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The current study takes a new approach to understand the neural systems that support emotion-congruent judgment. The bulk
of previous neural research has inferred emotional influences on judgment from disadvantageous judgments or non-random
individual differences. The current study manipulated the influence of emotional information on judgments of stimuli that were
equivocally composed of positive and negative attributes. Emotion-congruent processing was operationalized in two ways: neural
activation significantly associated with primes that lead to emotionally congruent judgments and neural activation significantly
associated with judgments that were preceded by emotionally congruent primes. Distinct regions of medial orbitofrontal
cortex were associated with these patterns of emotion-congruent processing. Judgments that were incongruent with preceding
primes were associated with dorsomedial prefrontal cortex, ventrolateral prefrontal cortex and lateral orbitofrontal cortex
activity. The current study demonstrates a new approach to investigate the neural systems associated with emotion-
congruent judgment. The findings suggest that medial OFC may support attentional processes that underlie emotion-congruent
judgment.
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INTRODUCTION
Emotions can influence judgments by directing attention to

information that has the same (i.e. congruent) valence as the

emotional state (Bower et al., 1983; Murphy and Zajonc,

1993; Joormann and Gotlib, 2007; Beevers et al., 2009).

For example, a speaker in a negative emotional state might

interpret a furrowed brow in a listener’s facial expression as

critical disbelief but a speaker in a positive emotional state

might interpret the expression as deep interest. Emotionally

influenced judgment has been associated with a network of

brain regions, but it is difficult to draw strong conclusions

about this network for several reasons. Much of the previous

research has not explicitly manipulated emotion which

makes it difficult to conclude that neural activity is asso-

ciated with the influence of emotion (Elliott et al., 2002;

Paulus et al., 2003; Camille et al., 2004; Bishop et al.,

2004b; Coricelli et al., 2005; Kuhnen and Knutson, 2005;

Shiv et al., 2005). Other research has identified neural activ-

ity associated with emotion-conguent judgment, while

simultaneously eliciting the emotional state intended to

influence judgments. Therefore, neural activation may reflect

judgment that is influenced by an emotional state or it might

reflect the processing of emotional stimuli (Camille et al.,

2004; Greene et al., 2004; Kuhnen and Knutson, 2005;

Beer et al., 2006; De Martino et al., 2006). Finally, other

studies make it difficult to understand whether

emotion-congruence reflects increased attention to informa-

tion that shares valence with emotional stimuli or reflects

some other process. For example, emotion can also influence

depth of processing (Forgas, 1998, 2008; Bless and Fiedler,

2006). The current study addresses the interpretation chal-

lenges in previous research by manipulating the presentation

of negative or neutral information before probing judgments

which indicate whether attention was prioritized in an

emotion-congruent manner.

Extant research suggests that emotion-congruent judg-

ments are associated with orbitofrontal cortex (OFC), amyg-

dala, insula and anterior cingulate cortex (ACC) activation.

These associations are broadly derived from three lines of

research. In one approach, emotion-congruent judgments are

operationalized as those that diverge from rational judg-

ments specified by economic models (e.g. risk-averse deci-

sions might indicate fear of potential loss). In other words,

emotion is not manipulated; it is inferred from economic

decisions. For example, decisions that are overly conserva-

tive when a greater risk would maximize financial gain are

inferred to indicate fear of loss. These types of decisions are

associated with OFC, amygdala, insula and ACC (Camille

et al., 2004; Coricelli et al., 2005; Kuhnen and Knutson,

2005; Shiv et al., 2005). A second research approach oper-

ationalizes emotion through non-randomly selected differ-

ences in chronic emotional states such as the disorders of

depression or anxiety. For example, OFC and ACC activity

in depressed individuals is associated with processing nega-

tive emotional stimuli that are congruent with their de-

pressed state (Elliott et al., 2002). Additionally, OFC and
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amygdala in anxious individuals are associated with process-

ing threatening stimuli that are congruent with their anxious

state (Bishop et al., 2004a; Stein et al., 2007; Goldin et al.,

2009). A third research approach manipulates emotional

primes that accompany or precede judgments. For example,

OFC activity is associated with viewing surprised facial ex-

pressions or making more conservative risk decisions in the

context of negative emotional primes (Beer et al., 2006).

Taken together, these lines of research suggest that OFC,

amygdala, insula and ACC may be associated with

emotion-congruent judgment.

However, it is difficult to draw strong conclusions about

the associations of emotion-congruent judgment and activa-

tion in OFC, amygdala, insula and ACC for several reasons.

