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Statistics:


Bar Graphs and Standard Error
URL: http://mathbench.umd.edu/modules/prob-stat_bargraph/page01.htm
Beyond the scatterplot 

In this module, we'll spice things up with some other kinds of graphs. Below are two graphs relating to fish food. 
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The one on the left is obviously a scatterplot. The one on the right is a bar graph -- it has, um, bars on it. But how do you know that you need to use a bargraph for your data? Here are the data tables for these two graphs: 

	Scatterplot
	Amount of Fish2Whale (g/day)

2

3

4

5

6

8

10

Growth (g/day)

0.1

0.12

0.14

0.14

0.17

0.17

0.17



	vs.
	

	Barchart
	Type of fishfood

Budget fude

Ball- Mart

Fish-o-matic

Fish2Whale

Growth (g/day)

0.05

0.06

0.07

0.15




What is the essential difference between these two data tables? If you said, the first datatable is all numbers, but the second datatable has some stuff that is not numbers, then you are correct. " Some stuff that is not numbers" is known in the mathematical world as "non-quantitative data". The word "quantitative" means able to be quantified or counted. In other words, a number. "Nonquantitative data" is also called "qualitative data." In this case, "qualitative" means data that you can qualify, or describe, but not count. 
Quantitative data can be put on a quantitative axis, but qualitative data can't. You just can't type of fish food into units of tens or fifties or hundreds. So, I have four categories in this data table, and the best I can do is simply list each category on x-axis. 

Practice with quantitative and qualitative. 

In each case below, decide whether the data presented is qualitative or quantitative. 

Scatter or Bars?

	Questions
	Answers

	You do an experiment in which you measure growth of fish depending on the percentage of protein in their diet.
	Percent protein can be measured in numbers, therefore use a scatterplot

	You compare average growth of three different species of fish, all of which are fed 3 grams of Fish2Whale per day.
	"Species" is not quantifiable, therefore you need a barchart.

	You take 20 fish and measure their nose-to-tail length. You then feed each fish 1.5 grams/day of Fish2Whale for the first week and 2 grams/day for the second week. At the end of the experiment, you measure each fish's final nose-to-tail length.
	You need to compare final to initial length, both of which can be measured with numbers. Therefore, use a scatterplot.

	You start with 30 fish, which you classify as "healthy", "unhealthy" or "dying", and feed each group a mixture of Fish-O-Matic and Ballmart fish food. At the end of 2 weeks, you measure the weight of each fish.
	The categories "healthy", "unhealthy", and "dying" are qualitative, so use a barchart.

	You start with 6 tanks (1 week old, 2 weeks old, 3 weeks old, etc) and measure how long, on average, the fish in each tank spend eating in minutes per day.
	You can measure fish age in weeks, so use a scatterplot.

	You start with 3 tanks (newly hatched, juvenile, and adult fish) and measure how long, on average, the fish in each tank spend eating eating in minutes per day.
	Your age categories are not measured using numbers, so you must use a barchart.


Here is a rule of thumb: if your x-axis contains qualitative data, you must use some sort of bargraph. If you're x-axis contains quantitative data, you will usually use some kind of scatter plot or line plot -- unless you have only a very few data points. 

How to make a bar chart. 

Since you already know how to make a scatterplot, making bar chart will be a lot easier. Here is a comparison: 

	For a Scatterplot
	For a barchart

	Choose x and y
	Same!

	Label x, y and top
	Same! (except x usually has no units

	Decide minimums and maximums
	Only for y

	Decide distance for ticks
	Only for y

	Make a legend
	Same

	Add data
	Make rectangles, not dots


How to make a fancier bar chart 

We're not even going to practice making bar charts, but we'll go right on to adding bells and whistles. 

Remember that your boss wants you to show that Fish2Whale is better than the competitor brands (Budget Fude, Ballmart, and Fish-O-Matic). On the first screen, I showed one possible graph:
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To make this graph, your boss started with 4 equal-size fish and fed one type of food to each fish. Although the results are certainly promising (the Fish2Whale fish ended up considerably bigger than the other 3 fish) it is far from being a slam-dunk.

Most importantly, your boss only tested each food on a single fish. As we discussed in the module on the Normal Distribution, virtually all scientific experiments involve some level of natural variability. Some fish are naturally larger, stronger, happier, whatever... and they grow faster. 

