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Abstract 3 

Organizations devoted to the production of goods and services, such as guilds, partnerships and modern 4 
corporations, have dominated the economic landscape in our species’ history. We develop an explanation for 5 
their evolution drawing from cultural evolution theory. A basic tenet of this theory is that social learning, under 6 
certain conditions, allows for the diffusion of innovations in society, and therefore, the accumulation of culture. 7 
Expanding a workhorse cultural evolution model, we show that these organizations can provide such conditions 8 
if they possess two characteristics, both prevalent in real world organizations: exclusivity of membership –that 9 
is, entry is restricted– and more effective social learning within their boundaries. The model parsimoniously 10 
explains organizational specialization, organizational rigidity and the locus of innovation and tradition. We test 11 
the model using a sample of pre-modern societies drawn from the Ethnographic Atlas, finding supporting 12 
evidence for our predictions. 13 

Keywords: Cultural Evolution, Organizations, Social Learning, Theory of the Firm, Knowledge, Specialization. 14 

1 Introduction 15 

Organizations, defined as a stable and interacting collection of individuals with a common and specific goal 16 

(Scott, 2003), have played a crucial role throughout human history. One type of organization, which we define 17 

as “productive organization” (PO), focus on producing and delivering the goods and services that satisfy the 18 

needs of human populations (e.g., food, shelter, clothes, tools). Whether it is the societas in Roman times 19 

(Hansmann et al., 2006), the guilds in medieval times (Ogilvie, 2014), the partnerships in early Renaissance 20 

(Padgett et al., 2006), or the modern corporation (Chandler, 1990), POs have played a crucial role in our species’ 21 

success. Not surprisingly, Herbert Simon noted that our “market economies” are in reality “organizational 22 

economies” (Simon, 1991). An often neglected corollary is that the theories about the nature of these 23 

organizations have an important impact on public policies about markets and organizations, as well as how these 24 

organizations are managed. Consider, for example, the consequential debate around the role of corporations in 25 

society (Friedman, 1970; Freeman, 2010). However, while extant theories explain how POs work (i.e., their 26 

inner workings), we lack a clear explanation for their evolution. This is not a minor gap, as understanding POs’ 27 

origin is a requisite to fully understand, and thus to improve the capacity to harness, manage or regulate this 28 

dominant institution. 29 
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In this paper, we propose such an explanation drawing from Cultural Evolution Theory (Cavalli-Sforza 1 

and Feldman, 1981; Boyd and Richerson, 1985; Boyd and Richerson, 2005; Mesoudi, 2011; Henrich, 2015; 2 

Laland, 2017). Cultural evolution studies the transmission and inheritance of culture, defined as information –3 

beliefs, norms, knowledge, skills, and techniques– acquired from other individuals via social learning (e.g., 4 

imitation, teaching). A central insight of this theory is that social learning, by way of diffusing innovations in a 5 

society, produces their gradual accumulation over time. This process of cultural accumulation has allowed 6 

humans to adapt and conquer every environment in the globe. We propose that POs evolved because they 7 

enhance the capacity of social learning to generate cumulative culture.  8 

Our theory can illuminate important aspects of POs that have eluded a parsimonious explanation so far. 9 

First, we use culture as the explanatory lever, away from the focus on incentives and governance in the existing 10 

theories of POs. These theories propose that POs’ role is to avoid the myriad of transaction hazards involved in 11 

market exchange (Coase, 1937; Hart and Moore, 1990; Williamson, 1991; Tadelis, 2002; Williamson, 1975; 12 

Holmstrom and Milgrom, 1991). For each type of hazard, POs provide a distinct solution. For example, when 13 

assets are specific to a transaction and therefore hold-up is likely, POs resolve ex-post conflict using authority 14 

(Williamson, 1991). While empirical evidence supports this approach (Lafontaine and Slade, 2007), recent 15 

evidence shows that POs are, to a large extent, carriers and transmitters of culture (Atalay et al., 2011; Argote 16 

and Miron-Spektor, 2011; Gibbons and Henderson, 2012; De la croix et al, 2017; Morrison and Wilhem, 2008). 17 

Our theory shows how two specific and ever-present characteristics of POs –restricted access and improved 18 

social learning–, favor cultural accumulation in societies. This produces an account of POs based exclusively 19 

on culture, a central element of organizations. Thus, while current theories assume a pre-existing cultural pool 20 

upon which transactions require governance, we endogenize culture and POs. 21 

Second, we lack an understanding of the evolutionary mechanisms that selected POs. Current theories 22 

focus on how POs work, that is, they provide a proximate explanation by detailing the mechanisms of 23 

governance and incentive provision (Laland et al, 2011; Bateson and Laland, 2013). The spread of POs is then 24 

explained by invoking agents’ intentionality whom select POs to improve their expected utility. This makes 25 

POs ahistorical or a de novo phenomenon, popping up anytime and anywhere that transaction hazards and 26 

intentionality are present. In contrast, an ultimate explanation of a trait requires pointing at a function that is 27 

selected by evolutionary processes, eventually fixating it in the population (Bateson and Laland, 2013; Elster, 28 



3 
 

1983). In biology, a trait is selected when its function promotes differential survival and reproduction; in culture, 1 

a trait like POs is selected if it facilitates cultural accumulation and is therefore harnessed by cultural selection 2 

processes such as imitation and group selection (Henrich, 2015). This provides a precise evolutionary origin to 3 

POs, with exclusivity and enhanced social learning as markers that can inform historical (Dari-Mattiacci et al, 4 

2017; Giuliano and Nunn, 2019), cultural-phylogenetic (Gray and Watts, 2017) or archeological work (Coto-5 

Sarmiento et al., 2018). In this paper, we conduct such work by testing the model using a sample of pre-modern 6 

societies drawn from the Ethnographic Atlas, finding supporting evidence for our predictions.  7 

Third, POs display a high level of specialization, that is, they execute a limited set of tasks and activities 8 

producing a narrow output. An example is specialization across guilds: weavers, painters, masons, bookbinders, 9 

leatherworkers, candle makers, among many others. Current theories of POs do not explain this specialization; 10 

instead, they require an additional theoretical mechanism: specialized POs can benefit from comparative 11 

advantage –generated endogenously by repetition (Smith, 1776) or by exogenous resource endowment (Ricardo, 12 

1817)– by trading with other specialized POs. In contrast, specialized POs emerge from the basics of our theory: 13 

specialization maximizes the social learning advantage of POs, and therefore the benefits these bring to society. 14 

This implies that even in societies with no trade and low or absent comparative advantages, specialization will 15 

still evolve to fully take advantage of POs. An example is the specialized guild-like organizations prevalent in 16 

pre-modern societies (Sterelny, 2012). 17 

2 Results  18 

2.1 Formal model 19 

We use a workhorse model in the cultural evolution literature (Rogers, 1988; Boyd and Richerson, 1995). 20 

(Mathematical proofs are presented in the supplementary information.) In every period, a continuum of long-21 

lived agents adopt a technology that confers fitness, but whose value is subject to changes in the environment. 22 

There are N environmental states. In each period, the state may change with probability p. For every state, there 23 

is a unique technology that provides fitness. By a normalization, we can assume without loss of generality that 24 

the fitness of a technology is 0 unless it is tuned to match the state. Agents adopt a technology by using one of 25 

two behavioral strategies. An Individual Learner studies and understands her environment and is able to develop 26 

in each period a new technology tuned to the current state. This strategy has a cost C, which is bounded between 27 
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0 and 1. The second alternative is to learn socially. A Social Learner looks at what some other randomly chosen 1 

member of the population did in the previous period and simply copies its technology, incurring a cost 𝑐 < 𝐶. 2 

This strategy is less costly because the agent does not need to understand the underlying state but rather simply 3 

copies what others do. In order for social learning to survive, we assume (𝐶 − 𝑐) > 𝑝. 4 

Let 𝑟𝐼 be the share of individual learners and  𝑟𝑆 the share of social learners in the population, and let 𝑞 5 

be the percentage of people with a tuned technology in the population. The variable 𝑞 is governed by the 6 

difference equation 𝑞(𝑡) = 𝑟𝐼 + 𝑞(𝑡 + 1) ∙ (1 − 𝑝) ∙ 𝑟𝑆. For any given pair of shares 𝑟𝐼 and  𝑟𝑆, the expected 7 

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

1−(1−𝑝)𝑟𝑆
, the steady state of the difference equation. The fitness 8 

of an individual learner is 𝑓𝐼 = (1 − 𝐶) > 0 because she is always tuned to the state bearing the cost C. The 9 

fitness of a social learner is 𝑓𝑆 = (1 − 𝑝)𝑞𝑒 − 𝑐. Social learners, given that they copy their behavior from 10 

others, sacrifice tuning if the state of the world changes or if inadvertently they copy from an untuned member. 11 

The fitness of social learners is increasing in the share of individual learners because individual learners 12 

increases the chances of copying from tuned individuals.  13 

We assume that in every period, a small proportion of agents adopt the strategy of other agents with 14 

higher fitness levels. This type of evolutionary dynamics is known as a quasi birth and death process and 15 

converges to evolutionarily stable strategies (ESSs). (We could also assume that agents are short-lived and their 16 

reproduction rate depends on their fitness level; in either case, the equilibrium concept is ESS, and our results 17 

are the same.) A population with shares (𝑟𝐼 , 𝑟𝑆) plays an ESS if a small group of invaders using any different 18 

share of these strategies achieves a strictly lower average fitness. Consistent with prior literature, we find that 19 

there exists a unique equilibrium in which the share of individual learners is given by 𝑟𝐼 =
𝑝 [1−(𝐶−𝑐)]

(1−𝑝)(𝐶−𝑐)
, and the 20 

fitness of both types is 1 − 𝐶. Intuitively, if there are mostly individual learners, social learners would benefit 21 

from a high 𝑞 with a fraction of the cost, and therefore they would expand; in contrast, if there are mostly social 22 

learners, they would be worse off because, even if they have a low cost, they have a high risk of becoming 23 

technologically outdated due to low 𝑞 in the population.  24 

Observe that because both behavioral types in equilibrium achieve the same fitness 1 − 𝐶, this implies 25 

that society as a whole does not benefit from the existence of social learning. The same average level of fitness 26 

can be achieved with individual learning only. The fact that social learning is selected but does not affect the 27 
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fitness of the population is known as Roger's paradox (Rogers, 1988). This result has demonstrated to be robust 1 

to different specifications and assumptions, and has generated an important literature exploring the conditions 2 

that makes social learning a source of adaptive cumulative culture (Laland, 2017; Boyd and Richerson, 1995; 3 

Boyd et al., 2013). In what follows, we show that adding a PO in the society solves this paradox in a way that, 4 

we argue, is fundamentally different from other solutions proposed in the literature because it does not require 5 

that social learning enhance the fitness of individual learners (c.f., Boyd and Richerson 1995; Boyd et al., 2013). 6 

Productive organizations. Two characteristics define a PO. First, access to the PO is limited. A fixed fraction 7 

λ of agents is located inside the organization. This means that even though additional members might want to 8 

be a part of the PO, membership is exclusive, limited by λ. This speaks to a fundamental characteristic of POs: 9 

“organizations, as a condition of their existence, must maintain boundaries that separate them from their 10 

environments. In the absence of distinguishable boundaries, there can be no organization as we understand 11 

them” (Scott, p. 185). 12 

Exclusiveness is a persistent characteristic of POs across history: Neolithic sodalities, Roman societas, 13 

medieval guilds, Renaissance partnerships and modern day firms all limit the possibility of becoming a member. 14 

Exclusiveness appears to be present from the first records of POs. For example, evidence shows that the 15 

production daggers in Scandinavian society in the late Neolithic was “consciously organized to keep the recipes 16 

of the technology exclusive to certain segments of the society” (Apel, 2008). A review of sodalities –probably 17 

the first non-kin goal-oriented organizations (Smith et al., 2006)– indicates sodalities have “no common 18 

characteristics beyond the fact that they all excluded non-members” (Anderson, 1971; Lowie, 1948). 19 

