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Visual mismatch negativity (vMMN) is an event-reldtpotential (ERP) component,
which occurs when there is a change in visual enwirent. Previous studies have
suggested that vMMN s elicited to several stimulyses, also to facial expressions.
N170 is a widely studied ERP component which isdgbpin facial recognition. The
purpose of this study was to find out if there \wagVIMN in detecting neutral, happy
and fearful expressions among non-depressed armds$e subjects. In addition, the
effects of short psychological intervention to degsed subjects were examined. The
oddball paradigm was used. The subjects watchedirpg of neutral, happy and
fearful facial expressions with changing identitieBhe probability for neutral
expressions, i.e. standard stimulus, was 0.8 anddappy and fearful expressions, i.e.
deviant stimuli, was 0.1 for both. The visual misohanegativity was assumed to be
elicited to changes in expressions. The depressedpgalso got a psychological
intervention which included four therapy sessionthwhe means of acceptance and
commitment therapy. The healthy, non-depressedraomfroup consisted of 17
subjects. The depressed subjects were dividedwuadlifferent groups, experimental
and waiting list control groups. Both experimengald waiting list control group
consisted of 23 subjects. The experimental grougigointervention immediately and
waiting list control group after the first grouphf& event-related potentials were
recorded using 14 electrodes placed to their skai¢ording to international 10-20
system. The EEG measurement was done once to moasded group, twice to
experimental group and three times to waitingdstrol group. The vMMN elicited
differently in non-depressed and in depressed gribwpas found out that among non-
depressed group, the VMMN elicits in consequenclapipy expressions at P8 and
fearful expressions at P7 and P8. In depressedpgtibiere were no such effects.
Happy expressions elicited larger responses athB8 &t P7 in the non-depressed
group. In depressed group the responses werdrgitilaterally, as well as the fearful
expressions in both groups. The treatment effeet® wxamined and it appeared that
the responses to happy expressions diminished ipergwental group after
intervention. The same effect was not found in mgitist control group which had
not received the intervention yet. When the expenital and waiting list control group
were combined, the significant effects were fouhdP@ in fearful expressions. The
results support the previous findings which havggested that clinical states affect
visual preattentive processing.

Keywords: facial recognition, visual mismatch neggt (VMMN),
electroencephalography (EEG), event-related patsntERPS), depression, N170
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Visuaalinen poikkeavuusnegatiivisuus (VMMN) on hevastekomponentti, joka
iimenee, kun visuaalisessa ymparistdssa tapahtuwtaksia. Aikaisemmat
tutkimukset ovat osoittaneet, ettda VMMN syntyy s8ei arsyketyyppeihin, myds
kasvojenilmeisiin. N170 on laajasti tutkittu heri#stekomponentti, joka on
tyypillinen kasvojen tunnistamisessa. Taman tuthisam tarkoitus oli selvittaa,
syntyyko visuaalista poikkeavuusnegatiivisuuttangisentuneiden ja masentuneiden
koehenkildiden keskuudessa katsellessa neutraaldj@isia ja pelokkaita
kasvonilmeitd. Liséksi tutkittin lyhyen psykologis intervention vaikutuksia
masentuneisiin  koehenkildihin.  Tutkimuksessa kdiyet oddball-paradigmaa.
Koehenkil6t katselivat valokuvia, jotka esittivaeuiraaleja, iloisia ja pelokkaita
kasvonilmeitd. Valokuvissa esiintyvien henkildidendentiteetit vaihtelivat.
Todennakdisyys neutraaleille ilmeille eli standdedérsykkeelle oli 0.8 ja iloisille
seka pelokkaille ilmeille, poikkeaville &rsykkeilled.1 molemmille. Visuaalisen
poikkeavuusnegatiivisuuden oletettiin syntyvan teliviin ilmeisiin. Masentuneiden
ryhmé& osallistui liséksi psykologiseen interventipo joka koostui neljasta
terapiakerrasta, jossa kaytettiin hyvaksymis- jaistmatumisterapian menetelmié.
Terveiden, ei-masentuneiden ryhmassé oli 17 koeldénkVasentuneet koehenkil6t
jaettiin  kahteen eri ryhmaan, koe- ja jonotusligtandaan. Seka koe- etta
jonotuslistaryhmassa oli molemmissa 23 koehenkildderyhma sai intervention
valittémasti, jonotuslistaryhma koeryhman terapdétyttyd. Aivojen heratevasteita
mitattiin neljallatoista elektrodilla, jotka asdiet koehenkildiden kallon pinnalle
noudattaen kansainvalista 10-20-jarjestelmad. EH@us tehtiin kerran ei-
masentuneiden ryhmalle, kahdesti koeryhmaélle jamksti jonotuslistaryhmalle.
VMMN ilmeni erilaisena masentuneilla ja ei-masesiilla. Havaittiin, ettda vVMMN
syntyi iloisiin kasvonilmeisiin elektrodilla P8 jgoelokkaisiin ilmeisiin seka
elektrodilla P7 ettd P8 ei-masentuneiden ryhmaddasentuneiden ryhméssa
vastaavaa efektid ei ollut. lloiset ilmeet synnyéttAsuuremmat vasteet P8:lla kuin
P7:la ei-masentuneiden ryhmassa. Masentuneidemaygsé vasteet esiintyivat
bilateraalisesti, kuten myds vasteet molemmissamig$a pelokkaiden ilmeiden
tapauksessa. Tutkittaessa hoidon vaikutuksia ilmetid vasteet iloisiin ilmeisiin
pienenivat koeryhméssa intervention jalkeen. Samaekutusta ei |0ytynyt
jonotuslistaryhmasta, joka ei ollut viela saanutteimentiota. Kun koe- ja
jonotuslistaryhmat yhdistettiin, merkitsevia erbmvaittiin elektrodilla P7 pelokkaissa
ilmeissé. Tulokset tukevat aiempia havaintoja, goidnukaan erilaiset kliiniset tilat
vaikuttavat visuaaliseen esitietoiseen prosesswinti

Avainsanat: kasvojen tunnistaminen, visuaalinerkiggavuusnegatiivisuus (VMMN),
elektroenkefalografia (EEG), heratevasteet (ERRBasennus, N170
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1. INTRODUCTION

Major depression is the most common mood disoml@lliage classes. Its prevalence
in Finland is about 5 % (Lonngvist et al., 2007%cArding to the study of Isometsa,
Aro & Aro (1997), the prevalence of major depressapisode is 4,3 %. Depression
can be described as a diverse feeling, symptongregyre or illness which causes
considerate suffering. Behavioural passivity, iegabeliefs about the self, sadness,
loss of interest, pessimism, changes in sleep,ti@@and sexual interest and suicidal
thoughts can be considered as the symptoms of skpne (DeRubeis, Siegle, &

Hollon, 2008). According to DSM-IV, depression che subdivided into major

depressive disorder and dysthymic disorder (H&léditschke, 1998). Depression is

highly common in worldwide so it is significant iy to understand and prevent it. In
Finland, major depressive disorder is more commororeg females than males
(Isometsa et al., 1997) and it has a high comagbidiith other psychological

disorders (DeRubeis et al, 2008). There are mangesafor depression. Depressive
episodes may be a result of medical or neurobiockddilnesses, psychiatric disorders
or pharmacological agents. Also stress, work-demaardl interpersonal interactions
are playing a big role in the development of degices (Drevets, 2001). Major

depression has a significant effect on social imiahips and occupational functioning
so it is a remarkable reason for disablement (DeRuét al., 2008). It is noticeable,
that only about 50 % of those suffering depresgierceive the need for treatment
(Isometsa et al., 1997). The vast majority will nohtact mental health services which

has an impact on the whole society.

