Experiments to Learn about the accuracy of Biological Data
Aims: 

· To understand how confidence in results depends on a number of factors?

· Measuring errors 
· Sample size

· Differences in result findings

· Variability in data.  (deviations in the data)

Experiment 1  -  How Accurately can we measure?

Apparatus
10ml measuring cylinder

10ml graduated pipette

10 ml syringe

1 small beaker (100ml)

1 pipette filler

Method

1. Precisely put 10cm3 of water into a measuring cylinder
2. Use a graduated pipette to remove 10cm3 of the water and put it into a small beaker.
3. Use a 10ml syringe to put the water back into the measuring cylinder.

Results & conclusion

What is the volume of water in the measuring cylinder ?

What is the order of precision of each piece of equipment?

What is the measuring error of each piece of equipment?

Experiment 2  -  How many results do you need?

Apparatus

A paper bag containing red and white beans.  50 in total.

The exact number of red and white beans is unknown.
Method
Take a handful of beans out of the bag & count how many red and white beans you have
Repeat the experiment – but this time take two beans at a time.

Results

Taking a handful of beans each time.

	Sample number
	Number of red beans
	Mean red beans
	Number of white beans
	Mean white beans
	Estimated Total Red beans

(Average? %?)
	Estimated total White beans

(Average? %?)

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	

	7
	
	
	
	
	
	


Taking two beans at a time.

	Sample number
	Number of red beans
	Mean red beans
	Number of white beans
	Mean white beans
	Estimated Total Red beans

(Average? %?)
	Estimated total White beans

(Average? %?)

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	

	7
	
	
	
	
	
	


MEAN and Standard deviation
The Standard deviation is a useful statistic to give some idea about the variability of a mean.

It can only  be used with a mean.

Use a calculator to calculate standard deviation from the second data.

	HANDFULS of BEANS experiment
	Number of red beans
	Mean red beans
	Number of white beans
	Mean white beans
	Estimated Total Red beans

(Average? %?)
	Estimated total White beans

(Average? %?)

	TOTAL
	
	
	
	
	
	

	Standard Deviation
	
	
	
	
	
	


	TWO BEANS experiment
	Number of red beans
	Mean red beans
	Number of white beans
	Mean white beans
	Estimated Total Red beans

(Average? %?)
	Estimated total White beans

(Average? %?)

	TOTAL
	
	
	
	
	
	

	Standard Deviation
	
	
	
	
	
	


Conclusion
What did you notice about the SAMPLE SIZE and the reliability of conclusions?

What did you notice about the standard deviation of each data set?

How many standard deviations give the spread including 68% of you data?

What does 2 standard deviations show?

CONFIDENCE INTERVALS

If you have a bag (which you cannot see into) containing 30 sweets that could

be either orange or white, then the number of orange sweets in the bag at the

start could lie between nought and 30. The confidence interval (CI) for the

number of orange sweets is 0-30.

If you drew a handful of sweets out of the bag and there are four orange and

two white sweets in your hand then you know that there were at least four

orange sweets at the start and no more than 28 – i.e., there were 30 sweets to

begin with and you now know that at least two were white. So the CI for the

number of orange sweets there were at the start is now 4-28.

If you grab another handful of sweets (without replacing the first handful) and

pull out three orange and six white sweets, then the CI for the number of

orange sweets in the bag at the start is 7-22. The next selection contains three

orange and five white sweets, giving a CI of 10-17 for the number of orange

sweets at the start. The selection after that contains just four orange sweets,

giving a CI of 14-17. When the last three sweets are drawn out two are orange

and one is white. So you can conclude that there were 16 orange sweets at the

start. As the total number of sweets drawn out gets larger, so the CIs get

shorter. This example calculates absolute CIs – at every stage one can be

absolutely sure that the real number of orange sweets lies somewhere

between the two confidence limits.

Adapted from Critical Appraisal Skills Programme, Cochrane Consumer (UK). Consumers commenting
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