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Introduction

The term statistics refers to numerical facts such as averages,
medians, percentages, and maximums that help us understand a
variety of business and economic situations.

Statistics can also refer to the art and science of collecting,
analyzing, presenting, and interpreting data.

Section 1.1 begins by introducing applications of statistics in business and
economics.

In Section 1.2, we define the term data, and introduce the concept of a data
set and how it 1s characterized.

Section 1.3 discusses how data can be obtained from existing sources or
through surveys and experimental studies designed to obtain new data.

Sections 1.4 and 1.5 describe the uses of data in developing descriptive
statistics and making statistical inferences.

The chapter closes with miscellaneous introductory topics in statistics.



1.1 Applications 1n Business & Economics

I

B Accounting: public accounting firms use statistical sampling
procedures when conducting audits for their clients.

B Economics: economists use statistical information in making
forecasts about the future of the economy or some aspect of it.

B Finance: financial advisors use price-earnings ratios and dividend
yields to guide their investment advice.

B Marketing: electronic point-of-sale scanners at retail checkout
counters are used to collect data for a variety of marketing
research applications.

B Production: a variety of statistical quality control charts are used
to monitor the output of a production process.

B Information Systems: a variety of statistical information helps
administrators assess the performance of computer networks.
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1.2 Data

|

Data are the facts and figures collected, analyzed, and
summarized for presentation and interpretation.

Elements are the entities on which data are collected.

A variable 1s a characteristic of interest for the elements.
A data set consists of all the data collected for a particular
study.

* The total number of data values in a complete data set 1s the
number of elements multiplied by the number of variables.

An observation is the set of measurements obtained for a

particular element.
* A data set with n elements contains n observations.




1.2 Data Set for 60 Nations in the World

Trade Organization
DATAfile: Nations

Shown here are the first five nations out of 60 (rows) of a table

including several variables (columns.)

* Observation #1 (Armenia) contains the measurements: Member, 4,267, B+,

and Stable.

* QObservation #2 (Australia) contains the measurements: Member, 51,812,

AAA, and Negative.

* Andso on. Nation WTO Status ggpc(;';"a
Armenia Member 4,267
Australia Member 51,812
Austria Member 48,328
Azerbaijan Observer 4,214

Bahrain Member 28,608

Fitch Rating Fitch Outlook

B+

AAA

AA+

BB+

B+

Stable
Negative
Stable
Stable

Stable



2020 U.S. Census Questionnaire

Person 1

5. Please provide information for each person living here. If
there is someone living here who pays the rent or owns this

residence, start by listing him or her as Person 1. If the

owner or the person who pays the rent does not live here,

gtart by listing any adult living here as Parson 1.

What is Person 1"s name? Prinf name balow
First Mame Ml

Last Mams(s)

. What is Person 1's sex? Mark x| ONE box.

Mal= Famals

. What iz Person 1's age and what is Person 1's date of

birth’? For babias lass than 1 year old, do nof wiita tha aga in
manths. Write 0 as tha age.

Print numbers inboxes.
Age on Aprl 1, 2020 honth Dray Yaar of birth

years

A\

9. What iz Person 1's race?
Mark X oneg or mara boxes AND print origins.

White — Print, for sxample, German, Inah, English, liafan,
Lebamess, Egypiian, sic. g

Black or African Am. — Prind for ssampls, Afrcan American,
Jamaican, Haitian, Nigeran, Ethiopian, Somal, sic. &

Amearican Indian or Alaska Mative = Prind name of enrolled or
principal tribeys), for eaample; Navaejo Nation, Blackfest Tribe,
Mayan, Artec, Native Village & Bamosw Inupiat Tradfonal
Govermment, Nome Estimo, Cammunty, eic. &

Chiriess Vietnamese Mative Hawsiian

FilipiR Horean Samoan

Asiai Indian Japaness Chamomao

Other Asian — Other Pacific |slander —

ket Dot T, Py

Hmong, stc. Marshallese, sic.
https:/fwww.census.gov/programs-surveys/decennial. hnical-d ion/questionnaires.2020_Census.html
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1.2 Nominal & Ordinal Scales of Measurement

I

Nominal scale: the data are labels or names used to identify an
attribute of the element.

Example: the WTO Status variable in the Nations table has a nominal scale of
measurement because it uses the data “Member” and “Observer” are labels
used to 1dentify the status category for a nation.

Note: a numeric code may also be used. For example, we could use the label
“1” to 1dentify a “Member” status category and “2” to identify an “Observer”
status category.

Ordinal scale: the data have the properties of nominal data,
and the order or rank of the data 1s meaningful.

Example: the Fitch Rating variable in the Nations table has ordinal data, which
range from AAA to F, are rank-ordered by credit rating.

