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Do institutions evolve like material technologies?
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Norms and institutions enable large-scale human cooperation
by creating shared expectations and changing individuals’ in-
centives via monitoring or sanctioning. Like material technol-
ogies, these social technologies satisfy instrumental ends and
solve difficult problems. However, the similarities and differ-
ences between the evolution of material technologies and the
evolution of social technologies remain unresolved. Here, we
review evidence suggesting that, compared to the evolution of
material technologies, institutional and normative evolution
exhibits constraints in the production of variation and the se-
lection of useful variants. These constraints stem from the
frequency-dependent nature of social technologies and limit
the pace and scope of normative and institutional evolution.
We conclude by reviewing research on the social transmission
of institutions and norms and highlighting an experimental
paradigm to study their cultural evolution.
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Introduction

Norms and institutions organize much of human coop-
eration [1,2]. By establishing common expectations of
good behavior and by monitoring and punishing free
riders, they reconfigure the incentives of cooperation,
enabling human-unique forms of sociality, from the
maintenance of common pool resources in small-scale
societies to the large-scale cooperation exemplified in
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modern states [1—3]. The diversity of human in-
stitutions reflects our varied social ecologies, and in-
cludes age sets [4], kinship systems [5], justice systems
[6], and sharing norms [7].

Like all technologies, norms and institutions are “means
to fulfill a human purpose” [8]. That is, they are devised
to satisfy people’s instrumental ends, including incen-
tivizing new forms of cooperation [9]. Yet do norms and
institutions, as social technologies, evolve similarly to
material technologies? [10] A robust literature on cul-
tural evolution has demonstrated that complex, adaptive
material technologies can evolve through the accumu-
lation of beneficial changes over time [11]. Laboratory
experiments have shown that such evolution can occur
quickly and in the absence of individuals’ causal un-
derstanding of how such technologies function [12]
(although see Ref. [13]). Yet the parallels with norma-
tive and institutional evolution remain unresolved.

Perhaps most at stake in the comparison between the
evolution of social and material technologies is opti-
mality. Research has demonstrated an impressive ca-
pacity for cultural evolution to generate complex, well-
functioning material technologies on relatively short
timescales [11,14]. Indeed, humans’ rapid dispersal
around the globe, including into environments that are
both harsh and vastly different from our ancestral African
home, seems to have been facilitated by fast-evolving
toolkits and knowledge [11]. Can the cultural evolu-
tion of social technologies discover and retain adaptive
solutions as effectively as the cultural evolution of ma-
terial technologies?

Here, we argue that it likely cannot. After introducing
the cultural evolution of material technologies, we pro-
pose that two key processes of adaptive evolu-
tion—generating and filtering variation—are less
effective for the evolution of institutions and norms,
reflecting their inherent social nature. We conclude by
reviewing recent empirical research on the social trans-
mission of norms and institutions and highlight a para-
digm to study institutional evolution experimentally.

The cultural evolution of material
technologies

Material technologies evolve through the selective
retention of beneficial modifications, alongside
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nonselective processes such as drift, i.e., the change in
the frequency of an existing variant in a population due to
random events. In recent years, empirical and theoretical
research has examined the conditions fostering this cul-
tural evolutionary process [14,15]. The pace of this pro-
cess is faster when populations produce more variation, as
greater variation increases the likelihood of beneficial
modifications. This relationship is best illustrated in
studies exploring the pace of cumulative cultural evolu-
tion within closed groups. For instance, experiments in
which participants are tasked with creating visual arti-
facts in groups of varying sizes reveal that larger groups
produce more variation and thus arrive at more efficient
solutions [16].

Variation is necessary but insufficient for an adaptive
evolutionary process of material technologies. In
theory, too much variation can introduce instability and
result in the loss of adaptive solutions. However, se-
lective forces play a pivotal role in retaining advanta-
geous modifications and filtering out detrimental ones.
In experiments, participants produce, evaluate, and
selectively retain variants that appear to best achieve
instrumental aims, resulting in short-term adaptive
evolution [17]. Technologies can evolve into increas-
ingly complex forms as such selection processes are
iterated across generations of learners [ 18], particularly
when individuals can learn from the best cultural
demonstrators. This is best illustrated by experiments
showing that complex solutions frequently become
extinct in populations where learners are assigned
cultural demonstrators randomly [19]. In contrast,
complex solutions can persist in groups of comparable
sizes when learners can use cues such as success to
choose whom to learn from [19].

