REPRODUCIBLE

RESEARCH

PROVENANCE




MANY MODELS FOR

ANALYSIS

WHAT DO THEY

Analysts
LooP for

R
o

@ 9. Soarch for
Evidence

3. Soarch for
Information

8. Schematize

15. Reevaluate

12. Search
ort|

14. Tell Story
s
o
11. Build Caso g%
o
Sense-M?

HAVE IN COMMON?

(re)repres
ent

gather The Sense-
informati Makin develop
g insight
on Loop

produce
results

A typical

Trajectory

raw data
“

- Cleanse
- Merge
- Adapt

inglin
- Evaluate’
Usability
of data

Analysis
Visualize
- Analyze

Ideal Tool yombining wrangling snd analysis

Visual Analytics Tools

Emphasis

Time

Production
Analysis
Collection

Modeling



IN THIS LECTURE

YOU WILL LEARN ABOUT
COMMUNICATING YOUR PROCESS

DETAILS
DIFFICULTIES



HOW TO CONVEY
THE ANALYSIS PROCESS?

IN WORDS - TELL IT

PROVIDING DETAIL: CODE, DATA, ..
GENERATE / WRITE REPORTS



WHY CONVEY
THE ANALYSIS PROCESS?

SHOW YOUR FINDINGS ARE ROBUST
HIGHLIGHT SUBJECTIVITY

ENABLE IMPROVEMENTS

HELP SOMEONE LEARN ANALYZING



PROBLEMS

NOT EASY TO DESCRIBE

PEOPLE MAY NOT UNDERSTAND YOU
LONG ANALYSIS PIPELINES

LOTS OF TRIAL AND ERROR IN ANALYSIS



CONCEPTS

LETS FIRST DISCUSS TWO MAIN CONSIDERATIONS..



REPLICATION VS.
REPRODUCIBILITY



REPLICATION

ABILITY OF AN ENTIRE EXPERIMENT /
STUDY TO BE DUPLICATED WITH

INDEPENDENT / NEW
DATA
INVESTIGATORS
ULTIMATE
ANALYSIS METHODS STANDARD FOR
STRENGTHENING
SCIENTIFIC

EVIDENCE

Science 2 December 2011:
22222222222222222222222222

DOI: 10.1126/science.1213847

+ Coursera MOOC — Reproducible Research



REPLICATION WHY?

CHECK IF A FINDING IS ROBUST
IS THIS CLAIM TRUE?

ESPECIALLY IMPORTANT WHEN
STUDIES HAVE BROAD IMPACT
(E.G. ON SOCIETY)



REPLICATION WHEN?

BUT SOMETIMES YOU CAN'T REPLICATE BECAUSE

 YOU DON'T HAVE THE TIME

« OR THE MONEY

« OR THE RESOURCES

« OR THE SITUATION IS UNIQUE

e.g. how would you replicate the Sloan Digital Sky Survey?



IF YOU CAN'T REPLICATE?

WHAT ELSE CAN YOU DO?
LET ASTUDY/AN ANALYSIS STAND BY

ITSELF?

Do Nothing | | Replication




IF YOU CAN'T REPLICATE?

WHAT ELSE CAN YOU DO?
LET ASTUDY/AN ANALYSIS STAND BY

ITSELF?

Do Nothing | Reproducibility *| Replication




REPRODUCIBILITY




REPRODUCIBILITY

ASKS: CAN WE TRUST THIS ANALYSIS?

/SHOULD/ BE MIN STANDARD FOR ANY SCIENTIFIC STUDY
NEW INVESTIGATORS: SAME DATA, SAME METHODS

- ALLOW FOR VALIDATION OF THE DATA ANALYSIS
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ANOTHER VIDEO FOR YOU TO LOOK AT
AT HOME

https:.//www.youtube.com/watch?v=eV
odcAGaVUus8

("DECEPTION AT DUKE")


https://www.youtube.com/watch?v=eV9dcAGaVU8

ANALYSIS
(INCL. DATA COLLECTION, CLEANING, ANALYTIC METHODS, FIGURES, ..)

Reproducibility Spectrum

Publication Full
only replication
Not reproducible Gold standard
Science

Roger D. Peng Science 2011;334:1226-1227



ANALYSIS
(INCL. DATA COLLECTION, CLEANING, ANALYTIC METHODS, FIGURES, ..)

