IENAC22 / FORECASTING / APPLIED PROBLEM SET 1

Discrete choice modelling

This problem set deals with maximum-likelihood estimation and asymptotic inference

for binary choice models applied to cross-sectional data.

We use the grade data from Spector and Mazzeo (1980, Journal of Economic Educa-

tion), that is available as grades.txt on the website.

There are n = 32 observations (obs) on individuals’ grade point average (gpa), score
on a pretest that indicates initial knowledge of the subject matter (tuce), an indicator
of exposure to a new teaching method (psi), and an indicator of whether examination

grades improved (1) or worsened (0) (grade).

An important question from a policy-making standpoint is: do grades improve

(grade = 1) after exposure to the new teaching method (psi =1)?
Refer to figures 1-33, and attempt the following:

1. Import the data, and perform a careful preliminary analysis of the variables.
Briefly examine scatter plots, and simple descriptive statistics, to gain intuition

about the behaviour of the data. What features of interest do you see?

What is the range of the grade point average and the pretest score? What
percentage of the individuals had an improved grade? What percentage of the

individuals had not been exposed to the new teaching method before the exam?
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2. Estimate a probit model (probability of grade improvement as a function of
explanatory variables: constant, grade point average, score on pretest, and ex-

posure to new teaching method), and label the equation “probit eqn™

Prob(grade = 1) = ®(5y + 1 gpa + P2 tuce + (B3 psi).

What are the signs of the estimated coefficients? Let y refer to the dependent
variable throughout, and z to the vector of explanatory variables (constant, gpa,

tuce, and psi). The marginal effects are:

OProb(y =1) 0F(2'B)

I = e = f(@B) B,

where for the probit model, F(-) = ®(-), the normal N(0,1) cumulative distribu-
tion function, and f(-) = ¢(-) is the density function. For obs = 1 and obs = 10,

compute the marginal effects manually.

What do you notice about 8@)(@; = 1)/0x (compare the results for obs = 1
and obs = 10 to answer this question)? [This illustrates one of the difficulties

of interpreting marginal effects with binary choice models.|

Compute the sample means of gpa, tuce and psi. Then, manually calculate
aﬁra)(y = 1)/0x given that z = T (the sample mean), where the sample mean

of the constant is simply 1. Interpret your result.
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3. Estimate a probit model of grade on constant, gpa, tuce and psi, using the

Huber-White robust asymptotic covariance matrix AVar(3) = H-1BH! =
-1 n
¢(@iB)(y: — (x78)) 0’InL
3=7) [Z (oo <I>(wéﬁ))) | = 5] b

opop’
and name this equation “probit _eqn robust”. What are the numerical values

{82 In L

-1
2B0F Y } |

of the estimated standard errors §e(3) := (AVar(3))Y/2?

4. The asymptotic covariance matrix of the estimated probabilities FTro\b(y =1)=

F(2'B) are given by the “delta method” as (with an abuse of notation):

AVar(F(2'B)) = (aF (f'm) AVar(B) (aF (@'h )> ,

op’ op'

or@p) _ (9F@B)\ (0B _ 13 .
L0 () () - e

-~

AVar(F(2'B)) = (f(2'B))?x' AVar(B)z,

where

so that

which depends upon f(-) and x.

Set x = T (the sample mean of the explanatory variables). Then, using the
matrizc m(g) from part 3 (see figures 7 and 8)), with f(-) and F(:) the
density and distribution functions of the normal N(0,1), compute the scalar

-~

AVar(F(z'5)) [Hint: this is equal to 0.0791365 times (f(z'5))2.
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5. Using the robust standard errors from m(g), test the null hypothesis Hyj :
Po = 0 (the coefficient on tuce), against the two-sided alternative, at the 95%
level of significance. Use both a ¢ test (compute this yourself, and justify your

choice of critical value), and a Wald test (compute this using the software).

6. Plot the estimated residuals and the fitted probabilities. Does this give you any
intuition regarding the quality of the probit model fit to the data? How would
you test whether the probability Prob(y = 1) is equal to a constant, against a

one-sided alternative? (You do not need to perform the test).

7. Compute the likelihood ratio statistic:
LR = —2(InLy — In L) ~ x*(q),

where In L is the maximized log-likelihood, and In EO is the maximized log-
likelihood under the restriction that all coefficients except the constant are zero,
and ¢ is the number of restrictions imposed under the null that the restricted
model is true. Test the null hypothesis that the restricted model is true, against

the alternative that it is not, at the 95% level of significance.
8. Show that:

InLo = n[glng + (1 —g)In(1 — 7)),

where 7 is the proportion of all observations that have dependent variable equal
to 1 (we saw in part 1 that gy &~ 0.343750, i.e., the proportion of students with

a grade improvement (grade = 1)).

Compute In Eo, and compare the result with that in figure 10.
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9.

10.

11.

McFadden’s pseudo-R? is defined as:

~

InL

R} =1— ——.
M In L,

Compute this, and compare with the result in figure 10. Why is R3, < 17

Estimate a logit model (probability of grade improvement as a function of ex-
planatory variables: constant, grade point average, score on pretest, and expo-

sure to new teaching method), and label the equation “logit eqn™

Prob(grade = 1) = A(By + (1 gpa + [o tuce + 3 psi).

What are the signs of the estimated coefficients? Note that:

OProb(y = 1)  OF(z2'B)

I = = (@) 6,

where for the logit model, F(2/8) = A(z'8) = (e*?)/(1 + '), the standard

logistic cumulative distribution function. We have seen that:

by =1 _ pwhy1 - AP

Calculate the marginal effects, given that © = T (the sample mean), where we

note that the sample mean of the constant is simply 1.
For the logit model, the probability p := Prob(y = 1) is defined as:

er'h

p = [zl
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12.

13.

