1) The Six Art of Stat
Mobile Apps

- Explore Data - Distributions
- Inference - Regression
- Concepts - Resampling
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Art of Stat:
Distribution

Art of Stat
Distributions

-3-2-1012 3

Explore & Visualize
Discrete and
Continuous Probability
Distributions
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ART OF STAT
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Distributions

Continuous Distributions:

Normal Distribution

Normal

Ghi-Squared Distributio}
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Chi-Squared

@xponential Distribution\
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/Student t-Distribution\

t-Distribution
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Gamma Distribution

Discrete Distributions:

Gamma

Beta Distribution

Beta

b

Binomial Distribution

0 1 2 3 4 5 6
Number of Successes

4

Binomial

Geometric Distribution

1 2 3 4 5 6 7
\ Number of Trials /

Geometric
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Poisson Distribution
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Number of Events
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Poisson

Discrete Distribution
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\ Number of Stars /

Discrete




Art of Stat:
Inference

Art of Stat
Inference

Confidence Intervals &
Hypothesis Tests
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Inference

Inference About Proportions:

Single Population
Proportion

95% Confidence Interval
] L]

0 0.5 1

\ Proportion p j

e

Population Proportions

\

Difference of Two

95% Confidence Interval
(o T

&

1 0 1

Difference p1 - p2 J

Inference for a
Population Proportion
(One Sample)

Compare Two

Population Proportions
(Independent Samples)

f McNemar's Test & CI \

32101 2 3
N /

~

\

Chi-Square Test
(Goodness of Fit)

Stacked Bar Chart

0% 50% 100%

Compare Two
Population Proportions
(Dependent Samples)

( Chi-Square Test \

(Independence/Homogeneity)

=A=B=C
croup 1| I
croup 2 { I
Group 3| I

\ 0% 50% 100%

Chi-Square Test
(Independence or

Chi-Square Test
(Goodness of Fit)
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Inference About Means:

Single Population ( Difference of Two \
Mean Population Means
95% Confidence Interval 95% Confidence Interval
P () ] s () el
80 100 120 140 0 10 20 30
\ Mean p J \ Difference pl - p2 J
Inference for a Compare Two
Population Mean Population Means
(One Sample) (Independent Samples)
4 Paired t-Test & CI N \

One-Way ANOVA

Group 1 I-Dj—|
Group 2 I—D]—| ]
Group 3 I—D:I—I

K—4 -2 0 2 4 j K 0 5 10 J

Compare Two One-Way ANOVA
Population Means
(Dependent Samples)

Inference in Linear Regression:

a )

Linear Regression

— Regression Line: y = 2.6 + 0.5(x)

Inference in
Linear Regression
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ART OF STAT @ Machine Learning (Classification)
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Art of Stat:
Regression
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Art of Stat:
Resampling

Art of Stat
Resampling

Bootstrap Confidence
Intervals & Permutation
Tests
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Resampling

Bootstrap Confidence Intervals:

a Population Mean, N [ Population I
Median, Std. Dev. Proportion, Odds

— ) - 90.0%
- 10.0%

K 25 30 35 J Ko 0.2 0.4 0.6 j
Proportion & Odds

Mean, Median,
Std. Deviation

f

\ f Difference Between \
Two Means or Medians
= Original: r =0.79

[r=0381] e
—Bootstrap r=0.81

>
Group 2=

Co
0P %

Correlation & Slope

K > 4 6 8 foj
Differences in Means
or Medians

Correlation & Slope

Permutation Tests:

Permutation Test Permutation Test
Mean & Median Two Means or Medians

I P ¥1 -%¥2=1A4

Permutation Tests:

all 56¢ ER

f Permutation Test \
Mean & Median

Km 20 30 40 50)

Permutation Test
for the Mean or Median

/Permutation Chi-Square\
Test of Independence

= 81.8%

I = 18.2%

( Permutation Test \
Two Means or Medians

K 0 2 4 j
Permutation Chi-Square
Test of Independence

Group 1= ..4.!‘ ~
Group 2-"'”..

\. 1 2 3 4 5 6 )
Permutation Test
Comparing Two Groups

Create Or Edit Your Own Datasets

4 Data Editor A
Obs. Animal Longevity
1 Wolf 17
2 Fox 13
3 Coyote 22
4 Cougar




2) Technology

- Connect Cell Phone to Screen
- Share: Screen Shots
- Record: Short Videos

- Connect: Join Zoom Call
- Upload Your Data (.CSV)

- Cost: $2.99 per app (one-time)

-
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<

Me in a Zoom call
sharing my screen
with the class
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Select Binwidth: 50

e —————————

Change Starting Bin .

Include Boxplot . Overlay Normal .

Overlay Smooth Density .

X-Axis Label: y-Axis Label:

Price Frequency

Color Palette:

Palette 1

Plot Title:

Hictoaram & Rovblot



Technology: - Connect to a Projector or Screen via HDMI

Connectto
Screen

For older iPhone models For Android Phones,
most tablets, iIPads, etc.

Connect Device to a P -
Screen/Projector via an > 4
HDMI Adapter

* Another Option: Screen Casting
or Mirroring to another screen S\




Technology:
Screen Shots &
Sharing

Connect Device to a

Screen/Projector via an
HDMI Adapter

=R Screenshot 2024-03-01at 4....

