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Regression analysis and Causal effect analysis
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* First, we study theory and basis of
BX Regression analysis
CIEI AR i * And then, we try programming (R)
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a|)F 53 AT & 1E (what is regression analysis?)
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Objective variable Response variable
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Try to estimate the relationship between # sold ice cream and the temperature




a|)F 53 AT & 1E (what is regression analysis?)
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Single regression analysis
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Multiple regression analysis
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B [A)IF X D EH (derivation of regression model)
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Write Scatter plot between # sold ice cream & temperature.
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Make assumption “liner relationship” Between objective variable & response variable
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B [a])F T ) E 1 (derivation of regression model)
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Calculate regression line by least squares method “minimizing residual sum of squares”
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METYIPRTYO-THELLD  (try programing R)

@/ —XO—Fr%#[EA< \Open source code by clicking source file
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. 7———/5(0) S IA A+ Read csvfile

1 setwd("C:/Users/Owner/Desktop/Dropbox (fukudalab-tokyotech) /& 7 = 2018™)

2 data.ice = read.csv("ice.csv")
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3 plot(ice_cream ~ temperature, data = data.ice)

it L g |
g
E o
2 @ 8
RS A B (& D o T
% Al ‘j:CSV ice_cream Jtemperature = S -
TZ7A4ILD |2 105 25 o |o 8 g
::(:*‘-J'FE\ 3 112 25 r:|) T T T T 1 1
4 112 25.5 25 26 27 28 29 30 3




O

HEFANDEL (D

1495324 )

METYIPRTYO-THELLD  (try programing R)

- [B1)F 73 #T ~Im() ~ Regression Analysis
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4 result =- ITm(ice_cream ~ temperature, data = daéce)
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JOvrRIZHERZEFCA - - -abline() § =

HEER DM - -summary() g o

5 abline(result) # HFEEIRE R T # < | . T | | | | |

6 summary(result) 25 26 27 28 29 30 31
‘UJJ:I" IEIJE 1¥5§&0)%ﬂ:% > Summar'};’(r‘egu'l;:)

. ’ 1125 —_— A Call:

Estimate= - *EIE“E Im(formula = ice_cream ~ temperature, data = data.ice)
(intercepthyYl Fa ) Residuals:

Min 10 Median 30 Max
.957 -5.877 1.392 5.079 13.218

(temperature HMEEED )

Coeffic S:
~ - Estimate Std. Error t value Pr(=|tl|)
Y =2 95 + 349X tb\j (Intercept) __2,950_  18.750 0.157 0.876
2 temperature 4.349 0.662 6.570 5.75e-07 *¥=*
(Y = - Q/E ~ *]/T’. L ——
Ei = 'J'Fﬁl:_tth\‘[ﬁb - ! Signif. codes: 0 ****’ (0.001 ‘*** Q.01 *“*’ 0.05 *.” 0.1 * * 1

Residual standard error: 7.061 on 26 degrees of freedom
Multiple R-squared: 0.6241, Adjusted R-squared: 0.6096
F-statistic: 43.16 on 1 and 26 DF, p-value: 5.754e-07



TaR DB

o FHLEKXFEDLLLDFRETFRILTLNSDD,
SREFZRBR> ([ FRDETIEFYD RS IZRT HER)

ORRIFEDLNWTAADFEY LITISHELTLNSDH

> summary(result)

>tfEt-value -
HHEEZ'R &@?;?;Bjj) ITm(formula = ice_cream ~ temperature, data = data.ice)

Residuals:
Min 10 Median 30 Max

-13.957 -5.877 1.392 5.079 13.218 tvalue. - - 1IE

Coefficients: /

Estimate std. Error t wvalue Pr(=|t|)

(Intercept) 2.950 18.750 0.157 0.876
temperature 4.349 0.662 6.570 5.75e-07 *%%
: . . P Y TR Pt P P
5;&;?1%3;& signif. codes: 0 0.001 0.01 0.05 .7 0.1 1
\Resﬁdua'l standard error: 7.061 on 26 degrees of freedom
Multiple R-squared: 0.6241, Adjusted R-squared: 0.6096

F-statistic: 43.16 on 1 and 26 DF, p-value: 5.754e-07



TaR DB

@ R EZE (R-square, R?)
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https://bellcurve.jp/statistics/course/9706.html

@ B E AR EHRE R (adjusted R-square, Adjusted R?)
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https://mathtrain.jp/sanhendo 11
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y(FarELRY)  Scatter plot
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http://xica.net/magellan/marketing-idea/stats/about-coefficient-of-determination/
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METYIPRTYO-THELLD  (try programing R)
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14 data.'lcez = read.csv("ice2.csv")

E@Jﬂ? \H? Regression Analysis

BMEM sy

Objective variable Response variable

FEEREDH A
7521288 A - - =abline()
TSR DEEHM - - -summary()

S abline(result) # HTE@IRE & & 1 ¢
6 summary(result)

15 result2 =<- 'Imglce=cream ~ temperature+pr'ice,

ERYLT—%

A | B | C
ice_cream temperature price

1
data = data.ice2) 2 | 105 25
3 | 112 25
4 | 112 25.5
5 | 113 255
6 | 119 26
i 1D 8

= summary(result)

call:
Im{formula = ice_cream ~ temperature + price, data = data.ice)

Residuals:
Min 10 Median 30 Max
-9.1935 -4.2656 -0.8731 3.7920 14.4696

coefficients:

Estimate std. Error t value Pr=|t|)
(Intercept) B0.48134 27.37538 2.940 0.006973 =*
temperature 2,88370 0.69830 4,129 0.000355 ##=*
price -0.277E8 0.08032 -3.460 0.001952 =*

Signif. codes: 0O °*#*=' 0.001 ***' 0.01 **’ 0,05 . 0.1 * " 1

Residual standard error: 5.921 on 25 degrees of freedom
Multiple R-squared: 0.7458, Adjusted R-squared: 0.7255
F-statistic: 36.67 on 2 and 25 DF, p-value: 3.671e-08
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FERDOH 7 .

