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Mean or Median
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Median, Std. Dev.

— 95.0%
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25 30 35

Screens:
- Enter Data

- Bootstrap Distrib.

- Confidence Interval

10:06 all = (10
£ Bootstrap Interval
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:

Select Dataset:

Animals v
Animal Eamil Common Gestation
y Name (CEVS)]

1 Canidae Maned wolf 64

2 Canidae Gray fox 57

3 Canidae Blac'k-backed 60

jackal
4 Canidae Crab-eating 55
1{0)'4

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

Select Variable:

Longevity (yrs) v

<

10:06

llll ? 10

Bootstrap Interval

Descriptive Statistics:

Statistic Value
Sample Size (n) 24
Sample Mean (X) 19.00
Sample Standard Deviation (s) 5.64
Minimum <)
First Quartile (Q1) 15.5
Median 19
Third Quartile (Q3) 22
Maximum 32
Interquartile Range (IQR) 6.5
Range (Max — Min) 23

Adjust Number of Digits .

Histogram

llll ? 10

10:07

74 Bootstrap Interval

Original Sample: n =24, X = 19.00, s = 5.64

| 0 |
10 15 20 25 30
Bootstrap Sample:
| | | | |
10 15 20 25 30

Bootstrap Distribution of the Sample Mean
Simulations: 0

10 15 20 25 30

Population Parameter of Interest: 3
. c
Population Mean v 0
(i',' Zoom In . Normal Sampling Distb. .
L
Descriptive Statistics: -_
Last Bootstrap Sample Generated \%
Ctntigtic Value 10 20 30
ENTER BOOTSTRAP CONFIDENCE ENTER BOOTSTRAP CONFIDENCE ENTER BOOTSTRAP CONFIDENCE
DATA DISTRIBUTION INTERVAL DATA DISTRIBUTION INTERVAL DATA DISTRIBUTION INTERVAL
. ] - 'y
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Population Mean,
Median, Std. Dev.

— 95.0%
- 5.0%

Screens:
- Enter Data

- Bootstrap Distrib.

- Confidence Interval

10:07 all = (10

4 Bootstrap Interval

Original Sample: n =24, X = 19.00, s = 5.64

( I
o0 O
[ BN ] [ ] y 111 M}
ST T oxo | !
x = 18.6
10 15 20 25 30

Bootstrap Distribution of the Sample Mean
Simulations: 1, Mean: 18.6, Std. Dev.: -

A\

10 15 20 25 30

Zoom In .

Normal Sampling Distb. .

all = (9

10:08

14 Bootstrap Interval

Original Sample: n =24, X =19.00, s = 5.64

[ ]
® 0 0o
x =19,
10 15 20 25 30
Bootstrap Sample: n =24, x = 18.25, s =4.39

Bootstrap Distribution of the Sample Mean
Simulations: 214, Mean: 19.0, Std. Dev.: 1.1

10 15 20 25 {0]

Zoom In .

Normal Sampling Distb. ’

all = (9

10:10

4 Bootstrap Interval

Original Sample: n =24, X = 19.00, s = 5.64

o0
( ] ) [
x =19.0 ' '
10 15 20 25 30
Bootstrap Sample: n =24, x = 18.96, s = 4.89

o

o0 [

( I | o @

[ 1 ] o0 O

[ BN ] o 00 o0 O | | [ ]

0

10 ) 20 25 30

Bootstrap Distribution of the Sample Mean
Simulations: 10514, Mean: 19.0, Std. Dev.: 1.1

10 15 20 25 30

Zoom In .

Normal Sampling Distb. .

Last Bootstrap Sample Generated v Last Bootstrap Sample Generated v Last Bootstrap Sample Generated A
ENTER BOOTSTRAP CONFIDENCE ENTER BOOTSTRAP CONFIDENCE ENTER BOOTSTRAP CONFIDENCE
DATA DISTRIBUTION INTERVAL DATA DISTRIBUTION INTERVAL DATA DISTRIBUTION INTERVAL
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for a Population
Mean or Median

Population Mean,
Median, Std. Dev.

— 95.0%
- 5.0%

Screens;
- Enter Data

- Bootstrap Distrib.