Reproducibility Spectrum

Publication Full
only What do we need here? replication
Not reproducible Gold standard
Science

Roger D. Peng Science 2011;334:1226-1227



WHAT TO DO?

MAKE YOUR DATA AVAILABLE

MAKE YOUR ANALYSIS METHODS AVAILABLE
DOCUMENT CODE AND DATA

USE STANDARD MEANS OF DISTRIBUTION



ANALYSIS

Publication +

Publication

only Code

Not reproducible

Roger D. Peng Science 2011;334:1226-1227

Reproducibility Spectrum

Code
and data

Linked and re II:iclzjgtion
executable P
code and data
Gold standard
Science

AVAAAS



WHO IS INVOLVED?

ANALYSTS

WHO WANT TO MAKE THEIR WORK
REPRODUCIBLE

READERS

WHO WANT TO REPRODUCE (OR BUILD ON)
THE PREVIOUS ANALYSIS



CHALLENGES

WHAT ARE GOOD TOOLS FOR ANALYSTS?
DOCUMENTATION IS TIME-CONSUMING
NEEDS RESOURCES (WEB SERVERS, ETC.)

WHAT ARE GOOD TOOLS FOR
REPRODUCTION?

HOW TO PIECE TOGETHER DATA & CODE
TRYING TO UNDERSTAND WHAT HAPPENED



REPRODUCIBILITY

CONCEPT IMPORTANT TO
CONDUCTING AN ANALYSIS

BUT: THERE IS NO AGREED-UPON
NOTATION FOR WRITING
“INSTRUCTIONS™



REPRODUCIBILITY

For coding environments - like R




BE ORGANIZED




BE ORGANIZED!

YOU WILL DEAL WITH
— DATA (RAW + PROCESSED)
— FIGURES (EXPLORATORY + FINAL)

— CODE (RAW, UNUSED, FINAL, BUGGED,
DEBUGGED, ..)

— TEXT (README FILES, ANALYSIS REPORT,
DOCUMENTATION)



RAW DATA

SHOULD BE STORED IN YOUR ANALYSIS
FOLDER

SHOULD COME WITH README

IF ACCESSED FROM WEB, INCLUDE URL,
DESCRIPTION, AND DATE ACCESSED



PROCESSED DATA S

SOMETIMES YOU NEED TO TRANSFORM DATA

« NAME PROCESSED DATA TO KNOW WHICH SCRIPT
GENERATED IT

- MAKE A README THAT SAYS WHICH
SCRIPT/PROCEDURE GENERATED THE FILE

« PROCESSED DATA SHOULD BE READY FOR
ANALYSIS



BAD EXAMPLE

#% | coocurrence-author-levell.npy

#| coocurrence-author-levell-final clean.npy
#%| coocurrence-author-level2.npy

#% | coocurrence-PCS-all.npy

#| doc-term-levell.npy

#| doc-term-levell-final clean.npy

| doc-term-level2.npy

#| equivalencematriz.npy

#% | ieeecoocurrence.npy

| inclusionmatrix.npy

|| inspec-controlled-coocurrence.npy
| Matrix3.npy

| Matrindinpy.npy
| Matrixb.npy

| MatriBnpy.npy
| Matrin7.npy
| MatrixTnpy.npy
| Matrid.npy

| MatrixBnpy.npy
| Matrixd.npy

| Matricdnpy.npy

F20/2014 4:33 PM
202014 4:35 PM
(72014 1011 AM
F72014 1011 AM
F20/2014 4:26 PM
F20/2014 442 PM
(72014 1011 AM
A7/2014 1:06 PM
1172014 10:34 AM
A7/2014 1:06 PM
1172014 1:31 PM
A10/2014 1:24 PM
A0/2014 12:46 PM
A0/2014 1:24 PM
A10/2014 11:52 AM
A10/2014 1:24 PM
A10/2014 11:52 AM
A10/2014 1:24 PM
M10/2014 11:52 AM
A10/2014 1:24 PM
A10/2014 11:52 AM

MPY File
MEY File
MPY File
MEY File
MPY File
MPY File
MEY File
MPY File
MPY File
MEY File
MPY File
MEY File
MPY File
MPY File
MEY File
MPY File
MPY File
MEY File
MPY File
MEY File
MPY File

