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Human cooperation is unparalleled in the natural world and is a defining feature
of human social life—it shapes nearly every social interaction we experience, from
geopolitical conflict, to collective bargaining, to team collaboration. However, cooperation
also presents a challenge—it is often personally costly or risky to cooperate. How are
humans able to overcome these costs and risks in favor of the interest of the group? To
address this question, it is important to investigate the cognitive abilities that allow us to
successfully cooperate with others. One important ability for cooperation is
mentalizing—the ability to represent other agents’ beliefs, knowledge, desires, and
intentions. The ability to think about other agents’ minds in order to predict how they will
behave (e.g., whether they will cooperate or free-ride) is an important component of our
own cooperative behavior, particularly in the context of coordination—a type of
cooperative interaction where cooperation is mutually beneficial but risky. I test the idea
that our ability to represent the beliefs of others plays a critical role in successful
cooperation. Studies 1 and 2 examine one cognitive ability for representing others’
knowledge—common knowledge—that underlies cooperation by reducing uncertainty
about others’ cooperative behavior. Studies 3 and 4 investigate how we make inferences
about others’ beliefs from how they behave and how that influences our own cooperative

behavior in the context of social norms. Studies 2 and 4 take a developmental approach to



investigate how early emerging mentalizing is for cooperative behavior to better
understand how foundational it is in social cognition. Altogether, the results of these
studies suggest that the ability to represent other agents’ beliefs in order to predict their

behavior plays a fundamental role in supporting successful cooperation.
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1. Introduction

Cooperation is a core feature of human social life. The ability to cooperate at a large scale
with unrelated individuals has allowed our species to spread across the planet and thrive
in even the harshest environments. Yet cooperation presents a number of challenges for
social groups. Namely, cooperation is often personally costly—benefiting the group
comes at the expense of self-interest—and it’s risky—if I cooperate when others do not,
I’'m worse off than if I did not attempt to cooperate in the first place. Given the
importance of cooperative behavior to human survival and reproduction, we have likely
evolved cognitive abilities that have allowed us to overcome the challenges inherent in
cooperation. Much like how evolution has selected for organs to remove toxins from our
bodies or supply our blood with enough oxygen, so has it shaped our cognition to allow
our species to successfully cooperate (Tooby, Cosmides, & Barkow, 1992). One
important ability in this regard is mentalizing—the ability to represent the minds, desires,
and knowledge of other people—which has been extensively studied in the context of
theory of mind (ToM; Apperly, 2012; Bockler & Zwickel, 2013; Gallagher & Frith,
2003; Frith & Frith, 2005). While much of the work on mentalizing has centered on ToM,
there is another important cognitive ability for representing others’ minds: common
knowledge. Common knowledge is a heuristic belief state for representing recursive
knowledge—A knows X, B knows X, A knows that B knows X, B knows that A knows
that B knows X, ad infinitum (Rubinstein, 1981; Thomas et al., 2014). Previous work

suggests that both ToM and common knowledge play important roles in supporting



cooperative behavior (Rubinstein, 1981; Thomas et al., 2014; Thomas et al., 2018; Tsoi et
al., 2021; Tsoi & McAuliffe, 2020). This dissertation will focus on the question of how
our beliefs about others’ knowledge, beliefs, and behavior—and the cognitive

mechanisms that underlie this ability—influences our own cooperative behavior.

When does mentalizing influence cooperative behavior?

While mentalizing plays an important role in social cognition and many different
kinds of cooperative actions, it likely plays an especially important role in the context of
coordinating behavior. Coordination is a subset of cooperative behavior—all coordination
is cooperation, but not all cooperation is coordination. Coordination is distinct from
cooperation in that it is risky but mutually beneficial—it is in every agents’ self-interest
to cooperate—whereas cooperation in a social dilemma is personally costly—the self-
interest of the individual and the group conflict (Snidal, 1985).! Here, I focus on two
types of cooperative interactions in which agents need to coordinate their behavior with
others: coordination problems and social norms.>

Coordination problems are a specific form of cooperation in which there are
multiple stable equilibria, meaning that there are multiple strategies that will result in the
best payoff for agents such that they cannot increase their payoff by deviating from their
strategy (Schelling, 1960). A classic example of a coordination problem is the stag hunt
(Skyrms, 2004). In the stag hunt, agents can jointly hunt a stag (high payoff) or

individually hunt a rabbit (low payoff). To successfully hunt the stag, both plays need to

!'T will occasionally refer to coordination as cooperation since it broadly falls under the umbrella of
cooperative behavior (Ashley & Tomasello, 1988).

21t’s important to note that social norms are not cooperative per se—while social norms play a critical role
in maintaining cooperative behavior and coordination, not all norms are cooperative.
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cooperate—if either hunts the stag alone, they will fail and receive nothing (e.g., no
payoff)—whereas if they hunt the rabbit, they are guaranteed a smaller payoff. In the
stag hunt, there are two stable equilibrium: one when both agents cooperate (stag, stag)
and another when both agents defect (rabbit, rabbit; Fang et al., 2002). The stag hunt
illustrates that despite cooperation being mutually beneficial—it’s in the best interest of
both agents to jointly hunt the stag— coordination still poses a number of challenges.
Perhaps the most important of which is that cooperation in a coordination problem is
risky—if you attempt to hunt the stag while your partner hunts the rabbit, your payoff
will be nothing and you will be worse off than if you played it safe. In order to predict
how other agents will behavior (and specifically whether they will cooperate), it’s
important to have accurate information about others’ belief state (Thomas et al., 2014).
How are humans able to solve these problems in light of these challenges? This is
where mentalizing come into play—to infer how others will behave, it is helpful to
represent what they know and think. If I know that my group knows what is required to
successfully cooperate, then I can be more confident they will also cooperate as
compared to if [ don’t know what my group members know. Previous work suggests that
common knowledge (sometimes called common ground or mutual knowledge; Baltag,
Moss, & Solecki, 2016; Bohn & Koymen, 2018; Rubinstein, 1989) is an important ability
for representing beliefs about other agent’s knowledge and their beliefs about your beliefs
(henceforth higher-order beliefs; Thomas et al., 2014; Thomas et al., 2018). Namely, this
work finds that people are more likely to attempt risky coordination when they and their
partner have common knowledge about the payoffs for coordinating (Thomas et al.,

2014).



However, while previous work in this area has focused on coordination in the
context of dyadic interactions, many cooperative interactions we encounter in our lives
involve multiple agents and thus are considerably more complex. While less work has
examined this topic, it is likely that higher-order belief representation helps us to solve
these problems as well by reducing uncertainty about others’ behavior, much like it does
in simple coordination problems. One prevalent form of multi-agent coordination where
this might be most apparent are social norms. Social norms are the informal rules that
govern and constrain behavior in social groups and societies (Bicchieri, 2005), and are a
foundational part of human culture that pervade nearly every aspect of human social
life—from what we eat for breakfast to how we dress. Social norms facilitate
coordination by allowing many individuals to align their expectations about how to
behave (Young, 2007; Young, 2015). For example, if a crowd of people are all waiting to
get into a bakery, there is a norm that you form a line and when you arrive, you go to the
back of the queue. In other words, we all share a common expectation that we should get
in line—a norm—which allows us to coordinate our behavior—queuing up. Contrast that
with a scenario in which there is no line, just a throng of people pushing past each other
to get through the door and you can see the importance of social norms for coordinating
behavior. Social norms are especially powerful in situations that are ambiguous and
where the appropriate behavior is uncertain (Higgs, 2015; Smith et al., 2007): if you’re
visiting a foreign country and are unsure whether to tip, you will follow the lead of what
other people around you in the restaurant are doing. While norms serve as an important
tool for coordinating group behavior, their importance extend beyond coordination. That

is, social norms are important for maintaining cooperative behavior more broadly—they



often encourage behaviors that are beneficial for the group but costly for the individual.
Thus, while social norms play an important role in coordinating group behavior, their
significance extends beyond coordination to maintaining cooperation in groups more
generally.

Mentalizing and higher-order beliefs likely play an important role in social norm
cognition, much like they do for coordination problems like the stag hunt. Namely, one
influential account of social norms posits that a defining feature of norms is that they are
socially conditional, that is, our compliance with them hinges on our expectation that
others condone the behavior and do it as well (Bicchieri, 2005; Bicchieri, 2016).
Intuitively, it is easy then to see how important mentalizing is for social norms—we are
constantly thinking about what others do and approve of when deciding how to behave. If
I’m deciding whether to continue to wear a mask outside after I’'m vaccinated, I will think
about whether other people in my community approve or disapprove of doing so and I
will act accordingly. Given the role mentalizing plays in social norms, this lack of

research represents a major gap in our understanding of normative psychology.

Overview of the present research

The goal of this dissertation is to investigate the cognitive abilities and
mechanisms that underlie cooperative behavior, particularly in the context of social
norms. Studies 1 and 2 examine how our beliefs about others’ knowledge and behavior
influence cooperative behavior in coordination problems while Studies 3 and 4 explore
how we make inferences from others’ behavior and how that in turn influences our own

beliefs and behavior in the context of social norms.



In Study 1, we used the Threshold Public Goods Game (TPGG) in several online
experiments with adults to examine the role of common knowledge in underlying
cooperative behavior and whether it does so by increasing certainty in the belief that
other agents will contribute, thus increasing the likelihood of successful cooperation. We
found that common knowledge of the threshold promoted contributions to the public
good by decreasing uncertainty around agents’ cooperative behavior. In Study 2, we used
a developmental approach to examine when in ontogeny children begin to use common
knowledge to solve coordination problems to better understand how foundational
common knowledge is to coordination. We found that by 6-years of age, children are able
to use common knowledge to solve coordination problems and that like with adults, it
does so by increasing certainty in other agents’ cooperative behavior.

In Study 3, we used vignettes in a series of online experiments with adults to examine
how descriptive norm information about what others commonly do influences our
injunctive norm beliefs about what others approve of, moral judgements, and behavioral
intentions, and whether this varies depending on the social context. We found that people
updated their normative beliefs and behavioral intentions in response to descriptive norm
information and that the extent to which they did so varied depending on the behavior
such that they generally updated more for fairness and conventional behaviors than harm
behaviors and preferences. In Study 4, we used a developmental approach to investigate
how regularities in the social environment influence different kinds of normative beliefs:
are we capable of flexibly tuning those beliefs depending on the frequency and type of
behavior? We found that children’s injunctive and moral beliefs are influenced by how

common or uncommon a behavior is but that this influence does not generalize to all



kinds of behaviors, pointing to a special role of social influence on beliefs for behaviors
with social consequence. Altogether, these studies highlight the foundational role of
mentalizing in underlying cooperative behavior in coordination problems and social norm

cognition.



1. Study 1: Common knowledge increases cooperation in the

threshold public goods game

Recent work suggests that an important cognitive mechanism promoting coordination is
common knowledge—a heuristic for representing recursive mental states. Yet, we know
little about ~ow common knowledge promotes coordination. We propose that common
knowledge increases coordination by reducing uncertainty about others’ cooperative
behavior. We examine how common knowledge increases cooperation in the context of a
threshold public goods game, a public good game in which a minimum level of
contribution—a threshold—is required. Across two preregistered studies (N = 5,580), we
explored how varying (1) the information participants had regarding what their group
members knew about the threshold and (2) the threshold level affected contributions. We
found that participants were more likely to contribute to the public good when there was
common knowledge of the threshold than private knowledge. Participants’ predictions
about the number of group members contributing to the public good and their certainty
ratings of those predictions mediated the effect of information condition on contributions.
Our results suggest that common knowledge of the threshold increases public good
contributions by reducing uncertainty around other people’s cooperative behavior. These
findings point to the influential role of common knowledge in helping to solve large-scale

cooperation problems.

This paper is co-authored with Dorsa Amir, Matthew Jordan, and Katherine McAuliffe.



1. Introduction

Cooperation is a key aspect of human social life. While adaptations supporting
cooperation are found in many organisms (Clutton-Brock, 2009), cooperation among
humans stands out in both its scale and scope. Humans are unique in the extent to which
we cooperate with unrelated individuals (Axelrod & Hamilton, 1981; Fehr &
Fischbacher, 2004; Rand & Nowak, 2012) and we cooperate in group sizes that are
unmatched in the animal kingdom (Clutton-Brock, 2009). While these features of human
cooperation have undoubtedly contributed to our success as a species, they also point to a
key question: what are the psychological mechanisms that enable humans to solve

cooperation problems of this scale?

1.1. Common knowledge

One cognitive mechanism that plays an important role in cooperative behavior is
common knowledge (sometimes called mutual knowledge; Baltag et al., 2016; Clark &
Marshall, 1981; Halpern & Moses, 1990; Rubinstein, 1981). Common knowledge is the
recursive belief state in which A knows X, B knows X, A knows that B knows X, B
knows that A knows that B knows X, ad infinitum. Recent work suggests that common
knowledge is an important mechanism for coordinating group behavior (Thomas et al.,
2014; Thomas et al., 2018). For example, past work has found that people were more
willing to attempt risky coordination when there was common knowledge about the
mutually beneficial joint payoff for coordination compared to when there was only shared
knowledge (such as secondary and tertiary knowledge states; Thomas et al., 2014). These

results suggest that common knowledge is likely a distinct cognitive state that may have



evolved to solve recurrent problems in human social life (DeFreitas et al., 2019). While
previous work suggests that common knowledge plays a role in coordinating behavior
(Thomas et al., 2014), no work has explored exactly Zow it does so. What are the
mechanisms that underlie the effect of common knowledge on cooperation?

Much of the work on economic games that model cooperation assumes that actors
have complete information about the task, that is, they have common knowledge.
However, in many circumstances, including more ecologically valid contexts, decision
makers lack access to complete information regarding the boundaries and payoffs of the
cooperative interaction. Uncertainty about the structure of the task, and importantly,
uncertainty about others’ knowledge about the task, tends to negatively affect cooperative
behavior (Marks & Cronson, 1999; McBride, 2010; Wit & Wilke, 1998). Therefore, a
possible mechanism that might explain why common knowledge increases cooperation is
that it decreases uncertainty about the social interaction, and specifically, uncertainty
about other agents’ cooperative behavior. In other words, common knowledge may
increase cooperation because it increases certainty that other group members will also
contribute when doing so is mutually beneficial, thereby reducing the chance that a

cooperative actor will be exploited by others who act selfishly.

1.2. Threshold PGGs

An economic game that is well-suited for studying whether common knowledge
increases cooperation is the threshold public goods game. The threshold public goods
game is a variant of the public goods game (PGG). In the standard PGG, participants are

given an endowment and placed into groups that can vary in size across different
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instantiations of the game (Fehr & Gachter, 2000; Fischbacher et al., 2001). Participants
can contribute any portion of their endowment to a common pot. All contributions to the
common pot are then multiplied by the experimenter by a value greater than one and
divided equally amongst all group members regardless of their contributions. This game
thus captures an important and recurrent dilemma when it comes to cooperation: the
conflict between what is best for the individual—freeriding by not contributing anything
while others contribute—and what is best for all the members of the group—everyone
contributing the entirety of their endowment, resulting in the largest group payoft.

In the threshold PGG, groups must reach a certain level of collective
contributions—a threshold—in order for the common pot to be multiplied by the
experimenter (Fischbacher et al., 2001). The threshold PGG captures an important feature
of many real-life coordination problems—namely, that in many cases, a certain level of
contributions must be reached before there are benefits to the initial investment. Take,
for example, the case of barbasco fishing, a subsistence practice found among many
indigenous Amazonian groups (Heizer, 1953). Barbasco fishing involves the diffusion of
a piscicide made from local plants into a river or stream to poison and catch fish. This
practice involves multiple contributors who play discrete yet complementary roles, such
as building a dam, preparing the barbasco poison, spreading it into the river, herding the
fish, and spearing or scooping them. If too few people join in to fulfill the necessary
roles, the enterprise will likely be unsuccessful, in which case the initial investment of
time and energy will have been wasted. However, it seems probable that if a critical mass
of contributors is reached, such that there are enough contributors to fulfill all necessary

roles, the chances of success are likely to dramatically increase. This example
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demonstrates that for certain recurrent social problems, and especially those relevant to
our fitness in the evolutionary past, the threshold PGG can be considered a more
ecologically valid game than the standard PGG.

Introducing a threshold alters the structure of the game, changing it from a social
dilemma—where the interest of the individual is in conflict with the interests of the
group—to more of a coordination problem (such as the stag hunt or assurance game;
Jansson & Eriksson, 2015; Skyrms, 2004)—where there are multiple stable equilibria
(Archetti & Scheuring, 2012). In the case where all members have to contribute to meet
the threshold, it is in every actor’s best interest to contribute to the public good, but only
if the other players contribute as well. However, when the threshold is at an intermediate
level, for example when half of the group must contribute to meet the threshold, the game
becomes an anti-coordination problem. In an anti-coordination problem, the stable
equilibrium is a mixed strategy, such that the best strategy for an actor is to anti-
coordinate with other members by withholding their contribution if the other group
members contribute, and investing in the public good if other groups members withhold
their contributions (Hauert & Doebeli, 2004). Thus, when the threshold is at an
intermediate level, the game resembles the volunteer’s dilemma, in which there is a
strong incentive to free ride but if everyone defects, all players lose (Diekmann, 1985).

The threshold PGG is an ideal economic game to study common knowledge
because contributing in the task more closely models coordination than the standard

PGG. Since we know that common knowledge increases coordination, it is expected that

3 Importantly, contributing in the threshold PGG, as it more closely models coordination or anti-
coordination problems, is distinct from pure cooperation—in which an actor contributes a benefit at a cost
to themselves (West et al., 2007). However, for ease of comprehension and continuity, we describe
contributions in the threshold PGG as cooperation in the sense that they confer a benefit to the group.

12



common knowledge of a threshold will also increase contributions in this task. This is
supported by the foundational work of Schelling on coordination problems which
suggests that people often rely on focal points—salient features in a coordination
problem—to help solve coordination problems (Schelling, 1960). When there is common
knowledge, thresholds might constitute a type of focal point that facilitates coordination
by reducing uncertainty about others’ behavior. In relation to the example of barbasco
fishing above, common knowledge that a certain number of contributors is necessary to
catch fish might reduce uncertainty about whether other people will contribute, allowing
individuals to coordinate on the mutually beneficial outcome.

To date, no work has explicitly investigated common knowledge in the threshold
PGG, nor the mechanism through which common knowledge increases coordination. We
predict that common knowledge will increase cooperation in this task by reducing
uncertainty about whether your group members will also contribute, and thus whether
players will succeed in reaching the threshold. Putting ourselves in the mind of a player,
the logic is as follows: when I know that we all know the threshold (and that everyone
knows that everyone knows), I can be more confident that everyone will contribute,
which will in turn make me more likely to contribute myself. Alternatively, it is possible
that our beliefs about others’ cooperative behavior, and our certainty in those beliefs, will
not influence our own cooperative behavior. In other words, people may behave
cooperatively or selfishly without regard to other agents’ knowledge about the threshold
or beliefs about how they will behave. This question has important implications for real-
world cooperation problems as it is often the case that we are uncertain about what others

know and will do in cooperative endeavors. That we do not yet know whether certainty
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mediates the effect of common knowledge on coordination represents an important gap in
our understanding of social cognition and cooperation. Furthermore, while previous work
has examined common knowledge in the context of a 2-player stag hunt game (Thomas et
al., 2014)—a coordination problem in which the stable strategy is mutual cooperation or
defection—no work has examined common knowledge in n-player cooperation problems
which more closely model the kinds of cooperation problems we encounter in everyday

life.

1.3. Present study

In three studies, we explored how common knowledge and threshold levels
influenced contributions in a threshold PGG and whether the effect of common
knowledge of the threshold on contributions is mediated by certainty about others’
cooperative behavior. In Experiment 1, we tested this by manipulating 1) the information
group members knew regarding the threshold, and 2) the level of threshold needed to
receive the public good. Because past work has found mixed results regarding the effect
of threshold size on contributions (Andrews et al., 2019; Cadsby & Maynes, 1999), we
varied the threshold level in our studies to examine if threshold size predicts
contributions and to explore whether the effect of common knowledge varies by
threshold size or is robust across different sized thresholds. If thresholds promote
cooperation, as found previously, we would expect contributions to be higher in all
threshold conditions than in the baseline PGG that lacks a threshold. If common
knowledge allows individuals to coordinate contributions in the PGG, then we would

expect the highest levels of contributions in the common knowledge condition. In our
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second preregistered study (Experiment 2), we aimed to replicate our findings from
Experiment 1 and to test whether the effect of common knowledge on contributions in the
threshold PGG is mediated by certainty about the predicted number of group members
contributing to the public good. If common knowledge of the threshold increases
contributions by reducing uncertainty around the cooperative behavior of others, then we
expect to find that contributions in the PGG are mediated both by the predicted number
of group members contributing, and certainty about those predictions. Lastly, in a third
preregistered study, we aimed to replicate the results of Experiment 2 and to better
understand contribution behavior under common ignorance, in which participants know
there is a threshold but do not know what it is, to determine whether certainty about the

presence of a threshold might explain the contributions levels.

2. Experiment 1

2.1. Method

Participants

We tested N = 2,252 participants (52.35% female), aged 18-77 (M = 36.93) from
Amazon’s Mechanical Turk in a preregistered study
(http://aspredicted.org/blind.php?x=63ct9y). Our sample size was based on previous
work on threshold public good games (Jordan et al., 2017) using the same platform.
While we initially recruited 3,365 participants, 475 were excluded from analysis for
failing to complete the study in its entirety, 618 were excluded for failing the

comprehension questions, and an additional 20 were excluded for responding with “three
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or more” to a question assessing the number of questions they answered without reading
or thinking about them carefully. The high rates of exclusions here reflect our stringent
exclusion criteria for the several comprehension checks participants had to answer (see

preregistration for exclusion criteria).

Design

Study 1 was a 3 x 3 between-subjects design in which participants were randomly
assigned to one of three information conditions (common knowledge, common ignorance,
and private knowledge) and one of three threshold levels (low, high, and maximum) or a
baseline condition with a standard PGG with no threshold. Thus, in total, participants
were assigned to one of ten conditions. We used ex-post matching to randomly assign
participants to groups of four and determine their group contributions after data collection

(Horton, Rand, & Zeckhauser, 2011; Jordan, McAuliffe, & Rand, 2016).

Procedure

Participants provided informed consent and were given instructions for the task that
detailed the rules of the PGG. Participants were assigned to groups of six and allocated an
endowment of $0.30 each for the PGG. They were informed of their group size, that all
contributions to the public pot would be multiplied by two and divided evenly amongst
group members, and they would receive this endowment as a bonus after completing the
game.

After reading the instructions, participants answered three comprehension questions

to ensure their understanding of the game (see Supplement). Participants who failed the
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comprehension checks after two attempts were excluded from analyses. After answering
these questions, participants then read the specific instructions for the threshold
information condition to which they were assigned. The instructions explaining the
threshold were identical but differed in two key respects: 1) the level of threshold needed
to receive the public good, and 2) the information their group members knew regarding
the threshold. The threshold level manipulation had three levels, a low threshold, a high
threshold, and a maximum threshold. In the low threshold condition, 2 out of 6
participants in a group needed to contribute their $0.30 endowment in order for
contributions to be multiplied and split amongst their group members. In the high
threshold condition, 4 out of 6 participants in a group needed to contribute. In the
maximum threshold condition, all 6 out of 6 participants in a group needed to contribute.
Contribution decisions were binary, participants could either contribute the entirety of
their $0.30 endowment or not contribute. Critically, in our threshold PGG, if participants
failed to reach the threshold then all contributions to the common pot were destroyed,
leaving them with only the portion of their endowment they did not contribute.

The threshold information manipulation had three conditions: common knowledge,
common ignorance, and private knowledge. In the common knowledge condition,
participants were told that everyone in their group saw the same instructions they did, and
that everyone in their group knew that the participant had seen the same instruction as
well. Thus, everyone in their group knew that at least 4 out of their 6 group members
needed to contribute (or 2 and 6, in the low and maximum threshold treatments,
respectively) or the total common pot would be destroyed. This established something at

least broadly consistent with a recursive belief state regarding the threshold such that the
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participant knew the threshold, knew everyone in their group knew the threshold, and
knew that everyone in their group knew that they knew the threshold, ad infinitum. The
common ignorance condition was identical to the common knowledge condition but, in
this condition, the threshold was unknown (e.g. “the amount you must contribute is
unknown to your group”). Thus, the participant did not know the threshold, everyone in
their group did not know the threshold, and the participant knew that everyone in their
group knew that they did not know the threshold, ad infinitum. We included this
condition to investigate whether the presence of a threshold, even when unknown, would
be enough to promote contributions in the PGG. In the private knowledge condition,
participants were told the threshold level but that they could not be certain that their
group members saw the same instructions as them, thus resulting in a lack of common
knowledge (e.g. “only you know for certain that at least 4 out of your 6 group members
must contribute”). Thus, the participant knew the threshold, but they were not sure if
everyone in their groups knew the threshold, and everyone in their group did not know if
they knew the threshold. After reading the information threshold instructions, participants
answered three more comprehension questions for their specific information and
threshold condition. After answering these comprehension questions, participants then
made their contribution decision.

Participants could contribute their entire endowment or nothing (0 to 30 cents) to
their group pot. After making their contribution decision, participants were asked to
predict how many other group members would contribute to the public good collectively
(0 to 5 contributors). We included this question to assess whether participants’

predictions of their group members’ contributions influenced their own contribution
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decisions. In order to compare the level of cooperation observed in the information

threshold conditions to a standard PGG, we also ran a baseline condition in which

participants played an identical PGG without a threshold. We report all measures,

manipulations, and exclusions (see supplementary materials for measures not reported

here).

Table 1. Table displaying all combinations of threshold level and information conditions.

Information
Low Threshold High Threshold Maximum Threshold
Condition
Everyone knows that Everyone knows that
Everyone knows that
Common everyone knows the everyone knows the
everyone knows the
Knowledge threshold is 4 out of 6 threshold is 6 out of 6
threshold is 2 out of 6
people people
people
Common
Everyone knows that everyone knows there is a threshold of unknown size
Ignorance
Only I know with Only I know with Only I know with
Private
certainty the threshold is 2 | certainty the threshold is 4 | certainty the threshold is 6
Knowledge
out of 6 people out of 6 people out of 6 people
Baseline No threshold
Analysis
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We ran three pre-registered logistic regression models with contribution (binary: 0 =
did not contribute, 1= did contribute) as the response term. To determine whether
information type influenced cooperation, the first model included information (baseline,
common knowledge, common ignorance, private knowledge) as the predictor variable
(see Information column in Table 3). To determine whether there was an interaction
between threshold level and information type, the third model included the interaction
between information (private knowledge, common knowledge) and threshold (low, high,
max), as well as information condition (private knowledge, common knowledge) and
threshold level (low, high, max) as the predictor terms (see the Information x Threshold
column in Table 3). We left out the common ignorance and baseline conditions from this
model because threshold level did not vary across baseline or common ignorance
conditions, preventing us from examining the interaction between threshold and
information. We also ran a third preregistered model predicting contribution decision by
threshold level which we report in the Supplement. To determine whether our predictors
explained more variance than a null model, we compared the model with the threshold-
information condition interaction, plus age and gender terms, to a model only including
age and gender. The model with the interaction term explained significantly more
variance than the model without it (¥2 (5) = 17.03, p = .004).

For all models, we made specific comparisons within information and threshold
conditions by using a series of pre-registered pairwise comparisons using estimated
marginal means adjusted using the multivariate t method (MVT) to correct for multiple
comparisons. These pairwise tests allowed us to make the critical comparison between

the common knowledge and private knowledge conditions in order to determine whether
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common knowledge increased contributions. We next ran two exploratory models that
were not preregistered. To test whether participant’s predictions about the number of
their group members contributing predicted their own contributions, we ran a logistic
regression model with contribution as the response term and predicted number of other
group members contributing (continuous: 0-5) as a predictor. We also ran an identical
model but included information condition (private knowledge, common knowledge,
common ignorance) as a predictor to determine whether it would predict contributions
when controlling for predicted group member contributions.

Lastly, in an exploratory model, we examined whether predicted contributors
mediated the effect of information condition on contributions by creating a path analysis
model with contribution (binary: 0, 1) as the endogenous variable, information condition
(private knowledge, common knowledge) as the exogenous variable, and predicted
contributors (continuous: 0-5) as the mediator. We used bootstrapping with 5,000
iterations to find standard errors, bias-corrected bootstrapped confidence intervals with
5,000 samples, and diagonally weighted least squares (DWLS) to estimate the model

parameters.

Table 2. Proportions and standard deviations (in parentheses) of contributions in the

PGG by information and threshold level.

