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Brain Evoked Potentials Reflect How Emotiona Faces Influence
Our Decision Making
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Emotion is usually not discussed as a relevant variable in rational models of decision
making—but may be one. The present el ectroencephal ographic study demonstrates the
influence of emotiona primes (angry, happy faces) on purchase decisions. In a
within-subject design, pictures of an apartment were shown to participants who then
had to make Go/NoGo decisions on whether to rent it. Their decision should be based
either on its price or on its brightness. In two thirds of the trials, emotional prime
pictures of happy versus unhappy faces preceded the purchase target (apartment); in
one third of the trials no prime was given. Response certainty was evaluated by means
of reaction times (RT) and peak amplitude of the event-related potential N200. Facial
primes accelerated decisions (RT) irrespective of affective expression. Positive face
primes elicited larger N200 amplitudes during purchase decision compared to negative
ones. Price-based decisions were made faster and elicited larger N200 than brightness-
based decisions. These results support the cognitive-tuning model of decision making
and validate the N200 as sensitive measure for the interplay of cognitive and affective

aspects in decision making.
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On daily basis we have to decide whether to
buy a product or not. The decision relies on our
perceived need (do | like it, is it necessary for
survival or comfort) and on available resources
(do I have the money). So-called rational coher-
ence models explain decision making without
linking it to emotion, but to logic and statistical
inference (e.g., Chew, Epstein, & Segal, 1991,
Friedman, 1953; Savage, 1950). In contrast,
others used empirical research results as a basis
for explaining decision making and developed
nonnormative correspondence models to chal-
lenge these rational coherence models (cf. Mer-
cer, 2005): From Tversky and Kahneman
(1973) to Gigerenzer (1996), on to a huge body
of empirical research from neuroscience, psy-
chology, or behavioral economics available to-

Astrid Christine Steffen, Clinical Psychology & Clinical
Neurospsychology Department, and Brigitte Rockstroh, De-
partment of Psychology, University of Konstanz; Berna-
dette Jansma, Cognitive Neuroscience Department, Maas-
tricht University.

Correspondence concerning this article should be ad-
dressed to Astrid Christine Steffen, Clinical Psychology &
Clinical Neurospsychology, University of Konstanz, Ger-
many. E-mail: Astrid.steffen@uni-konstanz.de

day (e.g., Camerer, Loewenstein, & Prelec,
2004; Gehring & Willoughby, 2002; Knutson et
a., 2007; for an overview, see Hammond,
1996), the view is strengthened that emotion
does play a role in decision making. Bechara
and Damasio (2005) even went further by stat-
ing that sound and rational decision making
depended on prior accurate emotional process-
ing.

One of the most salient sources for emotional
processing is the face, since the information
from other people’s emotional facial expres-
sions is evaluated instantaneously (Eastwood,
Smile, & Merikle, 2003; Gallese et al., 2004).
Positive and negative emotional facial expres-
sions are faster recognized than neutral ones
(Carvgjal et a., 2004), and positive emotions
are more readily processed than negative ones:
Reaction times for happy faces are faster than
for negative faces because they are less ambig-
uous (Carvga et al., 2004; Eastwood et al.,
2003; Esteves & Ohman, 1993; Leppanen &
Hietanen, 2004). Leppanen, Tenhunen, and
Hietanen (2003) termed this phenomenon the
happy face advantage. In general, responses to
negative valence are slower as they capture
attention (e.g., Hansen & Hansen, 1988) and
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disrupt performance (Eastwood et al., 2003).
This is particularly true for responses to angry
facial expressions (Baumeister, Bratslavsky,
Finenauer, & Vohs, 2001; Johnston et al., 2001;
Leppéanen et al., 2003). In the present study, we
aimed to combine research on human decision
making with consumer behavior. More specifi-
caly, the influence of emotion on a purchase
decision task was probed by presenting faces
with angry or happy expressions as prime stim-
uli prior to such a decision.

