# =========================================================================
# PLOS ONE - SUPPLEMENTARY MATERIAL
# FILE IDENTIFIER: S4 File
# TITLE: R Script for Empirical Results and Bio-Digital Validation Metrics
# AUTHOR: Multi-Country Jach'a Qh'ana Research Team
# DATE: July 2026
# SOFTWARE REQUIREMENT: R (v4.4.3 or higher) / RStudio
# =========================================================================

# -------------------------------------------------------------------------
# STAGE 1: ENVIRONMENT SETUP & SECURE DATA INGESTION
# -------------------------------------------------------------------------

# Load required scientific packages
library(readxl)
library(tidyverse)
library(ggplot2)
library(gridExtra)

# Interactive file selection to avoid hardcoded local system paths
message("Please select the 'Data.xlsx' source file in the pop-up window...")
Data_Raw <- read_excel(file.choose())

# Clone dataset to preserve the original raw structural matrix
Data_Clean <- Data_Raw

# -------------------------------------------------------------------------
# STAGE 2: COLUMN RENAMING BY NUMERIC POSITION INDEX
# -------------------------------------------------------------------------
# We map variables using physical column positions to bypass non-ASCII characters, 
# line breaks (\n), or trailing blank spaces present in the spreadsheet layout.

colnames(Data_Clean)[7]  <- "Role_Code"
colnames(Data_Clean)[8]  <- "Usage_Freq"
colnames(Data_Clean)[11] <- "Harvest_Saved"
colnames(Data_Clean)[13] <- "Inputs_Replaced"
colnames(Data_Clean)[25] <- "Jacha_Accuracy"

# -------------------------------------------------------------------------
# STAGE 3: DATA TYPE CONVERSION & FACTOR CODIFICATION
# -------------------------------------------------------------------------
Data_Clean <- Data_Clean |>
  mutate(
    Country = as.factor(Country),
    Role_Label = case_when(
      Role_Code == 1 ~ "Producer/Farmer",
      Role_Code == 2 ~ "Community Leader",
      Role_Code == 3 ~ "Student Evaluator",
      Role_Code == 4 ~ "Professor Evaluator",
      TRUE ~ "Other"
    ),
    Freq_Label = case_when(
      Usage_Freq == 1 ~ "Daily",
      Usage_Freq == 2 ~ "Weekly",
      Usage_Freq == 3 ~ "Bi-weekly",
      TRUE ~ "Unspecified"
    ),
    Harvest_Saved   = as.numeric(Harvest_Saved),
    Inputs_Replaced = as.numeric(Inputs_Replaced),
    Jacha_Accuracy  = as.numeric(Jacha_Accuracy)
  )

# -------------------------------------------------------------------------
# STAGE 4: STATISTICAL EXTRACTION FOR MANUSCRIPT TABLES
# -------------------------------------------------------------------------

# --- TABLE 1: Demographic Profiles & Socio-Territorial Metrics ---
Table_1_Demographics <- Data_Clean |>
  group_by(Country) |>
  summarise(
    Total_Sample = n(),
    Farmers      = sum(Role_Label == "Producer/Farmer"),
    Leaders      = sum(Role_Label == "Community Leader"),
    Students     = sum(Role_Label == "Student Evaluator"),
    Professors   = sum(Role_Label == "Professor Evaluator"),
    Use_Daily    = sum(Freq_Label == "Daily"),
    Use_Weekly   = sum(Freq_Label == "Weekly"),
    Use_Biweekly = sum(Freq_Label == "Bi-weekly")
  )

print("--- TABLE 1: DEMOGRAPHICS OUPUT MATRIX ---")
print(Table_1_Demographics)
write.csv(Table_1_Demographics, "Table_1_Demographics_Output.csv", row.names = FALSE)


# --- TABLE 2: Climate Calculator & Biosensor Efficiencies ---
Table_2_Performance <- Data_Clean |>
  group_by(Country) |>
  summarise(
    Sample_Size            = n(),
    Mean_Harvest_Saved     = mean(Harvest_Saved, na.rm = TRUE),
    SD_Harvest_Saved       = sd(Harvest_Saved, na.rm = TRUE),
    Mean_Chemical_Replaced = mean(Inputs_Replaced, na.rm = TRUE),
    SD_Chemical_Replaced   = sd(Inputs_Replaced, na.rm = TRUE),
    Mean_AI_Precision      = mean(`AI_Precision_(1-5)`, na.rm = TRUE),
    SD_AI_Precision        = sd(`AI_Precision_(1-5)`, na.rm = TRUE)
  ) |>
  mutate(across(where(is.numeric), ~ round(., 2)))

print("--- TABLE 2: DIGITAL PERFORMANCE METRICS ---")
print(Table_Performance)
write.csv(Table_2_Performance, "Table_2_Performance_Output.csv", row.names = FALSE)


