The Black Box

An Exercise in the Use of the Scientific Method

Introduction:

Have you ever performed an experiment, or given a paper at a scientific conference? (Why do professors ask students silly questions like this?) Well, here's your chance! One of the objectives of EMES is to give the non-scientist a feel for what a scientist does. What motivates scientists to sit in their labs all day playing with test tubes, skeletons, or oscilloscopes? What motivates them to give papers at scientific conferences? We will use role playing to give you a feel for what it is like to be part of a scientific research team.

The class will be divided up into small research teams. Each team will be given a box that will be identical to boxes that other teams will get. The boxes are painted black with a number on each side. Each team is to find out as much as they can about the black box system. Your group will gain this information by performing experiments and attending scientific meetings just as a scientist would. The objective is to devise a model/hypothesis/theory that explains all the data you collect. 

The black box that you will be using is analogous to many aspects of the real world, such as the atom. We cannot “see inside” an atom; we must make educated guesses about its internal structure based on indirect experiments. In the same way you cannot see inside the black box (due to the laws of EMES, not those of Mother Nature!). You must therefore do experiments with the black box and try to figure out what is happening in a little part of the universe that is inaccessible to you.

A leader will be assigned to each research group. This leader is responsible for spending your “research money” as efficiently as possible. In the "real world" the research scientist is not free to perform whatever experiments she may dream up; constraints on time, money, and personnel make it impossible to do every conceivable experiment. A research director is responsible to perform only those experiments that are necessary and to perform them as economically as possible. Thus, you will want to think carefully about the goal of each experiment before you do it so that you do not waste your precious research money.

Rules:
1. You have $8000.00 to run your research project. This money will be spent to perform experiments and go to scientific meetings. You also have a chance to get extra money during the game.

2. Each different experiment you perform will cost $1 000.00. (You can repeat the same experiment as many times as you like and every member can do each experiment for the same cost.) Experiments are simple operations such as: shaking the box in the three-six direction with the one side up. Make sure that you only perform one experiment for each $1000. You cannot shake the box randomly in all directions and call that one experiment. Your group leader will be responsible for your "scientific ethics".

3. Each scientific meeting you attend will cost $1000.00 for the entire research group to go.

There will be two meetings during the game. The first will be 10 to 15 minutes after the start and the second about 30 to 40 minutes after the start. At the first meeting you can report only on your observations and experiments. The second meeting will consist of both observations and hypothesis. The reason for going to meetings is to find out what experiments other groups are doing.

4. If you give a meaningful report of your experimental work at the first meeting, your group will receive $1000.00 from Uncle Sam for your progress. If you stand up and say "We observed that the box was black" you will receive nothing, which is exactly what that observation is worth.

Any report that you give at the meeting must be based on an experiment that you performed for which you paid $1000.00.

5. Each group is to keep a written record of its experiments on the form provided.

6. Uncle Sam will give the Nobel Prize to the group with the best hypothesis/theory/model for the structure of the black box.

Hints and suggestions

1. Do not just start doing experiments, discuss different experiments in the group and then decide on one to try. Even though this experiment seems simple you will be a lot further ahead if you approach this systematically and not just start making guesses based on ill-defined movements of the black box. We can tell you from experience that very few groups are able to figure out what is in the box so you should try to think rather than just play.

2. After you have done three or four experiments try to develop a hypothesis to explain what you have done. Then try to devise an experiment to test your hypothesis. This is one of the single best measurements of a hypothesis. The purpose of this activity is for you to understand the scientific method in its pure form. If you do not make hypotheses and test them, you are not using the scientific method.

Questions to answer at the end of your experiments:

1. What was the purpose of this role playing?

2. Can you prove your hypothesis?

3. Use the following figure to illustrate what you were doing (hopefully) in the black box study.

How many times did your group go around the loop shown in the following diagram?
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Laboratory notes on the Black Box Experiment

(Confidential)

Group Name (be creative) ______________________________________

“Scientists”  ________________________     ________________________

________________________    ________________________   ________________________

________________________    ________________________   ________________________

________________________    ________________________   ________________________

Initial Observations (Identify what you know about the box before you perform any experiments):
Experimental Data (Identify an experiment that you would like to perform, perform it, and describe what you find: 
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Now we are ready to start the "Scientific Method Cycle":

Step a) Develop a hypothesis for the internal structure of the black box.

Step b) Formulate a prediction about the black box based on your hypothesis.

Step c) Develop and perform one or more experiment o test your prediction. (Your test should either support or invalidate your hypothesis, although it may be inconclusive)

Repeat the above "Scientific Method Cycle" until you have a hypothesis that can accommodate all experiments.

(Remember that a hypothesis is based on a number of simple observations and is thus inductive; a prediction, on the other hand, is based on the hypothesis and is deductive. An induction goes from a few particular facts to a general conclusion, which may be quite tentative and uncertain; a deduction proceeds from a general statement to a particular case.)

(As your hypothesis is verified by several different experiments you will gain confidence in it.

When you have a high level of confidence you should elevate your explanation from hypothesis to theory.)
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Instructions for Group Leaders

1. As you watch and listen to the discussion in your group keep notes to illustrate (at end of class) parallels between what they are saying or doing and what a scientist does or the scientific method. In particular make careful note of any hypothesis that was formed and how it was either verified or discarded. Make sure that each of your "scientists" is responsible in recording their observations.

2. Choose someone appropriate from your research group to present your results at the scientific meeting.

3. We will award the Nobel Prize to the group with the best model.

4. At the start, ask everyone in the group to make observations without touching the box; then just touching, not moving the box. Have them write this down. Talk about difference between observation and inferences. You may even ask your instructor for experiments to help get started, if you are having trouble.

5. Make general comments about the procedures for this activity that might help us improve it for next year.
