
We will investigate the Normal Distribution, 
its shape, how to calculate probabilities 

and values from the normal distribution, 
and the Central Limit Theorem  



* Objective – The Normal Distribution can 
be applied to many data sets in the real 
world, and so we will explore how to find 
z-scores and the area underneath a 
curve. 



* Example	1)	Draw	a	bell	curve	for	each	data	set,	on	
the	same	number	line.	Label	the	mean	and	
standard	devia=on	for	each.	
(a) 	1,	1,	4,	7,	7	
(b) 	8,	8,	8,	10,	12,	12,	12	
(c) 	19,	19,	20,	21,	21	



* Remark	–	Proper&es	of	the	____________	
_______________:	
(1)	A	normal	curve	is	_______	__________.	
(2)	The	highest	point	is	the	__________.	
(3)	The	_______,	__________,	and	_______	are	all	
the	_______.	
(4)	The	curve	is	______________.	
(5)	The	total	area	under	the	curve	is	_______.	
(6)	______%	of	the	data	lies	within	______	std.	
deviaFon	of	the	mean,	______%	lies	within	______,	
and	_______%	lies	within	_______.	



* DefiniFon	-	_____-_____-_____	Rule	–	In	a	
____________	_____________,	approximately	
______%,	_______%,	and	________%	of	the	data	
lie	within	_____,	______,	and	_______	standard	
deviaFons	of	the	mean,	respecFvely.	
* Draw	a	bell	curve	below	and	label	one	to	three	
std.	devia=ons	away	from	the	mean.	



* Example	2)	Suppose	that	on	the	SAT,	500	students	
scored	an	average	of	975	and	a	standard	devia=on	of	
125	points.	What	SAT	scores	lie	within	the	data	for:	
(a) 68%	of	the	data	

(b) 95%	of	the	data	

(c) 99.7%	of	the	data	

(d) How	many	students	scored	higher	than	1350?	



* Example	2b)	Suppose	that	the	dis=rbu=on	of	
scores	of	1,000	students	who	take	a	standardized	
test	has	a	mean	of	450	and	a	standard	devia=on	
of	25.		
(a) How	many	students	fell	between	a	score	of	425	

and	475?	

(b) How	many	students	scored	above	500?	



* Remark	–	Because	the	area	underneath	the	
normal	bell	curve	is	always	equal	to	_____,	we	
can	find	any	area	using	a	___-________	and	a	
__________	of	__________	showing	area	under	
the	curve.	
* DefiniFon	-	__-________	-	A	raw	score	can	be	
converted	to	a	standard	__-________	using	the	
formula:	

where	x	=	________,	μ	=	_________	and	σ	=	
_____________	_____________	



* Remark	–	The	standard	normal	table	
approximates	areas	to	the	__________	of	the	
score.	In	the	table,	z-scores	run	from	-3.49	to	
3.49.	

Example	3)	Use	a	Z-table	to	approximate	the	area	
under	the	curve	for	a	z-score	of	-1.25.	



* Standard	Z-Table	:	



* Example	3b)	Use	a	Standard	Normal	Table	to	find	
the	area	underneath	the	curve	for:	
(a)	z	<	1.15 	 	 	(b)	z	>	1.15	
	
(c)	z	>	1.5 	 	 	 	(d)	z	<	0	
	
(e)	z	<	-3 	 	 	 	(f)	z	<	-1	
	
(g)	z	>	-2 	 	 	 	(h)	z	<	-1.25	



* Remark	–	Graphing	Calculator	–	When	using	a	
graphing	calculator	to	find	normal	areas,	there	are	
four	inputs:	
	
	
and	we	may	need	to	choose	___________	______	
&	_______	values	to	get	all	area	under	the	curve.	
Example)	Use	a	graphing	calculator	to	find	the	area	
under	the	normal	curve:	

	z	>	-2		



* Example	3c)	Graphing	Calculator.	Use	a	graphing	
calculator	to	find	the	area	under	the	curve	for:	
(a) z	>	3	

(b) 	z	<	0	

(c) 	-2	<	z	<	2	(area	between	z	=	-2	and	z	=	2)	



Exit	Ques=on)	Suppose	that	the	height	of	students	
in	your	school	is	normally	distributed	with	mean	60	
inches	and	standard	devia=on	3	inches.	Find	the	z-
score	for	the	normal	distribu=on.	



