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HYPOTHESIS

ABSTRACT

The evolution of cultural systems, or the rate of change in the frequency of traits, is determined by the routes of 

knowledge transmission, among other factors. According to mathematical models, vertical transmission is the more 

conservative route, and it promotes high variation among individuals of a population, acts as a barrier to the diffusion 

of innovations, and promotes slow cultural evolution. However, the history of transmission of the same cultural traits 

beyond “model-apprentice” pairs indicates that vertical transmission can produce different effects on a cultural 

system. In the present paper we formalize the hypothesis that vertical transmission has diffusive effects and results 

in a fast change cultural evolution. If the hypothesis proposed here is confirmed, the theoretical reformulation and 

relativization of empirical data collected in previous studies will be required.
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INTRODUCTION

A cultural system is a set of knowledge, beliefs, 

values, attitudes, skills and practices shared by a 

social group (Boyd and Richerson 2005). Because 

human behavior is essentially the performing of 

information (Mesoudi 2011), culture is the set of 

information (cultural traits) shared by social peers 

and acquired through different mechanisms of 

social learning (Boyd and Richerson 2005; Mesoudi 

2011).

Various disciplines have attempted to describe 

“cultural evolution,” or the mechanisms through 

which the frequency of a cultural trait varies in 

time and space (Mesoudi 2011). In the 1980s, two 

pairs of US researchers proposed a new theoretical 

framework for the study of cultural evolution based 

on mathematical models of population genetics 

and epidemiology. Cavalli-Sforza and Feldman 

(1981) and Boyd and Richerson (1985) founded 

their hypotheses on the assumption that the 

temporal and spatial dynamics of cultural systems 

occur according to Darwinian assumptions, such 

as mutation, competition and selection. They 

created a theoretical basis that includes micro and 

macroevolutionary processes in the context of 

cultural evolution. This new theoretical scenario 

allowed for the construction of formal models and 

hypotheses on the evolution of cultural systems.

Microevolutionary processes are responsible 

for variations in cultural traits at a small temporal 

and spatial scale usually within the same 

population (Mesoudi 2011). Examples include the 

modes and routes of knowledge transmission 
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and cultural selection. Over a long evolutionary 

period, these processes create macroevolutionary 

patterns, that is, at broader temporal and spatial 

scales, such as differences in culture among social 

groups and differences in the rate of cultural 

evolution (Mesoudi 2011). 

One of the most frequently studied 

microevolutionary processes is the transmission 

of knowledge, and most studies apply the 

theoretical framework presented by Cavalli-Sforza 

and Feldman (1981), which defines the routes 

by which a cultural trait is transmitted among 

social peers and the evolutionary implications. 

According to these authors, a cultural trait can be 

transmitted socially through three routes: vertical, 

horizontal and oblique. Hewlett and Cavalli-Sforza 

(1986) restructured this original classification, 

subdividing the category “oblique” in two types: 

“one to many” and “many to one.” Although not 

explicitly stated by the authors, this division is 

justified by the fact that these two new processes, 

which were previously grouped in the same 

category, have distinct evolutionary implications.

 Hewlett and Cavalli-Sforza (1986) summarized 

these processes and stated that vertical 

transmission, which occurs between parents and 

offspring, promotes high variation in knowledge 

among individuals in a group and among different 

groups. This route is highly conservative because 

it hinders the diffusion of innovation; as a result, 

cultural evolution in a group that has adopted this 

type of strategy is quite slow. In systems that have 

well-developed horizontal routes, innovations are 

easily diffused. Groups in which transmission has 

dynamics similar to that of infectious diseases, 

knowledge variation among individuals and 

groups can be high and cultural evolution is rapid. 

The strategies “one to many” and “many to one” 

have distinct evolutionary implications. In the first 

case, the transfer occurs from a socially prominent 

person, such as a teacher, doctor or local expert, 

to a large group of individuals, usually pupils. 

