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What is Reproducible Research?

Reproducibility is the ability of an entire experiment or
study to be reproduced, either by the researcher or by
someone else working independently, [and] is one of the
main principles of the scientific method.

Wikipedia
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Many of us are clicking, copying and pasting...
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» Can you repeat all of this again. ..

> ...and would you get the same results every time?



Worst Case Scenario

Retraction Watch

5 25 2 window into th:

Archive for the ‘not reproducible’ Category Subscribe to Blog

mail

Molecular mixup burns chemistry paper

without comments
Pages
Chemists at Lanzhou University in China did the right thing last month,
retracting a paper in Advanced Synthes!s & Caralysis because of issues with a
reactant that could only be corrected by changing “all the text and quantities.” Symthesis & Meet the Retraction Watch
Catalysis staff

How vou can support
Retraction Watch

When the scientists were adding what was labeled Reactant 1 to the mix, they
believed it was ci-ethoxycarbonyl-a-azido-A-phenylacetamides. Unfortunately,
what they were actually using was a decomposed version of the molecule, which
threw everything off.

About Adam Marcus
About lvan Oransky
The Center For Scientific
Here's the notice for *rert-Butyl Hydroperoxide and Tetrabutylammonium Intearity
lodide- Promoted Free Radical Cyclization of a-Azido-A-arylamides”™ Read the

rest of this entry >

Board of Directors.

The Retraction Watch FAQ.
including comments policy

The Retraction Watch

Share thi Transparency Index
= email || § Facebook @ || W Titter @ The Retraction Watch Store
Upcoming Retraction Watch
Written by Cat Ferguson Posted in Advanced Synthesis and Catalvsi hina appearances
April 14th, 2015 at 11:30 am retractions doing the right thing,freely available,not reproducible wiley

What people are savina about
Retraction Watch

Two more retractions bring lab break-in chemist up to eleven Search for

without comments
Karel Bezouska, the Czech biochemist who was caught on hidden camera breaking into a
lab fridge to fake results, has turned it up to eleven with two new retractions.

Recent Posts

Both retractions appeared in Biochemical and Biophysical Research Comemunications, one in| Beleaguered Forster tumns
October 2014 and one in January 2015. His story began two decades ago in 1994, when
he published a paper in Narure that couldn’t be reproduced, and was eventually retracted
in 2013.
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professorship, citing personal
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The best part of the story, of course, is that when his university was attempting to recreate
his experiments, Bezouzka broke into a lab fridge to tamper with the experiments.
Unbeknownst to him, he was caught on hidden camera. Read the rest of this entry »
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Scenarios that benefit from reproducibility

New raw data becomes available.

v

v

You return to the project after a period of time.

v

Project gets handed to new PhD student/postdoc.

v

Working collaboratively.

v

A reviewer wants you to change a model parameter.

v

When you find an error, but not sure where you went wrong.



Four rules for reproducibility.

[y

. Create a portable project.

2. Avoid manual data manipulation steps - use code!

3. Connect results to text.

4. Version control all custom scripts and documents.



Disclaimer

@ A pgthon ' EIIEX
erlﬂ
fortran =

Julla C++ ° java

Many solutions to the same problem!



The @Studid Environment:

http://www.rstudio.com

(2]

_— |

RStudio

File Edit Session  Build Tools

g-a- Bl

Code View Plots Debug Help

@] haggis_analysis.R? %

5| @ Osourceonsave | Q Fv| 1) = Run
### Haggis population density in the Scottish Highlands.
### 5. Johnston, University of Edinburgh.

# Load Tibraries, set
Tibrary(ggplot2)

I
< read.table("dara/haggis_density.txt”, header = T)
head’hd 3]

11 # conduct a linear regression of Population size by vear
13 Fitl < In(PopSize ~ Year, data - hds)
15 # what is the slope?
17 fitlscoefficients
19 slope <- fitlscoefficients(z]
71 (Top Level) +
Console R Markdown
Gi/Users/Susan Johnston/Desktop/20150422_ReproResk/ =
(Intercept) vear
-22493.9321 11,6743
>
> slope <~ fitl§coefficients[2]
>
> # what is the p-value?
>
> summary(fit1)Scoefficients
std. Error T value pri>itl)
(In‘ter(ep() -22493 9321 1489.9942809 -15.09666 5.557735e-15
6743 0.7504307 15.55681 2.614547e-15
7 pval < sumary(FitlyscoefFicients("vear”, "pr(>[t3"]
>
> # plot the regression
>
> ggplot(hds, aes(vear, Popsize)) +
+  geom_point() +
+  stat_smooth(method = "m")
>

o9 | [#source ~

working directory, and load data files

&) Project: (None)

=0
List~

Environment

=0 History
% & | [#import Dataset~

| @ ciobal Envronment-

o Clear

pata
©hds
values
ofitl
pval
slope

30 obs. of 2 variables @
List of 12

2.61454687756472e-15

Named num 11.7

v
R Saript =

=0

Files Plots Packages Viewer

2 zoom

Help
o Clear Al @

& bportr ©

800~

800~

2000

Year




Reproducible Research in @Studio‘

1. Creating a Portable Project (.Rproj)
2. Automate analyses - stop clicking and start typing.
3. Dynamic report writing with R Markdown and knitr

4. Version control using git



Reproducible Research in @Studid.

