TEST #1
STA 4853 Name:
March 4, 2020

Please read the following directions.
DO NOT TURN THE PAGE UNTIL INSTRUCTED TO DO SO

Directions

e This exam is closed book and closed notes.
e There are 35 multiple choice questions.

e Circle the single best answer for each multiple choice question. Your choice
should be made clearly.

e Always circle the correct response. (Sometimes the question has an
empty blank or a box, but this is NOT where the answer goes.)

e There is no penalty for guessing.
e The exam has 13 pages.

e Each question is worth equal credit.



Suppose you are given data consisting of a time series z1, 29, 23, . . ., 2113, 2114 Of length 114. Using
all of this data, you construct the plot of z; versus z;,_5 (2 lagged by 5) given below.
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Problem 1. What is the number of points displayed in this plot?

a) 117 b) 116 c) 115 d) 114 e) 113 f) 112 g) 111
h) 110 i) 109 j) 108 k) 107 1) 106 m) 105 n) 104

Problem 2. For the time series z;, the value of r5, the sample autocorrelation at lag 5, will be

a) between 20 and 80 b) between 20 and 50
c) between 50 and 80 d) between 0 and .5
e) between .5 and 1 f) between —80 and —20
g) between —1 and 0 h) between 0 and 1

Problem 3.  The values of AIC and SBC (also called BIC) are used to compare different ARMA
models for a time series. The quantities AIC and SBC depend on the likelihood L, the number
of estimated parameters k, and the number of residuals n (which is often equal to the length of
the time series). Both AIC and SBC contain a penalty term which penalizes model complexity.
In SBC, this penalty term multiplies the number of estimated parameters by

a) In(L) b) —2 c) In(n) d) 2
e)n f) L g) k h) In(k)



Problem 4. Let e1,¢9,...,¢, denote the regression errors. SAS displays two different p-values
for the Durbin-Watson statistic DW. One of them is P(DW < DWgpservea). 1f this p-value is

small, you reject the null hypothesis Hy in favor of the alternative that eq,¢5,...,¢,
a) are independent b) are white noise
c) display positive serial correlation d) display negative serial correlation
e) have increasing mean f) have decreasing mean
g) have increasing variance h) have decreasing variance

Problem 5. Suppose that
2 =C+ Q121+ Q2212+ ap — bhay

is a stationary process with mean p,. Then the mean centered process z; = z; — u, satisfies

a) 2 =C+ 121+ dozyo+ ay — 1041 b) Z =C+ ¢12-1 + P2Zio + a4y — 1G4

c) Z=C/(1—¢1 — ¢o) d) zZ=C/(1—¢1— g2+ 01)
e) %= drz-1+ Pozy—o + G — b1ay—+ f) Zo =121+ P2Zi0 + ar — bras
g) Z=C/(1—¢1— ¢ — 1) h) Z, = C/(1+ ¢1+ ¢2)

Suppose ay, as, az.a, are random shocks (that is, they are independent N (0, ¢?) random variables)
and g, 91,19 are constants.

Problem 6. What is the value of E[(pas + 1as + 19a1)%]?

a) oo(Y5 + ¥f +¥3) b) o2 (vothr + th11)2) c) o2ty
d) 0 e) o2/(1 —thg — 1 — 1) f) o2/(1—47)
g) UZ/(l - w% - ?ﬁ% - 1/1%) h) 03/(1 — ot — P11)a)

Problem 7. What is the value of E[(l/}o(l4 + 1&1@3 + 1/)2@2)(’(#0@3 + wlag —+ 1/}2(11)]?

a) o2(Vg + U7 +13) b) o2(vothr + th11)2) c) o2toths
d) 0 e) oo /(1 =1y — by — ) f) o2 /(1 —¢7)
g) Ug/(l - 1/18 - ¢% - ¢§) h) 02/(1 — ot — P11)a)



Problem 8. Let z; be a stationary process. For any integer k£ the autocovariance is defined by
Y& = Cov(zy, 2i—) = Cov(zy, ze4x). In terms of the autocovariances, the autocorrelation py can be
written as

Yk
a) vy b) -
Yo Yo
c) — 10 d
)1—% >1—’V;%
L=y =7 = = L=yt == =
g) 1o h) ¢1v1

Problem 9. The ACF and PACF plots produced by SAS PROC ARIMA both have bands
about zero marked at two standard errors. For a stationary AR(p) process, after lag p we expect

a) all (or nearly all) of the values in the ACF to lie within the band, most of them being well
inside the band

b) the values in the PACF to decay gradually to zero

c) all (or nearly all) of the values in the PACF to lie within the band, most of them being well
inside the band

d) the values in the ACF to have an approximate cutoff to zero.
e) the theoretical ACF to be exactly equal to zero
f) the theoretical PACF to decay gradually to zero

