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‘ Creating R Notebook files

) Rstudio
File Edit Code View Plots Session Build Debug
MNew File

New Project...

Open File... Ctrl + O
Open File in New Column...
Reopen with Encoding...

Recent Files

Open Project...
Open Project in New Session...

Recent Projects
Import Dataset

Save Ctrl + S

Sawve As,.,

Profile Tools Help

>

R Script

Quarto Document...

Quarto Presentation...

R Notebook
R Markdown...

Shiny Web App...
Plumber API...

C File
C++ File

Header File

Markdown File

Ctrl + Shift + N




‘ R Notebook files

Source = Visual

i+ - @ Lab1.nb.html

2 title: "spatial Analysis: 01"
author: "Tzai-Hung wen"

date: '2025-02-24' & Lab1.Rmd

oyLptrts
iﬂ!ﬂi!l!!!!!!’?
QC . rue

toc_depth: 6
9 toc_float: true
10 » ---

GO~ G o1 W

An R Notebook is an R Markdown document with chunks that can
be executed independently and interactively, with output visible

immediately beneath the input.




ER:CET T

Hypothesis testing

1. Comparing the means

2. Checking the distributions

3. t-test and inference
Probability distributions
Charts and graphics

Assignments

Spatial Analysis: 01
Tzai-Hung Wen
2025-02-24

Hypothesis testing

1. Comparing the means

data <- read.csv("./data/Student.csv")

head(data)
XA X
<int> <int>
1 1 1
2 2 2
3 3 3
4 4 4
5 5 5
6 6 6

6 rows

Gender
<chr>

Female

Male

Female

Female

Male

Female

GPA
<dbl>

3.70

3.20

3.01

3.77

3.28

2.80

Religlmp
<chr>

Fairly
Fairly
Fairly
Not
Not

Fairly

MissClass
<int>

1

3
0
0
0
0

Seat
<chr>

Back

Front

Middle

Middle

Middle

Middle

Code v
Hide
PartyDays StudyHrs
<int> <int>
5 3
3 30
8 16
0 4
8 12
2 20

<+ text

<— COode

< output




Hypothesis Tests for Means

1. Determine the null and alternative hypotheses.

2. Verify necessary data conditions, and if met,
summarize the data into an appropriate test statistic.

3. Assuming the null hypothesis is true,
find the p-value.

4. Decide whether or not the result is statistically
significant based on the p-value.

5. Report the conclusion in the context of the situation.



Key Concepts of Hypothesis Testing

t-distribution

Sampling distribution

Standard error

Null / alternative hypothesis
One-tailed / two-tailed test
Significance level (e.g. alpha = 5%)
Confidence interval (e.g. 95% C.I.)
p-value

Type | and Type |l errors



‘ Basic Statistics Review

https://online.stat.psu.edu/statprogram/reviews/statistical-concepts

PennState
Eberly College of Science

STAT ONLINE ‘ Department of Statistics

vy

Statistics Online

\ ' Basic Statistical Concepts)
adlF L) ~



https://online.stat.psu.edu/statprogram/reviews/statistical-concepts

Basic Statistics Review

https://www.youtube.com/watch?v=kyjlxsLW1ls
(42:08)

= @VYoulube " ' Search Q ¢



https://www.youtube.com/watch?v=kyjlxsLW1Is

‘ Two-sample t-test

t.test(GPA Back, GPA Front) # two tailed test

Welch Two Sample t-test

data: GPA Back and GPA Front
t = -3.1562, df = 273.52, p-value = 0.001777
alternative hypothesis: true difference in means is not equal to @
95 percent confidence interwval:
-8.28296881 -2.86556891
csample estimates:

mean of x mean of vy
3.877815 3.251284
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Binomial Random Variables

Conditions for a binomial experiment:

1. There are n “trials” where » 1s determined 1n advance and 1s
not a random value.

2. Two possible outcomes on each trial, called “success” and
“failure” and denoted S and F.

3. Outcomes are independent from one trial to the next.

Probability of a “success™, denoted by p, remains same from
one trial to the next. Probability of “failure” is 1 — p.

