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Computation Notebooks are Popular for EDA

Data Science by using pandas liabrary

import pandas as pd
import numpy as np
import matplotlib as mpl

df = pd.DataFrame([[38.0, 2.8, 18.0, 22.8, 21, np.nan],[19, 439, 6, 452, 226,232]1,
index=pd.Index([' Tumour (Positive)’, 'Non-Tumour (Negative)'l, name='Actual Lab
columns=pd.MultiIndex. from_product([['Decision Tree', 'Regression’, 'Random’],['Tumour’, 'Non-Tumour']], names=['Model:', ‘Predicted:']))

af.style
Model: Decision Tree Regression Random
Predicted:  Tumour Non-Tt Tumour  Non-Te Tumour Non-Tt
Actual Label:
Tumour (Positive) 38003000 2000000 18000000 22000000 27 nan
Non-Tumour (Negative) 19000000  439.000000 6000000 452000000 226 232000000
weather_df = pd.DataFrame(np.random.rand(18,2)*5, °

021-81-21", periods=19),
)

def rain_condition(v):
if v < 1.75:
return
elif v < 2.75:
return "Rain”
return “Heavy Rain”

def make_pretty(styler):
styler.set_caption{“Weather Conditions" L]
styler.format(rain_condition)
styler.format_index(lambda v: v.strétime("%A"))
styler.background_gradient (axis-None, vmin=1, wmax5, cmap="Y1Gnau")
return styler

weather_df

Tokyo  Beijing
2021-01-01 3621968 4508375
2021-01-02 0.109078 3062590
2021-01-03 0493361 1450606
2021-01-04 3307517 0605751
2021-01-05 3709100 2606226
2021-01-06 4165616 0519589
2021-01-07 4695968 1555512
2021-01-08 4540735 0477025
2021-01-09 3123028 3671971

2021-01-10 3041734 0.944977

weather_df.1oc["2821-91-04":"2021-@1-08" ] . style. pipe(make_pretty)
Weather Conditions
Tokyo Beijing
Monday [CESEE Dy
Tuesday [ZENET  Rain
LC U Heavy Rain [SUY

Thursday [FESEENE Dy

https://openexchange.intersystems.com/package/iris-python-apps

Multimodality

text, code, visualizations, and tables

Flexibility

changes reflected in real-time
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Computation Notebooks Limitations

Data Science by using pandas liabrary

import pandas as pd
import numpy as np
import matplotlib as mpl

df = pd.DataFrame([[38.0, 2.8, 18.0, 22.8, 21, np.nan],[19, 439, 6, 452, 226,232]1,
index=pd.Index([' Tumour (Positive)’, 'Non-Tumour (Negative)'l, name='Actual Lab
columns=pd.MultiIndex. from_product([['Decision Tree', 'Regression’, 'Random’],['Tumour’, 'Non-Tumour']], names=['Model:', ‘Predicted:']))

af.style

Model: Decision Tree Regression Random

Predicted:  Tumour Non-Ti Tumour  Non-Ti Tumour Non-Ti

Actual Label:

Tumour (Positive) 38000000 2.000000 18000000 22000000 21 ran

e e s e e Notebooks' code-reliance limits its

weather_df = pd.DataFrame(np.random.rand(18,2)5,

021-81-21", periods=19),
)

| usage by inexperienced programmers

if v <€ 1.75:
return

elif v < 2.75:
return "Rain”

return “Heavy Rain”

def make_pretty(styler):
styler.set_caption{"Weather Condi
styler.format(rain_condition)
styler.format_index(lambda v: v.strétime("%A"))
styler.background_gradient (axis-None, vmin=1, wmax5, cmap="Y1Gnau")
return styler

ions”

weather_df

2021-01-01 3621968 4508376
2021-01-02 0109078 3.062330
2021-01-03 0423361 1452806
2021-01-04 3307317 0.808731
2021-01-05 3709100 2608226
2021-01-06 4165676 0519589
2021-01-07 4695969 1568512
2021-01-08 4540735 0477025
2021-01-09 3149028 3671971

2021-01-10 3041734 0.944977

weather_df.1oc["2821-91-04":"2021-@1-08" ] . style. pipe(make_pretty)

Weather Conditions

Tokyo Beijing

Monday [GESET

Tuesday [FEUEEI
Wednesday [T

Thursday Dry

https://openexchange.intersystems.com/package/iris-python-apps
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Computation Notebooks Limitations

