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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 more than 45 years of 
teaching: 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 may be interested in knowing how on earth a professor of information assurance also came to be a 
fanatic about applied statistics. 

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. My masterõs thesis 
was a statistical analysis of extensive data collected by my research director, Dr Daphne Trasler, a renowned 
teratologist, about the developmental variability of inbred mouse strains and of their hybrids. One of the 
reasons I was accepted into a doctoral program in invertebrate zoology was that I cheerfully informed my 
future dissertation director at Dartmouth College, Dr John G. Gilbert, the premier rotifer biologist in the 
world, that he had been using the wrong statistical methods on his frequency data ð and thatõs why he 
couldnõt seem to get statistically significant results from data that practically shouted their biological 
significance. Despite some resistance from the Biology Department, I managed to get my doctoral area to 
include not only invertebrate zoology but also applied statistics, and my PhD field exam included probing 
questions on aspects of statistical theory.  

At Dartmouth, I was given permission to teach an informal graduate seminar on applied statistics to my 
colleagues and also served as the statistical consultant to several professors for their experimental design and 
analysis; after graduation, I taught applied statistics in the Faculty of Social and Economic Sciences at the 
National University of Rwanda on assignment for the Canadian International Development Agency and then 
taught biostatistics at the University of Moncton.  

Although I began programming in 1965, my first formal job in the computer science field was as a 
programming statistician: I was hired to define the statistical syntax for INPROSYS, a new compiler, and to 
write the parser and code generator for those commands. 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, I was also responsible for ensuring the 
statistical rigor of some 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 and then to be offered the chance to teach QM213 Business and Economic 
Statistics I in Spring 2010. With the support of the Dean of the School of Business and Management, I hope 
to continue teaching QM213 until I retire! 

Why a òlayeredó introduction? 

In my experience of teaching statistics (starting in 1975), 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. 

Teaching style should avoid overload and should generate interest, giving students the opportunity to form a 
network of firm associations among concepts and new vocabulary before plunging into sophisticated detail. 
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Nothing except conservatism and tradition ð or, in the words of Monty Pythonõs Architect Skit, òblinkered, 
Philistine pig-ignoranceó < http://www.youtube.com/watch?v=e2PyeXRwhCE > 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. This text provides three 
layers or sweeps: 

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

Introduces practical, easy concepts and techniques for  

o Summarizing numerical information in tables and graphs 
o Distinguishing between samples and populations 
o Estimating population parameters based on sample statistics 
o Framing null and alternative hypotheses for statistical testing 
o 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 

Á Simple analysis of variance (ANOVA) 

Á Correlation 

Á Regression 

Future components for upper-year courses: 

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

Goes back to the beginning and helps students take more control over  

o Measuring and counting 
o Showing and summarizing 
o Assumptions of parametric statistics  
o Data transformations 
o Sampling 
o Inference  
o Association vs causality 

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

Expands on  

o Populations and samples and a posteriori testing  
o Exploratory data analysis 
o Specialized probability distributions including binomial, hypergeometric, and Poisson 
o Multifactorial analysis  

Á Log-likelihood (G) ratio for multidimensional contingency tables 

Á Two-factor ANOVA for measured data 

Á Multiple linear regression 

Á Partial correlation 

Á Factor analysis 
o Assumptions of parametric statistics 
o Working with rank variables 
o Basic concepts about experimental design 

Á Control groups 

Á Avoiding compounded variables 

Á Research methods 

Á Meta-analysis 

http://www.youtube.com/watch?v=e2PyeXRwhCE


Statistics in Business, Finance, and Information Technology v0.3 

 

Copyright © 2011 M. E. Kabay. All rights reserved. < statistics_ms_v52.docx > Page 5 of 121 

Students in Norwich Universityõs QM213 Business & Economic Statistics are using only part 1; thanks to 
Dean Frank Vanecek, the v0.x versions of the text have been supplied to them free of charge. 

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 text. The answers are listed at the end of each 
major section (e.g., 2.1, 2.2 and so on). If students canõt answer the questions correctly, they should review 
the text, discuss the questions with fellow-students, and ask the professor for help. And students should note 
that suggestions are always welcome!  

The importance 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 the final grade to homework. 

A practical problem arises: if we there are 70 students in a statistics course and each one is doing half-a-dozen 
problems per week, how on earth do we grade the homework? Trying to grade all the results using one 
professor proved impossible ð it took longer than a week to grade a single weekõs work. In one statistics class, 
we tried grading the homework in class ð and ended up spending one day out of three just doing the grading! 

The solution we are trying starting in QM213 for the Fall of 2011 is to assign the homework at the start of 
each week using the NUoodle online learning system to select a random selection of problems for each 
student, then to accept the responses and grade them automatically using NUoodle. This approach will 
resolve a major problem experienced in the v0.1 version of the course, when I was overwhelmed by grading 
homework even from only a dozen students and ended up failing to provide them with immediate feedback 
on their work. 

Color vs black-and-white 

This text is designed for people who can see color, but should also be accessible to color-blind readers. The 
full-color version is available as a PDF on the course Website; printed copies of the text supplied to students 
during the development phase are in black-and-white. When the textbook passes beyond the v0.x stage and is 
ready for a first formal printing, it will be a hardbound book printed in color.1 

A note on disordered figure numbers 

In several places, the figure numbers for adjacent figures have been reversed 
(Figure n+1 on the left and Figure n on the right). Although I have struggled for 
hours trying to reverse these errors, no matter what I have tried, the reversed 
numbers reappear. I have FAILED  and I am GIVIN G UP for now. We wonõt 
go into the bad language prompted by this difficulty. A mature acceptance of 
reality is the only acceptable response. However, I think I may be able to fix the 
problem for Spring 2012 by deleting the affected images and captions and adding 
them back in one by one. 

               tu 

                                                 
1 But then it will cost money for the students! Users of the preliminary versions can thank Dean Frank Vanecek for the School of 
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2 Based on Monty Pythonõs Holy Grail, Scene 8. French Guard: òI fart in your general direction.ó 

< http://arago4.tnw.utwente.nl/stonedead/movies/holy-grail/main.html > 

mailto:mekabay@gmail.com
http://arago4.tnw.utwente.nl/stonedead/movies/holy-grail/main.html
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1 Introduction  

1.1 About applied statistics 

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 -- especially information about groups -- 
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 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 buy the most? 

Á And which complain the most? 

Á Are increasing their purchase levels the fastest? 

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

Á Is the reduction 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 small health club managers asks if a particular memberõs absence is just part of her normal 
routine 

o  

Á Or should we phone her to see if she would like to suspend her membership 
payments temporarily as part of our 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 

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? 
o Should we invest in bonds or in stock this year? 
o Which country has the greatest chance of maximizing our profit on investment over the next 

decade? 

Á Which industry? 

Á Which company? 
o One of our division managers claims that his below-average profit figures are just the luck of 

the draw; how often would receive such a big drop by chance alone? 
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o Another manager claims that her above average productivity is associated with the weekly 
walk about 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 Officer 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? 

¶ 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? 

Á When do we expect to have to buy new disk drives? 

Á Which department is increasing their disk-space usage unusually fast? 
o Who is using the most bandwidth this month? 

Á 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? 

Á 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 Our firewall is reporting 10,000 hits per second on port 842; is that something we should 
worry about or is it just part of the normal variations? 

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? 

Á 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? 

Á Is that bad luck or bad programming? 
o Can you identify the callers responsible for 80% of our helpdesk calls? 

Á 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; 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? 

¶ Life in general 
o This politician claims that our taxes have been rising over the last couple of years; is that 

true? 
o Does using this brand of tooth paste decrease our 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 raises 

oneõs IQ to 180 within a couple of weeks? 
o Does wearing a large rubber band around oneõs abdomen really allow weight loss of 30 to 80 

pounds in a month? 
o Should we be taking vitamins A, B, C, D, E, and K every day to reduce the risk of blindness, 

cancer, cataracts, joint degeneration, liver disease, and ugliness? 
o Does listening to two different sounds at the same time really influence brainwaves to make 

us calmer and smarter? 
o These people argue that illegal immigrants are raising the crime rate ð is that true? 
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1.2 Computations in applied statistics 

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. 

