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23 SUMMARY
24 The present protocol describes how to perform concurrent EEG and fNIRS recordings and how to
25 inspect the relationship between the EEG and fNIRS data.
26
27  ABSTRACT
28  Concurrent EEG and fNIRS recordings offer an excellent opportunity to gain a full understanding
29  of the neural mechanism of cognitive processing by inspecting the relationship between the
30 neuraland hemodynamic signals. EEG is an electrophysiological technology that can measure the
31 rapid neuronal activity of the cortex, whereas fNIRS relies on the hemodynamic responses to
32  infer brain activation. The combination of EEG and fNIRS neuroimaging techniques can identify
33  more features and reveal more information associated with the functioning of the brain. In this
34  protocol, fused EEG-fNIRS measurements were performed for concurrent recordings of evoked-
35 electrical potentials and hemodynamic responses during a Flanker task. In addition, the critical
36 steps for setting up the hardware and software system as well as the procedures for data
37 acquisition and analysis were provided and discussed in detail. It is expected that the present
38 protocol can pave a new avenue for improving the understanding of the neural mechanisms
39 underlying various cognitive processes by using the EEG and fNIRS signals.
40
41 INTRODUCTION
42  This study aims to develop a working protocol to reveal the neural activation pattern underlying
43  the Flanker task by using fused EEG and fNIRS neuroimaging techniques. Interestingly, the
44  concurrent fNIRS-EEG recordings allow for the inspection of the relationship between the
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hemodynamic signals in the prefrontal cortex and various event-related potential (ERP)
components of the whole brain associated with the Flanker task.

The integration of various noninvasive neuroimaging modalities including functional near-
infrared spectroscopy (fNIRS), electroencephalography (EEG), and functional magnetic
resonance imaging (fMRI) is essential to improve the understanding of where and when
information processing is taking place in the brain'3. Additionally, there is the potential to
combine fNIRS and EEG to examine the relationship between local neural activity and subsequent
changes in hemodynamic responses, in which EEG and fNIRS can be complementary in revealing
the neural mechanism of human brain cognitive function. fNIRS is a vascular-based functional
neuroimaging technique that relies on the hemodynamic responses to infer brain activation.
fNIRS measures the relative oxyhemoglobin (HbO) and deoxyhemoglobin (HbR) concentration
changes in the cerebral cortex, which plays an important role in the study of cognitive
processing®~. According to the neurovascular and neurometabolic coupling mechanism?®, the
change of local neural activity associated with cognitive processing is generally accompanied by
subsequent alterations in the local blood flow and blood oxygen with a delay of 4-7 seconds. It is
shown that the neurovascular coupling is likely a power transducer, which integrates the fast
dynamics of neural activity into the vascular input of slow hemodynamics®. Specifically, fNIRS is
mostly used for inspecting the neurovascular activity in the frontal lobe, especially the prefrontal
cortex that is responsible for high cognitive functions, such as executive functions'®=*2, reasoning
and planning®3, decision making!#, and social cognition and moral judgment'>. However, the
hemodynamic responses measured by fNIRS only indirectly capture the neural activity with a low
temporal resolution, whereas EEG can offer temporally fine and direct measures of neural
activities. Consequently, the combination of EEG and fNIRS recording can identify more features
and reveal more information associated with the functioning of the brain.

More importantly, the multi-modal acquisition of EEG and fNIRS signals has been conducted to
inspect the brain activation underlying various cognitive tasks®22 or brain-computer
interface?3?4. In particular, concurrent ERP (event-related potential) and fNIRS recordings were
carried out based on the event-related auditory oddball paradigm?, in which fNIRS can identify
the hemodynamic changes in the frontotemporal cortex several seconds after the appearance of
P300 component. Horovitz et al. also demonstrated the simultaneous measurements of fNIRS
signals and the P300 component during a semantic processing task®. Interestingly, previous
studies based on simultaneous EEG and fNIRS recordings showed that P300 during oddball stimuli
exhibited a significant correlation with fNIRS signals?®. It was discovered that the multi-modal
measures have the potential to reveal the comprehensive cognitive neural mechanism based on
the event-related paradigm?®. Besides the oddball task, the Flanker task associated with ERP
component N200 is also an important paradigm, which can be used for the investigation of
cognitive ability detection and evaluation with healthy controls and patients with various
disorders. Specifically, N200 was a negative component that peaks 200-350 ms from the anterior
cingulated cortex frontal?” and superior temporal cortex?®. Although previous studies examined
the relationship between the superior frontal cortex and alpha oscillation in the Flanker task??,
the correlation between the N200 amplitude and the hemodynamic responses during the Flanker
task has not been explored.
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In this protocol, a home-made EEG/fNIRS patch based on standard EEG cap was utilized for the
concurrent EEG and fNIRS recordings. The arrangements of optodes/electrodes with support
were achieved through the placement of fNIRS optodes fused into the EEG cap. The simultaneous
EEG and fNIRS data acquisitions were carried out with the same stimuli tasks generated by E-
prime software. We hypothesize that ERP components associated with the Flanker task can
exhibit a significant correlation with the hemodynamic responses in the prefrontal cortex.
Meanwhile, the combined ERP and fNIRS recordings can extract multiple signal indicators to
identify the brain activation patterns with enhanced accuracy. To test the hypothesis, the fNIRS
setup and EEG machine were integrated to reveal the complex neural cognition mechanism
corresponding to the event-related Flanker task.

