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1 Abstract 1 

Organizations devoted to the production of goods and services, such as guilds, partnerships and modern 2 

corporations, have dominated the economic landscape in our species’ history. We develop an explanation for 3 
their evolution drawing from cultural evolution theory. A basic tenet of this theory is that social learning, under 4 
certain conditions, allows for the diffusion of innovations in society, and therefore, the accumulation of culture. 5 

Our model shows that these organizations provide such conditions by possessing two characteristics, both 6 
prevalent in real world organizations: exclusivity of membership and more effective social learning within their 7 
boundaries. The model and its extensions parsimoniously explains the cooperative nature of the social learning 8 

advantage, organizational specialization, organizational rigidity and the locus of innovation. We find supportive 9 
evidence for our predictions using a sample of pre-modern societies drawn from the Ethnographic Atlas. 10 
Understanding the nature of these organizations informs the debate about their role in society. 11 

 12 

2 Introduction 13 

Organizations, defined as a stable and interacting collection of individuals with a common and specific goal1, 14 

have played a crucial role throughout human history. One type of organization, which we define as “productive 15 

organization” (PO), focus on producing and delivering the goods and services that satisfy the needs of human 16 

populations (e.g., food, shelter, clothes, tools). Whether it is the societas in Roman times2, the guilds in medieval 17 

times3, the partnerships in early Renaissance4, or the modern corporation5, POs have played a crucial role in our 18 

species’ success. Not surprisingly, Herbert Simon noted that our “market economies” are in reality 19 

“organizational economies”6.  20 

An often neglected corollary is that the theories about the nature of these organizations have an 21 

important impact on public policies about markets and organizations, as well as how these organizations are 22 

managed. Consider, for example, the consequential debate around the role of corporations in society7,8. 23 

However, while extant theories explain how POs work (i.e., their inner workings), we lack a clear explanation 24 

for their evolution. This is not a minor gap, as understanding POs’ origin is a requisite to fully understand, and 25 

thus to improve the capacity to harness, manage or regulate this dominant institution. 26 

In this paper, we propose such an explanation drawing from Cultural Evolution Theory9-14. Cultural 27 

evolution studies the transmission and inheritance of culture, defined as information –beliefs, norms, 28 

knowledge, skills, and techniques– acquired from other individuals via social learning (e.g., imitation, teaching). 29 

A central insight of this theory is that social learning, by way of diffusing innovations in a society, produces 30 

their gradual accumulation over time. This process of cultural accumulation has allowed humans to adapt and 31 
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conquer every environment in the globe. We propose that POs evolved because they enhance the capacity of 1 

social learning to generate cumulative culture. This contributes to the nascent discussion on the importance of 2 

studying organizational evolution and its impact on cumulative culture15-18. 3 

Our model and its extensions can illuminate several aspects of POs that have eluded an integrated and 4 

parsimonious explanation so far. First, we use culture as the main explanatory lever, away from the focus on 5 

incentives and governance in the existing (economic) theories of POs. These theories propose that POs’ role is 6 

to avoid the myriad of transaction hazards involved in market exchange19-24. For each type of hazard, POs 7 

provide a distinct solution. For example, when assets are specific to a transaction and therefore hold-up is likely, 8 

POs resolve ex-post conflict using authority22. While empirical evidence supports this approach25, recent 9 

evidence shows that POs are, to a large extent, carriers and transmitters of culture26-30. Our theory informs the 10 

latter: it proposes that two specific and ever-present characteristics of POs –restricted access and improved 11 

social learning–, favor cultural accumulation in societies. Thus, while current theories assume a pre-existing 12 

cultural pool from which transactions emerge, we endogenize culture and POs.  13 

Second, the importance of cooperation for POs’ nature is a point that has been frequently made6,18,31-34 14 

but scarcely formalized17,35. Our theory proposes that cooperation is a cultural quality of POs that evolves via 15 

group selection, instead of being enforced upon self-interested agents via incentives and other governance 16 

devices. For this, we use the idea of teaching as a cooperative act that enhances the effectiveness of social 17 

learning 14,36,37.  18 

Third, we lack an understanding of the evolutionary mechanisms that selected POs. Current theories 19 

focus on how POs work, that is, they provide a ‘proximate explanation’ by detailing the mechanisms of 20 

governance and incentive provision20,22,24,38,39. The spread of POs is then explained by invoking agents’ causal 21 

understanding whom adopt POs to increase their expected utility. However, causal understanding doesn’t need 22 

to be present to produce complex cultural phenomena13,40,54 and thus, POs might not be adopted via complex 23 

foresight and calculations. Instead, as with other traits that societies carry and transmit over time, entrepreneurs 24 

may simply adopt POs as the inherited default at their disposal. Therefore, if one assumes limited causal 25 

understanding in humans6,13,40, asking how, when and why POs originated and spread is pertinent. This is the 26 

type of explanation we provide in this paper, known as ‘ultimate explanation’ in biology39,41,42. Just as biologists 27 

study the function of a trait for reproduction and survival, we unpack the POs’ function for cumulative culture, 28 
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the key enabler of our species’ success40,13,14. Our ultimate explanation of POs complements evolutionary 1 

approaches in economics43 –that focus on change but not origin– and, by unpacking the role of exclusivity and 2 

enhanced social learning, it provides a clue that can guide empirical work in cultural evolution, be that 3 

historical2,29,44,45, cultural-phylogenetic46 or archeological47. In this paper, we provide a step in that direction by 4 

testing the model using a sample of pre-modern societies drawn from the Ethnographic Atlas.  5 

