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'Regression Variable Transformations| R programming language'

Preliminaries
It involves set up steps Like rm and install.packages commands (for tidyverse, stargazer and magrittr
packages) .
[1]- Linear in variables
Regression with quadratic term [2]- Non-Linear in variables

Script Editor
wagel read.csv("C:\\Usersi\\amalz\\OneDrive\\Desk

model 1 Im({wage ~ educ, wagel
summary {model 1
wagel mutate (wagehatl = fitted model 1 These commands are []_]
gegplot(data = wagel, mapping = aes{x = educ self explanatory.
theme bw
geom_point(mapping = aes(y = wage, col
geom_point(mapping = aes(y = wagehatl, col i prediction”

wagel mutateeducsg = educ”2

model 2 <- lm{wage o educ educsg, wagel)<-- wage = betad + betal*educ + beta2*educsq + u

summary {model 2

wagel #8 mutate(wagehat? = fitted model_ 2

gegplot(data = wagel, mapping = aes(x = educ [2]
theme bw(} +
geom_point({mapping
geom_point(mapping

wage, col
wagehat2, col L prediction”

aes(y
aes(y

Console and Plots

Call:
Im{formula = wage ~ educ, data = wagel)

Residuals:
Min 10 Median 30 Max
-5.33%6 -2.1581 -8.9674 1.1921 16.6835

Coefficients:

Estimate Std. Error t value Pr{>|t])
(Intercept) -©.98485 a8.68497 -1.321 8.187
educ 8.54136 a8.85325 18.167 {2e-16 ***

Signif. codes: @ “*¥¥*’ @.p@1 “*¥’ p.p1 ¥’ @.@5 ‘.7 B.1 © T 1

Residual standard error: 3.378 on 524 degrees of freedom
Multiple R-squared: @.1648, Adjusted R-squared: @.1632
F-statistic: 183.4 on 1 and 524 DF, p-value: < 2.2e-16 [ ]-]

Note that the predicted Line is Linear

201

15 - colour
gjh
] linear prediction
=z 10 1

wage
0
ﬁ é 16 1%

educ



G e e G G G G G G G 0 A

'Regression Variable Transformations| R programming language'

Call:
Im{formula = wage ~ educ + educsq, data

Residuals:
Min 10 Median 3Q Max
-6.8722 -2.8982 -8.7472 1.2642 17.8159

Coefficients:
Estimate Std. Error t value Pr(>|t])

(Intercept) 5.48769
educ -8.60750
educsq 8.84987

1.45886
8.24149
a.81ea7

3.767 9.888232
-2.516 ©.812181
4.872 1.46e-086

Signif. codes: @ “***' 9.881 “*** @.01 “*’ @.85 ‘.7 8.1 * * 1

Residual standard error: 3.387 on 523 degrees of freedom
Multiple R-squared: @.201, Adjusted R-squared: @.198
F-statistic: 65.79 on 2 and 523 DF, p-value: < 2.2e-16

Note that the predicted Line 1is non-linear
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Regression with quadratic term: Calculating partial effect

Script Editor

b 2

b educ
b_educsqg
-b_educ

b educ
b educ
b_educ
b educ

2
i
o
i
2
i
2
i

mean_educ
pem_educ

pe_educ
ape_educ

coef (model 2
b 2["educ"]
b_2["educsq"]
2*b_educsq

b educsqg

b educsg®6.18
b_educsgq®18

b educsg*15

<- mean(wagelfeduc
- b educ + 2*b_educsgq*mean_ educ

b_educ + 2*b_educsq*wagelieduc
- mean|pe_educ

Note- wage = beta® + betal*educ + beta2*educsq + u

Calculate min or max point for partial effect,

educ*=-betal/2*beta2

Partial effect of educ on wage = betal + 2*beta2*educ

Calculate partial effect at the mean

Calculating average partial effect

[2]
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Console

educ
-8 .8889644396

educ
.373849

educ
.8646734

[1] 12.56274
Fl & §m
educ
6254686
ting awera-e partis . ef
Feedues | '®h cducso
< SSm=anir - duc 1}

