M&M Population growth with Excel

Populations usually grow according to a rule like: “In each generation, a fraction of the individuals will reproduce.”

We are going to carry out an activity that models this behavior using M&Ms

· What do we mean by model?

· How can we specify a fraction of M&Ms that will reproduce? 

· Is it always the same value (constant change, zero-order)? 

· Is it always the same fraction of the population (rate depends on amount, first-order)?

· How do you think the fraction works in a real population? Can we come up with a fraction that works that way?

M&M activity – each group gets a paper plate, 2 paper cups and ~100 M&Ms

1. Start with 5 M&Ms in a cup (keep the rest of the M&Ms in the other cup)

2. Data recorder should create an Excell spreadsheet with a column for time-step (from 0 to 8) and a column for population. Record that at time 0 the population size is 5.

3. Spill the 5 M&Ms onto the plate

4. For each M&M that lands m-side-up, add another M&M to the population

5. Record the new size of the population at the current generation 

6. Place the M&Ms into the cup and spill them onto the plate again

7. Repeat steps 4-6 until the population grows larger than 100 and stop

8. The M&M wrangler should reproduce the Excel spreadsheet with their population data that was created by the data recorder

Plotting data in Excel

· Instructor and everyone in the class should add a column for the population data recorded by each team in the class. Also add column headings for “Average”, “Diff Model” and “Rand Model”

· Select all of the data, including the extra columns that headings were created for, and insert an XY scatter chart with straight lines only (no point markers, no curved lines)

· Notice that the plots of the data change slope at nearly every data point. Why? Why don’t they do so smoothly? Do any of the plots cross each other? Can they? Why? Which dataset is the best? Why?

· Now create an average population column by averaging across each groups measured values at each time point. How does the plot of the averaged data differ from the individual group data sets? Does the slope still change at every point? Does the change occur more smoothly, or less? Why?

Deterministic (finite difference) model – 

· In the column labeled “Diff Model” enter “5” as the starting population (at time 0)

· Remembering back to the rule to describe population growth, at each generation, some fraction of the M&Ms in the population will reproduce. We can represent this as an equation that looks like:

· HAVE = HAD + CHANGE, where CHANGE = FRACTION * HAD

· So HAVE = HAD + (FRACTION * HAD)

· We can have Excel calculate the population at generation 1 by entering a formula into row 3 (at time-step 1). 

· To start a formula type “=”

· Then click on the cell with the population value at the previous time-step (= HAD), which is the cell above where the formula is being entered.

· Type “+ fraction *”

· Then click on the cell with the population from the prior time-step (above)  again and hit return

· Excel should report the value in the cell as “#NAME?”. This is Excel’s way of telling you that it didn’t understand something that you typed in the cell. In this case it is the word “fraction”.

· Why did we type the word “fraction” in the first place? Because it is what we used in the formula for change as a fraction of what we had above, CHANGE = FRACTION * HAD. So why didn’t we type “had”? Because while the fraction that we will use will remain constant across time-steps, what we had on the previous time-step changes with each step. So we point to the cell above for the previous population, and we use the work “fraction” for a parameter with a constant value over time.

· So now we need to define “fraction”. Click on cell A13 and type the word “Fraction”, and hit the tab key. The cursor should now be in cell B13, which can be confirmed by the column and row headings that are highlighted. In addition, the Name Box at the far left hand side of the formula bar should say “B13”. (If the Formula Bar is not displayed, select it from the View menu). To give this cell a name that you define, type “fraction” into the Name Box and hit enter. Now type the value “0.25” into cell B13. This should fix the name error, and you should see a calculated numerical value in row 3 of your “Diff Model” column.

· To extend the formula you entered in that cell, to the rest of the column, click on the cell (in the third row of your “Diff Model” column, move your mouse to the bottom right corner of the cell (your cursor should turn into a fine black crosshairs), then drag the corner (called the fill handle) down to fill all of the rows you want with the formula in the initially selected cell. How does the “Diff Model” plot on the chart compare to the data that was already there? How would you describe this using the graph? Is the fraction too small or too large compared to the data? Try changing the fraction value and see if it has the effect that you’d expect.