1. Creating a Portable Project (.Rproj)



Structuring an R Project.

http://nicercode.github.io/blog/2013-05-17-organising-my-project/

Name

s¢_database_cyclone_003.csv

function trial stacked histogram.R

plots

sc_database_areas.csv
growth_categories_log_91-92.csv

£ cummulative plot function.R

&1 function for mort.freg.fusi.R

&1 function for plotting outlines.R
outlines_area_calculations (#1) function.R
figure-fun copy.R

comparison histograms qplot 91-92.pdf
comparison histograms gplot 89-91.pdf
comparison histograms gplot.pdf
merge_dataset_plots(#2).R
growth_categories_89-91.csv
growth_categories_91-92.csv
growth_categories.csv
mortality_fragmentation(#3).R
voronoid_polygons.R

summary plots and gims.docx
area_output.csv

area_script_current2.R

Appendix.docx

Chaprerl concept sheet_Marcela Diaz.pdf
Appendix. pdf

draft concept sheet_feb21.pdf

draft concept sheet_feb21.doc

scale diagram_2.png

scale diaaram.npna

PP %9

il il

B R rare
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i 9 o560 o f &

(] Soft coral database backup

03/05/2013 9:51 AM

30/04/2013 12:13 PM
30/04/2013 12:13 PM
29/04/2013 2:08 PM

26/04/2013 2:02 PM

26/04/2013 1:55 PM

26/04/2013 11:59 AM
22/04/2013 9:08 PM

19/04/2013 5:43 PM

19/04/2013 2:05 PM

18/04/2013 11:32 AM
18/04/2013 11:30 AM
18/04/2013 11:22 AM
17/04/2013 1:56 PM

17/04/2013
17/04/2013
16/04/2013
04/04/2013
04/04/2013
04/04/2013
03/04/2013
02/04/2013
22/02/2013 3:17 PM
22/02/2013 3:03 PM
22/02/2013 3:00 FM
22/02/2013 2:56 PM
22/02/2013 2:52 PM
22/02/2013 2:49 FM

Size
33 KB
4 KB

49 KB

Kind

comm.. values
R Source File
Folder

comm., values
comm...values
R Source File
R Source File
R Source File
R Source File
R Source File
Portab... (PDF)
Portab... (PDF)
Portab... (PDF)
R Source File
comm.. values
comm...values
comm., values
R Source File
R Source File
Micro...ument
comm.. values
R Source File
Micro...ument
Portab... (PDF)
Portab... (PDF)
Portab... (PDF)
Micro...ument
Portab...image
Portab _.imaae

N



Structuring an R Project.

http://nicercode.github.io/blog/2013-05-17-organising-my-project/

[ chapter_1
Q

View Quick Look Action Dropbox Search
MName & Date Modified Size Kind

@7 analysis.R 03/05/2013 1:37 PM 4 KB R Source File

E chapter_1.Rproj 23/04/2013 3:09 PM 4 KB R Project

[ data 02/05/2013 3:15 PM -- Folder
[ base 02/05/2013 3:19 PM -- Folder
[ processed 02/05/2013 3:30 PM -- Folder

B output 19/04/2013 3:26 PM — Folder
[ data 02/05/2013 3:16 PM - Folder

- 01 figs 02/05/2013 2:46 PM -~ Folder

LR 02/05/2013 2:30 PM - Folder
37 figure_functions.R 03/05/2013 1:37 PM 12 KB R Source File
@7 function trial stacked histogram.R 02/05/2013 3:16 PM 4 KB R Source File
@7 process.R 02/05/2013 3:35 PM 8 KB R Source File
sc_database_areas.csv 18/04/2013 2:30 PM 49 KB comm...values

All data, scripts and output should be kept within the same project
directory.



Structuring an R Project.
http://nicercode.github.io/blog/2013-04-05-projects/

R/ Contains functions relevant to analysis.
data/ Contains raw data as read only.
doc/ Contains the paper.
figs/ Contains the figures.

output/ Contains analysis output
(processed data, logs, etc. Treat as disposable).

.R Code for the analysis.



Structuring an R Project.

http://robjhyndman.com/hyndsight /workflow-in-r/

load.R - read in data from files

v

v

clean.R - pre-processing and cleaning

v

functions.R - define what you need for anlaysis

> do.R - do the analysis!



Bad habits can hinder portability.

https://support.rstudio.com/hc/en-us/articles/200526207-Using-Projects

Hadley Wickham (2 hadleywickham - Jan 27
i Never plan on sharing your code? Using setwd() means that old code will break
b if you ever reorganise your directories

7 6

setwd("C:/Users/susjoh/Desktop/SalmoAnalysis")
setwd("C:/Users/Susan Johnston/Desktop/SalmoAnalysis")
setwd("C:/Users/sjohns10/Drive/SalmoAnalysis")

source("../../0OvisAnalysis/GWASplotfunctions.R")

An analysis should be contained within a directory, and it should
be easy to move it or pass on to someone new.



Solution: using @Studio‘ Projects.

https://support.rstudio.com/hc/en-us/articles/200526207-Using-Projects

» Drive » Haggis_.. v & Search Haggis_Study p
-
Lo Name Date modified Type
Rpraj.user File folder
s . data File folder
8 haggis_analysis.R. R File
n & Haggis_Study.Rproj R Project
c
v < >

v

Establishes a directory with associated .Rproj file.

v

Automatically sets the working directory.
» Can save and source .Rprofile, .Rhistory, .Rdata files.