So what you need to do is repeat -- or more impressively, to "replicate" -- your treatements using several similar fish.
Time passes.
Fish grow.
Finally the results of your experiment are ready... good news for the company. Here is your datatable, and a possible graph: 

	Fish # 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Brand 
	BF
	BF
	BF
	Bmart
	Bmart
	Bmart
	F-O-M
	F-O-M
	F-O-M
	F2W
	F2W
	F2W

	Final Length (mm) 
	16
	17
	18
	14
	17
	20
	12
	17
	22
	19
	22
	25
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Hmm, this graph is kinda funny looking. Other than a criminal use of gradient fills, what did your boss do wrong? 
Drawing 12 big rectangles seems like a little bit of overkill. Maybe there is a way to summarize the data? 
What we really want to know is, what was the AVERAGE growth for each type of fishfood, right? So let's try taking some averages. Now our datatable looks like this: 

	Fish #
	1 to 3
	4 to 6
	7 to 9 
	10 to 12 

	Brand
	BF
	BMart
	F-O-M
	F2W !!

	AVERAGE Final Length (mm) 
	17
	17
	17
	22


And your new, improved graph looks like this: 
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Info lost and found 

I think we can agree that the summarized barchart is more elegant than the unsummarized one. But unfortunately, we lost some information when we summarized (averaged) the data. You can no longer look at the graph and get any sense of how much growth varied. 

If you look at the graph below, you can see that one brands produced very CONSISTENT growth rates, and one brand produced very VARIABLE growth rates. That is, one brand showed high variability, one showed low variability, and two showed medium levels. 
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The standard deviation (SD), which we talked about in module 2, is one way to measure how consistent or variable a result is. Recall that a small standard deviation would mean the normal distribution is skinny and tall, and most of the measurements (final fish sizes) are about the same. A big standard deviation would mean the normal distribution is wide and low, and the measurements (final fish sizes) are all over the place. 

Unfortunately, SD is a bit tricky to calculate, not to mention time-consuming and frustrating. What we're going to do instead is the AVERAGE deviation, which is a good approximation of the standard deviation.

Say you have 10 fish, with an average length of 100. The first fish actually measures 91 mm, so that one DEVIATES from the average by 9 mm. The second one measures 105 mm, so that one DEVIATES by 5 mm (notice it doesn't matter whether the deviation is above or below average). If you find all 10 deviations AND THEN AVERAGE THEM, you will get the average deviation.

	Fish-O-Matic had the highest variability of any of the four brands. What is the approximate standard deviation of growth for this brand?

Fish # 

7 

8 

9 

Brand 

F-O-M 

F-O-M 

F-O-M 

Final Length (mm) 

12 

17 

22 

· Use average deviation : Remember that the Standard Deviation is almost the same as the AVERAGE deviation -- how far on average a given fish deviates from the average final length. 

· The average final length: (12 + 17 + 22)/3 = 17 mm. 

· The deviation for fish #7: Fish #7 deviates by (17-12)= 5 mm. 

· The average deviation : The three fish deviate by 5, 0, and 5 mm. Take the average of these deviations to get... 

I think I have the answer: 10/3 = 3.33 mm 


This is very similar to the formula for the standard deviation, except the SD has some squares and square roots tossed in that make it play nicely with other statistics. 
The actual standard deviation is a bit larger than the average deviation -- in this case 5 mm rather than 3.33. Below is a table of each brand, the average growth, and the standard deviation:

	Fish #
	1 to 3
	4 to 6
	7 to 9 
	10 to 12 

	Brand
	BF
	BM
	FOM
	F2W !!

	AVERAGE Growth (mg/day) 
	17
	17
	17
	22

	Standard Deviation of Growth (mg/day) 
	1
	3
	5
	3


Assuming that 

· growth of fish is normally distributed (it should be, since many factors contribute), and 

· that we have accurately measured the mean and standard deviation of growth for each type of fish food, 

then the distributions of actual growth should look like this: 
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But the summarized version of our barchart loses all of this information. 

Error bars 

So the question is, how can we average the data but still keep enough information to get a good sense of what the unsummarized data looked like? This is where statistics comes to the rescue. In fact, there is even more than one way to do this in statistics. I'll show you one method on this page, and a second method later. 

The First Way: Say you want to know how much the data varied. For example, the company buying Fish2Whale might simply want to know the range of fish sizes they can reasonably expect after 4 weeks. In this case you would use the standard deviation of final fish size. 

As you saw on the last screen, the "standard deviation" is calculated with a slightly different formula than the "average deviation". However, you can use the average deviation formula to get a general idea of the SD, and you can calculate the SD automatically by using a graphing calculator or a spreadsheet. 

