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    Statisticians in the Pharmaceutical Industry


Headache Workshop

Workshop exploring statistical issues in clinical trials

Notes for Teachers

Target audience: A-level maths/statistics students

Key Topics: Gathering Data, Collating results, Regression to the mean, randomisation, bias and experimental design
INTRODUCTION
This workshop has been prepared by PSI (Statisticians in the Pharmaceutical Industry) to provide a practical example of applying statistics that can be used in the classroom with students at GCSE/A level. It illustrates some of the statistical considerations that arise in the development of new medicines (such as the importance of having a well controlled experiment and avoiding bias) and, for advanced students, an opportunity to perform a Chi-Square test on data that they have gathered. The phenomenon of ‘Regression to the Mean’ is also presented.

The workshop is geared towards a class of 20-30 students, but is easily adaptable to a larger or smaller group (by adjusting the number of ‘patients’ each student includes downwards or upwards accordingly). It takes approximately 45-60mins to run in one session, but could be split across two shorter sessions by breaking after the completion of Part 1.

The only equipment required are dice and coins, plus the worksheets that are provided in this package. A black/white board or flip chart for collating results would also be useful. 
Preparation time is around 15-30 mins depending on how familiar the teacher is with the principles that are covered. 

OBJECTIVES

· Students will participate in the collection and collating of data
· Students will be introduced to the concept of ‘Regression to the Mean’ along with some good principles of clinical trial design such as the use of controls and avoidance of bias

· Students will gain an initial understanding of how statistics is used to evaluate the results of clinical trials (comparing proportions, and for advanced students using a Chi Square test). 
DOING THE EXPERIMENT
Most of the ‘doing’ is self-explanatory by working through either the PowerPoint slides, or the worksheets if PowerPoint is not available. The teacher should familiarise themselves with this material prior to the session. Some additional exploratory notes follow and are identified with reference to the points on the worksheets:

Part 1: 

At 2) there will be some students who do not include any patients in the trial. It is best for the remainder that they pair up with someone who does have patients. 
At 3) this should only be done for patients that were included in the trial

At 4) everyone’s results need to be combined. The number of patients altogether will simply be 4 x the number of students in the class. The number of patients that were included in the trial and got the medicine, and the number of patients that got better, will be collected most easily by a tally, asking each student in turn to provide their information. The proportion or percentage of patients that got better (out of those that got the medicine) should be calculated. A flip chart/black/white board would be helpful and the teacher could either do this themselves, or seek the assistance of one of the students. A grid may be helpful, an example is presented below: 

	
	Tally
	Total
	Percent

	Number of patients who took medicine
	IIII  IIII  IIII IIII  IIII  IIII  IIII III
	38
	

	Number of patients that the medicine worked for
	IIII  IIII IIII  IIII  IIII  IIII I
	31
	100x 31/38=82%


At 5) it is likely that the proportion of patients for whom the medicine worked will be quite high. Therefore some students might think the medicine is a good treatment for headaches. Other students will want more information, such as whether the headaches were less severe, or whether the medicine was safe or had any side effects. There is no right or wrong answer, it is a subjective question.

At 6) there are lots of possible answers and many valid ones. Examples include:

· Did we try the medicine out on enough people? Should we have included more patients?

· Did we account for differences between the patients (e.g males/females, age, severity of the headaches? Maybe the medicine worked better in a particular group and not at all in another group.

· Bright students will observe that we didn’t actually give any medicine to anyone! And it certainly wouldn’t be expected to influence a roll of a dice! [Actually, this one is starting to get to the heart of the problem, if the medicine didn’t influence the results, what did? More of that later].

· Perhaps the most important one is that we don’t know what would have happened if no medicine had been given. The patients may well have got better anyway. [This leads us nicely in to part 2. If the students don’t pick up on this point, don’t raise it here, instead move on to part 2 and all should become clear].
Part 2: 

At 2) there will be some students who do not include any patients in the trial. It is best for the remainder that they pair up with someone who does have patients. 

At 3) students should only toss the coin for the patients that are to be included in the trial, writing ‘medicine’ for a head and ‘sugar’ for a tail,  and leaving the box blank if the patient was not included

At 4) again students should only do this for the patients that were included in the trial

At 5) everyone’s results need to be combined. The number of patients altogether will simply be 4 x the number of students in the class. The number of patients that were included in the trial, the number that got the medicine and that got sugar, and the number of patients that got better, will be collected most easily by a tally, asking each student in turn to provide their information. The proportion or percentage of patients that got better (out of those that got the medicine and those that got the sugar) should be calculated. A flip chart/black/white board would be helpful and the teacher could either do this themselves, or seek the assistance of one of the students. A grid may be helpful, an example is presented below: 

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

	
	Yes
	No
	

	Medicine
	IIII  IIII  IIII IIII  IIII II  (27)
	IIII IIII II  (12)
	39

	Sugar
	IIII  IIII  IIII IIII  IIII   (25)
	IIII  IIII    (10)   
	35


Proportion of patients who got medicine and it worked = 27/39= 69%

Proportion of patients who got sugar and it worked = 25/35= 71%
At 6) it is likely that the proportion of patients that got better will be similar for those who had medicine and those that had sugar, and therefore the students will conclude that the medicine is not any better than the sugar. 

At 7) the students might conclude that the second experiment is better as it shows you what would happen to patients who didn’t get the medicine as well as those who did. This is called including a ‘control group’ in the experiment and is an important feature of a well designed clinical trial. 

At 8) A coin was used so that the allocation of medicine and sugar to the patients was random. This is important to avoid bias, for example the doctor could have decided to choose which patient got which, and may have given the medicine to the patients that they liked most, or that they thought were most likely to improve on it. This might not seem a bad thing, but it would make the comparison between medicine and sugar unfair and could make the medicine look better even if it’s not.
At 9) this second experiment is better than the first for the reasons we have seen, however there are still lots of other things that we might want to consider in future experiments. Examples include:

· Did we try the medicine out on enough people? Should we have included more patients?

· Did we account for differences between the patients (e.g males/females, age, severity of the headaches? Maybe the medicine worked better in a particular group and not at all in another group.

· Did we run the trial for long enough? Should it have lasted longer than one week?

FURTHER THOUGHTS AND ADDITIONAL INFORMATION
1) Why did most of the patients get better, in both trials, even though no actual tablets (medicine or sugar!) were taken? 

· We only included patients in the trial that had the highest number of headaches (5 or 6). 

· If you threw a 5 or 6 the first time, it’s likely that (assuming the dice is fair) the results will be lower the second time round. 

· If you threw a dice an infinite number of times, the average of all the results would be 3.5

· Regression to the Mean is a phenomenon whereby values at the extremes of a distribution will tend towards the mean on repeated sampling. See Wikipedia for more information: http://en.wikipedia.org/wiki/Regression_to_the_mean
2) In the second experiment, is there a way to quantitatively assess whether the difference between the medicine and the sugar is meaningful? 

· Yes there is. A statistical hypothesis test can be used, and a basic test that might be used in this case is the Chi-Square test. There is a separate worksheet on this available for use by more advanced students. For further information on the Chi Square test see Wikipedia: http://en.wikipedia.org/wiki/Pearson%27s_chi-square_test
3) For more information on careers with statistics in the Pharmaceutical Industry please see the PSI Careers website: http://www.psiweb.org/newcareers/
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