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Is Human Culture Cumulative?
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It has been claimed that a unique feature of human culture is that it accumulates beneficial modifications over time. On the basis of
a couple of methodological considerations, we here argue that, perhaps surprisingly, there is insufficient evidence for a proper test
of this claim. And we indicate what further research would be needed to firmly establish the cumulativeness of human culture.
Cumulative cultural evolution (CCE) is widely regarded as a
hallmark of our species (Boyd and Richerson 1996; Dean et al.
2014; Hill, Barton, and Hurtado 2009; Mesoudi 2011; Toma-
sello, Kruger, and Ratner 1993). A population exhibits CCE if
its individuals, across generations, gradually improve their
behavior through social transmission of beneficial modifica-
tions to the transmitted behaviors (Mesoudi and Thornton
2018). Over time, CCE results in cultural traits that could not
be invented by a single individual (Dean et al. 2014; Richerson
and Boyd 2005; Tennie, Call, and Tomasello 2009).

It is fairly evident that human populations have been able
to improve at least some of their behavior through CCE, espe-
cially if one restricts oneself, as most of the relevant literature
appears to do, to behaviors in the technological domain and
relevant measures of improvement in this domain. Even a quick
glance at the historical transitions in, say, lithic technologies,
extant foragers’ hunting gear, and modern combustion engines
suffices to suggest that, indeed, CCE has allowed humans to
increase the efficiency or effectiveness of traits. And the Apollo
missions indeed seem to demonstrate that humans can “in-
crease the complexity of their technology and knowledge over
many episodes of social transmission, by building on the devel-
opments of their predecessors” (Dean et al. 2014:285; empha-
sis added).

Cultural evolutionists, however, often endorse a much stron-
ger claim, namely, that CCE is a unique and characteristic feature
of human culture (see, e.g., Dean et al. 2014; Lewis and Laland
2012; Tennie, Call, andTomasello 2009).1 They infer this froman
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See, e.g., in Tennie, Call, and Tomasello (2009), “Human culture, in
ast [to nonhuman culture], has the distinctive characteristic that it
ulates modifications over time” (2045), in Lewis and Laland (2012),
human culture appears unique in that it is cumulative, i.e. human
ral traits increase in diversity and complexity over time” (2171), and in
et al. (2014), “Human culture is clearly cumulative, with innovations
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alleged difference between humans and nonhuman animals:
whereas CCE is rarely found in nonhuman animals, it is—or
so the argument goes—pervasive in our species. As Richerson
and Boyd (2005) write: “One thing is fairly clear: only humans
show much evidence of cumulative cultural evolution. . . . Hu-
mans can add one innovation after another to a tradition un-
til the results resemble organs of extreme perfection, like the
eye. . . . In nonhuman animals, the evidence for cumulative
cultural evolution is scanty and controversial” (107; emphasis
in the original).

Boyd and Richerson are certainly right that it requires much
evidence to substantiate the claim that CCE is a unique and
characteristic feature of human culture. But is it, as they con-
tend, fairly clear that there is much such evidence? Perhaps
because contemporary industrialized societies abound with anec-
dotic evidence, researchers have been quick to accept the cu-
mulative nature of human culture and have largely focused their
efforts on examining nonhuman animal culture (see, e.g., the
bias toward nonhumans in reviews of the comparative evidence
in Dean et al. 2014; Tennie, Caldwell, and Dean 2018; Tennie,
Call, and Tomasello 2009). A lack of generally accepted suc-
cesses in establishing CCE in nonhuman animals would then
seem to substantiate the idea that CCE is unique to humans.

Below, we argue, though, that properly establishing the pro-
pensity of human culture to accumulate beneficial modifica-
tions over time requires more and different kinds of evidence
than are currently available: the few relevant extant data sets do
not suffice for a proper test. Finally, we sketch what future re-
search would need to do to secure a firmer empirical grounding
for cumulative culture in humans and for the claim that this is
a unique and distinctive feature of our species.
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being built upon the knowledge of previous generations and ideas from
different disciplines and populations combined to formulate new traditions
and technologies” (287).
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A Proper Test of Cumulative Culture

If cumulativeness is to qualify as a general characteristic of
human culture (see the quotes in 1n), it is not enough to show
that some human cultural behaviors result from CCE; rather,
one must show that a large fraction of such behaviors result
from CCE. Consider the following analogue. Bipedalism is,
at least among primates, a uniquely and distinctively human
trait. This is so because bipedalism is shared by most members
of our species (and not by most members of other primate
species); it is a statistical regularity characteristic of our spe-
cies (but not of other primate species) that a majority of its
members walk upright. In a similar vein, cumulativeness is a
unique propensity of human culture only to the extent that
most human cultural traits are brought about by CCE.

How should one substantiate such a characteristic statis-
tical regularity? In an ideal scenario, one would start from es-
tablished lines of descent of cultural traits. Consider figure 1A,
which represents a phylogenetic tree that reconstructs the
cultural-evolutionary relationships between five cultural traits
(a–e). The number associated with each trait represents the
value that the trait has with respect to a variable, z, whichmight
denote the efficiency, effectiveness, or complexity of the trait
(or any other dimension that traits can improve in). Among
the four evolutionary transitions, three exhibit increases in z
(a→b, a→c, b→d), and only one exhibits a decrease in z (b→e).
Figure 1. Phylogenetic reconstructions illustrating the inadequacy of maximum (max) and average (avg) values and the adequacy of
median values for establishing cumulative culture. z p the efficiency, effectiveness, or complexity of a trait.
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The reconstruction thus suggests that cumulation happens
more often than not and thus that human culture (or at least
the cultural domain represented by the phylogeny) has the
general propensity to accumulate beneficial modifications over
time.

Yet reconstructions are rarely as clear-cut as the one in
figure 1A. Suppose one knows the z values of some original
trait (e.g., an Oldowan stone tool) and of a set of traits that
plausibly derive from it (e.g., Acheulean stone tools) but not
the precise evolutionary relationships between the original and
the derived traits. In such a scenario, one would not be able
to determine the frequency of increases and decreases in z.
Comparing the average and maximum z values of the two dia-
chronic samples also would not tell us whether cultural evo-
lution is mostly cumulative. The reason, originally stated for
the biological domain (Gould 1996; McShea 1991, 1994), is that,
whenever there is a lower bound to z, evolution will produce
increases in the average and maximum value of z, even if such
increases happen only rarely. To illustrate this, consider fig-
ure 1B. Let node a represent a one-component tool (e.g., an
Oldowan flake), and let the tool’s z value refer to its complexity,
which is given by the tool’s number of components (viz., one).
Complexity thus has a lower bound: one cannot produce a
tool with fewer than one component. Figure 1B shows that a
single instance of cumulation—namely, the evolution of one two-
component tool from one one-component tool, or transition
b→e—already suffices to increase the average and maximum
complexity of the later generation of tools. Accordingly, a uni-
linear sequence of the tools diagnostic for various Lower Pa-
leolithic industries—say, a sequence from Oldowan flakes to
Early Acheulean hand axes to Late Acheulean hand axes, as
the one developed by Stout (2011; see also Muller, Clarkson,
and Shipton 2017)—does not establish that human culture
is characteristically cumulative,2 for such a sequence involves
only maximally complex traits and ignores developments in
simpler technologies, including various developments in flaked
technologies.3

Moreover, given that there is a lower bound to z, even a
simple random walk (i.e., a sequence of transitions in which
complexity decreases are as likely as complexity increases) can
produce higher average and maximum values over time (Fisher
1986). This is illustrated by figure 1C. In this reconstruction,
the maximum and average z values increase, although there
are as many upward as downward (or, given the lower bound,
stable) transitions.
2. We do not mean to imply that Stout (2011) or Muller, Clarkson,
and Shipton (2017) endorse the view that cultural evolution is unilinear.
We merely want to point out that they do present unilinear sequences
and that such sequences are unsuited for testing whether human cultural
evolution is cumulative.

3. The same applies if cumulation were to be expressed in terms of
effectiveness or efficiency. E.g., for a hunting spear, the lower bound would
be zero; one cannot produce a spear that allows one to make fewer than
zero kills. Given this lower bound, the effectiveness and efficiency of
spears will increase even if cumulation is rare.
In view of the foregoing, Gould (1996) suggests that me-
dian values are a more reliable proxy for the cumulative char-
acter of evolution than averages and maximum values. Fig-
ure 1 confirms this: median z values increase in case z increases
more often than not (fig. 1A) and remain constant otherwise
(fig. 1B, 1C).

In sum, to properly test whether human culture is distinc-
tively cumulative, one should ideally determine the frequency
of episodes of cumulation in established cultural phylogenies
or networks. If this proves unfeasible—for example, because
cultural evolution is highly reticulate and methods required
for producing unambiguous rooted networks do not yet exist
(Morrison 2011)—one should instead track the median z val-
ues across diachronic samples that can reasonably be assumed
to be related by descent. Note that no such assumption can be
made concerning traits that come from highly different do-
mains. So it is pointless to refer to the vast difference in effec-
tiveness or efficiency between contemporary and prehistoric
modes of transport or to the vast difference in complexity be-
tween, say, the Apollo missions and the earliest stone tools. Such
a comparison involves traits that are, in any but the broadest
possible sense, unrelated through lines of descent, and if there
is no plausible chain of episodes of social transmission, there
cannot be a credible history of the accumulation of beneficial
modifications.

On a final note, given that cumulativeness is said to be a
defining characteristic of human culture in general, a proper
test requires a global and high-resolution sample that is rep-
resentative of all of the cultural-evolutionary processes that have
taken place in our species. This implies, among other things,
that it should not be biased toward data that pertain to certain
historical eras or cultural groups or toward data that, by their
mere format, suggest cumulation (e.g., unilinear sequences).

The Evidence

As argued above, proper evidence for the cumulativeness of
human culture consists, minimally, in increasing median values
of a variable denoting the efficiency, effectiveness, or complexity
of cultural traits across diachronic samples that can reason-
ably be assumed to be related by descent and that are, overall,
representative of all the cultural-evolutionary processes in our
species. Seen in this light, it is notable that a considerable por-
tion of the studies that have been invoked in support of the
cumulativeness of human culture (e.g., Dean et al. [2014], Me-
soudi [2011], and Kempe, Lycett, and Mesoudi [2014] invoke,
respectively, Basalla [1988], de Solla Price [1963], and Hodgkin
[2005]) in fact provide evidence only for episodes of social
transmission.4 That is, while these studies illustrate that
4. Additional evidence for this claim may be derived from the well-
documented continuities between lithic technologies (e.g., from Lomekwian
to Oldowan, from Oldowan to Acheulean, and from Acheulean to Middle
Paleolithic), where innovations in the preceding period were built on in the
consecutive period. See, e.g., Delagnes and Roche (2005), Nonaka, Bril, and
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technologies develop by exposure to previous inventions (cul-
tural evolution), they contain no information on efficiency, ef-
fectiveness, or complexity and thus do not substantiate the di-
rectionality of change (CCE).

