Project based learning 

Math with science/engineering/social studies

Copper in Michigan

In 1845, Copper became King in Michigan. Almost as soon as Michigan became a State, in the tiny finger of land that we now call the Keweenaw Peninsula, copper mining began. Millions of dollars were made, mostly by other people in other states, and by new immigrants from other lands. Almost none of the wealth flowed to Michigan citizens, except what companies could not avoid being taxed on.

This project will lead you through the rise and decline of the first financially successful copper mine, the Cliff, and its attached town, Clifton, using real data from the reports of the time. 

You will be asked to look at the numbers, and make predictions, just as the company owners did at the time. What would you have done? What do you think happened? What could or should have been done differently?

These are all ways numbers and mathematical models are used now, not only to try and predict what will happen in industry, but to try and understand the effects of immigration, how people work, and move, and live, so that planning for change can take place. 

None of this takes place without any other knowledge. Real life does not isolate one subject from another “this is math” “this is science” “this is history”. Real life moves all the information together. We are going to expect you to work within the project without worrying about which school subject it “belongs to.” Later on in life, you might find yourself with an interest in one of these specialty subjects, or in several of them. Recently, great gains in science have been shown by what is called cross-disciplinary work, where people have worked together to come up with new ideas (some examples include: computer scientists and biologists to map DNA, paleontologists and geophysicists to explain the dinosaur extinction, artists and biologists to interpret virus interactions).

Population study

So, to begin, go to the excel file and download the file “population.xls” 

You will find census data from 1850, 1860, 1870 and 1880. Save this file for yourself, and make a copy to work with.

Open a Word file, and use it to answer the questions. I suggest you copy and paste the questions, then type your answers. You can paste charts from Excel. You should be able to save your project and then email it as an attachment.

Why is there data from these years?

What data is not available in 1880, and why do you think that is?

(note 1: I have changed country of birth to correspond with the larger country that we see now

note 2: babies have an age of a fraction of a year, in decimal form

note 3: 1850 includes data for what is now Houghton and Keweenaw counties, as there is no division in the census )

Use the data from 1850. Find the five number summary for age of the population (min, Q2, median, Q3, max). I suggest you use the Excel functions to find these. Ask for help if you need it - there is a reference online.

Use this data to make a box and whisker plot for the population in 1850.

Make a histogram showing the age distribution of the population. 

Look at these two charts, and decide which gives you more information, and why. Write down your thoughts and reasoning.

Use Excel to create a pie chart showing numbers of men (m) and women (f). You can choose to do this for the entire population or for only certain age groups.

Look at this pie chart as well as the histogram or the box plot. What do these tell you about the population of the area? Why do you think it looks like this?

Make a chart of some type to show the birth countries of the population.

Make a chart of some type to show the occupations of the population.

Do the same for 1860.

Compare your charts for each of the years. What can you deduce from the data? What can you expect in the future, based on this data? Make sure to write this down now, before you move ahead.

Create these same charts for 1870.

Look at these charts, and decide if the data back up your thoughts from 1860. Write down whether you think the data supports your last predictions, and why. If you need to make new predictions, please write them down now.

Create the same charts for 1880.

Look at the charts, and decide if the data back up your thoughts from 1870. Write down any ideas which changed, and why.

Make sure your answers are based on your data, not on what you “know.”

Mine investments and company practisces

The original investors in the Cliff mine put up $110,000, in 5000 shares of $20 each, and then another $2 extra per share (called an Assessment). Later they “split the shares” to create 20,000 shares.

Please download the file “minemoney.xls” save it and make a copy to use.

The first tab “investment” should show you a list of mining companies set up between 1849 and 1910. “Investments” are thousands of dollars put in by the shareholders. “Dividends” are dollars paid back to the shareholders. Ultimately, the shareholders goal is to make money, which they do from dividends, paid out as the company continues. If dividends are less than investment overall, then the shareholders lose money (or perhaps come out even if the company has things to sell at the end). Think of dividends as like interest on the money 

Answer the questions in a Word file.

How much money was invested?

How much money was in dividends?

Based on this, what is the probability of payback?

Now look at the number of companies.

How many mining companies were there?

How many of these companies returned dividends?

Based on this, what is the probability of payback?

This data was put together by a mining company (Calumet and Hecla) when there was a strike for better wages. If you were an owner of the company, make an argument using any of these numbers, to show why the miners should not get more money.

The miners argued that they were not being paid reasonable wages, and that a few high wages were beign averaged with low wages to make it appear that miners were well-paid. Look at the wages for 1913 and see if you agree. Miners are the men who drill holes and set “black powder” to explode rock. Trammers load the rock and push the trams of rock along rails, and tip the rock up into a skip that is then hauled up to the surface. Both groups work below ground in the dark except for their candles.

Use the data  in “daily wages 1913” to create one or more charts to show whether this argument is true or not.

Make sure to write down your discussion.

Strikebreakers were brought in by train at a guaranteed $2.60 or $2.75 per day as trammers. They would have to pay for their “bed and board” of $5 a week. The train ticket cost $2.00 from Chicago Does this change your thoughts? 

