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Figure 1:  Power at Various Levels of Effect Size, p=.01, ICC=.5
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Conclusion 

≥

 

Table 1: List of Symbols and Definitions for Equation Terms in This Paper 

Symbol      Definition 
 

d Cohen’s d: an effect size measure computed as the difference between two groups means over their pooled 
standard deviation 

Mdn Median value 
M Mean value  
p The probability of observing a result as extreme or more extreme than the observed result if the null hypothesis 

is true  
sp Standard deviation pooled between two groups  
Xij Level-1 or observation-level predictor variable in a multilevel model 
Xi Mean value of ith group 
Yij Estimate of the ith observation in a regression model of the jth participant  
Zj Level-2 or person-level predictor variable in a multilevel model 
β Standardized estimate of coefficient in a regression model  
βij Estimator of the ith level-1 or observation-level coefficient in a regression model of the jth participant 
εij Level-1 or observation-level error term in a multilevel model  
ζij Level-2 or person-level error term in a multilevel model  
η2

p Partial eta-squared, a measure of the effect of a given predictor in a linear regression model controlling for 
other predictors in the model 

θ The true value of the fixed effect slope, estimated by θ ̂ 
θ ̂ An estimate of some true parameter θ, representative of an estimate of the fixed effect slope  

Level-1 or observation-level variance in a multilevel model 
τ00 Level-2 or person-level variance in a multilevel model  
γoi Estimator of the ith level-2 or person-level intercept coefficient  
γ1i Estimator of the ith level-2 or person-level slope coefficient  
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Supplementary Material: Appendix A 

Analysis R Code 
#Generating Mixed Model Simulation Data 
rm(list = ls()) 
set.seed(20170712) 
install.packages("tcltk2") 
install.packages("tidyverse") 
library("tcltk2") 
library(tidyverse) 
 
############Simulating Repeated Measures Design###################### 
repeated_measures_design <- function(ns, nm){  
  subjects <- list() 
  measures <- list() 
  ordermeasures <- list() 
  conditions <- list() 
  mescond <- list() 
  subjectset <- list() 
  subjectList <- list() 
  index <- ns^2 + nm 
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  total <- ns*nm  
  replicate <- total - ns  
   
  subjects[[index]] <- list(ind = as.character(c(rep(1:i, j)))) 
  measures[[index]] <- tibble(mes = c(rep(1:j, i))) 
  ordermeasures[[index]] <- with(measures[[index]], measures[[index]][order(mes) , ]) 
  conditions[[index]] <- tibble(cond = as.factor(c(rep(0, replicate), rep(1, i)))) 
  mescond[[index]] <- bind_cols(ordermeasures[[index]], conditions[[index]]) 
  subjectset[[index]] <- bind_cols(subjects[[index]], mescond[[index]]) 
  subjectList[[index]] <- with((subjectset[[index]]), subjectset[[index]][order(ind) , ]) 
  subjectList[[index]] 
   
}  
 
ns <- 4:30 #varying number of subjects per design 
nm <- 2:10  #varying number of measures per design 
 
datalist <- list() #creating list of data tables for each test design condition 
for (i in ns){ 
  for (j in nm){ 
    index <- i^2 + j 
    datalist[[index]] <- repeated_measures_design(i, j) 
  }  
}  
 
fulldatalist <- datalist[vapply(datalist, Negate(is.null), NA)] #removing non-populated conditions 
#^also renames lists according to their index position, names now more intuitive 
#e.g., fulldatalist[[1]] is your first smallest subject-observation list sequenced by observation increases then subject ones 
 
randomEffects <- "ind" #generating empty random effects matrix 
fixedEffects <- tibble("ind", "cond") #generating empty fixed effects matrix 
 
#function for populating fixed model matrix: 
create_fixed_model_matrix <- function(tb, fixedEffects){ 
   
  myFormula <- formula(paste(c("~", paste(fixedEffects, collapse = "+")), collapse = "")) 
  model.matrix(myFormula, tb) 
}  
 
#applying above function across all sampling conditions to create fixed model matrices for all designs 
fixed_model_matrices <- lapply(fulldatalist, function(x) create_fixed_model_matrix(x, fixedEffects)) 
 
#function for populating random model matrix: 
create_random_model_matrix <- function(tb, randomEffects){ 
   
  myFormula <- formula(paste(c("~ -1 + ", randomEffects, collapse = ""))) 
  model.matrix(myFormula, tb) 
   
