An Introduction to the Web Apps

The website ArtofStat.com links to several web-based apps
that run in any browser. These apps allow students to carry
out statistical analyses using real data and engage with statis-
tical concepts interactively. The apps can be used to obtain
graphs and summary statistics for exploratory data analysis,
fit linear regression models and create residual plots, or visu-
alize statistical distributions such as the normal distribution.
The apps are especially valuable for teaching and understand
sampling distributions through simulations. They can further
guide students through all steps of inference based on one
or two sample categorical or quantitative data. Finally, these
apps can carry out computer intensive inferential methods
such as the bootstrap or the permutation approach. As the fol-
lowing overview shows, each app is tailored to a specific task.

¢ The Explore Categorical Data and Explore Quantitative
Data apps provide basic summary statistics and graphs
(bar graphs, pie charts, histograms, box plots, dot plots),
both for data from a single sample or for comparing two
samples. Graphs can be downloaded.

Describing and Exploring Categorical Data  One Categorical Variable ~ Two Categorical Variables ~ Go further ~

Contingency,_Table (showing_counts);

Enter Data: Dataset: Happiness

Income Not Happy Pretty Happy Very Happy Total

Above Average 2 213 126 360
§ Average 9% 506 248 850
Row Variable Category Labels: Below Average 143 347 114 604

Name:
Above Average Total 260 1066 488 1814

From Textox v Happiness v

Income - - T
Conditional Distribution of Happiness given Income:

Column Variable ~ Category Labels: Happiness
Name: Income NOT Happy Pretty Happy Very Happy Total
Not Happy, Pre Above Average 8 0.592 .350
Happiness Average 0.113 0.595 0.292 1
Below Average  0.237 0.575 018 1
Enter Counts for Contingency Table: -
Family Income and Happiness - -
Not | pretty Happy v L
Happy
Above Average 21 213
Average % 506
Below Average. 143 347
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Conditional Distribution:
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Marginal Distribution:
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Screenshot from the Explore Categorical Data app

e The Times Series app plots a simple time series and can
add a smooth or linear trend.

e The Random Numbers app generates random numbers
(with or without replacement) and simulates flipping
(potentially biased) coins.

e The Mean vs. Median app allows users to add or delete
points by clicking in a graph and observing the effect of
outliers or skew on these two statistics.

e The Scatterplots & Correlation and the Explore Lin-
ear Regression apps allow users to add or delete points
from a scatterplot and observe how the correlation co-
efficient or the regression line are affected. The Guess
the Correlation app lets users guess the correlation for
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randomly generated data sets. The Fit Linear Regression
app provides summary statistics, an interactive scatter-
plot, a smooth trend line, the regression line, predictions,
and a residual analysis. Options include confidence and
prediction intervals. Users can upload their own data. The
Multivariate Relationships app explores graphically and
statistically how the relationship between two quantitative
variables is affected when adjusting for a third variable.

Linear Regression  Fit Linear Regression Model  Fitted Values & Residual Analysis.

Scatterplot
Price and Size of 100 Houses in Florida
= Regression Line: § = 9161 + 77z

Enter Data: Choose Dataset:
FromTextbo v| | HousepricesinF v 350k
More info on dataset 08
House Price
250k
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SelectX-Variable:  Select Y-Variable: 500 1000 1500 2000 2500 3000 3500 4000
size v Price

Plot Options: Linear Regression Equation:

() Smooth Trend (@) Regression Line Pasameter | Botimate

[ Click to Remove Points. Intercept 9,161

Select Variable(s) for Hover Info Slope (Size)  77.01

Screenshot from the Linear Regression app

¢ TheBinomial,Normal,t,Chi-Squared,and F Distribution

apps provide an interactive graph of the distribution and
how it changes for different parameter values. Each app
easily finds percentile values and lower, upper, or inter-
val probabilities, clearly marking them on the graph of
the distribution.

The Normal Distribution ~ Explore  Find Probability  Find Percentile/Quantile

Normal Distribution withp = 50 and 6 = 10
Meani P(42 < X < 65) = 72.13%

50
21.19%, 7213% 6.68%
‘Standard Deviation o:

10

Type of Probability:

Interval: P(a < X <b) -

Value of a: Value of b:

“

Screenshot from the Normal Distribution app

The three Sampling Distribution apps generate sampling
distributions of the sample proportion or the sample
mean (for both continuous and discrete populations).
Sliders for the sample size or population parameters help
with discovering and exploring the Central Limit Theo-
rem interactively. In addition to the uniform, skewed,
bell-shaped, or bimodal population distributions, several
real population data sets (such as the distances traveled
by all taxis rides in NYC on Dec. 31) are preloaded.
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Sampling Distribution of the Sample Mean  Continuous Population Distribution

Population Distribution
Select Population Distribution: p=244,0=24
Real Population Data v
Select Example:
Distances of NYC Taxi Rides v ll
a
] 3 3 § s 3 2 Ta

Distances (in miles) of all yellow cab taxi
rides in New York City on Dec. 31st, 2016. o
(Population: 532,978 rides.) Data Distribution (Histogram from last generated sample)
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Screenshot from the Sampling Distribution for the Sample Mean app

e The Inference for a Proportion and the Inference for a

Mean apps carry out statistical inference. They provide
graphs and summary statistics from the observed data
to check assumptions, and they compute margin of er-
rors, confidence intervals, test statistics, and P-values,
displaying them graphically.

