
Quartiles, Percentiles, and Z-Score 
Quartiles 
Quartiles divide a data set into quarters of equal size. The quartile is the line separating each quarter, so  

 25% of data will be below Q1 

 50% of data will be below Q2 

 75% of data will be below Q3 

Q2, the second quartile, is the same as the median.  

Percentiles 
Percentiles work in the same way, except they divide a data set into hundredths of equal size. For example, if you 

have 3000 data points each hundredth will contain 3000 ÷ 100 = 30 data points. The percentiles are lines 

separating these hundredths. For example,  

 22% of data will be below the 22nd percentile 

 50% of data will be below the 50th percentile 

 97% of data will be below the 97th percentile 

The 50th percentile is the same as the median (and Q2).  

𝑍-Scores 
For a population normal distribution we have a mean, 𝜇, and a standard deviation, 𝜎. The mean is also the median, 

so it is Q2 and the 50th percentile as well. So half of data points are below the mean, and half are above.  

If you want to compare a particular data point, let’s say 𝑥 = 75, with the mean, let’s say 𝜇 = 50, you only know that 

it is bigger than the mean by 25, and that it must be above the median, Q2, 50th percentile. You can’t know how this 

compares to other data values without knowing more about the data set.  

However, if you also know the standard deviation is 12.5, you can now say that the data value 𝑥 is two standard 

deviations (2 × 12.5) above the mean.  

The number +25 (the deviation of 𝑥) is unhelpful on its own, because it depends on the kind of data we’re 

measuring. The number +2.00 (the 𝑧-score of 𝑥) is awesome – it takes into account the kind of spread the data has, 

so we can use it to find the percentile. 

For a data value 𝑥, we have  

𝑧 =
𝑥 − 𝜇

𝜎
 

If 𝑥 > 𝜇 we get a positive 𝑧-score. If 𝑥 < 𝜇 we get a negative 𝑧-score. If 𝑥 = 𝜇 we get a 𝑧-score of 0. For samples 

(instead of populations), replace 𝜇 with �̅� and 𝜎 with 𝑠.  

Using 𝑍-Score 
Suppose you work for a company that manufactures micro-USB cables for cell phones. Each cable is advertised to be 

2m long. Your goal is to make sure that not too many are shorter than 2m.  



You take a sample of 100 cables from the assembly line and measure their lengths. Because machines aren’t perfect, 

some are too short and some are too long.  

After tossing your measurements into your favourite spreadsheet, you have the following results (measurements in 

metres):  

�̅� = 2.09 

𝑠 = 0.06 

Your company requires that at least 95% of cables meet the length requirement. Does your data show this to be 

true, or is there a problem?  

Find the 𝑧-score for 5% 
Because 95% must be at least 2.00m, we can allow for 5% to be less than 2.00m. Our 𝑧-score tables work by finding 

percentile, which is the percentage of data that is below a value, so we want to find the 5th percentile. Looking in the 

giant table o’ numbers we find that the 5th percentile, 0.05, corresponds to a 𝑧-score of about −1.64. This means 

that 1.64 standard deviations below the mean is the line between the bottom 5% and the top 95% of our data 

points:  

 

What is this specific measurement? We can calculate it using 

𝑥 = �̅� − 1.64𝑠 

= 2.09 − 1.64(0.06) 

= 2.09 − 0.0984 

= 1.9916 

The 5th percentile is 1.9916m. So, fewer than 95% of cables are 2.00m or longer.  



This is bad 
Your supervisor is unhappy. They want to be able to say that 95% of cables are at least the advertised length, and it 

looks like that’s not the case. How can we fix this?  

Option 1 – reduce the standard deviation 
If you leave the mean alone but can somehow reduce the standard deviation, you can meet your supervisor’s 

requirement. For machinery this is equivalent to making the manufacturing process more accurate. To get to 95% at 

2.00m and up we need 2.00m to be the 5th percentile:  

2.00 = 2.09 − 1.64𝑠 

−0.09 = −1.64𝑠 

−0.09

−1.64
= 𝑠 

0.054 =̇ 𝑠 

So reducing the standard deviation to 0.054m would accomplish your goal.  

In practice, making a machine more accurate is probably difficult! Maybe you should try something else…. 

Option 2 – increase the mean 
If you can’t make the standard deviation smaller, maybe you should cut all the cables a bit longer. Then the mean 

will shift and the percentiles will shift along with it.  

We want to choose a mean so that 1.64 standard deviations below the mean will be 2.00m. That means 

−1.64 =
2.00 − �̅�

0.06
 

(−1.64)(0.06) = 2.00 − �̅� 

−0.0984 = 2.00 − �̅� 

�̅� = 2.00 + 0.0984 

�̅� = 2.0984 

The machine is currently set to cut cables at 2.00m. We want the mean to be 2.0984m, which is  

2.0984 − 2.09 = 0.0084 

above the current mean. Set the machine for 2.0084m to make 2.00m the 5th percentile.  

Could we have calculated this before? 
Yes! When we first calculated the 5th percentile we saw that it was 1.9912m, which is 0.0084m too short. We can 

add that difference to the machine’s setting to get a new setting of 0.0084m. 

Another example 
Children grow at a predictable rate, and we monitor their size in comparison with what is typical for their age. 

Suppose you know that female toddlers that are 36 months old have a mean height of 95cm and a standard 

deviation of 3.9cm. A child you are examining has a height of 90cm, which is below the mean. What percentile is the 

child’s height in?  



We use the data to calculate a 𝑧-score, then convert to a percentile: 

𝑧 =
𝑥 − 𝜇

𝜎
 

𝑧 =
90 − 95

3.90
 

𝑧 = −
5

3.90
 

𝑧 =̇− 1.28 

Looking this up in a table we see the value 0.1003, which means the child’s height is in about the 10th percentile for 

her age. That means that about 90% of children her age are taller than her, and about 10% of children her age are 

shorter than her.  

(Interested in child development statistics? The values above are real. Check out the resources here: 

http://www.cpeg-gcep.net/content/who-growth-charts-canada) 

http://www.cpeg-gcep.net/content/who-growth-charts-canada

