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Preparation to take this class

The aim of this class is to explain some of the popular but relatively advanced-level statistical data
analysis methods. The goal is that the students can conduct such analysis by themselves, so that
practical examples using statistical software are explained.

This class adresses advanced statistical analysis, so that I presume that basic knowledge on statistical
analysis have been already learned. If you have any ambiguity or questions about such basic
knowledge on statistics, please query to dictionary or textbook of statistics. For instance, Upton and
Cook (2014) provides a good glossary.

There are many famous statistical analysis softwares such as SAS, SPSS and others, most of which are
very expensive, but nowadays R is the best software to be used in this class, because (1) it’s free
software and thus anyway, anytime, anybody can use it in one’s own computer, (2) almost all statistical
methods are included or available as additional package, which can be installed from CRAN or
bioconductor or GitHub web sites, (3) the results are so reliable as accepted by top journals such as
Nature, Science, Cell and Proceeding of National Sciences, USA. R is implemented in any of Windows,
MacOS, and Linux. Please install R into your own computer to use in the class.

To manipulate R via Graphical User’s Interface (GUI), I recommend you to install RStudio, also free
software. In another lecture on basic statistical analyses (Hokengaku-kyotsu-tokko IV, VIII), I have
explained statistical analyses using EZR package, which is also GUI for R. However, EZR is menu-
driven package and thus not suitable for this advanced statistics class.

Recently, another free software, jamovi (https://www.jamovi.org/) is available to conduct some of the
advanced statistical analyses. The jamovi is very easy to use, and reliable because the calculations are
done by R background. Free textbook for jamovi, “Learning Statistics with jamovi” is also available in
the web site (https://www.learnstatswithjamovi.com/). Therefore, if you plan to conduct some typical
analyses, jamovi is also a good candidate.

Installation of R

() | © The Comprehensive R Archive Il X +

C @ o8 r-project.org % ¥¥ Qcrancoud >

The Comprehensive R Archive Network
/4
R Download and Install R
Precompiled binary distributions of the base system and contributed packages,
CRAN Windows and Mac users most likely want one of these versions of R:
Mirrors 4 g
What's new? o Download R for Linux (Debian, Fedora/Redhat, Ubuntu)
Search ¢ Download R for macOS
CRAN Team o Download R for Windows
About R R is part of many Linux distributions, you should check with your Linux package
R Homepage management system in addition to the link above.
The R Journal
Source Code for all Platforms

Software
R Sources ‘Windows and Mac users most likely want to download the precompiled binaries
R Binaries listed in the upper box, not the source code. The sources have to be compiled before
Packages you can use them. If you do not know what this means, you probably do not want to
Task Views doit!
Other

o The latest release (2025-04-11, How About a Twenty-Six) R-4.5.0.tar.gz, read
Documentation what's new in the latest version.
Manuals
FAQs * The CRAN directory src/base-prerelease contains R alpha, beta, and rc releases
Contributed as daily snapshots in time periods before a planned release.

.  Between releases, the same directory src/base-prerelease contains hots of
Donations
current patched and development versions.

Donate Planca rand ahant naw fastirac and hua fivac hafara filing carracnanding
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You can download the most software related to R from CRAN (https://cloud.r-project.org). The
screenshot of the top page of CRAN is shown above.

Depending on your computer’s OS (Windows, MacOS or Linus), you must follow the suitable links. In
the case of Windows, you see the screen below.

(53 © The Comprehensive RArchive L X +

C @ QO 8 r-project.org % %% Qcrancloud >

R for Windows

R Subdirectories:
Binaries for base distribution. This is what you want to install R for the first

base .
time.
CRAN contrib Binaries of contributed CRAN packages (for R >= 4.0.x).
Mirrors Binaries of contributed CRAN packages for outdated versions of R (for R <

What's new? old contrib 40.%).
Search Riools Tools to build R and R packages. This is what you want to build your own
CRAN Team - packages on Windows, or to build R itself.
About R e . . . .
R Homenage Please do not submit binaries to CRAN. Package developers might want to contact Uwe Ligges directly in
*LThe R Jour%lja 1 case of questions / suggestions related to Windows binaries.
Software You may also want to read the R FAQ and R for Windows FAQ.
R Sources Note: CRAN does some checks on these binaries for viruses, but cannot give guarantees. Use the normal
W precautions with downloaded executables.
ackages
Task Views

Other

Documentation
Manna Te

On 13 May 2025, the latest R version is R-4.5.0. If your OS is Microsoft Windows, I recommend you
to download R-4.5.0-win.exe from the [base] link and R Tools 4.5 from [Rtools] link following the
links and finally downloading rtools45-6536-6492.exe.

After downloading, you have to run R-4.5.0.exe as administrator. To do so, usually right-click the icon
of R-4.5.0.exe and choose [Run as administrator] from context menu. You may choose manual setting
as install option, then you should choose SDI. Other options are not so important and up to you.

I cannot fully explain how to install R in MacOS or Linux here. Please find suitable explanation in any
web sites. It’s not so difficult.

Installation of RStudio

The RStudio is available at https://posit.co/downloads/. Many famous developer of R packages join this
project such as Dr. Yuhui Xie (known by animation and knitr) and Dr. Hadley Wickham (no need to
mention, well known by tidyverse including ggplot2, plyr, dplyr and devtools.

For most users, click the button [DOWNLOAD] under the “RStudio Desktop Free”, linked to
https://posit.co/download/rstudio-desktop/. If you have not installed R itself earlier, install R first.
Then you can download RStudio from the button of [DOWNLOAD RSTUDIO DESKTOP].

If your OS is Microsoft Windows, it links to RStudio-2025.05.0-496.exe (released on 5 May 2025) on
26 May 2025. After downloading, you can install RStudio automatically by clicking the icon and YES
to query. In Microsoft Windows, starting icon will not be placed on the Desktop automatically, you
may need to pin the RStudio icon after starting once.



https://posit.co/download/rstudio-desktop/
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If you make the shortcut to “C:/Program Files/Rstudio/bin/rstudio.exe” in “C:/Users/[your user
name]/AppData/Roaming/Microsoft/Internet Explorer/Quick Launch” and show the quick launcher in
the task bar.

Usually, when we use the RStudio, we set the specific project assigned to the folder. Choosing “New
Project” from “File” menu and setting the project within the specific folder can set the default folder
for that project. Within the folder, the project setting file with extension .Rproj is built. From next
operation, by clicking that file (the file with extension .Rproj), RStudio will start, though when you run
RStudio from start menu, desktop icon, or quick launcher, RStudio remember the previous setting.

Character codes are important issue for Japanese user, but RStudio can specify default character code
for each project using “Tools>Project Options>Code Editing>Text Encoding” menu.

Installation and management of R packages

The excellent advantages of R include the enormous packages for new and/or special purpose analyses,
freely available, developed by many specialists in the world. As https://r-pkgs.org/release.html says,
the officially approved packages in the CRAN (https://cran.r-project.org/) are reliable but the developer
has to overcome the difficulty to be accepted. The devtools package made the packages easily opened
in GitHub (cf. https://kbroman.org/pkg primer/pages/github.html). For such reasons, some packages
are exclusively available at GitHub, but most famous packages are available at CRAN. If you want to
install any specific package in CRAN, you need to enter the code install.packages (" [known
package name]", dep=TRUE) from R console and run.

For instance, if you want to install the Rcmdr package from CRAN, you need to enter below.

install.packages ("Rcmdr", dep=TRUE)

For the first time, you need to specify the name of mirror server. Usually cloud server or any server in
your living country is recommended.

In the RStudio, from Tools menu, you can easily install and manage R packages (probably you can do
it intuitively, therefore no explanation is necessary).


https://kbroman.org/pkg_primer/pages/github.html
https://cran.r-project.org/
https://r-pkgs.org/release.html

R basics

The CRAN provides various tutorial texts such as “R for beginners'” and “An introduction to R*”.
Here the minimum explanation is given based on Microsoft Windows version with RStudio (the
operation is almost the same in MacOS or Linux, but some details are different).

When you run the RStudio, you may see the window below.

RStudio =" u] X
File Edit Code View Plots Session Build Debug Profile Tools Help
O - %ylee- Go to file/funct ~ Addins ~ BJ project: (None) ~
Console  Terminal Background Jobs - Environment  History Connections  Tutorial = [
R - R450 - ~/ g 2 Import Dataset » | 9 109MiB ~ | & List ~

R ~ | (T Global Environment ~

R version 4.5.0 (2025-04-11 ucrt) -- "How About a Twenty-Six"

Copyright (C) 2025 The R Foundation for Statistical Computing

Platform: x86_64-w64-mingw32/x64 Environment is empty

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()’ or 'licence()' for distribution details.

Files Plots Packages Help Vi resentati =)
R is a collaborative project with many contributors. Q5 New Folder | ©  New File =
Type 'contributors()’ for more information and A Home
‘citation()’ on how to cite R or R packages in publications. AiName Sk Modined
o Rhistory 3.8KB May 27, 2025, 9:10 AM

Amazon Downloader Logs

Type 'demo()’' for some demos, 'help()’ for on-line help, or T

'help.start()’ for an HTML browser interface to help. Cyberlink
Type 'q()’ to quit R. DA-1

#® desktop.ini 4028 Dec 13, 2024, 10:41 PM
> Dylos Logs

Euler Files
EXP
Feasibility of intracoronary nicorandil for inducing hyperemia ... 785.7 KB Nov 16, 2022, 6:01 AM

Jacques Loussier Trio.m3u8 9018 Mar 10, 2025, 12:28 AM
Journals

MAXON

My Kindle Content

NEW202310.m3u8 3818 Oct 22, 2023, 8:40 AM
NEW202501.m3u8 812B Jan 14, 2025, 4:20 PM
Office Dh22 L FvTl.—k -

The symbol “>” in the Console window is called as “prompt”. All interactive inputs to R are done via
prompt, functions and statements followed by enter key (). If you fail to close parenthesis or wrongly
press -] in the middle of functions or statements, the symbol of prompt changes to “+”, which means
the one input line still continues. If you cannot exit from this “continuing line” status, press escape
(&), then you can get back to new prompt (“>”).

If you directly use Rgui (not within RStudio), you can save the lines already inputted from the [File] >
[Save History...], but in RStudio, this menu is inactive. Instead, in RStudio, you should make a script
file first, usually via [File] > [New File] > [R Script] (or simply press [New file] icon below [File]
menu, Or press at the same time), then you see the Script Editor window. You can enter any
input lines to R as script here, then you can run the entered lines by selecting or put the cursor on the
target line and click [ - Run] icon (or press at the same time). The script editor can edit, save and
load the lines of R functions and statements (R scripts) at any time.

If you use the projects in RStudio, default folder to save and load all R scripts and data is the project’s
folder. Of course, you can read and write scripts and data existing other folders or internet by
specifying full paths or URIs, but I don’t recommend it except for very special situations.

1  https://cran.r-project.org/doc/contrib/Paradis-rdebuts _en.pdf
2 https://cran.r-project.org/doc/manuals/R-intro.pdf
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R objects

Basically we use R to analyze data in the way of (1) assigning the data to object by “<-", (2) applying
the functions to draw graphs or to analyze to that object. Roughly considering, the object in R is a kind
of variable. The name of objects should be composed of alphabet, 0-9, and period. Other characters
such as underscore or 2 bytes characters are also applicable for the name of objects, but unusual.

The R is case-sensitive. X and x are treated as different objects. All names of functions and statements
are composed of single byte characters, but 2 bytes characters can be used as the name of object. It
causes very strange unexpected error. Instead of typing hist (dat$HT), if youtype hi st (da
t $HT) , error message will be raised. If you type hist(dat$HT, xlab="height (cm)”), “, ” is double
byte character and thus nothing happen (even error message will not appear). This kind of error is very
difficult to detect. By typing 1s (), you can get the list of all objects already defined in that session.
There are several types in R objects, as shown below.

Various scalar types

NULL: The value showing nonexistence. Different from NA (missing).

Logical: TRUE or FALSE. Integer number 1 and 0 can be transformed to logical using as.logical().
Equations returns logical value. “5<4” is FALSE. “142==3" is TRUE.

Integer number: For example, -1564, 0, 1, 45671, and so on. Too large integer number is
automatically converted to real number (floating point). To convert other type scalar to integer,
as.integer () canbe used. as.integer (TRUE) is 1. as.integer (“455") is 455. If you
connect 2 integer numbers with “:”, a vector of integer numbers is generated. 2 : 4 means ¢ (2, 3,
4).

Numeric (real number): 0.1, pi, sqrt(2), 1le+7, and so on. The “pi” is the built-in constant of
3.14159265. The sqrt () is the function to calculate square-root. The “e+” means 10" powers. le+7
means 10000000. If you want to convert other type to numeric, as.numeric() can be used.

Complex number: Not used in statistics, but 1+1i, 0+0i, or any other complex numbers can be treated
in R. To convert other types to complex, as . complex () can be used.

Characters: By quoting anything with double quote or single quote symbols, it can be treated as
character. “abc”, “1”, and so on. LETTERS means upper case alphabets. Therefore,
LETTERS[24:26] means c ("X", "Y", "Z").Any objects can be converted to characters by
as.character().

Factors: It doesn’t make sense as scalar, because the factor type is composed of integer levels with the
names (labels) of each level. This type is applicable to use categorical variable. Defining it by
factor () or converting other types with as . factor () . Please read the explanation below.

To understand the factor type, let’s consider an example. ABO blood type is composed of 4 categories
of “A”, “B”, “O”, and “AB”. Therefore, the variable for ABO blood type is a factor with 4 levels, each
blood type is considered as the name of levels. If you read it from tab-delimited text file, you can use
the function read.delim () with the option “stringsAsFactors = TRUE”, when the levels



are automatically assigned due to alphabetical order. In this case, 1* level is “A”, 2" level is “AB”, 3"
level is “B”, and 4™ level is “O”. If you don’t use that option, the data is read as characters.
If you want to change the levels, you can use factor () function as shown below.

set.seed(123) # initialize random number seed
bloodtypeC <- sample(c("A","O","B","AB"), 100, rep=TRUE)
bloodtype <- factor (bloodtypeC, levels=c("A", "O", "B", "AB"))
bloodtype <- factor (sample(l1:4, 100, rep=TRUE),
labels=c("A", "O", "B", "AB")) # This is better way to specify order

When the as.integer () function is applied to factor type object, integer vectors showing the levels
of factors are returned. If the levels have apparent order, we can use ordered factor type by

ordered () or as.ordered (). Sometimes we need to categorize the continuous numbers such as
age or height into ordered categories. If we have the height as numeric variable, we sometimes need to
categorize by every 5cm. Let’s generate hypothetical heights data for 20 people whose average is 160
cm with 5 cm of standard deviation. Then categorize that into factor object for every 5cm from 150 to
180 cm using cut () function.

set.seed (123)

height <- round(rnorm (20, 160, 5), 1)
hc <- cut(height, seq(150, 180, by=5))
print (data. frame (height, hc))

The function cut (continuous_variable, interval_ vector) converts any continuous
variable into a categorical variable according to the interval vector. The seq(min_value,

max value, by=interval length) function, used to define the interval vector, generates an
interval vector by dividing the range from the minimum value to the maximum value by the interval
length. If you use len=number of intervals instead of by=, it will divide the range from the
minimum value to the maximum value into the specified number of equal intervals. hc becomes a
factor-type variable where the minimum interval is (150, 155] and the maximum interval is (175, 180].
By default, the boundaries of the intervals are "greater than ~ and less than or equal to ~". If you want
to use the Japanese style of "greater than or equal to ~ and less than ~", specify the option
right=FALSE within the cut () function. Furthermore, if you use hco <- ordered (hc), it
will become an ordered factor type.

The R objects can have various structures such as vector, matrix, table, list, and data.frame. Vector,
matrix and table can include the single type object as its elements, but list and data.frame can include
several different types of objects. In addition, the objects in S4 and S5 classes can have the slots. The
map data objects is one of the S4 classes, but it cannot be explained in this text because the author
doesn’t understand well.

Vector: It’s a set of scalars. Including all elements of a vector within ¢ () separated by comma(, ). If
the included elements have different types, the types are automatically converted. For example,
c(NULL, FALSE, 11, 8.23, 5+2i, "statistics") is automatically converted to
c("FALSE", "11", "8.23", "5+42i", "statistics").However, NULL is omitted from
the set, because it means empty. To extract the elements from a vector can be done using brackets, [].
When x is 2:4, x[3] returns 4.



Matrix: A vector with dimension is a matrix. matrix (X, NROW, NCOL) can convert a vector X to
a 2 dimensional matrix with NROW rows and NCOL columns. When NCOL is not given,

length (X) /NROW is assumed. The alignment of a vector is from top left to bottom left, then 2™
column’s top, go down, and so on. When the option of byrow=TRUE is given, the alignment is from
top left to top right, then move to 2™ row. The NROW and NCOL must be the positive integer numbers.
matrix (X, 1) looks similar to a vector X itself, but different because a matrix has dimension.
Reference to any element of a matrix can be done using brackets with comma [the order in
row, the order in column].eg.,matrix(1:9, 3, 3)[3, 1]is3,matrix(1:9,

3, 3)[1, 3] is7.However, when matrix is compared with other objects (including not only matrix
but also vector or scholar), each element of matrix is compared. For example, 1:4 ==
matrix(1l:4, 1, 4) returnsthe matrix with 1 row and 4 columns, TRUE TRUE TRUE TRUE.
For matrix with 3 dimensions, array (X, dim=c (NROW, NCOL, NSTRATA)) can be used. X is
a vector. Elements of X are aligned from the 1* strata’s top-left to going down, then next columns top,
going down, ... until the bottom-right, then moving to the 2" strata. Such 3D matrix is useful for some
special functions such as mantelhaen. test (), which calculates Cochran-Mantel-Haenszel’s
pooled odds ratio and conducts Cochran-Mantel-Haenszel’s pooled chi-square test across strata. If you
have 2 or more vectors with same length, using cbind () or rbind (), you can get matrix. In
addition, matrices can be transposed by t ().

Table: It’s a kind of matrix, but has attributes of “table”. Basically all elements of a table are integer
number. Rows and columns have names. Usually, table object is generated as the result of table ()
or xtabs () to make contingency tables, but if you apply attr () to matrix type objects such as
attr (X, "class") <- "table".R is object-oriented language so that some generic functions
in R can change the default behavior by the type of objects given for that function. For example, when
an object is given to plot () function, usually scattergram is drawn, but if the object type was table,
mosaicplot () is automatically applied and mosaic plot is drawn.

List: A list type object can include any types, any numbers objects within it, by the function 1ist ().
A list can include even other lists, which can be nested. Each list item can be named. For example,

X <- list(A=1:3, B=c("X", "Y"), C=TRUE)

can generate a list X including 3 list items, A of integer vector, B of character vector and C of logical
scalar as those are. Referring the list item can be done by $[“the name of list item”] or [[“the name of
list item”]] or [[the order of list item]]. In this example, X$A returns c(1, 2, 3), X[["B"]] returns
c(“X”, “Y”), and X[ [3]] returns TRUE. If you need to refer the element within the list item, the
brackets can be used again. For exmaple, both X$B[2] and X[ [2]] [2] indicates the 2" element of
list B, that is “Y™.

Data.frame: The object with type data. frame is a special kind of 1ist, where all list items are
vectors with the same length. It looks like a table, but can include several different types of vectors,
which distinguish data.frame from matrix or table. Referencing a part of data.frame is possible by 2
ways, the way used in matrix (such as X[i, 3j]) and the way used in list (such as X$A[i]). If you read
the data from external tab-delimited text file using read.delim() or comma-separated text (csv)
using read.csv (), the resulted object becomes data . frame. The object X of matrix type can be
converted to data.frame type by as.data. frame (X). The function subset (X, expr) can
extract a part of data.frame, where only the rows with expr being TRUE are extracted as a data.frame.



To get information of objects, the following functions are available.

Mode: The mode (x) inspects the type of object x if x is scalar, vector or matrix. If x is list or
data.frame, “list” will be returned.

Structure: The structure (x) or its abbreviation str (x), returns the data structure information of
list or data.frame object x, such as type and length of objects included in x.

Attributes: The attributes (x) or its abbreviation attr (x) inspects the class of object x.

Length: The 1ength (X) returns the length of the object, which means the number of elements for
vector, number of the list items for list, and the number of variables for data.frame. If you need to get
the length of character strings S, nchar (S) is available. For example, length(“happy”) returns 1, but
nchar(“happy”) returns 5.

Names: \item[names] \verb!names()!\index{names()} i%. \verb!rownames()!. \verb!colnames()!.
\verb!dimnames()! & & $12, AH 7 —IZHHTZ[F7D, X7 PR YR MRITHRT =TT =27
V—AZEBENB AR ZZRLLED, 25 2MEIC L > THET 2 HNTHWS, A7 =2
\verb!x! DfEA3 172 LT, Zd\verb!xliz, il ZiX\verb!"test"! ¥\ 5 #R1% 1) % 121%. \verb!
names(x) <- "test"! & 3%, X7 FAOHFE, FIZIE. VI aAMNSME. I A3 ME. Xu a2 [E, FH
10D 5 Z & 2RI L 213U, \Werb!x <-¢(5, 3, 2, 10)! & LT &\verb!names(x) <-
c("apple","orange","melon","grape")! & TAUX L\, HARTZMNIT 2 HHIE. ZRICE 2SN TES L5
25 ZE T, ZOHBERL, Au YOz H D izwvwe %, \verb!x["'melon"]! L WH X TEIT X 5,
19 E 7213 7 — & 7 L — L\verb! X1 iZD W T, \verb!rownames(X)! C\verb! X! D70 &R # S TE 5 L,
\verb!rownames(X) <- c("A", "B", . ) D X 5 THUIITHEMNIT 2 Z L TE %, \verb!colnames(X)!
THI%MSIRT &, \verb!colnames(X) <- ¢("X", "Y", .V THIZE[ T2 Z e BN TE 3,

Basic Grammar in R

Inputs until carriage-return or “;” to prompt is treated as single function or statement. The most basic
functions and statements are summarized below.

\item[#% 7] \verb!q()!\index{q()}

\item[{{#] \verb!<-Nindex{<-@$<-$}\par

BlzIE, 1. 4. 6 2 WO 300HEN S EZRT L E\Wwerb! X WHIF TV =27 b () R EFET
WIERD K HI12T %,

\begin{screen }\small\begin{verbatim}

X <-c(1, 4, 6)

\end{verbatim }\end{screen}

\item[{EMR] \verb!#N\index{#@\W#} & D ZIIMTOKDL D FTHER 2 h T AW

\item[ X ] D ] \verb!; AT RDO DI D 1170HIZ2 DL EOBKS X E2ET 3

\item[ 7' &2 v 7] \verb!{!2> S\verb! }! £ TlZ 7 v v Z\index{ XA > @7 my 7} kb, BIIEITH
HoTh 1oL LTHbNS

\item[BIEOBEA] B A T 27+ (8 AT ay) BEZZERNE-TL %, #HlziE, Lo
\verb!XNicxt LT, &FFEFHE T 2B \verb!sum()\index{sum()} Z &M ¥ % 12iZ. \verb!sum(X)! & ¥



WE, 11 2 WSHERIR-TL %, BEEIANTFICTE S L., BBOMEREZA 727 MHMET 2 Z &
HTZ 5,

\item[ € %] \verb!function()!\index{function() }\par

BHERETE % 1 DO \index{» A T 5@} LTHEA TER\index{ CWE@ER}T LN TE
%, BABUERIIMTICHE - TITO T TE, RMTOMEMBREDEL 725, BBNOZRITF
TWADT, BFHNTERISMEL THEBIMNITHE L v, BN TEBOEZARYITEZTLEL
72 =ik, EEOMETHZ L T, \Werb!<<-! Gk#EfHE) \index{ 2 W2 < 3b@KkHfHE} 2 W5,
Bz 11X, X7 b X OFE\index{ N\ X A @} & EHERFZE\Index{ U & 5 U w ANA S @IEHERZE} 2
FHE S 2 B%\verb!meansd()! D EFIZXDED .

\begin{screen }\small\begin{verbatim}

meansd <- function(X) { list(mean(X), sd(X)) }

\end{verbatim }\end{screen}

\item[~ /L 7] \verb!?\index { ?@$?$ }\par

BIZR, StSRE DEIE\verb!t.test()\index{t.test() } DR % A 5 121X, \verb!?t.test! ¥ § 5, HH LFED
AHHTEIASCHIZH T 2 HEEZR L 720 e ZE$?7?8\index{??@$??$} 25, flziX, arsv=<
VTIN=ATY 2 VDER A ZRBER T BT SN T L X o7z 1T, \verb!??Cochran! & 7T
3. \verb!mantelhaen.test()! ¥\ 5 BIEE R R O0 %,

\item[{# Fi 5] \verb!example()!\par

% DI~V ZICHBIDE TV T, \verblexample()\index{example()} THEITT 2 Z & BN TE 3,
il 2 1X\verblexample(Im)! ¥ §4uUZ, FEEIFEZIH\index{H AT W\ ERAHE Z @I EIFIHT DR
#\verb!Im()\index{lm()} DEAFIH TR SN %

\end{description}

R XS Eif\index{S IFAZ@S &}V 7ty bDEELSONTWEHED, STFREOETL—T
\index{ % — 3@/ — 7 }&EMH77IE\index{ U & 5 1FARA Z@FM0IL} 7% & Ol S\ index{ £\ ¥ x
2525 @fENGE )} EFE T B, BEICHAL TE L,

\begin{description}

\item[/L— 7] \verb!for () { }\index{for}ic & 2 DE@ETH %, il z1Z.
\begin{screen}\begin{verbatim}

T<-0

for (iin 1:3) {

T <-T+i

}

\end{verbatim}\end{screen} ¥ 523 ¥, HHNI0THSZTIZ1. 2. 3DEWEINTOIEDS, &MU
K712 & D v —F & @b cikiy 720 e Eid\werblbreak! Z1# 5, L — 7O T &M Z THIRD SR WGEE
1. \verb!while() { }1Zffi5 Z 2 TE 3,

\item[£&f57157] \verb!if () { } else { }N\index{if} 235t DFEAE TH %, \verb!( )P A 5 5
WIERDEIBHDDD B, SK/MEXBRT MR SIERYIDEZDAFEOIS Z L ITHEE,

\begin{screen }\begin{verbatim }

if (A==B) {} #A t B2% L Wwr 2 {JNEFET

if (A>SB) {} #A B X hRKEwne 2{}NEFET

if (A>=B) {} #A DB KD RZ2WVrFEL WL Z{JNEFET

if (A<B) {} #A B X h/hawne 2{}NEFET

if (A<=B) {} # A DB & h/pXW0pFELWVWE Z{INEFET

if (x %in% A) {} # x 23 A OEZRIZE T UI{ N FET



\end{verbatim }\end{screen}

N7 MVOFEBERIIN U TERHHE X, #Hlk2 brEE 5 izid\verblifelse()\index{ifelse()} % H
WA ZENTES, HlZIX, Werb!x <-¢(1,1,2,1,2,2, DITH 2 & =, 1251E"M", 2251X"F"ITE
X 128 LA \verbly! Z1E D 720 & Z1%, \verbly <- ifelse(x==1, "M", "F")! & ¥ % \footnote{ % -
b, ZDHAEIX \begin{screen}\begin{verbatim}y <- factor(x, labels=c("M", "F"))\end{verbatim}
\end{screen} & 7 7 7 X—{bL T3 BEETH 5, }, AT7TITVEHOES 72V {b\index{ TW\WH»TIH
@S 72V} b, \verblifelse! ¥ \verb!%in%!\index{\%in\%} Z{# 5 & H LW,
\end{description}



Perspectives of statistical analyses by the type of data

The data obtained by questionnaire survey

Data obtained from questionnaire surveys is fundamentally categorical data. It is necessary to clarify
whether one is asking about knowledge, attributes, behavior, or perception. To ascertain knowledge, a
test with clearly defined correct and incorrect answers should be administered. Test scores can be
treated as continuous variables if they approximate a normal distribution. To investigate attributes and
behavior, questions must be devised that can ask about facts as unambiguously as possible. Although
continuous data may be obtained in some cases, such as age or sleep duration, attributes and behavior
mostly result in categorical data.

For perceptions, a Likert scale® is often used. Whether to use a 3-point or 5-point Likert scale, for
instance, depends on the objective. A 3-point scale (e.g., options like {1. Disagree, 2. Neither agree nor
disagree, 3. Agree}) or a 5-point scale (e.g., {1. Strongly disagree, 2. Somewhat disagree, 3. Neither
agree nor disagree, 4. Somewhat agree, 5. Strongly agree}) are commonly employed. These are
themselves analyzed as ordinal scales. However, when the total score of multiple similar question items
is used as some kind of scale, it is often treated as a continuous variable. In such cases, it is necessary
to confirm whether these question items indicate a single latent factor using methods such as
Cronbach's alpha coefficient. If the alpha coefficient is not generally 0.7 or higher, the reliability as a
single latent factor is considered low. In some cases, it may be necessary to perform factor analysis and
re-examine the latent factor structure.

Notes in setting question items

* The question items must include needed and enough items, all of which have to relate with
research purpose or working hypothesis.

* Generally, the process involves first breaking down the main subject of the survey objective
into several dimensions. Then, each of these is further decomposed into several more detailed
dimensions. This procedure is repeated, and the finally subdivided elements become the survey
items, which are incorporated into the questionnaire as headings or questions.

* There's a tendency to want to include anything that seems interesting or valuable, but careful
consideration is necessary:

* Will data be obtainable from that item?

* Even if data is obtained, can it be used for analysis?*

* Isits importance not low considering the overall balance?

* Will it not cause resistance, aversion, or bewilderment in the respondents?

* The principle is to include the bare essentials, plus introductory questions for sensitive topics,
and a limited number of seemingly redundant questions to confirm responses to other questions.

3 Likert scale: Respondents choose from several options to indicate the extent to which they agree with (or find
applicable) a presented statement, and this choice is scored.

4 To confirm this point, dummy tables (provisional tables created to visualize how the data would be tabulated and
summarized if obtained) are useful. They should be created if possible.



Notes in wording

Simply and easy to be correctly understood by the participants. eg. When you need to get the

information related to age, asking date of birth rather than age is better.

Pay attention to the words used in daily conversation, adverbs, pronouns. eg. “What kind of

cloths do you wear?” cannot clarify the contents of “kind”. “Why is it?” may cause

misunderstanding in what “it” specifies.

Pay attention to the following points.

* Be careful with common nouns and proper nouns. For example: "How many copies of the
newspaper do you subscribe to?" doesn't specify the type of newspaper, and it's ambiguous
whether asking about the number of copies includes those for customer service in a
business.

* Pay attention to differences in imagery due to the respondent's social class or environment.
For example: Even if you say "bath," a student living in a boarding house might imagine a
public bathhouse.

* Avoid difficult terms or technical jargon. If you must use them, provide clear definitions.
For example: It's reported that in a survey conducted in the US, when asked about the
completely fictitious "Metallic Metals Act," 70% of respondents answered that "it should be
investigated by the federal or state government." Respondents are reluctant to say they
"don't understand the words."

* Avoid stereotypical words. For example: The image conjured by the word "leftist" can vary
greatly among respondents.

Notes in statements

Avoid using excessive adjectives.

Devise sentences while considering that respondents tend to affirm questions ("yes" tendency).
Be especially careful that introductory clauses in complex sentences do not become leading
(e.g., prestige suggestion effect). For example: A question like "It is said in the world that ox,
but you..." distorts the answer by borrowing the prestige of public opinion.

Avoid questions that are limited by units. For example: With the question "About how many
books do you read in a month?", people who read 2-3 books a year are likely to be forced into
categorizing themselves as O or 1.

Questions whose sentence content includes two or more points (Double-barreled questions®)
should be broken down into a group of questions, one for each point.

Do not ask questions based on detailed past memories.

Avoid questions with negative phrasing as they are ambiguous. For example: In the question
"Should the sale of the municipal zoo to a canning company be stopped, or do you think it
should not?", the answer "I think it should not" is ambiguous as to whether it means "it should
not be sold" or "it should not be stopped."

Do not ask overly bizarre questions. For example: A sudden question like "If you were to live
on Mars..." could undermine the reliability of the entire survey.

5 The term barrel usually means a cask, but it's different in this case. According to Ishikawa, Sato, and Yamada (1998)
"The Power to See the Unseen [Mienai-Mono-Wo-Miru-Chikara]" Yachiyo Shuppan, p.284, "Incidentally, double-barrel
refers to a double-barreled gun, which is designed to fire two bullets at once."”



Types of questions

* Is the question personal or general?

* Are you asking about awareness or actual conditions?

* Are you asking for an opinion or testing knowledge? Questions that test knowledge can be used
as filter questions to only ask for opinions from those who possess the relevant knowledge.
However, if the primary purpose is to test knowledge, a test should be administered.

* Are you asking about normal behavior or behavior on a specific date/time? For example, when
conducting a dietary survey, the results usually differ between the 24-hour recall and the food
frequency questionnaire (FFQ).

* Are you asking with a single question or capturing information with a set of questions? To
inquire about the constructs that cannot be grasped with a single question, it's typical to use a
validated set of questions and use their total score as the score for the construct (Note: Even if
the set of questions has already been validated, internal consistency must be checked for the
data obtained using Cronbach’s alpha).

* For those who answered yes or no to a specific question, a second, leading question is asked to
make them overturn their judgment, thereby measuring the strength of the yes or no response to
the first question. This second question is called as biased question. For example: If someone
answers "yes" to "Are you going to vote in the upcoming general election, or not?", you might
ask, "What if it rains on election day / What if you have something else to do on election day?".
If someone answers "no", you might ask, "What if an acquaintance invites you?". This is
difficult due to the significant impact of wording, but if done well, it can provide a sharper
assessment than scoring with a Likert scale from the outset.

Types of answering

* Free answer: Easy to ask, but analysis is sometimes difficult.

* Precoded free answer: Getting answers in free-format, but the researcher prepares the set of
expected answers as precoded categories, and the enumerator checks one of the those categories
based on answers given by respondents.

* Choosing answer: The researcher have to prepare candidate answers, then respondents choose
answers from those candidates. Yes/No = Binary, Rating, Qualitative/quantitative choice from 3
or more candidates

* Ranking

*  Multiple choice: At the time of data entry, usually the question with multiple choice is separated
into each candidate items with Yes/No.

The indicators to show internal consistency as reliability of the scale

There are many kinds of scales, but in the studies in health and medicine, Likert scale is most
commonly used. Cronbach’s alpha is the most famous one, but recently McDonald’s omega is also
used. However, there are many approaches to internal consistency.

Scales created by Item Analysis: This item selection method adopts only items with high correlation
to the quantitative characteristic being measured. Typically, good-poor analysis is performed. The
procedure involves, in a pre-test, assigning tentative scores to all candidate items for inclusion in the
scale and summing them. Then, items where there was a difference in response categories between the
upper group (total score greater than the third quartile) and the lower group (total score smaller than the




first quartile) are adopted as constituent questions for the scale. (Usually, response categories are
combined into a dichotomous format, and a difference is considered to exist if the proportion of people
who responded positively in the upper group is statistically significantly higher than in the lower group.
If there are many response categories and it's difficult to convert to a dichotomous format, a t-test for
mean differences or a Wilcoxon rank-sum test may be used to check for significance.) For each adopted
item, the scores assigned to each response category can be determined by: (1) arbitrary assignment, (2)
requesting a group of judges, (3) Likert's sigma method (assuming a normal distribution and assigning
scores as z; = (yi—1 — ¥i)/(p; — pi—1). Likert showed that if simple total scores are used, this is
almost equivalent to assigning integers sequentially from 1 to each category), (4) Seavert et al.'s sigma
method (different formula but also assumes a normal distribution, so scores are almost identical to
Likert's), or (5) Guilford's method.

Scales created by Scale Analysis: A method devised by Guttman, using a scalogram.

Scales created by Factor Analysis: Basically, scales are constructed by summing (or weighted
summing) items that are classified into the same factor (have large factor loadings on the same factor).
The reliability of this scale is usually examined using the alpha coefficient.

In this text, I will briefly explain only Cronbach’s o and McDonald’s w.

