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Useful Statistical Functions in Excel 2010

Description

AVERAGE(data range)
BINOM.DIST (number_s, trials, probability_s, cumulative)
BINOM.INV(trials, probability_s, alpha)

CHISQ.DIST(x, deg_freedom, cumulative)
CHISQ.DIST.RT(x, deg_freedom, cumulative)

CHISQ.TEST (actual_range, expected_range)
CONFIDENCE.NORM(alpha, standard_dev, size)

CONFIDENCE.T(alpha, standard_dev, size)

CORREL(arrayl, array2)

EXPON.DIST(x, lambda, cumulative)

EDIST(x. deg_freedom1, deg_freedom?2, cumulative)
EDIST.RT(x. deg_freedom1, deg_freedom?2, cumulative)
FORECAST (x, known_y'’s, known_x's)
GROWTH(known_y'’s, known_x's, new_x’s, constant)
LINEST (known_y's, known_x’s, new_x’s, constant, stats)
LOGNORM.DIST(x, mean, standard_deviation)

MEDIAN ((data range)
MODE.MULT (data range)

MODE.SNGL(data range)
NORM.DIST(x, mean, standard_dev, cumulative)

NORML.INV (probability, mean, standard_dev)
NORM.S.DIST(z)

NORM.S.INV (probability)
PERCENTILE.EXC(array, k)
PERCENTILE.INC (array, k)

POISSON.DIST(x, mean, cumulative)
QUARTILE(array, quart)
SKEW (data range)

STANDARDIZE(x, mean, standard_deviation)
STDEV.S(data range)
STDEV.P(data range)

TREND(known_y's, known_x's, new_x's, constant)
T.DIST(x, deg_freedom, cumulative)

T.DIST.2T(x, deg_freedomnr)

T.DIST.RT(x, deg_freedom)

T.INV (probability, deg_freedomn)

TINV.2T (probability, deg_freedom)

T.TEST(arrayl, array2, tails, type)

VAR.S(data range)

VAR.P(data range)

Z.TEST(array, x, sigma)

Computes the average value (arithmetic mean) of a set of data.

Returns the individual term binomial distribution.

Returns the smallest value for which the cumulative binomial
distribution is greater than or equal to a criterion value.

Returns the left-tailed probability of the chi-square distribution.

Returns the right-tailed probability of the chi-square
distribution.

Returns the test for independence; the value of the chi-square
distribution and the appropriate degrees of freedom.
Returns the confidence interval for a population mean using a

normal distribution.
Returns the confidence interval for a population mean using a
t-distribution.
Computes the correlation coefficient between two data sets.
Returns the exponential distribution.
Returns the left-tailed F-probability distribution value.
Returns the left-tailed F-probability distribution value.
Calculates a future value along a linear trend.

Calculates predicted exponential growth.
Returns an array that describes a straight line that best fits the data.

Returns the cumulative lognormal distribution of x, where In
(x) is normally distributed with parameters mean and
standard deviation.

Computes the median (middle value) of a set of data.

Computes the modes (most frequently occurring values) of a
set of data.

Computes the mode of a set of data.

Returns the normal cumulative distribution for the specified
mean and standard deviation.

Returns the inverse of the cumulative normal distribution.

Returns the standard normal cumulative distribution (mean =0,
standard deviation = 1).

Returns the inverse of the standard normal distribution.

Computes the kth percentile of data in a range, exclusive.

Computes the kth percentile of data in a range, inclusive.

Returns the Poisson distribution.

Computes the quartile of a distribution.

Computes the skewness, a measure of the degree to which a
distribution is not symmetric around its mean.

Returns a normalized value for a distribution characterized by
a mean and standard deviation.

Computes the standard deviation of a set of data, assumed to
be a sample.

Computes the standard deviation of a set of data, assumed to
be an entire population.

Returns values along a linear trend line.

Returns the left-tailed ¢-distribution value.

Returns the two-tailed ¢-distribution value.

Returns the right-tailed ¢-distribution.

Returns the left-tailed inverse of the ¢-distribution.

Returns the two-tailed inverse of the t-distribution.

Returns the probability associated with a t-test.

Computes the variance of a set of data, assumed to be a sample.