At about this time, Ford began to offer $5 a day wages at 8 hours per day for all workers. (This was the major invention of Ford – not the assembly line, which was invented earlier, but paying people enough so that they could afford the product they were making.) Does this change your thoughts?

Directors' decisions

The Cliff mine was the first mine to pay the shareholders back. If Cliff had not managed to produce enough copper to pay for the investment, it's possible that copper mining might never have taken off in Michigan. 

Download the file “Cliffmoney.xls”

begin with the tab 1840s

Copper ore was sent to other states for smelting, where it was melted to get rid of impurities.

Use either Excel or your graphing calculator to produce an equation for the amount of ore shipped in lbs. Make a second equation for the amount of copper produced by smelting, and make a decision as a director whether or not to continue mining, based on the expected production for the next 10 years.  Begin with year 1845 as year 0. Explain your decision.

Use either Excel or your graphing calculator to produce an equation for the product by $, and make a decision as a director whether or not to continue mining, based on the expected sales for the next 10 years.  Begin with year 1845 as year 0. Explain your decision.

Produce an equation that predicts the percentage of pure copper from the entire shipment. Does this prediction change your decision? Explain.

In fact, the directors were about ready to give up in 1847, and Reverend Charles Avery loaned the company $80,000 to keep going.

Use the tab 1850s

This includes all the information in the 1840s, and the new information from the 1850s. Make the  mathematical models of the same 3 sets of data as before, but including up to 1859. Make a prediction for the next 10 years. Decide whether to continue mining.

Compare the mathematical models made at the end of 1849 the ones you made at the end of 1859. Can you make any conclusions about the mine?

Make sure all your thoughts are written before you begin the next section.

Charles Avery, one of the six princiipal investors, died in 1858. Half his money went to fund Black people in Africa, the other half for colleges in the US that educated African Americans.He provided $25,000 for 12 scholaships per year at the Western University of Pennsylvania, and his money funded the Avery institute in Charleston, their first free secondary school for African Americans.

Use the tab 1860s

This includes all the old information, and the new information from the 1860s. Make the  mathematical models of the same 3 sets of data as before, but including up to 1868. Make a prediction for the next 10 years. Decide whether to continue mining.

Compare the mathematical models made at the end of 1850 and the end of 1868. Can you make any

conclusions about the mine?

Make sure all your thoughts are written before you begin the next section.

Does the mine make the most money in the year it produces the most copper? Make a graph of the price of copper per lb as it varies by year (year on the x-axis), and explain what might have made the price of copper increase.

In fact, the directors decided to close the mine in 1869. Does their decision agree with yours? (They received a lot of criticism for closing the mine while it was still productive.)

Earners

In the first section, you used data from the census to study and make predictions about the population of the Cliff mine area. Now you will use data from employees and wages in the 1860s to examine the decisions of the company in more detail.

Download the file “Cliffmen.xls”

This file divides employees of the company into “miners” and “non-miners”, and gives average pay for each. It's unlikely that the superintendent of the mine was paid the same as the trammer, though.

The data has been given by month, beginning numbering the months from July 1859 as month 1.

Make a graph showing the numbers of miners and surface workers. Look for any changes. Compare these changes with your previous information, and any other knowledge you might have, and see if you can explain the changes.

Make a graph showing wages (these are monthly) of miners and non-miners. Again, look for any changes, and try to explain them. Make an equation to predict average wages by 1913, and see how they compare with the daily wages given earlier (26 working days = 1 month). Does this suggest that miners were being paid fairly in 1913? (http://www.westegg.com/inflation might be a helpful site)

Use multiplication and addition to determine the cost of employees to the company.  Look for changes, and try to explain them. How does the employee cost compare with the cost of the mine in 1855?

Finally, look at the dividends paid out to the shareholders (from the dividends tab) . How many years did it take until the shareholders had been paid back for their investment? How much money comes out from each employee? If the directors had taken only half the dividend, and divided the rest among the employees, how much would the average wage have been for miners and non-miners?

Ultimately, corporate industry depends on investors and employees. When the investors leave, the employees have to leave. Employees come and stay when there is work. Much of the success depends on guessing what will happen. An informed guess is often best, but the Cliff mine directors did not know that around 1890 copper would be much more in demand for the distribution of electricity.

Now that you have examined the data surrounding the Cliff mine, please write a descriptive paper about what happened at the Cliff mine. How was the population affected by immigration? How was it affected by mining? Do you think this was managed well? What would you have done differently, based on the data?

Engineering projects

a) Stamps

The stamp copper is made by big metal hammers whciha r elifted up and then dropped so that they “stamp” on the rock like a giant foot, and crush it up into something that loks like sand. The lifting and lettign go is accomplished by something called a “cam”

http://www.flying-pig.co.uk/ has a cam bird to demonstrate this, created for clasroooms. Itc an e completed by a group of 4 students in one class session. “impatience” is probably the best demonstration of the stamp mill effect.

http://www.robives.com has a large site that you can subscribe to and download models. I subscribe, so I can't tell what is free or not. Agreeable Sheep is a fine friend for many students. 