Second, if a member of the PO copies another member it bears cost 𝑐 ̃ which is lower than 𝑐; if she 20 

copies from outside, she bears a cost c. This means that within PO the effort to transmit information is lower 21 

and/or that the fidelity of the information transmission is higher. Information transmission such as teaching or 22 

mentoring is a cooperative act (Laland, 2017; Fogarty et al., 2011; Dean et al. 2012). Cooperation within PO 23 

can be generated in different ways: i) λ creates population structure, which favors assortment of cooperatives 24 

types or higher frequency of interactions (Nowak, 2006; Rand and Nowak, 2013); ii) the creation of a PO might 25 

trigger deep-seated tribal instincts that make humans prone to identify with their groups and help fellow 26 

members (Bowles, 2009), iii) POs can add formal governance structures (e.g., authority, rules) that limit conflict 27 

and opportunism in knowledge transmission (Nickerson and Zenger, 2004). 28 
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Empirical evidence strongly supports more effective social learning within POs. The management and 1 

economics literature has documented that learning from coworkers of the organization is more effective than 2 

learning from the outside (Levitt et al, 2013; Argote and Miron-Spektor, 2011) and the guilds and partnerships 3 

improve knowledge transmission between its members (De la Croix et al., 2017; Morrison and Wilhelm, 2008). 4 

In archeology, evidence from three centuries of amphorae production in workshops in the Roman Empire shows 5 

that the variability of amphorae between workshops is consistent with a process of high-fidelity social learning 6 

within workshops (i.e., master to disciples) instead of horizontal transmission or mobility between workshops 7 

(Coto-Sarmiento et al., 2018). In forager societies, a review of the evidence on learning shows that “craft 8 

expertise --the kind of skill sets that forager lives depend on-- is fine-tuned at a generation and reliably 9 

transmitted across generations by this mode of organized human learning environments” and “the parallels with 10 

the formal, institutionalized system of apprentice guilds could hardly be clearer” (Sterelny, 2012). 11 

As before, let 𝑟𝐼 be the share of individual learners outside the firm and 𝑟�̃� be the share of individual 12 

learners inside the PO. In the same fashion define 𝑟𝑆, 𝑟�̃� , 𝑞, 𝑞 ̃, 𝑞𝑒 and �̃�𝑒. The fitness of an individual learner 13 

is the same outside or inside the PO, 𝑓�̃� = 𝑓𝐼 = (1 − 𝐶) > 0. The fitness of a social learner outside the PO is,   14 

𝑓𝑆 = (1 − 𝑝)[(1 − 𝜆) ∙ 𝑞𝑒 + 𝜆 ∙  �̃�𝑒] − 𝑐                                           (1) 15 

while the social learner inside the PO enjoys a fitness of, 16 

𝑓�̃� = (1 − 𝑝)[(1 − 𝜆) ∙ 𝑞𝑒 + 𝜆 ∙  �̃�𝑒] − [(1 − 𝜆)𝑐 + 𝜆𝑐 ̃] =  𝑓𝑆 + 𝜆(𝑐 − 𝑐 ̃)            (2) 17 

In equilibrium, the expected fitness of both behavioral strategies outside the firm are equal. Provided 18 

there exist at least one social learner outside the PO (something that happens if the PO is not too big), there 19 

exists a unique equilibrium in which the average fitness of society is greater than that of individual learners. 20 

The result is stated formally in the next proposition: 21 

Proposition 1. If λ is sufficiently small, the existence of the PO increases the average fitness of the population. 22 

The intuition behind this proposition is that the PO limits the negative externality of social learners. In 23 

the basic model, social learners reproduce and grow, lowering the average fitness of the population 𝑞 until the 24 

fitness decreases to the level of individual learners (1 − 𝐶). With the introduction of a PO of limited size, this 25 

expansion is put to a halt before all the benefits are diluted away (see panel A of figure 1).  26 
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A corollary of proposition 1 is that, inside the PO, there are only social learners (see panel D of figure 1 

1). Therefore, in our model the locus of innovation is outside POs. This is consistent with the common view 2 

that, over history, radical innovations –those that discover and apply the laws/state of nature (i.e., individual 3 

learning)– have tended to happen outside POs, for example, by inventors, entrepreneurs, and individual 4 

scientists. Recent evidence shows that this is also the case for modern firms:  most manufacturing firms, when 5 

introducing a “new to the world” product (i.e., a truly new product or technology), they source the invention 6 

from external and independent inventors, such as scientists, labs/inventors, small start-ups and users (Arora et 7 

al., 2018). Notice that POs may still thrive in generating incremental innovations that improve social learning 8 

and enhance the information being transmitted (e.g., marginally improving the technique for producing a tool); 9 

these incremental innovations can be substantive, enlarging the positive impact that POs can have on society. 10 

A less intuitive but no less important mechanism at play in our model is that the PO increases the share 11 

of individual learning outside the PO (panel C of figure 1). With a PO populated only by social learners, social 12 

learners outside the PO are now more liable to environmental change, decreasing their fitness and favoring 13 

individual learners. Therefore, as λ increases individual learners substitute social learners outside, and after a 14 

certain point, there are only individual learners outside. 15 

The existence of a PO decreases the average level of tuning in the population (panel B of figure 1). As 16 

the PO is populated only by social learners, they bear a relatively larger risk of environmental change, and thus, 17 

the share of tuned population inside the firm is less than outside the firm. This makes POs slow to adapt to 18 

environmental changes, a fact that is consistent with evidence on organizational rigidity in sociological and 19 

management research (Tripsas and Gavetti, 2000). 20 

Regarding the size of the PO, two effects take place when λ increases. On the one hand, social learners 21 

inside become relatively fitter, as the difference between inside and outside social learners is given by 𝜆(𝑐 −22 

𝑐 ̃) (see equation 2). On the other hand, the PO reduces the average tuning in society and therefore social learners 23 

become increasingly liable to environmental changes. Eventually, the second effect dominates, making the 24 

benefit of POs decrease with size (see panel B of figure 1). Therefore, there exist a value of 𝜆 that maximizes 25 

the fitness of the members of the PO (panel A of figure 1). This maximum will be attained endogenously 26 

if an additional assumption is made in our model. Observe that regardless of the size of the PO, people will 27 

always weakly prefer to belong to a PO. Therefore, to endogenize the size, it is sufficient to assume that new 28 
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members will be admitted (or expelled) as long as doing it increases the fitness of the members of the PO. This 1 

is not an implausible assumption, as guilds and partnerships across have historically maximized the same 2 

objective, namely, the average member’s benefit. In the online appendix, we further show that the optimal size 3 

of the PO from a point of view of the whole society is larger.  4 

We execute two extensions. First we show that, proposition 1 is robust to PO-biased social learning, 5 

that is, social learners inside the PO preferentially learn from members of the PO.  Second, we study secrecy as 6 

a particular case of biased social learning. We define a PO to be secret if social learners outside the PO cannot 7 

imitate members of the PO (see the online appendix).  We find that secrecy reduces the impact fitness of POs 8 

(panel D figure 2). The reason is that the substitution mechanism, that is, social learners outside are more 9 

outdated and thus are substituted by individual learners, no longer holds under secrecy. This suggest that 10 

secrecy, a frequent characteristic of real POs, must bring additional benefits in order to evolve, such as a lower 11 

cost 𝑐 ̃ (perhaps by galvanizing “us versus them” dynamics). 12 
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FIGURE 1. Equilibrium values of the model for different values of 𝜆.  1 
Notes: We use 𝐶=0.6, 𝑐=0.45, 𝑐 ̃=0.3, and 𝑝=0.1 to graph the closed form solutions of the model, using different values of 2 
𝜆. (A) Fitness inside and outside organization (we multiply fitness by 2.5 to obtain fitness equal or superior to 1). (B) 3 
Percentage of the population that has a technology tuned to the state. (C) Share of social and individual learners outside 4 
the organization. (D) Share of social and individual learners inside the organization. 5 
 6 

 7 
 8 
Comparative statics. The model provides interesting comparative statics, which are depicted in figure 2. Given 9 

that the fitness contribution of the PO comes from facilitating social learning, it is intuitive to find that increases 10 

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 11 

intuitively, we find that changes in the cost of social learning outside the PO (parameter c) do not translate into 12 

a monotonic change in the PO’s fitness; instead, a decrease in 𝑐 decreases fitness in small PO but increases it in 13 

a large PO (panel A of figure 2).  14 

Invasion of POs. To go from proposition 1 to invasion of POs across many societies, group selection is 15 

invoked (Henrich, 2015; Turchin, 2016). A society with the right PO mutant (exclusive and better at social 16 

learning) would be more adaptive, improving its resilience to environmental changes and its capacity to conquer 17 

new environments. Then, cultural group selection’s many processes –imitation from other societies, migration, 18 
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higher reproduction, warfare– would harness this adaptiveness, leading to further increases in the frequency of 1 

POs over time. We speculate that the original “right” POs could have been Neolithic sodalities, at the outset of 2 

sedentary human settlements (Lowie, 1948; Anderson, 1971) and the guild-like apprentice systems widely 3 

present in pre-Neolithic hunter-gatherer societies (Sterelny, 2012). Both were exclusive and focused on 4 

transmission of knowledge. 5 

FIGURE 2. Comparative statics.  6 
Notes: For the baseline case, we set values as in figure 1. (A) We set 𝑐=0.4. (B) We set 𝑐 ̃=0.35. (C) We set 𝑝=0.12. (D) In 7 
the red line, we make the PO secretive, that is, social learners outside cannot imitate members of the PO. In addition, in the 8 
green line, we reduce the value of social learning outside of the PO to 𝑐=0.4. 9 

 10 
 11 
Specialization. Suppose now there are M technologies which are assumed to be ex ante equally productive and 12 

that become less useful if nature changes with probability p. The strategies of social and individual learners now 13 

specify a superindex 𝑗 ∈ 𝐽 that denotes that an agent’s learning occurs in a particular technology 𝑗. Individual 14 

learners are uniformly distributed among activities and social learning occurs randomly but is restricted to the 15 

set of people that executed the same technology j in the previous period. A natural way in which this “clustering” 16 

of agents around technologies might occur in real societies is that subsets of social learners follow and group 17 
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close to specific individual learners, and that the resulting groupings are distant, either spatially or socially (e.g., 1 

via clans or casts). The cost of individual and social learning and the fitness functions are the same as the case 2 

of one technology.  3 

The results of this model are straightforward and mirror the case with only one technology. Social 4 

learners are selected into the population, but the overall fitness of the society does not increase. Given our 5 

assumptions, individual and social learners will be distributed evenly across technologies. (This would change 6 

trivially if individual learners are not distributed uniformly.) The total share of social learners will decrease with 7 

c and p.  8 

We now allow for the existence of one PO of size λ. A social learner with technology j will now bear a 9 

cost 𝑐 ̃ when imitating agents on technology j whom are sharing the PO, and cost c (larger than 𝑐 ̃) when learning 10 

from agents with technology j located outside the PO. As before, the PO generates advantages in social learning. 11 

To show our main result, define 𝑥𝑗 = 𝑟𝑆
𝑗

+ 𝑟𝐼
𝑗
 the share of agents that execute activity j outside the PO 12 

and equivalently define 𝑥 ̃𝑗 = 𝑟 ̃𝑆
𝑗

+ 𝑟 ̃𝐼
𝑗
 the share of people inside the PO that executes activity j. The fitness of 13 

a social learner outside the PO is given by            14 

𝑓𝑆
𝑗

= (1 − 𝑝) [
𝜆 𝑥 ̃𝑗

𝜆 𝑥 ̃𝑗 + (1 − 𝜆)𝑥𝑗
 �̃�𝑗𝑒

+ 
(1 − 𝜆)𝑥𝑗

𝜆 𝑥 ̃𝑗 + (1 − 𝜆)𝑥𝑗
 𝑞𝑗𝑒

] − 𝑐                                 (3) 15 

The fitness of social learners inside the PO can be written as follows: 16 

𝑓 ̃𝑆
𝑗

= 𝑓𝑆
𝑗

+ (𝑐 − 𝑐 ̃)
𝜆 𝑥 ̃𝑗

𝜆 𝑥 ̃𝑗 + (1 − 𝜆)𝑥𝑗
                                                            (4) 17 

The fitness advantage of social learners within the PO is increasing in the share of members in the PO 18 

that execute the same activity. Therefore, the evolutionary dynamics will drive social learners inside the PO to 19 

specialize in the same activity. This is stated formally in the next proposition: 20 

Proposition 2. Given a sufficiently small λ, the PO specializes in a specific technology. 21 

