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ABSTRACT 

Degree of emotional valence and arousal have been shown to covary with blood oxygen level dependent (BOLD) 
signal levels in several brain structures. Here we studied brain activity in 17 healthy subjects during perception 
of facial expressions varying in valence and arousal using functional magnetic resonance imaging (fMRI). Our 
results revealed correlations with the perceived valence in dorsolateral and ventrolateral prefrontal cortex, 
dorsomedial prefrontal cortex, and anterior insula. These findings corroborate results of our previous study 
where we used pictures of varying valence taken from the International Affective Picture System (IAPS). 
Together, the results of these two studies suggest existence of common brain areas processing valence of both 
emotional pictures and facial expressions. Additionally, BOLD signal exhibited distinctive dependency on 
perceived valence in intraparietal sulcus and supramarginal gyrus in the present study. BOLD activity correlated 
with negative and positive valence in separate cortical areas, and some areas demonstrated either a U-shaped 
or an inverted U-shaped relationship with valence (i.e., either minimal or maximal activation was observed to 
neutral expressions). This nonlinear dependency suggests that brain mechanisms underlying perception of 
negative and positive valence are at least to some extent independent. Perceived arousal correlated positively 
with the strength of the BOLD signal only in the left inferior frontal gyrus, which is an important node of the 
mirror neuron system. 

 

 
INTRODUCTION 
 Smooth social interaction requires ability to 
perceive facial expressions that convey important 
information about emotional states of others. We 
quickly recognize pleasure and displeasure from 

facial expressions, and can also usually infer more 
specifically how another person is feeling. We can, 
for instance, perceive when someone is angry or 
frightened, and the magnitude of the expression 
informs us about the person’s arousal. 
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 Four to five year old children tend to divide 
facial expressions into good and bad instead of 
specifying the precise emotional category [1]. 
When asked to freely label facial expressions, 
children mainly use the words happy, angry, and 
sad, and less often words for other basic emotions 
such as scared, surprised, and disgusted [2]. 
Furthermore, happiness and sadness are the 
emotions that are most easily recognized by 
young children [3]. This lack of specificity at early 
stages of human development is one piece of 
evidence that has been taken to suggest that 
emotional expressions are processed in a 
rudimentary negative to positive dimension.  

 Naturally, on a cautious note, these findings 
could be explained by children’s limited emotion 
vocabulary [4], however, based on factor analysis 
and multidimensional scaling, it has been 
suggested that valence (running from negative 
through neutral to positive emotions) and arousal 
(running from low to high) constitute orthogonal 
dimensions that represent the scope of human 
emotions [5, 6]. Although also other dimensional 
emotion models do exist (e.g. [7, 8]), the model 
with valence and arousal as fundamental 
dimensions is currently the most widely accepted 
one. The model posits that each emotion can be 
characterized by a vector in the two-dimensional 
valence-arousal space (e.g, sadness can be 
characterized as negative valence with low arousal 
and angriness, on the other hand, as negative 
valence and high arousal). The theory has been a 
very popular one since it gives conceptually 
separate building blocks of emotions, which are 
rooted in psychological reality [9]. It has even 
been suggested that discrete basic emotions 
(happiness, sadness, surprise, disgust, angriness, 
and fearfulness) exist only in the perceptual realm 
and that at the neural level valence is the 
fundamental processing unit [10].  

 Supporting the valence-arousal dimensional 
theory, many organisms, including humans, judge 
the degree of the positiveness or negativeness of 
various stimuli. Miller [11, 12] showed that 
approach-withdrawal tendencies of rats could be 
manipulated by modulating the closeness of 
reward and punishment. Emotion literature 
speaks of positivity offset and negativity bias (for a 
review, see [13, 14]). The former means that 
organisms regard their environment generally as 
slightly positive, and the latter that the gradient 

for experienced negativity is steeper. Concepts of 
valence and arousal also provide a useful 
framework for description of self-experienced 
subjective affective states [15]. When 
contemplating the emotional states of others, 
facial expressions are a key element conveying 
emotional information. Expressions of 
unpleasantness (e.g., sad, fearful) are perceived to 
be of negative valence and expressions of 
pleasantness (e.g., happy, positively surprised) are 
perceived to be of positive valence. 

 The neural basis of evaluation of valence 
and arousal can be studied using functional 
magnetic resonance imaging (fMRI). By 
parametrically varying the valence and arousal of 
stimuli, it is possible to correlate valence and 
arousal with blood oxygen level dependent (BOLD) 
signals of the brain. In previous studies, linear 
correlations have been calculated between BOLD 
signal and valence/arousal of olfactory [16, 17], 
gustatory [18], and visual stimuli [19, 20]. In these 
studies subjects evaluated valence or arousal of 
the stimuli and not the emotional feelings induced 
by the stimuli. In addition, social concepts [21], 
emotion-denoting words [22], and emotionally 
evocative sentences [23] have been used as 
stimuli in previous studies. In these studies, using 
verbal stimuli, subjects have been instructed to 
evaluate their own emotional feelings. This 
difference in study design does not necessarily 
prevent comparison of the results, since 
emotional stimuli likely induce at least weak 
emotions in subjects. These studies have 
demonstrated linear positive and/or negative 
correlations between BOLD signal and valence in 
several prefrontal cortical (PFC) regions and 
insula. Positive linear correlations between BOLD 
signal and arousal were further observed in the 
PFC and amygdala.  

 Lewis and co-workers, using emotion words 
[24], and Viinikainen and co-workers, using 
emotional visual stimuli [25] from the 
International Affective Picture System (IAPS; [26]), 
applied non-linear correlation models to study the 
relationship between BOLD signals and emotional 
valence and arousal of the stimuli. Their findings 
suggest that valence is not represented as a single 
continuum in the human brain, but rather that 
there are different neural mechanisms sensitive to 
negative and positive valence. Notably, these 
findings challenge the concept of unitary bipolar 
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valence (i.e., one running from negative through 
neutral to positive) that has been advocated by 
several researchers [15, 26]. In other words, 
unpleasantness and pleasantness would not seem 
to be represented along a single continuum from 
negative through neutral to positive at the neural 
level, but rather unpleasantness and its neural 
representation can vary from neutral to very 
intense and pleasantness and its neural 
representation can vary, at least partly 
independently, from neutral to very intense. Lewis 
et al. reported that there was a quadratic (U-
shaped) dependency between BOLD signal and 
valence in the posterolateral orbitofrontal cortex 
(OFC), subgenual cingulate cortex, and anterior 
cingulate cortex (ACC) [24]. Support for these 
results was obtained using linear models 
separately for neutral-to-negative and neutral-to-
positive valence.  

 Viinikainen et al. found inverted U-shaped 
correlations between valence and BOLD signals 
bilaterally in the dorsomedial prefrontal cortex 
(DMPFC), dorsolateral prefrontal cortex (DLPFC), 
and insular cortex [25]. A multitude of brain 
regions showed significant positive correlations 
between BOLD signal and negative-to-neutral 
valence and/or significant negative correlations 
between BOLD signal and neutral-to-positive 
valence (i.e., the activity was the strongest for 
neutral stimuli). Hence, the results support a 
fundamental division of brain mechanisms to 
those evaluating stimuli as pleasant vs. 
unpleasant. This is consistent with results of a 
previous study by Grabenhorst et al. [17] where it 
was observed that components of a mixture of 
pleasant and unpleasant odor, experienced as 
pleasant, were processed differently in areas 
sensitive to negative odors than in areas sensitive 
to positive odors. Furthermore, neurons 
responding specifically to either negative valence 
or positive valence stimuli have been documented 
in monkey amygdala [27]. Cacioppo and co-
workers have suggested bivariate division of 
valence based on behavioral studies [13, 28]. 
Results of factor analytic approaches have also 
suggested that “Negative Affect” and “Positive 
Affect” are independent [29]. Taken together, 
these lines of research suggest that there might be 
distinct negative and positive valence dimensions  
(i.e. unpleasantness and pleasantness can vary at 
least partly independently). This contrasts with 

the view of bipolar valence, where positivity and 
negativity are considered to be reciprocally 
dependent [30]. 

