############################################
# SPEED REDUCTION SIGNALS STUDY
# Author: Yasmany D. Garcia Ramirez
############################################

############################################
# 1. LIBRARIES
############################################

required_packages <- c(
  "readxl", "dplyr", "stringr", "tidyr", "ggplot2",
  "openxlsx", "svglite", "psych", "lavaan",
  "emmeans", "scales"
)

for (pkg in required_packages) {
  if (!requireNamespace(pkg, quietly = TRUE)) {
    stop(paste("Package not installed:", pkg))
  }
}

library(readxl)
library(dplyr)
library(stringr)
library(tidyr)
library(ggplot2)
library(openxlsx)
library(svglite)
library(psych)
library(lavaan)
library(emmeans)
library(scales)

############################################
# 2. PATHS
############################################

ruta <- "C:/Users/ydgarcia1/OneDrive - Universidad Técnica Particular de Loja - UTPL/Escritorio/Velocidad/R/"
archivo <- paste0(ruta, "Data.xlsx")

output_xlsx <- paste0(ruta, "Results_ Workbook.xlsx")
output_report_txt <- paste0(ruta, "Report_Interpretation.txt")

############################################
# 3. LOAD DATA
############################################

df_raw <- read_excel(archivo, sheet = "Data")
names(df_raw) <- str_squish(names(df_raw))

############################################
# 4. DEFINE ITEM NAMES
############################################

# Demographic variables
col_age <- "Seleccione su edad"
col_sex <- "Sexo"
col_exp <- "Años de experiencia conduciendo:"
col_freq <- "Frecuencia de conducción"

# Final categorical questions
col_choice <- "¿Cuál de las señales le haría reducir MÁS su velocidad?"
col_ranking <- "Ordene las señales según su efectividad para reducir la velocidad (1 = más efectiva / 5 = menos efectiva)"
col_recall <- "¿Qué elemento recuerda más de las señales presentadas?"

# General driving behaviour items
general_items <- c(
  "Suelo conducir por encima del límite de velocidad",
  "Ajusto mi velocidad según las condiciones de la vía",
  "Presto atención a las señales de tránsito",
  "Reduzco la velocidad en zonas que considero peligrosas"
)

# Intention
item_IC1 <- "Reduciría mi velocidad al ver esta señal"
item_IC2 <- "Disminuiría la velocidad inmediatamente"
item_IC3 <- "Seguiría la recomendación de la señal"
item_IC4 <- "Adaptaría mi conducción con precaución"

# Perceived risk
item_PR1 <- "Esta señal me hace pensar que el tramo es peligroso"
item_PR2 <- "Percibo un alto riesgo de accidente"
item_PR3 <- "Me alerta sobre una situación peligrosa"

# Social influence
item_IS1 <- "Me influye lo que hacen otros conductores"
item_IS2 <- "Cambiaría mi comportamiento para ajustarme a los demás"
item_IS3 <- "Me sentiría presionado por otros conductores"

# Credibility
item_CR1 <- "Considero que esta señal es creíble"
item_CR2 <- "Confío en su contenido"
item_CR3 <- "La señal es confiable"

# Clarity
item_CL1 <- "El mensaje es fácil de entender"
item_CL2 <- "No deja dudas sobre qué hacer"
item_CL3 <- "Se interpreta rápidamente"

base_items <- tibble::tibble(
  base_name = c(
    item_IC1, item_IC2, item_IC3, item_IC4,
    item_PR1, item_PR2, item_PR3,
    item_IS1, item_IS2, item_IS3,
    item_CR1, item_CR2, item_CR3,
    item_CL1, item_CL2, item_CL3
  ),
  construct = c(
    rep("Behavioral intention", 4),
    rep("Perceived risk", 3),
    rep("Social influence", 3),
    rep("Credibility", 3),
    rep("Clarity", 3)
  ),
  item_code = c(
    paste0("IC", 1:4),
    paste0("PR", 1:3),
    paste0("IS", 1:3),
    paste0("CR", 1:3),
    paste0("CL", 1:3)
  )
)

signal_info <- tibble::tibble(
  suffix = c("", "2", "3", "4", "5"),
  signal = c(
    "Standard regulatory",
    "Urgency",
    "Risk warning",
    "Social norm (%)",
    "Social norm (speed)"
  )
)

signal_levels <- signal_info$signal

############################################
# 5. HELPER FUNCTIONS
############################################

extract_likert <- function(x) {
  out <- as.numeric(str_extract(as.character(x), "\\d+"))
  out[!(out %in% 1:7)] <- NA_real_
  return(out)
}

get_signal_items <- function(base_name, data_names) {
  candidates <- c(
    base_name,
    paste0(base_name, "2"),
    paste0(base_name, "3"),
    paste0(base_name, "4"),
    paste0(base_name, "5")
  )
  intersect(candidates, data_names)
}

safe_row_mean <- function(data, vars) {
  vars <- intersect(vars, names(data))
  if (length(vars) == 0) {
    return(rep(NA_real_, nrow(data)))
  }
  rowMeans(data[, vars, drop = FALSE], na.rm = TRUE)
}

save_svg <- function(plot_object, filename, width = 10, height = 6) {
  svglite(
    file = paste0(ruta, filename),
    width = width,
    height = height,
    system_fonts = list(
      sans = "Palatino Linotype",
      serif = "Palatino Linotype"
    )
  )
  print(plot_object)
  dev.off()
}

add_sheet <- function(wb, sheet_name, data_object) {
  addWorksheet(wb, sheet_name)
  writeData(wb, sheet_name, data_object)
}