Selective forces can operate well in the case of ma-
terial technologies due to objective performance
criteria. Research on the diffusion of innovations has
long established that innovations spread faster when
their advantages are observable and easier to evaluate
[20] and, @ priori, this seems more the case for ma-
terial than for social technologies. Simply, the laws of
physics, chemistry, and biology create inherent con-
straints that determine which solutions are efficient
and which are not. Given such objective constraints,
cultural evolution can operate even when social
learning is imperfect. When populations are large
enough, individuals’ propensity to learn from suc-
cessful cultural demonstrators results in a directional
force that promotes the transmission of the most
beneficial solutions and outweighs the degrading ef-
fects of learning errors [21,22].

When these conditions are met, cultural evolution can
produce solutions that individuals cannot produce on
their own [11]. The efficiency of material technologies
results from the interaction between many parameters,

which makes any piece of technology a multi-
dimensional problem that is hard to solve individually.
Experimental work has shown that the gradual retention
of improvements across generations can give rise to
highly optimized solutions, even in the absence of un-
derstanding about how these solutions work. An
example comes from an experiment where human par-
ticipants were asked to optimize a wheel that had four
radial spokes and one weight that could be moved along
cach spoke [12]. Across successive artificial generations
of participants, wheels became progressively faster at
covering a given distance, while participants’ under-
standing remained poor throughout. Corroborating
these experimental findings, anthropologists found that
Hadza bowmakers understand some mechanical trade-
offs but not others, suggesting that regular users of
complex tools similarly have incomplete causal un-
derstandings of their technologies [23].

In sum, previous work demonstrates that cultural evo-
lution can result in the emergence of complex solutions
when learners can observe multiple cultural demon-
strators, with selective social learning being instru-
mental in preserving beneficial cultural traits and
facilitating further enhancements.

The cultural evolution of social
technologies

Social technologies such as institutions and norms share
many similarities with material technologies. They vary
over space and time, serve instrumental purposes, and
possess complexity such that their efficacy hinges on the
interplay between multiple parameters with hard-to-
predict consequences. Like material technologies,
social technologies can be subject to cultural evolution,
where socially learned and transmitted solutions undergo
selection, potentially leading to the emergence of more
efficient institutions and norms over time [14,24,25].

However, we expect institutional evolution to differ
significantly from the evolution of material technologies.
"This is because, in contrast to most examples of material
technology evolution, the evolutionary process underly-
ing institutional evolution is frequency-dependent [26].
By this, we mean that the payoffs (and associated fitness
consequences) of adhering to a given rule depend on
whether other individuals also adhere (or are expected to
adhere) to the same rule [27]. In a nutshell, while the
evolution of material technologies is akin to non-strategic
decision-making, institutional and normative evolution is
akin to strategic decision-making by a set of actors with
conflicting interests [28]. As a result, the evolution of
institutions may lack the kind of directional selection
that sustains the gradual accumulation of beneficial
changes in material technology evolution.

The frequency-dependent nature of institutional evolu-
tion often results in different groups coordinating on
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different equilibria—that is, on different institutional
solutions to the same collective action problems. Insti-
tutional evolution then takes the form of the movement
from one equilibrium to another or the displacement of
one norm by another. Scholars have likened this equi-
librium selection process to Sewall Wright’s shifting
balance theory [29] and suggested that it proceeds in
three phases. During the first phase, sufficiently many
individuals w#/n a group behave idiosyncratically (i.e.,
against their immediate self-interest) until a societal
‘tipping point’ is reached. During the second phase,
rational behavior moves the group from the tipping point
to a new norm. During the third and final phase, different
processes between groups (e.g., selective imitation [29,30],
selective migration [31], or intergroup conflict [32]) can
export the new norm to the rest of the population, thus
inciting a global institutional shift. Theoretical models of
cultural group selection [33] have explored ways this
evolutionary process can take place, especially during
phase three, while more recent work has focused on the
importance of various kinds of idiosyncratic behavior [34]
and foresight [30] on the change of within-group norms
during phases one and two. Several factors, such as the
size of groups within a population [34—36], the balance
between drift and selection [37], and the ways that col-
lective action makes groups reach tipping points [34] can
influence the process of moving to new norms
and institutions.