 In the present study, we aimed at finding 
out whether our results obtained with emotional 
pictures generalize to emotional facial 
expressions; whether we can see additional 
evidence suggesting that there are separate 
positive and negative valence representations in 
specific brain areas as suggested by our previous 
study. The paradigm that we used was therefore 
highly similar with that of Viinikainen et al. [25], 
but IAPS pictures were replaced by pictures of 
facial expressions of varying valence and arousal. 
Valence here refers to the perceived 
unpleasantness vs. pleasantness of facial 
expression. Arousal refers to the perceived level 
of calmness vs. alertness of facial expressions. In 
other words, the variables of interest were 
valence and arousal expressed by the facial 
expressions.  

 The stimulus presentation time was very 
brief in our study (100 ms). With short 
presentation times we tried to emphasize fast 
emotion-related perceptual processes [31] over 
cognitive evaluative processes. Short presentation 
times also enhanced the ecological validity of the 
experimental setting given that emotional 
expressions are often highly transient in real life.  
Our study used a block design paradigm in order 
to increase statistical power of the experiment. 
The perceived valence and arousal were 
modulated between blocks, and these 
modulations were covaried with the BOLD signal. 
Importantly, we tested bipolar, quadratic, as well 
as bivariate models of perceived valence in our 
study. In particular, we examined the perceived 
negative and positive valences of the facial 
expressions separately, which had not been done 
earlier. By using multiple parametric correlation 
models it was possible to explore the type of 
representation of perceived valence in different 
brain regions. Since earlier studies had shown 
several types of valence responses, we did not 
want to restrict our analyses a priori to any 
specific model. 

 Based on previous studies using emotionally 
evocative visual stimuli, we hypothesized that we 
will find valence-dependent correlations in the 
dorsal PFC and insula [19, 20, 25]. We further 
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hypothesized that negative and positive valence 
are represented by different neural populations, 
as suggested by findings in our previous IAPS 
study [25]. Importantly, the experimental 
paradigm was similar with our previous IAPS 
study, making the results directly comparable. As 
an alternative hypothesis, we used a linear bipolar 
model to test whether our findings would support 
the bipolar model of emotional valence. 
Furthermore, given that neural responses to 
observed categorical facial expressions have been 
in many studies linked to the functioning of the 
mirror neuron system [32, 33, 34, 35], we 
expected that the perceived valence and arousal 
would correlate with activity in the mirror neuron 
system (see [36], for a review), in particular the 
inferior frontal gyrus (IFG) and anterior insular 
cortex (AIC). 

MATERIALS AND METHODS  

Subjects 

 18 subjects (4 females, 14 males, 22–26 
years of age) participated in the fMRI study. One 
male subject was excluded from the analysis due 
to extensive motion artifacts in the echo planar 
imaging (EPI) data. All subjects reported being 
right handed, having normal or corrected-to-
normal visual acuity, and having neither 
neurological nor psychiatric disorders. They were 
naive to the experiment and were recruited 
amongst the students of Aalto University. 
Additionally, one male and one female 
participated in a pilot study designed for stimulus 
selection and grouping. The ethical committee of 
Helsinki and Uusimaa Hospital District for healthy 
subjects and basic healthcare approved the study, 
and a voluntary informed consent was obtained 
from each subject prior to participation. 

Stimuli and their evaluation 

 The stimuli were still photographs of 
emotional facial expressions of eight professional 
actors and seven members of the laboratory staff. 
These persons were instructed on how to make 
stereotyped expressions and they privately 
rehearsed making them before the shoot. Detailed 
characterization of the photographs as well as 
Facial Action Coding System (FACS) and subject 
pool evaluations of part of the photographs can 
be found in [37]. The faces were masked with an 
oval mask to reduce the availability of other visual 

cues besides the facial expression and were 
displayed against a white background. The stimuli 
included neutral expressions and expressions of 
six basic emotions – happiness, surprise, anger, 
disgust, sadness, and fear – as well as combination 
expressions of happiness and disgust, and 
happiness and surprise (Fig. 1).  

 The combination expressions were natural 
expressions performed by the professional actors, 
not chimerical faces. Expressions of happiness and 
disgust as well as happiness and surprise were 
naturally combined, as such expressions do occur 
during social interaction. For example, combined 
happiness and disgust could be expressed when 
someone sits on a whoopee cushion. Combined 
happiness and surprise could be expressed, for 
instance, when one arrives at a surprise birthday 
party. The combination expressions helped to 
cover the positive side of valence-arousal space 
more thoroughly. In addition, they added diversity 
to the range of positive expressions. As a result 
there were five different classes of emotional 
expressions represented on the negative side and 
three on the positive side. In addition, the 
expressions of happiness included smiles both 
with and without teeth revealed. It was more 
difficult to reach heterogeneity on the positive 
than negative side of the valence scale. Intensities 
of the emotions varied, since the still photographs 
were acquired from different stages of the video 
clips of expressions. Although personal 
appearance certainly can have an effect on the 
perceived valence and arousal, our actors were 
normal in their appearance (see Fig. 1 for 
examples) and the main emotional ingredient 
comes from the facial expression. 

 
Fig. (1). Examples of facial expressions used in the study. 
From top left to bottom right: happiness, happiness and 
disgust combined, happiness and surprise combined, 
surprise, anger, disgust, sadness, and fear. In addition, there 
were a few neutral expressions. 



Open Journal of Neuroscience, 2012, 2-3       Neural processing of valence of faces
              

Page 5 of 20 
 (Page number not for citation purposes) 

 

 In a separate behavioral pilot experiment, 
two subjects rated the valence and arousal of 573 
facial expressions on a rating scale 1–9. For the 
actual experiment 197 of these stimuli were 
discarded, based on large inter-rater variance, as 
well as to avoid repetition of the same valence 
and arousal values. We tried to cover the valence-
arousal space as thoroughly as possible. As a 
result, 376 facial expressions were used in the 
experiment, divided into 47 eight-stimulus sets. 
The sets were composed so that each had a 
specific mean level of valence and arousal, while 
the within-set variances were kept to minimum. In 
other words, the valence and arousal were kept 
constant within each set. This enabled us to study 
valence- and arousal-related responses in block 
design with good signal-to-noise ratio. While the 
division into stimulus sets was made based on the 
ratings obtained in the pilot experiment, the 

ratings of the pilot experiment were not used in 
any other phases of the study. Instead, the 17 
subjects who participated in the actual 
experiment gave their valence and arousal ratings 
after fMRI scanning. These ratings confirmed that 
the division into fixed valence and arousal sets 
had been reliable and valid. Fig. 2a shows the 
average valences and arousals of the stimulus sets 
as well as the standard errors within each set. 
From this figure one can see that the variation in 
valence and arousal within each stimulus set was 
small. Furthermore, different sets cover the 
valence-arousal space relatively well. Distinct 
emotion categories were not the focus of our 
study and were thus in most cases mixed within a 
stimulus set. In our study design, all other effects 
besides valence and arousal of the facial 
expressions should average out in the parametric 
data analysis. 

 

Figure 2a Figure 2b 

 

 

Fig. (2). a) Mean values of perceived valence and arousal for the different stimulus sets (blocks) in the fMRI session, calculated from 
single stimulus evaluations of the subjects participating in the experiment. Error bars represent standard errors. b) Number of 
different facial expressions used in the experiment. In the “combined” category, there was approximately the same number of 
combined expressions of happiness and disgust, and happiness and surprise. Approximately 2/3 of the stimuli were of negative 
valence and 1/3 of positive valence. 