############################################
# 6. BUILD VARIABLE MAP
############################################

var_map <- tidyr::crossing(base_items, signal_info) %>%
  mutate(column_name = paste0(base_name, suffix)) %>%
  filter(column_name %in% names(df_raw)) %>%
  select(column_name, signal, construct, item_code, base_name, suffix)

all_signal_cols <- unique(var_map$column_name)
general_items_found <- intersect(general_items, names(df_raw))
numeric_cols <- unique(c(general_items_found, all_signal_cols))

if (length(all_signal_cols) == 0) {
  stop("No signal item columns were detected. Check column names in Excel.")
}

############################################
# 7. CLEAN DATA
############################################

df_clean <- df_raw %>%
  mutate(across(all_of(numeric_cols), extract_likert)) %>%
  mutate(
    edad_num = as.numeric(str_extract(.data[[col_age]], "\\d+")),
    id = row_number()
  ) %>%
  filter(edad_num >= 18) %>%
  filter(!(.data[[col_freq]] %in% c("Rara vez", "Ocasionalmente"))) %>%
  filter(rowSums(across(all_of(all_signal_cols)), na.rm = TRUE) > 0)

############################################
# 8. LONG DATASET
############################################

df_long <- df_clean %>%
  select(id, all_of(c(col_age, col_sex, col_exp, col_freq)), all_of(all_signal_cols)) %>%
  pivot_longer(
    cols = all_of(all_signal_cols),
    names_to = "column_name",
    values_to = "score"
  ) %>%
  left_join(var_map, by = "column_name") %>%
  filter(!is.na(score)) %>%
  mutate(
    signal = factor(signal, levels = signal_levels),
    construct = factor(
      construct,
      levels = c(
        "Behavioral intention",
        "Perceived risk",
        "Social influence",
        "Credibility",
        "Clarity"
      )
    )
  )

############################################
# 9. PARTICIPANT-LEVEL SCORES
############################################

dimension_scores <- df_long %>%
  group_by(id, signal, construct) %>%
  summarise(score = mean(score, na.rm = TRUE), .groups = "drop")

intention_scores <- dimension_scores %>%
  filter(construct == "Behavioral intention") %>%
  rename(intention_score = score)

############################################
# 10. SEM INDICATORS ACROSS FIVE SIGNALS
############################################

df_sem_latent <- data.frame(
  IC1 = safe_row_mean(df_clean, get_signal_items(item_IC1, names(df_clean))),
  IC2 = safe_row_mean(df_clean, get_signal_items(item_IC2, names(df_clean))),
  IC3 = safe_row_mean(df_clean, get_signal_items(item_IC3, names(df_clean))),
  IC4 = safe_row_mean(df_clean, get_signal_items(item_IC4, names(df_clean))),
  
  PR1 = safe_row_mean(df_clean, get_signal_items(item_PR1, names(df_clean))),
  PR2 = safe_row_mean(df_clean, get_signal_items(item_PR2, names(df_clean))),
  PR3 = safe_row_mean(df_clean, get_signal_items(item_PR3, names(df_clean))),
  
  IS1 = safe_row_mean(df_clean, get_signal_items(item_IS1, names(df_clean))),
  IS2 = safe_row_mean(df_clean, get_signal_items(item_IS2, names(df_clean))),
  IS3 = safe_row_mean(df_clean, get_signal_items(item_IS3, names(df_clean))),
  
  CR1 = safe_row_mean(df_clean, get_signal_items(item_CR1, names(df_clean))),
  CR2 = safe_row_mean(df_clean, get_signal_items(item_CR2, names(df_clean))),
  CR3 = safe_row_mean(df_clean, get_signal_items(item_CR3, names(df_clean))),
  
  CL1 = safe_row_mean(df_clean, get_signal_items(item_CL1, names(df_clean))),
  CL2 = safe_row_mean(df_clean, get_signal_items(item_CL2, names(df_clean))),
  CL3 = safe_row_mean(df_clean, get_signal_items(item_CL3, names(df_clean)))
) %>%
  drop_na()

construct_items <- list(
  IC = c("IC1", "IC2", "IC3", "IC4"),
  PR = c("PR1", "PR2", "PR3"),
  IS = c("IS1", "IS2", "IS3"),
  CR = c("CR1", "CR2", "CR3"),
  CL = c("CL1", "CL2", "CL3")
)

