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Visualization =

Human



I TEUTZ 1]}
The purpose of computing is insight,

not numbers.

piCtu res [Card, Mackinlay, Shneiderman]
[Richard Wesley Hamming]
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[Neale et al., BMC Genome Biology, 2014]
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Glycine max: 36271 / 35969
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THE BANANA CHART REDESIGNED: UPSET
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THE BANANA CHART REDESIGNED: UPSET
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UPSET

The canonical way to show set data with > 3 sets
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TECHNICAL CONTRIBUTIONS

Interaction in Visual Evaluating Complex
Notebooks Misinformation ystems

selector = alt.selection_interval("selector", encodings=["x"]) B ™» VvV & F W

scatterplot = alt.Chart().mark_point().encode(x="Elevation_feet:Q", y="Depth_inches:Q")
chart = alt.Chart().mark_bar().encode(

;:al.;u:i(r)dontho) .sort([10]), | o sea l’Ched
incorrect answers
for node

opacity=alt.condition(selector, alt.value(1), alt.value(90.3))
) .add_params(selector).properties(width=400)

during trials

PR.PersistChart(chart | scatterplot, data=df_outlier_removed, df_name="df_with_season")

?_ R @ Reset Trrack Delete datasets

Select a category (@ co rreCt taSk inCO I'I'eCt taSk
Avalanche Season x_o Trrack o= Summary _

Avalanche Season : :: :l:signmem E—— ”
I - 0 o

©® start
AM s s O

Root
Add new category 'Avalan...

Add new option 'Start' to ... : | training trials study \; browsed away

Add new option 'Middle' t...
End Add new option 'End' to c...

Selected Month (10 to 12) - 17 25
No Assignment Assign Avalanche Season... / Market Index \ i
o = — vial AT > mlnutes

Start

Middle

Depth_inches
3

33

Count of Records

Selected Month (1to 3) Airline A
Airline B

-l Assign Avalanche Season...
, ‘ elapsed

2000 4000 6000 8000 10,000 12,000 Selected Month (4 to 6)
Elevation_feet

Dataframes: | | | |
# df_with_season O & Mar31, 2023 Jun30, 2023 Sep30, 2023 Dec31, 2023

Jataframe name

# df_with_season ) &




TECHNICAL CONTRIBUTIONS

Kiran Gadhave, Zach Cutler

PERSISTENT AND REUSABLE INTERACTIONS

. ... INCOMPUTATIONAL NOTEBOOKS

scatterplot = alt.Chart().mark_point().encode(x="Elevation_feet:Q", y="Depth_inches:Q")
chart = alt.Chart().mark_bar().encode(

x=alt.X("Month:0").sort([10]),

y="count()",

opacity=alt.condition(selector, alt.value(1l), alt.value(0.3))
) .add_params(selector).properties(width=400)

PR.PersistChart(chart | scatterplot, data=df_outlier_removed, df_name="df_with_season")
[_,f []x EE gg ?- R @ Reset Trrack Delete datasets

Select a category @ Avalanche Season x_o Trrack o= Summary
@ Middie o=
Avalanche Season @ No Assignment
o Assignme

® Start

Root

Add new category 'Avalan...
Add new option 'Start' to ...
Add new option 'Middle' t...
End Add new option 'End' to c...
Selected Month (10 to 12)
No Assignment Assign Avalanche Season...
; Selected Month (1to 3)
Assign Avalanche Season...

0 2000 4000 6000 8000 10, : Selected Month (4 to 6)
Elevation_feet

Start

Middle

Count of Records

g

Dataframes:
( # df_with_season © é)

C # df_with_season é;)

[EuroVis 2024]




PERSISTENT AND REUSABLE INTERACTIONS IN

COMPUTATIONAL NOTEBOOKS

“ @ [Jx e Bo ?_ R E] Reset Trrack Delete datasets
fo Trrack BZ Summary
- # Date Place Trigger Weak Layer Depth_inches ;Aspect Elevation_feet Root
‘ > Rename column ;Weak Lay...
2338 3-23-2023 Dry Creek Natural 8 Change column 'Trigger' data type West 8000 Rename column :Trigger to...
— , Drop column Comment... n
955 1-19-2014 Whitney Basin Snowmobiler W Drop column 'Trigger East 10500 Don't need this column for thi..
Updated column 'Depth_i...
1028 2-21-2014 Chalk Creek Natural (€ Rename column 'Trigger’ Northeast 10600 Updated column 'Depth_i...
_ . . %Jpcfaged coI_umnH'Dtleptq_i...
1024 2-17-2014 Upper Weber Canyon Natural =t Sort by Trigger ascending Northeast 10400 é;‘l;:g erzngél;frg: .g;;i"r.oam
998 2-12-2014 Upper Weber Canyon Natural =¥ Sortby Trigger descending Northeast 10400 Soft {descending) byt
Droo column Coordinates k
938 1-14-2014 Upper Weber Canyon Explosive 41 Pinto left East 10300 . . _
selector = alt.selection_interval("selector", encodings=["x"]) B ™ v &
1299 1-26-2016 Currant Creek Peak Snowmobiler K Pin to right Southwest 9500
scatterplot = alt.Chart().mark_point().encode(x="Elevation_feet:Q", y="Depth_inches:Q")
1044 2-28-2014 Chalk Creek Natural Northeast 10600 chart = alt.Chart().mark_bar().encode(
x=alt.X("Month:0").sort([10]),
2348 3-30-2023 Bunnels Natural Northeast 10800 y=“count( L
1977 4-6-2021 Blue lce Natural | Hide Trigger column Northeast 10400 opacity=alt.condit 1on(sele§tor, .alt .value(1l), alt.value(0.3))
) .add_params(selector).properties(width=400)
3 of 2392 row(s) selected ows per page 10 < 1-10 of 2,392 . : :
perpag PR.PersistChart(chart | scatterplot, data=df_outlier_removed, df_name="df_with_season")
© ¢ [ 8 09 YA YA 8 Reset Trrack Delete datasets
"\ # current_df D) é.\' ‘/ removed_nulls_df D& {ﬁ]) 'I:: no_coordinates_df (& {ﬁ];' '( finaldf OD&SF W)
600 - Select a category (@) 160 -
Avalanche Season o=
— $o Trrack = Summary
. o=
Avalanche Season . o @ @ Middie
140 @ No Assignment
500 - @ Start
° 120 - Qo
A Jupyter Plugin Root
2 @ 100 Add new category 'Avalan...
L .
g Middle g Add new option 'Start' to ...
= § Add new option 'Middle' t...
: -
3 - End 60 Add new option 'End' to c...
https://vdl.sci.utah.edu/persist/ setected Month (19 0 12)
) ° ° ° | .
. NO Aatignient Assign Avalanche Season...
20 Selected Month (1 to 3)
. -_-_'_ . a2 Assign Avalanche Season...
2 = = " v N ? @ 0 2000 4000 6000 8000 10,000 Selected Month (4 to 6)
pip install persist ext o e
— Dataframes:
|< # df_with_season [ é)
l: # df_with_season [ é,)l

Demo Notebook: https://tinyurl.com/5db/nynn



https://tinyurl.com/5db7nynn

DATASET EXAMPLE: HISTORICAL AVALANCHES IN UTAH

Avalanches are a major hazard
in Utah

Utah Avalanche Center collects data
about avalanches, including where
it occurred (location, elevation),
how it occurred, how big it was,
etcC.




Supposed you're doing data analysis in
Python

WHAT IS THIS TALK
ABOUT?

What's the pandas code...
e ...to change the order of columns?
e ...todrop acolumn?

e ...to change the label of a column?

Nothing here is hard, but it's annoying.




[4]:

PERSIST MAKES THIS EASY

PR.PersistTable(avalanches, df_name="avalanches")

4

- #

Sa
Sa
Sa
Sa
Sa
Sa
Sa
Sa
Sa
Sa

© 00 N O o0 B W N

—
o

1B

‘Region

t Lake
t Lake
t Lake
t Lake
t Lake
t Lake
t Lake
t Lake
t Lake
t Lake

(’ avalanches [ é)

ao
O+

Month
11
11
11
11
11
11
11
12
12
12

Reset Trrack Delete datasets

Day

11
11
11
11
10
12

10

Year
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012

Rows per page

‘Trigger

Snowboarder

Skier
Skier
Skier
Skier
Skier
Skier
Skier
Skier
Skier

1-10 of 2,392

‘Weak Layer

New Snow/Old Show
New Snow/Old Show
Facets

New Snow

Facets

New Snow/Old Snow
Facets

Facets

Facets

Facets

$o Trrack

® Root

D= Summary




Have you ever plotted something
and wished you could just “fix”
things as you spot them?

WHAT IS THIS TALK
ABOUT?