Computes the variance of a set of data, assumed to be an entire
population.

Returns the two-tailed p-value of a z-test.
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PREFACE

INTENDED AUDIENCE

Statistics, Data Analysis, and Decision Modeling was written to meet the need for an intro-
ductory text that provides the fundamentals of business statistics and decision models/
optimization, focusing on practical applications of data analysis and decision modeling,
all presented in a simple and straightforward fashion.

The text consists of 14 chapters in two distinct parts. The first eight chapters deal
with statistical and data analysis topics, while the remaining chapters deal with decision
models and applications. Thus, the text may be used for:

* MBA or undergraduate business programs that combine topics in business sta-
tistics and management science into a single, brief, quantitative methods

* Business programs that teach statistics and management science in short, modular
courses

* Executive MBA programs

¢ Graduate refresher courses for business statistics and management science

NEW TO THIS EDITION

The fifth edition of this text has been carefully revised to improve clarity and pedagogi-
cal features, and incorporate new and revised topics. Many significant changes have
been made, which include the following:

1. Spreadsheet-based tools and applications are compatible with Microsoft Excel 2010,
which is used throughout this edition.

2. Every chapter has been carefully revised to improve clarity. Many explanations
of critical concepts have been enhanced using new business examples and data
sets. The sequencing of several topics have been reorganized to improve their flow
within the book.

3. Excel, PHStat, and other software notes have been moved to chapter appendixes
so as not to disrupt the flow of the text.

4. “Skill-Builder” exercises, designed to provide experience with applying Excel,
have been located in the text to facilitate immediate application of new concepts.

5. Data used in many problems have been changed, and new problems have been added.

SUBSTANCE

The danger in using quantitative methods does not generally lie in the inability to per-
form the requisite calculations, but rather in the lack of a fundamental understanding of
why to use a procedure, how to use it correctly, and how to properly interpret results.
Akey focus of this text is conceptual understanding using simple and practical examples
rather than a plug-and-chug or point-and-click mentality, as are often done in other
texts, supplemented by appropriate theory. On the other hand, the text does not attempt
to be an encyclopedia of detailed quantitative procedures, but focuses on useful con-
cepts and tools for today's managers.

To support the presentation of topics in business statistics and decision model-
ing, this text integrates fundamental theory and practical applications in a spreadsheet
environment using Microsoft Excel 2010 and various spreadsheet add-ins, specifically:

® PHStat, a collection of statistical tools that enhance the capabilities of Excel; pub-
lished by Pearson Education
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¢ Crystal Ball (including CBPredictor for forecasting and OptQuest for optimization),
a powerful commercial package for risk analysis

e TreePlan, a decision analysis add-in

e SimQuick, an Excel-based application for process simulation, published by Pearson
Education

® Risk Solver Platform for Education, an Excel-based tool for risk analysis, simulation,
and optimization

These tools have been integrated throughout the text to simplify the presentations
and implement tools and calculations so that more focus can be placed on interpretation
and understanding the managerial implications of results.

TO THE STUDENTS

The Companion Website for this text (www.pearsonhighered.com/evans) contains the
following:

® Data files—download the data and model files used throughout the text in exam-
ples, problems, and exercises
* PHStat—download of the software from Pearson
¢ TreePlan—Iink to a free trial version
* Risk Solver Platform for Education—Ilink to a free trial version
e Crystal Ball—link to a free trial version
e SimQuick—Ilink that will direct you to where you may purchase a standalone ver-
sion of the software from Pearson
® Subscription Content—a Companion Website Access Code is located on the back
cover of this book. This code gives you access to the following software:
* Risk Solver Platform for Education—link that will direct students to an
upgrade version
e Crystal Ball—link that will direct students to an upgrade version
e SimQuick—Ilink that will allow you to download the software from Pearson

To redeem the subscription content:

* Visit www.pearsonhighered.com/evans.

e Click on the Companion Website link.

e Click on the Subscription Content link.

e First-time users will need to register, while returning users may log-in.

® Once you are logged in you will be brought to a page which will inform you how
to download the software from the corresponding software company's Web site.

