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Abstract

Emotional stimuli may have positive effects in cognitive processes that allows for temporary storage and manipulation of information.
However, the influence of emotional stimuli, along with its neural correlates have not been fully analysed so far. This study aimed at
investigating the neural and behavioral effect that the emotional content of stimuli has on working memory performance. In this func-
tional magnetic resonance imaging (fMRI) study, we induced different emotional faces pictures while participants (n = 17) performed an
n-back visual working memory task. Data were analyzed using Statistical Parametric Mapping 12 (SPM-12). Result showed emotional
working memory n-back tasks activated motor, occipital, frontal, parietal regions. Frontal and parietal regions showed more activation in
1-back task association with increased working memory load. This showed that additional component need in maintaining a representa-

tion of the previous stimuli.
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1. Introduction

Emotional working memory (EWM) refers to short-term memory
functions that are involved in encoding, maintaining, manipulating
and retrieving affective information; it can also be defined as the
ability to identify, understand and regulate emotions. Emotional
faces are typically more likely to be remembered than non-
emotional information. Experimental studies on emotion have
shown that particular qualities of pictures can elicit an emotional
response that varies according to the valence (positive and nega-
tive) and the level of arousal (from neutral to exciting) of the
stimuli [1]. Furthermore, the effects of emotion can produce both
memory enhancement and memory inhibition depending on the
level of arousal of an emotional state.

The ability to manipulate valence information in working memory
is thus a critical component of emotion regulation processes. For
example negative and positive stimuli elaboration may be attenu-
ated or amplified such that it may increase or decrease people’s
vulnerability to mood disorders. Numerous works have found an
interaction between amygdala and orbitofrontal cortex which
plays a crucial role in attributing emotional qualities to stimuli.
This information is subsequently maintained and manipulated in
the dorsolateral prefrontal cortex [2].

Previous research showed that declarative memory for emotional
stimuli is better than memory for neutral stimuli in both healthy
young adults and older adults. Although older adults generally
have poorer memory than young adults, both age groups remem-
ber more about emotional information, such that the overall age

discrepancy in memory is less pronounced for highly arousing
events. In other words, studies suggest a preserved memory ad-
vantage for emotional stimuli in older adults with healthy cogni-
tive aging [3]. It has been found that patients remembered nega-
tive targets significantly better than neutral and positive targets, in
contrast to the results found in healthy older adults for emotional
stimuli in patients with mild cognitive impairment [4]. Patients
with chronic depression reported increased arousal to negative
emotional expressions [5]. They also showed an increase in left
amygdala reactivity during implicit processing of emotional ex-
pressions following psychotherapy.

A variety of experimental paradigms to measure working memory
(WM) have been used to study diverse populations; some exam-
ples include the Digit Span task, the Sternberg task, the n-back
task and delayed match-to-sample. The n-back task is, however,
likely the most a popular measure of WM used in fMRI studies.
Across studies, many different types of stimuli have been used via
various input modalities (visual including spatial, auditory, and
olfactory) making demands on different processing systems. In
this study, an fMRI experiment of WM in healthy adults was con-
ducted that used a simple visual WM paradigm n-back to probe
the effects of difficulty of the task on brain activations. It was
done with the two levels of difficulty (0-back to 1-back) with faci-
al expressions as stimuli. In terms of cognitive requirements, both
tasks require the goal of each task to be kept in mind, scanning the
visual display, identifying the target and making a motor response.

Previous research stated that subjects capture emotional stimuli
first compared to other distracters [6]. Different emotional faces
stimulus can yield a different specific neural activation. Emotional
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working memory can be efficient when emotional task is given to
the subjects where brain tends to capture negative emotional better
than neutral or positive emotions [2,7]. In addition, a study [8] has
proved that neural response to facial expression were acquired
even though there were no emotion task involved during scanning
time (eg: judging gender). This proves that emotions were auto-
matically processed without selective attention.

In this study, participants were presented with a series of stimuli
and are asked to indicate whether the current stimuli matched the
stimuli presented n stimuli back in the series. The task requires
online monitoring, updating, and manipulation of remembered
information and is therefore assumed to place great demands on a
number of key processes within WM [9]. The objective of this
study is to compare regional activation across 0-back and 1-back
task by using facial expressions as stimuli. Our hypothesis 1-back
should be more cognitive taxing than the 0-back task and thus
should exhibit a greater developmental trend.