When attempting to measure some concept using a questionnaire, many concepts cannot be directly
elicited. Therefore, we try to combine multiple questions to grasp individual differences more precisely.
For example, if you want to gauge a person's affinity for nature:

(1) Do you like or dislike nature? (Like, Somewhat like, Somewhat dislike, Dislike)

This question alone would only divide respondents into four groups (if quantified as an ordinal scale,
"Like" could be 4 points, "Dislike" 1 point, resulting in four levels from 1 to 4 points). However, if you
add:

(2) On holidays, do you prefer spending time at the sea or in the mountains, or at a movie theater or
amusement park? (Sea/Mountains, Somewhat Sea/Mountains, Somewhat Movie Theater/Amusement
Park, Movie Theater/Amusement Park)

And treat this as an ordinal scale where "Sea/Mountains" is 4 points and "Movie Theater/Amusement
Park" is 1 point, then calculating the total score for answers to (1) and (2) could classify respondents
into seven groups, ranging from 2 to 8 points, allowing for a more detailed understanding. Furthermore,
adding:

(3) Are you attracted to a job observing wildlife in an uninhabited jungle, or not? (Attracted, Somewhat
attracted, Somewhat not attracted, Not attracted)

This would increase the range to 10 levels, from 3 to 12 points. If we consider this total score as a scale
representing "affinity for nature," it is expected that the three items, being sub-concepts constituting the
same concept, will elicit responses with similar tendencies.

That is, someone who answered "Like" in (1) would likely answer "Sea/Mountains" in (2) and
"Attracted" rather than "Not attracted" in (3). If consistent response tendencies are obtained for
questions constituting the same concept, the scale represented by their total score is considered to have
high reliability.



One indicator for examining the relationship between multiple variables (items) is the Pearson’s
correlation coefficient. The correlation coefficient r,,, between variable x and variable y is defined as

follows, where x; is the i-th person's response to x, y; is their response to y, 7 is the mean response for
x, ¥ is the mean response for y, and n is the total number of respondents:

2 — — — —
_ Sy _ [ 2i@i—?)? _ /im0 Xi(@i—T)(yi—Y)
"oy = (oo where s, = P Sy = P Spy = —

The correlation coefficient ranges from -1 to 1, being 0 when there is no relationship, and 1 when
(x4, y;) plots perfectly on a straight line with a positive slope in the xy-plane.

One method for checking whether consistent answers were obtained for the three questions above is the
split-half method. For example, by dividing all questions constituting the same concept into two, such
as the total score for questions (1) and (2) as variable x5 and the score for question (3) as variable xs.
If the correlation coefficient between x;2 and x3 is I'z,, 4, then the reliability coefficient o, , 4, for
these questions is given by Spearman-Brown's formula (typically, items are split into odd-numbered
and even-numbered items).

a _ 2Tai50
T12T3 1—}—7'11213

However, there are other ways to split the items, such as the score for (1) and the total score for (2) and
(3). If there are three or more sub-concepts, and you want to use Spearman-Brown's formula to
determine if there's a consistent tendency in these responses, multiple a values would be calculated (as
many as there are combinations of splitting n items into two groups). In this case, o, z,, and oz, 2,
would also need to be calculated. Then, Cronbach's o aims to summarize all these possibilities. If the
total score of (1), (2), and (3) is taken as variable x; representing "affinity for nature," and the scores for
(1), (2), and (3) are variables x1, x2, and x3 respectively, then Cronbach's « is calculated as:

k 2

1 S,
o=l = =5

where k is the number of items. In our example with 3 items, it's:

2 2 2
_ _3 Sy +8u, 152,
o = —(1 - T)

It's the item count divided by (item count minus one), multiplied by one minus the sum of the variances
of the scores for each item divided by the variance of the total score. A Cronbach's « coefficient of 0.8
or higher is generally considered to indicate sufficient, and 0.7 as fair, internal consistency (reliability)
for that set of items. Notably, Cronbach's « coefficient yields the same value as the average of the «
values calculated using Spearman-Brown's formula for all possible combinations.

Suppose the results of applying the above questions to 10 people were obtained as shown at
https://minato.sip21c.org/advanced-statistics/cronbach.txt. If this tab-delimited text file is loaded into a
data frame x, then after loading the £msb package by 1ibrary (fmsb), CronbachAlpha (x) will
show that Cronbach's « coefficient is 0.8027. If you load the psych package and use alpha (x), you
will obtain not only the point estimate but also various other values, such as the 95% confidence
interval.


https://minato.sip21c.org/advanced-statistics/cronbach.txt

In addition, by using the reliability () function included in the semTools package (which you
would need to install), you can obtain not only Cronbach's « but also five other types of reliability
coefficients: $\omega_1$, $\omega_2$, $\omega_3$, and AER. McDonald's omega ($\omega$) is
considered an alternative or improvement over Cronbach's alpha®, especially when the assumptions of
alpha (like tau-equivalence, meaning all items measure the same latent construct with equal strength)
are violated. $\omega$ is particularly useful in **factor analysis** and **structural equation
modeling** as it accounts for the actual factor structure and item loadings, providing a more accurate
estimate of composite reliability when items contribute unequally to the overall scale score. $
\omega_1$ (sometimes denoted $\omega_h$ for hierarchical omega) and $\omega_2$ (often denoted $
\omega_t$ for total omega) are common forms, with $\omega_3$ also appearing in some contexts.

Typical flows and layouts of questionnaire

\begin{itemize}
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\item BLOHEE

\item FA# B HE

\item XL 4 77 b ER=IE I RBRDOR=I DV 0—ICEBEESZ L5 LA 7Y ML, @ELOD
R=IEFEWRS,

\end{itemize}

The perspectives to analyze the data from questionnaire survey

6 Hayes AF, Coutts JJ (2020) Use Omega Rather than Cronbach’s Alpha for Estimating Reliability. But....
Communication Methods and Measures, 14(1), 1-24. https://doi.org/10.1080/19312458.2020.1718629
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A7 3V ZERELOBGRE A% Z e HRZVDT, B o xEiN\index{< AT Lw s Tv@r a R
A} ETA20ENH S (R TlE\verb!table()\index {table() } °\verb!xtabs()\index {xtabs()} THI&E) ., ~
o 2EFN\index{< A3 L w 5 IF V@7 v REFHHIBWTIX, ZHHE M H\index{ ¥ < b OBV @HZ
HYDMEE 7 4 v ¥ ¥ —DEHEHERIndex{ZXw-o L —D5E x {EOML DO@7 14 v ¥ v —DEFEE
#} (R TlX\verb!fisher.test()\index{fisher.test)} = 5) TI75 Z & 232\, BHED®E X\index{/» At
ADDEX@EHEDRE NE, A4 v Xth\index{B >3 0@4 v XLt} (\verb!fmsbN\index{fmsb} < 7 —
> ®\verb!oddsratio()!\index {oddsratio()---fmsb } Bd %< \verb!vcd\index{vcd} ¢ v o~ — < D\verb!
oddsratio()!\index{oddsratio()---vcd} B#72 £ 2 5) MU HBFRE\Index{ LXAZ 5 AT VTS
@ HERE} (R Tid\verb!ved\index{vcd} ¢ v o — D\verb!assocstats()!\index{assocstats()---
ved} BA%=e. \verb!polycor!\index{polycor} < v 7 — d\verb!polychor()\index{polychor()---
polycor} B TEHETZ 2) RETIHMET 2 Z e »Z\WV, 3DOU LD 7T VEKEOEGRE B2 & =3,
AT V=xTN=AYY 2 VOEN A4 ZFBE\Ndex{ T BAFATEIANAD2 DL IRV
WKL ESTATVY@IAZ I y=xYTL=AYY 2 LOEKH 4 “FHE}PL (\verb!mantelhaen.test()!
\index{mantelhaen.test)} Z{#>) . ©I 271 v Z[AIFSH\index{A LT Tuv o PVERAEET@1H
P27 4 v 7t} (werb!glm()N\index{glm()} TEIHE T & %, WMHEDIER & L Tik\verb!fmsb!
\index{fmsb} v 7 — 12 A - T\ % \verb!NagelkerkeR2()\index { NagelkerkeR2()---fmsb } i< & b
Nagelkerke ®$RA2$°\verb! AIC()\index{AIC()} 23t H T 2) 2FEITT 5,

Vo h— MREICKZEEZWMDHERZ X2 7T 255813, 70Ny 7 d$\alpha$fifiindex{ < A A
BolDH 251 F0T5@7 v Ny Z7DS\alpha$tiEk} (\erb!fmsb\index{fmsb} ¢» 7 —> D
\verb!CronbachAlpha()\index{CronbachAlpha()---fmsb}E8%4<>. \verb!psych\index{psych} < 7 —
¥ ®\verblalpha()\index{alpha()---psych} BI CEHE T Z 2) 2/ FUIHF oM GEflidzid) 35
BEbdb, Aa7FEMNERE LTRSS DT, A7I3VEIRRATDEND 208 5 0% iR 5121,
$t$ME\index{t 1y A T @$t$HE}Y (\verb!t.test()\index{t.test()} & i 3) —J CHELE S HHT
\index{WHIFAIZVWE RAZARNAE Z@—TTELETHZIHT} (\Werblaov()\index{aov()}<°\verb!
oneway.test()!\index{oneway.test)} Z H\ %) 21752 ddH %,

BAANZIIME S ERE 7 Nindex{ 2 5 2515 TV L 2 TH@WHESERXET V) GEllldkd) %z
HATIED2HEBZW,

7B, BREEAOEIZEOFEME\Index{ L A 5\ WVW@EEM} 2D D % 72 D12 F UBMKTHAE 2 M RE
1 ANCOZ2EFTOEMT 2 (H2WVIE, FUNREANDRR 270 I & %2 7R\index{ O & 5 TA@FF
RIDH e E, FHEIRODWT2 AGOFERMfEND) 2D b, ZOHED, AERHTIVTD
R, 20004 DERIHE DG LR UE T2 n 2%iR\index{< AT Lw 5\l x 5 @27 v A&GE
RIEED D TE DD, ML TRODITEARRDT, 74 vy —DEHIHER\index{ 3 vwoL £ —D
L x ¥ DO@7 4 vy —DEEHRIREEZFEL THEKRIIEY, LA, BATEEZS
NRVIEE—HLTWE 20, —HE\index{\W\W -5 X @ BE}EFIHINETH 5, AR
£ D$E1Z1% Cohen @ $\kappa$frEindex {2 > X F W5 5 @$\kappa$frfi} TH %, 5E2—HDOEGE

$1$. AL R L —HETS0$. TE2AL—ET$1$L 45, \verb!fmsb\index{fmsb} % v 7 — D\verb!
Kappa.test()!\index{Kappa.test()---fmsb} BT W BDFE L W I n AEFHRA 7O =27 V252 5
rHEICEE SN, —BEP L OREP WO HRSFRRINS,

IHRERUT &SI, AUEMP#EDIEENIHETHoTH, 2BHOFHEDOHI S 2D ADD - T,
M AZNER\Index {2V iZw 5 Z 5 @I AR NS & o THIEMEATIEE Z 5N WIEFEZ(L L 202 H]
DIWGED. 74 v ¥y —DEEMERD XS LWHHOBEIR#EZ v, b ITHWSDIE~ 7 %



<~ —DE\Ndex{ L BE—DITFATV@~YZ A —DME}TH Y. \verb!mcnemar.test()!
\index{mcnemar.test()} BT L FIBDFE L W I m 2ZEFHR A TV 27 F 25X NREITTE S,

The data from experimental (mostly in laboratory) study

iBER\index{ 5 1y A@IEH} & &0 FER\index{ U > I FA@FEBR} DS, H 73V 77— X iEERE\index {1 <
@BTEIOEELEMGOEMETH 2 Z 232V, BB\ index{ ¥ { B\ LITA@F AR} Tl3E
MERFHOBEE, FRALEOFE, WELrEEIE Vo 2T — 2% 77 b A\index{H 5 £ h @7 7
LY LTHWREED DS, ZROERNE, EBRTEONE T -2, BMOBEROHEETH
%, HIERF\index{Z { TWFA»V@HAERR} & G1EF\index{W > Z 5§ 5 C@BMEFHIER
TELREND B,

FERTIE, FEHNT T IRIESEMERTNICIRO TEB L DDFEAITH 5, FEOBEIMETHIUI 7B H\index {3
AZARATE@OEH}. BERERZ 517 7 b L3 4E T TORBICH S 2 7R R fET\index { &
WZA LAWY E@EFRENT}. 25 WIEHERIGERICOWTO I rE v MMEdhindex{.35
UotrWEZ@7uby METERIZe Yy MEHindex{A Lo e rW0WEZ@udy MEHTHZ KL S
LD50 % ED50 0. 7 b ot L TEINARIR E A2 2 5 EEIFESH\index{ Cw 5 VW ERAE X
@EMEIATY. RRNRZECZ TN 272 6 KIGHESENIndex {IZAR ZL TOWRAZAIAEE
@RERETE Y, HEEERIREZLBRE->TWVWE, ZO6D S5, FEH. EFRME
fEtr, EEFoH, KERIEDEOHICOWTIE, EZR 2o TX =2 —ETHI T &, (R ILEE
WBIV,VIHOT XA MT, HIEEFHHALTHE2DT, 652NV, IFYEEIFIXEZR T
PR= I TVRVODT, LD50 % ED50 OHEEEICDOWTIE, AT F R ~OISHENGE D Hr o H T
ERAE

BB, EERT— RICOWTHIHRNTE SN2 IS LTEIBS LW —2X2 74 7252 TLNBAL
LT, ZHIEE (2015) TaBPEEE V- L 12 HEFPEO TRZHWTA L S ~ oM L #hol %
WAz WE7FRIC ) EHHEHRO I LR BB T 2,

The data from field survey

In the field survey, through the combination of quantitative measurements, questionnaire and interview,
the data may include both continuous and categorical variables. 7 4 —/L K#\index {3 v —2 5 x
IZ@7 14—V FHEIZ T2, BRI EHEOWM A ZHEMT 2 Z e N2 L RV, HEWHFZE

\index{ U w 5 72 AT A = w 5 @MW} D5 EIIERE T BEE A b\index{ LA T O D 5 & { DV @
HAERREE L} DR, Fl— A2 2o TEMT 200 KERMEEE RS, HOWE XL TD
T=EDREENDIAREMEDIH D, T — XN D DA IEEHRRBRINCR 5 X2 2152V T, #Matftre LT
FERDEELVL, L2rd, REME\Index{J>ZABE@KRIEME}IDEZ L BRVDT, X3 EREOHEDMED
WETH D, 7YX LEBRIEZOBBEIZZRVH, FAXRTZOARE KRB 208 0HBEELTWS 2 IE
WIZET WV, 7YX akREOEGE. ZENAARIndex{72C w 5 722w 5 1% 5 @ZER AL} (multiple
imputation)iZ & > TREEZ S5 Z L R {75, \verb!micel\index{mice} < v /7 —%\verb!
Amelial\index{Amelia} S v 7 — %S5 Z ¥ 3%\ footnote{ ZERATEICOWTIE. SFENE - 184
EHTF(2017) IR#ElT— 2 0H : Rk 2 B—RAK e ZEMRAEY 37k, ISBN: 978-4-320-
11256-8 ZBEDH T %, REREELZ ZOr —RAZBEMICINTRELED, KA TEEEL D



PNA T AEOBNoTLES Db, FRCESERAZTBICE 28 F = v 7 L TRV RV OB,
7‘; EHHE%L:%E%HI./?E%HT%% LL\?"-&FX ]\ ’C\ééo }o

ROARUIZDIX, {\bf DN Z T 2F1IC. 7 —X D7 fM\index{ T—7"=DRAR@T —X D7} % X <
HTBLIZeTH 2, h 73V ERZSERDMR\index{ &3 5 SARNT@ELIHE} (\verb!
barplot()!\index{barplot()} THfi< Ze»T&3) . EBNZH LS XA M/ J slindex{UFT < H L@t
2 + 277 2} (werbthist)N\index{hist)} TH#i< 22 23T & %) SEMEER 71 v MNindex{#W&E»nL D
OR% o @EMERT v b} (\verb!qqnorm()\index{qqnorm()} THi Z e BT E 3) Z{E2Z DHH
ETHD, HZT—XTRIMEEFEMBE P XAEXR)y 7>y Fa—o0EAy A 7ED X 52, @i
B L THELZEEIER - BEO2MEBEHRICLTLE S ZeARLfTb s, BAMIOMEE B
2 fEfk\index{2 B2 @2 fE{t.} 32 Z L IXMED D 5, 77AHH S D2 ZIEM\index {121F 5 ¥\ @ &M}
BOARDE IATRDT S Z e IZMBEIZRWD, IEFZf\index{ WV EF RAR@IEHRTHHIEWEE L
TWT, HWEWAH 2D THRVDIZ, BEEENLHy A ZEEZ# > T2EBRICLTLES
CRED SRV, FEHRETOX Y 20053 UR. 2D X5 BRGEEITEGRD F /D HAHBHHPRV, ¥
SLTHATIVEL TR HL2REME, FRE. S 2REHEE WS A 7T VLT, LR
BAEE B S 72 E Ml D 2 I CHER T 2 Z e 2ME T RETH 5,

2EBOBEZ T 258, E556b A7V RLEYA 7 7my MNindex{d WL RAo L @EYA
2 7u v b} (\verb!mosaicplot()\index{mosaicplot()}) . FAMRHTITV TS S A HBERSL ST
ZHTELZZA MYy 7F v — MNindex{T 2 Do RXE2—@A MYy FFv—1+} (\verb!
stripchart()\index {stripchart() } TH#il} 2) <% 0 FX\index{lx Z ) F 5 @F 0 FK} (\verb!boxplot()!
\index{boxplot()} T} 3) . £'5 5 dELSEHHX\index{ X AXT@EHX} (\werb!plot()!
\index{plot()} THil} 3) %#1E5,

3ZEBU EDGER. 30DMEOERIIAR T 0y LS EAEZSKRELT2RILY 7 7 DERIMZ L
LTHRET 27, 30DLIBROEMTRENL TEEBD 207 7 7 2B T 28, SEIIBRTIEND
5 (FEL B3R



Preprocessing the data using R

RTCfES 7F—xi&, @, REXATANLEZT—&X 7L —2\index{ T—7ih—L@T—X 7L —L4}C
5%, JHANE LT TEEA 14712722 K S IHERS 5. R 2R R TOREMP, BROEROBEIUKII,
AaxDZR ) 1855, LITHREBHRICT 5, 2TV 7Ry PTHEDS L 51CL. liF L
VA REZTIDNORDEEIICTRETH S, 77 7DT7 NNV EEFTRIL LI2WHER, 77 7
BOFTHEITRETHD, ZHEALEFEHCV A FEFICT 287 =2 ZIT W,

BB N IR G 8732 4 BB DTE e DHTEL,

Long format and wide format

uih

10 NOBERE D NT, a—b—2MOARTHSRAFEZ LT 50, EMELERLERS, T
Fo2Rf{FEoNTNVE T 5,

\begin{tabular}{lcccccccccc}

\hline

HRE & 1 &2&3&4&5&6&7 &8 &9 & 10\cr
\hline

AT &5 &3 &2&7&3 &1 &4 &3 &9 & 3\cr
AR &4 &3&1&6&2&2&2&2&5 & 2\cr
\hline

\end{tabular}

\begin{figure}[ht]

\begin{center}

\includegraphics[width=6cm]{coffeetest.pdf}

\end{center}

\caption{ = — b —fHA#Z T DO H ~ XFHHDIRE D Z L \label { fig:coffeedata} }
\end{figure}

%5 5 A Excel % LibreOffice Calc 72 ¥ CX\ref{fig:coffeedata}d® £ 5 1A LT 5, #HFERL Ta
r—L.

\begin{screen}\begin{verbatim}
coffee <- read.delim("clipboard")
\end{verbatim }\end{screen}

D X 9 iZ\footnote{MacOS Tid\verb!read.delim(pipe("pbpaste"))! & L7 < TIIWiFZw, Windows 12
¥\verb!"clipboard"! & W\ 5 HHTD TNA ZH3% % 53, MacOS Tld\verb!"pbpaste"! &\ 5 7 7V IZ8 4 7
LTy 24 L2 b3 5, Windows 123 \verb!"clip.exe"! & W5 7 FVUHNH 2 DT, FERIZ A FLHEIC
TRIELHTEZRTTHD, B ZFARI LI LEWVWD, }. T —&X 7L —A\verblcoffee IZfHEL Td



Wi, 27RKYIbERFar<XUhoTrx 2+ 7744, filziX\verble:/work/coffeedata.txt! ¥ LT
RfFEL. #hve

\begin{screen}\small\begin{verbatim}
coffee <- read.delim("e:/work/coffeedata.txt")
\end{verbatim }\end{screen}

DEIIRLTHAAATS KW,

Lo, COREDTF—Z20&ER 51X, ROR a—Fe LTHEERZ bLEERL (erb!data.frame()!
DOHFTIE\verb!<-IT7x {\verb!=12f5 Z L ITHE, 2% D. TITRoTWVWEIDEATY =7 FADHf
AT, FNUFITHZ) . T—X 7L —202 LTHET 2 45D TH %,

\begin{itembox }[1]{https://minato.sip21c.org/advanced-statistics/coffee.R(1) }\small\begin{verbatim }
coffee <- data.frame(

pid = 1:10,

pre=c(5,3,2,7,3,1,4,3,9, 3),

post=c(4,3,1,6,2,2,2,2,5, 2))

\end{verbatim }\end{itembox}

a— b — R TS D ENNCERICENL LY I 2HID I20WIGEIE. COOF £, IO
MDD a— REFTERIC ANDER E R TORWEZ S IMnfiri, MEDTE 3, a— b —WHk%.
B~ A EOREBD AR KIE S\ D TR FENICERICE 722 3bhr b,

\begin{itembox }[1]{ https://minato.sip21c.org/advanced-statistics/coffee.R(2) }\small\begin{verbatim }
plot(c(1, 2), c(0, 10), type="n", frame=FALSE, axes=FALSE,

xlab="2 — b —fH", ylab="5"%%")

segments(1, coffee$pre, 2, coffee$post)

axis(1, 1:2, c("#i", "£"))

axis(2, 0:10, 0:10)

t.test(coffee$post, coffee$pre, paired=TRUE)

#AMROEZDRFEEDE 0 L WOIME LA CRDOTRDITTH A AR

# t.test(coffee$post-coffee$pre, mu=0)

\end{verbatim }\end{itembox}

ZIZT RICEANEZEAL, a—b—ZMATOROVHE AL TIREBZIET 2 W5 #F%
Licwe Zid, 7—ROBEEZ 20BN D %, BHRICEZX. ROBAD LS IZLTT—X%2HA LT
AR AN TN

\begin{itembox }[1]{ https://minato.sip21c.org/advanced-statistics/coffee.R(3) }\small\begin{verbatim }
scoffee <- data.frame(

pid = rep(coffee$pid, 2),

errors = c(coffee$pre, coffee$post),

setting = factor(c(rep(1, 10), rep(2, 10)), labels=c("pre", "post")))

\end{verbatim }\end{itembox}

A LT T — &2 o Rl



\begin{itembox }[1]{https://minato.sip21c.org/advanced-statistics/coffee.R(4) }\small\begin{verbatim }
scoffee2 <- stack(list(pre=coffee$pre, post=coffee$post))
\end{verbatim }\end{itembox}

THERTE %, 7272 L\verb!lpidiZ5 | E k3 nin L, BUEZE S X \verblvalues!, 70— 72 5$41%
\verblind! ¥ [E/E T TW5, [FIFkIC, \verblcar! ¢y 7 — 2 D\verb!reshape()! B = 21X, #itRER &
MEMREMHEZITE S, 7L, ZBAL LTV FORIKAZRITBIEZEATVWELERDH
%, ZOHE. BIEZBA X \verb!t!, 7V —TZEHH (KE) E\verb!time! X EE Z T 5,

\begin{itembox}[1]{https://minato.sip21c.org/advanced-statistics/coffee.R(5) }\small\begin{verbatim }
library(car)

colnames(coffee) <- c("pid", "t.0", "t.1") # pre » t.0. post —t.1 23#ZH

scoffee3 <- reshape(coffee, direction="long",

idvar="pid", varying=c("t.0","t.1"))

# coffee3 <- reshape(scoffee3, direction="wide") # TE+¥ %

\end{verbatim }\end{itembox}

ZD XIS L TEo A LTS — &Z\verb!scoffee! Zfi - T 2 BRI DO HED L 2§ 2 121F L RO &
12T %, ANy TF ¥ — b2, Welch DI & 2FESHIEEIE LR Wt REREI TIN5,

\begin{itembox }[1]{ https://minato.sip21c.org/advanced-statistics/coffee.R(6) } \small\begin{verbatim }
stripchart(errors ~ setting, data=scoffee, method="jitter",
vert=TRUE, ylim=c(0, 10))

meanerrors <- tapply(scoffee$errors, scoffee$setting, mean)
sderrors <- tapply(scoffee$errors, scoffee$setting, sd)

igroups <- c(1.1, 2.1)

points(igroups, meanerrors, pch=18, cex=2)

arrows(igroups, meanerrors-sderrors, igroups, meanerrors+sderrors,
angle=90, code=3)

t.test(errors ~ setting, data=scoffee)

\end{verbatim }\end{itembox}

JURF X M) P REUREBEDGEIZD - L fEHET,

\begin{itembox }[1]{https://minato.sip21c.org/advanced-statistics/coffee.R(7) }\small\begin{verbatim }
plot(errors ~ setting, data=scoffee)

wilcox.test(errors ~ setting, data=scoffee)

\end{verbatim }\end{itembox}

LT3 TER e SR (\Werblsetting! & W\ S B 7 7 7 X —Rli T HEIIC\verb!
boxplot)!23FHEN %) . w4 rar Yy rOIENAIBE (7> =h4 v b=—d URE & BEERICHE—)
DETE N5,

SISMETH T4 L3 7Y OIEMAKRETD, COEICHAERZEHLTCLEI > . ZOF—X T2
BN N R EREER R WE TR TERLIRB I hbh b, [oT, HLETTF—X0MNHE



W TT— &R T 7 ANEBRITRETHD, ZOIIICHALTEERZTZZ2EHTLD R THR
WA, T—XT7L—LDFNIEY LTEZTEBL 2RI DZI D 5,

Table (data.frame) manipulation

ATV T —=REREATRIET 27 7=y 7%, fliHZHIT/RT, \url{https://minato.sip21c.org/
medstat/samplel11.txt}ik 40 A3 @, Fhn\verb!AGE!, FEFEDH #\verb!EXPOSURE! (\verb! YES! &
\verb!NO!® 2 &) . ZHD A \verb! DISEASE! (\verb!YES! ¥ \verb!NO!® 2 (&) » 57 % X 7 XY
DTHFAMT—=RTH2, Zhx\verbldat! L\ 57— & 7L — ZITHAADITIE,

\begin{screen}\begin{verbatim}
dat <- read.delim("https://minato.sip21c.org/medstat/sample11.txt")
\end{verbatim }\end{screen}

Y55, TOF—RIZOVWTHOIEFXERENTERFT LD TAD,

\begin{description}
\item[EXPOSURE ®%£5f] \verb!table(datSEXPOSURE)! ¥ T TiX, U RHFRX N5, \par
\begin{screen}\begin{verbatim}
NO YES
20 20
\end{verbatim }\end{screen}
\item[fERE EBOHERZ b LTAH 7Y =2 b EXC IZfHE] \verb!EXC <-
table(dat$EXPOSURE)!
\item[DISEASE D #:5t] \verb!table(dat$DISEASE)!
\begin{screen}\begin{verbatim}
NO YES
16 24
\end{verbatim }\end{screen}
\item[l#ZE H H D N\ D DISEASE D%:5t] \verb!table(dat$DISEASE[dat$EXPOSURE=="YES"])!
\begin{screen}\begin{verbatim}
NO YES
4 16
\end{verbatim }\end{screen}
\item[F#ZE & D #5258 % EXD 12f{E] \verb!EXD <- table(dat$DISEASE[dat$EXPOSURE=="YES"])!
\item[FREZE 72 LGSR 2 NED (2] \verb!NED <- table(dat$DISEASE[dat$EXPOSURE=="NO"])!
\item[ 2 DDA 7Y = 7 + BITHENCHEA] \Wverb!rbind(NED, EXD)! CIEZ DA ¥ RO EED 7 1 2
HEHER IG5 5,
\begin{screen}\begin{verbatim}
NO YES
NED 12 8
EXD 4 16
\end{verbatim }\end{screen}
\item[ 7 1 ZEE51] Fid v & 72 b \verb!table(dat$EXPOSURE,dat$DISEASE)! T2 1 R 5T & 3,
\begin{screen}\begin{verbatim}
NO YES



NO 12 8
YES 4 16
\end{verbatim }\end{screen}
\item[FREf & 7 1 245] \verb!xtabs(~EXPOSURE+DISEASE, data=dat)!
\begin{screen}\begin{verbatim}
DISEASE
EXPOSURE NO YES
NO 12 8
YES 4 16
\end{verbatim }\end{screen}
\item[{THEFE] FHHE B AN RAI D &b h o TWiu, \verb!X <- matrix(c(12, 4, 8, 16), 2, 2)!
\item[ 7 X)L %Dl %] \verb!rownames(X) <- c("NO", "YES"); colnames(X) <- ¢("NO", "YES")!
\item[ 7 ~\/1(2)] \verb!dimnames(X) <- list(c("JEERFE", "IRFE"), c("HEE", "JHE"))!
\item[ 7 — 71129 % ] \verb!attr(X, "class") <- "table"!
\item[ 371D # 4 —FME] \verb!chisq.test(X)!
\item[Fisher O IEHEREZRME ] \verb! fisher.test(X)!
\item[£E# 60 L E/ARTED 2 BRICX > L72ZEAC % dat FIC/EZ ] RO B S 0% RITT %, IR
BHCIX\verblifelse()! 2 ffi- 7z & 3 5,
\begin{screen}\begin{verbatim }
dat$AC <- cut(dat$AGE, c(min(dat$AGE), 60, max(dat$AGE)+1),
right=FALSE)
dat$AC <- factor(ifelse(datSAGE<60, 1, 2),
labels=c("<60", "60<="))
\end{verbatim }\end{screen}
\item[AC TICT — X % 2 BHZ 7T, 2B 417 v 24E5Nindex{{ AT Lw > Fv@2 o 2&E5} LT
YTAB & ETAB IZfHE] L FD X 5127 5,
\begin{screen}\begin{verbatim}
YTAB <- xtabs(~EXPOSURE+DISEASE, data=subset(dat, AC=="<60"))
ETAB <- xtabs(~EXPOSURE+DISEASE, data=subset(dat,AC=="60<="))
\end{verbatim }\end{screen}
\item[60 A/ LA _ETHll % 1 Fisher @ IEfERERRRE] \verb!fisher.test(YTAB); fisher.test(ETAB)!
\item[3 XTCD 7 1 2£K % 1E 5] \'verb!D3TAB <- array(c(YTAB, ETAB), dim=c(2,2,2))! 3% &, 3K
TED 7 v 2K 3\verb!D3TABUZTE 2 (ZNADBLEEHEATLE S5 . \verb!D3TAB! T2k, XD
XOIHRZ %,
\begin{screen}\begin{verbatim}
,, 1

L111,2]
[1,] 4 3
[2,] 4 13

”2

[L11[,2]

[1,] 8 5

2,0 0 3
\end{verbatim }\end{screen}



\item[xtabs =° table TE3 ] EIZUL RO ESL SN THEE I KL B ARNTE 5,

\begin{screen }\begin{verbatim }

D3TAB <- xtabs(~EXPOSURE+DISEASE+AC, data=dat)

D3TAB <- table(dat$EXPOSURE, dat$DISEASE, dat$AC)

\end{verbatim }\end{screen}

\item[3 XICDRD SERERINC KT 7 0 REFHREMD 23] 3T v AR5 2 KL v AR T H
DS,

\begin{screen}\begin{verbatim }

YTAB <- D3TABJI,,1]

ETAB <- D3TABI,,2]

\end{verbatim }\end{screen}

\item[60 A/ AL 5 5T b BEFE & R ICBEIE AV 2 W0 S IRERFLOME] ~ > TN Y 2 LD
7&\footnote{\verb!mantelhaen.test(D3TAB)!} 21T 5 OB EETDH %, IR A BE/KUE 5\% THRAT X
N5DT, COFMETDH Z DGR & BEHROBICIINEIZINCEREREEIH 2 2 WR 5, @At v
XEbiF\verb!7.3 [1.29, 41.61' TH H . FETER L 725512, Y OERBETHIE L TIFRER IR T
RBEETOHRA v AN T73BLREZNTE S,

\item[3 XD R BAEFH D72 W IR R D Woolf DE] ved 74 77 VIZA > TOW TR THEITTE %,
\begin{screen}\begin{verbatim}

library(ved)

woolf_test(D3TAB)

\end{verbatim }\end{screen}

\end{description}

Recode and character manipulation

Recoding the categorical data

il z1E. \Werb!x!2 W5 F—& 7L — L D\verb! AREA! & W 5 HEZ . (EI1Z 1~9) 1I2HIH X 5383 A - T
WAHIREEREZ KD, RDa— RTEKRTZ 3,

\begin{screen}\begin{verbatim}

set.seed(54321) # HELIELESNCHIHIE 54321 2 52 %

x <- data.frame(AREA=sample(1:9, 100, replace=TRUE))
\end{verbatim }\end{screen}

AREA ZHuE# (A~D) oW 7» 7 2 —ANZZEH L, 2o 3EHEOHEHX (HiEh=A,C,G. B
=B,FH. T##X=D,E,) X5 LELZ=HLVWSHEEZH\Verb!REG! Z1E-> THRIL T —&X 7L —AICA
Nz xZ, XD XS5 %,

\begin{screen}\begin{verbatim}

NAREA <-c('A', 'B','C', 'D', 'E', 'F', 'G', 'H', 'T")

# S2X LETTERS[1:9] 2 [F U

x$AREA <- factor(xX$AREA, labels=NAREA)

x$REG <- factor(ifelse(x$AREA %in% c('A’, 'C', 'G"), 1,
ifelse(xX3AREA %in% c('B', 'F', 'H"), 2, 3)),



labels=c('tfi", "&£, 'IL")

# DUR 358

NREG <- (', '&', ', ', "1, "B, L R )
x$REG <- NREG]as.integer(xX$AREA)]
\end{verbatim }\end{screen}

Manipulating character strings

RAKDPRDEF L THUHD 1 2HFHH/F\index{d LD Z 5 2@XFIREITH B, LT, W
ORI DEEZ LD TEHL, BB, AMEANTCFHHRER L2 WIE SR, \verb!stringr! %
\verb!stringi! & \» o 72 SCFHNMEH D » 77— W5 & B 6 LW\footnote {\url {https://
rpubs.com/uri-sy/demo_stringr}<>\url{ https://qiita.com/kohske/items/85d49da04571e9055c44 } %= 2
M, Yo

\begin{description}

\item[ 7 7 £ V2> & DFHAIAATLFHNE 7 7 7 X — 1 HEE# X €72\ ] \Werb!read.delim()!
\index{read.delim()} B#7z ¥ C. X7 % 7 7 A A bieAhe e &, BHEIZHBINICY » 7 X -8RIk
%, ZOHEEEEIERWI O —LF T g v hs\verbloptions(stringsAsFactor=FALSE)!

\index {options(stringsAsFactor=FALSE)} T&® % -+ YWV DA R-3.6.3 T TOMHAR - 72h, R-4.0.0
DR, ZOHBZEHIIL RO T 7 4L Mk o7z, HEIEKL 720 e %X, \verb!read.delim()!.
\verb!read.csv()! 7% ¥ DRI DO HIz, 47> a > & L C\verb!stringsAsFactorss=TRUE! % A1 % X E D35
5,

\item[7—&X 7L —LHND 7 7 7 R—EXFHNZ] 7 —& 7L —2\verblbob! DD 7 7 7 X —FIDER %
—fE T FHENindex{ b LA O 7@ LFANRHNEZ T2 WHEIFUTD L 512F %,
\begin{screen}\begin{verbatim }

i <- sapply(bob, is.factor)

bobli] <- lapply(bobli], as.character)

\end{verbatim }\end{screen}

\item[$fifi % FH A F T FANTEHE] C 5378 & ARk D kT \verb!sprintf()\index {sprintf()} & \» 5 Bi%&
PMEZ B, FHTRZ R T HIZ S & Z M, HlZ1E, \verb!sprintf("%09d", 4)! DFERITZLLT,
g IR EVNIER R B KRV e ZITHEF],

\begin{screen}\begin{verbatim}

> sprintf("%09d", 4)

[1] "000000004"

> x <-123456789012345

> X

[1] 1.234568e+14

> sprintf("%15.0f", x)

[1] "123456789012345"

> x <- 0.0000000456

> X

[1] 4.56e-08

> sprintf("%10.8f", x)

[1] "0.00000005"

\end{verbatim }\end{screen}



\item[ X FHIALFEREIEEE] \verb!paste()\index{paste()}. \verb!substr()\index{substr()}. \verb!
strsplit()N\index{strsplit()} 72 £ TH 525, & % DHAEIZTEFE L TWRW, \verb!stringrl\index{stringr}
Ny r=I%F5 . HIZIE D5XFINCE EN2HOXFHNOMEE%Z KR F \verb!str_count()!

