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ABSTRACT KEYWORDS
Background: Negative emotional state might selectively modulate spatial Emotion;
cognitive activities but not verbal cognitive activities, since both negative Working memory;
mood and spatial cognition are right hemisphere dominant. To test the Hemi spheric asymmetry;
hypothesis, we used functional magnetic resonanceimaging (fMRI) to assess Functiona MRI.

theinfluence of negative emotion on brain activitiesassociated with spatial
and verbal working memory (WM). Results: With amodified n-back task,
fMRI data showed as compared with neutral emotion, negative emotion
elicited increased activities in right insula, right medial frontal gyrus and
right anterior cingulate. The contrast between spatial WM and verbal WM
showed aright-sided dominance in the superior occipital gyrusfor spatial
WM, and aleft-sided dominanceinthe middlefrontal cortex for verbal WM.
Furthermore, ROI analysis suggested that the region relevant to spatial
WM task was affected by negative emotion. The same emotion effect was
not observed in the region relevant to verbal WM task. Conclusion: The
main findings from this study indicate significant right hemisphere
lateralization of negative emotion and a right-sided dominance in spatial
WM, which suggeststhe neural resource competition on the same dominant
hemisphere asthe neural basis of the sel ectiveinfluence of negative emotion
ongpatiddl WM.  © 2014 Trade Sciencelnc. - INDIA

BACKGROUND cognitiveresourcemodd suggeststhat emotiona States,

regardless of type, take up resourcesthat would beno

A largenumber of studiesof theimpact of various  longer availablefor other cognitiveactivities, and, asa
emotiond stateson attention, decison-making, andim-  result, most cognitive processes areimpacted by nega-
plicit/explicit memory have shown that someof these  tive or positiveemotional statein the sameway!*+17.
interactionsarediffuse or nonspecific. For example, the  Other studiesrevealed more specific and selectivein-
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teractions. For instance, positive mood canimprove
performanceof credtivetasksand decision-making -2
and reduces performance of deductivetasksand plan-
ningt®“2, Theseinconsi stent findings suggest that the
emotion-cognitioninteractionistask dependent.

According to the“hemispheric asymmetry” view
on emotion-cognition interaction, impact of emotional
states on cognitivefunctions could belargely affected
by the hemi spheric dominance of the corresponding
emotional and cognitive neural activationg1819434448]
Specificaly, theleft cerebral hemisphere may be spe-
cialized for processing positive or approach-rel ated
emotionswhiletheright hemigpheremay bepecidized
for processing negative or withdrawal-related emo-
tiong*2%Y, cognitivefunctionscould beeither interfered
(becauseof neural resource competition) or facilitated
(because of increased arousa ) by anemotiond state of
the samehemi spheric dominanceg*3192044,

Working memory tasks are often used in studies
examining cognition-emotioninteraction. Thisisbecause,
on onehand, processing efficiency theory suggeststhat
effectsof negativeemoation (i.e. anxiety) on cognitive
performance may be mediated by effectson WM,
on the other hand, verbal and spatial WM networks
arerelatively hemisphere biased with theformer ex-
tending moreinto theleft prefronta cortices(PFC) (e.g.
Broca’s area, supplementary motor and premotor ar-
eas) and thelatter depending more on right PFC (e.g.
premotor areas)*>47. Asboth spatial WM and nega-
tiveemotion haveright hemispheredominance, spatid
WM ismorelikely to interact with negative emotion
thanverba WM.

Thereareseveral behavioral studiesthat havere-
ported evidence supporting the hemispheric asymme-
try view of emation-cognitioninteraction. For example,
Gray'*® used short videosto induceemotiond states of
approach, neutra, or withdrawa inexperiment partici-
pantsand asked themto perform aspatial or verbal 2-
back task afterwards. The results showed that spatial
task performancewas enhanced by thewithdrawa stete
and impaired by an approach state and the opposite
pattern held for verba task performance. Later, Lavric
et al.[?® and Shackman et al.[*® used el ectric shock to
induceanticipated anxiety and examined theinteraction
of thisinduced anxiety and thetwo typesWM. They
found the anticipated anxiety disrupted selectively the
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performanceof spatid WM, but not that of verba WM.