PROTOCOL

Prior to the experimental tests, all participants signed informed consent documents. The protocol
for the present study was approved by the Ethics Committee of the University of Macau.

1. Hardware and software setting for concurrent EEG and fNIRS recordings
1.1.  Construct a head cap for concurrent EEG-fNIRS recordings.

1.1.1. Select the appropriate cap size according to the head circumference of participants. In
this study, use a medium-size cap since it is suitable for most adolescent and adult participants.

1.1.2. Design the layout of fNIRS optodes along with the EEG cap in the prefrontal cortex (Figure
1).

1.1.2.1. Place EEG electrodes in the middle section of the fNIRS optodes to ensure the
measurement of the same brain region by the two techniques'®3*. However, due to the low
spatial resolution of both EEG and fNIRS neuroimaging methods, place the electrodes in the
corresponding brain area covered by fNIRS optodes rather than the exact locations of fNIRS
channels.

1.1.2.2. Make 22 holes inside the EEG cap to hold the fNIRS optodes in line with the specific
layout in the prefrontal cortex. Identify and mark the locations of fNIRS optodes according to the
designed layout of the head cap and then punch holes inside the cap to place and fix the optodes.

1.1.2.3. Place 21 or 71 EEG electrodes along the surface of the EEG cap (see Table of
Materials) according to the 10-20 International System and mount the grids for the optodes.

1.1.3. Set the distance between each source-detector pair as 3 cm and then fix the optodes, in
which the blue optodes denote the light detectors while the red ones represent the laser sources.

1.2.  Set the EEG and fNIRS ports in the software.
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1.3.  Use the time triggers generated through the parallel port and serial port to ensure the
synchronization of two different signals.

1.3.1. Setthe parallel port (e.g., H378 in this study) for the EEG system (see Table of Materials).
1.3.2. Setthe serial port (e.g., 6 9600 in this study) for the fNIRS system (see Table of Materials).

NOTE: The port type and number should be modified regarding various EEG and fNIRS setups.
Please contact the manufacturers for more information.

2. Experimental preparation
2.1.  Warm up the fNIRS system with lasers switched on for 30 min.
2.2.  Set all necessary operation parameters for the fNIRS measurement system.

2.3.  Show the fused experimental setup including the EEG and fNIRS measurement systems
to participants.

2.4.  Measure and mark the Cz point according to the 10-20 International System. Identify the
electrode position of Cz at half of the distance between the inion and nasion and half of the

distance between the left and right inter-aural indentations.

2.5. Place the front part of the cap along the participant’s forehead first and then pull down
the back section of the cap towards the neck.

2.6. Validate the positions.

2.6.1. Measure the distance between the Cz and inion and nasion again with a soft ruler, and
double-check whether it is located at the midpoint. Likewise, measure the distance between the
Cz and left and right inter-aural, and double-check whether the Cz is located at the midpoint.
2.7. Prepare for the EEG recordings.

NOTE: It is highly recommended that the EEG electrodes be set up first and then the fNIRS
optodes. If EEG conductive gel covers the holes for the placement of fNIRS optodes, it should be
cleaned to prevent the contamination of optodes.

2.7.1. Fill conductive gel by inserting a blunt needle through the holes of the EEG electrode grid.

2.7.2. Place all electrodes into the EEG electrode grid according to the labels.

2.7.3. Open the EEG software and inspect the signal quality of EEG electrodes.
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2.7.4. Readjust the electrode by refilling conductive gel if the signal quality is not good enough
to meet the requirements (40 mV).

