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The Power of Data
What Is Data?
Data is a fact or set of facts that have been gathered about an object, idea, place, person,
etc. The facts are stored or represented in the form of numbers, measurements, words,
descrip ons, or observa ons. Note that a single fact is actually a datum, and data is the
plural form. Conven onally, the plural form (data) is used for singular and plural purposes,
and we will do that here.
As noted in the deﬁni on above, data can be represented in diﬀerent forms. Here are
several types of data (Pierce, 2017):
Qualita ve data: descrip ve data that includes such facts as color, texture, feel,
descrip on of an experience, percep ons of strengths or weaknesses, etc. This is data
to which numbers are not normally assigned.
Quan ta ve data: facts which are presented as numbers such as test scores, number
of students in the class, number of words on a page, capacity of a hard drive.
Quan ta ve data can also be subdivided into discrete and con nuous data.
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Discrete data can only be assigned a certain value, such as whole numbers. For
example, there are 32 students in the class, the hard drive can store eight
Gigabytes, the test score was 89 percent.
Con nuous data reﬂects a range into which the values may fall. Op mal re
pressures may fall anywhere between 30 PSI (pounds per square inch) and 33
PSI, including any frac onal pressure in between these values.
Categorical data: groups the facts into a category such as "new" or "used" or "for sale"
or "not for sale," etc.

Why Is Data Collected?
Typically, data is collected to tell a story or solve a problem. Beginning with a ques on that
needs to be addressed focuses both the type of data to be collected and the follow‑on
review of what is gathered, perhaps providing an answer to the ques on, or revealing
pa erns, or uncovering unusual results that were not expected. There may be interes ng
results hidden in the facts gathered. But the ques on that drives the collec on of data also
helps iden fy the audience who will be the recipients of your ﬁndings or the story you
want to tell (School of Data, 2013).

How Is Data Collected?
There are many ways for collec ng data—direct observa on (coun ng people in the coﬀee
shop), a census (all items or individuals in the group are measured), or a sample (selected
items or individuals in the group are measured), physical measurements taken by persons or
machines, interviews, etc.
In much broader terms, the basic data sources are:
collec ng data yourself
ﬁnding data that has already been collected and released for others to use
ge ng addi onal data by asking sources for updates, or by ge ng access to data that
is typically hidden from public use
This last list of "hidden" data sources includes the government, organiza ons, and scien ﬁc
projects and ins tu ons. Two great places where individuals can ﬁnd data are projects such
as Open Access Directory's data repository
(h p://oad.simmons.edu/oadwiki/Data_repositories) and Open Knowledge Founda on's
datahub.io (h ps://datahub.io/dataset).

In What Format Is Data Collected?
https://learn.umuc.edu/d2l/le/content/395821/viewContent/14067711/View
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The purpose for gathering data is to tell that story or answer a ques on. But in order to do
that, the data has to be in a format that allows the data to be analyzed. Outside of simply
eyeballing the data or using paper and pencil, the best format to use with computer analysis
tools (such as Excel) is to obtain the data in machine‑readable form—that is, in a form such
that the data can be imported into a computer program. The most common format for
exchanging or impor ng data is in comma separated values (CSV). The data pieces, whether
words or numbers, are separated by commas, and the data can be read directly into a
spreadsheet program.

Big Data
The term "big data" became mainstream in the early 2000s via the work of industry analyst
Doug Laney. His deﬁni on of the term incorporates the following (SAS, n.d.):
Volume: Organiza ons collect data from a variety of sources, including business
transac ons, social media, and informa on from sensor or machine‑to‑machine data.
In the past, storage would have been an issue, but new technologies have helped..
Velocity: Data streams into the data center at an unprecedented speed and must be
dealt with in a mely manner. RFID tags, sensors, and smart metering drive the need
to deal with torrents of data in near‑real me.
Variety: Data comes in all types of formats—from structured, numeric data in
tradi onal databases to unstructured text documents, email, video, audio, stock cker
data and ﬁnancial transac ons.
The SAS Ins tute Inc.(SAS) adds two addi onal dimensions when it comes to big data (SAS,
n.d.):
Variability: In addi on to the increasing veloci es and varie es of data, data ﬂows can
be inconsistent with periodic peaks. Is something trending in social media? Daily,
seasonal, and event‑triggered peak data loads can be challenging to manage.
Complexity: Data comes from mul ple sources, which makes it diﬃcult to link, match,
cleanse, and transform data across systems. Connec ng rela onships, hierarchies, and
mul ple data linkages is important.