Low High Maximum
Baseline 0.5 (0.5)
Common Knowledge 0.78 (0.41) 0.72 (0.45) 0.78 (0.41) 0.76 (0.42)
Common Ignorance 0.74 (0.44) 0.73 (0.45) 0.71 (0.45) 0.73 (0.45)
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Private Knowledge 0.70 (0.46)  0.72(0.45)  0.65(0.48)  0.69 (0.46)

0.74 (0.44)  0.72(0.45)  0.71(0.45)

2.2. Results

Planned Analyses

Overall, we found that information level predicted contributions: participants in the
common knowledge (B =1.15, SE =.17, p <.001, OR: 3.15, 95% CI: 2.27, 4.37),
common ignorance (B =0.96, SE =.16, p <.001, OR: 2.61, 95% CI: 1.89, 3.61) and
private knowledge (B = 0.76, SE = .16, p <.001, OR: 2.14, 95% CI: 1.55, 2.96)
conditions were all significantly more likely to contribute than participants in the baseline
condition (see Table 2 for means). Our findings replicate previous work on thresholds,
suggesting that people were more likely to contribute to the public good when there was a
threshold. Critically, the comparisons between information conditions revealed that
participants were significantly more likely to contribute when there was common
knowledge of the threshold than when there was private knowledge of the threshold (B =
-0.39, SE = .12, p =.009). Participants in the common ignorance condition were not more
likely to contribute than participants in the private knowledge condition (B =0.19, SE =

.12, p =.35) or those in common knowledge condition (B =-0.19, SE = .12, p = .42).
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Figure 1. Proportion of participants contributing in the PGG across the three information
conditions (common ignorance, common knowledge, private knowledge), and the
baseline, non-threshold game. All threshold PGGs elicited more contributions than the
baseline condition which is indicated by the dotted line. Error bars indicate standard

error. ***p<.001.

When predicting contribution by threshold level, information condition, and their
interaction, we found that the interaction between threshold (low and high) and
information (common knowledge and private knowledge) was not significant (B =-0.45,
SE =.29, p=.13, OR: 0.63, 95% CI: 0.35, 1.14). The interaction between threshold (low
and max) and information (private knowledge and common knowledge) was also not
significant (B = 0.24, SE = .30, p = .43, OR: 1.27, 95% CI: 0.70, 2.29). However, the

significance of this interaction term hinged on the reference condition for the threshold
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variable: when we set the reference category to the high condition, the interaction
between threshold (high and max) and information (private knowledge and common
knowledge) was significant (B =0.69, SE = .29, p = .02, OR: 1.99, 95% CI: 1.11, 3.57).
The preregistered pairwise comparisons between the private and common knowledge
conditions within each threshold level revealed that within the low threshold condition,
participants were significantly more likely to contribute in the common knowledge
condition than the private knowledge condition (B =-0.46, SE = .22, p =.033). Similarly,
within the max threshold condition, participants were significantly more likely to
contribute in the common knowledge condition than the private knowledge condition (B
=-0.69, SE = .21, p =.001). Within the high threshold condition, there was no difference
in participants’ likelihood of contributing between the common knowledge and the
private knowledge conditions (B =-0.01, SE = .21, p = .98).

Next, we found that the more group members participants predicted would contribute,
the more likely participants were to contribute themselves (B =1.30, SE =.06, p <.001,
OR: 3.69, 95% CI: 3.27, 4.18). When controlling for predictions about other group
members contributing, information condition ceased to predict contributions; participants
were not more likely to contribute when there was common knowledge than private
knowledge (B =0.19, SE =.16, p= .21, OR: 1.22, 95% CI: 0.89, 1.66) or when there was
common ignorance than private knowledge (B =0.23, SE =.15, p=.13, OR: 1.26, 95%
CI: 0.94, 1.69).

Lastly, we found that the predicted number of group contributors fully mediated the
effect of information condition on contributions. The total effect of information condition

on contributions was significant (b = 0.23, SE = 0.07, p <.001), while the direct effect of
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information condition on contributions was not significant (b = .07, SE = .06, p = .27).
The path from information condition to predicted contributors was significant (b = 0.325,
SE = .08, p <.001), with information condition explaining 11.4% of the variance in the
number of predicted group members contributing (see Table S10 in the Supplement for
model output). The path from predicted contributors to PGG contribution (b =0.51, SE =
0.01, p <.001) was also significant, with the predicted number of contributors explaining
71.8% of the variance in contributions in the PGG. Critically, the indirect effect was
significant (b = 0.16, SE = 0.04, p <.001), explaining 8.2% of the total variance, with the
bias-corrected bootstrapped confidence interval with 5,000 samples above zero (95% CI:

0.09, 0.24).

Common Private Common Private Common Private
Knowledge Knowledge | Knowledge Knowledge | Knowledge Knowledge

Low High Maximum
Information-threshold condition

Figure 2. Proportion of participants contributing in the PGG between the common
knowledge and private knowledge conditions within the low, high and maximum

threshold levels (low: 2 out of 6, high: 4 out of 6, maximum: 6 out of 6). Common
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knowledge elicited more contributions only within the low and maximum threshold

treatments. Error bars indicate standard error. *p<.05; **p<.01.

Table 3. Estimate and standard error of fixed effects in logistic regression models
predicting contribution to the public good. The baseline condition was set as the reference
category for the information and threshold models. For the information and threshold
interaction model, the reference categories were set as follows: Threshold — Low,

Knowledge — Common Knowledge.

Information Information x Threshold
(Intercept) 0.02 (0.14) 0.82 (0.15)™
Common Ignorance 0.96 (0.17)™
Private Knowledge 0.76 (0.16)"
Common Knowledge 1.15(0.17)" 0.46 (0.22)"
High Threshold 0.11 (0.21)
Max Threshold -0.22 (0.20)
Low Threshold
High Threshold x Common Knowledge -0.45 (0.30)
Max Threshold x Common Knowledge 0.24 (0.30)
AIC 2684.56 1601.93
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BIC 2707.44 1633.25

Log Likelihood -1338.28 -794.96
Deviance 2676.56 1589.93
Num. obs. 2252 1367

**p <0.001, "p <0.01, “p < 0.05

2.3. Discussion

Consistent with our predictions, we found that participants contributed more to
the public good when there was common knowledge of the threshold compared to when
there was only private knowledge. We also found tentative evidence that the effect of
common knowledge was at least partly due to increased certainty in the number of group
members contributing. Additionally, we replicated past work showing that thresholds
increase cooperation in the public goods game; contributions were higher across all
threshold levels relative to the baseline condition that lacked a threshold (Jordan et al.,
2017; Szolnoki & Perc, 2010; van de Kragt et al., 1983). When we examined the
interaction between threshold level and information condition, we found that participants
contributed significantly more when there was common knowledge, but only in the low
and maximum threshold conditions. This potentially suggests that the effect of common
knowledge on cooperation depends on the threshold level. However, because we did not
predict an interaction between common knowledge and threshold at the outset, we are

reluctant to further interpret this finding. We attempt to replicate this interaction in
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Experiment 2 to better understand whether the effect of common knowledge does in fact
hinge on the threshold level.

A key finding from this study was that the effect of common knowledge on
contributions might have resulted from increased certainty regarding whether group
members would contribute. Specifically, we found that the expected number of group
members contributing predicted participant’s own contribution decisions and when
controlling for predictions about how many group members would contribute to the
public good, information condition no longer predicted contributions. Furthermore, a
mediation analysis revealed that the predicted number of contributors fully mediated the
effect of information condition on contributions. These findings provide initial evidence
that the increased number of contributions in the common knowledge condition may have
been a result of decreased uncertainty about group member’s cooperative behavior. These
results support our prediction that certainty serves as a mechanism underlying the
effectiveness of common knowledge on coordination. In Experiment 2, our aim was, first,
to extend our findings from Experiment 1 by explicitly investigating whether the effect of
common knowledge on coordination is mediated by certainty about group members'

cooperative behavior, and second, to replicate our findings from Experiment 1.

3. Experiment 2

3.1. Method

Participants
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We tested N = 1859 participants (56.7% female), aged 18-91 (M = 40.7) from
Amazon’s Mechanical Turk in a preregistered study
(https://osf.io/brgky/?view only=ab7c¢7982f7454e439ca63¢c5806c00d52). This sample
size was based on that used in previous work in threshold PGGs conducted on
Mechanical Turk (Jordan et al., 2017). While we initially recruited 2,866 participants, we
excluded 447 from analysis for failing to complete the study in its entirety, 527 for failing
the comprehension questions, and 18 for responding with “three or more” to a question
assessing the number of questions they answered without reading or thinking about them
carefully. Additionally, 15 were excluded for completing the survey more than once (we
included first responses) or for completing the survey after an incomplete attempt in

which they were exposed to an experimental condition.

Design & Procedure

In Experiment 2, we focused on a subset of the most interesting threshold and
information conditions. To replicate the effect of common knowledge on cooperation, we
included the two information conditions in which common knowledge of the threshold
was present (common knowledge) or absent (private knowledge). Additionally, because
the effect of common knowledge differed by threshold level in Study 1, we included a
threshold level in which the effect was the strongest (maximum) and one in which it was
entirely absent (high). To capture the baseline level of cooperation, we again included a
condition without a threshold. In total, participants were assigned to one of five

conditions.
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The procedure of Experiment 2 was identical to Experiment 1 in every respect
(i.e. the game and threshold information manipulations were the same) with the exception
of the following differences. After participants read the PGG and threshold information
instructions and answered the comprehension questions, they either first made their PGG
contribution decision followed by their prediction about the number of group members
contributing, or first made their prediction about the number of contributors followed by
their PGG contribution. The order of dependent variables was counterbalanced to control
for order effects. Unlike Experiment 1, the question assessing participants’ predicted
number of contributors was incentivized, such that participants received $0.10 for
correctly predicting the number of their group members who contributed to the public
good. Directly after answering this prediction question, participants answered a question
assessing their certainty about their response (0-100 sliding scale, anchored from 0-“not
certain at all” to 100-“extremely certain’). Previous work has used a similar self-report
approach to measure certainty and confidence (Balakrishnan & Ratcliff, 1996; Bradley,
1981; Thunstrom et al., 2015). After completing both blocks of dependent variables,
participants answered an exploratory question that elicited individual-level certainty

distributions for the number of their group members contributing.

Analyses

To replicate our analysis from Experiment 1, we ran three pre-registered logistic
regression models with contribution (binary: 0 = did not contribute, 1 = did contribute) as
the response term. To determine whether information condition influenced contributions,

the first model included information (baseline, private knowledge, common knowledge)
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as the predictor variable (see the Information column in Table 4). To determine whether
there was an interaction between information condition and threshold level, the third
model included information (private knowledge, common knowledge), threshold (high,
maximum), and the interaction between information and threshold (see the Information x
Threshold column in Table 4). We also ran a third preregistered model predicting
contributions by threshold which we report in the Supplement. For all three models we
made comparisons within information and threshold condition with a series of
preregistered pairwise comparisons using estimated marginal means adjusted using the
multivariate t method (MVT) to correct for multiple comparisons. For all models, we
dummy coded the information condition and threshold level categorical predictors,
setting private knowledge and high threshold conditions as the reference categories,
respectively. As in Experiment 1, we compared the model with the interaction term, in
addition to gender and age, to a null model without the interaction term. The model with
the interaction term explained significantly more variance in contributions than the null
model (¥2(3) =9.19, p =.027).

To determine whether the distributions of predicted contributors and certainty
ratings differed between the private and common knowledge conditions, we ran two,
preregistered two-sample bootstrap Kolmogorov-Smirnov (KS) tests. Deviating from our
pre-registration, we used the ks.boot command in the “Matching” package (Sekhon,
2011) to run bootstrapped KS tests with 5000 iterations in order to handle the ties in our
data. We next ran another set of five pre-registered logistic and linear regression models
to assess the relationship between information condition (private knowledge, common

knowledge), threshold level (high, maximum), predicted contributors (continuous: 0-5),
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certainty scores (continuous: 0-100), dependent variable order (PGG contribution, PGG
contribution prediction), and PGG contributions (binary: 0 = did not contribute, 1 = did
contribute). We report the results of these models in the SOM but note here that they
conform with our predictions indicating there was no order effect of dependent variable.
To examine whether the participants’ predictions about the number of
contributors and their certainty about those predictions mediated the effect of common
knowledge on contributions, we ran two, pre-registered structural equation models to test
for indirect effects. To determine whether predicted contributors mediated the effect of
information condition on contributions, we created a path analysis model with
contribution (binary: 0, 1) as the endogenous variable, information condition (private
knowledge, common knowledge) as the exogenous variable, and predicted contributors
(continuous: 0-5) as the mediator. To determine whether certainty ratings for predicted
contributors mediated the effect of information condition on contributions, we created a
path analysis model with contribution (binary: 0,1) as the endogenous variable,
information condition (private knowledge, common knowledge) as the exogenous
variable, and certainty ratings (continuous: 0-100) as the mediator. For both models, we
used bootstrapping with 5,000 iterations to find standard errors, bias-corrected
bootstrapped confidence intervals with 5,000 samples, and diagonally weighted least

squares (DWLS) to estimate the model parameters.

Table 4. Proportions and standard deviations (in parentheses) of contributions in the
PGG by information and threshold level.

High Maximum
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Baseline 0.66 (0.48)
Common Knowledge 0.78 (0.41) 0.81(0.39) 0.80 (0.40)
Private Knowledge 0.72 (0.45) 0.76 (0.43) 0.74 (0.44)

0.75(0.43)  0.78 (0.41)

3.2. Results

Replication of Experiment 1 Results

Replicating results from Experiment 1, we found that information condition
predicted contributions: participants were more likely to contribute in the private
knowledge (B = 0.38, SE = 0.14, p = .006, OR: 1.46, 95% CI: 1.55, 2.71) and common
knowledge conditions (B = 0.72, SE = 0.14, p <.001, OR: 2.05, 95% CI: 1.55, 2.71) than
in the baseline condition (see Table 4 for means). Critically, the within information
condition comparison found that participants were significantly more likely to contribute
when there was common knowledge than when there was private knowledge (B = 0.34,
SE =0.12, p =.017).

When predicting contributions by threshold level, information condition, and their
interaction, we found that participants were significantly more likely to contribute when
there was common knowledge than private knowledge (B = 0.35, SE =0.17, p = .038,
OR: 1.42,95% CI: 1.02, 1.98). Participants were not more likely to contribute when the
threshold was maximum than high (B =0.19, SE =0.17, p =.263, OR: 1.21, 95% CI:
0.87, 1.68). The interaction between information condition and threshold level was also
not significant (B =-0.04, SE = 0.25, p =.86, OR: 0.96, 95% CI: 0.59, 1.55), suggesting

that the difference between information condition did not vary by threshold level. The
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pairwise comparisons revealed that within the high threshold level, participants were
significantly more likely to contribute in the common knowledge than private knowledge
condition (B =0.35, SE =0.17, p =.038). Within the maximum threshold level, the
difference in contributions between when there was common knowledge compared to

private knowledge was trending on significance (B =0.31, SE = 0.18, p =.08).

Common Private
Knowledge Knowledge

Baseline Information Condition

Figure 3. Proportion of participants contributing in the PGG across the two information
conditions (common knowledge, private knowledge), and the baseline, non-threshold
game. All threshold PGGs elicited more contributions than the baseline condition, which

is indicated by the dotted line. Error bars indicate standard error. *p<.05.

Table 5. Estimate and standard error of fixed effects in logistic regression models

predicting contribution to the public good. The baseline condition was set as the reference

category for the information and threshold models. For the information and threshold
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interaction model, the reference categories were set as follows: Threshold — High,

Knowledge — Common Knowledge.

Information Information x Threshold
(Intercept) 0.64 (0.11)™ 0.94 (0.11)™
Common Knowledge 0.72 (0.14)™ 0.35(0.17)"
Private Knowledge 0.38 (0.14)™
Max Threshold 0.19 (0.17)
High Threshold
Max Threshold x Common -0.04 (0.25)
Knowledge
AIC 2091.22 1623.84
BIC 2107.80 1645.08
Log Likelihood -1042.61 -807.92
Deviance 2085.22 1615.84
Num. obs. 1859 1496
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Additional analyses

The distributions of predicted contributors differed significantly between the
common knowledge and private knowledge conditions (D(1859)=0.15, p <.001). A
qualitative appraisal of the distributions suggests that the common knowledge distribution
was skewed towards a higher number of predicted contributors than the private
knowledge distribution (see Supplement for histograms of predicted contributors and
certainty ratings). When examining whether the distribution of certainty ratings differed
between common knowledge and private knowledge conditions, we found that the
distributions differed significantly (D(1859)=0.13, p <.001). Again, a qualitative
examination of the distributions suggests that the common knowledge distribution was

skewed towards higher certainty ratings than the private knowledge condition.

Mediation

We found that the predicted number of group contributors fully mediated the
effect of information condition on contributions (see Figure 4 for a path diagram). The
total effect of information condition on contributions was significant (b = 0.196, SE =
0.07, p =.007), while the direct effect of information condition on contributions was not
significant (b =.038, SE = .055, p = .487). The path from information condition to
predicted contributors (b = 0.30, SE =.07, p <.001) was significant, with information
condition explaining 10.9% of the variance in the number of predicted group members
contributing (see Table S11 in the Supplement for model output). The path from
predicted contributors to PGG contribution (b = 0.52, SE =.016, p <.001) was also

significant, with the predicted number of contributors explaining 72.5% of the variance in
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contributions in the PGG. Critically, the indirect effect was significant (b =-0.16, SE =
0.04, p <.001), explaining 7.8% of the total variance, with the bias-corrected bootstrapped
confidence interval with 5,000 samples above zero (95% CI: 0.07, 0.23).

Next, we found that certainty about the number of predicted contributors fully
mediated the effect of information condition on contributions (see Figure 5 for a path
diagram). The total effect of information condition on contributions was again significant
(b=.196, SE =0.07, p = .006) but the direct effect of information condition on
contributions was not significant (b = 0.08, SE = 0.07, p = .242). The path from
information condition to certainty ratings (b = 8.62, SE = 1.37, p <.001) was significant,
with information condition explaining 16.2% of the variance in certainty ratings (see
Table S12 in the Supplement for model output). The path from certainty ratings to PGG
contributions (b =0.013, SE =.001, p <.001) was also significant, with certainty
explaining 34.5% of the variance in contributions to the public good. Importantly, the
indirect effect was significant (b =0.11, SE =.02, p <.001), explaining 5.6% of the total
variance, with the bias-correct bootstrapped confidence interval with 5,000 samples
above zero (95% CI: 0.08, 0.16). As pre-registered, we replicate the results of these
mediation analyses using a different approach (see supplement). We note here that the

results do not differ in interpretation.

Predicted
0.30%* Contributors

Information Contributions

Condition 0.038
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Figure 4. Diagram of the path analysis model with predicted contributor as a mediator.

*Ep < .01.

Certainty

8.62%%

Information Contributions

Condition 0.08

Figure 5. Diagram of the path analysis model with certainty as a mediator. **p <.01.

3.3. Discussion

The central aim of Experiment 2 was to test the mediating role of certainty and
predicted group contributors on PGG contributions. Results of our path analyses provide
compelling evidence that the effect of common knowledge on increased contributions
was mediated by the predicted number of group members contributing and certainty
ratings about these predictions. Additionally, the KS tests suggested that the distributions
of predicted contributors and certainty ratings were significantly different and were more
negatively skewed in the common knowledge condition compared to the private
knowledge condition. This suggests that when there was common knowledge,
participants were more likely to think that more of their group members would contribute
and were more certain of those predictions. Overall, the results of these analyses provide
strong evidence that common knowledge increases contributions by decreasing

uncertainty about group members’ cooperative behavior.
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In Experiment 2, we also sought to replicate and extend our findings from
Experiment 1. Just as in Experiment 1, we found an effect of information condition on
contributions: participants were more likely to contribute when there was common
knowledge compared to private knowledge. However, unlike Experiment 1, we did not
see an interaction between threshold level and information condition: there was not a
larger effect of common knowledge on contributions within the maximum threshold level
compared to the high threshold level. In fact, the effect of common knowledge was
actually stronger in the high than the maximum threshold games. Overall, our results
suggest that threshold level is not a strong determinant of the effect of common
knowledge on cooperation. Interestingly, we observed much higher baseline levels of
cooperation, and a relatively smaller effect of common knowledge, in Experiment 2 than
Experiment 1, perhaps reflecting post-COVID changes to the Mechanical Turk
participant pool (Arechar & Rand, preprint).

One as yet unaddressed question is why we observed intermediate levels of
contributions in the common ignorance condition in Experiment 1. That is, even when
participants did not know the threshold level, and knew that their group did not either,
they still contributed at levels in-between those observed in the common and private
knowledge conditions. On its face, this result could be construed as problematic for our
account—if uncertainty mediates contribution decisions, why are people contributing in
the common ignorance condition at all? However, participants in this condition still
possessed common knowledge that there was a threshold, and in the absence of threshold
level information, participants might have simply assumed that there was a threshold of

intermediate size. Furthermore, because there is common knowledge that there is a
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threshold, we expect that certainty in others’ contributions underlies cooperation in this
condition, much like it does in the common knowledge condition: Participants who
predict that more of their group members will contribute, and are more certain in those
predictions, will be more likely to contribute, even if there is uncertainty about the
specific threshold level. In Experiment 3, we sought to to replicate the mediating role of
certainty on cooperation and more conclusively determine whether the effect of common
knowledge varies by threshold size. Additionally, we aimed to explain the contribution
levels observed in the common ignorance condition in Experiment 1, and test our
prediction that uncertainty about others’ cooperative behavior is the mechanism that
underlies contributions. We also introduced a new common ignorance condition in which
there is uncertainty regarding whether there is a threshold at all (and if there is, what level
it is) to explore whether the certainty about the presence of a threshold might explain the

contribution levels observed in the common ignorance condition from Experiment 1.

4. Experiment 3

4.1. Method

Participants
We tested N = 1469 participants (58.82% female), aged 19-83 (M =40.02) on
Amazon’s Mechanical Turk in a preregistered study

(https://osf.io/xqyjp/?view_only=7605805b183e470daafc2d7d0a535¢c88). This sample

was based on previous work in the threshold PGGs conducted on Mechanical Turk

(Jordan et al., 2016) and a power analysis in G*Power which suggested we’d have 98%
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power to detect a small odds ratio for the effect of common knowledge on contributions.
We initially recruited 2,509 participants, 346 were excluded for failing to complete the
entire study, 681 for failing any of the comprehension questions, and 13 for responding
with “three or more” to a question assessing the number of questions they answered
without reading or thinking about them carefully. The exclusion rate is higher than in
previous studies, partly due to a programming error with a comprehension check in the
survey in one of the common ignorance conditions that impacted about half of
participants in this condition (see SOM for details). We include these participants in our
data set and note that contributions, predicted contributors, and certainty ratings did not

differ between impacted and unimpacted participants.

Design & Procedure

This Experiment included the same information (common knowledge, private
knowledge) and threshold level (low, high) conditions as in Experiment 2, but with the
addition of two common ignorance conditions. To determine whether certainty ratings
also mediate contributions in the common ignorance condition, we added the same
common ignorance condition from Study 1, but this time including our certainty
measures from Experiment 2. Additionally, we included a new common ignorance
condition in which there was uncertainty regarding whether there was a threshold or not,
and if there was, its size. Thus, participants were assigned to one of six conditions
between-subjects.

The procedure of Experiment 3 was identical to Experiment 2 in every respect

with the exception that participants in the common ignorance conditions made a threshold
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level prediction, in which they were asked to predict the size of the threshold (0-6), after
answering their predicted contributor and certainty ratings. As in Experiment 2,
participants read the game instructions, answered the comprehension questions, and then
made their PGG contribution and PGG predicted contribution and certainty decisions in a

counterbalanced order.

Analyses

To replicate our results from Experiment 2, we ran four pre-registered analyses.
First, to replicate our finding that people are more likely to contribute when there is
common knowledge, we ran a logistic regression with contribution (binary: 0 = did not
contribute, 1 = did contribute) as the response term and information condition (common
knowledge, common ignorance, private knowledge) as a predictor. Second, to determine
whether the effect of common knowledge varies across threshold levels, we ran another
logistic regression with contribution as the response term and information condition,
threshold size (high, max), and their interaction as predictors. Lastly, to replicate the
mediation models showing that predicted contributors and certainty ratings mediated the
effect of information condition on contributions, we ran two path analysis mediation
models. The mediation models included contribution as the endogenous variable,
information condition (private knowledge, common knowledge) as the exogenous
variable and predicted contributors (continuous: 0-5) and certainty (continuous: 0-100) as
mediators. For both models, and all subsequent mediation models, we used bootstrapping

with 5,000 iterations to find standard errors, bias-corrected bootstrapped confidence
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intervals with 5,000 samples, and diagonally weighted least squares (DWLS) to estimate
the model parameters.

We next ran seven pre-registered models unique to Experiment 3. To examine
whether people are most likely to contribute when there is common knowledge of the
threshold as compared to common ignorance of the threshold size, common ignorance of
a threshold, or private knowledge, we ran a logistic regression with contribution as the
response term and information condition as the predictor. We also examined whether the
predicted number of contributors and certainty in those predictions within the two
common ignorance conditions predict contributions with four logistic regression models.
Two models predicted contribution by predicted contributors, one with the common
ignorance-old data and another with just the common ignorance-new data, while the other
two models predicted contribution by certainty ratings, one with the common ignorance-
old data, and another with the common ignorance-new data. We ran a series of bootstrap
KS tests to compare the distribution of predicted contributors and certainty ratings
between the common ignorance conditions and the common knowledge and private
knowledge conditions. To determine whether expected threshold level in the common
ignorance conditions predicted contributions, predicted contributors, and certainty
ratings, we ran six logistic regression models, three with the common ignorance-old data
and three with the common ignorance-new data, including contributions, predicted
contributors, and certainty ratings as the response terms.

To determine whether participants are more likely to contribute and predicted a
higher threshold level when there is common ignorance of the threshold size (common

ignorance-old condition) as compared to when there is common ignorance of whether
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there is a threshold or not (and if so, what the threshold is; common ignorance-new

condition) we ran two logistic regression model with common ignorance condition

(common ignorance-old, common ignorance-new) as the predictor and either contribution

or expected threshold level as the response term. To explore whether predicted

contributors and certainty ratings mediated the difference between the common ignorance

conditions on contributions, we ran two mediation path analysis models. These models

included common ignorance condition (common ignorance-old, common ignorance-new)

as the exogenous variable and either predicted contributors (continuous: 0-5) or certainty

(continuous: 0-100) as mediators.

Table 6. Proportions and standard deviations (in parentheses) of contributions in the

PGG by information and threshold level.

High
Common Knowledge 0.82 (0.39)
Common Ignorance-New
Common Ignorance-Old
Private Knowledge 0.77 (0.42)
0.79 (0.40)

4.2. Results

Replication of Experiment 2
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Maximum
0.85(0.36)
0.75 (0.44)
0.77 (0.42)
0.79 (0.41)

0.82 (0.38)

0.83 (.37)

0.78 (0.42)



Replicating the results from Experiment 2, we found that participants were more
likely to contribute when there was common knowledge than when there was private
knowledge of the threshold (B =-0.36, SE =0.16, p = .02, OR: 0.69, 95% CI: 0.51, 0.95).
Participants were significantly more likely to contribute when there was common
knowledge than common ignorance (B =-0.43, SE = 0.20, p = .03, OR: 0.65, 95% CI:
0.44, 0.97). A planned pairwise comparison revealed that participants were as likely to
contribute when there was private knowledge as common ignorance (B =0.07, SE =
0.19, p = .93). When predicting contributions by threshold level, information condition,
and their interaction, we found that participants were no longer more likely to contribute
when there was common knowledge than private knowledge (B =-0.31, SE=0.22, p =
.15, OR: 0.74, 95% CI: 0.48, 1.12). The interaction between information condition and
threshold level was also not significant (B =-0.12, SE =0.32, p = .71, OR: 0.89, 95% CI:
0.47, 1.66), replicating the null effect found in Experiment 2. Planned pairwise
comparisons revealed that within the high threshold level, participants were not more
likely to contribute when there was common knowledge than private knowledge (B =
0.31, SE =0.22, p = .15). Within the maximum threshold level, participants were not
significantly more likely to contribute when there was common knowledge compared to
private knowledge, although the effect was trending on significance (B = 0.43, SE = 0.24,
p=.07).

Replicating the previous mediation effects of predicted contributors found in
Experiment 2, we found that the predicted number of group contributors fully mediated
the effect of information condition on contributions. The total effect of information

condition on contributions was significant (b = 0.20, SE = 0.09, p = .02), while the direct
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effect of information condition on contributions was not significant (b =.04, SE = .07, p
=.58). The path from information condition to predicted contributors (b = 0.30, SE = .08,
p <.001) was significant, with information condition explaining 11.5% of the variance in
the number of predicted group members contributing (see Table S13 in the Supplement
for model output). The path from predicted contributors to PGG contribution (b = 0.55,
SE =.02, p <.001) was also significant, with the predicted number of contributors
explaining 72% of the variance in contributions in the PGG. Critically, the indirect effect
was significant (b =0.17, SE = 0.05, p <.001), explaining 8.3% of the total variance,
with the bias-corrected bootstrapped confidence interval with 5,000 samples above zero
(95% CI: 0, 0.).

