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Previous research has shown that receiving an unfair monetary offer in economic bargaining elicits also-called feedback negativity (FN). This scalp-
recorded brain potential probably reflects a bad-vs-good evaluation in the medial frontal cortex and has been linked to fundamental processes of
reinforcement learning. In the present study, we investigated whether the evaluative mechanism indexed by the FN is also involved in learning who is an
unfair vs fair bargaining partner. An electroencephalogram was recorded while participants completed a computerized version of the Ultimatum Game,
repeatedly receiving fair or unfair monetary offers from alleged other participants. Some of these proposers were either always fair or always unfair in
their offers. In each trial, participants first saw a portrait picture of the respective proposer before the monetary offer was presented. Therefore, the faces
could be used as predictive cues for the fairness of the pending offers. We found that not only unfair offers themselves induced a FN, but also (over the
task) faces of unfair proposers. Thus, when interaction partners repeatedly behave in an unfair way, their faces acquire a negative valence, which
manifests in a basal neural mechanism of bad-vs-good evaluation.
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INTRODUCTION

Fairness plays a fundamental role in many domains of social life,

including, for example, family, work, trading and politics.

Accordingly, the consequence of being treated unfairly may vary in

degree, ranging from a petty quarrel between siblings, to resentments

between trading partners, to severe diplomatic tensions or even hostile

acts between nations or ethnic groups. In many situations, it can be

helpful to learn from direct experience who is an unfair vs fair inter-

action partner, enabling, for instance, adjustments in future social be-

havior (e.g. avoiding interactions with someone who has repeatedly

behaved unfairly in the past). In the present study, we are interested in

electrocortical correlates of this process of fairness-based reputation

building.

In the past, researchers have used experimental economic tasks like

the Ultimatum Game (UG; Güth et al., 1982) for studying the influ-

ence of fairness in the distribution of limited resources. In the UG, one

player (the proposer) divides a certain amount of money between him/

herself and another player (the responder) and can do so in a fair

(equal stakes) or unfair way (unequal stakes). The responder then

decides whether to accept this offer or to reject it. In case of acceptance,

the money is divided as proposed. However, if the responder rejects the

offer, none of the players obtains any money. In accordance with the

normative idea of economic rationality (von Neumann and

Morgenstern, 1953), one would expect that responders accept all

kind of offers to maximize their personal gain. In contrast, however,

responders typically tend to reject extremely unfair offers (Güth et al.,

1982), a behavior probably mediated by a negative emotional reaction

to inequity (Pillutla and Murnighan, 1996; Fehr and Gächter, 2002;

Sanfey et al., 2003; van’t Wout et al., 2006; Hewig et al., 2011).

Moreover, it has been demonstrated that unfair compared with fair

(or less unfair) offers in the UG evoke a frontocentral negative-going

deflection in the event-related potential (ERP) of the electroenceph-

alogram (Polezzi et al., 2008; Boksem and De Cremer, 2010; Hewig

et al., 2011; van der Veen and Sahibdin, 2011; Wu et al., 2011). This

ERP component, which is commonly referred to as feedback negativity

(FN), generally occurs �300 ms following the onset of a stimulus sig-

naling an unfavorable relatively to a favorable event (Miltner et al.,

1997). Functionally, it has been argued that the FN reflects a basal and

context-dependent bad-vs-good evaluation (Gehring and Willoughby,

2002; Holroyd et al., 2004a; Yeung and Sanfey, 2004; Hajcak et al.,

2006; Osinsky et al., 2012a). As we will outline further below, this

evaluative mechanism is probably linked to fundamental neural pro-

cesses of reinforcement learning (Holroyd and Coles, 2002;

Nieuwenhuis et al., 2004). Moreover, source-locating approaches

have identified the medial frontal cortex as the main generator of

the FN (e.g. Miltner et al., 1997; Gehring and Willoughby, 2002;

Holroyd et al., 2004b; Hewig et al., 2007). There is multiple evidence

that this brain region is crucially involved in social evaluation and

decision making (for some overviews see, Rushworth et al., 2007;

Rilling and Sanfey, 2011), with some studies pointing to an important

role in the generation of reputation during social interactions (King-

Casas et al., 2005; Krueger et al., 2007; Behrens et al., 2008; Pejic et al.,

2013). It may therefore be speculated that the basal evaluative mech-

anism indexed by the FN is also involved in learning who is a fair and

who is an unfair interaction partner in the UG.

