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Chapter 3 – Descriptive Statistics 
Numerical Summaries 

 

Section 3.1     Measures of Central Tendency 
 
Please Note: The Mean, Median, Variance, Standard Deviation, 
and 5-number summary will be computed using the calculator 
TI 83/84. 
 

1.    Mean (Also called the Arithmetic Mean) 
 

The mean of a data set is the sum of the observations divided by 
the number of observations. 
 

If the data are x1 , x 2 , x 3 , …, x n  ,  then Mean = 
n

xxxx n ...321  

 Two Notations for the mean:(a) Sample mean: x  (read as x-bar) 
    (b) Population Mean:  (“Mu”) 

 

Thus x  =
n

x  where n = # of items in the sample data, and  

 = 
N

x  where N = size of the population. 

Note:  (sigma) is a Greek symbol that signifies summation. 
 

Example 1: Find the mean for this sample data: 
                       2, 3, 6, 7, 7, 8, 9, 9, 9, 10 
 

Solution: x  =
n

x  = 
10

10999877632  = 70/10 = 7 
 

Example 2: A sample of five families in Cucumber Town,  
          Iowa showed the following annual family incomes: 
             $17,500,  $23,000, $24,000, $26,000, $320,000 
 

Find the mean for this data. 

x  = 
n

x = 
5

32000026000240002300017500  = 410500/5 = $82,100 
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Extreme Value/Outlier: a data value that is too large or too small as 
compared to most of the data values.  Note: The Mean is 
influenced by outliers. 
 

2. Median (The median is the middle value of the data when the 
data has been arranged in ascending/descending order.) 

 
In Example 2 let us use the calculator to find the mean and 
median. 

 

Using TI-83/84:  Stat, EDIT, Choose 1 and enter the data in L1, then Stat and move 
the arrow to the right to  CALC, then choose 1: 1-Var Stats,  then hit Enter and do 
2nd and 1 to choose L1, hit Enter for the results, scroll down to get the median and 5-
number summary.  In this example, we only need the median. 
 

 
 

The calculator does not distinguish between the population 
mean   and the sample mean X  (every mean, population, or 
sample, is listed as X ).  Since in our example the data is for a 
sample the mean is $82100X  .    The median is $24000 
 
 

Example 3: Find the median for the data set 1 and data set 2. 
Data Set 1: 7, 2, 8, 5, 9, 4, 7, 8, 6 
Data Set 2: 7, 2, 8, 5, 9, 4, 8, 8  

Solution: The median for data set 1 is 7  
              The median for the data set 2 is 7.5 
 

Example 4: Find the median for the data in Example 2. 
 

Solution:   From the TI 83/84 the Median = $24,000. 
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Note: The median is not affected by extreme values. Thus in the 
presence of extreme values, the median may be a better indicator 
of the center.  In Example 2 the Median = $24000 is a better 
measure of the center.  The sample mean $82100X  is influenced by 
an extreme value(outlier) of $320000, there for the median is a better 
measurement for the center. 

 

3. Mode 

The most frequently occurring data value in a set of data is called 
the mode. That is, the mode is the value that occurs with the 
greatest frequency. 

 

Example 5. Find the mode for the given data: 
   2, 3, 3, 2, 2, 8, 7, 8, 7, 9, 8, 8 

Solution: Mode = 8 
 

Example 6. Find the mode for the given data: 
   2, 3, 3, 2, 2, 8, 7, 8, 7, 9, 8, 8, 2 

Solution: Mode = 2  and  8. 
Note: Such a distribution is called bimodal. 

 

 
Note: Mode can be used to summarize qualitative variables.   
 
 
Discuss the shapes of the distribution on page 84.  

 
 
 
Homework-Section 3.1  Online - MyStatLab 
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Section 3.2  Measures of Dispersion (Sample Standard Deviation) 
 
Range = Largest Value – Smallest Value 

 

Example 1: Given the two data sets below, find the range, mean,  
mode, and median. 

 

Data Set 1:  99, 91, 84, 84, 80, 80, 80, 76, 76, 69, 61 
Data Set 2:  99, 80, 80, 80, 80, 80, 80, 80, 80, 80, 61 
 
Soln:  For all of the data sets, Range = 99 – 61 = 38 and Mean=Median= 80 
 
Note: The range is based on only two of the items in the data set and 
thus is influenced too much by extreme values. 
 
 
Variance: Average Squared Deviation from the Mean 
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Standard Deviation = Variance  
Sample Standard Deviation = s = 2s   
Population Standard Deviation =  =  2  
 
If the computations are done by hand, first we compute the variance and 
then take the square root of the variance to get the standard deviation, 
for the population or sample. 
If using the calculator TI-83/84, first we get the standard deviation and 
then we square the standard deviation to get the variance, for a 
population or a sample. 
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The following example will help explain. 
Given the data 46, 54, 42, 46, 32. The mean () for this data is 44. 
Please note this is a population. 
 