TO THE INSTRUCTORS

To access instructor solutions files, please visit www.pearsonhighered.com/evans and
choose the instructor resources option. A variety of instructor resources are available for
instructors who register for our secure environment. The Instructor’s Solutions Manual
files and PowerPoint presentation files for each chapter are available for download.

As a registered faculty member, you can login directly to download resource files,
and receive immediate access and instructions for installing Course Management con-
tent to your campus server.

Need help? Our dedicated Technical Support team is ready to assist instruc-
tors with questions about the media supplements that accompany this text. Visit
http://247 pearsoned.com/ for answers to frequently asked questions and toll-free user
support phone numbers.
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INTRODUCTION

Since the dawn of the electronic age and the Internet, both individuals and organizations have
had access to an enormous wealth of data and information. Data are numerical facts and figures
that are collected through some type of measurement process. Information comes from analyzing
data; that is, extracting meaning from data to support evaluation and decision making. Modern
organizations—which include for-profit businesses such as retailers, manufacturers, hotels, and
airlines, as well as nonprofit organizations like hospitals, educational institutions, and government
agencies—need good data to evaluate daily performance and to make critical strategic and
operational decisions.

The purpose of this book is to introduce you to statistical methods for analyzing data; ways
of using data effectively to make informed decisions; and approaches for developing, analyzing,
and solving models of decision problems. Part | of this book (Chapters 1-8) focuses on key issues

of statistics and data analysis, and Part Il (Chapters 9-14) introduces you to various types of decision

models that rely on good data analysis.

In this chapter, we discuss the roles of data analysis in business, discuss how data are used
in evaluating business performance, introduce some fundamental issues of statistics and measure-
ment, and introduce spreadsheets as a support tool for data analysis and decision modeling.

DATA IN THE BUSINESS ENVIRONMENT

Data are used in virtually every major function in business, government, health care,

education, and other nonprofit organizations. For example:

* Annual reports summarize data about companies’ profitability and market
share both in numerical form and in charts and graphs to communicate with
shareholders.

¢ Accountants conduct audits and use statistical methods to determine whether
figures reported on a firm’s balance sheet fairly represents the actual data
by examining samples (that is, subsets) of accounting data, such as accounts
receivable.

e Financial analysts collect and analyze a variety of data to understand the contri-
bution that a business provides to its shareholders. These typically include profit-
ability, revenue growth, return on investment, asset utilization, operating margins,
earnings per share, economic value added (EVA), shareholder value, and other
relevant measures.

* Marketing researchers collect and analyze data to evaluate consumer perceptions
of new products.

® Operations managers use data on production performance, manufacturing qual-
ity, delivery times, order accuracy, supplier performance, productivity, costs, and
environmental compliance to manage their operations.

e Human resource managers measure employee satisfaction, track turnover, training

costs, employee satisfaction, turnover, market innovation, training effectiveness, and

skills development.

Within the federal government, economists analyze unemployment rates, manufac-

turing capacity and global economic indicators to provide forecasts and trends.

Hospitals track many different clinical outcomes for regulatory compliance reporting

and for their own analysis.

® Schools analyze test performance and state boards of education use statistical
performance data to allocate budgets to school districts.

Data support a variety of company purposes, such as planning, reviewing com-

pany performance, improving operations, and comparing company performance with
competitors” or “best practices” benchmarks. Data that organizations use should focus
on critical success factors that lead to competitive advantage. An example from the
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Boeing Company shows the value of having good business data and analysis capabili-
ties.! In the early 1990s, Boeing’s assembly lines were morasses of inefficiency. A manual
numbering system dating back to World War II bomber days was used to keep track
of an airplane’s four million parts and 170 miles of wiring; changing a part on a 737’s
landing gear meant renumbering 464 pages of drawings. Factory floors were covered
with huge tubs of spare parts worth millions of dollars. In an attempt to grab market
share from rival Airbus, the company discounted planes deeply and was buried by an
onslaught of orders. The attempt to double production rates, coupled with implementa-
tion of a new production control system, resulted in Boeing being forced to shut down
its 737 and 747 lines for 27 days in October 1997, leading to a $178 million loss and
a shakeup of top management. Much of the blame was focused on Boeing’s financial
practices and lack of real-time financial data. With a new Chief Financial Officer and
finance team, the company created a “control panel” of vital measures, such as materials
costs, inventory turns, overtime, and defects, using a color-coded spreadsheet. For the
first time, Boeing was able to generate a series of charts showing which of its programs
were creating value and which were destroying it. The results were eye-opening and
helped formulate a growth plan. As one manager noted, “The data will set you free.”