The intuition for this result is that people that can learn from each other in a cheaper and more effective 22 

way will slowly tend to group together. The PO provides the conditions for more effective learning and therefore 23 

they group in there.  24 

We also show that if there are multiple PO’s society benefits from their presence and that each PO will 25 

specialize in a specific technology.  26 
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These results suggest that specialization within POs, a trait observed from their earliest historical 1 

account (Apel, 2008; Coto-Sarmiento et al, 2018; Sterelny, 2012), evolved because it favored the capacity of 2 

POs to benefit society via improvements in social learning. Our theory does not rely on trade and comparative 3 

advantage between units –countries, cities or organizations– as the driving force of specialization of these units 4 

(Ricardo, 1817). Nor does specialization becomes constrained by the extent of the market (Smith, 1776). Even 5 

in small societies with no trade and comparative advantage (i.e., all agents bear the same opportunity cost of 6 

doing any technology, or in our model, homogeneous costs 𝑐 ̃, c and C), specialization will evolve within POs. 7 

2.2 Empirical analysis 8 

We execute five empirical exercises that, together, provide suggestive evidence that POs played an important 9 

role in making social learning adaptive as our theory predicts. Our empirical analysis is a “proof of concept”, 10 

that is, as a way to verify that the theory we propose can be empirically productive and that having a clear-cut 11 

evolutionary theory of POs can facilitate the empirical search for its origins. 12 

Baseline analysis 13 

To test the predictions of the model, we use the Ethnographic Atlas (EA) (Murdock, 1967) and the Standard 14 

Cross Cultural Sample (SCCS) provided by the D-Place dataset (Kirby et al., 2016) (see methods section for 15 

details on the data). The EA provides information about eleven productive activities (or technologies) in the 16 

society (e.g., metal working, pottery making). The dataset identifies whether each activity was present in the 17 

society and, if so, whether it was “normally performed by many or most adult men, women, or both” or was 18 

“largely performed by a small minority who possess specialized skills”. We identify the second condition as the 19 

addition of a PO to the execution of a specific activity. We measure PO in this way because the type of ‘small 20 

minority’ covered by the EA fit the requirements of our theoretical model (see Methods section for a discussion 21 

of this fit). 22 

We computed two variables: the percentage of activities that are present in the society (“% presence”) 23 

and the percentage of those activities that are executed within a PO (“% within PO”) (see Methods section for 24 

details of variable measurement). In the dataset, there is missing information about the activities due, for 25 

example, to the fact that the ethnography did not study one or more productive activities. Only 263 societies 26 

had complete information about the eleven activities. We added several control variables (see the methods 27 
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section) which brought the number of societies included in the analysis to 173. In the online supplementary 1 

information we provide detail on the geographical distribution and descriptive statistics of the final sample.  2 

To test the impact of the presence of activities and PO on the fitness of the individuals in society i, we 3 

use the following econometric model: 4 

Populationi = b1 + b2 x %Presencei + b3 x %Presencei x %withinPOi + Controlsi + Errori 5 

Population as a dependent variable captures the standard notion of fitness as reproductive success. It 6 

also captures the fact that in pre-modern Malthusian economies, progress translated into increases in population 7 

and not per-capita wealth (De La Croix et al., 2017). We proxy population by using the “size of local 8 

communities”, which is a categorical variable with 8 categories (see Methods section). In the panels A, B and 9 

C of figure 3, we plot the unconstrained relationships between “size of local communities”, “% presence” and 10 

“% within PO”.  11 

The ordered probit estimates are presented in table 1. Assuming that there are no POs, the results 12 

presented in column 1 of table 1 show that moving from 0% to 100% presence of activities does not generate 13 

an increase in the local population. This is depicted by the blue line with circle markers in panel D of figure 3. 14 

The presence of a wider set of activities in most of the adult population does not translate to a larger population. 15 

Although this result might seem surprising, it is consistent with Rogers' paradox, in the sense that culture does 16 

not necessarily leads to increased fitness. However, consistent with proposition 1 of the model, in column 2 we 17 

find that activities do increase the local population when POs are present in the society. This increase is 18 

economically and statistically significant and is depicted by the red line in the panel D of figure 3. 19 

 20 
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TABLE 1. Impact of presence of technologies and PO on the size of local population 1 

 Dependent variable:  

Size of local population 

 1 2 

% presence 1.137  

(0.818) 

0.016  

(0.846) 

% presence x % within PO  4.298***  

(1.278) 

% within PO   

Geographic controls? Yes Yes 

Resource endowment controls? Yes Yes 

Year of ethnography? Yes Yes 

Agriculture intensity dummies? Yes Yes 

Continent dummies? Yes Yes 

Type of settlement dummies? Yes Yes 

Observations 173 173 

Pseudo R Square 0.329 0.352 

We execute ordered probit regressions. The dependent variable is the size of local population. 

Robust standard errors are used in all regressions and are reported in parentheses. *** 

indicates p-value<0.01 on a two-side t-test.  

 2 
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FIGURE 3. The impact of the presence of activities and POs on the size of local population.  1 
The figures use the sample used in table 1. (A / B / C) Scatter plots in which the sizes of the bubbles represent the frequency 2 
of societies. (D) Here, we plot in the second column of results in table 1. We evaluate how much the probability of each 3 
one of the eight size categories changes if the presence of activities increases from 0 to 1. We present the average of the 4 
marginal effects. To explore how this impact varies with POs, we set the variable "% within PO" equal to zero (blue line) 5 
and equal to 0.5 (red line). 6 

 7 
Endogeneity 8 

The first threat to identification of causality is omitted variables. We executed a test that uses selection on 9 

observables to assess the extent to which selection on unobservables would need to be in order to overthrow the 10 

results (Oster, 2016). Following the pre-established criteria (Oster, 2016), the test indicates a low threat of 11 

omitted variables (see supplementary information for details).  12 

The second threat to identification is reverse causality. This threat can be present both in the presence 13 

of activities and in the use of POs. To counter these two threats we use an instrumental variable technique. In 14 

the supplementary information we detail our instruments, their theoretical logic and the empirical results. We 15 

find that the results of table 1 do not change if we use these instrumental variable technique; if any, results 16 

marginally increase in size.  17 

Comparative statics 18 
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The EA, the SCCS and Kirby et al (2016) provide several variables to explore empirically the comparative 1 

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

social learning costs, and two that proxy for secrecy. We find supporting evidence across all them for our 3 

predicted comparative statics (see the supplementary information for details). Here we highlight one variable: 4 

uncertainty. To proxy for p, we use the measure provided by the D-PLACE dataset (Kirby et al, 2016) of year-5 

to-year climate unpredictability between 1901 and 1950, the period that has the largest proportion of 6 

ethnographies in the EA. Consistent with our model, we find that the impact of POs on population decreases 7 

when climate unpredictability is high.  8 

Robustness 9 

In the supplementary information we execute the following robustness checks: i) we use alternative dependent 10 

variables such as “population density” or “total population”, ii) we add additional controls that account for the 11 

two alternative explanations for our findings, namely, the presence in trade in societies drives the emergence of 12 

specialization and POs are the product of political complexity (i.e., complex chiefdoms), iii) we are less 13 

restrictive regarding the number of societies included in the analysis, increasing observations well above the 14 

baseline sample of 173. Across all of these checks, the results of table 1 remained unchanged.  15 

Out of sample test on the persistence of tradition 16 

The final empirical test we execute is drawn from Giuliano and Nunn (2019). These authors test an important 17 

implication of the workhorse cultural evolution model we use: the use of social learning, and therefore the 18 

reliance on tradition, decreases with environmental uncertainty. To test this idea, Giuliano and Nunn proxy 19 

uncertainty with the intergenerational temperature variability that was in place in the regions of the country's 20 

ancestors between 500 and 1900, and find that the reliance on tradition in today’s population increases 21 

(decreases) if the ancestors lived in a stable (variable) environment. We perform the same test but relying instead 22 

on the extent of use of POs in the pre-modern societies of the Ethnographic Atlas. Our model predicts that the 23 

introduction of POs, especially if they had some level of secrecy, leads to higher use of social learning in the 24 

population, and therefore a higher use of tradition. We analyze data on female labor participation and polygamy 25 

and find consistent evidence: the reliance on tradition in these two domains is higher in countries with ancestors 26 

that had a higher penetration of POs. 27 
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3 Discussion 1 

In this article, we have developed a theory that explains the evolution of productive organizations (POs). We 2 

used a cultural evolution model to show that improvements in social learning within POs can favor the hard-to-3 

propel process of cumulative culture. If access to POs is restricted, as is typical across history, then this 4 

advantage in knowledge transmission leads to higher fitness of societies and therefore to the gradual selection 5 

and invasion of POs. Specialization of POs emerges naturally in our theory, as it maximizes the social learning 6 

the benefits of POs. The theory applies straightforwardly to pre-modern POs, such as guilds, and other long-7 

standing POs, such as partnerships; as a descendant of these older POs, our theory also informs the origin of 8 

modern firms. 9 

Theoretically, we show that social learning can be beneficial to society even if it does not generate a 10 

positive externality on individual learning’s fitness (cf., Boyd and Richerson, 1995). Our model can 11 

parsimoniously rationalize several enduring characteristics of POs: restriction of access; easier social learning 12 

within than between organizations; social learning (or, tradition) is dominant inside POs while individual 13 

learning (or, innovation) is dominant outside POs; specialization of POs; and the inertia and low adaptive 14 

capacity of POs. Our theory can provide clues for necessary historical, cultural-phylogenetic and archeological 15 

work to proceed (e.g., Gray and Watts, 2017; Turchin, 2016; Giuliano and Nunn, 2019; Dari et al., 2017; North, 16 

1991; Coto-Sarmiento et al., 2018). We began doing this ourselves: we successfully test our theory using data 17 

from the EA (Murdock, 1967). 18 

As with any trait that has been selected in a population, a full explanation of the nature of POs requires 19 

adding an evolutionary perspective to the mix. We need to consider not only the mechanisms that explain the 20 

inner workings and immediate benefits of POs, such as protection from transaction hazards, but also the 21 

evolutionary motive for why they increased in frequency in the first place. As research in biology shows, these 22 

two types of explanations are necessary and complementary to fully understand traits of populations (Bateson 23 

and Laland, 2013). As a first step in this direction, we hope that this paper stimulates further research regarding 24 

the evolutionary foundation of POs and other institutions. 25 

4 Methods 26 

Data  27 
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The EA describes cultural practices for 1291 pre-modern societies, ranging from societies with complex 1 

agricultural economies and political systems to small hunter-gatherer groups. The societies are globally 2 

distributed, with especially good coverage of Africa and western North America. The SCCS is a subsample of 3 

the EA where additional information about societies is provided. We use the SCCS to measure several variables 4 

that are needed to test the predictions of the model. These datasets were created by coding the available 5 

information about societies that is present in the extensive ethnographic accounts in the anthropology literature. 6 

Fit of EA with our theoretical model 7 

Our model requires that PO possess three characteristics in order to benefit society: improved social learning, 8 

small size and exclusivity. In the discussion that follows, the improved social learning of the minorities of EA 9 

become evident; therefore, we don't expand on it. Regarding small size, the very definition in the EA specifies 10 

a “small minority”. Exclusivity requires more care to be mapped to the EA. The minorities in the EA can be of 11 

four types: senior age specialization (i.e., only men or women beyond the prime of their life), junior age 12 

specialization (i.e., only boys or girls before the age of puberty), craft specialization (which includes 13 

occupational castes where the rights to execute certain activity were inherited), and industrial specialization 14 

(i.e., specialization is removed from age or craft specialization and is executed using industrialized techniques). 15 

Aggregating across activities, craft specialization covers roughly 85 percent of the societies that have a minority 16 

executing the activity, industrial specialization accounts for eight percent (aprox.) and senior/junior 17 

specialization split the rest. Industrial specialization and senior/junior specialization comply with the exclusivity 18 

criteria. In the former, exclusivity is predicated on employment, and in the latter, it is defined by age. To 19 

understand exclusivity in craft specialization, we randomly sampled twenty societies from the EA and read their 20 

original ethnographic accounts. Roughly, we could identify three types of craft specialization. The first one, and 21 

the most common type, are organizations that could be described as “proto-guilds”. These organization were 22 

similar to medieval guilds, they had experts, sometimes called “masters”, and apprentices, which would come 23 

together regularly --or seasonally, for example in fishing at high latitudes-- in order to exchange work for 24 

teaching and to learn from each other. Apprentices typically needed to prove their capacity in order to fully 25 

access the community of experts, so access was not freely granted. Being a master often carried prestige in the 26 

society. Not unfrequently, the right to execute a particular craft/activity was hereditary (e.g., fishing in the 27 

