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Chi-squared	test,	𝝌𝟐	test	
	
Chi-squared	test	is	used	to	determine	whether	two	variables	from	
the	same	sample	are	independent.	
	
Chi-squared	test	examines	the	difference	between	the	observed	
values	we	obtained	from	our	sample	and	the	expected	values	we	
have	calculated.	
	
Observed	values	
	 Smoker	 Non	–	smoker		 Total	
Male	 350	 150	 500	
Female	 230	 270	 500	
Total	 580	 420	 1000	
	
Expected	values	
	 Smoker	 Non	–	smoker		 Total	
Male	 	 	 500	
Female	 	 	 500	
Total	 580	 420	 1000	
	
	
Null	hypothesis	𝑯𝟎:	The	two	variables	are	independent.	
Alternative	hypothesis	𝑯𝟏:	The	two	variables	are	not	independent.	
	

Expected	value	for	each	cell	=	
𝑹𝒐𝒘𝑻𝒐𝒕𝒂𝒍	𝐱	𝑪𝒐𝒍𝒖𝒎𝒏𝑻𝒐𝒕𝒂𝒍

𝑻𝒐𝒕𝒂𝒍
	

	

𝝌𝟐𝒄𝒂𝒍𝒄 =
(𝒇𝒐 − 𝒇𝒆)𝟐

𝒇𝒆
	

	
where	𝑓;	is	an	observed	frequency	and	𝑓< 	is	an	expected	frequency.	
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Similar	observed	and	expected	values,	small	(𝑓; − 𝑓<),	small	𝜒>?@A?.	
	
Largely	different	between	observed	and	expected	values,		
large	(𝑓; − 𝑓<),	large	𝜒>?@A?.	
	
Reject	𝑯𝟎	when	𝝌𝟐𝒄𝒂𝒍𝒄 >	critical	value.	
	
	
Significance	level	
Significance	level	indicates	the	minimum	acceptable	probability	that	
the	variables	are	independent.	
	
Degree	of	freedom	=	(Row	–	1)	(Column	–	1)	
	

	
	
Critical	value	of	𝜒>	is	will	be	provided	in	exam	now.	
	
The	p-value	
p-value	is	provided	when	finding	𝝌𝟐	on	the	calculator.	
p-value	is	the	probability	of	obtaining	observed	values	as	far	or	
further	from	the	expected	values,	assuming	the	variables	are	
independent.	
Reject	𝑯𝟎	when	𝒑 <	significance	level.	
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GDC	skills	
Casio		
Menu	à	2	Stat	à	F3	TEST	à	F3	CHI	à	F2	2WAY	à		
Choose	Observed:	Mat	A	à	F3	DIM	à	m	is	row,	n	is	column	à		
Enter	data	à	Exit	à	Exit	à	EXE	
	
à	Continue	to	find	expected	value	à	F6	Mat	à	Mat	B	à	EXE	
	
	
TI	84	
2nd	à	Matrix	à	EDIT	à	[A]	à	put	in	row	and	column	à	Enter	data	
à	Stat	à	Tests	à	C:	𝜒>	test		
	
𝜒>	–	Test	
Observed:	[A]	
Expected:	[B]	
	
à	Continue	to	find	expected	value	à	2nd	à	Matrix	à	[B]	
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T-nspire	
Menu	à	7:	Matrix	à	1:	Create	à	1:	Matrix	à	Put	data	à	Ctrl	Var	
à	A	à	Enter		
Then	you	will	see	the	screen	like	below.	

	

à	Menu	à	6:	Statistics	à	7:	Stat	Tests	à	8:	𝜒>	2-way	test	à	
Observed	Matrix:	a	
à	Continue	to	find	expected	value	à	Var		à	stat.expmatrix		à	
enter	
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1.	David	Carried	out	a	𝜒>	test	at	the	5%	significance	level	to	
determine	whether	a	student’s	height	impacts	their	chosen	subject	
field:	sport	or	music.	
The	following	table	shows	the	results	of	400	students	he	surveyed.	
	

	 Sport	 Music	
>	180	cm	 160	 50	
≤	180	cm	 40	 150	

	
(a)	State	the	null	hypothesis,	𝐻G,	for	this	test.	
(b)	Complete	the	expected	values	table	below.	
	

	 Sport	 Music	
>	180	cm	 	 	

≤	180	cm	 	 	

	
(c)	Write	down	the	number	of	degrees	of	freedom.	
(d)	Write	down	the	𝑝 − 𝑣𝑎𝑙𝑢𝑒	for	this	test.	
(e)	State	the	result	of	the	test.	Give	a	reason	for	your	answer.	
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2.	Students	in	a	class	had	their	gender	and	food	preference	recorded	
from	a	choice	of	cake	or	chicken	wings	or	fish	ball.	The	table	below	
shoes	the	results.	

	 Cake	 Chicken	wings	 Fish	ball	
Boys	 20	 40	 30	

Girls	 60	 10	 20	

	
A	𝜒>	test	was	conducted	at	the	5%	significance	level.	
	
