
Statistics in Business, Finance, Management & Information Technology 

Copyright © 2016 M. E. Kabay. All rights reserved.           < statistics_text_v0-11-1.docx >  

 

 

Eleventh  Draft Edition: v0. 1  

October  201 6  

 

 

M. E. Kabay, PhD, CISSP -ISSMP  

Professor of Computer Information Systems   

School of Business and Management  

Norwich University  

 

Fr ee  download:  

http://www.mekabay.com/courses/academic/norwich/qm213/statistics_text.pdf 

 

  

http://www.mekabay.com/courses/academic/norwich/qm213/statistics_text.pdf


Statistics in Business, Finance, Management & Information Technology 

Copyright © 2016 M. E. Kabay. All rights reserved.           < statistics_text_v0-11-1.docx > Page 0-2 

PUBLICATION & COPYRIGHT STATEMENT  

This work-in-progress is copyright by its author, M. E. Kabay. The material is designed to support 
the authorõs QM213 course in the School of Business and Management at Norwich University. 
Version 0 is published only online as electronic files. The materials may be updated repeatedly 
during any semester; for example, the identifier 

< statistics_text_v0-x-y.docx > 

in the footer corresponds to the unpublished work (0) in the xth semester of use and the yth version 
created during that semester. 

The work will eventually be printed and distributed commercially with all the exercises and question 
banks included electronically for other professors to use and modify easily. 

 

PERMISSIONS: 
¶ This text may be downloaded at no cost for the user. It may even be printed and distributed to 

students at the cost of production.  

¶ It may not be posted online ANYWHERE other than the authorõs Website. It is practically 
impossible to keep versions up to date when they are scattered across the Internet. 

¶ UNDER NO CIRCUMSTANCES MAY IT BE SOLD FOR PROFIT . The author would be 
intensely irritated to find someone ripping people off by selling what he provides free and would 
become quite nasty about it. Some creepy people print whatõs available free and then sell it on 
Amazon ð without permission. 

  



Statistics in Business, Finance, Management & Information Technology 

Copyright © 2016 M. E. Kabay. All rights reserved.           < statistics_text_v0-11-1.docx > Page 0-3 

Dedication  
 

 

To my beloved wife, Deborah Naomi Black  
light of my life; 

 

and in gratitude to the professors 
whose devotion to clarity in teaching statistics  

set me on a life-long course of enthusiasm 
for the subject: 

 

Professor Hugh Tyson,  
formerly of McGill University, 

and 

Professors Robert R. Sokal zól (deceased), and F. James Rohlf,  
both of State University of New York at Stony Brook, 

authors of the classic 1969 textbook, 
Biometry, The Principles and Practice of Statistics in 

Biological Research, 
now in its Fourth Edition (2012). 

 

  



Statistics in Business, Finance, Management & Information Technology 

Copyright © 2016 M. E. Kabay. All rights reserved.           < statistics_text_v0-11-1.docx > Page 0-4 

Condensed Table of Contents 

  



Statistics in Business, Finance, Management & Information Technology 

Copyright © 2016 M. E. Kabay. All rights reserved.           < statistics_text_v0-11-1.docx > Page 0-5 

Detailed Table of Contents 1 
Dedication .............................................................................................................................................. 3 
Condensed Table of Contents ............................................................................................................... 4 
Detailed Table of Contents .................................................................................................................... 5 
Preface  ................................................................................................................................................... 9 

Background ..................................................................................................................................................................... 9 
Why a òLayeredó Introduction? ................................................................................................................................. 10 
Organization of the Text ............................................................................................................................................. 11 
Instant Tests .................................................................................................................................................................. 12 
The Importance of Homework .................................................................................................................................. 12 
Color vs Black-and-White ........................................................................................................................................... 13 
Etymologies ................................................................................................................................................................... 13 
Question Authority ...................................................................................................................................................... 13 

Acknowledgements ............................................................................................................................... 15 
1 Introduction ................................................................................................................................ 1 

1.1 About Applied Statistics .................................................................................................................................. 1 
1.2 Computations in Applied Statistics ................................................................................................................ 4 
1.3 Why EXCEL as Opposed to Other Statistical Packages?........................................................................... 4 
1.4 Learning EXCEL .............................................................................................................................................. 4 
1.5 Long-Term Goals: A Personal Perspective .................................................................................................. 6 
1.6 Using NUoodle ................................................................................................................................................. 8 
1.7 SQ3R .................................................................................................................................................................. 9 
1.8 Counting and Measuring ............................................................................................................................... 10 
1.9 Variables ........................................................................................................................................................... 11 
1.10 Tables................................................................................................................................................................ 12 
1.11 Choosing a Table Layout............................................................................................................................... 13 
1.12 Transposing Rows and Columns ................................................................................................................. 14 
1.13 Types of Variables .......................................................................................................................................... 16 
1.14 Qualitative / Categorical Data and Nominal Scales ................................................................................. 16 
1.15 Quantitative Data ........................................................................................................................................... 16 
1.16 Discontinuous / Discrete Variables ............................................................................................................ 17 
1.17 Continuous Data ............................................................................................................................................. 17 
1.18 Interval Scales .................................................................................................................................................. 18 
1.19 Ratio Scales ...................................................................................................................................................... 18 
1.20 Ordinal Scales: Ranks ..................................................................................................................................... 19 
1.21 Identifying the Type of Variable Really Matters to You ........................................................................... 20 

2 Accuracy, Precision, Sources of Data, Representing Data ............................................................... 1 

2.1 Accuracy, Precision, and Being Correct ........................................................................................................ 1 
2.2 Significant Figures ............................................................................................................................................ 2 
2.3 Determining Suitable Precision for Statistics ............................................................................................... 3 
2.4 Sources of Real Statistical Data ...................................................................................................................... 6 
2.5 Representing Data .......................................................................................................................................... 10 
2.6 Presenting Raw Data ...................................................................................................................................... 10 

  

                                                      

1 Each section is numbered; pages in that section use the section number as their prefix. You may left-click any entry to jump to that page. 



Statistics in Business, Finance, Management & Information Technology 

Copyright © 2016 M. E. Kabay. All rights reserved.           < statistics_text_v0-11-1.docx > Page 0-6 

3 Sorting, Backups and Enhanced Tables ......................................................................................... 1 

3.1 Sorted Lists ........................................................................................................................................................ 1 
3.2 Simple Sorting in WORD ............................................................................................................................... 1 
3.3 Simple Sorting in EXCEL ............................................................................................................................... 5 
3.4 Advanced Sorting in EXCEL ......................................................................................................................... 6 
3.5 Mistakes in Sorting ........................................................................................................................................... 7 
3.6 Making Backups of Your Work ..................................................................................................................... 8 
3.7 Enhancing the Presentation of Tables ........................................................................................................ 10 
3.8 WORD Table Tools ....................................................................................................................................... 10 
3.9 EXCEL Table Tools ...................................................................................................................................... 15 
3.10 Copying EXCEL Tables into a WORD Document ................................................................................. 16 

4 Charts, Histograms, Errors in Graphing ........................................................................................ 1 

4.1 Horizontal Bar Charts vs Vertical Column Charts...................................................................................... 1 
4.2 Pie Charts ........................................................................................................................................................... 3 
4.3 Clustered and Stacked Bar Charts and Column Charts .............................................................................. 6 
4.4 Creating Charts in WORD .............................................................................................................................. 8 
4.5 Managing Figure & Table Numbers in WORD .......................................................................................... 9 
4.6 Editing Graphics in EXCEL ........................................................................................................................ 10 
4.7 Frequency Distributions ................................................................................................................................ 11 
4.8 Histograms ....................................................................................................................................................... 12 
4.9 Creating Frequency Distributions and Histograms in EXCEL .............................................................. 13 
4.10 Choosing a Reasonable Number of X-axis Values ................................................................................... 17 
4.11 Problems with Disparate Quantities ............................................................................................................ 17 
4.12 Logarithmic Scale on the Ordinate .............................................................................................................. 20 
4.13 Truncating the Ordinate ................................................................................................................................ 23 
4.14 Selecting Non-Random Sections of a Data Series ..................................................................................... 25 

