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[bookmark: _Toc213886455]Reflection
This reflective summary explains the approach I took for analysing the Port Talbot Air Quality dataset in R, why I chose specific visualisations, the challenges I encountered, and how the work helped deepen my understanding of data analysis using the concepts taught across the ASP lecture materials. In addition to technical precision, the process of creating comparison plots, applying parametric statistical tests, and planning the cleaning processes requires careful consideration of the best approaches. This reflection, which demonstrates a clear explanation and personal insight obtained throughout the assignment, has the same tone and structure as the offered sample document.
[bookmark: _Toc213886456]Visualisations
The visualisations served as one of the most important parts of this analysis. They provided a direct way to interpret pollutant behaviour across time, relationships between variables, and differences across groups. I relied on the concepts from the course slides for "ASP 15 - Data Analysis I," "ASP 16 - Data Analysis II," and "ASP 17 - Data Analysis III," which emphasized the need of choosing an appropriate plot for the subject being addressed. Those slides helped me to get the right mind about when to apply scatterplots, when heatmap is more appropriate, and how to visually compare the distributions.

For Q3, I used a coloured scatter plot for displaying the monthly noon values of one pollutant across nearly a decade. This visual was chosen by me because scatterplots are able to depict clearly the direction, concentration of points, and fluctuations depending on time. The data had irregular gaps due to missing values, and drawing a line through those gaps would have been deceptive, therefore a line plot was not particularly appropriate.  The scatter technique allows each point to be addressed independently without imposing continuity. The code used was:
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This choice aligned with what I learned from class examples where scatterplots were used to examine relationships or trends without assuming linearity.

In the fourth question, I applied the heatmap technique which enabled me to visualize the comparison of several pollutants through the same time sequence. This concept was derived from the "ASP 5 - Matrices and Arrays" and "ASP 8 - Data Frames" resources, where the matrices were used to show visually the comparison of information with multiple variables. Through the use of a heatmap, it became feasible to have a combined view of the pollutants but at the same time to differentiate them by their three activity levels, that is, high, medium, and low, for each of them. The gradient of colours made patterns instantly visible, especially when certain pollutants peak at similar times. The code example was:
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It felt similar to examples in the class slides where heatmaps were used to visualise classification matrices and large tables.

For the fifth question, I decided to use a scatterplot with a LOWESS trend line to determine the connection between O3 and NO2. This was the reason behind my choice, that the "Inferential Statistics Part 1" and "Selecting Tests and Interpreting Results" slides pointed out that correlation entails a linear pattern observation. The LOWESS trend line made the relationship more visible without supporting the strict linearity assumption. Provide code example:
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In the end, I made use of a boxplot to visualize and compare the distributions of NO2 during the years 2016, 2018, and 2020 as it was done in question seven. This particular decision was greatly influenced by the ANOVA lecture slides, especially by the "ANOVA Post-hoc Slides" section, which suggested the use of boxplots as a visual aid for group comparisons. The notch in the boxplot was a visual aid that indicated the differences in medians, and it was thus aligned with the interpretation of ANOVA and Tukey results.

The purpose of all these visualizations was to tell the story clearly and support the statistical findings. They were, however, trained the same way as the class teaching me the essence of numeric results turned into interpretable patterns.
[bookmark: _heading=h.7w0emurolaiu][bookmark: _Toc213886457]Challenges and Things Learned
[bookmark: _heading=h.u1v35voeud6u][bookmark: _heading=h.q7l5tgk0tihn]This assignment required the application of a variety of skills in the areas of data cleaning, statistical reasoning and visual interpretation. The main difficulty, however, was the varying quality of the data with the "No data" strings, in particular, blocking numeric operations. At first, I tried to convert the columns directly with the function as.numeric(), but this resulted in a great number of warnings, and the invalid values were turned into NA. I then went through the slides including "ASP 9 - Frames, Factors, and Tables," and came to the conclusion that it was necessary to explicitly replace the "No data" and empty strings with NA before proceeding to the conversion. This was a major comprehension of the preprocessing steps, especially when dealing with the real world data.

