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Collaborative Data Science
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House Price Prediction

Import Library and Dataset

import numpy as np # linear algebra
import pandas as pd # data processing, CSV file I/O (e.g. pd.read csv)

from matplotlib import pyplot as plt

import seaborn as sns

Help
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df_train = pd.read_csv('https://researchdatafiles.s3.amazonaws.com/house-d.
df_train.describe()

Id LotFrontage LotArea OverallQual OverallCond YearBuilt YearRemc

count 1460.000000 1201.000000 1460.000000 1460.000000 1460.000000 1460.000000 1460.0
mean  730.500000 70.049958  10516.828082 6.099315 5575342 1971.267808 1984.8
std  421.610009 24.284752 9981.264932 1.382997 1.112799 30.202904 N
min 1.000000 21.000000 1300.000000 1.000000 1.000000 1872.000000 1950.0
25%  365.750000 $59.000000 7553.500000 5.000000 5.000000 1954.000000 1967.0
50%  730.500000 69.000000 9478.500000 6.000000 5.000000 1973.000000 1994.0
75% 1095.250000 80.000000 11601.500000 7.000000 6.000000 2000.000000 2004.0
max 1460.000000 313.000000 215245.000000 10.000000 9.000000 2010.000000 2010.0

Histogram for SalePrice

Motivation

Computational notebooks allow data
scientists to document and replicate the
exploration process.

Code
Explanatory text
Intermediate output



Collaborative Data Science

Find a random example and show its corresponding l:

rand_example = np.rar '
_, ax = plt.subplots( ®

ax.matshow(training_¢
ax.set_title("Label:
ax.grid(False)

Task 1: Build a

First, let's create a bas

Find a random example and show its corresponding li

rand_example = np.random.choice(training_example:
.y ax = plt,subplots()
ax.matshow(training_examples.loc[rand_example].vi
ax.set_title("Label: %i" % training_targets.loc[i
ax.grid(False)

Task 1: Build a Linear Model for Mt

First, let's create a baseline model to compare agains
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import numpy as np

import seaborn as sns

x =

np.random.normal (size=200)

sns.distplot (x)

<matplotlib.axes._subplots.AxesSubplot at 0x7f09ab3a70£0>
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Challenges in Collaboration

In [18]:

Out[18]:

[ )
A A A
#data = data[(np.abs(stats.zscore(d“ a.“xiy

TODO
# any additional analysis -

#print(np.unique(df_train[ 'YrSold'], return counts=True
#np.where(df_train[ 'YrSold'] == 2007)
abc = np.where(df_train['YrSold'] == 2008)[0]
df_subset = df_train[ 'SalePrice']
useful_subset = dict(df_subset)
for x in abc:

useful_ subset[x]

b4

Remove Outliers by Stats

# print(np.unique(df_ train['YearBuilt'], return counts=

abc = np.where(df_train['YrSold'] == 2008)
abc = list(abc)[0]
prices = []

for x in abc:
prices.append(df_train['SalePrice'][x])

print(np.mean(prices) - np.mean(df_train['SalePrice']))

np.unique(df_train['YrSold'])

array([2006, 2007, 2008, 2009, 2010])

Motivation

Alice and Bob joined the shared notebook.
They decided to explore outliers together.

HC



Challenges in Collaboration

In [18]:

Out[18]:

Remove Outliers by Stats

#data = data[ (np.abs(stats.zscore(data)) < 5).all(axis-

TODO
# any additional analysis

#print(np.unique(df train['YrSold'], return_counts=True
#np.where(df_train[ 'YrSold'] == 2007)
abc = np.where(df_train['YrSold'] == 2008)[0]
df_subset = df_train[ 'SalePrice']
useful_subset = dict(df_subset)
for x in abc:

useful subset[x]

b4

# print(np.unique(df_ train['YearBuilt'], return counts=

abc = np.where(df_train['YrSold'] == 2008)
abc = list(abc)[0]
prices = []

for x in abc:
prices.append(df_train['SalePrice'][x])

print(np.mean(prices) - np.mean(df_train['SalePrice']))

np.unique(df_train['YrSold'])

array([2006, 2007, 2008, 2009, 2010])

Motivation

Alice and Bob joined the shared notebook.
They decided to explore outliers together.

Bob edited his analysis in cell #10. ‘@’

HC



Challenges in Collaboration

In [18]:

Out[18]:

Remove Outliers by Stats

#data = data[ (np.abs(stats.zscore(data)) < 5).all(axis-

TODO
# any additional analysis

#print(np.unique(df train[ 'YrSold'], return_counts=True
#np.where(df_train[ 'YrSold'] == 2007)
abc = np.where(df_train['YrSold'] == 2008)[0]
df_subset = df_train[ 'SalePrice']
useful_subset = dict(df_subset)
for x in abc:

useful_ subset[x]

b4

# print(np.unique(df_ train['YearBuilt'], return counts=

abc = np.where(df_train[ 'YrSold'] == 2008)
abc = list(abc)[0]
prices = []

for x in abc:
prices.append(df_train[ 'SalePrice'][x])

print(np.mean(prices) - np.mean(df_train['SalePrice']))

np.unique(df_train['YrSold'])

array([2006, 2007, 2008, 2009, 2010])

Motivation

Alice and Bob joined the shared notebook. @ @)
They decided to explore outliers together.
Bob edited his analysis in cell #10. ‘@’

Alice edited her analysis in cell #11. @



Challenges in Collaboration

In [18]:

Out[18]:

Remove Outliers by Stats

:  #data = data[ (np.abs(stats.zscore(data)) < 5).all(axis=

TODO
# any additional analysis

:  #print(np.unique(df train[ 'YrSold'], return counts=True

#np.where(df_train[ 'YrSold'] == 2007)
abc = np.where(df_train['YrSold'] == 2008)[0]
df_subset = df_train[ 'SalePrice’
useful_subset = dict(df_subset)
for x in abc:

useful_ subset[x]

b4

:  # print(np.unique(df train[ 'YearBuilt'], return counts:

abc = np.where(df_train['YrSold'] == 2008)
abc = list(abc)[0]
prices = []

for x in abc:
prices.append(df_train['SalePrice'][x])

print(np.mean(prices) - np.mean(df_train['SalePrice']))

np.unique(df_train['YrSold'])

array([2006, 2007, 2008, 2009, 2010])

Motivation

Alice and Bob joined the shared notebook. @ @)
They decided to explore outliers together.
Bob edited his analysis in cell #10. ‘@’

Alice edited her analysis in cell #11. @

After discussing, they agreed to use Alice’s
code and moved on to the next step.