Using TI-83/84:  Stat, EDIT, Choose 1 and enter the data in L1, then Stat and move 
the arrow to the right to  CALC, then choose 1: 1-Var Stats,  then hit Enter and do 
2nd and 1 to choose L1, hit Enter for the results. 
 

 
 
The calculator does not distinguish between the population mean   and the sample 
mean X  (every mean, population, or sample, is listed as X ).  Since in our example 
the data is for a population the mean is 44  . 
 
The calculator does distinguish between the population standard deviation   and 
the sample standard deviation S. It shows them as follows: population standard 
deviation x   and sample standard deviation Sx .  Since in our example the data is 
for a population, the standard deviation is 7.1554x   and the variance is 

 22
X 7.1554  =  51.2. (rounded to the first decimal).  Please note: X  means the 

standard deviation of the random variable X and is the same as   .   
 
Please note also, from the calculator, we get first   =7.1554 and then we 
square it to get the variance,  2 = 2

7.1554 =  51.2. (rounded to the first 

decimal) 
 

Example 2: Given the sample data 9, 11, 16, 14, 12, 12, 10, 9, 9 find the 
mean and standard deviation. 
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Using TI-83/84:  Stat, EDIT, Choose 1 and enter the data in L1, then Stat and move 
the arrow to the right to  CALC, then choose 1: 1-Var Stats,  then hit Enter and do 
2nd and 1 to choose L1, hit Enter for the results. 

 
Since in our example the data is for a sample the mean is 

11.33X   and the sample standard deviation is 
S 2.4495 . 

Sample variance is  22S 2.4495 6  . (rounded to an 

integer) 
 

 
The Empirical Rule (For Bell Shaped Distributions) 
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Example Using the Empirical Rule 
 

The mean IQ score of students enrolled at a certain University is 100 and the 
standard deviation is 16.  We draw a bell-shaped curve, with 100X   s =16 to help 
us answer the following question. 
 

 
 
(a) Determine the percentage of students who have IQ scores within 3 standard 

deviations of the mean according to the Empirical Rule.  
According to the Empirical Rule, approximately 99.7% of the IQ scores are 
within 3 standard deviations of the mean [that is, greater than or equal to 100-
3(16) = 52 and less than or equal to 100+3(16) = 148).   99.7% of the students 
have IQ between 52 and 148. 
 

(b) Determine the percentage of students who have IQ scores between 68 and 132 
according to the Empirical Rule. 
Since 68 percent is exactly 2 standard deviations below the mean [100-2(16) 
=68] and 132 is exactly 2 standard deviations above the mean [100+2(16) = 
132], the Empirical Rule tells us that approximately 95% of the IQ scores lie 
between 68 and 132. 
 

(c) Determine the percentage of students who have IQ scores between 84 and 132 
according to the Empirical Rule. 
Since between 84 and 100 percent is exactly 34% and between 100 and 132 is 
34% +13.5%=47.5%, the total percentage that has IQ scores between 84 and 
132 is, [34%+47.5% = 81.5%], 81.5%. 
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(d) Determine the percentage of students who have IQ scores less than 84 and 

greater than 116. 
Since between 84 and 116 is exactly 68%, the percentage outside this range is 
100% - 68% = 32%.  Another way to compute it: less than 84% is 
[13.5%+2.35%+0.15% = 16%] and greater than 116% is [13.5%+2.35%+0.15% 
= 16%], the total percentage that has IQ scores less than 84 and greater than 
116, [16%+16% = 32%], is 32%. 
 

(e) According to the Empirical Rule, what percentage of students have IQ scores 
above 132? 
Based on the Figure above, approximately 2.35%+0.15%=2.5% of students 
have IQ scores above 132. 

 
 
 
 

CHEBYSHEV’S THEOREM  

Based on 
2

1
1 %
K

  
 

 where K = number of standard deviations. 

At least 75% of the items must lie within two standard deviations of the mean; 

   2

1 1
100 1 100 1 % 0.75 % 75%

2 4
% % 100 1 .25 100        

   
     

At least 88.89% of the items must lie within three standard deviations of the mean; 

   2

1 1
100 1 100 1 % 0.889 % 88.9%

3 9
% % 100 1 .111 100        

   
     

At least 93.75% of the items must lie within four standard deviations of the mean. 

   2

1 1
100 1 100 1 % 0.9375 % 93.75%

4 16
% % 100 1 0.0625 100        

   
     

 
 
The CHEBYSHEV’S THEOREM applies to Non-bell shape 
distributions 
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Example Using Chebyshev’s THEOREM 
 

The average age of college students at graduation is 28 years with a 
standard deviation of 2.  Answer the following questions. 
 