A binomial random variable is defined as X=number
of successes in the n trials of a binomial experiment.




Binomial Probability Distribution

Finding Binomial Probabilities
_ _ nl k _ n—k
P(X_k)_k!(n—k)!p (1 p)

Probability of Two Wins in Three Plays

fork=0,1,2,...,n

p = probability win =0.2; plays of game are independent.
X = number of wins in three plays.
What is P(X = 2)?

512

Probability

3! > 32
" 26-2) 2%(1-2)

=3(.2)°(.8)' =0.096

P(X =2)

X = Number of wins




Creating Binomial Prob. Distributions

Bl . ERELSIREHFEEZER—BA(7 days)isErgmal
TRABRH - RIBBE LR PHBEERE2HEERm -

Bz A aELEAMR(30 days) BEEEmBlENHE S
& (probability distribution function, PDF) ©

et —EBNWERERmBERI0FRIREER -

nlib




Built-in functions

dbinom(x, size, prob): prob density of x

pbinom(x, size, prob): p(<= x)

Binomial
gbinom(p, size, prob): quantile function
rbinom(n, size, prob): generates random deviates
pnorm(35, mean=30, sd=5) # CDF, P(x<=35)

Normal dnorm(35, mean=30, sd=5) # Likelihood, P(x=35)

gnorm(0.7, mean=100, sd=15) # given exceedance prob. --> x

rnorm(20, mean=100, sd=15) # generating samples




> p = pbinom(10, si1ze=30, prob= 2/7) # prob(X <=10)
> pGT10 <- 1 - p

> pGT10

[1] 0.2146092

# 118 B A (30 days)iE & & m 8l 2 /9 7% = 7 1 B (PDF)
xlab <- vector()
prob <- vector()
for (1 in 1:20){
xlab[i] <- toString(i)
prob[i] <- dbinom(i, size=30, prob= 2/7)
}

barplot(prob, names.arg = xlab, xlab=":EEZ mE", ylab="%E#F" )
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Chart Suggestions—A Thought-Starter

www. ExtremePresentation.com
© 2009 A. Abela — a.v.abela@gmail.com

Variahle Width Tabla or Tabls with Bar Charl Column Chart Circular Area Chart Line Chart Column Chart Line Chart
Column Chart Embedded Charts :
‘ ‘_ l == \ | 1 |
I AN S S 1 =i E—
| T I T T f
Many ltems Few Ttems Cyelical Data Non-Cyclical Data Single or Few Categories Many Categories
Two Variables Many
per ltem Categories

1 Few Categories Many Periods
! L

T
One Variable per Item ‘

I Over Time

Few Periods
1

Among ltems ‘

Column Histogram

|

Line Histogram

SN

Scatter Chart

‘ Few
. Single Dara—
Comparison Variable | Points
Seatter Chart Two ‘
Variables
. . What would you s
Relationship — ; 2 — Distribution ——— Nty
like to show? |
Points
— Composition
Variables Two
Variables —
Changing Staric
Over Time
Three
Few Periods

Many Periods Variables —|

Only Relative Relative and Absolure Only Relative Relative and Absolure Simple Share Accumularion or Components
Differences Matter Differences Matter Differences Matter Differences Matter 0""';“(“1 SUblI‘HCTiﬂlﬂ to Toral OFCDIHIPBMHIS
1 1 L |
Stacked 100% Stacked Stacked 100% Stacked Area Charl Pie Chart Waterfall Chart Stacked 100% Column Chart
Column Chart Column Chart Area Chart

with Subcomponents

=/

|| || = ||

http://extremepresentation.typepad.com/blog/2006/09/choosing_a_good.html




Commonly-used Plots

Distribution: Histogram; Box plot

Composition: Pie chart; Stacked bar chart
Comparison: Bar chart; Box plot

Relationship: Scatter plot (bubble chart); Heat map

Combined:
0 Scatter plot + marginal Histogram / Boxplot



Using ggplot2 package

Based on grammar of graphics (Wilkinson, 2005)
Plot specification at a high level of abstraction
It is very flexible

theme system for polishing plot appearance
mature and complete graphics system

many users, active mailing list



‘ Plots: Using ggplot2 package

ggplot( #% ) +aes( HMIRTE )
+ geometric objects (geom_) BEBEREH

(540 : geom_histogram(),

geom_boxplot()...)