Allows version control within R Studio.

v



Creating a Portable Project (.Rproj)

o

File | Edit Code View Plots Session Build Debug Too
New File »
| NewProject... |
Open File... Ctrl+ 0
. ck it to ¥
Recent Files » for stati
B 4-bit
Open Project... )
Open Project in New Window... IBSOLUTELY
. under cert
Recent Projects 4 distribut
S ELES any contri
Save As... rmation ar
Save Al Ctrl-Ales  [packages i
AN far ar

u]
o)
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Creating a Portable Project (.Rproj)

File | Edit Code View Plots Session Build Debug Too
New File »
| NewProject... ]

OpenF  Mew Project
Recent

Openf| Create project from:

Open P
Recent
Save R New Directory N
Save Al = Start 2 preject in a brand new working directory
Save Al

e S

- Existing Directory N
h _w_ Associate a project with an existing working directory

Version Control
Checkout a project from a version control repository

| Cancel |




Creating a Portable Project (.Rproj)

(%]

File | Edit Code View Plots Session Build Debug Too
New File »
| NewProject... |
OpenFile... Ctr+0
Recent Fil , [k it tow
een e for stati
A -bit
Open Project... )
New Project
Open Project in New Wir |
Recent Projects Create project from:
Save
Save As... R New Directory .
Start a proje|
Save Al < 7 New Project

Bsting B pak |

Associate a |

‘ Version €| Directory name:

Checkouta ‘Haggls_Studyl l

Create New Project

Create project as subdirectory of:
T |ciusersisusan JohnstonDesktop |[ Browse..

[ICreate a git repository

[[JUse packrat with this project

[[J0pen in new window Create Project | | Cancel

[m] = =




Creating a Portable Project (.Rproj)

File Edit

Q- -| 65 B SIl

Code iew Plots  Sessi

Build Debug Tools Help

[&| Haggis_Study =

(| Environment | History | Viewer =8
[ | C#source - | € @ | [ mportDataset- | Clear | & = Listr
1 ### Haggis population density in the Scottish Hia| g Global Enviranment - (o ]
2  ### s. Johnston, university of edinburgh. n
3
4 # Load libraries, set working directory, and log
5 Environment is empty
6 Tlibrary(ggplot2)
7
8 hds <- read.table("data/haggis_density.txt", hee
9 head(hds)
10
11 # conduct a Tinear regression of population size,,
12 D
13:3 @ (Top Level) *
Console | R Markdown Fies | Plots  Packages Help | =0
P p/Haggis_Study/ 2> | New Folder @ | Delete 5] Rename | gk More~ @
> [J: & users - Susan Johnston - Desktop  Haggis_Study |
~ Name Size Modified
t .
O data
[ @7 haggis_analysisR 5658 Apr 21,2015, 1:13 PM
[0 @& Haggis_Study.Rproj 2188 Apr 21, 2015, 1:07 PM

DA



Reproducible Research in @Studid.

2. Automate analyses - stop clicking and start typing.



This is R. There is no “if". Only “how".

v

CRAN, Bioconductor, github

» Reading in data and functions

read.table(), read.csv(), read.xlsx(), source()
» Reorganising data

reshape, plyr, dplyr
» Generate figures

plot(), library(ggplot2)

» Running external programmes with system()

Unix/Mac: system("plink -file OvGen --freq")
Windows: system("cmd", input = "plink -file OvGen --freq")



Reproducible Research in @Studid.

3. Dynamic report writing with R Markdown and knitr



knitr &

Elegant, flexible and fast
dynamic report generation with R

\,,gﬁ
%Tﬁ(/f

The knitr package allows R code and document templates to be
compiled into a single report containing text, results and figures.



knitr

Elegant, flexible and fast

£

G
7}\// 7l
E{ﬁ

dynamic report generation with R

1] 20150422 ReproResR2.tex * @ haggis_analysis.R

[Jsourceonsave | Q /°v i

Output script as Notebook

Compile notebook

=0

“HRun | 5% [ Source ~

F## Haggis population density in the Scottish Highlands. ~
### s. Johnston, University of Edinburgh.

# Load libraries, set working directory, and load data files

Tibrary(ggplot2)

hds <- read.table("data/haggis_density.txt", header = T)

head (hds)

# Conduct a linear regression of Population Size by Year

fitl <- Im(Popsize ~ Year, data
# what is the slope?
fitlscoefficients

slope <- fitlscoefficients[2]

# what is the p-value?

summary(fit1)Scoefficients

= hds)

pval <- summary(fitl)Scoefficients["vear", "pr(>|t|)"]

# Plot the regression
ggplot(hds, aes(vear, popsize))

geom_point() +
stat_smooth(method = "1m")

(Top Level) *

+

v
R Script +

=] F




i
B & | pa

haggis_analysis.pdf - [haggis_analysisR] - SumatraPDF

GoTo Zoom Settings Help

ge | 1/2 @

Eeplm 4 bm

haggis_analysis.R
sjohns10
Fri Apr 01 14:22:50 2016

### Haggis population density in the Scottish Highlands.
### S. Johnston, University of Edinburgh.

# Load libraries, set working directory, and load data files

Library (ggplot2)

## Warning: package 'ggplot2' was built under R version 3.2.4

hds <- read.table("data/haggis_density.txt", header = T)
head (hds)

##  Year PopSize
## 1 1971 500
## 21972 562
## 3 1973 544
## 4 1974 532
## 5 1975 580
## 6 1976 590

# Conduct a linear regression of Population Size by Year
fitl <- 1m(PopSize ~ Year, data = hds)

# What is the slope?

fit1$coefficients
## (Intercept) Year
## -22493.9321 11.6743

- oEm

N



knitr

Elegant, flexible and fast

dynamic report generation with R Write re ports di rectly in
37 hagois_analysis.R » @ example.Rmd =0
5 MEQ | ? | @ RnitHTML + & 0| B Chunks~

1~ ### Example of using "R Markdown" and “knitr® a
2

3 This is an R Markdown Document. Markdown is a
simple formatting syntax for authoring
documents. For example, text can be emphasise
d with *italics* and **bold¥**.