Utah’s Elevation Range

How deep (big) the avalanche was

Elevation where the avalanche occurred




PERSIST MAKES THIS EASY

[6]: PR.plot.scatterplot(avalanches, "Elevation_feet:Q", "Vertical _inches:Q", df_name="avalanches") ¢+ B M Vv & FP B
¢ [Jx — Reset Trrack Delete d
O+ eset Trrack Delete datasets
180,000 - o
o Trrack BZ Summary
o
160,000 -
140,000 - @® Root
120,000 -
i o
-;-=é1oo,ooo-
-—I o
©
O
£ 80,000
S
o
60,000 -
. o
i o
40,000 - x
20,000 -
o
o o .
O o) O O
o o
O &I | | | | | | | | |
0 4,000 8,000 12,000 16,000 20,000 24,000 28,000

Elevation feet



50 WHAT'S SPECIAL HERE?

Lots of vis tools support these operations
Most cdata wrangling happens INn code: it's just more powerful

Opportunity: bring interactive operations to code!

Persist works INSIDE your Jupyter Notebook



BRIDGING BETWEEN
DAIA ANALYSIS




What are Modalities”?

BRIDGING BETWEEN
II\YLTINE R 1. Interactive Vis

2. Code




INTERACTIVE VISUALIZATION:

LineUp Soccer Stats [

Intuitive

Easy to use

Uses human perceptual

capabilities

Agg... Rank Sele... 1" Player «»Current...
12 BY e
O

1 O Dmitri Poloz " RUS-Pre...

2 O Emiliano Rigoni " RUS-Pre...

3 [0 Sebastian Driussi | RUS - Pre...

4 [ Aleksandr Kokorin | RUS - Pre...

5 ([ Anton Zabolotnyi " RUS-Pre...

6 O Quincy Promes | RUS - Pre...

7 O PedroRocha | RUS - Pre...

8 [ Lorenzo Melgarejo " | RUS - Pre...

9 [0 Zelimkhan Bakaev " RUS-Pre...
10 O  Luiz Adriano | RUS - Pre...
11 O ZéLuis " RUS-Pre...
12 O Ahmed Musa " RUS-Pre...
13 O Fedor Chalov | RUS - Pre...
14 [  Timur Zhamaletdinov || RUS - Pre...
15 O Wanderson " RUS-Pre...
16 O Jodozinho | RUS - Pre...
17 O  Andreilvan | RUS - Pre...
18 [ Ricardo Laborde " RUS -Pre...
19 [ Magomed-Shapi Suleyr Q RUS - Pre...
20 [ Fedor Smolov | RUS - Pre...
21 O IvanIgnatjev " RUS-Pre...
22 [ AlanKasaev " RUS-Pre...
23 [ Jefferson Farfan " RUS -Pre...
24 [O Arshak Koryan | RUS - Pre...
25 [ Eder | RUS - Pre...
26 0O A | RUS - Pre...
27 [O Gokdeniz Karadeniz | RUS - Pre...
28 [ Rifat Zhemaletdinov | RUS - Pre...
29 [ Sardar Azmoun | RUS - Pre...
30 O LéoJabd " RUS -Pre...
31 O Bernard Berisha | RUS - Pre...
32 [0 Magomed Mitrishev |~ RUS - Pre...
33 O Odise Roshi " RUS-Pre...
34 [ Khalid Kadyrov | RUS - Pre...
35 ([ Bekim Balaj | RUS - Pre...
36 [J Ablaye Mbengue " RUS-Pre...
37 1 Zaur Sadaev " RUS - Pre...

L INainan -1
CF w

1"Current...

Zenit St. Peters ] W
Zenit St. Peters ] W
Zenit St. Peters [} CF
Zenit St. Peters [Jj CF
Zenit St. Peters ] CF
Spartak Mosco\ ] W
Spartak Mosco\ ] W
Spartak Mosco [l W
Spartak 2 Mosc 1] W
Spartak Mosco\ [Jlj CF

Spartak Mosco [} CF
CSKA Moscow . CF
CSKA Moscow . CF
CSKA Moscow . CF
FK Krasnodar [ W
FK Krasnodar
FK Krasnodar
FK Krasnodar
FK Krasnodar
FK Krasnodar
FK Krasnodar [JJj CF
Lokomotiv Mos« [if] W
Lokomotiv Mos« [ W
Lokomotiv Mos ] W
Lokomotiv Mos: ] CF
Lokomotiv Mos: ] CF

Rubin Kazan [ w
Rubin Kazan [ w
Rubin Kazan ] CF

Akhmat Grozny [} W
Akhmat Grozny [} W
Akhmat Grozny [} W
Akhmat Grozny [} W
Akhmat Grozny [} W
Akhmat Grozny [ CF
Akhmat Grozny . CF
Akhmat Groznv Il CF

«» Position

«sFoot

—ll . al). e

210.00 0.00

both left

B right
B both
B both
B right

M riaht

# Age

right 0.00 38.00

# Height

160.00

“::Goals

i !

i
|
'Ille!nl

61.0

il

ss:Games

|

Overview

item (D

Showing 1,177 of 1,177 items

0.00
B | +
-—-_ Column Summaries
— T Player 12 Q Y o
[ M
D Use regular expressions
_ D Filter rows containing missing
values
s Current_league 1B Y e

-d

BE... ES... FR.. GB... GR... ITA.. NL... PR.. RU... TU...
. Filter O missing value rows

I" Current_club 1P QY o

D Use regular expressions
Filter rows containing missing

values

128 Y

CF w
- Filter O missing value rows

<'» Position

12 B Y o

«s Foot



INTERACTIVE VISUALIZATION:

LineUp Soccer Stats [

imited Expressivity

ome operations are
ifficult

e.g., conditional queries..

ot reusable

Agg... Rank Sele... 1" Player «»Current...
12 BY e
O

1 O Dmitri Poloz " RUS-Pre...

2 O Emiliano Rigoni " RUS-Pre...

3 [0 Sebastian Driussi | RUS - Pre...

4 [ Aleksandr Kokorin | RUS - Pre...

5 ([ Anton Zabolotnyi " RUS-Pre...

6 O Quincy Promes | RUS - Pre...

7 O PedroRocha | RUS - Pre...

8 [ Lorenzo Melgarejo " | RUS - Pre...

9 [0 Zelimkhan Bakaev " RUS-Pre...
10 O  Luiz Adriano | RUS - Pre...
11 O ZéLuis " RUS-Pre...
12 O Ahmed Musa " RUS-Pre...
13 O Fedor Chalov | RUS - Pre...
14 [  Timur Zhamaletdinov || RUS - Pre...
15 O Wanderson " RUS-Pre...
16 O Jodozinho | RUS - Pre...
17 O  Andreilvan | RUS - Pre...
18 [ Ricardo Laborde " RUS -Pre...
19 [ Magomed-Shapi Suleyr Q RUS - Pre...
20 [ Fedor Smolov | RUS - Pre...
21 O IvanIgnatjev " RUS-Pre...
22 [ AlanKasaev " RUS-Pre...
23 [ Jefferson Farfan " RUS -Pre...
24 [O Arshak Koryan | RUS - Pre...
25 [ Eder | RUS - Pre...
26 0O A | RUS - Pre...
27 [O Gokdeniz Karadeniz | RUS - Pre...
28 [ Rifat Zhemaletdinov | RUS - Pre...
29 [ Sardar Azmoun | RUS - Pre...
30 O LéoJabd " RUS -Pre...
31 O Bernard Berisha | RUS - Pre...
32 [0 Magomed Mitrishev |~ RUS - Pre...
33 O Odise Roshi " RUS-Pre...
34 [ Khalid Kadyrov | RUS - Pre...
35 ([ Bekim Balaj | RUS - Pre...
36 [J Ablaye Mbengue " RUS-Pre...
37 1 Zaur Sadaev " RUS - Pre...

need to redo analysis when
ata changes

Not reproducible

L INainan -1
CF w

1"Current...

Zenit St. Peters ] W
Zenit St. Peters ] W
Zenit St. Peters [} CF
Zenit St. Peters [Jj CF
Zenit St. Peters ] CF
Spartak Mosco\ ] W
Spartak Mosco\ ] W
Spartak Mosco [l W
Spartak 2 Mosc 1] W
Spartak Mosco\ [Jlj CF

Spartak Mosco [} CF
CSKA Moscow . CF
CSKA Moscow . CF
CSKA Moscow . CF
FK Krasnodar [ W
FK Krasnodar
FK Krasnodar
FK Krasnodar
FK Krasnodar
FK Krasnodar
FK Krasnodar [JJj CF
Lokomotiv Mos« [if] W
Lokomotiv Mos« [ W
Lokomotiv Mos ] W
Lokomotiv Mos: ] CF
Lokomotiv Mos: ] CF

Rubin Kazan [ w
Rubin Kazan [ w
Rubin Kazan ] CF

Akhmat Grozny [} W
Akhmat Grozny [} W
Akhmat Grozny [} W
Akhmat Grozny [} W
Akhmat Grozny [} W
Akhmat Grozny [ CF
Akhmat Grozny . CF
Akhmat Groznv Il CF

«» Position

«sFoot

—ll . al). e

both left

B right
B both
B both
B right

M riaht

# Age

right 0.00 38.00

# Height

160.00

210.00 0.00

i
|
'Ille!nl

i !

