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Abstract—The aim of the present study was to assess the effect
of emotional experience induction in the mirror neurons systems
(MNYS) activity with regard to the spectrum of depressive symptoms.
For this purpose, at first stage, 449 students of Kharazmi University
of Tehran were selected randomly and completed the second version
of the Beck Depression Inventory (BDI-II). Then, 36 students with
standard Z-score equal or above +1.5 and equal or equal or below -
1.5 were selected to construct two groups of high and low spectrum
of depressive symptoms. In the next stage, the basic activity of MNS
was recorded (mu wave) before presenting the positive and negative
emotional video clips by Electroencephalography (EEG) technique.
The findings related to emotion induction (neutral, negative and
positive emotion) demonstrated that the activity of recorded mirror
neuron areas had a significant difference between the depressive and
non-depressive groups. These findings suggest that probably
processing of negative emotions in depressive individuals is due to
the idea that the mirror neurons in motor cortex matched up the
activity of cognitive regions with the person’s schema. Considering
the results of the present study, it could be said that the MNS
provides a substrate where emotional disorders can be studied and
evaluated.

Keywords—Emotional experiences, mirror neurons, depressive
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I.  INTRODUCTION

N the last decades, the discovery of the MNS has been one

of the most important discoveries in the basic
neuropsychology field [1]. These discoveries reflect that the
human ability for theory of mind and social cognition can be
studied more objectively [2], [3]. Indeed, social performance
is one of the most important criteria to define psychiatric
disorders [4]. Individuals who have normal function in their
social environments can easily share their emotions and
cognitive and mental representations [5]. In addition, studies
suggest that the MNS may serve as a common neural substrate
for linguistic, motor, emotional, and other higher-order
cognitive information processes [6]. Thus, it can be assumed
that the MNS has increased the human ability for emotional
processing as well as emotion regulation [7]. Therefore,
activity of the MNS likely correlates with psychopathology.
Generally, this includes depression or mood disorders.
Emotional disorders such as depression can be separated into
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several groups: dysfunction in understanding and interpreting
of emotions; dysfunction of a neural-cognitive system that is
responsible for experiencing emotions; and dysfunction in
controlling of emotions and experiences, which may be
attributed to mixed distress. Given the important role of the
MNS in perception of emotions, disturbance in this system
may lead to the first group of symptoms [8].

Given the crucial role of the MNS in emotional processes
[7], it is not inconceivable to assume that these neurons are
important neural substrate in emotion regulation. Since
anxiety disorders [9] and mood disorders have been broadly
evaluated as a result of emotional processes [10]-[12], it can
be stated that the MNS plays an important role in this
mechanism. Therefore, it is assumed that, for people who have
emotion dysregulation, their MNS has some dysfunction. In
some emotional disorders, it is possible that dysfunction of the
MNS leads to facilitate emotion dysregulation. The brain
regions related to the MNS, including the inferior frontal
cortex (IFC) or insula, not only connect to emotional aspects
such as facial imitation [13], emotional induction [14],
emotional regulation [15] and memory material selection to
interpret others feelings [16], but also link to working memory
[17] and linguistic processes. These findings support the idea
that the MNS can be involved in both cognitive and emotional
processes during human interactions. On the other hand,
depression is abnormal changes in neural activity [18]. These
pathological changes are not only associated with depressive
symptoms, but research has also shown that the frontal and
prefrontal regions and their functions are involved in cognitive
symptoms [19], [20]. The theoretical implications and research
findings, that are mentioned earlier, suggest that the MNS is a
neural mechanism involved in emotion processing and may
play a decisive role in drawing attention to affective stimuli. It
is well known that the EEG records spontaneous cortical
electric activities. The EEG rhythms are classified by rhythm
frequency. One of these rhythms called mu that indicated that
the mu rhythm is desynchronized not only by the execution of
actions but also by the sight of actions carried out by others.
On the other hand, after the discovery of MNS, studies have
shown that the MNS activity can be assessed using the activity
of Mu rhythm [21]. For example, studies have shown that the
EEG mu frequency, more precisely the reduction of the mu
power in individuals with autism, is considered to be an index
for mirror neuron functioning [22]. Also, it has shown that the
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EEG mu frequency is an indicator for activity of the MNS in
individuals with schizophrenia. These studies suggest that the
EEG mu frequency increases in people with negative
symptoms of schizophrenia, such as delusions and
hallucination [23]. Therefore, in the present study, we used the
EEG mu frequency as an indicator for the MNS activity.
Although the relationship between emotion regulation and the
MNS activity has not been studied directly, previous studies
indicate that individuals with mood disorders can develop
schizophrenia and autism symptoms [8], that these disorders
are classified as an emotional dysregulation disorders [4],
[24]. In the present study, our purpose was to assess the effect
of emotional experience induction on MNS activity with
regard to the spectrum of depressive symptoms.