Fourth, POs display a high level of specialization, that is, they execute a limited set of tasks and 6 

activities producing a narrow output. An example is specialization across guilds: weavers, painters, masons, 7 

bookbinders, leatherworkers, candle makers, among many others. Current theories of POs do not explain this 8 

specialization; instead, they require an additional theoretical mechanism: specialized POs can benefit from 9 

comparative advantage –generated endogenously by repetition48,49 or by exogenous resource endowment50– by 10 

trading with other specialized POs. In this paper, we propose an alternative account for the rise of specialization, 11 

namely, it maximizes the social learning advantage of POs, and therefore the benefits they bring to society. This 12 

can explain the prevalence of specialized guild-like organizations prevalent in ancient forager societies which 13 

had limited access to trade51. 14 

3 Results  15 

3.1 Formal model 16 

We use a workhorse model in the cultural evolution literature52,53. (Mathematical proofs are presented in the 17 

supplementary information.) In every period, a continuum of long-lived agents adopt a technology that confers 18 

fitness, but whose value is subject to changes in the environment. There are N environmental states. In each 19 

period, the state may change with probability p. For every state, there is a unique technology that provides a 20 

positive level of fitness, while the remaining technologies provides no fitness at all. Because we model fitness 21 

in terms of difference between variants, by a normalization, we can assume without loss of generality that the 22 

fitness of a technology is 0 unless it is tuned to match the state (in which case fitness is 1). Agents adopt a 23 

technology by using one of two behavioral strategies. An Individual Learner studies and understands her 24 

environment and is able to develop in each period a new technology tuned to the current state. This strategy has 25 

a cost C, which is bounded between 0 and 1. The second alternative is to learn socially. A Social Learner looks 26 

at what some other randomly chosen member of the population did in the previous period and simply copies its 27 
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technology, incurring a cost 𝑐 < 𝐶 . This strategy is less costly because the agent does not need to understand 1 

the underlying state but rather simply copies what others do. In order for social learning to survive, we assume 2 

(𝐶 − 𝑐) > 𝑝. Within a period, events occur in the following order: all agents observe the state of the nature; 3 

social learners pick a random agent and copy what she did in the past; individual learners execute their learning; 4 

and fitness levels are realized.  5 

Let 𝑟𝐼  be the share of individual learners and  𝑟𝑆  the share of social learners in the population, and let 𝑞 6 

be the percentage of people with a tuned technology in the population. The variable 𝑞 is governed by the 7 

difference equation 𝑞(𝑡 + 1) = 𝑟𝐼 + 𝑞(𝑡) ∙ (1 − 𝑝) ∙ 𝑟𝑆 . For any given pair of shares 𝑟𝐼  and  𝑟𝑆, the expected 8 

ratio of tuned agents is given by 𝑞𝑒(𝑟𝐼  , 𝑟𝑆) =
𝑟𝐼

1−(1−𝑝)𝑟𝑆
, the steady state of the difference equation. The fitness 9 

of an individual learner is 𝑓𝐼 = (1 − 𝐶) > 0 because she is always tuned to the state bearing the cost C. Across 10 

the paper we assume weak selection, and thus, the fitness of a social learner will approximate in the long run to 11 

𝑓𝑆 = (1 − 𝑝)𝑞𝑒 − 𝑐 . Social learners, given that they copy their behavior from others, sacrifice tuning if the 12 

state of the world changes or if inadvertently they copy from an untuned member. The fitness of social learners 13 

is increasing in the share of individual learners because the chances of copying from tuned individuals grow 14 

when there are more individual learners.  15 

We assume that at the end of every period, after fitness are realized, a small proportion of agents adopt 16 

the strategy with higher fitness level. This type of evolutionary dynamics is known as a quasi birth and death 17 

process and converges to evolutionarily stable strategies (ESSs). (We could also assume that agents are short-18 

lived and their reproduction rate depends on their fitness level; in either case, the equilibrium concept is ESS, 19 

and our results are the same.) Given weak selection, a population with shares (𝑟𝐼  , 𝑟𝑆 ) plays an ESS if a small 20 

group of invaders using any different share of these strategies achieves a strictly lower average fitness. 21 

Consistent with prior literature, we find that there exists a unique equilibrium in which the share of individual 22 

learners is given by 𝑟𝐼 =
𝑝 [1−(𝐶−𝑐)]

(1−𝑝)(𝐶−𝑐)
, and the fitness of both types is 1 − 𝐶 . Intuitively, if there are mostly 23 

individual learners, social learners would benefit from a high 𝑞 with a fraction of the cost, and therefore they 24 

would expand; in contrast, if there are mostly social learners, they would be worse off because, even if they 25 

have a low cost, they have a high risk of becoming technologically outdated due to low 𝑞 in the population.  26 
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Observe that because both behavioral types in equilibrium achieve the same fitness 1 − 𝐶 , this implies 1 

that society as a whole does not benefit from the existence of social learning. The same average level of fitness 2 

can be achieved with individual learning only. The fact that social learning is selected but does not affect the 3 

fitness of the population is known as Roger's paradox52. This result has demonstrated to be robust to different 4 

specifications and assumptions, and has generated an important literature exploring the conditions that makes 5 

social learning a source of adaptive cumulative culture14,53,54. In what follows, we show that adding a PO in the 6 

society solves this paradox in a way that, we argue, is fundamentally different from other solutions proposed in 7 

the literature because it does not require that social learning enhance the fitness of individual learners53,54. We 8 

introduce first a single PO in order to facilitate the understanding of the mechanisms at play; then, we introduce 9 

multiple POs to enrich the model with cooperation and group selection ideas. 10 

Productive organizations. Two characteristics define a PO. First, access to the PO is limited. A fixed fraction 11 

λ of agents is located inside the organization. This means that even though additional members might want to 12 

be a part of the PO, membership is exclusive, limited by λ. This speaks to a fundamental characteristic of POs: 13 

“organizations, as a condition of their existence, must maintain boundaries that separate them from their 14 

environments. In the absence of distinguishable boundaries, there can be no organization as we understand 15 

them”1.  16 

Exclusiveness is a persistent characteristic of POs across history: Neolithic sodalities, Roman societas, 17 

medieval guilds, Renaissance partnerships and modern day firms all limit the possibility of becoming a member. 18 

Exclusiveness appears to be present from the first records of POs. For example, evidence shows that the 19 

production daggers in Scandinavian society in the late Neolithic was “consciously organized to keep the recipes 20 

of the technology exclusive to certain segments of the society”55. A review of sodalities –probably the first non-21 

kin goal-oriented organizations56– indicates sodalities have “no common characteristics beyond the fact that 22 

they all excluded non-members”57,58. 23 

Second, if a member of the PO copies another member it bears cost 𝑐 ̃ which is lower than 𝑐; if she 24 

copies from outside, she bears a cost c. This means that within PO the effort to transmit information is lower 25 

and/or that the fidelity of the information transmission is higher. Information transmission such as teaching or 26 

mentoring is a cooperative act14,36,37. To achieve cooperation within POs we first invoke some exogenous 27 

determinants such as: λ might create population structure which generates spatial-selection/assortment of 28 
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cooperatives types59-60; membership to a PO might trigger deep-seated tribal instincts that boosts group-identity 1 

and help among fellow group members17,18,61-63; POs can add formal governance structures (e.g., authority, rules) 2 

as cooperation enforcement devices22,64. We also endogenize cooperation in an extension of the model by using 3 

the idea of group selection among multiple competing POs65,17 (see below and the SI for details).  4 

