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What’s in your intro stats course?

1. Inference?

o What are the settings?
— “two sample” means and proportions?
— slope of regression line?
— ANOVA?

e What is the basic method?

— Formulas and tables
— Simulation, resampling, bootstrapping

2. Graphics?

e one variable: histogram, box-and-whisker, ...
e two variables: scatterplot, box-and-whisker, ...

Experimental design?
Sampling bias?
Causation?

S o W

Confounding and covariates?

StatPREP. org

Faculty and teaching materials to teach statistics in a data-centric

way.
Ideally ...

e make every graphic centered on data
e highlight a modern, integrated perspective:

— not means, instead models

— multi-variable
o feature accepted contemporary practices

— large data (n > 50, p > 3)
— making responsible causal claims with imperfect data

— prediction

Realistically ...
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o help instructors teach their present topics (e.g. t-tests) but with
data.

o make it easier for instructors to use real data with real questions.

e help instructors embrace modern computing

Three levels of computing

1. Little Apps. Student facing; no programming required.

2. Instructor tutorials. Highly scaffolded computing. Intended mainly
for instructors. (But can be used with students.)

3. Writing code starting with a blank page. What most of us think of
when we hear “statistical computing.”

All three can be done with browser-based software. (1) can poten-
tially be done with a browser on a smart phone.
This talk will be about (1). But, short digression about ...

Instructor tutorials

o Introduce R commands
o Use a highly consistent command syntax via mosaic and ggformula

packages. Examples:

gf_point (height ~ sex, data = Galton)
gf_boxplot(height ~ sex, data = Galton)

Im(height ~ sex, data = Galton)

median(height ~ sex, data = Galton)

df _stats(height ~ sex, data = Galton, coverage(0.8))

List of currently available StatPREP Instructor Tutorials.

Ezample

Calculating basic stats
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http://statprep.org/resources/
https://dtkaplan.shinyapps.io/Tutorial_Calculating_statistics/#section-df_stats
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@ Calculating Statistics X +
@ dtkaplan.shinyapps.io/Tutorial_Calculating_statistics/#section-d... ¥r [E a0 ag = @O0

Calculating Statistics ~ df_stats

The MOSAIC df_stats() function calculates numerical summaries of a variable. It

df_stats follows the usual MOSAIC template

Groups of statistics goal (formula, data = data_frame, additional_specifics)

i ?
What stats are available? The “additional_specifics” list the particular statistics you want calculated.

Extra: Early inference For example, here is the df_stats() command to find the mean height of the adult

children in Galton’s 1880 collection of height measurements.
Extra: Graphing the output

Code & Start Over » Run Code

Start Over

1 df_stats( ~ height, data - Galton, mean)
2

3

Note: If you want more information about the Galton data frame, you can give the
command help(Galton) inthe command block.

Using a two-sided formula causes groupwise statistics to be calculated. Try this:

Code & Start Over » Run Code

1 df_stats( height ~ sex, data - Galton, mean)

Structure of a Little App
Do I just need something here?

1. Center display is data

a. both axes are variables

b. each unit of observation is shown
2. Data. Currently, several “large” data sets, e.g.

a. National Health and Nutrition Evaluation Survey (NHANES)
e 10,000 rows
e 76 variables, including biological, lifestyle, economic indica-
tors (height, age, urine flow, alcohol consumption, smoking,
depression, education, income, ...)

b. Births in the US

e 100,000 births
e 45 variables including baby weight, mother age, gestation length, AP-
GAR, labor induced, ...

3. Operation.

e Student picks a response variable and an explanatory variable.
e Optionally picks a covariate

e Student picks sample size

e New sample at the push of a button

DATA
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. Statistical annotations. Statistics are shown as annotations on the data.

e point statistics and regression curves
o confidence intervals and bands
e densities

. Inference:

e C(Can see variation when generating a new sample
e Some apps involve bootstrapping directly
e Student can vary sample size and see consequences directly.