Only a few existing data sets comprise diachronic samples
from cultural lineages that indicate changes, within the lin-
eages, of complexity (Lindenfors et al. 2015; Moore et al. 2009;
Neamtiu, Xie, and Chen 2013; Perreault et al. 2013; Stout 2011;
Strumsky, Lobo, and van der Leeuw 2012). However, as we have
detailed elsewhere (Vaesen and Houkes 2017), these data sets
do not constitute a representative sample of human cultural
evolution. For one thing, they pertain only to technology and,
even within this restriction, only to four technological domains
(viz., stone technologies, cooking recipes, software, patents), three
of which come from what Henrich, Heine, and Norenzayan
(2010) have called Western, educated, industrialized, rich, and
democratic (WEIRD) societies. Furthermore, half of the studies
present low-resolution (viz., unilinear) sequences that, by their
format, are biased toward complexification. Furthermore, for
two of four domains, the results are ambiguous with respect
to complexification (Vaesen and Houkes 2017, table 2): some
data sets for the domain point to increasing, others to decreas-
ing complexity. Given the above, the claim that human cultural
evolution generally leads to more complex traits cannot be said
to be sufficiently supported (or discredited) by credible evidence.

Alternatively, support may be sought for the claim that cul-
tural evolution generally produces more efficient or more effective
traits. Researchers have attempted to mimic cultural-evolutionary
processes in the laboratory by means of experiments in which
one human participant acts as demonstrator for a second par-
ticipant, who acts as a demonstrator for a third, and so forth.
Some of these so-called transmission chain experiments sug-
gest that cultural evolution can lead to cumulative improve-
ments in effectiveness (Caldwell and Millen 2010a, 2010b; Fay
et al. 2019) and efficiency (Flynn 2008). Yet all were performed
on WEIRD subjects. Furthermore, the studies by Caldwell and
Millen (2010a, 2010b) suggest that CCE occurs in some con-
ditions but not in others. More specifically, the occurrence of
CCE was found to be contingent on the size of the group of
demonstrators (Caldwell and Millen 2010b; Fay et al. 2019)
and on the predictability of payoffs (Caldwell and Millen 2010a;
note that Flynn [2008] did not control for these factors). Given
these contingencies and given these researchers’ own warning
against extrapolation of their experimental results to real phe-
nomena (Caldwell and Millen 2010b:317; Fay et al. 2019:6729),
it remains an open question whether CCE is a general char-
acteristic of human culture.

Another study that pertains to effectiveness and efficiency
and that uses historical data from WEIRD and non-WEIRD
societies is a study by Morris (2013). It suggests that, since
14 kya, human culture has shown an upward trend in per capita
energy capture, where this encompasses the full range of en-
Rein (2010), Shipton (2016), and Wilkins, Pollarolo, and Kuman (2010).
We thank an anonymous reviewer for directing us to this literature.
ergy (food, fuel, raw materials) extracted from the environ-
ment. This might be taken as evidence that human culture is
characterized by cumulative improvements in effectiveness
or efficiency (viz., gradual increases in per capita energy cap-
ture), although it should be noted that no conclusion to this
effect is drawn in the study itself. But, however extensive Mor-
ris’s data set may be, it features two unilinear sequences, one
for the Western and one for the Eastern world, represented at
each stage by the technologically most advanced societies of their
time. The Western sequence, for instance, starts in 14,000 BCE
with Late Ice Age foraging societies in southwest Asia and
leads, in broad outline, via agriculturalists and archaic states
in Mesopotamia and Mediterranean societies from early and
late classical antiquity, to contemporary Euro-American so-
cieties. The data for this sequence may well point to an in-
crease in energy capture over time, but it is doubtful whether
the stages it comprises are linked by descent, and a proper test
of the human uniqueness of cumulative culture would more-
over need to include data from (parallel) sequences that pertain
to societies that are less reliant on technologies (e.g., foraging
and pastoralist societies in Mesopotamia or foraging, food-
producing, and pastoralist societies in Africa). Finally, an error
margin of520% is used in the study (Morris 2013:106), which
seems reasonable given the uncertainties and assumptions in-
volved. Yet this entails that the evidence is compatible with the
claim that per capita energy capture remained virtually constant
before ~10 kya. Thus, insofar as Morris’s data establish cumu-
lation at all, they do so only for a tiny fraction of human culture.
In sum, the claim that human cultural evolution is generally
cumulative is, at present, not sufficiently supported by cred-
ible evidence.

Suggestions and Discussion

Our methodological considerations are not meant to establish
when there would be a sufficiently robust and diverse evidential
basis for the claim that human cultural evolution is generally
cumulative. Rather, they identify several shortcomings of the
current body of evidence, as well as pathways for improvement.

One shortcoming of the current body of evidence is its low
resolution and its consequent failure to be representative of
the cultural-evolutionary processes that have taken place in
our species. To ascertain that cumulation is a species-specific
rather than a WEIRD feature of cultural evolution, future re-
search would need a strong focus on studying non-WEIRD
societies (past and present). Furthermore, it would need to de-
velop reconstructions that are not unilinear. In line with what
was indicated above, such reconstructions are feasible. By way
of illustration, in a study by de la Peña and Wadley (2017), the
authors analyzed all lithic artifacts from several stratigraphic
layers at Sibidu Cave (South Africa) and determined for each
assemblage the median complexity, namely, the median num-
ber of procedural units in the production of the artifacts. The
samples were broader than those implied in unilinear recon-
structions: they included various types of cores, retouched blanks,
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blanks without retouch, and chips. Furthermore, rather than
tracking the lines of descent of individual artifacts or artifact
types, the study assumed stratigraphic layers to correspond to
consecutive stages of evolution in the domain of stone tech-
nologies. Interestingly, the younger post–Howiesons Poort assem-
blages were found to be less complex than the older Howiesons
Poort assemblages. Admittedly, high-resolution studies such as
the one by de la Peña and Wadley demand large time and re-
source investments. But until such investments have been made,
we at least recommend that researchers acknowledge and in-
dicate in their writings the uncertainties that accrue to claims
regarding the cumulative character of human culture.

A complementary way to improve the representativeness of
the current evidential base is to include data sets pertaining to
nontechnological domains (e.g., oral traditions, ritualistic be-
haviors, stylistic features of artifacts). Without such data, on-
going discussions about cumulative human culture are in fact
more restricted in scope; namely, they concern cumulative
technology.

Where these pathways would improve direct evidential sup-
port for the claim that human culture is cumulative, one might
also seek more indirect support. As said at the outset, CCE is
taken to result in cultural traits that could not be invented by
a single individual (Dean et al. 2014; Richerson and Boyd 2005;
Tennie, Call, and Tomasello 2009). Thus, establishing that a
trait is beyond the capacity of individual humans to invent
alone (Reindl et al. 2017; Tennie, Caldwell, and Dean 2018)
might be taken as indirect evidence for the operation of CCE.
Leaving aside the difficulties in properly implementing an in-
dividual inventability test, such as finding suitably “naive” in-
dividuals, positive results could provide a valuable addition to
current evidence regarding human cultural evolution. How-
ever, some of our previous methodological considerations apply
with equal force: the tests should pertain to a sufficiently broad
range of cultural traits (e.g., technological and nontechnological,
WEIRD and non-WEIRD) to be representative of all human
cultural-evolutionary processes. Moreover, care should be taken
in interpreting results: individual inventability tests per se can-
not reveal directionality of change in cultural traits. For example,
suppose that we were to discover that it is beyond an individ-
ual’s ability to invent a Late Acheulean hand ax. That finding
would suggest that Late Acheulean hand axes are products of
cultural evolution, namely, that Late Acheulean toolmakers built
on innovations of earlier periods (i.e., Early Acheulean hand
axes). However, the finding is insufficient to justify claims con-
cerning gradual improvement (CCE): the refinement of hand
axes over time might very well not have had anything to do
with increases in effectiveness or efficiency but rather with
changes in stylistic traditions (Beyene et al. 2013; Lycett and
Gowlett 2008).

Our methodological considerations also have repercussions
for claims regarding the uniqueness of CCE to our species. As
we have argued, there is insufficient evidence to conclude that
human cultural evolution is generally cumulative—although
there certainly are uncontroversial cases showing our capac-
ity for CCE. Thus, given the current state of evidence regarding
human cultural evolution, one generally accepted example for a
nonhuman species would suffice to discredit the claim that the
capacity for CCE is uniquely human.

On a final note, human cultural evolution could still be
found to be unique, even if it would not be distinctively, uniquely
cumulative. Perhaps, as in biological evolution, the real change
in cultural evolution concerns increases in the total diversity
of traits (Shea 2011). Or perhaps human culture is special in the
simple sense that it governs so much of our behavior.
Comments
Christine A. Caldwell, Elizabeth Renner, Donna Kean,
Kirsten H. Blakey, Charlotte E. H. Wilks, Mark Atkinson,
Sarah B. Kraemer, and Gemma Mackintosh
Psychology, Faculty of Natural Sciences, University of Stirling,
Stirling FK9 4LA, Scotland, United Kingdom (c.a.caldwell@stir.ac
.uk). 4 IX 20

Human Culture Is Cumulative, but Cumulative
Cultural Evolution Will Not Be
Evident in All Contexts

We agree wholeheartedly with Vaesen and Houkes’s view that
research on human culture would benefit hugely from having
more real-world data sets analyzed for conclusive evidence of
cumulative cultural evolution (CCE) in action. However, we take
issue with their argument in several ways. First, we dispute their
representation of the prevailing view in this field; they have
constructed a straw man argument in relation to the distinc-
tiveness of human culture. Second, we disagree with the con-
jectures extrapolated from this misconstrued account. Third,
we question the focus on complexity, which we consider a poor
metric of the presence or otherwise of CCE. Finally, we high-
light the challenges of implementing the proposed analyses. We
suspect that the dearth of evidence is attributable to the sub-
stantial difficulties associated with generating it, rather than fail-
ure to appreciate its merit.