Chekiang society in China), generating occupational castes (or a specialized clan). However, even with heredity, 28 
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skill was also a pre-requisite to enter the “proto-guild”. Therefore, heredity boosted exclusivity. The second 1 

type of craft specialization were “workshops”. These were small and scattered production units, where one or 2 

more skillful specialists, with the help of a handful of workers, would serve the needs of a portion of the society, 3 

typically the local town or region (for example, metalworking in the Riffian culture in Northern Africa). The 4 

third type of craft specialization is the “attached specialists” where skilled craftsmen were appointed and funded 5 

by the rulers of the society (e.g., metalworking in the Inca Empire). Either by the selection of workers or their 6 

funding, the second and third types of craft specialization also seem to ensure exclusivity. All considered, even 7 

though there is heterogeneity in the “craft specialization” of the EA, the basic idea exclusivity in these 8 

organizations seems to hold ground. 9 

Variable measurement 10 

The variable “% presence” is computed as the division of the count of activities that were present in the society 11 

over the count of activities for which we had available information. If the ethnographic atlas indicates “missing 12 

data”, then we would not consider that activity in the denominator. If the ethnographic atlas indicates “the 13 

activity is absent or unimportant in the particular society”, then would not consider that activity in the count. 14 

The difference between these is that in the former, the original ethnography did not provide any indication 15 

regarding the activity.  16 

The variable “% within PO” is computed as the division of the count of activities “largely performed by a small 17 

minority who possess specialized skills” over the count of activities that were present in the society. The 18 

relationship between “% presence” and “% within PO” is positive, with a correlation coefficient of 0.4.  19 

The dependent variable "size of local communities" is a categorical variable with 8 categories. The categories 20 

are: 1 is “less than 50 people” 2 is “from 50 to 99 persons”, 3 is “from 100 to 199 persons”, 4 is “from 200 to 21 

399 persons”, 5 is “from 400 to 1,000 persons”, 6 is “more than 1,000 in the absence of indigenous urban 22 

aggregations”, 7 is “one or more indigenous towns of more than 5,000 inhabitants but none more than 50,000”, 23 

and 8 is “one or more indigenous towns with more than 50,000 inhabitants”. 24 

As controls, we added geographical variables (e.g., absolute latitude), resource endowment variables (e.g., 25 

mammal richness), intensity of agriculture dummies (e.g., semi-intensive), region dummies, type of settlement 26 

dummies (e.g., nomadic) and year of the ethnographic record. See the supplementary information for details on 27 

these variables. 28 
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Data availability. The data used in this paper is publicly at https://d-place.org/. The code used to analyze the 1 

data is available from authors upon request. 2 
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Proof that there exists a unique ESS (𝒓𝑰 , 𝒓𝑺) and in that equilibrium, 𝒇𝑺 = (𝟏 − 𝑪).  1 

The proof has two parts: we first show that there exists a unique Nash equilibrium; moreover, in this equilibrium, 2 
𝑓𝐼 = (1 − 𝐶). In the second part, we show that this equilibrium constitutes an ESS. There cannot exist other 3 
ESSs because the ESS is a refinement of the Nash equilibrium. 4 

Lemma 1: In any Nash equilibrium, both strategies are played. 5 

Proof. Suppose not and remember that 𝑓𝐼 = (1 − 𝐶). If 𝑟𝐼 = 0, then 𝑓𝑆 =  −𝑐 <  𝑓𝑆 = 1 − 𝐶. So 𝑟𝐼 must be 6 

positive in any equilibrium. If 𝑟𝐼 = 1, then 𝑓𝐼 = (1 − 𝑝) − 𝑐. In order for 𝑓𝑆 to be greater than 𝑓𝐼 = (1 − 𝐶), 7 

it is necessary that (𝐶 − 𝑐) > 𝑝. Since this condition will always be met according to assumption 1, then 𝑟𝐼 can 8 

never be one because deviating to 𝑟𝑆 would be profitable. ■ 9 

Lemma 2: There is a unique Nash equilibrium (𝑟𝐼
∗, 𝑟𝑆

∗). 10 

Proof. By lemma 1, in equilibrium, we must have 𝑓𝐼 = 𝑓𝑆, but 𝑓𝐼 is constant in 𝑟𝐼, and 𝑓𝑆 is increasing in 𝑟𝐼. 11 

Therefore, there exists a unique 𝑟𝐼 compatible with 𝑓𝐼 = 𝑓𝑆, and thus, the equilibrium is unique. ■ 12 

Lemma 3: The strategies played in the Nash equilibrium (𝑟𝐼
∗, 𝑟𝑆

∗) are ESSs. 13 

Proof. Suppose that a population of size 𝛿 < 1 with a share of individual learners 𝑟𝐼 ≠ 𝑟𝐼
∗ invades. 1) If 𝑟𝐼 is 14 

greater than 𝑟𝐼
∗, then the resulting share of individual learners would be 𝑟�̃� = (1/(1 + 𝛿))(𝑟𝐼

∗ + 𝛿𝑟𝐼 ) > 𝑟𝐼
∗. This 15 

result implies that in the new equilibrium the fitness of social learners is 𝑓�̃� > 1 − 𝐶, because the fitness of 16 
social learners is increasing in the share of individual learners. The average fitness of the invading population 17 

would be 1 − 𝐶 + (1 − 𝑟𝐼)(𝑓𝑆 − (1 − 𝐶)), while the average fitness of the existing population would be 1 −18 

𝐶 + (1 − 𝑟𝐼
∗)(𝑓𝑆 − (1 − 𝐶)), which is strictly greater because 𝑟𝐼 > 𝑟𝐼

∗. 2) If 𝑟𝐼
∗ is greater than 𝑟𝐼, then the 19 

resulting share of individual learners would be 𝑟�̃� = (1/(1 + 𝛿))(𝑟𝐼
∗ + 𝛿𝑟𝐼) < 𝑟𝐼

∗. This result implies that in the 20 

new equilibrium, the fitness of social learners is 𝑓�̃� < (1 − 𝐶) because the fitness of social learners is increasing 21 

in the share of individual learners. The average fitness of the invading population would be 1 − 𝐶 − (1 −22 

𝑟𝐼)((1 − 𝐶) − 𝑓�̃� ), while the average fitness of the existing population would be 1 − 𝐶 − (1 − 𝑟𝐼
∗)((1 − 𝐶) −23 

𝑓�̃� ), which is strictly less because 𝑟𝐼<𝑟𝐼
∗}. ■ 24 

Because every set of ESSs is Nash, we know there exists a unique set of ESSs for this game. QED 25 

 26 

Proof of Proposition 1. The structure of the proof is identical to the previous one, including a PO of size λ, for 27 
a sufficiently small λ. 28 

Lemma 4: In any Nash equilibrium, both strategies are played outside the PO if  λ is sufficiently small.. 29 

Proof. Suppose not and remember that 𝑓𝐼 = (1 − 𝐶). If 𝑟𝐼 = 0, then 𝑓𝑆 = 𝜆𝑞 ̃ − 𝑐 < 𝑓𝐼 = 1 − 𝐶 if λ is 30 

sufficiently small.  So, 𝑟𝐼 must be positive in any equilibrium. If 𝑟𝐼 = 1, then 𝑓𝑆 = 𝜆(𝑞 − 𝑐) + (1 − 𝜆)(1 −31 

𝑐)(1 − 𝑝). In order for 𝑓𝑆 to be greater than 𝑓𝐼 = (1 − 𝐶) for every 𝜆 > 0, it is necessary that (𝐶 − 𝑐) > 𝑝 −32 

𝑝𝑐. Since this condition will always be met according to assumption 1, 𝑟𝐼 can never be one because deviating 33 

to 𝑟𝑆 would be profitable. ■ 34 

Lemma 5: There is a unique Nash equilibrium (𝑟𝐼
∗, 𝑟𝑆

∗) outside the PO. 35 

Proof. By lemma 1, in equilibrium, we must have 𝑓𝐼 = 𝑓𝑆, but 𝑓𝐼 is constant in 𝑟𝐼 and 𝑓𝑆 is increasing in 𝑟𝐼; 36 

therefore, there exists a unique 𝑟𝐼 compatible with 𝑓𝐼 = 𝑓𝑆, and thus, the equilibrium is unique. ■ 37 

Lemma 6: Inside the PO, all agents play "social learning". 38 
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Proof. The fitness of individual learning is 𝑓�̃� = 1 − 𝐶, and the fitness of social learning inside the PO is given 1 

by 𝑓�̃� =  𝑓𝑆 + 𝜆(𝑐 − 𝑐 ̃) = 𝑓𝐼 + 𝜆(𝑐 − 𝑐 ̃) (see equation 2 in the main body). Because 𝑓�̃� < 𝑓�̃�, only social 2 
learning is played inside the firm. ■ 3 

Lemma 7: The strategies played in the Nash equilibrium (𝑟𝐼
∗, 𝑟𝑆

∗, 𝑟�̃� = 1) are ESSs. 4 

Proof. Suppose a population of size 𝛿 < 1 invades. 1) If the invasion is outside the PO, the proof is analogous 5 

to that of lemma 3 of the previous proof and therefore omitted. If the invasion is inside the PO and 𝑟𝐼 ≠ 0, 6 

observe that average fitness of invading population is 𝑟𝐼(1 − 𝐶) + (1 − 𝑟𝐼)𝑓𝑆 < 𝑓𝑆, and thus, it has lower fitness 7 
than the population inside the PO. ■ 8 

Because every set of ESSs are Nash, we know there exists a unique set of ESSs for this game. QED 9 

 10 

Proof that the size of the PO that maximizes society fitness is higher than the size that maximizes fitness 11 
of the average member of the PO.  12 

Proof. Let 𝑓 ̃(𝜆) be the fitness of agents inside the PO. At the level that maximizes fitness, it must be that 13 

𝑓 ̃′(𝜆) = 0. The overall fitness of the population is given by (1 − 𝐶)(1 − 𝜆) + 𝜆 𝑓 ̃(𝜆); therefore, the derivative 14 

with respect to the size λ is −(1 − 𝐶) + 𝑓 ̃′(𝜆) which at the point that maximizes member's fitness is negative. 15 

By lemma 6 we know that 𝑓 ̃(𝜆) = (1 − 𝐶) + 𝜆(𝑐 − 𝑐 ̃) and 𝑓 ̃′(𝜆) > 0. Therefore, the society will benefit from 16 
increasing the size of the PO further.  QED 17 
 18 

Proof of that proposition 1 is robust to biased PO learning. 19 

   To show this suppose that members inside the PO learn from other members inside the PO with a larger 20 
probability that members outside. In particular suppose that if the PO is of size 𝜆 PO members learn from other 21 

members with probability for any positive value of µ. In this case the fitness of a PO member will be 22 

𝑓�̃� = (1 − 𝑝)[(1 − 𝜆(1 + µ)) ∙ 𝑞𝑒 + 𝜆(1 + µ) ∙  �̃�𝑒] − [(1 − 𝜆(1 + µ))𝑐 + 𝜆(1 + µ)𝑐 ̃] 23 

= 𝑓𝑆 + 𝜆(1 + µ)(𝑐 − 𝑐 ̃) + 𝜆µ(1 − 𝑝)( �̃�𝑒 − 𝑞𝑒) 24 

The argument here is not straightforward because in this case it is the case that �̃�𝑒 < 𝑞𝑒 and the 25 

advantage of social learners in PO´s is not inmediate. However it is easy to check that as 𝜆 goes to zero, 26 

( �̃�𝑒 − 𝑞𝑒) also goes to zero, therefore there exists a 𝜆 suffieciently small so that 𝑓�̃� > 𝑓𝑠 and proposition 1 27 

holds. Observe that the more biased is learning, the smaller PO´s may need to be in order to be 28 
productive for society. 29 

Proof of that secrecy reduces the fitness of PO’s 30 

Secrecy means that social learners outside the PO cannot imitate members of the PO. Consequently, outside the 31 
PO, we are back to the original case without a PO, in which the fitness of social learners outside the PO is 32 

   𝑓𝑆 = (1 − 𝑝)𝑞𝑒 − 𝑐 ,                                                          (3) 33 

independent of the size of the PO. The fitness of social learners inside the PO is as before, given by 34 