. Statistical tabulation (in a tab)

suggested pedagogy

. Introduce data: numerical and categorical variables, response and
explanatory variables, scatter plot, jittering, sample size. (No stats
yet.)

. Look for patterns and give simple description and interpretation.
(No inference yet.)

. Introduce covariates. Does the inclusion of a covariate change the
observed pattern? Does it change the story? (This could be later.)
. Introduce formal ways to describe patterns: means, proportions,
regression models, ... (No inference yet.)

. Using small data, raise question of whether the pattern is really
there. Do this by observing sampling variation directly. (Press
“New Sample”.)

. Change sample size and observe how pattern variation changes.

. Introduce formal measures of sampling variation in observed pat-
terns.

. Introduce formal mechanism for inferring sampling variation from a

single, fixed sample.
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BRINGING STATISTICS EDUCATION UP TO

Ezxamples: Plain graphics

@ Point plots X @ Bringing Statistics Education . X +
& dtkaplan.shinyapps.io/LA_point_plot/ oo @ % a0 g =
Point plots =
Data source— Sample 8ih Grade | [9- 11th Grade] | High School | [some College | [ College Grad

Data frame

NHANES

Variables selected
Response

systolic

Explanatory

Covariate
sex
Facet by:

education

¥ New sample ‘

Sample size n

sex

female
 male

systolic

@ Jitter
categorical
variables.
Transparency: 20 40 60 8020 40 60 8020 40 60 8020 40 60 8020 40 60 80
020} -
. Explain  Codebook  Statistics ~ Rcommands  +

@ Show density
violin

Point plots

Traditionally, introductory stats has involved many diverse modes of graphing “data”: dot
plots, d-leaf plots, box-and-whisker plots, hi bar charts, hi
scatterplots, etc.

As arule, these plots are an accomodation to technology limitations when graphs were
drawn by hand. For instance, stem-and-leaf plots are easy to make with a typewriter,
box-and-whisker plots let you work with a 5-number summary rather than the raw data,
and bar charts and histograms work on data reduced to a series of counts.

@ Center and spread X+

& dtkaplan.shinyapps.io/LA_center_spread/ Yo % a0 & ® @O0

Data source—

Data frame

NHANES

Variables selected
Response

systolic
Explanatory

marital

Sample -

[ W New sample

Sample size n

@ Stratify

Display stat
@ Mean
200
® Median
® Std. deviation |
o
® Density violin s
% 150
2
@

@ Conf. interval on
mean:

@ Summ:
interval A
Interval level Divorced LivePartner Married NeverMarried Separated Widowed
95% marital

Explan  Codebook  Statistics ~ Rcommands  +
marital n mean mean_lower mean_upper interval_level
Divorced 50 1228 115.6 1209 095
LivePartner 50 1164 112.6 1203 095
Married 50 1192 1144 1241 095
NeverMarried 50 1165 113.1 119.9 095
Separated 50 1208 116.2 1254 095
Widowed 50 1288 1233 134.4 oos [l

Contrasting apps

Dan Adrians Happy Apps

DATA 5


https://dtkaplan.shinyapps.io/LA_point_plot/
https://dtkaplan.shinyapps.io/LA_center_spread/
http://statprep.org/1204-2/#more-1204
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Jl Dan Adrian’s Happy Apps | St= X @ https://dtkaplan.shinyapps.io/l X 4+

@ dtkaplan.shinyapps.io/DA_ci_mean/ 0o v oG ao & = | @0

Confidence interval for the population mean p

C¥ 4 1F S
Formula: x + ¢ W

Click for more info!
Sample mean X Parts of the result: t*, se, me 95% Confidence interval for u
1o * t* =2262 (40.56, 53.44)
N
Picture
Sample standard deviation s
95%
1 9] 50
. T T ! T T T T T T

o sisizely -2.262 0 2.262 o 20 4 6 8 100
2 @ 100 Range shown
- o] [100]

Standard error
se = == =2.846

" d
Confidence level v

80% BB 9%

Margin of error
me = t*(se) = 6.44

@ Two Sample Apps X+

& dtkaplan.shinyapps.io/DA_two_sample_apps/ Y

wo Sample Apps

The two-sample t test statistic

Investigating how it depends on the summary statistics changed with the sliders in the left panel.

