s
(for EEG)
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Why use code?

* Increasingly a requirement for working in —_—
teams
% Software
* Keep track of what you've done 2 peros.
;:’; —+—S.tata
8 -4 Prism
. O = Statistica
» Do replicable/transparent research s — i
* Increasing no. of journals ask for code E 4ei05- | ot
=z

Share analysis pipelines
« E.g., GitHub o5

1995 2000 2005 2010 2015
Year

Transferable skillset Source: @dsquintana



dvaras (R

Been around a long time
« Large user/support base
+ Stood test of time

Regularly updated

Cross-platform support (win, mac)

Many toolboxes/packages available to increase functionality
Matlab is proprietary software (expensive)

R is open source (free)




A quick note on Python...

* Increasingly attractive option for EEG analysis
 Rapidly growing userbase

» EEG-focused toolboxes for M/EEG
* MNE (https://mne.tools/stable/index.htm)
« FOOOF (https://fooof-tools.github.io/fooof)

a General usage b Biomedical research usage C Neuroimaging research usage
(Popularity of Programming Language Index) (PubMed) (Google Scholar)
PO - - — - «
5 .8 S 8000
-
%5 28 so0f 2 MATLAB
£32¢ £8 MATLAB S E
£ S o S 2 6,000 1
T o = 5 !
L) c s o e
o 25T | B o
9 g £ o £ o SPM
] 4 £ DL 4,000 - 4
S @10 S E 250t g
ve'or = E Esg FsL
SE 35 5
tE 50 S £ 2000+ Freesurfer
8 5 MATLAB {1 3§ 2 AFNI —
2o a s s —
[T -] c e ————
g L . bk P i i & o —— Prthon
2005 2010 2015 2018 2000 2005 2010 2015 2018 2012 2014 2016 2018
Publication year Publication year Publication year

Source: Poldrack et al. (2019). Annu. Rev. Biomed. Data Sci.


https://mne.tools/stable/index.html
https://fooof-tools.github.io/fooof

Useful features

Customising Installing Building a script Using and Utilising the
your toolboxes and creating customizing EEGLAB ‘eegh’
environment sharable code shortcuts function




1. Customise your environment

MATLAB R

Rstudio - X
S P tat
HOME b4 OEReB0 QI » mentatic I & Signin File Edit Code View Plots Session Build Debug Profile Tools Help

= O -lomle- Go to fileffunctio - Adains * oject: (None) ~
(S (L4 = W | (JFindFiles  (¥] .r Cp fiowYamore »'S'I L, Andhyze Code ‘=; (Q) Preferences L’?‘JJ Q@ "? Sommoney O Untited] Environment  History  Connections Jobs. =il
New New  New Open (| Compare Import  Save AT Favortes O hum snd Tine Layout (Jcetpath  Add-Ons Help liRazies ppot Souceonsave | @ 2% - #Run | 9| (B Source - = # impor: patzset = | o ut- |G-
Script LiveScript ¥ - Data Workspace 27 Clear Workspace - 42 Clear Commands ¥ - - v [ Learn MATLAB T b Globl Environment -
VARIABLE COD! ENVIRO! A
S HQP\E » H: » Documents » MATLAB » P B S
Name Size Type New to MATLAB? See resources for Getting Started. x| | Name Value

Jg >>

Current dir R

Workspace '

Command window — =

Copyright (C) 2018 The R Foundation for statistical Computing
Platform: x86_64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()’ or 'licence()’ for distribution details.

R is a collaborative project with many contributors.
Type ‘contributors()’ for more information and
“citation()' on how to cite R or R packages in publications.

Type 'demo()’ for some demos, 'help()' for on-line help, or
*help.start()’ for an HTML browser interface to help.

> Type ‘90" o quit .

Details A

[workspace loaded from ~/.RData]

Ready




¥ ) [ Grre @

Compare v ¢

New Open Save

- Print v L

File details

5/ » Users » arcehill » Google Drive » 02 WORK » 02_CO_INVESTIGATOR » A_ONCOING_PROJECTS » EECManyPipes » Matlab_Code »
¢ WORK/01_POSTDOCTORAL_FELLOWSHIPS/03_DEAKIN_POST_DOC/EMPIRICAL ANALYSIS/ONGOING/Colin_Hawco_Project/ STUDY1 ISPvsDTI/MATLAB SCRIPTS/B_PREPROC_PART2.

