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Summary

In recent years, laboratory studies of cultural evolution have become increasingly prevalent
as a means of identifying and understanding the effects of cultural transmission on the form
and functionality of transmitted material. The data sets generated by these studies may
provide insights into the conditions encouraging, or inhibiting, high rates of innovation, as
well as the effect that this has on measures of adaptive cultural change. Here we review
recent experimental studies of cultural evolution with a view to elucidating the role of
innovation in generating observed trends. We first consider how tasks are presented to
participants, and how the corresponding conceptualisation of task success is likely to
influence the degree of intent underlying any deviations from perfect reproduction. We then
consider the measures of interest used by the researchers to track the changes that occur as a
result of transmission, and how these are likely to be affected by differing rates of retention.
We conclude that considering studies of cultural evolution from the perspective of innovation
provides valuable insights which help to clarify important differences in research designs,
which have implications for the likely effects of variation in retention rates on measures of

cultural adaptation.
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1. Introduction

In the current article, we consider what we can learn about innovation from experimental
studies of cultural evolution. Here we define as cultural any traits (behavioural,
psychological, or artefactual) that exhibit heritability as a result of learning from others, with
cultural evolution referring to a process entailing modification to cultural traits over time. We
also refer to cultural change to indicate the aggregate effect of the process of cultural

evolution on cultural traits between particular time points.

Following these definitions, it is clear that understanding innovation is fundamental to
understanding cultural change. It is widely acknowledged that both innovation and social
learning are the two cornerstones of cultural evolution [1]. While faithful social learning (i.e.
social learning without any source of error) operates to maintain cultural traditions, on its
own it will produce only cultural stasis. It is innovation which drives cultural change.
Understanding the contexts which promote innovation, and the effect this has on population-
level shifts in behaviour, is therefore essential to understanding phenomena as diverse as
developments in science and technology, the rise and fall of fads and fashions, and shifting

societal trends.

There are now numerous experiments reported in the literature which purport to capture
aspects of cultural evolution under laboratory conditions. Potentially, these should offer
fertile ground for helping us understand the catalysts and consequences of innovation within
populations of learners. To our knowledge, none of these studies have been designed with the
explicit intention of investigating innovation, as they are more concerned with documenting

overall patterns of change, rather than identifying particular individuals, or particular
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individual decisions, as the source of such change. However, some studies do provide an
insight into factors affecting rates of innovation. Furthermore, in studies which permit
inferences about variation in innovation rate, it is also possible to consider the effect this has
on the measures of directional cultural change used by the researcher. Although cultural
change requires innovations, it does not necessarily follow that high innovation rates generate
pronounced cultural change, aggregated over multiple learners. Depending on the
circumstances under consideration, innovations may not necessarily modify cultural traits in
consistent directions, generating limited change at the group level. In this article we focus on
experimental research on cultural evolution with the aim to review what we can infer about

the role of innovation in these studies.

1.1 Experimental studies of cultural evolution

Although experimental studies of cultural evolution may take a variety of forms, we believe
that all designs share certain unifying features which are worth outlining here. Firstly, in
contrast to more typical psychological experiments which concern how a single individual
performs on a task, or sometimes how one individual learns from another, in studies of
cultural evolution a single replicate within an experiment consists of multiple (three or more)
participants. In this way these designs capture the repeated occurrences of social learning
involved in cultural change, as opposed to one-off cases of individual learning or social
learning in general. Secondly, within each replicate, participants have some form of access to
information about the solutions or responses of other members of the same replicate. The
exact nature of the information available may vary, but can include direct observation, verbal
report, or stored information about solutions or responses presented remotely, i.e. in the

absence of their progenitor. Finally, all studies involve a measure that is repeated
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successively, the overall aim being to describe the nature and/or direction of change that

arises within sequences of measurements.

As an example, a simple cultural evolution study might involve one participant completing a
task, set by the experimenter, in front of an observer. Upon completion of the task, the first
participant’s performance is evaluated, and the observer takes over the role of task
completion, with a new participant arriving to take the role of observer. This would generally
continue for a pre-specified number of iterations, which together would represent a single
replicate within the overall experimental design. In an example such as this, any changes in

the task scores would likely represent a key measure of interest.

