Representing Scientific Data

Decide what story you want to tell.  In our situation, there are a couple of possible stories.

1. Is there a relationship between length and width of mussel shells?

2. What is the size distribution of mussels?  (i.e., How many of different sizes are there?)

3. Are mussel populations A and B different from one another?

Once you decide on your story, figure out what is the best way to tell it.

· Scatterplots are graphs with a bunch of single data points on them.  Each point represents the measurements for a single individual.  Scatterplots are used when you have two different types of measurements for the same sample and you think there is a relationship between them.  For example, in #1 above, your two measurements would be length and width, so you would plot these together with length on the x-axis and width on the y-axis.  Each mussel would be a single dot.  NEVER connect the dots with a line.  If you use a line, you will find the best fit straight line or curve (this is usually a regression analysis).  The line only helps you to see what kind of mathematical equation could be used to describe your data.
· Bar graphs (in Excel called column graphs) are graphs with bars.  Each bar represents a single measurement (e.g., length or width) for a whole group of individuals.  Often these are used to compare some measurement between populations.  For example, in #3 above, you might produce a histogram that had two bars, one with the average length of mussels for population A and one bar showing the average length of mussels in population B.  NEVER make a bar graph where each bar represents only one individual.  
Bar graphs called histograms are used to represent abundances in different classes.  The y-axis in frequency histograms is some measure of abundance like proportion, percentage, or just total numbers.  For example, in #2 above, you might want to use a histogram where the x-axis represents size classes like <1cm, 1-2cm, 2-3cm, 3-4cm, 4-5cm, 5-6cm, etc. and the y-axis is “number of mussels”.  Frequency histograms are sort of like a picture of the statistical values, mean and standard deviation (see below for explanations).
· Pie charts are rarely used in science and commonly misused by students.  Pie charts are only used when you are dealing with subgroups divided into percentages that total 100%.  In our example, the only way we could use a pie chart would be in place of the frequency histogram.  You could represent what percentage of the population was <1cm, what percentage was 1-2cm, etc.  Obviously the total has to be 100% because every mussel has a length.
Summarizing Data with Statistics

Using bar graphs:

If the story you want to tell is that population A is different from population B, it does no good to list the measurements of every single individual in each population. Looking at hundreds of numbers is too confusing.  So instead, we summarize the data with statistics.  You are very familiar with the concept of average, or mean.  To find the mean, you add up all the values and divide by the number of individuals.  To do this in Excel, type:
=average(a1:a33)

*a1 and a33 represent the first and last cells in your data group

However, the mean doesn’t tell the whole story.  For example, imagine you took the following measurements from Populations A & B:

	Population A
	Population B

	6.4
	4.75

	2.1
	4.75

	8.9
	4.75

	1.4
	4.75

	9.1
	4.75

	2.6
	4.75

	3.3
	4.75

	0.9
	4.75

	5.6
	4.75

	7.2
	4.75


Just because these two populations have the same means, does that mean there is no difference between them?  What makes them different is how spread out the data are.  The most commonly used measure of data spread is the standard deviation – how much the individual data points deviate from the mean.  The bigger the standard deviation, the more spread out the data are.  In Population B, you can see that none of the individuals deviate from the mean, so the standard deviation in this population is 0.  I won’t make you learn the formula for standard deviation (you’ll learn it in statistics), but I do want you to be able to calculate it in Excel and understand what it means.  In Excel type:
=stdev(a1:a33)

Let’s use the following data to examine what standard deviation means and how to represent it.

Sample 1





Sample 2

	Pop. A
	Pop. B

	3.2
	1.2

	2.5
	2.5

	4.8
	3.6

	4.1
	4.1

	2.9
	2.5

	5.1
	1.6

	3.8
	1.9

	3.6
	2.3

	4.4
	2.2

	4.7
	5.1

	3.91
	2.70

	0.86
	1.21

	 Pop. A
	Pop. B

	4.3
	2.4

	3.8
	2.5

	3.2
	3.3

	4.4
	2.9

	4.1
	2.5

	3.5
	2.6

	4.2
	2.6

	3.8
	2.6

	3.6
	2.7

	4.2
	2.9

	3.91
	2.70

	0.39
	0.27


mean =

 

st.dev.=                                 
One way to graphically represent these data is through a frequency histogram.  You partition off the measured values into groups.  In this case, we’ll use 1-2, 2-3, 3-4, 4-5, 5-6.  All individuals that have a value between 1 and 2 will be put into the first category.  Frequency histograms for these data look like:
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You can see that there is a lot more overlap between Populations A & B in Sample 1 than in Sample 2.  Even though the means are the same between the samples, the populations in Sample 1 have larger standard deviations, more spread of the data, which means greater overlap between the populations.

