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Trust is among the most important factors in human life, as it pervades almost all
domains of society. Although behavioral research has revealed a number of insights
into the nature of trust, as well as its antecedents and consequences, an increasing
number of scholars have begun to investigate the topic from a biological perspective to
gain a deeper understanding. These biological investigations into trust have been
carried out on three levels of analysis: genes, endocrinology, and the brain. Based on
these three levels, we present a review of the literature on the biology of trust.
Moreover, we integrate our findings into a conceptual framework which unifies the
three levels of analysis, and we also link the biological levels to trust behavior. The
results show that trust behavior is at least moderately genetically predetermined.
Moreover, trust behavior is associated with specific hormones, in particular oxytocin,
as well as specific brain structures, which are located in the basal ganglia, limbic
system, and the frontal cortex. Based on these results, we discuss both methodological

and thematic implications.
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Determining whom to trust and whom not to
trust has been crucial since the early days of
ancient civilizations. Trust in individuals who
turned out not to be trustworthy resulted in
death in many situations from the Stone Age to
the Middle Ages. However, although in today’s
world the possible consequences of trusting un-
trustworthy people are not as directly related to
survival as they were in former times, breached
trust may result in severe negative feelings
and/or economic consequences—imagine, for
example, the spouse who is cheated in marriage
or an online shopper whose product, although
already paid for, is not delivered.
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Economic research has shown that low trust,
as the result of repeatedly breached trust, leads
to a low rate of investments, which in turn
impedes new businesses and employment (Zak
& Fakhar, 2006). As a consequence, low trust
countries are typically poor countries, and trust
is, therefore, among the strongest predictors of
poverty identified by economists (Zak & Knack,
2001). Overall, trust is among the most impor-
tant factors in human life, as it pervades almost
all domains of society, ranging from love,
friendship, economic collaborations, medicine,
and politics, to the steadily increasing number
of human interactions in anonymous virtual In-
ternet environments (Falk & Kosfeld, 2006;
Fiillbrunn, Richwien, & Sadrieh, 2011; Gefen,
Benbasat, & Pavlou, 2008; Lee & Lin, 2009;
Luhmann, 1979; Nguyen et al., 2009; Smith,
2010).

Against the background of the ubiquity of
trust in human societies, both in traditional and
virtual environments, a vast amount of research
in several scientific disciplines has investigated
the nature of trust, as well as its antecedents
(e.g., facial expressions in personal interactions
among humans or well-designed user interfaces
in computer-mediated interactions) and conse-
quences (e.g., information disclosure or cooper-
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ative behavior). Psychologists, sociologists,
economists, as well as management and infor-
mation systems researchers, among scholars in
other academic fields, have investigated trust,
both theoretically and empirically (Gefen et al.,
2008; Rousseau, Sitkin, Burt, & Camerer, 1998;
Seppidnen, Blomqvist, & Sundqvist, 2007;
Swan, Bowers, & Richardson, 1999).

Despite the large variety of disciplines that
have studied the phenomenon, there is a surpris-
ing consensus regarding the conceptualization
of trust. Drawing upon the work of Fishbein and
Ajzen (1975) and Coleman (1990), many schol-
ars describe trust as a behavior which makes
one party, the trustor, vulnerable to the actions
of another party, the trustee. This behavior of a
trustor is influenced by his or her beliefs about
the trustee’s trustworthiness, which in turn af-
fect his or her attitudes toward the trustee and
subsequent behavioral intentions. Moreover,
trust behavior in a specific situation is also
influenced by the trustor’s general level of trust
(i.e., trust disposition), as well as by an individ-
ual’s risk preferences.

Important characteristics of a trustee are abil-
ity, benevolence, and integrity (Mayer, Davis,
& Schoorman, 1995). If a trustor believes in the
trustworthiness of a trustee, he or she believes
that the trustee (a) has skills and competencies

that are important for the relationship (ability),
(b) means well toward the trustor aside from an
egocentric profit motive (benevolence), and (c)
adheres to a set of principles that the trustor
finds acceptable (integrity). The importance of
each characteristic may vary as a function of the
inner states of a trustor (e.g., high risk percep-
tions regarding possible betrayal may turn one’s
attention to benevolence rather than ability) and
context factors such as the importance of the
trust decision for survival (e.g., in tandem sky-
diving, the ability of the instructor is expected
to be more important than benevolence).
Figure 1 illustrates the structure of a trust
situation. A person, the trustor, who meets an
unknown individual, the trustee, for the first
time, will form his or her beliefs about the
individual’s trustworthiness on the basis of
stimuli (e.g., appearance, facial expression, or
self-control of the trustee; Adolphs et al., 2005;
Righetti & Finkenauer, 2011; Todorov, 2008;
Winston, Strange, O’Doherty, & Dolan, 2002),
which in turn affects the attitude toward the
individual, subsequent behavioral intentions,
and ultimately actual behavior (e.g., trust/
distrust and approach/avoidance). Moreover,
the trustor’s disposition to trust, as well as his or
her risk preferences, may moderate each linkage
in this causal chain (e.g., Fehr, 2009a). (We

The trustor perceives stimuli and processes this
information to infer the trustee’s trustworthiness
(ability, benevolence, and integrity)

Trustor

Trust disposition and risk preferences

Trustee

Beliefs

Behavioral

intentions Behavior

Survey instruments

Trustgame

Biology (genes, hormones, brain)

Figure 1.

Structure of a trust situation.
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describe the lower part in Figure 1 in the next
section.)

Although behavioral trust research has re-
vealed a number of insights into the nature of
trust, as well as its antecedents and conse-
quences (Rousseau et al., 1998; Seppénen et al.,
2007; Swan et al., 1999), scholars have also
started to investigate the topic from a biological
perspective during the past decade. These bio-
logical investigations into trust can be classified
into three groups, namely genetics (e.g., Ce-
sarini et al., 2008), endocrinology (e.g., Kos-
feld, Heinrichs, Zak, Fischbacher, & Fehr,
2005), and brain functionality (e.g., King-Casas
et al., 2005). One reason for this development
toward biologically oriented trust research is the
availability of powerful methods such as func-
tional MRI (fMRI). A further reason is the
insight that all human behavior that varies
among individuals is associated, at least partly,
with biological factors, in particular those re-
lated to the nervous system (e.g., Cacioppo,
Berntson, Sheridan, & McClintock, 2000;
Turkheimer, 1998). Hence, the consideration of
biological factors is indispensible to explain a
large proportion of the variance in human trust
behavior (Fehr & Camerer, 2007).

In the present article, we review the literature
that has investigated trust from a biological
perspective. Extensive investigation revealed a
large number of studies on this topic. So far, a
vast amount of brain imaging studies, mostly
using fMRI, has revealed several brain regions
associated with trust. Moreover, endocrinological
studies show that a number of hormones affect
trust. Finally, recent gene-based research has dem-
onstrated that at least a moderate degree of human
trust behavior is genetically predetermined.

Due to the large number of biologically ori-
ented studies on trust that we identified, a more
complete understanding of the research findings
would be possible if the studies were integrated
into a unifying framework. Therefore, in the
present article we discuss existing research on
the biological foundations of trust within a con-
ceptual framework that distinguishes three lev-
els of analysis, namely genetic, hormonal, and
at the brain level. Also, we discuss how these
biological factors influence trust behavior.

The remainder of this article is structured as
follows: In section 1, we highlight important
foundations of trust research. First, we present a
model which we use to structure our review.

Second, we discuss the measurement of trust. In
section 2, we outline the biology of trust along
three levels of analysis (genes, hormones, and
the brain), and we make explicit that the influ-
ence of the genetic and hormonal levels on trust
behavior is mediated by the brain level (i.e.,
activation in specific brain areas). Then, in sec-
tion 3, we integrate the findings of the three
levels of analysis into a conceptual framework.
Finally, in section 4, we summarize our find-
ings, present implications for future research,
and provide concluding comments.

1. Foundations of Trust
Biology and Trust Behavior: A Model

The question of how nature and nurture con-
tribute to the manifestation of human behavior,
such as trust behavior, has been one of the most
fundamental research issues in a number of
scientific disciplines, particularly in psychol-
ogy. Though there have been extremists who
have believed that either the biological influ-
ences of nature (e.g., genes) or the environmen-
tal influences of nurture (e.g., socialization) pre-
dominate, today most scientists agree that both
are important and neither is deterministic (John-
son, 2007). Empirical evidence substantiates the
notion that human behavior is the result of the
complex interplay between both biological and
environmental factors (e.g., Bouchard, 1994;
Cacioppo et al., 2000).

Figure 2 illustrates the relations between be-
havior, biology, and environment. It is shown
that human behavior is influenced by (a) bio-
logical factors (genes, hormones, and the brain)
and (b) environmental factors (e.g., socializa-
tion, culture, experience, and task demands).
While human behavior is directly observable
(e.g., one person trusts another one and there-
fore exhibits approach behavior), biological fac-
tors are typically not (e.g., activation in brain
regions associated with trust is not directly ob-
servable). Moreover, the interrelationship be-
tween biological and environmental factors is
illustrated by the gray arrows in Figure 2.

In this article, we review the biologically
oriented literature on trust. We discuss the re-
lation between biological factors (genes, hor-
mones, and the brain) and trust behavior. More-
over, we outline the relations among the three
biological factors in the trust context. Research
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Figure 2. Model of behavior, biology, and environment.

(e.g., Cacioppo et al., 2000) indicates that
genes, hormones, and the brain are interrelated
components. For example, genes influence the
production and release of hormones and the
anatomy of the brain and its processing mech-
anisms. Moreover, hormones influence the ac-
tivation of brain regions because certain regions
have receptors for certain hormones. Finally,
to state another example, the brain influences
hormones because the brain regulates the pro-
duction and release of hormones. The interrela-
tionships among the biological factors are illus-
trated by the arrows in Figure 2. It is important
to note that the influence of genes and hormones
on behavior is mediated by activation in specific
brain areas.

