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TECHNICAL CONTRIBUTIONS

isualization Process
nnovations

Kiran Gadhave

Vis in Notebooks & Provenance

@ Reset Trrack Delete datasets
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TECHNICAL CONTRIBUTIONS Vis in Notebooks & Provenance
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TECHNICAL CONTRIBUTIONS

Data Wrangling Tailored Methods
Methods and Systems for High
Impact Science
Problems




ell Microscopy
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Tailored Methods
and Systems for High
Impact Science
Problems

Evaluation
Methodology

Interview Studies

Visual Misinformation

Accessibility




Text Descriptions & Physical Teaching Aids
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Movies are Purists! X ' 0000 I

Nelele ‘=
Most movies stick to one genre. The four largest intersectio ( ( ( ‘
are for movies that are in just one genre. There are a lot of | O ()‘ ()
Comedy-Drama combinations, but more interestingly, there a ()‘ () () P

also a lot of romantic comedies. |
o o pOLL O K
This UpSet plot shows movie genre overlap. The sets are 3 . p
movie genres. The items are movies. 3 " () () () L_
. or o 1
Text Description W ( )( l‘

UpSet Introduction

This is an UpSet plot that shows the intersections of 9
sets. To learn about UpSet plots, visit https://upset.app.
The largest 2 intersections are just Drama (950) and just
Comedy (594). The largest intersection of at least two
sets is between Comedy and Drama, with 172 movies.
Other large intersections also involve Comedy and
Horror.

Dataset Properties
The dataset shows attributes of movie genre overlap.

The dataset contains 17 sets and 6303 elements, of
which 9 sets are shown in the plot.

Set Properties

e The set sizes are diverging a lot, ranging from 143
to 1603.



Fvaluating Interactive
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EMPIRICAL & THEORETICAL WORK

Fvaluating Interactive

V| SuUa | |Zat| ONS Zach Cutler, Jack Wilburn, (Earolma Nobre, .Lane I:Iarrlson,
Hilson Shresta, Yiren Ding et al.
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[CHI 2020, CHI 2021 & VIS 2023]




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

PERILS OF ONLINE

EIUANECEINN The support for types of stimuli in
survey tools are limitea

Lack of experiment debugging features

No built-in data collection and
provenance tracking functions
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The Scope of reVISit
1

reVISit DSL - study specification

{
$schera: hitps://revw.githubusercontent., con/reVISit-studies,

S Study Metadata

uiConfig: {-
}
conponents: { consent: {
introduction: {- type: merkdown
} path: cleveland/consent-cn, nd Stu dy
consent: {- nextButtonText: Agree
} response: |-
Lrainingl: {- ]
> , Component
practicel: {- trainisgl: { '
} type: image g
trialsl: (- path: cleveland/ca-training.png P t
) = arameters .
r;ost-—study—surven: {- practicels l
type: contaliner *
} order: |-
sequence: | ]
introduction components: (-
consent }
trainingl }
practicel

trialsl .
post-study-surveyl

= Study 'sequence

‘e Compile & Deploy

Interactive Study Web App

umlr MVNYV Study Replication

CONARNY TRUNNG  TRIALSD
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Task Instructions Study Stimulus Admin Panel

Study Stimuli & Components

Visualization
Stimuli

o Data Managemento Data Analysis

Data Storage
(Firebase)

Data Download
(ticly text/csv, JSON)

Questionnaire1

[reVISit CHI’21] & Future Work

l
: Study Analytics Interface
l
l

External Data Analysis

A




WHAT IS REVISIT: INFRASTRUCTURE FOR VIS STUDIES

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

FU”y reproducible and OPEeN. You can share your whole study setup for

anyone to re-run, without having to have a license for software (qualtrics).



RE‘VISIT Interactive Selections in Scatterplots ) [ Help ] :

. : °, Next Participant
Task: Clear Selection Select De-Select Study Browser o L X
How many Adventure Movies have a

production budget value greater
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https://revisit.dev/study/demo-brush-interactions/



https://revisit.dev/study/demo-brush-interactions/

WHY REVISIT?