Regression with interaction term
[1]- gress without interaction term i.e. wage = beta@ + betal*educ + beta2*exper +beta3*tenure
[2]- erate in iction term
[3]- Regression with interaction term i.e. wage = beta@ + betal*educ + beta2*exper +beta3*tenure + betad*educ*exper

[4]- 1lculate partial effect of education on wage at several levels of experience (=betal + beta4*exper)

Script Editor

model 5 <- Im{wage ~ educ + exper + tenure, wagel
summary (model 5
wagel %<:% mutate (wagehatS = fitted(model 5
geplot(wagel, aes(x = educ)) +
theme_bw() +
geom_point(aes(y = wage, col = ‘wage’ +
geom_point(aes(y = wagehat5, col = "linear predictor’

wagel %<>% mutate(educXexper = educ*exper,
experXtenure = exper*tenure

model & <- Im{wage ~ educ + exper + tenure + educXexper, wagel
summary (model &
wagel %<>% mutate(wagehaté = fitted(model 6
geplot(wagel, aesi(x = educ)) +
theme_bw() +
geom_point(aes(y = wage, col = ‘wage’ +
geom_point(aes(y = wagehat6, col = 'linear predictor’

b_ 6 <- coef(model_&

b_educ <- b_6["educ™]
b_educexper <- b_&["educKexper"]
b_educ + b_educexper*lg@

b educ + b educexper*l7

b educ + b educexper*z@
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Console and Plots pane
Call:

lm(formula = wage ~ educ + exper + tenure, data = wagel)

Residuals:

Min 10 Median EL) Max
-7.6068 -1.7747 -B.6279 1.1969 14.6536

Coefficients:
Estimate Std. Error t value Pr{»|t])
(Intercept) - 27 a9.7289 -3.941 9 85
8.85128 11.679 < 2e-16
a.81286 1.853 2.8645
8.16927 8.82164 7.828 2.938-14

Signif. codes: @ “***' @.@8@1 "**' @.€1 "** @.85 . 8.1 *
Residual standard error: 3.884 on 522 degrees of freedom

Multiple R-squared: @.3064, Adjusted R-squared: @.3824
F-statistic: 76.87 on 3 and 522 DF, p-value: < 2.2e-16

204
colour
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04
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in 4
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Call:
Im(formula = wage ~ educ + exper 4 tenure + educXexper, data = wagel)

Residuals:
Min 10 Median 3Q Max
-7.6112 -1.7751 -B.6349 1.2313 14.6414

Coefficients:
Estimate Std. Error t value Pri>|t|)
(Intercept) 6534311 1.1191283 -2.371

eExXper

@123227 @.8485345 . B8.7616
le98escd4 @.8216877 - 3.58e-14
educXexper 8.8888555 @.8e33182 .2 8. 7962

=2,

educ 2.5813228 @.es8
8.
8.

tenure

Signif. codes: @ “**=' @.901 ***’ @.81 "*' 8.05 *." 8.1 * ' 1

Residual standard error: 3.887 on 521 degrees of freedom
Multiple R-squared: . 3865, Adjusted R-squared: 8.3812
57 on 4 and 521 DF, p-value: < 2.2e-16
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Console ctd...

educ
B.5899455

educ
8.5959339

educ
8.687855

Regression with rescaled variables
Script Editor

CEOSAL2Z <- read.csv{paste®@(directory, "CEOSALZ.csv" # CEO salary example
CEOSAL2Z %<:% mutate(salary_d = salary™1808)# Rescale sales from millions of dollars to thousdnds of dollars
CEOQSAL2 % mutate sa]_es_k = sales*1008 # Rescale salary from thousands of dollars into dollars
CEOSALZ #:%

select(salary, salary_d, sales, sales k, profits) %:% # Descriptive statistics

stargazer(type = "text", digits = @
Im(salary ~ sales profits, CEOSALZ) &% SuUmmary

Im(salary_d ~ sales profits, CEDSAL2) % summary # Regression with rescaled variables

Im(salary ~ sales k + profits, CEOSAL2) % summary

il 318 ()5,
Console

alary d, - al s, sales k

n Seext®, « g ts = @)