It is not within the scope of the current review to provide an exhaustive catalogue of such
studies (and indeed more comprehensive reviews of the literature can be found elsewhere,
[2,3]). We instead intend to provide an overview of dominant approaches, using illustrative
examples of particular studies where relevant, with particular focus on those that permit

insights into the role of innovation.

In terms of the methods of structuring the multi-participant replicates in cultural evolution
experiments, some common approaches to this have been described in the previous literature.
Mesoudi [4] distinguished three main approaches, labelling these as the transmission chain
method, the constant-group method, and the replacement method. In transmission chain
studies, participants take part in the experimental task one at a time, in strict succession,
receiving information only from their immediate predecessor. In contrast, in studies using the
constant group method, all members of a replicate take part simultaneously, so group

membership is fixed and there is no addition of naive participants. Although in all constant
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group studies it is possible to learn from any other member of the group, a further distinction
can be drawn between one type of design, in which the exchange of information is
unrestricted (sometimes referred to in the literature as “open diffusion”, e.g. [5]), and those
where information exchange is under control within the experiment. Finally, the replacement
method incorporates elements of both transmission and constant group methods: in these
studies, a small group of participants complete the experimental task simultaneously (as with
constant groups), but experienced members of the group are replaced at regular intervals by
naive newcomers, by way of simulating generational succession within a population. For this
reason, such approaches are also sometimes referred to as microsocieties [6,7]. Using this
method it is therefore possible to ensure complete turnover of group membership whilst

retaining some flexibility over whom participants can learn from.

Within the current review we intend to restrict our discussion to those studies which
incorporate generational turnover as part of the design (i.e. including transmission chains and
replacement microsocieties, but excluding studies using the constant group method).
Attributing changes that occur within constant groups to the process of cultural evolution
(characterized as a Darwinian process consisting of the selective retention of favourable
socially learnt cultural variants as well as a variety of non-selective processes such as drift,
migration, and invention, e.g. [8,9,10]) is relatively problematic, since individual learning
processes (particularly feedback from trial and error) will typically tend to result in
directional changes in behaviour over time. This makes it difficult to determine the extent to
which any such changes have occurred as a consequence of cultural evolution or merely the
effects of iterative individual learning. Such designs can nonetheless be extremely valuable
for certain research questions within this field (e.g. for comparing the effects of different

group sizes, to understand the additive effects of social information on individual learning,
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e.g. [11] or for exploring how cultural traditions, once formed, are actually spread through
populations, e.g. [5]). However, for the purposes of identifying innovations (see next section)
we feel that transmission chain and replacement designs allow potential heuristics for doing

this, which are less readily interpretable in the context of constant group approaches.

2. ldentifying innovation in studies of cultural evolution

As noted previously, the experimental studies of cultural evolution which we review here
were not designed explicitly for the purpose of investigating innovation, so the researchers
who have carried out these studies have typically not provided their own definitions of what
constitutes an innovation in the context of particular studies. In order to re-interpret the
results of those studies we need to define what we consider an innovation in a manner that we

can apply to all studies.

We therefore propose to take a pragmatic approach to identifying innovation in studies of
cultural evolution by taking the perspective of the outcome rather than the intention. We can
infer innovations indirectly by considering similarity measures which have been used as a
proxy for transmission fidelity, i.e. only cultural variants which differ sufficiently from

already existing variants (i.e. possessing a low similarity score) are considered innovations.

2.1 Measures of similarity

The usefulness of our definition of innovation rests on the ability to define the degree of

similarity between different cultural variants. Similarity has been explicitly quantified in a
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number of studies, using a range of different methods. There are several reasons why
researchers have employed such measures as a dependent variable in their designs. In some
cases the motivation has been to determine whether material becomes more learnable with
transmission, as evidenced by decreasing error rates (and increasing similarity) over
generations [12,13,14]. In other cases, similarity estimates have been used to determine
whether performance improvements over generations are associated with a pattern of descent
with modification, indicative of cultural evolutionary processes [15]. Such measures can also
be used to establish whether separate lineages of variants are distinguishable from one

another, in a manner characteristic of distinctive cultural traditions [7,15,16,17].

