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ABSTRACT

Introduction: Understanding how youths process rewards provides valuable insights into their behaviour, education-
al pursuits, career choices, and social relationships. Different brain areas, however, process different reward types.
This study aims to assess brain activation using functional magnetic resonance imaging (fMRI) in response to different
reward cues. Materials and methods: Twenty healthy right-handed participants (10 males) with a mean age of 241
years from the School of Health Sciences, Universiti Sains Malaysia were recruited. Participants performed 2-back
tasks in four cue categories (cash, filial, certificate, and neutral) while being scanned using a 3 Tesla fMRI scanner.
The statistical analysis was based on fixed-effect analysis (FFX), thresholded at voxel-level p,,,,<0.05. Results: During
the cash cue condition, the highest activation was seen in the bilateral striatum, left inferior, middle, and superior
frontal gyrus (SFG), and left inferior parietal lobule (IPL); while filial cue only activated the medial SFG. For the
contrast cash > filial, superior parietal lobule was activated bilaterally, while filial > cash activated right postcentral
gyrus. For cue cash > certificate and cash > neutral, activations were mainly in the right putamen. Conclusion: The
findings from this study highlighted the role of executive and decision-making brain areas, in addition to reward-re-

lated areas in processing reward-related stimuli.
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INTRODUCTION

Reward and punishment are known to be significant
motivators of human learning and behaviour (1). The
reward system which regulates human emotions like
pleasure and happiness, involves various cognitive
processes, such as decision-making and emotional
processing (2). Essential brain regions, such as the
nucleus accumbens (NAcc), amygdala, prefrontal cortex
(PFC), and anterior cingulate cortex (ACC), have been
identified as playing crucial roles in reward processing
(2-4).

Neurochemical modulation of dopaminergic neurons is
essential for goal-directed behaviour, decision-making,
reward processing, and cognitive flexibility, which
alters with ageing (5,6) These age-related changes

significantly influence the cognitive and behavioural
patterns of young individuals, ultimately shaping their
life trajectories. Understanding the development and
functions of the brain in youth can provide insight into
the underlying mechanisms that influence important life
decisions, such as educational pursuits, career choices,
and social relationships. According to the United Nations
Department of Economic and Social Affairs (UNDESA)
in 2013, youth is defined as individuals within the age
range of 15 to 24 years old, which categorises them in
the late adolescent stage (7). This stage is characterisedby
accelerated neurobiological changes, including shifts
in brain matter composition (8), increased hormonal
release, and neurochemical alterations (5).

Most of the previous research has focused on examining
the distinct brain activation responses to monetary and
non-monetary rewards. Non-monetary rewards have
been primarily studied in the context of addiction or
obesity (9), and humorous rewards (10). Certificates are
categorised as aform of social reward since they represent
acknowledgement and are considered a non-monetary
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incentive. Specifically, research on the neuroimaging of
filial relationships, especially using functional magnetic
resonance imaging (fMRI) is limited. In a previous study,
Guerra et al. (2011) used electroencephalogram (EEG)
to study filial and romantic love, and they found that
while both elicit intense positive emotional reactions,
there were some differences in certain peripheral and
subjective indices of emotionality, such as zygomatic
activity, valence, arousal, and dominance (11).
Additionally, a previous study by Brandner et al. (2020)
explored the neural processes underlying vicarious joy
and emotional closeness, distinguishing between reward
for oneself and for others, including family members (i.e.,
father and mother), and strangers. The study revealed
increased activation in the NAcc when participants won
rewards on behalf of their family members as opposed
to strangers (12).

Selecting appropriate rewards is crucial when motivating
and engaging with youth, as the wrong choice may
result in a decrease in intrinsic motivation, subsequently
impacting the productivity of the youth. Therefore, our
study aims to investigate brain activations associated
with three types of reward cues among youths using fMRI:
monetary rewards for themselves (cash), non-monetary
rewards for themselves (certificate)) and monetary
rewards to their parents (filial). We hypothesise that
specific brain regions, namely the nucleus accumbens
(NAcc) for monetary cue (10,13), inferior frontal gyrus
(IFG) for filial cue (14), and amygdala for certificate
cue, will exhibited due to its presumed involvement in
emotional processing during the observation of reward
cues (10). Participants will receive their reward based
on their performance in a cognitive task known as the
2-back task. This approach allows us to understand how
different types of rewards motivate youths in their task
performance. This study will be the first to compare
the reward-related region activated in the brain of
healthy Malaysian youth, serving as a reference for
other researchers studying the reward-related regions in
youths with medical conditions. Additionally, this study
will contribute to the selection of appropriate reward
types for motivating the youth population.

