MTH 325, Final Exam, At Home, Spring 2024 Name K‘é’—\r

Instructions: This exam is in two parts: Part | is to be completed partly at home using the materials
posted in the course for the at-home portion and you will answer questions about that work during the
in-class portion of the exam; Part Il is to be completed entirely in class. You may not use cell phones,
and you may only access internet resources you are specifically directed to use.

At home, prepare for questions in Part | using R. Open the data file entitled 325final_data.xIsx posted in
Blackboard. Complete the calculations noted below. You will be asked for additional analysis and
interpretation of this data in the in-class portion of the test. Print out the results of your analysis and
code, and bring the pages with you to the exam. You will submit all this work along with the in-class
exam.

Use the data on motels to complete the following tasks. Sheet 1 has data on 990 purchases from a store.
Sheet 2 has 10 additional purchases from the same store.

1. Import the data in the file into R and remove the Person column (it is not a variable). Separate
your data into two dataframes. One for the Sheet 1 (training) and one for Sheet 2 (test data).

2. Conduct a two-way ANOVA test (with interaction) for the variables Age (category) and Salary
(category) to predict Amount Spent. Create appropriate diagnostic plots for your model. Be
prepared to describe your hypothesis tests and their outcomes.

3. Recreate the same model with the gIm() function. Be prepared to discuss how the general linear
model differs from the ANOVA model.

4. Convert all your categorical variables to dummy variables. Let your defaults be Young (Age),
Female (Gender), & (Home), No (Married), and Low Salary (Salary Category).
.'&-:LF
5. Create a correlation table of the variables. Make a correlation plot (type is of your choice), or a
pairplot.

6. Create a multiple variable model of Amount Spent using all remaining available variables. Use
appropriate automated selection techniques. Compare the result to manual backward selection.
In your backward selection, stop only when all the coefficients are significant at the 0.05 level.

7. Construct diagnostic plots for your machine selected model and your manually selected model
(these may be the same). Identify any potential problems with model assumptions, outliers and
influential points.

8. Using the data on Sheet 2, predict the Amount Spent for the remaining customers. Compare the
results to the provided Amount Spent values. Calculate your error.

To complete the calculations below, use the time series Seatbelts.



9. Create a new column in the dataset (or a separate vector) that represents the ratio of front-end
crashes to rear-end crashes. Construct appropriate one-variable numerical plots to describe the
overall data set.

10. Create a plot of the new time series. Perform seasonal decomposition and plot the resulting
graph.

11. Create an ACF and PACF graph for the time series.

12. Construct an ARIMA model. Plot the model against the original time series. You may need to
experiment with settings to select the best combination of p, d, and q.



KEY

Instructions: Answer each question thoroughly. For questions in Part 1, use the work you did at home to
answer the questions. Be sure to answer each part of each question. In Part 2, report exact answers
unless directed to round.

MTH 325, Final Exam, Spring 2024 Name

Part I:
Use the work you did at home to answer these questions about spending.

1. Based on your correlation table or correlation plot, identify the variable that has the highest
negative correlation with Amount Spent. What is the (approximate) correlation value?

Mate f'?L{SWvMWM Pub J oy e peoot s egalive

2. Based on your ANOVA model, should interactions be included in your model or not?
\ML‘T M Aof . (nfraition p-ip.éul e 0.7167

3. Do the residuals from your ANOVA or general linear model appear to be normally distributed?

%‘7 JDMWMM [ nov deos Proownd Spent)

4. After converting the categorical variables to dummy variables, which two variables appear to
have the highest correlation (positive or negative)?

Mantied wy Hv%g,_ama ovomd 0. SRE

5. After performing backward selection, what is the R* value of your resulting model?

O.64%8
o 4.8%



6. Write the equation you obtained from your backward selection process for predicting operating
expenses. Be sure to clearly indicate what each variable in the equation represents.

Ak Spent = 234,114 Mamied + béz, 9

7. Describe how your other model selection methods differed (or were similar to) the results
obtained from the backward selection process.
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8. What percentage of the variability in Amount Spent can be explained by the relationship to the
other model variables?

“%% o 55%
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9. Answer this question and the remaining questions in Part 1 using the backward selection model
you found by hand. Do your diagnostic plots suggest any outliers or model problems? Explain.
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10. How do your predictions for the 10 extra people? How does your residual error (RMSE) differ
from the model residual error?
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11. Interpret the meaning of the Married coefficient in the context of the problem.

L mavnied pecson ww,mw
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12. If you needed to build a model of Amount Spent with two variables, what would they be, and
why?

Use the work you did at home to answer these questions about the time series model.

13. Does the model appear approximately stationary or does there appear to be a trend? Consider
any boxplots or histograms here, as well as any time series plots or decompositions you may
have done.
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14. Based on your PACF graph, how many lags should be included in your time series model? Why?
i hotf s ean ot

15. What settings did you use for your ARIMA model? Why? What diagnostics did you use to select
these settings?

kaed ARIMA (1,1,S)
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16. Write the equation of your final time series model.