1.2.1 Why Excel as opposed to other statistical 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 (admittedly 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.  

¶ Applicability: most of the computational requirements for this introductory course are included in 
the statistical functions and data analysis tools provided with the software. It is relatively easy to 
program statistical tests that are not provided. 

1.2.2 Learning Excel 

The widespread use of Excel has led to a wealth of free tutorials online.3 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! 

                                                 
3 Type excel tutorial  into the search field of GOOGLE for a wealth of options. 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-

Figure 1.1. Excel 2007 Help tab. 
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Some key resources for learners: 

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

¶ All the computer lab computers provide access to Excel. 

¶ Excel HELP is available within the program by clicking on the HELP tab, the Help symbol (see 
Figure 1.1) or by pressing function key 1 (F1) on the keyboard. 

o The Get Started with Excel button brings you to an online demos and tutorials through your 
Internet browser that demonstrate the fundamentals of using the graphical user interface. 

o The Online Training button offers tutorials for several fundamental operations. 
o The Type Your Search Here field lets you search for help on specific topics. 
o The blue ? Help symbol brings up a complete reference manual with search capability. 

¶ 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. 

¶ All of the instructions for using Excel in solving statistical problems for this text are presented in 
class as demonstrations first. 

1.3 Long-term goals 

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 
a distasteful prospecté). 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. 

¶ 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. Colleagues at Norwich University already report that students who have successfully 
completed the introductory statistics course are responding well to more advanced topics and to applications 
of statistics in other courses.  

  

                                                                                                                                                             
ROM for more advanced functions include the òExcel Advanced Interactive Tutorialó for PCs, which is available for download at 
$14.99 from < http://www.deluxetraining.com/excel-advanced.htm >. [Note: the author has no relationship whatever with these 
providers.] 

http://www.deluxetraining.com/excel-advanced.htm
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1.4 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: 

¶ 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:  you are just 
starting to build a framework of associations that will help you assimilate the information you will 
study. 

¶ 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. 

¶ 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.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. 

¶ 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.5 

tu 

                                                 
4 See also Adler. M. J. and C. Van Doren (1972). How to Read a Book. Touchstone (ISBN 0-671-21209-5). AMAZON link < 

http://tinyurl.com/7ab3r >. 
5 For additional guides to techniques that may help students, visit < http://www.mekabay.com/methodology/index.htm > and download 
Computer-Aided ConsensusÊ, Frequently Corrected Errors, On Writing, Organizing and Safeguarding information on Disk, SQ3R (the source for the 
material above), Tips for Using MS-WORD 2007, Tracking Changes in MS-Word 2003, and Understanding Computer Crime Studies and Statistics. 

http://tinyurl.com/7ab3r
http://www.mekabay.com/methodology/index.htm
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2 Layer I: Getting Started 

2.1 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 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) (but not the Googleplex, 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. 

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 summarize and analyze such data are widely used. 6 

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 2015) or by 
the majors in which they are enrolled (computer security & information assurance vs management) or by their 
enrolment status (Corps of Cadets vs 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. 

2.1.1 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.7 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.) 

                                                 
6 E.g., see òScalingó in Trochim, W. K. (2006). Research Methods Knowledge Base. < http://www.socialresearchmethods.net/kb/scaling.php > 
7 Although technically, one should write, òData areé.ó almost everyone writes, òData isé.ó Students may use either form. Although 
this battle has already been lost, some of us continue the fight for precise language nonetheless. 

http://www.socialresearchmethods.net/kb/scaling.php


Statistics in Business, Finance, and Information Technology v0.3 

 

Copyright © 2011 M. E. Kabay. All rights reserved. < statistics_ms_v52.docx > Page 16 of 121 

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) 
o 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 = I want to die now to escape this pain.) 

2.1.1.1 Tables 

Hereõs a simple table showing some (invented) qualitative and quantitative data ð quick: which are which? 

Table 2.1. Observations from research study on Urgonian Corporation divisions. 

Division 
MBWA 
Used? 
(Y/N)  

Total 
Employees in 

Plant 

Team Rank 
in Company 

Soccer  

Average 
Monthly Profit 
per Employee 

(U$) 

% HelpDesk 
Calls due to 

Lack of 
Training 

Akron, OH N 4,392 5 $590 13.2% 

Bayreuth, 
Germany 

Y 3,054 2 $436 4.1% 

Canberra, 
Australia 

Y 2,855 3 $631 3.2% 

Kuala 
Lumpur, 
Malaysia 

N 9,218 1 $755 16.9% 

Oakland, CA Y 1,627 4 $821 3.7% 

 

In Table 2.1, the focus is on the five divisions; we call these 
divisions the elements of the data set and we have to identify them 
somehow; here, the division name is the identifier. The counts and 
measurements for each element are called variables; in this case, 
we have five variables:  

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

¶ Total employees in plant ð quantitative 

¶ Team rank in the company soccer competitions ð 
quantitative  

¶ Average monthly profit per employee in US dollars ð 
quantitative 

¶ The percentage of HelpDesk calls traced to a lack of 
training ð quantitative  

All the information gathered in a particular study is called an 
observation for each element (division, in this case); thus in this 
case each row of the table is an observation. 

  

INSTANT TEST Page 16 

Which of the following is a qualitative 

variable and which is a qualitative variable?  

(1) Saying that a chocolate bar tastes 
good or tastes bad.  

(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 

òattractive ó 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 awake ó or as 

òinteresting enough to stop me from 

texti ng in class.ó 
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2.1.1.2 Choosing a table layout 

Nothing would stop us from representing the same data in a table arranged vertically, as shown below: 

Table 2.2. Urgonian Corporation data rearranged with vertical observations. 

In Table 2.2 the each observation corresponds to one column ð the specific values of the five variables for 
each division element. 

The decision about which way to arrange data depends 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 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 expect the most important focus to be 
shown across the top row. Thus readers seeing Table 2.1 will consciously or unconsciously expect the focus 
of the discussion to be on the variables, whereas the first impression created by Table 2.2 is that the 
discussion is going to be about geographic differences. Nonetheless, either form is acceptable in practice.  

If you want 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 and checking Transpose as shown at the bottom 
right of Figure 2.1. 

In Excel and other statistical packages, an additional consideration is whether our statistical function requires 
a particular arrangement of data to function properly. Such constraints are always defined in the 
accompanying Help texts for the function. 

  

Division 
Akron, 

OH  
Bayreuth, 
Germany 

Canberra, 
Australia 

Kuala 
Lumpur, 
Malaysia 

Oakland, 
CA 

MBWA Used? (Y/N)  N Y Y N Y 

Total Employees in Plant 4,392 3,054 2,855 9,218 1,627 

Team Rank in Company 
Soccer 

5 2 3 1 4 

Average Monthly Profit 
per Employee (U$) 

$590 $436 $631 $755 $821 

% HelpDesk Calls due to 
Lack of Training 

13.20% 4.10% 3.20% 16.90% 3.70% 

Figure 2.1. Transposition option in paste 

special. 

INSTANT TEST Page 17  

You are summarizing the grade -point 

averages for students who are members of 

different sports teams and in different 

graduation years. Which variable would you 

put across the top row of a table  in these 

two situations?  

(1) Your focus is on differences among the 

sports teams.  

(2) Your focus is on differences among the 

graduation years.  
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2.1.1.3 Qualitative (categorical) data 

Table 2.1 and Table 2.2 show variables that donõt have measurements at all: they are labels or categories. The use of 
MBWA (YES / NO), for example, is called a categorical variable and its scale of measurement is described as 
nominal (from nomen, the Latin word for name). In this case, there are only two categories (YES and NO), but 
nominal scales can have as many categories as needed. For example, a study of automobile crashes might 
include the variable manufacturer and its nominal scale might have a dozen values (Ford, GM, KIA, and so on). 

2.1.1.4 Quantitative data 

Most of the statistical work we will be doing concerns counting and measuring. These quantitative variables are 
described with quantitative data. What you count or measure are the variables; the results of your counting and 
measuring are the data.  