Bes deshemi sphereasymmetry, attentiona resource
competitionisanother poss bleexplanationfor these-
lectivemodul ation of emotion on WM. Lavricand col-
leagues®® discussed that threat-evoked anxiety and
spatid WM may rely on acommon visuospatia atten-
tion mechanism. Becausenegativeaffectsusudly draw
visuospatid attention (e.g. atending to potential threst),
whichisalso essential to spatial WM3%1 therecould
be an attentional resource competition between nega-
tive affects and spatial WMI2834, |n contrast, verbal
WM may belessaffected by thiscompetitionit prima-
rily dependson phonological processes®#,

The neurd mechanism underlying sdectiveimpact
of emotion on WM hasalso beeninvestigated by pre-
viouspsychophysiologica andfunctiona neuroimaging
studies. With fMRI Gray and colleagues® examined
the effectsof prior emotiona mood on a3-back face
and verbal WM function. Their datashowed impaired
and enhanced WM performancefor facesin positive
and negative mood, respectively; but WM performance
for words exhibited the reverse pattern. In addition,
they reported that fMRI signal changesinthebilateral
prefrontal cortices (BA9) correated with these behav-
ioral performancestherefore could beresponsiblefor
theintegration of emotion and cognition. However, this
study did not directly examinetherole of hemispheric
dominancein interactions of emotion and cognition.
Possibly, it wasbecausethat the prior mood may have
relatively indirect modul ation on task-rel ated activations,
which may not be strong enough to show direct com-
petitiveeffectd,

Inour prior event-rel ated potential (ERP) study®Y,
reductionsof positive componentsin memory evoked
potential swere observed during negative emotion and
thisemotion effect wasgreeter in spatia thaninverbal
WM task. Wedid not observe hemispheric difference
in the emotion effect, possibly because of the lower
spatid resolution of ERPtechnique.

Inthe current study, weaimed to test theimpact of
task-irrelevant emotional context on WM and fMRI
was used to provide evidence for aspecialization or
fractionation of thispsychol ogicd function. In contrast
to most previous studies, |APS pictures as the task-
irrelevant distracterswereinterspersed into the experi-
mental trials, whichinduced arather direct modulation
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of task relevant activation and mild mood could bein-
duced by presenting aversive and neutral picturesre-
spectively intwo sessions. Prior ERP study showed
that self-reported positiveaffective and negative affec-
tive scale (PANAYS) scores between the negative and
neutral pictures sessionswere changed prominently,
which suggested that watching aversive pictureswas
ableto inducethe participants’ negative emotionstY,
We hypothesized that the sl ective influence of nega-
tive emotion on spatial WM isbased on hemisphere
asymmetry mechanism, and right hemispheric cortex is
mostly involvedinemotiond effect of spatid WM.

METHODS

Participants

Twelve students (6M6F, 25+ 4.1 y.o.) at Emory
University participatedin the present study. They were
al right-handed with norma or corrected-to-normd vi-
sion and had no history of neurologica/psychiatricdis-
order. All participants gaveinformed consent (in ac-
cordancewith Emory University’s Institutional Review
Board) and received monetary compensation for their
time.

Simulus

Theemotional distracting stimulus set cons sted of
84 digitized color pictures selected from the Interna-
tional AffectivePicture System (IAPS)?. Among these
pictures, 42 wereemotionally aversive (e.g. criminal
assault) and the other 42 wereemotionaly neutral (e.g.
kitchenutendll). Theaversvepicturesweresignificantly
different fromtheneutral onesinvaence(2.09vs. 5.00,
p<0.001) and arousal (6.42 vs. 2.96, p<0.001) scores.
Thememory stimuli wereaset of 12 Englishlettersin
uppercase. During the presentation, aletter could ran-
domly appear at 1 of 12 positionsthat concentrically
disgtributed on 2imaginary circleswitharadiusof 2and
6 cm. Stimuli were presented using E-PRIM E software
(Psychology Software Tools, Pittsburgh, PA) and back-
projected onto a screen viewed by the subject viaa
mirror.

