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Through education, a social group transmits accumulated knowledge, skills, customs,
and values to its members. So far, to the best of our knowledge, the association
between educational attainment and neural correlates of emotion processing has been
left unexplored. In a retrospective analysis of The Netherlands Study of Depression and
Anxiety (NESDA) functional magnetic resonance imaging (fMRI) study, we compared two
groups of fourteen healthy volunteers with intermediate and high educational attainment,
matched for age and gender. The data concerned event-related fMRI of brain activation
during perception of facial emotional expressions. The region of interest (ROI) analysis
showed stronger right amygdala activation to facial expressions in participants with
lower relative to higher educational attainment (HE). The psychophysiological interaction
analysis revealed that participants with HE exhibited stronger right amygdala—right insula
connectivity during perception of emotional and neutral facial expressions. This exploratory
study suggests the relevance of educational attainment on the neural mechanism of facial
expressions processing.
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INTRODUCTION
A large body of evidence substantiates the general consensus
that individual differences, cognitive performance, and cerebral
structure and function are modulated by environmental aspects
such as cultural exposure, occupational attainment, and cognitive
enrichment factors (Scarmeas and Stern, 2003; Ansari, 2012).
Education is the formal process by which a social group trans-
mits accumulated knowledge, skills, customs and values to its
members. This process requires not only the strict transmission
of information and the use of learning skills, but it also has a
formative effect on the way the members of a social group think,
feel and act (Bobo and Licari, 1989; Pekrun et al., 2002; Tang et al.,
2006). In fact, strong evidence suggests that this formative effect
occurs at the behavioral level, e.g., highly educated individuals
are more likely to have a higher standard of living (Murrell
et al., 2003; Wight et al., 2006), to cope better with stressful
events (Horri et al., 2010), and are less likely to commit crimes
(Hall et al., 1986; Dahlberg and Krug, 2006). Moreover, evidence
suggests that a higher education is associated with a protective
effect against cognitive impairments (Coffey et al., 1999). Low
education attainment is associated with low socioeconomic status
(Miech et al., 1999) and with a high risk for depression (Mezuk
et al., 2008) and anxiety (Thurston et al., 2006). Additionally,

antisocial disorders are more frequent among people with low
educational attainment (LE; Miech et al., 1999). In view of this,
it seems obvious that education may have a lasting and formative
effect on the emotional life of individuals.

Whereas the effect of education on cognitive processes is well
studied (Lee et al., 2003; van Hooren et al., 2007; Brayne et al.,
2010), less is known about the relation between education and
emotion processing. Behavioral studies have shown a positive
relation between educational attainment and emotion recogni-
tion ability (Wolfgang and Cohen, 1988; Mill et al., 2009; Trauffer
et al., 2013; Demenescu et al., 2014). The present study takes a
step forward by investigating the relation between educational
attainment and the neural mechanisms involved in perception of
facial expressions.

Facial expressions are essential for social communication. They
relay the emotional states and the intentions of others. At an
individual level, a wide network is involved in emotional pro-
cessing. This network includes fusiform area, amygdala, medial
prefrontal cortex (mPFC), insula and anterior cingulate cortex
(ACC; Phan et al., 2002, 2004). Amygdala is considered a key
component in the neural circuit involved in emotional evaluation
(Fitzgerald et al., 2006). In addition to its role in evaluation
of salient stimuli (Santos et al., 2011) and coping with stress
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(Andolina et al., 2013), past studies have indicated its role in
cognitive processes (Schaefer and Gray, 2007). Difficult situations,
as well as motivationally relevant stimuli were reported to elicit an
elevated amygdala response indicating its involvement in higher
cognitive processes (see for review Schaefer and Gray, 2007).
The insula has been associated with evaluation, experience and
expression of “internally generated” emotions (Phan et al., 2004).
Research in animals showed that the insula has strong anatomical
connections with the amygdala (Augustine, 1996), and in humans
they both have been associated with emotional evaluation and
response (Phillips et al., 2003). Another key area involved in the
emotional processing network is the ACC. This area has extensive
connections with subcortical structures, e.g., amygdala (Amaral
and Price, 1984).

Observing the above mentioned literature and considering
the neural network involved in emotional processing, we investi-
gated whether educational attainment, i.e., the level of education,
modulates the neural response associated with emotional percep-
tion. To test this hypothesis we used a part of the data in The
Netherlands Study of Depression and Anxiety (NESDA1). NESDA
is a multicenter, longitudinal study investigating cognitive and
emotional processing in affective and anxiety disorders (Penninx
et al., 2008; Demenescu et al., 2011; van Tol et al., 2011, 2012).
The present study is an exploratory one in the sense that it is not
part of the original aim of the NESDA. It aims at examining the
possible role of educational attainment on the neural mechanism
of implicit emotion perception in healthy participants.

To the best of our knowledge, there is no previous study
examining the relation between educational attainments and
emotional processing at the neural level. The importance this
relation is emphasized by the large number of neuroimaging
studies that match their groups on educational level and, in as far
as emotion recognition and assessment are concerned, from the
understanding of the role played by the educational attainment in
the emotional life of the individuals. We assessed differences on
the neural response involved in face perception between healthy
volunteers with higher educational attainment (HE) and those
with intermediate-to-LE. We defined the groups of subjects with
HE and with LE based on the mean of the variable “Years of
education” presented in Table 1. No other reference to educational
system or general population is implied by this definition.

