MTH 325, Exam #2, At Home, Spring 2023 Name /<-€\{

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 325exam2data.xIsx posted
in Blackboard. There are multiple sheets in this file. Save them to separate dataframes. 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.

1. On Sheet 1 is data on boilers including boiler type, drum type, design pressure, capacity and
worker hours. Use this data to predict worker hours using boiler type and drum type using a
generalized linear model (ANOVA). Identify main effects and if any interaction term is
significant. Be prepared to write the equation of the model and discuss diagnostics such as
residual plots.

2. Using the same data on Sheet 1, (after eliminating the Boiler number column) create a logistic
regression model that predicts Boiler Type from Worker Hours. Plot the graph. Create
appropriate exploratory graphs. Create appropriate diagnostic plots, and a confusion matrix.

3. Create a graph of the data on Sheet 2 with Average Monthly Temperature on the horizontal axis,
and Average Monthly Bill on the vertical axis. Create a nonlinear model for the data by
transforming variables. Plot the resulting model. Create appropriate diagnostic plots. Bonus
points for comparing your model to a LOESS model.

4, On Sheet 3 is employee data. Eliminate the Employee column. Gender is already encoded as a
binary dummy variable. You'll need to encode the Department variable as separate dummy
variables. The rest of the variables are numerical. Use LASSO regression on data to find a model
of best fit. Compare the resulting model to a model using a linear model with the same
variables. Prepare appropriate diagnostics and diagnostic graphs.



MTH 325 Exam #2 At Home analysis

1.

. . pf Sum Sq Mean Sq F value Pr(>F)

Boiler Type 1 84390625 84390625 29.805 5.22e-06 ***

‘Drum Type ~ 1 55084671 55084671 19.455 0.000109 ***

Boiler Type : Drum Type 1 25583814 25583814 9.036 0.005116 **
Residuals 32 90605504 2831422
Ssignif. codes: 0 ‘***’ 0.001 ‘**’' 0.01 ‘*’ 0.05 ‘.” 0.1 “ 1

(Intercept) ‘Boiler Type Utility
2607.9231 937.7436

‘Drum Type Steam Boiler Type Utility: Drum Type Steam
1613.6103 4161.5231



call:
gim(formula = "worker Hours ~ 'Boiler Type * 'Drum Type , data = datal)

Deviance Residuals:
Min 1Q Median 3Q Max
-2866.8 -1086.6 -99.2 675.8 5470.2

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

(Intercept) _ 2607.9 466.7  5.588 3.59e-06 ***
‘Boiler Type utility 937.7 1077.8 0.870 0.39074
_Drum Type Steam . 1613.6 637.6 2.531 0.01650 *
Boiler Type Utility: Drum Type Steam 4161.5 1384.4 3.006 0.00512 =*=*
Signif. codes: 0 ‘***' (0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 “ ' 1

(Dispersion parameter for gaussian family taken to be 2831422)
Null deviance: 255664615 on 35 degrees of freedom

xmmiammw deviance: 90605504 on 32 degrees of freedom

AIC: 642.75

Number of Fisher Scoring iterations: 2
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call:
gim(formula = BType ~ "Worker Hours , family = binomial, data = datala)
Deviance Residuals:
Min 1@ Median 3Q Max
-1.1651 -0.5656 -0.3914 -0.2272 2.1851
coefficients:

Estimate Std. Error z value Pr(>|z|)
(Intercept) _ -4.4565673 1.4202147 -3.138 0.0017 **
worker Hours 0.0006744 0.0002723 2.477 0.0132 *

Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 * ’ 1
(Dispersion parameter for binomial family taken to be 1)
Null deviance: 38.139 on 35 degrees of freedom
Residual deviance: 26.286 on 34 degrees of freedom
AIC: 30.286

Number of Fisher Scoring iterations: 5

Note, including other variables creates p-values =1, and z-scores near zero.
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confusion Matrix and Statistics

Reference
Prediction 0 1
028 0
1 4 4

Accuracy

95% CI

No Information Rate
P-value [Acc > NIR]