Many studies infer emotion rather than manipulate it

making it difficult to strongly interpret any neural activation

as a reflection of emotional influences. Research with patient

populations is subject to confounds of non-random selec-

tion. Additionally, research that elicits emotion simultan-

eously with a decision makes it challenging to disentangle

neural activation elicited in response to emotional stimuli as

opposed to judgments based on emotionally influenced

attention. Finally, even when previous research did manipu-

late emotion separately from judgment, neural associations

were either not assessed in relation to any kind of judgment

(Kim et al., 2004) or, if they were, could have reflected a

number of different processes (Beer et al., 2006). Emotion

influences attention, depth of processing, motivation and a

number of other processes involved in judgment (e.g. Bower

et al., 1983; Murphy and Zajonc, 1993; Forgas, 1998, 2008;

Gray et al., 2002; Cunningham et al., 2005; Bless and Fiedler,

2006; Joormann and Gotlib, 2007; Beevers et al., 2009).

For example, gambling decisions that become more conser-

vative as a function of negative emotion may reflect

increased attention to the negative aspects of a gamble,

deeper consideration of the risk involved, both of these pro-

cesses or some other process altogether. Taken together, the

current research provides an important foundation for

making predictions about which neural regions may be asso-

ciated with emotion-congruent judgment. An important

next step is to design studies which avoid some of the

potential confounds of previous research to more precisely

understand how these neural regions relate to emotion-

congruent judgment.

The current study builds on previous research by using a

new approach to test the neural regions associated with emo-

tionally congruent judgments. The study manipulates the in-

fluence of emotion on judgments of stimuli that include equal

amounts of positive and negative information. Therefore,

judgments that match the valence of the emotion reflect

emotion-congruent processing. An additional contribution

of the current study is the ability to probe emotion-

congruence in two ways. First, what neural activity elicited

by an emotional prime predicts whether a subsequent judg-

ment will be emotion-congruent? Second, what neural

activity elicited by a valenced judgment distinguishes whether

it was made in the context of an emotion-congruent prime?

MATERIALS AND METHODS
Participants
The results from 17 participants [right handed; 12 females;

ages 20–38 years, mean age¼ 24.7, standard deviation

(s.d.)¼ 5.5] are reported. Data from three additional partici-

pants were excluded from analysis because the partici-

pants failed to perceive the rapidly presented stimuli. All

participants provided informed consent and the study was

approved by the institutional review board of the University

of Texas at Austin. Participants were recruited for an experi-

ment described as a study of emotional processing in the

brain and compensated $15/h or course credit for their

participation. All participants were native English speak-

ers screened for psychological and neurological conditions as

well as for medications that might influence the measurement

of cerebral blood flow.

Behavioral paradigm
Participants performed a primed-judgment task (Figure 1)

while undergoing functional magnetic resonance imaging

(fMRI). Each task trial consisted of a prime, an interstimulus

interval (ISI) and a judgment. For each prime screen (2 s),

two negative words or two neutral words were flashed on

the top/bottom and left/right of the screen. The stimuli set

included eight negative (e.g. cruelty) and eight neutral

(e.g. copper) words previously used in neural research on

emotion (Ochsner et al., 2009).

An ISI separated each prime from a subsequent judgment.

For each ISI, participants were instructed to clear their

minds while viewing a blank screen with a fixation point.

The length of ISI screens were jittered between events to

maximize independence of neural activity estimates related

to primes and judgments (variable length ISI: 50% of trials

2 s, 25% 4 s, 25% 6 s: see Donaldson et al., 2001).

After the ISI, participants then made judgments about

ambiguous facial stimuli. Each judgment consisted of a

rapidly presented composition of emotive facial stimuli

(100 ms) followed by a probe for participants to judge

whether they saw a happy or angry facial expression in the

facial stimuli (response: 1900 ms). The compositions of emo-

tive facial stimuli were two emotional faces tilted 458 toward

each other so that they were partially overlaid on each other

with 50% transparency (Figure 1). This arrangement of the

faces made it possible to direct attention to one face or the

other but difficult to direct attention to both facial expres-

sions simultaneously. Therefore, people were likely to priori-

tize processing of one facial expression over the other much

the way they perceive ambiguously oriented cubes as having

different dominant orientations depending on where they

focus their attention (Ellis and Stark, 1978). Each ambiguous

facial stimulus was composed of one angry and one happy

closed-mouth expression in grayscale from the NimStim
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image set (Tottenham et al., 2009) cropped to an oval shape

