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Task 1 R Script Code
############################################################
# Master_AirQualityAnalysis.R
#
# Student: Vackaar Hussain
# Student ID; 2209946
# Course: Data Analysis / Advanced Statistical Programming
# Course Code: ACCA7022
# Lecturer: Dr Aliyu Sambo
#
# Description:
# This script performs a complete exploratory and statistical
# analysis of the AirQualityUCI dataset.
#
# Objectives:
# 1. Install and load required libraries
# 2. Import and inspect the dataset
# 3. Clean and prepare data
# 4. Produce descriptive statistics
# 5. Generate exploratory visualisations
# 6. Conduct correlation analysis
# 7. Perform seasonal statistical testing
# 8. Build regression models
# 9. Apply advanced analytics (PCA & clustering)
# 10. Develop a pollution prediction model
############################################################

#############################################################
# Progress Logging Function
#############################################################

log_message <- function(message){
  cat(paste0("[", format(Sys.time(), "%H:%M:%S"), "] ", message, "\n"))
}


















############################################################
# 1. Install and Load Required Libraries
############################################################

log_message("Loading required packages...")


# List of libraries required for data wrangling, visualization, 
# date handling, statistical analysis and reporting.
required_packages <- c(
  "dplyr",      # For efficient data manipulation
  "tidyr",      # For data tidying
  "ggplot2",    # For advanced data visualizations
  "lubridate",  # For date-time handling
  "readr",      # For reading CSV files efficiently
  "knitr",      # For formatted tables
  "corrplot",   # For visualizing correlation matrices
  "scales"      # For customizing plot scales
)

# Function to install (if not already installed) and load libraries.
install_and_load <- function(pkg){
  if(!require(pkg, character.only = TRUE)){
    install.packages(pkg, dependencies = TRUE)
    library(pkg, character.only = TRUE)
  } else {
    library(pkg, character.only = TRUE)
  }
}

# Loop through all required packages
for(p in required_packages){
  install_and_load(p)
}

log_message("All packages loaded successfully.")


# Rationale: Ensures that all dependencies are available for the analysis
# and avoids errors during execution.









############################################################
# 2. Import Dataset
############################################################

log_message("Importing Dataset....")

# Read AirQualityUCI dataset. 
# Note: Decimal separator is ',' and missing values are coded as -200
AirQuality <- read.csv(
  "AirQualityUCI.csv",
  sep = ";",
  dec = ",",
  na.strings = c("-200")
)

log_message("Dataset imported successfully.")

# Justification: Using correct separators and NA representation ensures
# accurate import and prevents misinterpretation of data.


############################################################
# 3. Inspect Dataset
############################################################

log_message("Inspecting dataset structure and contents.")

# Display column names for initial understanding
cat("Column Names:\n")
print(colnames(AirQuality))
cat("\n")

# Show dataset structure including types of each variable
cat("Dataset Structure:\n")
str(AirQuality)
cat("\n")

# Display first 6 rows to visually inspect the data
cat("First 6 Rows:\n")
print(head(AirQuality))
cat("\n")

# Print number of rows and columns
cat("Dataset Dimensions:\n")
print(dim(AirQuality))
cat("\n")

log_message("Dataset inspection complete.")


# Discussion: These steps provide an initial overview, helping to
# identify missing values, data types, and potential errors in import.


############################################################
# 4. Data Cleaning and Preparation
############################################################

log_message("Cleaning and preparing data...")

# Combine Date and Time into a single Datetime column
AirQuality$Datetime <- as.POSIXct(
  paste(AirQuality$Date, AirQuality$Time),
  format = "%d/%m/%Y %H.%M.%S"
)

# Extract month from datetime for seasonal analysis
AirQuality$Month <- lubridate::month(AirQuality$Datetime)

log_message("Data cleaning and preparation complete.")

# Rationale: A single datetime variable simplifies time series analysis,
# while extracting month enables seasonal trends exploration.


############################################################
# 5. Descriptive Statistics
############################################################

log_message("Generating descriptive statistics....")

# Select numeric columns for statistical summaries
numeric_cols <- sapply(AirQuality, is.numeric)
numeric_data <- AirQuality[, numeric_cols]

# Print summary statistics including min, max, median, mean, NA count
cat("Summary Statistics:\n")
print(summary(numeric_data))

log_message("Descriptive statistics generated.")

# Discussion: Summary statistics provide insight into data distribution,
# spread, and potential outliers, guiding further analysis.




############################################################
# 6. Descriptive Statistics Table
############################################################

log_message("Descriptive statistics table created.")