Vaesen and Houkes misinterpret the statements of those
advocating a view of CCE as “a unique and characteristic fea-
ture of human culture” with their assertion that “cumulative-
ness is a unique propensity of human culture only to the extent
that most human cultural traits are brought about by CCE” and
their analogy with human bipedalism. This conclusion does not
follow from claims regarding the distinctiveness of human CCE.
Should an analogy be needed, we would instead compare the
human propensity for CCE to a cheetah’s ability to run at 70 miles
per hour. This characteristic sets cheetahs apart from other ani-
mals (many of which can run, just not at this speed) and has
significant fitness consequences. Nonetheless, we do not expect to
see this displayed in a large proportion of a cheetah’s locomotion.

Our own view is that what is distinctive about human culture
is the (relatively) broad range of contexts within which CCE
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occurs. This more modest claim also provides a constructive
starting point for further investigation targeted at understand-
ing the extent and limits of CCE in humans and nonhumans.
Our recent work (Wilks et al. 2021) has shown that for some
populations (in this case, young children), the “ratchet effect,”
considered a hallmark of CCE, may be apparent only in lim-
ited cognitively unchallenging contexts, while for others (older
children), the effect is less restricted.

Vaesen and Houkes acknowledge that attempts have been
made to test for evidence of CCE in the technological domain
but extrapolate from their inference regarding the predom-
inance of CCE in human culture that this should also en-
compass nontechnological domains, including “oral traditions,
ritualistic behaviors, stylistic features of artifacts.” However,
it would be a flawed endeavor to subject data sets from very
different cultural domains to the same standards of evidence.
We should not expect to see CCE manifested as a unitary phe-
nomenon (or at least as a phenomenon that can be quanti-
fied and evaluated in a unitary fashion) across domains. The
reason that researchers have focused almost exclusively on
technological traditions is that it is somewhat more straight-
forward to demonstrate an accumulation of beneficial modi-
fications within this domain. Assuming that the intended func-
tion of an artifact is known, it may be possible to formulate
a relatively objective measure of its effectiveness, independent
of historical and geographical context, enabling conclusions
about whether functionality has improved over time.

However, for symbolic conventions, even if one can identify
a measurable function, that functionality will be necessarily
context dependent. The more arbitrary relationship between
form and function means that a sign that has high functionality
in one context (e.g., the word “dreich” in Scotland) may have
almost none when used in a community that does not share
the convention (e.g., see Caldwell and Smith 2012 for an ex-
perimental demonstration). Such traits cannot be assigned a
context-independent value, rendering it virtually impossible
to establish whether later variants represent “improvements” of
their precursors.

We also question the focus on complexity as a metric for
CCE, which we believe to be misguided and potentially mis-
leading. While increasing complexity can be an outcome of
the accumulation of beneficial modifications (i.e., where that
complexity brings improved functionality), this is far from
inevitable. Indeed, since ease of learning and production also
represent benefits, functionless complexity is in fact expected
to decrease under CCE (e.g., see Tamariz and Kirby 2015). We
suggest that using direct measures of functionality may be the
only valid approach to establishing evidence for CCE. Although
such an approach is not without its own limitations, we cannot
see how other measures can be used as universal proxies for
the accumulation of beneficial modifications.

Finally, although we share the enthusiasm for a stronger his-
torical evidence base, it is important not to underestimate the
likely difficulties of achieving this. For example, our suggestion
regarding functionality depends on being able to establish the
goal of those using the trait. As experimentalists ourselves, we
have the luxury of being able to dictate this, in that we give
participants explicit instructions and a clearly defined task (e.g.,
Caldwell and Millen 2008). However, measurement and
comparison cannot be achieved in such a clean manner for
real-world cultural traits. Interestingly, one real-world data set
that arguably achieves this goal of demonstrating increasing trait
functionality over generations of social transmission comes from
nonhumans. Jesmer et al. (2018) studied the migratory behavior
of translocated bighorn sheep andmoose and concluded that it
had taken multiple generations for the introduced populations
to develop migratory patterns as effective as those of historically
resident populations, synchronizing movement with the avail-
ability of high-quality forage. In this case, it is a reasonable
assumption that maximizing resource exploitation is desirable
and that migration patterns function largely to achieve this.
Later generations therefore appeared to have benefited from
the accumulated experience of their predecessors.

We stand by the consensus view that human culture is dis-
tinctive, despite neither seeing CCE as completely unique to
humans nor having any expectation that it will be obvious in
all or even most human cultural traits. We agree that more
evidence is needed to move the field forward, but the inter-
esting questions are when, where, and how CCE manifests it-
self. We hope that researchers rise to the challenge laid down in
this stimulating forum article.
Paloma de la Peña
McDonald Institute for Archaeological Research, University of
Cambridge, Downing Street, Cambridge CB2 3ER, United Kingdom,
and Evolutionary Studies Institute, University of the Witwatersrand,
N1 Yale Road, 2003, Johannesburg, South Africa (paloma
.delapenya@gmail.com). 3 IX 20

I must admit that the article by Vaesen and Houkes has chal-
lenged my unquestioned assumptions about cumulative cul-
tural evolution, which is a human trait that I had previously
taken for granted. After reading their paper, I concur with
them, following the different lines of reasoning highlighted in
their article, that there is still not enough evidence to affirm,
roundly, that cumulative cultural evolution is a fact for humans.

I was delighted to read that archaeology is taken as a fun-
damental line of evidence in this debate and, moreover, that
they vindicate nonpartial data sets or studies. Indeed, these
should be obvious key factors to consider. As an archaeolo-
gist, my comments on their article largely advise caution from
an archaeological perspective and, tacitly, from an anthropo-
logical perspective.

One of the initial points in the article states that most of
the literature on this debate revolves around the domain of
technology. They later propose that “a complementary way to
improve the representativeness” would be to include other
nontechnological domains, such as oral traditions or ritual-
istic behaviors. I could not agree more with this suggestion
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for future research, although it is important to bear in mind
that none of the abovementioned domains can be isolated. In
particular, technology cannot be understood without other
domains such as symbolism. As highlighted by Simondon
(1958), there is no technology without symbolic meaning.

My second comment on their article refers to the remarks
about the way in which cumulative cultural evolution is val-
ued through increased efficiency or effectiveness, or complexity.
The way we measure efficiency is culturally biased, depending
on what we weigh as important for efficiency. Is efficiency the
amount of useful work performed with a given technology? In
the Cambridge dictionary, efficiency is defined as “the good use
of time and energy in a way that does not waste any” (http://
dictionary.cambridge.org/dictionary/english/efficiency). How-
ever, the adoption or rejection of a technology (and its success
in the long term), in many societies, results from cultural values
and social relations (Lemonnier 2002) rather than from in-
herent benefits understood from a cost-benefit modern and
Western perspective. To put it bluntly, a technological choice
might seem highly inefficient economically but highly bene-
ficial sociologically (and indeed beneficial from an adaptive
perspective). It can be difficult for a researcher to discernwhich
factors influenced the technological choices—whether they
were economical (in terms of cost and benefits) or were, rather,
sociological. Since the Late Pleistocene, there have been abun-
dant technological examples that serve a purpose beyond what
might be considered what we see as efficient today. This could
be aligned with the warning that the authors give urging scholars
to broaden their search for data outside Western, educated, in-
dustrialized, rich, and democratic societies (Henrich, Heine, and
Norenzayan 2010). However, even in modern society today,
there are abundant examples in the anthropological record of
technological choices that may be highly technologically inef-
ficient but are beneficial in other domains. Some examples that
I can quickly think of include baby hair bands for hairless babies
and Japanese kaizōsha motorbikes or Bōsōzoku cars.

Finally, when we look at the archaeological record, we must
always remember that the evidence that we find is always a
partial version of what it was. Therefore, the evolutionary
conclusions that we might derive from the archaeological rec-
ord should be taken with extreme caution, even when we look
strictly at the technological domain (usually the stone tools).
From a technological perspective, in the past there was surely a
great variety of wood and botanical tools that have very seldom
been preserved (see some exceptions here: Rios-Garaizar et al.
2018; Wadley et al. 2020). Moreover, it is possible that certain
time periods have accumulated archaeological evidence that is
more conspicuously complex (from the modern archaeologist’s
perspective) than others. A good example is the African Middle
Stone Age archaeological record (Wadley 2015). It seems that
the Howiesons Poort and the Still Bay are extraordinary tech-
nological traditions with abundant examples of technological
and symbolic complexity, such as the engraving of ostrich egg-
shell containers, the appearance of engraved ocher, formal bone
tool technology, compound adhesives for hafting, and a great
variability in hunting techniques (for a synthesis of these tech-
nological traditions, see de la Peña 2020; Henshilwood 2011).
However, the apparently unusual and exceptional evidence of
the Still Bay or the Howiesons Poort might merely be an ar-
chaeological illusion, as we have not been aware of other clues
of the rest of the Middle Stone Age in the archaeological record.
As a result, outside those two abovementioned technological
traditions, the Middle Stone Age might (artificially) seem to be
monotonous. I hope that these three archaeological remarks
are useful for the future debate between cultural evolutionist
specialists and philosophers on cumulative cultural evolution.
Miriam Noël Haidle and Oliver Schlaudt
Research Center “The Role of Culture in Early Expansions of
Humans,” Senckenberg Research Institute, Senckenberganlage 25,
D-60325 Frankfurt, Germany (miriam.haidle@uni-tuebingen.de,
miriam.haidle@senckenberg.de)/Department of Philosophy, Uni-
versity of Heidelberg, Schulgasse 6, D-69117 Heidelberg, Germany
(oliver.schlaudt@urz.uni-heidelberg.de). 1 IX 20

Not Necessarily Additive, Linear, or Beneficial

Cultural evolution (CE) is by now an established fact. There is
also a wide consensus that human CE is cumulative (cumula-
tive CE [CCE]). Vaesen and Houkes challenge this consensus,
hinting at missing evidence for cumulativeness. In a recent
discussion, we (Haidle and Schlaudt 2020, 2021) argued that,
quite the contrary, all CE—human and nonhuman—should be
considered cumulative. Such a divergence in opinion is note-
worthy, demonstrating considerable disagreement on basic ideas
and fundamental premises.

It seems that Vaesen and Houkes’s criticism is based on
three implicit interconnected assumptions: (1) that cultural traits
(i.e., behavioral patterns and tools) are autonomous units
that can be studied and assessed independent of their con-
text, (2) that such traits can be characterized by single factors
and their effects (corresponding to the variable z in the pa-
per, denoting “effectiveness, efficiency, or complexity”), and
(3) that cumulative evolution, consisting in successive modifi-
cations of this factor, is by definition constrained to beneficial
effects. In short, Vaesen and Houkes seem to identify CCE
with the ratchet effect (Tennie, Call, and Tomasello 2009).

