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Introduction 

The study seeks to relate various trends and statistical differences in cancer incidence across 

different age cohorts and periods. The dataset is the breast cancer incidence rates of Australia for 

the ages from 1921 to 2001. The “fda package” in R is used to analyse temporal trends and age-

specific variation in cancer rates.  

Research Question 

● What is the spread of the cancer rates by age group over time? 

● Are there big differences between cancer rates among the age groups over time? 

● What has been the overall trend of breast cancer rates for all age groups combined over 

time? 

● How much variation in cancer rates within each age group exists over time? 

● Are there any special events that drive an increase in cancer rates over certain periods? 

Clarification Of The Choice Of Method 

The choice of methods in this analysis follows from the desire to study both temporal trends and 

temporal differences in incidence rates in the population of women with breast cancer. The “fda 

package” is used to facilitate the handling and analysis of functional data, which is well-suited for 

analysing trends over time. It is used in standard deviation calculations to quantify each age group's 

variability with time, since the cancer rate is always constant within each cohort (Clift et al., 2023).  

Motivations For Selecting Such Methods 

The “fda package” is taken as the time series dataset in this study’s functional data analysis. The 

preferred method to see if the differences between age groups over time are significant, as well as 

whether any of the observed patterns are statistically significant, is “ANOVA”. Within age groups, 

further interpretation of the data is done by quantification of variability using standard deviation 

analysis (Teles et al., 2021). 

Full Method Description 

The trend and variance in breast cancer rate are investigated by making use of interactions of the 

“fda”, “ANOVA”, and data visualisation techniques. The data is plotted by the cancer rates by age 

group over time to reveal any tendencies, visualising the data for Research Question 1 (Zhou et 

al., 2022). Statistical differences of cancer rates across age groups are calculated by analysing with 
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“ANOVA” to test Research Question 2. The dataset is split into two periods before and after 1950, 

and the mean cancer rates per period are compared for Research Question 5. 

Justification Of Results 

 

Figure 1: Structure of the dataset 

The structure of the dataset is shown in the above figure, and the variables and data types of the 

dataset are displayed. It is a description of the dataset organization based on the rates of breast 

cancer across the age groups. 

 

Figure 2: Checking for missing values 

The above figure illustrates that the missing values with null appearance are indicated by the check 

in the dataset. It ensures that the data that is used in the analysis is complete and reliable. 
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Figure 3: Summary statistics 

The above figure shows that summary statistics consist of the cancer rates, measures such as mean, 

median, and standard deviation. It explains the spread of breast cancer rates across age groups. 
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Figure 4: Breast Cancer Rates by Age Group (Australia, 1921-2001) 

The above figure shows the trend of breast cancer rates over the various age groups through time. 

It visualizes those variations in rate and depicts the difference between different age groups. 

 

Figure 5: ANOVA result 

The above figure shows the result of ANOVA that compares the rates of cancer between age 

groups in a statistical way. It determines whether or not there are substantial differences in rates 

for the series of years studied. 
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Figure 6: Boxplot of Cancer Rates by Age Group (Australia, 1921-2001) 

A boxplot of cancer rates among different age groups is given in the above figure. It visually 

summarizes the distribution of the cancer rates and picks out outliers or major trends in the data. 

 

Figure 7: Overall Trend of Breast Cancer Rates (Australia, 1921-2001) 
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The above figure shows the global trend of the rate of incidence of breast cancer. It displays the 

combined cancer rate by all age groups and the general pattern, as well as the fluctuations in the 

decades. 

 

Figure 8: Variation in Breast Cancer Rates by Age Group (Australia, 1921-2001) 

The above figure shows that cancer rates are displayed by age group. The rate standard deviations 

show the degree of variability across each age group over time. 
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Figure 9: Breast Cancer Rates Before and After 1950 

The above figure shows the average cancer rates in each age group before and after 1950. It finds 

trends and changes in the rates in the two separate periods within the dataset. 

