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Cellular Respiration: Analyzing Data and Drawing Conclusions

Subject: 5th Grade Life Science and 7th Grade Cell Biology

Lesson Overview: Through an investigation involving cellular respiration in plants, students will generate data, analyze data and draw conclusions about the CO2 production in plants.  Using the 5 E Model, students will be involved in a series of activities that include:

· Relating CO2 production to Cellular Respiration

· Reading about Cellular Respiration

· Acting out Cellular Respiration through Total Physical Response (TPR)

· Conducting an experiment and explaining the data

· Applying the ability to interpret data to a completely different situation.

· Answering and justifying a California State Test (CST) Type Question

Standards addressed:  

5th Grade Life Science 2 g:  Students know plants and animal cells break down sugar to obtain energy, a process resulting in carbon dioxide and water.

Investigation and Experimentation 6i: Draw conclusions from scientific evidence and indicate whether further information is needed to support a specific conclusion.

7th Grade: Investigation and Experimentation 7c:  Communicate the logical connection among hypotheses, science concepts, and tests conducted, data collected, and conclusions drawn from scientific evidence.


7th Grade Cell Biology 1d:  Student know that mitochondria liberate energy for the work that cells do and that chloroplasts capture sunlight energy for photosynthesis.

Student Objectives:

Students will identify what substances living things take in and produce in cellular respiration 
Students will conduct an investigation and gather data.

Students will analyze data and make conclusions and inferences.

Students will engage in a literacy strategy that includes pre reading, during reading, and post reading activities.

Vocabulary: Carbon Dioxide,  cellular respiration, mitochondria, glucose, sugar, energy, data, conclusion, inferences, oxygen, indicator, Elodea, photosynthesis, ATP

Resources and Materials: Sprigs of Elodea- can be purchased at most aquarium shops

Bromothymol Blue indicator- Carolina Biological,  www.carolina.com 849164 .04% 100 ml $2.95

It is blue in alkaline conditions; green at neutral and yellow at 6pH and below.  Often used to indicate the presence of CO2, which forms carbonic acid, a weak acid, in solution.

test tubes and rack or baby food jars, Erlenmyer flasks or 16 oz. Recycled drinking water bottles, straws, snails 

Handouts: 

Diagram of Experimental Set-up

Data Chart

Mock Data 5th and 7th grades

CST Type Questions

Pages in textbook on Cellular Respiration and Photosynthesis.

	Steps of the Lesson
	Anticipated Student

Responses
Teacher’s Response to Student Reactions
	Formative

Evaluation

	ENGAGE:  

T: What do you know about CO2? Do plants give off CO2?  Do people give off CO2?

A. Pre-Activity:  Have students blow into straws that are inserted in test tubes or flasks of water.  Make sure they are blowing out not in.

B. Activity: Teacher drops several drops of Bromothymol blue into each test tube or flask until it turns a very light blue.  (Be sure that students use goggles and plastic gloves as good laboratory practice.) Have students place the tube or flask over a sheet of white papers so that the colors are more easily discerned. Have students blow into straws that are inserted in test tubes of water with  Bromothymol blue until it changes color from light blue to green to yellow.

T: What are we blowing into the test tube?

1. How do we stay alive?

      Why do breathe? 

Why do we need food?

Why do we need oxygen?

What do we take in from the air when we inhale?  What do we exhale?

Teacher asks students to breathe in deeply and say oxygen; then to exhale and say carbon dioxide. They do this several times.  They should not blow as hard as they can as the liquid could splatter.

2. What is cellular respiration?

    We are animals, do plants
    do this? 

   Do they undergo 

    respiration too?

3.  Why do we use Bromothymol Blue?

EXPLAIN:

T: We need the oxygen in our little cells in order to break down food to release energy.  This is called cellular respiration.
EXPLORE:

A.  Do you think plants produce CO2?  

How might we find out if plants produce CO2 using the Bromothymol blue? How can you be sure?  Prove it.  Go over directions for students:  Show the green plant (Elodea) and the Bromothymol blue.  

a. What investigation can we do to find out?

b. How might we find out when respiration happens?

Activity:  Student groups design a possible investigation and set it up. (Plant and no plant)

B. Introduce what a control is.  Introduce a new variable: dark.  Do you think plants produce CO2 in the light?  Do you think they do in the dark?  What do you think they do in the dark? How can we find out?