We do not accept these premises. First, we advocate an
“ecological” approach (based on Gibson 1979; Köhler 1926;
von Uexküll 1921; Vygotsky and Luria 1993), according to which
tools and behavioral patterns have to be studied in their
respective contexts. A tool has a “backward”matching the skills
and resources necessary for obtaining or producing it, a “syn-
chronous”matching the technical and cognitive requirements of
its use, and a “forward” matching the resources it makes ac-
cessible to the user. Vaesen andHoukes state, for example, that
a one-component tool cannot be less complex, which is true if
you consider only the object, independent of its context. Ac-
cording to the ecological approach, however, an unmodified
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hammerstone, a modified hook tool, an Oldowan flake tool,
and a wooden spear—all single-component tools—differ sig-
nificantly in their processes of acquisition,manufacture, use, and
resulting options and thus in the complexity expressed by the
problem-solution distance (Haidle 2010, 2012; Lombard, Haidle,
and Högberg 2019). To “improve the representativeness of the
current evidential base” as Vaesen and Houkes demand, a less
restricted view of cultural traits and technology than that of
Vaesen and Houkes is required.

Second, we consider cultural traits multifactorial. A tool and
the associated behavior, for example, represent an understand-
ing of the combination of material, form, function, technology
of production, technology of use, and general problem-solution
concept (Haidle and Bräuer 2011). Thus, and contrary to prem-
ise 2, the evolution of a cultural trait should be assessed as a
multifactorial process. An invention can affect one or several of
these factors simultaneously; an evolutionary sequence of inven-
tions can first affect factor a, then c, then e, then b, then a again,
and so on. These changes can have different effects on the re-
quirements and outcomes.

Third, consequently, we see a fundamental problem in the
connotation of a change as unambiguously “beneficial” as it
relates to an increase in complexity, efficiency, or effectiveness
(Haidle 2019). While a modification can be beneficial on one
axis, for example, the higher availability of raw material, it can
prove problematic on another axis, for example, less durability
in use, and neutral on a third axis, for example, length of the
cutting edge. What can be perceived by some, focusing on fac-
tor a, as an increase in efficiency, can be valued by others,
regarding factor b, as less efficient. And a cultural trait can
become more efficient by introducing a shortcut that reduces
complexity. Consequently, CE must not be considered as taking
place in one-dimensional space, that is, along a line (of in-
creasing complexity and growing usefulness). CE unfolds in a
multidimensional space. It thus might be compared to moun-
taineering rather than to climbing up a ladder or ratcheting in
a single direction (Haidle et al. 2015:51; Lombard 2012). In this
scenario, cultural traits anchor populations within their respec-
tive evolutionary trajectories and fitness landscapes, and while
it is always possible to increase cultural complexity, it is equally
possible to revert to seemingly simpler options (Lombard 2016).
Thus, in the mountaineering analogue, different paths, each
with multiple perspectives, can be explored, and sometimes
moving backward proves helpful (e.g., simplification of tools).

The expectation should be that modifications of cultural
traits result in diverse effects depending on perspective, if we
take into account the plurality of the relevant dimensions. What
is more, such variation need not come along with an increase in
one of the variables; that is, CCE need not be cumulative in the
additive sense described above. A case in point is the repur-
posing or exaptation of cultural traits (Gould and Vrba 1982),
the importance of which has become more and more clear in
recent research (e.g., de Beaune 2004; d’Errico et al. 2018;
Schlaudt 2020). Cases of exaptation fall in the category of CCE
because exaptation (1) draws on preexisting cultural resources
and (2) brings about something new. Thus, although exapta-
tions are cumulative innovations, they do not necessarily come
along with an increase of complexity, effectiveness, or efficiency.

In this sense, speaking of CCE might be misleading. It
tends to identify CCE with or reduce it to the ratchet effect.
Instead, we see as crucial to CCE that each invention draws on
preexisting cultural resources and therefore can be explained
by them (de Beaune 2004). The concept of “path dependence”
would lend itself to this if it did not connote the individual-
istic approach of economics, which we consider at odds with
our ecological approach. Not only do inventions have to be ap-
proved by the community to become innovations, but also they
are produced by individuals who (1) are inherently social and
(2) draw on cultural and thus socially inherited resources. All
inventions thus go beyond the capacity of individual humans
to invent alone, and in this sense, they are cumulative, but they
are not additive, linear, and beneficial in the sense of Vaesen
and Houkes. This suggests simply refraining from speaking of
CCE and accepting that all CE is inherently cumulative in the
way described above.
Alex Mesoudi
Human Behaviour and Cultural Evolution Group, Department of
Biosciences, University of Exeter, Penryn, Cornwall TR10 9FE,
United Kingdom (a.mesoudi@exeter.ac.uk). 16 VIII 20

What Is Cumulative Culture, and How
Should It Be Tested?

I agree with the general point made by Vaesen and Houkes:
we need more fine-grained, quantitative, cross-cultural data
regarding human cumulative cultural evolution (CCE), which
tracks the effectiveness or efficiency of a socially learned trait
over successive generations within cultural lineages. However,
I take issue with some of their specific points. Vaesen andHoukes
seem to set the evidential bar so high for CCE that it is un-
reachable and define CCE in ways that do not always match the
literature.

First, Vaesen and Houkes argue that “if cumulativeness is
to qualify as a general characteristic of human culture (see the
quotes in 1n), it is not enough to show that some human cul-
tural behaviors result from CCE; rather, one must show that a
large fraction of such behaviors result from CCE.” I do not fully
understand what is meant by “a general characteristic,” but I
do not know of any such claim in the literature. None of the
quotes in their footnote make any claims about how much of
human culture must be cumulative. They simply assert that
human culture exhibits the property of being cumulative in at
least some instances. As Vaesen and Houkes point out, tech-
nology is the best and most often cited example of a domain
that is cumulative. Yet much of human culture is clearly non-
cumulative. Cultural traits such as pottery decorations, choices
of pet breeds, and first names exhibit dynamics consistent with
neutral drift (Bentley, Hahn, and Shennan 2004; although see
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Kandler and Crema 2019), which by definition is noncumu-
lative. Convergence on intuitive, cognitively attractive repre-
sentations such as bloodletting (Miton, Claidière, and Mercier
2015) is also a common form of non-CCE. In this, cultural
evolution is really no different from genetic evolution, which
may sometimes be cumulative, producing complex adaptations
such as eyes, but is often characterized by drift. We should not
expect more from cultural evolution than we do from genetic
evolution.

Consequently, to demand that “a proper test” of CCE requires
data that are “representative of all of the cultural-evolutionary
processes that have taken place in our species” surely sets the
bar unnecessarily high. There is no reason to expect that all
cultural-evolutionary processes in our species should be cu-
mulative, only those in which selection pressures favor in-
creasing effectiveness or efficiency.

Second, Vaesen and Houkes discount evidence because it
comes from Western, educated, industrialized, rich, and dem-
ocratic (WEIRD) samples (e.g., dismissing experiments because
“all were performed on WEIRD subjects”). I am all for diver-
sifying samples beyond WEIRD countries (Mesoudi et al. 2015,
2016). But that does not mean that we can discount evidence
because it comes from WEIRD samples. WEIRD people are
people too. Vaesen and Houkes seem to imply that CCE must
be demonstrated in every society worldwide before we can
accept it as a valid concept—surely far too high a bar for an
idea that emerged in the late 1990s. Most examples of CCE in
the literature do indeed involve historical trajectories or sam-
ples from WEIRD countries, probably because written histor-
ical records are more readily available and experiments more
feasible in such societies. However, Henrich (2015) and Boyd
(2018) provide examples of complex technologies and customs
found in hunter-gatherer and other small-scale societies that
seem to exceed individual learning and are therefore suggestive
of CCE. No doubt, future empirical research will provide better
evidence across more diverse contexts, but dismissing research
on WEIRD people altogether seems unreasonable.

Third, Vaesen and Houkes ignore recent evidence regard-
ing nonhuman CCE. While many authors have indeed claimed
that CCE is unique to humans, others have claimed to have
shown CCE in nonhuman species. Sasaki and Biro (2017)
showed how homing pigeons improve the efficiency of their
route over successive generations as a result of repeated social
learning. This exactly fits Vaesen and Houkes’s definition of
CCE, requiring “individuals, across generations, [to] gradually
improve their behavior through social transmission of bene-
ficial modifications.” By their own definition, then, it has al-
ready been demonstrated that CCE is not unique to humans.
Mesoudi and Thornton (2018) argued that the concept of CCE
should be unpacked: we described the repeated improvement
of a socially learned trait as the “core criterion” for CCE and
identified several “extended criteria” that may be what distin-
guish human CCE from that of other species.

Fourth, Vaesen and Houkes do not present any alternatives to
CCE for the technological and sociopolitical complexity that our
species has produced. Are such complex traits instead the prod-
uct of individual learning (e.g., the “improvisational intelligence”
of Pinker [2010])? Or genetically encoded responses “evoked”
by different environments (Tooby and Cosmides 1992)? Scien-
tific progress requires testing between alternative explanations.

Fifth, Vaesen and Houkes criticize experiments for finding
that “CCE occurs in some conditions but not in others.” Yet
this is not a problem. Models demonstrate how cultural com-
plexity can be lost under various conditions (e.g., small popu-
lation sizes; Henrich 2004) or plateau because of learning costs
(Mesoudi 2011). Contrary to nineteenth-century unilinear so-
cial evolutionism, the modern concept of CCE does not pre-
dict inevitable and unidirectional cultural change. The accu-
mulation of cultural modifications, just like the accumulation
of genetic modifications, is reversible and subject to demo-
graphic and other constraints.

Finally, the examples that Vaesen and Houkes provide from
the literature are somewhat limited. Vaesen and Houkes are
correct that Morris (2013) conflates multiple cultural lineages
and uses coarse-grained data subject to substantial error. But
several other studies that track increases in effectiveness or
efficiency within specific cultural lineages also exist: Nia et al.
(2015) showed that violins gradually improved in acoustic con-
ductance over several centuries, Miu et al. (2018) showed how
solutions to math problems improved within a programming
community via successive bouts of copying and innovating,
and several studies have traced the evolution of increasingly
energy-efficient bicycle designs (Lake and Venti 2009; Minetti,
Pinkerton, and Zamparo 2001; Van Nierop, Blankendaal, and
Overbeeke 1997). To return to my initial point: more such evi-
dence is definitely needed and from more diverse sources and
samples. But let us not ignore or dismiss the evidence that does
exist or make requirements (e.g., that all human culture is cu-
mulative or that CCE should be unidirectional) that are not
warranted by theory.
Antoine Muller
Computational Archaeology Laboratory, Institute of Archaeology,
Hebrew University of Jerusalem, 91905 Jerusalem, Israel (antoine
.muller@uqconnect.edu.au). 4 IX 20
The Ongoing Search for the Origins
of Cumulative Culture

I first wish to thank Vaesen and Houkes for their concise and
thought-provoking article. They seek to question the perceived
orthodoxy that cumulative cultural evolution is inherent to hu-
mans and that cultural evolution in humans is inherently cu-
mulative. In doing so, they argue that this topic requires more
and different lines of evidence to test it properly. This is a wel-
come challenge to archaeologists and one that will no doubt
engender a robust and valuable debate.
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The question of whether cumulative culture is present in
nonhumans is one that I will leave to the behavioral ecologists
and evolutionary anthropologists better suited to address such
questions. Instead, the portion of this paper I wish to examine
is the evidentiary threshold they set for ascribing cumulative-
ness to human culture: “Proper evidence for the cumulativeness
of human culture consists, minimally, in increasing median
values of a variable denoting the efficiency, effectiveness, or
complexity of cultural traits across diachronic samples that
can reasonably be assumed to be related by descent and that
are, overall, representative of all the cultural-evolutionary pro-
cesses in our species.”

