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Background

Testing statistical graphics

o Evaluate design choices and understand cognitive biases through the use of visual tests.
e Researchers conduct studies in which human subjects are asked to conduct tasks related to the perception of

statistical charts such as differentiation, prediction, estimation, and extrapolation.
Measuring Patterns & Trends

e Our visual system is naturally built to look for structure and identify patterns.
e Physical manipulation: maneuvering a string, black thread, or ruler until the fit is suitable, then drawing the line
through the set of points (Mosteller, Siegel, Trapido, et al., 1981; Finney, 1951)

e Ciccione and Dehaene (2021) conducted a comprehensive set of studies based on psychophysical approaches.

How can we compare our intuitive visual sense of patterns to those determined by statistical methods?
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'"You Draw It' feature

(New York Times, 2015)

Since 1990, the number of Americans who have died Readers are asked to input their own assumptions about
every year from car accidents... various metrics and compare how these assumptions

relate to reality.

52,379 e Family Income affects college chances (Aisch, Cox,
44,600 and Quealy, 2015)
TP e Just How Bad Is the Drug Overdose Epidemic?
(Katz, 2017)
e What Got Better or Worse During Obama’s

Presidency (Buchanan, Park, and Pearce, 2017)

(Katz, 2017)

The New York Times team utilizes Data Driven Documents (D3) that allows readers to predict these metrics through the

use of drawing a line on their computer screen with their mouse.
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Background of D3

Who? Mike Bostock created D3 during his time working on graphics at the New York Times.
What? Open-source JavaScript based graphing framework

e D3 ="Data Driven Documents"
e D3 isto JavaScriptas ggplot2 isto R
e Framework for binding objects and layers to plotting area

o framework for movement and user interaction
When? D3 v1.0 released in 2011.
Where? The internet!
Why? Advantages of using D3 include animation and allowing for movement and user interaction.

How? r2d3!

Modified from Kiegan Rice.
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Relationship between D3 and R

The r2d3 package (Strayer, Luraschi, and Allaire, 2020)

in R provides an efficient integration of D3 visuals and R

by displaying them in familiar formats:

e RMarkdown with HTML output
e Shiny applications (amazing!) RZDB

r2d3 makes it easy to do your data processing in R, then apply D3.js code to visualize that data!

How? r2d3(data = data,
script = "d3-source-code.js",
e Converts data in R to JSON that can be interpreted d3_version= "5")
by JavaScript
* Sources D3 code library Modified from Kiegan Rice.

e Creates plot container (svg)

e Renders plot using source code
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Getting started with D3

D3.js is to JavaScript as ggplot2 isto R

Codecademy: Introduction to JavaScript Additional Resources
Eal Understand SVG elements: inspect elements in web <[> How to learn D3 with no coding experience
browser!

¥ Amelia Wattenberger on Twitter
BB Amelia Wattenberger's Full Stack D3 and Data

Visualization Book
L™ Build a basic graphic using r2d3

@ Modify D3.js code until it does what you want!
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"You Draw It' task plot

Prompt: Use your mouse to fill in the trend in the yellow box region.

Test out your drawing skills by scanning the QR code on your mobile device or visit emily-

robinson.shinyapps.io/can-you-draw-it on a laptop.
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Code sketch

Simula\‘tﬁ data in R’/ ':-. '

convert
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Challenges

» Converting between pixels and coordinate points. "o Commits on Mar 17, 2021

added renv information to .gitignore.
e Passing two data sets into r2d3() requires

‘g, earcbinson95 committed on Mar 17, 2021 +

converting to json first. tweeked app to adjut for r2d3 updates.

‘E, earobinson95 committed on Mar 17, 2021

° Layering elements with OpaCitY- renamed main.js to main-r2d3v0.2.3.js for old r2d3 version.

'g, earobinson95 committed on Mar 17, 2021

e D3 version matters! worked on adjusting code for r2d3 update to version 0.2.5.

‘E', earobinson95 committed on Mar 17, 2021

e Only works with a one-to-one function.
o~ Commits on Mar 15, 2021

tweeked app code

‘g, earobinson95 committed on Mar 15, 2021 «*

updated you draw it development code. Takes in 2 data sets. uses func...

.E, earobinsond9s committed on Mar 15, 2021

you draw it app before messing it up...

'g, earobinson95 committed on Mar 15, 2021

added "eye fitting straight lines in the modern era” tab to the you d...
.E', earobinson95 committed on Mar 15, 2021 +
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Validation study

Replicated Eye Fitting Straight Lines by Mosteller, Siegel, Trapido, et al. (1981)

* Big Idea: Students fitted lines by eye to four sets of date set 3 axca wet ¥
points. i e s .. . . '-.

e Method: 8.5 x 11 inch transparency with a straight . . v e
line etched across the middle. s K; :. .o

e Sample: 153 graduate students and post docs in ] " .