We also replicated the effect of participants’ certainty on contributions from
Experiment 2: our mediation model again found that the number of predicted contributors
fully mediated the effect of information condition on contributions. The total effect of
information condition on contributions was again significant (b =0.11, SE =0.02, p
<.001) but the direct effect of information condition on contributions was not significant
(b=10.09, SE =0.09, p = .29). The path from information condition to certainty ratings (b
=10.14, SE = 1.62, p <.001) was significant, with information condition explaining
19.1% of the variance in certainty ratings (see Table S14 in the Supplement for model
output). The path from certainty ratings to PGG contributions (b =0.01, SE =.002, p <
.001) was also significant, with certainty explaining 28.4% of the variance in
contributions to the public good. Importantly, the indirect effect was significant (b =0.11,
SE =.02, p <.001), explaining 5.4% of the total variance, with the bias-correct

bootstrapped confidence interval with 5,000 samples above zero (95% CI: 0.07, 0.16).
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Additional Analyses

Participants were more likely to contribute when there was common knowledge
of the threshold than when there was private knowledge (B =-0.36, SE =0.16, p = .02,
OR: 0.69, 95% CI: 0.51, 0.95), common ignorance of the threshold size (B =-0.43, SE =
0.20, p=.03, OR: 0.65, 95% CI: 0.44, 0.97), or common ignorance of the presence of a
threshold (B =-0.54, SE =0.19, p =.004, OR: 0.58, 95% CI: 0.40, 0.85). In the common
ignorance-old condition, in which the threshold size was unknown, participants’
predicted number of group contributors (B = 1.36, SE = 0.22, p <.001, OR: 3.88, 95% CI:
2.63, 6.15) and certainty in those predictions (B = 0.02, SE = 0.006, p = .002, OR: 1.02,
95% CI: 1.01, 1.03) significantly predicted contributions. We find the same pattern for
the common ignorance-new condition in which the presence of a threshold was unknown:
predicted number of group contributors (B = 1.00, SE =0.15, p <.001, OR: 2.73, 95% CI:
2.08, 3.71) and certainty in those predictions (B = 0.02, SE = 0.006, p <.001, OR: 1.02,
95% CI: 1.01, 1.03) both significantly predicted contributions.

When comparing the distributions of predicted contributors, we found that the
distributions differed significantly between the common knowledge and common
ignorance-old conditions (D(734) =0.23, p <.001). A qualitative appraisal of the
distributions shows that the common knowledge distribution skewed towards a greater
number of expected contributors (see Supplement for histograms of predicted
contributors and certainty ratings). The distributions of predicted contributors between
private knowledge and common ignorance-old conditions was significant (D(699) = 0.09,

p =.047): the common ignorance-old distribution was considerably more uniform than
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the left skewing distribution in the private knowledge condition. The common ignorance-
new and common ignorance-old (D(438 )= 0.08, p = .15) did not differ significantly.

Comparing the distribution of certainty in predicted contributors, we found that
the distribution of certainty ratings differed significantly between the common knowledge
and common ignorance-old conditions (D(734) = 0.15, p =.001). A qualitative appraisal
here suggests that the common knowledge distribution was skewed towards higher
certainty ratings than the common ignorance-old condition. The certainty distributions
did not differ significantly between the private knowledge and common ignorance-old
conditions (D(699) = 0.05, p = .81) or between the common ignorance-old and common
ignorance-new conditions (D(438) = 0.04, p = 0.97).

Predicted threshold size within the common ignorance-old did not significantly
predict PGG contributions (B = 0.004, SE = 0.14, p = .98, OR: 1.00, 95% CI: 0.76, 1.34).
Predicted threshold size significantly predicted the expected number of group members
contributing (B =0.21, SE = 0.08, p =.006, OR: 1.24, 95% CI: 1.06, 1.44) but it did not
predict certainty ratings in those predictions (B = 2.24, SE = 1.66, p = .18, OR: 9.43,95%
CI: 0.36, 248.2). When looking at these same models within the common ignorance-new
condition, we find that the predicted threshold size predicted contributions (B = 0.22, SE
=0.09, p=.01, OR: 1.25, 95% CI: 1.05, 1.50) and the number of predicted group
contributors (B =0.13, SE =0.05, p = .02, OR: 1.13, 95% CI: 1.02, 1.26) but did not
significantly predict certainty in those predictions (B = 1.56, SE = 1.05, p = .14, OR:
4.74, 95% CI: 0.59, 37.67). Participants were no more likely to contribute to the public
good when there was common ignorance of the threshold size as compared to common

ignorance of the presence of a threshold (B =-0.11, SE =0.22, p = .64, OR: 0.90, 95%
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CI: 0.58, 1.39), nor were they more likely to predict a higher threshold size between
common ignorance conditions (B =-0.03, SE =0.14, p = .86, OR: 0.97, 95% CI: 0.74,
1.28).

When exploring whether predicted contributors mediates the effect of common
ignorance condition (old vs. new) on contributions, we found that neither the total effect
of common ignorance condition on contributions (b = -0.06, SE = 0.13, p = .64), nor the
direct effect were significant (b =-0.08, SE = 0.11, p = .46). The path from common
ignorance condition to predicted contributors was not significant (b = 0.04, SE=10.13, p
=.75), with common ignorance condition explaining 1.5% of the variance in the number
of predicted contributors (see Table S15 in the Supplement for model output). The path
from predicted contributors to contributions was significant (b = 0.48, SE = 0.03, p <
.001), with predicted contributors explaining 64.5% of the variance in contributions.
Critically, the indirect effect was not significant (b = 0.02, SE = 0.06, p = .75), explaining
1.0% of the variance, with bias-corrected bootstrapped confidence intervals with 5,000
samples spanning zero (95% CI: -0.10, 0.14).

When exploring whether certainty of predicted contributors mediates the effect of
common ignorance condition on contributions, we found that the total effect of common
ignorance condition on contributions (b =-0.06, SE = 0.13, p =.99) and the direct effect
(b=-0.06, SE = 0.13, p =.63) were not significant. The path from common ignorance
condition to certainty ratings was also not significant (b =-0.02, SE =2.61, p =.99), with
common ignorance condition explaining 0% of the variance in certainty (see Table S16 in
the Supplement for model output). The path from certainty ratings to contributions was

significant (b = 0.01, SE = 0.002, p <.001), with certainty explaining 30.1% of the
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variance in contributions. Critically, the indirect effect was not significant (b = 0.00, SE =
0.03, p =.99), explaining 0% of the variance, with bias-corrected bootstrapped

confidence intervals with 5,000 samples spanning zero (95% CI: -0.06, 0.06).

Discussion

In line with our predictions, we found that participants’ predictions of the number
of group members contributing and their certainty in those predictions predicted
contributions when there was common ignorance of the threshold. In other words, when
participants had common knowledge that there was a threshold of unknown size,
certainty about other group members’ cooperative behavior supported the effect of
common knowledge on contributions. Furthermore, we found that, in the absence of a
specific threshold level, participants inferred that the threshold was at an intermediate
level. However, in contrast to Experiment 1, we found that participants were significantly
more likely to contribute when there was common knowledge than private knowledge or
common ignorance, a finding that suggests a unique effect of common knowledge of the
threshold size. In line with Experiment 1, participants were as likely to contribute when
there was common ignorance as private knowledge. Thus, the fact that contributions, and
the number of expected contributors, in the common ignorance condition were not
significantly different from private knowledge is likely due to participants inferring an
intermediate threshold level and were guided by their certainty that their group members
knew there was a threshold. While we initially predicted that participants would be more
likely to contribute when there was common ignorance of the threshold size compared to

common ignorance of whether there was a threshold at all, we failed to find differences in
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cooperation between these two conditions. However, we believe this is due to the fact
that very few participants in the common ignorance-new condition thought there was no
threshold: participants made similar predictions about the threshold size between
conditions, suggesting they treated these conditions very similarly. Indeed, participants
made nearly identical predictions about the number of contributors and certainty ratings
between the common ignorance conditions, results which likely explain why we failed to
find to evidence of mediation from the common ignorance conditions on contributions.
We also replicated the effect of common knowledge on contributions found in
Experiments 1 and 2 as well as the mediation models from Study 2 that found that the
number of predicted group contributors, and certainty in those predictions, mediated the
effect of common knowledge on cooperation. This provides stronger support that
uncertainty about other agents’ cooperative behavior underlies the prosocial effect of
common knowledge on cooperation. Consistent with the results from Experiment 2, we
again failed to replicate the interaction between information condition and threshold level
observed in Experiment 1, suggesting that initial interaction effect might have been

spurious.

5. General Discussion

The goal of this project was to investigate how common knowledge promotes
cooperation, testing the hypothesis that common knowledge increases cooperation by
reducing uncertainty about others’ cooperative behavior. Introducing thresholds to the
PGG transforms the game from a pure social dilemma to an anti-coordination or

coordination problem, and because common knowledge increases coordination (Thomas
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et al., 2014; Thomas et al., 2018), we predicted that common knowledge would increase
contributions by decreasing the uncertainty surrounding whether other group members
will contribute. In three studies, we manipulated the information participants had
regarding what their group members knew about the threshold, as well as the level of
threshold needed to receive the public good. We found that common knowledge of the
threshold increased cooperation in the PGG and that the effect of common knowledge
was mediated by the predicted number of group members contributing and certainty
about the predicted number of contributors.

Overall, our finding that common knowledge increased contributions supports recent
work suggesting that common knowledge is an important mechanism for coordinating
behavior (Thomas et al., 2014; Thomas et al., 2018; De Freitas et al., 2019). Our work
builds upon this literature by showing that common knowledge not only increases
cooperation in two-player coordination games, but that it can also increase cooperation in
n-person coordination games that more closely model the kinds of cooperation problems
we encounter in everyday life. More generally, this finding provides some support for the
special role of common knowledge in human cooperation, and its function as a
potentially distinct cognitive mechanism that may have evolved to help us solve
coordination problems and for social strategizing (De Freitas et al., 2019; Thomas et al.,
2016). Future work should continue to investigate the role common knowledge plays in
coordination problems, as well as what role, if any, common knowledge plays in social
dilemmas, where there is a conflict between an actor’s self-interest and the interest of the
group. If common knowledge evolved as an adaptation for social strategizing (Thomas et

al., 2014), then it might actually reduce cooperation in social dilemmas where actors’
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interests are diametrically opposed to one another. Indeed, Thomas et al., (2016) found
that common knowledge reduces prosocial helping in a bystander intervention task that
models the volunteer’s dilemma, a type of anti-coordination game. However, in our
intermediate threshold PGGs, which model anti-coordination problems, we find a
prosocial effect of common knowledge This tension suggests that more work is needed to
better understand whether common knowledge will reduce prosocial behavior in a
prisoner’s dilemma or other social dilemma where cooperation is personally costly.

It is important to note that the focus of our knowledge conditions differed from
the Thomas et al. (2014) study which examined common knowledge of the joint-payoff
for coordinating. In our study, participants had common knowledge of the threshold,
rather than the payoff. However, we believe our findings would extend to other important
features of the PGG, such that common knowledge of the contribution multiplier, for
example, would also increase contributions relative to private knowledge. Additionally,
while we only compared common knowledge to private knowledge here, it would be
interesting to examine shared or asymmetric knowledge (such as secondary or tertiary
knowledge) of a threshold to see how it influences cooperation relative to common
knowledge. Future work should compare common knowledge to shared knowledge of a
threshold and explore whether common knowledge of other aspects of the game increases
contributions.

One of our most important findings was that certainty about others’ cooperative
behavior mediated the effect of common knowledge about the threshold on contributions.
In other words, when deciding whether to contribute, participants incorporated

information about others’ mental states in order to infer the likelihood that they would
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contribute and the threshold would be met. That is, common knowledge increased
cooperation because it increased certainty that other group members would contribute
and the threshold would be met. To the best of our knowledge, this finding provides the
first evidence that common knowledge promotes coordination primarily by reducing
uncertainty about the behavior of other social agents. This is consistent with past work
showing that uncertainty about the threshold or game structure is generally detrimental to
the provision of the public good and coordination (Dannenberg et al., 2011; McBride,
2010; Rubinstein, 1989). More generally, this finding highlights the important role our
beliefs about other agents’ beliefs and behavior play in our own cooperative behavior.
One question that arose after Experiment 1 is why contributions were not
significantly lower when there was common ignorance of the threshold as compared to
common knowledge. In Experiment 3 we sought to address this question: we found that
participants were significantly more likely to contribute when there was common
knowledge than common ignorance of the threshold. Additionally, we found that—as
with common knowledge—contributions in the common ignorance conditions were
predicted by predicted contributors and certainty in those predictions. That contributions
were similar when there was common ignorance or private knowledge of the threshold
likely reflects the fact that participants in the common ignorance condition possessed
common knowledge that there was a threshold, just one of unknown size. So, although
they lacked the specific threshold information, participants could still be reasonably
certain that their group members knew there was a threshold and that they would
contribute, which in turn motivated their own contribution decisions. Overall, our finding

here that contributions were higher when there was common knowledge than common
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ignorance supports past work finding that uncertainty about the threshold size is generally
detrimental to the provisioning of the public good (Barrett and Dannenberg, 2014;
Dannenberg et al., 2015).

Our results also support past work that has found that thresholds promote cooperation
in the PGG (Jordan et al., 2017; Szolnoki & Perc, 2010; van de Kragt et al., 1983).
Indeed, in both of our studies, participants contributed significantly more when there was
a threshold, regardless of the threshold size or beliefs about others’ knowledge of it. Our
finding from Experiment 1, that participants contributed more to the public good even
when the threshold was unknown to themselves and their group, further underscores the
effectiveness of thresholds: merely the presence of a threshold was enough to increase
contributions. Interestingly, while we did not find an effect of threshold size on
contributions across all three studies, we did find that threshold size predicted the
expected number of group members contributing: the higher the threshold, the more
group members were predicted to contribute. It is surprising that predicted contributors
and contribution decisions dissociated when looking at the effect of threshold size, as we
otherwise found a strong predictive relationship between predicted contributors and
contribution decisions. Future work should examine this finding in more depth. Overall,
these findings demonstrate the important role thresholds have in bolstering cooperation,
even when there is uncertainty about the size of, or information other individuals know
about, the threshold.

There were a few limitations in our studies and opportunities for future work. One

concern with our approach is that contribution decisions were binary, all-or-nothing

decisions rather than continuous contributions (e.g., any amount from $0 to $0.30). While
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our approach is not novel, previous work has used binary contribution decisions in
threshold PGGs (Rapoport & Eshed-Levy, 1989; van de Kragt et al., 1983), it is possible
that people might behave differently when contributions are continuous. Data from our
group supports this idea; in a previous study we found that threshold level influences
contributions when they are continuous (Deutchman et al., in prep). We note that across
both studies a number of participants were excluded for failing comprehension checks.
We believe this high exclusion rate reflects the relatively complex nature of the threshold
PGG and our inclusion of extensive comprehension checks—three on the dynamics of the
threshold PGG and four on the information conditions (see the Supplement for the
specific comprehension checks). We wish to note, however, that rates of exclusions were
roughly similar across conditions (SOM — S11-13), suggesting that while the task itself
was relatively complex, these exclusions are unlikely to have contributed to our reported
effects.

Lastly, we would like to note that the effects of common knowledge on
contributions found across our studies constituted a relatively small effect. We believe
this could be due to several non-mutually exclusive reasons. First, our common
knowledge manipulation was relatively subtle compared to how common knowledge is
likely established in daily life as it was constrained by collecting data online; given a
stronger, more naturalistic common knowledge manipulation (such as establishing
common knowledge through eye contact) we would expect a significantly larger effect of
common knowledge on cooperation. Second, we observed overall very high levels of
cooperation (74% across all studies) that may have constituted something of a ceiling

effect, reducing movement between conditions. Third and finally, it is possible that the
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small stake size used here contributed to the overall high levels of cooperation and, by
reducing the risk associated with contributing, lessened the effect of common knowledge.
However, previous work has found that there is not a meaningful difference between
large and small stake sizes (Amir et al., 2012). Future work should examine the boundary
conditions of the effect of common knowledge on cooperation by manipulating common
knowledge in a more naturalistic way, such as through eye contact and increasing the
riskiness of contributions by varying the stake size and other factors.

In sum, we investigated whether common knowledge increases contributions in
the PGG by reducing uncertainty about others' cooperative behavior. Across two studies,
we found that common knowledge increased contributions in the PGG, and that this
effect was mediated by the predicted number of group contributors and certainty about
those predictions. These findings provide strong evidence that the effect of common
knowledge on coordination is mediated by certainty about others cooperative behavior.
Lastly, our studies provide the important insight that common knowledge can increase
cooperation in n-person coordination problems. More generally, our results are consistent
with theories that common knowledge is an evolved, cognitive mechanism for solving
coordination problems. At the broadest level, our findings reveal the potential that
common knowledge holds for promoting cooperation in the large-scale coordination

problems that predominate our social lives.
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5. Open Practices

This project was pre-registered prior to data collection [Study 1:
http://aspredicted.org/blind.php?x=63ct9y; Study 2:
https://osf.io/brgky/?view_only=ab7c¢7982f7454e439ca63c5806c00d52; Study 3:
https://osf.io/xqyjp/?view _only=7605805b183e470daafc2d7d0a535¢c88]. All of our data
and code are available in an online repository here:

[https://osf.io/wkerf/?view _only=6be9135572bd44dc8927d75£fd63292b0].
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2. Study 2: Children use common knowledge to solve

coordination problems

Recent work suggests that common knowledge is an important cognitive mechanism for
coordinating prosocial behavior, in part because it reduces uncertainty about others’
cooperative behavior. However, it remains unclear whether children also rely on common
knowledge to solve coordination problems. Here we examined whether 6-9-year-old
children (N = 133) from the US were more likely to attempt to coordinate when they had
common knowledge about a joint payoff. Participants saw three vignettes that modeled
the structure of a two-player coordination problem and were provided with common
knowledge, secondary knowledge, or private knowledge about the mutually beneficial,
but risky, joint payoff. By 6-years of age, participants were more likely to attempt to
coordinate when they had common knowledge than secondary knowledge, and secondary
knowledge than private knowledge. Participants were also most likely to expect the other
player to coordinate, and were most certain in their predictions, when there was common
knowledge. Results indicate that, by middle childhood, children are able to solve
coordination problems by relying on common knowledge, in part because it likely
increases their certainty in others’ cooperative behavior. Overall, findings suggest that
common knowledge is an important cognitive mechanism for coordinating behavior and

that it does so by reducing uncertainty about others’ cooperative behavior.

This paper is co-authored with Katherine McAuliffe.
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1. Introduction

Cooperation is a critical aspect of human social life, yet it presents a number of
challenges. We must coordinate behavior with other people, even when doing so goes
against self-interest. Furthermore, even when cooperation is mutually beneficial, it is
often a risky endeavor: if you cooperate and others do not, you risk wasting your
contribution or being exploited by others. Given these challenges, how has cooperation
been so successful in our species? What cognitive abilities allow us to overcome these
possible barriers and the inherent risk of cooperative interactions?

Recent work suggests that one important cognitive mechanism that promotes
cooperation is common knowledge. Common knowledge is the recursive belief state in
which A knows X, B knows X, A knows that B knows X, B knows that A knows that B
knows X, ad infinitum (Thomas et al., 2014; Rubinstein, 1989). Importantly, because
infinite recursion is cognitively impossible to represent, researchers believe that common
knowledge is a unique cognitive state that serves as a heuristic for recursive beliefs which
is activated by any public signal that reliably establishes that everyone knows that
everyone knows X (Thomas et al., 2014; De Freitas et al., 2019). Research with adults
suggests that common knowledge is an important mechanism for coordinating group
behavior (Thomas et al., 2014; Thomas et al., 2018). Specifically, people are more
willing to attempt risky coordination* when there is common knowledge about the
benefits of coordinating compared to when there is only shared knowledge (such as

secondary knowledge states—A knows that B knows X but nothing else—and tertiary

4 Note that cooperation and coordination are conceptually distinct—coordination is risky but mutually
beneficial whereas cooperation in a social dilemma is personally costly (Snidal, 1985). Here we
occasionally refer to coordination as cooperation since it broadly falls under the umbrella of cooperative
behavior (Ashley & Tomasello, 1988).
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knowledge states—A knows that B knows that A knows X but nothing else; Thomas et
al., 2014).

Building on these studies, recent work has found that common knowledge
promotes cooperation in the threshold public goods game—an economic game that
captures the dynamics of cooperation problems experienced in everyday life—by
reducing uncertainty around group members’ cooperative behavior (Deutchman et al.,
2022). Specifically, under common knowledge, people were more willing to cooperate
than under private knowledge (where they lacked information about their group
members’ beliefs), they expected that other members of their group would cooperate, and
they were more certain in these expectations. Together, these results suggest that
common knowledge plays an important role in human cooperation by reducing
uncertainty in others’ cooperative behavior (henceforth social uncertainty).

While work with adults suggests that common knowledge plays an important role
in cooperative interactions by reducing social uncertainty, thus reducing the riskiness of
cooperating, it remains unclear whether children similarly rely on common knowledge to
help solve risky coordination problems. This is an important, under-explored question
because children frequently encounter coordination-like problems throughout
development, such as how to take turns in games during free play (e.g., follow-the-leader,
playing catch, etc.) or work together to solve a common goal (Ashley & Tomasello,
1998; Eckerman et al., 1989). Addressing this question will inform our understanding of
how cooperative behavior develops in childhood and elucidate our understanding of the

cognitive mechanisms critical for successful cooperation. Namely, if children can use
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common knowledge to successfully coordinate, this would suggest that common
knowledge is one of the core social-cognitive abilities supporting cooperation.

Existing developmental work on common knowledge (sometimes called common
ground; Bohn & Koymen, 2018) suggests that the foundations of this ability might be
present early in development, becoming increasing sophisticated through the preschool
years. For example, infants as young as 14-months-old can use joint attention to guide
their behavior (Liebal et al., 2009; Moll et al., 2007), an important ability for establishing
common knowledge. Three-to-five-year-olds can reason with a peer based on common
ground assumptions (K&ymen et al., 2014) and adapt their justifications depending on
what information is common knowledge (Koymen et al., 2016), while 5- but not 3-year-
olds understand that common ground establishes an implicit joint-commitment (Kachel et
al., 2019).

Communicative eye contact, which can establish common knowledge, creates
expectations of collaboration in 5-year-olds (Siposova et al., 2018) and 6-year-olds are
more likely to behave prosocially in a helping task when they shared common knowledge
about the experimenter’s need compared to when they only had private knowledge
(Siposova et al., 2021). Other work suggests that while children are able to use common
knowledge to make basic social inferences, they do not make more complex inferences
about another individual’s group membership until 8 years of age (Soley & Koseler,
2021). Together, this work suggests that the ability to understand common knowledge is
likely present early in development, while the ability to use this knowledge to guide
appropriate inferences and behavior emerges later during middle-childhood (Bohn &

Koymen, 2018). Relatedly, there are also developmental differences in the ability to

66



recognize common knowledge—young children require direct social interaction, such as
eye contact and communication, to establish common knowledge—while children might
not be sensitive to more indirect cues of common knowledge, such as focal points or
shared cultural knowledge, until later in development (Bohn & Kdymen, 2018;
Goldvicht-Bacon & Diesendruck, 2016). Because we frequently rely on these kinds of
cues to establish common knowledge in our everyday lives, it is important to study when
in development children are able to recognize them. Thus, while past work suggests a
rudimentary form of common knowledge might be present early in childhood, it remains
unclear when children develop the more sophisticated ability to establish common
knowledge from indirect cues and then use that knowledge to guide their behavior.
Around the same time that children begin to understand and use common
knowledge, they also begin to solve coordination problems. For example, children can
successfully coordinate in simple coordination problems by 5 years of age (Grueneisen et
al., 2015; Grueneisen et al., 2015b), and begin to solve more complicated coordination
problems by 7 or 8 years of age (Grueneisen & Tomasello, 2019; Grueneisen &
Tomasello, 2020). That children’s ability to use common knowledge emerges around the
same time in development as their ability to solve coordination problem raises the
exciting question of whether these maturational processes are related. Namely, while
common knowledge representation emerges by early-middle childhood, it remains
unclear whether children use this knowledge to solve coordination problems or whether
children’s newly acquired ability to solve coordination problems is supported by other
emerging developmental abilities such as higher-order belief representation or executive

functioning. Therefore, it is important to explicitly examine the role of common
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knowledge in coordination to determine whether it is the primary ability allowing
children to coordinate successfully.

In the present preregistered study, we explored whether children use common
knowledge to solve coordination problems. Moreover, we explored whether common
knowledge promotes cooperation by increasing certainty that a mutually beneficial
outcome will be achieved. To investigate this, we presented 6- to 9-year-old children with
three vignettes that modeled the dynamics and payoff structure of a coordination
problem. Because cooperation is mutually beneficial in coordination problems—the best
outcome is when both agents cooperate—we expect to see reasonably high levels of
overall cooperation in our task. However, because cooperation in coordination problems
is risky—the worst outcome is to cooperate if the other agent defects—we expect
cooperation to be lower when agents have incomplete or asymmetric information.
Cooperation is riskier in such instances because it is harder to predict whether the other
agent will cooperate, thus increasing the chances of coordination being unsuccessful.
Common knowledge can help solve this problem by providing both agents with greater
confidence that the other possess complete information about the cooperative interaction,
thereby increasing certainty in other agents’ cooperative behavior and decreasing the
riskiness of cooperation.

In our coordination scenarios, we manipulated the knowledge states of the agents
in the scenarios and measured whether participants decided to cooperate or defect in
these hypothetical coordination problems, what they predicted the other agent would do,
and how certain they were in their prediction. We hypothesized that children would be

more likely to cooperate when there was common knowledge about the mutual benefits
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of coordination than when there is shared or private knowledge. Additionally, we
hypothesized that participants would be more likely to predict that the other agent will
cooperate, and be more certain in their predictions, when there was common knowledge
than shared or private knowledge. We selected our age range of 6-9 because it represents
a development period in which children begin to more consistently solve coordination
problems (Grueneisen et al., 2015; Grueneisen & Tomasello, 2019; Grueneisen &
Tomasello, 2020). Yet, only toward the end of this age range—around 8—are children
able to apply common knowledge to make social inferences (Soley & Koseler, 2021).
Given this previous work, we predicted that, while children might understand common
knowledge by 6 years of age, they will not be able to consistently apply it in coordination
problems until later in development, such that the effect of common knowledge on
coordination will increase with age, aligning with adults’ performance by 9 years of age.
In addition to common knowledge, other mentalizing® abilities may play a role in
promoting cooperation. For instance, 5-year-old children modify their behavior in
coordination problems depending on their partner’s presumed knowledge, suggesting that
their cooperative behavior is sensitive to others’ knowledge states (Goldvicht-Bacon &
Diesendruck, 2016). Furthermore, 6-year-old children can use second-order false beliefs
in order to coordinate (Grueneisen et al., 2015), suggesting that representing the beliefs of
other agents—second-order belief representation—might be enough to allow children to
solve coordination problems. In order to explore whether common knowledge offers a
unique benefit for cooperation over second-order belief representation, we included a

secondary knowledge condition in which participants knew the other agents’ beliefs (but

5 Here we refer to mentalizing very broadly as the ability to make inferences about others’ mental states
(Frith & Frith, 2006)
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where the other agent did not know the participants’ knowledge). If participants are more
likely to cooperate when they have common knowledge as compared to secondary
knowledge, that would suggest that common knowledge is an especially important

mechanism for cooperation above that of second-order beliefs.

2. Method

Participants

Participants were N = 133 6-9-year-old children recruited into two age groups: 6-
7-year-olds (N = 63, M = 7.04, SD = 0.64, range = 6.03-7.95, 46.03% females) and 8-9-
year-olds (N =70, M =9.03, SD = 0.59, range = 8.02-9.85, 47.14% females) and were
majority Caucasian (Caucasian = 56.4%, Asian = 14.3%, Hispanic = 6.8%, Black = 3%,
Biracial = 15.0%, Other = 4.5%). Participants were recruited via a lab database and
Facebook ads across the United States. The sample size was determined by a power
analyses in G*Power which found we would have 80% power to detect a medium effect
of information condition. All participants were from the United States and were tested
online via Zoom video conferencing technology. While we initially recruited N = 151, 18
children were excluded from data analysis for meeting our preregistered exclusion
criteria, including severe inattention (1), atypical development as reported by guardian
(5), parental interference (1), failing the comprehension checks (8), or failing to complete
the study in its entirety (1). Two additional children were excluded for living outside the
US (1) or outside our age range (1). This study was approved by the IRB (#16.242.04-33)

and preregistered prior to data collection: https://aspredicted.org/H4W_3RS.
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Materials

Participants saw animated gifs of scenes depicting a coordination problem.
Animations were created using Vyond animation software. Animations and questions
were embedded in a Qualtrics survey that an experimenter controlled and was shown to
participants via Zoom’s screen sharing function (for a discussion of the validity of remote

data collection, see Sheskin et al., 2020).

