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    Statisticians in the Pharmaceutical Industry


Helicopter Workshop

Workshop exploring statistical issues in clinical trials

Notes for Teachers

Target audience: GCSE and A-level maths/statistics students

Key Topics: Experimental design, including fractional factorial designs and clinical trial design.

INTRODUCTION
This workshop has been prepared by PSI (Statisticians in the Pharmaceutical Industry) to provide a practical example of applied statistics. It is suitable for use in the classroom with students aged between 14 and 18 years, and 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). For more advanced students, various graphical summaries and interpretations are provided, giving them a taste of some of the plots that ‘real-life’ statisticians would be using in the industry.

The workshop is geared towards a class of 20-30 students, but is easily adaptable to larger or smaller groups (depending on how many teachers or assistants are on-hand to monitor the group work sections). The less advanced workshop takes approximately 45 minutes to complete, while the more advanced one takes approximately 60 minutes.

The equipment required is as follows:

· Helicopter templates for workshop 1 (5 with a wing width of 40 and 5 with a wing width of 60 per group) 

· Paperclips for workshop 1 (2 per group)

· Stopwatch for workshop 1 (1 per group)

· Scissors for workshop 1 (2 or 3 pairs per group)

· Professional memo print out for workshop 1 (1 per group)

· Professional memo print out for workshop 2 (1 per group)

· Results sheet for workshop 1 (1 per group)

· ‘Making the paper helicopters’ print out for workshop 1 (1 per group)

· Optional: Colourful pens for use in the second workshop

· Envelopes or plastic wallets which will hold materials for workshop 1 and workshop 2 separately. These should be clearly labelled as ‘Workshop 1’ or ‘Workshop 2’.

The following preparation is advised:

· Print the required number of each helicopter template (the students can cut the template to the correct size and make the helicopters themselves).

· Make up pack for workshop 1 (1 per group) with the following materials:

· 5 templates with a wing width of 40

· 5 templates with a wing width of 60

· 2 paperclips

· Professional memo for workshop 1

· Results sheet for workshop 1

· ‘Making the helicopters’ print out

· Make up pack for workshop 2 (1 per group) with the following materials:

· Professional memo for workshop 2

· Paper

· Optional: Colourful pens

· Read through the presentation and be sure that you understand how the workshop should be run, and the points that you need to explain. In particular, be sure you understand the graphs presented in the slides so that you can explain them to the students (explanations given later). Print a copy of the document ‘workshop2_teacher_pointers.doc’ for yourself and any teaching assistants.

OBJECTIVES

· Students will be introduced to the Pharmaceutical Industry and the role of statisticians in the industry.

· Students will be introduced to the idea of fractional factorial design. They will run an experiment and collect data. Graphical summaries of the data will be presented. Note that the advanced workshop contains more graphical summaries and interpretations.

· Students will be made to think about the possible statistical and practical considerations that arise in designing a clinical trial (i.e. experimental design).

DOING THE EXPERIMENT
Slides 2 to 6 simply introduce the Pharmaceutical Industry and outline the drug development process. The main skills of a statistician are also identified. All the required information is given within the slides, but teachers that are familiar with the industry may want to expand further.

The practical section of the workshop will now be described step by step.

Slide 7

This slide simply states the aim of the practical session and outlines the factors that can be varied. 

Slide 8

This slide runs through the advantages and disadvantages of three different approaches to the workshop. Some students may want to try different helicopter designs in a haphazard way, but this is not a reliable experiment design, meaning the results will not be convincing. Others may want to try every single combination in a systematic way. However, the task is supposed to simulate a real task set to a real statistician; there is a deadline that must be met and students wouldn’t have time to test every possible helicopter. The third approach is known as a fractional factorial design. This means that only a specially chosen subset of combinations is tested.

Slide 9

At this point, the students should be split into groups (of 4 or 5) and the packs for workshop 1 passed around. The ‘Making the paper helicopters’ document shows you how to make a helicopter. You may find it helpful to pre-make a few so that students can see how they should be folded. Talk the students through the factors that can be varied and give them a set amount of time (10 to 15 minutes depending on how advanced the students are) to make and test the helicopter designs listed. If some groups finish early, ask them if they think it would be a good idea to repeat the experiment and average the flight times for each combination.