Mineka and Sutton (1992) suggest that there is mang bias for negative mood-
congruent material in depression. Depression iscést®d with "looking back” rather
than planning the future. Negative self-evaluatiand loss are filling the thoughts of
depressed person. Associative biases may playoagstole in the progression of
depression (Mineka & Sutton, 1992). Negative se#heations, expectancies and
memories are the underlying themes in depressiatkB2008). Beck (2008) is
suggesting there is a comprehensive cognitive mofddépression, which consists of
two different levels: negative self-reports andteysatic cognitive bias. Negative

schemas result in the apparent symptoms of depredéke sadness, loss of



motivation, regressive behaviour and inactivity.e$@ factors lead to negative
reinforcing loop. Beck (2008) is proposing that g vulnerability may lead to the

development of depression.

It is obvious that the depression is not only tieoiier of behaviour but also the
brain. Emotion and brain activity are closely lidkingether and cannot be evaluated
alone. Depression has an impact on basic instthetsaffects everyday functioning,
like self-preservation, maternity, sexuality andoesencing pleasure. Furthermore,
biological functions are also disturbed. These equosnces give a good reason to

explore which phenomena are affecting in the magpuression. (Beck, 2008).

DeRubeis et al. (2008) state in their article thany studies has proved the
effectiveness of cognitive psychotherapy in treatimajor depression. Therapy has the
same effects as the medication, in addition cognifherapy reduces more the risk of
relapse. If people stop taking their medicines ¢aoly can cause a relapse in some
cases. The use of mere antidepressants is a oiskDibbson (1989) points out the
superiority of cognitive therapy compared with aitimg list, no-treatment control,
medicine and different psychotherapies. Clientaté@ with cognitive therapy did
better than 70 % of drug therapy patients (Dobsi$#89). Previous studies have
revealed the effectiveness of psychotherapy irtrtreat of depression — it is possible
to verify the effects of psychotherapeutical ingsriion by using neuroimaging
(Roffman et al., 2005). It is suggested that défertreatments affect the same neural
mechanisms, probably limbic and prefrontal cirgyitalthough with different
pathways. DeRubeis et al. (2008) propose that tegrtherapy affects especially on
the prefrontal function while antidepressants hawesffect on amygdala. However, it
seems that cognitive therapy produces effectsahtidepressant does not because the
treatment effect is enduring. Many variables suslgenetic, patient history, cognitive
and symptom has an impact on the effectivenesssyéhmtherapeutical or medical
treatment. There are reversible studies about tiiecte of psychotherapy in
comparison to medical treatment according to theeve article of Roffman et al.
(2005). In one study, metabolism in frontal regiadiminished due to cognitive-
behavioral therapy. With medication, metabolismréased so it works through
different mechanisms comparing to therapy. In amottudy, cognitive-behavioral

psychotherapy caused increases in activity in #reral frontal and subcortical areas.



Interpersonal psychotherapy has the same effectétngUmedical treatment, the

activity decreases in dorsal frontal regions. Isuggested that psychotherapy works
by using top-down processing mechanisms while phaatiherapy can be considered
as bottom-up treatment (Roffman et al., 2005). Regpese observations, there is still

much to explicate in these mechanisms.

Generally, the effectiveness of psychotherapy reenbstudied based on the survey
data and subjective assessment. It would be esbémtstudy the role of the brain
activity in different clinical states, in this cashe major depression. It is an
indisputable fact that the various brain regiors determining the human behaviour
and mood. Each region of the brain has a respditgilm processing particular
information. (Heller & Nitschke, 1998). There isidence that assessment of brain
function can be used as a predictor for depressimet and recurrence (DeRubeis et
al., 2008).

1.1. Brain activity and face perception in deprespatients

Mood and neurobiological aspects are closely linkegbther although the connection
is not very well defined. There is no specific ltiea for emotions in the brain but
several brain areas are corresponding for regunlaifoemotions (Heller & Nitschke,
1998). Heller and Nitschke (1998) among many otlesearchers assume that
diminished activation of the right hemisphere ifated to depressed mood states.
Although the role of the right hemisphere in depi@s is proved in many studies,
there are no findings of higher left hemisphereivatbn in unipolar depression
(Heller & Nitschke, 1998). Many studies have sugegshat the decreased right-
posterior activity is related to depression. (Bruekeal., 1995; Heller & Nitsche, 1998;
Deldin et al.,, 2000). The same kind of phenomersrsden in the case of brain
damage. The damage in the right hemisphere cawsd®ic reaction compared to
left hemisphere damage which externalizes in depresnood and crying (Heller &
Nitschke, 1998). The underlying explanation isl stdgue. However, the impact of
hemispheres is quite inconsistency according ttaitestudies. Nevertheless, there is
convincing evidence that diminished right parietoiporal activity is associated with

suppressed right hemisphere function and deprefidigifer & Nitschke, 1998).



There is evidence from brain-imaging and post-nmorstudies that depressed patients
have abnormalities in their brain function and ctinees comparing to healthy persons
(Leppénen et al, 2004). It is suggested that fidBEeG asymmetry is associated with
vulnerability to depression. The asymmetry may a0 a sign from previous
depressive episode (Gotlib, Ranganatha, & Rosenfel®98). Functional
neuroimaging has revealed that amygdala playsat go&e in perception of emotions,
also in facial recognition (Zhao & Li, 2006). Théwated activity of amygdala is
associated with depressed mood. Also prefrontategoparticipates in altering
emotional behaviour. (Drevets, 2001; Cook et @02 Beck, 2008). Hypersensitive
amygdala is a risk for depression because it &edlto genetic factors and negative
cognitive bias and may work as a neurophysiologioatelate of cognitive bias (Beck,
2008). Also, these aspects combined with diminishedtion of prefrontal lobe is
associated with depression (Beck, 2008). Cook.4R2802) suggest that brain activity
in prefrontal regions alters due to antidepressamdlications. Early changes in that
area are associated with the completeness of alinklsponse according to Cook et al
(2002). Brody et al. (2001) investigated changesymptoms and in regional brain
metabolism after treatment with either medicine r@gatine) or interpersonal
psychotherapy. They found out that anxiety and essiias a connection with brain
metabolic change along the treatment. Especiattpili-cortical regions are affecting
to major depressive disorder. There is no douht tleetment could not affect the

function of the brain.