In other words, for normative or institutional change to
occur, individuals need to coordinate with others in their
group and remain observant of cultural models provided
by other groups in their population. These requirements
place significant constraints on the evolution of norms
and institutions, making it slower and less efficient than
the evolution of material technologies.

Another constraint involves the generation of variation.
New variants of material technologies can be produced
and adopted individually, allowing people to explore
solutions themselves and copy solutions from diverse
cultural demonstrators within their group. In contrast,
this is not possible for norms and institutions. To explore
new norms and institutions requires coordination within
groups [38], and it is often only possible to observe
alternative institutional solutions by looking outside
one’s own group. As a result, the amount of variation in
institutions will be lower than in material technologies,
reducing the efficacy of the selection process.

Judging what constitutes a good solution is also sub-
stantially more challenging for norms and institutions
compared to material technologies. When it comes to
material technologies, learners can use objective in-
dicators of performance when deciding to adopt a given
solution, which promotes the rapid spread of efficient
solutions [20]. Experiments investigating the evolution
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of material technologies have shown that the ability of
individuals to evaluate the success of solutions strongly
affects cultural evolution, with weak evidence of suc-
cessive improvement when participants could not easily
evaluate performance, and clear improvement over time
when they could [39]. In contrast, several factors make
evaluating the effectiveness of institutions more difficult.
First, individuals with different characteristics or in-
terests may easily reach different conclusions about the
appeal of a given institutional solution. Second, the ef-
fects of implementing a given institutional solution
typically take longer to be felt and observed. Third, in the
absence of a clear signal of what constitutes good solu-
tions, group members might have to deliberate until most
group members are convinced that a given solution must
be adopted [38]. Thus, compared to material technolo-
gies, it is likely that these features of institutions will
slow down the selection process.

The differences we have identified do not entail that
cultural evolution across generations plays a smaller role
for norms and institutions than it does for material
technologies. To the contrary, experiments have shown
that unpredictable payoffs such as those associated with
institutions accentuate cultural inertia because in-
dividuals are more likely to rely on social information
when they are uncertain [39]. Instead, these differences
suggest that institutional evolution will take longer to
produce adaptive outcomes while exploring fewer alter-
native solutions.

Experimental methods to study the
evolution of social technologies

A large body of experimental work has examined how
groups create, negotiate, and vote on the institutional
rules that govern their social interactions [40]. Such
institutional rules include systems that reward co-
operators, sanction free-riders, or exclude norm breakers
from group interactions. This toolkit of experimental
methods can fruitfully be used to tackle outstanding
questions regarding how institutional rules and norms
emerge, proliferate, and evolve over time [41,42].

When it comes to norm emergence, prior work has shown
that norms sometimes emerge organically from social
interactions. Experiments demonstrate that common
behaviors can gain normative power simply because of
their ubiquity. To illustrate, frequently observed behav-
iors are judged as more moral and less worthy of pun-
ishment, and this applies to both selfish and altruistic
behaviors [43]. Established conventions exert an influ-
ence on people’s behavior, such that many individuals
stick to these conventions even in the presence of clear
incentives to deviate [44]. In repeated symmetric or
asymmetric volunteer’s dilemma games, different con-
ventions (solitary volunteering and turn-taking, respec-
tively) emerge spontancously and become normative,
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with deviations from them condemned even outside the
context where they emerged [45].

At the same time, norms and institutions can shift
dynamically in response to changing incentive struc-
tures and social information. Several studies have
examined how groups coordinate on distinct conven-
tions, and how established norms can be displaced by
new ones. When changes in incentives are large enough
to render previous norms inefficient, group members
successfully coordinate on new behavioral patterns
(though some norms—such as turn-taking—are more
resistant to change) [45]. That said, the probability of
social tipping from an old to a new norm depends not
only on the benefits of change but also on the costs of
deviating from previously established norms, in terms of
penalties for miscoordination [46]. In a large-scale lab-
oratory experiment where individuals could set these
penalties themselves, they tended to place them too
high, thus impeding (beneficial) norm change [46].