 The means of valence and arousal 
evaluations of the 47 stimulus sets, as evaluated 
by the subjects participating in the fMRI study (see 
Behavioral measures of perceived valence and 
arousal), and the distribution of categorized 
emotions in the stimuli that were shown to the 
subjects during and after fMRI scanning, are 
illustrated in Fig. 2. All in all, the stimuli were 
evaluated in three phases: in the pilot experiment 
by two volunteers, and both during fMRI scanning 

and in post-scan behavioral sessions by the 
subjects who participated in the study. The 
evaluation times were measured. During fMRI 
scanning, the subjects provided merely judgments 
of whether each stimulus block was overall 
negative or positive. These subject-wise 
evaluations were used in dividing the fMRI blocks 
in the analysis phase into negative valence blocks 
and positive valence blocks. For example, the 
“neutral” stimulus set (valence ~ 5) was judged as 
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positive by 14 subjects and as negative by 3 
subjects, in a dichotomic forced-choice evaluation.  

 After the fMRI scanning, the subjects 
provided evaluations of valence and arousal for 
each individual stimulus on the scale 1–9 (see 
Behavioral measures of perceived valence and 
arousal). These evaluations were averaged per 
block and used as regressors in the general linear 
model (GLM). BOLD signal strength was correlated 
with these evaluations. We wanted to use for 
each subject his own personal behavioral 
evaluations, because the perceived valence and 
arousal of emotional stimuli may differ between 
individuals. Fig. 2a is based on the averaged 
valence evaluations from the 17 subjects who 
underwent the fMRI study. It appeared to be 
more difficult to cover the positive than the 
negative side of the valence-arousal space. The 
figure shows that 15 stimulus sets were positive 
(valence > 5), 31 sets were negative (valence < 5), 
and one set was neutral (valence ~ 5). On the 
basis of the averaged arousal evaluations from the 
17 subjects, there were 20 sets with low arousal 
(3–5), 22 sets with high arousal (5–7), and 5 sets 
with very high arousal (7–8). All of the sets with 
very high arousal were of negative valence. 

The fMRI paradigm 

 During fMRI scanning, the facial expressions 
were presented in sets of 8 pictures. Each 
expression was presented for 100 ms followed by 
1900 ms of white screen. At the end of every 
picture set the subjects saw a forced-choice 
evaluation screen that lasted for 6.75 seconds. 
They were to indicate by a button press whether 
the emotional states of the persons whose faces 
were shown were pleasant or unpleasant. The 
subjects’ response times were measured. For all 
except the most neutral stimulus sets the forced-
choice task was easy and its main purpose was to 
keep the subjects vigilant and attentive during the 
experiment. Moreover, it has been shown that 
such an active task enhances activity in the brain 
areas underpinning perception of facial 
expressions [38]. The schematic structure of the 
stimulus presentation is presented in Fig. 3. A 
single set of pictures could contain several 
emotion categories (e.g., anger and disgust) and 
also multiple expressions from the same 
performer.  

  
Fig. (3). Example of a single experimental block. Eight facial 
expressions of 100 ms duration were presented with 1.9-s 
inter-stimulus intervals, after which a response screen lasting 
for 6750 ms appeared. 

 All but one of the negative sets contained 
expressions from more than one emotion 
category, typical number of categories being two 
to three. In the sets with least intensity/arousal, 
there could be even five different emotion 
categories (including neutral) within one set. 
However, with small expression intensities the 
exact emotion categories are difficult to 
distinguish and the subjects can typically only 
perceive whether the expression is negative or 
positive in nature. For the positive sets there was 
considerably less heterogeneity, and the number 
of different emotion categories within each set 
was typically one or two. There was a significant 
difference between the number of emotion 
categories for the negative valence sets and 
positive valence sets (t-value 5.297, p < 0.05). 
However, within the negative or positive valence 
sets there was no significant correlation between 
valence and the number of emotion categories (t-
value for negative sets 1.202 and for positive sets 
1.450, p > 0.05 for both). Arousal did not correlate 
significantly with the number of emotion 
categories in a set (t-value 1.000, p > 0.05). The 
number of expressions from the same performer 
within a set ranged from one to three. This did not 
show significant variation in relation to valence or 
arousal, with the correlations being non-
significant at 0.139 (t-value 0.934) and 0.173 (t-
value 1.160). Each of the 47 picture sets 
represents a specific mean level of valence and 
arousal (see Fig. 2a). The order of the sets, and 
pictures within each set, was randomized for each 
subject. Before scanning, the subjects were 
familiarized with the stimulus material with a few 
random sets, which were also used in the 
experiment. 

Behavioral measures of perceived valence 
and arousal 

 Approximately one week after fMRI 
scanning the subjects were shown again each of 
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the 376 stimuli in a separate behavioral session, in 
which they were instructed to evaluate the 
emotional states (valence and arousal) of the 
persons whose facial expressions were shown. 
Each stimulus was evaluated separately. Valence 
was always evaluated first on a scale ranging from 
1 (very unpleasant) through 5 (neutral) to 9 (very 
pleasant). After this, arousal was evaluated from 1 
(soporific) to 9 (highly aroused). Each expression 
was presented for two seconds on a computer 
screen, followed by an inquiry. The stimulus 
presentation time was longer than in the scanner 
to allow the subjects to clearly observe the facial 
expressions to enable easy and accurate 
evaluation. We specifically wanted the 
experimental procedure to be similar as in our 
earlier work [25] to make it easier to compare the 
results. The ratings remained same with different 
presentation times, as evidenced by non-
parametric Spearman correlation between the 
behavioral ratings of the pictures and the 
positivity vs. negativity judgments obtained during 
fMRI scanning (R = 0.9339, p < 0.01). Subjects 
were asked to make their evaluations based on 
the first impression. Evaluation times were 
measured. The average total evaluation time, 
excluding picture presentation, was 16 min 4 s for 
valence (std = 73.3 s) and 10 min 19 s for arousal 
(std = 27.6s). The mean length of the behavioral 
experiment was 38 min 55 s. Prior to the 
behavioral session the subjects saw a nine picture 
assembly of female face expressing different 
degrees of valence and arousal in order to 
familiarize the subjects with the emotion 
dimensions that were utilized [39] (Emotion 
Development Lab, Boston, USA, 2006). The 
subjects also practiced with a few stimuli taken 
from the actual stimulus material. Due to 
technical problems one of the subjects did not 
evaluate sixteen stimuli. These missing values 
were replaced by mean values of the other 
subjects. 

Scanning procedure and image analyses 

 The scanning sequence was composed of 47 
blocks, where one block consisted of a picture set 
and a response screen. A 3-Tesla GE Signa MRI 
device (Milwaukee, WI, USA) was used. Thirteen 
gradient-echo T2*-weighted EPI volumes were 
acquired per block using 1750 ms sampling 
intervals (TE = 32 ms, flip angle = 70 degrees), and 
twenty-nine 64 x 64 axial images with 3.0 mm slice 

thickness and 20 cm field of view were collected 
for each volume. This covered the entire brain 
apart from the most extreme superior part of the 
cerebrum and the inferior part of the cerebellum.  

 Stimuli with a visual angle of 7.9 degrees 
horizontally and 13.1 degrees vertically were 
presented to the subjects with a projector via a 
mirror stationed onto the head coil. The subjects 
viewed the stimulus sets and evaluated them 
using a response pad that was placed in their right 
hand. They were requested to press the right 
button for positive valence judgment and the left 
button for negative valence judgment. The 
subjects were asked to avoid any movements in 
the scanner apart from the finger movements 
related to the button presses. Their head was 
stabilized using unattached, approximately 
15x10x2cm, medium hard plates on both sides of 
the head inside the head coil and tissue paper as 
padding to soften the support. After the fMRI 
sequence, subjects’ anatomical images were 
acquired using a T1-weighted gradient echo pulse 
sequence (FOV = 26 cm, matrix 256 x 256, voxel 
size = 1mm3). 