Show that:

This quantity is known as the odds-ratio, and can be useful when interpreting
coefficients: it measures the probability of y = 1 relative to the probability of
y = 0. For instance, if p/(1 — p) = 2, then the ‘odds’ of (chance of) obtaining

y = 1 are twice those of y = 0.

For the logit model in figure 11, evaluate the estimated odds ratio p/(1 — p)

at x = Z (the sample mean).

Plot the estimated residuals and the fitted probabilities. Does this give you any
intuition regarding the quality of the logit model fit to the data? Consider figure
12 (compare the fitted and actual probabilities, in particular) with your answer

to part 11 in mind, and explain your findings.

Another interpretation for the logit model slope coefficients is that, if the jth
regressor increases by one unit, then e”'P increases to e‘”/ﬂeﬁf, and so p/(1—p) =
e”? has increased by a factor % . For the model in figure 11, interpret the slope
coefficient Bl ~ 2.83 in this way. [The resultant relative chance of obtaining

y = 1 may seem huge.] Check the range of actual values of gpa, and comment.

The original odds-ratio for the logit model was p/(1 — p) ~ 0.338368. Use
your answer to the last question (on egl) to compute the new odds-ratio. What
does this imply about the probability of grade improvement (= p) after a unit
increase in gpa? [Hint: show that p is now 0.84, i.e., a unit increase in gpa
(which is considerable), holding everything else constant, more than doubles

the probability that y = 1.
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14. Since the marginal effects will depend upon the explanatory variables in general,
refer to figures 13-33, to plot a probability response curve P/ra)(y = 1) against
gpa, for psi = 0 and psi = 1, for both the probit model (figure 4) and the logit
model (figure 11). That is, what is the probability of a grade increase given
participation (or not) in the new teaching method, conditional on gpa (roughly,
“intelligence”), holding all other variables at their sample means? |[Hint: What
is the effect of psi = 1 on the probabilities? What is the marginal effect of psi?
What do you notice about the probability of grade increase after exposure to

the new method, conditional on gpa score?]

15. Check the rule-of-thumb (which holds approximately):

~ T ~
Broerr =~ <ﬁ) BrrosrT

using the estimated coefficients from figures 4 and 11.

16. Manually construct a 2 x 2 table of percentage “hits and misses”, as a summary
of the predictive ability of “probit eqn”. Use the decision rule: if > > 0.5,

g/IEWE = 1; and if P < 0.5, g/réE = 0. What do you notice?
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Figure 1: Raw data.
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B Group: UNTITLED Workfile: UNTITLEDWUntitled Al=E3

Wigiw | Proc | Objedck | Prink | Marme | Freeze | Sample | Sheet | Skats | Spec |

(GPA GRADE Pl TUCE

hean 3117188 0.345750 0.457500 21.95750
edian 3.065000 0.000000 0.000000 22 50000
Maximum 4.000000 1.000000 1.000000 25.00000
MAinirmum 2060000 0000000 0.000000 12.00000
std. Dey. 0466713 0452559 0.504016 3.9015039
Skewness 0122657 0657952 0251976 | 0525110
kurtosis 2.5700Kk5 1.43.2500 1.0B345.2 3.045505

Jargque-Bera 0. 326695 5503204 5.335703 1473728
Frobability 05459250 0.0613.23 006557 0.478612

ST 55 75000 11.00000 1400000 7020000
sum =g, Dey. b.752447 7216750 7875000 471.6750

Obserations 32 32 32

Figure 2: Descriptive statistics.
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Equation Estimation

Specification | Opticns |

— Equation zpecification
Binary dependent vanable followed by list of regressors.

qrade ¢ gpa tuce pzi

Binary estimation method: (¢ Probit © Logit ¢ Extreme value

— E zhimation zethings

Method: |BINARY - Binary choice [logit, probit, extreme value)

Sample; |1 32

Annuler

Figure 3: Estimate a probit model of grade on constant, gpa, tuce and psi.
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BN Fgquation: PROBIT_EQN

Workfile: UNMTITLEDAU ntitled

BX

Wiety | Proc | COhject | Prink | Marne | Freeze | E=timakte | Forecast | Skaks | Resids |

Dependent “ariable: GRADE

tethad: ML - Binary Probit (Quadratic hill elimbing)

Date: 082507 Time: 18:34
Sample: 1 32
Included observations: 32

Convergence achieved after & iterations

Covariance matrix computed

using second derivatives

“ariable

Coefficient

Std. Error z-Statistic

Frob.

= -7 452320
1.6258310
0.051729
1.426332

SPA
TUCE
F=l

2893113
2.343083
0.61662E6
2.397045

2542472
0.BY3552
0.0&53850
0895055

0.00354
O.0151
0.5375
0.0165

Mean dependent war
=.E. of regression
Zum squared resid
Log likelihood
Restr. log likelihood
LR statistic (3 dfl
Frobability(LR stat)

0.343750
0.386125
4174660
-12.81880
-20.59173
15.54555
0.001405

=.0. dependent war
Akaike info criterion
Schwears criterion
Hannan-Cuinn criter.
Axvg. lag likelihood
McFadden R-sgquared

0452555
1.051175
1.234392
1.1 115906
-0.400555
0.377 473

Chs with Dep=0
Ohs with Dep=1

1 Total obs
11

32

Figure 4: Estimated probit model of grade on constant, gpa, tuce and psi.
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Equation Estimation
Specification  Options

Covarance
v Flobust Covanances
¢ Huberiwhite

" GLM

Optirnization algorithn

(¢ Quadratic Hill Climbing

(" MNewton-Raphsan

" Bemdt-Hall-Hall-Hauzman

[teration contral

b ax lterations; (500

Corvergence: |0.0007

Starting coefficient values:

|EUiews Supplied j

| Dizplay zettings

Figure 5: Estimate a probit model of grade on constant, gpa, tuce and psi, using Huber-

White robust covariances (these give the asymptotic covariance matrix A/V\ar(g))
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W8 Equation: PROBIT_EQN_ROBUST Workfile: UNTITLEDW... [= |

Wiewy | FProc | Cbject | FPrink | Marme | Freeze | E=tirnate | Forecast | Skaks | Resids |

Dependent “ariable: GRADE
Method: ML - Binary Frobit (Quadratic hill elimbing)
Date: 111907 Time: 15:34

Sample: 1 32

Included observations: 32
Convergence achieved after 5 iterations

ML (Huber®White) standard errors & covariance

“ariable

Coefficient

=td. Error

Z-Statistic

Frob.