MATERIALS AND METHODS

Participants

Twenty right-handed participants (10 males) with a mean
age of 24+ 1 years were recruited among university
students of Health Campus, Universiti Sains Malaysia
using non-probability sampling, specifically purposive
sampling through advertisement and word of mouth.
Inclusion criteria consisted of healthy individuals within
the age range of 18 to 24 years old, right-handed as
determined by the Edinburgh Handedness Inventory
Questionnaire and possessing the ability to understand
instructions inside the MRI scanner. Recruitment
questionnaires were given to make sure the participants

with following exclusion criteria; participants with a
history of medical disorders that may affect brain function
(e.g., Parkinson’s disease), a history of psychiatric
disorders necessitating current psychotropic medication
or prior psychiatric hospitalisation, substance abuse,
pregnancy, and claustrophobic, was excluded from the
study. All participants provided written informed consent
prior to the commencement of the study. This study has
also been approved by Jawatankuasa Etika Penyelidikan
Manusia Universiti Sains Malaysia (JEPeM-USM) under
the reference number USM/JEPeM/21100659.

Experimental task and data collection procedure
Paradigm - cues and 2-back tasks

The participants underwent fMRI scanning for this
experiment during which they performed the 2-back
task with the presentation of cues for three reward
conditions: cash, filial, and certificate, including a
neutral cue (as a baseline).

Following each cue, participants performed the 2-back
task, and the scores from each cue determined the reward
they received. To ensure participants fully understood
the task, a trial of the 2-back task was conducted in the
simulator room. Participants were informed that they
would receive a real reward based on their highest score
in the 2-back task for any cue (except for the neutral cue).
Aside from honorarium, participants who scored highest
in cash were given RM70 for themselves. In contrast,
participants who scored highest in the filial condition
were given RM70 to their parents, along with a letter
declaring their participation in this study. Participants
who scored highest in certificate condition were given
a certificate with the signature of the Faculty’s Dean, in
addition to the honorarium for their participation.

In this study, a block design paradigm was utilised.
Participants underwent four runs of 2-back task during
fMRI scanning sessions (refer to Fig. 1). Each run consisted
of two blocks of 2-back task with different cues. There
were 2 to 4 minutes of break inside the MRI scanner
between each run. In total, participants completed 4
runs with two blocks of 2-back task for each cue (i.e.,
two for neutral, cash, filial, and certificate).

Participants were shown two cue images for each
cue condition (i.e., two for neutral, cash, filial, and
certificate), with each cue image presented in a separate
block and displayed for 10 seconds. Similar cue images
for each cue condition were used. Participants saw a
brown circle for the neutral cue, money illustration for
the cash cue, cartoon illustration of parents for the filial
cue and an illustration of a certificate for the certificate
cue. The order of the cues was pseudorandomised
among the participants. Fig. 2 shows an example of
block design used in the reward paradigm in this study.

The cues and 2-back task were presented on the MRI-
compatible screen and participants viewed the given
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task through a mirror mounted on the head coil. E-prime
2.0 was used to design the paradigm and was connected
to the MRI machine in order to display the paradigm
during scanning. A series of white-shaped images were
displayed on a black background for 0.5 seconds each,
with a 1.5-second intertrial interval during which a
fixation cross was shown at the centre of the screen. A
10-second rest period was included at the beginning of
each run (before the cue) and at the end of each run
(after the last image). Since the image of the stimuli only
lasted for 0.5 seconds, participants were instructed to
press the response button within the duration if a shape
was similar to the shape that appeared on the screen in
the two previous trials as part of the 2-back task. The
score was recorded by E-prime, and none was recorded
if the button was not pressed. The 2-back task lasted for
5 minutes and 55 seconds for each run, with a total of
156 trials, including 114 non-target stimuli and 42 target
stimuli for each run. Non-target stimuli are distractor
stimuli where participants need to withhold their
response, while target stimuli are the correct stimuli
that require participants to respond, indicating that the
stimulus matches the one presented in the two previous
trials (2-back task).
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Fig. 1: Block design of reward paradigm used in this study.
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Fig. 2: An example of the sequence, including cues and 2-back shape
images, is depicted in (a), and the cues used in the paradigm in (b).

fMRI protocol

The functional and anatomical images were acquired
using a 3.0 Tesla Philips Achieva scanner (Philips, Best,
The Netherlands) equipped with a 32-channel head

coil at the Department of Radiology, Hospital Universiti
Sains Malaysia. Anatomical image was obtained using
a T1-weighted sequence with the following parameters:
TR=120 msec, TE=3.4 msec, flip angle=8° which
facilitated the coregistration of functional data. For
fMRI scans, each run utilised T2* weighted images
and echoplanar imaging sequence with the following
parameters: TR = 2000 msec, TE = 30 msec, flip angle =
90°, acquisition time (TA) =1950msec, number of slices
=40, voxel size = 1.7 x 1.7 x 2mm?, field of view (FOV)
=192 mm x 192 mm x 120 mm, number of slices = 40,
acquisition order = interleave, slice gap = 2 seconds,
total of functional volumes = 180, and the total duration
of the fMRI scan = 5 minutes 55 seconds per run.