2. Methodology

The study was approved by the Research Ethic Committee of Uni-
versiti Kebangsaan Malaysia (ethic no: FF-2014-232). A total of
17 healthy individuals (age range = 20 — 50 years, 7 female). The
mean age was 31.12 years. All participants reported no history of
neurological, medical or psychiatric disorders and free of MRI
contraindications. Written informed consent was obtained from all
participants. Those eligible were invited to take part in the fmri
study. They completed the Quick Inventory Depressive Sympto-
matology [10] and Mood Disorder Questionnaire [11]. The fmri
session was done in Radiology Department, Hospital Canselor
Tuanku Mubhriz. The scan of brain activation was done in supine
position with eyes closed and while doing working memory task.
Participants with excessive motion, poor image quality or artifact
and missing scans or functional data were excluded from imaging
data analyses.

2.1. Stimuli

A total of 16 faces were selected including happy, angry, fearful,
sad, and neutral faces each from 4 different individual actors (2
males). Faces were rescaled and covered with an oval frame to
mask individual characteristics [12]. Stimuli were presented using
E-Prime 2.0 software (Psychological Software Tools, Pittsburgh,
Pennsylvania). N-back Task. Participants performed an emotional
faces processing WM task with two conditions. This task is most
typically known as the n-back and the conditions presented were
0-back and 1-back using block-design paradigm was used (Figure
1) to isolate activation related to the task effect as much as possi-
ble. Instructions and a short practice were given outside the scan-
ner prior to scanning; instructions also repeated verbally to the
participant at the beginning of each run through the intercom.
Participants were instructed to respond whenever the current stim-
ulus was the same as the one presented n positions back in the
sequence (n depending on the load level, that is, 0 or 1).

Stimuli consisted of facial expressions varies and were projected
using an active video projector and presented on a screen at the
foot of the scanner bed, viewed through a mirror placed above the
participant’s head. Participants were instructed to respond as
quickly and accurately as possible. They were asked to press a
specified hand grip button with their left thumb for targets con-
sistent and another button with their right thumb for targets that is
inconsistent. For n = 0 (0-back), the target was any facial expres-
sion that matched a pre-specified facial expression. For n =1 (1-
back), the target was any facial expression that matched to the
facial expression immediately preceding it. There were four runs
within the block. Each run consisting of a 0-back and 1-back load
level with identity or emotional faces expressions in random order
which lasted 4 minutes 26 seconds each.

2.2. MRI Procedures & Acquisition

All MR images were collected on a MRI 3.0 Tesla Siemens Mag-
netom Verio system. A set of high-resolution T1-weighted whole-
brain SPGR images was acquired using an axial fast spoiled gradi-
ent recalled (SPGR) sequence (TE/TR/flip angle = 2.35ms/6ms/9°,
156 slices, voxel size = 1x115 mm2) as an anatomical reference
prior to the acquisition of functional images. Image were acquire
using a T2*-weighted gradient echo planar imaging (EPI) se-
quence, sensitive to blood oxygen level-dependent (BOLD) con-
trast functional images during the visual memory paradigm
(TR/TE/flip angle = 2000ms/30ms/90°, voxel size = 3.8x3.8x3.4
mm3, 31 axial slices). A radio-frequency receive-transmit trans-
verse electromagnetic head coil was used. Head movement was
limited by foam padding within the head coil.

2.3. fMRI Data Analysis

Functional imaging data were preprocessed using Statistical Par-
ametric Mapping 12 software implemented through MATLAB
(Mathworks Inc., Natick, MA). The images of each run underwent
a slice timing procedure to correct for slice sequence. The images
were re-aligned with the first image for motion correction and co-
registered with high- resolution structural images. The images
were then spatially normalized and resliced to the MNI standard
template (Montreal Neurological Institute). The images were spa-
tially smoothed by convolution with a three-dimensional Gaussian
kernel (FWHM = 6mm).

Second level analysis using paired t-test was used to examine task
difficulty differences between 0-back and 1-back emotional work-
ing memory. One sample t-test was conducted for the individual
effects of contrast. Brain regions were identified using MNI coor-
dinates and the Automated Anatomic Labelling (AAL) atlas [13]
as implemented in the WFU PickAtlas (School of Medicine, Win-
stonSalem, NC). The result is visualized using xjView toolbox
(http://lwww.alivelearn.net/xjview).