* Objective – Given a data point “x” on a 
normal distribution, we want to convert it 
to a z-score and find the probability 
under the normal curve 



* Remark	–	Guidelines	for	finding	normal	probabiliFes	
under	the	curve:	
(1) Iden=fy	the	mean	_____	and	standard	devia=on	

_____.	
(2) Find	the	z-score	for	the	data	value	x.	
(3) Draw	a	normal	curve,	and	shade	the	area	under	the	

curve	you	will	find	(less	than	x,	greater	than	x,	or	in	
between)	

(4) Use	a	z-table	or	graphing	calculator	-		
Normalcdf(lower,	upper,	μ,	σ)	–	to	calculate	the	
probability	



* Example	1)	Area	under	the	Curve	and	Probability.	
Suppose	that	in	your	school	SAT	scores	are	
normally	distributed	with	a	mean	of	1075	and	a	
standard	devia=on	of	125.	What	percentage	of	all	
students	scored:	
(a) Greater	than	1100	

(b) Less	than	1100	



* Example	1b)	Area	under	the	Curve	and	
Probability.	Suppose	that	in	your	school	SAT	
scores	are	normally	distributed	with	a	mean	of	
1150	and	a	standard	devia=on	of	130.	What	
percentage	of	all	students	scored:	
(a) between	1000	and	1300?	

(b) Less	than	1000,	or	greater	than	1300?	



* Example	2)	Area	under	the	Curve	and	Probability.	
Assume	that	baseball	baeng	averages	for	the	
2004	New	York	Yankees	are	normally	distributed	
with	a	mean	of	.283	and	a	standard	devia=on	of	
0.008.	What	is	the	“probability”	(or	percentage)	
that	Derek	Jeter	has	an	average	of	.294	or	
greater?	

https://www.baseball-reference.com/
players/j/jeterde01.shtml  



* Example	3)	Tornadoes.	Since	1950,	Oklahoma	
encounters	on	average	56.2	tornadoes	per	year,	
with	a	standard	devia=on	of	10.6.	What	is	the	
probability	that	next	year,	there	will	be	between	
30	and	60	tornadoes?	

Photo by Nikolas Noonan on Unsplash 



Exit	Ques=on)	Suppose	that	the	height	of	students	
in	your	school	is	normally	distributed	with	mean	60	
inches	and	standard	devia=on	3	inches.	What	is	the	
probability	that	a	randomly	chosen	student	is	less	
than	4’6’’?	(Hint:	use	a	graphing	calculator	and	the	
normal	distribu=on	func=on)	



* Objective – Given a probability or 
percentage under the normal bell curve, 
we want to use “inverse” normal to 
calculate corresponding x-values 



* Remark	–	Guidelines	for	finding	x-values	from	
Normal	Distribu&ons	
(1) Draw	a	_______	__________.	Determing	the	

probability	(or	_______)	under	the	curve,	and	
__________	the	region.	

(2) Obtain	a	__-___________	from	the	Standard	Z-
table	that	is	the	closest	approxima=on	to	the	
probability.	Then	use	that	z-score,	σ,	and	μ	to	
solve	for	x.	Alterna=vely,	use	a	graphing	
calculator	with	the	_________	Normal	func=on	



* Example	1)	The	speed	of	vehicles	along	a	stretch	
of	the	Parkway	are	normally	distributed	with	
mean	58	miles	per	hour	and	standard	devia=on	4	
mph.	At	what	speed	or	below	do	90%	of	the	cars	
travel	at?	



* Example	1b)	The	speed	of	vehicles	along	a	stretch	
of	the	Parkway	are	normally	distributed	with	
mean	58	miles	per	hour	and	standard	devia=on	4	
mph.	Find	the	speed	that	75%	of	the	cars	travel	at	
or	above.	



* Remark	–	Percen&les	-	A	______________	divides	
a	data	set	into	________	equal	parts	(just	like	a	
_____________).		
	
Example)	Assume	that	IQ	scores	are	normally	
distributed	with	mean	98	and	standard	devia=on	
7.9.	What	IQ	score	would	be	in	the	75th	percen=le	
of	all	test	takers?	



* Example	2)	IQ	Scores.	Suppose	that	the	mean	IQ	
score	is	98,	with	standard	devia=on	7.9.	What	
score	is	needed	to	place	in	each	percen=le?	
(a) P₈₀	

(b) P₁₅	



* Example	2b)	IQ	Scores.	Suppose	that	the	mean	IQ	
score	is	98,	with	standard	devia=on	7.9.	What	
score	is	needed	to	place	in	the	95th	percen=le	of	
all	test	takers?	