(a)	State	the	null	hypothesis,	𝐻G,	for	this	test.	
(b)	Write	down	the	number	of	degrees	of	freedom.	
(c)	Write	down	the	𝜒>	statistic.	
The	critical	value	for	this	test	is	5.99.	
(d)	State	the	result	of	the	test.	Give	a	reason	for	your	answer.	
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T–test	
	
Null	hypothesis	𝑯𝟎:	𝜇	=	𝜇G	
Alternative	hypothesis	𝑯𝟏:		
𝑯𝟏:		𝜇	>	𝜇G	(one-tailed	hypothesis)	
𝑯𝟏:	𝜇	<	𝜇G	(one-tailed	hypothesis)	
𝑯𝟏:	𝜇	≠	𝜇G	(two-tailed	hypothesis,	𝜇	≠	𝜇G	means	𝜇	>	𝜇G	or	𝜇	<	𝜇G)	
	
	

𝑡 =
𝑥 − 𝜇G
𝑠
𝑛

	

	
	
One-tailed	T-test	

	
Reject	𝑯𝟎	if	p-value	<	𝜶.	
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Two-tailed	T-test	
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GDC	Skills	
Casio		
Calculate	Test	statistics	(t)	
Statistics	input	
Menu	à	2	Stat	à	F3	TEST	à	F2	t	à	F1	1-SAMPLE	

	
	
	
	
	
	

Data	input	
Menu	à	Statistics	à	enter	data	in	List	1	

	
F3	Test	à	F2	t	à	F1	1-SAMPLE	
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Calculate	the	p-value	
Menu	à	2	Stat	à	5	Dist	à	F2	t	à	F2	tcd	
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TI	84	
Calculate	Test	statistics	(t)	
Statistics	input	
Stat	à	2:	T-Test	

	 	
	
Data	input	
Statà	1:	Edit	à	enter	the	data	

	
	
Stat	à	2:	T-test	
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Calculate	the	p-value	
2nd	à	Vars	à	6:	tcdf		
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T-nspire	
Calculate	Test	statistics	(t)	
Statistics	input	
Menu	à	6	Statistics	à	7	Stat	Test	and	2	t	Test	

	
	
Data	input	
Press	“On”	à	Add	List	&	Spreadsheet	à	enter	data	in	List	A	and	
name	it	x.	

	
Press	“On”	à	Add	Calculator	à	Menu	à	6	Statistics		
à	7	Stat	test,	2	t	Test		
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Calculate	the	p-value	
Press	“On”	à	Add	Calculator	à	Menu	à	5	Probability,	5	
Distribution	à	5	t	Cdf		
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1.	A	population	has	known	standard	deviation	𝜎	=	3.97.	A	sample	of	
size	36	is	taken	and	the	sample	mean	𝑥	=	23.75.	We	are	required	to	
test	the	hypothesis	𝑯𝟎:	𝜇	=	25	against	𝑯𝟏:	𝜇	<	25.	
(a)	Find:	
(i)	the	test	statistic	
(ii)	the	p-value.	
(b)	What	decision	should	be	made	at	a	5%	level?	
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2.	A	population	has	known	standard	deviation	𝜎	=	4.23.	A	sample	of	
size	40	is	taken	and	the	sample	mean	𝑥	=	24.55.	We	are	required	to	
test	the	hypothesis	𝑯𝟎:	𝜇	=	21	against	𝑯𝟏:	𝜇	>	21.	
(a)	Find:	
(i)	the	test	statistic	
(ii)	the	p-value.	
(b)	What	decision	should	be	made	at	a	5%	level?	
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Exercise	
1.	Abhinav	carries	out	a	𝜒>	test	at	the	1%	significance	level	to	
determine	whether	a	person’s	gender	impacts	their	chosen	
professional	field:	engineering,	medicine	or	law.	He	surveyed	220	
people	and	the	results	are	shown	in	the	table.	
	

	 Engineering	 Medicine	 Law	
Male	 55	 30	 25	
Female	 35	 45	 30	

	
(a)	State	the	null	hypothesis,	𝐻G,	for	this	test.	
(b)	Calculate	the	expected	number	of	male	engineers.	
(c)	Find	the	𝑝 − 𝑣𝑎𝑙𝑢𝑒	for	this	test.	
	
Abhinav	rejects	𝐻G.	
(d)	State	a	reason	why	Abhinav	is	incorrect	in	doing	so.	
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2.	On	one	day	180	flights	arrived	at	a	particular	airport.	The	distance	
travelled	and	the	arrival	status	for	each	incoming	flight	was	
recorded.	The	flight	was	then	classified	as	on	time,	slightly	delayed,	
or	heavily	delayed.	
	

	
	
A	𝜒>	test	is	carried	out	at	the	10%	significance	level	to	determine	
whether	the	arrival	status	of	incoming	flights	is	independent	of	the	
distance	travelled.	
	
(a)	State	the	alternative	hypothesis.	
(b)	Calculate	the	expected	frequency	of	flights	travelling	at	most	500	
km	and	arriving	slightly	delayed.	
	
(c)	Write	down	the	number	of	degrees	of	freedom.	
(d)	Write	down		
(i)	the	𝜒>	statistic;	
(ii)	the	associated	𝑝 − 𝑣𝑎𝑙𝑢𝑒.	
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