Challenges in Collaboration

Remove Outliers by Stats
In [ ]: #data = data[(np.abs(stats.zscore(data)) < 5).all(axis=
In [ e TODO

# any additional analysis

In [ ]: #print(np.unique(df train[ 'YrSold'], return counts=True

#np.where(df_train[ 'YrSold'] == 2007)
abc = np.where(df_train['YrSold'] == 2008)[0]
df_subset = df_train[ 'SalePrice’
useful_subset = dict(df_subset)
for x in abc:

useful_ subset[x]

b4

In [ ]: # print(np.unique(df train[ 'YearBuilt'], return counts=
abc = np.where(df_train['YrSold'] == 2008)
abc = list(abc)[0]
prices = []

for x in abc:
prices.append(df_train['SalePrice'][x])

print(np.mean(prices) - np.mean(df_train['SalePrice']))

In [18]: np.unique(df_train['YrSold'])

Out[18]: array([2006, 2007, 2008, 2009, 2010])

Motivation

Alice and Bob joined the shared notebook. @ @
They decided to explore outliers together.

Bob edited his analysis in cell #10. ‘@’

Alice edited her analysis in cell #11. @

After discussing, they agreed to use Alice’s

code and moved on to the next step.

2 days later...

Another colleague, Charlie joined the @
shared notebook.



Challenges in Collaboration

In [18]:

Out[18]:

Remove Outliers by Stats

#data = data[ (np.abs(stats.zscore(data)) < 5).all(axis-

TODO
# any additional analysis

#print(np.unique(df train['YrSold'], return_counts=True
#np.where(df_train[ 'YrSold'] == 2007)
abc = np.where(df_train['YrSold'] == 2008)[0]
df_subset = df_train[ 'SalePrice']
useful_subset = dict(df_subset)
for x in abc:

useful subset[x]

b4

# print(np.unique(df_ train['YearBuilt'], return counts=

abc = np.where(df_train[ 'YrSold'] == 2008)
abc = list(abc)[0]
prices = []

for x in abc:
prices.append(df_train[ 'SalePrice'][x])

print(np.mean(prices) - np.mean(df_train['SalePrice']))

np.unique(df_train['YrSold'])

array([2006, 2007, 2008, 2009, 2010])

Unclear code

Random variable names
Useless documentation
Ambiguous cell orders

Motivation

What the hell
is going on?



Challenges in Collaboration Motivation

e Difficult to maintain an updated explanation and a clean notebook during the

exploration process
(Rule et al. CHI18)

e Write lower quality code, change the execution order, or accidentally overwrite

important analyses while iterating on different ideas
(Kery et al., CHI19, Head et al., CHI19)

e Can be amplified in a collaborative setting where it is important to keep a shared

understanding of past design decisions across team members
(Wang et al., CSCW19, Koesten et al., CHI19, Kery et al., VL/HCC17)

10



Challenges in Collaboration Motivation

Remove Outliers by Stats
Y Data Science G... ¥ [ #houseprice

Peggy % &3 %0 | & Adda topic
In [ ]: #data = data[(np_abs(stats_zscore(data)) < 5)_all(axis: _ ) ; WATNILE CredLleu uns Cidinier woudy. 1 s uie very pegiiniiig vl u
Za Jump to...
& Setapurpose + Addanapp & Add people to this channel
In [ Qe TODO Threads
# any additional analysis
Channels
In [ ]: #print(np.unique(df_train['YrSold'], return_counts=True general Micezsgam )
#np.where (df _train[ 'YrSold'] == 2007) il joined #houseprice along with Bob.
abc = np.where(df_train['YrSold'] == 2008)[0] T Bob 2:58 AM
df_subset = df_train[ 'SalePrice'] ) so | think we need to solve these 6 tasks
useful_subset = dict(df_subset) Add a channel it looks like it's related to trying to predict house prices from a numbe
for x in abc: Alice 35536
useful_ subset[x] Direct Messages ves
b4
Slackbot Bob 2:59 AM
and luckily we have lots of helpful outline code.
In [ ]: # print(np.unique(df train[ 'YearBuilt'], return counts= :
iy . — let's look at this togeth
abc = np.where(df_train['YrSold'] == 2008) sl
abc = list(abc)[0] Alice 2:59 AM
prices = [] vite " oh sure
for x in abc: pUt=peopie Bob 2:59 AM
prices.append(df_train['SalePrice'][x]) s LotArea is probably important, i put it in our list
i . . ; . , Alice 2:59 AM
print(np.mean(prices) - np.mean(df_train['SalePrice'])) S Add apps I think maybe GrLivArea instead? it refers to the living area..
Bob 2:59 AM
In [18]: np.unique(df_train['YrSold']) is it like general living area?
P Alice 200 AM

Out[18]: array([2006, 2007, 2008, 2009, 2010])



Challenges in Collaboration

Remove Outliers by Stats

In [ ]: #data = data[(np.abs(stats.zscore(data)) < 5).all(axis=

In [ ]: TODO
# any additional analysis

In [ ]: #print(np.unique(df train[ 'YrSold'], return counts=True
#np.where(df_train[ 'YrSold'] == 2007)
abc = np.where(df_train['YrSold'] == 2008)[0]
df_subset = df_train[ 'SalePrice']
useful_subset = dict(df_subset)
for x in abc:
useful_ subset[x]
b4

In [ ]: # print(np.unique(df train[ 'YearBuilt'], return counts=
abc = np.where(df_train['YrSold'] == 2008)
abc = list(abc)[0]
prices = []
for x in abc:
prices.append(df_train['SalePrice'][x])

print(np.mean(prices) - np.mean(df_train['SalePrice']))

In [18]: np.unique(df_train['YrSold'])

Out[18]: array([2006, 2007, 2008, 2009, 2010])

Motivation

Data Science G... ¥ [ #houseprice

Peggy o] S Add a t

Za Jump to...
N

Threads #houseprice
o I @Alice created this channel today. This is the very beginning

annels

qeral & Setapurpose + Addanapp & Add people to this channel

# houseprice

random

Add a channel Alice 2:53 AM

joined #houseprice along with Bob.