2.7.5. Readjust the electrode by refilling conductive gel if the impedance could not meet the
requirements.

2.8.  Prepare for the fNIRS recordings.
Caution: Do not expose participants’ eyes to the laser beam of fNIRS sources directly.

2.8.1. Place the optical fibers along the holder arms attached to the fNIRS measurement system
as well as the holder. Ensure that the fibers are neat and tidy.

2.8.2. Insert the optical sources and detectors into the holes according to the layout.
2.8.3. Test the signal quality. If a channel does not have a high-level signal-to-noise ratio (i.e., if
the channel is marked in yellow), gently inspect the participant’s hair surrounding the optical

probes to ensure that nothing exists between the optical probe and scalp.

2.8.4. If step 2.8.3 cannot improve the signal quality, turn up the signal intensity. If there is too
much signal (i.e., if the channel is marked in red), turn down the signal intensity.

3. Run the experiment

3.1.  Start the experiment when the signals are stable with excellent signal-to-noise ratio and
participants are familiar with the experiment instructions. Use the classic Flanker paradigm for
the experimental test?®:32,

3.2.  After the experiment, save and export the data from both EEG and fNIRS.

3.3.  Remove EEG electrodes and fNIRS optical probes carefully.

4. Measurement of three-dimensional (3D) MNI coordinates of fNIRS optodes with 3D
digitizer

4.1. Let participants sit in a chair and wear the glasses with the sensor.

4.2. Open the digitizer software on the computer. Ensure that the 3D digitizer system is in
connection with the computer through an appropriate COM port.

4.3. Load the layout of the optodes setting file.

4.4. Move the 3D digitizer stylus across the key positions (Nz, Iz, left ear, right ear, Cz) along
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with the screen and press the button on the stylus.

4.5. Localize the optical sources and detectors

4.6. Export the 3D coordinates files.

5. Data analysis

5.1.  fNIRS data analysis

5.1.1. Process the 3D MNI coordinates data by using the registration option in NIRS-SPM
with MATLAB 2019. Select: stand-alone spatial registration | With 3D Digitize. Choose the
previously saved others and origin text files and then select Registration.

5.1.2. Pre-process fNIRS sighals with Homer2 software32.

5.1.2.1. Convert the raw data to optical density changes for different wavelengths and
further convert to the concentration changes of HbO at different time points using a modified
Beer-Lambert Law. Generally, the typically differential path length factor (DPF) value affected by
the age, gender, and wavelength, and the distance between the source and decetor3334 is 6,
which is similar to the average DPF from previous studies343>,

5.1.2.2. Use the spline motion artifacts detection algorithm from the Homer2 fNIRS
processing package for motion correction. Please select the appropriate methods of motion

correction based on literature3®.

5.1.2.3. Process the raw hemoglobin continuous data by a low-pass filter of 0.2 Hz and
subsequently a high-pass filter of 0.015 Hz.

5.1.2.4. Normalize hemodynamic signal amplitude by dividing the averaged values.
5.1.2.5. Generate the fNIRS data for each channel based on the 3D digitizer information.
Select the channels that have a registration probability of 100% or more in the superior frontal
cortex (SFC)according to the regression calculation of the NIRS-SPM for further analysis.

5.1.2.6. Export the peak values of oxygen hemoglobin (HbO) concentration changes.
NOTE: In this study, only HbO signals were analyzed due to their high signal-to-noise ratio. The
peak values of run-averaged HbO data were extracted for each channel from each participant for
further analysis.

5.2. EEG data processing

NOTE: Offline EEG data analysis was performed with the EEGLAB. Only N200 at Fz was the
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interesting component for the present study. All electrodes were subjected to an automatic
artifact correction to remove eye movements by using an internal model of artifact topographies.
Continuous EEG data were then segmented into different trials according to target and nontarget
stimuli, in which the epoch for each trial lasted 2500 ms, involving a pre-stimulus period of 500
ms (baseline epoch) and a post-stimulus period of 2000 ms (task epoch).

5.2.1. Load the raw EEG data folder into the EEGLAB by using the plugins. Choose the BIOSIG
plugin for the BDF file in this study.

NOTE: Please choose a suitable plugin according to the EEG data file format.