 615 EPI volumes were scanned altogether, 
but the first four ones were discarded to allow for 
T1-saturation. Total scan time of the fMRI 
experiment was 17 min 49 s, excluding the four 
dummy volumes. Data analysis was performed 
with BrainVoyager software [40]. For every 
subject the volumes were realigned with respect 
to the first volume and preprocessed in temporal 
and spatial domain. Temporally, a linear trend 
removal was performed and a high-pass filter was 
used to eliminate frequencies lower than three 
cycles per time course (cutoff 356.42 s). For 
spatial filtering we applied a Gaussian kernel with 
8 mm full-width-at-half-maximum (FWHM). After 
these steps the fMRI-volumes were co-registered 
with the subject’s corresponding anatomical 
image and a Talairach transformation was made.  

 After subsequent preprocessing steps, the 
adjusted data comprised of 3D time courses for 
individual subjects co-registered in Talairach 
space. After this, we created two first-level 
models for each individual subject. Multiple 
parametric models were constructed, because we 
did not want to restrict the analysis a priori to 
reveal only one type of correlation. In the first 
model there was one regressor that measured 
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mean activation and regressors for the linear and 
quadratic modulations of perceived valence, as 
well as for the linear modulation of perceived 
arousal (predictors in the model were in this 
order). In the second model there were two 
conditions, negative valence and positive valence. 
In the negative valence condition there was one 
regressor that measured mean activation and 
regressors for the linear modulations of perceived 
valence and arousal, but the model was restricted 
to negative valence stimuli. In the positive valence 
condition there was one regressor that measured 
mean activation and regressors for the linear 
modulations of perceived valence and arousal, but 
the model was restricted to positive valence 
stimuli. The predictors were calculated using 
subjects’ individual valence and arousal 
evaluations that were averaged over a block. In 
other words, mean values per block of perceived 
valence and arousal were used. In the case of the 
second first-level model only negative or positive 
blocks were used, respectively, to create the 
predictors. Subjects’ personal judgments in the 
scanner about the negativity/positivity of each 
block were used to assign each of the blocks to 
the respective predictors. Hence, the number of 
negative as well as positive blocks was unequal 
between subjects. Block length for the first level 
analysis was calculated from the beginning of the 
presentation of the first stimulus to the end of the 
presentation of the response screen. The 
predictors were normalized and orthogonalized as 
well as convolved with a standard hemodynamic 
response function (HRF) to account for the delay 
of the BOLD response with respect to stimulus 
presentation. 

 Second-level analysis was performed using 
random effects (RFX) analysis with a %-
transformation. All subjects (apart from the one 
male with motion contamination in his data) were 
grouped, so that condition betas from each 
subject were entered in the RFX analysis. The first 
RFX model modeled perceived valence (linear and 
quadratic) and perceived arousal modulations for 
the whole valence scale and the second RFX 
model perceived valence and perceived arousal 
modulations separately for negative and positive 
valences, as was the case with the first level 
models. Voxel-wise t-scores with 16 degrees of 
freedom were calculated for the group analysis, 
the statistics were thresholded using p < 0.001 

uncorrected, and a 135 voxel minimum cluster 
size constraint (corresponding to 5 original 3x3x3 
mm voxels) was applied to control for problems 
associated with multiple comparisons. The 
statistical analysis was chosen to be similar as in 
our earlier study [25] for easier comparison of 
results across the two studies. There had been 
variation in the valence and arousal responses 
across earlier studies [16, 17, 18, 19, 20, 21, 22, 
23, 24, 25], which could be due to differences in 
experimental designs and analysis procedures. 
Hence, we aimed to have as much in common 
with our earlier IAPS study as possible in order to 
make comparison across these two studies 
straightforward.  

 For areas showing highest correlations with 
perceived negative valence and/or positive 
valence, we created weighted correlation models. 
These were used to characterize the modulation 
of BOLD signal as function of perceived negative 
and positive valence. The data points for the 
regression plots (see Figures 4 and 5 in the 
Results) were determined by the BOLD signal (y-
axis) and subjects’ behavioral valence evaluations 
(x-axis) as in the earlier RFX analysis. Values 
averaged over all subjects were used. The percent 
signal change (PSC) values for every block 
(depicted on the y-axis) were obtained by using 
the average signal over the whole experiment as a 
baseline and by weighting each block with the 
standard HRF function (scaled so that the sum of 
block weights equaled one). This way, the 
hemodynamic response characteristics were taken 
into account. It should be noted that due to the 
baseline “activations” and “deactivations” exist 
only relative to the average signal within each 
area. In other words, we could have as well used 
arbitrary units on the y-axis in the graphs. To be 
able to plot single linear regression curves (linear 
curve for perceived negative valence and linear 
curve for perceived positive valence) to this data, 
we needed to use aggregate values also for the 
regression weights. The weights for the regression 
plots were calculated from the subjects’ block-
wise online evaluations (i.e., whether a block was 
rated as negative or positive). Most blocks were 
judged as either negative or positive by all 
subjects, and these received weights one and zero 
for the respective weighted correlation models. 
However, the most neutral block (valence closest 
to 5), for example, received weights 3/17 and 
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14/17, since it was evaluated as negative by 3 
subjects and positive by the rest. This means that 
this block contributed more to the linear model of 
positive valence but also to lesser extent to the 
linear model of negative valence. Weighting data 
points in this manner resulted in more accurate 
model than what would have been obtained 
simply by dividing blocks into negative and 
positive by their average perceived valence 
(threshold at 5). 

RESULTS AND OBSERVATIONS 

 Reaction times measured during fMRI 
scanning as well as during the behavioral session 
after the scanning showed no significant (linear or 
quadratic) correlations with either perceived 
valence or arousal, indicating that the degree of 
difficulty in inferring valence and arousal from the 
various facial expressions was quite similar. 
However, mean reaction time to one fMRI block 
was 1.71 s, being 2.82 standard deviations above 
the the mean reaction time of 1.37 s (p < 0.01). 
Mean valence and arousal ratings of this block 
were 4.58 and 4.09, respectively. Because longer 
reaction time suggests that the evaluation task for 
this block was more difficult than for the other 
ones, we analysed the fMRI results both with and 
without this block (see below). Statistically 
significant correlations with arousal were present 
for U-shaped (quadratic) valence (R = 0.418, p < 
0.05), negative valence (R = 0.319, p < 0.05) and 

positive valence (R = 0.416, p < 0.05) (see also Fig. 
2a). Therefore, it was important that valence and 
arousal were orthogonalized when used as 
predictors. 

 The results from our statistical parametric 
analyses are shown in Table 1. We did not find any 
brain areas showing significant linear correlations 
between BOLD signal and perceived valence 
calculated across all expressions. However, there 
were multiple brain areas exhibiting linear 
correlations between BOLD data and the valence 
ratings when these were calculated separately for 
the positive and negative facial expressions. For 
negative expressions, BOLD activity decreased 
from neutral to unpleasant in: 1) right 
intraparietal sulcus/supramarginal gyrus 
(IPS/SMG), 2) right middle frontal gyrus (MFG) in 
dorsolateral prefrontal cortex (DLPFC), 3) left 
anterior insular cortex (AIC), 4) left inferior frontal 
gyrus (IFG), and 5) left MFG in ventrolateral 
prefrontal cortex (VLPFC). BOLD activity increased 
from neutral to unpleasant (perception) in the left 
retrosplenial cortex (RSC) and left postcentral 
sulcus. For positive expressions, BOLD activity 
decreased from neutral to pleasant bilaterally in 1) 
IPS/SMG, 2) MFG in DLPFC/VLPFC, 3) AIC, 4) 
superior frontal gyrus (SFG) in DMPFC, and 5) in 
the left precentral sulcus. Only in one area, left 
angular gyrus, BOLD activity increased from 
neutral to pleasant. 

