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Algebra: Lesson 10B

Swimming club membership

The Minnows swimming club and the Dolphins 
swimming club are mainly for school children.

Their membership fees depend on your age.

The number of pounds (£) you pay to join is given  
by these expressions, where a is your age (in years).

Which club is trying to attract younger children  
and which is trying to attract older children?

Outline of the lesson

1.	 Display	the	Membership	problem	and	ask	students		
for	their	immediate	responses.	
•	 Try	to	draw	out	some	qualitative	responses.

•	 Ask	students	to	explore	this	further	in	small	groups.

•	 Collect	data	on	the	membership	fees	for	various	ages.

•	 Represent	the	data
•	 ‘randomly’	on	the	board
•	 in	(randomly	ordered)	tables	
•	 in	ordered	tables.

•	 Discuss	anomalies:	eg,	the	value	of	the	expressions		
is	zero	or	negative	for	some	ages.		

•	 Ask,	“Are	the	fees	for	the	two	clubs	ever	the	same?”

2.	 Ask	students	to	represent	the	data	as	points	on	a	
Cartesian	graph.

3.	 Discuss	the	sets	of	points,	and	key	individual	points		
on	the	graph.
•	 Can	we	draw	a	line	through	each	set	of	points?		

Should	it	be	solid	or	dotted,	or	should	it	be	stepped?

•	 Relate	points	to	the	tables	of	values,	to	the	original	
algebraic	expressions	and	to	the	original	story.

•	 Discuss	how	we	might	modify	the	rules	for	the	
membership	fees	(eg,	what	do	we	do	with	people		
of	5	years	and	younger,	and	25	years	and	older?).

Summary

Here	we	go	full	circle,	by	having	a	lesson	like	Boat hire,	where	we	compare	two	linear	relationships,	albeit	
involving	more	complex	expressions	this	time.	As	with	Boat	Hire,	tables	of	values	are	used	initially,	but	the	
main	focus	is	on	representing	the	relationships	as	points	on	a	Cartesian	graph	and	on	interpreting	the	result.
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Algebra: Lesson 10B    Swimming club membership (continued)

Overview

Students’ mathematical experiences
Students	might	discover	some	of	the	following

•	 for	some	values	of	a,	the	membership	fee	for	Minnows	is	
less	than	for	Dolphins,	but	for	others	it	is	greater	

•	 for	some	values	of	a,	the	membership	fee	for	Minnows	or	
for	Dolphins	can	be	zero	or	negative	

•	 when	a	=	10	the	fees	are	the	same	(and	this	value	can	be	
found	from	a	table	of	values,	from	a	graph,	or	by	solving	
an	equation)

•	 as	a	gets	further	from	10,	the	difference	between	the	two	
expressions	gets	greater

•	 if	a	increases	by	1,	then	the	Minnows	fee	(6a–30)	
increases	by	6,	but	the	Dolphins	fee	(50–2a)	decreases	
by	2

•	 each	set	of	points	on	the	graph	forms	a	pattern:	each	lies	
on	a	straight	line

•	 the	lines	have	different	slopes	and	these	relate	to	the	
change	in	fee	as	members	get	a	year	older.

Students	might	discuss

•	 continuity,	ie	whether	some	or	all	points	on	the	line	fit	
the	relationship.

Adapting the lesson
Decide	how	much	support	to	give	for	Step	2	of	the	lesson	(drawing	the	graph):	eg,	you	might	let	students	come	up	with	
scales	for	the	axes	on	their	own,	or	you	might	discuss	the	scales,	or	provide	ready-made	scales,	or	even	provide	the	
complete	graph.
You	might	want	to	explore	the	effect	on	the	graph	of	changing	the	expressions	(by,	for	example,	adding	10	to	each	to	
give	6a–20	and	60–2a);	or	the	effect	on	the	expressions	of	changing	the	graph	(eg	by	drawing	lines	which	intersect	or	
cut	the	x-axis	at	a	different	place).

Assessment and feedback
Be	flexible	over	the	organisation	and	
timing	of	the	lesson	-	in	particular,	
allow	sufficient	time	for	students,	
collectively	and	in	small	groups,	to	
explore	the	situation	qualitatively.

