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Abgract ERP technique helps much in enotion gudies. These sudies usualy recruited hedthy people
or individual s with nood digorders as ressarch subjects. The variety of the ERP conponents, such as the
PL, N1, and P300, dicited by visua and/or auditory simuli were observed. This article reviewed and
discused e quedionsdof ERP gudiesdf enption, such as the rdationship between errotion and atterr
tion, menory and decidor-making , and the laterdization of enotion , and © on. Research results sugges
that enotion can enhance attention and novel enotiond gimuli can be detected nore eadly. In normd
subjects, enotiond words can arouse sronger old-new dfects than neutra words. Depressve patients
canrot present the same dfects as the normal ones, but their recognizing achievements can be improved
by emotiond words. When gudying the irfluence of enotion upon deciSon-making , researchers observed
changes of medial frontal negativity (MAN) . The laterdization of brain functions d exigs in enotional
activities.

Key words enmption, ERP (event-related potential) , attention, menory , decison-meking , laterdizar
tion
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Much attention in psychology and neurosciencesis being directed to enotion nowadays. It is hard to gve a pre-
cise ddinition of the concept of ention. Mog psycholog g agree that enotion is experiencesdf attitudes toward ob-
jective things that is a kind of psychologica form shared by both human and animds. It condgdsof three mgor as
pects: physological mechanisms (e. g. , cortical and sub-cortical activities, etc.) , subjective experiences (e. g. ,
happiness, sadness and anger , etc.) and externd manifegations (e. g. , facid expressons and conportment) . Sev-
era other terms dmilar to enotion are frequently present in literatures, which are fedings, dfect and nood. Sme-
times authors use these wordswithout grict discrimination , but there are gill ©me subtle differences between them.
Erotion enphadzes externad manifedations, while fedings are its subjective counterparts. “ Affect” is a broader
term that can represent ention expressons as well as enotion experiences, and smeone uses it to inply the drive
power related to phydological needs. “ Mood” represents ome kind of sugaining and weak enotional datus that
seems like the background of other mental activities and irfluences their functions. In human evolution and daily
life, eotion exerts oome important dfects, such as adaptive function , notivationd function, superviory function
and sgnd function, etc. Urfortunately , there were not © many research achievements on erotion commensurate
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with its importance in pag years. But the Stuation is changing in recent years. A sdient exanple isthe goplication
o ERP (event-related brain potentids) technique in enotion sudies that provide indght into the physologica as
pects of enotion (e. g. , rea-time tenporal resolution of the neural processes involved in enotion activities) . It has
reached a consensus that enotion is related to both periphera and centra activities. The latter isthe very fiedld ERP
gudies pay attention to , which measure the brain waves to collect eectrophysologica evidence for enotion. The
comnon process of ERP measure is as the folloning: to present enotional gimuli repeatedly and record the brain
waves, to overlgp and average the waves to rule out noise and the spontaneous potentias, then the evoked potenr
tiads, namely , event-related potentid s are obtained ; to analyze the relationship between experimentally manipul ated
oonditions and ERPs, and alow for gecific research objectives and desgns, ome vauable interpretations can be
induced.

It seems that a part of recent gudies am at enotion itself directly , which try to revea the neura mechanisms
of emotiona activities by examining how ERPs change in different enotional conditions. However , we can' t (maybe
needn’ t) islate enption from other psychologica activities such as cognition and peronaity ablutely. Eecidly
acoording to the cognitive theory of enotion, cognitive processes are the key factor that determines the quality of
enotion. It' s unnecessary to assume dark di ginctions between cognition and enotion. If we give suficient cons der-
ation to the connections between erotion and other psychological activities, it will help usto desgn experiments and
drawv conclusons nore gopropriately and nore objectively. And infact , the close relationships between enotion and
other psychological phenomena have been shown in quite a number of gudies (e. g. , enotion-related attention bias,
mood-congruent effect in menory , ec.) .