R Code Used To Obtain Results Through The Chosen Methods 

# Installing the fda package  

install.packages("fda") 

 

# Loading the fda package 

library(fda) 

 

# Loading the dataset 

data(Cancerrate) 

 

# Viewing the structure 

str(Cancerrate) 

 

 

# Viewing dataset in spreadsheet-style view 

View(Cancerrate) 

 

# Viewing the first 10 rows of the dataset 

head(Cancerrate, 10) 
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# Checking for missing values in the entire dataset 

sum(is.na(Cancerrate)) 

 

# Summary statistics  

summary(Cancerrate$y) 

 

# Research Question 1. What is the spread of the cancer rates by age group over time? 

 

# Plotting the cancer rates for each age group to see the trends over time 

plot(Cancerrate, main = "Breast Cancer Rates by Age Group (Australia, 1921-2001)", 

     xlab = "Year", ylab = "Cancer Rate", col = 2:10, lty = 1) 

 

# Research Question 2. Are there big differences between cancer rates among the age groups 

over time? 

 

cancer_matrix <- Cancerrate$y 

 

cancer_matrix_transposed <- t(cancer_matrix) 

 

yearVec <- Cancerrate$argvals   

age_groups <- seq(47, 87, by = 5)   

 

cancer_df <- as.data.frame(cancer_matrix_transposed) 

colnames(cancer_df) <- paste0("Age_", age_groups) 

cancer_df$Year <- yearVec 

 

install.packages("reshape2") 

library(reshape2) 

 

str(cancer_df) 

 

 

# Adding the Year column 

cancer_df$Year <- seq(1921, 2001, by = 10) 

 

 

# Add the year column (as above) 

cancer_df$Year <- seq(1921, 2001, by = 10) 

 

# Melt the data from wide to long format 

cancer_data_long <- melt(cancer_df, id.vars = "Year",  

                         variable.name = "AgeGroup",  

                         value.name = "CancerRate") 
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# Performing ANOVA to check differences between age groups for each year 

anova_results <- aov(CancerRate ~ AgeGroup + Year, data = cancer_data_long) 

 

# Summary of the ANOVA results 

summary(anova_results) 

 

 

# Loading the heatmap library 

library(ggplot2) 

 

# Creating the boxplot 

ggplot(cancer_data_long, aes(x = AgeGroup, y = CancerRate, fill = AgeGroup)) + 

  geom_boxplot() + 

  labs(title = "Boxplot of Cancer Rates by Age Group (Australia, 1921-2001)", 

       x = "Age Group", y = "Cancer Rate") + 

  theme_minimal() + 

  theme(axis.text.x = element_text(angle = 45, hjust = 1)) 

 

# Research Question 3. What has been the overall trend of breast cancer rates for all age 

groups combined over time? 

 

# Computing the mean across all age groups for each year 

mean_cancer_rate <- apply(cancer_matrix_transposed, 1, mean) 

 

# Plotting the overall trend of cancer rates over time 

unique_years <- unique(cancer_data_long$Year) 

mean_cancer_rate <- tapply(cancer_data_long$CancerRate, cancer_data_long$Year, mean) 

length(mean_cancer_rate)   

length(unique_years)     

plot(unique_years, mean_cancer_rate, type = "l", col = "red", lwd = 2, 

     main = "Overall Trend of Breast Cancer Rates (Australia, 1921–2001)", 

     xlab = "Year", ylab = "Average Cancer Rate") 

 

 

# Research Question 4. How much variation in cancer rates within each age group exists over 

time? 

 

# Calculating the standard deviation of cancer rates for each age group across all years 

std_dev_cancer_rate <- apply(cancer_matrix, 1, sd)   

 

# Ensuring that the length of std_dev_cancer_rate matches the number of age groups 

age_groups <- seq(47, 87, by = 5)  

 

# Checking the lengths to ensure they match 

length(age_groups)   

length(std_dev_cancer_rate)   
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# Plotting the standard deviation for each age group 

plot(age_groups, std_dev_cancer_rate, type = "b", col = "green", pch = 16, lwd = 2, 

     main = "Variation in Breast Cancer Rates by Age Group (Australia, 1921-2001)", 

     xlab = "Age Group", ylab = "Standard Deviation of Cancer Rate") 

 

# Research Question 5. Are there any special events that drive an increase in cancer rates over 

certain periods? 

