
Engineering L2 – Maths for Engineers – Analysing Data
1 of 19 - Welcome
Welcome to this session on analysing data.

In this session we will be covering:
· Interpret a range of graphs and charts
· Calculate a mean
· Express numbers as fractions, decimals and percentages
2 of 19 - Analysing data
Engineers encounter data from many sources in their jobs. Data may come from:
· Results of experiments
· Information from suppliers
· Outcomes of computer modelling
· Other people’s research
No matter where it comes from, most data is usually received in what is known as raw form, that is data that has not been processed. Just like materials need processing to be used effectively, data also needs to be analysed and processed in order to get the most from it. Engineers may need to know which materials are best suited for a product, how a new part is performing or whether a product will be safe for consumers to use. Whatever they need to know, the right analysis of data will help them to overcome the challenge. 
3 of 19 – Types of data
There are many different types of data, which can be represented in various ways. You will see that data can be more than one type.
· Discrete data - data based on numbers that can only represent certain values, such as the number of children in a family or shoe sizes in a shop

· Continuous data - data based on numbers that can take any value within a given range, such as patient temperature or an athlete’s time to run 100m

· Primary data - data that has been collected from the original source for an explicit purpose, such as a survey of shoppers carried out by the supermarket to find their favourite soup

· Secondary data - data that is not originally collected at source, such as using information collected by other people
· Ungrouped data - data initially gathered from an experiment or study, also known as raw data, as it hasn’t been sorted into categories or classified
· Grouped data - data that has been bundled together in categories such as that shown on histograms
4 of 19 – Finding the average
When working with data, it is usually helpful to find the most representative information from amongst the complete set. This is usually represented by the average. 
There are actually three types of commonly used averages when analysing data. They are:
· The mean – the actual middle of the data, whether a data point exists there or not. To find the mean, add up the total of all the values and divide it by the number of data points you have. The answer you get will be the mean.
· The median – the data point that is in the middle of the data. To find the median, arrange the data into numerical order and count inwards from the largest and smallest values. The median will be the number you reach last. 
· The mode – the data point that appears the most often. To find the mode, put the data into groups of alike values. The mode is the group with the most values in it.
5 of 19 – Practising finding the mean
The mean is the average that you will use most often. As a reminder, to find the mean, add up the total of all the values and divide it by the number of data points you have. The answer you get will be the mean.

Below are some examples of data sets. Here you can see the working out of how to get the mean.
	Data set
	Working out
	Mean

	2, 6, 7, 1, 9
	2 + 6 + 7 + 1 + 9 = 25
	There are 5 numbers so 25 / 5 = 5     
	The mean is 5

	4, 15, 6, 20
	4 + 15 + 6 + 20 = 45
	There are 4 numbers so 45 / 4 = 11.25
	The mean is 11.25

	62, 64, 61, 63, 66
	62 + 64 + 61 + 63 + 66 = 316      
	There are 5 numbers so 316 / 5 = 63.2
	The mean is 63.2



6 of 19 - Practising finding the mode and median
Although you will use the mean most, you will find it helpful to also know how to calculate the mode and the median.  Below are some examples of data sets showing the mode.

	Data set
	Mode

	1, 6, 9, 5, 4, 2, 5
	Mode is 5

	2, 6, 7, 6, 5, 5, 6
	Mode is 6

	4, 6, 2, 9, 1, 9, 9
	Mode is 9



The median is the number that is in the middle when you arrange the data in order, so you might find it helps you to write down the numbers of each data set in order with a pen and paper so you can easily see which is in the middle. Below are some examples of data sets, it shows how the working out has been done to get the median. 
	Data set
	In order
	Median

