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ABSTRACT

Perceptual decision making is one of the most complex brain perception forming multi network information interactions
in the brain. The accuracy of decision making varies with age and maturity level. We have used electroencephalogram
time locked with Rorschach inkblot figures for temporal investigation of decision related components in different age
groups. Further study the time-frequency analysis and estimating the source generators of brain components related
to the presented task using probabilistic measure projection analysis. The main two components N130 and N240 are
found post stimulus onset. N130 is an early response of puzzled brain noticed in different age groups. While the trusted
decision response is reflected in the late component of N240 in matured group only. The projections of ERP components
are estimated mostly on the left hemisphere. Prior to decision making, the brain processes the information mostly on
parietal area and the trusted decision response is present in the left temporal gyrus. In conclusion, the motor response
at pre-mature age does not be informed by perceptual mental decision while it does at mature age.
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Introduction

Brain perceptions have been focused in many recent
electrophysiological studies. Numerous studies have
been involved in many perceptual and cognitive
functions such as selective attention (Greimel et
al, 2015) and decision making (Gherman and
Philiastides, 2015). The process of decision making
in brain is one of the most complex presentations
of human behavior. Research embarked on
understanding the decision making process and acts
of decision has been of interest for brain scientists in
the recent years. The approach varies from decision
making for elementary physiological processes to
more complex decision making in moral and social
aspects. Studying the decision making process in
healthy and normal brain is of great significance

providing clear understanding of decision making
mechanisms and networks.

There are several possible perspectives of
neurophysiological studies on decision making, such
as Philiastides, et al. (Philiastides and Sajda, 2006,
Philiastides et al., 2006) have published a sequence of
papers since 2006, on studying the decision making
process in brain using cued paradigm (Philiastides
and Sajda, 2006, Philiastides et al., 2006). A study
characterizes the temporal evolution of component
activities that are correlated with perceptual
decision making. Also, the relationship between
neural signal and the behavior is quantified through
the comparison of psychometric and neurometric
functions(Philiastides and Sajda, 2006). In addition
to the temporal characterization that previously
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mentioned (Philiastides and Sajda, 2006), a spatial
characterization in the brain decision making
have also been carried out. Simultaneous study of
EEG and functional magnetic resonance imaging
(fMRI) utilized to identify the cortical regions
that correlated with perceptual decision making
(Philiastides and Sajda, 2007 ). Further study raises
questions about the difficulty of decision making
and relate this difficulty to decision accuracy. They
studied the effect of task difficulty on the allocation
of neural resources and timing of constituent cortical
processing (Philiastides et al., 2006).

Temporal dynamics of prediction error
processing during reward based decision making
(Philiastides et al., 2010a) and the computation
value in the human brain has been studied using
probabilistic categorization task (Philiastides et al.,
2010b). They showed that ventral temporal cortex
encode probabilistic evidence for different decision
alternatives, while ventromedial prefrontal cortex
integrates information from these regions into a
value signal using a difference-based comparator
operation.

Decision making process also studied using
auditory stimuli (Gil et al, 2008, Goldman et al.,
2009). The frequency domain related to the decision
making shows the power of B band gets relatively
higher compared to other frequency bands (Gil et
al., 2008). The relationship between pre-stimulus o
power and the variation of trial-to-trial magnitude
are studied to encode perceptual decision making
(Lou et al., 2014). Single trial and trials variability
of perceptual decision making of nominally identical
stimuli can be used to sort behavioral response
times and choices into those that index the quality
of decision-relevant evidence (Ratcliff et al., 2009).
Repetitive transcranial magnetic stimulation is
used to provide causal support for the role of
the dorsolateral prefrontal cortex in the decision
making process (Philiastides et al., 2011). Discrete
wavelet transformation (DWT) had been used for
determination of decision moment hidden within
EEG signal (Ayhan and Seker, 2011). In addition, Dirk
in 2012 (Ostwald et al., 2012) published a theoretical
characterization of the human perceptual decision
(Ostwald et al.,, 2012).

In recent studies, uncertainty of decision
making has been discussed with different task such
as random dot motion direction discrimination task
(Praamstra et al., 2014) and the lowa Gambling Task

(IGT) to study the uncertainty with decision making
(Cui et al,, 2013, Mapelli et al., 2014). Further study,
Dandan Zhang et al., interestingly discussed the
future risk of making a decision and linked it with
EEG. It was found that the risk was significantly
modulated by P3 components of ERP (Zhang et al,
2014).