It is refreshing to see cumulative culture being defined so
clearly and strictly when elsewhere the term can be used loosely.
For instance, in a comprehensive review of the literature, Me-
soudi and Thornton (2018, table S1) found 36 definitions, which
were as diverse as they were plentiful. Vaesen and Houkes’s
definition is comparably rigorous and well suited for strict
hypothesis testing. My only concern is that it may be too high
a bar for the vagaries of the archaeological record. Unfor-
tunately, truly long-term diachronic samples that are related
by descent and that preserve the full suite of human behav-
iors are few and far between in archaeology. I certainly sec-
ond their praise of studies like that by de la Peña and Wadley
(2017), in which the complexity of diachronically and cultur-
ally linked lithic assemblages was examined. Moreover, Vaesen
and Houkes’s call for more diverse lines of evidence, includ-
ing oral traditions, ritual behaviors, and stylistic elements, is a
valuable one. However, archaeological data are inherently biased
and fragmentary, and this is increasingly the case the further
back in time we look. We certainly wish for the types of evidence
suggested by Vaesen and Houkes and even strive for them. My
only concern is that such a high evidentiary standard a priori
precludes almost all of prehistory from the possibility of cu-
mulative cultural evolution. Despite this, it may be the case that
cumulative culture, as defined here, is absent in prehistory.

VaesenandHoukes are certainly right toquestion the supposed
ubiquity of cumulative culture in humans. There is a tendency
in the literature to conflate high-fidelity cultural transmission
with cumulative culture. I agree with the authors that the first
does not imply the latter. For instance, high-fidelity social
transmission has been demonstrated in the Oldowan (Stout et
al. 2019) and the Acheulean (Shipton 2019) but on a scale too
infrequent to be classified as cumulative culture.

Take the hand ax, for instance. Vaesen and Houkes state
that an inexperienced individual alone is unable to make a
later Acheulean hand ax. Ask any nonknapper to make a hand
ax, and this will be self-evident (e.g., Shipton 2020). If pre-
historic knappers were not constantly reinventing the hand
ax from scratch, then some form of cultural evolution and so-
cial transmission was likely involved (however, see the com-
pelling argument for an alternative hypothesis laid out by
Tennie et al. [2016, 2017]). Additionally, while the Acheu-
lean is sometimes considered a period of technological stasis,
a number of innovations did occur. Later Acheulean hand
axes often possess features that are absent from earlier ones.
These innovations include edge trimming, platform prepara-
tion, the introduction of softer organic hammers, and longer
reduction sequences involving a more codified succession of
strikes and rotations (Chazan 2015; Sharon and Goren-Inbar
1999; Shipton 2016, 2018; Stout et al. 2014). So while the
general shape and style of hand axes were relatively stable
throughout the Acheulean, multiple innovations appear to
have accrued throughout this time. However, these innova-
tions accrued over more than a million years, and the knap-
pers who introduced these innovations were almost certainly
separated by a great deal of time and space. As Vaesen and
Houkes rightly point out, this transmission is not necessarily
or innately cumulative.

I thus welcome the authors’ call for new and better lines
of evidence in the search for the origins of cumulative cul-
ture. But before the possibility of its presence in prehistory
can be dismissed entirely, we need an agreement on defini-
tions as well as suitable evidence for testable hypotheses.
To ascribe cumulative culture to prehistoric humans, Vaesen
and Houkes wish to see most cultural traits accruing benefi-
cial innovations most of the time. But I am concerned that
such a tendency for cumulative culture is likely almost im-
possible to discern in the archaeological record. Whether this
is evidence of absence or an absence of evidence remains to be
seen. A testable hypothesis for which archaeologists have at
least a chance to find supporting evidence is whether humans
have the capacity for cumulative culture. Humans do not need
to be continuously displaying cumulative cultural evolution for it
to be an underlying and innate part of their cultural, behav-
ioral, and cognitive repertoire. As Vaesen and Houkes point
out, there are isolated and uncontroversial instances of humans
displaying a capacity for cumulative culture. Perhaps a way
forward beyond this definitional impasse is by focusing not on
whether human culture is generally cumulative but rather on
identifying more instances when we display the capacity for
cumulative culture.
Bruce Rawlings, Emma G. Flynn, and Lara A. Wood
Department of Psychology, University of Texas, Austin, Texas
78712, USA (bruce.rawlings@utexas.edu)/School of Psychology,
Queen’s University, 18-30 Malone Road, Belfast BT9 5BN, Northern
Ireland, United Kingdom/School of Social and Health Sciences,
Abertay University, Bell Street, Dundee DD1 1HG, Scotland, United
Kingdom. 4 IX 20

We Are All Capable of Cumulative Cultural
Evolution, but We Do Not Need to Use
It All the Time

Vaesen and Houkes provide a new perspective on claims that
cumulative cultural evolution (CCE) is a defining characteristic
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of humans. They argue that, contrary to the broadly accepted
notion that humans exhibit CCE, a granular view of typical
methodological approaches to studying CCE has limitations,
thus prohibiting a sound test of this claim. Here, we, as de-
velopmental and comparative experimental psychologists, re-
flect on some points that they raise.

Vaesen and Houkes argue that the field of CCE relies too
heavily on data from the technological domain. Many cultural
traits are hidden or abstract; therefore, studying the use and
evolution of physical tools is valuable in terms of historical,
experimental, and comparative perspectives and allows us
to empirically quantify mechanisms underpinning CCE. Our
own examination of the use of novel artifacts such as puzzle
boxes allows us to study, in real time and across diverse age
groups and species, candidate mechanisms supporting CCE.
These include social learning strategies, imitation, innovation,
cooperation, and prosocial behavior. Science is itself a cumu-
lative process, with subsequent scientists building on previous
evidence, a process that naturally hones emphasis on the same
area and has done so very effectively within technological re-
search. We believe that this research domain would not have
developed such a deep, interdisciplinary, and robust theoretical
and experimental base had scientists not taken this approach.
Indeed, we note that Vaesen and Houkes focus on technological
examples when critiquing applied methodologies and suggesting
future approaches.

We agree and welcome the call for the study of more varied
phenomena. Indeed, there is a vibrant and growing body of
work examining CCE across diverse domains, including so-
cial norms, folktales and urban legends, cooking, language,
mathematics, religion, and rituals—which is of course not a
comprehensive list (see, e.g., Acerbi, Kendal, and Tehrani 2017;
Lindenfors et al. 2015; Norenzayan et al. 2014; Savage 2019;
Stubbersfield, Flynn, and Tehrani 2017; Subiaul et al. 2016).
These lines of work have developed sophisticated methods of
observing, coding, and analyzing complex behavior. Accord-
ingly, they provide substantial insights regarding how non-
technical behavior has evolved in ways analogous to and dif-
ferent from technological CCE, as the references cited conclude.

A valuable call to move research beyond Western, edu-
cated, industrialized, rich, and democratic samples has rightly
taken hold recently, and the authors add their voice to this.
We strongly support this call and those who have been mak-
ing it within the field of cultural evolution (e.g., Kline, Sham-
sudheen, and Broesch 2018) and within the broader study of
human psychology (Henrich, Heine, and Norenzayan 2010;
Nielsen et al. 2017). Developmental psychology in particular
has embraced cross-cultural research. There is a growing cor-
pus of developmental research documenting cultural variation
and continuity in the expression of the building blocks of CCE
imitation and innovation, advancing our understanding of the
ontogeny of CCE (Legare and Nielsen 2015; Neldner et al. 2020;
Rawlings et al. 2019; Van Leeuwen et al. 2018). Such cross-
cultural research is crucial for improving our understanding
of our capacity to flexibly adapt cultural learning to diverse
ontogenetic environments. We further highlight the need to
develop testable hypotheses to explain cultural consistency and
variation. For example, exposure to formal education has been
hypothesized as a potential factor in shaping the development
of innovation and imitation (Neldner et al. 2019). The glob-
alization of formal education offers a unique opportunity to test
this hypothesis and to provide insight into specific sociocultural
predictors of CCE.

A key issue raised in the article concerned claims that CCE
is a “unique and characteristic feature of human culture.” The
authors argue, “It is not enough to show that some human
cultural behaviors result from CCE; rather, one must show that
a large fraction of such behaviors result from CCE.” We agree
that as academic researchers we must consider our terms care-
fully and avoid generalized terms based on the outcome of a
given experiment using a specific demographic sample. How-
ever, we question why a large proportion of cultural behavior
should result from CCE, as CCE underpins the changes in cul-
ture, not the acquisition and transmission of culture. This is
not to suggest that all humans are not capable of innovation.
One look at the internet’s endless supply of “life hacks,” for
instance, demonstrates humans’ abilities to innovate and trans-
mit in everyday life. Yet we also conform to our cultural norms
and conventions most of the time, thus allowing a streamlined
societal functioning. We thus argue that the universal human
capacity for CCE rather than the volume of CCE behaviors is a
more appropriate point of reference.

We also question the practicality—and therefore the utility—
of the solution presented by the authors. To meet their criterion
for CCE, “a proper test requires a global and high-resolution
sample that is representative of all of the cultural-evolutionary
processes that have taken place in our species.” Meeting this
requirement seems logistically impossible and thus has little
value as a platform for future research. Similarly, the authors
referred to cumulative culture as a process that produces traits
that cannot be invented by a single individual within their life-
time. Although this is a commonly used criterion to attribute
a given output as a product of cumulative culture, it is increas-
ingly recognized that this is logistically impossible to test ex-
perimentally and thus has little utility as a diagnostic criterion
(Mesoudi and Thornton 2018; Miton and Charbonneau 2018).
Accordingly, we suggest that the authors propose a more fea-
sible test of CCE to allow scientific knowledge accumulation on
the subject.