2.1.1.4.1 Discrete data 

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 discrete.8 Many 
variables are described using discrete data; any time the underlying phenomenon involves discrete, 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. 

Another frequently used discrete scale is the rank: the identifier of 
position in a sorted list based on a quantitative scale. In our 
example, soccer performance is represented using the values 1, 2, 
3, 4 and 5 ð what is called an ordinal scale (ordinal from Latin ordo, 
meaning order).  

2.1.1.4.2 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 HelpDesk calls due to lack of 
training are both continuous variables. 

Students sometimes express surprise that summary statistics such 
as averages (discussed later) for discrete data often have fractional 
values; for example, there would be nothing unusual about 
defining the average 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 are continuous variables even though the raw data are discrete. 

2.1.1.5 Ratio Scales 

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. Table 2.1 and Table 2.2 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. 

In contrast, quantitative data may have meaningful numerical relations among their values ð or not. In our 
Urgonian Corporation example of Table 2.1 and Table 2.2, the total employees, average monthly profit per employee 
and percentage of help desk calls due to lack of training all follow the usual expectations for measurements: ratios of 
these measurements actually mean something. Thus we can say that, for instance, the Bayreuth plant has 

                                                 
8 Donõt use the spelling discreet for this concept ð discreet means tactful, good at keeping secrets, unobtrusive, or modest. 

INSTANT TEST Page 18 

Which of the following variables are 

discrete  and which are  continuous ? 

(1) Student GPA (e.g., 3. 14) 

(2) Student rank in class at graduation  

(3) Air temperature  

(4) Number of times individual children  

say òélikeéó in an hour of discussion  

(5) Average number of times children  say 

òé you knowéó in an hour of discussion 

measured for a group of children  
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about a third as many employees as the Kuala Lumpur plant (3,054/9218 = 33.1%). Such measurements are 
called ratio scales.  

2.1.1.5.1 Ranks are not ratio scales 

Itõs important to understand that not all quantitative data are on ratio scales. For example, rank orders are not 
ratio scales: the rifle-shooting score of the top and second-ranking competitors are not guessable simply from 
their ranking, and the ratio of their scores cannot be determined simply from their ranks. Similarly, the scores 
offered by judges at figure-skating events donõt automatically scale to comparable numerical results: someone 
with a 10 score is in no sense òtwice as goodó as a competitor with a 5 score. Indeed, the ratio of scores will 
differ depending on the quality of the athletes: score of 10 and 5 mean radically different degrees of 
difference in skill in a competition among five-year-old figure skaters than in a competition among Olympic-
class skaters. Depending on the competition, the performances of two skaters might be theoretically 
evaluated as 9.999 and 9.998 in a class of amateurs but as (say) 6 and 2 in a more sophisticated field of 
competitors. 

To reiterate, the most important observation about an ordinal scale is that there is no implication of equal 
distance, intensity, or any other measure among the numbers. If we define rank 1 as the top and rank 5 as the 
bottom, there is no implication that the teams are spaced equally from top to bottom as defined by their 
ranks. No one would expect that the German team is half as good as the Malaysian team simply based on 
rank or that any meaningful ratios could be deduced from such ranks. 

2.1.1.5.2 Ratio scales must include a meaningful zero 

All ratio scales must include a zero value showing complete absence of whatever is being measured, not simply an 
arbitrarily chosen point on the scale. 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, -273.16C. 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 0 at absolute zero, really is a ratio scale: there is genuine 
meaning to the assertion that a temperature of 500K is twice as warm as one of 250K. 

 

 

-273.16C                                    0C          100C        200C

-459.69F                                    32F          212F        392F

2:1

~1.8:1

0K                                     273.16K      373.15K    473.15K

~1.3:1

Figure 2.2. Celsius, Fahrenheit and Kelvin temperature scales. 
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Figure 2.2 shows the misleading ratios of temperatures at 200C 
to temperatures at 100C. The 2:1 ratio of the non-ratio Celsius 
scale doesnõt even match the 1:8 ratio for the same temperatures in 
the Fahrenheit scale. The true ratio is shown in the lower part 
of the diagram where Kelvin temperatures, which are in a ratio 
scale, are in a legitimate ratio of 1.3:1. Thus a temperature of 
200C is about 30% hotter than a temperature of 100C, not twice as 
hot. 

A letter to the editor that dealt with this issue was published in 
2010: 

In her letter from Madagascar (2 July) Georgina 
Kenyon reports: òAccording to the World Bank, in the 
past 50 years the country has seen a 10% increase in 
temperature and a 10% decrease in rainfall.ó The latter 
is numerically possible but the former is numerically 
meaningless since any absolute change in temperature 
will represent different percentages according to the 
temperature scale being used (as they differ with 
respect to their origins). Hopefully the World Bank ð if 
correctly quoted ð is more numerate in other areas. ð 
Philip Lund, Nantwich, Chesire, UK.9 

These subtle categories matter to students because the methods 
available for statistical analysis often depend on precisely what 
kind of measurement is being analyzed. For example, there are 
assumptions about the nature of variables underlying popular 
methods such as ANOVA (analysis of variance) and regression 
(curve fitting); if those assumptions donõt apply, we may have to 
modify the measurement scales (applying transforms) or use 
different methods (non-parametric tests). 

2.1.2 Accuracy, precision, and being precise 

In statistics and science in general, accuracy is the degree of closeness to reality or truth. Thus if a restaurant 
has sold exactly 244 pizzas today, the accurate number is 244; 243 and 245 are less accurate approximations 
or can be simply described as inaccurate or wrong. 

Precision is the degree of uncertainty in a measure; in our restaurant example, 243, 244 and 245 are equally 
precise even though 243 and 245 are inaccurate. 

Continuing our pizza example, if we decide to count the 244 pizzas in dozens, describing the sales as 20  ͑
dozen pizzas is perfectly accurate and perfectly precise. Describing the sales as 20.3333 pizzas is less precise but 
still accurate. Estimates of 20.333, 20.33, 20.3 20 or òmore than 10 and less than 30ó dozen are all accurate but 
decreasingly precise.  

A different issue is being precise in statistical work. Many applications of statistics provide significant benefits to 
users ð if the analyses and calculations are correct. If the wrong statistical procedure is applied to a problem 
or if a valid procedure is performed sloppily, resulting in incorrect results, the consequences can be severe. To 
emphasize the importance of being careful, precise and correct, I have consistently given incorrect responses 
to statistical assignments a zero grade regardless of the pathetic mewling of students used to getting partial 
credit for try to apply the right technique. Students must get used to checking their work as professionals do.  

                                                 
9 The Guardian Weekly (London), July 16, 2010 edition, page 23 

INSTANT TEST Page 20 

(1) Which of the  following three  

statements is/are nonsense ? 

a. Albert was #1 out of the top 3 in 

the school ranking and Betty was 

#2, so Betty must have gotten 

two-thirds of the score that 

Albert got.  

b. The police car was going 100 mph 

and my car was going 50 mph; thus 

the police car was going twice as 

fast as mine.  

c. Itõs 80 miles to North Galanga 

from Balbuto and itõs 160 miles to 

South Galanga from Balbuto. 

Therefore it is twice as far from 

Bolbuta to South Galanga as it is 

from Bolubuta to North Gala nga. 

