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Lesson 10: Pure and Impure Functions
Same Input, Same Output, Every Time
	Qualification
	NCFE Level 2 Certificate in Understanding Coding (603/5854/3)

	Unit / Lesson
	Unit 03: Coding Paradigms — Lesson 10 of scheme

	Duration
	90 minutes

	Prior learning
	Learners met functional coding in Lesson 04, including input, output and stateless behaviour. This lesson develops that idea in depth, introducing the formal distinction between pure and impure functions, which also underpins Lesson 11 on parallelisation.

	Room / resources
	Classroom with student devices, retrieval.toolsforteaching.co.uk, OneNote Class Notebook, projector for slide deck Unit_3_Lesson_10_Pure_and_Impure_Functions.pptx



Learning Objectives
By the end of this lesson, learners will be able to:
1. Define what is meant by a pure function
1. Explain why a pure function always produces the same output for the same input
1. Identify side effects in functions
1. Describe what makes a function impure
1. Recognise external dependencies such as variables, user input, and files
1. Classify functions as pure or impure with justification

Key Vocabulary (teacher reference)
	Term
	Definition

	Pure function
	A function that always produces the same output for the same input and has no side effects.

	Impure function
	A function that depends on something outside its parameters, or causes a side effect.

	Side effect
	Something a function does beyond returning a value, such as changing a variable outside itself, printing, or writing to a file.

	External dependency
	Something outside a function's parameters that it relies on, such as a global variable, user input, or the current time.

	State
	Data that persists and can change over time, which impure functions often read from or write to.



Lesson Phases and Timing
	Time
	Phase
	Teacher activity
	Learner activity

	5 min
	Starter and housekeeping
	Displays retrieval.toolsforteaching.co.uk recall code (slide 2). Reminds learners phones go in the wall pockets once logged in.
	Complete the retrieval quiz on devices, then put phones away.

	5 min
	Learning objectives and key vocabulary
	Introduces today's six objectives and the eight key terms, noting this builds directly on functional coding from Lesson 04.
	Copy learning objectives and key vocabulary table into OneNote workbook.

	8 min
	What is a pure function?
	Explains the two defining features (slide 7), always produces the same output for the same input, has no side effects. Unpacks what this means in practice, no changes to outside variables, no file reads or writes, no reliance on user input, time or randomness.
	Note down the two defining features of a pure function and what each one rules out.

	5 min
	A pure function example
	Walks through the Python add(a, b) example (slide 8), showing it always returns a + b with no other effect.
	Copy the example and explain in one sentence why it is pure.

	8 min
	What are side effects?
	Lists the four types of side effect (slide 9), changing a variable outside itself, printing to the screen, writing to a file, reading external data. States that side effects make a function impure.
	Note down the four types of side effect.

	8 min
	What is an impure function?
	Explains the two triggers for impurity (slide 10), depends on something outside its parameters, causes a side effect. Walks through the add_to_total(x) example that modifies a global variable.
	Copy the impure example and explain in one sentence why it is impure.

	5 min
	Pure vs impure, the bigger picture
	Uses the mathematical formula analogy (slide 11), same input, same output, every time, and contrasts it with the unpredictability of impure functions interacting with the outside world (slide 12).
	Note down the mathematical formula analogy for pure functions.

	10 min
	Activity 1: pure vs impure classification
	Sets the task (slide 13), for four function descriptions, tick pure or impure and explain why.
	Working independently, classify all four functions as pure or impure with a reason for each.

	10 min
	Activity 2: input/output diagrams
	Sets the task (slide 14), for Function A (input 5, output 25, consistent) and Function B (input 5, output depends on system time), decide if each is pure and explain the answer.
	Working independently, decide whether each function is pure and justify the answer.

	10 min
	Activity 3: dependency mapping
	Sets the task (slide 15), for calculate_price() which returns base_price * tax_rate, ask where base_price and tax_rate come from, whether they are parameters, and whether the function relies on external state.
	Working independently, answer the three dependency mapping questions about the given function.

	10 min
	Activity 4: identify the impurity
	Sets the task (slide 16), for four example functions, underline or highlight the part that makes each one impure, reading user input, modifying a global variable, writing to a file, generating a random number.
	Working independently, identify and note the impure element in each of the four examples.

	15 min
	Assessment evidence: written definitions
	Sets the task (slide 17), answer in full sentences, define a pure function, explain what same input produces the same output means, define a side effect, state two reasons why a function might be impure.
	Working independently, answer all four questions in full sentences.

	5 min
	Homework set
	Sets the homework task (slide 18), by tomorrow, why are pure functions easier to test than impure functions, why might a programmer still choose to use impure functions.
	Note down the homework task, begin if time allows.



Differentiation
	Support
	Core
	Stretch

	Provide the add(a, b) and add_to_total(x) examples as reference cards throughout Activities 1 to 4.
Reduce Activity 1 to two of the four functions rather than all four.
Provide sentence starters, such as ‘This function is impure because...’, for the assessment evidence task.
	Complete all four activities and the assessment evidence task unaided.
	Ask stretch learners to rewrite one impure example from Activity 4 so that it becomes pure, explaining what had to change.
Extend the assessment evidence task, ask learners to give a real-world example of their own for both a pure and an impure function.



