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    Statisticians in the Pharmaceutical Industry


Headache Workshop

Workshop exploring statistical issues in clinical trials

Worksheet
Target audience: A-level maths/statistics students

Key Topics: Gathering Data, Collating results, Regression to the mean, randomisation, bias and experimental design
Headache Workshop:  Regression to the Mean – Part 1 
1) Imagine that you are a doctor. You are excited because you have just heard about a new medicine that is supposed to stop people from getting headaches. You decide to do an experiment on your patients to see if the medicine really works. You go to work and four patients come to you to tell you that they keep getting headaches. You ask each patient how many headaches they had in the last week. 

· For each patient, throw the dice. The number you get is the number of headaches the patient has had in the last week. Record the number of headaches each patient had in the first row of the table

	
	Patient 1
	Patient 2
	Patient 3
	Patient 4

	Number of headaches the patient has had in the last week
	
	
	
	

	Did the patient get the new medicine? 
	
	
	
	

	Number of headaches the patient has during the week they took the medicine
	
	
	
	

	Has the number of headaches improved? 
	
	
	
	


2) You decide that if a patient has had 5 or 6 headaches in the last week that you will give them the new medicine, and ask them to come back next week.  

· In the second row of the table record which patients were given the medicine 

[If none of your patients were given the medicine, ask one of your friends in the class if you can help them for the next bit]

3) One week later your patients who got the medicine come back. You ask them how many headaches they have had since they started taking the medicine. 

· For each patient that had the medicine, throw the dice. The number you get is the number of headaches they have had in the week since they started taking the medicine. Record this in the third row of the table

· You decide that if the patient had fewer headaches in the week that they took the medicine, the medicine worked for them. For each patient that took the medicine, record whether the medicine worked in the fourth row of the table. 

4) Combine your results with everyone else in the class. 

· How many patients were there altogether? …………… patients

· How many patients were given the medicine? …………. patients

· How many patients did the medicine work for?  ………….patients

5) From the information you have recorded, do you think that the new medicine is a good treatment for headaches? Why? 

…………………………………………………………………………………

………………………………………………………………………………….

6) Can you think of any problems with the way the experiment was set up? 

…………………………………………………………………………………

………………………………………………………………………………….

Headache Workshop:  Regression to the Mean – Part 2
1) A friend has heard about your experiment and points out that you do not know whether the patients for whom the medicine worked have fewer headaches because they took the treatment, or whether they would have had fewer headaches anyway even if you hadn’t given them the medicine. So you decide to do a new experiment. Again you are lucky because you go to work and four patients come to you to tell you that they keep getting headaches. As before, you ask each patient how many headaches they had in the last week. 

· For each patient, throw the dice. The number you get is the number of headaches the patient has had in the last week. Record the number of headaches each patient had in the first row of the table

	
	Patient 1
	Patient 2
	Patient 3
	Patient 4

	Number of headaches the patient has had in the last week
	
	
	
	

	Did the patient get put in the experiment and given the tablets?
	
	
	
	

	What were the tablets made of? 
	
	
	
	

	Number of headaches the patient has during the week they took the medicine
	
	
	
	

	Has the number of headaches improved? 
	
	
	
	


2) You decide that if a patient has had 5 or 6  headaches in the last week that you will include them in the experiment  

· In the second row of the table record which patients were included in the experiment

[If none of your patients were included, ask one of your friends in the class if you can help them for the next bit]

3) This time you decide to give some of the patients tablets made of the new medicine, and some of the patients tablets made of sugar (which you would not expect to help them). To decide which patients get the medicine and which patients get the sugar, you will toss a coin for each patient in the experiment. 

· For each patient in the experiment, toss a coin. If you get a ‘head’ you will give the patient the tablets made of medicine. If you get a ‘tail’ you will give them the tablets made of sugar. In the third row of the table record which tablets the patients were given.

4) One week later the patients that were included in the experiment come to see you again. You ask them how many headaches they have had since they started taking the tablets. 

· For each patient in the experiment, throw the dice. The number you get is the number of headaches that patient has had in the week since they started taking the tablets. Record this in the fourth row of the table

· If the patient had fewer headaches since they started taking the tablets then you decide that the tablets worked (regardless of whether they were made of medicine or sugar). In the fifth row of the table, record whether the tablets worked. 