-
SPA,
TLICE
F=l

-7 452320
1.625510
0.051729
1.426332

2544271
0.651510
0.059133
0.532765

-2.929059
2.495445
0.7 48256
2877224

0.00=4
0.0126
0.4543
0.0074

Mean dependent var
=.E. of regression
=um sgquared resid
Log likelihood
Festr. log likelihood
LR statistic (3 df)
Frobability (LR stat)

0.343750
0.386128
4 17 4660
-12.81880
-20.59173
15.54555
0.001405

=. 0. dependent var
Alkaike info criterion
Schwarz criterion
Hannan-Cuinn criter.
Ay, log likelihood
McFadden R-squared

0. 452555
1.051175
1.234392
1.111906
-0.400585
0.377473

CObs with Dep=0
Obs with Dep=1

21
11

Total obs

32

Figure 6: Estimated probit model of grade on constant, gpa, tuce and psi, using Huber-
White robust covariances (this gives the square roots of the diagonal elements of the

~

asymptotic covariance matrix AVar(()) as standard errors).
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Representations
E=timation Cutpuk
Actual, Fitked, Residual
Gradients

climbing)

Covariance Makrix

Coefficient Tesks

) ariance
Residual Tesks

Dependent Yariable Frequencies Error  z-Statistic Froh.
Categorical Regressor Skaks

Expectation-Predickion Table 14271 -2.5929059 0.00=4

21510 2.495445 0.0126
39133 0.748256 0.4543
Label 127B5 2677224 0.0074

Goodness-of-Fit Test (Hosmer-Lemeshow)

Mean dependent var 0343750 S.D. dependent var 0. 4532559
=.E. of regression 03586128  Akaike info criterion 1.051175
=um squared resid 4 1746B0  Schwarz criterion 1.234392
Log likelihood -12.81880  Hannan-Cluinn criter. 1.111906
Festr. log likelihood 2089173 Awg. log likelihood -0, 400555
LR statistic (3 df) 15.54585 McFadden R-squared 0.377478
Frobabhility(LR stat) 0.001405

Cbs with Dep=0 21 Total obs 32
Cbs with Dep=1 11

Figure 7: Finding the asymptotic covariance matrix A/V;r(fj\)
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™ Equation: PROBIT_EQN_ROBUST Workfile: UNTITLEDW... = ][B1|[X]

Hiew|F‘ruc|Ghject| F'rint|Name|Freeze| Estimate Fnrecast|5tats|Resids|

Coefficient Covariance Matrix

C

5PA

TUCE

Pl

b.473314
-] 249248
[0.04927 21
1. 241572

-1 244248

042446k

0004351

0.019652

[0.0427 21
{00435

0.004774
0.002505

[0.241572

0.019652
0.002505
0253335

Figure 8: The asymptotic covariance matrix A/V\ar(g)
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m Equation: PROBIT_EQN_ROBUST Workfile: UNTITLEDWntitled  [= |[B]X]

Wiew | Proc | Object | Prink | Mame | Freeze | Estimake | Forecast | Staks | Resids |

10 15 20

— Residual —— Actual

Figure 9: Fitted probabilities and estimated residuals of the probit model.
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W Fquation: PROBIT_EQN_ROBUST Workfile: UNTITLEDWntitled  [= |[B1]fX]

Wigw | Proc | Ohject | Frink | Mare | Freeze | Eskimate | Farecaskt | Skaks | Resids |

Dependent Yariable: GRADE

Method: ML - Binary Frobit (Cluadratic hill climbing)
Date: 111907 Time: 15:34

Sample: 132

Included observations: 32

Convergence achieved after 5 iterations

ML (HuberdWhite) standard errors & covariance

“ariahle Coefficient Std. Error z-Statistic Prab.

C 7452320 2544271 2929059 0.0034
GRA, 1.625810 0.651510 2.455445 0.0126
TUCE 0.051723 0.069133 0.7 43256 04543
FP3l 1.426332 0.532765 26877224 0.0074

Mean dependent var 0.343750 5.0, dependent var 0. 452559
=.E. of regressian 0386128  Akaike info criterion 1.051175
Sum sguared resid 4 174660  Schwarz criterion 1.2343592
Log likelihood "12.81880 Hannan-Quinn criter. 1. 111506
Festr. log likelihood 2088173 Awg. log likelihood -0.400555
LR statistic (3 df) 1554585 McFadden R-squared 0377478
Frobability(LF =tat) 0.001405

Ohs with Dep=0 21 Total obs 32
Dbz with Dep=1 11

Figure 10: Fitted log-likelihood, In (Log likelihood) and fitted log-likelihood under the
restriction that all coefficients except constant are zero, In Ly (Restr. log likelihood).
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BN Fguation: LOGIT_EQN

Workfile: LUNTITLEDYWntitled

5(=)c3

Wiew | Froc | Chjeck | Prink | Mame | Freeze | Eskimate | Forecast | Skatk= | Resids |

Dependent “ariable: GRADE
Method: ML - Binary Logit (Cuadratic hill climbing)
Date: 0525707 Time: 158:34

Sample: 1 32

Included observations: 32
Convergence achieved after 5 iterations
Covariance matrix computed using second derivatives

“ariable

Coefficient

Std. Error

Z-Statistic

Frob.

