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Trust is fundamental to all human exchange. It is therefore

necessary to understand the behavioural logic and neural

underpinnings of how it is established, maintained, broken,

and repaired. There are open evolutionary questions about

how trust mechanisms should and do evolve; however, here

we focus on more proximate psychological and neural

mechanisms that mediate trust. Our perspective singles out

three basic features: (1) reaping; (2) regarding; and (3)

recursive modelling. Reaping involves mechanisms that

respond to punishment or reward. Regarding comprises

other-regarding  or pro-social mechanisms. Recursive

modelling encompasses hierarchical cognitive modelling of

others through exchanges. Modern work has begun to reveal

how these features are realized as modifications to

conventional decision-making systems and how they

malfunction in disease and injury.
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Introduction
In one basic sense, trust is all about statistical reliability.

We can observe that many people have safely crossed a

bridge over a river and, in confident belief in nature’s

blind indifference to our cares and concerns, trust the

bridge and cross ourselves. However, trust in the bridge

can also be based on interpersonal considerations — al-

beit realized via a kind of structural relationship involving

governments, regulations, and the law. A huge benefit is

often available when we can trust in this way. The

interpersonal notion of trust changes character further

when one interacts in real-time with other immediately

connected people — particularly in circumstances in
Current Opinion in Behavioral Sciences 2015, 3:102–106 
which they have the incentive to defect. This kind of

trust is essential for all sorts of productive exchange, but

the rapid-fire kinetics, and the variability across potential

partners, make the subject slippery and inchoate. When

interpersonal trust breaks down, for instance in psychiat-

ric conditions such as borderline personality disorder,

significant distress and damage can ensue.

Trust raises both distal and proximal problems. The distal

one is why it might have evolved in the first place. Even

though trust has substantial benefits if everyone is an angel,

the devil is reliably known to get the best tunes. Thus, what

is the Darwinian route by which untrustworthy defectors

are prevented from successfully invading an halcyon trust-

ing group? Work on efficient evolutionary stable strategies

(ESSs) that we review very briefly below, has largely

focused on the nature of the policies of agents and the

properties of environments that lead behaviour associated

with trustworthiness to be robust in populations. However,

we primarily focus instead on the proximal psychological

and neural mechanisms that presumably realize the critical

features of these policies, and yet leave their traces even in

short-term interactions involving many fewer players.

Evolutionarily stable trust
Cooperation among self-interested organisms remains a

deep difficulty for evolutionary biologists — in terms of

how and why classes of cooperation emerge in interacting

populations. Over the last 30 years, some of the central

problems of cooperation and cheating (defecting) have

been modelled as games, most notably the Prisoner’s

Dilemma [1�]. In the ‘iterated’ version of this game, two

players can choose one of two actions at each round — to

defect or cooperate — and the payoffs for the joint choices

across the two players structure the style of play. This game

has been used as a kind of canonical model for understand-

ing how trustworthy behaviour can arise when defection is

so seductive that defectors might be expected to be able to

invade a population of trustworthy individuals [2–5]. Many

subtle issues arise that are still of active interest — for

instance there has been recent work on the benefits of

being an extortionist, at least in small populations [6�].
Efforts have also been made to connect the distal and

proximal levels mentioned above [7,8�].

Trust as a rationally irrational decision
Evolution might indeed have inked trustworthiness into

the very fabric of decision-making. However, this then

poses what we referred to above as the proximal question

which concerns the individual or cultural mechanisms

that underlie its realization. That is, in the relevant cases,

for me to trust you is to expect you to behave in a way that
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might seem to me to be irrational for you. On what bases

can I hope that you will act in a way that appears to be

against your short-term self-interest? Of course, what is

sauce for the goose is sauce for the gander too — so I will

have to worry about how you will reciprocally interpret

my actions and gestures.

Reaping

One reason to trust you is the possibility of punishment

(or, conversely, reward) — that is, reaping what you sow.

Punishment could either be exacted by me directly, or by

third parties or institutions [9,10], and could either be

reflective or reflexive. In any case, since you know that

defection comes at a potentially high price, particularly

when that price might involve a ruined reputation, the

apparent benefit of your doing so evaporates — a fact of

which I am also aware.

Regarding

Alternatively, even without the possibility of punishment

or reward, your utility function might directly include

terms that depend on social factors — that is, you might

feel guilty if you defect on me [11,12] be altruistically

minded [13�], or indeed you might be pleased to see a

defector laid low [14]. In this case, you have a taste for

outcomes that would be seen as promoting trustworthi-

ness, and so what seems irrational would in fact be

perfectly rational. More complicated, though, is the ques-

tion of how I could know that you have a guilty constitu-

tion — in general, this might come back to statistical

reliability (e.g. most people I have encountered in my

‘in-group’ do), perhaps generalizing on the basis of what I

see or read about you [15], or require me to have observed

or interacted with you in the past [16,17], something that

can even experimentally lead to the establishment of

lucrative mutual understanding.