Direct Messages Bob 2

¥ Sla so | think we need to solve these 6 tasks
z it looks like it's related to trying to predict house prices from a r
Alice 2:59 AM
yes
Bob 2:59 Am
Invite people and luckily we have lots of helpful outline code.
let's look at this together
Alice 2
oh sure
Bob 2:59 AM
LotArea is probably important, i put it in our list

n Alice 2:59 AM

Apps

+ Add apps

12



Challenges in Collaboration

Remove Outliers by Stats

In [ ]: #data = data[(np.abs(stats.zscore(data)) < 5).all(axis=

In [ ]: TODO
# any additional analysis

In [ ]: #print(np.unique(df train[ 'YrSold'], return counts=Trud
#np.where(df_train[ 'YrSold'] == 2007)
abc = np.where(df_train['YrSold'] == 2008)[0]
df_subset = df_train[ 'SalePrice']
useful_subset = dict(df_subset)
for x in abc:
useful_ subset[x]
b4

In [ ]: # print(np.unique(df train[ 'YearBuilt'], return counts=
abc = np.where(df_train['YrSold'] == 2008)
abc = list(abc)[0]
prices = []
for x in abc:
prices.append(df_train['SalePrice'][x])

print(np.mean(prices) - np.mean(df_train['SalePrice']))

In [18]: np.unique(df_train['YrSold'])

Out[18]: array([2006, 2007, 2008, 2009, 2010])

Data Science G...
Peggy

Za Jump to...

Threads

Channels

# houseprice

random

Invite people

B>
e S
)

Motivation

#houseprice
w | &3 | %R0 | & Adda topic
WATNILE CredLleu uns Cidinier woudy. 1 s uie very pegiiniiig vl u

& Setapurpose + Addanapp & Add people to this channel

Alice 2:53 AM
joined #houseprice along with Bob.

Bob 2:58 AM
so | think we need to solve these 6 tasks

it looks like it's related to trying to predict house prices from a numbe
Alice 2:59 AM
yes

Bob 2:59 AM
and luckily we have lots of helpful outline code.

let's look at this together

Alice 2:59 AM
v oh sure
Bob 2:59 AM
LotArea is probably important, i put it in our list
Alice 2:59 AM
| think maybe GrLivArea instead? it refers to the living area..
Bob 2:59 AM
is it like general living area?
P Alice 200 AM
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We propose to improve collaborative data science by
connecting discussions with computational notebooks.
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Analyzing Chat Messages

Formative Study

RQ: How can discussions be useful for explaining the data-exploration process?

In [ ]:

In [ ]:

In [ ]:

In [ ]:

In [18]:

out[18]:

Remove Outliers by Stats

#data = data[ (np.abs(stats.zscore(data)) < 5).all(axis-

#HH##H#HH TODO ###H#H#H#
# any additional analysis

#print(np.unique(df train[ 'YrSold'], return counts=True
#np.where (df_train[ 'YrSold'] == 2007)
abc = np.where(df_train['¥rSold'] == 2008)[0]
df_subset = df_train['SalePrice']
useful subset = dict(df_subset)
for x in abc:

useful subset[x]

&3

# print(np.unique(df train['YearBuilt'], return counts=
abc = np.where(df_train['YrSold'] == 2008)
abc = list(abc)[0]
prices = []
for x in abc:
prices.append(df_train['SalePrice’'][x])

print(np.mean(prices) - np.mean(df_train['SalePrice']))

np.unique(df_train['YrSold'])

array([2006, 2007, 2008, 2009, 2010])

Data Science G... ~

Apps

+ Ade

Six data science students working remotely in pairs
Collected and analyzed 760 chat messages

#houseprice
| &3 %0 | & Adda topic
WAIILE LIEALEU LIS LHANITET LUy, 1111 15 UHE VETY UEBIITITG U1 U

& Setapurpose + Addanapp & Add people to this channel

Alice 2:53 AM
joined #houseprice along with Bob

Bob 2:58 AM
so | think we need to solve these 6 tasks
it looks like it's related to trying to predict house prices from a numbe
Alice 2:59 AM
yes
Bob 2:59 AM
and luckily we have lots of helpful outline code.
let's look at this together
Alice 2:59 AM
oh sure
Bob 2:59 AM
LotArea is probably important, i put it in our list
Alice 2:59 AM
| think maybe GrLivArea instead? it refers to the living area..
Bob 2:59 AM
is it like general living area?
P Alice 200 A0
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Analyzing Chat Messages Formative Study

Purpose

1) Reflecting; 2) Planning; 3) Check-in; 4) Cooperation; 5) Out-of-scope

16



Analyzing Chat Messages Formative Study

Purpose 1) Reflecting; 2) Planning; 3) Check-in; 4) Cooperation; 5) Out-of-scope

Relevance 1) Ideas that were only discussed but never implemented
2) Ideas that had not yet been implemented when the message was sent, but
appeared in the notebook later
3) Ideas that had been implemented in the notebook when the message was sent,
but did not appear in the final notebook
4) Ideas that had been implemented when the message was sent and appeared in
the final notebook

17



Analyzing Chat Messages Formative Study

Purpose

Relevance

Granularity

1) Reflecting; 2) Planning; 3) Check-in; 4) Cooperation; 5) Out-of-scope

1) Ideas that were only discussed but never implemented

2) Ideas that had not yet been implemented when the message was sent, but
appeared in the notebook later

3) Ideas that had been implemented in the notebook when the message was sent,
but did not appear in the final notebook;

4) Ideas that had been implemented when the message was sent and appeared in
the final notebook

1) Directly referred to a specific line of code
2) Directly referred to the output of a cell
3) High-level ideas across multiple cells

18



Chat messages are useful for explaining the exploration process.