Imaging analysis

All fMRI data underwent pre-processing using SPM12
(15). Before the image pre-processing, the data were
thoroughly checked for consistency in imaging
parameters across participants, which could potentially
impact the pre-processing stage. The check included
parameters such as number of slices and TR value.
Additionally, the first five fMRI scans from each run were
discarded to ensure magnetic equilibration following
the approach suggested by Wang et al. (2018) (16).

fMRI pre-processing

The fMRI pre-processing (17) included the following
steps which includes slice timing correction where each
brain slice was corrected for misalignment since an MRI
machine cannot scan the entire brain simultaneously
(18). This correction ensures that the data from each slice
corresponds to the same point in time (19). In this study,
functional images consisted of 40 with a TR of 2 seconds.
The next step is realignment and unwarping where the
data underwent realignment and unwarping for motion
correction (18). This step aligned all functional images
to the first image and ensures no distortion of functional
images (20). Next, coregisteration was performed where
functional images were coregistered with anatomical
images from the same individual (21). Segmentation
was then performed where the coregistered anatomical
image was segmented into gray matter, white matter,
cerebrospinal fluid, and other tissues. These segmented
images were normalised to a standard space all in one
step (21). Additionally, a bias-corrected anatomical
image was generated for functional-anatomical image
registration (21).

Next, normalisation was done to spatially align all
anatomical and functional images to a common
Montreal Neurological Institute (MNI) space, similar to
coregistration but involving the alignment and warping
of fMRI data to a generic anatomic template. We used
the East-Asian brain template, resulting in deformation
fields for the spatial normalisations of the functional
images. The last step is smoothing, which is also
known as spatial filtering or spatial smoothing, involves
the application of a Gaussian kernel to the fMRI data
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to spatially blur or smooth the images. Smoothing is
employed to reduce noise in fMRI data, enhance the
visibility of true activation patterns, and ensure that the
data meet the assumptions of statistical analyses (22).
As for the current study, full width at half maximum
(FWHM) of 8mm was used.

fMRI post-processing

The first-level analysis was conducted to create a
general linear model (GLM), represented by the equation
y=XpB+e (18). In this equation, y represents the functional
images obtained during the reward tasks, X refers to the
cues and n-back task, B (beta) represents the parameter
estimate associated with a specific predictor or regressor
in the model, and € represents motion errors, including
translation (pitch, roll, yaw) and rotation (x, y, z). For
example, in Run 1 (as shown in Fig. 2), the equation
was as fO|IOW5: y: (X ) +(Xn-backcash Bn-backcash) +
(Xcuefilial Bcuefilial) + (Xn-backfilial Bn-backfilial) +e€. ThIS equation was
used to model the data. The design matrix and SPM.mat
were created, followed by model estimation to calculate
the B values. The following contrasts were defined to
identify within-group brain activations: 1) Cue Cash >
Cue Filial, and 2) Cue Cash > Cue Certificate.

cuecash BCuecash

fMRI group analysis
After completing the above-mentioned steps, group

analysis was conducted using fixed effect analysis (FFX).
FFX is a group analysis that takes into account variances
within subjects. Similar contrasts to those used in the
first-level analysis in SPM12 were applied in the FFX
analysis, including 1) Cue Cash > Cue Filial, and 2)
Cue Cash > Cue Certificate. The resulting T statistic
images were thresholded at voxel-level by a significance
threshold of less than 0.05 corrected for family-wise
error (p.,,.<0.05).

pFWE

RESULTS

Demographic result

A total of 20 participants participated in this study. The
demographic characteristics of the study participants are
summarised in Table I.

Table I: Demographic and characteristics of the sample.

Variables N (%) Mean (SD)
Gender Male 10 (50) -
Female 10 (50) -
Age - - 24 (1)

FFX was performed to compare the brain activations
for cash, filial, certificate, and neutral cues, and the
comparison of different contrasts using contrast analysis
(refer to Table II).