Statistic N Hean 5t. Dev. Hin Haox
zalary 177 866 588 168 5,299
salary_d 177 BES,864  S8T, 589 108,088 5,200,800
sales 177 3,519 &,089 Fil 51,300
sales k177 3,529,463 6,888,554 19,000 51,300,088
profits 177 288 Ao =463 2,788

Call:
Is(forsula = salary =~ sales + profits, data = CEOSALZ)

Residuals:
L 19 Median £l Max
=818.8 -313.2 -188.7 241.6 4485.1

Coefficients:

Estimate 5td. Error £ value Pr{>|t|)
(Intercept) 728.87174 47.81785 15.582 C2e-16 ***
zales a.81749 2.81189 1.578 @.1164
profits B_362086 B. 16689 2.1659 a.8314 *

Signif. codes: @ ****" g.@81 **** @.81 " @.85 *." 8.1 * * 1

Residual standard error: 539.3 on 174 degrees of freedom
Hultiple R-squared: @.1671, Adjusted R-squared: 8.1575
F-statistic: 17.45 on 2 and 174 DF;, p-value: 1.235e-87
Call:

Im(formula = salary d ~ sales + profits, data = CEOSAL2)

Residuals:
Min 10 Hedian I Max
-B18758 -313217 -188699 241586 4485857

Coefficients:
Estimate Std. Error t wvalue Pr(>|t])
(Intercept) 72BET1.74 47817.85 15.582 <2e-16 ***
17.49 11.83 1.578 W.1164
362.06 166. 859 2.169 @.8314 *

- codés: @ TS g.gd) Ut p.el Uf @.85 T.F e.l

Residual standard error: 539388 on 174 degrees of freedom
Hultiple R-sguared: @.1671, Adjusted R-squared: @.1575
F-statistic: 17.45 on 2 and 174 DF, p-value: 1.235e2-87
Call:

Im{formula = salary ~ sales k + profits; data = CEOSALZ2)

Residuals:
Min 10 Median E1i) Max
-818.8 -313.2 -188.T7 241.6 4485.1

Coefficients:

Estimate Std. Error t value Pr{>|t|)
(Intercept) 7.289%:+82 4.782e+81 15.582 {2e-16 ***
sales k 1.749¢-85 1.189%e-85 1.578 B8.1164
profits 3.621e-81 1.669e-81 2.169 0.8314 *

Signif. codes: @ ***** g.@a1 "*** @.61 '** B.65 *." 8.1 ' " 1

Residual standard error: 539.3 on 174 degrees of freedom
Hultiple R-squared: @.1671, Adjusted R-squared: @.1575
F-statistic: 17.45 on 2 and 174 DF, p-value: 1.2352-87
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Console ctd...

Call:
Im(formula = salary d ~ sales_k + profits, data = CEQSAL2)

Residuals:
Min 10 Median g HMax:
-B187538 -313217 -188699 241586 4485857

Coefficients:

Estimate Std. Error t walue Pr(>|t])
(Intercept) 7.28%e+05 4.702e+84 15.582 <2e-16 ***
sales k 1.74%9¢-82 1.189e-82 1.578 8.1164
profits 3.621e+82 1.669e+82 2.169 9.8314 *

Signif. codes: @& “***° @.901 “**" e.e1 “*’ @.65 .’ 8.1 °

Residual standard error: 539388 on 174 degrees of freedom
Multiple R-squared: @.1671, Adjusted R-squared: @.1575
F-statistic: 17.45 on 2 and 174 DF, p-walue: 1.235e-87

When variables are rescaled, the coefficients are rescaled.