I use “bristol” thin card from Office Max, and white glue, spread with a toothpick. Patience is required. If you have not made anything with folded cardboard before, it is best to start with something easier, like a cube or a dodecahedron.

Create one model using a cam for a mechanism, and explain how it works. 

b) The Man engine

In 1864, the Cliff mine was over 1200 feet deep. Miners were not paid until they began work, and at the end of their shift they had to climb back up. Other mines that were less deep were opening up, and miners were leaving the Cliff. Joseph Rawlins heard about a”Man Engine' that was in use in Germany and England (Cornwall), and invented his own. Here is an example, showing how the up and down motion of the two beams is used to lower men down the shaft, as they step from one platform to aonther when the beams align the platforms.

Design and model, using Lego or K'nex or any other material, your own Man Engine. You might want to read the description of the man engine that Rawlins invented. Explain how your model works.

c) Topographical model

Find a topographical model of the Cliff area. Copy and paste it onto a sheet of paper, or Bristol, and make 3 or 4 copies. Carefully cut along the height contours, and space it vertically with a small piece of corrugated cardboard, or some foam board, or double sided foam sticky tape. (Oriental trading sells some double sided sticky spacers.) 

The 3-D model should clearly show the steep cliff and the slope to the North. The cliff is caused by the earth tearing itself apart as the area to the North sunk down, creating the bowl of Lake Superior. 

An ambitious group could continue to create the mine underneath, with each level being 10 fathoms (60 feet) below the last, and the angle following the angle of the land to the North. If you see the Cliff (200 feet) and then see the depth of the mine (1200ft) you can sympathise with the miners who would rather not go up and down that ladder every day.

d) Copper deposition

Copper deposition can be thought of as an application of chromatography. A chromatography experiment can be conducted with M&Ms or Skittles to find the different colors used in the food dyes. Instructions can be found at http://www.ehow.com/how_7786740_separate-coloring-objects-using-chromatography.html 

The Immigration Project

You may work in groups of 1, 2 or 3 people

At some time or another, most of our families have been immigrants. This project allows you to examine immigration as it affected a small part of Michigan. That area became one of the largest producers of copper in the world, and it would not have happened without immigration.

Immigrants brought little other than skills and knowledge, and changed wilderness into wealth (at least for some).

You will find various data sets for this project. Your goal is to look at the data, find one aspect that interests you, and use mathematical modeling to 

a) make predictions as if you lived in 1860, about how the your aspect would chage in the future, with reasons why.

b) make predictions as if you lived in 1900, about how the your aspect would change in the future, with reasons why.

c) model what actually happened between 1840 and the present.

d) relate your model to your aspect in current times

Many people find that their aspect of interest widens as they follow a thread. You might begin with an interest in how many children people have, but then look at whether children stay in the area (can you find their names later?). You should try and stay on one theme for this project, so if you choose to “hop” to another aspect, then drop the first one, do not try and do both.

You can use graphs, charts, histograms, and linear or exponential mathematical models. Your outcome will be a poster, powerpoint  or booklet that describes your area of interest, presents your data and models in visual format, and summarizes your interpretations. The attached rubric (scoring guide) allows you to see whether you have completed the project.

Examples of aspects that might interest you:

Where did immigrants come from? (relate to present day immigration)

How many children did families have? (relate to present day immigrant families)

Were jobs sorted by ethnicity? (relate to present day ethnic trends in careers)

How much copper was produced? (relate to present day automobile maufacturing)

How much money did people make? (relate to present day earnings)

This is not supposed to be a complete list. You can find your own aspect. 

Rubric

	task
	Full completion
	Partial high
	Partial low
	incomplete

	Description of project
	3 paragraphs describing aspect,   what the data look like, connection to present, models used, data used.
	1 paragraph, describing aspect and one other from the list.
	Aspect is stated, no further elaboration
	No statement

	Chart, histogram, graph, other visual depiction
	Visual depiction with complete labeling of data, axes, sorting criteria, data references
	Visual depiction but some labeling is missing
	Visual depiction without labeling
	No visual depiction

	Mathematical model to 1860
	Graph with mathematical model overlay, and a paragraph description of the mathematical model
	Graph with mathematical model overlay, but no written description
	Mathematical model stated but no graph with overlay
	No mathematical model

	Mathematical model to 1900
	Graph with mathematical model overlay, and a paragraph description of the mathematical model
	Graph with mathematical model overlay, but no written description
	Mathematical model stated but no graph with overlay
	No mathematical model

	Mathematical model to 1960
	Graph with mathematical model overlay, and a paragraph description of the mathematical model
	Graph with mathematical model overlay, but no written description
	Mathematical model stated but no graph with overlay
	No mathematical model

	Comparison with present day
	Visual depiction of present day comparison. Paragraph description of link to present day. Prediction based on the mathematical models.
	Visual depiction or written description (not both) and a prediction.
	Visual depiction or written description without prediction.
	No comparison