Once you know the mean and standard deviation of the data, you can make your bar chart. You need to label, range, scale, and fill in your axes as usual. HOWEVER, when you determine the maximum values for your axes, make sure to consider the average PLUS 1 SD. 
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Finally you make bars for each average value and add "error bars" for each standard error. The "error bars" are not rectangles, but vertical lines with a little cross bar at the top and bottom. The line starts at the top of the rectangle and the length of the line represents the size of the standard deviation (in other words, the line stops at mean + standard deviation). You can optionally do the same thing heading down as well, as shown on the graph above. 

Practice with error bars 

If you have any uncertainty as to how to make a bar chart with error bars, here is a set of data to practice with,
Question: how does final size differ among male and female fish? 

	The data in this column is summarized in the table to the right.

fish # 

sex 

size 

1

female 

18 

2

female 

18 

3

female 

21 

4

female 

23 

5

male 

8 

6

male 

10 

7

male 

10 

8

male 

12 


	 

male

female

average

20
10
Average deviation 

2
1
What is the largest value for y needed? 22 
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Another way to add info: the standard error 

Graphs using standard deviation (SD) tell you what a big population of fish would look like -- whether their sizes would be all uniform, or somewhat raggedy, or totally raggedy. Sometimes, though, you don't really care what a population looks like, you just want to know, did a treatment (like Fish2Whale instead of other competing brands) make a difference on average? In that case you measure a bunch of fish because you're trying to get a really good estimate of the average effect, despite whatever raggediness might be present in the populations. 

Let's say your company decides to go all out to prove that Fish2Whale really is better than the competition. They convert a supply closet into an acquarium, hatch 400 fish, and tell you to do a HUGE experiment. The whole idea of the HUGE experiment is to get a really accurate measurement of the effect of Fish2Whale, despite the natural differences such as temperature, light, initial size of fish, solar flares, and ESP phenomena. The return on their investment? Really small error bars. 

But how do you get small error bars? Just using 400 fish WON'T give you a smaller SD. A huge population will be just as "ragged" as a small population. Instead, you need to use a quantity called the "standard error", or SE, which is the same as the standard deviation DIVIDED BY the square root of the sample size. Since you fed 100 fish with Fish2Whale, you get to divide the standard deviation of each result by 10 (i.e., the square root of 100). Likewise with each of the other 3 brands. So your reward for all that work is that your error bars are much smaller:
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Why should you care about small error bars? Well, as a rule of thumb, if the SE error bars for the 2 treatments do not overlap, then you have shown that the treatment made a difference. So, in order to show that Fish2Whale really is better than the competitors, NOT ONLY does the mean growth need to be higher, but (mean minus SE) for Fish2Whale must be bigger than (mean plus SE) for the other brands. In other words, the error bars shouldn't overlap. It's a little easier to see on a graph: 
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No overlap means the 2 treatments really had different effects (on average). If there is overlap, then the two treatments did NOT have different effects (on average). The good news is, you already know how to make this kind of graph. Just use the SE instead of SD and you're good. 

The same graph both ways 

If you get confused between standard deviation and standard error, here are some suggestions:

1. Standard deviation is about how far members of the population deviate from the average. It is a characteristic of the population, so it doesn't depend on how many members you sample (except that if you only sample a few members, you won't get a good estimate of SD).

If you are trying to describe variability in a population, you probably want to use standard deviation. 

2. Standard error is about how much error you, as an experimenter, cannot rule out from your results. SE falls steadily as you sample more and more members of the population. No matter how "ragged" the population is, some TRUE mean exists, and SE tells you how accurately you can measure this true mean.

If you are trying to support or reject a hypothesis -- in other words, when you are reporting on the results of an experiment -- you will most likely be using Standard Error for your error bars . 

Which graph will be more useful for each question below?

	The Budget Fude people take exception to your results, and carry out a ginormous experiment in an Olympic-size swimming pool divided in half, containing 10,000 fish. They claim that under the right temperature conditions, Budget Fude is superior to Fish2Whale. Are they interested in SD or SE? 
	The University wants to choose a brand of fishfood to feed their fish during experminents on critical temperature limits. It is important that the brand they choose produces fish that are as similar as possible. Are they interested in SD or SE?
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Review

	For a scatterplot 
	For a barchart

	Choose x and y 
	same!

	Label x, y, and top 
	same! (except x usually has no "units") 

	Decide minimums and maximums 
	only for y -- and include the error bars 

	Decide distance for ticks 
	only for y 

	Make a legend 
	same

	Add data! 
	make rectangles, not dots 


SD vs. SE

	SD
	SE

	How far members of the population deviate from the average 
	How far off your estimate of the mean is  

	Quantifies the population 
	Quantifies your experiment 

	Does NOT depend on sample size 
	DOES depend on sample size (a lot!) 

	Use to characterize the population 
	Use to test your results 