Based the historical background of decision
making, all the temporal and spatial analysis of
decision making are done with a simple task of two
responses. Since brain can process multiple tasks
simultaneously, the limitation of options can restrict
the decision making. Therefore, brain response
cannot be confined within two choices only. On the
other side, it's not easy to handle more than two
responses in ERP study, that's why the researchers
normally ignore the subjects who are unable to
answer the task which in fact means that subjects
get puzzled in finding the answer (Almurshedi and
Ismail, 2015b). Certainly, they need more options to
get out from this eddy.

Along with above, the aim of this research is
to provide a comprehensive study to the variation
in reaction time, motor response and perceptual
decision making with human age. It includes
temporal analysis, time-frequency analysis and
source localization of brain sources using measure
projection analysis. This research uses new visual
stimulation based Rorschach inkblot figures, which
take into consideration the puzzled response of the
subject.

Materials and Methods
Participants

Thirty four male subject volunteered for this
experiment. Volunteers were healthy with no history
of neurological, psychological and ophthalmological
diseases. They divided into two age groups, which
are aged between 7-17 years (Young group) and
from 22-31 years postgraduate students (Mature
group) that consisted of postgraduate level students.
Most of subjects were right handed and all have
normal or corrected to normal visual acuity, since
it was tasted with Snellen Chart. Some of them
were wearing corrected sight vision lens during the
experiment. The participants were informed about
the protocol and the aim of this study. The volunteers
were instructed to sit comfortably on the chair with a
fixed distance from the monitor and try to avoid any
physical movements such as head or body moving
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and blinking as well as not yawning or biting to
prevent from unwanted muscular artifacts elicited
with the useful EEG signal. However, they were asked
to keep their attention during the experiment.

Task Stimuli

Rorschach inkblot figures are used in the task of this
research to stimulate human brain. Rorschach test is
a psychological test that can be used to record and
analyze the human perception such as emotions,
personality and thought disorder (Blais and Peterson,
2004). However, it is used in the paradigm task of
this research to physiologically investigate the brain
perceptual decision making and puzzled response to
ambiguous figures.

In this experiment, two groups of pictures are
used, first group “Control” pictures which include
daily life pictures such as animals, cars and so on,
in the second group “Inkblot” pictures which have

no specific meaning but depends upon subject’s
perception. The stimulation paradigm are designed
with OpenSesame based python script software
(Mathot et al, 2012).

In the stimulation paradigms over 44 pictures
display randomly in four blocks with 50% target
probability (50% control and 50% of inkblot
pictures). A 50% target and non-target probability
was chosen in order to avoid influence product of
Oddball paradigm task (Rosenfeld et al., 2005). All
pictures were in the same size and format properties
(732 KB, 500*500 Pixel with 24 bit depth, .bmp).
The stimulation task was displayed on 17” TFT LCD
monitor (DIGIMATE), and participant sat about 100
cm away from the monitor.

The sequence of stimulation task is shown in
Fig. 1. The repetitive task stimulation start with fixed
black dot in the center of monitor for duration of 200
ms, followed by delay time with the fully white screen
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Figure 1. Task paradigm presenting of events in two conditions control and inkblot tasks with 50% target and 50 % non-target probability
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for a duration of 500 ms and then the target pictures
display randomly in the center of screen for 3000
ms, with 50% probability for each group of pictures.
The subjects are required to respond to the pictures
by keyboard and simultaneously EEG recorded from
19 electrodes distributed over entire scalp. They
were instructed to click “M” letter in the keyboards
with middle finger of right hand whenever they see
recognized picture and click “N” letter with the index
finger of right hand whenever they see a picture
that can’t decide what was that (click responses are
recorded). The click response must be done as fast as
they can before the end of complete cycle. The task
duration is long enough to give the subject enough
time for response.

EEG Data Acquisition

A standardized recording scheme was developed;
every subject should perform tasks in a fixed and
repetitive pattern according to the scheme on the
monitor screen. EEG data collected using 24 channels
using KT88-2400 Contec system for data acquisition
in a dim, electrically and acoustically shielded room.
The impedance of each electrode was tested with
the help of an LED indicator. Bridge dry electrodes
were distributed over entire scalp following 10-20
electrodes system. All electrodes were referenced to
the left and right earlobe with a forehead ground. Net
head cap was used to fix electrodes at their positions.
The data was digitized at 200 Hz sampling frequency,
filtering out all unwanted frequencies using 1-35 Hz
bandpass filter. ERP response is recorded time locked
with the trigger responses of onset of each picture
and click responses. Each trigger pulse introduced
to one of the auxiliary channels of KT88-2400 EEG
machine through parallel port. The recorded data
was re-referenced to the average reference. The
recording system was calibrated and synchronized
with the stimulation task.