Data Science by using pandas liabrary

import pandas as pd
import numpy as np
import matplotlib as mpl

df = pd.DataFrame([[38.0, 2.8, 18.0, 22.8, 21, np.nan],[19, 439, 6, 452, 226,232]1,
index=pd.Index([' Tumour (Positive)’, 'Non-Tumour (Negative)'l, name='Actual Lab
columns=pd.MultiIndex. from_product([['Decision Tree', 'Regression’, 'Random’],['Tumour’, 'Non-Tumour']], names=['Model:', ‘Predicted:']))

af.style
Model: Decision Tree Regression Random
Predicted:  Tumour Non-Tt Tumour  Non-Te Tumour Non-Tt
Actual Label:
Tumour (Positive) 38003000 2000000 18000000 22000000 27 nan
Non-Tumour (Negative) 19000000  439.000000 6000000 452000000 226 232000000

weather_df = pd.DataFrame(np.random.rand(18,2)*5,

021-81-21", periods=19),
)

def rain_condition(v):
if v < 1.75:
return
elif v < 2.75:
return "Rain”

« Notebooks present a single,

def make_pretty(styler):
styler.set_caption{"Weather Condi
styler.format(rain_condition)
styler.format_index(lambda v: v.strétime("%A"))

e i nte rl eaved th rea d , W h | C h Mma y not

weather_df

ions”

Tokyo.....Beijing. I ©
capture the user’s analysis flow
2021-01-02 0.109078 3.062530
2021-01-03 0493361 1.439306
2021-01-04 3307317 0.808751
2021-01-05 3.709100 2.608226
2021-01-06 4165676 0.519589
2021-01-07 4695968 15885812
2021-01-08 4540735 0477025
2021-01-09 3.149028 3671971

2021-01-10 3041734 0.944977

weather_df.1oc["2821-91-04":"2021-@1-08" ] . style. pipe(make_pretty)

v Weather Conditions
Tokyo Beijing
Monday [GESET

Tuesday [FEUEEI

Wednesday e

Thursday [FESVEE

https://openexchange.intersystems.com/package/iris-python-apps
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Computation Notebooks Limitations

Data Science by using pandas liabrary

import pandas as pd
import numpy as np
import matplotlib as mpl

df = pd.DataFrame([[38.0, 2.8, 18.0, 22.8, 21, np.nan],[19, 439, 6, 452, 226,232]1,
index=pd. Index([ ' Tumour (Positive)’, 'Non-Tumour (Negative)'l, name='Actual Label:'),
columns=pd.MultiIndex. from_product([['Decision Tree', 'Regression’, 'Random’],['Tumour’, 'Non-Tumour']], names=['Model:', ‘Predicted:']))

af.style
Model: Decision Tree Regression Random
Predicted:  Tumour Non-Tt Tumour  Non-Te Tumour Non-Tt
Actual Label:
Tumour (Positive) 38003000 2000000 18000000 22000000 27 nan
Non-Tumour (Negative) 19000000  439.000000 6000000 452000000 226 232000000

westher_df = pd.DataFrame(np.random.rand(18,2)*5,
index=pd.date_range(start="2021-01-21", periods=18),
columns=["Tokyo", "Beijing"])

def rain_condition(v):
if v < 1.75:
return
elif v < 2.75:
return "Rain”

« Notebooks present a single,

def make_pretty(styler):
styler.set_caption{“Weather Conditions"
styler.format(rain_condition)
styler.format_index(lambda v: v.strétime("%A"))

e i nte I’| eaved th rea d , W h | C h Mma y not

weather_df

Tokyo.....Beijing. I M

capture the user’s analysis flow

2021-01-02 0.109078 3.062530

2021-01-03 0493361 1.439306

2021-01-04 3307317 0.808751

2021-01-05 3.709100 2.608226

much worse when you have many cells...
2021-01-07 4695968 15885812

2021-01-08 4540735 0477025

2021-01-09 3.149028 3671971

2021-01-10 3041734 0.944977

weather_df.1oc["2821-91-04":"2021-@1-08" ] . style. pipe(make_pretty)

Weather Conditions

Tokyo Beijing

Monday [GESET

Tuesday [FEUEEI

Wednesday e

Thursday [FESVEE

https://openexchange.intersystems.com/package/iris-python-apps
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Computation Notebooks Limitations