- Confidence Interval

10:10

all F (9

< Bootstrap Interval @)

Distribution of the Sample Mean

B s50%
Lower Upper
Bound Bound
(2.5%) (97.5%)
I T
16 18 20 22 24

95% Confidence Interval: (16.8, 21.2)

10:12

all F (9

< Bootstrap Interval @)

95% Confidence Interval: (16.8, 21.2)

T T
16 18 20 22 24
Population Mean

Observed Mean .
Summary Statistics . Normal Distb. ’

10:12

all = (9

4 Bootstrap Interval @)

T T
16 18 20 22 24
Population Mean p

Observed Mean .

Summary Statistics ’

Inference for the Population Mean

Bootstrap
L 1 Statisti P il Student t
’ A ’ Summary of Bootstrap Distribution atistic ercentre Interval
T ' ' T ' Interval
16 18 20 22 24 . L. |
Population Mean Statistic Vel Sample Mean 19.0 19.0
Number of Simulations 10514
tandard E 1.1* 1.2%*
Observed Mean . Smooth Distb. . ' DEICE (el el
Sl vellee 18 95% Lower Bound 16.8 16.6
Summary Statistics . Normal Distb. ‘ Mean of Distribution 19.0 95% Upper Bound 21.2 214
Standard Deviation 11 * Standard error based on bootstrap distribution.
Inference for the Population Mean - ** Standard error based on formula.
Minimum 14.6
Statistic Eeuaiglladcanilc Lower Percentile (2.5%) 16.8 Confidence Level: Interval Type:
interval Two-Sided
First Quartile (25%) 18.2 95 E] e
Sample Mean 19.0
Standard Error 1.1 JgelEn Iek® Show Student t-Interval .
Third Quartile (75%) 19.8
95% Lower Bound 16.8 _
. Method of Constructing Bootstrap Interval:
o Upper Percentile (97.5%) 21.2 .
95% Upper Bound 21.2 Bootstrap Percentile Method v
Maximum 24.6
Confidence Level: Interval Type:
[ a— Ja— Dantctrannad Maanec
ENTER BOOTSTRAP CONFIDENCE ENTER BOOTSTRAP CONFIDENCE ENTER BOOTSTRAP CONFIDENCE
DATA DISTRIBUTION INTERVAL DATA DISTRIBUTION INTERVAL DATA DISTRIBUTION INTERVAL
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Bootstrap Interval
for the Difference
Between Two
Population Means

Difference Between
Two Means or Medians

X1-%2=-2.7

Group 1= '..‘ O ®
<+—>

Group 2= .OO()O @)

Screens:
- Enter Data

- Bootstrap Distrib.

- Confidence Interval

10:21 all = (1%
74 Bootstrap Two Samples
Enter Data:
Open Sample Datasets v

©)

<

10:23 all & 127

©)

Bootstrap Two Samples

Population Parameter of Interest:

10:23
14 Bootstrap Two Samples

Side-by-Side Boxplots

ll" ? 124

©)

Difference Between Means v
Choose from several example datasets. Press the help Yes1 b= : l ¢ ¢
icon in the upper right corner to find descriptions and Descriptive Statistics for Textbook Costs
use cases: ($): No ] |
Select Dataset: Group | T |
0 500 1000
Class Survey v Statistic Yes No Textbook Costs ($)
Textbook Sample Size (n) 36 34
St Frosh Sl Costs (3) Show Sample Means on Boxplot .
Sample Mean (x) 246.75 191.62
1 MeE il =0 Sample Standard Show Observations on Boxplot .
. 229.96 195.40
2 Yes milk 190 Deviation (s)
3 No milk 300 Standard Error (se) Histograms
38.33 33.51
. of the Sample Mean
4 Yes milk 70 154
Minimum 0] 0] >
5 Yes dark 0] 9 @
First Quartile (Q1) 73.75 0] 9
Showing all 70 rows, and all 8 columns (swipe left). S
Median 200 125 2T
€ Variable: R Variable: .
roup Variable esponse Variable Third Quartile (Q3) 300 3425 0 .-I — —
Frosh v Textbook Costs ($) v ' 0 500 1000
— — Maximum 1000 050 Textbook Costs ($) (Yes)
Select a grouping variable that indicates group Interquartile Range
membership, and select a response variable that holds (IQR) 226.25 3425
the observations. 159
Range (Max — Min) 1000 650 9
c 10
Group 1: Group 2: G:Js
Yes o No o Difference in Sample Means: X1 — X2 = 55.1 g)‘ o
(e
ENTER BOOTSTRAP CONFIDENCE ENTER BOOTSTRAP CONFIDENCE ENTER BOOTSTRAP CONFIDENCE
DATA DISTRIBUTION INTERVAL DATA DISTRIBUTION INTERVAL DATA DISTRIBUTION INTERVAL
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for the Difference
Between Two
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Difference Between
Two Means or Medians