# Construct a table of descriptive statistics
descriptive_stats <- data.frame(
  Variable = colnames(numeric_data),
  Min = sapply(numeric_data, min, na.rm = TRUE),
  Max = sapply(numeric_data, max, na.rm = TRUE),
  Mean = round(sapply(numeric_data, mean, na.rm = TRUE),2),
  Median = round(sapply(numeric_data, median, na.rm = TRUE),2),
  SD = round(sapply(numeric_data, sd, na.rm = TRUE),2)
)

# Print formatted table
knitr::kable(
  descriptive_stats,
  caption = "Descriptive Statistics of Air Quality Variables"
)

log_message("Descriptive statistics table created.")

# Justification: A tabular summary is easier to interpret and 
# communicates central tendency and dispersion effectively.


############################################################
# 7. Exploratory Visualisation
############################################################

log_message("Generating exploratory visualisations (histograms)....")

# Set plotting layout for multiple histograms
par(mfrow=c(2,3))

# Histograms to inspect distributions of key pollutants and weather variables
hist(AirQuality$T, main="Temperature", col="lightblue")
hist(AirQuality$RH, main="Relative Humidity", col="lightgreen")
hist(AirQuality$AH, main="Absolute Humidity", col="lightpink")
hist(AirQuality$CO.GT., main="Carbon Monoxide", col="lightyellow")
hist(AirQuality$NO2.GT., main="Nitrogen Dioxide", col="lightgray")
hist(AirQuality$NOx.GT., main="Nitrogen Oxides", col="lightcoral")


par(mfrow=c(1,1))

log_message("Exploratory visualisations complete.")

# Rationale: Histograms reveal the distribution shape, skewness,
# and potential anomalies, important for EDA before modeling.


############################################################
# 8. Time Series Trend
############################################################

log_message("Generating time series plot for NO2....")

# Plot NO2 concentration over time
ggplot(AirQuality, aes(x=Datetime, y=NO2.GT.)) +
  geom_line(color="darkred") +
  labs(
    title="Time Trend of NO2 Pollution",
    x="Time",
    y="NO2 Concentration"
  ) +
  theme_minimal()

log_message("Time series visualisation complete....")

# Discussion: Time series plots help identify trends, seasonality,
# and unusual spikes in pollution levels.


############################################################
# 9. Correlation Analysis
############################################################

log_message("Performing correlation analysis...")

# Select numeric variables relevant for correlation
cor_data <- AirQuality %>%
  select(CO.GT., NO2.GT., NOx.GT., T, RH, AH) %>%
  na.omit()

# Compute correlation matrix
cor_matrix <- cor(cor_data)
print(cor_matrix)

# Visualize correlation matrix with color-coded plot
corrplot(

  cor_matrix,
  method="color",
  type="upper",
  addCoef.col="black",
  tl.col="black",
  tl.srt=45
)

log_message("Correlation analysis complete.")

# Justification: Correlation analysis identifies linear relationships
# between pollutants and weather variables, guiding model selection.


############################################################
# 10. Seasonal Analysis
############################################################

log_message("Creating seasonal variable and grouping data...")

# Define seasons based on month
AirQuality$Season <- ifelse(AirQuality$Month %in% c(12,1,2),"Winter",
                            ifelse(AirQuality$Month %in% c(3,4,5),"Spring",
                                   ifelse(AirQuality$Month %in% c(6,7,8),"Summer","Autumn")))

AirQuality$Season <- as.factor(AirQuality$Season)

# Prepare dataset for seasonal NO2 analysis
season_data <- AirQuality %>%
  select(Season, NO2.GT.) %>%
  na.omit()

# Display number of observations per season
print(table(season_data$Season))

log_message("Seasonal grouping complete.")

# Discussion: Categorizing by season allows comparison of pollution levels
# and testing for seasonal effects statistically.








############################################################
# 11. ANOVA Test
############################################################

log_message("Running ANOVA test for seasonal differences...")

# Conduct ANOVA to test if mean NO2 differs across seasons
anova_result <- aov(NO2.GT. ~ Season, data = season_data)
summary(anova_result)

# Post-hoc Tukey test to identify which seasons differ
TukeyHSD(anova_result)

log_message("ANOVA test complete.")

# Justification: ANOVA determines statistically significant seasonal differences,
# while TukeyHSD identifies specific pairwise differences.


############################################################
# 12. Seasonal Boxplot
############################################################

log_message("Generating seasonal boxplot for NO2...")

# Boxplot visualization of NO2 by season
ggplot(season_data, aes(x=Season, y=NO2.GT., fill=Season)) +
  geom_boxplot() +
  labs(
    title="Seasonal NO2 Pollution",
    x="Season",
    y="NO2 Concentration"
  ) +
  theme_minimal()

log_message("Seasonal boxplot created.")