1 Subjects, gimuli and paradigms

Subjects can be divided into two mgjor groups: normal people and individual s with enotion problems. Sme
experiments were carried out only in healthy subjects who received severd different categories of enotional gimuli
and researchers cormpared the data from different groups, and then drew a concluson. OF course results from these
subjects contributed mainly to underganding enotional pheromena in normal people. There were ome other experi-
menters intereged in psychopathology who chose individuals such as depressve patients and schizophrenia patients
astheir subjects* ™. In these gtudies, heathy people were usudly recruited as the controls. These researches
oould help us to conprehend the essence of enotional di seases and contribute to the diagnos's and the intervention.

In ERP gudies, gimuli are usualy presented as visual or/and auditory ones. In the former noddity , faces
with various enotional expressons are nog frequently enployed. Fom the categorical perspective, people possess
sx basc enptions, namely , happiness, surprise, sadness, anger , disgust and fea'™ . Each categpry of facia ex-
pressons can be divided into several® within-categories” between which the physica digance (here phydca dis
tance means the geometric difference of facial nodes conposed by such factors as forehead, brow, eye, o,
cheek , nouth and chin, etc.) isidentica , i.e. , thesd within-categpries’ conpose a continuum that is defined as
one category of enotional expressons. Ekman and Fiesen have edited such series of dandard enotiona fac .
Beddes the real faces, there’ re some researchers uing dnplefacia dranvings as gimuli that seemed to get a smilar
dfect as using real human faces” . From a dimensona view , enotion should be checked from at least two dimenr
sons: valence and arousal. Thus, Lang, et al.'® developed an International Affective Ficture Sysem that has been
dandardized in termsof vaence and arousd ratings. Podtive , negative and neutral scenes have al been included in
this sygem. In addition to pictures of scenesor faces, word pictures[,”which represent postive , negative or neutral
meanings , are usually enployed as enotiona timuli. In auditory nodality , nonverbal syllables (e. g. , ba, pa) be-
ing read out in different enotions, verba wordsor phrases, and dl kindsdf sundsfrom nature and cia lives can
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be used as gimuli. O note are the cononant-vowel nonverba syllables that were gated in different enotiona into-
nations, which enabled a nore accurate aignment of dimulusonset in the dichotic task and ensured efective dicita
tion of conpetition between two hemipheres” . Of course, visual and auditory simuli can be bound together in the
same experiment. Interesindy , ome experimenters tried to use odors as enotiona i muli™ .

Now let’ s turn to paradigms. There are indeed no ecific paradigmsfor enotion researches. We study enmotion
in much the same way that we gudy cognition. The enpirica nodels such as the oddball model and the go-nogo
node that are familiar in cognition gudies are being brought into play dfectively in enotion researches. When
gudying the irfluence of enotion on cognitive process such as menory , the clasdca paradigms such as priming are
enployed too'® . What deserves mertion here includes the manipulated feedback nodel that' s very usful in the
(=31 " For ingance , Wei Jing-Han , et al. developed a Quess ONV nodd [.mhrslythey gave the
subject a preparative und sgnd |, followed by an imperative sgnd urging the subject to guessin which ear a third
und would be presented , then the soundgppeared in only one ear as the feedback. If the subject had made a cor-
rect guess, a postive emotion would be evoked , vice versa. This nodel succeeded in redlizing the enotion evoking
and the repeated measurement that ERP technique required in the same experiment. They found BVIL ( Bxtrication
o Mental Load) potentid showed a higher anplitude and a shorter latency under the positive condition , while under
the negative condition it showed an oppodte change.

sudies of emotion

2 Emotion and attention

The evol utionary value of enotion suggeds that environmental events of value should be susceptible to the pref-
erential perceptua procesing. One means of achieving thisis by enmotion enhancing attention , leading to increased
detection of enptional events. An indirect evidence® from a facia dfect recognition task has contributed to this
pergective , in which auditory P300 was recorded. The face showing pleasure resulted in the smalegt anplitude of
the P300 peak. Anplitudes were successvely greater with anger , sadness, and no enrotion. Apparently , enotional
expressons posEkss a sronger power of attracting attention than non-enotional faces. More interegingy , resultsfrom
avisual oddball task'” showed that , when the deviant stimuli and the frequent simuli depicted the same categpry of
enotion (but physcaly different , i.e. , they shared the same enotiona category but lay in different subgroups or