MATERIAL AND METHODS
PARTICIPANTS
For this retrospective analysis, data of participants were selected
from the functional magnetic resonance imaging (fMRI) part
of the multicenter longitudinal cohort study NESDA. A detailed
description of the fMRI NESDA study including participants
and selection criteria is presented elsewhere (Demenescu et al.,
2011; van Tol et al., 2011, 2012). Briefly, exclusion criteria for the
healthy participants were: (1) a lifetime diagnosis of Diagnosis
and Statistical Manual of Mental Disorders IV (DSM IV) axis I
and/or axis II, psychotic disorder or dementia; (2) a history of
head injury or seizure; (3) substances abuse; (4) heavy smokers;
(5) hypertension (blood pressure > 180/130 mm Hg); (6) older

1http://www.nesda.nl

Table 1 | Samples characteristics and behavioral data; mean (standard
deviation).

HE (n = 14) LE (n = 14)

Years of education 16.28 (1.54) 11.57 (0.85)

Age 39.71 (8.52) 38.79 (9.06)

Female (%) 42.9 50.0
Right handed (%) 78.6 100
BAI 1.43 (1.55) 2.71 (3.24)

MADRS 1.36 (2.37) 0.79 (1.80)

RT angry (>scrambled) 74.78 (93.04) 79.62 (91.26)

RT fearful (>scrambled) 128.71 (88.14) 114.80 (109.61)

RT sad (>scrambled) 108.73 (76.49) 98.04 (98.55)

RT happy (>scrambled) 113.39 (83.83) 110.40 (90.71)

RT neutral (>scrambled) 118.81 (79.96) 159.59 (147.22)

No significant group differences were found on these variables. Note: RT—

reaction time, BAI—Beck Anxiety Inventory, MADRS—Montgomery-Åsberg

Depression Rating Scale. The RT represents the mean reaction time difference

between each facial expression and scramble faces.

than 56 years; and (7) MRI incompatibility. Before the scanning
session depression and anxiety symptoms were assessed using
Montgomery-Åsberg Depression Rating Scale (MADRS; Mont-
gomery and Asberg, 1979) and Beck Anxiety Inventory (BAI;
Beck et al., 1988). Participants were scanned in three main cen-
ters from Netherlands: University Medical Center of Groningen
(UMCG), Academic Medical Center (AMC) Amsterdam, and
Leiden University Medical Center (LUMC). All participants were
native Dutch speakers.

Out of the 58 healthy participants included in the main
NESDA study (Demenescu et al., 2011), we discharged two par-
ticipants due to head movement >3 mm, and one because of
dropout from the educational system after 5 years. The remaining
participants were split in two groups as follows: 14 participants
with 9 to 12 years of education were defined as the low level of
education (LE) group. As age (Mill et al., 2009) and sex (Donges
et al., 2012; Demenescu et al., 2014) were reported to influence
the ability to recognize emotions, we matched on these variables.
By randomly choosing participants from the remaining sample
of 41 subjects, we included 14 participants in the group with a
high level of education (HE) corresponding to 13 to 18 years of
education.

ETHICS STATEMENT
The study was approved by the Ethical Review Boards of UMCG,
AMC, University of Amsterdam and LUMC and was conducted
in accordance with the Declaration of Helsinki. Written informed
consent was obtained from each participant prior to the scan
procedure.

TASK PARADIGM
We employed an implicit event-related design for perception
of facial expressions (Wolfensberger et al., 2008; Demenescu
et al., 2011). Implicit emotion processing elicits stronger amyg-
dala response relative to explicit emotion processing (Critchley
et al., 2000). Participants viewed color pictures of facial expres-
sions depicting angry, fearful, sad, happy, and neutral faces
selected from Karolinska Directed Emotion Faces System (KDEF;
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Lundqvist et al., 1998) and scrambled faces used as control
condition. Twenty-four pictures (twelve female and twelve male
actors) were selected for each of the five facial expressions.
Each particular face was not presented more than four times.
The scramble face was presented eighty times. In total 200
pictures were presented in a pseudo-random order, with each
picture being presented for 2.5 s, and having an interstimu-
lus (black screen) interval of 0.5 to 1.5 s. Images were pro-
jected onto a translucent screen at the end of the scanner
bed, visible via a mirror placed at a distance of 11 cm from
the participants’ face. The distance between the mirror and
the screen was 64 cm and the images covered roughly 18
degrees of the visual field. During the presentation of facial
expression participants were instructed to indicate the gen-
der of face. To control for brain activation associated with
the pressing of a button, during the showing of scrambled
faces, the participants were asked to press the right- or left-
hand button corresponding to respective arrows displayed on
the screen. The responses and reaction times (RT) were also
recorded. In the scanning session, the paradigm was presented
using E-Prime software (Psychological Software Tools, Pittsburgh,
PA, USA).