Design

Children were presented with three different animated scenarios that modeled
coordination problems. Children received the information conditions within-subjects in a
randomized order. For each scenario, children received one of the information conditions
(common knowledge, secondary knowledge, private knowledge). The pairings of
coordination vignettes and information conditions were counterbalanced, such that each

vignette-information condition combination was equally likely to be presented.

Procedure
Children were first introduced to the experimenter and provided their consent to
participate. They were then presented with an avatar selection choice in which they
selected one of two avatars (one male, one female) to represent them in the stories. We
included the avatar selection in order to promote engagement with the scenarios.
Whichever avatar the child selected was used in the stimuli for the rest of the task.
Participants were then presented with three different first-person scenarios that

were designed to model the dynamics of a coordination problem (see Figure 1 for a
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diagram of the task). In each vignette, participants were presented with an animated story
in which they were asked to imagine that they were friends with another character and
had to decide whether to attempt risky coordination by meeting the character at the park
(cooperating) or play it safe by staying home (defecting). Coordination was risky in the
sense that while cooperation is mutually beneficial, failed coordination (where an agent
cooperates but their partner defects) results in a worse outcome than defecting. The
payoff structure was the same as a simple coordination game: the best outcome is for
both players to choose to play together and meet at the park (coordination) and the worst
outcome is to try to play together by going to the park while the other player stays home
(failed coordination). In between those payoffs, the middle-value outcome is to play it
safe by staying at home (see Figure 2 for the payoff matrix). While unincentivized, the
payoff units were framed in terms of utility for the expected outcome (i.e., fun). After
learning about the payoff outcomes, participants answered three comprehension questions
assessing their understanding of the coordination payoffs for each vignette (see
supplement for the comprehension questions). If participants answered any question
incorrectly, they were reminded of the relevant text from the vignette that provided the
answer and were asked again. Participants were given three attempts to answer each
question. If they failed on the third attempt, the experimenter provided the correct answer
and moved on, and the participant was excluded from the analyses (see preregistration for
exclusion criteria).

To manipulate knowledge states, participants were told that the location of the
coordination activity (the park) was sometimes closed, thus creating uncertainty about the

mutually beneficial joint-payoff. We then manipulated whether the agents knew that the
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park was open and thus that the mutually advantageous payoff was available (Figure 1).
There were three information conditions within-subject: common knowledge, secondary
knowledge, and private knowledge. For all the information conditions, we manipulate
knowledge state using a messenger—a third animated character—a method which has
been used in previous work on common knowledge and coordination (Thomas et al.,
2014). In the common knowledge condition, the messenger made an announcement on
the loudspeaker that everyone could hear (see supplement for script and stimuli). This
established common knowledge that the park was open because everyone heard the
announcement, and everyone knew that everyone else heard the announcement. In the
secondary knowledge condition, the messenger told participants that the park is open and
that they stopped at the other character’s house to relay the message. Thus, participants
knew that their friend also knew the park was open, but that the friend did not know
whether the participant knew the park was open. In the private knowledge condition, the
messenger told participants that the park is open today but not whether they also stopped
at the other character’s house. Thus, participants did not know whether their friend also
knew the park was open, or whether their friend knew that they knew the park was open.
After each information condition, participants answered three comprehension questions
to ensure they properly understood the knowledge states of the corresponding
information condition. As with the earlier comprehension checks, participants were given
three attempts to answer correctly before moving on with the survey. Participants who
failed after their third attempt were excluded from data analysis (5.3% of participants).
After receiving the information condition, participants answered the dependent

variables. First, they were asked whether they wanted to try to play together with the
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other character by going to the park (a cooperation decision), or to play alone by staying
home (a defection decision). This allowed us to compare the likelihood of attempting to
coordinate across the different information conditions. Second, participants predicted
whether their friend would attempt to play together by going to the park (cooperate) or
stay home and play alone (defect). To measure their prediction certainty, children then
rated how sure they were about their prediction (continuous: 1-5). This allowed us to
explore whether common knowledge helps to solve coordination problems by reducing
uncertainty surrounding others’ cooperative behavior. Lastly, because previous work has
found that common knowledge creates expectations of cooperation (Siposova et al.,
2018), we measured violation of cooperative expectations by asking participants how
surprised they would be if the other character did not try to coordinate (continuous: 1-5).
Participants answered these measures three times, once for each information condition.
All of our code, materials, and data are publicly available online at the Open Science

Framework (https://osf.io/pq42r/?view _only=9c46860b1385463ebebacalba2607cb?2).
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(A) Coordination Vignette

Study Character — Each vignette involves the three following actors
Participant Partner Messenger

Participants told about a series of vignettes that each model a coordination problem.

(B) Information Condition

_ Private Knowledge __Secondary Knowledge Common Knowledge

N The parkis a
The park is open [l open today! -

today!

(C) Decision Block

Coordination Prediction

-

Figure 1. Diagram of the coordination task with images from the stimuli. © 2022

GoAnimate, Inc.

Analyses
We randomly selected 20% of participant videos to be coded by an independent
coder who found there was 100% agreement (Cohen’s Kappa = 1) on all four dependent

variables.

® Images are copyrighted by and used by permission of VYOND™., VYOND is a trademark of GoAnimate,
Inc., registered in Australia, Brazil, Canada, Chile, Egypt, the European Union, Hong Kong, India,
Indonesia, Israel, Japan, Malaysia, Mexico, New Zealand, Norway, OAPI, the Philippines, Russia,
Singapore, Switzerland, the United Kingdom and Vietnam.”
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All analyses were conducted in R version 4.1.2 (R Core Team, 2020). We ran five
preregistered generalized linear regression models predicting each of our main dependent
variables by information condition (baseline = common knowledge; Models 1-4) or the
interaction between information condition and age (Model 5), and including participant
ID as a random effect (see supplement for details). To compare the secondary knowledge
and private knowledge conditions, we made pairwise comparisons using estimated
marginal means adjusted using the multivariate t method (MVT) to correct for multiple
comparisons. Lastly, while we had planned to conduct a structural equation mediation
model examining whether certainty ratings about the other agents’ cooperation mediate
the effect information condition (private knowledge, common knowledge) on
cooperation, our preregistered model did not account for the repeated nature of our data
(information condition was within-subjects) and multilevel mediation was unsuitable, in
part because there was too little variance in certainty ratings in the common knowledge
condition.” Consequently, we do not report the results of the preregistered mediation
model here but note that we include it in our supplement in the interest of transparency.

We report the results of all other preregistered models.

3. Results

Figure 2 depicts the proportion of participants deciding to cooperate across the
three information conditions (see supplement for plots with age breakdown). We first

compared a baseline model including the random effect of participant and age to a model

" Multilevel mediation was unsuitable because there was no residual at the level 1 data when including the
within-subject information condition.
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that additionally included the information condition term. The model with the
information condition term offered a significantly better fit to the data than the model
without it (LRT, x2(2) = 45.4, p <.001). We next compared the model predicting
cooperation by information condition to the model predicting cooperation by the
interaction between information condition and age (continuous). The model including the
interaction term did not provide a significantly better fit to the data than the model
without it (LRT, x2(3) = 3.22, p = .36). Participants were significantly more likely to
cooperate when there was common knowledge than secondary (B =-1.13, SE=0.49, p =
.02, OR: 0.32, 95% CI: 0.12, 0.80) or private knowledge (B =-2.59, SE = 0.49, p <.001,
OR: 0.07, 95% CI: 0.03, 0.18), and when there was secondary as compared to private
knowledge (B =-1.46, SE = 0.37, p = .002). Participants also predicted that the other
agent would be more likely to cooperate when there was common knowledge compared
to secondary (B =-1.92, SE =0.61, p =.002, OR: 0.15, 95% CI: 0.05, 0.48) or private
knowledge (B =-3.52, SE =0.68, p <.001, OR: 0.03, 95% CI: 0.008, 0.11), and
secondary compared to private knowledge (B =-1.61, SE =0.41, p =.003).

Participants were more certain that their partner would cooperate when they had
common knowledge than secondary (B =-0.63, SE=0.11, p <.001, 95% CI: -0.84, -
0.42) or private knowledge (B =-0.99, SE = .12, p <.001, 95% CI: -1.23, -0.77), and
when they had secondary compared to private knowledge (B =-0.37, SE = .12, p =.007).
Likewise, participants reported they would be more surprised that their partner failed to
cooperate when they shared common knowledge compared to secondary (B =-0.73, SE =
0.15, p <.001, 95% CI: -1.02, -0.43) or private knowledge (B =-0.91, SE=0.15, p <

.001, 95% CI: -1.21, -0.62). There was no difference in surprise between secondary and
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private knowledge (B =-0.18, SE =0.15, p = .44). The effect of common knowledge on
cooperation did not vary by age: the interactions between age and common knowledge-
private knowledge (B =-0.50, SE =0.39, p=.19, OR =0.61, 95% CI: 0.28, 1.29), and
age and common knowledge-secondary knowledge were not significant (B =-0.18, SE =

0.41, p = .66, OR = 0.84, 95% CI: 0.37, 1.88).
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Figure 2. Proportion of participants who attempted to coordinate across the three
information conditions (private knowledge, secondary knowledge, common knowledge).

Error bars indicate 95% confidence intervals.

4. Discussion
We found that by 6 years of age, when children had common knowledge about

the viability of the mutually beneficial joint payoff, they were more likely to cooperate,
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predict that their partner would cooperate, and were more certain in those predictions
than when they had private or secondary knowledge. These results paint a fuller picture
of how children solve coordination problems and the role that common knowledge plays
in cooperative interactions. More generally, our finding that common knowledge allows
children to solve coordination problems—Ilikely by decreasing uncertainty about other
agents’ cooperative behavior—provides important insight into how cooperative behavior
develops during childhood. Namely, this finding suggests that the improvements in
cooperative behavior in middle childhood are possibly undergirded by the ability to
understand and use common knowledge as it allows individuals to be more certain that
others will cooperate, thereby reducing the riskiness of personally cooperating.

Our finding that participants expressed more surprise with their partner when
there was common knowledge aligns with work by Siposova and colleagues that
communicative looks—which are thought to establish common knowledge—created an
expectation of collaboration in children (2018). Our findings extend this previous work,
offering evidence for a proximate explanation for ~7ow common knowledge promotes
cooperation. Namely, our results suggest that common knowledge likely promotes
cooperation by increasing certainty in the likelihood of other agents’ cooperative
behavior. That is, when there is common knowledge, an agent can be more confident that
their partner(s) will cooperate, which in turn makes the agent more likely to cooperate
because it reduces the inherent risk of cooperating. However, because were unable to
conduct our planned mediation model, we cannot make strong claims with our data
regarding the causal role of certainty underlying the effect of common knowledge on

cooperation. That said, this finding shows interesting convergence with adult work which

79



has found that certainty in group members’ cooperative behavior mediates the effect of
common knowledge on cooperation (Deutchman et al., 2022),

Contrary to our initial predictions, we found no interaction between age and
information condition: children were able to use common knowledge to coordinate by 6
years of age, the youngest age we examined. This finding comports with recent work
which has found that 6-year-olds understand common knowledge (Siposova et al., 2021),
as well as other work which indirectly suggests that it might be present by 5 years of age
(Siposova et al., 2018; Grueneisen et al., 2015). Because some work even suggests that
the ability to understand common knowledge emerges by 3-years of age (Kdymen et al.,
2014), it is possible that it is the ability to use common knowledge to guide behavior—
rather than the ability per se—that emerges later in development. However, as our
findings here suggest, this ability to understand cues to common knowledge and apply it
to guide their cooperative behavior is already present by 6-years of age.

While the present study shines important light on the role of common knowledge
in the development of cooperative behavior, it also raises a number of important
questions and new directions for future work. First, while we chose scenarios that would
be familiar to our population (sports) and that we believed would be meaningful in terms
of their incentives (fun), it would be interesting to expand this line of inquiry in different
domains, including incentivized behavioral tasks commonly used with adults. However,
while behavior was hypothetical and not financially incentivized, that does not mean that
children were not properly motivated in the task—units of “fun” are an ecologically valid
motivator for children that, in some respects, are more consistent with their lived

experience than more abstract monetary incentives—and work in adults suggests that
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whether rewards are real or hypothetical often has little impact on cooperative behavior
(Ben-Ner et al., 2008; Locey et al., 2011; but see Vlaev, 2012). That said, while we
anticipated high levels of cooperation given the nature of the cooperative interaction, it is
possible that the unincentivized nature of our task may have additionally contributed to
the relatively high levels of cooperation found here. Additionally, while children had to
correctly answer comprehension check regarding the relative value of each payoff, given
the unincentivized nature of the task, we cannot know for sure that they valued the
individual activity (“a little fun’) more than going to the park by themselves (“no fun”).
However, because the incentives for cooperating were consistent across information
conditions, we do not believe our results are dependent on the specific incentives used in
the task.

Second, because our sample was drawn from a WEIRD population (i.e., the
United States; Henrich et al., 2010), it would be valuable to replicate our findings cross-
culturally in non-WEIRD populations in order to increase the generalizability of these
findings. Given that recent cross-cultural work suggests that a sensitivity to intent—an
ability largely assumed to be a universal feature of human moral psychology—as well as
the development of theory of mind in fact varies substantially across societies (Barrett et
al., 2016; Stengelin et al., 2020), it is possible that common knowledge does as well. If
children from disparate societies use common knowledge to solve coordination problems,
that might suggest that common knowledge is a universal ability underlying cooperative
behavior. Lastly, our age range of 6-9 was relatively narrow—we chose this age range
because past work suggests children cannot make inferences from common knowledge

and consistently solve coordination problems until around 8-years of age (Grueneisen et
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al., 2015; Grueneisen & Tomasello, 2019; Soley & Koseler, 2021). However, given that
we did not find an effect of age in our study, future work should extend the question
studied here to 4-5-year-olds in order to identify the timepoint in development when
children begin to use cues of common knowledge to coordinate.

While our results suggest that common knowledge likely plays a critical role in
cooperative interactions, it is not the only mechanism that might do so. It is possible that
shared experiences—such as co-attending to the messenger in the common knowledge
condition—potentially increased cooperation through a different mechanism than
certainty (e.g., increased liking of the target); future work should investigate this
relationship between shared experience, common knowledge, and cooperation.
Additionally, other forms of mentalizing, such as higher-order belief representation—
beliefs about others beliefs—might also play a role as evinced by our finding that
children cooperated more when they had secondary knowledge than private knowledge.
Future work should examine the relative importance of common knowledge and higher-
order beliefs in cooperative behavior, as well as whether they are distinct abilities or
whether higher-order beliefs support common knowledge. Future work should also
investigate when in development common knowledge emerges relative to higher-order
belies—if common knowledge is present in ontogeny before higher-order belief
representation, that would support the notion that it is a distinct form of mentalization.

A critical aspect of human social development is acquiring the ability to cooperate
and work with others. Throughout their development, children frequently encounter
coordination problems in which cooperation is mutually beneficial but risky, requiring

the need to anticipate the behavior of other agents, such as taking turns during free play
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or working together towards a common goal. Our findings suggest that children solve
these cooperative problems much like adults, relying on common knowledge to increase
their confidence in other agents’ cooperative behavior and thereby reduce the riskiness of
cooperating. These results showcase common knowledge as an important mechanism for
promoting cooperation, even as early as childhood and, broadly, helps refine our

understanding of the psychology supporting human cooperation.
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3. Study 3: People update their injunctive norm and moral

beliefs after receiving descriptive norm information

Recent work suggests an association between descriptive norms—what we think other
people commonly do—and injunctive norms—what we think other people dis/approve
of. What role do descriptive norms play in forming injunctive beliefs and what does that
tell us about the cognitive processes underlying social norm cognition? Across six studies
(N=2,671), we examined whether people update their injunctive norm beliefs—as well as
their moral judgements and behavioral intentions—after receiving descriptive norm
information about how common (or uncommon) a behavior is. Specifically, we
manipulated the descriptive normativity of behaviors, describing behaviors as being
weakly (20% of people were doing the behavior) or strongly (80% of people were doing
the behavior) normative. To measure belief updating, we assessed beliefs prior to and
after receiving information about the descriptive norm. We find that participants updated
their injunctive norm beliefs, moral judgements, and behavioral intentions after receiving
descriptive norm information and did so to a greater extent for strong compared to weak
descriptive norms. Descriptive norms also influenced participants’ injunctive beliefs
more than their moral judgements, indicating that injunctive norms beliefs are distinct
from moral judgements. Both injunctive norms and moral judgements partially mediated
the effect of descriptive norms on behavioral intentions, suggesting that descriptive
norms influence our behavior in part by changing our beliefs about what others approve

of and find moral. Together, our findings suggest that descriptive norms play an
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influential role in shaping our injunctive norm beliefs and moral judgements and help to

paint a fuller picture of the social cognition of social norms.

This paper is co-authored with Gordon Kraft-Todd, Liane Young, and Katherine

McAuliffe.

&9



1. Introduction

Why is it appropriate to serve chocolate muffins for breakfast in the USA while serving
chocolate cupcakes seems odd? Why are eggs a breakfast staple in restaurants across
America but are rarely seen on dinner menus? That we accept these unspoken social
rules, often without thinking or questioning them, demonstrates the prevalence of social
norms in human life. There’s no scientific or health-related reason why it’s acceptable to
eat chocolate muffins for breakfast but eating chocolate cupcakes for breakfast is
uncommon, and for the most part, frowned upon. The only difference in this case are
social norms: eating muffins for breakfast is acceptable because we have social norms
that dictate what is and what isn't acceptable breakfast food. Social norms are a
foundational part of human societies and pervade nearly every aspect of human social
life—from what we eat for breakfast to how to share resources. However, while social
norms are a foundational part of social interactions and have been a central focus of study
in social psychology for over 40 years (Axelrod, 1986; Buffalo & Rodgers, 1971), we
know surprisingly little about how they arise and change over time. Given the importance
of norms in human social life, it is important to study how norms are formed and come to

influence our behavior and beliefs.

1.1. Relationship between norms

One prominent account of how norms arise holds that they are socially conditional—we
conform to a behavior because other people in our group do it and expect that others will
do so as well (Bicchieri, 2005; Bicchieri, 2016). This suggests that key ingredients in the

development of social norms are our beliefs about: 1) what others do; and 2) what others
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think people should do. Indeed, much of the recent research on social norms has
examined two related types of normative information: descriptive norms, what we think
other people are actually doing (norms of is), and injunctive norms, what we think other
people approve or disapprove of (norms of ought; Cialdini et al., 1990). For example, that
most people speak quietly or whisper in a library is a descriptive norm (it’s what people
do) while the belief that most people approve of talking quietly is an injunctive norm (it’s
what people approve of). Both descriptive and injunctive norms can influence behavior in
important ways (Cialdini et al., 1991; Cialdini et al., 2006) and are generally congruent—
that is, most people generally approve of what is commonly done (Bear & Knobe, 2017;
Blanton et al., 2008). For example, if you see there’s a line to get into a store, most
people would think that you should go to the back of the line and most people would
actually do so as well.

While descriptive and injunctive norms are generally thought of as distinct constructs
(Cialdini et al., 2006; Reno et al., 1993), recent work highlights the ways in which they
are highly interrelated. Eriksson and colleagues have found evidence for an association
between descriptive and injunctive norms (2015). Specifically, using the Implicit
Association Test (IAT), they found that people show an automatic association between
concepts that are descriptive and injunctive. This association is not just implicit: they
found that people also made explicit bi-directional inferences between descriptive and
injunctive norms: when told that a behavior is common (or uncommon), people infer it is
injunctive (or not injunctive), and vice-versa. Additionally, their results suggest that
information about a society's descriptive norm directly influenced participants’ own

moral judgements of the characters engaging in those behaviors. Other work has more

91



directly explored how descriptive norms intersect with moral judgements of behavior.
The “common is moral” (CIM) heuristic is the hypothesis that the frequency or
commonness of a behavior influences its perceived moral status (Lindstrom et al., 2018).
In support of this theory, researchers have found that both prosocial and selfish behaviors
are evaluated as more moral when common than when rare, suggesting that we infer
morality from the frequency of behaviors. Taken together, this work indicates that there
is a strong association between descriptive norms, injunctive norms, and moral
judgements.

Other recent work has found stronger evidence of a directional inference from
descriptive to injunctive norm beliefs. Namely, people tend to infer what ought to be
(injunctive inferences) from what is typical (descriptive norms; Tworek & Cimpian,
2016). This “ought-to-is” relationship is present early in development—by 4 years of age,
children infer injunctive judgements about how a novel social group should behave based
on common behavior in the group (Roberts et al., 2017), and this effect replicates across
cultures (Roberts et al., 2018). Other work finds that already by age 6, children’s
injunctive norm beliefs are influenced by descriptive norm information that a behavior is
common (Deutchman et al., preprint). Altogether, this work suggests that we implicitly
associate and explicitly infer the injunctiveness of a behavior from how common it is,
and vice versa. However, while descriptive and injunctive norms are largely congruent,
they can also also dissociate (e.g., most people might think you should recycle but many
do not always do so consistently) and while uncommon, they can also come in conflict
(e.g., most people might think you should conserve energy but crank the AC when it’s

hot out). That descriptive and injunctive norms can occasionally dissociate has led some
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researchers to conceptualize them as distinct constructs. Given this relatively mixed
evidence about the relationship between injunctive and descriptive norms, it’s important
to study how these norms relate to one another and when they do not in order to gain a
more nuanced understanding of social norm cognition.

While there is some initial evidence that people infer injunctive normativity from
descriptive information—suggesting that descriptive norms might partially contribute to
injunctive norm formation—it remains unclear exactly how they might do so and to what
extent. For example, although past work suggests that people make basic, explicit binary
inferences between descriptive and injunctive norms (e.g., is a behavior injunctive or not
given that it is common or uncommon; Eriksson et al., 2015), it’s unclear how the
strength of the descriptive norm (e.g., the number or proportion of people actually
engaging in the norm) influences the extent to which we think others approve of a
behavior. In other words, there might be a meaningful difference in the inferences we
make about how injunctive a behavior is given a descriptive norm where 20% vs. 80% of
people are engaging in it. Furthermore, little work in this area to date has examined
beliefs before and after receiving normative information. Utilizing a repeated measures
design can allow us to better understand how individuals adjust their beliefs in response
to novel norm information. Here we investigate this updating process in detail to better
understand what amount of descriptive norm information is required to change injunctive
norm beliefs. A more fine-grained approach to exploring the relationship between
descriptive and injunctive norms will allow us to better understand how descriptive norm
information specifically changes the strength of injunctive beliefs, and in the process, will

help reveal how closely associated these concepts are as well as how they interact to
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influence behavior, and will inform our understanding of the cognitive processes
underlying norm cognition

Additionally, to help generate a clearer picture of the relationship between descriptive
and injunctive norms and how they influence beliefs, it is also important to have a better
understanding of how they relate to another important feature of social norm cognition—
moral judgements. While injunctive norms are generally conceived of as moral (Russell
etal., 2021; Lu et al., 2020), it is possible that morality and injunctive norms are
dissociable, much like the relationship between descriptive and injunctive norms. While
in practice they often overlap, it is possible for injunctive norms to not be perceived as
morally good. For example, most people think you should eat dessert after dinner, yet
many people would agree it is not necessarily morally wrong to not do so. To date, very
little work has examined the relationship between descriptive and injunctive norm beliefs
and moral judgments within one experimental design. Doing so will help us to better
understand how these constructs are associated with one another and interact to influence
behavior. If introducing a descriptive norm influences injunctive norm beliefs and moral
judgements to a similar extent, this would suggest that injunctive norms and moral
judgements are highly-overlapping constructs. On the other hand, if descriptive norms
differentially influence injunctive norm beliefs and moral judgements, such that
descriptive norm information more strongly influences injunctive norm beliefs than moral
judgements, that would provide some evidence that injunctive norms and morality are
related but distinct concepts. Furthermore, because people’s personal moral judgements
about a behavior might vary from their beliefs about others’ moral judgements, here we

explore how descriptive and injunctive norm beliefs relate to both first- and second-order
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moral judgements. If people’s beliefs about what others find moral are more influenced
by descriptive norms than their personal moral beliefs, that would suggest there is a key
distinction between first- and second-order moral judgements in norm cognition.

Lastly, it is also important to understand how descriptive and injunctive norms
relate to behavior. A large body of work has found that descriptive and injunctive norms
influence behavior in important ways (Cialdini et al., 1990; Cialdini et al., 2006; Elek et
al., 2006; Raihani & McAuliffe, 2014; Reno et al., 1993). However, it is less clear
whether people are more likely to engage in a behavior after receiving new information
about the descriptive norm. Thus, while not the main focus of this paper, we also
explored whether people update their behavioral intentions in response to descriptive
norms and how behavioral intentions relate to injunctive norm beliefs and moral
judgements. While self-report behavioral intentions are an imperfect proxy of actual
behavior, measuring intentions can still provide important information about how

descriptive and injunctive norm beliefs relate to behavior.

1.3. Present Study

In the present set of experiments, we explored whether people update their injunctive
norm beliefs, moral judgements, and behavioral intentions after receiving descriptive
norm information about how common (or uncommon) the behavior is to better
understand the relationship between descriptive and injunctive norms, moral judgements,
and behavior. To investigate this, we presented participants with a series of vignettes
detailing different normative behaviors. Specifically, we manipulated whether there was a

weak descriptive norm, in which 20% of people in the vignette were doing the behavior,
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or a strong descriptive norm, where 80% of people were doing the behavior. To measure
belief updating, we assessed beliefs prior to and post receiving information on the
descriptive norm. Because previous research suggests that people view different kinds of
norms as psychologically distinct—such as between moral norms and social conventions,
for example (Smetna, 2013; Smetna et al., 2014)—we also manipulated the categories of
behaviors participants saw. For all analyses reported here, we collapse across behaviors
in order to examine whether belief updating is robust to different behaviors. We report
the between-behavior updating findings in detail in a separate paper (Deutchman et al., in
prep).

Answering these questions will provide important insight into the social cognition
underlying social norms. Namely, if we find that people readily update their injunctive
norm beliefs and moral judgements after receiving descriptive norm information, that
would provide some of the strongest evidence to date that descriptive norms, injunctive
norms, and moral judgements are highly related concepts—possibly speaking to the
extent to which they align in everyday life or tap into a latent, underlying norm construct.
Furthermore, if we find that people update their beliefs after receiving descriptive
information, that would suggest that there is a strong directional effect of descriptive
norms on injunctive norm beliefs and moral judgements such that descriptive norm
information plays an important role in the formation of injunctive norms and moral
judgements. In other words, just seeing that many people are engaging in a certain
behavior might lead us to infer that most people approve of this behavior and think it’s
morally good, which in turn, might influence our own beliefs and decision to comply

with the behavior. Alternatively, if we find that people do not update their injunctive
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norm beliefs or moral judgements, that would suggest that descriptive and injunctive
norm beliefs and moral judgements are more distinct constructs than previously thought
and indicate that descriptive norm information plays little to no role in shaping injunctive

norm beliefs and moral judgements.

2. Overview of experiments

In six experiments we assessed whether people updated their injunctive norm beliefs,
moral judgements, and behavioral intentions after receiving novel information about a
descriptive norm (Experiments 2-5). We manipulated the descriptive norm such that it
was either common (strong descriptive norm) or uncommon (weak descriptive norm) to
explore how the relative strength of descriptive norm information influences beliefs
(Experiments 1-5). Additionally, to better understand how descriptive norms influence
behavior, we explored whether injunctive norm beliefs and moral judgements mediated

the effect of descriptive norm condition on behavioral intentions (Experiments 2-5).

2.1.  Overview of methods used across experiments

Because the experimental design was similar across studies, we describe all studies in
parallel in order to highlight their similarities and differences. See Table 1 for a summary.
Across all studies, we randomly assigned participants to one of two descriptive norm
conditions. To measure updating, participants read vignettes and answered the dependent
measures before and after receiving the descriptive norm information (Studies 2-5) while

they only answered once post-descriptive norm information in Experiment 1.
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In Experiment 1, we assessed people’s injunctive norm beliefs, moral judgements,
and their behavioral intentions on six conventional norms when there was either a strong
descriptive norm that the behavior was common or a weak descriptive norm that the
behavior was uncommon. In Experiment 2, we measured belief updating by assessing
normative beliefs prior- to and post-receiving the descriptive norm information (strong or
weak).

In Experiments 2-5, we varied the type of norm to understand whether updating
differs depending on the category of behavior (Deutchman et al., in prep). Here, they
serve as a set of studies testing whether the effect of descriptive norms on updating is
robust to different kinds of normative behaviors. Thus, Experiment 3 aimed to replicate
the updating results found in Experiment 2 across a greater range of behaviors.