Empirical evidence strongly supports more effective social learning within POs. The management and 5 

economics literature has documented that learning from coworkers of the organization is more effective than 6 

learning from the outside27,66 and the guilds and partnerships improve knowledge transmission between its 7 

members29,30. In archeology, evidence from three centuries of amphorae production in workshops in the Roman 8 

Empire shows that the variability of amphorae between workshops is consistent with a process of high-fidelity 9 

social learning within workshops (i.e., master to disciples) instead of horizontal transmission or mobility 10 

between workshops47. In forager societies, a review of the evidence on learning shows that “craft expertise --11 

the kind of skill sets that forager lives depend on-- is fine-tuned at a generation and reliably transmitted across 12 

generations by this mode of organized human learning environments” and “the parallels with the formal, 13 

institutionalized system of apprentice guilds could hardly be clearer”51. 14 

Our definition of PO maps well to the idea of clubs in economics67-69. Just like a club, a PO entails 15 

the private provision of a public good that can be made exclusive (lower cost of social learning), but where each 16 

PO member imposes an externality on the rest (higher exposure to a change in the environment).  17 

As before, let 𝑟𝐼 be the share of individual learners outside the PO and 𝑟�̃� be the share of individual 18 

learners inside the PO. In the same fashion define 𝑟𝑆, 𝑟�̃� , 𝑞, 𝑞 ̃, 𝑞𝑒  and �̃�𝑒. The dynamics of 𝑞 and 𝑞 ̃ are ruled 19 

by the following difference equations: 20 

𝑞(𝑡) = 𝑟𝐼 + 𝑟𝑆  (1 − 𝑝)[𝜆 �̃�(𝑡 − 1) + (1 − 𝜆) 𝑞(𝑡 − 1)]                                        (1) 21 

�̃�(𝑡) = 𝑟�̃� + 𝑟�̃� (1 − 𝑝)[𝜆 �̃�(𝑡 − 1) + (1 − 𝜆) 𝑞(𝑡 − 1)]                                        (2) 22 

Social learners imitate randomly from the whole population (below we study different assumptions for 23 

social learning). From (1) and (2), the steady state values for the tuned population are the following:   24 

𝑞𝑒 =
𝑟𝐼 + (1 − 𝑝) 𝜆 (𝑟𝑆 − 𝑟�̃�) 

1 − (1 − 𝑝)(𝜆 𝑟�̃� + (1 − 𝜆) 𝑟𝑆)
                                                           (3) 25 

�̃�𝑒 =
𝑟�̃� + (1 − 𝑝)(1 − 𝜆)(𝑟�̃� − 𝑟𝑆) 

1 − (1 − 𝑝)(𝜆 𝑟�̃� + (1 − 𝜆) 𝑟𝑆)
                                                           (4) 26 
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If 𝜆 = 0, we return to the steady state of the basic model. These equations clarify the intuition that the 1 

PO, in addition to creating the benefit of cheaper social learning, also generate a reduction of the average tuning 2 

of the population if 𝑟�̃� > 𝑟𝑆.  3 

To understand the equilibrium and shares of different strategies, let’s introduce their fitness. The fitness 4 

of an individual learner is the same outside or inside the PO, 𝑓�̃� = 𝑓𝐼 = (1 − 𝐶) > 0. The fitness of a social 5 

learner outside the PO is,   6 

𝑓𝑆 = (1 − 𝑝)[(1 − 𝜆) ∙ 𝑞𝑒 + 𝜆 ∙  �̃�𝑒] − 𝑐                                           (5) 7 

Given 𝑐 ̃ < 𝑐, the social learner inside the PO enjoys a higher fitness equal to, 8 

𝑓�̃� = (1 − 𝑝)[(1 − 𝜆) ∙ 𝑞𝑒 + 𝜆 ∙  �̃�𝑒] − [(1 − 𝜆)𝑐 + 𝜆𝑐 ̃] =  𝑓𝑆 + 𝜆(𝑐 − 𝑐 ̃)            (6) 9 

We assume that outside the PO, a replicator dynamic modifies the share of the two strategies according 10 

to their relative payoff; the same occurs inside the PO, in every period a small percentage of agents change 11 

strategy depending on their payoff.  If the PO is small, the evolutionary dynamic generates an equilibrium 12 

where: i) the expected fitness of both behavioral strategies outside the PO equalize and both strategies have a 13 

share, ii) given that 𝑓�̃� > 𝑓�̃�, only social learners populate the PO (see SI for proof) (see panel D of figure 1). 14 

The latter implies a trade-off: while a PO populated only by social learners takes full advantage of cheaper 15 

social learning, it decreases the average level of tuning in the population (panel B of figure 1).  16 

However, this lower tuning requires a large PO to outweigh the benefits of cheaper social learning. 17 

Using i), ii) and equations (3) to (5), we find the share of social learner outside the PO to be equal to 𝑟𝐼 =18 

[1−(𝐶−𝑐)] 𝑝  

(𝐶−𝑐)(1−𝑝)
∙

1

(1−𝜆)
. Thus, the expansion of the size of a PO increases the share of individual learners outside the 19 