The judgement of emotions play a remarkable roeipression (Hale, 1998). There is
evidence that patients with depression may havasib their information processing
and cognitive functions (Bouhuys, Geerts, MerschJénner, 1996; Deldin et al.,
2000; Astikainen, 2008). Especially emotional stimare judged differently by
depressed than people with no depression. Hal88jI@ports that depressed patients
judged facial expressions more negatively than sepressed persons did. This may
lead to difficulties in interpersonal relationshipad may be a significant factor in
depression persistence. It is hypothesized thgpribeessing of emotional stimuli may
be a permanent trait which would explain the higbbgbility to depression recurrence
(Leppénen et al, 2004). The study of Leppanen.gk@b4) suggested that depression
affects more on the recognition of neutral facestthe recognition of happy and sad

faces. Bouhuys et al. (1996) state that depressiomore persistent among people who



are hyposensitive to negative facial stimuli. Uaslent social experiences may lead to
negative consequences and enhance the progregsiepression. Neural functioning
has a great role in reactivity to negative expessn(Beck, 2008). Bouhuys et al.
(1996) are also pointing out that the inaccuratecqmion of negative facial
expressions may be due to deficits in right hemesptunctioning. DeRubeis et al.
(2008) are suggesting that the continuous negativeking is associated with
increased activity in limbic regions and decreasettlity in the prefrontal cortex. The
activation of the prefrontal cortex is examined hwit resting-state
electroencephalograms which indicates the reducédity in left prefrontal cortex
among depressed individuals (Davidson, 2003). $ukst al. (2005) investigated the
brain activity during processing of emotional stimwith depressive subjects and
found out that there was a decrease in activityindumprocessing of positive
information. Strengthened processing of negativienudi can cause biases in
behavioral and physiological responses such asdhodactivity to positive events. In
the study of Kayser et al. (2000), depressed stshjeicd not show elevated brain
activity to negative compared to neutral stimuliendmsas the negative stimuli were
eliciting larger event-related potentials compated neutral stimuli among non-
depressed control subjects. They suggest thatetketive inhibition of right parietal
regions is the cause for diminished processindgnéncontext of evaluating emotional

stimuli.

1.2. The face-specific N170 component

Event-related potentials reflect electrical acyivif the brain as a consequence of
experimental manipulation and certain stimuli. Seypsprocesses generate various
ERP-components. Repetition is needed in revealuemterelated potentials. Event-
related potentials are divided into endogenous amgenous components.
Endogenous components originate as a result ofrnatestimulus. Exogenous

components elicit by the external stimulus and teyquite stable. (Naatanen, 1992).

Face perception is investigated widely in the fiefl cognitive neuroscience.
Especially electrophysiological experiments haveovpn some fundamental

information about humans’ ability to perceive facef other human beings.



Electroencephalography (EEG) and especially ev&ated potentials (ERPS) are used
in this kind of studies. Evidence of a face spedafvent-related potential was found in
a study of Bentin et al. (1996). They suggest tmatan faces evoke a negative
potential at 172 ms. The component is called N1I7@ ia is especially sensitive for
human eyes. It was not elicited by other objedts knimals, human hands, cars or
scrambled faces. The amplitude of N170 was largerthe right than in the left
hemisphere in healthy subjects. (Bentin et al.,6}9Bhe existence of remarkable
factor in human information processing and facecgetion is proved by this and
several other studies. In the study of Batty angora(2003), ERPs were recorded
while presenting six basic emotions and neutratesgions. They found out that N170
was seen around 140 ms and N170 to fear, disgulssatness endured longer than
N170 to happy and neutral faces. Besides, fear ex/derger N170 than other
emotions. Those ERPs also elicited later. In amottiedy, N170 amplitudes were
larger for upright and inverted faces than othgecdixategories (Itier & Taylor, 2004).
They also suggest that N170 amplitude was sigmifigdarger over the right than the
left hemisphere. Posterior parietal electrodesRl’R8 were used. Deldin et al. (2000)
are presenting previous research which stategitftethemisphere processes the vast
majority of face perception. In addition to compoh@&170, also N200 is used in
examining face recognition because of its spetyfit face perception (Deldin et al.,
2000). They found out that N200 in the right-pasteregion was reduced in the group
of depressed subjects. Thus, these abnormalitibsain activity may have an impact

on mood and cognitive processing in the major depoa.

1.3. Visual Mismatch Negativity (vMMN)

Mismatch negativity in the auditory modality is ia¢ige event-related component
(ERP) which elicits when there is a change in tbeuatic environment. It generates
150-250 msec after the occurrence of the deviamtudis (Naatanen, 1992; Pazo-
Alvarez, Cadaveira, & Amenedo, 2003). MMN is oftetudied with the oddball
paradigm wherein a high-probability standard stiumsuis occurring with infrequent
deviant stimuli. The oddball paradigm can be passivactive, however MMN is best
observed especially in non-attentional conditioaz@Alvarez et al., 2003). MMN

elicits to the infrequent stimulus. Consequentlgannot be elicited by itself; at least



two different stimuli are always needed. The attents not needed in the elicitation
of MMN therefore it has biological importance as alert sign because there is
something in the environment which does not matqbeetations (Naatanen, 1992).
MMN indicates the function of memory traces in theain and it generates

frontocentrally, being larger in the right hemisgh@azo-Alvarez et al., 2003).

The existence of mismatch negativity in visual niigas more controversial than
auditory mismatch negativity. Nevertheless, then¢cesults have shown that vYMMN
exists and can be compared to its auditory couaterm some features. Visual
mismatch negativity is associated with automatid preattentive visual information
processing and it works as a precursor of atterftivhan et al., 2008, Pazo-Alvarez et
al, 2003). Pazo-Alvarez et al. (2003) present @irtreview several studies suggesting
that vMMN elicits as a response in various stinuhlaracteristics such as direction of
movement, colour, size, location, contrast, oritota spatial frequency and form.
What is essential is that the procession has tmdmeirred automatically, without
attention (Tales, Newton, Troscianko, & Butler, 289vMMN is studied with oddball
condition although bigger difference between stah@nd deviant stimuli are needed
than in auditory MMN (Pazo-Alvarez, 2003). VisualMW distributes over occipital
and posterior temporal cortex, hence the visuasaege significant for the elicitation
of VMMN (Tales et al., 1999). Tales et al. (1999Rade a conclusion of the
characteristics of visual MMN: attention is not ded, it is evoked automatically and
it originates from visual association cortex. VistMN reflects the pre-attentional
and automatic information processing therefore taungliand visual MMN have the
same function. There is evidence from several stuthat the latency of vMMN is
varying between 150 and 350 ms after stimulus. alistismatch negativity is studied
with both intermodal and intramodal experimentserEhis also right hemisphere

dominance in the elicitation of vYMMN. (Pazo-Alvaretzal., 2003).

