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[bookmark: _Toc219222856]Reflective summary
[bookmark: _Toc219222857]Visualisations
In support of assignment requirements, six separate visualisations have been created. 
a) [bookmark: _Toc219222858]Nitrogen oxides as nitrogen dioxide as trend chart
For task 3, data is best presented as a trend chart (Figure 1). This is a very powerful way to display ten years’ worth of data (120 months). Users can clearly identify patterns, with large spikes shown around 2017 and 2023. This is useful for further investigation into causation.

[image: A graph showing a graph

AI-generated content may be incorrect.]
[bookmark: _Ref219204285][bookmark: _Ref219204263]Figure 1: Nitrogen oxide as nitrogen dioxide trend chart
Chart is generated using the ggplot2 library (Figure 2), an additional package within R, enabling a more sophisticated, customisable chart presentation. 
[image: A computer code with green and white text

AI-generated content may be incorrect.]
[bookmark: _Ref219204562]Figure 2: Code generating NO as NO2 chart
b) [bookmark: _Toc219222859]Four pollutant comparison as trend chart
Task 4 also suited a trend chart (Figure 3). With so much data, this is the most powerful way to quickly visualise readings of four separate pollutants, on the same axis, allowing for quick interpretation. Results show that SO2 had the largest variation.
[image: A graph showing a number of different colored lines

AI-generated content may be incorrect.]
[bookmark: _Ref219204928]Figure 3: NO, NO2, O3 and SO2 trend chart
One limitation with base R visuals is the lack of customisation on charts, and the first attempt resulted in a messy visual. Therefore, ggplot2 code was used (Figure 4). Specific improvements with this include positioning of the axes and reduction of trend line width.
[image: A screen shot of a computer code

AI-generated content may be incorrect.]
[bookmark: _Ref219205205]Figure 4: Code to generate four pollutant comparison
c) [bookmark: _Toc219222860]Ozone vs Nitrogen Dioxide correlation chart
A scatterplot (Figure 5) was required in task 5 to show the correlation between pollutants. This visualises the correlation value of -0.486 (red line), which represents a moderate negative relationship (as one reading increases the other decreases). 
[image: A graph with a red line
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[bookmark: _Ref219205405]Figure 5: O3 vs NO2 correlation
The chart uses ggplot2 (Figure 6). The correlation value is included in the title, rounded to two decimal places.
[image: A screenshot of a computer
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[bookmark: _Ref219205892]Figure 6: O3 vs NO2 correlation chart code
d) [bookmark: _Toc219222861]Ozone levels by wind speed
The boxplots (Figure 7, Figure 8) using ggplot2 code (Figure 9) have been created to decide whether data is normalised enough to produce an accurate t-test, in order to provide the most robust decision on the null hypothesis. Due to the large number of outliers, the sample size was adjusted to satisfy requirements.

[image: A graph with blue rectangles

AI-generated content may be incorrect.]
[bookmark: _Ref219206226]Figure 7: O3 wind speed reading boxplot before removal of outliers

[image: A screenshot of a graph

AI-generated content may be incorrect.]
[bookmark: _Ref219206233]Figure 8: O3 wind speed reading boxplot after removal of outliers
[image: A screenshot of a computer program

AI-generated content may be incorrect.]
[bookmark: _Ref219206558]Figure 9: Code used to generate boxplots
e) [bookmark: _Toc219222862]Summary of ANOVA test results
A useful way to review the results of the ANOVA test in a simple, user-friendly way is with a boxplot (Figure 10) coded using ggplot2 (Figure 11). 
[image: A graph with green squares

AI-generated content may be incorrect.]
[bookmark: _Ref219206779]Figure 10: ANOVA analysis results visualised

[image: A screenshot of a computer
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[bookmark: _Ref219206796]Figure 11: Code to generate ANOVA analysis boxplots
f) [bookmark: _Toc219222863]Help from generative AI with visuals
After creating graphs in base R, a ChatGPT prompt was used to convert these visuals into a more refined version (Figure 12). This was especially useful as the hard work mapping out the visuals desired in base R had already been done (Figure 13), where the visuals are much simpler (Figure 14) than the ggplot2 visual (Figure 1).
[image: A screenshot of a black screen

AI-generated content may be incorrect.]
[bookmark: _Ref219207085]Figure 12: Request for AI assistance amending existing charts from base r to ggplot2
[image: A computer code with text

AI-generated content may be incorrect.]
[bookmark: _Ref219207288]Figure 13: Example of base r plot code for NO as NO2 trend chart
[bookmark: _Ref219207362][image: A graph of a graph
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[bookmark: _Ref219238703]Figure 14: Base R chart output for NO as NO2 trend



[bookmark: _Toc219222864]Challenges and learning
With a large data set, there will always be data challenges and opportunities for learning.
· The original file format (.xlsx) not readable. Solution, with help from generative AI, was to install the openxlsx package. The use of packages increases the power of R.
[image: A close-up of a computer screen
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Figure 15: Calling the openxlsx library
· Original data was not formatted correctly. For example, the very top and bottom rows were more for information than actual data. Solution was to remove these at the start of the code. Learning from this is ensuring the data source is fully validated prior to any analysis to pre-empt these issues.
[image: A close up of text
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Figure 16: Pointing to the relevant data in the data source
· Data readings classed as character due to presence of “No data” and date not classed as a date field. Therefore, a step was introduced to clean the data for future analysis. This is known as primary processing. This proved to be key learning, as taking this approach allowed the code to be revisited and repetition of processes (like removing NAs) could be undertaken only once. 
[image: A screenshot of a computer
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Figure 17: Cleaning the raw data