5 Cumulative Frequency Distributions, Area under the Curve & Probability Basics ................. 1 

5.1 Relative Frequencies, Cumulative Frequencies,  and Ogives .................................................................... 1 
5.2 Area under the Curve ....................................................................................................................................... 3 
5.3 Basic Concepts of Probability Calculations .................................................................................................. 5 
5.4 The Uniform Probability Distribution .......................................................................................................... 9 
5.5 The Normal Probability Distribution .......................................................................................................... 11 
5.6 Area under the Curve for Any Normal Distribution ................................................................................ 13 
5.7 Area Under the Curve for the Standard Normal Distribution ................................................................ 14 
5.8 Using EXCEL Functions for Areas Under Other Probability Distribution Curves ........................... 15 
5.9 Chi-Square Distribution ................................................................................................................................ 16 
5.10 F Distribution .................................................................................................................................................. 18 
5.11 Studentõs-t Distribution ................................................................................................................................. 19 

6 Descriptive Statistics ................................................................................................................. 1 

6.1 Summarizing Groups of Data using EXCEL Descriptive Statistics ........................................................ 1 
6.2 Computing Descriptive Statistics using Functions in EXCEL ................................................................. 3 
6.3 Statistics of Location ........................................................................................................................................ 4 
6.4 Arithmetic Mean (òAverageó) ......................................................................................................................... 4 
6.5 Calculating an Arithmetic Mean from a Frequency Distribution ............................................................. 5 
6.6 Effect of Outliers on Arithmetic Mean ........................................................................................................ 6 
6.7 Median ................................................................................................................................................................ 8 
6.8 Quantiles ............................................................................................................................................................ 9 
6.9 EXCEL 2010 .INC and .EXC Functions ................................................................................................... 10 
6.10 Quartiles in EXCEL ....................................................................................................................................... 11 
6.11 QUARTILE.EXC vs QUARTILE.INC .................................................................................................... 12 
6.12 Box Plots .......................................................................................................................................................... 13 



Statistics in Business, Finance, Management & Information Technology 

Copyright © 2016 M. E. Kabay. All rights reserved.           < statistics_text_v0-11-1.docx > Page 0-7 

6.13 Percentiles in EXCEL .................................................................................................................................... 14 
6.14 Rank Functions in EXCEL ........................................................................................................................... 14 
6.15 Mode(s) ............................................................................................................................................................ 17 
6.16 Statistics of Dispersion .................................................................................................................................. 19 
6.17 Range ................................................................................................................................................................ 19 
6.18 Variance: Ǳ2 and s2 .......................................................................................................................................... 20 
6.19 Standard Deviation: Ǳ and s .......................................................................................................................... 21 
6.20 Skewness .......................................................................................................................................................... 22 
6.21 Kurtosis ............................................................................................................................................................ 23 

7 Sampling and Statistical Inference ............................................................................................ 1 

7.1 Populations and Samples ................................................................................................................................. 1 
7.2 Sample Statistics and Parameters ................................................................................................................... 2 
7.3 Greek Letters for Parametric Statistics ......................................................................................................... 3 
7.4 Random Sampling from a Population ........................................................................................................... 4 
7.5 Selecting Random Values for an Unbiased Sample .................................................................................... 7 
7.6 More about Probability and Randomness .................................................................................................... 9 
7.7 Random Number Generators ....................................................................................................................... 10 
7.8 Probabilities in Tossing Coins ...................................................................................................................... 10 
7.9 Probabilities in Statistical Inference ............................................................................................................. 10 
7.10 The Central Limit Theorem in Practice ...................................................................................................... 11 
7.11 The Expected Value ....................................................................................................................................... 13 
7.12 More About the Normal Distribution ........................................................................................................ 13 
7.13 Statistical Inference: Interval Estimation .................................................................................................... 15 
7.14 Population Mean Estimated Using Parametric Standard Deviation ...................................................... 17 
7.15 Estimating Parametric Mean Using the Sample Standard Deviation ..................................................... 20 
7.16 Degrees of Freedom Vary in Statistical Applications ............................................................................... 21 
7.17 Notation for Critical Values .......................................................................................................................... 21 
7.18 Two-Tailed Distributions .............................................................................................................................. 22 
7.19 EXCEL CONFIDENCE.T Function ........................................................................................................ 23 
7.20 Beware the Definition of ǟ in Inverse Probability Functions ................................................................. 24 
7.21 Interval Estimate for Any Normally Distributed Statistic ........................................................................ 25 
7.22 Population Proportion Based on Sample Proportion .............................................................................. 26 
7.23 Conditional Formatting ................................................................................................................................. 29 
7.24 Confidence Limits for Population Variance and Population Standard Deviation Based on Sample 
Variability ....................................................................................................................................................................... 30 

8 Hypothesis Testing ................................................................................................................... 1 

8.1 Introduction....................................................................................................................................................... 1 
8.2 Are the Variances of these Two Samples the Same? .................................................................................. 3 
8.3 Levels of Statistical Significance and Type I Error: Rejecting the Null Hypothesis When it is 
Actually True ................................................................................................................................................................... 5 
8.4 Type II Error: Accepting the Null Hypothesis when it is Actually False. ............................................... 7 
8.5 Testing a Sample Variance Against a Parametric Value ............................................................................. 7 
8.6 Are the Means of These Two Populations the Same? ................................................................................ 9 
8.7 ANOVA for Comparing Means of Two Samples ...................................................................................... 9 
8.8 The Model for Single-Factor ANOVA ....................................................................................................... 14 
8.9 Testing for the Equality of Two Means in an Investigation of Possible Dishonesty .......................... 15 
8.10 T-Tests in Data Analysis ............................................................................................................................... 16 
8.11 Critical Values ................................................................................................................................................. 18 
8.12 ANOVA: Single Factor vs T-test for Equality of Means ......................................................................... 19 
8.13 Computing a t-test for Equality of Means without Raw Data ................................................................ 20 
8.14 The T.TEST Function ................................................................................................................................... 20 



Statistics in Business, Finance, Management & Information Technology 

Copyright © 2016 M. E. Kabay. All rights reserved.           < statistics_text_v0-11-1.docx > Page 0-8 

9 Analyzing Relationships Among Variables ............................................................................... 1 

9.1 Introduction to Analyzing Relations ............................................................................................................. 1 
9.2 Cross-Tabulations (Contingency Tables) ...................................................................................................... 2 
9.3 Filtering Data for Temporary Views ............................................................................................................. 4 
9.4 Charts for Contingency Tables ....................................................................................................................... 5 
9.5 Scatterplots and the Intuitive Grasp of Relationships ................................................................................ 7 
9.6 Pearson Product-Moment Correlation Coefficient, r ................................................................................. 8 
9.7 Computing the Correlation Coefficient Using EXCEL ............................................................................. 9 
9.8 Testing the Significance of the Correlation Coefficient ........................................................................... 11 
9.9 Coefficient of Determination, r2 .................................................................................................................. 12 
9.10 Linear Regression in EXCEL ....................................................................................................................... 13 
9.11 ANOVA with Linear Regression ................................................................................................................. 16 
9.12 Predicted Values in Linear Regression & Confidence Limits ................................................................. 17 

10 Analyzing Frequency Data ........................................................................................................ 1 

10.1 Computing Expected Frequencies for Statistical Distributions ................................................................ 1 
10.2 The Chi-Square Goodness-of-Fit Test ......................................................................................................... 2 
10.3 The EXCEL =CHISQ.TEST Function ....................................................................................................... 3 
10.4 Tests of Independence Using Chi-Square .................................................................................................... 3 

11 Bibliography .............................................................................................................................. 1 

  



Statistics in Business, Finance, Management & Information Technology 

Copyright © 2016 M. E. Kabay. All rights reserved.           < statistics_text_v0-11-1.docx > Page 0-9 

Preface 
I hope that students will enjoy their introduction to applied statistics. To that end, the course and this text are 
designed with learning in mind. The unusual layered approach is the expression of my almost 50 years of 
teaching (I started in 1963): instead of drowning students in increasingly bewildering detail for each topic, I 
want to show them comprehensible, manageable chunks of practical, useful concepts and techniques and 
then come back to what they have already started to learn to fill in additional details once they have built a 
framework for easier comprehension of subtleties. 

Background 
Students and teachers may be interested in knowing how a professor of information systems and information 
assurance also came to be a fanatic about applied statistics. If not, just skip to the next section! 

In 1969, when I was a student in the Department of Biological Sciences at McGill University in Montreal, 
Canada, Dr Hugh Tyson taught an introduction to biostatistics using the first edition of Robert R. Sokal and 
F. James Rohlfõs Biometry text. The course thrilled me. I use the verb deliberately: it struck a deep chord of 
delight that combined my love of biology with my life-long enthusiasm for mathematics. I had completed high 
school math by the age of nine and taught seniors in my high school matriculation math by the age of 13; they used to call me 
òSlide Ruleó because I carried one on my belt. My masterõs thesis was a statistical analysis of extensive data collected 
by my research director, Dr Daphne Trasler, a renowned teratologist in the Human Genetics Sector at McGill 
University, about the developmental variability of inbred mouse strains and of their hybrids.  