Consequently, the diffusion of innovations occurs 

easily, and as a result of the homogenization 

process, such knowledge is similar among 

individuals within the group, despite the 

occasional high variation between groups (Hewlett 

and Cavalli-Sforza 1986). Similar to horizontal 

transmission, cultural evolution in groups that 

have adopted the strategy “one to many” proceeds 

relatively fast. The strategy “many to one” is also 

conservative because the values, traits and skills 

of the older members are transmitted at a large 

scale to other group members. This transmission 

channel inhibits the diffusion of innovation and 

knowledge diversification within the group and 

prohibits cultural evolution.

All of these theoretical assumptions originated 

from models that can simplify the transmission 

processes that occur in real cultural systems 

(see Henrich and Broesh 2011; Mace and Jordan 

2011). Laboratory studies may indicate what 

occurs in natural systems, not just what happens 

(Mesoudi 2011). We started from the assumption 

that simplification may not always provide an 

accurate representation of the dynamics of 

the transmission processes in real systems. 

In the present study, we propose a hypothesis 

related to a microevolutionary process and its 

macroevolutionary implications. We reevaluated 

the relationship between the vertical transmission 

of knowledge and variation of cultural traits and 

cultural evolution. We hypothesized that when 

considering a broad history of transmission 

of a given cultural trait, i.e., additional transfer 

events, the evolutionary implications may be 

completely different from those forecasted by the 

theoretical models of Cavalli-Sforza and Feldman 

(1981), Boyd and Richerson (1985) and Hewlett 

and Cavalli-Sforza (1986). The majority of the 

empirical data on cultural evolution were recorded 

using “model-apprentice” pairs, such as “parent 

and child,” which disregard the cultural history 

of the information transmitted, including its 

historical origin. The theoretical reflection that we 

propose is mediated by the analysis of traditional 

ecological knowledge systems, as we believe 

that these cognitive domains, because they are 

directly associated with the biological survival of 

the individual (see McElreath and Strimling 2008; 

Nairne and Pandeirada 2008), present rich adaptive 

information (see Takahashi 1998).

If our hypothesis is supported by the data 

collected in real cultural systems, a theoretical 

and conceptual reformulation will be required 

because such findings would indicate that the 
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evolutionary implications of vertical transmission 

may not be conservative depending on how 

it occurs. Our proposal, if based on empirical 

data, do not represent “per se” an advance on 

existing models of cultural evolution, but would 

point weaknesses and needs of conceptual and 

theoretical adjustments. 

INTRODUCING THE HYPOTHESIS

Several studies have sought to determine 

how transmission routes are represented in 

real cultural systems (e.g., Aunger 2000; Demps 

et al. 2012; Eyssartier et al. 2008; Hewlett et al. 

2011; Hewlett and Cavalli-Sforza 1986; Lozada 

et al. 2006; Mathez-Stiefel and Vandebroek 2012; 

Reyes-Garcia et al. 2009; Tehrani and Collard 2009; 

Zarger and Stepp 2004). Apart from the existing 

methodological criticisms (see Aunger 2000; 

Essaytier et al. 2008; McElreath Strimling 2008; 

Henrich and Broesch 2011; Hewlett et al. 2011), 

these studies have suggested that social learning 

occurs throughout all life stages of the individual, 

although with different characteristics. Childhood 

is the stage during the greatest frequency of 

transmission events occurs, with the parental 

pairs (father, mother, grandfather, grandmother) of 

the apprentice being the most important models 

(Cavalli-Sforza et al. 1982; Hewlett and Cavalli-

Sforza 1986; Lozada and Ladio 2006; Setalaphruk 

and Price 2007).

The knowledge learned during childhood 

corresponds to basic and elementary information 

for the survival of the individual enculturation 

process (Aunger 2000; Hewlett and Cavalli-Sforza 

1986), and it generally exhibits a more concrete 

and objective nature. Because of its nature, 

knowledge transmission can occur through simple 

observations or educational events. The name of 

the natural resource or instrument used on a daily 

basis is an example of information that can be 

transmitted. Although less frequent, social learning 

also occurs during adolescence and adulthood 

(see Aunger 2000; Cavalli-Sforza and Hewlett 

1986; Demps 2012; Eyssartier et al. 2008; Hewlett 

et al. 2011). Because other non-parental models 

are available and accessed by the apprentices, 

other transmission routes are more predominant 

in these later stages, especially horizontal routes. 