EEG Data Processing

A single trial event related potentials response was
extracted by time locked average of multi subjects
and trials of pattern stimulation. Background EEG and
other source of noise is distributed randomly along
recorded signal. Averaging the trial was to increase
the signal to noise ratio (SNR) of the recorded ERP.

For K is the trial number (K=1,2,....,N) and t is
the time of single trial. So, the recorded trial can be
described as:

X()=L

k

1 N
tk —>n (1)
k) =s(0) g 2l

Where, s(t) is the signal and n(t, k) is the
random noise. It was noticed that the noise does not
depend on the trial while the signal does.

In order to calculate time-frequency analysis
event related spectral perturbation (ERSP), power
spectrum over a sliding time window across data
trials computing are required. The color on each
image pixel then indicates power (in dB) at a given
frequency and latency relative to the time locking
event. Typically, if, F,(fit) is the spectral estimate of
trial k at frequency fand time ¢:

ERSP(f,t)= Z|F f:t)|? (2)

In the equation 2, F(f, t), is a sinusoidal
wavelet transform, that provides a specified time
and frequency resolution (Almurshedi and Ismail,
2015c). Sinusoidal wavelets with a number of cycles
is increased slowly with frequency, though the
number of cycles in each data window can be critical.
This feature allows obtaining better frequency
resolution at higher frequencies than a conventional
wavelet approach which uses constant cycle length
(Almurshedi et al., 2018, Hassoney et al., 2012). To
visualize power changes across the frequency range,
the mean baseline log power spectrum has been
subtracted from each spectral estimate, producing
the baseline normalized ERSP.

To measure the synchronization of recorded
brain activity at a specific time and frequency to
the presented stimulation events (time locking)
the term inter trail phase coherence (event related
coherence) is used (Almurshedi and Ismail, 2015a).
By applying the same notation as above inter trial
phase coherence is defined by

ITC(f,1) (3)

VR

The magnitude of ITC lies between 0 and 1. It
is taking the zero value, when the phase difference
between EEG signals and the stimulation task is
random (absence of phase synchronization) and 1
when the phase difference is constant (perfect phase
synchronization).

To estimate the sources of the recorded signal
in the brain and localize into different domains,
measure projection analysis (MPA) method are used
(Almurshedi and Ismail, 2015d). It is statistically
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characterizes the spatial consistency of EEG
dynamics across a set of data recorded by combining
the information across large number of subjects,
each associated with its own set of source processes
and scalp projections (Bigdely-Shamlo et al., 2013).
This method was demonstrated and applied on
first application of MPA to EEG datasets collected
in a visual task and decomposed separately using
extended infomax ICA (Bigdely-Shamlo et al., 2008).
Both MPA and IC clustering are consistence, but MPA
provides statistically significant values with fewer
parameters. MPA was applied to surrogate data
derived from rapid visual serial presentation (RVSP)
tasks and the results are not highly sensitive to prior
parameter choices (Bigdely-Shamlo, 2013).

MPA was started by computing the location
of each source independent component resulted
from ICA decomposition (Almurshedi and Ismail,
2015a) on the brain template model in the form of
equivalent dipole source followed by smoothing of
these dimples locations using 3-D Gaussian spatial
kernel model. Similarities between local independent
components were measured in the subspace of brain
voxels locations. Finally, affinity clustering was
used to identify brain domains that have sufficient
difference in the brain subspace (Bigdely-Shamlo et
al., 2013). Measure Projection Toolbox an extension
to EEGLAB, allows user to display graphically the
domains in different patterns. It was also produced a
summary of anatomical location with Brodmann area.

In any decomposition, an independent
component (IC) that may be accurately modeled
by an equivalent dipole D(x) located at any brain
location x€VCR’. Consider a measure vector as
M(x) which obtained by vectorizing ERP or ERSP,
associated with an IC and equivalent dipole D(x).
Measure vectors typically estimate mean event
related changes in IC source activity, which are
related to the recorded scalp potential changes. In an
ERP study, n IC processes associated with n distinct
equivalent dipoles Di=D(x,) (with indices x, i=1,.,n)
may be active.

For an arbitrary brain location y€V, the
expected (projected) value for the interpolated
measure vector M(y) is:

E{M (y))=(M(v))= ZZP ](f() 3)4 S

Pj(y) is the probability and its given by,

A 2
P,(»)=1V(y:%,0"11) (5)
where ¢ is the standard deviation of a spherical 3-D
multivariate Gaussian with covariance o? 1 centered
o
at an estimated dipole D. location and TN is a
normalized truncated Gaussian distribution.