MRI ACQUISITION AND ANALYSIS
Images were acquired on a Philips 3T MR-system located at the
Neuroimaging Center UMCG, AMC, LUMC using a SENSE-8
channel coil at UMCG and LUMC, and SENSE-6 head channel
coil at AMC. For each participant a series of echo planar imaging
(EPI) volumes—sensitive to the blood oxygenation level depen-
dent (BOLD) effect—were obtained, entailing a T2∗-weighted
gradient echo sequence (repetition time (TR) = 2300 ms, echo
time (TE) = 28.0 ms (TE = 30 ms at AMC and LUMC), flip angle
90◦, matrix size 64 × 64 (AMC and LUMC: 96 × 96), interleaved
slice acquisition, 39 slices (35 at AMC and LUMC), 3 × 3 (AMD
and LUMC: 2.29 × 2.29) mm in-plane resolution, and 3 mm slice
thickness). Anatomical images included a sagittal 3D gradient-
echo T1-weighted sequence (TR = 9 ms, TE = 3.5 ms, matrix size:
256 × 256, voxel size 1 × 1 × 1 mm, 170 slices).

Functional imaging data were preprocessed and analyzed using
the statistical parametric mapping software package (SPM5)
implemented in Matlab 6.5 (The MathWorks Inc.). A detailed
description of the preprocessing was previously presented (Deme-
nescu et al., 2011). The preprocessing included slice-time correc-
tion, realignment, coregistration of the T1 image to the mean EPI,
spatial normalization of the EPI images to the standard Montreal
Neurological Institute T1-template, and spatial smoothing using
an 8 mm FWHM Gaussian kernel. Subject movement greater than
3 mm in any direction resulted in exclusion of the data from
further analyses.

The significant hemodynamic changes for each condition were
analyzed using the general linear model (GLM, Friston et al.,
1994), with respect to the event-related response convoluted with
a hemodynamic response function. Statistical parametric maps
for each contrast of t-statistic were calculated on a voxel-by-voxel
basis. T-contrasts for “angry > scrambled”, “fearful > scram-
bled”, “sad > scrambled”, “happy > scrambled” and “neutral >

scrambled” were calculated for each subject. The contrast images

obtained by fixed-effect analysis were entered into the second level
analysis. In order to determine stimuli-specific regional responses
for between-group differences, a random effect analysis was con-
ducted employing repeated measures analysis with facial expres-
sions as within subject factor, group (HE and LE) as between
subjects factor, and centers as factor of nuisance. Significance
threshold was set to p < 0.05 Family-Wise Error (FWE) corrected
for multiple comparisons for the main effect. Region of interest
(ROI) analyses were conducted to increase statistical sensitivity of
a group effect on the brain areas involved in emotional processing
with an initial threshold of p < 0.001. Small volume correction
(SVC) with a threshold of pFWE < 0.05 was applied within a
priori defined regions: fusiform gyrus, amygdala, mPFC, ACC
and insula using anatomical masks created with Wake Forest
University PickAtlas (WFU pickatlas, Maldjian et al., 2003).

In an additional analysis we tested for an effect of educational
attainment on the functional connectivity between amygdala—
ACC, amygdala—insula, amygdala—fusiform and amygdala—
mPFC. For this purpose a Psycho-Physiological Interaction (PPI)
analysis (Friston et al., 1997) was employed. PPI is a method
assessing task-dependent connectivity between a “seed” brain
region and the rest of the brain. Individual time series of the
left and right amygdala were extracted from the contrast faces
vs. scrambled faces using a threshold of p < 0.05, uncorrected.
The PPI term was calculated as the element-by-element product
(interaction term) of the amygdala time series and a vector coding
for the task effect (angry > scrambled, fearful > scrambled, sad >

scrambled, happy > scrambled and neutral > scrambled). In the
second level analysis, we included the contrast images for the PPI
effect which, during each facial expression, indicated a positive
functional connectivity of amygdala with the rest of the brain.
Two separate repeated measurement analyses were conducted,
one for the left and one for the right amygdala. Facial expressions
were defined as within subject factor, and group as between
subjects factor. Scan sites were defined as nuisance factors. The
ROI analyses were conducted employing ACC, insula, fusiform,
and mPFC masks defined with WFU PickAtlas using and initial
threshold of p < 0.001 uncorrected and p < 0.05 FWE SVC for
the ROI area. Outside these regions of interest the FWE correction
was applied.

Analyses of demographic and behavioral data were conducted
using SPSS 18. The RT to emotional facial expressions was cal-
culated as the difference between non-scrambled and scrambled
faces. Table 1 displays the mean and standard deviation of the
RT. Independent two sample t tests were conducted testing for an
effect of group on RT, age, BAI and MADRS score, whereas testing
for group effect on gender and handedness was conducted using
the Chi-squared test or the corresponding Fisher’s Exact test if the
frequency of observed values in one cell was less than the expected
one.

RESULTS
CHARACTERISTICS OF THE GROUP
Characteristics of the samples are displayed in Table 1. No signifi-
cant difference between higher and lower educational attainment
of participants was found on age (t(26) = 0.279, p > 0.05 (2-
tailed)), MADRS score (t(26) = 0.717, p > 0.05 (2-tailed)), BAI
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(t(26) = 1.337, p > 0.05 (2-tailed)), gender (χ2(1)= 0.144, p > 0.05
(2-tailed)) or on handedness (Fisher’s Exact test p = 0.222). Also,
no significant correlation was found between the participant’s age
and years of education (r(12) = −0.018). Finally, no group effect
was found on the RT to facial expressions (F(1,26) = 0.015, p =
0.904).

