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Introduction

• When	you test	a	hypothesis about	a population,	you	can	use	your	
test	statistic	to	decide	whether	to	reject	the	null	hypothesis,	H0

• You	make	this	decision	by	coming	up	with	a	number,	called	a p-value



Null	Hypothesis

• In statistics,	a null	hypothesis is	a	statement	that	one	seeks	to	nullify	
(that	is,	to	conclude	is	incorrect)	with	evidence	to	the	contrary
• Most	commonly,	it	is	presented	as	a	statement	that	the	phenomenon	being	
studied	produces	no	effect	or	makes	no	difference

• An	experimenter	frames	a	null	hypothesis	with	the	intent	of	rejecting	it:	
• i.e.,	intending	to	run	an	experiment	which	produces	data	that	shows	that	the	
phenomenon	under	study	does	indeed	make	a	difference	

• An	example	of	such	a	null	hypothesis	might	be	the	statement,	
• "A	diet	low	in	carbohydrates	has	no	effect	on	people's	weight."	
• To	nullify:		in	this	case,	show	that	a	diet	low	in	carbohydrates	over	some	specific	
time	frame	does	in	fact	tend	to	lower	the	body	weight	of	people	who	adhere	to	it

https://en.wikipedia.org/wiki/Type_I_and_type_II_errors



Type	I	Error

• A type I	error (or error	of	the	first	kind)	is	the	rejection	of	a	true	null	
hypothesis
• Usually	a	type	I	error	leads	to	the	conclusion	that	a	supposed	effect	
or	relationship	exists	when	in	fact	it	does	not
• Examples	of	type	I	errors	include	a	test	that	shows	
• a	patient	to	have	a	disease	when	in	fact	the	patient	does	not	have	the	disease
• a	fire	alarm	going	on	indicating	a	fire	when	in	fact	there	is	no	fire
• an	experiment	indicating	that	a	medical	treatment	should	cure	a	disease	
when	in	fact	it	does	not

https://en.wikipedia.org/wiki/Type_I_and_type_II_errors



Type	II	Error

• A type	II	error (or error	of	the	second	kind)	is	the	failure	to	reject	a	
false	null	hypothesis
• Some	examples	of	type	II	errors	are	
• a	blood	test	failing	to	detect	the	disease	it	was	designed	to	detect,	in	a	patient	
who	really	has	the	disease
• a	fire	breaking	out	and	the	fire	alarm	does	not	ring
• a	clinical	trial	of	a	medical	treatment	failing	to	show	that	the	treatment	works	
when	really	it	does

https://en.wikipedia.org/wiki/Type_I_and_type_II_errors



p-value

• A p-value	is	a	probability	associated	with	your	critical	value
• The	critical	value	depends	on	the	probability	you	are	allowing	for	a	
Type	I	error
• It	measures	the	chance	of	getting	results	at	least	as	strong	as	yours	if	
the	claim	(H0)	were	true



Test	Statistic

• If	the	alternative	hypothesis,	Ha,	is	the	less-than	alternative,	you	reject	
H0 only	if	the	test	statistic	falls	in	the	left	tail	of	the	distribution	(below	
–2)
• If	Ha is	the	greater-than	alternative,	you	reject	H0 only	if	the	test	
statistic	falls	in	the	right	tail	(above	2)



p-value:	How	to	compute	it?

• To	find	the p-value	for	
your	test	statistic:

1. Look	up	your	test	
statistic	on	the	
appropriate	
distribution
• E.g.	in	this	case,	on	the	
standard	normal	(Z-)	
distribution	(see	the	
following Z-table).



p-value:	How	to	compute	it?	2

2. Find	the	probability	that Z is	beyond	(more	extreme	than)	your	test	
statistic:
a. If	Ha contains	a	less-than	alternative,	find	the	probability	that Z is	less	than	

your	test	statistic	(that	is,	look	up	your	test	statistic	on	the Z-table	and	find	its	
corresponding	probability)	à this	is	the p-value

b. If	Ha contains	a	greater-than	alternative,	find	the	probability	that Z is	greater	
than	your	test	statistic	(look	up	your	test	statistic	on	the Z-table,	find	its	
corresponding	probability,	and	subtract	it	from	one)	à this	is	the p-value

c. If	Ha contains	a	not-equal-to	alternative,	find	the	probability	that Z is	beyond	
your	test	statistic	and	double	it
• There	are	two	cases