For	some	(positive)	values	of	a,	the	
expressions	are	negative.	Check	
whether	students	perform	such	
calculations	correctly.

Assess	how	well	students	make	links	
between	the	story,	the	given	algebraic	
expressions,	their	tables	of	values	and	
features	of	the	graph;	encourage	them	
to	make	such	links.

Mathematical ideas
As	with	Boat hire,	and	other	lessons,	this	lesson	gives	students	the	opportunity	to	compare	algebraic	expressions	as	the	
value	of	the	variable	changes.	The	expressions	are	more	complex	than	in	Boat hire,	and	one	of	them	decreases	as	the	
variable	increases.

The	focus	is	on	drawing	and	interpreting	a	Cartesian	graph,	which	is	a	particularly	powerful	way	of	representing	
expressions,	since	it	allows	us	to	represent	a	range	of	values	simultaneously.	The	graph	has	several	salient	features	
which	can	be	related	back	to	the	story,	the	given	algebraic	expressions	and	to	students’	tables	of	values.	These	features	
include	the	point	of	interesection	of	the	lines,	the	points	where	the	lines	cut	the	x-axis	and	the	gradients	of	the	lines.

Key questions
When	is	Minnows	(or	Dolphins)	cheaper?

How	could	we	record	these	values	more	systematically?

How	does	the	fee	change	as	a	member’s	age	changes?

Should	the	clubs	have	age	limits?
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Algebra: Lesson 10B    Swimming club membership (continued)

Outline of the lesson (annotated)

1.	 Display	the	Membership	problem	and	ask	students	
for	their	immediate	responses.	
•	 Try	to	draw	out	some	qualitative	responses.

•	 Ask	students	to	explore	this	further	in	small	groups.

•	 Collect	data	on	the	membership	fees	for	various	ages.

•	 Represent	the	data
•	 ‘randomly’	on	the	board
•	 in	(randomly	ordered)	tables	
•	 in	ordered	tables.

•	 Discuss	anomalies:	eg,	the	value	of	the	expressions		
is	zero	or	negative	for	some	ages.		

•	 Ask,	“Are	the	fees	for	the	two	clubs	ever	the	same?”

2.	 Ask	students	to	represent	the	data	as	points	on	a	
Cartesian	graph.

3.	 Discuss	the	sets	of	points,	and	key	individual	points	
on	the	graph.
•	 Can	we	draw	a	line	through	each	set	of	points?		

Should	it	be	solid	or	dotted,	or	should	it	be	stepped?

•	 Relate	points	to	the	tables	of	values,	to	the	original	
algebraic	expressions	and	to	the	original	story.

•	 Discuss	how	we	might	modify	the	rules	for	the	
membership	fees	(eg,	what	do	we	do	with	people		
of	5	years	and	younger,	and	25	years	and	older?).

For	example:
“The	older	you	are,	the	cheaper	Dolphins	membership	
becomes”
“Minnows	costs	more	as	you	get	older,	but	it	costs	very	
little	if	you’re	very	young	...”
“Dolphins	costs	a	lot	if	you	are	very	young”.

Listen	to	students’	arguments	and	conclusions		
-	but	don’t	pursue	them	at	this	stage.

Try	to	prompt	the	need	for	an	ordered	table,	rather	
than	simply	produce	such	tables.

We	might	therefore	want	to	modify	the	membership	
rules	-	which	we’ll	discuss	later	in	the	lesson.

You	might	want	to	discuss	the	scales	that	one	might	use,	
and	the	possibility	of	leaving	space	for	negative	values	
for	the	fees.	Or	you	could	hand	out	graph	paper	with	pre-
prepared	axes.

If	we	treat	age	as	discrete,	for	example	by	only	counting	
whole	numbers	of	years,	the	relationship	between	age	and	
fee	will	be	a	step	function.

We	could	solve	this	by	trial	and	improvement,	by	drawing	
graphs,	or	by	solving	the	equation	6a	–	30	=	50	–	2a.