\index {str\_count()---stringr } B %k 7z & 23 2 % \footnote{f5] ZIX. \verb!str_count("abc1234def5432",
"ANE. B IBOLTFINHNE 5B 2 FIHIET 2D T2 2iRT, Yo Bl Tld\verb!stringil ¢y o —
D EED 5 N b Z W\ footnote{\url{https://giita.com/kohske/items/85d49da04571e9055c44} 72 ¥, },
\end{description}



Various graphs drawn by R

{\bf 7EMIZ T — X ETDHEEYTH 5, LARIHHRREHETZ T 25BE81Cb. T—XOMRZ2H 572
DIVEMIIHEATH 5, R TRBEERLTANAR (RTMNVT T T4 v VA=K7 741 LTV 4
YRYZXXZT AR pdf, RAMRZ VT NRYE, SRR —=T5 74 v 7 A=HEHBRT 7 41k LTHtiff
Fjpeg Y. HH5VEAYE2—ZDT 4 AT LA) WHEKT B Z AR L. KB T 7 A W3 T
PowerPoint, LibreOffice Draw/Impress (27t AAT MWD EET ) Z & THREM THRET . HE

7 7 A Vid Photoshop R ¥ D7+ FL X v FV 7 MTHLTE %, BB, FRR=TF5 T4 v 7 ATNA
ZDHITIE, bg="transparent" ¥ L THRIIZBEEZHE T = 5 \verblpng()! b N T WT AL ZTH 2,
T=XPATRODIHMKIRE, RIVRXR—=T T T4 9 7RIS FTAR=TF7 4 v 7 AT LT
VEDREL BB L7 7 A NP A ZB/NEL 725,

The basic process of drawing graphs

R OEROEAT O RZUL DR T v TR, 7238, RDJZ 74 v 27 XiZiF\verb!base! DhiC
\verblgrid! 2 W5 Y X7 AA53H D, \verblgrid! 2 fif o TIRERIENDTE 2 Z e TLALNTVWS
\verb!ggplot2! 2 W5 8w =2 KL fEONTWE D, ZD7F R hTlX\verb!grid id#feb 7\, \verb!
ggplot2NZDOWTHI D 720 5id. BA¥EHE TH % Hadley Wickham H & 23FH W7 A2 B KO FH HIELL X
AR L7z, Hw s v o ) . AHEL, aHE GR) 75974 v 7 207D R Fur 73
¥7 tggplot2 Afy > a7 U l— - ¥y UK, ISBN 978-4-431-10250-2 Z S S L7200,

\begin{enumerate}

\item \verb!pdf(" 7 7 4 L4", width=tlF, height=/ = X)!. \verb!win.metafile(" 7 7 4 /144", width=4#
g, height=r=)!. \verblwindows()!D kX512 LTI 774 v 7 A7 4 Z%B <, \verblwindows()! 7
NAZTHYA XIEEEFARETH %, BT DA VXTI T4 TITHRIELTVR X Ea vy Ea—42D
74 2714 (OS » Microsoft Windows 7% 5\verb!windows()! 734 2B D LR L) . N\ FULH
Tid pdf 734 2 & L C\verb!Rplot.pdf! & \» 5 7 » £ A3 1561272 5 (BEiZ\verb!Rplot.pdf! D321 5
23560k, EEETIER L, \Werb!Rplot01.pdf! 7 ¥ ¥ HEIICE T Mb o727 7 A A TETHL X
ITHB) .

\item \verb!layout()!. \verblpar()!72 & T. ZDTNA X EAD T Z 7 DEERREHZHRET 5, HlZIX
\verb!layout(1:2)! & 3% & 734 23T 2 3% X 415 \footnote{\verb!layout(matrix(c(1, 1, 2, 3), 2, 2)!
£ TNARENEGHELDT 77, GEXE2DTZ 7, GIPE3IDT 7 724 #HRkE LT
nElXN D, 2F b, m1TnFlDf7F]% \verbllayout() i< L. B 0BT % fMEEF %2 R $REICTHh
WBRWOT, 2 EHREESEGTES, bEAAMEDEREES. LI/l 7 7%, HT
LibreOffice Draw 72 ¥ THILTLTH RV 72D, 2 — FTEVWTBTIEIFEEI R VO THIEREIED
BATH5, }o Werblpar()! Tk b2 DiE, \Werblcex=21WZ X > TXF Y RrD7ay b4
X REHED 2 512§ % & A, \verb!family="sans"!'"C7 + > + &% >t V) 7RI T % & 2 \footnote{ HAFE
ZRENCH S © = H ZD\erb!family=!4 7> 2 IFEE, }. \verb!las=1!"Cili H & T <L H3E ITKFIC
N3 X 51253 & \footnote{ THEFFE L WVWE, Mt HE 7 ~ i BRI/ 90 ERlEE X 1
%}, \verb!mar=c(4, 3,3, D+0.1!2 L TRAZ 1¥TOF 74V MEX DL T2 (EEIERIZF., £,
kA twoktFrarThi,



\item \verb!plot()!5°\verblhist()! 72 ¥ D BIERFEZED X 4 > 7' 7HBERE TS Z 7 24 <, \verb!
xlim=c(ti /) ME, MR AE)! CEBER OMER, \verb!ylim=c(#iefR/ME, R K iE)! T BER DHE
fhZfEETZ %, \verbllog="x"I+ 7> a ¥ % DiF % & Ml O AR 72 D . \verbllog="xy"!¥ § 5% &
WXI$ 22 71272 %, \verb!xlab="##D Z ~,1"1| \verblylab="H#t#D Z ~L"1 ¥ W5 A+ TF> 3 > Tl 7
N5 e TE S, 728, \verblplot()! THMEZH % 7= < 7205 E X \verb! frame=FALSE! A 7
Tay, ik hZAZ<A XLV EE X \verblaxes=FALSE! 4+ 7> 2 » 2 {11F %, BEIERIZRE LIz
Ny 7T say b L BWEEIX, \verbltype="n"!4* 7> a ¥ 21 %,

\item \verb!axes=FALSE!7= - /=341, \verblaxis(1, ${EX 27 b v, TRV FHINRZ L) TR,
\verblaxis(2, BUENZ t v, T LKFFNIR Y MOVITHEMZZEST 2 (3 TE 4 THIZDHEZR{TI o0
%)

\item \verb!lines()!<>\verb!arrows()!<>\verb!text()!%>\verb!legend()! T~ 7 7 1Z:8il 3 %

\item \verb!dev.off()! T7 N4 ZAHEAL S, WEDTT TS

\end{enumerate}

The functions to draw the main graphs

\begin{description}

\item[hist()] & X + 2 J & ZHi <

\item[qgnorm()] IEFIMER 71 v + 24 <

\item[barplot()] #£2° 7 7 2 i<, 175 (=207 v R&EGFHR) 25222, EALTES I 79077
N—TFRIDK7 5 7 (\erblbeside=TRUE!* 7> a > 13 7235E, 77 4 Mid\verb!FALSE! DT
A LTSS 7127%) DM %, \verblhoriz=TRUENZ T % L KitE 75 71275 (F7 4L M
\verb'horiz=FALSE!72 O Tt 77 7127 %)

\item[boxplot()] # T iF X% f <

\item[stripchart()] 2 bV v 7F ¥ — b B Hi <

\item[dotchart()] v bF v — k2L

\item[mosaicplot()] ¥ 1 7 Fm v b ZHi<

\item[pie()] F12"'Z 7 % <

\item[plot()] \verb!plot)NIFEMHRBIRILZ DT, 5BZA 2 ATV =7 M Ko TEERLED S, 220047
DVEHE TR o THERZNIESF A 7 7 ay M2k 5 L. \verb!plot(EHER ~ # 7 3 V) ZH,
data=7— X 7L —2)D X512 F 2 & H 72V EETEN L @R TS H»0 5 L, 2 O0ENE
Bz h < TRYoTHEZ %7, \verblplot(EHIZE ~ BIVAE, data=7— & 7 L — &) & T UIHEAN
P S, \Werb!x! 2 WS F— X 7L — A2 2 DD BEMNEE \verb! Al ¥ \verb!B! 23 % ¥ =, \verb!
plot(x$A, x$B)!T \verb!plot(B ~ A, data=x)! D ¥'% & T3, ZH A M, 24 B A3l o Bm X »
i3, \verbltype="b"l ¥ 3% & 7 — X AR TORDN S, \Werblpch=!+ 7> a3 > Trmy bidE
ZIEETE, \verblcol=!4 7> 2 Y CHEIBETE %,

\item[pairs()] #E D ZHL O [FIREEA X % $i <

\item[matplot()] D HH% 1 OB OFICEREE T3

\item[coplot()] 2§ 3 (+2§4) OERTEHI L - EROEHmKZH <, FHMliX\verblexample(coplot)! Thif
RTEBH. 2 O0EKTHEAIL 7 FRHAE X % \verb! coplot(y~x | a*b)liz & » THEITT 255, \verb!
al*e\verb!b! 23§l 7= ¥ EHIE X \verblaic oW T d\verb!biZDWTH T 7 4L b TiE6 TH2 (\verb!
numbers=!"CZ#HA]) , \verbla!<*\verb!b!237 » 7 & -7 6, 73 Z & iZ\verb!plot(y~x)! &5,
\item[dataEllipse()] \verb!car! ¢ v or — I HIHEL, BT & kg (FERKEM) 2EAfZT 5



\item[radarchart()] \verb!fmsb!>¢ v o —IMRHE, L —&—Fr—F (BEkOHE S Z 7) 2l
\end{description}

Examples
PR W ODHEHNZOWT, BAERNICT 7 7 %21F>Th D,
Drawing scattergram with different symbols for groups

BN EAA Ny PF vy —FTEIOERICE > ToFuy FilERZZLEZTAZ L, ZL DIFHRIES
Nz, FlziE, BREAEOBBREHAKICT 2 &, By oy MO ELEZ 2, B
ABIZ LTz IR SN HBEBERIE, BELPLELID O BREOAKRELFI L TREWVHEHALIDH S Z LI
& o TEBLLEICHRWIEDHBEBGRA D 2 X5 ICRZTWE Z b5,

ZITE XY, Z2WI 300 HoT, TRENFREKEDT 21D - T, ZOMBRENT
LRv—27%ZZTTay FLEWVWET S, 7—&I&, \url{https://minato.sip21c.org/advanced-
statistics/v3hw.txt} 72 5 X 7XYIHD 7F A b 2 LTAFTE %, ZHLIEIN D \verb! VG, FED3\verb!
HEIGHT!. {A&E»\verb!WEIGHT!T®H %, 7—&%Z\verb!xX!& W5 7 =& 7L — AIZHAAA, £F
Lo DM T IR T 8K Z i < 12iX\verblcoplot()! 2 {# 5 .

\begin{itembox } [1]{ https://minato.sip1c.org/advanced-statistics/scdehot.R(1) }\begin{verbatim }
URL <- "https://minato.sip21c.org/advanced-statistics/v3hw.txt"

v3 <-read.delim(URL, stringsAsFactors=TRUE)

plot(WEIGHT ~ HEIGHT, data=v3)

coplot(WEIGHT ~ HEIGHT | VG, data=v3)

\end{verbatim }\end{itembox}

$$\includegraphics[width=8cm]{ coplotxyz.pdf} $$

N EMNERDEND T2 DI VDT, NOKETZ ZRZHES A THR AR HBEMEIC 70y
FLTAD, 2— FIZRDED,

\begin{itembox }[1]{https://minato.sip1c.org/advanced-statistics/scdehot.R(2) }\begin{verbatim}
plot(WEIGHT ~ HEIGHT, data=v3, pch=as.character(VG),

col=as.integer(VG), xlab="&£(cm)", ylab="1kH(kg)",

main="3 F#EERD &E ¥ (KEDBR")

\end{verbatim }\end{itembox}
$$\includegraphics[width=10cm]{v3hwplot-1.pdf}$$

NO&HETZ 7ay b T 2DERARIADENDT, BHELRS Y RLEfHoT Ty ML, NHIE[EIEST 2T
DRV, XD XHI12T 5,

\begin{itembox} [1]{https://minato.sip1c.org/advanced-statistics/scdehot.R(3) }\begin{verbatim }



plot(WEIGHT ~ HEIGHT, data=v3, pch=as.integer(VG),
col=as.integer(VG), xlab="&£(cm)", ylab="1A= (kg)",
main="3 N ERD & & ¥ (FEDBR")

series <- 1:length(levels(v3$VG))

legend("topleft", pch=series, col=series, legend=levels(v3$VG))
\end{verbatim }\end{itembox}

$$\includegraphics[width=10cm]{v3hwplot-2.pdf} $$

ZDEIIa RN EHAEDE S 2 OKEZEZ TS Z LA TE S, \verblpchlizc5 2 2 fH
LT, 122625F T ey b LTHEYLRS VRADBICERSINTWS (26025 32 13ZEHT. 33
LR 7Reits) O T, \verblcol="red"! ¥ 7>\verb!col="blue"! 7z ¥ ¥ {5 E T 2 0. BREH S 72
CUTEMZERZAER L TaEZEZIUL 120 K S WM ks, icd, LUR2O0HERD %,

\begin{itemize}

\item \verb!text()! B % i o TXFH % E4FTH 5 %: \verb!plot(x, y)! D% (\verb!pch="."1%\verb!
pch=20!"T7 1y Pl BZ/ NS VRIZT 2 ERW) |

\begin{screen }\small\begin{verbatim }

text(x, y, paste(string), pos=4, offset=0.5)

\end{verbatim}\end{screen} ¥ 3 #1iZ. \verb!string! %#\verb!(x, y)! DS OHENCFK R L TL L5,

\item \verb!identify()!BEZ i 5: TRXTOTF—XHZ2RET 2 LB EFLVDT, BELRFUTOWTRET
BMERRTEZDNNRZ NTHA S5, \verblplot(x, y)! D% ic\verblidentify(x, y, labels=string)! ¥ L T
Bk, Fay bORITHFHEOS YR =V AP HIT 2 DT, HEf ET\verb!string! 2 £ /R L 72 W0
D ETZ Uy 75X \verb!string! 3B S %, Y 4 > R YDA = a2 —dD\verblstop! 2600, HZ
Vw7 X=a2—nb\verblstop! Z B RNETHEHEDRE 7V v 7 TX 5,

\end{itemize}

ZZETRo1AL, NEMTHEREEREDEBRIENYE D 20D 02D 1R 57255, EHEH
Zfi =, Hotelling ®$\hbox{T}I2$ME % HITT 2 IIELLFDa— K&, v & — & L T\verb!
car! ¥ \verb!Hotelling! B’h Bk 2728, FHA VA =L LTEL (ZRABICA-> TV EESDT
\verb!install.packages("car", dep=TRUE) I E RN DHEETH A 555, \verb!
install.packages("Hotelling", dep=TRUE) I E L 70320 d Lizw) . Hotelling @ $\hbox{T}
NSBEIR, 2B 2HETRREZ2DEIDZFHRLZDT, ZOHED I3 MHo76, 28T
DOFART, Holm /%, FDRIEFTHEDZEMZTAEERI R LRV, UTOa—F2FETT5 L,
M\ref{fig:v3hwdataEllipse} 3G 5, BERREZR 2 . YH & ZNOMDAHEKES N THR LK
HO 2 ERDMIHENCHERERZDDH % (\verb!p=0.011!) tb» 3,

\begin{itembox }[1]{https://minato.sip1c.org/advanced-statistics/scdehot.R(4) }\small\begin{verbatim }
library(car)

dataEllipse(v3$HEIGHT, v3$WEIGHT, v3$VG, levels=0.8) #£& -5 i

library(Hotelling)

Z <- split(v3[,c("HEIGHT","WEIGHT")], v3[,"VG"])

res12 <- hotelling.test(Z[[1]], Z[[2]])

res23 <- hotelling.test(Z[[2]], Z[[3]])

res31 <- hotelling.test(Z[[3]], Z[[1]])

res <- c(res12$pval, res23$pval, res31$pval)



names(res) <- c("X-Y", "Y-Z", "Z-X")
sort(res)*3:1 # Holm O /A THE D L E % flilE
\end{verbatim }\end{itembox}

\begin{figure}[ht]

\begin{center}

\includegraphics[width=8cm]{v3hw-dataEllipse.pdf}

\end{center}

\caption{ & £ & AAEDBIRIZDOWT 3 ME D 80\%HE=F5M\label{ fig:v3hwdataEllipse} }
\end{figure}

Visualization of the lifetable data by prefecture

BT EE DY A T 201342 H 28 HiZRF S iz, ok 22 FHGE TR AN A dr 2 OB (\url {https://
www.mhlw.go.jp/toukei/saikin/hw/life/tdfk10/index.html})® TRIEL T —X DX > v — K] » 5 Excel
7 7 4 v(\url{https://www.mhlw.go.jp/toukei/saikin/hw/life/tdfk10/dl/zuhyou.xls}) % &7 > v — F LT
MILUL77—&%2ff- T, AEMRAFIFROMR 2 RTINS 7 7 & FERBIHRR R OERE IR
MNTaT7 7 ANERTL—KX—F ¥ — &, BLHNAERL THS,

BN ERF R EmOHER 2R T (RE W2 EAZZZTHM L) hlis 7 7 24 <
a— FERO@ED,
\begin{itembox }[1]{https://minato.sip21c.org/advanced-statistics/eOchanges.R }\small\begin{verbatim }
e0 <- read.delim("https://minato.sip21c.org/demography/pref-e0-changes.txt",
fileEncoding="CP932")
males <- t(e0[, 2:11])
colnames(males) <- eO$PREF
females <- t(eO[, 12:21])
colnames(females) <- e0$PREF
COL <- ifelse(e0O$PREF=="E%", "blue",
ifelse(eOSPREF=="7{1##", "pink", "lightgrey"))
LWD <- ifelse(e0$PREF=="E¥7", 2, ifelse(e0$PREF=="7ii{", 2, 1))
LTY <- ifelse(e0$PREF=="E¥7", 1, ifelse(e0$PREF=="7{{#", 1, 3))
years <- 1965+0:9*5
windowsFonts(JP1=windowsFont("MS Gothic"),
JP2=windowsFont("MS Mincho"),
JP3=windowsFont("Meiryo"),
JP4=windowsFont("Biz Gothic"))

windows(width=1200, height=800) # for MacOS, quartz() can be used.
par(family="JP3") # to make pdf, family="Japan1" should be used.

# for MacOS, par(family="Japan1") should be used.

layout(t(1:2))

matplot(years, males, type="1", col=COL, lwd=LWD, Ity=LTY,
main="SO#EF RN TFIIEmOHER\n (F © RE. Pk I, RE ) ")
matplot(years, females, type="1", col=COL, Iwd=LWD, Ity=LTY,
main="ZEOHEIRAF-GEmOHER\n (F : BE. Pk vh#E. e fh) ™)



\end{verbatim }\end{itembox}
$$\includegraphics[width=12cm]{eObypref.pdf}$$

ZDT T ID0iARNDE ZIZFREEZ L RWA, 1985 FEF Ty T~V o 2B EE %
fmAs, 1990 2 & UMb Lz 2 &, BFEREMD 1990 F F TOMIITLEN S & 1995 FLIFIX
UL TWE Zebh b, IOV TIX, B E- T, Bl CHEOEIFGD S X34t
HRTERFIRL 2 13 BSEWTE 5 72D12, 2005 4EITBUVLO 241, 2005 52 5 2010 FEICIFRBEWVICR > T L % -
722 eD—HTH»” %, BIEZTHD 2 LD DT Ve ES,

HRAIZ, TR S S 70T, RSP arbiBE o TOWARW I 2 IZERE XNV, 2010 F0
BRI IE, % 1980 FEEICIZERICERE LT Wi,

\verb!NipponMap! ¢ v 4 — 2 ®\verb!JapanPrefMap()! B & 5 ¥ | #LERFRAT —&X 0 5aa L R
MEE2D 2 e HEHRICTE 2, P22 FOEGER R EHFGZ, B X 7T LD HREZXTS 5
Sturges 7L X 4 % 7ziE\verb!pretty()! BAEUE i o T4 I X 5y L. BARNCHIK E TR 2 3 a—
RN TH %,

\begin{itembox}[1]{https://minato.sip21c.org/advanced-statistics/e0Japan2010.R }
\scriptsize\begin{verbatim}

e0 <- read.delim("https://minato.sip21c.org/demography/pref-e0-changes.txt",
fileEncoding="CP932")

mec <- cut(e0$e0M.2010, hist(e0$e0M.2010, plot=FALSE)$breaks, right=FALSE)
mec2 <- cut(e0$e0M.2010, pretty(e0$e0M.2010), right=FALSE)

fec <- cut(e0$e0F.2010, hist(e0$e0F.2010, plot=FALSE)$breaks, right=FALSE)
fec2 <- cut(e0$e0F.2010, pretty(e0$e0F.2010), right=FALSE)

mcol <- heat.colors(length(levels(mec)))[as.integer(mec)]

mcol2 <- heat.colors(length(levels(mec2)))[as.integer(mec2)]

fcol <- heat.colors(length(levels(fec)))[as.integer(fec)]

fcol2 <- heat.colors(length(levels(fec2)))[as.integer(fec2)]

windowsFonts(JP1=windowsFont("MS Gothic"),
JP2=windowsFont("MS Mincho"),
JP3=windowsFont("Meiryo"),
JP4=windowsFont("Biz Gothic"))

windows(width=1200, height=800) # for MacOS, quartz() should be used.
par(family="JP4") # for MacOS, par(family="Japan1") should be used.
layout(matrix(1:4, 2, 2))

library(NipponMap)

JapanPrefMap(mcol, main="Life expectancy at birth in Japanese males in 2010")
legend(""bottomright", fill=heat.colors(length(levels(mec))), legend=names(table(mec)))
JapanPrefMap(mcol2, main="2010 4 H A A B O #BE IR A -394 am\n(pretty 12 X 52 XTI D)")
legend("bottomright", fill=heat.colors(length(levels(mec2))), legend=names(table(mec2)))
JapanPrefMap(fcol, main="Life expectancy at birth in Japanese females in 2010")
legend("bottomright", fill=heat.colors(length(levels(fec))), legend=names(table(fec)))



JapanPrefMap(fcol2, main="2010 4 H A A\ 21 O #E 7 R 13575 div\n(pretty 12 & 2 XETD)")
legend("bottomright", fill=heat.colors(length(levels(fec2))), legend=names(table(fec2)))
\end{verbatim }\end{itembox}

$$\includegraphics[width=12cm]{e0Japan2010.pdf}$$

W ODDIEEE TR 7 7 AL LTEAFBTRIDPEL —X—F v — b TH S, R Tld\verb!fmsb! < v
s —iZ\verblradarchart()! B8k L TEEL TH 2, ZO7— & oEGENRAFERBHELRG 72 7 »
AN% (RIEFDRFR e PEIEZEHALC) #i<a— I NLDED,

\begin{itembox}[1]{https://minato.sip21c.org/advanced-statistics/cdradar.R }\small\begin{verbatim}

x <- read.delim("https://minato.sip21c.org/demography/pref-LLY-h22.txt",
fileEncoding="CP932")

COL <- ifelse(x$PREF=="E%7", "blue",
ifelse(xX$PREF=="1i#", "pink", "lightgrey"))

LWD <- ifelse(xX$PREF=="E%7", 2, ifelse(x$PREF=="{{##", 2, 1))

LTY <- ifelse(xX$PREF=="E%", 1, ifelse(x$PREF=="{41", 1, 3))

VX <- c("HEMEHTEY", ST 2 BR < \n OB IK I E R R, = KB,
"R RO, GE R \n () AR B HRE,
BRI L AL

males <- x[,2:14]

females <- x[,15:27]

require(fmsb)

windowsFonts(JP1=windowsFont("MS Gothic"),

JP2=windowsFont("MS Mincho"),
JP3=windowsFont("Meiryo"),
JP4=windowsFont("Biz Gothic"))

windows(width=1200, height=800) # for MacOS, quartz() should be used.
par(family="JP4") # for MacOS, par(family="Japan1") may be used.

layout(t(1:2))

radarchart(males, maxmin=FALSE, pcol=COL, axistype=2, pty=32, plty=LTY,
plwd=LWD, vlabels=VX,

title="HMEDOFERFHER R CERK 22 4E) \n (F : B¥F. bk I, K hERERTIR) )
radarchart(females, maxmin=FALSE, pcol=COL, axistype=2, pty=32, plty=LTY,
plwd=LWD, vlabels=VX,

title="ZcMEDFERGIHER R CEAR 22 /) \n (F : B¥F. Bk : M. K hERERTIR) )

\end{verbatim }\end{itembox}
$$\includegraphics[width=12cm]{cdsllybypref.pdf} $$

DT I 73WAB0AERIeERRLTING, AL Tb»2 I FIEFMBERLE bRRORY
B, B d, PALHIRICE TS DRVE WS 2/, —F, MEEREICK > TRbAL TV
RFHEIRE W, Zhud, REBOANIEITIVZ LS BXS 0, TABEITEIENZ S, 207D
AR Z o oD%, BAGRUEHER X AP ZE - THRSBIEZRS L. Z0B0F Thzed
DT EHLNTVLDED, ZNTH XLEESERDAEHNE VI Zehd LK, 72720,  BfE
THMOVRZREFE LTEERS KEWOT, BB TSHE L ZEWIIhmnwsi, 2k, REFE



TlE, BHEOAGEEHIC X > TRDLOR TV A RMHRKEWVD, ZHE TFHROZEERIES b b,
f < CTHRIE L2 S THEIRVER D Z V0 OIINEST 32 FHHIIZ VDT, IROCH LIZ X 2 58D
2 WD TH S 5 Z 2 I3 EGICH L 7o, WD T a7 > A A s DD, FFHERER, FEREE
WZ 27, RRABBENRZ R WES S, DAL 2HEERMBKE» o720, ZUITRITH
HoT=DhD LN,

Comparison of 2 time-series data

HETIE, RO 2 ODEDOMR 7 72 ERT, BEHAUTWLI06lREDZET20Y v 7
EbndZeddbsd, BlZIE. EEZZ 7RO 2016 2 Ho 1275 75815 Vol.93) OilHE
(\url{https://osaka.seikatsuclub.coop/excludes/osaka/img/member/bulletin/2016club/club.93.pdf}) T
F. EREME, BARA—AD7D OFEMFRHER E FEEDAFRER M o T, FiFEE2ES 7
7, BERFOMS 7L LTHAME LT, #BPUTV L0 oEDH 2D LML TWV S,

HARAN—ANY7: b oFMFREERITEREFHGER (url{https:/www.e-stat.go.jp/SG1/estat/List.do?
1id=000001131797}) &, 3-7 DHOFREWVWS & ZA 15 Excel DV -7 — e Xy >u— RTE,
TERBAFERZ, DAL > & — (url{https://ganjoho.jp/professional/statistics/statistics.html}) @

2. BEF—% (2E#EGEHME) | 25 Excel DV —2 > — b2 X7 or—RTELZDT, ZhENEY
TR B LTXTXYID 7% X MERIZ L7 O Z\url{https://minato.sip21c.org/advanced-
staitstics/beef-and-corpus-uteri-carcinoma.txtHZ#E#E L 7z, BUED» B A S &, 4% 7 7 THEHLIL TV

THAAN—AS D oFEFREER) BENHELMREOHERDOETHY (V¥ 7EF—£ T
BEEFCC & L7z) . ZEFOREFBREINTVRL, LA1 NS iGE (V77— 2Tl
BEEFSP & L72) OAPMEBREIITEVWEEZIOND, VY IET -2 T FERIAFREERZ CUCI &
L. FXRIZYEAR & L7z,

DT —=REGHAAAT, G777 7DV A PEFUDOEHHT L a— NI FLO@ED TH 2,

\begin{itembox }[1]{https://minato.sip21c.org/advanced-statistics/beefutecan.R(1)}
\small\begin{verbatim}

URL <- "https://minato.sip21c.org/beef-and-corpus-uteri-carcinoma.txt"
x <- read.delim(URL)

par(las=1, mar=c(3, 4, 4, 4))

y <- barplot(x$BEEFCC, col="red", ylim=c(0, 14),

main="Crude beef consumption and corpus uteri carcinoma incidence")
lines(y, xX$CUCI/600, col="skyblue", lwd=2)

axis(4, 0:8*5/3, labels=0:8*1000)

axis(1, y, labels=x$YEAR)

\end{verbatim }\end{itembox}

$$\includegraphics[width=12cm]{overlaygraph.pdf}$$

Lol ZOHEOHEER (H2BEOHAINEZ S > TRIZ L BITT LR THLRHIE. 220D
ZE R D AT X 2 D TR 2 REITO R WG EIC, KAIOHE & 2AEDOHAA—B T 5133 TH
5, TOWVOHME T Z 7% DB RELIEMHATH S, KA ¥ MIS[-11$IC & o TR ML DOERAIDE


https://www.e-stat.go.jp/SG1/estat/List.do?lid=000001131797
https://www.e-stat.go.jp/SG1/estat/List.do?lid=000001131797

FRRHIRLIeRZ PV EESD & 2 AT, ZHUTZ 25 DR, \verblarrows(x0, y0, x1, y1)!BI% T\verb!
(x0, y0)! 22 &\verb!(x1, y1)INORKHIZEBFL TZE 52 DT, #E 77 7H5%RT 5,

\begin{screen}\small\begin{verbatim}

# 7 — ZIZF U7 DTt AAAE T I AN

# URL <- "https://minato.sip21c.org/beef-and-corpus-uteri-carcinoma.txt"
# x <- read.delim(URL)

plot(x$BEEFCC, x$CUCI, type="p", pch=16, xlab="4E[4HNIHEEE",
ylab="4E [ F =K A FEA L,

main="HANIZB I} 2 FWHE & & FERDIAFEROERHER")
arrows(x$BEEFCC, x$CUCI, c(x$BEEFCCI[-1], NA), c(x$CUCI[-1], NA),
col="navy", length=0.1)

\end{verbatim }\end{screen}

$$\includegraphics[width=10cm]{transitiongraph.pdf}$$

HOIEOMHBBFRTHIUL, E T EZRSTENCHER T 2133720, ZEALZIWIHRICKL-T
WBEREIZRWV, B RBEF TORBRNMZEZ T oy FT5E23T56LTH. TAWVWREAKICE
BROBEIRDT, BZOHL, ZhH 200ZHOMOMHEBITELMERE E E X 505,

BB, TDTIIWT7 T4 7757 LTERRINTWVWSIRET, \verblidentify()\index{identify}
BB T O X 51ICE T2, BN L CTREZEATEDOEREZ R REE S ZLHMNTE S,

\begin{screen }\small\begin{verbatim}
identify(x$BEEFCC, x$CUCI, x$YEAR, col="red")
\end{verbatim }\end{screen}

RURAG =V AR TFERNRY, 757 FOEBOMEEOEHETZ Y v 7 5UR. FOERFRVWFET
(\erb!col="red"' ¥ L TW37-8) EZXMAZ2ILNTES (BIREIEZVy 72 6EIRIN, V4 Y FY
EEo gk »50EE) o

$$\includegraphics[width=10cm]{identify-example.pdf} $$

\verb!x$YEAR!D ¥ Z % %\verb!x$CUCI! & 3T HUE., ZDHDOTEMRNAFEREBIEL L TERREXE S
ZrHTEZ, EREFTIC, TRTCOERRERL AL Y IOATERIEL T, UFOa—FRTTXx3
(THh2TH2T20TEEDLEWVWA) |

\begin{screen}\small\begin{verbatim}
text(x$BEEFCC, x$CUCI, x$YEAR, col="orange", pos=1)
\end{verbatim }\end{screen}



Factor Analysis
Factor analysis and principal component analysis

EFrrtnindex{\A LIAEZ@HEF oM} &, R 3idFEH7 oimindex{ L s B LWRARAE Z@F
R NI TN 2 D TRFEI S AR T WA, BRI ESZOIETH 5, £TI06 2202 K5I &
Do

What is principal component analysis?

FEHIT BV TE, Bl 722 DZERO 7 Z. {\bf ZH o DZEHOMEA S LTRENDH
WIS 72 } E R \index{ L w HE W RA@FERT I DERRZ e LTiehd 5, ERTIE. TTDT —
BMHORTED S, EhZEL DEEGZHNATIIEGERXNS, 2HFHO T IE. 1 BHDO TS
EHATEWHFHFID R T, RICEL DEIEEFIAT 2 X518 I 5, HENZER LT, 28ox
RN & 2 TILT — X D7D KER 53 350 Z \footnote{ Oxford Handbook for Medical Statistics, 4th
Ed.icix, #@%, 22003 20FMTTHHOAL L b 80\%riHEINS (Blh, B3 FEWDETTH
HEHGERP 082X 200EH) . eELNLTVS, }. ZLOZHIC L > TEIITZEMICMED T S
TVWlLZDT =% (NEMRe LTHELNLHEMBOHEIXEAEZRT) . ZOoPBOFERDTDE
RIC X o TRONAERITTZER THHEDIT 2 2w, {\bf XIofE/N N #2175 e T3 (K
\ref{fig:princomp}) .

pP1 = U1x + vy +wi2

The model of PCA Ps = U + oy + w2

P3 = uzx + vy + w3z

Varl Var2 Var3 g I T . )
2 — 2 2 2
(X) (y) (Z) p3 U3z Vs W3 z

* The variance of pi is, using variance-
covariance matrix A of (x, y, z) with

| the weights qi=(ui, vi, wi), gi'Aqi. To

rd x | maximize the variane of pi, the eigen

3 PC-sco vector corresponding eigen equation
of A = 0, with the restriction of sum of
squared weights being 1.

* X, Y, z are variables and thus have
values for n cases.
- PC-scores for n cases are also
generated.

* U, Vv, w are the principal component
loadings. For each variable, those

The PC-scores 1st PC-score are generated for each principal

; component. For variable x, 1% PC-
are independent (p1) score is U1, 2" PC-score is u2.
each other




What is factor analysis?

KFHnindex{ WA LRXAE E@K 7o HE, Riref{fig:factorhiZ/m3@h, BRI W22 (AW
BEZ S o TW\W3) OERICHZ I DEPAHEREERFindex{# A XWVWWA L @ETER T} 2
EL. TNHEBERTOBIEEEIC L > TS NI-EREGLRTE2ETLTH S, RDIIICFLDHH
b,

r=oa1f1 +azfs
The model of e
Factor Analysis e

T a1 Qo f

2 4 v | = & & ( ! )
Varl Var2 z S f2
(x)
~ o * Latent variables are unmeasurable.

Number of factors is unknown.

» The latent factors are not necessarily
independent (though it's possible to

Latent factor 2 assume independence).

(f2) * X, Y,z are variables. There are n
cases values for each.
- Factor scores are also generated
for n cases.

* q, B, y are the factor loadings, each
of those are generated for the
number of latent factors. The 1% and
2" factor loadings for variable x are
ol and a2, respectively.

Latent factor 1

(f1)

\begin{figure}[ht]

\begin{center}
\includegraphics[width=10cm]{factor.pdf}
\end{center}

\caption{ K ¥-53#7 @& 7L \label { fig:factor} }
\end{figure}

\begin{description}

\item[ B HZ2#FH] IR XN EROBFRIBERTWARTERWET I, ZoRNZRTIZERZNE
TERWY, BIEIN-ZRO THRDZL—E Y7 12k o Twb\footnote{ 77— Xt v FADEBH W

WHR BT 2 ZE MDY 7y M T, OZE L IZFFVHEEEZ B D, Hob o 7KFIE. FERAIC AR AT
BEZ2. BEN7z TR0T) WSR3 2133 Th 3, ).

