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SUMMARY:  20 
This protocol provides an open source, compiled MATLAB program that generates multitaper 21 
spectrograms for electroencephalographic data. 22 
 23 
ABSTRACT: 24 
Current web resources provide limited, user friendly tools to compute spectrograms for 25 
visualizing and quantifying electroencephalographic (EEG) data. This paper describes a Windows-26 
based, open source code for creating EEG multitaper spectrograms. The compiled program is 27 
accessible to Windows users without software licensing. For Macintosh users, the program is 28 
limited to those with a MATLAB software license. The program is illustrated via EEG spectrograms 29 
that vary as a function of states of sleep and wakefulness, and opiate-induced alterations in those 30 
states. The EEGs of C57BL/6J mice were wirelessly recorded for 4 h after intraperitoneal injection 31 
of saline (vehicle control) and antinociceptive doses of morphine, buprenorphine, and fentanyl. 32 
Spectrograms showed that buprenorphine and morphine caused similar changes in EEG power 33 
at 1−3 Hz and 8−9 Hz. Spectrograms after administration of fentanyl revealed maximal average 34 
power bands at 3 Hz and 7 Hz. The spectrograms unmasked differential opiate effects on EEG 35 
frequency and power. These computer-based methods are generalizable across drug classes and 36 
can be readily modified to quantify and display a wide range of rhythmic biological signals. 37 
 38 
INTRODUCTION:  39 
EEG data can be productively analyzed in the frequency domain to characterize levels of 40 
behavioral and neurophysiological arousal1. Multitaper spectrograms transform the EEG 41 
waveform into time and frequency domains, resulting in the visualization of the dynamic signal 42 
power at different frequencies across time. The multitaper spectrogram uses Fourier analysis to 43 
produce spectral density estimations. Spectral density estimation separates a waveform into the 44 
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pure sinusoidal waves comprising the signal and is analogous to the diffraction of white light 45 
through a prism to see the entire spectrum of colors2. The multitaper spectrogram of the EEG 46 
represents the combined activity of multiple networks of neurons with discharge patterns that 47 
oscillate at different frequencies2. Due to its time shift invariant, the Fourier transform is 48 
considered the best transformation between time and frequency domains3. Fourier analysis also 49 
has a number of limitations. EEG signals are nonstationary. Therefore, small changes may not be 50 
perceived under Fourier methods and the analysis may change depending on the size of the data 51 
set. However, windowing is used when applying a Fourier transform to a nonstationary signal. 52 
This assumes that the spectrum of the signal changes only marginally over short periods of time. 53 
An alternate method for spectral analysis is wavelet transform which may be more appropriate 54 
for detecting brain disease3. 55 
 56 
From a functional perspective, the different oscillations comprising an EEG signal are lower-level, 57 
trait phenotypes characteristic of higher-level, state phenotypes such as sleep and wakefulness2, 58 
or the loss of wakefulness caused by general anesthetics4-6. Regarding states of sleep and 59 
wakefulness, the spectrogram clearly illustrates that endogenously generated rhythms of sleep 60 
are continuous and dynamic7. Quantitative descriptions of states of sleep and wakefulness have 61 
traditionally involved a binning process that assigns a sleep or wake classification to each 62 
specifically defined epoch (e.g., 10 s) of EEG recording. These state bins are then plotted as a 63 
function of time. Time course data plots, often referred to as hypnograms, are used to 64 
differentiate normal sleep from sleep that is disrupted by disease, drug administration, changes 65 
in circadian rhythms, shift work, etc. A limitation of hypnogram plots is that they misrepresent 66 
EEG signals by expressing arousal states as square waveforms. Hypnogram plotting involves a 67 
discretization of arousal states2 and does not permit a finely grained display of intermediate or 68 
transition stages. Furthermore, 10 s scoring epochs produce a discretization of time by imposing 69 
a lower limit on the time scale. The result of the discretization of both state and time is the loss 70 
of neurophysiological information regarding the dynamic interplay between states of 71 
consciousness2 and drug-induced disruption of these states4. For example, different anesthetic 72 
agents act on different molecular targets and neural networks. Pharmacological manipulation of 73 
these neural networks reliably produces spectrograms unique to the drug, dose, and route of 74 
administration4. 75 
 76 
The present protocol was developed to facilitate research regarding the mechanisms by which 77 
opioids alter sleep8, breathing9, nociception10, and brain neurochemistry11. This protocol 78 
describes the steps required to create a multitapered spectrogram for EEG analyses that can be 79 
completed using proprietary software or a system that does not have MATLAB licensing. 80 
C57BL/6J (B6) mice were used to validate the ability of this computer-based method to create 81 
novel EEG spectrograms during normal, undisturbed states of sleep and wakefulness and after 82 
systemic administration of opiates. The reliability and validity of the analyses were confirmed by 83 
systematic comparisons of differences between EEG spectrograms after B6 mice received 84 
intraperitoneal injections of saline (vehicle control) and antinociceptive doses of morphine, 85 
buprenorphine, and fentanyl.  86 
 87 
Quantitative studies of neonatal mouse EEG dynamics have translational relevance by providing 88 