The precise method used to evaluate similarity between variants is determined largely by the
nature of the behaviours in question. For example, in studies using artificial language
learning tasks, where the cultural variants being studied are sequences of linguistic symbols
(i.e. words, or sequences of words), Levenshtein edit distance has been used [12,13]. This
metric calculates how similar one string of characters is to another by counting the minimum
number of characters that must be substituted, inserted or deleted to transform one string into
another, normalised by the length of the longer string. Other studies have used subjective
judgements of similarity as assigned by naive raters, by simply asking them to compare two
items and indicate how closely they resemble one another; this has the advantage of validity
as a direct measure of human perception of resemblance, but has the drawback of being
opaque in relation to the source of similarity in terms of which features are shared [7,15,16].
Verhoef et al. [14] used a similarity metric based on the acoustic physical properties of an
auditory signal, but derived the weightings assigned to these properties from perceptual
ratings obtained in a separate pilot study, thus using an objective measure with accompanying

assurance of subjective validity. In other studies similarity between variants, although not
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explicitly part of the research design, can sometimes be inferred from other measures used to
track retention of particular features of interest (often those that were present in stimulus
material presented to the first generation of participants), by considering the number, or
proportion, of shared features (e.g. in “serial reproduction” studies, e.g. [18,19,20,21]). Based
on the used measure of similarity it seems plausible to quantify the rates of cultural change

and therefore the rates of innovation in different experimental studies.

2.2 Sources of innovation

Our definition of innovation does not distinguish between different sources of innovations.
In the modelling literature innovations are generally regarded to be a potential outcome of
individual learning [22] or of erroneous cultural transmission [8,23], the latter being
commonly referred to as mutation. While the exact characterization of an innovation varies
between approaches (e.g. sometimes defined as novel to the individual, and in other cases
defined more narrowly as novel to the population), their function is very similar: innovations

induce the possibility of cultural change into the considered system.

Within studies of cultural evolution therefore, “innovations” may similarly arise as a
consequence of transmission error, or individual learning (involving intentional invention or
modification on the part of the participant). However in current studies of cultural evolution it
will generally be difficult to distinguish between transmission error and individual learning
based on the available data (e.g. the sequence of cultural variants produced in a transmission
chain). Potential inferences about the source of innovations will depend on the chosen

experimental design (discussed in the next section).
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This leads us to define innovativeness as a continuum, rather than a dichotomy, with faithful
social transmission and innovation considered as opposite ends of a spectrum of possibilities
representing a balance between the two. So for our purposes someone who intended to copy,
but who failed and produced something very different from anything to which they had been
exposed, would be defined as having innovated. In contrast, an individual who independently
conceived of a solution that was highly similar to another solution potentially available to
them via social learning would be defined as not having innovated. These simplifying
assumptions allow us to operationalise innovation in a way that makes it possible for us to

identify it from experimental studies of cultural evolution.

3. Sources and effects of innovation across study designs

In this section we consider how the design of cultural evolution experiments influences what
we can infer about the role of innovations in generating directional cultural change. We
review experimental studies of cultural evolution, to consider first of all what is the ostenstive
goal from the perspective of the participant, i.e. how has “success” on the task been framed
by the experimenter? This aspect of the design has important implications for the source of
innovations, and whether these arise primarily as a consequence of imperfect reproduction
(i.e. learning errors), or learning errors plus intentional modification on the part of the
participant. Secondly, we also consider the measure of interest used by the researcher to
quantify the predicted cultural change. Depending on the type of change that is being tracked
over transmission, the effects of innovation may be either highly predictable, or relatively
unpredictable, in terms of the likelihood of shifting behaviour in the predicted direction of

change.
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3.1 Task aims and incentives

In this section we discuss two broad categories of cultural studies which differ in terms of the
goal as presented to the participants. Specifically, we distinguish between studies requiring
accurate reproduction (denoted reproduction goal studies) and studies involving evaluation of

performance on a specified task (denoted performance goal studies).

Reproduction goal studies. In many studies of cultural evolution, the goal of the participant
is simply to reproduce material that is presented to them as accurately as possible. Studies of
this type date far back in the scientific literature, including notably Bartlett’s experiments
using the “method of serial reproduction” [18]. These studies typically involve a transmission
chain design, within which the first participant is presented with some original stimulus
material, and subsequent participants are presented with the reproduction produced by their
predecessor in the chain. More recent examples of this type of design include Mesoudi,
Whiten and Dunbar’s [19] study of the transmission of written narratives, Tan and Fay’s [20]
study of the transmission of spoken narratives, and Tamariz and Kirby’s [24] study of the

transmission of meaningless drawings.