The more common way to represent standard deviation on a graph is by using error bars.  In the figures below, the bar height goes up to the mean value for each population and the error bars extend one standard deviation above the mean and one standard deviation below the mean.  In other words, for Population A in Sample 1, the column goes up to the height of 3.91 because that is the mean of the population.  The standard deviation bars extend up to 4.77 (mean + standard deviation, 3.91 + 0.86) and down to 3.05 (mean - standard deviation, 3.91 - 0.86).
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In Sample 1, the error bars overlap with each other.  This tells us that the populations have individuals that vary a lot from the mean.  If you were to find an individual that had a value of 3.5, there would be a good chance it could be from either population A or B.  However, in Figure 2, the error bars do not overlap.  In this scenario if you found an individual with a value of 3.5, it would almost certainly have to be from population A.  In Figure 2, these populations are significantly different from one another.  (You will learn in statistics a more precise way of determining “significance”, but for our use, this will work.)

To create a bar graph with error bars, follow the directions below exactly.  If you don’t get what you should, you didn’t follow the directions!
1.  Organize your data in the following way in Excel:

	
	mean
	st dev

	Pop A
	3.91
	0.86

	Pop B
	2.70
	1.21


2.  Using your cursor, highlight only the first six cells on the left.
	
	mean
	st dev

	Pop A
	3.91
	0.86

	Pop B
	2.70
	1.21


3.  On the toolbar, click on the “Insert” tab and then on “column”.  Choose “clustered column” (the one in the 
upper left corner).
4.  Delete the legend and chart title by right clicking on them and choosing “Delete”.
5.  Add axis titles by choosing the “Layout” tab and then “Axis Titles” in the “Labels” window.

6.  To add the error bars, stay in the “Layout” tab and under the “Analysis” window, choose “Error Bars” and 
then “More error bar options”.
7.  When the dialog box opens up, choose the “Both”, “Cap”, and “Custom” bubbles.  Click on “Specify Values” 
next to the “Custom” bubble.

8.  When the small box pops up, put your cursor in the “Positive Error Value” box, erase what is in it, and then 
highlight the two cells with your standard deviations in them.
	
	mean
	st dev

	Pop A
	3.91
	0.86

	Pop B
	2.70
	1.21


9.  Do the same thing in 8 for the “Negative Error Value” box and then select “OK” and “Close”.
Using scatterplots:
Scatterplots are often used when you have two measured variables for the same individuals, like length and width, and you want to see if those two variables relate to each other.  This is different than trying to see if two populations or samples are different from one another.  A scatter plot should be a bunch of single data points.  Absolutely DO NOT connect the dots!
If you want to put a line on the graph to make the trend more clear, you use a regression line.  This is a line that is the best fit to the data.  The best fit line is the one that has as many of the data points as close to it as possible.
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In this figure, drawing the regression line is easy because the dots make a straight line.  When you draw the line, every data point will be on it.  This means that the data points do not deviate from the regression line.  This is the best possible fit and means there is a strong relationship between your two variables.  These data have a regression value (R2) of 1.  The lower the R2 value, the less of a relationship there is between your variables.

Very few biological measurements will produce a graph like this.  You are more likely to find data that look like:
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Again, I’m not going to make you know how to calculate the R2 value, but I want you to know how to get it in Excel and what it means.  The R2 value is a lot like standard deviation.  It represents the average deviation of points from the line.  Each point is measured for how far away from the line it is and those measurements are used to calculate R2.  The further away they are, the greater your data deviate from the mean line, the smaller the relationship is between your two variables.  

Ultimately R2 is about variability.  It tells you how much of the variation in your dependent variable (y-axis) can be explained by the variation in your independent variable (x-axis).  In the data on the above left, the variation in length explains 96.6% of the variation in weight.  On the right, the variation in length explains only 2.9% of the variation in weight.  Other factors, such as diet, temperature, genetics, etc., must therefore contribute much more to the differences in individuals’ weight.

To add a line and R2 value to your scatterplot, follow the directions below.
1.  Organize your data in two columns with the dependent variable (x-axis data) in the left and the independent 
(y) in the right.  Use column headings.

2.  Highlight both columns and select the “Insert” tab and then on “Scatter”.  Choose the simple scatterplot 
without any lines.

3.  Delete the legend (if necessary) and chart title by right clicking on them and choosing “Delete”.

4.  Add axis titles by choosing the “Layout” tab and then “Axis Titles” in the “Labels” window.
5.  To add the trendline, stay in the “Layout” tab and under the “Analysis” window, choose “Trendline” and 
“More trendline options”.

6.  Click the “Linear” bubble and check the box that says “Display R2 value on chart”.  Then click “Close”.
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