} 
 
#applying above function across all sampling conditions to create random model matrice for all designs 
random_model_matrices <- lapply(fulldatalist, function(x) create_random_model_matrix(x, randomEffects)) 
 
####################Generating data across multiple conditions####################### 
#Depending on the number of data points you are trying to generate this process will need parallelized 
#Alternately, you can run each iteration of whatever parameters you are altering below separately  
#Without parallelizing:   
#500 data points across the original 243 sampling conditions, 4 SNR conditions, and 3 devmod conditions takes about 
20min 
#10,000 datapoints across the above conditions will likely crash your computer 
 
set.seed(20170712)#seed used for initial 500 runs  
set.seed(714)#seed used for subsequent 500 runs  
 
#function for generating dependent variables  
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generate_alt <- function(fulldatalist, fixed_model_matrices, random_model_matrices,  
                         n_sim_rep, SNR, stdev, devmod, rvName = "y"){ 
  dvlist <- list()   
  for(i in 1:length(fulldatalist)){ 
    tb <- fulldatalist[i][[1]] 
    X <- fixed_model_matrices[i][[1]] 
    Z <- random_model_matrices[i][[1]] 
    n <- nrow(tb) 
        for(j in 1:n_sim_rep){ 
          beta <- c(0, rep(SNR*stdev, ncol(X) - 1)) 
      gamma <- rnorm(ncol(Z), 0, stdev * devmod) #devmod to increase or decrease second-level variance  
            y <- X %*% beta + Z %*% gamma + rnorm(n, 0, stdev) 
      tb[[paste(rvName, j, sep = "_")]] <- y 
    } 
    dvlist[[i]] <- tb 
  } 
  dvlist 
} 
 
#function for varying designated parameters for determined number of generations 
model <- function(fulldatalist, fixed_model_matrices, random_model_matrices, n_sim_rep, 
                  SNRs, stdev, devmods) { 
  t1 <- Sys.time() 
  SNRlist <- list()   
  devmodlist <- list() 
  SDRats <- list() 
   
  total <- (length(devmods)*length(SNRs)) 
  # create progress bar 
  pb <- tkProgressBar(title = "progress bar", min = 0, 
                      max = total, width = 300) 
  
  for (i in 1:length(SNRs)){ 
    SNR <- SNRs[[i]] 
    for (j in 1:length(devmods)){ 
      k <- j + ((i - 1) * length(devmods)) 
       devmod <- devmods[[j]] 
      SDRats[[j]] = round (stdev * devmods[[j]] / ((stdev * devmods[[j]]) + stdev), digits = 4) 
            devmodlist[[j]] <- generate_alt(fulldatalist, fixed_model_matrices, random_model_matrices, 
             n_sim_rep, SNR, stdev, devmod) 
      save(devmodlist, file = #'Enter file location and name.Rda') 
      Sys.sleep(0.1) 
      setTkProgressBar(pb, k, label=paste(round(k/total*100, 0),"% done")) 
    } 
     
    SNRlist[[i]] <- devmodlist 
    save(SNRlist, file = #'Enter file location and name.Rda') 
    names(SNRlist[[i]]) <- paste0("SDRat_", SDRats)# 
  } 
  names(SNRlist) <- paste0("SNR_",SNRs)#assigns name of list  
  print(Sys.time()-t1) 
  SNRlist 
}  
 
#Generation commanded here 
#Assigns the completed lists of tibbles to a final complete list 
devlist <- list() 
dvlist <- model(fulldatalist, fixed_model_matrices, random_model_matrices, n_sim_rep = 500, 
                SNRs = c(0, .3, .5, .8, 1), stdev = 20, devmods = c(.0811, .3335, 1, 4))#should change devmods to desired modifiers 
#saving complete dependent variable file  
save(dvlist, file = '#Enter file name and location.Rda') 
#if not parallelizing mixed modeling, may want to save separately as exemplified below for SNR = 0 
#saving SNR 0 files 
dvlist_SNR0_ICC0.075 <- dvlist$SNR_0$SDRat_0.075 
save(dvlist_SNR0_ICC0.075, file = #'Enter file location and name.Rda ') 
rm(dvlist_SNR0_ICC0.075) 
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dvlist_SNR0_ICC0.25 <- dvlist$SNR_0$SDRat_0.25 
save(dvlist_SNR0_ICC0.25, file = #'Enter file location and name.Rda') 
rm(dvlist_SNR0_ICC0.25) 
dvlist_SNR0_ICC0.5 <- dvlist$SNR_0$SDRat_0.5 
save(dvlist_SNR0_ICC0.5, file = #'Enter file location and name.Rda') 
 
