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# Activity 1: Classify a number as positive, negative, or zero

x <- 5

if (x > 0) {
  print("Positive")
} else if (x < 0) {
  print("Negative")
} else {
  print("Zero")
}
## [1] "Positive"
Activity 1 uses conditional statements to classify a number. The if statement checks whether the number is positive, else if checks whether it is negative, and else identifies zero when neither of the previous conditions is true.

# Activity 2: Sum numbers from 1 to 100 using a for loop

total <- 0

for (i in 1:100) {
  total <- total + i
}

print(total)
## [1] 5050
Activity 2 uses a for loop to iterate through the numbers from 1 to 100. The variable total acts as an accumulator, adding each value of i to the previous total. After the loop finishes, the final sum is 5050.

# Activity 3: Generate random numbers until one is greater than 0.9

repeat {
  
  x <- runif(1)
  
  print(x)
  
  if (x > 0.9) {
    break
  }
}
## [1] 0.4412163
## [1] 0.765007
## [1] 0.6657529
## [1] 0.6619477
## [1] 0.5436543
## [1] 0.787992
## [1] 0.03975676
## [1] 0.1066651
## [1] 0.9966338
Activity 3 uses a repeat loop to continuously generate random numbers using runif(1). Each number is printed and checked using an if condition. When a generated number is greater than 0.9, the break statement terminates the loop.

# Activity 4 - Rewrite a loop using vectorisation

x <- 1:5

x_squared <- numeric(length(x))

for (i in 1:length(x)) {
  x_squared[i] <- x[i]^2
}

print(x_squared)
## [1]  1  4  9 16 25

# Activity - Vectorized version

x <- 1:5

x_squared <- x^2

print(x_squared)
## [1]  1  4  9 16 25
Activity 4 demonstrates how a loop can be replaced by a vectorised operation. The loop squares each element of the vector individually, whereas x^2 applies the calculation directly to the entire vector. The vectorised approach produces the same result with shorter and clearer code.
[bookmark: activity-practising-base-r-functions]Activity: Practising base R functions
scores <- c(72, 85, 63, 91, 78, 85, 69, 88)
[bookmark: calculate-average]Calculate average
mean(scores)
## [1] 78.875
[bookmark: calculate-total]Calculate total
sum(scores)
## [1] 631
[bookmark: count-number-of-scores]Count number of scores
length(scores)
## [1] 8
[bookmark: find-highest-score]Find highest score
max(scores)
## [1] 91
[bookmark: find-lowest-score]Find lowest score
min(scores)
## [1] 63
[bookmark: round-average-to-1-decimal-place]Round average to 1 decimal place
round(mean(scores), 1)
## [1] 78.9
This activity demonstrates the use of common built-in R functions to analyse a vector of scores. The mean() function calculated an average score of 78.875, while sum() returned a total of 631 and length() showed that the vector contained 8 values. The max() and min() functions identified the highest and lowest scores as 91 and 63, respectively. Finally, round() rounded the average to 78.9. These functions provide a simple and efficient way to summarise numerical data in R.
[bookmark: generate-a-sequence]Generate a sequence
seq(from = 1, to = 10, by = 2)
## [1] 1 3 5 7 9
[bookmark: repeat-values]Repeat values
rep(1:3, times = 3)
## [1] 1 2 3 1 2 3 1 2 3
[bookmark: combine-strings]Combine strings
name <- "Sobia"

paste("Hello", name)
## [1] "Hello Sobia"
[bookmark: sort-values]Sort values
sort(c(3, 1, 2), decreasing = TRUE)
## [1] 3 2 1
[bookmark: remove-duplicates]Remove duplicates
cities <- c("London", "Birmingham", "London",
            "Manchester", "Birmingham")
unique(cities)
## [1] "London"     "Birmingham" "Manchester"
This activity demonstrates additional built-in R functions for creating and manipulating data. The seq() function generated a sequence from 1 to 9 in steps of 2, while rep() repeated the values 1, 2 and 3 three times. The paste() function combined text to produce “Hello Sobia”, and sort() arranged the numbers in descending order as 3, 2, 1. Finally, unique() removed repeated city names, leaving London, Birmingham and Manchester. These functions make it easier to generate, organise and manipulate data without writing lengthy code.
[bookmark: activity-student-average-and-result]Activity: Student Average and Result
average_score <- function(x, y, z) {
  mean(c(x, y, z))
}
average_score(70, 80, 90)
## [1] 80
student_result <- function(x, y, z) {
  
