
A Hodgepodge of Visualization Research: 
Provenance, User Studies, Misinformation 

Alexander Lex 
http://vdl.sci.utah.edu



http://vdl.sci.utah.edu/

http://vdl.sci.utah.edu/


Visualization

Human Data Interaction

=



The purpose of computing is insight,  
not numbers. 

[Richard Wesley Hamming]

visualization

pictures [Card,  Mackinlay, Shneiderman]
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[D’Hont et al., Nature, 2012]



[D’Hont et al., Nature, 2012]
[Wiles et al., BMC Systems Biology]

 [Neale et al., BMC Genome Biology, 2014]

[Gibbs et al., Nature, 2004]



SO CAN WE DO 
BETTER?
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THE BANANA CHART REDESIGNED: UPSET

Largest Intersection Includes All Sets



THE BANANA CHART REDESIGNED: UPSET

Three Leftmost Species Are Most Similar



THE BANANA CHART REDESIGNED: UPSET

Rightmost species is most different



The canonical way to show set data with > 3 sets  
Second-most cited VIS paper of the last decade 
Available in various languages: http://upset.app/ 

UPSET 

R Tableau Python

http://upset.app/


TECHNICAL CONTRIBUTIONS EMPIRICAL & THEORETICAL WORK INFRASTRUCTURE

Evaluating Complex  
Systems

Visual  
Misinformation

Interaction in  
Notebooks



PERSISTENT AND REUSABLE INTERACTIONS 
… IN COMPUTATIONAL NOTEBOOKS

Kiran Gadhave, Zach Cutler

TECHNICAL CONTRIBUTIONS

[EuroVis 2024]



PERSISTENT AND REUSABLE INTERACTIONS IN 
COMPUTATIONAL NOTEBOOKS

A Jupyter Plugin 

https://vdl.sci.utah.edu/persist/ 

pip install persist_ext 

Demo Notebook: https://tinyurl.com/5db7nynn 

https://tinyurl.com/5db7nynn


Avalanches are a major hazard 
 in Utah  
Utah Avalanche Center collects data 
about avalanches, including where 
it occurred (location, elevation), 
how it occurred, how big it was, 
etc.

DATASET EXAMPLE: HISTORICAL AVALANCHES IN UTAH



Supposed you’re doing data analysis in 
Python  

What’s the pandas code… 
• …to change the order of columns? 
• …to drop a column? 
• …to change the label of a column? 

Nothing here is hard, but it’s annoying. 

WHAT IS THIS TALK 
ABOUT?



PERSIST MAKES THIS EASY



Have you ever plotted something 
and wished you could just “fix” 
things as you spot them?WHAT IS THIS TALK 

ABOUT?

Elevation where the avalanche occurred

H
ow

 d
ee

p 
(b

ig
) t

he
 a

va
la

nc
he

 w
as

Utah’s Elevation Range



PERSIST MAKES THIS EASY



Lots of vis tools support these operations 
Most data wrangling happens in code: it’s just more powerful 

Opportunity: bring interactive operations to code! 

Persist works INSIDE your Jupyter Notebook 

SO WHAT’S SPECIAL HERE?



BRIDGING BETWEEN  
DATA ANALYSIS MODALITIES



What are Modalities?  

1. Interactive Vis 
2. Code

BRIDGING BETWEEN  
DATA ANALYSIS 

MODALITIES



Intuitive 
Easy to use 
Uses human perceptual 
capabilities

INTERACTIVE VISUALIZATION: BENEFITS



Limited Expressivity 
Some operations are 
difficult 

e.g., conditional queries.. 
Not reusable 

need to redo analysis when 
data changes 

Not reproducible

INTERACTIVE VISUALIZATION: DOWNSIDES



Flexible and powerful 
you basically can do anything 

Reusable 
if your data changes, re-run 

Reproducible 
everything is documented

CODE: BENEFITS



It’s hard 
requires extensive training 
reading documentation  
not discoverable 

It’s time consuming 
even simple things require effort 

Some operations are difficult 
e.g., labeling data points 

CODE / SCRIPTING: DOWNSIDES



COMPUTATIONAL NOTEBOOKS: A MIDDLE GROUND?

Observable R Markdown Jupyter Notebooks



Yes!  
Afford both scripting and 
interactive visualization 
But visualizations are a dead end 
can’t “use” interaction in code 
e.g., changing a label, or filtering 
a value

COMPUTATIONAL NOTEBOOKS: A MIDDLE GROUND?

   Code

   Visualizations

   Documentation



*[Wu, Hellerstein, Satyanarayan, UIST 2020]

GAPS BETWEEN CODE AND INTERACTIVE OUTPUTS*
Semantic Gap Temporal Gap Layout Gap

Information only flows from 
code to visualization

Changes made to code are preserved 
Changes made to vis are lost

Changes in code are messy



THESIS: BRIDGING BETWEEN CODE 
AND INTERACTIVE VIS IS USEFUL

Easy handoffs are important! 