Some evidence already suggests that during repetitive interpersonal

bargaining an affective value is ascribed to the opponent, based on her/

his fairness in the preceding interaction history (Singer et al., 2006;

Hofman et al., 2012). This process is likely to be mediated by evaluative

conditioning, i.e. the associative pairing between an affective stimulus

(e.g. an unfair monetary offer) and a formerly neutral stimulus (e.g.

the face of the proposer) (De Houwer et al., 2001). We assume that this

associative valence transfer should also manifest in form of the FN.

This assumption is primarily based on the prominent Reinforcement

Learning theory of FN generation (RL-FN theory; Holroyd and Coles

2002; Nieuwenhuis et al., 2004), claiming that the FN reflects the

dopaminergic signaling of reward prediction errors forwarded to the

medial frontal cortex, in particular the anterior cingulate cortex. This

RL-FN theory, in turn, was inspired by findings from intracortical

recordings in monkeys, showing that midbrain dopamine neurons

respond to an unexpected occurrence (phasic burst in activity) or

omission (phasic dip) of a reward stimulus. Importantly, during learn-

ing, this phasic signal propagates back in time to an earlier stimulus,

which is predictive for the upcoming reward (i.e. the conditioned

stimulus; Schultz et al., 1997). If the FN is an electrocortical index of
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these neural processes in reinforcement learning, as claimed in the RL-

FN theory, it should not only be evoked by an outcome stimulus but

also by a cue stimulus, which validly predicts the favorableness of the

upcoming outcome. Indeed, this has been shown for simple visual cue

stimuli in several recent studies (Dunning and Hajcak, 2007; Baker and

Holroyd, 2009; Holroyd et al., 2011; Liao et al., 2011; Walsh

and Anderson, 2011). Moreover, numerous molecular–genetic and

pharmacological studies support the idea that the FN and the error-

related negativity as its response-locked equivalent are directly

associated with the magnitude of dopaminergic transmission (e.g.

Santesso et al., 2009; Mueller et al., 2011; Smillie et al., 2011;

Osinsky et al., 2012b).

Based on the aforementioned work on the FN and its link to re-

inforcement learning, we hypothesize that after repeatedly receiving

unfair offers from one and the same proposer over multiple encounters

in the UG, the face of this proposer starts to evoke a FN, reflecting a

back propagation of the phasic prediction-error signal and, conse-

quently, a learned bad-vs-good evaluation of this person. Moreover,

after learning the contingency between the unfairness of the offer and

the preceding face, the offer itself should not be unexpected anymore.

Therefore, over the course of the UG, FN amplitude should become

less sensitive to the offer and more sensitive to the face.

METHODS

Participants

Thirty-four student subjects [26 female; mean age¼ 23.2 years, stand-

ard deviation (s.d.)¼ 2.7] participated for a monetary compensation

of E5. They were told that they could gain more money during the

UG, depending on their task behavior. As, unknown to them, they

played against the computer (see below), they finally received a fixed

additional payout of E10 to keep any frustration about the deception

as low as possible (E9.72 would be the maximum payout in the UG).

Data of five participants were excluded from analyses due to low

number of artifact-free trials (<20 per condition). All participants

gave written informed consent and the study was approved by the

local ethics committee of the University of Jena.

Experimental procedure

After arrival, participants received a general instruction about the UG,

telling them that they would play with other participants. Unknown to

them, however, they played against the computer. To enhance plausi-

bility of the cover story, a picture of each participant was taken and

she/he then played the UG in the role of the proposer, making 24 offers

on a query sheet. In each offer, she/he could divide ¢10 into two shares:

one for her/him and one for the other player. There were three pre-

defined proposal options: 9/1 (¢9 for the proposer, ¢1 for the

responder), 7/3 (¢7 for the proposer, ¢3 for the responder) and 5/5

(¢5 for the proposer, ¢5 for the responder). Participants were told that

these offers would later be presented to other participants who could

then decide whether to accept or reject each offer. They were also told

that, for each proposal, they would later receive the respective amount

of money if the offer is accepted by the other player.