What Is the Importance of Big Data?
It is actually not the amount of data that is important but what is done with that data.
Par cularly in the business environment, analysis of that data can ﬁnd answers to ques ons
about poten al reduc ons in cost and me, and help in making smart decisions about new
product development (SAS, n.d.). Other cri cal business tasks can be supported by using
the gathered data to determine what has caused failures, issues, and/or defects or
https://learn.umuc.edu/d2l/le/content/395821/viewContent/14067711/View
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detec ng and mi ga ng fraudulent behavior before the organiza on is severely
aﬀected (SAS, n.d.). If done properly, data collec on (and analysis) will allow a business to
focus me, personnel, and resources on the issues that will generate the greatest returns.

What Are the Sources for Big Data?

Where Does Big Data Come From?
Source: IBM Big Data and Analy cs Hub

The three most prevalent sources for large amounts of data are the following:
Streaming data that comes from the informa on infrastructure within an organiza on.
For example, all transac ons accomplished via the IT systems within the business are
captured on a daily or even hourly basis. This includes logs of daily ac vi es and email
or other types of messages received from internal sources.
Social media data, including audio, photo, and video ﬁles that are retrieved from
watching ac vity on Facebook, the business's website, or websites of related
businesses or compe tors. This can aid marke ng, sales, and customer support
func ons.
https://learn.umuc.edu/d2l/le/content/395821/viewContent/14067711/View
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Publicly available sources, such as data.gov, the CIA World Factbook, or the European
Union Open Data Portal. A browser search of "sources for data sets" will provide a
long list of sources for data that addresses many areas of interest.

Sampling, Surveys, and Polls
When researchers are looking to collect data about a par cular topic that aﬀects a large
group or even the en re popula on, it is not cost‑eﬀec ve or even prac cal to contact
every member of the group or the popula on for data input. Instead, most such studies are
based on gathering responses from a sample, or a subset of the en re popula on. Although
everyone in the popula on is not individually contacted, the results of sampling are
considered to be representa ve of the popula on.
In order for the sampling to be truly representa ve, it is cri cal that the sample subset be
representa ve of the large group. Randomly selec ng the subset of par cipants is the
primary way of guaranteeing that anyone could have been selected. "The basic principle: If
selected correctly, a randomly selected small sample of a popula on of people can
represent the a tudes, opinions, or projected behavior of all of the people from which the
sample is obtained" (Newport, Saad, & Moore, 1997).
Whereas sampling is the method for crea ng the pool of persons to be contacted, surveys
and polls are the means by which the data is collected from the sample.
What is the diﬀerence between a survey and a poll? Both may use sample sets of
par cipants that represent the group that is being surveyed or polled. A poll typically asks
one ques on while a survey is generally used to ask a range of ques ons.
Here is an example of a poll ques on—one mul ple‑choice ques on and a list of answers
from which the par cipant selects one or more answers (including "Other," which allows the
par cipant to enter an answer not in the list).

Sample Poll
https://learn.umuc.edu/d2l/le/content/395821/viewContent/14067711/View
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A survey, on the other hand, allows for asking more than one ques on that covers a wider
area of interest. And it allows for diﬀerent types of ques ons and/or responses, including
such things as age, address, as well as mul ple‑choice ques ons. Customer sa sfac on
surveys are one common form of a survey. And students are asked to complete a course
evalua on survey in the la er weeks of each course at UMUC.
Here is a sample survey based on a Likert scale (ranking the response using values 1‑5).
There are four ques ons, making this a survey and not a poll, which typically consists of a
single yes/no/uncertain.
Mythical Unicorns just sold you a T‑shirt. Check the response that best matches your
sa sfac on level with this product.