Kappa
Mcnemar's Test P-value

Sensitivity
Specificity

Pos Pred value

Neg Pred value
Prevalence

Detection Rate
Detection Prevalence
Balanced Accuracy

'Positive' Class

0.8889
(0.7394, 0.9689)
0.8889
0.6291

0.6087
0.1336

0.8750
1.0000
1.0000
0.5000
0.8889
0.7778
0.7778
0.9375

0
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Average Monthly Temperature Average Wornthly Temperature

call:
Tm(formula = "Average Bill ~ "Average Monthly Temperature +



temp2, data = data2)

Residuals:

Min 1Q Median 3Q Max
-9.219 -5.239 -2.744 4.811 11.428
coefficients:

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

(Intercept) 484.107572 36.956206 13.099 3.64e-07 ***
“Average Monthly Temperature -12.076035 1.233305 -9.792 4.26e-06 ***
temp?2 0.091760 0.009706 9.454 5.70e-06 ***

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

Residual standard error: 7.468 on 9 degrees of freedom
Multiple R-squared: 0.9199, Adjusted R-squared: 0.9021
F-statistic: 51.66 on 2 and 9 DF, p-value: 1.167e-05

call:
loess(formula = y ~ x)

Number of Observations: 12

Equivalent Number of Parameters: 4.45
Residual Standard Error: 7.892e-14
Trace of smoother matrix: 4.9 (exact)



control settings:

span : 0.75

degree : 2

family : gaussian

surface : 1nterpolate cell = 0.2

normalize: TRUE
parametric: FALSE
drop.square: FALSE
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‘Years Previous Experience’ -68.05517

“Years Employed 707.67883
‘Years Education 1543.66760
Gender . -1993.19030
"Number Supervised 129.00709
Dept2 8296.70232
Dept3 4912.70929
Dept4 7978.53047
call:
Im(formula = salary ~ ., data = data3)
Residuals:

Min 1Q Median 3Q Max
-9197.7 -2541.2 -610.1 2687.0 9024.4
coefficients:

Estimate Std. Error

(Intercept) _ 19313.19 2518.57
“Years Previous Experience -72.80 198.39
‘Years Employed 709.45 120.96
‘Years Education 1544.52 338.22
Gender -2040.25 1448.97
"Number Supervised’ 130.17 81.68
Dept2 8455.63 2288.73
Dept3 5049.08 2333.00
Dept4 8096.05 1830.64
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05

t value

7.668
-0.367
5.865
4.567
-1.408
1.594
3.694
2.164
4.423

.7 0.1

Residual standard error: 4650 on 37 degrees of ?..mmnn_uoqmmww
F-statistic: 26.85 on 8 and 37 DF, p-value: 3.573e-13

Multiple R-squared: 0.8531, Adjuste

R-squared:

Pr(>|tl)
3.72e-09
.715738
.56e-07
.33e-05
.167458
.119522
.000709
.036975
8.26e-05
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MTH 325, Exam #2, Spring 2023 Name KE\T

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 boilers in our dataset.

1. Write the model from your two-way ANOVA or glm model including the interaction term. Be
sure to explain which level is considered the default in your two binary variables.

§= 260792 + A%% (UKL ~+ (013 (Seam) + 4ol (UK1iM % Skeam

2. Briefly describe any boxplots, residual plots or normal plots you created to verify your model.

pog plats. appeas lo Shawe diorancts | Cory sugmif s e KIOVA
Momaldey ,bM..ﬂu.da & ooy ole uf tne sty

3. Write the equation of your logistic model below. You can write it in the form In (E-f-;) =
linear model.

In (). -4:456 5633 + ©.000674 | Wedessthouas )

4, Interpret the slope (of Worker Hours) in the context of the problem.