############################################
# 11. TABLES: DESCRIPTIVE ANALYSIS
############################################

table1_age <- df_clean %>%
  count(.data[[col_age]]) %>%
  rename(Age_group = 1) %>%
  mutate(Percentage = round(100 * n / sum(n), 1))

table1_sex <- df_clean %>%
  count(.data[[col_sex]]) %>%
  rename(Sex = 1) %>%
  mutate(Percentage = round(100 * n / sum(n), 1))

table1_experience <- df_clean %>%
  count(.data[[col_exp]]) %>%
  rename(Driving_experience = 1) %>%
  mutate(Percentage = round(100 * n / sum(n), 1))

table1_frequency <- df_clean %>%
  count(.data[[col_freq]]) %>%
  rename(Driving_frequency = 1) %>%
  mutate(Percentage = round(100 * n / sum(n), 1))

table2_signal_intention <- intention_scores %>%
  group_by(signal) %>%
  summarise(
    Mean = round(mean(intention_score, na.rm = TRUE), 3),
    SD = round(sd(intention_score, na.rm = TRUE), 3),
    Median = round(median(intention_score, na.rm = TRUE), 3),
    IQR = round(IQR(intention_score, na.rm = TRUE), 3),
    n = n(),
    .groups = "drop"
  ) %>%
  arrange(desc(Mean))

table3_signal_dimension <- dimension_scores %>%
  group_by(signal, construct) %>%
  summarise(
    Mean = round(mean(score, na.rm = TRUE), 3),
    SD = round(sd(score, na.rm = TRUE), 3),
    n = n(),
    .groups = "drop"
  )

if (col_choice %in% names(df_clean)) {
  table4_choice <- df_clean %>%
    count(.data[[col_choice]]) %>%
    rename(Signal = 1) %>%
    mutate(Percentage = round(100 * n / sum(n), 1)) %>%
    arrange(desc(n))
} else {
  table4_choice <- data.frame(Signal = "Choice column not found", n = NA, Percentage = NA)
}

############################################
# 12. REPEATED-MEASURES ANOVA AND POST-HOC
#     Robust version with confidence intervals
############################################

# Repeated-measures model using participant fixed effects
rm_lm <- lm(intention_score ~ signal + factor(id), data = intention_scores)

# ANOVA table
table5_anova <- as.data.frame(anova(rm_lm)) %>%
  tibble::rownames_to_column("Effect")

# Estimated marginal means
emm_signal <- emmeans(rm_lm, ~ signal)

# Table 6: estimated marginal means with confidence intervals
table6_emmeans <- as.data.frame(confint(emm_signal)) %>%
  mutate(across(where(is.numeric), ~ round(.x, 4)))

# Pairwise contrasts
pairwise_tests <- pairs(emm_signal, adjust = "tukey")

# Pairwise p-values
pairwise_summary <- as.data.frame(summary(pairwise_tests)) %>%
  mutate(across(where(is.numeric), ~ round(.x, 4)))

# Pairwise confidence intervals
pairwise_ci_raw <- as.data.frame(confint(pairwise_tests, adjust = "tukey"))

# Robust detection of confidence interval column names
lower_name <- names(pairwise_ci_raw)[str_detect(names(pairwise_ci_raw), "lower|LCL")]
upper_name <- names(pairwise_ci_raw)[str_detect(names(pairwise_ci_raw), "upper|UCL")]

if (length(lower_name) == 0 | length(upper_name) == 0) {
  stop("Confidence interval columns were not found in pairwise_ci_raw.")
}

pairwise_ci <- pairwise_ci_raw %>%
  transmute(
    contrast = contrast,
    lower.CL = .data[[lower_name[1]]],
    upper.CL = .data[[upper_name[1]]]
  )

# Final Table 7: pairwise comparisons with p-values and CIs
table7_pairwise <- pairwise_summary %>%
  left_join(pairwise_ci, by = "contrast") %>%
  mutate(
    Significance = case_when(
      p.value < .001 ~ "***",
      p.value < .01  ~ "**",
      p.value < .05  ~ "*",
      TRUE           ~ "ns"
    ),
    across(where(is.numeric), ~ round(.x, 4))
  )

############################################
# 13. RELIABILITY: ALPHA, CR, AVE
############################################

alpha_table <- lapply(names(construct_items), function(cons) {
  vars <- construct_items[[cons]]
  a <- psych::alpha(df_sem_latent[, vars, drop = FALSE], check.keys = TRUE)
  data.frame(
    Construct = cons,
    Cronbach_alpha = round(a$total$raw_alpha, 3)
  )
}) %>%
  bind_rows()

