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Quantitative Decision-Making
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Course Introduction and Outline

[image: image2.wmf]Course Description—Statistics as a tool in solving real-world problems, including organizing data, constructing simple graphs, using models for predictions, and using logic and reasoning to draw conclusions and make recommendations.  Emphasis on improving processes and making decisions.
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Introduction


Quantitative decision-making employs a variety of methods to assess, compare, and evaluate amounts (how much) and frequencies (how many).  In many situations, knowing how much money or time or morale is affected, or how many people or jobs or departments are involved will help you make a decision about the best path to follow.  
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For example, you might determine that changing from your current health-care insurance provider to a new HMO will save the company $600,000 annually while reducing coverage for only 5% of your employees.  On the other hand, changing to a different HMO might save the company $750,000, but reduce coverage for 35% of your employees. 


In such a situation, the quantitative information you have obtained will clearly be a significant factor in making a decision: Quantitative methods can help you decide.


Some quantitative methods, like those in the above example, are based directly on numbers: counting, finding fractions and percentages, and forming ratios.  You learned about these numerical methods in arithmetic courses in elementary school, and developed them further in high school algebra.
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Other quantitative methods are based on visual information like graphs, tables and pictures.  These techniques are often called graphics.  Graphic quantitative methods represent numbers by drawing: line graphs, pie charts, and pictographs, for example.  You learned about these in social studies and science courses, and developed the necessary theory for them in geometry classes.  You are also familiar with graphic methods through their widespread use in the media, from advertising to political campaign reporting.


This course will help you to develop skills that use both numerical and graphic methods to make decisions.
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What things are.  In the first class session, you will begin by considering how careful decisions are typically based on a combination of qualitative methods and quantitative methods.  Then you will examine a set of techniques useful for gathering and organizing data, to simplify complex sets of numbers.  That is the goal of descriptive statistics: to represent lots of numbers with a few numbers or with pictures.  Procedures you learn here will enable you to 

· describe groups with a few numbers

· compare one group with other groups

· compare one individual with other individuals

· compare individuals with groups.  


For example, if your non-profit organization wants to make its limited resources available only to the most needy of your potential applicants, descriptive statistics will enable you to determine income eligibility guidelines (cutoff points) for the beneficiaries of your assets.  Or you might want to describe the average productivity of your organization since it moved to a 12-hour shift pattern.
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How things go together.  In the second session, you will encounter decision strategies that use quantitative models for predicting the effects of changes.  These methods require you to compare measurements on two or more different variables.   In these prediction models, one variable (or more) is used to predict the effect on another variable.  For example, you have probably already considered the variable education as a predictor of the variable income.  
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You will start with correlational routines and relationship graphs, developing your skills until you are able to predict or estimate unknown values of one variable from possible values of  other variables, in what is known as regression analysis.  On this, you will build models to help you decide the most likely consequences of various organizational activities, tactics, or strategies.


For example, you may predict how various levels of investment in job training will affect corporate profit, or how the length of time a child spends in day care influences the parent’s job satisfaction.
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Representing the big group. The third session will deal with the common situation in which you must make a decision about a large group of events or people, although you have access to only a small sample of the entire group.  Consequently, you will study some procedures that deal with the relationship between a smaller number of observations or measurements (a sample) and the larger set of observations or measurements (the population) of which they are part.  As the reliability of decisions based on samples depends on the representativeness of the sample, you will examine various methods for obtaining samples.  


You will build the idea of inferential statistics on the concept of representativeness: making decisions about unknown values from known values.  You will use inferential statistics to make decisions about what you believe regarding cause-and-effect relationships.


For example, if you discover that a safety-training program is effective in reducing the frequency of workplace injuries for new, probationary employees, should you apply the program to all workers with confidence that total injuries will be reduced?
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How do groups differ?  In session four, you will learn specific techniques for making decisions about the differences between groups—groups of people, groups of products, groups of dollars.  Are men paid differently from women?  Are older workers more likely to take time off due to illness than younger workers?  Are more defective products manufactured on Monday than on Wednesday—or any other day?  Is direct mail as effective as telemarketing?  What is the effect of customer service training on customer satisfaction ratings, compared to no training?
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Getting better numbers.   In the final session of this course, you will apply quantitative methods to a series of decision-making situations.  In the process, you will consider a variety of ways in which people typically gather numerical information upon which to base decisions.  You will consider whether the way data are collected makes it possible to answer the question posed.  Are there other plausible explanations for the pattern of the data?  If the results are believable, how broadly can they be generalized?  How could the study be improved?  How could research be done in your organizational setting?

Preparing Excel for the course


[image: image18.wmf]Throughout the course, you will be using a common spreadsheet program for most of the computational work.  Prior to taking this course, you should become familiar with  the mechanics of using Microsoft Excel.  An introduction to Excel is included in chapter 1 of the accompanying textbook, Statistics with Microsoft Excel (Dretzke, 2001).


This course will be easier if you use several Data Analysis Tools that come with Excel.  Check your Tools menu in Excel to see if the words “Data Analysis...” are at the bottom.  If they appear, you are already set up to use the Data Analysis Tools.


If  the words “Data Analysis...” do not appear, you will need to add them to the Tools menu.  Follow these steps:


1.  Click on the Tools menu.


2.  Click “Add-ins...”


3.  Click on the boxes for “Analysis ToolPak” and “Analysis ToolPak - VBA”.  The boxes to the left of each should now have a check mark in them.


4.  Click the OK button, and follow any instructions that may appear on the screen.


If “Analysis ToolPak” and “Analysis ToolPak - VBA” are not on the “Add-ins...” menu, you will have to go back to your Excel setup program, select “Add/Remove” to add components,  select Excel ( if you are installing from Microsoft Office), then click on the following series of buttons and bars:


Change Option.../Add-ins/Change Option.../Analysis ToolPak.

Then run Excel and add “Analysis ToolPak” and “Analysis ToolPak - VBA” to the Tools menu using steps 1 - 4 above.


More detailed instructions may be found in the Excel Help system, and in the textbook, Statistics with Microsoft Excel (Dretzke, 2001) on page 7.

The Phramous Data Set


Several Excel worksheets are provided with this course.  You will use them in a number of course activities.


The data describe a fictional organization, the Phramous Widget Corporation, along with its associated Phramous Philanthropy Foundation and the Phramous Progressive Health Maintenance Organization (PHMO).


You may copy these worksheets freely for use in this course.  They are all saved in one Excel workbook, named Phramous.  You will find it on the course website. 

World Wide Web Page


The Phramous data set and a copy of this manual are also available on a web site at 



http://campus.houghton.edu/depts/psychology/quant.htm

along with other material and links relevant to this course.

ALAPA Outline


At the end of the student manual, there is an ALAPA outline for each session.  The ALAPA overview presents all of the course activities for each week, grouped according to their usefulness for Assessment, Learning, Analysis, Practice, or Application (Whetten and Cameron, 1994). 


This course was written to follow the ALAPA steps for adult education.


 On the assignments pages, each task has its relevant ALAPA goal listed in parentheses; in the ALAPA outline, each task is grouped under its ALAPA heading.

Outcomes and Assessment Criteria

Learning outcomes


If you successfully complete this course, you should be able to

· select problems for which a quantitative analysis is appropriate

· express workplace problems in quantitative terms

· convert workplace problems into numerical values or scores

· collect appropriate and relevant quantitative information

· select and apply appropriate quantitative techniques

· use the results of statistical analyses to inform decisions in an organizational setting

· design appropriate research to avoid bias in solving organizational problems.

Textbooks

Dretzke, B. J. (2001).  Statistics with Microsoft Excel, 2e.   Upper Saddle River, NJ:  Prentice-

Hall.


Bowen, R. W. (1992).  Graph it! How to make, read, and interpret graphs.  



Englewood Cliffs, NJ: Prentice-Hall.

Course assignments to be submitted and grading


NB: Your instructor may alter the grading distribution or standards in a separate syllabus, which will take precedence over the following standards.


1.  Preparatory Assignments. (To be completed before each class session.)


There are preparatory assignments for each class session, including assessment activities and comprehension questions and exercises based on the assigned readings.  These do not need to be typed, but they will be collected at each class session.  They will be graded out of ten points for each session, not for each activity.  The number of activity assignments varies from session to session.  


Grades for preparatory assignments will be assigned as follows:

· Up to five points for satisfactory completion of all assignments

· Up to five points for correct answers to the comprehension questions and exercises


2.  In-class Activities.  (To be completed during each class session.)


Each class session is made up of a set of learning, analysis, and practice activities.  You will receive up to ten points for successful completion of the activities in each class session.


Grades for in-class activities will be assigned as follows:

· Up to four points for participation in small group and class discussions

· Up to four points for successful completion of exercises

Up to two points for written or spoken summaries and conclusions of your work.

3.  Homework Assignments.  (Due the week after they are assigned in class.)


There will be homework assignments given during each of the first four class sessions of the course. The number of assignments varies from week to week, but the amount of work required is fairly even throughout the course.  Each homework assignment is due at the class the week after it is assigned.  You must complete all homework, as assigned.  Except for graphs and calculations, homework assignments must be typewritten. 


Most of the homework assignments require you to take something you have learned and apply it in your workplace.


Grading: Each homework assignment will be graded out of ten points.  Points are assigned on the following basis.  

· Up to 2 points for completing all of the required components of the assignment


Did you answer every part of the question?


Did you respond with enough detail?


Did you submit the assignment on time?

· Up to 2 points for appropriate application to your workplace


Did you explicitly tie the assignment to your organization?


Did you address a realistic problem in organizations?

· Up to 4 points for accuracy of statistical analysis.


Did you choose an appropriate statistical approach?


Are your computations accurate?


(For the few assignments that do not require statistical analysis, these points will be added to the points for completing the required components of the assignment.)

· Up to 2 points for clarity of presentation 


Is your assignment clearly organized?


Does your writing meet the standards of the PACE program?


4.  Course Project.  (Due at the last class session.)

Most of the homework and class activities are steps toward the completion of an integrative course project, which is described in detail in one of the readings for Session Four.  The project is longer than a homework assignment, and it will be graded out of 80 points.  It must be typed, and the graphs must be computer-generated.


The course project will be graded for the following components:

· Use of organizational or survey data


 

  5 points

· Accurate and complete descriptive statistics



10 points

· At least 4 accurate, clear, and fully labeled graphs



10 points

· Complete, accurate, and interpreted correlations



10 points

· At least one complete, accurate, and interpreted regression analysis
  5 points

· At least 4 tests of group differences (5 points for each)


20 points


(Choose from Z-test for samples, t-tests, Analysis of variance, or chi-squared)
· At least 2 recommendations clearly based on analysis


10 points

· Writing that meets program guidelines




10 points


5.  Use of Excel (Assessed during each class session.)


Evidence of learning Excel for statistical analysis
20 points


You may demonstrate that you are learning to use Excel in homework and class activities, or through independent work that you may discuss with the teacher.

Summary of total grade:
· 1. Preparatory Assignments, up to 



  50 points

· 2. In-class Activities, up to 




  50 points

· 3. Homework Assignments, up to 



100 points

· 4. Course Project, up to 




  80 points

· 5. Use of Excel






  20 points




Total




300 points

Course grade:

Your grades for the stated components of the course will be added together, and a letter grade will be submitted corresponding to the following scale:



280 to 300
A



250 to 279.99
B



210 to 249.99
C



190 to 209.99
D



Below 190
F

Session 1

Introduction and outline of pre-class assignments …………………………………….13

Outline of in-class activities during session one ………………………………………39

Homework assignments from session one ……………………………………….…....64

[image: image19.wmf]Session One: What things are.


In the first class session, you will begin by considering how careful decisions are typically based on a combination of qualitative methods and quantitative procedures.  Then you will examine a set of techniques useful for gathering and organizing data, to simplify complex sets of numbers.  That is the goal of descriptive statistics: to represent lots of numbers with a few numbers or with pictures.  Procedures you learn here will enable you to 

· describe groups with a few numbers

· compare one group with other groups

· compare one individual with other individuals

· compare individuals with groups.  


For example, if your non-profit organization wants to make its limited resources available only to the most needy of your potential applicants, descriptive statistics will enable you to determine income eligibility guidelines (cutoff points) for the beneficiaries of your assets.  Or you might want to describe the average productivity of your organization since it moved to a 12-hour shift pattern.
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Complete these assignments before Session One:


To prepare for the first session, you should complete five assessment activities, and seven reading activities.  Be sure to answer the comprehension questions at the end of each reading activity.   If you have difficulty with any of them, please contact your professor.


Use the following checklist to ensure that you complete all of the required activities.  At the end of the first class, your teacher will collect the assessment activities and your answers to the comprehension questions for grading.

___1.  Complete the following five assessment activities:
     ___a. Assessment Activity One: Decision Scenarios: Quantitative? (Student manual p. 15)

     ___b. Assessment Activity Two: Mathematics and Symbolic Notation (Student manual p.16)   

     ___c. Assessment Activity Three: Statistical Techniques Checklist (Student manual p. 17)

     ___d. Assessment Activity Four: Distributions of Distributions (Student manual p. 18)

     ___e. Assessment Activity Five: Average?  What Average? (Student manual p. 19)

___
2.  Read the following articles and chapters.  Answer the comprehension questions at the end of each reading. (These are Learning activities)
     ___a. Reading Activity One: Quantitative vs. Qualitative Methods (Student manual p. 20)

     ___b. Reading Activity Two: Symons’ and Schutt’s Survey Standards (Student manual p. 22)
     ___c. Reading Activity Three: Terminology of Distributions (Student manual p. 27)

     ___d. Reading Activity Four: Organizing Quantitative Information (Student manual p. 30)

     ___e. Reading Activity Five: Measures of Central Tendency (Student manual p. 33

     ___f. Reading Activity Six: Measures of Variability (Student manual p. 34)

     ___g. Reading Activity Seven: S.S. Stevens and Scales of Measurement (Student manual p. 35)

     ___h. Reading Activity Eight: Review the material on Excel usage in the Dretzke textbook, chapters 1, 2, and 3 (pp. 1 – 42).  If Excel is new to you, work through these chapters carefully.
Notes on Assessment activities prior to Session One


The following five assessment activities should be done before you do any of the reading for this course.


The assessment activities are designed to establish a baseline, that is, a beginning point.  You are not expected to know the answers to every question or any question at the beginning of the course.  Your grade on the five assessment activities will be based on completion, not accuracy.  So relax, and answer to the best of your ability.  


Do not feel badly if you do not yet know enough to get all of the answers.  By the time the course has finished, you will know a great deal more.

Assessment Activity One
Decision Scenarios : Quantitative?

Here are ten scenarios or situations in which you might have to make a decision.  Indicate for each scenario whether you think quantitative information would be unnecessary (U), helpful (H), or essential (E) in the process of deciding.

U    H   E

 1.  Your cousin confides plans of marriage, and asks your advice.


 2.  You are trying to decide what to prepare for supper.



 3.  You want to do something to help the poor.


 4.  The youth group wants to visit Marineland.


 5.  You are trying to decide what to watch on television.


 6.  Your church board wants to add an associate pastor to the staff.


 7.  Due to a budgetary crunch, you must fire three employees in your firm.


 8.  You are mulling over a job offer.


 9.  You are planning a date.

     10.  You are planning your vacation.

Scoring: Count 1 point for each U, 2 points for each H, and three points for each E.  If you scored less than 20 points, this course may expand your horizons; 20-25 points, you are right on target; 26-30 points, you are a quantitative thinker already, and we may have to hold you back!

Class preview: In class, be prepared to discuss examples of quantitative information which might be useful in each of these scenarios, as well as how much weight you would assign to quantitative factors in making these decisions.

Assessment Activity Two

Mathematics and Symbolic Notation

Review the following principles and examples.  Make a note of any points which are new to you or which seem unclear, and raise them in class.

A.  Number symbols and operation symbols


1.  The number symbols include



-- the numerals 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9



-- the decimal point and the thousands separator comma (. and ,)



-- the algebraic symbols indicating positive ( + or nothing) and 

negative ( - ) numbers



-- the numerals used as exponents and subscripts



-- symbols for constants, such as (pi), (null), and((infinity)


2.  The non-number symbols include
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-- the operation symbols




+  Add


    Square root




-   Subtract

   Summation: add the following




*  Multiply

!     Factorial: Multiply the preceding number




/   Divide

            by decreasing whole numbers counting 

down to 1



-- the relationship symbols




=   Is equal to




>   Is greater than




<   Is less than



-- the grouping symbols (parentheses), [brackets], and {braces}



-- the assignable constants (alpha),(beta),(sigma), and(mu)


3.  Convert thefollowing symbolic expressions into words:



a.  3 + 2 = 5

b.  4 - 2 > 1

c.  4 * 2 < 9



d.  (6 / 2) < (12 / 3)
e.  3! = 6

f.  A = {a1, a2, a3}



g.  (2, 4, 6) = 12
h.  32 = 9

i.   = .05

B.  Fill in the missing symbol above the blank line in each of these expressions:


a.  3 ___ 5 = 8

b.  16 / 4 ___ 6


c.  ___81 = 9


d.  10___ = 100
e.  If 5X + 2 = 12, then X = ___
f.   (3 + 2) * 8 = ___

Assessment Activity Three

Statistical Techniques Checklist
There is a multitude of statistical techniques available.  Some of them are widely used, others are quite rare.  For each entry on the following list of statistical methods, check only one box.  Check N if it is New to you, box H if you have Heard of it but not used it, or box U if you have Used it.

 N    H    U


Average

Mean

Median

Mode

Range

Standard deviation

Variance

Simple frequency distribution

Grouped frequency distribution

Pivot tables

Normal curve

Bell-shaped curve

Binomial distribution

Rectangular distribution

Poisson distribution

Correlation

Pearson r
Regression

Multiple regression

Statistical modeling

Monte Carlo studies

Line graphs

Bar graphs

Histograms

Scatterplots

Regression line

Pie charts

Six-sigma rule

z-score analysis

Student’s t-test

Chi-squared test

Analysis of variance

       During this course, you will have the opportunity to learn all of these methods, and a few more.  The typical student entering this class will have checked off no more than 6 Us, about 8 Hs, and at least 15 Ns.  Count how many boxes you have checked in each column, and bring your data to class.  The class will pool the results for all of the students, and perform several statistical analyses.

Assessment Activity Four

Distributions of Distributions


During this course, you will encounter half-a-dozen different distributions, or patterns of scores or measurements.  Some of them, like Student’s t, F, or chi-squared, you have probably never encountered.  Others, however, like the normal or bell-shaped distribution, the binomial distribution, and the rectangular distribution you have experienced either directly or intuitively.  For the following situations, try to decide which distribution would be the best fit, even if you have to guess.


Key:

N= Normal distribution, with most of the scores falling at or near the middle of the range, and fewer and fewer scores as you move away from the middle.


R= Rectangular distribution, with the same number of scores at each point in the entire range of scores.


B= Binomial distribution, describing a situation where there are only two possible values of a score.


P= Poisson distribution, a fairly normal distribution of probabilities of uncommon or rare events.

N     R     B     P
1. 100 tosses of a freshly minted quarter dollar.

2. Number of aces, fives, nines, and queens in 100 draws from a fair deck. 

3. Number of times your kids leave the lights on or off in a month.

4. Distribution of grades for this cohort in your last five classes.

5. Annual number of crashes for Union Aviation Corps over ten years.

6. Monthly number of on-the-job injuries at your organization last year.

7. Precise diameter of all widgets manufactured last month at Phramous.

8. Number of employees in your organization, grouped by gender.

9. Decisions about promotion after the annual employee reviews.

10. Heights of the members of this class.

11. Number of senators for each state in the U. S. A.

Assess your responses by applying the following key, scoring from top to bottom:

1. B   2. R   3. B   4. N   5. P   6. P   7.  N    8. B    9. B    10. N    11. R


Are you better at identifying one type of distribution than another?  

Assessment Activity Five

Average?  What Average?


Many different statistical techniques are popularly given the name average.

1.  The union claims that the average hourly wage for employees is $6.42, while management counters that it is $7.63.  Can they both be right?

2.  Alice surveys her classmates, and calculates that on average they have 2.4 children.  Is that possible?  Does it make any sense?

3.  Mary re-computes Alice’s data, and claims that the real average is 2.  She did not use rounding.  Could she be right?  Could they both be right?

4.  Bob tries to settle the argument, but he gets an average of 2.5.  Could he be right, too?

5.  The census bureau presents the average income of Americans as the value that is in the middle of all incomes – it has half of the incomes above it, and half below it.  That average is really called the _____________.

a. mean
b. median
c. mode
d. statistical average
e. arithmetic average

6.  A sports columnist, blasting what she sees as exorbitant salaries paid to professional athletes, reports as the average the value that is mathematically in the middle of the total dollars paid to all professional athletes.  To get that figure, she adds up all of the salaries and then divides the sum by the number of players.  Her average is correctly called the __.

a. mean
b. median
c. mode
d. statistical average
e. arithmetic average

7.  A political science student attempts to gauge the level of support for different candidates in various neighborhoods of the city.  He gathers data by counting political signs posted in private yards and buildings.  He reports that the average support given by a neighborhood is for the candidate with the most signs in that neighborhood.  His average is the ________.

a. mean
b. median
c. mode
d. statistical average
e. arithmetic average

8.  Generally speaking, the best average to report for skewed data, like income and adult life expectancy, is the _______.

a. mean
b. median
c. mode
d. statistical average
e. arithmetic average

9.  The most mathematically useful form of average, on which most other techniques are built, is the _______.

a. mean
b. median
c. mode
d. statistical average
e. arithmetic average

10.  The quickest and easiest average to calculate is the _______.

a. mean
b. median
c. mode
d. statistical average
e. arithmetic average

Answers: 1-yes 2-yes, yes 3-yes, yes 4-yes 5-b 6-a 7-c 8-b 9-a 10-c

Notes on reading assignments prior to Session One


          Read the following articles and chapters.  You may need to read an article more than once to adequately understand it.  Answer the comprehension questions at the end of each reading, and prepare to submit your answers at the end of the first class.
Your answers to the comprehension questions will be graded for completeness and accuracy, so work carefully.
Reading Activity One

Quantitative vs. Qualitative Methods (Learning)

   What are quantitative methods?


Quantitative methods use numbers and pictures to represent amounts and frequencies.  Amount refers to variables that are measured in order to answer the question, "How much?", while frequency refers to variables that are measured to answer the question, "How many?"  


We often measure amounts by assessing mass, weight, volume, speed, or time.  On the other hand, we measure frequency only by counting.  Sometimes we can convert a measure of amount to what sounds like a measure of frequency, by determining how many pounds of sugar to buy or how many seconds it takes to change a light bulb, but we are really still measuring amount.  We could do the opposite, as well, but the result is usually awkward.  Questions like, "How much people went through the turnstile at the county fair this morning?" or "How much psychologists does it take to change a light bulb?" do not quite make sense.  

What are qualitative methods?


Qualitative methods are used in the majority of the other courses you have taken and will take in this degree completion program.  They use words, concepts, and ideas to represent variables in which you are interested.  Qualitative methods help answer questions about which observations are better or worse, richer or poorer, more or less healthy, happier or sadder, more or less beautiful, and so on.  Of course, we often attempt to convert qualitative variables into quantitative terms.  We might measure wealth by counting dollars in assets, for example.  Such an approach is often useful, but remember that it usually falls short of the mark.  Who is richer, for example, the person with $5,000,000 in assets and no one who loves him, or the person with $20,000 in debts and three loving daughters?  Depending on your purpose, you can argue either way.


An important strategy in quantitative decision making involves converting qualitative variables to quantitative variables.  One of the main tactics for doing so is the survey, and you will learn that the way survey questions are worded controls the kind of quantitative information you obtain – how much or how many.

Which is better?


Do not conclude from this that quantitative methods are always better for finding the truth or making decisions.  They are not.  In fact, a part of this course will examine ways in which quantitative methods may be used to mislead.  (Figures don't lie, but liars figure.)  Quantitative methods do, however, provide another way to consider a question in which you must describe, compare, or evaluate observations.  Quantitative methods are tools for thinking, but they are not answer-machines.  


On the other hand, ignoring the power of quantitative methods and making decisions purely qualitatively has been a frequent recipe for disaster.  Some of the children of Israel attempted a numerically inadequate invasion of the Promised Land (Numbers chapter 14) in spite of the available quantitative information and the warnings of Moses.  The invasion failed.  


In more recent times, U.S.-backed Cuban exiles attempted an invasion of Cuba at the Bay of Pigs, replacing the quantitative information that they were vastly outnumbered with the qualitatively based confidence that the people would immediately join them in a popular uprising.  The people did not, resulting in the Bay of Pigs disaster, an American foreign policy debacle.

Comprehension questions

Answer each question about this reading in one paragraph, carefully reasoned.  Use extra paper if you prefer.


1.  Some people, when faced with a decision, say that they want to “get to the bottom line.”  Which are they trying to reach: a qualitative or a quantitative decision?  Why do you think so?


2.  One of the attractions of quantitative approaches to decision-making is that they may enable you to ignore the complications of qualitative factors like the personal feelings involved, or even of moral and ethical considerations.  How do you think you should balance the clarity provided by quantitative methods with the often-conflicting demands of personal relationships and ethics?  Which are more important?  By how much?


3.  Give five examples each of amount variables (how much) and of frequency variables (how many).  Draw the examples from your home or your work.

Reading Activity Two

Symons’ and Schutt’s Survey Standards (Learning and Analysis)

This material is drawn from Cynthia Symons’ handouts and from Russell Schutt’s 1996 book, Investigating the Social World (Thousand Oaks, CA: Sage Publications).


In the course Quantitative Decision-Making, some of your projects will be based on information you gather in an organizational setting.  Some of the information will be readily available in already-collected form, information such as is contained in a typical annual report: sales figures, revenues and expenses, profit or loss, number of people served, production levels, and so on.  Other information, however, you may have to gather on your own, through a method known as the survey.  The survey method requires you to devise questions that will produce answers on quantitative variables.  This article introduces several decisions you will need to make as you prepare survey questions.

1.  How should I conduct my survey: Paper-and-pencil or face-to-face?
Surveys may be administered in written form, with the questions and the answer options printed on paper; or in questionnaire form, with you asking each person either face-to-face or by telephone.  Which method is preferable depends on what questions you are asking and your relationship with your colleagues, as well as how much time you can reasonably ask your colleagues to give you.  For class, be prepared to discuss what you see as advantages and disadvantages of each method of survey administration.

Paper-and-pencil


Face-to-face

Advantages


Disadvantages

2.  How many questions, and how many people?


There are no direct answers for these questions.  Essentially, you want to ask a reasonable number of questions of as many people as you practically can.  The number of questions will be governed by courtesy.  Do not infringe unfairly on your colleagues’ time.  The number of people will be controlled by practical concerns, such as your available time and other resources.  In some organizations, you will have to select a smaller group – a sample – because it would be impractical to survey everyone.  In other organizations, there may be few enough employees that you can, practically, survey everyone.

3.  How should I select my sample?


If you are surveying everyone in your organization, you are not sampling, and so this question is not relevant.  However, if you must use a sample for practical reasons, consider these options:


a.  Redefine your group of interest.  If your entire organization is too large to survey, consider studying only an organizational part of it, such as your department or a smaller group of departments.  If the redefined group is small enough, you can then survey everyone.  However, be careful not to generalize from the departments you have surveyed to the ones you have not.


b.  Select a random sample.  Using methods such as drawing names from a hat, tossing a coin, or using a table of random digits, select a sample from the entire organization.  Your sample is random if every person has the same chance of being selected, and if each choice has no influence on any other selection.  Your sample would not be random, for example, if your friends had a better chance of being selected than people you know less well, or if you selected someone who agreed to participate only if you would also use her friend.


If you do select a random sample, you will be able to generalize to the entire organization.  That is, what you learn from your sample will probably be true of the whole company.


c. Select a convenience sample.  If neither option a nor b is appropriate or practical, you may have to select a sample of just your friends or those people who are interested in your survey.  For this course, a convenience sample is acceptable, but it is not desirable.  In fact, you may not generalize beyond a convenience sample.  What you learn may be true only for the people in your sample.

4.  How do I get quantitative information from survey questions?


Sometimes, a direct question will generate a numerical answer.  For example, if you ask people how many children they have, or how many cars they own, the answer is likely to be a number: quantitative information.  Be careful with certain numerical questions, however, like “How old are you” and “How much do you earn.”  While the answers could be directly numerical, they might be insults, which are qualitative variables.


Often, you can get information that some people are sensitive about by asking a different question, like graduation year or length of time with the organization.  Be sensitive.


If direct answers will not yield quantitative information, you should consider offering response options: a set of possible answers from which the person responding may choose.  You might offer a set of numbers (numerical scale), a set of words (forced choice or multiple choice), or a small graph (graphic scale).


a.  In a numerical scale, a series of numbers define a range of response options.  In the example





Strongly



Strongly





disagree



  Agree

I am independent.
1
2
3
4
5
6
7

the person responds by circling the number closest to his or her belief, yielding direct numerical information.  What would it mean if a person circled 3, 4, or 5?


Sometimes, with a numerical scale, verbal labels are included for each response option:



  Very happy
       Happy
      Neutral
         Sad
     Very sad

I feel  

1

2

3

4

5

b.  In a forced choice or multiple choice situation, a set of words or statements is offered, and the person is asked to choose the one that they believe is most accurate.


My organization is
1. Well-managed most of the time.





2.  Often well-managed, but sometimes poorly run.





3.  Poorly run most of the time.

Some people do not like the “pigeon-holing” effect of forced-choice responses, so it is common to offer a blank for another response.


While forced-choice methods do readily translate to numbers, it is important to recall that the quantitative information is only a count or a percentage of people choosing each response option, leading perhaps to a bar graph or a pie chart.


c.  A graphic scale for responses provides a small graph, usually a line or a box, with labels at each end and a request for the person to mark the graph to indicate her or his belief.  The simplest of these are bipolar (one graph with two ends or poles), while others are co-ordinate (two lines forming X and Y axes).  These examples may help:

i.
Rate yourself by placing a mark on the line corresponding to your rating:

I am
    ___________________________________________________________


Popular







Unpopular

If the person understands this and makes a clear mark, you make the response quantitative by measuring from the end of the line to the mark with a ruler, which yields a ratio scale measurement.  (For a discussion of ratio scales, see the article in Reading activity seven, S. S. Stevens and scales of measurement.)
ii.
Rate yourself by placing a mark in the space corresponding to your rating:

I am
       _________|_________|_________|_________|_________|_________


Popular







Unpopular

In this example, vertical marks make the scale easier to understand, and enable an implied numerical scale as you assign a series of numbers to the spaces on the line.  The person’s score, then, is the number of the space selected.
iii.
Rate yourself by placing a mark in the space corresponding to your rating:


I am 



Popular







Unpopular

This example simply dresses up example ii with fancier boxes.

iv.
Rate yourself on both friendliness and popularity by marking in one of the four spaces below:
Popular


Friendly





Unfriendly

Unpopular

In this example, information is gathered on two questions at once.  While it may be useful in advanced research, such a co-ordinate response option requires careful instruction of respondents.  You will be well advised to use one of the earlier bipolar methods.

5.  What questions should I ask?

In the first class session, Activity Five (p. 43) gives some specific advice on writing good survey questions.  For now, be thinking of questions which meet Schutt’s (1996) criteria:  feasibility, relevance, and importance. 

The principle of feasibility, or practicality, will lead you to select questions that you can reasonably ask – within the limits of time, ethics, and courtesy – of the people whom you reasonably expect to be able to question.  It certainly is wise to choose questions for which you can reasonably expect prompt and honest answers.

The principle of relevance requires you to choose questions that are related to your task of understanding the functioning of your organization.  Questions about the personal or private lives of your colleagues would not usually meet this principle, while asking about time spent on the job probably would.

The principle of importance rules out questions that might be feasible and relevant, but still are trivial in nature.  It might be feasible and relevant, for example, to inquire into someone’s smoking habits, in order to determine the need for the company to provide special accommodations for smokers or protection for other employees.  It would probably not be important, however, to ask the brand of cigarettes smoked – unless you are responsible for ordering stock for the vending machines.  

People will disagree on whether a particular question meets the criteria of feasibility, relevance, and importance.  Nonetheless, you should use these standards as you ask yourself whether to use a particular survey question: Is it feasible?  Is it relevant?  Is it important?
Comprehension exercise
1.   Complete the table on the first page of this reading (page 22 of this manual) by identifying at least three advantages and three disadvantages of each method of administering surveys.

2.  Prepare an organized outline of the answers to each of the five questions posed in this article:

A.  How should I conduct my survey: Paper-and-pencil or face-to-face?
B.  How many questions, and how many people?

C.  How should I select my sample?

D.  How do I get quantitative information from survey questions?

E.  What questions should I ask?

Reading Activity Three

Terminology of Distributions (Learning)

Several words have a special or restricted meaning when used in the context of quantitative methods.  Use the following brief discussion to learn these terms.  Other terms will be introduced as they become useful throughout the course.


Distribution: A distribution is a set of measurement values, either real or hypothetical.  Its scores are all measured on the same variable.  


Variable: A variable is a measurable concept that can have one or more possible values.  For example, heights of people, lengths of bridges, zip codes, political party affiliation, and temperature are all variables.  If the measurement can vary, what is being measured is a variable.  If the measurement cannot vary, it is not a variable but a constant, like the value of  or pi, which is the ratio of the circumference of a circle to its diameter: it is always 3.14.