3. Result

3.1. Behavioural Result

The number of correct responses and reaction times were calculat-
ed for each participant in the two conditions (1- back, 0-back) for
emotion identification task. The mean reaction times were shortest
and mean percentage of correct responses was highest in 0-back
tasks (Fig. 1). However, there were no significant differences in
accuracy (p=0.6112 ) and correct responses (p =0.2069).

3.2. Cortical Activations

The data were initially treated to a whole-brain cluster analysis for
0-back (EMOB) (Fig.2) and 1-back emotional (EM1B) (Fig 3.)
working memory. The objective was to examine emotional work-
ing memory activation in contrast images (1-back and 0-back).
The statistical images were assessed for cluster-wise significance
using a cluster-defining threshold of P = 0.001 (extend threshold),
and 0.05 FWE-corrected at cluster size (volume = 41648 voxels;
smoothness [FWHM in mm] = 12.3, 12.8, 11.3; RESELS = 545.1).
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Fig. 1: Response accuracy (% correct; error bars demonstrate standard
error of the mean); (a) and response latency (in ms; error bars demonstrate
standard error of the mean for 0-back (EMOB) and 1-back (EM1B) task
conditions.

Specifically, in the 0-back task regions of significant BOLD acti-
vation were the Right Middle Occipital, Left Rolandic Operculum,
Left SupraMarginal, Left Inferior Parietal and Left Supplementary

Motor Area; in the 1-back task, right Cerebelum Crusl , bilateral
Fusiform gyrus, Right Inferior Occipital, Right Inferior Temporal,
Left Insula, Left Inferior Frontal Tri, Left Rolandic Operculum,
Left Inferior Frontal Operculum, Left Precentral and bilateral
Supp_Motor_Area were activated (Table 1).

Fig. 2: Brain activation in (a) left (b) right hemisphere for EMOB 0 vs

baseline contrasts are shown superimposed on the average structural image.

(@) (b)

Fig. 3: Brain activation in (a) left (b) right hemisphere for EM1B vs base-
line contrasts are shown superimposed on the average structural image.

Table 1: Significant activation clusters (P < 0.05, FWE-corrected at clus-
ter level) revealed by the contrast of 0-back and 1-back emotional working

memory
Activation Cluster Maximum Peak MNI
Cluster extent T-value coordinates
(voxels)

x [y [ 2
EWMOB vs baseline
Occipital Mid R 129 6.43 30 -91 5
Rolandic_Oper_L 159 7.90 -39 -4 14
SupraMarginal L 141 7.44 -48 -34 26
Parietal Inf L 70 7.13 -48 -25 47
Supp_Motor_Area_L 61 6.08 -9 -4 56
EWM1B vs baseline
Cerebelum_Crusl R 40 6.99 36 -52 -31
Fusiform L 90 8.62 -39 -70 -16
Fusiform_R 73 10.0 42 -46 -22
Occipital_Inf R 77 7.83 42 -67 -13
Temporal_Inf R 125 7.75 48 -61 -10
Insula_L 216 9.57 -30 20 5
Frontal_Inf Tri_L 29 6.58 -42 20 -1
Rolandic_Oper L 51 8.04 -45 -4 8
Frontal_Inf_Oper_L 120 7.85 -48 11 -1
Precentral L 199 7.37 -33 -1 56
Supp_Motor_Area L 141 10.50 -6 11 53
Supp_Motor_Area_R 81 7.86 12 8 53

EWMOB vs baseline

Occipital Mid R | 129 | 643 [ 30 [ 91 [ 5

In comparisons of brain regions’ activated changes between the 0-
back and 1-back, a paired t-test revealed significant difference.
The statistical threshold was set at cluster-defining threshold of P
=0.001 (extend threshold), and 0.05 FWE-corrected at cluster size
(volume = 41648 voxels; smoothness [FWHM in mm] = 11.8,
12.1, 10.7; RESELS = 633.8). Specifically, the 1-back task result-
ed in greater activation of Left Fusiform, Right Inferior Occipital,
Left Middle Occipital, Left Middle Frontal, Right Inferior Frontal,
Left Inferior Parietal, Right Middle Frontal and Left Supplemen-
tary Motor Area (Table 2). This analysis indicated that 1-back
significantly increased some regions of brain activities for work-
ing memory.

