
Alexis plays in her school jazz band. Band members practice 
an average of 16.5 h per week, with a standard deviation of 
4.2 h. Alexis practices an average of 22 h per week.

Set up a normal distribution curve, to help estimate the 
percent of the band that, on average, practices a greater 
number of hours than Alexis.

Section 5.5 Z-Scores

Example 1

But this is just an estimate!  How can we find an exact answer?

• Each normal distribution curve has its own mean, µ, and 
standard deviation, σ. 

• Because different populations have different means and 
standard deviations, their curves will not be exactly the same 
but all normal distribution curves are bell-shaped.

• To compare different normal distribution curves we must 
standardize the normal distribution.  This requires using         
Z-Scores!

Recall:  Facts about Normal Distribution Curves



The Z-Score

A standardized value that indicates the number of standard 
deviations of a data value above or below the mean. 
  

The greater the numerical value of the z-score, the farther it is 
from the mean. 

To determine the z-score we use the formula:

Then refer to the chart 
p.580-581 at the back of your 
book.  The z-score will give 
you a percent for the area 
under the curve, less than or 
equal to the data value.

Let's redo Alexis's problem.  Find the EXACT percent of the band that 
practices a greater number of hours than Alexis. 



It has a mean, µ = 0, and a standard deviation, σ = 1.

The Standard Normal Distribution Curve:

Note

Notice the z-score table goes from 2.99 to -2.99. That's 
because the normal distribution has been standardized!

The purpose of the z-score is to determine the number of 
standard deviations a data value is from the mean.

• A positive z-score means the value is to the right or 
above the mean.

• A negative z-score means the value is to the left or below 
the mean.

• The total area under the standard normal distribution is 1. 



We standardize the normal curve to:

• talk about particular scores within a set of data

• tell other people about whether or not a score is above
    or below average

• indicate how far away a particular score is from the
    average

• compare scores from different sets of data and figure
   out which score is better



Example	1:	
IQ	tests	are	normally	distributed	with	a	mean	
of	100	and	a	standard	devia<on	of	15.	

a) Draw	the	normal	distribu<on	curve,	labeling	the	
mean	and	standard	devia<on.	What	percentage	of	
students	achieved	less	than	the	130	mark?	

100  115 130 145857055

34%34%

13.5%13.5%
2.35%2.35%0.15% 0.15%

There would be 97.5% of students achieving less than 130.



b) Draw	the	standard	normal	distribu<on	curve	and	
indicate	where	the	130	mark	is	found.

34%34%

13.5%13.5%
2.35%2.35%0.15% 0.15%

0 1 2 3-1-2-3



c) 	Using	the	z-score	formula	and	then	the	z-score	
table	(pg	580-581)	check	what	percentage	of	
students	achieved	less	than	the	130	mark?	
Was	there	any	difference	in	your	answers	from	(b)	and	(c)?	
Explain.

z = 130 - 100
15 
  = 2

0.9772 or 97.72%

Yes - my first calculation was 97.5% and using z-score I got 97.7%. 
The error can be attributed to rounding. The z-score uses more decimal 
places and is more accurate based on the normal distribution curve.

+ z-scores

- z-scores



d) 	Using	your	diagram	from	(a),	es<mate	the	percentage	
of	students	who	achieved	less	than	120.	

e) 	Using	your	diagram	from	(b),	the	z-score	formula	
and	the	z-score	table	determine	the	percentage	of	
students	who	achieved	less	than	120.		

f) Was	your	es<mate	reasonable	when	you	compared	it	
to	the	z-score?	

100  115 130 145857055

34%34%

13.5%13.5%
2.35%2.35%0.15% 0.15% 50% + 34% + 6% = 90%

34%34%

13.5%13.5%
2.35%2.35%0.15% 0.15%

0 1 2 3-1-2-3

z = 120 - 100
           15
   = 1.33

.9082  so about 91%

Yes! They were very close!!



g) Why	is	the	z-score	more	reliable	than	es<ma<ng	
using	standard	devia<on?	
The z-score has less rounding error!

h) 	What	percentage	of	students	achieved	more	than	120?

http://www.ltcconline.net/greenl/courses/201/probdist/zScore.htm

If approximately 91% achieved less 
than 120, than 100% - 91% or 9% 
achieved more than 120.

http://www.ltcconline.net/greenl/courses/201/probdist/zScore.htm


Example 2:
Two students competed in a nation-wide 
mathematics competition and received 
these scores.

