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What is the event: students are given a general problem, asked to design, perform, and analyze an experiment within 45 minutes. The experiment probably will need to generate at least 3 repeats of data
Team members: 3           a. one who can write clear concise statements with legible handwriting
 b. one or two who can actually do things well in a lab

 c. at least one who can think on feet, quickly, and sometimes outside the box
 members of this team must get along and be able to reach a uniform consensus about thing
Ideally, what to expect: some observation that lends itself to an experiment on a specific topic. The question of “Design an experiment to show that ….. is alive is a poor choice. Most, but not all biological processes take a while, so it is more likell to see something from chemistry or physical science
1. Many people, but not all, use the attached scoring rubric. It is useful to make the kids aware of it, so they can see how some things are scored. Spend some time going over this rubric with kids.

2. The problem can be anything. When I run this, I prefer to give the students some parameters that may be tested and also specific places to put certain answers. (see next handout) This type of organization makes for easier grading. Not all event coordinators will do this however. Last year at national students were given many sheets of blank paper and told to design an experiment that would show that powdered yeast was in fact alive.

Students should number statements, etc as much as possible within section. This makes for easier grading.

3. The problem when stated should not have a yes or no answer.

4. The hypothesis should be testable and should allow for the differentiation between or among different hypothesis. It is probably helpful to state how variables will come into play: If yeast are alive, they should give off gas when placed in water as they start to grow. The amount of gas given off should increase as the temperature of the water increases, but only up to a certain temperature. Higher temperatures will kill living things.

5. It is essential that kids know difference between independent and dependent variables
    Independent: that parameter that the experimenter varies

    Dependent: the parameter that is measured

    Controlled: those things that are kept constant throughout expt, for example, the amount of  light in the  room, temperature of room, etc.

When they state the ind and dep variable, they should also state the specific units of variable (operational variable)

Ex: Independent variable: diameter of tube; we will use diameters of 1/8", 1/4", 3/8" and  1/2"

Stating the operational variables after the ind and dep may be worth an extra point.

Caution: do not fall into the trap of telling students that time is always the independent variable. In some expts, you are actually determining how long it takes to do something under different conditions.
6. Students should define the control, but be aware that not all expts have control (standard of comparison). If the expt does not have control, students should say so and also say why there is no control. If a control is used, they should say why it is a control.

Identify various variables in the following expts:

a. Amount of gas given off after yeast is put into water of different temps.

b. The time required to empty a container using different size tubing.

7. List materials separately, even if the section is headed material and procedures.

     cup



Stop watch

     200 ml beaker



200 ml graduate

     water from faucet                       


25 ml graduate

Do not say we used a cup, a 200 ml beaker, etc. Although this approach may be acceptable, first format is easier to grade and hence may be worth an organizational point or tie breaker.

8. Procedure: a section where many students typically lose points. They often omit things that they did, or do not state what they did clearly. Remember, the purpose of this section is to make certain that some one else can repeat the expt (even if in real life many scientists often omit steps so some one else CANNOT repeat their work.)

Drawings may be useful to show the exptl set up. If drawing is used, it should be clear, simple, and all parts must be clearly labeled.

9. Many students do not give some brief qualitative observations; they should: At the start of the expt, all the dye was at the top of the tube. As time progressed, the dye began to spread out and move toward the bottom of the tube. We measured the rate at which the dye traveled.
10. Recording data: 

usually in a table

the table should be labeled with a title

all columns in table should have a heading

all data should be inside the table, not outside

units should be listed; often in the column heading is sufficient

National rubric has points for calculations. It may be helpful, and worth an extra point to provide one sample calculation outside/below the table etc. Ex: if one column is for average, below table should be sample average calculation, actually set up the old fashioned way!