:::Goals “::Games
ltem (W  Overview
: -—-...- Showing 1,177 of 1,177 items
61.0 0.00
B | .
- -—-_ Column Summaries
HE | Player LS
- M
D Use regular expressions
_ D Filter rows containing missing
- values
s Current_league 1B Y e

|
- E— e

« FR.. GB.. GR... ITA.. NL... PR... RU... TU...
. Filter O missing value rows

I" Current_club 1P QY o

D Use regular expressions
Filter rows containing missing

values
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- Filter O missing value rows

<'» Position

12 B Y o

«s Foot




CODE:

1 # Keep this cell
S 2 avy_df = pd.read_csv('./avalanches.csv')

3

Flexible and pOWQl‘fUl ¢ # Remove NaN conrdintes
5 avy_df = avy_dflavy_df['Coordinates']==avy_df['Coordinates']]
6
7 # Split into latitude & longitude

° ° 8 avy df[['lat', 'lon']l] = avy_df['Coordinates'].str.split(',"', expand=True)
ou basically can do anythin 9

10 # Remove values outside of Utah bounds
11 avy_df = avy_df[ (36 < avy_df['lat'].astype('float')) & (avy_df['lat'].astype('float') < 42)]
12 avy_df = avy_df[(-114 < avy_df['lon'].astype('float')) & (avy_df['lon'].astype('float') < -108)]
13

Re usa b I e 14 # Keep columns we need
15 avy_df = avy_df[['Date', 'Region', 'Trigger', 'lat', 'lon'l]
16 avy_df.head()

it your data changes, re-run
Reproducible

everything is documentea



CODE / SCRIPTING:

1 # Keep this cell
I ¥ h d 2 avy_df = pd.read_csv('./avalanches.csv')
3
t s a r 4 # Remove NaN coordinates
5 avy_df = avy_dflavy_df['Coordinates']==avy_df['Coordinates']]
6
° ° ° ° 7 # Split into latitude & longitude
req u I res eXte n S IVe tra I n I n 9 8 avy_df[['lat', '"lon']] = avy_df['Coordinates'].str.split(',', expand=True)
9
10 # Remove values outside of Utah bounds
o o 11 avy_df = avy _df[ (36 < avy_df['lat'].astype('float')) & (avy_df['lat']l.astype('float') < 42)]
rea d I n 9 d O Cu m e ntatl O n 12 avy_df = avy_df[(-114 < avy_df['lon'].astype('float')) & (avy_df['lon'].astype('float') < -108)]
13
14 # Keep columns we need
15 avy_df = avy_df[['Date', 'Region', 'Trigger', 'lat', 'lon'l]
16 avy_df.head()

not discoverable

It’s time consuming

even simple things require effort
Some operations are difficult

e.g., labeling data points



COMPUTATIONAL NOTEBOOKS: A MIDDLE GROUND?

—_ Jupyter 07-hypothesis-testing (unsaved changes) @ Logout
© Observable Explore 0 Demo ¥ Fork m Fle  Edit View Insert Cell  Kernel  Widgets  Help Not Trusted | Python3 O
+ == @@ B 44 ¥ MRun B C » Markdown s
d3js.org
D; S QO N NN 1-example.docx (1 page) ¢ 0
Bring your data to life. + \
By @ Mike Bostock 7 Q- - — ~» nctior o "/ 5l v| Addins ~ F M]v QQ O} [Tj Q, Search Calculated z
©) 1-example.Rmd - P-value = sum of area in two tails= 2[1 — D(lz])]
Published Aug 6, 2019 Listed in d3-random g ARE Q| @ Knit ~ ~ ‘0 ~#Run v | = Viridis Demo zceurve
1 --- The code below demonstrates two color palettes in the viridis package. Each plot displays a
eg e . ETIVIIE R " contour map of the Maunga Whau volcano in Auckland, New Zealand. 3. Two-tailed test
RandOm PrObablllty PIOtS ; tltle{_‘ . XLP{d;S Demot Viridis colors H, contains the inequality #
output: mL_documen image(volcano, col = viridis(200)) ' i
What do the normal quantile plots and histograms look like for D3’s various random -~ !
, 0
number generators? Let’s see! 5 T T
6- *  {r include = FALSE} B Calculated z, —z
i 7 library(viridis = . .
Uniform g y( ) Figure 8.4 Determination of the P-value for a z test
= *]
uniformData = » Float64Array(1000) [0.8364988573005558, 0.5923236613754859, 0.4144779646837171, ©.9507874319661804 9 o source: Devore, pp.329
. w
uniformData = Float64Array.from({length: 1000}, d3.randomUniform()) 29 Th? Fo‘_je below demorlStr‘ates tW(? CO’lOf:' pal?tFe§ in the “ i '
[viridis](https://github.com/sjmgarnier/viridis) package. Each plot - Slide Type Slide  +
. . o
displays a contour map of the Maunga Whau volcano in Auckland, New
14— ™~ H 9 I
Zealand. o What to do for smaller sample sizes? Student's t-test
1Ll
12 - ## Viridi 1 g When n is small, the Central Limit Theorem can no longer be used. In this case, if the samples are drawn from an approximately normal distribution, then the
12— Lriais colors 0.0 0.2 0.4 0.6 0.8 1.0 correct distribution to use is called the Student's t distribution with v = n — 1 degrees of freedom. The probability density function (pdf) for the student's t
13 distribution is not pretty (Google it!) but it is built into scipy, so we can compare the student's t-test to the normal distribution.
14- " {r} B
1.0- oo o 15 1image(volcano, col = viridis(200)) In [16]: Slide Type - :
16 “° Magma colors
image(volcano, col = viridis(200, option = "A")) 1 # there is some trouble with this package for some python versions
17 2 # 1if it doesn't work, don't worry about it
o8- 18 - ## Magma colors 3 from ipywidgets import interact
19 :
— & 5 samp mean = 0
0.5— 20 - {r} ¥ » - 6 samp std dev = 1
21 1image(volcano, col = viridis(200, option = "A")) ~ 1
22~ pac 8 x = sc.linspace(samp mean-4*samp std_dev,samp mean+4*samp std dev,1000);
322 [ Viridis Demo 2 R Markdowtih - 9 def compare distributions(sample size):
0.4- : i R S 10 pdfl = norm.pdf(x, loc=samp mean, scale=samp std dev/sc.sqrt(sample size))
Console R Markdown » = [ 11 pdf2 = t.pdf(x,df=sample size-1,loc=samp mean, scale=samp std dev/sc.sqrt(sample size))
. - SO—— ) ; 12 plt.plot(x, pdfl, linewidth=2, color='k',label='normal distribution pdf')
e e - - 3 13 plt.plot(x, pdf2, linewidth=2, color='r',label='t distribution pdf')
0.2- > render("1l-example.Rmd", output_format = "word_document™) P 14 plt.xlim(x.min(),x.max())
15 plt.ylim(0,2)
g 16 plt.legend()
00— 0 O 17 plt.show()
— 18
19 interact(compare distributions,sample size=(2,20,1))
T —
0.2~ sample_size @ 5
200 -
= normal distribution pdf
0.4- | 1 | | | | | | | | 1 i ZI =t distribution pdf
-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 +0.0 +0.5 +1.0 +1.5 +2.0 425 4+3.0 175 -
qgnorm(uniformData) 150 -
35— 125 -
30—
100 -
25—
20- 0.75 -
15 =
0.50 -
10~
5= 0.25 -
O_
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COMPUTATIONAL NOTEBOOKS: A MIDDLE GROUND?

[6] selection = alt.selection_interval()

chart = alt.Chart(cars_df).mark_point().encode(
x="Horsepower:Q",
y="Weight_in_1lbs:Q",
color=alt.condition(
selection, "Origin:N", alt.value("gray")

Y I v Cars Dataset Analysis
esS. Documentation
) Code

Here we will see the relationship between weight of the car and horsepower.
) .properties(
® ® ® ® ® width=300,
height=300
) .add_params (

selection
)