\item[EHIZFHH] WVICHBE DO H 2 28I OWT, [HREEN L THEZRO T, ZOEKTIE, £
oAt e lTnd (A EEiEn)

\end{description}



Basic usage of PCA

R CTEMD2H %217 5 BEuCX, \verb!princomp()! & \verb!prcomp()! 3% %, ¥©5 5 bIEETE TN T
W5DT, By =B3RBT, 7272 L. BERREFAREMZEZ N \url {http://aoki2.si.gunma-
u.ac.jp/R/src/pca.R}TABA L TWw %\verb!pca()! & W5 BB AR EHEETH D, 25 5D HDBERV R
TV H LRV,

AWV LTE, E5 508D, S Lizwr — X2 BUEITA  LTE X 3720 CEIfET %,
St DHMMED D, JTLT— XD HaEE T BATHIZERE L. 202 fio TERT AN EITI DD T 7
NIRRTV EN, TR LT —XDOHIMEDO K X X ITHEZINTL %5 DT, \verb!princomp()! 4
75 5\verblcor=TRUE!A 7> a > %2 D13 T, JHEDEATIITR S MHBIREBATHI Z# S5 X 51T FRET
H5, F7=. \verblprcomp()!BI¥ D35 E X, \erblscale=TRUE!A 7> a > D3 iR, SEBE (L
LT oREEDHRLTINS Z 82k b, HBREITYI S 3T 2 D L IXEF CHARIF 6N 2,

\verb!princomp()! BI¥IIREICEAE L EH XY ML F o TEHET 5720, ZROBBY > T ¥4 X
2o —HTEHETERWA, \verb!prcomp()! BEBUIFFRE DI & 2720, ZROED D>~
TNHAXEDZLTHEAETEZ L VI EVDDH B,

\verb!princomp()! % \verb!prcomp()! & F 7T EMRITFH I LRV, 7272, FROATY = 7 k Z\verb!
summary()lic 5 2 % L FH5R e BEFGRIIERINS, b5 1 O2R RN 5 Did standard deviation &
WHE (B X\verblsdev!) TEIBEDFEABREDOT, 20D 2 Fr e UIBHD OEEENE LN S,

7 — 2175 53\verb! X172 ¥ ¥ % ¥ | \verb!summary(princomp(X, cor=TRUE))$sdevA2! ¥ iU F 557
DEHEHE 545 (\erb!summary(prcomp(X, scale=TRUE))$sdevA2! T3 BWY) , Z4Lid\verb!
eigen(cor(X))$values! L FI L TH %,

T DL & FHITFRIX

\begin{screen}\begin{verbatim}princomp(X, cor=TRUE)$scores\end{verbatim }\end{screen}

EQNS

\begin{screen}\begin{verbatim}prcomp(X, scales=TRUE)$x\end{verbatim}\end{screen}

T1% & 41 5 \footnote{\url{ https://blog.statsbeginner.net/entry/2014/07/27/121214} B2#Z 1275 %, }o 7%
B. \verb!princomp()! Tl 7 H#72 £ OFHE T/ EEAN\verb! N1 72 23\verb!prcomp()! Tid\verb!N-1172 O T,
PINTRERIZE 2 B, D% b, \verb!princomp()! TIXFE R BF DO HEDEHME L 72 > TWT, \verb!
prcomp()! T ER P FE DO MR IEDEEMHEE 725 T B WS Z ¥, \verb!prcomp()! D £ 71555 %
\verb!(N-1)/N!DF R TE#uX\verb!princomp()! 23 3 E G & —BF 5,

Example 1 (PCA)

R OfHAA AT — & \verblswiss!id. 1888 FEEHD 24 A D7 5 » RFERFET 47 MO WT, EHELX A
7o AR (B84 X \verb! Fertility!, Ig=7"V > 2 b YH%% (FEL <&, \verb!https://
opr.princeton.edu/archive/pefp/indices.aspx! Z ZR X 117-\) OFEMRHAE 1iEE T, BHE o B4R
DEYPFEN EREEZ S5NENT T4 bOHAERIHT 2Hx100) . BEL L TEEIKEL TV HEE
DEIAE ([F\verb!Agriculture!) | FEEHEGEE TG 7 > 7 OFHlli% 32 - HE 0ElE ([F\verb!
Examination!) . /MR E D LOHBEREE b OHEEE oS (F\verb!Education!) . # Y Vv 7{EH



D #E|E (Fl\werb!Catholic!) . FLIEFLEH ([F\verb!Infant.Mortality!) TH 2, D7 —R%EH > TFEK
DAMZITO. TR 47ND T 7 7 A VeEZTHDa— P2 TTRT,

\begin{screen}\small\begin{verbatim}
data(swiss)

spc <- princomp(swiss, cor=TRUE)
biplot(spc)

summary(spc)

summary(spc)$sdevA2

spc$loadings

\end{verbatim }\end{screen}

iz 4 7ay MIIFTH 2, ZZ2Da— FTEERRINZVD, FMNDEMRAEREZITHIE LT
MLITIUZ, \verb!spc$scores! THHIRAIRETH 5,

$$\includegraphics[width=8cm]{swissprc.pdf}$$

\begin{screen}\scriptsize\begin{verbatim}
> summary(spc)
Importance of components:
Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6

Standard deviation  1.7887865 1.0900955 0.9206573 0.66251693 0.45225403 0.34765292
Proportion of Variance 0.5332928 0.1980514 0.1412683 0.07315478 0.03408895 0.02014376
Cumulative Proportion 0.5332928 0.7313442 0.8726125 0.94576729 0.97985624 1.00000000
> summary(spc)$sdevA2

Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6
3.1997570 1.1883082 0.8476098 0.4389287 0.2045337 0.1208626
> spc$loadings

Loadings:

Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6
Fertility -0.457 0.322 0.174 0.536 0.383-0.473
Agriculture  -0.424 -0.412 -0.643 0.375-0.309
Examination ~ 0.510 0.125 0.814 0.224
Education 0.454 0.179 -0.532 -0.681
Catholic -0.350 0.146 -0.807 0.183 0.402
Infant.Mortality -0.150 0.811 0.160 -0.527 -0.105

Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6
SS loadings  1.000 1.000 1.000 1.000 1.000 1.000
Proportion Var 0.167 0.167 0.167 0.167 0.167 0.167
Cumulative Var 0.167 0.333 0.500 0.667 0.833 1.000
\end{verbatim }\end{screen}

COFERZRICEL D2 L ZEILTO X5 ICAMREOHIMEI/NZ WD DIFE L., BEEHEL F5E, B
MHEGRE2RRTZ BE2ERPETTHI2S LARVA, I TEH6 ERDETHEVE)

$$\vbox{\small



\begin{tabular} {lrrrrrr}

\hline

&\multispan{6 }\hfill 3% 7)€ i &\hfill\cr

\cline{2-7}

ZH&FEI&FE2XFEI&FE4&HES5 & 6\cr

\hline

BRI 1158 & $-0.457% & $0.322% & & $0.536% & $0.383% & $-0.473%\cr
BHEFENEEHS & $-0.424% & $-0.412% & & $-0.643% & $0.375% & $-0.309%\cr
WA R E AEE S & $0.510% & & & & $0.814$ & \cr
PHEEPEHRE L EEE & $0.454% & & $-0.532% & & & $-0.681$\cr

AV Vv ZEEEE & $-0.350% & & $-0.807$ & & & $0.402%\cr

FLRE TR & & $0.811% & & $-0.527$ & & \cr

\hline

[EHH & 3.200 & 1.188 & 0.848 & 0.439 & 0.205 & 0.121\cr

HE5# & 0.533 & 0.198 & 0.141 & 0.073 & 0.034 & 0.020\cr

FREHF5# & 0.533 & 0.731 & 0.873 & 0.946 & 0.980 & 1.000\cr

\hline

\end{tabular}}$$

Example 2 (PCA)
\subsection{F| i 2}

FECERD A2 > THEINIZFRLOFITE T — X ERTRRP A EIrN TV DD 5, Bk
L . Tokahoglu S (2012) Determination of trace elements in commonly consumed medicinal herbs by
ICP-MS and multivariate analysis. {\it Food ChemistryV/}, 134: 2504-8. I8 T\ 2 9t EHIZX
SPSS ZffioT\W3) # RTHHT 2 ZZilAkl,

DS B, KRS Table 4 BEMAHHOFERTDH 5,

\begin{screen}\small

\vbox{\small

\begin{tabular} {Irrrrr}

\noalign{Table 4. Varimax rotated loadings and communalities for herb samples}
\noalign{ (n = 30, only those larger than 0.1 are shown).}

\hline

Element &\multispan{4}\hfill Principal components\hfill & Communalities (h2)\cr
\cline{2-5}

&1 &2 &3 &4\

\hline

Cr & {\bf 0.917} & $-0.182% & & 0.139 & 0.893\cr

Mn & 0.348 & & & {\bf 0.766} & 0.708\cr

Fe & {\bf 0.890} & & & 0.128 & 0.808\cr

Co & {\bf 0.946} & & & & 0.895\cr

Ni & {\bf 0.869} & 0.140 & 0.119 & 0.205 & 0.831\cr

Cu & 0.121& 0.108 & {\bf 0.811}& $-0.324% & 0.789\cr

Zn & & $-0.189% & {\bf 0.832} & 0.258 & 0.794\cr



Rb & & {\bf 0.725} & & {\bf 0.591} & 0.875\cr

Sr & & {\bf 0.898} & & $-0.139% & 0.826\cr

Pb & {\bf 0.547} & {\bf $-0.534%} & 0.146 & & 0.606\cr\cr
Explained variance (\%) & 37.28 & 17.22 & 13.96 & 12.12 & 80.57\cr
\hline

\end{tabular}

HNend{screen}

ASICIE. NY ey 7 ZAEEL L, B ERMEOMMED 0.1 L LD DR L e EIrN TV, 77
B THATANZ & % o 72 CE S RERITIR 2 72D T, MHEREBITHIZ > Twd bz, MHRRLT
DN ARHTH %53, \verb!princomp()! & \verb!prcomp()! TIIMHRALL T % X 7 XY H 7% 2 b

77 AMZIENA & LTAS LD DESHIIFIC 0 ICER L TR L 72, HAREMESIZ D \verb!pca()! B
BCTIHBINCKEELZ 1 0 THELr —RBREINS, ZhbowFThdmmX e A TRRHBRT
HoTze MHRFLLTOMEIIH LTRT VA4 XDRREE T 27012, \verblcor()!BAE DA 7> a > T
\verbluse="pairwise.complete.obs"! % fifi o THEIREATHI ZFE L. ZREITTICERDT I ZEITTE 5,
\verb!psych! < » 4 — ®\verb!principal )! Z#H L7z & Z 5. L & RG> T AR (HidicE
M) BRLNZDT, BZELLTLMXTIERT VA ZDREDRENeEZbNS, LEDa—-F%
RLTEL,

\begin{itembox } [1]{\url{https://minato.sip21c.org/advanced-statistics/MedHerbs.R } }
\scriptsize\begin{verbatim}

# source("https://prs.ism.ac.jp/~nakama/AlI/AI_UCS2.R") # HAGE utf8 @7z
# par(family="Japan1GothicBBB") # pdf ~® HAGEH I D72
windowsFonts(JP1=windowsFont("MS Gothic"),

JP2=windowsFont("MS Mincho"), JP3=windowsFont("Meiryo"))
par(family="JP3") # Windows THIH TA 512X Z 5 &,

Herbs <- read.delim("https://minato.sip21c.org/advanced-statistics/MedHerbs.txt")
row.names(Herbs) <- Herbs[, 1] # & #IOEHBHEL R D TITHIZI L —
Herbs <- Herbs[, -1] # 354 % 285 & HIBR

Herbsc <- Herbs # a2 ¥'—

Herbs[sapply(Herbs, is.na)] <-0# Z® 7 —& D NA IZND 2D T 0 XA
#7272 L ND OMFUZEHE L v, BHRFLLNEE v TI3RWaoT,

summary(res1 <- princomp(Herbs, cor=TRUE))

res1$sdevA2

res1$loadings

biplot(res1)

summary(res2 <- prcomp(Herbs, scale=TRUE, retx=TRUE))

res2$sdevA2

res2$rotation

biplot(res2)

# 3E\ & princomp T3 EEAI N, prcomp TIEN-1THB Z &

# princomp TlEEWM D 1F D 7EL. prcomp TIXF L7155 D M 77 B E A B
# H AL DB pea ZFHiAA L
source("http://aoki2.si.gunma-u.ac.jp/R/src/pca.R", encoding="euc-jp")

res3 <- pca(Herbsc)

library(psych)

resx <- fa.parallel(Herbsc) # /13 2 FWM Dz kD 5 7=



print(res3, npca=resx$ncomp)

print(res3, npca=4) # 58512 4 D3

plot(res3)

# FETY R b HEALORIBERRE

Herbsc.omitNA <- subset(Herbsc, complete.cases(Herbsc))

summary(res1x <- princomp(Herbsc.omitNA, cor=TRUE))

res1x$loadings

# GG RZFEE O, o LIRS 212, FEREDFIRTERUI VW
t(apply(res3$fs, 1, "/", sqrt(res3$eval))) # £ D15 =

t(apply(res1$scores, 1, "/", res1$sdev)) # —E 3 %

t(apply(res2$x, 1, "/", res2$sdev)) # #T3& 5

#

# psych 8w 77— @ principal )2 i o THA %, ERITEZ 41T L7z

# TLam S EDE 5720, ZALAN DRI, principal()id 7 7 # v R T

# AN <y 7 ZAEELT B,

# principal )ICIZMHBIREATII L 25 2 50D T, ERSHERIZHZR WV,
library(psych)

C1 <- cor(Herbsc, use="pairwise.complete.obs")

print(resp <- principal(C1, nfactors=4, n.obs=length(Herbsc[, 1]))) # JCifi X TEK 7T H 4 D72 DT
\end{verbatim }\end{itembox}

%9\ \verblprincomp()! DR ZRT, LUTORAD@ED, HIMETAS L. B 1 FRTEFGEIKE W
JC#EX Cr, Fe. Co. Ni, %2 TR EAMENKEZWILENRD & Sr. 4 3 TR ARBEIRKEWITEN
Cu ¥ Zn, F4 EXDEFMBNIRKZWILELS Mn & Zn £ 2> TED | HMIDIE > TV 2 2456 I8
WENTVWBRREFLMEAICZ>TWR I D22 (AMBOEBEKIIZZTESD) . FH4EHTF
TOFEED 80.56\%TH D, L LDEREIFZFLTH %,

\begin{screen }\small\begin{verbatim}

Importance of components:
Comp.1 Comp.2 Comp.3

Standard deviation 2.0020096 1.3577846 1.1389361

Proportion of Variance 0.4008042 0.1843579 0.1297175

Cumulative Proportion 0.4008042 0.5851621 0.7148797
Comp.4 Comp.5 Comp.6

Standard deviation  0.95244412 0.88821102 0.73826604

Proportion of Variance 0.09071498 0.07889188 0.05450367

Cumulative Proportion 0.80559464 0.88448652 0.93899019
Comp.7 Comp.8 Comp.9

Standard deviation  0.52824069 0.39781011 0.34428285

Proportion of Variance 0.02790382 0.01582529 0.01185307

Cumulative Proportion 0.96689402 0.98271930 0.99457237
Comp.10

Standard deviation 0.232972709

Proportion of Variance 0.005427628

Cumulative Proportion 1.000000000

> res1$sdev/2



Comp.1 Comp.2 Comp.3 Comp.4 Comp.5
4.00804224 1.84357898 1.29717535 0.90714981 0.78891881

Comp.6 Comp.7 Comp.8 Comp.9 Comp.10
0.54503675 0.27903822 0.15825288 0.11853068 0.05427628
\end{verbatim }\end{screen}

\begin{screen }\small\begin{verbatim}
> res1$loadings

Loadings:

Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6 Comp.7 Comp.8
Cr 0.461 -0.136 0.107 0.125-0.110 0.113 0.276
Mn 0.261 -0.160 -0.182 -0.615 -0.520 0.334 0.153 -0.251

Fe 0.445 0.137 0.105 -0.295 -0.468 -0.631
Co 0.461 0.216 0.309 0.137-0.130
Ni 0.444 -0.135 0.237 0.314 0.409

Cu 0.198 0.722 0.134-0.392 0.287-0.373 0.125

Zn 0.131 0.256 0.535-0.512 0.416 -0.222 0.349 -0.145

Rb -0.630 0.109 -0.359 -0.291 -0.405 0.365

Sr -0.555 0.337 0.361 -0.257 -0.235 0.533 -0.166

Pb 0.291 0.369 -0.106 -0.493 -0.569 0.284
Comp.9 Comp.10

Cr 0.766 -0.224

Mn -0.146
Fe -0.112 -0.228
Co 0.773
Ni -0.530 -0.408
Cu 0.154

Zn

Rb 0.266
Sr -0.123

Pb-0.298 0.151

Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6
SS loadings 1.0 1.0 1.0 1.0 1.0 1.0
Proportion Var 0.1 0.1 0.1 0.1 0.1 0.1
Cumulative Var 0.1 0.2 03 04 05 0.6
Comp.7 Comp.8 Comp.9 Comp.10
SS loadings 1.0 1.0 1.0 1.0
Proportion Var 0.1 0.1 0.1 0.1
Cumulative Var 0.7 0.8 09 1.0
\end{verbatim }\end{screen}

$$\includegraphics[width=10cm]{MedHerbsPCA1.pdf}$$

\verb!prcomp()! DFERIFLLTDED TH D, [HEEZD B &E Z 78T 133 D\verblres2$rotation! 2 AT H
#E4a\verb!princomp()! & Al UFERIC T - 72,



\begin{screen }\small\begin{verbatim}
> summary(res2 <- prcomp(Herbs, scale=TRUE, retx=TRUE))
Importance of components:
PC1 PC2 PC3 PC4 PC5
Standard deviation = 2.0020 1.3578 1.1389 0.95244 0.88821
Proportion of Variance 0.4008 0.1844 0.1297 0.09071 0.07889
Cumulative Proportion 0.4008 0.5852 0.7149 0.80559 0.88449
PC6 PC7 PC8 PC9 PCI10
Standard deviation  0.7383 0.5282 0.39781 0.34428 0.23297
Proportion of Variance 0.0545 0.0279 0.01583 0.01185 0.00543
Cumulative Proportion 0.9390 0.9669 0.98272 0.99457 1.00000

> res2$sdevA2

[1] 4.00804224 1.84357898 1.29717535 0.90714981 0.78891881
[6] 0.54503675 0.27903822 0.15825288 0.11853068 0.05427628
\end{verbatim }\end{screen}

\begin{screen}\small\begin{verbatim}
> res2$rotation
PC1 PC2 PC3 PC4
Cr -0.46083242 0.06364328 -0.1361550921 0.107486068
Mn -0.26136598 -0.16035696 -0.1823044797 -0.615253775
Fe -0.44463160 -0.05663739 0.0001361183 0.136786984
Co -0.46117884 -0.05662732 -0.0280148314 0.216279962
Ni -0.44365438 -0.13532975 0.0532524244 0.071228437
Cu -0.07913501 0.19762575 0.7220481058 0.133815362
7Zn -0.13138608 0.25554318 0.5354282736 -0.511640878
Rb -0.06136051 -0.63034651 0.1085422052 -0.359462244
Sr 0.01080989 -0.55467009 0.3369436981 0.361134433
Pb -0.29103660 0.36898876 -0.1060982013 0.005850113
PC5 PC6 PC7 PC8 PC9
Cr -0.12549872 0.1096002 -0.11309434 0.2757762 -0.76584041
Mn 0.51993276 -0.3340441 -0.15330073 -0.2507013 -0.06783438
Fe -0.10536233 0.2951697 0.46795224 -0.6313140 0.11197090
Co -0.08484872 -0.3090026 -0.13747358 -0.1304947 0.02462569
Ni -0.23723424 -0.3138834 -0.08751828 0.4093297 0.52995697
Cu 0.39195326 -0.2872190 0.37327270 0.1252577 -0.15405082
7Zn -0.41622196 0.2222648 -0.34873144 -0.1448879 0.01531580
Rb -0.06080207 0.2908507 0.40496476 0.3648576 -0.04006951
Sr 0.25723944 0.2350568 -0.53290082 -0.1657695 -0.01525029
Pb 0.49254674 0.5687966 -0.09615068 0.2840365 0.29846994
PC10
Cr 0.22444386
Mn 0.14605493
Fe 0.22821852
Co -0.77287087
Ni 0.40752896
Cu 0.02336532
Zn -0.05909749



Rb -0.26625092
Sr 0.12310930
Pb -0.15071856
\end{verbatim }\end{screen}

$$\includegraphics[width=10cm]{MedHerbsPCA2.pdf}$$

—77. HIERFALITZ 0128 FICRIBEE LTY X VRN TRET 2 (=1 5T REMELHIUI. 2D

HEF—RTYBRETS) HEARKAED \verb!pca()! DFiER K. \verb!fa.pararrel()! ClEiE Y72 F A3 53 2

Lol EHZBLDERTITOWTHEREZ LR L TH Contribution 233 2 27213 T, 2 1 ERDPH
2 EETICOVTOREFMESLIHGRIZDLOLRVDT, 4 DDOFEWMTICOVWTHAMR L FEGRE FRITRT
Z DFIRIZ L B E OMHMEIZCIR X DEISED K 25, 2 ERDHRb & SrTidi< Mn & Rb iz b,
FBIFEMTHACu Zn TR Cu e Sricizh., 4 ERTHMn & Rb TR Zn 2 Rbicb 2 WvwoH Kk

XREVHIHTLES DT, BZ 5 It ORBEMNEIZ ) X P EAORETITR Y, BB, EHIIC

SRR DT B RBER VDT, 22 TH\Wwerb!PCllRY e LTWa,

PC1 PC2 PC3 PC4 Contribution
Cr -0.919 -0.1e68 0.120 -0.076 0.893

Mn -0.504 0.628 0.041 -0.015 0.650
Fe -0.890 -0.164 0.025 0.047 0.822
Co -0.921 -0.053 -0.139 -0.122 0.885
Ni -0.900 0.030 -0.083 0.115 0.832
Cu 0.029 -0.328 -0.808 0.242 0.820
Zn -0.050 -0.322 -0.060 0.883 0.889
Rb -0.311 0.770 0.080 0.440 0.890
Sr -0.108 0.298 -0.824 -0.308 0.875
Pb -0.477 -0.545 0.196 -0.204 0.605

Eigenvalue 3.889 1.644 1.423 1.204
Contribution 0.389 0.164 0.142 0.120
Cum.contrib. 0.389 0.553 0.696 0.816

FEHTY R MM OREZITWV, \verb!princomp()! % i - TEHE L MR S . A2 O E X E R 5
RicEaz ANGE e UT0E0, ERD I ICAREDEWILREAS &, BARLAED \verb!pca()!
ZHoGE LUK, Tl DRX Y ERELBVES TWEDT, RIEH VR MEADRETIERWL

EEZoNDS,

Z T, WERAU T2 RIBMHEE L TRT7HEAMDORE (BH2 03T 50MERITLIT, 5600 KRIER
B, Z0D 2 ODLEBE ORI DG ED & D ARE) & L THBEGREITIIZ KD, 202 ALk
\verb!psych!>% v 7 — @\verb!principal )| BB OFERIZLAT D K 5 12F 67z, AT UTR S
NTVARERE-HLTVEZDT (BINTES DY) . MULAEEEZTRVWES S,

\begin{screen}\small\begin{verbatim}

Principal Components Analysis

Call: principal(r = C1, nfactors = 4, n.obs = length(Herbsc[, 1]))

Standardized loadings (pattern matrix) based upon correlation matrix
RC1 RC2 RC3 RC4 h2 u2com

Cr0.92-0.14 0.04 0.110.890.11 1.1



Mn 0.40 -0.08 -0.02 0.64 0.58 0.42 1.7
Fe 0.89 0.08 0.09 0.100.820.18 1.1
Co 0.92 0.06 0.03 0.11 0.860.14 1.0
Ni0.85 0.14 0.18 0.27 0.840.16 1.4
Cu0.11 0.21 0.76 -0.41 0.80 0.20 1.8
Zn 0.07 -0.23 0.87 0.210.850.151.3
Rb 0.03 0.64-0.04 0.650.84 0.16 2.0
Sr0.02 0.94-0.05-0.07 0.890.11 1.0
Pb 0.60 -0.35 -0.09 -0.33 0.60 0.40 2.3

RC1 RC2 RC3 RC4
SS loadings 3.751.571.38 1.28
Proportion Var 0.370.16 0.14 0.13
Cumulative Var 0.37 0.53 0.67 0.80
Proportion Explained 0.47 0.20 0.17 0.16
Cumulative Proportion 0.47 0.67 0.84 1.00

Mean item complexity = 1.5
Test of the hypothesis that 4 components are sufficient.

The root mean square of the residuals (RMSR) is 0.08
with the empirical chi square 17.72 with prob < 0.088

Fit based upon off diagonal values = 0.95
\end{verbatim }\end{screen}

Z DFD\verb!h21l, \verb!pca()! ®\verb!Contribution! & [F] U T, Wb % Hi@M:(communality) % 7~ 3
DL LTI UICHBM SN TV A IR S, ZhzitimX e R U < HEtE? 0.1 L LD b 072135 LT
RIZ L7z b D% R\ref{tbl:pcelements} IR 3

\begin{table}[ht]

\caption {FEEFDILHEEFRICOWVTDERST 7 HTHER \label{tbl:pcelements} }
\begin{tabular}{lccccc}

\hline

&\multispan{4}\hfill Loadings \hfill\cr

\cline{2-5}

Elements & PC1 & PC2 & PC3 & PC4 & Communality ($h"2$)\cr
\hline

Cr&0.92 & $-0.14% & & 0.11 & 0.89\cr

Mn & 0.40 & & & 0.64 & 0.58\cr

Fe & 0.89 & & & & 0.82\cr

Co & 0.92 & & & & 0.86\cr

Ni & 0.85&0.14 & 0.18 & 0.27 & 0.84\cr

Cu&0.11 & 0.21 & 0.76 & $-0.41$ & 0.80\cr

/n& & $-0.23%$ & 0.87 & 0.21 & 0.85\cr

Rb& &064 & & 0.65 & 0.84\cr

Sr& &094 & & & 0.89\cr

Pb & 0.60 & $-0.35%$ & & $-0.33$ & 0.60\cr



\hline

Statistics & PC1 & PC2 & PC3 & PC4 & \cr
Eigenvalues & 3.75& 1.57 & 1.38 & 1.28 & \cr
Proportion Variance & 0.37 & 0.16 & 0.14 & 0.13 & \cr
Cumulative Variance & 0.37 & 0.53 & 0.67 & 0.80 & \cr
\hline

\end{tabular}

\end{table}

Basic usage of factor analysis

I recommend to read the document titled “A Primer on Factor Analysis in Research using Reproducible

R Software™’.

\begin{description}

\item[ AT 7 —&X] HEBEEDY > NI 4 X KX RER % D OMEITHIT, @, > 74 &
{\bf 300 & b 2\, } {\bf ZEHEUHT 2 MEED AN DLLNZK, @, {\bf 2:1 525 10:1}0#iHH%EZ & 5,
JFAlE UTERBIZIERSHICHES NE T L, HMUBEIXE FR VWA LV, MO BEEO R WA
DHICED ZRETIERY, BEWHBEGREK 1.0 DERIZED S N TERY, b 060ERAT 2
2, HEYITHNITMEDOHZ & o TEMRERE LTHWS Z L IEA[RETH %,

\item[ 7] (1) AFAMRIZ. SEBDZDOITICRIBERFLHBEL TWA2REELZEKT 5 (2D,
S F X FREHLHS AWV S 15 \footnote{ Ik F] DK FEMEIZ, F—HFANDEMEERICT S X5 IZFHA
ENBEDT, ZVTVWDOEEHD 1 DD EOREFIIH L TEWERELZ D > TLEWV., KT OMRIEE L <
Kb, £ZC, #Y2{\bf B} ZF 2., ZOMEIERT S22V, }) . (2) KAFERE EF,
BZEANDIGE E RTFEAREDOEDOMT (7 LEBOFTEIELD D, O ENRMENITOWTH— RfE
W) L BEANOFHEDR Y DREEZ DR FIZ X > THHEIN 2 02 RT,

\item[[F]§i] [FIHRD /57EIE 2 DICKAIE N 5, EXRMEERE. HFREOMIEZR o7z F EFHFR7 Mzl
nXE 50, RIREHETIEXEFEICHBEPH T VDN Z iz L TWwb, RF2HEEmINCHEKFZFF L T
HUVNE XL, BEEZFEZINZTH S, AIEIKIEERD KON TOTHMAERANY vy 7 AEEEDE %
N5, NU~yv 7 AMEERE, KFITeDoiteRAET 2, BEFKIEI e~y 7 AEERLA 7Y 2 (AL
NaEEND,

\item[[AF 7 D7=DDEE] A7V —=Fa vy b, N— Ly bOIKAMEMRE, HAHF— <4V — T
oYYV o EYIEEAE, AT (Parallel Analysis)h @R, KIFEDS £FLRETEL S, FH
FIZEENDIERBDPE—HONENRA AT IZHR o TWVAREIDETF 2 v 7T 5702, 7Ry 7D
$\alpha$RBritE 2 GEE. ZOODORFOMMBEETEL22a7 THD72DITE, 72"y I0D
$\alpha$23 0.7 & Hh K= L ZiIF AUV T RW) o

\end{description}

HE XN K F 2 BT 2 BciE. {(\bf BFIc@y) 24 CGEK) 22002 e BB} TH D, KD
IFKMETERLHET 212, RTFEAFMBNEVERDNDP RS 3DHEIRNETHD, L 1O»
20 LR TFARMBENEVERD Ve Tk, RFENRZ T E 50, JTORBEICZERLBMELFET 2
ATREMED D 26

7  https://rpubs.com/Geesaale/1064415



https://rpubs.com/Geesaale/1064415

The basic model of factor analysis
\section{ A+ DHEAE TN}

300 ACTEE 10 ($X_1,X_2,.., X _{10}$) ogEEE2EZ XS, 206 10 HOERHOERI, HL 2
EDEERT (SF_1$L$F_2%) 232 L6, B2HIE. THS5ORETFICE > TRD LS ICHHX R
3,

$$X_1 =\beta_{1\cdot 1} F_1 + \beta_{2\cdot 1} F_2 + \epsilon_1 $$

$$X_2 =\beta_{1\cdot 2} F_1 + \beta_{2\cdot 2} F_2 + \epsilon_2 $$
$$\vdots$$

$$X_{10} =\beta_{1\cdot 10} F_1 + \beta_{2\cdot 10} F_2 + \epsilon_{10} $$

Z ZT. $\beta$ld, FEKLBER T OMHBEZEKL., ZHa % {\bf KF&fi& (Factor loadings)} &
3 $S\epsilon$IFiiAE T HEEKT 5, SWEZ 5 b, HEINZKFTIEFATE 20 o 72 {\bf A%
(uniqueness)} T& » 5, B, MEMEZ 12565\ d %2 @M (communality) 2 W5, #&ikd %
\verblrela! ¢ v o — 2 D\verb! ! BELTlE, @RI EN S, L L. BERTFSF_1$¢ $F_ 2813 HIE
SNTAETITR WV 120056, FrclX, ERFE BNEERE. RIUEREORA RFIET, RIEGTEZE
BB OHEE L < TxWwiFRw\footnote{ E T HT TlE. B EMTIE. WE I NLEROMEHG L L
TERMLE N2 DT, RIEHEEIZDEZ D, o

#5323 A&, HFSF_1$ 2 SF 2837 e IRE I N T W3, WE, $n$FEH (nIXXRE[1, 300]D %%
DADSISEHDEBDEESX_i(N)$rEL v, ZOADHTEMA (Z ZTIE$SFS_1(n)$ £ SFS_2(n)$) 1.
XD EH1B3onsd (L. TUIRDBEMBRAETH %, HTFERE LTIRESI TV 2 H61EHEIE.
Zofzd VW ond3) . FHEICH S ZHIZ. $\beta$DHHED TR E W GEE. 032204, B
ZWE05EET3) bDICIR 2D,

$$FS_1(n) = \sumN{10}_{i=1} \beta_{1\cdot i} X_i(n)$$
$$FS_2(n) = \sumA{10}_{i=1} \beta_{2\cdot i} X_i(n)$$

How many factors should be estimated?

