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Logistics

* Lab due tonight

* Sign up for project presentation slot — all
next week
— Part of your presentation grade is also asking
questions of other presenters, so come ready
to learn from your peers!
* Your final notebook does NOT have to be
complete when you present; just highlight
1 or 2 findings



How today fits in

Question

What the viewer

wants to know

(TASK)

Covered so far

Plot

Data items 2 marks

Data attributes -2
channels

Bar chart/stacked bar

chart
Histogram
Box plot
Scatterplot
Lineplot
Heatmap
Grouped plots

— Answer

What they walk
away with (GOAL)

*this is not a statistics class,
so we are only scratching the

/ S . '
TO d ay surface on these topics!

How do we choose between different plot types
for showing distributions?

How do we show statistical relationships?

When comparing single statistics (mean,
median, etc.) how much uncertainty is in the
answer?



What is your question really asking?

Interested in a shape? Distribution

“What do departure delays usually look like? Are they skewed?” histogram, density, box plot
Interested in a trend or relationship? Relationship

“Do countries with higher GDP have longer life expectancy?” scatter plot + fitted line

Comparing averages, medians, or some other Estimate + uncertainty

point estimate? " mean + 95% Cl, or show the distributions

“Do Gentoo penguins weigh more than Adéelie penguins?”

Most questions start as a shape or a trend and turn into an estimate as soon as you compare groups.



What is your question really asking?

Distribution
histogram, density, box plot

Relationship
scatter plot + fitted line

Estimate + uncertainty
mean + 95% CI, or show the distributions

How closely do Elo-predicted win probabilities match actual game
outcomes? (NBA, Parks)

How does bike-sharing demand change across different seasons and
months of the year? (Eric)

How does the relationship between support availability and support
satisfaction vary across the four domains (emotional, affectionate,
tangible, positive social interaction)? (Renisha)

Does draft position still affect salary later in a career? (Nahom)

Did the post 2020 recovery in international arrivals match the recovery in
total tourism spending, or did tourists spend differently after the
pandemic? (Clairine) (Comparing distributions)

Did home-field advantage hold up across the season, and did it change
month to month? (Samuel) (Average + uncertainty)

Most questions start as a shape or a trend and turn into an estimate as soon as you compare groups.



Pick two of your own questions 3 min

Q1 - a shape or trend question Q2 - an estimate that has uncertainty

My question: My question:

Shape or trend? What am | estimating? (a mean, a difference, a rate)
Variable(s): Groups being compared:

Take them from your Project 1 Checkpoint #2 or new ones that have
come up as you’ve started working on your Project 1 EDA. We'll come
back to Q1 and Q2 throughout today.

3 min timer



Statistical plots

When the answer is a shape or a trend, not a single value



What makes a plot “statistical”?

Raw data

Every row is a mark —

e.g. strip plot, scatter

Summary

Marks show an aggregate

e.g. histogram, box plot, mean + Cl/

Model

Marks show a fitted estimate

e.qg. regression line, KDE curve

Each step to the right hides more of the raw data and adds assumptions: bin width, smoothing

bandwidth, a straight-line model.




Questions about one variable: show the distribution

Good at...

3 4 5
Body mass (kg)

Histogram
counts in bins

Shape, skew, gaps

}7

0.0 .
2 4
Body mass (kg)

Density (KDE)
smoothed shape

Smooth shape;
overlaying groups

6

3 4 5
Body mass (kg)

Box plot
median, IQR, outliers

Comparing many
groups at once

Body mass (kg)

Strip / swarm
every point

Honest about
number of points

Use when the question is: What is typical? How spread out is it? Is it skewed, or are there multiple humps?

Any outliers?
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Comparing distributions across groups

Adelie (n = 151)

10 H
Violin Plot of Max Pizza Menus Prices

Chinstrap (n = 68)

20-

city

. Chicago
. New York

Max Menu Price

Gentoo (h = 123)

Chicago Los Angeles New York

O T T T
2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5

Body mass (kg)

- Los Angeles

Best for seeing each shape Violin: shape + comparison

Body mass (kg)
w &~ » o o o
(€] o (@} o a1 o

w
o
1

red = mean = 95% ClI

Adelie Chinstrap

Best when n is small

Gentoo

Ask: is the difference in the center, the spread, or the shape? Align the axes so the reader can compare.