Recursive modelling

Most other-regarding utility functions focus only on the

degree of unfairness of the net outcome. However, the

source of the unfairness — in particular, the intention of

the defector — is also important [18�]. I am more likely to

be generous towards you if you have been generous to me

by choice or by rational calculation, rather than by fiat. This

implies that I must model aspects of the determiners of

your actions. This reaches its apogee in repeated interac-

tions between players, especially when more benefit can be

extracted from the environment over multiple rounds if

players can coordinate their behaviour, but with payoffs

encouraging short-term defection. The danger in such

circumstances is the unravelling of coordination, leaving

all players worse off. In this case, if I think (or can safely or

inexpensively probe to find out) that you’re smart enough

to realize this fact, and, crucially, smart enough to realize

that I’m smart enough to realize this too, then we can form

what amounts to a temporary alliance — even if our indi-

vidual utility functions lack appropriate social features. For
www.sciencedirect.com 
this to work, the mechanisms to support such an alliance

must at least potentially pre-exist in both my and your

minds before we interact, including the image of me in your

mind, and the image of this image in mine, and so on. Some

aspects of the punishments and rewards associated with

reaping can arise through recursive modelling — but typi-

cally not those associated with larger-scale, impersonal,

societal mechanisms.

Trust is built and sustained by generous gestures, broken

by defections, and repaired by coaxing [19�,20]. To

understand the semantics of any of these gestures

requires something akin to these images, that is, suffi-

ciently complex mutual modelling. Unfortunately, nor-

mative versions of such calculations over multiple steps,

involving reasoning about the initially incompletely

known capacities, goals and intentions of ones partners,

are radically computationally intractable. There is quite

some evidence for our ability to model other people, and

some of the neural substrates concerned have been iden-

tified [21–26]. However, people are, as expected, reported

to be severely limited in their capacity for recursive

modelling [27,28]. Methods from machine learning

[8�,26,29�,30,31] are able to make some further headway

to examine behaviour that is appropriate for a given level,

and to explore the effects of partner modelling. However,

potentially deleterious short-cuts and heuristics are rap-

idly essential for either man or machine, perhaps in the

form of factors such as social contagion [32] — which we

might think of as Pavlovian behaviour or misbehaviour

[33] in a social context.

It is only really in the case of other-regarding utility

functions that trustworthy behaviour is a mark of true

reputational trustworthiness that will generalize between

tasks and times. Partners who can only be trusted because

of the prospect of punishment or from careful recursive

calculations could readily defect when the conditions are

different. Unfortunately, despite some formal attempts

[34] it may not always be obvious which of the three R’s is

operative in any given interaction, so uncertainty about

the underlying reputations inevitably abounds.

Exploring trust
These drivers of, and behaviours associated with, trust

have been most completely worked out in game theoretic

aspects of theoretical, experimental and behavioural eco-

nomics. In this, formal theories include Nash equilibria;

or, in cases when players can be uncertain about each

other, and treat this uncertainty in a statistically appro-

priate manner, Bayes-Nash equilibria [35], which admit

learning. In particular the work of Camerer et al. [36�] on

experiential weighted attraction (EWA) bridges these

concepts. Most games exploring trust make defection

sufficiently attractive that one-shot equilibrium solutions

are trivial, and long-run coordination unravels. That this is

not what is found empirically, has led to such suggestions
Current Opinion in Behavioral Sciences 2015, 3:102–106
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as social-regarding utility functions [11], and both more

explicit and more limited forms of reasoning about other

players [18�], in settings of both complete [27] and

incomplete [27,29�,30,36�] information.

Empirically, many several games involve and explore

aspects of trust. Although some of the elements that

we identified above have been studied in situations in

which trust does not play a key role — for instance

cognitive hierarchy [28], which is a form of recursive

modelling, is revealed in behaviour in p-beauty games

[37,38]; and social-regarding aspects of utility [11] in

dictator games [39–41], which allow one subject complete

control over how a stake is divided — trust has itself often

been a central concern. Cases include the (iterated)

prisoner’s dilemma [3], public goods games [42,43]; which

have examined many aspects of the effect of explicit

punishment, ultimatum games [9], which show how part-

ner modelling and the prospect of effective punishment

lead to more cooperative behaviour, and trust games

themselves [44,45].

The trust game [44] is perhaps the canonical testbed for

exploring the various issues above. The game involves

two players in well-defined (but asymmetric) roles and is

played for one or more rounds. On each round, one player

(the investor) is endowed with money and can choose to

send any fraction (including 0) of this endowment to the

partner (the trustee) in which case the amount sent earns

a return (typically 3-fold). Control passes to the trustee

who (like the dictator in a dictator game) can send back

any fraction of the tripled amount to the investor (includ-

ing 0). When money is sent, the trust displayed by the

investor can be repaid by the trustee who, by virtue of the

profit earned (here a tripling), can return the gesture and
make some money in the process. This is how the

potential economic efficiency of coordination is operatio-

nalized. In practice, investors send 40–60% of their en-

dowment even when virtually nothing specific is known

about the trustee [11,27,46], and when the structure the

game allows the trustee to defect completely. However,

the substantial trust shown by the investors is indeed

reciprocated by the trustee [27], showing the power of

mechanisms such as the ones discussed above.