PO (panel C of figure 1). (At low levels of λ, the total share of individual learners in the population is the same 20 

as in the basic model, namely 𝜆 ∙ 0 + (1 − 𝜆) ∙ 𝑟𝐼 =
[1−(𝐶−𝑐)] 𝑝  

(𝐶−𝑐)(1−𝑝)
.) The intuition for this is that, with a PO 21 

populated only by social learners, social learners outside the PO learn more from social learners, and thus, are 22 

more exposed to environmental change. This decreases their fitness and favors the expansion of individual 23 

learners. This rise in 𝑟𝐼  compensates the decrease in tuning of POs from having only social learners, generating 24 

the linear increase in PO fitness depicted in panel A of figure 1. However, if λ continues increasing a point is 25 

reached where there are only individual learners outside the PO and thus, the fitness of the PO is maximal (see 26 

panels A and C of figure 1). After this point, if λ increases, the impact of lower tuning generated by PO comes 27 
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to dominate the social learning benefits it generates, and thus the fitness of the PO decreases. If the PO becomes 1 

too large, then it ceases to benefit the population at all.  2 

From this discussion it is easy to see that, provided that there is a positive measure of social learners 3 

outside the PO (which happens if the PO is not too big), there exists a unique equilibrium in which the average 4 

fitness of society is greater than that of individual learners. The result is stated formally in the next proposition: 5 

Proposition 1. If λ is sufficiently small, the existence of the PO increases the average fitness of the population.  6 

The basic intuition for this result is that the PO limits the negative externality of social learners. In the 7 

basic model, social learners reproduce and grow, lowering the average fitness of the population 𝑞 until the 8 

fitness decreases to the level of individual learners (1 − 𝐶). With the introduction of a PO of limited size, this 9 

expansion is put to a halt before all the benefits of cheaper social learning are diluted away.  10 

Some implications. We highlight three implications of our model: locus of innovation, organizational inertia, 11 

and rules for optimal PO size.  12 

First, given that a fitness-enhancing PO is populated only by social learners, the locus of innovation in 13 

our model, is outside the PO. This is consistent with the common view that, over history, radical innovations –14 

the discovery and application of basic laws of nature (i.e., individual learning)– have tended to happen outside 15 

POs, for example, by inventors, entrepreneurs, and individual scientists. Recent evidence shows that this is also 16 

the case for modern firms:  most manufacturing firms, when introducing a “new to the world” product (i.e., a 17 

truly new product or technology), they source the invention from external and independent inventors, such as 18 

scientists, labs/inventors, small start-ups and users70. With this, we are not saying that within POs there is no 19 

innovation; we simply say that individual learning –by relating primarily to the concept of radical innovations– 20 

is more likely to occur outside the PO. We execute three extensions of the model that create a role for individual 21 

learning and innovation inside the POs (available in the SI). First, by adding selective learning we find that POs 22 

do engage in individual learning, but at a lower proportion than outside POs (see the robustness section below 23 

for more details). Second, POs thrive in generating incremental innovations –not radical innovation– as the 24 

technology gets marginally improved every time it is transmitted and copied between its members (this matches 25 

the idea of “guided variation” in cultural evolution10). There is sizeable literature on organizational learning 26 

documenting that these incremental improvements can be substantive27,66,71, enlarging the positive impact that 27 

POs can have on society. Third, in figures S8 and S9 of the SI we show that a model where the PO also reduces 28 
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individual learning cost, but less than the reduction in social learning costs, yields a PO that is first populated 1 

by individual learners when small, and then, as it grows, it becomes fully populated by social learners. This is 2 

consistent with the usual life cycle of firms: small startups founded and managed by innovators eventually 3 

become standardized big corporations, geared to the replication of tried-and-tested processes and products. 4 

Second, given that the PO is populated only by social learners they bear a relatively larger risk of 5 

environmental change, and thus, have a harder time adapting when a change occurs (see figure S1 in SI). This 6 

fact is consistent with widespread evidence on organizational rigidity and inertia in sociological and 7 

management research1,72. 8 

Third, panel A of figure 1 shows that there exists a value 𝜆* that maximizes the fitness of the 9 

members of the PO. This maximum will be attained endogenously if an additional assumption is made in 10 

our model. Observe that, regardless of the size of the PO, people will always weakly prefer to belong to a PO. 11 

Therefore, to endogenize PO size, it is sufficient to assume that new members will be admitted (or expelled) as 12 

long as doing it increases the average fitness of the members of the PO. This is not an implausible assumption, 13 

as guilds and partnerships have historically maximized the members’ average benefit73-75. In the SI, we show, 14 

consistently with prior research75, that the size of the PO that maximizes society’s fitness is larger than 𝜆*.  15 

-------- Figure 1 around here -------- 16 

Comparative statics. The model provides interesting comparative statics, which are depicted in figure 2. Given 17 

that the fitness contribution of the PO comes from facilitating social learning, it is intuitive to find that increases 18 

in 𝑝 (panel C of figure 2) and increases in 𝑐 ̃ (panel B of figure 2) generate a decrease in the fitness of POs. Less 19 

intuitively, we find that changes in the cost of social learning outside the PO (parameter c) do not translate into 20 

a monotonic change in the PO’s fitness; instead, a decrease in 𝑐 decreases fitness in small PO but increases it in 21 

a large PO (panel A of figure 2).  22 

 ------- Figure 2 around here --------- 23 

Robustness to different assumptions for social learning. Social learners in our model only imitate, and they do 24 

it randomly. However, in practice, individuals tend not to be stuck on a specific strategy –they are selective– 25 

and social learning can be biased10,11,14,76. In order to increase the ecological validity of our findings, we explored 26 

how three types of social learning biases and selective learning affect our model (see supplementary information 27 

for the details).  28 
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First, we study PO-biased social learning, that is, social learners inside the PO might preferentially learn 1 

from fellow members of the PO to take advantage of the lower cost. We find that proposition 1 (and its 2 

implications) holds provided that the extent of the bias is not very large. This is consistent with the 3 

organizational literature, where attending to knowledge from the environment –away from an exclusive inward 4 

focus– is necessary for organizational success1,27,77, and with the existence of journeymanship in guilds, where 5 

artisans would travel to another city in search of new skills, thereby compensating the inward focus of the 6 

guild3,29.   7 

Second, we study secrecy as a particular case of biased social learning. We define a PO to be secret if 8 

social learners outside the PO cannot imitate members of the PO.  We find that under secrecy the proposition 1 9 

still holds (and its implications), but it that reduces the fitness impact of POs (see panel D of figure 2). The 10 

reason is that the share of individual learners outside the PO no longer increases as 𝜆 expands (instead, it reverts 11 

back to 𝑟𝐼 =
[1−(𝐶−𝑐)] 𝑝  

(𝐶−𝑐)(1−𝑝)
) and social learners inside the secretive PO learn from a less tuned population. This 12 