54,947 KB

54,039 KB
20,434 KB

10,369 KB
54,938 KB
54,9228 KB
34,9828 KB
54,933 KB
54,988 KB
54,933 KB
54,938 KB
54,988 KB
54,938 KB
54,9228 KB



YOU WILL GENERATE MANY
THAT YOU DON'T NEED B,

MAKE THE FINAL FIGURES o,

also name them

PRETTY, properly

USE PROPER LABELING AND
COLOR, POSSIBLY CAPTIONS



SCRIPTS

CLEARLY COMMENT YOUR FINAL SCRIPTS
WHAT, WHEN, WHY, HOW THROUGHOUT

BIGGER COMMENT BLOCKS FOR WHOLE
SECTIONS

INCLUDE PROCESSING DETAILS

CLEAN THE SCRIPT
ONLY INCLUDE CODE FOR FINAL ANALYSIS



GENERAL

RECOMMENDATIONS

KEEP TRACK OF WHAT YOU'RE DOING
E.G. USE VERSION CONTROL SYSTEMS

SAVE AS MUCH CODE AS POSSIBLE AS LITTLE
OUTPUT AS NECESSARY

SAVE DATA IN NON-PROPRIETARY FORMATS



PROBLEMS

IT TAKES A LOT OF EFFORT TO MAKE
DATA/RESULTS AVAILABLE

READERS MUST FIND YOUR STUFF AND
PIECE IT TOGETHER

TYPICALLY DATA, CODE, TEXT ARE NOT
LINKED



LITERATE PROGRAMMING




LITERATE PROGRAMMING

explanation of the program logic in a natural language, such as
English, interspersed with snippets of macros and traditional

source code (Wikipedia)

YOU WRITE CODE TO DO AN ANALYSIS

COMPUTE RESULTS
GENERATE DATA TABLES

YOU ALSO WRITE A DOCUMENT - TEXT CHUNKS SURROUNDING
YOUR ANALYSIS CODE

EXPLAIN YOUR ANALYSIS

FORMAT YOUR RESULTS



LITERATE PROGRAMS

USE A DOCUMENTATION LANGUAGE
(HUMAN READABLE)

USE A PROGRAMMING LANGUAGE
(MACHINE READABLE)

HAVE A PRE-PROCESSOR THAT:

WEAVES THE DOC TO PRODUCE HUMAN-READABLE
DOCUMENTS (PDF, HTML, ..)

TANGLES THE DOC TO PRODUCE MACHINE-READABLE
DOCUMENTS



EXAMPLES

FI RST: The R Series
WEB (BY DONALD KNUTH, 1981) Dynamic Documents

PASCAL + TEX il st ot
SWEAVE: R + LATEX

KNITR: R + LATEX, MARKDOWN,
HTML




4

4

[Nl v s B B o R R R W N R

title: "Mayhem at DinoFunworld"”
author: "Petra Isenberg”

date: "October 5, 2015"

output: html_document

#Merging Data Files with R
##lLoading Files

First we will load a file that contains attractions, their ids, and coordinates in the park
-~ Ir}

coordinates <=- read.csv("ParkCoordinates. csv")

head(coordinates)

Next we will load our data from the data cleaning exercise
{r}

attractions <- read.csv{"AttractionsOCR-tXt.csv")

head(attractions)



Mayhem at DinoFunWorld

Petra Isenberg
October 5, 2015

Merging Data Files with R

Loading Files

First we will load a file that contains aftractions, their ids, and coordinates in the park

coordinates <- read.csv ("ParkCoordinates.

head (coordinates)

#*
#*
L2
L2
L2
L2
L2

Mext we will load our data from the data cleaning exercise

Attraction AttractionID
Wrightiraptor Mountain
Galactosaurus Rage
Luvilotops Express

Wendisaurus Chase

oo s L R
mo

1
2
3
4 TerrorSaur
5
&

Keimosaurus Big Spin

c3v™)

I T %)

-]

oo M

11
15
a0

8
(=]

1]
44

attractions <- read.csv ("AttractionsOCR-txt.cav")

head (attractions)

#*
L2
L2
L2
L2
L2
L2

AttractionID Parkirea Attraction
1 1 Coaster Alley Wrightiraptor Mountain
2 2 Coaster RAlley Galactosaurus Rage
3 3 Tundra Land Luvilotops Express
4 4 Wet Land TerrorSaur
5 5 Tundra Land Wendiszaurus Chase
& & Coaster Alley Keimosaurus Big Spin