	7, 2, 4, 3, 5, 6, 1
	1, 2, 3, 4, 5, 6, 7
	Median is 4

	5, 36, 11, 35, 23, 42, 9
	5, 9, 11, 23, 35, 36, 42
	Median is 23

	42, 35, 23, 29, 37, 25, 49
	23, 25, 29, 35, 37, 42, 49
	Median is 35


7 of 19 – Dealing with outliers
The mean is the most commonly used type of average, because it represents the actual middle point of the data. However, if the data contains a very high or very low value that is not consistent with the rest of the data then it can affect the mean and make it less useful. We call these very high or low values outliers.
When analysing data to find the mean, it will sometimes give more useful results if these outliers are removed from the data set before the calculation of the mean takes place.  
For example, consider a large company with ten employees, where the person in charge has a large salary and the other nine earn far less.
The salaries could be £12,000, £12,200, £12,500, £13,000, £13,200, £13,400, £13,700, £14,000, £14,100 and £60,000. 
The average salary here would be £178,100/10 = £17,810 which is far more than any of the nine lower paid employees earn and much less than the manager earns. However, if you remove the outlier, the sum becomes £118,100/9 = £13,122.22 which is a number easily within the range of salaries of the other employees.
8 of 19 – Graphs and charts
One of the most common ways of presenting information visually is to create a graph or chart out of it. We use graphs and charts to demonstrate trends, patterns and relationships. There are many types of graphs and charts, and each are suited to different sorts of data. 
Charts are tables, diagrams or pictures that organize large amounts of data in a clear and concise way. People use charts to interpret current data and make predictions. 
Graphs are more visual, focus on raw data and can show trends over time.
In this session we will look at a few of the most common graph and chart types.
9 of 19 – Bar graphs or charts
Bar graphs or charts are used to compare data by representing it in the heights or lengths of the bars. The bars can be laid out vertically or horizontally but must be evenly spaced. Bar graphs must include several key elements such as the title of graph, usually what the graph is showing, i.e., favourite colours. labels such as blue, yellow, green etc. and a scale, which identifies how many people like that colour. 
10 of 19 – Histograms
A histogram is slightly different from a bar graph although it looks very similar. A histogram groups numbers into ranges concerned with the same subject - here it shows the heights of trees broken into 5 feet intervals - rather than having different categories for each bar.
The height of each bar shows how many trees fall into each height grouping, so you can see which is the most common and, unlike a bar graph, the bars are drawn touching each other. This shows that the data comes from a continuous range.
11 of 19 – Scatter graphs
A scatter graph is a graph that shows connections between two sets of numbers, one set plotted horizontally along the x axis and one set vertically on the y axis. There may be a connection between these two sets of information. 
The scatter graph on the right shows the connection or correlation between the temperature on specific days and sales of ice cream. You can see that as the temperature rises, the number of ice cream sales also rise.
We call this positive correlation; as one value rises, the other rises too, so there is a broad line-up of points from the bottom left to top right.
12 of 19 – Types of correlation
There are different types of correlation. Some connections might show negative correlation where one of the values rises and the other falls, for example more exercise sessions for a runner would lead to less recovery time needed after a run. 
Some connections are strong, very close to a line drawn through the points on the graph and some are weak (or moderate) where the basic line can still be seen, but the connections are looser.
Where points are more randomly spread, we say there is no correlation.
The lines on these diagrams are known as a line of best fit and they can be used to estimate results from a given set of data, as they represent the average results for that set of data.
13 of 19 – Fractions, decimals, and percentages
Sometimes when analysing data, you will need to show how much a figure is in relation to another figure, such as how many results from a total data set failed or produced higher-than-expected results. 
There are three ways to easily represent a part of a whole:
· Fraction – ½ - how many parts you have divided by how many parts there are in total
· Decimal – 0.5 – how many tenths of the total you have, with additional decimal places showing hundredths, thousandths and so on
· Percentage – 50% - how many you would have if the total number of parts was one hundred
These methods can easily be converted from one to another.
14 of 19 – Converting fractions, decimals and percentages
Fractions, decimals and percentages can all be converted into one another by performing simple sums. 
· To convert a fraction to a decimal, simply complete the sum that the fraction is showing. So, to find out what ½ is as a decimal, divide 1 by 2 to get 0.5. 
· To convert a decimal to a percentage, simply multiply it by 100 and add a percentage sign. So, to find out what 0.5 is as a percentage, multiply 0.5 by 100 and add the percentage symbol to get 50%.
· To convert a percentage to a decimal, simply divide it by 100. So, to find out what 50% is as a decimal, divide 50 by 100 to get 0.5. 
· To convert a fraction to a percentage, first turn it into a decimal by completing the sum it is showing, then multiply it by 100 and add the percentage symbol. So, to find out what ½ is as percentage, divide 1 by 2 to get 0.5 then multiply that by 100 and add the percentage symbol to get 50%.
· To convert a percentage to a fraction, put the number over 100 then see if you can simplify the fraction. So, to find out what 50% is as a fraction, put 50 over 100 to make 50/100, then simplify it by dividing the top and bottom by 50 to leave ½. 
· To convert a decimal to a fraction, first convert the decimal to a percentage by multiplying it by 100, then put it over 100 and see if you can simplify the fraction. So, to find out what 0.5 is as a fraction, multiply it by 100 to get 50, then put 50 over 100 to make 50/100, then simplify it by dividing the top and bottom by 50 to leave ½.
15 of 19 – Question 1
Indicate if the following statement is true or false.
In a histogram, the bars are drawn touching one another because the data is from a continuous range.
The correct answer is, true. 
16 of 19 – Question 2
What is 0.75 written as a percentage?
a) 75 / 100
b) 25%
c) 7.5%
d) 75%
The correct answer is d, 0.75 written as a percentage is 75%.
17 of 19 – Question 3
What is an outlier?

a) A value that is right in the middle of the data set
b) A very high or very low value that is not consistent with the rest of the data
c) The total range of the data from lowest to highest values
d) Any data point that has a higher value than the mean of the data set
The correct answer is b, An outlier is a very high or very low value that is not consistent with the rest of the data.
18 of 19 – Question 4
Match the types of data to the text that describes them.
	Type of data
	Description

	Discrete data
	Data that has been bundled together in categories

	Continuous data
	Data that is not originally collected at source

	Primary data
	Data based on numbers that can only represent certain values

	Secondary data
	Data that has been collected from the original source for an explicit purpose

	Ungrouped data
	Data based on numbers that can take any value within a given range

	Grouped data
	Data initially gathered from an experiment or study that hasn’t been sorted or classified



The correct answers are:
	Type of data
	Description

	Discrete data
	Data based on numbers that can only represent certain values

	Continuous data
	Data based on numbers that can take any value within a given range

	Primary data
	Data that has been collected from the original source for an explicit purpose

	Secondary data
	Data that is not originally collected at source

	Ungrouped data
	Data initially gathered from an experiment or study that hasn’t been sorted or classified

	Grouped data
	Data that has been bundled together in categories



19 of 19 – End
Well done. You have completed this session on analysing data.

In this session we have covered:
· Interpret a range of graphs and charts
· Calculate a mean
· Express numbers as fractions, decimals and percentages

If you are unsure or have any questions about any of these topics, make a note and speak to your tutor for more help.