There are also other research designs which frame the object of the task as being accurate
reproduction, but which assess this in slightly different ways involving probing completeness
of knowledge of the stimulus material, rather than rote reproduction. For example, in several
recent studies of the cultural evolution of languages (e.g. [12]), participants have been
exposed to a stimulus set of signal-meaning pairings, with their knowledge of this artificial
language assessed through their recall of the appropriate signal to attach to a particular

meaning (with the participant’s pairings then used as stimulus material for their successor).
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In these studies, perfect reproduction effectively constitutes maximum success on the task, so
all participants should be aiming to copy their stimulus material as accurately as possible. In
such contexts, the only “innovations” that arise do so as a consequence of errors in social
learning, rather than individual learning. Furthermore, the “adaptation” that occurs represents
adaptation only to the cognition of the learners. A chain that culminated in the transmission
of material which was perfectly reproducible, without error, could in this sense be envisaged
as having reached a stable equilibrium in relation to this adaptive force (see experiment 1 in

[12] for an illuminating example which comes close to such a state).

Performance goal studies. In other studies aiming to document the effects of cultural
evolution, participants are not explicitly instructed to copy the material they are presented
with. Typically in such research designs there is some other goal (sometimes implicit, but
often relatively explicit in the participants’ instructions) related to a particular task, the
achievement of which corresponds to successful performance. In such studies, which may
involve a replacement microsociety or transmission chain design, information about the
efforts of other participants is simply available as a potential source of evidence about how
the task can be approached. Examples of this type of study include Caldwell and Millen’s
[15] study of paper aeroplane and spaghetti tower building in replacement microsocieties, in
which the participants’ objective was to maximise the flight distance of their plane or the
height of their tower. In this study task success was highly explicit, and no social information
was provided to the first participant in each microsociety. In other studies task success has
sometimes been more implicit, and these have generally involved an initial demonstration by
the experimenter for the first generation of participants. For example, in Flynn and Whiten’s

[25] study of three and five year old children, a demonstration was provided for the first
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participant of each transmission chain, showing how beads could be extracted from the
experimental apparatus using a tool. The instructions to participants were simply that they
could “have a go” once it was their turn. Nonetheless, the objective of bead extraction must
have been apparent to the participants, many of whom were successful in achieving this goal
(including 50% of the five year olds in the control group, who had not even witnessed a

demonstration).

In contrast to studies in which the participant’s goal is accurate reproduction, innovations that
occur when the goal is task success are liable to include the effects of intentional invention
and modification as well as errors in social learning. Likewise, any adaptation occurs in
response to the demands of the task in question, as well as the learners’ general cognitive

biases.

3.2 Measures of adaptation

To our knowledge, in all experimental studies of cultural evolution, there is generally some
sort of expectation about the nature of the change that repeated transmission is liable to
generate. The different measures used, however, will be affected differently by innovations,
and in some cases, innovations arising from intentional modification are likely to affect
measures differently from those that arise from social learning errors. In the following section
we discuss three broad methods which have been used to measure adaptation in studies of

cultural evolution.

Loss/distortion measures. In many studies, the measure of interest simply involves tracking

the retention of source material which is presented to the first participant of a chain.
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Examples of such measures include the number of propositions from the original stimulus
material which were accurately reproduced by participants in serial reproduction studies (e.g.
[19,20,21]). Although this type of measure is more commonly used in study designs
involving an explicit reproduction goal, measures tracking the retention of particular task
solutions are also sometimes used in studies which present participants with a task success
goal. For example, Flynn and Whiten’s [25] study, mentioned previously, involved the study
of transmission chains which had been seeded with one of two different methods of using the
tool and apparatus. The study tracked the longevity of these alternative techniques over

repeated transmission.

In studies which use relatively straightforward retention measures, such as those described
above, innovations (which are necessarily deviations from retention) will have predictable
effects on the overall direction of change, increasing distortion and loss of information in
typically irreversible ways. Furthermore, the effects will occur regardless of whether the
innovations arise from individual learning or errors in social transmission, since any changes

will result in dilution and/or distortion of the source.