p-value:	How	to	compute	it?	3

2. Find	the	probability	that Z is	beyond	(more	extreme	than)	your	test	
statistic …
c. If	Ha contains	a	not-equal-to	alternative,	find	the	probability	that Z is	beyond	

your	test	statistic	and	double	it	… There	are	two	cases	…
• If	your	test	statistic	<	0,	(1)	find	the	probability	that Z is	less	than	your	test	
statistic	(look	up	your	test	statistic	on	the Z-table	and	find	its	corresponding	
probability)	and	(2)	double	this	probability	to	get	the p-value.
• If	your	test	statistic	>	0,	(1)	find	the	probability	that Z is	greater	than	your	
test	statistic	(look	up	your	test	statistic	on	the Z-table,	find	its	corresponding	
probability,	and	subtract	it	from	one)	and	(2)	double	this	result	to	get	the p-
value.



Example

• Suppose	you	are	testing	a	claim	that	the	percentage	of	UNL	personnel	(faculty,	
staff,	and	students)	who	are	husker	football	fans	is	25%
• Suppose	out	of	your	sample	of	100	UNL	personnel,	20%	are	husker	football	fans

• Thus:		the	sample	proportion	is	p=0.20
• The	standard	error	for	your	sample	percentage	is	the	square	root	of	p(1-p)/n	which	equals	0.04	
or	4%	(z-score)

• You	find	the	test	statistic	by	taking	the	proportion	in	the	sample	who	are	husker	
football	fans,	0.20,	subtracting	the	claimed	proportion	of	all	UNL	personnel	who	are	
husker	football	fans,	0.25,	and	then	dividing	the	result	by	the	standard	error,	0.04
• Test	statistic	(standard	score)	=	(0.20	– 0.25)/0.04	=	–1.25
• Your	sample	results	and	the	population	claim	in	H0 are	1.25	standard	errors	apart

• Your	sample	results	are	1.25	standard	errors	below	the	claim

• When	testing	H0: p =	0.25	versus	Ha: p <	0.25,	you	find	that	the p-value	of	-1.25	by	finding	the	probability	that	Z	is	less	than	-1.25
• p-value	=	0.1056



Example

• Suppose	you	are	testing	a	claim	that	the	percentage	of	UNL	personnel	(faculty,	
staff,	and	students)	who	are	husker	football	fans	is	25%
• Suppose	out	of	your	sample	of	100	UNL	personnel,	20%	are	husker	football	fans

• Thus:		the	sample	proportion	is	p=0.20
• The	standard	error	for	your	sample	percentage	is	the	square	root	of	p(1-p)/n	which	equals	0.04	
or	4%	(z-score)

• You	find	the	test	statistic	by	taking	the	proportion	in	the	sample	who	are	husker	
football	fans,	0.20,	subtracting	the	claimed	proportion	of	all	UNL	personnel	who	are	
husker	football	fans,	0.25,	and	then	dividing	the	result	by	the	standard	error,	0.04
• Test	statistic	(standard	score)	=	(0.20	– 0.25)/0.04	=	–1.25
• Your	sample	results	and	the	population	claim	in	H0 are	1.25	standard	errors	apart

• Your	sample	results	are	1.25	standard	errors	below	the	claim

• When	testing	H0: p =	0.25	versus	Ha: p <	0.25,	you	find	that	the p-value	of	-1.25	by	finding	the	probability	that	Z	is	less	than	-1.25
• p-value	=	0.1056



Example,	Cont’d	…

• When	you	look	this	number	up	on	the	above Z-table,	you	find	a	
probability	of	0.1056	(p-value)	of	Z	being	less	than	this	value
• Significant?
• <	0.1,	<	0.05,	<	0.01
• Not	significant

• Note, if	you	had	been	testing	the	two-sided	alternative,	the p-value	
would	be	2	∗ 0.1056,	or	0.2112
• Even	less	significant



How	does	this	relate	to	your	Final	Project?

• Do	you	have	a	null	hypothesis	that	you	want	to	nullify?
• “X%	of	the	tweets	that	support	Y	have	non-aggressive	tone”

• How	do	you	determine	X?
• “The	number	of	positive	tweets	is	the	same	as	the	number	of	negative	
tweets”
• Or	“The	%	of	positive	tweets	is	50%”