Formative Chat messages are difficult to Follow.
Study

Notebook elements are frequently referred to in chat messages.



Overview

: Ju pyter demo Last Checkpoint: 01/31/2020 (unsaved changes) !"
File Edit View Insert Cell Kernel Widgets Help
+ & MRun H C MW Markdown 4 @& | « Share Y Filter A aprilwang , bob-participan & alice-participant

<> Current Notebook

In [0

House Price Prediction

You will work together on Exploratory Data Analysis (EDA) for predicting house prices.

The process is described as the following:

4
2
3,
4
5

. Understand the problem. First, let's take a look at each variable and do a philosophical analysis about their meaning and imp
. Univariable study. Next, let's take a look at the dependent variable ( SalePrice).

. Multivariate study. Let's try to understand how the dependent variable and independent variables relate.

. Basic cleaning. Let's come up a plan for cleaning the dataset and handle the missing data, outliers and categorical variables.
. Test on linear regression model. (provided)

You need to finish 6 tasks in total. You will find the detailed instructions as you navigate through the notebook.

Task 1. Philosophical analysis

Task 2. Implement a histogram of SalePrice
Task 3. Analyze the Correlation (1)

Task 4. Analyze the Correlation (2)

Task 5. Analyze the Correlation (3)

Task 6. Make a Plan for Future Exploration

If you need some help with pandas and seaborn, here are two cheatsheets with basic operations for them:

Seaborn: https://s3.amazonaws.com/assets.datacamp.com/blog_assets/Python Seaborn Cheat Sheet.pdf
Feel free to search the internet to get any information you need to compelete the task.

0.

Loading libraries and dataset

import pandas as pd
import matplotlib.pyplot as plt

Design of Callisto

Logout Control Panel

Trusted ‘ Python 3 £

® Chat
Search Q

bob-participant

hi, i'm bob, i'm excited to solve our data
science problem together.

alice-participant

hi, I'm Alice!

so | think we need to solve these 6 tasks

rticipant

it looks like it's related to trying to predict
house prices from a number of variables

alice-participant

write your message

20



Enabling Sharing and Real-Time Collaboration Design of Callisto

X jupyter
.\/ Y Fiter| [ Bob] [ 2 Alice]

<[> Current Notebook

Alice

Executed a modified cell

@e@-17+1,7@e House Price Prediction
# scatter plot grlivarea/s
+ data.plot.scatter(x='GrLiv Is there a linear relationship between GrLivArea and SalePrice?
Chat
In [8]: # scatter plot grlivarea/saleprice B A search Q
Bob data.plot.scatter(x="'GrLivArea', y='SalePrice'); i
Executed a modified cell
o ° - ?0 Q What about these outliers? marker
0o ®
‘. .0.0 ° . ® Bob
(4 ®
0o8 ...z. ® Let me check their values.
® o
®
v ) @ Bob
Alice They were both sold in 2008 cell
Executed a modified cell

Alice

1 ] ) I Financial crash?

Write your message +
¥ 4

In [ ]: 21



Enabling Sharing and Real-Time Collaboration Design of Callisto

X jupyter
.\./ v Share] [ ¥ Fiter| [ Bob] [ 2 Alice]

<[> Current Notebook
Alice

Executed a modified cell

@@-17+17 @@ House Price Prediction
# scatter plot grlivarea/s
+ data.plot.scatter(x='GrLiv Is there a linear relationship between GrLivArea and SalePrice?
Chat
In [8]: # scatter plot grlivarea/saleprice B A search Q
Bob data.plot.scatter(x="'GrLivArea', y='SalePrice'); i
Executed a modified cell
o ° - ?0 Q What about these outliers? marker
() ®
‘. .0.0 ° . ® Bob
(4 ®
0o8 ...z. ® Let me check their values.
® o
[
v ) @ Bob
Alice They were both sold in 2008 cell
Executed a modified cell

Alice
i i 7
In [ :l : Financial crash?
Write your message y
A

In [ ]: 22



Enabling Sharing and Real-Time Collaboration Design of Callisto

X jupyter
.\./ v Share] [ Y Fitter| | [ Bob] [ 2 Alice]

<[> Current Notebook
Alice

Executed a modified cell

@@-17+17 @@ House Price Prediction
# scatter plot grlivarea/s
+ data.plot.scatter(x='GrLiv Is there a linear relationship between GrLivArea and SalePrice?
Chat
In [8]: # scatter plot grlivarea/saleprice B A search Q
Bob data.plot.scatter(x="'GrLivArea', y='SalePrice'); i
Executed a modified cell
o ° - ?0 Q What about these outliers? marker
() ®
‘. .0.0 ° . ® Bob
(4 ®
0o8 ...z. ® Let me check their values.
® o
[
v ) @ Bob
Alice They were both sold in 2008 cell
Executed a modified cell

Alice
i i 7
In [ :l : Financial crash?
Write your message y
A

In [ ]: 23



Enabling Sharing and Real-Time Collaboration Design of Callisto

X jupyter
.\./ v Share] [ ¥ Fiter| [ Bob] [ 2 Alice]

<[> Current Notebook
Alice

Executed a modified cell

@@-17+17 @@ House Price Prediction
# scatter plot grlivarea/s
+ data.plot.scatter(x='GrLiv Is there a linear relationship between GrLivArea and SalePrice?
Chat
In [8]: # scatter plot grlivarea/saleprice B A search Q
Bob data.plot.scatter(x="'GrLivArea', y='SalePrice'); i
Executed a modified cell
o ° - ?0 Q What about these outliers? marker
() ®
‘. .0.0 ° . ® Bob
(4 ®
0o8 ...z. ® Let me check their values.
® o
[
v ) @ Bob
Alice They were both sold in 2008 cell
Executed a modified cell

Alice
i i 7
In [ :l : Financial crash?
Write your message y
A

In [ ]: 24



Enabling Sharing and Real-Time Collaboration

Alice
Executed a modified cell
@@-17+1,7@@
# scatter plot grlivarea/s
+ data.plot.scatter(x="GrLiv

Bob

Executed a modified cell

Alice

Executed a modified cell

X jupyter

Design of Callisto

.v « Share Y Fiter| [ # Bob| | 2 Alice]

<[> Current Notebook

House Price Prediction

Is there a linear relationship between GrLivArea and SalePrice?

