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Task 1 – code 


```{r}
install.packages("viridis")

```

```{r}
############################################################
# 2) IMPORT DATASET + CLEANING + QUICK CHECKS
############################################################

# -------------------------------
# FILE PATH 
# -------------------------------
csv_path <- "C:/Users/huny_/Downloads/airquality_unzipped/AirQualityUCI.csv"

# -------------------------------
# LOAD DATASET  (THIS CREATES AirQuality)
# -------------------------------
AirQuality <- read.csv(csv_path, sep = ";", dec = ",")

# -------------------------------
# CLEANING: Replace -200 with NA (missing values code)
# -------------------------------
AirQuality[AirQuality == -200] <- NA

# --------------
# QUICK CHECKS 
# --------------

cat("\n--- FIRST ROWS ---\n")
print(head(AirQuality))

cat("\n--- DIMENSIONS (rows, cols) ---\n")
print(dim(AirQuality))

cat("\n--- COLUMN NAMES ---\n")
print(names(AirQuality))

cat("\n--- STRUCTURE (data types) ---\n")
str(AirQuality)

cat("\n--- SUMMARY STATISTICS ---\n")
print(summary(AirQuality))

```
```{r}
############################################################
# 3) DATE/TIME + TIME-TREND VISUALISATIONS (2 pollutants)
############################################################

library(ggplot2)
library(lubridate)
library(scales)

# -------------------------------
# DATE/TIME HANDLING
# -------------------------------
# Convert Date to real Date type (dataset uses day/month/year)
AirQuality$Date <- dmy(AirQuality$Date)

# Create a DateTime column by combining Date + Time
AirQuality$DateTime <- as.POSIXct(
  paste(AirQuality$Date, AirQuality$Time),
  format = "%Y-%m-%d %H.%M.%S"
)

# Quick check
cat("\n--- DateTime check (first 5) ---\n")
print(head(AirQuality$DateTime))

# -------------------------------
# NICE LOOKING PLOT THEME
# -------------------------------
theme_set(theme_minimal(base_size = 13))

nice_theme <- theme(
  plot.title = element_text(face = "bold", size = 16),
  plot.subtitle = element_text(size = 12),
  axis.title = element_text(face = "bold"),
  panel.grid.minor = element_blank(),
  legend.position = "top"
)

# -------------------------------
# TIME TREND 1: CO
# Rationale: line plot shows changes/spikes over time clearly.
# -------------------------------
p_co <- ggplot(AirQuality, aes(x = DateTime, y = CO.GT.)) +
  geom_line(linewidth = 0.5, color = "steelblue") +
  scale_x_datetime(labels = date_format("%b %Y")) +
  labs(
    title = "Carbon Monoxide (CO) Levels Over Time",
    subtitle = "Hourly CO measurements across the observation period",
    x = "Date",
    y = "CO (GT)"
  ) +
  nice_theme

print(p_co)

# -------------------------------
# TIME TREND 2: NO2
# Rationale: same plot type allows easy comparison vs CO.
# -------------------------------
p_no2 <- ggplot(AirQuality, aes(x = DateTime, y = NO2.GT.)) +
  geom_line(linewidth = 0.5, color = "tomato") +
  scale_x_datetime(labels = date_format("%b %Y")) +
  labs(
    title = "Nitrogen Dioxide (NO₂) Levels Over Time",
    subtitle = "Hourly NO₂ measurements across the observation period",
    x = "Date",
    y = "NO₂ (GT)"
  ) +
  nice_theme

print(p_no2)

```
```{r}
############################################################
# 4) RELATIONSHIP: POLLUTANT vs WEATHER VARIABLE
############################################################

# -------------------------------
# Scatterplot: CO vs Temperature
# Rationale:
# - Scatterplots are ideal for exploring relationships between
#   two continuous variables (pattern, direction, clustering).
# - A smooth trend line helps reveal any overall relationship.
# -------------------------------

p_scatter <- ggplot(AirQuality, aes(x = T, y = CO.GT.)) +
  geom_point(alpha = 0.55, size = 1.6, color = "purple") +
  geom_smooth(method = "lm", se = TRUE, color = "black", linewidth = 0.8) +
  labs(
    title = "Relationship Between CO and Temperature",
    subtitle = "Scatterplot with fitted trend line (linear model)",
    x = "Temperature (°C)",
    y = "CO (GT)"
  ) +
  nice_theme

print(p_scatter)

# quick correlation value between CO and Temperature
cat("\n--- Correlation (CO vs Temperature) ---\n")
print(cor(AirQuality$CO.GT., AirQuality$T, use = "complete.obs"))