=
SPA
TUCE
F=l

1302135
2.826113
0.0595158
2.37gkog

4931317
1. 262540
0141554
1.0645673

-2 .B40541
2237725
0672235
2.234425

0.0053
00252
05014
00255

Mean dependent var
=.E. of regression
=um squared resid
Log likelihood
Restr. log likelihood
LR statistic (3 df)
Frobability(LRE stat)

0343750
0334716
4.144171
-12.83963
-20.559173
15.404149
0.001502

=.0. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Clainn criter.
Ay, log hikelihood
McFadden R-squared

0. 452555
1.055602
1.2355149
1.116333
-0. 4022501
03740353

CObs with Dep=0
CObs with Dep=1

21
11

Taotal obs

32

Figure 11: Estimated logit model of grade on constant, gpa, tuce and psi.
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[(=1[E3

BN Fquation: LOGIT_EQNM Workfile: UNTITLEDAUNtitled Z

Wiemww | Proc | Chjeck | Prink | Mame | Freeze | Estimate | Farecask | Skat= | Resids |

%

— Fesidual —— Actual

Figure 12: Fitted probabilities and estimated residuals of the logit model.
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M Series: GPA Workfile: UNTITLEDAUntitled

&(=113
Bar

Yiew | Proc | Object | Properties | Prink | Mame | Freeze| Sample | Genr | Sheet | Stats | Ident | Line
10

Series: GPA

Sample 1 32
Ohservations 32

Wean A117188
Wedian 3.065000
Waximum 4.000000
Minimum 2.060000
Std. Dev. 0466713
Skewness 0122657
kurtosis 2870068
Jargue-Bera 0.326695
Probahility  0.849296

Figure 13: Descriptive statistics on gpa: note the minimum and maximum, in particular.
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T3 FViews
Fil= Edit ©bject  Wiew Proc  Quick Ophions  window  Help
series gpa_plot=2+4-2"G@trend/ G obs(Etrend)-1)

B Workfile: UNMTITLED

wiew | Proc| Object| Print| Save| Details+(-| Show|Fetch| store| Delete | Genr| Sample |

Range: 1 32 32 ohs Display Filter: *
Sarmple: 1 32 32 obs

8 Graph: UNTITLED Workfile: UNTITLEDWntitled =13
wiews | Proc| Object| Print|Mame| addText|LinefShade|Remove| Template| Options| Zoom |

=] logit_eqn
bA obs 4.4
[=] probit_egn
kA psi

BA resid

EA tuce

4.0 -

3.6 4

3.2 4

2.8 1

2.4 1

2.0 1

1.6

15 20

— GPA_PFPLOT

Figure 14: Create an evenly-spaced series on the interval [2, 4].
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B Fquation: PROBIT_EQN Waorkfile: UNTITLEDAURtitled

Sig | {-"r-:u:;l Cbject | Prink | Marme | Freeze | Estimake | Forecast | Staks | Resids |

Estimate. ..

Farecast (Fitked ProbabilityInde:x). ..
Make Residual Series. ..

Make Regressor Group

Make Gradient Graup

Make Model

Update Zoefs From Equation | derivatives

climbing)

“ariable Coefficient =td. Error z-Statistic Frohb.

- -7 452320 2542472 2931131 0.0034
SHA 1.625810 0693852 2.343063 0.01=1
TLICE 0.051729 0.033850 0.61BEZE 0.5375

(] 1. 426332 0.595035 2.397045 0.01685

Mean dependent var 0343750 5.0 dependent war 0. 4532559
=.E. of regression 0.386128  Akaike info criterion 1.051175
=um squared resid 4 174660 Schwarz criterion 1.234352
Log likelihood -12.81880  Hannan-Cluinn criter. 1.11190E
Restr. log likelihood 2059173 Awg. log likelihood -0.400555
LR statistic (3 df) 15.504585  McFadden H-sguared 03774785
Frobability(LR stat) 0.001405

Cbs with Dep=0 21 Total obs G
Cbs with Dep=1 11

Figure 15: From “probit _eqn”, choose “Make Model”.
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B Model: UNTITLED Workfile: UNTITLEDAUntitled
view| Proc| Object| Print| Mame | Freeze| Sobve| Equations|variables| Text|

|Equations: 1 Baseline
[=] PROBIT_EQHN Eql: grade = F{ gpa, psi, tuce )

Figure 16: Structure underlying “probit _eqn”.
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B Model: UNTITLED Workfile: UNTITLEDUntitled

Object PrintINameIFreezel Solve| Equations| variables| Text|

Salve Model, ..

Baseline

Solve Conkrol For Target. .. gl grade = F( gpa, psi, tuce )

IUpdate &l Links - Recompile model
Add Factors (Al Ereak All Links - Make all equations inline

Skaore series,.,
Fetch series. ..
Delete series. ..

Make Group)Table, ..
Malke Graph...

Figure 17: Choose “Break All Links”.
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B Model: UNTITLED Workfile: UNTITLEDAUntitled

'u'iewl

|Equations: 1

Baseline

"grade =1 - @cnarm( - Egl. grade = F{ gpa, psi, tuce )

Figure 18: Further structure underlying “probit eqn”.
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Equations
Yariables

Source Text

Black, Skructure

Solve Options.
SCenatios. ..