Image

Options >

For both iI0OS and
Android, easy to
take screen shot

Annotate
screenshots

Share via text
message, emaill,

Social Media, etc.
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Technology:

Screen Shots &
Sharing

Upload screenshots
and annotate

Annotated screenshots from my Stat 101 class

Stat 101: CLT and Confidence Intervals - e : I
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ART OF STAT @) < Inference for a Proportion ® < Inference for a Proportion ®@
Inference Enter Dat
Summary Statistics - Confidence Interval for the Population
, — = e Proportion p:
Inference About Proportions: N\
%) f Statistic Value
: = Fi
Single P | D of Two P Sample Size (n} 16
Proportion | Population Proportions
ion: Number of Successes L ,: rcad
95% Confidence Interval 95% Confidence Interval Sample Proportion: [
[ — —— Number of Successes (x) 5 Sample Proportion (p) 0.313 It ()//,
05 -1 0 1
Proportian p \ Difference p1 - p2 Sample Size (n) 16 Standard Error (se) of the 0.116 | [
Sample Proportion J'I
Inference for a Compare Two Sarmple Propartion (p = x/n) 5/16 = 0.3125 : \ ?
Population Proportion Population Proportions Confidence Level 95% (/’U‘
One S, | Ind dent S | 7~
(e Samile) incepericenksanpies) Bar Chart z-score (a = 5%) 1.960
Margin of Error (me) +0.227 ?[4

3 At
( Chi-Square Test Chi-Square Test A
(Goodness of Fit) (Independence/Homogeneity) /I B e f
“AsBeC C4 ' Lower Bound for p 0.0854
Stacked Bar Chart
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cbs. e ———— 8, | e Unper Bound for p 0540 e 7
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b —————— 7L I\ e
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& e
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Technok)gy; Settings > Control Center > Customize Controls

INCLUDED CONTROLS

() ﬂ Flashlight
Q Timer

(] Calculator

Q Camera

24 Display & Brightness e @ Screen Recording

n Home Screen & App Library

Screen Casting

MORE CONTROLS

Accessibility [+ Accessibility Shortcuts

Record your Screen to © ) Harm

Produce a Short Video Swipe
of a Concept or Analysis down, start

recording

On Android,
swipe down from
the top once or
twice, to reveal
Screen Recorder s




Technology:
Zoom Calls

Start (or Join) a Zoom
Call and Share your
Screen to Teach
Statistics

') © Zoom v

5:43 - 5:45 all 56¢ €

ART OF STAT -
Explore Data \é’
g ',ﬁ\ »

Everything on your screen, including Categorical Variables:

notifications, will be recorded. Enable Do
Not Disturb to prevent unexpected
notifications. Barchart Side-by-Side Barchart
6 SAEBEC

60
< %
£
§
S 20
&
0

Group 1 Group 2

@ One Categorical Variable Compare Groups on
Categorical Variable

Screen Broadcast
Stacked Barchart

®Col 1mCol 2mCol 3

Row 1
Row 2 [N
Row 3

2om  7o0m

Screen Start Broadcast

Photos Relationship Between
Two Categorical
Variables

iCloud Drive

Quantitative Variables:

Website URL

Histogram & Boxplot Side-by-Side Boxplots

Bookmark 24 s
H
[
8% 510
0 3
100 5 é
Group1 Group2 Group3
———

20 40 60 80
Cancel MEU
- —

Enable Do Not

Disturb on your

phone and start
broadcasting

In the Zoom Select

call, select “Screen”

“Share”



Technology: 1) Create a dataset 2a) Email it to
yourself and then

U pload Data 1 Frns: PrefeBrenceCnstc :> Iong_press tO Save It
2 No milk 0 -
3 No dark 200 On your deVICe
4 No milk 0
5 Yes white 500 ‘ Email Client on phone ]
6 No dark 400 .
7 Yes dark 80 4:45\/ ol 56 @
a M~ mille 132N < G v
me/.;mlﬂu rvey.csv ] F1ﬁer:hﬂrdll;mgenberg
In every app, you can @ s
NOT Oﬂ|y type N your Stat 101 Survey
O\/\/n data, but a|SO File with survey data attached.
upload a CSV file and 2b) Alternatively, put it on g s——
select columns from it . . T ——
ICloud or Google Drive so >
you can access it from your r/\

Save on your phone ]

phone/tablet

14




Technology:
Upload Data

In every app, you can
upload a CSV file and
select columns from it.

Alternatively, you can
create or edit datasets
with the Data Editor.

al 5G¢ (20

One Categorical Variable @) £

| Counts

Variable

Provide Labels for Categories:

al 5G¢ (20

One Categorical Variable ®

Enter Data

Open CSV File v

Press the button below to upload a .csv file. Then, select
one column from your file that holds the data.

Upload File

Frequency Table:

Variable

Frequency Table:

Enter Data

Counts
Individual Observations
- ]
Open Example Datasets

Open Data from Data Editor

Total

Cancel
L ]

In any app, under
Enter Data, select
Upload CSV File

BAR & PIE
CHARTS

FREQUENCY
TABLE

Press
Upload File
button

< iCloud Drive Downloads v () Cancel

Q. Search U

Stop the Clock...riment - Sheet1

10/23/23 - 451 bytes

Navigate to
folder and
select file.
File loads and
Is displayed

<

al 5G¢ (20

One Categorical Variable ®

Enter Data

Open CSV File

v

Press the button below to upload a .csv file. Then, select
one column from your file that holds the data.

Upload File

Preference
milk
dark
milk

white
dark

dark

Showing all 19 rows, and all 3 columns.

Select Variable:

Preference

Frequency Table:

Preference

milk
dark

white

ENTER
DATA

BAR & PIE
CHARTS

FREQUENCY
TABLE

Select
variable
from file
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ART OF STAT &) ART OF STAT ) ART OF STAT < CLT for Means
Concepts Concepts Concepts

Select Population Distribution:

. US Colleges: Attendance Cost
e C I I O O gy Central Limit Theorem Central Limit Theorem Central Limit Theorem
[}

Population Distribution

Distribution of the Distribution of the ( Distribution of the Distribution of the Distribution of the Distribution of the
Sample Mean x Sample Proportion p Sample Mean x Sample Proportion p Sample Mean x Sample Proportion p
° == Population g = Simulated == Population b * Simulated == Population * Simulated
Sampling Normal (CLT) a L Normal (CLT) == Sampling ==Normal (CLT)

/\ o H

A e This app is fully functional in offline (= . r - . T
20k 40k 60k 80k 0 02 04 06 08 1 \ airplane) mode, i.e. without any 20k 40k 60k 80k 0 02 04 06 08 1 20k 40k 60k 80k

internet/data connection. ”

CLT for Means CLT for Proportions CLT for Means SO O EEIGETER ()

Please go to your phone's settings to
activate airplane mode. Population Description

Correlation and Regression Correlation and Regression
If you want the app to show a green

banner on top to indicate that the

CLT for Proportions

The population consists of 1,829 public & private
U.S. colleges offering a bachelor's degree. The
Explore Regression variable measured for each college is the average