Our goal in Experiments 4a-b was to replicate the updating effects found
previously after ruling out potential design effects on participant responses. Specifically,
our aim in Experiment 4a was to replicate the updating effects using a between-subjects
design to rule out the possibility that updating was influenced by demand characteristics
from a within-subject design. Having replicated the updating differences across vignettes
with a fully between-subject design, we return to treating vignette type as a within-
subjects variable in all remaining studies. In Experiment 4b, we wanted to test whether
our injunctive norm updating results were robust to the specific wording of the measure.
Because previous work has operationalized injunctive norms in several different ways
(Bicchieri, 2016; Cialdini et al., 1990; Lu et al., 2020; Russell et al., 2021), we replaced
the previous injunctive measure with a new one assessing the extent to which participants

believe that other people think you should engage in the behavior.
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We had three goals for Experiment 5: we aimed to (1) replicate belief updating
across norm types using a new set of harm behaviors and both injunctive norm measures
in one study, (2) validate that participants perceived our norm types as actually falling
into the hypothesized categories, and (3) explore whether the vignette rating measures
predicted updating (or the lack thereof) in the norm updating task. To that end, we
included all four sets of vignettes used in earlier studies plus a new set of harm vignettes
(fairness, convention, harm-old, harm-new, preference), both injunctive measures as
dependent variables (injunctive-approve, injunctive-should), and a new vignette rating
task.

Lastly, we combined the data from Experiments 2—5 to examine whether people
updated their beliefs and behavioral intentions after receiving descriptive norm
information and whether they update to a greater extent for strong than weak descriptive
norms. Examining these questions across all experiments provided a more definitive

answer to our hypotheses by allowing us to control for between-study variability.

Table 1. Table with design information on all studies.

Study Norm Type Participants

Experiment 1 2 (Descriptive norm: Conventional N =401 participants
weak, strong) between (Mage = 40.09, F =
subject 46.6%)
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Experiment 2 2 (Descriptive norm: Fairness, Conventional
weak, strong) between
subject x 2 (Vignette type)

within-subject

Experiment 3 2 (Descriptive norm: Fairness, Harm,
weak, strong) between Preference
subject x 3 (Vignette type)

within-subject

Experiment 2 (Descriptive norm: Fairness, Harm,
4a weak, strong) between Preference
subject x 3 (Vignette type)

between-subject

Experiment 2 (Descriptive norm: Fairness, Harm,
4b weak, strong) between Preference
subject x 3 (Vignette type)

within-subject

Experiment 5 2 (Descriptive norm: Conventional, Fairness,
weak, strong) between Harm-1, Harm-2,
subject x 5 (Vignette type) Preference

within-subject

100

N =414 participants
(Mage =41.65, F =

52.42%)

N = 402 participants
(Mage =41.73, F =

50.99%)

N = 643 participants
(Mage =41.08, F =

53.81%)

N =411 participants
(Mage =43.03, F =

60.83%)

N =400 participants
(Mage =41.33, F =

54.3%)



2.2.  Participants

All studies were conducted online using Cloud Research and Amazon’s Mechanical Turk
(Arechar et al., 2017) with participants from the United States who received between
$0.60 - $3.15 to complete a survey of variable length depending on study (see Table 1 in
supplement for study specific information). The sample size for Experiment 1 was based
on previous work using the same platform (Deutchman et al., 2022; Dungan et al., 2017).
In Experiments 2-5, we determined the study sample size and statistical power using the
R package simr to conduct power simulations with 5,000 bootstraps. In all power
simulations we used the observed effect size from the proceeding study with the
exception of Experiment 5 which was based on the observed effect from Experiment 4a®.
All studies were powered to have a minimum of 98.64% power to detect an effect of the
key outcome (Experiments 1-2: descriptive norm condition; Experiments 3-5: descriptive
norm condition X vignette type interaction). In total across all studies we recruited N =
2,671 (53.82% female, Mage=41.77). See Table 1 for the sample size and demographic
information for each experiment. While we initially recruited N = 2,921, we excluded N
= 250 participants across all studies for failing our preregistered exclusion criteria which
included an attention check, reporting they answered more than 2-3 questions ‘with little
or no thought put into them’, or failing to complete the study in its entirety (see
preregistrations for study specific exclusion criteria and supplement for exclusions per

study).

2.3.  Design & Procedure

8 We used the effect size from Experiment 4a because the vignette conditions were also within-subject in
Experiment 5 while they were between-subjects in Experiment 4b.
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In Experiment 1, participants were presented with a series of vignettes which they rated
on a number of dependent variables (see Measures below). In Experiments 2-5,
participants answered the dependent variables twice—once prior to receiving the
descriptive norm conditions (their priors) and again after receiving the descriptive norm
information. After answering their priors, but before receiving the descriptive norm
information, participants completed a filler task consisting of simple trivia questions. We
included this task to serve as a buffer between the two main parts of the experiment to
help reduce demand effects. After this filler task, participants received the vignettes again
with the norm information in a random order that varied from how they first received
them. We created our key dependent measure of belief updating for Experiments 2-5 by
subtracting participants prior norm ratings from their post-descriptive norm ratings. The
order of all the dependent measures (with the exception of injunctive certainty which was
always last) was randomized for each vignette. The binary behavioral intention question
always came after the other measures as we did not have a priori predictions for this
measure, and because it preceded an open-response question asking participants to
explain their choice to engage in the behavior or not in Experiments 1 & 2.

In all studies, participants were randomly assigned to one of two descriptive norm
conditions between-subjects—a weak descriptive norm condition, where 20% of people
were engaging in the behavior, or a strong descriptive norm condition, where 80% of
people were engaging in the behavior. The strength of the descriptive norm was presented
as a proportion out of a total number of people in the scenario (e.g., 4 out of 5 people are
talking in the library). We varied the denominator across vignettes (strong: 4/5, 8/10,

16/20; weak: 1/5, 2/10, 4/20) in order to increase generalizability and realism of the
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scenarios. The denominator was consistent between the weak and strong norm vignettes
(see supplement for vignette text).

Participants saw a number of vignettes in each study but the exact number of
vignettes, and the types of behaviors the vignettes included varied across studies (see
Table 1). In Studies 1-3, we included positive- and negatively-valenced behaviors;
valence was determined during vignette norming (see below for more information).
However, because many of the positive behaviors were at ceiling on our dependent
measures, we only included negatively valenced behaviors from Experiment 4a onward.
Across all the studies we included four different kinds of vignettes: conventional,
fairness, harm, and preferences.

Prior to inclusion in the studies presented here, all the vignettes were normed on
Mechanical Turk to ensure they were consistent on several potentially relevant
dimensions such as the cost, benefit, frequency, injunctive normativity, descriptive
normativity, morality, etc. Only the most closely related behaviors on all norming
dimensions were included. See the supplement for details of our norming procedure.

In Experiment 5 only, participants completed a vignette rating task in which they
received all ten vignettes in the survey, spanning all four norm types, without descriptive
norm information. They rated each vignette on the extent to which the behavior pertained
to fairness, harm, convention, preference, severity, self-other impact, and where it fell on
a spectrum between fairness and harm (see Measures below). We included this task to 1)
validate that the behaviors in our vignettes did indeed fall into our predicted norm

categories, and 2) explore whether these ratings predicted belief updating across vignettes

103



in the updating task. The order of presentation of the vignette rating task and the belief

updating task was counterbalanced across participants.

2.4.  Measures

2.4.1. Injunctive Normativity

Participants rated their beliefs about the extent to which the behavior in each vignette was
injunctively normative on a 0 — 100-point sliding scale (0 — Definitely not approve, 100 —
Definitely approve). In Experiment 1 only this question was on a 1 — 7-point Likert
scale): “In general, would most people approve of X”. Studies 4b & 5 additionally
included a new injunctive measure with a different common operationalization of
injunctive normativity: “To what extent do other people think you should X’ (0 — Not at

all, 100 — A great deal).

2.4.2. Injunctive Certainty

In Studies 3-5, participants rated how certain they were in their injunctive beliefs after
answering the initial dependent variable block containing all other measures. This
question was on a 0 —100-point sliding scale (0 — Extremely uncertain, 100 — Extremely
certain) and as a reminder, contained an image of the injunctive norm question and their
answer to the question: “Previously you were asked the question. You answered

[injunctive norm response]. How certain are you in that response?”

2.4.3. Descriptive Normativity
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In all studies participants rated their beliefs about the descriptive norm to serve as a
manipulation check to ensure that the descriptive norm conditions were in fact
influencing descriptive norm beliefs. Studies 2-5 asked this on a 0 — 100-point sliding
scale (0 — No one, 100 — Everyone): “In general, how many people would walk on the
grass?” The Experiment 1 descriptive norm measure was identical but wasona 1 — 7-

point Likert scale (1 — No one, 7 — Everyone).

2.4.4. Behavioral Intentions

Participants rated their behavioral intentions regarding how likely they would be to
comply with the norm on a 0 — 100-point sliding scale (0 — Extremely unlikely, 100 —
Extremely likely): “How likely would you be to X?” Experiment 1 asked the same
question on a 1 — 7-point Likert scale (1 — Extremely unlikely, 7 — Extremely likely). In
Experiments 2 — 4b, participants also answered a binary behavioral intention question at
the end of the dependent variable block asking “If you were in this situation, what would
you do” (0 — I would not X, 1 — I would X). In Studies 1 and 2, participants also
answered an open-response question probing their rationale for their decision in the

binary intention question which always preceded it: “Why did you choose that option™.

2.4.5. Morality

In Experiment 1, participants answered how morally wrong engaging in the behavior
would be on a 1 — 7-point Likert scale (1 — Not wrong at all to 7 — Extremely wrong):
“How morally wrong is it for someone to X in this scenario”. Studies 2 — 5 measured

morality with two different questions, both on 0 — 100-point sliding scales anchored from
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0 — Extremely immoral to 100 — Extremely moral: self-morality and other-morality. Self-
morality assessed how moral participants personally found a behavior: “How moral do
you personally think it is for someone to X?”” Other-morality assessed second-order moral
judgements about how moral participants thought others found the behavior: “How moral

do you think other people think it is for someone to X?”

2.4.6. Punishment

In Experiment 1, participants rated how much of a reward or punishment they would give
someone who engaged in the behavior on a 1 — 7-point Likert scale (1 — Large
punishment, 7 — Large reward): “If you were in a position to reward or punish someone
for engaging in this behavior, how much of a punishment or reward would you give
someone who was X in this scenario?” In Experiment 4b, participants rated how much
someone engaging in the behavior should be punished on a 0 — 100-point sliding scale (0
— Not punished at all, 100 — Severely punished): “To what extent should someone be

punished for X?”

2.4.7. Rating Task

In Experiment 5, participants completed a vignette rating task in addition to the updating
task. Here they rated all ten vignettes included in this study on the extent to which they
pertained to the following measures. All measures were on a 0 — 100-point sliding scale.
Fairness: “To what extent does X relate to fairness?”” Harm: “To what extent does X
involve harming others?” Conventionality: “To what extent is X a social convention?”

Preference: “To what extent is X a personal preference?” These four items were anchored
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from 0 — Not at all, to 100 — Entirely. Participants also rated the severity of engaging in
the behavior (0 — Not bad at all, 100 — Extremely bad): “How bad is it to X?”* Self-other
impact (0 — Only impacts yourself, 100 — Only impacts others): “To what extent does X
impact others as compared to yourself?” Fair-harm scale (0 — Unfair, 100 — Harmful):

“Where does X fall on a scale from unfair to harmful?”

2.5.  Analytic approach

In each individual experiment we conducted a series of preregistered linear mixed effects
regression models (LMEM) predicting the dependent measures by descriptive norm
condition using the Ime4 package in R (Bates et al., 2015; R Core Team, 2022). All
models included participant and vignette identity as random effects. In all studies with the
exception of Experiment 1, the models included the dependent measure difference score
which was found by subtracting the prior ratings from the ratings post-descriptive norm
information. Experiment 1 did not collect prior ratings and so we could not compute
difference scores. For example, if a participant rated their likelihood of talking in the
library as 30 prior to receiving the descriptive norm condition, and then rated it as 50
after receiving information that the behavior is common, their behavioral intention
updating score would be +20. We also ran a series of unplanned multilevel regression
models subsetting the data by descriptive norm condition (weak, strong) and with the un-
transformed dependent variable ratings in place of the difference scores to examine
whether participants updated their prior beliefs after receiving either the strong or the
weak descriptive norm. Due to the design differences between Experiment 1 and the

other studies, we only report the results of Experiments 2-5 here and report Experiment
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1’s results in the supplement. However, we note here that the results of Experiment 1 are
consistent with the findings from the other studies: participants’ injunctive beliefs,
behavioral intentions, and personal and other moral judgements were more influenced by
the strong than the weak descriptive norm, suggests that participants’ beliefs were
sensitive to novel descriptive norm information. For the sake of simplicity, we only
include the belief updating results here. Additionally, given the complexity of the
between-vignette updating results, we collapsed across vignette type for all analyses
reported here to focus solely on the question of whether participants are updating their
beliefs after receiving the descriptive norm. Thus, we do not report any vignette
comparisons here but analyze them in detail in a separate manuscript in order to fully
unpack the complex relationship between belief updating and behavior type (Deutchman
et al., in prep). For Experiment 5 only, we ran a series of LMEMs predicting vignette
rating (fairness, harm, conventionality, preference, severity, self-other impact) by
vignette type. For these models, we set the relevant vignette as the reference category
(e.g., the fairness vignette type was set as the baseline when comparing vignettes on
fairness) and we set harm as the reference for the severity and self-other impact models.
We present all results for the individual studies in detail in the supplement. We
summarize the key results—the main effect of descriptive norm condition on updating—

in Table 2.

3. Results

3.1.  Individual Experiment Results
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3.1.1. Do people update their beliefs and behavior after receiving descriptive norm
information?
Across all studies we find support for our prediction that people update their beliefs in
response to novel descriptive norms. We first report the updating results for the strong
descriptive norm. In five out of five studies, we found that participants updated their
injunctive beliefs—participants rated the behavior as more injunctive after finding out it
was common. In four out of five studies, participants updated their behavioral intentions
of engaging in the behavior after receiving the strong descriptive norm. In five out of five
studies, we found that, after receiving a strong descriptive norm, participants updated
their beliefs about how moral other people found the behavior. In contrast, participants
only updated their personal moral beliefs after receiving the strong descriptive norm in
one out of five studies.

Turning to the weak descriptive norm updating, we found that in five out of five
studies, participants updated their injunctive norm beliefs after receiving the weak
descriptive norm that the behavior was uncommon. In five out of five studies participants
updated their behavioral intentions of engaging in the behavior after receiving the weak
descriptive norm information. Participants updated their beliefs about how moral other
people found the behavior in four out of five studies after receiving the weak descriptive
norm. Lastly, in four of five studies, participants updated their personal moral beliefs
after receiving the weak descriptive norm. On average, we found that participants
positively updated their beliefs—finding the behavior more injunctive or moral—after
receiving a strong descriptive norm that it is common and that they negatively updated

their beliefs—finding a behavior less injunctive or moral—after receiving weak
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descriptive norms that it was uncommon. For the injunctive norm, behavioral intention,
and other-morality measures, participants positively updated to a larger extent for strong
descriptive norms than they negatively updated their beliefs for weak descriptive norms.
However, in the case of their personal moral belief ratings, participants were more likely
to negatively update their beliefs about the morality of the behavior whereas there was
little evidence that they positively updated their beliefs after receiving a strong

descriptive norm.

3.1.2. Do people update their beliefs and behavior more for strong descriptive norm
information than weak descriptive norm information?
Across all five studies we find evidence to support our hypothesis that people will update
their beliefs and behavior more after receiving strong descriptive norm information that a
behavior is relatively common (80%) as compared to uncommon (20%). In five out of
five studies, we found that participants updated their injunctive beliefs more after
receiving a strong descriptive norm than a weak descriptive norm. In all five studies,
participants updated their behavioral intentions to engage in the behavior more for strong
than weak descriptive norm information. Lastly, we found that in five out of five studies
participants updated both their personal moral beliefs and their beliefs about others’

morality more after receiving strong descriptive norms than weak descriptive norms.

3.1.3. Do vignette ratings predict belief updating?
Participants perceived that the fairness vignettes as pertaining more closely to fairness

than the harm behaviors (B =-10.31, SE = 3.02, p =.03, 95% CI: -15.18, -5.45),
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conventional behaviors (B =-33.08, SE =3.02, p <.001, 95% CI: -37.94, -28.21), and
personal preferences (B =-57.01, SE =3.02, p <.001, 95% CI: -61.87, -52.14).
Similarly, the harm vignettes were rated as pertaining more to harm than the fairness (B =
-35.85, SE =10.88, p =.03, 95% CI: -52.98, -18.71), conventional (B = -53.10, SE =
10.88, p =.008, 95% CI: -70.24, -35.97), and preference behaviors (B =-79.95, SE =
10.88, p =.002, 95% CI: -97.08, -62.82). The conventional behaviors were rated more
highly as concerning social conventions than the fairness (B =-16.18, SE = 3.95, p = .01,
95% CI: -22.61, -9.74) and harm behaviors (B =-21.85, SE =3.95, p =.005, 95% CI: -
28.29, -15.41), but not more than the preference (B =-0.62, SE =3.95, p = .88, 95% CI: -
22.61, -9.74). The preferences were perceived as more closely relating to personal
preference than the fairness (B =-31.83, SE =2.65, p <.001, 95% CI: -36.23, -27.42),
harm (B = -40.86, SE = 2.65, p <.001, 95% CI: -45.26, -36.45), and conventional
behaviors (B =-31.25, SE =2.69, p <.001, 95% CI: -35.65, -26.85). The harm behaviors
were also perceived as more severe than the conventional (B =-51.14, SE=5.25, p <
.001, 95% CI: -59.47, -42.81) and preference behaviors (B =-78.83, SE = 5.25, p <.001,
95% CI: -87.16, -70.50), but not more severe than the fairness behaviors (B =-9.70, SE =
5.25, p=.13,95% CI: -18.03, -1.38). Next, looking at the perception that the behavior
impacted the self vs. other, we find that the harm behaviors were viewed as impacting
others marginally more than the fairness behaviors (B =-33.37, SE = 12.32, p = .05, 95%
CI: -52.73, -14.00) but not the conventional behaviors (B =-16.09, SE = 12.32, p = .26,
95% CI: -35.45, 3.28). Preferences were perceived as affecting the self more than all

other behaviors (all p’s <.017).
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When examining whether vignette ratings predicted injunctive belief updating, we

find that the fairness ratings, (B =.008, SE = .01, p = .43, 95% CI: -0.013, 0.029),

conventional ratings (B =-.02, SE = .01, p = .08, 95% CI: -0.045, 0.002), harm ratings (B

=.02, SE =.02, p =.20, 95% CI: -0.012, 0.055), and self-other impact ratings (B = 0.02,

SE =0.02, p =.27,95% CI: -0.016, 0.052) did not predict injunctive updating. However,

the preference (B =-0.04, SE = .01, p <.001, 95% CI: -0.066, -0.0173) and severity

ratings (B =0.07, SE =0.02, p <.001, 95% CI: 0.039, 0.116) did predict injunctive norm

updating such that perceiving the behaviors as being more like a personal preference led

to less injunctive updating while viewing the behaviors as more severe led participants to

greater injunctive belief updating.

Table 2. Table showing model estimates and significance levels of the descriptive norm

condition term for the five key dependent measures across studies 2-5. All models

included the difference score for each of the dependent variables.

Experiment Experiment Experiment Experiment Experiment
2 3 4a 4b 5
Effect of Descriptive Norm Condition on Updating

Injunctive -

B=25.71*%** B=4337**%* B=2325%%* B =30.27%**
Approve
Injunctive —

B=29.51%** B =2781%**

Should
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Behavioral
B =9.35%**
Intention

Self-morality B = 6.09%***

Other-
B =18.61***
morality

B =29.87%**

B =30.28%**

B =35.50%**

B = 5.50%**

B =2.23%*

B = 15.93%**

B =4.00%**

B=1.47*

B=16.16%**

B = 5.92%%

B =2.06%*

B =21.04%**
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Figure 1. Line plot comparing belief ratings for the weak and strong descriptive norm
condition in comparison to prior beliefs for the key dependent measures (injunctive norm

beliefs, behavioral intention, self-morality beliefs, other-morality beliefs). This figure

114



collapses across data from Studies 2 — 5 and only includes the negatively valenced

vignette results. Errors bars show standard error.

3.2.  Cross-Experiment Results

3.2.1. Analytic Approach

After conducting analyses across all of our individual studies, we found that the effect
size for updating varied considerably across studies, perhaps reflecting variability in the
samples between studies. In order to evaluate the totality of evidence, we decided to pool
our data and run a cross-experiment analysis. While not initially preregistered, taking a
meta-analytic approach to analyzing our data offered a more definitive test of whether
people update their beliefs after receiving descriptive norms by increasing the number of
observations and statistical power.

To that end, we conducted a series of meta-analyses across our five studies that
assessed belief updating (Experiments 2-5) following the method described by Harrer et
al., (2021) and using the meta package in R (Balduzzi et al., 2019). We conducted a
meta-analytic test for each of our main dependent measures—injunctive normativity,
self-morality, other-morality, and behavioral intentions. Specifically, we looked at the
effect of updating by comparing ratings for the dependent measures prior to receiving the
descriptive norm to after receiving the descriptive norm. Thus, for each measure we
include two models, one looking at the effect of updating after receiving the strong
descriptive norm and another looking at updating after receiving the weak descriptive
norm. We also ran a set of meta-analyses for the four key measures comparing updating

differences between the weak and the strong descriptive norm conditions.
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While our studies had similar demographic information and presumably sampled
from the same population (see supplement for demographic breakdown between studies),
we observed large between study heterogeneity and so we used random-effect models in
our meta-analyses to account for between-study variability in effect sizes. All models
used the restricted maximum-likelihood estimator to calculate 12 and Knapp-Hartung
adjustments to control for between-study heterogeneity. For determining effect sizes, we
used Hedges g to correct for small sample bias in calculating the standardized mean
difference. We replicate the results of the meta analyses using a series of linear mixed
effect models treating experiment identity—along with participant and vignette
identity—as random effects. We report the results of these models in the supplement but
note that their results are consistent with the results of the meta-analyses reported here.

To determine whether injunctive and moral beliefs mediated the effect of
descriptive norm condition on likelihood of engaging in the behavior, we tested for
indirect effects using path analysis structural equation models and pooled the data from
all studies that measured belief updating. Our models used bootstrapping of 5,000
iterations to find standard errors and bias-corrected bootstrapped confidence intervals.
We created three models, the first model was preregistered (Experiments 2 - 5) and
included injunctive norm ratings as a mediator while the second and third exploratory

models included self-morality and other-morality as mediators, respectively.

3.2.2. Do people update their beliefs and behavior after receiving descriptive norm

information?
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When looking at the effect of belief updating across studies, we find support for our
prediction that people update their injunctive norm beliefs after receiving information
about the descriptive norm. There was a significant effect of descriptive norm condition
on updating (d = 0.91, 95% CI: 0.56, 1.26, p = .002), such that people positively updated
their injunctive beliefs about how approved the norm is after receiving information that
there is a strong descriptive norm. Similarly, we find a significant meta-analytic effect for
the weak descriptive norm condition but in the opposite direction: people negatively
updated their injunctive beliefs after receiving information that the behavior is
uncommon (d = 0.16, 95% CI: -0.27, -0.06, p = .01).

When looking at the meta-analytic effect of belief updating for behavioral
intentions, we find mixed support for our prediction that people update their behavioral
intentions after receiving a descriptive norm. Namely, there was not a significant effect of
strong descriptive norm condition on behavioral intentions (d = 0.22, 95% CI: -0.12,
0.56, p = .15), although this effect was in the predicted direction and significant in the
common effects model not controlling for random effects of study (d = 0.22, 95% CI:
0.18; 0.26, p <.001), suggesting there was substantial between study variability in effect
size. However, we did find a significant effect of the weak descriptive norm condition on
behavioral intentions (d = 0.12, 95% CI: -0.15, -0.09, p <.001), such that people were
significantly less likely to say they would engage in the behavior after finding out it is
uncommon.

We next examined the meta-analytic effect of belief updating on self-morality—
personal beliefs about how moral the behavior is. We find mixed evidence in support of

our belief updating prediction: there was no significant effect of the strong descriptive
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norm condition on self-morality beliefs (d = 0.16, 95% CI: -0.24, 0.56, p = .33) although
this was in the predicted direction. However, we do find a significant, if small, effect of
the weak descriptive norm condition on self-morality beliefs (d = 0.08, 95% CI: -0.14, -
0.01, p =.03), such that participants personally thought the behaviors were less moral
after finding out that they were uncommon.

Lastly, we turn to the meta-analytic effect of belief updating on other-morality—
beliefs about how moral other people think the behavior is. We find some support for this
prediction. Namely, there was a significant effect of the strong descriptive norm on other-
morality beliefs (d = 0.57, 95% CI: 0.27, 0.88, p = .006), such that people thought that
others would think that the behavior is more moral after finding out it is commonly done.
We also found a small negative updating effect of the weak descriptive norm condition
on other-morality beliefs that was trending on significance (d =0.11, 95% CI: -0.24,
0.02, p =.07), such that people thought that others found the behaviors as marginally less

moral after finding out it is uncommon.

3.2.3. Do people update their beliefs and behavior more for strong descriptive norm
information than weak descriptive norm information?

When comparing updating between weak and strong descriptive norm conditions across

studies, we find evidence that people updated their injunctive norm beliefs. There was a

significant effect of descriptive norm condition on injunctive norm updating (d = 1.13,

95% CI: 0.89, 1.37, p <.001), such that people updated their beliefs more for the strong

descriptive norm than the weak descriptive norm. Turning to the meta-analytic effect of

belief updating for behavioral intentions, we find a similar pattern: participants updated
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their behavioral intentions to a larger extent across studies after receiving a strong
descriptive norm compared to a weak descriptive norm (d = 0.46, 95% CI: 0.12, 0.79, p =
.019).

Next, when examining the meta-analytic effect of belief updating of personal
moral beliefs about the behavior, we find that participants were not significantly more
likely to update their personal moral beliefs after receiving the strong than weak
descriptive norm (d = 0.24, 95% CI: -0.29, 0.77, p = .283). Lastly, we find that a
significant updating effect across studies for second-order moral judgements about what
others find moral. Namely, participants were significantly more likely to update their
second-order moral beliefs after receiving a strong descriptive norm than a weak

descriptive norm (d = 0.85, 95% CI: 0.60, 1.11 , p <.001).

Standardised Mean Weight Weight

Study Number Difference SMD 95%-Cl (common) (random)
Study 2 ' 0.63 [0.57; 0.69] 17.7% 20.0%
Study 4a &= : 0.69 [0.61;0.77] 9.1% 19.8%
Study5 -] 0.87 [0.83; 0.92] 27.2% 20.1%
Study 4b 1.00 [0.94; 1.06] 16.5% 20.0%
Study 3 1.33 [1.29; 1.38] 29.5% 20.1%

e SR

: 0.97 [0.95; 0.99] 100.0% --
== 0.91 [0.56; 1.26] -- 100.0%

Figure 2. A forest plot of the meta-analytic effects of the strong descriptive norm

condition on injunctive norm ratings.

3.2.4. Mediation of descriptive norms on behavioral intentions
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3.2.4.1.  Injunctive beliefs as mediator

We found that injunctive norm ratings partially mediated the effect of descriptive norm
condition on intentions of engaging in the behavior. The total effect of descriptive norm
condition on behavioral intentions was significant (b =-10.09, SE = 0.58, p <.001), as
was the direct effect of descriptive norm condition on likelihood (b= 6.21, SE =0.54, p <
.001). The path from descriptive norm condition to injunctive norm ratings (b =-31.07,
SE = .52, p <.001) was significant, with descriptive norm condition explaining 48.1% of
the variance in injunctive ratings (see Table S2 in the Supplement for model output). The
path from injunctive ratings to behavioral intentions (b =0.53, SE = .01, p <.001) was
also significant, with injunctive ratings explaining 54.1% of the variance in behavioral
intentions. Critically, the indirect effect was significant (b =-16.3, SE =0.42, p <.001),
explaining 26% of the total variance, with the bias-corrected bootstrapped confidence
interval with 5,000 samples below zero (95% CI: -17.17, -15.42), suggesting that
descriptive norm information influenced behavioral intentions in part by changing beliefs

about how injunctive the behavior was.

3.2.42.  Moral beliefs as mediator

We found that personal moral ratings partially mediated the effect of descriptive norm
condition on the likelihood of engaging in the behavior. The direct effect of descriptive
norm condition on behavioral intentions was significant (b =-6.17, SE = 0.49, p <.001).
The path from descriptive norm condition to self-morality ratings (b = -8.34, SE = .66, p
<.001) was significant, with descriptive norm condition explaining 11.6% of the variance

in self-morality ratings (see Table S3 in the Supplement for model output). The path from
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self-morality ratings to behavioral intentions (b =0.47, SE = .01, p <.001) was also
significant, with injunctive ratings explaining 53.9% of the variance in behavioral
intention ratings. Importantly, the indirect effect was also significant (b =-3.92, SE =
0.33, p <.001), explaining 6.3% of the total variance with the bias-corrected bootstrapped
confidence interval with 5,000 samples below zero (95% CI: -4.57, -3.25), suggesting
that the descriptive norms influenced the likelihood of engaging in the behavior by
changing beliefs about how moral people found the behavior.