CategorvNames

Thrill
Thrill
Thrill
Thrill
Thrill
Thrill

Rides
Rides
Rides
Rides
Rides
Rides



PROS & CONS

TEXT AND CODE ALL IN ONE PLACE
ORDER IS MAINTAINED

RESULTS ARE AUTOMATICALLY UPDATED
WHEN DATA CHANGES

CODE NEEDS TO RUN TO PRODUCE THE
DOCUMENT



PROS & CONS

DOCUMENTS CAN BECOME DIFFICULT
TO READ

WHEN THERE IS ALOT OF CODE

CAN BE SLOW
BUT YOU CAN USE THINGS LIKE CACHING



REPRODUCIBILITY

Is this all we need to understand an analysis and its results?




WHAT ABOUT?

HUMAN PROCESSES SUCH AS

INTERACTIONS WITH GUI SYSTEMS

RESOURCE SHARING/COORDINATION
INSIGHTS AND HYPOTHESES PRODUCED



PROVENANCE

A broad concept of “history” in the analysis process




DEFINITION

"ORIGIN, SOURCE"

“THE HISTORY OF OWNERSHIP OF A
VALUED OBJECT OR WORK OF ART OF

LITERATURE"
LATIM
p r':. -
LATIM FREMCH
provenine provenir provenancs
LATIM
venire

source: Google



PROVENANCE IN VISUAL

ANALYTICS

Characterizing Provenance in Visualization and Data Analysis: An
Organizational Framework of Provenance Types and Purposes

substaniial amount of
The lerm, provenance.
. The -.U=Ir|n body of
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PROVENANCE OF DATA

HISTORY OF CHANGES AND MOVEMENT
OF DATA

SUBSETTING, MERGING, FORMATTING,..

COUPLED WITH WORKFLOWS
CAPTURES ACTIONS ON DATA



PROVENANCE OF
VISUALIZATION

HISTORY OF GRAPHICAL VIEWS AND
VISUALIZATION STATES

SAVE SCREENSHOTS OR PARAMETERS
TO RECREATE VIEWS/STATES



VISUALIZATION STATES

DESCRIBE VISUALIZATION AS

CHAIN OF VISUAL ENCODING [ e
OPERATORS ool S
P-SET MODEL. T !

STATE = SET OF PARAMETERS

& ACTIONS AS

TRANSFORMATIONS OF THESE

PARAMETERS

A Model and Framework
for Visualization Exploration
T.J. Jankun-Kellym TVCG 2007



VISUALIZATION STATES

‘.‘L‘J Tableau - commands.twh
File Edit View Format Data Analysis Table Bookmark Window Help

= x - 7 23 o
& B & oda & B k| [ wishowmer & @ (R E
Schema Cokares: [TRETE
olumns: om.. |~
i cnen v SEIVES
~
Dimensions
b Command
A6 Command Group
£D Date
Abe Description
#bo Logfile
#bo Sheetname Level of Detal: CMD_SHELF_ADD
#bo Shel
09 Time
Abe Username Pane V | t
prarris i ISualization
fbo Measure Names
Axis
D ata base = CMD_ANL_FILTER ::h
Automatic v ANL )
% CMD_FMT_MARKTYPE | None
1elas Color: [ Shelf
Rows
Size: ——
Measures Legend:
: Colo
# Measure Valves —~ :
[ Rows Fikers
B Colmns CMD_SHELF_REM Level of Detai
E (Iulof P
Fikers
kel Y Text
Size: 1 e
Path
CMD_SHELF_REM_SEL | None
Rows )
Wednesday, August 10, 2005 04:01 PM (3 min ago)
Columns Rows seem much more popular than columns.
- CNT(Command)
Groups Command, Shelf
Command
Bar (Automatic)
Sheff
4 4 » m\_ Command Counts £ Command Groups £ Timeline 07/22 £ Timeine 08/01 ) Shelves /
X
Worksheets - ——
Filters: r e & it
Graphic Type: =SSl 3 - 3
Al v t
Bookmarks: (] Show Only Cormmand Counts Command Groups Timeline 07/22 Timeline 08/01 Shelves
= >

Ready

Heer et al. Graphical Histories for Visualization: Supporting Analysis, Communication, and Evaluation. InfoVis 2008.



