Appendix
1. R code for contingency table for BDI assumption and Stuart-Maxwell test
library(DescTools)
library(pwr)
library(knitr)

# Set a random seed for reproducibility
set.seed(123)

# Create a 4x4 contingency table with random data
n_11 <- sample(1:63, 1)
n_12 <- sample(1:63, 1)
n_13 <- sample(1:63, 1)
n_14 <- sample(1:63, 1)
n_15 <- n_11+n_12+n_13+n_14

n_21 <- sample(1:63, 1)
n_22 <- sample(1:63, 1)
n_23 <- sample(1:63, 1)
n_24 <- sample(1:63, 1)
n_25 <- n_21+n_22+n_23+n_24

n_31 <- sample(1:63, 1)
n_32 <- sample(1:63, 1)
n_33 <- sample(1:63, 1)
n_34 <- sample(1:63, 1)
n_35 <- n_31+n_32+n_33 +n_34

n_41 <- sample(1:63, 1)
n_42 <- sample(1:63, 1)
n_43 <- sample(1:63, 1)
n_44 <- sample(1:63, 1)
n_45 <- n_41+n_42+n_43+n_44

n_51 <- n_11+n_21+n_31+n_41
n_52 <- n_12+n_22+n_32+n_42
n_53 <- n_13+n_23+n_33+n_43
n_54 <- n_14+n_24+n_34+n_44
n_55 <- n_15+n_25 +n_35+n_45


observed_data <- matrix(c(
  n_11, n_12, n_13, n_14, n_15,   # Row 1
  n_21, n_22, n_23, n_24, n_25,  # Row 2
  n_31, n_32, n_33, n_34, n_35,   # Row 3
  n_41, n_42, n_43, n_44, n_45,# Row 4
  n_51, n_52, n_53, n_54, n_55 # Row 5
), nrow = 5, byrow = TRUE)

# Perform the Stuart-Maxwell Test
result <- StuartMaxwellTest(observed_data)

# Print the test result
print(result)

# Calculate the effect size (Cramer's V)
chi2 <- result$chi2
n <- sum(result$n)
effect_size <- sqrt(chi2 / (n * (min(4, 4) - 1)))

# Significance level (alpha)
alpha <- 0.05

# Desired power level (80%)
desired_power <- 0.80

# Sample size calculation using a different method
# (Custom code or a specialized package is needed for power analysis based on Cramer's V)

# Print the effect size
print(paste("Effect size (Cramer's V):", effect_size))


# Install and load necessary packages
if (!require("knitr")) install.packages("knitr")
if (!require("kableExtra")) install.packages("kableExtra")
library(kableExtra)

2. R code for define Stuart-Maxwell test
library(dplyr)
Stuart.Maxwell.Test <-
function(noncen,p.ij,p.ji,r){


for (i in 1:1500){
b<-pchisq(qchisq(0.05,df=4*(4-1)/2,ncp=0,lower.tail=FALSE),df=4*(4-1)/2,ncp=i/100)
print(c(i,b))
}
noncen=13.62

# p.ij<-rbind(c(3,4,4),c(2,3,3),c(1,2,3))/25
# p.ji<-rbind(c(3,4,4),c(2,3,3),c(1,2,3))/25
p.ij <- rbind(c(31,15,51,14), c(2,42,50,54), c(43,37,52,14), c(54,25,26,27))/538
p.ji <- rbind(c(31,15,51,14), c(2,42,50,54), c(43,37,52,14), c(54,25,26,27))/538
sum=0
n<-noncen*(
for (j in 1:r){
for (i in 1:j){
sum=sum+(p.ij[i,j]-p.ji[j,i])^2/(p.ij[i,j]+p.ji[j,i])
}}
)^-1
}


3. R code for define the contingency tables p.ij and p.ji (you can adjust these as needed)
p.ij <- rbind(c(31, 15, 51, 14), c(2, 42, 50, 54), c(43, 37, 52, 14), c(54, 25, 26, 27)) / 538
p.ji <- rbind(c(31, 15, 51, 14), c(2, 42, 50, 54), c(43, 37, 52, 14), c(54, 25, 26, 27)) / 538
	
# Specify the noncen value you want to use
noncen_value <- 13.62
	
# Specify the value of 'r'
r_value <- 4
	
# Call the function with the specified noncen value
a <- Stuart.Maxwell.Test(noncen_value, p.ij, p.ji, r_value)

3. R code for simulation on categorical shift rating scale
Stuart.Maxwell.Test <- function(noncen, p.ij, p.ji, r) {
  results <- data.frame(noncen = numeric(0), power = numeric(0))

  for (i in 1:1500) {
    # Calculate the beta value for each noncen
    beta <- pchisq(qchisq(0.05, df = 4 * (4 - 1) / 2, ncp = 0, lower.tail = FALSE), 
                   df = 4 * (4 - 1) / 2, ncp = i / 100, lower.tail = FALSE)
    power <- 1 - beta  # Calculate power