Table I1: Brain activation in different cues and comparisons of different contrasts of cues

Reward Cue Reward Cue Brain Activation ClusterExtent ~ Maximum p-value Peak MNI coordinates
Types Contrast In AAL (BA) (Voxels) T-value X v 7
Cash Cash (ngtuizfed;tg dy) 60 6.83 0.000 11 11 17
Left TrIFG (NA) 25 6.67 0.000 -52 30 14
Left mSFG (BA 8) 40 6.05 0.000 -9 39 53
Right Putamen (NA) 78 5.93 0.000 25 8 14
Left MFG (NA) 87 5.73 0.000 -33 18 38
tgﬁ:?efigzr;a”eta' 1 5.11 0.003 37 69 47
Left MFG (BA 9) 3 4.87 0.01 -33 46 32
Left mSFG (NA) 1 4.85 0.011 -8 65 26
Left MOG (NA) 8 4.85 0.011 -35 -66 29
Right SFG (BA 8) 2 4.84 0.012 13 35 53
Right CWM (NA) 7 4.81 0.013 27 32 11
Left SFG (BA 10) 2 4.77 0.016 -13 63 26
Lot Infertor Parietal 2 4.73 0.019 47 59 47
Left SFG (NA) 4.72 0.02 -15 25 56
Left CWM (NA) 4 4.7 0.021 -27 15 17
Left SPL (NA) 1 4.63 0.029 -25 -57 68
Left Angular Gyrus (NA) 4 4.62 0.03 -40 -52 26
Right CWM (NA) 3 4.58 0.035 30 -42 14
Left SFG (NA) 1 4.53 0.043 -20 27 56
Left Angular Gyrus (NA) 1 4.53 0.044 -42 -50 23
CONTINUE
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Table 11: Brain activation in different cues and comparisons of different contrasts of cues (CONT’)

Reward Cue Reward Cue Brain Activation ClusterExtent ~ Maximum p-value Peak MNI coordinates
Types Contrast In AAL (BA) (Voxels) T-value X v 7
Cash Cash > Filial Right SPL (NA) 43 5.43 0.001 37 -47 59
Left SPL (NA) 34 5.31 0.001 -25 -57 68
Right SMG (NA) 40 5.26 0.002 37 -42 38
Right CWM (NA) 15 5.24 0.002 25 10 17
Right SOL (BA 7) 10 5.17 0.003 21 -64 44
Left MOG (NA) 37 5.16 0.003 -27 -74 29
Left PrG (NA) 3 4.82 0.013 -42 -2 41
tzﬁd’l‘efe(r&fa”eta' 5 4.64 0.028 -32 -50 44
Left SPL (BA 7) 1 4.53 0.044 -23 -55 47
Left TrIFG (NA) 1 4.5 0.048 -52 30 14
Cash > Certificate Right Putamen (NA) 70 6.07 0.012 27 6 14
Left MFG (BA 9) 67 5.97 0.012 -33 46 32
Left OrIFG (NA) 54 5.81 0.015 -45 18 -4
Left SPL (NA) 18 5.81 0.015 -25 -55 68
Left TrIFG (NA) 11 5.71 0.021 -52 30 14
Left MFG (NA) 72 5.59 0.034 -35 23 35
Right PrG (BA 9) 23 5.54 0.037 54 5 35
Right OpIFG (NA) 56 5.29 0.103 47 18 11
Left OpIFG (NA) 7 5.14 0.162 -57 6 17
Right SPL (NA) 33 5.14 0.162 39 -42 56
Right SMC (BA 8) 19 4.99 0.284 1 18 56
Left MFG (NA) 36 4.98 0.284 -30 44 11
Right SPL (NA) 3 4.93 0.329 25 -59 68
Right SPL (NA) 8 4.92 0.329 18 11 56
Left MCgC (BA 32) 11 4.81 0.476 -8 22 35
Right CWM (NA) 10 4.8 0.476 30 30 11
Right MFG (NA) 19 4.75 0.51 35 35 32
Left MFG (NA) 4 4.75 0.51 -35 5 59
Right SOL (BA 7) 4 4.7 0.561 23 -64 44
Left mSFG (NA) 2 4.67 0.599 -1 39 32
Right MCgC (NA) 13 4.66 0.621 11 25 32
Left Insula (NA) 2 4.63 0.658 -28 17 17
Left MCgC (BA 32) 4 4.57 0.808 -9 11 38
Left PrG (BA 6) 3 4.56 0.819 -40 -2 41
Right Caudate (NA) 2 4.55 0.825 20 17 14
Right SPL (NA) 2 4.54 0.844 28 -59 65
Cash > Neutral Right Putamen (NA) 51 5.66 0.000 25 8 14
Left TrIFG (NA) 9 5.58 0.000 -52 30 14
'ézfé;a“date (Caudate 1 5.42 0.001 11 11 17
tggd?efe(i%'pa”eta' 4 4.92 0.008 47 59 47
tgﬁd?ﬁgzr;a”eta' 4 4.75 0.017 -37 -69 47
t(e)fgd'l‘efe(g‘/;r;a”eta' 1 4.56 0.039 -33 71 50
CONTINUE
Mal ] Med Health Sci 20(SUPP8): 18-29, Oct 2024 22