Visual modality is not very sensitive to changeatttoccur in non-attentional

condition. That phenomenon is called change blisgneElowever, some authors point
out that visual system can register the changeowitltonsciousness. Visual and
auditory systems may have similar underlying metdms considering the pop-out
phenomena, which is a stimulus that catches trentaih over distractors. Unless

there is no pop-out, it would not be possible ttedeunexpected information. (Pazo-



Alvarez et al., 2003). Pazo-Alvarez et al. (20083 auggesting that it would be
important to find out how the dorsal and ventrakams in visual processing are
affecting to elicitation of vVMMN.

A study by Fu, Fan and Chen (2003) revealed a chagigted P192 as a candidate to
visual MMN. They are proposing that a visual sepsoemory trace can be elicited

more easily than its auditory counterpart can. Thékecause a visual memory can be
formed without a repetition and changes in the exin{Fu et al., 2003). As other

studies, Fu el al. (2003) found also a right-heimesp dominance of supposed
VMMN.

It is suggested that rareness rather than mismatetssociated with visual change
detection. The assumption was based on the ococareh vVMMN: if there is a

mismatch in response to deviants among standardsakso to rare standards, the
phenomena can be caused more as an implicatioarefess rather than mismatch.
(Tales et al, 1999; Kenemans, Jong, & Verbaten3R0Renemans et al. (2003) are
using term rareness-related negativity (RNN) indted mismatch negativity and

suggesting that the rarity has a neurophysiologioglementation; neurons habituate
to the standard stimulus and when there is a destanulus with longer intervals, the
neurons are corresponding more intensely becawséahituation has not occurred.

Mismatch response requires additionally a memawyetiof the past stimuli.

Zhao & Li (2006) were first to detect a MMN in utextded condition using facial
expressions as a stimulus unlike many other studigish have used for example
geographic patterns as a stimuli. That might bigmfsom the automatic processing of
face-related material. The healthy subjects weaetieg to tones pressing the button.
Because their attention was centered to auditorgatity, they ignored the facial
expressions which were seen on the screen. The feeee selected fromictures of
Facial Affect(Ekman & Friesen, 1976 he face-specific component called N170 was
seen especially in occipito-temporal sites. Zhao L& called their finding as
expressional mismatch negativity (EMMN) and it warger to sad faces than happy
faces. They assumed that larger deviances are ahemdelicit visual mismatch

negativity than auditory mismatch negativity. (Zk&adi, 2006).



Visual mismatch negativity in the context of faciatognition is quite recent area of
research and the used paradigms have limitatiagsZBao & Li (2006) used pictures
of one person only in their study. Astikainen & tdieen (2009) studied VMMN in
facial expressions using pictures with varying daalentity. An oddball paradigm was
used. The subjects were engaged to an auditorywhgk seeing fearful (deviant),
happy (deviant) and neutral (standard) expressimmsthe screen. The occipital
negativity was found at the latency of 150-180 mukjch is in line with previous
findings (e.g. Pazo-Alvarez et al., 2003). In aiddit happy deviants were detected
earlier than fearful deviants were. Fearful desaiso elicited smaller responses than

happy deviants did.

Recent study has shown that there are significéfierences in the vMMN in different
clinical groups: among patients with schizophrenfe amplitude of VMMN was
significantly smaller than in healthy control sutige The conclusion may be thought
as an impairment of automatic preattentive proogssf sensory information in
schizophrenia. Visual MMN may be a precursor of@gpession in schizophrenia. The
connection of cognition and vVMMN has not been ptyet. However, auditory
MMN and cognitive processes are closely linked doheother. (Urban et al., 2008).
Tales et al. (2008) have studied the connectionmdfi cognitive impairment,
Alzheimer’s disease and VMMN. Alzheimer's diseaseé mild cognitive impairment
(MCIl) has a significant effect on cognition, memoperception, language and
executive functions (Tales et al., 2008). It wob&luseful to uncover the factors that
precede these diseases. Alzheimer's disease afi€lirhas a debilitating impact on
visual selective attention hence vMMN could be atafle indicator to these
impairments. Tales et al. (2008) state that thengealetective VMMN diminishes
during the course of healthy ageing while in Alzher's disease and in MCI the

decrease is remarkable.

Based on previous studies of different clinical up®, could visual mismatch
negativity determine difficulties in preattentivenetional processing in the case of
major depression? That is what we were trying nd fout. There is evidence that the
component N170 could be suitable counterpart of \W]Nherefore it is used in this

study as well.



1.4. Acceptance and commitment therapy

Acceptance and commitment therapy (ACT) is onehaf hew “third-generation”
therapies which basis is on philosophy called fiemetl contextualism and also
Relational Frame Theory (Hayes & Batten, 1999).féttsnder is Steven C. Hayes.
ACT is based on an assumption that life is fullsaffering which we are trying to
control, usually with the help of language. Howevanguage is not the best way to
control thoughts and feelings because those aressilple to control. Consequently,
the aim is to accept those thoughts and feelingseau of suppressing them.
(Lappalainen et al., 2004). ACT uses various expgial exercises such as metaphors,
working with values and exercises which are indrepsonsciousness skills. The goal

is to produce psychological flexibility (Lappalamet al., 2007).

Previous studies have shown that acceptance anthitorent therapy is an effective

treatment for different psychological problems. the study of Dahl, Wilson and

Nilsson (2004), acceptance and commitment theramséd quite successfully in the
reduction of stress and pain symptoms. Therapyneat has better outcomes than
medical treatment. Also McCracken, Vowles and Estole (2005) found out that

acceptance-based therapy improved emotional, sacdéphysical functioning among

patients with long standing chronic pain. Acceptaaod commitment therapy is also
used in the treatment of drug addiction (Hayesl.et2804). Therefore, acceptance-
based therapies are used in many kind of situatiarthis study, we are trying to find

out the effectiveness of ACT in the concept of mdgpressive disorder.

1.5. Hypotheses

The purpose of this study is to describe the phemanof N170 and visual mismatch
negativity in the context of face perception amatgpressed and non-depressed
subjects. We are also interested in the effects®ié short therapeutical intervention
using methods of ACT and its affects to the braitivity, more closely to the visual
mismatch negativity which is a component of evetdted potentials. There is
evidence that the intervention has an impact inept’ mood. The self-evaluation

about the mood was considerably more positive dffiertherapy as well as the score
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of Beck's Depression Inventory and Symptom ChetcKissit possible to detect the
impairment in mood also in the brain function?