Some variables are discrete: their scores are all whole numbers, and no fractions or decimals are possible: the number of students in each class, for example, is discrete.


Other variables are continuous: their values can be any possible number, including fractions and decimals: for example, your height might be 65 inches, or it might be 65.34 inches.  Thus, the variable of height is continuous.


Score: An individual value of a variable is known as a score.  So the height of 67 inches; the bridge length of 1,052 feet; zip code 14744; being a member of the political party which came in second in an election; and 43 degrees Fahrenheit are all examples of scores.  Since scores represent quantities in different ways for different variables, a given score must always be interpreted with reference to the variable which it represents.  That reference is usually expressed by the names of the measurement units given with each score: 67 inches, 1,052 feet, and so on.


Scale: A scale is a set of all possible scores for a given variable, organized in a reasonable fashion--typically from smallest to largest.  Actual scores, of course, may be placed on a scale to enable them to be compared with each other.  So when you say that Kareem Abdul-Jabbar is taller than Mickey Rooney, you are using a scale for the variable height.  Different scales, and consequently different variables, may enable you to identify that:

· there is a difference between two scores (nominal scale),

· the difference is in a particular direction (ordinal scale),

· the difference is of a certain size (interval scale), or

· the difference is in a certain ratio or proportion (ratio scale).


Issues of scaling are discussed in more detail in the article on S. S. Stevens in reading activity seven.


Degrees of variables: Scalars, vectors, and matrices


If you used only one value of a variable each time you made a calculation or a decision, that one value is a first-degree subset of a variable, known as a scalar.  In other words, a scalar is a variable that contains only a single value – your height at this moment, for example.


Some decisions require that you use several different numbers at a time, but each number represents a different variable.  For example, to decide on a loan, you will need to compute the monthly payment (a scalar), which will require you to use four other values: principal, interest rate, years of payment, and number of payments per year.  Although you are using four values, they are all single values on different variables, thus, scalars.


Often, however, you will want to compute statistics on several values of the same variable.  For example, if you want to calculate the average height of the class members, you will operate on as many height measurements as there are people in the class.  The set of heights, arranged in a column (or sometimes, a row) comprises a vector.  


A vector is a variable that has more than one value, all of which can be written in a single column.  For example, you could put five interest rates (.10 to .14) into a vector:  







.10






.11






.12






.13






.14

   
Of course, the vector could be rotated, so that the numbers are listed in a row instead of a column:





.10  .11  .12  .13  .14

However, although we can compute with vectors in either orientation, we will use the vertical (column) format in this course, as that is the default setting for spreadsheet programs like Excel.


A matrix is a set of values of a single variable, set up in rows and columns.   If you add labels to the columns and/or rows of a matrix, it is known as a table.  

PRIVATE 



Monday
Tuesday
Wednesday
Thursday
Friday
   Sally

  2

  5

  3

  4

  6

   Molly
  4

  3

  6

  0

  1

   Dolly

  3

  5

  2

  1

  4

   Holly

  2

  4

  5

  5

  3

   Polly

  1

  9

  0

  0

  01

This table represents the number of toaster pastries eaten by five class members over the five days surrounding Ash Wednesday.  Can you guess which one(s) gave up sweets for Lent?


A matrix that is composed of a single column, then, is a vector; and a vector with a single value is a scalar.  In a spreadsheet program like Excel, a given worksheet may be made up of many scalars, vectors, and matrices. 

Comprehension exercise:

1. Go back over this article, and define the following terms in your own words:  

Distribution 

Variable

Discrete

Continuous

Score

Scale

Scalar

Vector

Matrix

Table

2. Make up five other examples of variables, and identify which of the four scale types (nominal, ordinal, interval, or ratio) is being used in each example.

Reading Activity Four

Organization of Quantitative Information (Learning and Analysis)


When quantitative information is gathered as a set of scores on a variable (or set of variables), it may appear overwhelming.  In fact, it often is overwhelming even to the most astute mathematician.  Typically, then, the first step in dealing with quantitative information is to organize it in some rational form, which will then make it possible to reduce a mass of information to manageable size.  That is the fundamental goal of descriptive statistics--to represent many numbers with a few numbers or pictures. 

Frequency distributions



If we measure a variable repeatedly, either by assessing several individuals or by assessing the same person several times, the resulting set of numbers comprise a raw score distribution.  For example, the heights of people in this class, simply written as a set of numbers, would form a raw score distribution for the variable height.


A raw score distribution is not organized in any consistent way.  Even if it is set down in rows and columns, the scores are still in the order in which they were collected.


Consider an example from the Phramous Widget Corporation, which anticipates adding 300 jobs over the next three months.  To process the anticipated 15,000 applications for these jobs, the personnel department will have to add clerical workers first.  But how many personnel workers will be necessary?  It depends on how much time it takes to process each application.  The following raw score distribution represents the processing times in minutes for a sample of 30 applications.

PRIVATE 


10
12
 9
17
 6


11
21
 7
16
13


19
16
20
14
18


16
15
17
13
21


 9
17
 8
12
10


15
18
20
14
12

2



Table 1.  Application processing times, in minutes.


Note that the scores are in no particular order.  How might you put them in a more organized form?  There are several ways to do this.  One conventional approach, which has the advantage of making later graphing easier, is to form a simple frequency distribution.


To form a simple frequency distribution, sort all of the values into a two-column table on paper.  The first column consists of the possible values of the variable, arranged in order from smallest to largest.  The second column contains the frequency count for each value in the first column, which is the number of times each score appears in the raw score distribution.


The worksheet on the next page shows the beginning of a simple frequency distribution for these numbers.  Notice that values are entered in the first column as long as they are within the range of the raw scores, even if they do not appear as raw scores.  That procedure produces a scale, which will be necessary for the eventual graph that is routinely a consequence of a frequency distribution.  


Notice also that the second column is the total number of times that each score in the scale appears in the raw score distribution.  

Comprehension exercise


Complete the simple frequency distribution.  Feel free to use tally marks to help keep track of your count.  For example, mark off each score from the raw score distribution as you count it in the simple frequency distribution.  (To make life easier, I have reprinted the raw score distribution at the top of the page, above the worksheet.  It is the same set of scores from Table 1.)

PRIVATE 
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11
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 7
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16
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15
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 8
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10


15
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Table 1.  Application processing times, in minutes. 


Worksheet

Simple frequency distribution 


for Application Processing Times





Value (X)   Frequency (/)




   21

 2





   20

 2





   19

 1





   18

 2





   17





   16





   15





   14





   13


    


   12





   11





   10





    9





    8





    7





    6

Reading Activity Five

Measures of Central Tendency (Learning and Practice)


As you realized in the assessment exercise on averages, there are many different ways to compute an average.  All measures of an average are known as central tendency measures, because in some sense, an average represents the middle or center of a distribution.


You can easily calculate one form of average from either the raw scores or from a simple frequency distribution.  The arithmetic average, called the mean, is the one you learned to compute back in elementary school.  To get the mean, you added all of the values in a column of numbers, and then divided the sum of the values by the number of numbers.


One advantage of the simple frequency distribution is that it makes it possible to obtain two other kinds of average, by examining the frequency column. 


The first of these, the mode, is the most commonly occurring score.  That is, the mode is the score value which has the highest frequency.  For example, in the distribution 1,3,3,3,4,6, the mode is 3.


Sometimes, a distribution will have more than one mode.  If it does, it is called bimodal (two modes) or multimodal (more than two modes).


The median is the score value which is in the middle of a simple frequency distribution.  Thus, one-half or 50% of the number of scores are above the median, and the other one-half are below the median.  So, in the distribution 1,3,5,7,9,11, the median is 6.


These three averages (the mean, the mode, and the median) are known as measures of central tendency.  They will be very useful to describe sets of numbers.

Comprehension exercise:

Go back to the data of the Phramous Widget application processing times, and find the mean, the mode(s) and the median.  Be sure that you consider every score in each computation.  For example, if you simply find the mean of the Value (X) column in the frequency distribution, your answer will be incorrect.  Can you see why?  It is safer to find the mean from the raw score distribution.


Mean:____________


Mode(s):__________


Median: __________

Reading Activity Six

Measures of variability (Learning)


Measures of central tendency tell us about the middle or center of a set of scores, which is where most of the scores usually are found.  On the other hand, measures of variability measure how the scores are spread out.  


One measure of variability is the range.  You are probably familiar with the range, which is the distance from the lowest score to the highest score.  Thus, to calculate the range, subtract the lowest score from the highest score.


You will meet other, more useful measures of variability in the first class session, including the standard deviation and the variance.
Comprehension exercise


Compute the range of the scores in the Phramous application distribution found in table 1 on pages 30 and 32.

Reading Activity Seven

S. S. Stevens and scales of measurement (Learning and Analysis)


In a classic chapter in his Handbook of Experimental Psychology, Stevens (1951) provided what is now the standard reference for the classification of types of numbers in measuring both quantitative and qualitative variables.


Stevens argues that there are four distinct ways in which we use numbers to measure phenomena: nominal, ordinal, interval, and ratio.  In simple terms, we use numbers to

· label or name items (nominal), 

· put things in order from largest to smallest or fastest to slowest or most beautiful to least beautiful (ordinal), 

· compare elements by determining the distance between them (interval), and 

· compare items by determining their relative, proportional characteristics (ratio).


In a nominal scale, numbers are used only as labels, and they carry no quantitative information beyond equality.  That is, numbers in a nominal scale identify different people, places, genders, and so on.  For example, the numbers on the jersey of a hockey player say nothing about how skilled the player is.  They only serve to tell the observer that player 22 is not equal to (is a different person from) player 25.  This breaks down, for example, if players from two different teams have the same number, and we have to rely on jersey color in addition to the nominal number to determine inequality.


Another example of nominal scaling is your social security number.  Actually, when these numbers were first issued, they did contain some ordinal information--they were issued in sequence.  Nonetheless, the size of your social security number says nothing about your personal characteristics.  It simply determines that you are a different person from your neighbor.


In an ordinal scale, the numbers represent not only different individuals, but also direction of difference.  As people arrive for class, someone is first in the room, someone else second, another third, and so on.  The numbers representing order of entry (1st, 2nd, 3rd...) tell us that there were different people entering the room, and that they came in at different times.  However, they do not tell us how far apart the times of entry were.  The first person might have been 5 minutes or 5 seconds ahead of the second person, who was 1 second or 2 hours ahead of the third, and so on.


Other examples of ordinally scaled variables include finishing position in a sports league or race; oldest, middle, and youngest children; and ranking of Fortune 500 companies according to investment risk.


Numbers in an interval scale represent different individuals, tell the direction of differences, and tell how large the differences are in units that remain constant across the scale.  Scores on most psychological and educational tests fall in this category.  The Scholastic Aptitude Test, for example, tells us that a person who scores 660 did 60 points better than a person who scored 600.  However, we cannot say that the first person scored 10% better than the second person.  That is because there is not true zero point on the SAT.  You receive a score of 200 just for filling in your name correctly.


Consider a classroom test on arithmetic.  After Linus finished the course, he took an examination on which he received a score of 0.  Does that mean that he learned no arithmetic?  Not necessarily.  A zero on a classroom test does not mean the total absence of a quantity.  Consequently, even in interval scales that contain a zero value, proportional or percentage comparisons are impossible and inappropriate.


Other examples of interval scales are temperature in the Fahrenheit or Celsius scales, where zero degrees does not indicate the total absence of heat; years of Gregorian calendar dating, in which there is no year 0000; and amount of energy in a physical system.


In a ratio scale, numbers represent different individuals, tell the direction of the differences, and tell how large the differences are in units which remain constant across the scale – all of the characteristics of nominal, ordinal, and interval scales.  But in addition, due to the presence of an absolute zero (which really represents none of the items or the absence of the quantity being measured) ratio scales make it possible to compare proportions, percentages, and ratios.


Most measurements of physical quantity, like length, mass, volume, and duration of time are ratio.  Percentage of games won in baseball is also ratio, since it is based on counts of frequency, which are ratio: Zero wins means no wins at all.  Zero hams in the cupboard means you have no ham at all.  


Remember that it is the ratio scale that has a zero.  A ratio scale is still ratio even if none of the actual scores are zero.  Salary in a corporation is ratio, even though nobody earns $0.00.

When does it matter which type of scale is used?


Whether a set of numbers is measured on a nominal, ordinal, interval, or ratio scale influences what statistics are appropriate to deal with it.  For example, the mean of the jersey numbers of the players on the Buffalo Bills carries little significance.  What information would be conveyed if we learned that the mean of the Bills players' numbers is higher than that of the Giants or the Dolphins?  The mode is much more appropriate for football numbers--it might be interesting to discover that the favorite number among players is 12, for example.  Favorite here is based on "most frequently occurring or chosen", thus, it is a mode.


For ordinal numbers, the mode is generally appropriate (the mode (most common) order of finish by American competitors in Olympic competition was 4), and the median may also be employed.


For interval and ratio scales, you may generally use any of the three measures of central tendency.  Similar rules apply for measures of variability: Use only the range for nominal and ordinal scales, but use range, variance, and standard deviation for interval and ratio scales.  To summarize:

· Nominal: Mode and range

· Ordinal:  Mode, median (questionable) and range

· Interval: Mean, median, mode, range, variance, and standard deviation

· Ratio: Mean, median, mode, range, variance, and standard deviation 


The restriction of statistical analysis of different scales of numbers is a rational decision.  Mathematically, numbers are numbers, and formulas and computers will compute any statistic on any set of numbers, regardless of the scale of measurement.  Inappropriately applied, however, statistics may be misleading.

  The comprehension exercise for reading activity seven is on the next page.

Reading Activity Eight

Introduction to Excel
Review the material on Excel usage in the Dretzke textbook, chapters 1, 2, and 3 (pp. 1 – 42).  If Excel is new to you, work through these chapters carefully.

Bring any questions you may have to class.  There are no comprehension questions for Activity Eight.

Comprehension exercise for Reading Activity Seven
1. For each of the following variables, define whether the scaling is nominal, ordinal, interval, or ratio.  

2. Then, following the rules on page 36, name the most appropriate measure(s) of central tendency and of variability for each variable.

   
Scale
        Central


   
Type
       Tendency
           Variability
Numbers on hockey players’ jerseys_______________________________________________

Social Security Numbers________________________________________________________

Order of students’ arrival in class_________________________________________________

Order of finishers in the Boston Marathon__________________________________________

SAT scores___________________________________________________________________

Scores on a statistics quiz________________________________________________________

Temperature in degrees Celsius____________________________________________________

Temperature in degrees Kelvin_____________________________________________________

Weight of Phramous widgets______________________________________________________

Duration of PACE classes________________________________________________________

Number of students who are tired in each class________________________________________

Salaries of Phramous executives___________________________________________________

Ages of automobiles_____________________________________________________________

Ages of Americans ______________________________________________________________

U.S. News rankings of the colleges__________________________________________________

Valedictorian and salutatorian______________________________________________________

Speed of trucks on Interstate 90_____________________________________________________

Activities and assignments during Session One:

a. Activity One: Professor’s introduction of the course (Learning)

b. Activity Two: Small group discussion: Is this scenario quantitative? (Analysis)

c.  Activity Three: Applying quantitative analysis in the workplace. (Application)
d. Activity Four: Professor explains homework assignment.

e. Activity Five: Asking the right survey questions: Class discussion and exercise 

(Analysis and practice)

f.  Activity Six: Professor explains homework assignment.

g. Activity Seven: Mini-lecture: Terminology of distributions (Learning)

h. Activity Eight:  Frequency distributions using Excel (Learning)

i.  Activity Nine:  Frequency distributions by pivot tables (Learning)

h. Activity Ten: Exercises on Frequency distributions (Analysis)

i.  Activity Eleven: Mini-lecture: Measures of central tendency (Learning)

j.  Activity Twelve: Evaluate advertising averages (Analysis)

k. Activity Thirteen: Mini-lecture: Measures of variability or dispersion (Learning)

m. Activity Fourteen: Practice with measures of central tendency and variability:

i.  Evaluating production data for Phramous: Descriptive statistics



ii. Who gets the cookies? Phramous Philanthropy Phoundation 



iii. Managed care and elective surgery: Phramous’s PHMO

n. Activity Fifteen: Professor explains homework assignment(s).

Potential homework assignments from Session One (p. 64):
a.   Homework assignment one: Identifying quantitative variables 

b.   Homework assignment two: The workplace survey.

c. Homework assignment three: Lying with statistics. 
d. Homework assignment four: Descriptive statistics with Excel.

e. Homework assignment five: Practice with descriptive statistics.

Activities In Session One

This section contains activities for session one.  Your professor will select from the available activities, and may make adjustments in the topics covered.

Activity One
Professor’s introduction of the course (Learning)

Your professor will present a general introduction, including his or her general perspective on the course and a review of the course expectations.  There will be an opportunity for you to ask questions about the course, and about the preparatory assignments.

Activity Two
Small group discussion: Is this scenario quantitative? (Analysis)


From the preparatory reading Quantitative vs. qualitative methods, the comprehension questions, and the assessment activity Decision scenarios: quantitative?, you should have a good understanding of what quantitative methods are.  In this discussion, as promised, we will consider the kinds of questions that quantitative methods can help answer, and then those that quantitative methods cannot help answer.


Here are the scenarios from the first assessment activity, Decision scenarios: quantitative?    In small groups, examine each situation, and discuss ways in which quantitative information might be helpful.  Do not worry about solving the problem, just decide what quantitative information might add useful insight.

Example:  You are thinking of buying a new car.


Is quantitative information useful?  Definitely yes.


What kinds of information would be useful?  


-Price of car


-Size of bank account


-Frequency of service

-Interest rate


-Mileage


-Customer satisfaction ratings


-Number of color options 
-Size of engine


-Passenger capacity

-Cruising range


-Number of desired accessories and features


-Degree of neighbor's jealousy provoked


You can certainly add to that list.  Now, your professor will assign some of the scenarios to your small group for discussion.


1.  Your cousin confides plans of marriage, and asks your advice.


2.  You are trying to decide what to prepare for supper.



3.  You want to do something to help the poor.


4.  The youth group wants to visit Marineland.


5.  You are trying to decide what to watch on television.


6.  Your church board wants to add an associate pastor to the staff.


7.  Due to a budgetary crunch, you must fire three employees in your firm.


8.  You are mulling over a job offer.


9.  You are planning a date.


10.  You are planning your vacation.


Summary discussion:


1. Can you think of some scenarios in which quantitative information would be useless or irrelevant?  


2.  What about situations in which quantitative information would lead to a poorer process of decision-making or a bad leadership decision?

Activity Three

In-class assignment: Applying quantitative analysis in the workplace.

(Application)


How might quantitative methods be useful in your organizational setting?  You might do a structural analysis of the organization, identifying how many people work in each department, at each job level, or at each component of the process (planning, research and design, production, service, accounting, and so on).  Or you might use quantitative methods to clarify reports and presentations, to help make decisions about the allocation of resources, or to conduct a costs/benefits analysis.  


Application.  Spend a few minutes now identifying at least three specific ways in which quantitative methods could be useful in your particular organizational setting.  Be prepared to share ideas with your classmates.


1.

2.

3.
Activity Four
Professor explains homework assignment.

At this point in the session, your professor may explain the first homework assignment and answer any questions you may have about it.  Homework assignments from Session One begin on page 64 of this manual.  The assignments are due at the beginning of Session Two.
Activity Five
Asking the right survey questions: Class discussion and exercise (Analysis and practice) 


This activity is based on material prepared by Cynthia Symons.


In reading assignment three, you learned some of the answers to five questions: 

1.  How should I conduct my survey: Paper-and-pencil or face-to-face?
2.  How many questions, and how many people?

3.  How should I select my sample?

4.  How do I get quantitative information from survey questions?

5.  What questions should I ask?


In this class discussion and exercise, you will consider specific techniques for writing useful survey questions.  Your professor will lead you in a class discussion of internal validity, conceptual definitions, and operational definitions.  Then you will discuss ten general rules affecting question writing, and conclude with a small group exercise for writing actual questions.


Internal validity, sometimes referred to as measurement validity or simply validity, is the extent to which a question actually assesses what we intend it to assess.  Some questions may measure a concept different from the one that the questioner had in mind.  You are probably familiar with that concept from human relationships, when you have asked a question like “What’s for dinner?” only to receive an answer directed at your lack of sensitivity or concern for the cook’s health and welfare.


In the workplace, you might reasonably ask a group of co-workers to tell you how well they like working with colleagues in general, only to get answers which reflect how well they like working with their particular co-workers at the moment.  Good survey questions will measure what you intend them to measure: the will have internal validity.


Conceptual definitions explain the idea or concept that you wish to measure, such as efficiency or absenteeism.  Operational definitions specify the steps you would actually use to measure the concept.  So the conceptual definition of efficiency might be operationally defined as typing speed, the number of automobiles sold per day, or the number of flawless widgets produced per hour.  The conceptual definition of absenteeism might be operationally defined as the number of days absent for any reason, or the proportion of a forty-hour week lost due to illness, or the number of workers with more than one day’s absence per year.

The advantage of operational definitions is that they are less ambiguous than conceptual definitions.  People are more likely to agree on what they mean.  Consequently, good survey questions rely heavily (but not exclusively) on operational definitions.

Class discussion: Ten rules for good survey questions

1.  Use familiar, direct, and simple wording.  Avoid jargon, slang, and uncommon words.


With how many siblings have you and/or your spouse co-habited?
2.  Use simple, concise sentence structure.  Avoid compound clauses and generalities.


What do you think about politics, on the state and national level as well as local?
3.  Ask one question at a time.  Avoid questions that invite more than one answer.

Do you plan to go to college and major in psychology?

4.  Avoid leading questions, which invite the person to respond in a particular way.

I think our company is well managed, don’t you agree?
5.  Avoid loaded questions, which use stereotypes or emotionally charged words.

Do you think our company ethos would be lost in a big business takeover?

6.  Write questions to be applicable to all respondents, across genders, ethnicity, political and religious affiliation, and so on.  

Do you believe that any man should be able to work here, regardless of race?

7.  Avoid invoking response styles of respondents, especially yea-saying and social desirability bias.

Would you ever steal anything from the company?
8.  Make the question as short, clear, and readable as possible.  Use your writing skills.

How much or in how many ways do you believe that the people who administer or manage this company are or could demonstrate more or less effective management skills so as to build the morale of the workforce in place, attract highly-qualified candidates for the future potential expansion of operations, and increase the efficiency of our day-to-day production and infrastructure?
9.  Consider how comfortable people will be when they read or hear each question.

Do you regularly engage in sexual harassment at work?
10.  Consider how long it will take to answer each survey question.

How long has each of your lunch breaks actually lasted over the last 30 days?

Class exercise

After the discussion, you will begin writing questions for your organizational survey.  Keep in mind that you are seeking quantitative information that you can use to describe and make decisions about your organization.


Start by focusing on the kind of information or data that you will obtain from a particular question.  Using the example of salary, compose three different ways you could ask people how much they make.  Salary, of course, is an example of sensitive personal information, and different ways of asking will generate different responses.


In the next three boxes, write out your three different ways of asking about salary.  Do not worry that you will have to ask this question in your workplace – that will be up to you and your best judgment.  We use it here because it provides a good example of the effect of asking a survey question in different ways.


1.



2.


3.

Next, for each way you posed the question, answer these questions:

1.  Does the question yield quantitative or qualitative information?

2.  Which of the following statistical analyses will the potential answers to each question permit you to do?


a.  Count by category (nominal, ordinal, interval, or ratio data)


b.  Percentages (nominal, ordinal, interval, or ratio data)


c.  Mean (interval or ratio data)


d.  Median (interval or ratio data)


e.  Mode (nominal, ordinal, interval, or ratio data)


f.  Range (ordinal, interval, or ratio data)


g.  Standard deviation (interval or ratio data)


h.  Bar graph (discrete categorical frequency data)


i.   Histogram (continuous categorical frequency data)


j.  Pie chart (categorical frequency data, discrete or continuous)


k.  Line graph (relationship between two measured variables)

3.  Does any question permit you to do a categorical analysis of frequencies and an analysis of mean and standard deviation?

4.  List the advantages and disadvantages of each question posed.

Class discussion and exercise

The discussion will begin with the class together writing some general questions which can be used in any organization.  Then you will break up into small groups to work on questions appropriate to your particular types of organizations or work environments.

Activity Six

Professor explains homework assignment two: 

The workplace survey (Application) 
At this point in the session, your professor may explain the second homework assignment and answer any questions you may have about it.  Homework assignments from Session One begin on page 64 of this manual.  The assignments are due at the beginning of Session Two.
Activity Seven

Mini-lecture: Terminology of distributions (Learning)


Your professor will review the terminology of distributions with you, and will ensure that you understand how to form simple frequency distributions from raw score distributions.


Next, you will participate in a class survey to gather data on the following questions:


1. On a scale from 1 to 9, please rate how satisfied you are with your present or were with your most recent job.  If you hate your job so much that you will die if you have to return tomorrow, rate a 1.  If you love your job so much that you would keep doing it even if they stopped paying you, rate a 9.


2.  How many siblings (brothers and sisters combined) do you have?


3.  How tall are you?



a.  < 5 feet



b.  from 5 feet to 5 feet 2.9 inches



c.  from 5 feet 3 inches to 5 feet 5.9 inches



d.  from 5 feet 6 inches to 5 feet 8.9 inches



e.  from 5 feet 9 inches to 5 feet 11.9 inches



f.   from 6 feet 0 inches to 6 feet 2.9 inches



g.  6 feet 3 inches or taller

Your professor will facilitate the collection of the raw score distribution of these data.  Then, you are to form a simple frequency distribution for each question. 

Activity Eight

Frequency distributions using Excel.

1.  The simplest way to get a frequency distribution using Excel is to enter the raw scores in a column, and then highlight the scores and hit the Sort button in the top toolbar.  The sort button looks like this: 
A





  
Z


Once you have the scores sorted, it is a simple step to form a frequency distribution by hand.


2.   The Frequency function in Excel is a bit more complicated, requiring these steps:

a.  Enter the raw scores in any order in one column.  Excel calls this the data array.

b.  Enter the possible scores in ascending order in the next column.  Excel calls this the 

bins array.

c.  Highlight the cells in the third column to include one cell more than the possible scores 

column.  This is the answer array, and should include one more cell than the bins array. 

d.  Type the frequency function, followed by the cell address for the data array, then a 

comma, then the cell address for the bins array.  Press Ctrl-Shift-Enter.

e.  The answer will be the frequencies for the corresponding possible scores.  Add 

appropriate labels (Ratings, X, f and More), and your frequency distribution will be complete, as shown below: 
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Activity Nine

Frequency distributions by pivot tables (Learning)


The Dretzke textbook explains another way to get a frequency distribution in Excel, called a Pivot table.  Work through the example on pages 43 – 48 to learn how to do a frequency analysis on quantitative data, and on pages 53 – 56 to do a frequency distribution on qualitative or categorical data.

Activity Ten

Exercises on Frequency distributions (Analysis)

Here are three more raw score frequency distributions.  For each, form a simple frequency distribution.  Your teacher will decide how many of these to do in class and how many to do on your own.

1.  Phramous Widget Company has developed a new, recyclable widget and is in the process of market research.  The lead researcher randomly selected a sample of 25 shoppers in a local mall and asked them to rate the new recyclable widget on a ten-point scale for ease of use.  Here are the data:



2
6
5
3
4

9
7
4
5
3

5
4
7
6
6

5
3
1
2
2

6
5
4
8
6


2.  Phramous PHMO conducted a health screening at Phramous Widget Corporation last week.  The nursing staff recorded resting heart rates for the 23 people who participated between 2 and 3 p.m. on Thursday.  Here are the data:





58
63
72
67
65

81
57
71
65
63

72
59
60
61
64

62
66
68
70
69

66
68
67


3.  Phramous Philanthropy Foundation invited grant applications from 10 not-for-profit organizations.  Applications were to be for between $500,000 and $1,000,000.  The ten application amounts, rounded to the nearest $100,000 and expressed in hundreds of thousands, follow.


10
  9
10
10
  9

10
10
  5
10
10
Activity Eleven

Mini-lecture: Measures of central tendency (Learning)


You have already met and computed the three measures of central tendency that we will use in this course: the mean, the median, and the mode.  Your next task will be to explore the effects produced in these measures, especially the median and the mean, when the scores in a variable are changed.  The result of this exploration will be to discover that the measures of central tendency are not equally useful.  For certain sets of scores and for certain purposes, one measure of central tendency might be dramatically misleading, producing bad decisions.


The following numbers are the ratings of customer satisfaction with widgets recently purchased from the Phramous Widget Corporation’s outlet store.  A rating of 1 indicates no satisfaction (real anger), and a 9 shows extreme delight.  A rating of 5, of course, reflects middling satisfaction--neither delighted nor angry.



Customer #

Satisfaction Rating


9600083


3  



9600084


3 



9600085


4  



9600086


4  



9600087


4.3  



9600088


4.9  



9600089


4.9  



9600090


4.9  



9600091


6  



9600092


7


Determine the mode by looking at the scores, and then calculate the mean and the median.


The mode is easily determined from a simple frequency distribution, or even from the raw scores above.  The mode is the most common score, and in the above data, it is 4.9.


The mean is calculated by adding up all of the scores and then dividing by the number of scores.  If we use X to stand for the distribution of scores and N to represent the number of scores, then we get the mean by finding the sum of X and dividing that sum by N.  Using the Greek letter  (capital sigma) as the summation operator, we can simplify the process to the formula



Mean of X = X/N , read as “the sum of X divided by N.”


Applying this process to the widget satisfaction ratings, you should find that the mean satisfaction rating is 46/10 = 4.6


The median is obtained from a simple frequency distribution by finding the score that divides the distribution in half – that is, the theoretical score that has 50% of the actual scores above it and 50% below it.  For the above scores, the median is halfway between the scores at the middle of the distribution, that is, halfway between 4.3 and 4.9 = 4.6.


Now, the PR director for Phramous does not like those results, which show below-middling (5) customer satisfaction by any measure of central tendency (mode = 4.9, mean and median = 4.6).  In order to correct for these undesirable results, she replaces the last two ratings (6 and 7) with more reasonable ratings--those provided by the owner and her son.  Those ratings were a "much-more-believable 9," both of them.  


Re-calculate the mean, median, and mode with the last two scores changed to a pair of 9s.  Have the values changed?


You see, of course, that the median and the mode remain unchanged, while the mean now shows up on the positive side of the scale.  The owner can now brag that "Customer satisfaction ratings at this dealership are above average!"--and she will be right, as long as the average is the mean, not the mode or the median.  And that is so, even though 8 of the 10 people in the survey rated their satisfaction as below average.


What has happened is that the mean has been changed by the extreme scores being added – the two 9s.  Since the mean is calculated using the values of all scores, it is the mathematical balance point, sensitive to every score, including scores at the outer limits of a distribution.


The median is not affected by the values of scores at the extremes of the distribution.  It is based on the frequencies of scores more than on their values, so it will be altered only by adding more scores away from the middle or by changing the scores that are at the middle of the distribution.  Notice, for example, what happens to the median if you add two threes to the distribution: the median changes to halfway between 4 and 4.3, or 4.15.  What is the median if you take the original distribution and change the 4.3 to a 4.5?


Try a series of changes in the raw score distribution until you are satisfied with your answers to these four questions:


The mean is most representative of a set of scores when                               




The median is most representative of a set of scores when                            




The mean is particularly likely to be misleading when                                    


The median is particularly likely to be misleading when                                  



Consider income data from the U.S. Census.  Should it be presented as mean, median, or mode?  Would the values differ?  For what purposes would the mean be the best measure of central tendency for U.S. income?  The median?  The mode?


Review the questions in Assessment Activity Five for Session One.  If there are any you do not understand now, ask your professor or another student for help.

Average exercises

1. Go back and find the data sets of Activity Eight on page 50 of this course manual.  Find the following statistics for each variable:

· Mean  (The Excel function for the mean is =Average(Cell address))
· Median  (The Excel function for the median is =Median(Cell address))
· Mode  (The Excel function for the mode is often misleading, as Dretzke explains on p. 75.  Compute by hand, or use the Sort function button in the top Excel toolbar:    A

   Z

2.  Collect the scores for each class member from Assessment Activity Three on page 17 of this course manual.  In a new spreadsheet page, enter for each student
· the number of Us in column B
· the number of Hs in column D
· the number of Ns in column F
The empty columns A, C, and E will leave room for you to add labels, like Mean and Median.  Compute the mean, median, and mode for each variable.

Activity Twelve

Evaluate advertising averages (Analysis)


If time permits, examine advertisements in magazines and newspapers, as well as those you recall from television, which have made claims based on an average.  The average customer satisfaction ratings for a product, the average length of time owners keep a particular brand of automobile, and the average time it takes for a painkiller to have an effect on a headache are common examples.  


Discuss which of the three measures of central tendency you think it is most likely that the advertisers have used, and whether you think a different measure is likely to change the claim noticeably.


One standard example comes from advertising for computer hard disk drives, which are, like many products, rated by MBTF – mean time between failure.  Do you suppose that a particular manufacturer’s MBTF rating might be fortuitously inflated by a few drives with an unusually long time between failures?


The classified section in most newspapers will routinely invite applicants for jobs with inflated salary claims or offer franchise opportunities with unbelievable earning potential.  How might they report average figures and still support their exorbitant claims?

