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Recap Are you recording?

• Choosing test statistics – optimality, likelihood, convenience

• Simple and composite hypotheses θ = θ0; θ ∈ Θ0

• Generalized likelihood ratio tests W(θ0) = 2{ℓ(θ̂)− ℓ(θ̃0)}

• Wald tests (θ̂ − θ0)/ !se

• significance tests p-value: Pr(T > tobs;H0)
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Today Start Recording

1. Homework 2
2. confidence intervals
3. goodness-of-fit tests
4. multiple testing

• February 8 3.00 – 4.00 Paul McNicholas Data Science and Applied Research Series
• “Selected Problems in Classification” Link
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Confidence intervals AoS Theorem 10.10; SM §7.3.4

logistic regression
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Confidence intervals AoS Theorem 10.10; SM §7.3.4

> summary(lm1)

Call:

lm(formula = log(cost) ~ date + log(t1) + log(t2) + log(cap) +

pr + ne + ct + bw + log(cum.n) + pt, data = nuclear)

Coefficients:

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

(Intercept) -14.24198 4.22880 -3.368 0.00291 **

date 0.20922 0.06526 3.206 0.00425 **

log(t1) 0.09187 0.24396 0.377 0.71025

log(t2) 0.28553 0.27289 1.046 0.30731

log(cap) 0.69373 0.13605 5.099 4.75e-05 ***

pr -0.09237 0.07730 -1.195 0.24542

ne 0.25807 0.07693 3.355 0.00300 **

ct 0.12040 0.06632 1.815 0.08376 .

bw 0.03303 0.10112 0.327 0.74715

log(cum.n) -0.08020 0.04596 -1.745 0.09562 .

pt -0.22429 0.12246 -1.832 0.08125 .

---

Residual standard error: 0.1645 on 21 degrees of freedom

Multiple R-squared: 0.8717,Adjusted R-squared: 0.8106

F-statistic: 14.27 on 10 and 21 DF, p-value: 3.081e-07
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Confidence intervals AoS Theorem 10.10; SM §7.3.4

log(cap) 0.69373 0.13605 5.099 4.75e-05 ***

pr -0.09237 0.07730 -1.195 0.24542

ne 0.25807 0.07693 3.355 0.00300 **

ct 0.12040 0.06632 1.815 0.08376 .

bw 0.03303 0.10112 0.327 0.74715

log(cum.n) -0.08020 0.04596 -1.745 0.09562 .

pt -0.22429 0.12246 -1.832 0.08125 .

---

Residual standard error: 0.1645 on 21 degrees of freedom

Multiple R-squared: 0.8717,Adjusted R-squared: 0.8106

F-statistic: 14.27 on 10 and 21 DF, p-value: 3.081e-07
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Example: Likelihood confidence intervals
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... likelihood confidence intervals
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... likelihood confidence intervals
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Confidence and power SM §7.3.4
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Confidence and power SM §7.3.4

• interpretation of confidence interval or confidence bound random endpoint(s)

• size of test↔ confidence level

• power of test↔ width of confidence interval
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Pure significance tests SM §7.3.1

• data x1, . . . xn independent, identically distributed
• test statistic t = t(x), observed value tobs

•
pobs = Pr(T ≥ tobs;H0)

• Example: sign test

Mathematical Statistics II February 3 2021 11



Goodness-of-fit tests AoS 10.8, SM p.327-9
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Goodness-of-fit tests AoS 10.8, SM p.327-9
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Goodness-of-fit tests AoS 10.8, SM p.327-9

SM Example 7.24 testing N(µ,σ2) distribution
SM Example 7.23; 6.14 testing U(0, 1) distributionMathematical Statistics II February 3 2021 13



Goodness-of-fit tests AoS 10.8, SM p.327-9
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Goodness-of-fit tests AoS 10.8, SM p.327-9

Mathematical Statistics II February 3 2021 15



Goodness-of-fit tests AoS 10.8, SM p.327-9

• X1, . . . , Xn i.i.d. F(·); H0 : F = F0 cumulative d.f.

• !Fn(t) = 1
n
"n

i=1 1{Xi ≤ t}
• test statistic:

1. supt | !Fn(t)− F0(t)|

2.
"
{ !Fn(t)− F0(t)}2dt

3.
#

{ !Fn(t)− F0(t)}2
!Fn(t){1− !Fn(t)}

dt

4. χ2 tests AoS 10.4

• SM Example 7.24 testing N(µ,σ2) distribution
• SM Example 7.23; 6.14 testing U(0, 1) distribution
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AoS Example 10.18

Mathematical Statistics II February 3 2021 17



Pause
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Multiple testing
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Bonferroni correction AoS Thm 10.24; EH §15.1
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False Discovery Rates
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Benjamini-Hochberg
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Benjamini-Hochberg
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