# Discussion: Boxplots provide visual summary of median, spread, 
# and outliers for seasonal comparison.


############################################################
# 13. Wilcoxon Test
############################################################

log_message("Running Wilcoxon test (Winter vs Summer)....")

# Extract NO2 values for Winter and Summer

winter <- AirQuality %>%
  filter(Season=="Winter") %>%
  select(NO2.GT.) %>%
  na.omit()

summer <- AirQuality %>%
  filter(Season=="Summer") %>%
  select(NO2.GT.) %>%
  na.omit()

# Non-parametric test for difference between Winter and Summer
wilcox.test(
  winter$NO2.GT.,
  summer$NO2.GT.
)

log_message("Wilcoxon test complete.")

# Justification: Wilcoxon test is robust to non-normality and
# confirms differences between two specific seasons.


############################################################
# 14. Multiple Linear Regression
############################################################

log_message("Building multiple linear regression model....")

# Prepare dataset for regression with key predictors
reg_data <- AirQuality %>%
  select(NO2.GT., T, RH, AH) %>%
  na.omit()

# Fit multiple linear regression model
pollution_model <- lm(NO2.GT. ~ T + RH + AH, data=reg_data)
summary(pollution_model)

log_message("Regression model built successfully.")

# Discussion: Regression quantifies the influence of temperature, 
# humidity, and absolute humidity on NO2 levels.











############################################################
# 15. Regression Diagnostics
############################################################

log_message("Performing Regression diagnostics...")

# Diagnostic plots: residuals, Q-Q plot, leverage, and Cook's distance
par(mfrow=c(2,2))
plot(pollution_model)
par(mfrow=c(1,1))

log_message("Regression diagnostics complete.")

# Justification: Diagnostics validate assumptions (linearity, homoscedasticity,
# normality, independence) to ensure reliable model interpretation.


############################################################
# 16. Principal Component Analysis
############################################################

log_message("Performing Principal Component Analysis...")

# PCA to reduce dimensionality and explore patterns
pca_data <- AirQuality %>%
  select(CO.GT., NO2.GT., NOx.GT., T, RH, AH) %>%
  na.omit()

# Scale data for PCA
pca_scaled <- scale(pca_data)

# Compute PCA
pca_result <- prcomp(pca_scaled)
summary(pca_result)

# Biplot for visual interpretation of loadings and scores
biplot(pca_result)

log_message("PCA complete.")

# Rationale: PCA identifies underlying structure and dominant variation
# in the dataset, aiding clustering and feature reduction.






############################################################
# 17. K-Means Clustering
############################################################

log_message("Performing K-means clustering...")

set.seed(123)

# Scale data for clustering
cluster_data <- scale(pca_data)

# Apply K-means with 3 clusters
kmeans_result <- kmeans(cluster_data, centers=3)

# Append cluster labels for visualization
pca_data$Cluster <- as.factor(kmeans_result$cluster)

# Scatter plot colored by cluster
ggplot(pca_data, aes(x=T, y=NO2.GT., color=Cluster)) +
  geom_point() +
  labs(
    title="Pollution Clusters",
    x="Temperature",
    y="NO2"
  ) +
  theme_minimal()

log_message("Clustering analysis complete.")

# Justification: Clustering groups similar observations to reveal
# hidden patterns and potential high-risk pollution periods.


############################################################
# 18. Pollution Prediction Model
############################################################

log_message("Building and evaluating prediction model...")

set.seed(123)

# Split dataset into 80% training and 20% testing
sample_index <- sample(
  1:nrow(reg_data),
  0.8 * nrow(reg_data)
)

train_data <- reg_data[sample_index, ]
test_data <- reg_data[-sample_index, ]


# Train linear regression model
prediction_model <- lm(NO2.GT. ~ T + RH + AH, data=train_data)

# Predict NO2 on test data
predicted_NO2 <- predict(prediction_model, test_data)
actual_NO2 <- test_data$NO2.GT.

# Compute Root Mean Squared Error
rmse <- sqrt(mean((predicted_NO2 - actual_NO2)^2))
cat("Model RMSE:", rmse)

log_message("Prediction model evaluation complete...")

# Discussion: RMSE quantifies model accuracy, allowing evaluation of
# prediction performance.


############################################################
# 19. Prediction Accuracy Plot
############################################################

log_message("Generating prediction accuracy plot...")

# Prepare data frame for actual vs predicted plot
prediction_df <- data.frame(
  Actual = actual_NO2,
  Predicted = predicted_NO2
)

# Scatter plot to visually assess prediction accuracy
ggplot(prediction_df, aes(x=Actual, y=Predicted)) +
  geom_point(color="blue") +
  geom_abline(intercept=0, slope=1, color="red") +
  labs(
    title="Actual vs Predicted NO2",
    x="Actual",
    y="Predicted"
  ) +
  theme_minimal()

log_message("Prediction accuracy plot created.")