In [8]: # scatter plot grlivarea/saleprice B A

data.plot.scatter(x="'GrLivArea', y='SalePrice');

. ..-@

e ©® ° AL 2
...:o o °
Q..‘ :..zo. ..
®
o

1] e

In [ ]:

Chat

search Q

Alice

What about these outliers? marker

Bob

Let me check their values.

Bob

They were both sold in 2008 cell

Alice

Financial crash?

Write your message +4
p 4
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Enabling Sharing and Real-Time Collaboration Design of Callisto

X jupyter
.\./ v Share] [ ¥ Fiter| [ Bob] [ 2 Alice]

<[> Current Notebook
Alice

Executed a modified cell

@@-17+17 @@ House Price Prediction
# scatter plot grlivarea/s
+ data.plot.scatter(x="'GrLiv Is there a linear relationship between GrLivArea and SalePrice?
Chat
In [8]: # scatter plot grlivarea/saleprice B A search Q
Bob data.plot.scatter(x="'GrLivArea', y='SalePrice'); i
Executed a modified cell
o ° - ?0 Q What about these outliers? marker
() ®
‘. .0.0 ° . i Bob
(4 ®
0o8 ...z. ® Let me check their values.
® o
()
v ) @ Bob
Alice They were both sold in 2008 cell
Executed a modified cell

Alice
i i 7
In [ :l : Financial crash?
Write your message y
A

In [ ]: 26



Connecting Messages and Notebook Content Design of Callisto

X jupyter
.\./ v Share] [ ¥ Fiter| [ Bob] [ 2 Alice]

<[> Current Notebook
Alice

Executed a modified cell

@e@-17+1,7@e House Price Prediction
# scatter plot grlivarea/s
+ data.plot.scatter(x='GrLiv Is there a linear relationship between GrLivArea and SalePrice?
Chat
In [8]: # scatter plot grlivarea/saleprice B A search Q
Bob data.plot.scatter(x="'GrLivArea', y='SalePrice'); i
Executed a modified cell
o ° - ?0 Q What about these outlier ;? marker
() ®
‘. .0.0 ° . ® Bob
(4 ®
[ 34 ] ...z. ° Let me check their values. Refel'ences
® o
[
v ) @ Bob
Alice They were both sold in 2108 cell
Executed a modified cell

Alice
i i 7
In [ :l : Financial crash?
Write your message y
A

In [ ]: 27



Connecting Messages and Notebook Content

Alice
Executed a modified cell
@@-17+1,7@@
# scatter plot grlivarea/s
+ data.plot.scatter(x="GrLiv

Bob

Executed a modified cell

Alice

Executed a modified cell

X jupyter
N’

<[> Current Notebook

House Price Prediction

Is there a linear relationship between GrLivArea and SalePrice?

Design of Callisto

' Share

Y Filter

(4 Bob] [ 2 Alice]

PY [ ]
°2°%2 o
Q..‘ :..zo. ..
@

[ )

In [8]: # scatter plot grlivarea/saleprice

. ..-@

data.plot.scatter(x="'GrLivArea', y='SalePrice'),

Code References

Chat

1] e

In [ ]:

search Q

Alice

What about these outliers? marker

Bob

Let me check thoir values.

Bob

They were both sold in 2006 cell

Alice

Financial crash?

Write your message +
Y 4
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Connecting Messages and Notebook Content

Alice
Executed a modified cell
@@-17+1,7@@
# scatter plot grlivarea/s
+ data.plot.scatter(x="GrLiv

Bob

Executed a modified cell

Alice

Executed a modified cell

X jupyter

e’

Design of Callisto

' Share

Y Fiter| [ # Bob| | 2 Alice]

<[> Current Notebook

In [8]:

1] e

In [ ]:

House Price Prediction Cell References

Is there a linear relationship between GrLivArea and SalePrice?

# scatter plot grlivarea/saleprice B A

data.plot.scatter(x="'GrLivArea', y='SalePrice');

search Q

Alice

What about these outliers? marker

Bel,

Let me chec. their values.

Bob

They were both sold in 200¢ cell

Alice

Financial crash?

Write your message +
Y 4
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Connecting Messages and Notebook Content

Alice
Executed a modified cell
@@-17+1,7@@
# scatter plot grlivarea/s
+ data.plot.scatter(x="GrLiv

Bob

Executed a modified cell

Alice

Executed a modified cell

X jupyter

Design of Callisto

.v « Share Y Fiter| [ # Bob| | 2 Alice]

<[> Current Notebook

House Price Prediction

Is there a linear relationship between GrLivArea and SalePrice?

In [8]: # scatter plot grlivarea/saleprice B A

data.plot.scatter(x="'GrLivArea', y='SalePrice');

° o ® ?’ Q
0o ®
00 '... o. o * .
a8egtrgse © Annotation References
J
®

o ..00

-

1] e

In [ ]:

Chat

search Q

Alice

What about these outliers? marker

Bob

Let me check their values.

Bob

They were both sold in 2008 cell

Alice

Financial crash?

Write your message +
Y 4
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Connecting Messages and Notebook Content Design of Callisto

Snapshot References

Alice
Executed a modified cell
@@-17+1,7@@
# scatter plot grlivarea/s
+ data.plot.scatter(x="GrLiv

Bob

Executed a modified cell

Alice

Executed a modified cell

X jupyter

e’

« Share Y Fiter| [ # Bob| | 2 Alice]

<[> Current Notebook

House Price Prediction

Is there a linear relauu.ichin between GrLivArea and SalePrice?

