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1 . This is an Open Book exam; you are free to use any materials including laptop, tablet and internets.
2. Smart phone and the communication software/APP (e.g., Messenger, IG, LINE, WeChat,..) are prohibited.

Copy the R codes and the results from and paste it to this answer sheet.

http:/ftp.hmwu.idv.tw:8080/login.html?lang=tchinese

4. Change the file name of this answer sheet according to your ID and Full Name. Upload the answer sheet to

Account: regelll » password: classroom number.

(1) Data file: Grade Point Average.csv
) 00/ Grade point average. The director of admissions of a small college selected 120 students at
0 random from the new freshman class in a study to determine whether a student’s grade point
average (GPA) at the end of the freshman year (Y') can be predicted from the ACT test score (X).
The results of the study follow. Assume that first-order regression model (1.1) is appropriate.

i 1 2 3 ... 118 119 120
Xi: 21 14 28 . 28 16 28
Yi: 3.897 3.885 3.778 ... 3.914 1.860 2,948

a. Obtain the least squares estimates of By and B;, and state the estimated regression function.

b. Plot the estimated regression function and the data.Does the estimated regression function
appear to fit the data well?

c. Obtain a point estimate of the mean freshman GPA for students with ACT test score X = 30.

a.

> colnames(Grade Point Average)
[1] "GPA" "ACT"

> n <- nrow(Grade Point Average)
>n

[1] 120

> colMeans(Grade Point Average)
GPA ACT

3.07405 24.72500

> mean(Grade Point_Average$SGPA)
[1] 3.07405

> sd(Grade Point Average$SGPA)
[1] 0.6443383



> Xi_minus_Xbar <- Grade Point Average$SGPA -
mean(Grade Point Average$GPA)

> Xi_minus_Xbar

[1] 0.82295 0.81095 0.70395 -0.53405 -0.04605
6] 0.79095 -0.11205 0.88695 -2.57405 0.10395
1] 0.23595 0.46395 0.00895 -0.06105 0.17095
6] -0.11105 0.44795 -0.06105 -0.12705 -0.95605
11-0.51105 0.28295 0.65695 0.85095 0.48195
6] 0.02695 -0.65405 -0.49505 0.79695 -0.01405
1] 0.85295 -0.69905 -0.14505 0.30095 -0.21705
6] -0.00205 0.30695 0.21595 0.47495 0.57195
11 -0.09605 -0.42005 -0.53405 -0.82405 -1.00505
6] -0.45705 -0.89105 -1.07405 -0.12205 0.73195
1]1-0.20305 0.27795 0.23095 -0.12205 0.47295
6] 0.61695 0.08595 -0.88005 0.24895 0.86195
1]1-0.15205 -0.35805 0.29595 0.53195 -0.43205
6] -0.62205 -0.41905 0.63995 -1.26805 0.44195
1]1-0.03505 -0.10805 -0.59205 -0.37405 0.84595
6] -0.24005 0.14795 0.00995 0.92595 0.43695
1] 0.24895 -0.00205 -0.99505 0.80095 0.13395
6] -0.15405 0.27095 0.88195 0.73395 -0.56805
1] 0.81195-0.89105 0.35495 -0.05005 0.67595
] 0.75895 0.03895 -0.19905 -0.32705 -0.76305
101]-1.23305 -1.49105 -0.19505 0.51695 -0.16005
106] 0.64195 -0.27405 0.54695 0.71795 -0.20705
111] 0.34495 0.52595 -0.68005 -0.78805 -1.58805
[116] 0.81095 0.72595 0.83995 -1.21405 -0.12605
>Yi_minus_Ybar <- Grade Point Average$ACT -
mean(Grade Point Average$ACT)
>Yi_minus_Ybar

[1] -3.725-10.725 3.275 -2.725 -3.725 6.275
[7] 7.275 2.275 4.275 1.275 -0.725 5.275
[13] -0.725 -0.725 8.275 2.275 0.275 6.275

