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What are beliefs?

Mental representations related to a phenomenon that can be 
characterized as numerical or categorical values



Belief elicitation in 

Data Journalism



Source: nytimes.com

http://nytimes.com


Source: fivethirtyeight.com

http://fivethirtyeight.com


Why elicit beliefs?



Beliefs can form into biases

Bayesian cognitive models depend on measuring beliefs at the beginning 
of data exploration and again in response to some stimuli (new data)

Why elicit beliefs? 

Potentially mitigate biases

Enable future research directions related to cognition, decision-making

Belief elicitation can improve recall and comprehension of data

Commonly used to increase engagement in data journalism

[Kim et. al, CHI 2017]

[Wall et. al, VIS 2017]

[Karduni et. al, TVCG 2020]



Our contribution



What is VIBE?

A design space for creating visualization-driven interfaces

for visualization creators like data journalists, designers, or 
visualization experts

to elicit people’s beliefs



What is VIBE?
1. Belief formation

3. Seeing new data

Feedback

ExplanationDeviationVeracity

2. Belief elicitation

4. Belief updating

Individual

Domain

To help users concretize their beliefs

To explore what-if scenarios

Who properties about the user

Whose beliefs

StatisticalGraphical

Group

Subject expertise

To promote reflection
To personalize vis based on beliefs

To educate
To compare with data or others’ beliefs
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Why some example motivations 

When which stage of belief

Existing beliefs Updated beliefs

Dataset source

Social Ground Truth

What the thing we are eliciting

Parameter

Point estimate

Correlation/trend

Measure of central tendency

Extrema

Binary Sample proportion

With Without

Ranking

Distribution

Uncertainty

How some example interface methods

Interaction technique

Visualization technique

Inference method

Uncertainty elicitation method

Drawing Clicking Typing

Dragging

Scatterplot Likert scale Line chart

Slide ScrollingZoom

Map

Direct/self-reported

IntervalSample based

Indirect/inferred

Hover/mouseover

Bar chart ImagePie chart
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How to elicit truthful beliefs:
Make the belief more salient in the user's 
memory e.g. show a picture
Make the mechanism match the mental model for 
how people represent their beliefs in their head
Consider incentivizing to improve accuracy

•

•

•



What if I asked you to elicit people’s beliefs for:
How does family income predict children’s college chances?

Belief Elicitation

Feedback

Moderately
Influences

Weakly
Influences

Strongly
Influences

How Does Family Income Predict Children’s College Chances?

Your guess Reality!

Almost
Completely
Influences

Almost
No

relationship

Moderately
Influences

Weakly
Influences

Strongly
Influences

Almost
Completely
Influences

Almost
No

relationship

Feedback

Belief Elicitation

How Does Family Income Predict Children’s College Chances?

Your guess

What most people
guessed Reality!

Almost No
Relationship

Moderately
Influences

Almost
Completely
Influences

Almost No
Relationship

Almost
Completely
Influences

Moderately
Influences

Without Uncertainty With Uncertainty 

Choose the intercept

Choose slope

Choose the intercept
Choose the intercept uncertainty

Choose slopeChoose the slope uncertainty
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ck What you guessed

What most others
guessed!

Visual feedback Explanation

Nice! You got the trend mostly right! as the 
majority of others did. 
However, even though you were not very 
confident, you still overestimated education-
al attainment of the poorest percentiles. 



Methodology



Scoping and defining belief



Belief elicitation

Scoping: Stages of Belief

Belief formation

Belief elicitation

Seeing new data

Belief updating Kim et. al, CHI 2019



Scoping and defining belief

Collecting surveys from data journalism venues



Collecting surveys
14 examples



Scoping and defining belief

Collecting surveys from data journalism venues

Card sort

Apply to use case (coding)Ite
ra

te
≈7



Card sort (5W+H framework)
Iteration 1 Iteration 2

Iteration 3

Iteration 4

Iteration 5 Iteration 6



VIBE 1.0
Preliminary 
design space

Contextual 
considerations

Elicitation design considerations

Iteration 7



VIBE 1.0
Contextual considerations



VIBE 1.0
Elicitation design 
considerations



Scoping and defining belief

Feedback from experts

Collecting surveys from data journalism venues

Card sort

Apply to use case (coding)Ite
ra

te
≈7



Scoping and defining belief

Feedback from experts

Collecting surveys from data journalism venues

Card sort

Apply to use case (coding)

Ite
ra

te

Ite
ra

te
≈7



Formative Study



Feedback from experts

5 participants
2 data visualization experts
2 data journalists
1 user experience designer



Goals
1. Assess the utility of current version of design space

2. Collect feedback to revise design space



TASK 1

Create a system that helps people learn about their food choices 
impacting climate change

Create a system to learn if people know America’s geography

or

Design without VIBE 1.0



How do Americans feel about guns?

How do socio-economic factors affect higher education for Americans?

Design with VIBE 1.0

or

TASK 2



Feedback

“It is a comprehensive framework. I would have missed out on 
several design considerations in my usual design process.”

“The contextual considerations were a good anchor to ask 
questions about the problem space.”