Activity Thirteen

Mini-lecture: Measures of variability or dispersion

(Learning)


Recall that measures of variability or dispersion reflect how scores are spread out in a distribution, or the pattern of the scores with respect to the measure of central tendency or with reference to the limits or ends of the distribution.


After a quick survey of skew and percentiles, you will focus on the most useful measure of variability, the standard deviation.

Skew


If the mean, the median, and the mode of a set of scores or a frequency distribution are all the same number (mean = median = mode), then the distribution is said to be symmetrical.  That means that the half of the distribution graph that is to the left of the mean-median-mode is a mirror image of the half that is to the right of the mean-median-mode.


On the other hand, if the mean is pulled away from the median in one direction or the other, the distribution is said to be skewed--it is no longer symmetrical.  Skew can be measured using a built-in function in Excel:  =Skew(Cell address of the scores).


Two important things to remember about skew are:


a.  The direction of the skew indicates whether the unusual scores are above or below the median.  In other words, the direction of skew indicates which way the mean has been pulled away from the median by the extreme scores.


b.  As the degree of skew increases, the mean becomes less representative of the majority of scores in a distribution.

Percentiles


You have learned that the median is the score value which cuts a distribution in half, so that 50% of the scores are below the median and 50% are above it.  Another way of describing the median is to call it the 50th percentile--the score value that is higher than 50% of the scores in a distribution.


That same idea can be applied to other percentage points.  Thus, using the same reasoning you used to find the median, you could find the 40th percentile, the 90th percentile, the 25th percentile, and so on.  You simply count up through the frequency column until you pass a certain percentage of the scores, and the corresponding score value is the percentile.


To find percentiles with Excel, use the percentile function.  Percentile requires two arguments: the cell address of the scores, and the percentage figure of interest, expressed as a decimal.  For example,  =PERCENTILE(A1:A10, .4) will return the score from the array A1:A10 that is at the 40th percentile, and  =PERCENTILE(A1:A10, .6) will return the score that is at the 60th percentile.

Percentile Rank.  Sometimes you will want to do the opposite.  That is, you may already have a score in mind, and want to know what percentage of the scores in that variable is less than or equal to that score.  


To do that, use Excel’s percentrank function.  Percentrank requires two arguments: The cell address of the scores, and the score of interest.  For example, =PERCENTRANK(A1:A10, 68) will return the percentage of the scores in A1:A10 that are at or below 68.


Percentile and percentile rank are often useful additions to a quantitative analysis.  For example, it might be useful to determine that your organization provides faster service than 63% of the competition (percentile rank).  Or, you might want to know that in order to reach your CQI goal to be faster than 75% of the competition, your service time would have to reach 36 minutes per unit (percentile).

More on measures of variability


You have already met one measure of variability, the range.  Remember that measures of variability show how the scores are spread out around a measure of central tendency.  Together, a measure of central tendency and a measure of variability provide a more complete description of a set of scores.


The range is useful as a measure of how far the scores are spread out, but it does not tell anything about where the scores are located within the range.  Consider the following two sets of scores:





Set 1

Set 2




   1

    1





   1

    2





   1

    3





   1

    4





   1

    4





   2

    5





   5

    5





   8

    5





   9

    6





   9

    6





   9

    7





   9

    8





   9

    9


Both of these distributions have the same range 




      (9 - 1) = 8
        (9 - 1) = 8

but they are obviously dramatically different.  The first set has most of the scores at the two ends, while the second has most of the scores grouped near the middle.  The range is not sensitive to that distinction.  It fails to detect the different patterns of the scores.


Another measure of variability is sensitive to that difference.  Known as the standard deviation, it is approximately equal to the mean of the differences between the scores and the mean of the scores.  (The difference between a score and the mean is called a deviation.)  In other words, if we form a vector of numbers, each of which represents the distance from a score to the mean, and then compute the mean of that vector, we approximate the standard deviation.


I say approximately because one some characteristic of the mean makes some variations in the calculation of the standard deviation necessary.  These calculations are built into the computer programs we use, so what you need to learn now is the concept that the standard deviation is the mean of the differences between each score and the mean of those scores.  In simpler terms, the standard deviation is the average distance each score is from the mean.


The Excel function for the standard deviation is =Stdev(Cell address).


However, so that you will understand the concept of the standard deviation, you will now go through the process of its calculation.  Start with the simple raw score distribution 1, 2, 3, 4, 5.  First, find the mean.



Mean of X = X / N = 15 / 5 = 3


Then, subtract the mean from each value of X to get the deviation:



    Deviation

X
X - mean of X

 1

-2


 2

-1


 3

 0


 4

 1


 5

 2

    X=15   deviations=0


Now, if you calculate the mean of the deviations, you will first add up the particular deviations – but you see that the deviations sum to zero.  In fact, they always do, and that is a characteristic of the mean.


How, then, can we find a meaningful mean for the deviations that is not always going to be zero?  We use a trick: The sum of the deviations is always zero because the negative deviations balance out the positive ones.  So, we need to get rid of the negative deviations, which we can do by squaring all of the deviations:



    Deviation

X
X - mean of X

Deviation2

 1

-2

     4


 2

-1

     1


 3

 0

     0


 4

 1

     1


 5

 2

     4

    X=15   deviations=0    Deviation2=10


Then, we can calculate the mean of the squared deviations as a normal mean: the sum of the squared deviations divided by the number of squared deviations, and the result is known as the variance:



Variance = Deviation2 / N = 10 / 5 = 2.


Recall that we used the trick of squaring to get around the problem of the particular deviations summing to zero.  To finish the process, we need to take the square root of the variance – to undo or compensate for our trick.  The result is called the standard deviation, symbolized by , the lower case Greek letter sigma.  Putting all of this together, then, we have



Standard deviation =       =      variance =  Deviation2 / N = 10/ 5 =       2   = 1.414




(means take the square root of what follows.)


The standard deviation, 1.414, indicates that the actual scores are 1.414 away from the mean of 3, on average.


To summarize finding the standard deviation:


1.  Find the mean of the raw scores.


2.  Subtract the mean from each raw score to get the particular deviations.


3.  Square the particular deviations.


4.  Find the sum of the squared deviations.  That is called the sum of squares.


5.  Find the mean of the squared deviations.  That is the variance.


6.  Take the square root of the mean of the squared deviations.  That is the standard 


deviation.


There is an important variation on this sensible formula: If you are working with a sample to describe a population (something you will usually be doing), the denominator changes from N to N - 1.  The Excel function =stdev(cell address) uses the N – 1 formula.


Most of the statistical tests we cover in this course rely on the standard deviation.  Sometimes calculations for other statistics will use the variance.  Remember that the variance, which is actually computed in the process of getting the standard deviation, is the square of the standard deviation.  In other words, the standard deviation is the square root of the variance.


The standard deviation is useful as a unit in a measuring stick, to determine where most of the scores lie in a distribution, and to identify scores that are unusually large or small.  For example, if the distance above the mean of a particular score is more than two times the size of a standard deviation, then that score is very unusual.  Its unusual nature might indicate a manufacturing defect, if, for example, the scores are the diameters of ball bearings or the gasoline consumption of an automobile.  If the measurements are of employee performance, then an unusually high score indicates a superior performer, who might be deserving of promotion or a raise. People with unusually low scores, on the other hand, might end up being fired--unless the scores are golf strokes, in which case you end up at the Masters Tournament.


You may be familiar with the standard deviation in another light as it is used in Statistical Process Control (SPC) or Total Quality Management (TQM), where it is sometimes called the 6 (six-sigma) rule.  The Greek letter , you will recall, is the mathematical symbol for the standard deviation of a population, so if a product is measured and found to be outside a range of six  units around the mean--more than three standard deviations above or below--then it is considered defective.


The idea of using standard deviation units of measurement is applied to the selection of athletes to represent countries in the Olympic Games; to determine in court cases whether there is evidence of racial or sexual discrimination in hiring or promotion; and to evaluate outcome consistency in service and production.  Later in Class Two, you will learn more about using standard deviation units to measure almost anything.


Critical thinking application: In the Specialized Writing course, you received a grade of B, while everyone else in the class received an A.  In the Adult Development course, you received a B while everyone else in the class received a C.  In Quantitative Decision-Making, you received a B, and everyone else received a B.


Clearly, you did equally well in all three classes--a B every time.  Or did you?

Exercises on Measures of Variability

Go back to the worksheet with the data from the exercises of activity 10 on page 50 of this manual.  For each variable, find 
· the  skew
· the 30th percentile
· the percentile rank of any one score
· the range
· the standard deviation
· the variance.
Several of these descriptive statistics, and a few not yet covered, are introduced in the Dretzke textbook, chapter 5, pages 71 – 96.  Dretzke also uses the Descriptive Statistics Data Analysis Tool, which you may find useful to check your work on this exercise.

Activity Fourteen

Practice with measures of central tendency and variability:

i.  Evaluating production data for Phramous: Descriptive statistics

Here are the production figures for each product line at Phramous Widget Corporation.  The data are available with the rest of the Phramous data in the Phramous Excel workbook on the course website on sheet 2.

Activity:  Calculate all of the descriptive statistics you have covered so far for each product line (work by columns).  Find the mean, median, mode, range, variance, and standard deviation.

Then compare the product lines.  Which had the highest average production?  The lowest?  Which average should you use to make those judgments?

Which line had the greatest variability of production?  The least?

	Phramous Widget Production Data 
	
	
	
	
	

	1999-2000
	 Production Year
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Total monthly production, units per product line
	
	
	
	
	

	Month
	Widget One .         
	Old . Widge
	Mini . Widge
	Recycle Widge .
	Wok . Widge
	Widge Lite .
	Totals
	Work Force
	Temperature in degrees F  

	July
	23
	17
	31
	15
	9
	25
	120
	25
	85

	August
	19
	9
	35
	10
	11
	25
	109
	25
	88

	September
	47
	21
	42
	0
	8
	25
	143
	28
	76

	October
	52
	18
	49
	0
	5
	25
	149
	27
	68

	November
	29
	14
	56
	0
	6
	25
	130
	25
	65

	December
	38
	13
	71
	0
	6
	25
	153
	27
	65

	January
	51
	15
	89
	0
	4
	25
	184
	27
	65

	February
	47
	12
	112
	0
	8
	25
	204
	29
	65

	March
	45
	9
	134
	0
	5
	25
	218
	30
	68

	April
	49
	7
	167
	0
	2
	25
	250
	35
	69

	May
	51
	8
	195
	0
	3
	25
	282
	40
	72

	June 
	50
	8
	240
	0
	5
	25
	328
	45
	80

	Totals (
	
	
	
	
	
	
	
	
	

	Means (
	
	
	
	
	
	
	
	
	

	SD ()
	
	
	
	
	
	
	
	
	


ii. Who gets the cookies? Phramous Philanthropy Foundation

This worksheet shows the total application amounts and the number of applications from each of the five geographic areas defined by the PPF board.


1. Board policy requires that the funds be disbursed evenly among the five areas.  Thus, each area should receive the average amount of the total disbursed.


2. Phramous has allocated a sum equal to the total of all of the applications.  Your task is to determine how much will be given to each geographic area.  Which average should you use?  Why?


3. Next, find the average allocation per application for each geographic area.  Is that consistent across geographic areas?

	Phramous Philanthropy Foundation

	
	
	
	
	

	"We're here to help you...won't you help us?"

	
	
	
	
	

	Geographic Area
	
	Application         Amount
	Number of                                        Applications
	Average allocation per application (3)
	Application amount per application (4)

	Northeast
	
	$160,000 
	4
	? 
	?

	Southeast
	
	$180,000 
	9
	? 
	?

	Midwest
	
	$340,000 
	20
	? 
	?

	Deep South
	
	$190,000 
	10
	? 
	?

	West Coast
	
	$250,000
	25
	? 
	?

	Total
	
	? (2)
	
	
	

	Average (Allocation per area)
	
	? (2)   
	
	
	? (5)



       (Numbers in the table parentheses by ? marks refer to the question numbers.)

4. Next, form a new variable by dividing the number of applications from an area into the application amount, to find the application amount per application for each area.  

5. Then find the average application amount per application.  Which average should you use?

6.  Compare the average application amount with the average allocation amount for each geographic area.  Which geographic area is receiving allocations per application closest to the application amount per application?

iii. Managed care and elective surgery: Phramous’s PHMO


As a stand-alone, company-dedicated HMO, Phramous’s PHMO covers the total cost of elective surgery for all employees, provided it is recommended by the company physicians.  


Phramous has a co-insurer that covers the recommended surgeries, but at managed care rates – usually lower than what Phramous pays for the surgeries.


These data are the cost overages for the two physicians during the last month.  

1. Compute the mean, median, mode, range, variance, and standard deviation for each physician’s overages.

2.  Which physician had larger overages, on average?  Which average should you use?

3.  Which physician was more variable in her overages?

4.  As PHMO’s administrator, you have to conduct an annual performance review for the physicians.  Which physician should get the better review?

	Phramous's PHMO
	

	
	
	
	

	"Better health means better business"

	
	
	
	

	Physicians' overage reports, most recent month

	Overage = Surgery cost - reimbursement

	
	
	
	

	Patient
	Dr. Ruth
	Dr. Sally
	

	1
	$125 
	$695 
	

	2
	$106 
	$49 
	

	3
	$127 
	$51 
	

	4
	$140 
	$52 
	

	5
	$98 
	$49 
	

	6
	$89 
	$50 
	

	7
	$150 
	$47 
	

	8
	$112 
	$52 
	

	9
	$97 
	$48 
	

	10
	$100 
	$51 
	


Activity Fifteen

Professor explains remaining homework assignments

At this point in the session, your professor may explain the remaining homework assignments and answer any questions you may have about them.  Homework assignments from Session One are printed beginning on page 64.  The assignments are due at the beginning of Session Two.
Activity Sixteen

Review of Excel Functions for Descriptive Statistics

	Statistic
	Excel Function

	Frequency distribution
	Either use the Sort button, or type the possible scores in a bins array.  Then, highlight the next column to one cell longer than the bins array.  Type =frequency(data array, bins array), and press Ctrl-Shift-Enter.

	Pivot table
	Click Data and use the pivot table wizard

	Mean
	=average(cell address)

	Median
	=median(cell address)

	Mode
	Sort and count.  The mode function is unreliable.

	Percentile
	=percentile(cell address, percent of interest expressed as a decimal)

	Percentile Rank
	=percentrank(cell address, score of interest)

	Range
	Either Sort, then subtract lowest score from highest score; or use =max(cell address) and =min(cell address) to find the highest and lowest scores, and then subtract to find the range.

	Skew
	=skew(cell address)

	Variance
	=var(cell address)

	Standard Deviation
	=stdev(cell address)


Homework assignments from session one.


        Your professor will tell you which of these homework assignments are to be completed.  They are to be typed and submitted at the next session.

1. Identifying quantitative variables.  Put yourself in the role of the human resources manager of your organization.  You have been asked to draw up a proposal for changes to the employee benefits package.  The package is to include health care, life and disability insurance, and some kind of maternity leave as a bare minimum.  You have also received suggestions that it should include a sick-day allowance, a time-share use of the company condo in Colorado, profit sharing, and a dental plan.  What information will you need?


       Write a plan of action (a “to-do” list) detailing the quantitative variables that you wish to gather.  Be as specific as you can, remembering that you might have to build a report on the information you collect.  Recall that quantitative information answers the questions how much and how many.   You should identify at least 20 additional variables beyond the examples below.  


        Do not collect or include the actual quantitative information.  Your task is to determine what kind of quantitative information will be necessary for you, as manager, to develop a proposal for your company.  Thus, you will be identifying at least 20 relevant quantitative variables. 

        Then, beside each variable you have chosen, indicate whether it uses nominal, ordinal, interval, or ratio scaling, and whether it is continuous or discrete.  Submit your report in this format:


Variable



Scale type


Continuous or discrete?
Ages of employees


Ratio or interval

Continuous

Marital status of employees

Nominal


Discrete



2.  The workplace survey.  For this assignment, focus more on the process of preparing a good set of survey questions.  Applying the questions specifically to a particular problem or issue is of secondary importance.


a.  Starting with the questions formulated in class, begin formulating a survey for your organizational setting.  You will need to select questions that are feasible, relevant, and important in your workplace.  Word the questions to fit your particular setting.


b.  Next, write any additional items that you will need to answer the questions in which you are interested for your workplace.  Be thorough, but do not go overboard.


c.  Ensure that each question relies on operational definition.  

            d.  Examine all of your questions to ensure that they conform to the ten rules for writing good survey questions. 

         e.  Decide whether you will give the survey by paper-and-pencil or face-to-face.  Choose a response option method, and write a final draft of your survey.

3.   Lying with statistics: How different averages can give different impressions.

     a.    Identify two different variables that could be measured in your organizational setting.  Select variables that could be skewed, so that different measures of central tendency will have different values.

b. Make up a set of scores for each variable so that they have fairly large differences between the mean and either the median or the mode.   

c. Then write a memo, such as a public relations release, that presents the averages of both variables in the best possible light for the organization as a whole.  Choose your measures of central tendency – which statistic you use for each average – carefully.  

     d.     Finally, write a second memo.  This one should present the same two variables, but in the worst  possible light by reporting different measures of central tendency.

4.  Descriptive statistics with Excel.   a.  Use Excel to compute the mean, median, and standard deviation for each of the following three data sets.  Submit a copy of your worksheet(s).

     b.  For each data set, propose a variable that would be appropriate for your organization, rather than the Phramous companies.

i.  Phramous Widget Company has developed a new, recyclable widget and is in the process of market research.  The lead researcher randomly selected a sample of 25 shoppers in a local mall and asked them to rate the new recyclable widget on a ten-point scale for ease of use.  Here are the data:


2
6
5
3
4

9
7
4
5
3

5
4
7
6
6

5
3
1
2
2

6
5
4
8
6


ii.  Phramous PHMO conducted a health screening at Phramous Widget Corporation last week.  The nursing staff recorded resting heart rates for the 23 people who participated between 2 and 3 p.m. on Thursday.  Here are the data:





58
63
72
67
65

81
57
71
65
63

72
59
60
61
64

62
66
68
70
69

66
68
67


iii.  Phramous Philanthropy Phoundation invited grant applications from 10 not-for-profit organizations.  Applications were to be for between $500,000 and $1,000,000.  The ten application amounts, rounded to the nearest $100,000 and expressed in hundreds of thousands, follow.


10
  9
10
10
  9

10
10
  5
10
10
5.  Practice with descriptive statistics.  

     a.  Calculate all of the descriptive statistics you have covered so far for each product line, total production, work force, and temperature.  Find the mean, median, mode, range, skew, variance, and standard deviation.  Use Excel where appropriate, and submit a printed copy of your worksheet.

     b.  Find the 30th and 70th percentile for each product line.

     c.   For each product line, find the percentile rank for the month of August.

     d.  Compare the product lines.  Which had the highest average production?  The lowest?  Which average should you use to make those judgments?

     e.  Which line had the greatest variability of production?  The least?

     f.   Construct a frequency distribution for Workforce and Temperature.

    g.  Propose new variable names for each column, appropriate for your organization.

	Phramous Widget Production Data 
	
	
	
	
	

	1999-2000
	 Production Year
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	    Total monthly production, units per product line
	
	
	
	
	

	Month
	Widget One  


	Old Widge
	Mini Widg
	Recycle Widge
	Wok Widge
	Widge Lite
	Totals
	Work Force
	Temperature in degrees F

	July
	23
	17
	31
	15
	9
	25
	120
	25
	85

	August
	19
	9
	35
	10
	11
	25
	109
	25
	88

	September
	47
	21
	42
	0
	8
	25
	143
	28
	76

	October
	52
	18
	49
	0
	5
	25
	149
	27
	68

	November
	29
	14
	56
	0
	6
	25
	130
	25
	65

	December
	38
	13
	71
	0
	6
	25
	153
	27
	65

	January
	51
	15
	89
	0
	4
	25
	184
	27
	65

	February
	47
	12
	112
	0
	8
	25
	204
	29
	65

	March
	45
	9
	134
	0
	5
	25
	218
	30
	68

	April
	49
	7
	167
	0
	2
	25
	250
	35
	69

	May
	51
	8
	195
	0
	3
	25
	282
	40
	72

	June 
	50
	8
	240
	0
	5
	25
	328
	45
	80
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[image: image22.wmf]Session Two: How things go together.  


In the second session, you will encounter decision strategies that use quantitative models for predicting the outcomes of interventions.  These methods require you to compare measurements on two or more different variables.   In these prediction models, one variable (or more) is used to predict changes in another variable.  For example, you have probably already considered the variable education as a predictor of the variable income.  
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You will start with correlational routines and relationship graphs, developing your skills until you are able to predict or estimate unknown values of one variable from possible values of  other variables, in a process known as regression analysis.  On this, you will build models to help you decide the most likely consequences of various organizational activities, tactics, or strategies.


For example, you may predict how various levels of investment in job training will affect corporate profit, or how the length of time a child spends in day care influences the parent’s job satisfaction.

[image: image25.wmf]
Complete these assignments before Session Two:


To prepare for the second session, you should complete four assessment activities, and two reading activities.  Be sure to answer the comprehension questions for each reading activity.   If you have difficulty with any of them, please contact your professor.


Use the following checklist to ensure that you complete all of the required activities.  At the end of the second class, your teacher will collect the assessment activities and your answers to the comprehension questions, for grading.

___1.  Complete the following assessment activities:

___a.  Assessment Activity One: Types of graphs: Matching exercise (Student manual p. 71)

___b.  Assessment Activity Two: Analyzing Graph Types (Student manual p. 72)
___c.  Assessment Activity Three: What do correlations mean? (Student manual p. 73)
___d.  Assessment Activity Four: Reading Regression Graphs  (Student manual p. 74)
___
2.  Read the following articles and chapters.  Answer the comprehension questions for each reading. (These are learning and analysis activities)
___a.  Reading Activity One: Graph it! (Student manual p. 76)


___b.  Reading Activity Two: The Standard Deviation and Z-scores (Student manual p. 77)

Notes on assessment activities for session 2


The following four assessment activities should be done before you do any of the reading for this session.


The assessment activities are designed to establish a baseline, that is, a beginning point.  You are not expected to know the answers to every question or any question before starting this session.  Your grade on the five assessment activities will be based on completion, not accuracy.   So relax, and answer to the best of your ability.  By the time the class has finished, you will know a great deal more.
Assessment Activity One

Types of graphs: Matching exercise

Here are a set of names of graph types and graph icons.  Print the graph name from column A in the box next to its matching icon in column B.

Column A





Column B
Line graph








Bar graph




Histogram

Pie chart







Hanging bar graph




Assessment Activity Two

Analyzing Graph Types


For each of the following descriptions of graphs, try to determine whether there is a relationship between two variables (a bivariate graph) or a depiction of the frequency of categories on one variable (a univariate graph).


1.  The histogram of the simple frequency distribution of the Phramous job application processing times from Reading Assignment Five of Session One.   


2.  The number of people born in each decade of this century who are living in New York State


 


3.  The number of families of various sizes.

  



4.  The connection between age and flexibility.
  



5.  The effect of income on family size.
  



6.  Productivity vs. profitability at Phramous Widget Corporation 

     


7.  Daily highs of the Dow-Jones Industrial Average over the last 30 days



8.  Percentage of people in Hawaii of each marital status possibility


9.  Effect on workplace accidents of three different safety-training programs


Next, find and either clip or make copies of at least ten graphs from such sources as USA Today, Time, Business Week, and the local newspaper.  Try to find several that show the relationship between two variables (bivariate graphs), and some that show the frequency of categories of one variable (univariate graphs).  Bring all of these to class, for examination in Class Activity Two.

Assessment Activity Three

What do correlations mean?

Decide whether each of the following statements is true or false.


The positive correlation between education and income means that as education rises, income increases as well.


The positive correlation between education and income means that as education decreases, income goes down as well.


A negative correlation means that there is not a relationship between the two variables.


Correlation coefficients that are close to zero should be examined very carefully for they represent a meaningful relationship.


The correlation between age and flexibility is negative.


The negative correlation between size of after-school snacks and appetite at dinner means that the bigger the snack, the smaller the dinner appetite.


The correlation between snacks and appetite shows that snacks cause a decline in appetite.


Because of the negative correlation between snacks and appetite, you can predict “If you eat too many cookies, you won’t want your dinner.”


Meaningful correlations will be found only if one of the variables causes the other one.


If one variable causes the other, the two variables will be correlated. 


There is no connection between correlation and causation.


The size of the correlation coefficient depends on its algebraic sign.


The size of a correlation coefficient shows the reliability of predictions from one variable to the other.

Assessment Activity Four

Reading Regression Graphs

Answer the questions accompanying each of these graphs:

A.






.  .







.  .   . .
.

$Profit

 .
. .   . .    .





      . .    ..





.. .  .






$Spent on Advertising


1.  If this company spends more on advertising, what will happen to profit?


2.  What do the small points or dots on the graph represent?


3.  Is the relationship positive or negative?


B.




. . .  . .   .





  .  ..  . ..   . . . .   .. .   ..



# of 

.. . ..   . .  ..    .   . .   . . .. 



widgets
 .  . .   .. . .. .. .. . .. . .. ..



 rejected
   . . .. ..  . ..  . .. .. .. .






.. . .. . .. .






Factory temperature


1.  Would any line fit these data points?


2.  Do you see any relationship between factory temperature and the number of widgets rejected?


C.



 . .  . 





   ..  . ..   .  .



# of 


   . .   . . .. 



widgets


 .. . .. ..



 made

   
 

.. .






Factory temperature

1.  What line would best fit these data points?


2.  What is the relationship between factory temperature and the number of widgets made?


D. 
 
   

   . .  . 





         .
..        .  . .



# of 

         . .  
  . .. 



widgets
    . .  .

     .. . .



 made

   .  .


.. 





. .


.  .







Factory noise level

1.  What line would best fit these data points?


2.  What is the relationship between factory noise level and the number of widgets made?

Now, go back over these graphs and label each of them as linear, curvilinear, or non-linear.

Notes on reading assignments prior to Session 2


          Read the following two assignments.  You may need to read them more than once to adequately understand.   The comprehension questions for the Graph it!  book are on this page, and the comprehension exercise for the second reading assignment is on page 79.   Prepare to submit your answers at the end of the second class.
Your answers to the comprehension questions will be graded for completeness and accuracy, so work carefully.
Reading Activity One

Graph it! (Learning and Analysis)
Bowen, R. R. (1992) Graph it! How to make, read, and interpret graphs.  Englewood Cliffs, 

N. J.: Prentice-Hall.

This practical little book tells you how to make, read, and interpret graphs.  It focuses on what it calls graphicacy, or graphic literacy: reading, ‘ritin’, and ‘rithmetic of graphs.

Read the entire book (it has less than 100 pages of text), and then answer the following questions:

1.  What is a graph?

2.  What are the differences between the time series graph, the correlational graph, and the graph of an experiment?

3.  Outline the ten steps to making a graph, with a brief explanation for each.

4.  Define these terms:

· direct relationship

· inverse relationship

· constant relationship

· linear relationship

· non-linear relationship

· monotonic relationship

· non-monotonic relationship

Reading Assignment Two

The Standard Deviation and Z-scores

Using the standard deviation


In the first session, you learned that the standard deviation provides a useful unit for measuring how unusual a particular score is, relative to the distribution of scores of which it is an element.  You saw that scores that are more than two standard deviations away from the mean are unusual scores, which might indicate unacceptable variation (in the case of ball bearing diameters), excellent performance (in the case of employee productivity or golf), or poor performance.


You could as well have used some other criterion to identify "unusual scores".  For example, you might have identified the highest and lowest 20% of the raw scores, or the top third, or the ten best.  Each of those, and many others, have been used as criteria in decision-making and evaluation, and there is nothing intrinsically wrong with any of them.


The approach using standard deviations, however, has the advantage of enabling easy connections to theoretical distributions.  Theoretical distributions are graphs, with characteristics which have been worked out mathematically so that they become useful as generalizations.  That is, they offer a standard by which to measure the kinds of distributions that you produce when you gather quantitative information.  Distributions based on observations or measurements, because they are derived through the actions of the senses, are called empirical distributions.  It can be shown, using mathematics, that the long-range average of a set of empirical distributions is a theoretical distribution.  A consequence of that is that if we do not know all about a particular distribution, then a theoretical distribution will provide us with the best possible guess or estimate about that distribution.  Because of that, theoretical distributions are very useful, for it is typically the case that we do not know all about an empirical distribution when the time comes to make an evaluation or a decision.


That does not mean that if you make your decisions based on a theoretical distribution, then you will always be right.  It does mean, however, that you will be wrong less often or to a lesser degree than if you use any other numerical strategy to make your decisions, including random guessing.  Decisions based on theoretical distributions, then, keep the frequency of errors at a minimum.  Further, when you make a decision based on a theoretical distribution, you are also able to determine the probability that your decision is wrong.

Example


In your volunteer work with the judging committee at the County Fair, you have learned that there is a standard competition among the vegetable growers for the "Best In Show Award."  The criterion for deciding the winner within each vegetable category entered is, however, different.  For zucchini, the glossiest one wins.  For pumpkins, the heaviest one wins.  For carrots, the longest one wins.


The competition has worked well for years, at least partially because of the tremendous animosity between the zucchini growers and the pumpkin producers, which has prevented them--and by extension, all other category contestants--from talking with anyone outside their own categories.


This year, however, with the recent history of barriers falling everywhere, the zucchinis and the pumpkins decided to talk.  It was not a good idea.  After the usual unpleasantries, the boasting began.  The pumpkins scored quick debating points by observing that even the smallest pumpkin at the fair last year was larger than the winning zucchini.  Reeling, the zucchinis countered that the dullest zucchini was shinier than the glossiest pumpkin.


Communications broke down, and each group began enlisting the support of other vegetable categories until the entire pavilion was polarized.  Tomatoes and bell peppers tended to side with the zucchinis, while melons and Hubbard squash went with the pumpkins.  There were sporadic outbursts of violence, including anonymously thrown produce.


Your committee was called in to arbitrate.  Using your skills in small group communication, you ultimately forged a consensus that if a test could be devised to determine the best vegetable across all categories, then all others would abandon their pretensions to the throne and pay obeisance to the king.  Some shook their heads, muttering "You can't compare apples and oranges.  My fifth grade teacher told me so."  The growers of the smaller vegetables, noting the lack of concern with equity among the other growers, expressed doubt that the test would be fair.


The committee turns to you.  What will you do?  What will you do?


To buy time, you ask for measurements of all of the vegetables, on the scale appropriate to their categories at the fair.  The steward complies.


The results are in the following table.  Letters identify the individual or particular contestants.  To simplify your task, only three representative categories of vegetables are included. 


Is it possible to figure out a fair way to decide which individual contestant is the overall winner?  Who wins?  Can you compare apples and oranges?  Zucchini and pumpkins?



Zucchini        Pumpkins         Carrots




   Shine
 
Weight     
Length




 A   11
      F
  63
      K
 .16





 B   13
     G
  65
      L
 .17





 C   14
     H
  68
      M
 .19





 D   16
      I
  71
      N
 .22





 E   21
      J
  74
      O
 .25


It should be clear that the decision as to the winning vegetable requires you to convert the three measurement scales (shine, weight, and length) to a common or standard scale.  That is easily done by using the standard deviation as the standard measurement unit, in a process called Z-score analysis or standardization.  To do that, you do three things:


1.  Find the mean and standard deviation of each variable (zucchini, pumpkin, and carrot).


2.  Find the particular deviation for each vegetable in each variable.  That was the difference between the particular vegetable's measurement and the mean for that vegetable category.


3.  Find how many standard deviation units a particular vegetable was away from the mean of such vegetables by dividing its particular deviation by the standard deviation for that vegetable category.


What you do could also be expressed as a formula:


Z = (Particular score - Mean)/Standard Deviation

or
Z = (X - mean of  X) / SD of X

or
Z = (X - mean) / 
You do not need to memorize this formula, but you will need to use it in order to compute Z-scores.


If you form a vector variable of the results of your computations of (Particular score - Mean)/Standard Deviation, you have produced a vector of Z-scores.  A Z-score, then, is a statistic that measures how far a given score is from the mean, expressed in standard deviation units.  


Some of the Z-scores will be negative, and some will be positive.  Particular raw scores that are below the mean will have negative Z-scores, while those above the mean will have positive Z-scores.

Comprehension exercise


Compute the z-scores for each of the 15 vegetable contestants, comparing each score to the mean and standard deviation for that vegetable category.  Then compare the resulting Z-scores across all three vegetable categories to find the particular contestant with the highest positive Z-score.  That is the best vegetable at the fair.  


Recall that if you use Excel, the program will use the N-1 denominator for the standard deviation.  If you compute the standard deviation by hand, be sure to use the same N-1 formula, or else your answers will be different from those given by Excel.


Do not use the ZTEST function in Excel to compute the Z-scores.  For now, just use Excel to find the means and standard deviations, and then use it as a calculator to find the Z-scores for the vegetables.


For future reference, the Excel function to find a Z-score is called standardize (another name for Z-scores is standard scores).  The format is =standardize(X, mean of X, standard deviation of X).   For example, a 500ml beetroot, compared to a group of beetroots with a mean of 450 and a standard deviation of 100, the function =standardize(500,450,100)will return a value of  0.5, which is a Z-score. 