Task success measures. In studies where task success is the goal of the participant, this same
task success measure may be used to track changes as a consequence of transmission.
Generally, in designs where the first generation of participants have no social information,
the expectation would be that task success would tend to increase with transmission,
indicative of cumulative culture (e.g. [15]; image generation in [26]). In other designs, where
the chain is seeded with a demonstration from a skilled expert (e.g. knot-tying in [26]; [27]),
the task success measure is used to assess resistance against loss under different conditions of

transmission. Alternatively, in some studies, the chain may be seeded with a response that is
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intentionally extreme in its ineffectiveness, or degree of error. This has allowed researchers to
investigate the persistence of, and recovery from, initially disadvantageous responses. For
example, Flynn [28] and McGuigan & Graham [29] studied the loss of irrelevant actions
from children’s actions on a puzzle box task, in chains which had been seeded with a

demonstration including both necessary and unnecessary actions.

The effect of innovations on measures of task success is likely to be much more
unpredictable, compared with the effect that these have on straightforward measures of
retention. Intuitively, we would expect that errors in social learning would tend to reduce task
success measures. If the participant is attempting to copy (rather than intentionally
innovating) then they have presumably concluded that they are unlikely to be able to improve
upon the solution which is available to them via social learning, and although fortuitous
learning errors are not impossible, they are probably relatively rare. In contrast, asocial
processes of intentional invention and modification must be largely responsible for the
increases in task success observed in experimental studies of cumulative culture, and as such
it can clearly have positive effects on these measures. However, since the effects of novel
variants are necessarily unpredictable, this is by no means guaranteed, and it is likely that
intentional modifications also reduce task success measures in many instances. In Section 4
we return to this issue, to examine particular studies which may provide insights into the

relationship between innovation rate and task success measures.

Cultural attractor measures. In a third category of studies, the measure of interest
represents a specific property of the transmitted behaviour, which is predicted to increase
with transmission as a consequence of this property rendering the material more learnable.

The property is therefore assumed to represent some sort of cultural attractor [30] whose
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presence, or probability, will tend to increase relative to source material provided to the first
participant of a chain (in which the attractor would be normally be represented at statistical
chance level or below) or in which the degree of representation might be systematically
varied, e.g. [31]. Examples of studies using this kind of measure include artificial language
learning studies which predict increases in structural compositionality [12], predictability of
grammatical markers [32], or regularisation [31]. However, we would also include in this
category studies which seek evidence of the emergence of cognitive "priors" over repeated
transmission [33,34]. In these studies, participants attempted to infer a function [33] or
category membership hypothesis [34] from a set of exemplar data, with their selected
function or hypothesis being used to generate exemplar data for the next participant. Over
repeated transmission, the functions and hypotheses which increased in probability were

those which represented known human learning biases.

These studies have typically emphasised a goal of accurate reproduction for participants
assessed by probing their knowledge of the learned material. However, it is also possible to
measure these sorts of changes in studies framed in terms of task success (e.g. see [13], for an
example of a language evolution study using effective dyadic communication as the

participants’ goal).

Considering these studies from the perspective of the effects of innovation illustrates an
important difference between this type of measure of interest, and those involving simply loss
and/or distortion of source material. In studies looking for the emergence of cultural
attractors, it is perfectly possible for errors in transmission to result in changes which move in
in the opposite direction to the prediction. As noted previously, in studies documenting

degradation of source material, any kind of loss or distortion effectively generates change in
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the predicted direction. Nonetheless, in studies measuring the presence of presumed cultural
attractors, it is still quite likely that increased error rates will tend to increase the cultural
change in the direction of the proposed attractor, since it is assumed to be the result of some

kind of cognitive bias.

Figure 1 provides an overview of the different categories of cultural evolution experiments
we have outlined here, i.e. in relation to the participant’s goal, and the researcher’s measure
of adaptation. The probable sources of innovation are specified for each, as well as their
likely effects on the measure of interest. It is worth noting that studies may actually report
multiple measures of adaptation as defined here. Depending upon the design it is possible in
principle to simultaneously track the retention of features from source material, the actual
performance in a given task, and the transitioning structural properties of the behaviour being

transmitted itself.

4. Rates of innovation and rates of change and adaptation

Lastly we turn to the existing evidence for the effects of innovations on the measures of
cultural adaptation. Although the intuitive assumption might be that higher rates of
innovation are likely to generate faster rates of cultural change and adaptation, this is not
necessarily the case. The direction of modifications arising from innovations may not be
consistent, potentially resulting in limited overall change despite low similarity between
traits. In this section we consider examples of studies of cultural evolution within which
differing rates of retention have been identified across experimental conditions, with a view

to assessing the validity of our expectations about the varying effects of innovation across
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different study types (as outlined in Figure 1, and the previous section). We finish by
considering evidence from theoretical models, which serves to highlight important
distinctions between the structure of the models and the simplifying constraints within much
of the existing experimental work, which impact upon the role of innovation in adaptive

change.