suggest that secrecy, a frequent characteristic of real POs, must bring additional benefits in order to evolve, such 13 

as a lower cost 𝑐 ̃, which might come, for example, from galvanizing “us versus them” dynamics. Also, it suggest 14 

that secrecy, while it motivates individual inventors, it might have the counteracting effect of reducing aggregate 15 

innovation in society; evidence from second world war secrecy in the US provides evidence consistent with 16 

this78.  17 

Third, we study pay-off biased social learning, that is, social learners prefer to imitate individuals that 18 

are more successful, or, in our case, have higher fitness10,79. We explore a model where a portion 𝜙 of social 19 

learners copies the group with the highest payoff (individual learners, social learners outside the PO or social 20 

learners inside the PO), and the remainder copy unbiasedly. The portion 𝜙 captures the extent of the payoff 21 

bias. We find that: i) consistent with the literature54, payoff bias doesn’t solve Roger’s paradox in model of a 22 

single technology, and ii) the addition of a PO yields the same results: the PO increases the fitness of the society 23 

and is populated only by social learners. Further, we find that the fitness of the PO is enhanced by the extent of 24 

the payoff bias. This happens because payoff bias helps to overcome the main disadvantage of the PO which is 25 

slower adaptation; with payoff bias, tuned technologies flow quicker into the PO.  26 
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Fourth, we explore a canonical model of selective learning, that is, the capacity of individuals to switch 1 

between individual and social learning depending on the circumstances11,40. In this model, individuals obtain a 2 

cue from the environment and evolution selects the optimal threshold for this cue, above (below) which 3 

individual (social) learning is selected. Thus, if the optimal threshold is larger (smaller), social learning is more 4 

(less) prevalent. While selective learning is known to solve Rogers’ paradox54, and thus the PO is not the crucial 5 

condition to produce cumulative culture in this model, all the other results remain unchanged: the PO enhances 6 

the fitness of the society, the proportion of social learning is larger inside the PO than outside, and the dynamics 7 

of PO size are the same: the benefit of cheaper social learning is traded-off with the increasing exposure of an 8 

environmental change.   9 

Multiple POs, Cooperation and Group Selection. The theory of cultural evolution has put forward the idea of 10 

cultural group selection (or multilevel selection)10,17,61,62,65,80,81. Several processes generate stable heterogeneity 11 

between groups. Cooperative groups have an advantage against non-cooperative groups, and thus, selection can 12 

favor within group cooperation and altruism even if it is costly for the individual. We use this idea to extend 13 

our model to study multiple competing POs within a society, as frequently occurs in practice.  14 

First, we use group selection to justify the origin of a lower social learning cost inside POs. In the 15 

extended model (see the SI for details), we specify four possible strategies as both individual learners and social 16 

learners can be altruistic: by bearing a cost 𝛿 they can reduce the social learning cost that the copier/imitator is 17 

experiencing from 𝑐 to 𝑐 ̃ (e.g., teaching and guiding). The parameters 𝛿 and 𝑐 ̃ are such that altruism is 18 

individually disadvantageous but collectively beneficial. The fitness of a particular strategy within PO i depends 19 

on its own payoff and the average payoff inside the PO, and the weight on the latter captures the strength of 20 

group selection pressure. This extension yields the following proposition: 21 

Proposition 2: If the strength of the group selection is high enough and the cost to benefit ratio of altruism is 22 

low enough, then the POs are populated only by altruistic social learners which reduce the cost of social learning 23 

and thus, the POs are able to increase the fitness of society. 24 

 While one PO in a society may still be beneficial if cooperation is exogenously driven by other 25 

mechanisms59,60, this extension to the model endogenizes the origin of the social learning advantage of POs and 26 

clarifies its cooperative nature.  27 
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 Second, we explored the consequences of group selection. In a complementary extension (see SI for 1 

details), we assume that multiple POs have different capacity to promote cooperation and thus to lower its social 2 

learning costs. We show that more cooperative POs will attain a larger size in equilibrium. Thus, group selection 3 

is not only fundamental for POs’ learning advantage but also for the expansion within society of more 4 

advantageous POs. 5 

Finally, there is still an additional selection level at play. POs have spread and invaded almost all 6 

societies across the globe, and thus, selection at the level of societies might have also played a role13,81. A society 7 

with exclusive and cooperative POs would be more adaptive and successful; thus, different group selection 8 

processes between societies –imitation between societies, migration, differential reproduction rate, or size 9 

advantage in warfare– propelled the spread of POs further. 10 

Specialization. Suppose now there are M technologies which are assumed to be ex ante equally productive and 11 

that become less useful if nature changes with probability p. The strategies of social and individual learners now 12 

specify a superindex 𝑗 ∈ 𝐽 that denotes that an agent’s learning occurs in a particular technology 𝑗. Individual 13 

learners are uniformly distributed among activities and social learning occurs randomly but is restricted to the 14 

set of people that executed the same technology j in the previous period. A natural way in which this “clustering” 15 

of agents around technologies might occur in real societies is that subsets of social learners follow and group 16 

close to specific individual learners, and that the resulting groupings are distant, either spatially or socially (e.g., 17 

via clans or casts). The cost of individual and social learning and the fitness functions are the same as the case 18 

of one technology.  19 

The results of this model are straightforward and mirror the case with only one technology. Social 20 

learners are selected into the population, but the overall fitness of the society does not increase. Given our 21 

assumptions, individual and social learners will be distributed evenly across technologies. (This would change 22 

trivially if individual learners are not distributed uniformly.) The total share of social learners will decrease with 23 

c and p.  24 

We now allow for the existence of one PO of size λ. A social learner with technology j will now bear a 25 

cost 𝑐 ̃ when imitating agents using technology j whom are sharing the PO, and cost c (larger than 𝑐 ̃) when 26 

learning from agents with technology j located outside the PO. As before, the PO generates advantages in social 27 

learning. 28 
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To show our main result, define 𝑥 𝑗 = 𝑟𝑆
𝑗 + 𝑟𝐼