Afterward they played a computerized version of the UG in the role

of the responder while electroencephalography (EEG) was recorded. In

this critical phase, they were first told that they would receive monetary

offers, which have been made by six other participants before. In truth,

however, they received offers from six pseudo-proposers (three female,

three male), portrait photographs of whom were taken from a stan-

dardized stimulus set (Langner et al., 2010). The UG consisted of 216

trials in which all stimuli were centrally presented on a computer

screen. Each trial started with a fixation cross presented for a variable

duration of 500–1000 ms followed by a photograph of a single

proposer for a duration of 1500 ms (see Figure 1). Afterward a fixation

cross was presented again for 500–1000 ms before participants received

an offer about splitting ¢10. This offer was presented in form of a pie

chart, representing the proposed shares (light-gray portion¼ share of

the proposer, dark-gray portion¼ share of the responder). In addition,

the proposal was also presented in written form above the pie chart.

The offer could either be fair (5/5), slightly unfair (7/3) or highly unfair

(9/1). By pressing the left or right response button, participants ac-

cepted or rejected the offer. After button press, a fixation cross was

presented again for 500 ms. Finally, participants were informed about

the amount of money booked to their game account (dur-

ation¼ 1250 ms) before the next trial started. The whole task was

divided into three blocks (72 trials each), which were separated by

short breaks of 15 s. In each block, participants received 12 offers

from each proposer. Two of the proposers always made fair offers

(fair proposers: each proposer made 12 offers of a 5/5 split) and two

always made highly unfair offers (unfair proposers: each proposer

made 12 offers of a 9/1 split). Additionally, in 24 filler trials per

block, two proposers made all kinds of offers with an equal frequency

(each proposer made four offers of a 5/5 split, four offers of a 7/3 split

and four offers of a 9/1 split). Thus, the relative offer probability was

0.44 for the 5/5 split, 0.44 for the 9/1 split and 0.11 for the 7/3 split. For

each proposer type, one male and one female face were presented, with

assignment of individual pictures to proposer categories being

balanced across participants. Data from the filler trials were not ana-

lyzed. Thus, all analyses are based only on data obtained from trials

with fair and unfair proposers. For each participant, a pseudo-random

trial order was generated with the restriction that each proposer occurs

twice in smaller subblocks of 12 trials, guaranteeing an equal distribu-

tion of single proposers across the task. Moreover, there was no direct

proposer repetition.

After completing the task, all proposers were presented again and

subjects were asked to rate each of them with regard to their fairness

and kindness on two respective 7-point scales, ranging from very

unfair/unkind (1) to very fair/kind (7). Finally, participants were in-

formed about the deception and paid out.

All stimuli were presented on a 17” screen with a black background.

Stimulus presentation and response recordings were controlled by

Presentation 12.2 software (Neurobehavioral Systems Inc., Albany,

CA, USA). During the task, participants were seated in a comfortable

chair with a distance of �70 cm between the head and the screen. Each

of the face pictures was 18.8 cm high and 14.8 cm wide, resulting in a

visual angle of �15.38� 12.18. The pie charts had a diameter of 9 cm

(7.48 visual angle). Subjects performed the task in an acoustically and

electrically shielded chamber.

EEG recordings and analyses

While subjects performed the UG, EEG (analog bandpass: 0.1–80 Hz,

sampling rate: 250 Hz) was recorded from 31 scalp sites according to

the 10–20 system (Fp1, Fp2, F9, F7, F3, Fz, F4, F8, F10, FC5, FC1, FC2,

FC6, T7, C3, C4, T8, TP9, CP1, CP2, TP10, P7, P3, Pz, P4, P8, PO9,

O1, O2, PO10 and Iz), using Ag/AgCl electrodes and a BrainAmpDC

amplifier (Brain Products GmbH, Gilching, Germany). During record-

ing, impedances were kept below 10 k� and electrodes were referenced

to the vertex (Cz). Data were processed offline, using Brain Vision

Analyzer 2.0 software (Brain Products GmbH, Gilching, Germany).

First, data were re-referenced to the averaged mastoid electrodes,

and electrode Cz was reinstated. Data were then filtered, using a

20 Hz low-pass filter. For detection of blinks and eye movements, a

horizontal (bipolar channel pair of F9 and F10) and vertical electro-

oculogram (Fp1 and left IO) was used. Ocular artifacts were corrected

with the method suggested by Gratton et al. (1983). Subsequently, the
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EEG was segmented into event-locked epochs of 1000 ms (�200 to

800 ms). Larger artifacts were automatically detected by an algorithm

implemented in Brain Vision Analyzer 2.0 software, and epochs were

discarded if applicable. For this purpose, the following exclusion cri-

teria were applied: maximal voltage difference within the epoch

>150�V and maximal voltage step of 20�V/ms. At least 20 artifact-

free trials were available for averaging per participant and condition.