IMAGING DATA
Facial expressions (>scrambled) elicited increased bilateral
fusiform gyrus (left: [−39, −48, −24], Z = 6.31 and right: [39,
−42, −24], Z = 7.50), right middle occipital gyrus ([24, −90, 18],
Z = 7.10), left amygdala ([−21, −6, −15], Z = 6.16), right middle
frontal gyrus (BA46, [51, 30, −21], Z = 5.33) activation at pFWE

< 0.05 (whole-brain correction). Right amygdala ([18, −6, −15],
Z = 4.70) activation to facial expressions across all participants
was observed at a slightly more lenient threshold of p < 0.05 false
discovery rate.

We found an effect of group in right amygdala response to
facial expressions (x = 33, z = 3, y = −21, Z = 3.26, pFWE =
0.024, SVC, Figure 1) with the LE participants showing a sig-
nificantly higher amygdala response than the HE, when viewing
facial expressions of emotion (pFWE = 0.012, SVC, Figure 1). We
found no other significant group effect in ACC, insula, fusiform
gyrus, or mPFC, or in any other brain regions. Also, we found no
significant group by faces interaction on the neural response to
face perception.

We also checked that our baseline does not elicit an effect on
any of the areas found activated in response to facial expressions
of emotion. Thus, we conducted an independent t test, controlling
for centers and, across both groups, we found a main effect of
scramble face perception, in right middle occipital gyrus (z = 39,
y = −87, z = 0; k = 8, Z = 5.32, pFWE < 0.05) and no group
difference.

Regarding amygdala functional connectivity we found an
effect of group on right amygdala—right insula connectivity
([42, 3, 9], Z = 3.77, p < 0.05 FWE, SVC, k = 11). Partici-
pants with HE showed a stronger right amygdala—right insula
([42, 3, 9], p < 0.05, SVC, Figure 2) connectivity during faces
(>scramble) perception. We found no significant group by
facial expressions interaction on either left or right amygdala
connectivity.

DISCUSSION
The present study investigated the possible modulatory role of
educational attainment on the neural circuitry involved in pro-
cessing of facial expressions. The results support the hypoth-
esis of a putatively formational effect of education, that may
affect emotion processing in general. We found that at the
neural level, amygdala response to facial expressions was neg-
atively modulated by educational attainment. Additionally, we
found that the connectivity of the right amygdalar complex
with insula was also associated with educational attainment
in a positive manner. Our study provides—to the best of
our knowledge—the first neuropsychological evidence of the
modulatory association of education on perception of facial
expressions.

FIGURE 1 | Group differences on right amygdala (x = 33, y = 3, z = −21)
response to facial expressions for pFWE < 0.05, SVC. The boxes indicate
the amygdala mean response across all facial expressions (vs. scramble)
within each group, while the whiskers indicate the 90% confidence interval.
Participants with lower educational attainment (LE) showed significantly
elevated right amygdala response to overall facial expression perception,
relative to participants with higher educational attainment (HE). The asterisk
indicates significant group differences (pFWE < 0.05, SVC).

AMYGDALA GROUP DIFFERENCES DURING FACES VIEWING
Our findings are in line with previous studies on amygdala
response to facial perception (Todorov, 2012). We found that
viewing faces elicited an elevated amygdala response. We found
an effect of the educational attainment on right amygdala. HE
participants showed reduced right amygdala response when view-
ing facial expressions, while LE participants showed stronger
amygdala response. The absence of a significant group by facial
expressions interaction, indicates a rather general than emotion
specific effect of education attainment on amygdala response.
Previous studies have reported an effect of education attain-
ment on overall performance in identifying emotion (Wolfgang
and Cohen, 1988; Mill et al., 2009). Other studies reported
the improvement of recognition-accuracy of fearful faces with a
higher education attainment (Trauffer et al., 2013; Demenescu
et al., 2014), whereas the recognition of angry faces seems to
be impacted in a similar manner by a low education attainment
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FIGURE 2 | Group main effect on right amygdala—right insula
connectivity. The boxes indicate, in arbitrary units, the strength of the right
amygdala—right insula functional connectivity within each group, during
perception of facial expressions, while the whiskers indicate the 90%
confidence interval. The asterisk indicates significant group differences
(pFWE < 0.05, SVC). LE—low educational attainment and HE—high
educational attainment.

(Trauffer et al., 2013). Previous studies reported elevated amyg-
dala response to neutral faces in a wide range of psychiatric
disorders, e.g., social anxiety (Cooney et al., 2006), bipolar
disorder (Rich et al., 2006), schizophrenia (Holt et al., 2006),
and chronically violent men (Pardini and Phillips, 2010). In
healthy volunteers, elevated amygdala activation to emotional
and neutral faces has been previously reported in a visual
search paradigm suggesting amygdala involvement in “signaling
salience in faces” (Santos et al., 2011). These findings indicate
that amygdala is responsible for perception of salience infor-
mation in faces, and that neutral faces might be ambiguous
stimuli.

Morris et al. (1998) reported that amygdala response and
lateralization during implicit emotion perception were related to
awareness (Gläscher and Adolphs, 2003; Costafreda et al., 2008;
Sergerie et al., 2008; Dyck et al., 2011) and to cognitive involve-
ment (Baas et al., 2004; Fusar-Poli et al., 2009). Right amygdala
hyperactivation was associated with rapid and autonomic
evaluation of emotional stimuli (Gläscher and Adolphs, 2003;
Costafreda et al., 2008; Sergerie et al., 2008; Dyck et al., 2011).
Fusar-Poli et al. (2009) indicated that left amygdala is involved in
cognitive, detailed emotional perception, whereas right amygdala
is implied in global emotional reaction. Our study investigated
implicit emotional processing and thus the effect of educational
attainment in right amygdala might be related to automatic
emotion processing. The present study adds to the existing

literature by emphasizing the role of educational attainment on
amygdala response to perception of facial expressions.