Turning to the other-morality mediation model, we find that beliefs about others’
morality also partially mediated the effect of descriptive norm condition on the likelihood
of engaging in the behavior. The direct effect of descriptive norm condition on behavioral
intentions was statistically significant (b =-1.24, SE = 0.54, p = .02). The path from
descriptive norm condition to other-morality ratings (b =-22.1, SE = .44, p <.001) was
significant, with descriptive norm condition explaining 41.8% of the variance in other-
morality ratings (see Table S4 in the Supplement for model output). The path from other-
morality ratings to behavioral intention ratings (b = 0.40, SE = .01, p <.001) was also
significant, with injunctive ratings explaining 42.9% of the variance in intention ratings.
Critically, the indirect effect was also significant (b =-8.85, SE = 0.29, p <.001),
explaining 17.9% of the total variance with the bias-corrected bootstrapped confidence
interval with 5,000 samples below zero (95% CI: -9.49, -8.21), suggesting that the
descriptive norms influenced behavioral intentions in part by changing participants’

beliefs about how moral others found the behavior.
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4. General Discussion

Across six studies, we explored the relationship between descriptive norms, injunctive
norms, moral judgements, and behavioral intentions. Specifically, we assessed
participants' beliefs about normative behaviors both before and after receiving
information that there was either a strong or weak descriptive norm. Across all studies,
we found that people updated their beliefs about the injunctive normativity of a behavior
after receiving descriptive norm information. When there was a strong descriptive norm
that the behavior is common, participants thought the behavior was more approved of
than before receiving the norm information. When receiving a weak descriptive norm that
the behavior is uncommon, participants thought the behavior was less approved of then
they initially thought. We found a similar, albeit weaker, pattern for behavioral
intentions—participants rated themselves as more likely to engage in the behavior after
receiving a strong descriptive norm, and less likely after receiving the weak descriptive
norm.

We found somewhat conflicting updating results for the strong descriptive norm
on behavioral intentions: while participants updated their behavioral intentions in
response to the strong descriptive norm in most individual studies, the meta-analytic
effect controlling for the random effect of study was non-significant, suggesting that that
effect size varied substantially between studies. We also found somewhat mixed evidence
that participants updated their personal moral beliefs—they did not significantly update
their beliefs in response to the strong descriptive norm but did so in response to the weak
descriptive norm, although this effect was small. In contrast, we found stronger evidence

that participants updated their second-order moral beliefs after receiving descriptive
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norms information. Thus, participants' second-order more beliefs were more sensitive to
descriptive norms than their first-order, personal moral beliefs.

For all dependent measures, we found that the effect size of the strong descriptive
norm was larger than for the weak descriptive norm. In other words, people positively
updated their beliefs to a greater extent for strong descriptive norms than they negatively
updated their beliefs for weak descriptive norms. All together, our results support
previous work documenting a strong association between descriptive norms, injunctive

norms, and moral judgements (Eriksson et al., 2015; Lindstrom et al., 2018).

4.1. Do people update their beliefs and behavior after receiving descriptive norm
information?
One of the central goals of this research was to investigate how, and to what extent,
people update their injunctive norm beliefs and moral judgements after receiving
descriptive norm information. While previous work has found that people make simple,
bidirectional inferences between descriptive and injunctive norms (e.g., is a behavior
injunctive or not given that it is common or uncommon; Eriksson et al., 2015), it was
unclear how the strength of descriptive norm information (e.g., how common a behavior
is in terms of the proportion of those engaging in it) influences our beliefs about what
others approve of and find moral. Through manipulating the strength of the descriptive
norm, we were better able to understand the extent to which descriptive norms influence
beliefs and behavior. For example, we found that people negatively updated their beliefs
after receiving a weak descriptive norm that the behavior was relatively uncommon while

they tended to positively update their beliefs after receiving a strong descriptive norm
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that the behavior was common. Furthermore, our study builds on and extends this work
by assessing beliefs before and after receiving descriptive norm information,
demonstrating how individuals update their own beliefs about the injunctive normativity
and morality of a behavior in the face of new descriptive norm information. By
examining descriptive beliefs, injunctive beliefs, moral judgements, and behavioral
intentions within one design, our results offer the clearest evidence to date of how
descriptive norms shape injunctive norm beliefs, and informs our understanding of the
relationship between descriptive and injunctive norms, moral judgements, and behavior.
More generally, these results highlight the important role of mentalizing and
belief representation in norm cognition—when we see a lot of people doing something
and infer that most people must also approve of it, we are relying on our ability to
represent others’ minds to infer things about their beliefs based on their behavior.
Importantly, as the results of our mediation analyses demonstrate, our inferences about
what others approve of and find moral based on how they are behaving influences our
own intentions of engaging in the behavior. Representing others’ beliefs and behavior is a
core aspect of the socially conditional account of norms that has been proposed by
Bicchieri and colleagues (2005; 2016). Namely, this account proposes that a fundamental
feature of social norms is that they depend on our beliefs about what others do and
expect. That we find a strong relationship between descriptive norm information and
beliefs and behavior here supports this theory of norms and points to the importance of

mentalizing in social norm cognition.

4.2. Relationship between injunctive norms and moral judgements
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A secondary goal of this project was to better understand the relationship between
descriptive norms, injunctive norms, and moral judgements—how exactly do these
concepts relate to one another? Are they tapping related but dissociable concepts? While
generally thought of as distinct constructs, previous research has documented a strong
relationship between descriptive and injunctive norms and moral judgements, with some
work even defining injunctive norms in terms of morality (Goldring & Heiphetz, 2020;
Lindstrom et al., 2018; Russell et al., 2021; Smith & Masser, 2012; Zhang et al., 2022).
Across studies we found a moderately strong association between injunctive norms and
moral judgements, indicating they are measuring related but distinct beliefs. This finding
highlights the importance of studying both injunctive norm beliefs and moral judgements
and suggests that researchers should be careful to avoid conflating injunctive and moral
beliefs.

Our results also reveal a key dissociation between our personal moral beliefs and
second-order moral beliefs. Namely, despite being strongly correlated with one another (r
= 0.84) participants’ second-order moral beliefs—beliefs about what others think is
moral-—was more readily influenced by descriptive norm information than their personal
moral beliefs about the behavior. Furthermore, beliefs about others’ morality had a
stronger association to injunctive norm beliefs (r = 0.69) than personal moral beliefs (r =
0.56), suggesting that, while likely still distinct, injunctive beliefs are perhaps more
closely aligned with second-order moral beliefs than first-order moral beliefs. More
generally, this result highlights an interesting paradox—people think that other people’s
moral judgements are easily swayed by descriptive norm information when in reality,

most people’s personal moral judgements were largely resilient to descriptive norms,
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only updating to a small extent if at all. In other words, this finding suggests that people
think that other people’s beliefs are more flexible than they really are. This dissociation
demonstrates the value of assessing both first-order and second-order moral beliefs in
work on social norms and moral psychology.

While we were primarily interested in the relationship between normative beliefs
and moral judgements, some researchers propose that there is a distinct category of moral
norms. This work defines moral norms as internalized preferences—expectations we hold
for ourselves regardless of others’ beliefs or behavior—that are insensitive to the social
expectations that are inherent to injunctive norms (Bicchieri, 2006; House, 2018).
Relatedly, others view moral norms as personal injunctive norms (or just personal norms;
Morris et al., 2015), defined as an “individual’s internalized moral rules” that we follow
independent of others’ expectations and influence (Parker et al., 1995; White et al.,
2009). Injunctive norms differ from moral norms in that they are not internalized,
meaning that they are socially conditional and thus influenced to a greater extent by
others’ behavior and expectations. This notion is supported by our finding that injunctive
beliefs and moral judgements dissociate: participants in our study consistently and
robustly updated their injunctive norm beliefs after receiving descriptive norm
information while on the whole, they largely did not update their personal moral beliefs
about the behaviors. That moral judgements were less influenced by descriptive norm
information compared to injunctive beliefs indicates that injunctive norms are different
from moral norms because, unlike injunctive norms, moral norms are internalized and not

socially conditional.
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While not the main focus of this paper, we also explored whether injunctive norm
beliefs and moral judgements mediate the effect of descriptive norms on behavioral
intentions. Across all studies, including the combined analyses, we found that injunctive
beliefs partially mediated the effect of descriptive norm information on reported
likelihood of engaging in the behavior. That is, receiving information about how common
a behavior is makes people more likely to engage in it, partly because it influences their
beliefs about how much other people approve of or condone the behavior. We found a
similar result for the mediation models including personal morality and other morality—
both personal beliefs about the morality of a behavior and second-order moral beliefs
partially mediated the effect of descriptive norm information on behavioral intentions.
Together, these models suggest that descriptive norms influence behavioral intentions in
part because they influence our beliefs about what others approve of and find moral.
Future work should further investigate the relationship between descriptive norms,
injunctive norms, moral judgements, and behavior using experimental mediation to make

stronger claims about causation.

4.3. Limitations

The present work was not without its limitations. First, because we studied existing
behaviors rather than entirely novel ones, we could not prevent participants from bringing
in their own priors about the morality and normativity of the behaviors we studied. In
other words, people might have had existing beliefs about how common or approved of a
given behavior is based on their personal experiences which could have influenced their

behavior in our task. For example, participants’ personal moral beliefs might have been
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largely unaffected by descriptive norm information because they had strong prior beliefs
acquired from their lives about the morality of cheating on a test or cutting a line. In order
to avoid people’s prior experiences influencing their beliefs and behavior, future work
should explore injunctive belief updating in the context of totally novel behaviors that
people do not have existent priors for. If we find that people continue to update their
injunctive beliefs and behavior after receiving descriptive norm information for norms
they have no prior experience with or beliefs about, that would provide strong evidence
that descriptive norms influence injunctive norm beliefs and behavior.

Second, while we measured behavioral intention (“how likely are you to X™’) as a
proxy for behavior, there are likely differences between what people say they would do
and what they would actually do (Blake et al., 2014; Dang et al., 2020). So, while we
found that people updated their intentions of engaging in the behavior after receiving the
descriptive norm, it is possible this effect would not replicate for actual behavior. That
said, work on the relationship between behavioral intentions and behavior finds that
intentions have a significant effect on behavior, but the size of the effect is smaller for
actual behavior than intentions (Webb & Sheeran, 2006). This might suggest that, while
people’s actual behavior is influenced by descriptive norms, it may be influenced to a
lesser extent than their behavioral intentions. Future work should use behavioral
experiments to investigate whether people actually change their behavior—rather than
just their self-reported intentions—after receiving descriptive norm information.

Third, because we solely focused on the effect of descriptive norms on injunctive
norm beliefs, we cannot necessarily make claims about effects in the opposite direction

from injunctive to descriptive (e.g., that injunctive norm information influences people’s
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descriptive norm beliefs). However, given the strong relationship between descriptive and
injunctive norms, and previous work showing people make bidirectional inferences
between them (Eriksson et al., 2015), we expect that people would be as likely to update
their descriptive beliefs from injunctive norm information. Future work should explore
whether and to what extent people update their descriptive norm beliefs, moral

judgements, and behavior after receiving injunctive norm information.

4.4. Conclusion

Across six experiments, we found that people update their injunctive norm beliefs
after receiving descriptive norm information that the behavior was either common or
uncommon. Additionally, we found that the effect of descriptive norms on behavior was
partially mediated by injunctive beliefs, suggesting that descriptive norms influence our
behavior partly by changing our beliefs about what others think is acceptable. These
results inform our understanding of the relationship between descriptive norms,
injunctive norms, moral judgements, and behavior, shining light on how we form
normative beliefs from a common source of social information—descriptive norms. More
generally, our findings highlight the important role our beliefs about what others believe
and do play in social norm cognition. Given the importance and prevalence of norms in
our social world, a better understanding of norm cognition can reveal important insights

into social cognition.
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5. Open Data Practices

All of the experiments in this project were preregistered prior to data collection
[Experiment 1: https://aspredicted.org/blind.php?x=9zq26n; Experiment 2:

https://osf.io/e3con/?view_only=8d06a95126b64edda82f978b6e858f8a; Experiment 3:

https://osf.io/gua3q/?view_only=873ce428e7534e¢748381e22c09de9010; Experiment 4a:
https://osf.io/c6r8p/?view _only=3d9c8bd3651445fcalad332a50c67d30; Experiment 4b:
https://osf.i0/5pz8m/?view only=bc9df3f77c5f4fa6bt31462919bbclae; Experiment 5:
https://osf.io/pdnyx/?view_only=839ed94ca2854895b05cbad92alba043] All of our data
and code are available in an online repository here

[https://osf.io/sc842/7view only=83662b719da347918241eefce2c4aded].
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7. Appendix

7.1.  Vignette Type Updating Comparison

7.1.1. Introduction

Another important yet unexplored question is whether the relationship between
descriptive norms, injunctive norms, and moral judgements is consistent across different

categories of norms or whether it varies such that the relationship is stronger for certain
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kinds of behaviors. Put differently, we might update our injunctive beliefs and moral
judgments about a norm to a greater or lesser extent depending on the norm in question.
In support of this possibility, a growing body of work suggests there are important
differences in cognition between moral domains. For example, there are a number of
differences in moral cognition between harm and purity domains—researchers have
found an attribution asymmetry between purity and harm domains such that people
endorse more person-based attributions for impure acts compared to harmful ones
(Chakroff & Young, 2015), while other work finds that people rely more on judgements
of intent for harm violations than purity violations (Chakroff et al., 2015).
Additionally, there is also a large body of work on social domain theory which posits that
children hold a categorical distinction between moral norms and social conventions.
Namely, this theory predicts that moral concepts and norms are universally applied and
obligatory while social conventions and norms are perceived as more alterable and
subjective (Smetna, 2013; Smetna et al., 2014). This work has found that children behave
differently depending on whether a norm is conventional (e.g., wearing a school uniform)
or moral (e.g., bullying and stealing someone’s lunch money), such that they view
conventional norm violations as less serious and deserving of punishment (Smetna et al.,
2014). This tendency to view moral norms and social conventions as distinct arises early
in development: by 3-4-years of age, children begin to differentiate behaviors that are
conventionally normative from those that are morally normative (Smetana, 2013;
Smetana et al., 2018; Turiel & Dahl, 2019).

Altogether, this previous work provides compelling evidence that we view moral

and conventional norms as psychologically distinct. Given this prior work, we wanted to
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explore whether people would update their beliefs to different extents for conventional
and moral norms. Namely, we asked whether people would be more sensitive to
descriptive norm information for conventional norms compared to moral norms such as
harm and fairness norms. Because conventional norms are socially agreed upon whereas
moral norms are perceived as inalterable and objective (Smetna, 2006), we hypothesized
that people should be less influenced by descriptive norm information for moral norms
than conventional norms.

Furthermore, while there is increasing evidence that moral norms and social
conventions are distinct, less work has explored the distinction between different types of
moral norms, such as between fairness (e.g., cheating in a competition) and harm-related
(e.g., mugging someone) norms. While past work demonstrates that there are important
differences in cognition between two types of norms—harm and purity norms (Chakroff et
al., 2015; Chakroff & Young, 2015)—there are several other kinds of moral norms that we
frequently encounter and which we might also view as psychologically distinct. For
example, recent work has identified an important distinction between two kinds of moral
norms—fairness and harm norms. Namely, while fairness is often viewed as a moral
behavior (Baumard et al., 2013; Curry et al., 2019; Folger, 1998), this work suggests that
children view fairness norms differently than harm-based norms, such that they view
harm-based norm violations as more serious than fairness-based violations (Yucel et al.,
2022). Here we focus on the question of whether people view fairness and harm
behaviors as differently. Specifically, we asked whether people would be less likely to
update their injunctive norm beliefs and moral judgements after receiving descriptive

norm information for harm behaviors than fairness behaviors.
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By comparing updating between types of norms, we can shine light on whether
people view them as psychologically distinct. If, for example, we find that people update
their beliefs to the same extent across moral and conventional behaviors, this might
suggest that people actually view these different behaviors more similarly than what is
predicted by social domain theorists who posit a fundamental cognitive difference
between these behaviors (Smetna, 2006; 2013). Additionally, by looking at updating
across different kinds of moral behaviors (e.g., fairness vs. harm), we gain insight into
whether people view different kinds of moral behavior as distinct concepts. If we find
that descriptive norm information influences beliefs to a greater extent for fairness than
harm behaviors, this would suggest there are important differences in how we
conceptualize these kinds of moral behaviors that could have broad implications for the
study of moral psychology. To that end, we focused on three kinds of norms here—

conventional, fairness, and harm norms.

7.1.2. Analysis

Our modeling approach here was identical to that described previously. We ran a series
of preregistered linear mixed effect models including participant and vignette identity as
random effects and dependent measure difference scores as the outcome measures. All
models included the interaction term between the descriptive norm condition and vignette
type. The fairness vignettes were set as the reference level when making between-

vignette comparisons. See our preregistrations for experiment-specific analyses.

7.1.3. Results
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We find relatively mixed evidence for differences in updating between norm types. We
first examined whether participants updated their prior beliefs to different extents after
receiving a strong descriptive norm depending on the category of behavior. In two out of
four studies, participants updated their injunctive beliefs more after receiving strong
descriptive norm information for the fairness behaviors than the harm behaviors,
however, this finding varied depending on the wording of the injunctive measure (see
Measures). In Experiment 5, participants updated their injunctive beliefs to a greater
extent for the conventional behaviors than the harm behaviors and preferences; there
were no differences in updating between the fairness and conventional vignettes. In two
out four studies, participants updated their behavioral intentions to engage in the behavior
to a greater extent after receiving the strong descriptive norm for the fairness behaviors as
compared to the harm behaviors. Experiment 5 found the same interaction effect but
between conventional and harm behaviors: participants more readily updated their
behavioral intentions for the conventional behaviors than the harm behaviors. In two out
of four studies, participants updated their personal moral beliefs more for fairness than
harm behaviors. Participants updated their personal moral beliefs more for conventional
than fairness behaviors in Experiment 5, while the difference was not significant in
Experiment 2. In Experiment 5, participants also updated their personal moral beliefs
more for conventional behaviors than harm behaviors and preferences. In three out of
four studies, participants updated their beliefs about others’ moral beliefs to a greater
extent for fairness than harm vignettes. In Experiment 2, participants did not update to

different extents between conventional and fairness behaviors while in Experiment 5,
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they updated their beliefs more for conventional than fairness behaviors and updated to
similar extents for fairness behaviors and preferences.

Next, turning to the weak descriptive norm updating results, we find that after
receiving a weak descriptive norm, participants updated their injunctive norm beliefs
more for fairness than harm behaviors in four out of four studies. Participants did not
update to different extents between the fairness behaviors and preferences while in
Experiments 2 and 5, participants updated more for conventional than fairness behaviors.
In three out of four studies, participants updated their behavioral intentions of engaging in
the behavior after receiving the weak descriptive norm to a greater extent for fairness
than harm behaviors. There was no difference in updating between fairness behaviors and
preferences across all studies. Participants updated their behavioral intentions to similar
extents for fairness and conventional behaviors in Experiments 2 and 5. In only one out
of four studies did participants update their personal moral beliefs to a larger extent for
fairness than harm behaviors after receiving a weak descriptive norm. There was no
difference in updating between fairness behaviors and preferences, nor between fairness
and conventional behaviors. Lastly, in only one out of four studies did participants update
their beliefs about others’ moral beliefs more for fairness than harm behaviors after
receiving the weak descriptive norm. Participants updated their beliefs about others’
moral beliefs more for fairness behaviors than preferences in three out of four studies
while they updated less for fairness than conventional behaviors in Experiments 2 and 5.

When comparing updating between the weak and strong descriptive norm
conditions across vignette type, we find that, in three out of four studies, the updating

difference in participants’ injunctive beliefs between the weak and strong descriptive
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norm conditions was greater for the fairness vignettes than the harm vignettes. However,
this finding varied depending on the wording of the injunctive measure (see Measures).
In Experiment 5, participants’ weak-strong descriptive norm updating difference for
injunctive ratings was greater for the conventional behaviors than the harm behaviors and
preferences. In four out four studies, the difference in behavioral intention updating
between weak & strong descriptive norm conditions was larger for the fairness behaviors
than harm behaviors. Experiment 5 found the same interaction effect but between the
conventional behaviors and the harm behaviors and preferences such that the difference
in updating between descriptive norm conditions was larger for conventional behaviors
than harms or preferences. In three out of four studies, the weak-strong descriptive norm
updating difference in personal moral beliefs was greater for fairness than harm
behaviors. In Experiments 2 and 5, there was no difference in weak-strong descriptive
norm updating for self-morality between conventional and fairness behaviors whereas the
difference was larger for conventional behaviors than harm behaviors and preferences.
The weak-strong descriptive norm updating difference for others’ moral beliefs was
greater for fairness than harm vignettes in two out of four studies. In Studies 2 and 5,
there was no difference in the extent of weak-strong descriptive norm updating between
conventional and fairness behaviors while in Experiment 5, the updating difference was
larger for conventional behaviors than harm behaviors and preferences.

Interestingly, we found different results depending on the wording of the
injunctive measure—participants consistently updated their injunctive beliefs more for
fairness behaviors than harm behaviors when phrased in terms of others’ approval

whereas this effect was not significantly different when the injunctive norm was phrased
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in terms of what others think you should do. We also found different results when
including the new harm vignettes in Experiment 5. Namely, while we found differences
in injunctive belief updating between fairness behaviors and the initial set of harm
behaviors, we failed to find a difference in updating between fairness behaviors and the
new harm behaviors—while in the predicted direction, participants were not significantly
more sensitive to descriptive norm information for fairness than these harm behaviors.
However, we did replicate the difference in injunctive belief updating between the
conventional behaviors and harm behaviors for both sets of harm vignettes. Importantly,
this difference between the two sets of harm vignettes was specific to injunctive
updating—we replicate the updating differences between norm categories for the

likelihood and self- and other-morality updating with both sets of harm vignettes.
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four norm types studied. Errors bars show standard error.
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norm types studied. Errors bars show standard error.
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norm types studied. Errors bars show standard error.

7.1.4. Discussion

We examined whether the relationship between descriptive and injunctive norm beliefs

varies depending on the type of behavior in question. In other words, do we as readily

update our beliefs and behavioral intentions for some normative behaviors—such as

fairness & conventional norms—more than others—such as harm norms? This is an

important question to answer because it can shine light on whether we view different
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norms as psychologically distinct, such as the distinction posited by social domain
theorists between conventional and moral norms (Smetana et al., 2014; Turiel & Dahl,
2019; Yoo & Smetana, 2022). Across our studies we find evidence that updating differed
between vignette type. Namely, participants generally updated their beliefs to a greater
extent for conventional and fairness behaviors compared to harm-related behaviors, and
in some cases, preferences. Specifically, participants updated their injunctive beliefs
more conventional and fairness norms than harm norms, although this result hinged on
the wording on the injunctive norm measure and the type of harm behaviors. We find a
similar pattern of results for behavioral intentions and personal moral beliefs: people’s
reported likelihood of engaging in the behavior, and the extent to which they thought it
was moral, was more influenced by descriptive norm information for fairness behaviors
than harm behaviors. However, we find little evidence of updating differences in second-
order moral beliefs between fairness, conventional, and harm norms.

In contrast to our predictions, we found participants updated their beliefs and
behavioral intentions about preference after receiving descriptive norm information.
There was also mixed evidence regarding whether people update their beliefs for
preferences less than other behaviors: while participants generally updated less for
preferences than fairness or conventional behaviors, there was substantial variability in
updating differences between harm behaviors and preferences across the dependent
measures. For example, there was little difference in injunctive and personal norm belief
updating between the harm and preference vignettes whereas participants updated their
behavioral intentions more for preferences than harms but updated their second-order

moral beliefs more for harms than preferences. Interestingly, we generally found little
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difference in injunctive and moral belief updating between fairness and conventional
behaviors, but did find that participants updated their likelihood ratings more for
conventional than fairness behaviors in two studies.

Altogether, these results provide some initial evidence that we are more
influenced by descriptive norms for certain kinds of behaviors than others. Namely, our
results suggest that descriptive norm information is more strongly associated with
injunctive and moral norm beliefs for fairness behaviors and social conventions than
harm behaviors or preferences. These results provide some for support for work on social
domain theory which finds that people perceive moral and conventional norms as
psychologically distinct (Smetana et al., 2014; Turiel & Dahl, 2019; Yoo & Smetana,
2022). Specifically, that we find that people’s beliefs about conventional norms are more
easily swayed by descriptive norm information than their beliefs about harm behaviors
suggests that there is a psychological distinction between conventional and moral (e.g.,
harm) norms. However, it remains unclear what specifically constitutes a moral norm—
are fairness norms also moral norms or are they distinct from norms of harm which are
considered prototypically moral?

Recent developmental research finds that children do not perceive distributional
fairness as a moral norm—by 4-years of age, children rated harm transgressions (e.g.,
hitting) as more severe than fairness or conventional transgressions (Yucel et al., 2022),
while other work suggests children make different moral judgements about distributional
unfairness than physical and psychological harm (Smetana & Ball., 2019). That we find a
difference in updating between fairness and harm norms, albeit a relatively variable one,

suggests that, while researchers generally consider both to be moral norms, people

149



perceive them differently, at least to some degree. These results, in conjunction with
previous work, suggests there are meaningful psychological differences between different
kinds of moral norms and highlights the need for researchers to distinguish between them
in their work rather than lump fairness and harm norms together under the umbrella of
moral norms. However, it is important to note that the updating differences between
vignette types found here varied considerably across studies and measures and thus limits
our ability to make strong claims about domain differences. For example, in Experiment
5 we included a new set of harm behaviors designed to more exclusively tap harm
concerns but found that, unlike the initial harm vignettes, people updated to a similar
extent for them and the fairness behaviors. Why did we see domain updating differences
between these two sets of harm vignettes? One reason might be because the new harm
behaviors involved psychological harm rather than physical harm—some work suggests
that people view physical harm as distinct from psychological harm (Smetana & Ball,
2019). This highlights a limitation with our stimuli—because we only used several highly
controlled behaviors for each norm category, it is possible that our results are an artifact
of the specific behaviors we used or at the very least, might not generalize to other kinds
of behaviors. Future work should continue to explore whether the effect of descriptive
norms differs between types of normative behaviors using a wider array of behaviors to
ensure domain differences are not an artifact of the specific behaviors used here.

While the evidence was somewhat mixed, participants generally updated their
beliefs less for preferences than fairness and conventional behaviors. Because preferences
are not socially conditional—we should engage in them regardless of what others are

doing or expect—they should be less sensitive to descriptive norms. Our data only
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partially support this idea: across our studies, participants often updated their beliefs
about preferences less than fairness and conventional norms but more than harm norms.
Importantly, participants still updated their beliefs and behavior for preferences and harm
behaviors after receiving information that the behavior was common, just to a lesser
extent than the fairness and conventional behaviors. The fact that participants updated
their beliefs for preferences potentially conflicts with the socially conditional account of
normative behavior which holds that what distinguishes norms from preferences are our
beliefs about others’ expectations (Bicchieri, 2005). However, that participants updated
their beliefs for preferences is likely a consequence of the specific behaviors selected as
preferences here. Alternatively, it is possible that norms are socially conditional but many
of the things we consider preferences (e.g., wearing socks with sandals) are in fact closer
to social conventions and thus sensitive to descriptive norm information. In other words,
you might have a personal preference for vanilla ice cream, but if you see everyone in the
ice cream shop ordering chocolate, you might infer that the chocolate ice cream there is
extraordinary (or that the vanilla is bad) and decide to order the chocolate instead. Future
work should continue to explore whether preferences are influenced by social

expectations.
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4. Study 4: Descriptive Norms Influence Children’s

Injunctive and Moral Norm Beliefs

When children form opinions about what the moral thing to do is and how they should
act — they often look at how most people act. That is, their injunctive norms about what
they should do is influenced by descriptive norms of what people usually do do.
However, it remains unclear sow exactly these regularities in the social environment
influence different kinds of normative beliefs: Are children capable of flexibly tuning
those beliefs depending on the frequency and type of behavior? We examined this
question in 6-9-year-olds (N = 138) from the US in a preregistered study, asking whether
children’s injunctive beliefs, moral evaluations, behavioral intentions, and punishment
ratings are influenced by descriptive norm information that a behavior is relatively
common or uncommon. Since children readily distinguish between different categories of
normative behaviors, we explored whether the influence of descriptive norm information
varies depending on the category of normative behavior. Because the coronavirus
pandemic offered a natural case study of novel norm learning, we explored this question
in relation to COVID-related behaviors which children have only more recently acquired.
Participants saw eight vignettes spanning four categories of behavior—negatively-
valenced conventional, positively-valenced conventional, novel preferences, and COVID-
related health behaviors—in which they either received a strong descriptive norm that the
behavior was common or a weak descriptive norm that the behavior was uncommon. By
6 years of age, children’s injunctive beliefs, moral evaluations, and behavioral intentions

were more influenced by strong descriptive norms than weak descriptive norms across
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behaviors with the exception of the personal preferences, in which they were largely
insensitive to the descriptive norm or were more influenced by weak than strong
descriptive norms. Punishment judgements were also influenced by the commonality of
the behavior, although this varied across categories. Our findings suggest that children’s
injunctive and moral beliefs are influenced by how common or uncommon a behavior is.
Importantly, this influence does not generalize to all kinds of behaviors, pointing to a

special role of social influence on beliefs for behaviors of social consequence.