Alma 70 Bruce 80

If µ = 66 and σ = 10, find their z-scores.
Alma:

= 70 - 66
       10
= 0.4

Bruce:

= 80 - 66
       10
= 1.4



Example 3:
On the math placement test at Memorial University 
of Newfoundland, the mean score was 62 and the 
standard deviation was 11. If Mark’s z-score was 0.8, 
what was his actual exam mark? 

0.8 = x - 62
           11

0.8 = x - 62
  1       11

x - 62 = 8.8
  + 62   + 62

x = 70.8

He scored 70.8

cross multiply!!



Example	4:
On	her	first	math	test,	Susan	scored	70%.	The	mean	class	
score	was	65%	with	a	standard	devia<on	of	4%.	On	her	
second	test	she	received	76%.	The	mean	class	score	was	73%	
with	a	standard	devia<on	of	10%.	

a) 	Without	performing	any	calcula<ons,	which	test	do	you	
think	she	did	beWer	on?



b) By	calcula<ng	2	separate	z-scores,	which	test	
did	Susan	perform	beWer	with	respect	to	the	
rest	of	her	class?

First test

z = 70 - 65
         4

   = 1.25

She did better than 89.44% 
of the class.

Second test

z = 76 - 73
         10

   = 0.30

She did better than 61.79% 
of the class.

With respect to the rest of her class Susan did 
better on the first test!



Example 6: Quality Control

Red candy hearts are packaged according to 
weight with a mean of 300 g and a standard 
deviation of 8 g. Packages with weights less 
than 290 g and more than 312 g are rejected 
by quality control workers.

a) If 50 000 packages are produced each day, 
how many packages would quality control expect 
to reject in a day?



minimum maximum

= 290 - 300
         8

= -10
     8

= -1.25

= 312 - 300
          8

= 12
    8

= 1.5



0 1 2-1-2-3 3-1.25 1.5

acceptableunacceptable unacceptable

z = 1.5

93.32% will weigh less than 312 g.
100% - 93.32% or 6.68% 
will weigh more than 312 g.

z = -1.25

10.56% will weigh less than 
290 g. 

0 1 2-1-2-3
0 1 2-1-2-3

so 6.68% + 10.56% or 17.24% are outside the limits.



If 50 000 packages are produced in a day:

17.24% of 50 000 are rejected
0.1724 x 50 000
8620

8 620 packages are rejected each day!



b) What advice would you give this company?

Adjustments to the packaging process MUST be 
made. 8620 packages are too many to reject!



Cars	are	undercoated	as	a	protec<on	against	rust.	A	car	
dealer	determines	the	mean	life	of	protec<on	is	65	months	
and	the	standard	devia<on	is	4.5	months.		

a) What	guarantee	should	the	dealer	give	so	that	fewer	
than	15%	of	the	customers	will	return	their	cars?	

Example 7: Warranties

0 1 2-1-2-3 3

15%

the z-score for 15% is -1.035

In months, this represents

(-1.035) = x - 65
                 4.5

(-1.035) = x - 65
      1           4.5

-4.6575 = x - 65
+ 65          + 65

60.3425 = x

The dealer should offer a 60 month warranty.



b) The	dealer	creates	a	fund,	based	on	the	guarantee,	
from	which	refunds	and	repairs	are	made.	It	is	
es<mated	that	about	2500	cars	will	be	undercoated	
annually.	The	average	repair	on	returned	cars	is	
about	$165.	How	much	money	should	be	placed	in	the	
fund	to	cover	customer	returns?	

If 15% of cars will be returned before 60 months:

15% of 2500 cars is
0.15 x 2500
375 cars

375 cars at $165 each is $61 875 to place in the fund 
to cover returns.



c)	 What	is	the	probability	that	an	undercoated	car,	
chosen	at	random,	will	be	returned	in	5	years?

5 years = 5 x 12 months = 60 months

= 60 - 65
      4.5

= -5
    4.5

= -1.11

so there is a 13.35% chance that a car will return in 5 years.



Page 292 - 293

1ab, 2ab, 3a, 4, 6ab, 7ab, 8,

9,10,13, 15, 16,17,18



0.1251

0.05

–1.1