############################################
# 14. SEM COMPOSITE MODEL
############################################

df_sem_composite <- df_sem_latent %>%
  mutate(
    IC = rowMeans(select(., IC1, IC2, IC3, IC4), na.rm = TRUE),
    PR = rowMeans(select(., PR1, PR2, PR3), na.rm = TRUE),
    IS = rowMeans(select(., IS1, IS2, IS3), na.rm = TRUE),
    CR = rowMeans(select(., CR1, CR2, CR3), na.rm = TRUE),
    CL = rowMeans(select(., CL1, CL2, CL3), na.rm = TRUE)
  ) %>%
  select(IC, PR, IS, CR, CL)

model_composite <- '
IC ~ PR + IS + CR + CL
'

fit_composite <- sem(
  model_composite,
  data = df_sem_composite,
  estimator = "MLR",
  missing = "fiml"
)

composite_params <- parameterEstimates(fit_composite, standardized = TRUE)
composite_paths <- composite_params %>%
  filter(op == "~") %>%
  select(lhs, rhs, est, se, z, pvalue, std.all)

composite_r2 <- inspect(fit_composite, "r2") %>%
  as.data.frame() %>%
  tibble::rownames_to_column("Variable") %>%
  rename(R2 = 2)

############################################
# 15. SEM LATENT MODEL
############################################

model_latent <- '
IC =~ IC1 + IC2 + IC3 + IC4
PR =~ PR1 + PR2 + PR3
IS =~ IS1 + IS2 + IS3
CR =~ CR1 + CR2 + CR3
CL =~ CL1 + CL2 + CL3

IC ~ PR + IS + CR + CL

PR ~~ IS + CR + CL
IS ~~ CR + CL
CR ~~ CL
'

fit_latent <- sem(
  model_latent,
  data = df_sem_latent,
  estimator = "MLR",
  std.lv = TRUE,
  missing = "fiml"
)

sem_params <- parameterEstimates(fit_latent, standardized = TRUE)

sem_fit <- fitMeasures(
  fit_latent,
  c(
    "chisq.scaled",
    "df.scaled",
    "pvalue.scaled",
    "cfi.scaled",
    "tli.scaled",
    "rmsea.scaled",
    "rmsea.ci.lower.scaled",
    "rmsea.ci.upper.scaled",
    "srmr"
  )
)

sem_fit_table <- data.frame(
  Fit_index = names(sem_fit),
  Value = round(as.numeric(sem_fit), 3)
)

sem_loadings <- sem_params %>%
  filter(op == "=~") %>%
  select(lhs, rhs, est, se, z, pvalue, std.all)

sem_paths <- sem_params %>%
  filter(op == "~") %>%
  select(lhs, rhs, est, se, z, pvalue, std.all)

sem_covariances <- sem_params %>%
  filter(op == "~~", lhs != rhs) %>%
  select(lhs, rhs, est, se, z, pvalue, std.all)

sem_r2 <- inspect(fit_latent, "r2") %>%
  as.data.frame() %>%
  tibble::rownames_to_column("Variable") %>%
  rename(R2 = 2)

############################################
# 16. CR AND AVE FROM STANDARDIZED LOADINGS
############################################

reliability_sem <- sem_loadings %>%
  group_by(lhs) %>%
  summarise(
    Composite_Reliability_CR = round(
      (sum(std.all, na.rm = TRUE)^2) /
        ((sum(std.all, na.rm = TRUE)^2) + sum(1 - std.all^2, na.rm = TRUE)),
      3
    ),
    AVE = round(mean(std.all^2, na.rm = TRUE), 3),
    Min_loading = round(min(std.all, na.rm = TRUE), 3),
    Max_loading = round(max(std.all, na.rm = TRUE), 3),
    .groups = "drop"
  ) %>%
  rename(Construct = lhs) %>%
  left_join(alpha_table, by = "Construct") %>%
  select(Construct, Cronbach_alpha, Composite_Reliability_CR, AVE, Min_loading, Max_loading)

############################################
# 17. HTMT
############################################

htmt_value <- function(data, vars_a, vars_b) {
  cor_ab <- abs(cor(
    data[, vars_a, drop = FALSE],
    data[, vars_b, drop = FALSE],
    use = "pairwise.complete.obs"
  ))
  
  cor_aa <- abs(cor(
    data[, vars_a, drop = FALSE],
    use = "pairwise.complete.obs"
  ))
  
  cor_bb <- abs(cor(
    data[, vars_b, drop = FALSE],
    use = "pairwise.complete.obs"
  ))
  
  mean_ab <- mean(cor_ab, na.rm = TRUE)
  mean_aa <- mean(cor_aa[lower.tri(cor_aa)], na.rm = TRUE)
  mean_bb <- mean(cor_bb[lower.tri(cor_bb)], na.rm = TRUE)
  
  htmt <- mean_ab / sqrt(mean_aa * mean_bb)
  return(htmt)
}

construct_names <- names(construct_items)

htmt_matrix <- matrix(
  NA_real_,
  nrow = length(construct_names),
  ncol = length(construct_names),
  dimnames = list(construct_names, construct_names)
)

for (i in seq_along(construct_names)) {
  for (j in seq_along(construct_names)) {
    if (i == j) {
      htmt_matrix[i, j] <- 1
    } else {
      htmt_matrix[i, j] <- htmt_value(
        df_sem_latent,
        construct_items[[construct_names[i]]],
        construct_items[[construct_names[j]]]
      )
    }
  }
}

htmt_table <- as.data.frame(round(htmt_matrix, 3)) %>%
  tibble::rownames_to_column("Construct")

htmt_long <- as.data.frame(as.table(htmt_matrix)) %>%
  rename(Construct_1 = Var1, Construct_2 = Var2, HTMT = Freq) %>%
  mutate(HTMT = round(HTMT, 3))