This paper is co-authored with Emma Sansom, Julia Marshall, Young-Eun Lee, Felix

Warneken, and Katherine McAuliffe
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1. Introduction

Social norms are a foundational part of human societies and pervade nearly every aspect
of social life—from how we eat and dress to how we share resources. A large body of
work has found that children and adults acquire, conform, and enforce social norms
across a diverse range of contexts and behaviors, spanning social conventions (Song et
al., 1987; Yoo & Smetana, 2022), moral behaviors (Vaish et al., 2011; Yucel & Vaish,
2018), sharing resources (House, 2018; McAuliffe et al., 2017; McQuire et al., 2018), and
playing conventional rule games (Diesendruck & Markson, 2011; Kanngiesser et al.,
2022; Langenhoff et al., 2022; Rakoczy et al., 2008) to name only a few. How are we
able to acquire these different kinds of norms? Researchers have investigated different
means of norm acquisition, with much of the work focusing on direct instruction and
pedagogy (Butler et al., 2015; Rakoczy et al., 2008; Rakoczy et al., 2010), as well as
imitation and social learning (Hardecker & Tomasello, 2017; Muthukrishna et al., 2016).
When it comes to theoretical approaches to explaining these behaviors, the Minimal
Account of norms posits that we possess an innate norm psychology that is designed to
expect cues and regularities in one’s social environment in order to acquire information
about local norms (Kelly & Davis, 2018). This paper draws on this account, asking how
we acquire norms from observations of behavioral regularities in our social environment.
We frequently receive information in our social world about what is common or
uncommon in our group and use that information to shape our beliefs and guide our
behavior. Consequently, studying this route for acquiring social norms is important for

informing our understanding of the social cognition of norms.
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Much of the recent work on social norms has examined two distinct kinds of
normative information—injunctive norms, what we think others approve of or expect of
us (norms of ought), and descriptive norms, what we think other people commonly do
(norms of is; Cialdini et al., 1990). While generally thought of as conceptually distinct,
recent work suggests that there is a close relationship between descriptive and injunctive
norm beliefs. This work finds that people have an implicit association between
descriptive and injunctive norms, make explicit bi-directional inferences between them,
and infer what ought to be from what is typically done (Eriksson et al., 2015; Tworek &
Cimpian, 2016). There also appears to be a close relationship between descriptive and
moral norms with other work finding that people infer moral beliefs from descriptive
norms such that they find behaviors that are common as more moral than those that are
uncommon (Lindstrom et al., 2018).

In the developmental literature, previous work suggests that children make normative
judgements about how one should behave from what is common in a group (Roberts et
al., 2017; Roberts & Horii, 2019), a finding that replicates cross-culturally (Roberts et al.,
2018). Specifically, when presented with information about common, morally neutral
behaviors (e.g., the kind of music they listen to) in a novel social group, children were
more likely to disapprove of agents that did not conform to the behavior than those who
did. Other work suggests that 4-7-year-old children make these injunctive (ought)
inferences from observations of typical behaviors in part because they make value-based
judgements that something is right from its inherent features (e.g., people should give
others roses on Valentine’s day because roses are beautiful; Tworek & Cimpian, 2016).

The tendency to infer ‘ought’ from ‘is’ emerges early in development: 3-year-old
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children infer social norms, and are willing to enforce them, after watching a single
action by an adult (Schmidt et al., 2016). Moreover, additional work finds that children
make prescriptive judgments about what ought to be from what is typical for a category
(e.g., Zebra’s should have stripes because the typical Zebra does; Foster-Hanson et al.,
2021; Foster-Hanson & Lombrozzo, 2022). While this evidence suggests that descriptive
norm information about group regularities generally influences injunctive norm beliefs,
other work finds that the types of norms are sometimes dissociated such that children’s
beliefs about how others should behave can diverge from their expectations of how they
themselves will behave (Delesus et al., 2014; Smith et al., 2013). Thus, while there is
generally a close association between descriptive and injunctive norms, the fact that they
are sometimes dissociated suggests that they are distinct types of normative information.
While previous work suggests that children infer injunctive norm information from
what is common (Roberts et al., 2017; Roberts & Horii, 2019), little work has explicitly
manipulated the frequency of behavioral regularities to measure how it changes
injunctive norm beliefs in addition to behavioral intentions, moral evaluations, and
punishment judgements, all within one experimental design. Doing so will allow us to not
only better understand the relationship between descriptive and injunctive norm beliefs
but also how regularities in the environment shape a suite of other important normative
beliefs about morality, punishment, and behavior. Furthermore, it remains unclear
whether the influence of behavioral regularities on behavior is consistent across types of
normative behaviors, particularly those that differ in their social consequences (e.g., the
extent to which they affect other agents). That is, do children make the same kind of

injunctive inferences from descriptive norms for all kinds of behavior or do they do so
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selectively for some behaviors but not others? If children selectively change their beliefs
in response to social regularities depending on social consequence of the behavior, this
might suggest that there are important psychological differences between how children
view these different behaviors. Moreover, answering this question would inform our
understanding of the contexts in which children are the most likely to be influenced by
the behavior of their peers.

Here we investigate whether children flexibly tune their injunctive and moral
beliefs in response to different frequencies of behavioral regularity across different kinds
of social contexts. Using a developmental approach is critical to addressing this question
because middle childhood is a period in development where children begin to become
rapidly more sensitive to social norm information and thus represents an ideal age to
study norm learning and cognition. While previous work has found that children start to
infer injunctive norm information from descriptive norm information by 3-4-years-old,
other research suggests that children become increasingly influenced by social norms
throughout middle childhood and are not sensitive to certain normative information, such
as advantageous inequity aversion or sharing norms, until 6-8-years of age (Blake et al.,
2015; House & Tomasello, 2018; House et al., 2020). Consequently, we identified 6-9-
years of age as a critical point in middle childhood where children might be most likely to
show a sensitivity to descriptive norms across different kinds of normative behaviors.
More generally, taking a developmental approach can also offer insight into how
foundational these inferences are in social cognition—if children are already highly

sensitive to descriptive norms by age 6, that would suggest that the ability to infer
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normative beliefs from behavioral regularities is a relatively foundational aspect of social
cognition (Olson & Dweck, 2008; Olson & Dunham, 2010).

How do children learn what is right and what is wrong? While pedagogy and
explicit teaching clearly play a large role (Butler et al., 2015; Rakoczy et al., 2008;
Rakoczy et al., 2009), observations about how other people behave is likely to also be an
important contributor to norm learning. However, it remains unclear whether children
selectively incorporate descriptive norm information in their beliefs for different
categories—updating their prior normative beliefs more for some behaviors than others in
response to the same information—or whether they inflexibly incorporate descriptive norm
information to similar extents for any category of behavior. If the effect of descriptive
norm information on normative beliefs varies by behavior, this would lend credence to
the hypothesis that there are meaningful psychological differences between different
categories of behaviors, such as predicted by social domain theory (Killen et al, 2006;
Smetana, 2013). If, on the other hand, children respond similarly to descriptive norm
information for different kinds of behaviors, this might suggest that we view different
categories of behavior similarly, at least in the context of norm learning.

Additionally, the coronavirus pandemic has provided a naturalistic case study of
how children learn novel social norms in real time. For norms of fairness or honesty,
children have already received substantial information from their social environment
about the behaviors in question, making it difficult to separate social learning from the
underlying norm cognition. To strip away prior social learning and experience to better
understand how readily adapted humans are for norm cognition, researchers have used

entirely novel norms and groups, such as aliens on an unknown planet (Roberts et al.,
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2017; Roberts et al., 2019). While this work has made an important contribution to our
understanding of norm cognition, relatively less work has examined how children learn
novel norms that they actually experience in their lives. As a result of the coronavirus
pandemic, children have had to rapidly learn new norms that they previously had no prior
information about. While in the intervening two years since the World Health
Organization declared coronavirus a pandemic children have received substantial social
information about COVID-related norms (Cucinotta & Vanelli, 2020), this still
constitutes significantly less social information than they have received for other
normative behaviors (e.g., their entire lives). Moreover, these novel norms (e.g. mask
wearing and social distancing) are not as ingrained in the lives of children as common
moral norms such as hurting others or stealing that have been an integral part of stories,
fables, films, songs, informal and formal moral education at home, in schools or religious
institutions for generations. Consequently, investigating how descriptive norms influence
beliefs about COVID behaviors offers an informative, naturalistic case study of how

children form normative beliefs.

1.1. Differences between norm categories

While past work suggests there is a close relation between descriptive and injunctive
norms, the strength of that relation might vary depending on the kind of behavior in
question. There is now a sizeable body of work on social domain theory which finds an
important distinction between moral norms, which are universally applied and obligatory,
and social conventional norms, which are perceived as subjective and alterable, finding

that by age 4 children start to consistently differentiate between these behaviors (Killen et
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al., 2006; Smetana, 2013; Yoo & Smetana, 2022). Indeed, recent work with adults
suggests that the effect of descriptive norms on injunctive norm beliefs varies depending
on the kind of norm, such that people are generally less sensitive to descriptive norms for
harm behaviors than conventional or fairness behaviors (Deutchman et al., preprint).
Another important distinction is between social norms and personal preferences.
Preferences are largely independent and unconditional, meaning that they are things we
are internally motivated to do regardless of what others do or expect of us (e.g. ifit's
raining outside, I’'m going to use my umbrella regardless of what other people are doing
or expect (Bicchieri, 2017). Furthermore, personal preferences typically do not impact
others in the same way that social conventional norms do (my decision to use an umbrella
does not affect others—whereas my decision to help clean up or share a resource has direct
consequences for other people). This distinction suggests that children’s injunctive
beliefs about preferences should be less influenced by descriptive norm information, if at
all, as compared to conventional behaviors that are socially conditional and
consequential, meaning that our decision to comply with them depends on others’ beliefs
and behavior and affects other agents. Indeed, young children tend to conform more to
behaviors framed as conventional norms than personal preferences (Li et al., 2021), while
adults update their beliefs less for preferences than conventional norms, suggesting they
view preferences differently (Deutchman et al., preprint).

While much of the work in this area has examined the effect of group regularities
on norm learning in the context of third-party stories (Roberts et al., 2017; Roberts et al.,
2019), comparatively less work has examined how children conceptualize new norms that

they encounter in their actual social environments. As described above, the coronavirus
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pandemic presented a rare opportunity to study how children spontaneously learn new
social norms such as wearing masks and social distancing. Therefore, the fourth category
of behaviors we included were COVID-related health behaviors. As described above,
including COVID-related norms allows us to study how children learn relatively novel
norms and thus can inform our understanding of norm learning. Additionally, while these
behaviors have become an important aspect of children’s lives, it remains unclear how
children think about these new norms. Therefore, including COVID norms offers the
practical benefit of teaching us more about how children conceptualize norms that carry
important health consequences. One possibility is that they treat these types of norms
more like socially-consequential conventional norms, such as talking in the library or
cleaning up your lunch tray, and thus might be more sensitive to the influence of
descriptive norm information. Alternatively, children might view COVID-related norms
as distinct from conventional norms. For example, it is possible children might view
these behaviors more like personal preferences that lack social consequences—in which
case, children might be less sensitive to descriptive norm information than they would be
for conventional norms. To help address these questions, we explored whether children’s
beliefs about COVID-related health behaviors were as readily influenced by descriptive
norm information as other kinds of behaviors. If children’s beliefs about COVID
behaviors are resilient to descriptive norms, this might suggest that children view them

distinctly from conventional norms.

1.2. Present study
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In the present preregistered study, we examined whether children’s injunctive norm
beliefs, moral evaluations, behavioral intentions, and punishment judgements are
influenced by descriptive norm information that a behavior is relatively common or
uncommon. Because past work suggests there are cognitive differences between different
kinds of normative behaviors, we assessed whether the influence of descriptive norms on
beliefs varies depending on the type of normative behavior. To investigate this, we
presented 6-9-year-old children with a series of animated vignettes depicting different
behaviors in which there was either a strong descriptive norm that the behavior was
common or a weak descriptive norm that the behavior was uncommon, such that almost
everyone, or almost no one, was engaging in the behavior, respectively. To explore
whether the relationship between descriptive and injunctive norms varies across
behaviors, as well as to gain insight into whether children view social conventions and
personal preferences as psychologically distinct, we studied four different types of
behaviors. We included negatively valenced conventional behaviors (e.g., talking in the
library) and positively valenced conventional behaviors (cleaning up your lunch tray) that
are socially consequential (e.g., complying with or violating the norm affects other
agents), personal preferences (writing with a red pen rather than a blue pen), in which we
did not expect descriptive norm information to influence injunctive beliefs, and COVID-
related health behaviors for the two reasons mentioned above.

If children find the behaviors as more injunctive in the strong than the weak
descriptive norm condition, then this would suggest that they infer injunctive norm
beliefs from descriptive norm information and are sensitive to the strength of that

information. If we find that children rate the behavior to be more moral and report being
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more likely to engage in it, when there’s a strong descriptive norm than a weak
descriptive norm, then this would suggest that descriptive norms directly influence moral
evaluations and behavioral intentions. If children rate violating the positive conventional
norms as more deserving of punishment when there is a strong descriptive norm than a
weak descriptive norm, this would indicate that children rely on descriptive norm
information to infer the wrongness of a behavior. In other words, if most people are
cleaning up their lunch trays, children will view failing to do so as deserving of more
punishment than if only a few are cleaning up their trays. Similarly, if children rate
complying with the negative conventional norms as more deserving of punishment when
there is a weak descriptive norm than a strong descriptive norm, that would provide
additional evidence that children infer the wrongness of a behavior from how common it
is. If most people are talking in the library, children will view doing so as less deserving
of punishment compared to when only a few are talking in the library.

Lastly, if children perceive the different normative behaviors as psychologically
distinct, then the association between descriptive norms and their beliefs and behavioral
intentions should vary across categories of behaviors. Namely, children’s beliefs should
be more influenced by descriptive norms for conventional behaviors than personal
preferences, where there should be little to no effect of descriptive norms on beliefs. If
children view COVID-19 health behaviors differently from conventional norms and more
like personal preferences which do not affect others, they should be less sensitive to
descriptive norms for the COVID behaviors than the conventional behaviors. If children

view COVID norms similarly to socially-consequential conventional norms, then they
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should be similarly sensitive to descriptive norms for COVID-related behaviors as the
conventional behaviors.

Answering these questions will inform our understanding of how regularities in
our social environment contribute to shaping injunctive and moral norms as well as shine
light on whether there are meaningful psychological differences between conventional
norms with social consequences and personal preferences. Additionally, it will also
inform our understanding of how children conceptualize COVID norms, teaching us
about how children form norm beliefs in relatively novel contexts as well as whether
children perceive COVID norms more similarly to social conventions or personal

preferences.

2. Method

2.1. Participants

We tested N = 138 6-9-year-old children recruited into two age groups: 6-7-year-
olds (N =65, M =7.05, SD =0.57, range = 6.01-7.97, 52.3% females) and 8-9-year-olds
(N =73, M =8.96, SD = 0.55, range = 8.00-9.96, 46.7% females). Participants were
majority white (White = 68.9%, Asian = 11.6%, Hispanic = 4.3%, Black = 3.6%, Biracial
=7.9%, Other = 2.9%). Participants were recruited via a lab data base and Facebook ads
across the United States. The minimum sample size of N = 138 was determined using a
power simulation with simr which found that we would have 80% power to detect a
medium interaction effect between descriptive norm condition and vignette type (Green
& MacLeod, 2016). All participants were from the United States and were tested online

via Zoom conferencing technology in moderated sessions between June 11th 2021 and
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September 16th 2022. While we initially recruited N = 144, 6 children were excluded
from data analysis for meeting our preregistered exclusion criteria, including parental
interference (1), equipment failure (1), failing the comprehension checks (2), failing to
complete the study in its entirety (1), and severe inattention (1). This study was approved
by the IRB (#16.242.04-33) and preregistered prior to data collection:

https://aspredicted.org/TH6_64X.

2.2. Materials

Participants saw a series of animated gifs of scenes depicting four different
categories of behavior and descriptive norm information (see Figure 1). Animations were
created using Vyond animation software. The animations and questions were embedded
in a Qualtrics survey that an experimenter controlled and was shown to participants via
Zoom’s screen sharing function (see Sheskin et al., 2020 for a discussion of the validity

of remote data collection).

2.3. Design

Children saw eight animated scenarios depicting four different categories of
normative behaviors which were presented in a randomized order: negatively valenced
conventional behaviors, positively valenced conventional behaviors, COVID health
behaviors, and personal preferences. Participants were assigned between-subjects to
either the weak or strong descriptive norm condition. Depending on condition, children
saw that either almost no one (one out of five characters; weak descriptive norm

condition) or almost everyone (four out of five characters; strong descriptive norm
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condition) was engaging in the behavior depicted in the vignette. The presentation order

of the dependent variables was counterbalanced.

2.4. Procedure

Children were first introduced to the experiment and provided their consent to
participate. They then had the opportunity to select one of two avatars (one male, one
female) to represent them in the stories which we included in order to promote children’s
engagement with the vignettes. The avatar that participants selected was used in the
stimuli for the rest of the experiment.

Participants then saw eight different animated scenarios that corresponded to four
different categories of behavior: negatively valenced conventional behaviors (hereafter
negative conventional), positively valenced conventional behaviors (hereafter positive
conventional), COVID health-related behaviors, and personal preferences. See Figure 1
for a diagram of the task. We chose both negatively and positively valenced behaviors in
order to ensure the relationship between descriptive and injunctive norms does not vary
depending on the emotional valence of the conventional norm. The conventional
vignettes detailed scenarios with socially conventional norms such as talking in the
library and walking on someone’s yard (negative conventional) or leashing your dog and
cleaning up your lunch tray (positive conventional). The COVID health behavior
vignettes depicted two scenarios that took place during the coronavirus pandemic,

double-masking inside and social distancing.” All the characters in the COVID vignettes

9 When we designed these vignettes there was still uncertainty regarding the value of double masking and
whether coronavirus spread via surfaces, topics on which attitudes rapidly changed throughout the
pandemic.
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were wearing masks to visually denote that they were taking place during the coronavirus
pandemic. Lastly, the personal preference vignettes depicted scenarios with arbitrary
behaviors that did not impact others and so solely hinged on one’s personal preference:
writing on the board with a red pen (as opposed to a blue pen) and using a green lunch
tray (as opposed to an orange tray). At the start of each vignette type block, participants
answered a comprehension question assessing whether the story took place during or
before the coronavirus pandemic (e.g. “are these stories happening during COVID times
or before COVID times?”’; see supplement for comprehension question text). They were
given three attempts to answer the question correctly before moving on (see exclusion
criteria in our preregistration).

In each vignette, participants were asked to imagine themselves in the scenario
and were shown an animated scene depicting the normative behavior. In the weak
descriptive norm condition, participants were told almost no one was doing the behavior
and saw an animation in which only one out of five characters were engaging in the
behavior. In the strong descriptive norm condition, participants were told almost
everyone was doing the behavior and saw an animation of four out of five characters
engaging in the behavior. After receiving the weak or strong descriptive norm for each
vignette, participants answered a comprehension check to ensure they understood the
descriptive norm manipulation (e.g., “in this story, is almost everyone or almost no one
keeping their dog on the leash?”). Participants had three attempts to answer the question
correctly. If participants answered incorrectly, they were reminded of the answer (“you

look around and see almost everyone is keeping their dog on the leash™) and asked again.
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If they answered incorrectly on their third attempt, they were reminded of the correct
answer and moved on to the next screen but were excluded from data analysis.

After receiving the descriptive norm information and answering the
comprehension checks, participants answered the five dependent variables. First,
participants answered a moral evaluation asking whether the behavior in the vignette was
good or bad and then depending on their choice, received a 5-point scale assessing how
good or bad it is. Next, participants answered an injunctive measure asking whether
people should engage in their behavior and then rated their certainty in that choice
(continuous: 1-5). Participants then answered a behavioral intention measure of whether
they would engage in the behavior or not, and then depending on their decision, the
likelihood of doing that behavior or not doing the behavior (continuous: 1-5). To measure
punishment evaluations, participants rated how much trouble someone should be in if
they violate the norm; however, for the conventional negative vignettes, participants were
asked how much trouble some should be in for engaging in the norm. Lastly, to measure
others’ expected behavior in the scenario, participants were asked to predict whether they
thought another kid would do the behavior or not do the behavior. Participants answered
these questions eight times, once for each vignette. The dependent variables were
presented in two orders which were counterbalanced across participants. After
completing all the vignettes, participants answered six questions assessing whether or not
they thought the various behaviors in the task are injunctive in general (e.g., “In general,
should people talk in a library?”; see supplement). All of our code, materials, and data are
publicly available online at the Open Science Framework

(https://osf.i0/qpzwv/?view only=0ed5812f3beb4384a878b9924951b109).
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(A) Coordination Vignette

Participants told about a series of vignettes that correspond to one of four vignette types

Negatively Valenced Conventional Positively Valenced Conventional

1) Talking in the

1) Cleaning up your
library

lunch tray

2) Walking on the
grass through
someone’s yard

2) Leaving your dog
on leash in a park

Personal Preference

1) Avoiding a 1) Writing on the

crowded playset board with a red
pen

2) Wearing a

second mask inside 2) Using a green tray

at lunch

(B) Descriptive Norm Condition
Participants received either a weak or strong descriptive norm between-subjects for all vignettes

Weak Descriptive Norm Strong Descriptive Norm

{C) Decision Bioc

1) Evaluation: In this story, do you think it is good or bad to [do the behavior]?
= Do you think it is a little good/bad, very good/bad, or somewhere in the middle?
2) Injunctive norm: In this story, should people [do the behavior] or not [do the behavior]?
= How sure are you that people should/should not [do the behavior]?
3) Behavioral likelihood: In this story, would you [do behavior] or not [do behavior]?
= In this story, how likely are you to [do the behavior]/not [do the behavior]?
4) Punishment: In this story, if someone does not [do the behavior], how much trouble should they be in?
5) Other behavioral likelihood: In this story, do you think another kid would [do the behavior] or not [do the
behavior]?

Figure 1. Diagram of the norm task with images from the stimuli. In the negatively
valenced conventional vignettes, the punishment measure asked how much trouble

someone should be in if they did the behavior. © 2022 GoAnimate, Inc.'”

' Images are copyrighted by and used by permission of VYOND™. VYOND is a trademark of
GoAnimate, Inc., registered in Australia, Brazil, Canada, Chile, Egypt, the European Union, Hong Kong,
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2.5. Analyses

We randomly selected 20% of participant videos to be coded by an independent
coder who found that there was 99.96% agreement (Cohen’s Kappa = 1) between the
videos and our Qualtrics data on all eight of our dependent variables. All analyses were
conducted in R version 4.1.2 (R Core Team, 2020). In order to capture the bidirectional
range of variance in one measure, we combined the 5-point scales for each binary choice
(e.g., good, bad) to create 10-point scales for the evaluation and likelihood measures as
done with previous work (Marshall et al., 2022). If participants evaluated a behavior as
good, their response was re-coded from 6-10 (e.g., a five indicating ‘very good’ would be
a 10), while if they evaluated a behavior as bad, their response was reverse coded (e.g., a
five indicating ‘very bad’ would be a 1; see supplement for details). We ran eight
preregistered generalized linear mixed models predicting our dependent measures by
descriptive norm condition (models 1-6, 8) and by the interaction between vignette type
and norm condition (model 7).

First, to examine whether descriptive norm information influences moral
evaluations, model 1 predicted evaluation ratings (continuous: 1-10) by descriptive norm
condition (categorical: weak, strong) while model 2 predicted binary evaluations (1 =
good, 0 = bad) by norm condition. Second, to explore whether descriptive norms
influence injunctive norm beliefs, model 3 predicted binary injunctive beliefs (1 =
injunctive, 0 = not injunctive) by norm condition while model 4 predicted certainty that

the behavior was injunctive (model 4; continuous: 1-5). To explore whether descriptive

India, Indonesia, Israel, Japan, Malaysia, Mexico, New Zealand, Norway, OAPI, the Philippines, Russia,
Singapore, Switzerland, the United Kingdom and Vietnam.
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norm condition influenced behavioral intention ratings, model 5 predicted binary
behavior (0 = don’t do behavior, 1 = do behavior) by norm condition. Model 6 predicted
continuous likelihood (1-10) by condition; while we preregistered that this model would
include the 5-point likelihood scale (“in this story, how like are you to do X”), we
combined them into a 10-point scale to capture the full range of variance (we report the
results of the 5-point scale analysis in the supplement). To examine whether descriptive
norm condition differentially influences punishment judgements depending on the type of
norm, model 7 predicted punishment ratings by norm condition, vignette type
(conventional negative, conventional positive, COVID health behaviors, & personal
preferences; baseline = conventional negative), and their interaction. Lastly, to test
whether descriptive norm condition predicts beliefs about others’ future behavior, model
8 asked whether norm condition predicted others’ anticipated behavior (binary: 1 = do
behavior, 0 = not do behavior).

While we did not expect to find any age effects, to test whether our results were
robust to participant age, we ran a series of exploratory models including age as a
covariate in our main models (models 1-6, 8) and compared them to models without the
age term. We note here that these comparisons find that age added no explanatory value
(see Supplement for details). We also ran a series of exploratory models predicting
injunctive beliefs, evaluations, and behavioral intention by descriptive norm condition,
vignette type, and their interaction. Next, we created an exploratory model predicting
certainty ratings that the behavior was not injunctive by descriptive norm condition (see
the supplement for these exploratory analyses). Lastly, as an exploratory analysis, we

tested for mediation with a multilevel structural equation model. This model included
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behavioral intentions (continuous: 1-10) as the endogenous variable, descriptive norm
condition (weak, strong) as the exogenous variable, and evaluations (continuous: 1-10) as
the mediator. To decompose the interactions between descriptive norm condition and
vignette type, we made pairwise comparisons using estimated marginal means adjusted
using the multivariate t method (MVT) to correct for multiple comparisons. We report the

results of these comparisons in the supplement unless otherwise noted.

3. Results

3.1. Do descriptive norms influence children’s normative beliefs?

Figure 2 displays the results for the evaluation (panel A), injunctive (panel B),
likelihood (panel C), predicted behavior (panel D), and punishment judgements measures
(panel E) between the different behaviors (see the supplement for results separated by
individual vignette). Participants were more likely to evaluate the behavior as good when
there was a strong descriptive norm than a weak descriptive norm, both when treating
evaluations as a binary outcome measure (B =1.25, SE = 0.26, p <.001, OR: 3.48, 95%
CI: 2.10, 5.78) and as a continuous measure (B = 0.52, SE =0.19, p =.006, 95% CI:
0.16, 0.89). Participants were also more likely to view the behavior as an injunctive norm
when there was a strong descriptive norm that the behavior is common than a weak
descriptive norm that it is uncommon (B = 0.94, SE = 0.23, p <.001, OR: 2.56, 95% CI:
1.62, 4.03). When examining certainty in injunctive beliefs, we find that participants
were not more certain in the strong than the weak descriptive norm condition (B =-0.16,
SE=0.12, p = .21, 95% CI: -0.40, 0.09). Participants were, however more likely to report

that they would engage in the behavior when there was a strong descriptive norm than a
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weak descriptive norm for the binary measure (B = 0.48, SE = 0.20, p = .02, OR: 1.62,
95% CI: 1.09, 2.40), however this difference was trending on significance for the
continuous measures (B =0.49 , SE =0.26, p =.057, 95% CI: -0.01, 1.00). Participants
were significantly more likely to expect another kid to engage in the behavior when there

was a strong descriptive norm than a weak descriptive norm (B =2.29, SE =0.26, p <

.001, OR: 9.89, 95% CI: 6.00, 16.32).

3.1. Does the influence of descriptive norms vary by category of behavior?

We found a significant interaction between norm condition and the negative
conventional and positive conventional behaviors on punishment ratings such that
punishment ratings were higher in the weak than the strong descriptive norm condition
for the negative behaviors but higher in the strong than the weak descriptive norm
condition for the positive behaviors (B = 0.45, SE =0.17, p =.009, 95% CI: 0.11, 0.79).
Similarly, there was a significant interaction between norm condition and the negative
conventional and COVID behaviors such that punishment ratings were higher in the weak
than the strong descriptive norm condition for the negative behaviors but higher in the
strong than the weak descriptive norm condition for the COVID behaviors (B = 0.35, SE
=0.17, p =.045, 95% CI: 0.01, 0.69). The interaction between the conventional negative
behaviors and the personal preference was not significant (B =0.28, SE=0.17, p = .11,
95% CI: -0.06, 0.62). This suggests that the effect of descriptive norm information on
punishment judgements depends on the category of behavior such that people punish
more when there’s a violation of a common positive conventional (e.g., cleaning up your

lunch tray) or COVID norm (e.g., double masking) but punish complying with a
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negative-conventional norm (e.g., talking in the library) more when uncommon than
common.