AMYGDALA CONNECTIVITY
Another outcome of our analyses was that, relative to LE partic-
ipants, subjects with HE displayed a stronger amygdala—insula
functional coupling during perception of facial expressions. As in
the previous analysis, no group by facial expressions of emotion
interaction was found indicating a general effect of educational
attainment on amygdala connectivity. Insula is implicated in
“generation of affective state in response to emotive stimuli”
(Phillips et al., 2003), situating it at the core of affective feelings
(Lindquist et al., 2012) and sensitive to salient stimuli (Menon
and Uddin, 2010). Lesion studies have shown that insula has a
broad role in recognition, processing, assignment of valence, and
affective arousal, of negative and positive emotions (Berntson
et al., 2011). Moreover, amygdala and insula—have extensive
anatomical connections (Augustine, 1996)–which is considered
a bridge between affective and cognitive processes (Craig, 2009).
They are involved in “identification of the emotional significance”
and emotional response at the state and behavioral level (Phillips
et al., 2003). Seeley et al. (2007) found that insula and amygdala,
along with the dorsal anterior cingulate, the thalamus and the
ventral tegmental area, form the “salience network”. This network
contributes to identifying the most subjective relevant internal
and external stimuli. Taken together it might be concluded that
education modulates the response of the degree of subjective
salience.

It may be of interest for further studies to explore the effect
of educational attainment on emotional perception intensity and
accuracy, and also on cognitive processes. As the lack of additional
data on socioeconomic or environmental factors is a limitation of
the present study, these formative effects could be considered in
future studies.

CONCLUSIONS
The present study suggests that educational attainment mod-
ulates both the neural response and neural network involved
in processing facial expressions. In particular, it shows that HE
may be associated with reduced amygdala responses to facial
expressions and stronger amygdala—insula coupling during face
perception. As emphasized by Duarte et al. (2008), it may be that
through education people develop better skills to cope with social
situations and are less likely to respond in an emotional way.
These results show the importance of considering the formative
effect of educational attainment when investigating the neural
circuitry underlying emotional and neutral face perception, as
there is no evidence that such effect is limited to the perception
of facial expressions of emotion investigated in this study.

ACKNOWLEDGMENTS
The infrastructure for the NESDA study2 is funded through
the Geestkracht program of the Netherlands Organisation for
Health Research and Development (Zon-Mw, grant number 10-
000-1002) and is supported by participating universities and

2www.nesda.nl

Frontiers in Human Neuroscience www.frontiersin.org October 2014 | Volume 8 | Article 866 | 5

http://www.nesda.nl
http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Human_Neuroscience/archive


Demenescu et al. Educational attainment and emotion perception

mental health care organizations (VU University Medical Cen-
ter, GGZ inGeest, Arkin, LUMC, GGZ Rivierduinen, University
Medical Center Groningen, Lentis, GGZ Friesland, GGZ Drenthe,
Scientific Institute for Quality of Healthcare (IQ healthcare),
Netherlands Institute for Health Services Research (NIVEL) and
Netherlands Institute of Mental Health and Addiction (Trimbos
Institute)).

Adrian Stan would like to thank Lucia Reining for support in
the final stages of completion of this manuscript.

REFERENCES
Amaral, D. G., and Price, J. L. (1984). Amygdalo-cortical projections in the

monkey (Macaca fascicularis). J. Comp. Neurol. 230, 465–496. doi: 10.1002/cne.
902300402

Andolina, D., Maran, D., Valzania, A., Conversi, D., and Puglisi-Allegra, S.
(2013). Prefrontal/amygdalar system determines stress coping behavior through
5-HT/GABA connection. Neuropsychopharmacology 38, 2057–2067. doi: 10.
1038/npp.2013.107

Ansari, D. (2012). Culture and education: new frontiers in brain plasticity. Trends
Cogn. Sci. 16, 93–94. doi: 10.1016/j.tics.2011.11.016

Augustine, J. R. (1996). Circuitry and functional aspects of the insular lobe in
primates including humans. Brain Res. Brain Res. Rev. 22, 229–244. doi: 10.
1016/s0165-0173(96)00011-2

Baas, D., Aleman, A., and Kahn, R. (2004). Lateralization of amygdala activation: a
systematic review of neuroimaging studies. Brain Res. Brain Res. Rev. 45, 96–103.
doi: 10.1016/j.brainresrev.2004.02.004

Beck, A. T., Epstein, N., Brown, G., and Steer, R. A. (1988). An inventory for
measuring clinical anxiety: psychometric properties. J. Consult. Clin. Psychol.
56, 893–897. doi: 10.1037//0022-006x.56.6.893

Berntson, G. G., Norman, G. J., Bechara, A., Bruss, J., Tranel, D., and Cacioppo,
J. T. (2011). The insula and evaluative processes. Psychol. Sci. 22, 80–86. doi: 10.
1177/0956797610391097

Bobo, L., and Licari, F. C. (1989). Education and political tolerance. Testing the
effects of cognitive sophistication and target group affect. Public Opin. Q. 53,
285–308. doi: 10.1086/269154