Data Science by using pandas liabrary

1: import pandas as pd
import numpy as np
import matplotlib as mpl

2]: of = pd.DataFrame([[38.9, 2.8, 18.0, 22.8, 21, np.nan],[19, 439, &, 452, 226,232]1,
index=pd. Index([ ' Tumour (Positive)’, 'Non-Tumour (Negative)'l, name='Actual Label:'),
columns=pd.MultiIndex. from_product([['Decision Tree', 'Regression’, 'Random’],['Tumour’, 'Non-Tumour']], names=['Model:', ‘Predicted:']))

df.style
Model: Decision Tree Regression Random
Predicted:  Tumour Non-Ti Tumour Non-Ti Tumour Non-Ti
Actual Label:
/ ° . . .
e e * Notebooks' code-reliance limits its
Non-Tumour (Negative) 19.000000 439000000  £.000000 452.000000 226 232.000000

1:| weather_df = pd.DataFrame(np.random.rand(18,2)*5,
index=pd.date_range(start="2021-01-21", periods=18),

usage by inexperienced programmers

def rain_condition(v):
if v < 1.75:
return "Dry"
elif v < 2.75:

. (]
return Rair” « Noteb
OlebOOKs present a singie,
def make_pretty(styler):
styler.set_caption("Weather Conditions")
styler.format(rain_condition)
styler.format_index(lambda v: v.strétime("%A"))

interleaved thread, which may not

return styler

weather_df

capture the user’s analysis flow

2021-01-02 0109078 3.062330

2021-01-03 0423361 1452806
2021-01-04 3307317 0.808731
2021-01-05 3709100 2608226
2021-01-06 4165676 0519589

We aim at an interactive notebook framework to

2021-01-08 4540735 0477025

2021-01-09 3149028 3671971

2021-01-10 3041734 0.944977

support efficient low-code exploratory data analysis

1 [47: westner_df.loc["2821-91-84":"2021-81-08" ] .style. pipe(make_pretty)

Wil Weather Conditions

Tokyo Beijing
Monday [CESEE Dy

Tuesday

Heavy Rain
Wednesday [T

QTSN Heavy Rain [

https://openexchange.intersystems.com/package/iris-python-apps
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Design Goals

* Notebooks’ code-reliance limits its usage by inexperienced programmers

« DG1: Low-code: support users with varying levels of programming expertise.

« DG2: Insight-driven: help quickly synthesize compound data insights.



Design Goals

* Notebooks’ code-reliance limits its usage by inexperienced programmers

« DG1: Low-code: support users with varying levels of programming expertise.
« DG2: Insight-driven: help quickly synthesize compound data insights.

* Notebooks present a single, interleaved thread, which may not capture the user’s analysis flow

« DG3: History: help recall and navigate efficiently with visual cues and interactions.

« DG4: Structure: reveal the analytic dependencies between cells.



WhatsNext:
Guidance-enriched EDA with Interactive, Low-Code Notebooks

We use the following car sales dataset to present a usage scenario of WhatsNext.

Model
volkswagen 113°
volkswagen supe
volkswagen rabk
vw rabbit ¢ (dies:
vw dasher (diese
fiat 128

toyota corona
chevrolet chevet

mazda glc delux
https://goo.gl/9G1egz

26
26
43.1
443
43.4
29
31
29
32.8

Cylinders

N R T T - A -

Displacement

97
97
90
90
90
68
76
85
78

Horsepower

46
46
48
48
48
49
52
52
52

1835
1950
1985
2085
2335
1867
1649
2035
1985

Acceleration

20.5

21
21.5
21.7
23.7
19.5
16.5
22.2
19.4

70
73
78
80
80
73
74
76
78

Vigicc]

Origin
Europe
Europe
Europe
Europe
Europe
Europe
Japan
us
Japan
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WhatsNext: A Use Case

¥ i Which Year has the lowest average Horsepower?
80 has lowest average Horsepower

160

Analysis Thread

@)

140

120

Em
]
B F R B B B B FE B B 28 5 2
Year

Below are some questions you may have:

What might explain the fact that 80 has lowest average Horsepower?

How does average Horsepower look like across Origin within each Year?
How does average Horsepower look like across Cylinders within each Year?
How does average Horsepower look like across Model within each Year?
Which item has the lowest Horsepower?

Which Year has the highest total Horsepower?

DG1: Low-code: support users with varying levels of programming expertise.
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WhatsNext: A Use Case

+ | .
¥ i Which Year has the lowest average Horsepower? |
- 80 has lowest average Horsepower What might explain the fact that 80 has lowest average 9
Horsepower? Analysis Thread
Horsepower and Weight have a strong correlation, and 80 has lowest average Weight ...
Acceleration and Horsepower have a moderate inverse correlation, and 80 has highest average Acceleration ... @

Horsepower and MPG have a strong inverse correlation, and 80 has highest average MPG ...