Complete these activities and assignments during Session Two:

a.  Activity One: Graphing Techniques (Learning)


b.  Activity Two: Detecting Graphic Lies (Learning)


c.  Activity Three: Advancing graphing: More techniques (Learning)


d.  Activity Four: Evaluation of graphs (Analysis)


e.  Activity Five: Practicing Graphing (Learning and practice)


f.   Activity Six: Professor Explains Homework Assignment



g.  Activity Seven: The Z-test and the standard normal curve (Learn and practice)


h.  Activity Eight: Professor Explains Homework Assignment 


i.  Activity Nine: Correlation and Prediction (Learning)

j.  Activity Ten: Professor Explains Homework Assignment 


k.  Activity Eleven: Regression Analysis (Learning and Practice)


l.   Activity Twelve: Modeling and regression (Learning and Practice)


m. Activity Thirteen: Multiple Regression (Learning)


n.  Activity Fourteen: Regression analysis in decision-making (Practice)


o.  Activity Fifteen: Professor explains any additional homework assignments.
Potential homework assignments from Session Two (p.113):


a.  Homework Assignment 1: Graphing: Picking the best chart type


b.  Homework Assignment 2: Z-scores: Using Z-scores in the workplace


c.  Homework Assignment 3: Correlation: Co-relationships in the organization


d.  Homework Assignment 4: Practice with correlation


e.  Homework assignment 5: Regression analysis

Activities In Session Two

This section contains activities for session two.  Your professor will select from the available activities, and may make adjustments in the topics covered.

Activity One

Graphing Techniques (Learning)

Graphing techniques


Graphs are pictures of quantitative information.  If a picture is worth a thousand words, a graph is easily worth a thousand numbers.


As you discovered in reading assignment one for this class, there are many different kinds of graphs.  It will be helpful, for purposes of this course, to group the types of graphs into two categories.


1.  Frequency graphs.  Like the simple frequency distribution we worked on earlier, frequency graphs measure only one variable, and then plot the number of times each measurement or range of measurements occurs.  Examples of frequency graphs are histograms, and bar graphs of various types.  


Other frequency graphs are slightly disguised.  Pie charts, for example, often convert frequencies into percentages and use the percentages to divide up the "pie".


2.  Relationship graphs.  These graphs display measurements of two (or more) variables at the same time, to show how changes in one variable are accompanied by changes in the other variable.  Examples of relationship graphs are line graphs, scatterplots, and hidden bar graphs.  Time series graphs and correlational graphs as discussed in Bowen’s (1992) book are all relationship graphs.


Sometimes, frequency graphs are presented in pairs or groups to show relationship data.  For example, budget presentations often use a pair of pie charts, one showing the frequency distribution of revenues, and the other showing the frequency distribution of expenditures.


Because there are two types of graphs, an essential first question in choosing a graph asks how many variables are to be represented--that is, how many concepts are being measured.  Remember that frequencies of a variable are not measured, but are derived from a measured variable.  Thus, frequencies should not be considered when you are counting the number of variables.


Your professor will go over Assessment Activity Two with you.  Be sure that you understand each question.

Activity Two

Detecting Graphic Lies (Learning)


Graphs, as Bowen (1992) points out, are very powerful ways to present a lot of information.  They are so powerful, however, that if they are done dishonestly or carelessly, they can mislead the reader very easily.  Huff (1954), in an entertaining book called How to lie with statistics, identified three ways in which graphs can be mis-drawn with the effect of misleading the reader.


1.  Truncated axis.  Truncation is the process of cutting off an axis so that it does not start at the zero or beginning point for the variable being represented.  Often, in order to make a graph fit in the space available in a publication, a graph will be truncated to make it smaller.  The effect, however, is to change the visual impression produced by the graph.


The next two graphs present a simple data set, the number of men and women in a PACE class.  The one on the left is fully presented, while the one on the right has a truncated Y-axis:
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Notice the dramatic difference in the visual effect produced.  In the truncated graph, it looks as if there are more than twice as many women as men in the class.  Some published graphs magnify the error by minimizing the scale values!


Time series graphs may also be truncated, and the resulting magnification of differences may be used to draw a dramatic conclusion.  Orcutt and Turner (1993) use a Newsweek graph of the “cocaine epidemic” of the mid-1980s as an example.  Note that these graphs are simulations of the way the data were presented in different publications, redrawn to make everything identical except for the truncation of the axes.


Graph A presents all of the data, with no truncation.  From the whole graph, it appears that the percentage of high school seniors who had ever used cocaine rose fairly steadily through the last half of the 70s, and then leveled off in the early 80s, with the increase from 1984 to 1985 being nowhere nearly as large as that in 1978 and 1979.
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Graph B presents the axes in truncated form, showing only the data from the 1980s and starting from  15% usage. Notice the difference in the visual impression produced.  Which seems to support the claim of a cocaine epidemic? 
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In graph C, the vertical dimension has been stretched, to make the visual effect even more impressive.  Here, it seems clear that 1985 showed a precipitate jump in cocaine use, an erroneous visual effect produced by truncation and stretching.
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2.  Disproportionate axis scales.  Graph C shows a second way in which graphs may be visually misleading.  Note in graph A that the marked units for the horizontal and vertical axes are the same size: the width of a year is the same as the height of five percentage points.  In C, however, the units on the vertical axis are smaller than the units on the horizontal axis.


The effect of disproportionate axis scaling is to magnify the changes in one axis – in this case, the vertical axis.  In this way, small variations from year to year (or person to person or product to product) can be emphasized disproportionately, and made to seem significant when they are actually trivial.

3.  Misrepresentation of area.  This is likely to be a problem only in pictographs, graphs in which quantities are represented by icons.  Pictographs, also called picture graphs and picture charts, are essentially bar graphs with a catchy twist.  Instead of drawing boring rectangles to represent the frequencies of scores or groups, picture graphs use simple pictures (icons), each of which represents a fixed number of scores.  Icons may be stacked vertically to represent greater frequencies, or split to represent partial frequencies.


In a pictograph of the political party distribution of the U.S. House of Representatives, for example, a pictograph might use donkey icons to represent the number of Democrats and elephant icons to represent the number of Republicans, with one icon standing for ten representatives, perhaps.


Obviously, the value of pictographs depends on the symbolism of the icons.  Representing your household expenditures with $$$ icons might be useful, but using square blocks as icons would be no different from  than simple bar graphing.


The problem of misrepresentation of area arises when different quantities are presented not with more or fewer icons, but with larger or smaller icons.




     Funding for the Arts in America
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In the above pictograph, an icon of an artist is used to represent arts funding under two proposed budgets.  The Congressional plan claims to cut funding by 50%, and so it uses an icon which is 50% of the height of the White House Budget’s icon.  However, since area is found by multiplying length times width, the area of Congress’s icon is only 25% (50% times 50%) the size of the White House icon, producing a visual effect of a difference far more dramatic than even 50%, as dramatic as that is.


When drawing (or reading) pictographs, ensure that the area of the icons is proportional to the comparison being represented, as in the following corrected version of the above pictograph.




     Funding for the Arts in America
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An additional consideration in setting up the axes for a graph comes from the distinction in the Stevens article among the four scales of measurement.  A key point to use here is that nominal and ordinal data should be represented in discrete groups.  That is, the bars should be separated, rather than touching.


Interval and ratio data should be represented in continuous groups, with the bar graphs not separated, but touching each other.  This kind of bar graph, with the bars plotted contiguously, is called a histogram.


To try out some graphing techniques, first gather some data to answer the following questions.


1.  How many children were in your family (you, your brothers and sisters)?


2.  How many children were in your mother's family? _____ 


3.  How many children were in your father's family? _____


4.  How many children do you have or plan to have? ____


Pool the data, working in small groups.  Find the average number (mean, median, or mode?) of children in each of the three generations.  Decide the appropriate graph type to represent the average family size for three generations, and plot it on graph paper.


Then, reanalyze the data and graph the next three variables:


a.  The number of families of each size for your parents' generation


b.  The number of families of each size for your generation


c.  The number of families of each size for your children's generation


Finally, re-draw your graphs to produce misleading visual effects.

Activity Three
Advancing graphing: More techniques (Learning)


Here are some additional graphing techniques that are popular in the business world, but are not discussed in Bowen (1992).

Stem-and-leaf displays


This method is really a hybrid of a grouped frequency distribution and a bar graph.  It is drawn not with lines, but with numbers; however, the space occupied by the numbers represents their frequency pictorially.


To form a stem-and-leaf display, each score is divided into two parts, a stem and a leaf.  The stem consists of the left-most column or columns in a score, and the remaining columns to the right make up the leaf.  For example, we might divide up a score so that the number of tens comprises the stem, and the number of ones and decimal places the leaf.  So, the score 17.5 would have a stem of 1 and a leaf of 7.5, and the score 73.267 would have the stem 7 and leaf 3.267.


In a stem-and-leaf display, the scores are first placed in order, then separated into stems and leaves.  The stems are listed in a column, and to the right of each stem all of the corresponding leaves are listed in a row, increasing in order, and separated by commas.  For example, the scores


36, 22, 33.5, 41, 27, 42.6, 39, 17, 19.2, 25.7

yield the stem-and-leaf display



1 | 7.0,9.2



2 | 2.0,5.7,7.0



3 | 3.5,6.0,9.0



4 | 1.0,2.6


Notice that each item, whether stem or leaf, must have the same number of columns.  This may mean adding either leading or trailing zeroes to particular scores--changing 36 to 36.0, so that it is the same width as 33.5, for example.


The stem-and-leaf display is a histogram turned sideways.  It is a useful, fast, and very easy method of frequency graphing.


The stem-and-leaf display is also interesting because it is an example of a grouped frequency distribution.  The stem values identify the groups, and stems are always some multiple of ten--at least in a base-ten number system.


It is often useful to group scores in classes that are not multiples of ten, in which case the stem-and-leaf display is not used.  The decision of how many classes or groups to form, and of how wide they should be, is up to you.  The goal of any grouping process, however, is to make the presentation of the scores as clear as possible.

Class exercise


Retrieve the simple frequency distribution of the Phramous application time data, and experiment with forming grouped frequency distributions and the resulting histograms.  Try a stem-and-leaf display, and at least two different grouping strategies of your own.  Which approach gives the most useful results?  Does it depend on your purpose?  Recall what the data represent.


Grouped frequency distributions, including stem-and-leaf displays, can be done with  spreadsheet programs like Excel.  They do require more experience with the program, however, so your instructor may simply demonstrate some of the possibilities at this point.  In the case of stem-and-leaf displays, it may be just as easy to do the work on paper as by computer.


To do a grouped frequency distribution in Excel, follow a process similar to that for the simple frequency distribution.  


1. Put the raw scores in the first column as the data array.  


2. In the second column, the bins array, put the numbers that represent the top score of each group category.


3.  In the third column, highlight one more cell than is in the bins array.


4.  Type =frequency(address of data array, address of bins array).


5.  Press Ctrl-Shift-Enter.  The frequencies of each group will appear in the cells you highlighted.

Pie charts


Pie charts, or circle graphs, are most useful when the frequency of the scores or the value of the measures can be expressed as a proportion or a percentage of a whole.  For example, if you consider your household expenditures for one month as a whole, a pie chart would be a useful way to display the proportions allocated to groceries, shelter, travel, charity, savings, education, entertainment, and miscellaneous.  The pie is represented as a circle or an ellipse, and pieces are then cut so that the size of each piece corresponds to the proportion of the budget that the piece represents.


The pieces are plotted by determining the angle between the two radii that form the sides of each piece.  To do this on paper, you multiply the proportion or percentage allocated to a piece by 360, the number of degrees in a full circle.  For example, if 25% of your monthly expenditures are for groceries, then





25% times 360 equals 90 ,

and the sides of the piece will meet at the center of the pie to form an angle of 90 .


As all of this computation gets a bit tedious, most pie charts today are formed by computer programs.  Excel will draw a wide variety of charts and graphs.

Activity Four

Evaluation of graphs (Analysis)


In small groups, examine the collection of published graphs you brought to class.  Identify each as a frequency graph or a relationship graph, and determine the type of graph.


Then, evaluate each graph to see whether the warnings about misleading graphs are being violated.  Is the graph misleading in any way?  If it is, how would you improve it?


Choose three graphs, and restructure them to change the effect produced on the reader.  Explore how shifts in scaling, proportion, and axis truncation produce changing impressions.

Activity Five

Practicing Graphing (Learning and practice)

Correlation graphs: Scatterplots and regression lines.


In relationship graphs, it is possible to use the plotted data to figure out the value of one variable that goes with a particular value of the other.  That process is known as prediction, and we will develop skills of prediction which rely on linear regression.


The following graph was drawn from the fictitious data about the heights and weights of one of my college classes.  Following convention, I have drawn the variable I am predicting from – the predictor variable – on the X  or horizontal axis, and the variable I am predicting to – the predicted variable – on the Y axis.

ID
Height

Weight
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   60

   110

05
   67

   160

06
   69

   185

07
   72

   180

08
   65

   150

09
   63

   140

10
   68

   185

11
   67

   140

12
   69

   170

13
   70

   175

14
   71

   180

15
   67

   140

Table 1.  Heights and weights of a college class, fictitious data.


Each dot in the graph represents a person (ID) in the data table.  This kind of graph is known as an X-Y scatterplot.  In the next graph, the same data are presented, but I have added a line.  This line, known as the regression line or the line of best fit, is the straight line which most closely fits (best fit) the points in the scatterplot.


You can use the line of best fit to determine the best value of Y (weight) to predict from a given value of X (height).  To do so, select the height predictor value on the X axis, and draw a vertical line up to the line of best fit.  Then draw a horizontal line from the intersection of the vertical with the line of best fit over to the Y axis.  The point where the horizontal line crosses the Y axis is your best predicted value for height of a classmate with the weight you chose.
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Notice that none of the dots, 

representing actual people, fall exactly on the regression line. That is because the predicted values, which make up the line, will usually be a little high or a little low.  However, altogether, the errors of prediction from the regression line will be smaller than they would be from any other line.  The regression line is the best fitting line, or the line of best fit to the actual data.



Class exercise.  Provide each of your classmates with the height (in inches) and the weight (in pounds) of an anonymous friend.   Be sure to keep the scores in order, so that the first score in HEIGHT is for the same person as the first score in WEIGHT, second for second, and so on.  When you have finished, the two variables should be the same size


Enter the data in adjacent columns in Excel.  Your instructor will explain how to use the Chart Wizard button to draw the scatterplot.  Then, follow the teacher’s instructions to add the trendline, also known as the regression line, or the line of best fit.  Finally, use the trendline to predict values of weight from the following values of height: 62, 64, and 66.


While it is graphically possible to extend the regression line to predict weights of people who are more than 72 inches tall or less than 60 inches tall (the maximum and minimum in our data set), that would be a mistake.  We know that a straight line fits the data in our range from 60 to 72 fairly well.  However, we do not know, from our data, whether people taller than 72 inches continue to get progressively heavier, or whether people shorter than 60 inches get progressively lighter, although we may have our suspicions.  It is very risky, and poor statistical practice, to make regression-based predictions beyond the range of the basic data.


The error of predicting beyond the range of the data is commonplace in popular science, where current population or climate trends are routinely extended into the future, usually to predict disaster scenarios like overpopulation or global warming.

Line graphs




GRADE
AGE
EDUCATION  INCOME



  1

 38
 
21
   46,000




  2

 36
 
18
   54,000




  3

 45
 
15
   42,000




  4

 51
 
12
   31,000




  5

 31
 
  9
   16,000



Table 2.  Mean Age, Years of Education, and Annual Salary figures



of individuals employed at Phramous Widget Corporation, 1995-96.


Use Excel to draw a series of relationship graphs to depict the information in table 2.  Choose different variables to place on the predictor axis (X).  Can you put more than one variable on the Y axis?  What scale problems result?  How can you correct for scale problems of this sort?


One approach is to use different scales for the Y axis, plotting one variable on the left-hand side of the graph, and the other on the right hand side.  For data from table 2, for example, you could use Age as the predictor variable, and plot both Education and Income on the Y-axis, with the scale for Education on the left and for Income on the right.


Alternatively, you could bring them into compatible ranges by, for example, plotting Income in thousands of dollars (46, 54, 42, 31, and 16) instead of dollars.  That would make it possible to plot Income and Education on the same scale.

Bar graphs


Tell each person in the class the number of people who currently reside at your address.  Form a simple frequency distribution of the resulting data, and plot a bar graph of these data.  You can also display bar graphs of raw data, indeed of any vector.  However, the vectors must be in a rational sequence for the resulting bar graph to be meaningful.

Some tips on drawing graphs or charts with Excel.  Excel can draw a wide variety of different charts.  It needs your expertise, however, to decide what chart is the best type for your data.

· Start the Chart Wizard after you have entered your data in an Excel worksheet.  

· Highlight the data you want Excel to use in the chart.

· Click on the Chart Wizard button on the top tool bar.  It looks like a small bar chart.  

· Follow the instructions and investigate the options in the ensuing four dialog boxes, using the Next > button to move to the next step, or the < Back button to review or change a previous step.  

· You may click on the Finish button at any time.  The steps are illustrated on the next page.


A.  Enter data in the worksheet, and highlight the data you want Excel to use.




B.  Press Chart Wizard Button







   C.  Select chart type and sub-type from dialog box.










        D.  Click the Next > button.




Most of the graph types are not covered in the Dretzke textbook, but it does explain the histogram (p. 48), the bar graph (p. 56), and the scatterplot (p. 192).

Activity Six

Professor Explains Homework Assignment 

At this point in the session, your professor may explain the first homework assignment and answer any questions you may have about it.  Homework assignments from Session Two begin on page 113 of this manual.  The assignments are due at the beginning of Session Three.
Activity Seven

The Z-test and the standard normal curve (Learn and practice)


Z-scores are useful, as you discovered in the Great County Fair Vegetable Controversy.  But Z-scores go beyond that.  Z-scores are the basis of the standard normal curve.  You see, another name for Z-scores is standard scores or normalized scores, and the distribution of such standardized or normalized scores is the standard normal distribution.


In fact, the standard normal distribution is defined as the symmetrical distribution of Z-scores, with a mean of zero and a standard deviation of 1.  The mean is zero because half of the z-score values are negative, that is, below the mean; and the other half are positive.

The Empirical Law


The fact that Z-scores are normally distributed means that if an empirical distribution is shaped like the standard normal curve, then you can determine how unusual scores are by applying the Empirical Law.  The Empirical Law states:


For a normal distribution, 68% of the scores fall within one standard deviation unit of the mean; 95% of the scores fall within two standard deviations of the mean; and almost all (over 99%) of the scores fall within three standard deviations of the mean. 


Now it turns out that many variables about human beings are empirically distributed in such a way that the standard normal distribution represents them.  What this reflects is the common observation that most people are average, and that the farther a characteristic is from average, the fewer the people who have that characteristic.  Most people are of average intelligence, for example, and few are extremely dull or extremely bright.


Thus, keeping in mind the Empirical Law enables you to estimate how unusual a particular score might be.  Try phrasing the Empirical Law several different ways, until you understand the ideas it represents.

Tchebysheff's Theorem


What if the variable in which you are interested is not normally distributed?  In that case, the Empirical Law might produce misleading results.  However, you do have a fallback option: Tchebysheff's Theorem, which applies to any distribution.


Tchebysheff's Theorem is phrased here to be similar to the Empirical Law.  According to Tchebysheff's Theorem, at least 75% of the scores fall within two standard deviations of the mean, at least 88% of the scores fall within three standard deviations of the mean, and at least 94% of the scores fall within four standard deviations of the mean.


The percentage figures in Tchebysheff's Theorem are almost always very conservative.  Thus, if by using it you decide that a score is unusual, you will always be right.  In other words, a score that is unusual by Tchebysheff's Theorem is unusual indeed. 


The Empirical Law is derived from the standard normal curve.  Since the standard normal curve is a theoretical distribution, mathematically defined, we can use it to determine the percentage of scores that fall between the mean and any Z-score (that is, any number of standard deviations, including decimals).  The work has already been done, in fact, and is included in a variety of forms in statistics textbooks.  One form is included with this manual.


To find the percentage of scores that fall between the mean and a particular Z-score, simply follow the instructions provided with a table.  Your instructor will demonstrate how the Empirical Law is derived from a Z-score table.

The standard normal curve


The standard normal curve is the graph of the standard distribution.  You are probably familiar with this graph as the "Bell-shaped curve", the function which struck either fear or hope into your heart in school when you learned that a certain teacher did--or did not--"grade on the curve".  It, or actually a misunderstanding of it, is the foundation of the plea of the failing student, "Are you going to curve this exam?"


If grading on the normal curve were correctly applied, it would not necessarily benefit everyone.  That is because the normal curve is a symmetrical distribution that plots half of the scores below the mean and half of the scores above it.  In other words, the mean and the median are equal.  In such a distribution, there should be as many Ds and Fs as As and Bs, and most people would get Cs.  Curving may be fair and equitable, but it is not uniformly beneficial.


What is the standard normal curve?  It is based on a distribution of standard deviation scores.  


Class exercise.  Return to the Phramous Production data from session one (reproduced below).  Do a Z-score analysis on each product line.  Then apply the Empirical Law to identify, for each product line, any months in which the production levels were unusually high (a Z-score larger than +2) or unusually low (A Z-score larger – that is, further from zero – than -2).


Your professor may want you to work through a couple of these by hand, and then do the rest by computer.  The Excel function is 



=standardize(X score, mean of X, standard deviation of X).


Example:   The Widget 01 production for July was 23.  The mean production for Widget 01 was 41.75, and the standard deviation was 11.71 .  To get the Z score, type


=standardize(23,41.75,11.71)  which returns the answer, -1.60.


If there are any unusual months, speculate about the possible reasons: seasonal demand, temperature effects on productivity, and so on.

	Phramous Widget Production Data 
	
	
	
	
	

	1999-2000
	 Production Year
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Total monthly production, units per product line
	
	
	
	
	

	Month
	Widget01
	Old Widge
	Mini Widg
	Recycle W
	Wok Widg
	Widg Lite
	Totals
	Workers
	Temperature in degrees F

	July
	23
	17
	31
	15
	9
	25
	120
	25
	85

	August
	19
	9
	35
	10
	11
	25
	109
	25
	88

	September
	47
	21
	42
	0
	8
	25
	143
	28
	76

	October
	52
	18
	49
	0
	5
	25
	149
	27
	68

	November
	29
	14
	56
	0
	6
	25
	130
	25
	65

	December
	38
	13
	71
	0
	6
	25
	153
	27
	65

	January
	51
	15
	89
	0
	4
	25
	184
	27
	65

	February
	47
	12
	112
	0
	8
	25
	204
	29
	65

	March
	45
	9
	134
	0
	5
	25
	218
	30
	68

	April
	49
	7
	167
	0
	2
	25
	250
	35
	69

	May
	51
	8
	195
	0
	3
	25
	282
	40
	72

	June (est)
	50
	8
	240
	0
	5
	25
	328
	45
	80

	Totals

Means

SD ()
	
	
	
	
	
	
	
	
	


Activity Eight

Professor Explains Homework Assignment

At this point in the session, your professor may explain the next homework assignment and answer any questions you may have about it.  Homework assignments from Session Two begin on page 113 of this manual.  The assignments are due at the beginning of Session Three.
Activity Nine

Correlation and Prediction (Learning)

Correlational analysis (Chapter 10 in Dretzke)

When we studied graphs or charts, you learned that some quantitative methods are univariate, using one variable in each analysis, while others are bivariate, using two variables in each analysis.  In much of your work so far in this course, you have been using one variable at a time, relating scores to each other and to their frequencies.  When you were drawing X-Y scatterplots, however, you had to specify two variables at a time--for example, height and weight.


If we measure two variables on the same person, animal, plant, or object; or if we measure the same variable (like height) on two related or matched people (like fathers and daughters); then we can determine how much the variables--or the people--relate to each other.  (The matching procedure works with animals, plants, and objects as well, of course.  The only requirements are that the pairs be formed rationally--it must make sense for the two variables to be paired.)


If two variables are correlated, then as one changes, so does the other, in a more-or-less reliable fashion.  Some variables are positively correlated, like height and weight.  If two variables are positively correlated, then as one increases, so does the other.  For height and weight, taller people tend to weigh more than shorter people.


Other variables are negatively correlated, like time spent standing in the cold and eagerness to continue standing in the cold, or like interest rates and real estate sales, or like the amount of tax on cigarettes and cigarette sales.  If two variables are negatively correlated, then as one increases, the other decreases.  The longer you stand in the cold, the less eager you are to continue standing in the cold.  As interest rates rise, real estate sales decline.  As taxes increase, cigarette sales go down.


What if there is no correlation?  If two variables are unrelated, their correlation is said to be zero.  With a zero correlation, you cannot say that one variable either increases or decreases with changes in the other variable.  For example, the age of health care workers is unrelated to the number of needle sticks they experience in a given year, and job satisfaction is unrelated to hours worked per week.  


Keep in mind, however, that there are many different ways to compute a correlation coefficient.  The one we will use in this course, the Pearson coefficient, assesses only linear relationships.  Linear relationships are those that are best represented by a straight line, the regression line of Activity Five.  If a Pearson correlation coefficient is zero, then the two variables do not relate in a linear fashion – one increasing as the other increases, or one decreasing as the other increases.  However, the two variables might be related in a curvilinear fashion.  For example, arousal and performance are related in a curved manner: increasing arousal raises performance up to a point, but then further increases in arousal lower performance.  A Pearson correlation coefficient for the full range of arousal and performance would be zero – not because arousal and performance are unrelated, but because their relationship is not linear.

Correlation coefficients


The strength of a relationship is reflected in the size of the correlation coefficient, a number which represents the co-variation of the two variables.  Correlation coefficients are proportional assessments of the similarity in the patterns of variation of two variables.  Coefficients range in size from -1.00 to +1.00, with the sign indicating the direction of the relationship, either negative or positive.  The closer the correlation coefficient is either to -1.00 or +1.00, the greater the strength of the relationship between the two variables.


As a rule of thumb, keep in mind that for linear relationships, a correlation coefficient that is .90 or higher (either negative or positive) indicates a strong correlation.  A coefficient of .50 to .89 indicates a moderate relationship, and one of .30 to .49 indicates a weak relationship.  Correlation coefficients between -.30 and +.30 are essentially meaningless.


Calculating correlation coefficients is not complicated, but with large data sets it can be very time-consuming.  Consequently, it is routinely done using computers, and you will use Excel functions for your computations.  However, so that you may understand how correlations are computed, work through the following step-by-step exercise with a small data set.


The fictional data consist of five days sales of Phramous Cola at the local convenience store, matched with the daily high temperatures on those same five days.




         Y

            X

Day

Colas Sold
Temperature

Monday
        35

70


Tuesday
        50

75


Wednesday
        75

90


Thursday
        60

80


Friday

        50

75


Calculations are based on the deviation scores used in finding the standard deviation.  Recall that the sum of the squared deviation scores is called the sum of squares, or SS.  To compute the Pearson correlation coefficient, first find the sums of squares for each of the variables:




         Y      (Y - mean Y)
    
   X
(X - mean X)

Day

Colas Sold 
Dev. Y   Dev.Y2
Temp.      Dev.X        Dev.X2

Monday
        35
  -19
      361
   70

-8
    64



Tuesday
        50
    -4
        16
   75

-3
      9


Wednesday
        75
    21
      441
   90

12
  144


Thursday
        60
      6
        36
   80

  2
      4


Friday

        50
    -4
        16
   75

-3
      9




SSY


SSX=


     Mean      54        



   78


So far, the computations are the same as they were for calculating the standard deviations of two variables.  The new step in computing Pearson correlation coefficients requires you to find the sum of the cross products (SCP) of the deviation scores for X and Y.  To do that, first multiply each day’s Dev.X by its Dev.Y score to get Dev.CP:




 (Y - mean Y)
               (X - mean X)

Day

       Dev. Y      Dev.Y2         Dev.X        Dev.X2       Dev.CP


Monday
          -19
      361
 -8
        64
    152


Tuesday
            -4
        16
 -3
          9
      12


Wednesday
            21
      441
 12
      144
    252


Thursday
              6
        36
   2
          4
      12


Friday

            -4
        16
 -3
          9
      12



SSY
SSX=SCP= 440


The formula for the Pearson correlation coefficient (symbolized r) is:




r = SCP /       SSX * SSY


or, the sum of the cross products (SCP) divided by the square root of the product of the sums of squares for the two variables.  For our data, then, 




r   =   440 / 230 * 870   =     440 / 200100    =    440 / 447.36   =    .98


That is a strong positive correlation, so we can be confident in predicting that as temperatures increase, cola sales will also go up – at least within the range of the temperatures included in our data.  As with regression graphs, however, it is risky to predict beyond the range of our raw scores.  For temperatures in the range from 70 to  90 (the range of the raw data) we can confidently predict cola sales, but for temperatures above 90 or below 70, we should make predictions only with great caution.  We really do not know the relationship between temperature and cola sales outside the range from 70 to 90.

Computing the Pearson correlation coefficient with Excel:


Fortunately, it is not necessary to compute sums of squares and deviation cross-products manually.  Excel has a function called correl that computes the Pearson correlation coefficient.


With the scores for the variables to be correlated in parallel columns in a worksheet, type



=correl(address for first variable, address for second variable)


Note that the two cell addresses must be separated by a comma.  In addition, they must be of  the same length.

Class exercise: Eye and brain vs. Computer

In this computer exercise, you will construct two variables, with ten items each, set them up in pairs.  Look at the data, and estimate the correlation coefficient. Then, run the correlations using  Excel, to see how close your estimate was to the real thing.  The goal is to develop an intuitive sense of correlation between two variables.

Next, progressively alter the numbers in the variables.  Each variable is to maintain ten scores, but change one or more of the values. Try to design the scores to produce correlations of:  

· +.90

· 0.00 

· -.70  


There is a very large number of correct answers to this problem.  Use your intuition and Excel to find one of them.


Hint:  It is a good idea to leave one variable constant and change numbers in the other.  Start by changing only one number at a time.

Making decisions with correlation


Correlation shows the strength of a relationship.  It does not prove causation.  If two variables, A and B, are correlated, it may be because A causes B.  It could also be because B causes A.  In fact, it could be that neither of them causes the other, but that both are caused by a third variable, C.  Of course, the relationship could also exist simply because of chance: a random correlation.


Thus, decisions based on correlation should be made in this light.  Consider the relationship between length of lunch break and employee job satisfaction ratings.  The employer's implementation of progressively longer lunch breaks may certainly correlate with degree of job satisfaction, but is it the cause?  It may be, but it is also possible that the increased attention and concern for the employees' job satisfaction caused both the progressively longer lunch breaks and the improved ratings. 


Nonetheless, correlational analysis does provide a sound basis for prediction.  Possessing the right credentials for a job might not cause good job performance, but the correlation between the two variables is sufficiently strong that hiring decisions are made on the belief that credentials predict success.  The evidence available on the health effects of cigarette smoking is correlational in nature, but sufficiently strong that prediction of particular health problems from certain levels of smoking is highly reliable.


Ultimately, correlation provides a basis for making predictions, but not for explaining causes.

Activity Ten

Professor Explains Homework Assignment 

At this point in the session, your professor may explain the next homework assignment and answer any questions you may have about it.  Homework assignments from Session Two begin on page 113 of this manual.  The assignments are due at the beginning of Session Three.
Activity Eleven

Regression Analysis (Learning and Practice)


The kind of prediction based on correlation alone is not very precise.  It may show that one variable is a useful predictor of another variable, but it does not enable precise prediction of a score on one variable that corresponds to a particular score on the other variable.  Regression analysis does.


You have already done regression analysis with graphs in Activity Five.  Now you will practice regression analysis using a formula, for precise prediction.


With regression analysis, you formulate a simple equation to predict the value of one variable, usually represented as the Y-variable, for a given value of the other, X-variable.  The formula takes the general form






Y = mX + b


Recall that the coefficient of X (m) represents the slope of the line, often referred to as rise over run.  Higher slope values show that large changes in Y (the rise) go with small changes in X (the run), and the graph will be steeper.


The intercept, b in the above equation, is the point where the line crosses the Y axis.


The values m and b to plug into the equation are readily generated using the values we calculate to find the Pearson correlation coefficient: SCP, SSX , and SSY .  Compute m, the slope, first:




m = SCP / SSX , 

and using the temperature-cola sales data from page 101,




m = 440 / 230 = 1.91


To compute the intercept, b, apply the following formula:




b = mean of Y – (m * mean of X)


For the temperature-cola sales data,




b =  54 – (1.91 * 78) = 54 - 148.98 =  -94.98

The resulting regression equation is 




Y’ =  (1.91 * X) – 94.98

In this example, do not forget that the value of the intercept (–94.98) is negative.


Using the regression equation, we can predict cola sales for particular temperatures within our range.  For example, if the temperature is 85o, substitute 85 into the equation as the value of X:




Y’ =  (1.91 * 85) -  94.98  =  162.35  -  94.98  =  67.37,

and we predict that if the temperature is 85, the convenience store will sell 68 bottles (67.37 rounded up) of Phramous cola.

Class Exercise

1. Predict cola sales for temperatures of 72o, 88o, and 82o.

2. Can you predict cola sales for temperatures of 60and 95?  Should you?

3. For the following table, use Excel to compute the regression coefficients to predict production totals:

· from the size of the workforce, and 

· from the factory temperatures.

· The Excel functions are called slope and intercept.   Each function uses the same two arguments, in parentheses, separated by commas:  



(cell address of known Y values, cell address of known X values).

