
Section 7.1  Collecting & Graphing Data 
 
Statistics is a relatively new branch of mathematics beginning in the seventeenth century and Spearheaded by an 
Englishman named John Graunt.  
 
You will need to know how to make and interpret all of the following types of graphs. 
 

BAR GRAPHS 

The table below lists the responses of 40 teachers to a proposal to begin and end the school day one-half hour earlier. 

Teachers' responses are classified into one of three categories: favor (F); oppose (O); or no opinion (N). 

       
 

Some types of bar graphs have two bars for each category and are called double-bar graphs, while others have three 

bars for each category and are called triple-bar graphs. Below is a triple-bar graph that has four categories of age 

groups and compares the percentages of black children, Hispanic children, and white children who have not seen a 

physician in the past year.
* 

 

 
 
 
 

1. What is the difference between the 

percent of Hispanic children and the 

percent of white children aged 15 to 17 

who have not seen a physician in the 

past year? 

2. What percent of black children aged 10 

to 14 years visited a physician in the 

past year? 

3. Was there a greater difference in the 

percents of black children and white 

children who did not visit a physician 

during the past year in the age group of 

5 to 9 or the age group of 10 to 14? 

 



PIE GRAPHS 

A pie graph (circle graph) is another way to summarize data visually. A disk (pie) is used to represent the whole, and its 

pie slice–shaped sectors represent the parts in proportion to the whole. Consider, for example, the data from the bar 

graph for teacher proposals on the previous pages. A total of 40 responses are classified into three categories: 18 in 

favor, 14 opposed, and 8 with no opinion. These categories represent fractions of the total responses. To determine the 

central angles for the sectors of a pie graph, we multiply each of these fractions by 360°. 

 
 
 

 

The pie graph for this data is constructed by first drawing a circle and making three sectors, using the central angles. 

Then each sector is labeled so that the viewer can easily interpret the results. 

 

 

 

 

 

 

 

 

 

 

PICTOGRAPHS 

A pictograph is similar to a bar graph. The individual figures or icons that are used each represent the same value. For 

example, each stick figure in the pictograph represents 10,000 juveniles (persons under 18 years of age).
*
 Notice how 

easily you can see increases and decreases in the numbers of juveniles for the given years. 

 

The number of juveniles arrested for drug abuse 

in each of the years given is rounded to the 

nearest 10,000. 

1. How many fewer juveniles, to the nearest 

10,000, were arrested for drug abuse in 1990 

than in 2000? 

2. To the nearest 10,000, what was the total 

number of juveniles arrested for drug abuse in 

1990 through 1995? 

3. Were there more juveniles arrested in the 4-year 

period from 1995 through 1998 or the 4-year 

period from 2004 through 2007? 

 



LINE PLOTS 

The table below shows the countries that won one or more gold medals at the 2008 Summer Olympics in Beijing, China. 

Some information can be spotted quickly from the table, such as determining the countries that won large numbers of gold 

medals, but details such as comparing the numbers of countries that won one, two, or three gold medals are more time-

consuming. 

To assist in analyzing and viewing the data in the table, make a line plot below. A line plot is formed by drawing a line, 

marking categories and recording data by placing a mark such as a dot or an X above the line for each value of the data. 

 

 

 

 

 

 

STEM-AND-LEAF PLOTS 

A stem-and-leaf plot is a quick numerical method of providing a visual summary of data where each data value is split 

into a leaf (usually the last digit) and a stem (the other digits). As the name indicates, this method suggests the stems of 

plants and their leaves. Consider the following test scores for a class of 26 students: 

 

 

 

 

 

 

 

 



HISTOGRAMS 

When data fall naturally into a few categories, as in the previous examples, they can be illustrated by bar graphs or pie 

graphs. However, data are often spread over a wide range with many different values. In this case it is convenient to 

group the data in intervals. 

The following list shows the gestation periods in days for 24 species of animals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Since there are many different gestation periods, we 

group them in intervals. The intervals should be non-

overlapping, and their number is arbitrary but usually 

a number from 5 to 15. One method of determining 

the length of each interval is to first compute the 

difference between the highest and lowest values, 

which is 498 − 15 = 483. Then select the desired 

number of intervals and determine the width of the 

interval. If we select 5 as the number of intervals, 

then  483 ÷ 5 = 96.6 

and we may choose 100 (because of its 

convenience) as the width of each interval.  Then we 

make a frequency table and a histogram from the 

table. 

 

 

 

 

 



LINE GRAPHS 

Another method of presenting data visually is the line graph. A line graph is a sequence of points connected by line 

segments and is often used to show changes over a period of time. For example, the line graph below shows the increase 

in the U.S. population from 1800 to 2020 at 20-year intervals with an estimate for 2020 of 332 million people. 

 

SCATTER PLOTS 

Consider the following table, which records the heights and corresponding shoe sizes of 17 fourth-grade to eighth-grade 

boys. It is difficult to see any patterns or relationships between the heights and shoe sizes from this information. 