to remove the hair and neck. The left–right placement of

angry and happy faces were counter-balanced and gender

was equally represented in stimuli. The facial stimuli were

presented briefly (100 ms) and then participants pressed a

button to indicate which emotion, happy or angry, they

identified first in the composition of faces. Participants

were explicitly instructed not to make any guesses and to

only respond when they identified a facial emotion in the

composition. Participants were told that the purpose of their

responses was to let the experimenter know what facial ex-

pressions they saw on each trial and there were no incorrect

answers. Participants were also specifically instructed that

they should only look at the word primes but not respond

to them. The experimenter verified that participants under-

stood the instructions by asking about their responses after

10 practice trials. If participants asked the experimenter

about the purpose of the word primes, they were told that

the study examines how the brain processes different kinds

of emotion and they should pay attention to both the words

and the faces but only respond to the faces.

Each trial was followed by a blank screen with a fixation

point [variable length intertrial interval (ITI): 50% of trials:

2 s, 25%: 4 s, 25%: 6 s]. The length of ITI screens were jit-

tered between events to maximize independence of neural

activity estimates (Donaldson et al., 2001). Participants com-

pleted 64 ambiguous judgment trials (32 negative prime

followed by ambiguous facial stimuli, 32 neutral prime fol-

lowed by ambiguous facial stimuli) and eight check trials

(described more fully below: four neutral prime followed

by only angry faces, four negative prime followed by happy

faces). Trials were pseudo-randomly ordered and equally

distributed across two consecutive functional scanning

runs that lasted 8 min each.

Additionally, we conducted two manipulation checks.

First, participants’ processing of the rapidly presented sti-

muli (rather than just answering based on the valence of

the preceding emotional prime) was verified by ‘check

trials’. In these trials, participants were presented with face

compositions composed of two faces from the same emotion

category. If participants were not actually processing the

facial stimuli, then they would respond that they had seen

a face from an emotion category that was not actually pre-

sented. Responses on ‘check’ trials were significantly higher

than chance [93.36% correct, t(16)¼ 22.91, P < 0.05]. Check

trials were not included in the measure of emotion-

congruent judgment and were modeled as events of non-

interest in fMRI analysis. Second, behavioral data was

collected from an additional group of participants to under-

stand how judgments in our primed conditions compared to

unprimed judgments. In previous research, unprimed facial

emotion identification tasks have shown that happy faces

tend to be identified before angry faces (Leppänen and

Hietanen, 2004; Leppänen et al., 2003). This effect also char-

acterized the unprimed version of our judgment paradigm.

Eighteen new participants (14 females; ages 18–24 years,

mean age¼ 19.4, s.d.¼ 1.4) recruited from the same com-

munity as the fMRI study participants performed only the

judgment portion of our experimental task. Each stimulus

included equivocal amounts of happy and angry facial infor-

mation. Compared to chance, participants indicated they

saw the happy expression more of the time [M¼ 53.37%,

s.d.¼ 7.90%, t(17)¼ 1.81, P < 0.05, one tailed, with the re-

maining 46.63% of the stimuli being identified as angry].

The Results section reports comparisons of primed and

unprimed judgments.

MR data acquisition
All images were collected on a 3.0-T GE Signa EXCITE scan-

ner at the University of Texas at Austin Imaging Research

Center. Functional images were acquired with a GRAPPA

sequence (TR¼ 2000 ms, TE¼ 30 ms, FOV¼ 240, 96� 96

matrix, voxel size 2.5� 2.5� 3.3 mm) with each volume

consisting of 35 axial slices. Functional volume acquisitions

were time-locked to the onset of the first screen at the be-

ginning of each trial. A high resolution SPGR T1-weighted

image was also acquired from each subject.

fMRI data analysis
All statistical analyses were conducted using SPM2

(Wellcome Department of Cognitive Neurology, London).