    # Append to the results data frame
    results <- rbind(results, data.frame(noncen = i/100, power = power))
  }

  # Calculate the sample size outside the loop, if needed
  # sample_size_calculation_here

  # Return the results data frame
  return(results)
}

# Example usage with given matrices
noncen <- 13.62
p.ij <- rbind(c(31,15,51,14), c(2,42,50,54), c(43,37,52,14), c(54,25,26,27)) / 538
p.ji <- rbind(c(31,15,51,14), c(2,42,50,54), c(43,37,52,14), c(54,25,26,27)) / 538

# Run the test and get the results
result <- Stuart.Maxwell.Test(noncen, p.ij, p.ji, 4)
# Assuming 'result' is already a data frame with two columns
# Rename the columns
names(result) <- c("delta", "beta")

# Create a new column called 'power' which is 1 minus the 'beta' column
result$power <- 1 - result$beta

# Now your 'result' data frame has three columns: 'delta', 'beta', and 'power'

# Write the results to a CSV file
write.csv(result, "simulation_results.csv", row.names = FALSE)
# Initialize an empty dataframe to store the results
result_df <- data.frame(noncen = numeric(0), power = numeric(0), sample_size = numeric(0))
r <- 4
# Create contingency tables p.ij and p.ji (you can adjust these as needed)
p.ij <- rbind(c(31, 15, 51, 14), c(2, 42, 50, 54), c(43, 37, 52, 14), c(54, 25, 26, 27)) / 538
p.ji <- rbind(c(31, 15, 51, 14), c(2, 42, 50, 54), c(43, 37, 52, 14), c(54, 25, 26, 27)) / 538

# Extract 'noncen' values from the 'result' dataset that are within the range of 12.00 to 14.00
noncen_range <- result$delta[result$delta >= 13.00 & result$delta <= 14.00]

# Loop through the noncen values and perform the test for each value
for (noncen_value in noncen_range) {
  # Run the test and get the results
  result_test <- Stuart.Maxwell.Test(noncen_value, p.ij, p.ji, 4)
  sum <- 0

# Calculate n using vectorized operations
for (j in 1:r) {
  for (i in 1:j) {
    sum <- sum + (p.ij[i, j] - p.ji[j, i])^2 / (p.ij[i, j] + p.ji[j, i])
  }
}

# Calculate n after the loops
n <- noncen_value / sum

n
  # Create a dataframe for the current result
  df <- data.frame(samplesize = n, delta = noncen_value)
  
  # Append the current dataframe to the result dataframe
  result_df <- rbind(result_df, df)
}

# Now 'result_df' contains the results from the Stuart.Maxwell.Test with columns: 'noncen', 'power', and 'sample_size'

4. R code for Figure 2
library(ggplot2)
library(tidyverse)

# Assuming your dataframe is named result_df and it has columns samplesize and delta
ggplot(result_df, aes(x = samplesize, y = delta)) +
  geom_line() + # This creates the line plot
  geom_point() + # This adds the points to the line plot
  theme_minimal() + # Applies a minimal theme to the plot
  labs(title = "Sample Size vs Delta",
       x = "Sample Size",
       y = "Delta") +
  theme(plot.title = element_text(hjust = 0.5)) # Centers the plot title

5. R code for Simulation on absolute change rating scale
set.seed(123)  # For reproducibility

# Parameters
alpha <- 0.05    # Significance level
beta <- 0.2      # Type II error rate (1 - Power)
p0 <- 0.5        # Reference value for response rate
delta <- -0.1    # Noninferiority margin (negative for noninferiority)
effect_size_seq <- seq(0.01, 0.3, by = 0.01)  # Range of effect sizes to explore
n_simulations <- 10000  # Number of simulations for estimating power

# Z-values for the significance and power levels
z_alpha <- qnorm(1 - alpha)
z_beta <- qnorm(1 - beta)  # Note that z_beta is for the upper tail for power

# Function to calculate power for a given sample size and effect size
simulate_power <- function(n, p0, effect_size, delta, alpha, n_simulations) {
  powers <- replicate(n_simulations, {
    # Simulate responses under the alternative hypothesis
    responses_alt <- rbinom(n, size = 1, prob = p0 + effect_size)
    
    # Calculate test statistic
    p_hat <- mean(responses_alt)
    se_hat <- sqrt(p_hat * (1 - p_hat) / n)
    z <- (p_hat - (p0 + delta)) / se_hat
    
    # Check if we reject the null hypothesis for non-inferiority
    ifelse(z > z_alpha, 1, 0)
  })
  
  # Calculate the power as the proportion of simulations where we reject H0
  mean(powers)
}

# Store the results in a dataframe
results <- data.frame(EffectSize = numeric(), SampleSize = integer(), SimulatedPower = numeric())

# Calculate required sample size and power for each effect size
for (effect_size in effect_size_seq) {
  # Adjust the effect size for the noninferiority margin
  adjusted_effect_size <- effect_size - delta
  
  # Calculate sample size based on the adjusted effect size
  n <- (z_alpha + z_beta)^2 * p0 * (1 - p0) / (adjusted_effect_size^2)
  n <- ceiling(n)  # Round up to the next whole number
  
  # Simulate power with the calculated sample size
  power <- simulate_power(n, p0, effect_size, delta, alpha, n_simulations)
  
  # Add to the results dataframe
  results <- rbind(results, data.frame(EffectSize = effect_size, SampleSize = n, SimulatedPower = power))
}

# Print the results
print(results)
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