0
=
Q

But visualizations are a dead end

nnnnn

Visualizations

Weight_in_Ibs

s § 853888888 A

can't “use” interaction in code

e.g., changing a label, or filtering S RRARA

a value



GAPS BETWEEN CODE AND INTERACTIVE OUTPUTS™

Semantic Gap Temporal Gap Layout Gap

| = W ) W = W W SRR AT

© selection = alt.selection_interval() O selection = alt.selection_interval() © selection = alt.selection_interval()
alt.Chart(cars_df).mark_point().encode( alt.Chart(cars_df).mark_point().encode( # khart = ﬁlt.-Cha"t(Cars_df)-Tark_POi"t()-e"COdE(
x="Miles_per_Gallon:Q", x="Miles_per_Gallon:Q", # x="M1FeS_p§l‘_Gau°:=0 ’
y="Weight_in_1bs:Q", y="Weight_in_1bs:Q", # y= Welght_ln_lPS{Q ’
color=alt.condition( color=alt.condition( 8 color=ai\1t.c.ond1.t.30r.|(. —
selection, "Origin:N", alt.value("gray") selection, "Origin:N", alt.value("gray") : ?e e e 0 il
) 5 )y # ) prope;'ties(
) .properties( ) .properties( B Sttt
LR WicHE o0 # height=300
height=300 height=300 # ) .add_params (
) .add_params ( ) .add_params ( # selection
selection selection # )
) )
. chart = alt.Chart(cars_df).mark_point().encode(
selection = 777 = ssoo} Origin | *** x="Miles_per_Gallon:Q",
E 5,000 ©) Europe y="Weight_in_1bs:Q",
| = 5,500 ‘ Origin | Japan color=alt.condition
5.000- _© O Europe 4,500 j () USA ?election, "Origin:N", alt.value("gray")
| Japan 4,000 - 4
4,500 - () USA | ) .properties(
o 3500 width=300,
4000 g height=300
| ' 3,000 I
, 3500 ; = ) .add_params (
) S 2,500 selection
& 3,000 § )
1:"' 2,000
%2500 ,
= $ ‘ 1,500
2,000 chart
1,000-
1,500 .
500 3 5,500 Origin
b B () Europe
o T _ I 5,000 %
500 - 0 5 10 15 20 25 30 35 40 45 50 %0 8o © Japan
Miles_per_Gallon 4,500 1‘§~ O USA
0 | — 9

Information only flows from Changes made to code are preservead |
Changes in code are messy

code to visualization Changes made to vis are lost
*[Wu, Hellerstein, Satyanarayan, UIST 2020]



THESIS: BRIDGING BETWEEN CODE
AND INTERACTIVE VIS IS

Fasy handofts are important!




[HE

APPROACH



Traclk events in interactive
visualizations

PRINCIPLE Map them to data frame operations

Operations then applied to data
frame




HOW IT WORKS

Interactlve Vlsuallzatlon
Code to create chart e ——— e ——————— S ————————
Initial plot & T Remove “Assign Select 3

af

pd.read_csv('cars.csv')

e e selection selections Category v4 points

Engine
@ NA
O V4

Engine
@ NA
O V4

PersistChart(scatterplot(df)) ', @ O @ O @ O

Provenance

PR -
— g e - PTTR v = o % g 1A a

| 3 4 - G e g o A s P a4 T Ay o g e e z DI O PN I IS cd WO P A 2k o g e a . Lo _gocama TR B S P s & oy _foaBa D gD T omigr- o 4 oidaior e P . g frsma Al i e A P Lo _pesBa g ~0 s e gD - ) o ST B T PSRty o Lo _bsBa e B W 5 g K S ’ - Yoo 3 - g . TS ’ - K = S e e 8 2 . o
. : Lk e > £ = w4 > . Lot G zams > - TR E P P oS O2ame £ lx 2 G Aoy < Lo > o A A< poama EAsdE 2 G Do Ay forsBa i B e - B LYo Agin B he B _HE -6 D O Cat < 2gn Bt = Can < Dga. 24 2 S py a2 O i ) Sein
= - = - o - - - - - . o e _ - - . _ . = N |~ _ . 4 . _ .= N - ~ = _ - . == _ . . . e < - - _ = _ 3

' df1 © Select 3 points 3 / | | | /
: In code

{ df2 @ Remove selections | L s ; ; ;
¥ | $ S e e e ey Name MPG Cylinders origin ;Engine; is_selected

df3 O Select 2 points ]

e A { s |
df 4 O ssign category v4 |

. ‘ to selection

" df5 © Select 3 points f df3 df4

| S T8 27 rows x 8 columns




OPERATIONS

| Selection

¢ Edit column names, edit cells
=l Sort rows/columns

Jx Drop columns

V7 Filter (in/out) items

E] Label items

o+ Categorize items

= Change data types



PERSIST WORKFLOW



import altair as alt

from vega_datasets import data
import persist_ext as PR

cars_df = data.cars() # Load cars dataset

brush = alt.selection_interval() # Create a 2d brush

# create scatterplot and link to brush
scatterplot = alt.Chart(cars_df).mark_point().encode(
Standard / x="M1les_per_Gallon:Q",
Vega-Altair Chart y="Weight_in_1bs:Q",
color=alt.condition(brush, alt.value("steelblue"), alt.value('"gray"))
) .add_params (
brush

)

////,, PR.PersistChart(scatterplot)

Call to Persist with Chart as Parameter



import altair as alt B ™ v & F i
from vega_datasets import data
import persist_ext as PR

cars_df = data.cars() # Load cars dataset

brush = alt.selection_interval() # Create a 2d brush

# create scatterplot and link to brush
scatterplot = alt.Chart(cars_df).mark_point().encode(
x="Miles_per_Gallon:Q",
y="Weight_in_Llbs:Q",
color=alt.condition(brush, alt.value("steelblue"), alt.value('"gray"))
) .add_params (
brush

)

PR.PersistChart(scatterplot)

Persist Toolbar

k—v © o < [ o+ 0o JTARAYA

Reset Trrack Delete datasets

5,500+ @)
oo, Oteny fo Trrack  BZ Summary ~— Provenance History
4,500 - O ngmmem
o o Root
Vega-Altair Chart —_ .« Akl ooy oateciory "o
£ 3.000° Add new option 'Heav...
§2'5°°- Add new option 'Medi...
= 2000- | G of Add new option ‘Light'...
1,500 ' Selected Miles_per_G...
1,000~ Assign Weight Cls (He...
— Selected Miles_per_G...
. I N I N SN N A N Assign Weight Cls (Me...
L T ® Selected Miles_per_G...
Miles per Gallon
Dataframes:

Dataframe name ( # persist_df 2 © é)

Dataframe Manager —

( # persist_df_2 @ & O Assign Weight Cls (Lig...




import altair as alt B ™ v &

from vega_datasets import data
import persist_ext as PR

cars_df = data.cars() # Load cars dataset

brush = alt.selection_interval() # Create a 2d brush

# create scatterplot and link to brush
scatterplot = alt.Chart(cars_df).mark_point().encode(
x="Miles_per_Gallon:Q",
y="Weight_in_1lbs:Q",
color=alt.condition(brush, alt.value("steelblue"), alt.value('"gray"))
) .add_params (
brush

)

PR.PersistChart(scatterplot)

Filtering Labelling
" “

o c @,’ U" 85’ 88 ?_ R 3 Reset Trrack Delete datasets

Categorization

5,500+
. g’:ﬂx's fo Trrack BZ Summary
Medium
4,500 - () No Assignment
o Root
P Add new category 'We...
€ 3000 Add new option 'Heav...
§2-5°°- Add new option 'Medi...
> 2000 0 D & Add new option 'Light'...
1,500 Selected Miles_per_G...
1,000 Assign Weight Cls (He...
00 Selected Miles_per_G...
. Assign Weight Cls (Me...
0 5 W 15 2 2 3 3B 40 45 50 ® Selected Miles_per_G...
Miles per Gallon —
Dataframes:

patarrame name ( , pEfSiSt_df_Z @ é)

( # persist_df_2 @ & O Assign Weight Cls (Lig...




import altair as alt B ™ v &

from vega_datasets import data
import persist_ext as PR

cars_df = data.cars() # Load cars dataset

brush = alt.selection_interval() # Create a 2d brush

# create scatterplot and link to brush
scatterplot = alt.Chart(cars_df).mark_point().encode(
x="M1iles_per_Gallon:Q",
y="Weight_in_Llbs:Q",
color=alt.condition(brush, alt.value("steelblue"), alt.value('"gray"))
) .add_params (
brush

)

PR.PersistChart(scatterplot)

Branches and Choosing a State in .

@ []u 8? Reset Trrack Delete datasets
provenance support non-linear -
/ . d d . h I 5:000_ go:?er:,::m fo Trrack BZ Summary
analysis, addressing the layout gap - Q
| No Assignment
o Root
P Add new category 'We...
€ 3000 . Add new option 'Heauv...
§2'500- BranChlng \/ Add new option 'Medi...
= 2000- o Add new option 'Light'...
1,500 Selected Miles_per_G...
1,000~ Assign Weight Cls (He...

Selected Miles_per_G...

50:— ACtlve State _\ Assign Weight Cls (Me...

0 5 10 15 ZIO 215 3l0 315 4l0 415 50' Selected Miles_per—G“.
© Assign Weight Cls (Lig...