#####################Running Mixed Model Analysis############################### 
rm(list = ls()) 
library(tidyverse) 
library(lme4) 
library(nlme) 
 
##Load your datalist### 
datalist <- dvlist_SNR0.3_ICC0.075 #Assign your specific datalist to term  
 
#Below is for the event you have not parallelized: 
#Here you can easily designate your list terms from your different datalists 
#Without paralellizing, each datalist of 243*500*1(SNR)*1(ICC) datapoints took approximately 4hrs 
#this with each of 243 sampling conditions (500 data sets) taking approximately 1min each to model if they are taking longer 
than 1min (time is printed) you can anticipate longer total time  
############################################################################## 
#Designate your list terms, in this case, SNR and ICC 
SNR <- .3 
ICC <- .075 
rm(dvlist_SNR0.3_ICC0.075) 
 
########################Mixed Model Analysis################################### 
model_list <- list() 
 
list_names <- list() 
 
#Beginning your mixed model analysis  
for (j in 1:length(datalist)){ 
   
  t1 <- Sys.time() 
   
  df2 <- data_frame("SNR" = SNR, "ICC" = ICC)       
  df2[1, "Sj"] <- length(unique(datalist[[j]]$ind)) 
  df2[1, "Mes"] <- length(unique(datalist[[j]]$mes)) 
   
  fit.model <- function(x){ 
     
    df3 <- data.frame(ind = datalist[[j]]$ind, cond = datalist[[j]]$cond) 
    df3$y <- x 
     
    #Models and tests   
    m1 <- nlme::gls(y ~ 1, data = df3)#initial model, without intercept 
     
    m2 <- nlme::lme(y~1, data=df3, random = ~ 1|ind)#model with intercept 
     
    m1vm2  <- anova(m2, m1)#loglikelihood test of intercept-only and non-intercept models 
     
    m3 <- lmer(y ~ cond + (1|ind), data = df3, REML = FALSE)#model with fixed factor, using FML  
     
    m2vm3 <- anova(lmer(y ~ 1 + (1|ind), data = df3, REML = FALSE), m3) 
    #^loglikelihood tests of reduced (intercept-only) and full(with fixed factor) models, using FML 
     
    #Summary objects 
    m2var <- as.data.frame(summary(lmer(y ~ 1 + (1|ind), data = df3, REML = FALSE))$varcor)           
    m3var <- as.data.frame(summary(m3)$varcor) 
    m3sum <- as.data.frame(summary(m3)$coefficients) 
     
    #Results saved to table, we'll want to add more results here in future 
    df4 <- data_frame() 
    df4[1, "m2_ind_var"] <- m2var %>% filter(grp == "ind") %>% select(vcov) %>% .[[1]] 
    df4[1, "m2_resid_var"] <- m2var %>% filter(grp == "Residual") %>% select(vcov) %>% .[[1]] 
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    df4[1, "m2_chsq"] <- m1vm2$L.Ratio[2] 
    df4[1, "m2_df"] <- m1vm2$df[1]-m1vm2$df[2] 
    df4[1, "m2_p"] <- m1vm2$`p-value`[2] 
    df4[1, "m3_ind_var"] <- m3var %>% filter(grp == "ind") %>% select(vcov) %>% .[[1]] 
    df4[1, "m3_resid_var"] <- m3var %>% filter(grp == "Residual") %>% select(vcov) %>% .[[1]] 
    df4[1, "m3_cond_b"] <- m3sum["cond", "Estimate"]  
    df4[1, "m3_cond_SEb"] <- m3sum["cond", "Std. Error"] 
    df4[1, "m3_chsq_p"] <- m2vm3$`Pr(>Chisq)`[2] 
    df4[1, "m3_df"] <- m2vm3$`Chi Df`[2] 
     
    df5 <- bind_cols(df2, df4) 
    df5 
  } 
   
  model_list[[j]] <- bind_rows(apply(datalist[[j]][,4:503], 2, fit.model)) 
#^^above^^in [,4:503], first value (here 4) is column number you wish your mixed models to begin 
####second value (here 503) should be column number where mixed models end (i.e. 1st value + total data sets) 
  list_names[[j]] <- paste0("SJs_", length(unique(datalist[[j]]$ind)), "; Mes_", max(datalist[[j]]$mes)) 
   
  print(Sys.time()-t1) 
} 
 
names(model_list) <- list_names 
##################Summarizing Data Results############################### 
 
rm(list=ls()) 
library(tidyverse) 
 