4

5 wrap code to be evaluated in R in an R
"chunk™

(]

7+ 7 7Ar}

& nrow(cars)

g "

10

11 Code can be evaulated in-1line using backticks

For example, we can write 1 + 1 = "r 1+1°.

12

13 pPlots will also be printed.

14

15- " °{r fig.width = 3, fig.height = 3}

16 T1ibrary(ggplot2)

17 ggplot(cars, aes(speed, dist)) +

18 geom_point()

19~ "7

20 w

%11 | @ Chunk1 + R Markdown *



B \\\%\\\\%
knitr %@w =
Elegant, flexible and fast
dynamic report generation with R

(2] C:/Users/Susan Johnston/Desktop/Drive/Haggis_Study/example.htmi =
examplehitml | ] OpeninBrowser | 5 Publish

Example of using "R Markdown” and knitr

This is an R Markdown Document. Markdown s a simple formatting syntax for authoring documents. For example, text can be
emphasised with #zlcs and bold.

Wrap code to be evaluated in R in an R "chunk”
nzow(cars)
## (1] 50

Code can be evaulated in-ine using backticks. For example, we can wite 1 + 1= 2,
Plots wil aso be printed.

library (ggplot2)
goplot (cars, aes(speed, dist)) -
geom_point ()

125

100~




Creating an R Markdown Script (.Rmd).

File | Edit Code View Plots Session Build Debug Tools Help
| NewFile ’ R Script Ctrl+ Shift=N
New Project...
R Markdown... |
Open File... Ctrl+O
- 5 Text File
Reopen with Encoding...
N C++ File
Recent Files » su
RS
Open Project... weave
L N RHTML
Open Project in New Window...
. R Presentation
Recent Projects »
R Documentation
Save CtrisS ks [height=3em] {talk_images/kn




Creating an R Markdown Script (.Rmd).

(2]

File | Edit Code View Plots Session Build Debug Tools Help
[ NewFile 4 R Script Ctrl+Shift+N
New Project... — ]
MNew R Markd

Open File... Ctrl+0 el il
Reopen with Encoding... ) Document Title: [haggis_analysis
Recent Files >

TJ Presentation Author: | Susan Johnston
Open Project...

. X &) Shiny Detault Qutput Format:
Open Project in New Window...
[Recent Projects > From Template @® HTML
Recommended format for authering (you can switch to PDF

Save Ctr+S or Word output anytime).

) PDF

PDF output requires TeX (MiKTeX en Windows, MacTeX
2013+ on QS X, TeX Live 2013+ on Linux).
O word

Previewing Word documents requires an installation of MS
Word (or Libre/Open Office on Linux).

=3




A Quick Start Guide

http://nicercode.github.io/guides/reports/

1. Type report text into .Rmd file

Lorem ipsum dolor sit amet, consectetuer adipiscing elit.
2. Enclose code to be evaluated in chunks

{x)

modell <- 1lm(speed ~ dist, data = cars)

3. Evaluate code inline

The slope of the model is “r coefficients(modell) [2]"

The slope of the model is 0. 16557

4. Compile report as .html, .pdf or .doc



A Quick Start Guide

http://nicercode.github.io/guides/reports/

(%] C:/Users/Susan Johnston/Desktop/Drive;
File Edit Code View Plots Session Build Debug Tools Help
Q| - =
37 haggis_analysis.R @ example.Rmd =
e Q| 7 | g KnitHTML ~ ~#Run | % [@ Chunks-
1-F-- ~
2 output: html| ¥ Knit HTML
H - | Knit PDF
4 - ### Example = pwn" and “knitr®
5 W Knit Word
6 This is an R o . Markdown is a simple formatting
syntax for a View in Pane 5. For example, Text can be
emphasised  ViewinWindow |~ ¥bold¥¥,
-
7
8 wrap code to be evaluated in R in an R "chunk"
9
10- "7 {r}
11 nrow(cars)
12~
13
14 Code can be evaulated in-line using backticks. For example, we
can write 1 + 1 = "r 1+1°.
15 v
111 Top Level) = R Markdown +

NB. PDF and Word docs require additional software.
http://rmarkdown.rstudio.com/?version=0.98.1103&mode=desktop



A Quick Start Guide

http://nicercode.github.io/guides/reports/

e —————— |

)

» e
I Example of using "R
Markdown” and kitr Exampleof ing “R Markdows” and e

B2 om0 e we

ample of using 'R Markdown” and kaitr

sy

. s ravca et B P
e L B2 U-sex o A W-A- taon thtnar

o - onae €0t

Doy rkdown i 3 smple formatting s
documents. For exampe. text can e emphasised with alics and bold.
Wrap codetobe evaluated inRin an R "chunk”

rou(cars)

i

Plot el also be printed.