At Dartmouth College, I was admitted to the doctoral program because I helped a world-famous invertebrate 
zoologist apply appropriate analytical methods to frequency data, resulting in accurate estimates of the 
probability of the null hypotheses. Because of my knowledge of statistics, I was granted a full four-year waiver 
of tuition and was paid generously through the program as a Teaching Assistant and then Research Assistant, 
finally being given permission to teach an informal graduate seminar on applied statistics to my fellow graduate 
students. I served as a statistical consultant to several professors for their experimental design and data 
analysis. My PhD oral field exam was in applied statistics and invertebrate zoology. After my thesis was accepted in 
August 1976, I was hired by the Canadian International Development Agency in October 1976 to teach three 
levels of applied statistics in the Faculty of Social and Economic Sciences at the National University of 
Rwanda (in French, my native language); I was delighted to be asked by the Faculty of Agronomy also to 
teach a course on field experiment design and by the Faculty of Science to teach FORTRAN programming. 
On my return from Africa in 1978, I then taught biostatistics and some biology courses at the University of 
Moncton (also in French) for a year. 

Although I began programming in 1965 as a kid, my first formal job in the computer science field was as a 
programming statistician: I was hired in 1979 (thanks to a recommendation from a friend I had known in 
graduate school) to define and parse the statistical syntax for INPROSYS, the compiler for a new fourth-
generation language and relational-database system, and to write code generator for that syntax.  

All through my career since then, I have served as a statistical consultant to colleagues and especially for my 
wife, Dr Deborah N. Black, MDCM, FRCP(C), FANPA, who has graciously named me as coauthor for many 
of her papers. At the National Computer Security Association, where I served as Director of Education 
between 1991 and 1999, I was also responsible for ensuring the survey design and statistical rigor of several of 
our annual virus-prevalence surveys. 

At Norwich University, I was delighted to substitute-teach the QM370 Quantitative Methods for Marketing &  
Finance course in Spring 2002 for a professor on sabbatical and then to be offered the chance to teach QM213 
Business and Economic Statistics I in Spring 2010. With the support of the Directors of the School of Business and 
Management, I hope to continue teaching QM213 until I retire on June 30, 2020! 

Students: knowing statistics in addition to your main focus of study well REALLY HELPS YOU in your 
career! Take this course seriously! 
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Why a ȰLaÙÅÒÅÄȱ Introduction? 
In my experience of teaching statistics, I have found that textbooks are often designed as if they were 
reference books. They dive into depth on every topic in turn, bewildering, exhausting, and dispiriting students, 
who get lost in detail without grasping why the material should matter to them in their academic or 
professional work. 

Teaching style should avoid overload and should motivate interest, giving students the opportunity to form a 
network of firm associations among concepts and new vocabulary before plunging into sophisticated detail. 

Nothing except conservatism and tradition ð or, in the words of Monty Pythonõs Architect Skit, òblinkered, 
Philistine pig-ignoranceó2 stops us from introducing interesting and valuable concepts and techniques and 
then returning for deeper analysis and knowledge once students have begun building their own conceptual and 
experiential framework.  

In addition, forward references to subjects that will be explored later in the course are valuable to students as a basis for 
forming increasingly complex neural networks that facilitate absorption of details later in their studies. For example, getting 
students used to the names and applications of analysis of variance, regression, non-parametric statistics, and other topics 
helps them when they plunge into the details, computations and interpretations of these methods. Instead of having to 
assimilate everything at once ð the existence of the method, its name, its application, its computation, and its interpretation 
ð the students have an Aha! experience as they reach the section about something theyõve heard about several times 
before. 

This text, when it is completed will provide several layers or sweeps: 

¶ Layer I: Getting Started ð One-semester Introductory Course ð this  version of the text 

 Introduces practical, easy concepts and techniques using  Excel for 

o Summarizing numerical information understandably and professionally in tables and 
graphs 

o Distinguishing between samples and populations 

o Estimating population parameters based on sample statistics and appropriate statistical 
probability distributions 

o Framing null and alternative hypotheses for statistical testing 

o Calculating and using probability of the null hypothesis as a basis for statistical decisions 

o Evaluating the strength of possible relationships among variables using 

Á Goodness-of-fit tests and tests of independence using chi-square 

Á Simple analysis of variance (ANOVA) 

Á Correlation 

Á Linear regression 

I plan to expand the book over the next several years to support the next course in Quantitative Methods, 
QM370. Future components under consideration for the upper-year textbook include: 

¶ Layer II: Refining Your Skills ð Part 1 of Second-Level Course 

Goes back to the beginning and uses case studies from the published literature to help students take more control over 

o Measuring and counting: data acquisition using metrics and surveys 

o Showing and summarizing: more complex  graphics 

o Assumptions of parametric statistics: randomness, independence, homoscedasticity, 
normality, additivity (no interaction) 

o Data transformations: log, square root, arcsine  

                                                      

2 <  http://www.youtube.com/watch?v=e2PyeXRwhCE > 
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o Non-parametric methods 

o Inference: distinguishing between association & causality in published reports 

¶ Layer III: Additional Elegance ð Part 2 of Second-Level Course 

More sophisticated methods and more advanced topics using advanced tools such as MiniTab or SPSS: 

o Populations, samples, confounded variables and a posteriori testing 

o Specialized probability distributions including binomial, hypergeometric, and Poisson and 
their applications in statistical methods 

o Log-likelihood (G) ratio for independence in multidimensional contingency tables 

o Nested ANOVA 

o Two-factor ANOVA and introduction to interaction terms 

o Multi-way ANOVA and analyzing interactions 

o Multi-way G-tests for nested and multidimensional contingency tables 

o Multiple linear regression 

o Curvilinear regression 

o Factor analysis 

¶ Layer IV: Introduction to Experimental and Survey design ð Part 3 of Second-Level Course 

o Introduction to exploratory data analysis 

Á Moving averages for time series 

Á Partial correlation coefficients in examinations and surveys 

Á Multiple comparisons in ANOVA 

Á Simple meta-analysis using published p-values and the log-likelihood function 

o Exploratory data analysis including Monte Carlo simulation 

o Estimating appropriate sample sizes 

o Control groups and double-blind studies 

o Qualitative Data 

Á Surveys 

Á Focus Groups 

Á Computer-Aided ConsensusÊ 

Á Interviews 

o Analytical methods for qualitative data 

Á Computer-Aided Thematic AnalysisÊ 

 

Students in Norwich Universityõs QM213 Business & Economic Statistics are using only part 1. Any student 
preferring to use a paper copy instead of or in addition to the electronic version is welcome to ask for one 
and Iõll print it at no cost to them thanks to the kindness of the University administration.  

Organization of the Text  
Early versions of the text used complex multilevel labels such as 1.2.1.3.1.4. Several students complained with 
justification that it was hard to keep track of so many levels and that the relationship between the text and the 
course assignments was often unclear. In response, I have reorganized the text into main sections 
corresponding to the weeks available in the semester at Norwich University ð 14 weeks in all (the last, 
truncated week is used for review and exam preparation). Rather than try to show logical relationships by 
nesting labels, I have simply numbered all the sections within a logical block of work using the second-level 
labels (1.1., 1.2., 1.3é.). 
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Instant  Tests 
Following up on a suggestion from QM213 student Dejan Dejan, who took the course in Fall 2010, I have 
inserted boxes with a few review questions throughout the early part of the text. Most of the questions are 
conceptual; some suggest little real-world research tasks for posting in the NUoodle classroom discussions; some 
have computational exercises. There are no answers posted in the book, requiring students to compare notes with 
each other ð a Good Thing. If  students are stumped they should review the text, discuss the questions with 
fellow-students, and ask the professor for help. And students should note that suggestions for improvement 
are always welcome! 

The Impor tance of Homework  
Reading about methods is too abstract to grip students emotionally or to solidify the engrams (memory traces) 
that underlie learning. Practical application of these techniques using interesting cases stimulates the 
imagination and builds neural patterns that make it easier to learn new statistical concepts and techniques.  

Combining practice with repeated exposure to concepts through a layered approach to teaching helps students 
convert short-term memory into long-term knowledge. In my statistics courses over more than 30 years of 
experience, I have always assigned half or more of the final grade to homework. 

Remember: reading about statistics must surely be the most passionately interesting and absorbing activity in 

your life right now J but the only way to be good at statistics ð and to pass this course ð is to do the homework. 