· =SLOPE(B6:B17, D6:D17)

· =INTERCEPT(B6:B17,D6:D17)

	Phramous Widget Production Data 
	

	1999-2000 Production Year
	
	
	

	
	
	
	
	
	

	    Total monthly production units, size of the workforce, and mean factory temperature
	

	Month
	     Totals
	
	Workforce
	
	Temperature

	July
	120
	
	25
	
	85

	August
	109
	
	25
	
	88

	September
	143
	
	28
	
	76

	October
	149
	
	27
	
	68

	November
	130
	
	25
	
	65

	December
	153
	
	27
	
	65

	January
	184
	
	27
	
	65

	February
	204
	
	29
	
	65

	March
	218
	
	30
	
	68

	April
	250
	
	35
	
	69

	May
	282
	
	40
	
	72

	June 
	328
	
	45
	
	80

	Totals
	
	
	
	
	



4.  Set up the two regression equations to predict production levels—one from Workforce and one from Temperature.  


5.  Substitute the following three workforce sizes and three temperatures for X in the respective regression equations, and predict production levels.


Workforce

Temperature



32


70



38


75



42


82

Forecasting:  An Excel shortcut.  If you do not need to know the formula for the regression equation, Excel offers a shortcut method for making a prediction of a value of Y for any given value of X.  The function is called forecast, and it requires three arguments in parentheses: 

· the value of X from which you are predicting, 

· the cell address of the known values of the Y array to which you are predicting, and 

· the cell address of the known values of the X array from which you are predicting.

The following worksheet shows the forecast function for the cola-temperature data, predicting 67.39 colas sold if the temperature is 85 o.



=FORECAST(85, A2:A6, B2:B6)

Using =TREND in Excel.   Should you want to predict from more than one value of X, you can use the Excel function called trend, which requires three arguments:

· the cell address of the known values of the Y array to which you are predicting, 

· the cell address of the known values of the X array from which you are predicting.

· the cell address of the new values of X from which you are predicting.

· A fourth possible argument, CONST, is optional and may be ignored.

· =TREND uses array variables, so must be used similarly to =FREQUENCY: Highlight an answer array, enter the formula in the top cell of the answer array, and press Ctrl-Shift-Enter.

Connection to graphing.  Recall that the computed regression equation describes the straight line of best fit for the paired data.  Here is the X - Y scatterplot for the temperature-cola sales data.
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Use the graph to predict cola sales for temperatures of 72o, 88o, and 82o.  Compare the results to those you obtained with the regression equation.  Are they the same?


Run the scatterplot in Excel, and select the Display equation on chart option.  Does it match your work?


When you use regression for prediction, using either the regression equation or the line-of- best-fit graph, the predicted values will usually be different from the actual values.  For example, if you predict cola sales for a temperature of 75using the regression equation, you will predict cola sales of 48.27, when the actual cola sales on the 75o days was 50.  You would be off by 50 - 48.27 = 1.63 colas.  That difference is known as an error of prediction.  


There are two important things to remember about errors of prediction:

1.  Errors of prediction using regression will vary, but their total will be smaller than the total from any other prediction line.  Remember, the regression equation describes the line of best fit.

2.  The closer the correlation coefficient is to +1.00 or -1.00, the smaller the errors of prediction will be.  The closer the correlation coefficient is to 0, the larger the errors of prediction will be.

Activity Twelve

Modeling and regression (Learning and Practice)


You have learned how to use the regression equation to predict values of one variable (Y’) from several values of another variable (X).  That process provides the basis for the activity of modeling.


In modeling, you use a “what if” approach to prediction, by applying a regression equation to a series of potential X values.  What if we increase production to 200 widgets?  How about 300 widgets?  What will our cost per widget be?

You are probably aware of the efficiency principle that suggests decreasing costs for each product as more of it are manufactured.  For example, the more widgets you make, the lower the cost per widget, although the total cost increases because more widgets are being made.


The efficiency principle relies on the fact that up to a point, fixed costs such as capital overhead, salaries, lighting, and heating remain constant, and only variable costs such as material and sometimes labor increase as you manufacture more widgets.


Any situation in which costs can be divided into fixed and variable components is ideal for regression-based modeling.  The fixed costs may be placed into the regression equation as the intercept value, the constant.  The variable cost (cost per unit) is used as the slope, and then a series of values corresponding to different numbers of product is used in place of X.


For example, if the fixed costs at Phramous are $650 per day, and the variable cost is $5.20 per widget, the regression-based model  Y = m * X + b  becomes



Y’ = 5.20 * X + 650.00  .

Class exercise: Solve the regression equation for X = 100, 200, 300, 400, and 500, and you will have a model of the total costs of manufacturing the different numbers of widgets.   What will you have to do next to find the cost per widget?


Another example of regression-based modeling is offered by Symons (1997).  Suppose that annual membership in a local tennis club costs $25, along with a $5 per hour usage fee.  Which cost is fixed, and which is variable?  The annual fee, of course, is fixed – it remains constant no matter how many hours you play.  But the usage cost is variable – it is per hour, and so how much it costs depends on how much you play.


Thus, the annual membership is the intercept (constant), and the usage fee is the slope in the regression equation.  Set up the equation, and figure out the total cost per hour for 10, 20, 30, 40, and 50 hours of play.  Do you see a point at which the principle of diminishing returns sets in, beyond which further increases in playing time produces only tiny savings in cost per hour played?


Notice in the following graphs of your results that the total cost of tennis club membership increases linearly (in a straight line) with increasing number of hours played, while the cost per hour decreases non-linearly (in a curve).  The curvilinear function on a cost per basis is typical of regression models for cost projection, and shows the principle of diminishing returns quite clearly.
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The pattern of diminishing returns is the same for other series of numbers.  To see how that is so, re-compute the costs per hour of tennis playing for X = 100, 200, 300, 400, and 500 hours.  The results are graphed below:
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Think about it for a moment.  The cost per unit cannot be equal to or less than the variable cost.  The annual cost per hour of tennis play cannot be less than the $5.00 per hour usage fee.  The benefit of playing more hours is that the annual membership fee is spread out or distributed over more playing hours, but the more it is spread out, the closer the annual cost per hour is to the usage fee per hour, so the returns diminish.


For the widgets, the cost per widget, no matter how many you manufacture, cannot be less than, say, the materials cost for each widget.  Since each widget contains $5.20 worth of materials, no matter how many widgets you make, the cost per widget cannot be equal to or less than $5.20.

Activity Thirteen

Multiple Regression (Learning)


In the previous activity, we calculated the predicted costs of varying numbers of widgets or hours of tennis using only two factors: fixed costs and variable costs.  In most situations in life, however, variable costs consist of separate components.


For example, in manufacturing widgets, the variable cost might consist of material costs and labor costs.  The material cost may be fixed per widget (although it will not always be so, it is for this example.)  The labor cost, however, may be purchased at Phramous only in full shifts.  You can see that if one shift of labor is capable of producing a maximum of 300 widgets, then to produce from 301 to 600 widgets will require adding a second shift.  The regression model is now more complicated:

    Y’ = (Material costs * Number of widgets) + (Labor costs * Number of shifts) +  Fixed costs

or, in general terms,


Y’ = (m1 * X1) + (m2 * X2)  +   b  .


This example uses multiple regression.  In multiple regression, you predict the value of one variable (Y’) from values of two or more predictor variables (X1, X2, and so on).  Each predictor variable will have its own coefficient.


You can see that using multiple regression to make predictions is only slightly more involved than using linear regression: you simply add factors to the equation for each element of variable costs.  However, the computation of the regression coefficients for multiple regression is involved, and is nearly always done with computer.


Class exercise: Excel will compute regression coefficients for up to 16 predictor variables using either the =slope function or the regression data analysis tool (Dretzke, p. 203)


Let’s do one simple multiple regression exercise.  Compute the cost per widget for 100, 200, 300, 400, and 500 widgets if the materials cost is $3.70 per widget, the labor cost is $200 per shift, and the fixed costs are $650 per day, with a shift capable of producing up to 300 widgets.

Activity Fourteen

Regression analysis in decision-making (Practice)

Predicting Risk at Phramous PHMO: An integrative exercise

	Phramous Employee Health Data
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Sample data on 20 randomly-selected employees
	
	
	

	
	
	
	
	
	
	
	
	

	ID
	Gender
	Age
	BP/Sys
	BP/Dias
	HR/Rest
	HR/Stairs
	Risk
	

	1
	M
	35
	110
	65
	65
	90
	36
	

	2
	M
	28
	115
	70
	68
	88
	32
	

	3
	M
	42
	140
	70
	73
	95
	41
	

	4
	F
	57
	165
	60
	75
	110
	61
	

	5
	F
	63
	170
	95
	70
	115
	60
	

	6
	M
	41
	135
	70
	60
	107
	39
	

	7
	F
	27
	115
	65
	58
	112
	28
	

	8
	F
	35
	120
	70
	49
	108
	39
	

	9
	M
	37
	120
	65
	63
	117
	40
	

	10
	F
	48
	130
	70
	60
	99
	49
	

	11
	M
	43
	125
	70
	65
	97
	40
	

	12
	F
	51
	140
	80
	72
	102
	49
	

	13
	F
	25
	110
	60
	64
	103
	22
	

	14
	F
	29
	130
	65
	53
	112
	26
	

	15
	M
	32
	140
	70
	61
	107
	34
	

	16
	M
	46
	145
	70
	70
	122
	48
	

	17
	F
	51
	150
	80
	76
	136
	52
	

	18
	M
	39
	130
	70
	72
	140
	42
	

	19
	F
	45
	140
	75
	70
	125
	48
	

	20
	M
	41
	145
	70
	69
	107
	39
	

	
	
	
	
	
	
	
	
	

	
	BP/SYS = Systolic blood pressure
	
	
	
	

	
	BP/Dias = Diastolic blood pressure
	
	
	
	

	
	HR/Rest = Resting heart rate, beats per minute
	
	
	

	
	HR/Stairs = Heart rate, beats per minute, after 30 seconds on a stair exerciser.

	
	Risk = A composite risk factor for illness requiring hospitalization, on a 100 point increasing scale



These data may also be found in the Phramous workbook, on worksheet 5.


The data in the above table are to be used as the basis for deciding the number of days of hospitalization coverage the PHMO should buy in a contract arrangement with a local private hospital.


1.  Use Excel to find the regression coefficients for Age, BP/Sys, BP/Dias, HR/Rest, and HR/Stair to predict the Risk assessment.  You may use =SLOPE and =INTERCEPT, or the Regression function in Data Analysis Tools.


2.  Then, use the mean of each of the predictor variables (for Age, BP/Sys, BP/Dias, HR/Rest, and HR/Stair) and formulate the multiple regression equation to predict the risk factor for the average employee.


3.  The risk factor is the probability that 1 out of 100 employees will need hospitalization in a given year.  Phramous employs 1250 people.  What is the mean number of days of hospital coverage that the Phramous PHMO should buy?  


4.  What is the maximum number of days to buy to be 95% sure that the coverage will be sufficient?

Activity Fifteen

Professor explains remaining homework assignments


At this point in the session, your professor may explain the remaining homework assignments and answer any questions you may have about them.  Homework assignments from Session 2 are printed beginning on page 113.  The assignments are due at the beginning of Session Three.

Activity Sixteen

Review of Excel Functions for Comparison Statistics

	Statistic
	Excel Function

	Z scores
	Compute the mean of the scores with =average(array address) and the standard deviation with =stdev(array address).  Then type the Z formula: =(score – mean)/standard deviation.  OR

=standardize(X, mean of X, standard deviation of X)

	Correlation
	=correl(first array address, second array address)  OR

=Pearson(first array address, second array address)

	Slope (m)
	=slope(Y array address, X array address)

	Intercept (b)
	=intercept(Y array address, X array address)

	Predict with regression
	=forecast(new X score, Y array address, X array address)

	Predict from several scores
	=trend(Y array address, X array address, new X score array)

Highlight an output array, type formula, hit Ctrl-Shift-Enter

	Multiple regression
	Regression Data Analysis Tool


Homework Assignments from Session Two


1.  Graphing: Picking the best type of chart.  In the help screens for Microsoft Excel, there is a series of screens which help you decide which graph (Excel calls them charts) you should use for particular kinds of information and effects.  Depending on the version of Excel you are using, choose the appropriate set of instructions to find the examples of chart types.


If you have Excel for Office 2000,

· Enter the help menu for Office 2000, and select the Index tab.
· In the box for 1. Type keywords, type Chart type.
· From the lower menu, select Examples of chart types.

If you have Excel for Office 97,

· Enter the Help menu and select Contents and Index
· Click the Contents tab and select Working with Charts
· Select Changing the Type of a chart and select Examples of chart types
If you have Excel for Office 95,

· Enter the Help menu and select the tab for the Answer Wizard.  

· In the Answer Wizard, type the following request in the search box:



Tell me about the best chart type for my data

· Click the search button.  
· In the next menu, click on the same phrase, and then click the display button.
The resulting Help screen lists twelve different types of graphs (nine for Excel for Office 95).  Click on each one, and read the description.


 For your assignment, list each chart type.  Identify at least one situation in your organization that would be appropriate for each of the chart types.

2.  Using Z-scores in the workplace.   In this exercise you will apply the two uses of the Z-score that we have learned so far:

a.  The first use of Z is to compare individual scores in two groups measured on two different variables—comparing the weight of a pumpkin with the length of a carrot, for example; or the speed of a typist with the accuracy of an accountant.  

b.  The second use of Z is to identify or flag unusual scores in a series of measurements of the same variable, applying the Empirical Law to pick out scores with a Z of greater than +2 or less than –2 as statistically unusual.  For example, evaluating the monthly sales figures for a toy store will typically show unusually high sales for the month of December, with a Z of greater than +2.

Draft two conceivable scenarios set in your organization for which the solution strategies of comparing and evaluating standard scores or Z-scores would be appropriate.  Think of two different applications of Z-score logic in your organization.  Each variable must be measurable in principle--eg. typing speed, sales, income, number of patients treated – but you do not need to measure real data for this exercise.   Describe each application.  Explain how you would apply Z-score analysis.  Make up some appropriate data, and analyze them.
· a.  The first scenario should seek to identify the best individual across two or more different groups, with each group measured on a different variable, as in the vegetable-judging situation.  The scenario might relate to employee-of-the-month awards, productivity incentives, or difficulty of jobs, for example.  Remember that you are using the Z-score to compare one individual's performance relative to her reference group, with that of another individual's performance relative to her reference group.  For example, how would you compare productivity of the best widget maker with the productivity of the Phramous Widget corporation's best administrative assistant?  The best hamburger flipper with the best table washer at McDonalds?

· b.  In the second scenario, evaluate a series of scores (across months or weeks or shifts or offices, for example) to identify the ones which, according to the Empirical Law, are statistically unusual, as in the Phramous production data.
3.  Co-relationships in the organization.   When studying an organization, there are many variables for which correlational analysis might be enlightening.  You might want to know the correlation between

· salad sales at McDonalds in New York and unemployment levels in Newfoundland fishing villages
· applicants’ qualifications and success on the job,
· typing test results and secretarial performance,
· drug test results and impairment on the job,

· level of lighting and production accuracy,

· length of shift and number of attention errors,

· time it takes for a buyer to make a decision and the number of options available,

· age of clients in a work-fare program and rates of recidivism.

a.  Carefully consider your organizational setting, and identify two correlations you would find interesting and/or useful.  

b.  Describe the four variables involved, and tell how they could be measured.
c.  Choose one of the two correlations, and gather some appropriate data for at least 10 individuals or time periods.  

d.  Use Excel to compute r, the correlation coefficient. 

e.  Finally, explain in words what the obtained correlation coefficient means.  Explain both the size of the correlation, and the direction or sign.   

4.  Practice with correlation.  a.  For the Phramous employee health data in Activity Fourteen on page 111, compute the following correlation coefficients:

· Age with BP/Sys


· Age with BP/Dias

· Age with HR/Rest

· Age with HR/Stairs

· Age with Risk

· HR/Rest with HR/Stairs

· HR/Rest with Risk

· HR/Stairs with Risk


b.  Choose the three largest correlation coefficients, and explain them in sentences.


c.  What variables in your workplace would fit these data?  Re-state the same three correlation coefficients, substituting the names of variables that would be appropriate for your workplace.

5.  Regression analysis.   a.  For the Phramous employee health data in Activity Fourteen on page 111, compute regression coefficients (slope and intercept) for the following variable pairs:



Predictor variable X


Predicted variable Y



Age




BP/Dias




BP/Sys




HR/Rest




HR/Stairs



Risk


b.   Set up the regression equation for each of the variable pairs from part a.  You may enter your own equation in Excel, or use =forecast or =trend, as you prefer.


c.   Substitute your own age, BP/Sys, and HR/Stairs in the equations from part b, and predict your BP/Dias, HR/Rest, and Risk.

Session 3

Introduction and outline of pre-class assignments ………………………………..117

Outline of in-class activities during session three ………………………………...125

Homework assignments from session three ………………………………………145

[image: image40.wmf]Session Three: Representing the big group.  

The third session will deal with the common situation in which you must make a decision about a large group of events or people, although you have access to only a small sample of the entire group.  Consequently, you will study procedures that deal with the relationship between a smaller number of observations or measurements (a sample) and the larger set of observations or measurements (the population) of which they are a part.  As the reliability of decisions based on samples depends on the representativeness of the sample, you will examine various methods for obtaining samples.  


You will build the idea of inferential statistics on the concept of representativeness: making decisions about unknown values from known values.  You will use inferential statistics to make decisions about what you believe regarding cause-and-effect relationships.


For example, if you discover that a safety-training program is effective in reducing the frequency of workplace injuries for new, probationary employees, can you apply the program to all workers with confidence that injuries overall will be reduced?
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Complete these assignments before Session Three:


To prepare for the third session, you should complete two assessment activities, and two reading activities.  Be sure to answer the comprehension questions for each reading activity.   If you have difficulty with any of them, please contact your professor.


Use the following checklist to ensure that you complete all of the required activities.  At the end of the class, your teacher will collect the assessment activities and your answers to the comprehension questions, for grading.

___1.  Complete the following assessment activities:


a.  Assessment Activity One: Sampling Methods  (Student manual p. 119)

b.  Assessment Activity Two: Margins of Error  (Student manual p. 120)

___
2.  Read the following articles and chapters.  Answer the questions at the end of each reading. 

a.  Reading Activity One: Chapter 5, “Sampling,” from Schutt, R. K. (1996) (The article is at the beginning of the ADC451 Reader.  Comprehension questions are in the Student manual, p. 121)

b.  Reading Activity Two: Sampling Distributions (Learning) (Student manual p. 122)

Notes on Assessment Activities for Session Three

  
The following four assessment activities should be done before you do any of the reading for this session.


Remember that the assessment activities are designed to establish a baseline, that is, a beginning point.  You are not expected to know the answers to every question or any question before starting this session.  Your grade on the five assessment activities will be based on completion, not accuracy.   So relax, and answer to the best of your ability.

Assessment Activity One

Sampling Methods


Decide which of the following methods are likely to produce a sample that will be representative of the population being sampled.


1.  Of the 100 workers in the design department at Phramous, you select the first 25 to arrive at work Tuesday morning.


2.  You post a sign-up sheet for people to volunteer to be a part of your sample.


3.  You announce an offer of $20 to the first 25 people to contact you to be a part of your sample.


4.  You send a department-wide e-mail to recruit volunteers.


5.  From the department roster, you randomly select 25 names using a random digits table.


6.  You go through the names on the department roster one by one, tossing a coin to decide whether each person will be in your sample, until you have selected 25 names.


7.  You invite only your friends and closest associates to be part of your sample, because you know they will give you honest answers.


8.  You post a signup sheet in your gender-specific washroom.


9.  You mail a survey to all 100 people in your department, using the first 25 responses as your sample.


10.  You mail a survey to all 100 people in your department, using all of the responses as your sample.


11.  You successfully induce all 100 people in your department to complete your survey.


12.  You randomly choose 10 of the 40 women in the department, and 15 of the 60 men.


13.  The department of 100 people is evenly divided among the ten floors of your building.  You first randomly select five of the floors, and then five people from each of the five floors.

Assessment Activity Two

Margins of Error


Decide whether each of the following conclusions is true or false.

1.  A pre-election poll predicts that were the election held today, the Democratic candidate would receive 46% of the vote, with an error margin of 3 percentage points.  You can be sure that the Democratic candidate would receive between 43% and 49% of the vote.

2.  A magazine survey reports that 56% of Americans surveyed approve of the current television ratings system, with an error margin of 5%.  It is clear that a majority of Americans approve of the ratings system.

3.  The Phramous Cola challenge found that 56% of Americans taste-tested preferred Phramous Cola over another brand, with an error margin of 2%.  You can be confident that Phramous is the preferred cola of the two tested.

4.  A poll taken four weeks before the election predicts that were the election held today, the Republican candidate would receive 56% of the vote, with an error margin of 3 percentage points.  You can be 95% sure that the Republican will win the election.

5. A pre-election poll predicts that were the election held today, the Democratic candidate would receive 46% of the vote, with an error margin of 3 percentage points.  You can be 95% sure that the Democratic candidate would receive between 40% and 52% of the vote.

Notes on reading assignments prior to Session 3


          Read the following two assignments.  You may need to read them more than once to adequately understand.   The comprehension questions for the “Sampling” article are on this page, and the comprehension questions for the second reading assignment are on page 124.   Prepare to submit your answers at the end of the second class.
Your answers to the comprehension questions will be graded for completeness and accuracy, so work carefully.
Reading Assignment One


Read chapter 5, “Sampling,” from Schutt, R. K. (1996), Investigating the social world: The process and practice of research. Thousand Oaks, CA: Pine Forge Press.


Then answer the following questions.


1.  What is the difference between generalization within a population and generalization across populations?  Which is more reliable? Why?


2.  Under what circumstances is it not necessary to draw a random sample from a population in order to generalize?


3.  When is an element different from the people being questioned in a survey?


4.  Distinguish between probability sampling methods and non-probability sampling methods.  Then list and explain four probability sampling methods and four non-probability sampling methods.  Which methods would work best in your organization?  Why?


5.  Schutt lists four points to consider in determining the size of your sample.  In terms of those points, describe the ideal sample size for your analysis of your organization.

Reading Activity Two

Sampling Distributions (Learning)


In his chapter on sampling (Reading Activity One), Schutt defines sampling distributions as “distribution[s] of a statistic [eg. mean or standard deviation] across all the random samples that could be drawn from a population” (p. 174).  That is, if you take as many samples of a particular size as it is possible to take from a population, then calculate their means, the distribution of means that results would be the sampling distribution of the mean.   For example, consider the small population below.




1




2




3




4




5


If you take all of the possible samples of three scores from the population, sampling without replacement, you will obtain the following 60 samples:



1, 2, 3

2, 1, 3

3, 1, 2

4, 1, 2

5, 1, 2




1, 3, 2

2, 3, 1

3, 2, 1

4, 2, 1

5, 2, 1

1, 2, 4

2, 1, 4

3, 1, 4

4, 1, 3

5, 1, 3



1, 4, 2

2, 4, 1

3, 4, 1

4, 3, 1

5, 3, 1

1, 2, 5

2, 1, 5

3, 1, 5

4, 1, 5

5, 1, 4



1, 5, 2

2, 5, 1

3, 5, 1

4, 5, 1

5, 4, 1

1, 3, 4

2, 3, 4

3, 2, 4

4, 2, 3

5, 2, 3



1, 4, 3

2, 4, 3

3, 4, 2

4, 3, 2

5, 3, 2

1, 3, 5

2, 3, 5

3, 2, 5

4, 2, 5

5, 2, 4



1, 5, 3

2, 5, 3

3, 5, 2

4, 5, 2

5, 4, 2

1, 4, 5

2, 4, 5

3, 4, 5

4, 3, 5

5, 3, 4



1, 5, 4

2, 5, 4

3, 5, 4

4, 5, 3

5, 4, 3


Computing the means of those samples produces a sampling distribution of 60 means:
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If the sampling distribution of the mean is represented as a simple frequency distribution:



 Mean of X 
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the results can be drawn as a histogram:
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If the process is extended with larger samples from larger populations, the histogram comes to look like (approximate) the standard normal curve, which is a very useful characteristic of sampling distributions.


Notice three things:

· the mean of the sampling distribution of the mean is 3.00, 

· most of the means (36 out of 60) are very close to or at the mean, and 

· as you move away from the mean in either direction, the number of means gets smaller.  

Those bulleted points are important characteristics of the sampling distribution.  They will help us to understand sampling error, or the difference between a sample result and the true result. 


For example, if you do market research for brand preferences, you might take 100 samples of people in a telephone poll of 100 American cities.  The means of the samples will then tend to fit in a normal distribution, and the commonest means will be clustered around the true mean of the population.  Sample means that are far below the population mean or far above it will be relatively rare.

It is also the case that you can compute the standard deviation of the samplingPRIVATE 
 distribution of the mean.  If the sample size is large enough – say, 30 or more – then the standard deviation of the sampling distribution of the mean can be used to determine whether a sample mean – and consequently the sample that the mean represents – is unusual.  To do that, you use a special Z - score analysis which you will learn in session three.

Comprehension questions:

1.  In your own words, explain the sampling distribution of the mean.


2.  How would you obtain the sampling distribution of the standard deviation?  (Hint: The sampling distribution of the standard deviation is not the same thing as the standard deviation of the sampling distribution of the mean.)
3. How would you obtain the sampling distribution of the median?

Activities and assignments during Session Three:

a.  Activity One: Error margins for regression analysis (Learning)


b.  Activity Two: Non-normal distributions (Learning)


c.  Activity Three: Professor explains homework assignment 


d.  Activity Four: Working with sampling distributions (Practice)


e.  Activity Five: Inferential statistics (Learning and Practice) 


f.   Activity Six: Greek to Me (Learning) 


g.  Activity Seven: The Central Limit Theorem (Analysis) 


h.  Activity Eight: Inferential Statistics with Sample Means (Practice)

i.   Activity Nine: Sampling procedures (Practice)

j.   Activity Ten: Professor explains homework assignment 

Potential homework assignments from Session Three (p.145):

a.  Homework Assignment 1: Poisson: Is it rare or medium?

b.  Homework Assignment 2: Testing sample representativeness

Class Activities

Complete these activities during session three.

Activity One

Error margins for regression analysis (Learning)

 Standard Error of Estimate

As you learned in session two, prediction using a regression equation is not perfect, unless the correlation coefficient is +1.00 or -1.00 .  Most of the time, the actual values of the predicted Y variable will not fall on the regression line, but will be above and below it.  However, the amount of error in the long run will be as small as possible.  


Errors of prediction in regression analysis have an additional useful feature: they tend to be normally distributed, so that you can use the logic of Z-scores and the Empirical Rule to determine how likely it is that your errors are within specified limits.  That is, you can establish error margins for regression-based predictions and models.


The amount that you are wrong for a particular prediction of Y from a given value of X is measured by subtracting the predicted value, Y', from the actual value.  If you do that for several values of Y' and Y, then you can form a vector variable – a distribution --of the differences (Y - Y').  The standard deviation of that distribution of errors of prediction is known as the Standard Error of Estimate (or the Standard Error of Prediction).


You will not be required to calculate the Standard Error of Estimate in this course.  However, you should know that S.E.E. is a standard deviation of a normal distribution, and so follows the Empirical Rule.  


Since the S.E.E. is the standard deviation of errors in prediction, (or the standard deviation of the difference between the actual score and the predicted score), you can be sure that 

· 95% of the time, the actual score falls within two S.E.E. units of the predicted score, and 

· almost all of the time, within three S.E.E. units of the predicted score.


Thus, if you use a regression equation to predict a Y' score of 110 for a variable that has a Standard Error of Estimate of 3, then you are 68% sure that the actual score falls between 107 and 113, and 95% sure that the actual score falls between 104 and 116.  This allows you to compensate for the fact that the regression equation does not produce perfect predictions.

Class exercise

1. You might use a regression equation to predict the amount of revenue produced by a particular investment in advertising.  The investment of $5,000 in advertising is predicted to yield a profit increase of $7,000.  If the S.E.E. is $1,000, then you can predict with 95% certainty that the actual profit increase will be between $5,000 and $9,000.  Should you spend the $5,000 on advertising?


2. What if the profit increase is only $6,000?


3. What if the profit increase is $7,000, but the S.E.E. is $2,000?


4. The range of scores from two standard error units below the predicted value to two standard error units above the predicted value is known as the 95% confidence interval.  What is the 95% confidence interval for the data in question 1?


5.  What is the 68% confidence interval for the data in question 1?


6.  What is the 99% confidence interval for the data in question 1?

Calculating the size of the standard error with Excel.

The Excel function for standard error is called STEYX, for Standard Error of Y predicted from X.  When predicting to Y from X, the function is


=STEYX(known Y array address, known X array address).

 For the Phramous Widget Production data on page 105, for example, if we predict Total production from Workforce, we find the standard error by entering 


=STEYX(Totals array address, Workforce array address)


Using the cell addresses from the worksheet on page 106, the formula is


=STEYX(F2:F13,G2:G13)

and the answer is 21.07.  Thus, the margin of error for predicting total production of widgets from the size of the workforce is 21.07.  Predicted production will be accurate within 21 widgets 68% of the time, and within 42 widgets 95% of the time.

Activity Two

Non-normal distributions (Learning)


Not all raw-score distributions are normal in shape.  While it may be surprising to learn how many variables are normally distributed, keep in mind the possibility that a given variable in which you are interested is not normally distributed.  But the main benefit of studying non-normal distributions is that they give us a way to understand the general process of statistical inference: making decisions about what we do not know, based on what we do know (the sample).

A. The rectangular distribution


Some variables, when plotted as a graph, produce a rectangle.  A rectangle occurs when each of a number of possible events occurs the same number of times.  For example, the likelihood that an incandescent light bulb will burn out due to thermal shock (the rapid rise in temperature when it is turned on) is the same the first time it is turned on as it is the 500th.  Or put another way, the same number of light bulbs burn out the first time they are turned on as the 20th or the 347th or the 500th, and so on.


The most familiar example of a rectangular distribution comes from playing cards.  If you shuffle a deck thoroughly, then draw one card at random and record it, then replace it in the deck, reshuffle, and draw again, and so on, you will end up in the long run with a rectangular distribution.  That is, you will draw the same number of aces as you draw 2s, 3s, and so on.  Alternatively, you will draw the same number of hearts as clubs, diamonds, and spades.


Your knowledge of this distribution is useful in detecting a stacked deck.  For example, if your opponent in a card game draws three aces in the first hand (a sample), you would think it unusual but not unbelievable.  However, if she continues to draw three aces in every hand/ sample, before long you will suspect that something is very wrong.  Perhaps someone is cheating.


In the decision process you just followed, you used your knowledge of card draws derived from past experience.  That is, even though the theoretical distribution of card draws is rectangular, you knew that in the short run, for instance in a game of cards, the hands/samples do not always balance evenly.  By chance, sometimes you get more clubs and fewer hearts, for example. 


What you had to decide was whether the observations you were making provided information that did not fit with your belief about how card draws vary.  You knew that card draws probably vary within certain limits, and when a deck produces draws that varied beyond those limits, you changed your mind about that deck.  You no longer believed that it was a fair deck, producing non-rectangular draws merely by chance.  You believed instead that it was a stacked deck.


That is the process of statistical inference.


Rectangular distributions are relatively infrequent in human systems.  Card draws and the results of rolling a single dice (or die, if you prefer) produce rectangular distributions.  In practice, any variable that has the same frequency for each category is a rectangular distribution. 

B. The binomial distribution (Dretzke pp. 97 – 102)


A binomial distribution results from a series of events if each event is dichotomous or binary--that is, if it has two and only two possible outcomes.  Yes-No decisions are binary, as are sporting contests in which the rules do not permit a tie: one team either wins or loses.  So are true-false questions and multiple-choice questions: one answer is correct, and all of the others are wrong.


A useful classroom model of a binomial variable is tossing a coin.  As you have been taught, the probability of heads and the probability of tails are equal, or, "There is a 50-50 chance of getting heads".  Not all binomial events are like a coin toss--consider which answer is more likely when you ask for a raise, for example.  The coin toss is a special example of those binomial variables that are also random, such that each outcome has the same probability as the other.


Obviously, when two successive coin tosses produce opposite results (tail-head or head-tail), that coin is an unbiased coin.  But what does head-head tell you?  Or tail-tail?  That could occur with the unbiased coin, by chance, or it might indicate a biased coin.  If you continue to get the same result on successive coin tosses, when do you change your mind from believing that it is a chance occurrence with a fair coin to believing that it is a biased coin?  Again, your decision is based on statistical inference.



Small group discussion


You find yourself in the position of office manager for a small corporation.  In this position, you have the responsibility of ruling on requests by other employees for personal time off work.  All of the requests seem legitimate, but you know from the advice of your predecessor that about half of the time, the answer should be "No."  


As a fair-minded individual, you decide to keep track of your decisions, and at the end of a month, you are pleased to discover that you have said "yes" ten times and "no" ten times.  If that is not fair, what is?


Unfortunately, without your knowledge, your superior has been keeping an eye on you, and points out that eight of your ten "yeses" were in response to women employees, and eight of your ten "nos" were in response to men employees.  Were you being fair?


What quantitative information would convince you that you were fair?  Would it have to be 50-50?