MATLAB R2021a - academic use

B_PREPROC_PARTZ.m

File editor window

Command window

Workspace

Name &

& =1oN] |

Workspace

R

MATLAB

Home > Layout

SELECT LAYOUT
77 Default
T Two Column

=

1“1 All but Command Window Minimized

p—

") Command Window Only
Save Layout...

Organize Layouts...

SHOW

+ Current Folder

" Workspace

+ Panel Titles

+ Toolstrip

Command History >
Quick Access Toolbar >
Current Folder Toolbar >

Tools > Global Options > Pane Layout

Options.

Choose the layout of the panels in RStudio by selecting from the controls
General in each panel. Add up to three additional Source Columns to the left side
of the layout. When a column is removed, all saved files within the column
are closed and any unsaved files are moved to the main Source Pane.

Code
Console O Add Column
0 Appearance Source [ Environmaent, History, Connectio §

@ R Markdown

W cusw Console )
<% Publishing

B Terminal

@ Accessibility

@ Python

Erironment
Pane Layout 4
7 History

Files

Packages

Sweave

Spelling

Packages, Help, Vie

oK Cancel Apply



Change colour scheme...

Option 1: MATLAB Preferences

MATLAB

Add-Ons
App Designer
Code Analyzer
Colors

Programming Tools
Command History
Command Window
Comparison
Current Folder
Editor/Debugger
Figure Copy Template
Fonts

Custom
General
GUIDE

Help
Keyboard
Shortcuts
Project
Toolbars
Variables

jorkspace
Image Acquisition Toolbox
Image Processing Toolbox

Preferences

MATLAB Colors Preferences

Desktop tool colors
Use system colors

Text

MATLAB syntax highlighting colors
Keywords

Strings
System commands
Validation sections

MATLAB output colors

Error text
Hyperlinks in Command Window

Syntax highlighting sample

= fopen(
1=1:18

fprintf(fid, '%6.2f \n,

Background

Comments
Unterminated strings

Syntax errors

Warning text

Command Window sample
b> samplefunction
Link to sample:

Restore Default Colors

G

Apply

Option 2: Custom made toolboxes

‘\Math\'\’orks Products Solutions Academia Support Community Events

File Exchange

MATLAB Central +  Files  Authors My File Exchange +  Publish  About

ANNOUNCEMENT
MATLAB EXPO 2022 - Open to Everyone for Free - May 17-18 | Online

- *MATLAB EXPO is open to everyone:* * It's free. * It's online. *

MATLAB Schemer

, Scott Lowe

version 1.4,0.0 (512 DY
Apply and save color schemes in MATLAB with ease.

https://github.com/scottclowe/matlab-schemer

function sample( "]

function sample(
& with sys command

fid = fopen('test_file.txt', 'w');

end

fclose(fid);

end

fid = fope
is1:20

fprintf(fid,

function unu
ersistent

s Title of cell
printed_var = subFunc(g
unused_var = printed_var;
function out = subFunc(scale
fprintf %.4f\n', i=1:20
out = t * scaleF 3 fprintf(fid, 'sd unterminatec

end .
end fclose(fid);
out
fpeintf('Scale %
out scaleFacto

= subFunc (SCELEFSEESH)
fprintf ( , scaleFactor] ;
Input * SCAUEFacton;



Change colour scheme (R)

Change Theme

Tools = Global Options...

E Options
Environment/Hx el | (e
odemn Mllplot <- function (x, vy, ...
Code Zoom: - . .

80% 4 if (is.function(x) &&

> Console is.null(attr(x,
Editor font:

™7 Appearance Monaco ' if (missing(y))
Editor font size: y <- NULL

Pane Layout 12 N
| Packages Editor theme: hasylab <- function(...)

Ambiance lal1(is.na(

© RMarkdown Chrome pmatch(names%i}st(. -

- Clouds

€5 Sweave Clouds Midnight
Cobalt -

H prvs : T 500
Files/plots/packages/help 7 Speling | [crmson ator AR o)

Dawn p L) ) y! BN

W cisw Dracula
Dreamweaver else

8 Publishing ;‘L"“ plot. function(

. Idle Fingers Xi g’

B Terminal iPlastic ylab = paste(
Katzenmilch deparse(substitute(]

@ Accessibility =—— ,

Add... ced)

a2 Python




N4
2. Installing Toolboxes @

 Some toolboxes come as ‘add-ons’ to MATLAB and need to be installed
via the MATLARB installer.