x1-%2=-2.7
WD o
@)
®) @00 ‘.

2 4 6 8 10

Group 1=

Group 2=

Screens:
- Enter Data

- Bootstrap Distrib.

- Confidence Interval

10:24 all T 134
74 Bootstrap Two Samples @)
Original Data
€ Yes: nl =36, x1 = 246.75 %, - %, = 55.13
<> No: n2 = 34, %2 = 191.62
" 00 s o
Yes- 9% o QO e ® (3
o @«
*
e
@®® ¢ e 00
No- & YA L
o
1 1 1
0 500 1000
Textbook Costs ($)
Bootstrap Distribution
Simulations: 0
T T T T T
-200 —100 100 200 300

Zoom In .

Normal Approximation .

10:25 all = Mas
£ Bootstrap Two Samples @)

Bootstrapped Data

€ VYes: n1 =36, %1 = 277.03

X1 - X, =113.20
<> No: n2 = 34, %2 = 163.82
e
.. 00
Yes- ®¢ X ® ([ ()
4 ..”
“—
a
%° e .. ©
_je
No"ge Sl °
([ )
| | |
0 500 1000

Textbook Costs ($)

Bootstrap Distribution
Simulations: 1, Mean: 113.20, Std. Dev.: -

A\

—200 —100 200 300

Zoom In .

Normal Approximation .

10:26 all T 044

Bootstrap Two Samples @)

200 250 70 145 95
500 500 0 800 10
240 245 245 300 160

0 500 240 95 245
250 268 500 300 75
300 ) 250 145 0
160 1000 1000 35 500

190

Last Bootstrap Sample Generated (Group 2) A

380 380 350 350 0
0 0 0 0 380
200 50 60 400 300
240 0 0 650 20
200 0 0 120 0
0 400 130 0 60
400 0 0 500

Generated Differences in Means

. . A
(1 Simulations)
Jitter Points in Group 1 and Group 2 . Jitter Points in Group 1 and Group 2 .
113.20
ENTER BOOTSTRAP CONFIDENCE ENTER BOOTSTRAP CONFIDENCE ENTER BOOTSTRAP CONFIDENCE
DATA DISTRIBUTION INTERVAL DATA DISTRIBUTION INTERVAL DATA DISTRIBUTION INTERVAL
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Bootstrap Interval
for the Difference
Between Two
Population Means

Difference Between
Two Means or Medians

x1-%2=-2.7

Screens:
- Enter Data

- Bootstrap Distrib.

- Confidence Interval

4 Bootstrap Two Samples

> a4

©)

10:26 il

Bootstrapped Data

¢ Yes: nl =36, x1 = 283.56 %, - %, = 107.38
<> No: n2 =34,%2 =176.18
1
@ )
Yes- ¢*& 0" o ()
. " ov
o g
e
@®® .- _e o0
No- & (( A
O 0% 5
1 1 1
0 500 1000

Textbook Costs ($)

Bootstrap Distribution
Simulations: 33, Mean: 65.59, Std. Dev.: 51.84

: M
100 200 300

—200 —100

Zoom In . Normal Approximation .
Jitter Points in Group 1 and Group 2 .

74 Bootstrap Two Samples

= @54

©)

10:28 ull

Bootstrapped Data

@ Yes: nl =36, x1 = 250.14 %, - X, = 98.67
0 No: n2 = 34, X2 = 151.47
o0
Yes- - & @‘Q (... ® ®
Lo g
ere® e o
’ g
No-g@ @ o5 o
o
I ! I
0 500 1000

Textbook Costs ($)

Bootstrap Distribution
Simulations: 10034, Mean: 55.25, Std. Dev.: 50.21

A

—200 —100

Zoom In . Normal Approximation .
Jitter Points in Group 1 and Group 2 .

