Scenario B
Ms. Tico posts the following question on the board for students to ponder as they enter the room:  “If you were a cell, which would you rather be: small, medium, or large?  Why?”  After they have time to write their answers, she asks them to group with others who think as they do and discuss their reasoning.  She then puts them in groups of students who thought differently (at least one small, medium, and large in each group).  

She gives each group three blocks of agar prepared with phenolphthalein indicator: a 1x1x1 cm block, a 2x2x2 cm block and a 3x3x3 cm block.  She asks students to think of the blocks as models of cells and asks the students to discuss which they would rather be and why in their small groups.  They may add to or change their previous answers, but must explain what changed their minds.
Ms. Tico then asks the students to put the models into a beaker of NaOH solution to soak for 10 minutes.  As they soak, the students are asked to work together to find and record the relationship between the surface area and the volume of each cube.  When students state that they forgot how to do that, Ms. Tico asks them where they might look to refresh their memory.  One student suggests the internet, another takes out his phone to look it up, another takes out a math book.  They are also asked to discuss “diffusion” and as a group write a paragraph of what that means to the cell models and to real cells.

After 10 minutes the cubes are removed from the beaker and dried with a paper towel.  Students are asked to cut the cubes in half and measure and record what has turned pink.  Ms. Tico tells students that the pink represents food, water, or something needed by all parts of the cell.  She asks groups to determine which cell got the most of what it needed and to give mathematical evidence.  She then engineers a class discussion based on conversations she heard as she traveled from group to group.  She asks different groups to explain their thinking about 
· How the measurements they took relate to a cells characteristics.

· How the measurements change in relation to each other as the cell size changes.

· How cell size effects the cell’s chance of efficient interactions with its environment.
· One group shares an analogy they came up with for the difference in cell size and its ability to get what it needs.

Her exit slip is for students to answer the original question again and to give reasons based on evidence.
Scenario C

Mr. Bell begins class with a review of diffusion.  He asks several students to give definitions of diffusion in their own words, and then shows a short video about how diffusion works in cells.
Next he gives each group three blocks of agar prepared with phenolphthalein indicator: a 1x1x1 cm block, a 2x2x2 cm block and a 3x3x3 cm block.  He asks students to think of the blocks as models of cells.  Then he asks them to find the area of one face, the total surface area of the cell, and the volume of the cell.     
Mr. Bell then asks the students to put the models into a beaker of NaOH solution to soak for 10 minutes.  As they soak, the students are asked to answer the following questions independently using the measurements they took:

· Which measurements represent the cell membrane?

· Which measurements represent the cell contents, or cytoplasm?

· As a cell grows larger, what happens to the total surface area to volume ratio?

· What happens to the distance from the center of the cell to the cell membrane?

· What could this mean for the cell?

· Which size cell has the best chance of efficient interactions with its environment?

· What could cells do to increase their total surface area to volume ratio?

After 10 minutes the cubes are removed from the beaker and dried with a paper towel.  Students are asked to cut the cubes in half and measure and record what has turned pink.  Mr. Bell explains that the pink represents food, water, or something needed by all parts of the cell.  He shows them how to determine which cell got the most of what it needed by measuring the distance the pink traveled compared to the size of the cubes.  He then calls on students to answer the questions they answered while the cubes were soaking.
Scenario A
Ms. McDonald placed her students into lab groups of four students.  She set up each lab station with three blocks of agar prepared with phenolphthalein indicator: a 1x1x1 cm block, a 2x2x2 cm block and a 3x3x3 cm block.  At each station there is also the following lab sheet:
	Comparing Cell Sizes

By analyzing the three cell models, you will be able to answer the following questions about cell growth.

Here is the formula for computing the following about the cell models when the length of one side equals “s”: Area of one face (A=s2); total surface area of a cell (A=6xs2); volume of a cell (V=s3); and distance from the center of the cell to the center of each wall (D=s/2).
1. Compute the data above for each cell.

2. Using a scale, find the weight of each cell in grams.

3. Compute the surface area to volume ratio for each cell and the surface area to weight ratio for each cell.

Put the cell models into a beaker of NaOH solution to soak for 10 minutes.  

After 10 minutes remove the cubes from the beaker and dry with a paper towel.  

Cut the cubes in half and measure and record what has turned pink.

The pink represents things the cell needs to survive.  

Observe that all parts of the smaller cell were able to get what was needed, but only some parts of the larger cells were able to.

4. Anything the cell takes in, like oxygen and food, or lets out, such as carbon dioxide, must go through the cell membrane.  Which measurement of the cells best represents how much cell membrane the models have?

5. The cell contents, nucleus and cytoplasm, use the oxygen and food while producing waste.  Which two measurements best represent the cell content?

6. As the cell grows larger and gets more cell content, will it need more or less cell membrane to survive?

7. As the cell grows larger, does the total surface area to volume ratio get larger, smaller, or remain the same?

8. As the cell grows larger, what happens to the total surface area to weight ratio?

9. Why can’t cells survive when the total surface area to volume ratio becomes too small?

10. Which size cell has the greatest total surface area to volume ratio?

11. Which size cell has the greatest chance of survival?

12. What can cells do to increase their total surface area to volume ratio?


Ms. McDonald collected the questions at the end of the lab in order to grade them and return them.
Scenario D

Mr. Arby began his class with a question, “Why are cells so small?”  Then he began to lecture as students took notes; “Think about this: even though a whale is much larger than a human and a human is much larger than a tulip, their cells are all roughly the same size.  Whales don’t have larger cells than humans, just more of them.”

“There is a very specific reason why cells are the size they are.  Anytime this cell interacts with its environment, it does so at its membrane.  The more membrane a cell has the more exchange it can perform with its environment.  This exchange can include activities such as obtaining nutrients or getting rid of wastes.  We refer to the amount of surface that an object has as its surface area.”

“Once materials get inside the cell, they move via diffusion.  Diffusion is the random movement of particles that results in their dispersion in the cytoplasm.”  Mr. Arby demonstrates by dropping food coloring into a beaker of water.  “How would diffusion be different if I dropped the same amount of coloring into a swimming pool?”

“Cells try to maximize their surface area and minimize their volume to make diffusion more efficient.  A basketball sized cell would have lots more surface area, which is good, but also lots more volume, which is bad.  Think about how long it would take for molecules to diffuse from the outer portion of the ball to the center.  Now think about the same thing with a ping-pong ball or a marble.  When we talk about the interplay between these two quantities, we use the ratio of surface area to volume.  Ideal cells have large surface area values, but small volume values.”
Mr. Arby then gives groups of students three blocks of agar prepared with phenolphthalein indicator: a 1x1x1 cm block, a 2x2x2 cm block and a 3x3x3 cm block.  He also gives them the following table to complete:

	Cell Model
	Area of one face

(lxw)
	Total surface area of cell

(6x area of face)
	Volume of cell

(LxWxH)
	Total surface area to volume ratio

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	


After groups find the measurements, Mr. Arby asks the students to put the models into a beaker of NaOH solution to soak for 10 minutes.  As they soak, he continues his lecture with a video demonstration of cells dividing.

After 10 minutes the cubes are removed from the beaker and dried with a paper towel.  Students are asked to cut the cubes in half and measure and record what has turned pink.  Mr. Arby tells students that the pink represents food, water, or something needed by all parts of the cell.  He demonstrates how to measure the part that turned pink and has students report this data for each model.  He then explains that while each had the same amount of pink, it was only the smaller one that was able to meet the needs of the cell.  He returns to his original question, “Why are cells so small?” and asks students to write an answer as an exit slip.