############################################
# 18. FORNELL-LARCKER — CORRECTED VERSION
############################################

# Extract latent correlation matrix directly from lavaan
latent_cor_matrix <- lavInspect(fit_latent, "cor.lv")

# Ensure construct order
latent_names <- c("IC", "PR", "IS", "CR", "CL")

latent_cor_matrix <- latent_cor_matrix[latent_names, latent_names]

# Create Fornell-Larcker matrix:
# diagonal = sqrt(AVE)
# off-diagonal = latent correlations
fl_matrix <- latent_cor_matrix

for (construct in latent_names) {
  ave_val <- reliability_sem$AVE[reliability_sem$Construct == construct]
  fl_matrix[construct, construct] <- sqrt(ave_val)
}

fornell_larcker_table <- as.data.frame(round(fl_matrix, 3)) %>%
  tibble::rownames_to_column("Construct")

# Optional: flag discriminant validity
fornell_flags <- data.frame(
  Construct = latent_names,
  sqrt_AVE = round(diag(fl_matrix), 3),
  Max_latent_correlation = NA_real_,
  Pass_Fornell_Larcker = NA
)

for (construct in latent_names) {
  off_diag_vals <- abs(fl_matrix[construct, setdiff(latent_names, construct)])
  max_cor <- max(off_diag_vals, na.rm = TRUE)
  sqrt_ave <- fl_matrix[construct, construct]
  
  fornell_flags$Max_latent_correlation[
    fornell_flags$Construct == construct
  ] <- round(max_cor, 3)
  
  fornell_flags$Pass_Fornell_Larcker[
    fornell_flags$Construct == construct
  ] <- sqrt_ave > max_cor
}

############################################
# 19. FIGURES IN ENGLISH
############################################

[bookmark: _GoBack]theme_q1 <- theme_minimal(base_family = "Palatino Linotype") +
  theme(
    plot.title = element_text(size = 13, face = "bold"),
    plot.subtitle = element_text(size = 10, color = "grey35"),
    axis.title = element_text(size = 10),
    axis.text = element_text(size = 9),
    legend.title = element_text(size = 9, face = "bold"),
    legend.text = element_text(size = 8),
    panel.grid.minor = element_blank(),
    strip.text = element_text(face = "bold", size = 9)
  )

palette_signals <- c(
  "Standard regulatory" = "#1B4F72",
  "Urgency" = "#8B0000",
  "Risk warning" = "#E67E22",
  "Social norm (%)" = "#27AE60",
  "Social norm (speed)" = "#8E44AD"
)

# Figure 1: Intention means with 95% CI
fig1 <- table2_signal_intention %>%
  mutate(
    SE = SD / sqrt(n),
    CI_low = Mean - 1.96 * SE,
    CI_high = Mean + 1.96 * SE
  ) %>%
  ggplot(aes(x = reorder(signal, Mean), y = Mean, fill = signal)) +
  geom_col(width = 0.65, alpha = 0.95) +
  geom_errorbar(aes(ymin = CI_low, ymax = CI_high), width = 0.25, linewidth = 0.7) +
  geom_text(aes(label = sprintf("%.2f", Mean)), hjust = -0.25, size = 3.4, family = "Palatino Linotype") +
  coord_flip() +
  scale_fill_manual(values = palette_signals, guide = "none") +
  scale_y_continuous(limits = c(0, 7.5), breaks = 1:7) +
  labs(
    title = "Figure 1. Behavioral Intention by Signal Type",
    subtitle = paste0("Mean scores with 95% confidence intervals | N = ", nrow(df_clean)),
    x = NULL,
    y = "Mean score (1–7 Likert scale)"
  ) +
  theme_q1

save_svg(fig1, "Figure1_Intention_Means_CI.svg", width = 10, height = 5.5)

