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1. Multiple linear regression

In a study of the accuracy of infrared thermography (IRT) to determine humans’ body tem-
peratures from a thermal image of the face, the oral temperatures (regarded as the correct
temperatures) of 933 subjects were recorded as well as the temperature readings from IRT at
various regions of the subjects faces. Also recorded were the humidity level and the ambient
temperature of the environment in which the IRT measurements were taken as well as the
distance of the subject from the infrared camera. The table below describes the variables in
the data set:

Variable Description
LC_Dry IRT temperature at dry area of left canthus
LC_Wet IRT temperature at wet area of left canthus
RC_Dry IRT temperature at dry area of right canthus
RC_Wet IRT temperature at wet area of right canthus
FH_cent IRT temperature at center of forehead
ambtemp The ambient temperature
humidity The humidity level
distance Distance of the subject to the thermal camera
oral_temp The subject’s temperature as measured with an oral

thermometer (the response)

Study carefully the R code and its output below:

plot(data, cex=.5)
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lm1 <- lm(oral_temp ~ LC_wet + FH_cent + ambtemp + humidity, data = data)
summary(lm1)

Call:
lm(formula = oral_temp ~ LC_wet + FH_cent + ambtemp + humidity,

data = data)

Residuals:
Min 1Q Median 3Q Max

-1.3257 -0.2249 -0.0386 0.1951 1.6777

Coefficients:
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Estimate Std. Error t value Pr(>|t|)
(Intercept) 16.1919941 0.6874924 23.552 < 2e-16 ***
LC_wet 0.5471070 0.0242316 22.578 < 2e-16 ***
FH_cent 0.0838784 0.0190259 4.409 1.16e-05 ***
ambtemp -0.0597091 0.0093124 -6.412 2.29e-10 ***
humidity 0.0006504 0.0009033 0.720 0.472
---
Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Residual standard error: 0.3593 on 928 degrees of freedom
Multiple R-squared: 0.5074, Adjusted R-squared: 0.5053
F-statistic: 239 on 4 and 928 DF, p-value: < 2.2e-16

lm2 <- lm(oral_temp ~ LC_wet + LC_dry + RC_wet + RC_dry
+ FH_cent + ambtemp + humidity, data = data)

summary(lm2)

Call:
lm(formula = oral_temp ~ LC_wet + LC_dry + RC_wet + RC_dry +

FH_cent + ambtemp + humidity, data = data)

Residuals:
Min 1Q Median 3Q Max

-1.13412 -0.20883 -0.02978 0.19202 1.68678

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

(Intercept) 13.1700628 0.6634732 19.850 < 2e-16 ***
LC_wet 0.0199131 0.0479429 0.415 0.678
LC_dry 0.2459987 0.0577504 4.260 2.26e-05 ***
RC_wet 0.2326471 0.0505648 4.601 4.79e-06 ***
RC_dry 0.2035901 0.0494070 4.121 4.12e-05 ***
FH_cent 0.0056129 0.0181624 0.309 0.757
ambtemp -0.0537898 0.0084738 -6.348 3.42e-10 ***
humidity 0.0009555 0.0008222 1.162 0.245
---
Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Residual standard error: 0.3261 on 925 degrees of freedom
Multiple R-squared: 0.5956, Adjusted R-squared: 0.5926
F-statistic: 194.6 on 7 and 925 DF, p-value: < 2.2e-16
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2. One-way ANOVA

An experiment studied the effect of temperature on the failure time of a kind of sheathed
tubular heater. At each of four temperatures, 1520∘, 1620∘, 1660∘, and 1708∘, the number of
hours until failure was recorded for six heaters. The data are tabulated here:

Temperature Failure time (hrs)
1520∘ 1953,2135,2471,4727,6134,6314
1620∘ 1190,1286,1550,2125,2557,2845
1660∘ 651,837,848,1038,1361,1543
1708∘ 511,651,651,652,688,729

Consider fitting the one-way ANOVA model to these data. Let𝑌𝑖𝑗 = 𝜇 + 𝜏𝑖 + 𝜀𝑖𝑗
for 𝑖 = 1, … , 𝑎, 𝑗 = 1, … , 𝑛𝑖, where the 𝜀𝑖𝑗 are independent Normal(0, 𝜎2) random variables.

The R code below reads in the data and fits two one-way ANOVA models: One using the
original response values and one using the natural log of the response values. Residuals versus
fitted values plots for the two models are shown.

hrs <- c(1953,2135,2471,4727,6134,6314,
1190,1286,1550,2125,2557,2845,
651,837,848,1038,1361,1543,
511,651,651,652,688,729)

temp <- as.factor(c(rep(1520,6),rep(1620,6),rep(1660,6),rep(1708,6)))

lm_hrs <- lm(hrs~temp)
plot(lm_hrs,which = 1)
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lm_loghrs <- lm(log(hrs)~temp)
plot(lm_loghrs,which = 1)
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summary(lm_loghrs)

Call:
lm(formula = log(hrs) ~ temp)
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wg <- c(86,52,73,544,371,482,390,290,397,
439,436,349,249,245,330,247,277,205)

temp <- as.factor(c(rep(25,9),rep(35,9)))
salt <- as.factor(c(1,1) %x% c(rep(10,3),rep(25,3),rep(40,3)))

interaction.plot(temp,salt,wg)
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lm_shrimp <- lm(wg ~ temp + salt + temp:salt)

TukeyHSD_out <- TukeyHSD(aov(lm_shrimp))
TukeyHSD_out$`temp:salt`

diff lwr upr p adj
35:10-25:10 337.66667 188.36777 486.96557 7.262611e-05
25:25-25:10 395.33333 246.03443 544.63223 1.455431e-05
35:25-25:10 204.33333 55.03443 353.63223 6.247420e-03
25:40-25:10 288.66667 139.36777 437.96557 3.297825e-04
35:40-25:10 172.66667 23.36777 321.96557 2.060247e-02
25:25-35:10 57.66667 -91.63223 206.96557 7.812446e-01
35:25-35:10 -133.33333 -282.63223 15.96557 9.059335e-02
25:40-35:10 -49.00000 -198.29890 100.29890 8.713239e-01
35:40-35:10 -165.00000 -314.29890 -15.70110 2.757719e-02
35:25-25:25 -191.00000 -340.29890 -41.70110 1.028917e-02
25:40-25:25 -106.66667 -255.96557 42.63223 2.300708e-01
35:40-25:25 -222.66667 -371.96557 -73.36777 3.185672e-03
25:40-35:25 84.33333 -64.96557 233.63223 4.476993e-01
35:40-35:25 -31.66667 -180.96557 117.63223 9.766950e-01
35:40-25:40 -116.00000 -265.29890 33.29890 1.680994e-01
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