Table 1) List of significantly activated brain regions in the valence correlation analyses 

             negative valence             positive valence             U-shaped valence   

Brain region L/R x y z size (mm3) t-value x y z size (mm3) t-value x y z 
size 

(mm3) 
t-value 

Intraparietal sulcus / Supramarginal gyrus R 33 -61 49 627 4.548610 36 -61 43 12140 * -7.332612 39 -49 46 870 -4.564910 

DLPFC: middle frontal gyrus R 49 29 28 199 4.631243 48 32 31 15979 * -6.021723 48 29 28 510 -4.414343 

Retrosplenial cortex L -9 -55 10 199 -4.671389      -12 -50 16 304 4.709254 

Postcentral sulcus L -54 -19 40 157 -4.764987            

Inferior frontal gyrus L -54 20 1 1249 * 5.167893            

Anterior insular cortex L -30 20 1 1249 * 5.146802 -30 20 10 1108 -5.407875       

VLPFC: middle frontal gyrus L -33 56 7 376 4.665880 -30 47 10 175 -4.755190       

Intraparietal sulcus / Supramarginal gyrus L      -33 -55 37 6001 -6.407336       

DLPFC: middle frontal gyrus L      -39 26 25 8957 * -5.879458       

Middle temporal gyrus R      54 -43 7 187 -4.301093       

Anterior insular cortex R      39 26 4 15979 * -5.815949       

VLPFC: middle frontal gyrus R      33 53 10 1380 -5.217274       

DLPFC/VLPFC: middle/inferior frontal 
gyrus 

L      -45 17 37 8957 * -7.133788       

DLPFC/VLPFC: middle/inferior frontal 
gyrus 

R      51 20 37 15979 * -5.614558       

DLPFC/VLPFC: inferior frontal gyrus L      -51 14 28 8957 * -5.149184       
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DLPFC/VLPFC: inferior frontal gyrus R      54 20 25 15979 * -5.314412       

Angular gyrus L      -39 -79 28 669 5.117026 -42 -79 22 141 4.548374 

DMPFC: superior frontal gyrus L/R      -6 14 49 4604 -6.657107       

Precentral gyrus L      -33 -1 49 8957 * -4.996247       

Precentral sulcus L      -30 5 31 8957 * -5.840447       

Precuneus R      9 -73 40 12140 * -5.727124       

Caudate nucleus L      -18 5 19 535 -4.446515       

Fornix R      3 -10 16 268 -4.524065       

Middle temporal gyrus R           57 -49 -8 461 -4.456576           

Table 1. Significantly activated brain regions in the correlation analyses for perceived valence: hemisphere (L/R), Talairach 
coordinates (peak activity), cluster size (mm3), and peak t-values. Negative valence indicates linear correlation between BOLD 
signal and perceived valence with negative faces, positive valence with positive faces, and U-shaped valence shows the second-
order correlation across all faces. Results are thresholded using p < 0.001, uncorrected, cluster size = 135. Positive t-values denote 
positive correlation and negative t-values negative correlation. No significant linear correlation across all faces emerged in the 
analysis. DLPFC = dorsolateral prefrontal cortex, VLPFC = ventrolateral prefrontal cortex, DMPFC = dorsomedial prefrontal cortex. * 
Multiple regions belong to the same cluster. 

 Figures 4 and 5 summarize brain areas 
showing most significant correlations with 
negative and positive perceived valences. These 
figures show statistical parametric maps of 
valence-dependent brain regions (perceived 
negative valences in Fig. 4 and perceived positive 
valences in Fig. 5) and regional group-averaged 
PSC data as a function of perceived valence. In the 
PSC plots, the y-axis shows the average fMRI-
response from a certain stimulus block and the x-
axis shows the mean valence rating for that block. 
Coloring of the data points refers to the 
percentage of subjects classifying the block as 
negative (more red) or positive (more green). Red 

weighted regression lines are fitted to the group 
averaged BOLD signal changes for expressions 
evaluated as negative. Green weighted regression 
lines are fitted to the group averaged BOLD signal 
changes for expressions evaluated as positive (see 
Methods: Scanning procedure and image 
analyses). As can be seen, the linear trend is in all 
areas opposite for the negative and positive 
perceived valences. There were no statistically 
significant (p > 0.05) differences between the 
squared weighted correlations of negative valence 
model and positive valence model in any of the 
brain regions. 

Figure 4 a) 

 

Figure 4 b) 

 

Fig. (4). a) Statistical maps from the correlation analysis between perceived valence and BOLD signal with linear regression 
restricted to negative faces (portrayed in neurological convention). Positive correlations are in orange and negative correlations in 
blue; threshold p < 0.001, uncorrected, cluster size = 135. b) Regional percent signal changes of presented blocks as a function of 
perceived valence. The circles representing different blocks have been colored green if (the majority of) subjects have classified the 
block as positive. Respectively, the circles have been colored red if (the majority of) subjects have classified the block as negative. 
The classifications were obtained online during fMRI scanning and the valence ratings in a post-scan behavioral session. Red 
straight fading lines represent a weighted regression fit taking into account those blocks evaluated to be negative by one (weight 
1/17) or more (weight N/17) subjects. Green straight fading lines represent a weighted regression fit taking into account those 
blocks evaluated to be positive. R2-values show the corresponding weighted correlations squared. IPS/SMG = right intraparietal 
sulcus/supramarginal gyrus; MFG = right middle frontal gyrus; AIC = left anterior insular cortex; IFG = left inferior frontal gyrus, RSC 
= left retrosplenial cortex, PCS = left postcentral sulcus. 
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Figure 5 a) 

 
Figure 5 b) 

 
Fig. (5). a) Statistical maps from the correlation analysis between perceived valence and BOLD signal with the linear regression 
restricted to positive faces (portrayed in neurological convention). Positive correlations are shown in orange and negative 
correlations in blue; threshold p < 0.001, uncorrected, cluster size = 135. b) Regional percent signal changes across the presented 
blocks as function of perceived valence. The circles representing different blocks have been colored green when the majority of 
subjects classified the block as positive. Respectively, the circles have been colored red when the majority of subjects classified the 
block as negative. The classifications have been given online during the fMRI measurement and the valence ratings in a post-scan 
behavioral session. The red straight fading lines represent a weighted regression fit taking into account those blocks that were 
evaluated as negative by one (weight 1/17) or more (weight N/17) subjects. The green straight fading lines represent a weighted 
regression fit taking into account those blocks that were evaluated as positive. R2-values show the corresponding weighted 
correlations squared. IPS/SMG = left intraparietal sulcus/supramarginal gyrus MFG = left middle frontal gyrus; AIC = right anterior 
insular cortex; SFG = left superior frontal gyrus; PreCS = left precentral sulcus; AG = left angular gyrus. 

 We also found significant non-linear, 
inverted U-shaped, correlation between BOLD 

signal and perceived stimulus valence across all 
expressions in the right IPS/SMG and right MFG in 
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DLPFC (Fig. 6). In these regions, significant 
correlations with perceived valence were also 
found separately for negative and positive stimuli. 
Thus, significant effects were in fact found with all 

but the linear modulation of perceived valence 
across all facial expressions. On the other hand, 
the left angular gyrus and left RSC showed an 
upright U-shaped correlation.  

