
	Domain: Develop Understanding of Statistical Variability

Cluster: Understand that a set of data collected to answer a statistical question has a distribution which can be described by its
center, spread, and overall shape.
 
Standard(s): 
6.RP.1 - Understand ratio concepts and use ratio reasoning to solve problems. 
1. Understand the concept of a ratio and use ratio language to describe a ratio relationship between two quantities. For example, “the ratio of wings to beaks in the bird house at the zoo was 2:1, because for every 2 wings there was 1 beak.” “For every vote candidate A received, candidate C received nearly three votes.” 
6.SP.2 – Develop understanding of statistical variability. 
2. Understand theat a set of data collected to answer a statistical question has a distribution which can be described by its center, spread, and overall shape. 
8.SP.1 – Investigate patterns of association in bivariate data
1. Construct and interpret scatter plots for bivariate measurement data to investigate patterns of association between two quantities. Describe patterns such as clustering, outliers, positive or negative association, linear association and nonlinear association. 


	Purpose/Big Idea: 
· Understand the concept of a ratio and use ratio language to discuss and describe a ratio relationship between two quantities. 
· Collect and display data in a graph to understand relationships between the data and solve problems.
· Construct and interpret scatter plots to investigate patterns of association between two quantities.
· Describe patterns such as clustering, positive or negative association, linear association and nonlinear association.

	Materials:
· Pencil
· Math Journals
· Graph Paper
· Metric/Standard Tape Measure

	Introduction: 

Does increasing the amount of time practicing a sport increase performance levels in that sport? Does decreasing the speed at which a car is driven increase the gasoline mileage for that car? As a person gets older, does the person’s hat size increase? In situations like these, questions are being asked about how one quantity is related to another. Answering such questions usually requires one to collect and analyze several sets of data pairing the two quantities.

In addition to examining lists of numbers, it is often helpful to display data in a graph or plot and look for visual clues that might suggest possible relationships between two variables. One way to graph paired data, like the height and arm span measurements, is to construct a scatterplot. A scatterplot is simply a graph of all of the ordered pairs of data on a single coordinate system. Before you plot the data, it is important to examine the data for maximum and minimum values so that appropriate measurement scales can be determined for the axes on the coordinate grid.

This Lesson Seed is designed to help students develop a background and understanding of the skills they need to participate more deeply in Lesson Plan 2 and to further connections from this unit to the PBL Scenario. 

Warm Up/Drill

Pose the following question to students: 

Carissa and Aaron bought souvenirs at the Sports Hall of Fame. Carissa bought 2 postcards and Aaron bought 3 stickers. They spent the same amount of money. Which of the following statements are true? 

A. A sticker and a postcard are the same price. 
B. One possibility for the amount each person spent was $1.80.
C. A sticker costs around 55 cents and a postcard costs 85 cents. 
D. A postcard costs more than a sticker. 

ASK: What is the correct answer? Is more than one of the answer choices correct? Why or Why not? Represent and explain your thinking. 

· Allow students 5 minutes to work out on their own and develop their thinking and justifications. During the share out, consider a variety of responses and justifications. Have students present ideas, thoughts and solutions to the class. 
· Consider discussing with the whole class, some strategies for solving this problem; e.g., creating a table, using symbols to represent the problem, solving algebraically, using ratio reasoning to solve, graphing costs as ordered pairs on a coordinate plane, etc.)
· In this problem, students are asked to consider the 2 variables: postcards to stickers. Students may represent the variables as a ratio of 2:3. The question asks students to decide among the answer choices which one or ones could work as a possible solution. 
· Using a chart, students may decide on variables C for Carissa and A for Aaron. A chart might look like this: 

Carissa 	2 postcards 	Total Cost 1.80	Postcards Cost .90
Aaron 		3 stickers	Total Cost 1.80	Stickers Cost .60


In this method, students might reason that:

Choice A cannot be true
Choice B works as a solution 
Choice C works as a solution
Choice D works as a solution 

· Working algebraically, students might decide to represent the situation as a linear equation to represent and solve for the equation: An example of an algebraic equation might look like this: 

(2) p = 1.80 where p = .90 or 3(s) = 1.80 where s = .60. 

Using this method, students might reason that Choice C, while close to the answer, is not exactly true as it satisfies the answer choice that is “around” the answer choice provided. Students might also use this method to consider alternate answers to the problem to argue that each person spent $2.10. Where p = 1.05 and s = .70. 

In this way, students could reason algebraically to create a chart of possible combinations of the postcards and stickers to determine individual and total costs. Reasoning in this way will allow students to rule out answer choices and/or create new ones. 

· To graph solutions, the teacher may want to lead students to setting up a coordinate plane to graphing the costs of the postcards (p) and the stickers (s) on a coordinate plane to determine a relationship between the 2 variables and to help students create additional problems. For example, for every 3 stickers purchased, the postcards increase by 2. If Aaron purchases 12 stickers, how many postcards would Carissa purchase? What would the cost be?  
· Have students think about additional answer choices to this problem and/or create a new problem on their own or in groups. 
· Students can exchange the problems they wrote, solve them and share responses. 

Activity 1:
· 
The teacher should present the following Scatterplots and Trendlines PowerPoint Presentation to help students explore and develop an understanding of scatterplots and graphed data as well as graphs that reflect a positive, negative or no correlation. Double click on the icon to open the presentation:   
· If you have access to Activ Software and Promethean Products, you may want to use the Flipchart file:
· 

· Page 1 – Provides a definition of a scatterplot, positive and negative correlation and representations that reflect a positive, negative or no correlation. 
· Page 2 – Students can explore different representations of scatterplots and match them with the appropriate label. Click and drag the scatterplot graph. 
· Page 3 – Students can continue to drag and drop different representations of scatterplots and place in the appropriate location. Click and drag scatterplot graphs from the sun. 
· Students should continue working through each slide (as time permits) up to page 16. Students will use scatterplot data and graphs to explore the correlations between bivariate data. Page 6 requires students to analyze the results of a football game and make predictions based on the graphed data and trends about potential yardage in game 8. Page 17 introduces a real world activity where students help investigate a crime using scatterplots and bivariate data to answer questions to help catch a criminal. 