A
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17. What is the AIC of your final model? How good does the model appear to fit?
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18. Recall that Cov(X,Y) = E(XY) — E(X)E(Y). For the probability density function f(x,y) =
%xz(y + 1),y € [0,1], x € [0,1], find the covariance.
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19. Consider the small data set {(3,2), (5,4),(9,9)}. Find the value of the regression coefficients for
y = By + B1x, using the normal equation (A" A) "1 ATY = B. Write the coefficients you find in
the equation.

A=[31) we=r0N[R)- 00 51 wve o3 9]

- 3
B = [5/33] . 1. I8s%

“H4%/23 1. 67gS?
l{l = (12857 X — . b#&sH

20. Suppose that a classification model (such as logistic regression) produced the following
confusion matrix. Calculate the accuracy and discuss whether the model result reveals any
potential problems.

____YES_I_NO |
| | Yes | 641 |11
[No [22 [2 ]
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21. Describe clustering (in machine learning) and give an example of a machine learning algorithm
that implements this learning method. Is this method an example of supervised, unsupervised or
semi-supervised learning.
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22. Describe how Gaussian process regression works in general terms.

MWWWW ’-WM(@.}M)
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23. What are some reasons it might be beneficial to use a non-parametric nonlinear model for a

regression problem rather than a parametric non-linear model?

ok data

24. What is one reason you might get an error from the decompose() function applied to a time

series?

, Thene &o o deceomste Stasonsal pallion.

25. Explain why autocorrelation prevents us from using traditional regression to model some time
series data.

26. Why are irregular time series so much more difficult to work with than regular time series?
Describe some methods we can use to make irregular time series more regular.
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27. How do we use the AUC (of an ROC curve) as a diagnostic for a classification model?

M\Hu} m , oo SV 2 v & Lo (520
28. Describe the difference between LASSO and Ridge regression. Explain how the penalty helps to
address the bias-variance trade-off.
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29. How does Spearman’s correlation differ from Pearson correlation?

WMP“M mewmw

30. What are some potential advantages and disadvantages of using variable transformations in a
model?

Bk 71»0,-1 cald oﬁ/_}b U-m'wtww)aw-{oemw (Such as
31. What is the difference between an outlier and an influential point in a regression model?
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MTH 325 Final Exam at-home analysis

Df

Age ) 2
Salary Category i
Age: Salary Category 6

Sum Sg Mean Sq F value
6460183 3230092
3 12677800 4225933
1415516 235919

Pr(>F)
8.548 0.000209 ¥***
11.184 3.21e-07 ***
0.624 0.710920

Residuals 978 369547284 377860
Signif. codes; 0 *¥w=¥ g, 001 “*** 0,01 **° 0,05 “.' 0.1 ** 1
(Intercept) AgeOlder
790.555556 . - 142.324444
Ageyoung Salary Category Huge Salary
_ .140.325397 _ ~ 192.054614
Salary Category Low Salary Salary category Medium Salary
. -416.555556 i -4.227197
AgeOlder: salary Category Huge Salary Agevoung: Salary Category Huge Salary
_ -126.193873 i -41.735566
AgeOlder: Salary Category Low Salary AgeYoung: Salary Category Low Salary
i . 52.056508 ) ~111.387914
AgeOlder: "salary Category Medium Salary Agevoung: Salary cCategory Medium Salary
-288.442276 -203.875977
Df Sum Sq Mean Sq F value Pr(>F)
Age ) 2 6460183 3230092 8.568 0.000205 ***
Salary cCategory 3 12677800 4225933 11.210 3.09e-Q7 ***
Residuals 984 370962800 376995
Signif. codes: 0 ‘'#***' (0,001 ‘**' 0.01 ‘*’ 0.05 ‘.’ 0.1 * ' 1
Q-0 Residuals
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call:

¥

gim(formula = "Amount Spent ~ Age

Coefficients:

‘salary Category , data

datal)

I

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

(Intercept) 790.556 51.225 15.433 < 2e-16
Ykl
Ageolder 142.324 133.186 1.069 0.28551
Ageyoung 140.325 84.394 1.663 0.09669
:SaTary Category Huge salary 192.055 68.984 2.784 0.00547
T
"Salary Category Low Sa1ar¥ -416.556 437.669 -0.952 0.34145
‘Salary Category Medium Salary -4.227 90.905 -0.047 0.96292
AgeOlder: salary Category Huge Salary -126.194 184.033 -0.686 0.49306
AgeYoung: Salary Category Huge Salary -41.736 291.255 -0.143 0.88609
Ageolder: Ssalary Category Low Salary 52.057 473.985 0.110 0.91257
Ageyoung: Salary Category_Low-Sa1ar¥ 111.388 444,232 0.251 0.80207
Ageolder: Salary Category Medium Salary -288.442 208.004 -1.387 0.16584
Ageyoung: Salary Category Medium Salary -203.876 125.543 -1.624 0.10471
Signif. codes: 0 ‘***’ 0.001 ‘**' 0.01 ‘*’ 0.05 “.” 0.1 * ’ 1
(Dispersion parameter for gaussian family taken to be 377860.2)
Null deviance: 390100784 on 989 degrees of freedom
Residual deviance: 369547284 on 978 degrees of freedom
AIC: 15537
(Intercept) AgeOlder
790.555556 ) 142.324444
Ageyoung Salary Category Huge Salary
) 140.325397 ‘ 192.054614
salary Cateagory Low Salary salary Category Medium Salary
) -416.555556 . -4.227197
AgeOlder: salary Category Huge Salary  AgeYoung: Salary Category Huge Salary
) -126.193873 . -41.735566
AgeOlder: Salary Category Low Salary AgeYoung: Salary Category Low Salary
52.056508 111.387914