Brayne, C., Ince, P. G., Keage, H. A. D., McKeith, I. G., Matthews, F. E., Polvikoski,
T., et al. (2010). Education, the brain and dementia: neuroprotection or
compensation? EclipSE collaborative members. Brain 133, 2210–2216. doi: 10.
1093/brain/awq185

Coffey, C. E., Saxton, J. A., Ratcliff, G., Bryan, R. N., and Lucke, J. F. (1999).
Relation of education to brain size in normal aging: implications for the reserve
hypothesis. Neurology 53, 189–196. doi: 10.1212/wnl.53.1.189

Cooney, R. E., Atlas, L. Y., Joormann, J., Eugène, F., and Gotlib, I. H. (2006).
Amygdala activation in the processing of neutral faces in social anxiety disorder:
is neutral really neutral?. Psychiatry Res. 148, 55–59. doi: 10.1016/j.pscychresns.
2006.05.003

Costafreda, S. G., Brammer, M. J., David, A. S., and Fu, C. H. Y. (2008). Predictors of
amygdala activation during the processing of emotional stimuli: a meta-analysis
of 385 PET and fMRI studies. Brain Res. Brain Res. Rev. 58, 57–70. doi: 10.1016/j.
brainresrev.2007.10.012

Craig, A. D. (2009). How do you feel—now? The anterior insula and human
awareness. Nat. Rev. Neurosci. 10, 59–70. doi: 10.1038/nrn2555

Critchley, H., Daly, E., Phillips, M., Brammer, M., Bullmore, E., Williams,
S., et al. (2000). Explicit and implicit neural mechanisms for processing
of social information from facial expressions: a functional magnetic reso-
nance imaging study. Hum. Brain Mapp. 9, 93–105. doi: 10.1002/(sici)1097-
0193(200002)9:2<93::aid-hbm4>3.3.co;2-q

Dahlberg, L. L., and Krug, E. G. (2006). Violence a global public health
problem. Cien. Saude Colet. 11, 277–292. doi: 10.1590/s1413-8123200600020
0007

Demenescu, L. R., Mathiak, K. A., and Mathiak, K. (2014). Age and gender related
variations of emotion recognition in pseudowords and faces. Exp. Aging Res. 40,
187–207. doi: 10.1080/0361073X.2014.882210

Demenescu, L. R., Renken, R., Kortekaas, R., van Tol, M. J., Marsman, J. B.,
van Buchem, M. A., et al. (2011). Neural correlates of perception of emo-
tional facial expressions in out-patients with mild-to-moderate depression

and anxiety. A multicenter fMRI study. Psychol. Med. 4, 2253–2264. doi: 10.
1017/S0033291711000596

Donges, U.-S., Kersting, A., and Suslow, T. (2012). Women’s greater ability to
perceive happy facial emotion automatically: gender differences in affective
priming. PLoS One 7:e41745. doi: 10.4324/9780203066065

Duarte, E. A., de Mamani, A. W., Rosales, G., and Kymalainen, J. (2008). Educa-
tional attainment as a predictor of attributions and expressed emotion in a tri-
ethnic sample of relatives of patients with schizophrenia. Interam. J. Psychol. 42,
161–170.

Dyck, M., Loughead, J., Kellermann, T., Boers, F., Gur, R. C., and Mathiak, K.
(2011). Cognitive versus automatic mechanism of mood induction differentially
activate left and right amygdala. Neuroimage 54, 2503–2513. doi: 10.1016/j.
neuroimage.2010.10.013

Fitzgerald, D. A., Angstadt, M., Jelsone, L. M., Nathan, P. J., and Phan, K. L. (2006).
Beyond threat: amygdala reactivity across multiple expressions of facial affect.
Neuroimage 30, 1441–1448. doi: 10.1016/j.neuroimage.2005.11.003

Friston, K. J., Buechel, C., Fink, G. R., Morris, J., Rolls, E., and Dolan, R. J. (1997).
Psychophysiological and modulatory interactions in neuroimaging. Neuroimage
6, 218–229. doi: 10.1006/nimg.1997.0291

Friston, K. J., Holmes, A. P., Worsley, K. J., Poline, J. B., Frith, C., and Frackowiak,
R. S. J. (1994). Statistical parametric maps in functional imaging: a general linear
approach. Hum. Brain Mapp. 2, 189–210. doi: 10.1002/hbm.460020402

Fusar-Poli, P., Placentino, A., Carletti, F., Allen, P., Landi, P., Abbamonte, M., et
al. (2009). Laterality effect on emotional faces processing: ALE meta-analysis of
evidence. Neurosci. Lett. 452, 262–267. doi: 10.1016/j.neulet.2009.01.065

Gläscher, J., and Adolphs, R. (2003). Processing of the arousal of subliminal and
supraliminal emotional stimuli by the human amygdala. J. Neurosci. 23, 10274–
10282.