Teacher Note: Students can continue to practice with scatterplots using Scatterplots and Line of Best Fit ActivInspire Presentation as needed. This presentation reinforces the students’ ability to describe the data as it relates to the graph.
 
As an additional resource, use the PowerPoint presentation “Seven Quality Tools.”  Double click on the icon to open:



Activity2: 

· Teacher should present students with the following scenario: 

Mr. Smart is tracking an unknown criminal. As the criminal was escaping the crime scene, witnesses saw him jump out of a window and land on his side in the wet grass. Although most of the impression of the criminal wass obscured by footprints, the criminal's leg from knee to hip measured to be 47cm.

Mr. Smart recorded this information as a key clue in the case and thinks that there is a relationship between the height of a person compared to the length of his or her femur (the bone in your leg from hip to knee). Can we help investigate this case using mathematics?

· Students can work in small groups to discuss the problem, complete the activity, share their strategies, and defend their answers.
· Students should be able to measure and complete the chart, graph the data and determine the type of correlation that exists. By the end of the activity students should be able to estimate the height of the criminal and defend their reasoning. 
· The teacher should facilitate a discussion about how scatterplots and graphed data can be analyzed to help analyze and solve real world problems. 
· Provide students time to complete the questions on page 22 in pairs.  Teacher should emphasize the importance of justifying student responses with understandings from the lesson regarding positive and negative correlation. 


	Guiding Questions:
· [bookmark: _GoBack]What is a correlation? 
· How do scatterplots reveal associations between 2 variables? 
· How do scatterplots help us make predictions, make forecasts or solve problems?






Opportunities for Extension:
· Have students design a similar experiment using researched, real world data. For example, students could research foot strike studies and examine how certain running shoes improve or worsen the concept of foot strike in runners/athletes. 
See Study on Impact Forces Runnersworld.com, Foot Strike Studies Healio.com, Barefoot running Studies RunBare.com 
· Students can find and read a correlation article, identify the correlation and complete a correlation study of their own. 
See article on Athletics as a Predictor of Self Esteem. 
Possible Ways to Assess:
· Have students think of examples of a real world situations that involve scatterplots and correlation
· Using the ActivInspire presentations the teacher can provide assess students using the examples in the presentation to determine if students can classify scenarios and use terminology appropriately.
· Teacher should check for understanding when completing the crime scene investigation. 
· Students can be assessed using the extension activity. 
· Students can complete the Scatterplot Practice to check for understanding. 

Teacher Notes – PBL Scenario: 

This lesson seed is designed to help students focus and explore ratio concepts and apply their meaning to communicate and solve problems.
Students will also learn and practice collecting data to solve problems using scatter plots. Finally, students will practice analyzing bivariate data
to understand the relationship between two variables and apply them to problem solving situations. 

This lesson seed prepares students to engage in the PBL Scenario by providing opportunities to collect and analyze data 
using scatter plots to explore and practice correlation concepts. It is essential in the PBL Scenario that students research and explain
correlation in a topic of choice and to engage in a meaningful and thoughtful correlation study in part II. Students should be able to investigate
and analyze variables and the relationships between them in a coherent discussion. 

Resources to consider: 

http://www.sciencebuddies.org – this is an excellent site for students to explore a variety of real world topics for their research projects. 
http://www.nwp.org/cs/public/print/resource/2512 - Guide to helping students write research papers
http://www.readwritethink.org/classroom-resources/lesson-plans/scaffolding-methods-research-paper-1155.html - Research writing
lessons and guides. 
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Scatter Plots
Goal: Make and interpret scatter plots.
Vocabulary
Scatter plot: The graph of a collection of ordered pairs.

EXAMPLE 1.  Making a Scatter Plot
Tree Height:   The table shows the height of a tree each year for six years.
Make a scatter plot of the data.
	Year
	1
	2
	3
	4
	5
	6

	Height (cm)
	60
	115
	165
	210
	250
	285



Solution
1.  (
(6, 285)
) (
(4, 210)
) (
(3, 165)
) (
(2, 115)
)Plot the ordered pairs from the table.
(1, 60) 	, 	, 	 (5, 250), 	
2.  (
Height
) (
Year
)Label the horizontal and vertical axes.
[image: ]Put 	 on the horizontal axis and 	 on the vertical axis.


Guided Practice
Make a scatter plot of the data
	1. 
	a 
	0 
	1 
	2 
	3 

	
	b 
	0 
	–2 
	–4 
	–6 


[image: ]

	2. 
	x
	–4
	–2
	0
	2

	
	y
	–8
	–5
	–2
	1


[image: ]




EXAMPLE 2:  Interpreting a Scatter Plot
DVD Player:  The table shows how the cost of a DVD player has changed.
	Number of months on shelf x
	0
	3
	6
	9
	12
	15

	Price y
	$215
	$210
	$199
	$184
	$167
	$140



a. Make a scatter plot of the data. Tell whether x and y have a positive relationship, a negative relationship, or no relationship.
b. Estimate the price of the DVD player after 18 months on the shelf.



 (
decrease
)Solution
a.  (
negative
)In the scatter plot, the y-coordinates	as the x-coordinates increase.
ANSWER The quantities have a	relationship.

 (
Graph each ordered pair. Then draw a curve through the points.
)[image: ]
 (
Think: 
Do
 the 
y-
coordinates increase, decrease, or neither increase nor decrease as the 
x-
coordinates increase? 
)

b.  (
$100
) (
100
)To estimate the price of the DVD player after 18 months, draw a curve that shows the overall pattern of the data. The curve looks like it will pass through the point
(18, 	).
c. ANSWER The price of the DVD player after 18 months on the shelf is about

Double Click to open Adobe file:


Athletics as a Predictor of Self-esteem and Approval Motivation
ISSN: 1543-9518

Submitted by: Keith Bailey, Patrice Moulton, Ph.D., and Michael Moulton, Ed.D.
Abstract
Past research has found a negative correlation between the variables of self-esteem and approval motivation (Larsen, Martin, Ettinger, & Nelson, 1976). This relationship has not been explored specifically for individuals who participate in athletics. The purpose of this study was to compare athletes and non-athletes on their levels of self-esteem and approval motivation, and to determine if a positive correlation exists for athletes in contrast to the negative correlation found in the general college population. A significant difference was found between athletes and non-athletes in their levels of self-esteem and approval motivation.
Previous research has been conducted in order to identify and explore personal attributes which are associated with participation in sports. There has been a significant relationship found between athletics and the attribute of self-esteem (Kumar, Pathak, & Thakur, 1985). Studies based on the general population suggest a significant negative relationship between self-esteem and an attribute known as approval motivation. Self-esteem is defined as, "an intrapsychic structure: an attitude about the self" (Baumeister, Tice, & Hutton, 1989, p. 547). Coopersmith (1967) defined self-esteem as "the evaluation which the individual makes and customarily maintains with regard to himself" (p. 4-5). Kawash and Scherf (1975) asserted that, "there is probably no personality trait more significant in the context of total psychological functioning than self-esteem" (p. 715). Approval motivation is defined as the desire to produce positive perceptions in others and the incentive to acquire the approval of others as well as the desire to avoid disapproval (Martin, 1984; Shulman & Silverman, 1974).
Geen (1991) listed three conditions that he felt must be met before he considered approval motivation to have occurred. First, an individual must be in direct contact with a person or a group of people, such as an audience or a partner or partners in interaction. Next, the social presence has a nondirective effect. This means that the social group does not provide direct cues on how the person should act in the situation. Finally, the socially generated effect on the individual is considered an intrapsychic state, and this state is capable of initiating and/or intensify behavior.
Research has shown that an individual's level of approval motivation can be used to predict how he or she will react to expectations or influences of others. Smith and Flenning (1971) conducted a study that investigated the connection between subjects' need for approval and their susceptibility to subtle unintended influence of biased experimenters. They found that individuals with a high need for approval altered their behavior in the direction of the experimenter's expectancy, while those in the low approval motivation group did not. Past research has also found a negative correlation to exist between self-esteem and approval motivation (Larsen, Martin, Ettinger, & Nelson, 1976). This indicates that as an individual's level of self-esteem increases, their need for approval from others decreases. There is no research at this time that has examined the relationship of athletic participation on the negative correlation between self-esteem and approval motivation or on approval motivation alone. However, research has examined the affect of athletic participation and coaching style on self-esteem.
Taylor (1995) conducted a study where he compared athletic participants and nonparticipants in order to ascertain if participating in intercollegiate athletics had an effect on self-esteem. He reported that athletic participation did have a positive effect on self-esteem, but it was not strong enough to have a statistically significant effect on its own. Kumar, Pathak and Thakur (1985) compared individual athletes, team athletes, and non-athletes on their levels of self-esteem using the Self-esteem Inventory (Prasad & Thakur, 1977). The Self-esteem Inventory (Prasad & Thakur, 1977) had two subscales: the personally perceived self, and the socially perceived self. They found that individual athletes were significantly higher on personally perceived self and socially perceived self than team athletes and non-athletes.
Research examining coaching behaviors has found that a coach's instructional style can have an impact on individual's with low self-esteem. Smoll, Smith, Barnett, and Everett (1993) examined the effect of coach's instructional style on self-esteem. Eighteen male head coaches and 152 male Little League Baseball players were studied with 8 of the head coaches participating in a workshop that was designed to increase their supportiveness and instructional effectiveness. A preseason measure of self-esteem of the 152 players who played under the 18 coaches was taken. Post-season measures of the players' self-esteem were assessed and compared to their preseason score. It was found that players who scored low on self-esteem in the preseason assessment showed a significant increase in their general self-esteem scores in the postseason assessment.
There has been no research conducted at this time that has examined the variable of approval motivation among athletes. However, research investigating other aspects of athletic participation suggests a need for approval among athletes. For example, research in conformity has found that rookies and newcomers to teams quickly learn and adopt attitudes and behaviors of veteran players and team leaders. This influence can be found to affect the athletes' beliefs and behaviors in both athletic and non-athletic situations (Carron, 1980). Also, Harris (1973) examined the motivational factors related to athletic participation and concluded that motivational forces such as love, social approval, status, security and achievement are basic components to the overall motivational structure which would encourage someone toward athletic participation. Finally, additional research conducted by Smith (1990) indicated that some athletes continue to participate in sports although they do not want to in order to avoid letting down coaches or family members (as cited in Thorton, 1990).
The purpose of this study was to compare athletes and non-athletes on levels of self-esteem and approval motivation. The researchers proposed the following hypothesis. First, there would be a significant difference between athletes and non-athletes in levels of self-esteem and approval motivation. Second, for non-athletes, as supported by past research, there would be a negative correlation between the variables of self-esteem and approval motivation. Finally, for athletes, the variables of self-esteem and approval motivation would be positively correlated.
Methods
Four hundred ninety-two undergraduate students over the age of 18 attending core courses at a small southern university volunteered to participate in this study. There were 94 athletes and 398 non-athletes with the participant's ages ranging from 18 years to 49 years, with a mean age of 21.95 years. Participants were provided with a description of the project and inform consent forms prior to receiving the questionnaire.
After returning the signed informed consent forms, participants were given a questionnaire that contained a demographics sheet, Revised Martin-Larsen Approval Motivation Scale (MLAM) (Martin, 1984), and the Rosenberg Self-esteem Scale (RSS) (Rosenberg, 1989). The MLAM is a questionnaire consisting of 20 statements designed on a five point Likert-type scale. This instrument measures an individuals level of approval motivation "by assessing both the desire to receive positive evaluations and social reinforcements and avoid negative evaluations and social punishment" (Martin, 1984, p.509). The MLAM has a total range of summative scores from 20 to 100 and a total range of mean scores from one to five. Higher scores indicate a greater need for social approval while lower scores indicate a lower need for approval. This scale has stability coefficients ranging from .73 to .93, and a reliability coefficient of .79.
The RSS is a ten item Guttman scale designed to measure an individuals level of self-esteem. It is unidimensional, which means that individuals may be ranked along a single continuum from very low to very high. Scores range from 10 to 40 with higher scores indicating a higher level of self-esteem and lower scores indicating a lower level of self-esteem. This measure has been found to have a test-retest reliability of .85 (Rosenberg, 1989).
The survey required approximately 35 to 40 minutes to take and participants were allowed to withdraw at any time without penalty. Participants did not place their names on the answer sheet and their signed informed consents were kept separate from their answer sheets to insure anonymity. All participants were treated according to the ethical guidelines concerning research set forth by the American Psychological Association.
Results
The data was analyzed using a multivariate analysis of variance (MANOVA) to determine if there was a significant difference between athletes and non-athletes on the variables of self-esteem and approval motivation. The MANOVA revealed that there was a significant main effect found between the two groups (see Table 1). The results of the MANOVA also revealed that there were no interaction effects between the two groups. This supported the first hypothesis that there was a significant difference between athletes and non-athletes on the variables of self-esteem and approval motivation.
	Table 1 
Degrees of Freedom, F Values, and Levels of Significance for Self-esteem and Approval Motivation

	
	df 
	F 
	Sig. 