~—Regression Line cost of attendance (in USD) for academic year
o

r X3 Show green banner when : 2019/20, ranging from $5,663 to $81,531.
phone is in offline mode

Guess Correlation Explore Regression [ 5 i Guess Correlation

Regression Line

Population Parameters

Cancel Go to Settings
ExpMs: . Explore Correlation Explore Regression

Population Size 1,829
Population Mean (p) 36,844

. Coverage, Errors and Power Coverage, Errors and Power FepulEion SRleRe DRviEten (o) | %I
Tell a Friend

Population First Quartile (Q1) 22,827

Explore Coverage [ Errors and Power Explore Coverage Errors and Power
Restore Purchases ; —P(Type 1) = 5% —

Population Median 32,776
—P(Type I)=5% —P(Type Il) = 21%

Population Third Quartile (Q3)
| |/ \/\ |

Cancel POPULATION

DISTRIBUTION

00 02 04 06 08 10

All apps work in D [
Airplane Mode.

In any app, tab Toggle switch for Every screen now
No wifi or cellular on the three dots showing green shows green banner

- in the upper right banner, then go to on top to indicate no
connection necessary. corner and select | = Settings and enable internet/data

Offline Mode airplane mode. connection




ART OF STAT Multiple Linear Regression

Regression
Te C h n O | Ogy: Simple Regression (One Predictor)
Price
Unlock an
_ individual
- Some limited free o module for
content to try out things B $0.99

- In each app, you can
unlock all features for a e eeson v o)
one-time fee of $2.99.

- Individual modules are /
$0.99

FITTED MODEL
AND PLOTS

- No subscriptions

Unlock all features for a
one time fee of $2.99
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£ One Quantitative Variable ©)

3) Case Studies

- Art of Stat:; Exp/.ore.Data app @L _
- One Quantitative Variable : etk Costs (§)
- Two Categorical Variables ] -

Select Binwidth: 100

e —

Change Starting Bin .

- Art of Stat: Distributions app
- Normal Distribution
- Binomial Distribution nciuce sorpior (@) overtay Normal @)

Overlay Smooth Density .

y-Axis Label:

- Art Of Stat: Concepts app i(I'_(;-L\;i:bjZlilzCosts (%) Frequency
- Central Limit Theorem

Plot Title: Color Palette:

Histogram & Boxplot Palette 1 v
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ART OF STAT Quantitative Variables:
Art of Stat: ©

Explore Data

M1 | 5G E

8 Histogram & Boxplot\ /Side-by-Side Boxplots\
Expl Dat 41 T
Xp O re a a Categorical Variables: 3 20 v
i " | _m II__ §1o
Ve afa Y 20 40 60 80 100 54 _L 1 é
Barchart Side-by-Side Barchart - E‘E" _ . . .
60 EABEEC \ L 1 / \ Group1 Group 2 Group3/
~ 60
T4 § 40 One Quantitative Compare Groups on
Art Of Stat P g Variable Quantitative Variable
g
Explore Data

=

\_ A 8 - AR e el Scatterplot & Regression
° One Categorical Variable Compare Groups on 8 T Lme:v:z'syo:mn
% % = Categorical Variable 6 N i
4 [ ] o ©
[ ]
A B C . 8 Stacked Barchart b D
mCol 1mCol 2mCol 3 N\ X J
Row 1 [N Relationship Between
Row 2 [ Two Quantitative
row 3 [ Variables
: : : : 0 20 40 60 80 100
P %
Descriptive Statistics & \ et
. Relationship Between Create Your Own Datasets
Plots for Categorical and Two Categorical
. : . Variables i
Quantitative Variables Data Editor
Obs. Animal Longevity
Quantitative Variables: o .
3 Coyote 22
4 Cougar
( Histogram & Boxplotw (Side-by-Side Boxplotsw




Art of Stat:

Explore Data

One Quantitative

Variable

Histogram & Boxplot

Screens:
- Enter Data

- Descriptive Statistics
- Histogram, Boxplot

ull 5GY

£ One Quantitative Variable ©)

Enter Data:

Open Example Datasets v

Choose from several example datasets. Press the help
icon ? in the upper right corner to find descriptions and
use cases for each dataset:

Select Dataset:

Animals v

Common Gestation

Animal Family Name (days)

Canidae Maned wolf

Canidae Gray fox

Black-backed

Canidae iackal

Crab-eating

Canidae
fox

Canidae Red fox

Showing all 24 rows, and all 8 columns (swipe left).

Select Variable:

Longevity (yrs)

Sample Size: 24

DESCRIPTIVE HISTOGRAM
STATISTICS BOXPLOT

[\

Enter data manually
or copy and paste
from somewhere
else. You can also

upload a CSV file, or
use one of several
example datasets.

«ll 56¢ €l

< One Quantitative Variable ©)

Descriptive Statistics for Longevity (yrs):
Statistic Value

Sample Size (n) 24

Mean (X)

Standard Deviation (s)

Minimum

First Quartile (Q1)

Median

Third Quartile (Q3)

Maximum

Interquartile Range (IQR)

Range (Max — Min)

Find Percentile ‘
Find z-Score .

Value of Observation:

10

Adjust Number of Digits ‘

ol 5G¢ ‘
< One Quantitative Variable @)

Histogram & Boxplot

Frequency

Longevity (yrs)

Select Binwidth: 2

Change Starting Bin .

Include Boxplot . Overlay Normal .

Overlay Smooth Density .

x-Axis Label: y-Axis Label:

Longevity (yrs) Frequency

Plot Title: Color Palette:

Histogram & Boxplot Palette 1

Boxplot

DESCRIPTIVE HISTOGRAM
STATISTICS BOXPLOT

Study descriptive
statistics, and
find percentiles.