* What is available depends on university license

* Signal processing toolbox
* Filters, power spectra, wavelets — needed for some functions in EEGLAB/Fieldtrip

» Statistics and machine learning toolbox
* Large no. of functions needed for some EEGLAB/Fieldtrip functions

* Image processing toolbox
* Image processing, analysis, and visualization functions
 Other third party toolboxes are free/open source

- EEGLAB: https://sccn.ucsd.edu/eeglab/ressources.php
- Fieldtrip: https://www.fieldtriptoolbox.org/fag/requirements/



https://sccn.ucsd.edu/eeglab/ressources.php
https://www.fieldtriptoolbox.org/faq/requirements/

Checking installed toolboxes

« Use the ‘ver' command to show a list of installed toolboxes
 Also displays MATLAB version information

MATLAB R

- B @ & A Gonhkiunion M - Addies ~ © Project: (None) ~

2 o b R p explore_daa. g £ ATA.R g t ity R 2 S — Ewvironment  History
- M B Wouceonsave @ - n B run @ B+ Source - & B K Impon Dataset st -

Q baselion ) B ) meplace & - ) Global Environment -
MATLAB Version: 9.10.0.1739362 (R2021a) Update 5 Wi seiection W usschcase @ wholeword @ Regex & wrap Data

MATLAB License Number: 1100912 -
Operating System: mac0S Version: 12.3.1 Build: 21E258
Java Version: Java 1.8.0_202-b08 with Oracle Corporation Java

Version 9. (R2021a)
Curve Fitting Toolbox Version 3.5. (R2021a)
Deep Learning Toolbox Version 14.2 (R2021a) ”L“:“QT::? Heo || Vewr —
EEGLAB Toolbox to process EEG data Version - see Name Description Version
FastICA for Matlab 7.x and 6.x Version 2.5, October 19
FieldTrip Version unknown www. fieldtriptoolbox.org
Image Acquisition Toolbox Version 6.4 (R2021a)
Image Processing Toolbox Version 11.3 (R2021a)
Mapping Toolbox Version 5.1 (R2021a)
Optimization Toolbox Version 9.1 (R2021a)
Signal Processing Toolbox Version 8.6 (R2021a)
Statistical Parametric Mapping Version 6470 (SPM12)
Statistics and Machine Learning Toolbox Version 12.1 (R2021a)
Symbolic Math Toolbox Version 8.7 (R2021a)
Wavelet Toolbox Version 5.6 (R2021a)

o ggunmcEm

Console

~IGoogle 2 102_CO_INVESTIGATOR/A_ONGOING_PROJECTS/CAMH_CONVULSIVE_THERAPY_APERIOOIC/RESULTS/_R/ =

00000 0 00




. Installing Toolboxes

« Mathworks toolboxes can be selected at
MATLAB installation

» Third party toolboxes need to be installed
manually
 Important to keep track of installed toolboxes

* This will making backing up easy prior to MATLAB
upgrades etc.

« Generally best to keep in MATLAB directory
 Mac: /Users/aronhill/Documents/MATLAB
 (Can create 'External_Toolboxes’ folder for storage

« Add files to path in MATLAB

* Needed in order for MATLAB to search for
files/functions

® Q

HOME PLOTS APPS
55 [md w [ Find Files
New New New Open | Compare
Script Live Script v -

FILE
3o &

Current Folder
B Name s

A_Preprocess.m
B_Itay_General Analysis.m

Hypoth

Hypothesis1_Script_B_Analyse_Data.m

W Report_removed_epoch_trial_IC_info.m

1_Script_A_Prepare_Data.m

Workspace (% Clear Workspace ~ v

ARIABLE

Set Path

All changes take effect immediately.

Add Folder...

Add with Subfolders...