Problem 10. For a stationary AR(3) process

a) ps #0and p, =0 for k >3

b) the band about the ACF has constant width

c) ¢33 # 0 and ¢, = 0 for k > 3

d) the band about the PACF has increasing width
)

e) the autocovariances satisfy v, = 0 for k£ > 3

Problem 11.  The table following this problem was produced by running the MINIC option
of SAS PROC ARIMA on some time series data. According to this table, one plausibly good
tentative model choice for this time series is

a) AR(1) b) AR(2) c) AR(3) d) AR(4) e) AR(5)

£) MA(1) g) MA(2) h) MA(3) i) MA(4) i) MA(5)
k) ARMA(0,0) 1) ARMA(1,1) m) ARMA(1,2) n) ARMA(2,1) o) ARMA(2,2)



Lags
AR O
AR 1
AR 2
AR 3
AR 4
AR 5

MA O
9.934709
9.224105
9.199627
9.198472
9.197776
9.198579

Minimum Information Criterion

MA 1
9.740732
9.204932
9.197606
9.198318
9.198624
9.199474

MA 2
9.549696
9.201066
9.198216
9.198721
9.199534
9.200385

MA 3
9.445997
9.199017
9.198714
9.199591
9.200344
9.200989

MA 4
9.35974
9.199204
9.199619
9.200496
9.20109
9.201896

MA 5
9.306752
9.199919

9.20047
9.201311
9.201906
9.202815

Problem 12. The log of the Lynx time series exhibits oscillations of a somewhat periodic
nature. Which of the following time series models (with an appropriate choice of parameter
values) is also capable of exhibiting somewhat periodic oscillatory behavior?

a) AR(2) b) MA(2) c) AR(1)

d) MA(1) e) random shocks

Problem 1A3.
given by s(dgr) =

k—1 1/2
a) (1 +2 Z 7"]2) n~4/?
j=1

When ¢y, = 0, an approximate standard error for the estimated value g is

k—1 —-1/2
b) <1+22rj2-> nt/?
j=1

0) Diealer — e1)? d) D1 €
D € D io(er — €1)?
e) n~1/? f) n!/? g) 1.96 h) 2 x 1.96
Problem 14. When performing a regression analysis of a response variable Y on covariates
X1, X, ..., X,, cases with large values of the Leverage (also known as H) are ones with
a) unusual values of the covariates

b
c
d

e

large residuals

large serial correlation

large autocorrelation

spikes outside the shaded bands
f) insignificant P-values

)
)
)
)
)
)

g) unusual values of the response variable



h) a large influence on the estimated parameters and predicted values

Problem 15. If you use SAS PROC REG to perform a regression analysis of a response variable
Y on covariates X, Xs,..., X, the output will include a table of parameter estimates which gives

an estimated regression parameter B,, a standard error SE(BZ) a t-Value, and a P-value for each
covariate X; in the model. If the P-value listed for X; is small, then we will

a) drop X; from the model

b) decide that case i is an outlier

c) reject the null hypothesis Hy : §; =0

d) accept the null hypothesis Hy : 5; = 0

e) decide that the residuals are NOT white noise

f) decide that the residuals ARE white noise

Problem 16.  Let r{,79,73,... be the sample autocorrelations of a stationary time series of
length n. The statistic

m 2

Qm) =n(n+2)y nr_’f -
k=1

is used to test

a) Hy: ¢mm =0 b) Hy: 0, =0
c) Hy: ¢ =0 d) the normality of the residuals

e) whether the variance is constant f) whether the ACF is constant

g) Ho:pr=pas=...=pm=0 h) Hy: ppn =0

Problem 17.  Under the appropriate null hypothesis, the statistic Q(m) defined in the previous
problem will have approximately a .

a) N(0,1) distribution

b) N(u.,o?) distribution

c) N(0,02) distribution

d) t-distribution with n —m — 1 degrees of freedom
e) x;, distribution

f) F,.. distribution

Problem 18. The mean of a stationary ARMA(p, q) process is equal to

q p—1
022@/}3 b) C c) 1+22rj2-
i=0 =1
C o2 >
d — f Qi
S — g )2 v



Problem 19. Suppose a random sample of n individuals has values of X and Y given by

(X1,Y1),(Xo,Ya,),...,(X,, Yy,). If the sample correlation r between X and Y is exactly equal to
1, then the n points (X1,Y)), (X2,Ys),. .., (Xn, Ya)

a) lie exactly on a line with slope equal to one
b

c
d

e

lie exactly on a line with positive slope

are very close to a line with slope exactly equal to one
are very close to a line with positive slope

are very close to the regression line Y = 5y + 51 X + ¢
f

g) lie in a band of constant width centered about one.