As a final note, we turn to the reader and ask, if we step
back and reflect on our environment—our transport, language,
medicines, culinary practices, and so on—is it difficult not to
think that our species holds something distinct, compared with
other species, that allows rapid cultural and technological ad-
vances? Thus, it is not difficult to theorize from our everyday
world that humans have a distinct cumulative culture process
that needs to be understood at both a holistic and a granular
level.
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Ceri Shipton
Institute of Archaeology, University College London, Gordon
Square, London WC1H 0PY, United Kingdom, and Centre of
Excellence for Australian Biodiversity and Heritage, College of
Asia and the Pacific, Australian National University, Canberra,
Australia (c.shipton@ucl.ac.uk). 3 IX 20
Hunter-Gatherer Societies Innovate and Adapt;
They Do Not Accumulate Complexity

Vaesen and Houkes have delivered a timely paper pushing
back against the assumption that cumulative culture is per-
vasive across human societies. There are two problems with the
widespread use of the phrase cumulative culture that are con-
tradicted by the Paleolithic record of deep time cultural change.
First is the low bar often set for cumulative culture, which
simply equates it to high-fidelity social transmission; second
is the lack of evidence for cumulative culture in multimillennial
records of Homo sapiens hunter-gatherer societies.

Cumulative culture is sometimes defined as high-fidelity
social transmission, such that ever-increasing cultural com-
plexity is an inevitable consequence of reliable transmission,
as any innovations are rarely lost. However, Paleolithic pre-
history belies this equation. High-fidelity transmission is evi-
dent in the Lower Paleolithic from at least the onset of the
Acheulean (Shipton 2010, 2019), if not the preceding Oldowan
(Stout et al. 2019), but the growth of technological complexity
was slow enough that different hominin species were making
the same distinctive complex artifact types across the entire
1.5-million-year duration of the Acheulean. While there were
occasional incremental improvements in knapping techniques
during the Acheulean (Stout et al. 2014), rates of innovation
were so low that on timescales of less than hundreds of thou-
sands of years, complexity looks more like random walks than
progressive increases (Shipton 2018). One of probably several
additional ingredients required for cumulative culture is an
increase in the capacity for innovation (Shipton and Nielsen
2015).

Middle Paleolithic Levallois technology was an innovation
that arose through the generative recombination of concepts
used in Acheulean biface knapping (Shipton et al. 2013). The
dearth of Levallois technology in East Asia, where previously
there was a dearth of biface technology (Movius 1949), sup-
ports the hypothesis that Levallois built on Acheulean tech-
nological foundations in a way that might be described as cu-
mulative. However, broader behavioral change at the Lower to
Middle Paleolithic transition (e.g., Brooks et al. 2018) suggests
that the technological change may reflect a new cognitive mode
rather than cumulative culture. The pioneering modern knap-
pers who were the first to recreate prehistoric technologies also
showed that Levallois technological complexity is not beyond
the capacity of a single individual to acquire from scratch. In
contrast to the Acheulean to Middle Paleolithic transition,
it is not clear whether Upper Paleolithic prismatic blade tech-
nology directly built on Middle Paleolithic Levallois knapping
(Kuhn 2003), and it does not appear to be any more complex
(Muller, Clarkson, and Shipton 2017).

In addition to the case of Sibudu Cave cited by Vaesen and
Houkes, I offer further examples that suggest that the Upper
Paleolithic and Later Stone Age cultural complexity of H.
sapiens hunter-gatherers cannot be described as cumulative.
Panga ya Saidi on the East African coast preserves a record of
repeated H. sapiens hunter-gatherer occupation across the
major climatic fluctuations of the past 80,000 years (Shipton
et al. 2018). Here, technological innovations such as backing
and prismatic blade technology emerged at different points in
the sequence as adaptations to particular environmental cir-
cumstances. Early backed crescents, for example, are associated
with drier environments and large bovid remains (Roberts et al.
2020), probably in part because of the role of these armatures
in bringing down large prey. However, when bovid prey size
decreased, backed crescents were entirely abandoned for tens of
thousands of years before being reintroduced in the terminal
Pleistocene. Innovation, abandonment, and reinvention also
characterize the use of Levallois and prismatic blade technology
at the site. Looking beyond stone tools, there are similar stories:
carved osseous artifacts and a variety of shell bead types fea-
tured at various times, but these came and went rather than
accumulating (d’Errico et al. 2020). The site of Madjedbebe in
northern Australia presents a parallel case whereby different
stone artifact technologies appeared and disappeared across
the 65,000-year sequence, and rather than accumulating com-
plexity, the most complex stone tool type, the ground-stone ax,
is found at the beginning of the sequence (Clarkson et al. 2017).

Hunter-gatherer occupation records spanning ~48,000 to
5,000 years ago occur on the tropical islands of both Sri Lanka
and Timor at the sites of Fa Hien Lena and Asitau Kuru, re-
spectively. Throughout these sequences, there is consistency in
faunal exploitation patterns, with monkeys and squirrels fa-
vored at Fa Hien Lena (Wedage et al. 2019a) and fish and
shellfish at Asitau Kuru (O’Connor, Ono, and Clarkson 2011).
Likewise, there is strong continuity in stone toolmaking tra-
ditions at both sites with, for example, bipolar knapping of
quartz to produce backed crescents throughout the Fa Hien
Lena sequence (Wedage et al. 2019b) and large chert flakes
used as discoidal cores to produce small flakes with prepared
platforms throughout the Asitau Kuru sequence (Shipton et al.
2019). In neither case does a prolonged continuity of traditions
appear to have given rise to a progressive increase in com-
plexity. Aside from the lithic technology, elaborate carved bone
arrowheads and shell beads are found from the beginning of
occupation at Fa Hien Lena (Langley et al. 2020), and shell
beads and red pigment crayons occur in the early occupation
phases at Asitau Kuru (Langley and O’Connor 2016, 2018).

Cumulative culture is not an inevitable consequence of high-
fidelity transmission: deep time records of hunter-gatherer ma-
terial cultures do not show progressive increases in complexity.
Instead, hunter-gatherers persist with the same effective cultural
adaptations for tens of thousands of years. Innovations occur
in response to external factors such as environmental change,
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but these do not typically lead to an increase in complexity,
with technologies likely to be abandoned and replaced when
circumstances change again. A case might be made for Epi-
paleolithic and Neolithic societies having had cumulative cul-
ture, but there we are generally talking about expanding pop-
ulations, and the growth in complexity is a function of the size of
the society. It may not have been until the invention of writing
that human cultures could be said to be truly cumulative.
Dietrich Stout
Department of Anthropology, Emory University, 1557 Dickey Drive,
Atlanta, Georgia 30322, USA (dwstout@emory.edu). 3 IX 20

What Is “Cumulative” Evolution?

Vaesen and Houkes usefully highlight conceptual difficulties
with the idea of “cumulative cultural evolution” (CCE) that
warrant consideration even beyond the empirical critique
they provide. As Vaesen and Houkes imply, the idea of CCE
is so intuitively appealing to Western, educated, industrial-
ized, rich, and democratic scientists socialized in a culture of
progressivism that very little evidence beyond a passing refer-
ence to, for example, the Apollo missions is typically required
to justify its validity and importance. But progress is a very
dangerous concept in evolutionary theory (Ruse 1996) and a
problematic criterion (cf. Mesoudi and Thornton 2018) on
which to define CCE as something distinct from “regular” or
“noncumulative” cultural evolution. What does it actually mean
to call an evolutionary process, cultural or otherwise, cumulative?

To start at the ground floor, both cultural and biological
evolution “can be described as systems of inherited variation
that change over time in response to processes such as selec-
tion, migration, and drift” (Mesoudi 2017:7853). Seeing as in-
heritance and change over time are already included, the only
thing that the modifier cumulative adds to cultural evolution is
to stipulate that the change must be an “improvement.” As it
turns out, however, improvement is a slippery concept. For it to
be anything other than an arbitrary preference, it needs to be
grounded on some ultimate criterion such as genetic or cul-
tural fitness (even if these are invariably represented by proxy
measures; Mesoudi and Thornton 2018). But we already have a
word for evolutionary change that increases fitness: adaptation
(Reeve and Sherman 1993).

Increasing complexity (itself hard to adequately define and
measure) is another frequently mentioned characteristic of cu-
mulative culture. But increasing complexity is just a particular
form of adaptive response that, as Vaesen and Houkes argue,
may be idiosyncratic to technology (see also Derex and Mesoudi
2020) or certain cultural contexts. Evolutionary biologists study
the evolution of exquisitely complex adaptive systems without
feeling the need to demarcate a special form of cumulative bio-
logical evolution; it is not clear that use of this term (e.g., Stout
et al. 2019) adds anything to the study of cultural evolution
apart from implicit progressivist assumptions.

Vaesen and Houkes attempt to resolve this underlying con-
fusion by equating CCE with the biological concept of persistent
evolutionary trends (McShea 1994). They then make a convinc-
ing case that there is little empirical evidence that human cultural
evolution is broadly characterized by such trends. However, it
is not entirely clear that this is the key issue. The CCE concept
originated in an attempt to identify what is special about hu-
man culture and cognition, with the proposed answer being the
existence of uniquely cultural learning mechanisms that enable
high-fidelity social reproduction (Tomasello, Kruger, and Ratner
1993). It is this capacity for cultural inheritance that allows hu-
man traditions to have deep “histories” in a way that animal
traditions do not (Tomasello, Kruger, and Ratner 1993). But
inherited variation is a prerequisite for any kind of evolution,
not a special cumulative feature associated with persistent trends.
Similarly, the population-level processes proposed to support the
unique cultural adaptive capacity of humans (Boyd, Richerson,
and Henrich 2011) are features of cultural evolution in general,
not of some special cumulative or directional mode of change.

The real issue is thus not the frequency with which persistent
trends emerge over human cultural evolution but rather the
kinds of traits that can evolve at all. If a cultural trait cannot
be inherited, whether because of limitations on social (Tennie,
Call, and Tomasello 2009) or individual (Osiurak and Reynaud
2019; Whiten, Horner, and Marshall-Pescini 2003) learning, it
cannot evolve in any direction. Conversely, when conditions for
evolution are met, Vaesen and Houkes point out that maxi-
mum and average trait values will tend to increase even in the
absence of persistent trends within lineages. So the real question
of interest is what happened over human evolution to repeat-
edly expand the range (and, yes, complexity; Stout 2011) of
cultural traits that can be inherited. Rather than arguing for or
against the crossing of a CCE Rubicon, after which the march
of progress dominated, we should focus our efforts on under-
standing this complex and contingent evolutionary history
(Stout 2018; Stout and Hecht 2017).