ZOMBITIELLT D X 5120 O DHEIEDPRR I N TV B, 100\% Z AW RV WS EER EI3F
FEL W,

\begin{description}

\item[ R 27V =7 m v b ZH L] BOINCATRERIR D 2 ORF2RE L THRFIHZITV., FRFITL-T
FHHEIN L DEERET250L LTOEAEME (H250VEFRICER TR TFAREDO ZFEM) 2, KEWIE
IR TORWIEITNRR S 2 7R 7 ) =78y b TH B, MIVEDPRICHM LK EHEADEBL DR, Z
DEFTPHEYIBREFEEEZEZ NS,

\item[ % Z7 LA ZET B EBEORI7 ) —TFay v&2, VRV S Y IV LET—XPOEE LR
sV —=7ay bR T 5, 20070y bBRET BRPEYIRKEATFETHLEEZ S,

\item[[EHE2Y 1 @ TV A ] EEMEDR 1 ZBITVWAEIE. 281 2E) bEHRENZVEEZION
5 DT,

\end{description}



Checking the sampling adequacy of factor analysis
\section{ Kl Frtro#EYINZF = v 75T 5}

KF ot Otz F = v 73 27D DITEPN D0 H 5,

\begin{description}

\item[H > LB A X DEYIMEDFUE] > v A X1d 50 TIEIEF IZZ L wv(very poor), 100 THZ L
W(poor), 200 % 5 % & F H(fair). 300 % 5+57(good). 500 7z & IEH 1 B (very good), 1,000 % %
72 B8 THEALT W 5 (excellent) ¥ W X % (Comfrey and Lee, 1992, p.217),

\item[KMO ¥ MSA] KMO ¥ %, Kaiser-Meyer-Olkin 23218 L 7z[K 72 &KicowTod >y 7Y v 7
EYIMEHEMETH D, MSA ¥ 1Z Measures of Sampling Adequacy DEFE T, ZHZNDEEITDOWT DI
MDYy 7V v FEYIEETH 5, 7—Xty PO, THBRBORTFIEET 20 502 nT1E
BMET® %, SN, 2R OHBEIREORMHEBEFREI N F 2 L 2FTR T 25, b LIRHBEGREDED
MR EFRIL &5 &R S, ZhASOEBIIEVCAIMEDEFVHEL TRV L EZERT 5,
KMO o#i% 0.0 225 1.0 T, 0.5 XL E2E F L Wwifootnote{Kaiser (1974) D125z AU, 0.5 KT
EAREY], 0.5 LAE 0.6 KB L~ L (miserable), 0.6 2L E0.7 Kifild R < HEL 374
(mediocre). 0.7 (L 0.8 Kiifiikifi(middling). 0.8 DIk 0.9 AKiiiE E 12 {E L (meritorious). 0.9 DI_E7&
5 TEAL TV B (marvelous), }o 72, MSA 730.5 KD ZEIZ. ZDOEEB L DR T 71— 7T
LELTWARNWI L ZRT DT, HFOHroRNETH S,

\begin{screen}\small

HE RO FAREMAEZIE, \url{http://aoki2.si.gunma-u.ac.jp/R/kmo.html} T, KMO & MSA %5IH 3
% 728 DR DBEEGE T & v 5% L T 3 \footnote{source(""http://aoki2.si.gunma-u.ac.jp/R/src/kmo.R",
encoding="euc-jp") CfEZ % X 5127 %, },

\begin{verbatim}

kmo <- function(x)

{
x <- subset(x, complete.cases(x)) #RIEfEFRZ
r <- cor(x) # tHEAREATA % r 1A HE
12 <- 1A\2 # MHBIRBATHI OB ER % 2 F Ll % 12 I[2fE
i <- solve(r) # MHBIREATH r DFATHN %2 KD T i I HME
d <- diag(i) # #1751 i DXL % d IS HE
p2 <- (-i/sqrt(outer(d, d))) 2 # fRHBIRE D 2 T2 EIHE L p2 I2ffE
diag(r2) <- diag(p2) <-0#12 & p2 OXAKT % 012 F 3
KMO <- sum(r2)/(sum(r2)+sum(p2))
MSA <- colSums(r2)/(colSums(r2)+colSums(p2))
return(lisf KMO=KMO, MSA=MSA))

}

\end{verbatim }\end{screen}

\item[N— b L v b OEREMEME ] ZEEOHBENBRRIPAF I N2 LD RKREVE WS RFERET 5, Fiifi
FNIIATHND AT T H 2 0 E I 0 ZRET %, pEPAETH 256, MAMUNDTXTOMEENE
0 TH5 WD RGP ERE N5,

\begin{screen }\small



N—TF Ly FOREEBEICOWTS, BEERFZDOFEAREMESZD \url {http://aoki2.si.gunma-u.ac.jp/R/
Bartlett.sphericity.test.html} TR D BIEUEFR % 18K L T % \footnote { source("http://aoki2.si.gunma-
u.ac.jp/R/src/Bartlett.sphericity.test.R", encoding="euc-jp") T 2 % £ 5124 %, },

\begin{verbatim}
Bartlett.sphericity.test <- function(x)
{
method <- "Bartlett's test of sphericity"
data.name <- deparse(substitute(x))
x <- subset(x, complete.cases(x)) # KRAE(ERZ
n <- nrow(x)
p <- ncol(x)
chisq <- (1-n+(2*p+5)/6)*log(det(cor(x)))
df <- p*(p-1)/2
p.value <- pchisq(chisq, df, lower.tail=FALSE)
names(chisq) <- "X-squared"
names(df) <- "df"
return(structure(list(statistic=chisq, parameter=df,
p.value=p.value, method=method, data.name=data.name),
class="htest"))
}
\end{verbatim }\end{screen}
\end{description}

The functions to conduct factor analysis in R

\begin{screen}
DURCEHT %2 &£ 512, B <y 7 — & L C\verb!psych!. \verb!sem!% % DT,
\begin{verbatim}

install.packages("psych", dep=TRUE)
install.packages("sem", dep=TRUE)
\end{verbatim}

LT, POA VA= EINTZ0,
\end{screen}

\begin{description}

\item[factanal] & OBIBUIBHET A Y R b= E N3, RFARBEEHET 2 0CRLEEHAV S, #E
TARERFFEEIARINHEET QR R SR80, Ny ZREELE <y 7 AEHESA[RETH 5, AT
T RBTNEFT 2T — 4,

\item[fa] Z DBIEUI{\bf psych} v 7 =D& ENTW3, \verb!fm=!4+ 7> a > TR T AR BDFHE
FHiEEfRETE % (\Werb!"minres"! Ci/NMEZETE, \verb!"'ml"! TR LA, \verb!"pa"! TERTIE) , H#E
£ 3 % EFEUX \verbInfactors=!4 7> a U THIER QIR 5720, \verblrotate=!4 7> a v TX ¥ X%
72 Bldi 5% e E T & % (\verb!"none"!, \verb!"varimax"!, \verb!"quartimax"!. \verb!"bentlerT"!,
\verb!"geominT"!, \verb!"oblimin"!. \verb!"simplimax"!. \verb!"bentlerQ"!. \verb!"geominQ"!.
\verb!"cluster"! 25 HE)



\item[alpha] Z ®BIEIZ{\bf psych}\index{psych} Sy 7 —JIZE&ENT WS, 7B Ny 7D$
\alpha$fz%\index{{ A2AE > DH 25 FWVWITH5@27 1Ny 7 DOS\alpha$fR#i} #51HE T 3,
\item[cortest.bartlett] Z DEIEL D {\bf psych} % v r —JIZEENT VWS, N—F L v b OBREHBE % E
173 %,

\item[fa.parallel] Z ®BE%d {\bf psych} Xy ;r—JIZEZENTWVWE, RNTLADHZFEITL, RDEE L
T, \verb!$nfact icH#EE TR X YR K FEZIR T,

\item[sem] ffERERIK 7737 (confirmatory factor analysis; CFA)iZi, {\bf sem} ¢y 7 — % HWE Z &
MWTES, bbAAsem BWEHERXET VYV ZORv 5 —IThHDY, CFAUEDOZ 2 TES, FL
IERE TN 5,

\end{description}

Example of factor analysis using ecopoint data

7 — R & o THEBI% "% 5, \url{https://minato.sip21c.org/advanced-statistics/ecopx.txt} 1%,
\url{https://minato.sip21c.org/humeco/ecopoint.html} iR L7z a R4 > b Fz v o7 (K
\ref{fig:ecopointentryform}) ~®[EE\footnote{7>T web %4 + Tcgi Zflio T X o7, KBD
EALOERICEHP L LT 2, }2@EYINT L. 27D TFFA T —XTH 5,

\begin{figure}[ht]

\begin{center}

\includegraphics[width=12cm]{ecopointform.pdf}

\end{center}

\caption{ =2 KA > bF =z v 7 DAN 7 +— L\label{fig:ecopointentryform} }
\end{figure}

TaRA4r bk, Ak EE TEZ0ES LPbhsirzany— - 72 BEMEIZEEO T
FEFxy 2ol TN =Ny 7 2T RENTWS, CORE MBEBICELVL E5L21LTWS
PERTRETH S, fFROEAMNFIICIE, BBEHOIARTT4 7 - VAT T7EAX Y FOFERE M -
TEBY, HEEEZYRIHMIRErEZ 505, ZOEMKE web 2 5HETES X 51Ccgifbl., 5
EZD 6 AE 21572,

TaRA4 Y MEAR (¥ \verb!EP!) 5399.8 mijiisdi GtHE LOADEED-D) | WIRILFEET 2K
4 >+ (\verb!GW!) 2314.3 sijifisi. FEEVMET a3 KA >+ (\verb!Waste!) 2°24.6 sijiisi, /KEG
BT aKA >~ + (\verb!Water!) 7315.6 mifiimi. RxUGRMEETaRA > b (\erblAir!) 2321.1 &
s, AEEWEREZ 2R, >~ b (\verb!Chem!) 7524.2 Hilim TR REINS,

TR L, BVEZHDE LXRE 356 AD V953 42.6, BREERHE D #EZ H &1k N7 b 182
ANDF¥GD348.1 L WS HEETH %, FEEIZ, BEICPRPEI LWAL LTI 60 S ESET, 30 FA T 5
TOBREHTIEID R DMEDDH 274 7AX AL LTED, BRWHEER. EOTE sk izt Ich#E
BHZDHETF =y T5IEHEDLNATVS,



Calculation of Cronbach’s alpha coefficient

DT —X&%\verblecol ¥ W5 F—&X T L — AZHiAAA, FTEFHESINLE5 20T aKRA, ¥ MEAIZ
DWVWT, ZayNy 7o$alpha$fffizitHE L ThH L, 2T, 1207 =KW LTEL OEN%ZT 5
DT, EHOT 4 L7 MU RESZ 2RV, Z 2 Tld\verb!c:/work/lecture/kobe/advstat2/! £ W5 7 4 L 7
MV Z/ED . Z Zi2\url{https://minato.sip21c.org/advanced-statistics/ecopx.txt} # X > 1 — K LT
5. RStudio #Z#) L. \verb!File!®\verb!New project!?> 5. \verb!Existing Directory! ¥ L T\verb!
e:/work/lecture/kobe/advstat2/! Z#ER L7z, Z 55 % &, RStudio & THHZ. HEHNCZD L ZDREEED
ZDT 4 L7 bV D\verbladvstat2. Rproj! W5 7 7 L MITRIFS NS, REIDLHIE, ZOT7 74 %X
TNV v 7§ 57203 T HBIANC RStudio A5EE) L. BiEIREZICHEL Thict 2 OREIEITE NS,

ROBMNTRT A= RE2ZDT4 L7 FVIRRY B — RLUTH A Y2 5#NEE IR 7Y T
7 4 XEEABH < A3, \verb!File! ®\verb!New File! D\verb!R script! THMED 2 7V 7 b =57 4 X [HH %
VT, 799 ¥ETHWa—-F2ab—7 Y FR=ZAPLTHRV, RZV T PZT4 XV 4 Y FY
i Ed\verb!Sourcel b WS KR KXY 2 T Vw755, HEHNIZS DD AR, v MERZENRZNUIDOWT,
za Ny 27 d$\alpha$frfii e S\ EMXMM TR NS, HB72AIZ, \verblalpha()! B DK D HIZ 1
#eEME (\Werblraw_alpha!) ¥ WRofE#Eidz2 (\verblase!) &I TWB A, HEICETT 3 L RRIN
ZEHEXE D LR Y FEROFHEE, \verb!print.psych)Nic&EEFNT W3S, LUIFDa— FTiE, \verb!
GAC()!' W5 Ba%z EF LT, \verblalpha()! DFER D 5 BHEENE & IS5\ % EFHX D FR & _LR7Z 1 %2R
TEIIC LT 1961355 £ THRLIEMRDIMHD 97.5\% 5. 5 \verb!gnorm(0.975)!TH b, 90\%(E
XMLV E 21X 1.96 D55 % \verb!qnorm(0.95)! & 3 HUXE W,

\begin{itembox } [1]{\url{https://minato.sip21c.org/advanced-statistics/ecopxc.R } }

\small\begin{verbatim}

eco <- read.delim("ecopx.txt")

# mijULE

eco$NAGE <- factor(ecoSAGE+1,
labels=c("10-19","20-29","30-39","40-49","50-59","60-69","70-"))

eco$NSEX <- factor(eco$SEX+1, labels=c("M","F"))

warming <- eco[, c("FAMSIZE","Q05","Q07","Q08","Q11","Q24™")]

waste <- eco[, c("FAMSIZE","Q01","Q02","Q03","Q04","Q06")]

water <- eco[, ¢("FAMSIZE","Q13","Q14","Q16","Q17","Q20")]

air <- eco[, c("FAMSIZE","Q09","Q10","Q12","Q23","Q25")]

chem <- ecol, c("FAMSIZE","Q15","Q18","Q19","Q21","Q22")]

ecopoint <- eco[, c("FAMSIZE","Q05","Q07","Q08","Q11","Q24",
"Q01","Q02","Q03","Q04","Q06","Q13","Q14","Q16","Q17","Q20",
"Q09","Q10","Q12","Q23","Q25","Q15","Q18","Q19","Q21","Q22")]

library(psych)

#a L EHEXHEZE270DOEBER

GAC <- function(Z) { # Get alpha /w 95 percent confidence intervals
ZA <- alpha(Z)

Raw <- ZAS$total$raw_alpha

Ase <- ZA$total$ase

return(c(Raw-1.96*Ase, Raw, Raw+1.96*Ase))

}

all <- cbind(GAC(warming[,-1]), GAC(waste[,-1]), GAC(water[,-1]),

GAC(air[,-1]), GAC(cheml[,-1]), GAC(ecopoint[,-1]))



print(all)
\end{verbatim }\end{itembox}

MRERZ 2, 7urNy ZoSalpha$tiiii,. 2EHEZ# -/ aR 4> b L TIX0.84[0.81-0.88] &
ToicEny, ER{EAEE 0.41 [0.28-0.53], FEEYMHEE 0.61 [0.52-0.71], 7K7HEK 0.69 [0.60-0.78]. K
SnESK 0.43 [0.32-0.55]. {b2#¥E 7E1% 0.66 [0.57-0.75]CTH H. FaEIZ 0.7 KL E WS HEEIEL TW»
WV, BEL L ZHEREIEEFICH L THENIMDLEZIT IEEATWS DL, EHOMERE D H
250t Bbhzn, REL LTOEEEZ TS TR, 22T, BEFHY 2 A ETEELTWSE AT
FHEE S AJREMEZE X, 20T T2y FEE-THOM L TARED. KELEr -7z (K
\ref{fig:ecopxc}) o

\begin{itembox }[l1]{ecopxc.R ®f % }\small\begin{verbatim}

# for single household

single <- cbind(

GAC(subset(warming, FAMSIZE==1)[,-1]), GAC(subset(waste, FAMSIZE==1)[,-1]),
GAC(subset(water, FAMSIZE==1)[,-1]), GAC(subset(air, FAMSIZE==1)[,-1]),
GAC(subset(chem, FAMSIZE==1)[,-1]), GAC(subset(ecopoint, FAMSIZE==1)[,-1]))
print(single)

# for other household

others <- cbind(

GAC(subset(warming, FAMSIZE>1)[,-1]), GAC(subset(waste, FAMSIZE>1)[,-1]),
GAC(subset(water, FAMSIZE>1)[,-1]), GAC(subset(air, FAMSIZE>1)[,-1]),
GAC(subset(chem, FAMSIZE>1)[,-1]), GAC(subset(ecopoint, FAMSIZE>1)[,-1]))
print(others)

#ELHd

MX <- rbind(all[2,], single[2,], others[2,])

colnames(MX) <- c("{B(L","BEREM", ", AL, LT, "8 43"
rownames(MX) <- c("4{R"," B "o "

UX <- rbind(all[3,], single[3,], others[3,]) # 95\% S HXH D LR

# cairo_pdf("ecopxc.pdf")

# source("https://prs.ism.ac.jp/~nakama/Al/AI_UCS2.R")

# par(family="Japan1Gothic", las=1)

par(family="sans", las=1) # Windows CTHE /% 5 ZATRW

ii <- barplot(MX, beside=TRUE, ylim=c(0,1), col=1:3)

arrows(ii, as.vector(MX), ii, as.vector(UX), angle=90, length=0.1)
legend("topleft", legend=rownames(MX), fill=1:3, cex=0.6)

# dev.off()

\end{verbatim }\end{itembox}

\begin{figure}[ht]

\begin{center}

\includegraphics[width=10cm]{ecopxc.pdf}

\end{center}

\caption{ 7 1 >N v 7 ®$\alpha$fZE & I5\%FEFHX D LR, tHH D & 1 7 Hl\label{fig:ecopxc}}
\end{figure}



Try to conduct the exploratory factor analysis

BEMEHOBEIRICE 272237 DEAEIP O TREE TITONa I T4 7 - VAT TEARX Y
MCRA)DFERIC K 2 DT, Z2HUdEHL T Z iz L T\footnote{ 7272 L, AHICZDR a7 TRWVDH,

LA, TLADRAT7DEFIEEN L AP RVDTIERWAL WS MEIXHZ2DT, ZOAHIEISKT
BRI RETH S, }. LELETFMREDZ BNy 7 DS\alpha$fGlnfEnwoT, B2 5 [HEH
DEVPRHLOEWIZE D, FTFHEDEE L Go TWARVDOE LA L, \verb!Q01!% 5\verb!Q25!d
7= R BRNAF I L THA S,

\begin{itembox }[1]{\url{https://minato.sip21c.org/advanced-statistics/ecofactor.R } }
\small\begin{verbatim}

eco.raw <- eco[,4:28]
source("http://aoki2.si.gunma-u.ac.jp/R/src/kmo.R", encoding="euc-jp")
kmo(eco.raw)

library(psych)

cortest.bartlett(eco.raw)

print(res1 <- fa.parallel(eco.raw))

print(res2 <- fa(eco.raw, fm="minres", nfactors=res1$nfact,
rotate="quartimax"))

res2$loadings

\end{verbatim }\end{itembox}

HERAEAREMBIZORECT KMO 2 MSA 213 e 42 0.8 L EH 2 DT+ TH %, \verb!
cortest.bartlett()! DFER. pEIFIZIZ0TH D, [EFITHEN LWV E WS IFERFHMATEN SN 2 D THT
AHCE L 727 — &2 WA %, \verb!fa.parallel()! O, ““Parallel analysis suggests that the number
of factors = 5 and the number of components = 4" £/RE 12 O THFEIIEEHED 5 TRVWEEZ S
N3 (K\ref{fig:pascreeplot}) .

\begin{figure}[h]

\begin{center}

\includegraphics[width=10cm]{pascreeplot.pdf}

\end{center}

\caption{ 37 LV 3T & 227 V) —F v v MZ & 2K FEEER label {fig:pascreeplot} }
\end{figure}

FITO =74~y 27 AEMRL THF M2 T 2 L LRDE 615,

\begin{screen }\small\begin{verbatim}
MR2 MR1 MR3 MR5 MR4
Q01 0.176 0.166 0.625
Q02 0.293 0.164 0.287 0.269
Q03 0.248 0.199 0.169 0.670
Q04 0.158 0.296 0.465 0.208 0.198
Q05 0.244 0.261 0.161 0.516 0.189
Q06 0.296 0.145 0.625 0.100
Q07 0.241 0.193 0.350
Qo8 0.322 0.277
Q09 0.355 0.422 -0.200



Q10 0.365 0.155 0.375

Q11 -0.176 0.137 0.581

Q12 0.316 0.336 0.360 0.145
Q13 0.138 0.181 0.527 0.122
Q14 0.216 0.246 0.451 0.212 0.237
Q15 0.502 0.323 0.457

Q16 0.385 0.300 0.554 -0.108
Q17 0.462 0.202 0.130 0.323
Q18 0.687 0.156 0.137
Q19 0.462 0.106 0.320 0.296
Q20 0.632 0.269 0.130

Q21 0.650 0.164
Q22 0.202 0.789 0.174
Q23 0.930

Q24 0.428 0.236 0.191
Q25 0.234 0.142 0.315 0.278

MR2 MR1 MR3 MR5 MR4
SS loadings 3.102 2.560 2.129 1.535 1.516
Proportion Var 0.124 0.102 0.085 0.061 0.061
Cumulative Var 0.124 0.226 0.312 0.373 0.434
\end{verbatim }\end{screen}

FESRFETANTH D 43.40% L2FHTEZR VWL, CORTFEHHEDBERL TORVWEREDZ 4
Hb, THF, BHEECK > TERNBBERDAIREICR o TLE o AR THAS L Bbh b, ZoR»
LRFAMMED 0.5 M E (ZOMEIBRENCRDT) OBDRIRLTERT L DERNE ST 5 L.
TERBIFLN D,

$$\vbox{\small
\begin{tabular} {lccccc}
\hline

I & MR2 & MR1 & MR3 & MR4 & MR5 \cr
\hline

QOLEVHIA 7L & & & &0.625& \cr
QU3.F#mWV A7 & & & &0.670& \cr
QO5.wEEEZ S & & & & &0.516\cr
Qo6.EMEEHEA & & & & &0.625\cr
Qll. KiGHEKZ & & &0.581& & \ar
QI3 ko EHAIH & & &0.527& & \cr
Q1538 7 v 71H &0.502& & & & \cr
Ql6./TAMMS & & &0554& & \cr
QI8.FREHRHAINMEH&0.687& & & & \cr
Q0.5 N PEEAI M HH&0.632& & & & \cr
Q21 EMAHIAERH &0.650& & & & \cr
Q2 EMEEYES & &0.789& & & \cr
Q23 MG EEYEN & &0.930& & & \ar
\hline



\end{tabular}}$$

L IMZRTFOMFERE LTRAL. MREOBRADFHRICH S 251 ThodZR-7Z T 2o T
HF otz D ESTRERD 25, ARTIEZZETRAD LRV,



Structural Equation Modeling (SEM)

In structural equation modeling (SEM), the relationships between multiple observed variables and
unobserved latent factors (constructs), including the direction of influence, are modeled and then fitted
to data. There are various packages for structural equation modeling in R, but sem and 1avaan are
well-known. For visualizing the results, the semPaths () function from the semPlot package is
convenient. Since there are countless possibilities for relationships between variables, directly coding
them can be challenging until you get used to it. Therefore, auxiliary software that generates analysis
code automatically by drawing relationship diagrams using a GUI (Graphical User Interface) can be
helpful®. There is a very famous supporting software for sem, Qnyx®, which is freely available.

Qnyx

Qnyx is a free software environment for
Structural Equation Modeling. Is is provided
under an Open Source license, and runs on a
wide variety of platforms, including UNIX, Mac,
and Windows. Qnyx is available free of

charge.

Qnyx is written in Java, so that installation of Java runtime is necessary. Oracle Open JDK is linked
from the official website of Qnyx'’, but I recommend rather Adoptium JDK".

If the Java runtime environment or development kit is installed, downloaded file with extension .jar
such as onyx-1.0-1043.jar is executable by double-click. The user guide' is also available.

The basics of SEM

There are 5 rules, in principle, to draw the path diagram to show the relationships among observed
variables and latent factors (constructs) shown below.
* Observed variables in rectangular box
* Latent factors in ellipse
* Draw arrows from the source of effects to the targets
* 2 exogenous variables with covariate relations to be connected by line with arrows at both edge
* Residual (error) variable in circle or only value

8 It might be efficient to generate the initial code from a GUI layout and then manually adjust it later.
9 https://onyx-sem.com/
10 https://openjdk.org/index.html

11 https://adoptium.net/temurin/releases/
12 https://onyx-sem.com/wp-content/uploads/2021/08/userguide.pdf



https://onyx-sem.com/wp-content/uploads/2021/08/userguide.pdf
https://adoptium.net/temurin/releases/
https://openjdk.org/index.html
https://onyx-sem.com/

The fundamental approach to structural equation modeling is to establish models for each endogenous
variable that is influenced within a path diagram. A model comprises both measurement equations and
structural equations.

A measurement equation describes how a construct influences multiple observed variables (it can also
be thought of as an equation expressing how a construct is measured by observed variables, hence the
term "measurement equation"). It takes the form: Observed Variable 1 = Coefficient 1 x Construct 1 +
Coefficient 2 x Construct 2 + ....

A structural equation expresses the influence relationships between variables. This can involve
constructs influencing other constructs, observed variables influencing other observed variables, or
observed variables influencing constructs.

Besides these, there are "covariate relationships" where errors (unique variances) of observed variables,
not explained by other variables' influences, are thought to be related. The model will express these
three types of relationships.

You can't just draw a path diagram out of thin air without any analysis. Typically, you'd hypothesize
and model potential path diagrams by examining scatter plots, correlation matrices, performing
exploratory factor analysis, or reviewing prior research. The syntax for drawing models varies
depending on the package that implements structural equation modeling. In this text, we'll explain the
lavaan and sem packages.The e-learning course in UCLA to learn SEM using lavaan is very
informative'.

Example of CFA to apply ecopoint data

To get the converged solution, the result from EFA was slightly modified.

eco <- read.delim(“ecopx.txt”)
ecodata <- eco[, c¢(1, 3, 5, 6, 11, 13, 15, 16, 18, 20:23)+3]
Cl <- cor(ecodata)
library (sem)
M1l <- specifyEquations (text="
Q22 = al*HealthyLife

Q23 = a2*HealthyLife
Q18 = bl*AvoidChem
Q20 = b2*AvoidChem
Q21 = b3*AvoidChem
Q15 = b4*AvoidChem
Q11 = cl*Saver

Q13 = c2*Saver

Q16 = c3*Saver

Q01 = dl*Recycle

Q03 = d2*Recycle

Q05 = el*AvoidWaste
Q06 = e2*AvoidWaste
HealthylLife = 1*Ecopt
AvoidChem = l*Ecopt
Saver = 1l*Ecopt
Recycle = 1l*Ecopt

13 https://stats.oarc.ucla.edu/r/seminars/rsem/


https://stats.oarc.ucla.edu/r/seminars/rsem/

AvoidWaste =

V(Ecopt) =1

")

S1 <- sem(M1, C1l, N=length(ecodata[, 1]))

print(S1)

summary (S1, fit.indices=c("GFI","AGFI","CFI", "RMSEA"))

library (semPlot)

LBL <- c("Q22","Q23","Q15","Q18","Q20","Q21","Q11","Q13","Ql6",
"Q01","Q03","Q05","Q06",
"Healthy\n Life","Avoid\n Chemical", "Saver", "Recycle",
"Avoid\n Waste", "Ecopoint")

semPaths (S1, what="stand", layout="tree", style="lisrel",
shapeMan="rectangle", shapelat="ellipse",
sizeMan=3, residScale=9, posCol="black",
negCol="red", fade=FALSE, edge.label.cex=0.8,
nodelabels=LBL)

l1*Ecopt

By running this code, the path diagram below is obtained and the coefficients and goodness of fit
indices are obtained.

7’ ~
. NN

1 ~

P \
065 0.87 075 0.58 0.59
1026 \

044 069 »

7
0.58 P / \ ~ ~ 0.65
ok Avoid
eeeee e e

092 083 066 067 075 056 030 054 079 0.59 087 084 055

0.15

The options in semPaths () are explained below (copied from help).

object A "semPlotModel" object or any of the input types that can be used in semPlotModel directly.
what What should the edges indicate in the path diagram? This function uses grepl to allow fuzzy
matching and is not case sensitive. E.g., par will also match Parameters.

path, diagram or mod This will display the model as an unweighted network (gray edges by default).
est or par This will display the parameter estimates as weighted edges.

stand or std  This will display the standardized parameter estimates, if available, as weighted edges.
eq or cons This is the same graph as path. except that parameters with equality constraints are now
colored. Parameters with the same color are constrained to be equal.



col  This will create an unweighted graph of the path diagram, where edges are colored with a mix
of the colors of connected nodes.

whatLabels ~ What should the edge labels indicate in the path diagram? This function uses grepl to
allow fuzzy matching and is not case sensitive. E.g., par will also match Parameters. Default depends
on the what argument, defaulting to the respective elements in the list below for values of what in the
list above.

name, label, path or diagram This will display the edge names as labels.

est or par This will display the parameter estimate in edge labels.

stand or std
This will display the standardized parameter estimate in edge labels.

eq or cons
This will display the parameter number in edge labels. 0 indicates the parameter is fixed, parameters
with the same parameter number are constrained to be equal.

no, omit, hide or invisible
Hides edge labels.

style

The style to use. Currently only indicates what the (residual) variances look like. Use "ram", "mx" or
"OpenMXx" for double headed selfloops and "lisrel" for single headed edges with no node as origin.
Defaults to "ram" unless the input is a lisrel model.

layout
A string indicating how the nodes should be placed. Similar to the layout' argument in qgraph. Can be
one of the following strings.

tree
The integrated tree-like layout. Places exogenous variables at the top and endogenous variables at the
bottom. See 'details' for more details.

circle

The same layout as "tree", except that afterwards the horizontal levels of the layout are placed in
circles. Especially useful for models with a large number of manifest variables and a relatively small
number of latent variables.

spring
Calls the "spring" layout in qgraph, which uses the Fruchterman-reingold algorithm (Fruchterman &
Reingold, 1991).

tree2

Calls the layout.reingold.tilford function from the igraph package (Csardi & Nepusz, 2006), which uses
the Reingold-Tilford algorithm (Reingold & Tilford, 1981). Before calling the algorithm roots are
chosen and a slightly modified version of the graph is used to produce consistent results. See 'details'.

circle2



The same layout as "tree2", except that afterwards the horizontal levels of the layout are placed in
circles.

Other options
If the assigned value is not in this list it is sent to qgraph. This allows for manual specification of the
layout as well as using functions found in the 'igraph; library.

intercepts
Logical, should intercepts be included in the path diagram?

residuals
Logical, should residuals (and variances) be included in the path diagram?

thresholds
Logical, should thresholds be included in the path diagram?

intStyle
Style of the intercepts. "multi" plots a separate unit vector node for each intercept and "single" plots a
single unit vector node. Currently, "single" is not well supported and might lead to unexpected results.

rotation
An integer indicating the rotation of the layout when "tree" or "tree2" layout is used. 1, 2, 3 and 4
indicate that exogenous variables are placed at the top, left side, bottom and right side respectively.

curve
The curvature of the edges. In tree layouts this argument only curves the edges that are between nodes
on the same level. e.g., correlations between exogenous manifest variables.

curvature

Sets the strength of scaling in curvature for curved edges at the same horizontal level in tree layouts.
The curve will be set to curve + curvature * n / max(n), where n is the number of nodes in between the
two connected nodes.

nCharNodes
Number of characters to abbreviate node labels to (using abbreviate). Set to 0 to omit abbreviation.

nCharEdges
Number of characters to abbreviate edge labels to (using abbreviate). Set to 0 to omit abbreviation.

sizeMan
Width of the manifest nodes, sent to the 'vsize' argument in qgraph.

sizeLat
Width of the latent nodes, sent to the 'vsize' argument in qgraph.

sizelnt
Width of the unit vector nodes, sent to the 'vsize' argument in qgraph.

sizeMan?2



Height of the manifest nodes, sent to the 'vsize2' argument in qgraph.

sizeLat2
Height of the latent nodes, sent to the 'vsize2' argument in qgraph.

sizelnt2
Height of the unit vector nodes, sent to the 'vsize2' argument in qgraph.

shapeMan
Shape of the manifest nodes, sent to the 'shape' argument in qgraph. Defaults to "square" or "rectangle"
if width and height differ.

shapeLat
Shape of the latent nodes, sent to the 'shape' argument in qgraph. Defaults to "circle" or "ellipse" if
width and height differ.

shapelnt
Shape of the constant nodes, sent to the 'shape' argument in qgraph. Defaults to "triangle".

ask
Specifies the 'ask’ parameter in par. Defaults to TRUE if multiple groups are in the model.

mar
Same as the 'mar' argument in qgraph. By default this argument is based on the values of 'rotation’,
'style' and 'title'.

title
Logical, should titles be plotted of the group names above each plot?

title.color
Color of the titles.

title.ad]
Adjustment of title as used by 'adj' in par.

title.line
Line of title as used by 'line’ in title.

title.cex
Size of title as used by 'cex.main’ in par.

include
Integer vector indicating which groups should be included in the output. e.g., to only plot a diagram for

the first group use include = 1.

combineGroups
Logical. If TRUE all groups are combined in the same path diagram.

manifests



A character vector in which every element is the name of a manifest variable in the model. This
argument can be used to overwrite the order in which nodes are plotted in the graph if reorder = FALSE

latents
A character vector in which every element is the name of a latent variable in the model. This argument
can be used to overwrite the order in which nodes are plotted in the graph if reorder = FALSE

groups

Groups nodes that should be colored the same, similar to the 'groups' argument in ggraph with a few
exceptions. Should be a list containing in each element the names (instead of numbers as in qgraph) of
nodes that belong together. Nodes that are indicated to belong to a group will be assigned the same
color, as given by the 'color' argument. Nodes not belonging to a group will be assigned the color "",
which indicates that they will inherit a mix of the colors of connected nodes (or white, if no connected

nodes are colored.)

In addition, this argument can be assigned a single character: "manifests", "latents" or "both" to make a
single group for each manifest, latent or both manifest and latent variables. e.g., groups = "latents" will
color each latent variable uniquely, and color all manifest variables a mixture of the colors of latents
they load on.

color

Controls the color of nodes. Similar to 'color' in ggraph. A color vector indicating the color for each
group, a single color character indicating the color for all nodes or a color vector indicating the color
for each node separately. Can also be a list contaning one or more of the following elements (using
fuzzy matching):

man
The colors for manifest nodes

lat
The colors for latent nodes

int
The color for intercepts

residScale
The size of residual edges if style = "lisrel". Defaults to two times the value of 'sizeMan'.

gui
Not yet implemented.

allVars
Logical. If TRUE all variables are plotted in the path diagrams for each group. If FALSE only variables
are plotted that are used in the group.

edge.color
A value indicating the color of all edges or a vector indicating the color of each edge. Useful for
manually overwriting edge colors.



reorder
Logical. Should manifest variables be reordered to be near latent factors they are most connected to in
the "tree" layout? If FALSE manifest variables are placed in the order they appear in the Pars.

structural
Logical. Set this to TRUE to only show the structural model (omit all manifest variables.)

ThreshAtSide
Logical. If TRUE, thresholds are plotted as small lines at the side of manifest nodes, otherwise they are
plotted as lines inside the nodes.

thresholdColor
Color of the threshold lines. Defaults to "black"

thresholdSize
Size of threshold bars relative to the size of the node.

fixedStyle

A vector of length one or two specifying the color and line type (same as 'lty' in par) of fixed
parameters. Can be both character and numeric. If one of the elements encodes a color it is used to
overwrite the color of fixed edges, and if an element can be coerced to a numeric it is used to encode
the line type.

For example, fixedStyle = c("red",3) specifies that all fixed parameters should be visualized with a red
edge with lty=3

freeStyle
Same as 'fixedStyle' but for free parameters instead.

as.expression

A character vector indicating which labels should be treated as an expression, so that mathematical
notation and Greek letters can be used in the path diagram. If this vector contains "nodes" all node
labels are converted to expressions, and if this vector contains "edges" all node labels are converted to
expressions. Defaults to "edges" only if the input is a Lisrel model.

optimizeLatRes
Logical. If this is TRUE, the angle of the incoming residuals on latent variables is attempted to be
optimally chosen so its position conflicts with the least amount of connected edges.

inheritColor
Logical, should uncolored nodes obtain a mix of connected colored nodes? Defaults to TRUE.

levels

A numeric vector usually of length 4. Controls the relative vertical position of variable levels
(exogenous and endogenous latents and manifests) under default rotation in tree and circle layouts.
This can be used to control the spacing between these levels. e.g., c(1,5,6,7) will create more space
between endogenous manifests and latents.

nodeLabels



A vector or list to manually overwrite the node labels. Can include expressions.

edgeLabels
A vector or list to manually overwrite the edge labels. Can include expressions.

pastel
Logical, should default colors (for groups or edge equality constraints) be chosen from pastel colors? If
TRUE then rainbow_hcl is used.

rainbowStart
A number between 0 and 1 indicating the offset used in rainbow functions for default node coloring.

exoVar
Should variances of truely exogenous variables (no incomming directed edge) be plotted? Defaults to
TRUE unless style = "lisrel".

intAtSide
Logical to control if intercepts should be plotted to the side of manifest nodes or at the bottom/top.
Defaults only to FALSE if residuals=FALSE'.

springLevels
Logical indicating if the placement on horizontal levels with tree3 layout should be determined by a
force embedded algorithm.

nDigits
Number of digits to round numeric values to.

exoCov
Should covariances between truely exogenous variables (no incomming directed edge) be plotted?
Defaults to TRUE.

centerLevels
Only used if layout is set to "tree2", should each level be centered? Defaults to TRUE

panelGroups
Logical to automatically create a panel plot of multiple group models. Defaults to FALSE.

layoutSplit

Logical that can be used to split computing of layout between structural and measurment models. This
is very useful in more complicated models where the structural part is best shown by using a spring
layout.

measurementLayout
Logical indicating the layout algorithm to use for measurement models if layoutSplit = TRUE (the
structural model will obtain a layout given by the layout argument).

subScale
Width of submodels (measurment models) if layoutSplit = TRUE.



subScale2
Height of submodels (measurment models) if layoutSplit = TRUE.

subRes

Integer indicating the resolution of which measurment models can be rotated around their
corresponding latent variable. The default, 4, indicates that they can be placed only to polar
coordinates. Set to 360 to allow every angle of rotation.

subLinks
Vector of variables to link to. Currently not well supported so avoid using this argument.

modelOpts
A lists containing arguments sent to semPlotModel in case the input is not of class semPlotModel.

curveAdjacent
What edges between adjacent horizontal nodes be curved? Can be '<->' or 'cov' to indicate bidirectional
covariances, '->' or 'reg' for directed regressions or a vector containing both.

edge.label.cex
Controls the font size of the edge labels. Same as in qgraph except that the default is now 0.8.

cardinal

Should edges in a tree layout connect to the four cardinal points of one of the borders of the node rather
than point to the center of the node? Can be set to TRUE or "all" to enamble this behavior for all edges
and FALSE or "none" to disable this behavior for all edges. Alternatively a vector with strings can be
specified in which each string specifies a certain group of edges. Fuzzy matching is used on the strings
"exo" for edges with the first node being exogenous (or indicator of exogenous latent), endo for edges
with first node being endogeonous, manifest for edges connected to any manifest node, latent for edges
connected to any latent node, cov for covariances, reg for regressions, load for factor-loadings, source
for only the start of an edge and end for only the end of a node. These strings can be combined at will.
For example, cardinal = c("exo cov","load end") (the default) or equivelantly cardinal = c("exogenous

covariances","source of loadings") will only cardenalize the edges that repressent exogenous
covariances or the end of factor loadings.

equalizeManifests
Logical. Should the distances between manifest nodes in the treel layout be equalized? Defaults to
TRUE

covAtResiduals
Logical, should covariances be drawn at the start of residuals when style="lisrel" is used? Defaults to
TRUE.

bifactor
A string vector containing the name(s) of the general bifactor(s). This will automatically create a
bifactor plot.

optimPoints
A vector of radians residuals can optimize to if optimizeLatRes = TRUE



Arguments sent to the qgraph function. These arguments can further control the output of the graph.
Some usefull arguments in drawing path diagrams are:

edge.width
Scales the edge width and arrow size of the plot. These can also be manually set using 'esize' and
'asize'.

node.width
Scales the width of nodes and also the height if shapes circle and square are used. Can also be a vector
with scalar for each node.

node.height
Scales the height of nodes. Can also be a vector with scalar for each node. Not used with circle and
square shapes.

esize

Size of the largest edge (or what it would be if there was an edge with weight maximum). Defaults to:
max((-1/72)*(nNodes)+5.35,1) for weighted graphs and 2 for unweighted graphs. In directed graphs
these values are halved.

asize
Size of the arrowhead. Defaults to 2 for graphs with more than 10 nodes and 2 to smaller graphs.

minimum
Edges with absolute weights under this value are omitted. Defaults to O for graphs with less than 50
nodes or 0.1 for larger graphs.

maximum

ggraph regards the highest of the maximum or highest absolute edge weight as the highest weight to
scale the edge widths too. To compare several graphs, set this argument to a higher value than any edge
weight in the graphs (typically 1 for correlations).

cut

In weighted graphs, this argument can be used to cut the scaling of edges in width and color saturation.
Edges with absolute weights over this value will have the strongest color intensity and become wider
the stronger they are, and edges with absolute weights under this value will have the smallest width and
become vaguer the weaker the weight. If this is set to NULL, no cutoff is used and all edges vary in
width and color. Defaults to NULL for graphs with less then 50 nodes and 0.3 to larger graphs.

details
Logical indicating if minimum, maximum and cutoff score should be printed under the graph. Defaults
to FALSE.

mar
A vector of the form c(bottom, left, top, right) which gives the margins. Works similar to the argument

in par(). Defaults to c(3,3,3,3)

filetype



A character containing the file type to save the output in. "R" outputs in a new R window, "pdf" creates
a pdf file. "svg" creates a svg file (requires RSVGTipsDevice). "tex" creates LaTeX code for the graph
(requires tikzDevice). 'jpg', 'tiff' and 'png' can also be used. If this is given any other string (e.g.
filetype="") no device is opened. Defaults to 'R" if the current device is the NULL-device or no new
device if there already is an open device. A function such as x11 can also be used

filename
Name of the file without extension

width
Width of the plot, in inches

height
Height of the plot, in inches

normalize

Logical, should the plot be normalized to the plot size. If TRUE (default) border width, vertex size,
edge width and arrow sizes are adjusted to look the same for all sizes of the plot, corresponding to what
they would look in a 7 by 7 inches plot if normalize is FALSE.