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Table II: Brain activation in different cues and comparisons of different contrasts of cues (CONT’)

Reward Cue Reward Cue Brain Activation ClusterExtent ~ Maximum p-value Peak MNI coordinates
Types Contrast In AAL (BA) (Voxels) T-value X v 7
Filial Filial Right mSFG (BA 10) 22 5.1 0.003 3 59 23
Filial > Cash Right PoG (NA) 30 5.34 0.000 40 -31 65

Left TrIFG (NA) 1 4.59 0.000 -49 17 26

Right PrG (NA) 1 4.55 0.000 44 -1 56

Right PoG (BA 1) 1 4.5 0.000 30 -35 71

Filial > Certificate Right OpIFG (BA 45) 13 5.13 0.003 45 20 11

Filial > Neutral Right mSFG (BA 10) 8 4.92 0.008 3 59 23
Certificate Certificate n.s. n.s n.s. n.s. n.s. n.s. n.s.
Certificate > Cash Left TrIFG (BA 9) 12 5.1 0.004 -52 18 26

Certificate > Filial n.s. n.s n.s n.s n.s n.s n.s

Certificate > Neutral ~ n.s. n.s n.s n.s n.s n.s n.s
Neutral Neutral n.s. n.s n.s n.s. n.s n.s n.s.
Neutral > Cash Left TrIFG (NA) 99 6.95 0.000 -51 15 26

Right PCu (BA 7) 26 6.05 0.000 8 -52 71

Right Cuneus (NA) 72 5.81 0.000 18 -76 35

Right PoG (NA) 24 5.78 0.000 44 -30 62

Right SFG (BA 10) 5 5.54 0.000 30 61 14

Right PCu (NA) 60 5.54 0.000 1 -50 53

Left Cuneus (NA) 9 5.39 0.001 -9 -78 38

Right SPL (NA) 31 5.34 0.001 25 -59 53

Right MFG (NA) 12 5.29 0.001 40 8 53

Left PrG (BA 6) 10 5.16 0.003 -40 -4 53

Right Calcarine (NA) 30 5.12 0.003 21 -55 8

Left SMG (NA) 18 5.09 0.004 -63 -38 26

f(i)ifl'e”(fgsr Parietal 5 5.06 0.004 49 -45 47

Left PoG (NA) 16 4.91 0.009 -59 -16 35

Right PrG (BA 6) 6 4.9 0.009 45 -9 56

Right PoG (BA 2) 13 4.87 0.01 27 -40 68

Right MFG (NA) 4 4.69 0.022 42 32 20

Left Cuneus (BA 7) 1 4.58 0.036 -4 -76 35

Right Calcarine (NA) 5 4.57 0.037 16 -71 11

Left Calcarine (NA) 1 4.53 0.044 1 -73 14

Neutral > Filial Right PrG (NA) 128 5.91 0.000 39 -1 47

Right CWM (NA) 407 5.87 0.000 40 -43 38

Left SPL (NA) 70 5.76 0.000 -37 -47 59

Left Cuneus (BA 7) 37 5.76 0.000 -1 -76 32

Right OpIFG (NA) 74 5.38 0.001 52 10 23

Left SMG (BA 40) 151 5.09 0.004 -64 -26 26

Right Cuneus (BA 7) 34 5.07 0.004 16 -71 32

Right SFG (NA) 11 5.01 0.005 18 1 68

Right Calcarine (BA 18) 124 5 0.006 15 -73 14

Right SMG (NA) 9 4.83 0.012 59 -25 47

tifg:?efe&‘j\r)')a”eta' 18 4.81 0.013 -28 -47 44

Left Calcarine (NA) 3 4.74 0.018 -16 -67 11

Right SMC (BA 32) 4 4.72 0.02 4 8 50

Left Calcarine (BA 31) 1 4.7 0.022 -9 -69 11

CONTINUE
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Table 11: Brain activation in different cues and comparisons of different contrasts of cues (CONT’)

Reward Cue Reward Cue Brain Activation ClusterExtent ~ Maximum p-value Peak MNI coordinates
Types Contrast In AAL (BA) (Voxels) T-value X v 7
Neutral Neutral > Filial Right CWM (NA) 2 4.53 0.043 16 -26 38
Left Calcarine (NA) 1 4.53 0.044 -21 -59 8