Note that in this article we do not discuss the
direct influence of environmental factors on
trust behavior (Zak & Fakhar, 2006). That is,
we do not discuss topics such as the influence of
socialization and culture on trust behavior. Such

a discussion could be a fruitful topic for future
studies (see, e.g., Bjornskov, 2007 and Welch et
al., 2005).

The Measurement of Trust: Survey
Instruments and The Trust Game

Biological research on trust is based on mea-
surements that are often different from the con-
ceptualizations used in the behavioral sciences
(e.g., those used in psychology, economics,
management science, and information systems
research). Hence, to fully understand the bio-
logical foundations of trust, as well as their
implications for trust behavior, it is important to
outline the major conceptual differences.

Based on extensive reviews of the literature,
research (McKnight & Chervany, 2001; Sep-
pinen et al., 2007; Swan et al., 1999) has found
that trust is often conceptualized as a belief,
attitude, intention, or behavior (see Figure 1).
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Such conceptualizations are used to develop
survey instruments which make possible the
measurement of trust. For example, if trust is
conceptualized as a belief, the construct is op-
erationalized along the characteristics of a
trustee (e.g., ability, benevolence, and integ-
rity), and three items to measure benevolence
based on a Likert-type scale are, for example:
(a) “I believe that the trustee would act in my
best interest,” (b) “If I required help, the trustee
would do his or her best to help me,” and (c)
“The trustee is interested in my well-being, not
just his or her own” (McKnight, Choudhury, &
Kacmar, 2002, p. 355). If trust is conceptualized
as an attitude or behavioral intention, other
items, though similar to the three mentioned, are
used to measure trust (McKnight et al., 2002).

Most behavioral studies measure trust by
means of survey instruments. Thus, many stud-
ies do not measure actual trust behavior. Rather,
antecedents of trust behavior (i.e., beliefs in the
trustworthiness of a trustee, attitudes toward the
trustee, and behavioral intentions) are mea-
sured. However, if trust is conceptualized as a
behavior, it could be more advantageous to
measure actual behavior (e.g., cooperative be-
havior) in a trust situation (e.g., in an economic
game) rather than by asking people about their
beliefs, attitudes, or intentions in a hypothetical
trust setting (Fehr, 2009a).

Figure 1 (the lower part) shows that survey
instruments have been used to measure trust
beliefs, attitudes, and intentions, whereas the
so-called trust game, an economic game, was
developed to measure actual trust behavior.
Moreover, it is illustrated in Figure 1 that all
components of a trust situation (from percep-
tions of stimuli such as a trustee’s facial expres-
sion to actual behavior) are based on biological
factors, namely genes, hormones, and the brain
(Cesarini et al., 2008; King-Casas et al., 2005;
Kosfeld et al., 2005).

The trust game was developed to measure both
trust and trustworthiness as actual behavior of
players in an economic exchange game (Berg,
Dickhaut, & McCabe, 1995; Camerer & Weigelt,
1988; McCabe, Rigdon, & Smith, 2003; McCabe
& Smith, 2000).! In the mainstream version of the
trust game, decision maker 1 (the trustor, DM 1)
has an initial endowment of x monetary units (e.g.,
$10, see Figure 3). First, DM 1 decides whether
to share his or her endowment (e.g., $5 for each
player, then the game ends, see left path in

I

Trustor (DM 1)
10

I

Trustee (DM 2)
30

Trustworthiness

/N
R

Figure 3. Structure of the trust game. Notes: The upper
value in the square brackets indicates the trustor’s payoff
(decision maker 1, DM 1), the lower value the trustee’s
payoff (DM 2). The amounts of money and the payoff
matrix in the figure are used as an example.

Figure 3) or to send (a part of) it to DM 2 (the
trustee) (right path in Figure 3). DM 2 observes
DM 1’s action and, if money was sent, decides
whether to keep the amount or share (some of)
it with DM 1. The experimenter triples DM 1°s
transfer, so that both players are better off col-
lectively if DM 1 transfers money and DM 2
sends back a sufficient amount. Hence, in the
example illustrated in Figure 3, DM 2 has two
possibilities: Either to share the money (i.e.,
each player gets $15) or to keep all the money
(i.e., DM 1 gets $0, DM 2 gets $30).

This game mimics a sequential economic ex-
change in the absence of contract enforcement
institutions (Fehr & Camerer, 2007). If the
game is played on a one-shot basis, DM 2 has a
strong incentive to keep all the money and repay
none to DM 1. If DM 1 anticipates this behav-
ior, however, there is little reason to transfer.
Consequently, if DM 1 transferred no money,
then a chance for higher mutual gain would be
lost. In the trust game, the amount sent by DM 1
is used as a behavioral measure for trust, and
DM 2’s transfer back is used as a behavioral
measure for trustworthiness (see Figure 3).

! For a review of economic games used in neurobiolog-
ical research, see Krueger, Grafman, and McCabe (2008).
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The trust game has been used in many studies
on the genetic, hormonal, and neurological
foundations of human trust behavior. We re-
view these investigations in the following, com-
plemented by studies using other methods (e.g.,
surveys). Methodological discussions about the
trust game can be found, for example, in Ku-
gler, Connolly, and Kausel (2009) and Vilares,
Dam, and Kording (2011).

2. The Biology of Trust
Genetic Level of Analysis

Survey research (Dohmen, Falk, Huffman, &
Sunde, 2006) indicates that the willingness to
trust other people is similar between parents and
their children. This raises the question whether
genetic or environmental influences, or both in
conjunction, are responsible for this result. Ge-
netic and environmental influences on behavior
can be investigated either through quantitative
or molecular genetic studies. Quantitative ge-
netic methods, in contrast to molecular genetic
methods, provide estimates of the relative mag-
nitudes of omnibus genetic and environmental
influences without the necessity of specifying
the actual DNA sequences or environmental
circumstances that provide those influences
(Johnson, 2007).

To investigate whether humans are endowed
with genetic variation that could account for
individual differences in trust behavior, one
study (Cesarini et al., 2008) applied a quantita-
tive method based on the trust game (see Figure
3). Because monozygotic (MZ) twins share the
same genes, whereas the genes of dizygotic
(DZ) twins are only imperfectly correlated, MZ
twins should exhibit a higher correlation in their
behavior than DZ twins if genetic differences
help explain the variance of trust behavior. In
fact, the study of Cesarini et al. found a herita-
bility estimate of (a) trust between 10% (Swed-
ish subjects) and 20% (U.S. subjects) and (b)
trustworthiness between 17% (U.S. subjects)
and 18% (Swedish subjects). Considering these
findings, Cesarini et al. (2008) concluded:
“These results show that we consistently found
a significant proportion of variance in trust is
due to heritability” (p. 3723).

Another recent twin study (Sturgis et al.,
2010) also investigated the genetic and environ-
mental basis of trust. In contrast to the Cesarini

et al. (2008) study, trust was not measured as
actual behavior (trust game). Rather, a question-
naire consisting of four items was used to cap-
ture the participants’ trust beliefs, namely (a) “I
believe that most people are basically well-
intentioned,” (b) “I believe that most people
will take advantage of you if you let them,” (c)
“I think that most of the people I deal with are
honest and trustworthy,” and (d) “My first re-
action is to trust people.” The results show that
“the majority of the variance in a multiitem trust
scale is accounted for by an additive genetic
factor . .. the environmental influences experi-
enced in common by sibling pairs have no dis-
cernable effect . . . [these] findings problematise
the widely held view that the development of
social trust occurs through a process of familial
socialization at an early stage of the life course”
(p. 205).

Scientific evidence demonstrates that nasally
administered oxytocin (OXT, a hormone that
also acts as a neurotransmitter in the brain)
increases trust in humans (Kosfeld et al., 2005),
highlighting the importance of this hormone for
cooperative behavior (details on trust hormones
are reported in the next section). Genetic re-
search on OXT focuses on the oxytocin receptor
(OXTR) gene, which (a) is located on chromo-
some 3p25 (Inoue et al., 1994) and (b) shows
multiple variations (so-called single nucleotide
polymorphisms, SNPs). These SNPs are related
to differences in human perception and behav-
ior (e.g., empathy and stress reactivity, Ro-
drigues, Saslow, Garcia, John, & Keltner, 2007,
or autism, Wermter et al., 2010). Therefore,
they have been hypothesized to play an impor-
tant role in explaining individual differences in
trust behavior (Reuter et al., 2009). To test this
hypothesis, Reuter et al. conducted a trust game
experiment with participants whose OXTR
gene was screened. The results show that par-
ticipants who have a particular variant of the
OXTR gene exhibit more trust taking than those
who exhibit the alternative variant of the gene.
Reuter et al. (2009) concluded: “Our results
indicate that individual differences in the pro-
clivity to trust are influenced by variations in the
OXTR gene” (p. 21).

Another study (Israel et al., 2009) also dem-
onstrated that genetic polymorphisms for the
OXTR gene are associated with human proso-
cial decision making behavior. In line with this
finding, an investigation by Tost et al. (2010),
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using a multimodal imaging intermediate phe-
notype approach, demonstrated that a genetic
variant in the OXTR gene linked to social func-
tions predicts individual differences in brain
structure and functioning, as well as personality
(e.g., reward dependency, a construct associated
with trust; Delgado, Frank, & Phelps, 2005).

It is important to note that a recent study
found no significant association between nine
SNPs of the OXTR gene and behavior in the
trust game (Apicella et al., 2010). However,
Apicella et al. write that “[g]iven that our re-
search design only allows us to statistically re-
ject moderate to large effect sizes, the results
reported here are not inconsistent with the re-
sults of hormonal association studies involving
OXT in trust and generosity and do not neces-
sarily rule out a role for OXTR polymorphisms
in explaining phenotypic variation” (p. 7).