Stop the students as soon as their time is up. If they haven’t finished, it doesn’t matter. They don’t actually need a set of results (the idea was just to get them thinking!). Ask a few of the groups what their best time was, what combination they chose and whether they are certain this is the best choice. Ask them how they made sure their experiment was consistent and what they had to control in order to give reliable and comparable results. Relate it back to a real-life situation where the students are being paid by a client to get accurate results that they are confident in.

Slide 10

This slide displays the results that we got when we ran the experiment. The best combination (i.e. the one with the longest flight time) is highlighted. Did any of the groups agree? If not, you can mention the factors discussed earlier which could be affecting the results.

Beginner workshop only:

Slide 11

Statisticians can produce various plots that highlight which factors or combinations of factors are having an effect on the outcome (shown in the advanced workshop). Suppose we had done this and now knew that the interaction between wing width and body length had a significant effect on flight time. We can then produce the plot shown in the slide. The vertical axis is flight time so you’re looking for the highest point on the surface curve. Blue shading indicates low flight times, while yellow indicates that the flight time is high. The best combination is highlighted in the slide. The plot also allows you to look at factor levels in-between the ones you used. This is why a fractional factorial design can work when there are a lot of factors and factor levels. Such plots allow you to see results for combinations that you didn’t actually test.

Advanced workshop only:

Slide 11

How this slide is produced is not important. It’s just an example of a plot that ‘real’ statisticians in the industry might use. If a point is some distance from the line, it indicates that this factor (or combination of factors) is significant, i.e. it has some sort of effect on the helicopter flight time. The plot indicates that the interaction between wing width and body length (AC) is significant. On the other hand, the interaction between wing width and wing length (AB) is not significant (as it’s close to the line). It’s also worth noting that none of the factors have a significant effect on their own. For example, wing width (A) is close to the line so changing this alone will not significantly change the flight time. 

Slide 12

This plot is looking at the interaction between wing width and body length. Wing width is on the x-axis. 

· The black line shows how the flight time changes as wing width increases, given that the body length is 40. 

· The red line shows how the flight time changes as wing width increases, given that the body length is 60.

As the lines cross, there is an interaction between wing width and body length (as indicated in the previous plot).

Slide 13

This plot is looking at the interaction between wing width and wing length. Wing width is on the x-axis.

· The black line shows how the flight time changes as wing width increases, given that the wing length is 80. 

· The red line shows how the flight time changes as wing width increases, given that the wing length is 130.

The lines do not cross so there is no interaction between wing width and wing length (as indicated in the previous plot).

Slide 14

This plot can be used to determine the best combination of factors. The vertical axis is flight time so you’re looking for the highest point on the surface curves. Blue shading indicates low flight times, while yellow indicates that the flight time is high. The best combination is highlighted in the slide. These plots allow you to look at factor levels in-between the ones you used. This is why a fractional factorial design can work when there are a lot of factors and factor levels. The plot allows you to see results for combinations that you didn’t actually test.

Both workshops:

Slide 12 for beginner / Slide 15 for advanced

Pass around the packs for workshop 2 and introduce the idea of designing a clinical trial to test a new ‘wonder drug’. Ask students to read the professional memo. Provide paper and colourful pens so that they can start to brainstorm what might be important when designing such a clinical trial. Relate the clinical trial back to the helicopter experiment design. For example, they need to ensure consistency and reliability in the design, and they need to think about the results that would need to be recorded. At this point, teachers and teaching assistants can walk around the room with the list of ideas given on the pointers sheet. If students are struggling, mention a few points from the list to get them thinking or go through the next few slides immediately so that you can brainstorm as a group.

Slides 13-14 for beginner / Slides 16-17 for advanced

The next two slides go through the ideas given on the pointers sheet. They list some of the things that statisticians need to consider when designing a clinical trial. Ask students what ideas they had, and go through the ones in the slides as a group.

Slide 15 for beginner / Slide 18 for advanced

This slide simply emphasises the importance of clinical trial design and the role that statisticians have in aiding the design process.

Slides 16-17 for beginner / Slides 19-20 for advanced

The last two slides emphasise the need for statisticians and the huge range of opportunities open to them. The PSI website is given as there is a dedicated careers section on there. Students can find out more about the industry and the opportunities available by visiting the website.
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