ENTER DESCRIPTIVE HISTOGRAM
DATA STATISTICS BOXPLOT

A

Obtain histogram,
vary the bin-size or
starting bin, include

boxplot, overlay
normal or smooth
density.

ul 56¢ Ed

One Quantitative Variable @)

Boxplot

T
15 20 25
Longevity (yrs)

Show Observations . Show Mean .

x-Axis Label:

Longevity (yrs)

Plot Title: Color Palette:

Boxplot Palette 1

Dot Plot

e 3esatfssss o .o

10 15 20 25 30
Longevity (yrs)

Change Number of Bins ‘

DESCRIPTIVE HISTOGRAM
STATISTICS BOXPLOT

Interact with
boxplot, obtain
dotplot.
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( Compare Groups: Categorical Response@ < Compare Groups: Categorical Response@
Joint Distribution
Enter Data:

Bar Chart of Conditional Distribution: Grade, Bar Chart of Conditional Distribution: Grade,
f iven Duration iven Duration
A rt Of ta t e Open Example Datasets M Contingency Table (Counts): < &
[ ]

< Compare Groups: Categorical Response (9 < Compare Groups: Categorical Response (?)

Grade Grade
. Grade
'Choos'e from severa! example datas'ets Press the help EA BE BC D mE e @2 E: BC b ME E
icon ? in the upper right corner to find descriptions and . .
Duration A B C D Duration
use cases for each dataset: 40 - —
36 55 31 36 13
Select Dataset: @
g . - 36
Online Lending v & ’ & 14 i 5
Total 62 50 ) 24 =
8 20 -
3 Grade Home Income FICO Score __ o
Display: Digits: a
. c rent 160000 710 Counts < 0 E] 10 - 60
['wo Categorical C  mongage 8000 &7
B rent 34000 690 Conditional Distribution - - 0 20 40 60 80 100

Variables

. Percent (%,
mortgage 150000 740 - R Duration (%)
Conditional Distribution of Grade,

C
© own 70000 705 given Duration: Stacked . Horizontal ‘ Labels . Stacked . Horizontal . Labels .
A

mortgage 100000 7 Grade x-Axis Label: y-Axis Label: x-Axis Label: y-Axis Label:
Slde'bY'Slde BarChart Showing first 100 rows of the 200 rows, and all 8 Duration A B c D Duration Percent (%) Percent (%) Duration
columns (swipe left).
SBABBEC
36 0.393 oot e 0.093 Legend Title: Color Palette: Legend Title: Color Palette:
—_ 60 Group Variable: Response Variable:
x . 60 0.117 0.317 0.233 0.183 Crade Palette 1 v Grade Palette 1 v
= 40 Duration v Grade v
‘E - Total 0.310 0.250 0.250 0.120
8 20 Select one variable that indicates group membership, Plot Title: Plot Title:
o : and select a response variable that holds the Type of Conditional Distribution: Bar Chart of Conditional Distribution: Grade, Bar Chart of Conditional Distribution: Grade,
o 0. observations. Grade, given Duration v
Group 1 Group 2
ENTER COMPUTE BAR ENTER COMPUTE BAR ENTER COMPUTE BAR ENTER COMPUTE BAR
DATA PROPORTIONS CHART DATA PROPORTIONS CHART DATA PROPORTIONS CHART DATA PROPORTIONS CHART

Screens:
- Enter Data Jatasets about online Obtain continge de-by-Side
- Descriptive Statistics bl able, joint, conditione bar che bar che

- Histogram, Boxplot otie THargiie




1:22 ol 56 B 1:37 il 5G¢ @3

. ART OF STAT D) (" Gamma Distribution | ( Beta Distribution
Art Of Stat. Distributions
D I St rl b Utl O n Continuous Distributions:

Normal Distribution b /Student t-Distribution\ Gamma Beta

Art of Stat

Discrete Distributions:

Distributions | o e o N o
AN o Binomial Distribution Geometric Distribution
Normal t-Distribution
-3-2-101 2 3 Ghi-Squared Distributio} C F-Distribution
g 0 1 2 3 4 5 6 1 2 3 4 5 6 7
\ Number of Successes / \ Number of Trials /
Binomial Geometric
0 5 10 15 0 1 2 3 4
E | & \/ | (& AN s /Poisson Distribution\ /Discrete Distribution\
Xp ore ISUallze Chi-Squared F-Distribution
Discrete and - . o
. i Exponential Distribution Uniform Distribution
Continuous Probability eyl RS
D. b . \_ Number of Events J Number of Stars Y
IStrl UthnS Poisson Discrete
\o 2 4 6 ) \-5 0 5 10 15 )

Evinnanantial 1 IlnifFAarm
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¢ The Normal Distribution ® x B< The Normal Distribution O K4 The Normal Distribution ®
Graph of Distribution: p =100, o = 10 Graph of Normal Distribution Mean u: Standard Dev. o: Mean p: Standard Dev. o:
Art Of S tatO H=1150=8 100 10 100 10
° b imulate: !
Normal Distribution with u = 100, ¢ = 10 Muloer (® S i Simulate

Distributions - | —

Histogram and Boxplot

8
I T T T T T 1 > 6
70 80 90 100 110 120 130 e
r T T T T T T T T T 1 [0}
O 0 0 68% in [90.0, 110.0], 95% in [80.0, 120.0] 50 60 70 80 90 100 110 120 130 140 150 % 4
Normal Distribution
Mean u: Standard Dev. o: Mean [ 15 0
I T T T T T 1 T T T T T T T
100 10 —_— 70 80 £l ) 110 120 130 70 80 90 100 110 120 130
. Standard Deviati -8 Percentage: Type of Percentile:
Explore Meaning of u and ¢ andarad Deviation o: )
10 % Two-Tailed: P(IX| = x) S Pt Nl Simulated f
= . = andom Numbers Simulated from a
Normal Distribution Selected Percentiles (1 =100, o = 10) Normal Distribution with u = 100 and ¢ = 10:
Percentile:
Percentile  Value Percentile  Value 1= topz ey 2o sar
Lower Quantile = 83.55 97.25 89.02 105.68 108.08 90.39
0.5% 74.2417 75.0% 106.7449 .
° ° Upper Quantile = 116.4 11101 10099 9790 10296  94.13
1.0% 76.7365 90.0%  112.8155 10365 11431 106.02 79.89  103.13
2.5% 80.4004 95.0%  116.4485 Selected Percentiles (1 =100, o =10) 97.89 96.12 90.40 106.17 81.95
r T ” T i T 1 AU Ba9le R Percentile  Value Percentile  Value Copy Numbers
3 2 A 0 1 p 3 100%  87.1845 99.0%  123.2635 ~ra n anm crmion  cnocnos
EXPLORE FIND FIND SIMULATE EXPLORE FIND FIND SIMULATE EXPLORE FIND FIND SIMULATE
DISTRIBUTION PROBABILITY  PERCENTILE NUMBERS DISTRIBUTION PROBABILITY  PERCENTILE NUMBERS DISTRIBUTION PROBABILITY  PERCENTILE NUMBERS