In addition to research on the OXTR gene,
there is evidence that variants in the length of a
promoter region in the arginine vasopressin la
receptor (AVPR1a) gene predict altruistic be-
havior. Because altruism is defined as a selfless
concern for the welfare of other individuals, and
hence is strongly related to one component of
trustworthiness, namely benevolence (Mayer et
al., 1995), this research provides additional ev-
idence that human trust behavior is to some
extent genetically predetermined. The findings
of a recent review (Skuse & Gallagher, 2011)
on the genetic influences on social cognition, a
concept closely related to trust (Fehr, 2009b;
Krueger et al., 2007), support this notion. In
particular, this review identifies genetic varia-
tion in the receptors associated with OXT and
AVP as a major determinant of differences in
human trust behavior.

Hormonal Level of Analysis

Gene expression is not only essential for the
development of brain structures and hormones
(Harris, Vernon, & Boomsma, 1998; Rushton &
Ankney, 2007), but is itself influenced by hor-
mones (Harlan, 1988). Hormone regulation oc-
curs in the hypothalamus, which in turn affects
activation in the pituitary gland (Harris, 1948).
These findings support our unifying framework
on the biology of trust which describes genes,
hormones, and brain processes as interrelated
factors (see Figure 2).

In the following, we review the literature that
has investigated the effects of various hormones
and neurotransmitters on human trust behavior.
Specifically, we discuss oxytocin, arginine va-
sopressin, cortisol, dopamine, testosterone, es-
trogen, and serotonin.

Oxytocin.  Oxytocin (OXT), a neuropep-
tide, has been shown to influence human social
behavior (Heinrichs & Domes, 2008; Heinrichs,
von Dawans, & Domes, 2009). In particular,
OXT plays an important role in prosocial be-
haviors such as parturition, lactation, maternal
attachment, and pair bonding (Donaldson &
Young, 2008). Hence, OXT is associated with
approach and human trust behavior.

Anatomically, OXT is synthesized in magno-
cellular neurons of the paraventricular and su-
praoptic nuclei of the hypothalamus. Moreover,
it is processed from its precursor form, together
with the carrier protein, along the axonal pro-
jection to the posterior pituitary, from which the
peptide is secreted into the systemic circulation.
Also, OXT is distributed throughout the central
nervous system from smaller parvocellular neu-
rons, influencing many neurobehavioral func-
tions (Heinrichs, Baumgartner, Kirschbaum, &
Ehlert, 2003).

Based on empirical evidence which shows
that OXT plays a prominent role in facilitating
various social behaviors of animals (Insel &
Young, 2001), Zak and colleagues formulated
the hypothesis that OXT also affects human
trust behavior. Using the trust game, Zak, Kurz-
ban, and Matzneret (2004, 2005b) found two
results: First, OXT levels are, on average, 41%
higher in those subjects (DM 2 in Figure 3) who
receive a monetary transfer that reflects an in-
tention of trust relative to a random monetary
transfer of the same amount. Second, subjects
who receive an intentional trust signal return, on
average, 53% of the amount they received to the
gaming partner, whereas in the random mone-
tary condition the mean amount returned is only
18%. Thus, the perception of a signal of trust
increases OXT levels, which in turn cause trust-
worthy behavior (i.e., the reciprocation of trust).
In other words, the studies by Zak and col-
leagues show that when people are trusted, their
brains release OXT, which in turn predicts trust-
worthiness. Thus, trusting behaviors depend
significantly on the endogenous release of OXT.

These results suggest that trust put in another
individual is likely to pay off, namely via reci-



70 RIEDL AND JAVOR

procity. But why do humans reciprocate trust
even when they interact with strangers who they
will never meet again? Recent explanations to
understand this phenomenon are based on the
concept of evolutionary psychology. This theo-
rizing (Lieberman & Eisenberger, 2009) is
based on the observation that “our emotional
responses to [complex social] events rely on
much of the same neural circuitry that underlies
the simplest physical pains and pleasures” (p.
890) and “the brain may treat abstract social
experiences [such as trust] and concrete physi-
cal experiences as more similar than is generally
assumed” (p. 891).

This observation can be explained by two
evolutionary phenomena (Lieberman & Eisen-
berger, 2009): First, mammalian newborns de-
pend on other humans for survival, because they
are relatively immature at birth. Hence, the sur-
vival of a newborn, and thus the survival of
mankind in general, depends on the social bond
between a newborn and other humans, which
implies trust. Second, the division of basic hu-
man activities among group members (e.g., one
individual takes care of food acquisition, an-
other one of protection from adversarial groups,
and another one of care for offspring) has turned
out to guarantee survival, while a failure to
divide the various human activities did not. This
division of activities among group members,
however, is associated with cooperative behav-
ior, which also implies trust. Therefore, trust
contributes to survival from an evolutionary
perspective. In line with this argumentation, a
recent study by De Dreu et al. (2010) found that
intranasal administration of OXT modulates
trust toward members of one’s own group, but
not toward members of competing out-groups.

In another trust game experiment, Kosfeld et
al. (2005) administered—via nasal spray—
either OXT or a placebo to subjects (DM 1 in
Figure 3). As the results show, OXT consider-
ably increases the trustors’ trust into the trust-
ees. Out of the 29 subjects, 13 (45%) in the
OXT group showed the maximal trust level
(i.e., they sent all the money), whereas only six
of the 29 subjects (21%) in the placebo group
showed maximal trust. Thus, the Kosfeld et al.
experiment shows that exogenously adminis-
tered OXT increases trust.

This result, however, allows for a number of
causal interpretations (e.g., Fehr, Fischbacher,
& Kosfeld, 2005). First, did OXT increase the

trustors’ trust by creating more optimistic be-
liefs about the trustworthiness of the trustees?
Second, did OXT make trustors more generous?
Third, did it make trustors more risk/ambiguity-
seeking? Or fourth, did OXT influence betrayal
aversion? Because the experiment of Kosfeld et
al. (2005) controlled for these alternative expla-
nations, it was possible to find out that OXT
helps to overcome betrayal aversion (Bohnet,
Greig, Herrmann, & Zeckhauser, 2008; Dama-
sio, 2005).2 Thus, it can be theorized that OXT
affects the neurobiological mechanisms that un-
derlie social preferences (Fehr, 2009a, 2009b).
However, although the effect of OXT on gen-
erosity was ruled out in the Kosfeld et al. (2005)
study, other investigations (Barraza & Zak,
2009; Zak, Stanton, & Ahmadi, 2007) identified
a positive correlation between OXT and gener-
osity. Considering this, current research sug-
gests that OXT affects both betrayal aversion
and generosity.

When OXT levels are increased, people be-
come more trusting (e.g., Kosfeld et al., 2005).
Mikolajczak et al. (2010), however, raised the
following question: Does OXT increase peo-
ple’s trust in anybody, or can contextual cues of
unreliability override the effects of OXT? The
results of their experiment show that people
given OXT rather than placebo trust others
more to the extent that trustees were displayed
in a neutral or positive fashion. However, when
the trustees were displayed in a negative fash-
ion, OXT did not influence trust. This result
suggests that the effect of OXT on trust may be
moderated by the perceived risk inherent to the
interaction (Mikolajczak et al., 2010).

Another study (Domes, Heinrichs, Michel,
Berger, & Herpertz, 2007) investigated the ef-
fect of intranasally administered OXT on mind-
reading ability. Mind-reading is the ability to
infer the internal states of other actors (e.g.,
intentions, thoughts, and feelings) to predict
their behavior (also known as theory of mind,
TOM), and the underlying inference process is
commonly referred to as mentalizing (Frith &
Frith, 2003; Premack & Woodruff, 1978;
Singer, 2009). The study by Domes et al. shows

2 Aimone and Houser (2011) show that groups including
betrayal-averse agents may achieve higher levels of reci-
procity and more profitable social exchange than groups
lacking betrayal aversion. These findings provide evidence
on the benefits of betrayal aversion in trust situations.
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that OXT improves the ability to infer the men-
tal state of others from social cues of the eye
region.

In general, mentalizing is a fundamental cog-
nitive process in trust situations because the
decision to trust involves thinking about an in-
teraction partner’s intentions, thoughts, and
feelings to infer his or her trustworthiness (Fehr,
2009b; Krueger et al., 2007). Thus, in addition
to its effects on betrayal aversion and generos-
ity, OXT also has an effect on mentalizing. This
further substantiates the prominent role of OXT
for the establishment of interpersonal trust.

Arginine vasopressin.  Arginine vasopres-
sin (AVP), another neuropeptide, has also been
shown to influence human social behavior (Hei-
nrichs & Domes, 2008; Heinrichs et al., 2009).
AVP is associated with a variety of male-typical
social behaviors including aggression, territorial-
ity, and enhanced stress-responsiveness (Donald-
son & Young, 2008; Heinrichs & Domes, 2008).
Consequently, AVP is hypothesized to be associ-
ated with avoidance and distrust behavior rather
than with approach and trust behavior.

It is of importance for the neurobiological foun-
dations of trust that research has already investi-
gated the effects of nasally administered AVP on
human facial responses related to social commu-
nication. One study (Thompson, Gupta, Miller,
Mills, & Orr, 2004), for example, was designed to
determine if AVP administration would influence
cognitive, autonomic, as well as somatic re-
sponses to social stimuli important for agonistic
communication in humans (agonistic is used as a
synonym for aggressive in this context). Specifi-
cally, the study tested the effects of intranasal
AVP administration on attention toward emotion-
ally expressive facial expressions, as well as on
heart rate, skin conductance, and corrugator super-
cilii electromyograms (corrugator EMG) in re-
sponse to these social stimuli. The results show
that AVP did not affect attention toward emotion-
ally neutral, happy, and angry facial expressions.
Also, AVP did not influence autonomic arousal in
response to the three facial expressions. However,
AVP did selectively enhance the corrugator EMG
responses evoked by emotionally neutral facial
expressions, making them similar in magnitude to
responses evoked by angry facial expressions in
control subjects.