Violin example: journeytodatascientist.blog (2019), via H. Bako, DS2003.
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Choosing a distribution plot

Plot Good at Hides Choice you have to make
Histogram Shape, skew, gaps Detail within a bin Bin width / number of bins
Density (KDE) Srr(r;lcjg;h shape; overlaying ﬁriri?sple size; can spill past real Bandwidth

Box plot Comparing many groups at once Bimodality, n per group Whisker rule (1.5 x IQR)
Violin Shape + comparison n; looks precise even when n is Bandwidth, scaling

Strip / swarm

Honest about n

small

Shape when n is large

Jitter, transparency
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Same data, three bin widths
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Back to your Q1: if it's a shape

Q1 - your shape or trend question

1 Which distribution plot fits best: histogram, density, box plot, or strip plot?
2 What's the setting you'll need to test (bin width, bandwidth)?

3 What would the plot hide? (e.g., a box plot hides two humps in the distribution)

You can jot your answers in your Project 1 notebook or on paper.

Example: “Departure delays” — histogram; try 20, 50, 100 bins; check whether a log scale shows the long tail.

1-2 min
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Questions about two variables: show the relationship

3v(;/eight 0 o 5 Use when the question is:

180 .

Error range: 95% confidence envelope

Does Y go up when X goes up? How strong is the
link? Does it differ by group?

Height

170

160

150

- Design choices

Each dot is one measurement

. A 'l. * Overplotting: use transparency, smaller marks, or a
1907 e hexbin (shows where the points fall in bins, like a 2D
histogram)

* Trend: show a linear relationship with regplot; more
curvy best fit lines are also possible

* Groups: use hue or small multiples
(sns.regplot(hue=...))

* Scale: log axes when values span orders of
magnitude

Regression line with 95% confidence envelope, via H. Bako, DS2003. Swap in sns.regplot on a student dataset.
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Back to your Q1: if it's a trend

Q1 - your shape or trend question

1 What goes on x and on y? Does either need a log scale?

2  Will points overlap? (transparency, hexbin, sampling)

Jot your answers in your Project 1 notebook or on a piece of paper.

Example: “GDP vs life expectancy” — scatter, log x, color by continent; say “associated with,” not “causes.”

1-2 min
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Visualizing uncertainty

Every summary is an estimate. How sure are we?
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This bar chart is showing the mean of group A vs the mean of
group B. Is A bigger than B?

Looks like a clear yes With 95% Cls (n = 12 per group)

A B A B

A point estimate with no interval looks more certain than the data can support.

20



Where does uncertainty come from?

Acquisition
1 Sampling (surveys, exit polls) and measurement error, from _ _ _
people and from instruments. Who is missing? More Vlsgallzatlon
measurements, more confidence. o © ©
U U o Ao
kgﬁiz | o

U7 5.2
Transformation it
2 Unit conversion, aggregation, rescaling, binning, filtering. A
model is a simplification of the data.

) )
2 .
Visualization

3 Collect Derive Visualize
Interpolated lines imply values nobody measured. Color and
size aren't perceived linearly.
Uncertainty (U) enters at every stage of the pipeline, not
just at collection.
Forecast
4 Predictions: quantitative (next bus arrival) or categorical (rain /
sun / cloud).

Pipeline figure: Pang, Wittenbrink & Lodha (1997), “Approaches to Uncertainty Visualization.” Via H. Bako, DS2003.



Back to your Q2: where's the uncertainty? 1-2 min

Q2 - your estimate that needs uncertainty

1 Is there uncertainty coming from data acquisition, aggregation into groups, binning, or
filtering?

2 Are values missing? Is anything missing from the data entirely?

3 Are any of your groups in your data very small?

Jot your answers in your Project 1 notebook or on a piece of paper.

Example: “Gentoo vs Adélie body mass” = n = 124 vs 152; 2 missing masses dropped.
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Variability # uncertainty

40 observations

+1SD
I f spread of the data

959% CI of the mean

I—I uncertainty in the estimate

More data shrinks the CI, but not the SD. Say which one your error bars show in a label or
caption!
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What does a 95% CI actually mean?