(2) As we drive from Tarnado up to 

Urtopia, on to Quarro and finally to 

Virgonia, the distance from Tarnado to 

Urtopia is 40 miles; the distance from 

Urtopia to Quarro is 80 miles and the 

distance from Quarro to Virgonia is 

160 miles. What is the ratio of  the 

distance between Urtopia and Virgonia 

compared to the distance between 

Quarro and Virgonia?  
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2.1.3 Significant figures 

Significant figures reflect the degree of uncertainty in a measurement.10 If we count thirty ping-pong balls in a 
bag, the number 30 has 2 significant figure and is exact: there is no uncertainty about it. However, if we weigh 
the 30 ping-pong balls and have a total weight of 115.2 g, the weight has four significant figures and could actually 
be between 115.150 g and 115.249 g, This weight to four significant figures is expressed in scientific notation11 as 
1.152 x 102 g or as 1.152e2 g.12 

Here are some examples of constants that can be expressed with different numbers of significant figures: 

¶ p, the ratio of the circumference of a circle to its diameter, can be expressed as, say, 3.14159 using six 
significant figures but has been calculated to more than a million decimal digits< 
http://newton.ex.ac.uk/research/qsystems/collabs/pi/ > (unfortunately, some state legislators have 

repeatedly tried to pass laws redefining p as equal to exactly 3); 

¶ e, the limit of (1 + 1/n)n and the base of natural logarithms, to nine significant figures is 2.71828183 
but continues without limit to the number of digits that can theoretically be computed;  

¶ c,  the speed of light in a vacuum and the maximum speed of anything in the known universe except 
Star Trek ships under warp speed, can be given as 299,792,458 meters per second (a number with 
nine significant figures also); if it is expressed as 186,282 miles per second then it has six significant 
figures; and if it is expressed as 1.079e9 km/hour then it has four significant figures. 

¶ Avogadroõs number to seven significant figures is 6.022142 particles × 1023/ mol (with many more 
significant digits available ð but not an infinite number of significant figures because molecular 
weight involves discrete particles and therefore can in theory be counted to an exact integer). 

Most other numbers we work with are naturally variables: salaries, returns on investment, quality percentages, 
customer satisfaction responses, and contaminant measurements. So to how many significant figures should 
we express them? 

The issue depends on how variable a measure is compared with 
its size in the scale of measurement we want to use. For 
example, suppose we are looking at the number of Internet 
Protocol packets arriving every second at a specific port in a 
firewall; this number fluctuates from moment to moment, but 
we can actually know exactly how many packets there are from 
the log files kept by the firewall software. However, if someone 
asks, òHow many packets per second were reaching port 25 
during the last hour?ó answering with a list of 3,600 numbers ð 
one total per second for each of the 3,600 seconds of the hour ð 
is likely to be met with astonishment, if not hostility. We 
naturally want to express the number using a summary, so we 
compute an average (we will study those in detail later) and 
answer using the average. 

                                                 
10 See an excellent tutorial online for further details: Morgan, S. L. (2010). òTutorial on the Use of Significant Figures.ó University of 

South Carolina < http://www.chem.sc.edu/faculty/morgan/resources/sigfigs/index.html > 
11 Heath, J. (2000). òScientific Notation Tutorial.ó Austin Community College  

< http://www.austincc.edu/nrgtutor/SN/sntut.htm > 
12 Scientific notation helps us avoid the ambiguity of trying to define significant figures when integers end in zeros. For example, how 
many significant figures are in the number 20,000? If the next possible number is 20,001 then there are five significant figures. 
However, if the next possible number is 30,000 because we are showing an approximation to the nearest 10,000, there is one 
significant figure. And if the next possible number is 30,100 because we are approximating to the nearest 100, there are three 
significant figures. Scientific notation eliminates such ambiguities. For example, taking the numbers discussed above with different 
precision, the 20,000 to unit precision would be 2.0000e4, 30,000 to the nearest 10,000 would be 3e4 and 30,000 to100s precision 
would be 3.01e4. 

INSTANT TEST Page 21 

Suppose that the number of particles in a 

cubic nanometer of Ultronium  is estimated 

to be  17,298.  

Use the indi cated number of significant 

figures to express this number in scientific 

notation  with the e format  

(e.g., 542.3 = 5.423e2) : 

1 significant figure  

2 significant figures  

3 significant figures  

4 significant figures  

http://newton.ex.ac.uk/research/qsystems/collabs/pi/
http://www.chem.sc.edu/faculty/morgan/resources/sigfigs/index.html
http://www.austincc.edu/nrgtutor/SN/sntut.htm
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2.1.4 Determining suitable precision for statistics 

How precisely should we express statistics such as an average? Consider the following two cases: 

¶ Case 1: there were a total of 129,357,389 packets received over the hour for an average of exactly 
49,752.8419230769 packets per second. The lowest rate was 47,288 per second and the highest rate 
was 51,932 per second. 

¶ Case 2: the same number of packets was received, so the average was the same as in Case 1, but this 
time the lowest was 16,584 packets in a second and the highest rate was 149,258 in a single second. 

So how should we express the averages in these two cases? 

In both cases, the 15 significant figures of 49,752.8419230769 seem pointlessly and incorrectly precise. That 
number implies that the real value is approximately between 49,752.84192307685 and 49,752.84192307695 
but such precision is misleading when the actual observed variation is between 47,288 and 51,932 packets per 
second. 

Precision here refers to the òcloseness of repeated measurements of the same quantityó as Robert R. Sokal 
and F. James Rohlf put it in their classic statistics textbook13 which influenced generations of biologists.14, 15, 
16 

For Case 1, reporting something crude like 50,000 packets per second seems unnecessarily imprecise. In Case 
2, however, with variation between somewhere around 150,000 and 16,000 per second, maybe itõs not so bad. 

A general principle for deciding on appropriate precision is that we should express results so that the range 
(difference) between the smallest and the largest observed values is divided into roughly 30 to 300 steps. In 
addition, derived statistics based on our data typically have one more significant digit than the original data. In 
our cases, those calculations are as follows 
(deliberately using exactly the same wording in both 
examples): 

¶ Case 1: Range is 51,932 ð 47,288 = 4,644 
which gives us from 4,644/ 300 = 16 to 
4,644/30 = 155 per step as our desired 
precision. That result suggests that 
hundreds would be a reasonable degree of 
precision; adding one more significant digit 
for derived statistics such as the average, we 
would reasonably express the average 
packets/second as ~49,750. 

¶ Case 2: Range is 149,258 - 16,584 = 132,674 
which gives us from 132,674/300 = 442 to 
132,674/30 = 4422 per step as our desired 
precision. That result suggests that 
thousands would be a reasonable degree of 
precision; adding one more significant digit 
for derived statistics such as the average, we 
would reasonably express the average 

                                                 
13 Sokal, R. R. & F. J. Rohlf (1981). Biometry: The Principles and Practice of Statistics in Biological Research, Second Edition. Wiley (ISBN 0-
7167-1254-7). P. 13. 
14 I studied the First Edition in 1969 and helped proofread the Second Edition in 1980, receiving an unexpected check for $400 that 
enabled me to buy a touring bicycle! 
15 Iõm really old. 
16 (Compared to you). 
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The average cost of shares for Urgonium Corporation 

over the last month is calculated as 123.456789 credits.  

(1) Express the average in non -scientific notation using  

2 significant figures  

3 significant figures  

4 significant figures  

8 significant figure s 

(2) The smallest cost observed (the minimum) was 118 

credits and the largest value observed (the 

maximum) was 128 credits.  

How many steps would there be between minimum 

and maximum if you used each of the numbers of 

significant figures above for the range?  
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packets/second as ~149,300. 