Designed for sophisticated studies

randomization, complex stimuli, complex data tracking

Reproducible and Open Studies!

Non-commercial license lets you share your study!

Extensible - add on features you need
Code not GUI! (though there might be a GUI option in the future)

Support from us!



THE REVISIT SPEC

Define the details of your experiment as a JSON file.

Study Metadata — name of the study, authors, contact e-mails
Ul Config — parameterizing the appearance of reVISit

Components and BaseComponents — setting up the content of the
study

Seqgquence — choosing the order and the selection of tasks participants
see.



{

"$schema": "https://raw.githubusercontent.com/reVISit-studies/study/main/src/parser/
StudyConfigSchema.json",

"studyMetadata": {

"title”: "Basic Questionnaire Study",

} s
"uiConfig": {

"contactEmail": "contact@revisit.dev',

REVISIT SPEC [

"introduction": {
"type": "markdown",

o Utl i ne 'path”: "basic-questionnaire-study/assets/introduction.md”,
"response”: []

}

"first-question-set”: {
"type": "questionnaire",

"response'": [

{

"id": "ql-name’,

"prompt"”: "What is your first name?”,

"type”: "longText",

"placeholder”: "Please enter your first name”
}s

"sequence": {
"order": "fixed",
"components": |
"introduction’,

"first-question-set"]




REVISIT COMPONENTS — WHERE YOUR “STUDY CONTENT™ GOES

Markdown Files — introductions, consent forms, help pages, etc.

Images — static (vis) stimuli
Web Pages — custom stimuli, made interactive with JavaScript

React Components — sophisticated interactive stimuli. Simplify the
communication between reVISit and the stimulus

Survey Questions — structured responses

Vega Visualizations — directly put in interactive visualizations as
stimulus (beta)



RE;VI Slr Demo of use Vega-Lite as stimuli k Help ]

M Study Browser S, Next Participant X
Introduction
Participant View ® All Trials View ®

Welcome to our study. This is a replication of a study by Padilla et al., published in Frontiers in
Psychology, 2021. introduction

. vegademol
Instructions

vegademo?2

The following instructions describe the tasks you will see and how to complete them. If you need to refer end

to these instructions during the experiment, please click on help at the top of the page.

Scenario: Alpacas may need blankets. Assume that you work at the Red Cross, and your job is to manage

resources for farms in Peru. In previous years, alpacas have died in Peru from cold temperatures. Alpacas
can typically withstand the cold unless the temperature drops belI(w < g o
Budget: You are in charge of the Red Cross's blanket budget, and it is your job to issue blankets to the

alpacas when temperatures fall below 32°F, which will help them withstand the cold.

Budget Constraints: You have a budget for 48 days of $48,000. Purchasing and delivering blankets to
farmers costs $1,000 (per night). If you fail to issue blankets to the farmers and the temperature drops
below 32°F, it will cost $6,000 from your budget.

Task: In the experiment, you will be shown a nighttime temperature forecast like the one below. In the
forecast, each dot represents a 1 out of 20 chance the nighttime low will be that temperature. You will be
asked some questions about this forecast, including if you will issue blankets to the alpacas.
Compensation: Please respond to the best of your ability. You will receive an extra $0.15 cents for every
$1,000 that you have in your budget at the end of 48 days.

Also auto-captures interaction!




"baseComponents": {
"bar—-chart": {

"type': "website",
"response": |
{
t1d": "barChart",
"prompt": "Your selected answer:",
"required”: true,
"location”: "belowStimulus",
"type": "iframe"
REVISIT SPEC }
I
"path": "basic—questionnaire-study/assets/bar—-chart.html",
"instructionLocation": "aboveStimulus™
Components & \
}
[
Inheritance
"bar-chart-1":4
"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":4{
"baseComponent": "bar-chart",
"description”: "A trial for the user to click the smallest bar",
"instruction': "Click on the smallest bar",

"parameters": A
"barData": [1.2, 1.2, 1.2, 1.3, 0.82, 0.4, 0.3]
}




COMPONENTS AND RESPONSES

Responses are a primary data type - each component can have a response

Form elements are “responses only”