Everyday decisions are modulated by differ-
ent aspects such as relevance of the decision, or
availability of information (e.g., Camerer et d.,
2004; Gigerenzer, 1996). The speed of decision
varies with certainty (e.g., Bechara et al., 2000;
Bechara & Damasio, 2005; Glimcher, 2003;
Kahneman & Tversky, 1979). A purchase deci-
sion varies with rational criteria or preference,
the latter being more context dependent than the
first. Our interest in this study focused on rather
rational, cognitive decisions.

One category of rational decisions is the so
called price-based decision, being salient and of
high cognitive availability (e.g., Diller, 2000;
Kotler, 2001; Tversky & Kahneman, 1996):
Usually, people react faster to a cheaper rather
than to an expensive price (e.g., Sandholm,
1999; Simon, 1979). In contrast to such a com-
mon cognitive decision as the price-based deci-
sion, a less common one is brightness discrim-
ination. Brightness concerns the perceived
intensity of light coming from the image itself
(Adelson, 2000). Usually, in brightness discrim-
ination, people are biased toward and react
faster to bright relative to dark items (Ratcliff,
2002). On this background, the present study
explored certainty during price based (i.e., com-
mon cognitive decisions) and brightness based
(i.e., less common cognitive) decisions.

A nonrational factor influencing decision
making is affect. The perception of one's own
affective state is one of several sources of in-
formation relevant in decision making (“affect
as information” see Clore & Palmer, in press;
Schwarz & Clore, 1996). The cognitive tuning
hypothesis (Schwarz, 2002; Schwarz & Clore,
1996) goes one step further and states that being
confronted with negative cognitive modes, peo-
ple show a narrowed focus of attention (Broad-
bent, 1971; Easterbrook, 1959), a higher level
of spontaneous causal reasoning (e.g., Bohner,
Bless, Schwarz, & Strack, 1988), increased vig-
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ilance and bottom-up data-driven processing
(Bless, 1997; Schwarz, 1990). In contrast, peo-
ple in a positive cognitive mode rely on their
usual routines and pre-existing knowledge
structures, which have served them in the past
(Bless, 1997; Schwarz, 1990).

The present study exploited a variation (see
below) of the affective priming paradigm (Mur-
phy & Zgjonc, 1993) to examine affective mod-
ulation of cognitive decisions. In their original
version of this paradigm, Murphy and Zaonc
used briefly presented affective stimuli to show
how these stimuli change decisions. Thus, these
researchers validated Zgjonc's (1984) affective
primacy hypothesis, which states that affect ac-
celerates decision making. Their findings have
been replicated in behaviora (e.g., with sad
faces, Wong et al., 2003), as well as in event-
related potential (ERP) studies with emotional
facial primes (happy and angry faces, e.g., Wer-
heid, Alpay, Jentzsch, & Sommer, 2005).

Next to whether emotion can influence the
decision making, it is also relevant to see how
and when in the information processing this
influence takes place. Here we used ERPs to
study cortical processes during decision making
at millisecond basis. This study concentrated in
particular on the ERP-component N200, which
is visible in Go/NoGo tasks, and refers to a
negative peak (1 to 4 pV) in the ERP at about
100 to 300 ms after stimulus presentation (e.g.,
Pfefferbaum, Ford, Weller, & Kopell, 1985).
The N200 peak amplitude is usually more neg-
ative for NoGo versus Go trails. The difference
NoGo/Go is referred to as the N200 effect, and
its maximum signals the moment in time (N200
latency) and certainty (N200 amplitude) of the
participant’s decision to respond or not. The
peak amplitude of the N200 has been shown
sensitive to task difficulty (Falkenstein, Hoor-
mann, & Hohnsbein, 1999; Kopp, Mattler,
Goerty, & Rist, 1996) and certainty of decision.
Smaller N200 effects usually come along with
high-false alarm rates, suggesting that uncer-
tainty during decision making may correlate
with weaker inhibition processing (Falkenstein
et a., 1999). Functional MRI results (Casey et
a., 1997) and source anaysis of ERPs (Kiefer,
Marzinzik, Weisbrod, Scherg, & Spitzer, 1998)
located the effects in the orbital frontal cortex.

