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Notes:

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.

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

4. Change the file name of this answer sheet according to your ID and Full Name. Upload the answer sheet to
http:/ftp.hmwu.idv.tw:8080/login.html?lang=tchinese

5. Account: regel11 > password: classroom number.
(1) Data file: Grade Point Average.csv
Grade point average. The director of admissions of a small college selected 120 students at
20% 5
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.

1 2 3 ... 118 119 120

i
X 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. > Grade Point Average <- read.csv("data/Grade Point Average.csv ")
> Grade_Point_ Average

X3.897 X21
1 3.885 14
2 3.778 28
3 2.540 22
4 3.028 21
5 3.865 31
6 2.962 32
7 3.961 27
8 0.500 29
9 3.178 26
10 3.310 24
11 3.538 30
12 3.083 24
13 3.013 24
14 3.245 33
15 2.963 27
16 3.522 25
17 3.013 31
18 2.947 25
19 2.118 20
20 2.563 24
21 3.357 21
22 3.731 28
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81 3.072 20
82 2.079 26
83 3.875 32
84 3.208 25
85 2.920 27
86 3.345 27
87 3.956 29
88 3.808 19
89 2.506 21
90 3.886 24
91 2.183 27
92 3.429 25
93 3.024 18
94 3.750 29
95 3.833 24
96 3.113 27
97 2.875 21
98 2.747 19
99 2.311 18
100 1.841 25
101 1.583 18
102 2.879 20
103 3.591 32
104 2.914 24
105 3.716 35
106 2.800 25
107 3.621 28
108 3.792 28
109 2.867 25
110 3.419 22
111 3.600 30
112 2.394 20
113 2.286 20
114 1.486 31
115 3.885 20
116 3.800 29
117 3.914 28
118 1.860 16

119 2.948 28
> colnames (Grade Point Average)<- c('GPA','ACT')
> Grade_Point_Average

GPA ACT
1 3.885 14
2 3.778 28
3 2.540 22
4 3.028 21
5 3.865 31
6 2.962 32
7 3.961 27
8 0.500 29
9 3.178 26
10 3.310 24
11 3.538 30
12 3.083 24
13 3.013 24
14 3.245 33
15 2.963 27
16 3.522 25
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75 2.834 20
76 3.222 23
77 3.084 26
78 4.000 28
79 3.511 34
80 3.323 20
81 3.072 20
82 2.079 26
83 3.875 32
84 3.208 25
85 2.920 27
86 3.345 27
87 3.956 29
88 3.808 19
89 2.506 21
90 3.886 24
91 2.183 27
92 3.429 25
93 3.024 18
94 3.750 29
95 3.833 24
96 3.113 27
97 2.875 21
98 2.747 19
99 2.311 18
100 1.841 25
101 1.583 18
102 2.879 20
103 3.591 32
104 2.914 24
105 3.716 35
106 2.800 25
107 3.621 28
108 3.792 28
109 2.867 25
110 3.419 22
111 3.600 30
112 2.394 20
113 2.286 20
114 1.486 31
115 3.885 20
116 3.800 29
117 3.914 28
118 1.860 16

119 2.948 28
> Grade_Point_Average_lm <- 1m(GPA ~ ACT, data = Grade_Point_ Average)
> Summary(Grade_Point_Average_lm)

Call:
Im(formula = GPA ~ ACT, data = Grade_Point_Average)

Residuals:
Min 10 Median 30 Max
-2.73842 -0.32556 0.04421 0.44644 1.25203

Coefficients:



Estimate Std. Error t value Pr(>|t]|
(Intercept) 2.06789 0.32025 6.457 2.53e-09 **x*
ACT 0.04036 0.01273 3.170 0.00194 **

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 '.” 0.1 Y’ 1

Residual standard error: 0.6193 on 117 degrees of freedom

Multiple R-squared: 0.07911, Adjusted R-squared: 0.07124
F-statistic: 10.05 on 1 and 117 DF, p-value: 0.001944

> Grade_Point_ Average_lm s <- summary(Grade_Point Average_lm)
> str(GradeiPointiAverageilmis)

List of 11
$ call : language Im(formula = GPA ~ ACT, data = Grade Point Average)
$ terms :Classes 'terms', 'formula' language GPA ~ ACT
..— attr(* "variables")= language list (GPA, ACT)
.- attr(*, "factors")= int [1:2, 1] O 1
- att ( , "dimnames")=List of 2
.S chr [1:2] "GPA" "ACT"
ce e W8 chr "ACT"
.= attr(* "term.labels")= chr "ACT"
..— attr(*, "order")= int 1
..— attr(*, "intercept")= int 1
..— attr(*, "response")= int 1
.- attr(*, ".Environment")=<environment: R GlobalEnv>
..—- attr(*, "predvars")= language list (GPA, ACT)
.- attr(*, "dataClasses")= Named chr [1:2] "numeric" "numeric"
e .- attr(*, "names")= chr [1:2] "GPA" "ACT"
$ re51duals : Named num [1:119] 1.252 0.58 -0.416 0.112 0.546
.- attr(*, "names")= chr [1:119] "1™ m2mw m3n" m4qnw
S coefficients : num [1:2, 1:4] 2.0679 0.0404 0.3203 0.0127 6.4571
.- attr(*, "dimnames")=List of 2
.$ ¢ chr [1:2] "(Intercept)" "ACT"
.. .$ : chr [1:4] "Estimate" "Std. Error" "t wvalue" "Pr(>|t]|)"
$ aliased : Named logi [1:2] FALSE FALSE
..—- attr(*, "names")= chr [1:2] " (Intercept)" "ACT"
$ sigma : num 0.619
$ df : int [1:3] 2 117 2
$ r.squared : num 0.0791
$ adj.r.squared: num 0.0712
$ fstatistic : Named num [1:3] 10.1 1 117
.- attr(*, "names")= chr [1:3] "value" "numdf" "dendf"

$ cov.unscaled : num [1:2, 1:2] 0.267445 -0.010464 -0.010464 0.000423
.- attr(*, "dimnames")=List of 2

.$ : chr [1:2] "(Intercept)" "ACT"
.$ : chr [1:2] "(Intercept)" "ACT"
- attr(*, "class")= chr "summary.lm"
> Grade_Point_ Average 1m s$coefficients
Estimate Std. Error t value Pr(>|tl)
(Intercept) 2.06788792 0.32025225 6.457060 2.532802e-09
ACT 0.04036332 0.01273134 3.170392 1.943625e-03

> str(Grade Point Average lm sScoefficients)
num [1:2, 1:4] 2.0679 0.0404 0.3203 0.0127 6.4571
- attr(*, "dimnames")=List of 2
.$ : chr [1:2] "(Intercept)" "ACT"
.$ : chr [1:4] "Estimate"™ "Std. Error"™ "t value" "Pr(>|t]|)"



> betal grade <- Grade Point Average lm s$coefficients[1,1]
> betal_grade

[1] 2.067888

> betal grade <- Grade Point Average lm s$coefficients[2,1]
> betal grade

[1] 0.04036332

= 2.067888
0.04036332
E(Y)= 2.067888 + 0.04036332X

b.

(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?



(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 ¢ = .05. What do you
conclude? g

. 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, e.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

X 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
Y;: .07 .09 .08 ... 2.84 2.57 3.10

a. Prepare a scatter 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 Y’ = 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 a normal probability
plot. What do your plots show?

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