A practical problem arose: with 70 students in a statistics course and each one doing half-a-dozen problems 
per week, how can one professor grade the homework?  

¶ Trying to grade all the results myself proved impossible ð it took longer than a week to grade a single 
weekõs work.  

¶ In the next statistics class, I tried having the students grade their own homework in class ð and ended 
up spending one day out of three just doing the grading!  

¶ In the next course sessions, I tried having the students do the homework and then answer questions 
about the specific values in particular aspects of their work. However, another problem developed in 
the Fall 2011 and Spring 2012 sessions of QM213, when I succumbed to an excess of sympathy for 
the piteous pleas of the students and allowed them to try randomized quizzes and homework 
assignments up to three times, taking the best of the results for each student. Unfortunately, some 
students were gaming the system by recording the correct answers supplied by the NUoodle system 
and using the lists of correct inputs to improve their scores without actually studying or doing 
homework at all. Students can thank those who chose to cheat instead of to study for the reduction 
of homework and quiz assignments to a single try. 

¶ In addition, thanks to a student in one class who claimed to have completed all the homework 
despite evidence from the NUoodle log files that he never even logged into the NUoodle group 
between mid-February and early May, I am requiring that a selection of homework files be uploaded 
upon completion to provide an augmented audit trail. 

Finally, several students and I quickly realized that in this course, falling behind can have disastrous 
consequences: what should be an easy extension of concepts and techniques mastered earlier becomes a 
morass of increasingly incomprehensible gibberish. 

The solution starting in QM213 for the Fall of 2012 is to assign the readings and homework at the start of 
each week using the NUoodle online learning system to test each student on the material by the end of every 
week. Tests and homework assignments are due no later than the end of the Sunday of the week where they are 
assigned. In 2013, I began providing pre-tests with a few simple questions to be taken before Monday morning as an 
additional encouragement for students to at least scan their assigned readings before coming to class. 

To help students who are having trouble grasping the concepts or mastering the techniques, I am providing 
compensatory (replacement) homework and exams that allow students to improve their scores by replacing 
the earlier bad scores by the later better (we hope) scores to demonstrate improvements. These replacement 
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homework assignments and replacement quizzes are opened a few weeks after the initial assignments so 
students having a hard time can ask for help. 

As always in my courses, I support the work of the Academic Achievement Center (AAC) at our University 
and provide òaó versions of all quizzes and grading with twice the usual time allowance. One learning-
disabled student actually came 1st in his class. I donõt care whether you learn fast or slow: I just want to 
support your learning, no matter what! 

Finally, throughout this book and the corresponding course, I introduce topics only because they make a 
difference in practical applications of statistics. As I always say, REALITY TRUMPS THEORY. There 
is no content presented òbecause itõs good for youó or òbecause I had to study this decades ago and therefore 
Iõm going to force you to learn it too even though it makes no difference to anyone today.ó You will note that 
I do not ask you to memorize algebraic formulas; when formulas are presented they are for explanatory 
purposes. This is not a math course, and you will never be asked to memorize derivations of formulas. And 
you absolutely will not look up statistical critical values in outdated tables: almost all the statistical functions 
needed for a basic level of applied statistics are available in statistical packages and in EXCEL 2007, 2010, 
2013 and 2016 in particular. Mac users must install their own version of the statistical analysis pack or simply 
use the Windows version of EXCEL available on any University computer. 

Color vs Black-and-White 
This textbook is designed for people who can see color, but should also be accessible to color-blind readers to 
whom the colors will appear as different shades of gray. The full-color version is available as a PDF on the 
course Website. When the textbook passes beyond the v0.x stage and is ready for a first formal printing, it will 
be available as book printed in color. Later editions will be supplied with sound recordings of the text to 
help visually impaired students and for general application in review (e.g., listening to chapters while 
travelling ð or as a perfect way of being put to sleep). 

Etymologies  
Throughout the text, you will occasionally encounter footnotes that explain the origins (etymology) of 
technical terms. You are not expected to memorize any of these! Theyõre added simply as a tool to 
encourage students to learn and remember Greek and Latin roots that are often used in technical 
terminology. With experience, you may be able to at least guess at the meaning of phrases like òstygian 
obscurityó and òSisyphean futility.ó 

Question Authority  
If you donõt understand something, ASK! In all the years that I have been teaching (since 1963, when I 
tutored seniors in my high school who were failing their matriculation examinations), I have never criticized, 
sneered at, embarrassed or humiliated a student for wanting to understand something! And thereõs an 
excellent chance that someone else in class has exactly the same question but hasnõt asked it yet. Think of all 
the time you can save for yourself and others simply by being unembarrassed and frank. 

If you doubt my assertion, please speak with students who have completed other courses with me; I am 
confident that they will confirm that I am not a ****ing *%*#%$ who abuses students! 

In class, I often ask the class for snap judgements and often precede them with the comment that I donõt care 
if you are right or wrong ð Iõm just trying to keep your brains active. If youõre right, great! If youõre not, 
youõre learning without pain. 

Donõt ever hesitate to ask a question in class, after class, by visiting me in my office, by Skype or by phone. I 
work for you and get enormous pleasure from helping people get it. If a professor (me too) ever says 
something you donõt understand, be sure to clarify the issue at an appropriate time. Donõt give up, ever. 

In addition, students will quickly discover that I respond positively to constructive suggestions for improving 
the textbook, the exercises, the structure of the teaching system, homework, exams and examples. I keep a 
record of corrections and suggestions for improvement in the CONTINUOUS PROCESS 
IMPROVEMENT discussion group in NUoodle and grant extra points for such contributions. Finding and 
fixing errors are not embarrassing: I wholeheartedly support continuous process improvement and regard 
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huffy resistance to corrections or positive suggestions for improvement as an indication of mental rigidity, 
outright stupidity, or neurotic insecurity.  

Exceptionally good contributions may even get you mentioned in the acknowledgements, as you can see for 
yourself. 

tu 
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1 Introduction  

1.1 About Applied  Statist ics 
Our world and our lives are filled with counting and measuring. Applied statistics help us decide how best to 
count and measure, how to represent numerical information ð especially information about groups ð 
effectively and without misleading ourselves and others, and how to explore our ideas about relationships 
among factors that affect quantitative data. Statistics allow us to summarize large data sets in ways that let us 
make sense of what would otherwise be a morass of detail. They let us test our ideas to see if possible 
explanations are rooted in reality or whether they are impression created by the winds of chance. Statistics is 
often described as the art of decision under uncertainty. 

Here are some of the many ways that statistics play a role in our studies, our work, and our daily lives. 

¶ Business 

o A manager maintaining inventory needs to know how many products are being sold at 
which time of year so she can place orders before she runs out of materials. 

o Whatõs the range of estimated sales next year that has a 95% chance of being correct? 

o Whatõs the reliability or predictability of sales for our 14 sales professionals? Are they 
similar or are there differences in reliability that go beyond just random fluctuations? 

o Supervisors have to monitor the quality of their production lines and service levels to spot 
problem areas, inefficient processes, and people who need to improve their knowledge, 
skills, and performance. 

o Sales managers need to know which customers  

Á Buy the most? 

Á And which complain the most? 

Á Are increasing their purchase levels the fastest? 

Á Which salesperson has reduced productivity the most in the last quarter? 

Á Is the reduction in sales by this salesperson due to chance alone or could there be 
something else going on? 

o Marketing managers ask about the millions of dollars spent on several advertising 

campaigns; are any of them obviously better than the others? 

Á Obviously worse? 

Á Are the differences just temporary fluctuations or are they something we should 
take seriously? 

o A health-club manager asks if a particular memberõs absence is just part of her normal 
routine or whether they should phone her to see if she would like to suspend her 
membership payments temporarily as part of the customer service efforts? 

¶ Finance 

o Which of several brokerages has a reliable record of higher-than-average return on 
investment? 

o Is the share price for this firm rising predictably enough for a day-trader to invest in it? 

o What has our return on investment been for these two brands of computer equipment over 

o the last four years? 

o Should we pay the new premium being proposed by our insurance company for liability 
insurance? 

o What is the premium that our actuaries are calculating for a fire-insurance policy on this 
type of building? 
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o Should we invest in bonds or in stock this year? What are the average rates of return? How 
predictable are these numbers? 

o Which country has the greatest chance of maximizing our profit on investment over the 

next decade? Which industry? Which company? 