In analogy to standard Go/NoGo tasks in
perception and language (see, e.g., Rodriguez-
Fornells, Schmitt, Kutas, & Minte, 2002;
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Sasaki & Gemba, 1986; Schmitt, Rodriguez-
Fornells, Kutas, & Munte, 2001; Thorpe, Fize,
& Marlot, 1996), but to measure emotional in-
fluence on rational decisions, we asked partici-
pants to carry out a simple Go/NoGo decision:
They had to indicate via button press whether to
rent (Go) or not to rent (NoGo) the respective
apartment shown on a screen.

In addition, a modified affective priming par-
adigm was embedded in this Go/NoGo task:
Prior to presenting the target picture of the
apartment, an emotional face was presented in
some of the trials. Priming effects as predicted
by the affect-as-information approach (Clore et
a., 1994; Schwarz, 1990) and the affect heuris-
tic (Slovic, 2002) are expected to elicit framing
effects on decision making. These effects reflect
response tendencies as suggested by the cogni-
tive tuning hypothesis (Schwarz, 2002; Schwarz
& Clore, 1996). Affective priming was ex-
pected to modulate reaction times and on the
N200, which were expected to confirm to Lep-
panen et a.’s (2003) the happy-face advantage.

Moreover, different modulations of reaction
times and N200 were expected for the different
types of decision making due to different pro-
cessing—this being related to task difficulties
and certainty while deciding. Thus, we hypoth-
esized, that (a) primes augment negative peak
amplitudes and prompt faster decisions follow-
ing happy faces with more negative peak am-
plitudes compared to decisions following an
angry prime; (b) responses were faster in the
price-based decision, as the more common one,
than in the brightness decision; and (c) more
certainty in price-based decisions should in-
crease peak amplitude of the N200—NoGo/Go
effect relative to brightness-based decisions
(e.g., Falkenstein, 1999).

Method

Twenty-one right-handed participants (15
women) mean age 21.2 years, range 17 to 32
years received financial or course credit bonus
for participation. For sample selection, each
participant filled in a screening form and sent it
in via email. Prior to the experimental session
each participant signed a written consent form,
and filled in a checklist including use of medi-
cation, alcohol, drugs, brain damage, dyslexia,
epilepsy, and concentration problems. Handed-
ness was determined by a shortened version of

the Edinburgh Handedness Inventory (Oldfield,
1971). Each participant received a debriefing
form explaining the main objectives of the study
after participating. Only healthy, right-handed
participants with normal or corrected to normal
vision were included.

Design and Material

The study design was approved by the ethical
committee of the faculty of Psychology at
Maastricht University via a “research line ap-
proval” to the division “cognitive neuro-
science.” Within a 2 X 2 X 3 experimental
repeated-measures design, the within-subject
factors brightness (bright vs. dark), price (cheap
vS. expensive) of apartments and affective
prime (happy vs. angry faces vs. no prime).

Targets of decision were 48 pictures of apart-
ments (24 bright, 24 dark, sized 304 X 228
pixels in landscape format). Prime stimuli
were 48 pictures of faces (24 happy ones and 24
angry ones, sized 224 X 288 pixels in portrait
format). Pictures of faces were taken from the
standardized database of NimStim (http://
www.macbrain.org/faces/index.htm; Totten-
ham, Borscheid, Ellersten, Marcus, & Nelson,
2002) and edited with Adobe Photoshop (pro
CS2, Version 9) to use a 256-bit color palette.
The distance between participants and monitor
was arranged to meet 80 cm, the extension in
degrees of the visual angle was 11.3 in height
and 6.4 in width for target stimuli and 6.3° in
height and of 4.6° in width for prime stimuli.
For the present experiment pictures were se-
lected which participants during the NimStim-
validation process had rated as happy/angry at a
reliability of r = .80 (or higher). Faces included
different gender (15 female, 9 male faces) and
ethnicity, and each face appeared with happy
and with angry expression. Pictures of the apart-
ments were photos assembled from the Internet
and privately. Each photo showed an empty
room with white walls and one to two corners,
including one or two sources of light (windows
or/and alamp). Bright versions of room pictures
were produced by adding brightness (to + 50
using the “brightness’ function of Adobe Pho-
toshop Pro CS2 Version 9.0 for the bright ex-
perimental version) to the original picture; the
original pictures then represented the dark ex-
amples.
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Figure 1.

time

Ilustration of one trial in a condition with prime preceding target stimulus.