Component "first-question-set": {
"type": "questionnaire",
‘response ' : |
{
'1id": "gl-name",
"prompt”: "What 1s your first name?"”,
Response "required": true,

"location”": "aboveStimulus',
"type": "longText",
"placeholder”: "Please enter your first name"”

ly



SEQUENCE

In what order do the components appear for which participant
* Can be made up of nested blocks

e Fixed

e Random

e Latin Square
e Subsets (show 2 out of 5)
e Skips (it wrong, go to next task)

* Interrupts (breaks, attention checks)



"'sequence'": 1
"order”: "fixed",
"components": |
"introduction",

"consent”,
"tutorial”,
REVISIT SPEC {
"order": "random',
Sequence "components'": |

"paintBrush_qgl",
"rectangleBrush_qgl",
"axisBrush_qgl",
"'sliderBrush_q1l"

]
!

"post—-study-survey",
"survey"




DATA COLLECTION

Responses — Participant responses to specified questions
Logs — a variety of things about participants and sessions

time information about responses
“Clean” time - minus "browsed away"” time
Participant Metadata: Browser information, etc

Provenance Data — data you track in your stimulus via our provenance
tracking library

Audio Data — you can run think aloud studies (more later)



PROVENANCE DAIA

Instrument your interactive stimulus with provenance
tracking!

E.g., using our trrack library

Works out of the box for Vegal!
nttps://apps.vdl.sci.utah.edu/trrack

Provenance data is stored as JSON with the rest of your
data


https://apps.vdl.sci.utah.edu/trrack

PROVENANCE DAIA

New analysis possibilities!

Analyze logs

Analyze interaction strategies

Review individual user actions

Debug your study setup
See where things go wrong

Review Demo


https://vdl.sci.utah.edu/ThinkAloud/ThinkAloud/analysis/63f779d27ba18edb4b6e5a57/reviewer-paintBrush_q2

DATA STORAGE: LOCAL OR FIREBASE

Local
Works out of the box
Download from local storage of your browser
Doesn’t work for online studies
Firebase
A bit of a pain to set up (but better than running your own server)
Reliable cloud storage option

Available with servers in many countries



STUDY MODES — EXPERIMENT LIFECYCLE

Study Design & Debugging R—
Jump around a study, see all data, see run- ::;::;E :::::
throughs of pilots
Collecting Participant Data oz T
50 5 6 ot inpessasions e

Hide all debug teatures

kE;VIS:Tr ReVISit Analytics Platform

Study & Data Dissemination demorbtm 0 0o

Share study w. navigation

Share data




ANALYSIS INTERFACE

Download the data as tidy csv or JSON

Review and reject trials

VST ReVISit Analytics Platform demo-brush-interaction * —
demo-brush-interactions  © ) 26 X 0
T Table View @ Trial Stats > Participant Replay & Manage

Q : 5 B

introduction consent tutorial paintBrush_q1
ID Status Meta introduction Duration consent Duration tutorial Duration paintBrush_q1 Duration paintBrush_q2
(clean) (clean) (clean) (clean)
p- B signature:
036€552b-27ba-4731-8e9c-8ee352¢3¢684 v ] . profificid:  m.8s 000 1968 005 N N/A N/A
anguage: en-US 000 (11.8 s) (13.6 s) (16.6 s)

nore accept: yes

IP: 155.98.131.1

Fald vl PP o T TaTals: P Dy B B F 4 ol PN B I o pu AN A AMNITA NLTA AN A ANILIA ANITA ANILTA NITA NI A



Documentation & Tutorials on Website

Community participation via slack etc.

nttps://revisit.dev

DOCUMENTATION &
COMMUNITY

.""'"s~ '
REV[SIT Revisit  About  Commun ity Documen tation v1.0.0-betall v  GitHub™ Demo™ -0- (Q Search
s._/'

‘— ..

A study creation platform allowing

, you to quickly create, publish, and
KE T disseminate your customized
Yoo / visualization study.