𝑓�̃� = (1 − 𝑝)[(1 − 𝜆) ∙ 𝑞𝑒 + 𝜆 ∙  �̃�𝑒] − [(1 − 𝜆)𝑐 + 𝜆𝑐 ̃].                        (4) 35 

In this case, it is not straightforward whether 𝑓𝑆 or 𝑓�̃�  is higher. 36 

To prove that proposition 1 is robust to secrecy, consider two societies with a productive organization of size λ, 37 
and assume that society a has secrecy and society b does not. Inside the PO (both with and without secrecy), all 38 
agents are social learners, and therefore, in either case, their fitness is given by 39 
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𝑓 ̃𝑆
𝑖 = [1 − 𝜆][(1 − 𝑝)𝑞𝑖 − 𝑐] + 𝜆[(1 − 𝑝)𝑞 ̃𝑖 − 𝑐 ̃]           (8) 1 

The recursive equations that determine the stock of knowledge inside the firm in the steady state is the same 2 
regardless of whether there is secrecy and is determined by 3 

𝑞 ̃𝑖(𝑡) = [𝜆𝑞 ̃𝑖(𝑡 − 1) + (1 − 𝜆)𝑞𝑖(𝑡 − 1)](1 − 𝑝)              (9) 4 

From equations (8) and (9), it is clear that fitness in the firm is strictly increasing in the stock of knowledge 5 
outside the firm. Therefore, to show that secrecy is detrimental to the firm's fitness, we only need to show that 6 

secrecy is detrimental to the stock of knowledge outside the firm (i.e., that 𝑞𝑎 > 𝑞𝑏. 7 

To show this, it is useful to define the function 𝑞 ̃𝑖(𝑞𝑖), which is the stock of knowledge inside the firm, a 8 

function increasing in the stock of knowledge outside the firm, where 𝑞 ̃𝑖(𝑞𝑖) <  𝑞𝑖. 9 

We know that  10 

 𝑓𝑆
𝑎 = (1 − 𝑝)𝑞𝑎 − 𝑐 = 1 − 𝐶 11 

 𝑓𝑆
𝑏 = (1 − 𝜆)(1 − 𝑝)𝑞𝑏 + 𝜆(1 − 𝑝)𝑞 ̃𝑏(𝑞𝑏) − 𝑐 = 1 − 𝐶 12 

    In contrast, suppose that q(a)≥q(b); then,  13 

 1 − 𝐶 = (1 − 𝑝)𝑞𝑎 − 𝑐 > (1 − 𝜆)(1 − 𝑝)𝑞𝑏 + 𝜆(1 − 𝑝)𝑞 ̃𝑏(𝑞𝑏) − 𝑐 = 1 − 𝐶 14 

    is a contradiction. Therefore, it must be that 𝑞(𝑏) > 𝑞(𝑎). QED 15 

 16 

Proof of Proposition 2. Observe that the fitness of a social learner that specializes in technology j can be 17 
expressed as  18 

 19 

𝑓𝑆
𝑗

= 𝑓𝑆
𝑗

+ (𝑐 − 𝑐 ̃)
𝜆 �̃�𝑗

𝜆 �̃�𝑗 + (1 − 𝜆)𝑥𝑗
 20 

Remember that in equilibrium, 𝑓𝑆
𝑗
 and 𝑥𝑗 must be constant across J outside the productive organization. It is 21 

straightforward to check that there are two Nash equilibria inside the PO. 1) Either �̃�𝑗 is the same for every j in 22 

J, in which case 𝑓𝑆
𝑗
 is constant in j, or 2) there is full specialization, and 𝑥𝑗 = 1 for 𝑗 = 𝑗∗ and 0 otherwise.  23 

Observe now that the first equilibrium is not ESS because if a small population of size δ that specializes in one 24 
activity j invades the PO, then the fitness of the invading population becomes 25 

  26 

𝑓𝑆
𝑗 ̃

= 𝑓𝑆
𝑗

+ (𝑐 − 𝑐 ̃) ⋅ (
𝜆 �̃�𝑗 + 𝛿

𝜆 𝑥 ̃𝑗 + (1 − 𝜆)𝑥𝑗 + 𝛿
) 27 

The average fitness of the average population is 28 

  29 

𝐸𝑗∈𝐽(𝑓𝑆
𝑗
) = 𝑓𝑆

𝑗
+ (𝑐 − 𝑐 ̃) ⋅ [

𝐽 − 1

𝐽
] [(

𝜆 �̃�𝑗

𝜆 �̃�𝑗 + (1 − 𝜆)𝑥𝑗 + 𝛿
)] + [(

1

𝐽
)] 𝑓𝑆

�̃�
 < 𝑓𝑆

�̃�
 30 

To see that a specialized Nash is ESS, notice that in a specialized equilibrium, the fitness inside the PO is given 31 
by 32 

  33 
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𝑓𝑆
𝑗∗

= 𝑓𝑆
𝑗∗

+ (𝑐 − 𝑐 ̃) ⋅ (
𝜆

𝜆 + (1 − 𝜆)𝑥𝑗
) 1 

Observe that an invasion of size δ by any other technology will obtain a fitness of 2 

  3 

𝑓𝑆
�̃�

= 𝑓𝑆
𝑗

+ (𝑐 − 𝑐 ̃) ⋅ (
𝛿

𝜆 + (1 − 𝜆)𝑥𝑗 + 𝛿
) 4 

which converges to 𝑓𝑆
𝑗

< 𝑓𝑆
�̃�
 as δ approaches 0, and therefore, the invading population obtains a lower fitness 5 

level. QED 6 

 7 

Proposition 2 can be extended to include multiple PO’s in the society. Suppose there are N PO’s, each of size  8 
𝜆. If the product N 𝜆  if sufficiently small, then the equilibrium outside the PO’s have both individual and social 9 
learners of every technology by the same argument as proposition 1.  Then the argument presented in proposition 10 
2 holds for every PO, and therefore all of them must be specialized, obtaining a fitness larger than the fitness of 11 
agents outside PO’s.  12 

2. Details of the empirical analysis 13 

Descriptive statistics 14 

In figure S1 we map the 173 societies used in table 1. In table S1 to S5 we provide several descriptive statistics 15 

of this sample. 16 

Endogeneity  17 

Regarding omitted variable bias, in table S6 we replicate column 2 of table 1 and columns 2, 5, and 8 of table 18 

S10 (in this table we use alternative dependent variables; see section “Robustness checks” below). Assuming a 19 

maximum R-square 0.95 --there is an inherent measurement error of ethnographic data-- the “delta” is on 20 

average 0.97. This means that selection on unobservables would need to be at least 0.97 times the selection on 21 

observables in order to overthrow our results. A delta of 1 suggest a low threat of omitted variables, particularly 22 

if a comprehensive set of controls is used (Oster, 2016).  23 

Regarding reverse causality, this threat can be present both in the presence of activities and in the use 24 

of POs. We analyze each one in turn. 25 

An important proposition of cultural evolution is that a larger and more interconnected population 26 

would generate more cumulative culture (Henrich, 2015). In our case, this would translate into a higher presence 27 

of activities in the society, which could be channeled through the interaction with POs. This could generate an 28 

upwards bias in our baseline estimation of the impact of POs. To address this issue, we instrumented “% of 29 

presence” using two variables: “sex differentiation” (which we detail in section 4.3.2) and the index of “kinship 30 
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tightness” developed by Enke (2019). For the first instrument, there is evidence that the presence of activities 1 

coevolved with sex differentiation in premodern societies (Haun and Over, 2013). For example, men specialize 2 

in large game hunting, while women specialize in gathering. Sex differentiation might affect population size if 3 

it affects fertility. We contend that conditional on the total amount of activity executed by women, and therefore 4 

controlling for the time restriction that differentiation might place on female fertility, the exclusion restriction 5 

should hold. 6 

Kinship systems regulate the pattern of relatedness in society through family structure (e.g., independent 7 

nuclear families vs. extended families), marriage patterns (e.g., cousin marriage allowed vs. forbidden), and 8 

descent (e.g., unilineal vs bilateral descent group). Kinship tightness is a key variable affecting social 9 

organization of a society (Enke, 2019). Tight kinship generates high in-group bias, less cooperation with 10 

outsiders, strong conformism, and local institutions. The opposite occurs with loose kinship, with the 11 

consequence of being much more open to external groups. We argue that kinship tightness affects positively the 12 

presence of activities in society. A society with loose kinship, and therefore more “open”, would be more 13 

inclined to source part of the basic activities from neighbors; in contrast, a society with tight kinship, and 14 

therefore more “closed”, would have no alternative but to source some of the basic activities internally. The 15 

exclusion restriction for “kinship tightness” is sustained on the documented ancestral origins of kinship systems: 16 

its origin can be traced to the societies from which the focal society descends from (Passmore and Jordan, 2017). 17 

Thus, exogeneity is plausible, particularly when controlling for agriculture intensity and settlement type2. 18 

Further there are no a priori reasons relating kinship tightness to larger or smaller populations through changes 19 

in fertility, the main channel that kinship might affects3. 20 

In the table S7 on the online appendix, we present the instrumental variables estimations. We find that 21 

both sex differentiation and kinship tightness are positively and significantly related to the presence of 22 

technologies in the first stage, and that they are not weak. The Hansen-test indicate that the instruments are 23 

exogenous, in line with the theoretical arguments laid out above. In the second stage, the results do not change 24 

from those of the table 1: the presence of technologies increases the local community size, but only when PO 25 

                                                           
2 There is evidence that kinship tightness evolved to match the needs of agricultural subsistence, away from nomadism (see 

Enke, 2019). 
3 For example, the polygamy-fertility literature is not at all conclusive. Accordingly, and consistently with Enke (2019), 

we do not find a relationship between kinship tightness and population in our data, conditional on covariates. 
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are in place. The IV estimation is robust is we use total population of the society as the dependent variable (see 1 

section “Robustness checks” below). 2 

Reverse causality could also affect the variable "% within PO". If there is a minimum size for POs 3 

and/or specialization is favored by the extent of the market, large populations might make it easier to have POs. 4 

We address this issue by instrumenting the presence of POs following the idea of Depetris-Chauvin and Ozak 5 

(2017)4. These authors explore the extent to which genetic diversity in the population of the societies in the 6 

ethnographic atlas is related to the presence of POs. The argument is that a genetically diverse population has 7 

many different skills in place, which would lead to the creation of different specialized groups. These authors 8 

instrument genetic diversity using the distance of the society from East Africa (specifically, modern day 9 

Ethiopia), which is the origin of the spread of the human species out of Africa (starting approximately 80,000 10 

years ago). As the distance from Africa increases, the diversity within a society goes down, a phenomena known 11 

as serial founder effect (Ramachandran et al., 2005). The authors find substantial evidence in favor of their 12 

arguments: distance reduces genetic diversity, which in turn decreases the presence of POs. 13 

In table S8, we follow these authors and use "Distance from Africa" as an instrument for "% within 14 

PO". We measure the distance from Addis Adaba in east Africa to the focal society; for societies in America, 15 

we calculate the distance going through the Bering strait. We do not use the mediating variable of genetic 16 

diversity, and thus, we implement the "reduced form" model of Depetris-Chauvin and Ozak (2017)5. In column 17 

1, we present the first stage. Consistent with Depetris-Chauvin and Ozak (2017), the distance from Africa 18 

reduces the presence of POs in societies. Although the Cragg-Donald test (reported in columns 2 and 3) indicates 19 

that the instrument is relevant, by comparing the values with Stock and Yogo (2002), we cannot rule out 20 

weakness in the instruments. To address this issue, in the second stage of columns 2 and 3, we use the limited 21 

                                                           
4 An additional way to study the problem of reverse causality of "% within PO" is to check whether its coefficients change 

with the level of the dependent variable: reverse causality would predict that the positive relationship of the coefficients 

would be much stronger at higher levels of population. The result displayed in the panel D of figure 2 above argues against 

this: there we show that the impact of PO is exerted throughout the different size categories of the dependent variable "size 

of local community". For the case of the dependent variable "total population" we replicated column 2 of table S8 using a 

quantile regression. In panel A of figure S2 of this SI we display the value of the coefficient related to "% presence" as it 

varies across the dependent variable; on panel B of figure S2, we do the same for the interaction term "% presence x % 

within PO". In both cases, the graphs show that the positive impact of POs on population is exerted evenly across different 

population sizes. 
5 Therefore, our results cannot be interpreted as finding any causal effect of genetic diversity on any economic variable in 

the society. Our reduced form allows other mechanisms to impact the presence of POs. For example, given the non-

randomness of the migratory sampling process, it could also be the case that traits are lost. As migrant groups are typically 

small, the likelihood of loss increases due to drift. 
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information maximum likelihood (LIML) technique, which partially mitigates the problem of weak instruments. 1 