In their discussion of the results, Thompson
et al. (2004) argue that “[b]ecause this muscle
group is involved in agonistic communication,

these results suggest that AVP may influence
aggression in human males by biasing individ-
uals to respond to emotionally ambiguous social
stimuli as if they were threatening/aggressive”
(p. 35). Considering this and similar research
findings (e.g., it was found that AVP decreases
perceptions of the friendliness of faces, Thomp-
son, George, Walton, Orr, & Benson, 2006),
AVP can be considered as the adversary of
OXT. Thus, AVP is associated with distrust,
while OXT is associated with trust. In line with
this reasoning, research has also shown that
AVP is related to increased vigilance and anx-
iety (Carter, 2007; Murgatroyd et al., 2004).

Cortisol. Glucocorticoids, and cortisol
(COR) in particular, are secreted by the adrenal
cortex. Hence, they are also referred to as cor-
ticosteroids. These corticosteroids have been
shown to have a number of neural and behav-
ioral effects which are important in trust situa-
tions, such as learning and memory. Research
has found, for example, that stress-induced
COR elevation impairs social memory (Taka-
hashi et al., 2004), in particular person recogni-
tion memory based on facial information (Rim-
mele et al., 2009), which is crucial for trust
decisions in face-to-face settings (Winston et
al., 2002). Moreover, psychosocial constructs
such as optimism, self-mastery, self-esteem,
and extraversion are associated with low acti-
vation in fear-related brain areas, which in turn
results in attenuated COR responses to stress
(Taylor et al., 2008).

Other studies (Heinrichs et al., 2003; Taka-
hashi et al., 2005) investigated the direct re-
lationship between trust and COR elevation
induced by a social stress test. The results
revealed a significant negative correlation be-
tween the two factors. That is, subjects with
higher degrees of trust disposition have re-
duced social stress-induced COR response.
Because (a) the stress hormone COR is syn-
thesized in response to activation in the
amygdala (Tillfors et al., 2001), and (b) le-
sions of the central nucleus of the amygdala
decrease stress-induced hormone release
(Prewitt & Herman, 1994), amygdala activa-
tion in healthy people is associated with dis-
trust (Adolphs, Tranel, & Damasio, 1998;
Dimoka, 2010; Takahashi et al., 2005).

There is also a link between neuropeptides
and corticosteroids. Intranasal administration of
AVP, for example, has been shown to increase
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salivary COR levels in a social stress test (de
Winter et al., 2003; Ebstein et al., 2009; Patchev
& Almeida, 1995), while intranasal adminis-
tered OXT reduced the COR response to social
stress (Ditzen et al., 2009; Heinrichs et al.,
2003).

Dopamine. There is evidence for a relation
between hypothalamo-pituitary-adrenal (HPA)
axis responses and the dopaminergic system
(Rostene et al., 1995). It has been reported that
selective destruction of mesencephalic dopami-
nergic neurons in rats leads to decreased levels
of corticosterone (Casolini et al., 1993). Also, it
has been shown that COR regulates dopamine
(DOP; Barrot et al., 2000).

DOP is the main neurotransmitter associated
with reward processing (Ikemoto & Panksepp,
1999; Schultz, 2000, 2002, 2006; Schultz,
Dayan, & Montague, 1997). Because the goal of
trusting another individual is to realize a reward
(e.g., through a beneficial cooperation), it is no
surprise that OXT has been shown to enhance
DOP levels (Shahrokh, Zhang, Diorio, Gratton,
& Meaney, 2010; Zak, 2011). Altogether, the
important role of reward related neurobiological
mechanisms in trust situations is stressed in
multiple studies (e.g., King-Casas et al., 2005;
Krueger et al., 2007)—Zak et al. (2005b) write
in this context: “[T]he findings here should be
considered in light of the fMRI study of Rilling
et al. (2002), who show significant activity in
ventromedial regions rich in dopamine recep-
tors during cooperative behaviors. In the prairie
vole, the nucleus accumbens is dense in OT
[oxytocin] receptors ... and OT appears to be
critical for linking social signals to ventrome-
dial reward circuits” (p. 526). In line with this
argumentation, a recent review (Baskerville &
Douglas, 2010) indicates the existence of a pos-
itive interaction between DOP and OXT.

Testosterone.  Sex hormones also play a
key role in human social behavior. Perception
of distrust is correlated with an increase of
dihydrotestosterone, a metabolite of the male
sex hormone testosterone (TES) (Zak, Borja,
Matzner, & Kurzban, 2005a). Moreover, ele-
vated TES also causes people to behave antiso-
cially (Zak et al., 2009). Based on the knowl-
edge that TES is associated with competition
and dominance, and therefore considered as an
inhibitor of sociality, one recent study (Bos,
Terburg, & Van Honk, 2010) tested whether
TES has antagonistic characteristics with OXT.

The results of the study show that compared
with the placebo, TES significantly decreased
interpersonal trust. Hence, the results confirm
the predicted antagonistic characteristics with
OXT. Moreover, additional analyses of the data
revealed that this effect is determined by those
who give trust easily, so-called naive humans.
Bos et al. (2010) conclude that “testosterone
adaptively increases social vigilance in these
trusting individuals [in particular the naive hu-
mans] to better prepare them for competition
over status and valued resources” (p. 1). Further
support for the theorizing of Bos et al. (2010)
comes from Johnson and Breedlove (2010) who
argue that TES “may reduce interpersonal trust
by acting on vasopressinergic neurons in the
amygdala to increase communication to brains-
tem systems that activate fearful responses” (p.
11149).

An animal study (Arsenijevic & Tribollet,
1998), however, demonstrated that TES treat-
ment of aging rats can restore normal adult
levels of OXT receptor binding in specific brain
areas. Thus, this study suggests a positive cor-
relation between TES and OXT, thereby chal-
lenging the results of other research findings.

In another study (Zethraeus et al., 2009) that
investigated the effects of sex hormones (e.g.,
TES) on various forms of social behaviors (e.g.,
trust, altruism, fairness), subjects were allocated
to four weeks of treatment with sex hormones or
a placebo. At the end of the treatment period,
the subjects participated in experiments that
were designed to measure the various forms of
social behaviors. In essence, no significant ef-
fect of TES on any of the social behaviors was
found. This result and findings of similar studies
(e.g., Eisenegger, Naef, Snozzi, Heinrichs, &
Fehr, 2010; Sanchez-Pages and Turiegano,
2010) substantiate the notion that the relation
between TES and OXT is still not well under-
stood. However, because studies with human
subjects, in contrast to animal studies, found a
negative relation between TES and OXT, we
lend more weight to this theoretical perspective.
Nevertheless, future studies should address the
relation between TES and OXT to gain further
insights.

Estrogen.  With respect to the female sex
hormone estrogen (EST), it has been reported
that EST facilitates OXT uptake by facilitating
receptor binding and increasing the number of
OXT receptors (Verbalis, 1999). In line with
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this finding, one study (Zak & Fakhar, 2006)
analyzing data on biological, social, and envi-
ronmental factors associated with hormone lev-
els for a sample of 41 countries found that
particular environmental conditions in some na-
tions may be conducive to higher trust levels. In
particular, this study found that nations whose
citizens consume more food containing phy-
toestrogens (i.e., a diverse group of naturally
occurring nonsteroidal plant compounds which
may have similar effects as endogenous EST)
exhibit higher levels of trust disposition. Thus,
EST and OXT are positively correlated (Zak &
Fakhar, 2006).

Serotonin.  Serotonin (SER), a neurotrans-
mitter mainly produced in the raphe nuclei, has
multiple behavioral functions, in particular
those related to social status, sexual behavior, as
well as aggression and mood regulation. There
is evidence that SER deficiency is associated
with violent and aggressive behavior, while
high levels of AVP facilitate aggressive behav-
ior (Ferris et al., 1997). Thus, SER antagonizes
AVP activity in the brain (Ferris & Delville,
1994).

SER depletion has been found to result in a
higher rejection rate of unfair offers in an eco-
nomic game (Crockett, Clark, Tabibnia, Lieber-
man, & Robbins, 2008), thereby indicating the
role of SER for the control of negative emotions
which also play an important role in trust situ-
ations (Winston et al., 2002). In line with this
result, one study (Wood, Rilling, Sanfey, Bhag-
wager, & Rogers, 2006) found that subjects
deprived of L-tryptophan, and consequently
lower SER levels in the brain, are less cooper-
ative in a repeated economic game than control
subjects. In line with this finding, a recent arti-
cle by Zak (2011) indicates that OXT release
causes synaptic SER to rise, which in turn leads
to calmness and positive mood by binding to
5-HT1A (SER) receptors in the temporal and
prefrontal cortices.

Depression is also known to be the result of a
serotonin deficiency. Also, depressive patients
have been shown to have higher serum COR
levels (Cowen, 2002). This suggests a link be-
tween SER and COR. Stress is known to acti-
vate the serotonergic system (McKittrick,
Blanchard, Hardy, & Blanchard, 2009). Hence,
considering the prominent role of COR for
stress perceptions, a negative correlation be-
tween SER and COR with a positive feedback

loop seems to exist. In line with this finding,
research found that touch is associated with
increased levels of SER (Field, Grizzle, Scafidi,
& Schanberg, 1996), which have been demon-
strated to reduce stress reactivity in humans
(Hanley & Van de Kar, 2003). Finally, one
investigation (Skuse & Gallagher, 2011) indi-
cates that SER desensitizes the AVP receptor,
which could increase avoidance and distrust
behavior.