True population
mean, which
can only be
estimated by
taking samples

204

45-

N

20 hypothetical samples, each made up of
the same number of randomly chosen
observations (black dots) from the population

Sample:

35+

304

i

Figure via H. Bako, DS2003 Uncertainty lecture.

Even when
calculated
perfectly, on
average, 1in 20
of the 95%
confidence
intervals will not
contain the
population mean.

/

Common reading

“There's a 95% chance the true value is in
this interval.”

Closer to right

If we repeated the sampling many times,
about 95% of the intervals would contain
the true value.



A toolkit for showing uncertainty

0 20 40
L L L

60 80
L )

Error bar: 95% confidence interval Mean
GroupA wan

Group B

Group C ~+ @

Error bars
mean + Cl / SE / SD

FiveThirtyEight: Trump's Chances NYT Upshot: Trump's Chances
% Orchestra
P R
o ",
b
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-
ah
i
Mezzanine
"E L
it R, i
Balcony
.
wd i
.
286 cases in 1,000 150 cases in 1,000

Icon array
“286 cases in 1,000”

HuffPo Polister: Trump's Chances

x._ Orchestra
x

Balcony

20 cases in 1,000

Weight

3|0 4|0 5|0 69 —20 0 20 40 60 80 100
= 1804 = L 1 1 1 1 1 )
% Error range: 95% confidence envelope
T 170 o e

. . o Group A Mean
L) .
. . e o . 0

160 ‘..‘ & . g.' * : . : §
150 ®

- ® Each dot is one measurement | ‘ |
1401 E s e t Group G s ‘ |
130~ Regression line

Confidence band Gradient plot
around a fitted line darker = more likely

Cumulative distribution function 100—

1004
75% 50| il
50% = B0 - —_—
E. 80
70 e —
25% & 70
1-90% c
Cumulative 8 60 S e—_ 60—
probability 0% =& = e —
= 504 50—
res
& a0 40|
£
& ™ -
’ o 7
'Y ) Quantile dotplot
10—
r T T T T T 1 10
0 5 10 15 20 25 )
Minutes unti I
bus arives 18/20 = 90% chance the bus comes at ~8 min or later A 8 A "

Quantile dot plot Hypothetical outcomes (HOPs)
each dot = 1 in 20 outcomes animated draws

Examples via H. Bako, DS2003 Uncertainty lecture; quantile dot plot from Kay et al. (2016).
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Task: How likely is the red outcome?

Poll: Candidate A at 40%, margin of error £2.5%. Is the red dot a typical outcome or an unusual one? Rate 1 (very
unlikely) to 7 (very likely).

100% 100% 1 100% 100%
90%- 90% 90%- 90%-
B0% 80% B0% B0%
70% 70%1 70% 70%
S 60%" 5 60%] S 60% 2 60%
a w i [it) [it)
o £ o o
T 50%- T 50%- T 50%- T 50%-
o . 1 o o
£ 40%1 I ﬁ 4% - £ 40%1 £ 40%1
(<] 1 [ L L
30%] 30%] 30%] 30%]
20%- 20% 20%- 20%-
10% 10%1 10% 10%
- - 1 - . 1 - . 1
Candidatz A | T Candidate A O Candinate A O Candidate A
Margin of Error +/- 2.5% Margin of Error +/- 2.5% Margin of Error +/- 2.5% Margin of Error +/- 2.5%
1 Bar + error bar 2 Box plot 3 Gradient 4 Violin
1234567 1234567 1234567 1234567

Stimuli: Correll & Gleicher (2014), “Error Bars Considered Harmful.” Via H. Bako, DS2003.



Results: the bar changes what feels likely

?'_ .
g |
QO 5 |
G
2 — T
£ 44 | |
£ _ _ _
4
3 3- —_—
=
4]
5
o 2+
1 T T T T T T T T
| Below Above | | Below Above | | Below Above | | Below Above |
Bar Chart Gradient Plot Violin Plot Box Plot

Location of Outcome Relative to Mean

Correll & Gleicher (2014). Via H. Bako, DS2003.

more
probable?