Strongly
Disagree

Strongly
Agree

5

4

3

2

1

The item
was as
speciﬁed

O

O

O

O

O

The size
was as
expected

O

O

O

O

O

The
material is
as
expected

O

O

O

O

O

I would
recommend
this item
to others

O

O

O

O

O

Two of the most familiar polling companies are Gallup and Nielsen. Gallup's method of
selec ng polling par cipants is to generate a list of all phone numbers (landline and cell
phone) in the United States and then use a subset of that list, which covers all geographical
areas based on area codes, to call and interview individuals.
https://learn.umuc.edu/d2l/le/content/395821/viewContent/14067711/View
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Nielsen uses a slightly diﬀerent approach. Households that par cipate are selected at
random from a predeﬁned sample based on census data. The census data provides cri cal
informa on on household income, size, age of residents, etc. A certain number of houses
from each group is selected.
The sample size in any poll is cri cal in mee ng validity criteria for poll results. However,
simply increasing the size of the sample group does not equate to increased validity. Gallup
and other major polls use sample sizes of between 1,000 and 1,500 for standard surveys of
the US popula on "because they provide a solid balance of accuracy against the increased
economic cost (Newport, Saad, & Moore, 1997).
Nielsen's TV ra ngs work on the same principle. Nielsen gets around 5,000 households to
agree to be part of the representa ve sample to ﬁnd out who is watching TV and what
those people are watching. To be accurate, that sample set of 5,000 households needs to
be representa ve of all U.S. households with TVs (How Stuﬀ Works, Entertainment, n.d.).
Meters are installed in the home, and these meters can track when TV sets are on and the
channels that are being watched. Data gathered by these boxes is then sent to the company
each night. Nielsen than compares the data received with the programs that are on TV at
any me, and thus determines how many people watch which program.

This research is worth billions of dollars. Adver sers pay to air their commercials on
TV programs using rates that are based on Nielsen's data. Programmers also use
Nielsen's data to decide which shows to keep and which to cancel. A show that has
several million viewers may seem popular to us, but a network may need millions
more watching that program to make it a ﬁnancial success. That's why some shows
with a loyal following s ll get canceled (How Stuﬀ Works, Entertainment, n.d.).

Who Uses Big Data?
Big data plays a role in almost every industry. SAS (n.d.) provides a summary of some of the
industries aﬀected by big data.

Banking

Understanding customers and customer sa sfac on, minimizing risk
and fraud while maintaining regulatory compliance

https://learn.umuc.edu/d2l/le/content/395821/viewContent/14067711/View
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Educa on

Impact school systems, students, and curriculum by iden fying at‑
risk students, ensuring adequate student progress, and
implemen ng systems to evaluate and support teachers and
principals

Government

Managing u li es, running agencies, dealing with traﬃc conges on,
preven ng crime. Governments must also address issues of
transparency and privacy.

Health Care

Respec ng privacy as it relates to pa ent records, treatment plans,
prescrip on informa on while at the same me uncovering insights
into improving pa ent care

Manufacturing

Boost quality and output while minimizing waste; support for more
agile business decisions.

Retail

Building customer rela onships, marke ng, handling transac ons,
revitalizing business

The Power of Informa on
So now you have the data. What do you do with it? If all you have is a set of random
numbers, they tell you nothing un l you also know the context in which these numbers
were gathered. For example, if you were given 32 random numbers, some repeated,
between 18 and 95, they would be meaningless un l you were also told that these numbers
were the ages of the students in your course. Un l you know the context, the data by itself
only provides you with the founda on for eventually organizing the data in such a way as
to provide you with the informa on needed to ﬁnd answers to the ques ons or tell the
story. How is that organiza on done? How is data transformed into informa on?
Data, as you know, comes in many forms—numbers, words, pictures. In an example, we will
use a set of numerical, discrete data.
https://learn.umuc.edu/d2l/le/content/395821/viewContent/14067711/View
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Here is the data set:
30.22, 35.5, 45.5, 56.32, 52.62, 49.90, 52.26
This raw data is useless as displayed here. However, once the context is included (the
ques on), the data now can result in useful informa on. The ques on was: What was the
annual precipita on in Reading, Pennsylvania between 2000 and 2006? Now you have data
you can work with. The data can be transformed into useful informa on by impor ng it into
a spreadsheet and displaying results of minimum and maximum values, or crea ng a picture
or graph of the same results.