Summary of hormonal level of analysis.
Figure 4 summarizes the results of our hormone
review. The following list reflects the most im-
portant findings:

* Estrogen (EST), oxytocin (OXT), dom-
pamine (DOP), and serotonin (SER) are typi-
cally associated with approach behavior and
trust, whereas arginine vasopressin (AVP), cor-
tisol (COR), and testosterone (TES) are more
strongly associated with avoidance behavior
and distrust.

¢ OXT, in contrast to the other hormones and
neurotransmitters, seems to play a more central
role for human trust behavior, as this substance
has connections to five other substances,
whereas the other substances have fewer
connections.

* OXT is mainly influenced by sex hormones
(i.e., EST and TES).

e The hormones and neurotransmitters make
possible inferences regarding the psychological
processes associated with a trust decision. In
particular, reward processing (DOP), fear/
uncertainty/stress processing and memory
(COR), as well as mentalizing and processing
of social preferences such as betrayal aver-
sion and generosity (OXT) are important psy-
chological processes involved in interper-
sonal trust situations.

Brain Level of Analysis

Genes influence the anatomy of the brain and
its processing mechanisms (Rushton & Ankney,
2007; Rushton & Jensen, 2008). Moreover, the
release of hormones is controlled by the brain,
and, in turn, hormones influence the activation
of particular brain regions via corresponding
receptors (Loup et al., 1991). Consequently, a
model of the biological determinants of human
trust behavior has to consider the brain with its
multifarious structures. In the following, we
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Figure 4. Relations among important trust-relevant hormones and neurotransmitters. Notes:
The black box indicates that oxytocin (OXT) is the hub in the system of trust- and

distrust-related hormones.

present empirical evidence showing that human
trust behavior is associated with activation in
specific brain areas.

A detailed look at the fMRI literature reveals
that three different experimental paradigms
have been used so far to study the neural cor-
relates of trust. First, several studies have used
the trust game as a paradigm. In this article, we
discuss the following trust game studies: Baum-
gartner, Heinrichs, Vonlanthen, Fischbacher,
and Fehr (2008); King-Casas et al. (2005); Del-
gado et al. (2005), and Krueger et al. (2007).
Second, one study (Winston et al., 2002) used
human faces with a varying degree of trustwor-
thiness as stimuli. Third, two studies (Dimoka,
2010; Riedl, Hubert, & Kenning, 2010) used
eBay Web sites as stimulus material in order to
take into account the increasing trend toward
computer-mediated interactions among humans.
We structure the following section along these
three experimental paradigms.

Trust game paradigm. One trust game
experiment (Baumgartner et al., 2008) com-
bined intranasal administration of OXT and
fMRI. The results of the study revealed that
subjects who had received OXT showed no
change in their trust behavior after they learned
that their trust had been breached several times,
while subjects receiving a placebo decreased
their trust. This result is in line with the findings
of other hormone studies (Kosfeld et al., 2005;
Zak et al., 2004, 2005b). Moreover, as the brain
scans show, this difference in trust adaptation is

associated with a specific reduction in activa-
tion in the amygdala, the midbrain regions, and
the dorsal striatum in subjects receiving OXT,
suggesting that neural systems mediating fear
processing (amygdala and midbrain regions)
and behavioral adaptations to feedback infor-
mation (caudate nucleus, which is a part of the
striatum) modulate the effect of OXT on trust
(Baumgartner et al., 2008; Kirsch et al., 2005).

In addition to their main results, Baumgartner
et al. (2008) list a number of additional brain
regions activated in the trust game, namely pu-
tamen (a part of the striatum), thalamus, insular
cortex, anterior cingulate cortex (ACC), inferior
temporal gyrus, precuneus/posterior cingulum,
superior parietal gyrus, postcentral gyrus, and
the red nucleus. At least four regions on this list
are hypothesized to play a crucial role in the
neural implementation of mental processes that
are important in trust situations.

First, activation in the striatum and thalamus
is associated with reward processing and reward
anticipation (Komura et al., 2001; O’Doherty et
al., 2004; Schultz, 2006; Tricomi, Delgado, &
Fiez, 2004). Second, activation in the insular
cortex is related to perception of faces that
express negative emotions (Phillips et al., 1997,
1998). Moreover, insular activation is associ-
ated with perception and processing of uncer-
tainty, risk, and ambiguity (Critchley, Mathias,
& Dolan, 2001; Huettel, Stowe, Gordon, War-
ner, & Platt, 2006; Kuhnen & Knutson, 2005;
Krain, Wilson, Arbuckle, Castellanos, & Mil-
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ham, 2006). Third, activation in the ACC is
associated with cognitive conflict (Botvinick,
Nystrom, Fissell, Carter, & Cohen, 1999; Bot-
vinick, Cohen, & Carter, 2004). Considering
these research findings, it can be hypothesized
that striatum and thalamus activation plays a
significant role in trust perceptions, whereas
activation in the insular cortex is crucial for
distrust perceptions. ACC activation, in con-
trast, is not trust or distrust specific. Rather, it is
related to the comparison of the potential ben-
efits and risks associated with a trust decision,
thereby leading to cognitive conflict.

Using a multiround version of the trust
game, King-Casas et al. (2005) found that
reciprocity expressed by one player strongly
predicts future trust expressed by the other
player. Examining the trustees’ brain scans,
the study found that activity in the caudate
nucleus was greatest when the trustor showed
benevolent behavior, and most subdued when
the trustor showed malevolent behavior.
Moreover, activity in the caudate rose and fell
with changes in the amount of money trustees
returned to their trustors on the subsequent
round, suggesting that this brain circuit re-
ceives or computes information about both
the fairness of a social partner’s decision and
the intention to repay that decision with trust.
Thus, activation in the caudate nucleus sig-
nals trust and/or learning of a partner’s trust-
worthiness (King-Casas et al., 2005; Miller,
2005). In addition to caudate activity, the
study revealed further brain regions activated
in the trust game, namely the thalamus, ACC,
inferior frontal sulcus, superior frontal sulcus,
inferior/superior colliculi, and middle cingu-
late cortex.

In another fMRI study (Delgado et al.,
2005), participants played a trust game with
three hypothetical partners depicted as having
moral character that was good, bad, or neu-
tral. As the results show, participants chose to
be more cooperative with the morally good
partner. Moreover, caudate nucleus activation
differentiated between positive and negative
feedback, but only for the neutral partner.
Notably, it did not do so for the good and bad
partners, suggesting that prior social and
moral perceptions can diminish reliance on
feedback mechanisms in the caudate nucleus.
Overall, the study provides evidence that
moral and social perceptions can modulate

neural mechanisms associated with feedback
and reward processing and cognitive control
in trust situations (Delgado et al., 2005;
Singer, Kiebel, Winston, Dolan, & Frith,
2004).

In addition to the caudate, Delgado et al.
(2005) found that the ventral portions of the
striatum also play an important role in trust
situations, because they are crucial for making
predictions and anticipating the outcome of
risky decisions. Finally, the study of Delgado et
al. (2005) revealed high activation of the insular
cortex and the cingulate cortex in trust situa-
tions—the former brain structure is important
for the perception and processing of negative
emotions (e.g., uncertainty), whereas the latter
is important for the processing of cognitive con-
flict. This result is in line with the findings
reported in the Baumgartner et al. (2008) study.

In a hyperfunctional MRI study (Krueger et
al., 2007), two strangers interacted with one
another in a sequential reciprocal trust game,
while their brains were simultaneously
scanned. The findings of the study suggest
that the paracingulate cortex is critically in-
volved in building a trust relationship by in-
ferring another person’s intentions to predict
subsequent behavior (Bhatt & Camerer,
2005). In addition to the paracingulate cor-
tex—which was identified as a mentalizing
brain area not only by Krueger et al. (2007),
but also by Gallagher, Jack, Roepstorff, and
Frith (2002) and McCabe, Houser, Ryan,
Smith, and Trouard (2001), the medial pre-
frontal cortex has also been found to be in-
volved in thinking about other people’s men-
tal states (McCabe et al., 2001; Siegal &
Varley, 2002; Stuss, Gallup, & Alexander,
2001). In particular, it is activated when mak-
ing decisions and choices based on calcula-
tive expectations of what others will do (Bhatt
& Camerer, 2005). Moreover, a near-infrared
spectroscopy (NIRS) study (Yanagisawa et
al., 2011) found that activity in the right ven-
trolateral prefrontal cortex (rVLPFC) is pos-
itively correlated with general trust. Because
the level of general trust was negatively cor-
related with self-reported social pain during a
social exclusion situation in this experiment,
Yanagisawa et al. conclude that “rVLPFC
activity mediated the relationship between
general trust levels and social pain” (p. 190).
In line with these findings, a recent review by
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Rilling and Sanfey (2011) highlights the role
of the prefrontal cortex in social decision-
making.

Finally, a further brain region associated with
mentalizing is the posterior superior temporal
sulcus (Frith & Frith, 2003). This brain region is
of particular importance in perceiving and pro-
cessing biological motion of other species (Frith
& Frith, 2010). Thus, in real-life situations (in
contrast to static contexts like the trust game),
this brain region is also likely to be activated in
interpersonal trust situations.

The study of Krueger et al. (2007) revealed
further brain regions associated with trust be-
havior: the ventral tegmental area, a region
linked to the evaluation of expected and realized
reward (Schultz et al., 1997), and the septal
area, together with the adjoining hypothalamus,
a limbic region that has been demonstrated to
modulate various aspects of social behavior in-
cluding social memory and learning (Numan,
2000). Because trust situations do not only exist
on the basis of one-shot interpersonal interac-
tions, but also on the basis of repeated interac-
tions, memory and learning are crucial mental
processes involved in human trust (King-Casas
et al., 2005). Also, it has been shown that the
septal area plays a crucial role in the release of
several trust-related neuropeptides such as
OXT. In addition, this area contains receptors
for OXT and other neuropeptides (Loup et al.,
1991; Powell & Rorie, 1967), and it is strongly
connected with the hippocampus, which also
has OXT receptors (Heinrichs, Meinlschmidt,
Wippich, Ehlert, & Hellhammer, 2004), sub-
stantiating the notion that the septal area is an
important brain region associated with human
trust.