 

 

 

 

 

 

 

     

 

 

Trend Lines A straight line can be drawn from the lower left to the upper right that approximates the points of the graph. 

A line that approximates the location of the points of a scatter plot is called a trend line or a line of best fit. One method 

of locating a trend line is to place a line so that it approximates the location of the points and there are about the same 

number of points of the graph above the line as below. Use your trend line to predict the height of a boy with a shoe 

size of 8. 

Use the line graph to answer these 

questions. 

1. What was the approximate population 

increase from 1880 to 1920? 

 

2. Compare the population change for the 

period from 1800 to 1900 to the 

population change from 1980 to 2020. 

Which period had the greater increase 

in population? 

 

 



Some scatter plots, such as the one the left below, may show no correlation between the data. Or, if the trend line goes 

from lower left to upper right, as in the middle diagram, there is a positive correlation and the slope of line is positive. If 

the trend line goes from upper left to lower right, as in the one on the right, there is a negative correlation and the slope 

of line is negative.   

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Section 7.2  Describing & Analyzing Data 
 

MEASURES OF CENTRAL TENDENCY 

An important source of data, especially for children, comes from conducting surveys (gathering of a sample of data or 

opinions), and this should begin in the early grades. Questions of interest to children, such as the amount of time spent 

watching television or the most popular soda pop, can lead to the design of a survey of their class, families, friends, etc., 

for gathering data. There are three types of numbers that approximate the center of a set of data: the mean (also called 

the average), the median, and the mode. Such numbers are called measures of central tendency. 

The mean of a set of data is the sum of all measurements divided by the total number of measurements.   
The Median is the middle number when the data is in order from least to greatest. The mode is the number that occurs 
the most often. The range is the difference between the largest and smallest number. 

 

When several numbers occur most frequently, a set of data will have more than one mode. If there are two modes the 

data is called bimodal; if there are three modes, it is called trimodal; and if there are four or more modes we say the 

data is multimodal. If there is no mode, we say no mode. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.  Find the mean of the deaths. 

2.  Find the median of the magnitudes. 

3.  Find the mode of the magnitudes. 

4.  Find the range of the deaths. 



BOX-AND-WHISKER PLOTS 

An application of the median is found in the formation of a visual diagram called a box-and-whisker plot, or more briefly, 

a box plot. For this type of plot, the data are divided into four parts with approximately the same amount of data in each 

part. First, the median is used to divide the data into a lower part and an upper part, and then each of these parts is 

separated into two parts by their medians. 

Let’s illustrate this with an example.  12 people were asked how many coins they had in their pockets and here is the data 

that was collected:  15, 29, 1, 19, 3, 3, 11, 8, 21, 21, 14, 7. To make a box and whisker plot, you need to make a five 

number summary. The three middle points are then connected and a box is made from them.  Then the last two points 

connect to the box.     

Low _______ 

High _______ 

Q1 _______ 

Median _______ 

Q3 _______ 

Interpretation… 

 

 

Use the box plot above to determine if there are any outliers. 

 

 

 

Let's consider another example. The salaries here are shown in thousands of dollars (that is, 22 represents 22,000, etc.), 

and the median and quartiles have been marked. These are the salaries of a small company’s employees.  Check if there 

are any outliers. 

 

Interquartile Range We have seen that the 

box in the box-and-whisker plot has special 

significance, as it represents approximately 50 

percent of the data. The length of the box that is 

the difference between the upper quartile and 

the lower quartile is called the interquartile 

range. For example, the box plot to the 

left  shows that the interquartile range for the 

history test scores is 85 − 69 = 16. 

The interquartile range is used for determining 

which values of the data, if any, are significantly 

larger or smaller than the other data values. If a 

value of the data is more than 1.5 times the 

interquartile range above the upper quartile or 

below the lower quartile, the value is considered 

to be an outlier. 

 



Mean Deviation 
The mean deviation (also called the mean absolute deviation) is the mean of the absolute deviations of a set of data 

about the data's mean. The steps to find the mean deviation are listed below. It is usually calculated with a table. 

1. Determine the mean. 

2. Find the difference between each value of data and the mean. 

3. Change all of the differences in step 2 to a positive number. 

4. Find the average of all of the values from step 3. 

Find the mean deviation for each set below. 

Set A—1,2,3,3,3,3,3,3,4,5                   Set B—1,1,1,1,2,4,5,5,5,5 

 

 

 

 

 

 

Standard Deviation 
The standard deviation of a set of data is the average distance a number in the set of data is from the mean.  This 

measure of variation is much more helpful than the measures of central tendency because it tells you how the data is 

spread out.  We use a table and a formula to calculate the standard deviation. 
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Two sets of data and their means are given below. Inspect the sets 
of data and predict which set has the smaller standard deviation. 
Compute the standard deviation for both sets of data. 

Set A: 18, 19, 20, 20, 26, 28, 30  mean = 23 

Set B:  0, 1, 10, 20, 20, 50, 60     mean = 23 

 

        

         

 



Section 7.3 Sampling & Predictions 
 

SAMPLING 

A sample is a collection of people or objects chosen to represent a larger collection of people or objects, called 

the population. For example, when a national poll of 1873 people is used to determine the popularity of a television 

program, the 1873 people form the sample and all television watchers in the country are the population. 