Aibrary(ggplota)

Bt (cars, 2e:
eon_point()

)
S(speed, dise) +

http://rmarkdown.rstudio.com/?version=0.98.1103&mode=desktop




Advanced Tips

» Control how chunks are reported and evaluated

*>{r echo = F, warning = F, fig.width = 3}
modell <- 1lm(speed ~ dist, data = cars)
plot (modell)

> spin(): compile .R files using #’, #+ and #-
http://deanattali.com/2015/03/24 /knitrs-best-hidden-gem-spin/

» IATEXdocuments, Presentations, Shiny, etc.



Reproducible Research in @Studid.

4. Version control using git



Version Control can

version.

revert a document to a previous

7
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WIKIPEDIA

‘The Free Encyclopedia

Main page
Contents

Featured content
Current events
Random article
Donate to Wikipedia
Wikipedia store

Interaction
Help
About Wikipedia
Community portal
Recent changes
Contact page

Tools
What links here
Related changes
Upload file
Special pages

Article  Talk Read View source View history |Sear

Batman

Create account Log in i

ch

al

* =

From Wikipedia. the free encyclopedia

This article is about the superhero character. For other uses, see Batman (disambiguation)

Batman is a fictional superhero appearing in American comic
books published by DC Comics, as well as its associated
media. The character was created by artist Bob Kane and
writer Bill Finger. and first appeared in Detective Comics #27
(May 1939). Originally named "the Bat-Man," the character is.
also referred to by such epithets as "the Caped Crusader, "
“the Dark Knight," and "the World's Greatest Detective "%]

Batman is the secret identity of Bruce Wayne, an American
billionaire, industrialist, and philanthropist. Having witnessed
the murder of his parents as a child, he swore revenge on
criminals, an oath tempered with a sense of justice. Wayne
trains himself both physically and intellectually and dons a bat-
themed costume to fight crime.[®! Batman operates in the
fictional Gotham City, assisted by various supporting characters
including his butler Alfred Pennyworth. his crime-fighting

Batman




Version Control can revert a document to a previous
version.

Recent changes m = minor edif, — = seclion edi, — = aufomatic edit summary a
Contact page (newest | oldest) View (newer 50 | older 50) (20 | 50 | 100 | 250 | 500)
Tools Compare selected revisions

@ 14 23,15 April 2015 Kinfoll1993 (talk | coniribs) m . (118,704 bytes) (+10) .

Whatlinks here
Related changes

E]nﬁ:z’:“me i Tia20, 15 April 2015 Kinfoll1993 Etalk| contribs) m . ma,ﬁéa bytes) (+5) - -
Special pages fﬂp&ﬁﬂﬂa”w 7777777777
Page information e (cur | prev) © 14:20, 15 April 2015 Kinfoll1993 (talk | coniribs) m .. (118,689 bytes) (+1) ..
Wikidata item (—Personality)
Languages -] o (cur|prev) O 14:19, 15 April 2015 Kinfoll1993 (talk | contribs) _ - (118,688 bytes) (+1,083) . -
(—Personality: More info on Miller's Batman, original personality)
« (cur | prev) & 13:25, 15 April 2015 Kinfoll1993 (talk | contribs) m . . (117,625 bytes) (+34) . .
(Category-fictional antiheroes per citations at fist of fictional antiheroes)
o (cur|prev) O 10'58, 15 April 2015 ProspectofArts (talk | contribs) . (117,531 bytes) (+4)
& (cur | prev) 10:57, 15 April 2015 ProspectofArts (talk | contribs) . . (117.587 byles) (+67)
« (cur | prev) & 15:22, 9 April 2015 JosephSpiral (talk | contribs) . . (117.520 bytes) (+2)
o (cur|prev) @ 11:24, 7 April 2015 Brandmeister (talk | contribs) __ (117.518 bytes) (-2,880) . . (more
concise plot per tag)
o (cur | prev) & 23:42, 4 April 2015 Samhan Dobo (talk | contribs) . . (120,398 bytes) (+4) . . (—Skills
and abilities)
s (cur | prev) & 14:25, 3 April 2015 JosephSpiral (falk | contribs) . . (120,394 bytes) (0) . . (—=Romantic
refationships)
« (cur | prev) © 14:24, 3 April 2015 JosephSpiral (talk | coniribs) . . (120,394 bytes) (+21) . . (—Romantic




Version Control can revert a document to a previous
version.

Create account Log in E|

Article  Talk Read View source View history arch Q ‘
Batman
WIKIPEDIA
The Free Encyclopedia From Wikipedia, the free encyclopedia
This is an old revision of this page, as edited by llikellamasofpwnage (talk | contribs) at 21:47, 17 July 2014. The
Main page present address (URL) is a permanent link to this revision, which may differ significantly from the current revision.
Contents
Featured content (dliffy « Previous revision | Latest revision (diffy | Newer revision —» (diffy

Current events

Random article DUHNANANANANANANANANANANANANANANA BATMAN!

