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[bookmark: _Toc219280845]Task 1 - Code (80%):
Submitted separately to Moodle. 

[bookmark: _Toc219280846]Task 2 – Reflective summary:

[bookmark: _Toc219280847]Visualisations 
I have used ggplot to generate graphs for my data. Ggplot is part of the tidyverse package I installed and is the default package utilised by organisations such as the NHS to produce graphs for datapacks etc.  
[bookmark: _Toc219280848]Graph 1  
As the graph is simple, with a single pollutant over time, I have stuck with a line and plot graph. When first created the graph is overpopulated and the x axis labels are messy and cannot be read. I have used:
scale_x_date(date_breaks = "1 year", date_labels = "%Y") to reduce the x axis data labels to a single labels per year 
plot.title = element_text(hjust = 0.5) to centre the title. 
plot.subtitle = element_text(hjust = 0.5) to centre the subtitle.
axis.text.x = element_text(angle = 45, hjust = 1) to angle text to 45 degrees to improve readability.
This results in a cleaner graph which is easier to read and less overwhelming. The reduced x axis labels allow you to clearly identify each year.
[image: ]
[bookmark: _Toc219280849]Graph 2 
Producing a normal plot and line graph produced poor results – It the timescale is large, with lots of data points and the number of pollutants means that it is very difficult to see individual points and actually understand what is happening.  [image: ]
I found that R is able to produce a panel of multiple graphs. I spent significant time attempting to get facet_wrap to work, eventually managing to produce the graph below, which is much clearer allowing for an easy comparison.
Being critical, I would suggest that a lower timescale could be utilised to allow for a cleaner comparison, but the task specifies a scale to 10 years. Alternatively facet_wrap can be used to separate by year instead of pollutant, but this would then produce 10 graphs with all pollutants per year, which again can be noisy and overpopulated. 
+     facet_wrap(vars(Pollutant))   
Is the code to produce a graph per pollutant, however – it requires additional manipulation to allow this to be applied – 
    pivot_longer(
      cols = all_of(pollutants),
      names_to = 'Pollutant',                                                  
      values_to = 'Concentration'
is required, otherwise the graphs would not populate.  

[image: ]


[bookmark: _Toc219280850]Graph 3 
As this is a direct comparison between 2 pollutants and we have been instructed to use a scatter plot I have simply used + theme_minimal() to produce a professional minimalist graph. I have also included the trend line which represents the correlation between the pollutants. This leaves a clean, clear graph which is easy to interpret 
[image: ]

[bookmark: _Toc219280851]Challenges and things learned
The first challenge I learned to overcome is the Importance of standardising column names and capitalisation, with the time-consuming and frustrating errors it causes.
I have used AI to help breakdown and understand how to complete steps of the process. I have also spent significant time with data analysts to help me with my understanding of concepts and have learned the importance of packages and the differing techniques to get these running in R rather than using base R code. In this script I have utilised the tidyverse package which includes ggplot for producing graphs, dplyr to allow filtering, lubridate for the handling of the dates when filtering and readxl to read in .XLSX scripts without conversion to .CSV file types. 
I also learned the reason for process of cleansing data before building functions. The date column is stored as a string in this data set. I became aware whilst building the functions, as a workaround I utilised as.date or as.numeric which allowed my functions to work correctly, intending on returning to remedy the issue by amending the date column to date. However, when I came back to this, changing the vector caused more issues and caused other functions and statements to no longer work.
I have learned that when using ggplot, it is not always as simple as applying the designations such as;
      plot.title = element_text(hjust = 0.5),                                 ##  centre
      plot.subtitle = element_text(hjust = 0.5),                              ##  centre
      axis.text.x = element_text(angle = 45, hjust = 1),                      ##  angle text 
      legend_position = "bottom"                                              ##  legend below plot line

when attempting to use facet_wrap I was unable to get the graph to populate and an analyst explained the requirement for rearranging the data using pivot_longer command.