Chat
In [8]: # scatter plot grlivarea/saleprice B A search Q
data.plot.scatter(x="'GrLivArea', y='SalePrice'); i
. PY ° ?0 Q What about these outliers? marker
:. ..0.0 ° . o Bob
‘.. ...... o Let me chec their values.
® o: ® @
r'K J Bob
They were both sold in 2008 cell
Alice
1 ] ) I Financial crash?

In [ ]:

Write your message +
Y 4
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Connecting Messages and Notebook Content

Alice
Executed a modified cell
@@-17+1,7@@
# scatter plot grlivarea/s
+ data.plot.scatter(x="GrLiv

Bob

Executed a modified cell

Alice

Executed a modified cell

X jupyter

e’

<[> Current Notebook

Design of Callisto

v Share Y Filter

House Price Prediction

Is there a linear relationship between GrLivArea and SalePrice?

(4 Bob] [ 2 Alice]

Diff References

Chat

In [8]: # scatter plot grlivarea/saleprice B A
data.plot.scatter(x="'GrLivArea', y='SalePrice');
s @ ° At
- AT
%0 ...3'. .
® o
- N
T L, e

In [ ]:

search Q

Alice

What about *hese outliers? marker

Bob

Let me check their valu»s.

Bob

They were both sold in 2008 ¢=11

Alice

Financial crash?

Write your message +
Y 4
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Connecting Messages and Notebook Content Design of Callisto

X jupyter
.\./ v Share] [ ¥ Fiter| [ Bob] [ 2 Alice]

<[> Current Notebook

Alice
Executed a modified cell 0.0

@@ 17417 @@ House Price Prediction Explicit References

# scatter plot grlivarea/s
+ data.plot.scatter(x='GrLiv Is there a linear relationship between GrLivArea and SalePrice?
Chat
In [8]: # scatter plot grlivarea/saleprice B A search Q

Bob data.plot.scatter(x="'GrLivArea', y='SalePrice');

Aive

Executed a modified cell

> - What about these outliers? marker
o ° ° 1 A 4
0o ®
o o L4 Bob
0. 88,0 ,
0o8 ...z. ® Let me check their values.
(J
()

o
()
o ® @ BOD
Alice They were both sold in 2008 cell

Executed a modified cell

Alice
i i 7
In [ :l : Financial crash?
Write your message y
A

In [ ]: 33



Connecting Messages and Notebook Content Design of Callisto

X jupyter
.\./ v Share] [ Y Fiter| [aBob] [2 Alice]

<[> Current Notebook

Alice
Frecuemodien cel . - What about other messages?

@@-17+17 @@ House Price Prediction

# scatter plot grlivarea/s
+ data.plot.scatter(x='GrLiv Is there a linear relationship between GrLivArea and SalePrice?
Chat
In [8]: # scatter plot grlivarea/saleprice B A search Q

Bob data.plot.scatter(x="'GrLivArea', y='SalePrice');

nnnnn

Executed a modified cell

o ° - ?o & What about these outliers? marker
:' :.’. o, ° =5
<) ...3.. ° Let me check their values.
..

Executed a modified cell

o
()
o0 @ BOD
Alice They were both sold in 2008 cell

Alice
i i 2
1] e Financial crash?
Write your message y
A

In [ ]: 34



Connecting Messages and Notebook Content Design of Callisto

X jupyter

.v (v share] | ¥ Fiter| [ABob] [2 Alice]

. - ¢/> Current Notebook . . .
i v St Automatically inferring
Executed a modified cell

e House Price Prediction references from context

# scatter plot grlivarea/s
+ data.plot.scatter(x='GrLiv Is there a linear relationship between GrLivArea and SalePrice?
In [8]: # scatter plot grlivarea/saleprice B A search Q

Bob 3:31pn data.plot.scatter(x="'GrLivArea', y='SalePrice');

Aive

Executed a modified cell
» What about these outliers? marker
° AR ]

BoD.

4 = -I> Let me check their values.

[ ]
[}
BOD
Alice 3:35pn They were both sold in 2008 cell

Executed a modified cell '

TNy Alice
|
03 Current selected cell Financial rash?
Write your message z

In [ ]: 35



Navigating Messages and Notebook Content

Alice
Executed a modified cell
@@-17+1,7@@
# scatter plot grlivarea/s
+ data.plot.scatter(x="GrLiv

Bob
Executed a modified cell

Alice
Executed a modified cell

e’

X jupyter

Design of Callisto

(v share] | ¥ Fiter| [ABob] [2 Alice]

<[> Current Notebook

House Price Prediction

Is there a linear relationship between GrLivArea and SalePric:

In [8]: # scatter plot grlivarea/saleprice B A
data.plot.scatter(x="'GrLivArea', y='SalePrice');
> ° ° At
O
%0 ...3'. .
S o
A
107 Do

) Y

Chat

search Q

Alice

T UrMarEsout these outliers? marker

Bob

Let me check their values.

Bob

They were both sold in 2008 cell

Alice

Financial crash?

Write your message +
¥ 4
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Navigating Messages and Notebook Content
From messages to notebook content -- “what changes were made”

X jupyter

e’

Alice
Executed a modified cell
@@-17+1,7@@
# scatter plot grlivarea/s
+ data.plot.scatter(x="GrLiv

Design of Callisto

(v share] | ¥ Fiter| [ABob] [2 Alice]

<[> Current Notebook

House Price Prediction

Is there a linear relationship between GrLivArea and SalePrice?

# scatter plot grlivarea/saleprice

data.plot.scatter(x="'GrLivArea', y='SalePrice');

s ° L/
o .45 <) °
Q. .‘ :..zo. ..

B A

Chat

In [8]:
Bob
Executed a modified cell
Alice
Executed a modified cell
1] ) ] [

) Y

search Q

Alice

What about these outliers? marker

Bob

Let me check their values.

Bob

They were both sold in 2008 cell

Alice

Financial crash?

Write your message y
£
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Navigating Messages and Notebook Content
From messages to notebook content -- “what changes were made”

Alice
Executed a modified cell
@@-17+1,7@@
# scatter plot grlivarea/s
+ data.plot.scatter(x="GrLiv

Bob
Executed a modified cell

Alice

Executed a modified cell

X jupyter

Design of Callisto

.\/ (v share] [ ¥ Fiter| [A Bob] [ 2 Alice]

<[> Current Notebook

House Price Prediction

Is there a linear relationship between GrLivArea and SalePrice?