Results and Discussion

ERP Components

ERP response of all subjects and trails, appear with
a high negative peak for young group at around 130
ms after the onset of the task stimulation (Fig. 2a)
over the posterior brain regions. Matured age group
in addition of early response at 130 ms, another
response comes later and much less than young
group at around 240 ms post stimulus (Fig. 2b). The
response increases in the posterior part and starts
inverting from the parietal and temporal area until
reaches the maximum positive peak in the occipital
lobe. The only one component noticed in young age
group is at around 130 ms. In additional to N130, for
matured group another peak is also seen at 240 ms
in both conditions control and inkblot. The inkblot
response appears a bit earlier than control. Such
observation of late response at 220 ms has also been
marked by (Philiastides et al., 2006) with another
discrimination task of cue paradigm.

The morphology of the wave is totally different
in the young age from older age since its take a “sharp
peak” at around 130 ms in the young while its looks
more like “W” wave shape in matured group with a
strong response at around 240 ms.

Based on the literature, different experiments
and tasks compared brain development and
maturation in different age groups. For instance,
mismatch negativity in adults are markedly different
than that in newborns (Leppanen et al., 2004). Also,
the relationship of brain responses in different age
groups is noticed in working memory task. The age
related variation was seen in peak latencies and
especially in amplitudes (Myatchin and Lagae, 2013).
In an attention task, the accuracy increased with age
and development stage. Younger subjects used a
posterior attention network involved in inhibiting
irrelevant information (Padilla et al, 2014).
Similarly, for emotions and face processing, the brain
components are noticed in the posterior temporal
sites in adults with steadily increasing latencies in
younger children (Taylor et al, 1999, Wong et al,
2009).
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Figure 2. ERP responses, ERP images and brain topography recorded from parietal and occipital lobs in control and inkblot condition tasks a) for young
and b) for matured. Only one peak appear at young age at around 130 ms from the onset of the stimulation task while another peak appear at around

240 ms at matured age
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The matured group ERP responsesinvestigated
and verified here are found in good agreement with
previous research (Philiastides and Sajda, 2006,
Philiastides et al., 2006). The early component was
consistent at 130 ms, which was conformed as
early decision response (impulsive decision) it may
prolong till the second well-know peak at 170-180
ms (Jeffreys, 1996, Halgren et al, 2000, Rossion
et al, 2003). Tts temporal onset appeared to be
consistent across all subjects and conditions. The
late component appeared at least after 200 ms, and
its temporal onset varied across subjects and across
conditions from the stimulus onset (Philiastides et
al.,, 2006, Wyart et al., 2012).

As the task variability was 50% of target
probability (Herron et al., 2003, Cecotti et al., 2011),
i.e. 50% of presented trails were from control task
and 50% from complex inkblot task so, there is no
chance of stimulated oddball paradigm response
(Machado et al., 2014).

This study provides another evidence of age
related maturity and its relation with decision making
in the brain. There may be a relationship between
the appearance of 130 ms response and untrusted
decision. The morphology of ERP response is totally
changed with older age, it looks more like “W” wave
shape than sharp response of 130 ms in young age
group. The polarity is also inversed in the anterior
part than the posterior part of brain in both groups.
There is not much difference in the latency between
control and puzzle (inkblot) tasks in both groups,
while there is a noticeable different in the amplitude
i.e. ERP response is stronger in inkblot task than in
control task. The early 130 ms component increased
in puzzle task than control task while the late
component which appears only in matured group is
considered as a real decision component that reflect
the trusted decision taken after a certain amount of
time. For which statistical test using permutation
statistics reveal significant difference (p<0.005)
between control and inkblot conditions.

From scalp channels to observe meaningful
EEG, certain amount of neurons, aligned and active
together, are necessary. It is a prerequisite for EEG
measurement. Decision making differs from one task
to another, it interconnects more neuron sources in
order to make a decision. It makes decision making
multidirectional neural network process interaction.
Also, volume conduction in the scalp may show the
influence between neighboring electrodes (Jackson

and Bolger, 2014). The variability over trials is
plotted for the first 10 trails versus time in Fig. 2. In
all trials N130 appears in the young age group while
an additional response is also seen in matured group
that appears at 240 ms.

ERP Brain Topography

As presented in Fig. 2, ERP response is noticed with
two main post stimulus components which are at 130
ms and 240 ms. Color gradients in brain topography
(Fig. 2) are related with concentration of response
in the brain that clearly shows dominance of the
posterior part of brain in the response. Brain map
is plotted at two latencies are 130 ms and 240 ms,
based on the ERP response in grand average.