In these stages of life, information is presented 

as updates of existing knowledge and exhibit 

a more tacit, subjective and complex nature 

that requires teaching and observation as well 

as implementation and experimentation by the 

apprentice (Aunger 2000). The management of 

natural resources, landscapes, or specific skills, 

such as hunting and honey gathering, are examples 

of this type of knowledge.

Thus, studies that consider the frequency of 

transmission events and are conducted in real 

systems indicate that vertical routes are the most 

important (e.g., Cavalli-Sforza et al. 1982; Hewlett 

and Cavalli-Sforza 1986; Lozada and Ladio 2006; 

Setalaphruk and Price 2007), although a consensus 

has not been found in the literature (see Aunger 

2000; Reyes Garcia et al. 2009). Because of the 

theoretical assumptions developed on vertical 

transmission and cultural dynamics (see Hewlett 

and Cavalli-Sforza 1986), cultural systems are 

generally conservative and exhibit low rates of 

evolution and high levels of knowledge diversity 

among individuals of the same population. 

However, Aunger (2000) reconsidered the dynamics 

of vertical transmission by including the social 

origin of information that parents transfer to their 

offspring. Aunger suggests that “children may not 

learn what their parents learned when they were 

young (from grandparents), but instead what the 

parent more recently heard from someone outside 

the family.” In addition, Aunger (2000) states that 

the evolutionary implications of the dynamics 

of vertical transmission are different from what 

is observed through mathematical predictions. 

Although the information is transmitted from 

parents to children, which is vertical, its social 

origin is in unrelated pairs. Aunger (2000) argues 

that diffusion of information may occur among 

representatives of the same group prior to vertical 

transmission. This specific dynamic transfer of 

traits could result in more homogeneous cultural 

systems despite being guided by the vertical 

routes, through a complex network of social 

exchanges. However, despite presenting a new 

understanding of the evolutionary implications 

of vertical transmission, Aunger (2000) did 
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not formalize a hypothesis. Thus, based on 

Aunger’s (2000) arguments, we formalized the 

following hypothesis to reassess the evolutionary 

implications of vertical transmission:

    

Assumptions: It is assumed that the information 

in a cultural system must be transmitted among 

different individuals and have a history of 

transmission that goes beyond a simple “model-

apprentice” pair, even at the stage wherein this 

is expected to predominantly occur. Thus, it is 

possible that more than one transfer event of a 

given cultural trait may have resulted from different 

transmission routes. Thus, a vertical transmission 

event can provide at least two facets: a) conservative 

vertical transmission, which occurs when the trait 

that an individual learns has a history of parental 

transmission, indicating that it is internal to his/her 

family; and b) diffusive vertical transmission, which 

occurs when a trait that is transmitted from parents 

to children has an earlier origin in non-parental 

pairs.

Question: Is the vertical transmission of cultural 

traits purely conservative?

Hypothesis: The vertical transmission has 

conservative and diffusive events, which are 

predominantly diffusive.

Prediction: The frequency of cultural traits of 

diffusive origin is equal to or higher than the 

frequency of cultural traits of conservative origin. 

To analyze the evolutionary implications of 

the hypothesis presented herein, we will present 

a typical cultural evolution model that assumes 

a population of individuals who each have a 

particular set of cultural traits. For heuristic 

purposes, each individual (sphere) in an ideal 

situation has six cultural traits (geometric shapes 

inside the spheres) (Figure 1A), which is based on 

the assumption that the access to information and 

its storage in memory systems cost energy that 

limits the amount of information learned. In this 

same ideal situation, we assume that of the six 

traits learned by an individual, four originate from 

the parents (solid geometric shapes), whereas the 

other two are copied from unrelated pairs (open 

geometric shapes), such as friends, teachers 

and local experts. However, the rate of vertical 

transmission in this model is always double the 

frequency of diffusive routes (horizontal, “many 

to one” and “one to many”). This prediction 

is used to simplify the present argument and 

finds resonance in the studies conducted in real 

systems that indicate vertical transmission as the 

predominant route (e.g., Cavalli-Sforza et al. 1982; 

