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#Script to run two sets of simulations for power and effect size workshop

if(!("pwr" %in% installed.packages())){install.packages("pwr")}

if(!("compute.es" %in% installed.packages())){install.packages("compute.es")}

library(pwr)

library(compute.es)

###############################################

###############################################

###############################################

#Simulations for power on the basis of d and winner's curse.

#Winner's curse (can be viewed as an instance of regression to the mean)

#Suppose that studies only get published if they reject a hypothesis of non-zero effect.

#Model: To study a group difference on a normally distributed trait, we sample 

#2 groups of size n and conduct a 2-sample t-test. If significant,

#then we report the effect size in the literature. If someone does a meta-analysis,

#by how much will their effect size estimate be biased?

true.d <- 0.5 #True effect size

n <- 20 # n per group

n.studies <- 1000 #number of studies to simulate

#Function to simulate data from 1 "study"

#Returns a 2-column matrix, each column is a sample from 1 group.

gen.study <- function(n, d){

  y1 <- rnorm(n, d, 1)

  y2 <- rnorm(n, 0, 1)

  return(cbind(y1, y2))

}

#Make empty vectors to hold results.

ds <- numeric(n.studies)

ds.l <- ds

ds.u <- ds

p.t <- ds

#Simulate studies and store results

for(i in 1:n.studies){

  study <- gen.study(n, true.d) #simulate a study

  tt <- tt <- t.test(study[,1], study[,2]) #run a t-test

  es <- tes(tt$statistic, n, n, verbose = FALSE) #Compute effect size d

  ds[i] <- es$d #extract d

  ds.l[i] <- es$l.d #extract lower bound of confidence interval for d

  ds.u[i] <- es$u.d #extrac upper bound of CI for d

  p.t[i] <- tt$p.value

}

#plot of all effect size estimates

hist(ds, main = "Effect size estimates from all studies", xlab = "d", 

     xlim = c(-max(abs(c(ds.l, ds.u))),max(abs(c(ds.l, ds.u))) ))

#plot of only significant effect size estimates

hist(ds[ds.l > 0 & ds.u > 0 | ds.l < 0 & ds.u < 0], 

     main = "Effect size estimates from significant studies", xlab = "d", 

     xlim = c(-max(abs(c(ds.l, ds.u))),max(abs(c(ds.l, ds.u))) ))

sig.05 <- (p.t < 0.05) #which studies gave significant results?

pwr.t.test(n, true.d) #computed power from analytic power function

mean(sig.05) #estimated power from simulations at alpha = 0.05

#Winner's curse!

mean(ds) #mean effect size estimate from all studies

mean(ds[sig.05]) #mean effect size estimates from published studies

#Plot: confidence intervals and the winner's curse

#plot the confidence intervals of the first n.sp studies,

#coloring by whether the confidence interval includes 0.

n.sp <- 100 #number of CIs to plot (more than 100 is unwieldy)

lbs <- ds.l[1:n.sp]

ubs <- ds.u[1:n.sp]

pal <- c("green", "blue")

plot(1:n.sp, ds[1:n.sp], pch = "",  xlab = "Sample Number", 

     ylab = expression(paste("Confidence Interval for d (true d = 0)")),

     ylim = c(min(c(ds.l, ds.u, 0) - 0.5),max(c(ds.l, ds.u,0))))

lines(c(-1000, 1000), c(0, 0), lty = 2)

lines(c(-1000, 1000), c(true.d, true.d), lty = 3)

for(i in 1:n.sp){

  lines(c(i,i), c(lbs[i], ubs[i]), col = pal[(ds.l[i] > 0 & ds.u[i] > 0 | ds.l[i] < 0 & ds.u[i] < 0) + 1])

}

legend("bottomright", lty = c(1,1,2,3), col = c(pal[1], pal[2], "black", "black"), 

       legend = c("not significant","significant","null hypothesis d","true d"), cex = 0.8)

###############################################################

###############################################################

##Simulation: Build power curve for Wilcoxon Signed Rank (Mann-Whitney) test compared with t.

n <- 50 #n in each group

ds_to_test <- seq(-1, 1,by = 0.05) #true values of d to examine

alpha = 0.05 #type I error rate 

n.sims<- 1000 # number of simulations per d.

#variables to hold power estimates.

power.t <- numeric(length(ds_to_test))

power.t.ev <- power.t

power.wilcox <- power.t

#For each d to test,

for(i in 1:length(ds_to_test)){

  #make variables to store n.sims p values,

  p.t <- numeric(n.sims)

  p.t.ev <- p.t

  p.wilcox <- p.t

  #and then, n.sims times,

  for(j in 1:n.sims){

    #simulate the study

    study <- gen.study(n, ds_to_test[i])

    #Compute t-test and Wilcoxon test, and store the p-values

    tt <- t.test(study[,1], study[,2])

    tt.ev <- t.test(study[,1], study[,2], var.equal = TRUE)

    p.t[j] <- tt$p.value

    p.t.ev[j] <- tt.ev$p.value

    p.wilcox[j] <- wilcox.test(study[,1], study[,2])$p.value

  }

  #Compute power as the fraction of times p was less than alpha

  power.t[i] <- mean(p.t < alpha)

  power.t.ev[i] <- mean(p.t.ev < alpha)

  power.wilcox[i] <- mean(p.wilcox < alpha)

}

#plot the results

plot(ds_to_test, power.t, ylim = c(0,1), type = "n", ylab = "Power", xlab = "effect size (d)", 

     main = paste("Power of t-test vs. Wilcoxon (n = ", as.character(n),", alpha = ", as.character(alpha),")",sep = ""))

lines(ds_to_test, power.t, lty = 1)

#lines(ds_to_test, power.t.ev, lty = 2)

lines(ds_to_test, power.wilcox, lty = 3)

legend("bottomright", lty = c(1, 2, 3), legend = c("Welch's t-test","t-test (equal variances)","Wilcoxon test"))