Donate fo Wikipedia BATMANDU ANANANANANANA BATIMANI BATMAN BATMAN
Wikipedia store BATMANDU ANANANANANANA BATMAN! BATMAN
oracton BATMANDU ANANANANANANA BATMANI BATMAN

Help BATMANDUI NANANANANANA BATMAN! BATMAN

About Wikipadia BATMANDU NANANANANANA BATMANI BATMAN

Community portal BATMANDU} NANANANANANA BATMANI

Recent changes BATMANDU NANANANANANA BATMAN! BATMAN BATMAN

Contact page

BATMANDU} NANANANANANA BATMAN! BATMAN

Tools BATMANDUE ANANANANANANA BATMAN! BATMAN

Wihat inks here BATMANDU! ANANANANANANA BATMANI BATMAN

(e T RIS BATMANDUF ANANANANANANA BATMANI BATMAN
UECEIE BATMANDU ANANANANANANA BATMANI

Special pages
D e s BATMANDIL NANANANANANA BATMANI BATMAN BATMAN
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version.

revert a document to a previous
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WIKIPEDIA

‘The Free Encyclopedia

Main page
Contents

Featured content
Current events
Random article
Donate to Wikipedia
Wikipedia store

Interaction
Help
About Wikipedia
Community portal
Recent changes
Contact page

Tools
What links here
Related changes
Upload file
Special pages

Article  Talk Read View source View history |Sear

Batman

Create account Log in i

ch

al

* =

From Wikipedia. the free encyclopedia

This article is about the superhero character. For other uses, see Batman (disambiguation)

Batman is a fictional superhero appearing in American comic
books published by DC Comics, as well as its associated
media. The character was created by artist Bob Kane and
writer Bill Finger. and first appeared in Detective Comics #27
(May 1939). Originally named "the Bat-Man," the character is.
also referred to by such epithets as "the Caped Crusader, "
“the Dark Knight," and "the World's Greatest Detective "%]

Batman is the secret identity of Bruce Wayne, an American
billionaire, industrialist, and philanthropist. Having witnessed
the murder of his parents as a child, he swore revenge on
criminals, an oath tempered with a sense of justice. Wayne
trains himself both physically and intellectually and dons a bat-
themed costume to fight crime.[®! Batman operates in the
fictional Gotham City, assisted by various supporting characters
including his butler Alfred Pennyworth. his crime-fighting

Batman




Version Control Using git.

https://support.rstudio.com/hc/en-us/articles/200532077-Version-Control-with-Git-and-SVN

0 g[t --local-branching-on-the-cheap Q

Git is a free and open source distributed version control system
designed to handle everything from small to very large projects with
speed and efficiency.

Git is easy to learn and has a tiny footprint with lightning fast <
performance. It outclasses SCM tools like Subversion, CVS, Perforce, Y
and ClearCase with features like cheap local branching, convenient
staging areas, and multiple workflows.

9 Learn Git in your browser for free with Try Git.

Git can be installed on all platforms, and can be used to implement
version control within an R Studio Project.
http://git-scm.com/downloads
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(8]

C:/Users/Susan Johnston/Desktop/Drive/Haggis_S

File Edit Code View Plots Session Build Debug | Tools | Help

Q- - =L~ Import Dataset »
@1 haggis_analysis.Rmd Install Packages... ==
weql?- s"xni{HTMl - 8 Check for Package Updates... I8 chunks~
i f Version Control v A
2 rtitle: "Haggis population density ir Sscaliogiy
3 author: "susan Johnston" .
4 date: "Tuesday, April 21, 2015" ShinyApps >
5 output: html_document
6> ——- Shell...
7 — -
8 ![haggis](wildHaggis.jpg) | Project Options...
9
10 The haggis is a common pest species Global Options... (Figure
1). The aim of this study was to investrTgatve cnanges—Tn popuration
density over time.

11
12~ """ {r echo = F, results = "hide"}
13 # Load libraries and data files
14
15 Tlibrary(ggplot2)
16
17 hAde raad rahlar"Aara/hanandic danciru rue” haadar - T v

Tools >Project Options allows setup of git version control.



Version Control in R Studio

Project Options

U,; Version control system: {(None) ¥
A

General
snera 2 Using Version Control with RStudio

Code Editing
03
Sweave

Build Tools

Git/SVN

[

Packrat

OK I Cancel

Select git as a version control system



Version Control in R Studio

Project Options
@ Version control system:
General Origin: | None
? Using Version Contrel with RStudie
Code Editing
fu)
(E] Confirm Restart RStudia g

You need to restart RStudio in order for this change to take effect. Do you want to
do this now?

a

Packrat

[ o | Cancel |

Select git as a version control system



Version

Control in R Studio

SomE

[2)

Fil

G/Users/Susan Johnston/Desktop/ Drive/Haggis_Study - RStudio

le Edit Code View Plots Session Bulld Debug Tools Help

2008 33 2 5 -
1 hagais_snalysisRmd =0
Q7 - @ KnitHIML “#Run | = @ Chunks~
~

title: "Haggis population demsity in the scottish Wighlands

author: "susan Johnston”

3
4 date: "Tuesday, April 21, 2015"

5 output: htm]_document

6"

8- o = £, results = "hide"}
9 # Load libraries and data files
10

11 Tibrary(ggplor2)

12

13 hds < read.table("data/haggis_density.txt”, header = T)
15 # conduct a linear regression of Population size by vear

7 fitl <- Im(Popsize ~ Year, data = hds)

v
R Markdown &

i1 (Top Level)

Console C:/Users/Susan Johnston/Desktop/Drive/Haggis =0
R version 3.1.1 (2014-07-10) — "sock it to me"
Copyright (c) 2014 The R Foundation for staristical computing

Platform: x86_64-w6s-mingw32/x64 (64-bit)

R i 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.
e 'contributors()’ for more information an
“Citation()" on how to cite R or R packages in publications.

Type 'demo()" for some demos, "help()’ for on-line mp, or
'mp start()’ for an HTML browser interface to help
Q0" to quit R.