Hewlett and Cavalli-Sforza 1986; Lozada and Ladio 

2006; Setalaphruk and Price 2007). These same 

studies indicate that vertical transmission occurs 

preferentially during an individual’s childhood 

(dark section of the sphere), whereas the diffusive 

routes are more common during adolescence 

and adulthood (light section of the sphere). As 

previously stated, the knowledge passed to 

children is of a different nature than the information 

passed to adults. With children, the information is 

preferentially objective, whereas with adolescents 

and adults, the information is generally more tacit. 

However, for analytical purposes, all traits present 

in the model are considered to have the same 

objective and practical nature, e.g., “knowledge 

on the therapeutic use of medicinal resources.” 

This ability to retain concrete information learned 

during adulthood is recorded in different studies 

(see Aunger 2000; Soldati et al. 2015).
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Although the frequency of vertical transmission 

is always double that of diffusive routes, the 

evolutionary implications of the cultural system 

can be completely different when considering the 

social origin of information from more than one 

transmission event of the same cultural trait, which 

extends beyond a single “model-apprentice” pair. 

To examine these implications, two distinct and 

extreme scenarios are considered, including a 

conservative and diffusive scenario (Figure 1B). 

In the first case, the four cultural traits learned 

by individuals during their childhood (dark 

section of the sphere) are the same traits that 

their parents learned from their grandparents, 

and so forth. Although learning occurs during 

adulthood through the incorporation of new 

information and new models, these new traits 

are not passed to the offspring, which is entirely 

plausible because biases that favor traits learned 

during childhood occur in the transmission of 

knowledge. For example, Soldati et al. (2015) 

observed that although adults acquire new 

knowledge of medicinal plants, they preferentially 

teach their children parental information because 

they consider such information more reliable. In 

the study by Soldati et al. (2015), informants more 

frequently used plants learned during childhood, 

thus resulting in higher transmission of these traits. 

From an evolutionary perspective, this behavior 

represents the understanding that “if I became 

sick in the past as a child but I am alive and healthy 

now, it is because the knowledge given to me by 

my parents is highly useful.” Under this situation 

of extreme conservatism, the difference between 

knowledge carried by two individuals separated 

by four generations is of only two cultural traits of 

the six traits carried by each individual. Therefore, 

the rate of change/evolution (0.3333) is calculated 

as the total change divided by the total information 

(2/6).

Let us analyze again the diffusive scenario 

(Figure 1B) in which the traits learned during 

adulthood are necessarily transferred to the 

children. As we have shown, there is a limit to 

the information that can be stored in the memory 

systems; therefore, half of the parental origin traits 

under this extreme situation are replaced by non-

parental information. There are also situations and 

biases that favor diffusive routes. The information 

learned during adulthood is an update of the 

Fig 1. Visual representation of the cultural evolution model proposed in the present study that assesses cultural 

evolution based on two scenarios: conservative and diffusive. The evolutionary effects in each of the scenarios 

can be analyzed by the differences in cultural traits (geometric shapes) in fourth-generation individuals. In the 

conservative scenario, the information learned during childhood originates from vertical pairs, i.e., parents, 

grandparents, and great-grandparents. In the diffusive scenario, the cultural traits, although vertically transmitted, 

originate from non-parental pairs.
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individual’s knowledge (Hewlett and Cavalli-Sforza 

1986; Demps 2012); therefore, this information 

has the potential to provide additional benefit 

from an evolutionary perspective. In addition, 

situations of environmental instability favor the 

diffusive mechanisms of cultural transmission 

(McElreath and Strimling 2008; Reyes-Garcia 

et al. 2009). Under this diffusive scenario, the 

essentially vertical traits would be replaced by 

traits originated from non-parental pairs in only a 

few generations. Therefore, a comparison of the 

information between two individuals separated by 

four generations is qualitatively different. Of the 

six traits carried by the great-grandfather, none 

would be found in the great-grandson. The rate of 

change/evolution, calculated as the total change 

divided by the total information (6/6) is therefore 

equal to 1.0. Although vertical transmission is 

the most common transmission process, the 

evolutionary result in this cultural system would 

be the diffusion of information. 