In your discussion, assume that all external variables relating to the apparent gender difference are constant.  For example, there are the same number of men and women in the company and in your department, the same number of requests from women as from men, the same degree of legitimacy for all requests.  If there is a difference in your response to men from your response to women, it is because of some factor internal to you.


Is there a difference?  Or is the apparent difference just due to chance?


Now, consider your judgment in the light of the following information: the 95% confidence interval for 10 choices at a 50 - 50 probability (no systematic bias) is from 2 to 8.

C.  The Poisson distribution (Dretzke pp. 105 – 110)


In reviewing the disability insurance costs for your organization, you discover that the premiums charged have risen dramatically over a two-year period.  A call to the insurance company gets you the information that your plan is experience-rated, and that the last year's experience was not good: you had twice as many accidents as the year before.


When you review your records for the last ten years, you find the following:



1991 
1992 
1993 
1994 
1995 
1996 
1997  
1998 
1999 
2000 



   2
   5
   3
   7
   4
   1
   1
   5
   3
   6


While it is true that there were twice as many accidents in 2000 as in 1999, does the number seem out of line with the decade's experience?


The number of accidents in the workplace in a given year is not distributed normally, rectangularly, or binomially.  Rather, it is one of a class of events that is best modeled by the Poisson distribution.  The Poisson distribution describes the number of rare events (like workplace accidents) that occur 1) randomly (like workplace accidents), 2) in a specific place, 3) at a specific distance (for example, in travel), or 4) in a constant unit of time.


Many natural events fit the Poisson distribution: 

· workplace accidents in a unit of time, 

· the number of new cases of a rare disease in a community in a year, 

· the number of employees resigning to take a lower-paying job in six months, 

· the number of airplane crashes per month, 

· the number of cars arriving at a drive-through restaurant window in a minute, and so on.


The Poisson probability distribution is difficult to compute by hand, but easy with computer programs.  To determine Poisson probabilities, you need to know:


1.  the frequency of events (N) in which you are interested – probably the six accidents in 2000, in the example;


2.  the mean frequency of the event over as many time periods (or places) as you can reasonably determine – the decade’s mean, in the example.  The mean, of course, tells you the number of events that you can reasonably expect to happen if nothing unusual is going on.  If the average annual number of workplace accidents during a decade is 3.7, then 3.7 is your best estimate of the number to expect in any given year.


3.  whether you want the probability of up to and including N events, or the probability of exactly N events.


In Excel, for example, the function 


=Poisson(6, 3.7, true) will compute the Poisson probability of from zero to six accidents occurring, with the result of .9181, or 92% .  


Since 92% is less than 95%, it is within the range that could be due to chance.


  The function


=Poisson(6,3.7,false) will compute the Poisson probability of exactly six accidents occurring, with the result of .0881, or 9% .  (True and false are the answers to the question of whether you want the cumulative probability (up to and including)).


Please experiment with a computer Poisson function until you are comfortable with it, and can interpret the results readily.

· The 95% confidence interval for a Poisson distribution of these data runs from 1 through 6 events.  

· In other words, with a mean of 3.7 accidents per year, 95% of the time the number of annual accidents will be in the range from 1 through 6.   

· Event frequencies that are within the confidence interval can be said to be due to chance, 

and those that are outside the interval are said to be not due to chance, at the 95%                   confidence level.  

· Now draft a memo to the insurance company outlining your interpretation of your analysis.  Either accept the rate increase, or appeal for it to be rolled back.

Activity Three

Professor explains homework assignment 

At this point in the session, your professor may explain the first homework assignment and answer any questions you may have about it.  Homework assignments from Session Three begin on page 145 of this manual.  The assignments are due at the beginning of Session Four.
Activity Four

Working with sampling distributions (Practice)

Sampling distributions


Most of the distributions you have worked with so far have been distributions of raw scores.  You have met a couple of exceptions, however.  First, you saw that the distribution of Z-scores is based on the Z-score statistic, rather than raw scores, and the resulting graph is the standard normal curve.  Second, in examining the Standard Error of Estimate, you saw that it is the standard deviation of differences between actual scores and predicted scores.


Distributions, then, can be formed on statistics, as well as on raw scores.  In this exercise, you will form a sampling distribution of the mean, which will help build the logic of inferential statistics.


Small group exercise: Sampling distributions


From the data set on the next page, randomly select ten samples, each of which contains ten scores.  Apply the guidelines from the Schutt reading to ensure that your samples are chosen randomly.  You must select randomly in order for this exercise to be worthwhile.


Compute the mean of each sample as you take it, and record the means in a vector variable, which is your first example of a sampling distribution of the mean.


If you consider the entire data set of 100 raw scores to be the population, then each sample you draw represents, to a greater or lesser extent, the population.  The process of inferential statistics involves making estimates about the population mean and standard deviation based on what you know about it from a particular sample.


Share your sample means with the other members of your small group.  Form a frequency distribution of the resulting pooled set of means.

PRIVATE 


These scores represent the number of hours in one week spent on non-work-related activities on company time, for the 100 employees of the design department at Phramous Widgets.



2
3
5
7
8
1
8
6
4
1



7
5
4
9
3
8
6
5
7
6



4
8
9
6
3
7
5
2
7
4



7
4
9
8
1
6
4
7
9
1



9
4
7
6
1
5
4
7
5
6



7
5
1
7
4
6
8
4
6
1



5
7
6
3
8
6
4
5
7
6



7
5
4
6
8
1
6
5
4
5



8
6
6
4
5
5
7
6
1
6



1
8
4
7
5
6
6
3
5
7

I

Compute the mean and the standard deviation of the 100 scores in the population.


Then compare the distribution of means you have computed on samples with the mean of the population.  What do you notice about the relationship between sample means and the population mean?


Next, compute the standard deviation for your distribution of sample means.  


Finally, multiply the standard deviation of the distribution of sample means by the square root of the sample size (square root of 10), and compare the product with the standard deviation of the population.


Of course, it is possible to take many more samples of 10 from the population of 100 scores.  If you were to take all of the possible samples, as in Reading Activity Two, you could compute the sampling distribution of the mean.  The standard deviation of the sampling distribution of the mean is known as the Standard Error of the mean.


The standard error of the mean is, remember, a standard deviation.  Thus, like the Standard Error of Estimate, it follows the Empirical Rule.  Accordingly, when you estimate a population mean from a sample mean, you can be 95% certain that the true population mean is within two standard errors of the sample mean.


Thus, if a sample has a mean of 6 and a standard error of 1.5, you can be 95% certain that the population has a mean between 3 and 9.


You will commonly see the standard error reported in published opinion polls, where it is often referred to as the sampling error or the error margin.  You may use this to evaluate the implications of polls--or marketing surveys.  The following exercises require you to combine your knowledge of the standard error with your memory of the Empirical Rule.


Class exercise: Poll results

Work through the following examples.


1.  One week before the 1980 presidential election, one poll predicted that Ronald Reagan would receive 42% of the popular vote, and that Jimmy Carter would win the election.  The poll reported a standard error of 3%.  How confident are you that the actual voting for Mr. Reagan would be between 39% and 45%?  Between 36% and 48%?


2.  In a poll reported in the December 21, 1989 edition of USA Today, 78% of a sample of 1,000 people surveyed for the January Parents magazine said that they want a return to "traditional values and old-fashioned morality".  If the standard error of the sample is 5%, are you sure that a majority of the general population feels that way?


3.  A Gordon S. Black poll reported in the cover headline story of the December 22, 1989 issue of USA Today showed that 81% of 617 people surveyed approved the decision of Mr. Bush to send troops to Panama.  The poll reported a sampling error of 4%.  What is the minimum percentage of the entire population that supported the decision, at a 95% confidence level?



Activity Five

Inferential statistics (Learning and Practice)


Now it is time to draw together two concepts that you have developed: The criterion you used for changing your beliefs in the card-drawing and binomial studies, and the relationship between what we know of samples and what we believe of populations. 


Recall that you changed your belief about a deck of cards when your observations yielded information that you could not believe was due to chance.  Thus, you changed at some point from 


1. believing that the card draws could be due to chance, to 


2. believing that these card draws could not be due to chance.


The card draws that you made constituted a sample.  It was the sample of the population of all possible card draws, which is very large.  The characteristics of the population--how many clubs you will draw in the long run, for example--are determined by the particular deck of cards.  You made your guess about the deck of cards, and consequently about the population, by examining the characteristics of a sample.  That is inferential reasoning using statistics, or inferential statistics.


Recall too that you discovered that you could be 95% sure that the mean of a sample would be within two standard error units of the mean of a population from which the sample was drawn.  What would you think if you learned that a sample mean was three standard errors away from a population mean?  That would be a very unusual event.


But, there is another way to look at the unusual event.  It is unusual only if the sample is actually drawn from that population.  


Consider the card example.  Drawing 13 clubs in a row is a very unusual event, but only if the deck is not stacked.  Thus, if you draw 13 clubs in a row, you have to decide if that is simply an unusual event, or if it indicates a deck stacked with clubs, and thus, a population different from most decks of your experience.


This is a general principle.  If the results of a quantitative analysis suggest that an event is unusual, you must decide whether to believe that it is unusual or to believe that it indicates changed circumstances.  As with judging a card game, you must decide whether you think something is fishy.


Consider the following analyses in small group discussion.  Determine whether you believe that the results described are due to chance, or that they indicate a change in circumstances.

Small group discussion

1.  Students in a certain school are found to have an average IQ score of 118, relative to a district average of 110.  The IQ test employed has a sample-adjusted standard error of 3, which enables you to determine that a representative sample from the district would have a mean IQ as high as 118 less than 5% of the time.  (100% - 95% = 5%).  What do you believe about the school?


2.  The mean number of Widgets produced by each employee of the Phramous Widget company was 150 on Monday of last week.  The mean daily production is 200, with a standard error of 30.  Did the employees have the Monday blues?


3.  The mean weight of a sample of 20 packages of coffee bought at the local supermarket last month was 12.7 ounces.  With the intended weight (the mean) being 12 ounces, and a standard error of 0.3 ounces, do you think the packaging machine needs adjustment?


You have the right to use any criterion in making such decisions.  Some criteria are more liberal, and some are more conservative.  Circumstances may demand particular criteria.  In a class discussion, consider circumstances in which you would want to be more or less certain that a result was not due to chance before changing your belief.


Unless there are strong reasons to the contrary, the conventional decision point is set at 5% (outside the 95% confidence interval).  Thus, if an event could have occurred by chance more than 5% of the time, I will not change my belief.  That is, I will continue to believe that it could have been a chance result, even if it appears a bit unusual.


On the other hand, if the likelihood that an event could have occurred by chance is less than 5%, then I do change my belief.  I no longer believe that it was an unusual, but chance, event.  I believe that something is fishy, and that systematic bias is operating.


The figure of 5% connects to the empirical rule.  Recall that 95% of the scores in a distribution fall within two standard deviations of the mean.  Consequently, 5% fall outside two standard deviations from the mean.  The 5% of scores that are more than two standard deviations from the mean are statistically unusual, and the conventional interpretation is that if a score is that unusual, it probably belongs to a different distribution.  That is, we believe that it is not just an unusual, chance event, but rather that something is fishy, and it does not belong here.


If you make your decisions on this basis, you will sometimes be wrong.  In fact, there are logically two ways you could be wrong with this decision-making strategy.  What are they?  Check your answers at the beginning of the next activity.



Activity Six

Greek to Me (Learning)

If you believe that some event is not due to chance when it actually is due to chance, then you are making a mistake known as a Type I error.  On the other hand, if you believe that some event is due to chance when it actually is not due to chance, you are making a mistake known as a Type II error.


The likelihood that you will make a Type I error is determined by the criterion percentage you use in making your decision.  If you use the conventional 5% criterion, how often will you commit a Type I error?


If you read 40 research studies, each of which used the 5% criterion, how many of the studies would contain a Type I error?


Figuring out the likelihood of making a Type II error is complicated, and we will not do that in this course.  However, you should know that the probability of a Type II error is related to the probability of a Type I error in an inverse direction.  Thus, the smaller you set your criterion likelihood in an attempt to decrease your Type I errors, the more likely you are to commit Type II errors.


Fortunately, there is a way to have the best of both worlds.  You are aware that larger samples are more representative of the population than smaller samples are.


The more representative a sample is of the population, the more likely it is that decisions about the population based on the sample will be correct.  Thus, the probability of a Type II error can be decreased by using as large a sample as is practical.


Here is the promised Greek:

The probability of a Type I error is symbolized .

The probability of Type II error is symbolized .

Activity Seven

The Central Limit Theorem (Analysis)

In Activity Six, you learned that Type II error may be reduced by using as large a sample as possible. In comparing the means of samples to the mean of the population, the best estimates of the population mean come from the largest samples.


That phenomenon occurs for a sampling distribution of means as well as for individual means.  But something else happens as well.  As you increase the size of the samples, the shape of the sampling distribution of the mean progressively takes on the shape of the standard normal curve.  The phenomenon is described by the Central Limit Theorem, a mathematical model.  It shows that the standard normal curve is the long-run average of any sampling distribution.


That is true even if the original, raw score distribution does not fit a normal curve: it may be rectangular, skewed, bimodal, or even J-shaped.  All that is required is that the sample sizes be sufficiently large, which in practice typically requires that they be larger than 30.


You have already used the Z-score procedure, which is based on the standard normal curve, to compare a single score to a population mean.  Recall that you subtracted the mean from the particular score, and divided the difference by the size of the standard deviation for the population.  Then, you applied the Empirical Rule or a table or a computer program to discover how unusual that particular score was.


Because of the Central Limit Theorem, the same approach will work if you are interested in a sample taken as a whole.  To use this approach, you use the mean of the sample to represent the set of scores in the sample.  Beyond that, you follow the same procedure to find the value of the Z-score, except that you use the standard deviation of the sampling distribution rather than the standard deviation of the raw scores.  The only difference is that the standard deviation of the sampling distribution, called the standard error, is equal to the population standard deviation divided by the square root of the sample size.

Activity Eight

Inferential Statistics with Sample Means (Practice)


The 100 employees of the design department at Phramous Widget Corporation have accumulated a mean of 13 allowed sick days, with a standard deviation of 6 days.  (Note that in this example, we know the mean and standard deviation of the population.)  


In a conversation with a sample of your nine friends in the department, you discover that they have a mean of 7 allowed sick days.  


Do your friends constitute a random or chance sample of the design department, or is there such a large difference between their mean (7) and the department mean (13) that it could not be due to chance? 


To answer the question, calculate the Z -score for sample means.


Finding the Z-score for sample means:


To find Z for a sample of 9 scores with a mean of 7, relative to a population with a mean of 13 and a standard deviation of 6, follow these instructions:


A.  Find the difference between the sample mean (7) and the population mean (13):  



7 - 13 = -6


B.  Find the square root of the sample size (9): 




The square root of 9 = 3


C.  Divide the population standard deviation (6) by the square root of the sample 


size (3):  
6 / 3 = 2.


D.  Divide the result of step C into the result of step A: 




(7 - 13) / 2 = -3, which is the value of the Z-score.


Thus, a sample of 9 with a mean equal to 7 is three standard deviations away from a population mean of 13.  By the Empirical Rule, that is a very unusual event.  You should invoke your decision criterion, and conclude that the sample is so unlikely to be representative of the population by chance that you do not believe that it is a part of the population.  


In other words, the sample of your friends (with a mean of 7) is significantly different from the department (with a mean of 13).  On average, your nine friends in the design department are absent due to illness significantly less often than the whole department.


The steps to compute Z for sample means are summarized in this formula:





Z = (Mean of sample - Mean of population) / (Population SD /       Sample size)


That should remind you of the first formula for Z :



Z = ( X - mean of X) / SD = (X - mean of X) / .


You will not always know the population mean and standard deviation from measurements recorded in a data base.  The Z-score for sample means also works when the population mean and standard deviation are not measured, but are either design parameters or management goals.


For example, if you want to know how consistent your process for manufacturing key rings is, you could take a sample of the diameters of 100 rings from the production floor.  Assuming that the population mean is the diameter of the pattern, 300mm, you need to determine how close this sample is to the pattern mean.  The standard deviation is derived from the design tolerance, and in this example is 10.  If the sample mean turns out to be 298mm, should you be concerned with the production process?


The sample mean of 298mm seems very close to the population or pattern mean of 300mm, and you might not be concerned.  But calculate the Z-score anyway:


A. The difference between the sample mean and the population mean is 



298 - 300 = -2mm.



B. The square root of the sample size is 
  100   = 10.


C. The population standard deviation (10) divided by the square root of the sample 

size (square root of 100 = 10) is 10 / 10 = 1.


D. The Z-score, -2 / 1 = -2, tells you that a sample of 100 with a mean of 298 


would be two standard deviations (Z-scores) away from a population with a mean of 300 and


a standard deviation of 10.  Application of the Empirical Rule tells you that a Z-score of –2


occurs by chance less than 5% of the 
time.


Thus, even though individual key rings may vary well beyond diameters of 298 without being considered unusual, the likelihood that a random sample of 100 key rings would have a mean as low as 298 is very small.


You are faced with a decision: does the sample represent random variation in key ring sizes?  Or is that interpretation so unlikely that you believe that something systematic has caused a change?  Perhaps the molds have worn down with use, or the forming temperatures are too high.  If you use the conventional 5% criterion, you will decide that something is fishy.

The Z-test for Samples using Excel. (Dretzke pages 127 – 137)

· Use the =standardize function in Excel to compute the Z test for samples.  

· However, you must first divide the value of the population standard deviation by the square root of the sample size to get the standard error of the mean.

· Then, use the standard error of the mean in place of the standard deviation in the =standardize function.

· Thus, for the Z test for samples, use the function






=standardize(sample mean, population mean, standard error of the mean).

Example.  For the following class exercise income data, the sample mean is 22440, the population mean is 19694, and the standard error of the mean is the standard deviation of the population (6500) divided by the square root of the sample size (100)



 = 6500/       100  = 6500/10 = 650.

The function, then, is  =standardize(22440, 19694, 650) and the answer is 4.2246 .

Class exercise





New York State

   City of Buffalo    




Mean      S.D.      

Mean   Sample Size

Income
in $     

19,694   6500    

22,440          100


Education
      
   13.5       2.5      

 13.9             100


Family Size
    
     4.3       0.8       

 4.40             100


Age

   
   31.0       16       

 35.2             100


For each of the variables in this table, calculate the Z-score for the differences between Buffalo and New York State.  Consider New York State to be the population.  In each case, make a decision about what you believe.  


Write a paragraph report comparing Buffalo to New York State on these four variables.  Write it to help convince a child-care-products manufacturer that Buffalo is where it ought to build its new plant.



Activity Nine

Sampling procedures (Practice)


In your reading of the chapter by Schutt (1996), you studied four different ways to do non-probability sampling and four ways to do probability sampling:


Non-probability sampling methods

Probability sampling methods

Availability sampling



Simple random sampling


Quota sampling



Systematic random sampling


Purposive sampling



Stratified random sampling


Snowball sampling



Cluster sampling
In small groups:

1. Figure out a way to apply each of these eight methods to develop a sample of the people in the class.  Then, apply at least two non-probability methods and two probability methods, and select the resulting samples.

2.  Determine which of these methods would be practical in your organizational setting.  Discuss how you would go about the process of sampling in your workplace, and help each other sharpen your ideas.  Pay special attention to Schutt’s discussion in the reading.

Activity Ten

Professor explains homework assignment 



At this point in the session, your professor may explain the remaining homework assignments and answer any questions you may have about them.  Homework assignments from Session 3 are printed on page 145.  The assignments are due at the beginning of Session Three.

Activity Eleven

Review of Excel Functions from Session Three

	Statistic
	Excel Function

	Standard Error of Prediction
	=STEYX(Y array address, X array address)

	Poisson distribution
	=POISSON(X, mean of X, TRUE) (cumulative probability)

=POISSON(X, mean of X, FALSE) (probability of exactly X events

	Standard error of the mean
	Divide the population standard deviation by the square root of the sample size.

	Z test for samples
	=STANDARDIZE(sample mean, population mean, standard error of the mean)


Homework Assignments from Session Three

1.  Poisson: Is it rare or medium?  

a.  Identify three rare events in your organization for which the Poisson distribution might be suitable.  

b.  Collect actual data on each of them for as many time periods (eg. months) as you can.  

c.  Find the mean of each variable over the time periods measured.


d.  Find the Poisson probability of the most frequent occurrence of each rare event.  For example, if you find that the most frequent occurrence of employees in your department taking a personal day is 8, in the month of February, you will run a Poisson analysis and report the probability of eight events. 

e.  Alternatively, if it is more appropriate for your situation, report the Poisson probability of the least frequent occurrence of each rare event.

f.  Interpret the results of your Poisson analyses in words.  


Example:



Data: 

Month

Jan
Feb
Mar
Apr
May
Jun     

# Absent
  2
  8
   2
   1
   3
  2


Excel function:


=POISSON(8,3.0, true)

Interpretation:  Since the Poisson probability (.9962) for as many as (up to and including) 8 people being absent (February) was greater than .95, the number of people absent from work was significantly higher in February (the month with 8 people absent) than in an average month.

2.  Testing sample representativeness

a.  Identify three uses in your organization for the Z-test for samples.  Remember that you are comparing a sample mean to a population for which you know the mean and standard deviation as either

· readily available statistics,

· design parameters, or

· stated goals, as in TQM/CQI.

b.   Explain how you could select a sample from your workplace for each of the three uses of Z you have identified in your organization.  

c.   Select one sampling method for one of the three identified uses, and apply it.  Gather the relevant data.

d.   Run a Z-test for samples to see if the sample fits with the population.

e.   Interpret the results in terms of what you believe is the relationship between the sample and the population.
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In session four, you will learn specific techniques for making decisions about the differences between groups—groups of people, groups of products, groups of dollars.  Are men paid differently from women?  Are older workers more likely to take time off due to illness than younger workers?  Are more defective products manufactured on Monday than on Wednesday—or any other day?  Is direct mail as effective as telemarketing?  What is the effect of customer service training on customer satisfaction ratings, compared to no training?
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Complete the following activities before session four


There are no separate assessment activities for this session.

___  Read the following articles and chapters.  Answer the questions at the end of each reading. 


___a.  Reading Activity One: The Road to Monte Carlo (Student manual p. 148)

___b.  Reading Activity Two: Course Project Description  (Student manual p. 150)

Notes on reading assignments prior to Session 4


          Read the following two assignments.  You may need to read them more than once to adequately understand.   The comprehension questions are immediately after each reading assignment.  Prepare to submit your answers at the end of the fourth class.
Your answers to the comprehension questions will be graded for completeness and accuracy, so work carefully.
Reading Activities

Activity One


In this brief article from the magazine Fortune, Daniel Seligman offers a playful explanation of the Monte Carlo study, which, as you will gather form the article, is rarely used for actual Monte Carlo-style gambling.


The key ideas of the Monte Carlo study are presented in the third paragraph.  The first and last paragraphs are tongue-in-cheek.

The Road to Monte Carlo

by Daniel Seligman

From Daniel Seligman (1985). Keeping up.  Fortune, April 15, 1985.  Used by permission.
   Friends, you would not believe the backbiting that goes on here in the FORTUNE offices, and especially when the subject is personal computers and how the different editors are utilizing same, and which of these efforts impinge most favorably on the Time Inc. bottom line.  The long and short of it is that adjacent editorial wisenheimers continue to carp and cavil at your correspondent's programming breakthroughs and are even aspersing his famous dressing program, even though this dazzling exercise basically made the February 4 issue and to this day remains a banner and a beacon to all executives wishing to know in what sequence they might put their clothes on in the morning.  Scotching the contention that this programming coup was a lucky one-shot, the item you are reading now will depict a powerful new program that could finally vindicate the Monte Carlo technique and put it to some practical use for a change, and here we allude to the world premiere of "Year of Action," as we have provisionally labeled our computer simulation of 365 consecutive evenings spent at the casino.

   A funny thing about the Monte Carlo technique is that it seems never to have been used by folks visiting casinos.  To judge from the textbooks at our better business schools, the technique is useful mainly for capital budgeting, inventory planning, and managing cash flow; not one text known to the present writer tells you how to use the technique when you are actually visiting Monte Carlo, so yours truly would appear to be as usual operating in the pioneer mode.

   As rendered in the textbooks, the technique is supposed to help you simulate the future in an uncertain world.  Typical B-school problem: you want to develop a model showing the interaction of future sales and inventories, but your sales are extremely volatile--let's say they're decisively affected by the weather--and essentially cannot be forecast.  How do you simulate something that moves randomly?  In the Monte Carlo technique, you use random numbers, between, say, 1 and 1,000.  If you think there's a 20% chance of consistently sunny weather, which means superstrong sales, then you could take random numbers in the 1 to 200 range as simulating this outcome.  You'd repeat the exercise often enough to see what happens to sales and inventories under more variable weather conditions.  In principle, you wouldn't need a computer to generate the random numbers, but if you want to run a lot of simulations, a computer presumably makes more sense than rolling dice or dealing cards from a shuffled deck, although while on the subject and before this sentence ends we would also like to mention our mounting suspicions about the true randomness of the IBM PC's random numbers.

   No less than corporate hierarchs, people who visit casinos need to simulate the future in an uncertain world.  Some basic questions facing these people: how large should their individual bets be, how long should they play, and how much are they prepared to lose in an evening?  The three issues are of course interrelated, but the connections between them are hard for most gamblers to figure out, and that is where the Year of Action program comes charging to the rescue.

   Let's say that you were planning to play roulette for three hours, which means maybe 200 spins of the wheel.  Let's also say that you were in the Loews casino in Monte Carlo and playing with poor old French francs, and that you proposed to nonchalantly place 50 of these dime equivalents on a number every time the wheel spun; in short, you expected to wager $1,000 before departing.  But you don't want to accept losses anywhere near that figure.  Furthermore, you sense that any such bloodbath is highly unlikely since the probability of 200 straight defeats in roulette is less than 0.5%.  You know the house edge is 5.3%, so your mean expectation after $1,000 worth of betting is a loss of $53.  You're telling yourself that even on a bad night you won't go for more than $250.

   Question: Is that figure consistent with 200 bets at $5 apiece?  The answer regretfully provided by our simulation: no way.  The Year of Action program had a mean loss per evening of $55, which is unsurprising.  However, the real message of the program is the extreme variability of results from one evening of gambling to another.  The results ranged from a loss of $1,000 (this happened seven times) to a win of $1,160 (just once), and 141 of the 365 simulated evenings registered losses of more than $250.

   Coming attraction: a Keeping Up computer program that will demoralize the wisenheimers by disclosing the most cost-efficient way of getting from home to office.

Comprehension questions:


1.  Seligman lists three examples of applications for the Monte Carlo technique in organizations.  Can you suggest a fourth?


2.  Using Seligman’s other figures in paragraph three, but figuring a 35% chance of consistently sunny weather, what range of random numbers would you use in a Monte Carlo study?


3.  Could other factors besides weather be used in a Monte Carlo study?  Name three factors that could be Monte Carlo predictors in your workplace.


4.  What is the connection between Monte Carlo studies and regression analysis?

Reading Activity Two

Course Project Description

PRIVATE 
Course Project :  Due at the final class session.


Your task for this project is to use the information you gathered from your workplace to write a report about your organization or a significant part of it.  Your instructor will answer your questions about how many variables you should have and how many elements you should survey.


For the computations, graphs, and tabulations, use Excel.

1.  In the beginning of your project report, identify the questions about your organization that you wanted to answer by analyzing your results.  What did you want to find out?


2.  Compute descriptive statistics for each variable.  Include frequency distributions, means, medians, modes, percentiles, percentile ranks, ranges, and standard deviations.  Choose the appropriate descriptive statistics for different variables.  It is your task to determine what statistics are most appropriate to support the observations you want to offer.


3.  Graph the results.  You will want to prepare graphs both for frequencies and for relationships.  Select several different kinds of graphs, and ensure that the graph you choose for a particular demonstration is most appropriate for the data displayed.  Ensure that each graph has a title, and that each axis is labeled.  A graph must present enough information to be understandable even without reading the accompanying explanation.


4.  Compute correlation coefficients for all variables that are continuously scaled.  Identify each resulting correlation coefficient as minimal, moderate, or strong.  Interpret all weak, moderate, and strong correlation coefficients by describing, in a sentence, the direction of the relationship (for example, "The moderate correlation coefficient of +.76 shows that salary tends to increase with age.")


5.  Conduct at least one regression analysis on your data.  Use the results to make a prediction about your organization.


6.  Run at least four tests for differences between groups, using inferential statistics.  Choose from among Z test for samples, t, ANOVA, and chi squared.  Choose carefully the appropriate technique for the variables you examine. 


7.  Write a report that uses your quantitative analysis to describe your organization as measured in this survey.  Present the results of all statistical analyses and comparisons that you think are interesting, informative, and/or useful.  In the report, refer to graphs and statistics that clarify the presentation.  


8.  Include at least two suggestions for changes in policy or programs that are based on your quantitative analysis.

PRIVATE 


Course Project, continued


Write the report to be understood by readers in your organization who have a minimal understanding of quantitative methods.  Assume that your readers are intelligent, but not expert statisticians.  The clarity of this report will be a factor in its evaluation.


The entire course project should be about 10 pages in length, including any graphs and spreadsheets you choose to use.  The written portion of those 10 pages should be about four (4) pages.


Your instructor may modify the requirements for this project, and will explain her or his expectations in greater detail.
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Comprehension questions:


1.  List the variables from your survey for which you intend to compute descriptive statistics.


2.  What variables do you intend to graph?  What graph type will you use for each?


3.  What variables do you plan to correlate?


4.  What four group comparisons will you want to make?  (The decision rules in Activity One on page 153 may help you as you think about this question.)

Activities and assignments during Session Four:


a.  Activity One: Review your plans for the course project (Analysis)

b.  Activity Two: The Monte Carlo Study: Small group discussion (Analysis) 

c.  Activity Three: Student’s t-test: Theory and logic (Learning) 

d.  Activity Four: t for two groups (Learning and Analysis)

e.  Activity Five: Degrees of freedom (Learning)

f.   Activity Six: Running t tests for independent samples (Learning and Practice) 

g.  Activity Seven: Paired Samples t-test (Learning and Practice)


h.  Activity Eight: Practicing t 


i.   Activity Nine: Type I error (Learning)


j.   Activity Ten: Analysis of Variance, or ANOVA (Learning)


k.  Activity Eleven: Pearson's Chi-squared (Learning)


l.   Activity Twelve: Deciding with Chi-Squared (Practice) 


m.  Activity Thirteen: Professor explains homework assignment 
Potential homework assignment from Session Four (p. 173):


a.   Homework Assignment Nine: Chi-squared Analysis
Class Activities for Session Four

Compete the following activities during session four.
Activity One

Review your plans for the course project


In this class discussion, go over your answers to the comprehension questions at the end of the course project reading.  Check to be sure that the analyses you have planned are appropriate.


For the group comparisons, use the following rules to determine what test you should use:


1.  Are you comparing a sample mean to a population mean – that is, a small group to a larger group of which it may be a part?  If you know the population mean and standard deviation, either as statistics or as design parameters or goals, use the Z test for samples.


2.  Are you comparing the mean of one independently chosen group with the mean of another independently chosen group, both on the same variable?  Use the t-test for independent samples.


3.  Are you comparing the mean of a group in one condition with the mean of the same group on the same variable but in another condition?  For example, are you comparing a group mean before an experience with the mean of the same group after the experience?  Use the t-test for correlated samples.


4.  Do you want to compare three or more group means, all on the same variable?  Use analysis of variance, or consider reducing the number of groups to two, so that you can use one of the t-tests.


5.  Are you comparing the frequencies of scores in two or more categories with what you would expect them to be either by chance or by some other model?  Use chi-squared.


Where you are uncertain, check your best guess with your small group or the teacher.

Activity Two

The Monte Carlo Study: Small group discussion

PRIVATE 

Monte Carlo studies are used in a variety of organizational settings to develop an understanding of the likely effects of various random variables on a given process.  The random variables affecting the process include such things as:

· weather, producing delays or damage; 

· human motivation, affected by mood, fatigue, world events, home life, and so on;

· competence of others affecting the success of the process; and 

· effectiveness of competitors.


To run a Monte Carlo study, you would select a number of possible values for each variable involved in a process, and run a simulation model to see the outcome.  Then, you would continually repeat the simulation with other possible values, until you obtain a picture of the likely outcomes of various combinations of random processes.


The process is similar to multiple regression, which you met in session two.


Consider the banker who is contemplating an advertising campaign to increase activity in her loan department.  Her goal is to lend more money, since that is the main way in which she generates revenues.


However, she can only loan money that she has on deposit, money on which she must pay interest.  If she is to loan more money than she has on deposit, she must borrow the money from other bankers.  Thus, her decision about the advertising campaign hinges on at least six variable components: the amount of money loaned, the amount of money on deposit, the amount of money she must borrow, and the interest rates on each of those amounts.


A Monte Carlo study on those variables would give her information about which combinations will produce the greatest profit potential.  Her decision about the advertising campaign will then be based on whether increasing loans is the best way to increase profit.  She may end up deciding that the campaign should be directed at increasing deposits, thus decreasing the cost to her bank of obtaining the money to loan to others.


In small groups, consider the banker's problem.  What values--financial or ethical--should enter into her decision?  For example, will increased savings deposits affect the demand for loans and thus decrease revenue?