“ within-categories’) , the N2/P3a was delayed conpared to the regponse dicited by the different-enotion deviant
(i.e. the deviant gimuli and the frequent gimuli belonged to different enotional categpriesor*  between-categpries’
). This higher sendtivity to changes related to a new different enotiona content perhaps leads to faser adaptive re-
actions. Infact , the psychological digance of between-category” enotionsis bigger than that of within-categpry”
enotions, even though their physca digance isidenticd , which is referred asthe categorical perception dfect. The
tenpora oourse of this dfect on deard and happy facia expressons has been explored through ERPs in a delayed
same-different metching task™ . The resuits showed the anplitudes of vertex positive potentia (P150 or VPP) and
P3b were reduced for* within-categpries” relative to“ between-categories”. In an enotiona Sroop task , Pérez
Edgar and Fox** observed that negative words gppeared to tax attentional and processng reources nore than pos-
tive words. Batty and Taylor™®' reported in their experiment the amplitude of N170 evoked by fearful faces was larger
than that by neutral or surprised faces. The enhancement of attention is not the sle means by which enotions i rflu-
ence perception. Emerging evidences i ndicate mechani ams independent of atterntion. The reduced auditory P300 anr
plitude mentioned above'® reflected that emptional simuli could be procesxd in an insUficient attention condition.
One experiment'™”’ showed opposite comrponent anplitude directions supralimindly and subliminally based on both
words and faces. Arother research’™ found responses to mood adjectives could happen without conscious awareness
and such processes could emerge within 100 ms (P1, N1) . Pre-attentive processng of enotiond gimuli inplies an
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early discrimination between the occurrence of ermotional and non-enrotional events. CGross noddity binding of eno-
tion for presentation of anger in voice and face was asociated with a disinct N1 occurring at about 100 ms™ .
Sort-latency reponses (120 ms to 160 ms) to aversve gimuli presentation were al$ seen during direct intracere-
1 Thus, dectrophysiological data pointed to rapid and widespread
neuron regponse to enotional gimuli that preceded regponses asociated with actual gimulus identification that oc-
curred at gpproximately 170 ms &ter imulus onset'™™ .

bral recordings within ventral prefrontal cortex

3 Emotion and memory

In a yes o recognition task!® subjects were presented with 50 new enrotional words and 50 old enotiond words
they had sudied beforehand. The P3 anplitude was larger for old words than new ones, while enotionaity had no
dfect. However , more sudies >*' denpngrated that normal subjects showed an ol d/new effect for entionally negr
ative and pogtive words that was sgnificantly different from that for neutrd words. O note were the findings in pa
tients. Sme non-medi cated depressves in a conti nuous word recognition paradigm showed no significant old/new -
fect , which indicated a reduced working menory capacity in the depressw Y. Neverthdess, their recognition per-
formance was d o enhanced by the enotional content. A pronounced ERP positivity (or reduced negativity referring
to the N400) could be observed frontally and only for the negative itemsfor the 250 —500 ms time window. Asfar
as the differential efect the enptiona connotation of the words on the old/new efect , a small but non-sgnificant -
fect in the LPC could be seen, eecidly for the podtive items. It may be interpreted as a result of a higher degree
o didinctiveness in relation to the depresive context that is referred as an® expectancy efect” or a nood-congru-
ence dfect. However , an experiment in individua s with mgjor depresson showed o preferentia detection for pos-
tive simuli'® . It indicates that depression is distinctive maybe rot for the presence of neggtive afect but for the ab-
sence of pogtive dfect. It' s suggesed by an experiment desgned from the dimensona pergoective that depressed
persons who gpt low postive arousa (PAR) soores would denongrate reduced performance. But the low PAR stu-
dents srowed o ERPS reduction in a atid menory task!™ . In the same experiment , a posterior negativity for
gpod targets was observed , while bad targets and the feedback gimuli for bad targetsin subjectswith either podtive
or negative dfective arousa dicited media fronta lobe negativity. Thisfrontal negetivity perhaps pardle s the error-
related negativity addressed subsequently.