4.1 Studies measuring loss or distortion of a source

For studies in which participants are presented with a goal of accurate reproduction, variation
in retention rates may be found as a result of the ease or difficulty with which this can be
achieved. In studies using the serial reproduction method for example, alternative methods of
presenting the stimulus material may facilitate more accurate duplication. Tan and Fay [20],
for example, compared the transmission of short narratives under two different conditions. In
one condition, participants listened to an audio recording of their predecessors’ narration
(from recall) of a passage, and then produced their own recording from memory for their
successor. In the other condition, participants actually met and interacted with their
predecessor in the chain, receiving the account in person in the context of a conversation.
Recall was found to be better in the interactive condition. Similarly, Eriksson and Coultas
[21] also identified differing retention rates across experimental conditions, finding that
narratives were transmitted with higher fidelity when participants received the story from two

different individuals, compared with receiving a single individual’s reproduction twice.

The effects that these different retention rates have on the measures of cultural adaptation
used in the studies is very much in line with the predictions detailed in Figure 1, with these

studies finding that lower retention generates more rapid loss of detail. This in itself is
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unsurprising given that between-generation similarity and overall cultural change are
effectively being inferred from the same data (i.e. the presence or absence of details from the
source material). However, given that we can be relatively confident about the source of
innovations in these studies (copying error, as opposed to intentional innovation) these
studies also provide an insight into baseline levels of change that should be expected from
imperfect transmission alone. This information is useful from the point of view of identifying

the role of intentional innovation in other studies.

When participants are given a goal of success on a particular task, rather than a goal of

reproduction, it is possible to find variation in retention rates across experimental conditions
as a consequence of strategic choice as well as ease of reproduction. However, as detailed in
Section 3 and Figure 1, any such strategic shifts ought to have equally predictable effects on

measures of loss or distortion of source material.

One example of such an effect comes from Caldwell and Eve’s [35] study of participants’
designs in a spaghetti tower building task. Participants were encouraged to build their towers
to be as tall as possible, in two conditions. In the control condition, participants were told
their reward payment was based on the final height of their tower. In the other
(“unpredictable payoff”) condition, participants were told their tower would be subjected to
unspecified structural tests before being measured for payment, although in reality, no such
tests were carried out. The aim of the experiment was to track the influence of particular
tower designs which had been presented to the very first generation of participants, and to
determine whether the influence of the seeded designs would persist for longer under
conditions of uncertainty about payoffs for novel solutions (in line with a “copy when

uncertain” strategy, [36]). Members of transmission chains were shown photographs of the
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towers produced by their two immediate predecessors, which they could choose to copy or
not, presumably based on their assessment of the likely utility of this information in relation
to the task goal. The overall prediction was supported, with towers in the unpredictable
reward condition showing higher between-generation similarity (as evaluated by number of
shared features), and evidence of residual similarity to the original seed towers in later
generations. This contrasted with the findings from the control condition, in which between-
generation similarity was lower, and there was no detectable influence of the seed designs in

later generations.

4.2 Studies measuring task success

Although the studies discussed above (Section 4.1) offer relatively unsurprising relationships
between rates of innovation and rates of change, this relationship is definitely appears to be
less straightforward in other study designs. In studies tracking measures of success on a
particular task presented to participants, variation in retention rates may again arise from
strategic shifts in the degree of reliance placed on social versus individual learning, but this
may not necessarily translate to different rates of adaptation. In one example of such a study,
Caldwell and Millen [7] aimed to build upon previous [15] work, which had identified
cumulative improvement in spaghetti tower building over generations of replacement
microsocieties, by incorporating an experimental manipulation designed to emphasise the
importance of tower stability as well as height. Similarly to [35], Participants in the stability-
emphasis condition were informed that their tower would be measured following a delay
during which structural resilience would be under threat. The resulting uncertainty about the
likely effectiveness of different designs appeared to generate a strategic shift towards greater

reliance on social information, with towers from this condition being rated as having higher
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relative within-chain similarity, compared with those built by participants given a

straightforward height goal.