[
[1
[1
[2
[2
3
3
[4
[4
[5
[5
[6
[6
[7
[7
[8
8
[9
[96
[
[
[



91 0.275 -4.725 -0.725 -3.725 3.275 2.275
51 3.275 1.275 3.275 -2.725 1.275 -3.725
11 0.275 -8.725 3.275 1.275 -2.725 -0.725
71 -3.725 5.275 2.275 1.275 1.275 5.275
3] -0.725 1.275 4.275 -0.725 6.275 -9.725
9] -5.725 -6.725 2.275 -8.725 2.275 1.275
5] -0.725 5.275 -3.725 -4.725 5.275 4.275
11 0.275 -1.725 0.275 -1.725 5.275 -3.725
71 -0.725 7.275 -6.725 -1.725 -4.725 -1.725
3] -6.725 -6.725 4.275 -4.725 -1.725 1.275
91 3.275 9.275 -4.725 -4.725 1.275 7.275
51 0.275 2275 2.275 4.275 -5.725 -3.725
1] -0.725 2.275 0.275 -6.725 4.275 -0.725
71 2.275 -3.725 -5.725 -6.725 0.275 -6.725
103] -4.725 7.275 -0.725 10.275 0.275 3.275
109] 3.275 0.275 -2.725 5.275 -4.725 -4.725
[115] 6.275 -4.725 4.275 3.275 -8.725 3.275
>bl <- sum(Xi_minus Xbar*Yi minus_Ybar)
>bl

[1] 92.40565

> b0 <- mean(Grade Point Average$GPA) -
bl1*mean(Grade Point Average$SACT)

> b0

[1]-2281.656

b. > par(mfrow = c(1,2))

> plot(Grade Point Average, main = "(a) Scatter Plot")

> Grade Point Average Isfit <- Isfit(Grade Point Average$GPA,
Grade Point Average$SACT)

> Grade Point Average Isfit

$coefficients

Intercept X

18.975441 1.870353



$residuals

3]
7]
1]
3]
9]
3]
7]
1]
3]
9]
3]
7]
1]
3]
9]
3]
7]
1]
5]
9]
3]

]

-0.74173966

-0.56282473

0.23084402
2.37358326

-0.21557801

3.54629474

-4.29910492

1.45464743
6.15479852

-5.49672339

1.84304192

-3.88575686

0.55938721
6.08308611

-4.35329858
-5.61765737
-2.00171876
-5.19062444

0.02446618

-7.09774575
-0.38888188

2.20214974

-0.61081494
6.38918506
-4.25421645
1.22459398
-3.69872154
0.71211719
4.87109722
6.06064188
0.12984494
-8.09400505
1.50327661
-3.07899564
-1.05532003
-2.56154677
-2.55160261
-6.02539437
1.25638999
-4.72116578
2.56312792
-2.66254585
-6.63138882

7.95526312
0.51262838
2.04627144
4.49830453

1] -5.26420719 -12.24176295 1.95836484 -1.72613786
5] -3.63887023 4.79564411 7.48457308 0.61609020
9] 9.08938274 1.08057678 -1.16630985 4.40724962

2.48270273
-2.93684879
0.68342292
-1.79908163

-1.32031779 -7.41752957

-2.31903983
1.38667573
0.27386214
7.94157825
2.65477522
-1.60958356
4.80937556
-0.27853104
0.05877152
-4.65944412
2.69277468
1.54314642
3.13609498
1.76822779
-2.24363331
3.01073473

-0.72116578
0.20525147
2.81626458

-7.71614711
-9.24486468
4.12108557
2.66284903
-2.71993440
6.07806745
-1.52290833
-4.27602171
8.45774916
5.77694058
2.62544197

3.94157825

-2.14450459

-3.35270619 -5.11330098 -5.29782697

101] 2.58123905 -3.93620981 -4.36018760 6.30812090
105] -0.42564997 9.07432674 0.78757030 2.25201030
109] 1.93217990 0.66225664 -3.37017835 4.29128772
113] -3.45306628 -3.25106814 9.24521445 -6.24176295