A key part of this project will be to better define the units
and scope of analysis. Vaesen and Houkes base part of their
critique on the assumption that cultural trait complexity can
be quantified in a straightforward way. For example, “One
cannot produce a tool with fewer than one component.” But
what about the complexity of the processes by which that one
component is produced and used, the social and material
demands of learning these techniques (Pargeter, Khreisheh,
and Stout 2019), or the possibility that methods were de-
veloped to accomplish the same goals with a different tool or
no tool at all? As Vaesen and Houkes point out, technology
may provide a favorable context for studying cultural evo-
lution, but it is still not a simple phenomenon. The prevailing
“technological systems” approach to technology studies, for
example, identifies a technology as an integrated system of
hardware, people, skills, knowledge, social relations, and in-
stitutions (Dusek 2006; Hughes 1987). To properly study the
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cultural evolution of technology, we will need to address this
more holistic technological niche (Stout and Hecht 2017),
including the inheritance of material infrastructure (Pradhan,
Tennie, and van Schaik 2012) and social arrangements (Derex
and Mesoudi 2020; Powers, van Schaik, and Lehmann 2016) as
well as interactions between technologies (Kolodny, Creanza,
and Feldman 2015).
7. I am writing this as a general comment—it is therefore not meant
as a critique of Vaesen and Houkes.
8. Vaesen and Houkes depict us as claiming that humans are unique

in having cumulative culture: “that CCE is a unique and characteristic
feature of human culture (see, e.g., . . . Tennie, Call, and Tomasello 2009).”
Claudio Tennie
Department of Early Prehistory and Quaternary Ecology, University
of Tübingen, 72070 Tübingen, Germany (claudio.tennie@uni-tuebingen
.de). 3 IX 20

Humans (but Not Other Apes) Frequently
Cumulate Know-How

Some (including me) might read Vaesen and Houkes’s title—
“Is Human Culture Cumulative?”—as boldly asking whether
human culture has ever been cumulative. Such questions are
welcome, and I was even prepared to read a claim that human
culture never cumulates.5 Vaesen and Houkes, however, quickly
concede—and I agree—that human culture can be cumulative
and then move to alternative target questions regarding the
extent and importance of this cumulation in humans. Below
I formulate my interpretation, concretization, and clarifica-
tion of their alternative questions and my answers—sometimes
falling in contrast to Vaesen and Houkes.

How ecologically important is human cumulative culture (HCC)?
The “Paris school” (Sterelny 2017) questions the HCC-centric
view, de-emphasizing its importance. But the “California school”
(Sterelny 2017) and others have argued consistently—and con-
vincingly—that human distribution and survival across earth
depend onHCC (e.g., Richerson and Boyd 2006). HCC therefore
is ecologically important and frequently so. Some even argue
that HCC is responsible not only for many human products
(e.g., tools) but also for our cultural processes (such as know-how
copying mechanisms; cf. Heyes 2018; see also Tennie 2019a).6

How evolutionarily important is HCC? This importance ar-
guably first depends on the answer to another question, namely,
when HCC first solidified in our lineage. The temporality of this
still remains unclear, though two accounts have recently argued
for a late onset (the adaptation-based account by Corbey et al.
[2016] and the Baldwin effect and socially mediated reinnova-
tion account by Tennie [2019a, 2019b] and Tennie et al. [2016,
2017]). Yet, given the likely high ecological relevance of HCC
5. Note that I use “cumulate” rather than “accumulate,” as accumu-
lation has been defined instead as increases in the number of traits (Dean
et al. 2014).
6. Many but not all products are culturally dependent in this way

(Reindl et al. 2016, as already cited by Vaesen and Houkes)—but we have
now also shown this cross-culturally (i.e., just as was called for by Vaesen
and Houkes; see Neldner et al. 2020).
today (see above), we may reasonably suspect that HCC has
been very important in our evolution (at some points in time).

How important is HCC as a differentiator between humans
and other species? There is, of course, no a priori reason to
believe that humans must be differentiated from other species
at all. However, there are certain phenomena (e.g., our lan-
guage or our persistent presence across earth despite our bio-
logical ill preparedness) that suggest differentiation on some
level or at least to some degree (Tennie, Call, and Tomasello
2009). However, the search for specific differentiators should
always be carried out in an attempt to then study these dif-
ferentiators—which is my group’s aim—and never to some-
how use them to prove “human superiority.”7

For various reasons (see Tennie, Hopper, and van Schaik
2021; Tennie et al. 2020), my lab uses a specialized, condensed
definition of HCC. We argue that an important aspect of HCC
is that it can consist of cumulative cultural know-how—to the
point of copying-dependent know-how (Bandini et al. 2020;
Tennie et al. 2017). This requires at base the skill of copying
know-how. A human-specialized definition (based on know-
how copying) is useful in the current context, as, if we find
even this special type of cumulative culture in other species,
then HCC cannot be a universal differentiator.

Empirically, certain nonhuman species do copy know-how—
even copying-dependent know-how (e.g., some animal songs,
such as lyrebird song).8 This alone shows that even know-
how copying fails as a differentiator between humans and all
other species. At first sight, one potential remaining differen-
tiation could be based on the added criteria of efficiency and
complexity.9 However, it is reasonable to assume that know-
how copying increases the complexity of at least some animal
song cases. It might even render some animal songs more
efficient over time—in the songs’ effects on others (Tennie,
Caldwell, and Dean 2018).10

Yet, phylogenetically, it is most informative to look for
evidence of HCC in our closest living relatives—other apes.
However, wild ape cultures are best explained by a lack of
know-how copying (Acerbi, Snyder, and Tennie 2020; Motes-
Rodrigo and Tennie, forthcoming). Experimental work like-
wise shows that apes do not spontaneously copy copying-
dependent know-how (e.g., Clay and Tennie 2017; review in
The 2009 paper was focused on apes, but in any case, our stance is that
some other animals have cumulative culture. E.g., in Tennie, Caldwell, and
Dean (2018), we wrote, “Some nonhuman animals are capable of copying
what they could not have invented on their own. Such cases are suggestive
of cumulative culture.”
9. It remains debated whether cumulative culture should require

these criteria (Tennie, Caldwell, and Dean 2018).
10. We once planned to empirically test this, but other things got in

the way.
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Tennie, Hopper, and van Schaik 2021). Maybe most impor-
tantly, apes simply do not need to copy their know-how from
each other because, empirically, they proved perfectly able
to individually and spontaneously reinnovate this know-how
in the absence of any opportunities for know-how copying
(e.g., review in Bandini and Tennie 2020; Tennie, Hopper,
and van Schaik 2021). Indeed, even if humans “instill” know-
how copying into apes (as an “alien skill” via human training
and human enculturation), these skills are quickly lost across
one or two ape generations (Tennie 2019a). All of this does
point to a real difference—at least between ape and human
cultures. Only the latter is frequently based on know-how
copying. It also again points to an onset—among apes—of fre-
quently know-how copying–based cumulative culture in our
lineage, that is, after the split from the last common ancestor
(Tennie 2019a, 2019b; Tennie et al. 2016, 2017).
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11. “Human culture [in general] . . . is unambiguously cumulative” (Dean
et al. 2014:284), where cumulative culture is defined as “the modification, over
multiple transmission episodes, of cultural traits . . . resulting in an increase
in the complexity or efficiency of those traits” (287; emphasis added).

12. “Human cumulative culture combines high-fidelity transmission
of cultural knowledge with beneficial modifications to generate a ‘ratcheting’
in technological complexity [general increase in complexity]” (Dean et al.
2014:284).

13. “Human cumulative culture . . . [leads] to the development of
traits far more complex than one individual could invent alone” (Dean
et al. 2014:284).
Reply

We wish to start with a disclaimer. We received invaluable
feedback from no fewer than 19 commentators, and our re-
joinder cannot address all the issues that they raised. More-
over, although we acknowledge that most of their comments
warrant specific in-depth discussion, for purposes of read-
ability, we have chosen not to structure our response as a series
of rejoinders to such individual comments. Rather, our strategy
is to elaborate on two interrelated general themes that emerge
from the commentaries and to make an attempt at a constructive
synthesis of what may be concluded about these themes in light
of the entire forum discussion (target article and comments). The
first theme pertains to the types of views that could or should
be pursued under the heading of “cumulative cultural evolu-
tion” (CCE). The second concerns the types of evidence that
are needed to substantiate these views.

Concerning the first theme, our aim in our target article was
to test a view that we claimed to be commonly endorsed in
the relevant literature. In this view—let us call it “generalized
CCE”—it is a characteristic feature of human culture (in gen-
eral) that it accumulates beneficial modifications over time.
We noted that, for this feature to be genuinely characteristic of
human culture and thus for generalized CCE to hold, “It is not
enough to show that some human cultural behaviors result
from CCE; rather, one must show that a large fraction of such
behaviors result from CCE.”
Many commentators pointed out that generalized CCE—
which, to emphasize, we reconstructed on the basis of the lit-
erature and do not endorse ourselves—is a misrepresentation
(also see below) of the received wisdom among researchers.
We address this charge of misrepresentation below. But be-
fore that, it should be noted that the commentaries in fact
reveal that there simply is no received wisdom about the most
salient characteristics of CCE or about the features of CCE
that deserve scientific interest and study, for our commen-
tators mention or endorse at least seven alternatives to the
view that our target article engaged with (i.e., generalized CCE):

1. Human culture exhibits the property of being cumula-
tive in at least some instances (Mesoudi).

2. Humans have a capacity for cumulative culture (Muller;
Rawlings, Flynn, and Wood; and Stout).

3. Human culture is unique in that CCE occurs in a broad
range of contexts (Caldwell et al.).

4. CCE occurs only in those domains in which selection
pressures favor increasing effectiveness or efficiency (Mesoudi).

5. Human culture became truly cumulative only some
5,000 years ago (Shipton).

6. Human culture is cumulative in the sense that it exhibits
cumulation in know-how (not necessarily in finished prod-
ucts; Tennie).

7. All human and nonhuman cultural evolution is cumu-
lative (Haidle and Schlaudt).

This diversity of opinions is not problematic in itself. Ar-
guably, many established fields of inquiry exhibit even higher
levels of disagreement on central claims. In fact, we regard it
as an important result of the current forum discussion (target
article and comments) that hypotheses about CCE and the
divergence between them have been made explicit, more so,
we have the impression, than is customary in the CCE lit-
erature. Indeed, the lack of a single unambiguously stated and
widely endorsed view or hypothesis in the literature was our
reason to reconstruct such a claim in the first place.