Regression with logged rescaled variables
Script Editor

Im(salary ~ sales + profits, CEOSAL2) %:% summary
28 B
Im(lsalary ~ sales + ppafits, CEOSAL2) %:% summary
~egres s ian
Im(salary -« Isales| tprofits, CEOSAL2) %>% summary
; egressi i
Im(lsalary s lsales + profits, CEOSAL2Z) %:% summary
cabe’ s JBaEys fEc T RGls
CEOsALZ %<5 mutatefl=zlary d = log(salary_d
Ats ale so BES S o mi T,
CEOSALZ %<3% mutate( lsales k = log(sales k)
# Dose -iptive sto
CEOSAL2? ¥*:-%
selectilsalary, lsalary d, lsales, lsales k, profits
stapEazer (type = "text", digits =1

lsalary ~ lsales profits, CEOSALZ
lsalary d -~ lsales profits, CEOSALZ
lsalary ~ lsales k + profits, CEOSAL2
lsalary d ~ lsales k + profits, CEOQSAL2

Console

177 865,864 587,589 100,008 5,209,000
177 3,529 6,889 29 51,300
177 3,529,463 6,088,654 29,000 51,300,000

Im{formula = salary ~ sales + profits, data = CEOSALZ)

Residuals:
Min 10 Median 30 Max
-318.8 -313.2 -188.7 241.6 4485.1
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Console ctd...

Coefficients:

Estimate 5td. Error t value Pr(>|t])
(Intercept) 728.87174 47.81785 15.582 €2e-16 ***
sales 8.91749 B.81189 1.578 B.1164
profits 8.36206 B8.15689 2.165 9.8314 *

Signif. codes: @ “***' @.p@1 “** p.gl1 “** p.es .7 B T 1

Residual standard error: 539.3 on 174 degrees of freedom
Multiple R-squared: @.1871, Adjusted R-squared: @.1575
F-statistic: 17.45% on 2 and 174 DF, p-value: 1.235e-87

Call:
Im{formula = salary d ~ sales + profits, data = CEOSAL2)

Residuals:
Min 10 Median E{1] Man
-818758 -313217 -188699 241586 4435857

Coefficients:

Estimate Std. Error t value Pr(:|t])
{Intercept) 728871.74 4¥@17.85 15.582 <2e-16 ***
zales 17.49 11.89 1.578 8.1164
profits 362.06 166.89 2.169 B.8318 *

Signif. coilesEl SRS SEEERE *+* p.g1 ¥’ 2.85 . 8.1 T ' 1

Residual standard error: 53938€ on 174 degrees of freedom
Multiple R-squared: @.1671, Adjusted R-squared: &.1575
F-statistic: 17.45 on 2 and 174 DF, p-value: 1.235e-87

* s lary ~ sal

Call:
Im{tormula = salary ~ sales k + profits, data = CEOSALZ2)

Residuals:
Min 10 Median (1] Max
-8183.8 -313.2 -188.7 241.6 4485.1

Coefficients:

Estimate 5td. Error t value Pr(>|t])
(Intercept) 7.289e+82 4.782e+81 15.582 <2e-16 ***
sales k 1.749e-85 1.18%9e-85 1.578 8.1164
profits 3.621e-81 1.66%:-81 2.169 B.8314 *

Signif. codes: @ “***' @ @@l “¥*¥* p.@1 *** @.@5 .7 0.1 T ' 1

Residual standard error: 539.3 on 174 degrees of freedom
Multiple R-squared: @.1671, Adjusted R-squared: 8.1575
F-statistic: 17.45 on 2 and 174 DF, p-value: 1.235e-87

Call:
Im{formula = salary d ~ sales k + profits, data = CEOSAL2)

Residuals:
Min 10 Median 30 Max
-818758 -313217 -188699 241586 4435857

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 7.289e+85 4.782e+84 15.582 2 <2e-1p ***
sales k 1.749e-02 1.18%e-82 1.578 8.1164
profits 3.621e+02 1.66%e+82 i @.8314 *

Signif. codes: @ "***' @.8@1 “***' 8.1 *’ B.@5 ‘.7 8.1  * 1
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Console ctd...
Residual standard error: 539388 on 174 degrees of freedom

Multiple R-squared: @.1671, Adjusted R-squared: @.1575
F-statistic: 17.45 on 2 and 174 DF, p-value: 1.235e-87

Call:
Im{formula = salary ~ sales + profits, data = CEOSALZ)

Residuals:
Min 10 Median 30 Manx
-818.8 -313.2 -188.7 241.6 4485.1

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 728.87174 47.81785 15.582 £2e-16 ***
sales 8.81745 8.81189 1.578 8.1164
profits 2.36206 8.16689 2.16% 9.8314 *