[
[
[
[1
[1
[2
[2
[2
[3
[3
[4
[4
[4
[5
[5
[6
[6
[6
[7
[7
[8
(8
(8
[9
[97
[
[
{
[117] 2.91721707 1.70399680 -6.45429766 3.51075802



$intercept
[1] TRUE

$qr
$qt

[1]-270.8488047 -13.1465283 3.3632262 -2.2013591

[5] -3.3729927 6.3326276 7.6502201 2.2988636
[9] 5.5161255 1.5742511 -0.4721744 5.4476362
[13] -0.3923366 -0.3677171 8.5506867 2.6498684
[17] 0.4532635 6.6322829 0.6554957 -4.0529383
[21] -0.2094484 -3.4887046 3.3797565 2.3115251
[25] 3.4413054 1.6013326 3.8408459 -2.2150757
[29] 1.3305174 -3.3842473 0.3108217 -8.1433273
[33] 3.6618264 1.5049646 -2.3128506 -0.3884678
[37] -3.4971456 5.5348598 2.4437674 1.4096517
[41] 1.6445927 5.7585462 -0.2013591 1.9006363
[45] 4.9642954 -0.2284406 6.9242007 -9.0114367
[49] -5.3462629 -6.6466216 2.6822255 -8.4869461
[53] 2.5295842 1.6537371 -0.5555292 5.3938248
[57] -3.4194181 -4.0796681 5.5232534 4.3076563
[61] 0.6642884 -1.2632597 0.5067231 -1.5762800
[65] 5.7627667 -3.1704088 -0.2418055 7.3857355
[69] -5.9432053 -1.5446262 -4.3768615 -1.3511868
[73] -6.1809600 -6.2576324 4.3132837 -4.3047613
[77] -1.4412240 1.6073117 3.2851470 9.4571323
[81] -4.4767466 -4.3884678 1.9607783 7.3291105
[85] 0.5636999 2.6649918 2.5155158 4.3006222
[89] -5.6473250 -3.1894010 -0.6747582 2.9242007
[93] 0.4859724 -6.3715858 4.3730741 -0.6561177
[97] 2.5971121 -3.3191813 -5.2741627 -6.1208179
[101] 1.0444849 -5.8647744 -4.3205882 7.4289956
[105] -0.3328979 10.3850321 0.7071968 3.4184444
[109] 3.3583023 0.6836323 -2.5105106 5.4258303



[113] -4.1500097 -4.1120252 7.1693413 -4.6744065
[117] 4.3554887 3.3153939 -7.9621976 3.6551440

$qr

Intercept X

[1,] -10.95445115 -33.674530558
0.09128709 -7.028901315

0.09128709 0.090356872

0.09128709 -0.085773073

0.09128709 -0.016345437

0.09128709 0.102734339

0.09128709 -0.025735241

0.09128709 0.116392235

0.09128709 -0.376003354

0.09128709 0.004995024
0.09128709 0.023774631
0.09128709 0.056212133
0.09128709 -0.008520601
0.09128709 -0.018479484
0.09128709 0.014527097
0.09128709 -0.025592971
0.09128709 0.053935817
0.09128709 -0.018479484
0.09128709 -0.027869287
0.09128709 -0.145810906
0.09128709 -0.082500869
0.09128709 0.030461309
0.09128709 0.083670193
0.09128709 0.111270524
0.09128709 0.058772988
0.09128709 -0.005959746
0.09128709 -0.102845443
0.09128709 -0.080224553
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0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709

0.103587958
-0.011792806
0.111555064
-0.109247581
-0.030430142
0.033022164
-0.040673564
-0.010085569
0.033875783
0.020929236
0.057777100
0.071577265
-0.023458925
-0.069554322
-0.085773073
-0.127031299
-0.152782123
-0.074818303
-0.136563372
-0.162598736
-0.027157938
0.094340424
-0.038681787
0.029749960
0.023063282
-0.027157938
0.057492560
0.077979404
0.002434169
-0.134998405
0.025624137
0.112835491
-0.031426030
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0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709