THE PERSIT APPROACH



Track events in interactive 
visualizations 

Map them to data frame operations 

Operations then applied to data 
frame 

PRINCIPLE



HOW IT WORKS

Select 3 pointsdf1

Remove selectionsdf2

Select 3 pointsdf5

Select 2 pointsdf3

Assign category v4 
to selectiondf4

Provenance

df1 df2 df3 df4 df5

Code to create chart
Assign 

Category v4
Engine

V4
NA

Remove 
selections

Initial plot & 
selection

Select 3 
points

Engine

V4
NA

Dataframe updates

Interactive Visualization

In code



Selection 
Edit column names, edit cells 
Sort rows/columns 
Drop columns 
Filter (in/out) items  
Label items  
Categorize items 
Change data types

OPERATIONS



PERSIST WORKFLOW



Standard  
Vega-Altair Chart

Call to Persist with Chart as Parameter



Persist Toolbar

Provenance History

Dataframe Manager

Vega-Altair Chart



FilteringCategorization Labelling



Branches and Choosing a State in 
provenance support non-linear 
analysis, addressing the layout gap

Branching

Active State



Branches and Choosing a State in 
provenance support non-linear 
analysis, addressing the layout gap

Active State



Persist re-runs the interactions in the output,  
addressing the temporal gap



Persist applies interactions to data frames that can be accessed in code, 
addressing the semantic gap

Manipulated  
data frame accessed in  
code 
count: 2392→79



VISUALIZATION OPTIONS

Arbitrary Vega-Altair Charts An Interactive Data Table



Persist works with most Vega-Altair charts 
“Listens” to native operations (selections) 
Updates Vega charts:  
Use original chart spec when possible (e.g., filters) 
Update spec when necessary (categories, labels)

VEGA-ALTAIR



EXAMPLE CHARTS



DEMO



EVALUATION



IN-LAB STUDY



IN-LAB STUDY



RESULTS

11/11
notebooks using Persist 

were reproducible 

only 7/11 using pandas 
were

3x
times faster 
with Persist

97%
tasks correctly using Persist, 
compared to 85% for Pandas 



RESULTS



DISCUSSION



Provenance better for most cases 
No code clutter 
Undo/redo 
Consistent semantics 

But code generation might be  
more robust 
works outside of notebooks 
works w/o the library 

GENERATING CODE VS 
PROVENANCE TRACKING



GENERATE CODE ON 
DEMAND!

[Beta]



Persist is available now! 
https://vdl.sci.utah.edu/persist/  
Documentation & examples 

Feedback / bug reports 
appreciated!

TRY OUT PERSIST!

https://vdl.sci.utah.edu/persist/


HOW PEOPLE ACTUALLY LIE WITH CHARTS… 
… AND WHAT WE CAN DO ABOUT IT

Max Lisnic, Marina Kogan

EMPIRICAL & THEORETICAL WORK

[CHI 2023 & CHI 2024]



HOW WE THINK PPL LIE WITH CHARTS:  
VIOLATIONS OF VISUALIZATION DESIGN GUIDELINES

Inverted y axis Truncated y axis



BUT IS THAT REALLY HOW 
PEOPLE LIE WITH CHARS?



ANALYZED 10K COVID-19 VISUALIZATIONS SHARED ON TWITTER



Cherry-
picking

Arbitrary
threshold

Causal
inference

Issues with
data validity

Statistical
nuance

Incorrect
reading

Misrepresentation
of scientific results



Screenshot of a government dashboard

Sharp mortality drop is a salient visual feature

Added annotation assigns a cause-and-effect

Tweet text further explains the argument

Causal
inference



89% of charts  
with reasoning errors  
do not violate any  
visualization guidelines 

The majority of misleading 
charts are screenshots  
from reputable sources

TAKEAWAYS



News
media

Government
reportsData exploration

websites

Sources of Deceptive Visualizations



VULNERABLE VISUALIZATIONS

Notes outside the chart Unrestricted interaction Added annotations



Can we design data exploration tools 
that prevent cherry-picking while 
maintaining freedom of exploration? PROTECTING 

VISUALIZATIONS



Parallel Design by 4 Authors 
Cheery-Picking in Temporal Charts 
(Stocks, COVID)DESIGNING 

GUARDRAILS



DESIGN SPACE



CHERRYPICKING: NO GUARDRAILS



ENFORCING CONTEXT - SUPERIMPOSITION / PRIMARY DATA



SHOWING STATISTICAL CONTEXT – SUPERIMPOSITION / SUMMARY



CONTEXT OUTSIDE – JUXTAPOSITION / PRIMARY DATA



SUMMARY CONTEXT – JUXTAPOSITION / SUMMARY



Red-Team Study (Production):  
Challenge participants to deceive w 
and w/o guardrails 

Validation Study: 
Measure how deceptive charts are 

EVALUATION



Viral Scenario:  
imagine that you work for a public 
health agency and are in charge of 
promoting a health policy campaign 
against a viral disease that, judging by 
the data alone, does not appear to be 
the most effective policy. 