Human faces as a paradigm. An fMRI
experiment conducted by Winston et al. (2002)
found that the amygdala and insula were signif-
icantly more activated when subjects viewed
faces that they rated as most untrustworthy,
suggesting that these two brain regions associ-
ate perception of a face with an emotional re-
sponse of distrust (Adolphs, 2002; Winston et
al., 2002). Moreover, the study found activation
in mentalizing brain areas (superior temporal
sulcus). Based on these results, Winston et al.
(2002) concluded that ““social judgments about
faces reflect a combination of brain responses
that are stimulus driven, in the case of the
amygdala, and driven by processes relating to

inferences concerning the intentionality of
others” (p. 281).

With respect to amygdala activation, three
case studies (Adolphs et al., 1998, 2005) found
that patients with complete bilateral amygdala
damage judged other people to look more trust-
worthy and more approachable than did normal
viewers or patients with brain damage in other
areas, providing additional empirical evidence
that the amygdala is associated with distrust.
Other empirical studies found that this region is
also activated by viewing faces that show cer-
tain emotional expressions, notably fear (Morris
et al., 1996), and that it is activated when sub-
jects view faces of people from another race
(Hart et al., 2000; Phelps et al., 2000). In line
with these findings, a recent lesion study (Ko-
scik & Tranel, 2011) found that participants
with unilateral damage to the amygdala dis-
played increased benevolent behavior in a mul-
tiround trust game, and specifically, they in-
creased trust in response to betrayals. Thus,
research indicates unambiguously that the
amygdala is necessary for expressing normal
interpersonal trust.

In a comment on the Winston et al. (2002)
article, Adolphs (2002) explains that a detailed
look at the stimulus material and the experimen-
tal designs reveals that “expressions of anger or
sadness were negatively correlated with trust-
worthiness ratings, and happiness was posi-
tively correlated” (p. 193). Thus, the trustwor-
thiness assigned to a particular face seems to
depend on the emotion conveyed by the face
(Todorov, 2008; Todorov, Baron, & Oosterhof,
2008).

However, such a conclusion cannot explain
why different viewers of faces assign differen-
tial trustworthiness ratings. Adolphs (2002) also
offers an explanation for this. In essence, he
argues that trustworthiness ratings are a func-
tion of both the features of the stimuli (e.g., the
emotion conveyed by a face) and the personal-
ities and autobiographies of the viewers. Bear-
ing this in mind, future research should not only
manipulate the features of the stimuli. Rather,
future studies should also recruit groups of sub-
jects with varying personalities. For example,
because autistic people have deficits in mental-
izing (Baron-Cohen, Leslie, & Frith, 1985; Frith
& Frith, 2010), which in turn has been shown to
be associated with OXT levels (Domes et al.,
2007) and activation in specific brain regions
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such as the medial prefrontal cortex (Frith &
Frith, 2006), a comparison of behavior and cor-
responding brain activation patterns and hor-
mone levels between autistic people versus
healthy controls in trust game experiments (or
other experimental paradigms) could reveal
new insights into the neurobiological mecha-
nisms of the formation of trustworthiness
judgments.

It is important to outline that it has not only
been demonstrated in a face evaluation task
(Winston et al., 2002) that automatic and un-
conscious information processing plays a cru-
cial role in trust decisions. Based on their in-
vestigation in which they administered OXT to
fMRI subjects, Baumgartner et al. (2008) for
example, write: “[D]ifferences in brain activa-
tion between placebo and OT [oxytocin] sub-
jects were only observed in subcortical struc-
tures as the amygdala, the midbrain, and the
striatum. Those brain structures have each been
associated with automatic and intuitive ... or
even unconscious processes” (p. 646). Promi-
nent scholars such as Damasio (2005) and Zak
(2003) support the importance of automatic and
unconscious information processing in trust sit-
uations; the latter, for example, writes: “[T]rust
is not a calculative activity ... but a visceral
sense that one has that a person can be trusted or
not” (p. 21). Altogether, these findings indicate
that a considerable proportion of neural process-
ing in trust situations seems to be associated
with automatic, emotional, and unconscious
rather than deliberate, neutral, and conscious
information processing.

Web sites as a Paradigm. So far, we have
discussed the neurobiological foundations of
trust based on the assumption that a trustor and
a trustee interact with each other in a face-to-
face setting (see Figure 1). During the past
thousands of years, interaction among humans
took place in such face-to-face environments.
Today, however, increasingly more interactions
among humans are computer-mediated. Infor-
mation and communication technologies, in
particular the Internet, have dramatically
changed the context in which interactions
among humans take place. In today’s society,
approximately two billion people use the Inter-
net for communication and interaction, and this
number is increasing on a daily basis (Internet
World Stats, 2010).

As a result of this shift from face-to-face
interaction to Internet-based communication
and transactions, traditional human-human in-
teractions are becoming increasingly more often
computer-mediated. The use of computers and
the Internet, however, usually increases a per-
ception of complexity and uncertainty in both
social and economic exchange (Pavlou, Liang,
& Xue, 2007). Thus, trust as a construct is even
more important in Internet environments than in
traditional contexts in establishing interaction
and cooperation among humans. A major rea-
son for the increasing complexity and uncer-
tainty in Internet environments is that during an
interaction, a partner’s face, which is typically
not observable in computer-mediated interac-
tion, serves the interpersonal function of allow-
ing one person to predict another’s personality
traits and behavior (Knutson, 1996; Oosterhof
& Todorov, 2008). This, in turn, has been dem-
onstrated to apply in particular to trustworthi-
ness predictions (Todorov, 2008; Winston et al.,
2002). Hence, prediction of another person’s
personality traits and behavior is more difficult
in computer-mediated interaction than in tradi-
tional face-to-face interaction.

Against this background, recent neuroimag-
ing studies have begun to investigate the neural
correlates of trust in computer-mediated inter-
actions among humans. One fMRI study
(Dimoka, 2010) used Web sites of eBay feed-
back profiles with varying levels of trustworthi-
ness (manipulation based on the ratio between
positive, neutral, and negative feedback com-
ments) as stimuli to trigger brain activation
(feedback profiles can be used by buyers to
evaluate the quality of a transaction they have
conducted with a seller; hence, sellers have an
incentive to act in a trustworthy manner to build
up a good reputation). In essence, the study
found that trust is associated with brain areas
linked to anticipating rewards (caudate nucleus),
predicting the behavior of others (anterior parac-
ingulate cortex), and calculating uncertainty (or-
bitofrontal cortex). Distrust, in contrast to trust,
was found to be associated with brain areas linked
to intense negative emotions (amygdala) and fear
of loss (insular cortex).

Another brain imaging study (Riedl et al.,
2010) used Internet offers of eBay sellers as
stimulus material. Specifically, Toulmin’s
(1958) model of argumentation was applied to
develop product description texts with varying
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degrees of trustworthiness. The results of the
study show that the processing of trustworthy
eBay offers activates reward processing areas
(striatum and thalamus) and mentalizing areas
(prefrontal regions and cingulate cortex). In
contrast, the processing of untrustworthy eBay
offers activated regions associated with percep-
tion of uncertainty, in particular the insular
cortex.

Summary of brain level of analysis.
Taken together, the fMRI literature on human
trust behavior has identified a number of crucial
brain regions. We summarize these brain re-
gions in Table 1. A marked cell in the table
indicates that a study has found this brain region
activated in a trust-related task. Table 1 shows
that the neural correlates of trust are not so
different at all across the three different exper-
imental paradigms (trust game, human faces,
eBay Web sites). Thus, our review provides
evidence that the neural correlates of trust are
relatively independent of the specific trust
situation.

In Table 1, we also assign the brain regions
identified in our review to five classes of
mental processes that are crucial in trust
situations:

* Reward Processing is associated with acti-
vation in the striatum and thalamus.

e Uncertainty, risk, ambiguity, and fear pro-
cessing 1is associated with activation in the
amygdala, insular cortex, as well as the hip-
pocampus and parahippocampus gyrus.

* Memory is associated with activation in the
amygdala, as well as hippocampus and parahip-
pocampus gyrus.

e Processing of cognitive conflict is associ-
ated with activation in the cingulate cortex (in
particular in the ACC).

* Mentalizing and deliberate thinking are
two cognitive processes that are associated with
activation in the frontal cortex.

A look at the five classes of mental processes
reveals that the first class (reward) is of positive
valence. Thus, activation in the corresponding
brain regions is hypothesized to result in trust,
approach, and cooperative behavior. In contrast,
the second class (uncertainty, risk, ambiguity,
fear) is of negative valence. Thus, activation in
the corresponding brain regions is hypothesized
to result in distrust, avoidance, and withdraw

behavior. The other three classes (memory, cog-
nitive conflict, as well as mentalizing and de-
liberate thinking) are neither of positive nor
negative valence.

3. The Biology of Trust:
Toward a Unified View

In section 2, we reviewed the biologically
oriented literature on trust along three levels of
analysis (genes, hormones, and the brain). The
major goal of this discussion was to outline
the relation between trust behavior and each of
the three biological factors. However, as repre-
sented by the arrows in Figure 2, the three
biological factors are also interrelated. In sec-
tion 2, we only touched on these interrelation-
ships. In this section, we make the relations
more explicit to derive a unified view on the
biology of trust. This unified view is illustrated
in Figure 5 in the form of a conceptual model.