Data also provide key inputs to decision models. A decision model is a logical or
mathematical representation of a problem or business situation that can be developed
from theory or observation. Decision models establish relationships between actions
that decision makers might take and results that they might expect, thereby allowing
the decision makers to predict what might happen based on the model. For instance,
the manager of a grocery store might want to know how best to use price promotions,
coupons, and advertising to increase sales. In the past, grocers have studied the rela-
tionship of sales volume to programs such as these by conducting controlled experi-
ments to identify the relationship between actions and sales volumes.? That is, they
implement different combinations of price promotions, coupons, and advertising (the
decision variables), and then observe the sales that result. Using the data from these
experiments, we can develop a predictive model of sales as a function of these decision
variables. Such a model might look like the following:

Sales = a + b X Price + ¢ X Coupons + d X Advertising + e X Price X Advertising

where g, b, ¢, d, and e are constants that are estimated from the data. By setting levels for
price, coupons, and advertising, the model estimates a level of sales. The manager can
use the model to help identify effective pricing, promotion, and advertising strategies.

Because of the ease with which data can be generated and transmitted today, man-
agers, supervisors, and front-line workers can easily be overwhelmed. Data need to be
summarized in a quantitative or visual fashion. One of the most important tools for
doing this is statistics, which David Hand, former president of the Royal Statistical
Society in the UK, defines as both the science of uncertainty and the technology of extracting
information from data.® Statistics involve collecting, organizing, analyzing, interpreting,
and presenting data. A statistic is a summary measure of data. You are undoubtedly
familiar with the concept of statistics in daily life as reported in newspapers and the
media; baseball batting averages, airline on-time arrival performance, and economic
statistics such as Consumer Price Index are just a few examples. We can easily google
statistical information about investments and financial markets, college loans and home
mortgage rates, survey results about national political issues, team and individual

1]erry Useem, “Boeing versus Boeing,” Fortune, October 2, 2000, 148-160.

2 “Flanking in a Price War,” Interfaces, Vol. 19, No. 2, 1989, 1-12.

3 David Hand, “Statistics: An Overview,” in Miodrag Lovric, Ed., International Encyclopedia of Statistical Science,
Springer Major Reference; http://www.springer.com/statistics /book /978-3-642-04897-5, p. 1504.
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sports performance, and well, just about anything. To paraphrase Apple, “There’s a stat
for that!” Modern spreadsheet technology, such as Microsoft Excel, has made it quite
easy to apply statistical tools to organize, analyze, and present data to make them more
understandable.

Most organizations have traditionally focused on financial and market informa-
tion, such as profit, sales volume, and market share. Today, however, many organiza-
tions use a wide variety of measures that provide a comprehensive view of business
performance. For example, the Malcolm Baldrige Award Criteria for Performance
Excellence, which many organizations use as a high-performance management frame-
work, suggest that high-performing organizations need to measure results in five basic
categories:

1. Product and process outcomes, such as reliability, performance, defect levels, service
errors, response times, productivity, production flexibility, setup times, time to
market, waste stream reductions, innovation, emergency preparedness, strategic
plan accomplishment, and supply chain effectiveness.

2. Customer-focused outcomes, such as customer satisfaction and dissatisfaction, cus-
tomer retention, complaints and complaint resolution, customer perceived value,
and gains and losses of customers.

3. Workforce-focused outcomes, such as workforce engagement and satisfaction,
employee retention, absenteeism, turnover, safety, training effectiveness, and leader-
ship development.

4. Leadership and governance outcomes, such as communication effectiveness, gov-
ernance and accountability, environmental and regulatory compliance, ethical
behavior, and organizational citizenship.

5. Financial and market outcomes. Financial outcomes might include revenue, profit
and loss, net assets, cash-to-cash cycle time, earnings per share, and finan-
cial operations efficiency (collections, billings, receivables). Market outcomes
might include market share, business growth, and new products and service
introductions.