a model for studies aiming to achieve a better understanding of neonatal human EEG12. 89 
Quantifying EEG dynamics is not merely descriptive and can contribute to machine learning 90 
approaches that can predict arousal based in part on EEG data13. The goal of the present report 91 
is to promote translational science by providing a widely accessible, user friendly code for 92 
computing multitaper spectrograms that characterize drug-induced changes in mouse EEG.  93 
 94 
PROTOCOL: 95 
 96 
All procedures involving mice adhered to the Guide for the Care and Use of Laboratory Animals 97 
(8th edition, National Academies Press, Washington DC, 2011) and were reviewed and approved 98 
by the University of Tennessee Institutional Animal Care and Use Committee. 99 
 100 
1. Implantation of recording electrodes and initial data collection 101 
 102 
1.1. Purchase mice and keep them in a humidity- and temperature-controlled room with ad 103 
libitum access to food and water. Allow mice to adapt to their new environment for one week 104 
before surgical implantation of recording electrodes. The implantation procedure has been 105 
described in detail1,14.  106 
 107 
1.2. Sterilize all surgical equipment.  108 
 109 
1.3. Anesthetize mice with isoflurane at 2.5%−3% delivered in 100% oxygen.  110 
 111 
1.4. Following the loss of the righting reflex, remove the mouse from the anesthesia induction 112 
chamber and transfer it to a stereotaxic frame.  113 
 114 
1.5. Apply an ophthalmic ointment to both eyes.  115 
 116 
1.6. Reduce the isoflurane to 1.7%, continuously delivered via a mask.  117 
 118 
1.7. Make a midline scalp incision to expose the skull. 119 
 120 
1.8. Drill two craniotomies above the left and right cortex (each at stereotaxic coordinates 121 
anterior = 1.0 and lateral = 3.0 relative to the bregma15).  122 
 123 
1.9. Insert the EEG electrodes into each craniotomy and secure with dental acrylic.  124 
 125 
1.10. Implant bipolar electrodes in the dorsal trapezius muscle for recording the electromyogram 126 
(EMG).  127 
 128 
NOTE: The four electrodes are led to a wireless telemeter implanted subcutaneously above the 129 
lower right body quadrant. These surgical techniques can be viewed here 130 
(https://www.datasci.com/services/dsi surgical services/surgical-videos). 131 

 132 



1.11. After the surgery, administer analgesic carprofen and place the mouse in a warm recovery 133 
cage. Observe the mouse until it is ambulatory. House implanted mice individually.  134 
 135 
1.12. Upon full recovery from the surgery, handle mice daily and evaluate the quality of the EEG 136 
and EMG recordings. 137 

 138 
1.13. Configure the data acquisition system to record all signals ± 1,000 mV. 139 
 140 
1.14. Obtain EEG and EMG recordings for the duration needed.  141 
 142 
1.15. Score each 10 s bin of the digital EEG and EMG recordings as wakefulness, rapid eye 143 
movement (REM) sleep, or non-REM (NREM) sleep using sleep scoring software. 144 
 145 
NOTE: Among mouse strains there are genotype- and state-specific differences in EEG power 146 
expressed as a percentage of the total power16. In B6 mice, states of wakefulness are 147 

characterized by a 75−100 mV, mixed frequency EEG, and by EMG signals showing prominent 148 
muscle tone with large increases in amplitude during movement. Criteria for scoring NREM sleep 149 
include a reduction in EMG amplitude relative to the EMG amplitude of wakefulness. The NREM 150 

