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subset selection
what is it, who does it, and why?

business analystsdigital marketers data scientists

select key attributes (KPIs) 

to show in dashboards, reports.

select specific people for 

marketing campaigns.

select certain features and 

records to train ML models.

Consider a large tabular dataset about people, …
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why should we be concerned about this?

subset selectionchallenges with
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data scientists

select certain features and 

records to train ML models.

? missing?

key, important 

attributes?
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select key attributes (KPIs) 
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key, important 

attributes?? missing?



data engineers, data analysts, data scientists, digital marketers (and a user interface engineer)

design study with 14 data workers

“what challenges do you face during data preparation 

(subset selection)?”
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data quality is important
design study outcome #1

“is the data complete? correct? unbiased? ... showing such 

insights may instil feelings of curiosity and care in the user.”
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“provision a visual report-card but for datasets can enable 

[organizational] decision-makers to enforce data policies.”



data quality
which metrics do we support?

? ? ?

? ? ? ?
? ?

?

missing ( ? )

x
x x
x

x
x

x

incorrect ( x ) skewed ( M ale, F emale)

M
M
M
M
F
F

completeness correctness objectivity

frequency of non-missing 

values in the data

frequency of correct 

values in the data

extent that values conform to 

a target distribution

correctness, objectivity criteria are configurable by the user/org.

modeled for all attributes as well as records*.

scored from 0 – 100.

overall score = average (completeness, correctness, objectivity).

*objectivity is not computed for records 10



data usage can also be important

“there are several low-quality datasets just lying around [in the 

data lake]. knowing when, where, and by whom the datasets 

were last used can help [with housekeeping].”

design study outcome #2
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“collaboration is tedious, interactive self-service 

tools are needed.”



data usage
which metrics do we support?

for a visual data exploration and dashboard building application,

modeled for all attributes as well as records*.

scored from 0 – 100.

overall score = maximum (in-subsets, in-filters, in-visualizations)^.

*by definition, record-level usage score is the same for all metrics.

^because the same attribute may not be used in-subsets, in-filters, and in-visualizations
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in-subsets

% of users that select the 

attribute, record in their subset

in-filters

% of users that applied a 

filter on the attribute

in-visualizations

% of users that visualized 

the attribute



data quality
missing values? errors?

data usage
which applications?

by whom? navigate
large, unfamiliar datasets

select

relevant subsets

create
a visualization dashboard

datapilot utilizing quality and usage information 

for subset selection during visual data preparation
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BASELINE
QUALITY

DATAPILOT

no quality, no usage. 

12 users.
only quality. 12 users.

both quality and usage. 12 users.

evaluation
between-subjects study with 36 users.

prepare an effective subset to determine meaningful drivers of the company’s 

sales revenue. create three visualizations in support.
task
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BASELINE QUALITY DATAPILOT

no quality, no usage. 

12 users.

only quality. 

12 users.

both quality and usage. 

12 users.

BASELINE QUALITY DATAPILOT

BASELINE QUALITY DATAPILOT

subset size > >

subset effectiveness* < <

success & confidence < <

hypotheses
evaluation

smaller is desirable

greater is desirable

greater is desirable

21
> is greater than; < is less than

our study analyses validated these.

* [higher, lower] % of attributes and records with [high, low] overall quality & usage scores



user study findings
selected smaller subsetsDATAPILOT

# attributes

642 710 866

6.5

7.9

9.2

# records

Mean
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user study findings
DATAPILOT selected more effective* subsets

Attribute-

Level

Record-

Level

Overall Quality Overall Usage

* higher % of attributes and records with high overall quality & usage scores 23



user study findings
DATAPILOT reported greater success and confidence.

… but required some more effort.
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1 = less, 7 = more



general feedback

System Usability Scale: Baseline: 80.21, Quality: 74.17, DataPilot: 71.67

“[this tool] is very powerful to get users to start working on their tasks 

and to also explore unintended consequences [of the data, their actions].”

“[this information] is missing in current tools like Tableau, PowerBI”

positive
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feedback on quality

“users like me who don’t write code [will not] ignore data quality aspects 

and can rely on the green attributes and just get started with analysis.”

positive
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feedback on usage

“perform fast and efficient analysis”

“seek validation by checking others’ opinions”

“identify new things where other people are not looking”

“avoid repeating past mistakes”

mixed

“I can’t trust usage data if I don’t know the folks and their task(s)”

“it will bias the perspective of people who are doing data exploration”

“it will hamper creativity and originality within users, organizations”

”is it ethical to extract usage data and share it?”
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quality is still most important

user strategies to select subsets
what data characteristics did they (not) use?

only quality

data profile: attribute name, description, distribution

others: intuitions, preconceptions, trial & error, common sense

both quality & usage

only usage

28

17/36

12/24

7/12

0/12

9/36

users* strategy

*per study design, not all users experienced all information.



subset, review, visualize workflow

“it made me think about what [attribute] is important, whereas in 

Tableau, … one immediately goes to the chart making step, dragging 

and dropping attributes hoping to find something interesting.”

“I could focus on individual aspects of data and prevent junk data 

from reaching the chart creation step.”

positive
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takeaways for current tools

focus on data preparation,
not just visual data analysis.

present quality information, always, 
as it nudges users to pause, reflect, and act on the state of their data.

present usage information, but with caution, 
as it can reduce exploration of valid data and increase exploitation of popular data.
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