# Figure 2: Boxplot + jitter
fig2 <- ggplot(intention_scores, aes(x = signal, y = intention_score, fill = signal)) +
  geom_boxplot(alpha = 0.75, outlier.shape = NA, width = 0.55) +
  geom_jitter(width = 0.18, alpha = 0.25, size = 1.3, color = "grey20") +
  scale_fill_manual(values = palette_signals, guide = "none") +
  scale_y_continuous(limits = c(1, 7), breaks = 1:7) +
  labs(
    title = "Figure 2. Distribution of Behavioral Intention Scores",
    subtitle = "Participant-level mean scores by signal type",
    x = NULL,
    y = "Behavioral intention score"
  ) +
  theme_q1 +
  theme(axis.text.x = element_text(angle = 15, hjust = 1))

save_svg(fig2, "Figure2_Intention_Boxplot_Jitter.svg", width = 10, height = 6)

# Figure 3: Heatmap signal x construct
fig3_data <- table3_signal_dimension

fig3 <- ggplot(fig3_data, aes(x = construct, y = signal, fill = Mean)) +
  geom_tile(color = "white", linewidth = 0.7) +
  geom_text(aes(label = sprintf("%.2f", Mean)), family = "Palatino Linotype", size = 3.5) +
  scale_fill_gradient2(
    low = "#2C7BB6",
    mid = "#FFFFBF",
    high = "#D7191C",
    midpoint = 4,
    limits = c(1, 7),
    name = "Mean score"
  ) +
  labs(
    title = "Figure 3. Signal Effectiveness by Psychological Construct",
    subtitle = "Mean scores on a 1–7 Likert scale",
    x = "Psychological construct",
    y = "Signal type"
  ) +
  theme_q1 +
  theme(axis.text.x = element_text(angle = 20, hjust = 1))

save_svg(fig3, "Figure3_Construct_Heatmap.svg", width = 11, height = 5.8)

# Figure 4: Construct profile by signal
fig4 <- ggplot(fig3_data, aes(x = construct, y = Mean, group = signal, color = signal)) +
  geom_line(linewidth = 1.1) +
  geom_point(size = 3) +
  scale_color_manual(values = palette_signals, name = "Signal type") +
  scale_y_continuous(limits = c(1, 7), breaks = 1:7) +
  labs(
    title = "Figure 4. Psychological Profile by Signal Type",
    subtitle = "Mean scores across behavioral and cognitive constructs",
    x = "Psychological construct",
    y = "Mean score"
  ) +
  theme_q1 +
  theme(axis.text.x = element_text(angle = 15, hjust = 1))

save_svg(fig4, "Figure4_Construct_Profile.svg", width = 11, height = 6)

# Figure 5: Pairwise comparisons with Tukey-adjusted confidence intervals

fig5_data <- table7_pairwise %>%
  mutate(
    contrast_order = reorder(contrast, estimate),
    Significance = factor(Significance, levels = c("***", "**", "*", "ns"))
  )

fig5 <- ggplot(
  fig5_data,
  aes(x = estimate, y = contrast_order, color = Significance)
) +
  geom_vline(xintercept = 0, linetype = "dashed", color = "grey50") +
  geom_segment(
    aes(x = lower.CL, xend = upper.CL, y = contrast_order, yend = contrast_order),
    linewidth = 0.8
  ) +
  geom_point(size = 3) +
  scale_color_manual(
    values = c(
      "***" = "#8B0000",
      "**"  = "#E74C3C",
      "*"   = "#E67E22",
      "ns"  = "grey60"
    ),
    name = "Significance"
  ) +
  labs(
    title = "Figure 5. Pairwise Comparisons of Signal Effects",
    subtitle = "Tukey-adjusted confidence intervals from repeated-measures model",
    x = "Estimated mean difference",
    y = NULL
  ) +
  theme_q1 +
  theme(axis.text.y = element_text(size = 7.5))

save_svg(fig5, "Figure5_Pairwise_Comparisons.svg", width = 11, height = 7)

# Figure 6: SEM standardized structural paths
fig6 <- sem_paths %>%
  mutate(
    Predictor = rhs,
    Beta = std.all,
    Significant = ifelse(pvalue < .05, "Significant", "Not significant")
  ) %>%
  ggplot(aes(x = reorder(Predictor, Beta), y = Beta, fill = Significant)) +
  geom_col(width = 0.65) +
  geom_hline(yintercept = 0, color = "grey40") +
  geom_text(aes(label = sprintf("%.2f", Beta)), hjust = ifelse(sem_paths$std.all >= 0, -0.25, 1.25),
            family = "Palatino Linotype", size = 3.5) +
  coord_flip() +
  scale_fill_manual(values = c("Significant" = "#8B0000", "Not significant" = "grey70")) +
  labs(
    title = "Figure 6. SEM Structural Effects on Behavioral Intention",
    subtitle = "Standardized path coefficients from the latent SEM",
    x = "Predictor",
    y = "Standardized coefficient"
  ) +
  theme_q1

save_svg(fig6, "Figure6_SEM_Paths.svg", width = 9, height = 5)