Right MFG (NA) 1 4.5 0.049 40 39 32

Neutral > Certificate  Right PoG (BA 40) 475 6.54 0.000 44 -40 59

Right SMG (BA 8) 63 5.67 0.000 3 13 56

Right PrG (BA 9) 41 5.5 0.000 52 5 35

tggd?ﬁg‘: f(;”eta' 63 5.35 0.001 -51 -40 53

Right MFG (NA) 16 5.28 0.002 44 6 53

Left OplIFG (NA) 14 5.26 0.002 -56 10 17

Right MFG (NA) 16 5.23 0.002 40 42 29

Left MFG (NA) 32 5.17 0.003 -30 37 35

Right Cuneus (NA) 34 5.02 0.005 18 -78 35

tgﬁdgigﬁ;ﬁ”em' 35 4.96 0.007 33 -49 53

Right MCgG (BA 9) 16 4.92 0.008 8 27 35

Left SMG (NA) 21 4.91 0.009 -63 -28 23

Right Calcarine (NA) 16 4.89 0.009 3 -73 14

Right SPL (NA) 3 4.86 0.011 25 -59 68

Left Cuneus (BA 7) 12 4.81 0.014 -13 -78 35

Right OpIFG (NA) 18 4.76 0.017 52 18 35

Left PCu (BA 7) 7 4.73 0.019 -16 -67 59

Right Calcarine (NA) 6 4.71 0.02 9 -37 47

Right SPL (NA) 9 4.71 0.021 30 -64 56

Left PrG (NA) 3 4.7 0.021 -35 -1 59

Right Calcarine (NA) 1 4.57 0.037 9 -66 11

Left PCu (BA 7) 4 4.53 0.043 -6 -59 53

Right MFG (NA) 1 4.51 0.047 35 39 32

Left SMG (BA 40) 2 4.5 0.049 -61 -35 26

*Abbreviation: n.s. = not significant, AAL=anatomical automatic labelling, BA=Brodman areas, TrlFG = triangular part of the inferior frontal gyrus, mSFG = medial part of the superior frontal
gyrus, MOG = middle occipital gyrus, SFG = superior frontal gyrus, CWM = cerebral white matter, SPL= superior parietal lobule, MFG = middle frontal gyrus, OplFG = opercular part of the
inferior frontal gyrus, OrlFG=Left Orbital part of the Inferior Frontal Gyrus, SOL= superior occipital lobule, SMG = superior marginal gyrus, PrG = precentral gyrus, PoG = postcentral gyrus, SMC

= supplementary motor cortex, MCgC = middlm'@gTIMédrHé’éfwﬁ- SECYBESUPPY): 18-29

. .. . ly 2024
Brain activation of different cues July

FFX results showed significant brain activations in cue
cash and cuefilial only, while certificate and neutral cues
revealed no significant activations when thresholded at
voxel-level pFWE<0.05. The significant brain activation
in cue cash is observed in the left caudate, left triangular
part of the inferior frontal gyrus (TrIFG), left medial
part of superior frontal gyrus (mSFG), right putamen,
left middle frontal gyrus (MFG), left inferior parietal
lobule (IPL), left middle occipital gyrus (MOGQ), bilateral
superior frontal gyrus (SFG), left superior parietal lobule
(SPL), and left angular gyrus. On the other hand, in cue
filial, significant brain activation is observed in the right
mSFG, as shown in Table Il and Fig. 3.

Caudate
S Tire

mSFG

Cue Cert

Cue Cash

Cue Filial Cue Neutral

Fig. 3: Brain activation of different cues thresholded at voxel-level
pFWE<0.05 generated from the first-level analysis (FFX). The colour
bar represents T-values.
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Brain activation of conjunction analysis

Conjunction analysis for four types of reward cues (cash,
filial, certificate, and neutral) showed no significant
activation at p,,,,<0.05. This indicates the absence of a
commonly activated region among the four reward cues.

Brain activation in different contrasts of cues

Table I, Fig. 4, and Fig. 5 show the contrasts of the
different cues. FFX results for cue cash > cue filial show
significant brain activations in the bilateral SPL, right
superior marginal gyrus (SMG), right superior occipital
lobule (SOL), left MOG, left precentral gyrus (PrG), left
IPL, and left TrIFG. Cue cash > cue certificate activated
the right putamen, left MFG, left orbital part of the
inferior frontal gyrus, bilateral SPL, left TrIFG, bilateral
PrG, bilateral opercular part of the inferior frontal gyrus
(OplFQ), right supplementary motor cortex (SMC),
bilateral middle cingulate cortex (MCgC), right SOL, left
mSFG, left insula, and right caudate. For cue cash > cue
neutral, results show significant brain activations in the
right putamen, left TrIFG, left caudate, and left IPL.

For cue filial > cue cash, results show significantly
different brain activation in the right postcentral gyrus
(PoG), left TrIFG, and right PrG. Cue filial > cue
certificate activated the right OplIFG, while cue filial >
cue neutral activated the right mSFG.