-0.060733598
0.032310815
0.065886475

-0.071261559

-0.098292811

-0.069412052
0.081251608

-0.190199066
0.053082198

-0.014780470

-0.025166162

-0.094024718

-0.063009914
0.110559175

-0.043945768
0.011254893

-0.008378332
0.121940755
0.052370850
0.025624137

-0.010085569

-0.151359426
0.104157037
0.009263117

-0.031710570
0.028754072
0.115680886
0.094624964

-0.090610245
0.105722004

-0.136563372
0.040704730

-0.016914516



$qraux

0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709
0.09128709

95,] 0.09128709 0.086373319
96,] 0.09128709 0.098181708
97,] 0.09128709 -0.004252509
98,] 0.09128709 -0.038112709
99,] 0.09128709 -0.056323236
10
10

-0.118352845
-0.185219625
-0.221925219
-0.037543630
0.063752429
-0.032564188
0.081536147
-0.048782939
0.068020521
0.092348648
-0.039250866
0.039282033
0.065032857
-0.106544456
-0.121909589
-0.235725385
0.105579734
0.093486806
0.109705557
-0.182516500
-0.027727017

[1] 1.091287 1.105580

$rank
[1]2



$pivot
(1712

$tol
[1] 1e-07

attr(,"class")
[ 1 ] "qr!'

> Grade Point Average Isfit$coefticients

Intercept X

18.975441 1.870353

> plot(Grade Point Average, main = "(b) Fitted Regression Line")
> abline(Grade Point_Average lIsfit§coefficients)

>
(a) Scatter Plot (b) Fitted Regression Line
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No, i1t doesn’t fit well

c.
> x=30

>y hat <- b0+b1*x
>y hat
[1]1490.5139

(2) Data file: Grade_Point_Average.csv
20% Refer to Grade point average
a. Set up the ANOVA table.
b. Conduct an F test of whether or not 8; = 0. Control the ¢ risk at .01. State the alternatives,
decision rule, and conclusion.
c. What is the absolute magnitude of the reduction in the variation of ¥ when X is introduced
into the regression model?

a.
>n <- nrow(Grade Point Average)
>n

[1] 120



> Grade Point_ Average Im <- Im(ACT ~ GPA, data =
Grade Point Average)
> Grade Point Average Im

Call:
Im(formula = ACT ~ GPA, data = Grade Point Average)

Coefficients:
(Intercept) GPA
18.98 1.87

> bl <- summary(Grade Point Average lm)$coefficients[2,1]
>bl

[1] 1.870353

>sd bl <- summary(Grade Point Average Im)S$coefficients[2,2]
>sd bl

[1]10.615293

> anova(Grade Point Average lm)

Analysis of Variance Table

>< Response: ACT

a

Df Sum Sq Mean Sq F value Pr(>F)
GPA 1 172.83 172.831 9.2402 0.002917 **
Residuals 118 2207.09 18.704

Signif. codes:
0 “**%*20.001 “**>0.01 “*70.05°“.>0.1 “* 1
>

b.
> summary(Grade Point Average Im)

Call:



Im(formula = ACT ~ GPA, data = Grade Point Average)

Residuals:
Min 1Q Median 3Q Max
-12.242 -3.276 0.218 2.657 9.245

Coefficients:

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

(Intercept) 18.9754 1.9322 9.821 <2e-16 ***
GPA 1.8704 0.6153 3.040 0.00292 **
Signif. codes:

0 “***20.001 “**>0.01 “**0.05 0.1 **1

Residual standard error: 4.325 on 118 degrees of freedom
Multiple R-squared: 0.07262, Adjusted R-squared: 0.06476
F-statistic: 9.24 on 1 and 118 DF, p-value: 0.002917

> summary(Grade Point_Average Im)$coefficients
Estimate Std. Error t value Pr(>[t|)

(Intercept) 18.975441 1.932206 9.820612 5.342501e-17
GPA 1.870353 0.615293 3.039777 2.916604e-03
> str(summary(Grade Point Average Im)$coefficients)
num [1:2, 1:4] 18.975 1.87 1.932 0.615 9.821 ...