 

SKEWED AND SYMMETRIC DISTRIBUTIONS 

The graph of a set of data provides a visual way of illustrating the distribution of the data, that is, how the data are 

clustered together, isolated from each other, or spread out. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

For example, the graph to the right shows that 

about 97 families have no children, about 105 

families have 1 child, etc. The most common 

number of children per family (the mode) is 2. 

Graphs that show the data piled up at one end 

of the scale and tapering off toward the other 

end are called skewed. The direction of 

skewness is determined by the longer “tail” of 

the distribution. The graph to the right is said to 

be skewed to the right (positively skewed). 

 

 

Similarly, a graph may have data 

piled up at the right with the “tail” 

extending to the left. This type of 

graph is said to be skewed to the 

left (negatively skewed). It 

shows the numbers of teachers in 

a large school district who drive 

cars built in the years from 1995 

to 2010; the greatest number of 

teachers have cars that were built 

in recent years. The mode in this 

example is the year 2006. 

 



A distribution of data in which measurements at equal distances from the center of the distribution occur with the same 

frequency is said to be symmetric. A symmetric distribution and two skewed distributions are shown below. The graph 

shows the relative positions of the mean, median, and mode for these distributions. Notice that in a symmetric distribution 

the mean, median, and mode are all equal. 

 

 

School test results sometimes produce skewed graphs, especially if the test is too difficult or too easy for the students. 

Determine the types of distributions of test scores that will occur in each of the following cases. 

1. A test designed for fifth-graders is given to second-graders. 

2. A test designed for fifth-graders is given to fifth-graders. 

3. A test designed for fifth-graders is given to eighth-graders. 

 

 

 

 

NORMAL DISTRIBUTIONS 

As the number of values in a set of data increases and the width of the intervals for the grouped data (width of bars) on 

the histogram becomes smaller, the shape of the top of the histogram approaches a smooth curve. Thus, in graphing 

large sets of data, it is customary to approximate a histogram by a smooth curve. 

 



 The Empirical Rule 
  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A smooth symmetric bell-shaped 

curve, such as the curve shown 

in Figure 7.34, is called a normal 

curve, and the distribution of its 

data is called a normal 

distribution. Normal 

distributions have certain 

important properties. About 68 

percent of the values are within 1 

standard deviation of the mean; 

about 95 percent are within 2 

standard deviations of the mean; 

and about 99.7 percent fall within 

3 standard deviations of the 

mean. The remaining percent is 

evenly divided above and below 

3 standard deviations. These 

approximate percents hold for 

any normal distribution, 

regardless of the mean or the 

size of the standard deviation.  

The following graph, showing the 

distribution of the heights of 8585 men, 

is an approximation to a nearly normal 

distribution. The mean is approximately 

68 inches (5 feet 8 inches), and the 

standard deviation is approximately 3 

inches. 

1. How many of these men are 

between 5 feet 5 inches and 5 feet 

11 inches tall? 

 

2. How many men are between 5 feet 

2 inches and 6 feet 2 inches tall? 

 

3. How many men are less than 5 feet 

2 inches tall? 

 

 



MEASURES OF RELATIVE STANDING 

We often wish to determine the relative standing of one measurement in a given set of data, that is, to compare one value 

with the distribution of all values. This is especially important in analyzing test results. The mean is one common measure 

of relative standing. If the mean of some test scores is 70 and a student has a score of 85, then we know the student 

has done better than average. However, this information does not tell us how many students scored higher than 70 or 

whether 85 was the highest score on the test. 

Z Scores Suppose you wish to compare performances on two different tests. One popular method of determining 

relative standing is to compute the number of standard deviations that a person's test score is from the mean. 

z Score The z score for a measurement x is denoted by  𝑧 =
𝑥−�̅�

𝜎
   where  is the mean and σ is the standard 

deviation for the set of data. 

Three students each took a different test, and these three tests had different means and standard deviations. The results 

are listed below. Which student had the best relative performance and which had the worst? 

 Student 1 scored 82 on test 1. The mean on this test was 78.5, and the standard deviation was 2.3. 

 Student 2 scored 55 on test 2. The mean on this test was 48.2, and the standard deviation was 4.3. 

 Student 3 scored 392 on test 3. The mean on this test was 460, and the standard deviation was 85. 

 

 

 

 

Using z Scores for Predictions Almost all z scores are between 
−
3 and

+
3, and most z scores are between 

−
2 and 

+
2. 

Thus, since few measurements are more than 2 standard deviations from the mean, we will define such measurements to 

be rare events. 

 

In a certain school system, the mean annual salary for male teachers with more than 20 years of teaching experience was 

$47,320 with a standard deviation of $2540. A female teacher with more than 20 years of teaching experience and an 

annual salary of $42,000 filed a grievance procedure, claiming that her salary was low due to sex discrimination. Is there 

evidence to support her claim? 

 