Envionment  History  Git
Sor ) commit

Staged Status = Path
gitignore

Haggis_Study.Rproj

data/

haggis_analysis R

haggis_analysis Rmd

haggis_analysis htrl

haggis_analysis.pdf

Fies Plots Packages Help

@ilNew Folder | @ Delete (5]

[0 c - users - Susan Johnston
< Name

L3 gitignore
&1 Rhistory

 data

@1 haggis_analysishtml
T haggis analysis.pdf
@3 haggis_snalysisR
@] haggis_nalysisRmd
O ® Haggis_Study.Rproj

oooooog

Rename

Viewer

Desktop
Size

B More~
Drive - Haggis._Stucy
Modified

A Haggis_Study— Drive -

=0

(No branch)~

Apral
Apr21

Apr21,

git information will appear in the top-right frame.



Version Control in R Studio

SomE

(%) Cy/Users/Susan Johnston/Desktop/Drive/Haggis_Study - RStudio

File Edit Code View Plots Session Buld Debug Took Help

71| - 2 5 -

1 hagais_analysis Rmd =0

Q2 i - “#Run | 59| @ Chunks~ @

T ~
2 rtitle: "Waggis population demsity in the scottish wighlands gitignore
3 author: "susan Johnston” Haggis_StudyRproj
4 date: "Tuesday, April 21, 2015" data/
5 output: htm]_document haggis_analysis R
S M haggis_analysis.Rmd
8+ " '{r echo = F, results = "hide"} haggis_snalysizhiml
9 # Load libraries and data files haggis_ analysis.pdf
10
11 Tibrary(ggplor2)
12
13 hds <- read.table("data/haggis_density.txt”, header = T)
14
15 # conduct a linear regression of Population size by vear
1

7 fitl <- Im(Popsize ~ Year, data = hds)

v
R Markdown &

16 (op Leven +
Files Plots Packages Help Viewer

Console C:/Users/Susan Johnston/Desktop/Drive/Haggis =0
@iNewFolder | @ Delete [ Rename Gk More~
R version 3.1.1 (2014-07-10) — "sock it to me" B> © > 05D > SEHEET > BE
Copyright (c) 2014 The R Foundation for staristical computing
Platform: x86_64-w64-ningws2/x64 (64-bit) « Name size
R i5 free software and comes with ABSOLUTELY NO WARRANTY. O 0 g .
vou are welcome to redistribute it under certain conditions. grignere -
Type 'license()' or 'licence()’ for distribution details. O @ Reistory %5
R i5 a collaborative project with many contributors. 0 3 et
e 'contributors()’ for more information and [0 ®) haggis.analysishtmi 6431 K8
“citation()’ on how to cite R or R packages in publications. .
[0 B haggis_analysis.pdf SEOKE
Type 'demo()" for some demos, "help()’ for on-line mp, or O 83 haggis analysisR
'hEWp start()’ for an HTML browser interface to help O N
0" to quit R. @1 haggis_analysis Rmd 1.2KB
O ® Haggis_Study.Rproj pat1:]

A Haggis_Study— Drive -

=0
o branch)~ (=

Drive - Haggis._Stucy
Modified

Apral
Apr21

Apr21,

git information will appear in the top-right frame.
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(%] RStudio: Review Changes

Changes History | (Mo branch)~ |+ Stage | Revert H lgnare

Staged Status a Path Commit message
.gitignore
Haggis_Study.Rproj
data/

First commit|

v haggis_analysis.R

v haggis_analysis.Rmd

] haggis_analysis.html
haggis_analysis.pdf

DAmend previous commit

Show (_)Staged @Unstaged  Context |Sline =

‘J Refresh

Commit

Select files to version control, write a meaningful commit message

>Commit



Version Control in R Studio

RStudio: Review Changes

cha F
= Git Commit L
Stage
| [master (root-commit) 754bb48] First commit r
| 2 files changed, 78 insertions(+)
create mode 100644 haggis_analysis.R
| create mode 100644 haggis_analysis.rmd

0
;It

Show

Select files to version control, write a meaningful commit message

>Commit



Version Control in R Studio

File Edit Code View Plots Session Build Debug Tools Help

Q| - =2 - i Haggis_Study — Drive +
@ haggis_analysis.Rmd = Environment  History Git =0
oo ? - ~# (5% @ Chunks~ =| Diff v Commit | Gk~ master~
1- —— A | Staged Status =~ Path
2 title: "Haggis popu]at'ion density in the .gitignore

Scottish Highlands.
author: "susan Johnston”
date: "Tuesday, April 21, 2015" ] data/

3 Haggis_Study.Rproj
4
5 output: html_document haggis_analysis.Rmd
6
8

<]
=]

haggis_analysis.html
The haggis is a common pest species in the haggis_analysis.pdf
scottish Highlands. The aim of this study

was to investigate changes in population

density over time.

10~ ~ " {r echo = F, results = "hide"}
11 # Load Tibraries and data files

13 Tibrary(ggplot2)

15 hds <- read.table("data/haggis_density.txt", |,

(Top Level] * R Markdown =

After modifying the file, repeat the process.