sleep EEG has a slower frequency and increased amplitude (100−150 mV) compared to 151 
wakefulness. REM sleep is characterized by muscle atonia and an EEG signal that is similar to the 152 
EEG of wakefulness. 153 
 154 
1.16. Instruct two individuals to independently score the same record. At least one individual 155 
should be blinded to the treatment condition. Concordance values between the two sleep scorers 156 
should be greater than 90%.  157 
 158 
2. Facilities and equipment 159 
 160 
2.1. Amplify and digitize unfiltered EEG and EMG signals using data acquisition instrumentation 161 
and software. 162 
 163 
NOTE: The Chronux Spectral Analysis Toolbox developed in the Mitra Laboratory at Cold Spring 164 
Harbor Laboratory is used to express EEG signals as power in relation to time and frequency 165 
domains. 166 
 167 
3. Spectrogram computation 168 
 169 
3.1. If a Windows user, use the compiled program. 170 

 171 
3.2. If a Macintosh user, run the raw code file. 172 
 173 
3.3. Obtain raw, unprocessed EEG data in either EDF or CSV file format and place it in the same 174 
location as the compiled program file. 175 
 176 



3.3.1. Name the data files using the following constraints: names must consist of only letters, 177 
numbers, underscores, or dashes.  178 
 179 
3.3.2. Name the data files using the following constraints: filenames must not contain periods, 180 
commas, spaces, or any other symbols. 181 
 182 
3.4. Download the compiled Multitaper Spectrogram Program. 183 

 184 
3.5. Launch the spectrogram program and follow the pop-up prompts. Choose file type: *.CSV or 185 
*.EDF. 186 
 187 
NOTE: Further program installation details are located in the readme.txt file. 188 
 189 
3.6. Type the entire EEG file name (e.g., 419eeg.edf or 419.eeg.csv). 190 

 191 
3.7. Select parameters for spectrogram calculation: Default or New. This step requires the 192 
longest processing time as the spectrogram is being computed. The mathematical windowing 193 
function (taper) provides statistically-independent estimates of the underlying spectrum. The 194 
longer the recording duration, the longer this step will take. On a PC platform running Windows 195 
10 this required a maximum of about 3−4 min for a 4 h recording. 196 
 197 
3.7.1. Use the following default spectrogram parameters: 198 
Sampling frequency = 500 Hz. This represents the number of samples per second. 199 
 200 
fpass = 0.3 Hz and 30 Hz. Fpass defines the frequencies of input and controls the range of 201 
frequencies supplied in the output. 202 
 203 
Padding = 2. Padding works to finely interpolate the output without affecting the result 204 
calculation in any way. This may assist with visualization and the precise identification of spectral 205 
lines. The field is any integer from -1 and up. 206 
 207 
Time-bandwidth product (NW) = 15. The product of the signal temporal duration and spectral 208 
width. 209 
 210 
Number of tapers = 29. When choosing number of tapers, it is essential to use 2NW-1. There is 211 
no limit on the number of tapers used. The more tapers used will result in the inclusion of tapers 212 
with poor concentration in the specified frequency bandwidth. 213 
 214 
Trial average = 1. This parameter governs whether or not trial or channel averaging is performed. 215 
If this parameter is set to 0, there is no channel averaging and the function will output 216 
independent results for each trial or channel passed as input data. However, if the trial average 217 
is set to 1, the results output to the user are averaged over trials or channels.  218 
 219 