Comprehension questions:


Compare the banker’s Monte Carlo situation with that described with the roulette wheel in Seligman’s article.  What factors are parallel?  What are different?
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You will not conduct an actual Monte Carlo study in this course.  You should, however, be familiar with the concept and the terms associated with it.

Activity Three

Student’s t-test: Theory and logic


In session three, you learned that the sampling distribution of the mean approximates (becomes close to the shape of) the standard normal curve when the sample sizes are very large.  In such cases, the Z-test for samples works well, and enables you to determine whether you believe that a sample is part of a population or not.


However, when the sample size is small, as it often is in organizational research, the Z-test for samples may give misleading results.   


There is a sampling distribution that copes with small sample sizes.  Actually, it is a family of sampling distributions, one for each sample size from 2 on up to infinity.  However, when sample sizes get larger than 30, there is not much difference between this distribution and the standard normal (Z- score) distribution, so that either can be used to compare sample means.


This new distribution is called the t distribution, or as it is often called, Student's t. 


Student's t is a distribution of differences between means.  If you randomly take two, same-sized samples at a time from a population, then find the difference between their means (mean 1 minus mean 2), the result is one element in the sampling distribution of the differences between means, or t.


If you repeat this process a very large number of times, the resulting distribution will be symmetrical and bell-shaped.  The height of the distribution will depend on the size of the samples you have drawn.  With small samples, the distribution of t will be nearly flat, like an upside-down dinner plate.  With samples larger than 30, the distribution of t will be shaped very nearly like the standard normal curve.  (By the way, this difference in height of a distribution is known as kurtosis.)

A useful feature of the t-distribution is that it is based on sample standard deviations, whereas the normal distribution is based on population standard deviations.  Thus, the t-distribution is useful even if you do not know the population standard deviation.  


For example, your organization may have the TQM/CQI goal of a mean on-time delivery rate of 95%, which may be used as the population mean in a Z-test for samples.  Commonly, however, TQM/CQI goal statements do not make any mention of acceptable variation around the goal, and they almost never state the population standard deviation.


In such a situation, the t distribution is very useful.  It relies on the sample standard deviation, which you can readily compute from your sample data.

Activity Four

t for two groups


The distribution of t does more than make it possible to compare a sample mean with a population mean, like a Z-test for samples when you do not know the population standard deviation.  It also supports testing for the difference between the means of two samples. Consider two real-world examples:


1.  If the two samples are based on two different shifts in a factory, the difference in productivity may be due to chance or to the different shift characteristics.  


2.  If the different samples are based on two different hiring policies, the difference in training costs may be due to chance or to the different hiring policies.


It should be obvious that if the difference in productivity between the two shifts is zero, or close to zero, then we could believe that only chance factors are operating.  But if the difference grows larger, at some point we would change from believing the chance explanation to believing that the shift characteristics were influencing the difference.


Likewise, if the difference in training costs under the two hiring policies is small, we will accept the chance explanation.  But if the difference grows larger, at some point we will reject the chance explanation and believe that hiring policies (or some other systematic factor that correlates with the hiring policies) were influencing the differences.


To make the decision whether to believe that chance explains all or that something systematic or fishy is going on, we need a criterion.  In these circumstances, where we are comparing two sample means with each other, we can use a test based on the t distribution: the t-test.


Like the Z-test, the t-test converts the difference between two means into a standard value (called t) which can be compared to a distribution (of t) to determine the probability that the difference occurred by chance – exactly what we want to decide in the two situations outlined above.


To make a decision, we need to use the t distribution itself.  If you could find the points on the t distribution that are the boundaries of 95% of the area under the curve, you could use those points to make your decision about what you believe.  Then, if your t statistic was outside those boundaries, you would decide that you do not believe that a difference between sample means that large would occur by chance.  The next graph illustrates a t distribution and the boundary points for two samples of ten people each:
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In this graph of a t distribution, the boundary points for a 95 - 5% decision are marked off at -2.101 and +2.101:  95% of the area of the distribution is between the boundaries, in the 95% confidence interval; and 5% of the area of the distribution is beyond the boundaries, in the 5% not by chance zone.


However, this is the distribution only for situations with 20 people in two separate samples.  Recall that the shape of the t distribution changes with sample size, from nearly flat with very small samples to nearly normal with samples of 30 or more.  Different shapes of t distributions mean that the boundary points for 95% of the distribution will be different, as well.  In fact, as the sample sizes get smaller, the boundaries get farther and farther from the mean.  That phenomenon reflects the lower reliability of smaller samples: the difference between two small samples would have to be very large before we could be confident that it was not due to chance.  Fairly large differences between small samples could readily occur by chance, so the confidence interval or chance zone is quite wide.


What we need, then, is a way to determine the boundaries for different sample sizes. Fortunately, the necessary calculations have already been done.  The boundary points for samples of various sizes are presented in the tables with this course.  In addition, they are built in to Excel.  Your instructor will explain how to use Table t.


If you make the decision that the difference between the sample means was not due to chance, then you have decided that the two groups differ due to something systematic.  That is the logic of the t test.  If a difference between two sample means is too large to be due to chance, then something systematic must be the cause.  If the two samples are based on two different shifts, then the difference between sample means may be due to the different shift characteristics – or to something correlated with the different shifts.  If the two samples are based on two different hiring policies, then the difference between sample means may be due to the hiring policies –or to something correlated with the different hiring policies.  If the difference is not due to chance, it must be systematic.

Activity Five

Degrees of freedom


Since different sample sizes produce different t distributions and consequently different boundary values for the confidence interval, we need a method to connect a particular t-test with the appropriate boundary values in a table.


Conventionally, the connection is made using a simple statistic called degrees of freedom.  Degrees of freedom are related to the sample size.  Once you have the degrees of freedom, you can use a table to find the corresponding values of the boundary points for the confidence interval for t.


For t-tests, degrees of freedom (df) are calculated by subtracting the number of groups (eg. of people) from the total number of people.  So, if there are N = 20 people in two groups, df = 20 - 2 = 18.


Sometimes you will be running a t-test to compare the scores on the same people in two different conditions (a paired-samples t-test).  For example, you might be comparing blood pressures of a group of 10 people before and after vacation.  In this case, you have only 10 (not 20) people, and only one group, so df = 10 - 1 = 9.


Figure out the degrees of freedom in the following examples:


1.  Compare the ages of 15 men with the ages of 15 women.


2.  Contrast the number of yawns for each of 7 workers from 9 - 10 a.m. and from 3 - 4 p.m.


3.  Compare the hours worked for each of 12 Phramous managers with the hours worked for each of 16 designers.


4.  Compare the sales totals for each of 15 people before and after attending a motivational seminar.

Activity Six

Running t tests for two (independent) samples


You should use the t-test for two (independent) samples whenever your two samples are made up of completely different groups (of people, or months, or cars, or what-have-you).  For example, you might be comparing the data entry accuracy of one group of accountants using the latest version of a spreadsheet program with another group of accountants using an earlier version.  If the accountants in the two groups are different people – no accountant who is in one group is also in the other – you should use the t-test for independent samples.  The samples are independent of each other if they comprise completely different groups.


On the other hand, if you measure the same group of accountants with the new spreadsheet and again with the old spreadsheet, the two groups are not independent samples, and you should use the t-test for correlated samples, covered in Activity Seven.


You will not have to compute t by hand.  However, it will help you to realize that the formula for t looks suspiciously like the formula for Z.


For independent samples, 


t = (First mean - second mean) / An “average” of the two standard deviations


It is easy to compute the numerator, which is the difference between the two sample means.  It is the denominator that is tricky to compute, as averaging standard deviations is not as straightforward as it sounds.  So we will rely on a computer program to do our t-tests for us.


The t-test in Excel.(Dretzke pp. 151-155)


Use Excel’s data analysis tool t-Test: Two-sample assuming equal variances.  In the dialog box that opens, you will need to identify 

· the cell addresses for the two sets of measurements, 

· the hypothesized mean difference (again, 0), [optional]

· the alpha level (.05) [optional], and 

· if you choose, the spot you prefer for the output.  The default option is to send the output to a new sheet in your workbook, which is fine.

· Be sure to check the Labels box if and only if your data array included labels. 


Next are data on two variables from Phramous Philanthropy Phoundation – the individual application amounts for the nine grant proposals from the Southeast, and then for the ten grant proposals from the Deep South.  The accompanying table is the Excel output for the t-test comparing the two regions.  Copy the raw scores into an Excel spreadsheet, and run the Data Analysis Tool called t-Test: Two-sample assuming equal variances.  Check your output against the table on the next page.  If there are differences, ask a fellow student or your teacher for assistance.

	Phramous Philanthropy Phoundation

	
	
	

	We're here to help you...won't you help us?

	
	
	

	Proposal amounts by region

	ID
	Southeast
	Deep South

	 
	
	

	1
	22000
	20000

	2
	18000
	19000

	3
	21000
	21000

	4
	19000
	19000

	5
	20000
	16000

	6
	23000
	20000

	7
	18000
	21000

	8
	19000
	18000

	9
	20000
	19000

	10
	
	17000

	Sum
	180000
	190000


Excel output:

	t-Test: Two-Sample Assuming Equal Variances

	
	
	

	
	Variable 1
	Variable 2

	Mean
	20000
	19000

	Variance
	3000000
	2666667

	Observations
	9
	10

	Pooled Variance
	2823529
	

	Hypothesized Mean Difference
	0
	

	df
	17
	

	t Stat
	1.295234
	

	P(T<=t) one-tail
	0.106277
	

	t Critical one-tail
	1.739606
	

	P(T<=t) two-tail
	0.212553
	

	t Critical two-tail
	2.109819
	



Since the obtained t Stat (1.295234) was not larger than the t Critical (2.109819), the mean proposal amounts did not differ significantly between the Southeast and the Deep South.

Activity Seven

Paired Samples t-test (Dretzke pp. 159 – 163)


In Activity Six, you learned to distinguish between the t-test for two (independent) samples, which is for different groups, and the paired samples t-test, which is for the same group measured twice.  The paired samples t-test should also be used when the two groups are significantly correlated.  For example, two groups may be different people but twins of people in the other group.  The most common application of paired-samples t-tests in organizational settings, however, is to compare before-after measurements on the same people.


As with the t-test for two (independent) samples, the paired samples t divides an “average” of the standard deviations of the two measurements into the difference between the means of the two measurements.  Again, you will compute t using Excel’s Data Analysis Tools.


The dialog box for t-Test: Paired Two Sample for Means requires the same information that was requested for the independent samples t-test: 

· the cell addresses for the two sets of measurements, 

· the hypothesized mean difference (again, 0), [optional]

· the alpha level (.05), [optional] and 

· if you choose, the spot you prefer for the output.

· Be sure to check the Labels box if and only if your data array included labels.


Since the two sets of measurements are taken on the same people before and after, you must have the same number of data points for each sample.  If you are unable to obtain both before and after measures for a particular person, you must discard that person’s scores from your analysis before you can run a t-test for paired samples.


The next example compares the hours spent working while at work on a random sample of 8 employees, measured before and again after the removal of games from the company computers.  Copy the data into your worksheet, and duplicate the analysis.  Compare your output to the one provided on the next page, and correct any errors.


Notice one additional line in the output for the paired samples t-test: the Pearson correlation coefficient, which you met in Session Two.  Since the two measures are taken on the same people, it is appropriate to compute Pearson r.  


The size of Pearson r relates to the utility of the paired-samples t-test.  If the two measurements are highly correlated, the paired-samples t-test will be more sensitive in detecting whether the difference between the sample means is too large to be due to chance.

	Phramous Widget Corporation
	
	

	
	
	
	
	
	
	

	Hours per week spent on work tasks before and after
	
	

	the removal of games from company computers
	
	

	
	
	
	
	
	
	

	Person ID
	Before
	After
	
	t-Test: Paired Two Sample for Means
	

	1
	40
	40
	
	
	
	

	2
	37
	36
	
	
	Variable 1
	Variable 2

	3
	36
	39
	
	Mean
	36.125
	37.75

	4
	35
	37
	
	Variance
	8.410714
	9.071429

	5
	30
	33
	
	Observations
	8
	8

	6
	38
	42
	
	Pearson Correlation
	0.690994
	

	7
	37
	35
	
	Hypothesized Mean Difference
	0
	

	8
	36
	40
	
	df
	7
	

	
	
	
	
	t Stat
	-1.97593
	

	
	
	
	
	P(T<=t) one-tail
	0.044356
	

	
	
	
	
	t Critical one-tail
	1.894578
	

	
	
	
	
	P(T<=t) two-tail
	0.088713
	

	
	
	
	
	t Critical two-tail
	2.364623
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



Since the obtained t Stat  (-1.97593) is less than the t Critical (2.364623), the difference is not significant.  The mean of work hours after the removal of games from the company computers was not significantly changed from what it was before removal.

Activity Eight

Practicing t
Exercise 1. Using a t table to make decisions


If you prefer to use Excel to get the critical value of t, use the function =TINV(.05, df).

Alternately, you can use =TDIST(t Stat, df, number of tails) to find the probability of any value of t.  For question 1 below, =TDIST(1.82,  28, 2) returns the probability value .0795 .


1.  The mean job satisfaction rating for the group of 15 men was 7.63, and for the group of 15 women it was 8.42.  The resulting t statistic was 1.82, with 28 degrees of freedom.  Was the difference due to chance?                      


Write a sentence describing your decision.                                                   



2.  The mean job satisfaction rating for the 10 supervisors was 6.49, and for the 17 secretaries it was 5.83.  The resulting t statistic was 1.57, with 25 degrees of freedom.  Do you believe that the difference was due to chance?                     


Write a sentence describing your decision.                                                   



3.  The mean job satisfaction rating for the 11 workers over age 40 was 6.55, and for the 7 workers under age 40 it was 7.44.  The resulting t statistic was 2.28, with 16 df.  Was the difference due to chance?                     


Write a sentence describing your decision.                                                   



4.  The mean job satisfaction rating for the 6 people vested in the pension plan was 8.00, and for the 6 people not eligible for a pension plan, it was 6.1.  The resulting t statistic was 3.75, with 10 df.  What do you believe?                     

Write a sentence describing what you believe about these results.                    


Exercise 2.  Setting up data for t-tests

A.  Now, examine the group comparisons you would like to make on your organization’s data.  You identified those comparisons in Reading Activity Two for this session.


For which of those comparisons would a t-test be appropriate?  Which t-test—for two (independent) samples or for two paired samples?


Consider all of the grouping variables you have identified for your data set.  Do you have the same variable measured on two different groups?  If not, look at the scores in a single variable (for example, age) to see if you can divide the scores into two groups by using another variable (for example, gender).   Set up your variables so that you could appropriately run five different t-tests for independent samples.


B.  Finally, analyze your project data for paired-samples data, such as before-after comparisons.  If none exist, determine how you could collect additional data to make a before-after comparison so that you could run at least three paired samples t-tests.

Activity Nine
Type I error

Remember that when you make a decision that a statistic did not occur by chance using the 95% criterion rate, you will be wrong 5% of the time.  That is your type I error rate, known as alpha ().  In other words, 5% of the times that you decide not to believe that a difference between means was due to chance, you will be wrong.


The number of times you make a Type I error depends on the number of times you decide that a difference is not due to chance.  The more decisions you make, the greater your likelihood of making a Type I error.  Thus, in practical terms, it is important to make no more t-test decisions than necessary to answer the questions in which you are interested.


But what if you want to know the differences among three groups, or four groups, or 25 groups?  The t test will enable you to compare only two groups at a time.  If you want to compare three groups, you will have to compare group 1 with group 2, then group 1 with group 3, and finally group 2 with group 3: a total of three t tests.  The likelihood of a Type I error with three t tests is much higher than it was with one t test.


If you have four groups to compare, how many t tests would you need to run?  What if you have five groups?  The likelihood of Type I errors increases with the number of comparisons you make.

Activity Ten

 Analysis of Variance, or ANOVA (Dretzke pp. 169 – 173)


Because comparisons involving more than two groups at a time increase Type I error rate so dramatically, another statistical test is more appropriate than the t test.  It is known as the analysis of variance procedure, and the distribution that it uses is known as the F distribution.


The analysis of variance procedure is very powerful.  It can deal with any number of groups at one time.  It can even deal with more than one grouping variable.


For the purposes of this course, only the simplest analysis of variance will be studied.  It is known as the one-way analysis of variance, and it is just like a t test run on more than one group at a time.  (Analysis of variance is often abbreviated as ANOVA.)  The analysis of variance keeps the total likelihood of Type I error at the predetermined  level (.05, or 5%).

ANOVA in Excel.   You can run an analysis of variance using Excel very easily.  With your data arranged in a worksheet so that the scores for each group are in adjacent columns, 

· select ANOVA: Single Factor from the Data Analysis tools menu.  

· In the dialog box, identify the cell address that encompasses all of  the groups you wish to test (for example, A1:C7 would run ANOVA on up to seven scores in each of three groups – in columns A, B, and C).  

· Ensure that the alpha setting is .05.  

· If you want to, you may specify a location for the output.  Then click the OK button.


The next table presents the data arrangement and the results of Anova: Single Factor for Internet usage by the workers on three shifts at Phramous Widgets.


The Excel output is in two parts.  The first part, labeled SUMMARY, presents the frequency count, the sum, the mean (labeled AVERAGE), and the variance for each group.


The second part, labeled ANOVA, summarizes the results of the analysis.  You are already familiar with SS (Sum of Squares) and df (degrees of freedom).  MS stands for Mean Square, which is another name for variance.


The new item is the F statistic.  Although drawn from a different distribution than t, it is closely related and interpreted similarly: if the obtained F is larger than the critical value (the boundary value) of F, then the difference between means is too large to be due to chance.


The P value in the ANOVA table may be compared directly to your criterion level of  = .05 or 5%.  If the P value is less than .05, then the F statistic is outside the boundary, in the “not by chance” zone.

	Hours logged onto Internet, shift workers
	
	
	
	
	

	  Shift: 7 a.m. - 3 
	      S 3-11
	    S11-7
	
	
	
	
	
	

	1   
	6
	3
	
	Anova: Single Factor
	
	
	

	2
	7
	4
	
	
	
	
	
	

	3
	8
	5
	
	SUMMARY
	
	
	

	4
	9
	6
	
	Groups
	Count
	Sum
	Average
	Variance

	5
	10
	7
	
	Column 1
	5
	15
	3
	2.5

	
	
	8
	
	Column 2
	5
	40
	8
	2.5

	
	
	9
	
	Column 3
	7
	42
	6
	4.666667

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	Source of Variation
	SS
	df
	
	MS
	F
	P-value
	F crit
	

	Between Groups
	63.53
	2
	
	31.76471
	9.264706
	0.002735
	3.73889
	

	Within Groups
	48
	14
	
	3.428571
	
	
	
	

	
	
	
	
	
	
	
	
	

	Total
	111.5
	16
	
	
	
	
	
	


Practicing the Analysis of Variance procedure (ANOVA) in Excel

Go back to your project data.  Identify one of the grouping variables that can be divided into three groups.  For example, you might group the age variable into less than 30, 30 to 50, and over 50.


Form columns of the dependent variable measure for each group – for example, years of education.  The groups need not have the same number of scores.  Your data table might look like this, with each score representing a different person:


AGE
<30
  30 - 50
>50



16
      18

  12



14
      10

  14



15
      11

  10



17
      15

  13 



16


  12


Copy either these data or a set of your own data into a worksheet in Excel, and run ANOVA: Single Factor, found under Data Analysis Tools on the Tools menu.  Discuss the meaning of the results with your small group, and summarize them for the class.


The decision process with the resulting F statistic is the same as it was for t.


Choose appropriate variables from the Phramous workbook, and run two additional analyses of variance.  For each of your analyses, write a paragraph reporting the results and your decision based on the results.  Be sure to compare the means in making your decision.


There is one more step in the ANOVA procedure, which you must take only if the F statistic is beyond the boundary, or significant.  A significant F statistic tells you that at least one of the differences between the means of the groups tested is not due to chance, but it does not tell you which one or which ones.  


To find whether a particular difference between two sample means is due to chance or not, you have to take additional steps that are beyond the ANOVA, and for which there are no pre-programmed functions in Excel.  If you choose to do an ANOVA for your course project, your teacher will help you with any necessary analysis after the ANOVA is completed.


There are several different techniques available.  The basic logic common to all of them is to do a variation on the t-test for two means at a time, such that the variation compensates for what would otherwise be an increase in the Type I error rate.


The simplest method, done only if the obtained F is significant, is to do a series of t-tests.

· First, put the means of the groups in order, from smallest to largest.  For the Internet data, the means in order are 3, 6, 8

· Then put all of the pairs of means in order of the size of the difference between means.  For the Internet data, the paired means in order of size of difference are



8 – 3  (difference of 5)



6 – 3  (difference of 3)



8 – 6  (difference of 2)

· Do a t-test for two (independent) samples on the largest difference.

· If the first t Stat is significant, do a t-test for two (independent) samples on the second-largest difference

· If the second t Stat is not significant, stop.  Do not do any more t-tests.

· If the second t Stat is significant, do a t-test for two (independent) samples on the next-largest difference (in this case, the smallest difference).

· The general procedure, then is to conduct t-tests for two (independent) samples on pairs of means in order of the size of the mean differences, stopping when the first non-significant t Stat is found.

Activity Eleven

Pearson's Chi-squared

Phil Smith of Cable Management Systems is conducting a study of the effectiveness of the various fundraisers on the local public television station.  During one station break, he counts the number of people who make pledge phone calls while Sylvie Garden is asking for memberships, and also while Mike Call-ins is on the screen.  Thirty-seven people called while Sylvie was on, and 28 people called while Mike was on.  Was the difference in numbers of people calling (frequencies, remember) between the two host conditions just due to chance?  Or was there a systematic factor producing the difference?  What do you believe?


This problem is different from the ones you dealt with using a Z-test or a t-test or ANOVA.  Then, you had a different score--like the rating of job satisfaction--for each person in each group.  You were comparing the means of the different groups.  But for the frequency counts in this Cable Management Systems study, there are no scores for participants, and no mean for each group.  There is only a frequency count for each condition or group.  With only a single number in each group, the t test and the analysis of variance will not work.


A different statistic is called for-- chi-squared.  The chi-squared distribution describes the size of a frequency-based statistic.  The logic of interpretation of chi- squared is the same as it was for t and F, however.  The larger the statistic, the less likely it is to be due to chance.


To compute chi-squared, it is necessary to determine both the observed frequencies (in the above example, these are 37 and 28), and the expected frequencies.  The observed frequencies and the expected frequencies are stored in Excel, and the function =CHITEST then computes the probability of the chi-squared statistic.


How can you determine the values of these vectors?  The observed frequencies are easy--you count: 37 calls for Sylvie, and 28 for Mike.  But what about the expected frequencies?


The expected frequencies are those that are expected based on some theory or model.  Most of the time in organizational research, the theory will be chance.  That is, you use chi-squared to decide whether the differences between or among grouped frequencies are due to chance.


If the only factor influencing the number of calls to Sylvie and Mike is chance, then you would expect each of them to receive an equal number of calls--a 50-50 split.  Apply that theory to the total number of calls, and you have the expected frequencies of 32.5 for both Sylvie and Mike (37 + 28 = 65.  65 / 2 = 32.5)


Note carefully that the expected frequencies simply re-distribute the total of the observed frequencies according to your model.  The sum of the expected frequencies must equal the sum of the observed frequencies.  In the example, 32.5 + 32.5  =  37 + 28  =  65.


Certain circumstances might dictate a model or theory different from chance, but chance will be the most often used.  Use a chance model unless you have a theoretical reason to do otherwise. 


Once you have the observed and expected frequencies, calculation of the value of chi-squared is straightforward.  You can easily compute it by hand, or in a series of worksheet statements:


Observed (O)
  Expected (E)  O - E  (O - E)2  (O - E)2/ E


37

32.5
    4.5
    20.25
.623



28

32.5
  -4.5
    20.25
.623


65

65
     0

          1.246


As a formula, chi-squared =  [(O - E)2/ E] .


The lower right value above (1.246), which is the sum of (O - E)2/ E, is chi-squared.  To determine whether it is significant, compare it to the values in a table for chi –squared.  Degrees of freedom are found by subtracting 1 from the number of groups.  In this example, there are two groups, and one degree of freedom.


Critical values of chi-squared, =.05 

	Degrees of freedom
	Chi-squared Critical

	1
	  3.84

	2
	  5.99

	3
	  7.82

	4
	  9.49

	5
	11.07



Since the obtained value of chi-squared (1.246) is less than the critical value from the table for 1 degree of freedom (3.84), the difference in the number of calls while Sylvie and Mike were on the television is not significant.


Tables available in the course reader and in most statistics texts contain critical values of chi-squared.  Criterion values can also be computed in Excel using the CHIINV(probability, degrees of freedom) function.  For example, the Cable Management Systems chi-squared problem has one degree of freedom.  For the critical value of chi squared at the .05 level, type


=CHIINV(.05,1)

and Excel returns the critical value 3.841 .

PRIVATE 


Assessing Chi Squared using Excel

1.  Enter the observed frequencies (37 and 28) in one column (array 1).


2.  Enter the expected frequencies (32.5 and 32.5) in an adjacent column (array 2).


3.  In an empty cell of your choice, type 



=CHITEST(address of array 1, address of array 2) and press Enter.


4.  The probability of the chi squared value (.264) will be displayed in the cell.


5.  Compare the displayed probability with .05.  If the computed probability is less than .05, the observed frequencies are too different from the expected frequencies to be chance variations.  Something systematic is happening.  As the observed probability of .264 is higher than .05, the observed frequencies of 37 and 28 could be chance variations around the expected frequencies of 32.5 and 32.5


6.  Alternatively, enter the observed probability (.264) into the =CHIINV function, to get the corresponding value of chi-squared:  =CHIINV(.264,1) gives the value of chi-squared as 1.246, which you can compare to the critical value for 1 degree of freedom in the table.
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If the calculated value of chi-squared exceeds the critical value, it reflects a rare event. Here, chi-squared values smaller than 3.84 would occur by chance more than 5% of the time, and at the 95% level, you do not consider the computed chi-squared value of 1.246 to be unusual.  It could happen by chance, and so you conclude that the difference in the number of calls generated by Sylvie and Mike could have occurred by chance.


The problems in the next exercise require you to make decisions using chi- squared.  Thus, you will have to determine the expected frequencies, and then calculate the value of chi-squared.  In each case, compare that value to the critical value of chi-squared (listed above, in a table, or from Excel), and make your decision.  Is the difference between the observed frequency distribution and the expected frequency distribution too large for you to believe that it was due to chance?  Is it significant?


On the following page are two exercises in which you are to use chi-squared to help make decisions in an organizational setting.  For each, determine whether there is enough information to provide a theory about what the expected frequencies should be.  If there is, explain how the expected frequencies should be computed.


Then, calculate the value of chi-squared, and make a decision about whether such a value is likely to occur by chance.


Finally, use the information provided by the chi-squared analysis to make the decision requested in each question.  Write a brief report incorporating your recommendation.

Activity Twelve
Deciding with Chi-Squared (Practice)


1. Cable Micro Systems, International has had a non-discriminatory hiring and promotion policy in place for the last ten years.  It is time for the decennial review, and you are the consultant.


The president of Cable wants to know if women are under-represented at middle and upper management levels in the corporation.   


All employees are categorized as Service Level I, Oversight Level II, or Executive Level III.  In the company as a whole, 60% of the employees are Service Level I, 25% are Oversight Level II, and 15% are Executive Level III.


In counting the number of women at each level, you observe that there are 90 women at Service Level I, 10 women at Oversight Level II, and 3 women at Executive Level III.


Is the non-discriminatory policy working?


2. The State University system is concerned about retention.  Students seem to be leaving the smaller campuses, in particular, after only one or two years.


To combat the exodus, the University institutes as a pilot project a student activities program that emphasizes the benefits of studying at a smaller campus.


Due to limited funding, only one campus receives the grant to implement the program.  A second campus, similar in size, location, and previous retention rate, is chosen as a comparison school.  It does not implement the student activities program.


After one year, the program school reports losing 64 students.  The comparison school reports losing 114 students.


Should funding be sought to extend the program to other campuses?


Two uses of chi-squared: The chi-squared application described so far is known as the goodness of fit test, because we are testing the fit between the observed frequencies and an expected, theoretical model of what they should be, if no biasing factors are involved.  A significant chi-squared result, then, indicates that the observed frequencies do not fit the expected model.


Another use of chi-squared is the test of independence, described by Dretzke on pages 243 – 254.  This test assesses whether the frequencies in the categories of one variable—say, political party membership—is related to another categorical variable, such as gender.  Your professor may introduce you to the test of independence as outlined in Dretzke.

Activity Thirteen

Review of Excel Functions from Session Four

	Statistic
	Excel Function

	t-test for two (independent) samples
	t-Test: Two-sample assuming equal variances 

       (in Data Analysis Tools)

	t-test for two paired samples
	t-Test: Paired Two Sample for Means 

       (in Data Analysis Tools)

	Critical value of t  (t Critical)
	=TINV(.05, degrees of freedom)

	Probability of any t Stat
	=TDIST(t Stat, df, number of tails)

	Analysis of Variance, 1 grouping variable
	ANOVA: Single Factor

        (in Data Analysis Tools)

	Chi-squared test
	=CHITEST(address of observed frequencies, address of expected frequencies); answer is a probability.

	Value of chi-squared for a given probability
	=CHIINV(probability, degrees of freedom)


Professor explains homework assignment 

1.  Chi-squared analysis.  


a.  Examine your organizational data.  Identify at least two variables that you can reconstruct as frequency (count) data. 


b.  Construct a plausible question about group differences on each of those variables. 


c.  Identify an appropriate model for finding the expected frequencies for each variable. 


d.  Select the observed frequencies from your organizational data. 


e.  Run a chi-squared test on each variable.


Make sure that you are using frequency data.  That is, remember that chi squared is appropriate only for data which counts the number of people (or dogs, or loaves of bread, or drums of chemicals) in two or more categories. 


Write a paragraph report that describes the research questions and explains your results for each variable.
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 In the final session of this course, you will apply quantitative methods to a series of decision-making situations.  In the process, you will consider a variety of ways in which people typically gather numerical information upon which to base decisions.  You will consider whether the way data are collected makes it possible to answer the question posed.  Are there other plausible explanations for the pattern of the data?  If the results are believable, how broadly can they be generalized?  How could the study be improved?  How could research be done in your organizational setting?
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Complete these assignments before Session Five:

___1.  Complete the following assessment activities:

___a.  Assessment Activity One: Choosing the right test  (Student manual p. 176)

___b.  Assessment Activity Two: Can you say that? (Student manual p. 177)

___
2.  Read the following articles and chapters.  Answer the questions at the end of each reading.

            ___a.  Reading Activity One: Three types of research  (Student manual p. 178)

___b.  Reading Activity Two: Research: Be an intelligent consumer (Student manual p. 180)
Assessment Activity One

Choosing the right test

Complete the following assessment activity prior to session five.

1. The management of the design department at Phramous Widget Corporation has to decide whether to change the design of the new Wideout Widget line.  They have received some complaints about the Wideout not working well with the older WidgLite line.


They take a sample of Wideouts from the production facility, and they want to compare them to the design parameters.  What test should they use?


2.  Since the sample of Wideouts in question 1 failed the test, the design department institutes a change in process and has the same sample of Wideouts remanufactured.  They then compare the sample mean after the remanufacturing with the mean before remanufacturing.  What test should they use?


3.  Based on the results of the analysis in question 2, management institutes the process change in its Podunque manufacturing facility, and continues the old process in its Macquarie plant.  The research department then takes a sample of Wideouts from each factory, to test for a difference.  What test should they use?


4.  The human resources department keeps track of carpal tunnel injuries at the two plants in question 3.  They count the number of people from each plant treated for the disorder at Phramous PHMO.  What test should they use?


5.  The advertising department promotes the re-designed Wideouts now in manufacture in a target market campaign.  They spend nothing in Ballarat, $1 million in St. Kilda, and $2 million in Hobart, three equally sized communities.  Six months after the campaign, they conduct a random telephone survey of 100 residents of each town, asking how many hours Wideouts have been used in the household over the past six months.  What test should they use?


6.  In the same telephone survey, they count how many respondents in each town have heard of Phramous Widget’s new Wideout line.  What test should they use?


7.  Now a tricky one.  In the same survey, they ask how many Wideouts are currently being used in each household.  To compare the towns, what test should they use?

Assessment Activity Two

Can you say that?

The following comparisons sprang from the situations described in Assessment Activity One on page 176.  From which of the following studies can you be confident that the conclusion is true?


1.  A remanufactured sample of Wideouts fits better with the WidgLite than it did before remanufacturing.  Conclusion:  The change in the process improved the interfacing.


2.  Wideouts manufactured in Podunque with the new process interface more successfully than those made in Macquarie with the old process.  Conclusion:  The new process improved the interfacing.


3.  There are more people with carpal tunnel injuries at Podunque than at Macquarie.  Conclusion: The new process increases carpal tunnel injuries.


4.  Hours of Wideout usage are highest in Hobart, next highest in St. Kilda, and lowest in Ballarat.  Conclusion:  Advertising increases Wideout product usage.


5.  Name recognition for Wideouts is higher in Hobart than in Ballarat.  Conclusion: Advertising increases product name recognition.