Introductory Biostatistics.
o Experimental Design: Latin square.
v * e L]
e Findings: Students tended to fit the slope of the ;':' . .

first principal component. - . e

Figure 1. The Data Sets of S, F, V, and N

Experiment conducted and distributed through an R Shiny application found at emily-robinson.shinyapps.io/you-draw-it-

validation-applet/ in May 2021 with 35 participants completing 119 unique '"You Draw It' task plots.
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Validation study

Compare participant drawn line to statistical regression Interested in the vertical residuals between the drawn
results. and fitted values.
Ordinary Least Squares Principal Component Parameter Choice: F
1.04 L] * /I
0.5+ ° 10 -
5. 0.01 ’
0.5 - . ’
-1.01 54
>
-1.5 . T
1 0 1 -1 0 1
X
0 -

0 5 10 15 20
X

-- Drawn — OLS PCA

Nebiaska

Lincoln 17 /31



Validation study

Linear Trend Constraint Generalized Additive Mixed Model (GAMM)
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Coming soon for 'You Draw It'!

Software Development

QR R package designed for easy implementation of “You Draw It’ task plots.

Future Applications

[+2 Evaluate human's ability to make future predictions from trends and to fit curved trend lines.
& Apply 'You Draw It' to other fields in order to evaluate science communication using graphics.
Publications

B8 [Under Review] Robinson, E. A., VanderPlas, S., Howard, R., (2021) Eye Fitting Straight Lines in the Modern Era.
Submitted to Journal of Computational and Graphical Statistics. Access on GitHub.
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Code Sketch (detailed)
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Feedback Data Notation

For each participant, the final data set used for analysis

contains:

® Tk, Yijk,drawn yijk,OLSa yijk,PCA
for

e parameter choice 1 = 1,2, 3,4,

e participant j = 1,. .. Nparticipant

e I;j; value corresponding to increment
k=1,...,4C e + 1.

Parameter Choice: F

-- Drawn — OLS PCA

Vertical residuals between the drawn and fitted values were calculated as:

® €ijk,0LS = Yijk,drawn — Yijk,OLS

® €ijk,PCA = Yijk,drawn — Yijk,PCA-
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LMM Equation

The Linear Mixed Model equation for each fit (OLS and PCA) residuals is given by:
eijk. fit = Yo + 04| + [Y1%ijk + Y2izije] + Pj + €ijk
where

* e;jk it 18 the residual between the drawn and fitted y-values for the ith parameter choice, jt" participant, and k"
increment of x-value corresponding to either the OLS or PCA fit

e o 1is the overall intercept

o q is the effect of the 7" parameter choice (F, S, V, N) on the intercept

e ~; is the overall slope for x

e 79; 1s the effect of the parameter choice on the slope

e T;; is the x-value for the ith parameter choice, j** participant, and k** increment

e p; ~ N(0, azmi cz.pant) is the random error due to the j** participant's characteristics

o €z ~ N(0,0?) is the residual error.
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GAMM Equation

The Generalized Additive Mixed Model equation for each fit (OLS and PCA) residuals is given by:
€isk.fit = i + 8i(Tiji) + pj + 55(xijn)
where

* e;jk it 18 the residual between the drawn and fitted y-values for the ith parameter choice, jt" participant, and k"
increment of x-value corresponding to either the OLS or PCA fit

* «; is the intercept for the parameter choice 7

e s; is the smoothing spline for the 7** parameter choice

* T;ji 1S the x-value for the ith parameter choice, jt" participant, and k" increment
* pj~ N(O, 0'2

participant

e s; is the random smoothing spline for each participant.

) is the error due to participant variation
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Exponential Growth Study
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Exponential Growth "You Draw It'

Study Participant Prompt: Use your mouse to fill in the trend in the yellow box region.
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Treatment design

2 x 2 x 2 factorial:

e growth rate: low and high.

e points truncated: 50% and 75% of the domain. | I

o scale: log and linear.

Nebraska

Lincoln” 28 /31



Feedback data

For each participant, the final data set used for analysis

contains:

® Lijklm, Yijklm,drawn» and Yijklm,NLS
for:

o growthrate: = 1,2,

e point truncation j = 1,2,

e scalek=1,2,

o participant [ = 1,..., Nparticipant » and

® Tijkim valuem = 1,... 4@y, + 1.

Vertical residuals between the drawn and fitted values

were calculated as:

® €jkim,NLS = Yijkim,drawn — Yijkim,NLS -
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Generalized Additive Mixed Model

The GAMM equation for residuals is given by:

€ijkimmnls = Tijk + Sijk(Tijkim) + D + S1(Tijkim)
where

h

* €ijkim,NLs 15 the residual between the drawn y-value and fitted y-value for the [th participant, m'” increment, and

ijkt" treatment combination
* T;jk 18 the intercept for the ith growth rate, j** point truncation, and k** scale treatment combination

* S;ji 1s the smoothing spline for the ¢ jk* treatment combination

h

® Tijkim 1S the x-value for the [th participant, m‘" increment, and ¢ jkth treatment combination

* p~ N(0,0,

participant

e s; is the random smoothing spline for the I** participant.

) is the error due to the I** participant's characteristics
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GAMM results
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