Click on references in chat

In [8]: # scatter plot grlivarea/saleprice
data.plot.scatter(x="'GrLivArea', y='SalePrice');

e * o
00.0.

B A search Q
Alice
?o Q What about these outlier
Bob
Let me che Ir values,
L —
Bob
They were both sold in 2008 cell

1] e

In [ ]:

Alice

Financial crash?

Write your message y
%
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Navigating Messages and Notebook Content Design of Callisto
From messages to notebook content -- “what changes were made”

X jupyter

.\/ (v share] [ ¥ Fiter| [A Bob] [ 2 Alice]

<[> Current Notebook
Alice

Executed a modified cell H ig h l|g ht relevant cells
@e@-17+1,7@e House Price Prediction .
# scatter plot grlivarea/s in current nOtebOOk
+ data.plot.scatter(x='GrLiv Is there a linear relationship between GrLivArea and SalePrice?
Chat
In [8]: # scatter plot grlivarea/saleprice B A search Q
Bob ‘ data.plot.scatter(x="GrLivArea', y="SalePrice'); © Alice
Executed a modified cell
g PY ° f d What about these outliers? marker
;. .. ° R ° Bob
... ‘....... ° Let me check their values.
[J
. > e é Select one message
' Bob
Alice They were both sold in 2008 cell
Executed a modified cell
Alice
in [ :| . Financial crash?
39
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Navigating Messages and Notebook Content Design of Callisto

From messages to notebook content -- “what changes were made”

X jupyter
N’

(v share] | ¥ Fiter| [ABob] [2 Alice]

<[> Current Notebook
Alice 3:30pn

Executed a modified cell
@@-17+1,7@@
# scatter plot grlivarea/s
+ data.plot.scatter(x="GrLiv

House Price Prediction

Is there a linear relationship between GrLivArea and SalePrice?

# scatter plot grlivarea/saleprice B A
data.plot.scatter(x="GrLivArea', y='SalePrice');
o * ° AL -
S .o.o ° °
(Y )X °
°l8 !’o.oz.' -
O )

In [8]:
Bob
Executed a modified cell
Alice
Executed a modified cell
1 ] ) I

In [ ]:

View the snapshot of
the notebook

search Q

@ Alice

What about these outliers? marker

Bob
Let me check their values.

Select one message
They were both sold in 2008 cell

Alice

Financial crash?

Snapshot <> Cancel (1)
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Navigating Messages and Notebook Content
From messages to notebook content -- “what changes were made”

Alice
Executed a modified cell
@@-17+1,7@@
# scatter plot grlivarea/s
+ data.plot.scatter(x="GrLiv

Bob
Executed a modified cell

Alice
Executed a modified cell

X jupyter

Design of Callisto

e’

(v share] | ¥ Fiter| [ABob] [2 Alice]

<[> Current Notebook

House Price Prediction

Is there a linear relationship between GrLivArea and SalePrice?

In [8]: # scatter plot grlivarea/saleprice

data.plot.scatter(x="GrLivArea', y='SalePrice');

P9 :.i°:::. '. s

B

B A

1] e

Navigate to diff view Gancel 2

In [ ]:

search Q

Alice

What about these outliers? marker

© Bob

Let me check their values.

Select two messages

@ Bob

They were both sold in 2008 cell

s

Financial crash?
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Navigating Messages and Notebook Content Design of Callisto
From messages to notebook content -- “what changes were made”

- . .
— Jupyter Alice&Bob_Assignment Last Checkpoint: 08/23/2019  (autosaved) A Logout | Control Panel
Flle  Edit View Inset  Cell Kemel  Widgets  Help Trusted | Python 3 O
B |+ 3% MRun | C W | Code ¢ |E « Share Y Filter # bob-participant & littleaprilfool
2 S * Diff View
lice-participant In (7): A S
alice-participant z "
g #BA#E#S TODO #HFHH#E #E#FH#E TODO #H####H
# histogram 2 # histogram
L ikl 788 3 - sns.distplot(df train['SalePrice']) 3 + sns.distplot(np.log(df train['SalePrice']))
#HHPIFE TODO #FHE#HF
4 T9at 5 Penturen <matplotlib.axes._subplots.AxesSubplot at 0x7£75622 <matplotlib.axes._subplots.AxesSubplot at 0x7£756lc
o 8deb8> £6438>
+ # 1. GrilivArea
# 2. 12
+ # 2. YearRemodAdd
-# 3. 10
+ # 3. Utilities
# 4. 08
+ # 4. ¥rsold
- #5. 06
+ # 5. OverallQual
04
1,2 +1,3 ¢
FEERAEE TODO FHFEERE 02
# histogram
+ sns.distplot(df_train['SalePrice 00 >
. = 100 105 no us 20 125 BO BS Sedrch Q
2050 110 20800 12.0400I26 136000035 800000 SalePrice
N SalePrissePrice oy
alice-participant bob-participant 4F
Execute a modified cell
hi, i'm bob, i'm excited to solve our data
science problem together.
alice-participant
Execute a modified cell In[ ]: 1
1,3 +1,3 0@ alice-participant
W# TODO ####44F In [ ]z 1 ## 3. Multivariable study 1, I'm Alice!
# histogram
- sns.d:‘:stplot(df_train['Salel’ticn Y 11| 1| #kF G0 Exampie Analysis
+ sns.distplot(np.log(df_train('s: oA ey
In [ ]: 1 #### 3.1.1 Example Numerical Variable Analysis with “GrLivArea" and ‘SalePrice" 501 think we need to solve these 6 tasks
bob-participant 2
Execute a modified cell 3 To begin with, let's take a look at how "GrLivArea® relates to “SalePrice’ by implementing a scatter plot.
bob-participant 6PM
bob-participant In [7]: 1 # scatter plot grlivarea/saleprice it looks like it's related to trying to predict
Execute a modified cell 2 label = 'GrLivArea' house prices from a number of variables
1 3 data = pd.concat(([df_train['SalePrice'], df_train[label]], axis=1)
= 4 data.plot.scatter(x=label, y='SalePrice', ylim=(0,800000));
+ print(np.unique(df_train['Overa: alice-participant .
800000 ’
e write your message .
700000 7

bob-participant

A— 600000 : . a 42




Navigating Messages and Notebook Content

Alice
Executed a modified cell
@@-17+1,7@@
# scatter plot grlivarea/s
+ data.plot.scatter(x="GrLiv

Bob
Executed a modified cell

Alice
Executed a modified cell

e’

X jupyter

Design of Callisto

(v share] | ¥ Fiter| [ABob] [2 Alice]

<[> Current Notebook

House Price Prediction

Is there a linear relationship between GrLivArea and SalePrice?