= @54

©)

10:28 all
14 Bootstrap Two Samples

Bootstrapped Data

@ Yes: nl =36, x1 = 250.14 %, - X, = 98.67
O No: n2 = 34, )-(2 = 151.47
o0
Yes- - @ @‘Q (... o ®
o
e°e e °
9’ 7
No-g@ @ o5 o
o
| U I
0 500 1000

Textbook Costs ($)

Bootstrap Distribution
Simulations: 10034, Mean: 55.25, Std. Dev.: 50.21

A

—200 —100

Zoom In . Normal Approximation .
Jitter Points in Group 1 and Group 2 .

AN

ENTER BOOTSTRAP CONFIDENCE ENTER BOOTSTRAP CONFIDENCE ENTER BOOTSTRAP CONFIDENCE
DATA DISTRIBUTION INTERVAL DATA DISTRIBUTION INTERVAL DATA DISTRIBUTION INTERVAL
N N




10:29 all = 6% 10:29 all = 6% 10:30 all T (64
Art Of Sta t 74 Bootstrap Two Samples @ |< Bootstrap Two Samples @ | < Bootstrap Two Samples @)
T T T T
e Distribution of the Difference in Means Distribution of the Difference in Means —-100 0 100 200
esa m p I ng Difference in Population Means pl - p2
B 50% — 5.0%
Observed Difference . Smooth Distb. .
Upper
Bootstrap Interval et
c (97.5%) Summary Statistics ’ Normal Distb. .
for the Difference
Between TWO 100 0 100 200 100 0 100 200 Inference for the Difference in Population
. 95% Confidence Interval: (-43.4, 155.1) 95% Confidence Interval: (-43.4, 155.1) Means
Population Means
i | i | Bootstrap
A - i Student t
T . . T T . . T Statistic Percentile
. —-100 0 100 200 —-100 0 100 200 Interval Interval
Difference Between Difference in Population Means p1 - p2 Difference in Population Means p1 - p2
Two Means or Medians BILR e 5513 5513
Observed Difference . Smooth Distb. ‘ Observed Difference .Smooth Distb. . Sample Means
X1-%x2=-27
Standard Error 50.21* 50.91**
Group 1= '..‘ @ @) Summary Statistics ’ Normal Distb. . Summary Statistics ’ Normal Distb. .
| | 95% Lower Bound -43.39 -46.48
: oXe) OO O
Cheipa Q=¥ @ Inference for the Difference in Population Inference for the Difference in Population 95% Upper Bound [ LEELZ
i b i - ) Means Means * Standard error based un MUULD LI AP UISLTDULIULT.
& “; 2 é 12 ** Standard error based on formula.
Statistic Bootstrap Percentile - Bootstrap Percentile .
ISt Interval 1St Interval Confidence Level: Interval Type:
Scree ns. Difference of Sample Means 55.13 Difference of Sample Means 55.13 95 EJ Two-Sided v
- Enter Data Standard Error 50.21 Standard Error 50.21 Show Student t-Interval .
. . b 95% Lower Bound -43.39 95% Lower Bound -43.39
= Bootstrap D|Str| . 95% Upper Bound 155.06 95% Upper Bound 155.06 Method of Constructing Bootstrap Interval:
. Bootstrap Percentile Method v
- Confidence Interval -~ e
ENTER BOOTSTRAP CONFIDENCE ENTER BOOTSTRAP CONFIDENCE ENTER BOOTSTRAP CONFIDENCE
DATA DISTRIBUTION INTERVAL DATA DISTRIBUTION INTERVAL DATA DISTRIBUTION INTERVAL
. ] . ] . ]
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Permutation Test
for a Population
Mean

Permutation Test
Mean & Median

Screens:
- Enter Data

12:01 all ¥ 667

74 Permutation One Sample @)

Original Sample: n =14, x=3.36,s = 1.65

Xorig = 3.4

~ 000000

[ ] [ ) [ ]
T
6

Permuted Sample assuming Hy: p = 4 is true

| I |
p 4 6

Null Distribution of the Mean
Permutations: 0

m
A

2 4 6

- Permutation DiStrib. Null Value . Observed Test Statistic ‘

- Permutation Test

Normal Sampling Distb. .