# Justification: A 45-degree reference line allows easy visual
# evaluation of prediction quality.

############################################################
# END OF SCRIPT
############################################################                      
log_message("Air Quality Analysis completed successfully.")


Visualisation R Code Script for TASK 2 Reflective Summary


############################################################
# 1. Supplementary Visualisation Section (For Report)
############################################################

log_message("Generating supplementary visualisations for report...")

# Create folder for visuals if not already present
if(!dir.exists("Visualisations")){
  dir.create("Visualisations")

  log_message("Visualisations folder created.")
}

############################################################
# 2 Scatterplot: Temperature vs CO
############################################################

log_message("Creating scatterplot: Temperature vs CO...")

scatter_CO <- ggplot(AirQuality, aes(x=T, y=CO.GT.)) +
  geom_point(alpha=0.5, color="darkgreen") +
  geom_smooth(method="lm", se=FALSE, color="black") +
  labs(title="Temperature vs CO",
       x="Temperature (°C)",
       y="CO (mg/m³)") +
  theme_minimal()

print(scatter_CO)

ggsave("Visualisations/scatter_CO.png", scatter_CO, width=7, height=5)

log_message("Scatterplot saved.")










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

# 3 Boxplot: NO2 Across Seasons
############################################################

log_message("Creating boxplot: NO2 across seasons...")

box_NO2 <- ggplot(AirQuality, aes(x=Season, y=NO2.GT., fill=Season)) +
  geom_boxplot() +
  labs(title="NO2 Levels Across Seasons",
       x="Season",
       y="NO2 (µg/m³)") +
  theme_minimal()

print(box_NO2)

ggsave("Visualisations/box_NO2.png", box_NO2, width=7, height=5)

log_message("Boxplot saved.")

############################################################
# 4 Histogram: CO Distribution
############################################################

log_message("Creating histogram: CO distribution...")

hist_CO <- ggplot(AirQuality, aes(x=CO.GT.)) +
  geom_histogram(bins=30, fill="steelblue", color="black") +
  labs(title="CO Distribution",
       x="CO (mg/m³)",
       y="Frequency") +
  theme_minimal()

print(hist_CO)

ggsave("Visualisations/hist_CO.png", hist_CO, width=7, height=5)

log_message("Histogram saved.")

############################################################
# 5 Bar Chart: Average O3 by Season
############################################################

log_message("Creating bar chart: Average O3 by season...")

library(dplyr)
library(ggplot2)

# Summarise mean O3 by Season
O3_season <- AirQuality %>%

  group_by(Season) %>%
  summarise(mean_O3 = mean(`PT08.S5.O3.`, na.rm = TRUE))  # use the correct column name

# Create bar plot
bar_O3 <- ggplot(O3_season, aes(x = Season, y = mean_O3, fill = Season)) +
  geom_bar(stat = "identity") +
  labs(title = "Average O3 by Season",
       x = "Season",
       y = "O3 (µg/m³)") +
  theme_minimal()

print(bar_O3)

# Save plot
ggsave("Visualisations/bar_O3.png", bar_O3, width = 7, height = 5)


log_message("Bar chart saved.")

############################################################
# 6 Correlation Network
############################################################

log_message("Creating correlation network...")

# Install qgraph if not already installed
if (!require(qgraph)) install.packages("qgraph")
library(dplyr)
library(qgraph)

# -----------------------------
# Select variables for correlation
# -----------------------------
cor_vars <- AirQuality %>%
  select(`CO.GT.`, `NO2.GT.`, `NOx.GT.`, T, RH, AH) %>%  # backticks for columns with dots
  na.omit()

# -----------------------------
# Compute correlation matrix
# -----------------------------
cor_matrix <- cor(cor_vars)
print("Correlation matrix:")
print(cor_matrix)

# -----------------------------
# Generate and display correlation network
# -----------------------------

corr_plot <- qgraph(cor_matrix,
                    layout = "spring",
                    labels = colnames(cor_matrix),
                    color = "lightblue",
                    edge.color = "darkblue",
                    minimum = 0.2,
                    title = "Correlation Network")

# -----------------------------
# Save the plot to file
# -----------------------------
if(!dir.exists("Visualisations")) dir.create("Visualisations")  # ensure folder exists
png("Visualisations/correlation_network.png", width = 800, height = 800)
qgraph(cor_matrix,
       layout = "spring",
       labels = colnames(cor_matrix),
       color = "lightblue",
       edge.color = "darkblue",
       minimum = 0.2,
       title = "Correlation Network")
dev.off()

log_message("Correlation network saved.")

############################################################
# End of Supplementary Visualisation Section
############################################################

log_message("All supplementary visualisations generated successfully.")