In	an	ordered	table,	we	can	relate	changes	in	age	to	
changes	in	fees	and	relate	this	to	the	gradient	of	the	lines	
on	the	graph.
Particular	points	of	interest	are	the	point	of	intersection	
(10,	30)	and	the	‘zero	fee’	points	(5,	0)	and	(25,	0).
If	we	factorising	the	expressions,	we	reveal	the	ages	for	
which	the	fees	are	zero,	ie	5	and	25:
6a	–	30		=		6(a	–	5)
50	–	2a		=		2(25	–	a).

Extension:	Find	ways	of	modifying	the	expressions	for	
the	fees,	so	that	the	clubs	become	atractive	to	other	age	
groups.
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Students interpret algebraic expressions 
Students	are	given	two	expressions	in	a.	Their	values	
change	as	a	changes,	as	do	their	relative	vlaues:	sometimes	
one	expression	is	larger	than	the	other,	sometimes	it	is	
smaller,	sometimes	their	values	are	the	same.	In	particular,	
as	a	increases,	one	expressions	increases	quite	rapidy,	
while	the	other	expression	decreases,	but	less	rapidly.

Students develop their understanding of 
‘variable’
The	kind	of	variable	we	are	learning	about	(be	it	called	‘a’	
or	‘your	age	in	years’)	
•	 is	a	number	
•	 can	take	on	lots	of	different	values;
•	 as	it	changes	in	a	systematic	way,	so	the	‘dependent	
variable’	(in	this	case	‘the	club	membership	fee,	in	£’)	
may	also	change	in	a	systematic	way.

Students	might	also	discover	that,	in	terms	of	the	context	
that	the	expressions	represent,	their	values	don’t	make	
sense	for	some	(perfectly	sensible)	values	of	the	variable.	
For	example,	when	a	=	4,	the	expression	6a–30	has	a	value	
of	-6,	ie	for	an	age	of	4	years,	the	membership	fee	is	-£6.

Students engage with the notion of continuity
The	graph	prompts	the	question	of	‘intermediate’	values:	
given	that	each	set	of	points	lies	on	a	line,	what	about	
some	other	points	on	that	line,	eg	where	a	=	10.5	?	Do	
they	fit	the	algebraic	relationship,	and	do	they	fit	the	
membership	fee	story?	And	do	‘all’	points	on	the	line	fit	
the	relationship?	For	the	current	story,	what	about	values	of	
a	outside	the	range	5	≤		a		≤	25	?

Students develop their ability to ‘read’ a 
Cartesian graph
Each	of	the	properties	of	variable	mentioned	above	
can	be	seen,	to	a	greater	or	lesser	extent,	in	these	three	
representations.	For	example,	if	a	value	of	a	in	a	table	goes	
up	by	1,	then	the	corresponding	values	of	6a–30	have	a	
difference	of	6	(see	the	second	table,	below);	similarly,	if	
two	points	representing	(a,	6a–30)	are	1	horizontal	unit	
apart	on	a	graph,	they	
will	be	6	vertical	units	
apart	(see	points	P	
and	Q	on	the	graph,	
below).	Also,	because	
the	two	sets	of	points	
on	the	graph	form	
a	pattern	(in	this	
case,	they	lie	on	two	
straight	lines),	they	
help	students	get	a	general	sense	of	the	relationships,	ie	a	
sense	of	what	happens	for	a	range	of	values	rather	than	just	
isolated	numerical	cases.

Algebra: Lesson 10B    Swimming club membership (continued)

Background

As	already	mentioned,	some	points	on	the	graph	may	
not	make	sense	in	terms	of	the	story.	However,	they	may	
still	have	meaning	algebraically.	So	for	example,	the	two	
straight	lines	cut	the	scale	on	the	y	axis	at	-30	and	50,	
which	are	the	constant	terms	in	the	expressions	6a–30	
and	50–2a.	This	makes	sense	algebraically,	since	this	is	
where	a	=	0,	even	though	it	would	be	peculiar	to	think	of	a	
membership	fee	for	a	0	year	old.
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