5.2.2. Set the channel location information for EEGLAB®’. Load the corresponding location file
of the cap.

5.2.3. Re-reference electrodes in the ERPLAB, which is one plugin of EEGLAB. Choose the
channels placed in the mastoids as reference electrodes.

5.2.4. Extract EEG data epochs based on the event and bin files in the ERPLAB?’.

5.2.5. Filter the EEG data segments in the ERPLAB by using the FIR filter by filtering the low
frequencies with a cutoff of 30Hz and by filtering the high frequencies with a cutoff of 0.1 Hz.

5.2.6. Remove ocular EEG artifacts with the Independent Component Analysis in EEGLAB.

5.2.7. Reject EEG data segments with amplitude values exceeding + 100 uV at any channel in
ERPLAB.

5.2.8. Average the EEG data segments in ERPLAB.

NOTE: These are the generally used data analysis method and the software for processing EEG
and the fNIRS data. There are numerous processing software and methods available.

5.3. Correlation calculation

5.3.1. Generate the relationship between fNIRS and EEG recordings by using Pearson correlation
analysis.

REPRESENTATIVE RESULTS

Figure 2 shows the HbO signals for all channels while Figure 3 displays the ERPs at Fz and FCz for
the two conditions of the Flanker task. Figure 4 illustrated the Pearson correlation analysis results
showed that the fNIRS signals in SFC exhibited a significant correlation with the ERP N200
component at Fz for the incongruent condition (P<0.05). However, this is not the case for the
congruent conditions (P>0.05).
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FIGURE AND TABLE LEGENDS

Figure 1. fNIRS headset placement and channel configuration. The digitized optodes layout are
converted into the MNI coordinate system and then overlapped along the brain cortex

Figure 2. HbO signals for all channels associated with the Flanker task. The pink curves denote
the incongruent condition while the green ones indicate the congruent condition.

Figure 3. ERP signals for Fz and FCz electrodes. The black curves define the incongruent condition
while the red ones denote the congruent condition.

Figure 4: Correlation between the ERP N200 and HbO signals along the superior frontal cortex
(SFC) for the incongruent condition. The regression coefficient between the two measurements
is 0.59, p = 0.027.

DISCUSSION

In this protocol, combined EEG and fNIRS recordings were performed to examine the brain
activation patterns involving an event-related Flanker paradigm by recording the neural signals
of the whole brain and concurrent hemodynamic responses of the prefrontal cortex. The ERP
results showed that N200 at Fz was able to significantly distinguish the congruent and
incongruent conditions (P=0.037). Meanwhile, the HbO signals in SFC (channels 21) also exhibited
a significant difference between the congruent and incongruent conditions, which demonstrated
the important role of the ability to suppress responses that involved the brain cognitive function
associated with the Flanker task (Pepr = 0.041).

In addition, N200 at Fz showed a significant correlation with the hemodynamic response in the
SFC (channel 21) for the incongruent condition although this was not the case for the congruent
one. The brain activation in the prefrontal cortex is strongly correlated with high cognitive
functions, which can be easily identified by fNIRS with the high signal-to-noise ratio in the spatial
domain. However, the neural activity (N200) detected by EEG associated with the same Flanker
task is mostly revealed in the parietal cortex with high sensitivity and high temporal resolution.
N200 at Fz exhibited the cognitive difference between the two conditions, whereas fNIRS signals
illustrated the difference of suppression function in the prefrontal region between the two
conditions. It was discovered that the cognition showed a significant relationship with executive
control during the Flanker task. This might be the main reason why the N200 at Fz exhibited a
significant correlation with the hemodynamic response in SFC.

In this protocol, we described how to conduct fused EEG and fNIRS recordings and how to analyze
the event-related potential and measure the hemoglobin concentration changes in the prefrontal
cortex. The synchronization of different setups is an essential concern for the fusion of two
hardware systems. Meanwhile, the event-related trigger is also the crucial mark for the task
design of concurrent EEG and fNIRS recordings.

Combined EEG and fNIRS recordings are promising techniques for the investigation of the neural
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mechanisms underlying various cognitive tasks. In summary, we successfully acquired concurrent
EEG and fNIRS data during a Flanker task. The findings indicated that the fNIRS hemodynamic
response and ERP component N200 were significantly correlated, which exhibited different
perspectives of the cognitive mechanism associated with the Flanker task. The multi-modal
neuroimaging results support an essential role of combined EEG and fNIRS technique in
contributing to brain cognition with different latencies and activation regions, which paves a new
avenue for improving the understanding of the neural mechanisms of Flanker task.
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EEG cap EASYCAP GmbH - -
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Comments and responses:

1. There are scattered typos throughout the manuscript. Please copy-edit the
manuscript once more.
As suggested, the whole manuscript was re-edited.