```
```{r}
############################################################
# 5) CORRELATION ANALYSIS (3+ pollutants) + VISUALISATION
############################################################

library(dplyr)
library(corrplot)

# -------------------------------
# Select 3+ pollutant variables
# Rationale:
# - Correlation quantifies linear relationships between pollutants.
# - A correlogram (heatmap) makes patterns easy to see quickly.
# -------------------------------

pollutants <- AirQuality %>%
  select(CO.GT., NO2.GT., C6H6.GT.)   # CO, NO2, Benzene

# Remove rows with missing values for correlation calculations
pollutants_clean <- na.omit(pollutants)

# Correlation matrix
cor_matrix <- cor(pollutants_clean, use = "complete.obs")

cat("\n--- CORRELATION MATRIX (CO, NO2, C6H6) ---\n")
print(round(cor_matrix, 3))

# Correlogram / heatmap style plot (colourful + readable)
corrplot(
  cor_matrix,
  method = "color",
  addCoef.col = "black",
  tl.col = "black",
  number.cex = 0.9,
  title = "Correlation Heatmap: Selected Pollutants",
  mar = c(0, 0, 2, 0)
)

# Scatterplot matrix (visual confirmation of pairwise relationships)
pairs(
  pollutants_clean,
  main = "Scatterplot Matrix: CO, NO₂, Benzene (C6H6)",
  pch = 19,
  col = rgb(0.1, 0.4, 0.8, 0.35)
)

# -------------------------------
# Interpretation prompts 
# -------------------------------
# - Values close to +1 indicate strong positive correlation (rise together).
# - Values close to -1 indicate strong negative correlation (one rises as other falls).
# - Values near 0 suggest weak/no linear relationship.
# - In the scatter matrix: tight upward cloud = positive correlation.

```
```{r}
names(AirQuality)

```
```{r}
############################################################
# 6) HYPOTHESIS TEST – TWO CONDITIONS (T-TEST)
# Comparing CO Levels: High Temp vs Low Temp
############################################################

library(dplyr)

# Median split using Temperature
median_temp <- median(AirQuality$T, na.rm = TRUE)

AirQuality <- AirQuality %>%
  mutate(temp_group = ifelse(T > median_temp, "High Temp", "Low Temp"))

cat("\n--- GROUP SIZES (High vs Low Temp) ---\n")
print(table(AirQuality$temp_group, useNA = "ifany"))

# Hypotheses:
# H0: Mean CO is the same for High Temp and Low Temp.
# H1: Mean CO is different between High Temp and Low Temp.

t_test_result <- t.test(CO.GT. ~ temp_group, data = AirQuality)

cat("\n--- WELCH TWO-SAMPLE T-TEST RESULTS ---\n")
print(t_test_result)

# Boxplot
p_ttest_box <- ggplot(AirQuality, aes(x = temp_group, y = CO.GT., fill = temp_group)) +
  geom_boxplot(alpha = 0.85) +
  scale_fill_manual(values = c("skyblue", "orange")) +
  labs(
    title = "CO Levels: High vs Low Temperature",
    x = "Temperature Group",
    y = "CO (GT)"
  ) +
  nice_theme +
  guides(fill = "none")

print(p_ttest_box)

```
```{r}
############################################################
# 7) GROUP COMPARISON – SEASONS + ANOVA
############################################################

library(dplyr)
library(lubridate)

# -------------------------------
# CREATE SEASON COLUMN
# -------------------------------
AirQuality <- AirQuality %>%
  mutate(
    Month = month(Date),
    Season = case_when(
      Month %in% c(12, 1, 2) ~ "Winter",
      Month %in% c(3, 4, 5) ~ "Spring",
      Month %in% c(6, 7, 8) ~ "Summer",
      TRUE ~ "Autumn"
    )
  )

# Make order look nice on plots
AirQuality$Season <- factor(
  AirQuality$Season,
  levels = c("Winter", "Spring", "Summer", "Autumn")
)

# -------------------------------
# BOXPLOT – CO BY SEASON
# Rationale:
# - Boxplots show median, spread, and outliers clearly.
# -------------------------------
p_season <- ggplot(AirQuality, aes(x = Season, y = CO.GT., fill = Season)) +
  geom_boxplot(alpha = 0.9) +
  scale_fill_manual(values = c("skyblue", "lightgreen", "orange", "plum")) +
  labs(
    title = "Seasonal Comparison of CO Levels",
    subtitle = "Distribution of CO concentrations across seasons",
    x = "Season",
    y = "CO (GT)"
  ) +
  nice_theme +
  guides(fill = "none")

print(p_season)

# -------------------------------
# ANOVA TEST
# Hypotheses:
# H0: Mean CO is equal across all seasons.
# H1: At least one season differs.
# -------------------------------
anova_result <- aov(CO.GT. ~ Season, data = AirQuality)

cat("\n--- ANOVA RESULTS (CO by Season) ---\n")
print(summary(anova_result))

# Optional: Post-hoc test if significant
tukey <- TukeyHSD(anova_result)
cat("\n--- TUKEY POST-HOC ---\n")
print(tukey)

```