Participants see consecutively the following: (a) The fixation cross for 300 to 700 ms at
random, (b) an affective prime (angry or happy face) for 200 ms, (c) a mask for 50 ms, (d)
the target picture (dark or bright and expensive or cheap) of aroom for 1,500 ms, and (e) clear
screen for 800 ms. In conditions without prime (“no prime condition”), there was no
substitution for the 200-ms time window of prime presentation.

A price labd of the monthly rent was added
underneath each apartment picture (see Figure 1),
and each apartment was presented once with
price tag lower than local standards (“250
Euro”) and once with a higher price (“750
Euro”; written in Arial, 18 pt). Task instructions
were presented on the screen in white on black
(12 pt Arial). The experimental design was pro-
grammed using the Experimental Run Time
System software (ERTS, Version V3.37b;
Beringer, 1987), which also recorded reaction
times and errors during data acquisition. A Dell
PC was used (Optiplex GX206), participants
saw the stimuli on a 17-inch screen (Dell,
M782P, 70 Hz, refresh rate 16 ms). Participants
indicated their decision by pressing the right
“shift” key of a QWERTY keyboard. Response
times were stored on computer hard disk. The
experiment lasted for about 2.5 hr.

Procedure

On arriving at the electroencephalogram
(EEG) laboratory, after introduction to the ex-
periment including written consent and verify-
ing handedness (see above), a 32-scalp elec-
trode cap was fixed onto the participant’s head,
before she/he was led into a sound-proof, con-
stant-dimly lit experimental chamber. Baseline
trials familiarized the participant with stimulus
categories (dark and bright flat version, without
price). Repetition of the baseline trial series
served to reduce learning effects and to measure

ERP with control for item effects. The experi-
mental series consisted of eight blocks that cov-
ered the 12 experimental conditions.

Prior to each trial block, participants read
task instructions. Whenever participants had to
base their decision on brightness, the written
instruction told them to rent (a) a bright apart-
ment because otherwise they would suffer from
severe tensions in the neck and headaches, or
(b) to rent a dark flat because otherwise they
would suffer from severe tensions in the neck
and headaches. Prior to price-based decisions,
participants read that they should save money
by (c) not exceeding a certain budget (= cheap),
or (d) exceeding a certain budget purposively
because of tax-related reasons (= expensive).

Prior to trials including primes, participants
were instructed that the task relevant picture
(apartment) would be preceded by another pic-
ture, irrelevant for decision. Participants were
reguested to make a Go/NoGo decision in re-
sponse to each trial. Decisions to rent a apart-
ment should be indicated by pressing a button;
decisions not to rent the shown apartment
should be indicated by suppressing the button
press. Within the total 1,152 trials were four
blocks without prime stimuli and four blocks of
included 192 trials with affective primes (96 of
which with happy and 96 with angry faces).
Thus each condition comprised 96 target stimuli
(24 pictures of dark rooms, 24 pictures of bright
rooms, each being presented once with a low
price and once with a high price). Each block
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was preceded by an additional 8 practice trials,
not included in the analysis. The order of the
eight blocks was counterbalanced across partic-
ipants. Blocks were separated by breaks of vari-
able length, which allowed participants to relax.
A typica trial started with a 300 to 700 ms
presentation of a fixation cross.

In trials without primes the fixation cross was
immediately followed the 1.5-s target stimulus,
the response keys were activated during this
interval. With the offset of the target stimulus
the screen turned black for 800 ms. In trialswith
affective primes the fixation cross was followed
by the 200-ms presentation of prime; between
prime and target (1,500 ms, with response keys
activated) the screen went black for 50 ms.
Again target offset was followed by the black
screen for 800 ms.