In the following, we discuss our conceptual
model of the biology of trust (see Figure 5).
Every human has a certain genetic predisposi-
tion that also concerns the oxytocin receptor
(OXTR) gene and the arginine vasopressin la
receptor (AVPR1a) gene. The characteristics of
these genes affect two hormones, namely OXT
(Cesarini et al., 2008; Reuter et al., 2009) and
AVP (Knafo et al., 2008). While high levels of
OXT lead to trust behavior, high levels of AVP
typically result in distrust behavior (Heinrichs
& Domes, 2008; Heinrichs et al., 2009). Hence,
OXT antagonizes AVP (Donaldson & Young,
2008).

As illustrated in our model, OXT is influ-
enced by sex hormones. First, the female sex
hormone EST facilitates OXT uptake (Verbalis,
1999). Thus, EST positively affects OXT. Sec-
ond, the male sex hormone TES has antagonis-
tic characteristics with OXT (Bos et al., 2010).
Thus, TES negatively affects OXT. (Note that
the relation between TES and OXT is currently
less well understood than the relation between
EST and OXT, see section Hormonal Level of
Analysis.)

OXT has been shown to enhance DOP levels,
which play a crucial role for reward processing
(Schultz, 2000, 2002, 2006; Schultz et al.,
1997). This positive relation between the two
hormones is accompanied by a corresponding
relation on the cognitive and behavioral levels,
because the ultimate goal of trusting another
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OXTR Trust AVPR1a
gene behavior gene
EST
\
AVP
6
TES /
+ —_—
COR
+
Reward Striatum Stress
processing
Uncertainty, risk, and
fear processing -
Mentalizing and Frontal
deliberate thinking cortex Processing of Memory SER ||
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Figure 5. Conceptual Model of the Biology of Trust. Notes: AVP: Arginine Vasopressin,
AVPR1a: Arginine Vasopressin la Receptor, COR: Cortisol, DOP: Dopamine, EST: Estrogen,
OXT: Oxytocin, OXTR: Oxytocin Receptor, SER: Serotonin, TES: Testosterone. Black boxes
indicate a genetic level of analysis. Light gray boxes indicate a hormonal level of analysis. Dark
gray boxes indicate a brain level of analysis. White boxes indicate a behavioral level of analysis
(trust behavior and stress), as well as cognitive constructs (reward processing; uncertainty, risk,
and fear processing; processing of cognitive conflict; mentalizing and deliberate thinking). Plus
(+) and minus (—) signs indicate the hypothesized valence of the relation (positive or negative).
Direction of the arrows indicates the hypothesized causality. A two sided-arrow indicates interplay
among two variables. The arrows in bold illustrate that the influences of genes and hormones on
trust behavior are mediated by activation in specific brain areas. Thus, a direct link between a
hormone and trust behavior indicates that research has investigated this relation without consid-
ering brain activity as a mediator (e.g., OXT—Trust behavior, Kosfeld et al., 2005). Anatomical
connections between the brain areas (striatum, limbic system, and frontal cortex) are not illustrated

to facilitate clarity of the model.

person (OXT) is the realization of a reward
(DOP; Shahrokh et al., 2010). In line with this
argumentation, a recent study (Theodoridou,
Rowe, Penton-Voak, & Rogers, 2009) found
that nasally administered OXT increases per-
ceived facial trustworthiness and attractiveness
of unfamiliar people, and this in turn may pos-
itively affect reward perceptions.

DOP is correlated with reward processing in
the brain, and DOP is released by a specific part
in the striatum, the nucleus accumbens (Schultz
et al.,, 1997). Hence, an interplay between the
striatum and DOP does exist. In line with our
theorizing (i.e., OXT—DOP<>Striatum), a
number of brain imaging experiments found

activation in the striatum, and also in other
reward areas like the thalamus, in trust-related
tasks (see Table 1). Therefore, one major con-
clusion is that activation in the striatum typi-
cally leads to trust behavior (Zak, 2011).

As illustrated in Figure 5, OXT positively
affects the ability to infer the internal states of
other people—for example their intentions,
thoughts, and feelings—to predict their be-
havior (Domes et al., 2007). This mentalizing
process, together with deliberate thinking, is
associated with activation in the frontal cor-
tex, in particular in the medial frontal cortex
(Amodio & Frith, 2006; Stuss et al., 2001).
Importantly, mentalizing is a fundamental
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cognitive process in trust situations because
the decision to trust implies thinking about an
interaction partner’s intentions to infer his or
her trustworthiness (Fehr, 2009b; Krueger et
al., 2007). Thus, mentalizing and correspond-
ing activity in the frontal cortex, respectively,
influences trust behavior.

OXT is also related to the limbic system. OXT
is synthesized in the paraventricular nucleus and
supraoptic nucleus of the hypothalamus (Zak &
Fakhar, 2006). Moreover, limbic regions associ-
ated with emotions and memory (e.g., amygdala,
hippocampus, and hypothalamus) have an accu-
mulation of OXT receptors (Barberis & Tribollet,
1996; Insel, 1997; Landgraf & Neumann, 2004;
Verbalis, 1999). Also, it has been found that OXT
acts on limbic regions, in particular the amygdala,
by inhibiting excitatory information from these
regions to brainstem sites mediating autonomic
fear responses (Debiec, 2005; Huber, Pierre, &
Ron, 2005; Petrovic, Kalisch, Singer, & Dolan,
2008). In this context, Baumgartner et al. (2008)
recently wrote: “[OXT] reduces fear responses
during the trust game by reducing activation in the
amygdala and connected brainstem effector sites,
which in turn enhances subjects’ ability to trust in
situations characterized by the risk of betrayal” (p.
645).

In addition to brain structures associated with
the processing of negative emotions like fear (e.g.,
amygdala), as well as uncertainty and risk (e.g.,
insular cortex), a certain limbic region has been
shown to process cognitive conflict, namely the
ACC (Botvinick et al., 1999, 2004). Because emo-
tion-related brain structures like the amygdala
have abundant connections to the ACC, it can be
hypothesized that automatic and typically uncon-
scious information processing, in particular in the
amygdala, may be followed by the processing of
cognitive conflict in the ACC as a result of bal-
ancing the rapid visceral perceptions with more
deliberate thoughts (Riedl et al., 2010).

Our review reveals a crucial role for the
amygdala and hippocampus (plus parahip-
pocampus gyrus) in trust decisions across all
three experimental paradigms (see the asterisks
in Table 1). Both limbic structures are important
for emotion perception and processing. How-
ever, in addition to this general role in emotion
perception and processing, both the amygdala
and hippocampus were also found to be specif-
ically associated with emotion-based memory
(Gazzaniga, Ivry, & Mangun, 2009). Although

the exact neural mechanisms are not yet fully
understood, a basic understanding of the role of
the amygdala and hippocampus in emotion-
based memory does exist. We describe this
mechanism in the following.

Because emotion is a “fuzzy” construct
(Phelps & La Bar, 2006, p. 422), brain research
has begun to anatomize it. One prominent cat-
egorization is based on the factors valence
(pleasant-unpleasant or good-bad) and arousal
(the intensity of the internal emotional response,
high-low). By using this categorization, schol-
ars can achieve “a more concrete assessment of
the emotional reactions elicited by stimuli”
(Gazzaniga et al., 2009, p. 367). With respect to
memory, established categorizations refer to du-
ration (sensory memory: milliseconds to sec-
onds; short-term memory: seconds to minutes;
long-term memory: hours to years) and content
(declarative memory: knowledge to which we
have conscious access such as the recall of
events in our lives; nondeclarative memory:
knowledge to which we do not have conscious
access such as motor and cognitive skills; Gaz-
zaniga et al., 2009).

Research has found that amygdala activity is
typically associated with negatively valenced
emotions (in particular fear) and with high levels
of arousal (Phelps & LeDoux, 2005). Moreover, it
has been found that the amygdala plays a crucial
role in the neural implementation of declarative
memory, independent of how a particular stimulus
in the world has been linked to potentially aver-
sive consequences (i.e., via instruction, observa-
tion, or experience). Specifically, it has also been
found that information storage in the hippocampus
is mediated by the amygdala (Gazzaniga et al.,
2009), and arousal, rather than the valence of
emotion, has been demonstrated to mediate mem-
ory (McGaugh, 2004). Thus, arousing events are
not forgotten as quickly as nonarousing events
(Kleinsmith & Kaplan, 1963).

Against this background, the results pre-
sented in Table 1 can be interpreted as follows:
Independently of the specific trust situation (i.e.,
playing the trust game, as well as viewing hu-
man faces or Web sites with varying degrees of
trustworthiness), the amygdala processes the
arousal associated with a particular stimulus,
thereby mediating the storage of information
concerning the trustworthiness of a stimulus in
the hippocampus. A high level of arousal at the
storage of a stimulus, both with positive and
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negative valence, positively affects the capacity
for remembering it in a future trust situation.

Figure 5 also shows an interplay between the
limbic system and COR. It is an established fact
that social stress leads to increased amygdala-
HPA activation, which in turn elevates COR lev-
els (Takahashi et al., 2005). Moreover, COR
affects the limbic system because it influences
hippocampus activity. Specifically, if levels of
arousal and stress become too high, resulting in
pronounced COR elevation, it is possible that so-
cial memory becomes impaired because glucocor-
ticoid receptor (GR, Type II receptor)-mediated
neuronal pathways result in suppressed synaptic
potentiation (Takahashi, 2005). Thus, the relation
between COR and synaptic plasticity (which is
important for memory) is hypothesized to have an
inverted-U shape (de Kloet et al., 1999; Kirsch-
baum & Hellhammer, 1994).