Note: ordinal data can also be recorded by a numerical code, such as a
student’s class rank in school.




1.2 Interval and Ratio Scales of Measurement

I

Interval scale: the data have the properties of ordinal data, and
the interval between observations 1s expressed 1n terms of a
fixed unit of measure. Data with an interval scale of

measurement are always numerical.
Example: College admission SAT scores have an interval scale of
measurement.
Note: the difference between the values of a variable with an interval scale of
measurement are always meaningful.

Ratio scale: the data have the properties of interval data, and
the ratio of two values 1s meaningful.

Example: variables such as distance, height, weight, and time use the ratio
scale of measurement.

Note: the ratio scale of measurement requires that a zero value be included to
indicate that nothing exists for the variable at the zero point.




1.2 Categorical and Quantitative Data

Data can be further classified as categorical or quantitative.

The statistical analysis that is appropriate depends on whether the data for the variable
are categorical or quantitative.

Catggorical Data Quantitative Data
A categorical variable is a variable = A quantitative variable is a variable
with categorical data. with quantitative data.

Statistical analyses are rather limited. ™ Quantitative data indicate fow many or

We can summarize categorical data by: how much and are always numerical.

® Ordinary arithmetic operations are

* counting the number of , S
meaningful for quantitative data.

observations in each category
® More statistical analysis methods are

* computing the proportion of the available if the data are quantitative.

observations in each category




1.2 Cross-Sectional & Time Series Data

I

Cross-sectional data are collected at the same or approximately the

same point in time.
Example: The data in the previously shown Nations data file are cross-
sectional and they describe the five variables for the 60 WTO nations

Time series data are instead collected
over several time periods. o~

Graphs of time series data, such as the U.S. s}
average price per gallon of regular gasoline = 250}
between 2015 and 2021 shown to the right, : |,

help understand: £ il
« what happened in the past  s100]
: : . z
* identify any trends over time 050}
* project future levels for the time series w0 —— 11
NI T T R S AN TN T A B, Y, I VR
FY¥FFFFFdFdGE ey




1.3 Existing Data Sources

I

In some cases, data needed for a particular application already
exist.

The most important categories of existing data sources and
related examples are:

* Internal company records — employee records, production records, inventory
records, sales records, credit records, and customer profiles

* Business database services — Dun & Bradstreet, Bloomberg, and Dow Jones & Co.

* Government agencies — Census Bureau, Federal Reserve Board, Office of

Management & Budget, Department of Commerce, Bureau of Labor Statistics,
and DATA.gov

* Industry associations — U.S. Travel Association

* Special-interest organizations — Graduate Management Admission Council
(GMAT)

* Internet — Google, Yahoo, Twitter, etc.



1.3 Statistical Studies

|

/ Observational Study

In an observational study, no attempt 1s
made to control or influence the variables
of interest.

Examples:

* Recording data on demographics and
shopping habits of a random group of
Walmart customers.

* Recording CEO gender and return on
equity (ROE) for a sample of Fortune
500 companies to investigate the
relationship between CEO gender and
company performance.

* Surveys and public opinion polls.

Exneriment

An experiment 1s conducted under
controlled conditions, and its data can
provide more information compared to
data obtained from existing sources or
observational studies.

In experiments, first, a variable of interest
1s 1dentified, and then one or more other
variables are identified and controlled.
The collected data are then analyzed to
investigate how they influence the
variable of interest.

Example — a pharmaceutical company
administers different dosages of a new
drug to groups of randomly selected
individuals and monitors how they are
affected by it.
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A MORE POSITIVE EXAMPLE 15 THE ALK POLIO VACCINE. IN 1954, VACLINE
TRIALS WERE PERFORMED ON SOME 400,000 CHILDREN, WITH STRICT CONTROLS
TO ELIMINATE BIASED RESULTS. GOOD STATISTICAL ANALYSIS OF THE RESULTS
FIRMLY ESTABLISHED THE VACLINE'S EFFECTIVENESS, AND TODAY POLIO 15
ALMOST UNKNOWN.
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1.3 Considerations on Data Acquisition

I

Time Requirement
* Searching for information can be time-consuming.
* Information may no longer be useful by the time it 1s
available.
Cost of Acquisition
* Organizations often charge for information even when it 1s
not their primary business activity.
Data Errors
 Using any data that happen to be available.
* Data acquired with little care can lead to misleading
information.