%E%O)ni%m Summary() Im(formula = ice_cream ~ temperature + price, data = data.ice)

III

>7) T)

_ e e —— Residuals:
Min 10 Median 30 Max
16 5ummar}r (result) -9.1935 -4.2656 -0.8731 3.7920 14.4696
17 Coefficients:

. i d. 1
PR, BRI DRER  _ creerceper S % 5000 SRS TG

Temperature 2.88370 0.69836 4.129 0.000355 #w=

Est|mate- = *EEE{_E price -0. 27788 0.08032 -3.460 0.001952 =~
Std.Error- - TE{E% signif. codes: 0 *##*’' 0.001 ‘**’ 0.01 ‘*’ 0.05 .’ 0.1 * ' 1
. 73N
. mm Residual standard error: 5.921 on 25 degrees of freedom
tvalue tﬂE Multiple R-squared: 0.7458, Adjusted R-squared: 0.7255

/ F-statistic: 36.67 on 2 and 25 DF, p-value: 3.671le-08
o4 = P
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AT DT 3 - KEHOODT—%(2018)

Applicant: EEEM(ASE, FA) Circles : %—2 JLE({E)
Prof student : HHE— AH1=Y DFEH Girlsratio : 2 F3&(%)
(EERODERE, A) Age 1 KEDERDRES(F)

Area : KEFEBMEFE (*1000m?)

A | B | C | D | E | F | G

1 applicant Prof_studiarea circles girlsratioc age

2_ By 4.69 9.08 46,9887 51 13 137
3_ by 9.534 7.12)  97.0543 351 9 141
ei_ B 44,845 15.9 BB.7588 366 36 160
5_ EfeH 114.983 30.09 57.6115 631 40 136
5_ BRE 113.507 31.96 26.6718 414 35 127
7 —i% 4.484 18.57  40.7282 80 28 143
8_ B 60.966 33.04 22,9828 275 50 144
EI_ I 62.691 34,18 17.5617 255 54 144
ID_ B 29.277 26.05 23.7953 204 58 105
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-E@RR (SEFEHNRORS, MHEH, XFEERA)

Y(Applicant) =a-+ le(Prof_student) + CXZ(Area) + dXB(girlsratio)

20 #HH SRR
21 EEEFEEFE
£ 22 data.enshu = %% 'enshu.csv )#read csv file

23 resultd =- =k (-Prof_student+area+girlsratio, data = %%%)
0 24 Eddddk(result3) #detail of the result
25

%% ZXFEEANT, 7O S5 LFRBILTHTESL

Residuals:
1 2 3 4 5 & 7 8 9
18.679 -13.728 7.084 12.675 18.B93 -26.992 -16.208 -11.743 11.341

Coefficients:

Estimate std. Error T value pr=|t|) = \(
(Intercept) -100.5041 42,2613 -2.378 0.06331 . é\j$<l' -j-
prof_student 6.9310 1.5503 4.471 0.00657 ** fi:/\./@ﬁ%%
area 0.9003 0.3971 2.268 0.07266 . N
girlsratio -1.4403 0.8348 -1.725 0.14509 MNHETESET
signif. codes: 0 ‘#¥%' 0,001 **%' Q.01 ‘*' 0.05 *.' 0.1 ¢ ' 1

Residual standard error: 21.74 on 5 degrees of freedom
(3 observations deleted due to missingness)
Multiple R-squared: 0.8398, Adjusted R-squared: 0.7437

F-statistic: §.739 on 3 and 5 DF, p-value: 0.01968




R o 2

28 #i ERIEE

29 ##eessss”|

30 data.enshu = read.csv("enshu.csv")#read csv file

31 result3 =- Im{applicant—Prof_student+area+girlsratio, data = data.enshu)
32 summary(result3) #detail of the result

i B |

Residuals:
1 2 3 4 5 3] i 8 9
15.679 -13.728 7.084 12.675 1B8.893 -26.992 -16.208 -11.743 11.341

Coefficients:
Estimate std. Error t walue Pr=|t|)
(Intercept) -100.5041 42,2613 -2.378 0.06331 .

Prof_student 6.9310 1.5503  4.471 0.00657 **

area 0. 9003 0.3971 2.268 0.07266 .
girlsratio -1.4403 0.8348 -1.725 0.14509

5ignif. codes: 0 °“##%' Q.001 °“*#*' 0.01 *‘*' 0.05 *." 0.1 * " 1

Residual standard error: 21.74 on 5 degrees of freedom

({3 observations deleted due to missingness)
Multiple R-squared: 0.8398, Adjusted R-squared: 0.7437
F-statistic: 8.73%9 on 3 and 5 DF, p-value: 0.01968
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