II.  METHODS
A. Subjects

The statistical population of this study consists of all
university students in Kharazmi University who were enrolled
in school year 2014. As mentioned earlier, at the first stage of
the study, 440 students of Kharazmi University were selected
randomly and screened using the BDI-II. Then, 36 students
who had depressive symptoms as well as non-depressive
symptoms were selected. The research sample consisted 36
students (15 males and 21 females) who were obtained equal
or higher than +1.5 and equal or lower than -1.5 standard Z
score in the BDI-II and were selected using simple random
sampling. The age average of participants was 22. The
inclusion criteria for this study, which was investigated using
personal reports of subjects and the questionnaires (made by
the researcher), included: (1) Aged 18-35, (2) Lack of physical
diseases, (3) Lack of epilepsy history, (4) Lack of the
psychiatric disorders (in the past and now), (5) Lack of brain
trauma history, (6) Lack of the alcohol and substance use.
Also, informed consent was obtained from the subjects.

B. Procedure

In the first step and using initial telephone contact, an
appropriate feedback about the obtained scores in the
inventory was provided, and then the screened students were
invited to the next stage of research. At this stage, after
informed consent (with completion of a form), the subjects
completed the BDI-II again. Then, according to the 10/20
positioning system, the EEG cap was placed on the subject’s
scalp. Before recording the brain activity, the following
instruction was presented to the subjects: “During the baseline,
try to close your eyes and recline on your seat in a relaxed
state and do not move as much as possible. The researcher will
inform you with a little sound when you can open your eyes
and after a moment, through the same sound, you will be
informed when to close your eyes again until the sound is
made.”

After recording the waves at the baseline, one of the
positive or negative video clips (as alternate positive and
negative) was presented, and the subjects simply watched. At
this stage, during the presentation of the video clips, the
subject was not provided any instruction or stimulus. EEG was

recorded from different brain regions simultaneously during
the watching of the video clips. During the three stages
(baseline, negative and positive emotional states), subjects
took some rest in order to eliminating the effect of previous
emotional experiences and also if they were tired. The
duration of the experiment lasted approximately 1.5 to 2
hours. All experiments were conducted during the 9:00 a.m. to
17:00 p.m. time frame.

Subjects were seated in a comfortable sound and light
attenuated room, while at least eight minutes of eyes-closed
alert/resting  EEG data were collected from the -eight
monopolar electrode sites (Fz, left frontal pole (FP1), right
frontal pole (FP2), left middle frontal (F3), right middle
frontal (F4), left ventral frontal (F5), right ventral frontal (F6),
left lateral frontal (F7) and right lateral frontal (F8).). The
International 10/20 System (referred to linked earlobes) [25]
for electrode placement was used to eWave 16b 2014. The eye
movement artifact was monitored (by electrooculogram) with
a bipolar electrode montage using two electrodes of 9 mm
diameter attached superior to, and on the external canthus of,
the right eye. The impedances for the EEG and
electrooculogram electrodes were under 5 and 20 kQ,
respectively. The amplifier band pass was 0.5-70 Hz (3 dB
points), with a 60 Hz notch filter, and data were processed at
200 Hz with a 12-bit resolution [26]. The data were analyzed
using mixed variance analysis.