𝑗
 as the share of agents that execute technology j outside 1 

the PO and analogously define 𝑥 ̃𝑗 = 𝑟 ̃𝑆
𝑗

+ 𝑟 ̃𝐼
𝑗
 as the share of people inside the PO that executes technology j. 2 

The fitness of a social learner outside the PO is given by            3 

𝑓𝑆
𝑗 = (1 − 𝑝) [

𝜆 𝑥 ̃𝑗

𝜆 𝑥 ̃ 𝑗 + (1 − 𝜆)𝑥 𝑗  �̃� 𝑗𝑒
+  

(1 − 𝜆)𝑥 𝑗

𝜆 𝑥 ̃ 𝑗 + (1 − 𝜆)𝑥 𝑗  𝑞 𝑗 𝑒
] − 𝑐                                 (3) 4 

The fitness of social learners inside the PO can be written as follows: 5 

𝑓 ̃𝑆
𝑗

= 𝑓𝑆
𝑗

+ (𝑐 − 𝑐 ̃)
𝜆 𝑥 ̃𝑗

𝜆 𝑥 ̃𝑗 + (1 − 𝜆)𝑥 𝑗                                                             (4) 6 

The fitness advantage of social learners of technology j within the PO is increasing in the share of 7 

members in the PO that execute the same technology. Therefore, whichever technology takes the lead with a 8 

higher 𝑥 ̃𝑗 in a particular period –for example due to a random shock– will enjoy a higher fitness, and thus, 9 

will be replicated at a faster pace after each period; this, in turn, will generate an additional advantage in fitness 10 

in the next period and thus, an even quicker replication, and so on, for each subsequent period. Consequently, 11 

this positive feedback loop will drive one technology to dominate the PO. (And, as an exclusive PO provides 12 

advantage to social learners, only these will populate it.). This is stated formally in the next proposition: 13 

Proposition 3. Given a sufficiently small λ, the PO specializes in a specific technology.  14 

The intuition for this result is that people that can learn from each other in a cheaper and more effective 15 

way will slowly tend to group together. The PO provides the conditions for more effective learning and therefore 16 

they group in there.  17 

We can also extent this proposition to multiple POs. In the SI we show that society benefits from their 18 

presence and that each PO will specialize in a specific technology.  19 

These results suggest that specialization within POs, a trait observed from their earliest historical 20 

account47,51,55, evolved because it favored the capacity of POs to benefit society via improvements in social 21 

learning. Our theory does not rely on trade and comparative advantage between units –countries, cities or 22 

organizations– as the driving force of specialization of these units50. Nor does specialization become constrained 23 

by the extent of the market48. Even in small societies with no trade and comparative advantage (i.e., all agents 24 

bear the same opportunity cost of doing any technology, or in our model, homogeneous costs 𝑐 ̃, c and C), 25 

specialization will evolve within POs.  26 
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3.2 Empirical analysis 1 

We execute four empirical exercises that, together, provide suggestive evidence that POs played an important 2 

role in making social learning adaptive as our proposition 1 predicts. Our empirical analysis is a “proof of 3 

concept”, that is, a way to verify that the theory we propose can be empirically productive and that having a 4 

cultural evolution theory of POs can facilitate the empirical search for its origins. 5 

Baseline analysis 6 

To test the predictions of the model, we use the Ethnographic Atlas (EA)82 and the Standard Cross Cultural 7 

Sample (SCCS) provided by the D-Place dataset83 (see methods section for the details of the data). The EA 8 

provides information about eleven productive activities (or technologies) in the society (e.g., metal working, 9 

pottery making). The dataset identifies whether each activity was present in the society and, if so, whether it 10 

was “normally performed by many or most adult men, women, or both” or was “largely performed by a small 11 

minority who possess specialized skills”. We identify the second condition as the addition of a PO to the 12 

execution of a specific activity. We measure PO in this way because the type of ‘small minority’ covered by the 13 

EA fit the requirements of our theoretical model (see Methods section for a discussion of this fit). 14 

We computed two variables: the percentage of activities that are present in the society (“% presence”) 15 

and the percentage of those activities that are executed within a PO (“% within PO”) (see Methods section for 16 

details). In the dataset, there is missing information about the activities due, for example, to the fact that the 17 

ethnography did not study one or more productive activities. Only 263 societies had complete information about 18 

the eleven activities. We added several control variables (see the Methods section) which brought the number 19 

of societies included in the analysis to 173. In the supplementary information we provide the details on the 20 

geographical distribution and descriptive statistics of the final sample.  21 

To test the impact of the presence of activities and PO on the fitness of the individuals in society i, we 22 

use the following econometric model: 23 

Populationi = b1 + b2 x %Presencei + b3 x %Presencei x %withinPO i + Controls i + Errori 24 

Population as a dependent variable captures the standard notion of fitness as reproductive success. It 25 

also captures the fact that in pre-modern Malthusian economies, progress translated into increases in population 26 

and not per-capita wealth29. We proxy population by using the “size of local communities”, which is a 27 



16 
 

categorical variable with 8 categories (see Methods section). In the panels A, B and C of figure 3, we plot the 1 

unconstrained relationships between “size of local communities”, “% presence” and “% within PO”.  2 

The ordered probit estimates are presented in table 1. Assuming that there are no POs, the results 3 

presented in column 1 of table 1 show that moving from 0% to 100% in the presence of activities is associated 4 

positively with an increase in the local population but this result is not statistically significant (coefficient b2 = 5 

1.137; t-test114 = 1.39, two-tailed; p-value = 0.165; 95% CI = {-0.466; 2.742}). Although this result might seem 6 

surprising, it is consistent with Rogers' paradox: culture (i.e., more activities) does not necessarily leads to 7 

increased fitness. However, consistent with proposition 1 of the model, in column 2 we find that activities are 8 

associated with an increase in the local population only when POs are present in the society. This increase is 9 

statistically significant (coefficient b3 = 4.298; t-test113 = 3.36, two-tailed; p-value = 0.001; 95% CI = {-1.641; 10 

1.675}) and its magnitude is depicted by the difference between the red and blue lines in the panel D of figure 11 

