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“From Questions to Conclusions: 
The Experimental Process”

Part 1
“From Questions to Conclusions: The Experimental Process”

Mrs. Cooper asks her fifth-grade science class a simple question: What do plants need to grow?
“That’s easy,” they say. “Sunlight, water, air, and soil.” They’ve been learning that since kindergarten. But Mrs. Cooper has some new information for them. “Did you know,” she says, “that some farmers and gardeners can actually grow plants without soil? It’s called hydroponics.”
In a hydroponic garden, she explains, vegetables and flowers aren’t planted in the ground. They are grown inside greenhouses in plastic containers with their roots soaking in water. There’s no soil at all. Somehow, the plants grow big and strong with only sunlight, air, and water—not soil. But how does it work? Mrs. Cooper and her students decide to conduct an experiment.
Every Experiment Starts with a Question

When scientists don’t know the answer to a question, they use experiments to learn more. Mrs. Cooper’s class wants to answer the question, “Does a plant use soil for the matter it needs to grow?” Before they can design an experiment to answer that question, they need to know a little more about biology, the science of living things.
Almost everything in the world is made of matter: rocks, trees, water, air, and every cell in your body. Matter is anything that takes up space and has weight (mass). For a living thing to grow, it needs matter.
Humans and other animals get matter from the food we eat. But where do plants get matter to grow? Do they “eat” the same way that we do? Are soil, water, air, and sunlight “food” for the plant?
Mrs. Cooper challenges the class to think like scientists. What are the facts that they know?
· They know that matter is anything that takes up space and has weight (mass).
· They know that all living things need matter to grow.
· They know that matter must come from somewhere.
· They know that sunlight is energy, not matter.
Then Mrs. Cooper asks the class to think about what they don’t know.
· They don’t know if the plant matter comes from the air, the water, or the soil.
· They don’t know if the plant matter comes from mostly one place or many different places.
What Can Be Measured? Finding the Variable

The class is almost ready to set up their experiment, but there’s one more step. The purpose of an experiment is to answer a question. Mrs. Cooper returns to the original question, “How can plants grow without soil?” To figure out how plants grow without soil, they need to know whether or not plants get matter from soil.
Mrs. Cooper reminds the class that matter has mass, which means it can be weighed. If plants take matter away from soil to grow, then the soil should lose weight as the plant grows. If plants don’t need matter from soil to grow, then the weight of the soil should stay the same. Therefore, one way to find out if soil loses mass as a plant grows is to weigh the soil before and after growing a plant.
In Mrs. Cooper’s experiment, the weight or mass of the soil is called a variable. A variable is a changeable factor that can be accurately measured. Every experiment needs at least one variable and one control. A control is part of the experiment that the scientist doesn’t change. In an experiment, the variable factor being tested is compared to the same factor in the control. In Mrs. Cooper’s experiment, the control will be a pot of soil without a plant. The control soil should weigh the same before and after the experiment. The soil with the plant will not weigh the same if the plant uses the soil for matter to grow. By comparing the two weights, the class can see the variable change. Without the control, any change in the soil weight of the pot with plant could be because of some other factor.
Designing the Experiment: Materials and Procedure

A successful scientific experiment requires some careful planning. Mrs. Cooper starts by asking the class to list all the materials they will need to conduct the experiment. First, there are the supplies needed to grow a plant indoors:
· Two small plastic pots
· Potting soil
· Radish seeds
· Watering can
· Graduated cylinder
· Electric grow light
Accuracy is also very important in a scientific experiment. For this experiment, the key variable is weight, so the class will need to accurately measure the weight of the soil. To do this, Mrs. Cooper supplies them with a small digital kitchen scale.
With all the materials collected, it’s time to plan the procedure of the experiment. 
The procedure explains what to do during each step of the experiment. Mrs. Cooper helps the students come up with the following procedure, where Pot A is the variable and Pot B is the control:
1. Place Pot A on the digital scale and record its weight. Then add enough soil so that the filled pot weighs exactly 1,000 grams more than it did without the soil in the pot.
2. Do the same with Pot B.