Another problem I faced was the hour variable creation from time strings. The format of time was not uniform; some were in the form of "1:00:00" and others as "10:00:00." My first approach was substring extraction, but the inconsistency resulted in incorrect hours. Going back to the example of loops from "SP 10 - Control Statements I" and "SP 11 - Control Statements II" gave me the idea of writing a split that is based on character using:
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This gave me a boost of confidence while working with string manipulation in R loops. A major confusion was the understanding of the appropriate occasions for parametric tests. At first, I did not see the reason why so-called Pearson correlations along with t-tests and ANOVAs were considered valid. But after going through the "Choosing the Right Statistical Test" document I came to the realization that parametric tests are based on means, variances and continuous numeric data. In our case:
· O3 and NO2 were continuous → Pearson correlation appropriate
· Two wind groups with numeric O3 → t-test appropriate
· Comparing NO2 across three years → ANOVA appropriate
This strengthened my understanding of inferential statistics and gave me real practice applying classroom theory.

When testing Q7, interpreting Tukey's output was confusing at first. I found it really difficult to understand the reasons behind some comparisons being marked as significant and others not. Still, after looking at the confidence intervals and going over the ANOVA slides, I got to the point where I thought that a confidence interval not including 0 is a clear sign of a significant difference. My confidence in this area was especially reflected in the interpretation of post-hoc results. 

Besides that, I became aware that the implementation of reusable functions was not only a time saver in the data analysis but also made the process even more organized. The sections concerning functions from “SP 12,” “SP 13” and “SP 14 - Functions I-III” were integrated very much into my way of working.

To sum up, this assignment offered a wonderful chance to me for the learning of programming, statistical concepts and visual analysis all blended into one workflow.
[bookmark: _Toc213886458]Improvements for Future Work
In case I would do this project again, I would tweak some of the areas extensively to reinforce the analysis even more. First, I would visualize missing data patterns prior to cleaning them, maybe through a bar chart or heatmap of NA counts. This would help in determining whether the missingness is random or occurs in specific months or with certain pollutants. 

In that case, I will always take the option of non-parametric tests as replacements, when the requirements are not fulfilled at any point in time. To illustrate, if the pollutant distributions are excessively skewed, then the Wilcoxon or the Kruskal-Wallis tests could be used along with the parametric ones. The talk on "Choosing the Right Statistical Test" stressed the need to align the assumptions, hence non-parametric methods would produce more powerful results.

I would also write more modular functions to reduce repeated code. For example, a single pollutant-cleaning function could handle all replacements and conversions in one place. This would be particularly helpful as datasets get larger.

Finally, I would like to experiment with ggplot2 in future work. Although base R plotting was required for this assignment, ggplot2 would allow layering, themes, and advanced polishing for publication-ready graphs.
[bookmark: _Toc213886459]Conclusion
This task allowed me to apply all major concepts from the ASP module vectors, loops, data frames, control statements, functions, and inferential statistics into a single, coherent analysis of a real environmental dataset. The visualisations strengthened my ability to communicate data; the statistical tests helped me understand pollutant patterns confidently; and the challenges deepened my problem-solving and debugging skills. Overall, this reflective experience shows how theory from class materials was put into practical use, and it demonstrates how much progress I have made in analysing data using R.
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245 # I am plotting a SCATTERPLOT (03 vs NO2) to show the relationship.
246 - 03NoCorrelation <- function() {

247 03_values <- PortTalbotAQ$o3 =
248 no2_values <- PortTalbotAQino2 Scatter of 03 vs NO2 (corr =-0.486 )
249

250  valid_rows <- complete.cases(03_values, no2_values) # TLO1: removing invalid rows before analysi

251 no2_clean <- no2_values[valid_rows] -

252 03_clean <- o3_values[valid_rows]

253 3 4

254 corr_val <- cor(o3_clean, no2_clean) # ILO4: calculating Pearson correlation measure -

255 print(paste("Correlation between 03 and N02 =", round(corr_val,3)))

256

257  # I am using Pearson correlation because it is a parametric test.

258  # I am applying it to continuous numeric variables (03 and NO2).

259  # I am assuming linear relation + roughly normal distribution, so Pearson is suitable.