Tableau - commands.twb

Ele Edt View Format Data Analysis Iasble Bookmark Window Help

S o &dd! DHES KGO B Sisowme @ P

Schema X
omascvcomean— v]|  SNEIVES A O L=
| ]| Rows: | Command |v| Shelf |~
Abe Command Columns
Abe Command Group Color
9 Dat l
moe;'um Level of Detail
Abe Logfile Size
abe :::tnam Level of Deta: CMD_SHELF_ADD Text
Abo
9 Time gER |

o e = - -
= Wt - Visualization
Abe Measure Names P

Database

Axis
Path
CMD_ANL_FILTER Fiters
None
Rows

1 CMD, MARKTYPE
Fields B
7Counns
Measures I
# Measure Valves :b'
ers
| | CMD_SHELF_REM Level of Detail
Size
:Text
Path
CMD_SHELF_REM_SEL | None
RO Wednesday, August 10, 2005 04:01 PM (3 min ago)
Columns Rows seem much more popular than columns. )
' n '3 - o] Columes: NT(Comnand) :
Groups Rows:
Fz:rss: Eommmd’
Mark: Bar (Automatic)
e s — = -| Color: Shelf
W « » M\ Command Counts £ Command Groups [ Timeline 07/22 £ Timelne 08/01 ) Shelves / s
X worksheets Al p—— . ¥ ,
Pl RS _" 1 — e
} ! H I il o 3 o ST - ” y
= | S == History Interface

a1 vl = —---—ﬂ—.—

Bookmarks:  []Show Only Command Counts Command Groups Timeline 07/22

om

Timeline 08/01

Ready



Worksheet History v
Filters:
Graphic Type:

All v

Bookmarks: [ ]Show Only

| Export || Reset |

—-

am

1,580,579 1,563,045
1600, %3  add01
273,082 b e

L1197, 054 2,617,110

Add Inventory

Move Market Size ko
Columns

add Product to Columns




VISUALIZATION STATES

| D:/Usability/Aug2007/digital camera/analysis1.aruvi - Aruvi
File  windows  Wiew
, Y b
| Mew analysis el ) [
- Kok % =R X Db
i Open analysis Chrhro h ] Show only selected data c
i) save analysis ahs ) RIS il =AY
i saveas | - : Jrend recent camers:
I N a | I © Size based on object density (d ) | Analysis
Open recent analysis ! | ® Sioe based on attribute Megapixek | (7 \ stppart anly USE. ;
| L © pisels ] ) =/ and na internal
Auto Save | close ] Megapixel range increased
| every year untill 2005 and has
x it Chrh
. QUL R i A & remained static since then.
T Knriak =
inrecent 14 cameras, TTL
[ | .
legapixels ( h ) PR, ég } is based on digital TTL.
( ) 70- 1”-‘1 v (&) Wegapixels Mo significant changd n
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Max_Horizonkal_Pixels Max_vertical_Pixels cameras have 3x or 4, Cybershot DSC-H2
640 - 3533 9 E Sensar_Type SP-500..
L = Min_Faocal_Lenath
Max_vertical_Pixels EI Mani_Focal_Length
5 H ear Camera Selection
480~ E5e L & Zoom_Ratio { 7 A1
B - Pixel_snhgle k ) ‘i ’
ensar_Tvpe '
- Macra_Focus Cameras with megapixel = 7. Prefers Sany, Nikan, (c')
[ cco O Local_Storage or Canon! —
O ames “ CyberShat DSC-HS But alsn warts o 582
CyberShot DSC-R1 8 other cameras.
Pixe|_Pitch DMC-FZ30
-
R &
s Q J
E é'g ( n ) o Recent camera with the best zoorm-ratio
0zt available in the market
Hi (10) e
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Plos v v 1990 1954 18 p 2002 2006 200 '
td @ vear p '
Current Selection F X Navigation View
CyberShot DSC-HS
(®) show navigation structure only
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close -I -I < o c o F 3 v
( ) o5 0°05e°8Fe
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Shrinivasan and van Wijk. Supporting the Analytical Reasoning Process in Information Visualization. CHI 2008.
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PROVENANCE OF INTERACTIONS
WITH A GUI/ VIS

HISTORY OF USER
INTERACTIONS/COMMANDS

INCLUDES

DATA EXPLORATION INTERACTION (E.G. QUERIES)

ANNOTATION INTERACTIONS
COMMAND HISTORY ACTION (E.G. UNDO/REDO)



(MANUAL) ANNOTATIONS

& sense.us » jobs - Mazilla Firefox

fe Eot Yew Go fookmyks JToos b
e \ A "oty A 1A AlA 0 o tatl
v o 1 10 Foerwe L fyobs Bicale « L Agender « Aliquery seltar y icomment « 14

sense.us / jobs

Reported Occupations of U.S. Labor Force, 1850-2000 (source: http://ipums.org)
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See something interesting? Add a comment, it's easy!