Functional images were corrected for slice-timing skew

using temporal sinc-interpolation and for movement using

rigid-body transformation parameters. Structural and

Fig. 1 Primed-judgment task. Participants viewed a negative emotion or neutral word prime, and then judged whether they saw an angry or happy facial expression in a
composition of emotive facial expressions. Judgments of ambiguous compositions (composed of one angry face and one happy face) constituted the critical trials for analysis of
emotion-congruence effects. Judgments indicating the angry expression after a negative prime were classified as emotion-congruent, whereas judgments indicating the happy
expression after a negative prime were classified as emotion-incongruent.
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functional volumes were normalized to T1 and EPI tem-

plates, respectively, using a 12-parameter affine transform-

ation together with a nonlinear transformation involving

cosine basis functions that resampled the volumes to

2-mm cubic voxels. Templates were based on the Montreal

Neurological Institute (MNI) atlas space. The functional

images were then smoothed with an 8-mm FWHM

Gaussian kernel. To remove drifts within sessions, a

high-pass filter with a cutoff period of 128 s was applied.

A fixed-effects analysis modeled event-related responses

to primes and judgments for each participant. Neural activ-

ity related to the prime and judgment for each trial type were

modeled as events using a canonical hemodynamic response

function with a temporal derivative entered into a general

linear model analysis. The trial events were modeled to reflect

the combination of the prime (neutral or negative) and each

participant’s judgment (happy or angry). Therefore, neural

activity related to primes was distinguished by: (i) the emo-

tional content of the prime and (ii) the subsequent judgment

of the stimuli that followed the prime (prime screen: negative

prime followed by an angry judgment, negative prime fol-

lowed by a happy judgment, neutral prime followed by an

angry judgment, neutral prime followed by a happy judg-

ment). Similarly, neural activity related to judgments was

distinguished by: (i) the result of the judgment and (ii) the

emotional content of the prime that preceded the judgment

(judgment screen: angry judgment preceded by a negative

prime, happy judgment preceded by a negative prime,

angry judgment preceded by a neutral prime, happy judg-

ment preceded by a neutral prime). Interstimulus and inter-

trial intervals were modeled as baseline activity and the

primes and judgments from unambiguous ‘check’ trials

were modeled as regressors of non-interest. Contrast

images were calculated for each participant and used in a

second-level analysis treating participants as a random

effect. Group average SPM t-statistic maps were created for

each contrast of interest.

Contrasts of interests focused on neural activity in relation

to prime screens and judgment screens. First, we examined

whether neural activation associated with prime screens dif-

ferentiated whether subsequent judgements were emotion-

congruent or not. We compared activation from the negative

prime screen for trials in which participants indicated they

later saw the angry face to activation from the negative prime

screen for trials in which participants indicated they later

saw the happy face (prime screen: negative prime angry

judgment > negative prime happy judgment). Therefore,

this contrast and its inverse (prime screen: negative prime

happy judgment > negative prime angry judgment) yielded

activation associated with the prime screen that was differ-

entiated by subsequent emotion-congruent (or emotion-

incongruent) judgment rather than a difference of prime

valence. Second, an analogous approach tested neural acti-

vation associated with judgment screens. To identify activity

associated with making an emotion-congruent judgment,

we compared activation from judgment screens in which

participants indicated they saw an angry face following a

negative prime to activation from angry judgments follow-

ing a neutral prime (judgment screen: negative prime angry

judgment > neutral prime angry judgment). In this way, ac-

tivity differences to angry judgments indicated a relation

to whether the preceding prime was emotion-congruent

rather than a difference in the valence of the judgment.

To identify activity associated with making an emotion-

incongruent judgment, we compared activation from judg-

ment screens in which participants indicated they saw a

happy face following a negative prime to activation from

happy judgments following a neutral prime (judgment

screen: negative prime happy judgment > neutral prime

happy judgment). Similarly, neural activity differences to

happy judgments indicated a relation to whether the preced-

ing prime was emotion-incongruent rather than a differ-

ence in the valence of the judgment. A final contrast

compared activation to negative primes with activity to

neutral primes, regardless of the subsequent response. This

contrast identified neural regions that were involved in

processing emotional primes but that were not specific to

emotion-congruent processing. Results were interpreted

using regions of interest (ROIs) derived from previous re-

search on emotion-congruence and emotion interference in

judgment (Bechara et al., 2000; Elliott et al., 2002; Camille

et al., 2004; Bishop et al., 2004b; Coricelli et al., 2005;