3. 12 

 -------- Insert table 1 and figure 3 around here -------- 13 

Endogeneity 14 

The first threat to identification of causality is omitted variables. We executed a test that uses selection on 15 

observables to assess the extent to which selection on unobservables would need to be in order to overthrow the 16 

results84. Following the pre-established criteria84, the test indicates a low threat of omitted variables (see 17 

supplementary information for details).  18 

The second threat to identification is reverse causality. This threat can be present both in the presence 19 

of activities and in the use of POs. To counter these two threats we use an instrumental variable technique. In 20 

the supplementary information we detail our instruments, their theoretical logic and the empirical results. We 21 

find that the results of table 1 do not change; if anything, they marginally increase in size.  22 

Comparative statics 23 

The EA, the SCCS and Kirby et al (83) provide several variables to explore empirically the comparative statics 24 

of our model depicted in figure 2. We use one variable that proxy for p, three variables that proxy for social 25 

learning costs, and two that proxy for secrecy. We find supporting evidence across them all for our predicted 26 

comparative statics (see the supplementary information for details). Here we highlight one variable: uncertainty. 27 

To proxy for p, we use the measure provided by the D-PLACE dataset83 of year-to-year climate unpredictability 28 



17 
 

between 1901 and 1950, the period that has the largest proportion of ethnographies in the EA. Consistent with 1 

our model, we find that the impact of POs on population decreases when climate unpredictability is high.  2 

Robustness 3 

In the supplementary information we execute the following robustness checks: i) we use alternative dependent 4 

variables such as “population density” or “total population”, ii) we add additional controls that account for two 5 

alternative explanations for our findings, namely, the presence in trade in societies drives the emergence of 6 

specialized POs and POs are the product of political complexity (i.e., complex chiefdoms), iii) we are less 7 

restrictive regarding the number of societies included in the analysis, increasing observations well above the 8 

baseline sample of 173. Across all of these checks, the results of table 1 remained unchanged.  9 

4 Discussion 10 

In this article, we have developed a theory that explains the evolution of productive organizations (POs). As 11 

with any trait that has been selected in a population, a full explanation of the nature of POs requires adding an 12 

evolutionary perspective to the mix. We used a cultural evolution model to show that improvements in social 13 

learning within POs can favor the hard-to-propel process of cumulative culture. If access to POs is restricted, 14 

as is typical across history, then this advantage in knowledge transmission leads to higher fitness of societies 15 

and therefore to the gradual selection and invasion of POs. The advantage in social learning within POs is 16 

cooperative in nature, stemming from group selection among competing POs. Specialization of POs emerges 17 

naturally in our theory, as it maximizes the social learning benefits of POs. The theory applies straightforwardly 18 

to pre-modern POs, such as guilds, and other long-standing POs, such as partnerships; as a descendant of these 19 

older POs, our theory also informs the origin of modern firms. We contribute to cultural evolution by 20 

highlighting the importance of organizations in cumulative culture –and thus the need to study their evolution– 21 

and to extant (economic) theories of POs by focusing on culture and explaining the evolutionary origins of POs. 22 

Theoretically, we show that social learning can escape Roger’s paradox even if it does not generate a 23 

positive externality on individual learning’s fitness53,54. Our model can parsimoniously rationalize several 24 

enduring characteristics of POs: restriction of access; easier social learning within than between organizations; 25 

importance of cooperation for the fitness of POs; social learning (or, tradition) is dominant inside POs while 26 

individual learning (or, innovation) is dominant outside POs; specialization of POs; and the inertia and low 27 
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adaptive capacity of POs. Our theory can provide clues for necessary historical, cultural-phylogenetic and 1 

archeological work to proceed44-47,81. We began doing this ourselves: we successfully test our theory using data 2 

from the EA82. 3 

We can point to several limitations in our paper. First, the empirical test we perform is informative but 4 

not definitive. It would be interesting to test the predictions of our model using emerging datasets on ancient 5 

guilds85. Second, our theory is well suited for guilds and partnerships, where knowledge and technology is 6 

transmitted across individuals. However, modern firms combine specialized knowledge to generate complex 7 

technologies that require many individuals to produce and thus transmission is not at the individual level. Our 8 

model could be extended to study the unique evolutionary origins of modern firms. Third, while we do address 9 

how innovation can occur within POs, a more complete formal analysis could be performed, particularly to 10 

study their role in incremental innovation.  11 

5 Methods 12 

Data  13 

The EA describes cultural practices for 1291 pre-modern societies, ranging from societies with complex 14 

agricultural economies and political systems to small hunter-gatherer groups. The societies are globally 15 

distributed, with especially good coverage of Africa and western North America. The SCCS is a subsample of 16 

the EA where additional information about societies is provided. We use the SCCS to measure several variables 17 

that are needed to test the predictions of the model. These datasets were created by coding the available 18 

information about societies that is present in the extensive ethnographic accounts in the anthropology literature.  19 

Data collection and analysis were not performed blind to the conditions of the study. 20 

Fit of EA with our theoretical model 21 

Our model requires that PO possess three characteristics in order to benefit society: improved social learning, 22 

small size and exclusivity. In the discussion that follows, the improved social learning of the minorities of the 23 

EA become evident; therefore, we don't expand on it. Regarding small size, the very definition in the EA 24 

specifies a “small minority”. Exclusivity requires more care to be mapped to the EA. The minorities in the EA 25 

can be of four types: senior age specialization (i.e., only men or women beyond the prime of their life), junior 26 

age specialization (i.e., only boys or girls before the age of puberty), craft specialization (which includes 27 
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occupational castes where the rights to execute certain activity were inherited), and industrial specialization 1 

(i.e., specialization is removed from age or craft specialization and is executed using industrialized techniques). 2 

Aggregating across activities, craft specialization covers roughly 85 percent of the cases, industrial 3 

specialization accounts for eight percent and senior/junior specialization split the rest. Industrial specialization 4 

and senior/junior specialization comply with the exclusivity criteria. In the former, exclusivity is predicated on 5 

employment, and in the latter, it is defined by age. To understand exclusivity in craft specialization, we randomly 6 

sampled twenty societies from the EA and read their original ethnographic accounts. Roughly, we could identify 7 

three types of craft specialization. The first one, and the most common type, are organizations that could be 8 

described as “proto-guilds”. These organization were similar to medieval guilds, they had experts, sometimes 9 

called “masters”, and apprentices, which would come together regularly --or seasonally, for example in fishing 10 

at high latitudes-- in order to exchange work for teaching and to learn from each other. Apprentices typically 11 

needed to prove their capacity in order to fully access the community of experts, so access was not freely 12 

granted. Being a master often carried prestige in the society. Not infrequently, the right to execute a particular 13 

craft/activity was hereditary (e.g., fishing in the Chekiang society in China), generating occupational castes (or 14 

a specialized clan). However, even with heredity, skill was also a pre-requisite to enter the “proto-guild”. 15 