Feedback

1. Doesn’t help with scoping the problem space

2. Visually overwhelming, and not self-explanatory

Added key assumption of starting with a dataset

Showed design considerations within the stages of belief



Insights from expert feedback

Belief formation

Belief elicitation

Seeing new data

Belief updating

Former scope



Insights from expert feedback

Belief formation

Belief elicitation

Seeing new data

Belief updating

Updated scope



Final design space



VIBE 2.0
1. Belief formation

3. Seeing new data

Feedback

ExplanationDeviationVeracity

2. Belief elicitation

4. Belief updating

Individual

Domain

To help users concretize their beliefs

To explore what-if scenarios

Who properties about the user

Whose beliefs

StatisticalGraphical

Group

Subject expertise

To promote reflection
To personalize vis based on beliefs

To educate
To compare with data or others’ beliefs
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Why some example motivations 

When which stage of belief

Existing beliefs Updated beliefs

Dataset source

Social Ground Truth

What the thing we are eliciting

Parameter

Point estimate

Correlation/trend

Measure of central tendency

Extrema

Binary Sample proportion

With Without

Ranking

Distribution

Uncertainty

How some example interface methods

Interaction technique

Visualization technique

Inference method

Uncertainty elicitation method

Drawing Clicking Typing

Dragging

Scatterplot Likert scale Line chart

Slide ScrollingZoom

Map

Direct/self-reported

IntervalSample based

Indirect/inferred

Hover/mouseover

Bar chart ImagePie chart
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How to elicit truthful beliefs:
Make the belief more salient in the user's 
memory e.g. show a picture
Make the mechanism match the mental model for 
how people represent their beliefs in their head
Consider incentivizing to improve accuracy

•

•

•



Contextual considerations



Feedback: social data



Interface considerations



Measure of central 
tendency Median value of home pricing

Extrema Most expensive homes in a district

Discrete 
distribution Number of semesters taken to graduate from different majors

Continuous 
distribution Age of graduating students in a major

Ranking Rank order of graduating students by GPA

What



How

Harvard University

Stanford University

Princeton University

Columbia University

Drag and drop these choices to rank the 
hardest graduate CS programs to get into.

1

2

3

4

What are the acceptance rates at these 
universities for their graduate CS program?

Harvard University

Stanford University

Princeton University

Columbia University

%

%

%

%



Guides for eliciting truthful beliefs

Make the beliefs more salient in their memory

Make the mechanism match their mental model

Consider incentivizing



Seeing new data



How do existing articles fit into 
VIBE?



Coding the 
design space

0.833 Cohen’s Kappa 
(high inter-rater reliability)



Opportunities
Insights from coding

Uncertainty

Who

Inferred beliefs

What

How

Group and social beliefs



How to apply VIBE



Source: nytimes.com

http://nytimes.com


Who
Minimum to moderate graphical and statistical expertise

Coding VIBE

Why

1. Contextual considerations

Dataset

To educate

Parents’ income percentile vs children’s educational attainment

When
Prior beliefs



Coding VIBE

What

2. Interface considerations

How

Parameter: Correlation

1. Vis technique: Line chart 
2. Interaction technique: 

Drawing



Coding VIBE

Feedback

3. Seeing new data

1. Type: Deviation 
2. Source: Ground truth



Coding VIBE

Feedback

3. Seeing new data

1. Type: Deviation 
2. Source: Social Data



Redesign using VIBE

What

Iteration 1

How

Parameter: Correlation

1. Visualization technique: Likert scale 
2. Interaction technique: Clicking

Belief Elicitation

Feedback

Moderately
Influences

Weakly
Influences

Strongly
Influences

How Does Family Income Predict Children’s College Chances?

Your guess Reality!

Almost
Completely
Influences

Almost
No

relationship

Moderately
Influences

Weakly
Influences

Strongly
Influences

Almost
Completely
Influences

Almost
No

relationship



Redesign using VIBE

What

Iteration 2

How

Parameter: Correlation

1. Visualization technique: Continuous scale 
2. Interaction technique: Dragging

Feedback

Belief Elicitation

How Does Family Income Predict Children’s College Chances?

Your guess

What most people
guessed Reality!

Almost No
Relationship

Moderately
Influences

Almost
Completely
Influences

Almost No
Relationship

Almost
Completely
Influences

Moderately
Influences



Redesign using VIBE

What

Iteration 3

How

Parameter: Correlation 
Uncertainty

1. Visualization technique: Line chart 
2. Interaction technique: Hover + Click

Without Uncertainty With Uncertainty 

Choose the intercept

Choose slope

Choose the intercept
Choose the intercept uncertainty

Choose slopeChoose the slope uncertainty
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ck What you guessed

What most others
guessed!

Visual feedback Explanation

Nice! You got the trend mostly right! as the 
majority of others did. 
However, even though you were not very 
confident, you still overestimated education-
al attainment of the poorest percentiles. 

[Karduni et. al, TVCG 2020]

Who
High graphical and statistical expertise



Conclusion



Limitations & Future Work

Future work required to be more prescriptive (i.e., to investigate 
the effectiveness of alternative elicitation techniques)

Scope currently limited to data journalism 

Can explore non-graphical modalities



Summary

Described formative stages of VIBE, a design space for 
belief elicitation in data journalism

Utilized VIBE to redesign an example article

Demonstrated how 24 data journalism examples fit into the 
design space



Thank you