¶ Management 

o One of our division managers claims that his below-average profit figures are just the luck 
of the draw; how often would he get such a big drop in profit by chance alone if we look 
at our historical records? 

o Another manager claims that her above-average productivity is associated with the weekly 
walkabout that is part of her management-by-walking-around philosophy; can we test that 
idea to see if there is any rational basis for believing her analysis? 

o The Chief Financial Off icer is getting suspicious of these transactions in our audit trail; can 
we check to see if the digits conform to random expectation for their frequencies or 
whether they are fabricated and have non-standard frequencies? 

o The Human Resources Department wants to create a questionnaire that will help them 
determine where to put their emphasis and resources in internal training next year. How 
should we design the questionnaire to ensure the most neutral and least ambiguous 
formulation of the questions? How can we tell if people are answering seriously or if they 
are just filling in answers at random? 

¶ Information technology 

o Which of these motherboards has the lowest rate of failure according to industry studies? 

o How long should we expect these LCD monitors to last before failure? 

o How is our disk free space doing? When do we expect to have to buy new disk drives? 
With what degree of confidence are you predicting these dates? 

o Which department is increasing their disk-space usage unusually fast? Is that part of the 
normal variations or is something new going on? 

o Which of our department has been increasing their use of printer paper the most over the 
last quarter? Is their rate of increase just part of the normal growth rate for the whole 
organization or is there anything unusual that we should investigate? 

o We have been testing three different antispam products over the last six months; is any 
one of them obviously better than the others? 

o Which of our programming teams has the lowest rate of coding errors per thousand lines 
of production code? Is the difference between their error rate and those of the other team 
significant enough to warrant a lecture from them, or is it just one of those random 
things? 

o Which programmerõs code has caused the highest number of helpdesk calls in the past 
year? Is that bad luck or bad programming? 

o Can you identify the callers responsible for 80% of our helpdesk calls? Is there anything in 
common among them that would help us identify areas for improvement through 
increased training? 

o This studentõs term paper doesnõt seem to have been written by him based on his 
previously submitted incoherent and ; can we compare the frequencies of specific words in 
his previous work to the frequencies in this submission to see if an investigation for 
plagiarism is warranted? 

o Can we distinguish between the characteristics of normal software and those of malware 
based on what they do, how often, and how fast? 

¶ Engineering & Production Management 
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o Are these products in compliance with the regulatory requirements for our industry? How 
can we distinguish systemic problems from chance variations? 

o Which of these four suppliersõ materials have the least variability in their products? 

o Which of these five design choices is associated with the lowest failure rate for the bridges 
we are building? 

o How do the following 12 options in chemical composition of a bonding material rate in 
terms of tensile strength? Are any of them outstandingly good or outstandingly bad? 

o Our chemical production lines are showing different results in the closeness of the 
products to the stated concentrations on our labels; are any of these results indicating a 
significant problem or are they all just random fluctuations of no significance? 

o We need to rate the rate of wear on our products according to five different factors; are 
any of these factors affecting each other or are they all working independently? 

o We want to create a scoring system that will give us a clear indication of whether this 
product is going to be acceptable to regulatory authorities or not. How do we create such a 
metric that will be trustworthy? 

¶ Life in general 

o This politician claims that our taxes have been rising over the last couple of years; is that 
true? 

o Is using this brand of tooth paste associated with decreased chances of getting tooth decay 
compared with that brand? 

o Is it true that focusing oneõs mind on an imaginary blue sphere for 10 minutes a day is 
associated with raising oneõs IQ to 180 within a couple of weeks? 

o Does wearing a large rubber band around oneõs abdomen really seem to be associated with 
weight loss of 30 to 80 pounds in a month? 

o Is taking vitamins A, B, C, D, E, and K every day associated with reductions in the risk of 
blindness, cancer, cataracts, joint degeneration, liver disease, and laziness? 

o Does listening to two different sounds at the same time really relate to changes in 
brainwaves that make us feel calmer and be smarter? 

o These people argue that illegal immigrants are associated with lower-than-average crime 
rates ð is that a real phenomenon or just the luck of the draw? 

  



Statistics in Business, Finance, Management & Information Technology 

Copyright © 2016 M. E. Kabay. All rights reserved.           < statistics_text_v0-11-1.docx > Page 1-4 

1.2 Computations in Applied Stati sti cs 
The first question before turning to the specific software package is why students should be using computer 
programs for their first course in statistics instead of working through the problems using equations and 
calculators. From my perspective as someone who actually did that in the 1960s, we might as well ask why the 
students shouldnõt be moving little stones around (calculi) to do their calculations and then chiseling their 
results on stone tablets. I find no pedagogic benefit whatsoever in forcing students to waste their time in 

manual calculation when there is a wealth of excellent statistical packages available and in use in the real world. 

I emphasize to students in my initial lecture that I am much less interested in any one statistical package than I 
am in the skills I want them to develop in how to learn to use any statistical package. Students should learn to use 
help facilities and documentation included with their program, online tutorials and discussion groups about 
the software, and trial-and-error experimentation as they master any new program. 

1.3 Why EXCEL as Opposed to Other  Statist ical Packages? 
¶ Availability: the program is almost universally available in universities and business; in addition, MS- 

Office software is available at deep discounts for students to install on their own computers. 

¶ Simplicity and familiarity: many (not all) students already have at least a passing knowledge of 
EXCEL and at worst, are familiar with the style of its user interface. In contrast, many statistical 
packages have user interfaces that are radically different in conception and detail from the office 
software with which students are already familiar. 

¶ Itõs easier to learn a new statistical package once one becomes familiar with a simpler one. 

1.4 Learn ing EXCEL 
Throughout this text, EXCEL functions are used and sometimes illustrated for the statistical methods under 
discussion. The only way to learn how to use this tool is to use the tool. 

Some key resources for learners: 

¶ The widespread use of EXCEL has led to a wealth of free tutorials online.4  

¶ Conrad Carlbergõs Statistical Analysis: Microsoft Excel 2010 provides a superb reference guide in paper 

and electronic versions for modest prices.5 A sample chapter is available online.6 

¶ Students have access to their own computers and inexpensive student licenses for EXCEL.7 

¶ All the computer lab computers provide access to EXCEL. 

¶ Help is available within the program by clicking on the Help         symbol or by pressing function 

key 1 (F1) on the keyboard. 

¶ Using the File | Help menu (Figure 1-1) brings you to a menu of documentation and online demos 
and tutorials that demonstrate the fundamentals of using the graphical user interface. 

                                                      

4 Type excel tutorial into the search field of GOOGLE for a wealth of options. To the degree possible, use the tutorials available from educational 
institutions (.edu) to avoid getting tangled up in commercial sites that could spam you later. Inexpensive self-contained training courses on CD-ROM 
for more advanced functions include the òExcel Advanced Interactive Tutorialó for PCs, which is available for download at $14.97 from  
< http://ww w.deluxetraining.com/EXCEL -Tutorial.html  >. [Note: the author has no relationship whatever with these providers.] 
5 (Carlberg 2011) 
6 See < http://www.quepublishing.com/articles/article.aspx?p=1717265&seqNum=3 >. 
7 Norwich University has registered with journeyEd.com for low student prices: go to  
< http://www.journeyed.com/students >. 

Figure 1-1. File | Help menu in Excel 2010. 

http://www.quepublishing.com/articles/article.aspx?p=1717265&seqNum=3
http://www.journeyed.com/students
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¶ The blue Help symbol brings up a complete reference manual with search capability. Typing òget 

started with excel pointsó links to several useful tutorials.  

¶ In the QM213 course, EXCEL is integrated into all the homework assignments: 

¶ All the homework assignments are provided in EXCEL workbooks corresponding to the chapters. 

¶ Each EXCEL workbook has several worksheets with different problems or types of problems. 

¶ Instructions for using EXCEL in solving statistical problems are included in this textbook; some are 
presented in class as demonstrations or, once students gain more experience, are available on demand 
from the instructor. 

In the QM213 course, EXCEL is integrated into all the homework assignments: 

¶ All the homework assignments are provided in EXCEL workbooks corresponding to the chapters. 

¶ Each EXCEL workbook has several worksheets with different problems or types of problems. 

¶ Instructions for using EXCEL in solving statistical problems are included in this textbook; some are 
presented in class as demonstrations or, once students gain more experience, are available on demand 
from the instructor. 
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¶ An extraordinary collection of instructional videos about EXCEL running under Windows is 
available free online at < http://www.youtube.com/ExcelIsFun > as shown in the screenshot in 
Figure 1-2. These videos are like having a personal tutor for every aspect of EXCEL under Windows. 

¶ The subseries of particular interest for students in QM213 are 

¶ Excel Basics Series 2007 (1 to 23) & 2010 (20-40) 

¶ Highline Excel Class Beg ð Adv (Complete Class ð 59 videos) 

¶ Excel 2010 Statistics Formulas Functions Charts PivotTables (91 videos). 