	Self-esteem 
	1
	21.8685
	.0001

	Approval motivation 
	1
	4.2735
	.0392


A Pearson r correlation was computed to examine the nature of the relationship between the variables of self-esteem and approval motivation for both the athlete and non-athlete groups. For non-athletes, a negative correlation was found to exist between the variables of self-esteem and approval motivation (r = -.4503, p< .001). This finding is consistent with the findings of past research that examined the relationship between self-esteem and approval motivation in the general population (Larsen, Martin, Ettinger, & Nelson, 1976). The second hypothesis of this study was supported.
A negative correlation was found to exist between the variables of self-esteem and approval motivation for the group consisting of college athletes (r = -.4534, p< .001). Resulting in the rejection of hypothesis three. This finding suggests that athletes, like non-athletes, exhibit a negative correlation between the variables of self-esteem and approval motivation.
Discussion
The findings of this study suggest that there is a significant difference between athletes and non-athletes on the variables of self-esteem and approval motivation. These findings mirror those of Kumar, Pathak, and Thakur (1985) who found that athletes have higher levels of self-esteem than non-athletes. In this study, a portion of the subjects were Division I college aged athletes. There are several factors that may have contributed to these athletes having higher self-esteem than non-athletes, such as receiving special treatment. For example, many of these athletes may have received scholarships to college for their athletic skills, been allowed to travel to other schools to compete, and had access to uniforms and other athletic wear that served to set them apart from their non-athletic peers. In addition, these athletes may have received special attention from the press and fans, and received certain rewards that non-athletes have not received. Further, athletes have the unique opportunity to develop close friendships with team members and identify with the team itself.
Results of the current study indicate that there is a statistically significant difference between athletes and non-athletes on the variable of approval motivation. However, despite being statistically significant there is some question as to whether these findings have everyday applicability (see Table 2). Further research is needed to determine if there is a true behavioral difference between athletes and non-athletes on the variable approval motivation, and if so what aspect of athletic participation is responsible for this difference.
	Table 2
Means and Standard Deviations for Athletes and Non-Athletes
on the Variables of Self-esteem and Approval Motivation 

	
	Mean 
	Standard Deviation 

	
	Self-esteem
	Approval Motivation
	Self-esteem
	Approval Motivation

	Athletes
	34.1064
	2.5840
	4.6315
	.4373

	Non-athletes
	31.3668
	2.7045
	5.2139
	.5234


There are a number of possible reasons why the need for athletes to receive praise or to avoid the rejection of others, is met through sport participation. Athletes, especially at the collegiate level, receive many benefits from participating in sports. For example, athletes receive praise and support from their parents, peers, coaches, fans, and community. In addition, personal rewards are obtained through the athlete's athletic prowess and identity with the team. Many of the athletes competing at the Division I collegiate level bring with them to college successful high school experiences in athletics. Therefore, athletes in this study may have received approval for a number of years through athletic participation. Due to the history of approval and reward associated with athletic participation, athletes may not need to engage in further approval seeking behaviors.
It should be noted that the athletes in this study are most likely the elite athletes from their high school programs. They are good at what they do and have excelled in athletics for many years. Therefore, the athletes in this study due to their history of athletic success, may be more likely to participate in Division I athletics. Athletes with low self-esteem and high needs for approval may not be as likely to reach Division I college athletics. Future research may wish to examine approval motivation and self-esteem in youth sports and high school athletics to determine if there is consistency of findings.
As predicted, there was a negative correlation found between self-esteem and approval motivation for non-athletes. This finding was consistent with those of Larsen, Martin, Ettinger, & Nelson (1976) who also examined the relationship between approval motivation and self-esteem in the general population. However, what was not predicted was the negative correlation that was found between the variables of self-esteem and approval motivation for the group of collegiate athletes. Although there was a significant difference between athletes and non-athletes on their levels of approval motivation, these results imply that athletic participation does not alter the negative relationship between self-esteem and approval motivation. The results of this study suggest that athletes are more likely to view themselves positively and see themselves as worthy and are less likely to engage in approval seeking behavior than non-athletes.
The findings of this study lead to several additional questions concerning the difference between athletes and non-athletes on the variables of self-esteem and approval motivation. Future research may wish to explore factors that contribute to the differences found in self-esteem and approval motivation for athletes, such as the number of years experience, ethnicity, gender, and types of athletic experience.
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Seven Quality Tools

		The Seven Tools

		Histograms, Pareto Charts, Cause and Effect Diagrams, Run Charts, Scatter Diagrams, Flow Charts, Control Charts





*











Ishikawa’s Basic Tools of Quality

		Kaoru Ishikawa developed seven basic visual tools of quality so that the average person could analyze and interpret data.



		These tools have been used worldwide by companies, managers of all levels and employees.





*

Kaoru Ishikawa is known for “democratizing statistics.”  Since statistical concepts are not that easy to grasp, he created ways for the average person to obtain knowledge in statistics.









Histograms

Slide 1 of 3

		Histogram Defined

		A histogram is a bar graph that shows frequency data.

		Histograms provide the easiest way to evaluate the distribution of data.





*

Histograms suggest the nature of and possible improvements for physical mechanisms at work in progress.













Histograms
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		Creating a Histogram

		Collect data and sort it into categories.

		Then label the data as the independent set or the dependent set.

		The characteristic you grouped the data by would be the independent variable.

		The frequency of that set would be the dependent variable.

		Each mark on either axis should be in equal increments. 

		For each category, find the related frequency and make the horizontal marks to show that frequency.





*











Histograms
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		Examples of How Histograms Can Be Used

		Histograms can be used to determine distribution of sales.