DoNotPlot
Runs qgraph but does not plot. Useful for saving the output (i.e. layout) without plotting

plot
Logical. Should a new plot be made? Defaults to TRUE. Set to FALSE to add the graph to the existing
plot.

rescale
Logical. Defines if the layout should be rescaled to fit the -1 to 1 x and y area. Defaults to TRUE. Can
best be used in combination with plot=FALSE.

label.cex
Scalar on the label size.

label.color
Character containing the color of the labels, defaults to "black"

borders
Logical indicating if borders should be plotted, defaults to TRUE.

border.color
Color vector indicating colors of the borders. Is repeated if length is equal to 1. Defaults to "black"

border.width
Controls the width of the border. Defaults to 2 and is comparable to 'lwd' argument in 'points'.

polygonList
A list contaning named lists for each element to include polygons to lookup in the shape arguments.
Each element must be named as they are used in shape and contain a list with elements x and y



contaning the coordinates of the polygon. By default ellipse and heart are added to this list. These
polygons are scaled according to vsize and vsize2

vTrans
Transparency of the nodes, must be an integer between 0 and 255, 255 indicating no transparency.
Defaults to 255

label.prop
Controls the proportion of the width of the node that the label rescales to. Defaults to 0. 9.

label.norm

A single string that is used to normalize label size. If the width of the label is lower than the width of
the hypothetical label given by this argument the width of label given by this argument is used instead.
Defaults to "OOQ" so that every label up to three characters has the same fontsize.

label.scale
Logical indicating if labels should be scaled to fit the node. Defaults to TRUE.

label.font
Integer specifying the label font of nodes. Can be a vector with value for each node

posCol

Color of positive edges. Can be a vector of two to indicate color of edges under 'cut' value and color of

edges over 'cut’ value. If 'fade is set to TRUE the first color will be faded the weaker the edge weight is.
If this is only one element this color will also be used for edges stronger than the 'cut’ value. Defaults to
c("#009900","darkgreen")

negCol

Color of negative edges. Can be a vector of two to indicate color of edges under 'cut' value and color of
edges over 'cut’ value. If 'fade is set to TRUE the first color will be faded the weaker the edge weight is.
If this is only one element this color will also be used for edges stronger than the 'cut’ value. Defaults to
c("#BF0000","red")

unCol
Color to indicate the default edge color of unweighted graphs. Defaults to "#808080".

colFactor
Exponent of transformation in color intensity of relative strength. Defaults to 1 for linear behavior.

trans

In weighted graphs: logical indicating if the edges should fade to white (FALSE) or become more
transparent (TRUE; use this only if you use a background). In directed graphs this is a value between 0
and 1 indicating the level of transparency. (also used as 'transparency")

fade

if TRUE (default) and if 'edge.color' is assigned, transparency will be added to edges that are not
transparent (or for which no transparency has been assigned) relative to the edge strength, similar if
'trans' is set to TRUE.



loop
This can be used to scale the size of the loop. defaults to 1.

curvePivot

Quantile to pivot curves on. This can be used to, rather than round edges, make straight edges as curves
with "knicks" in them. Can be logical or numeric. FALSE (default) indicates no pivoting in the curved
edges, a number indicates the quantile (and one minus this value as quantile) on which to pivot curved
edges and TRUE indicates a value of 0.1.

curvePivotShape
The shape of the curve around the pivots, as used in xspline. Defaults to 0.25.

edge.label.bg

Either a logical or character vector/matrix. Indicates the background behind edge labels. If TRUE
(default) a white background is plotted behind each edge label. If FALSE no background is plotted
behind edge labels. Can also be a single color character, a vector or matrix of color vectors for each
edge.

edge.label.position
Vetor of numbers between 0 and 1 controlling the relative position of each edge label. Defaults to 0.5
for placing edge labels at the middle of the edge.

edge.label.font
Integer specifying the label font of edges. Can be a vector or matrix with value for each node

layout.par
A list of arguments passed to qgraph.layout.fruchtermanreingold when layout="spring" or to an igraph
function when such a function is assigned to layout'

bg
If this is TRUE, a background is plotted in which node colors cast a light of that color on a black
background. Can also be a character containing the color of the background Defaults to FALSE

bgcontrol
The higher this is, the less light each node gives if bg=TRUE. Defaults to 6.

bgres
square root of the number of pixels used in bg=TRUE, defaults to 100.

pty
See 'par’'

font
Integer specifying the default font for node and edge labels

arrows
A logical indicating if arrows should be drawn, or a number indicating how much arrows should be
drawn on each edge. If this is TRUE, a simple arrow is plotted, if this is a number, arrows are put in the
middle of the edges.



arrowAngle
Angle of the arrowhead, in radians. Defaults to pi/8 for unweighted graphs and pi/4 for weighted
graphs.

asize
Size of the arrowhead. Defaults to 2 for graphs with more than 10 nodes and 2 to smaller graphs.

open
Logical indicating if open (TRUE) or closed (FALSE) arrowheads should be drawn.

weighted
Logical that can be used to force either a weighted graph (TRUE) or an unweighted graph(FALSE).

XKCD
If set to TRUE the graph is plotted in XKCD style based on
http://stackoverflow.com/a/12680841/567015.

\item[what] KE1D _Ficfl %2 FRT 2 0% f6E T %, \verb!"stand"! 72 ¥ fZHE(L L 7208 5 X — X HEEEHFE
IREND, EELIN TRV AT X = XHE/ERR L2V X\ \verb!"est" 35, 7740 FTi&
NI RX—=REUMERREND,

\item[layout] BEN DELE X ¥ RFET 5. 7 7 4L ME\verb!"tree"! 7223, \verb!"spring"! & 3% &
T & 5 BAHAIZECEC R 5, FERKICELE L7z e ZiX\verb! "circle"i2 3 %,

\item[style] BRZEDEADRRAZXA NELEET b0 T 7 4L b TEFAT Z DFPIRO WA & K725,
\verb!"lisrel"! ¥ {5 E T % &, PEL TEEICHD 5 REIDFRI NS

\item[shapeMan] BIZE DOPED 2 X 4 LV TIEFEDLEFEDER S L EPNL TN B H,
\verb!"rectangle"! L5 E L TH FRID K S5 WKIEATRICKR > TL % 572,

\item[shapeLat] I{EXF DD R X 4 L TIEFDFEMDHENRS L FHHN TV S5, \verb!"ellipse! & fi5
FLTH FHD XS ICIEMHICE>TLE o7,

\item[sizeMan] BHIZ DS A4 X

\item[residScale] %Z DT RV A X (F7 3V MIBHUNEBOKH A4 XD 2 %)

\item[posCol] /¢ 7 X — X HEEMEDIERREIDE, 7 7 4L b idkk,

\item[negCol] /¢ X — ZHEEMHEN B IR RO T, 77 4V MIAR,

\item[fade] 77 # /L b Tl\verb! TRUENZ 72 5 TW T, HHEDE B IZEW T X — ZREHNZ WM
TERREINDS BEMEDELRD) o IRTOMEZFRICEI TR RLALVE ZiX\verb! FALSENZT %,
\item[edge.label.cex] /¢ T X =X DXFH A XERMET 5+ > b A4 ADMEICT 50, 7741 8Z0.8
(=

\item[nodeLabels] #lIZ %% L BER FHE XTI v LT 23, 20X T a vy EIRELAR
W, ETNMCEZREBAPERINTRREIND,

AGFI (adjusted goodness of fit index) is less than 0.9 and RMSEA is large, so that this model doesn’t
explain the factor structure enough.

Model Chisquare = 205.5724 Df = 60 Pr(>Chisq) = 7.976845e-18
Goodness-of-fit index = 0.8969044

Adjusted goodness-of-fit index = 0.8436383

RMSEA index = 0.08889854 90% CI: (0.075761l6, 0.102366)



Bentler CFI

0.880862

Normalized Residuals

Min.

1st Qu.
-5.372000 -0.567000 -0.000001 -0.137700 0.536800

Median

R-square for Endogenous Variables

HealthyLife
0.4201

Q20

0.5642

Q13

0.2966
AvoidWaste
0.3509

022
0.8547
021
0.3155
016
0.6205
Q05
0.7026

Parameter Estimates

al
a2
bl
b2
b3
b4
cl
c2
c3
dl
d2
el
e2

V[HealthyLife]

V[Q22]
VI[Q23]
V[AvoidChem]
vV[Q1l8]
VI[Q20]
V[Q21]
VI[Ql5]
V[Saver]
V[Q1l1l]
V[Q13]
VI[Q1l6]
V[Recycle]
V[Q01l]
VI[Q03]
V[AvoidWaste]
VI[QO05]
VI[Q06]

al

Estimate

.5992096
.5411689
.5760801
.6501434
.4861677
.5746401
.2272601
.4084667
.5908261
.3304310
.4853548
.4965253
.3231900
.3805665
.1452525
.3028184
.3347199
.5570489
.4358320
.6845269
.5592605
.7774949
.9081974
.7034338
.3795202
.1928126
.6513939
.2478714
.8499837
.2973725
.7023140

OOFRPROOMNOOOOOOOOOOOKFRROOOOOOOOOOOOO

Q23
0.6972
Q15
0.4407
Recycle
0.3132
Q06
0.2977

Std Error
.06007680
.06140249
.05832424
.05884422
.05737281
.05830885
.05324816
.06124531
.06013406
.06406010
.06162453
.06148035
.06422009
.36574314
.05988679
.05377719
.13876381
.05555878
.05116138
.06201481
.05565876
.28505985
.07610313
.06866133
.08214514
.75648576
.07657334
.12176585
.66311145
.12183788
.07599017

(oo lNelNeNeoNoNoNeoNololNeolNeoNeoNeolNolNolNeolNolNolNeo oo NeolNo ool ololNolNo e

Q22 <--- HealthyLlife

Mean 3rd Qu. Max.
4.030000
AvoidChem Q18
0.7492 0.4430
Saver Q11
0.5626 0.0918
Q01 Q03
0.3486 0.7521
z value Pr(>|z])
9.974060 1.979679%9e-23
8.813469 1.213322e-18
9.877198 5.227435e-23
11.048553 2.227771e-28
8.473835 2.374427e-17
9.855110 6.514555e-23
4.267942 1.972844e-05
6.669354 2.569313e-11
9.825149 8.774419%e-23
5.158141 2.494135e-07
7.876000 3.380271e-15
8.076162 6.683681le-16
5.032537 4.840307e-07
3.774689 1.602075e-04
2.425452 1.528935e-02
5.630982 1.791865e-08
2.412156 1.585850e-02
10.026299 1.168138e-23
8.518768 1.612593e-17
11.038118 2.502185e-28
10.048023 9.372906e-24
2.727480 6.382022e-03
11.933771 7.891617e-33
10.244978 1.246531e-24
4.620117 3.835235e-06
2.898683 3.747332e-03
8.506797 1.788036e-17
2.035640 4.178652e-02
2.789853 5.273192e-03
2.440723 1.465789e-02
9.242170 2.415488e-20



a2 Q23 <--- Healthylife

bl Q18 <--- AvoidChem

b2 Q20 <--- AvoidChem

b3 Q021 <--- AvoidChem

b4 Q15 <--- AvoidChem

cl Q11 <--- Saver

c2 Q13 <--- Saver

c3 Ql6é <--- Saver

dl Q01 <--- Recycle

d2 Q03 <--- Recycle

el Q05 <--- AvoidWaste

e2 Q06 <--- AvoidWaste
V[HealthyLife] HealthyLife <--> HealthyLife
VI[Q22] Q22 <--> Q22

VI[Q23] Q23 <--> Q23
V[AvoidChem] AvoidChem <--> AvoidChem
vVIiQl8] Q18 <--> Q18

VI[Q20] Q20 <--> Q20

VI[Q21] Q21 <--> Q21

VI[Q1l5] Q15 <--> Q15

V[Saver] Saver <--> Saver

VI[Qll] Q11 <--> Q11

VI[Q13] Q13 <--> Q13

VI[Qle] Qle <--> Ql6

V[Recycle] Recycle <--> Recycle
VI[Q01] Q01 <--> Q01

VI[Q03] Q03 <--> Q03
V[AvoidWaste] AvoidWaste <--> AvoidWaste
VI[QO05] Q05 <--> Q05

VI[Q06] Q06 <--> Q06

When the ”spring” instead of “tree” is given to the option layout, the graph becomes below.



Using lavaan package

The ways of model specification in 1avaan and sem are different. The 1avaan package uses =~ for
regression equation, ~ for structural equation, and ~~ for covariate relationship. In addition, the
lavaan package implicitly assume many coefficients and paths unless strictly specified, and thus the
model specification becomes shorter than sem package. If the same factor structure is written in
lavaan, the code' follows.

ecodata <- eco[, c¢(1, 3, 5, 6, 11, 13, 15, 16, 18, 20:23)+3]
ecodata <- subset(ecodata, complete.cases (ecodata))
library(lavaan)

M1l <- 'HealthylLife =~ Q22 + Q23

AvoidChem =~ Q18 + Q20 + Q21 + Q15

Saver =~ Q11 + Q13 + Ql6

Recycle =~ Q01 + Q03

AvoidWaste =~ Q05 + QO06'

S1 <- sem(model=M1, data=ecodata, estimator="ML")
summary (object=S1, fit.measure=TRUE)

library (semTools)

reliability (S1)

14 https://minato.sip21c.org/advanced-statistics/ecolavaan.R


https://minato.sip21c.org/advanced-statistics/ecolavaan.R

library (semPlot)

LBL <- c("Q22","Q23","Q15","Q18","Q20","Q21","Q11","Q13","Ql6",
"QO01","Q03","Q05","Q06" ,"Healthy\n Life","Avoid\n Chemical",
"Saver","Recycle","Avoid\n Waste")

semPaths (S1, what="stand", layout="circle", style="lisrel",

shapeMan="rectangle",
shapelat="ellipse",sizeMan=3, residScale=9, posCol="black",
negCol="red", fade=FALSE, edge.label.cex=0.8,nodelLabels=LBL)

0.27 0.55

Qo3

Q20

0.44

0.3

0.73 0.69

As shown below, CFI was slightly smaller than 0.9 and RMSEA was 0.090, which was statistically
significantly larger than 0.05, so that the goodness of fit was not enough.

lavaan (0.5-20) converged normally after 73 iterations
Number of observations 308
Estimator ML
Minimum Function Test Statistic 191.644



Degrees of freedom
P-value (Chi-square)

Model test baseline model:
Minimum Function Test Statistic
Degrees of freedom
P-value

User model versus baseline model:
Comparative Fit Index (CFI)
Tucker-Lewis Index (TLI)

Loglikelihood and Information Criteria:
Loglikelihood user model (HO)
Loglikelihood unrestricted model (H1)

Number of free parameters

Akaike (AIC)

Bayesian (BIC)

Sample-size adjusted Bayesian (BIC)

Root Mean Square Error of Approximation:

RMSEA
90 Percent Confidence Interval
P-value RMSEA <= 0.05

Standardized Root Mean Square Residual:
SRMR

Parameter Estimates:
Information

Standard Errors

Latent Variables:

Estimate Std.Err 2

HealthyLife =~

Q22 1.000

Q23 0.608 0.048
AvoidChem =~

Q15 1.000

Q18 0.610 0.064

Q20 0.600 0.058

Q21 0.348 0.042
Saver =~

Q11 1.000

Q13 0.777 0.186

Q16 2.560 0.589
Recycle =~

Q01 1.000

0.076

-value

12.743

.543
.304
.260

.187
.343

-5904
-5808.

11880.
12014.
11900.

55
.000

1304.114
78

.000

o

.889
.842

o

.159
337

36
318
601
424

o

.090
.104
.000

o o

.071

Expected

Standard

P(>1z])

.000

o

.000
.000
.000

o o

o

.000
.000

o



Q03 0.838 0.140 5.972 0.000
AvoidWaste =~

Q05 1.000
Q06 0.654 0.107 6.124 0.000
Covariances:

Estimate Std.Err Z-value P(>|z]|)
HealthyLife ~~

AvoidChem 0.751 0.120 6.255 0.000
Saver 0.201 0.053 3.823 0.000
Recycle 0.498 0.117 4.256 0.000
AvoidWaste 0.294 0.057 5.203 0.000
AvoidChem ~~
Saver 0.472 0.123 3.853 0.000
Recycle 1.167 0.262 4.455 0.000
AvoidWaste 0.761 0.127 5.970 0.000
Saver ~~
Recycle 0.221 0.076 2.923 0.003
AvoidWaste 0.107 0.037 2.879 0.004
Recycle ~~
AvoidWaste 0.515 0.124 4.163 0.000
Variances:
Estimate Std.Err 2Z-value P(>|z])
Q22 0.133 0.053 2.520 0.012
Q23 0.124 0.022 5.752 0.000
Q15 3.345 0.333 10.049 0.000
Q18 1.250 0.124 10.063 0.000
Q20 0.774 0.089 8.717 0.000
Q21 0.720 0.065 11.096 0.000
Q11 1.870 0.155 12.026 0.000
Q13 0.300 0.028 10.759 0.000
Qle6 0.576 0.148 3.886 0.000
Q01 3.858 0.454 8.497 0.000
Q03 0.571 0.237 2.407 0.016
Q05 0.398 0.104 3.823 0.000
Q06 0.568 0.062 9.103 0.000
HealthyLife 0.775 0.089 8.718 0.000
AvoidChem 2.702 0.450 5.997 0.000
Saver 0.180 0.078 2.317 0.021
Recycle 2.172 0.499 4.353 0.000
AvoidWaste 0.667 0.127 5.243 0.000

The reliability function in the semTools package provides Cronbach’s alpha, McDonald’s omega (a.k.a.
Composite Reliability = CR), omega2 (unconditional reliability), omega3 (hierarchical omega) and
AVE (Average Variance Extracted, suggesting convergent validity if AVE>0.5), as shown below. This
result suggests HealthyLife and AvoidChem can be used as subscale of ecopoint, but all other subscales
are not enough.



HealthyLife AvoidChem Saver Recycle AvoidWaste total
alpha 0.8338687 0.7006139 0.5190605 0.6188560 0.6249920 0.7751874
omega 0.8863942 0.7436756 0.5526472 0.6236869 0.6536104 0.8495406
omega?2 0.8863942 0.7436756 0.5526472 0.6236869 0.6536104 0.8495406
omega3 0.8863945 0.7557620 0.5260580 0.6236864 0.6536105 0.8723029
avevar 0.8051577 0.4510670 0.3488440 0.4550706 0.4961635 0.4568644

The code https://minato.sip21c.org/advanced-statistics/ecolavaan?.R assumed the effect from total
ecopoint on each subscale, but the results were almost same.

Using sem package, in reference to the text by Prof. John Fox

The sem package has been developed and maintained by Prof. John Fox, who wrote the tutorial text'?,
and opened it to the public. The tutorial document explains not only SEM but also 2 stage least squares
regression using tsls () function, where the regression model includes instrumental variables.

The tutorial includes the explanation for (1) structural equation model including potential exogenous
variable (exogenous means the independent variable, free from residual variance in the model to
explain the dependent variable) and endogenous variable (also independent variable in the model, but
correlates with residual variance), (2) structural equation model where the observed variables are
categorical variable, using the hetcor () function in the polycor package. To follow this tutorial,
we need to installl polycor package too.

Typical SEM (1)

The code'® given in the tutorial performs an analysis from a variance-covariance matrix, not from raw
data. While variance-covariance matrices can be used as input for both the sem and 1avaan packages,
a correlation matrix does not seem to be intended as input for the 1avaan package. The original
source of this data is Wheaton et al. (1977)". Professor John Fox has also published an exercise'® using
this data.

According to the original text by Wheaton et al. (1977), this data comes from a longitudinal study
conducted over three periods (1966, 1967, and 1971) in areas where the Jones & Laughlin Steel
Company was constructing a cold-rolling mill in rural Illinois, and in control areas where no such
development was occurring, to investigate the impact of industrial development™. Survey results from
932 individuals across both regions were obtained at these three time points.

The variables Professor Fox used in this analysis are: Anomia scale scores from 1967 and 1971
(Anomia67 and Anomia71)*, Powerlessness scale scores from 1967 and 1971 (Powerless67
and Powerless71)”, and six variables in total: Education (Education, years of completed

15 https://socserv.socsci.mcmaster.ca/jfox/Misc/sem/SEM-paper.pdf

16 https://minato.sip21c.org/advanced-statistics/sem1.R

17 The original paper is available as a PDF file from https://www.statmodel.com/bmuthen/articles/Article 001.pdf
18 https://statmath.wu.ac.at/courses/StatsWithR/Exercises-5.pdf](https://statmath.wu.ac.at/courses/StatsWithR/

Exercises-5.pdf
19 Details of the survey are referenced as Summers et al. (1969). A scanned version of the original report is available in

full at [https://eric.ed.gov/?id=ED048953].

20 According to dictionaries, "anomia" refers to anomic aphasia, while "anomie" refers to anomie, valuelessness, or
normlessness. However, the papers clearly deal with anomie as defined by Durkheim, and anomic aphasia is irrelevant.

21 Wheaton et al. (1977) states that powerlessness was developed by Summers in this study, but no further details are
provided. With a Cronbach's alpha coefficient of 0.64, the reliability of the scale score is insufficient.


https://eric.ed.gov/?id=ED048953
https://statmath.wu.ac.at/courses/StatsWithR/Exercises-5.pdf%5D(https://statmath.wu.ac.at/courses/StatsWithR/Exercises-5.pdf
https://statmath.wu.ac.at/courses/StatsWithR/Exercises-5.pdf%5D(https://statmath.wu.ac.at/courses/StatsWithR/Exercises-5.pdf
https://www.statmodel.com/bmuthen/articles/Article_001.pdf
https://minato.sip21c.org/advanced-statistics/sem1.R
https://socserv.socsci.mcmaster.ca/jfox/Misc/sem/SEM-paper.pdf
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schooling) and Socioeconomic Index (SEI, known as Duncan's SEI, a score of occupational prestige
based on occupational groups in the census, used as an index indicating the average socioeconomic
status of that occupation).

It is stated that the Anomia and Powerlessness scale scores were originally subscales of an alienation
scale. However, in Professor Fox's analysis, the alienation scale itself is not used as a numerical value;
instead, it is included in the model as latent factors for each survey year (Alienation67 and
Alienation71). Furthermore, a latent factor named SES is hypothesized to underlie Education
and SEI to represent socioeconomic status.

According to the original text by Wheaton et al. (1977) and Srole (1956) cited therein, the Anomia
scale score is calculated from responses to five questions®, where the result score was the number of
“Agree”.

library (sem)

mod.wh.1l <- specifyModel (text="
Alienation67 -> Anomia67, NA, 1
Alienation67 -> Powerless67, laml, NA
Alienation71 -> Anomia7l1l, NA, 1
Alienation71 -> Powerless71, lam2, NA
SES -> Education, NA, 1

SES -> SEI, lam3, NA

Alienation67 -> Alienation7l1, beta, NA
SES -> Alienation67, gaml, NA

SES -> Alienation7l1, gam2, NA

SES <-> SES, phi, NA

Alienation67 <-> Alienation67, psil, NA
Alienation71 <-> Alienation71, psi2, NA
Anomia67 <-> Anomia67, thell, NA
Powerless67 <-> Powerless67, the22, NA
Anomia7l1l <-> Anomia7l1l, the33, NA
Powerless71 <-> Powerless71, the44, NA
Education <-> Education, thdl, NA

SEI <-> SEI, thd2, NA

")

S.wh <- matrix(c(

11.834,0,0,0,0,0,

6.947,9.364,0,0,0,0,
6.819,5.091,12.532,0,0,0,
4.783,5.028,7.495,9.986,0,0,
-3.839,-3.889,-3.841,-3.625,9.610,0,
-21.899,-18.831,-21.748,-18.775,35.522,450.288) ,
6,6 ,byrow=TRUE)

rownames (S.wh) <- colnames(S.wh) <-
c('Anomia67', 'Powerless67', 'Anomia7l', 'Powerless71', 'Education’', 'SEI")

sem.wh.l <- sem(mod.wh.1l, S.wh, N=932)

summary (sem.wh.1l, fit.indices=c("GFI","AGFI","CFI",6"RMSEA"))
library (semPlot)

semPaths (sem.wh.1l, what="stand")

22 “There's little use of writing to public officials because often they aren't really interested in the problems of the average
man.”, “Nowadays a person has to live pretty much for today and let tomorrow take care of itself.”, “In spite of what
some people say, the lot of the average man is getting worse, not better.”, “It's hardly fair to bring children into the
world with the way things look for the future.”, “These days a person doesn't really know whom he can count on.”



The result follows. The resulted AGFI was 0.91, not so bad.

71.46973 Df =
0.9751676

Model Chisquare =
Goodness-of-fit index =

6 Pr(>Chisq) = 2.041707e-13

Adjusted goodness-of-fit index = 0.9130866
RMSEA index = 0.1082604 90% CI: (0.08658466, 0.1314454)
Bentler CFI = 0.969066
Normalized Residuals
Min. 1st Qu. Median Mean 3rd Qu. Max.
-1.2580000 -0.2118000 -0.0000127 -0.0153400 0.2444000 1.3310000
R-square for Endogenous Variables
Alienationé67 Anomia67 Powerless67 Alienation71 Anomia7l
0.3212 0.6607 0.6592 0.5763 0.7047
Powerless71 Education SEI
0.6370 0.6936 0.4204
Parameter Estimates
Estimate Std Error z value Pr(>|z])
laml 0.8885364 0.04150033 21.410348 1.070118e-101
lam2 0.8487223 0.03995708 21.240851 4.005674e-100
lam3 5.3289571 0.42976842 12.399601 2.626270e-35
beta 0.7047276 0.05353754 13.163242 1.428235e-39
gaml -0.6138170 0.05645164 -10.873326 1.544659%9e-27
gam2 -0.1741787 0.05391357 -3.230702 1.234864e-03
phi 6.6658511 0.64105526 10.398247 2.525357e-25
psil 5.3069765 0.47260170 11.229279 2.928570e-29
psi2 3.7412397 0.38756392 9.653220 4.763613e-22
thell 4.0155181 0.34315626 11.701719 1.248976e-31
the22 3.1913382 0.27145244 11.756528 6.536739%9e-32
the33 3.7010811 0.37341979 9.911315 3.71721l1le-23
the44 3.6248251 0.29208013 12.410379 2.295635e-35
thdl 2.9441577 0.49980006 5.890671 3.846307e-09
thd2 260.9929854 18.24177314 14.307435 1.966326e-46
laml Powerless67 <--- Alienationé67
lam2 Powerless71l <--- Alienation71
lam3 SEI <--- SES
beta Alienation7l1 <--- Alienationé67
gaml Alienation67 <--- SES
gam2 Alienation71 <--- SES
phi SES <--> SES
psil Alienation67 <--> Alienation67
psi2 Alienation71 <--> Alienation71
thell Anomia67 <--> Anomia67
the22 Powerless67 <--> Powerlessé67
the33 Anomia7l1l <--> Anomia7l
thed44 Powerless71 <--> Powerless71
thdl Education <--> Education
thd2 SEI <--> SEI

Iterations =

85
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/
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Example where the observed variable is categorical

The code® uses the CNES data. At the time of Canadian National Election in 1997, the postal
questionnaire was obtained to grasp the citizen’s attitude to traditional valuation. The number of
respondents was 1529. Variables are shown below.

MBSA?2

an ordered factor with levels 'StronglyDisagree', 'Disagree’, 'Agree’, and 'StronglyAgree’, in
response to the statement, ""We should be more tolerant of people who choose to live
according to their own standards, even if they are very different from our own."

MBSA7

an ordered factor with levels 'StronglyDisagree', 'Disagree’, 'Agree’, and 'StronglyAgree', in
response to the statement, "Newer lifestyles are contributing to the breakdown of our
society."

MBSAS8

an ordered factor with levels 'StronglyDisagree', 'Disagree’, 'Agree’, and 'StronglyAgree’, in
response to the statement, "The world is always changing and we should adapt our view of
moral behaviour to these changes."

MBSA9

an ordered factor with levels 'StronglyDisagree', 'Disagree’, 'Agree’, and 'StronglyAgree', in
response to the statement, "This country would have many fewer problems if there were
more emphasis on traditional family values."

DT —=RueHoTATIVELEDORY 2V v Z7HHBEREZFHE X (7272 L\verblhetcor()! BIEUE
BOERE S 2756, 73 VEREILTIERY a2y vy ZHEGRK. EFES 73V L BNEROM T
RY U 7 AMBERRE. BRIERFELORMTIZY Y Y v OBEHEEGREE BEIINCGEIEL TN D) |
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library (sem)

data (CNES)

library (polycor)

print (R.CNES <- hetcor (CNES, std.err=FALSE) $correlations)
model .CNES <- specifyModel (text="

F -> MBSA2, laml, NA

F -> MBSA7, lam2, NA

F -> MBSA8, lam3, NA

F -> MBSAY9, lam4, NA

F <-> F, NA, 1

MBSA2 <-> MBSA2, thel, NA

MBSA7 <-> MBSA7, the2, NA

MBSA8 <-> MBSA8, the3, NA

MBSA9 <-> MBSAY9, the4, NA

")

sem.CNES <- sem(model.CNES, R.CNES, N=1529)

summary (sem.CNES, fit.indices=c("GFI",6"AGFI","CFI","RMSEA"))
library (semPlot)

semPaths (sem.CNES, what="stand", posCol="black", fade=FALSE)

The polycoric correlation matrix by hetcor () is shown below.

MBSA2 MBSA7 MBSAS8 MBSA9
MBSA2 1.0000000 -0.3017953 0.2820608 -0.2230010
MBSA7 -0.3017953 1.0000000 -0.3422176 0.5449886
MBSA8 0.2820608 -0.3422176 1.0000000 -0.3206524
MBSA9 -0.2230010 0.5449886 -0.3206524 1.0000000

It’s actually CFA, rather than SEM, but AGFI was as high as 0.947.



-0.39 0/8 -047 0.89

MBSA2 MBSA8 MBSA9

0.85 0.39 0.78 0.53

Model Chisquare = 33.2115 Df = 2 Pr(>Chisq) = 6.14066e-08
Goodness-of-fit index = 0.9893351

Adjusted goodness-of-fit index = 0.9466755

RMSEA index = 0.1010603 90% CI: (0.07261014, 0.1326084)
Bentler CFI = 0.9680971

Normalized Residuals
Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.000003 0.030010 0.207800 0.847900 1.035000 3.830000

R-square for Endogenous Variables
MBSA2 MBSA7 MBSA8 MBSA9
0.1516 0.6052 0.2197 0.4717

Parameter Estimates
Estimate Std Error z value Pr(>|z])

laml -0.3893289 0.02875484 -13.53959 9.129470e-42 MBSA2 <--- F
lam2 0.7779157 0.02996521 25.96063 1.379394e-148 MBSA7 <--- F
lam3 -0.4686834 0.02839946 -16.50325 3.476850e-61 MBSA8 <--- F
lam4 0.6867992 0.02921502 23.50842 3.344853e-122 MBSA9 <--- F
thel 0.8484230 0.03281417 25.85539 2.116323e-147 MBSA2 <--> MBSA2
the2 0.3948472 0.03567529 11.06781 1.797436e-28 MBSA7 <--> MBSA7
the3 0.7803360 0.03152466 24.75319 2.86428le-135 MBSA8 <--> MBSAS8
the4 0.5283069 0.03212698 16.44434 9.208259e-61 MBSA9 <--> MBSA9

Iterations = 14



Applied regression analysis and multilevel model

Multivariate regression model

A regression model that predicts multiple dependent variables using multiple independent variables is
called “multivariate regression model”. It's convenient to use 1lavaan or sem to describe structural
equations because it allows for the calculation of partial correlations between dependent variables after
accounting for the influence of independent variables. As an example, we'll use data for each prefecture
including: the **number of cars owned per 100 households in 1990 (CAR1990), the number of traffic
accident fatalities per 100,000 population in 1989 (TA1989), the proportion of the population residing
in Densely Inhabited Districts (DID) according to the 1985 national census (DIDP1985), prefecture
name (PREF), and East/West Japan (REGION). (A REGION value of 1 indicates East Japan, and 2
indicates West Japan). Normally, to examine if there's a difference in traffic accident fatalities, adjusted
for car ownership, between East and West Japan, one would use analysis of covariance (ANCOVA).
However, the degree of urbanization, represented by the proportion of the population residing in
Densely Inhabited Districts, is thought to influence both traffic accident fatalities and car ownership.
Additionally, car ownership and traffic accident fatalities are considered to be related. Therefore,
multivariate regression analysis can also be performed. First, download the data from internet*,
calculate the correlation matrix, and create a scatter plot matrix.

CPA <- read.delim("carpopaccident. txt", stringsAsFactors=TRUE)
cor (CPA[, c("CAR1990", "TA1989", "DIDP1985")])
pairs (CPA[, c("CAR1990", "TA1989", "DIDP1985")], col=CPASREGION)
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Using lavaan package, multivariate regression can be done.
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library (lavaan)
modell <- 'CAR1990 ~ DIDP1985
TA1989 ~ DIDP1985'

resl <- sem(modell, data=CPA[, c("CAR1990",
summary (resl, standardized=TRUE, fit.measures=TRUE)

library (semPlot)

semPaths (resl, what="stand", posCol="black", negCol="red",

edge. label.cex=2)

The results are shown below.

lavaan (0.5-20) converged normally after

28 iterations

"TA1989",

Number of observations 47
Estimator ML
Minimum Function Test Statistic 0.000
Degrees of freedom 0
Model test baseline model:
Minimum Function Test Statistic 47.096
Degrees of freedom 3
P-value 0.000
User model versus baseline model:
Comparative Fit Index (CFI) 1.000
Tucker-Lewis Index (TLI) 1.000
Loglikelihood and Information Criteria:
Loglikelihood user model (HO) -489.488
Loglikelihood unrestricted model (H1) -489.488
Number of free parameters 5
Akaike (AIC) 988.975
Bayesian (BIC) 998.226
Sample-size adjusted Bayesian (BIC) 982.544
Root Mean Square Error of Approximation:
RMSEA 0.000
90 Percent Confidence Interval 0.000 0.000
P-value RMSEA <= 0.05 1.000
Standardized Root Mean Square Residual:
SRMR 0.000
Parameter Estimates:
Information Expected
Standard Errors Standard
Regressions:
Estimate Std.Err Z-value P(>|z]|)
CAR1990 ~
DIDP1985 -0.441 0.108 -4.082 0.000
TA1989 ~
DIDP1985 -0.086 0.017 -4.947 0.000

Covariances:

"DIDP1985")1])

fade=FALSE,

Std.lv Std.all

-0.441

-0.086

-0.512

-0.585



Estimate Std.Err Z-value P(>|z]|) Std.lv Std.all

CAR1990 ~~
TA1989 14.668 4.832 3.035 0.002 14.668 0.494
Variances:
Estimate Std.Err Z-value P(>]|z]|) Std.lv Std.all
CAR1990 183.639 37.882 4.848 0.000 183.639 0.738
TA1989 4.805 0.991 4.848 0.000 4.805 0.658
1. Q0
DID

0.74 0.49 0.66

Nonlinear regression model

In R, you can easily fit data to models: linear regression using the 1m () function, and generalized
linear models—which include logistic regression (where the dependent variable follows a binomial
distribution) and Poisson regression (where it follows a Poisson distribution)—using the glm ()
function. Nonlinear regression analysis is used when the independent variables are not linearly
combined. For simple continuous functions, you can use the nls () function. More generally, the
optim () function allows you to estimate parameters that fit any function shape to your data.