Miles per Gallon

Dataframes:
1( & persist df 2 é)l

s : Y
L & persist_df_2 [ = )




import altair as alt B ™ v &

from vega_datasets import data
import persist_ext as PR

cars_df = data.cars() # Load cars dataset

brush = alt.selection _interval() # Create a 2d brush

# create scatterplot and link to brush
scatterplot = alt.Chart(cars_df).mark_point().encode(
x="M1iles_per_Gallon:Q",
y="Weight_in_Llbs:Q",
color=alt.condition(brush, alt.value("steelblue"), alt.value('"gray"))
) .add_params (
brush

)

PR.PersistChart(scatterplot)

Branches and Choosing a State in

© c? @ []x 8? Reset Trrack Delete datasets
provenance support non-linear -
o i }o Trrack 3= Summary
. " 5,000 - (U Heavy o=
NO Assignment
analysis, addressing the layout gap o .
H Root
P Add new category 'We...
£ 30007 Add new option 'Heav...
§2-5°°- Add new option '‘Medi...
> 2000 G  ‘> , Add new option 'Light'...
1,500~ > 6 Selected Miles_per_G...
1,000~ S Accion\Waiaht Cle (Ua
o ACtIVQ State Dataframes:
’ 0 é 1'o 115 2'0 2‘5 3'o 3‘5 4'0 4‘5 50' ( # persist_df 2 D é;)l
Miles per Gallon

Selected Miles_per_G...
Assign Weight Cls (Me...
Selected Miles_per_G...
( # persist_df_ 2 © &) Assign Weight Cls (Lig...

-0




Persist re-runs the interactions in the output,
addressing the temporal gap

[50]: PR.plot.scatterplot(avalanches_1, "Elevation_feet:Q", "Vertical _inches:Q", df_name="avalanches_ 2")

L’f I]x EE Reset Trrack Delete datasets

180,000 - o
$o Trrack = Summary
0=
o
160,000 -
140,000 - ® Root
120/000- Dataframes:
(’ avalanches_2 [C é,)
.‘é’ o
G 100.000-
-—I o
©
kS
£ 80,000-
>
o
60,000 -
o
o
40,000 -
20,000 -
o
o o o
O o) O O
o o
0 & | | | | | | | | | |
0 4000 8000 12,000 16,000 20,000 24,000 28,000

Elevation_feet



Persist applies interactions to data frames that can be accessed in code,
addressing the semantic gap

\ L'/ Dx gE Reset Trrack Delete datasets
180,000 - Q o=
}o Trrack  g= Summary
o
160,000 -
140,000 - Root
Selected Elevation_feet (10252 t...
120,000 - Clear selections
4 o
£ 100,000 - Dataframes:
2 , ( # avalanches_1 D) &)
§I avalanches_1 |(J =
£ 80,000-
5 N
o
60,000 -
. o
b o
40,000 - %
20,000 -
o
o o -
O (o) O O
0 & | | | | oI | | | o | | |
0 4,000 8,000 12,000 16,000 20,000 24,000 28,000
Elevation_feet
(’ avalanches_1 [ é)
[
Man|pUIated 7~ A avalanches_1.describe()
o
data fra me acce ssed |n Month Day Year Vertical_inches Elevation_feet
d count 2392.0 2392.0 2392.0 2392.0 2392.0
Co e mediril 4.400 194 10. 199590 LU I10./7 /71 /99 QIU4.500040 IJOL/.101004L
count: 239279 std 4.181266 8.655544 4.45139 7308.701685 1508.71831

min 1.0 1.0 2004.0 120.0 953.150095



VISUALIZATION OPTIONS

“ @ 1B 8 5o ?_ ?-}- @ Reset Trrack Delete datasets
© ¢ [ 8 ao AYARA YA 8 Reset Trrack Delete datasets
fo Trrack  §Z Summary
600 Select a category (@) 160 Avalanche Season o=
Aval he S @ Middle xho Trrack o= Summary - # Date Place Trigger Weak Layer Depth_inches ;Aspect Elevation_feet Root
valanche season 0 @™
140 @ No Assignment = > Rename column ;Weak Lay...
] X h | "Tri 'datat .
500 ® Start 2338 3-23-2023 Dry Creek Natural Change column 'Trigger' data type West 8000 Rename column :Trigger to...
, Drop column Comment...
120+ am 955 1-19-2014 Whitney Basin Snowmobiler W Drop column 'Trigger' East 10500 Bor't needi ths cotumn for thi. M
400 Start Root Updated column 'Depth_i...
) i - (€ Rename column 'Trigger' ' .
3 100 - 1 1028 2-21-2014 Chalk Creek Natural Northeast 10600 Updated column 'Depth_i...
2 . Add new category 'Avalan... Updated column ‘Depth ..
. put 1 H Inisned removing n values from...
g 200 Middle F " Add new option 'Start' to ... 1024  2-17-2014 Upper Weber Canyon Natural =T Sortby Trigger ascending Northeast 10400 Changed colurmn 'Dépt... 0
~ |
= s H 1 H 1 = . . H 1
‘g‘ §- Add new Optlon Mlddle L... 998 2-12-2014 Upper Weber Canyon Natural =4 Sort by Trigger descending Northeast 10400 Sort (descending) by ‘Dep...
. Drop column Coordinates
3 End 60 Add 'End’
(3] new option 'End’ to c... . .
200 P 938 1-14-2014 Upper Weber Canyon Explosive 41 Pinto left East 10300 Selected 1 point
40 Selected Month (10 to 12) & P to riah Selected 2 points
No Assianment o 1299 1-26-2016 Currant Creek Peak Snowmobiler In to right Southwest 9500 ;
o0 9 Assign Avalanche Season... Selected 3 points
i Drop column ;Region
20 Se'ected Month (1 to 3) 1044 2-28-2014 Chalk Creek Natural Northeast 10600 P ) 9 )
Drop column Width_inches
0 . . Assign Avalanche Season... 2348 3-30-2023 Bunnels Natural Northeast 10800 Drop column Vertical inch...
| | | || | ] 1] ] |
o - N . N ©® - w © 0 2,000 4,000 6,000 8,000 10,000 12,000 . . Dataframes:
Month Elevation feet Selected Month (4 to 6) 1977 4-6-2021 Blue Ice Natural ® Hide Trigger column Northeast 10400 (# currentdf O S)
Dataframes: 3 of 2392 row(s) selected ows per page 10 * 1-10 of 2,392 > Dl
/ .
(_ # df_with_season 0 é;)

( # df_with_season [ é,}

'( # current_df [0 é:‘ ‘/ removed_nulls_df & 4 @\‘ ': no_coordinates_df () (4 \ﬂ]) '\ final_df D& F @\‘

B e

An Interactive Data Table

Arbitrary Vega-Altair Charts



VEGA-ALTAIR

Persist works with most Vega-Altair charts
"Listens” to native operations (selections)
Updates Vega charts:

Use original chart spec when possible (e.g., filters)

Update spec when necessary (categories, labels)



EXAMPLE CHARTS

“ e L‘f Ux 85_’ gg ?_ R @ Reset Trrack Delete datasets

%o Trrack 9= Summary S @ Uu 89 88 V_ R = Reset Trrack Delete datasets
% Po
00 0
R 8 3
: .".I. O 0o Im- —
s> ©5 ’ Root e o o o Total Records o Trrack B3I Summary
2 RO %,O Selected Worldwide_Gros... 90 150
g ' 80 - ’ .
= Dataframes: T -
£ ( # persist_df_1 D é) g 70 100 ROOt
Q
s .+« o0 |
O Removed selected items £ s0- Selected 1 point across M...
] .
€ ° O O Selected 2 points across ...
. 50 .
§ o O 0 Selected 3 points across ...
1 I I I 40_‘ .
RN AR §| . B - O o Removed selected items
g 3 Selected 1 point across M...
g o O O o Records in Selection .
20- 0 . O » Selected 2 points across ...
. o Ol o - ‘
(Frereedi T D) 10 | 0) Selected 3 points across ...
o O O 0O 0O o o
0 || 1 1 | | | 1] 1] 1
10 20 30 40 50 60 7.0 80 9.0 100 Dataframes:
IMDB_Rating (binned) an (: & persist_df 3 @ é:)
800 Major Genre
A Z (I 5% Reset Trrack Delete datasets 3 o W Black Comedy
S B Comeady
Q » r
220 %- 400 B Drama
1 Movies Eras - -
. gy e Trrack B Summary §
B 90s O
180 M 2000s 200 -
. Root
g 1 Add new category 'Movie... - : i Ly Ly L o 1 Ly :?}
g 120 Add new option '80s' to c... - 3 £ E % jé g 3 E g
2 10- Add new option '90s' to c... g p N 2 e @
3 oo Add new option '2000s' t... 5 2 g 25_’
60 Selected Release_Date (1... &
. . Major Genre
. Assign Movies Eras (80s)...
Selected Release_Date (1...

Assign Movies Eras (90s)...
Selected Release_Date (2...
Release_Date Assign Movies Eras (200...

