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1st Author (Writer): Julie Kreikemeier

Associated Business:  BD West 

Instructional Component Used: Mathematics, Average

Grade Level: 10-12

Content (what is taught): 

· Estimation

· Average

· Application of Average = Sum of data values/ total number of data values

Context (how it is taught):

· Estimation of gumballs and thread
· Students investigate packing processes on their own
· Weight objects to determine count, count each item for exact count, and calculate average

Activity Description:

In this lesson, students investigate how and why average can be used as a measurement in manufacturing companies rather than exact count. 
Standards:

Science 
Technology
SE1
TA3, TD3, TB4, TD4


Engineering
Math

ED1, ED2




      MA1, MA3, ME1, MA2, MD1, ME2

Materials List: 

· Gum balls

· Square container
· Spool of thread

· Several tiny items (kidney beans, bolts, beads, etc.)
· Baggies

· Boxes

· Scale

· Stopwatch 
Asking Questions (Exact or Estimation?)

Summary:  Students figure out the best way to determine the count of components in a container.

Outline: 

· Estimate the amount of gumballs in a container and analyze process of estimation

· Estimate how many 2 inch pieces of thread can be made with a spool of thread

· Discuss how manufacturing plants determine how to fill customer orders when millions of components are being made by machine without computer counting each piece 

Activity:  The teacher will provide containers with a variety of materials in order for students estimate and decide how many components are in the container.  
	Questions
	Answers

	Given a clear, rectangular container full of gumballs, how many gumballs do you estimate are in the container?
	Remember that numerous gumballs are in the container.  Some students may count length, width, and height to determine number of gumballs.  Other students may just guess based off prior knowledge of what could fit in that container. 

	Given a spool of thread to represent a reel of steel, how many 2 inch pieces could you get?

How could you figure this out without counting each piece?
	Numerous amounts of 2 inch pieces of thread can probably be made depending on the amount of thread starting with and size of spool. 

	How does a manufacturing plant that produces millions of components fill customer orders when a machine is producing with no computer to keep track?
	A plant may chart information throughout many years in order to know how much material can be made from the raw material.

They also may use averages or a have someone count objects to fill a typical order.


Resources: 

BD:  Medical Supplies; Devices and Technology; Laboratory Products; Antibodies http://www.bd.com
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Exploring Concepts (Exact or Estimation?)

Summary: Students will investigate efficient packaging processes. 

Outline: 

· Give students tiny items to place into packages

· Students place packages into boxes for shipping

· Students analyze their process for efficiency

Activity: Have students get into pairs or groups.  Give students customer orders to fill.  Next, give students several tiny items (such as kidney beans, bolts, beads, etc.) to place into packages (such as baggies) and then into boxes ready to ship.  Make sure the students do not know how many items are present to start with.  Have the students decide the most accurate and time efficient way of getting a certain amount of items in a box to ship in order to meet an order from a business. 
Instructing Concepts (Exact or Estimation?)
Central Tendency

Putting “Central Tendency” in Recognizable terms:  Central tendency refers to the “middle” number of a set of data. There are three main measures of central tendency: mean, median, and mode. Which one is best depends on the data.

Putting “Central Tendency” in Conceptual terms:  The three measures of central tendency are all slightly different. The most common is the mean or average, the median is the center most value where ½ of the data lies above and ½ lies below, and the mode is the value with the most frequent occurrences in the data set.

Putting “Central Tendency” in Mathematical terms: Each of the measures of central tendency can be found mathematically. By summing the data and dividing by the number of pieces of data in the set, you can calculate the mean or average. The formula for mean is 
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Median is found by placing the data in ascending order and locating the middle value. If there are an odd number of elements in the set, the median is the middle element and will be included in the data set. If there is an even number of elements in the set, the median is found by averaging the middle two elements and this median number will not occur in the original data set.

Mode is found by simply counting the elements in the data set and is the most prevalent element.
Putting “Central Tendency” in Process terms: Central tendency discusses the middle of a set of data. Mean is the most common measure of central tendency but it is affected by outliers or data that deviates radically from the rest of the data in the set. Median is better in situations where data is skewed. Take for instance home prices. If there are 20 houses and 19 of them are worth between $50,000 and $150,000 and the 20th house is worth $2,000,000, the average will be affected by the house with the large value but the median will be much more representative of the data. Mode is useful in situations where data is categorical like what is the most popular type of book in a store or most popular movie.

Putting “Central Tendency” in Applicable terms:  There are other ideas relating to central tendency that are important.  Range is the space between the smallest and largest values in the data set. Standard deviation is a measure of how far elements will tend to differ from the mean. These ideas together with the measures of central tendency allow us to make comparisons between an element in the data set and the “middle” value. These comparisons allow us to understand trends that are present in the data set.
Organizing Learning (Exact or Estimation?)

Summary: Students will investigate different packaging processes and calculate the average in order to determine if average is an accurate measurement. 

Outline: 

· Give students 6 orders for businesses and containers full of tiny items, bags, and boxes.  Have students weight an item, bag, and box.  Then determine number of items being shipped based off weight.

· Give students tiny items with the amount of items unknown to package and places in box to ship.  Have students count each item in order to complete 6 orders for businesses.  Time the process.
· Students will chart the weight, estimated count based of weight, exact count, and time.

· Students will compute average number of items in box from the charts.

· Students will analyze accuracy of average.

Activity:  Have students get into groups.  Give students several tiny items (such as kidney beans, bolts, beads, etc.), baggies, boxes, and stopwatch.  Then give the students 6 containers of the same tiny items they just previously counted.  Have them weigh one item, bag, and box.  Then have the students place items in packages and then into box and weigh.  Then have students determine the number of items to place into packages and boxes based off weight.  Have the students chart information gathered.  Time the weighing process and chart time.  Then have the students use the same 6 orders.  Have the students time how long it takes to count each piece to place in packages to then place in boxes to ship.  Have students chart the exact count and time.  Then have the students compute the average of the information charted based off the weight amounts.  Then have the students analyze the accuracy of the average in order for the students to determine whether or not average is an accurate measurement.
Attachments:  M050_SHINE_Exact_or_Estimation-Central_Tendency-O.doc
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Understanding Learning (Exact or Estimation?)

Summary:  Students will write an explanation of application of average, decide when to use average and exact count, and calculate average.

Outline: 

· Formative assessment of measures of central tendency.

· Summative assessment of measures of central tendency.
Activity:
Formative Assessment

As students are engaged in the lesson, teacher walks around and ask these or similar questions to students to get idea of their understanding of average:

1) How many people do you think will be in the lunchroom today?

2) How many students go to school here?

3) How many desks are in the classroom (make sure they do not count)?

4) How many pizzas would need to be ordered to feed this class?

Summative Assessment

Students will complete the following writing prompts about average:
1) Write an explanation of why average can be used rather than an exact count in some scenarios and not in others.

2) Given a situation provided by the teacher, students should decide whether to use exact count or average and explain why.

Attachments: Students can answer the following real-life situations from BD manufacturing.  See attached file.  M050_SHINE_Exact_or_Estimation-Central_Tendency-U.doc
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