Kuhnen and Knutson, 2005; Beer et al., 2006; Etkin et al.,

2006; Egner et al., 2008; Ochsner et al., 2009). Specifically,

activation clusters were corrected for the size and shape of

the relevant neuroanatomical volume of interest in the

Automated Anatomical Labelling map (Tzourio-Mazoyer

et al., 2002) [family-wise error corrected (FWE) P < 0.05

threshold, search volumes: lateral OFC, medial OFC, ventro-

lateral prefrontal (VLPFC: triangular and opercular part of

inferior frontal gyrus), dorsolateral prefrontal (DLPFC:

middle frontal gyrus), dorsomedial prefrontal (DMPFC:

medial superior frontal gyrus), ACC, striatum, insula and

amygdala]. Marsbar software was used to extract region

of interest (ROI) parameter estimates from significant clus-

ters for each event type (Brett et al., 2002). Furthermore,

we tested these ROIs for an interaction between prime (nega-

tive or neutral) and judgment (angry or happy) to verify

that activity was driven up in emotion-congruent trials

(negative prime angry judgment) compared to the other

conditions. Similarly, for regions associated with emotion-

incongruent judgment, we tested the same interaction of

Prime and Judgment to verify that activity was driven

up in emotion-incongruent trials (negative prime happy

judgment).

Finally, conjunction analyses were conducted using the

minimum statistic compared to the conjunction null

(Nichols et al., 2005) to test whether any of our significantly

activated regions held for both prime screen and judgment

screen contrasts.
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RESULTS
Task performance
Consistent with previous research, negative primes influ-

enced judgments in an emotion-congruent pattern

(Murphy and Zajonc, 1993; Lewis et al., 2005; Joormann

and Gotlib, 2007; Beevers et al., 2009). Participants indicated

that they saw the angry expressions more frequently in the

negative prime condition (M¼ 53.72% of judgments,

s.d.¼ 10.04%) compared to the neutral prime condition

[M¼ 43.83%, s.d.¼ 10.61%; t(16)¼ 3.83, P < 0.05] and un-

primed judgments [M¼ 46.63%, s.d.¼ 7.90%, t(33)¼ 2.33,

P < 0.05]. Judgments in the neutral prime condition were

not significantly different from unprimed judgments

[t(33)¼ 0.89, P¼ 0.38]. Whereas participants who per-

formed judgments without primes were significantly less

likely than chance to indicate the angry face, participants

in the primed study showed a marginally significant trend

to indicate the angry face more often than chance in

the negative prime condition [t(16)¼ 1.53, P¼ 0.07, one

tailed].

Response times in the fMRI study did not significantly

differ according to prime valence [F(1, 16)¼ 0.20,

P > 0.05], judgment valence [F(1, 16)¼ 2.21, P > 0.05], or

the interaction of prime valence and judgment valence

[F(1, 16)¼ 2.95, P > 0.05; negative prime angry response

mean latency¼ 900 ms, s.d.¼ 169; negative prime happy re-

sponse mean latency¼ 886 ms, s.d.¼ 148; neutral prime

angry response mean latency¼ 932 ms, s.d.¼ 161; neutral

prime happy response mean latency¼ 869 ms, s.d.¼ 161].

Medial OFC emotion prime and judgment activity
distinguishes emotion-congruent judgments
Medial OFC activity is related to emotion-congruent judg-

ment regardless of whether emotional congruence is opera-

tionalized by prime or judgment. Medial OFC activity

was greater for primes that led to emotion-congruent judg-

ments [prime screen: negative prime angry judgment >

negative prime happy judgment: peak¼�16, 36, �18,

Brodmann area (BA) 11, t(16)¼ 4.15, P < 0.05 FWE].

Additionally, medial OFC activity during Judgments was

associated with emotion-congruent influences from preced-

ing emotional cues. Medial OFC activity was greater for

angry judgments influenced by the negative prime com-

pared to the neutral prime [judgment screen: negative

prime angry judgment > neutral prime angry judgment:

peak¼�2, 44, �18, BA 11, t(16)¼ 4.91, P < 0.05 FWE].

Further analyses confirmed that medial OFC activity is

driven up by emotion-congruent judgment in comparison

to all experimental conditions. Parameter estimates from

the prime contrast showed a significant interaction between

prime (negative or neutral) and subsequent judgment

(angry or happy) [F(1, 16)¼ 7.84, P < 0.05]. Figure 2A

shows that medial OFC derived from the prime contrast

was most engaged by negative primes when they led to emo-

tion-congruent judgments. Parameter estimates from the

judgment contrast showed a significant interaction between

prime (negative or neutral) and judgment (angry or happy)

interaction [F(1, 16)¼ 15.58, P < 0.05]. Figure 2B shows

that medial OFC derived from the judgment contrast

was most engaged in relation to emotion-congruent angry

judgments on negative primed trials. Finally, a conjunc-

tion analyses did not show significant overlap in theses

medial OFC regions. That is, the regions of medial OFC

that showed emotion-congruent activity related to the

prime (peak: 16, 36, �18) were distinct from those show-

ing emotion-congruent activity related to judgment (peak: 2,

44, �18).