4 Emotion and decision-making

The relationship between enotion and judgment or reaon is a long-diguted item within philosphy and psy-
chology. Recent ERP gudies provide some valuable evidence to this topic. In a bimanua choice reaction task ,
Falkengein , et al. ™ observed that in error trials the ERP anplitude was reduced in the time window of the P300
range (300 —500 ms) and enhanced in the dow wave range (500 —700 ms) conpared to correct reaction trids.
Difference plots between the ERPs (incorrect minus correct) revedled a large fronto-central negativity (Ne) and a
parieto-occipital dow wave (Pe) . Researchers interpreted that the Ne represented the capacity to nonitor and conr
pensate erroneous behaviors , therefore it s called the error-related negativity (ERN) , while the Pe reflected conr
scious error processing or the pog-error adjustment of regponse grategies which was an error- pecific conponent in-
dependent of the Ne®'. Ina gambling game , Gehring and V\Alloughby’ls] recorded a neggtive polarity ERP begin
ning a about 200 ms &ter the gimulusonset. The dipole localization found itsorigin was in the media frontal cor-
tex,in or near the anterior cingulated cortex (ACC). A posdible explanation for the media frontal negativity
(MPAN) was that it Snply reflected error detection. That means looking at MPAN as ERN snce the two potentia's
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shared the same cerebral genesis™*®? . However , evidence indicated that what MFN responded to was the notivar
tiona impact of the outcome event , ot the error-feedback irformetion. The loss-gain qatus dgnificantly influenced
the MAN regponse , whereas the error - correct datus did not. Moreover , it s reported theré s a close reationship
between ACC and dfective functions. ACC played a criticd role in eval uating the outcomes of one s behaviors along
a good-bad di menson” . Such a conmputation could contribute to deci son making by i rfluencing the enotiond date
that individual s anticipate and woul d occur upon meking a choice®' | or it might afect the emotional sate that drove
the behavior a the moment of the choice itself'™' . Further analyssfound that the MFN potential was larger on loss
trids than on gain trids, cond gent with ome gudiesdf enotion that have shown dfective reponses were fager and
stronger to proximate negetive events than to posgtive ones. The researchers d 9 found that ater losng a bet , people
were nore likely to bet big the next time around athough their choice might not be reaonable , and correpondingly
their MFN regponse to subsequent losses was enhanced. It suggesed that &fective process might drive behavior in
non- normetive ways. If there were sufficient evidences to prove the ERN was equa to the MAN , the ERN should be
regarded as the eva uation of succedent punishments or losses dter error regoonse, and it was connected with eno-
tiona activities closly.

5 Lateralization for emotion

Quite a number of gudies have shown the functiond hemigpheric asymmetry in enotiona processes. Laurian,
et al.™ found that , when subjects had to discriminate between enotional (target) and neutral (non-target) faces,
the main differences were seen predominantly over the right centroparietal area. On the contrary , when subjects had
to detect aface particularity not related to the enotiond content , the diff erences between target and nonrtarget faces
were hilateraly digributed. The results supported the hypothed s that mainly the right hemi gphere processed the per-
ception of enotional expressons. The laterdization occurred very early in the life pan. It has been observed that
the ERPs (N170, P280, and N400) of right hemisphere were larger than that of left when children aged 5 years
carried through a recognition task of envotiond e><pressions[32]. Amother gudy indicated that in addition to right
hemi phere , envtiona awareness was asociated with inter- hemi pheric communication either™ . And in a categpri-
cal perception task of enotiona facia expresdons, hilateral occipito-tenpora negativities (N170) were observed.
Qeater |€t- than right-ear accuracy was observed in a dichotic ligening task , while the ERPs (N100 and sustained
negativity) showed greater left-hemiphere anplitudes than that of right. The researchers deduced that maybe the
behaviord and ERP asymmetries evident in thistask reflected separable patternsof brain |aterdization” . Bernat , et
al."™ found that unconscious afective processes were |t lateralized for such conponents asthe PL, N1, P2, P3,
and a late posdtive potentia (LP) , while conscious dfective processng was |t laterdized for the PL and N1 and
then became hilateral for the P3 and LP. There were a© evidences®’ for valence hypothesis that attributes the ex-
perience and expresson of podtive enotion to the Ieft hem phere and negative enotions to the right hemi phere. Al-
though a number of gudies have been devoted to tegting the role of the It and right hemi gpheres in enotiond func-
tioning , the redity hasn' t been fully delineated. Maybe each sudy has revedled one Sde of the nature andit’ sim-
pertinent to deny one result with another.