We found no interaction between descriptive norm condition and vignette type on
binary evaluations: the interactions between descriptive norm condition and the negative
and positive conventional behaviors (B = -0.39, SE = 0.55, p = .47, OR: 0.67, 95% CI:
0.23, 1.98), negative conventional and COVID behaviors (B =-0.26, SE = 0.56, p = .64,
OR: 0.77,95% CI: 0.26, 2.32), and negative conventional and preference behaviors (B =
-0.85, SE=0.53, p=.11, OR: 0.43, 95% CI: 0.15, 1.21) were not significant. This
suggests that the influence of descriptive norms on evaluations of the behavior as good or
bad was consistent across all vignette categories. For binary injunctive ratings, we found
a significant interaction between descriptive norm condition and the conventional
negative and COVID behaviors (B =-0.95, SE = 0.48, p =.047, OR: 0.39, 95% CI: 0.15,
0.99) and negative conventional and personal preferences (B =-2.02, SE = 0.45, p <.001,
OR: 0.13,95% CI: 0.05, 0.32) such that participants were more likely to report the
behavior as an injunctive norm when it was common than uncommon for the negative
conventional behaviors (e.g., talking in the library) than the COVID behaviors (e.g.,
double masking) or preferences (e.g., using an orange tray). The interaction between the
negative and positive conventional behaviors was not significant (B = 0.03, SE = 0.64, p
=.96, OR: 1.03, 95% CI: 0.29, 3.59), indicating that the effect of descriptive norm
information was consistent across positively- and negatively-valenced conventional
norms.

Lastly, looking at behavioral intentions, we found a significant interaction

between descriptive norm condition and the negative conventional and personal
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preferences such that participants were more likely to say they would do the behavior in
the strong than the weak descriptive norm condition for the negative behaviors but more
likely in the weak than the strong descriptive norm condition for the personal preferences
(B=-1.45,SE=0.41, p <.001, OR: 0.23, 95% CI: 0.10, 0.52). In other words,
participants were more likely to report they would talk in the library (negative
conventional) when it was common than uncommon but that they would be less likely to
use an orange lunch tray (personal preference) when it was common than uncommon.
The interactions between descriptive norm condition and conventional negative and
conventional positive (B =0.69, SE = 0.53, p=.19, OR: 2.01, 95% CI: 0.72, 5.66) and
conventional negative and COVID behaviors were not significant (B =0.07, SE=0.42, p
= .86, OR: 1.07, 95% CI: 0.48, 2.43), suggesting that the descriptive norm influenced
behavioral intentions similarly between the conventional and COVID behaviors.
Evaluations of the behavior partially mediated the effect of descriptive norm
condition on behavioral intentions. The direct effect of descriptive norm condition on
behavioral intentions was significant (b = 0.52, SE = 0.26, p = .044). The path from
descriptive norm condition to evaluations was significant (b = 0.46, SE =0.19, p = .015),
with norm condition explaining 37.8% of the variance in evaluations. The path from
evaluations to behavioral intentions was also significant (b = 0.73, SE = 0.04, p <.001),
explaining 55.2% of the variance in behavioral intentions. Critically, the indirect effect
was significant (b = 0.334, SE = 0.138, p = .015), explaining 20.9% of the total variance,
suggesting that descriptive norm information influenced behavioral intentions in part

because it increased beliefs that the behavior was moral.
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Figure 2. Proportion of participants who responded saying the behavior was good (A),
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(D), and amount of punishment deserved for violating the norm (or complying with it in

the negative-conventional vignettes; E). Error bars indicate 95% confidence intervals.

4. Discussion

We examined how learning that a certain behavior is common or uncommon
influences children’s perception of a behavior as normative. We find that differences in
the frequency of a behavior changes children’s perceptions in several key indicators of
behaviors as being normative: injunctive beliefs about how one should behave, moral
evaluations, behavioral intentions, and punishment judgements. There were three key
findings from this study. First, we found that by 6-years of age, children’s injunctive
norm beliefs about how they should behave were influenced by descriptive norm
information about how common the behavior was. Namely, children were more likely to
think the behavior was injunctive in the strong descriptive norm condition where the
behavior was common than the weak descriptive norm condition where it was
uncommon. Additionally, we found that observing that individuals commonly engage in
a behavior resulted in children not only predicting that other individuals would be more
likely to engage in the behavior, and reporting that they would be more likely to do so as
well, but also that children attached moral value to these behaviors by judging norm
followers as more moral than norm violators. Second, we found that children flexibly
adjusted their normative beliefs depending on the category of behavior: children were
influenced more by strong descriptive norm information for conventional behaviors of
social consequence while they were not influenced at all, or influenced more by weak

descriptive norm information, for personal preferences that do not affect other agents.
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Furthermore, we found that the effect of descriptive norm information on children’s
punishment judgements partly depended on the type of behavior: Children rated
violations of positive conventional norms (e.g., cleaning up your tray) as more deserving
of punishment when most people were following the norm than when few were.
Conversely, children thought complying with the negative conventional norm (e.g.,
talking in the library) was more deserving of punishment when it was uncommon to do so
than when it was common. Third, we found that children were similarly influenced by
descriptive norms for conventional and COVID-related behaviors but differed compared
to personal preferences, suggesting that children perceive the COVID norms as more
similar to socially impactful conventional norms than preferences.

Our findings suggest that children are highly attuned to regularities in their social
environment, readily adjusting their normative beliefs in response to descriptive norm
information that a behavior is common. Additionally, that descriptive norm information
influenced moral evaluations in addition to injunctive beliefs suggests that there is likely
an important relationship between injunctive norms and moral judgements. More
generally, our finding that the relationship between descriptive and injunctive norms is
already present by 6 years of age indicates that the is-to-ought association is likely a
fundamental aspect of human norm cognition. Furthermore, the results of the exploratory
meditation analysis indicate that the effect of descriptive norms on behavioral intentions
was partially mediated by moral evaluations. These results support previous work which
has found a close association between injunctive and descriptive norm information in
adults (Eriksson et al., 2015) as well as other developmental work which finds that

children infer injunctive norm information from regularities in the social environment
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(Roberts et al., 2017; Tworek & Cimpian, 2016). Our findings extend this past work,
showing that children adjust several of their normative beliefs in response to the
frequency of behavioral regularities and do so for behaviors they regularly encounter
beyond the context of novel norms and groups (Roberts et al., 2017; Roberts et al., 2019).
Our results are also congruent with adult work which finds that people associate
commonality with morality, finding common behaviors to be more moral than
uncommon behaviors (Lindstrom et al., 2018). Additionally, our mediation results
support recent work with adults that descriptive norm information influences behavioral
intentions in part because it changes beliefs about the morality of the behavior
(Deutchman et al., preprint).

We found that the effect of descriptive norm information on beliefs varied
depending on the category of behavior. One measure for which we found meaningful
between-behavior differences is punishment. Our results indicate that children rely on
descriptive norm information about how frequent a behavior is to infer the wrongness of
a behavior. In support of our prediction, we found a significant interaction for
punishment ratings: children judged not following the positive conventional norms as
more deserving of punishment when common than uncommon but rated following the
negative conventional norms as more deserving of punishment when uncommon than
common. In other words, when most people were cleaning up their lunch trays (i.e.,
positive conventional), children viewed failing to do so as deserving of more punishment
than if only a few were cleaning up their trays. In contrast, when most people were
talking in the library (i.e., negative conventional), children viewed doing so as less

deserving of punishment compared to when only a few were talking in the library. This
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finding supports recent work with adults which finds that both second- and third-party
punishment are influenced by descriptive norm information about how common it is for
others to cooperate and punish free-riders (Li et al., 2021; Lois et al., 2019). However,
this result conflicts with recent adult work which found that descriptive norm information
had little influence on punishment judgements (Deutchman et al., preprint). Altogether,
this evidence suggests that punitive behavior is influenced by descriptive norm
information and that this association is present relatively early in development. Future
work should further explore the contexts in which descriptive norms do and do not
influence punishment judgements and behavior.

Our results also suggest that children were similarly influenced by descriptive
norm information for socially consequential conventional norms and COVID norms: We
found little difference in the effect of descriptive norms on beliefs and judgements
between the negative conventional, positive conventional behaviors, and the COVID
health behaviors. That said, the effect of descriptive norm condition on injunctive beliefs,
and to a lesser extent, evaluations, was larger for the negative conventional behaviors
than the positive conventional or COVID behaviors which tended to pattern similarly.
This might suggest that children are more sensitive to social information for selfish
behaviors than prosocial behaviors, which has been found in the context of norms of
resource allocations in 4-5-year-olds but not 6-9-year-olds (McAuliffe et al., 2017).
Conversely, the larger influence of descriptive norms on beliefs for the negative
conventional behaviors might simply reflect that there was greater range for movement
since ratings for these behaviors were closer to the midpoint of the scale while the

positive conventional and COVID behaviors were closer to ceiling.
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Our finding that children were already sensitive to descriptive norm information
about the frequency of COVID-related behaviors by 6 years of age indicates that children
can rapidly acquire relatively novel norms from their environment. More generally, this
provides evidence that children make descriptive-to-injunctive normative inferences for
novel norms they have experience with in their everyday lives, rather than solely in the
context of entirely novel, fictional norms in which this question has frequently been
studied (Roberts et al., 2017; Roberts et al., 2019). Our results also shine light on how
children conceptualize these novel COVID norms. Namely, that children were influenced
by strong descriptive norms for the COVID behaviors but not the preferences, suggests
that they do not perceive them like personal preferences which do not impact others.
Whereas our finding that children were as influenced by descriptive norms for the
COVID behaviors as the conventional behaviors suggests that children perceive COVID-
related norms much like conventional norms that affect other agents. This is an important
finding given the increasing intensity and frequency of climate-related natural disasters
and epidemics (Marani et al., 2021; Ritchie and Roser, 2019), it is likely that children
will encounter other social crises in the future in which their individual behavior will
have a strong impact on the health and wellbeing of others. Therefore, it is important for
future work to study how children learn and think about similar kinds of novel norms that
carry important social consequences.

While our results indicate children viewed the COVID norms like conventional
norms, there are a number of alternative possibilities. For one, because we did not include
harm-related behaviors, it is possible that participants would have been equally

influenced by the descriptive norms for harm behaviors as the COVID and conventional
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behaviors. We did not include harm behaviors because we were primarily interested in
social conventions since they are a key driver of human social behavior and cross-cultural
variability, meaning that they constitute an especially interesting area for studying how
we acquire novel norms. In contrast, previous work suggests there is relatively less
cultural variation in harm-related norms and that our beliefs about them are largely
inflexible to normative information (Barrett et al., 2016; Deutchman et al., preprint; Song
et al., 1987; Yao & Smetana, 2003). Additionally, from a practical perspective, we were
constrained by the number of stimuli we could include in a testing session and including
harm behaviors would have presented other challenges (e.g., it would have likely strained
credulity to inform children that a majority were doing something truly harmful). Thus,
we cannot say with certainty whether children viewed the COVID behaviors more as
social conventions or moral norms (e.g., harm-related norms). It is also possible that our
results are a consequence of the specific COVID behaviors we selected and that children
might have responded differently to other COVID-related norms. The relevance of these
chosen norms—double masking and social distancing—Ilikely varied across data
collection as vaccines were rolled out nationally and we learned more about disease
transmission which shifted public perception of behaviors like double masking. This
might suggest that, while these behaviors were initially perceived as moral, they
increasingly became viewed as socially conventional over time. Additionally, other
factors such as parental political affiliation likely influenced the extent to which
participants viewed them as moral or conventional (Gollwitzer et al., preprint).

Our findings also suggest children did not generalize social information to the

same extent for all categories of behavior but rather did so selectively depending on the
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social context, indicating that there are likely meaningful psychological differences in
how children view these different norms. Specifically, we found a difference between the
conventional and COVID behaviors and the personal preferences, such that participants'
injunctive beliefs were largely not influenced by descriptive norm information for
independent personal preferences while they were for socially consequential behaviors
that could affect other agents. This result aligns with recent work which found that 3.5-
year-old children conform more to conventional norms than personal preferences (Li et
al., 2021). However, in contrast to our predictions and past research, we observed an
effect in the opposite direction for the behavioral intention measure: participants were
actually more likely to say they would engage in the preference behavior when it was
uncommon than common. Interestingly, this differed from participants' beliefs about
what other children would do such that they expected others to be more likely to follow
the norm for the preference behaviors when it was common than uncommon. Why were
children more likely to report they would engage in the preference behavior when it was
uncommon? One possibility is that, because the preference behaviors involved picking a
red vs blue pen or green vs orange tray, children simply preferred the less commonly
used item (e.g., the blue pen in the strong descriptive norm condition), either because it
was more unique or because they inferred there would be more of that resource available.
This finding comports with work which finds that children prefer a more abundant
resource over one that was scarce despite believing that the scarce resource was more
preferred by other children (Smith-Flores et al., 2021).

While this work shines important light on the influence of descriptive norms on

injunctive norm beliefs, it also raises some important questions for future work. First,
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because of constraints imposed with working with young children, we were only able to
include two behaviors per vignette type to keep the study to a manageable length. Thus, it
is possible that the results found here are an artifact of the specific behaviors chosen and
might not generalize more broadly. However, while we acknowledge that we must be
careful when generalizing these findings, given the similarities between each behavior
within vignette type (see supplement), we think this explanation is unlikely to explain our
results. Future work should explore the effect of descriptive norms on injunctive beliefs
using a larger set of behavioral stimuli. Second, a limitation of our design is that
behavioral intentions were self-reported and thus did not measure actual behavior.
There’s a large body of work in developmental psychology on the knowledge-behavior
gap which suggests that children’s knowledge about how they should behave often
diverges from how they actually behave (Blake, 2018; Blake et al., 2014). Therefore,
children’s actual behavior may not be as influenced by descriptive norms as their
behavioral intention ratings suggest. That said, previous work has found that descriptive
norms influence children’s resource allocations which suggests that descriptive norms do
influence children’s actual behavior to some extent (Liu et al., 2022; McAuliffe, et al.,
2017). Future work should further explore how descriptive norms influence children’s
behavior and the potential role of injunctive beliefs may in mediating that relationship.
An important question in the study of social cognition is how we are able to
acquire and enforce social norms, and more specifically, how behavioral regularities in
our social environment shape our normative beliefs about how we should behave in
different social contexts. We find that by 6 years of age, children are sensitive to social

information such that their injunctive norm beliefs, moral evaluations, punishment
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judgements, and behavioral intentions and expectations were influenced by descriptive
norm information about how common a behavior is. Children flexibly tuned their beliefs
in response to behavioral regularities depending on the social consequence of the
behavior such that the influence of descriptive norms differed for personal preferences
compared to conventional behaviors and novel COVID-related health norms in which
complying with the norms affects other agents. That children perceive COVID-related
norms similarly to conventional norms has implications for future social crises in which
acquiring and complying with novel norms can impact the health and wellbeing of others.
Overall, these findings showcase the early emerging ability to make normative inferences

from descriptive norm information.
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5. General Discussion

This dissertation presents four studies that investigate how mentalizing allows people
to cooperate and successfully coordinate their behavior. Study 1 presents evidence that
people are more likely to cooperate in the TPGG when they have common knowledge
because it reduces uncertainty about what whether their group members will also
contribute and thus whether they will reach the threshold to receive the public good.
Study 2 provides evidence that the ability to use common knowledge to coordinate
emerges by 6 years of age, suggesting that common knowledge is likely a relatively
early-emerging social-cognitive ability underlying children’s cooperative behavior. Study
3 finds that people update their injunctive norm beliefs about what other people approve
of based on what is common, and that these beliefs partly underlie the effect of
descriptive norms on behavioral intentions. This finding suggests that beliefs about other
agents’ beliefs play an important role in social norm cognition, a critical ability for
coordinating human behavior on a large scale. Lastly, Study 4 finds that children’s beliefs
about how they should behave are influenced by descriptive norms about what others are
doing. This provides some initial evidence that the ability to make inferences about other
agents’ belief, and use those beliefs to guide behavior, based on what is commonly done
emerges by 6 years of age. This finding suggests that the ability to use higher-order
beliefs in social norm cognition is early emerging and an important feature of social
cognition. Together, these results demonstrate the importance of mentalizing in
cooperative behavior and coordination specifically, highlighting two forms of
mentalizing—common knowledge and higher-order beliefs—that allow agents to

successfully coordinate their behavior by predicting what others think, believe, and do.
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There are three main themes that connect these four studies together. The first is
that a major driver of cooperative behavior is the belief that others will also cooperate
and that we’re highly sensitive to cues of this information. The second is the need for an
integrative approach to studying cooperative behavior using a mix of vignette-based
surveys and economic games across different points in development to better understand
the ontogeny of mentalizing in cooperation. The third is that there are large contextual
differences in cooperative behavior depending on the kind of behavior in question.

The first theme that emerges across the studies presented here is that an important
driver of cooperative behavior is the expectation that others will also cooperate, even
across a range of cooperative contexts. In Studies 1 and 2, participants’ own decision to
cooperate was influenced by their certainty in other agents’ cooperative behavior in that
when they were more certain that others would cooperate—such as cases in which they
had common knowledge—they were more likely to cooperate themselves. While in
Studies 3 and 4, participants were more likely to report they would engage in the norm
when there was a strong descriptive norm that most others were also engaging in the
behavior. These findings align with previous work on the importance of expectations in
cooperative behavior (Koll & Quercia, 2021; Pletzer et al., 2018) and more generally,
suggest that in most cooperative contexts, promoting the belief that others will pitch in is
a motivator of actual cooperative behavior. This has important implications for promoting
cooperative behavior such as designing behavioral interventions. For example,
communicating that a funding goal is common knowledge (e.g., everyone knows that

everyone knows we need $10,000) might reduce uncertainty about others’ cooperative
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behavior and the likelihood of successfully funding the initiative, which in turn might
motivate greater contributions.

The second theme is the need to take an integrative approach to studying social
cognition. The studies presented here used a complimentary mix of vignette-based
surveys and behavioral experiments to study the role of mentalizing in cooperative
behavior. Perhaps most importantly, this work highlights the importance of collecting
developmental data: investigating the role of mentalizing in cooperative behavior across
ontogeny offers insight into how foundational these inferences are in social cognition
(Olson & Dweck, 2008; Olson & Dunham, 2010). Cognitive abilities that emerge early in
development—such as a sensitivity to normative information (House et al., 2020)—are
more likely to be universal and less likely to be shaped by cultural information. By
studying when in ontogeny children are able to represent others’ beliefs and use that
information to guide their cooperative behavior, we can gain insight into how important
the ability is for social cognition. Namely, that we find that the ability to use common
knowledge to coordinate, or infer others’ beliefs from their behavior, is already present
by middle childhood suggests that these mentalizing abilities emerge relatively early in
ontogeny and are a core feature of social cognition. Additionally, studying these
questions using a mix of vignette-based studies and behavioral tasks provides
complimentary evidence that is stronger than an individual approach.

The third theme emerging from this work—particularly Studies 3 and 4—is that
there are substantial contextual differences in the effect of mentalizing on cooperative
behavior which reveal important psychological distinctions between different behaviors.

Namely, in Study 3, we found that the effect of descriptive norms on injunctive and
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moral beliefs varies across behaviors such that information about what others are doing—
and thus what they believe one should do—is less influential for harm behaviors and
personal preferences than conventional or fairness behaviors. Whereas in Study 4,
children were influenced by descriptive norms for conventional behaviors but were
largely not influenced for personal preferences, suggesting that children selectively
incorporate social information depending on the context. That people made weaker
injunctive inferences from others’ behavior for personal preferences and harm-related
norms than conventional or fairness norms suggests that the role of mentalizing might
vary across contexts, such that we rely on it more in certain contexts than others.
Specifically, mentalizing might play a more important role in conventional and fairness
norms because they are cases in which it is more important to coordinate our behavior—
it’s more important for our own behavior to know whether other people are likely to
cheat on the assignment (because that can affect our own grade) than if they like to wear
socks with sandals. This can also inform our understanding of how people conceptualize
harms: that people are less sensitive to others’ beliefs and behavior for harm behaviors
indicates that harms might be more internalized than other behaviors, meaning that we
comply with them regardless of what others do or believe.

What do these studies tell us about the social cognition underlying social norms?
My findings highlight the central role of mentalizing in norm cognition—we rely on
mentalizing to make inferences about others’ beliefs and moral judgements from their
behavior. Thus, our beliefs about what others know or do represent a major factor
influencing norm conformity. Additionally, the findings reported here support the

prominent accounts of social norms put forward by Cristina Bicchieri which suggests that
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a defining feature of social norms is that there are social expectations, meaning we
comply with a norm because we believe that others think we should and expect that we
do so (2005; 2016). Our results highlight the need for future research to investigate the

role of mentalizing when studying social norms and cooperative behavior.

Ongoing and future work
One aim of ongoing work is to further explore the development of social norm
cognition—while we now have data to suggest that descriptive norms influence
children’s injunctive and moral beliefs, it remains unclear whether and how they update
their prior beliefs as found in adults. To test this, I’'m recruiting 6-9-year-old children in a
version of the task used in Study 4 in which children see the vignettes before and after
receiving either weak or strong descriptive norm information. We expect to find that, like
adults, children update their injunctive norm beliefs and moral evaluations after receiving
descriptive norm information and update to a larger extent after receiving the strong than
the weak descriptive norm. We also expect that there will be between-vignette
differences in updating, such that children should update their beliefs more for positive
and negative conventional behaviors than for personal preferences. These findings would
provide stronger evidence that by middle-childhood, children can make rich normative
inferences from behavioral regularities and that this varies across social contexts.

In another ongoing study, I’'m exploring how the source (e.g., peer or adult) and
content of a norm (e.g., prosocial or antisocial) interact to influence social norm cognition
and behavior. In this study, ’'m presenting 6-11-year old children with a series of

vignettes with either injunctive norm information from a peer or adult—the baseline
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condition—or injunctive norm information followed by conflicting descriptive norm
information with a different norm type and norm source—the updating condition. For
example, in this condition, if children received a prosocial injunctive norm from an adult,
they would then immediately receive an antisocial descriptive norm from peers. By
manipulating the source and type of norm content, we can better understand which source
of normative information is more influential in shaping children’s normative beliefs and
moral judgements and how that changes across development. We expect to find that
children will update their beliefs after receiving a conflicting descriptive norm and that
they will be differentially influenced depending on whether the norm is coming from an
adult or peer, or whether it’s an antisocial or prosocial norm. Specifically, we expect that
children will be more influenced by prosocial norms—and less influenced by antisocial
norms—and become increasingly sensitive to normative information from their peers as
they get older. These findings would shine important light on the forces that influence
children’s normative beliefs and inform our understanding of age-related changes in
norm cognition.

The present work also raises a number of exciting avenues for future research.
One important future direction will be to explore the role of common knowledge in social
norm cognition. Common knowledge is likely an important feature of social norms—in
general, norms are common knowledge within a group (e.g., everyone knows that
everyone knows to drive on the right side of the road). Findings from Studies 1 and 2
offer preliminary evidence that this might be the case. Namely, in these studies, I find
that, like social norms, common knowledge plays an important role in promoting

cooperation by allowing individuals to align their expectations about each other’s
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cooperative behavior. Indeed, one potential hypothesis for the high levels of cooperation
found in Study 1 is that participants contributed because they possessed preexisting
fairness norms—even in the absence of explicit norm information—that they should pitch
in to a group effort or cooperate with fellow Mechanical Turk workers (Almaatouq et al.,
2020). If implicit fairness norms did influence contributions in the TPGG, this may
suggest that common knowledge plays a similar function for other kinds of normative
information. Specifically, common knowledge might play a critical role in social norms
by allowing individuals to align their social expectations about how to behave—if you
are unsure whether other people know the norm (and that they know that you know, etc.)
you cannot be confident they will comply, which in turn might influence your own
behavior.

While no work to my knowledge has explicitly investigated common knowledge
in norm cognition, other work has studied a similar concept in this context—shared
attention. Shared attention is the social cognitive state in which we collectively co-attend
to a given stimuli such that we experience it from “our” perspective (sometimes called
‘collective attention’; Shteynberg, 2018; Shteynberg et al., 2020; Tomasello et al., 2005).
Because shared attention necessarily establishes the co-attended stimulus as common
knowledge, this would suggest that common knowledge also plays a role in the
acquisition of social norms. Indeed, some researchers even suggest that shared
intentionality and collective beliefs are in fact necessary to create and maintain social
norms and other cultural knowledge (Tomasello & Carpenter, 2007). Future research
should explicitly investigate the role of common knowledge representation in underlying

social norm cognition. For example, by manipulating whether normative information is
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learned under shared attention or not—and thus whether it is or is not common
knowledge—we can explore the influence of common knowledge on norm acquisition,
compliance, and enforcement. If common knowledge is critical for the effect of social
norms, we would expect that people would be more likely to acquire norms, comply with
them, and enforce violations of them when that normative information is common
knowledge than when it is not.

The present work also highlights the importance of studying other factors that
influence conformity. Namely, in Study 3 we found that when examining the role of
injunctive beliefs in mediating the effect of descriptive norm information on behavioral
intentions, injunctive norm beliefs only explained 26% of the variance. This suggests that
while the injunctive inferences we’re making from others’ behavior influence our own
behavioral intentions, there are other factors at play that contribute to our decision to
comply with a social norm beyond the social expectations of our group members. For
example, imagine that you’re waiting at the gate for your flight, and even though the
plane is ten minutes from boarding, other passengers have begun to crowd around the
entrance to the boarding bridge. As more passengers gather around the entrance, you
might feel the need to do so as well, even though you’re in group Z and are last to board.
Here, you’re mindlessly copying the behavior of others without making any inferences
about what they approve of or expect of you; in other words, you’re conforming to the
descriptive norm even in the absence of social expectations.

One reason why descriptive norms might influence behavior outside of their
effect on injunctive beliefs is due to a herd (or mob) mentality consisting of unreflective

conformity (Raafat et al., 2009). That is, we possess a heuristic to simply copy the
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behavior and actions of others in a group, particularly in new or uncertain social
situations, without necessarily making inferences about what they approve of or expect of
others. This is a useful heuristic in many situations in which it is beneficial to make a
split-second decision—it’s better to start running if you see a group of people running in
terror than to wait around to think about why they are running or whether they expect you
to join them. Therefore, while our social expectations and injunctive norm beliefs play a
central role in the influence of descriptive norms on compliance, they do not solely
explain the effect of descriptive norms; other psychological phenomenon, such as herd
mentality, likely contribute to the effect of descriptive norms on behavior. While this
phenomenon would fall outside the conception of social norms as defined by Bicchieri’s
account (as it is not a socially conditional preference), it still constitutes a major influence
on social behavior that many would colloquially think of as a norm. It will be important
for future work to investigate the relationship between herd mentality and social norms
moving forward.

Another valuable direction for future work will be to study social norm cognition
in a population with mentalizing deficits such as Autism Spectrum Disorder (ASD).
Individuals with ASD have been found to have impairments in their theory of mind
ability and thus show a reduced ability to reason about others’ intentions and emotions
(Andreou & Skrimpa, 2020; Boucher, 2012). This is an interesting population to study
because, if mentalizing plays an important role in norm cognition, then individuals with
ASD should also show deficits in their normative reasoning. Namely, they might struggle
to make inferences about others beliefs from what is commonly done or are unable to use

common knowledge to guide their cooperative behavior. Indeed, while minimal work has
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examined this question, the work that has finds circumstantial evidence that ASD
contributes to impairments in norm acquisition and compliance (Heerey et al., 2003;
Heerey et al., 2005). Studying this population can also shine light on the relationship
between common knowledge and ToM, informing our understanding of whether these are
distinct abilities for mentalizing as has been proposed (De Freitas et al., 2019) or whether
ToM underlies the ability to represent something as common knowledge. Namely, if
people with ASD can understand and use common knowledge to guide their behavior but
show an impairment in ToM, this would suggest that common knowledge is a distinct
cognitive ability from ToM. Whereas if people with ASD cannot understand and use
common knowledge to guide their behavior, that might suggest that common knowledge
is at least in part supported by ToM networks. Furthermore, if individuals with ASD do
show evidence of a deficit in common knowledge representation, then studying social
norms with this population might more generally elucidate the role of common
knowledge in normative cognition. Namely, if common knowledge is important for social
norms, then individuals with ASD will be less able to readily acquire social norms as

neuropsychologically typical individuals.

Conclusion

Findings from these studies contribute to a fuller picture of the role of mentalizing in
cooperative cognition. Namely, this work provides evidence that common knowledge
allows our species to solve coordination problems by reducing uncertainty about the
likelihood of others’ cooperative behavior. Additionally, this work demonstrates that we

make complex inferences about others’ beliefs from their behavior and that these higher-
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order beliefs influence our own norm compliance and enforcement. Altogether, the
studies in this dissertation highlight the importance of studying mentalizing in

cooperative behavior and social norm cognition.
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