6.  The mean number of Wideouts currently being used in each household is higher in St. Kilda than in Ballarat.  Conclusion:  Advertising increases sales of Wideouts.


7.  Women in this class answered more of these assessment questions correctly than the men did.  Conclusion: Being a woman increases your statistical acumen.

Reading Activities

Read the following assignments before session five, and answer the comprehension questions at the end of each.

Reading Activity One

Three types of research (Learning)

Research studies may be categorized as descriptive, correlational, or experimental.  The distinction among these three types is based on the way that the variables are manipulated and/or measured.

1.  Descriptive studies

Descriptive studies use a variety of techniques to measure one or more variables.  Then, descriptive statistics are used to delineate the sample being measured.


For example, a researcher might assess the attitudes of a sample of Americans toward smoking and drug testing in the workplace, and discover that 79% of the people surveyed oppose smoking in the workplace, while 54% favor drug testing on the job.  Notice that two variables (attitude toward smoking and attitude toward drug testing) are simply measured.  There is no attempt to draw any relationship between the two variables, nor is there any effort to connect either of these two variables to any other variable.  The results for each measurement are simply described, with no comparisons being expressed.

2.  Correlational studies

Correlational studies measure two or more variables on the same people or product, and then attempt to find any relationships between or among the variables.


For example, a survey might ask people for their income level, educational level, and preference for brand name products (as opposed to generic products).  Then, the researcher would determine if there is a relationship between any pairs of these variables: Do wealthier people prefer name brands more than poorer people?  Do people with more education prefer less expensive generic products, regardless of their income?


Notice that again, as with descriptive studies, variables are simply measured.  The experiment does not intervene in the situation to change or manipulate any variables.  Thus, some analysts maintain the correlational studies represent a subset of descriptive studies.

3.  Experimental studies

Experimental studies require that the researcher intervene in the situation to actually change or manipulate one or more variables, so that different people are treated differently (or the same people are treated differently at different times).  Then, the researcher measures another variable, to see if the differences in the manipulated variable have any effect.


The variable that the researcher changes or manipulates is often called the independent variable, and the variable she measures is the dependent variable.


The particular advantage of experimental studies over descriptive and correlational studies is this: Only with experimental studies is it logically possible to determine cause and effect relationships, and only under the following circumstances:


1.  If the changes in the independent variable are followed by changes in the measured variable, and 


2.  if the conditions of the experiment are controlled, so that all variables except the independent variable are the same in the different groups.


For example, Susan Smith is interested in the effects of work circles on employee ownership, measured as productivity.  To test this experimentally, she manipulates the work circle variable (presence-absence) by randomly assigning departments to work circle planning or to department-head planning.  After six months of this, she measures the productivity of the various departments, and finds that the work circle departments were 35% more productive than the department-head departments.  She concludes that the work circle planning caused the improved performance, and if she completely controlled other variables, including the prior productivity levels of the groups, she is right.


A key point to remember in reading research reports is that causal judgments may not be made with any confidence from either descriptive or correlational studies.


This is not typically a problem with descriptive studies, as no relationships are established between variables.  However, a descriptive study may be used to generate guesses or hypotheses about possible relationships between the variables, to be assessed in a future experimental study.


The most common confusion arises when the results of correlational studies are taken to indicate causal relationships: If amount of education is correlated with preference for generic products, the researcher may conclude that education causes the preference.

    
In experimental studies, causal judgments may be relied on if and only if the experimental groups are formed randomly and other variables are carefully controlled.

Comprehension questions


1.  Do you see any similarities between the types of research and the three types of graphs your learned about in Bowen’s Graph it! Book for Session Two?  What are the similarities?

2.  If you discover that more educated people prefer generic products, will you be convinced that education increases preference for generic products?  Or are you certain that the causal interpretation is wrong?  Could it be correct?  What other explanations can you think of for the relationship between education and brand preference?


3.  What do you think about the connection between using Rival brand cookware and being an excellent cook?  Is it causal?  If so, in which direction?

Reading Activity Two

Research: Be an intelligent consumer (Analysis)


As you read through newspapers and magazines and watch television or listen to radio broadcasts, collect five examples of research claims.  For each study, try to identify the hypothesis being tested, the groups being compared, the population represented for generalization, and the quantitative methods used, if any.

Comprehension questions


1.  Examine each of the five research claims you collected.  Determine whether it is descriptive, correlational, or experimental.  If you think a given study includes two or three of these approaches, say so, and explain your reasoning.


2.  For each of the five examples, determine whether the author or authors has suggested any causal connections between variables in the study.  Then, decide whether the conclusions drawn are appropriate for the type of research conducted--descriptive, correlational, or experimental.

Activities and assignments during Session Five:

a.  Activity One: Review 

b.  Activity Two: Explanations and Decisions (Analysis) 


c.  Activity Three: Recognizing Poor Research Designs (Learning) 


d.  PRIVATE 
Activity Four: How to do misleading research (Analysis and practice) 


e.  Activity Five: Clues to misleading research (Learning) 


f.  Activity Six: Reliable designs for research (Learning and Analysis) 


g.  Activity Seven: Applying the findings: Generalizability (Learning and analysis)


h.  Activity Eight: Practicing Practical Research 

Class Activities for Session Five

Complete these activities during Session Five.

Activity One

Review 


Your teacher will review the assessment and reading activities for this session.  You may ask questions, and there may be small group discussion, as warranted.


If you have had any problems with the homework or the course project, your professor may take time to help at this point or may schedule a later time.

Activity Two

Explanations and Decisions (Analysis)


Decisions are sometimes based on emotions, sometimes on whims, sometimes on pressure, and sometimes on quantitative information.  Quantitative decision-making requires that you be able to take quantitative information and convert it into action: a choice about what to do or not do, what to continue doing, and what to change.


In making quantitatively based decisions, you must try to explain, at least to yourself and usually to other people, why you are making that decision.  Consider the following decision scenarios:


1.  After seeing the results of your annual performance review, you decide to apply for a promotion.  Why?


2.  When you learn that your department has been operating in the red for six straight months, you decide not to hire anyone for a vacant position.  Why not?


3.  Sales reports tell you that the WidgLite is a big hit.  You decide to increase production.  Why?

What is an explanation?

Strictly speaking, you have an explanation when you propose a cause-and-effect relationship between two different variables.  If your experiment shows that work circle planning causes improved performance, you have explained the improved performance as an effect of the work circle planning.  The key characteristic of a true explanation is the causal connection between two different variables.


Sometimes, explanations are offered which seem to use two different variables.  Closer inspection and careful thought, however, may show that one of the variables is just a name for the variable being explained.  This is a case of pseudoexplanation.  


For example, the explanation that unsupported objects fall to the earth because of gravity is really pseudoexplanation, since gravity is simply the name we give to the phenomenon that unsupported objects fall to the earth.  Thus, this is an example of a nominal (naming) explanation.  


Another example is the explanation that mothers care for their children because of their maternal instinct.  But how do you know that mothers have a maternal instinct?  Because they care for their children.  This explanation, based on only one variable in two guises, is obviously circular or tautological.

Small group discussion


Answer the following in discussion with your small group.  Invite the teacher’s participation if you wish.

PRIVATE 

 2.  Judge whether each of the following statements offers a real explanation or a pseudoexplanation.


He is having hallucinations because he has schizophrenia.


He is reporting hallucinations because he took some LSD.


He is sick because he ate some bad shellfish.


He is sick because Botulinum toxin is in his bloodstream.


He is sick because the gods are angry with him.


The United States has a high G.N.P. because of the productivity of its work force.


Our company had increased revenues last month because the sales force put on a blitz.


I am doing well in this course because it is so easy.


Our company is saving money because we follow TQM/CQI principles.
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1.  Pseudoexplanations are nominal explanations--a label is a cause--and circular explanations--the effect is the cause. It should be obvious that pseudoexplanations are not really explanations at all.  But are there other ways explanations may be wrong?  When are wrong explanations likely to occur?  How can they be detected?


3.  Now, think up three examples of each of true explanation and  pseudoexplanation that you have encountered or that might be offered pertinent to your organizational setting.  Be speculative if necessary.

Activity Three

Recognizing Poor Research Designs (Learning)


Quantitative decision-making requires not only that you use numbers and graphs as you decide, and that you select appropriate techniques for data analysis.  It also requires that you collect your quantitative information in a fair manner, so that any comparisons you make are not biased by way in which the data are collected


Bias may be introduced into quantitative decision-making without the person collecting the information being aware of the problem.  Bias is not usually deliberate, but is the product of carelessness.


Many decisions in the workplace, like many published studies in academia, are wrong not because of bad intentions, but because the information was gathered in a manner that permits bias.  Decisions based on biased information are likely to be unfair.


Consider the following three prototypes of bias-allowing research.  Known as pre-experimental designs, they have major flaws that permit bias.  Learn them carefully, and use them as standards to evaluate the basis of decisions made by you and by other people.

Pre-experimental designs

Unreliable explanations are often drawn from studies that appear to be experiments, but actually are not.  Many such studies use one of three designs considered to be pre-experimental: the one-shot case study, the one group pretest-posttest design, and the static group comparison (Campbell and Stanley, 1963).  The differences are summarized here.

1. The one-shot case study 


The one-shot case study uses only a single individual or a group.  A treatment is applied, and a variable is measured.  The value of the measured variable is then assumed to be the result of the treatment.


For example, Phramous Widget Corporation decides to implement a public relations/advertising campaign to improve the corporate image.  The corporate research team carefully specifies the parameters of the public relations campaign, targeting it precisely and honing it elegantly.  The team then spends even greater effort assessing corporate image, hiring an outside consultant to interview a sample of 500 members of the target audience in focus groups.  The campaign is the treatment, and corporate image is the measured variable.  The researchers, however, have no knowledge of what the corporate image was before the PR campaign was introduced.  After the campaign, they find that the corporate image is generally positive.  Should they conclude that the positive image was caused by the advertising campaign?  What other explanations can you offer?


Recognize that in a one-shot case study, there is no possibility of any comparison.  The measured results could have been due to the campaign.  On the other hand, the corporate image might have been better without the campaign, but there is no way of knowing that with this study.

2.  The one-group pretest-posttest design


The one-group pretest-posttest design takes two measurements, one before the treatment (the pretest) and one after the treatment (the posttest).  If there is a difference between the pretest and the posttest, the treatment is often considered to be the cause of the change.


For example, the Phramous Philanthropy Foundation is considering sponsoring a program to match the employees of the corporation with elementary school students from educationally disadvantaged areas of the school district.  The employees will serve as mentors and tutors to the students.  The corporation will offer a full tuition scholarship for four years of college to those students who maintain the relationship with the mentor and graduate from high school.


Before underwriting the program, Phramous wants to know whether the mentoring program is likely to do any good.  Consequently, the corporate researchers select a sample of disadvantaged students from a fifth grade class to participate in a pilot study.  These students have their academic performance measured (the pretest), and then they are paired with company employees in a mentoring and tutoring program for a period of six months.  


After the six months, the students are again measured, in a posttest.  Academic performance is improved.  Should Phramous fund the program?  What other explanations can you conceive for the results of this pilot study?


Recognize that in the one group pretest-posttest design, differences which occur over the course of the study may have been caused by the treatment, or by any other variable which changes between the two measures.  The other variables, which offer competing cause and effect explanations, are known as confounding variables.

3.  The static group comparison

The static group comparison compares a posttest measure of one group, which has experienced the treatment, with a measure taken at the same time on a second group, which has not experienced the treatment.  Some people think that differences between the two measures were caused by the treatment.


For example, Phramous PHMO has instituted a CQI training program (the treatment) for all nursing staff in its suburban St. Kilda plant.  The manager discovers that the number of patients treated by each nurse from January through March of this year was twice as high as the number treated during the same period at the downtown Hobart office.


Did the CQI training program increase the number of patients treated by each nurse? Should the manager institute the program at all branches of the corporation?  Why or why not?

PRIVATE 
Activity Four

 How to do misleading research (Analysis and practice)


The three designs you have considered so far provide results that appear to be useful, but on closer examination turn out to be misleading.


In this small group exercise, you are to create three studies that can be run during this class session.  You should compose one study using each of the three designs: a one shot case study, a one group pretest-posttest design, and a static group comparison.


1.  Choose something easily measured as the dependent variable, and apply a treatment  that is short enough to be run in a total of ten minutes.  Your instructor may have some materials available to be used in treatments: grape Kool-Aid, lollipops, and puzzles of various sorts.  You may also think up some other possible treatments--perhaps reading a passage of literature, working on math problems, making a speech, or even taking a break.


2.  Once you have worked out the details, conduct the three studies and draw some conclusions.  Then, propose at least two alternate explanations for the results of each study, and explain these in a brief report to the entire class.


Recognize that while the studies you run in this exercise may be trivial or even silly, the strategy and therefore the logical problems are the same when someone seriously conducts a study using these designs on important topics in the organization.


3.  Next, working individually or in small groups, identify at least three studies using these inappropriate designs which either have been or could be conducted in your organization.  
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Activity Five

Clues to misleading research (Learning)

PRIVATE 

Risk Factors

History: Some other variable changes at the same time as the treatment.

Maturation: Changes in the measured variable are caused by changes inside the people being measured, like fatigue.

Selection: The treatment affects the people in only one particular group.

Testing: People change their behavior when their actions are being measured or recorded.

7

How can you identify studies that use these misleading designs?  Campbell and Stanley (1963) identify several logical sources of error.  The most common of these are summarized in the sidebar.


Another risk factor will usually affect only long-term studies, which are sometimes used in organizational settings.  Known as mortality, it is a problem when more people leave one group than the other.  For example, more people might quit, transfer, or be fired from the control group than from the treatment group.  Thus, at the end of the study, the two groups are no longer equivalent even if the treatment actually had no effect.

Principle:  In general, a research design is inadequate to answer cause-and-effect questions if it does not include at least two groups that are equivalent except for the treatment.


Obviously, the first two of the designs you worked with do not meet this criterion, as both the one-shot case study and the one group pretest-posttest design use only one group. The third design, the static group comparison, uses two groups that are not equivalent.


As you analyze studies in your reading and in the workplace, habitually ask yourself whether there are at least two equivalent groups, differing only in the treatment.  If the answer is "No", then resist drawing cause-and-effect conclusions.


Even if two or more groups are present in a study, it is not always true that they are equivalent.  Equivalent groups can be produced in only two ways: matching or randomization.  If a given study does not employ either or both of these techniques, you should not assume that the groups are equivalent.  As you consider the reliable experimental designs in the next activity, notice that they produce equivalent groups by randomization.

Activity Six 
Reliable designs for research (Learning and Analysis)


You may be surprised to learn that there are only three research designs that effectively control for the risk factors you have been examining.  To make matters even simpler, one of the three is simply a combination of the other two.  The three designs are the pretest-posttest control group design, the posttest-only control group design, and the Solomon four-groups design.


Since the Solomon four-groups design is a combination of the other two, you will need to study only the pretest-posttest control group design and the posttest only control group design.

1. Pretest-posttest control group design

In this design, two (or more) equivalent groups are formed, usually by randomization.  Both groups are measured on a dependent variable (the pretest), and then the treatment is applied to one group (with the group to be treated chosen at random).  The group that does not receive the treatment is called the control group.  Finally, both groups are measured a second time (the posttest).


For example, 50 volunteers are randomly divided into two groups of 25.  All 50 volunteers are given a memory test.  Next, the volunteers in the treatment group are given a drink containing

 l-glutamate, while the volunteers in the control group are given the same drink, but without the 

l-glutamate.  Twenty-four hours later, all 50 volunteers are given another memory test.


If the treatment group has changed more from the pretest to the posttest than has the control group, then the difference was caused either by the treatment or by chance.  Applying inferential statistics (like the t test) will enable you to decide if the difference is due to chance or due to the treatment.

2. Posttest-only control group design

This is similar to the pretest-posttest control group design, but without the pretest.  Obviously, this design is simpler.  Two (or more) equivalent groups are chosen, usually by randomly assigning people to groups.  The people in one group are given the treatment, and the others comprise the control group.  Then, both groups are measured on the dependent variable.


For example, 50 volunteers are randomly assigned to two groups.  One group then pursues a diet-and-exercise program for six weeks, while the other group continues its normal lifestyle.  At the end of six weeks, serum cholesterol is measured for all 50 volunteers.


If the treatment group scores differently than the control group, then the difference was caused  either by the treatment or by chance.  Again, inferential statistics enable you to decide which explanation to believe.


The value of these designs lies in their capacity to control for the risk factors which otherwise interfere with determining cause and effect relationships.  In the next few minutes, figure out how each design precludes explanations in terms of history, maturation, and testing.

Small group discussion.

1.  How does the pretest-posttest control group design control for history, maturation, testing, and selection?


2.  How does the posttest-only control group design control for history, maturation, testing, and selection?

Activity Seven
Applying the findings: Generalizability (Learning and analysis)


Usually, you will conduct a study on a sample in order to make decisions about what to do with a larger group.  Phramous Philanthropy ran a pilot study on a small group of school children to help decide whether to implement the entire program. Phramous PHMO studied the effects of CQI training at one factory to help make a decision about using the training program at all branches of the corporation.


When you extend the findings from one study to another situation or to a larger group, you are generalizing.  You encountered the problem of generalizing in Session Three as you learned about sampling.  


Will you always be confident in making decisions based on generalizations?  Perhaps the students or the mentor employees in the Phramous Philanthropy pilot study were the only ones in the community for whom the program would be effective.  Possibly the CQI training program would produce desirable results only at the St. Kilda factory.


How can you know when it is safe to generalize?  Generally, you must consider two questions: 1. Does the sample represent the group to which you wish to generalize?  2. Does the fact that the people in the experiment are being studied change the way they act?


1.  How can you determine whether a group being studied represents a larger group to which you wish to generalize?  Refer to the material on sampling from session three to answer this question.


2.  If you know that you are in an experiment, you act differently than you normally do.  This is similar to the videocamera effect: If you want to change the way someone acts, point a camera at him.  He will then act embarrassed, pose, or do something silly: He will change his behavior.  But for how long?  If you keep pointing the camera for ten hours, will the person continue to act silly for ten hours?


It would obviously be unfair to generalize from someone’s behavior in front of a videocamera to the rest of the person’s life.  The very act of pointing the camera biased the person’s responses, so that they were not typical of the person.

The Hawthorne Effect

Something similar to the videocamera effect happened in a study of worker morale and productivity in the Hawthorne factory in Chicago, owned by the Western Electric Company.  The company selected a group of employees, and then systematically varied successive characteristics of their working environment.  The treatments included better lighting, different break schedules, and cooler temperatures.


No matter what variable was changed, employee morale and productivity improved, then gradually declined to the earlier levels.  Like the person in front of a camera, the employees knew they were in a special condition: they were in an experiment.  It may be that being in an experiment was what affected their morale and performance, rather than the treatments.

PRIVATE 

Small Group Exercise


Hawthorne re-visited


Discuss the Hawthorne effect, and offer different interpretations of the results of the study.  Consider how knowing that you are in an experiment might cause you to act differently.  Is there any way to eliminate the Hawthorne effect from a study conducted in your organization?
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Activity Eight

Practicing Practical Research


The "true" experimental designs are the ideal, and they should be employed whenever possible.  However, they often require a degree of control that is unattainable outside the laboratory.  Research in and with organizations rarely permits such control.  Is it plausible, for example, to assign employees randomly to two groups, one of which gets training to improve job skills while the other does not?  In many organizations, the "control" people would feel at a disadvantage.

Quasi-experimental designs

When true experimental research is impractical or even ethically questionable (as when some employees are randomly chosen to take extra time off), the quasi-experimental designs may be more useful.  While these designs do not eliminate risk factors, they can lower them enough to produce considerable confidence that any relationships you discover are meaningful.


There are many quasi-experimental designs--Campbell and Stanley (1963) discuss 14 of them--but you will study only three: the time series experiment, the nonequivalent control group design, and the multiple time series design.  All three of these are widely useful in organizational research.

1. The time series experiment

The time series experiment may be done with only one group.  It is similar to the one group pretest-posttest design, but several pretest measures are taken, the treatment is applied, and several posttest measures are taken.


The multiple pretest measures are then used to form a regression line.  From the regression equation, you can predict what the posttest measures are likely to be if the treatment has no effect, that is, if the regression equation continues to hold true after the treatment.  If the actual results differ from those predicted by the regression equation, the change may be due to the treatment.


Try this example, using Excel’s =FORECAST function.  


The packaging department manager wants to test the effects of CQI training on the number of WidgLite widgets dropped and broken during packaging.


Consequently, for four weeks she records weekly widget drops.  Then, immediately after the CQI training is completed (the treatment), she records widget drops for four more weeks.  Here are the results:

Week 1   

13

Week 5

19



Week 2

14

Week 6

20



Week 3

15

Week 7

18



Week 4

16

Week 8 

15


Draw a time-series chart or set up your FORECAST using weeks 1 through 4 as the X variable and the corresponding productivity scores as the Y variable.  Use the chart or regression equation forecast to predict the expected productivity scores for weeks 5 through 8, and compare the predicted scores with the actual scores.  Can you explain the pattern of the posttest productivity scores?

PRIVATE 

Small Group Exercise


Time Series in the Organization

Identify three studies you could conduct (hypothetically) in your organization for which the time series design might be useful.  Describe each study in a paragraph.
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2. The nonequivalent control group design

The nonequivalent control group design requires two groups, but it can be used in situations where random assignment of people to groups is not practical.


This design is like the static group comparison, with the addition of a pretest measure for both groups.  The usual procedure is to choose already-existing groups which are as similar as possible: two departments of the same size at the same rank, two volunteer groups from similar neighborhoods or agencies, two cities of similar socioeconomic composition.  Then the treatment is applied to one group only.  Finally, both groups are measured in a posttest.


Assess the success of the matching procedure in producing equivalent groups by comparing the pretest scores.  Equivalent groups should have similar pretest scores.  If they do, then differences in the posttest scores may be due to the treatment. 


This design has wide application in organizational research.  Consider the Phramous PHMO study from Activity Three.  How could it be improved by using a nonequivalent control group design?  What about the Phramous Philanthropy study?


Judy, the packaging department manager, now wants to compare the packaging department in St. Kilda, which has completed the CQI training, with the department at Ballarat, in order to assess the effectiveness of the CQI training.  The scores in the next table represent the number of  broken widgets in each department over a total of six months.


The CQI training (the treatment) took place in St. Kilda in early April.  Examine the pretest scores, and decide whether the two groups should be compared in this study.




Number of widgets broken in packaging



   St. Kilda

   
Ballarat

Jan-Mar
        42



    44


Apr-Jun
        16



    40




Can you support a conclusion that the CQI training made a difference?  Explain your reasoning in a paragraph.

3.  The multiple time series design

The logic of the nonequivalent control group design can be combined with that of the time series experiment, yielding the multiple time series design.  To do so, measure the two nonequivalent groups  with several pretests and several posttests, as in the time series experiment.  This combination provides even greater control, and is a very useful design for organizational research.  Campbell and Stanley (1963) call it "perhaps the best of the more feasible [quasi-experimental] designs" (p. 57).  In organizational settings where repeated measures are possible, you should consider using this design.


Repeated measures are routinely taken on employee performance (annual or biannual), sales figures (monthly), production (daily), and hiring practices (usually annual).  Multiple measures such as these may be used as baseline data for each group.  As changes (treatments) are introduced (or occur naturally) to one group before they are to another, a multiple time series design becomes possible.


For example, Phramous Widget is in the slow process of training its staff on the new computer assisted widget design system – a two-week training process.  As the training lab will accommodate only 25 people at a time, it will take awhile to train all 150 widget designers.


Fortunately, the human resource department keeps weekly records of widget design output by the 150 designers.   How could human resources conduct a multiple time series study to see if the new CAWD system is effective?

PRIVATE 

Small Group Discussion


Sex in the Workplace

How would you use a multiple time-series design to test the effects of enacting a sexual harassment policy (the treatment) on the number of complaints of sexual harassment (the dependent variable)?
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Appendices

Phramous Widget Corporation

Widget Manufacturing since 1893

Supplying local, domestic and international markets

Our Vision: To be the world leader in producing the highest quality widgets at the lowest possible price consistent with a fair return for our investors and comfortable lifestyles for our employees, or at least, to be second best in two out of three years.
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	Phramous Employee Health Data
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Sample data on 20 randomly-selected employees
	
	
	
	

	
	
	
	
	
	
	
	
	

	ID
	Gender
	      Age
	    BP/Sys
	   BP/Dias
	  HR/Rest
	HR/Stairs
	      Risk
	

	1
	M
	35
	110
	65
	65
	90
	36
	

	2
	M
	28
	115
	70
	68
	88
	32
	

	3
	M
	42
	140
	70
	73
	95
	41
	

	4
	F
	57
	165
	60
	75
	110
	61
	

	5
	F
	63
	170
	95
	70
	115
	60
	

	6
	M
	41
	135
	70
	60
	107
	39
	

	7
	F
	27
	115
	65
	58
	112
	28
	

	8
	F
	35
	120
	70
	49
	108
	39
	

	9
	M
	37
	120
	65
	63
	117
	40
	

	10
	F
	48
	130
	70
	60
	99
	49
	

	11
	M
	43
	125
	70
	65
	97
	40
	

	12
	F
	51
	140
	80
	72
	102
	49
	

	13
	F
	25
	110
	60
	64
	103
	22
	

	14
	F
	29
	130
	65
	53
	112
	26
	

	15
	M
	32
	140
	70
	61
	107
	34
	

	16
	M
	46
	145
	70
	70
	122
	48
	

	17
	F
	51
	150
	80
	76
	136
	52
	

	18
	M
	39
	130
	70
	72
	140
	42
	

	19
	F
	45
	140
	75
	70
	125
	48
	

	20
	M
	41
	145
	70
	69
	107
	39
	

	
	
	
	
	
	
	
	
	

	
	BP/SYS = Systolic blood pressure
	
	
	
	
	

	
	BP/Dias = Diastolic blood pressure
	
	
	
	
	

	
	HR/Rest = Resting heart rate, beats per minute
	
	
	
	

	
	HR/Stairs = Heart rate, beats per minute, after 30 seconds on a stair exerciser.
	

	
	Risk = A composite risk factor for illness requiring hospitalization, on a 100 point increasing scale


	Phramous Philanthropy Phoundation
	
	

	
	
	
	
	
	

	"We're here to help you...won't you help us?"
	
	

	
	
	
	
	
	

	Geographic Area
	Application 

Amount
	Number of applications

	Northeast
	
	$160,000 
	
	4
	

	Southeast
	
	$180,000 
	
	9
	

	Midwest
	
	$340,000 
	
	20
	

	Deep South
	
	$190,000 
	
	10
	

	West Coast
	
	$250,000 
	
	25
	


	Phramous's PHMO
	
	

	
	
	
	

	"Better health means better business"

	
	
	
	

	Physicians' overage reports, most recent month

	Overage = Surgery cost - reimbursement

	
	
	
	

	Patient
	Dr. Ruth
	Dr. Sally
	

	1
	$125 
	$695 
	

	2
	$106 
	$49 
	

	3
	$127 
	$51 
	

	4
	$140 
	$52 
	

	5
	$98 
	$49 
	

	6
	$89 
	$50 
	

	7
	$150 
	$47 
	

	8
	$112 
	$52 
	

	9
	$97 
	$48 
	

	10
	$100 
	$51 
	

	Phramous Widget Production Data 
	
	
	
	
	
	
	

	1999-2000
	 Production Year
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	    Total monthly production, units per product line
	
	
	
	
	

	Month
	Widget 01
	Old Widge
	Mini Widge
	Recycle 

W
	Wok Widge
	Widge Lite
	Totals
	Work

Force
	Temperature in degrees F.

	July
	23
	17
	31
	15
	9
	25
	120
	25
	85

	August
	19
	9
	35
	10
	11
	25
	109
	25
	88

	September
	47
	21
	42
	0
	8
	25
	143
	28
	76

	October
	52
	18
	49
	0
	5
	25
	149
	27
	68

	November
	29
	14
	56
	0
	6
	25
	130
	25
	65

	December
	38
	13
	71
	0
	6
	25
	153
	27
	65

	January
	51
	15
	89
	0
	4
	25
	184
	27
	65

	February
	47
	12
	112
	0
	8
	25
	204
	29
	65

	March
	45
	9
	134
	0
	5
	25
	218
	30
	68

	April
	49
	7
	167
	0
	2
	25
	250
	35
	69

	May
	51
	8
	195
	0
	3
	25
	282
	40
	72

	June 
	50
	8
	240
	0
	5
	25
	328
	45
	80

	Totals
	
	
	
	
	
	
	
	
	

	
	
	

	
	
	
	
	
	
	

	Hours per week spent on work tasks before and after
	
	

	the removal of games from company computers
	
	

	
	
	
	
	
	
	

	Person ID
	Before
	After
	
	t-Test: Paired Two Sample for Means
	

	1
	40
	40
	
	
	
	

	2
	37
	36
	
	
	Variable 1
	Variable 2

	3
	36
	39
	
	Mean
	36.125
	37.75

	4
	35
	37
	
	Variance
	8.410714
	9.071429

	5
	30
	33
	
	Observations
	8
	8

	6
	38
	42
	
	Pearson Correlation
	0.690994
	

	7
	37
	35
	
	Hypothesized Mean Difference
	0
	

	8
	36
	40
	
	Df
	7
	

	
	
	
	
	t Stat
	-1.97593
	

	
	
	
	
	P(T<=t) one-tail
	0.044356
	

	
	
	
	
	t Critical one-tail
	1.894578
	

	
	
	
	
	P(T<=t) two-tail
	0.088713
	

	
	
	
	
	t Critical two-tail
	2.364623
	

	Statistic
	Excel Function

	Frequency distribution
	Either use the Sort button, or type the possible scores in a bins array.  Then, highlight the next column to one cell longer than the bins array.  Type =frequency(data array, bins array), and press Ctrl-Shift-Enter.

	Pivot table
	Click Data and choose Pivot table wizard

	Mean
	=average(cell address)

	Median
	=median(cell address)

	Mode
	Sort and count.  The mode function is unreliable.

	Percentile
	=percentile(cell address, percent of interest expressed as a decimal)

	Percentile Rank
	=percentrank(cell address, score of interest)

	Range
	Either Sort, then subtract lowest score from highest score; or use =max(cell address) and =min(cell address) to find the highest and lowest scores, and then subtract to find the range.

	Skew
	=skew(cell address)

	Variance
	=var(cell address)

	Standard Deviation
	=stdev(cell address)


	Statistic
	Excel Function

	Z scores
	Compute the mean of the scores with =average(array adress) and the standard deviation with =stdev(array address).  Then type the Z formula: =(score – mean)/standard deviation.  OR

=standardize(X, mean of X, standard deviation of X)

	Correlation
	=correl(first array address, second array address)  OR

=Pearson(first array address, second array address)

	Slope (m)
	=slope(Y array address, X array address)

	Intercept (b)
	=intercept(Y array address, X array address)

	Predict with regression
	=forecast(new X score, Y array address, X array address)

	Predict from several scores
	=trend(Y array address, X array address, new X score array)

Highlight an output array, type formula, hit Ctrl-Shift-Enter

	Multiple regression
	Regression Data Analysis Tool


	Statistic
	Excel Function

	Standard Error of Prediction
	=STEYX(Y array address, X array address)

	Poisson distribution
	=POISSON(X, mean of X, TRUE) (cumulative probability)

=POISSON(X, mean of X, FALSE) (probability of exactly X events

	Standard error of the mean
	Divide the population standard deviation by the square root of the sample size.

	Z test for samples
	=STANDARDIZE(sample mean, population mean, standard error of the mean)


	Statistic
	Excel Function

	t-test for two (independent) samples
	t-Test: Two-sample assuming equal variances 

       (in Data Analysis Tools)

	t-test for two paired samples
	t-Test: Paired Two Sample for Means 

       (in Data Analysis Tools)

	Critical value of t  (t Critical)
	=TINV(.05, degrees of freedom)

	Probability of any t Stat
	=TDIST(t Stat, df, number of tails)

	Analysis of Variance, 1 grouping variable
	ANOVA: Single Factor

        (in Data Analysis Tools)

	Chi-squared test
	=CHITEST(address of observed frequencies, address of expected frequencies); answer is a probability.

	Value of chi-squared for a given probability
	=CHIINV(probability, degrees of freedom)
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Optional method: To compute the sum of the squared deviations using Excel, you can use the function


=devsq(cell address of raw scores).  For example, for the scores {1,2,3,4,5} in cells A1:A5, =devsq(A1:A5) returns the value 10.
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Name of test you selected





Sample identification


Mean for each sample


Variance for each sample


Size of each sample


Combined variance, overall 


Mean difference if chance is the true explanation


Degrees of freedom: 9+10-2=17


Calculated value of t


One-tail probability: Ignore


One-tail critical value: Ignore


Two-tail P: Compare to .05


Boundary value of t: If t Stat is greater than t Critical, it is significant.
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BP/Sys with BP/Dias


BP/SYS with HR/Rest


BP/Sys with HR/Stairs


BP/Sys with Risk


BP/Dias with HR/Rest


BP/Dias with HR/Stairs


BP/Dias with Risk





The second step in the Chart Wizard lets you change the range of data used to draw the chart, if you wish.


More importantly, it has a Series tab at the top.  The Series tab lets you select which variable to use on each axis.


The third step lets you add a title and label the axes.


The fourth step lets you decide where you want to display the chart.
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