* Example	3)	In	2002,	the	average	payroll	for	an	
American	League	Baseball	team	was	$69.4	
million,	with	a	standard	devia=on	of	$28	million.	If	
the	New	York	Yankees	payroll	that	year	was	in	the	
98th	percen=le	of	all	teams,	how	much	was	their	
total	payroll	(in	millions	of	dollars)?		

http://seinfeld.wikia.com/wiki/New_York_Yankees  



Exit	Ques=on)	IQ	scores.	Assume	that	95%	of	all	
test	takers	score	between	85	and	115	on	the	
standard	IQ	test,	and	the	data	is	normally	
distributed.	Use	the	Empirical	Rule	to	find	the	mean	
and	standard	devia=on	of	the	data	set.	



* Objective – We want to explore the 
Central Limit Theorem, which states that 
a group of samples has a distribution 
shaped like the Normal distribution. 



* DefiniFon	–	A	___________	____________	is	a	
group	of	samples	(all	the	same	size	“n”)	are	
repeatedly	taken	from	a	____________.	
	
*Example)	Think	of	taking	a	sample	survey	of	10	
college	students...then	re-taking	the	sample	4	=mes	
to	create	a	__________	___________.	Draw	a	
Venn	Diagram	to	model	the	situa=on.	



* Remark	–	If	you	take	the	_______	of	each	sample,	
then	average	them	again,	it	will	approach	the	
____________	mean.	In	other	words,		
	
	
Also,	the	___________	___________	of	the	sample	
means	is	given	by	(also	called	the	_________	
_______	of	the	mean)		
	
	
Where	n	=	___________	______.	



* Example	1)	You	survey	10	students	and	ask	them	
how	many	hours	per	week	they	spend	studying.	
Then,	you	ask	another	10	students,	and	then	
another	10	students.	The	mean	for	each	sample	is	
given	below.	Find	the	“mean	of	the	sample	
means”.		
μ₁	=	4	hours	
μ₂	=	5.5	hours	
μ₃	=	7.4	hours	



* Example	1b)	Suppose	that	the	en=re	school	
studies	for	on	average	6.3	hours	per	week,	with	a	
standard	devia=on	of	1	hour.	If	you	take	four	
samples	of	12	students	each,	find	(a)	the	mean	of	
the	sample	means	and	(b)	the	standard	error	of	
the	mean.	



* Note	–	The	distribuFon	of	sample	means	has	the	
same	mean	as	the	___________	mean.	However,	
the	___________	___________	of	the	sample	
distribuFons	is	smaller	than	the	populaFon	std.	
deviaFon,	because	you	are	approximaFng	the	
populaFon	mean.		
* What	happens	to	the	distribu=on	of	sample	
means	μₓ	as	“n”	increases?	



* The	Central	Limit	Thoerem	–	Given	mulFple	
samples	each	of	size	n	≥	30,	the	sampling	
distribuFon	of	sample	means	has	mean	

and	the	sampling	distribuFon	has	standard	
deviaFon	
	
	
*In	other	words,	any	group	of	sampling	data	can	be	
approximated	using	the	__________	__________!!	



* Example	2)	Suppose	that	the	average	cell	phone	
bill	for	every	resident	in	town	is	$84/month,	with	a	
standard	devia=on	of	$12.	If	you	sample	n	=	100	
residents	and	ask	them	their	monthly	bill.	Find	the	
mean	and	standard	devia=on	of	the	sampling	
distribu=on.	



* Example	3)	Finding	probabiliDes	using	Sampling	
DistribuDons.	On	average,	the	amount	of	=me	a	
person	spends	driving	is	52	minutes	per	day,	with	
a	standard	devia=on	of	18	minutes.	You	randomly	
sample	40	drivers.	What	is	the	probability	that	
they	spend	between	40	and	60	minutes	driving	
each	day?	(Hint:	apply	the	Central	Limit	Theorem)	



* Example	3b)	Finding	probabiliDes	using	Sampling	
DistribuDons.	On	average,	the	number	of	cups	of	
coffee	a	college	student	drinks	is	2.4	cups,	with	a	
standard	devia=on	of	0.5	cups.	You	randomly	
select	35	college	students.	What	is	the	probability	
they	drink	more	than	3	cups	of	coffee	per	day?	
(Hint:	apply	the	Central	Limit	Theorem).		

Photo by Nathan Dumlao on Unsplash 



Exit	Ques=on)	You	plan	to	survey	students	on	how	
many	books	they	read	in	a	year,	by	taking	three	
different	samples	of	30	students	each.	Below	are	
the	averages	of	each	sample.	(a)	Find	the	mean	of	
the	sampling	distribu=on	and	(b)	Assuming	the	
standard	devia=on	is	0.8	books,	find	the	sampling	
error	of	the	mean.	
μ₁	=	5	
μ₂	=	8	
μ₃	=	2	