[bookmark: _Toc219280852]Improvements for future work - 
Cleanse and correct data as a first task. It is best practice to convert the date column from a string to a date and numbers to numeric, however when doing this it caused an issue with my solution for task 2, creating the invalid data dataframe. I traced the fault to R trying to convert to a string to compare it to “no data” which doesn’t work when the date column is converted to date. I couldn’t solve the issue and instead used a workaround of casting as.date. An improvement would be to be able to convert and still be able to build the dataframe. 
Removing NA’s from some elements has caused problems – when calculating the T test specifically I have attempted to use both NA.RM = TRUE and NA.ACTION = NULL and both have continued to give warnings that NA’s have been included. 

[bookmark: _Toc219280853]AI usage
I have used AI to research, explain and provide examples of how to implement and call functions, as well as fault find and correct statements I have written. No direct AI written code has been used in this assignment.  
setwd("C:\Users\23628\OneDrive\Desktop\R directory") why is this giving an error message
explain following error in R Error in data.frame(Column = names(PortTalbotAQ), Percent_Invalid = sapply(PortTalbotAQ,  : row names contain missing values
will importing a CSV into R give a random column of NA’s
explain readxlsx package for R
readxlsx package 50 or more warnings
Explain TukeyHSD in R
Explain TukeyHSD results and how to interpret them
invalidData <- data.frame( Column = names(PortTalbotAQ), Percent_Invalid = sapply(PortTalbotAQ, function(x) mean(is_invalid(x)) * 100) )
is giving the following error Error in charToDate(x) : character string is not in a standard unambiguous format
explain why this is not centring ggplot(filtered_data, aes(x = Date, y = as.numeric(.data[[pollutant]]), group = 1)) + geom_line(colour = 'blue', linewidth = 1) + geom_point(colour = 'darkblue') + labs(title = paste0.5("Variation in ", pollutant, " levels"), subtitle = paste0.5("Measured at noon on the 1st of each month"), x = "Date", y = paste0(pollutant, " Concentration")) + theme_minimal() }
explain why this fails displayPollutantGraph <- function(pollutant, start_year, end_year, start_month, end_month) {
Filter data to be between the correct years and at noon on the 1st of the month
filtered_data <- PortTalbotAQ > filter(Date >= as.Date("2015-06-01") & Date <= as.Date("2024-11-01")) > filter(day(Date) == 1 & Time == "12:00:00") > select(Date, all_of(pollutant))
Pivot_longer 
o3_test <- PortTalbotAQ |> mutate(wind_speed_group = as.factor(ifelse(PortTalbotAQ$Modelled Wind Speed < 5, "low speed", "high speed"))) |> na.omit(Ozone, wind_speed_group)  gives the following error Error: unexpected symbol in "o3_test <- PortTalbotAQ |> mutate(wind_speed_group = as.factor(ifelse(PortTalbotAQ$Modelled Wind"
explain this error Error in `data_frame()`: ! `~Pollutant` must be a vector, not a <formula> object. Run `rlang::last_trace()` to see where the error occurred.
Explain this error Error: unexpected ')' in: " + facet_wrap(vars(~Pollutant)) )"
ggplot(filtered_data, aes(x = as.Date(Date), y = as.numeric(Concentration), colour = Pollutant, group = Pollutant)) +
    geom_line(linewidth = 1) +
    geom_point() +
    labs( title = paste0("Comparison of Pollutant Levels (", start_year, "-", end_year, ")", sep=""),
          subtitle = paste0("Measured at noon on the 1st of each month"),
          x = "Date",
          y = "Concentration") +
    scale_x_date(date_breaks = "1 year", date_labels = "%Y") +         ## reduce data labels on x axis
    theme(
      plot.title = element_text(hjust = 0.5),                          ## centre
      plot.subtitle = element_text(hjust = 0.5),                       ## centre
      axis.text.x = element_text(angle = 45, hjust = 1),  
      legend_position = "bottom") +            ## angle text        
  facet_wrap(vars(~Pollutant))
}

warning message: In eval(predvars, data, env) : NAs introduced by coercion
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