The Great Race!
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Activity Summary: 
The Industrial Revolution changed the way the American industries operated.  More people moved into cities, factories became popular places to work in, women and children began working, and many inventions were thought up during this time.  One invention in particular was not only important in the 1930s, but is still used today.  The concept of interchangeable parts was first thought up during the Industrial Revolution and is still used in making many products such as computers, shoes, clothes, cars, and much more.  This activity will demonstrate the importance of the emergence of interchangeable parts and the creation of assembly lines.

Subject: 

Social Studies: Time Continuity and Change, Production Distribution and Consumption
Technology: Technology Productivity Tools
Grade Level: 

Target Grade: 8
Upper Bound: 8 

Lower Bound: 5 

Time Required: 40 minutes

Activity Team/Group Size: Entire class split into 4 equal groups.

Reusable Activity Cost Per Group [in dollars]: $0

Expendable Activity Cost Per Group [in dollars]: $5 
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Parent Lesson Plan(s): 

This activity is created as a supplement to the PEER Curriculum 8th grade module “Waterfall Ghost”; however, it can easily stand alone.

Activity Introduction / Motivation:
One important innovation that occurred during the Industrial Revolution was the invention and use of interchangeable parts. The components—such as the engine block or tubing—for one product could now be reused in making more of the same product, or in different products—cars, airplanes, boats. This innovation facilitated the introduction of the factory assembly line.  In this activity, students will be able to participate in a hands-on activity that demonstrates the power of both interchangeable parts and assembly lines.

Activity Plan: Students will be split into 4 equally sized groups.  Two groups will form two identical assembly lines; the other two groups will be individual workers.

Instructions for Assembly Line Workers:

1.  Assign a specific task to each worker in each of the two assembly lines so that the final product can be made.  A suggestion of how the tasks can be broken down for an assembly line of 7 people is as follows: 
· Worker 1 and 2 count out 5 sheets of paper each (one counts out colored paper and the other counts out plain paper); 
· Worker 3 collates the two stacks to form one stack of alternating colors (plain, colored, plain, colored… etc.)
· Worker 4 ensures that the papers are evenly stacked

· Worker 5 cuts out a ribbon with a length of ~1 meter
· Worker 6 crisscrosses the ribbon around the final stack twice (vertical and horizontal) and ties a basic knot with a bow on top using the extra slack (same bow as for tying shoelace)

· Worker 7 takes the stack and arranges it on table and keeps count of how many stacks have been finished.
2.
The tasks can be combined or allocated to more individuals depending on how many people are in each assembly line.

3.
Arrange the desks in the room so that both the assembly line workers and the raw materials are aligned with each other and in the proper sequence. While a linear arrangement is best, the line can be circular if space is a problem.
4.
The number of assembly line workers should be at most equal to the total number of individual workers. Having fewer total assembly line workers is OK.
Instructions for Individual Workers:
1.
Place all necessary materials in center of a large table, with individual workers seated around the edge with their own workspace.

2.
Each worker must individually perform the all the tasks required for the final product: 1) Count out 10 sheets of paper, stack them so that the colors alternate; 2) Line up the sheets evenly; 3) Tie a knot and bow around each stack; 4) Place each finished product in a storage area (center of the table or to the side).

Instruction for Instructor:

1. When all the workers are ready, the instructor may start the 10-minute workshift.
2. Rotate in the individual workers and rotate out the assembly line workers so that each student can experience both production methods.

Activity Closure: 

At the end of 10 minutes, have each assembly line report the number of whole output products. Each individual worker should report their total number of completed products to the instructor so that she may tally their collective total.  On the board, write the number of products the two assembly lines produced altogether, and the total number of products produced by the individual workers.  (Ideally, the assembly lines should have completed the most products).
A.
Discuss with the class the issues of accuracy and precision, which are very relevant in science, and efficiency and productivity. Sample questions are as follows:

1. Which method resulted in a more uniform product? Why is there more variation in the products outputted by the individual workers?

2. Why is product consistency important for a manufacturer? Think about weapons and ammunition produced for the World Wars I and II. Think about hamburgers.

3. Which production method is more efficient in terms of labor, material, and space? Define efficiency and productivity. Which method resulted in more leftover ribbon, the assembly line or the individual worker? 

4. First have the students calculate the worker productivity (number of stacks per line worker). Compare that to the productivity of the individual workers. Then have the students calculate both the extra production area and the number of additional individual workers required to match the total production output of the two factory lines. Assume that the production rate for the individual workers is linear and that the space required is proportional to the number of workers (approx. ~1 desk unit squared per new worker). Which is more costly to the factory owner? 
B.
Give a research assignment to the class. Each student must find a component part (such as a transistor, the barrel of a gun, or a car door handle) that is used in multiple finished products of the same type (e.g. cars) or of a different type (cars and planes). The part must be used in at least two products, either during the turn of the century or today. The instructor may wish to reward the student who comes up with the most ubiquitously used part. The students must get instructor approval before doing the final report. Raw or near-raw materials (paint, steel, etc) do not apply within an interchangeable parts context. Do not limit creativity, but use your best judgment.
Assessment: 
Hold a discussion with the students on the following questions:
· Which group made the most products?  Why do you think that is?  If the assembly lines did not make the most products, what was the problem?

· If the foreman of the factory told everyone that now they must switch from making one stack of alternate colors to making one stack of plain and one stack of color, which would have been able to adjust faster, the assembly line or the individual workers?
· How does this activity compare to creating something using assembly lines and interchangeable parts in the 1930s? (Possible answers include manufacturing of guns, clothing, shoes, etc.)

· What are some disadvantages of assembly lines? Think back to the days of assembly line workers in the 1930s who worked 18 hours a day in the lines. (repetitive movements, boredom from doing just one job the whole day)
· What would be the advantages of trying out different students in different places on the assembly line or rotating students so no one works the same job for too long? (this can be used to find the students who are the quickest at a specific task making the assembly line more efficient)
Learning Objectives:
Social Studies:

8.1 (A) Identify the major eras in U.S. history through 1877

8.28 (A) Explain the effects of technological and scientific innovations

8.28 (D) Explain how technological innovations led to rapid industrialization

8.29 (A) Compare the effects of discoveries and innovations on daily life

Prerequisites for this Activity:
Students should know some brief background on the Industrial Revolution and its general importance in US history.
Materials List: 
All materials can be purchased at a local store such as Hobby-Lobby or Wal-Mart.  Each group (both assembly line and individual worker) will need:
4 rolls of party ribbon (enough for ~40 stacks of 10 sheets)
A large stack of plain paper (~200 pages)

A large stack of construction paper/colored paper (~200 pages)

Scissors (a pair for each line; a pair for every two individual workers)
Stopwatch/clock

Activity Extensions:

1. Introduce the concept of “Diminishing Returns”. Determine the number of workers in an assembly line at which the marginal return on output is zero. That is, how long is the line when adding just one more worker does not result in a higher total output? Hold a discussion on why adding more workers to the line may not always result in higher productivity.

2. Students can rotate through the assembly line and try their hand at various spots on the assembly line to find where they are most suited.  When both lines are thus “optimized”, they can race each other to determine which line is faster.

3. Have the students determine empirically which production step is rate-limiting and figure out a way to improve that step, either by modifying the current procedure or combining tasks in a particular way

4. Hold a discussion on how factory workers were/are selected based on their skills, even for a seemingly unskilled job.