The critical question then is how the greater reluctance to innovate impacted on the goal
measure of tower height. Interestingly, participants in this condition did not appear to have
been placed at a disadvantage in terms of the height of their towers, which did not differ
significantly across conditions. And although evidence of cumulative improvement was
somewhat clearer in the condition favouring greater innovation (height emphasis only), there
was also evidence of height increases over generations in the stability emphasis condition, in

spite of the apparent conformity to particular design types.

Caldwell and Eve [35] followed this up using the seeded-chain design described previously,
which explored the persistence of particular designs across two experimental conditions
intended to correspond to the predictable and unpredictable contexts from [7]. As already
noted, the expectation regarding relative retention rates was supported, by examining the
retention rate of features from the seeded tower designs, but it was also possible to measure
task success in the shape of tower height. Consistent with the earlier [7] findings, there was
no clear difference between these two conditions in terms of success on the task. In contrast,
the specific design used to seed the chains (one of which was superior to the other) had a
clear effect on the height of the subsequent towers, common across both of the experimental

conditions.

Thus, in both cases, these strategic shifts in the balance between social and individual
learning have not been associated with an obvious advantage to greater innovation. This is

despite the fact that it must be differences in the likelihood of intentional innovation, rather
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than the likelihood of error, which accounts for the differences between conditions. In
addition, it is worth noting that in both of these studies, the conditions exhibiting lower
innovation were ones which in reality needlessly constrained participants’ choices
(particularly in [35], in which the task was simply framed differently across conditions, and
there was no real difference in the way the efficacy of designs was evaluated). In this context,
one might expect that there should be a clear advantage to participants in the conditions
which simply emphasised maximising height, without needing to consider trade-offs with
probable stability. However, bearing in mind that social learning is critical to the retention of
advantageous variants, this may explain why the greater willingness to explore alternatives
did not appear to generate benefits at group level, since this necessarily occurred at the
expense of the potential for retaining beneficial traits. Overall, these studies certainly provide
support for the expectation that innovation rates will not have a straightforward relationship

with measures of adaptation focussed on task success (Figure 1).

4.3 Studies measuring presence of a cultural attractor

In a recent study of the cultural evolution of structural simplicity, Kempe et al. [17] compared
transmission chains of children with adults, the participants’ goal being to reproduce the
positioning of random dot patterns on a grid. The hypothesis was that patterns would simplify
more in the chains of children, as measured by the clustering of dots and algorithmic
complexity. The similarity between adjacent responses could also be assessed, based on the
percentage of dots correctly placed on the grid. Thus, it is possible to determine from the data
whether greater adaptation was associated with lower levels of similarity. Interestingly, in
spite of strong support for the hypothesis that simplification would be stronger in chains of

children, there was no difference between the two populations in the between-generation
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error measures. This suggests that increased rate of simplification was not simply attributable
to the children making more errors, so in fact they must have made qualitatively different
errors, that were more likely to shift responses in the direction of greater structural simplicity.
So, although it is not possible to say from these data what effect an increase or decrease in
error rate might have had in relation to the rate of adaptation in either adults or children, this
clearly demonstrates that similar error rates do not necessarily dictate equivalent rates of

adaptation.

Currently, there appears to be very limited evidence of the effects of different rates of
retention on measures involving proposed cultural attractors. As noted in Section 3, there is
good reason to believe that higher innovation rates might be associated with more rapid
change in the direction of the cultural attractor. However, this remains to be established.
Furthermore, it is likely that, as with task success measures, relatively faithful retention may
be critical to preserving change in a particular direction, yielding a U-shaped relationship
between rates of innovation and adaptation. Further research could clarify the nature of this

relationship.

4.4 Insights from theoretical models

Theoretical work has suggested that there exists a trade-off between the amount of innovation
and the level of adaptation depending on the level of environmental stability. In contrast with
the experimental approaches, where the environment (the physical or cultural environment to
which the considered cultural trait becomes adapted) is typically held constant, mathematical
or computational models can manipulate this variable. Using this approach, it has been shown

that asocial and social learning are favoured by natural selection when temporal
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environmental changes occur in short and long intervals, respectively [8,37,38,39,40,41]. In
other words, the faster the adaptive value of a cultural variant is changing the more
advantageous is the individual learning strategy. As individual learning is considered as the
innovation mechanism this result also points to the crucial relationship between
environmental stability and the amount of innovation/cultural variation that is needed to adapt
to those changing conditions. Innovations (in particular adaptive innovations) provide the
basis for social learning to be a successful evolutionary strategy even in changing
environments [23,42]. However, due to the possible adaptive and non-adaptive nature of
innovations, there exists an optimal balance between the rate of innovation (expressed by the
fraction of the population engaged in individual learning) and environmental uncertainty [42].
The more unstable the environment the higher the amount of variation needed to ensure
efficient adaptation. Naturally this relationship is greatly influenced by the specific social

learning strategy [41,43,44,45,46,47].