  avg <- average_score(x, y, z)
  
  if (avg >= 50) {
    return("Pass")
  } else {
    return("Fail")
  }
}
student_result(70, 80, 90)
## [1] "Pass"
The activity demonstrates how user-defined functions can be created and reused in R. The average_score() function calculates the mean of three scores, while the student_result() function uses this result to determine whether the student has passed or failed. For the scores 70, 80 and 90, the calculated average was 80, resulting in a “Pass” because the average was greater than or equal to 50. This example also demonstrates the use of parameters, arguments, built-in functions, return values, conditional statements, and one function being called within another function. Overall, functions make R code more organised, reusable and easier to maintain.

# Create a vector of scores
scores <- c(60, 70, 80, 90, 100)

# Create a function to standardise the scores
standardise_scores <- function(x) {
  
  m <- mean(x)
  s <- sd(x)
  
  z_scores <- (x - m) / s
  
  return(z_scores)
}

# Run the function
standardise_scores(scores)
## [1] -1.2649111 -0.6324555  0.0000000  0.6324555  1.2649111
The function calculates and returns the standardised (z-score) values for the scores. The mean score is 80. Values below the mean have negative z-scores, the value equal to the mean has a z-score of 0, and values above the mean have positive z-scores. The return() statement explicitly returns the calculated z-scores as the output of the function.

# Create a function to calculate a student's average mark
student_average <- function(mark1, mark2, mark3, round_result = TRUE) {
  
  # Calculate the average
  average <- mean(c(mark1, mark2, mark3))
  
  # If round_result is TRUE, round to 1 decimal place
  if (round_result == TRUE) {
    average <- round(average, 1)
  }
  
  # Return the result
  return(average)
}

# Use the default parameter
student_average(72, 81, 86)
## [1] 79.7
# Override the default parameter
student_average(72, 81, 86, round_result = FALSE)
## [1] 79.66667
Summary: The function demonstrates how parameters and default values can control the behaviour of a function in R. The round_result parameter is set to TRUE by default, resulting in the average mark being rounded to 79.7. When the parameter is changed to FALSE, the default setting is overridden and the unrounded average of 79.66667 is returned. This demonstrates how default parameters allow a function to have standard behaviour while still giving the user flexibility to change it.

# Simple function: triple a value

triple <- function(x) {
  x <- x * 3
  x
}
# Test with an integer
a <- 5
triple(a)
## [1] 15
a
## [1] 5
# Test with decimal values
b <- c(2.1, 5.3, 7.9)
triple(b)
## [1]  6.3 15.9 23.7
b
## [1] 2.1 5.3 7.9
# Test with logical values
c <- c(TRUE, FALSE, TRUE)
triple(c)
## [1] 3 0 3
c
## [1]  TRUE FALSE  TRUE
Summary: The triple() function demonstrates how a user-defined function can process different types of input by multiplying each value by three. When the integer value 5 was passed to the function, it returned 15. The decimal vector 2.1, 5.3 and 7.9 returned 6.3, 15.9 and 23.7. When logical values were tested, R treated TRUE as 1 and FALSE as 0 during the arithmetic operation, resulting in 3, 0 and 3. The original variables a, b and c remained unchanged because the results returned by triple() were displayed but were not assigned back to the original variables.
[bookmark: X21b568d020a717762f20a7c9bacc0ee1ec3346a]Exercise 1: Calculating the mean using different functions
[bookmark: function-1-using-mean]Function 1: Using mean()
mean_mean <- function(x) {
  out <- mean(x)
  out
}
[bookmark: function-2-using-a-loop]Function 2: Using a loop
mean_loop <- function(x) {
  