2.1.5 Sources of real statistical data 

At many points in this course, you will be given the opportunity to apply newly learned methods to real-world 

data. There are many sources of such data; e.g., looking at United States resources first,  

¶ The US Bureau of Labor Statistics < http://www.bls.gov/> has a wealth of economic data such as  

o Inflation & Prices 

o Unemployment 

o Employment 

o Spending & Time Use 

o Pay & Benefits 

o Productivity 

o Workplace injuries 

o International economic comparisons 

¶ The US Bureau of Justice Statistics < http://bjs.ojp.usdoj.gov/ > provides data about crime and 

justice such as  

o Corrections 

o Courts & Sentencing 

o Crime Type 

o Criminal Justice Data Improvement Program 

o Employment & Expenditure 

o Federal 

o Law Enforcement 

o Victims 

¶ The US Census Bureau < http://www.census.gov/ > provides information about 

o People & Households 

o Business & Industry 

o Geography 

o Special Topics such as 

Á Fraudulent Activity & Scams 

Á Census Bureau Data & Emergency Preparedness 

Á The Statistical Abstract of the United States, òthe authoritative and comprehensive 

summary of statistics on the social, political, and economic organization of the 

United States. Use the Abstract as a convenient volume for statistical reference, and 

as a guide to sources of more information both in print and on the Web.ó17 

¶ The Bureau of Transportation Statistics < http://www.bts.gov/ >, whose òmission is to create, 

manage, and share transportation statistical knowledge with public and private transportation 

communities and the Nation.ó18  

¶ Centers for Disease Control and Prevention (CDC) < http://www.cdc.gov/ > provides verified data 

about health issues such as 

o Diseases & Conditions 

                                                 
17 U.S. Census Bureau (2011). òThe 2011 Statistical Abstract: The National Data Book.ó < http://www.census.gov/compendia/statab/ > 
18 Bureau of Transportation Statistics (2011). òAbout BTS.ó < http://www.bts.gov/about/ > 

http://www.bls.gov/
http://bjs.ojp.usdoj.gov/
http://www.census.gov/
http://www.bts.gov/
http://www.cdc.gov/
http://www.census.gov/compendia/statab/
http://www.bts.gov/about/


Statistics in Business, Finance, and Information Technology v0.3 

 

Copyright © 2011 M. E. Kabay. All rights reserved. < statistics_ms_v52.docx > Page 24 of 121 

o Emergency Preparedness & Response 

o Environmental Health 

o Life States & Populations 

o Healthy Living 

o Injury, Violence & Safety 

o Travelersõ Health 

o Workplace Safety & Health 

¶ Washington Headquarters Services (WHS)< http://www.whs.mil/ >, whose Pentagon Library < 

http://www.whs.mil/ > offers links to many sources of statistical information, especially focused on 

military matters. 

¶ World Health Organization (WHO) < http://www.who.int/en/  > of the United Nations provides 

extensive information19 about health and wellbeing around the world such as 

o Mortality & Health Status 

o Diseases 

o Coverage of health services 

o Risk factors (alcohol, nutrition, overweight & obesity, tobacco) 

o Health Systems 

¶ Scientific and Professional Journals 

o Visit your university library for access to thousands of scientific and professional journals 

that include statistical information in almost every article 

o At Norwich University, the Kreitzberg Library Databases  

< http://www.norwich.edu/academics/library/index.html >  

are available online for all members of the Norwich community and for all disciplines. 

 

 

 

  

                                                 
19 WHO (2011). òData and statistics.ó < http://www.who.int/research/en/ > 

INSTANT TEST Page 24 

This exercise has no specific unique 

answers: itõs designed to move you to 

explore the world of statistical information.  

(1) Explore all the resources listed above 

by visiting the Web sites and browsing 

for data  of interest to you.  

(2) Pick a specific topic or frame a 

specific question that interests you 

and search for specific answers. E.g.,  

a. How many vehicular accidents in 

the US in a particular year 

involved a driver who was actively 

texting on a cell phone at the time 

of the accident?  

b. What are some of the 

differences in health statistics 

around the world?  

c. Whatõs the distribution of wealth 

like in the US? And in other 

countries?  

 

http://www.whs.mil/
http://www.whs.mil/
http://www.who.int/en/
http://www.norwich.edu/academics/library/index.html
http://www.who.int/research/en/
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Solutions for Instant Tests in Section 2.1  

 

Page Answers  

16 Qualitative: 1, 5, 6  

Quantitative 2, 3, 4  

17 1: Teams 

2: Years  

18 Discrete: 2, 4  

Continuous: 1, 3, 5 

20 1: a 

2: 1.5 

21 1: 2e4 

2: 1.7e4 

3: 1.73e4 

4:  1.730e4  

22 1: 2 sig figs: 120  

    3 sig figs: 123. 

    4 sig figs: 123.5 

    8 sig figs: 123.45679  

2: 2 sig figs: 1  step (130 -120 in 10s) 

    3 sig figs: 10 (128 -118=10 units) 

    4 sig figs: 100 (128.0 -118.0 = 100 tenths)  

    8 sig figs: 10,000  

                    (128.00000 -118.00000 

                    in steps of 0.00001)  

24 (No specific correct answers)  
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2.2 Representing data 

Both to clarify our own understanding of data and to help others, we often show data in 
various forms ð tables, charts, graphs and other formats. The most important principle in 
choosing a data representation is clarity: the format must communicate our intention with a 
minimum of ambiguity. 

2.2.1 Raw data 

There are many situations in which the specific sequence of data collection is valuable for our 
research ð either because it reflects a time sequence relating the observations to the external 
world (for example, stock-market price fluctuations that may be related to news events). 
There may also be interest in internal data sequences such as the likelihood that a particular 
pattern will follow a specific sequence of data (this kind of analysis includes what is called 
Markov chain analysis) such as machine learning algorithms to identify customer buying 
patterns (more likely to buy a certain brand if the customer has just bought two other 
products in a row) or network attack patterns (e.g., perhaps probes on ports 80 and 25 in the 
last five minutes may increase the likelihood of probes on port 20 within the next 10 
minutes). 

Although we rarely publish thousands of individual observations in a table, it is frequently the 
case that we must produce the original data for inspection. A simple approach is to list the 
observations in a single column or row, but with thousands of values this method is 
impractical for publication. Table 2.3 shows the start of such an unwieldy list created in 
Excel. 

The easiest way to convert such data into a reasonable format is to import them into a word-
processing package such as MS-Word. These packages include facilities for defining columns, 
so it becomes trivially easy to convert the data, as shown in. Some guidelines: 

¶ Be careful not to make the columns so narrow that numbers begin breaking into 
different lines. Reduce the number of columns if that happens. 

¶ You can insert lines between the columns in Word by checking the line-between 
option (see Figure 2.3 on the next page). 

¶ Assuming you are showing the numbers in a document for reading, not calculating, 
you will find it easier to work with an image of your table rather than a modifiable 
table; in Windows, use the sequence CTL-ALT -V  (or your 
menu keys) to initiate Paste Special and pick the Windows 

Enhanced Metafile format or, if thatõs not available, the Device 
Independent Bitmap option to place the image in your document. 
See Figure 2.4 on the next page. 

¶ If you want to right-align your numerical data, do so before 
you apply columns ð itõs easier than having to repeat the 
alignment for each column. 

Hours until 

Failure

241066

355340

94199

484915

309809

903330

66670

438040

177509

489213

467903

223185

549026

637778

274842

4672

699366

483624

703215

701837

599367

486798

439162

1112426

117811

70046

430769

185938

555787

Hours until Failure  

241066 

355340 

94199 

484915 

309809 

903330 

66670 

438040 

177509 

489213 

467903 

223185 

549026 

637778 

274842 

4672 

699366 

483624 

703215 

701837 

599367 

486798 

439162 

1112426 

117811 

70046 

430769 

185938 

555787 

303110 

369762 

368070 

620005 

527865 

39755 

653591 

196268 

456019 

308886 

552911 

350179 

618092 

506569 

580900 

694428 

449569 

451723 

218123 

286589 

375672 

636869 

248321 

359485 

431679 

140950 

66955 

348050 

538059 

195398 

490353 

338079 

6551 

323275 

428232 

208477 

78874 

192070 

525192 

231356 

96624 

880487 

852287 

715041 

598957 

130077 

497005 

556422 

714679 

426543 

737518 

482300 

579288 

419351 

599292 

245049 

905460 

36916 

446113 

8873 

169250 

49227 

298346 

400285 

85273 

435101 

47116 

727798 

566630 

406084 

221236 

47118 

78987 

534439 

246815 

467768 

33879 

432641 

164287 

85480 

643885 

596778 

324647 

651524 

150206 

778553 

511374 

664315 

43998 

449828 

621867 

816623 

324400 

317496 

392270 

95716 

119695 

461282 

312314 

373895 

303981 

524877 

71901 

202406 

5131 

26222 

250113 

416851 

364279 

391161 

736974 

515551 

159378 

104953 

722836 

51850 

244375 

519750 

401662 

62158 

125911 

538431 

524360 

499110 

820544 

473521 

417316 

489915 

636751 

382881 

83619 

360822 

403793 

125959 

98178 

510429 

272573 

277972 

324648 

419897 

120439 

1979 

95491 

389546 

231095 

301631 

271856 

46695 

590375 

226119 

349208 

430887 

945167 

854899 

562117 

226229 

110135 

170035 

275352 

449549 

130004 

349593 

674256 

396555 

804105 

275657 

647084 

815697 

397458 

551643 

538826

 

Table 2.4. Observations in columns 

(partial display of table). 