In summary, analyses of prime- and judgment-related

neural activity suggests that medial OFC regions are involved

in emotion-congruent judgment in two ways: processing

emotional stimuli such that they predict subsequent

emotion-congruence of judgment and in making valence

judgments that are congruent with emotional primes.

Fig. 2 Medial OFC emotion-congruent activity related to processing emotional primes
and judging equivocally positive and negative stimuli. (A) Left column: a cluster of
left medial OFC (peak¼ 16, 36, �18) shows increased activity to negative primes
that lead to emotion-congruent judgments (prime screen: negative prime angry
judgment > negative prime happy judgment, P < 0.05, FWE). Right column: param-
eter estimates for activity in this region related to negative and neutral primes, split
by whether the subsequent judgment was angry or happy. (B) Left column: A cluster
of bilateral medial OFC (peak¼ 2, 44, �18) shows increased activity during
emotion-congruent judgments (judgment screen: negative prime angry judg-
ment > neutral prime angry judgment, P < 0.05, FWE). Right column: parameter
estimates for activity in this region related to judgments following negative and
neutral primes, split by whether the judgment was angry or happy. Error bars
represent standard error.
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DMPFC and right lateral prefrontal cortex are
associated with emotion-incongruent judgment
Bilateral DMPFC, right VLPFC and right lateral OFC activity

was greater for emotion-incongruent judgments [judgment

screen: negative prime happy judgment > neutral prime

happy judgment: left DMPFC peak¼�4, 54, 34, BA 9,

t(16)¼ 5.77, P < 0.05 FWE; right DMPFC peak¼ 10, 54,

24, BA 9, t(16)¼ 5.22, P < 0.05 FWE; right VLPFC

peak¼ 44, 16, 26, BA 44, t(16)¼ 5.65, P < 0.05 FWE; right

lateral OFC peak¼ 46, 36, �16, BA 47, t(16)¼ 5.29, P < 0.05

FWE]. Further analyses confirmed that activity in these re-

gions is driven up by emotion-incongruent judgment in

comparison to all experimental conditions. Parameter esti-

mates of judgment activity derived from these regions were

characterized by an interaction of prime (negative or neu-

tral) and judgment (happy or angry) [left DMPFC:

F(1, 16)¼ 11.28; right DMPFC: F(1, 16)¼ 11.83; right

VLPFC: F(1, 16)¼ 5.27; right lateral OFC: F(1, 16)¼ 7.75;

all P < 0.05]. Activity in these bilateral DMPFC, right

VLPFC and right lateral OFC regions was most engaged

for emotion-incongruent happy judgments on negative

primed trials. Figure 3 shows that activity derived from the

judgment contrast was most engaged in relation to emotion-

incongruent happy judgments following negative primes. In

summary, bilateral DMPFC, right VLPFC and right lateral

OFC activity was associated with making valence judgments

that were incongruent with emotional primes.

Lateral OFC is associated with negative compared to
neutral primes
Neural activity might relate to the processing of emotional

primes even if it is not associated with emotion-congruent

judgment. This pattern of activity was examined with a con-

trast of activity during negative primes compared to activity

during neutral primes for all trials. Left lateral OFC activity

was greater for negative compared to neutral primes

[peak¼�38, 22, �10, BA 47, t(16)¼ 5.62, P < 0.05 FWE].

No significant activity was detected showing greater activity

for neutral compared to negative primes.

DISCUSSION
The current study builds on previous research by taking a

new approach to investigating the neural systems that sup-

port emotional influences on judgment. An association

between medial OFC activation and emotion-congruent

judgment was found both when emotion-congruence was

operationalized by primes leading to subsequent emotion-

congruent judgments and by judgments that shared valence

with their preceding emotional prime. Additionally, bilateral

DMPFC, right VLPFC and right lateral OFC are associated

with judgments that do not share valence with their preced-

ing prime. These findings have implications for refining our

understanding of the neural systems associated with

emotion-congruent judgment.