)
)
)
)
)
) lie in a band of constant width centered about zero.

Problem 20.  Let {a;} be a sequence of random shocks. An AR(2) process is defined by

a) z=C+ ¢ra;1 + a0 2 + a4
b) z = C+ ¢12111 + Pazi2 +
c) z=CHay— O1ai11 — 020149
d) Zy = ay — thag1 — Osa; o
e) Z = P12i41 + G222 +
f) Z = a; — Ohay1 — Oza,10
g) ua=CH b1z 1+ paz o+ ay
h) z,=C+a; — 0r1ai1 — O2a;_»

Problem 21. By a process of repeated substitution, a stationary AR(1) process with C' = 0
can be written in the form

a) zp=ay— .y biz b) z = a; + Pra_1 + Plar—o
C) 2=+ Y0, P d) ze=a;+ 3275, dras-
e) z = a; + G121 + P12 f) 2o =a; — Ora;1 — Oaas
g) 2 = ar + Pr1z1 + Pia_s h) z = a;+ 6121 + a2

Problem 22. The process z; = 10 + a; + .8a;_1 — .5a;_o has coefficient values

a) 0y =—8,60,=—25 b) 0, = —8,0,=.5
c) 0, = 8,0, =—.5 d) 0, = 8,6,=25
e) ¢ = —.8,¢y=—.5 f) ¢ =—8,¢s=.5
g) ¢p1= 8,02 =—.5 h) ¢ = .8,¢2=.5



Problem 23.  Suppose you use OLS (ordinary least squares) to fit a regression model. If the
residuals exhibit strong serial correlation, then

a) your data contains unusual observations which should be deleted
b) the Leverage and Cook’s D values could be far off and should not be relied upon

c) the Error Sum of Squares and R-squared values could be far off and should not be relied
upon

d) the standard errors, t-values, and p-values for the parameter estimates could be far off and
should not be relied upon.

e) the regression model is valid so long as the residuals are normally distributed
f) the regression model is valid so long as the residuals are independent of the covariates

g) the regression model is valid so long as the residuals are normally distributed and independent
of the covariates

Problem 24. In SAS PROC ARIMA, the statement
ESTIMATE P=(3);

results in SAS fitting which of the following models?

a

b

Zr = C + ¢5Zt 3 + ag
2 =C+ Q1221+ Gazi—o + G323 + a4
+ =C+a; — 0121 — 0220 — U323

= C +a; — 03043

e
N

d

e

£) 2o =CH 12021 + Q2210 + G323 + ar — 01ai_1 — Ora4_9 — O3a4_3

N

)
)
)
)
)

2 =C+a, — a1 — O20,—2 — O3a,_3

Problem 25. An ARMA(p,q) process is stationary if and only if satisfy the con-
ditions required for a process to be stationary. Circle the response below with the
choices (separated by a semi-colon) which correctly fill in the two blanks.

a) 6,...,0,; ARMA(q,p)
b) é1,...,¢p; MA(q)
C) 91,...,(9(1; MA((])
d) ¢17-~‘7¢P; AR(]))



Problem 26. For a random shock process, the theoretical ACF

a) will have an exact cutoff after lag 1
b

)
) is non-stationary
c) is independent of future values
)
)
)

d

e) will have an approximate cutoff after lag 1

will have nearly all values within the two standard error band

f) is exactly zero for all nonzero lags

g) decays rapidly to zero

Problem 27. For a stationary AR(1) process
a=C+ o1z +a,

it is true that Var(z;) =

a) Var(C) + ¢1Var(z;—1) + Var(a;) b) C + ¢ Var(z_1) + Var(a;)
c) C? + ¢2Var(z_1) + a4 d) ¢1Var(z—1) + a
e) ¢?Var(z_1) + Var(ay) f) ¢ Var(z;_1) + Var(ay)
g) Var(C) + ¢ Var(zi—1) + a h) C + ¢ Var(z_1) + a;