In this study, we wanted to find out whether thiimation processing in depressed
subjects differs in coding the structure of theefand other visual traits (N170) or in
change perception considering the facial expresgidvMN). Visual mismatch
negativity is a difference between the responsestandard stimuli and responses to
infrequent deviant stimuli (Naatanen, 1992). Happyd fearful expressions are
expected to elicit bigger amplitudes than neutrtaindards. However, amplitude
differences between happy and fearful are not drgde¢see also Astikainen &
Hietanen, 2009). This study is a part of the rageaf the Department of Psychology,
University of Jyvaskyla.
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2. METHOD

2.1. Participants

There were 46 depressed subjects in this study. déywressed subjects were
randomized into two groups, the other got the ir@etion immediately and the other
were on a waitlist and got the therapy after thpeexnental groups’ measurements.
The sample of 17 non-depressed control subjects mwasrded and used as a
comparison in this study. All of the subjects weight-handed and had normal or
corrected-to-normal vision. Depressed patients weruited with the aid of an
advertisement in a local newspaper. They made tacbhy phone or by e-mail and
told they wanted to take part of the project. Tinerapy was free for them. The non-
depressed control group consisted for examplettidests from Open University and
other communities. What was common to the non-gsgek control subjects is that
they did not consider themselves as depressedhend were no evidence of mood
descendance in survey data. EEG-recordings were dane to the non-depressed
controls, twice to the experimental group and thieees to the waiting list control
group. The survey data was collected before aner afterapy period from the
experimental group and from the waiting list cohfyooup. The waiting list control
group filled in the surveys also after the waitipgriod. Non-depressed control
subjects filled in the surveys only once. The mage of subjects in the depressed
group was 46,4 years ranging between 28 and 65.y€he standard deviation of the
subject's age was 9,867. In the healthy controlgraehe mean age was 45,5 years
ranging between 30 and 58 years. The standardtaeviaas 7,908. There were 38
women and 8 men in the experimental group and I#emand 3 men in the control

group. All subjects gave written informed consent.

2.2. Therapy and therapists

In this study, we used the methods of acceptancecammitment therapy as an
intervention to depressed patients. The contemtvefy therapy session was planned
beforehand so the main structure was the same aalbtigerapists and patients. The

exercises, for example mental practices, variedraarg to patient's situation. Four
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sessions of therapy (a 60 minutes) were providedxjgerimental and waiting list
control groups by psychology students and weeklyestision was received. The
psychology trainee therapists were doing their erasthesis and/or vocational studies

during the therapy period.

2.3. Survey data

The results of two different inventories (Beck'spiession Inventory and Symptom
Check List-90) were especially the targets of egélin this study. Inclusion criterion
to the depressed groups was that the client hae than 10 points in the BDI. The
mean score of BDI in experimental group was 26:13% ia waiting list control-group
23.22. The mean of healthy controls’ scores wa8.IMean scores in SCL-90 were
1.49, 1.10 and 0.08 respectively. In addition, shejects filled in other inventories
like AAQ-2, KIMS, JES, BAI and Ojanen's Mood, Setinfidence and Satisfaction to
life which measure mindfulness and anxiousnessexample. All of the participants
filled in the surveys. There were also a diagnostierview to the subjects based on
DSM-IV-TR criteria.

2.4. EEG recording

Electroencephalography was recorded with BrainovidRecorder software. The data
was collected with Ag-AgCl electrodes from the F2, F4, C3, Cz, C4, P3, Pz, P4,
P7, P8, O1, Oz and O2 according to the internalit@e20 system. Two electrodes,
one above the left eyebrow and another on the ngkér canthus recorded the eye
movements. Although average reference was usetienfihal analysis, electrodes
placed in both mastoids served as a reference bslmpedances were maintained
below 5 K. The sampling rate of the data was 1000 Hz. THmemow-pass filter
was set to 100 Hz allowing frequencies under 10@dHzass. Offline filter was set to
30 Hz. Electro-oculography was recorded to detemilaw artefacts which were
removed using Gratton-Coles method as an oculaecton. Data was segmented to
-800 - 700ms, and 100 ms before stimulus onsetused as a baseline. If larger than
+50 pv artefact were detected on any electrodedd#ta was delete@00 ms before

and 200 ms after artefact.
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2.5. Stimuli and paradigm

The paradigm was a modification of the oddball daya in which two deviant types
were applied. In the paradigm, a standard stimulas repeated in high probability
with a deviant stimuli appearing with smaller prblidy. The oddball paradigm were
passive hence the subjects were listening to @ fady while steering his/her gaze to
the 15" computer screen placed one meter in the fitbthe subject. Visual stimuli
were black and white pictures of human faces widutral, happy and fearful
expressions of four different models (female acdiRsand PF, male actors EM and JJ
from Pictures of Facial Affedby Ekman & Friesen, 1976). The standard stimulienver
neutral expression, happy and fearful were dewséintuli. Neutral facial expressions
were presented 1600 times while both happy anduleexpressions were presented
160 times. The probability for the standard stinwais 0.8 and for both deviants 0.1.
The interstimulus interval (ISI) of the stimuli w&80 ms. The facial expressions were
seen on the screen during 200 ms. The duratiomefwtole oddball task was 20

minutes on average. The subjects were ignorarteo$§pecific questions investigated.

2.6. Data analysis

Vision Analyzer 2.0 was utilized in ERP analysissE the EEG data was filtered with
the low-cut off of 0,1 Hz and high cut off of 30 ldnd after that there were an ocular
correction (Gratton-Goles method). The data wameedged into smaller items and the
peak values were measured. Segmentation was strtcat 800 ms before and end
700 ms after the stimulus onset. Notch filter cffttbe artefacts caused by mains
current. The analysis consisted the peak values fwwo channels, P7 and P8 in the
time window 125-195 ms after the stimulus onsetresponding to the expected
latency of used component N170 (Bentin et al., 199b6e difference between neutral
(standard) and happy or fearful (deviants) expoessirepresent the vMMN
component. The above-mentioned channels have bhesem because they are
situated in the back of the skull, in the area afigtal and occipital lobe which is
considered to be remarkable in face perceptionthacelicitation of vVMMN. ltier &
Taylor (2004) found out that N170 amplitude wagyéarin the right hemisphere in

posterior parietal electrode (P8). The effect wasgeen in the left hemisphere, P7.
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The vVMMN is usually elicited 100-200 ms from stimslonset (Pazo-Alvarez et al.,
2003) and we are using the component N170 repiiegehe VMMN. Finally, the data
was imported to SPSS software (Statistical Packag&ocial Sciences, version 15.0

for Windows) which was used in analysis.

Data were compared using a repeated measures ianalygriance (ANOVA) and
Student t-tests. First, the differences betweemedspd and non-depressed subjects in
face perception and ERP responses were analyzedlyfithe analysis considering
the effects of the intervention was accomplishescentrating on the ERP component
N170. Repeated measures of analysis of varianceused because the stimuli were
presented sequentially and the standard stimuk wempared to deviant stimuli. Also
the changes over time were the target of inteheghe case of significant effects, the

Huynh-Feldt correction was utilized.