# Figure 7: Standardized loadings
fig7 <- sem_loadings %>%
  mutate(Item = rhs, Construct = lhs) %>%
  ggplot(aes(x = reorder(Item, std.all), y = std.all, fill = Construct)) +
  geom_col(width = 0.65) +
  coord_flip() +
  scale_y_continuous(limits = c(0, 1.05)) +
  labs(
    title = "Figure 7. Standardized Factor Loadings",
    subtitle = "Measurement model indicators",
    x = "Indicator",
    y = "Standardized loading"
  ) +
  theme_q1

save_svg(fig7, "Figure7_Factor_Loadings.svg", width = 9, height = 7)

# Figure 8: HTMT heatmap
fig8 <- htmt_long %>%
  ggplot(aes(x = Construct_1, y = Construct_2, fill = HTMT)) +
  geom_tile(color = "white", linewidth = 0.7) +
  geom_text(aes(label = sprintf("%.2f", HTMT)), family = "Palatino Linotype", size = 3.5) +
  scale_fill_gradient2(
    low = "#2C7BB6",
    mid = "#FFFFBF",
    high = "#D7191C",
    midpoint = 0.85,
    limits = c(0, 1),
    name = "HTMT"
  ) +
  labs(
    title = "Figure 8. HTMT Discriminant Validity Matrix",
    subtitle = "Values below 0.85–0.90 are generally preferred",
    x = NULL,
    y = NULL
  ) +
  theme_q1

save_svg(fig8, "Figure8_HTMT_Heatmap.svg", width = 7, height = 6)

# Figure 9: Declared choice
fig9 <- ggplot(table4_choice, aes(x = reorder(Signal, Percentage), y = Percentage)) +
  geom_col(fill = "#8B0000", width = 0.65) +
  geom_text(aes(label = paste0(Percentage, "%")), hjust = -0.2, family = "Palatino Linotype", size = 3.4) +
  coord_flip() +
  scale_y_continuous(limits = c(0, max(table4_choice$Percentage, na.rm = TRUE) + 10)) +
  labs(
    title = "Figure 9. Declared Most Effective Signal",
    subtitle = "Percentage of respondents selecting each signal",
    x = NULL,
    y = "Percentage (%)"
  ) +
  theme_q1

save_svg(fig9, "Figure9_Declared_Choice.svg", width = 9, height = 5.5)

############################################
# 20. EXCEL WORKBOOK WITH ALL RESULTS
############################################

wb <- createWorkbook()

add_sheet(wb, "Table1_Age", table1_age)
add_sheet(wb, "Table1_Sex", table1_sex)
add_sheet(wb, "Table1_Experience", table1_experience)
add_sheet(wb, "Table1_Frequency", table1_frequency)

add_sheet(wb, "Table2_Intention_Means", table2_signal_intention)
add_sheet(wb, "Table3_Construct_Means", table3_signal_dimension)
add_sheet(wb, "Table4_Choice", table4_choice)

add_sheet(wb, "Table5_RM_ANOVA", table5_anova)
add_sheet(wb, "Table6_Emmeans", table6_emmeans)
add_sheet(wb, "Table7_Pairwise", table7_pairwise)

add_sheet(wb, "Table8_Cronbach", alpha_table)
add_sheet(wb, "Table9_CR_AVE", reliability_sem)
add_sheet(wb, "Table10_HTMT", htmt_table)
add_sheet(wb, "Table11_FornellLarcker", fornell_larcker_table)
add_sheet(wb, "Table11b_FL_Flags", fornell_flags)

add_sheet(wb, "Table12_SEM_Composite_Paths", composite_paths)
add_sheet(wb, "Table13_SEM_Composite_R2", composite_r2)
add_sheet(wb, "Table14_SEM_Fit", sem_fit_table)
add_sheet(wb, "Table15_SEM_Loadings", sem_loadings)
add_sheet(wb, "Table16_SEM_Paths", sem_paths)
add_sheet(wb, "Table17_SEM_Covariances", sem_covariances)
add_sheet(wb, "Table18_SEM_R2", sem_r2)

############################################
# 22. ENRICHED CONSOLE
############################################

sep <- function() cat("\n", strrep("-", 70), "\n")
sep2 <- function() cat("\n", strrep("=", 70), "\n")

sep2()
cat("ANALYSIS COMPLETED\n")
sep2()

cat("\nFiltered sample size:", nrow(df_clean), "\n")
cat("SEM sample size:", nrow(df_sem_latent), "\n")

sep()
cat("TABLE 2. BEHAVIORAL INTENTION BY SIGNAL\n")
print(table2_signal_intention)

sep()
cat("TABLE 9. RELIABILITY: ALPHA, CR, AVE\n")
print(reliability_sem)

sep()
cat("TABLE 10. HTMT MATRIX\n")
print(htmt_table)

sep()
cat("TABLE 11. FORNELL-LARCKER MATRIX\n")
print(fornell_larcker_table)

sep()
cat("SEM FIT INDICES\n")
print(sem_fit_table)

sep()
cat("SEM STRUCTURAL PATHS\n")
print(sem_paths)

sep()
cat("INTERPRETATION FOR THE ARTICLE\n")
cat(paste(report_lines, collapse = "\n"))

sep2()
cat("FILES CREATED\n")
sep2()
cat("Excel workbook:", output_xlsx, "\n")
cat("Interpretation report:", output_report_txt, "\n")
cat("SVG figures saved in:", ruta, "\n")
sep2()