In [8]: # scatter plot grlivarea/saleprice B A
data.plot.scatter(x="'GrLivArea', y='SalePrice');
> ° ° At
:i :.’o ° . ®
%0 ...3'. .
S o
R
1] ) ] [
) Y

Chat
search Q

Alice

What about these outliers? marker

Bob

Let me check their values.

Bob

They were both sold in 2008 cell

Alice

Financial crash?

Write your message +
¥ 4
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Navigating Messages and Notebook Content

Design of Callisto

Alice
Executed a modified cell
@@-17+,7@@
# scatter plot grlivarea/s
+ data.plot.scatter(x="GrLiv

Bob
Executed a modified cell

~ 1

X Jupyter |

d | ) | L riner) | 2] |

<[> Current Notebook 'ED 5 minutes ago

House Price Prediction

Is there a linear relationship between GrLivArea and SalePrice?

In [8]:

In[]:'

# scatter plot grlivarea/saleprice B A

data.plot.scatter(x="'GrLivArea', y='SalePrice');

o ® ° Va be
..:o.o ° . °
...‘!"..3: .

Chat
search Q

Alice

What about these outliers? marker

Bob

Let me check their values.

Bob

They were both sold in 2008 cell

Alice

Financial crash?

Write your message +
y 4
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Two Stage Evaluation Evaluation

‘ House Prices: Advanced Regression Techniques
@ Predict sales prices and practice feature engineering, RFs, and gradient boosting

5,001 teams - Ongoing

Overview Data Notebooks Discussion Leaderboard Rules Join Competition

e Stage 1: the real-time collaboration study

o Participants working in pairs on a data science task in real time (N =8 + 4)
o 90 minute lab session
e Stage 2: the follow-up study
o Athirdindividual joining the shared project using Callisto or a lite version with no
contextual links (N = 20)
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Stage 1: The Real-time Collaboration Study Evaluation

e Manual references (7.5/101 messages per group)
o  Mostly use cell pointers

o I can know my collaborator’s cursor so it is easy to know what she is talking about. So
we didn’t use much references, only a few cell links. (P3, expert)

e Automatically inferred references

o 92% are connected to the correct context
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Stage 2: Following up with the Collaboration Process Evaluation

Comparing how a new collaborator followed up with an ongoing collaborative project
o Explore the notebook and answer five questions related to prior analysis
o Use the tool in depth to follow up on their work

Merging and modifying the collaboration assets (the notebook history, chat messages, and
their connections) produced in Stage 1
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Stage 2: Following up with the Collaboration Process Evaluation

Questionnaire score -- significantly improved

Control Condition

Experiment Condition

The need to check chat messages

Difficult to Follow the chat messages

Keep the Filtering mode enabled

Go back and forth to check context of
messages

Better understand how a code change
resulted in an output change
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Stage 2: Following up with the Collaboration Process

Th [61:

out[6]:

#HHAHHH TODO #HHAHH#HH

# histogram

# looks like there are some outliers on the right (before log)
sns.distplot(np.log(df train['SalePrice']))

<matplotlib.axes._ subplots.AxesSubplot at 0x7fb575c4c828>

12 1

10 A

0.8 1

0.6 1

0.4 1

0.2 4

0.0 u T T T T T ¥
100 105 11.0 ns 12.0 125 13.0 135
SalePrice

Evaluation

The result looks
much better!
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Stage 2: Following up with the Collaboration Process

=1 v o= LCORRTITINE IR S g wous v = - wiare v e

D 2weeks ago X

g -1,3 ,3 €
FAHHFHH TODO #H#####
# histogram

3 - sns.distplot(df train|'SalePrice'])

In (7]:

<matplotlib.axes._ subplots.AxesSubplot at 0x7£75622
8deb8>

050 110 20800 12040006 13.600003.5  80000O
SalePrigsePrice

In [ ]z 1 ## 3. Multivariable study

Evaluation

" UULCparvIan - nisapmuwn

FHH#HHFH# TODO #HF###H#
# histogram
+ sns.distplot(np.log(df train['SalePrice']))

<matplotlib.axes._ subplots.AxesSubplot at 0x7£756lc
£6438>

12

10

08

06

04

02

00 g y T T T T N
100 105 10 1S5S 1220 125 130 135
SalePrice
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Discussion

Reducing the Burden of Communication
o Hesitant to make accurate and polished references, or to create references
o Remote collaborators co-design a shared artifact that changes over time
Improving the Accuracy of Contextual Links

o E.qg., ifa message describes a future action, the relevant cell may not exist when the
message is sent

Towards Generating Meta-Narratives

o Notonly need to understand the computational narrative itself but also how that
narrative evolved—the meta-narrative behind the narrative
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Callisto: Capturing the “Why"” by Connecting M
Conversations with Computational Narratives SenooLoF

empirical evidence of the challenges that data scientists encounter when catching up
with an ongoing group project

the design of Callisto with a set of features to make chat messages more useful for
understanding the past exploration process in the notebook

empirical insights into how users engage with and perceive these features

evidence that creating mappings between messages, notebook elements, and
versions helps data scientists understand and follow up on the exploration pipeline

/i

April Yi Wang Zihan Wu Chris Brooks Steve Oney
Ph.D. Student Joining Ph.D. Student Assistant Professor Assistant Professor
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