2.6.1. Stimulus trials

The number of accepted trials in EEG-paradigm weeasured. In the non-depressed
control group, the mean varied between 103-104 ripg on the expression type. In
the depressed group the range of mean values w8s 88the first measurement, 89-
90 at the second and 73-75 at the third measuretegeinding on the expression type.
There were no significant differences betweendrgdr time of measurement in non-
depressed group and in experimental group. In mealist control group the difference
was significant between first and second measuremeearful (89 vs. 75 accepted
trials) and between first and third measuremetmiaippy (92 vs. 73) and ifearful (93

vs. 76). However, because the number of accepteds tdecreased along the

measurements, it may not favor possible treatmedated effect.
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3. RESULTS

3.1. Comparison of the depressed groups

The differences of the experimental and the wailisigcontrol group were analyzed.
An interaction was found in stimulus type x expr@ssx electrode site x group,
F(8.660)=44, p=0.005. Post hoc analysis revealeat there was a significant
difference between responses to standard and destianuli in fearful expressions at
P7, 1(-2.819)=22, p=0.010, and in happy expressanP8, t(4.265)=22, p=0.001 in
the experimental group. Standard and deviant stiatst differed at P7 in both happy,
t(2.928)=22, p=0.008, and fearful expressions,.5¢2)=22, p=0.020 and at P8 in
fearful expressions, t(-2.868)=22, p=0.009 in wajtiist control group. That is tgay,
that the depressed groups did not have the sameirteas the beginning; the vMMN
did not appear in same locations in both groupsy @ elicitation of vYMMN at P7 to
fearful expressions was common between groups.r@timuli appeared differently at
electrodes P7 and P8 in experimental and waitistgclontrol group. This can cause
problems in analyzing the data, however, we dectdemiake the groupwise analysis

despite the variation on the baseline.

The experimental group and the waiting list cong@up did not differ in the scores
of BDI questionnaire, t(1.322)=44, p>0.05. Howe\tbg groups differed significantly
in SCL-90 scores, t(2.735)=44, p=0.00%is aforementioned significance means that
SCL-90 scores cannot be considered as a reliabkdiba in the assessment of therapy
effects on behavioral indicators. On the contr&iy| seems like a suitable tool for

that purpose.

3.2. The existence of visual mismatch negativiyMX) and N170

3.2.1. Non-depressed vs. depressed subjects

The non-depressed and depressed groups were cahvghiel-way ANOVA. Groups
differed almost significantly from each other in pesssion x electrode site,

F(3.510)=61, p=0.066. Because there was a maincteften stimulus type,
F(35.547)=61, p=0.001, the variable was includegast hoc analysis, which was
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decided to carry out despite the fact that theraatigon was only almost significant. In
non-depressed group, fearful expressions were gsede at electrodes P7, t(-
2.858)=16, p=0.011, and at P8, t(-2.692)=16, p=®.Ohile happy expressions were
processed only at P8, t(5.453)=16, p=0.001. In ekgmd group, ERPs to standards
and deviants differed in both expressions and ith belectrodes, happy at P7:
t(3.508)=45, p=0.001, fearful at P7: t(-3.808)=p50.001, happy at P8: t(3.452)=45,
p=0.001 and fearful at P8: t(-3.214)=45, p=0.008cd&ise the interaction was almost
significant, the non-depressed and depressed grveps analyzed separately. The
figures 1 and 2 present the N170 responses to hagpgssions in non-depressed and
depressed subjects. As can be seen, the healthyolc@ubjects elicited larger
responses at P8 than at P7. The depressed subgsgishses were in the same size
both at P8 and at P7. The figures 3 and 4 presamntul expressions. It seems that in

non-depressed group, fearful expressions elicétegel responses at P8 than at P7.

149 ms Figure 1. The non-depressed group.
N170 to happy expressions.

-3.00 pv

3.00 pv
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152 ms

-3.00 pv 3.00 pv

0.00 pV

166 ms

-3.00 pv 3.00 pv

166 ms

-3.00 pv 3.00 pv
—

Figure 2.The depressed group. N170 to

happy expressions.

Figure 3. The non-depressed group.

N170 to fearful expressions.

Figure 4.The depressed group. N170 to

fearful expressions.
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Paired samples t-tests were carried out to studihdu the differences between
electrodes and vMMN. A significant difference betmeERP responses to standard
and deviant stimuli at electrodes P7 and P8 waradan depressed group; for vMMN
at P7 t(45)=4.125, p=0.001 and at P8 t(45)=4.14%).G01. There was no large
difference in the size of vMMN from electrodes fresses from deviantsappyand
fearful are combined): the mean amplitude at P7 was 0%§38and at P8 0.49409
pV. The same analysis for non-depressed subjevesaler a significant difference
between ERP responses to standard and deviantlistitrelectrodes P7 t(16)=2.719,
p=0.015 and at P8 t(16)=4.345, p=0.001. Stimulpe tgiscrimination, the mismatch
negativity (standard vs. deviant), was higher fon-depressed subjects at P8, 0.73456
uV, than at P7, 0.43421 pV.

3.2.2. Non-depressed control subjects

First, the aim was to study the appearance of Nh7fce perception and whether
there was a visual mismatch negativity betweendstahand deviant stimuli. This

hypothesis was tested in both non-depressed ands=ul subjects. The correlations
were checked and there were no significant effeetsveen age and stimulus type,

expressions or electrode sites.

In non-depressed, for face-sensitive ERP-comporé¢h?0, a 3-way ANOVA,
stimulus type (standard, deviant) x expression ffiafearful) x electrode site (P7,
P8), showed a significant main effects of stimulyse, F(20.793)=16, p=0.001 and
electrode site, F(24.019)=16, p=0.001. Based osethmain effects, the responses
varied depending on the stimulus (standard or a@éviahich means that the vMMN
was elicited. In addition, the amplitudes of ERPerav significantly different
depending on the electrode. Statistically signiftcateraction effects were found in
expression x electrode site, F(5.318)=16. p=0.@8%,differently, fearful and happy
are processed differently in distinct locationsm8tus type x expression x electrode
site almost reached a level of significance, F(@)316, p=0.087. This interaction can

be considered as a trend.

Although the three-way-interaction was not stataty significant, post hoc

19



comparisons between stimulus type, expression &ulrede site were carried out.
Happy expressions did not elicit a vMMN at P7 at€h227)=16, p>0.05, but at P8
there was an obvious VMMN, t(5.453)=16, p=0.001ug hthe difference in ERPs
between neutral and happy expressions were latdge8 than at P7 in healthy control
group. Figure 5 presents the VMMN responses to yhaypressions. The visual
mismatch negativity was significant only at P8 altgh there is no large difference on
responses in the picture. However, happy expressl@hnot show a significant effect
at P7. Fearful expressions elicited a vMMN at beih t(-2.858)=16, p=0.011, and P8,
t(-2.692)=16, p=0.016.

Figure 5. The non-depressed group.
e VMMN to happy expressions. The visual
mismatch negativity was significant only

at P8.