Displacement and Horsepower have a strong correlation, and 80 has lowest average Displacement ...

@

Below are some questions you may have:

el e e S D s e G R O k_]

How does average Horsepower look like across Origin within each Year?

How does average Horsepower look like across Cylinders within each Year?

How does average Horsepower look like across Model within each Year?

Which item has the lowest Horsepower?

Which Year has the highest total Horsepower?

DG2: Insight-driven: help quickly synthesize compound data insights.



WhatsNext: A Use Case

¥ i Which Year has the lowest average Horsepower?
80 has lowest average Horsepower
160

140

120

I
§

B0

Year
Below are some questions you may have:
What might explain the fact that 80 has lowest average Horsepower?
How does average Horsepower look like across Origin within each Year?
How does average Horsepower look like across Cylinders within each Year?
How does average Horsepower look like across Model within each Year?
Which item has the lowest Horsepower?

Which Year has the highest total Horsepower?

What might explain the fact that 80 has lowest average
Horsepower?

Horsepower and Weight have a strong correlation, and 80 has lowest average Weight ...
Acceleration and Horsepower have a moderate inverse correlation, and 80 has highest average Acceleration ...

Horsepower and MPG have a strong inverse correlation, and 80 has highest average MPG ...

Displacement and Horsepower have a strong correlation, and 80 has lowest average Displacement ...

> A and p have a inverse i 80 has highest average Acceleration
g ¢
200-| ° 15
o
3
2
- o
g 150-| §
810
g £
8 <
S 100+ k3
* €
o 3
50 80 =
T T T £ T
0o s 0 15 20 25 e
Acceleration Year
+
> E Horsepower and Weight have a strong correlation 80 has lowest average Weight
3,500
5,000
3,000
4,000 - 2,500
E
o
£ 30004 2 2000
2 3
] € 1500
2,000 é
1,000
1,000
500
T T r T 0
0 50 100 150 200 RRNRREELERRRRBBE S
Horsepower Year

DG4: Structure: reveal the analytic dependencies between cells.

Analysis Thread
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A Use Case

¥ i Which Year has the lowest average Horsepower?
80 has lowest average Horsepower

160

Below are some questions you may have:

What might explain the fact that 80 has lowest average Horsepower?

How does average Horsepower look like across Origin within each Year? k.
How does average Horsepower look like across Cylinders within each Year? K
How does average Horsepower look like across Model within each Year?

Which item has the lowest Horsepower?

Which Year has the highest total Horsepower?

What might explain the fact that 80 has lowest average 9

Horsepower?

Horsepower and Weight have a strong correlation, and 80 has lowest average Weight ...
Acceleration and Horsepower have a moderate inverse correlation, and 80 has highest average Acceleration ... @

Horsepower and MPG have a strong inverse correlation, and 80 has highest average

Analysis Thread

How does average Horsepower look like across Cylinders within each Year?
2 Cylinders Analysis Thread

w0 ® o4

160 ™ = - Y @k

140 L

Mean of Acceleration

T T T ©
0 5 10 15 20 25
Acceleration

T4
Bl
81
|

80 has lowest average Year @ @

> ¢ How does average Horsepower look like across Origin within each Year?

Origin
L] ® Europe
160 @ Japan
e us

6

Horsepower and Weight have a strong correlation

&
8

5,000

4,000

3,000 4

Weight

2,000

MeanofWeigM=
2 2 B B 8
8

1,000

T T T
0 50 100 150 200
Horsepower

DG3: History: help recall and navigate efficiently with visual cues and interactions.



WhatsNext: A Use Case

¥ i Which Year has the lowest average Horsepower? I
What might explain the fact that 80 has lowest average 9

80 has lowest average Horsepower

160

Horsepower?

Horsepower and Weight have a strong correlation, and 80 has lowest average Weight ...

Analysis Thread

@

VLBiCC

Washington, DC 2023

§8 Add comment E 1204
8 150
Below are some questions you may have: §. & Copylink § 1004
£ L Embed j%. wl $
I SSSREDIEE 12 50| 4, Download text 601
How does average Horsepower look like across Origin within each Year? W Delete 401
P S S Y
Acceleration 204
How does average Horsepower look like across Cylinders within each Year?
+ B
2
How does average Horsepower look like across Model within each Year? > E Horsepower and Weight have a strong correlation 80 has lowest average

5,000-| ogbo o
Which item has the lowest Horsepower? ) 2o

g
kS
&

Mean of Wei

Which Year has the highest total Horsepower?

