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ODESSA – 2023
Topic 13. 2h Displaying data.
The choice of an appropriate graphical display will depend on the number of variables in the data set, the data type and the purpose of the graphical display.

Data result from making observations either on a single variable or simultaneously on two or more variables.

Variables in a statistical study can be classified as either categorical (qualitative) or numerical (quantitative). 
Numerical variables can be further classified into two types: 
· a numerical variable is discrete if its possible values correspond to isolated points.

· a numerical variable is continuous if its possible values form an entire interval.
One last thing to consider when selecting an appropriate graphical display is the purpose of the graphical display. 
For univariate data, the purpose is usually to show the data distribution. 

For bivariate numerical data, the purpose of a constructing a graphical display is usually to see if there is a relationship between the two variables that define the data set.

Bar Charts

A bar chart is a graphical display of categorical data. Each category in the frequency

distribution is represented by a bar or rectangle, and the display is constructed so that the area of each bar is proportional to the corresponding frequency or relative frequency.

To construct bar charts:
1. Draw a horizontal axis and write the category labels below the line at regularly spaced intervals.

2. Draw a vertical axis and label the scale using frequency.

3. Place a rectangular bar above each category label. The height is determined by the category’s frequency, and all bars should have the same width. 
The same set of steps are used to construct a comparative bar chart, but in a comparative bar chart each category will have a bar for each group.
Practice
The distribution summarizing student responses to the question “If you could make your university choice over, would you still choose to enroll at your current university?”
1. Definitely yes  0.60   2. Probably yes  0.25   3. Probably no  0.10  4. Definitely no  0.05.
Construct a bar chart for the response data.

Dotplot
A dotplot is a way to display numerical data.

To construct dotplot:
1. Draw a horizontal line and mark it with an measurement scale.

2. Locate each value in the data set along the measurement scale, and represent it by a dot. If there are two or more observations with the same value, stack the dots vertically. 
Practice
The student’ exam marks are:
3 5 4 2 5 4 3 3 2 4 3 4 3 5 4 3 2 4 3 5 5 3 4 3 2 4 4 3 4 3
Use this information to construct a dotplot for the exam marks data set.
Histogram
Histograms are displays that work well for larger numerical data set with continuous data. So the first step is to decide what intervals will be used to group the data. These intervals are called class intervals. In general, between 5 and 15 class intervals of the same width w are used depending on the number of observations. 
The width  w  is  w = R/k, where k, the number of class intervals, the range  R  is the difference between the largest value  xmax and smallest value  xmin  in the data set: 
R = xmax – xmin .
An observation falling on one of the interval boundaries should be placed in the interval of which the observation in question is the lower limit.
When the class intervals in a frequency distribution are all of equal width, to construct a histogram:
1. Mark the boundaries of the class intervals on a horizontal axis.

2. Use either frequency on the vertical axis.

3. Draw a rectangle for each class interval directly above that interval (so that the edges are at the class interval boundaries). The height of each rectangle is the frequency or relative frequency of the corresponding class interval.
Another way to graph the distribution of a data set is a frequency polygon.
To draw a frequency polygon, we first place a dot at the midpoint of the upper base of each rectangular bar. The points are connected with straight lines. At the ends, the points are connected to the midpoints of the previous and succeeding intervals (these are make-up intervals with zero frequency, where widths are the widths of the first and last intervals, respectively). 
Practice

Contents of calcium (mg%) in the blood serum 
	mg%
	9,0-10,0
	10,0-11,0
	11,0-12,0
	12,0-13,0
	13,0-14,0
	15,0-16,0

	m
	3
	6
	10
	15
	9
	4


Construct a histogram and draw a frequency polygon. 
Cumulative Frequency Graph and Percentiles

Cumulative relative frequency, or cumulative percentage v%, gives the percentage of measurements less than or equal to the upper boundary of the class interval.
To construct a graph, place a point with a horizontal axis marked at the upper class boundary and a vertical axis marked at the corresponding cumulative frequency.

Each point represents the cumulative relative frequency and the points are connected with straight lines. At the left end it is connected to the lower boundary of the first interval.
This type of curve is called a cumulative frequency graph. 
Practice
1. Frequency table “Systolic arterial pressure of 30 men”
	mm.Hg
	100-110
	110-120
	120-130
	130-140
	140-150
	150-160
	160-170

	m
	2
	3
	5
	8
	6
	4
	2


Find the cumulated relative frequencies and construct cumulative frequency graph.
Selecting Appropriate Numerical Summaries

Describing a numerical data set, it is common to report a value that describes where the data distribution is centered and a value that describes how spread out the data distribution is.
A measure of center provides information about what is “typical.”

A measure of spread provides information about how much individual values tend to differ from one another.

There is more than one way to measure center and spread in a data distribution. The

two most common choices are to use:

· the mean and standard deviation or

· the median and interquartile range. 
The key factor in deciding how to measure center and spread is the shape of the data

distribution. Because this decision is based on the shape of the distribution, the best place to start is with a graphical display of the data:
· If the shape of the data distribution is  approximately symmetric describe center and spread using mean and standard deviation.
[image: image1.emf]  [image: image2.emf]
· If the shape of the data distribution is  skewed or has outliers describe center and spread using median and interquartile range.
Finding the median, the quartiles  Q1, Q3  and the interquartile range.
The sample median is obtained by first ordering the n observations from smallest

to largest (with any repeated values included, so that every sample observation appears in the ordered list). 
The lower quartile  Q1  =   median of the lower half of the data set.
The upper quartile  Q3  =  median of the upper half of the data set.
If n is odd, the median of the entire data set is excluded from both halves when

calculating quartiles.

The interquartile range (iqr) is defined by iqr = Q3 - Q1.
Practice
Daily visit of the center of public health (20 workdays)
95, 72, 86, 90, 80, 77, 87, 71, 73, 82, 70, 98, 81,74, 89, 94, 71, 95, 84, 95, 82, 73, 79 

Determine mode, sample median, interquartile range.
Box Plots

To construct a boxplot you need the collection of measures:

1. Smallest observation in the data set.
2. Median: the sample median is the single middle value if n is odd or the average of the two middle values if n is even.
3. Lower quartile =   median of the lower half of the data set.
4. Upper quartile =  median of the upper half of the data set.
Remark: if n is odd, the median of the entire data set is excluded from both halves when

calculating quartiles.
5. Largest observation in the data set.
To construct a boxplot:
1. Draw a horizontal line and add an appropriate scale.

2. Draw a box above the line that extends from the lower quartile to the upper quartile.

3. Draw a line segment inside the box at the location of the median.

4. Draw two line segments, called whiskers, which extend from the box to the

smallest observation and from the box to the largest observation.

5. Extend line from the box in both directions to the points that are 1.5 times the length of the box, then all other data points outside this range are considered to be outliers or extreme observations that are not typical of the rest of the data.
[image: image3.emf]
Practice
The calorie contents (calories per 100 ml) for 20 brands of light beer were:

21, 33, 43, 28, 27, 34, 36, 31, 33, 42, 35, 29, 28, 33, 32, 31, 32, 49, 29, 34.
Construct a box plot.