Screens:
Explore Distribution er values for the o understand the ou can find ate
Find Probability ean and standard eaning o anc probabilitie om 2

Find Percentiles deviation, and get gma’, use sliders to AN PE orma
Histogram, Boxplot )
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The Binomial Distribution

<

Graph of Distribution: n =10, p = 0.3

IIIIII_
o 1 2 3 4 5 6 7 8 9

0.27 -

Art of Stat:
Distributions

0.13 -

Probability

0.00 — _!_I_I_I_Iﬁ_I_I_T_I_I_
10
Number of Successes

Mean: 3, Standard Deviation: 1.449

Binomial Distribution

Number of Bernoulli Trials (n): 10

Probability of Success (p): 0.3

Enter Value for n . Enter Value for p ‘

Table of Binomial Probabilities
(n=10, p=0.3)

Binomial Distribution

X P(X =x) P(X =x) P(X = x)

0O 1 2 3 4 5 6

> @

©)

» = €
®

The Binomial Distribution

<

The Binomial Distribution

Probability p:
0.3

Number of Trials (n):

10

Probability p:
0.3

Number of Trials (n):
10

Binomial Distribution with n =10, p = 0.3
P(2<X<4)=0.7004

Binomial Distribution with n =10, p = 0.3
P(X =5) =0.1029

0.27 - 0.27 -

Probability
Probability

Number of Successes Number of Successes

Mean: 3, Standard Deviation: 1.449 Mean: 3, Standard Deviation: 1.449

Type of Probability:
Interval: P(x1 < X <x2) v

Lower Bound x1:

v 2

Value of x: Type of Probability:

5 Probability: P(X = x)

Upper Bound x2:

Probability:
4

P(X = 5) = 0.1029
Probability:

Find the number of possible ways of
obtaining 5 successes in 10 trials

P(2 < X < 4) = 0.7004

<

Number of Trials (n):
10

N

» = €
®

The Binomial Distribution

Probability p:
0.3

Simulate

o L)

umber to Simulate:

Histogram

Frequency

o]

T T

T
2 3 4 5 6 7 8 9
Number of Successes

30 Random Numbers Simulated from a
Binomial Distribution with n =10 and p =
0.3:

1

2
5
4

Copy Numbers

lat~l NI |

SIMULATE

r Talal £ O35

Number of Successes
SIMULATE

NUMBERS

FIND
PROBABILITY

EXPLORE
DISTRIBUTION

Screens:

- Explore Distribution
- Find Probability

- Simulate Numbers

distribution, see how |

probability table for
any value of n and p.

Visualize the binomial

changes with p, get the

SIMULATE
NUMBERS

FIND
PROBABILITY

EXPLORE
DISTRIBUTION

SIMULATE
NUMBERS

FIND
PROBABILITY

EXPLORE
DISTRIBUTION

Easily find and
visualize binomial

t probabilities...

interval.

... of any type,
individual, lower
tail, upper tail or

FIND
PROBABILITY

EXPLORE

DISTRIBUTION NUMBERS

Simulate
from a
binomial
distribution
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A t f St t. ART OF STAT @ Correlation and Regression
r O a . Concepts
Guess Correlation Explore Regression
CO n Ce ptS Central Limit Theorem - f= s
X
‘ I~
v “e® @ o | Qe
(" Distribution ofthe )| ( Distribution of the ) v o9)ed, - (Y of )
Sample Mean x Sample Proportion p o ®
(& 5 VAN X J

= Simulated .
Explore Regression

—Normal (CLT) Explore Correlation

== Population
== Sampling

Art of Stat
Concepts
\ 20k 40k 60k 80k / \0 02 04 06 038 1/

CLT for Proportions

Coverage, Errors and Power
4 B

Errors and Power

CLT for Means
/
Explore Coverage

‘ " S| S =E0/ el =219
. Correlation and Regression = TPl = i TERe ) S
Guess Correlation Explore Regression —f
.‘ . f=2 —Regression Line \_o 02 04 06 08 1/ \00 02 P04 P06 08 10)
y ‘.g °e y ) ® Explgre Coverage of Explore Type | &I
. . v ..‘)‘0.. e e Confidence Intervals Errors and Power
Central Limit Theorem, o* .
C | : R : o X N X J
O rre atl O nr egreSS | O r]/ Explore Correlation Explore Regression
Cove ra ge & Powe r Check Out Other Apps:
Coverage, Errors and Power
Art of Stat Art of Stat| |Art of Stat
Explore Data Inference

Distributions

BBl o

|

-P{Tune | = B9/,

( Explore Coverage ) ( Errors and Power W
-=P{Tunea I} = 219,




Art of Stat:
Concepts

Central Limit Theorem
for Means

Distribution of the
Sample Mean x

== Population
== Sampling

20k 40k 60k 80k

Screens:
- Population Distribution

¢ CLT for Means

Select Population Distribution:

US Colleges: Attendance Cost

Population Distribution

y
o

T T T
20k 40k 60k
Cost of Attendance ($)

Population Description

The population consists of 1,829 public & private
U.S. colleges offering a bachelor's degree. The
variable measured for each college is the average
cost of attendance (in USD) for academic year
2019/20, ranging from $5,663 to $81,531.

Population Parameters

Population Size 1,829
Population Mean (u) 36,844
Population Standard Deviation (o) 17139
Population First Quartile (Q1) 22,827
Population Median 32,776

Population Third Quartile (Q3) 48,844

CLT for Means

Population Distribution: p = 36,844, o = 17,139

L

T T T T
20k 40k 60k 80k
Cost of Attendance ($)

Distribution of Sample: n = 25, x = 34,304, s = 13,408

6
I--.-

2
ol |
20k 40k 60k

Cost of Attendance ($)

Sampling Distribution of X (5633 Simulations)
Mean = 36,801, Std. Dev. = 3,409

T T
40k 60k 80k
Sample Mean (x)

Sample Size n: Draw 1 Sample

25 = ar

Draw 100 Samples

Normal Distribution ‘ Zoom In .

