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1.Visualisations
1.1 Question 3

[image: ]
I used  line chart is the easiest way to display the changes of a continuous variable over a period of time. I only allowed noon on the 1st of every month so that you would have less noise and the long-term patterns would be legible. I also annotated the max (red) and min (green) to bring the attention to extremes which is helpful for interpretation at a glance.
Example:
[image: ]
1.2 Question 4
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To compare the levels of 4 pollutants at the same time of the month, I used a multi-line line chart. A line chart is the best for a temporal change and when you plot all series together you can see the co-movement and the contrasts like peaks in SO2 vs steadier O3.
Example:
[image: ]
1.3 Question 5
[image: ]
The observation between Ozone and Nitrogen Dioxide is investigated in this visualization with the help of a scatter plot, which is suitable in case of two continuous variables. The Pearson correlation (r = -0.486) shows that the relationship is moderate and negative. Quantiles were used to classify the NO2 values as Low, Medium and High; and colored for indicate the relationship between various levels of concentration and the O3-NO2 trend.
Example:
[image: ]
2.Challenges and Things Learned
2.1 In Question 1
 The preparation of Port Talbot Air Quality dataset in R, I encountered a number of challenges. It was not easy to be sure that the CSV file loaded on various working directories, and in this regard, commandArgs() and getwd() were utilized to enable the script to be portable. There were also some records of No data in the dataset that created numeric conversion problems, so this was I resolved by adding na.strings = "No data" to read.csv(). The column names were not very short and hence I simplified them using dplyr::select(). Then date and time were observed to be stored separately and I used mutate and as.POSIXct() to make up a date and time column. lapply() ensured that all columns with pollutants and weather were numeric.
 I understand how to cleanse data, process missing values, deal with date-time data, and create scripts that are stable within various environments.
2.2 In Question 2
I found two issues as i was analyzing missing data. I had to find a way to calculate the percentage of missing values of several columns of pollutant without repetition of a code. To solve this the across() function with mean(is.na(.))*100 within the summarize perfectly, and all the columns were managed in a single operation. The second difficulty was the initial wide format summary was not easily readable. pivot_longer() was used to make the output tidy and round() was used to enhance readability.
2.3 In Question 3
For create displayPollutantGraph, I faced challenges.  It was not easy to validate pollutant column names due to typos therefore i included an early error check to give an error when the column was not in existence. The date window was also a challenge and therefore I made the first/last dates of the date window to be noon of the 1st and have used %m + %months(1) to ensure that the last month is not left out. To minimize the noisy hourly variation, I take only the rows in which Day=1 and Hour=12 to take clean output of the monthly variation. There were gaps in labels due to missing data, and I used dropna() to fill cases where nothing was left. To make it readable I cleaned label text using gsub(), enhanced date ticks, and turned labels on the x-axis.  To make the chart more informative, I added the colored markers of max/min values.
2.4 In Question 4
For comparePollutants() and plots connected with it, I faced problems that the pollutants on the two totally different scales had to be compared which is why I utilized scale to transform the pollutants into z-scores for fairly compared visually. The readability of the plot in case of the overlapping of several pollutants over each other; I fixed it by employing Set1 palette of RColorBrewer and made a custom cleantimetheme() to clean the plot aesthetics. I also required regular monthly output, so I filtered the information to Day = 1 and Hour = 12. To prevent the repetitive code used to make the separate pollutant charts, I have created a helper function makesingleplot() to create them automatically.
I learned that in the area of multi-variable visual comparison, cleaner plot construction, as well as effective time-series coding in R.
2.5 In Question 5
To create of O3NOCorrelation, The results were being affected by missing Ozone-NO2 pairs and thus drop_na() was used to retain only complete cases. Another aspect that I needed to make a decision on was the appropriate correlation method where Pearson was selected given the analysis of linear relationships. The first scatterplot was too cluttered and to make the patterns clearer, I applied quantile() to categorize NO2 into Low, Medium and High bucket and colored the points. To make the plot easier to understand, I included a regression line and I printed the correlation coefficient on the plot.
2.6 In Question 6
For the t-test, there were some data-prep problems. Ozone and Wind Speed were missing values, and thus, I dropped missing rows with the dropna(). I then used a mutate() & ifelse() Wind Group variable to subdivide wind speeds into <5 m/s and less than 5 m/s. Because the groups were not homoscedastic, I applied Welch t-test (var.equal = FALSE). I used the interpretation of the p-value for reject the null hypothesis.
2.7 In Question 7
For the ANOVA test, the biggest problem that I faced was the filtering of readings at 17:00 in November-December 2016, 2018, and 2020. I corrected this by developing Year, Month and Hour using mutate() and subjecting it to specific filters. I was also aware of uneven sample sizes and therefore I carried out the checks required prior to the running of ANOVA. In order to interpret the results in the right manner, I have written down the null hypothesis and the alternative hypothesis and I have used p-value <0.5 to find the significance. I also used Tukey HSD to determine the years that differed when the difference was significant.
I learned that the correct time-based filtering, how to do ANOVA workflow and how to use post-hoc tests in R.