Data Analysis

Dependent variables were reaction times
(RT) and peak amplitude of the N200. RT and
errors were analyzed in a 3 X 2 (prime, deci-
sion) repeated-measures analysis of variance
(ANOVA) with SPSS 12.0.1. The EEG was
recorded from 32 scalp electrodes located ac-
cording to the extended 10/20 system (Jasper,
1958). Electrode impedance was kept below 5
kQ) for al electrodes. The EEG signal was am-
plified with SynAmps and analyzed using Neu-
roScan 4.3 and SPSS software. EEG data were
re-referenced offline to the average of the left
and right mastoid signal. Data epochs of 800 ms
prior to each target (target locked with a100 ms
prestimulus interval) were filtered with a band-
pass zero phase shift filter of 0.05 to 30 Hz with
a 24 dB/oct cut-off. The signal was baseline
corrected and trials with eye movements were
removed (75 pV threshold) from further analy-
ses. Across participants and trial blocks about
32% were rejected trials. Error trials (false
alarms, misses) were excluded via a computer
program. ERPs were determined only for trials
with correct responses. Grand averages were
calculated by taking the individual averagesasa
basis. After arcsin transforming the proportions
(Winer, 1971) of rejected trials, differences be-
tween rejected and accepted trials per condition
were evaluated by an ANOVA. A 3 X 2 X 2
ANOVA with the factors prime, decision, and
Go/NoGo indicated a higher number of rejected
trials in the brightness condition (40 £ 18%)

Time Windows of Sgnificant Differences NoGo/Go Difference Waves as Derived From Serial t Test

Table 1

None

Angry face

276 ms (t = —1.765) to 412 ms (t

344 ms (t

Happy face
—1.947) to 424 ms (t

—1.729) to 436 ms (t
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= -1.846)

1.788) t0 436 ms (t

= -1.91)
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320 ms (t

= _1.835)
= ~1.796)

—1.753) to 420 ms (t
= —1.795) to 444 ms (t

308 ms (t
320 ms (t

Cheap
Expensive




Table 2
Mean Reaction Times
Variable Happy face  Angry face No prime
Brightness
Bright 680 668 704
Dark 669 688 749
Price
Cheap 556 548 582
Expensive 555 555 576

Note. Reaction times given in milliseconds. Used was an
analysis of variance with the factors Decision (brightness,
price) X Brightness (bright, dark) X Price (cheap, expen-
sive) X Prime (happy face, angry face, no prime).

than in the price condition 26 = 26%, F(1,
20) = 13.7, p < .01. The time windows of the
N200 effect was determined by (@) serial t tests
comparing Go/NoGo ERPs (see Table 1) and
(b) serial paired t tests comparing affective
prime conditions (happy, angry, no prime) and
between decision conditions (price, decision),
and (c) visual inspection to identify the effect
individually.

NoGo-N200 was significantly more negative
than Go—N200 in al experimental conditions,
confirming the N200 effect was continued by
more negative NoGo-N200 than Go—N200. The
effect was most pronounced at AFz so that
result will be reported for this electrode site.

Results

As summarized in Table 2, RT was 693 +
117 ms on brightness decision and 562 + 124
ms on price decision. RT on trials without
primes were 653 = 110 ms, and on trials with
primes 615 + 123 ms. The impact of target was
confirmed by a main effect target, F(1,
20) = 9.70, p < .01: Participants were faster by
131 ms on price-based decisions than on bright-
ness-based decisions. The impact of prime was
confirmed by a main effect prime, F(2,
19) = 9.26, p < .01: Participants were about 38
ms faster in conditions with prime than without
prime. RT did not differ significantly between the
two prime conditions (happy vs. angry face, p >
.05). Participants made fewer errorsin price-based
decisons (5 *+ 14%) than in brightness-based
decison (33 = 21%) F(1, 20) = 72.89, p < .01
Thus, brightness-based decisions seemed to be
more difficult than price-based decisions.
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The N200 effect was more pronounced on
price-based decision (—5.35 = 2.9 wV) than for
the brightness-based decision (—3.64 = 2.0
wV) F(1, 20) = 10.38, p < .01. Figures2 and 3
illustrate the N200 in the different conditions.
Planned pairwise comparisons confirmed sig-
nificant differences between the dark and the
expensive condition (1.81 with SE = 0.78, p =
.032). Happy faces evoked larger peak ampli-
tude (—5.32 = 3.1 wV) than angry faces
(—4.48 = 2.2 wV) and no prime (—3.69 = 1.9
wV) F(2, 19) = 4.558, p < .05. Figure 4 gives
an overview of significant differences between
the mean N200 peak amplitudes per condition.