The 200 ms interval before the stimulus was used for baseline correc-

tion. The FN was quantified as mean amplitude in the time window

270–370 ms following stimulus onset at electrodes F3, Fz, F4, C3, Cz,

C4, P3, Pz and P4. The chosen time window was based on visual

inspection of the ERP waves and is similar to previous studies on

the FN in the UG (Boksem and De Cremer, 2010; Hewig et al.,

2011; Wu et al., 2011). At this point, it should be noted that FN latency

may strongly vary between studies what might be caused, for example,

by differences in stimulus complexity or task-specific parameters. Such

factors can also influence the general shape of wave forms (compare,

for instance, Wu et al., 2011, Hewig et al., 2011 and the present study

with regard to ERP waveforms and offer stimuli). Moreover, the FN

should be considered as a relative negativity defined by the difference

between conditions rather than an absolute negativity in a certain

single condition (see, for example, Dunning and Hajcak, 2007).

In addition to electrophysiological data, we also analyzed acceptance

rates (ARs, percentage of accepted offers in relation to the total

number of offers per offer type) as well as explicit ratings of proposers’

fairness and kindness after the task. Statistical analyses were conducted

using SPSS software (IBM, Armonk, NY, USA). For analyses including

more than two levels repeated-measures analyses of variance

(ANOVA) were conducted. In case of violation of sphericity assump-

tion, epsilon (E; Greenhouse-Geisser correction) and corrected

P values are reported. For pairwise comparisons, paired t-tests were

conducted. All tests were two-tailed, and P values �0.05 were con-

sidered significant.

RESULTS

Acceptance rates and explicit ratings

ARs were entered into a 2� 3 repeated-measures ANOVA with the

within-subject factors ‘offer type’ (5/5 split or 9/1 split) and ‘task

block’ (1, 2 and 3). Fair offers (mean AR¼ 99.23%, s.d.¼ 2.18) were

significantly more often accepted than unfair offers (mean

AR¼ 23.37%, s.d.¼ 32.26), F(1,28)¼ 159.58, P < 0.001, �2p¼ 0.85.

Neither the main effect of ‘task block’ nor the interaction of ‘task

block’� ‘offer type’ were significant, all F(1,56) < 1.06, all P > 0.32,

indicating that ARs were stable across the UG.

The post-task fairness and kindness ratings were analyzed with pair-

wise t-test. Fair proposers were rated as being more fair [mean¼ 6.40,

s.d.¼ 0.75; t(28)¼ 13.58, P < 0.001] and kind [mean¼ 5.57,

s.d.¼ 1.22; t(28)¼ 5.93, P < 0.001] than unfair proposers (fairness:

mean¼ 2.24, s.d.¼ 1.22; kindness: mean¼ 3.24, s.d.¼ 1.47). Thus,

participants have learned to discriminate between the two proposer

types during the UG.

Offer-locked feedback negativity

Offer-locked mean amplitudes in the FN range were entered into a

3� 3� 3� 2 repeated-measures ANOVA with the within-subject fac-

tors ‘position’ (frontal, central, parietal), ‘electrode’ (left, middle,

right), ‘task block’ (1, 2, 3) and ‘offer type’ (5/5 split or 9/1 split).

Unfair compared with fair offers elicited a clear FN as a relative nega-

tive deflection 270–370 ms after offer onset, F(1,28)¼ 11.91, P¼ 0.002,

�2p¼ 0.30 (see Figure 2A). As indicated by a significant three-way inter-

action of ‘offer’� ‘position’� ‘electrode’, F(4,112)¼ 6.43, P < 0.001,

E¼ 0.80, �2p¼ 0.19, this FN effect had a frontocentral maximum

with a slight left shift. Across task blocks, the amplitude in the FN

time range generally decreased, especially at left frontal and central

electrodes as indicated by a significant interaction of ‘task

block’� ‘position’� ‘electrode’, F(8,224)¼ 5.43, P < 0.001, E¼ 0.67,

�2p¼ 0.16. However, none of the interaction terms containing both

the factors ‘offer type’ and ‘task block’ approached significance (all

P > 0.28). Thus, the offer-locked FN did not substantially vary across

the task.