		Say for instance a company wanted to measure the revenues of other companies and wanted to compare numbers.





*

Perhaps the company wants to compare numbers of companies that make from 0-10000; from 10,000-20,000; from 20,000-30,000; and so on.









Pareto Charts
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		Pareto Chart Defined

		Pareto charts are used to identify and prioritize problems to be solved.

		They are actually histograms aided by the 80/20 rule adapted by Joseph Juran.

		Remember the 80/20 rule states that approximately 80% of the problems are created by approximately 20% of the causes.





*

This is the economic concept that Juran applied to quality problems.  The meaning behind that 80/20 rule is that there are vital few causes that create the problems.











Pareto Charts
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		Constructing a Pareto Chart

		First, information must be selected based on types or classifications of defects that occur as a result of a process.

		The data must be collected and classified into categories.

		Then a histogram or frequency chart is constructed showing the number of occurrences.





*

The steps used in Pareto analysis include gathering categorical data, drawing the histogram, and concentrating on the tall bars.









Pareto Charts
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		An Example of How a Pareto Chart Can Be Used

		Pareto Charts are used when products are suffering from different defects but the defects are occurring at a different frequency, or only a few account for most of the defects present, or different defects incur different costs. What we see from that is a product line may experience a range of defects.  The manufacturer could concentrate on reducing the defects which make up a bigger percentage of all the defects or focus on eliminating the defect that causes monetary loss. 	

		Actual chart is on the next slide

		Example and chart were obtained from:



	<www.yourmba.co.uk/pareto_diagram.htm>



*

Data should be analyzed in two cases.  The manufacturer could concentrate on reducing the defects that make up a bigger percentage of all the defects or they could concentrate on the defect that is costing them the most money.  As part of the analysis, look at the tallest bars when trying to solve the problem.









Pareto Charts

Slide 4 of 4



*

Concentrating on reducing defects A, B and C since they make up 75% of all defects.  Or focus on eliminating defect E, if defect E causes 40% of monetary loss.
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		Cause and Effect Diagram Defined

		The cause and effect diagram is also called the Ishikawa diagram or the fishbone diagram.

		It is a tool for discovering all the possible causes for a particular effect.

		The major purpose of this diagram is to act as a first step in problem solving by creating a list of possible causes.





*

This tool helps workers spend time on concentrating on the causes of problems rather than focusing on improving the indications of problems.
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		Constructing a Cause and Effect Diagram

		First, clearly identify and define the problem or effect for which the causes must be identified.  Place the problem or effect at the right or the head of the diagram.

		Identify all the broad areas of the problem.

		Write in all the detailed possible causes in each of the broad areas.

		Each cause identified should be looked upon for further more specific causes.

		View the diagram and evaluate the main causes.

		Set goals and take action on the main causes.





*

This is called the fishbone diagram because it looks like the skeleton of a fish.  The problem is the head, the major causes of a problem are the “ribs”, and the detailed causes are the small bones.
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		An Example of When a Cause and Effect Diagram Can Be Used

		This diagram can be used to detect the problem of incorrect deliveries.

		Diagram on next slide

		Diagram obtained from: <http://www.hci.com.au/hcisite/toolkit/causeand.htm>

		When a production team is about to launch a new product, the factors that will affect the final product must be recognized.  The fishbone diagram can depict  problems before they have a chance to begin.





*

The effect being examined is normally an aspect of product or service quality.









Cause and Effect Diagrams
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Diagram of the Incorrect Deliveries Example:



*

You continue the process of branching off into more and more directions until every possible cause has been identified.  The final result will represent a pile of all the factors relating to the effect being explored and the relationships between them.
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		Scatter Diagrams Defined

		Scatter Diagrams are used to study and identify the possible relationship between the changes observed in two different sets of variables.





*

These relationships are can be used to recognize indicator variables in organizations.
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		Constructing a Scatter Diagram

		First, collect two pieces of data and create a summary table of the data.

		Draw a diagram labeling the horizontal and vertical axes. 

		It is common that the “cause” variable be labeled on the X axis and the “effect” variable be labeled on the Y axis.

		Plot the data pairs on the diagram.

		Interpret the scatter diagram for direction and strength.





*

The X variable is independent and the Y variable is dependent.
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		An Example of When a Scatter Diagram Can Be Used

		A scatter diagram can be used to identify the relationship between the production speed of an operation and the number of defective parts made. 





*

A scatter diagram is used for confirming instincts about a cause-and-effect relationship between types of variables.
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		An Example of When a Scatter Diagram Can Be Used (cont.)

		Displaying the direction of the relationship will determine whether increasing the assembly line speed will increase or decrease the number of defective parts made.  Also, the strength of the relationship between the assembly line speed and the number of defective parts produced is determined.



		Example obtained from:  <http://www.sytsma.com/tqmtools/Scat.html>



			



*

Scatter diagrams are also used to display the direction of the relationship and displaying the strength of the relationship.
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		Flow Charts Defined

		A flow chart is a pictorial representation showing all of the steps of a process.





*

Flow charts define and analyze processes.  They build a step-by-step picture of the process for analysis, discussion, or communication purposes.
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		Creating  a Flow Chart

		First, familiarize the participants with the flow chart symbols.

		Draw the process flow chart and fill it out in detail about each element.

		Analyze the flow chart.  Determine which steps add value and which don’t in the process of simplifying the work.





*

Some examples of simple symbols are: the shape of a diamond symbolizes decisions, a parallelogram represents input or output, the rectangle is the processing symbol, an arrow for flow line and so forth.
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		Examples of When to Use a Flow Chart

		Two separate stages of a process flow chart should be considered:

		The making of the product

		The finished product

		





*

Flow charts are used to define, standardize, or find areas for improvement in a process.
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		Run Charts Defined

		Run charts are used to analyze processes according to time or order.





*

Run charts are useful in discovering patterns that occur over time.
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		Creating a Run Chart

		Gathering Data

		Some type of process or operation must be available to take measurements for analysis.

		Organizing Data

		Data must be divided into two sets of values X and Y.  X values represent time and values of Y represent the measurements taken from the manufacturing process or operation.

		Charting Data

		Plot the Y values versus the X values.

		Interpreting Data

		Interpret the data and draw any conclusions that will be beneficial to the process or operation.