Figure 6 a) 

 

Figure 6 b) 

Fig. (6). a) Statistical maps from the correlation analysis of perceived valence and BOLD signal with the second order non-linear (U-
shaped) variation. Positive correlations are shown in orange and negative correlations in blue; threshold p < 0.001, uncorrected, 
cluster size = 135. b) Shown are scatter-plot diagrams of the second-order correlations of the regions of interest. The diagrams 
show how each brain region is non-linearly activated as a function of perceived valence around the locus of peak activation. R2-
values show the multiple correlation squared, depicting how well variations in the BOLD signal level can be explained by the 
variations in perceived valence. IPS/SMG = right intraparietal sulcus/supramarginal gyrus, MFG = right middle frontal gyrus, AG = 
left angular gyrus, RSC = left retrosplenial cortex. 

 Linear correlations were also calculated 
between the BOLD signals and perceived arousal. 
This was done both with all faces included as well 
as separately with negative valence and positive 
valence faces. With p < 0.001 and a 135 voxel 
cluster size threshold, there was a significant 
correlation between perceived arousal and BOLD 
signal strength across all faces, independent of 
valence evaluations, in the left IFG (peak Talairach 
coordinates -54, 17, 22; cluster size 184 mm3; 
peak t-value 4.498). There were no significant 
correlations across only negative or positive faces 
between BOLD signal and perceived arousal, 
which of course might have been due to reduced 
power when dividing the sample. 

 Two stimulus blocks, the only ones including 
neutral expressions, were difficult to categorize as 
either negative or positive. Half of the subjects 
categorized these blocks as negative and the other 
half as positive. Furthermore, in one of these two 
blocks, the response times of the categorizations 
were significantly above average. For all other 
blocks the subjects agreed that a given block is 
negative/positive. Across the seventeen 
participants, the forced-choice evaluations were 
distributed as follows: 17/0 (i.e., 17 negative, 0 

positive) for 17 blocks, 0/17 (i.e., 0 negative, 17 
positive) for 11 blocks, 16/1 for 8 blocks, 1/16 for 
3 blocks, 15/2 for 2 blocks, 2/15 for 1 block, 14/3 
for 1 block, 3/14 for 1 block, 13/4 for 1 block, 10/7 
for 1 block, 9/8 for 1 block. Since the difficulty of 
the task could have affected the BOLD signals 
during the two ambiguous blocks, we reanalysed 
the data with these blocks excluded. This analysis 
did not affect the significant correlations between 
the BOLD responses and perceived negative 
valence or positive valence. Further, the results 
did not change for the inverted U-shaped 
dependency findings. However, the upright U-
shaped relationship in left angular gyrus fell below 
statistical threshold in this analysis, and the 
response in the left RSC did not survive the cluster 
size constraint. Hence, the two neutral blocks 
must have elicited lower activity compared to 
most other blocks in these regions, which can be 
observed also in the scatter plots in Fig. 6 (note 
that the block with valence ratings closest to 5 
was not amongst the two ambiguous neutral 
blocks, but these both had valence ratings slightly 
below 5, i.e. 4.58 and 4.12). Excluding the two 
ambiguous neutral blocks did not change the 
results for arousal. 
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DISCUSSION 

Correlation of BOLD activity with perceived 
valence 

 Our results revealed several brain areas that 
showed correlations between BOLD activity and 
perceived valence of facial expressions, however, 
BOLD activity in none of these areas correlated 
linearly with the whole negative-through-neutral-
to-positive valence scale. This deviates from 
observations of many previous studies [16, 17, 18, 
19, 20, 21, 22, 23], which could be possibly 
explained by differences during perception vs. 
experiencing of emotions. These previous studies 
did not examine the perceived valence, but rather 
either experienced valence or valence of the 
stimuli. In the present study, BOLD activity 
showed linear parametric relationship with 
perceived valence from neutral to most negative 
faces in some areas, and in other areas with 
perceived valence from neutral to most positive 
faces. Our results provide additional 
neurophysiological support for the view that 
valence is a fundamental factor describing 
emotions (for a review, see e.g. [10]) and, further, 
that negative and positive valences have at least 
partly separate underlying brain mechanisms (see 
also [17, 24, 25]). These results are also in line 
with single cell recordings, which have shown 
separate cells responding to negative valence and 
positive valence in monkey amygdala [27]. In that 
study, negative valence was induced in monkeys 
with an air puff at the face and positive valence 
with juice administration. 

 For negative expressions the correlations 
with BOLD responses were both negative and 
positive, although in most brain regions the 
correlations were positive (i.e., the BOLD activity 
diminished towards more negative expressions). 
Findings of reciprocal activations have been earlier 
reported with IAPS pictures in the prefrontal 
cortex (PFC) [41]. In the current study, the 
reciprocity was also manifested as U-shaped vs. 
inverted U-shaped perceived valence 
dependencies in the left RSC and left angular 
gyrus vs. in the right IPS/SMG and right MFG in 
DLPFC. However, only the latter correlations 
remained significant when two ambiguous neutral 
blocks were excluded from the analysis. For 
positive facial expressions the BOLD signals 
consistently diminished towards more positive 

stimuli, with the only exception being the left 
angular gyrus. 

 Britton and co-workers [42] used both IAPS 
pictures and facial expressions as stimuli and 
found that both activated the amygdala, posterior 
hippocampus, VMPFC, and the visual cortex. The 
important difference compared to our study was 
that they investigated emotion categories (happy, 
sad, anger, fear, and neutral) and classical 
contrast activations, not correlations with the 
subjects’ ratings. However, in line with these 
observations, our present results are in many 
respects similar to those that we previously found 
using IAPS pictures as stimuli [25]. In both of our 
studies the general trend has been toward 
positive correlation between BOLD responses and 
negative valence stimuli and negative correlation 
between BOLD responses and positive valence 
stimuli (see Table 1 and Figs. 4b and 5b; [25]). 
Furthermore, the correlations with IAPS pictures 
and facial expressions seem to occur at least 
partly in the same brain areas (see Table 2). Given 
that the stimulus presentation times and the 
experimental paradigms were identical in our 
studies, this pattern of results suggests a general 
mechanism for processing negative and positive 
valences, respectively, for a variety of emotionally 
evocative visual stimuli including facial 
expressions. These similarities might be explained 
by emotional contagion caused by the facial 
expressions; merely seeing an emotional 
expression activates the same areas as when one 
experiences these emotions [32, 35]. For example, 
it has been shown that a patient with severed 
insula and putamen is unable to not only 
experience disgust but also to recognize it in 
others [43]. Moreover, it has been shown that 
activation of areas such as the insula during 
emotion perception also leads to feeling of 
emotions [44, 45]. Emotional contagion can be 
important also in evaluation of the stimuli [46]. 

 Table 2 summarizes similarities and 
differences between the current study and our 
previous IAPS study. In both studies, the subjects 
evaluated valence and arousal of the stimuli, but 
the current study is a special case of emotional 
perception, since the object is another person’s 
face. Activity in the DLPFC (dorsolateral part of the 
MFG) showed positive correlation with valence for 
negative faces in the right hemisphere and 
negative correlations for positive faces bilaterally. 
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In other words, the activity was the highest for 
neutral faces and diminished towards both 
negative and positive faces. These correlations are 
similar to what we found using IAPS pictures in 
our previous study. Activity in the right DLPFC 
(MFG) showed inverted U-shape correlation with 
valence across all facial expressions as well as IAPS 
pictures. In our previous study, we found similar 
activation pattern also in the left DLPFC, but in the 
current study this correlation failed to reach 
significance (although with a more lenient 
thresholding of p < 0.005 uncorrected significant 
correlation would have been observed).  