Rainfall Amounts
In such a small data set, you can easily pick out the minimum and maximum rainfall. But in a
data set that covers 1863 to 2006 (123 years), it would be more diﬃcult. This is where the
analysis func ons in spreadsheet programs become helpful in organizing the data and
providing you with usable informa on about the topic or ques on.
One caveat—the value or correctness of your informa on is dependent upon the
correctness of the data you use to generate that informa on. An old adage that applied to
computer programs applies here, as well: "Garbage in; garbage out." If your raw data is bad,
your answer to the ques on, or the resul ng story you tell may be ﬂawed as well.
In the tutorials, you will work with some of the basic func ons that spreadsheet
applica ons provide. Although we will work exclusively with Microso Oﬃce's Excel
program, there are other spreadsheet apps available, some created speciﬁcally for work
with big data and those that provide more analysis func onality than that provided by
Excel. See "List of Spreadsheet So ware" on Wikipedia for a list of free and proprietary
spreadsheet apps. But we will be using Excel for tutorials and exercises (projects) in this
course.

https://learn.umuc.edu/d2l/le/content/395821/viewContent/14067711/View
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How Is Informa on Used?

Data Pyramid
Informa on is the next step up in the informa on theory pyramid. It is the founda on for
knowledge. But in a more prac cal way, informa on provides the basis for making
decisions. It is the next step in answering the ques on or telling the story.
Making decisions is a part of everyday life—from what to prepare for dinner, to more life‑
changing decisions such as where to live, whom to marry, or what to choose as a course of
study in college. To make the best decisions, it is important to gather the relevant
informa on. You can delay making a decision if all you do is endlessly search for
informa on without coming to any conclusion. Or you could take a vote, throw a dart at a
list, or toss a coin.
However, it is possible that an inability to make a reasoned decision is because there is not
enough informa on or too much informa on. Even if your informa on is on target, if you
involve too many others in the decision process, the need to include everyone's views and
values may end up being too complicated.
If the decision involves change, that poten al movement in the status quo may make the
solu on too diﬃcult to accept. Finally, if you just don't care about the outcome, one way
or the other, it may be hard to invest the eﬀort needed to come to a conclusion. Regardless
of the outcome, informa on is gathered for a reason (Skills You Need, n.d.)
Here is another way to look at the uses of informa on. These uses are ed very closely to a
"need" that has been iden ﬁed (that ques on or story) for gathering informa on. As such,
the list does not directly indicate how the informa on is used, but why it was gathered. The
assump on may be made that the informa on is then used to address the issue (Taylor,
1991):
Enlightenment: context informa on
Problem understanding: be er comprehension of a speciﬁc problem
https://learn.umuc.edu/d2l/le/content/395821/viewContent/14067711/View
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Instrumental: what to do and how to do something
Factual: precise data
Conﬁrma onal: verify a piece of informa on
Projec ve: future oriented
Mo va onal: relates to personal involvement
Personal or poli cal: rela onships, statue, reputa on, personal fulﬁllment

Summary
Data does not depend on informa on, but informa on depends on data. Raw data by itself
has no meaning. Informa on results when context or meaning is added to the raw data,
resul ng in at least the ﬁrst level of understanding the answer to whatever ques on
prompted the gathering of that data. Here are some proper es of data:
Data can be stored, copied, duplicated, modiﬁed, and/or moved.
Data remains sta c—it does not necessarily improve over me; rather, data can decay
as it becomes outdated or is no longer applicable to the ques on being asked.
Data has no value un l it is converted into usable informa on ("Value" here only
refers to the fact that, standing alone, raw data does not tell a story or answer a
ques on. The data itself may have great "value," ﬁnancial or otherwise, to the person
or en ty that seeks to use that data).
Data that is incorrect or used outside of the context for which it was gathered may
result in incorrect informa on.
Informa on, on the other hand (Doyle, 2014):
results when context is added to data—what, when, where, why, how the data was
collected
is data that has been converted into a form that makes understanding of the data
useful; it is data with meaning
becomes the basis for understanding a ques on, or making inferences, or making
decisions; it helps tell the story.
We have begun with an overview of the ﬁrst two elements in the informa on pyramid: data
and informa on. Readings in the following weeks will focus on knowledge, knowledge
management, and business intelligence.
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