Lecture 3: Designing
simulations
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How would you study the importance of the normality
assumption?
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Simulating data

To start, simulate data for which the normality assumption
holds:

n <- 100 # sample size OGO, S DY L cosenvedions)
betad <- 0.5 # intercept « [, =05
betal <- 1 # slope ¢f~13\"\ ><u o \)wf%ZfWN(f%{>

X <- runif(n, min=0, max=1l) <

, e Normal (0, 1)
noise <- rnorm(n, mean=0, sd=1)4%///’///// -

y <- beta0 + betal*x + noise Z

o runif@ min ,max@ samples X; uniformly

between O and 1

e rnorm(; mean%0, sd<£1) samples & ~ N(O 1)
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Fit a model

n <- 100 # sample size
beta0 <- 0.5 # intercept

betal <- 1 # slope %%@O\Jﬂ/\g 5&&/\

X <- runif(n, min=0, max=1)
noise <- rnorm(n, mean=0, sd=1) Qf&% v«\a \i£>
y <- betal + betal*x + noise

e Spensl.
Im mod <- Ilm(y ~ X)

1m mod Q;'Q*D\@UMQﬁfg
Call:
Im(formula = y ~ Xx)
Coefficients: (ﬁgib CJ: ;cf E;)]
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Calculate confidence interval

lm mod <- 1lm(y ~ X) \T¥ﬂ5 OO -

ci <- confint(lm mod, "x", level = 0.95)

ci ﬁ?
2.5 % 97.5 %

x 0.6883911 2.172003 (e e OF iakeSt Qefjf (ZD

e Question: How can we check whether the confidence
interval contains the true [3; ?

o=\

6.02%  « \ S. 2\t >\ (TRVE)

SR A oLy )



Calculate confidence interval

Im mod <- Ilm(y ~ X)

ci <- confint(lm mod, "x", level = 0.95)
ci

2.5 % 97.5 %
x 0.6883911 2.172003

e Question: How can we check whether the confidence
interval contains the true [3; ?

ci[l] < 1 & ci[2] > 1

[1] TRUE
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Repeat!

nsim <- 1000

n <- 100 # sample size
beta0 <- 0.5 # intercept
betal <- 1 # slope
results <- rep(NA, nsim)

for(i in 1l:nsim){

X <- runif(n, min=0, max=1) ‘?%> SCAMNQV&_ dcde~ 03—

noise <- rnorm(n, mean=0, sd=1) L %ﬁo
VLo O
y <- betal + betal*x + noise Qo

Im mod <- Im(y ~ X) §;¢_ VV\GAQA) Ca{hgjk%¥l
ci <- confint(lm mod, "x", level = 0.95) 2; s CT
O~ 4 A
results[i] <- ci[l] < 1 & ci[2] > 1 _ . — )
} u [1] i[1] 1[2] (= C/\/\Qu,\/ IQ C’}_ @.\%Z;\)/S S))
mean (results) Stae S,

e \What fraction of the time should the confidence interval
contain f3; ?
efpect = 0.5



Repeat!

nsim <- 1000

n <- 100 # sample size
beta0 <- 0.5 # intercept
betal <- 1 # slope
results <- rep(NA, nsim)

for(i in l:nsim){
X <- runif(n, min=0, max=1) 'hﬁgé¥ 3%3P\ kw%% -

noise <- rnorm(n, mean=0, sd=1) 4= . roosddobohan
|
y <- betal + betal*x + noise 5\§%€ﬁy\ Q SXQ

Im mod <- Im(y ~ X)
ci <- confint(lm mod, "x", level = 0.95)

results[i] <- ci[l] < 1 & ci[2] > 1

}

mean(results)
[1] 0.952

e \What should we do next?



Class activity

Y =P +P1 Xi +&

That is, how important is the assumption that & ~ N(0, 62)?

Continue simulation from last time, but experiment with

different values of n and different distributions for the noise
term.

https://sta279-
f23.github.io/class_activities/ca_lecture_3.html



Class activity
Y =P +P1 Xi +&

How does confidence interval coverage change when you
change the distribution of g;?



Class activity

nsim <- 1000

n <- 100 # sample size
beta0 <- 0.5 # intercept
betal <- 1 # slope
results <- rep(NA, nsim)

for(i in l:nsim){

X <- runif(n, min=0, max=1) q(?

noise <- rchisq(n, 1) <&—— \

y <- beta0 + betal*x + noise

Im mod <- Im(y -~ X)

ci <- confint(lm mod, "x", level = 0.95)

results[i] <- ci[l] < 1 & ci[2] > 1

}

mean(results)
[1] 0.963
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ADEMP: A useful framework for simulation
studies

e Aims: Why are we doing the study?
e Data generation: How are the data simulated?

e Estimand/target: What are we estimating for each
simulated dataset?

e Methods: What methods are we using for model fitting,
estimation, etc?

e Performance measures: How do we measure
performance of our chosen methods?



ADEMP

For the normal errors simulation study:

o Aims:  Nssess  impattmiace o e verm by eSS phian
K~ U\«\chrw\(o/“ N 0.5 AT E

Data generation:
’ g ¢ ~Unadermloy) a0 EL ~ Exp (V) -

e Estimand/target: {5, e G oeNLY o e
e Methods: i linear wnade) Tn B cdelde. 455 CTS

Cor 3
e Performance measures: O00SetRd Covermof i
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