Table 2) Similarities and differences in the results with 
facial expressions and IAPS pictures 

Brain region Facial expressions IAPS pictures 

DLPFC left: –, right: +/–/∩  left: –/∩, right: +/–/∩ 

DMPFC left: –, right: – left: –/∩ , right: –/∩ 

VLPFC left: +/–, right: – left: +, right: + 

VMPFC no activations left: +, right: + 

IPS/SMG left: –, right: +/–/∩ no activations 

AIC left: +/–, right: – left: +/–/∩, right: +/–/∩  

RSC left: –/U no activations 

Caudate nucleus left: – left: –/∩, right: – 

Amygdala no activations right: + 

Table 2. Similarities and differences of the results of the 
present study and our recent IAPS study. Left and right 
denote the hemispheres. Red minus signs denote negative 
correlation and plus signs positive correlation with negative 
valence. Green minus signs denote negative correlation and 
plus signs positive correlation with positive valence. ∩-signs 
denote negative second-order correlation and U-signs 
positive second-order correlation with valence for all 
pictures. Similar trends can be seen in both experiments. 
DLPFC = dorsolateral prefrontal cortex, DMPFC = dorsomedial 
prefrontal cortex, VLPFC = ventrolateral prefrontal cortex, 
VMPFC = ventromedial prefrontal cortex, IPS = intraparietal 
sulcus, SMG = supramarginal gyrus, AIC = anterior insular 
cortex, RSC = retrosplenial cortex. 

 Activity in the DMPFC (SFG) showed 
significant negative correlations with valence, but 
only for positive faces. This is again similar to what 
we found using IAPS pictures. Earlier studies have 
reported positive linear correlation in the DMPFC 
across the whole valence range [19] (IAPS stimuli), 
and both positive [20] (IAPS stimuli) and negative 
[47] (facial expressions) correlations between 
BOLD signal and arousal. These contradictory 
results suggest that while DMPFC seems to be 
involved in emotional processing, the DMPFC 
responses may depend on the specific task and 
experimental setup. Further research is required 

to elucidate the role of DMPFC in valence and 
arousal processing.  

 Integration of emotion and cognition has 
been suggested to occur in the DLPFC [41, 48], 
and the DMPFC has been suggested to be 
important for the cognitive generation of 
emotional states [49]. Thus, it is likely that the 
valence perception mechanism in the dorsal 
prefrontal cortex (dPFC) does not reflect merely 
bottom-up processing, but that the dPFC 
participates in cognitive labeling of stimuli as 
being negative or positive to various degrees. 

 BOLD activity in the left VLPFC showed 
positive correlation with negative stimuli, and for 
positive stimuli there were negative correlations 
bilaterally. In our earlier study [25], we found 
positive correlations for negative-valence stimuli 
bilaterally and no significant correlations for 
positive stimuli. In a meta-analysis, the VLPFC has 
been found to be involved in evaluation of 
emotional stimuli but not evaluation of other’s 
emotions [50]. This suggests that unlike a 
multitude of other regions (see below), the VLPFC 
does not participate in mirroring of emotions. 
Contrary to our previous study, we did not find 
significant correlations for positive stimuli in the 
VMPFC. This somewhat contrasts with a previous 
report of conjoint activations in this region elicited 
by faces and IAPS pictures [42], but there classical 
contrast activations were examined instead of 
parametric correlations. The observed differences 
in ventral PFC are possibly related to differences in 
power to elicit emotions, with IAPS pictures 
possibly being more emotionally evocative than 
facial expressions. 

 Activity in the IPS/SMG showed right-
hemispheric positive correlation with perceived 
valence for negative stimuli and bilateral negative 
correlations for positive stimuli. Across all stimuli, 
there was an inverted U-shape correlation. These 
findings provide novel evidence of the role of 
IPS/SMG in the processing of perceived emotional 
valence of in particular facial expressions. The IPS 
has been found to be involved in interpreting 
goals behind other people’s actions, and it has 
been suggested to be a part of the mirror neuron 
system [51]. Valence relates to goal-directed, 
approach vs. withdrawal behavior. Thus, the IPS 
can be sensitive to valence-based like vs. dislike 
cues exhibited by facial expressions that help to 
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interpret goal-directed behavior of others. In 
other words, facial expressions may convey 
information about another person’s intentions, 
and the IPS can function through a valence-based 
mechanism when interpreting these intentions. 

 The insular cortex, especially its anterior 
part, has been reported to be involved in 
emotional processing in several studies (for a 
review, see [52]). In most studies, its activity has 
been connected to feeling or perceiving negative 
emotions, such as fear [53], unpleasant taste [18], 
and pain [34]. In the present study, the left AIC 
showed positive correlation with perceived 
valence of negative faces, but there were also 
significant negative correlations with perceived 
valence of positive faces bilaterally. Similar results 
were observed using IAPS pictures in our previous 
study. The role of insular cortex in processing 
positive in addition to negative emotions is 
supported also by the results of Lewis and co-
workers [24]. Thus, evidence is accumulating that 
the insular cortex is involved in the processing of 
positive as well as negative valence. Wicker et al. 
suggest that insular cortex might contain 
“emotional mirror neurons”, which activate both 
during subjective feelings and third person 
perception of emotion [35]. Such mechanism 
might explain the similarity of results obtained in 
our previous IAPS experiment and the current 
study. 

 BOLD responses in the left RSC (i.e., the 
ventral bank of the posterior cingulate cortex) 
correlated negatively with perceived valence for 
negative stimuli but there were no correlations 
with positive-valence stimuli. In addition, the left 
RSC demonstrated a U-shaped correlation with 
perceived valence. These results are consistent 
with a meta-analysis, which revealed that 
especially unpleasant and salient stimuli activate 
RSC [54]. RSC was suggested to be an important 
but underrated structure in the processing of 
emotional salience, a property typically 
corresponding to U-shaped function of valence. 

Comparison with earlier parametric facial 
expression study 

 Although there has been research on 
conjoint brain activation patterns elicited by 
different emotional facial expressions [55], there 
is only one previous study, that of Gerber and co-
workers [47], that has investigated the neural 

basis of valence and arousal during perception of 
facial expressions. Their subjects watched 
individual facial expressions for 18 seconds during 
fMRI scanning and evaluated online the valence 
and arousal of the expressions. The valence and 
arousal ratings were then correlated with the 
BOLD signal time courses, using both a valence 
continuum running from negative through neutral 
to positive, as well as absolute valence (i.e., 
distance from neutral). Valence ratings correlated 
negatively with BOLD signal in the left parietal 
cortex and dorsal anterior cingulate cortex. 
Arousal ratings correlated negatively with BOLD 
signal in the amygdala, thalamus, cerebellum, and 
dorsal pons. Absolute valence ratings correlated 
positively with BOLD signal in the same regions, 
with the exception of the thalamus. Since arousal 
typically increases towards the negative and 
positive ends of the valence dimension, the 
observed opposite correlations are not easy to 
explain. The authors proposed a salience concept 
to explain their results, admitting the 
contradiction between their arousal findings and 
earlier literature. 

 The results of the present study and those 
of Gerber and co-workers [47] differ considerably. 
Contrary to the latter study, we did not find linear 
correlation with perceived valence in any of the 
brain regions. Correlations reported in Gerber et 
al. [47] between BOLD responses and absolute 
valence should be to some extent comparable 
with our quadratic (U-shaped) correlations, 
however, we did not find correlations in similar 
brain areas. Gerber and co-workers did not 
analyze negative and positive valence 
dependencies separately. It is possible that 
differences in stimulus presentation times explain 
these differences in findings. In our study, the 
stimulus presentation was 0.1 s per picture and in 
Gerber et al. [47] it was 18 s per picture; there are 
studies indicating differences in how the 
emotional circuitry of the brain processes stimuli 
that are presented very briefly vs. for long enough 
to allow conscious evaluation of stimuli [56]. 
Additionally, the different results could stem from 
differences in the evaluation tasks during fMRI 
imaging. Whereas our subjects had an easy 
dichotomical (negative vs. positive) judgment task 
in the scanner for the whole block, in the earlier 
study the subjects had to evaluate each stimulus 
online for their valence and arousal. There were 
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also significant differences in the data analysis of 
the two studies. Normalization or 
orthogonalization was not applied to the 
predictors in Gerber et al. study [47], whereas we 
applied both of these conventional procedures.  