One can think that there is no reason to this 

discussion, cause no previous authors have 

claimed that a single cultural trait, by virtue of 

having been observed to have been passed down 

from parents to offspring, was necessarily also 

passed to the parents via the same route. But the 

fact that nobody has said this explicitly, not taken 

this into account, has the power to skew the micro 

and macroevolutionary interpretations. Also, one 

might think that our main question is not empirical 

but definitional because relative to other modes, 

independent of whether the traits being passed 

vertically in one generation were learned through 

other modes in previous generations. However, 

if we have a situation in which parents transmit 

to their children only learned traits learned of 

horizontal models, vertical transmission, in this 

case, will have exactly the same evolutionary 

implications of a horizontal transmission. So our 

question is empirical and conceptual.

TESTING THE HYPOTHESIS

To test the hypothesis proposed in the present 

study, the transmission route of a cultural trait prior 

to a vertical transmission event must be recorded; 

e.g., what model was used by a mother to learn 

the information that she taught her child. Thus, the 

basic information of analysis is the transfer of a 

given cultural trait. A cultural trait is understood 

to be a basic unit of cultural information capable 

of performing a behavior (see Mesoudi 2011). 

This study assumes that cultural traits are not 

categorical and immutable unit but minimally 

coherent so that they are not recognized and 

transmitted between social pairs, both spatially 

and temporally (Mesoudi 2011).

Therefore, informants would be parents 

(father, mother, grandmother or grandfather) of an 

apprentice. The sampling unit would not be a single 

informant but the pair formed by the apprentice 

(child informant) and one of his/her parental pairs 

(parent informant). After the selection of these 

pairs of informants, data collection would begin 

through information records of a particular cultural 

domain of local relevance and known by the “child 

informant,” using a free listing (Albuquerque et 

al. 2014). To clarify our argument, a case study 

will be illustrated on the knowledge of medicinal 

plants. In this context, the cultural trait is not only 

the plant itself but the triad “plant-part-disease,” 

which is the basic unit capable of producing a 

behavior. The free listing will allow access to 

known medicinal resources that were recorded 

by the “child informant” at the time of contact. 

The second step is to access the transmission 

routes of each resource, using semi-structured 

interviews. These tools can access the models 

used by the “child informant” during the learning 

process of the medicinal plants and their assigned 

uses. Because vertical transmission is the cultural 

process of interest, only traits arising from the 

parental pairs will be used for future analyses.

Subsequently, the “parental informant” 

will become the target of data collection. The 

triad “plant-plant part-disease” cited by the first 

informant for the vertical category should be 

presented to the “parental informant” to ensure 

that he/she understands the data. In cases with 

a negative response, the traits cited by the “child 

informant” should be excluded from the analysis 

because there is no way of determining which 

answer is true; thus, these data do not fall under the 

type of information needed for hypothesis testing, 
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observations (see Aunger 2000). Reyes Garcia 

et al. (2009) sought to solve the fragility of semi 

structured interviews using correlational methods. 

We believe that the methods presented in this 

paper to test the hypothesis on the conservative 

and diffusive paths of vertical transmission also 

reflect a correlational approach, minimizing the 

effects of “self reportation”, because a data will 

be included in the analyzes only when there is a 

correlation between citation of the child informant 

and parental informant in diachronic situations.  

IMPLICATIONS OF THE HYPOTHESIS

The model of Cavalli-Sforza and Feldman 

(1981), which was reformulated by Hewlett and 

Cavalli-Sforza (1986), shows that in cultural systems 

in which the vertical transmission is the most 

important route, low acceptance for innovations will 

occur along with high knowledge variation among 

pairs and a low cultural evolution rate. However, 

the diffusive scenario presented here can visualize 

antagonistic evolutionary implications, thus 

skewing the implications of the cultural evolution 

theory. If the hypothesis proposed in the present 

study is confirmed, then theoretical reformulation 

and relativization of empirical data collected in 

previous studies will be required. For example, 

models of Cavalli-Sforza and Feldman (1981) and 

Boyd and Richerson (1985) assume that culture 

is usually adaptive and learning strategies have 

been shaped by natural selection. In this sense, it 

is assumed that unstable environments favor the 

individual production of knowledge (see Laland 

2004) and the diffusive routes of transmission of 

knowledge (see McElreath and Strimling 2008; 