Inference for a Population Mean  Confidence Interval & Significance Test  Find Sample Size

Descriptive Statistics: Dotplot & Boxplot

Enter Data: Choose Dataset:

Sample  Sample  Sample Standard

From Textboc v Size Mean Deviation

Airbnb Renta v

Name of Variable: 50 1059 564 3
Price of Room (5) &
Estimate of Population Mean: g Q
250638549 107 9510040536783 — Estimate  Eror  (df=49) of Error Price of Room (3)
1599 16054889035 128 1508780 T | o || s | aom .
Select Plot Type:
(O Histogram & Boxplot @) Dotplot Confidence Interval:

Adjust Size of Dots Population Parameter ~ Lower Bound ~ Upper Bound  Confidence Level
Mean 8091 12197 95%

Type of Inference:

Confidence Interval N
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X
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95% Confidence Interval
189.91, 122]

Screenshot from the Inference for a Population Mean app

e The Explore Coverage app uses simulation to demon-

strate the concept of the confidence coefficient, both for
confidence intervals for the proportion and for the mean.
Different sliders for true population parameters, the sam-
ple size, or the confidence coefficient show their effect on
the coverage and width of confidence intervals. The Errors
and Power app visually explores and provides Type I and
Type II errors and power under various settings.

Explore Coverage of Confidence Intervals | Confidonce Inerval fora Proportion  Coniidence Interval for a Mean

Coverage of Confidence Interval
Nominal confidence level: 95%, n = 50, p = 0.3
Select Population Froportion (P After 20 simulations: 18 intervals cover, 2 don't

s Coverage: # 90.0%cover # 10.0% do not cover

Select sample size (n):

50 R
e
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-
o —
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Screenshot from the Explore Coverage app
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e The Bootstrap for One Sample app illustrates the idea

behind the bootstrap and provides bootstrap percentile
confidence intervals for the mean, median, or standard
deviation.

The Bootstrap For One Sample  Build Sampiing Distribution  Get Confidence Interval

Summary Statistics For Bootstrap Distribution:

Name of Variable:

sank Account Bl Bootstrap Unique std.
ank Account Balance Samples  Statistic  Values Mean Dev. Min Qi Median Q3  Max
Statistic of Interest: 10000  Median 252 o71 | 753 755 920 962 1025 1340

Confidence Level (in %):

Bootstrap Sampling Distribution

= —r
% % 9 % 9 W

Interval, Lower or Upper Bound?

@ Interval () Lower () Upper 700 800 900 1000 1100 1200 1300
‘Sample Median
95% Bootstrap Confidence Interval
Options: (842, 1138)
Find Percentiles —_—
700 800 900 1000 1100 1200 1300

" Med
Change Bin Width of Histogram Population Median (Bank Account Balance)

Show Normal Approximation Bootstrap Percentile Confidence Interval:

Population Parameter  Point Estimate  Lower Bound ~ Upper Bound ~ Confidence Level

Median 962 842 1138 95%

Show Generated Bootstrap Statistics

Screenshot from the Bootstrap for One Sample app

e The Compare Two Proportions and Compare Two

Means apps provide inference based on data from
two independent or dependent samples. They show
graphs and summary statistics for data preloaded
from the textbook or entered by the user and com-
pute confidence intervals or P-values for the difference
between two proportions or means. All results are
illustrated graphically. Users can provide their own
data in a variety of ways, including as summary
statistics.

Compare Two Population Means  Confdence Interval & Signifiance Test  Two Dependent Samples

Descriptive Statistics: Barplok
Enter Data: Dataset: 5001 °
Group  SampleSize Mean Std.Dov. 5
From Textboo ¥ Time on Facel v 2 o °
Freshmen 430 638 716 g 8
Naine of Response Variable: Sophomores 403 704 790 £ 300, g
Minutes/Day on Facebook &
. & 200
Tost Statistic: ]
Group 1 Label: Group 2 Label: 3
Observed Standard Tost S 100
Frosheien Sophomcxee Difference Error Swtistict  df s
o
Group 1 Data: Group 2 Data: 6567 5212 26 8124 e Sephomes
WS ol (75757575 o
125141515 T57510%0 Hypothesis Test:
15151615~ | oce
1515151517 ekl Population Parameter  Null Hypothesis  Alternative Hypothesis  Test Statistict  P-value
Type of Plot: Difforence 1 - b2 Wi-p2=0 w-w#0 -1.2600 02080