By way of illustration, consider the review paper by Dean
et al. (2014) to which we referred in our article. Just in the
abstract of their paper, Dean et al. make minimally three dif-
ferent claims about CCE: generalized CCE,11 generalized CCE
but restricted to technology,12 and a “threshold view” (Vaesen
and Houkes 2017), according to which CCE leads to the de-
velopment of traits far more complex than one individual could
invent alone.13
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Dean et al. (2014) are primarily concerned with reviewing
the available evidence for CCE. Differentiating claims would
be unnecessary if they would be supported by the same evi-
dence or perhaps if they would all be supported by similar
evidence. However, in Vaesen and Houkes (2017), we pointed
out that much of the evidence discussed by Dean et al. (2014)
in fact supports yet another claim, the more modest claim
that technological innovations just build on the knowledge of
previous generations (cultural evolution), without such pro-
cesses leading to directional change (CCE).

In any case, the study by Dean et al. does support, in con-
trast to what some commentators suggest, the contention in
our target article that “it has been claimed [not by all authors
all the time] that a unique feature of human culture is that it
accumulates beneficial modifications over time.” And our ref-
erences to studies by Tennie, Call, and Tomasello (2009) and
by Lewis and Laland (2012) suggest that this is a “commonly
endorsed” (albeit not by all authors all the time) view.

Still, generalized CCE is not the only claim that has been
repeatedly endorsed in the literature. So why select this claim
as the focus of our target article rather than, say, the threshold
view? The reason is related to the second theme of our re-
joinder: the types of evidence that are needed to corroborate
claims about CCE. In table 1, we have made an attempt at
classifying the abovementioned CCE claims according to how
high they set the evidential bar (low, intermediate, and high).
As can be seen there, we agree with some of our commenta-
tors (Caldwell et al., Mesoudi, Muller, and Rawlings, Flynn, and
Wood) that the bar of generalized CCE is at the high end.

This might make why we chose to focus on this particular
claim seem all the more puzzling. However, we worked on
the implicit assumption—made explicit here—that there is
great scientific merit in stating and pursuing empirically de-
manding hypotheses. Conversely, it is worthwhile to highlight
bold claims that have been made and review whether they have
been or even can be substantiated. Our focus on generalized
CCE should be seen against this background. Our piece shows
that this particular hypothesis currently has insufficient em-
pirical support. What is more, the methodological challenges
that it poses in collecting sufficient supporting evidence are
such that generalized CCE is probably unknowable. Indeed,
as de la Peña and Muller suggest, the archaeological evidence
might very well be too fragmentary and poorly preserved to
allow us to discern a generalized pattern of CCE in prehis-
tory. And, indeed, as Caldwell et al., Mesoudi, and Rawlings,
Flynn, and Wood indicate, collecting the kind of contemporary
evidence that generalized CCE requires is nothing but a logis-
tical nightmare. To be sure, that generalized CCE is insuffi-
ciently supported or unknowable is a negative result. Yet we
regard this as a contribution to the field: for it to make progress,
it is good to identify which claims that we know remain un-
knowable have been endorsed so that research efforts may be
focused on substantiating those claims that are within reach.
Note that what we have just said about generalized CCE also
applies to thefive other claims thatwe labeled high (i.e., claims 6–
9 and 11), for all these claims demand enormous global data
sets that, logistically, are virtually impossible to build and that,
in part, would need to pertain to archaeologically poorly doc-
umented phenomena. Accordingly, we suggest that the field
might want to focus on more modest and evidentially less de-
manding claims or at least clearly differentiate those from high
claims that will remain speculative.

This does not mean that the evidential bar should be brought
all the way down, though. Claims that we labeled low are, in
our opinion, empirically too undemanding or trivial to deserve
(extensive) scientific study. Indeed, observations of our every-
day world (e.g., increasing efficiency of at least some combus-
tion engines, improvements in the performance of computers,
the Apollo missions, and the Large Hadron Collider) or existing
histories of technologies (e.g., Lindenfors et al. 2015; Moore
et al. 2009; Neamtiu, Xie, and Chen 2013; Perreault et al. 2013;
Stout 2011; Strumsky, Lobo, and van der Leeuw 2012) suffice
to substantiate the following low claims: that human culture is
cumulative in at least some instances (claim 1 in table 1), that
humans have a capacity for human culture (claim 2 in table 1),
and that some technologies have become so complex that they
could not have been invented by one individual alone (claim 3
in table 1). Hence, we started our piece by acknowledging that
“it is fairly evident that human populations have been able to
improve at least some of their behavior through CCE,” referring
to the contemporary observations and historical records men-
tioned above. Again, by taking this in stride, we assume that the
field should have higher aspirations, which is not to say that the
research that the commentators invoke in support of claims 1–
3 is trivial. Yet we submit that it should be used in support of
more ambitious claims than the low ones for which they are en-
listed now.

Combining these conclusions on high and low claims, we
conclude that, from the 11 claims in table 1, only two turn out
to be scientifically worthy of pursuit (viz., the intermediate
claims, 4 and 5). These claims strike a proper balance between
informativeness, knowability, and scientific effort. Note that we
do not claim that our list is exhaustive in this respect: there
may be more hypotheses than those included in table 1 that
also strike such a balance. Consider, for instance, some com-
mentators’ other criticisms of generalized CCE, as follows:
(i) Caldwell et al., de la Peña, and Haidle and Schlaudt find
fault with treating cultural traits as relatively independent units,
(ii) Caldwell et al. and Stout do not consider complexity a
meaningful measure of cumulation, (iii) Haidle and Schlaudt
take issue with assessing cumulation in a unifactorial way,
(iv) Tennie takes issue with focusing on finished artifacts rather
than on the underlying know-how, and (v) de la Peña, Muller,
and Shipton take issue with the demands that generalized CCE
puts on the fragmentary and poorly preserved prehistoric ar-
chaeological record. These objections to generalized CCE may
help us to formulate (new) hypotheses that are informative,
knowable, and worthy of scientific study. Following i, one might
express claims 4 and 5 in terms of cultural systems rather than
individual traits, following iii, one might assess cumulation in a
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multifactorial way, following iv, one might need to restrict one’s
hypotheses to the past 5,000 years of human evolution, follow-
ing v, it might be worthwhile to decrease the evidential burden
of claim 8 and study developments only in human know-how,
and any combination of the above.

As an aside, we are very sympathetic to these criticisms of
generalized CCE—a view that we, to reiterate, do not endorse
ourselves but rather have critically reviewed for its empirical
support. Our own thoughts about cultural evolution align
with the ideas that cultural traits should be studied in relation
to other cultural and noncultural phenomena, that complexity
and unifactorial measures of cumulation are misguided, that
one might need to restrict the study of CCE to developments
after 5,000 years ago, and that CCE scholars tend to be overly
concerned with finished artifacts rather than with design or
use plans.

Let us sum up the main results of this forum discussion.
There appears to be no unanimity among researchers about
the most salient characteristics of CCE or about the features
of CCE that deserve scientific interest and study. We have
also seen that the different CCE claims that are mentioned in
the forum discussion and the literature demand different types
of evidential support and vary according to the height of the
evidential bar they set. Finally, we have illustrated the fruit-
fulness of differentiating claims in terms of their evidential
demandingness: this differentiation allows one to separate the
pursuit-worthy “wheat” (viz., intermediate claims) from the
commonsensical or unknowable “chaff” (viz., low and high
claims) and thus to bring focus to the various research efforts
in CCE research.

On a final note, our rejoinder should not be read as a plea
for consensus. There are plenty of interesting hypotheses about
CCE that are worthy of pursuit, and, as the philosophy of science
teaches us, such diversity is not or only rarely (e.g., in urgent
science) to be given up for consensus. Yet, for a field to advance,
it is necessary not to waste resources on hypotheses that are not in
Table 1. The various claims and hypotheses that have emerged from the current forum discussion, the evidence required
to substantiate them, and an assessment of the height of the evidential bar they set
Claim or hypothesis (reference[s])
 Required evidence
 Evidential bar
1. Human culture is cumulative in at least some instances
(Mesoudi)
Evidence that some cultural traits are produced by CCE
 Low
2. Humans have a capacity for cumulative culture (Muller;
Rawlings, Flynn, and Wood; Stout)
Evidence that some cultural traits are produced by CCE
 Low
3. CCE leads to traits far more complex than one individual
could invent alone (Dean et al. 2014)
Evidence that some cultural traits cannot be invented by one
individual
Low
4. Human culture is unique in that CCE occurs in a broad
range of contexts (Caldwell et al.)
Evidence in humans that cultural traits in several domains are
produced by CCE and evidence that nonhuman animal
culture does not exhibit the same trend
Intermediate
5. Technological innovations develop by modifying earlier
technologies (i.e., cultural evolution rather than CCE; Dean
et al. 2014)
Evidence from a sample representative of all technologies
showing that these technologies resulted from descent with
modification
Intermediate
6. CCE occurs only in those domains in which selection
pressures favor increases in effectiveness or efficiency
(Mesoudi)
Evidence that distinguishes selectively neutral from selectively
nonneutral cultural traits; evidence from a sample repre-
sentative of both types of traits showing that the former did
not result from CCE but the latter did
High
7. Human culture became truly cumulative only some
5,000 years ago (Shipton)
Evidence from a sample representative of all pre-5,000 traits
and from a sample representative of all post-5,000 traits
showing that the former did not result from CCE but the
latter did
High
8. Human culture is cumulative in the sense that it exhibits
cumulation in know-how (not necessarily in finished
products; Tennie)
Evidence from a sample representative of all cultural traits
showing that they resulted from the accumulation of (often
poorly documented) know-how
High
9. It is a unique and characteristic feature of human tech-
nologies that they accumulate beneficial modifications over
time (generalized CCE restricted to technology; Dean et al.
2014)
Evidence from a sample representative of all technologies
showing that a large fraction of them resulted from CCE
High
10. It is a unique and characteristic feature of human culture
(in general) that it accumulates beneficial modifications
over time (generalized CCE; Dean et al. 2014)
Evidence from a sample representative of all cultural traits
showing that a large fraction of them resulted from CCE
High
11. All human and nonhuman cultural evolution is cumula-
tive (Haidle and Schlaudt)
Evidence from a sample representative of all human and
nonhuman cultural traits showing that they all resulted
from CCE
High
Note. CCE p cumulative cultural evolution.
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need of further substantiation or on hypotheses that are scien-
tifically impossible to corroborate. We sincerely thank our com-
mentators for helping us in making these important points.

—Krist Vaesen and Wybo Houkes
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