3. Plant a radish seed in Pot A.

4. Sprinkle both pots with the same, measured volume of water.

5. Place both pots under the electric grow light.

6. Continue to water both pots with the same measured volume of water over the next few weeks.

7. When the radish plant is a few inches tall, carefully pull out the plant without removing any soil from the pot.

8. Weigh Pot A using the digital scale.

9. Do the same for Pot B.

10. Subtract the weight of the pots to determine the weight of the soil.
Recording Data and Analyzing the Results

The entire purpose of an experiment is to collect accurate information. Mrs. Cooper provides her students with a chart for recording the information—also known as data—collected at the beginning and end of the experiment.
	Date
	Pot A mass (grams)
	Pot B mass (grams)
	Comments

	April 1
	1,000 grams
	1,000 grams
	After weighing, we placed one radish seed in Pot A.

	May 1
	1,000 grams
	1,000 grams
	Before weighing, we removed a 2-inch radish plant from Pot A.


Now comes the exciting part. It’s time for Mrs. Cooper’s class to analyze the data they collected. To “analyze” means to consider, examine, and evaluate. By analyzing the data, Mrs. Cooper’s class will come up with the results and draw conclusions from the experiment.
Looking at the data, Mrs. Cooper’s class sees that the weight of both pots of soil was exactly the same (1,000 grams) at the beginning of the experiment as the end. Even though a 2-inch radish plant grew in Pot A, it didn’t affect the weight or mass of the soil.
“What is our conclusion?” asks Mrs. Cooper. “Did the radish plant get its matter from the soil? Do growing plants get their matter mostly from soil?” The answer, everyone agrees, is clearly “no.” Plants don’t get all of their new matter from soil. Our evidence for this is the weight of the soil—it did not change from 1,000 grams. So the radish plant didn’t get most of its matter from the soil. Because the soil doesn’t lose any matter during the growing process, plants must be getting the matter from somewhere else.
What’s Next: More Questions!

Mrs. Cooper’s class ran a successful experiment with strong results. But as with most scientific experiments, one set of results leads to even more questions. For example, if plants don’t get their matter chiefly from soil, do they get it all from water? Or do plants create matter through a combination of water and sunlight? What about air? Could air somehow contribute to a growing plant’s matter? A good scientist continues to gather information by designing new experiments and coming to new conclusions. Good luck!

Scientists Do These Things Anchor Chart

(For Teacher Reference)

	Engaging in Argument
	Developing a Model
	Planning an Investigation

	Preparing for the argument:

11. Pose the question.
12. Identify evidence that answers the question.
13. Evaluate whether that evidence is good enough.
Making the argument:

14. Make a claim.
I’m arguing that …

15. 2Use the evidence and scientific reasoning to support the claim.
My evidence for this is …

This evidence shows …

16. Explain why the evidence is sufficient and relevant.
This is evidence is sufficient because …

Further evidence could include …
	· A model can be a drawing or model, a physical replica, or a simulation and can be used to explain a process or idea.
· Collaborate to revise models based on evidence.
· Identify limitations of models when used to study one part of a system or object while not paying attention to other parts.
· Models can be used for making predictions.
	17. Pose a question that can be investigated with trials.
18. Decide what can be changed (variables).
19. Set up the procedure.
20. Record observations/collect data.

	Examples of evidence: observations from an experiment
	Photosynthesis explanatory model
	

	LS4
Examples of sufficient and relevant evidence
	
	


Class Explanatory Model of Photosynthesis

(Example, for Teacher Reference)
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Concepts Scientists Think About Anchor Chart

(For Teacher Reference)

	Energy and Matter
	Systems

	Matter has weight and takes up space—almost everything in an ecosystem is made of matter.
	

	Energy can be transferred in various ways and between objects.
	

	Plants cause water and air (matter) to flow and cycle as they change water and air into sugar and release oxygen.
	


Criteria for Healthy Ecosystems Anchor Chart

(For Teacher Reference)

	We’ll look at:
	What will indicate health?

	Organisms (plant and animal) in the ecosystem
	

	Abiotic features: water, soil, air
	

	Big cycles working together as a system
	The matter (solid, liquids, and gases) cycles in an ecosystem.
Plants help cycle energy and matter through photosynthesis.

	Additional student ideas
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