Understanding key relationships among these types of measures can help orga-
nizations make better decisions. For example, Sears, Roebuck and Company provided
a consulting group with 13 financial measures, hundreds of thousands of employee
satisfaction data points, and millions of data points on customer satisfaction. Using
advanced statistical tools, the analysts discovered that employee attitudes about the
job and the company are key factors that predict their behavior with customers, which,
in turn, predicts the likelihood of customer retention and recommendations, which, in
turn, predict financial performance. As a result, Sears was able to predict that if a store
increases its employee satisfaction score by five units, customer satisfaction scores will
go up by two units and revenue growth will beat the stores’ national average by 0.5%.*
Such an analysis can help managers make decisions, for instance, on improved human
resource policies.

SOURCES AND TYPES OF DATA

Data may come from a variety of sources: internal record-keeping, special studies, and
external databases. Internal data are routinely collected by accounting, marketing, and
operations functions of a business. These might include production output, material costs,
sales, accounts receivable, and customer demographics. Other data must be generated
through special efforts. For example, customer satisfaction data are often acquired by mail,

4 “Bringing Sears into the New World,” Fortune, October 13, 1997, 183-184.
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Internet, or telephone surveys; personal interviews; or focus groups. External databases are
often used for comparative purposes, marketing projects, and economic analyses. These
might include population trends, interest rates, industry performance, consumer spend-
ing, and international trade data. Such data can be found in annual reports, Standard &
Poor’s Compustat data sets, industry trade associations, or government databases.

One example of a comprehensive government database is FedStats (www
fedstats.gov), which has been available to the public since 1997. FedStats provides access
to the full range of official statistical information produced by the Federal Government
without having to know in advance which Federal agency produces which particular
statistic. With convenient searching and linking capabilities to more than 100 agencies—
which provide data and trend information on such topics as economic and population
trends, crime, education, health care, aviation safety, energy use, farm production, and
more—FedStats provides one location for access to the full breadth of Federal statistical
information.

The use of data for analysis and decision making certainly is not limited to busi-
ness. Science, engineering, medicine, and sports, to name just a few, are examples of pro-
fessions that rely heavily on data. Table 1.1 provides a list of data files that are available
in the Statistics Data Files folder on the Companion Website accompanying this book. All
are saved in Microsoft Excel workbooks. These data files will be used throughout this
book to illustrate various issues associated with statistics and data analysis and also for
many of the questions and problems at the end of the chapters. They show but a sample
of the wide variety of applications for which statistics and data analysis techniques may
be used.

Metrics and Data Classification

A metric is a unit of measurement that provides a way to objectively quantify per-
formance. For example, senior managers might assess overall business performance
using such metrics as net profit, return on investment, market share, and customer
satisfaction. A supervisor in a manufacturing plant might monitor the quality of a pro-
duction process for a polished faucet by visually inspecting the products and counting
the number of surface defects. A useful metric would be the percentage of faucets that
have surface defects. For a web-based retailer, some useful metrics are the percentage
of orders filled accurately and the time taken to fill a customer’s order. Measurement
is the act of obtaining data associated with a metric. Measures are numerical values
associated with a metric.

Metrics can be either discrete or continuous. A discrete metric is one that is derived
from counting something. For example, a part dimension is either within tolerance or
out of tolerance; an order is complete or incomplete; or an invoice can have one, two,
three, or any number of errors. Some discrete metrics associated with these examples
would be the proportion of parts whose dimensions are within tolerance, the number
of incomplete orders for each day, and the number of errors per invoice. Continuous
metrics are based on a continuous scale of measurement. Any metrics involving dollars,
length, time, volume, or weight, for example, are continuous.