Assessment for Learning
1. Verbal check during the add(a, b) worked example confirms learners can identify why it is pure before impure functions are introduced.
1. Activity 1 (pure vs impure classification) is checked as learners work, this is the first checkpoint for whether the core distinction has landed.
1. Activity 3 (dependency mapping) is a stronger checkpoint than Activity 1, since it requires learners to reason about where data comes from, not just apply a rule.
1. Assessment evidence responses are the main written checkpoint, checked against the four explicit questions given on the slide.
1. Homework responses will directly inform how much recap Lesson 11 needs, since parallelisation depends on learners already understanding pure functions confidently.

Common Misconceptions
	Misconception
	How to address it

	Learners think any function that uses a variable is automatically impure.
	Clarify the distinction carefully, using a variable passed in as a parameter is fine, a function only becomes impure if it depends on or changes something outside its own parameters.

	Learners think printing a result to the screen for a user is harmless and does not count as a side effect.
	Reinforce directly from the slide content, printing to the screen is explicitly listed as a side effect, even though it feels like a normal, useful thing for a program to do.

	Learners think impure functions are always bad practice and should never be used.
	Use the homework question directly to challenge this, programmers still choose impure functions when a program genuinely needs to interact with files, users, or changing state, purity is a property to be aware of, not a rule to follow at all costs.



Homework
By tomorrow, answer: why are pure functions easier to test than impure functions? Why might a programmer still choose to use impure functions?



	STUDENT SECTION — CUT & PASTE INTO ONENOTE



Unit 03 | Lesson 10: Pure and Impure Functions
	ℹ️  How to use this page
This is your notes, classwork and revision resource in one place. Complete the tasks during the lesson as directed. Use the space under each box for your own answers. Return to the key terms and revision checklist when revising for assessments.



What will I be able to do by the end of this lesson?
☐  Define what is meant by a pure function.
☐  Explain why a pure function always produces the same output for the same input.
☐  Identify side effects in functions.
☐  Describe what makes a function impure.
☐  Recognise external dependencies such as variables, user input, and files.
☐  Classify functions as pure or impure with justification.

Recall Quiz
Visit: retrieval.toolsforteaching.co.uk
Code: duabfz

Key Terms
Complete the definition column during the lesson. Return to this table when revising.
	Term
	Definition

	Function
	

	Input
	

	Output
	

	Pure function
	

	Impure function
	

	Side effect
	

	External dependency
	

	State
	



	📌  Core Knowledge — What Is a Pure Function?
A pure function is a function that:
1. Always produces the same output for the same input.
1. Has no side effects.
This means it does not change variables outside the function, does not read from or write to files, and does not rely on user input, time, or randomness.



Example of a pure function, this takes inputs a and b and adds them together:
	def add(a, b):
    return a + b



	📌  What Are Side Effects?
A side effect occurs when a function:
1. Changes a variable outside itself.
1. Prints to the screen.
1. Writes to a file.
1. Reads external data.
Side effects make a function impure.



Example of an impure function, this changes a global variable:
	total = 0
 
def add_to_total(x):
    global total
    total += x



	💡  Remember
A pure function behaves like a mathematical formula: same input → same output → every time.
Impure functions interact with the outside world, making their output unpredictable.



Activity 1 — Pure vs Impure Classification
	🎯  Task focus — independent, 10 minutes
For each function below, tick Pure or Impure and explain why.


	Function description
	Pure / Impure
	Reason

	Adds two numbers and returns the result
	
	

	Reads a value from a file
	
	

	Uses a global variable in a calculation
	
	

	Prints output to the screen
	
	



Activity 2 — Input / Output Diagrams
	🎯  Task focus — independent, 10 minutes
For each function below, decide whether it is pure and explain your answer.


	Function
	Behaviour
	Pure? Why?

	Function A
	Input: 5, Output: 25 (always)
	

	Function B
	Input: 5, Output: depends on current system time
	



Activity 3 — Dependency Mapping
	🎯  Task focus — independent, 10 minutes
Look at the function below.


	def calculate_price():
    return base_price * tax_rate


1. Where do base_price and tax_rate come from?

2. Are they passed in as parameters?

3. Does this function rely on external state?


Activity 4 — Identify the Impurity
	🎯  Task focus — independent, 10 minutes
For each example, identify the part that makes the function impure.


	Example
	What makes it impure?

	A function that reads user input
	

	A function that modifies a global variable
	

	A function that writes results to a file
	

	A function that generates a random number
	



Assessment Evidence — Written Definitions
	🎯  Task focus — independent, 15 minutes
Answer the following in full sentences. This might be very useful for your Unit 3 assessment.


1. Define a pure function.

2. Explain what is meant by same input produces the same output.

3. Define a side effect.

4. State two reasons why a function might be impure.


Homework
	📝  By tomorrow
Why are pure functions easier to test than impure functions?
Why might a programmer still choose to use impure functions?


My homework response:

Revision Checklist — Can I...?
☐  Define what is meant by a pure function.
☐  Explain why a pure function always produces the same output for the same input.
☐  List the four types of side effect.
☐  Explain what makes a function impure.
☐  Classify a given function as pure or impure with justification.

Portfolio Evidence Checklist
	✓
	Evidence item

	☐
	Completed Key Vocabulary table, all 8 terms defined accurately.

	☐
	Activity 1, all four functions classified with reasons.

	☐
	Activity 2, both functions assessed for purity with justification.

	☐
	Activity 3, dependency mapping questions answered.

	☐
	Activity 4, impurity identified in all four examples.

	☐
	Assessment evidence, all four written definitions completed.

	☐
	Completed homework.