 
#####In case you did run your models separately, function for combining model files###### 
 
combine_files_df <- function(directory_path){ 
  require(dplyr) 
  require(stringr) 
  file_list <- list.files(path = directory_path,  
                          pattern = "\\.rda", ignore.case = TRUE) 
  data_list <- list() 
  for(i in 1:length(file_list)){ 
  dataname <- load(file = if_else(str_detect(directory_path, "/$"), paste0(directory_path, file_list[i]), 
  paste0(directory_path, "/", file_list[i]))) 
      data_list[[i]] <- get(dataname) 
  } 
    df <- bind_rows(data_list[[1]]) 
    for(i in 2:length(data_list)){ 
      df <- bind_rows(data_list[[i]]) %>%  
      bind_rows(df) 
    } 
  df 
} 
 
directory_path <- "#Assign directory path where files are located" 
 
All_Models_df <-  
  combine_files_df(directory_path) %>%  
  arrange(Sj, Mes) 
 
save(All_Models_df, file = "All_Models_df.rda") 
 
#########################Compute Model Descriptives########################### 
 
Simulation_summary <- 
  All_Models_df %>%  
    mutate(icc_actual = m2_ind_var/(m2_ind_var + m2_resid_var),  
          relbias_b = ((m3_cond_b - (SNR*20))/(SNR*20))*100,#relative bias in fixed effect estimates 
          bias_b = (m3_cond_b - (SNR*20)),#bias in fixed effect estimates 
          propbias_b = (m3_cond_b/(SNR*20)),#proportion bias in fixed effect estimates 
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          ratio = ifelse(ICC == 0.5, 1, ifelse(ICC == 0.25, 0.3335, 0.0811)),# 
          indvar = (20^2)*ratio,       
          relbias_indvar = ((m2_ind_var - indvar)/indvar)*100,#bias in subject variance estimates 
          bias_indvar = (m2_ind_var - indvar), #bias in subject variance estimates 
propbias_indvar = (m2_ind_var/indvar),#computing proportion bias in subject variance estimates        
          relbias_resvar = ((m2_resid_var - (20^2))/(20^2))*100, #relative bias in subject variance estimates 
          bias_resvar = (m2_resid_var - (20^2)),#bias in subject variance estimates 
          propbias_resvar = (m2_resid_var/(20^2)),#proportion bias in subject variance estimates 
          relbias_icc = ((icc_actual - ICC)/ICC) * 100,#relative bias in ICC estimates 
          bias_icc = (icc_actual - ICC),#bias in ICC estimates 
          propbias_icc = (icc_actual/ICC))%>% #relative bias in ICC estimates 

  #summarizing by parameters of interest       
    group_by(SNR, ICC, Sj, Mes) %>% 
    summarise(m.b = mean(m3_cond_b), 

m.relbias_b = mean(relbias_b),
m.bias_b = mean(bias_b),
m.propbias_b = mean(propbias_b),
m.relbias_indvar = mean(relbias_indvar),
m.bias_indvar = mean(bias_indvar),
m.propbias_indvar = mean(propbias_indvar),
m.relbias_resvar = mean(relbias_resvar),
m.bias_resvar = mean(bias_resvar),
m.propbias_resvar = mean(propbias_resvar),
m.icc_actual = mean(icc_actual),
m.relbias_icc = mean(relbias_icc),
m.bias_icc = mean(bias_icc),
m.propbias_icc = mean(propbias_icc),
power.b.05 = (sum(round(m3_chsq_p, 2) <= .05))/length(m3_chsq_p),
power.b.1 = (sum(round(m3_chsq_p, 2) <= .1))/length(m3_chsq_p),
power.b.15 = (sum(round(m3_chsq_p, 2) <= .15))/length(m3_chsq_p),
power.b.2 = (sum(round(m3_chsq_p, 2) <= .2))/length(m3_chsq_p),
power.icc.05 = (sum(round(m2_p, 2) <= .05))/length(m2_p),
power.icc.2 = (sum(round(m2_p, 2) <= .2))/length(m2_p))

save(Simulation_summary, file = '#Enter File Name and Location Here.Rda') 