6 For future work

In gite of the achievements on ERP dudies of enotion, there are quite some quegions deserving cond der-
aion.
There has not been an accurate ddinition of enotion. Researchers hold different points of view upon ome



438 21

guegtions such as how to divide ©-cdled basc enotions and advanced enrotions, the processes of their occurrence ,
and whether cognition is concerned with enotional activities, etc. Gomnon views think relative to badc enotions,
advanced enmptions in which consciousness and cognition are nore involved embody nore cormplex cormponents and
have a lower degree of automatization. When dedgning an ERP experiment of enotion, we mugt consder what we
want to sudy is badc enption or smething more conplex , how to induce the very enotion we want , the time o its
occurrence , and how the brain and the neural sructures participate in the enotiond activities, etc.

The gandardization of gimuli is an inportant problem in gudies of enotion. Generally speaking , when carry-
ing out an enotion experiment , the experimenters can not see directly whether any enotion has been evoked out by
the gven gimuli. If evoked ,isit the very kind of enotion they want and what extent has the enotion reached ?S
without doubt , objective and quantitative assessments of gimuli meterid s are quite necessary , athough the work is
very difficult Snce enotions and their changes are rather complex and subtle. To check the dfects of gimuli , we
can observe the subjects of their facia expressons and poses. We can a0 refer to the sdif-reports of the subjects
enotional experiences. The ERP changes can reflect the arousal of enotion , but there have not been ecific compo-
nents for enotion.

The individua difference is arother important factor. Age, gender , handedness, perondity , previous enp-
tional and cognitive experiences, and maybe ome other factors al can irfluence the experimental efectd® ™ . For
ingance , Srith and Petty!™ found that low-proud subjects tended to remember negative contents when they were
ewoked negative enotion , namely , they represented mood-congruence. However , high-proud subjects were nood-in-
congruent in the same experiment. They tended to remember podtive things when they felt negetive enotion. Anoth-
er ingance, Pacdis, et al. " observed the P3 anplitude was larger in high-anxiety subjects than in low-anxiety
onesfor unpleasant words, suggeding higher sengtivity to negative emrotions in high-anxiety individuas. Researchr
ers sould condder these factors carefully and try to balance them between experimental groups.

One badc god o researches on cognitive neuroscience is to podtion a certain psychologica activity to the cor-
regponding brain gructure. However , degite the high tenporal resolution, ERPisweak in gacia postioning com-
pared withfMRI , PET or MEG. We dhould be careful to gpply the podtion irformation from dipole urce anayss.
It iswise to connect ERP and other neuroimaging techniques  to get results with high resolution in both tenporal
oourse and Patia podtioning. It deserves attention the brain location that has produced the potentia s we are mear
auring directly a the scalp is ot necessarily the dte of the psychologicd activities. Maybe this location is driven by
other brain gructure where the psychological action redly is. S we should be cautious to draw conclusions.

What ERP data provide to us is only the neurophydologica manifegation of the psychological phenomeron.
Bven if we have achieved accurate biologica evidence and keep cautious to explain the results, erotion ill can' t
be explained by only potertids. It' s necessary to connect physologica measureswith other methods such as if-re-
port and behavioral experiments, etc. , and consder the nature of enotion from multiple agpects. In addition, the
|aboratorid” pure” st is much different from the conplex circumgance in red life and the enotions of human being
are irfluenced profoundly by socia and culturd factors. All these are worth enough attention while we desgn experi-
ments and generate irferences.

As a rorrtraumetic measure with high tenpora resolution, ERP techni que occupies an inportant place in ermo-
tion gudies. What we dould do isto make full use of its advantages and achieve nore from it.
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