Face-locked feedback negativity

Again we calculated a 3� 3� 3� 2 repeated-measures ANOVA, con-

taining the within-subject factors ‘position’ (frontal, central, parietal),

‘electrode’ (left, middle, right), ‘task block’ (1, 2, 3) and ‘proposer type’

(fair or unfair). Most important, we observed a significant ‘task

block’� ‘proposer type’ interaction, F(2,56)¼ 5.02, P¼ 0.011,

E¼ 0.96, �2p¼ 0.15. As can be seen in Figure 2B and as post hoc pair-

wise comparisons revealed, for unfair proposers, the amplitude in the

FN range slightly increased from the first to the second task block

[t(28)¼ 2.20, P¼ 0.036] before it finally strongly decreased in the

last task block [block 3 vs block 2: t(28)¼ 5.06, P < 0.001; block 3 vs

block 1: t(28)¼ 2.97, P¼ 0.006]. For faces of fair proposers, no sig-

nificant amplitude changes in the FN range across task blocks could be

observed (all P > 0.92). Moreover, the difference between fair and

unfair proposer faces in FN amplitude was significant only in the

third task block [t(28)¼ 4.21, P < 0.001; see Figure 2C] but not in

the first [t(28)¼ 0.94, P¼ 0.357] or second task block [t(28)¼ 0.57,

P¼ 0.576]. In sum, across the task, a FN developed in response to faces

of unfair as compared with fair proposers.

To directly test whether the face-locked FN in the third task block

resembles the offer-locked FN observed across the whole task, we per-

formed an omnibus repeated-measures ANOVA with the factors

‘stimulus type’ (offer or face), ‘position’ (frontal, central, parietal),

‘electrode’ (left, middle, right) and ‘fairness’ (unfair offer/face or fair

offer/face). Importantly, neither the two-way interaction of ‘stimulus

type’� ‘fairness’ [F(2, 28)¼ 0.01, P¼ 0.96] nor any higher interaction

with ‘position’ or ‘electrode’ (all P > 0.11) reached significance. Thus,

the FN effect evoked by the faces in the third task block did not sig-

nificantly differ from the one observed for the offers across all blocks.

We further examined whether the face-locked FN effect was related

to the ratings after the task. For this purpose, we analyzed correlations

(Kendalls � b) between FN difference scores (difference score 1: block 3

Fig. 1 Schematic depiction of a single trial in the Ultimatum Game (UG). In the original task, color portrait photos were used (note that the example photo was not used in the study).
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Fig. 2 Event-related potentials (ERP). (A) Offer-locked ERP waveforms at electrode Cz and scalp distribution of the unfair minus fair difference in the FN time window (270–370 ms after offer onset). (B) Mean
amplitudes (�S.E.M.) for the time window 270–370 ms after face onset across electrode positions F3, Fz, F4, C3, Cz, C4, P3, Pz, P4. Asterisks indicate significant pairwise differences (P < 0.05). (C) Face-locked
ERP waveforms at electrode Cz in task block 3 for fair and unfair proposers. The topographical map shows the scalp distribution of the unfair minus fair difference in the FN time window (270–370 ms after face
onset).
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minus block 1 for unfair proposers; difference score 2: unfair proposers

minus fair proposers for task block 3) and explicit fairness and kind-

ness ratings of unfair proposers. We observed only small and statistic-

ally insignificant correlations (�¼�0.01 to �0.21; all P > 0.13),

indicating that the FN evoked by the faces of unfair proposers at the

end of the UG was unrelated to the explicit ratings of those proposers

following the task.

DISCUSSION

In the present study, we aimed to investigate whether the evaluative

mechanism reflected by the FN is involved in the creation of social

evaluation during repeated interpersonal bargaining. Not surprisingly,

we observed higher ARs for fair compared with unfair offers (cf. Güth

et al., 1982). Moreover, the explicit ratings of proposer fairness and

kindness after the UG were strongly modulated by proposer type,

indicating that our participants learned to discriminate between fair

and unfair proposers. Most important, we found that over multiple

encounters, faces of unfair proposers start to evoke a similar FN re-

sponse as an unfair offer itself. Thus, when a person repeatedly behaves

in an unfair way, her/his face becomes a valid indicator for the inequity

of the pending offer. This learned contingency does then manifest in a

bad-vs-good evaluation of the face as reflected by the FN (cf. (Gehring

and Willoughby, 2002; Holroyd et al., 2004a; Yeung and Sanfey, 2004;

Hajcak et al., 2006). Given that the FN originates from the medial

frontal cortex (Miltner et al., 1997; Gehring and Willoughby, 2002;

Holroyd et al., 2004b; Hewig et al., 2007), our results support other

prior findings, indicating that this area is crucially involved in the

generation of social reputation in terms of associative learning

(King-Casas et al., 2005; Krueger et al., 2007; Behrens et al., 2008).