Alternative explanations for the results 

 Even though we found brain activations, 
which were gradually dependent on the perceived 
valence of the stimuli, it is important to consider 
other possible explanations for the results. In the 
following, we consider whether emotional 
intensity or increased processing demands due to 
stimulus ambiguity could explain them. 

 In most brain regions, BOLD signals 
increased towards neutral facial expressions. This 
phenomenon could be explained by a single 
variable, emotional intensity, which increases 
towards both negative and positive ends of the 
valence spectrum. Decrease in emotional intensity 
could increase BOLD signal. However, emotional 
intensity is a more plausible explanation in regions 
where BOLD signal increased towards negative 
and positive facial expressions. On the basis of the 
present experiment, we cannot rule out this 
explanation. Nevertheless, emotional intensity 
does not explain valence-dependent BOLD signal 
in those areas, where the dependence was found 
only for negative or only for positive valences. 

 The close-to-neutral stimuli in our 
experiment were probably more ambiguous than 
the clearly emotional expressions, since they 
included neutral expressions as well as 
expressions with weak intensity. Therefore, the 
evaluation task in the scanner might have been 
somewhat more demanding for the neutral stimuli 
and require more effort. For one neutral block the 
evaluation times were, indeed, significantly above 
average. However, our results with negative 
valence and positive valence models did not 
change when the neutral blocks were excluded 
from the analysis. The same applies to the 
inverted U-shaped model. Hence, task difficulty 
does not seem to be a probable explanation for 
significant activations with these models. For the 
upright U-shaped model, the statistically 
significant effects vanished, both in the left 
angular gyrus and RSC. The signal was weaker in 
these regions during the ambiguous blocks, so the 
U-shaped effect could be possibly explained by 
the task difficulty suppressing default mode 

activation in these regions [57, 58]. However, 
removal of the two blocks also reduced the 
statistical power of the analysis, and this caused 
the U-shaped effects to become non-significant. 
The combination expressions can also be 
considered more ambiguous than others, but they 
were distributed quite evenly amongst the 
positive valence blocks, and were not included in 
the blocks where valence was close to neutral. 
Moreover, they did not influence reaction times 
during scanning. 

Correlation of BOLD activity with perceived 
arousal 

 BOLD responses in the left IFG showed 
significant positive correlation with evaluated 
arousal across all facial expressions. IFG is an 
essential part of the mirror-neuron system [36]. In 
monkeys and humans, it contains neurons that 
mirror communicative mouth and facial 
movements [36, 59, 60]. Therefore, it is possible 
that the observed arousal-related activation is 
characteristic to the mirror neuron system. BOLD 
signal strengths in IFG have been found to 
correlate with the strength of the pain reflected in 
others’ facial expressions [34]. One interpretation 
of our present findings is that IFG activation is 
related to the difference in expression intensity 
between emotional and neutral facial expression. 
The arousal scale was not covered as well as 
valence scale; very low arousal ratings did not 
exist at all, since our expressions did not include 
expressions of sleepiness, tiredness and fatigue. It 
cannot be ruled out that the restricted range in 
arousal led to fewer significant correlations. 

Parametric vs. categoric processing of facial 
expressions 

 Behavioral experiments have shown that 
facial expressions are processed simultaneously 
both as basic emotion categories and in a 
parametric fashion [61]. Thus, it is important to 
study both processing mechanisms to understand 
how facial expressions are processed – also in the 
brain. The current experiment was designed to 
reveal the neural underpinnings of the parametric 
processing, which could be more instantaneous 
and rudimentary way to process faces. The results 
show that parametric processing of facial 
expressions indeed exists also on the neural level. 
Parametric processing could be utilized, for 
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example, in instances, where information about 
the facial expression is scarce, such as in low 
illumination (cf. [62, 63]) and with faces that are 
far away (cf. [64]), corresponding to low spatial 
frequencies [65], or possibly with faces that are 
moving fast. 

Lack of correlations in the amygdala and 
fusiform gyrus 

 Activity in both amygdala and fusiform 
gyrus failed to correlate with valence and arousal, 
although they are well-known to participate in the 
processing of emotional faces [42, 66, 67] and 
emotion dimensions [16, 68, 69]. One possibility is 
that the amygdala and fusiform gyrus do not 
process perceptual valence or arousal of faces in 
parametric fashion but instead as categories. 
Fusiform activations have been found for classes 
of negative valence faces and pictures and 
positive valence faces and pictures [69]. In similar 
vein, amygdala activations for negative faces and 
positive faces have been observed [55]. On the 
other hand, using a quite similar paradigm as ours 
Gerber and co-workers found correlations with 
both recognized arousal (negative correlation) and 
absolute valence (positive correlation) in the 
amygdala complex [47].  

Methodological remarks 

 Feeling of an emotion after exposure to a 
stimulus, and evaluating valence of this stimulus 
are two different aspects of emotion processing. 
For example, ratings of facial expressions based on 
emotions induced by seeing the expressions vs. 
based on perceived emotional properties may 
differ (see [70]). Here, we specifically studied 
brain mechanisms underlying perceptual 
evaluation of facial expressions. However, 
perception often, if not always, induces emotional 
feelings, and facial expressions have shown to be 
emotionally contagious (see for instance [46]). 
Subjects of the present study evaluated the facial 
expressions similarly as subjects in our earlier 
study evaluated IAPS pictures [25], making the 
results of the two studies directly comparable. 

CONCLUSION 
 Our present results suggest that perception 
of facial expressions involves brain mechanisms 
that are tuned to detecting the valence of the 
facial expressions. These mechanisms may be 

different for perceived negative and positive 
valence, supporting the view that there are 
independent unipolar negative and positive 
valence dimensions [13, 28, 29]. Significant 
valence dependencies in the dorsal PFC, VLPFC, 
and insula partly coincided with those found in 
our earlier study using IAPS pictures as stimuli 
[25]. This suggests a common network of areas 
that is activated when evaluating valence of 
various types of visual stimuli. Arousal-related 
activations in the IFG are possibly due to a 
mechanism evaluating the magnitude of the facial 
expression, with stronger expressions (relative to 
neutral expression) resulting in stronger arousal. 

ABBREVIATIONS 
ACC – anterior cingulate cortex 

AIC – anterior insular cortex 

BOLD – blood oxygen level dependent 

DLPFC – dorsolateral prefrontal cortex 

DMPFC – dorsomedial prefrontal cortex 

dPFC – dorsal prefrontal cortex 

EPI – echo planar imaging 

FACS – Facial Action Coding System 

fMRI – functional magnetic resonance imaging 

FOV – field of view 

FWHM – full-width-at-half-maximum 

GLM – general linear model 

HRF – hemodynamic response function 

IAPS – International Affective Picture System 

IFG – inferior frontal gyrus 

IPS – intraparietal sulcus 

MFG – middle frontal gyrus 

OFC – orbitofrontal cortex 

PFC – prefrontal cortex 

PSC – percent signal change 

RFX – random effects 

RSC – retrosplenial cortex 

SFG – superior frontal gyrus 

SMG – supramarginal gyrus 

std – standard deviation 

TE – echo time 
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VLPFC – ventrolateral prefrontal cortex 

VMPFC – ventromedial prefrontal cortex 
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