A key performance dimension might be measured using either a continuous or a
discrete metric. For example, an airline flight is considered on time if it arrives no later
than 15 minutes from the scheduled arrival time. We could evaluate on-time performance
by counting the number of flights that are late, or by measuring the number of minutes
that flights are late. Discrete data are usually easier to capture and record, but provide less
information than continuous data. However, one generally must collect a larger amount of
discrete data to draw appropriate statistical conclusions as compared to continuous data.
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TABLE 1.1 Data Files Available on Companion Website

Business and Economics

Accounting Professionals
Atlanta Airline Data
Automobile Quality
Baldrige

Banking Data

Beverage Sales

Call Center Data

Cell Phone Survey

Cereal Data

China Trade Data

Closing Stock Prices

Coal Consumption

Coal Production

Concert Sales

Consumer Price Index
Consumer Transportation Survey
Credit Approval Decisions
Customer Support Survey
Customer Survey

DJIA December Close
EEO Employment Report
Employees Salaries
Energy Production & Consumption
Federal Funds Rate

Gas & Electric

Gasoline Prices

Gasoline Sales

Google Stock Prices
Hatco

Hi-Definition Televisions
Home Market Value

Behavioral and Social Sciences

Arizona Population
Blood Pressure
Burglaries

California Census Data
Census Education Data
Church Contributions
Colleges and Universities
Death Cause Statistics
Demographics

Facebook Survey

Science and Engineering

Pile Foundation
Seattle Weather

Sports

Baseball Attendance
Golfing Statistics
Major League Baseball

House Sales

Housing Starts

Insurance Survey

Internet Usage
Microprocessor Data
Mortgage Rates

New Account Processing
New Car Sales

Nuclear Power

Prime Rate

Quality Control Case Data
Quality Measurements
Refrigerators

Residential Electricity Data
Restaurant Sales

Retail Electricity Prices
Retirement Portfolio

Room Inspection

S&P 500

Salary Data

Sales Data

Sampling Error Experiment
Science and Engineering Jobs
State Unemployment Rates
Statistical Quality Control Problems
Surgery Infections

Syringe Samples

Treasury Yield Rates

Unions and Labor Law Data
University Grant Proposals

Freshman College Data
Graduate School Survey
Infant Mortality

MBA Student Survey

Ohio Education Performance
Ohio Prison Population
Self-Esteem

Smoking & Cancer

Student Grades

Vacation Survey

Surface Finish
Washington, DC, Weather

NASCAR Track Data
National Football League
Olympic Track and Field Data
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A B 1 e b E
1 2010 J.D. Power and Associates Initial Quality Statistics
2

Problems per 100

3 Brand Vehicles
4 |Acura 86
5 | Audi 111
6 BMW 113
7 |Buick 114
B Cadillac 111
9 Chevrolet 11

FIGURE 1.1 Example of Cross-Sectional, Univariate Data
(Portion of Automobile Quality)

When we deal with data, it is important to understand the type of data in order
to select the appropriate statistical tool or procedure. One classification of data is the
following;:

1. Types of data

e Cross-sectional—data that are collected over a single period of time
e Time series—data collected over time

2. Number of variables

e Univariate—data consisting of a single variable
® Multivariate—data consisting of two or more (often related) variables

Figures 1.1-1.4 show examples of data sets from Table 1.1 representing each combina-
tion from this classification.

Another classification of data is by the type of measurement scale. Failure to
understand the differences in measurement scales can easily result in erroneous or mis-
leading analysis. Data may be classified into four groups:

1. Categorical (nominal) data, which are sorted into categories according to
specified characteristics. For example, a firm’s customers might be classified by
their geographical region (North America, South America, Europe, and Pacific);
employees might be classified as managers, supervisors, and associates. The cat-
egories bear no quantitative relationship to one another, but we usually assign an
arbitrary number to each category to ease the process of managing the data and
computing statistics. Categorical data are usually counted or expressed as propor-
tions or percentages.

| A B [ & ] D | E | F
1 |Banking Data
2
3 |Median Median Years Median  Median  Median Household Average Bank
4 | Age Education Income Home Value Wealth Balance
i 359 14.8 $91.033  $183,104 §220,741 $38,517
6| 37T 138 586,748 3163843 $223,152 340,618
7 368 138 §72,245 $142.732 $176,926 $35,206
8 33 13.2 §70.639  $145.024 $166,260 $33.434
gl 353 13.2 $64.879 5135951 $148,868 $28,162
10| 348 13.7 575591 $155334 $188,310 $36,708
41| 393 144 $80,615  $181,265 $201,743 338,766

FIGURE 1.2 Example of Cross-Sectional, Multivariate Data
(Portion of Banking Data)
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