Task

A block-design paradigm was used in the present
study with subjects performing either a2-back verba

or spatid WM task during thefMRI scans. Thestimuli

for thesetwo taskswereidentical and tasksweredis-
tinguished only by instructions. All task trialshad the
following stimulus presenting sequence (seeFigure 1):

an |APS picture at the center of screen (1500 ms), a
fixation cross (250 ms), acapitd |etter display (at ran-
dom locations, 250 ms) and findly another fixation cross
(500 ms). In the verbal WM task, participants were
instructed to indicate (by pressing one of 2 buttonson
M R-compatible response box) whether theletter be-
ing presented wasthe same as (“match”) or different
from (“non-match”) the one shown two letters before
(hence, 2-back). In the spatial task, the participants
were asked to make the same 2-back decision based
ontheletter location instead of their identity. Partici-
pantswereinstructed to pay attention only to therel-
evant attribute of thestimuli (either location or identity
of theletters) depending on thetask and ignorethedis-
tracting pictures. Thematch and non-match simuli were
pseudo-randomly distributed inthedisplaying list with
equa occurring probability. InthefMRI scans, the spa
tial and verbal WM task blockswere alternating with
control blocks. The control blocks had trialswith the
same structure as the task ones except that the dis-
tracting pictureswere scrambled and the letterswere
displayed upside down at the center of screen. Nore-
sponsewasrequired in the control blocks. Each WM

and control block consisted of 17 and 11 trials, re-
Spectively.

FMRI datawereacquired inasinglescanrun, with
theaversivedistracting pictures gpplied continuoudy in
halve of the scantime and the neutra distracting pic-
turesapplied continuoudly in theother haf. The order
of thedistracting conditionswas counter balanced in
different participants. Thisapproach was used because
astableemotion-WM interaction requiresardatively
constant emational mood®Y. Thereweretotaly 4 task
blocksfor each of the possible combinations of emo-
tion and WM condition: negative (distraction)-verba
(WM), negative-spatial, neutral-verbal, and neutral -
spatial. WM task blockswere pseudo-randomly dis-
tributed in the scan with acontrol block between every
two task blocks.

DuringthewholefMRI scan, gavanic skinresponse
(GSR) wasmeasured viaa“BIOPAC MP-100” GSR
recorder (BIOPAC Systems, Inc) with two electrodes
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attached to the palmar end of theindex and middlefingers.

Experiment Paradigm
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Figurel: Schematic diagram of thetask trailsin WM (top row) and control (bottom row) conditionswith stimulustiming
depicted. Dash lineindicated thetwoimaginary cir cleswith aradiusof 2 and 6 cm and thecrossdotswheretheupper letter

presentson.
Imaging data acquisition

Functiona and anatomicd MRI datawerecollected
withaSiemens 3T Trio scanner (SemensMedica So-
[utions, Mavern, PA). For fMRI, T2*-weighted EPI
imageswereacquired (492 volumes, 30 axia dlices,
dicethickness=4mm, dice gap=0mm, FOV =220mm,
matrix=64x64, TR=2500msec, TE=34msec, flip
angle=90°). Following the functional scan, a high-reso-
lution, T1-weighted anatomical volumewasacquired
usngan “MPRAGE” sequence.

Data analysis

AFRNI (http://afni.nimh.nih.gov) wasused for MR
dataanaysis. After dicetiming correction, volumereg-
istration and 5mm FWHM Gaussian smoothing, acti-
vation mapswerederived for each subject withamul-
tipleregression analysis. Theregressorswere gener-
ated by convolvingthe4 conditions’ (negative/neutral
x verbal/spatial) boxcar stimulation functions with a
previoudy reported hemodynamic response function®.
The6 rigid body head motion parameters(X, Y, Z dis-
placementsand roll, pitch, yaw rotations) were also
included in thismultipleregression to account for mo-
tion-related sgnal variation. To obtaingroup activation
maps, arandom-effectswithin-group anaysisof vari-
ance (ANOVA) was performed with a2 (emotional
state, neutral vs. negative) x 2 (memory type, verbal
vs. spatial) design. The activation mapswere gener-
ated at athreshold of p<0.001 (uncorrected).