About ReVISit Try The Demo Get Started

Flexible And Powerful Focus on What Matters In Depth Analysis

ReVISit is des g ed with researchers from ReVISit allows researchers to focus on the With the Analysis Dashboard, you can
all dis pI n mind. It is mpl ough visual stimuli without the hassle of setting investigate the results from your study with


https://revisit.dev

Looking for community input!

lmprove Analysis Interface

FUTURE DIRECTIONS

Sequencing: step-functions

Integration with prolific: balancing latin
squares

Libraries of common surveys / tasks
Python Bindings

Higher-level language teatures




o\ A"iZhlsl Yes! Think Aloud & Provenance

QUALITATIVE
EVALUATION
ONLINE?

ot — >+

. - v
B BT sronox, sonsiew
Transcript + Tags
So for this task, uh, | just need to consider penguins that weigh between 4 and a half and 5. ?:
Okay kilograms, but all that I'll flip a length between 2 and 215. 5
All right. I'm going to have to be quite precise so | can ¥

<>

I'm I'm confident about the 4 to 5K but 2 to 15.

<>

Okay, so I'm just going to click on select.

<>

All right, so actually 200 to 20.

<>

So I'm just going to have to have to estimate where.

215is

<>

<>

which is approximately there about 75% of that.

<>

Let me just clear that selection. Let me just try this again.

of what can be
evaluated using crowdsourcing




A Ul/UX Method for finding usability
issues in software

THINK ALOUD

PROTOCOL Participants sit in a lab

Instructed to “speak their thoughts” as
they use an interface

Audio is recordea

Screen is recorded

Logs may be recorded

Experimenter Is present



Traditional focus on “Defects” and Ul
Issues

PURPOSE Vis community also uses it to analyze
Insight Formation with visualizations



66 were synchronous (lab or zoom)

27 evaluated insights

REVIEWED 6/ 1A
STUDIES IN VIS

Participants:

experts - evaluating a domain-specitic
system (small n)

novices & skilled participants (large
n, 20-50)




Can we build a system that makes
recording and analyzing TA studies

UMW online easy?
QUESTIONS

Do crowdsourced TA studies actually
work”




Logistics are easier
Crowdsourcing

Expert-studies at their schedule

WHY?

Potentially more diverse participant
pools

Time-saving for experimenter

Usual trade-offs of lab vs crowdsourced




RECORDING

Single flag

Waveform vis to show
recording is on

KEVIS” Interactive Selections in Scatterplots  Recording audio ——— — = G Help

Automatic
transcription

Please allow us to access your microphone. There may be a popup in your browser window asking for access, click accept.

Once we can confirm that your microphone is on and we hear you say something, the continue button will become available.

If you are not comfortable or able to speak English during this study, please return the study.




ANALYSIS

Synched with Application State / Events
Fasy editing of transcripts
Ability to code per participant / task / trial



Interactive Selections

Interactive Selections in

REVISIT ‘ Help | : REVISIT , ‘ Help |
N Scatterplots .. .. N In Scatterplots .. ..
¢ 5e5521580ee1b951df544c3c e paintBrush_q4 X | = Task:
Consider only penguins that weigh Clear Selection Select De-Select
between 4k and 5k grams (g) and
have flipper lengths between 200 2404
and 215mm. What is the most and
least common type of penguin in
this subset?
220
While answering this question, . ! e
please verbalize your thoughts, E-
o o @ Q . " o
especially any insights you have 5 200-
-
or problems you run into. e
Q.
Q.
N .
180 -
Play m 3/18/2024, 3:08:05 PM Most common penguin: *
Transcript + Tags ’ 160 | . . | |
2.0k 3.0k 4.0k 5.0k 6.0k 7.0k
Body Mass (g)
So for this task, uh, | just need to consider penguins that weigh between 4 and a half and 5. S Least common Penguin: *
Okay kilograms, but all that I'll flip a length between 2 and 215. * A
All right. I'm going to have to be quite precise so | can S
I'm I'm confident about the 4 to 5K but 2 to 15. 5 m
Okay, so I'm just going to click on select. C Adelie - 1
All right, so actually 200 to 20. c
So I'm just going to have to have to estimate where. S
o
2151is ° &  Chinstrap 2
Q.
7))
which is approximately there about 75% of that. S
Let me just clear that selection. Let me just try this again. S
Okay. Alright, so that's the 4 to 5K body mass. And then the 2002215. C Gentoo -8
So that's giving me those results. 9:
| | I
A 0 50 100 150

so the most common penguin There Is the Gen 2

and the least common penguin with 5 is the a deli if I've pronounced that correctly.
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VALIDATION

Do crowdsourced think-aloud studies work?