Instead of inferring emotional influences from disadvan-

tageous judgments or non-randomly assigned individual

differences, the current study took a new approach to

emotion-congruent judgment by examining neural activa-

tion in relation to the effect of manipulated emotional

primes on judgment. The new approach found an associ-

ation between emotion-congruent judgment and one of

the previously identified regions, the medial OFC (Bechara

et al., 2000; Camille et al., 2004; Coricelli et al., 2005; Shiv

et al., 2005; Wang et al., 2006; Goldin et al., 2009). More

specifically, two relations between medial OFC and

emotion-congruent judgment were identified. One region

Fig. 3 Emotion-incongruent neural activity related to judging equivocally positive
and negative stimuli. Left column shows clusters with increased activity during
emotion-incongruent judgments (judgment screen: negative prime happy judg-
ment > neutral prime happy judgment, P < 0.05, FWE). Right column shows param-
eter estimates for activity in each region related to judgments following negative and
neutral primes, split by whether the judgment was angry or happy. (A) Left DMPFC
(peak¼�4, 54, 34). (B) Right DMPFC (peak¼ 10, 54, 24). (C) Right VLPFC
(peak¼ 44, 16, 26). (D) Right lateral OFC (peak¼ 46, 36, �16). Error bars represent
standard error.
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of medial OFC is engaged by emotional primes that lead to

emotion-congruent judgments and another region of medial

OFC is engaged by judgments that are preceded by

emotion-congruent primes. These findings suggest that

medial OFC supports emotion-congruent judgment in

cases where negative emotional information influences judg-

ments drawn from equivocal sources of negative and positive

attributes. Although previous research has associated other

regions with emotion-congruent judgment (e.g. amygdala,

insula and ACC: Sanfey et al., 2003; Bishop et al., 2004a;

Camille et al., 2004; Coricelli et al., 2005; Kuhnen and

Knutson, 2005; Shiv et al., 2005; Stein et al., 2007; Goldin

et al., 2009), they were not significantly activated in the cur-

rent study even in contrast between the negative and neutral

primes. Future research that broadly adopts the approach of

the current study will be helpful in refining our understand-

ing of the roles these regions play in emotion-congruent

judgment. For example, it may be that the involvement of

certain regions are dependent on factors that differed unsys-

tematically across previous studies such as whether judg-

ments are influenced by positive, negative or more specific

emotions or the type of judgment itself. Future research that

manipulates the influence of emotional information on

judgments is needed to more systematically understand the

neural systems that support emotion-congruent judgment.

The current study suggests that one way the OFC may

support emotion-congruent judgment is by directing atten-

tion to aspects of judgments that share valence with emo-

tional states. Behavioral research has shown that emotions

can influence a number of component processes involved in

judgment. For example, emotions may increase the salience

of similarly valenced aspects of judgment (Bower et al., 1983;

Murphy and Zajonc, 1993; Joormann and Gotlib, 2007;

Beevers et al., 2009) or influence whether the judgment is

processed more or less deeply (Forgas, 1998, 2008; Bless and

Fiedler, 2006). Therefore, in previous neural research, any

number of processes may account for the association be-

tween OFC and viewing surprised facial expressions or

making conservative gambling choices in negative contexts

(Kim et al., 2004; Beer et al., 2006). The study on surprised

facial expressions was not designed to measure how judg-

ments were influenced by the negative context making it

difficult to interpret underlying processes. Additionally, the

influence of negative emotion on conservative gambling

choices may have indicated increased attention to the poten-

tial losses versus the potential gains, thinking more carefully

about the choices, or both (e.g. Bechara et al., 2000; Shiv

et al., 2005). In the current study, participants had limited

time to make judgments of stimuli composed of equal parts

negative and positive information. Therefore, judgments that

shared valence with preceding primes most likely reflected

attention shaped by the prime rather than differences in how

deeply the stimuli were processed before judgment.

Consistent with the interpretation that effects were not ac-

counted for by differences in depth of processing, there were

not significant differences in reaction time for emotion-

congruent judgments compared to emotion-incongruent

judgments. If attention is one way that medial OFC supports

emotion-congruent judgment, then the current findings sug-

gest that different attentional mechanisms may be engaged

when emotion leads to emotion-congruent judgment com-

pared to when judgments are influenced by emotional states.

