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Summary: 
Through this lesson plan, students will gain an understanding of the scientific method and the 
basic concept of torque. Activities demonstrating torque will solidify their understanding. 
 
Learning Objectives: 
The students will be able to: 

• Understand the scientific method 
• Understand and be able to explain the basics of torque. 

 
Lesson Plan 
 
Lecture 1: The Scientific Method (15 minutes) 
 The scientific method is a process by which scientists analyze information and evaluate 
explanations for phenomenon. The process begins with the background research. This is the 
collection of relevant information surrounding the problem. This allows the researcher to better 
understand the problem and accurately define the problem. After the problem is defined, it is 
then explained or a hypothesis is created that answers the problem. But the hypothesis is not 
certain, so it is tested to verify that it does accurately describe the phenomenon. The test results 
are analyzed and the hypothesis is evaluated. It may be accepted as explaining the problem, or it 
may be rejected as being completely wrong, or it could be modified to better explain the problem 
and to be more thoroughly tested.  
 Consider this example: a new plant food solution comes out on the market. The belief is 
that this plant food solution will cause plants to grow significantly faster and healthier if watered 
with this solution rather than just water. In this case, the hypothesis has already been developed, 
but it is still appropriate to perform background research to gather an understanding of the 
contributing factors to plant growth. From the research, it is determined that among other factors, 
the amount of sunlight, amount of water, available carbon dioxide in the air, and nutrient levels 
in the soil affect the growth of the plants. Furthermore, it is known that different types of plants 
prefer different conditions. The scientist considers the hypothesis, examining it closely so as to 
develop an experiment that will accurately test the validity of the hypothesis. They note that the 
claim is that the plant food solution will cause plants to grow better than plants receiving only 
water. This calls for a comparison between plants grown with the solution and plants grown with 
water. We have just introduced a control. A control is an experimental group exactly the same as 
the group actually being tested with the exception of the variable actually being tested. In this 
case, the plants grown with water are the control, because they will be treated exactly like the 
plants grown with the solution, with the exception that they will not receive any plant food 
solution. In order to treat the plants exactly the same, they will be placed next to each other so 
they should receive identical amounts of sunlight and the carbon dioxide in the air will be the 
same for both. Also, both plants will be of the same type so that the results will be good. If one 
plant preferring certain conditions while the other prefers significantly different conditions then 
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the difference in the plants may affect the results more than the plant food solution, so the 
scientist cannot determine what affect the plant food solution actually had. A poor experiment 
would be to test a tropical plant with a cactus because conditions ideal for the cactus would kill 
the tropical plant. 
 The scientist performs the test, but their results are not reliable because it is possible that 
these individual plants differed in some way or that another uncontrolled variable effected the 
results. It is necessary to perform a series of tests to demonstrate the reliability and repeatability 
of the results. Repeatability is a very important aspect of a scientific experiment. If the scientist 
concludes that the plant food solution is better, then people will expect those results to be 
repeatable and that the solution will cause their plants to grow better as well! 
 
 
Activity 1: Demonstration of the scientific method (25 minutes) 
Materials 

• Two books for each student, one approximately twice as heavy as the other. 
 

The students may take turns holding the lighter book, first close to their chest and then 
slowly extending their arm until their arm is horizontal and full extended. Ask them what they 
noticed. The book became significantly harder to hold the farther they extended it. It was as if 
the “force” was greater. Experience tells us that the book should be harder to hold the farther we 
extend our arms, but we also are convinced that the weight of the book does not change. We also 
know that force does not change depending on its location, so the force should be the same 
regardless of whether it is on our shoulder, elbow, or hand. It is hoped that the scientific method 
can resolve this apparent conflict! 
 We discovered that the “force” from the book changes the farther we hold it from 
ourselves. The problem has been defined, so now a solution or hypothesis is needed. How can 
this problem be explained? We are still uncertain, so perhaps more research is necessary to 
determine what is actually happening. Thus far, the book was only moved in the horizontal 
direction, but what happens if the book is held at different heights? Have the students hold the 
book fully extended above their heads and slowly move it in an arc until it is fully extended 
horizontally and continuing the arc until their arm is hanging at their side. Are the results similar 
as before? What if they hold the book over their head and slowly lower it straight down? Does 
the “force” change? No, the “force” does not change significantly. The first assumption was that 
this force increased the farther the book was extended, but now it seems that the height of the 
book does not affect the “force”. From this, we can hypothesize that only the horizontal distance 
contributes to the “force”. 
 A new question arises: is the distance the only variable that affects this “force”? What do 
the students think? Guide this discussion to with questions like, “is it easier to hold your arm out 
by itself or while holding the book?” Try testing some of these suggestions. Let the students 
figure out how they will test them. Remind the students that a good hypothesis or explanation is 
one that can be tested. This is because it predicts some results based on the conditions so it can 
be tested by using a set of conditions and comparing the results with the expected result from the 
hypothesis. One suggestion will be that the weight of the book contributes to the “force”. They 
can test this by trying the same experiments above with the heavier book, but it is difficult to 
accurately compare the difference between the two books. A control can help with this. Have the 
students hold the lighter book in their other hand to compare with the “force” caused by the 