2D

T T T T
0 50 100 150 200 RRRRRXRERR
Horsepower

DG1: Low-code: support users with varying levels of programming expertis

DG2: Insight-driven: help quickly synthesize compound data insights.

DG3: History: help recall and navigate efficiently with visual cues and interactions.

DGA4: Structure: reveal the analytic dependencies between cells.
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Cylinders

Acceleration and Horsepower have a moderate inverse correlation, and 80 has highest average Acceleration ...
Horsepower and MPG have a strong inverse correlation, and 80 has highest average
i How does average Horsepower look like across Cylinders within each Year?
200
view12
+ 180 L
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o 200 # Pin 1404
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Year B

> ¢ How does average Horsepower look like across Origin within each Year?
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6
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@

@®5

&0 00O
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WhatsNext: Pipeline

QCeII Rendering

Synthesize
-Lit
New Cell’s Vega-Lite spec
_— v
Metadata Render
visualization

O Automated
o

g Human Input
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WhatsNext: Pipeline

aQuestion Retrieval

Cell Renderin
o ° Current insight JSON object

: :

Synthesi :
PR Search for logically- Search for attribute-
R Vega-Lite spec . .
New Cell’s v | related questions related questions
Metadata Render \ v
visualization Generate metadata for each question
v

List questions in the interaction panel

O Automated
o

a Human Input
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WhatsNext: Pipeline

Current insight JSON object

Synthesize ) )
— Search for logically- Search for attribute-
, Vega-Lite spec ) .
New Cell’s related questions related questions
Metadata Render
visualization Generate metadata for each question
List questions in the interaction panel
Given Insight Example Logically-related Insight Example Converted Question Automated

Ext] “Cars from the yvear 1980 have the lowest average Horsepower” +

Cor] “Horsepower and Weight have a strong correlation” [ Human Input
“Why do cars from the vear 1980

have the lowest average Weight?”

[Ext] “Cars from the year 1980 have
the lowest average Weight”

Ext] “Cars from Japan in the vear 1980 have the lowest average weight”

Cor] “Weight and Displacement have a strong correlation” + “Why do Horsepower and Weight
Cor] “Horsepower and Displacement have a strong correlation” have a strong correlation?”

[Cor] “Horsepower and Weight have a

[
[
[Ano]| “There are three anomalies regarding Weight in the vear 1980”
[
[
strong correlation” [

“What is the major value range of
Horsepower?”

[Ano] “The car ‘renault 18i" appears to

. . o Dis| “Most values for Horsepower are in the range [75.0, 125.0]”
be an outlier regarding Horsepower [Dis] f / ge [ /

« . . . . ’ “What are potential outliers regard-
o [Ano] “The car ‘renault 18i" seems an outlier regarding Horsepower . X P om g
[Dis] “Most values for Horsepower are i i ing Horsepower!

in the range [75.0, 125.0]”

“Whar is the distribution of Horse-

[Dis] “Most values for Horsepower in 1980 are in the range [70.0, 120.0] power in the year 19807"




WhatsNext: Pipeline

QCeII Rendering

| Synthesize
-Lit
New Cell’s Vega-Lite spec
_— v
Metadata Render
visualization

aQuestion Retrieval

Current insight JSON object

: :

Search for logically- Search for attribute-
related questions related questions

\ v

Generate metadata for each question

v

List questions in the interaction panel

—— > Click on any question

User Interaction

O Automated
o

a Human Input
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WhatsNext: Pipeline

aQuestion Retrieval

Cell Renderin
o ° Current insight JSON object

: :

Synthesize

v Vi - Search for logically- Search for attribute-
, ega-Lite spec . .
New Cell’s v | related questions related questions - )
Metadat — > i ! ——> Click on any question
S Render
visualization Generate metadata for each question ® ser Interaction
v -

List questions in the interaction panel

a Automated
o

a Human Input

a Analysis Thread Visualization Update

——— Fetch metadata of all cells —>  Generate data of the required format —  Render tree widget

Hover: to display a screenshot tooltip
Click: go to the corresponding cell
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Summarization

We introduce WHATSNEXT, an interactive notebook environment for low-code
data exploration that

* augments a standard notebook cell with a no-code interaction panel showing

recommended follow-up analysis questions or actions;

« utilize a set of insight-driven heuristics to synthesize follow-up questions to

help reveal / explore / integrate data insights;

* visualizes the analysis hierarchy to help users trace the history of diverging

analysis threads.
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Discussion & Future Work

* Improve connections between the notebook and analysis structure.