Hall, R. L., Rodeghier, M., and Useem, B. (1986). Effects of education on attitude
to protest. Am. Sociol. Rev. 51, 564–573. doi: 10.2307/2095588

Holt, D. J., Kunkel, L., Weiss, A. P., Goff, D. C., Wright, C. I., Shin, L. M., et al.
(2006). Increased medial temporal lobe activation during the passive viewing
of emotional and neutral facial expressions in schizophrenia. Schizophr. Res. 82,
153–162. doi: 10.1016/j.schres.2005.09.021

Horri, N., Haghighi, S., Hosseini, S. M., Zare, M., Parvaresh, E., and Amini, M.
(2010). Stressful life events, education and metabolic syndrome in women: are
they related? A study in first-degree relatives of type 2 diabetics. Metab. Syndr.
Relat. Disord. 8, 483–487. doi: 10.1089/met.2010.0015

Lee, S., Kawachi, I., Berkman, L. F., and Grodstein, F. (2003). Education, other
socioeconomic indicators and cognitive function. Am. J. Epidemiol. 157, 712–
720. doi: 10.1093/aje/kwg042

Lindquist, K. A., Wager, T. D., Kober, L., Bliss-Moreau, E., and Barrett, L. F. (2012).
The brain basis of emotion: a meta-analytic review. Behav. Brain Sci. 35, 121–
143. doi: 10.1017/S0140525X11000446

Lundqvist, D., Flykt, A., and Öhman, A. (1998). The Karolinska Directed Emotional
Faces - KDEF, CD ROM from Department of Clinical Neuroscience, Psychology
section, Karolinska Institutet.

Maldjian, J. A., Laurienti, P. J., Burdette, J. B., and Kraft, R. A. (2003). An automated
method for neuroanatomic and cytoarchitectonic atlas-based interrogation
of fMRI data sets. Neuroimage 19, 1233–1239. doi: 10.1016/s1053-8119(03)
00169-1

Menon, V., and Uddin, L. Q. (2010). Saliency, switching, attention and control: a
network model of insula function. Brain Struct. Funct. 214, 655–667. doi: 10.
1007/s00429-010-0262-0

Mezuk, B., Eaton, W. W., Golden, S. H., and Ding, Y. (2008). The influence of
educational attainment on depression and risk of type 2 diabetes. Am. J. Public
Health 98, 1480–1485. doi: 10.2105/AJPH.2007.126441

Miech, R. A., Caspi, A., Moffitt, T. E., Entner Wright, B. R., and Silva, P. A.
(1999). Low socioeconomic status and mental disorders: a longitudinal study of
selection and causation during young adulthood. Am. J. Sociol. 104, 1096–1131.
doi: 10.1086/210137

Mill, A., Allik, J., Realo, A., and Valk, R. (2009). Age-related differences in emo-
tion recognition ability: a cross-sectional study. Emotion 9, 619–630. doi: 10.
1037/a0016562

Montgomery, S. A., and Asberg, M. (1979). A new depression scale designed to be
sensitive to change. Br. J. Psychiatry 134, 382–389. doi: 10.1192/bjp.134.4.382

Morris, J. S., Ohman, A., and Dolan, R. J. (1998). Conscious and unconscious
emotional learning in the human amygdala. Nature 393, 467–470. doi: 10.
1038/30976

Frontiers in Human Neuroscience www.frontiersin.org October 2014 | Volume 8 | Article 866 | 6

http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Human_Neuroscience/archive


Demenescu et al. Educational attainment and emotion perception

Murrell, S. A., Salsman, N. L., and Meeks, S. (2003). Educational attainment,
positive psychological mediators and resources for health and vitality in older
adult. J. Aging Health 15, 591–615. doi: 10.1177/0898264303256198

Pardini, D. A., and Phillips, M. (2010). Neural responses to emotional and neutral
facial expressions in chronically violent men. J. Psychiatry Neurosci. 35, 390–398.
doi: 10.1503/jpn.100037

Pekrun, R., Goetz, T., Titz, W., and Perry, R. P. (2002). Academic emotions in
students’ self-regulated learning and achievement: a program of quantitative
and qualitative research. Educ. Psychol. 37, 91–105. doi: 10.1207/s15326985ep
3702_4

Penninx, B. W. J. H., Beekman, A. T. F., Smit, J. H., Zitman, F. G., Nolen, W. A.,
Spinhoven, P., et al. (2008). The Netherlands Study of Depression and Anxiety
(NESDA): rationale, objectives and methods. Int. J. Methods Psychiatr. Res. 17,
121–140. doi: 10.1002/mpr.256

Phan, K. L., Wager, T., Taylor, S. F., and Liberzon, I. (2002). Functional neu-
roanatomy of emotion: a meta-analysis of emotion activation studies in PET
and fMRI. Neuroimage 16, 331–348. doi: 10.1006/nimg.2002.1087

Phan, K. L., Wager, T. D., Taylor, S. F., and Liberzon, I. (2004). Functional
neuroimaging studies of human emotions. CNS Spectr. 9, 258–266.