0.7 v 0.7 uv

3.2.3. Depressed subjects

Depressed subjects had only the same main effectheanon-depressed subjects,
stimulus type, F(26.523)=45, p=0.001 and electrede, F(10.352)=45, p=0.002.
Significant effects between the expressions wetdéaumd unlike in the non-depressed
group. The Figure 6 shows that responses at P7sseebe larger than at P8 but the
difference was not statistically significant.
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149 ms Figure 6. The depressed group. VMMN
to happy expressionsAlthough the
responses seem to be larger at P7 than at
P8, the effect was not significant in

depressed subjects.

3.3. ERP responses related to intervention

3.3.1. Experimental and waiting list control-groups

The analysis of the effects of the therapeutic&rirention was started with comparing
the experimental and the waiting list control-grdopthe timepre and mid, i.e. the
time of measuremenBre refers to the measurement before therapeuticaiveréon
and mid to the second measurement when the experimentap drave received the
intervention and the waiting list control-group kamot. In other words, the effects
were studied in both groups but only the experimlegtoup had been to therapy
sessions. The groups differed in responses to ssipres and time of measurement,
F(6.772)=44, p=0.013. Almost significant trend effevas found in interaction
between stimulus type x expression x electrode>siiene of measurement x group,
F(3.568)=44, p=0.066. The groups differed as regaitl variables in the situation
when one group had got therapy and other had mhetreTwere significant differences
between ERPs in experimental group. ERPs to happressions at P7 differed at the
post-treatment measurement compared to pre-treatmeasurement, t(-2.472)=22,
p=0.022, as well as happy expressions at P8, Ae¥=R2, p=0.001, and fearful
expressions at P8, t(-2.187)=22, p=0.040. Theree wer significant differences in

waiting list control group between ERPs and timenefasurement.
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Although the experimental and waiting list contgsbup differed from each in the
beginning, that is to say their baseline was nothat same level, more closely

examination was made to reveal if there were somdenlying effects.

3.3.2. The effects of intervention to experimegitalp

ANOVA was carried out for the experimental groupieth got the intervention
between the time pointsre and mid. The time of measurement was a variable in
interaction with expression typédppy, fearfyl, F(9.633)=22, p=0.005. Since there
were no effects for electrode site and stimulug typANOVA in the case of time of
measurement, the variables were integrated for gbst hoc comparisonslThe
responses from electrodes P7 and P8 were combsedevariable. In addition, the
effect of stimulus type (standard vs. deviant) whshinated and only the expression
type happy, fearful was included in the post hoc analysis. In addijt@ significant
main effect was found in time of measurement, B8)622, p=0.009 and in stimulus
type (VMMN), F(16.580)=22, p=0.001. Stimulus tymxpression and electrode site
showed a significant interaction, F(5.052)=22, ©30. therefore different stimuli
elicited different ERPs at P7 and P8. However, ititisraction did not include the time

of measurement, which indicates about the treatmi@edt.

Post hoc comparisons between expression types wsigréficant for happy, t(-
3.756)=22, p=0.001. On the contrafgarful had no effect, t(-1.261)=22, p=0.221.
Happy also elicited larger visual mismatch negativitgpenses (mean fdrappy -
0.62101;fearful -0.19142). Figure 7 show the N170 responses tpyhagpressions.

The responses differed significantly after thenveation.
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152 ms 153 ms
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Figure 7.Pre- and post-treatment measurements in the experimental group. N170 to
happy expressions. The mean value was -3.6 uvebefod -3.0 pv after the

intervention. This difference is statistically siggant.

3.3.3. Waiting list control-group

In addition, the same analysis at the time pgasandmid was made to waiting list
control-group. No significant interactions were ridy only main effects for stimulus
type (F(28.621)=22, p=0.001) and electrode sitd.@60)=22, p=0.036).

3.3.4. The effects of intervention to combined gsou

Added to this, the data was analyzed from diffeqgoint of view by eliminating the
effect of group. Thus, the experimental group aralting list control-group were
combined (n=42) and only the treatment effects veseaminated after every depressed
subject had received the intervention. Almost digant four-sided interaction was
found in this analysis, stimulus type x expressionelectrode site x time of
measurement; F(3.787)=41, p=0.059. Time of measemenhad also almost
significant main effect, F(3.698)=41, p=0.061. Stios type x expression x electrode

site showed a significant effect, F(5.070)=41, p30. Post hoc comparisons revealed
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a significant effect irfearful at P7, t(-2.280)=41, p=0.028lappy at P7 and P8 and
fearful at P8 did not fulfilled the criteria of significea (p>0.05). The differential
responses to fearful expressions diminished. Tanerds 8 and 9 present the N170 to
happy and fearful expressions before and aftemvatgion. As can be seen, the

differences were not so large.

167 ms 167 ms

-3.00 pv 3.00 pv -3.00 pv 3.00 pv
ey — ———

Figure 8.Both depressed groups (n=42). N170 to happy expressions before and after
the intervention.
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168 ms
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Figure 9. Both depressed groups. N170 to fearful expressions before and after the

intervention.

The medication was used as a covariant in ANOVAaig and it did not affect to
ERP responses. Furthermore, there were no comefakietween ERP amplitudes and
age. When both experimental and waiting list cdngmup have been treated, a
changes in BDI scores and ERP responses (N170)caérelated. The correlation of

these values (BDI and ERPs) were checked, but melations were found.
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4. DISCUSSION

The aim of this study was to investigate the eristeof face specific event-related
potential N170 and change detection (vMMN) in tbatext of face perception among
depressed and non-depressed subjects. In additieneffects of short therapeutic

intervention to brain functioning were in focus.

It appeared that the visual mismatch negativity ghenomenon which elicits in both
depressed and non-depressed subjects, although diffarent in the two groups. The
responses elicited in different locations; the rigamisphere were dominant in non-
depressed group while in depressed group the respoglicited mostly bilaterally.
Therefore, visual mismatch negativity, a.k.a. cleadgtection, existed in both groups.
Depression did not effect on its appearance. Tambesponses differed depending on
electrode’s localization, that is to say brain hgsheres: in non-depressed subjects the
responses were larger in the right hemisphere avbaseas in depressed there were
no big distinctions between hemispheres. An impartending in this study was that
happy expressions did not elicit a significant cese in left hemisphere, only in right
hemisphere in non-depressed individuals. This figds in line with previous studies
which note that the elicitation of N170 is more ezkable in the right hemisphere in
healthy subjects (Bentin et al., 1996; Itier & Tayl2004; Pazo-Alvarez, 2003; Fu et
al., 2003). It became evident that happy facialresgions were lateralized to right
while fearful expressions elicited responses hiddle in non-depressed subjects.
Results are in agreement with a finding whereby imished activity of right
hemisphere can be a risk factor for major depresgideller & Nitschke, 1998;
Bruder, 1995). It could be asked if there is a emting factor between this discovery

and processing happy expressions bilaterally, wtielcase was in depressed group.