RED-TEAM 
SCENARIOS

Viral Disease & Stocks



STIMULUS



Juxtaposed Primary is a 
Cherry-Picking Machine 
Superimposed Primary 
makes it harder to cherry-
pick 
Others show little effect 
didn’t get it?

RESULTS



“Investment” task: make monetary 
decision based on information

VALIDATION STUDY
Do Guardrails Work?



Differences by Scenario: More effective in 
“extreme” scenarios 
Superimposed Primary Data most promising 
Juxtaposed Summary no better than baselineRESULTS



Superimposed Primary seems like a 
promising design against cherry-
picking 
easy to implement  
easy to understand  

Juxtaposed Primary design useful as 
a way to make data explorers more 
usable 

DISCUSSION



reVISit: Empirically Evaluating Complex 
Interactive Visualization Techniques

Zach Cutler, Jack Wilburn, Carolina Nobre, Lane Harrison et al.

EMPIRICAL & THEORETICAL WORK

Evaluating Complex  
Systems

[CHI 2020, CHI 2021 & VIS 2023]



Perceptual Studies

Static Visualizations

Controlled Interactions

Complex  
Visualization  
Techniques

Commonly Evaluated Using Crowdsourcing Considered not Amenable 
 to Crowdsourced Evaluation



Can we use empirical studies to evaluate complex interactive 
visualizations? 



Yes We Can! 
• Picking the right techniques 
• Evidence-based design 
• Design validation 
• Careful training 
• Good compensation 
• Interesting Tasks

CAN WE DO 
QUANTITATIVE 

EVALUATION WITH 
COMPLEX 

SYSTEMS?

Pushing the boundary of what can be 
evaluated using crowdsourcing



YET: COMPLEX STUDIES 
ARE HARD TO SET UP



There is no end-to-end platform for 
building interactive experiments 

The support for types of stimuli in 
survey tools are limited 

Lack of experiment debugging features 

No built-in data collection and 
provenance tracking functions

PERILS OF ONLINE 
VISUALIZATION EXPERIMENTS





The Scope of reVISit



Set up studies with all components (consent, training, 
trials, tasks, surveys, etc.) including sophisticated study 
designs (randomization) 

Simple data tracking and data export 

Simple to deploy and run studies 

Fully reproducible and open. You can share your whole study setup for 
anyone to re-run, without having to have a license for software (qualtrics).

WHAT IS REVISIT: INFRASTRUCTURE FOR VIS STUDIES



    "baseComponents": { 
        "bar-chart": { 
            "type": "website", 
            "response": [ 
                { 
                    "id": "barChart", 
                    "prompt": "Your selected answer:", 
                    "required": true, 
                    "location": "belowStimulus", 
                    "type": "iframe" 
                } 
            ], 
            "path": "basic-questionnaire-study/assets/bar-chart.html", 
            "instructionLocation": "aboveStimulus" 
         
        } 
    } 

"bar-chart-1":{ 
    "baseComponent": "bar-chart", 
    "description": "A trial for the user to click the largest bar", 
    "instruction": "Click on the largest bar", 
    "parameters": { 
        "barData": [0.32, 0.01, 1.2, 1.3, 0.82, 0.4, 0.3] 
    } 
}, 
"bar-chart-2":{ 
    "baseComponent": "bar-chart", 
    "description": "A trial for the user to click the smallest bar", 
    "instruction": "Click on the smallest bar", 
    "parameters": { 
        "barData": [1.2, 1.2, 1.2, 1.3, 0.82, 0.4, 0.3] 
    } 
}

REVISIT SPEC
Components & 

Inheritance



"sequence": { 
        "order": "fixed", 
        "components": [ 
            "introduction", 
            "consent", 
            "tutorial", 
            { 
                "order": "random", 
                "components": [ 
                    "paintBrush_q1", 
                    "rectangleBrush_q1", 
                    "axisBrush_q1", 
                    "sliderBrush_q1" 
                ] 
            }, 
            "post-study-survey", 
            "survey" 
        ] 
    }

REVISIT SPEC
Study Design



https://revisit.dev 

https://revisit.dev


Documentation & Tutorials on Website 
Community participation via slack etc. 
Tutorial at IEEE VIS 2024DOCUMENTATION & 

COMMUNITY



Maybe? 
• Think Aloud & Provenance

CAN WE DO 
QUALITATIVE 
EVALUATION 

ONLINE?

Pushing the boundary of what can be 
evaluated using crowdsourcing







FUTURE WORK: BETTER SCAFFOLDING FOR STUDIES



REFLECTIONS



Doing different things is interesting! 
Keeps me engaged 

Role of Engineering 
Building / maintaining / documenting 
useful things increases impact 
reVISit, Persist, UpSet 

Crossover Benefits 
Provenance -> reVISit & Persist 
reVISit -> Misinformation 
Engineering infrastructure: benefits all 

A STEW OF RESEARCH 
TOPICS
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