Problem 28. If you fit a regression model, and then plot the residuals versus the fitted
(predicted) values, what do you expect to see in this plot (at least roughly) if the regression
assumptions are valid?

a) the residuals form a band which remains centered at zero with a constant vertical width

b) all (or nearly all) of the p-values of the residuals will fall in the band, most of them being
well inside the band

c) the residuals will follow (roughly) a straight line with positive slope
d) the residuals will decay to zero gradually without a cutoff

e) the residuals will display an approximate cutoff to zero after lag p

A data set contains 103 observations and four variables, a response variable Y and three covariates
X1, Xo, X3. A regression of Y on X;, X5, X3 has been performed using SAS PROC REG. Some
output is attached to the end of the exam which includes some plots of regression case diagnostics,
and a listing of some of the data and case diagnostics. (Many observations have been omitted to
save space.)

There are three unusual observations in the data.

Problem 29. Two of the three unusual observations have unusual covariate values. What are
these observations? (Fill in the two blanks below with the correct observation numbers.)

Answer: and



Problem 30. Two of the observations have unusual response values. What are these obser-
vations. (Fill in the two blanks below with the correct observation numbers.)

Answer: and

Problem 31.  One of the observations has a much greater effect on the regression model (such
as on the the estimated parameters and predicted values) than the other two. Which observation
is it? (Fill in the single blank below with the correct observation number.)

Answer:

The last page of the exam contains four time series plots. One of these is a realization of a
stationary process, and the other three are realizations of non-stationary processes. For each
series, select the correct description. Each description is used exactly once.

Problem 32. Describe series #1.

a) Stationary

c¢) Does not have a constant variance

d

)

b) Does not have a constant mean
)
) Does not have a constant ACF.

Problem 33. Describe series #2.

a
b
c
d

) Stationary

) Does not have a constant mean

) Does not have a constant variance
)

Does not have a constant ACF.

Problem 34. Describe series #3.

a) Stationary

Does not have a constant variance

)
b) Does not have a constant mean
c)

)

d) Does not have a constant ACF.

Problem 35. Describe series #4.

a) Stationary

)
b)
)
)

Does not have a constant mean

c¢) Does not have a constant variance

d) Does not have a constant ACF.

10
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Obs

21

22

23

24

25

26

45

46

47

48

49

50

51

52

53

54

55

80

81

82

83

84

85

86

87

88

317

457

392

715

602

416

513

486

581

230

535

587

404

694

245

663

168

324

584

733

798

531

778

956

483

503

x1

523

610

576

929

301

620

418

513

331

217

700

735

713

356

636

249

999

600

647

566

544

798

322

364

458

631

X2

713

700

687

174

364

743

468

489

452

876

669

591

768

424

706

231

999

835

571

372

551

681

249

211

586

641

x3

393

418

600

180

743

586

468

312

693

870

523

399

356

913

322

669

100

379

489

713

541

290

720

798

706

424

predict
338.678
394.415
454.098
914.288
679.109
417.257
540.345
507.320
595.665
230.119
494.716
536.568
354.641
705.843
367.001
751.572
177.927
256.319
549.090
770.174
542.534
444.749
782.711
860.437
532.227

457.812

resid

-21.678

62.585

-62.098

-199.288

-77.109

-1.267

-27.345

-21.320

-14.665

-0.119

40.284

50.432

49.359

-11.843

-122.001

-88.572

-9.927

67.681

34.910

-37.174

255.466

86.251

-4.711

95.563

-49.227

45.188

cookd

0.00091

0.00418

0.00556

0.97399

0.00994

0.00000

0.00160

0.00178

0.00030

0.00000

0.00214

0.00332

0.00358

0.00047

0.02494

0.02849

0.00056

0.01106

0.00092

0.00274

0.03778

0.01432

0.00005

0.02413

0.00363

0.00172

leverage
0.03145
0.01778
0.02372
0.24277
0.02731
0.03266
0.03447
0.05963
0.02300
0.18723
0.02174
0.02157
0.02419
0.05161
0.02737
0.05588
0.08268
0.03855
0.01270
0.03207
0.00980
0.03119
0.03690
0.04188
0.02458

0.01411

rstudent

-0.33378

0.96085

-0.95623

-3.70306

-1.19262

-0.01935

-0.42183

-0.33316

-0.22475

-0.00200

0.61803

0.77450

0.75895

-0.18420

-1.90793

-1.39412

-0.15698

1.05123

0.53286

-0.57320

4.22771

1.33917

-0.07270

1.49532

-0.75706

0.69090
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