[bookmark: _Toc219222865]Improvements for future work
Despite best efforts to remove repetition and clean the code, there is still inefficiencies, which given more time (and experience), would be good to improve. 
Opportunities to further improve this project include use of more sophisticated packages to automate some of the tasks. 
Another possible improvement is the introduction of validation rules. For example, if a function calls a column that does not exist, an error message prompt is returned. This is essential when code is handed over to others. However, for the purpose of this assignment, other time constraints, and a reluctance to over complicate, this has been intentionally left out. 
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# plot created to display chart of results

ggplot(dfMonthly, aes(x = Date, y = .data[[pollutant]])) + # Defines data for axes
geom_line(color - "ETHIANE", linewidth = 1) + # Defines line colour and width
labs(
title = paste("Monthly trend of", pollutant," (2015-2024)"), # Defines heading and axes labels
x = "Date",
y = pollutant
J o+

theme_minimal() # professional presentation
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# Convert to long format for ggplot2

dfLong <- pivot_longer(
dfMonthly,
cols = all_of(pollutants),
names_to = "Pollutant",
values_to = "Value"

# plot created to display chart of results using dfLong to define appropriate dimensions for ggplot

p <- ggplot(dfLong, aes(x = Date, y = Value, colour = Pollutant)) + # Defines data for axes
geom_line(linewidth = 0.5) + # Defines line width
labs(
title = "Trend of pollutant levels at noon
on 1st day of each month (2015-2024)", # Defines heading and axes labels

x = "Date",

y = "Reading",

colour = "Pollutant”
D+

theme_minimal() # professional presentation
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# plot cr

print(
ggplot(

geom_|
geom_.
labs(

tit

eated to display chart of results

dfFiltered, aes(x = “Nitrogen Dioxide (N02)",
y = “0zone (03)*)) +
0.3) +
= "lm", se = FALSE, color = "-") +

point(alpha =
smooth(method

le = paste("2015-2024: 03 vs NO2
(r =", round(corrValue, 3), ")"),

= "Nitrogen Dioxide (NO2)",
= "Ozone (03)"

_minimal ()

# Defines data for axes

# Defines chart style

# Includes correlation value

# Defines heading and axes labels

# professional presentation
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# Create a boxplot for both samples to find outliers in the data

dfBox <- data.frame(
Ozone = c(o3Above5Sample, o3Below5Sample),
WindSpeed = factor(
rep(c(">2 5 m/s", "< 5 m/s"),
c(length(o3Above5Sample), length(o3Below5Sample)))
D)
D)

ggplot(dfBox, aes(x = WindSpeed, y =
geom_boxplot(fill = '[Lightblug") +
labs(
title = "Ozone levels by wind speed category (with outliers)"
x = "Wind speed category",
y = "Ozone (03)"
)+

theme_minimal()

Ozone)) +
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image11.png
# Produce a boxplot to display results visually

ggplot(no2Filtered, aes(x = year, y = “Nitrogen Dioxide (N02)')) +
geom_boxplot(fill = '[Lightgreen") +
labs(
title = "NO2 concentrations at 17:00 (Nov-Dec)",
x = "Year",
y = "Nitrogen Dioxide (N0O2)"
)+

theme_minimal()
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please provide some examples of using gg plot2 instead
of base r graphs for my code

Below are clear, concrete examples of how you could replace base R plots in your
existing code with ggplot2 , written at a level that is appropriate for your module and

easy to justify academically.
| will:

¢ Map directly to your existing tasks/functions
¢ Keep the logic identical, only changing the plotting
¢ Briefly explain why ggplot2 is preferable (useful in write-ups)
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# Plot
plot(df_monthly$Date,
df_monthly[[pollutant]],
type = "1",
xlab = "Date",
ylab = pollutant,
main = paste("Monthly trend of", pollutant))
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# Install/run this package only once
# Base R cannot read .xlsx file. Installing the package overcomes this

install.packages("openxlsx")
library(openxlsxj
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# Read Port Talbot Hourly AQ.xlsx
# startRow=11: Used as the first 10 rows in Port Talbot Hourly AQ.xlsx are not relevant data

PortTalbotAQ<-read.x1lsx("Port Talbot Hourly AQ.xlsx", sheet = 1, startRow = 11)

# The code below provides all rows in PortTalbotAQ where text does not equal "End" in column 1, returning all relevant data

PortTalbotAQ <- PortTalbotAQ[PortTalbotAQ[[1]] != "End", ]




image17.png
# This ensures Date field from PortTalbotAQ is returned as date class

PortTalbotAQ$Date <- as.Date(PortTalbotAQ$Date)

# Convert relevant columns to numeric

cols <- c¢(3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23)

# Convert relevant columns to numeric and replace "No data" with NA

PortTalbotAQ[cols] <- lapply(PortTalbotAQ[cols], function(x) {
as.numeric(ifelse(x == "No data", NA, x))

b

# Display cleansed PortTalbotAQ data frame

PortTalbotAQ
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