then the number of specialists 
iss higher at t2 than at fi . 

L 55 Vtj.i a [[(crit^-crih))  A - . (33( i 2) > ĝ(U)) A - ( ^ 2 ) > A,{ti)) 
A(AA(A99(t(tll)>)> AS(U))} - ( M f 2 ) - n * ( f i ) ) > K ( t i ) - n f l ( f 2 ) ) ] 
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Read:: If the crowding of the resource base is similar at f i and t2. the 
meann crowding of generalist niches is not higher at t2 than at t\, 
thee mean crowding of specialist niches is not higher at t2 than 
att ty. and the mean crowding of generalist niches at f] is higher 
thann the mean crowding of specialist niches at ti: then the number 
off  specialists at t2 minus the number of specialists at t\ is higher 
thann the number of generalists at f i minus the number of 
generalistss at t2. 

Theorems s 

T h m l V / i . f 22 [ S E ^ . / j) -> {aQAU)>Ti9Ah))\ 

Read:: If scale economies dominate from t[  to t2. then the mean niche overlap 
betweenn generalists and specialists is larger at t\ than at t2. 

T h m 2 V f ! . f 22 [[SP(ty) A SEitr.h)] -  ̂ {ns(t2) > n„(f,) ) ] 

Read:: If t\ is the starting point. and scale economies dominate from tY 

too t2. then the number of specialists is larger at t\ than at t2. 

T h m 3 V * ! . / 22 [[SPiti) A SE(tl.t2)]  -
l(n,,(U)l(n,,(U) > ng(t2)) A {{ns{t2) - ns(tx)) > (»w ( f , ) - ng(t2)))} ] 

Read:: If t\ is the starting point, and scale economies dominate from t\ 
too t2. then the number of generalists is higher at r1 than at t2, 
andd the number of specialists at t2 minus the number of 
specialistss at t\ is higher than the number of generalists at t] 
minuss the number of generalists at t2. 