				



*

When measuring data, the measurements must be taken over time and in sequential order.

When plotting the values, use an appropriate scale that will make the points on the graph visible.
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		An Example of Using a Run Chart

		An organization’s desire is to have their product arrive to their customers on time, but they have noticed that it doesn’t take the same amount of time each day of the week.  They decided to monitor the amount of time it takes to deliver their product over the next few weeks.





*

By using a run chart, the organization can determine which day or days it is taking longer to deliver and can allow themselves more time for on-time delivery.
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		Control Charts Defined

		Control charts are used to determine whether a process will produce a product or service with consistent measurable properties.





*

The process for developing a process chart is the same for almost all charts.  The statistical computations is what makes it different and sometimes more complicated.
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		Steps Used in Developing Process Control Charts

		Identify critical operations in the process where inspection might be needed.

		Identify critical product characteristics.

		Determine whether the critical product characteristic is a variable or an attribute.

		Select the appropriate process control chart.

		Establish the control limits and use the chart to monitor and improve.

		Update the limits.





*

A variable is a continuous measurement.  An attribute is the result of a binomial process that results in an either-or situation.
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		An Example of When to Use a Control Chart

		Counting the number of defective products or services

		Do you count the number of defects in a given product or service?

		Is the number of units checked or tested constant?





*

Control charts focus more on acceptable limits of the process.









Activity

		Process Flow Chart for Finding the Best Way Home

		Construct a process flow chart by making the best decisions in finding the best route home.

		Refer to the prior notes on flowcharts.

		Remember:  Define and analyze the process, build a step-by step picture of the process, and define areas of improvement in the process.

		Answer is on the next slide

		Example obtained from:  <http://deming.eng.clemson.edu/pub/tutorials/qctools/flowm.htm#Example>





*













*













Summary

	This presentation provided  learning material for each of Ishikawa’s seven basic tools of quality.  



	Each tool was clearly defined with definitions, a step-by-step process and an example of how the tool can be used. 



	As seen through the presentation, these tools are rather simple and effective.

	

		

		



*
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The Problem
In this activity, you will investigate the relationship
between a person’s height and arm span (the distance from
fingertip to fingertip of a person’s outstretched arms).


To begin, you will need to collect data on both quantities
from several members of your class.


Using a tape measure or meter stick marked in
centimeters, determine the heights and the arm spans, to
the nearest whole centimeter, of two or three members of
your class.


✐ Record the measurements in Table 3.1 in the
Questions section and then complete the table with
measurements collected by other members of your
class.


✐ Examine the measurements you have recorded in the
tables and answer #1 through #4 in the Questions
section of this activity.


In this activity, students
are introduced to the
use of scatterplots for
investigating possible
relationships between
two quantitative
variables. It may take
two to three class
periods to complete all
of the problems.


The variables under
examination are two
body measurements:
height and arm span.
Students collect data,
produce a scatterplot
of the data, and
interpret any patterns
exhibited by the
scatterplot.


Name __________________________


Date __________________________


. 


How Do You Measure
Up?


Height


Arm Span


Does increasing the amount of time practicing a sport
increase performance levels in that sport? Does
decreasing the speed at which a car is driven increase
the gasoline mileage for that car? As a person gets
older, does the person’s hat size increase?


In situations like these, questions are being asked
about how one quantity is related to another.
Answering such questions usually requires one to
collect and analyze several sets of data pairing the two
quantities.


A c t i v i t y  3
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The language of
coordinate systems is
used in this activity. You
may want to acquaint
students with some of the
associated terminology
either before or during
this activity.


In addition to examining lists of numbers, it is often
helpful to display data in a graph or plot and look for
visual clues that might suggest possible relationships
between two variables. One way to graph paired data,
like the height and arm span measurements, is to
construct a scatterplot. A scatterplot is simply a graph of
all of the ordered pairs of data on a single coordinate
system. Before you plot the data, it is important to
examine the data for maximum and minimum values so
that appropriate measurement scales can be determined
for the axes on the coordinate grid.


✐ With the help of others in your group, determine
an appropriate scale for each of the horizontal and
vertical axes on the Scatterplot of Height vs.
Arm Span in #5 of the Questions section. Plot the
information you have recorded using height along
the horizontal axis and length of arm span along
the vertical axis. Then answer #6 through #10.


Using the Calculator
Since students have had
the opportunity to produce
a scatterplot on paper,
they will better
understand some of the
decisions that need to be
made when instructing a
calculator to produce a
scatterplot of the same
data. Once they can
quickly plot data points on
the calculator, they can
use their time to focus on
interpretation of the
graphical displays.


When students enter the
data, it will look similar to
this:


Calculator technology also can be useful in searching for
relationships between two quantities like height and
arm span. In fact, your graphing calculator can draw
scatterplots like the one you created. To do so, you must
first place your data into the calculator’s LIST storage.


Calculating the Results


1. Press … 4:ClrList 2 [L1] ¢ y [L2] ¢ y [L3]
Í to clear the needed lists. (The third list L3 will
be used to store additional values computed later in
this activity.)


2. Press … 1:Edit to gain access to the calculator’s
list storage.


3. Type the numbers representing student heights
into the first list (L1) on your calculator. Type a
number, press Í, and repeat until all numbers
have been entered.


4. Press ~ to move to the second list. Type the
numbers representing student arm spans into the
second list (L2). Be sure to enter the arm span for
each student on the same row as the student’s
height.
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Once the paired data have been entered, you need to
enter information on two windows before the calculator
can produce a scatterplot graph. First, you must tell the
calculator you want it to draw a scatterplot, and then
you must define the intervals and the scales you want it
to use for the coordinate system, just like you did when
you drew a scatterplot on paper.


1. Press y [STAT PLOT] 1:Plot1 to select Plot1.


2. Edit the window so that yours looks like the one at


It is important that all
other plots and functions
be turned off or cleared
before attempting to
produce a graph of Plot1.
To turn off all statistical
plots, students can press
y [STAT PLOT] 4 Í.
To turn off all functions,
they can press y
[Y-VARS] 5:On/Off then
2:FnOff.


the right. To highlight a
selection, use the blue
arrow keys to move the
blinking cursor to the
desired location and
press Í.


By selecting the first option available in Type, you are
selecting a scatterplot.