C. Beck Depression Inventory- 11

The BDI-II is the revised form of the BDI, which has been
developed to measure the severity of depression. This version,
like the first version, consisted of 21 items that subjects
selected one of the four options which represent severity of
depressive symptoms about themselves. Items are scored
between 0 and 3, and thus the total score ranges from 0 to 63.
The psychometric studies have shown that the inventory has
optimal reliability and validity, and generally is an appropriate
substitute for its first edition. Reference [27] reported the
internal consistency of this instrument in ranging from 73 to
92% with an average of 86% and also alpha coefficient for the
patient group was 86% and 81% for non-patient. In Iran,
Porshahnaz in his study of 112 people examined the
psychometric properties of the BDI-II. The -correlation
coefficient between each section and the total score was
ranged from 23% to 29%, and its internal consistency was
85%. The reliability of the inventory was 81% using the split-
half method as well as Spirman/Brown Prophecy Formula, and
also the Cronbach’s alpha coefficient for the post-test of
depression inventory was 76%.

D.EEG

EEG belongs to electrobiological imaging tools widely used
in medical and research arecas. EEG measures change in
electric potentials caused by a large number of electric dipoles
formed during neural excitations. The EEG signal consists of
different brain waves reflecting brain electrical activity,
according to electrode placements and functioning in the
adjacent brain regions [28]. In the present study, the brain
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waves were recorded by EEG- eWave 8 (the ScienceBeam
company). This 16-channel device can record EEG and
QEEG. In this device, some software codes are embedded for
quantifying the brain waves. These software codes allow the
brain waves convert, using FFT operation, from the time
domain (coordinate of range according to time) to the
frequency domain (coordinate of range according to
frequency). According to the international 10/20 standard
positioning system [29], the brain waves recorded in eight
regions include left frontal pole (FP1), right frontal pole (FP2),
left middle frontal (F3), right middle frontal (F4), left ventral
frontal (F5), right ventral frontal (F6), left lateral frontal (F7),
and right lateral frontal (F8). In addition, an electrode was also
installed as a “Ground” on the foreheads of the subjects. Using
a Fast Fourier Transform (FFT) operation, existing
applications allowed brain waves to be converted to the
frequency domain (range coordinates based on frequency)
from the time domain (range coordinates based on time).

E. Emotional Video Clips

In the present study, in order to induce positive and negative
emotional experiences, emotional video clips were used.
Development and use of the video as a method to evoke and
induce emotion have taken place parallel to vast maturity of
knowledge [30]. More than half a century ago, researchers
often used emotional video clips to evoke a scattered anxiety
or stress state using unofficial standards [30]. Reference [31]
evaluated the reliability and validity of the video clips and
indicated that these emotional video clips have an appropriate
reliability and validity.

F. The Statistical Design and Data Analysis

According to groups, basic variables, and the data scale,
statistical design of the study was mixed design. Given the
research design (pretest- posttest control group design), the
data were analyzed through repeated measures, Mix Variance
Analysis. This design is used when a group of participants is
examined at different intervals of time as well as in different
conditions of an experiment [32].

TABLE I
THE RESULTS OF MIX VARIANCE ANALYSIS

depressive Group

non - depressive Group

Source variance

Electrodes the main effect ma?n effect of interaction
Average SD Average SD of group emotion induction effect
F n F | F n
Baseline 2.40 2.38 2.44 1.53
Fl1 Negative emotions 2.68 1.35 1.68 0.69 0232 0.007 1.14 0.033 9.63  0.221
Positive emotion 1.86 0.69 3.37 1.74
Baseline 2.55 2.43 2.43 0.78
F2 Negative emotions 2.56 1.29 1.62 0.65 0.002  0.000 1.98 0.055 11.91 0.171
Positive emotion 2.08 0.96 3.10 0.62
Baseline 3.75 1.30 4.38 1.75
F3 Negative emotions 4.75 2.00 2.57 1.97 0.040 0.001 0.719 0.021 16.65 0.329
Positive emotion 2.87 1.31 4.65 1.86
Baseline 4.07 1.27 443 1.98
F4*  Negative emotions 435 1.75 2.46 1.07 0.003  0.000 3.89 0.103  0.001 0.313
Positive emotion 2.95 1.09 4.42 1.93
Baseline 5.56 2.25 5.80 1.99
F5*  Negative emotions 5.13 1.64 2.47 1.76 0.111 0.003 10.22 0.231 21.60 0.389
Positive emotion 3.14 2.02 5.96 1.54
Baseline 7.36 6.57 6.09 1.93
F6*  Negative emotions 5.02 1.74 2.48 1.72 0.634 0.018 9.67 0.222 6.03 0.151
Positive emotion 3.46 1.91 5.62 2.13
Baseline 5.21 2.05 5.38 1.85
F7*  Negative emotions 5.04 1.72 2.40 1.60 0.011 0.000 8.15 0.194 19.26  0.362
Positive emotion 2.99 1.64 532 2.16
Baseline 5.15 2.31 4.76 1.98
F8 Negative emotions 5.13 2.46 3.08 1.30 0.386 0.011 2.52 0.069  0.001 0.215
Positive emotion 3.31 1.42 4.96 1.91
III.  RESULTS mu wave showed that the average and standard deviation of