Move Down

Move to Bottom

@

Remove

MATLAB search path:

<) /Applications/MATLAB_R2021a.
<) /Applications/MATLAB_R2621a.
<) /Applications/MATLAB_R2021a.
<) /Applications/MATLAB_R2021a.
<) /Applications/MATLAB_R2021a.
<) /Applications/MATLAB_R2021a.
<) /Applications/MATLAB_R2021a.
<) /Applications/MATLAB_R2021a.
<) /Applications/MATLAB_R2021a.
<) /Applications/MATLAB_R2021a.
<) /Applications/MATLAB_R2021a.
<) /Applications/MATLAB_R2021a.
<) /Applications/MATLAB_R2021a.
<) /Applications/MATLAB_R2021a.
<) /Applications/MATLAB_R2021a.
<) /Applications/MATLAB_R2621a.
<) /Applications/MATLAB_R2021a.
<) /Applications/MATLAB_R2021a.

Save

COD! NT

C_CLEAN_FILES_MDD.m

app/toolbox/matlab/sparfun
app/toolbox/matlab/mvm
app/toolbox/matlab/specfun
app/toolbox/matlab/randfun
app/toolbox/matlab/lang
app/toolbox/matlab/datatypes
app/toolbox/matlab/validators
app/toolbox/matlab/capabilities
app/toolbox/matlab/funfun
app/toolbox/matlab/elmat
app/toolbox/matlab/iofun
app/toolbox/matlab/general
app/toolbox/matlab/polyfun
app/toolbox/matlab/matfun
app/toolbox/matlab/strfun
app/toolbox/matlab/strfun/validators
app/toolbox/matlab/ops
app/toolbox/matlab/elfun

Close Revert Default

EDITOR PUBLISH VIEW
Il {3, New Variable » L& Analyze Code - @
=) L 1 i es G
» Open Variable v & Run and Time
Import Save - Favorites = Layout Add-Ons
Data g Clear Commands v -

T2 / » Users » aronhill » Google Drive » 02_WORK » 02_CO_INVESTICATOR » A_ONGOING_PROJECTS » EEGManyPipes » Matlab_
OB % Editor - untitled

B_CLEAN_DATA.m KW_RSEEG_PREPROCESS.n




EEGLAB toolboxes

For EEGLAB, additional toolboxes

can be added in two ways:
. irectly via the GUI

 2) download and add to
EEGLAB plugins folder

« EEGLAB will then search this
folder

Import data

Load existing dataset

Create study

Load existing study

Preferences

History scripts
Manage EEGLAB extensions

GLAB v2022.0

Some menus items hidder

Retrieving plugin vers

Help RELAX

List of phugins (bolded means instalied) No Install sta. B No topic filter

- Biosig v3.7.9 (57885 downloads; 20 rating)

- Fllelo v20220426 (24020 downioads; 4 rating)

- bra-io v1.7 (19806 downloads; 8 rating)

- Fleldtrip-ite v20220426 (15381 downloads; 13 rating)
- neuroscanio v1.5 (13973 downloads; 7 rating)

- clean_rawdata v2.6 (10087 downloads; 7 rating)

- Cleanline v2.00 update available (8861 downloads; 5 rating)
- ERPLAB v8.30 (7739 downloads; 19 rating)

- ICLabel v1.3 (6137 downloads; 3 rating)

- firfilt v2.4 (5561 downloads; 4 rating)

- dipfit v4.3 (5337 downloads; 6 rating)

- MFFMatiablO v4.0 (4370 downloads; 5 rating)

- Adjust v1.1.1 (4363 downloads; 9 rating)

- BDFimport v1.2 (4229 downloads; 5 rating)

= SIFT v1.52 (4065 downloads; 6 rating)

- MARA v1.2 (3879 downloads; 5 rating)

- AAR v131130 (3801 downloads; 1 rating)

- ANTeepimport v1.13 (3615 downloads; 4 rating)

*kk
ek
*hk
ok Ak

*k

*k K

* ke

ek

*

bvenbon 12 £ 434N Amssimirn e 3 i N
Rate this plugin Vied documentation

Togs:

Status:

Stze:

Description of the phagin:

Click 0 a plugin to shaw its description

A Applications

& Network

o < plugins
Name
AirDro|
P > T AMICA1.6.1
@ Recent > B3 blinkerv1.1.2

3 clean_rawdata
> [7 Cleanline1.04

2 Google... > B dipfit
9 Google Drive > [ egilegacy1.0
» [ FastiCA_25
Desktop > B firfilt
(% Documents T icablinkmetrics3.1
Downloads > [ ICLabel
> I loadcurry3.2.3
Creative Cl... > B= MARA1.2
&S Syncepli... > [0 MicrostateAnalysis0.3
> BJ MST1.0
> B0 mwf-artifact-removal-master
iCloud Drive > I neuroscaniol.5
> B PrepPipeline0.55.4
$ Shared

> B3 RELAX1.0.0
> 07 TESA11A
7 zapline-plus1.2

500

v ©~

I
<




R Packages

 Packages are the backbone of R -

greatly expand its capabilities

» Stored on CRAN repository

 Packages can be easily installed
RAN directly using code:

* Install.packages(“package name”)

from

 E.g. install.packages(“ggplot2”
Then to activate:

o Library(package name
 E.g. library(ggplot2

Documensznion

M

EAQ

2 Flot_Correlations R

-

51

Comsole

-

Download and Issta

Precompiled nary distribetions of the hase system and conribused packages, Windows and Mac users most Iikely want ose of these verskons of R:

for all Platforms

Windows and Mac ssers most likely want 80 dowaboad the procompiled binaries listed in the upper box, ot the sosrce code. The scurces have tn be compiled befors you cas wse Shem, If you do
ot know what this means, yos probubly do st want 8 do it!

= The latest release (122.04-22, Vigeeous Calithesics) B4 2.0 tar 2. read ahals ac is the laest vervica
+ Soerces of R alpha asd ety sclcases (daly ssapubes, cresnod caly in ise periods befces a plasned selcase).
« Dty snapsbots of curment pasched and developement versioas are available dere. Please read abous pw featares 4 bug fises before filing comesponding featere roquests o€ bug reponts.
+ Sowrce code of slder versions of R is aallable bere
+ Costribated exseraicn packases

Questioas About R

« 11 you have questions about R like how 50 dowaload and install the sofrwase, or what the license terms are, piease read our asswers 10 {requenily asked questions before you send an email

What are R asd CRAN?

R is "GNUSS", a freely available langusge asd cavironmer for sestntical compusing and graphics which pruvides 3 wide varicty of statissical and graphical lechsiques: linear and ncalisear modeling, siatistical teats, time serica asalyn,
clawificaticn, cluserag, ekc. Please comult the B fuaec for furtber infoematicn

CRAN s & setwork of fip arsd web servers arvend the woekd that stoee idatical up-4o-date, versions of cod and Goxcumeetation for R. Plosse use the CRAN fifeoe nearest 8 you 8o minissize setwork o
Submitting to CRAX

To “wibeni” » puckage 1o CRAN, check that yoer submission meets the CRAN Repository Pulicy ad thes wse e weh form

1 this fail, send . eomail 8o CRAN subrrission @R projotorg folkowing the policy, Please do ot ssiach wsbissicas 1 emails, becasse this will chatier up e mailbones of half 3 dares peogle

Note St we gencrally 6> st scoept submmsions of precorrpilad binaries duc o security reascas. All beary diviibuson livied sbove sre compried by selected mamtsinens, who s 2 charge foe all baries of thes platform, respectively

For queries about fhis web site. please contact (he Wb

This server s hosted by the [nsatune foc Statissics and Mathematics of WL (Winschafisnbversisi Wien!

- - ® & A Gowotie/funcion © Project: (None) -

] B Source on Save

(Top Level)

D camh_explore_da 2 PLOT_ECT_DATAR _functional conmectivity. R 2 > Enviconment  History  Connectic

& B & Import Dataset - c-
R - Clobal Emironment -
Data

>

- m Brn

s P Packages  Help
Install O Update Q

Name Description Version

a
Q

R Script

<]
OO 00 00 & 90 & & & 0000



Use inbuilt help functions
o Help name of function ~— IEEE—————))

» Get help file associated with function

« Edit name of function

» Opens file — useful to get more specific
details

 Also helpful as it opens in new window

* Doc hame of function

* More detailed info (where available), often
including examples and figures

Mathworks discussion forum:

https://au.mathworks.com/matlabcentral/a
nswers/index

Command Window

>> help fft
fft Discrete Fourier transform.

o =) Moo
-y k-0 m +
Documentation

a

fft(X) is the discrete Fourier transform (DFT) of vector X. For
matrices, the fft operation is applied to each column. For N-D
arrays, the fft operation operates on the first non-singleton
dimension.

fft(X,N) is the N-point fft, padded with zeros if X has less
than N points and truncated if it has more.

fft(X,[]1,DIM) or fft(X,N,DIM) applies the fft operation across the
dimension DIM.

