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What do data scientists spend the most time doing?

2

[1] Crowdflower, 2016 Data Science Report
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Data Wrangling: Data Cleaning + Feature Engineering

What do data scientists spend the most time doing?

Remove duplicates

Handle missing data

Check outliers

Standardize

Normalize

One-hot encoding

Log transform

Binning

Feature split

Scaling



Data Science Code in Notebooks
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Read data

Data wrangling

Learning



Data Wrangling
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Hard to Understand
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Missing!



Resulting in Subtle Bugs…
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Should be lowercase k



Resulting in Subtle Bugs…
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Silent bug

Should be lowercase k



Subtle Bugs Everywhere!
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API misuse Type unchanged!



Subtle Bugs Everywhere!
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Typos

Read from wrong source



Subtle Bugs Everywhere!
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Modeling

Forget corner case!
3.4k -> 3.4000



Subtle Bugs Everywhere!
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Subtle Bugs

Reduced Model Quality

[1] https://www.upgrad.com/blog/a-beginners-guide-to-data-science-and-its-applications/



Existing Tool Support is Limited
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Unsuited for understanding data wrangling code!



Documentation to the Rescue
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Identifying Relevant Variables
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data

data



Concise Transformation Summary 
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Highlighting Transformed Columns

17



Clustering Examples
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Check more examples
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WrangleDoc



Behind Documentation
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Summary Synthesis

Example Selection



Summary Synthesis

Def-use analysis
Summary 
synthesis

Recording 
run-time values
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Summary Synthesis

Dataframe data was changed

Column Size was changed with 
- values ending in ‘M’ replacing ‘M’ 
with 10^6
- values ending in ‘k’ replacing ‘k’ 
with 1
- values ‘Varies with Device’ 
changed to the mean
- all values are converted to float.

Too concise!

Too detailed!
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Summary Synthesis

24

SynthesizerInput-Output 
pair

DSL

Plausible expression

DSL for data wrangling



Example Selection

Def-use analysis Clustering
examples

Tracking branching 
decisions

Each example is a test case

Select example     Select test case
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Test Case Selection
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Select test case based on coverage

All tests Testwise
coverage

Selected
tests



if

Varies with device

replace

19M

201k

Example Selection
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Tracking row-level branching decisions



Is Our Approach Effective and Useful?
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Evaluation: Effectiveness

100 top notebooks from 4 datasets at Kaggle

29



Evaluation: Effectiveness
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Most summaries
are correct



Evaluation: Effectiveness
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Execution slows down 
by 3x on average



Evaluation: Effectiveness
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API misuse

Typos

Data modelling



Evaluation: Usefulness

20 participants, 4 bug-finding tasks
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Bugs are based on the empirical study



Evaluation: Usefulness
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Users with our tool find 

54% more bugs and 80% faster



API misuse

Typos

Data modelling

Generating Documentation for Data Wrangling Code

35Contact me & Read the paper! 

Generating input-specific documentation to help
understand data wrangling code
and expose subtle wrangling bugs

Technical components:
Summary synthesis

Example selection

https://se-phd.isri.cmu.edu/