Solution Messages
Trace Oukput

Label

Freeze

Solve

Equations

Yariables

Texk

Baseline

Jrmi

" Eql:

grade =

F{ gpa, psi, tuce )

Figure 19: Choose “Source Text”.
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B Model: UNTITLED Workfile: UNTITLEDWntitled

view| Proc| Object| Print|Mame| Freeze| Solve| Equations|varishles| Text|

GRADE =1 - @CNORM( - (-7 45231505204950 + 1.62581003559976 * GPA +
0.0517289448399536 * TUCE +1.42633234278868 * PSI)

Figure 20: The estimated equation “probit _eqn”.
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B Model: UNTITLED Workfile: UNTITLEDAUntitled

'u'iew|Pru:u:|DI::jE|:I:| F'rinI:|Name|Freeze| Snlve| Equatinns|'u'aria|:nles|Text|

GRADE_0 =1 - @CNORM( - (-7.45231963.284356 +1.62581003953976 7
GPA plot +0.05172854455599536 * @meanituce) +1.42633.254.27886G * O))

Figure 21: Modify the estimated equation: rename as “GRADE 07, replace tuce by its
sample mean, replace GPA by GPA _plot, and set psi = 0 (no exposure to new method).
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M Model: UNTITLED Workfile: UNTITLEDUntitled
view| Proc| Object | Print|Mame | Freeze| Solve| Equations|variables | Text|

GRADE 0 =1 - @CNORM( - (-7.45231963284956 + 1.62551003959576 *
GPA_plot +0.0517209445399536 * @mean(tuce) + 1.42633234278568 * 0))

Hliews ]

The model source haz been modified. Saving

@ the: modifications will recompile the model.

Save modifications and compile?

Figure 22: Save modifications to “GRADE _0”.
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M jiodel Solution

Basic Optionz | Stochastic Options | Tracked Variables Diagnnsticsl Snlverl

— Simulation type — Solution scenarios & output

* Deterministic botive:  |Bazeline j

" Stachastic
Easeling
— Dynamics Scenano 1 \

% Dynamic solution

" Static solution [ Salve for Alternate along with Active
" Fit [static - no eq interactions)

Alternate: | Bazeline -
[~ Structural [ignore ARMA) I J

Edit Scenario Options |

— Solution zample

Wworkfile sample uzed i left blank. Add/Delete Scenanos |

ak. Annuler

Figure 23: Select “Actuals”.
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B Model: UNTITLED Workfile: UNTITLEDWntitled

'u'iew|F‘r|:u:|D|:|jE|:t| F‘rint|Name|Freeze| Snlve| Equatinns|'~a‘ariahles|Text|

Madel: Untitled
Date: 08/25/07  Time: 18:53
sample: 1 32
solve Options:
Dynamic-Deterministic Simulatian
Solver: Gauss-Seidel
Max iterations = 5000, Convergence = Te-008

scenario; Actuals
solve begin 16:53:.29
Solve complete 18:53:259

Figure 24: Solve new model “GRADE (.
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B Model: UNTITLED Workfile: UNTITLEDntitled = |[O[%

'I.l'iE:W|F‘rEIE|D|:IjE:E|I| F'rint|Name|Freeze| Snlve| Equatinns|'u'arial:ules|Te:-:t|

GRADE 1 =1 - @CNORM( - (-7 45231965.284956 + 1.62551005555976 *

GPA_plot +0.05172894453559536 * @meanituce) +1.426332342788658 * 1))

Figure 25: Modify the estimated equation: rename as ‘GRADE_1’, replace tuce by its
sample mean, replace GPA by GPA plot, and set psi = 1 (exposure to new method).
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B Model: UNTITLED Workfile: UNTITLEDAUntitled

'-.I'iew|F'r|:u:|CI|:|jEn:t| F'rinI:|Name|Freeze| 5:::Ive| Equatiu:un5|'-.-'arial:ules|Te:-:I:|

Podel: Untitled
Date: 08/25/07  Time: 18:54
cample: 132
salve Options:
Dynamic-Deterministic Simulation
soker: Gauss-Seidel
hlax iterations = 5000, Convergence = 1e-003

scenario; Actuals
Solve begin 18:54:12
oolve complete 15:54:12

Figure 26: Save modifications to “GRADE 17, select “Actuals”, and solve the new model
“GRADE_1".
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%3 EViews

Fil= Edit

View Proc  Quick  Options  Window  Help

EobsiEtrendl-1)

series gp:

Fetch from DE...
Update From DE. ..

Sktore to DE...
Copy Object, ..
B Wao Mame. .. g@lxl
'-.-'iewl Pr Dislete ails+f-| Show|Fetch|store | Delete | Genr | Sample |
Range| Freeze Output Display Filter: *
Sampl Prink
[E]c View Opltions »
EA gpa
EA gpa_plot
EA grade
EA grade_0
EA grade_1
=] logit_eqgn
A obs=
arobit edgn
A psi
EA resid
EA tuce

|35 Untitled £ MNew Page

Figure 27: Select “probit _eqn” and “New Object”.
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Mew Object

Irtitled

Group

E quation
Graph

Logl

k atri=- ector-Caoesf
k4 odel

Fool

Sample

Sernes

Senes Link

Senesz Alpha
SSpace

Syztem ] I
T able
T ext

Walbdap Cancel I
i H

— Type of object———— |7|"~|ame for object

Figure 28: Select “Group”.
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Series List

— Ligt of zenes, groups, and/or senes expressons

gpa_plot grade 0 grade 1|

‘ 0. I Cancel

Figure 29: Create group.
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Wi | Proc

B Group: UNTITLED Workfile: UNTITLEDAUntitled

Dl:uject| Print|Name|Freeze| Defaulk v| Sork

4[(=1c3

Transpnse| Edit+/- |5m|:|l+,l' |InsD

2 NAETTA

M MQc~ran

n EE7NaE

ohg GPA PLOT| GRADE 0 GRADE 1
1 2.000000 0.001085 0.050545 »
2 2064516 0.001533 0062432
3 2129032 0.002144 0.0763590 E
4 2193548 0. 002565 0.092604
5 2. 258085 0.004065 0111233
B 2322581 0.005520 0. 132402
7 2387097 0.007414 0. 156156
B 2451613 0.009555 0. 152648
J 2516124 0012331 02117249
10 2580645 0016524 0243357
11 2 B45161 0.0215449 0.277378
12 2709677 0027932 0313568
13 2774194 0.035365 0.351645
14 2.838710 0.044348 0.391281
15 290322k 0. 055088 0.432077
1B 2967742 0.067 780 0.473610
i 3.032258 0.052623 0515432
18

Figure 30: Data in new group.