Neural substrates
Recently, there has been an explosion of work investigat-

ing the neural underpinnings of the trust game and related

social exchange games, illustrating all aspects of the three

R’s [47�,48�]. Here we highlight a few key points.

Speaking to the first ‘R’, Li et al. [49] investigated the

neural underpinnings of the threat of sanctions in a

modified multi-round trust game. Investors were given

the opportunity to impose a monetary sanction on

the trustee if the trustee did not meet the investor’s

repayment request. Activity in the ventral medial
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prefrontal cortex (vmPFC) at the time the sanction

decision was revealed tracked the future repayment in

both the sanction and non-sanction cases. However, the

intercept was larger in the sanctions condition, mirroring

the fact that repayments were lower in the sanctions

condition.

Tricomi and colleagues [12] examined the neural under-

pinnings of the second ‘R’, regarding. Pairs of subjects

were endowed with unequal amounts of money, and then

asked in the fMRI scanner to rate further experimenter

transfers of money to themselves or the partner. They

found that brain regions known to respond to reward,

ventral medial prefontal cortex (vmPFC) and ventral

striatum (VS), differentially responded to the transfers

depending on the induced state of inequality in a way

consistent with other regarding utility.

In King-Casas [19�] the repeated trust game was used to

probe the gestures that underpin the communication

inherent to trust and that are implicit in the third ‘R’,

recursive modelling. They concentrated on rather direct

forms of reciprocity — how either player responds to

generous or miserly offers. Behaviourally, investor reci-

procity predicted changes in trust in the trustee. Neurally,

benevolent reciprocity elicited signals in the caudate,

reminiscent of those associated with reward, Further,

in this region there was an ‘intention to trust’ signal, that

moved back in time as reputation developed, like the TD

error in machine learning. These results provide evidence

that one of the proximate mechanisms of trust operates in

the human brain.

More recently, work has appeared examining the neural

mechanisms underlying the detailed recursive models of

social interaction described above. Several recent papers

have addressed the neural substrates of these proposed

mechanisms [34,50–52]. For example, Xiang et al. [34]

examined neural signatures of prediction errors calculated

from a model of behaviour incorporating the modelling

ideas described above and using the other-regarding [11]

Fehr-Schmidt utility function. They reported two orders

of prediction errors that would arise in me if I am playing

you: the first measures the difference between your actual

and expected moves; while the second measures the

difference between my move and the move that your

model of me would predict.

Trust in computational psychiatry
One growing application area for the mechanisms probed

by trust games and their congeners is psychiatry and

neurology [53]. The idea is that many forms of perturbed

mental function may reflect changes in the capacity to

model others and respond to signals of reciprocation.

Certainly this point of view stands at the heart of modern

ideas about developmental disorders like Autism Spec-

trum Disorder. However, the capacity to model other
www.sciencedirect.com
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humans is sophisticated and may consequently be com-

monly subject to damage from frank injury or even

changes with age.

King-Casas and colleagues [20] used a multi-round trust

game to expose an apparent and selective social modelling

deficit in subjects diagnosed with Borderline Personality

Disorder (BPD). The data suggest that subjects in this

group over-react to incoming gestures from their partner,

which leads them to break trust, and are then more

reluctant than healthy controls to repair cooperation.

Koshelev et al. [54] used model-based clustering of healthy

investor behaviour in the trust game in to identify clusters

that corresponded well to the groups of trustee subjects

with mental disorders that included BPD, major depres-

sive disorder (MDD), and autism spectrum disorder

(ASD). Similarly, Yoshida et al. [52] used a related game

(the stag hunt) to probe heterogeneity of the abilities of

subjects to understand strategic sophistication in others in

ASD. Finally, Dayan et al. [33], found that when healthy

investors played the trust game against BPD trustees, their

effective depth of recursive thought was lower than (oth-

er) healthy investors played against healthy trustees.

These are early findings, but they suggest a potential

use of computational models of social exchange problems

to understand and characterize mental illnesses.

Summary
Given all its potential fragilities and seeming irrationality,

trust between humans appears remarkably sturdy. A

variety of microeconomic games — notably the so-called

trust game — has been used to explore how it gets that

way, leading to substantial psychological and neural

insights. Aside from possibilities for punishment, trust

can be underpinned by social-regarding utility functions,

particularly in conjunction with the capacity for partners

to engage in recursive modelling of each other’s goals and

intentions. The latter poses a huge computational chal-

lenge in the face of inevitable uncertainty. Thus, it is a

pressing next step to understand the heuristics and short-

cuts that underpin the robustness of trust, and to under-

stand how it breaks down in mental illness.
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