Cue Filial >
Cue Cash

Cue Cash >
Cue Filial

Fig. 4: Brain activation of cue cash and cue filial thresholded at voxel-
level pFWE<0.05. The colour bar represents T-values.

Cue Cash>  Cue Cash >

Cue Filial >  Cue Filial >

Cue Cert Cue Neutral Cue Cert Cue Neutral

For cue certificate > cue cash, results show significantly
different brain activation in left TrIFG. Cue neutral >
cue cash activated the left TrIFG, right PCu, right and
left cuneus, bilateral PoG, right SFG, right SPL, bilateral
MFG, bilateral PrG, bilateral calcarine, and right IPL.
Cue neutral > cue filial shows activation in right PrG,
left SPL, left cuneus, right OpIFG, bilateral SMG, right
cuneus, right SFG, right and left calcarine, left IPL, right
SMC, and right MFG.

Whereas cue neutral > cue certificate show significant
brain activations in the right PoG, bilateral SMG,
bilateral PrG, left IPL, bilateral OplFG, bilateral MFG,
bilateral cuneus, right MCgC, right calcarine, right SPL
and left Pcu.

Cue Neutral > Cue Neutral > Cue Neutral >
Cue Cash Cue Filial Cue Cert

Cue Cert> CueCert> Cue Cert>

Cue Cash Cue Filial Cue Neutral

Fig. 5: Brain activation of cue certificate and cue neutral thresholded
at voxel-level pFWE<0.05. The colour bar represents T-values.

DISCUSSION

This study represents the first attempt to investigate
the neural mechanisms underlying three types of
rewards, including cash, filial, and certificate using
fMRI in healthy young individuals. The results revealed
significant brain activation to the cash, filial, and neutral
cues, while no significant brain activation was observed
during the certificate cue (p,,,<0.05). Additionally, no
activation was observed in the common brain region for
the four types of reward cues.

In our study, right putamen and left caudate showed
significant brain activation during cue cash. The dorsal
striatum, composed of caudate and putamen plays a
crucial role in reward processing alongside the NAcc.
The dorsal striatum, a subcortical structure, located in the
basal ganglia, contributes to various cognitive functions,
including motor control, learning, and reward processing
(23). While the ventral striatum is primarily involved
in early-stage reward learning, the dorsal striatum,
particularly the tail and body of the caudate, becomes
pivotal in later-stage reward learning (24). Additionally,
the dorsal striatum is directly involved in decision-
making, especially in action selection and initiation. A
study by Bado et al. (2019) found increased activation
in the left caudate in response to food images in obese
and overweight individuals, as well as in adolescents
demonstrating binge eating (25), in line with the
previous findings indicating dorsal striatum involvement
in the late stage of reward learning. In the current study,
the participants had already learned the reward and
were optimising their response upon seeing the cue
cash. Previous studies have consistently demonstrated
the role of caudate in response to monetary reward (26—
28), with both putamen and caudate showing activation
during anticipation of monetary reward (29). Notably,
caudate activity can vary based on the motivation (30).
Furthermore, we observed significant brain activation in
the left medial part of the SFG (BA 8) which includes the
somatosensory cortex. This finding aligned with a study
by Izuma et al. (2008) which identified activation in the
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left caudate and somatosensory cortex during monetary
and social reward tasks (27). Previous research on
monetary rewards (10,13,31,32) also reported activation
in the ventral striatum, specifically the NAcc, in response
to monetary-related cues.

Another brain region activated during cue cash was
the left TrIFG. This area has previously been shown
to be activated during semantic processing in the
brain (33). Semantic processing represents the deepest
level of cognitive processing and involves participants
contemplating the meaning of the cue (34). Additionally,
left MFG, associated with planning functions, exhibited
activation during cue cash condition. In the context
of planning, MFG is known to be interconnected with
the broader frontoparietal control network and reward-
related regions, including the anterior insula and dACC
(dorsal anterior cingulate cortex) (35), indirectly related
to the reward network.

TheleftIPLshowedsignificantbrain activationinresponse
to the cue cash condition. Previous research by Small et
al. (2005) investigated the visual-spatial expectancy and
disengagement in the context of monetary incentives,
and found that IPL was more actively involved during
spatial disengagement (36). Spatial disengagement refers
to the participants actively avoiding engagement with
specific cues. In our study, participants might have
exhibited increased IPL activation during the cue cash
condition because they preferred certificate or filial
cues. Additionally, the IPL is believed to play a role
in processing monetary gains and losses, as well as in
actions and inhibiting actions (37).