Phillips, M. L., Drevets, W. C., Rauch, S. L., and Lane, R. (2003). Neurobiology
of emotion perception I: the neural basis of normal emotion perception. Biol.
Psychiatry 54, 504–514. doi: 10.1016/s0006-3223(03)00168-9

Rich, B. A., Vinton, D. T., Roberson-Nay, R., Hommer, R. E., Berghorst, L. H.,
McClure, E. B., et al. (2006). Limbic hyperactivation during processing of
neutral facial expressions in children with bipolar disorder. Proc. Natl. Acad. Sci.
U S A 103, 8900–8905. doi: 10.1073/pnas.0603246103

Santos, A., Mier, D., Kirsch, P., and Meyer-Lindenberg, A. (2011). Evidence for
a general face salience signal in human amygdala. Neuroimage 54, 3111–3116.
doi: 10.1016/j.neuroimage.2010.11.024

Scarmeas, N., and Stern, Y. (2003). Cognitive reserve and lifestyle. J. Clin. Exp.
Neuropsychol. 25, 625–633. doi: 10.1076/jcen.25.5.625.14576

Schaefer, A., and Gray, J. R. (2007). A role for human amygdala in higher cognition.
Rev. Neurosci. 18, 355–364. doi: 10.1515/revneuro.2007.18.5.355

Seeley, W. W., Menon, V., Schatzberg, A. F., Keller, J., Glover, G. H., Kenna, H., et al.
(2007). Dissociable intrinsic connectivity networks for salience processing and
executive control. J. Neurosci. 27, 2349–2356. doi: 10.1523/jneurosci.5587-06.
2007

Sergerie, K., Chochol, C., and Armony, J. L. (2008). The role of the amygdala in
emotional processing: a quantitative meta-analysis of functional neuroimaging
studies. Neurosci. Biobehav. Rev. 32, 811–830. doi: 10.1016/j.neubiorev.2007.
12.002

Tang, Y., Zhang, W., Chen, K., Feng, S., Ji, Y., Shen, J., et al. (2006). Arithmetic
processing in the brain shaped by cultures. Proc. Natl. Acad. Sci. U S A 103,
10775–10780. doi: 10.1073/pnas.0604416103

Thurston, R. C., Kubzansky, L. D., Kawachi, I., and Berkman, L. F. (2006). Do
depression and anxiety mediate the link between educational attainment and
CHD? Psychosom. Med. 68, 25–32. doi: 10.1097/01.psy.0000195883.68888.68

Todorov, A. (2012). The role of the amygdala in face perception and evaluation.
Motiv. Emot. 36, 16–26. doi: 10.1007/s11031-011-9238-5

Trauffer, N. M., Widen, S. C., and Russell, J. A. (2013). Education and the
attribution of emotion to facial expressions. Psychol. Top. 22, 237–247.

van Hooren, S. A. H., Valentijn, A. M., Bosma, H., Ponds, R. W. H. M., van
Boxtel, M. P. J., and Jolles, J. (2007). Cognitive functioning in healthy older
adults aged 64–81: a cohort study into the effects of age, sex and education.
Neuropsychol. Dev. Cogn. B Aging Neuropsychol. Cogn. 14, 40–54. doi: 10.1080/
138255890969483

van Tol, M. J., Demenescu, L. R., van der Wee, N. J., Kortekaas, R., Marjan,
M. A. N., Boer, J. A., et al. (2012). Functional magnetic resonance imaging
correlates of emotional words encoding and recognition in depression and
anxiety disorders. Biol. Psychiatry 71, 593–602. doi: 10.1016/j.biopsych.2011.
11.016

van Tol, M. J., van der Wee, N. J., Demenescu, L. R., Nielen, M. M., Aleman, A.,
Renken, R., et al. (2011). Functional MRI correlates of visuospatial planning in
out-patient depression and anxiety. Acta Psychiatr. Scand. 124, 273–284. doi: 10.
1111/j.1600-0447.2011.01702.x

Wight, R. G., Aneshensel, C. S., Miller-Martinez, D., Botticello, A. L., Cummings,
J. R., Karlamangla, A. S., et al. (2006). Urban neighborhood context, educational
attainment, and cognitive function among older adults. Am. J. Epidemiol. 163,
1071–1078. doi: 10.1093/aje/kwj176

Wolfensberger, S., Veltman, D. J., Hoogendijk, W. J., Boomsma, D. I., and de Geus,
E. J. (2008). Amygdala responses to emotional faces in twins discordant or
concordant for the risk for anxiety and depression. Neuroimage 41, 544–552.
doi: 10.1016/j.neuroimage.2008.01.053

Wolfgang, A., and Cohen, M. (1988). Sensitivity of Canadians, Latin Amer-
icans, Ethiopians and Israelis to interracial facial expressions of emo-
tions. Int. J. Intercult. Relat. 12, 139–151. doi: 10.1016/0147-1767(88)90
045-4

Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Received: 19 March 2014; accepted: 07 October 2014; published online: 27 October
2014.
Citation: Demenescu LR, Stan A, Kortekaas R, van der Wee NJA, Veltman DJ and
Aleman A (2014) On the connection between level of education and the neural circuitry
of emotion perception. Front. Hum. Neurosci. 8:866. doi: 10.3389/fnhum.2014.00866
This article was submitted to the journal Frontiers in Human Neuroscience.
Copyright © 2014 Demenescu, Stan, Kortekaas, van der Wee, Veltman and Aleman.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution and reproduction in other forums is
permitted, provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Human Neuroscience www.frontiersin.org October 2014 | Volume 8 | Article 866 | 7

http://dx.doi.org/10.3389/fnhum.2014.00866
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Human_Neuroscience/archive

	On the connection between level of education and the neural circuitry of emotion perception
	Introduction
	Material and methods
	Participants
	Ethics Statement
	Task paradigm
	MRI acquisition and analysis

	Results
	Characteristics of the group
	Imaging data

	Discussion
	Amygdala group differences during faces viewing
	Amygdala connectivity

	Conclusions
	Acknowledgments
	References