Time to compute FFT ~30 s. Used to follow the evolution of the spectrum by calculating the 220 
spectrum over many small windows. 221 
 222 
Step size of window for FFT computation = 5. The amount the sliding time window advances after 223 
each spectrum calculation is performed. 224 
 225 
NOTE: The default spectrogram parameters stated in step 3.7.1 can be changed as needed.  226 
 227 
3.8. Enter titles for both the spectrogram and EEG. 228 
 229 
3.9. Save the resulting spectrogram and EEG. 230 
 231 
3.9.1. Save figures by clicking File | Save in the figure window. 232 
 233 
NOTE: The figures will provide program users with summaries that can be developed into 234 
publication-quality figures. 235 
 236 
4. Troubleshooting 237 
 238 
4.1. Download the sample mouse sleep EEG data for sample spectrogram computation. 239 
 240 
4.2. Run program with the sample data to ensure the user is correctly using the program. Find 241 
the figures for these sample data in the appendix to ensure that the figures created from the 242 
sample data are accurate.  243 
 244 
NOTE: All equipment and materials used have been provided in the Table of Materials. 245 
 246 
REPRESENTATIVE RESULTS: 247 
The following figures illustrate the type of novel insights into EEG indices of brain excitability that 248 
are provided by spectrograms. 249 
 250 
Figure 1A illustrates similarities and differences in the cortical EEG during wakefulness, NREM 251 
sleep, and REM sleep. Many investigators use these kinds of traces, along with EMG recordings 252 
(not shown), to quantify sleep and wakefulness. Figure 1B uses a hypnogram plot to convey the 253 
temporal organization of states of sleep and wakefulness based on assessments of EEG and EMG 254 
recordings. States were scored in 10 s epochs and these epochs were plotted as the hypnogram 255 
during the 14,400 s comprising the 4 h recording. Hypnogram plots do not illustrate the fact that 256 
transitions between states are continuous and nonlinear. In contrast to a hypnogram plot, the 257 
spectrogram (Figure 1C) illustrates highly dynamic changes in EEG frequency and power as a 258 
function of time. The spectrogram also highlights the similarities between the cortical EEG signal 259 
during wakefulness and during REM sleep. The three boxes superimposed on the spectrogram 260 
(Figure 1C) mark states identified as wakefulness (WAKE), NREM sleep, and REM sleep in the 261 
hypnogram above (Figure 1B) and are provided to assist with visualizing the detailed changes in 262 
EEG frequency and power. The spectrogram for the entire recording provides a nuanced 263 



appreciation of the EEG as a continuous process.  264 
 265 
Figure 2 provides four multitaper spectrograms, each summarizing 4 h of EEG recordings after 266 
intraperitoneal administration of saline, morphine, buprenorphine, and fentanyl. All four 267 
recordings are from the same mouse and were begun 2 h after light onset. The opiates, but not 268 
saline, inhibited NREM and REM sleep, and increased the amount of wakefulness. A number of 269 
novel features are visualized by the spectrograms. The detection of novel EEG features suggests 270 
the potential application for opiate differentiation in a chemical threat environment. After the 271 
saline injection (Figure 2A) the greatest amount of power resided in the 2−4 Hz range, indicating 272 
NREM sleep. Note that the EEG spectrograms were fundamentally altered by opiate 273 
administration, and that each opiate caused unique spectral changes.  274 
 275 
Figure 3 demonstrates that EEG changes illustrated by the spectrograms can be quantified and 276 
expressed as average dominate spectral power of each half frequency (Figure 3A) and as the 277 
average spectral power within specific EEG frequency bands (Figure 3B). The greatest differences 278 
from saline were caused by buprenorphine and occurred in the delta and theta ranges. 279 
 280 
FIGURE AND TABLE LEGENDS:  281 
Figure 1. Cortical EEG recordings used to create hypnograms and spectrograms. (A) EEG 282 
waveforms recorded during wakefulness, NREM sleep, and REM sleep during a baseline (no 283 
injection) recording. Each trace shows 90 s of recording. (B) The hypnogram uses the height of 284 
the bars to convey state of consciousness (ordinate) versus 4 h of recording (abscissa). (C) 285 
Tapered spectrogram using a color bar to convey EEG power in decibels (dB, right ordinate) or 286 
spectral power density at different EEG frequencies in Hertz (Hz, left ordinate) as a function of 4 287 
h recording time (abscissa). Black vertical lines have been added to the spectrogram to delineate 288 
one episode each of wakefulness, NREM sleep, and REM sleep. (Spectrogram parameters: 289 
sampling frequency = 500 Hz, fpass = 0.3 Hz and 30 Hz, padding = 2, time-bandwidth = 15, number 290 
of tapers 29, trial average = 1, duration of time to compute FFT ~30 s, step size of window for FFT 291 
computation = 5) 292 
 293 
Figure 2. Spectrograms illustrating changes in EEG power and frequency caused by opiate 294 
administration. Each spectrogram plots EEG frequency in Hertz (Hz, left ordinate) and decibels 295 
(dB) of EEG power using a color bar (right ordinate) for 4 h (abscissa) after administration of (A) 296 
saline, (B) morphine, (C) buprenorphine, and (D) fentanyl. (Spectrogram parameters: sampling 297 
frequency = 500 Hz, fpass = 0.3 Hz and 30 Hz, padding = 2, time-bandwidth = 15, number of tapers 298 
29, trial average = 1, time to compute FFT ~30 s, step size of window for FFT computation = 5) 299 
 300 
Figure 3. Opiates differentially altered the average EEG power within the delta and theta EEG 301 
frequency bands. (A) Summarizes the average EEG power during each 4 h recording shown in 302 
Figure 2. Ordinate plots average EEG power at each half frequency (abscissa). Relative to the 303 
saline control, each of the other three functions show opiate-specific alterations in average EEG 304 
power. (B) Illustrates the average EEG power in four EEG frequency bands (delta, theta, alpha, 305 
and beta) after administration of saline (S), buprenorphine (B), morphine (M), and fentanyl (F). 306 
Color coding is the same for power functions in A and average power bands in B. 307 