3. Improvements for Future Work
 I would be much more accurate by ensuring that I validate the data more closely, I test that data points are not outliers, that sensors are functioning correctly, and that I have a more automated cleaning. I would also put in diagnostic plots like histograms and Q-Q plots in order to test t-test and ANOVA assumptions and moving averages or seasonal decomposition to examine long-term trends. Interactive visualizations tools like Plotly or Shiny would help me make the results easier to investigate. I would also list workflow in a more organized way and refreeze the code into modular and reusable functions to use in future air-quality projects.
4. Use of AI
I have use AI in the areas that were allowed. It guide me when I did research by analyzing R functions, explaining data analysis techniques and explaining statistical concepts such as t tests, anova and data visualization. I only used it to help me understand unfamiliar R concepts. 
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# Plot

p < geplot(plot_data, aes(x - DateTime, y - !!sym(pollutant_name))) +
geom_line(linewidth = 1.1, colour ) +
geom_point(size - 2.3, colour - ) +
# Red color for max
geom_point(data - max_row, aes(x - DateTime, y - !!sym(pollutant_name)),

colour - '[BF, size - 4) +
geom_text (data = max_row,

aes(label = round(!!sym(pollutant_name), 1)),

colour - "I, vjust - -1, fontface - "bold") +
# Green color for min
geom_point(data = min

ow,

es(x - DateTime, y - !!sym(pollutant_name)),

colour = " , size = 4) +

geom_text (data = min_row,
aes(label = round(!!sym(pollutant_name), 1)),
colour B', vjust - 1.8, fontface - "bold") +

labs(title - title txt, subtitle - subtitle_ txt, x
# Show dates on the x-axis
scale_x_datetime(date_labels - "%d-%b-%Y", date_breaks - "6 months") +
theme_minimal() +

- ylab_txt) +

theme
plot.title - element_text(hjust - 0.5, face - "bold"),
plot.subtitle - element_text(hjust - 0.5),
axis.text.x = element_text(angle = 45, hjust = 1)
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# Choose 4 pollutants which i want to compare
pollutants <- c("0zone”, "Nitric_Oxide”

# For color palette
pal <- setNames(brewer.pal (length(pollutants), "Set1”

Clean_time_theme <- function() {
‘theme_minimal (base_size - 14) +
thene
plot.title - element_text(hjust - 0.5, face - "bold"),
plot.subtitle - element_text(hjust = ©.5),
axis.text.x - element_text(angle - 8, vjust = 0.5)

)

i

# Combined plot for standardized
combined_df <- monthly_noon_data %%
select (DateTime, all_of(pollutants)) %%
pivot_longer(-DateTime, names_to - "Pollutant”, values_to =
drop_na() %%
group_by (Pollutant) %%
mutate(Value - as.numeric(scale(Concentration))) %%
ungroup() %%
mutate(Label - gsub:

" ", Pollutant))

p_combined <- ggplot(combined df, aes(DateTime, Value, colour -

geon_line(linewidth - 1) +
labs(
title = "4 Diffrent Pollutants Levels at Noon on the 1st”,
subtitle = sprintf("From %s to %s"
format (min(conbined_dfsDateTine),
Format (max(conbined_dfsDateTime),

"Nitrogen_Dioxide”, "Sulphur_Dioxide")

» pollutants)

Concentration”) %%

Pollutant)) +

%),
-to-2"))

x = "Date”, y = "Standardized Concentration”, colour = “"Pollutant’|

)+
scale_color_manual (values = pal, label:
scale_x_datetime(date_breaks - "1 year’
clean_time_theme()

gsub("_",
date_labels

w)

print (p_conbined)

pollutants)) +

Py
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# Scatterplot Showing NO2 Level
scatter_plot <- suppressharnings(
geplot(df, aes(x - Ozone, y - Nitrogen Dioxide, colour = NO2_Level)) +

geom_point(size - 3, alpha - 0.8) +
geom_smooth(method - “In", se - FALSE, colour - [BEMEN", linewidth - 1.3) +

# Correlation annotation
annotate(“text”,
x = Inf, y = Inf,
1abel - paste("r =", round(r_value, 3)),
hjust - 1.2, vjust - 1.5,
size - 6, fontface = "bold", colour

scale_colour_manual(values = c(

“Low NO," # green
“Medium NO; , # orange
"High NO;" [ #red

)+

1abs(

title = "0zone vs Nitrogen Dioxide”,

subtitle - "Points coloured by N0, Level (Low, Medium, High)",
x = "0zone (pg/m*)",

y = "Nitrogen Dioxide (ug/m*
colour = "NO; Level”

)+
theme_minimal (base_size = 15) +
‘theme (
plot.title - element_text(hjust = 0.5, face = "bold"),

plot.subtitle - element_text(hjust - 6.5)

)
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