· Excel allows us to control the value in a cell with a scroll bar, so that we can quickly adjust a quantity across a range of values, and see the effect that it has on our model. 

· To create a slider bar you need to first display the Forms toolbar by selecting View>Toolbars>Forms from the View menu. Click on the scroll bar tool icon on this toolbar ([image: image1.png]


). 

· Now drag a long horizontal rectangle beneath the fraction box and release it. With the new scroll bar still selected (moving and reshaping handles still visible around the perimeter of the scroll bar) control-click (right-click) on the scroll bar and select “Format Control…” from the pop-up menu. 

· In the dialog box that opens, the only parameter that needs adjusting is the bottom text box labeled “Cell link:”. This allows you to specify the cell on the spreadsheet that has it’s value controlled by the scroll bar. Click in the text box to activate it, then click on cell C13 on the spreadsheet.

· The reason that we aren’t clicking on cell B13, which is the cell named “fraction” and that contains the value of the fraction we are using in our formulae, is that scroll bars are onl able to take integer steps. Since “fraction” needs to be a decimal fraction between 0 and 1, our approach will be to use the scroll bar to set the value in the cell next to “fraction” and then use a formula in the “fraction” cell to calculate the value from the value in the cell next door.

· Click OK to close the “Format Control” dialog box

· In cell B13 (“fraction”) enter a formula to calculate fraction as the value in C13 divided by 100 (type “=C13/100”).

· Now when you adjust the slider what happens? Does increasing “fraction” make the “Diff Model” grow slower or faster?

· What value of “fraction” makes the model most closely fit the data? Which data column should you try to match the model to? Why?

· Does the “Diff Model” curve look more like the data from an individual population, or like the average data? In what ways?

Model with randomness

· It should be the case that the answer to that last question is that the finite difference model looks more like the average data. The deterministic model is able to represent the average expected behavior for the system, but it isn’t able to represent any of the randomness that we see in individual population growth measurement series. However, Excel can allow us to include randomness in our model. 

· We will use an Excel worksheet function called “rand”. This function uses an algorithm to generate a pseudo-random number that is a decimal fraction between 0 and 1. 

· Type “5” as the population at time-step 0 in the “Rand Model” column.

· Now we need to think about how to include randomness in our model in a way that reflects the randomness in our M&M population growth activity.

· At time-step 1 we will need to calculate a value for population as we did for the “Diff Model”. The Diff Model formula was “=had + fraction * had” where “had” was the population value in the cell above. 

· In our M&M population growth activity, fraction wasn’t the same in every generation. It varied each time, depending on how many M&Ms landed with the “m” facing up. So for our random model, we don’t want to use the same value of “fraction” each time, we want to vary it randomly. 

· When we type “rand()” in our formula, Excel will replace this expression with a decimal fraction between 0 and 1. How can we use this to adjust our value of fraction? 

· When we adjusted the scroll bar to fit the Diff Model to the data, we found the value of “fraction” that produced the average expected behavior for our M&M population growth. So if we want to add random variation to the value of “fraction” we want the value to vary around the value specified in the cell named “fraction”. Sometimes we want the value to be larger than “fraction” sometimes we want it to be smaller. 

· If we just multiplied the value returned by “rand()” (which is always less than 1)  by “fraction”, the result would always be smaller than “fraction”. But if we add 0.5 to the random value, then we get a random number with a value between 0.5 and 1.5. If we multiply this by “fraction” sometimes the result will be larger than “fraction”, sometimes it will be smaller. 

· So we need to replace “fraction” in the formula from the Diff Model with “(rand() + 0.5) * fraction”

· Once you have entered your formula (which should look something like “=G2+(RAND()+0.5)*fraction*G2”), use the fill handle to fill the rest of the “Rand Model” column with the formula.

· When you adjust the scroll bar, or type “command-=” this causes Excel to generate a new set of random numbers, so the values calculated for Rand Model should change. 

· How does the Rand Model plot compare to the data plots and to the Diff Model?