geometric objects (geom )

Continuous
a <- ggplot(mpg, aes(hwy))

7] a + geom_area(stat = "bin")

X, Y, alpha, color, fill, linetype, size

b + geom_area(aes(y = ..density..), stat = "bin")
~ | a + geom_density(kernel = "gaussian")
X, Y, alpha, color, fill, linetype, size, weight
b + geom_density(aes(y = ..county..))
77]a + geom_dotplot()

H  x,y, alpha, color, fill

|2 + geom_freqpoly()

X, Y, alpha, color, linetype, size

b + geom_freqpoly(aes(y = ..density..))

s |2+ geom_histogram(binwidth = 5)

‘| x,y,alpha, color, fill, linetype, size, weight
b + geom_histogram(aes(y = ..density..))

Discrete

b <- ggplot(mpg, aes(fl))

b + geom_bar()
H x, alpha, color, fill, linetype, size, weight

Graphical Primitives

¢ <- ggplot(map, aes(long, lat))

: . ¢ + geom_polygon(aes(group = group))

X, ¥, alpha, color, fill, linetype, size

d <- ggplot(economics, aes(date, unemploy))

d + geom_path(lineend="butt",
linejoin="round’, linemitre=1)

v v alnha ralar linatuna ciza

Continuous X, Continuous Y
f<- ggplot(mpg, aes(cty, hwy))

| f+ geom_blank()

I £+ geom_jitter()

X, Y, alpha, color, fill, shape, size

| f+ geom_point()

X, Y, alpha, color, fill, shape, size

- {+ geom_quantile()

X, Y, alpha, color, linetype, size, weight

| f+ geom_rug(sides = "bl")

alpha, color, linetype, size

f+ geom_smooth(model =Im)
x, ¥, alpha, color, fill, linetype, size, weight

RS f+ geom_text(aes(label = cty))

x, ¥, label, alpha, angle, color, family, fontface,
hjust, lineheight, size, vjust

Discrete X, Continuous Y
g <- ggplot(mpg, aes(class, hwy))

o o + geom_bar(stat = "identity")

x, Y, alpha, color, fill, linetype, size, weight

« | g+ geom_boxplot()

lower, middle, upper, x, ymax, ymin, alpha,
color, fill, linetype, shape, size, weight

| ¢ + geom_dotplot(binaxis = "y",

stackdir = "center")
x, ¥, alpha, color, fill

& | 2+ geom_violin(scale = "area")

S I S P . LTI T SO " . S

C_ontinuous Bivariate Distribution

i <- ggplot(movies, aes(year, rating))

i + geom_bin2d(binwidth = ¢(5, 0.5))
xmax, xmin, ymax, ymin, alpha, color, fill,

linetype, size, weight

X, Y, alpha, colour, linetype, size

— )| | + geom_density2d()

i+ geom_hex()
x, Y, alpha, colour, fill size

Continuous Function
| <- ggplot(economics, aes(date, unemploy))
| | + geom_area()
x, Y, alpha, color, fill, linetype, size

HAH J+ geom_line()
x, y, alpha, color, linetype, size

| + geom_step(direction = "hv")
X, ¥, alpha, color, linetype, size

Visualizing error
df <- data.frame(grp = c("A", "B"), fit =4:5,se = 1:2

k <- ggplot(df, aes(grp, fit, ymin = fit-se, ymax = fit+¢

k + geom_crossbar(fatten = 2)

X, ¥, ymax, ymin, alpha, color, fill, linetype,
size

—+]| * geom_errorbar()
II t+  x,ymax, ymin, alpha, color, linetype, size,

""" width (also geom_errorbarh())

