: Teacher Guide
 Mathematics & Science 


Introduction
	
In this lesson, students will explore data collection using name brand raisins and will perform statistical analysis of the data. Students will calculate the mean, median, mode and range, discuss outliers, and represent the data in graphical displays.  Students will compare the variability in the name brand boxes of raisins.
 
FL Standards
	
MAFS.6.SP.2: Summarize and describe distributions
	2.4: Display numerical data in plots on a number line, including dot plots, histograms, and box plots.
2.5: Summarize numerical data sets in relation to their context, such as by:
a. Reporting the number of observations.
c. Giving quantitative measures of center (median and/or mean) and variability (interquartile range and/or mean absolute deviation), as well as describing any overall pattern and any striking deviations from the overall pattern with reference to the context in which the data were gathered.
MAFS.7.SP.2.3: Informally assess the degree of visual overlap of two numerical data distributions with similar variabilities, measuring the difference between the centers by expressing it as a multiple of a measure of variability.
MAFS.7.SP.2.4: Use measures of center and measures of variability for numerical data from random samples to draw informal comparative inferences about two populations.
MAFS.912.S-ID.1: Summarize, represent, and interpret data on a single count or measurement variable.
1.1: Represent data with plots on the real number line (dot plots, histograms, and box plots).
1.2: Use statistics appropriate to the shape of the data distribution to compare center (median, mean) and spread (interquartile range, standard deviation) of two or more different data sets.
1.3: Interpret differences in shape, center, and spread in the context of the data sets, accounting for possible effects of extreme points (outliers).
 
Guiding Questions
	
1. How can we determine the “average” amount of raisins in a box of name brand raisins?
2. What is the best way to visually show numerical data?
3. How does the distribution of data have an effect on the numerical and graphical displays?

Learning Objectives
	
1. Students will be able to gather data from a box of raisins and determine the mean, median, mode and range for the data set.
1. Students will be able to use the data and create a dot plot and histogram to show the distribution of the data.
1. Students will be able to determine if there are any outliers and if it has an effect on the statistical analysis.
1. Students will be able to choose an appropriate numerical and graphical display to determine the best “average” to represent the raisin data. 

Timeline
	
Estimated number of class periods:1		
Time per class period: 60 min

Teacher notes
	
Teacher needs to get a snack size box of raisins for each student to use in this investigation.  If Part 2 will not be taught, generic raisins could be used.  If Part 2 will be taught, then you must save the generic boxes of raisins for Part 2 only. 



1. The question for this session is:

How many raisins are in a half-ounce box of Brand X raisins? 
The weight of a box of raisins appears on the package, but the number of raisins in the box does not. In this activity, you will investigate how many raisins are in a box of a particular brand, which we will call Brand X.

Ask participants to guess how many raisins could be in a box. They may have come up with a single number for the answer to the question above, or perhaps with an interval for the answer. But because different boxes have different raisin counts, a single number will not provide a complete answer to the question. We cannot, for instance, say that a box contains 28 raisins -- some do, but some don't. The raisin counts vary from box to box, so answers to this question must consider the variation in the data.

2. Give each person a box of the same kind of raisins, preferably name brand, save non-name brand for part 2.
Looking at quantitative data -- numbers that come from measurements -- provides answers to statistical questions. We are mainly concerned with situations where the measurements differ; that is, where there is variation in the data. Our answers to statistical questions must take this variation into account, so we need appropriate tools for describing the differences in measurements. 
One such tool is a graphical representation known as a line plot (dot plot). In a line plot, we mark each possible value between the minimum and maximum data values and then stack dots above each of these values to represent actual counts. A line plot is sometimes called a dot plot. 



Tell participants to count the number of raisins in the box, then contribute their data to the group chart on the board for each of the 30 boxes.

	Box
	Raisins Count
	Box
	Raisins Count
	Box
	Raisins Count

	1
	
	11
	
	21
	

	2
	
	12
	
	22
	

	3
	
	13
	
	21
	

	4
	
	14
	
	24
	

	5
	
	15
	
	25
	

	6
	
	16
	
	26
	

	7
	
	17
	
	27
	

	8
	
	18
	
	28
	

	9
	
	19
	
	29
	

	10
	
	20
	
	30
	



As a group, construct a dot-plot of each box’s data using stickers. Recreate the group’s dot plot on their worksheet.
To construct a line plot, begin by setting up the horizontal axis for this set of data. Use the lowest (minimum) value and the highest (maximum) value, display this segment of the number line along the horizontal axis.
Next, for each raisin count, place a dot above its corresponding value on the horizontal axis. For example, to display the count of 29 for a box of Brand X raisins, we put a dot above the number 29. 
[image: b5]
To complete the line plot, place a dot over the next value, and so forth, until there is a dot for each value in the data set. When the line plot is complete, the number of dots above each value indicates the frequency, or the number of times, that this particular raisin count appears in the data.
Participants should create a line plot per group of the number of raisins in their boxes. They could use either the boxes, or colored dots for their line plots in a large poster paper. 