Version Control in R Studio

RStudio: Review Changes - o lEl

Changes | History | master~ (| Stage | 5 Revert () Ignore

Staged Status  a Fath
gitignore
Haggis Study Rproj
data/

¥ @ haggis_analysis.Rmd
haggis_analysis.html
haggis_analysis.pdf

Commit message
Moved introduction text to beginning.|

[JAmend previous commit

Commit
Show @®Staged OUnstaged  Context |Sline  ~ %] Unstage All
6 6 -— ~
8 The haggis is a common pest species in the scottish mighlands. The aim of this
study was to investigate changes in population density over time.
9
r ho = F, results "hide"}
# d Tib es and d files
Tibrary(ggplot
@@ -20,11 +31,11 @@ summary(fitl)Scoefficients Unstage cunic
Pr "1
32 The haggis is a common pest species in the scottish mighlands (Figure 1). Hagais
population densities were recorded annually from ~'r min(hdssvear)" T
max(hdsSyear) " ". We found that the haggis population size increased over this
peried by ~*°r slope’ " individuals year-1 (P ~"'r ifelse(pval < 0.001, "< 0.001",
paste("=", pval)) """, Figure 2).
36 Haggis population densities were recorded annually from ~'r min(hdsSyear) ™ to

© max(hds Svear)”
period by **°r slope
paste("=’

we found that the haggis population size increased over this
individuals year-1 (¢ " 'r ifelse(pval < 0.001, "< 0.001",
, pva))™ ", Figure 2).

After modifying the file, repeat the process.
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(%]

Chang

RStudio: Review Changes
ter- (all commits) -
Subject author Date
HEap  maser Added picture of a haggis

susjoh <Susan Johnston@ed.ac 2015-04-22
Removed smoothing parameter from plot

susjoh <Susan.Johnston @ed.ac 2015-04-22 dfcchatl
Added additional data point for 2001 susjoh <Susan.Johnston@ed.ac 2015-04-22 6cbf2041
Moved introduction text to beginning. susjoh <Susan.Johnston @ed.ac 2015-04-22 0443838
First commit susjoh <Susan.Johnston@ed.ac 2015-04-22 T54bbasf

¢ Commits 1-5 of 5 RN

SHA  ecBebeed

Author  susjoh <Susan.Johnston@ed.ac.uk>
Date  2015-04-2201:27

Subject Added picture of a haggis

Parent  diccdadl

®7 haggis_analysis.Rmd

@] haggis_analysis.Rmd View file @ ecBebeed
@@ -5,7 +5,9 @& date: "Tuesday, April 21, 2015"
output: html_document

Lo w
Lo w

@

The haggis 15 a common pest species in the Scottish Highlands. The aim of this
study was to investigate changes in population density over time.
8 ![haggis](wildHaggis.jpg)

9
10 The haggis is a common pest species in the scottish wighlands (Figure 1). The
aim of this study was to investigate changes in population density over time.
911
10 12 F, results = "hide"}
1113 # files

Previous versions can be viewed and restored from the History tab.
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(3] RStudio: Review Changes - oM

5 @) nagais_anaisis Aind @ ecoracet x|
S savens | 2 Q Show History
i
~
Re "Waggis population density in the scottish Wighlands."
"susan Johnston”
A# 4 Tuesday, April 21, 2015" \
W 5 output: html_document
BF] ---
Ffil 7
& The haggis is a common pest species in the Scottish Highlands. The aim of this
study was to investigate changes in population density over Time.
9
10- ""{r echo - F, results - “hide"}
] 11 # Load libraries and data files L
12
§ 13 Tlibrary(ggplot2)
A 14
15 hds < read.table("data/haggis_density.txt", header = T)
0 16 hds < rbindChds,
s 17 data.frame(vear - 2001,
g 18 Popsize = §54))
19
@ 20 # conduct a linear regression of Population Size by Year
21
22 fitl < Im(PopSize ~ Year, data = hds)
| 23
24 # what is the slope?
1 25
26 fitlscoefficients
27
28 slope < fitlScoefficients[2]
| 29 slope 1
20
31 # what is the p-value?
1 L
33 summary(fitl)scoefficients
34
35 pval < summary(fitl)Scoefficients["vear”, "Pr(>t|)"]
36 pval
3. e
38
39 haggis population densities vere recorded annually from ~ v min(hdzsvear)
L _max(hdodyoary - we found thar the haoois nopulation size dncraeaced e

Previous versions can be viewed and restored from the History tab.



Advanced Steps: Github

Ejsusion +~ O & B

Explore Gist Blog Help

Q Search GitHub
] susjoh ~

GitHub Bootcamp x

A\ News Feed I Pull Requests @ Issues

‘Work together

Send pull requests, follow fiends
Star and watch projects

Fork repositories

Forking creates a new, unique
project from an existing one.

Create repositories
Repositories are where you'll work
and collaborate on projects

Set up Git
A quick guide to help you get
started with Git.

» Forking projects
» All scripts are backed up online
» Facilitates collaboration and working on different computers



Take home messages

T DONTLIKE
Youlll

@ %Wa\b\ A\'\J?ISCW

» Manage projects reproducibly: The first researcher who will
need to reproduce the results is likely to be YOU.

» Time invested in learning to code pays off - do it.

» Supervisors should be patient and encourage students to code.



Online

v

Resources

RStudio: Idiot-proof guides and cheat sheets

http://www.rstudio.com/

Nice R Code: How-tos and advice on good coding practice
http://nicercode.github.io/guide.html

Ten Simple Rules for Reproducible Computational Research
http://journals.plos.org/ploscompbiol /article?id=10.1371/journal.pcbi.1003285

Yihui Xie's blog (knitr) http://yihui.name/en/categories/

R Bloggers: nttp://www.r-bloggers.com/

StackOverflow questions on R and knitr
http:/ /stackoverflow.com/questions/tagged/r+knitr
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