You can use the following code to regress ozone concentration on an exponential function of wind
speed and a linear combination of solar radiation using the airquality dataset, which is built into R
and contains New York air quality data. Finally, predict () is used to display the ozone
concentrations predicted by this nonlinear regression model when solar radiation is at its mean, and
wind speeds are 0, 5, 10, 15, 20, and 25 meters per second®.

data (airquality)
pairs(airquality[, c("Ozone", "Wind", "Solar.R")])
resaq <- 1lm(Ozone ~ Solar.R + Wind, data=airquality)
summary (resaq)
AIC (resaq)
predict(resaq, list(Wind=0:5%*5,
Solar.R=rep (mean (resag$model$Solar.R), 6)))
AQ <- subset(airquality, '!'is.na(Ozone)é&'!'is.na(Solar.R)&!is.na(Wind))
resmr <- nls(Ozone ~ a*exp(-b*Wind) + c*Solar.R,
start=1list (a=200, b=0.2, c=1), data=AQ)
summary (resmr)
AIC (resmr)
predict (resmr, list(Wind=0:5*5, Solar.R=rep (mean (AQ$Solar.R), 6)))
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The result from Im() follows.

Call:
Im(formula = Ozone ~ Solar.R + Wind, data = airquality)

Residuals:
Min 190 Median 30 Max
-45.651 -18.164 -5.959 18.514 85.237

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 77.24604 9.06751 8.519 1.05e-13 ***
Solar.R 0.10035 0.02628 3.819 0.000224 ***
Wind -5.40180 0.67324 -8.024 1.34e-12 **%*

Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 '.” 0.1 " 1

Residual standard error: 24.92 on 108 degrees of freedom
(42 observations deleted due to missingness)

Multiple R-squared: 0.4495, Adjusted R-squared: 0.4393

F-statistic: 44.09 on 2 and 108 DF, p-value: 1.003e-14

> AIC(resaq)
[1] 1033.816

> predict(resaq, list(Wind=0:5*5,
Solar.R=rep (mean (resag$model$Solar.R), 6)))
1 2 3 4 5 6
95.79102 68.78203 41.77304 14.76406 -12.24493 -39.25391

The results from nonliear regression model are shown below. AIC becomes smaller than Im() and the
predicted values are not negative.

Formula: Ozone ~ a * exp(-b * Wind) + ¢ * Solar.R

Parameters:

Estimate Std. Error t value Pr(>|t])
a 215.42457 33.11390 6.506 2.49e-09 **x*x
b 0.24432 0.03331 7.335 4.32e-11 ***
c 0.08639 0.02014 4.290 3.90e-05 **x*

Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 '.” 0.1 " 1
Residual standard error: 22.01 on 108 degrees of freedom

Number of iterations to convergence: 5
Achieved convergence tolerance: 9.951le-06

> AIC(resmr)



[1] 1006.24
> predict(resmr, list(Wind=0:5*5, Solar.R=rep (mean (AQ$Solar.R), 6)))
[1] 231.38999 79.46401 34.68228 21.48240 17.59160 16.44475

Analysis of dose-response relation

AMEEERET X b2 HERICEFR D IFRERIFO—MR DT, fHICHAL TEL, Wz iR
ik 5 L-5E. HE (dose) SRIMAEEICIL U CTHERES LR D KIGRENZEL T2 DM, H
EVoafmgEr LToHREGE (dose) 123 2 ICEIG (=RIG L 728K % D dose % 32} 7= iR
B rOBBREEFILNLTAS L, SFHIRICKR S Z B2, FENE, KIS (&2 (ERERD
5 Z T, @, RENBIERS M TIEME NS, FROERIRICZ R EfiE T PR EE(EDL0) &
e, e R Cl3FEEBEE(LDS0) R b, #EEIE 7o ey +otr\footnote{ 7u &'y
SHCIE. $$FA*(X_i)=\Phi(\beta_0+\beta_1 X_i), \Phi(z)=\intAz_{-\infty} {1\over \sqrt{2\pi}} e/ {-
xXA2/2} dx$$E WIHIET A EHTIED B, rdy hoti\footnote{ 7Y v b HTTIE. WEA v XD
HOMEEEK L 72 b, $$FA*(X_i)=\Lambda(\beta_0 + \beta_1 X_i), \Lambda(z)={e/z \over 1+e/z}$
$EVHETAEHTEID S, }WEDNS,

HERGEBOETLE LTIE. Vb vy FETFANfootnote{F2 AYED 1 BB FICEHE LIEGEZ S
25, ZOMEBBANT 2LV ETIL, BHFEE DI L THIELSANLT 2HEPDNE 1051
[ % 22 L WiER R 5 Wl LT B4, $$\hbox{P(D)}=1-\hbox{h(0)}=1-er{-\hbox{qD}}$$ ¥
EFUbLEN S, BARBTEREPAY R PHRICHAIT 20T, ZOHIER q2RPAZAR—F
777 R, }o. FEZBREE 7 \footnote {1 D DRINEAH AALT B 721 k BXRED K IEH—E D
B TR 22ENDH D, FEBORICELPHEDO RN TERINZ E X 2ET L, $$\hbox{P(D)}
=1-eM-(q_0+q_1D+q_2DA2+...+q_kDAk)}$$ L EXfb T 5, KE EPA HWTWVWADIE, TOETIL
128q_1>08 & W5 il E D 7z Crump DET NV TH %, WHIE. PN L2 VAT ZRWI-EFERED T
DRBAV AL, OF HEE Y 22 $$\hbox{R(D)}={\hbox{P(D)}-\hbox{P(0)} \over 1-\hbox{P(0)}}$
$EEZ 5, ZOETATIEDH0I1TEVE & RDITELIIZ$g_1\hbox{D}$t % 2 DT, KHET
IEFE ) R 7 HBICHAIT 5, JoX5RbDb Kb TWS,

RZfoTwade, ZOXIRRESNLEHIMNEZ, EHDO Ry Fr—IDFET DI ehEL, 2Ozl
5 JiH3\verb!nls()! B CiEsR 2 & D A TH 5, Z ZTiE\verbldrc! v =Y DV ERT, 7
LT =& LT, WerbldoBy!otw 7 —JICA > TWAHEHR (\Werblbudworm!) @7 — X% {#->TA%

(7 =& oH#Z, Venables and Ripley (1999) {\it Modern Applied Statistics with S-Plus.\/}, Springer
TH5) . {\it trans}-cypermethrin & W5 &HADOHE ($\mu g$Hifil) ZMEENTEZTRELLL
20, o FE (INaDEZAXNZHOYE) ORINERT—2TH5, Z8H e LT, \verb!
sex!, \verb!dose!. \verb!ndead!. \verb!ntotal!3 & EN T2, DF D, 1175 1 EKTIZZR . dose
TN LTS EZ 6N TED., 20O E RO D \verb!ntotal!, 2D S BT L7
fEtA#p \verblndead 12 5- 2 5 TW3, DITD X 5 ITMUH T,

\begin{itembox }[1]{https://minato.sip21c.org/advanecd-statistics/dr.R(1)}
\small\begin{verbatim}

if (require(doBy)==FALSE) {

install.packages("doBy"); library(doBy) }

data(budworm)

\end{verbatim }\end{itembox}



— AL = 7L OB \verb!glm()! 2> Tr Y 27 4 v ZERESHT L. Z4% \verb!dose. LD50()! BA%k
5220 HIETHITE S (2007 FHO\verb!doBy! ¢y 77— I3 Z OB EEh TV, &
72U, BfEcran 225 4 ¥ X b =)L T % %\verb!doBy! ¢ v 7 — 2 TiX\verb!dose.LD50()! B £ L D T,
¥TENEEET D (THANELPOTFELLZI - R LZDDTH ) . BIED\verb!doBy!

N =V IR BEERRIZITETD N — T a0 2 5 2 ANk L, Hlz213, BIEFE oA
\footnote{\url{ https://mran.microsoft.com/web/packages/doBy/vignettes/L.Smeans.pdf} } = 3 2 &7
EWEHNTH B,

\begin{itembox} [1]{https://minato.sip21c.org/advanecd-statistics/dr.R(2) }
\scriptsize\begin{verbatim}
ratioVar <- function(x, num, den, numval){
ml <-x
beta <- coef(m1)
numvec <- rep(0,length(beta))
denvec <- rep(0,length(beta))
numvec[num] <- numval
denvec[den] <- 1
M <- rbind(numvec, denvec)
vcv <- summary(m1)$cov.scale
beta2 <- M %*% beta
vev2 <- M %*% vev %*% t(M)
muvec <- c(1/beta2[2], -beta2[1]/(beta2[2]/2))
ratiovar <- t(muvec) %*% vcv2 %*% muvec
return(ratiovar)
}
.ratio <- function(x, num, den, numval, sign=-1){
ml <-x
beta <- coef(m1)
numvec <- rep(0, length(beta))
denvec <- rep(0, length(beta))
numvec[num] <- numval
denvec[den] <- 1
M <- rbind(numvec, denvec)
beta2 <- M %*% beta
ratio <- sign*beta2[1, 1]/beta2[2, 1]
return(ratio)
}
.1d50 <- function(x, num, den, numval){
est <-.ratio(x, num, den, numval)
vare <- .ratioVar(x, num, den, numval)
result <- ¢("1d50"=est, lower=est-1.96*sqrt(vare), upper=est+1.96*sqrt(vare))
return(result)
}
dose.LD50 <- function (x, lambda) {
if (length(which(is.na(lambda))) != 1) {
stop("lambda must contain exactly one entry which is NA") } else {
den <- which(is.na(lambda))



num <- which(!is.na(lambda))
numval <- lambda[num]

value <- .1d50(x, num, den, numval)
return(value) }

}

\end{verbatim }\end{itembox}

Z D & 5 12EF L7z\verb!dose. LD50()! B x i 213, \verb!glm()! DFER S 5 LD50 251H T2 Z &
TZ 5,

\begin{itembox }[1]{https://minato.sip21c.org/advanecd-statistics/dr.R(3)}
\small\begin{verbatim}

mx <- glm(ndead/ntotal ~ sex + dose, weights=ntotal,

data=budworm, family=binomial)

summary(mx)

dose.LD50(mx, c(1, 1, NA)) # for males

dose.LD50(mx, c(1, 0, NA)) # for females

\end{verbatim }\end{itembox}

HREIUTD XS 1E6N 5,

\begin{screen }\small\begin{verbatim}

> summary(mx)

Call:

glm(formula = ndead/ntotal ~ sex + dose, family = binomial,
data = budworm, weights = ntotal)

Deviance Residuals:
Min 1Q Median 3Q Max

-2.5566 -1.3326 0.3384 1.1254 1.8838

Coefficients:

Estimate Std. Error z value Pr(>|z|)
(Intercept) -2.13462  0.32029 -6.665 2.66e-11 ***
sexmale  0.96855 0.32954 2.939 0.00329 **
dose 0.15996 0.02341 6.832 8.39e-12 ***
Signif. codes:

0 “**20.001 “***0.01 “*’0.05°.°0.1 "1

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 124.876 on 11 degrees of freedom
Residual deviance: 27.968 on 9 degrees of freedom
AIC: 64.078
> dose.LD50(mx, c(1, 1, NA)) # for males
1d50.numvec  lower  upper

7.289943 4.620782 9.959105



> dose.LD50(mx, c(1, 0, NA)) # for females
1d50.numvec  lower  upper

13.34505 10.16512 16.52498
\end{verbatim }\end{screen}

S\WKETHELRMEND D dbbh b, RITHEZEHRL Tdose DXETHIFL TAS, R LT
DOLD50 /.2 ¥ 21452 £ 672 TRV W B ITIER,

\begin{itembox }[1]{https://minato.sip21c.org/advanecd-statistics/dr.R(4)}
\small\begin{verbatim}

m2 <- glm(ndead/ntotal ~ log(dose), weights=ntotal,

data=budworm, family=binomial)

summary(m2)

exp(dose.LD50(m2, c(1, NA))) # same results as drm of drc
\end{verbatim }\end{itembox}

FERITLUT,

\begin{screen }\small\begin{verbatim}
> summary(m2)
Call:
glm(formula = ndead/ntotal ~ log(dose), family = binomial,

data = budworm, weights = ntotal)
Deviance Residuals:

Min 1Q Median 3Q Max
-1.7989 -0.8267 -0.1871 0.8950 1.9850
Coefficients:

Estimate Std. Error z value Pr(>|z|)

(Intercept) -2.7661 0.3701 -7.473 7.82e-14 ***
log(dose) 1.4525 0.1783 8.147 3.74e-16 ***

Signif. codes:
0 “***>(0.001 “***0.01 *’0.05°.°0.1°’1
(Dispersion parameter for binomial family taken to be 1)
Null deviance: 124.876 on 11 degrees of freedom
Residual deviance: 16.984 on 10 degrees of freedom
AIC: 51.094
Number of Fisher Scoring iterations: 4
> exp(dose.LD50(m2, c(1, NA))) # same results as drm of drc
1d50.numvec  lower  upper
6.714995 5.362009 8.409377
\end{verbatim }\end{screen}

LL. CARCHEHBLZRZEZ L% TH, \Werbldre! Ry 7 —I %5 L XbDTHETH 3,
\begin{itembox }[1]{https://minato.sip21c.org/advanecd-statistics/dr.R(5) }

\small\begin{verbatim}
if (require(drc)==FALSE) { install.packages("drc"); library(drc) }



m3 <- drm(ndead/ntotal ~ dose, weights=ntotal,

data=budworm, fct=LL.2(), type="binomial") # LL.2 is log-logistic model
summary(m3)

ED(m3, 50, interval="delta")

plot(m3)

\end{verbatim }\end{itembox}

IR O#ERME BN %, dose & XHEZH# L Clverb!glm()i2 5 X 72455 % \verb!dose. LD50() 12 5- X 7= 4%
BLIHE—HK LT3, R4 7Y 22 b E\verblplot) I 72T 25 7 BT 5,

\begin{screen }\small\begin{verbatim }

> summary(m3)

Model fitted: Log-logistic (ED50 as parameter) with
lower limit at 0 and upper limit at 1 (2 parms)
Parameter estimates:

Estimate Std. Error t-value p-value
b:(Intercept) -1.45252 0.17830 -8.14645 0
e:(Intercept) 6.71483 0.77084 8.71101 0
> ED(m3, 50, interval="delta")

Estimated effective doses

(Delta method-based confidence interval(s))
Estimate Std. Error Lower Upper

1:50 6.71483 0.77084 5.20400 8.2257

\end{verbatim }\end{screen}

$$\includegraphics[width=8cm]{drcbudworm1.pdf}$$
\verbldrc! S v 7 — I THZEZZE T 31213, \verblcurveid=!4 7> a Y TIRET 27T TH 3,

\begin{itembox }[1]{https://minato.sip21c.org/advanecd-statistics/dr.R(6)}

\small\begin{verbatim}

m4 <- drm(ndead/ntotal ~ dose, curveid=sex, weights=ntotal,
data=budworm, fct=LL.2(), type="binomial")

summary(m4)

ED(m4, 50, interval="delta")

plot(m4)

\end{verbatim }\end{itembox}

FERIZLI T o@D 575, LD50 3M2$9.9\pm1.8 \mu g$. #23$4.7\pm 0.7 \mu g$ ($\pm$DHE DA
TEHERAE) HEES NS,

\begin{screen}\small\begin{verbatim}
> summary(m4)
Model fitted: Log-logistic (ED50 as parameter) with
lower limit at O and upper limit at 1 (2 parms)
Parameter estimates:

Estimate Std. Error t-value p-value
b:male -1.81592 0.30588 -5.93675 0



b:female -1.30705 0.24102 -5.42311 0

e:male 4.72170 0.66779 7.07060 0

e:female 9.87097 1.78005 5.54534 0

> ED(m4, 50, interval="delta")

Estimated effective doses

(Delta method-based confidence interval(s))
Estimate Std. Error Lower Upper

female:50 9.87097 1.78005 6.38214 13.3598

male:50 4.72170 0.66779 3.41285 6.0306

\end{verbatim }\end{screen}

$$\includegraphics[width=8cm]{drcbudworm2.pdf}$$

Rz, EFOU =794 v TEL 0oHEHEBRT — 208X Tw5 DT, \url{https:/
www.wam.go.jp/wamappl/bb11gs20.nsf/0/f8e1fb7d07413544492571d1000bff64/$FILE/
20060818siryou3-3_1_6.pdf} 72 5 7 — & Z Ht b Hi 3 \footnote{ 7t 4 i3 \url{ https://dra4.nihs.go.jp/
mhlw_data/home/paper/paper583-39-1la.html}icH - 7z, —FFY > 7B TWABMEE L L5 7, }.
Z v b & o TI{ThH /2 2-mercaptobenzimidazole D AW H IR TH 2, MEHFTIE oLy oW E
7213 Behrens-Karber 7£12 & - T, LD50 % ifff 208, <218 L/ RINTW5, LOflFET < Mfnm
Y v ME (werbldre! %y 77— Tlverb!fct=LL.2)! 4 7> 2 » %ff5) THOMT 2 a— FERT, 2B,
\verb!drc! 8 v 7 —T\verb!fct! 4+ 7> a Y ic5 2% Z e B TE 2B O—EIX, \verbldrc! vy r—2%
0 — N L7ziREET. \verb!getMeanFunctions()! ¥ T TG o5, WEEED & 1 7 b \verbltype!l 4 7
¥ a viZ\verb!"continuous"!%°\verb! "binomial"!, \verb!"Poisson"!7z ¥ DX FH% 5 % % Z & THER]
RETH %,

\begin{itembox} [1]{https://minato.sip21c.org/envhlth/dr2.R }\small\begin{verbatim }
if (require(drc)==FALSE) { install.packages("drc"); library(drc) }
rats <- data.frame(

sex = factor(c(rep(1, 7), rep(2, 7)), labels=c("M", "F")),

dose = rep(c(0, 79, 119, 178, 267, 400, 600), 2),

ndead = ¢(0, 0,0, 1,4,5,5,0,0,0, 1, 5,5, 5),

ntotal = rep(5, 14))

mx <- drm(ndead/ntotal ~ dose, curveid=sex, weights=ntotal,
data=rats, fct=LL.2(), type="binomial")

summary(mx)

ED(mx, 50, interval="delta")

plot(mx)

\end{verbatim }\end{itembox}

FRIIRD XS/ 5,

\begin{screen }\small\begin{verbatim}
> summary(mx)
Model fitted: Log-logistic (ED50 as parameter) with
lower limit at 0 and upper limit at 1 (2 parms)
Parameter estimates:

Estimate Std. Error t-value p-value
b:M -7.77184 3.24901 -2.39206 0.0168



b:F -29.25825 198.69956 -0.14725 0.8829

e:M 218.01305 22.80926 9.55809 0.0000

e:F 186.63562 60.37334 3.09136 0.0020

> ED(mx, 50, interval="delta")

Estimated effective doses

(Delta method-based confidence interval(s))
Estimate Std. Error Lower Upper

F:50 186.636 60.373 68.306 304.97

M:50 218.013 22.809 173.308 262.72

\end{verbatim }\end{screen}

$$\includegraphics[width=8cm]{drcrats.pdf}$$

Multilevel model

Many tutorial texts are available in English***, but this explanation is based on the textbook in
Japanese (Fujino Y, Kondo N, Takeuchi F (2013) The multilevel analysis for health and medical
professionals. Shindan-to-chiryo, ISBN:978-4-7878-2053-2), since the data can be downloaded from
the publisher’s web site®.

In the multilevel model, the dependent variable obtained for each individual is explained by the
combination of the variables obtained for each individual and the variables obtained at group (meso- or
macro-) level. Usual regression model can also treat the group level independent variables as fixed
effect of the common factor similarly affecting different individuals, but multilevel model considers
such group level variables (variate) as values sampled from a kind of distribution, and thus the effects
of such variables are called as random effects.

The fixed effect means that how large the effect is among the different levels of group variable, but
expected value of random effect is always zero, the important information from the random effect is the
extent of variation. In addition, within the subgroup for each level in the group level variable, all
individual level variables are expected to be correlated, which is called as intra-class correlation (ICC).

Obviously, repeated measures data can be considered in this framework, if we consider the inter-
individual difference as random effect. According to the textbook (Fujino et al., ibid.), multilevel
analysis has the following 3 purposes.

(1) Considering hierarchy in analysis

(2) Examining the effect of macro-level variable

(3) Examining the variation among the levels in group level variable, whether the variation is
attributable to individual characteristics or group characteristics

The sample size calculation for multilevel analysis is not supported in EZR, PS or jamovi (though the
Pamlj module can support the sample size calculation for SEM). G*Power has the menu to calculate
sample size for repeated measures ANOVA, but in general, special tools such as MLPowSim*

26 https://cran.r-project.org/doc/contrib/Bliese Multilevel.pdf

27 https://quantdev.ssri.psu.edu/tutorials/r-bootcamp-introduction-multilevel-model-and-interactions
28 https://www.shindan.co.jp/np/isbn/9784787820532/

29 https://www.bristol.ac.uk/cmm/software/mlpowsim/



https://www.bristol.ac.uk/cmm/software/mlpowsim/
https://www.shindan.co.jp/np/isbn/9784787820532/
https://quantdev.ssri.psu.edu/tutorials/r-bootcamp-introduction-multilevel-model-and-interactions
https://cran.r-project.org/doc/contrib/Bliese_Multilevel.pdf

(developed by Bristol University) or PinT* (by Prof. Tom Snijders in Oxford Univ.) are needed.
However, as an alternative, sum of the sample sizes for each strata by the levels of group level variable,
calculated by the equations for usual linear regression models can be used.

The essence of multilevel analysis

TILF LAV, BEERNCIZEERE TV OMHHATIRDS 2 TE S, #BDIELICR 20, 8
BN ORI % [EEX R (Fixed Effects) ¥ Z2 &% (Random Effects)DiRA & #E 2 % Z & T, KL~V
DOEBOMEREENRE LT, EHLRLDIESOZF (B0Ez s, £ KEEMROMEE Y]
M7 RNCRRZ ) ZEBNRE LTHMT2DIITH 5,

R D\verb!lme4! ¢y 7 — I Tld, MIBIRENRET VDA TR, [BEBD ERIMIHED IR —1L
MIPIRGMRET NP, IHRBEEGNRETA DN T 5 T eAAREL TR TWE M, T I TIEIRIERS
MRETNDAFHIAT 5,

ETIVOFRE DRI,

\begin{screen }\small\begin{verbatim}
Imer(resp ~ FEexpr + (REexpr1 | factorl) + (REexpr2 | factor2) + ..., data=df)
\end{verbatim }\end{screen}

DEIICFT 5, ZZT, \verblresplITEBZLR LEZLED . \verb!FEexprllIEERN R DZEL. \verb!
(REexpr1 | factor1)! & \verb!(REexpr2 | factor2) 13 Z B RO LHUIE £ /- 3R FOMEZ /R SIHT
Hb, BEMNBOZEBIHOEIINWL 5 THEL e d, B@HEEDRICL D5, AADEZT % TR
T3 (werblg!l. \verblgl!, \verb!@2IZ BN R % AT=\ I —TLVZER \verb!x N [EERNHR
Az 0WHZ R, \verbloWIMHIOA 7y bTH D) o

$$\vbox{\small

\begin{tabular}{lp{8cm}}

\hline

X & Ek\cr

\hline

\Werb!(1| g)! & \verb!g! D& I N —FZ 27 YR AU DH B, 2o DY O b FFHEIREDHEE

b, \cr

\verb!0 + offset(o) + (1| g)! & \verb!g! D& I N—F L1277 YR AYFHH D, uThROWERNRD

YR AR DA 72 v MMElwverblo!, \cr

\verb!(1 | g1/g2)! & \verb!g1!iz xR k Ef7z\verb!g2!23% % & %, \cr

\Wverb!(1|gl)+ (1] g2)! & A A P L TWIRWHIN IR ZL— ¥ 7k L C\verblgl! & \verb!g2!23® b, %

NoOEBRMRZE AT VE Z, \ar

\Werb!x + (x | g)! & \verb!x! DEERENH D . \verblg!d 7N — 7 Z v iZ\verb!x! 5 & INEZEEADRIH
DY CIHZ DM DBEET 2L &, \cr

\verb!x + (x || g)! & 77 # /L F TR —DZERNFRIEAN O LZBUIHEBE L TV 2 EIRET 205, Z5FHT
AR 2T L HZ 2 IRET Z %, \cr

\hline

\end{tabular}

30 https://www.stats.ox.ac.uk/~snijders/multilevel.htm



https://www.stats.ox.ac.uk/~snijders/multilevel.htm

1%

B, ETNLDOYTEDDOL E, 2IATYa yEHRELLZWVIED, REML (FIRM EH&LE) BHL
5N %, REML 2, ¥EBOBRLETIEHEEMEIC AL 7 AD3H0 5 205 ALY U TIREI N
FED12oTH%, REML Tld, FEMRERET 27— X OMEECEER T8Ik > TERME
HET 2, ZDd, BEMREZINRLZ 2DDFRMINZETN (FADBDI R FEEATVS X
SIETIV) B EELRE TR L 72 0i5A1d. REML 134 2 72\, REML Ti37%2 < i@ DR LE(ML)
EHEWEWEEIX, 7Y 3 2 LT\erb! REML=FALSE! %3 U B,

Example 1: Intervention study in multiple institutions

R ©(2013)D pp.69-70 1T ST W % Zffia st AikBR D 7747 2 R D\verb!Imer()! BAETHITS 2 /5%
%/RT, \verb!lmer()!BI%uUF\verb!lmed! v 77— IZEENTWVW S DT, FoH\verb!
install.packages("lme4", dep=TRUE)! T4 ¥ X b =)L L TE L LEDH % \footnote {5 % X 51z, &
Fix\werb!lmerTest! Sy 7 =2 25 ARV EE S P, BEOMEZOTHME B F ARV Yo FT
a— FELRO@ED,

\begin{screen}\small\begin{verbatim}

x <- read.csv("https://www.shindan.co.jp/np/filedata/00205300_4.csv")
library(Ime4)

res <- Imer(cholesterol ~ cholesterol_base + intervention + (1 | clinic),
data=x, REML=FALSE)

summary(res)

confint(res)

\end{verbatim }\end{screen}

Stata DM TH 2K 9-5 DFfEL N2 2, Wald E L D Z D p . EEZR NMALR=—Z2F74 D
AL RATa—UEEYR) OFHDz & pEEZBRINEKRDZ Z e TETVS, BEEMROBEEICTONT
X, z b Y iz tvalue BIEREN TV, {\bf pHIZEZ TR RL TRV DZ L TH3, HHE
DEHHICIIRD RO H LWV OIKELRIHHTH %,

ZNTH pEIMLVEHAE. \url{https://mindingthebrain.blogspot.jp/2014/02/three-ways-to-get-
parameter-specific-p.html NI fEH E TV 3 X 512, HHED TR EVt S MIEIERD M L IXEFE T
06 e 2R,

\begin{screen}\begin{verbatim}

1-pnorm(summary(res)$coefficients[,"t value"])

\end{verbatim }\end{screen}

TpMHEEFHELTLES 22 dTES, T/, \verbldoBy! v 7 — d\verb!LSmeans()! BEI% % fifiu,
\verbladjust.df=FALSE!* 7> a Y Z45E 3 5 £ HHENH Y TAHFA XX D 1 o/hSnt pfizflio
TpfEZFHETZ2 DN TEL LS5 THD (F: KEETH ) o

{\bf SAS % Stata THE SN 2D L [FHEX p EEEFIET 5 }=Di2id.

\begin{screen }\small\begin{verbatim}



install.packages("lmerTest", dep=TRUE)
\end{verbatim }\end{screen}

12 & o TClverb!lmerTest! %y 77— % 4 A b —L L THBIHZ,

\begin{screen }\small\begin{verbatim}

x <- read.csv("https://www.shindan.co.jp/np/filedata/00205300_4.csv")
library(ImerTest)

res <- Imer(cholesterol ~ cholesterol_base + intervention + (1 | clinic),
data=x, REML=FALSE)

summary(res)

confint(res)

\end{verbatim }\end{screen}

DESIT, FoL HUBKIEETD p EH1F 541 5 \footnote{ SAS D\verb!PROC MIXED! A,
Satterthwaite DJEITHHE  pEHZFIREL TN e EINTVS, }. HSWIE, \verb!pbkrtest!
Ny r—T %213 Kenward-Roger Dii Ul CTHHEZ S Z L3 TE 5 DT, t 7010 D SFERMERE LRI
ZEoTpEZETIEHTE S,

FIZBEH D\verb!doBy! % v 77— %{# 5 ¥, \verb!lme4! < v 7 — 2 D\verb!lmer()! BI% D45 H % \verb!
LSmeans()!BIEUCIE T2 T (F272 L\verbleffect=!4 7> a Y 2 HEYNIEE T2 DELH 3) |
Kenward-Roger DALl HHEZ -7z p HEFHBE L TIND2 X5 TH 3,

TR, ZoflT, F—2oWRE2RA3DDIEMP AL FL_AGHET, —@) 23T 5a—F
ZELOHTRT,

\begin{itembox }[1]{https://minato.sip21c.org/advanced-statistics/multilev.R(1) }
\small\begin{verbatim}

x <- read.csv("https://www.shindan.co.jp/np/filedata/00205300_4.csv")
# graphl

layout(matrix(1:4, 2))

hist(x$cholesterol)

hist(x$cholesterol_base)

matplot(rbind(x$cholesterol_base, x$cholesterol), type="1",
col=x$intervention+2, Ity=1, Iwd=1, axes=FALSE)

axis(1, 1:2, c("base","after"))

axis(2, 3:7*50)

stripchart(cholesterol-cholesterol_base ~ intervention, data=x,
method="stack", ylab="intervention")

\end{verbatim }\end{itembox}

T—XOMWRERL7DD 7 Z 73RD & 5 THirh S,
$$\includegraphics[width=9cm]{multilevel-graph1.pdf} $$

THTE. TITNADEED R DEVWDHIER L T, BiETOaAL AT — UMEDEND B0 5 71210
FIEDH 5 t METHTHRTAS &,



\begin{itembox}[1]{https://minato.sip21c.org/advanced-statistics/multilev.R(2) }
\small\begin{verbatim}

# t-test

t.test(x$cholesterol_base, x$cholesterol,

paired=TRUE, var.equal=FALSE)

# graph2

layout(1)

plot(cholesterol ~ cholesterol_base, pch=intervention+1, data=x)
legend("topleft", pch=1:2,

legend=c("without intervention","with intervention"))
\end{verbatim }\end{itembox}

\begin{screen}\small\begin{verbatim}
Paired t-test

data: x$cholesterol base and x$cholesterol
t = 8.0383, df = 275, p-value = 2.713e-14

alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:

10.96801 18.08272

sample estimates:

mean of the differences

14.52536

\end{verbatim }\end{screen}

. AREKES\ N THEIANCHEREND S L WA b,
$$\includegraphics[width=8cm]{multilevel-graph2.pdf} $$

T, HEEF 5(2013)p.69 X 9-4 1R E T 5 Stata 12 & 2 AR ORERZ L LS % 720D, ooy
T, MADHELR—Z54 > DAL AT —HED, BEHO 2L 2T 0 — U ENDOLZHEREZ
ARTH Do

\begin{itembox} [1]{https://minato.sip21c.org/advanced-statistics/multilev.R(3) }
\small\begin{verbatim}

# ANCOVA

x$interventionF <- as.factor(x$intervention)

res1 <- Im(cholesterol ~ cholesterol_base * interventionF, data=x)
summary(res1)

\end{verbatim }\end{itembox}

\begin{screen }\small\begin{verbatim}

Call:

Im(formula = cholesterol ~ cholesterol_base * interventionF,
data = x)



Residuals:
Min 1Q Median 3Q Max
-52.619 -18.290 -2.475 16.547 87.592

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 41.05775 12.48988 3.287 0.00114 **
cholesterol_base 0.78941 0.05094 15.496 < 2e-16 ***
interventionF1 111.80484 24.42985 4.577 7.19e-06 ***

cholesterol_base:interventionF1 -0.48289 0.09812 -4.922 1.49e-06 ***
Signif. codes: 0 “***’0.001 “***0.01 ‘**0.05‘.0.1 “’ 1

Residual standard error: 25.97 on 272 degrees of freedom
Multiple R-squared: 0.483, Adjusted R-squared: 0.4773
F-statistic: 84.72 on 3 and 272 DF, p-value: < 2.2e-16
\end{verbatim }\end{screen}

v, KXELEHZE (\Werb!cholesterol base:interventionF1!D1T) & B E/KAE S\% THEHEHICEE T
Hotzo DED, NMALLEE LEDPSZHOMT, X—2X74 DaL A7 —LELIGERD I L R
T —VEDBEBRIEREICR L > T\, b LIITOENDRR—ZA 74 vaLx7u— 1l iaEEZaL
270 —VEOMFREZHIHNS Z e THIUX, HOWIITIC X > TBIEFEZHKRT 2 LD, 2412
DT REL NS ZLIRZDED, 22 TOOHDHIENANROF AT DT, ZDHETIEAEL)
THh b,

% 2T, HiEEX 9-4 LA UHERZ 1S 2 13 EHIR 2 A 371 ImO B TRYE RN S AU R W,

\begin{itembox}[1]{https://minato.sip21c.org/advanced-statistics/multilev.R(4) }
\small\begin{verbatim}

res2 <- Im(cholesterol ~ cholesterol_base + interventionF, data=x)
summary(res2)

# graph3

plot(cholesterol ~ cholesterol_base, pch=intervention+1, data=x,
col=topo.colors(10)[clinic])

legend("topleft", pch=1:2,

legend=c("without intervention","with intervention"))
legend("bottomright", pch=2, col=topo.colors(10),

legend=1:10, title="clinic")

\end{verbatim }\end{itembox}

\begin{screen }\small\begin{verbatim}

Call:

Im(formula = cholesterol ~ cholesterol_base + interventionF,
data = x)

Residuals:
Min 1Q Median 3Q Max
-51.755 -20.040 -2.563 16.194 91.172



Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept)  72.49400 11.18021 6.484 4.16e-10 ***
cholesterol_base 0.65923 0.04535 14.536 < 2e-16 ***
interventionF1 -7.42741 3.27763 -2.266 0.0242 *

Signif. codes: 0 “***’0.001 “***0.01 “**0.05 0.1’ 1

Residual standard error: 27.05 on 273 degrees of freedom
Multiple R-squared: 0.437, Adjusted R-squared: 0.4329
F-statistic: 106 on 2 and 273 DF, p-value: < 2.2e-16
\end{verbatim }\end{screen}

DI, iEEX9I-4 LRI UERMEONE, ZOLE, R—ZAT74 DAL A Ta—LEEDY
R L-ET, EEBNAMREBIEOLATVE EZ SN,

$$\includegraphics[width=10cm]{multilevel-graph3.pdf}$$

L LI Z eIz ZZ2T7ay FLELTAS L, HRDOMENDHH Z5ICBZ2DT, ZhidvL
FLANAFHINIZTRNETH %, \verb!lmerTest! S v 7 — D\verb!Imer()!BIIC X D 1§ SN 7zkEHR A 7
¥ = 7 b %\verb!summary()N X,

\begin{itembox}[1]{https://minato.sip21c.org/advanced-statistics/multilev.R(5) }
\small\begin{verbatim}

# multilevel

library(ImerTest)

res3 <- Imer(cholesterol ~ cholesterol_base + intervention +

(1| clinic), data=x, REML=FALSE)

summary(res3)

confint(res3)

\end{verbatim }\end{itembox}

WK&D, UTFOHERMIEoN S,

\begin{screen }\small\begin{verbatim}

Linear mixed model fit by maximum likelihood t-tests use Satterthwaite
approximations to degrees of freedom [ImerMod]

Formula: cholesterol ~ cholesterol_base + intervention + (1 | clinic)
Data: x

AIC BIC logLik deviance df.resid
25949 2613.0 -1292.4 2584.9 271

Scaled residuals:
Min 1Q Median 3Q Max
-1.8741 -0.7486 -0.1038 0.5595 3.0095



Random effects:

Groups Name Variance Std.Dev.
clinic (Intercept) 141.7 11.90
Residual 637.0 25.24
Number of obs: 276, groups: clinic, 10

Fixed effects:

Estimate Std. Error df t value Pr(>|t|)
(Intercept)  116.72601 13.27558 163.47000 8.793 2e-15 ***
cholesterol_base 0.47132 0.05239 247.26000 8.997 <2e-16 ***
intervention  -1.74572 3.26249 275.75000 -0.535 0.593

Signif. codes: 0 “***°(0.001 “**’0.01 “**0.05°.°0.1 "1

Correlation of Fixed Effects:
(Intr) chlst_
cholstrl_bs -0.945
interventin 0.120 -0.241
\end{verbatim }\end{screen}