At 130 ms, the highest response is noticed
on the posterior part in young age group only for
both conditions (i.e. control and puzzled). At 240
ms, the highest response is found in the posterior
part in matured group only. This gives indication
that at young age 130 ms response is the main early
decision peak response while, 240 ms is the main
peak representative of decision in matured group.
In addition, the response for matured group covers
larger area of the scalp than young group. This
happens because morphology of the ERP response
in mature group is different than young group that
includes more components with late latency i.e.
wider sweep time window in matured group to cover
late component responses. Both 130 and 240 ms
responses are stronger in puzzle than control task
condition, i.e. the brain puts more effort in identifying
the task and making a decision.

Time-Frequency Analysis

The mean time-frequency analysis event related
spectral perturbation (ERSP) and inter trial
coherence (ITC) of different electrodes site of event
related potential (ERP) are plotted in Fig. 3. The
frequency plot (0-40) Hz covers all EEG frequency
bands (Delta, Theta, Alpha, Beta and early Gamma).
The color gradient reflects power of the signal from
high (red) to low (blue) in dB (Ergen et al., 2014). The
power response is noticed with different electrodes
locations with yellow and red having almost the
same frequency response i.e. there is gradient in
power response with location in the same frequency
band. For example in Fig. 3(a) the red response on
the frontal (F4) and occipital (01) has the same
frequency response and time with other electrode sit
with less power marked with yellow. The maximum
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Figure 3. Time-frequency analysis of ERP (a) event related spectral perturbation (ERSP) and (b) inter trial coherence (ITC). The same frequency
response and time are noticed in all electrodes sites. The maximum power response is noticed around the occipital area. The response covers alpha
frequency that may reach early beta wave
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power response is noticed around the occipital area.
The response covers alpha frequency that may reach
early beta wave, which may represent accuracy of the
decision (Siegel et al., 2011).

Event related phase locking, inter trial
coherence (ITC) for ERP is shown in Fig. 3(b). The
lower frequency of theta band is activated at different
locations on the scalp. Inspecting those responses of
low frequency it was found that responses are phase
locked with the presented stimulation.

In grand average response, the window length
is fixed at ~500 ms that can show all the required
trusted responses for decision making. However,
the decision response frequencies are found below
500 ms time window. In addition, a slight difference
between the conditions control and inkblot, for
young and mature age group stimulating theta, alpha
and reaching beta frequency band. In Fig. 4(a) the
occipital area are zoomed to show differences among
different groups and conditions. In both conditions,
lower power activation is noticed in young group
compared to the mature group. Longer time window
of active frequencies is seen in control condition than
puzzle (inkblot) for both age groups. In addition,
wider frequency range is seen in puzzled task than
control in both age groups. Phase synchronization
with presentation of the onset stimulation is seen
clearly with ITC. The evoked activity phase locked
with the stimulus is shown in Fig. 4(b).

Measure Projection Analysis

This experiment consists of two conditions which are
control and inkblot. The control task includes daily
life pictures and the inkblot task includes inkblot
pictures. Based on these tasks, the subjects try to
perform the task and make a decision on different
kinds of pictures.

Measure projection is a probabilistic method
developed by Bigdely-Shamlo et al. (Bigdely-Shamlo
et al, 2013) to localize ERP sources in the brain.
The projection of control task in young age group
is shown in Fig. 5(a). The sources are projected
on three domains as summarized in Table 1. The
first and third domain is projected in secondary
and associative vision (V2 and V3). All marked
area within the domain is related to vision middle,
superior and inferior occipital gyrus. The cuneus,
which is a smaller lobe in the occipital lobe restricted
inferiorly by the calcarine sulcus and anteriorly by
the parieto-occipital sulcus are seen together with

lingual gyrus linked to vision processing, especially
related to letters and encoding visual memories
and encoding of complex images (Tsoneva et al,
2013). The occipital components are obvious in
the presence of visual stimulation, there are some
components related to visual system too (Tsoneva
et al, 2013). The second domain, which is projected
in middle and superior frontal gyrus, may play a role
in adjusting response bias across different decision
environments as found by Reckless, G. E. et al. and
Zhu, Z. et al. (Reckless et al.,, 2014, Zhu et al., 2015).
Their findings suggested a potential role of the left
inferior frontal gyrus in flexible decision making.