Therefore, heredity boosted exclusivity. The second type of craft specialization were “workshops”. These were 16 

small and scattered production units, where one or more skillful specialists, with the help of a handful of 17 

workers, would serve the needs of a portion of the society, typically the local town or region (for example, 18 

metalworking in the Riffian culture in Northern Africa). The third type of craft specialization is the “attached 19 

specialists” where skilled craftsmen were appointed and funded by the rulers of the society (e.g., metalworking 20 

in the Inca Empire). Either by the selection of workers or their funding, the second and third types of craft 21 

specialization also seem to ensure exclusivity. All considered, even though there is heterogeneity in the “craft 22 

specialization” of the EA, the basic idea exclusivity in these organizations seems to hold ground.  23 

Variable measurement 24 

The variable “% presence” is computed as the division of the count of activities that were present in the society 25 

over the count of activities for which we had available information. If the ethnographic atlas indicates “missing 26 

data”, then we would not consider that activity in the denominator. If the ethnographic atlas indicates “the 27 

activity is absent or unimportant in the particular society”, then would not consider that activity in the numerator. 28 
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The difference between these is that in the former, the original ethnography did not provide any indication 1 

regarding the activity.  2 

The variable “% within PO” is computed as the division of the count of activities “largely performed 3 

by a small minority who possess specialized skills” over the count of activities that were present in the society. 4 

The relationship between “% presence” and “% within PO” is positive, with a correlation coefficient of 0.4.  5 

The dependent variable "size of local communities" is a categorical variable with 8 categories. The 6 

categories are: 1 is “less than 50 people” 2 is “from 50 to 99 persons”, 3 is “from 100 to 199 persons”, 4 is 7 

“from 200 to 399 persons”, 5 is “from 400 to 1,000 persons”, 6 is “more than 1,000 in the absence of indigenous 8 

urban aggregations”, 7 is “one or more indigenous towns of more than 5,000 inhabitants but none more than 9 

50,000”, and 8 is “one or more indigenous towns with more than 50,000 inhabitants”. 10 

As controls, we added geographical variables (e.g., absolute latitude), resource endowment variables (e.g., 11 

mammal richness), intensity of agriculture dummies (e.g., semi-intensive), region dummies, type of settlement 12 

dummies (e.g., nomadic) and year of the ethnographic record. See the supplementary information for details on 13 

these variables. 14 

6 Data availability  15 

The source data used in this paper is publicly available at https://d-place.org/. The dataset used in this paper is 16 

available at https://sites.google.com/site/fcobrahm/.  17 

7 Code availability 18 

The code used to analyze the data is available at https://sites.google.com/site/fcobrahm/.  19 
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12 Figure legends 1 

FIGURE 1. Equilibrium of the model for different values of 𝜆.  2 
We use 𝐶=0.6, 𝑐=0.45, 𝑐 ̃=0.3, and 𝑝=0.1 to graph the equilibrium of the model for different values of 𝜆. (A) Fitness inside 3 
and outside organization (we multiply fitness by 2.5 to obtain fitness equal or superior to 1). (B) Percentage of the 4 
population that has a technology tuned to the state. (C) Share of social and individual learners outside the organization. (D) 5 
Share of social and individual learners inside the organization.  6 
  7 

  8 
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FIGURE 2. Comparative statics.  1 
For the baseline case, we reproduce the equilibrium fitness with PO depicted in panel A of figure 1. The red lines modify 2 
one parameter at the time. (A) We set 𝑐=0.4. (B) We set 𝑐 ̃=0.35. (C) We set 𝑝=0.12. (D) In the red line, we make the PO 3 
secretive, that is, social learners outside cannot imitate members of the PO (see the section “Robustness to different 4 
assumptions for social learning”). 5 
 6 
 7 



28 
 

FIGURE 3. The impact of the presence of activities and POs on the size of local population.  1 
The figures use the sample utilized in table 1, namely 173 societies. (A / B / C) Scatter plots in which the sizes of the 2 
bubbles represent the frequency of societies. (D) Here, we plot the average of marginal effects of the results displayed in 3 
the second column of table 1. We evaluate how much is the marginal effect of increasing the presence of activities increases 4 
from 0 to 1 on the probability of each one of the eight size categories (by definition, the changes add up to zero across all 5 
size categories). To explore how this impact varies with POs, we modify the value of "% within PO": i) in the blue line we 6 
set "% within PO" equal to zero (i.e., the societies go from zero to full adoption of technologies, but does so without using 7 
POs), ii) in the red line we set "% within PO" equal to 0.5 (i.e., the societies go from zero to full adoption of technologies, 8 
but does so without using POs). We display 95% confidence interval around the point estimate.  9 
 10 
 11 

 12 
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13 Tables 1 

TABLE 1. Impact of presence of technologies and PO on the size of local population 2 

 Dependent variable:  

Size of local population 

 β [tdf] (p-value) {95% CI} 

 1 2 

% presence 1.137  

[t114=1.39] (0.165)  

{-0.466; 2.742}  

0.016  

[t113=0.02] (0.984)  

{-1.641; 1.675} 

% presence x % within PO  4.298 

[t113=3.36] (0.001) 

{1.729; 6.805} 

Geographic controls? Yes Yes 

Resource endowment controls? Yes Yes 

Year of ethnography? Yes Yes 

Agriculture intensity dummies? Yes Yes 

Region dummies? Yes Yes 

Type of settlement dummies? Yes Yes 

Observations 173 173 

Pseudo R Square 0.329 0.352 

We execute ordered probit regressions. We assumed that the data, other than its categorical nature, met the 

assumptions of ordered probit regression (e.g., normality of errors). The dependent variable is the size of local 
population. Robust standard errors are used in all regressions. The estimated coefficient is presented without 

brackets. The t-test (with its corresponding degrees of freedom), the exact p-value, and the 95% confidence 

interval are reported in brackets. 
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