# --- TABLE 3: Biocultural Alignment & Jach'a Qh'anax Accuracy ---
Table_3_Biocultural <- Data_Clean |>
  group_by(Country) |>
  summarise(
    Valid_Responses    = n(),
    Mean_Ancestral_Int = mean(`Ancestral_Integration_(1-5)`, na.rm = TRUE),
    SD_Ancestral_Int   = sd(`Ancestral_Integration_(1-5)`, na.rm = TRUE),
    Mean_Jacha_Acc     = mean(Jacha_Accuracy, na.rm = TRUE),
    SD_Jacha_Acc       = sd(Jacha_Accuracy, na.rm = TRUE)
  ) |>
  mutate(across(where(is.numeric), ~ round(., 2)))

print("--- TABLE 3: BIOCULTURAL INTERFACE ACCURACY ---")
print(Table_3_Biocultural)
write.csv(Table_3_Biocultural, "Table_3_Biocultural_Output.csv", row.names = FALSE)


# --- TABLE 4: Socio-Economic Stabilization & Techno-Autonomy ---
Table_4_Economic <- Data_Clean |>
  group_by(Country) |>
  summarise(
    Valid_Sample               = n(),
    Revenue_Stabilization_Rate = mean(Stabilized_revenue, na.rm = TRUE) * 100,
    Mean_Autonomy_Valuation    = mean(`Importance_Without_Consultants_(1-5)`, na.rm = TRUE),
    SD_Autonomy_Valuation      = sd(`Importance_Without_Consultants_(1-5)`, na.rm = TRUE)
  ) |>
  mutate(across(where(is.numeric), ~ round(., 2)))

print("--- TABLE 4: SOCIO-ECONOMIC STABILIZATION ---")
print(Table_4_Economic)
write.csv(Table_4_Economic, "Table_4_Economic_Output.csv", row.names = FALSE)


# --- TABLE 5: Agroecological Stress Protection & Resiliency ---
Table_5_Stress <- Data_Clean |>
  group_by(Country) |>
  summarise(
    Valid_Observations     = n(),
    Mean_Stress_Protection = mean(`Stress_Protection_(0-3)`, na.rm = TRUE),
    SD_Stress_Protection   = sd(`Stress_Protection_(0-3)`, na.rm = TRUE)
  ) |>
  mutate(across(where(is.numeric), ~ round(., 2)))

print("--- TABLE 5: STRESS PROTECTION ANALYSIS ---")
print(Table_5_Stress)
write.csv(Table_5_Stress, "Table_5_Stress_Output.csv", row.names = FALSE)

# -------------------------------------------------------------------------
# STAGE 5: PLOS ONE PLOT COMPILATION (FIGURE 1 HIGH-RESOLUTION)
# -------------------------------------------------------------------------

# Panel A: Violin + Boxplot architecture for Crop Preservation Distributions
p1 <- ggplot(Data_Clean, aes(x = Country, y = Harvest_Saved, fill = Country)) +
  geom_violin(alpha = 0.4, trim = FALSE, show.legend = FALSE) +
  geom_boxplot(width = 0.15, fill = "white", outlier.shape = NA, show.legend = FALSE) +
  geom_jitter(width = 0.15, alpha = 0.5, size = 1.5, aes(color = Country), show.legend = FALSE) +
  scale_fill_viridis_d(option = "mako") +
  scale_color_viridis_d(option = "mako") +
  theme_minimal(base_size = 12) +
  labs(
    title = "A. Climate Calculator Efficiency Across Territories",
    x = "Validation Country Cluster",
    y = "Crop Volume Saved (%)"
  ) +
  theme(
    plot.title = element_text(face = "bold", size = 11),
    panel.grid.minor = element_blank(),
    axis.text.x = element_text(angle = 15, hjust = 1)
  )

# Panel B: Boxplot distribution profile for Jach'a Qh'anax Predictive Accuracy
p2 <- ggplot(Data_Clean, aes(x = Country, y = Jacha_Accuracy, fill = Country)) +
  geom_boxplot(alpha = 0.7, outlier.colour = "red", outlier.size = 2, show.legend = FALSE) +
  scale_fill_viridis_d(option = "viridis") +
  theme_minimal(base_size = 12) +
  labs(
    title = "B. Jach'a Qh'anax Algorithmic Accuracy",
    x = "Validation Country Cluster",
    y = "Predictive Accuracy (%)"
  ) +
  theme(
    plot.title = element_text(face = "bold", size = 11),
    panel.grid.minor = element_blank(),
    axis.text.x = element_text(angle = 15, hjust = 1)
  )

# Safe directory selection and physical TIFF compilation at 300 DPI
message("Please select the target folder to save Figure_1_Combined_Results.tiff...")
dir_target <- choose.dir(caption = "Select target directory for high-res figures")
file_target_path <- file.path(dir_target, "Figure_1_Combined_Results.tiff")

tiff(file_target_path, width = 10, height = 5, units = "in", res = 300)
grid.arrange(p1, p2, ncol = 2)
dev.off()

message("=========================================================================")
message("SUCCESS: S4 File executed completely. Tables (CSV) and Figure 1 (TIFF) saved.")
message("=========================================================================")
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