Table 2: Significant activation clusters (P < 0.05, FWE-corrected at clus-
ter level) revealed by the differences between contrast of 0-back and 1-
back emotional working memory

Activation Cluster Maximum Peak MNI
Cluster extent T-value coordinates
(voxels)
x [y [ 2
0-back vs 1-back
Rolandic_Oper_R 90 7.32 60 -7 8
Rolandic_Oper_L 82 5.29 45 -13 11
Precuneus L 136 8.90 12 -55 14
Cingulum_Ant L 63 5.14 6 50 11
Cingulum_Mid_L 134 5.92 9 -37 41
1-back vs 0 back
Fusiform L 173 7.37 42 -46 -22
Occipital_Inf R 177 6.24 39 -67 -13
Occipital Mid L 90 6.89 21 -97 5
Frontal Mid L 208 8.17 30 -1 50
Frontal_Inf_Oper R 93 6.65 39 14 26
Parietal Inf L 70 6.28 45 -40 44
Frontal Mid R 44 6.30 33 2 56
Supp_Motor_Area L 76 7.73 3 8 50

4. Discussion

Visual WM is the cognitive mechanism that encodes, maintains,
manipulates, and retrieves visual and spatial information over the
short-term. WM has been investigated extensively in adults re-
vealing the importance of the frontal and parietal lobe regions in
the mature brain. The main goal of this study was to investigate
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the changes in neural correlates during an emotional-monitoring
N-back task by using emotional faces. Studies show that the mid-
dle and frontal gyrus, prefrontal cortex, premotor areas, supple-
mentary motor area, anterior cingulate cortex and parietal areas
are activated by the n-back task. In addition, previous studies have
found an interaction between amygdala and orbitofrontal cortex
which plays a crucial role in emotional working memory with
prefrontal cortex play a role in maintained and manipulated the
information [14].

Our study agrees with these results showing activity in the fusi-
form gyrus, inferior frontal gyrus, supplementary motor area,
rolandic operculum, parietal lobe and cingulate cortex which re-
lated in working memory task. Fusiform in the temporal lobe
thought to be important in facial recognition, color processing, and
word recognition. Previous work [15] has proved that fusiform
face area is very sensitive to both stimulus either face stimuli or
face part and may yield different result between subjects.

Previous neuroimaging studies demonstrated that neural substrates
sub serving WM has primarily been associated with activation in
frontal and parietal cortices with particular focus on the prefrontal
cortex (PFC). It has also been suggested that activity in the frontal
regions may be load-dependent, for example activation is related
to the amount of information that has to be memorized or in-
creased WM load [16].

The inferior parietal lobule has been described as a buffer and
thought to be involved in storage of working memory contents. In
this study, more regions activated in 1-back task compared to 0-
back task especially in parietal and frontal regions. These observa-
tions were in agreement with previous work related in n-back
working memory.

However, anterior cingulated gyrus which often described in rela-
tion to increased effort, complexity, or attention did not survive
the threshold. Based on the behavioural result, participants able to
answer both conditions without any difficulty this may be related
to less complexity of the tasks. Contrary to the research findings
there are no activations in amygdala reactivity in both conditions.
Amygdala is a brain structure that directly mediates aspects of
emotional learning and facilitates memory operations especially
fear related emotions and memories [4, 17]. However in this study,
differences between emotions (sad, happy, fear, neutral) are not
within the scope of this article.

5. Conclusion

These data add to the current knowledge on the brain activity to-
ward emotional working memory using faces stimuli, in which
increase number of regions are association with increased working
memory load.

Acknowledgement

This study was supported by a Research research grant GUP-
2015-043, Universiti Kebangsaan Malaysia. The authors would
like to express deepest appreciation to Mohamad Effendi, the MRI
Technologist of the Department of Radiology, Universiti Kebang-
saan Malaysia Medical Centre (UKMMC), for the assistance in
the scanning and to the Department of Radiology, UKMMC for
the permission to use the MRI scanner

References

[1] C. Satler., C. Tomaz., Emotional working memory in Alzheimer's
disease patients. Dementia and Geriatric Cognitive Disorders Extra
1(2011) 124 -138.