  running_total <- 0
  element_total <- 0
  
  for (i in x) {
    running_total <- running_total + i
    element_total <- element_total + 1
  }
  
  out <- running_total / element_total
  out
}
[bookmark: function-3-using-sum-and-length]Function 3: Using sum() and length()
mean_function <- function(x) {
  out <- sum(x) / length(x)
  out
}
[bookmark: create-test-vectors]Create test vectors
int_test <- 1:5
float_test <- c(1.2, 2.5, 3.5, 4.5, 5.5)
[bookmark: test-mean_mean]Test mean_mean()
mean_mean(int_test)
## [1] 3
mean_mean(float_test)
## [1] 3.44
[bookmark: test-mean_loop]Test mean_loop()
mean_loop(int_test)
## [1] 3
mean_loop(float_test)
## [1] 3.44
[bookmark: test-mean_function]Test mean_function()
mean_function(int_test)
## [1] 3
mean_function(float_test)
## [1] 3.44
Exercise 1: This demonstrates three different methods of calculating the mean in R. The mean_mean() function uses the built-in mean() function, mean_loop() manually calculates the total and number of elements using a for loop, and mean_function() uses the sum() and length() functions. All three methods produced the same results: 3 for the integer vector and 3.44 for the decimal vector. This shows that the same statistical calculation can be implemented using different programming approaches.

# Function with multiple parameters

raise <- function(x, y) {
  x^y
}

# Test with values
raise(2, 3)
## [1] 8
# Test using vector elements
a <- c(2, 3)
raise(a[1], a[2])
## [1] 8
# Test using vectors
b <- c(3, 4)
raise(a, b)
## [1]  8 81
# Function to repeat strings

echostring <- function(n, string) {
  
  return_vector <- NA
  
  for (i in 1:length(string)) {
    
    for (j in 1:n) {
      return_vector <- c(return_vector, string[i])
    }
  }
  
  return(return_vector[-1])
}


# Test with one string

outstring <- echostring(3, "Echo...")
outstring
## [1] "Echo..." "Echo..." "Echo..."
# Test with multiple strings

c <- c("A string", "Another string")

outstring <- echostring(3, c)
outstring
## [1] "A string"       "A string"       "A string"       "Another string"
## [5] "Another string" "Another string"

This activity demonstrates how an R function can accept more than one parameter. The raise() function uses x and y to raise one value to the power of another and can also perform the calculation on vectors. The echostring() function accepts both the number of repetitions and the text to be repeated. It uses nested for loops to repeat each string the specified number of times. This demonstrates how multiple parameters make functions more flexible by allowing several inputs to control their behaviour.

[bookmark: exercise-2-build_range]Exercise 2 – build_range(
# Create a sequence between x and y using a specified increment

build_range <- function(x, y, size) {
  
  outvector <- seq(x, y, by = size)
  
  return(outvector)
}


# Test build_range

build_range(4, 13, 4)
## [1]  4  8 12
[bookmark: X1d934f44fc4c690d751f2967cddbec03f17545f]Print squared values that do not exceed the limit
print_squares <- function(v, limit) {
  
  for (i in v) {
    
    if (i^2 <= limit) {
      print(i^2)
    }
  }
}


# Test print_squares

print_squares(3:9, 40)
## [1] 9
## [1] 16
## [1] 25
## [1] 36
[bookmark: Xccf566875b9985288a40c130f46c273729c8406]Function that uses the previous two functions
print_limit <- function(x, y, size, limit) {
  
  numberlist <- build_range(x, y, size)
  
  print_squares(numberlist, limit)
}


# Test print_limit with integers
print_limit(2, 9, 3, 30)
## [1] 4
## [1] 25
# Test print_limit with decimal values
print_limit(2.1, 15.6, 2.5, 35.2)
## [1] 4.41
## [1] 21.16
Exercise 2 demonstrates how functions, parameters, loops, conditional statements and built-in functions can be combined. The build_range() function creates a sequence using seq(), while print_squares() calculates and prints squared values only when they are within a specified limit. The print_limit() function then calls both functions together, demonstrating how one user-defined function can reuse other functions. The tests also show that the functions can operate with both integer and decimal values.