Many associated spreadsheets for these lectures are available for free download  
< https://people.highline.edu/mgirvin/ExcelIsFun.htm >.  

For students who use Macintosh computers, Microsoft.com has several hundred instructional materials 
online; use Excel for Mac  as the search string or go directly to < http://tinyurl.com/9dvy2ur >.8 

¶ Students are encouraged to contribute additional or specific EXCEL training resources (articles, 
books, video) using the NUoodle classroom discussions. 

1.5 Long-Term Goals: A Personal Perspective  
I despise rote memory work. I tell students not to memorize; it doesnõt do them any good in the long run. 
Cramming meaningless detail into oneõs brain simply causes most of the material to ooze out the cracks (what 

                                                      

8 TinyURL.com converted a 107-character URL into a link with 7 characters after the standard http://tinyurl.com/ strong. 

Figure 1-2. Excel Is Fun YouTube Channel < http://www.youtube.com/ExcelIsFun  >. 

http://www.youtube.com/ExcelIsFun
https://people.highline.edu/mgirvin/ExcelIsFun.htm
http://tinyurl.com/9dvy2ur
http://www.youtube.com/ExcelIsFun


Statistics in Business, Finance, Management & Information Technology 

Copyright © 2016 M. E. Kabay. All rights reserved.           < statistics_text_v0-11-1.docx > Page 1-7 

a distasteful image). Much more important than merely passing a quiz this week and forgetting its contents 
next week are the following fundamental abilities, which can last a lifetime: 

¶ Long-term learning: Integrating new knowledge into a solid network of associations with practical 
examples, easily-accessed principles for application, and experience with many exercises that convert 
new information into permanent knowledge. 

¶ Critical thinking: Students should be able to look at poorly conceived statistical reports with a jaundiced 
eye; they should be able to ask serious questions about the methodology used in gathering data and 
the methods of analyzing and representing them. 

¶ Ability to learn at will: This introduction to statistical thinking should help students learn any statistical 
methods they need in the future. 

¶ Applications to current and future studies: Students should be well prepared for more advanced courses in 
applied statistics and for courses using statistics in their areas of study. Iõve already received many 
reports from students and from my fellow statistics professors that students who do well in QM213 
are doing well in the more advanced statistics course and in finance and marketing courses as well. 

¶ Integration into core thinking in life and work: The rational approach to thinking about quantitative data 
should help students resist propaganda and flimflam. 

Finally, I want students who invest the time and effort to master the skills presented in this text to enjoy their 
classes in applied statistics. Seeing students smiling during and after a statistics lecture is a wonderful 
experience for a teacher, considering the scowls usually associated with any statistics course. 
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1.6 Using NUoodle 
QM213 uses the electronic teaching platform NUoodle, the Norwich University implementation of Noodle. 
The URL for this site is < http://nuoodle.norwich.edu >. Tutorials on using NUoodle are available online 
once you have logged on to the system. 

The NUoodle classroom for QM213 includes 

¶ Links to resources such as course description, syllabus, and this textbook 

¶ Sections corresponding to the weekly assignments 

¶ All homework assignments as XLSX files 

¶ Discussion groups 

¶ All quizzes and examinations. 

  

INSTANT TEST Page 1- 8 

(1) Explore several of the Excel resources listed above and report on what you find by 

posting comments about which ones you liked (and why) and which ones you disliked (and 

why). 

(2) Explain to yourself or to a buddy why you should integrate the subject matter of 

your course instead of simply focusing on maximizing your grade (even if you forget 

everything soon after the course ends).  

(3) Talk to students who have completed QM213 and ask them about their impressions 

of  the course.  

(3) Open your QM213 classroom and explore. Donõt be afraid to click on links. 

http://nuoodle.norwich.edu/
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1.7 SQ3R 
I recommend to students that they use the SQ3R methodology throughout their work to increase the 
effectiveness of their studies. The acronym stands for òSurvey, Question, Read, Recite, Reviewó and describes 
a systematic approach to making full use of their time when reading any technical material. There are many 
descriptions of this method on the Web; they can find hundreds by entering òSQ3Ró into any search engine; 
most university learning centers will also be able to provide resources to learn about and apply SQ3R. A brief 
summary of the method follows and is written as instructions to the student: 

1. Survey 

Survey the document: scan the contents, introduction, chapter introductions and chapter summaries 
to pick up a general impression of the text. Leaf through the entire text quickly (this may take you an 
hour) and let your eyes glance over each page. Allow yourself to look at pictures or diagrams and to 
read any figure captions or highlighted words. Let yourself become curious. Make notes on any 
questions that occur to you (see below in the Question section). This is not reading in any detail: you 
are just starting to build a framework of associations that will help you assimilate the information you 
will study. 

2. Question 

Throughout your survey and as you read the material, write down questions that come to mind. Not 
only are you maintaining an active stance in your studies as you do this, but you are building a 
stockpile of test questions that will help you check your own comprehension later. 

3. Read 

The trick here is to read one paragraph at a time. The paragraph is the logical unit of thought (if the 
writer has any sense); you can best master the information by reading one paragraph and then 
immediately moving to the Recite phase.9 

4. Recite 

No, this is not memorization. You look up from the paragraph you have just read and ask yourself, 
òWhat have I read?ó Just summarize the main point(s) in your own words. The Read-Recite cycle 
turns passive recognition of knowledge (òOh yeah, I read tható) into active knowledge (òThis is what 
it meansó). You need active knowledge to be successful in any course. 

5. Review 

Consolidate your new knowledge. Review the main points youõve learned after every study session. 
Check your own or the teacherõs review questions to test and solidify your knowledge. Go back to 
your study materials and fill in the holes if necessary. Then later, at the end of the day and the end of 
the week, repeat your review to help solidify your memory and to continue the process of making the 
knowledge your own.10 

  

                                                      

9 (Adler and Van Doren 1972) 
10 For additional guides to techniques that may help students, visit <  http://www.mekabay.com/methodology/index.htm > and download 
òComputer-Aided ConsensusÊó, òFrequently Corrected Errorsó, òOn Writingó,ó Organizing and Safeguarding information on Diskó, òSQ3Ró (the 
source for the material above), òTips for Using MS-WORD 2007ó, òTracking Changes in MS-Word 2003ó, and òUnderstanding Computer Crime 
Studies and Statistics.ó 

INSTANT TEST P 1 -9 

Close this page and explain to yourself or a buddy every step of the SQ3R method and 

why it is helpful.  

http://www.mekabay.com/methodology/index.htm
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1.8 Counting and Measuring  
Evidence from biological research suggests that bees, primates, and dogs can count; evidence from 
anthropology and archeology suggests that human beings have been counting for at least hundreds of 
thousands of years. Early counting probably involved using markers such as stones (the Latin for little stone 
is calculus, hence our verb calculate) to keep track of how many objects or groups of objects had been noted. 
Children in numerate cultures learn to count properly between the ages of three and five years. Although 
some cultures reportedly limit the complexity of their enumeration to roughly òone, two, many,ó modern 
society has extended its range of counting into unimaginable reaches such as the googol (10100) and the 
googolplex (10googol)11 (but not the Googleplex12, which is something else altogether). To put these numbers 
in perspective, there are roughly 1080 subatomic particles in the entire known space-time continuum 
(excluding any parallel universes or the amount of money being earned by Google). 

Measurement consists of counting the number of units or parts of units displayed by objects and phenomena. The 
development of science has been reflected to a large extent in the availability of an ever-widening array of 
units of measurement; for example, we can measure the usual attributes such as size, mass, and force but also 
hidden aspects of reality such as up/down, charm/strange and top/bottom aspects of quarks. Sometimes we 
invent measures that turn out to be dangerous: the use of derivatives in the real-estate stock market is usually 
thought to have been at the root of the financial collapse of the late 2000s.13 

Some scales are attempts to quantify reality by assigning numerical values to subtle aspects of the world; the 
classic example of quantifying the hard to quantify is the Likert Scale, invented by Rensis Likert (1903-1981), 
a psychologist who assigned numerical values to assertions about human attitudes. All of us are now familiar 
with questions that have answers in the form  

1 ð strongly agree;  

2 ð agree,  

3 ð neutral;  

4 ð disagree;  

5 ð strongly disagree.  

The statistical methods used to obtain, summarize and analyze such data are widely used.14 However, simply 
adding up scores in the expectation that the totals will be meaningful is an error that has demolished many 
student (and even professional) research projects. You can add some data but you canõt add others, and Likert 
scale results cannot usefully be added up and averaged. 