3. When you have finished making the changes in
Plot1, press p and edit the numbers to match
those you used when you constructed the
scatterplot on paper.


The window screen
settings for the sample
data are shown below:


Note that Xmin and Xmax refer to the minimum and
maximum values to be used along the horizontal axis
height. Xscl defines the distance between reference or
tick marks used along that axis. Ymin, Ymax, and Yscl
define the same parameters for the vertical axis.


✐ Record your selected values in the window shown
in #11 in the Questions section.


4. Press s to view the scatterplot.


5. You may prefer to view the plot with grid points
visible. On a TI-82, you can add grid points to the
plot by pressing p, selecting FORMAT, pressing
† and ~ to select GridOn, and pressing Í.


6. Press s again, and grid points should appear
on the scatterplot. The distance between grid points
is determined by the settings you have defined for
Xscl and Yscl.


On the TI-80 calculator,
grid points can be added
to a graph by pressing
y [DRAW] 9 Í. On
the TI-83, press y
[FORMAT], then press †
and ~ to move to GridOn,
and press Í.
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A scatterplot of the
sample data, along with a
graph of y = x, as shown
on a TI-82 is given below.
Students will add the line
in step 8.


An examination of ratios
is reasonable anytime
one naturally expects that
a measure of zero on one
variable would be
associated with a
measure of zero on the
other, that is, whenever
one variable is expected
to vary directly (y = k*x)
with the other.


Computing the ratio of L2
to L1 using the sample
data results in the
following on the TI-82:


Although it is expected
that most of the values
will lie near 1, it is
possible that some will
not. This is fine. Rather
than accepting the typical
or “average” ratio as 1,
you could instead use the
arithmetic average of all
the computed ratios. This
average, or mean, can be
found by computing the
mean of L3. From the
home screen, press y
[LIST], highlight Math and
then press 3 y [L3] Í
to compute and display
this mean value. For the
sample data this mean is
approximately 1.005.


7. You can view the coordinates of points on this plot
by pressing r and using ~ and | to highlight
different points. Check that the traced values agree
with those you have collected.


When you examined your paper version of this
scatterplot, you were asked to draw a line that
connected points where the first and second
coordinates were equal. To do this on your calculator,
you will need to add the graph of the line defined by
y = x.


8. To add this line to your scatterplot, simply press
# „ s.


The fact that the height and arm span data seem to
lie very close to the line y = x (where x represents
height and y represents arm span) is an interesting
finding. In fact, it is just this type of algebraic
relationship that statisticians are often looking for
when they examine sets of paired data. Sometimes in
the search for such relationships, it is helpful to
examine the ratios of two quantities being studied.


In this study, you are comparing height and arm span
so let’s use the calculator to compute the ratio of arm
span to height for each class member for whom you
have collected data.


9. To obtain this list of ratios:


a. Press … 1 to gain access to the calculator’s list
storage.


b. Press ~ twice to move to L3.


10. Press } to move to the top so that L3 is highlighted.


11. Press y [L2] ¥ y [L1] Í to define L3 as a list
of ratios of height to arm span.


✐ Go to the Questions section and answer #12
through #15.
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Questions


Table 3.1. Height and Arm Span


Name Height
(cm)


Arm Span
(cm)


Although student names
are not used in the
analysis of any collected
data, it is important that
the body measurements
be linked to the same
person. In the Problems
for Additional Exploration,
students are asked to
investigate possible
relationships between
overall height and shoe
length. Identifying the data
with the person from whom
it was collected will save
making height
measurements again if
that problem is assigned.
Sample measurements
from six real students are
provided in the table
below.


Name Height
(cm)


Arm
Span
(cm)


Jill 158 156


Brett 174 178


Jo 164 164


Julie 157 156


Asha 157 160


Cherise 147 148


1. How often is a person’s height greater than their
arm span?


_______________________________________________


_______________________________________________


2. How often is height less than arm span?


_______________________________________________


_______________________________________________


In the sample data
provided, height was
greater than arm span
one-third of the time,
height was less than arm
span one-half the time,
and the two
measurements were
equal one-sixth of the
time.
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3. How often are height and arm span equal?


_______________________________________________


_______________________________________________


In general, arm span
measurements are
approximately equal to
height measurements on
the same individual.
Variations from this
general relationship are
natural and to be
expected within any set of
collected data.


4. Do you see any other relationships between height
and arm span? Describe these below.


_______________________________________________


_______________________________________________


_______________________________________________


_______________________________________________


) Return to page 22.


In the sample data,
heights range from 147
cm to 174 cm and arm
spans from 148 cm to 178
cm. Each dimension of
the grid is bordered by 20
grid squares so a
distance which is a
multiple of 20 would be
appropriate on each
scale. Using 140 cm to
180 cm on each axis
would be an appropriate
range for the set of
sample data.


A scatterplot of the
sample data is given
below along with the
graph of the line y = x on
the same coordinate grid.


5. Scatterplot of Height vs. Arm Span
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6. In general, as height increases, what happens to
arm span? How is this illustrated in the scatterplot?


_______________________________________________


_______________________________________________


_______________________________________________


_______________________________________________


In general, as height
increases (as we move
from left to right across
the graph) the associated
arm span measurements
also increase (get higher
on the graph).


7. In what ways does the scatterplot, when compared
to the table of data, make it easier to see
relationships between height and arm span?


_______________________________________________


_______________________________________________


_______________________________________________


_______________________________________________


8. Find three or four points on your coordinate system
(they do not have to be points of the scatterplot)
where the horizontal and vertical coordinates are
equal, for example (150, 150). Draw a straight line
through these points; this line will serve as a
reference line for comparing heights to arm spans.
Some of the points of the scatterplot lie above this
line, some lie below this line, and others may lie on
this line. Find several points that lie above this
line. What is true about the relationship between
height and arm span for each of these points?


_______________________________________________


_______________________________________________


Since the scatterplot
orders the data on the
basis of increasing
heights, and tables of
data do not necessarily
do so, patterns such as
this are often much easier
to see from a graphical
presentation than from an
unordered numerical
presentation of the data.


Be certain that students
understand that the points
they are to locate are not
necessarily points that
are part of the scatterplot.
They can be any points
located on the coordinate
grid.