 308 
DISCUSSION:  309 
The program described here was developed to create a spectrogram using the nine steps outlined 310 
in protocol section 3, Spectrogram Computation. These steps involve acquiring the spectrogram 311 
program, ensuring the correct file format, and altering the computational parameters for the 312 
generation of unique user spectrograms. Users can create spectrograms that are tailored to a 313 
range of conceptual questions and experimental designs. In order to enhance the ease and 314 
efficiency of this development process, it is essential to provide the raw EEG data in the correct 315 
file format, named according to the constraints described above. Although example signals have 316 
been provided for mouse EEG data, the spectrogram program is readily applicable to human and 317 
non-human EEG data that are free of signal processing limitations. 318 
 319 
The recommended approach for troubleshooting and method modification is to begin by 320 
analyzing a small data set. The major program outputs to consider include plots of the filtered 321 
EEG as well as the spectrogram. An appealing aspect of the tapered spectrogram is that it can be 322 
applied to a wide variety of periodic, biological signals. The variety ranges from long duration 323 

circadian (24 h) rhythms17 to very fast rhythms such as 1,000 Hz discharge rates of a Renshaw 324 
cell18. 325 
 326 
Data formatting is a constraint of this spectrogram protocol. European data format (EDF) is widely 327 
used with EEG data. However, there are many other formatting options. For this reason, the raw 328 
code file has been included (see 3.2 above) in case the user would like to alter the file format. 329 
With regard to the raw program file, another limitation is the need for experience with the 330 
computer programming language in order to alter the file format. Not all investigators have 331 
access to the proprietary software and the full array of plug-ins. This protocol was developed to 332 
circumvent this issue by providing a compiled program that runs on a WINDOWS-based device 333 
without software licensing. This is achieved through the RUNTIME plugin which is included in the 334 
compiled program and does not require any software registration by the user. 335 
 336 
This EEG spectrogram routine is a novel, open source, computer-based program that allows users 337 
to create personalized, multitaper spectrograms from a wide range of data. The user has 338 
complete control over all computational aspects of spectrogram generation. Without prior signal 339 
processing and computer programing knowledge, spectrograms can be difficult to generate. The 340 
protocol described here will facilitate spectrogram generation. Please see the supplemental 341 
material section for further signal processing readings and multitaper spectrogram guidance.  342 
 343 
SUPPLEMENTAL MATERIALS : 344 
http://chronux.org 345 
http://www-users.med.cornell.edu/~jdvicto/pdfs/pubo08.pdf 346 
http://www.fieldtriptoolbox.org/tutorial/timefrequencyanalysis/ 347 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4502759/#SD3-data 348 
 349 
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Name of Material/Equipment Company Catalog Number Comments/Description

Dental acrylic Lang Dental Manufacturing CoJet powder and liquid

EEG/EMG Amplifier Data Science International model MX2

macOS Mojave Apple v10.14.4

MATLAB Mathworks v9.4.0.813654 software for spectrogram comp.

Mouse anesthesia mask David Kopf Instruments model 907

Neuroscore Data Science International v3.3.9317-1 software for scoring sleep and wakefulness

Ponemah Data Science International v5.32 software for EEG/EMG Data Acquisition

Stereotaxic frame David Kopf Instruments model 962

Stereotaxic frame, mouse adapter David Kopf Instruments model 921

Windows  10 Microsoft v10.0.17763.503

Wireless Telemeter Data Science International model HD-X02

Table of Materials Click here to access/download;Table of Materials;OBrien et al Table_of_Materials.xlsx
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Title of Article: 

Author(s):  

Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access  Open Access

Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee.