Table 2.3. Raw 

table of values 
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Figure 2.4. Paste-special menus for images (bit-map & general versions). 

Figure 2.3. Word 2007 column options. 
INSTANT TEST Page 27 

Create a cell with the   

=RANDBETWEEN(lower, upper) function  

Copy this cell to the 99 cells below the 

first one to generate 100 random values of 

your choice using whatever lower and upper 

values you want. 

Copy these values into a blank Word file.  

Use the Word column options to format the 

numbers into 2 equal -width columns with 1ó 

between the columns and no line between 

the columns.  

Now reformat your data into four equal -

width columns with 0.2ó and a line between 

the columns.  

Finally, reformat the columns i nto three, of 

which the first is 1.5ó wide, the second 2.5ó 

wide and the third 1.0ó wide. Use whatever 

spacing you want and insert a line between 

adjacent columns.  
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2.2.2 Sorted lists 

There are many cases when we find a sorted list 
helpful. Word has simple sort functions, as does 
Excel. Such lists help the viewer grasp the range of 
variation better than an unsorted list and immediately 
reveal the minimum and the maximum values.  

The Excel Sort & Filter menu shown in Figure 2.5 
offers both simple sorts and more complex sorting 
options (the Custom Sorté option). 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Word 2007, highlight the text to sort and select the Sort button shown in Figure 2.7Figure 2.6 to bring up 
the Sort Text dialog box shown in Figure 2.7. 

 

 

 

 

 

 

 

 

 

  

Hours until Failure  

1979 

4672 

5131 

6551 

8873 

26222 

33879 

36916 

39755 

43998 

46695 

47116 

47118 

49227 

51850 

62158 

66670 

66955 

70046 

71901 

78874 

78987 

83619 

85273 

85480 

94199 

95491 

95716 

96624 

98178 

104953 

110135 

117811 

119695 

120439 

125911 

125959 

130004 

130077 

140950 

150206 

159378 

164287 

169250 

170035 

177509 

185938 

192070 

195398 

196268 

202406 

208477 

218123 

221236 

223185 

226119 

226229 

231095 

231356 

241066 

244375 

245049 

246815 

248321 

250113 

271856 

272573 

274842 

275352 

275657 

277972 

286589 

298346 

301631 

303110 

303981 

308886 

309809 

312314 

317496 

323275 

324400 

324647 

324648 

338079 

348050 

349208 

349593 

350179 

355340 

359485 

360822 

364279 

368070 

369762 

373895 

375672 

382881 

389546 

391161 

392270 

396555 

397458 

400285 

401662 

403793 

406084 

416851 

417316 

419351 

419897 

426543 

428232 

430769 

430887 

431679 

432641 

435101 

438040 

439162 

446113 

449549 

449569 

449828 

451723 

456019 

461282 

467768 

467903 

473521 

482300 

483624 

484915 

486798 

489213 

489915 

490353 

497005 

499110 

506569 

510429 

511374 

515551 

519750 

524360 

524877 

525192 

527865 

534439 

538059 

538431 

538826  

549026 

551643 

552911 

555787 

556422 

562117 

566630 

579288 

580900 

590375 

596778 

598957 

599292 

599367 

618092 

620005 

621867 

636751 

636869 

637778 

643885 

647084 

651524 

653591 

664315 

674256 

694428 

699366 

701837 

703215 

714679 

715041 

722836 

727798 

736974 

737518 

778553 

804105 

815697 

816623 

820544 

852287 

854899 

880487 

903330 

905460 

945167 

1112426 

 

Table 2.5. Sorted table with right adjustment. 

Figure 2.5. Sort function menu in Excel. 

Figure 2.7. Word Sort dialog panel. 

 

Figure 2.6. Word Sort function button. 
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2.2.2.1 Simple sorting in Excel 

The AZɹ  and ZAɹ  symbols in the Excel menu shown in Figure 2.8 sort up or down by the left-most 
column that has been highlighted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.6 shows a randomly arranged list of salespeople and their annual sales.  

Table 2.7 shows the same list sorted simply by highlighting the table (with or 
without the header row) and clicking on AZɹ button. 

Table 2.8 shows the data sorted downward by sales ð achieved using more 

advanced sorting in Excel, as discussed on the next page in §2.2.2.2. 

  

Figure 2.8. Simple sort functions  

in Excel. 

Salesperson Sales

Marcie 909,460$           

Darlene 1,153,452$        

George 1,389,164$        

Charlene 630,871$           

Bob 979,272$           

Harold 398,478$           

Louise 1,193,042$        

Holly 1,020,585$        

John 1,159,705$        

Albert 1,644,140$        

Samuel 1,704,159$        

Mike 324,598$           

Robert 1,305,230$        

Edward 516,562$           

Francine 844,769$           

Sally 951,054$           

Victor 826,891$           

David 130,049$           

Salesperson Sales

Albert 1,644,140$     

Bob 979,272$         

Charlene 630,871$         

Darlene 1,153,452$     

David 130,049$         

Edward 516,562$         

Francine 844,769$         

George 1,389,164$     

Harold 398,478$         

Holly 1,020,585$     

John 1,159,705$     

Louise 1,193,042$     

Marcie 909,460$         

Mike 324,598$         

Robert 1,305,230$     

Sally 951,054$         

Samuel 1,704,159$     

Victor 826,891$         

Table 2.7. Simple sort by 

salesperson. 

Table 2.8. Data sorted 

downward by sales. 

Salesperson Sales

Samuel 1,704,159$    

Albert 1,644,140$    

George 1,389,164$    

Robert 1,305,230$    

Louise 1,193,042$    

John 1,159,705$    

Darlene 1,153,452$    

Holly 1,020,585$    

Bob 979,272$       

Sally 951,054$       

Marcie 909,460$       

Francine 844,769$       

Victor 826,891$       

Charlene 630,871$       

Edward 516,562$       

Harold 398,478$       

Mike 324,598$       

David 130,049$       

Table 2.6. Unsorted sales data. 

INSTANT TEST Page 29 

Using the data in Table 2.6, enter the 

names and sales figures for the first 7  

salespeople into a spreadsheet.  

(1) Sort the data alphabetically by name 

and calculate the total sales for these 

7 people. 

(2) What is the name and sales figure of 

the fourth person in the sorted list?  

  



Statistics in Business, Finance, and Information Technology v0.3 

 

Copyright © 2011 M. E. Kabay. All rights reserved. < statistics_ms_v52.docx > Page 30 of 121 

2.2.2.2 Advanced sorting in Excel 

How do we sort by a column that is not the leftmost in our range? To do so, activate the Sort & Filter 
functions shown in Figure 2.5 and click on the Custom Sorté option. The menu shown in Figure 2.9 appears 
and one can select a sort field (in this example, the Sales figure column) and the direction of the sort (here, a 
downward sort putting the highest sales figures at the top of the sorted results). The results of this sort are 
shown in Table 2.8 on the previous page. 

 

A more complex example sorts a list of banking transactions by detail with each category of detail sorted by 
date. Figure 2.10 shows the definition of this sort.  

Figure 2.10. Custom sort for two fields. 

 

 

 

 

 

 

The first few results of this sort are shown in Table 2.9. 

Such advanced sorts are useful in presenting data from different 
perspectives. For example, in the example just shown, grouping 
all the expenditures according to their detail allows one to prepare 
summary tables of the total expenditures according to each type 
of spending. 

  

Figure 2.9. Custom sort for one field. 