IENAC22 / FORECASTING / APPLIED PROBLEM SET 1

38

M Group: UNTITLED Worlkfile: UNTITLEDMntitled M=t

s.i'”iew| Proc | Object | Prink | Mame | Freeze |

iaroup Members
Spreadsheet
Dated Data Table

Multiple Graphs »

Descriptive Skats k
Tesks of Equality...

M-Way Tabulation. ..
Correlations

Covariances

Principal Components. ..

Correlogram (1) ...
Cross Correlation (2 ...
_oinkegration Test, ..
Init Rook Test. ..
iaranger Causality. ..

Label

|DEFauIt - | Sork

Tran5|:u:|58| Edit+)- |5m|:|l+ |InsD

GRADE O

GRADE 1

0.001025
0.001533
Line
Area
Bar
Spike
Scatter

Error Bar

0.050545
0062452

High-Low (Open-Close)

Pie
0027432
0.035365
0.044348
0.055086
0067750
0.0582623

M QA

0.313563
0.351649
0.391231
0432077
0.473610
0.515432

n ERTNEE

M

one ¥ against all s
wy Pairs

Figure 31: Plot graph based on new group.
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M Group: UNTITLED Workfile: UNTITLEDWUntitled
'-.-'iew] F'rl:u:] Ol:uject] Print: | Name] Freeze | Sample] Sheet] Stats | Spec |

1.0

0.6 1

— GRADE_ D0
— GRADE_1

0.4

0.2 1

0.0

I I
16 20 24 285 32 36 40
GRA_FLOT

Figure 32: Probability response curves P/r&)(y = 1) against gpa, for psi = 0 and psi = 1,
for the probit model.
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M8 Group: UNTITLED. Workfile: UNTITLEDMntitled
'n-'iew| F'rn:n:I Ohjectl F‘rintI Namel Freezel Samplel Sheetl Stats| Specl

1.0

0.5

0.6 -

— GRADE 0 _LOGIT
— GRADE_1_LOGIT

0.4

0.2 -

! !
24 28 3.2 3B 4.0 44
GFPA_PLOT

0.0 e
0

18 2.

Figure 33: Probability response curves ﬁ)(y = 1) against gpa, for psi = 0 and psi = 1,
for the logit model.
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Areas Under the Normal Curve

Z  Cump Tailp Z  Cump Tailp I Cump Tailp I Cmmp Talp I Cump Tailp
0.00 05000 0.5000 040 06554 03446 080 07881 02119 120 08849 01131 160 09452 00548
001 05040 0.490 041 06591 0.3409 081 07910 02090 121 08860 01131 L6l 09463 00537
002 05080 0.4920 042 06628 0.3372 082 07939 0206l 122 08888 01112 162 09474 00526
0.03 05120 0.4880 043 06664 0.3336 083 07967 02033 123 0.8907 0.1093 163 09484 00516
0.04 05160 0.4840 044 06700 0.3300 084 07995 0.2005 124 08025 01075 164 00495 00505
005 0519 04801 045 06736 0.3264 085 08023 0.1977 135 08944 01056 L8 09505 0.0495
006 0.3139 04761 046 06772 03228 086  0.8051 0.1949 126 08962 01038 166 09515 0,048
007 05179 04721 047 06808 0.3192 087 08078 0.192 127 0.8980 01020 167 09525 00475
008 03319 04881 048 06844 03156 088 08106 0.1804 128 0.8997 01003 168 09535 00465
009 05359 04sdl 049 06879 0.3121 089 D8133 0.1867 129 09015 0.0983 169 09545 00455
010 05398 04802 050 06915 03083 090 08159 0.1841 130 09032 0.098 170 09554 0046
011 03438 04362 051 06950 0.3030 091 08186 0.1814 L3 09049 0.0951 171 09564 0043%
012 05478 04522 052 06985 0.3013 092 08212 0.1788 13 09066 0.0934 172 09573 00427
013 05517 0.4483 053 07019 0.2981 093 08238 0176 13 09082 0.0918 173 09582 00418
014 05557 0444 054 0.7054 02946 094 08264 0173 LM 090% 0.0901 174 09591 0.0409
015 0559 0.4404 055 0.7088 02912 095 08289 0171 LE 09115 (.0883 175 09599 0.0401
016 03636 04364 056 07123 0287 09 08315 0.1685 L 09131 (0.0869 176 0908 0.0392
017 0.3675 04325 057 0N5T 02843 097 0.8M0 0.1660 L3 09147 00853 177 0916 00384
018 05714 0428 058 07190 02810 098 08365 0163 13 09162 0.0838 178 09625 00373
019 0.5753 0447 059 0724 0277 099 08380 01611 139 09177 00823 179 09633 0037
020 05793 0.4207 060 07257 02743 100 08413 01587 140 09192 0.0808 180 0941 00359
021 0383 04168 061 07291 02709 101 08438 01562 141 09207 0.0793 L8 09649 00351
022 03871 04129 062 07324 0267 102 08461 01539 14209222 00778 182 09656 0034
023 05910 0.4090 063 07357 02643 103 D845 01513 143 0923 00764 183 0964 00336
024 0598 04052 064 07389 02611 104 D508 01492 144 09251 00749 L84 0971 00329
025 0597 0.4013 065 07422 02578 105 08531 0.1469 L4 09265 0.0733 185 0978 0032
026 0.6026 0.3974 066 07434 0254 106 D834 0146 146 09279 0072 186 0986 0.0314
027 06064 0,393 067 07486 02514 10T 08577 01423 147 09292 00708 L8 0.9693 00307
028 06103 0.3897 068 07517 02483 108 08599 0.1401 148 09306 0063 188 09609 0.0301
029 06141 0385 069 0.7549 02451 109 0821 01379 149 09319 (0681 180 0.9706 0.0204
030 06179 0.3821 070 07580 0.2420 110 08643 0137 150 09332 00668 190 093 00287
031 06217 0.3783 071 07611 02389 LI 08665 0.13% 131 09345 00653 191 09m9 00281
032 06235 03743 072 07642 02358 112 08686 01314 152 09357 00643 102 09726 00274
0.3 06293 0.3707 073 07673 02307 113 08708 01292 153 09370 00630 193 09732 0.0268
034 0633 03669 074 07704 0.22% 114 08729 01271 154 00382 00618 104 09738 00262
035 0.6368 0.3632 075 07734 0226 LIS 08749 01251 155 09394 0.0606 105 09744 00256
036 D.edls 0.2594 076 07784 02236 L16 08770 01230 156 09406 00594 L% 09750 0.0250
037 06443 0.3557 077 07794 02206 117 08790 0.1210 157 09418 00582 197 09756 00244
038 06480 0.3520 078 07823 01T LI§ 08810 0.1190 158 0.9420 0051 198 09761 00239
039 08517 0,348 079 07852 02148 119 08830 0170 159 09441 00559 199 09767 00233