—}ul%o-#nvman I, poadot 0,006 %MW
nedeer howy (MWW,@W%

o balss bers bape 1)

5. Explain the meaning of the null and residual deviance for your model in this context.

Yo ntl dusgancy CanfParen M’W\Q—IM b a 'W“
adat . vencdus? deodanes mmﬁuunu&d( conrpand oo
‘qu ’Th%ﬂu&pw v laver ustudh medanmn
(Wedar thas W TL._MZCM



6. What is the accuracy of your model?

28.59°/

7. Does your confusion matrix suggest any potential problems with the data? Could masking or
bias be a potential issue?

Use the data on electric bills to answer the following questions.
8. Describe the type of non-linear (parametric) model that would seem appropriate for this data.
Why? Write the equation of your model.

W/P.,W modil . F o u-ghapd
> U4 — 12 4emp + 0.07 omp™

9. What is the R? value for your model?

.99 %

10. What is the residual standard error of your model?
7. 468

11. Test your model assumptions using your residual plots and other diagnostic plots. Do they
appear to be approximately satisfied? Identify any potential outliers.

Seom Olcony W@?JMI’W
MWWF \6
oulliesds ane ot Shong

12. (Bonus) Describe the LOESS model and compare it to your polynomial model. Describe any
advantages or disadvantages to this model.

[_eesr med L as amuet smalle. Wzﬁuﬁfa«/w



Use the employee data to answer the following questions.
13. Write the equation of your LASSO model below.

= |49
Sdony J = 14,400 - 8 (yrsorp) xR (omgl) + 1543 (ed) — [ 3 (opadsr)
124 (E5up) + 8296 Deptd + 4412 0ept> F978 Dept ™

14. Write the equation of the linear model with the same variables below.

acpd ~ T (omp) t |SHY (2d) - 2010 (Rndler

Slﬂtwa =:1\= 9,213 ""?2(8""
— 130 (4 Swp) + 8‘(55'5)@9’1"’2. + Botq Dept? + 8096 Dept

15. Compare the coefficients in your two models. How do they differ?

Hwy aue e simdan buk nok tdeddeal

16. Are any of the retained variables in your model unable to pass a hypothesis test for the
coefficient in the linear model? Explain how you would handle this in an analysis.

%fspmﬁowacpwm. @MU,NMW

dlo wok pars Qugmfiecanicn . T wonld nemove dhenc
W frowr & Sl el P-wluss ane pob cLone bo SY%o.

17. Even though the departments were encoded as ordinal variables, why could be not analyze
them in the model this way?

mewwm% bdwm-ﬂumio"w.
Mi—lyt{ ore WHW.QM ‘ﬂﬁlm.a'S.

Part II:

18. Describe at least two reasons why someone might want to create a 2P factorial design
experiment.

woually This Vycene To feat efpeck 4 uttple vanalleow’



19. Describe one reason why we might want to recode a continuous variable as discrete?

MM&MPMMM&M_T&+W¢3W_QIM vadber
Yo Condinown oM«L@AIMu WS w:.;.o,c_ow WW&
20. Describe how k-fold cross validation works in validating a model.

e dabe o5 Pl Ao K pals wi | ppd-Mko}_‘wi(c-! pa.ut%om

M*“*MW%WWP‘M'LW'
Rpsultr o aveinsgg 8-

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

are. umdimon | ok Thae med il Secls T W@m
KN, SVM, LDA are all Upmples %W(WM}J (u.urwu.&

22. Describe how spline regression works in general terms.

gwmmw,mmﬁum,uma

-~ .

23. How does adding a penalty improve model selection in regression? What is a potential
disadvantage?

WM@WIO@.MW ',ovh‘ﬁﬂ"b"”“"- ‘
;?mM@W'EWW.

24. An example of a scree plot is shown below. How many factors should be selected for the model
based on this graph?

Figure 1

p . BOI%

: ot lLaot 2




25. Describe one advantage and one disadvantage of ensemble methods in machine learning.
ok tan b Conpulitiondly scpenseve and W

26. Gaussian process regression is especially useful for uncertainty quantification. What is one
disadvantage of this regression method?

l"f'bbcm\-wvg\”ﬁw ord. can (ac%uw-uf