Categorizing (classifying) aspects of our world consists of labeling what we encounter with descriptions that 
define classes; for example, we can classify students by  

¶ Their expected year of graduation (class of 2018, class of 2019é) or by 

¶ The majors in which they are enrolled (computer security & information assurance, construction 
management, business management, é), or by 

¶ The level of their degree (undergraduate, graduate) or by  

¶ Their enrolment status (Corps of Cadets, civilians). 

The details of how we think about and use information are fundamentally important in statistics. The 
concepts discussed in the next sections affect how we choose to record, represent and analyze the results of 
our investigations. 

  

                                                      

11 (Wolfram Mathworld 2012) 
12 Googleõs corporate HQ at 600 Amphitheatre Parkway. Mountain View, CA 94043, USA 
13 (Washington's Blog 2008) 
14 (Trochim 2006) 
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1.9 Variables  
The results of counting, measuring and classifying are data. Data, the plural of the Latin word datum, meaning 
an item of information, are the raw material of statistical analysis.15 Throughout this course, you will have to 
recognize and distinguish between two types of data, corresponding to what you count and what you 
measure: categorical or qualitative data versus quantitative data. 

¶ Examples of qualitative data 

o Color (e.g., red, orange, yellow, etc.) 

o Tone (e.g., middle-C, b-flat below middle-C) 

o Timbre (e.g., oboe-sound, flute-sound, drum-sound) 

o Shape (e.g., round, square, tetrahedral, etc.) 

o Preference for a particular movie (e.g., like, neutral, dislike, etc.) 

o Type (e.g., wool, cotton, plastic; or complaint vs praise, addiction vs habit; etc.) 

o Origin (e.g., endogenous vs exogenous; local vs foreign) 

¶ Examples of quantitative data 

o Primary wavelength of light reflected by an object (e.g., 650 nm for a òredó object) Primary 
frequency of light reflected by an object (e.g., 640 THz for a òblueó object)  

o Waveform of a trumpet sound expressed as Fourier transforms of a sonogram 

o Length of sides of a triangle 

o Number of people expressing a particular preference for a movie 

o Numerical representation (e.g., a Likert scale) of a feeling (e.g., 0 = no pain, 1 = barely 
noticeable pain, 2 = slightly annoying pain, é 10 = òAngel of Death please take me now.ó) 

  

                                                      

15 Although technically, one should write, òData areé.ó, almost everyone today writes, òData isé.ó Students may use either form without fear. Donõt 
be surprised to hear the professor say òédata areé.ó 

INSTANT TEST Page  1- 11 

Which of the following is  a qualitative variable and which is a quantitative  variable?  

(1) Saying that a chocolate bar òtastes goodó or òtastes bad.ó 

(2) Weighing a chocolate bar in grams.  

(3) Evaluating the grams of fat per gram of chocolate bar. 

(4) Counting the number of students who say that a chocolate bar tastes good and the number of 
students who say that a chocolate bar tastes bad. 

(5) Describing a fellow student as òattractiveó and another one as ònot attractive.ó 

(6) Classifying a professor as òso boring I have to text my friends 38 times per period to stay awakeó or 
as òinteresting enough to stop me from texting in class.ó 
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1.10 Tables 
Figure 1-3 is a simple table (a matrix with labels for the rows down the side and those for the columns across the 
top) showing some (invented) qualitative and quantitative data. Such a collection of information is often the 
result of a study (sometimes called a case study or, if a change was imposed on the situation, a trial). 

In Figure 1-3 the focus of the study is on different characteristics of the five divisions in the company. Division 
can be called the identifier and the information about the different divisions can be called observations.  

The different observations about each of the specific cases of the identifier are called variables; in this case, we 
have a total of six variables because the identifier is itself a variable. All the variables are listed in columns in 
this table. Two of the variables are qualitative (sometimes described as categorical because values are categories) 
and four of the variables are quantitative. Quantitative variables may be measured, counted, or ranked. 

Qualitative variables in our study: 

1. The use of MBWA (management by walking around) ð qualitative 

2. The name or location of the division ð qualitative. 

Quantitative variables: 

3. Total employees in plant ð quantitative (counted) 

4. Team rank in the company soccer competitions ð quantitative (rank order) 

5. Average monthly profit per employee in US dollars ð quantitative (measured) 

6. The percentage of HelpDesk calls traced to a lack of training ð quantitative (measured) 

  

INSTANT TEST Page 1- 12 

Suppose you were looking into the use of alcohol by students in different residence 

halls of your university. If you recorded òYESó and òNOó as the only data for alcohol 

use, would alcohol use be a quantitative  variab le or a qualitative  variable? What if you 

recorded the number of ounces  of alcohol consumed per week? What would that be?  

Figure 1-3. Observations from research study on Urgonian Corporation divisions. 
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Figure 1-4. Divisions across the top header. 

1.11 Choosing a Table Layout  
Is there any significance to whether the identifier is placed down the left-hand column or across the top row? 

Nothing stops us from representing the same data weõve been discussing in a table where the divisions are 
arranged as the heads of columns instead of the labels for rows. In Figure 1-4 each observation corresponds 
to one column instead of one row ð the specific values of the five variables for each division are written out 
across the top row as the heads of the columns. 

Orientation of the table is a subtle issue; there is nothing wrong with either format ð they are both acceptable in 
practice. However, the decision about which way to arrange data may depend on our needs. Sometimes if the 
names of many variables are longer than the names of the elements, we may want to give them more room by 
putting them in a single wider column (that is, listing them vertically down the left side of the table) instead of 
using up valuable space on a page with many wide columns.  

However, the most important issue in practice is clarity: in general readers tend to look across each row from 
left to right and then go on to the next row. Thus some readers seeing Figure 1-3 may consciously or 
unconsciously expect the focus of the discussion to be on the each of the geographic locations (Akron OH 
first, then Bayreuth and so on) with details (MBWA Used, Total Employeesé) discussed for each plant.  

In contrast, the first impression created by Figure 1-4 may be that the discussion is going to be about the 
pattern of observations of the different variables for each location in turn: the state of MBWA Used for Akron, 
then in Bayreuth, and so on; that discussion would then be followed by the examination of the Total Employees 
in Plant for Akron, for Bayreuth and so on. 

Nonetheless, either form is acceptable in practice. These issues are relatively subtle aspects of professional 
presentation and even experienced writers and presenters may differ in their opinions on the subject. 

  
INSTANT TEST P 1- 13 

Show several fel low students who have not taken statistics courses how they look at 

Figure 1-3 and Figure 1-4. Which way do they read the data (ask them to talk out loud 

as they look at the tables). Report on your findings in the QM213 discussion group for 

this week.  
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1.12 Transposing Rows and Columns  
In EXCEL and other statistical packages, an additional consideration beyond simply optimizing appearance is 
whether a particular statistical function or routine requires a particular arrangement of data to function 
properly. Such constraints are always defined in the accompanying Help texts for the function. For example, 
Figure 1-5 shows a statistical routine called Anova (usually printed as ANOVA   in most discussions16) ð it 
stands for ANalysis Of VAriance) that is widely used to find out if groups of observations have similar 
characteristics). 

 

 

In contrast, Figure 1-6 is a kind of ANOVA function in EXCEL that absolutely requires data to be arranged 
with the names (identifiers) of the groups in question across the top of the table and the individual data 
arranged vertically in columns with a specific number of rows for each group. 

  

                                                      

16 Nothing to do with new: nova is a Latin form of its word for new (e.g., nova for a new star, stella nova). 

Figure 1-5. ANOVA function that accepts data in rows or in columns. 

Figure 1-6. ANOVA that requires data in columns. 
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If you decide to switch the orientation of a table you can copy it and then paste it into a new position using 
the CTL-ALT-V key combination or the Paste Special function button and checking the Transpose option 
as shown in Figure 1-7. 

To transpose a table, highlight the whole table and 
copy it (CTL-C or Copy) as shown in Figure 1-9 
(note the highlighting and the twinkling outline on 
your own screen if you try this yourself). Then move 
the cursor to the appropriate new position for the 
transposed table and press CTL-ALT-V. The results 
are shown in Figure 1-8. 

If your table has borders, transposing the cells will likely result in a mess, as shown in Figure 1-10. You can 
just erase the borders if that happens by mistake and then put in new ones.  

 

 

 

 

 

 

 

 

To erase borders, highlight the table and click on the pull-down menu to select No Border:  
Then apply appropriate borders as you see fit. 

  

Figure 1-7. CTL-ALT -V / Paste Special dialog. 