The short therapeutical intervention with the meahscceptance and commitment
therapy evoked some changes in brain functionirdgpressed subjects. However, the
differences between groups' baselines should bentakto consideration. There is
evidence from previous studies, which are introduzg Roffman et al. (2005) in their
review article, that psychotherapy has an impadtram functioning. Aforementioned
studies used functional neuroimaging. What is notéw, is an effect between

experimental and waiting list control group regagdichanges among cognitions.
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Some changes occurred in response’s localizatioange detection and processing
low-level features in faces in the course of tiffiee interaction still raises questions
about the effects of intervention. However, as Reaffi et al. (2005) note in their
article, that it is uncertain whether the effeats eaused by therapy or other factors.
The mechanisms are still staying vague. The regsooEthe subjects in waiting list
control group did not change when they were notrigatherapy, which gives support
on our hypothesis. Meanwhile, responses in experiahgroup changed after therapy.
What is noteworthy, is that responses only to hafgmes changed remarkably and
changes to happy expressions were larger tharattufeexpressionsTherefore, some
changes in processing low-level features in espgdiappy facial expressions have
occurred. Why are the responses diminished? Omepiatation is associated with
habituation due to pre-post measurement: the famdtimuli are eliciting smaller
responses. Psychological effects can also be omeeow It is not clear what kind of
processes happy and fearful expressions generdtaiims and how the intervention
influences to these processes. For example, canthi@py contribute to feel
especially positive emotions and if so, how? Boyhayal. (1996) have pointed out,
that hyposensitivity to negative facial stimuli camaintain depression. One
assumption might be that therapy has trained stibjgkills in dealing with emotions,
for example, and affects to brain's event-relateteitials as well — as diminished
responses. It is also suggested that depresseddinglis have a systematic cognitive
bias in their information processing, which leadsm to notice negative life events in
more detail and ignore the positive interpretatigBeck, 2008; Mineka & Sutton,
1992; Shestuyk et al., 2005). However, in the lighthese findings, our results related

to different facial expressions seems quite amhiguo

When the influence of time was ignored and thetineat effects were studied within
all depressed subjects, it was found out that resgmto fearful expressions in the left
hemisphere diminished. The changes occurred ingehdetection, not in processing
low-level features in faces as such. Though thelrelid not fulfill the statistical
significance, it exhibits the underlying effects.n® remains unclear, is that why
significant effects are generated to fearful exgicess in left hemisphere in this case.
Because the results are not congruent with eactr,othese aspects require further
study. Left hemisphere activity relates to anxiatyl depressive mood, state Heller &
Nitschke (1998) and Kayser et al. (2000).
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There is evidence that preattentive visual proogssi disturbed in other clinical states
than in major depression as well, like in schizeipin, mild cognitive impairment and
Alzheimer's disease. Urban et al. (2008) pointstioat vVMMN can work as a marker
of progression in schizophrenia; schizophrenico dlave systematically smaller
VMMN responses than healthy subjects. In MCI and\lzheimer's disease vVMMN
elicits abnormally (Tales et al., 2008). The follogr question could be, can vVMMN
serve as a precursor in different clinical stafdthough (visual) mismatch negativity
relates to cognition and it is fundamental qualityyuman beings, its significance and
applications are not certain (Urban et al., 208&cause the possible applications are

not conceived yet, this field of study should irigeste more closely in future.

Considering the suggestive results, it is evidbat there are some limitations in the
research frame. Because of the findings of previeusglies of EEG and face
perception (Itier & Taylor, 2004), we chose onlyotwlectrodes (P7, P8) to analyses
although there would have been many other optiergs €lectrodes at occipital area,
Tales et al., 1999 and at frontal area, AstikaiRetietanen, 2009). In future, it would
be interesting to investigate more closely the tiooa of event-related potentials.
What are not studied here are the latencies of NWkich can also be revealing.
Besides, on top of component N170, there are coemenPl, VPP and N200, for
example, which have been used in studies relatddcm processing (ltier & Taylor,
2004; Deldin et al., 2000, Bentin et al., 1996)wdwer, the choice we made proved to
be promising because N170 seemed to be elicitédutiinspected areas. Additionally,
the chosen time window seemed to be suitable, @piBvious studies also suggest
(e.g. Astikainen & Hietanen, 2009; Pazo-Alvarez020 The paradigm was well
planned and successfully realized. The subjectse wavided into groups which
ensured most of the intervening factors. The sizéhe® data was adequate for study
that combines behavioral and EEG analyses. Noresthelthe groups were very
heterogeneous. The majority of subjects were womdrich can be regarded as a
limitation. In addition, some of the depressed satsj were medicated which can have
an impact on brain's event-related potentials. S¢heereness of depression also varied
between subjects. It also has to bear in mindlémgth and cause of depression were
very different depending on individual. Reactivesis long-lengthy depression have
presumably different underlying mechanisms which esplain the deviations in ERP

responses. Additionally, the succeeding of theabeutic intervention was varying.
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Other subjects were more receptive to the therbapy pther. In addition, the long-
term effects of the therapy should be taken intsed consideration. It can also be
asked, if the differences between ERPs were retatgdoup baseline situation, not to
the intervention at all. All things considered, @sglogical research will always have

factors that can not be fully controlled.

What is noticeable, it was found out that vMMN gfiamong depressed subjects, too.
The results also confirm the findings from the falieation of these event-related
potentials — the right hemisphere dominance inthgaubjects (Bentin et al., 1996;
Itier & Taylor, 2004; Pazo-Alvarez, 2003; Fu et &003). Although the phenomenon
exists in both depressed and non-depressed, tpensss in healthy subjects are
considerably larger and localizes mainly on rightprocessing happy expressions.
Depressed subjects did not show as clear latetializas the non-depressed subjects.
It can be noted that human brain processes faaesatly with the right hemisphere
(Bentin et al., 1996) and this process is disturinethe major depression (Kayser et
al., 2000). On the grounds of these findings, iit lba assume that depression affects in
preattentive visual perception and information pssing in some ways, at least in the
context of facial expressions (Kayser et al., 2@B6tlib et al., 1998). The negatively
biased cognitive schemas (Beck, 2008) might haveomnection to preattentive

information processing.

The treatment effects proved that short therapaluiintervention can contribute both
to self-assessed mood and in preattentive vis@ainration processing in the case of
depression. This supports finding that psycholdgicdervention can have an

influence on brain functioning and that way on maod behaviour.
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5. CONCLUSION

Although the results were partly quite puzzlingggitentional information processing
and the use of event-related potentials can revaalfindings from facial expressions
recognition and major depression. The findingshig study illustrated that there are
some crucial variation in visual information prosieg between depressed and non-
depressed. This study also showed that even a #iemdpeutical intervention can
cause changes in brain functioning. These findiags interesting and need closer

examination in future.
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