Summary statistics  Test statistic Analysis
For simplicity, we will assume the t=258 Two parts of formula:
standard deviations and sample T « Numerator: difference in means

sizes of both groups are equal, i.e.

sy=s,andny = ny. — 2

Sample 1 mean (X;) r - ' o Which mean is greater determines sign of

0 B 10 -10 5 0 5 10 the test statistic

— o Distance between means determines size of
test statistic

+ Denominator: standard error

Sample 2 mean (<) Test statistic formula
. 0.775
0 5] 10 % — %,
— t= o Inverse relationship with test statistic
2 2 o Larger standard deviations -> larger
ST, S5
21422 standard error
ny Ny o Larger sample sizes -> smaller standard
Sample std devs (s, = s5) orror
1 10
—

Sample sizes (ny = ny)

s @ 20



https://dtkaplan.shinyapps.io/DA_ci_mean/
https://dtkaplan.shinyapps.io/DA_ci_mean/

Ezample: t-test

& dtkaplan.shinyapps.io/LA_t_test/

Data source— Sample

Data frame

NHANES

‘ ¥ New sample

Sample size n
200

Variables selected @ Stratify
Response

Inference
Explanatory

smoke

@ Show mean

@ Show cont
interval

Confidence level

BRINGING STATISTICS EDUCATION UP TO DATA

@ Two Sample Apps X ‘ @ Bringing Statistics = X ‘ @ Explaining variation X @ The t-test X @ Regression models X ‘ +
Y E % aoa = @O0
The t-test =
Two-sample t-test
80
. smoke
S T .
’ Yes
20 .
0
No Yes
smoke

@ Show tinterval

@ Equal variance

@ Shuffle groups

Explain Codebook p-value diagram Raw data Statistics

R commands +

Two Sample t-test

data: age by smoke
t = 7.497, df = 398, p-value = 4.283e-13
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
8.784062 15.028438
sample estimates:

Ezxample: FExplaining variation

@ TwoSample Apps X ‘ @ Bringing Statistics X ‘ @ Explaining variation X ‘ @ The t-test

X @ Regressionmodels X  +

Data source— Sample

Data frame

NHANES

‘ ¥ New sample ‘
Sample size n

500

Variables selected
Response

Model

fsr——— controls

Covariate values

horizontally

& dtkaplan.shinyapps.io/LA_linear_regression/ * E % aoa =z @O0
Regression models =
200
175
tv_hours
= 0_hrs
= 150 -+ 0_to_1_hr
5 —~ 1_hr
2 2 hr
- 3_hr
125 4_hr
= More_4_hr
100
[ 25 50 75 100

@ Trace vertically

Model details:

@ Use interaction
for covar.

Degree of model

age

Explain Codebook Statistics R commands +

Little App: Regression

“Regression” is a very old name for modeling when the response variable is quantitative.
This app takes care of the regression calculations and displays the results graphically. To
keep the graphics simple, the app uses a single quantitative explanatory variable and,
optionally, another explanatory variable that is categorical.

To illustrate the app at work, we'll work with one of the very first data sets used to
measure genetic heritability, Francis Galton's 1880s measurements of the height of adult
children and their parents. Specifically, we'll take the response variable to be the height
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https://dtkaplan.shinyapps.io/LA_t_test/
https://dtkaplan.shinyapps.io/LA_linear_regression/
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Summary and discussion

Data can be at the center of your statistics course.
Computing and an associated pedagogy are available.

extra stuff ...
Finding your own data ..

Capital Bikeshare

ch System Data | Capital Bikesha: x +
@ capitalbikeshare.com/system-data * Ey " A0S v O
Where do Capital Bikeshare riders go? When do they ride? How far do they go? Which stations
are most popular? What days of the week are most rides taken on? We've heard all of these

questions since we launched in 2010, and we're glad to provide the data that shows you the
answers from our first np fo today.