When emotion leads to emotion-congruent judgments,

medial OFC may be important for directing attention to

subsequent information that shares valence with the emo-

tional state. When judgments are influenced by an emotional

state, medial OFC may be involved in selecting

emotion-congruent information from competing informa-

tion. The current study suggests that OFC supports atten-

tional processes that underlie emotion-congruent judgment

but does not rule out the possibility that it is also important

for other processes underlying emotion-congruent judg-

ment. Future research will be beneficial for understanding

whether OFC is also important for other processes that

support emotional-congruence. For example, people in

negative emotional states tend to process information

more deeply. Therefore, people in the negative emotional

states tend to better account for situational factors that in-

fluence other people’s behavior rather than the more

common judgment that a person’s behavior reflects their

disposition (Forgas, 1998). If OFC is also important for

mediating emotional influences on depth of processing,

then it should be involved in the effect of negative emotion

on behavioral attributions. Alternatively, it may be that other

neural regions associated with emotion-congruent judgment

underlie emotional influences on depth of processing in a

judgment.

There were a number of parallels between the neural re-

gions associated with emotion-incongruent judgment in the

current study and neural regions previously associated with

the inhibition of interfering information. In the current

study, DMPFC, VLPFC and lateral OFC activity increased

when participants made judgments that were inconsistent

with the valence of a preceding prime. Regions similar to

the DMPFC, VLPFC and lateral OFC emotion-incongruent

processing regions have been associated with the inhibition

of emotional information that interferes with a judgment

task (Elliott et al., 2000; Bishop et al., 2004a; Kringelbach,

2005; Etkin et al., 2006; Egner et al., 2008; Ochsner et al.,

2009). For example, in previous research, emotional inter-

ference arose when participants had to judge the valence of

an angry facial expression that was imprinted with the emo-

tionally incongruent word ‘happy’. Further research is

needed to fully address whether emotion-incongruent infor-

mation is processed similarly to interfering information. For

example, future studies might directly contrast conditions

where emotion-incongruent information interferes or does

not interfere with a judgment.

Although task instructions discouraged participants from

thinking about judgments in terms of correctness, it is worth
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considering the resemblance between the current study’s

findings and a recent review which posits an association

between medial OFC and reward evaluation and an associ-

ation between lateral OFC and punishment evaluation

(Kringelbach and Rolls, 2004). Although participants in the

current study were not rewarded or punished for particular

answers, activation in a medial OFC region was associated

with emotion-congruent judgments, whereas activation in a

lateral OFC region was associated with emotion-incongruent

judgments. One possibility is that participants might have

interpreted emotion-congruent judgments as correct and

emotion-incongruent judgments as incorrect. In this case,

it is possible that the medial and lateral OFC activations

identified in the current study indicate that participants

found it rewarding to direct attention to emotion-congruent

stimuli or believed that emotion-congruent responses were

somehow more ‘correct’ than emotion-incongruent re-

sponses. Future research will be beneficial in more directly

testing this possibility because of the differences between the

current study and previous research on the role of OFC in

evaluating reward and punishment. The research linking

medial and lateral OFC to rewards and punishments is con-

cerned with the evaluation of explicit outcomes (such as

monetary outcomes, tastes, or performance feedback;

Kringelbach and Rolls, 2004) and there were no explicit out-

comes or feedback that participants could evaluate in the

current study. Furthermore, medial OFC activity during

emotion-congruent judgments could not be driven by the

reward value of the faces themselves because emotion-

congruent judgments indicated negatively valenced faces.

Likewise, lateral OFC activity during emotion-incongruent

judgments could not be driven by the punishment value of

faces because emotion-incongruent judgments indicated

positively valenced faces. Nonetheless, the valence match be-

tween negative facial expressions and negative words would

have been apparent to participants and it cannot be ruled

out that activation during judgments might be influ-

enced by participants making note of a match or mismatch

between words and facial expressions. Future research

might benefit from a task which manipulates reward and

emotion-congruence.

Consistent with previous research (Kuchinke et al., 2005;

Kensinger and Schacter, 2006; Lewis et al., 2007), the current

study found that left lateral OFC activity was greater when

participants viewed negative compared to neutral words.

However, differences in left lateral OFC activation were

not related to emotion-congruent judgment in the current

study. Taken together, the current findings suggest that

neural regions involved in processing the emotional valence

of words may be somewhat distinct from the neural regions

involved when emotional words direct attention to congru-

ent information in subsequent judgments.

In conclusion, the present study took a new approach and

found further support for the association between medial

OFC and emotion-congruent judgment. The findings

suggest that medial OFC may shape emotion-congruent

judgments by directing attention to information that

shares valence with emotional states. Additional research

that manipulates the influence of emotion on judgment

rather than inferring it from disadvantageous gambling be-

havior or non-random individual differences will be benefi-

cial in refining our understanding of the neural systems that

support emotional influences on judgment.
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