The number of people in the depressive group and the non-
depressive group was 18. These two groups were matched in
terms of education, handedness, footedness as well as age. The
age average of the sample was 21.75 (SD= 2.76). The age
range of the sample was between 18 to 28. Mix Variance
Analysis of descriptive statistics related to frontal lobe of the

mu wave activity are different in the two groups at baseline
and emotional conditions. Indeed, this significant difference
was related to F4, F5, F6, and F7. That is, when individuals in
the depressive group encountered negative emotions, their
EEG mu frequency was increased, and when they encountered
positive emotions, their EEG mu frequency was decreased. On
the other hand, when individuals in the non-depressive group
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encountered negative emotion, their EEG mu frequency
decreased and when they encountered positive emotion, their
EEG mu frequency increased (see Table I). In this analysis,
the two groups (depressive and non-depressive) were

considered as a between-subjects factor, and emotion
induction (baseline, negative and positive emotions)
considered as a within-subjects factor. The dependent variable
was also the 8 scores of the electrodes in the EEG.

TABLE II
THE RESULTS OF BONFERRONI POST HOC TEST CORRECTION FOR COMPARISON THE ACTIVATION OF ELECTRODES
Electrodes Phase I Phase J I-J Standard error  Significant

. Negative emotions  0.84 0.33 0.046

Baseline . .
F4 Positive emotion 0.56 0.21 0.042

Negative emotions ~ Positive emotion ~ -0.27 0.35 1

. Negative emotions ~ 1.87 0.37 0.001

Baseline . .
FS Positive emotion 1.12 0.41 0.033
Negative emotions  Positive emotion ~ -0.74 0.45 0.333
X Negative emotions ~ 2.97 0.77 0.002

Baseline .. .
F6 Positive emotion 2.18 0.79 0.028
Negative emotions  Positive emotion ~ -0.79 0.49 0.356
. Negative emotions ~ 1.57 0.34 0.001

Baseline . .
F7 Positive emotion 1.13 0.41 0.029
Negative emotions  Positive emotion ~ -0.43 0.44 0.993

IV.  DISCUSSION

The results of the present study are consistent with [6], [17],
[33]-[37], [14] based on that premotor neurons or mirror
neurons are activated for understanding an emotion and an
action in different conditions of mental states. It can be said
that the neural system as a whole is associated with
understanding and planning the actions which are related to
emotions.

Overall, the results of these observations indicate that strong
evidence supports the role of mirror neurons. This means that
they play a role in the inclusion of the others subjective states
within individual states. For example, research in a clinical
population suggests that the MNS is associated with the
emotional process [7]. Indeed, emotions are considered an
important part of social cognition and the ability to recognize
and respond to the other’s emotional states. Studies related to
TMS suggest that there is a positive relationship between the
quality of recognizing emotion and MNS activity [38], while
studies related to FMRI indicate that the activity of the ventral
motor cortex [39] and inferior frontal sulcus [14], exist during
observation the facial expression in participants. It was shown,
using TMS, that exposure to negative or positive emotion
could moderate emotional balance in emotional activity of
Mirror neurons.

As a result, according to the present study, it can be said
that processing of negative emotions in the depressive
individuals is due to mirror neurons in motor cortex matching
up the activity of cognitive regions with person’s schema.
According to this, mirror neurons probably have an effect on
emotion regulation strategies. Looking at the results of the
present study, it can be concluded that the MNS provides a
substrate, where emotional disorders can be studied and
evaluated.

One of the main limitation of this study is the lack of using
a clinical depression group as well as a control group.
According to the above discussion and due to some limitation
of the present study in methodology, we hope that future

studies will be able to examine and evaluate the function and
activity of these neurons in a broader scope and through
various techniques, with regard to the hypothesis of the mirror
neurons’ role in cognitive and metacognitive functions. Since,
in this study, emotion is examined generally, future research
can examine and evaluate the relationship of each emotion
with mirror neurons, separately.

