MTH 325, Final Exam, At Home, Spring 2023 Name KEY

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 |l 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 existing motels and
information about their location, relationship to competitors, specific amenities and operating margin.
Sheet 2 has data on possible locations for building a new motel.

1. Import the data in the file into R and remove the Motel and Site columns (they are not a
variable). Separate your data into two dataframes. One for the existing locations and one for the
possible building sites (to be used later).

2. Convert the Indoor Pool Variable to a binary dummy variable.

3. Create a correlation table of the variables. Make a correlation plot (type is of your choice), or a
pairplot.

4. Which variable has the strongest relationship with whether or not the motel has an indoor pool?
Create a logistic regression model to predict the indoor pool variable. Create a graph of the
model in ggplot. Create appropriate graphs for diagnostic testing of assumptions, and identify
potential outliers. Create a confusion matrix for your model.

5. Create a multiple variable model of operating margins 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.

6. 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.

7. Using the data on Sheet 2, predict the operating margins for all locations if a) the motel does not
have an indoor pool, b) if it does.

To complete the calculations below, use the time series Seatbelts.
8. Create a new column in the dataset (or a separate vector) that represents the ratio of drivers

killed to total drivers. Construct appropriate one-variable numerical plots to describe the overall
data set.



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

10. Create an ACF graph for the time series.

11. Construct an ARIMA model. Plot the model against the original time series.
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N
MTH 325, Final Exam, Spring 2023 Name K.E r

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.

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

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

Compdday voomo N 0.5 o So

~0:5%F2.... -

2. What is the best variable we can use to predict whether or not the motel has an indoor pool?

3. Write the equation of your logistic model below. You can write it in the form In (i—p) =

linear model.

fh({;% —0.9824 +293)3 (Opatyags )

4. Write your confusion matrix here, and state the accuracy of your model.

Trr
o |

m:n ’bfsﬁ 27,78/,
{ [+ IS

e

5. 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.

Oy’wﬂij Mm‘bm. 206013 & F.035x/0° (Canpelda yooms ) — L. F6LXICH (At b
Oomgdids) + 1843 o (ggpen space) + 240 110> (Drdoovfrst)



f\“’

;m'/’ .

6.

7.

10.

What is the (approximate) area under your ROC curve?

¥3°L

Describe how your other model selection methods differed (or were similar to) the results
obtained from the backward selection process. 74 p.e04 Masf oAty

w&-WW ot the sams Sdrﬂvzu.éﬂ,,

L AsS0 Mkwww&@u,w cbmmxﬁom%m

@ He R a0
What percentage of the variability in Operating Mdrgin can be’explained by the relationship to
the other model variables?

IF. 1%  (badewnd seledlss )

4229 (ﬁv ey LASSD moed el

A j i guestions in i ection model
i i i ession

model
Ao Vpaew clusprasto st Suglor an onbbas o0 yod( protolumn-
rwm plobs (mﬁ—’gw-v %%p(bl- Sugeg ok Thoet o e (o 2L
cusbgo
How do your predictions for the 5 possible locations differ? Should they have an indoor pool or

not? What is the best location based on the predicted operating margins? (Give the location
number.)

Lf Mfool amge .é,,.,.\ 0.3% o 0495

W/ peal are all &%\.w

ok (ocation i) ek v B4




11. Interpret the meaning of the Indoor Pool coefficient in the context of the problem.

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.

.9(/0? 0 KA WMMMPMM

Tho Wdigparn 3 Ghplar Suseeor nownalhs
swecobs fread v atandom ol

14. Based on your ACF graph, how many lags should be included in your time series model? Why?

OnL ov ruone . OWMOW.MMMM
el CoL .

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

(l,V,0) wws heat—
bk on Loorsr (M|



16. Write the equation of your final time series model.
’th = T OL\'Q 33-{7“_,]

17. What is the AIC of your final model? How good does the model appear to fit?

— [230.¥8

Part Il: P""’-xc"\ v L

18. Recall that Cov(X,Y) = E(XY) — E(X)E(Y). For the probability density function f(x,y) =

12952 3/2y2/3 y € [0,1], x € [0,4], find the covariance.

)=, 1 KTy sy - 2 G ) (3 ) -
zZrm(3n): 4
Ex) = %Li S;{ Xﬂz_y"'/‘} A}(dlx/ = T’:; ::T W"I )(3 5731 >
lli’) (3 I)
e =5 f) [ Ry Py B (50 ‘7”3\ 3
e /60 (30) 2

Elxy)-E(x)EY) = B2 _ 22, ¢ - 25 _25_
! # #t 7 3 14 THO

I‘i"’f



19. Consider the small data set {(2,1), (5,3), (8,7)}. Find the value of the regression coefficients for
y = B, + B1, using the normal equation (ATA)"*ATY = B. Write the coefficients you find in

the equation.
N z:ﬂ 5 v-[3)

@oﬂ-ﬁ,, (s)=3% [
bb 03

pefny] aee [2al W AR
(A Ay = [T Gz =45+ %

)

20. Examine the residual plot below. Identify some potential issues with the linear model used to
produce these residuals. (For example, without knowing the variables names, use “independent
variable” for x, and the “dependent variable” fory.)

0.6 Residual Plot (prod Ivl)

05

residuals
o
<

a0 50 60 Lo 30 an 100 110



21. Describe clustering (in machine learning), and give an example of a machine learning algorithm
that implements this learning method.

’M@MWWWMWSM
who ndadid fpoeps.
KN, Kwuans, LDA

22. Describe how LOESS regression works in general terms.

me Pd—%ww MMMO&WIZ)J&M
(difprd by & prcend § e Jakn ntsickony)

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?

o Con 0y oo t pmramdens . Nogdinsdo nonpaamebi .
medels malce o such Wdurntoon | gl ane méﬂ%%

24. An example of an ACF plot is shown below. How many lags should be used in an ARIMA model
based on this graph?
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25. What are some properties of seasonal time series?
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26. For each of the graphs of time series below, identify the type of trend. Options include:
stationary (no) trend, exponential trend, linear trend, polynomial trend, random walk, log trend.
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27. Explain why autocorrelation prevents us from using traditional regression to model some time
series data.
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28. 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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29. Describe each of the components of a SARIMA model.
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30. A confusion matrix is shown below. What is the accuracy of this model?
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31. How do we use the AUC (of an ROC curve) as a diagnostic for a classification model?
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