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Cultural transmission between individuals can take 
various forms. One-to-many transmission refers to 
the case when each individual in a population socially 
acquires cultural traits from one particular individual 
who occupies a special social status, such as teacher 
or powerful authority. Researchers have argued 
that one-to-many transmission accelerates cultural 
change compared with one-to-one transmission, 
which occurs between a pair of individuals. In con-
trast, a recent mathematical analysis has demonstrat-
ed that the rate of cultural change is not necessarily 
higher with one-to-many transmission under the as-
sumption that cultural variants are selectively neutral. 
Here we analyze models of one-to-one and one-to-
many transmission in a situation where cultural vari-
ants are not selectively neutral. Our analysis suggests 
that one-to-many transmission tends to show higher 
rate of cultural change than one-to-one transmission 
when cultural variants are selectively disfavored.

Keywords
cultural evolution, learning, teacher

Introduction
A profound similarity between genetic and cultural 
evolution has been highlighted by many research-
ers (Boyd & Richerson, 1985; Cavalli-Sforza & 
Feldman, 1981). A genetic mutation in a single indi-
vidual may be lost when the individual dies, or may 
increase its frequency in a population until it com-
pletely replaces the previous wild type. Similarly, 
a cultural innovation made by a single individual 
may be lost when the individual dies or abandons it, 
or may spread throughout the population by social 
transmission and eventually replace the older form. 
As an analogy to the rate of molecular evolution in 
population genetics, Aoki, Lehmann, and Feldman 

(2011) defined the rate of cultural change, R, as R = 
Nuπ1, where N is the population size, u is the inno-
vation rate per individual per generation, and π1 is 
the fixation probability of an innovation that is ini-
tially made by a single individual (i.e., the probabil-
ity with which such an innovation will eventually 
be acquired by all individuals in the population).

An important discrepancy between genetic and 
cultural evolution is that while genes are inherited 
exclusively from parent to offspring (one-to-one 
transmission), cultural inheritance could take 
various forms. For example, an individual may 
decide which cultural variant to adopt by observing 
multiple members of the population (many-to-one 
transmission). Individuals may also acquire the 
variant possessed by one particular individual 
who occupies a special social status (one-to-many 
transmission). Aoki et al. (2011) developed a 
mathematical framework to compare the rates of 
cultural change, R , under various modes of social 
transmission.

The focus of this paper is on one-to-many 
transmission (see Pigeot, 1990, for a possible 
example of one-to-many transmission). With this 
mode of transmission, cultural change could be very 
fast: all members of the society will quickly adopt 
the trait possessed by their teacher or powerful 
authority. Accordingly, as Aoki et al. (2011) have 
pointed out, previous studies described the rate of 
cultural change under one-to-many transmission as 
“very rapid” (e.g., Lycett & Gowlett, 2008; see Aoki 
et al., 2011, and references therein). However, this 
argument was not supported by Aoki et al. (2011), 
who revealed that the rate of cultural change 
is not necessarily higher in their one-to-many 
transmission model than in the oblique (i.e., one-to-
one) transmission model.

Here we extend Aoki et al.’s (2011) analysis 
on one-to-many transmission by considering a 
case when cultural variants are not selectively 
neutral. On the one hand, cultural variants are 
not selectively neutral if different variants have 
different effects on the bearer’s survival and/or 
reproduction. On the other hand, cultural variants 
are also regarded as non-neutral if certain variants 
are more likely to be retained and/or imitated than 
others. Accordingly, we incorporate parameters 
that represent relative “viability” and “fertility” 
of a newly innovated variant itself or its carriers. 
Additionally, although Aoki et al. (2011) assumed a 
birth-death process (one individual is born and then 
another dies during a unit time) in their models, we 
instead adopt a death-birth process (one dies and 
then another is born during a unit time) because 
we believe that the latter is more consistent with 
our second interpretation of non-neutral cultural 
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variants.
In what follows, we first present our one-to-one 

transmission model as a baseline case and then 
introduce a one-to-many transmission model. The 
model outcomes are compared numerically and 
implications are discussed.

The One-to-One Transmission Model
Consider a population of N  individuals, each of 
which carries either but not both of two cultural 
variants, A and B (N  ≥ 2). We assume that the 
following two-step process ( i .e., death-birth 
process) takes place during each time step: first, 
one individual is chosen from the N individuals; 
and second, this individual is replaced by a copy of 
another individual chosen from the remaining N−1 
individuals. The process can represent two distinct 
phenomena: the first individual dies and is replaced 
by a newborn, who acquires the second individual’s 
variant through vertical or oblique transmission 
(biological death), or the first individual abandons 
its cultural variant to acquire the second’s variant 
through horizontal transmission (cultural death). 
In order to consider the possibility that the cultural 
variants are not selectively neutral, we assume 
that an individual carrying B (B-individual) is v 
times more (v  > 1) or less (0 < v  < 1) likely to be 
chosen at the first step of the death-birth process 
than an individual carrying A (A-individual). We 
also assume that an A-individual is s1 times more 
(s1 > 1) or less (0 < s1 < 1) likely to be chosen than a 
B-individual at the second step of the process.