ACKNOWLEDGMENT

We appreciate Jaime-A. Pineda because of his great help to
publish the article. Also, we appreciate all of the participants
who helped us in conducting the study.

REFERENCES

[1] Rizzolatti, G., Fogassi, L., & Gallese, V. (2001). Neurophysiological
mechanisms underlying the understanding and imitation of action.
Nature Reviews Neuroscience, 2(9), 661-670.

[2] Pineda, J. A. 2009. Mirror neuron systems. The Role of Mirroring
Processes in Social Cognition.

[3] Decety, J., & Sommerville, J. A. 2003. Shared representations between
self and other: a social cognitive neuroscience view. Trends Cogn.
Sci.,7(12), 527-533.

[4] American Psychiatric Association. (2013). Diagnostic and statistical
manual of mental disorders (DSM-5®). American Psychiatric Pub.

[5] Nejati, V., & Izadi-Najafabadi, S. 2012. Verbal fluency and working
memory deficit in first-degree relatives of autistic children. Journal of
Gorgan University of Medical Sciences, 14(3), 109-114.

[6] Ramachandra, V., Depalma, N., & Lisiewski, S. 2009. The role of mirror
neurons in  processing  vocal emotions:  Evidence  from
psychophysiological data. Int J NeuroSci, 119(5), 681-691.

[7]1 Hill, A. T., Fitzgibbon, B. M., Amold, S. L., Rinehart, N. J., Fitzgerald,
P. B., & Enticott, P. G. 2013. Modulation of putative mirror neuron
activity by both positively and negatively valenced affective stimuli: A
TMS study. Behav. Brain Res., 249, 116-123.

[8] Yuan, T. F., & Hoff, R. 2008. Mirror neuron system based therapy for
emotional disorders. Med. Hypotheses, 71(5), 722-726.

[91 Watson, D. (2005). Rethinking the mood and anxiety disorders: A

quantitative hierarchical model for DSM-V. Journal of Abnormal

Psychology, 114, 522-536.

Campbell-Sills, L., & Barlow, D. H. 2007. Incorporating emotion

regulation into conceptualizations and treatments of anxiety and mood

disorders, in Gross, J. J. (Eds), Handbook of emotion regulation.

Guilford Press, New York, pp. 542-559.

[11] Gross, J. J., & Mufioz, R. F. 1995. Emotion regulation and mental

[10

246



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

B1]

[32]

[33]

[34]

[33]

[36]

International Journal of Medical, Medicine and Health Sciences
ISSN: 2517-9969
Vol:11, No:5, 2017

health.Clinical psychology: Glob Health Sci Pract, 2(2), 151-164.
Mennin, D. S., Holaway, R. M., Fresco, D. M., Moore, M. T., &
Heimberg, R. G. (2007). Delineating components of emotion and its
dysregulation in anxiety and mood psychopathology. Behavior Therapy,
38(3), 284-302.

Carr, L., Iacoboni, M., Dubeau, M. C., Mazziotta, J. C., & Lenzi, G. L.
2003. Neural mechanisms of empathy in humans: a relay from neural
systems for imitation to limbic areas. Proc Natl Acad Sci,100(9), 5497-
5502.

Malhi, G. S., Lagopoulos, J., Owen, A. M., Ivanovski, B., Shnier, R., &
Sachdev, P. 2007. Reduced activation to implicit affect induction in
euthymic bipolar patients: an fMRI study. J Affect Disord, 97(1), 109-
122

Dolcos, F., & McCarthy, G. 2006. Brain systems mediating cognitive
interference by emotional distraction. The J Neurosci Neuroeng, 26(7),
2072-2079.

Olsson, A., & Ochsner, K. N. 2008. The role of social cognition in
emotion. Trends Cogn. Sci, 12(2), 65-71.

Jonides, J., Smith, E. E., Marshuetz, C., Koeppe, R. A., & Reuter-
Lorenz, P. A. 1998. Inhibition in verbal working memory revealed by
brain activation. Proc Natl Acad Sci India Sect B Biol Sci, 95(14), 8410-
8413.