Based on the voxel-wise ANOVA results, addi-
tiona anaysiswasperformed using regress on coeffi-
cientsextracted from aset of regionsof interest (ROIs)
that defined by the main and interaction effects: (i) in
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clugterswith significant task main effect, impact of emo-
tiond distractionswereexamined; (ii) in clusterswith
significant emotion main effect, task by emotion inter-
actionswereexamined; (iii) in clusterswith significant
task-emotioninteraction, weexamined specificaly how
thetwo factorswere affecting each other.

The GSR datawas analyzed using Acknowledge
software. SincethefMRI scan consisted of two sepa-
rate emotional state sessions, the GSR data was di-
videdinto two partswith one negativeemotion and the
other neutral emotion. Themean amplitudeof GSRin
each part was measured using the A cknowledge soft-
ware and paired t-test was conducted onthe mean am-
plitudesof GSR between negative emotion and neutral
emotionineght subjects.

RESULTS

Behavioral data

The 2 (memory type, spatial vs. verbal) x 2 (emo-
tional state, negativevs. neutral) ANOVA showed Sig-
nificant emotion (F (1, 11) = 6.371, p=0.028) and in-
teraction effect (F (1, 11) = 7.833, p=0.017) in the
dataof memory accuracy. Asshowninthe TABLE 1,
accuracy of spatial task was significantly reduced than
theverbd task during the negeative-emotion condition (t
(11) = -3.364, p=0.006). In order to make sure the
normality-assumption of the parametric statistics, the
accuracy scoreswerelog-transformed and put into the
ANOVA andysis. The significant main effect of emo-
tion (F (1, 11) = 6.476, p=0.027) and interaction ef-
fect (F (1, 11) =7.001, p=0.023) were observed again.
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For thereactiontime (RT), no significant main or inter-
action effects were revealed by the ANOVA. How-
ever, therewasatendency of longer RT under thenega-
tive-emotion conditionin both the spatial and verba
tasks. These behaviora resultsreplicated the previous
observationsof theimpact of anxiousemotion on spa-
tial and verbal WM 2843,

GSR data

GSR was recorded in 10 of the 12 subjects. Be-
causethedectrodesfdl off duringthescansin 2 of the
10 subjects, GSR data of 8 subjectswerefinally us-
able All GSR datawasshownin TABLE 2. Themean
amplitude of GSR wasgreeter in negative emotion com-
pared to neutral emotion in six of thesubjects, thedif-
ferencereachingasignificancelevel of p<0.05inthe
eight subjects(t (7) =2.66, p=0.032).

FMRI data

(&) Main memory effect

The main effect of task type was determined by
contrasting regression coefficients of the spatial WM
conditionwiththeverbal WM condition. Right supe-
rior occipital gyrus (BA19) wasmoreactivated inthe
gpatia WM task, ascompared with theverba WM. In
contrast, theverba WM evoked moreactivationinthe
left middlefrontal gyrus (BA46/45) (see TABLE 3).

InROI dataanalysis, the 2 (memory type, spatial
vs. verbal) x 2 (emotional state, negative vs. neutral)
ANOVA ontheright superior occipital gyrusand left
middlefrontal gyrusreved ed significant main effectsof
memory again (F (1, 11) = 22.46776, p=0.0006, F (1,

Memory Effect
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11) = 31.99, p=0.0001, respectively). In addition, a
significant emotion effect was shown intheright supe-
rior occipita gyrusduring the spatial WM task (t (11)
=2.47,p=0.03). However, the sameemotion effect was
not observed intheleft middlefronta gyrusduring the
verba WM task (t (11) =-0.39, p=0.7). The ROI
analysssuggested that theregion relevant to spatial in-
formation processing, but not relevant to verbal infor-
mation process ng, was affected by negativeemotion
(seeFigure?2).