Dotplot @ Boxplot () Histogram

1 Distribution with df = 812.4
Type of Inference: Ho: 1y =g, Ha: 1y # o, Test Statistic: t = -1.26, P-value = 0.208

0.782)
Significance Test v oA0a) X0
1

'
'
Abternative: ' '
'

Two-sided

Options:
13 Show Degrees of Freedom 1=-12 126

Screenshot from the Compare Two Means app

e The Bootstrap for Two Samples app illustrates how the

bootstrap distribution is built via resampling and pro-
vides bootstrap percentile confidence intervals for the
difference in means or medians. The Scatterplots &
Correlation app provides resampling inference for the
correlation coefficient. The Permutation Test app illus-
trates and carries out the permutation test comparing
two groups with a quantitative response.
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Bootstrap for Two Samples  Enter Data & Generate Bootsirap Distrbution  Find Confidenc Interval

Enter Data: Dataset:

From Textbool ¥ Loan Amounte ¥

Name of Response Variable:

Loan Amount ($)

Group 1 Label: Group 2 Label:
Svear aYoar

Group 1 Data: Group 2 Data:
100010000 = [ 0003000 2
tosoorioo0 ° | szsu00

Statistic of Interest:

Difference Between Means v

Select how many bootstrap samples
rate:

you want to g
& Draw Bootstrap Reset
Sample(s)
Group 1 Bootstrap  Group 2 Bootstrap

Descriptive Statistics:

Group ~ Sample Size  Mean  Std.Dev.  Min Ql Median Q3 Max
5-Year 0 21268 9508 10000 13250 19,000 27,600 40,000
3-Year 58 14817 10060 3000 7550 10500 20,750 40,000

Original Sample Bootstrap Sample

O NotSeleced  Diffrence = 6,451 Diference - 4,128
00 0 o0
[ . o [ £ o
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Bootstrap Sampling Distribution

Mean = 6,438, Std Dev = 2,140 (10,000 resamples)

Frequency

2000 G 2000 4000 6000 8000 10000 12000 14300 16600
Diference in Means: X, - %z

Screenshot from the Bootstrap for Two Samples app

e The Chi-Squared Test app provides the chi-squared
test for independence. Results are illustrated using
graphs, and users can enter data as contingency tables.
The corresponding permutation test is available in
the Permutation Test for Independence (Categ.
Data) app and for 2 X 2 tables in the Fisher’s Exact

Test app.

The Chi-Squ d Test Goodnes of Fit
. Side-By-Side Barchart
‘Observed Contingency_Table:
Enter Data: Dataset: =
Mild  Moderate Severe  Total L
S o
i i )k &
(Categony Latreit” Conditional Distribution (in %): o
e e e [
S T—— Overall 797 183 20 1000 skt
Severity of Headache:
Category Labels: @ Mid O Moderste W Severe
Pearson’s Chi-Squared Test:
Enter Counts for Contingency Table: i i @ df  Povalue
Mid | Moderate | Severe Independence Association 286 2 02303

Active 486 13 16
Placebo 355 EY 5
Options:
Stacked Barchart

‘Show Counts on Barchart
‘Show Conditional Distribution
‘Show Expected Cell Counts.

Show Residuals

Chi-Squared Distribution with df = 2
Ho: Independence, X* = 2.86, df = 2, P-value = 0.2393
0.7607), (02393

] 4
X2-285

Screenshot from the Chi-Squared Test app
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The ANOVA (One-Way) app compares several means
and provides simultaneous confidence intervals for mul-
tiple comparisons. The Wilcoxon Test and the Kruskal-
Wallis Test apps for nonparametric statistics provide the
analogs to the two-sample t test and ANOVA, both for
independent and dependent samples.

ANOVA: Analysis of Variance  One-Way ANOVA

Descriptive Statistics:
Enter Data: Dataset:

= Group Sample Size Mean  Standard Deviation  Standard Error
Homiedts) ~ Holding Tim: v Advertisment 5 54 416 186
Name of Response\Variable: Muzak 5 28 239 107
Time on Hold (min) Classical 5 104 344 154
Group 1 Label:  Group 1 Data: Boxplot

Advertismer 511128

Group2Label:  Group 2 Data:

Muzak 01463

Group 3Label:  Group 3 Data:

Classical 1398157 )

Type of Plot: ® ®

O Dotplot @ Boxplot () Histogram ) 2 ] [] 8 10 12 14
. Time on Hold (min

Options: e

ANOVA Table:
Pairwise Comparisons y
Source df SumofSquares MeanSquare F Statistic  P-value

Group 2 1492 746 6.431 0.0126
&, Download Plot of Data Eror 12 1302 16
Total 14 2884

Screenshot from the ANOVA (One-Way) app

The Multiple Linear Regression app fits linear models
with several explanatory variables, and the Logistic
Regression app fits a simple logistic regression model,
complete with graphical output.
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