CLT for Means

Population Distribution: y = 36,844, o = 17,139

A

T T T T
20k 40k 60k 80k
Cost of Attendance ($)

Distribution of Sample: n = 100, x = 34,135, s = 15,933

Cost of Attendance ($)

Sampling Distribution of x (5633 Simulations)
Mean = 36,843, Std. Dev. = 1,721

T T
40k 60k
Sample Mean (x)

Sample Size n: Draw 1 Sample

100 = F

Draw 100 Samples

Normal Distribution . Zoom In .

CLT for Means

Sampling Distribution of X (n = 80)

Population X (normal)

R

T T T
20k 40k 60k
Cost of Attendance ($)

Histogram of Simulated Sample Means .

Simulated Sampling Distribution of X (smooth) ‘

Sampling Distribution of X (if CLT applies) .
Population Distribution .

Distribution of the Sample Mean X
(n =80)

Simulated
Distribution**

Theoretical
Distribution*

Population

Statistic .
Distribution

Mean 36,844 36,844 36,845

Std. Dev. 17,139 1,916 1,910

Q1 22,827 35,652 35,537

Median 32,776 36,844 36,817

Q3 48,844 38,136 38,150

POPULATION DRAW
DISTRIBUZION SAMPLES

[\

SAMPLING
DISTRIBUTION

Look at a real population

POPULATION DRAW
DISTRIBUTION SAMPLES

SAMPLING
DISTRIBUTION

Draw samples of
a given size from

POPULATION
DISTRIBUTION

SAMPLING
DISTRIBUTION

See what

POPULATION DRAW
DISTRIBUTION SAMPLES

SAMPLING
DISTRIBUTION

Show (simulated)

happens as
the sample
size
increases

distribution, and its
parameters (population
mean, standard
deviation). Several
examples available.

sampling distribution,
compare to population
distribution

- Draw Samples

' ictri i thi |ati
- Sampling Distribution IS population

distribution, and
keep track of the
sample means




3) Case Studies (cont.)

- Art of Stat: Inference app
- Inference for a Population Mean
- Inference Comparing Two Population

Proportions

- Art of Stat: Regression app
- Linear Regression

10:20 ol T @

£ Linear Regression @)

Scatterplot

Regression Line: y = 5.11 + 0.2286%*x

Longevity (yrs)

40 60 t]0] 100
Gestation (days)

Show Linear Regression Line .
Show Residuals .

Confidence Band for Mean .

Prediction Band for New Response .

Confidence Level: Confidence & prediction

intervals available on 3rd
%% (-] o



Art of Stat:
Inference

Art of Stat
Inference

Confidence Intervals &
Hypothesis Tests

1:47 al 56¢ @

ART OF STAT @
Inference

Inference About Proportions:

Difference of Two

Single Population
Population Proportions

Proportion

95% Confidence Interval
ol

95% Confidence Interval
e () d

0] 0.5 1 -1 0] 1
\ Proportion p / \ Difference p1 - p2 /
Inference for a

Population Proportion
(One Sample)

Compare Two
Population Proportions
(Independent Samples)

4 Chi-Square Test R
(Independence/Homogeneity)

Chi-Square Test
(Goodness of Fit)
sA=B=C

croup 1 I
croup 2 I
croup 3 I

0% 50% 100°/y \ 0% 50% 100"/y

Chi-Square Test
(Independence or
Homogeneity)

Stacked Bar Chart

Chi-Square Test
(Goodness of Fit)

Inference About Means:

( Qinnla Pannllatinn \ ( MNiffarancra nf Twn \

1:48 al 56¢ @8

Inference About Means:

Difference of Two

Single Population
Population Means

959% Confidence Interval 95% Confidence Interval

80 100 120 140 0 10 20 30

\ Mean / \ Difference p1l - p2 /

Inference for a
Population Mean
(One Sample)

Compare Two
Population Means
(Independent Samples)

One-Way ANOVA

Group 2

Group 3

Group 1 FED—I
I+
&k

\ 0] ) 1I0 /
One-Way ANOVA

Inference in Linear Regression:

Linear Regression

= Regression Line: ¥ = 2.6 + 0.5(x)




Art of Stat:
Inference

Inference for a
Population Mean

Single Population
Mean

959% Confidence Interval
_.—

80 100 120 140
Mean p

Screens:

- Enter Data

- Confidence Interval
- Hypothesis Testing

10:35 ol ¥ 83

14 Inference for a Mean ®
Enter Data:
Open Sample Datasets v
Select Dataset:
Online Lending v
Loan Loan Amount Duration Interest Rate
1 35000 36 13.6
2 12000 60 16.1
3 15000 36 11.8
4 3025 36 151
5 [0]0]0) 36 14.5
6 20000 36 6.5
7 12500 60 7.8

Showing all 200 rows, and all 8 columns (swipe
left).

Select Variable:

<

8:09 » = &

Inference for a Mean ®

Descriptive Statistics for Loan Amount:

Statistic Value
Sample Size (n) 200
Sample Mean (X) 16604
Sample Standard Deviation (s) 9802
Minimum 1000
First Quartile (Q1) 10000
Median 15000
Third Quartile (Q3) 21437.5
Maximum 40000
Interquartile Range (IQR) 11437.5
Range (Max — Min) 39000

Adjust Number of Digits ‘

Histogram

8:10 »-

14 Inference for a Mean

Confidence Interval for the Population Mean

M

Statistic Value
Sample Size (n) 200
Sample Mean (X) 16604
Sample Standard Deviation (s) 9802
Standard Error (se) of the
Sample Mean (s//n) 693
Confidence Level 95%
t-score (df =199, a = 5%) 1.972
Margin of Error (me) + 1367
Lower Bound for p 15237
Upper Bound for p 17971

W is the population mean of Loan Amount.