[2] N. Mammarella., B. Fairfield., Emotional working memory and
Alzheimer’s disease: a  review. International Journal of Alz-
heimer Disease Article ID 207698 (2014) 6 pages.

[3] J.D. Waring., E.A. Kensinger., How emotion leads to selective
memory: Neuroimaging evidence. Neuropsychologia 49 (2011)
1831-1842.

[4] M.L. Keightley., G. Winocur., S.J. Graham., H.S. Mayberg., S.J.
Hevenor., C.L. Grady, An fMRI study investigating cognitive mod-
ulation of brain regions associated with emotional processing of
visual stimuli, Neuropsychologi 41 (2003) 585-596.

[5] J. P, B. Klein,, R. Becker., C. Hurlemann., M. Scheibe., Colla, I.
Heuser., Effect of specific psychotherapy for chronic depression on
neural responses to emotional faces, J Affect Disord 166 (2014) 93-
97.

[6] L. Pessoa., L.G. Ungerleider., Neuroimaging studies of attention
and the processing of emotion-laden stimuli, Prog Brain Res 144
(2004) 171-182.

[7] M. Ritchey., F. Dolcos., R. Cabeza., Role of Amygdala Connectivi-
ty in the Persistence of Emotional Memories Over Time: An Event-
Related fMRI Investigation, Cerebral Cortex 18 (2008) 2494-2504.

[8] H. Yamasaki., K. S. LaBar., G. McCarthy., Dissociable prefrontal
braisystems for attention and emotion. Proceedings of the National
Academy of  Sciences, USA 99 (2002) 11447-11451.

[9] G.A. Blokland., K.L. McMahon., P.M. Thompson., N.G. Martin,
G.l. de Zubicaray., M.J. Wright., Heritability of working memory
brain activation, J.Neurosci 31(2001) 10882—-10890.

[10] J.A. Rush., M.H. Trivedi., H.M. Ibrahim., T.J. Carmody., B. Ar-
now., D.N. Klein, J.C. Markowitz., P.T. Ninan., S. Kornstein., R.
Manber., M.E. Thase., J.H. Kocsis., M.B. Keller., The 16-item
quick inventory of depressive symptomatology (QIDS), clinician
rating (QIDS-C), and self-report (QIDS-SR): a psychometric evalu-
ation in patients with chronic major depression, Biol. Psychiatry 54
(2003). 573-583.

[11] R.M.A. Hirschfeld., J.B.W. Williams., R.L. Spitzer., J.R. Calabrese.,
L. Flynn, P.E. Keck Jr. Development and validation of a screening
instrument for bipolar spectrum disorder: the mood disorder ques-
tionnaire. Am J Psychiatry 157 (2000) 1873-1875.

[12] L. Luo., B. Becker., X. Zheng., X. Zhao., X. Xu., F. Zhou., J.
Wang., J. Kou., J. Dai., A dimensional approach to determine
common and specific neurofunctional markers for depression and
social anxiety during emotional face processing, Human brain
mapping 39 (2018) 758-771.

[13] B. Tzourio-mazoyer., D. Landeau., F. Papathanassiou., O. Crivello
et al., Automated Anatomical Labeling of Activations in SPM Us-
ing a Macroscopic Anatomical Parcellation of the MNI MRI Sin-
gle-Subject Brain, Neurolmage 15 (2002) 273-289.

[14] M. Watanabe., K. Hikosaka., M. Sakagami., S. Shirakawa., Reward
expectance related prefrontal neuronal activities: are they neural
substrates of "affective" working memory? Cortex 43(2007) 53-64.

[15] J. Liu., A. Harris., N. Kanwisher. Perception of Face Parts and Face
Configurations: An fMRI Study, Journal of Cognitive Neuroscience
22 (2010) 203-211.

[16] N. Cowan., The magical number 4 in short-term memory: A recon-
sideration of mental storage capacity, Behavioral Brain Sciences 24
(2001) 87-114.

[17] E.A. Phelps., J.E. LeDoux., Contribution of the amygdala to emo-
tion: from animal models to human behavior, Neuron 48 (2005)
175-187.