With respect to the relation between OXT and
COR (stress), it was found that intranasally ad-
ministered OXT significantly reduces salivary
COR levels (Ditzen et al., 2009). In line with this
finding, another study (Takahashi et al., 2005)
reports a negative correlation between interper-
sonal trust and COR. That is, subjects with higher
degrees of interpersonal trust have lower levels of
neuroendocrine response (i.e., COR) to social
stress (measured with the Trier Social Stress Test).
Additional support for these findings comes from
research which reports that subjects with social
phobia and anxiety disorders, who typically have
an exaggerated HPA response to social stressors,
exhibit high levels of interpersonal distrust (Fur-
lan, DeMartinis, Schweizer, Rickels, & Lucki,
2001; Takahashi et al., 2005).

We have already outlined that high levels of
AVP typically result in distrust behavior (Hei-
nrichs & Domes, 2008; Heinrichs et al., 2009).
A possible pathway for this effect could exist
via the limbic system (Debiec, 2005). One study
(Murgatroyd et al., 2004), for example, has
shown that elevated AVP expression in the hy-
pothalamic paraventricular nucleus is associ-
ated with increased anxiety levels, which in turn
are related to amygdala activity. In line with this
finding, it is reported that AVP (a) is correlated
with increased vigilance, anxiety, arousal, and
activation (Heinrichs & Domes, 2008), and (b)
enhances the encoding of both happy and angry
social information to make this more memora-
ble (Guastella, Kenyon, Alvares, Carson, &
Hickie, 2010). Because all these four states, as

well as memory, are related to activity in limbic
structures, this finding further supports the no-
tion of an interplay between AVP and limbic
brain regions. Finally, because both COR and
AVP negatively affect trust behavior, it is no
surprise that research has also found a direct
positive relation between these two hormones.
Specifically, intranasal administration of AVP
has been shown to increase salivary COR levels
in a social stress test (de Winter et al., 2003;
Ebstein et al., 2009; Patchev & Almeida, 1995).

The final hormone which we address in our
conceptual model (see Figure 5) is SER. It has
been shown that SER depletion leads to a higher
rejection rate of unfair offers in a two-person
economic game (Crockett et al., 2008), indicat-
ing the importance of SER for the control of
negative emotions that are processed and con-
trolled both in the limbic system and in the
frontal cortex (Sanfey, Rilling, Aronson, Nys-
trom, & Cohen, 2003). Importantly, such nega-
tive emotions play a significant role in trust
situations (Winston et al., 2002). In line with
this result, research (Wood et al., 2006) has
found that people with lower SER levels in the
brain are less cooperative in economic game
playing than control subjects. Moreover, a neg-
ative correlation between SER and stress is
likely to exist because research has found that
touch is associated with increased levels of SER
(Field et al., 1996), which have been demon-
strated to reduce stress reactivity in humans
(Hanley & Van de Kar, 2003). Finally, it is
reported that SER desensitizes the AVP recep-
tor (Skuse & Gallagher, 2011), which could
reduce approach and trust behavior.

4. Summary, Implications, and Conclusion

In the present article, we have reviewed the
literature on the biology of trust. We structured
our discussion along a model, which integrates
three biological levels of analysis: genes, hor-
mones, and the brain (see Figure 2). Altogether,
our review indicates that at least a moderate
degree of human trust behavior is genetically
predetermined, and several hormones (in partic-
ular OXT, see Figure 4), as well as specific
brain areas (which are mainly located in the
basal ganglia, the limbic system, and the frontal
cortex, see Table 1), are strongly associated
with human trust behavior. Importantly, a major
contribution of the present article is the devel-
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opment of a conceptual framework which uni-
fies the levels of analysis (see Figure 5).

Based on the results of our review, possible
avenues for future trust research have emerged.
These implications for future research can be
grouped into two classes: methodological and
thematic.

From a methodological perspective, one major
conclusion that can be drawn from our review is
that most studies have so far addressed only one
level of analysis. Despite the value of such inves-
tigations, it is clear that studies integrating two or
even all three biological levels of analysis could
result in a deeper understanding of the complex
relations among the biological determinants of
trust behavior. One study (Baumgartner et al.,
2008), for example, has already combined admin-
istration of OXT and fMRI scanning, thereby tri-
angulating across two different levels of analysis
(hormone and brain). As a consequence, this study
revealed intriguing insights into the interplay be-
tween OXT and brain areas in the basal ganglia
(striatum) and limbic system (amygdala). Draw-
ing upon this pioneering study, we call for more
investigations that combine the various levels of
analysis.

On the brain level of analysis, we chose to
focus on functional brain imaging studies, because
these studies dominate the literature in terms of
quantity. Other methods (e.g., electroencephalog-
raphy, EEG), in contrast, have been used to a
much smaller extent to reveal the neurobiological
mechanisms underlying trust. Against this back-
ground, future trust research could shift its focus
to EEG and other neuroscience (e.g., diffusion
tensor imaging) and neurophysiological (e.g., gal-
vanic skin response) tools.

One study (Boudreau, McCubbins, & Coul-
son, 2008), for example, already investigated
human trust behavior by means of EEG. This
study signifies the potential of the complemen-
tary use of different neuroscience tools to shed
light on the neurobiological mechanisms under-
lying human trust behavior. EEG enables a tem-
poral resolution of milliseconds and this tool
can, therefore, easily detect the time course of
neural activity. However, since its spatial reso-
lution is limited, triangulation with other tools is
essential—fMRI studies, in particular, have al-
ready revealed many insights into the neural
mechanisms of trust behavior. However, a ma-
jor implication of our review is that future in-
vestigations could use tools which are currently

not well represented in studies on the biological
foundations of trust (e.g., EEG). Accordingly,
research results should be embraced only after
they are corroborated by more than one method.

In addition to these methodological implica-
tions, our review also reveals thematic avenues
for future studies, of which we address three
important ones in the following.

We discussed that increasingly more interac-
tions among humans are taking place online.
Thus, traditional face-to-face interactions are
declining, while computer-mediated interac-
tions are increasing. Two recent fMRI studies
(Dimoka, 2010; Riedl et al., 2010) have already
addressed this development and investigated the
neural correlates of trust while the participants
viewed eBay Web sites. On the Internet, how-
ever, an increasing number of users have started
to represent themselves as computer generated
virtual characters, so-called avatars (Bain-
bridge, 2007).> Thus, the question arises
whether the neurobiological mechanisms under-
lying human trust behavior in traditional face-
to-face settings resemble those in avatar-based
online environments.

In one fMRI study (Moser et al., 2007), par-
ticipants performed facial emotion recognition
tasks based on human and avatar stimuli. Al-
though the neural responses were significantly
stronger to human faces in face-sensitive struc-
tures (in particular in the fusiform gyrus), robust
amygdala activation was found in response to
both human and avatar emotional faces. Other
studies using different techniques to capture
neurobiological reactions to avatars and avatar-
like robots (heart rate, electrodermal activity,
electromyographic activity, and electroenceph-
alography) found similar results (Dubal,
Foucher, Jouvent, & Nadel, 2011; Garau, Slater,
Pertaub, & Razzaque, 2005; Weyers, Miihl-
berger, Hefele, & Pauli, 2006). Considering
this, current research suggests that avatars have
the potential to elicit strong emotional reactions
in humans, one of the major foundations for
trust, as well as distrust, to emerge (Damasio,
2005; Winston et al., 2002; Zak, 2003). Build-
ing on these existing studies, we call for bio-

3 For example, Second Life, one of the worldwide largest
virtual worlds in which users interact with each other
through avatars, has currently approximately 24 million
user accounts (see www.secondlife.com, September 2011).
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logical research with the purpose of revealing
the differences and similarities in the biology of
trust in traditional face-to-face settings and
computer-mediated (avatar-based) environ-
ments. Such research efforts will not only reveal
theoretical insights into the neurobiology of
trust, but also indicate findings which might be
relevant for policymakers.

Another finding of our review is that research
has focused on the trustor rather than the trustee
(see Figure 1). Thus, existing knowledge on the
biology of trust and corresponding behavior
mainly pertains to one specific party in a trust
situation—exceptions are, for example, Cesarini
et al. (2008), Zak et al. (2004, 2005b), and King-
Casas et al. (2005). Considering this research gap,
we call for more investigations that focus on the
trustee, as well as the direct interaction between
the trustor and trustee (e.g., via hyperscanning).

A final conclusion of our review is that to
date, moderator variables such as gender and
age have hardly been addressed in research on
the biology of trust. With respect to gender, one
fMRI study (Riedl et al., 2010) found brain
activation differences between men and women
when processing trustworthy and untrustworthy
eBay offers. These results indicate that well-
known gender differences in computer and In-
ternet behavior are correlated with differences
in brain functionality. Moreover, behavioral re-
search (e.g., Sutter & Kocher, 2007) found that
trust increases almost linearly from early child-
hood to adulthood. Because the human brain
develops across the entire life span, it would be
worthwhile to see what insight future research
might reveal as to how these behavioral changes
are associated with neurobiological changes.

In our concluding statement, we would like to
direct the readers’ attention to the fact that this
review is focused on the biology of trust. We have
already pointed out that trust behavior is not only
influenced by such biological factors, rather, en-
vironmental factors, in particular those related to
the social dimension of interaction among humans
(e.g., socialization and culture), also affect human
trust behavior (see Figure 2). In this context, Ca-
cioppo et al. (2000, p. 829) write: “All human
behavior, at some level, is biological, but this is
not to say that biological reductionism yields a
simple, singular, or satisfactory explanation for
complex behaviors or that molecular forms of
representation provide the only or best level of
analysis for understanding human behavior ...

constructs such as those developed by the social
sciences provide a means of understanding highly
complex activity without needing to specify each
individual action of the simplest components,
thereby offering an efficient means of describing
the behavior of a complex system.” Against this
background, we argue that in order to obtain a
comprehensive understanding of human trust be-
havior, it would be advantageous to integrate the
biological and the social perspectives in future
research.
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