Discussion

The present study shows that ERPs add to
RTs in the evaluation of decision making and
allow evaluating ongoing brain processes, while
decision making under affective influences
takes place.

Whereas RT analysis revealed a global prim-
ing effect, ERPs fine tuned the results and fur-
ther showed that also affective context-inducing
primes influence decisions. A happy-face ad-
vantage was found for N200 peak amplitude
indicating that each affective prime boosts re-
sponse certainty, but the positive prime was

Figure 2.  Topographic maps for NoGo/Go difference per
prime in the brightness-based decision, taken from the time
window of maximal activity. The whole distributions of the
NoGo-Go difference waves are depicted below the topo-
graphic maps [electrode: AFZ].
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Figure 3. Topographic maps for NoGo/Go difference per
prime in the price-based decision, taken from the time
window of maximal activity. The whole distributions of the
NoGo/Go difference waves are depicted below the topo-
graphic maps [electrode: AFz].

particularly effective. We may conclude that
individuals were more certain in their decision
making after seeing a happy face as compared
to an angry face. These results confirm the
cognitive tuning hypothesis exploiting the cor-
tical response measure N200. Moreover, results
also confirm the “affect-as-information” hy-
pothesis. Decision certainty was facilitated in
the context of a prime, relative to decisions
without any prime.

As expected, the seemingly more difficult
brightness decision required more time and was
processed with less certainty than the more
common, unambiguous price decision. Indepen-
dent from affective influences, the type of de-
cision modulates speed and certainty of deci-
sion.

Task difficulty was reflected in the peak am-
plitude N200—-NoGo/Go effect: Participants
were least certain when choosing a dark apart-
ment and most certain when deciding for an
expensive apartment.

In contrast to our expectation neither RTsand
errors nor N200 peak amplitude disclosed an
interaction of affective prime and type of deci-
sion. This suggests that affect influences deci-
sion independently from type or task difficulty
of decision.

Weaknesses of the study should be consid-
ered: In addition to the no prime control a
control condition for the main effect of affective
manipulation with “neutral” stimuli (low
arousal, no specific valence) could have been
expected within the present study. A neutral
face condition was impaired (and discarded) by
the fact that it is more difficult to find truly
“neutral” facial expressions, which do not con-
vey emotional information. In contrast the Nim-
Stim Face Set (Tottenham et al., 2002) assures
reliability (r = .80 or higher) and that elicited
arousal was kept constant to ensure the modu-
latory impact of the valence component. Mur-
phy and Zgjonc (1993) did not find significant
differences between neutral face and no prime
control conditions or between task irrelevant
and no prime conditions.

The present results are in line with recent
neuroeconomic fMRI studies: Knutson, Rick,
Wimmer, Prelec, and Loewenstein (2007) pub-
lished a neuroeconomic study that is themati-
cally related, but they used preference judg-
ments in an event-related fMRI study to reveal
“neural predictors of purchase,” and to investi-
gate how people weigh the factors of consumer
preference and price to make purchasing deci-
sions in a Go/NoGo task. These authors
concluded activation of distinct neural circuits
related to anticipatory affect that preceded con-
sumers purchasing decisions.

In sum, the present study provides the first
detailed ERP support for cognitive tuning ef-
fects on decision making—more specifically on

Figure 4. Significant differences between the margina
means of the peak amplitude. Results from an analysis of
variance (ANOVA) with the factors Decision (brightness,
price) X Prime (positive, negative no prime).



decision making in the context of purchasing.
Emotions that are seemingly irrelevant for a
correct decision influenced the decision making
process. As other people’s emotions are pro-
cessed quickly and influence subsequent re-
sponses or decisions, participants of the present
study were affected by facial primes confirming
assumptions from the affect-as-information ap-
proach. Regarding rational choice models, it
can be concluded that, it should not be ne-
glected that human beings are social beings
when modeling human decision making. Emo-
tion isthe most salient social information. Thus,
“emotion” is a type of information, which is
also important during efficient decision making.
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