For length N input vector x, the DFT is a length N vector X,
with elements
N
X(k) = sum Xx(n)*exp(-j*2*pi*(k-1)*(n-1)/N), 1 <= k <= N.
n=1
The inverse DFT (computed by IFFT) is given by
N

x(n) = (1/N) sum X(k)*exp( j*2*pi*(k-1)*(n-1)/N), 1 <= n <= N.
k=1

See also

B B
Open Live Script



https://au.mathworks.com/matlabcentral/answers/index

Getting help (R)

?rnorm()

 As with Matlab, R has excellent help on

-5 A A C Refresh Help Topic

R: The Normal Distribution » | Find in Topic

functions

The Normal Distribution

ormal dist

* ?name of function .

 Consider using tidyverse packages in

place of base R packages — often faster
and more intuitive - e

TRUE, probabiities p are

ation equal to

s taken to be the r required.

ver.tail ; if TRUE (default), probabilities are

Details

ne the o« alues of 0 and 1

ffx)

function, g e quantile fun m generates random

>rm, and is the maximum of the lengths of the numerical arguments for the other




Building a
script

Creating a script from scratch can
be daunting

» (Can often be helpful to first outline
sections of a script using
comments and then fill in the gaps

» This can help structure the script
around a specific objective

+ Also helps to break down complex
analyses into achievable steps




Write sharable code

ANNALS 255 o7 Seiewces
REVIEW

Progress toward openness, transparency, and reproducibility in
cognitive neuroscience

Rick O. Gilmore &4, Michele T. Diaz, Brad A. Wyble, Tal Yarkoni

First published: 02 May 2017 | https://doi.org/10.1111/nyas.13325 | Citations: 36

Read the full text > T POF % TOOLS « SHARE

Abstract

Accumulating evidence suggests that many findings in psychological science and
cognitive neuroscience may prove difficult to reproduce; statistical power in brain
imaging studies is low and has not improved recently; software errors in analysis tools
are common and can go undetected for many years; and, a few large-scale studies
notwithstanding, open sharing of data, code, and materials remain the rare exception. At
the same time, there is a renewed focus on reproducibility, transparency, and openness
as essential core values in cognitive neuroscience, The emergence and rapid growth of
data archives, meta-analytic tools, software pipelines, and research groups devoted to
improved methodology reflect this new sensibility. We review evidence that the field has
begun to embrace new open research practices and illustrate how these can begin to
address problems of reproducibility, statistical power, and transparency in ways that will
ultimately accelerate discovery.

PLOS COMPUTATIONAL BIOLOGY

Summary of Policy
Roquirements for Authors
Publishing in PLOS
Computational Biology

Code Availability

g_urlnmary of Policy Requirements for Authors Publishing in PLOS Computational

Code Sharing Policy lology
Frequently Asked Questions > Upon publication of your article, you must share publicly any code that you created and that directly relates 1o the results
(FAQs) described in your article, uniess you claim an exemption 10 the policy.

External Link Disclaimer > I you have legal or ethical restrictions on public sharing of your code, please include details of your exemption in your Data

Availability Statement, and your request will be passed 1o the Editor for consideration.