Other studies suggest that when groups face higher
risks, they develop stronger norms [47—49] which
resist erosion even when risk subsides. The stability of
norms is precarious, though, because observing exam-
ples of norm breakers has a larger impact on norm
adherence than observing followers [50,51]. This
asymmetric influence of “bad apples” on compliance
can be counteracted by knowledge of group member-
ship [52]—which increases the relevance of good
examples—or by strong sanctioning norms—which
ensure norm breakers are met with condemna-
tion [51,53].

To better understand institutional and normative
change, it is crucial to study how people socially learn
and culturally transmit institutional rules. Influential
experiments where subjects “vote with their feet” to
interact under different institutional regimes have
shown that people use social information about payoffs
when choosing to interact with or without a sanctioning
institution [54,55]. Over time, most people move to the
sanctioning regime, under which payoffs are higher, and
they conform to contribution and sanctioning norms
under that regime [54]. When provided with social in-
formation on the institutional choices and payoffs of
previous subjects, people use it to adjust their own
institutional choices, and their cooperative and sanc-
tioning behaviors [56].

Still, several questions regarding the production of vari-
ation in norms and institutions, and selection among
variants of these social technologies remain unanswered
and could be addressed experimentally. We believe that
one generative avenue for future research on normative
and institutional evolution lies in adapting the trans-
mission chain design that has been used to study the
cultural evolution of material technologies in

experimental settings [12,57]. As explained earlier, this
design allows researchers to study how successive gen-
erations of participants devise solutions to problems such
as the wheel optimization in Ref. [12]. Participants’ so-
lutions, along with their causal theories of how these
solutions work, are transmitted to subsequent partici-
pants along a chain to examine technological change over
time. Applying a similar design to social technologies,
researchers could study the cultural transmission of
norms and institutions across several generations and
more directly test the similarities and differences be-
tween the evolutionary process of material technologies
compared to social ones.

The co-evolution of material and social
technologies

Although we have considered material and social tech-
nologies as distinct domains for cultural evolution, it is
important to recognize the bidirectional relationships
between material and institutional evolution. From a
theoretical perspective, the development of increasingly
complex technologies requires increasingly larger
collaborative networks, whose effective operation de-
pends on the further development of norms and in-
stitutions [58]. And conversely, the development of
material technologies enables the creation of larger
institutional arrangements by allowing individuals to
share information and coordinate more effectively.

A large literature demonstrates how institutional ar-
rangements can influence the dynamics of technological
innovation and diffusion [59,60]. For example, following
the French Revolution of 1789, the French occupied and
introduced inclusive institutions to some regions of Im-
perial Germany but not others. Regions that were occu-
pied longer under such institutions—whose effects
included equality before the law and the abolition of
protective organizations like guilds—exhibit greater
technological innovation to this day [61]. Likewise, an-
thropologists have studied how the adoption of agricul-
ture, which can be regarded as a set of material
technologies, has profound effects on aspects of social
organization including hierarchy and private prop-
erty [62,63].

Conversely, technological innovations can also affect
social processes, including on very large scales. Global
historians argue that Europe’s adoption of key Chinese
technologies like gunpowder, papermaking, and the
compass contributed to its maritime supremacy and, as
a result, the imposition of colonial institutions around
the world [64]. Likewise, the development of the
printing press undermined the power of religious au-
thorities in Europe [65]. In fact, in a demonstration of
how entangled such evolutionary processes can be,
Ottoman authorities feared the effects of the printing
press on their institutional power, thus enacting
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policies to limit its spread and, as a result, undermining
their  capacity to further adopt technolog-
ical advancements.

Conclusions

Norms and institutions make possible the unique
large-scale cooperation observed in humans. Under-
standing the emergence and change of these social
technologies is therefore a crucial task for the social sci-
ences. Here, we have argued that the adaptive evolution
of norms and institutions involves constraints that make
this process slower and less efficient than the evolution of
material technologies. By capitalizing on transmission
chain designs that have been used to study the evolution
of material technologies, future research can test these
ideas experimentally and shed light on processes of
normative and institutional evolution.
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