We invite developers, engineers, statisticians, artists, academics and other interested members
of the public to use the data we provide for analysis, development, visualization or whatever

else moves you.

This data is provided according to the Capital Bikeshare Data License Agreement.

Trip History Data

Each guarter, we publish downloadable files of Capital Bikeshare trip data. The data includes:

Duration — Duration of trip
Start Date — Includes start date and time

End Date — Includes end date and time

Start Station = Includes starting station name and number
End Station — Includes ending station name and number

Bike Mumber = Includes 1D number of bike used for the trip

Member Type — Indicates whether user was a "registered” member (Annual Member, 30-Day
Member or Day Key Member) or a "casual” rider (Single Trip, 24-Hour Pass, 3-Day Pass or
5-Day Pass)

This data has been processed to remave trips that are taken by staff as they service and




@ Index af bucket “capitalbike ® +

# s3.amazonaw:

201903
201904-capitalbikeshare-tripdata.zip
201905 a-tripdata.zip
201906-ca yre-tripdata.zip
201907-ca tripdata.zip
201908 =-tripdata.zip
201909-ca =-tripdata.zip
201910-capitalb share-tripdata.zip
index.html

October 2019
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are-data i | T a a % @ 0
Apr 15th 2019, 01:37:09 pm  5.86 MB ZIP file
May Gth 2019, 02:08:08 pm 801 MB ZIP file
Jun 11th 2019, 02:36:12 pm  7.84 MB  ZIP file
Jul 15th 2019, 12:55:20 pm B15MB ZIP file
Aug 5th 2019, 04:34:42 pm 8.20 MB ZIP file
Sep 18th 2019, 03:35:10 pm  840MB  ZIP file
Oct 11th 2019, 02:40:45 pm  B41MB  ZIP file
MNov 5th 2019, 04:04:50pm  7.B6MB  ZIP file
Dec 10th 2015, 02:07:10 pm 6 KB HTML file

Duration | Start date End date Start station number | Start station End stat
429 | 2019-10-01 00:01:59 | 2019-10-01 00:09:08 31214 | 17th & Corcoran St NW
1935 | 2019-10-01 00:03:07 | 2019-10-01 00:35:23 31269 | 3rd St & Pennsylvania Ave SE
563 | 2019-10-01 00:03:51 | 2019-10-01 00:13:14 31214 | 17th & Corcoran St NW

. and so on for 337,552 rows altogether.

CapitalBikeshare questions

e How many bikes are there? Ans: 4699
¢ How many are in use at each time? What might this depend on?

¢ What’s a long trip? Are long trips more common at some times
than others?

10000 -

count

5000 -

0 5 10

15 20

when
Why does the plot have this shape?
How would you check your hypothesis?
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M-F Sat/Sun

9000 A
client
S 60001
8 —o— Casual
o
—e— Member
3000 A

o A

(I) é 1IO 1I5 2I (I) é 1I0 1I5 2I0
_when
Early morning rides

16001 o 3 *
)
1200 A .
- ° client
c
§ 8004 °® ® ® Casual
® Member
400 -
¢ [
° ® o o
0 [

Sun Mon Tue Wed Thu Fri Sat
day_of week

Are tests what we want?

Scores on SAT Math test by sex
t-test: Emphasizes differences, not similarities

#it

## Welch Two Sample t-test

#i#

## data: score by sex

## t = -12.476, df = 19826, p-value < 2.2e-16
## alternative hypothesis: true difference in means is not equal to O
## 95 percent confidence interval:

## -22.64338 -16.49449

## sample estimates:

## mean in group female mean in group male
#i#t 498.8845 518.4535

What does the p-value tell you, really?



Boz-and-whiskers plot

8001 .

600 A
o)
S
o
o
a

400 A

female male

Sex

Show individuals!

BRINGING STATISTICS EDUCATION UP TO DATA

What’s the take-home impression here?
8001 T ‘

600 A

400 A

SAT math score

sex
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