Study 1: Crowdsourced vs Lab Think-Aloud

Crowdsourced Lab

|@| |@| |@| 9 ‘A
acaa a&A

Study 2: Online Think-Aloud vs Text Response

Think-Aloud Text Response

Lorem ipsum dolor sit amet,
consectetur adipisicing elit, sed
do eiusmod tempor incidijjunt
ut ero labore et dolore

SUBMIT RESPONSE

RECORD RESPONSE



40 online participants

Do crowdsourced think-aloud studies work? 1 O Ia b pa rti Ci pa nts

Study 1: Crowdsourced vs Lab Think-Aloud

Stimulus:

Crowdsourced

S e e oo interactive vis tool

two views

required interactions to solve tasks
Coding:

Usability

Insights (correct, directed / open,
nypothesis, elaborated)...




Insight Count

Crowdsourced N=39, mean=11.97, CI=[10.9, 13.08]

Yes, ppl speak!

Do crowdsourced think-aloud studies work?

All Tasks

e 1 audio recording

Study 1: Crowdsourced vs Lab Think-Aloud o

unusabple

N=39, mean=3.97, CI=[3.76, 4.22]

Crowdsourced

|@| |@| |@|
Ah A A

2 required heavy editing

N=10, mean=2.80, CI=[2.30, 3.40]

ol recruiting slignhtly slower

Usability

N=39, mean=8.00, CI=[7.03, 9.11]

N=10, mean=7.10, CI=[5.50, 8.90]

Insights

0 5 10 15 20 25
Insight Count




Crowdsourced comments were

Do crowdsourced think-aloud studies work? o
more negative

Study 1: Crowdsourced vs Lab Think-Aloud

—— Bias because of experimenter present

eoeoe I | ing?
® @@ - in lab setting”

Role of experimenter
Better introduction

Claritying questions

Need to carefully prepare
crowdsourced study!
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HOW PEOPLE ACTUALLY LIE WITH CRARTS. ..

... AND WHAT WE CAN DO ABOUT IT

Market Index
~~ Airline A
Airline B

| |
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HOW WE THINK PPL LIE WITH CHARTS:

VIOLATIONS OF VISUALIZATION DESIGN GUIDELINES

Gun deaths in Florida

Number of murders committed using firearms
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BUT IS THAT REALLY HOW
PEOPLE LIE WITH CRARS?
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@HaroldofWorld Rise in cases?
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ISRAEL v. ZIMBABWE

Israel is fighting with mass vaccination,
Zimbabwe with mass Ivermectin (approved 26th Jan)

The all-cause mortality in the US is as bad as it was
in 2003!
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Most vaccinated: Iceland 81%
Least vaccinated: Nigeria 1.2%

We need national leadership...like Canada.
Covid is coded in red.

land has 119 times more Covid cases

Incorrect
reading

More proof that masks work.....

ty vaccinated agsinst COVID 19
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VULNERABLE VISUALIZATIONS

Vaccines work.

According to official data, the vaccinated are the The effect of #ivermectin in #Mexico needs
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VISUALIZATIONS

Can we design data exploration tools

that prevent cherry-picking while

COVID-19 Data Explorer

Explore global data on COVID-19.
Download this dataset

Q_ Type to add a country or reg

Sort by Country name 12
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X Clear selection

H]1An]] [ maintaining freedom of exploration?