VISA HOME

2009
DATE INITIATEDDETAIL AMOUNT

2009-02-27 21ST CENTURY DEMO00 OF 202-6265620  DC50.00$    

2009-06-01 24 HOUR FITNESS 10.00$    

2009-06-02 24 HOUR FITNESS 10.00$    

2009-06-03 24 HOUR FITNESS 10.00$    

2009-07-08 AAA NO NE MBR DUES A   800-222-3612 ME157.00$  

2010-01-07 AAA NO NE MBR DUES A   800-222-3612 ME21.00$    

2009-03-18 ACC CAFE EXPRESS       BURLINGTON   VT2.55$      

2009-06-02 ACC CAFE EXPRESS       BURLINGTON   VT2.50$      

Table 2.9. Data sorted by date within 

detail (top of table only). 

2Figure 2.10. Custom sort application. 

Figure 2.10. Custom sort for two fields. 

INSTANT TEST Page 30 

 

Sort by (1) profit descending; (2) workforce descending; (3) country up 

and workforce within country up; (4) country up and profit within country 

up. After each sort, identity the country that is in the second row and 

the profit per worker in the last row.  
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2.2.2.3 Mistakes in sorting 

When working with these functions, highlighting all the data is essential. Leaving out a column from the sorted 
area and then sorting destroys the integrity of the data by mixing up parts of the observations. 

For example, the European Spreadsheet Risks Interest Group (EuSpRiG) posted these reports from 2005 
and 2006: 

Aspiring Police Officers Say Exam Scores Were Botched (NBC13.com 8 Sep 2005) 

òSome aspiring police officers who took a government exam said they were told they passed 
a big test, but found out later that they had actually failed. A national company called AON 
administered the test and told the board someone incorrectly sorted the results on a 
spreadsheet, so the names and scores were mismatchedó, NBC 13õs Kathy Times reported. 
òWhen they appealed, we went back to AON and asked them to check their scores, and 
when they audited, they discovered they made an error,ó said Bruce Nichols, of the Jefferson 
County Personnel Board. Nichols has resigned. 

Price mixup mars opening of lot sales Venice, Florida, Jan 1, 2006  
A snafu in the posting to the web site of minimum bid prices for the first phase of North 
Portõs abandoned lot auction led to confusion as the cost of some lots seemingly tripled 
overnight. The appraiser hired by the county put the auction lot number, the property ID 
number and the minimum bid amount onto a spreadsheet in sequential order and, 
inadvertently, he did not sort the value column.20 

 

Additional note about backing up files: 

It is advisable to save the worksheet before applying the sort for quick recovery after a serious error. A good 
practice is to use version numbers (e.g., filename_v04.xlsx) and to increment the version number when starting 
to work again the next day on the file or before performing potentially dangerous operations. For example, 
on starting to work in the morning with file filename_v04.xlsx, one could OPEN filename_v04.xlsx and 
immediately SAVE AS filename_v05.xlsx  . 

  

                                                 
20 EUsPrIg Original Horror Stories #073 & #083. < http://www.eusprig.org/stories.htm > 

INSTANT TEST Page 31 

Create an XLSX file with a s ingle cell, A1 

=0.523598775598299, as the value, and 

save it as  

Test_versions_v18.xlsx  

Close the file. Open the file and in cell A2, 

compute =SIN(A1). Save the modified file 

immediately with the appropriate version 

number and close the file.  

Open the most recently created file in this 

exercise, and in cell A3, compute =A2*2 and 

save the file with the correct incremented 

version number.  

(1) What is the filename of this third 

file?  

(2) What is the value of cell A3 in this 

third file?  

 

http://www.eusprig.org/stories.htm
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Figure 2.11. Creating a new blank table in Word 2007. 

2.2.3 Enhancing the presentation of tables 

Both Word and Excel offer extensive options for creating and formatting tables. 

2.2.3.1 Word Table Tools 

Word offers easy methods for creating small, simple tables without calculations. Word 2007, for example, has 
a drop-down menu in the Insert tab that allows one to create a blank table form of a particular number of 
rows and columns and then fill in data and format the table (see Figure 2.11).  

Other options shown in the same figure include the Insert Table function, which allows one to specify the 
number of rows and columns by entering 
those values into a form (shown in Figure 
2.12).  

Other functions in Word include 
creating a table (Convert Text to Table) 
from a series of entries separated by the 
TAB character (the TAB key or ̂t when 
inserting the character using the search-
and-replace function) and creating an 
Excel spreadsheet directly in the Word 
document without having to load Excel 
manually. Finally, the Quick Tables 
options offer a wide range of pre-
formatted tables including calendars. 
One can also save oneõs own table 
formats as òquick tablesó in this set. 

 

 

A particularly 
important set of tools 
in Word is activated 
by right-clicking on 
an entire table using 
the four-arrow 
symbol shown below 
in Figure 2.13 in the 
left upper corner. 

 

 

Highlighting one or more rows or columns or a specific cell allows one to right-click for a formatting menu 
that includes Borders and Shading and Cell Alignment (illustrated on the next page in Figure 2.16). One can apply 
colors, shift the position of text left or right and up or down, and add colored borders to cells, rows, columns, 
or the entire table.  

Figure 2.13. Corner of table 

showing selection symbol. 

Figure 2.12. Insert Table 

pop-up menu in Word 2007. 
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A useful option for large tables is in the row option for the top rows that force the selected row(s) to be 
repeated at the top of every new page (see Figure 2.15). This feature works with the Paragraph Formatting 
feature (see Figure 2.14). By highlighting the entire table or any subset of rows, and then selecting the 
Paragraph function and the Line and Page Breaks menu, one can force all the selected rows to stay together as a 
unit even if the table cannot all be shown on the same page due to space limitations. 

  
Figure 2.15. Defining title row(s). Figure 2.16. Table formatting pop-up menu. 

Figure 2.14. Paragraph formatting menu ï 

Line and Page Breaks. 

INSTANT TEST Page 33 

(1) Create a table in Word using the Insert Table feature. 

Make the table six columns wide and 10 rows long.  

(2) Enter a letter of the alphabet in the cells (A,then B, 

then C etc.) until you reach Z.  

(3) Copy all the rows containing letters and paste the copy 

buffer into the row just below Y.  

(4) Align all the cells to have contents centered from left to 

right.  

(5) Make all the ce ll borders 3 pt red solid lines, the cells 

pale blue and the top row and the left column boldface 

and the fill a darker shade of blue.  

(6) Highlight the entire table and make the column widths 

shrink to fit the contents by double -clicking any column 

border.  

(7) Define the first row as a repeating title, allow the table 

to break across pages, and see what happens as you 

insert blank lines above the table on your page.  
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2.2.3.2 Excel 2007 Table Tools 

Excel offers a much wider range of table formats. One can do all the formatting oneself or use the Format as 
Table menu to choose among some popular color and emphasis layouts (see Figure 2.17). 

For more details about tables in Excel, see Web tutorials available online.21  

When copying an Excel table 
into a Word document, there are 
several options.  

a) Simply Copying/Pasting 
(e.g., with CTL-C CTL-V) 
puts the contents of the 
table into the document as a 
simple table that can be 
formatted further in Word. 
E.g.,  

Table 2.10. Simple table 

copied from Excel. 

Cell 11 Cell 12 
Cell 21 Cell 22 

Cell 31 Cell 32 

b) Copying the table and then 
using Paste Special function 
(CTL-ALT-V) to paste 
unformatted text only 
inserts text with tab 
characters between the cells: 

Table 2.11. Table pasted as 

unformatted text. 

Cell 11 Cell 12 

Cell 21 Cell 22 

Cell 31 Cell 32 

c) Copying the table and then 
using Paste Special to paste 
any image format (e.g., 
Enhanced metafile) inserts 
an exact image of what was 
in the Excel file. 

                                                 
21 As indicated in a previous footnote, you can type excel tutorial  into the search field of GOOGLE for a wealth of options. Use the 
tutorials available from educational institutions (.edu) to avoid getting tangled up in commercial sites that could spam you later. 

Figure 2.17. Table formatting options in Excel 2007. 

Cell 11 Cell 12

Cell 21 Cell 22

Cell 31 Cell 32

Figure 2.18. Image of 

Excel spreadsheet area. 