A part of parietal area, angular gyrus that
lies superior of the temporal area and immediately
posterior to the supramarginal gyrus is involved in
a number of processes such as number processing
and theory of mind (Grabner et al., 2007, Arsalidou
and Taylor, 2011). The right angular gyrus has been
associated with spatiovisual attention toward salient
features to allocate attention. For instance, the
angular gyrus plays a critical role in distinguishing
left from right. It may integrate conceptual
understanding of the language term left/right with
its location in space. Possibly, control attention shifts
and orienting the brain in 3-D space (Seghier, 2013,
Chenetal, 2012). Therefore, it could be possible that
angular gyrus have some relation with pre-decision
making because this area appears to be activated
prior to decision making.

For inkblot task in young age group, three
domains are projected as in Fig. 5(b) and are
summarized in Table 1. Occipital and frontal cortex
is marked similar to control task. The superior
parietal gyrus (Brodmann areas 7) is bound by upper
part of postcentral sulcus in the front and is usually
connected with the postcentral gyrus. Angular Gyrus
also noticed in this domain. In addition the superior
parietal gyrus along with angular gyrus is probably
related to the untrusted decision. Thus, the only
difference in localization of young age is superior
parietal gyrus, which is identified in inkblot but not
in control task. This finding has strong relationship
with puzzled response.

For matured group as in Fig. 6(a) and 8
representing control and inkblot tasks respectively.
There is a strong indicator of a strong relationship
between decision making late components (240 ms)
with the temporal area of brain. It is in agreement
with recent study (Zhu et al, 2015). For long,
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Figure 4. Time-frequency analysis for young and matured group in control and puzzled task, (a) Event related spectral perturbation ERSP. Lower
power activation is noticed in young group compared to the mature group. Longer time window of active frequencies is seen in control condition than
puzzle (inkblot) for both age groups. In addition, wider frequency range is seen in puzzled task than control in both age groups. (b) Inter trial coherence,
phase synchronization with presentation of the onset stimulation is seen clearly with ITC. The evoked activity is phase locked with the stimulation task
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Figure 5. Measure projections of young age group (a) control task, three domains are projected. The first and third domains are projected in secondary
and associative vision (V2 and V3). The second domain is projected in middle and superior frontal gyrus. In addition a part of parietal gyrus is marked
with angular gyrus. (b) inkblot task, three domains are projected. Occipital, frontal and angular Gyrus are marked in the projection as similar to control
task. The only difference in localization of young age is superior parietal gyrus, which is identified in inkblot but not in control task

Table 1. Summary of the projected domains of control and inkblot tasks in young age group event related potentials show the localized sources in the

presented task

Projections of ERP in control task

Domain . L
Anatomical area Brodmann Description
R Lingual Gyrus 17
1 R Middle Occipital Gyrus 19 Associative visual
R Inferior Occipital Gyrus 23 (V3)
2 L Middle Frontal Gyrus 9
L Superior Frontal Gyrus 10 Motor cortex
Auditory processing
39
R Angular Gyrus 22 Somatosensory
3 R Middle Occipital Gyrus 7 Association
R Superior Occipital Associative visual
19
Gyrus 18 (vV3)

Secondary visual (V2)

prevailing idea is that, temporal lobe is limited to long
term memory, auditory and language processing.
The superior temporal gyrus mainly contributes in
the primary auditory cortex, which is responsible for
processing sounds. It is also involved in combination
of frequencies, comprehension of language, auditory
processing. It has also been implicated as a critical

Projections of ERP in inkblot task

Area Brodmann Description
L Inferior Frontal Gyrus
L Superior Temporal Gyrus 47
. Y 13 Inferior Insula
L Lateral Orbitofrontal . .
22 Auditory processing
Gyrus 38

L Insular Cortex

L Inferior Frontal Gyrus 10

L Middle Frontal Gyrus 46 Motor cortex

7 Somatosensory Association

L Superior Parietal Gyrus 39

L Angular Gyrus 40 Spatial and Semantic Processing
19 Associative visual (V3)

structure in social cognition and perception of
emotions in facial stimuli (Jou et al,, 2010, Bigler et
al, 2007, Radua et al.,, 2010).