Points that lie above the
line represent students
whose arm spans are
larger than their heights.


9. How would you describe the relationship between
height and arm span for points that lie below the
line?


_______________________________________________


_______________________________________________


Points that lie below the
line represent students
whose arm spans are
smaller than their heights.
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If a point in the scatterplot
lies on the line, then the
arm span and height of
the student are equal.


10. If a point lies on this line, what relationship exists
between height and arm span?


_______________________________________________


_______________________________________________


) Return to page 22, Using the Calculator.


11. Record your settings for the Plot Window:


)  Return to page 22, step 4.


Since height is
represented on the x-axis
and arm span on the
y-axis, y = x indicates that
arm span and height are
equal.


12. Explain why the line y = x contains points where
the two coordinates are equal.


_______________________________________________


_______________________________________________


_______________________________________________


If the ratio of arm span to
height is less than one,
then the measure of the
arm span is less than the
measure of the
corresponding height.


13. Find a value in L3 that is less than 1. What is the
relationship between the height and arm span used
to calculate this value?


_______________________________________________


_______________________________________________


_______________________________________________


If L2 ¥ L1 ≈ 1, then a
person’s arm span and
height are approximately
equal in measure.


14. If we assume that L2 ¥ L1 ≈ 1, what relationship
exists between arm span and height?


Note: The symbol ≈ means approximately equal to.


_______________________________________________


_______________________________________________


_______________________________________________
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15. Based upon this relationship, predict the arm span
measurement for a person who is known to be 170
cm tall? How often do you think your estimate
would be too high? Too low? Explain your
responses.


_______________________________________________


_______________________________________________


_______________________________________________


_______________________________________________


_______________________________________________


_______________________________________________


A person found to be 170
cm tall would be expected
to have an arm span of
approximately 170 cm.
The best estimate of how
often this would be too
high (or too low) could be
based upon the percent of
the points in the
scatterplot that lie above
(or below) the line y = x.
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Problems for Additional Exploration
The instructions for this
first problem assume that
students still have the
data on heights and arm
spans in the first three
lists on their calculators. It
is also assumed that data
for shoe length will be
entered for individuals in
the same order used for
heights and arm spans.


1. Do you think there is a relationship between a
person’s height and the length of their shoe (shoe
length, not shoe size)? Investigate this question by
doing the following:


a. Collect data on the shoe lengths of class
members. Enter this data in Table 2 below.
Make certain to record the new information
with the correct individual.


Some variation in the
ratios of shoe length to
overall height are to be
expected but, as with the
arm span and height
comparisons, most ratios
should center around
some value. The average
of the ratios should serve
as a good approximation
to use in describing a
relationship between the
two quantities. This ratio
(call it R) would serve as
the best guess for the
slope of a line that “fits” the
points on the scatterplot.
Students could enter the
expression
Y1 = RX (where R is
replaced with the
computed mean of the
shoe lengths to overall
height ratios) into the o
menu. They could then
s both the scatterplot
and the line on the same
window to observe the
goodness of the “fit.”


Table 3.2. Height and Shoe Length


Name Height
(cm)


Shoe Length
(cm)
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b. Clear lists L4 and L5 on your calculator.


c. Enter the shoe length data into L4.


d. Produce a scatterplot of height (L1) versus shoe
length (L4) where height is represented along the
horizontal axis and shoe length is represented
along the vertical axis.


Do the plotted points appear to form a pattern?
Describe any patterns you see.


____________________________________________


____________________________________________


____________________________________________


____________________________________________


e. Calculate L5 as the ratio of L4 to L1; that is,
calculate the ratio of shoe length to height.


Find the mean of the ratios. From the home
screen, press y [LIST], press ~ to highlight MATH,
press 3 y [L5] Í. State an approximate
relationship that would permit you to estimate a
person’s shoe length if you knew the person’s
height.


____________________________________________


____________________________________________


2. Describe a process you could use to determine and
describe a relationship between hand span (the
distance beween the tip of the thumb and the tip of
the little finger when the fingers of the hand are
stretched open) and length of the forearm (the
distance from the inside of the elbow to the base of
the hand at the wrist joint).


_______________________________________________


_______________________________________________


_______________________________________________


_______________________________________________


We would be interested in
seeing the results of
student investigations into
problems 2 and 3.
Encourage students to
write to us providing their
data, graphical displays,
and analyses. Send your
class results to:


Dr. Christine Browning
Department of
Mathematics and
Statistics
Western Michigan Univ.
Kalamazoo, MI 49008


We will return
correspondence.


The variables height, arm
span, and shoe length are
examples of quantitative
variables. The variables
favorite color of M&M,
make of automobile, and
gender are examples of
categorical variables.


Another interesting ratio
that students might enjoy
investigating is that of
height to bellybutton
height. Interestingly
enough, this ratio will be
very close to the golden
ratio


1 +  5


2
 ≈  1.618


.


The golden ratio, also
called the divine
proportion, finds its way
into many other settings
including art, architecture,
and plant growth.
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3. Make up a question that concerns two quantitative
variables (variables whose values are numbers) of
interest to you. Collect data on these two variables
and use lists and scatterplots to look for and
describe possible relationships.


_______________________________________________


_______________________________________________


_______________________________________________


_______________________________________________
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Scatterplots

A scatter plot is a graph that relates two different sets of data by plotting the data as ordered pairs. You can use a scatter plot to determine a relationship (correlation) between the data sets.







Correlations

Types of Correlations







Problem Solving







Trendlines

A trend line is a line that approximates the relationship between the data sets of a scatter plot. You can use a trend line to make predictions.

Trend lines are drawn through the middle of the data points and separate the data into 2 equal halves. 







Trend Lines and Analysis



		If there is a relationship between the two variables, the trend line or line of best fit will show the correlation.







Problem Solving

A woman is considering buying a car built in 1993 for $4200. She researches prices for various years of the same model and records the data in a table. Create a scatter plot and analyze the results.
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Ex. 1. Alocal football team has gained the following
vardage in its first seven games. Graph the data.

T
Game Yards 9

1 348 ¢

2 350 1

3 300 i
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Model Year | 1994 1995 1996 1997 1998

Prices | §5784 $6810 $5237 $9660 $10,948
$5435 $6207 $7751 $9127 $10455









Scatterplots
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