Zoom In .

12:01 all = 667
14 Permutation One Sample @)
Original Sample: n =14, x=3.36,s = 1.65
)_(orig =3.4
(1]
2
8 8| B
(+) (+] (+] (+) e
T T
2 4 6

Permuted Sample assuming Hy: p = 4 is true
n=14,Xx=4.64,s=1.65

Zoerm = 4.6

-0 L ®
p 4 6

Null Distribution of the Mean
Permutations: 1, Mean: 4.6, Std. Dev.: -

Null Value . Observed Test Statistic ‘
Zoom In .

Normal Sampling Distb. .

12:02 ull ¥ 667

4 Permutation One Sample @)

Original Sample: n =14, x=3.36, s = 1.65

)-(orig = 3.4
]
2
] ]
] @ -
e (+] (+] (+] e
T T
2 4 6

Permuted Sample assuming Hy: p = 4 is true
n=14,%=4.36,s =1.74

Kperm = 4.4

TR

Null Distribution of the Mean
Permutations: 10001, Mean: 4.0, Std. Dev.: 0.5

B “ L.

2 4 6
Null Value . Observed Test Statistic .
Zoom In .

Normal Sampling Distb. .

PERMUTATION
TEST

PERMUTATION
DISTRIBUTION

ENTER
DATA

PERMUTATION
TEST

PERMUTATION
DISTRIBUTION

ENTER
DATA

PERMUTATION
TEST

PERMUTATION
DISTRIBUTION

ENTER
DATA
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Permutation Test
for a Population
Mean

Permutation Test
Mean & Median

Screens:
- Enter Data

- Permutation Distrib.

- Permutation Test

12:02 all ¥ 67

4 Permutation One Sample @)

Distribution of the Test Statistic under HO

B 7856%
B 21.44%

3 4 5

Observed Statistic .

Summary Statistics .

Show Student t-Test .

Hypothesis Test for the Population Mean

Null Hypothesis HO:u=4

Alternative Hypothesis Ha: uz 4

Observed Test Statistic X = 3.36

Number of Permutations 10001

Permutations with Test Statistic

As or More Extreme than 2144

Observed

Permutation P-value 0.2144

Alternative Hypothesis:

Two-Sided ~
ENTER PERMUTATION PERMUTATION
DATA DISTRIBUTION TEST

12:03 all ¥ 67

< Permutation One Sample @)

Summary Statistics . Normal Distb. .

Show Student t-Test .

Summary of Permutation Distribution

Statistic Value
Number of Permutations 10001
Unique Values 22
Mean of Distribution 4.00
Standard Deviation 0.46
Minimum 2.50
First Quartile (25%) 3.64
Median 4.07
Third Quartile (75%) 4.36
Maximum 5.50
Permutations with Value of Test 1104
Statistic < 3.36 (11.04%)
Permutations with Value of Test 1040
Statistic > 4.64 (10.40%)
Permutations with Value of Test 2144
Statistic as or More Extreme than (21.44%)

Observed

Hypothesis Test for the Population Mean

12:04

74 Permutation One Sample

Show Student t-Test .

Hypothesis Test for the Population Mean

l"l ? -4

©)

ENTER PERMUTATION
DATA DISTRIBUTION TEST

PERMUTATION

Null Hypothesis HO:u=4
Alternative Hypothesis Ha:pz4
Observed Test Statistic X =3.36
Number of Permutations 10001
Permutations with Test Statistic
As or More Extreme than 2144
Observed
Permutation P-value 0.2144
t-Test Statistic -1.46
Degrees of Freedom (df) 13
P-value from t-Distribution (df =
0.1676
13)
Alternative Hypothesis:
Two-Sided v
Generated Means A
(10001 Permutations, Sorted)
2.5 2.5 2.6 2.6 2.6
2.6 2.6 2.6 2.6 2.8
ENTER PERMUTATION PERMUTATION
DATA DISTRIBUTION TEST




Thank You!
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