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Data is messy

Data preparation is the most time-consuming 

part of data science development

Fixing an error may lead to new errors
fix
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But they often require a steep learning curve, and are specific 

to certain data errors

But wait, we have lots of data preparation systems out there

There has been little focus on usability of data preparation 

systems
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To prepare datasets, data 

scientists spend a lot of time 

refining their scripts to 

detect and repair data errors
Currently, iterative scripting and 

visualization are decoupled, i.e., 

data scientists have to write code, 

and then visualize data 

transformations that result from it



To prepare datasets, data 

scientists spend a lot of time 

refining their scripts to 

detect and repair data errors



VLDB 2001



Existing work



Existing work

Buckaroo adds to this line of work by bringing the 

wrangling process into the visualization for 

subgroup anomaly detection and wrangling



Group-level anomalies

We have two groups:

G1 = Country = “Bhutan”

G2 = Education = “BS”

Both groups have anomalies such as outliers, missing 

values and type mismatch
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What if visualizations were the interface for repair?

• Treat charts as active manipulation surfaces. Let users:

• See errors

• Interact with them

• Fix them directly



What if visualizations were the interface for repair?

• Treat charts as active manipulation surfaces. Let users:

• See errors

• Interact with them

• Fix them directly

• Preserve:

• Undo/redo

• Provenance

• Script generation

Buckaroo reframes wrangling as visual direct manipulation



Data is messy

Buckaroo is a system that satisfies 

three requirements

(1) It generates interactive charts to 

highlight data errors

(2) It enables users to make on-the-

spot error corrections by directly 

manipulating the visual objects 

(3) It is flexible to allow user-defined 

error detection and correction 

through an API
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• Missing values

• Outliers

• Type mismatches

• Small/incomplete groups
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Built-in detectors

• Missing values

• Outliers

• Type mismatches

• Small/incomplete groups

Custom detectors

• User-defined logic

• SQL or Pandas

• Group-level semantics

Error Detection



How to do direct manipulation data wrangling at scale?

Two navigation modes

•Single-layer

• Error-first sampling

• Distance-based sampling

•Multi-layer

• Drill-down

• Pan & zoom (Hopara)

Errors remain visible even when rare



Hopara Integration

• Multi-layer navigation engine

• SQL-backed pan/zoom

• Only visible data is loaded

• Enables interactivity on large datasets



Preliminary Results
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Parting thoughts

Try Buckaroo now!

• Buckaroo is actively being developed

• We are conducting a large user study to assess 

how its usability compares to other systems like 

Trifacta, ChatGPT, and Jupyter notebooks

• Usability is a big problem for data prep today, 

which limits adoption of our systems by 

practitioners


	Slide 1: Towards Scalable Visual Data  Wrangling via Direct Manipulation
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33