1.4 Descriptive Statistics

I

MosF of .the statist.ical information in Fitch Frequency Percent Frequency
publications consists of data that are Outlook (%)
summarlzed and presented in a form Positive 3 50
that 1s easy to understand.
: : Stable 39 65.0
Such summaries of data, which may be .
Negative 18 30.0

tabular, graphical, or numerical, are
referred to as descriptive statistics.
Examples:

* The variable Fitch Outlook 1n the
WTO Nations table can be
summarized as a table or bar chart.

* Numerical descriptive statistics such
as the mean (or average.)



1.5 Statistical Inference

I

When the collection of information about a large group of elements
(individuals, companies, voters, households, products, & customers)
1s not feasible because of time, cost & other considerations, data can
be collected from only a small portion of the group.
Formally, we use the following definitions of the larger and smaller
groups of elements:
Population: the set of all elements of interest in a particular study
Sample: a subset of the population
We also formally define the following statistical processes:
Statistical inference: the process of using data obtained from a sample
to make estimates and test hypotheses about the characteristics of a
population
Census: the process of collecting data for the entire population
Sample survey: a process of collecting data for a sample




1.5 The Rogers Industries Example

DATAfile: Rogers

Rogers Industries has developed
a new solid-state lithium battery
that should last longer and be
safer to use.

Researchers want to evaluate the
advantages of the new battery
using statistical inference.

The sample average battery life
of 18.84 hours can be used as an
estimate (inference) of the
population average.




1.6 Analytics

I
Analytics 1s the scientific process of transforming data into insight
for making better decisions.
Analytics 1s now generally thought to comprise three broad
categories of techniques:

Descriptive analytics describes what has happened in the past.
» Examples — data queries, reports, descriptive statistics, data
visualization, data dashboards, and basic what-if spreadsheet models

Predictive analytics uses models constructed from past data to
predict the future or to assess the impact of one variable on

another

» Examples — linear regression, time series analysis, forecasting models,
and simulation.

Prescriptive analytics yield the best course of action.
= Examples — optimization models and decision analysis



1.7 Big Data and Data Mining

Big data are larger and more complex data sets that cannot be managed,
processed, or analyzed with commonly available software 1n a reasonable
amount of time.

Analysts often define big data by referring to the Three V’s:

* JVolume: the amount of available data; velocity: the speed at which data is collected and
processed; variety: different data types.
Data warehousing is the process of capturing, storing, and maintaining data.
* Computing power and data collection tools have reached the point where it is now
feasible to store and retrieve extremely large quantities of data in seconds.
Data mining methods help develop useful decision-making information

from large databases.
* Analysts use a combination of automated procedures to “mine the data” and convert it
into useful information.
* The most effective data mining procedures are multiple regression, logistic regression,
and machine learning, which discover relationships in the data and predict future
outcomes.



1.8 Computers and Statistical Analysis

I

Statisticians use computer software to perform tedious and time-
consuming statistical computations and analyses.

End-of-chapter appendixes cover the step-by-step procedures for
using Microsoft Excel and the statistical package JMP to implement
the statistical techniques presented in each chapter.

Big data requires special data manipulation and analysis tools such
as:

* Hadoop — open-source software for the distributed processing
of large data sets

* R and Python — open-source programming languages

* SAS and SPSS — commercially available packages



1.9 Ethical Guidelines for Statistical Practice

I
In a statistical study, unethical behavior can take a variety of forms
including:

® [mproper sampling

= [nappropriate analysis of the data

= Development of misleading graphs

® Use of inappropriate summary statistics
® Biased interpretation of the statistical results

One should strive to be fair, thorough, objective, and neutral in collecting,
analyzing, and presenting data.

Consumers of statistics should also be aware of the possibility of unethical behavior
by others.

The American Statistical Association developed a report on “Ethical Guidelines for
Statistical Practice” that contains 67 guidelines organized into 8 topic areas of
professionalism and responsibilities that address the major stakeholders of

statistical analysis and research.
Note: Ethical and Responsible Use of Data and Predictive Models SOA




/

Summary

Statistics 1s the art and science of collecting, analyzing, presenting, and
interpreting data.
Data consists of the facts and figures that are collected and analyzed.
The four scales of measurement used to obtain data on a particular variable include
nominal, ordinal, interval, and ratio.
For purposes of statistical analysis, data can be classified as categorical or
quantitative.
* Categorical data use labels or names to identify an attribute of each element and use
either the nominal or ordinal scale of measurement.
* Quantitative data are numeric values that indicate how much or how many and use either
the interval or ratio scale of measurement.
Descriptive statistics are the tabular, graphical, and numerical methods used to
summarize data. The process of statistical inference uses data obtained from a sample
to make estimates or test hypotheses about the characteristics of a population.
The last sections of the chapter introduced analytics, big data, data mining, the role of
computers in statistical analysis, and a summary of ethical guidelines for statistical
practice.
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