Generally, our findings are consistent with previous studies showing

that faces as complex visual stimuli can acquire an affective value (e.g.

Baeyens et al., 1992; Todrank et al., 1995; Schneider et al., 1999;

Petrovic et al., 2008; Pejic et al., 2013), a process that can be subsumed

under the broader concept of evaluative conditioning (De Houwer

et al., 2001, Walther et al., 2005). More specifically, the observed

cross-task development of a FN in response to faces of unfair proposers

is consistent with findings from several prior studies, which have re-

ported a similar pattern for simpler visual cue stimuli (Dunning and

Hajcak, 2007; Baker and Holroyd, 2009; Holroyd et al., 2011; Liao

et al., 2011; Walsh and Anderson, 2011). Our study therefore contrib-

utes to a growing literature supporting one main tenet of the RL-FN

theory (Holroyd and Coles, 2002), according to which reward predic-

tion error signals (as indexed by the FN) propagate back to outcome-

predictive cues during learning. To the best of our knowledge, the

present study is the first to demonstrate that this mechanism is also

involved in the experience-based creation of social reputation.

However, it should also be noted that our data are not in line with

another central assumption of the RL-FN theory: when the favorable-

ness of an outcome becomes predictable, the outcome-locked FN

should decrease. Accordingly, the magnitude of the offer-locked FN

should have declined over task blocks in our study. Contrary to this,

we observed a rather stable offer-locked FN over the course of the UG.

Our results are therefore in contrast to previous studies, which have

indeed reported a reduction in outcome-locked FN when the outcome

was validly predicted by preceding cue stimuli (Potts et al., 2006; Baker

and Holroyd, 2009; Holroyd et al., 2011; Liao et al., 2011; Martin and

Potts, 2011). At this point, some important differences between these

other studies and the present one should be considered. First, in some

of the aforementioned studies, participants were explicitly informed

about the meaning of the cue stimuli so that cue-based outcome

expectancies were established before the respective task began (Baker

and Holroyd, 2009; Liao et al., 2011). In the other studies, simple

images of gold bars (reward) and lemons (non-reward) were used

both as outcome stimuli and as cue stimuli in a passive S1–S2 para-

digm (Potts et al., 2006; Holroyd et al., 2011; Martin and Potts, 2011).

Therefore, the cue-outcome contingencies in these studies were prob-

ably learned fast. In sum, in all mentioned studies, simple visual cues

were used, the predictive meaning of which was either known to the

participants at the beginning of the task or could be easily learned. In

contrast, the six faces of strangers used in our study are much more

complex and, therefore, learning the face-offer contingency may have

progressed slower. Thus, although a back propagation of the reward-

prediction error signal to the faces may have taken place before the end

of our UG, the learning process must not necessarily have been com-

pleted at this time, and therefore, unfair offers still evoked a substantial

FN. Future studies may further investigate the potential influence of

stimulus complexity on FN dynamics in cue-outcome contingency

learning.

Our results may have some important implications for future re-

search on the role of fairness not only in economic bargaining but daily

social interactions in general. Whether we have repeatedly treated

someone else fairly or unfairly in the past appears to predefine how

the neurocognitive system of this person evaluates us, or more pre-

cisely our face as a unique and visible physical feature of our identity.

The latency of the FN in relation to the face stimulus suggests that

some aspects of this evaluation are completed in a blink of an eye, i.e.

�320 ms following the onset of face presentation. This is also in line

with other recent ERP evidence showing that implicit social attitudes

toward others are activated automatically at an early stage of informa-

tion processing (van der Lugt et al., 2012). Such automatic evaluations

are probably distinguishable from more elaborated and controlled

processes of social judgment (cf. Satpute and Lieberman, 2006;

Cunningham and Zelazo, 2007; Adolphs, 2009), as is also indicated

by the absence of substantial correlations between the face-evoked FN

and the explicit ratings in our study. It is up to future research to

further specify the neural processes underlying more reflective mech-

anisms in social evaluation. For the moment, however, we can con-

clude that the basal bad-vs-good evaluation that is mirrored by the FN

is involved in learning who is a fair vs unfair interaction partner.

Therefore, the present study also clearly underlines the fundamental

role of fairness in the creation of social evaluation and personal

reputation.
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