Reyes Garcia et al. 2009). Extrapolating these 

conditions to the discussion presented in this text, 

we expect the conservative scenario (Figure 1) 

occurs in relatively stable environments. However, 

Soldati et al. (2015) found, through empirical data, 

that situations of social environmental instability 

did not favor neither the individual production 

of knowledge or horizontal transmission routes. 

This study is therefore an example that in which 

the theoretical predictions not always occur in 

the empirical field. These premises, in the case 

which includes information shared by parents and 

children and transmitted vertically. This situation 

may arise because the “child informant” is assigned 

to an event that did not actually occur. The same 

methodology used to access the transmission 

routes of the “child informant” should be applied 

to the “parental informant,” considering only the 

traits shared between the two. This methodology 

allows for the past model of transmission of a given 

cultural trait to be recorded, thus following more 

than one event of cultural transfer of information. 

Therefore, it is possible to categorize the data for 

statistical comparisons. Because the hypothesis 

compares conservative and diffusive processes, 

two analytical categories are proposed: a) vertical 

transmission - conservative, which occurs when 

the trait is transmitted by vertical routes in both 

investigated events; and b) vertical transmission - 

diffusive, which occurs when the previous origin 

of a trait, although transmitted vertically between 

“parental informant” and “child informant,” 

previously originates in a non-parental model. 

To summarize, in the first proposed category, 

the learning route of the “parental informant” 

is vertical, whereas in the second category, 

corresponds to “horizontal” and “one to many” 

types, and they are both of a diffusive nature. 

Once the information collected from the informant 

pairs has been gathered, we can determine the 

frequency of each category using frequency tests 

(such as chi-square test, G test, etc.).

The data collection necessary to test the 

hypothesis focuses on self-reports information 

obtained, for example, by means of interviews. 

However, although this are the main tool for 

accessing information about the transmissions of 

knowledge (e.g. Arco et al. 2011; Eyssartier et al. 

2008; Lozada et al. 2006; Srithi et al. 2009; Tehrani 

and Collard 2009;), this tool receives some criticism 

(see Aunger 2000; McElreath Strimling 2008; 

Hewlett et al. 2011; Henrich and Broesch 2011). It 

is argued that the informants tend to value the role 

of parents in the learning process, overestimating 

vertical routes (Aunger 2000; McElreath Strimling 

2008; Hewlett et al. 2011; Henrich and Broesch 

2011). To make more reliable data collection 

authors advocate combination with other methods, 

such as ethnographic descriptions or participant 
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recognized as more useful. Thus, the vertical 

route would be less flexible and consequently less 

adaptive in relation to this conscious selection. 

However, the present discussion confers to the 

vertical routes the same property discussed by 

Henrich and Broesh (2011) because even if learning 

is always fixed relative to the “model-apprentice” 

pair, the transferred information between parents 

and children is completely versatile. Thus, 

individuals teach what was learned from parents 

and what has been recognized as most beneficial. 

The only difference is that cultural selection within 

vertical routes is found in the model and not in 

the apprentice, which is inconsistent with oblique 

transmission.

Existing mathematical models (see Boyd 

and Richerson 1985; Cavalli-Sforza and Feldman 

1981) assume that cultural transmission 

mechanisms have been shaped by natural and 

cultural selection, and is therefore adapted. In 

this sense, the environmental characteristics are 

important variables in the construction of behavior 

and learning strategies. For example, stable 

environments theoretically favor vertical routes 

as unstable environments stimulate the horizontal 

transmission types (see McElreath and Strimling 

2008, Reyes-Garcia et al., 2009). However, our 

theoretical discussion has attempted to reflect 

on other mechanisms present in the transmission 

process influencing cultural developments, should 

parental selection of cultural information.
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