11.Graphs:

a. should have title, above or below the graph, preferably above
b. each axis should be labeled, and units should be defined or mentioned
c. make sure that spacing between numbers on scale is constant

d. numbers on axes should increase as one moves to the right or up

e. type of graph should be appropriate for the expt.  For B, Not all expts require a line graph; some are better suited for a bar graph, and others a pie graph.
f. data points on graphs should not be dots but rather open circles, xs, open squares etc.

g. as many points as possible should be connected if need be. It is OK to exclude an outlying point if this item is discussed in the discussion section
For C, students may want to use statistical programs on some calculators, especially regression for line of best fit. If calculating averages, it might be useful to run standard deviation program and plot point plus error bars. If graph does not appear to be straight line, trying to develop a 2nd order or higher equation may be helpful.

12. 
Data analysis: almost always the weakest part of the test. More than one sentence if almost always required. Students should be as descriptive as possible. If the data give a curved line, it is not enough to say as a increases, b increases. It should be mentioned that it is  probably exponential. Adding a sentence as to why the graph is exponential is often worth another point. Students should call attention to any unusual or outlying points and try to explain them or at least say why they were not used. If there were no unusual points, this should probably be mentioned as well. It may be helpful to refer grader to the figure: the graph shows ....

13. Error---many students can point out where error may occur, but this is usually done in vague terms. It should be explained how the sources of error will impact the data: Since some of the balls were not exactly spherical, their rate of movement will be less than that of a sphere.

14. Conclusion: restate hypothesis and then state whether the results support or refute the proposed hypothesis. If they refute the hypothesis, then propose a new hypothesis.

15. Future: briefly describe other expts that can be done; give expected general result

Provide any potential applications of this expt, or say why the conclusions are important.

CLASSROOM ACTIVITIES:

1.    Numerous situations in which you ask what are/were the variables. Use items in the news.

2.    Make students draw graphs of all sorts of things (and draw by hand, not with computer!). Take numbers from the paper and have students make a graph.

3.    Have students turn in lab reports for labs (more time to grade!) 

4.    After a lab, discuss sources of error, implications of error, conclusions of expt. maybe sometimes have them submit this.

5.    After kids have done a couple labs, try to get them to write procedures themselves. This should be done a day ahead of time. Then have another student in class try to follow the directions (good exercise for write it do it as well) without asking the writer any questions. Can sometimes be done as a demo.

6.     Other activities for following/giving directions:

a.     Have one member write directions on how to get to a certain room in school. Another student then tries to find room.

b.     Have one student draw map with no words on map.

c.     One student gives written or oral directions on how to draw an asymmetric object (see handout)
d.     Over the course of the term have students progress from the cookbook lab tone in which they have to design 
more and more of the expt.
22 Sept 07
Experimental Design

State High School

Science Olympiad

Emory University

14 April 2001

School number_____

Team Members (print full name)
1._______________________________






2. ______________________________






3._______________________________

Do not open this booklet until you are told to do so!

Please clean up your station before leaving. Teams that do not clean up will receive a 15 point penalty.

A siphon is a device that allows that transfer of liquid from one container to another by using a tube. The reservoir (starting container) must be higher than the receptacle (finishing container). To create a force to move the liquid, the tube must be filled with liquid before placing it in the reservoir. Place the tube near the faucet and fill it with water. DO NOT FILL THE TUBE BY SUCKING !!!! ANY TEAM SEEN SUCKING THE TUBE WILL BE PENALIZED 15 POINTS.

Several factors may influence the rate at which liquid is transferred: the height difference between reservoir and receptacle, the volume of liquid in the reservoir, the diameter of the tubing used, and the temperature of the liquid transferred.

Your task is to design an experiment that tests only one of the above parameters. All of your statements, etc. must be placed in the indicated location on the following pages. Most sections contain numbers for listing things. Not all the numbers listed need be used; they are there partly to aid in grading.  Please write legibly; illegible answers will receive no points.

Materials available at each station:

2 feet pieces of tubing of 1/32”, 1/16”, 1/8” 3/16” diameter

meter stick

stop watch

thermometer

Styrofoam cup

10 mL graduated cylinder

250 mL Erlenmeyer flask

ringstand and clamps

Large container of cold water

Large container of hot water

Many experiments have control groups and require replication. These considerations may or may not be appropriate to this experiment.
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