BB OEEXMZE,. FUREEA 7Y 27 + Z\verb!confint()! BAEUCER 1218 51 %, \verb!lmed! DBHFEE
12 & BEFISCE X, Wald DIEBLE#W, 7 — h 2 Ty FETHEE L EDNER RIS L EhR TV
% (72 5\verb!lmed! Ry 7 —ITIEpEEZERRLRVDTH S) o LLEDOTFIET, Stata THF SN 54
R, FEITNTRTHHEZ LD TES, VALFLAGHICT S L, BRSMTIIAERETH- 7
intervention DRI EE TRV, LW DNKRA ¥ THE, ZOHE. NAMELDH-72L 5 ICHZ
TW=DIk, MRk & % artefact TH-7-2EZ BN 5,

\begin{screen }\small\begin{verbatim}
Computing profile confidence intervals ...
25% 97.5%
.sig01 6.4527670 21.7732086
.sigma 23.2278626 27.5583053
(Intercept)  87.9180189 145.5631716
cholesterol_base 0.3581452 0.5886708
intervention -8.4035413 4.8428531
\end{verbatim }\end{screen}

Example 2: Animal experiments to consider inter-individual variation

BEEF(2013)pp.73-74 ICEAN TV B, BETEALEZEDF— X2 RTOMLTAHS, TOF—RE~
70 L NVEBOEEZFRLHNTIRRENATVWS, A,BOELZIZBLEFOELLAZEALLKE,
BEFEALTOWRVWaY ba— UKo 3# (BEESBH) Z0fRIC, DIICEEER—> 7
\footnote{ BLHRIEIZ & > TLIKOE M ZHIME B2 HED Z &, Yo 7 BTV, DEMEIDHHR
NZHEEMBIRTEA L EHEDND 20 EHNZ2 WS T VThH b, HH2 oRLEXKZLRRL, HER
L7EED 55, DEME (PIEAVAZY) BHET3EERHANT NS,



Z#0Z. \verb!n_obs! 2B L 721 D%, \verb!n_af! 2 0EMEI O HIREL. \verb!group! 2B TE A
IREE (\verb!Control! ¥ JEI5+ A ZE A L7-\verb!A! ¥ JEIx+ B #iE A L 7z\verb!B!® 3 7k#) | \verb!
idNEZKDMER ID, \verb!day!»352EiBAaa0 M HH 2 RTEHTH 5,

\begin{itembox}[1]{https://minato.sip21c.org/advanced-statistics/multilev2.R(1)}
\small\begin{verbatim}

# Xy rn— 7 —XDHH

# 22 L 16 TREBEEBRIEEEZE D DD~ L F L ~LaiiEA > s &b
db <- read.csv("https://www.shindan.co.jp/np/filedata/00205300_13.csv")
db$group <- factor(db$group, labels=c("Control", "A", "B"))

res <- glm(n_af ~ group + day, data=db, family="poisson")
summary(res)

exp(coef(res))

exp(confint(res))

#<ILFL L

library(ImerTest)

db$afprop <- db$n_af/db$n_obs

res1 <- Imer(afprop ~ (1 | id), data=db, REML=FALSE)

summary(res1)

res2 <- Imer(afprop ~ day + group + (1 | id), data=db, REML=FALSE)
summary(res2)

res3 <- Imer(afprop ~ group + (day | id), data=db, REML=FALSE)
summary(res3)

anova(resl, res2, res3)

\end{verbatim }\end{itembox}

BRIZLT, 3FEE0—bEHMESLTREY Y Y EIGEE $ 2\footnote{ B 7 ¥V » [AIFIZDOWT DEiHH
. e SEEEE TV, VIH O 7T X X 2SRRI A0, ).

\begin{screen }\small\begin{verbatim }
Call:
glm(formula = n_af ~ group + day, family = "poisson", data = db)

Deviance Residuals:
Min 1Q Median 3Q Max
-5.1690 -2.7101 -0.6852 1.4842 8.1568

Coefficients:

Estimate Std. Error z value Pr(>|z|)
(Intercept) 0.96098 0.10107 9.508 < 2e-16 ***
groupA  0.69869 0.09120 7.661 1.85e-14 ***
groupB 1.31730 0.08393 15.696 < 2e-16 ***
day 0.15696 0.01479 10.612 < 2e-16 ***

Signif. codes: 0 “***’0.001 “***0.01 “**0.05°.°0.1 "1

(Dispersion parameter for poisson family taken to be 1)



Null deviance: 1267.0 on 104 degrees of freedom
Residual deviance: 841.6 on 101 degrees of freedom
AIC: 1200.7

Number of Fisher Scoring iterations: 6

(Intercept)  groupA  groupB day
2.614253 2.011111 3.733333 1.169952

25% 975%
(Intercept) 2.138157 3.177968
groupA  1.684723 2.409353
groupB  3.175024 4.412791
day 1.136637 1.204501
\end{verbatim }\end{screen}

FREDAINITE S A, BEABEEF(2013) DX 10-3 L [A UAEERME STV, DEMEIOFRAESEE D, &
ZFADEAICED 2.01 1% (95\%(EHEX R 1.68-2.41) | HEIzF B DEAIC XD 3.73 15 (95\%(EHHX
13.17-4.42) 2o 2B KT 5, L L. FE—EERNTO.OEMEIRAEHEE IR ERED D 2
EEZLNEDT, [AROEEMREEZERT 272D ILF LA ET 5,

\erbllmedl < v - — S IIRIBD & 512 —AHLBAR AR FAEME 270, £7 Y LV EAROE E D5
o ATRERIZ 7205, SRAMEE FLCONT 3 I3 RISZRE 51 D B U CHIRICT 2 05455 3
\footnote{% % b BHEDTHVHHEADT, BHRMDSHIUL. = Zid BLEHRADETFLTEE
ESFECH2. Yo EETTIRE CERDELIECOWTOZRMBEEE X, »oOTFARTLER
BE%E LCARBRENL T TH 2.

\begin{screen }\small\begin{verbatim}

Linear mixed model fit by maximum likelihood t-tests use Satterthwaite
approximations to degrees of freedom [ImerMod]

Formula: afprop ~ group + (1 | id)
Data: db

AIC  BIC logLik deviance df.resid
61.1 744 -255 51.1 100

Scaled residuals:
Min 1Q Median 3Q Max
-2.1293 -0.6137 -0.2822 0.8290 2.6477

Random effects:

Groups Name Variance Std.Dev.
id (Intercept) 0.001278 0.03575
Residual 0.094014 0.30662
Number of obs: 105, groups: id, 15

Fixed effects:
Estimate Std. Error  df t value Pr(>|t|)



(Intercept) 0.17148 0.05424 15.00000 3.162 0.00645 **
groupA  0.14824 0.07670 15.00000 1.933 0.07239.
groupB 0.47389 0.07670 15.00000 6.178 1.77e-05 ***

Signif. codes: 0 “***°(0.001 “**’0.01 “**0.05°.°0.1 "1

Correlation of Fixed Effects:
(Intr) groupA
groupA -0.707
groupB -0.707 0.500
\end{verbatim }\end{screen}
\begin{screen}\small\begin{verbatim}
Linear mixed model fit by maximum likelihood t-tests use Satterthwaite
approximations to degrees of freedom [ImerMod]
Formula: afprop ~ day + group + (1 | id)
Data: db

AIC  BIC logLik deviance df.resid
447 60.6 -16.3 32.7 99

Scaled residuals:
Min 1Q Median 3Q Max
-1.9703 -0.7082 -0.1541 0.6803 3.0359

Random effects:

Groups Name Variance Std.Dev.
id (Intercept) 0.003761 0.06133
Residual 0.076632 0.27682
Number of obs: 105, groups: id, 15

Fixed effects:

Estimate Std. Error  df t value Pr(>|t|)
(Intercept) -0.07264 0.07656 51.15000 -0.949 0.3471
day 0.06103 0.01351 90.00000 4.518 1.89e-05 ***
groupA  0.14824 0.07670 15.00000 1.933 0.0724.
groupB  0.47389 0.07670 15.00000 6.178 1.77e-05 ***

Signif. codes: 0 “***’0.001 “***0.01 “**0.05°.°0.1 "1

Correlation of Fixed Effects:
(Intr) day groupA
day -0.706
groupA -0.501 0.000
groupB -0.501 0.000 0.500
\end{verbatim }\end{screen}
\begin{screen}\scriptsize\begin{verbatim}
Linear mixed model fit by maximum likelihood t-tests use Satterthwaite
approximations to degrees of freedom [ImerMod]
Formula: afprop ~ group + (day | id)



Data: db

AIC BIC logLik deviance df.resid
31.2 49.7 -86 172 98

Scaled residuals:
Min 1Q Median 3Q Max
-2.11685 -0.61717 -0.07123 0.44926 2.60950

Random effects:
Groups Name Variance Std.Dev. Corr
id (Intercept) 0.18725 0.4327

day 0.01018 0.1009 -0.98
Residual 0.04651 0.2157
Number of obs: 105, groups: id, 15

Fixed effects:

Estimate Std. Error  df t value Pr(>|t|)
(Intercept) 0.16353 0.05414 15.00000 3.021 0.0086 **
groupA  0.17168 0.07656 15.00000 2.242 0.0405 *
groupB  0.50530 0.07656 15.00000 6.600 8.44e-06 ***

Signif. codes: 0 “***°0.001 “**’0.01 “**0.05°.°0.1 "1

Correlation of Fixed Effects:

(Intr) groupA
groupA -0.707
groupB -0.707 0.500
\end{verbatim }\end{screen}
\begin{screen}\small\begin{verbatim}
Data: db
Models:
object: afprop ~ group + (1 | id)
..1: afprop ~ day + group + (1| id)
..2: afprop ~ group + (day | id)

Df AIC BIC logLik deviance Chisq Chi Df Pr(>Chisq)
object 561.088 74.358 -25.5439 51.088
.1 644.689 60.613 -16.3444 32.689 18.399 1 1.792e-05 ***
.2 731.15149.729 -8.5756 17.15115.538 1 8.088e-05 ***
Signif. codes: 0 “***’0.001 “**0.01 “**0.05°.0.1 “°1
\end{verbatim }\end{screen}

REHRBEDFER, 7V — T DEENR AR DZERNRD AE Z T2 RAIDETIMILERT, HOEER)
ReED72HFHDOET NS, HOFRIMEKRELZEZERB L REKEDZ > X LY ET L (\verb!Cor! A3
\verb!-0.98! L fE{AZEAHE E MNE DM H 2 Z e dbhd) 1E, ¥553H 50\%KET pHEHIZESH
HSI0M-51$D A =X =725 5\% L T A TIERVWY) ARICHTEEDPRL, \Werb! AIC!DfEZ [ %
ERBDETADRD/PNSWVEZRLTVWSDT, DY TREEIVPRVEEZLNS,



Example 3: Support in different workplaces

HEEF(2013)pp.75-76 1B X LT\ 3. R¥EICH T 3 IUE L B H— F OBMOBETH 2, WY
AR— MIEMRBEICEDHZEZ L ICHREINL IR 2050 R— s Ra7e Lk, 7—XiZaih
TWBZEHE, \verb!workplace! 25E8%, \verb!bp_s! 2SUNAEIAME, \verblage! 23 4EHs, \verb!support!23
PR=-1+PRa7TH 5,

\begin{itembox}[1]{ https://minato.sip21c.org/advanced-statistics/multilev2.R(2)}
\small\begin{verbatim}

wps <- read.csv("https://www.shindan.co.jp/np/filedata/00205300_16.csv")
wps$workplace <- as.factor(wps$workplace)

res1 <- Im(bp_s ~ age + support, data=wps)

summary(res1)

PCHS <- c(1:9, LETTERS)

plot(bp_s ~ age, pch=PCHS[as.integer(workplace)], data=wps,
col=ifelse(support<median(support), "red", "green"))

library(ImerTest)

res4 <- Imer(bp_s ~ age + support + (1 | support), data=wps, REML=FALSE)
summary(res4)

confint(res4)

res5 <- Imer(bp_s ~ age + (1 | support), data=wps, REML=FALSE)
summary(res5)

confint(res5)

anova(res4, res5)

print(devdif <- as.numeric(-2*(logLik(res1)-logLik(res4))))
print(dfdif <- attr(logLik(res4), "df")-attr(logLik(res1), "df"))
pchisq(devdif, dfdif, lower.tail=FALSE)

\end{verbatim }\end{itembox}

TRV R— T+ OREE FRDMENDOINRZ A 2 HIEEIFE 7L DORERZ RS

\begin{screen}\small\begin{verbatim}
Call:
Im(formula = bp_s ~ age + support, data = wps)

Residuals:
Min 1Q Median 3Q Max
-40.603 -10.943 -1.209 9.676 97.977

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 126.02510 9.67731 13.023 < 2e-16 ***
age 0.42023 0.03472 12.102 < 2e-16 ***
support  -3.64080 1.17204 -3.106 0.00193 **



Signif. codes: 0 “***°(0.001 “**’0.01 “**0.05°.°0.1 "1

Residual standard error: 15.31 on 1453 degrees of freedom
Multiple R-squared: 0.108, Adjusted R-squared: 0.1068
F-statistic: 87.96 on 2 and 1453 DF, p-value: < 2.2e-16
\end{verbatim }\end{screen}

$$\includegraphics[width=10cm]{wps-support.pdf}$$

\verb!support! D{£%23$-3.6%. \verblage! DfF¥A30.42 TE HICHEKMES\ N THELD, T L2
DFFANHME L, B HERBFEMHBERE D =3 (\verb!Adjusted R-squared!) %% 10.7\% L 272\,

ZOEGE. MECEETIERIEIE I ICELR>TWEEAS L, AELHLTEAS5EZ S350 E
RTH>D, TNOLDEEMEREZ AN FLAILETFADOERZLT RS, BHIBHMA TR R N XN/
& (LRV I DB REFMA. L2 DEE) 235,

\begin{screen}\scriptsize\begin{verbatim}

Linear mixed model fit by maximum likelihood t-tests use Satterthwaite approximations to
degrees of freedom [ImerMod]

Formula: bp_s ~ age + support + (1 | support)
Data: wps

AIC  BIC logLik deviance df.resid
12040.6 12067.0 -6015.3 12030.6 1451

Scaled residuals:
Min 1Q Median 3Q Max
-2.9741 -0.6951 -0.0728 0.6009 6.3136

Random effects:

Groups Name Variance Std.Dev.
support (Intercept) 9.666 3.109
Residual 222.703 14.923
Number of obs: 1456, groups: support, 34

Fixed effects:

Estimate Std. Error df t value Pr(>|t|)
(Intercept) 130.42946 16.23625 39.70000 8.033 7.54e-10 ***
age 0.39737 0.03715 1202.90000 10.697 < 2e-16 ***
support  -4.08753 1.99687 37.00000 -2.047 0.0478 *

Signif. codes: 0 “***’0.001 “***0.01 **0.05°.°0.1 "1

Correlation of Fixed Effects:
(Intr) age

age -0.224

support -0.994 0.124



Computing profile confidence intervals ...
25% 97.5%

.sig01l  2.0576492 4.5851929

.sigma  14.3931343 15.4866022

(Intercept) 98.3737422 163.9122155

age 0.3244992 0.4702249

support -8.2163934 -0.1418429

\end{verbatim }\end{screen}

RS 5(2013)DX 10-6 LI XIZF UHERG SN M EOFERIZTROLSIICE L DD I ENTE 2,

$$\Wwbox{
\begin{tabular} {lrrrrr}

\noalign{\noindent 2. IGEIAIIE N DFEE & B3G Y R— s OEEMR LGV R — bOZLEMEEZEE L

72 LT L~V KT}

\hline

[EE RN R DEE & (75 & HHHERAE & 95\% FR & 95\% 1-FR & p f#\cr
\hline

fEH#i(\verblage!) & 0.397 & 0.037 & 0.324 & 0.470 & $<$0.001 \cr

H K — b (\verb!support!) & $-0.409$ & 1.997 & $-8.216$ & $-0.142$ & 0.048\cr
YA & 130.4 & 16.2 & 98.4 & 163.9 & $<$0.001\cr

\hline

[ 2 X SR D AHBE\cr

\hline

Fp-U & $-0.224%\cr

HR— - & $-0.994%\cr

PR — - & 0.124\cr

\hline
ZENRDOER & AR & 95\% R & 95\% R \cr
\hline

HR— b & 3.11 & 2.06 & 4.59\cr

AN & 14.92 & 14.39 & 15.49\cr

\hline

\noalign{\noindent AIC=12040.6, N=1456, #&%(=34}
\end{tabular}

1$$

w&iZ\verblsupport! OZEERNRIZ I 2 E 2. BEMNRZEZBLVETVERERRET 2. LT X
5 iZ\verb!support! DEEXNRE ANTZETADHFPERICE TR E D PRV WR T2,

\begin{screen}\scriptsize\begin{verbatim}

Linear mixed model fit by maximum likelihood t-tests use Satterthwaite approximations to
degrees of freedom [ImerMod]

Formula: bp_s ~ age + (1 | support)
Data: wps

AIC  BIC logLik deviance df.resid



12042.7 12063.8 -6017.3 12034.7 1452

Scaled residuals:
Min 1Q Median 3Q Max
-2.9151 -0.6928 -0.0702 0.5965 6.3649

Random effects:

Groups Name Variance Std.Dev.
support (Intercept) 10.8 3.286
Residual 223.0 14.935

Number of obs: 1456, groups: support, 34

Fixed effects:

Estimate Std. Error df t value Pr(>|t|)
(Intercept) 9.743e+01 1.833e+00 3.200e+02 53.14 <2e-16 ***
age 4.063e-01 3.701e-02 1.121e+03 10.98 <2e-16 ***

Signif. codes: 0 “***’0.001 “***0.01 “**0.05 0.1’ 1

Correlation of Fixed Effects:
(Intr)
age -0.903

Computing profile confidence intervals ...
25% 97.5%

.sigdl  2.1696680 4.8594543

.sigma  14.4037990 15.4990512

(Intercept) 93.8309194 101.0484448

age 0.3335201 0.4789125

Data: wps
Models:
..1: bp_s ~ age + (1 | support)
object: bp_s ~ age + support + (1 | support)

Df AIC BIC logLik deviance Chisq Chi Df Pr(>Chisq)
.1 41204312064 -6017.3 12035
object 512041 12067 -6015.3 120314.1136 1 0.04254 *
Signif. codes: 0 “***’(0.001 “**0.01 “**0.05°.0.1 “° 1
\end{verbatim }\end{screen}

RS 5(2013) T3, \verblres4!icfF 5TV 2 i & 3R — M DEERR R — F DEBIREE 2 7=
BEMRET L%, \verblres1NZfE 5TV 2 FH & ¥ K — b o S MENOIREEFE 7L & REHME
THARXTW3, 727 L. \Werb!lm()! & \verb!lmer()! DFERA TS =227 v DZ F AHES DT, R Tl
\verblanova()!B%UCTE 372 TREHMREZFITT 2 Z LI TE R,

To solve this issue, manually calculating the likelihood ratio and degree of freedom, then applying chi-
square distribution® as shown below.

31 https://www.cl.uni-heidelberg.de/statnlpgroup/empirical methods tutorial/icml2022 slides/LMEM.pdf
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\begin{screen}\small\begin{verbatim}

> print(devdif <- as.numeric(-2*(logLik(res1)-logLik(res4))))
[1] 43.88222

> print(dfdif <- attr(logLik(res4), "df")-attr(logLik(res1), "df"))
[1]1

> pchisq(devdif, dfdif, lower.tail=FALSE)

[1] 3.487428e-11

\end{verbatim }\end{screen}

Example 4: Built-in datain R

\verb!lmer! <> 7~ — dD\verb!sleepstudy! ¥ W5 7= 2 %25, 180 A 7H —~R—> a3 >, 3ZHDN LR
. BEN TV BZEHIX\verb!Reaction!, \verb!Days!. \verb!Subject! TH 2%, ZDF— &I, f#FLZR
Z T4 7 ENGIT LT, HIRNE 28 S & RICRBIDATZATZARS Bo T e 2MEEL 2 DTH
% (Belenky {\it et al.\/}, 2003)\footnote{\url{https://doi.org/10.1046/j.1365-2869.2003.00337.x} 7> &
INTHFA gD b, Yo FEER0HE TS EICHEREZ & 5 TH oWV, BHD S 3 R I BEARHER % IR 3
% (e TIEIN—R 7 4 13 3 HiH 8 IfifEiR, BRI A 3 R oo fthic, 5. 7 IfRE. O IR &
WO EEEME ABETENEN 7 HIERT, BRI 3 HiE 8 RFEEIR Y L TW\Wa 25, 27— &k 3 K
MERRSEEREE L 2B ATV o KICKRNE, LED % ffi o 2 HERIEIERBRICIE TRIS T % £ TOR %
I VML TEIIL TV,

\begin{itembox}[l]{sleepstudy.R }\small\begin{verbatim }

if (require(Ime4)==FALSE) {

install.packages("lme4", dep=TRUE); library(Ime4) }
data(sleepstudy)

str(sleepstudy)

bysubjects <- split(sleepstudyl, 2:1], sleepstudyl, 3])
plot(bysubjects[[1]], type="b", ylim=c(150, 500))

for (i in 2:length(bysubjects)) points(bysubjects[[i]], type="b", pch=i)
res] <- Imer(Reaction ~ Days + (Days | Subject), data=sleepstudy)
summary(res1)

\end{verbatim }\end{itembox}

$$\includegraphics[width=10cm]{sleepstudy.pdf} $$

\begin{screen}\small\begin{verbatim}

Linear mixed model fit by REML ['lmerMod']

Formula: Reaction ~ Days + (Days | Subject)
Data: sleepstudy

REML criterion at convergence: 1743.6
Scaled residuals:

Min 1Q Median 3Q Max
-3.9536 -0.4634 0.0231 0.4634 5.1793



Random effects:
Groups Name Variance Std.Dev. Corr
Subject (Intercept) 612.09 24.740

Days 35.07 5.922 0.07
Residual 654.94 25.592
Number of obs: 180, groups: Subject, 18

Fixed effects:

Estimate Std. Error t value
(Intercept) 251.405 6.825 36.84
Days 10.467 1.546 6.77

Correlation of Fixed Effects:
(Intr)

Days -0.138

\end{verbatim }\end{screen}

5 VR LR OEEFEOHEMEIE. VIS e EX IO OWTZEAZN—HY72=Db 2474 3 VHEL 592 I VR
THb, FEENROBREE. UFEZIIOWT, 22 —HY72=0 2514392 1047 S VBTH
%,

Controlling many confounding factors

When we have to control many confounding factors simultaneously, some sophisticated approaches
have been proposed recently: Propensity Score Matching (PSM), Difference in Differences (DID), and
Instrumental Variables regression. Most of those have been developed in econometric studies.

PSM

The concept of the propensity score was proposed by Rosenbaum and Rubin in 1983°*. Before
explaining propensity scores, let's first discuss the Average Treatment Effect as a causal effect.

In observational studies, random assignment is impossible. However, it's not impossible to estimate the
Average Treatment Effect (ATE), which is the expected difference in outcomes in a population between
cases where a certain factor or treatment is present and when it's absent. Of course, in reality, a
population contains a mix of individuals who have and do not have the factor or treatment. For
someone who has the factor or treatment, the "case where it wasn't present" is a counterfactual.
Therefore, direct estimation is not possible unless random assignment can be performed.

However, if we perform matching, treating person j as the same as person i when person j has covariate
values identical or similar to person i (who has the factor or treatment), and then create pairs of treated
and control groups, we can estimate the causal effect as the difference in outcomes between these two
groups, similar to random assignment. The problem is that if there are many covariates (confounding
factors), it becomes practically impossible to find matches where all those covariates are identical or
very close in value. This is where the propensity score comes in. In the example above, the probability
that person i is in the treatment group is called person i's propensity score. Since it's a probability, the

32 This original article is available at https://doi.org/10.2307/2335942. I recommend you to read the newer introductory
article such as Austin, P. C. (2011). An Introduction to Propensity Score Methods for Reducing the Effects of
Confounding in Observational Studies. Multivariate Behavioral Research, 46(3), 399-424.
https://doi.org/10.1080/00273171.2011.568786.
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propensity score is a one-dimensional variable taking values in [0, 1]. If the "strong ignorability"
assumption (where group assignment and potential outcomes are independent given the covariates) is
satisfied, adjustment using propensity scores becomes possible. If we match individuals based on their
calculated propensity scores, we can correctly estimate the Average Treatment Effect. Typically,
predicted probabilities obtained from logistic regression or probit regression analysis can be used as
propensity scores.

There are various ways to utilize the calculated propensity scores for each individual. These include
matching or stratification based on the score, using the propensity score as an explanatory variable in
kernel regression models, inverse probability weighting methods using propensity scores, and "doubly
robust estimation methods," among others.

DID

Recently, many introductory papers are published for DID, including Callaway and Sant’ Anna
(2021)* Here, I will explain the concept of DID based on the explanation by Yamaguchi (2016).

B IRZ IO @ NIETROMFTICBNT, —fRICGERE OB EIZEOMERE FiF5 &
BbhTWah, /lvz— 75 VA, KEETORTMFEICE 2. DRSO b oS
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33 Callaway B, Sant’Anna PHC (2021) Difference-in-Differences with multiple time periods. Journal of Econometrics,
225(2): 200-230. htps://doi.org/10.1016/j.jeconom.2020.12.001.
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$$Y_{pt} =\alpha + \beta DAT_p D_{t+1} + \gamma DAT_p + \delta D_{T+1} + \epsilon_{pt}$$
ZHETIERVWEDZ 2 DT ({\bf LEXHIXS\betaSHHENE S 20, 5 - HRBEBOZELDRER
ES\delta$ 3 BEELE SN THRZ Z N TE %)) | \Werb!Im()! THOMATRERIZ T TH %,

B, MEMBEEARFET IBRZLTVS] 20 XPRERRERICOWTOETTH D, Fk 24 5
DOARMZRDOF IR % LT3 D 7 — ZiX\url{https://www.e-stat.go.jp/SG1/estat/GL.08020103.do?
_xIlsDownload_&fileld=000006464031&releaseCount=1}7*5 Excel E N THE LN E 5, Z 2 Tfibh
TV3DEFEBFAE L HEINTVT, 2006 F 2 2010 FOTF—X D Z 22D T, e-Stat THEL THARD,
D DD o -\ footnote{e-Stat 2S5 AFTE LD L ELFIFTIERL, T—FZR—2X
#4525 WIURL 2 L TBVWTHILWVWE 25, . EBEOSHZRT ZIETERL,

{\it Annual Reviews of Public HealthVV}iZ, Wing C et al. "Designing Difference in Difference Studies:
Best Practices for Public Health Policy
Research"\footnote{\url{ https://www.annualreviews.org/doi/10.1146/annurev-publhealth-040617-

013507} } £ W\ 5 Zp3 2018 FICBE X LT\ T, ANREAEFGE DMz o WT b DID @t % 5 W5t
FHAL VPRSIV D Z EHAREINT WS,

R TO DID OFATHEIZODVWTIE, TV YA MY REOYA MHEERAS LY T —>a >y 7 74 Wbl
HXNTWEY, ZhEIN—T e RROR AR ZERTEBEE- T, #EEIREE 7 \verb! lm()! % i
SHERDT, 2R Fr—IREBHBEL LEWV, A6 GO 7 DDEIZOWT 1990 425 1999
F£FTO 10 EFofr0R (\verbly!) ARENATWT, E. F. GO 3 2DETEM S DULEBEH E B,
WLEIX 1994 E b e Sz HEL, WEDX Y SR -EHE & 5 A THARWET\verbly! O Z(LITE WD H
2% DID BTl L TW5a, a— FIZLLTRo@b,

\begin{itembox}[1]{ }\begin{verbatim}

library(foreign)

dat <- read.dta("https://dss.princeton.edu/training/Panel101.dta")
dat$time <- ifelse(dat$year>=1994, 1, 0)

dat$treated <- ifelse(dat$country %in% LETTERS[5:7], 1, 0)
dat$did <- dat$time * datS$treated

didreg <- Im(y ~ treated + time + did, data=dat)
summary(didreg)

\end{verbatim }\end{itembox}

FEFRIZLLN D@D,
\begin{screen}\small\begin{verbatim}
Call:
Im(formula =y ~ treated + time + did, data = dat)
Residuals:
Min 1Q Median 3Q Max
-9.768e+09 -1.623e+09 1.167e+08 1.393e+09 6.807e+09

Coefficients:

34 https://www.princeton.edu/~otorres/DID101R.pdf.
The R code is available at https://minato.sip21c.org/advanced-statistics/princetondid.R.
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Estimate Std. Error t value Pr(>|t|)
(Intercept) 3.581e+08 7.382e+08 0.485 0.6292
treated  1.776e+09 1.128e+09 1.575 0.1200
time 2.289e+09 9.530e+08 2.402 0.0191 *
did -2.520e+09 1.456e+09 -1.731 0.0882.

Signif. codes: 0 “***°0.001 “**’0.01 “**0.05°.°0.1 "1

Residual standard error: 2.953e+09 on 66 degrees of freedom
Multiple R-squared: 0.08273, Adjusted R-squared: 0.04104
F-statistic: 1.984 on 3 and 66 DF, p-value: 0.1249
\end{verbatim }\end{screen}

WRSE D, \verb!time! DFREANIET p fEAY0.0191 & 5\%HEZ DT, REEGEIC & - Tlverb!y 1N
LTW3EF X525, \verbldid!® p E230.088 & 0.05 X Hh KX WDT, KRRl WEDXHIEHETH %
\verb!did!3HEIC\verb!ly B L TW B L IFFE ARV, DFED, WEDDH->THRTH, \verbly! s
RPN L7 2 IS BII R o T EZA B S,

R TDID #5173 2 DI I Ny 7 —2 ¢ L T\verbldid!\footnote {\url { https://cran.r-
project.org/web/packages/did/did.pdf}}23® b, cran 54 YA =L TE 3 L, BAKEICLEHENTD
fRENALE b FLR X TV B\footnote{\url{ https://bcallaway11.github.io/did/articles/did-basics.html} } ,

Z ot E#R & LT, \url{https:/thetarzan.wordpress.com/2011/06/20/differences-in-differences-
estimation-in-r-and-stata/}<°. \url{https://www.publichealth.columbia.edu/research/population-health-
methods/difference-difference-estimation } %°\url { https://static1.squarespace.com/static/
59371c8ad1758ebe90723e40/t/5cdf25f58f78a100018f804f/1558128117692/strumpf+2017-
DD+and+FE.pdf} $ #1272 %,

Instrumental Variables regression

BEERGE . BEAESET LD 2 A TS L7z Dr. John Fox O F 2 — ML 7 L EDH Tlverb!
sem! %y 7 —Y D\verb!tsls()! B# % fif o 72 7 ED R S TV 5 53, \verb! AERI Sy - — 2 D\verb!
ivreg()!BAE 2 HEEE T 5,

\subsection{ —Ezf /N 3R IEDBAE tslsO)IT & 2 #EERGE}

HHAIAAT — X \verb!Klein! Z i\ 3, ZDF— &1 1921 FH 5 1941 F OKERFRFICOWT Klein 235
RUEHEMGBEFNEETVEDLRTWS, ZHOEKRIZULTOEY TH 3,

\begin{screen}\small\begin{description}
\item[ Year] 1921-1941

\item[C] consumption.

\item[P] private profits.

\item[Wp] private wages.

\item[I] investment.

\item[K.lag] capital stock, lagged one year.
\item[X] equilibrium demand.



\item[Wg] government wages.

\item[G] government non-wage spending.
\item[TT] indirect business taxes and net exports.
\end{description }\end{screen}

\begin{itembox } [1]{\url{https://minato.sip21c.org/advanced-statistics/tsls.R } }\small\begin{verbatim }
library(sem)

data(Klein)

Klein$P.lag <- ¢(NA,Klein$P[-22])

Klein$X.lag <- c(NA,Klein$X[-22])

# model 1

Klein.eqn1 <- tsls(C ~ P + P.lag + [[Wp+Wg),

instruments=~G + T + Wg + I(Year-1931) + K.lag + P.lag + X.lag, data=Klein)
summary(Klein.eqnl)

plot(Klein$ Year[-1], residuals(Klein.eqn1))

# model 2

Klein.eqn2 <- tsls(I ~ P + P.lag + K.lag,

instruments=~G + T + Wg + I(Year-1931) + K.lag + P.lag + X.lag, data=Klein)
summary(Klein.eqn2)

plot(Klein$Year[-1], residuals(Klein.eqn2))

# model 3

Klein.eqn3 <- tsls(Wp ~ X + X.lag + I(Year-1931),

instruments=~G + T + Wg + I(Year-1931) + K.lag + P.lag + X.lag, data=Klein)
summary(Klein.eqn3)

plot(Klein$ Year[-1], residuals(Klein.eqn3))

\end{verbatim }\end{itembox}

How to use ivreg function of AER package

\verb! AER!>% v 7 — Y D\verb!CigarettesSW! & W\ 5 77— & 7 L — 4%, KEDINZ DX ANajEEREL
fitgeHSFDOERF DT — X 2 EFA TV, aflld\verb!?CigarettesSW! & 711 > 7 MZFT TIEFER
b,

\begin{itembox }[1]{https://minato.sip21c.org/advanced-statistics/ivreg.R }\small\begin{verbatim }
library(AER)

data("CigarettesSW")

CigarettesSWS$rprice <- with(CigarettesSW, price/cpi)
CigarettesSWSrincome <- with(CigarettesSW, income/population/cpi)
CigarettesSW$tdiff <- with(CigarettesSW, (taxs-tax)/cpi)
CigarettesSWSrtax <- with(CigarettesSW, tax/cpi)
CigarettesSWS$lrprice <- log(CigarettesSW$rprice)
CigarettesSWS$lrincome <- log(CigarettesSW$rincome)
CigarettesSW$lpacks <- log(CigarettesSW$packs)

CSW1995 <- subset(CigarettesSW, year=="1995")

fm <- ivreg(lpacks ~ Irprice + Irincome | Irincome + tdiff + rtax, data=CSW1995)
summary(fm)



fm2 <- ivreg(lpacks ~ Irprice | tdiff, data=CSW1995)
anova(fm, fm2)

library(sem)

M1 <- tsls(Ipacks ~ Irprice + Irincome,

instruments = ~ Irincome + tdiff + rtax, data=CSW1995)
summary(M1)

\end{verbatim }\end{itembox}

Fila—FE2ETT2 2. 3. Werblsummary(fm)! T FHBR RIS,

\begin{screen }\small\begin{verbatim}

Call:

ivreg(formula = Ipacks ~ Irprice + Irincome | Irincome + tdiff +
rtax, data = CSW1995)

Residuals:
Min 1Q Median 3Q Max
-0.6006931 -0.0862222 -0.0009999 0.1164699 0.3734227

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 9.8950 1.0586 9.348 4.12e-12 ***
Irprice  -1.2774  0.2632 -4.853 1.50e-05 ***
Irincome  0.2804 0.2386 1.175 0.246

Signif. codes: 0 ***'0.001 **'0.01 *'0.05".'0.1"'"1

Residual standard error: 0.1879 on 45 degrees of freedom
Multiple R-Squared: 0.4294, Adjusted R-squared: 0.4041
Wald test: 13.28 on 2 and 45 DF, p-value: 2.931e-05
\end{verbatim }\end{screen}

iz, \verblanova(fm, fm2)! CLURBFEREN S,

\begin{screen}\small\begin{verbatim}
Analysis of Variance Table

Model 1: lpacks ~ Irprice + Irincome | Irincome + tdiff + rtax
Model 2: Ipacks ~ Irprice | tdiff
Res.Df RSS Df Sumof Sq F Pr(>F)
1 451.5880
2 46 1.6668 -1-0.078748 1.3815 0.246
\end{verbatim }\end{screen}

%iZ\verb!lsummary(M1)! T RABRREN 5, ZD X 5 ic\verblsem! Sy 77— D\verb!tsls()! BA% %
ffioTH. \Werb! AER!VS v 7 — Y D\verblivreg()! BUE (- 723551215 & 41 5 \verb!summary(fm)! O



HEIFIFE CERBIE SN2 0, HHEFABFEMBEGREDO —FEL Y L FOBRERRIIFREINLZVD
T. \verb!lAER! Xy ¥ — P DFifHZH#Hi3E T 5,

\begin{screen}\small\begin{verbatim}
2SLS Estimates

Model Formula: Ipacks ~ Irprice + Irincome
Instruments: ~Irincome + tdiff + rtax
Residuals:
Min. 1stQu. Median Mean 3rd Qu. Max.
-0.6006931 -0.0862222 -0.0009999 0.0000000 0.1164699 0.3734227
Estimate Std. Error t value Pr(>|t|)
(Intercept) 9.8949555 1.0585599 9.34756 4.1209e-12 ***
Irprice  -1.2774241 0.2631986 -4.85346 1.4960e-05 ***
Irincome  0.2804048 0.2385654 1.17538 0.24602
Signif. codes: 0 "***'(0.001 **'0.01 '*'0.05"'.'0.1"'"'1

Residual standard error: 0.187856 on 45 degrees of freedom
\end{verbatim }\end{screen}
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