Figure 34: Statistical table for N(0,1).
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Critical Values of the t DMstribution

2-tziled tesdng 1-tailed testing

0.1 0.05

.

o

1.476 2.015

1. 440 1823

895

8 &0 1.397 Ba0 2. 806
o B33 383 B33 2 821
10 212 373 812 1764
11 Te5 3g3 796 2718
12 TE2 58 T82 2681
13 7Tl 50 77l 2.650
14 Tl 45 Tl 2624
15 T53 41 T53 2602
16 746 37 7486 2583
17 740 iz 740 2.567
18 T34 30 2552

12 TiD 28 129 539
20 TS 25 528
21 21 ] 518
X2 T17 21 508
F.L T14 19 500
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26 706 15 7o
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Figure 35: Statistical table for Student’s ¢(r).
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Critical Values of the I Distribution

(=05

df benwean

5 &

H

[+

41

510

LA
=
o

05 [ 405

4.88

4.53

4.76

4.3

& i 514 433 | 43 425 [ 21 | 415 [ 400 | 3.84 | 3.47
7 S50 | 474 | 435 [ 412 ) 307 [ 38T | 378 | 375 | 357 ) 341 [ 523
2 532 | 446 | 407 | 3E4 | 360 | 358 | 350 | 344 | 328 ) 312 [ 283
g 51T | 426 | 3.B6 | 363 | 348 | 337 | 318 | 325 | 307 ) 200 [ 371
10 | 426 [ 410 | 371 | 345 | 333 | 322 [ 314 | 307 [ 281 ) 274 | 254
11 484 | 30E | 350 | 336 | 320 [ 3090 ) 301 | 205 | 278 ) 241 [ 241
12 475 | 380 | 340 | 31 311 [ 300 ) 201 [ 285 | 240 | 251 | 230
13 467 | 3BD | 341 | 318 ) 303 [ 202 ) 283 | 277 | 240 ) 242 [ 221
14 | 460 [ 374 | 334 | 211 | 206 | 285 [ 276 | 270 | 2.55 | 235 | 113
15 4.5 JBE | 320 | 306 | 200 | 27® [ 271 | 262 | 2.AB | 220 | 207
16 | 448 334 | 301 ) ZES [274 ) 268 | 250 | 243 ) 22 201
17 | 4.4f 320 | X0g | TEL [ 270 | 261 | 255 | 23E | 119 | 198
18 | 441 . 316 | 203 | 177 [ 266 | 258 | 251 | 234 | 215 [ 1.2
10 | 438 [ 352 | 3013 | 200 | 274 | 2463 [ 254 | 248 | 251 | 211 | 1.88
0 ) 435 [ 340 ) 300 | ZET | 271 | 160 [ 251 | 245 [ 228 | 208 | 1.84
11 432 | 347 | 307 | ZE4 | I6E [ 257 | 248 | 242 | 225 | 205 [ 1.81
12 430 | 344 | 305 | ZEI | 166 [ 255 | 248 | 240 | 223 | 203 [ 1.7E
23 428 | 342 | 303 | ZEQ | 464 [ 253 | 244 | 237 | 220 | 201 | 178
24 | 426 [ 340 ) 300 | 275 | 262 | 151 [ 242 | 238 | 218 | 1.9E | 1.73
25 424 | 330 | o0 | 176 | 160 [ 240 | 240 | 234 | 216 | 196 [ 1.71
16 | 423 [ 3537 | 208 | 174 | 150 ) 247 [ 230 | 232 | 215 | 185 | 142
17 | 421 [ 335 ) 204 | 273 | 25T | 146 [ 237 ) 231 | 213 | 183 | 1.47
8 | 420 [ 3534 | 205 | 271 | 236 | 45 [ 234 | 228 [ 213 | 191 | 1.&6
0 | 418 [ 333 | 293 | 270 | 235 | X143 [ 235 | 228 [ 210 | 180 | 184
30 ) 417 [ 332 ) 202 [ 260 ) 233 ) X4l [ 233 | 227 | 1@ | 1E8 | 12
40 | 408 [ 323 ) 2B4 [ 261 | 245 | 138 [ 215 | 208 | 100 J8 | 151
0 ) 400 [ 305 | 276 | 253 | 237 | LIS [ 217 | 200 | 182 | LTD | 1.38
B0 34 311 | 272 | 240 | 233 | 221 | 203 | 208 | 1.BE | 185 | 1.33
100 | 3.8 300 | 270 | 46 | 231 ) 18 [ 200 | 203 | 185 | 185 | 1.28
120 ) 382 [ 307 | 268 [ 245 | 220 ) 218 [ 209 ) 2.02 [ 183 | 1.1 | 1.26
@ 384 | 3 161 | 237 | 22T [ XI0 ) 201 [ 184 | LTS | 152 | 1.0