5) Combine your results with everyone else in the class. Complete the questions and table to show how many people who got the medicine and the sugar tablets had tablets that worked…

How many patients were there altogether?..............patients 

How many patients were included in the experiment? …………. patients

How many patients were given the tablets made of medicine? ………patients

How many patients were given the tablets made of sugar? …………patients

	What were the tablets made of?
	Did the tablets work?

	
	Yes
	No

	Medicine


	
	

	Sugar


	
	


6) From the information you have recorded, do you think that the results show that the new medicine is a good treatment for headaches? Why? 

…………………………………………………………………………………

7) Do you think that this second experiment is a better way to test how good the medicine is compared to the first experiment? Why? 

………………………………………………………………………………..

………………………………………………………………………………

8) Why do you think we used a coin to decide who got the medicine and who got the sugar?

………………………………………………………………………………….

9) Could the experiment be improved further? How?

……………………………………………………………………………….
CHI-SQUARE TEST WORKSHEET (OPTIONAL)
A chi-square test can be used to assess the statistical significance of differences in proportions between two groups of patients. We have a situation like this in our second headaches experiment. First, consider our null and alternative hypotheses:

Null Hypothesis H0: There is no difference in the proportion (or count) of patients whose headaches improved between the group that took medicine and the group that took sugar.

Alternative Hypothesis HA: There is a difference in the proportion (or count) of patients whose headaches improved between the group that took medicine and the group that took sugar.

At the end of our experiment, we will make a decision whether to accept that H0 is true, or whether to reject it in favour of HA. We will either make the right decision, or the wrong one, and will never be certain that we have made the right decision. However we can decide before we do the test how much risk of making a wrong decision we are prepared to accept. In scientific experiments, a frequently used level is a 5% risk of rejecting the null hypothesis based on the results of our experiment when in reality H0 is true. 

You may recall from your studies that a chi-square test proceeds by comparing the actual results obtained from our experiment with the results that we would have expected to see, were the null hypothesis true.

First, complete the table below with the results that the class got overall from the second experiment:

	What were the tablets made of?
	Did the tablets work?
	Total

	
	Yes
	No
	

	Medicine


	
	
	

	Sugar


	
	
	

	Total


	
	
	


The table you have completed is called a contingency table. A contingency table can be represented in mathematical notation as follows:

	
	1
	2
	Total

	1
	n11
	n12
	n1+

	2
	n21
	n22
	n2+

	Total
	n+1
	n+2
	N


Where nij=observed count in row i column j, ni+ is the total number of observations in row i, n+i is the total number of observations in column j and N is the total number of observations overall.

In order to perform a Chi-square test, we need to calculate the expected number of counts in each cell of the table, if H0 (that there is no difference in the counts) is true. The expected values can be represented by mij where mij=expected count in row i column j. 

mij=(ni+*n+j )/ N

Now work out what results you would have expected to get if the null hypothesis is true, i.e. there is no difference between the tablets made of sugar and the tablets made of medicine. 

	What were the tablets made of?
	Did the tablets work?

	
	Yes
	No

	Medicine


	m11=
	m12=



	Sugar


	m22=


	m22=


We can combine the results that we observed (first table) with the results we would have expected if H0 is true(second table) using a formula which calculates a test statistic called Pearson’s Chi-Square statistic:
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Now calculate Tp using your data :

Tp=

Lastly, we can compare our value of Tp to a Chi-Square distribution. We look at a Chi-square distribution based on (i-1)*(j-1) degrees of freedom (df). Since we have i=2 rows and j=2 columns we therefore look at a Chi-square distribution with 1 df.

At the beginning of the experiment, we decided to accept a 5% risk of making the wrong decision to reject H0 when it is in fact true. From the Chi-square distribution we can obtain a critical value that, when compared to our value of Tp, allows us to make a decision to either reject or accept H0.  For a Chi-square distribution with 1 degree of freedom, 5% of the distribution lies above a value of 3.84.

Now, compare your value of Tp with this critical value…..

If 3.84 < Tp  then from our experiment there is enough evidence to support our alternative hypothesis HA, and therefore reject H0. Our conclusion would be that there is a difference in the chance of improving the number of headaches between the tablets made of sugar and the tablets made of medicine.

However, if Tp < 3.84 then from our experiment there is insufficient evidence to reject H0. Our conclusion would be that there is no evidence of any difference between the tablets made of medicine and the tablets made of sugar with regard to improving the number of headaches. 

� EMBED Equation.3 ���
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