Signif. codes: @ “F**' g.gpl “¥*' @.@01 ** g.es .7 @1 T 1

Residual standard eFror: 539.3 on 174 degrees of freedom
Multiple R-squaped:s’ 821671, Adjusted R-squared: @&.1575
F-statistic: 17.45 on 2 and 174 DF, p-value: 1.235%e-87

liregre=s. on
~ sales - profics,

Call:
Im(formula = Isalary ~.Sales + profits, data = CEOSAL2)

Residuals:
Min 10 Median E14] Max
-2.88995 -8.35343 @.62414 ©.38979 2.84681

Coefficients:

Estimate 5td. Error t value Pr(>|t])
(Intercept) 6.433e+88 4.888e-82 133.796 <2e-16 ***
sales 2.556e-85 1.134e-85 2.255 @.8254 *
profits 2.872e-84 1.787e-84 1.683 B.8942 |

Signif. codes: @ “*F%' @.@@1 “*¥* p.@1 “F* @.@5S .7 @.1 ' 1

Residual standard error: @.5515 on 174 degrees of freedom
Multiple R-squared: @.1813, Adjusted R-squared: ©.1719
F-statistic: 19.26 on 2 and 174 DF, p-value: 2.769e-88

Call:
Im{formula = salary ~ lsales + profits, data = CEOSAL2)

Residuals:
Min 1Q Median (1] Manc
-986.2 -278.8 -124.8 214.1 4391.@

Coefficients:

Estimate 5td. Error t wvalue Pr(>|t])
(Intercept) -182.2816 239.4181 -@.427 ©.669755
l=ales 125.1623 34.6779 3.600 B.000401 ¥F*¥
profits 8.3836 B8.1228 2.472 ®.814379 ¥

Signif. codes: B “***' @g.pe1 “*** p.@1 *** B.G65 .7 8.1 7 * 1

Residual standard error: 523.9 on 174 degrees of freedom
Multiple R-squared: @.214, Adjusted R-squared: @.285
F-statistic: 23.69 on 2 and 174 DF, p-value: 7.955e-18
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Console ctd...

Call:
Im(formula = lsalary ~ lsales + profits, data = CEDSAL2)

Residuals:
Min 10 Median 3Q Max
-2.1447 -8.3143 -8.8193 @.3225 1.9813

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 5.1458938 ©.2347317 21.91% <« 2e-1§ ***
lzales @.1936986 ©.8339951 5.697 5.1e-@8 ¥¥*
profits a.2001736 ©.0801284 1.483 a.14

Signif. codes: @ “***' @.881 “**’ @.801 "** B.085 .7 8.1 * ' 1

Residual standard error: @.5137 on 174 degrees of freedom
Multiple R-squared: @.2898, Adjusted R-squared: ©.2817
F-statistic: 35.51 on 2 and 174 DF, p-value: 1.17e-13

F T

= "tep

Statistic N Mean Dev. Min

177 6.6
lsalary_d 177 13.5 @.6 11.5 15.5
1lsales 177 e 1.4 3.4 18.8
lsales k 177 14.1 1.4 6.3 17.8
177 287.8 494.5 -463 2,708

Im{formula = lsalary d ~ lsales k + profits, data = CEOSAL2)

Residuals:
Min 10 Median 30 Max
-2.1487 -8.3143 -8.8193 ©.3225 1.9813

Coefficients:

Estimate 5td. Error t value Pr(>|t])
(Intercept) 1.871e+@l 4.6762-81 22.917 <« 2Ze-l16
1sales k 1.937e-81 3.488e-82 5.697 5.1le-88
profits 1.786e-84 1.284e-84 1.483 8.14

Signif. codes: 8 “***' g @1 “*** g.p1 “*’ B.B5 .7 B.1 T * 1

Residual standard error: @.5137 on 174 degrees of freedom
Multiple R-squared: @.2898, Adjusted R-squared: ©.2817
F-statistic: 35.51 on 2 and 174 DF, p-value: 1.17e-13

When Llogged variables are rescaled, the coefficients do not