PROVENANCE OF INSIGHT

HISTORY OF COGNITIVE OUTCOMES
FROM THE ANALYSIS

DIFFICULT TO CAPTURE, OFTEN
MANUALLY ENTERED



CAPTURING INSIGHT

Network traffic visualization system
Analyst can create logical models of visual discoveries

75.64.76.10
. 756476109 | [GESSNOCIGD 0 CGEN @B O GHD @0 @ e WebCrawl (xl,x2,.) =
= 75.64.76.125 (o) 00 © o o] ’
g T R ——- T T "y ) T
-% 75.64.76.202 o L _.'I:':_SE _;1.,-..:__'_-:_-3 3| =1 g Hid ) LMD
£ 75.64.76.216 more than 32 events(xl,x2,..) AND
& 75.64.76.218 o o e T AT T am her ( -
75.64.76.79 ldentical Source Ao NUmMDEr (XL, Xi, ..
75.67.106.45 o is web access event(xl) AND
T T T T ., - - — N )
06:56:30 06:06:20 06:16:10 06:26:00 is web access event(xZ) AND )

Xiao et al. Enhancing Visual Analysis of Network Traffic Using a Knowledge Representation. VAST 2007.

i

=

AND



CAPTURING INSIGHT

75.64.76.10
o 75.6476.109 IO NI 0 OGE) G © GEED @0 @ X
= 75.64.76.125 0O 00O o o
2 75.64.76.202 o
£ 75.64.76.216
2 75.64.76.218 o 0 o
75.64.76.79
75.67.106.45 o
I I I |
06:56:30 06:06:20 06:16:10 06:26:00

Here: HTTP requests from Google
1) select interesting pattern (burst)
2) system selects a set of predicates (from a list) that are true for these points

Xiao et al. Enhancing Visual Analysis of Network Traffic Using a Knowledge Representation. VAST 2007.



CAPTURING INSIGHT

destination_port_80, destination_Stanford,
identical_source_asn, time_sequence_30s,
time_sequence_60s, more_than_4 events,
more_than_32_ events

time_sequence_30s(x1,x2,...) AND
more_than_32 events(x1,x2,...) AND
identical_source_AS number(x1,x2,...) AND
(is_web_access_event(x1) AND
is_web_access_event(x2) AND ...)

selected predicates

analyst modifies list, adds
conjunctions

and looks at visual feedback to
see if pattern is correctly
identified



CAPTURING INSIGHT

eNO
b"Comml:ntSp:u:e

Q

€« D c www.commentspace.net/

1955 1985 2009
"Photograph" "My Lov x|

1970 1980

l All Comments Current View |  Friends Only

v

the Beatles had a string of very popular solo
singles. Each of them had AT LEAST one single
that reached #1 on the charts - even Ringo!

A
After they broke up in 1970, every single one of [

reply | v,

: . 5 1. George Harrison - My Sweet Lord
That's impressive. Nice observation. And that's not even 1 — Mon Jan 25 1971
0 'I

counting Wings.
. R
It would be interesting to see how many artists see a big jump in < = = z
their ratings after death. | think with online buys it will probably :4 ‘°;" Le";"’;;rmamvm GEE YUITHIG Tiw Night
be different for modem artists than Buddy Holly say Paul SnDec io 2

—_
Are there any other good examples of this? I think this has
probably always been a common trend. We should try to
find some more artists who'v e died and then peaked.

