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[bookmark: _Toc214006850]Visualisations and Data Representation
In this project, I focused on selecting visualizations that would show temporal patterns and statistical relationships well. In Task 3, I created a time series line graph with NO₂ variations at noon on the first day of each month to display the data points for every month. I followed the layered approach of graph construction in ggplot2:  
Having a line with points on the graph worked well because the line depicted the big picture and the points highlighted the specific measurements for each month. The line and points were colored differently to enhance clarity, and I design each graph to avoid losing overlapping data to visual clutter. According to Carslaw and Ropkins (2012), visualizing data pertaining to the air quality requires accounting for the temporal aspects of the data and uncertainty in the data.
When comparing multiple pollutants for Task 4, I had to find a way to show all four pollutants, even if they had different concentration scales, in one plot. I realized that using a direct plot wasn't the best approach, as the difference in magnitude scales made it so that some pollutants were practically invisible. 
For the correlation analysis described in Task 5, I had to think carefully about data volume for the scatter plot. With over 80,000 observations, plotting each data point led to a visualization that was too crowded and difficult to read. By using random sampling, I managed to pull 10,000 observations that were representative of the entire data set. This approach still preserved the correlation pattern I wanted to show, while also allowing for easier reading. With the addition of the regression line and confidence intervals, it further validated, and made visible, the negative correlation between O₃ and NO₂.
[bookmark: _Toc214006851]Challenges and Things Learned
Missing data labelled as "No data" represents part of the biggest challenges I faced. I systematically transformed these to NA values and managed the rest of the data. Timed data manipulation with the lubridate package was a place I had to learn to extract specific data, and combine the year(), month(), and hour() with dplyr's filter() function. It allowed me to perform multiple data subsetting operations. I was also able to perform temporal data manipulation, and the rest of the data would result to "No data".
Building functions to be reused was a great addition to my understanding of function as a core of R, and dynamic column selection within ggplot using the .data[[variable]] was a great challenge I had to overcome for the sake of building flexible functions, to me, this was the most core of functional programming.
Statistical tests I had to work through, taught me that, when the wind is fast, and the ozone level is high, they correlate, and they don’t support the assumed relation of ozone and wind dispersion. This is because, in the atmosphere, the nitrogen oxides serve as a precursor and a scavenger to the ozone. This complex nature of chemistry helped me understand Zoran et al., (2020).
I found the ANOVA and Tukey HSD post-hoc sequence (Task 7) particularly educational. Knowing when to use post-hoc tests and how to figure out adjusted p-values for multiple comparisons is my strong suit. Tukey test is the most reliable, and it controls family-wise error rates, unlike multiple t tests (Tukey, 1949). The decrease in NO₂ levels between 2016 and 2018-2020 most likely indicates better standards for vehicle emissions.
[bookmark: _Toc214006852]Improvements for Future Work
In thinking about this project, there are a number of improvements that I could think of for future analyses. My first idea involves more detailed and careful assumption checking for each of the parametric tests. I performed the t-test and ANOVA, but I failed to demonstrate formal checking of the assumptions for normality and homogeneity of variance by Shapiro-Wilk or Levene's tests. This inclusion would show greater analytical rigor and defend the use of these specific statistical approaches.  
The use of more advanced visualization tools would also come in handy. The use of plotly and R Shiny would support the creation of interactive visualizations for the specific analyses and multi-year temporal visualizations. This would give users the ability to zoom in for deep exploration of specific time periods, and be able to see key data values by hovering over specific points in the data.  
[bookmark: _Toc214006853]Use of Generative AI
In this assignment, I didn't utilize any generative AI for the coding. I wrote the code solely by myself, referring to the R documentation, package vignettes and course materials. I did use AI to make the reflective report more cohesive at the sentence level and in clarity, but the core of the reflective report and the reflections and technical descriptions truly represent my experience conducting the analysis.  
The project did give me more hands-on experience with environmental data science and helped me build on my R programming and statistical analysis skills, which I know will be useful in future analytical work.
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