heavier book. Ask the students what they discovered. The heavier book causes more “force” than 
the lighter book.  
 Help the students summarize what they have learned, specifically that the “force” is 
affected by the weight of the book and the horizontal distance it is held from themselves. Now 
suggest that they try to figure out where the “forces” experienced from both books will be equal. 
They will quickly find that holding the heavier book closer to them than the lighter book will 
make the “forces” about equal. Notice the location of the heavier book relative to the lighter 
book. It should be extended approximately half as far as the lighter book because it is 
approximately twice as heavy. Point this out to the students. 
 
 
Lecture 2: Torque (10 minutes) 
 The “force” is actually torque. Torque is the angular or rotational equivalent to force. The 
torque is equal to the force times the component of the torque arm that is perpendicular to the 
force. It is expressed as F rτ = ⊥  or r Fτ = ⊥ . The torque arm is essentially the distance 
between the joint, in this case the student’s shoulder, to the location of the force or the center of 
the book. The classic example of torque is a wrench tightening a bolt. The farther out on the 
handle of the wrench that you push the easier it is. This is because you have a longer torque arm 
so a smaller force is sufficient. Another important thing to note is that in the case of the wrench, 
the resulting motion is rotational not linear. Similar to forces resulting in a linear motion, torques 
cause angular or rotation motion as will be demonstrated in the next activity. Torques can be 
added together and subtracted from each other. This is important because the net torque or the 
sum of all the torques on an object will cause the object to rotate, so in order to determine the 
direction of rotation, all the torques in one direction are added together and subtracted from all 
the torques in the other direction. 
 
 
Activity 2: Balancing the Torques (20 minutes) 
Materials: 

• Pencils 
• Rulers 
• Quarters, dimes, nickels, and pennies 
• A scale to weigh the coins 

 
Have each student build and balance a seesaw by laying a ruler across a pencil. By balancing 

the ruler, they set the torques caused by the ruler on one side equal to the torques caused by the 
ruler on the other side so there is not rotational motion. Now give them each different 
combinations of coins and have them figure out how to balance them on the seesaw. While they 
are doing this, you can weigh the coins or look up their weights online. It is preferable to use the 
weights and lengths marked on the rulers in the same unit system, just so that the calculated 
torques are somewhat standard, but it is not necessary. Masses in grams for the coins can be 
found at this link: http://www.usmint.gov/about_the_mint/?action=coin_specifications. 
However, these should be converted to weights, although it is not absolutely necessary for this 
activity. When the students figure out balancing the coins, point out that they obviously 
understand torques if they were able to balance the ruler without doing any calculations.  



 Now give them the masses or weights of the coins and have them try a different 
combination of coins to balance, but this time they should calculate the torques on each side. 
They should place coins on one side of the ruler and then calculate where they need to place the 
coins on the other side in order to balance the ruler again. When they calculate the position and 
place the coins, it will probably not perfectly balance the ruler, because the measurements are not 
perfect and the coins are not exactly the weights used, but it should be close. Also, if hexagonal 
pencils are used instead of perfectly round ones, then it may balance perfectly. 
 
 
Additional Activities (optional) (As long as desired) 
Materials 

• Pencils 
• Rulers 
• Coins 

 
Place the ruler across three pencils so that it will stay level regardless of how the coins are 
arranged on top of it. Have the students place coins semi-randomly on the ruler and then 
calculate the torques caused. Their goal is to determine how the ruler will move when the two 
end pencils are removed. This will be obvious for some placements of coins, but have them try 
more complex setups such as ten quarters close to the center pencil versus a few pennies near the 
other end of the ruler. 
 
 
Applicable Wisconsin Academic Standards 
 
A.8.4 Collect evidence to show that models developed as explanations for events were (and are) 
based on the evidence available to scientists at the time 
 
A.8.6 Use models and explanations to predict actions and events in the natural world 
 
C.8.1 Identify questions they can investigate using resources and equipment they have available 
 
C.8.6 State what they have learned from investigations, relating their inferences to scientific 
knowledge and to data they have collected 
 
D.8.5 While conducting investigations, explain the motion of objects by describing the forces 
acting on them 