The state of the population is specified by the 
number of A-individuals, i  (0 ≤ i  ≤ N). Denote by pi,j 
the transition probability from state i  to state j, that 
is, the probability that the population will be in 
state j  at time t+1 given that it is in state i  at time t. 
The system has two absorbing states, 0 and N, each 
of which is always followed by the same state (i.e., 
p 0,0 = pN,N = 1). For 1 ≤ i  ≤ N−1, state i  is followed 
by state i−1 (i+1) if and only if an A-individual (a 
B-individual) is chosen at the first step of the death-
birth process and a B-individual (an A-individual) 
is chosen at the second step. Hence, we have

( )
( ) 11

1
1, −−+

⋅
−+

−
=+ iNis

is
iNvi
iNvp ii ,	 (1a)

( ) ( ) iNis
iN

iNvi
ip ii −+−

−
⋅

−+
=− 11

1, ,	 (1b)

1,1,, 1 −+ −−= iiiiii ppp .	 	 	 (1c)
The population will eventually reach one of the 

two absorbing states. The fixation probability of 
variant A, πi, is the probability that the population 
in state i  will eventually reach state N . The 
following should hold:
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Note that when the cultural variants are selectively 
neutral (s 1 = v  = 1), (3) reduces to πi = i /N. The 
fixation probability of A when it is introduced by a 
single individual, π1, is obtained by substituting i  = 
1 into (3):

( )

( ) ( )

( )
( )

( ) ( )






















−−+−

−
+−









−−+−

−
+−

=
+

=
otherwise    

111
1111

111
1111

1 fi    
1
2

11

1

1

11

1

1

1

1

vssN
sN

vs

vssN
s

vs

v
s

vN
v

N

π 	.				(4)

The One-to-Many Transmission Model
The one-to-many transmission model differs from 
the one-to-one transmission model in that the 
population regularly has one special individual, 
which we call the “teacher.” During each time step, 
one individual is chosen to die and is replaced by 
a newborn who acquires the teacher’s variant. In 
case the teacher is chosen to die, a new teacher 
is chosen from non-teachers before the newborn’s 
learning event (biological death). An alternative 
interpretation of the process is that one individual 
is chosen to abandon its own cultural variant to 
acquire the teacher’s (if the learner is a non-teacher) 
or a non-teacher’s (if the learner is the teacher; 
cultural death). As in the one-to-one transmission 
model, the probability that a B-individual is chosen 
to die is v times that of an A-individual. In addition, 
we assume that an A-individual is s 2 times more (s 2 
> 1) or less (0 < s 2 < 1) likely to be chosen as the new 
teacher than a B-individual is.

The state of the population is specified by the 
number of A-individuals, i , and the cultural variant 
possessed by the current teacher, α (1 ≤ i  ≤ N when 
α = A and 0 ≤ i  ≤ N−1 when α = B). Denote the 
transition probability from state iα to state jβ by 
piα,j β. There are two absorbing states 0B and NA, 
that is, we have p 0B,0B = pNA,NA = 1. For 1 ≤ i  ≤ N−1, 
state i A is followed by state (i+1)A if and only if a 
non-teacher carrying B is chosen at the first step of 
the death-birth process, and by state (i−1)B if and 
only if the teacher, which carries A, is chosen at the 
first step and a B-individual is chosen as the new 
teacher. Similarly, state iB is followed by state (i−1)
B if and only if a non-teacher carrying A is chosen 
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at the first step, and by state (i+1)A if and only if 
the teacher, which carries B, is chosen and replaced 
by an A-individual. Formally, we have
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Let πiα denote the fixation probability of A when 

the population is in state iα. The following should 
be satisfied:
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Solving (7), we obtain
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where dj = v /[Nv 2+v−1−j(v 2−1)] and r j = 1−(s 2v−1/
v)/[j(s 2−1)+N−s 2+s 2v]. Note that when the cultural 
variants are selectively neutral (s 2 = v  = 1), (8) 
reduces to πi A = (N +i −2)/[2(N −1)] and πi B = i /
[2(N−1)]. Substituting i  = 1 into (8), we have the 
fixation probabilities of A when it is introduced by a 
single individual:
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Note that π1A ≥ π1B always holds because of p 1A,2A 
≥ p 1B,2A, p 1A,0B ≤ p 1B,0B, and the fact that both 
populations starting from 1A and 1B must pass 
through 2A to reach NA.

Comparison of the Model Outcomes
The rate of cultural change for the one-to-one 
transmission model, R OtO, is given by R OtO = Nuπ1, 
where u  is the innovation rate (i.e., the expected 
number of innovations made by an individual per 
time) of any one individual and π1 is given by (4). 
Meanwhile, the rate of cultural change for the one-
to-many transmission model, R OtM, is given by R OtM 
= utπ1A+(N−1)u ntπ1B, where ut and u nt represent the 
innovation rates of the teacher and of any one non-
teacher, respectively, and π1A and π1B are given by 
(9).