1.Paul McCartney - My Love
Mon Jul 16 1973

i 2Pac and Notorious B.I.G. each had more hits on the
chart after their death than before. 1. Ringo Starr - Photograph
Tue Dec 25 1973

Elvis was drafted into the anmy in the late 1950s and was out of

the public ey e for a few years. | think this gap in singles right

after 1960 may be the result of that absence. He presumab! "4 o
Sy Y % Rock @ Easy @ Vocal Folk @ Unknown @ Jaz @ Rap @ Blues R&B Country
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CommentSpace: Structured Support for Collaborative Visual Analysis
Wesley Willett, Jeffrey Heer, Joseph Hellerstein, Maneesh Agrawala
ACM Human Factors in Computing Systems (CHI), 2011



PROVENANCE OF RATIONALE

CAPTURE REASONING BEHIND DECISIONS,
HYPOTHESES, INTERACTIONS

GOAL: IDEALLY FIGURE OUT SOMEONE'S ANALYTIC
STRATEGY



PROVENANCE IN VISUAL

ANALYTICS (RECAP)

Characterizing Provenance in Visualization and Data Analysis: An
Organizational Framework of Provenance Types and Purposes
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WHAT TO DO WITH
PROVENANCE INFORMATION?



PROVENANCE PURPOSES

RECALL
MEMORY OF STATES OF ANALYSIS

REPRODUCIBILITY
REPRODUCE STEPS/WORKFLOW

ACTION RECOVERY
UNDO/REDO, BRANCHING



PROVENANCE PURPOSES

COLLABORATIVE COMMUNICATION
SHARE INFO WITH OTHERS

PRESENTATION
COMMUNICATE INSIGHT/PROGRESSION

META-ANALYSIS
REVIEW THE ANALYTIC PROCESS



PROVENANCE VS.
REPRODUCIBILITY



PROVENANCE VS.

REPRODUCIBILITY

GOAL OF GENERAL REPRODUCIBILITY:
VALIDATE AN ANALYSIS

— BY SHARING DATA & CODE

HOW CAN WE VALIDATE A ANALYSIS?
— BY SHARING INTERACTION LOGS? BY SHARING
MANUAL ANALYSIS STEPS? ..

— HOW CAN THIS BE DONE IN A MORE GENERAL
WAY ACROSS DIFFERENT GUI-BASED TOOLS?



PROBLEM

CAPTURING PROVENANCE IS DIFFICULT
NO STANDARD

WHAT CAN WE PRACTICALLY DO?



REPORTING




SOMETIMES YOU CAN'T SHARE CODE OR
EVEN IF YOU CAN:

— MAKE YOUR ANALYSIS MORE
UNDERSTANDABLE AND REPRODUCIBLE
BY GENERATING A GOOD REPORT

— NOT EVERYONE KNOWS HOW TO READ
CODE - SO EXPLAIN YOUR ANALYSIS
WELL



HOW TO MAKE A GOOD
ANALYSIS REPORT

ADAPT TO YOUR AUDIENCE
— TL;DR - PEOPLE ARE BUSY

— BREAKIT UP INTO DIFFERENT LEVELS OF
GRANULARITY



LIKE RESEARCH PAPER

TITLE / AUTHOR LIST

ABSTRACT

BODY / RESULTS

SUPPLEMENTARY MATERIALS ceracsoeras oeransy
CODE / DATA cevvoreoemas



EMAIL

SUBJECT LINE /7 SENDER INFO
— CAN YOU SUMMARIZE FINDINGS IN ONE SENTENCE?
— DEFINITELY ADD A SUBJECT LINE

EMAIL BODY
— BRIEF DESCRIPTION OF THE PROBLEM / CONTEXT
— SUMMARIZE FINDINGS / RESULTS (1-2 PARAGRAPHS)
— IF ACTION NECESSARY MAKE CONCRETE OPTIONS
— IF NEEDED TRY TO MAKE QUESTIONS YES / NO



EMAIL

ATTACHMENT:
— MORE DETAILED REPORT
— BUT STAY CONCISE

LINKS TO SUPPLEMENTARY MATERIAL
— CODE /7 SOFTWARE / DATA

— PROJECT WEBSITE, REPOSITORY (E.G.
GITHUB)



RESOURCES

« SEE SCIENTIFIC REFERENCES ON
SLIDES

« REPRODUCIBLE RESEARCH MOOC
COURSERA.ORG (ROBER PENG)



NEXT UP

AFTER THE BREAK

TUTORIAL 4 - REPRODUCIBLE
RESEARCH IN R

TOMORROW
10am START - SEMINAR TALK