R EEEEEREEEEEEEREREEEREEEEEER:
- - - T - B - - - - - o o S 289 988 88 8 g

Y™ Y= Y= ym = ym ym ym ym oy oy oy oy oy oy oy oy oy oy

' # persist_ df 3 é:ﬁ'

Dataframes:
( # persist_df_4 O é,)l

( # persist_df_4 D 1’:)







EVALUATION



IN-LAB STUDY

]]] STUDY DESIGN

WE RECRUITED ELEVEN PARTICIPANTS FOR THE STUDY. PARTICIPANTS ALL HAD
PRIOR EXPERIENCE WITH PYTHON AND PANDAS.

j THE ORDER OF CONDITIONS WAS RAN- \
FULL FA'CTOR’AL DESIGN DOMLY ASSIGNED. O
2 DATASETS x 2 CONDITIONS x FOR EACH CONDITION, DATASETS Q“\‘
WERE RANDOMLY ASSIGNED. PAR- ﬁ
- | TICIPANTS NEVER SAW THE SAME
DATASET TWICE
— STUDY METRICS -
7
> v |
) @ ¢ }}
SUBJECTIVE PERFORMANCE TIME ERROR REPRODUCIBILITY

— CONDITIONS

PANDAS CODING

[ | i| IMPORT PANDAS AS PD
DF = PD.READ csV(...)

[ z i| DF = DF.DROP(’AGE”)

DF = DF.RENAME(
COLUMNS={T0B’: ‘PROFESSION’}
)

DF.LOC[I, ‘TOB’] = ‘PRINCIPAL

PERSIST EXTENSION

IMPORT PERSIST _EXT AS PR /
IMPORT PANDAS AS PD
DF = PD.READ _CSV(...)

PR.PLOT.SCATTERPLOT(..)

O SELECT 2 VALUES

o @ REMOVE 2 VALUES
oo ® -

[ J [ J

o> o SELECT 2 VALUES

— DATASETS

VIDEO GAMES

O
¢h 0.0
| 0

N\

AVALANCHES




IN-LAB STUDY

— TASKS -
PARTICIPANTS MADE THE FOLLOWING CHANGES TO A DATASET

NAME AGE JOB NAME AGE  PROFESSION AGE AGE
| |
JILL TEACHER JILL 24 TEACHER oy — o
ANN 42\ | ENGINEER ANN 42 | ENGINEER “z” "
|

REMOVE COLUMNS RENAME COLUMNS CHANGE DATA TYPE

NAME AGE JOB o o ® Bl
| ® o
STEVE 32 PLUMBER ® SMALL
JILL 2% | PRINCIPAL °o_° o_ o
.. ® ¢ ® ® ° ® ®
o
ANN 142 ENGINEER o‘ . . e
o. ° o © )
o

EDIT VALUES FILTER DATA ADD CATEGORICAL

AL 1 a A



3x
RESULIS times faster

with Persist

07, 11/17

notebooks using Persist

tasks correctly using Persist, were reproducible

compared to 85% for Pandas
only //11 using pandas

were




QUOTES

“so much easier than manually coding.”
- MYy

“easier as compared to the code and ev-

RESULTS Gr)d’hmg was visible [...] and i didn’t take

much time.”
- M2

“Changing the category type, or adding
new categories or removing anomadlies
from data, they were very much easier in
[Persist] than coding.”

- M7

“The thing | really liked about is version
control, which shows the history of all op-
erations [...] and also saves the changes
[...]into a data frame.”

- My




DISCUSSION



Provenance better for most cases

No code clutter

GENERATING CODE VS [T
PROVENANCE TRACKING

Consistent semantics
But code generation might be
more robust

works outside of notebooks

works w/o the library




& @ []n ao Reset Trrack Delete datasets

o Trrack BZ Summary

Region Year ‘Trigger ‘Weak Layer Deg

# Root

3 Salt Lake 2012 Skier Facets Rename column 'Region to Re

4 Salt Lake 2012 Skier New Snow Selected 1 point

5 Salt Lake 2012 Skier Facets Selected 2 points

6 Salt Lake 2012 Skier New Snow/Old Snow Interface Removed selected items

7 Salt Lake 2012 Skier Facets

8 Salt Lake 2012 Skier Facets Pataframes:

( # persist_df_1 D& )

' 9 Salt Lake 2012 Skier Facets ' '
= 10 Salt Lake 2012 Skier Facets O

1 Salt Lake 2012 Skier Facets

12 Salt Lake 2012 Unknown Ground Interface

[ B eta ] Rows perpage 10  © 1-10 of 2,390 > Dl

' # persist_df_1 D é.

def create persist df _1(df):
df = df.copy(deep=True)

# Add " 1d column” as the ID column
df.insert(®, " id column", df.index + 1)

df ["__id_column"] = df["__id_column"].astype(str)

# Add selection column

df [ selected"] = False

# Rename column

df = df.rename(columns={"';Region': 'Region'})

df.loc[df["__id column"].isin(['2']), "__selected"] = True

Af_ 1acldfl"  id ealumnl_dicin([*'1'  '2'1) " calarted"]l = True




TRY QUT PERSIST!

(1] README &3 BSD-3-Clause license 7 =
Getting Started
o o @ .
Persist is available now!
— JupyterLab >= 4.0.0 or Jupyter Notebook >= 7.0.0 i

— pandas >= 0.25
- altair >= 5

https://vadl.sci.utah.edu/persist/ i

Install

Documentation & examples S

pip install persist_ext i

If the Jupyter server was already running, you might have to reload the browser page and restart the kernel.

Uninstall

F e e d b a C k / b u g r e p O r-tS To remove the extension, execute:

pip uninstall persist_ext i

appreciated!

Persist supports two types of interactive outputs — a custom data table and Vega-Altair (>=5.0.0, see
requirements and caveats) charts. The following examples will walk you through creating each one. The examples
are also available as notebooks in the examples folder of the repository. Each section will link to the
corresponding notebook as well as a binder link for the notebook.

Persist currently works with pandas dataframes, so load/convert the data to pandas dataframe before using.

Exambples


https://vdl.sci.utah.edu/persist/
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HOW PEOPLE ACTUALLY LIE WITH CRARTS. ..

... AND WHAT WE CAN DO ABOUT IT
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HOW WE THINK PPL LIE WITH CHARTS:

VIOLATIONS OF VISUALIZATION DESIGN GUIDELINES
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BUT IS THAT REALLY HOW
PEOPLE LIE WITH CRARS?
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ISRAEL v. ZIMBABWE

Israel is fighting with mass vaccination,
Zimbabwe with mass Ivermectin (approved 26th Jan)
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Most vaccinated: Iceland 81%
Least vaccinated: Nigeria 1.2%

We need national leadership...like Canada.
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30,000
l Italy |
France ’,f‘/ N d
. [ = \ I I I e I a
1 Mmass vaccination, Cases
1ectin (approved 26th Jan) COVID-19 Derthr in Phada Toland
(as of
Vax Launch Day moaiveaths 1 @brithume Case in point, Sweden. Covid is over!
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8,000 ar 24, E 2
United Kingdom ¢ I;(M:I N A Number of deaths
Dec8,2020 Jan 15,2021 Mar 15,2021 Sy i - —— > 16 120
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Source: Sweden's Public Health Agency aaE




VULNERABLE VISUALIZATIONS

Vaccines work.

According to official data, the vaccinated are the The effect of #ivermectin in #Mexico needs

Number of COVID-19 patients in Our World

super-spreaders. hospital in Dot ho explanation.
https://cdc.gov/mmwr/volumes/7... R oe) O Addountry

https://t.me/EARTH20GENESIS... #ivermectinworks

30,000

FIGURE 1. 5ARS5-CoV-2 infections (N = 469) associated with large public gatherings, by date of specimen collection and vaccination status® — Italy | . . - T .. da |
Barnstable County, Massachusetts, July 2021 — ‘ OVID- 19 m M:E x I‘ 0 T JRLD IVERMECTIN DAY
70 y Y
O Fully vaccinated . GOBIERNO DE
M Unvaccinated, not fully vaccinated, 20,000 -+ MEXICO
Gl - or vaccination status unknown
All-cause excess mortality in Mexico 2020-2021
30 Multiple events and large public gatherings S
.
e :
' 0 :
g 40 -
S Increase in COVID-19 cases = Test and treat program
; ‘ ‘ =1}
g reported to MA DFH 10,000 F based on
= 30+ = . ‘
9,000 k A IVERMECTIN
=% '
4 ‘
20 8,000 5 O
United Kingdom b = " .
-4 . ' E = 0
Dec8,2020 Jan 15,2021 Mar 15,2021 3 " unl , -8%
1 Source: European CDC for EU countries, government sources for other countries % l |
OurWorldInData.org/coronavirus « CC BY = l '
i =T P Feb2,2020 (Ommm() Mar 15,2021 £ g l‘, | | Sl | b I'
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CHART MAP TABLE SOURCES 3 DOWNLOAD < - - - =T ¥ =
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Notes outside the chart Unrestricted interaction Added annotations



VISUALIZATIONS

Can we design data exploration tools

that prevent cherry-picking while

COVID-19 Data Explorer

Explore global data on COVID-19.
Download this dataset

Q_ Type to add a country or reg

Sort by Country name 12

Australia
Canada

Sweden

[J Afghanistan

[J Africa

[J Albania

[J Algeria

(J American Samoa
(J Andorra

(J Angola

(J Anguilla

[J Antigua and Barbuda
(J Argentina

[J Armenia

(J Aruba

X Clear selection

H]1An]] [ maintaining freedom of exploration?