> Astatement about where and how your code can be accessed must be included in the Data Availability Statement in your

fture. All rights reserved.

itHub

Neuron

NeuroView

A Commitment to Open Source in Neuroscience

Padralg Gleeson,’ Andrew P. Davison,” R. Angus Sﬂvef. and Giorgio A. Ascoli™
of

P and P i y College London, Gower Street, London WC1E 68T, UK

2\Jm!é de i ion et C

‘Krasnow Institute for Advanced Study, George Mason University, Fairfax, VA, USA
ndence: ascoli@gmu.edu

https://doi.org/10.1016/j.neuron.2017.10.013

Centre Natlonal de Ia Recherche Scientifique, FRE 3693, 91198 Gif-sur-Yvette, France

Modern neuroscience increasingly relies on custom-developed software, but much of this is not being made
available to the wider community. A group of researchers are pledging to make code they produce for data
analysis and modeling open source, and are actively encouraging their colleagues to fallow euit

COMMENTARY

Toward standard practices for sharing
computer code and programs in
neuroscience

Stephen ] Eglen’®, Ben Marwick?®, Yaroslav O Halchenko®®, Michael Hanke**®, Shoaib Sufi*®,
Padraig Gleeson’®, R Angus Silver’®, Andrew P Davison*®, Linda Lanyon®®, Mathew Abrams®®,
Thomas Wachtler'*®, David ] Willshaw''®, Christophe Pouzat'*® & Jean-Baptiste Poline'*®

Computational techniques are central in many areas of neuroscience and are relatively easy to share. This paper
describes why computer programs underlying scientific publications should be shared and lists simple steps for
sharing. Together with ongoing efforts in data sharing, this should aid reproducibility of research.

JCIM =2 -

pubs.acsorg/jcim

Code Sharing in the Open Science Era

W. Patrick Walters*
I:l Read Online

BB Article Recommendations

cmmw Chem, Inf, Model. 2020, 60, 4417-4420

ACCESS

ABSTRACT: Many high-profile scientific journals have established

‘mandating the release of code accompanying papers that describe
computational methods. Unfortunately, the majority of joumnals that
pubhhpupﬂnnCawmhomlChamﬂy and Cheminformatics have yet
to define such guidelines. This Viewpoint reviews the current state of
npmdnubityfmdmﬁeldmdm.iaamf«lhemhmndwdewuh
computational papers.

& Metrics & More |

a 10 legitmanely share published arecles.

1, 2022 at 23:33:92 (UTC).



Example MATLAB Script
Load EEG files and preprocess

Step 1: Create an outline




Step 2: Fill in the blanks...

Heading
Broad description

More thorough description of key

steps
close; clear; clc; n
i First section typically sets in and
B outpaths, defines key conditions
g - (used in later loops) and loads
‘ subject IDs
e |

if ~exist(outPath, ); mkdir(outPath)§ enc

eeglab;

Open
Always Open With >

Move to Trash
© Move to Dropbox

Show Inspector

Rename

Compress “debug.log”
Duplicate

Make Alias

Slideshow “debug.log”

Share >

Copy “debug.log” as Pathname *
Show View Options

Tags...
o

Services >



Step 3: Continue to build script

—
—
close; clear; clc; —
inPath =
outPath =
Sesh
Pulse =
{
caploc=
~exist(outPath, ); mkdir(outPath); ¢
eeglab;
= 1:size(1D,1)
cntname = ([inPath, 10s,1}, Pulse Sesh
EEG = pop_loadcnt (cntname, » »
Add further info relating to code chunk
disp([ num2str(ID{IDs,1})]);
EEG.event=[];
elec ;
EEG = tesa_findpulsepeak(EEG, elec,
EEG = pop_epoch( EEG, { y [-2 2], y Evaluate Selection ~ed
Open Selection %D
Help on Selection F1
EEG = pop_rmbase( EEG, [-2000 1999] ,[]); Cut X
[ALLEEG EEG CURRENTSET] = pop_newset(ALLEEG, EEG, 4, Copy 8C
i = 1:size(EEG.event,2) Paste 3"
EEG.event(1,1).type = : Select All %A
[ALLEEG, EEG, CURRENTSET]=eeg_store(ALLEEG,EEG,IDs); Wrap Comments GRW
Comment 8/
Uncomment 2T
EEG = pop_chanedit(EEG, , caploc); Smartindent 38
EEG.NoCh = { ) , » » i
EEG = pop_select(EEG, ,EEG.NoC Evaluate Current Section Hed
Insert Section Breaks Around Selection
Insert Text Markup >
Function Browser OF1
Function Hints ~F1
Code Folding >

Split Screen >




@A_Preprocess.m
aB_Itay_General_Analysi
ahypothesisi_Script_A_Prepare
@Hypothesisi_Script_B_Analyse.
ort_resoved_epoch_trial I