Outcomes above and below the mean should
feel equally likely.

With bar charts they don't: points inside the bar
are rated likelier than points outside it.
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Back to your Q2: sketch it two ways

Q2 - your estimate that needs uncertainty

1 Sketch Q2 as a bar chart with error bars.

2 Sketch it again as points + mean = ClI, or a violin / gradient.

Jot your answers in your Project 1 notebook or on paper.

1-2 min

32



Error bars: read the fine print

Rules of thumb

100 100 5

a0 a0 A

Label what the bars are: SD, SE,
or 95% Cl

Report n per group

a0

70

60

50

404

Payout Expected (USD)
Payout Expected (USD)
Payout Expected (USD)

Present intervals as a range of
plausible values, not a hard edge

301

201

Overlapping 95% Cls # “no
Fund A Fund B o Fund A ' Fund B ' o Fund A ' Fund B ' diﬁerence”

Maragin of Error +- 20.0 Maragin of Error +- 20.0 Maragin of Error +- 20.0

* Show the points when n is small
Bar + error bar Gradient Violin

Within-the-bar bias: values inside the bar look likelier than values above it.

Binary reading: a value is either “in” or “out”, and effect sizes look bigger than they
are.

Same data, three encodings: Correll & Gleicher (2014), “Error Bars Considered Harmful.” Via H. Bako, DS2003.



2016: what's your impression?
Predictions from 2016 presidential election

FiveThirtyEight NYT Upshot HuffPo Pollster

28% 15% 2%

Three forecasts of Trump's chance of winning. If you'd seen these before the election, what would
you have expected to happen?
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People read counts better than percentages

Predictions from 2016 presidential election Why this works
FiveThirtyEight NYT Upshot HuffPo Pollster ° u2%u and “1 5%” bOth feel ||ke
28% 15% 2% “won't happen”

* lcon arrays turn a probability into
a count you can see

FiveThirtyEight: Trump's Chances NYT Upshot: Trump's Chances HuffPo Pollster: Trump's Chances
* People judge area poorly, so
e :! Orchestra '-lz"l' Niky Orhesrs G K., Orchestra counts beat circles and densities
B wle B LI o i, St it o g ,
ir's ok -"-1" i o st | ; * One icon array shows one
y Ill. J:" ..':. . -“1. m !'il' : l1‘ll -: ':. l" " " L] ; L} prObablllty
=Il==nl ‘.‘ =.. E.=-| L] I.I'I "‘Il. l. .l' ’l i L}
- Mezzanine - Mezzanine Mezzanine
“L'1 l .:I :“:; - ;I'ﬂ' _'I L | ? ‘E I. -. = L . x ) L
R . Balcony Balt':cny Balcony
! .li (] .!l! .* I l'lll :I. - ll .’! l'" .l ll' l " .
. | =Ill..I = 4y l. ll i 'il.' L] L | y ] B s L s
286 cases in 1,000 150 cases in 1,000 20 cases in 1,000

2016 forecasts as numbers and as theater-seat icon arrays: Justin H. Gross, Washington Post (2016). Via H. Bako, DS2003.
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For people with symptoms of arterial disease, aspirin can reduce the risk of
having a stroke or heart attack by 13%,.

Without aspirin
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In the wild: 538's 2020 election forecast

- - - é . Instead of one big percentage: 100 simulated
Biden is slightly favoredto win the election outcomes, one dot each (a “ball swarm?”).

We simulate the election 40,000 times to see who wins most often. The sample _ _ N _
of 100 outcomes below gives you a good idea of the range of scenarios our Odds in words (“1 in 10”) rather than decimals.
model thinks is possible.

Trump wins Biden wins

31in100 69in100

+400 +200 +200 +400
ELECTORAL VOTE
MARGIN

TIE

® Trump win ® Biden win

Source: FiveThirtyEight: How we designed the look of our 2020 forecast - FlowingData



https://fivethirtyeight.com/features/how-we-designed-the-look-of-our-2020-forecast
https://flowingdata.com/2020/08/12/fivethirtyeight-launches-2020-election-forecast

Animation: HOPs and jittery gauges

100 — —
90 — 20—
T " 80—
& 70 70—
E %] 60 —
f . .
o o]
§ % ~
20— 2} —
10— ]
o o

A 8 A 8

Watch the right panel: how often is B bigger than A? HOPs show one
possible outcome per frame.