TABLE 1: Mean and standard deviation of responsetime
(RT) and accuracy

Emotion state Tasktype RT (ms) Accuracy
i i Spatial WM 475+92  0.824+0.17
Negative emotion
Verbd WM 490+89  0.800+0.16
. Spatial WM 497+103  0.753+0.20
Neutral emotion
Verbd WM 508+87 0.796+0.17

TABLE 2: Themean amplitude of GSR in negativeemation
and neutral emotion in eight subjects

, GSR (Siemens)
Subject (No.) - - ;
Negative emotion  Neutral emotion
3 8.68 6.98
4 4.604 5.17
6 10.87 9.11
7 18.33 15.6
8 13.91 12.74
9 2.06 184
10 212 2.29
11 6.69 381

T-score
£ o 8

0.127 L_ middle frontal gyrus
0.107
0.081
0.067
0.047
0.027
0.007
-0.02]
-0.04]

Coefficients
Coefficients

NegV NeuV

R_superior occipital gyrus

P=0.03

NegS HNegVv NeuS NeuV

Figure2: Thebrain activation in memory effect (spatial>verbal). Theactivation mapsweremadeat athreshold p<0.001

(uncorrected).

s, BioTechnology

An Tudian Yourual



1030

Negative emotion interferes with spatial but not verbal WM

BTAIJ, 10(5) 2014

FULL PAPER o

(b) Main emotion effect

Themain effect of emotionwasdetermined by con-
trasting the negative condition with the neutral condi-
tion. Comparing with neutral emotion, negative emo-
tionincreased fMRI signal intheright insula, right me-
dial fronta gyrus(BA 6), right postcentral gyrus, right
anterior cingulate (BA24) and left posterior cingulate
(BA31) (seeTABLE 3).

Thetwo-way ANOVA on those activated regions
showed sgnificant main emotion effects (see Figure3).
Most of theseregions showed hypoactivitiesunder the
neutral emotion condition and hyperactivitiesunder the
negative emotion condition, which arecons stent with
most of studies about emotion processing. But ROI
andysisdidn’t find significant interaction effects on any
of theseregions.

(c) Interaction effect

Significant interaction effect wasfoundinthebilat-
eral cuneus(BA17/18) (see TABLE 3).

Thetwo-way ANOVA inthisregionasoreveded
significant interaction effect (F(1,11)=30.23,
p=0.0002). To clarify the nature of the interaction
effect, paired t-test showed more activations for
negative emotion than neutral emotion in the spatial

Emotion Effect

T-score

L_posterior cingulats

Coefficients

MNegS

MNegV

WM (t (11) =2.13, p=0.057), and also more activa-
tionsfor verbal WM than spatial WM under the neu-
tral emotion condition (t (11) =-3.65, p=0.004).
Thus, the interaction effect is possibly dueto the
contrast (negative spatial —neutral spatial > negative
verbal —neutral verbal) or the contrast (neutral ver-
bal —neutral spatial >negative verbal —negative spa-
tial) (seeFigure4).

TABLE3: FMRI results

Region X Y Z T-score Volume
Emotion effect
R_media frontal gyrus (BA6) -18 9 54 7547 335
R_insula -55 20 16 6.125 135
L_posterior cingulated 7 64 19 6.006 127
R_postcentral gyrus -42 20 28 5944 109
R_anterior cingulate (BA24) -6 -3 32 7.258 99
Memory effect
R_superior occipital gyrus (BA19) -40 77 26 5.758 146
L_middle frontal gyrus (BA45/46) 43 -23 20 -5.509 97
F-score
Interaction effect
L/R_cuneus (BA18) 2 79 9 438 149
All areas p<0.001/voxel (uncorrected).
R_insula

-0.04
®-0.08
&
F-0.12
E*UJB
=
oo
-0.24
-0.28

-0.22

R_postcentral gyrus
013 R_anterior cingulate 0.08]
0.13
0.1 @
a2 R_ medial prefrontal cortex @ 0.0
® =
= 0.1 5
i 0.16] 2 0.0m
E 30'14. E MNegS NegV
17} TR = -0.07
3 2012
% 0.107] -0.04
NegS NegV S ggg -0.06
0.047
0.027
0.00
00X NegS Neg¥ NeuS NegV

Figure3: Thebrain activation in emotion effect (negative>neutral). Theactivation mapsweremadeat athreshold p<0.001

(uncorrected).