95% Confidence Interval
(15237, 17971)

8:11 »- = &
74 Inference for a Mean @)
Null Value: Alternative Hypothesis:

15000 Two-Sided v

Hypothesis Test for the Population Mean u:

Null Hypothesis HO: u =15000
Alternative Hypothesis Ha: u # 15000
Sample Mean (X) 16604
Sample Standard Deviation 9802

(s)

Standard Error (se) of the 693

Sample Mean (s//n)

Test Statistic (t, df = 199) 2.31

P-value 0.0217

W is the population mean of Loan Amount.

t-Distribution with df =199
Test Statistic: t = 2.31, P-value = 0.0217

Loan Amount v
> 40 . ° .
) . = 1.08% 1.08%
Enter Population Standard Deviation . =] ! ! !
g 20 14k 16k 18k
fra . .. Population Mean p
0 [ 1
] N —
L. .. 0 10k 20k 30k 40k
Descriptive Statistics for Loan Amount: i - 959 T J T ! T j o r
p P — Confidence Level: 95% 4 3 - P 0 . 5 5 .
ENTER CONFIDENCE HYPOTHESIS ENTER CONFIDENCE HYPOTHESIS ENTER CONFIDENCE HYPOTHESIS ENTER CONFIDENCE HYPOTHESIS
DATA INTERVAL TEST DATA INTERVAL TEST DATA INTERVAL TEST DATA INTERVAL TEST
)
adiatelv ae Obts onfidence C U
DE or copy & -
) - C . . . C) C)
. - . E CA . )
. CA - . C CA . C . - ) . - ) .
U J c -
~ ~ C C .
0 A D A
~ - - . - - ' CA . . . CA
Uirdp O C
- - ()
C . . C O a » )
) ) CA A
- NTIO al 1l U @
~ @ U U 9
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74 Inference for Two Proportions ON K¢ Inference for Two Proportions ON K¢ Inference for Two Proportions ON K¢ Inference for Two Proportions @)

0] Two-Sided v

Enter Data: Group 1: Group 2: Confidence Interval for the Difference p1 -

A Open Sample Datasets v 36 o 60 o p2 Between Two Population Proportions:
r O a . Hypothesis Test for the Difference p1 - p2
(] Select Dataset: Statistic value Between Two Population Proportions:

Compute Proportion For:
Online Lending v Difference Between the Two

A U 0.2762 f enl-p2 =
e Sample Proportions (p1 - p2) Null Hypothesis HO: p1-p2=0

| n e r e e Loan Amount Duration Interest Rate Grade Duration S| v (o) @i e 0.0585 Alternaive Fypothests Hepl P
| I l < Difference Difference Between the Two

35000 36 13.6 C Statistic 36 (5]0) . PN 0.2762
Confidence Level 95% Sample Proportions (p1 - p2)
12000 60 16.1 C Number of Successes b5 7
z-score (a = 5%) 1.9600 N'uII Standard Error (se0Q) of the 0.0714
15000 36 11.8 B Sample Size (n) 140 60 Difference
Margin of Error (me) + 0.1146 s
n e re n C e O r a 3025 36 15.1 C Sample Proportion (p) 0.393 0.117 Test Statistic (z) 3.87
Lower Bound for p1 - p2 0.1615
, 9000 36 14.5 © Standard Error (se) 0.041 0.041 P-value 0.0001
Upper Bound for p1 - p2 0.3908 ) )
O p U a | O n e a n 20000 36 6.5 A Difference in Sample Proportions: p1 - p2 = 0.28 p1and p2 are population proportions for Group 1
p1 and p2 are population proportions for Group 1 and Group 2, respectively.
12500 60 7.8 A and Group 2, respectively.
Bar Chart R
Showing all 200 rows, and all 8 columns (swipe ' Standard Normal Distribution
left). - 95% Confidence Interval Test Statistic: z = 3.87, P-value = 0.0001
Difference of Two 3 (0.1615, 0.3908)
- - Group Variable: Response Variable: - -
Population Proportions St N . o —e—t
| I | | | I T T T T T
0 10 20 30 40 50 — =
. Select a grouping variable that indicates group . s i . g Y . U2 . i
950/0 Conﬁdence Interval membership, and select a response variable that holds ercent (%) Difference p1 - p2 of Population Proportions
. the observations. Then, select which category of the
e ) m]] response variable you want to compute the proportions Modify Plot Title .
P ven youw pu proport! Y Confidence Level: 95%
u U u for. r T T T 1
—1 0 1 Modify x-Axis Label . . 6 4 2 0 5 4 6
. Groiin 1+ Grotin 2+
Difference pl - p2 ENTER CONFIDENCE HYPOTHESIS ENTER CONFIDENCE HYPOTHESIS ENTER CONFIDENCE HYPOTHESIS ENTER CONFIDENCE HYPOTHESIS
DATA INTERVAL TEST DATA INTERVAL TEST DATA INTERVAL TEST DATA INTERVAL TEST
c 9
- Enter Data DE ofc ediately ge Obtain confidence
. . - -
- Confidence Interval C eSSE amplé proportio erval Tor ditterence
) - )
C C
H th < Testi and tria 0 Y- group anda OT proportio
- Hypothesis Testing on norma
U U Od( JC Ulrap U () ()
U 0 O
0 () - € e Udld C cUidlc 10
Ulap
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Art of Stat:
Regression

ART OF STAT @

: Multiple Regression (Several Predictors)
Regression

" Multiple Linear )

Simple Regression (One Predictor) R

-910 ._.J'_
Linear Regression Exponential Regression y ST Tese
/ - §=5.2+0.23(x) = § = 4.9%1.52A(x) o !_
> 30 S .E 300 \ x1 x2 /
Art Of Stat 8 20 ‘/.'J'/(( 5 ZOOL.‘/ Multiple Linear
s |3~ 2 100 R .
. 310{e® g egression
Regression 50 S NEE:
\§ Gestation AL Days
y o ,. 2o Linear Regression Exponential Regression Create Your Own Datasets
([ J
[ ) ° ([ ..
e X Logistic Regression Data Editor
=§=1/(1+exp(7.1-0.25x) Obs. Animal Longevity
= 1 @0 (@ « 1 Wolf 17
.E 2 Fox 13
g’ o ‘ é 3 Coyote 22
(0] 4 Cougar
20k 40k 60k
& Income - \ J
' ' Logistic Regression Data Editor
Simple Linear and IISHee9
—Og|5t|C RegreSSK)n & Multiple Regression (Several Predictors)
\/|U|t|p|e Linear P ~ Check Out Other Apps:
: Multiple Linear
Regression Regression
ATy Art of Stat Art of Stat Art of Stat
olo_5® Explore Data Distributions Inference !
Lo l@l el

e = beq



Art of Stat:
Regression

Linear Regression

Linear Regression

=y =5.2+0.23(x)
30

20

Longevity

10

40 (5]0] 80 100
Gestation

Screens:

