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Abstract
Many real-world situations involve learning entirely or mostly
based on the information provided by other people, which creates a thorny epistemological problem: how does one determine which of those people to trust? Previous work has shown
that even populations of rational Bayesian agents, faced with
this problem, polarise into “echo chambers” characterised by
different beliefs and low levels of between-group trust. In this
study we show that this general result holds even when the
reasoners have a more complex meaning space and can communicate about their beliefs in a more nuanced way. However,
even a tiny amount of exposure to a mutually trusted “ground
truth” is sufficient to eliminate polarisation. Societal and psychological implications are discussed.
Keywords: Bayesian reasoning; echo chambers; polarisation;
social inference; trust; epistemology

Introduction
The real world is full of situations where the vast majority
of what we learn comes from other people. In some, like
language learning, the “ground truth” of the matter simply is
whatever people agree that it is. However, many other situations pose a much more challenging epistemological problem: the ground truth is (at least mostly) inaccessible, and
the only way to learn about it is to rely on other people. Regardless of why the truth is often inaccessible – due to spatial
or temporal distance, or difficulties in interpreting ambiguous
data – people are often faced with questions of this character.
Did humans evolve or were we created by a superior being?
Did Trump assist the Russians to influence the US 2016 elections? Did Bob have an affair with Mindy? In all of these
cases, there is a truth of the matter, but it is not a truth that is
directly accessible to most people. All of the data is mediated
through other agents – scientists studying evolution, politicians receiving confidential documents, journalists deciding
what to report on, Bob and Mindy – and few have the access
or training necessary to make sense of the data on their own.
What is a rational learner to do in this difficult epistemological situation? One option would be to simply try to communicate fully with everybody and update one’s beliefs accordingly. When this happens, groups of Bayesian learners
will converge to a shared belief system equivalent to the population prior, at least when organised as chains (Griffiths &
Kalish, 2007) or fully interconnected (Whalen & Griffiths,
2017). When data are additionally generated from an external ground truth, the convergent distribution is also shaped
by that world (Perfors & Navarro, 2014). However, these results only hold when agents cannot select who to talk to and

when all share the same prior. When people have heterogeneous priors, the beliefs of the population are systematically
distorted towards the beliefs of the most extreme individuals
(Navarro, Perfors, Kary, Brown, & Donkin, 2018).
This amplification of extreme priors is concerning because
it suggests that the process of information transmission itself
can distort belief – and that this occurs even if all agents are
fully rational and can share information fully. But our situation in real world is even more difficult. Limited by temporal
and cognitive constraints, people cannot exchange information with everyone else. Moreover, the real world includes
people who you might not want to learn from – not just because they have different or more extreme priors, but because
they might be completely wrong or actively deceptive.
Intuitively, one solution to this dilemma would be for
agents to learn who not to trust: to lower the weight given
to the data from people who are inaccurate or miscalibrated.
This is an appealing idea, but raises an important question:
in the absence of any direct access to the ground truth, how
should a rational learner determine who is to be trusted?
One possibility is that agents might favour those who seem
to make sense: those who make claims that are consistent
with one’s own beliefs. Indeed, there is evidence that people
do adopt this strategy (Collins, Hahn, & von Gerber, 2018).
Unfortunately, trusting people with similar beliefs more often leads to polarisation (e.g., Axelrod, 1997; Hegselmann &
Krause, 2002; Olsson, 2013; Ngampruetikorn & Stephens,
2016; O’Connor & Weatherall, 2018; Madsen, Bailey, &
Pilditch, 2018). Instead of converging on a shared set of beliefs, populations split into echo chambers: sub-groups characterised by high trust and shared beliefs within groups, but
low trust and shared beliefs between groups.
Although this general result is robust and has been shown
in a variety of modelling paradigms, in many cases the
reasoners in such paradigms are not meant to be optimal
(e.g., Axelrod, 1997; Hegselmann & Krause, 2002; Ngampruetikorn & Stephens, 2016). Some studies that do use
Bayesian agents have established that polarisation arises even
when all of the agents reason rationally (Olsson, 2013;
O’Connor & Weatherall, 2018; Madsen et al., 2018); however, these studies generally involve fairly impoverished onedimensional meaning spaces and agents who can only communicate about those spaces in a limited way. For instance,
the agents in Olsson (2013) may believe in a proposition to
only some degree (e.g., 70%) but are only capable of communicating binary (“yes” or “no”) beliefs about the proposition.