See diagrams of experimental set-up. (Plant in light and plant in the dark. 7th grade may introduce a snail in the experimental set-up)
EXPLAIN 2:
Set the purpose for reading: Students will create a problem/solution chart and teacher will pose the question to students before reading.

Question: How do plants use food to obtain energy to grow?  Students will do a pre-reading quick-write to answer the question.

Next, teacher will provide a copy of textbook pages 18-19 for students to read and use for highlighting, underlining, etc…Students will read the pages on their own and then join a group to share information they have found. The group will compile their information and share with the class.
The teacher will take the information shared from all groups and make a class chart to post. Teacher will act as a facilitator for all groups.

TPR: Students will act out how energy is released in cells by taking on roles of oxygen, carbon dioxide, water, ATP energy and using the classroom as the cell; a desk as the mitochondrion and the teacher as director/narrator.

The teacher will ask questions to allow students to conceptualize how ATP energy is released from food in the mitochrondrion forming carbon dioxide and water.

EXPLORE 2:

After students observe that there is more CO2 in the set up in the dark, the teacher asks why?  Do you think that there is less CO2 produced or the same amount and something happens to the CO2?

EXPLAIN 3:

Students read pp.42-43 in textbook.  Teacher asks questions to guide students to identify that photosynthesis occurs in the tube in the light and CO2 is used for photosynthesis.
Teacher uses the tubes from the activity and asks students what would happen if the tube in the light is placed in the dark and the one in the dark placed in the light.

ELABORATE:

Working in small groups, students will use mock data from a chart in order to make inferences and draw reasonable conclusions.  The teacher will ask “What conclusions can you make? “What inferences can you make?”, “Based on the investigation we did, what information does this chart tell you?” “How would you explain this data?”  Students will discuss their ideas and write out their conclusions and inferences on a group paper and present to the whole class.

EVALUATE:  

Students will answer a multiple-choice CST-like question involving a data chart and justify their answer.

	S: It’s a gas. It’s in the air. Animals and people give off CO2, but plants do not.

T: If you put your hand in front of your mouth or nose and blow out, you can feel the gas.  What is this gas? How many of you think that plants give off CO2?  How many think they don’t?

We will conduct an experiment to show whether they do or not.
S: Bubbles of CO2?

Our breath. Gas.

T: What’s in the air?

What do we inhale?  What do we exhale?

S: Air.  

CO2.  

Oxygen.  
S: We breathe.

To get oxygen.

To feel full.

To get energy.

T: How does our body use the oxygen?

It uses oxygen to break down the food we eat for energy.
They produce O2 when they make food through photosynthesis, but they have to break that food down through cellular respiration for energy, just like us.

Plants need energy to grow, reproduce and to make food.
S: They also produce CO2 from cellular respiration, but they use it for photosynthesis in the light. That’s why it is not always present in the water.
S: It changes color when we blow into it.

It shows if there is carbon dioxide.
S: No, we do.  They produce O2.

T: Plants produce CO2
when they break down food they eat to release energy.
S: No, they produce CO2 in the dark only.

S: Put plant in the test tube with Bromothymol blue and water.  We need a control with no plant. We need to place one set-up in the light and one in the dark.

The mitochondria in the cell  takes oxygen and breaks down glucose to release  energy, carbon dioxide and water.  That’s where all of the energy comes from.

3.   Ask where is this  

4.   CO2 comes from. 

5.    (from cellular 

6.    respiration)
They make food in their leaves from sunlight. They break food down to release energy.  

Some students may have the misconception that plants get food from the soil.
S: CO2 is taken up by the plant for photosynthesis, so there is less in the water.

Students might at first just read the colors on their data chart
Teacher guides students to make inferences as to why each tube is the color that it is.

.
	Teacher walks around and monitors students blowing into the test tubes or flasks. 

Teacher charts answers on the board.
Teacher checks investigation designs to make sure they have a control, and appropriate variables.

Teacher monitors information on the chart.

Teacher polls class as to whether there is less   CO2 produced or the same.

Teacher listens to group presentations.

Teacher compute the percentage of students who choose the right answer with corresponding justification.
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