H :i}lg l + geom_linerange()
l f'{ ] x ymin, ymax, alpha, color, linetype, size

i b k + geom_pointrange()

X, ¥, ymin, ymax, alpha, color, fill, linetype,

shape, size



s B B F | Using NotebookLM

JEFR - 12 gmail address

https://docs.google.com/spreadsheets/d/1SgWy3atFEOUSzHqQhQ4cQlfgd9Fec7eltXV6bzvQ CM/edit?gid=0#gid=0

@ Spatial Analysis Notebook < Share 83 Settings

Sources O Chat Studio

© 8 ®

+ Add source Audio Overview

Select all sources

<]

Click to load the conversation. Load

Chapter 1 Types of spatial data | Spatial ...
Interactive mode -BETA
tial Analysis Not k
Chapter 2 Spatial data in R | Spatial Stati... Spa a a yS S o eboo
18 sources Notes E
Chapter 3 The sf package for spatial vec... These resources offer a detailed guide to using R for spatial data analysis and visualization.
The focus is on understanding spatial data structures, coordinate systems, and various + Add note
. . . analytical techniques. The materials explain how to read, write, and manipulate spatial data
Chapter 5 Making maps with R | Spatial ... using packages like sf, terra, and spdep. Mapping is covered with tmap, ggplot2, leaflet, and © Study guide E Briefing doc
mapview, including methods for visualizing rates and handling spatial autocorrelation through =
Chapter 6 R packages to download open... Moran's I. Technlql.lles for downlhoadlng open spatial dat.a and transforming coordinate FAQ A Timeline
systems are also discussed. Ultimately, these sources give readers the tools to produce
neightfulmaps and analyses. @EENEREN  WEEERESF
Chapter 7 Spatial neighborhood matrice... EREEHOTHE T S ERE RSN TREEETE

I Save to note 0 BEHMERERE . RIS : ToblerttBEE—F2..
Chapter 8 Spatial autocorrelation | Spati... Ripley KR E{#Moran's | : ZE5H TELLR
Ripley's KEXE ZMoran's ISIZ AR ZEBAHHNTE « BEME
Note 1: Point Pattern Analysis Add note -|||T Audio Overview £ Briefing doc AREERHOEDLE LB - UTRBEBOE..

S GIS BEESITRE
MTEERAESERRNES  SERAN 100 F : [1-5] (R

Note 2: Hypothesis testing ESREEME | GIS MEBSMTAM) - AARERTERER...

<]

R ZEEEERREL : tmap, ggplot2, spatstat
KT AR ERAMEE R DEA tmap « ggplot2 MEE
plot REB/EETEEEMF | # FANENER library(sf)...

Note 3: Spatial Autocorrelation

<]

Start typing... 18 sources
R script1: Reading and writing spatial dat REBSZEERBIOTAPT
’ ERKEASTARE R ERORENE  ERESE RS
What spatial data types, structures, and associated R packages can be use > TR RIE - 4T » Sl DURIE TR E R R A0A8E R
W SR ClEE ° 7 ' XIF T |=] 1 B 7] aee

R script2: Mapping data in R

<]

e
Clommnfile WS dR = . UM B3 RIS Bes.zos


https://docs.google.com/spreadsheets/d/1SgWy3qtFE0USzHqQhQ4cQIfgd9Fec7eItXV6bzvQ_CM/edit?gid=0#gid=0

ABIFE

1. XD

(a).E—#mAELIOEAL - KRRt — & EER - BABERK
R p =001 BEREETAFAIEN - BEEZMIEE
BURABUREER D E -
(b).ZHEEEREREEFRERARREIBICOAN - ZFRIRE
BIEEE - mENEHR4AE  SEHANEERZESH - MY AER
B ha - B EmREEIHEEAR - FEBEEZEMEERIEER?
2. BHUFETEIFREAETETE (Student.csv)

(a). EEERAE14 B(Gender) - EEEFE(StudyHrs)2EG&BEE ?
(b). EEE A B MR (Gender) - ¥R EMENREBILEHI(Religimp)
EaAERE"?
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