2. Please cite Figure 1 and Figure 4 in the written manuscript.
Figures 1 and 4 were cited in the manuscript (see line 115 and line 305).

3. Inthe video, there are still 10 seconds of blank video at the end (13:18-13:27). This

should be removed.
As suggested, it was removed in the revision.
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Table 1 The MNI coordinates of the channels

Channel Anatomical label Percentage of Overlap
CHO1 L precentral gyrus 0.41946
CHO02 L precentral gyrus 0.7987
CHO3 L inferior frontal gyrus 1
CHO04 L inferior frontal gyrus 0.50171
CHO05 L middle frontal gyrus 0.70037
CHO06 L middle frontal gyrus 1
CHO7 L middle frontal gyrus 1
CHO8 L superior frontal gyrus 0.77352
CHO09 R middle frontal gyrus 0.62976
CH10 R middle frontal gyrus 1
CH11 R inferior frontal gyrus 0.90217
CH12 R middle frontal gyrus 0.76423
CH13 R inferior frontal gyrus 0.98377
CH14 R inferior frontal gyrus 0.59797
CH15 R superior temporal gyrus 0.82534
CH16 R precentral gyrus 0.59547
CH17 L superior frontal gyrus 0.55507
CH18 L superior frontal gyrus 1
CH19 R middle frontal gyrus 0.60345
CH20 R superior frontal gyrus 0.85338
CH21 L superior frontal gyrus 1
CH22 R superior frontal gyrus 1



https://www.editorialmanager.com/jove/download.aspx?id=1191196&guid=6ab49ea4-7e5b-419b-a4a8-edea53219d27&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1191196&guid=6ab49ea4-7e5b-419b-a4a8-edea53219d27&scheme=1

1.Eprime code

Click here to access/download

Supplemental Coding Files

1.EPrimecodes.txt


https://www.editorialmanager.com/jove/download.aspx?id=1191197&guid=fdee0d2c-0cb8-443e-9aaa-3cafd7fe9240&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1191197&guid=fdee0d2c-0cb8-443e-9aaa-3cafd7fe9240&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1191197&guid=fdee0d2c-0cb8-443e-9aaa-3cafd7fe9240&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1191197&guid=fdee0d2c-0cb8-443e-9aaa-3cafd7fe9240&scheme=1

Supplemental Coding Files

Click here to access/download

Supplemental Coding Files

3.correlation .R


https://www.editorialmanager.com/jove/download.aspx?id=1191198&guid=6ac0af07-f944-4bce-84c5-cf2024af6b18&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1191198&guid=6ac0af07-f944-4bce-84c5-cf2024af6b18&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1191198&guid=6ac0af07-f944-4bce-84c5-cf2024af6b18&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1191198&guid=6ac0af07-f944-4bce-84c5-cf2024af6b18&scheme=1

Author License Agreement (ALA)

Click here to access/download;Author License Agreement (ALA);scan0002.pdf £

ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Conducting the Concurrent EEG and fNIRS Recordings for the Flanker Task

Author(s):

Shi-Yang XU, Li-Xing ZHANG, Ying ZHUANG, Tania Alexandra Pinho Couto, Zhen YUAN

ltem 1: The Author elects to have the Materials be made available (as described at

httpiﬁdww.jove.ccm/pubﬂsh) via:

Standard Access

ltem 2: Please select one of the following items:

DOpen Access

The Author is NOT a United States government employee.

I:IThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

T Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmadified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole:
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Authar, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any partion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in ltem 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author's personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the "Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.5.C. 403, then the
rights granted hereunder shall be limited to the maximum

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JOVE the right to use the Author's name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Authar's
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author's institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12 Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney's
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13; Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14, Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR

Name:

Zhen YUAN
Department: . ]

Center for Cognitive and Brain Sciences, Faculty of Health Sciences
lgstisation; University of Macau
Title: Interim Head of Centre for Cognitive and Brain Sciences,Associate Professor
Signature: e, /7 Date: 0 ?/aé // (/
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copy of this license by one of the following three methods:

1. Upload an electronjc version on the JoVE submission site

2. Fax the document §jo’'+1.866.381.2236

3. Mail the document'to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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