 

# Splitting the data into two periods: before 1950 and after 1950 

before_1950 <- yearVec < 1950 

after_1950 <- yearVec >= 1950 

 

# Checking if the length of yearVec matches the number of columns in the matrix 

length(yearVec)   

dim(cancer_matrix_transposed)   

 

# Defining the years before and after 1950 

before_1950 <- yearVec < 1950   

after_1950 <- yearVec >= 1950   

 

# Ensuring that the logical vectors have the correct length  

sum(before_1950)   

sum(after_1950)   

 

# Calculating the mean cancer rate for each age group before 1950  

mean_before_1950 <- apply(cancer_matrix_transposed[before_1950, ], 2, mean) 

 

# Calculating the mean cancer rate for each age group after 1950 

mean_after_1950 <- apply(cancer_matrix_transposed[after_1950, ], 2, mean) 

 

# Viewing the calculated means 

mean_before_1950 

mean_after_1950 

 

 

# Checking the lengths of the vectors 

length(mean_before_1950)   

length(mean_after_1950)    

 

 

mean_before_1950 

mean_after_1950 

 

# Checking for any missing values 

sum(is.na(mean_before_1950)) 
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sum(is.na(mean_after_1950)) 

 

# Age groups  

age_groups <- c(47, 52, 57, 62, 67, 72, 77, 82, 87) 

 

# Checking the lengths  

length(age_groups)   

length(mean_before_1950)   

length(mean_after_1950)    

 

summary(mean_before_1950) 

summary(mean_after_1950) 

 

sum(is.finite(mean_before_1950)) 

sum(is.finite(mean_after_1950)) 

 

# Ensure 'Year' exists in the long-form data 

head(cancer_data_long) 

 

# Convert Year to numeric if needed 

cancer_data_long$Year <- as.numeric(as.character(cancer_data_long$Year)) 

 

# Get means for each AgeGroup before and after 1950 

mean_before_1950 <- tapply(cancer_data_long$CancerRate[cancer_data_long$Year < 1950], 

                           cancer_data_long$AgeGroup[cancer_data_long$Year < 1950], 

                           mean, na.rm = TRUE) 

 

mean_after_1950 <- tapply(cancer_data_long$CancerRate[cancer_data_long$Year >= 1950], 

                          cancer_data_long$AgeGroup[cancer_data_long$Year >= 1950], 

                          mean, na.rm = TRUE) 

 

 

 

# Plotting the data 

common_age_groups <- intersect(names(mean_before_1950), names(mean_after_1950)) 

 

plot(as.numeric(gsub("Age_", "", common_age_groups)), 

     mean_before_1950[common_age_groups], 

     type = "l", col = "blue", lwd = 2, 

     xlim = c(47, 87), 

     ylim = range(c(mean_before_1950[common_age_groups], 

mean_after_1950[common_age_groups])), 

     main = "Breast Cancer Rates Before and After 1950", 

     xlab = "Age Group", ylab = "Average Cancer Rate") 

 

lines(as.numeric(gsub("Age_", "", common_age_groups)), 
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      mean_after_1950[common_age_groups], col = "red", lwd = 2) 

 

legend("topleft", legend = c("Before 1950", "After 1950"), col = c("blue", "red"), lwd = 2) 

 

 

Conclusion 

Significant trends in breast cancer rates have been found across different age groups in Australia 

from 1921 to 2001. The research shows that cancer rates are both over time and amongst age 

groups. The study shows interesting patterns of change in breast cancer rates and overall has some 

important implications for continuing research and targeted health interventions.  
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