 

(a) What percentage of the students graduate between the ages of 24 
and 32 years old? 
Since 24 is 2 standard deviations below the mean, [28-2(2)=28-
4=24], and 32 is 2 standard deviations above the mean, 
[28+2(2)=28+4=32], the percentage of students that graduate 
between the ages 24 and 32 years old is 75%. 
 

(b) What percentage of the students graduate between the ages of 20 
and 36 years old? 
Since 20 is 4 standard deviations below the mean, [28-4(2)=28-
8=20], and 32 is 4 standard deviations above the mean, 
[28+4(2)=28+8=36], the percentage of students that graduate 
between the ages 20 and 36 years old is 93.75%. 
 

(c) What is the age range such that 88.9% of the students graduating 
have an age in this range?  What is the range?  Since 88.9% is 
within 3 standard deviations, [28-3(2)=28-6=22  and 
28+3(2)=28+6=34] the range is 22 to 34 years old.  

 
 
 
 

Homework-Section 3.2  Online - MyStatLab 
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Section 3.4    Measures of Position and Outliers 
 

Z-score = x X

s

     where       s   is the sample s.d. 

Z-score = x 

     where           is the population s.d. 

 
The Z-score for any data item is referred to as its standardized value. It can be 
interpreted as a measure of the relative location of an item in the data. 
 
Example 5:    If the Z-score of a data value is Z=2, the data value is  

2 standard deviations above the sample mean. 
 
 

Homework problem 2 (Chapters 3.4 and 3.5-Find X from the Z-
score) 

 
 
 
Homework problem 4 (Chapters 3.4 and 3.5) (Comparing Z-scores) 
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Measure of Position 
Interpret Percentiles: Recall that the median divides the lower 50% of a set of 
data from the upper 50%.  The median is a special case of a general concept called 
the percentile.  
Definition: The kth percentile, denoted kP by a set of data is a value such that k 
percent of the observations are less than or equal to the value. 
 
Quartiles: It is often desired to divide a data set into four parts with 
each part containing one-fourth(25%) of the data. 

Q1(First Quartile)= 25% percentile 
Q 2 (Second Quartile)= 50% percentile 
Q 3 (Third Quartile)= 75% percentile 

 
 

Example 2: Given the data below, find Q1=25th, Q 2 =50th, and Q 3 =75th 
percentiles using the TI 83/84 calculator. 
 

26, 4, 5, 20, 6, 12, 15, 15, 15, 8, 9, 10, 14, 18, 16, 17 
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Using TI-83/84:  Stat, EDIT, Choose 1 and enter the data in L1, then Stat and move 
the arrow to the right to  CALC, then choose 1: 1-Var Stats,  then hit Enter and do 
2nd and 1 to choose L1, hit Enter for the results, scroll down to get the median and 5-
number summary.   

For the data given in Example 2, find the first, 
second, and third quartiles.    
 
Soln.   Q1 or 25P = 8.5,     Q 2  or 50P = 14.5,  
and Q 3  or 75P = 16.5 
 

Interpretation: 25% of the values lie at 8.5 or below.  50% of the values lie at 
14.5 or below.  75% of the values lie at 16.5 or below. 
 

 
 
 
Homework-Section 3.4 and 3.5  Online - MyStatLab 

 
 
Section 3.5  The Five Number Summary and Boxplots 
 

The Interquartile Range  (IQR):      IQR = Q 3  - Q 1  
Note: The IQR gives the range of the middle 50% of the observations. 
 

The Five-Number Summary 
 

The five-number summary of a data set: Min,  Q1,  Q 2 ,  Q 3 , and Max.  
The IQR together with the 5-number summary is used to build a Boxplot 
to detect outliers. We will use the TI 83/84 to build a Boxplot.  
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From the Boxplot we can also decide the shape of the data set; skewed 
left, right, or symmetric? 
 
Note: When the Median is close to Q1the distribution is Skewed Right. 

  When the Median is closed to Q 3 the distribution is Skewed Left. 
 When the Median is in the middle of the Box the distribution is          
Symmetric. 
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Homework problem 7 (Chapters 3.4 and 3.5) 

 
 
Stat, 1:Edit, and then enter the data in L1. 
2nd  and  Y  to access the STATPLOT, Choose 1 for Plot 1, put the cursor on “ON” 
and enter to turn on Plot 1, move the arrow down, and choose the 1st boxplot on the 
second row (newer calculators the graphs are in one row), then move the cursor to the 
XList: and do 2nd and 1 to choose L1, Freq: 1, Mark: chose a symbol to represent the 
outliers if there are any, then hit Zoom and chose #9, the hit Trace and move the 
arrow to the right to identify the 5-number summary and outliers.  
 

 
 
Homework-Section 3.4 and 3.5  Online - MyStatLab 