3. Each group will use their line plot to answer the following questions: 

a. What is the minimum (smallest) raisin count for a box of Brand X raisins?
b. What is the maximum (largest) raisin count for a box?
c. Which raisin count occurred most frequently?
d. Based on your observations above, give three descriptive statements that provide an answer to the question "How many raisins are there in a half-ounce box of Brand X raisins?" At least two of your statements should take into account the variation in the data. (I.e., The box of raisins is very likely to have between 26 and 29 raisins).
e. Must there be at least one of each discrete value between the lowest and highest values in the data?

Solution: It would not matter if, for example, there were no values of one number in the data set. All values in the range of possible data values must be included in the line plot, just as all numbers are indicated on a number line even though some of them may not be included in a list.

When there is variation in data, there are many different answers to a statistical question, as your answer must take this variation into account. Frequently, answers to statistical questions are given in the form of intervals -- ranges of values for data. Here are two common ways to use intervals to answer statistical questions: 
i. Naming the interval in which all the data are located; that is, from the minimum data value (Min) to the maximum data value (Max). For example, in the Brand X raisin-count data, the interval is 25 to 31.
ii. Naming an interval with the highest concentration of data; that is, an interval with little variation that contains a lot of data. For example, in the raisin-count data, a large proportion (14/17) of the Brand X raisin counts are between 26 and 29 (inclusively); this interval is 26 to 29.

4. A line plot is a graphical representation of data. For the raisin-count data, it showed how many times each raisin count occurred among the 30 boxes of Brand X raisins. You can also describe the same data using a frequency table, which shows the number of times each value occurs. The frequency table contains the same information as the line plot, but in tabular rather than graphical form.

Direct participants to complete a frequency table for their data set. The table should have the following columns: raisins count, and count (frequency). 

5. A useful way to describe variation in numerical data is with a cumulative frequency table. 
To obtain cumulative frequencies, 
it is first useful to obtain an ordered list of the data. Each group should order their data. 
In this problem, the cumulative frequency specifies how many boxes have raisin counts of a particular count or smaller. Reading this table in terms of cumulative frequency tells us, for example, that there are 11 values that are 28 or smaller and 15 values that are 29 or smaller.
A cumulative frequency table lists the cumulative frequency for each value in the data set. To construct a cumulative frequency table, start with the smallest raisin count in the data. For example, if there is only one box with 25 raisins or fewer, we record this in the cumulative frequency column. Moving on to the next count in the ordered list, we see that there are three boxes with 26 or fewer raisins (see chart below). 
	Raisins (Count)
	Frequency
	Cumulative Frequency

	25
	1
	1

	26
	2
	3

	27
	6
	9

	28
	12
	21

	29
	5
	26

	30
	2
	28

	31
	2
	30


6. We use cumulative frequencies to describe intervals and ranges of data. Use the cumulative frequency table to answer the following questions: (Change numbers in ranges if necessary) 
a. What is the minimum (smallest) raisin count for a box of Brand X raisins? 
b. What is the maximum (largest) raisin count for a box? 
c. How many boxes have between 26 and 28 raisins, inclusively (i.e., including 26 and 28)? 
d. How many boxes have between 25 and 31 raisins, inclusively (i.e., including 25 and 31)? 
e. Which raisin count occurred most frequently? 
f. How many boxes contain more than 29 raisins? 
g. How many boxes contain 29 or fewer raisins? 
h. How many boxes contain fewer than 26 raisins? 
i. How many boxes contain 25 or fewer raisins? 
j. How many boxes contain between 26 and 29 raisins, inclusively? 

7. A common way to summarize data is to use numerical summaries, many of which are based on the ordered data. For example, the largest and smallest data values (minimum and maximum) are the first and last values in the ordered data. If we know the first and last values in an ordered list, we know that all the data values are between these two numbers. 
Another numerical summary that is based on ordered data is the median, which is the middle value in an ordered list. Let's find and interpret the median, using our raisin data.  Looking at the ordered list, 
a. Which position corresponds to the median (the position in the middle of the list)? How many raisins are there in the box at this position?
b. Suppose that the data were ordered from highest to lowest, instead of from lowest to highest. What would the median be then?
c. How could you use the line plot to find the median?
d. How could you use the frequency table to find the median?
e. How could you find the median using the cumulative frequency table?
We can use the median along with the minimum and maximum to describe variation in data. The median divides the raisin-count data into two groups: the data values below the median and the data values above the median. 
8. The line plot is a useful graph for examining small sets of data. It's especially helpful as a device for learning basic statistical ideas. But for larger data sets, it can be awkward to create, since for each data value there is a corresponding dot. That's a lot of dots for data sets with hundreds or thousands of values! You can, however, replace a line plot with a frequency bar graph. 
The transition from line plot to frequency bar graph is a simple one. The stacks of dots for each count becomes a column and the count are transferred to the y-axis.
[image: ]