ﬂbgiﬁé,fm"/% C—




BTAIJ, 10(5) 2014

Yue-JiaLuoet al.

1031

————, FyurrL PAPER

F-score

Interaction Effect

20

Bilateral cuneus

0.26 7
0.24
0.22
0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.08
0.04
0.02
0.00

Coefficients

NegS Neus NeuV

Figure4: Thebrain activation in inter action effect [(spatial-
negative> spatial-neutral) > (ver bal-negative > ver bal-neu-
tral)]. Theactivation mapsweremadeat a threshold p<0.001
(uncorrected).

NegV

DISCUSSION

The present study wasdesigned toinvestigatethe
neura basisof the effect of negativeemotion on verbal
and spatial WM. The GSR responsesmeasured inthe
scan pointed to asuccessful induction of negativeemo-
tional state. Behavioral resultsindicated theinduced
negative emotion s ectively interrupted with theaccu-
racy of spatid WM but not with theverba WM, which
iscong sting with our predi ction and a so confirmed by
activation results.

Theunderlying mechanism of thebehaviord results
could berevealed by memory and emotion effects. As
noted intheintroduction, spatid and verba WM should
have significant hemispheric specidizations. Left pre-
frontal cortex hasbeentied to therehearsa of verbal
information(®#%, Using positron emission tomography,
Awh and colleaguesreveal ed activationsintheverbal
recognitiontask, mostly intheleft hemisphere, includ-
ing Broca’s area (BA44), left premotor area (BA6),
left SMA (BAG) and left posterior parietal cortex
(BA40). Theleft prefrontal corticesweretentatively
assigned therole of mediating asubvocal, rehearsal
process and the posterior parietal areawasthought to
underlieastorage process. Subsequently, Cohenetd @
conducted 2-back WM study and a so found identical
activation paternsof frontal speech regions(BA44/45).

Incontrast, for thespatia WM, previous neuroimaging
studiesassigned right superior parietd area(BA7) and
premotor (BA6) with responsi bility for therehearsa of
gpatid informationand right inferior parietd area(BA40)
and superior occipital area(BA19) with responsibility
for thestorageof spatial information®#., Inthe present
study, theresultsof memory effect confirmed thetypi-
ca finding. Aspredicted, aleft-sided dominancewas
found intheleft middiefrontal cortex (BA45/46) for
theverba WM, and aright-s ded dominancewasfound
inthe superior occipita cortex (BA19) for the spatial
WM. Theseresultsconfirmthat theleft middlefrontal
cortex play akey rolein verba WM andright parietal-
occipita cortex playsakey rolein spatiad WM asthe
previous studies underlined®2%, Further ROIsanaly-
sesindicated that only the region associated with spa-
tial WM had significant emotion effect, but not there-
gionspecifictoverbad WM, which gavemoreevidence
for the selective effect of negativeemotion on spatid
WM on theright-sided hemisphere.

Furthermore, theresultsof emotion effect revedled
sgnificant right-lateralized activationsmainly inmedia
frontal gyrus, insula, anterior cingulated gyrus, and post-
centra gyrus. In addiction, left posterior cingulated gy-
ruswasa so activated by negative emotion. Thesere-
sultsimplied that the emotion effect on right-sided was
greater than | eft-sided hemisphere. Itiswell known that
paralimbic system (e.g. amygdala, hippocampusand
cingulated gyrus) hasagenera roleintheevaluation
and experienceof affection®="49, A very recent meta-
andydsof affectiveneuroimaging studiesfound conss-
tent activationsin medid and laterd fronta gyrus, tem-
pord gyrusand anterior insuld® and thoseregionshave
implicated inemotiona regulation**®, Theinsulahas
been directly implicatedin PET studiesof emotionand
anxiety”, |n particular, Chuaet d . induced normal
people’ anticipatory anxiety and found significant in-
creaseintherCBF intheinsulaand anterior cingulate.
They suggested that theinsulaconnecting with anterior
cingul ate mediated in anticipatory anxiety. Anterior
cingulated cortex islikely to play arolebothinthegen-
eration (rogtrd or perigenual “affective” anterior cingu-
late) and theregul ation of emotion (dorsd or supragenua
“cognitive” anterior cingulate)®?, Themedia prefron-
tal cortex seemsto beinvolved amost exclusively in
the cognitive aspects of emotional processing, and it
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could serve(together with anterior cingulate and other
brain regions) asatop-down modulator of intenseemo-
tional responsed?+%37, |n the current study, as pre-
dicted, negative emotion elicited widespread activities
intheregions associated with emotion processing and
demonstrated acritical role of theright hemispherein
the processing of highly arousal, unpleasant emotions.
Hereby, spatial WM not verbal WM had been inter-
fered by negative emotional state of the same hemi-
gpheric dominance.