The results that we obtain with both dependent variables are consistent and supportive of our predictions. By 2 

comparing the values of the coefficient with those of table 1 and table A8 of the online appendix, we also find 3 

that the coefficients exhibit increases in their size.6 4 

Comparative statics 5 

We test the comparative statics derived from our model, which are summarized in figure 2 of the main body. 6 

The econometric model that we use is the following: 7 

Populationi = b1 + b2 x %Presencei + b3 x %Presencei x %withinPOi + b4 x %Presencei x Z  8 

+ b5 x %Presencei x %withinPOi x Z + Controlsi + Errori      (8) 9 

In this model, we generate a triple interaction to explore whether the impact of POs is affected by the variable 10 

Z. We use different variables as Z in order to proxy for the different parameters p, c and 𝑐 ̃, in addition to the 11 

prevalence of secrecy. If the coefficient b5 is positive (negative), then the impact of PO is enhanced (diminished) 12 

by the variable Z. Of course, the mapping between our proxies and the parameters of the model is not perfect. 13 

However, we believe that if several imperfect proxies confirm the comparative statics of the model, confidence 14 

can be gained. The variables we study are the following: 15 

Uncertainty. To test the impact of environmental uncertainty, the parameter p of the model, we use 16 

climate unpredictability. Climate data have already been successfully used to empirically test the parameter p 17 

in the baseline cultural evolution model (Giuliano and Nunn, 2019). The D-PLACE dataset follows the 18 

methodology of Colwell (1974) and reports "temperature unpredictability" and "precipitation unpredictability" 19 

using yearly data between 1901 and 1950, the period that has the largest proportion of ethnographies in the 20 

ethnographic atlas (see table A5). We multiply these two measures to obtain our measure of climate 21 

unpredictability. Consistent with the comparative statics of the model, the results from the column 1 of table S9 22 

show that the impact of POs on population decreases when climate unpredictability is high. A joint t-test shows 23 

that the impact of PO is again highly significant and, importantly, moderated by climate unpredictability. This 24 

result is shown in the panel A of figure S4. 25 

                                                           
6 We also instrumented "% presence" and "% within PO" at the same time. We used the three instruments simultaneously 

following Wooldridge (2010, chapter 8). The results are consistent with table 3 and table 4. The coefficient for "% presence" 

is 1.32, and that for "% within PO" is 3.83. However, statistical significance is lost. The instruments retain their properties: 

for strength, they surpass the Stock and Yogo thresholds on strength; for exclusion, the Hansen test indicates that the 

instruments are valid. 
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Social learning costs. We studied three variables that decrease the costs of social learning. First, the 1 

SCCS provides information about how prevalent apprenticeship and teaching are in the society. 2 

"Apprenticeship" is a dummy variable that we computed from the variables v427 and v428 of the SCCS that 3 

measure the extent of guidance and/or formal schooling in late boys and girls, respectively. The dummy takes 4 

the value of 1 when one or both of these variables indicate that the society displays "predominant 5 

apprenticeship", or when "formal schooling is frequent and typical", and zero otherwise. Clearly, if schooling 6 

and apprenticeship are predominant in society, this will decrease both c and 𝑐 ̃. Given that a lower c has an 7 

ambiguous impact on the fitness of POs (see panel A of figure 2), but a lower 𝑐 ̃ has an unequivocal increase in 8 

the fitness of POs (panel B of figure 2), we predict that "apprenticeship" should boost the impact of POs on 9 

population size7. The results are presented in column 2 of table S9 and are consistent with our prediction: the 10 

positive impact of POs on population is stronger if apprenticeship is predominant. We graph this result in panel 11 

B of figure S3. The second variable that reduces cost of social learning is "sex differentiation". The variables 12 

v44 to v54 of the EA provide information about the extent to which the eleven activities are executed by women 13 

and/or men. For each activity we coded a dummy that took the value of 1 in case the activity was executed by 14 

"males only or almost alone" or by "female only or almost alone". Then, we added these dummies and divided 15 

the result by the total number of activities that have available information. We label this variable "sex 16 

differentiation", and it captures the percentage of activities that are performed by either sex exclusively. There 17 

is plenty of evidence that social learning is facilitated by similarity, in which sex plays an important part 18 

(Henrich, 2015, p. 44; Fairlie et al., 2014; Losin et al., 2012). Similar to "apprenticeship", this variable reduces 19 

both c and c, and therefore, our model predicts that more sex differentiation would lead to an increase in the 20 

impact of POs.  This is what we find in the third column of table S9: we obtain a positive and significant 21 

coefficient for the interaction term. The third variable that reduces the cost of social learning is "Trust". We use 22 

the variable v335 of the SCCS, which measures the degree to which trust in inculcated in childhood in the 23 

society. This variable is ordinal, with 0 meaning "no inculcation or opposite trait" and 9 meaning "extremely 24 

strong inculcation". As before, high "trust" decreases both c and 𝑐 ̃, leading to the prediction of a higher impact 25 

                                                           
7 It could also be argued that this dummy would be more tightly connected to a decrease in c than one in c because teaching 

and apprenticeship probably coevolved with POs. This possibility would reinforce our prediction. 
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of POs. The result, displayed in column 4 of table 3, is consistent: POs have a larger positive impact on 1 

population when trust is high. This result is shown in panel C of figure S3. 2 

Secrecy. Finally, we analyze the impact of the variables "Honesty" and "Generosity". These are the 3 

variables v336 and v334 of the SCCS and are analogous to v335, namely, a categorical variable identifying 4 

inculcation of honesty and generosity in childhood. It is possible to identify these variable with a decrease in 5 

the degree of secrecy in the POs and therefore a boost in their fitness. Oftentimes, secrecy is related to selfish 6 

behavior, a desire to keep useful knowledge proprietary. The zeal to maintain secrecy could also benefit from 7 

dishonest behavior, deflecting requests to share knowledge with lies. It would also be possible to relate 8 

"honesty" and "generosity" to a decrease in the costs of social learning. When agents are generous and honest, 9 

it is very likely that communication and learning would improve. In both cases, the prediction from our model 10 

is clear: these variables should increase the fitness benefits of POs. The results are presented in columns 5 and 11 

6 of table 3 and are consistent with the prediction of our model. In the panel D of figure S3, we display the 12 

results for generosity. 13 

Robustness checks 14 

Robustness to alternative dependent variables. We use three alternative dependent variables: "total population", 15 

"population density", and "cultural complexity". The variable "total population" is obtained from the 16 

Ethnographic Atlas and is a continuous variable that indicates the total population of the society. We use natural 17 

logarithms to normalize its distribution. In the columns 1, 2 and 3 of table A8 of the online appendix we display 18 

the results. The results do not change: total population increases with the presence of technologies, but only 19 

when these are executed by POs; and the positive impact of POs on total population increases when climate 20 

unpredictability is low. 21 

"Population density" is a categorical variable measuring persons per square mile (see table A8 for 22 

details). The results presented in columns 4, 5 and 6 of table A8 show that our findings are also robust to using 23 

this alternative dependent variable. 24 

Finally, the Ethnographic Atlas reports "cultural complexity", a variable that tries to capture the degree 25 

of cultural sophistication (see table A8 for details). Overall, the results reported in columns 7, 8 and 9 of table 26 

6 show that the results are robust to this alternative dependent variable. 27 
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Alternative explanations. There are three main alternative explanations for our empirical results. We address 1 

each one in turn. First, it could be argued that the positive impact of POs is due to POs generating improvements 2 

in terms of the costs of individual learning, rather than the costs of social learning. To assess this possibility, we 3 

studied a model in which a PO decreases C instead of c. A model with this characteristic generates POs 4 

populated entirely by individual learners, and importantly, their benefits are increasing in the uncertainty 5 

parameter p. The latter implication is directly contradicted by our interaction with uncertainty: we find that 6 

uncertainty reduces the impact of POs on population (column 1 of table 3 and figure 4A). The former implication 7 

-- POs are populated by individual learners -- is rebutted by simple perusal of organizational reality: in general, 8 

social learners dominate individual learners inside POs (and the opposite occurs in the market). 9 

A second alternative explanation is related to trade. Specialized POs might have a positive impact on 10 

population because they are a marker for the presence of trade in the society, and trade could be the fundamental 11 

driver of larger populations and the key force behind the evolution of specialized POs. To test this alternative 12 

explanation, we use as controls three variables from the SCCS that proxy for the presence of trade in the society 13 

(see the table A9 of the online appendix for details). Across these three controls, the coefficient of interest 14 

decreases in size by an average of 16% but remain statistically significant. These reductions in the size of the 15 

coefficients indicate that some of the impact of POs is indeed generated through trade benefits, but that it is not 16 

the main mechanism. Instead, this result is consistent with our proposition 3, which states the origin of 17 

specialized POs is driven by the need to make social learning useful in society, without requiring trade as a 18 

force for its evolution. 19 

A second way to assess the alternative explanation of trade is by exploring the interaction with 20 

uncertainty. The literature on trade has proposed and documented that trade (and thus the specialization that it 21 

drives) is particularly useful to mitigate the effects of shocks to local productivity, such as weather changes 22 

(Burgess and Donaldson, 2010). Therefore, if the benefits of trade are the key driver of the impact of POs, we 23 

should find a positive interaction of POs with uncertainty; however, we find the opposite in our results (column 24 

1 of table 3 and figure 4A). 25 

The third alternative explanation for the origin of POs is that they emerge as a result of political 26 

complexity. The idea is that having a complex political organization in the society (e.g., centralized state) allows 27 

the society to better define, monitor and enforce POs. Thus, it might be that political complexity is really driving 28 
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both the presence of POs and a larger population. In table A10 of the online appendix, we add the variable 1 

"political hierarchy" as a control. This variable measures the levels of political authority: from "no political 2 

authority beyond the local community" to "four levels of authority (e.g. large states)" (see the table for details 3 

on the variable). The results shows that the coefficients are reduced by 23% on average across the different 4 

dependent variables we use. This indicates that the alternative explanation carries some weight, but not sufficient 5 

to overthrow our results8. 6 

Data stringency. The results are also robust to being less restrictive regarding the available information about 7 

the activities (table A11 of the online appendix). In many societies, there is information about only a portion of 8 

the activities (e.g., inland societies do not have boat building). We changed the minimum number of activities 9 

that have available information in the society, and the results do not change. Further, in columns 5 and 6 of table 10 

A11, we restricted the sample to regions that have at least 2 and 3 societies in them, leading to a loss of 7 and 11 

19 societies, respectively. The results remained unchanged. 12 

Out of sample test on the persistence of tradition 13 

Our model predicts that higher use of POs, especially if they are secretive, leads to more social learning in 14 

societies and thus higher reliance on tradition. In turn higher reliance on tradition means that societal values, 15 

beliefs and traits are more stable or persistent over time. This is the test we perform in table S14 where we 16 

analyze the impact of the presence of POs on the persistence of some cultural traits. In the columns 1, 2 and 3, 17 

we study how the presence of POs shifts the degree of persistence in female labor participation (FLP). The data 18 

on FLP are drawn from the World Bank Development Indicators. From column 1, we observe that the 19 

persistence is 0.32 between 1970 and 2012 (1 being the maximum and 0 the minimum). From column 2, we 20 

observe that this persistence varies systematically with the presence of POs. We find that POs generate a 21 

significant increase in the persistence of female labor participation (positive coefficient on the term "female 22 

labor participation in 1970 x % presence x % within PO"). The size of this correlation is not small: setting "% 23 

presence" at its mean, a one standard deviation increase in "% within PO" increases the coefficient of persistence 24 

by 0.17 (e.g., from 0.3 to 0.47), which equals half of the baseline coefficient in column 1 (we analyze the 25 

expression  𝜕𝐹𝐿𝑃12 ⁄ 𝜕𝐹𝐿𝑃70 𝜕%𝑤𝑖𝑡ℎ𝑖𝑛𝑃𝑂 ×  𝑆𝑡. 𝐷𝑒𝑣. %𝑤𝑖𝑡ℎ𝑖𝑛𝑃𝑂). In column 3, we control for all the 26 