[image: ]

[image: ]

9. Although the frequency bar graph is useful in many ways, it, like the line plot, can be an awkward graph for large data sets, since the vertical axis corresponds to the frequency of each data value. For large data sets, some data values occur many times and have a high frequency. Consequently, the vertical axis would have to be scaled according to the largest frequency. Imagine the sheet of paper you'd need for the economy-size box of raisins! 
An alternative is to use relative frequency, or frequency as a proportion of the whole set. A relative or proportional comparison is usually more useful than a comparison of absolute frequencies. For example, the statement "Five of the 30 boxes have 28 raisins" is more useful than the statement "Five boxes have 28 raisins." In this case, the relative frequency of the count 5 is 5/30, which can also be written in decimal form as .167 (rounded to three digits). To find the percentage, multiply the decimal by 100 to obtain 16.7%. This means that 16.7% of the raisin boxes contain 28 raisins.
Notice that the relative frequencies expressed as percentages add up to 100%. The total of the relative frequencies expressed as percentages, however, may not always be exactly 100% due to round-off error. To decrease round-off error, we would have to increase the number of decimal places used when rounding.
A relative frequency bar graph looks just like a frequency bar graph except that the units on the vertical axis are expressed as percentages. In the raisin example, the height of each bar is the relative frequency of the corresponding raisin count, expressed as a percentage. For example:
[image: requency Bar Graph]
One advantage to using relative frequencies is that the total of all relative frequencies in a data set should be 1 (or very close to 1, depending on round-off error), or 100%. In this way, a relative frequency bar graph allows you to think of the data in terms of the whole set in contrast to a frequency bar graph, which only provides you with individual counts.
10. Have a discussion on the different graphical representations used in this session, their advantages and disadvantages and how they can be used to describe the distribution of the data.

11. Have participants use their knowledge of Box Plots to create a box plot of the raisin data. 

12. Have participants form a list of questions (& answers on another sheet) they would ask based on the box plot.
a. Be sure to include IQR discussion!

13. Have participants trade with a neighbor and answer each other’s questions.

14. Discuss the questions & answers with the group.

Skills and Practice
	
This lesson addresses the following STEM skills and practices:

Mathematical Practices
· Reason abstractly and quantitatively.
· Model with mathematics.
· Use appropriate tools strategically.
· Look for and make sense of structure.

Scientific and Engineering Practices
· Developing and using models
· Planning and carrying out investigations
· Analyzing and interpreting data
· Using mathematics, information and computer technology, and computational thinking
· Obtaining, evaluating, and communicating information
 


Required Material
	
Supplies:
· Snack size box of name brand raisins for each student

Documents:
· Student Handout  
Optional/alternative materials:
· Calculators 
· Sticky dots and chart paper for dot plots
· STEM integration article as follow up or enrichment



STEM Connection: 
Quality Control
[image: ]
Excerpt from: http://www.qualitydigest.com/april06/articles/05_article.shtml
By Chad Kymal and Praveen Patiyasevi

[bookmark: _GoBack]Semiconductor devices are the core of all electronic products we use today, be they phones, radios, computers, toys or cars. For the most part, this industry and its products are hidden from view. As each year goes by, semiconductor devices are becoming smaller and thinner, using less energy and offering increased computing power. These strides in technology have fueled a boom in new products that capture the consumer's imagination: 60-in. televisions, razor-thin cell phones and computers that double in power every six months. This industry is characterized by very high-quality standards paired with rapid new technology introductions. A missed design cycle often means no growth and loss of market share. 

These are turbulent times in the semiconductor industry, as many new technologies make their appearance through venture capital-funded, fabless semiconductor organizations. At the same time, new assembly houses and fabs are appearing in China and India. High-growth opportunities in these nations are forecasted to replace traditional markets.

During these times of change, quality initiatives and improvements continue to be important. The most demanding customers and the highest expectations for quality are found in the semiconductor sector. 

While quality-system rigor is trending downward, customer expectations for product quality are increasing. Rather than expect a certain number of defective parts per million (PPM), customers expect zero defects per shipment. Modern semiconductor organizations generally have external PPM levels of between 30 PPM to fewer than 10 PPM. When working with these organizations, it's apparent that outgoing PPM levels are low, but that customer dissatisfaction is high. The semiconductor industry customer's product quality threshold is not really based on PPMs, but on the absence of issues that interrupt the manufacturing and/or assembly processes. 
In other words, most electronic manufacturing and assembly operations have implemented "dock-to-stock" policies. When a semiconductor supplier ships bad products--even a few bad devices--it can result in costly repercussions. The line stops, which leads to a call to the quality department, which leads to a call to purchasing, which leads to a call to the supplier. A customer complaint is issued, and the devices are shipped back to the supplier. This incident subsequently sets off another set of chain reactions within the supplier. These interruptions and incidents are costly and numerous.
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