Figure 1-9. Highlighted table for pasting. 

Figure 1-8. Transposed table. 

Figure 1-10. Transposed table with bad borders. 
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1.13 Types of Variables  
Earlier (§1.9) you read about types of variables. Itõs important to think about the type of variable we are 
working with because different statistical methods apply to different kinds of information. For example, we 
can easily think about the average height of our fellow students, but itõs inappropriate to try to define an 
òaverageó that corresponds to their preference in reading materials. We use other methods such as frequency 
distributions for such data. 

A fundamental distinction is between quantitative and qualitative variables, as first discussed in §1.9.  

1.14 Qualitative / Categorical Data and Nominal Scales 
Figure 1-3 and Figure 1-4 show variables that donõt have measurements at all: they are labels or categories. The 
use of MBWA (YES / NO), for example, is called a nominal or categorical variable and it uses a nominal scale of 
measurement.17 These variables donõt have numerical values assigned to them; there is no way of counting 
them or measuring them. 

Examples of qualitative variables come up constantly in our experience. For example, you may be studying  

¶ The presence or absence of steel reinforcement bars in concrete,  

¶ The type of wing in aircraft (fixed, rotatory),  

¶ The country of origin of immigrants (Afghanistan, Albania, Algeria, Angola é Venezuela, Vietnam, 
Yemen, Zambia, Zimbabwe),  

¶ The manufacturer of cars (Acura, Alfa Romeo, American Motors, Aston Martin é  Toyota, 
Triumph, Vauxhall, Volkswagen, Volvo), and  

¶ The flavor of Bertie Bottõs Every Flavour [candy] Beans (including banana, blueberry, booger, cherry, 
earwax, jelly slugs, licorice, liver, rotten egg, sausage, soap, and vomit).18 

Qualitative variables do not necessarily have meaningful relationships among specific values; thus there is no 
limitation on which order one could list the divisions in our tables. Figure 1-3 and Figure 1-4 happen to list 
the divisions in alphabetical order by city, but no one should assume that the order implies anything else 
about the elements. One could equally well have listed the divisions according to some other arbitrary scheme 
such as alphabetical order by country or simply personal preference. 

1.15 Quantitative Data 
Most of the statistical work we will be doing concerns counting and measuring. These quantitative variables are 
familiar to all of us. What you count or measure are the variables; the results of your counting and measuring 
are the data. Examples include number of offspring, income, expense, mass, weight, height, tensile strength, 
concentration of chemical constituents, rank in a contest, and so on. 

  

                                                      

17 From nomen, the Latin word for name 
18 At the time of writing, these Hogwarts confections are available for purchase and, er, consumption from the Jelly Belly Shop. < 
http://www.jellybelly.com/Shop/ProductDetail.aspx?ProductID=98101 > 

INSTANT TEST P 1- 16 

Look up a statistical report on something you find interesting (science, sports, games, 

weather, politics, networks, security, engineering, construction managementé) and 

analyze what kinds of variables you find in them. Report on your findings in the 

NUoodle discussion group for this week.  

http://www.jellybelly.com/Shop/ProductDetail.aspx?ProductID=98101
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1.16 Discontinuous / Discrete Variables  
Another distinction involves the measurement scale for quantitative data. Consider the number of employees 
per plant: clearly the only values acceptable are whole numbers (integers). We call these data discrete19 or 
enumerated. Many variables are described using discrete data; any time the underlying phenomenon involves 
distinct units or steps, the data will be discrete. Thus the number of cylinders in a motor, the number of members on a 
sports team, the number of clients supported by a broker, the number of lawsuits launched by the brokerõs clients 
after they find out what the broker did to them ð all of these are discrete variables. 

Certain kinds of statistical methods work effectively with discrete variables; for example, if customers buy 
different kinds of product in different demographic groups or geographic areas, statisticians are likely to 
compute frequency distributions of the number of purchases of each type of product in each subgroup. They 
can then use a test of independence of the frequency data to see if the differences in the samples reflect differences 
in the populations.20  

1.17 Continuous Data 
If something can in principle assume any possible value between two limits, the variable is described as 
continuous. Thus the average monthly profit and the percentage of HelpDesk calls attributed to lack of training are both 
considered continuous variables when there are many observations. 

Students sometimes express surprise that summary statistics such as averages (you know about those ð more 
details later) for discrete data often have fractional values; however, there would be nothing unusual about 
defining the average number of employees per plant in our tables as 4,229.2 even though there is no such thing as 
0.2 of an employee. Such values are simply the result of the definitions and computations which generate 
continuous variables even though the raw data are discrete. 

Some statistical methods apply only to continuous data; for example, the analysis of variance (ANOVA ) 
assumes a continuous measurement scale. If we make the mistake of applying ANOVA to frequencies, the 
arithmetic may work out, but the results will not mean very much because the assumptions of ANOVA will 
not have been met. In such cases, we may be misled into erroneous conclusions about the underlying 
phenomena we are exploring. 

  

                                                      

19 Donõt use the spelling discreet for this concept ð discreet means tactful, good at keeping secrets, unobtrusive, or modest. 
20 We discuss samples and populations in great detail later in the text. A population is all possible members of a group. Thus if we are studying 
characteristics of current full-time students at Norwich University, then the population is all of those students. A sample is part of a population or a 
specimen for analysis. Following the idea of defining all the current full-time students at Norwich University as the population of interest, a group of 
students in the QM213 course might be considered a sample. A random sample is a sample in which every member of the population has an equal 
chance of being selected for the sample ð thus the QM213 students cannot be a random sample of all the students currently enrolled in the University. 
The notion of a random sample is fundamentally important in statistics. 

INSTANT TEST P 1- 17 

If you count the number of fingers and toes you have, why is that  variable 

discontinuous when you measure your weight  by counting the number of pounds you 

have amassed in a lifetime of self -discipline and continuous self -monitoring? Why is 

weight viewed as a cont inuous variable? Explain this contradiction as if speaking to an 

intelligent 10 -year old.  
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1.18 Interval Scales  
If the measurement scale defines a constant quantitative difference between values that appear to be 
sequential, itõs called an interval scale. For example, the Celsius, Fahrenheit, and Kelvin temperature scales all 
define fixed differences in temperature between values. Thus the Celsius scale defines 100 units (degrees) 
between the temperature of pure water at the freezing point at one atmosphere of pressure and its 
temperature at the boiling point. A 20 degree difference in temperature (e.g., 40C vs 60C) is defined as 
equivalent to any other 20 degree difference (e.g., 400C vs 420C). The same rules apply to the Fahrenheit 
scale (with the freezing point of water defined as 32F and its boiling point as 212F. Again, a 20 degree 
difference is defined as equivalent to any other 20 degree difference (e.g., 400F vs 420F). The same principle 
applies to the Kelvin scale. 

Interval scales, because of their equal divisions, can be subjected to addition and subtraction. For example, if 
one measures the temperature of two objects as 15F and 20F, it is legitimate to calculate that their average 
temperature was (15+20)/2 = 17.5F. 

1.19 Ratio Scales 
Another characteristic of some interval scales is that they have a meaningful zero. A zero value on this scale 
implies absence of whatever is being measured or counted. For example, if we count When we have 0 donuts, 
we have no donuts, but in contrast, when we have a Scholastic Aptitude Test (SAT) score of 200, itõs the 
lowest adjusted score, but that does not imply that a student got zero correct answers.21  

Consider the three temperature scales introduced above. Only the Kelvin scale sets its zero value at the 
theoretically complete absence of what it measures. The Celsius scale of temperature defines the temperature 
of freezing pure water at atmosphere pressure as 0C, but the complete absence of molecular motion 
theoretically occurs at absolute zero, which is -273.16C or Ĭ459.6F. Thus the Celsius scale is not a ratio scale 
because we canõt compute the ratio of molecular motions from different temperatures. A temperature of 30C 
is not twice as hot as a temperature of 15C. The same observation applies to the Fahrenheit scale, since 60F is 
not twice as warm as 30F in any sense. In contrast, the Kelvin scale, which defines its zero at a value (absolute 
zero) that corresponds to an underlying aspect of reality ð molecular motion ð really is a ratio scale: there is 
genuine meaning to the assertion that a temperature of 120K is twice as warm as one of 60K. Figure 1-11 below 
shows how meaningless the ratios are in interval scales that are not ratio scales.  

                                                      

21 (CollegeBoard 2012) 

Figure 1-11. Kelvin, Celsius and Fahrenheit temperature scales. 

The only valid ratio 
shown is 1.3:1 for the 
Kelvin temperatures. 

 










































































































































































































































































































































