METRIC INTERVAL

Relative to Population

Confirmed deaths Cumulative

Cumulative confirmed COVID-19 deaths per million people

Due to varying protocols and challenges in the attribution of the cause of death, the number of confirmed deaths may not accurately
represent the true number of deaths caused by COVID-19.

Our World
in Data

BB Table S Map |~ Chart £ Settings
2500 Sweden
2,000
1,500

Canada
1,000 .
. Australia
500
O i f — T T T T T 1
Mar 8, 2020 Feb 24, 2021 Sep 12, 2021 Mar 31, 2022 Oct 17, 2022 May 5, 2023 May 19, 2024

» Play time-lapse Mar8,2020 @ ® May19,2024
Data source: WHO COVID-19 Dashboard - Learn more about this data

CCBY

& Download ¢ Share ¢ 3 Enter full-screen

Related: Since 8 March, we rely on data from the WHO for confirmed cases and deaths (4




Parallel Design by 4 Authors

Cheery-Picking in Temporal Charts

DSEVULE (Stocks, COVID)
GUARDRAILS
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DESIGN SPACE

Layout
Superimposition Juxtaposition
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CHERRYPICKING: NO GUARDRAILS

Percent change in stock price

Airline A

Airline B
Airline C

Car A
Car B
CarC
Gas A
Gas B

150%

Car A

100%

50%
Gas C M

(' /

Tech A )
/ N Airline A
Tech B | Airline B

0%

Tech C

| | | |
Mar31, 2023 Jun30, 2023 Sep30, 2023 Dec31, 2023



ENFORCING CONTEXT - SUPERIMPOSITION / PRIMARY DAIA

Percent change in stock price

Airline A

Airline B 150%
Airline C Car A
Car A 100% |
| VN
Car B . NV
Car C | |
50%
Gas A
Gas B Airline A
0% Airline B
Gas C ’ |
Tech A M e ~ S TN A N
Tech B ~50%
Tech C
| | | |

Mar31, 2023 Jun30, 2023 Sep30, 2023 Dec31, 2023



SHOWING STATISTICAL CONTEXT — SUPERIMPOSITION / SUMMARY

Airline A
Airline B
Airline C
Car A
Car B
CarC
Gas A
Gas B
Gas C
Tech A
Tech B
Tech C

Percent change in stock price

Shaded area represents the middle 50% of all values.

150%

Car A

100%

50%

N Airline A
— Airline B
0%

| | | |
Mar31, 2023 Jun30, 2023 Sep30, 2023 Dec31, 2023



CONTEXT OUTSIDE — JUXTAPQSITION / PRIMARY DAIA

Percent change in stock price

Airline A ———

Airline B ———— 150%
Airline C ————
CarA /77 -
CarB  — 100%
CarC /o
GasA ———
GasB ——— 50%
GasC ~———— A\
I |
s —— | ,  ' T

TechC ——
| | | I

Mar31, 2023 Jun30, 2023 Sep30, 2023 Dec31, 2023



SUMMARY CONTEXT — JUXTAPOSITION / SUMMARY

Infections per million people

Bar on the left highlights the range of selection among all data.

38

16

_— ’\
Thundoril North (Policy B)

14
12

10
Eldoril West (Policy B)

2 Silvoria North (Policy C)

__—

| | [ I I
Jul31, 2023 Aug31, 2023 Sep30, 2023 Oct31, 2023 Nov30, 2023



Red-Team Study (Production):

Challenge participants to deceive w
and w/o guardrails

EVALUATION

Validation Study:

Measure how deceptive charts are




Viral Scenario:

imagine that you work tor a public

RED-TEAM
S LH(INE 5romoting a health policy campaign

health agency and are in charge of

VR P OISR o Cainst a viral disease that, judging by
the data alone, does not appear to be
the most effective policy.



STIMULUS

Infections per million people

Policy A Bar on the left highlights the range of selection among all data. Help
Eldoril North
PG B 4 18
\::I Eldoril West
~ Eldoril South 16
Eldoril East »
Thundoril North
Thundoril South 12
Aerion West 0
Aerion North y
Aerion South 8 Eldoril West (Policy B)
Policy C ] \
Silvoria North — etars weet (Patey O
Silvoria South 4
Mystara West ,
Mystara East
Mystara North ~— 0 = T T r .
Oct 1, 2022 Nov 1, 2022 Dec 1, 2022 Jan 1, 2023 Feb 1, 2023

Mystara South

Add a short text caption that will go along with your visualization: *



Did the guardrail make it more or less difficult to complete the task?
Superimposed Primary Data Superimposed Summary Juxtaposed Primary Data Juxtaposed Summary

&)
o

% of participants

RESULTS

o

Juxtaposed Primary is a
C h e r ry- Pi C ki n g M a C h i n e G&  All stocks are not doing well this year, but Airline A is the only one that actually returns

some gains, whereas Gas and Car prices have dropped.

Percent change in stock price

Superimposed Primary
makes it harder to cherry-

20%

pick NN ol

Others show little effect "

-40%

didn’t get it? . . .

Mar31, 2023 Jun30, 2023 Sep30, 2023 Dec31, 2023




“Investment” task: make monetary
decision based on information

You will need to travel to Eldoril North (Policy A) for work.
You've come across this visualization and the accompanying caption.

Please review the visualization and the caption, and then answer the questions below based solely on this information.

V E L I D E TI 0 N STU DY (Please try to not rely on other visualizations you've seen.)

&& Policy A (red) is the superb policy to manage a sudden boom in infections
® Infections per million people Help
D o G u a rd ra I Is wo rk7 Shaded area represents the middle 50% of all values.
O

100
80

60

40

hundonl! South (Policy B)

20

Thundornl North {Policy B)
Eldon! North {Policy A)

T T T T T T T
Oct 1, 2020 Nov 1, 2020 Dec 1, 2020 Jan 1, 2021 Feb 1, 2021 Mar 1, 2021 Apr1, 2021

Based on this information, before traveling to Eldoril North (Policy A) | would buy this much insurance:
($0 = no risk of getting sick, $100 = very high risk of getting sick)

$0 $25 $50 $75 $100




Primary Data

Differences by Scenario: More effective in
“extreme” scenarios

Superimposed Primary Data most promising

Juxtaposed Summary no better than baseline

RESULTS

Viral A Scenario Stock A Scenario

Control —— ——
Superimposed Primary Data — e — e
Superimposed Summary —— =0
Juxtaposed Primary Data —— ' ——
Superimposition Juxtaposed Summary — ——
100 75 50 25 0 0 25 50 /5 100

Viral B Scenario Stock B Scenario

Control —— -
Superimposed Primary Data —C— . N —
Superimposed Summary — S
Juxtaposed Primary Data == ——
Juxtaposed Summary —C— —_——
100 75 50 25 0 0 25 50 75 100

<< better worse >> << better worse >>



Superimposed Primary seems like a
promising design against cherry-
picking

DISCUSSION easy to implement

easy to understana

Juxtaposed Primary design useful as

a way to make data explorers more
usable




Evaluating Complex
SySte MmSs Zach Cutler, Jack Wilburn, Carolina Nobre, Lane Harrison et al.

reVISit: Empirically Evaluating Complex
Interactive Visualization Techniques

searched
for node

incorrect answers
during trials

correct task incorrect task
—
| joioniule fu—— —— 0 o o o
Ny T
Study \-> browsed away feedback

1l7 25
\ minutes

elapsed

[CHI 2020, CHI 2021 & VIS 2023]




Perceptual Studies
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Static Visualizations

Commonly Evaluated Using Crowdsourcing

Controlled Interactions
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Complex
Visualization
Techniques

Considered not Amenable
to Crowdsourced Evaluation
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WA= Yes We Can!

QUANTITATIVE

EVALUAT(I:%TA\IQVEE;I( * Evidence-based design

SYSTEMS?