INSTANT TEST Page 34 

Try the three forms of pasting into Word using a 

copy of some spreadsheet cells.  
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2.2.4 Horizontal bar charts 

When we need to think about and represent data sets involving categorical data, we should use horizontal bar 
charts rather than vertical bar charts. For example, consider the made-up data in Table 2.12 about the average 
amount of charity donations raised by students in different schools of a university: 

Table 2.12. Average charity donations raised by school. 

School 
Charity Raised Per 

Student 

Architecture & Art $47 

Business & Management $82 

Engineering $75 

Humanities $28 

Mathematics & Sciences $32 

Social Sciences $51 

 

Using Word 2007õs Insert |  Chart function (Figure 2.19), itõs easy to generate many varieties of charts (Figure 
2.20).  

 

  
Figure 2.19. Word Insert | Chart function. 

Figure 2.20. Word chart-type options. 
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The Chart Tools functions arrayed across the top of the window offer easy access to many formatting options 
(Figure 2.21). Right-clicking anywhere on the area of the graph brings up a menu (Figure 2.23) with many 
options including editing the data for the graph. Choosing Edit Data brings up a temporary Excel spreadsheet 
(Figure 2.22) in which one can copy or enter the data for the desired graph. 

  

Figure 2.21. Word Chart  Tools options. 

Figure 2.23. Charts pop-up menu in Word. Figure 2.22. Temporary Excel worksheet. 
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By writing in the appropriate title and deleting superfluous elements such as the legend (pointless when there 
is only one data series), one can create an acceptable chart such as the horizontal bar chart shown in Figure 
2.24.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The advantage of horizontal bar charts versus vertical charts (histograms) is that there is no implication that the 
axis with the category labels (in this case, the vertical axis) represents any kind of quantitative variable. In 
contrast, as we will see in a couple of sections, putting the bars vertically is, by a widely flouted convention, an 
indication that there is some sort of quantitative relationship among the labels of the bars. Such vertical bar 
charts are called histograms. 

 

  

Figure 2.24. Horizontal bar chart. 

INSTANT TEST Page 37 

Using the data in Table 2.12, duplicate the 

horizontal bar chart shown in Figure 2.25 

using Word.  

Experiment with the options in Word to see 

the effects of making changes in chart type  

and elements of the formatting such as 

colors.  

At a minimum, convert the horizontal bar 

chart to a pie chart and then to a vertical 

bar chart.  
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2.2.5 Pie charts 

Another way of representing information about categories is the pie chart. However, the implication of a pie 
chart is that the values add up to a meaningful total. Thus the data in Table 2.12 wouldnõt make sense in a pie 
chart, since one does not add averages up together. In contrast, if the total amount of money raised by each 
school is analyzed, as in Table 2.13, then a pie chart such as Figure 2.25 can be appropriate. Note that the 
data have not been sorted for this figure yet the resulting pie segments are sorted downward automatically. 

Table 2.13. Total donations raised by school. 

School 
Total Donations Raised by 

Students 

Architecture & Art $4,606 

Business & Management $33,046 

Engineering $23,401 

Humanities $9,792 

Mathematics & Sciences $6,560 

Social Sciences $31,263 

 

 

  

Figure 2.25. Pie chart using unsorted donations. 

INSTANT TEST  Page 38 

Using the data in Table 2.13, duplicate the 

pie chart shown in Figure 2.26 using Excel.  

Experiment with the options in Excel to see 

the effects of making changes in chart type 

and elements of the formatting such as 

colors . 

At a minimum, convert the pie chart to a 

vertical bar chart using cones as the 

markers.  
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Notice two additional features of the simple pie chart in Figure 2.25: 

¶ Because the black-and-white printouts of the colors may make it hard to distinguish among the 
segments, one can add white borders by right-clicking the pie and bringing up the options menu 

(Figure 2.27Figure 2.26) and then selecting Format Data Seriesé to bring up the Border Color 
options (Figure 2.26). 

¶ The labels for the segments are larger (12 point) than the default value when the chart was created. 
Simply left-click the labels to highlight the block with all of them and then use the usual font controls 
to increase the size or any other attribute. 

Figure 2.28 shows the resulting pie chart with the addition of three-dimensional enhancement.  

Other enhancements include the ability to extract one of the segments to emphasize it. 

 

 

 

  

Figure 2.28. Pie chart using sorted donations and 3D enhancement. 

Figure 2.27. Defining the border color for pie 

segments. 
Figure 2.26. Chart options in pop-up menu. 
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2.2.6 Frequency distributions 

We often count the occurrences of specific values in our observations. For example, we might want to 
summarize information about customer satisfaction in the following data set (Table 2.14) by the absolute 
(actual counted numbers) and relative (proportions or percentages) of the results for each of the categories. 

Thus a typical tabular representation of these data would include the response totals and the percentage 
positive results as shown in Table 2.15. 

 

 

2.2.7 Creating frequency distributions with Excel 

Using the Data | Data Analysis |Histogram function of Excel (Figure 2.29Error! Reference source not 

ound.), one can convert a set of data into a frequency distribution, organize the classes by rank, and create a 
simple chart ð all automatically.  

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

SURVEYS 2218.04.22 Returned Positive

HQ (Beijing, Terra) 324,932 180554

Mare Imbrium, Luna 1847 1231

Tycho Colony,Luna 2950 1915

Olympus Mons, Mars 372 278

Southern Ice Cap, Mars 414 266

Callisto Colony, Jupiter 112 77

Europa Colony, Jupiter 185 137

Table 2.14. Urgonian Corporation customer 

satisfaction survey results. 

SURVEYS 2218.04.22 Returned % Positive

HQ (Beijing, Terra) 324,932 56%

Mare Imbrium, Luna 1847 67%

Tycho Colony,Luna 2950 65%

Olympus Mons, Mars 372 75%

Southern Ice Cap, Mars 414 64%

Callisto Colony, Jupiter 112 69%

Europa Colony, Jupiter 185 74%

Table 2.15. Urgonian Corporation customer 

satisfaction survey showing percentage positive results. 

Figure 2.29. Data | Data Analysis menu. 

INSTA NT TEST P. 40 

Open Excel and practice locating the Data Menu and the Data Analysis  

Menu. 

Locate the Histogram  function in the menu of Data Analysis  functions.  

(1) Counting down from Anova: Single Factor   as virtual line 1, the first 

Analysis Tool shown in the menu, what is the virtual line number of 

the Histogram Function?  

(2) What is the virtual line number of the z-Test: Two Sample for 
Means? 

(3) What is the Analysis Tool corresponding to virtual line 14?  
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Figure 2.31shows the dialog boxes used to create a frequency distribution. Figure 2.30shows the results of the 
function. 

The options available for the Histogram function (bottom of Figure 2.30) are as follows: 

¶ The Input Range and Bin Range are where one indicates the data areas. The data may be arranged in a 
single column or in a single row. 

¶ Bin Range refers to a list of categories defined by the user; in this example, 0 to 100 in divisions of 10 
seemed appropriate. The Bin Range must be arranged in a single column.  

¶ Checking the Labels box allows the ranges to include descriptive labels (in this case they do not). 

¶ The output can be placed on the same worksheet, as in this example, or it can be moved into a new 
worksheet in the same workbook file (.XLSX) ð or even into a new workbook. 

¶ The option for Pareto (sorted histogram) generates additional columns showing the bins sorted 
downward by frequency (modal bin at the top). 

¶ Cumulative Percentage computes the cumulative relative frequency distribution. 

¶ Chart Output produces a simple vertical histogram showing the frequency distribution and the ogive 
(cumulative relative frequency distribution ð see section 2.2.10). 

  

Figure 2.31. Using Excel to prepare a histogram. Figure 2.30. Results of histogram function. 

 

INSTANT TEST P. 41 

Using Excel, enter the 25 data 

points (4, 1, 2é 4. 7) shown in the 

box to the far left and define bins 

at 0, 1, 2,é9, 10.  

Use the Histogram function to 

create the histogram shown to the 

immediate left of this Test box.  
































































































































