AgeOlder: ‘salary Category Medium Salary Agevoung: Salary Category Medium salary
-288.442276 -203.875977

Number of Fisher Scoring iterations: 2

call:
glm(formula = "Amount Spent ~ Age + 'Salary Category , data = datal)

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

(Intercept) 829.02 44.82 18.498 < 2e-16 *¥%*
Ageolder 22.28 72.80 0.306 0.7597
AgeYoung i 60.20 57.40 1.049 0.2945
‘Salary Category Huge Salary 153.71 59.85 2.568 0.0104 *
“Salary Category Low Salar -266.01 61.60 -4.318 1.73e-05 ***
"Salary category Medium Salary -131.33 59.06 -2.224 0.0264 *
Sigmt,. codess @ SRt Q001 TR 00T YRR 005 Y. T L T

(Dispersion parameter for gaussian family taken to be 376994.7)

Null deviance: 390100784 on 989 degrees of freedom
Residual deviance: 370962800 on 984 degrees of freedom
AIC: 15529

Number of Fisher Scoring iterations: 2
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Estimate Std. Error t value Pr(>|t|)

(Intercept) 638.66 44 .49 14.356 <2e-16 ***
Middle -23.70 66.64 -0.356 0.7222
Older -50.03 80.10 -0.625 0.5324
Male -34.86 43.33 -0.804 0.4214

own 17.84 48.58 0.367 0.7136
Marriedy 164.87 64.56 2.554 0.0108 *
MediumInc 84.92 61.81 1.374 0.1698
HighInc 134.60 83.35 1.615 0.1066
HugeInc 211,37 114.96 1.839 0.0663 .

Signif. codes: 0 ‘*#**’ (0,001 ‘**’ 0.01 ‘*' 0.05 ‘.’ 0.1 * ' 1
Residual standard error: on 981 degrees of freedom
Multiple R-squared: 0.05622, Adjusted R-squared: 0.04852
F-statistic: 7.305 on 8 and 981 DF, p-value: 1.853e-09

Backward selection model:

call:
Im(formula = "Amount Spent ~ Marriedy, data = datal)
Residuals:

Min 1Q Median 30 Max

-904.1 -444.8 -145.5 283.2 3231.9

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

(Intercept) 662.99 25.68 25.82 < 2e-16 *¥x
Marriedy 279.11 39.42 7.08 2.73e-12 ***
Signif. codes: 0 ‘***’ (0,001 '**’ 0.01 ‘*' 0.05 ‘.’ 0.1 ' ' 1

Residual standard error: [l on 988 degrees of freedom
Multiple R-squared: 0.04829, Adjusted R-squared: 0.04733
F-statistic: 50.13 on 1 and 988 DF, p-value: 2.725e-12

Machine found model:

call: \

Im(formula = "Amount Spent ~ Marriedy + MediumInc + HighInc +
HugeInc, data = datal)

Residuals:
Min 1Q Median 3Q Max
-939.4 -429.7 -153.4 269.9 3261.8

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

(Intercept) 616.15 34.44 17.890 < 2e-16 ***

Marriedy 164.25 59.29 2.770 0.00571 *=*

MediumInc 82.90 55.54 1.493 0.13584

HighInc 131.83 62.78 2.100 0.03600 *

HugeInc 209.01 78.84 2.651 0.00816 **

Signif. codes: 0 ‘***’ 0,001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ¢ ' 1

Residual standard error: [Nl on 985 degrees of freedom
Multiple R-squared: 0.05535, Adjusted R-squared: 0.05151
F-statistic: 14.43 on 4 and 985 DF, p-value: 1.875e-11

Subset selection object

call: regsubsets.formula( Amount Spent’ ~ ., data = datal, nvmax = 8,
method = "seqgrep")

8 variables (anc¢ intercept)
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call:
arima(x

mas
-0.1855
0.0843

4.05,

ma4
-0.0689
0.1010

ma3
-0.0650
0.0901

maz2

-0.6308 0.089

mal
0.3121 0.152

arl
0.2623

0.3138
sigmaA2 estimated as 0.05585:

Coefficients:
.e.
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