« More annotations to show hidden features, such as insight type /

recommendation type / instructions...
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Discussion & Future Work

* Improve connections between the notebook and analysis structure.

« More annotations to show hidden features, such as insight type /

recommendation type / instructions...
» Support user-customized EDA trajectories.

« Support user-specified analysis intents

» Maintain ecological synchronization
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Discussion & Future Work

* Improve connections between the notebook and analysis structure.

« More annotations to show hidden features, such as insight type /

recommendation type / instructions...
» Support user-customized EDA trajectories.

« Support user-specified analysis intents

» Maintain ecological synchronization

» Support thread decomposition, switching, and saving.
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Discussion & Future Work

* Improve connections between the notebook and analysis structure.

« More annotations to show hidden features, such as insight type /

recommendation type / instructions...
» Support user-customized EDA trajectories.

« Support user-specified analysis intents

» Maintain ecological synchronization

» Support thread decomposition, switching, and saving.

» Evaluate usability through a comparative study
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WHATSNEXT: Guidance-enriched Exploratory Data
Analysis with Interactive, Low-Code Notebooks

&
i Which Year has the lowest average Horsepower? - - .
80 has lowest average Horsepower What might explain the fact that 80 has lowest average 9 '
% o Horsepower?

4 Horsepower and Weight have a strong correlation, and 80 has lowest average Weight ..
Wllndom

> i How does average Horsepower look like across Cylinders within each Year?
@ Analysis Thread

‘3 Acceleraton and Horsepouer have s moderate inverse correlation,and 80 has highest average Acceleration [N . o

[ 2. # Edit 180; * H
E Horsepower and MPG have a strong inverse correlation, and 80 has highest average MPG ... T 2 @
- 140

£ % - # Pin ° o
H Displacement and Horsepower have a strong correlation, and B0 has lowest average Displacement .. 8 7dd comment

= 3 8 | ] .
5 & Copy link 2 y—a = 1

0 i 80 has highest average Acceleration 3 L ] _ ° ," ° A 2

L' Embed ° s ® L I a—
2 5
2 = s ° &, Download text 1 ® @
| - | =0 "

g

Avg. Horsepower
& g 8 8
L]

2

! ! g 7 F = B E F E # a
| Below are some questions you may have 1 " £oE Year #EE
| | ; ®@ @
| > ¢ How does average Horsepower look like across Origin within each Year?
| What might explain the fact that 80 has lowest average Horsepower? 9 : i ge 9
[ 1 Origin
1 i . o Euiope
I How does average Horsepower look like across Origin within each Year? @ 1 # 1601 e
! e and g conrelati 190 —=
: mmmwmmmmmnmme : 0004 a%‘hnﬂan
| i 8o, § i " . o
1 000 ° e ©
| How does average Horsepower look like across Model within each Year? H e @;ﬁ Lo . H
i i R SN tal¥ e e, S 9w
| Which item has the lowest Horsepower? i E 4 & ) L ] e s o e = s
! ] 20001 2w g s ® [
i =
1 i 1000 | =
1 1
I ]

‘Which Year has the highest total Horsepower?

1]
|

e LT L o B Contact: cchen24@umd.edu

2B OF
Year




	WHATSNEXT: Guidance-enriched Exploratory Data�Analysis with Interactive, Low-Code Notebooks
	Computation Notebooks are Popular for EDA
	Computation Notebooks Limitations
	Computation Notebooks Limitations
	Computation Notebooks Limitations
	Computation Notebooks Limitations
	Design Goals
	Design Goals
	WhatsNext: �Guidance-enriched EDA with Interactive, Low-Code Notebooks
	WhatsNext: A Use Case
	WhatsNext: A Use Case
	WhatsNext: A Use Case
	WhatsNext: A Use Case
	WhatsNext: A Use Case
	WhatsNext: Pipeline
	WhatsNext: Pipeline
	WhatsNext: Pipeline
	WhatsNext: Pipeline
	WhatsNext: Pipeline
	Summarization
	Discussion & Future Work
	Discussion & Future Work
	Discussion & Future Work
	Discussion & Future Work
	Slide Number 25