* Picking the right techniques

* Design validation

e Caretul training

e Good compensation

* |[nteresting Tasks

of what can be
evaluated using crowdsourcing




YEI: COMPLEX STUDIES
ARE HARD T0 SET UP




There is no end-to-end platform for
puilding interactive experiments

PERILS OF ONLINE

EIUANECEINN The support for types of stimuli in
survey tools are limitea

Lack of experiment debugging features

No built-in data collection and
provenance tracking functions
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The Scope of reVISit
1

reVISit DSL - study specification

{
$schera: hitps://revw.githubusercontent., con/reVISit-studies,

S Study Metadata

uiConfig: {-
}
conponents: { consent: {
introduction: {- type: merkdown
} path: cleveland/consent-cn, nd Stu dy
consent: {- nextButtonText: Agree
} response: |-
Lrainingl: {- ]
> , Component
practicel: {- trainisgl: { '
} type: image g
trialsl: (- path: cleveland/ca-training.png P t
) = arameters .
r;ost-—study—surven: {- practicels l
type: contaliner *
} order: |-
sequence: | ]
introduction components: (-
consent }
trainingl }
practicel

trialsl .
post-study-surveyl

= Study 'sequence

‘e Compile & Deploy

Interactive Study Web App

umlr MVNYV Study Replication

CONARNY TRUNNG  TRIALSD

Q!ﬂitbll: Who m the most llllllllllllllllllllllll
mention interactions with Mentions [ 3 of man 1 e e - S TMIALSE  TRIALSE  TRUMSE?  TRIALSE
Jeffrey? =R N TRIA TRIA
. 0135 . TRIALSIZ  TRIALS!]  TRIALS1A
# of retwoets
—_— TRIALS'E
Retweets U 1 3 5 |
Selected name(s) will show £ . w 8 -
Ll Name | Rl 8 v—N - Cc's i = " = cigm\ S Task 1; —}
here R e 3 @?g?aegﬂ‘" m § 3 3 §CEREEEESS Qﬁg=§3‘8§8 3
< <<a: < Question: Who had the
DDDDDUOQDDDDQQODDDDBQUDQDDDDﬂﬂQﬂODDDDﬂﬂDQDﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂDDBDE
Naan A@ . ) m - 0 O R R R most mention
Alpar B . . interactions with
A ll g i a Jeffray?
}e o o
m n
- o =
- - o -
O . 0 Adjacency Matrix task to
04\?2 u . find most interactions with
=5 . Jeffrey with on node
Bvioia B - ol . - u-u encoding
&éﬁiﬂ:‘l - 0
e
E& » =

Task Instructions Study Stimulus Admin Panel

Study Stimuli & Components

Visualization
Stimuli

o Data Managemento Data Analysis

Data Storage
(Firebase)

Data Download
(ticly text/csv, JSON)

Questionnaire1

[reVISit CHI’21] & Future Work

l
: Study Analytics Interface
l
l

External Data Analysis

A




WHAT IS REVISIT: INFRASTRUCTURE FOR VIS STUDIES

Set up studies with all components (consent, training,
trials, tasks, surveys, etc.) including sophisticated study
designs (randomization)

Simple data tracking and data export

Simple to deploy and run studies

Fu||y reprOdUCible and OPEN. You can share your whole study setup for

anyone to re-run, without having to have a license for software (qualtrics).



"baseComponents": {
"bar—-chart": {

"type': "website",
"response": |
{
t1d": "barChart",
"prompt": "Your selected answer:",
"required”: true,
"location”: "belowStimulus",
"type": "iframe"
REVISIT SPEC }
I
"path": "basic—questionnaire-study/assets/bar—-chart.html",
"instructionLocation": "aboveStimulus™
Components & \
}
[
Inheritance
"bar-chart-1":4
"baseComponent™: "bar-chart",
"description': "A trial for the user to click the largest bar",
"instruction”: "Click on the largest bar",

"parameters": {
"barData": [0.32, 0.01, 1.2, 1.3, 0.82, 0.4, 0.3]

}
}
"bar-chart-2":4{
"baseComponent": "bar-chart",
"description”: "A trial for the user to click the smallest bar",
"instruction': "Click on the smallest bar",

"parameters": A
"barData": [1.2, 1.2, 1.2, 1.3, 0.82, 0.4, 0.3]
}




"'sequence'": {
"order": "fixed",
"components'": |
"introduction”,
"consent”,
"tutorial”,

{

REVISIT SPEC orders: Srendon,

"paintBrush_ql",
- "rectangleBrush_ql",
StUdy De5|gn "ax1isBrush_ql",

"sliderBrush_ql"

]
¥

"post-study-survey",
"survey"




< C 2% revisit.dev/study/brush-interactions/paintBrush_q1 N X g

R'E"V—lh5~71 Interactive Selections in
~.=*  Scatterplots

Task:

How many Adventure Movies have Select
a production budget value greater

than 100 million?

Answer: *

D
=
O
O
£
”
0
O
-
O

I
100M 200M

Production Budget

Action

Comedy

Drama

https://revisit.dev


https://revisit.dev

Documentation & Tutorials on Website

Community participation via slack etc.
Tutorial at IEEE VIS 2024

DOCUMENTATION &
COMMUNITY

v1.0.0-betall v GitHub®* Demo® -j{)j- () Search # | K

A study creation platform allowing
you to quickly create, publish, and
disseminate your customized
visualization study.

About ReVISit Try The Demo Get Started

Flexible And Powerful Focus on What Matters In Depth Analysis

ReVISit is designed with researchers from ReVISit allows researchers to focus on the With the Analysis Dashboard, you can
all disciplines in mind. It is simple enough visual stimuli without the hassle of setting investigate the results from your study with



Y\ AUz Maybe?

SRRV o Think Aloud & Provenance
EVALUATION

>l

ONLINE?

. - v
B T3 sronc sorsiou
Transcript + Tags
So for this task, uh, | just need to consider penguins that weigh between 4 and a half and 5. ?:
Okay kilograms, but all that I'll flip a length between 2 and 215. 5
All right. I'm going to have to be quite precise so | can ¥

<>

I'm I'm confident about the 4 to 5K but 2 to 15.

<>

Okay, so I'm just going to click on select.

<>

All right, so actually 200 to 20.

<>

So I'm just going to have to have to estimate where.

215is

<>

<>

which is approximately there about 75% of that.

<>

Let me just clear that selection. Let me just try this again.

of what can be
evaluated using crowdsourcing




Interactive Selections

Interactive Selections in

REVISIT ‘ Help | : REVISIT , ‘ Help |
N Scatterplots .. .. N In Scatterplots .. ..
¢ 5e5521580ee1b951df544c3c e paintBrush_q4 X | = Task:
Consider only penguins that weigh Clear Selection Select De-Select
between 4k and 5k grams (g) and
have flipper lengths between 200 2404
and 215mm. What is the most and
least common type of penguin in
this subset?
220
While answering this question, . ! e
please verbalize your thoughts, E-
o o @ Q . " o
especially any insights you have 5 200-
-
or problems you run into. e
Q.
Q.
N .
180 -
Play m 3/18/2024, 3:08:05 PM Most common penguin: *
Transcript + Tags ’ 160 | . . | |
2.0k 3.0k 4.0k 5.0k 6.0k 7.0k
Body Mass (g)
So for this task, uh, | just need to consider penguins that weigh between 4 and a half and 5. S Least common Penguin: *
Okay kilograms, but all that I'll flip a length between 2 and 215. * A
All right. I'm going to have to be quite precise so | can S
I'm I'm confident about the 4 to 5K but 2 to 15. 5 m
Okay, so I'm just going to click on select. C Adelie - 1
All right, so actually 200 to 20. c
So I'm just going to have to have to estimate where. S
o
2151is ° &  Chinstrap 2
Q.
7))
which is approximately there about 75% of that. S
Let me just clear that selection. Let me just try this again. S
Okay. Alright, so that's the 4 to 5K body mass. And then the 2002215. C Gentoo -8
So that's giving me those results. 9:
| | I
A 0 50 100 150

so the most common penguin There Is the Gen 2

and the least common penguin with 5 is the a deli if I've pronounced that correctly.

Count

<>

<>

Okay clicking.




. - -
BB T oo, sorsiew
Transcript + Tags
So for this task, uh, | just need to consider penguins that weigh between 4 and a half and 5.
Okay kilograms, but all that I'll flip a length between 2 and 215.
All right. I'm going to have to be quite precise so | can

I'm I'm confident about the 4 to 5K but 2 to 15.
Okay, so I'm just going to click on select.

All right, so actually 200 to 20.

So I'm just going to have to have to estimate where.
2151is

which is approximately there about 75% of that.

Let me just clear that selection. Let me just try this again.



FUTURE WORK: BETTER SCAFFOLDING FOR STUDIES

reVISit: Scalable Empirical Evaluation of Interactive Visualizations

Community Input User Services and Resources
Collaborators Community Workshops Documentation / Examples  Replications  Community Engagement
Core Community Broader Community

Inform Software Development --- vA - SynergisticActivities -~ v 4
- Core Infrastructure: Software Components @ New Component — @ Prototype — @ Robust

Aim 1: Study Infrastructure and Multilevel Instrumentation Aim 2: Data Transformation and Visualization Methods
Study Scaffolding Integration with Crowdsourcing Platforms Data Transformation Event Sequence Visualization
Component Registry  Capturing Insights / Rationale Trials Visualization Study Results Visualization

Provenance Tracking  Designing Trainings Study Replay Interface Qualitative Coding Tools



REFLECTIONS




Doing different things is interesting!

Keeps me engaged

A STEW OF RESEARCH
TOPICS

Role of Engineering

Building / maintaining / documenting
useful things increases impact

reVISit, Persist, UpSet

Crossover Benefits

Provenance -> reVISit & Persist
reVISit -> Misinformation

Engineering infrastructure: benetits all




Alexander Lex
http://vdl.sci.utah.edu
THE

UNIVERSITY
OFUTAH

Provenance, User Studies, Misinformation

i

, 4 \
visualization g,@//fh

d eSi g N Ia b www.sci.utah.edu