Theinteraction effect in the present study reveded
additiond activitiesin bilaterd cuneus, which could be
explained on account of more engagements of visual
attention processesin the negative gpatial conditionthan
that intheneutra spatial condition. Sincetheoccipita
cortex worksasthe primary visua processing cortex
and theimportant part of the bottom-up attention net-
work, itisactivated when visua attention processesis
involved. Inthenegative spatia condition, both aver-
sivepicturesand spatial WM task require more atten-
tionthan did neutra spatial condition. In addiction, ac-
cordingto ROI andysis, theinteraction effect could be
regarded asmore activitiesof bilateral cucuesfor ver-
bal WM than spatial WM under the neutral emotion,
whichisproved by previous neuroimaging studiesfor
the contrast between the spatial WM and verbal WM.
A number of studies showed the verbal working
memory taskswere accompani ed by additiona rCBF
intheinferior temporal-occipital areas, such asfus-
formgyrus, lingua gyrusand cuneusascomparingwith
gpatia or objectivetasks. Thereforetheinteraction ef-
fect in the present study could be dueto both reasons
mentioned above. Theinteraction effect didn’t acti-
vate moreright-sided regions as expected, whichis
not clear whether thisisdueto reduced atistical power
inthe present block-design dueto thelack of random-
ization of emotion factor or fewer blocksin each ex-
perimental conditions.

Besidesthe hemispheric asymmetry, theselective
effect of negative emotion on spatial WM could beex-
plained by different hypothesis. Previousresearch aso
reveal ed apossible attentional resource competition
between negative emotion and spatial WMZ031, Be-
cause negative affectscommonly draw visuospatia at-
tention (e.g. attention to threat), whichisalso essentia
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to spatia WM[232338 |n contrast, thiscompetitionis
less pronounced whenit comesto verbal WM dueto
its primary dependence on phonological processes®>*.
Therefore, visuospatial attention might bean overlap-
ping area between negative emotion and spatial WM,
whichleadsto affectsinduced sdl ectiveimpairment of
gpatia WM. Inthe present study, aversivepicturesasa
powerful exogenouscue can produceatransent invol-
untary captureof spatia attention andtrigger reflexive
shiftsingpatid attention toward itslocation. Therefore,
itisanother aternative explanation for the selective ef -
fectinthe performance.

Also, eye-movement could dso bethereasonwhich
caused the spatial WM was affected by negativeemo-
tion. Previousstudies have shown disruptive effects of
eye movements on spatial WM, because eye move-
mentsareoften associated with movement of attentiona
focug?., Inour study, eye movementsfrom pictures
totargetscould probably disrupt thespatid WM. Since
eye-movements were not recorded, it is uncertain
whether they contributed to any differencesin BOLD
signa between experimenta conditions, whichwould
bethelimitation of the present study.

CONCLUSION

Nonethd ess, themain findingsfrom thisstudy indi-
catesgnificant right hemispherelaterdizationfor nega
tive emotion processing and aright-sided dominancein
gpatial WM, whichto some extent suggeststhe neura
resource competition onthesamedominant hemisphere
astheneurd basisof the sl ectiveinfluence of negative
emotionon spatial WM.
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