HOPs: Hullman, Resnick & Adar (2015). Gauge: vis4.net/blog/2016/11/jittery-gauges-election-forecast. Via H. Bako, DS2003.

Popular

L
‘ve:' :

OBAMA 12

" A
OEAMA Dﬁ. A
A~
o

i
-
—

Clint

vote margin

B T [,

o
on +1.4

FORECAST, in pet. paints

Jittery gauge (NYT, 2016)
Good for live prediction
Uncertainty can't be ignored

Provoked anxiety
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In the wild: the monthly jobs report

If the economy actually added 150,000 jobs last month, it would be possible to see any of these headlines:

The jobs number is just an estimate, and it comes with uncertainty.

Job Gmll)tlz Disappoinh'ng Slower JOb
P Ummets Ap, id Jobs Report Creation
ospect Of Raises Disappoints
New Sium, " E;/ono,:n e Economists
Orries

Under 55,000 jobs 55,000 to 110,000 110,000 to 140,000

4% chance 19% chance 19% chance

If job growth were actually steady
over the last 12 months...
400k

3dged
300
250
200
150
100
50

“llll“llllo

JF M AMJ J A S O N D -5

Source: NYT Upshot (2014) - BLS - 2024 revision

Job Growth Job Creation Job Growth
Steady, New Accelerates In Robust,
Report S@S Sign Of Pointing To
Economy Economy
Improving Surging
160,000 to 190,000 190,000 to 245,000 245,000+
19% chance 19% chance 4% chance
...the jobs report
could look like this:
400k
§gged

JF M A M J} J A S O N D -5

The BLS's 90% interval on one
month's job change is roughly
+100,000 jobs.

The NYT simulated reports from an
economy with steady growth:
some months look like a boom,
others like a slump.

In Aug 2024, BLS revised March
2024 employment down by
818,000 jobs.

The report says +150,000 jobs.
|s the economy growing?
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http://www.nytimes.com/2014/05/02/upshot/how-not-to-be-misled-by-the-jobs-report.html
https://www.bls.gov/opub/ted/2015/employment-up-118000-to-328000-in-april-90-percent-certainty.htm
https://www.staffingindustry.com/news/global-daily-news/us-had-818000-fewer-jobs-in-march-than-first-reported/

Say it in the caption, too

Overclaims Calibrated
“Gentoo penguins are heavier than Adélie penguins.” “In this sample (n = 342), Gentoo penguins averaged ~1,400 g
“Delays increase with distance.” more (95% CI: [], []).”

“Delays are weakly associated with distance (r = []).”

Caption checklist

* What the interval or band means (Cl / SE / SD)
* Sample size, and anything missing or excluded
* “Associated with”, not “causes”

* Frequency framing for a general audience: “about 1 in 5”



How to do it in Python

seaborn errorbar=
# mean + 95% CI by group (seaborn bootstraps the CI)

sns.pointplot (data=df, x="species", y="body mass g",
errorbar=("ci", 95))
sns.stripplot (data=df, x="species", y="body mass g", alpha=0.3) .

* ("ci", 95): uncertainty in the mean
"se": standard error

# scatter + regression line + CI band ° "sd":spread of the data
sns.regplot (data=df, x="flipper length mm", y="body mass g")

B B B B * ("pi", 50): middle 50% of the data
# matplotlib: error bars and bands by hand
ax.errorbar (x, means, yerr=1.96 * ses, fmt="o", capsize=4)
ax.fill between(x, lower, upper, alpha=0.2)

* None: turn it off

# bar plot of maximums with CI band
sns.barplot (data=df, x="category", y="measurement",
estimator=np.max, errorbar=("ci", 95))
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Match the plot to the question

Don’t hide the distribution if it helps
answer your question

Then show how certain you are about the
answer

Avoid overclaiming
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