260

261  # IL03: I am using semi-transparent scatter plot visualising relationship o

262 plot(no2_clean, o3_clean, 27

263 pch = 16,

264 col = rgh(231, 76, 60, maxColorvalue = 255, alpha = 110), # tomato with transparency ©

265 xlab NO2", o

266 ylab 3",

267 main = paste("Scatter of 03 vs NO2 (corr =", round(corr_val, 3), "™))

268  # IL03: I added a simple smoothed trend 1ine (LOWESS) to show pattern clearly

269 Tines (Towess (no2_clean, o3_clean, f = 2/3), Twd = 2, col - 'EEZIAI" o

270 # I added light gridlines o 7

271 abline(h - pretty(o3_clean), v - pretty(no2_clean), col = 'GraydQl', Tty = 3)

272 return(corr_val)

273~ }

274 # I am calling function to display graph

275 03NoCorrelation()

276 | v
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276:1 | (Top Level) = R Script & o -
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> 03NOCorrelation () a
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93 # I am making hour using a Toop so it also works for 1-digit hours Tike "1:00:00"
94  time_vector <- as.character(PortTalbotAQStime)
95 hour_value <- numeric(length(time_vector))

96

97 - for (i in 1:length(time_vector)) {

98- if (is.na(time_vector[i]) || time_vector[i] )L

99 hour_value[i] <- NA

100~} else {

101 parts <- strsplit(time_vector[il, ":")[[1]] # e.g. c("1","00","00")
102 # T am taking the first part before and converting to number

103 hour_value[i] <- as.numeric(parts[1])

104- }

105 }

106 PortTalbotAQShour <- hour_value
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152 # I am creating x-axis positions and labels

153 x_values <- 1:length(y_values) # ILO3: preparing visual x-axis index

154 x_labels < paste(filtered_datasyear[valid_index], sprintf("%02d", filtered_datasmonth[valid_inc Monthly noon levels for no_no2
155

156 # Background color panel °

157 par(bg - ) # window background .

158

159 # 1003: visualising pollutant trend (scatter) °

160  plot(x_values, y_values, 2

161 pch - 19, # solid round points

162 col Tblucgl # point color o | .
163 xlab = "Month (Ist day at 12:00)", ~ ®

164 ylab = pollutantName, e .
165 main - paste("Monthly noon levels for", pollutantame), - .

166 cex = 1.0) c

167 P’

168  # 1L03: improving visual readability E

169  # T added lighter axis text, rotated

170 axis(1, at-x_values, labels x_labels, las-2, cex.axis-0.55, col.axis—"[IESZH" o |

171 # T added horizontal 1ight grid lines to help comparison &

172 ablinech - pretty(y_values), col- ) 1ty-3)

173- }
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# IL03: I am using Nice smooth color palette so it will be easy to do comparison @ #7 Zoom Bport - W ¥ “%r Publish ~

Color_scale < colorRamppalette(c(" ‘o, 'yellod’, "Oramge’, "WE")) (100)

# 1L03: T am drawing heatmap to visually compare pollutants

Heatmap (monthly noon) for selected pollutants

image (t(apply(scaled_matrix, 2, rev)), 0 =low | 1 = high (scaled per pollutant)
axes=FALSE,
col-color_scale ,
main-"Heatmap (monthly noon) for selected pollutants\n0 = low | 1 = high (scaled per pollt
xlab="Pollutants", 2020

ylab="Time (old - recent)")

#1L03: enhancing interpretability of visual output 2021
axis(1, at-seq(0,1,length.out-total_pol), labels-pollutantVector, las=2, cex.axis=0.8)
reversed_years <- rev(monthly_noon_rows Syear) 2022
year_ticks <- unique(which(!duplicated(reversed_years)))
- if (length(year_ticks) > 1) { =
axis(2, S 203
at-(year_ticks-1)/(length(reversed_years)-1), g
Tabels=reversed_years [year_ticks], =
Tas=2, cex.axis=0.7) 1 2024
- z
# I am adding color Tlegend for clarity g 2015
par (xpd=TRUE) (=4

Tegend("topright",
Tegend=c("LOW", "HIGH"), 2016
fill=c(color_scale[1], color_scale[length(color_scale)]),
border=NA, bty="n", cex-0.9)
par (xpd=FALSE) 2017
-3

# 1 am calling function to display graph (I can choose any 4 pollutants for comparison) 2018
comparePollutants (c("s02","no2", "pm25","03"))

# Q5 - 03NoCorrelation() (ILOL, ILO2, ILO3, ILO4) 2019
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