Practical Skills – experimental design

This week you will design and carry out an experiment using a physical model of a geographical process, exploring trampling mechanisms.  Please read all instructions provided here or on the canvas site before starting work.
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[bookmark: _Toc97670057]Health and safety
All the materials provided are pre-washed and safe for handling without gloves, but if you have sensory issues or sore hands you might want to wear kitchen gloves.  You will want to wear a lab coat to protect your clothes and tie back any long hair to keep it out of the experiment.
When you have finished, clear up responsibly.  Put all sediment into the containers provided, leave your work area neat, and ensure that you take all your personal possessions with you.  

[bookmark: _Toc97670058]THE MODEL SYSTEM
You will use sand and pebbles in different combinations and containers to create simple soil structures, then subject them to trampling using a range of tramplers.  From your literature review, you should have some ideas about how different kinds of trampling, or different types of soil, affect the impact of trampling, and today you’re going to explore this in a simplified system with no vegetation or clay, just non-sticky inorganic sediments.

[bookmark: _Toc97670059]What do I need to do?  Check list
1) Check out how the system behaves by doing pilot studies.
2) Design an experiment in which you will vary ONE parameter and keep the others constant.
3) Write a suitable null hypothesis.
4) Carry out the experiment, and record your results.
5) After class, write up the experiment using a condensed IMRaD structure (this is SAQ question 5).

[bookmark: _Toc97670060]First, do three small PILOT STUDIES.  
In this study we’ll all do the same things to briefly explore the way the system behaves and a couple of means of recording that behaviour.
[bookmark: _Toc97670061]1 - Cup, just sand 
· Half fill one cup with loose sand (don’t pack it down in any way).
· Take several measurements of the height of the sand at different points around the outside of the cup
· Pick one trampler (e.g. either end of pencil, dowel) and “trample” the sand down until it feels quite firmly packed, keeping a note of roughly how MANY tramples it takes to compact the sand.
· Repeat the measurements of sand height inside and outside the cup.
· Empty the cup into your sand container, and shake the sand around to loosen it up (you could stir it with your pencil for extra loosening).
· Write a note summarising how the system behaved, including your observations and the numerical results.

[bookmark: _Toc97670062]2 - Cup, sand and gravel
· Put a layer of gravel about 2 clasts deep into your cup.
· [image: ]Loosely add a layer of sand on top to about the same thickness as the gravel layer (see image right)
· Record the height of the gravel layer (g) and the sand layer (s) at several points around your container
· Now trample your system until it feels compact, counting roughly how many tramples it takes to get to that stage
· Record the height of the gravel layer (g) and the sand layer (s) at several points around your container again.
· Empty the cup - use the mesh provided to help separate the pebbles from the sand when emptying the cup, and brush the pebbles off roughly so that you have two separate substrates again.
· Write a note summarising how the system behaved, including your observations and the numerical results.




[bookmark: _Toc97670063]3 - Petri dish, sand 
· Dump some loose sand into the petri dish and weigh it.
· Make sure that the petri dish is either on the paper or inside the tray provided (to catch sand that escapes)
· Pick one of the trampler options (e.g. either end of pencil, dowel) and “trample” the sand down until it feels quite firmly packed, keeping a note of roughly how MANY tramples it takes to compact the sand.
· Weigh the dish and its contents (note – because the petri dish is shallow, sand can move out of it - be transported away from the point of trampling.  Only weigh the sand that is still in the dish.
· Put your sand back into its container, and shake it around to loosen it up (you could stir it with your pencil for extra loosening).
· Write a note summarising how the system behaved, including your observations and the numerical results.

[bookmark: _Toc97670064]Second, design an EXPERIMENT.
Choose ONE thing to vary, keeping all other factors constant.  Think about:
· what you will vary, 
· how you will measure the effects on the system, 
· how you will plot up and analyse the data.
Here are some things that you can vary:
· Which trampler(s) you use
· What sediment you start with (sand, gravel or a combination, and in what order)
· How much sediment you start with
· How many times you trample the surface
· What you measure (e.g. height, weight of sediment/number of clasts displaced etc.)
· Whether you allow the sediment to move (petri dish) or keep it confined (cup)
[bookmark: _Toc97670065]Here are a few examples for inspiration:
You can pick one of these, or come up with an alternative.
Does the thickness of the unconsolidated layer affect how a soil system responds to trampling events?  Repeat pilot study 2 several times with different thicknesses of sand layer over the gravel layer (try both thinner and thicker than the pilot layer).  You could record either the initial and final depths or the number of tramples it takes to get to the point where the overall sediment height no longer changes.  You could plot the sand layer thickness on the x axis and the thing you measured on the y axis, and see if there is a relationship using correlation analysis. 
How do different trampling regimes affect soil system response?  You could use the petri dish and sand combination, and choose a couple of different trampling regimes to compare.  
	Possible trampling regimes include:
· you could use two different shapes of “foot” (e.g. use different ends of the pencil)
· two different SIZES of ”foot” (e.g. compare the pencil with a larger barrelled pen or pencil)
· vary the pressure applied to the “foot” (e.g. tap versus press down) 
· make a vertical movement of the “foot” or make a “step-like” rotating movement of the “foot”

You can then carry out multiple repeats of the same number of tramples for each trampling regime, starting with fresh loose sand each time, and measuring the effects (e.g. weight of sand in petri dish before and after 50 tramples – choose the number of tramples based on your pilot results).  You will end up with multiple measurements for each trampling regime, and can plot a boxplot of the results for each trampling regime and compare them using a two sample difference test.

Is erosion a linear process?  You could use the petri dish and sand combination, and choose a single trampling regime.  You know from the pilot roughly how many tramples it took to fully compact the loose sand in the dish – say for example it took 100 tramples to compact.  Divide that into 8-10 stages, say 10 tramples per stage.  Then set up and carry out your study, weighing the dish between each stage to see how much sand was lost (so you weigh dish plus sand at 0 tramples, 10 tramples, 20 tramples etc.).  You could repeat this 2-3 times to get more data if you have time.  You could then plot a scatter graph with number of tramples along the x and weight along the y, and explore whether the change is linear.

[bookmark: _Toc97670066]Third, write a suitable NULL HYPOTHESIS

Write a null hypothesis and prepare a recording table for your data – what are your variables?  

[bookmark: _Toc97670067]Fourth, carry out your experiment
Now carry out your experiment, collecting data from as many repeats as you can in the time available.
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