############################################
# SOFTWARE AND PACKAGE VERSION REPORT
# For Section 2.6 Statistical Analysis
############################################

############################################
# 1. PACKAGES USED AND THEIR ROLE
############################################

packages_used <- data.frame(
  Package = c(
    "readxl",
    "dplyr",
    "stringr",
    "tidyr",
    "ggplot2",
    "openxlsx",
    "svglite",
    "psych",
    "lavaan",
    "emmeans",
    "scales"
  ),
  Used_for = c(
    "Importing the Excel database exported from Microsoft Forms.",
    "Data cleaning, filtering, variable transformation, and table preparation.",
    "Text processing, column-name cleaning, and extraction of numeric Likert values.",
    "Reshaping the dataset from wide to long format for repeated-measures analysis.",
    "Creating descriptive and analytical figures.",
    "Exporting statistical tables and reports to Excel format.",
    "Exporting figures in SVG format compatible with vector-based editing software.",
    "Estimating internal consistency using Cronbach's alpha.",
    "Estimating structural equation models and latent variable models.",
    "Estimating marginal means and Tukey-adjusted pairwise comparisons.",
    "Formatting graphical scales and axis labels."
  ),
  stringsAsFactors = FALSE
)

############################################
# 2. FUNCTION TO EXTRACT PACKAGE VERSION
############################################

get_pkg_version <- function(pkg) {
  if (requireNamespace(pkg, quietly = TRUE)) {
    return(as.character(utils::packageVersion(pkg)))
  } else {
    return(NA_character_)
  }
}

packages_used$Version <- sapply(packages_used$Package, get_pkg_version)

############################################
# 3. R AND RSTUDIO VERSION
############################################

r_version <- paste0(R.version$major, ".", R.version$minor)

rstudio_version <- tryCatch(
  {
    if (requireNamespace("rstudioapi", quietly = TRUE)) {
      as.character(rstudioapi::versionInfo()$version)
    } else {
      NA_character_
    }
  },
  error = function(e) NA_character_
)

software_used <- data.frame(
  Software = c(
    "R",
    "RStudio",
    "Operating system",
    "Platform"
  ),
  Version = c(
    r_version,
    ifelse(is.na(rstudio_version), "Not detected", rstudio_version),
    Sys.info()[["sysname"]],
    R.version$platform
  ),
  Used_for = c(
    "Main statistical computing environment used for data cleaning, descriptive statistics, reliability analysis, validity assessment, repeated-measures comparisons, and structural equation modelling.",
    "Integrated development environment used to write, organize, execute, and document the R analysis script.",
    "Operating system under which the statistical analysis was executed.",
    "Computing platform reported by R for reproducibility purposes."
  ),
  stringsAsFactors = FALSE
)

############################################
# 4. EXPORT TO EXCEL
############################################

wb_versions <- openxlsx::createWorkbook()

openxlsx::addWorksheet(wb_versions, "Software")
openxlsx::writeData(wb_versions, "Software", software_used)

openxlsx::addWorksheet(wb_versions, "Packages")
openxlsx::writeData(wb_versions, "Packages", packages_used)

openxlsx::saveWorkbook(
  wb_versions,
  paste0(ruta, "Table_Software_and_Package_Versions.xlsx"),
  overwrite = TRUE
)

############################################
# 5. TEXT FOR METHODS SECTION
############################################

package_text <- paste0(
  packages_used$Package,
  " v.",
  packages_used$Version,
  collapse = "; "
)

methods_software_text <- paste0(
  "All statistical analyses were conducted in R version ",
  r_version,
  " using RStudio version ",
  ifelse(is.na(rstudio_version), "[not detected]", rstudio_version),
  ". R was used for data cleaning, descriptive statistics, reliability analysis, validity assessment, repeated-measures comparisons, figure generation, and structural equation modelling. ",
  "The following R packages were used: ",
  package_text,
  "."
)

writeLines(
  methods_software_text,
  paste0(ruta, "Software_and_Package_Versions_Text.txt")
)

############################################
# 6. CONSOLE OUTPUT
############################################

cat("\n", strrep("=", 70), "\n")
cat("SOFTWARE AND PACKAGE VERSION REPORT\n")
cat(strrep("=", 70), "\n\n")

cat("Software used:\n")
print(software_used)

cat("\nPackages used:\n")
print(packages_used)

cat("\nText for Section 2.6:\n")
cat(methods_software_text)

cat("\n\nFiles created:\n")
cat("- Table_Software_and_Package_Versions.xlsx\n")
cat("- Software_and_Package_Versions_Text.txt\n")

cat("\n", strrep("=", 70), "\n")