METRIC INTERVAL

Relative to Population

Confirmed deaths Cumulative

Cumulative confirmed COVID-19 deaths per million people

Due to varying protocols and challenges in the attribution of the cause of death, the number of confirmed deaths may not accurately
represent the true number of deaths caused by COVID-19.
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Parallel Design by 4 Authors

Cheery-Picking in Temporal Charts

DSEVULE (Stocks, COVID)
GUARDRAILS

' =
C"'L'—" r— o —
J | |
r.’f'.'. \ .' ) ‘?Ox (Q\M) ﬂ\\ )\f QW\‘L“ J““‘
' / | A bu‘ Wrﬂ V\'h -~ LM“M?“\ "\h&
| MJQMA ( h."\ a\ﬂh“"?-)
,_._. A | -)wub{v\u ZM%‘*‘* % Neux) ml‘."l')
The poaitive Impact of the UK vaccinatior «ffrs in one paoh: . ot ,1,’114‘ vy T

|"-,l"’.-/7| M‘v ) i:@’. .Cq\a"* = ('“\'As \jaf;aum_ J——
- o) (\,ow\;/\'ﬂr"e‘;"t@ yu’ao& F£ Meo P.A_
o | Wial gome’ Steck Mords de AUE




DESIGN SPACE
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CHERRYPICKING: NO GUARDRAILS

Percent change in stock price
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ENFORCING CONTEXT - SUPERIMPOSITION / PRIMARY DAIA

Percent change in stock price
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SHOWING STATISTICAL CONTEXT — SUPERIMPOSITION / SUMMARY
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Percent change in stock price

Shaded area represents the middle 50% of all values.
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CONTEXT OUTSIDE — JUXTAPQSITION / PRIMARY DAIA

Percent change in stock price
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SUMMARY CONTEXT — JUXTAPOSITION / SUMMARY

Percent change in stock price

Bar on the left highlights the range of selection among all data.
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Producer Study: do guardrails make it
more difficult to cherry-pick data?

3 STUDIES

Consumer Study: Do guardrails
guardrails make cherry-picked data less
convincing’?

Controlled Consumer Study: Do
guardrails work at different levels ot
egregiousness?




PRODUCER STUDY: SETUP

Each participant randomly Sees L} scenarios, Uses data explorer to Post—study Authors check results 97 chovt +
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PRODUCER STUDY: SETUP

Select a view that best shows (and convinces your client) that the airline industry fund is the best investment.

Percent change in stock price Help
4 AirlineA ——— 120%
AirlineB ——- 100%
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Add a short text caption that will go along with your visualization: *



PRODUCER STUDY: RESULIS

Did guardrails

Post—study survey results

moke it harder?
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Did the guardrail make it more or less difficult to complete the task?
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Superimposed primary: bimodal

Juxtaposed primary: makes cherry picking easier




CONSUMER STUDY SETUP
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CONSUMER STUDY SETUP

G& Policy A (red) is the superb policy to manage a sudden boom in infections

Infections per million people

Shaded area represents the middle 50% of all values.
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CONSUMER STUDY: RESULTS

-- Results from Study 2: Reaction
o
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The visualization supports the idea that
stock C yielded the highest returns

CONTROLLED

CONSUMER STUDY Superimposed Summary —
Percent change in stock price '<

60%
40%

20% Stock C
Eoch participant randomly assigned

65 particivants to one of U guardrails or control o p,A' = d \ : ~ .

0% RS e = -

@ . . R v Stock D

—> & chewy picking severity _20%
P K, a0

Y

c,o\’Ye \“ooY

NP -40%

\/ -60% Stock B

Sees 1 chart Answers question

Agree thot @ is ! | ! |
d Jan 1, 2023 Apr 1, 2023 Jul 1, 2023 Oct 1, 2023
the best? P

QOO0 O




RESULTS
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Results from Study 3:
Controlled Reaction

Agree thot @ is the best?
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Superimposed Primary seems like a
promising design against cherry-
picking

DISCUSSION easy to implement

easy to understana

Juxtaposed Primary design useful as

a way to make data explorers more
usable

Interventions may be useful, but not
a Panacea




ATOOLKIT FOR DATA
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SUMMARY

ReVISit takes care of the annoying
parts of a study

Gives you the ability to share your
study with reviewers and community!

Hope you give it a try.
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