Previous studies have identified brain activation patterns
associated with the viewing of familiar faces of loved
ones and hearing mother’s voices (14,38). Specifically,
the regions implicated in processing familiar faces of
loved ones include the medial orbito-frontal cortex
(mOF) and posterior cingulate cortex (PCC), which are
linked to personal information and emotion (14). In
contrast, hearing the mother’s voices activates regions
such as the superior temporal gyrus (STG), involved
in auditory and socio-emotional processing, and the
inferior frontal gyrus (IFG), responsible for cognitive
functions including semantic memory, language, visual
perception, and sensory integration (38). However, our
current study differed from the previous studies as it did
not involve the viewing of parents’ faces or parents’
voices during scanning. Instead, we relied solely on
cues indicating reward to parents (filial).

Notably, FFX analysis for this current study showed
significant brain activation in the left mSFG (BA 10)
during the filial cue condition, and during cue filial
> cue neutral. According to Pochon et al. (2002), this
region plays a specific role in monitoring the reward
value of ongoing cognitive processes. The mSFG,
situated within the medial prefrontal cortex (mPFC), is

believed to be involved in both memory and decision-
making processes (39). The mPFC is known for its roles
in both long-term and short-term memory functions (39).
In the context of our study, the presentation of filial cues
may have triggered the recall of memories related to the
parents of the participants. Specifically, during filial cue,
a cartoon illustration of parents was presented, aimed
at triggering the recall of memories associated with the
participants. Participants were explicitly instructed to
immerse themselves in the visualisation, imagining their
parents, with the intent of potentially influencing their
cognitive processes and fostering a deeper connection
to the emotional and mnemonic aspects of the presented
cues linked to the reward.

During cue cash > cue filial, several brain regions were
activated, including bilateral SPL, right MOG, and right
SMG. The SPL is known to be involved in attention and
working memory (40), mental imagery (41), as well
as recall of personal experiences (42). Interestingly, a
study by Wadden et al. (2018) found that both left SPL
and right SMG were activated during emotion-evoking
stimuli in the yoga practitioner group, suggesting their
roles in emotion regulation (43). In contrast, cue filial
> cue cash, significant brain activation was observed in
the right PoG. This region is not commonly associated
with reward processing but is primarily responsible
for somatosensory processing, including touch, pain,
temperature, and pressure (44). Recent research has
highlighted the role of the somatosensory cortex in
emotional regulation, involving the direction of attention
toward specific aspects of a situation (45). These findings
suggest that the cash cue may supersede the filial cue in
evoking a reward response.

Meanwhile, during cue filial > cue certificate, the peak
brain activation was observed in the right OpIFG, which
is associated with language processing (46) and has
been implicated in reward processing (47,48).

Notably, there was no significant brain activation shown
during the cue certificate condition only. However,
during cue certificate > cue cash, brain activation was
observed in the left TrIFG. In a study by Grantetal. (2022)
that investigated reward processing in body focused
repetitive behaviours (BFRBs), the pars triangularis was
found to be hyperactivation in individuals with BFRBs
compared to control (49).

In cue cash > cue certificate, several regions showed
greater activation, including the right putamen, left
MFG, left OrIFG, right OpIFG, and left SPL showed
greater activation than other regions. As mentioned
earlier, the putamen is a part of the dorsal striatum and is
involved in the reward system of the brain. Additionally,
the left MFG, left OrlFG, right OplIFG, and left SPL are all
associated with reward processing (50). These findings
suggest that cash has a higher reward value compared
to certificates. A similar observation was made in cue
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cash > cue neutral, where peak activation was observed
in the right putamen.

No significant brain activation was observed when
participants were presented with the neutral cues. This
may be because this cue does not associate with any
reward stimuli and the participants did not think about
engaging with any reward conditions. Notably, no
significant brain activation was observed in the major
reward-related areas as seen in cue cash. Additionally,
no significant brain activation was observed during the
conjunction analysis of four different cues. This lack of
significance indicates that was no overlap between the
activated brain regions in response to the various reward
cues. In other words, the absence of significant overlap
suggests that the effect of different reward cues may
indicate involvement of distinct cognitive processes,
with each reward cue potentially eliciting unique
patterns of activations.

CONCLUSION

To the best of our knowledge, the current study
represents the first exploration of brain activation
patterns associated with various reward types, including
cash, filial, and certificate cues. The findings revealed
that cash predominantly activates the dorsal striatum,
while filial cue predominantly activate the medial part
of the SFG. Interestingly, no significant activation was
observed for the certificate cue. Conjunction analysis of
the four cues revealed no significant overlap in activated
brain regions, suggesting that distinct cognitive processes
are involved in responding to different reward cues.
The identified brain regions, primarily associated with
executive and decision-making functions, emphasise
their pivotal roles in processing stimuli related to
rewards.
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