Middle temporal gyrus is located between the
superior and inferior temporal gyrus. Its function
has been connected with processes of recognition
of known faces, and accessing word meaning during
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reading (Acheson and Hagoort, 2013). The inferior
temporal gyrus region is one of the higher levels of
the ventral stream of visual processing, associated
with the representation of complex object features,
such as global shape. Inferior temporal gyrus is
associated with visual stimuli processing, namely
visual object recognition. It has recently been
suggested as a location of the ventral cortical visual
pathway is responsible for producing the “what”
from this visual stimuli (Kolb and Whishaw, 2001).
[t identifies the object based on the color and form of
the object by comparing the processed information
with stored memories of objects (Kolb and Whishaw,
2001). The ventrally visual stream travels through
the inferior temporal cortex (from V1 to V2 then
through V4 to inferior temporal cortex). While, the
dorsal visual stream travels to the posterior parietal
cortex. They are labeled as “what” and “where”
streams, respectively. The inferior temporal cortex
receives information from the ventral stream,
understandably so, as it is known to be a region

-50 mm -30 mm -20 mm -15 mm

-10mm -5mm

] L

10mm 15mm 20 mm

s ¥ ¥

30 mm 40 mm 50 mm

essential in recognizing patterns, faces, and objects
(Creem and Proffitt, 2001). The inferior temporal
gyrus may also be involved in face perception and in
the recognition of numbers (Haxby et al., 2000).

Control task of matured group can be seen in
Fig. 6(a). At early stage of stimulus onset, the early
response 130 ms appears which represents puzzled
response. It leads to the activation of supramarginal,
postcentral and angular gyrus, followed by a trusted
decision component that appears at 240 ms which
is mostly identified in temporal gyrus. Details of
projected domains of control and inkblot tasks
matured groups are summarized in Table 2.

Fig. 6(b) shows inkblot task projections in
matured group. Pre-decision sources are found at
superior parietal gyrus, which is a common area with
young age group.

In young group control task, the 130 ms
component is present but there is no indication
of its relation with the decision making. Because it

-50 mm -30 mm -15mm

E))

(b)

Figure 6. Measure projections of matured age group (a) control task, four domains are projected. The sources of early component 130 ms are projected
in the supramarginal, postcentral and angular gyrus, followed by a trusted decision component that appears at 240 ms which is mostly identified in
temporal gyrus. (b) inkblot task, three domains are projected. The early component 130 ms sources are found at superior parietal gyrus, which is a
common area with young age group. The temporal gyrus were repeatedly marked and linked with the late component 240 ms, that reflect the trusted

decision in the brain
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Table 2. Summary of the Projected domains of control and inkblot tasks in matured age group event related potentials show the localized sources in

the presented task

. Projections of ERP in control task
Domain

Anatomical area Brodmann | Description
L Superior Temporal
Gyrus 13
1 L Middle Temporal Gyrus 2513 Inferior Insula
L Insular Cortex .
. 34 Decision Related
L Inferior Temporal Gyrus
. 20
L Hippocampus
6 Premotor and

R Precentral Gyrus Includes Frontal eye

fields and Lateral and
medial Supplementary

R Middle Frontal Gyrus

motor area

L Superior Parietal Gyrus
L Angular Gyrus 31

3 L Supramarginal Gyrus 40 igs;asls?gd Semantic
L Postcentral Gyrus &
R Middle Occipital Gyrus |19 Associative visual (V3)
4 R Lingual Gyrus 18 Secondary visual (V2)

R Inferior Occipital Gyrus 30
R Superior Occipital Gyrus 17

Primary visual (V1)
is projected in the occipital lobe, which has no any
relationship with decision making, except external
visual stimulation. Therefore, in this case, the
presence of these components (130 ms) in control
task is nothing but related to the advance visual
processing. Therefore, a young subject has no trusted
decision with late component of 240 ms. While, for
matured group the temporal gyrus were repeatedly
marked and linked with the late component 240
ms, that reflect the trusted decision in the brain.
The presence of early component in matured group
reflects the response of untrusted decision (impulsive
decision), and is observed in the left supramarginal
and postcentral gyrus.

This research provides a strong evidence to
relate the source of trusted decision with temporal
gyrus. Whereas supramarginal, postcentral and
angular gyrus perform a multimodal complex region
that might be responsible in generating untrusted
decision and puzzled response. Furthermore, the
young age below maturity level, do not provide any
trusted decision with any kind of tasks.

Behavioral Response

Manipulation of ERP experiments allow to determine
the stage of study affected by specific experimental
stimulation. It is measuring the simultaneous brain
response and behavior study. Such combinations
can address and make better understanding of brain
behavior. One of overall benefits is ability to address

Supplementary Motor

Projections of ERP in inkblot task

Area Brodmann Description

L Inferior Frontal Gyrus 47

L Superior Temporal Gyrus 13 Inferior Insula

pars triangularis Broca's

L Lateral Orbitofrontal 45
Gyrus 44 area
L Insular Cortex 22 part of Broca's area

Auditory processing

L Superior Temporal Gyrus 38
L Middle Temporal Gyrus 21 -
L Inferior Temporal Gyrus 20 Decision Related

Spatial and Semantic

4 Processing
L Superior Parietal Gyrus 7 Somatosensory
5 Association
Somatosensory

Association

the issues of ERP delay response does is related to
perceptual processes or a response processes (Luck
etal, 2000, Luck, 2014).