In the simplest case, where v = s1 = s 2 = 1 and 
u t = u nt = u , we obtain R OtO = R OtM = u , which is 
identical to Aoki et al.’s (2011) result. This means 
that one-to-many transmission, as compared with 
one-to-one transmission, neither accelerates nor 
decelerates cultural change if cultural variants are 
selectively neutral and the teacher is no more or 
less innovative than a non-teacher.

Let us now consider the case when the cultural 
variants are non-neutral. For simplicity, however, 
we concentrate on the case when s1 = s 2 = s and ut 
= u nt = u , in which case we have R OtM/R OtO = π1M/
π1, where π1M = (1/N)π1A+(1−1/N)π1B. Note that π1B 
≤ π1M ≤ π1A always holds (because π1M is a weighted 
mean of π1B and π1A) and that π1 = π1M = 1/N if v 
= s = 1. It is suggested numerically that R OtM/R OtO 
becomes larger and can exceed unity when v and/
or s become smaller (compare π1M and π1 shown in 
Figure 1).

Finally, suppose that v  for each innovation 
follows the log-normal probabilistic distribution;
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As shown in Figure 2 , f (v ) is distributed 
symmetrically when plotted against log-scaled v 
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(note that v  is a parameter representing relative 
magnitude). The expected fixation probabilities 
of an innovation, which may be more viable (v  > 
1), neutral (v  = 1), or less viable (v  < 1) than the 
existing variant, under the one-to-one and one-to-
many transmission models are then given by:

∫
∞

0 1 d)()( vvvf π ,	 (11a)

∫
∞

0 M1 d)()( vvvf π .	 (11b)

Examples of f (v)π1 and f (v)π1M are also shown in 
Figure 2.

When we consider multiple cultural traits for 
each of which an innovation following (10) may 
be made independently, higher expected fixation 
probability for each innovation means more 
accumulation of innovations over the whole set of 
the traits during a given time period. Hence, our 
numerical analysis on (11) given in the legend 
of Figure 2 can be interpreted as follows: when 
innovations are on average more viable than the 
existing variants (μ > 0; see Figure 2a), more 
innovations are expected to accumulate under the 
one-to-one than one-to-many transmission model, 

whereas when innovations are on average less 
viable than the existing variants (μ < 0; see Figure 
2b), the one-to-many transmission model predicts 
greater amount of accumulated innovations than 
the one-to-one transmission model.

Discussion
Aoki et al. (2011) showed that one-to-many 
transmission, as compared with one-to-one 
transmission, does not accelerate or decelerate 
cultural change so long as cultural variants are 
selectively neutral and the teacher and a non-
teacher have the same chance of making an 
innovation. In the present study, we have shown 
that, when cultural variants are not neutral, one-
to-many and one-to-one transmission may differ 
in the rates of cultural change, even if the teacher 
and non-teachers exhibit the same innovation 
rate. Our analysis also suggests that one-to-
many transmission accelerates cultural change 
when innovations are on average less viable than 
the existing variants, but decelerates it when 
innovations tend to be more viable.

As mentioned earlier, the “viability” of a cultural 

Figure 1. Plots of the fixation probabilities against (a) v and (b) s. N = 25 and (a) s = 1 or (b) v = 1.

Figure 2. Plots of f (v), f (v)π1, and f (v)π1M against v. The broken curve shows the probability distribution of v for an in-
novation. The area below each of the solid curves corresponds to the expected fixation probability of an innovation. N = 
25, s = 1, σ = 1/4, and (a) μ = 1/4 or (b) μ = −1/4. The expected fixation probabilities are numerically calculated as: (a) 0.225 
for the one-to-one transmission model and 0.057 for the one-to-many transmission model; (b) 0.0238 for the one-to-one 
transmission model and 0.0287 for the one-to-many transmission model.
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variant has two distinct interpretations. Firstly, 
a variant that improves the bearer’s survival to a 
greater extent can be regarded as more viable. In 
this case, a less viable variant may, for instance, 
harm the carrier’s health and the accumulation 
of such variants could result in the rise of the 
average mortality of the population. Secondly, a 
variant that is more likely to be retained by those 
who have already acquired it can be regarded as 
more viable. With this interpretation, a less viable 
variant may be such that is more complicated or 
harder to practice. Consider, for example, there are 
two variations in the way a certain tool is made: 
one that has refined decoration requiring intense 
efforts and the other that is functionally equivalent 
but without such decoration. The former may be 
regarded as less viable in the sense that people 
are more likely to give up making it than the 
latter. If innovations tend to require greater efforts 
(and thus less viable) than the existing variants, 
accumulation of such innovations are expected to be 
faster under one-to-many transmission than under 
one-to-one transmission. In this sense, therefore, 
one-to-many transmission might serve as a driving 
force for assembling such delicate traits and 
accelerate sophistication of culture.
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