                                                           
8 It could also be argued that political complexity is driven by POs in the first place. If that is the case, including this control 

would be biasing downward the true impact of POs. 
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interactions between FLP in 1970 and the other variables in the model. Although this addresses the impact that 1 

ancestral POs have on tradition persistence through their impact on development, it also generates high 2 

multicollinearity, which weakens the statistical significance of this model. 3 

In columns 4, 5, and 6, we repeat the analysis, but we now study the persistence of FLP in ancestors on 4 

FLP in 2012. Following Giuliano and Nunn, we use v54 of the Ethnographic Atlas, which measures the presence 5 

of females in preindustrial agriculture. We normalize this variable to make it between 0 and 1. Column 4 shows 6 

that the persistence is 0.164 and statistically significant. Compared to column 1, a lower persistence is expected 7 

due to the longer time span. The results displayed in column 5 and column 6 indicate that the presence of POs 8 

has a positive impact on the persistence of FLP from ancestry to modernity. However, we only obtain statistical 9 

significance in column 6. This could be due to fact that we explore the persistence from ancestry to modernity, 10 

and most of the interactions added to column 6 control for the impact of other Ethnographic Atlas variables on 11 

persistence. The effect size is large: setting "% presence" at its mean, a one standard deviation increase in "% 12 

within PO" increases the coefficient of persistence by 0.19 (e.g., from 0.1 to 0.29), which is slightly greater that 13 

the baseline coefficient in column 4. The significance is only at 10% because the multicollinearity is high in 14 

this model. 15 

In columns 7, 8 and 9, we analyze the persistence of polygamy among ancestors on polygamy in 2009. 16 

Polygamy in 2009 is a dummy variable drawn from the OECD Gender, Institutions and Development Database, 17 

and we follow Giuliano and Nunn for it operationalization: it takes the value of 1 if having more than one spouse 18 

is accepted or legal. For polygamy among ancestors, we follow Giuliano and Nunn and use the variable v9 of 19 

the Ethnographic Atlas. We build a dummy that takes the value of 1 if there is the presence of polygamy among 20 

the ancestors and 0 if the society is monogamous. In column 1, we find a statistically significant persistence 21 

coefficient of 0.33. In columns 8 and 9, we find a positive impact of the presence of POs on the persistence of 22 

polygamy. However, due to high multicollinearity, significance is not present, but the effect size is large: using 23 

column 9 and setting "% presence" at its mean, a one standard deviation increase in "% within PO" increases 24 

the coefficient of persistence by 0.14 (e.g., from 0.2 to 0.34), which is approximately half of the baseline 25 

coefficient reported in column 7. 26 

Although these tests are subject to confounders, the correlations that we document are consistent with 27 

the prediction of our model. Two features of this exercise provide additional confidence to our account of POs. 28 



35 
 

First, the dependent variable are not drawn from the Ethnographic Atlas, making this an "out-of-sample" 1 

exercise. Second, we test a different prediction of our model that is not about fitness but rather about changes 2 

in the share of social learning. 3 

3. Figures and tables 4 

FIGURE S1. Societies included in table 1. 5 

 6 

 7 
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FIGURE S2. Coefficients in quantile regression.  1 
Notes: Coefficients in quantile regression. Dashed lines represent OLS coefficient, Continuous lines represent 2 
the coefficients from the quantile regression. In the regression we do not include the region controls because, if 3 
included, the regression would not converge.) 4 

 5 

 6 
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FIGURE S3. Heterogeneity of impact of POs.  1 
Notes: In this figure, we analyze the predictions from the comparative statics of our model. We use the estimation of table 2 
5. (A) We plot the average of the marginal effects of "% within PO", that is, the change in the probability of each one of 3 
the eight size categories as this variable goes from 0 to 1. To show how this impact varies with climate unpredictability, 4 
we set this variable to the minimum and maximum values in the sample used in the estimation. (B / C / D) Analogous to 5 
graph A. 6 

 7 

 8 

 9 

TABLE S1. Descriptive statistics of continuous variables in table 1.     10 

Variable N Mean St. Dev. Min Max 

Size of local population 173 3.38 2.33 1.00 8.00 

% presence 173 0.67 0.18 0.27 1.00 

% within PO 173 0.12 0.20 0.00 1.00 

% presence x % within PO 173 0.10 0.16 0.00 0.64 

Amphibian richness 173 15.64 15.87 1.00 102.12 

Bird richness 173 202.72 109.90 2.75 528.85 

Mammalian richness 173 73.12 41.77 2.75 196.00 

Vascular plant richness 173 1817.97 879.41 2.75 4212.26 

Distance to coast (km) 173 445.50 406.45 0.36 1697.74 

Elevation 173 849.62 820.42 0.00 4345.04 

Slope of terrain 173 2.73 2.90 0.00 14.13 

Absolute latitude 173 31.71 18.95 0.00 71.00 

Average temperature 173 13.18 9.81 -12.32 27.64 

Year of ethnographic record 173 1880 212 -800 1965 
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 1 

 2 

 3 

 4 

 5 

TABLE S2. Presence and intensity of agriculture  6 

Category Number of 

societies 

Complete absence 66 

Casual 8 

Shifting cultivation 38 

Semi-intensive, horticulture-like 5 

Intensive with techniques (e.g., fertilization, crop rotation) 38 

Intensive, dependent upon irrigation 18 

Total 173 

 7 

TABLE S3. Type of Settlement  8 

Category Number of 

societies 

Fully nomadic bands 19 

Semi-nomadic (fixed winter settlement) 40 

Semi-sedentary (shifting between fixed seasonal settlements) 27 

Fixed settlements shifted every few years 3 

Neighborhoods of dispersed family homesteads 18 

Separate hamlets forming a community 6 

Established Villages or towns 51 

Complex settlements: Nuclear town with satellite homesteads/hamlets 9 

Total 173 

 9 

TABLE S4. Regions  10 

Region  Number of 

societies 

Southwestern U.S.A. 24 

Northwestern U.S.A. 13 

Eastern Europe 12 

Indian Subcontinent 9 

West Tropical Africa 9 

Western Canada 9 

Western South America 7 

East Tropical Africa 6 

Northern South America 6 

Papuasia 6 

Brazil 5 

Eastern Canada 5 

Malasia 5 

Southern Africa 5 
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Subarctic America 5 

Australia 4 

Russian Far East 4 

Southeastern Europe 4 

West-Central Tropical Africa 4 

Siberia 3 

South Tropical Africa 3 

Southern South America 3 

Western Asia 3 

13 Other regions 19 

Total 173 

 1 

TABLE S5. Year of ethnography  2 

Year Number of 

societies 

800 BC 1 

1520 1 

1530 1 

1750 2 

1800 - 1819 2 

1820 - 1839 1 

1840 - 1859 18 

1860 - 1879 28 

1880 - 1899 23 

1900 - 1919 24 

1920 - 1939 31 

1940 - 1959 36 

1960 - 1965 5 

Total 173 

 3 

TABLE S6. Selection on observables versus selection on unobservables     4 

 1 2 3 4 

 Local 
community size 

Total population 
size 

Population 
density 

Cultural 
complexity 

% presence -0.143 
(1.166) 

-0.564 
(1.997) 

-0.669 
(0.939) 

-0.029 
(5.155) 

% presence x % within PO 5.238*** 
(1.592) 

5.818*** 
(2.241) 

3.159*** 
(1.202) 

14.887*** 
(5.650) 

All controls of table 1? Yes Yes Yes Yes 

Observations 173 153 125 125 

R-Square 0.771 0.819 0.409 0.888 

Oster delta (R2 max = 1) 0.41 0.52 0.71 0.93 

Oster delta (R2 max = .95) 0.51 0.69 0.98 1.69 

Robust standard errors are used in all regressions and are displayed in parentheses. *** indicates p-value<0.01, ** indicates 

p-value<0.05, * indicates p-value<0.1 on a two-side t-test. The Oster delta is computed for the interaction term "%presence x 

within PO". This Oster delta assumes a linear model, so we estimate columns 1 and 3 using OLS (in table A8, we use the 

more appropriate ordered probit estimation for these dependent variables). 

  5 
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TABLE S7.  Instrumenting the presence of technology       1 

Stage:  1st stage 2nd stage 2nd stage 

Dependent variable: % presence Local community size Population size 

 1 2 3 4 5 

% presence  4.793 

(4.219) 

2.958 

(3.791) 

12.982** 

(6.492) 

6.221 

(5.114) 

% presence x % within 

PO 

  5.475*** 

(1.217) 

 10.865*** 

(2.669) 

Kinship Tightness 0.061 

(0.044) 

    

Sex differentiation 0.119** 

(0.053) 

    

Same controls as in table 

1? 

Yes Yes Yes Yes Yes 

Region dummies and 

resource endowment 

controls? 

No No No No No 

Observations 194 194 194 160 160 

Cragg Donald f-test 

first stage (p-value) 

 9.55*** 

(0.008) 

9.62** 

(0.022) 

8.884** (0.012) 8.085** 

(0.044) 

Hansen test (p-value)  0.309  

(0.578) 

0.707 

 (0.702) 

3.438*  

(0.064) 

3.843  

(0.146) 

Robust standard errors are used in all regressions and are displayed in parentheses. *** indicates p-value<0.01, ** indicates p-

value<0.05, * indicates p-value<0.1 on a two-side t-test. In columns 3 and 5, we use "kinship tightness x % within PO" and "sex 

differentiation x % within PO" as instruments for "% presence x % within PO". We drop the controls of geographical region because the 

local geographical variation in our instruments is not high. Given that we rely on inheritance from ancestral societies, the societies 

occupying a particular region tend to share the several cultural traits from their common ancestor. We drop the resource endowment 

variables in order to avoid data loss and to avoid small sample bias in the IV estimation (results are consistent if we include these 

controls). 

 2 
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TABLE S8. Instrumenting the percentage within PO 1 

Stage:  1st stage 2nd stage 2nd stage 

Dependent variable: % presence x % 

within PO 

Local 

community size 

Total 

population 

 1 2 3 

% presence 0.278*** 

(0.082) 

-0.408  

(1.223) 

-1.316 

% presence x % within PO  6.606*  

(3.751) 

17.70*** 

 (6.071) 

% presence x Distance from Africa -5.37e-06** 

(2.73e-06) 

  

Same controls as in table 1? Yes Yes Yes 

Region dummies? No No No 

Observations 173 173 153 

Cragg Donald f-test first stage  

(p- value) 

 5.228**  

(0.022) 

5.790**  

(0.016) 

Robust standard errors are used in all regressions and are displayed in parentheses. *** indicates p-value<0.01, ** 

indicates p-value<0.05, * indicates p-value<0.1 on a two-side t-test. We use LIML in the estimations. We exclude 

region dummies because the variation of our instruments within regions is low. 