In this study a combination of physiological
and behavioral study (Green and Heekeren, 2009) is
used to study the perceptual decision making. In this
experiment, the behavioral decision is taken by press
keyboard simultaneously with ERP recording. The
subjects are required to press a keyboard in response
for each task of control and inkblot. A comparison
study of behavioral decision (reaction time) and
mental decision were conducted. It gives an average
time required to respond (motor response) after
mental decision.

The behavioral response indicate that the
reaction time (RT) to the control task is faster than
that for puzzled task. Also, there is more deviation
in puzzled task than control task. The average faster
response could be made with well known control
task which takes (742 * 110) ms for young group
while its longer for inkblot task (916 * 109) ms. The
mature group can make faster decision with average
reaction time (563 * 104) and (707 * 165) ms for
control and inkblot task respectively. That indicating
control task response is faster than inkblot response.
In addition, the young age subjects take longer time
to respond as compared with mature subjects in both
task conditions.

The ERP motor response can be seen clearly in
prefrontal lobe as in Fig. 7(a). The brain topography
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Figure 7. Motor cortex analysis, (a) Motor response ERP in the pre frontal lobe at around 600 ms from the click response, (b) brain topography related
to click response, (c) measure projections of motor cortex in matured group two domains are projected and (d) measure projections of motor cortex

in young group three domains are projected

shows concentration of the power response on the
frontal part of brain Figure 7 (b). The motor response
due to keyboard click response with index finger is
monitored with ERP response that is found as a high
peak after ~600 ms from the action (keyboard click).
There is no difference in the latency and phase in
all conditions and groups but there is a significant
difference in the amplitude with different conditions
and subjects. Interestingly, the behavioral study
indicates shorter reaction times and stronger brain
responses in mature group in comparison with those
observed with young group. Thus, the brain response
is inversely proportional with reaction time i.e.
the faster reaction response can produce higher
physiological response in the brain. The physiological
response of mental trusted decision agreed with the
study of reaction time from behavioral response.
After the mental decision has been made there is
a certain amount of time required for behavioral
response. In addition, it is noticeable that the motor
response is present even in the absence of the trusted
mental response in young group.

As the motor response is picked up from the
frontal lobe, further measure projection analysis are
conducted to study the source localization in young
and mature groups as given in Fig. 8(c) and Fig. 8(d)
respectively. The mature group is projected in two
domains. The first domain is projected on the middle
and superior frontal gyrus, while the second domain
is projected on the middle and superior temporal
gyrus. Thus, the first main domain for sure represents
the motor cortex response while the decision
response is present with high probability in second
domain (temporal gyrus). A part of supramarginal
gyrus is also seen, however, with much less probably
in the second domain, which is another evidence for
pre decision source.

For young group the three projections were
presented. All three domains were projected in the
frontal gyrus. The projections are concentrated
on the middle and superior frontal gyrus. A less
probability is projected in the interior frontal gyrus.
Even in the presence of behavioral response (click
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response) there is no marked mental response
related with decision in young age group. This is
another confirmation of the result that the young age
subjects do not provide any trusted mental decision.
It could be due to lack of maturity during brain
development.

Conclusion

This research discussed ERP experiments related
to decision making and puzzled task in different
age groups. ERP responses are found in two main
components, which are early component N130 and
late component N240. The N130 is found to be early
untrusted decision response of puzzled mind state
especially in matured group. While, the trusted
decision response is reflected in the late component
of N240.

The response is noticed over the entire scalp
but the brain topography showed greater activity
on the posterior part of brain. In time-frequency
analysis, puzzled task covers wider frequency
representation than control in both age groups. The
spectrum covers theta, alpha and approching beta
wave with dominance around the occipital area.

Projections of ERP components are mostly
found on the left hemisphere. Prior to making any
decision the brain processes the information mostly
on parietal area, form multimodal complex region
that include supramarginal, postcentral and angular
gyrus. Subsequently, trusted decision response
appears in the temporal gyrus. However, the motor
response at pre-mature age does not be informed by
perceptual decision response while it does at mature
age. Thus, in pre-mature age it is not necessary
to expect a trusted decision response even in the
presence of behavioral response.
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