Nitsche, M. A., Boggio, P. S., Fregni, F., & Pascual-Leone, A. 2009.
Treatment of depression with transcranial direct current stimulation
(tDCS): a review. Exp Neurol, 219(1), 14-19.

Javadi, A. H., & Walsh, V. 2012. Transcranial direct current stimulation
(tDCS) of the left dorsolateral prefrontal cortex modulates declarative
memory. Brain Stimul, 5(3), 231-241.

Utz, K. S., Dimova, V., Oppenldnder, K., & Kerkhoff, G. 2010.
Electrified minds: transcranial direct current stimulation (tDCS) and
galvanic vestibular stimulation (GVS) as methods of non-invasive brain
stimulation in neuropsychology—a review of current data and future
implications. Neuropsychologia, 48(10), 2789-2810.

Rizzolatti, G., Fogassi, L., & Gallese, V. (2006). Mirrors in the mind.
Scientific American, 295(5), 54-61.

Raymacekers, R., Wiersema, J. R., & Roeyers, H. (2009). EEG study of
the mirror neuron system in children with high functioning autism. Brain
research, 1304, 113-121.

Arbib, M. A., & Mundhenk, T. N. (2005). Schizophrenia and the mirror
system: an essay. Neuropsychologia, 43(2), 268-280.

Gross, J. J. (Ed.). (2013). Handbook of emotion regulation. Guilford
publications.

Jasper, H. H. (1958). The ten twenty electrode system of the
international ~ federation.  Electroencephalography and clinical
neurophysiology, 10, 371-375.

Veiga, H., Deslandes, A., Cagy, M., Fiszman, A., Piedade, R. A. M., &
Ribeiro, P. (2003). Neurocortical electrical activity tomography in
chronic schizophrenics. Arquivos de neuro-psiquiatria, 61(3B), 712-717.
Beck, A. T., Steer, R. A, & Carbin, M. G. (1988). Psychometric
properties of the Beck Depression Inventory: Twenty-five years of
evaluation. Clinical psychology review, 8(1), 77-100.

Teplan, M. 2002. Fundamentals of EEG measurement. Meas Sci Rev,
2(2), 1-11.

Homan, R. W., Herman, J., & Purdy, P. (1987). Cerebral location of
international 10-20 system electrode placement.
Electroencephalography and clinical neurophysiology, 66(4), 376-382.
Ray, R. D. 2007. Emotion elicitation using films. Handbook of emotion
elicitation and assessment, 9-28.

Hasani, J., Azad Fllah, P., & Ashyeri, H. 2008. the effect of reappraisal
and suppression of emotional experiences of regional brain activity with
regard to extraversion and neuroticism dimensions.

Howitt, D., & Cramer, D. 2007. Introduction to statistics in psychology.
Pearson Education.

Bodini, B., Tacoboni, M., & Lenzi, G. L. 2004. Acute stroke effects on
emotions: an interpretation through the mirror system. Curr. Opin.
Neurol., 17(1), 55-60.

Wicker, B., Keysers, C., Plailly, J., Royet, J. P., Gallese, V., &
Rizzolatti, G. 2003. Both of us disgusted in my insula: the common
neural basis of seeing and feeling disgust. Neuron, 40(3), 655-664.
Leslie, K. R., Johnson-Frey, S. H., & Grafton, S. T. 2004. Functional
imaging of face and hand imitation: towards a motor theory of empathy.
Neuroimage,21(2), 601-607.

Fecteau, S., Pascual-Leone, A., & Théoret, H. 2008. Psychopathy and
the mirror neuron system: preliminary findings from a non-psychiatric
sample. Psychiat Res, 160(2), 137-144.

[37] Pfeifer, J. H., lacoboni, M., Mazziotta, J. C., & Dapretto, M. 2008.

[38

[39

Mirroring others' emotions relates to empathy and interpersonal
competence in children. Neuroimage, 39(4), 2076-2085.

Aitken, K. J. 2008. Intersubjectivity, affective neuroscience, and the
neurobiology of autistic spectrum disorders: a systematic review. Keio J
Med, 57(1), 15-36.

Sato, W., Kochiyama, T., Yoshikawa, S., Naito, E., & Matsumura, M.
(2004). Enhanced neural activity in response to dynamic facial
expressions of emotion: an fMRI study. Cognitive Brain Research,
20(1), 81-91.

247