- attr(*, "dimnames")=List of 2

..$ : chr [1:2] "(Intercept)" "GPA"

..$ : chr [1:4] "Estimate" "Std. Error" "t value" "Pr(>|t|)"
> summary(Grade Point Average lm)$coefficients["GPA", c("t
value", "Pr(>t))")]

tvalue Pr(>|t|)

3.039776752 0.002916604

> summary(Grade Point Average Im)$coefficients[2,3]
[1]3.039777



> summary(Grade Point Average Im)$coefficients[2,4]
[1] 0.002916604
>
>t stat value <-
summary(Grade Point Average Im)$coefficients[2,3]
>t stat value
[1]3.039777
> alpha <- 0.01
> t_critical value <- qt(1- alpha, n - 2)
>t _critical value
[1]2.358365
> ifelse(t_stat value >t critical value,
+ "Reject HO.",
+ "Do not Reject HO.")
[1] "Reject HO."
>



(3) Data file: Grade Point Average X.csv
30% Refer to Grade point average

a.
b.
c.

Prepare a box plot for the ACT scores X;. Are there any noteworthy features in this plot?
Prepare a dot plot of the residuals. What information does this plot provide?

Plot the residual ¢; against the fitted values ¥;. What departures from regression model (2.1)
can be studied from this plot? What are your findings?

Prepare a normal probability plot of the residuals. Also obtain the coefficient of correlation
between the ordered residuals and their expected values under normality. Test the reason-
ableness of the normality assumption here using Table B.6 and o = .05. What do you
conclude? .

. Conduct the Brown-Forsythe test to determine whether or not the error variance varies with

the level of X. Divide the data into the two groups, X < 26, X > 26, and use ¢ = .01. State
the decision rule and conclusion. Does your conclusion support your preliminary findings
in part (c)?

Information is given below for each student on two variables not included in the model,
namely, intelligence test score (X;) and high school class rank percentile (X3). (Note that
larger class rank percentiles indicate higher standing in the class, €.g., 1% is near the bottom
of the class and 99% is near the top of the class.) Plot the residuals against X, and X3 on
separate graphs to ascertain whether the model can be improved by including either of these
variables. What do you conclude?

i 1 2 3 ... 118 119 120

Xax 122 132 119 ... 140 111 110
X2 99 7 75 ... 97 65 85



4) Data file: Solution_concentration.csv
30% Solution concentration. A chemist studied the concentration of a solution (¥ over time (X).
Fifteen identical solutions were prepared. The 15 solutions were randomly divided into five
sets of three, and the five sets were measured, respectively, after 1, 3, 5, 7, and 9 hours. The
results follow.

i 1 2 3 . 13 14 15
X;: 9 9 9 . 1 1 1
Yi: .07 .09 .08 . 2.84 2,57 3.10

a. Prepareascatter plot of the data. What transformation of ¥ might you try, using the prototype
patterns in Figure 3.15 to achieve constant variance and linearity?

b. Use the Box-Cox procedure and standardization (3.36) to find an appropriate power
transformation. Evaluate SSE for A = —.2, —.1,0, .1,.2. What transformation of Y is
suggested?

c. Use the transformation ¥’ = log,, Y and obtain the estimated linear regression function for
the transformed data.

d. Plot the estimated regression line and the transformed data. Does the regression line appear
to be a good fit to the transformed data?

€. Obtain the residuals and plot them against the fitted values, Also prepare anormal probability
plot. What do your plots show?

f. Express the estimated regression function in the original units.