- Enter Data

- Scatterplot & Mode|

- Fitted Values, Residuals

814

¢ Linear Regression

Enter Data:

Open Sample Datasets v

Select Dataset:

Palmer Penguins v
Species Island BilI(;er:?th B“(In?ri?th
Adelie Torgersen 39.1 18.7
Adelie Torgersen 39.5 17.4
Adelie Torgersen 40.3 18
Adelie Torgersen 36.7 19.3
Adelie Torgersen 39.3 20.6
Adelie Torgersen 38.9 17.8

Showing first 250

rows of the 342 rows, and all 7

columns (swipe left).

Select x-Variable:

Bill Length (mm)

Select y-Variable:

v Flipper Length (mmh

8:18 L Al 851

¢ Linear Regression ©)

Scatterplot

= Regression Line: y = 126.68 + 1.69%*x

y o,
..?-\ ?.a 9 > o
i

Flipper Length (mm)
N
[=]
(=)

(
O
180 8, e
e ( ]
®
30 40 50 )

Bill Length (mm)

Show Linear Regression Line .
Show Residuals .

Confidence Band for Mean .
Prediction Band for New Response .

Show Smooth Trend Line .

8:16 » = &3

14 Linear Regression ©)

Estimates of Parameters a and 3 in Linear
Regression Model: u = a + *x

8:19 » = B

14 Linear Regression ©)

Fitted Values & Residuals:

Slope B
Interceptd g Length (mm))

Estimate 126.68 1.690
Std. Error (se) 4.67 0.105
Null L A
Hypothesis HO:a=0 HO:B=0
Test statistic 2716 16.03
(t)
P-value < 0.0001 < 0.0001

Standard Errors & P-values .
Confidence Interval for the Slope .

Confidence Level:

95% (=) (+]

95% Confidence Interval for the Slope B:

D Bill Length Flipper FittedA
(mm) Length (mm) Values (y)

1 391 181 192.8

2 39.5 186 193.4

3 40.3 195 194.8

4 36.7 193 188.7

5 39.3 190 1931

Showing first 250 rows of the 342 rows, and all
columns (swipe left).

Download Dataset of Fitted Values

Find Predicted Value .

Value for Bill Length (...

44 201.0

Predicted Value

Confidence &

. r r Prediction Interval
Estimate Std. Error Lonre RS
ID Variable . Color Points . Bound 2L
x-Axis Label: y-Axis Label: Show Residual Plot .
. . 1.690 0.105 1.483 1.897
Bill Length (mm) Flipper Length (mm)
Descriptive Statistics: X-Axis: y-Axis:
Bill Length Flipper Length Plot Title: Color Palette: Correlation and Model Statistics: Bill Length (mm) v Studentized v
mm mm Scatterplot Palette 1 v . .
(mm) (mm) P Pearson Correlation Coefficient (r) 0.6562 X
DRacidiial Dint
ENTER SCATTERPLOT AND FITTED VALUES ENTER SCATTERPLOT AND FITTED VALUES ENTER SCATTERPLOT AND FITTED VALUES ENTER SCATTERPLOT AND FITTED VALUES
DATA REGRESSION MODEL  AND RESIDUALS DATA REGRESSION MODEL  AND RESIDUALS DATA REGRESSION MODEL  AND RESIDUALS DATA REGRESSION MODEL  AND RESIDUALS
)
pe in or cop Obte C PIU et e ales O Obts ed
Q dll( ) C )0SC a a a
™ Dda 2 (Udlc U CA U Op C - C U C -
- - -
C 0 O a a
0ac 2. 0 alldal’C U Dred 0 0
N O - C . - = o - )
c ) C C c
~ . ) »
Udlc



Art of Stat:

Regression

Linear Regression

Linear Regression

=y =5.2+0.23(x)
30

20

Longevity

10

40 (5]0] 80 100
Gestation

Screens:
- Enter Data

- Scatterplot & Model
- Fitted Values, Residuals

8:19

<

44

Confidence &

Prediction Interval

Show Residual

X-AXxis:

Bill Length (mm)

Residual Plot

Studentized Residuals

30

x-Axis Label:

Bill Length (mm)

Plot Title:
Residual Plot

ENTER
DATA

» = @
Linear Regression @)
201.0
- @
y-AXxis:
Studentized v
40 50 60
Bill Length (mm)
y-Axis Label:
Studentized
Color Palette:
Palette 1 v

SCATTERPLOT AND
REGRESSION MODEL

FITTED VALUES
AND RESIDUALS

8:20 »» = B

14 Linear Regression ®

Scatterplot

Species:
Adelie Chinstrap

Gentoo

220

200

Flipper Length (mm)

30 40 50 60
Bill Length (mm)

Show Linear Regression Line .

Show Smooth Trend Line .

x-Axis Label:

Bill Length (mm)

y-Axis Label:
Flipper Length (mm)
Plot Title: Color Palette:

Scatterplot Palette 1 v

Estimates of Parameters a and B in Linear
Regression Model: p = a + B*x

Slope 8
Intercept a L1 bl L))
ENTER SCATTERPLOT AND FITTED VALUES
DATA REGRESSION MODEL  AND RESIDUALS
-
c U

8:21 » = 68

24 Linear Regression ®

Scatterplot

Species:
Adelie Chinstrap Gentoo

_. 210
E
= 200 - L
< a®
=] go e )
= - ®g® 000 5
S 190 S %S o
" $02%.% 50 ©®
5 ®®. ® &
o 180 e 809
2 g
[

170

35 40 45

Bill Length (mm)
Show Linear Regression Line ‘
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