It is not obvious how to relate the insights from theoretical models directly to those generated
by the experimental studies, but consideration of the reasons for this difficultly highlights
constraints and assumptions within the experimental designs. Within the modelling literature,
innovations are generally viewed as a means of cultural change and, in particular, a means of
tracking environmental change. In contrast, in the experiments reviewed here, the
“environment” to which adaptation occurs is either the environment of the mind, or the task
plus the mind, and the studies document the process of approaching an equilibrium state,
from a starting point of either naivety, or from an experimentally induced non-equilibrium
state. However, taking this view, the varying effects of innovation rates on cultural adaptation
across different experimental designs can perhaps usefully be conceptualised as a

consequence of both the shape of the adaptive landscape, and the likelihood of innovations
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climbing in the direction of local optima. Further research, of both a theoretical and

experimental nature, is needed to cross-validate specific conclusions.

5. Conclusions

In this paper we began by adopting a pragmatic definition of innovation (blind to the
motivations and intentions its creator) that would allow us to identify it within experimental
studies of cultural evolution. Nonetheless, we made the assumption that innovations arose
from two main sources in this respect, i.e. they were either the result of (unintentional) errors
in transmission, or intentional invention or modification on the part of the innovator. We then
used these assumptions and simplification to ask what can be learned from current

experimental studies about the process of innovation.

Based on the existing literature, only limited insights are possible. However, we can at least
compare rates of innovation between different studies, or between different conditions of a
single study, by considering measurements of similarity between variants. Studies which
present participants with a goal of accurate reproduction can in this respect provide us with
an indication of baseline levels of innovation that one should expect as a result of error alone
(although this will of course be highly dependent on the learnability of the material being
transmitted, so any generalisations to different contexts should be made with extreme
caution). Studies involving measures of task success can provide insights into the effect of
the balance between innovation and social learning on the rate of adaptation to the task
demands. Overall however, the existing literature does not yet provide a clear picture even in

relation to these issues. We believe that future experimental work would benefit from explicit
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consideration of factors influencing innovation, and the effects that this has on the rate and

direction of cultural evolution.

As another extremely worthwhile avenue for future research, we believe that it should be
possible, at least in principle, to distinguish between intentional and unintentional innovation
in experimental studies similar to the ones we describe here. The ability to do so hinges on
differences in the degree of cultural variation produced by both sources of innovation. In
studies which present participants with a goal of achieving success on a particular task it
should be possible to quantify the expected amount of cultural variation due to error by
including a baseline condition requesting only accurate reproduction of previous solutions, in
place of task success. This would provide a benchmark to which observed variations could be
compared, with levels of similarity lower than the benchmark pointing to the presence of
processes of intentional innovation. We know of no study to date which has explicitly
compared the two types of task goal (although see [48] for a comparison between a
reproduction-goal transmission chain and real world data, which aims to draw a similar
inference). Such experiments would have the additional advantage of potentially revealing
which properties of cultural variants are most prone to modification as a consequence of
erroneous social learning. However, further research is clearly required in order to

substantiate these proposals.

In addition, we note that it is currently difficult to relate experimental work on this topic to
theoretical models which pose similar questions, due to differences in focus. We believe there
is a need for further research which attempts to bridge this gap in order to permit cross-

validation of results.
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Figure and table captions

Figure 1. Sources of innovation in experimental studies of cultural evolution, and their likely
effects on measures of adaptation. See Section 4 for examples of studies within each of the
categories, based on the participant’s goal and the researcher’s measure of adaptation.
Upwards arrows indicate effects expected to promote the type of change being measured, and
downward arrows indicate effects expected to inhibit such changes. Large arrows indicate the
expected dominant force of change, and the presence of an additional smaller arrow indicates
the possibility of innovations also influencing the measure of adaptation in the opposite

direction to the expected dominant effect.
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