 2 

 3 
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TABLE S9. Heterogeneity in the impact of POs 

 Dependent variable: Size of local population 

 1 2 3 4 5 6 

% presence -3.24 (3.62) -0.536 (1.590) 0.125 (1.241) 1.112 (1.694) 1.364 (1.701) 0.973 (2.679) 

% presence x % within PO 12.28# (8.56) 2.629*# (1.547) -0.811# (4.684) 0.066 # (2.920) 0.690 # (2.999) 1.898 # (3.231) 

Climate unpredictability -3.25 (4.06)      

Clim. unp. x % presence 4.75 (5.03)      

Clim. unp. x % pres. x % within PO -10.66# (11.38)      

Apprenticeship  -0.553 (1.129)     

Appren. x % presence  0.237 (1.556)     

Appren. x % pres. x % within PO  3.336*# (1.860)     

Sex differentiation   not included    

Sex differ. x % presence   -0.078 (1.216)    

Sex differ. x % pres. x % within PO   6.955# (6.468)    

Trust    0.250 (0.179)   

Trust x % presence    -0.275 (0.314)   

Trust x % pres. x % within PO    0.768 # (0.644)   

Honesty     0.313 (0.271)  

Honesty x % presence     -0.622 (0.392)  

Hon. x % pres. x % within PO     1.148*# (0.652)  

Generosity      0.574** (0.289) 

Gen. x % presence      -0.517 (0.426) 

Gen. x % pres. x % within PO      0.598 # (0.615) 

Resource endowment control? Yes No Yes No No No 

All other controls of table 1? Yes Yes Yes Yes Yes Yes 

Observations 173 136 173 101 84 79 

Pseudo R Square 0.354 0.335 0.353 0.239 0.281 0.299 
Notes: Robust standard errors are used in all regressions and are displayed in parentheses. *** indicates p-value<0.01, ** indicates p-value<0.05, and *** indicates p-value<0.1 . # indicates p-value<0.01 
for joint two tailed F-test of dsize/d%withinP O. To avoid losing excessive observations by using the SCCS variables, the sample of columns 2, 4, 5, and 6 allow at least 6 technologies with available 

information. 
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TABLE S10. Robustness to other dependent variables       

Dependent variable: Total population Population density Cultural complexity 

 1 2 3 4 5 6 7 8 9 

% presence 0.773 

(2.253) 

-0.564 

(1.997) 

-21.167*** 

(5.947) 

0.789  

(0.859) 

-0.116 

(0.877) 

-6.213 

(3.694) 

4.660 

(4.794) 

0.313 

(4.683) 

-8.208 

(13.050) 

% pres. x % within PO  5.818*** 

(2.241) 

24.996# 

(14.409) 

 3.584*** 

(1.101) 

8.537# 

(5.423) 

  64.518*** 

(18.426) 

Climate unpredictability   -12.314** 

(5.659) 

  -1.256 

(4.509) 

  -2.943 

(14.188) 

Climate unp. x % presence   29.596*** 

(8.307) 

  8.808 

(5.519) 

  11.606 

(20.434) 

Climate unp. x % presence 

x %  within PO 

  -27.183# 

(19.840) 

  -7.028# 

(6.976) 

  -61.207*** 

(23.719) 

All controls of table 1? Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 153 153 153 128 128 127 128 128 127 

Pseudo R-Square (r-square) 0.801 0.819 0.835 (0.341) (0.373) (0.388) 0.807 0.828 0.835 

Robust standard errors are used in all regressions and displayed in parentheses. *** indicates p-value<0.01 and # indicates p-value<0.01 for joint two tailed F-test of ∂size/∂%withinPO 

in columns 3, 6 and 9. "Population density" is the variable v1130 of the SCCS and is a categorical variable, with 1 equal to "less than 1 person per square mile", 2 equal to "1 - 4.9 

persons per square mile", 3 equal to "5 - 24.9 persons per square mile", 4 equal to "25 - 99.9 persons per square mile", 5 equal to "100 - 499.9 persons per square mile", and 6 equal to 

"500 or more persons per square mile". High multicollinearity -- frequent in interaction models -- requires a joint test. "Cultural complexity" is the variable v158.1 of the SCCS, where 

they sum the scores of 10 variables that measure: writing and records, fixity of residence, agriculture, urbanization, land transport, money, density of population, political integration, 

social stratification, and specialization in metal working, weaving and pottery. In our case, we subtracted from the variable the last component of specialization. If we do not include 

density of population, results do not change. Columns 4, 5 and 6 use Ordered Probit, the rest OLS. For the columns 4 through 9, we use societies with information about at least 8 

technologies in order to accommodate for the smaller sample size in these dependent variables (in table 6 below, we show that the results are robust to data stringency). 
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TABLE S11. Robustness to trade       

 Dependent variable: Local community size 

 1 2 3 4 5 6 

% presence 1.079 

(1.235) 

0.762 

(1.267) 

0.751 

(1.243) 

1.892 

(1.421) 

0.980 

(1.227) 

0.925 

(1.259) 

% presence x % within PO 4.237*** 

(1.530) 

3.897*** 

(1.524) 

3.978** 

(1.551) 

2.630* 

(1.559) 

4.261*** 

(1.532) 

4.072*** 

(1.503) 

"Intercommunity trade" dummies? No Yes No No No No 

"Money" and "Credit" dummies? No No No Yes No No 

"Importance of trade" control? No No No No No Yes 

Resource endowment controls? No No No No No No 

All other controls? Yes Yes Yes Yes Yes Yes 

Observations 130 130 124 124 131 131 

Pseudo R-Square 0.367 0.379 0.368 0.422 0.367 0.375 

We execute ordered probit regressions. Robust standard errors are used in all regressions and are displayed in parentheses. *** indicates 

p-value<0.01, ** indicates p-value<0.05, * indicates p-value<0.1 on a two-side t-test. To avoid data loss, in all regressions, we use 

societies with information about at least 8 technologies and drop resource endowments controls. We use four variables that proxy for 

trade: i) "intercommunity trade" (v1 of the SCCS) is a categorical variable that measures the extent to which intercommunity trade is a 

source of food (from "no trade" to "food imports present and contribute more than 50%"); ii) "presence of money" (v17) is a categorical 

variable with five categories (from "no media of exchange or money" to "indigenous coinage or paper currency"); iii) "presence of 

credit" (v18) is a categorical variable with four categories (from "Personal loans between friends or relatives" to "banks or comparable 

institutions"); iv) and "importance of trade" (v819b) is a continuous variable measures the percentage that trade contributes to subsistence 

in the society (i.e., food provision) (this variable is computed by the SCCS from using v1 and other five variables that provide categorical 

information on the extent that agriculture, fishing, gathering, animal husbandry and hunting contribute for subsistence; the mean is 8% 

with a maximum of 65%, a median of 5% and a 90th percentile equal to 25%). In column 2, we add "Intercommunity trade" as a control; 

in column 1, we use the same societies used in column 2. This allows us to cleanly assess the impact of the control variable on the impact 

of PO. The same is done in columns 4 and 3 for "money" and "credit" and in columns 6 and 5 for "importance of trade".   
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TABLE S12. Robustness to political hierarchy     

 1 
Local 

community size 

2 
Population size 

3 
Population 

density 

4 
Cultural 

complexity 

% presence -0.190  
(0.861) 

-0.253 
(2.053) 

-0.669  
(0.939) 

-0.020  
(3.350) 

% presence x % within PO 3.790*** 
(1.428) 

4.851** (2.490) 3.159*** 
(1.202) 

8.964** (4.360) 

Political hierarchy dummies? Yes Yes Yes Yes 

Region dummies? Yes Yes No No 

All other controls from table 1? Yes Yes Yes Yes 

Observations 171 151 125 125 

R-Square (Pseudo R-Square) (0.358) 0.830 (0.409) 0.888 

Notes: The variable "political hierarchy" is a categorical variable from the Ethnographic Atlas that indicates whether the society 

has political authority and if it does, the reach of this authority. The variable has five categories: 1 for "no political authority 

beyond the local community", 2 for "One level of hierarchy (e.g., petty chiefdoms)", 3 for "Two levels of hierarchy (e.g., large 

chiefdoms)", 4 for "Three levels of hierarchy (e.g., states), and 5 for "Four levels of hierarchy (e.g. large states)". In this table, we 

replicate column 2 of table 1 and columns 2, 5 and 8 of table 3, but with the addition of the control of political hierarchy. For 

"Population density" and "Cultural complexity", we do not use region dummies, and we use societies with information in at least 

8 technologies in order to accommodate for the smaller sample sizes for these dependent variables. Robust standard errors are 

used in all regressions and displayed in parentheses. *** indicates p-value<0.01 on a two-side t-test. Columns 1 and 3 use OLS; 

columns 2 and 4 use Ordered Probit. 

 

TABLE S13. Robustness to available information on activities and regions     

 Dependent variable: Size of local population (Ordered probit) 

 Number of activities Societies per region 

 1 2 3 4 5 6 

sample: at least 7 at least 8 at least 9 at least 10 at least 2 at least 3 

% presence 0.998** 

(0.472) 

0.956* 

(0.525) 

0.912 

(0.590) 

-0.047 

(0.647) 

0.013 

(0.828) 

-0.246 

(0.832) 

% presence x  

 %  within PO 

3.230*** 

(0.715) 

3.346*** 

(0.759) 

3.201*** 

(0.837) 

3.412*** 

(0.978) 

4.185*** 

(1.243) 

3.513*** 

(1.261) 

All controls of 

table 1 included? 

Yes Yes Yes Yes Yes Yes 

Observations 430 393 330 269 166 154 

Pseudo R-Square 0.287 0.286 0.295 0.306 0.342 0.3 

We execute ordered probit regressions. Robust standard errors are used in all regressions and are displayed in parentheses. *** 

indicates p-value<0.01, ** indicates p-value<0.05, * indicates p-value<0.1 on a two-side t-test. 
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TABLE S14. Impact of POs on the persistence of cultural traits 

Dependent variable: Female labour 

participation in 2012 

Female labour 

 participation in 2012 

Poligamy in 2009 

Persistence variable "P": Female labour 

 participation in 1970 

Female labour  

participation in ancestors 

Polygamy in ancestors 

 1 2 3 4 5 6 7 8 9 

P 0.324*** -1.338* -1.673 0.164** 0.158 0.062 0.337** 0.497 2.815 

 (0.123) (0.708) (1.062) (0.068) (0.302) (3.921) (0.146) (0.899) (4.537) 

P x % presence  1.573** 1.624*  0.024 -0.290  -0.333 -0.434 

  (0.756) (0.895)  (0.369) (0.467)  (1.024) (0.969) 

P x % pres. x % within PO  0.956** 0.662  0.174 1.032*  0.626 0.752 

  (0.435) (0.683)  (0.396) (0.579)  (0.985) (1.168) 

% presence, % within PO and their required 

interactions? 

No Yes Yes No Yes Yes No Yes Yes 

Controls of table 10? Yes Yes Yes Yes Yes Yes Yes Yes Yes 

% presence x Sex differentiation? No Yes Yes No Yes Yes No Yes Yes 

Interactions between P and controls of table 

10 and "% presence x Sex diff."? 

No No Yes No No Yes No No Yes 

Region dummies? Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Year of ethnography? No No No Yes Yes Yes Yes Yes Yes 

Observations 74 74 74 149 149 149 96 96 96 

R-Square 0.545 0.695 0.749 0.451 0.506 0.543 0.634 0.675 0.722 

Notes: Robust standard errors are used in all regressions and displayed in parentheses. *** indicates p-value<0.01, ** indicates p-value<0.05, * indicates p-value<0.1 on a two-side t-test. 

In models 2, 3, 5, 6, 7, and 8 there is high collinearity (this is frequent in models with interaction terms). Following Nunn and Giuliano (2017), in models 1 to 6 we added the square of ln(GDP 

per capita) and in models 4 to 9 we added the year of the ethnography and we excluded ethnographies that occurred before 1800 (many ethnographies are dated BC -these are drawn from 

historical studies). For FLP in 1970 we used the average of a five-year window around the year 1970 (the data is sparser in 1970 than in 2012). 

 

 



47 
 

4. References of the supplementary analysis 

Colwell, R. 1974. "Predictability, Constancy, and Contingency of Periodic Phenomena" Ecology 55 (5): 1148-

1153. 

Depetris-Chauvin, E., and O. Ozak 2017. "The Origins and Long-Run Consequences of the Division of Labor" 

Working paper. 

Enke, B. 2019. "Kinship Systems, Cooperation and the Evolution of Moral Systems." The Quarterly Journal of 

Economics, 134 (2): 953-1019 

Fairlie, R W., Hoffmann, F., and P. Oreopoulos 2014 "A Community College Instructor Like Me: Race and 

Ethnicity Interactions in the Classroom." American Economic Review, 104 (8): 2567-2591 

Haun, D., and H. Over 2013 "Like Me" In Cultural Evolution: Society, Technology, Language, and Religion, 

ed. Peter J. Richerson and Morten H. Christiansen. 

Losin, E.R, Iacoboni, M., Martin, A., and M. Dapretto 2012 Own-gender imitation activates the brain's reward 

circuitry. Social Cognitive and Affective Neuroscience. 7: 804-810 

Passmore, S, Jordan, F. 2017. "Shared Ancestry Shows Kinship is Conserved." Presented at the 1st Cultural 

Evolution Society Conference. 

Ramachandran, S.; Deshpande, O.; Roseman, C. C.; Rosenberg, N. A.; Feldman, M. W.; Cavalli-Sforza, L. L. 

2005. "Support from the relationship of genetic and geographic distance in human populations for a serial 

founder effect originating in Africa" Proceedings of the National Academy of Sciences 10 (44): 15942-15947 

Stock, J., and M. Yogo 2002. "Testing for Weak Instruments in Linear IV Regression" NBER Working Paper 

No. 284 

Wooldridge, J.M. 2010. Econometric Analysis of Cross Section and Panel Data. MIT press. 

 