 The 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. 

 The 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 

1. 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 unmodified 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 MyJove 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 Author, 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 portion 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 Item 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.

Computer-Based Multitaper Spectrogram Program for Electroencephalographic Data

Christopher B. O’Brien, Helen A. Baghdoyan, and Ralph Lydic
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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.S.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 Author’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



ARTICLE AND VIDEO LICENSE AGREEMENT 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

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:    

Department:  

Institution: 

Title:  

Signature:  Date:  

Please submit a signed and dated copy of this license by one of the following three methods: 
1. Upload an electronic version on the JoVE submission site
2. Fax the document to +1.866.381.2236
3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140

 

Ralph Lydic, Ph.D.

Psychology and Anesthesiology

University of Tennesse, Knoxville

Robert H. Cole Professor of Neuroscience

28 May 2019
Digitally signed by Ralph Lydic 
Date: 2019.05.28 16:34:16 -04'00'
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We appreciate the prompt review and helpful suggestions for improving the manuscript (ms). 

Here we summarize concerns (in italics) and our response (regular font). All changes in the 

manuscript are identified by line number. 

 

Reviewer 1 Major concerns 

 

1.1 The authors should argue why multi-tapers are chosen as preferred method and not, e.g., 

windowed discrete Fourier Transform or wavelets. As suggested, the ms has been revised to 

describe what we believe are major advantages of the multi-taper approach. We also 

acknowledge (with citations) some criticisms of multi-taper signal processing. Please see lines 

51 to 59 of the revised manuscript (ms).  

1.2 The last table is not referred to in the text.  The revised ms corrects this omission which can 

now be seen on line 226 of the revised ms. 

1.3 In section 1.4, who are these "individuals": senior researchers or students ? Any prior 

knowledge on signal processing ?  

First author holds a B.S. degree in biomedical engineering 

Second author http://orcid.org/0000-0003-0627-2448 

Third author http://orcid.org/0000-0002-2686-251X 

1.4 In section 3.7.1, explain the keywords and give background information on fpass, padding, 

number of tapers, etc. Thank you for stating that more clarification is needed. We have defined 

and provided background information of the parameters in section 3.7.1 of the revised ms, lines 

188 to 212. 

1.5 In the figures, which multi-taper spectrogram parameters have been applied? The parameters 

have now been stated in the figure captions of Figures 1 (lines 265 to 275) and 2 (lines 277 to 

283). 

  

Reviewer 1 Minor concerns 

 

1.6 In figure 1 and 2, the right ordinate should be called ‘colorbar’. As suggested, "color bar" 

has been added for Figure 1 (line 269) and for Figure 2 (279) 

 

Reviewer 2 Major concerns 

No major concerns noted. 

 

Reviewer 2 Minor concerns 

 

2.1 Please indicate experimental details such as company and cat# of EEG and EMG electrodes. 

All equipment used for the data collection has been stated in the accompanying Table of 

Materials. 

 

2.2 Please indicate acquisition settings for EEG and EMG used for collection of example 

dataset. Acquisition settings are defined in Section 1.13 on line 140. 

 

2.3 The author claim that this opensource code will be useful for other analysis - are they 

providing information on how to change the code for investigators that are not expert in coding 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Response to
Review JoVE60333.docx

https://www.editorialmanager.com/jove/download.aspx?id=1087889&guid=16b260ad-1a04-43e3-8d5b-83c075fbd541&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1087889&guid=16b260ad-1a04-43e3-8d5b-83c075fbd541&scheme=1


O’Brien et al Response to Review of JoVE60333 Page 2 of 2 

(i.e., people that would use this code)? The purpose of the provided code is to create user 

generated multi-taper spectrograms for individuals that are not well-versed in computer 

programming. In the revised ms, we have provided supplemental materials for readers that are 

interested in tailoring the code to their own specific needs. Please see lines 332 to 335. 

 

2.4 Can this code be used to look at spectrograms from HPC LFP? Yes, the code can be used to 

create spectrograms of hippocampal LFP recordings provided that the data format is .EDF or 

.CSV. 

  

2.5 It would be nice if the code could also help summarizing spectrogram results. Does the code 

allow for creating graphs and tables useful for publication from the results? It is not clear from 

the current manuscript. Thank you for pointing out the need to address these points. The revised 

ms now explicitly states this on line 213-218. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