Use shortcuts f=

caploc=

3 clear; clc;

if ~exist(outPath,'dir'); mkdir(outPath); d
glab;

IDs = 1:size(ID,1)

 Run highlighted section of code
« MATLAB: Shift + F7 (Mac
e R: Cntrl + Enter

<t a file to view details

ay_General_Analysis.n
aHypothesisl Script_A_Prepare.
@Hypothes Script_B_Anal
@Report_re
EEG = rubase( EEG, [-2008 1999] ,[
[ALLEEG EEG CURRENTSET] = pop_newset(ALLEEG, EEG, 4,

1ze(EEG.event,2)

e Run entire section of code

EEG = pop_chaned{t(EEG, , caploc);

EEG.NoCh

* MATLAB: Option + Enter

Select a file to view det




4. Customise shortcuts

* A key frustration when swapping between MATLAB and R can be
having different shortcuts for performing the same task

o] o Preferences

MATLAB MATLAB Key Shortcuts Pref:
Add-Ons
App Designer Active settings:
Code Analyzer
Colors Macintosh Default Set (modified) e
Command History
Command Window

Comparison

: ‘Action name Shortcuts
Current Folder
Editor/Debugger Add to Favorites...
Figure Copy Template REAd|usT o Bottom A
Ffm PYESRe  Adjust To Top N
- Autofix Message e
- D Back K[ X~
General = G
GUIDE e,
D Break Line )
Help
e Preferences = Key board = Shortcuts e s e
Shortcut Tools with shortcut
Project

Toolbars
Variables
Web
Workspace
Image Acquisition Toolbox ar

Image Processing Toolbox
9 = All possible conflicts

Shortcut Action name Tools with shortcut

? . Aowiy



5. Use the ‘eegh’ function

o EEGLAB v2022.0
File Edit Tools Plot Study Datasets Help RELAX

‘Write' sections of code using the GUI

This can be a lifesaver when starting out coding in
EEGLAB

[ALLEEG EEG CURRENTSET ALLCOM] = eeglab;
EEG = pop_loadset('filename', 'Sub4.set','filepath','/Volumes/LaCie_5TB/Microstate_practice_data/EEG/');

[ALLEEG, EEG, CURRENTSET] = eeg_store( ALLEEG, EEG, 0 );

EEG = eeg_checkset( EEG );
EEG = pop_reref( EEG, []);
[ALLEEG EEG CURRENTSET] = pop_newset(ALLEEG, EEG, 1,'gui','off');

>>|

® pop_reref - average reference or re-reference data

Current data reference state is: average
Compute average reference
Re-reference data to channel(s):

Interpolate removed channel(s)

Exclude channel indices (EMG, EOG)
Add old ref. channel back to the data

Help Cancel



Utilise R’s array of packages

 Base functions in R can be quite limited/unintuitive
« A major feature of R is its vast array of packages ggplot2
* https.//www.tidyverse.org/ 7

Tidyverse

R packages for data science

.
The tidyverse is an opinionated collection of R ggstatsplot P
S 1s-
packages designed for data science. All packages 5
hare an underlying design philosophy, grammar §
2
i data st u < .
g L
.
Install the complete tidyvers tt §'
3 87 e
("t e

srs_social_awareness_t


https://www.tidyverse.org/

Final Tips

* Find others in your lab/wider university who are at a similar stage to
you and meet regularly to share and di

iscuss code, tips, and tricks
* Practice adapting other people’s code to work with your own data

* Take opportunities to work with collaborators experienced in coding, or
find a mentor who is willing to help you code

* Dedicate time each week to learning how to code (your future self will
thank you!)



Additional Resources

* Mike X Cohen books/courses
* https://sincxpress.com/

« RELAX pipeline for automated EEG cleaning
* https://github.com/NeilwBailey/RELAX/releases

 Data wrangling in R (Mike Chapple)

* Available through Linked in learning

* Nordman et al. (2022) Data Visualization Using R for Researchers
Who Do Not Use R (doi:
https://doi.org/10.11/77/251524592210/4654)



https://sincxpress.com/
https://github.com/NeilwBailey/RELAX/releases
https://doi.org/10.1177/25152459221074654

Doctors: Googling stuff online does not
make you a doctor.

Programmers:

Thanks for
listening!