Figure 36: Statistical table for F(m,n) at the 5% level.
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Critical Values of the F Distribution
fo=_01)

df betwasn

1 & 3 4 5 g 7 g 12 24 =

5 1626 [ 1327 | 1206 ) 1138 | 10.87 | 10067 [ 1046 | 10.20 | 888 | £.47 [ 202
& 1375 [ 1082 ) .78 | 015 | B75 | 847 | 824 | 810 | 7.72 | 7.31 [ 4688
7 1225 [ 055 | BE45 | TES | 746 | 710 | 400 | 684 | 647 | £.07 [ 545
3 1126 [ B85 | 7.50 | 701 | 663 | 637 | 418 | 603 | 567 [ 528 [ 438
4 1056 [ BOZ | 600 | 642 | 606 | 580 [ 561 | 547 | 511 | 473 [ 431
10 | 10.0s) 7.5 6.55 | 500 ) 544 | 538 | 520 [ 50§ | 471 | 4335 | 341
11 085 [ 731 | 622 | 567 | 332 | 507 | 480 | 474 | 440 [ 402 [ 340
12 033 L3 | 505 | 541 [ 506 [ 482 | 482 | 450 | 414 [ 378 | 338
13 07 [ 670 | 574 | 521 | 456 | 462 | 444 | 230 | 306 | 350 [ 317
14 86 [ 651 | 5.56 | 504 | 460 | 448 | 428 | 214 | 3.80 | 3.43 [ 301
15 6 [ 636 | 542 | 480 | 434 | 432 | 414 | 200 | 3.7 | 3.20 [ 2.87
16 E53 [ 633 | 520 | 477 | 444 | 420 | 403 | 388 | 355 | 308 [ 275
17 E40 [ 611 | 518 | 467 | 434 | 410 | 303 | 379 | 346 | 3.08 [ 285
18 20 ) 601 | 500 [ 458 [ 435 | 401 | 382 | 371 | 337 | 300 | 257
19 5.03 1 ] 4350 ) 417 | 308 [ 377 | 343 | 3.50 | 202 [ 248
20 443 [ 410 | 387 | 370 | 354 | 323 | 286 | 2.42
11 437 [ 404 | 381 | 382 | 351 | 317 [ 2.80 | 238
12 431 [ 380 | 374 S0 | 345 | 302 [ 275 | 231
13 426 [ 304 [ 371 | 354 | 341 | 3.07 [ 290 | 228
24 421 [ 300 | 367 | 350 | 334 | 303 | 246 | 221
15 418 [ 385 | 363 | 346 | 331 | 2ag | 242 | 217
26 414 [ 382 | 350 | 342 | 320 | 208 | 258 | 215
27 411 [ 37 356 | 3.2 316 [ 283 | 355 | 210
28 407 [ 375 | 355 | 336 | 323 | 2.0 | 252 | 2407
20 404 [ 373 [ 350 | 333 | 320 | 287 [ 240 | 204
30 402 [ 370 | 347 | 330 | 307 | 2.84 | 247 | 201
40 181 [ 35 329 [ 302 | 208 | 246 | 220 [ 1.81
0 165 [ 334 | 312 | 205 | 252 | 250 | 212 | 1.0
] 356 | 326 | 304 | 287 | 274 | 242 | 203 | 150
100 51 [ 32 200 | 282 | 248 | 257 | 198 [ 1.43
120 148 [ 3017 | 204 | 279 | 2466 | 2.34 | 185 | 138
x 332 [ 302 | 280 | 244 | 23] | 218 | 179 | 1.0

Figure 37: Statistical table for F'(m,n) at the 1% level.
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Critical Values of the y* Distribution

Area i the Upper Tail

0.99 (.95

0.9

0.1

0.05

0.01

1 0.000 | 0004 | 0016 | 2706 | 3841 6.633
2 0020 [ 0105 | 0211 | 4605 3.991 9.210
3 0115 | 0332 | 0384 | 6231 7815 | 11345
4 0297 | 0.711 1.064 [ 7779 [ 9488 3277
3 0.554 1.145 1610 | 9236 [ 11.070 | 15.036
b 0.872 1.635 | 1204 | 10643 | 12592 | 16212
7 1230 | 2167 | 2.833 | 12.017 | 14067 | 18473

1646 | 2733

3.490

TS
13.362

15,507

20.080

2088 | 3325

4168

14684

16.919

21.666

10 2558 | 3040 | 48635 | 15987 | 18307 | 23209
11 3053 | 43575 | 3578 | 17275 | 19675 | 24723
12 3371 | 3226 | 6304 | 185349 | 21.026 | 26.217
13 4107 [ 3802 | 7042 | 19812 | 22362 | 27.683

1660 | 6571

7.780

71064

20.141

3.0 7.261

LI A

85347

22307

30.578

5812 | 7982

9.312

23.542

32.000

6408 [ 2672

10.083

24769

33409

7015 | 9.390

10.863

25.989

34.203

7633 [ 10117

11.631

27204

36.191

3060 | 10.851

1245

25411

——
:.'HEE
2.

8.807 [ 11.591

13.240

20615

38.032

0.542 | 12338

14.041

30.813

40289

10.196 | 13.091

14.342

32.007

41.632

10.856 | 13.348

15.639

33.195

42980

115324 | 14611

16473

34,381

44314

Figure 38: Statistical table for x?(q).




